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AHHOTaUs

HucuunnuHa «CXeMOTEeXHHMKa» BXOAUT B 00pa30BaTENIbHYIO IPOrPaMMY BBICIIETO
oOpa3oBaHusi — mporpaMmy OakajaBpuaTa IO HANpPaBICHUIO TOATOTOBKM/ CHEIMAIBLHOCTH
09.03.01 «Mudopmarnka M BBIUHUCIUTEIbHAS TEXHHWKA» HampaBlIeHHOCTH «KoMITbIOTEpHBIC
TEXHOJIOTUH, CUCTEMBI U ceTh». Jucruminna peanusyercs kagenpoit «Ned4y.

JucuunnuHa HauejaeHa Ha GOpMUPOBAHKE Y BBITYCKHUKA CIEIYIOIINX KOMITETEHIIUN

[TK-9 «CriocoOeH BHIMOIHATH pa3paboTKy amnmapaTHO-MPOTPAMMHBIX CPEICTB HU(POBOIA
00pabOTKH CUTHAJIOBY

C Copepxanue NUCIUILIMHBI OXBAaTBHIBACT KPYr BOIPOCOB, CBSI3aHHBIX C HM3YYCHHUEM
MPUHILIUIIOB PabOThl HMUQPPOBBIX 3JIEKTPOHHBIX YCTPOMCTB; HAYMHASsI C OCHOBHBIX JIOTHUECKHUX
omepanuil 0 TPHUHIUIOB TOCTPOCHUS YCTPOKMCTB, MNPEAHA3HAYCHHBIX JUIS BBITOJIHEHUS
CIIOKHBIX TIpeoOpa3oBaHWl NHQPPOBBIX CUTHAJIOB, B T.4. METOAOB IM(poBOii 00pabOTKH
curHasioB. PaccmarpuBaeTcss METOMOJIOTHS peanu3aluu HU(POBBIX YCTPOMCTB Ha OCHOBE
porpaMMUpyeMbIX Jorudeckux uarerpanbubix cxeM (IIJIMC), kak ¢ ncnoinp3o0BaHnEeM METOJIOB
CXEMOTEXHHYECKOTO MTPOSKTUPOBAHMSI, TaK U C HCIOJIH30BAaHUEM SI3BIKOB OIMCAHMS aIapaTyphl
VHDL u Verilog.

[IperoaBanrie MUCHMIUIMHBI TPEAYCMaTPUBAET CleAylomue (HOpMBI OpraHU3alUN
yueOHOro mpoliecca: JIeKINU, 1a00paTopHble paboThl, CAaMOCTOSTENNbHAS paboTa 00y4Jaroerocs,
KypCOBOE MPOEKTUPOBAHUE.

[IporpaMMo#l IHUCHUIUIMHBI TPEIyCMOTPEHBI CIEAYIOUINE BHIbI KOHTPOJS: TEKYIIUN
KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHAS aTTeCTalHs B popMe dK3aMeHa.

OO0miasi TpyAOEMKOCTh OCBOEHHS JUCUHUIUIMHBI COCTaBJSET 7 3a4eTHBIX €IUHUI], 252
yaca.

S3bIK 00yUYeHUs IO TUCIUILTUHE KPYCCKHM »



1. TlepedeHb MIAHUPYEMBIX PE3yIbTATOB OOYUEHUS MO TUCIUTUINHE

1.1. Tlenu npenoaaBaHus AUCUUTUIUHBI

[Tonydenue cTyneHTaMu HEOOXOAMMBIX 3HAHWN W HABBIKOB B O0JIACTH MPOEKTUPOBAHUS
CTaHJApPTHBIX W CIENHUAIU3UPOBAHHBIX OJIOKOB M YCTPOMCTB MJISl ammapaTHO-IMPOrpPaMMHBIX
KOMILJIEKCOB O0paOOTKM CHUTHAJIOB C MOMOIIBIO CIIEHUAIN3UPOBAHHBIX MPOTPAMMHBIX CpPEICTB.
[TomryueHHble 3HaHUS JAIOT CTYIACHTaM BO3MOKHOCTH IMIPUMEHSTh UX B CMEKHBIX JUCHUIUIMHAX,
B KOTOPBIX PACCMATPUBAIOTCS allllapaTHO-MPOTPAMMHBIE CPEJICTBA BHIYUCIUTEIBHBIX YCTPOMCTB.

1.2. JlucuumimHa BXOAWT B  COCTaB  4acTH, (opMuUpyeMol  ydacTHUKaAMHU
00pa30BaTe/bHBIX OTHOIIEHUH, 00pa30BaTENIbHON MpOrpaMMbl BhICILIETO0 00pa3oBaHus (nanee —
OI1 BO).

1.3. TlepedeHs IIaHUPYEMBIX PE3YIHTATOB OOYUYEHHUS MO JUCHUIUIMHE, COOTHECEHHBIX C
MJIaHUpyeMbIMU pe3ysibTataMu ocBoeHus: OI1 BO.

B pesynbrare M3ydeHus AUCHUILIUHBI OO0YYarOUIUICS NOJDKEH 00JIaaTh CIeAYIOIUMU
KOMIETSHIMSIMH WM WX 4acTaMu. KoMIeTeHIIMN U MHAWKATOPHI UX JIOCTHXKEHUS PUBEICHBI B
tabnuue 1.

Tabmuna 1 — [lepeuens KOMIETeHIINI U UHAUKATOPOB UX JTOCTHXKEHUS

Kareropwus (rpymra) Kon n Kox n HanMeHOBaHWE HHAMKATOPA JOCTHKCHHS
HAaNMEHOBAHHE
KOMIIETEHIH KOMIIETEHINH
KOMIIETEHINH
[1K-9.3.1 3HaTh OCHOBBI CXEMOTEXHHUKH aIllapaTHO-
I1K-9 IPOTPaMMHBIX CPE/ICTB, COBPEMEHHYIO 3JIEMEHTHYIO
Criocoben 0a3y, B TOM 4HCJI€ MUKPOKOHTPOJUIEPHI U
BBINOJIHATh IpOorpaMMHUpYEMbIe JIOTHYECKHE UHTETPAJIbHbIE CXEMBI
pa3paboTKy [1K-9.V.1 ymets pazpabaTbiBaTh CHEIIUATBHOE
[TpodeccrnonanbHble | anmnapaTHo- porpaMMHoOe oOecrieyeHue annapaTHO-IPOrpaMMHBIX
KOMITETEHIIHH NPOTPAMMHBIX | CPEJICTB Ha SI3bIKaX BBICOKOTO M HU3KOTO YPOBHEH
CPEICTB [1K-9.B.1 BnaneTs HaBbIKaMH pa3pabOTKU U
¢ poBoi MOJICITMPOBAHMSI TPHHIMITHATIEHON CXEMBI armapaTHo-
00paboTkH IPOTPaMMHOTO CPEJICTBA C IPUMEHEHUEM
CUTHAJIOB CHEIHATH3UPOBAHHBIX CUCTEM aBTOMAaTH3UPOBAHHOTO
IPOEKTHPOBAHUS

2. Mecro nucuuniunsl B cTpykrype Ol

HucnurninuHa MokeT 6a3upoBaThCsl Ha 3HAHUSX, paHee MPUOOPETEHHBIX 00YJarOITUMUCS
IIPYU U3YYEHHUH CIEAYIOIMINX AUCLIUATIINH:

— «DIIEKTPOHUKAY,

— «Teopus aBTOMaToOBY,

— «lIporpammupoBaHue Ha s3bIKaxX acceMOnepar.

3HaHMs, TIONyYEHHbIE TPU HU3YUYEHUU MaTepuana JaHHOW JIHUCUUIUIMHBI, HMEIOT Kak
CaMOCTOSITENIBHOE 3HAYEHUE, TAK U UCIIOJIb3YIOTCS NIPU U3YYEHUH IPYTUX JUCLUILINH:

— «lIpoexkTupoBanue cuctemM 00pabOTKH U nepeaadr HHPOPMAIIHH,

— «MUKpPOKOHTPOJIJIEPHBIE CUCTEMBIY,

— «udpossie cuctemMbl aBTOMATU3AINH U YTIPABICHUS»,

— «UuTepdeiicsl nepudepuitHbIX yCTPOMCTBY.

3. O0BeM U TPYI0EMKOCTh TUCIUTILIMHBI
Jlanaple 00 00meM oO0beMe MUCIUIUIMHBI, TPYJOEMKOCTH OTIENBHBIX BUAOB Y4eOHOM
paboTHI IO MTUCHHUIUIMHE (M pacTpeie]IieHue dTOU TPYIOEMKOCTH 110 CEMECTPaM) MPEACTABICHBI B
tadnure 2.




Tabmuua 2 — O6beM U TPYIOEMKOCTh TUCIUIITUHbI

N TpyoeMKOCTb 10 ceMecTpam
By yuebnol paboThl Bcero NG No7
1 2 3 4
Oowan mpyooemKocmp OUCYUNIUHDL, 7/952 3/ 108 4/ 144
3E/ (uac)
H3 Hux uacoe npakmuueckoi n0020moeKu 51 17 34
Ayoumopnuie 3anuamus, BCEro yac. 85 34 51
B TOM YHCJIE:
nexuu (JI), (gac) 34 17 17
npaktuyeckue/cemunapckue 3anarus (I13),
(gac)
naboparopusie padbotsl (JIP), (dac) 34 17 17
KypcoBoii npoekT (padota) (KII, KP), (gac) 17 17
HK3aMeH, (4Jac) 36 36
CamocmoamenvHnas paboma, Bcero (4ac) 131 74 57
Buo npomesxrcymounoin ammecmayuu: 3ayet, | Hudad. OK3.
madd. 3ager, sk3amer (3auer, dudd. 3ad, 3au., Hudd. 3ad.
DK3.%*%*) OK3.

k% o
IIpumedanue:  kaHaUAATCKHI SK3aMeH

4. ConepxaHue TUCIUIIINHBI
4.1. Pacnpepnenenue TpyI10€MKOCTH JTUCIUIUIMHEI IO pa3einaM U BUAaM 3aHATHH.
Pa3nensbl, TeMbl AUCHUILIMHBI U UX TPYAOEMKOCTh IPUBEICHBI B Ta0uIe 3.

Tabmuna 3 — Paznesnsl, TeMbl TUCIUILINHBI, UX TPYAOEMKOCTh

Paznenbl, TeMBI AUCHUITIIMHBL Jlexwmn | 113 (C3)) - JIP KII CPC
’ (dac) (dac) (qac) (qac) (qac)
Cemectp 6
Paznen 1. [IpunHnmmb! pa3paboTku mudpoBhIX
YCTpOICTB Ha OCHOBE MPOrPaMMHUPYEMBIX JIOTHYECKHUX 1 2

CXEM

Paznen 2. KomOuHanmoHHble I pOBBIE YCTPOHCTBA
Tewma 2.1. OcHOBBI adreOpsl JOTUKU U IPUHIIMIIEI
pa3pabOTKH JOTHYECKUX CXEM 2 3 8
Tewma 2.2. TurioBbie (HyHKIIMOHAIBHBIE y3ITBI
KOMOMHALIMOHHBIX CXEM

Paznen 3. OyHKIIMOHAIBHBIE JIEMEHTHI TAMSITH U
CXEMOTEXHHUKA MOCIIeI0BATEIbHOCTHBIX IU(POBBIX
YCTPOUCTB

Tewma 3.1. Tpurreps! u THNIOBbIE (PyHKIIMOHATIHLHBIE
V3JIbI HA MX OCHOBE 2 6 8
Tewma 3.2. CXeMOTEXHUKA CUETINKOB C 33JaHHBIM
OCHOBaHHUEM CUETa

Tema 3.3. CxeMOTEeXHHUKA MTOCIICIOBATEIIBHOCTHBIX
YCTPOMCTB 00IIIero BUja

Paznen 4. CxeMoTeXHHUKA YCTPOICTB BHIIIOJTHEHUS

BBIYMCIIUTEIBHBIX ONepaIii 2 8
Paznen 5. [Tapamerpuzyembie MOAYIH ME(PPOBOI 1 8 8
CXEMOTEXHUKU B cpeae Quartus

Paznen 6. DnemeHTs HU(POBOM CXEMOTEXHUKU 1 8
cemeiicTBa 74xxx B Quartus

Pazgen 7. CxeMOTeXHUKA yCTPONCTB MHANKAITUN U ) 10

otoOpaxeHus: HHQOpMaUu




Pa3znen 8. CxeMoTexHMKa yCTpOICTB reHepaliu u 2 3
(OpMHpPOBaHNS MMIYJIBCHBIX M IIM(POBBIX CUTHAJIOB
Paznen 9. Mukpocxembl 3alIOMHHAIOMINX YCTPOICTB 2 9
Paznen 10. Ananoro-ungpoBsie u HUPPOaHAIOTOBEIE P 10
peoOpa3oBaTeNH
HUroro B cemecTpe: 17 17 74
Cemectp 7
Paznen 11. PazpaboTka KOMOMHAIIMOHHBIX H(POBBIX 2 3 4
YCTPOWCTB Ha S3bIKaX OIMCAHMS almaparypsl.
Pazgen 12. Pa3paboTka mocie0BaTeIbHOCTHBIX
IUQPOBBIX YCTPOMCTB Ha S3BIKAX OMHCAHHS 2 5 8
anmnaparypsl.
Paznen 13. Ucnons3zoBanne Modelsim amst D) 1 g
MOJEIMPOBAHUS IU(PPOBBIX YCTPOHCTB
Pasnen 14. Pa3zpaboTka ycTpoicTB IIU(pPOBOI
2 2 8
00paboTku curHayor Ha [TJIMC
Paznen 15. Conpsoxenrie mudpoBEIX yCTPOHCTB C
nepudepuitHBIMU YCTPOICTBaMHU.
15.1. Conpspxenue ¢ AL u LTATL
15.2. CXeMOTEXHHUKA COMPSHKEHUS IU(POBBIX 4 6 8
YCTPOWCTB C JaTYMKaMH KIIaBHATypPHOTO BBOAA
15.3. CxeMOTeXHHKA yCTPONUCTB COMPSIKEHUS C
CHJIOBBIM 000pyI0BaHHUEM
Paznen 16. Cxemorexnnka u)pOBBIX U3MEPHUTEIHHBIX 3 8
pHOOPOB M YCTPONCTB
Paznen 17. Metozp! obecnieueHus 2 3
MIOMEXO0YCTOHYHNBOCTH IU(MPOBBIX YCTPOHCTB
BoinonHenue KypcoBoro npoekTa 17 10
Hroro B cemectpe: 17 17 17 57
Hroro 34 0 34 17 131

HpaKTI/I‘IGCKaX IoATrOTOBKaAa  3aKJIHOYACTCA B HEMOCPCACTBCHHOM  BBLIINOJIHCHUHA

OoOy4arolMMHUCST ~ OMNpENEeNEeHHBIX  TPYIOBBIX  (YHKUMH,  CBSA3aHHBIX C  Oy;ymei
po(eCCHOHATBHON J1eATEIbHOCTBIO.

4.2. CopaepxaHue pa3/iesoB U TEM JICKIIMOHHBIX 3aHITHI.
Coneprxkanue pa3iesoB U TEM JICKIIMOHHBIX 3aHATHI IPUBEACHO B Ta0IHUIE 4.

Ta6mmma 4 — ComepxaHue pa3aesioB U TeM JEKIIMOHHOTO UK

Howtep HaszBanue u cozepkanne pa3esioB U TeM JICKIIMOHHBIX 3aHATHI
pasznena
1 [TpunIUne! pa3paboTk HUPPOBBIX YCTPOUCTB HA OCHOBE MTPOrPaMMUPYEMBIX
JIOTHYECKUX CXEM.
[TpuHIMIB pabOTHI C TPOrPaMMHUPYEMBIMHU JIOTHYECKUMHU MHTETPAIIbHBIMUA CXEMaMH.
Coznanue npoexta s [IJIUC B CAIIP Quartus II u mogenupoBanue ero paboTsl ¢
UCIOJIb30BaHUEM rpapudeckoro Gopmara Qaiinos. Co3zgaHue nepapXxuyeckux
IPOCKTOB.
2 Komb6unanmonusie nupoBbie yCTpOHCTBA.

2.1. OcHOBBI aNreOps! JIOTUKH U PUHIMITBL Pa3paOOTKU JIOTHYECKUX CXEM:
Hcnonb3oBanue OysneBor anreOpsl MPU MOCTPOSHUH KOMOWHAITMOHHBIX CXEM.
PazHoBHIHOCTH ITU(DPOBBIX PTEMEHTOB. MUHHMH3AIHS JIOTUYECKUX BHIPOKESHUH.
Meron nuarpamm Beliua. Pa3HOBHAHOCTH CXEMOTEXHUKHU BBIXOJIHBIX KACKA/IOB




U(POBBIX FTEMEHTOB. DJIEMEHTHI C TPEMS COCTOSIHUAMU. AHAIIN3 U BHIOOD
3JIEMEHTOB C MO3UIMHA MUHUMHU3AIUH CJIOKHOCTH U 00ecrieueHus: TpedyeMoro
OBICTpOACHCTBUS

2.2. TunoBsle GyHKIMOHATIBHBIE Y3161 KOMOMHAIIMOHHBIX CXEM:

JemudpaTtopsl, mmdpaTopsl, MyIbTUILIEKCOPHI, JEMYIbTHILIEKCOPHI: 0COOCHHOCTH
CXEMOTEXHUKH, CXEMbI YBEJIMYEHMSI pa3psAHOCTH.

OYHKIMOHATbHBIE JIEMEHTHI TAMSTH U CXEMOTEXHHKA MOCIe10BaTeIbHOCTHBIX
IU(POBBIX YCTPOUCTB

3.1. Tpurreps! u TUNOBbIC GYHKIIMOHATBHBIE y3JIbI HA UX OCHOBE:
OcHOBHBIE TIOHATHUS, KJIaCCH(PHUKAIMS, OJHOCTYIICHYATHIC U IBYXCTYIICHUATHIC
cxeMbl. Tpurrepsl ¢ TMHAMUYECKUM yIpaBieHueM. Bpemennblie quarpamma
3.2. CxeMOTeXHHKa CUETYMKOB C 33/IJaHHBIM OCHOBAaHUEM CUETA:
Pa3paboTka cxeM c4eTunKoB Ha OCHOBE TpurrepoB tuna D-, T- u JK-.
3.3. CxeMOTeXHHKA MOCIIE0BATEIIbHOCTHBIX YCTPOMCTB OOIIETO BU/IA!
Pa3paboTka mocneaoBaTeabHOCTHRIX cXeM (hOpMUPOBATENICH UMITYJIbCHBIX
MOCJIEIOBATEILHOCTEH C 3aJaHHBIMH BPEMEHHBIMH COOTHOILICHUSIMH Ha OCHOBE
pEerucTpa CIBUra ¢ 1enblo o0paTHOM cBsi3u. Pacnpenenureny CUrHAJIOB.

CxeMOTeXHHMKa YCTPONCTB BBINOJIHEHHS BBIYMCIUTENIBHBIX ONepaliuil
CxeMOTexXHHKa CYMMUPYIOIIE-BBIUUTAIONIETO OJI0KA, YMHOXXHUTENEH LEIbIX YHUCEIl,
KOMITapaTopoB JBOWYHBIX YHCEN, IpeoOpa3oBaTeNeil Koia u3 1BOMYHOro B Ko ['pest
u o0paTHO, nenuternei 1enbix yucen. KoMOMHAIIMOHHBIE M TIOCTIEI0BATEIbHOCTHBIC
cxeMmbl. CyMMaToOp-HaKOIIUTEIb.

[Tapamerpusyemble MOIyIH IUGPOBOM CXEMOTEXHUKHU B cpene Quartus
[Tapamerpusyembie Moyl U MeradyHKITMK Quartus: TOTHYeCKHE HIIEMEHTHI,
nemudpaTopsl, MIUPPATOPBI, MYIbTUIIIIEKCOPBI, PETUCTPHI, CYSTUNKH, JEIUTEIH
YacTOThI, yCTPOWCTBA BHIMIOJHEHUS apU(METHUECKUX ONepaliil C LIeIbIMU YHCTIaMHU.
[TapameTpu3yeMble MOLYJIH ONIEPATUBHBIX U ITOCTOSHHBIX 3aIIOMUHAIOIIUX
YCTPOICTB

OneMeHTHl IM(PPOBOIM CXEMOTEXHUKHU ceMeiicTBa 74xxx B Quartus
Jlormueckue IeMeHTHI, MyJIbTHILIEKCOPHI, emudpaTops! (B T.4. UIs yIIPaBICHUS
CEeMHMCErMEHTHBIMU MHIUKATOPAMU), HIM(PPATOPbI, TPUTTEPHI, PETUCTPHI, CUETUUKH,
HIMHHBIE (JOpMUPOBATENN B cocTaBe cepun 74xxx B Quartus. CpaBHeHHE
(YHKLIMOHATIBHOCTH JIEMEHTOB 74XXX C MOIYJIIMHU MakpoPyHKIMI 1 MeradyHKIUH
Quartus. Muxpocxems! kiacca “Little logic™.

CxeMOTexXHHUKa YCTPOUCTB MHIMKAIIUKM U 0OTOOpaXKeHUs HHpOpMaLun
00630p Mozeneit nHaAUKAaTOpoB. CXEMOTEXHUKA COMPSKEHUS IUPPOBBIX YCTPOUCTB €
ra3opaspsIHbIMHU, BAKYYMHO-TIOMUHECLEHTHBIMH, KUKOKPUCTAIUIMYECKUMHU U
TIOJTYIIPOBOTHUKOBBIMHU HHAMKATOpaMu. CTaTudeckas M TUHAMAYeCKast WHIUKAIIHS.
YapauniaekCHHr

CxeMoOTexHHUKa yCTPONUCTB TeHepa 1 GopMUpOBaHUS UMITYJIbCHBIX U HU(POBBIX
CUTHAJIOB

CxeMbl aBTOK0JIE0ATENIBHOTO U JKIYIIET0 MYJIbTHBHOPATOPOB HA JIOTHYECKHUX
sneMeHTax. ['eneparopsl ¢ kBapleBoi cTabmnn3anueil yactoTsl. CXeMOTEeXHUKA
nepecTpanBaeMbIX reHepaTopoB. CHHTE3aTOPHI ¢ (Pa30BOI aBTOMOICTPONKOM
4yacToThl. [ 'eHepaTopbl Ha OcHOBE TaiiMepa 555. CxeMOTeXHHKa anmnapaTHbIX
TE€HEPATOPOB MCEBAOCIYYAHBIX YUCENI HA OCHOBE M-IOCIeA0BaTEIBHOCTEN
cTpykTypsl ['anya u ®ubonauun. MuUKpocxemsbl TaiiMepoB, FreHepaTOpPOB U
dbopmuposareneit cemerictBa TimerBlox ot Linear Technologies

Mukpocxembl 3aOMUHAIOMIIX ycTporcTB (3Y)
3anoMHUHAIONTUE JIEMEHTHI U OJIOKH. 3alTOMUHAIOININE YCTPOMCTBA TUTIA
1D, 2D, 2.5D. CtaTuuyeckue U JUHAMUYCCKHUE 3JIeMEHTHI TaMITH. CiocoObI
opraHuzaruu aapecanuu 3Y. ACHHXpOHHBIE M CHHXPOHHBIC HHTEepdeiicsl O3Y.




Muxkpocxemsr O3V asoitHoro noctyma. bydepst LIFO u FIFO. [TocTostHHBIC
3allOMMHAIOIME ycTpoicTBa. IlepenporpaMmupyeMble 3alIOMUHAOIIKAE YCTPOUCTBA.
OnepatuBHo-niepectpanBaembie 3Y (Dneni-namsaTe). CXeMOTEXHUYECKUE TTPUHITUITBI
HapalluBaHus 00beMa MOJYJIEH MaMsTH.

10

Amnanoro-ugpoBblie 1 nu(poaHasorossie mpeodpazoBaTeIu
[TpunIUIB! paboTh aHATOrO-IM(POBHIX U U(PPOAHATIOTOBBIX MTpeodpa3oBarTenen
(ALLIT u LIAIT). JImarpamma “ObIcTpoAeHCTBHE-PA3PIAHOCTD”. CXEMBI
MaciTabupoBanus u ciBura ypoBus. Cxemorexuuka L{AIl Ha ocHOBE pe3UCTOPHBIX
cOopok ¢ aBoMvHBIMU Becamu ¥ Matpuil R-2R. Mapannensusiii AL CtpykrypHas
cxema ALIII nocnenoBarensHoro cuera. Cnensmuii AL AL nocnenoBaTenbHbIX
npuommkenuii. Uarerpupytronue ALl Curma-nensta AL I'mnObpuaasie ALIL.
VYnyuamenue ObictpozeiictBust AL mo Texnonoruwu interlieving. [TpuHummns
MOCTPOCHUS MHOTOKaHAIbHBIX cucTeM cOopa unpopmanuu. Lludbpossie
IIOTEHIIMOMETPHI U CXEMbI Ha UX OCHOBE.

11

Pa3paboTka KOMOMHAIIMOHHBIX IIU(PPOBLIX YCTPOUCTB HA S3bIKAX OMUCAHUS
armaparypel

Coznanne npoekta st [IJIMC B CAIIP Quartus II u MogenupoBanue ero padboTHI C
UCIIOJIb30BaHUEM IPOTPaMMHUPOBAHUS Ha s3bIKax onucaHws ammapatypsl (Verilog,
System Verilog, VHDL). Co3nanue uepapxudeckux MpOeKTOB. TuroBbie
MpOrpaMMHBIE pEelIeHUs ISl TMPOrPaMMHOM peaan3alui KOMOMHAIIMOHHBIX CXEM.
[loBenenueckoe u cTpykrypHoe onucanue. Co3aaHue napaMeTpu3yeMbIX MOAYJIEH U
ux BbI30B. [IpencraBnenue umucen. Z-coctosiHue U X-COCTOSIHUE. MaHUITYJISIUUHA C
OuTaMU MHOTOPa3PSIHBIX YUCEN U IIHH.

12

PaspaboTka mocnegoBaTeIbHOCTHBIX TU(PPOBBIX YCTPOUCTB HA S3BIKAX OTMCAHHS
anmnaparypsl.
CUeT4YuKku " III/I(i)pOBI)IG ABTOMATHI HA A3bIKAX OIMMMCAHUA alllapaTyphbl.
[ToBeneHueckoe U cTpyKTypHOE onucanue cxeM. Co3/laHue apaMeTpU3yeMbIX
MOJYJIEN ¥ UX UCIIOIb30BaHUE.

13

Hcnonb3oBanue Modelsim 1 MosiennpoBaHus HH(POBBIX YCTPOMCTB
Hasnauenue u unrepdeiic nporpammbsl ModelSim. Co3nanue ¢aitnoB BpeMeHHON
JarpaMMsl (TecTOeHYa) ¢ HCIOIb30BaHUEM SI3bIKOB onucanus anmnaparypsl VHDL u
Verilog. OTo6paskeHne pe3yabTaTOB MOJICTUPOBAHUS.

14

Pazpabotka ycrpoiict nnudpooit 06padotku curnanos Ha [TJINC
TumnoBbie Metoasl 1UdpoBoi 00paboTku curHanoB. [ludpossie GUIBTPHI.
BbruucnuTensHple  omepanMM  yCTPOWCTB  IU(pPOBOH  00pabOTKM  CHUTHAJIOB.
Metoponoruss pacyera pa3sHOCTHBIX YpaBHEHHH, YAaCTOTHBIX M BPEMEHHBIX
XapakTEepUCTUK HUPPOBBIX (HUIBTPOB. MOJAyIu BBINOJIHEHUS apU(PMeTHUEeCKuX
orepaiuil ¢ BEIIECTBEHHBIMU YUCIIaMU B cocTaBe Oubnunoreku Quartus. Peanuzanus
QITOPUTMA PA3HOCTHOrO ypaBHeHHs uuppoBoro ¢uubtpa Ha [IJIMC Ha s3bIKe
Verilog. MoaenupoBanue paboTsl TuppoBoro GuibTpa.

15

ConpsixeHnre UG POBLIX YCTPOUCTB ¢ eprudepuitHBIMU yCTPOUCTBAMH.
15.1 Conpsixenune ¢ ALIT n HAIT:
Unrepdeiicer LIAIT u ALIIL [apaniensuble, nocnenobarenbueie: SPI, I°C.
BpemMennbie quarpaMMel oOMeHa TaHHBIMU. [ToAKTFOYeHNE HECKOTBKUX YCTPOMCTB.
[Tporpammuas peanuzainus oOMeHa JaHHBIMU. [IpUHIUIIBI OTIAAKH POTPAMMHOTO
KoJia. MonenupoBanue paboThl cxeM B cpene Proteus.
15.2. CxeMoTexXHUKA COMPSHKEHUS U(POBBIX YCTPOUCTB C JaTIUKAMU
KJIaBUATypHOTO BBOJA!
[TonkmoueHue OUHOYHBIX KHOTOK. [ToaBnenue npedesra KOHTaKTOB. MaTpuyHbIe
kiaBuarypsl. Mcnonb3zoBanue AL aiist onpoca KiiaBuatypsl.
15.3. CxeMOTeXHHKA yCTPOHCTB CONMPSHKEHUS C CUIIOBBIM 000PYIOBaHUEM
CxeMoTexHUKa KackaaoB npeoodpa3oBanus ypoBHen (I1Y) npu conpsoxkennn




M (PPOBBIX YCTPOUCTB ¢ nepudepruitHbIM 000pyI0BaHUEM: MUKpOcXeMbl [TY u
CXEMBI Ha TUCKPETHBIX 1eMeHTax. Kackanel conpspkeHus ¢ natepdeiicaMmu Ha
ontpoHax. CXeMOTEXHHKA COIPSDKEHUE TU(PPOBBIX YCTPOUCTB C CUIIOBBIM
o0opynoBanueM. Mcnonbp30BaHUE UPOTHO-UMITYJIbCHON MOAYJISIINH JUIs
yIpaBJICHUs] HHEPIIMOHHBIMH Harpy3KaMu. YTpaBJICHUE NIarOBBIMH JIBUTATEIISIMU.

16

CxemMoTexHUKa IU(POBBIX U3MEPUTEILHBIX IPHOOPOB U YCTPOICTB
M3mMepuTenn 4acTOTHO-BPEMEHHBIX N1apaMeTPOB CUTHAJIOB (4aCTOTOMEPBI,
NepPUOAOMEPBI, U3MEPUTEIH JJIUTEIBHOCTH UMITYJIbCOB). HOHMYCHBIN MeTOA
U3MEpPEHUs MaJbIX JuInTeNbHOCTeH. V3MepuTenn HanpsKeHus U TOKa (IIOCTOSIHHOTO
U niepeMeHHoro). M3meputenu napaMeTpoB 31EKTPOHHBIX KOMIIOHEHTOB
(conpoTUBIEHUS, EMKOCTH, HHAYKTUBHOCTH). CXEMOTEXHHKA MOCTOBBIX
U3MEpUTENIEH C MPUMEHEHHEM IIU(PPOBBIX MOTEHIIIOMETPOB.

17

MeTob1 0OecriedeHnst TOMEX0YCTONUYNBOCTH IIU(PPOBBIX YCTPOUCTB
VYcrpanenue nomex 1o nensM nutanus. [lomexu, Bo3HUKarOLUE B JIMHUAX CBSI3U:
BHYTPUILIATHBIE, MEXXMOIYJIbHBIE U MATUCTPAJIbHBIC, U METO/bI UX MOJIABJICHHUS.
HckaxxeHus: UMITYJIbCHBIX CUTHAJIOB, IEPEIaBacMbIX 10 JJIMHHBIM JTUHUSIM CBSI3U U
METO/IbI KX YMEHBIICHHUS: corflacoBanue JuHuH. [IpobiieMa ypaBHUTEIBHBIX TOKOB
IpU conpsKeHUH 00opyoBaHusi. CXeMbl ONTPOHHBIX Pa3BA30K.

4.3. Tlpaktuyeckue (CEMUHAPCKUE) 3aHITUS

Tembl IpaKTUUECKUX 3aHATHI U UX TPYJOEMKOCTh IPUBEIEHBI B TaOIHIIE 5.

Ta6n1z1ua 5-— HpaKTI/IquKI/IC 3aHATHUS U UX TPYAOCMKOCTDb

N3 Hux Ne
Ne | Tewmsl npaktuueckux | ®opmel npakTuyeckux | TpynoeMKOCTb, |MpakTUYECKOH |paziena
n/m 3aHATUN 3aHATUN (uac) MOATOTOBKH, |AUCIUI
(gac) JIMHBI
Y4eOHbIM MJIaHOM HE MPEAYyCMOTPEHO
|
Bcero
4.4. JlabopatopHble 3aHATUS
Tembl 1a00paTOPHBIX 3aHATHH U UX TPYJOEMKOCTb IPUBEJCHBI B TabuIe 6.
Tabnuna 6 — JlabopaTtopHble 3aHATHS U UX TPYJOEMKOCTh
N3 Hux Ne
Ne Tpyno- NpaKTHYECKOl | paszena
i HaumenoBanue nabopatopHbIx padboT €MKOCTb, HOATOTOBKY, | AMCIHII-
(uac) (gac) JIMHBI
Cemectp 5
1 | Pa3paboTka KOMOMHAIIMOHHOTO YCTPOICTBA HA 1 0.5 2
ocHose [IJIMC B cpene Quartus
2 | Pa3paboTtka mpeoOpa3oBaresneii KOJ0B Ha OCHOBE 2 1 2
TUNOBBIX ()YHKIIMOHAJIBHBIX y3JI0B
KOMOWHAIIMOHHOH JIOTUKH
3 | Pa3zpaboTka cueTdrka ¢ 3alaHHbIM OCHOBAaHUEM 2 1 3
cuera Ha T-Tpurrepax B cpesae Quartus
4 | Pa3paboTka cyeTunKa C 3aJJaHHBIM OCHOBAaHHEM 2 1 3
cuera Ha JK-tpurrepax B cpene Quartus
5 | Pa3zpaboTtka dhopmMupoBaTesss UMITYJIbCHOM 2 1 3
MI0CJIeIOBATEIBHOCTH C 3a/JaHHBIMHU CBOMCTBaMU




6 | Pazpabotka dopmupoBaTesss UMITYJIbCHO- 2 1 5
BPEMEHHOM KOJOBOU IPYIIIbI
7 | Pa3paboTka MOIyJIsl CYETHOTO YCTPOKMCTBA C 2 1 5
3aJJaHHBIM AJITOPUTMOM paboThl, B cpene Quartus
8 | Pa3zpaboTka ¢popMupoBaTeIsi UMITYJIbCOB, 4 2 5
YIIPaBJIIEMOTr0 U(PPOBBIM KOJIOM
Cemectp 6
1 | Pa3zpaboTka KOMOWHAIITMOHHOTO YCTPONCTBA HA 1 0.5 11
ocHose [IJIMC ¢ ucnosb3oBaHuEM SI3bIKOB
OIMCaHUs annapaTypsl
2 | Pa3paboTtka mpeoOpa3oBareseii KOJ0B Ha OCHOBE 1 0.5 11
napsl gemupparop-mudpaTop ¢ UCHOIH30BAHUEM
SI3BIKOB OMMCAHMSI aIllapaTyphl
3 | Pa3zpaboTrka npeoOpa3oBaTeieii KOJ0B Ha OCHOBE 1 0.5 11
MYJIBTUILIEKCOPOB C UCIIOJIb30BAHUEM SI3bIKOB
OTMCAHUs anmnapaTypsl
4 | Pa3zpaboTka cueT4HKa C 3aIaHHBIM OCHOBAaHHEM 1 0.5 12
cuera Ha [IJIMC ¢ nucnonp30BaHUEM SI3BIKOB
OINMCaHUs annapaTypsl
5 | Pa3pabotka popmupoBaTens UMIyIbCHOM 1 0.5 12
IIOCJIEZI0BATEIBHOCTH C 331aHHBIMHU CBOWCTBaMH, C
MCIOJI30BAHUEM SI3BIKOB ONHCAHUS allapaTypsl
6 | Pa3zpaboTka MOIyIIsI CHETHOTO YCTPOMCTBA C 2 1 12,13
3aJlaHHBIM aJTOPUTMOM PabOTHI, C
MCII0JIb30BAHMEM SI3bIKOB ONKMCAHUs allapaTypsl
7 | Pa3zpabotka ¢opmMupoBaresst UMIYJIbCOB, 2 1 12, 13
YIPaBIsAEMOro HUPPOBLIM KOJIOM, C
HCIIOJIb30BAHUEM SI3bIKOB OMMCAHUS anmnapaTrypsl
8 | Pa3paboTka pekypcuBHoro nudposoro puabtpa Ha 2 1 14
[JINC
9 | Pa3zpaboTka u MOJIETUPOBAHKE 3 2 15
MHUKPOIPOLIECCOPHOTO TE€HEPATOPa aHaJIOr0BOI'0
CUTHaja
10 | PazpaboTka MUKpPOIIPOIIECCOPHOTO UHIUKATOPA 3 2 15
BEJIMYMHBI HAIPSKEHU S
Bcero 34 18
4.5. KypcoBoe nmpoeKkTupoBaHue/ BHITOTHEHUE KYPCOBON PabOThI
I{enb KypcoBOro nmpoekra:
YacoB nMpakTUYECKON MOATOTOBKH:
IIpumepHBIe TEMBI 3alaHUI HA KypCOBOM NIPOEKT IpuBeneHsbl B pasaene 10 PIT/I.
4.6. CamocrodrenbHas paboTa 00yJarouxcs
Bunel camoctosiTenbHON paboThI U €€ TpYAOEMKOCTh TPUBEIEHBI B Tabuuie 7.
Tabmuna 7 — Bunbl camocTosTenbHON pabOThI U €€ TPYA0EMKOCTh
. Bcero, | Cemectp 6,| Cemectp 7,
Buz camocrositensHO# paboTh
yac qac qac
1 2 3 4
N3yuenune Teopernueckoro Mmarepuaina auciuiuiiabl (TO) 87 61 26
KypcoBoe npoextuposanue (KII, KP) 17 17




Pacuetno-rpaduueckue 3aganus (PI'3)

Brimonnaenue pedeparta (P)

IToaroroBka k Tekymemy KOHTpoJto ycreBaemoctu (TKY) 9

4,5

4,5

Homamnee 3amganue (/13)

IToaroToBKa K BBIMOJHEHHUIO J1A00paTOpHBIX padoT (JIP)

18 8,5

9,5

Konrtposnbusie pabotsl 3a04nnkoB (KP3)

ITonroroBka k npomexxyrouHon arrecrauuu (I1A)

Bcero: 131 74

57

5. IlepeyeHnb y4eOHO-METOAMYECKOTO OOECTICUCHUS

JUISL CAMOCTOSTEILHON PabOThI 00YUAIONMIUXCS TT0 TUCIUIUIMHE (MOIYITIO)
Y4eOHO-METOIMUECKNE MaTePHaNbl JIJII CAMOCTOSITEIILHON pabOThl OOYJArOIIMXCSl YKa3aHbI B

o.a. 7-11.

6. IlepeueHb MeUaTHBIX U SIEKTPOHHBIX YUEOHBIX U3TaHUI
[TepeueHs eYaTHBIX U 3JCKTPOHHBIX YIEOHBIX U3IaHUHN TIPHUBEICH B TabmuIe 8.
Tabnuna 8— [lepedeHb MeYaTHBIX U JIEKTPOHHBIX YUEOHBIX U3TaHHIA

Hludp/
URL anpec

bubnuorpaduueckas ccplika

Komuaectso
9K3EMIUTIPOB B
oubnmoTexe
(kpome
ANEKTPOHHBIX
IK3EMILISPOB)

https://e.lanbook.c

[TpoexTupoBanue mudpoBeix ycrpoiicts Ha [IJINC:

QJICKTPOHH. 3K3.

om/book/322511 yue0. mocobue amns By3os / U.B. Ymenuna. — 2-e usn.,

crep., CI16: Jlans, 2023. - 408 c. ISBN 978-5-507-

47049-5
https://wdfiles.ru/3 | LluppoBas cxeMOTEXHUKA 1 apXUTEKTYpa KOMIIbIOTEpA | 3JEKTPOHH. 3K3.
a32bf RISC-V / .M. Xappuc, C.JI. Xappuc. Ilep. c anri.

B.C. Sluenkona, A.}O. PomanoBa; nox pexn.
A.1O. Pomanosa. — M.: JIMK Ilpecc, 2021. — 810 c.

https://znanium.ru/
catalog/document?
id=342318

[MudpoBas cxeMOTEXHUKA M apXUTEKTYpa KOMITbIOTEPa
/ .M. Xappuc, C.JI. Xappuc; nep. ¢ aHri.
ImaginationTechnologies. — M.: JIMK Ilpecc, 2018. -
792 c.

JJIEKTPOHH. JK3.

https://znanium.ru/

[TpoexTupoBanue BcTpanBaeMbix cucreMm Ha [IJIUC. /

3NIEKTPOHH. IK3.

catalog/document? | 3.HaBa6wu; nepes. ¢ aurn. B.B. ConosseBa. — M.: JIMK

1d=435142 IIpecc, 2016. - 464 c.

https://publicism.in | Practical Electronics for Inventors, Fourth Edition. JEKTPOHH. IK3.
fo/science/electron | Chapter 12. Digital Electronics / P.Scherz, S.Monk.

ics/13.html

2016

7. IlepeueHb 37IEKTPOHHBIX 00pa30BaTENbHBIX PECYPCOB

I/IH(I)OpMaI_II/IOHHO-TCHCKOMMYHI/IKB.I_II/IOHHOI\/II CCTHU «I/IHTCpHCT»

[Iepeuenn

TGHGKOMMyHHKaHHOHHOfI CCTUu

DIIEKTPOHHBIX o0pa3oBaTeNbHbIX
«MHTEpHETY,

pecypcoB

npuBeJieH B Tabymiie 9.

MH(OPMaLIMOHHO-
HEOOXOJUMBIX JJII OCBOCHHS JIHCIHILTMHBI



https://e.lanbook.com/book/322511
https://e.lanbook.com/book/322511
https://wdfiles.ru/3a32bf
https://wdfiles.ru/3a32bf
https://znanium.ru/catalog/document?id=342318
https://znanium.ru/catalog/document?id=342318
https://znanium.ru/catalog/document?id=342318
https://znanium.ru/catalog/document?id=435142
https://znanium.ru/catalog/document?id=435142
https://znanium.ru/catalog/document?id=435142
https://publicism.info/science/electronics/13.html
https://publicism.info/science/electronics/13.html
https://publicism.info/science/electronics/13.html

Tabmuua 9 — IlepedyeHb SJIEKTPOHHBIX OOpPA30BATEIbHBIX PECYpcoOB HHGPOPMALMOHHO-
TEJIEKOMMYHUKAIIMOHHOU ceTh « HTepHeT»

URL anpec HanmenoBanue

He npenycmorpeno

8. IlepeueHb MH(OPMAITOHHBIX TEXHOJIOTHI
8.1. IlepeyeHr mporpaMMHOTO OOECIIEYCHHUS, HCIOJIB3YEMOro IPH OCYIIECTBICHUU
00pa3oBaTeNILHOTO MpoIecca M0 JUCIUILIMHE.
[Tepeuenp nuCmoNIB3yeMOro NPOrpaMMHOTO OOecneueHHs peicTaBieH B Tadbmuie 10.

Tabmuna 10— [lepeuers nporpaMmMHOTo 0O€CIICUCHIS

Ne /i HaumenoBanue

1 Quartus Web Edition (Bepcuu He Hike 9.1)

2 ModelSim (06pIYHO BXOJUT B MaKeT YCTaHOBKHU Quartus, HO He BCceraa)
3 Proteus (Bepcuu He HIKE 7.7)

4 JIro6as IDE ¢ xkomnunsitopom sa3bika Python (PyCharm, Anaconda)

8.2. Ilepeuenp HH(OPMAMOHHO-CIIPABOYHBIX CHCTEM,HCIIOJIb3YEMbIX pu
OCYIIECTBIICHUU 00Pa30BaTEIHLHOTO MPOIlecca MO JUCIUILTHHE

[lepeyeHb HCMONB3YEMBIX WH(POPMALMOHHO-CIIPABOYHBIX CHCTEM MPEICTABICH B
Tabauie 11.

Tabmuna 11— Ilepeuens nHGOPMAITMOHHO-CIIPABOYHBIX CUCTEM

No HaumenoBanue
/o

1 Integer Arithmetic Megafunctions User Guide. Altera. UG-01063. 2013. // URL:
http://primrosebank.net/computers/mtx/projects/mtxplus/cpu/cpld/quartus/ug_lpm_alt mf

ug.pdf

2 Coo0r1ecTBO “ONeKTpoHUKA I BceX . Www.easyelectronics.ru

9. MarepuanbHO-TexHUYeCKast 6a3a
CoctaB MaTepHaTbHO-TEXHMUYECKOH 0a3bl, HEOOXOAUMOW 1  OCYUIECTBIICHUS
00pa3oBaTeNbHOTO Mpoliecca 10 AUCHUILIMHE, IpeACcTaBiIeH B Tabnuuel?2.

Tabmuna 12 — CoctaB MaTeprallbHO-TEXHUUECKON 0a3bl

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

MynsTuMeanitHas TEKIMOHHAS ayAUTOPUS

2 | KoMmnbroTepHBIi Ki1acc

10. OueHouHsble cpeACTBa AJIs MPOBEACHUS MPOMEKYTOUHON aTTECTALlUN
10.1. CocTaB OLIECHOYHBIX CPEACTBIJISI TPOBEACHUS TPOMEKYTOUHOW AaTTECTALUH
oOyJaromuxcs Mo AUCHUIUINHE IPUBEACH B Tadbnuie 13.
Ta6mmma 13 — CocTaB OIEHOYHBIX CPEJICTB JIJIsl TPOBEICHUS IPOMEKYTOYHOM aTTeCTAIINHI

By npomexyTo4HOM aTTecTanun [lepedyeHp OLICHOUHBIX CPEACTB

DK3amMeH Cnucok BOMpOCOB K IK3aMEHY;
DK3aMeHaIlMOHHbIE OUJIETHI;
3amaumu;



http://primrosebank.net/computers/mtx/projects/mtxplus/cpu/cpld/quartus/ug_lpm_alt_mfug.pdf
http://primrosebank.net/computers/mtx/projects/mtxplus/cpu/cpld/quartus/ug_lpm_alt_mfug.pdf
http://primrosebank.net/computers/mtx/projects/mtxplus/cpu/cpld/quartus/ug_lpm_alt_mfug.pdf
http://www.easyelectronics.ru/

TecThl.

JuddepeHpoBanHbIi 3a4ET Crircox BOIpPOCOB;
TecTsr;
3anaqu.

BrimonHeHne KypcoBoro mpoekTa DKcrepTHas OlleHKa Ha OCHOBE TpeOOBaHUIl K
COJIEP’)KaHUIO0 KYPCOBOI'O IPOEKTA.

10.2. B kauecTBe KpHUTEpHEB OIEHKH YPOBHSI C(OPMHPOBAHHOCTH (OCBOCHHS)
KOMIIETEHIIMH 00ydJarouMMHcs MpUMEHseTCsl 5-0ayuibHas IIKaja OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETEHIINI, KOTopas mpuBeaeHa B Tabuuie 14. B TeueHne cemecTpa MOXKET UCIOIB30BAThCS
100-6amnpHass  mKaja  MOJYJbHO-PEHTHHTOBOW  CHCTEMbl  YHHMBEPCHTETa,  IpaBHIIA
UCIIOJIb30BaHUsl KOTOPOW, YCTAHOBJIEHBI COOTBETCTBYIOLIUM JIOKAJIbHBIM HOPMAaTHUBHBIM aKTOM
I'VAIL
Tabmmna 14 —Kpurepun onieHKH ypoBHS chOPMHUPOBAHHOCTH KOMIETEHITHI

OreHKa KOMITETEHITUN

Xapakreprctuka chOpMUPOBAHHBIX KOMITCTEHITUI
5-0ayuIbHAs IIKaJIa PaKIep (bopup

— oOydaronuiics TJIyOOKO W BCECTOPOHHE YCBOMJ IPOTPaMMHBIH
MaTepHa;

— YBEPEHHO, JIOTUYHO, ITOCIIEI0OBATEILHO U TPAMOTHO €0 M3J1aracr;

— ONUPAsCh HA 3HAHUS OCHOBHON W JIONIOJHHUTEIBHOHN JIUTEPATYpHI,
TECHO MPHBS3LIBACT YCBOCHHBIC HAYYHBIC MOJOXKEHUS C MPAKTUYECKOM
JESITEIIbHOCTHIO HAIPABJICHIS;

— yMeJI0 00OCHOBBIBACT U apPTYMEHTUPYET BhIIIBUTAEMbIC UM H/ICH,

— JIeJIaeT BBIBOALI H 000OIIECHHS;

— cBOOOJIHO BJIAJICET CHCTEMOM CIIeMaTN3UPOBAHHBIX TTOHSITHH.

«OTJIIMYHO»
(Ga4YTCHO»

— 00yJaromuics TBEPIO YCBOMII MPOTPAMMHBIA MaTepHal, TPaMOTHO H
[0 CYIIECTBY W3JIaraeT €ro, ONupasch Ha 3HAHUS OCHOBHOU
JTUTEPaTypPHI;

— HE JIOMYCKAaeT CYIECTBEHHBIX HETOYHOCTEH;

— YBSI3BIBACT YCBOCHHBIC 3HAaHUS C NPAKTHYCCKON JESITEIHLHOCTHIO
HATPABIICHUS;

— apryMEHTUPYET Hay4YHbIE TTOJIOKEHUS;

— JIeJIaeT BBIBOALI H 000OIIEHHUS;

— BJIQJICET CHCTEMOMH CIIeIMATN3NPOBAHHBIX TTOHSITHH.

«XOPOIIIO)»
«3aYTEHO»

— o0yyarouuiicss yCBOMJI TOJBKO OCHOBHOW IpPOrpaMMHBIA MaTepual,
[0 CYILIECTBY H3JaracT €ro, ONHUpPasCh Ha 3HAHMUS TOJBKO OCHOBHOWU
JIUTEpaTypHl;

— JIOIyCKAeT HeCYIIECTBEHHbIE OIIMOKN U HETOYHOCTH;

— ACTIBITHIBAET 3aTPYAHEHHUS B MPAKTUYECKOM NPUMEHECHHHM 3HAHMI
HaIlpaBJIEHUS;

— c1abo apryMEeHTHPYET HayuHbIE MTOJI0KECHHUS,

— 3aTpynaHsieTcs: B GOPMYJIUPOBAHUHU BBHIBOJOB U 000OIICHUH;

— YAaCTUYHO BJIAJIEET CUCTEMOM CIEIMATU3UPOBAHHBIX MOHSITUH.

«y/I0BJIETBOPUTEITHHOY
«GAuTEHO»

— o0yyJaromuiicss He YyCBOWJI 3HAYUTENbHOM 4YacTH MPOrpaMMHOI0
MmarepHaa;

— JIOTYCKaeT  CYIIECTBEHHbIE  OMMUOKH W  HETOYHOCTH  TIpH
paccMOTpeHHH Po0JIeM B KOHKPETHOM HalpaBIICHUH,

— MCIIBITHIBAET TPYIHOCTH B MPAKTUYECKOM PUMEHEHNUHN 3HAHUM;

— HE MOXKET apryMEeHTHPOBATh Hay4YHbIE MTOJIOKEHHUS;

— He QOopMYJIUPYET BHIBOJAOB U 0000LICHHIA.

«HEYIOBJIETBOPUTEIIHLHOY
«HE 3aYTECHO»

10.3. Tunossle KOHTPOJIbHBIE 3aJaHNSI U UHBIE MaTEPUAIIbI.
Bomnpocs! (3agaun) 11 sK3aMeHa rnpecTaBieHsl B Tadnure 15.




Tabmuma 15 — Borpocs! (3amaun) 115 2K3aMeHa

Ne [Tepeuyens BonmpocoB (3a1a4) 1S IK3aMeHa Kon

/1 WHJUKATOpa

1 Pa3zpaboTka mornueckux cxem Ha si3bike Verilog. OOmuye npuHIUIIBL. I1K-9.V.1

2 Pazpabotka norumueckux cxem Ha sizbike VHDL [1K-9.V.1

3 IToBeneHvyeckoe U CTPYKTYPHOE ONMCAHUE CXEM Ha si3bIke Verilog I1K-9.V.1

4 MynbTHILIEKCOPHI Ha si3bike Verilog I1K-9.V.1

5 MynpTuniexkcopsl Ha si3pike VHDL [1K-9.V.1

6 Jemmdpatopsl Ha s3bike Verilog I1K-9.V.1

7 JemmudpaTopsl Ha si361ke VHDL I1K-9.V.1

8 Hcnons3oBanne ycinoBHBIX oneparopos if-else Ha si3pikax Verilog 1 VHDL | T1K-9.V.1

9 [TapameTpu3oBaHHBIC MOTYJIN Ha s3bIKE Verilog I1K-9.V.1

10 [TapameTpuzoBanHbie MOAYyU Ha si3bike VHDL I1K-9.V.1

11 YcTpoiicTBa ¢ maMaAThIO Ha si3bike Verilog. Tpurrepsl u napaiienbHbie [IK-9.V.1
PETHCTPBHI.

12 VYerpoiictBa ¢ mamaThio Ha a3bike VHDL. Tpurreps! u napajiienbHbie [IK-9.V.1
PETHCTPBHI.

13 CaBuraroniye peructpsl Ha s3bike Verilog IIK-9.V.1

14 Caguratomue peructpsl Ha si3pike VHDL [IK-9.V.1

15 KoneuHnsble aBTOMaThl Ha si3bike Verilog I1K-9.Y.1

16 Koneunrsie aBTomatsl Ha s3pike VHDL I1K-9.V.1

17 ACHHXPOHHBII TBOMYHBIN CYETYUK Ha s3bIKe Verilog [1K-9.V.1

18 CUHXpPOHHBIN ABOUYHBIN cueTYHK Ha s3bike Verilog. [ToBegeHueckoe IIK-9.V.1
OIMCaHUE.

19 CHUHXpOHHBIN JBOMYHBIA CYETUHK C 3aJaHHBIM OCHOBAHHEM CUETA Ha IIK-9.V.1
si3pIke Verilog

20 KonbieBoii cuetunk JI>xoHcoHa Ha si3pike Verilog TIK-9.V.1

21 [TapameTpu3yeMblil CUETUHK C 3aJaHHBIM OCHOBAaHHUEM CUYETA Ha SI3bIKE [IK-9.V.1
Verilog

22 CueTrumk ¢ 3a1aHHBIM OCHOBaHUEM cyeTa Ha s3bike Verilog. CtpykrypHoe | [1K-9.V.1
OTHCaHue

23 Pazpabotka popmupoBaTeneir UMITYIbCOB C 3aJJaHHBIMU BPEMEHHBIMHU [MK-9.¥.1
COOTHOILIEHUSIMU Ha s3bIke Verilog

24 Pa6ora ¢ cumynsaropom Modelsim Altera. Teroenu juist mpoBepKu [IK-9.V.1
JIOTUYECKUX CXEM Ha si3bike Verilog

25 Pa6ota ¢ cumynsatopom Modelsim Altera. Terbenu s mpoBepku [IK-9.V.1
ITOCJIEI0BATEIBLHOCTHBIX ¢XeM Ha si3bike VHDL

26 Kommnapartops! koJ10B Ha s13bike Verilog I1K-9.V.1

27 Peanu3zanus BerunciuTenbHbIX onepanuii Ha si3bike Verilog. Cymmaroper | [TK-9.V.1
BBIYUTATENH

28 Peanuzarus BeraricnuTensHbIX oneparus Ha s3bike Verilog. Ymaoxkurenu | [1K-9.V.1

29 [Ipeobpa3zoBarens IBOMYHOTO KOJA B IBOUYHO-ACCATUYHBIN HA S3bIKE [IK-9.V.1
Verilog

30 Monynu O3V Ha si3pike Verilog I1K-9.V.1

31 Mopynu O3V na s3pike VHDL TIK-9.V.1

32 Monynu 13V Ha si3p1ke Verilog [1K-9.V.1

33 Mopynu 13V na s3eike VHDL I1K-9.V.1

34 Mopyns ayxnoptoBoro O3V Ha si3beike Verilog I1K-9.V.1

35 Monynb 6ydepa FIFO O3V na si3eike Verilog I1K-9.V.1

36 O6mume cBenenus o nUPpoBbIX GunbTpax. JuckpeTHas nepenaToaHast [1K-9.V.1

GyHKIHS.




37 Pacuernbie popMynbl 11 ONIpeieieHHs] TUCKPETHOU MepeaaToOuHON IIK-9.V.1
¢byHkuuu u@poBoro GUILTPa MO aHAJIOTOBOMY IPOTOTHITY

38 dopmMmar BelecTBeHHBIX uncel Turma float I1K-9.V.1

39 [TpunIun peanu3anuu peKypcuBHOTO HU(POBOTO PHIBTpa HA A3BIKE [IK-9.V.1
Verilog

40 Hcnonb3oBanue 1mupoaHaIOroBEIX Mpeodpa3oBareseit s pa3padoTKu [IK-9.B.1
1M (POBBIX TEHEPATOPOB AHAJIOTOBBIX CUTHAJIOB 3aJIaHHOMN (POPMBL.

41 [Monxmrouenue ananoro-uudpoBbIX Mpeodpa3oBaTeneii ¢ [1K-9.B.1
MOCJIeIOBAaTEIbHBIM HHTEP(ElicoM nepeaaun JaHHbIX.
Bormpocsr (3amaun) nis 3avera / qud . 3adera npeacTaBieHsl B Taduie 16.

Ta6mmma 16 — Boripocs! (3amaun) mis 3aueta / audd. 3adera

Ne [lepeuens BompocoB (3anau) s qudd. 3ayera Koz

/11 ) WHJUKATOpa

1 OcHOBHBIE MOHATHA O HU(POBBIX YCTPOHUCTBAX. I1K-9.3.1
[IporpamMmMupyeMsble TOrnyecKkue UHTErpajibHble cxeMbl. Xapakrepuctuky, | [1K-9.3.1
npuHimn padotsl. [punnunet pazpabotku ycrpoiicts Ha [IJINC.

3 KomOunanmonHble cxembl TH(POBBIX YCTPOICTB. Jlornyeckne 3eMEeHTHI [IK-9.3.1
(JID): 3akoHbI anreOpsl JTOrUKY, TUTIOBBIE JID.

4 [TpuHIMIB pa3paboTKH KOMOWHAIIMOHHBIX CXEM IIU(PPOBBIX YCTPOHCTB. [IK-9.3.1
ITpumep.

5 QDyHKIIMOHAIBHBIE y3JIbI TU(PPOBOI CXeMOTEeXHUKHU. Jlemmdparopsl. [1K-9.3.1

6 OyHKIHMOHANbHBIE Y3116l IU(poBoii cxemoTexHukH. [udpartopsr. I1K-9.3.1

7 CxemoTtexHHKa peodpazoBaTesieil KOJOB Ha OCHOBE Maphl e (ppaTop- [1K-9.3.1
mdparop

8 @OyHKIIMOHANBHBIE Y3JIbl HU(POBOM CXEMOTEXHUKH. MyJbTUILUIEKCOPHI U [1IK-9.3.1
JEeMYIbTUILIEKCOPBI.

9 OneMeHThI ¢ TaMAThI0. RS-Tpurrepst I1K-9.3.1

10 DneMeHTHI ¢ MaMAThi0. D-Tpurrepsl [1K-9.3.1

11 DneMeHTHI ¢ aMAThI0. T-Tpurrepsl I1K-9.3.1

12 DneMeHThI ¢ naMAThio. JK-Tpurrepol [1K-9.3.1

13 OyHKIMOHANbHBIE Y3716l HU(POBON cxeMOTeXHUKH. [1apannensHbie [IK-9.3.1
PETUCTPBI.

14 OyHKIMOHAIbHBIE Y3JIbl HU(POBOH cxeMOTeXHUKH. CBUraIoLIe [IK-9.3.1
PETUCTPBI.

15 OyHKIMOHAIbHBIE Y3JIbI HIU(DPOBON CXEMOTEXHUKH. Y HUBEpPCAJIbHBIE [1K-9.3.1
PETUCTPBI.

16 OyHKIMOHAIbHBIE Y3JIbl HU(POBON CXEMOTEXHUKH. ACUHXPOHHbBIE [1K-9.3.1
JBOMYHBIE CYETUUKH.

17 OyHKIMOHAIbHBIE Y376l HU(POBON cXeMOTEXHUKH. CUHXPOHHBIE [1K-9.3.1
JBOMYHBIE CYETUUKH.

18 CxeMOTeXHHKa CUETUMKOB C 3aJJaHHLIM OCHOBaHHEM cueTa Ha T- T1IK-9.3.1
tpurrepax. [Ipumep.

19 CxeMOTeXHHKa CUETUMKOB C 3aJaHHLIM OCHOBaHHeM cueTta Ha JK- T1IK-9.3.1
tpurrepax. [Ipumep.

20 CXxeMOTexXHHMKa CUETYMKOB C 3a/laHHbIM OCHOBAaHHMEM cdeTa Ha D- [1IK-9.3.1
tpurrepax. [Ipumep.

21 CrenuanbHbie BUABI cueTIYHKOB. CueTunk /[>KOHCOHA. T1IK-9.3.1

22 CxeMOTeXHUKA JIeJIUTENICH YacTOThl UMITYJIbCOB. [Iprmepsl. I1K-9.3.1

23 Pazpabotka popMupoBaTeneil mepruoandecKnx UMITYIbCHBIX I1K-9.3.1




MIOCJIE0BATEIBHOCTEN C 3aJaHHBIMU BPEMEHHBIMHA COOTHOLLICHUSIMHU.
IIpumep.

24 CXxeMOTeXHHUKA Y3JIOB BEIYMCIUTEILHON TEXHUKU. CyMMaTOPhI C I1K-9.3.1
110CJIEZI0BATEIbHBIM U MapaJIEIbHBIM IEPEHOCOM.

25 CxeMOTeXHHUKA Y3JIOB BEIYMCIUTEILHON TeXHUKH. [locnenoBaTeabHbIe I1K-9.3.1
cyMmMaropbl. CyMMaTop-HaKOIUTEb.

26 CXxeMOTEeXHHUKA Y3JIOB BEIYMCIMTEILHON TeEXHUKU. KoMmapaTopbl KOJIOB. I1K-9.3.1

27 CXeMOTEXHHKA Y3JI0B BBIUMCIUTEIbHOW TEXHUKH. Y MHOKUTEIH. [1K-9.3.1

28 Kon I'pes. CxemoTexHuKa yCTpOHCTB npeoOpazoBanus u3 koja ['pes B I1K-9.3.1
JIBOMYHBIN MMO3UITMOHHBIN KOJI U 00paTHO.

29 CxeMoTexHHKa Npeodpa3zoBareiel ABOMYHOTO KOJa B JBOUYHO- [1IK-9.3.1
JECSITUYHBIN KOJI TOCPEJICTBOM KOMOWHAIIMOHHBIX CXEM.

30 [Mapamerpuzyembie moaynu B CAIIP Quartusll. KomOuHanmonubie I1K-9.3.1
YCTPOMCTBA.

31 [Tapamerpuzyemsie monyinu B CAIIP Quartusll. CueTynku, perucTpsl. [1K-9.3.1

32 ITapamerpuzyemsie monysnu B CAIIP Quartusll. DnemeHTsI y3710B [1K-9.3.1
BBIYHCIIUTENIbHON TEXHUKU.

33 ITapamerpusyemsie monysu B CAIIP Quartusll. Onementsl namsaru: I13Y. | I[1K-9.3.1

34 [Tapamerpuzyembie moaynu B CAITP Quartusll. Onementsr mamstu: O3Y. | I1K-9.3.1

35 broku makpodynkuuit B CAITP QuartusIl. Kom6unanmonnsie ycrpoiicta. | [1K-9.3.1

36 brnoku makpodynkiuit B CAIIP Quartusll. Cuetunku. I1K-9.3.1

37 broku makpodynkiuii B CAIIP Quartusll. Peructpsr. I1K-9.3.1

38 bnokxu makpodynkuuit B CAIIP QuartusIl. DnemeHTsI y310B [1K-9.3.1
BBIYHCIIUTENIbHON TEXHUKU.

39 OnemenTbl Mukpocxem TTJI tuna 74xxx B CAIIP Quartusll. Tpurrepsi. I1K-9.3.1

40 OnemenTthl MukpocxeMm TTJI tuna 74xxx B CAIIP Quartusll. Cuetunku. I1K-9.3.1

41 OnemenTbl MukpocxeMm TTJI tuna 74xxx B CAIIP Quartusll. Peructpsl. I1K-9.3.1

42 Onementsl MukpocxeMm TTJI tuna 74xxx B CAIIP Quartusll. [1IK-9.3.1
MyJIbTUILUIEKCOPBI.

43 Onementsl MukpocxeMm TTJI tuna 74xxx B CAIIP Quartusll. [1IK-9.3.1
JemndpaTopsl.

44 Onementsl MukpocxeMm TTJI tuna 74xxx B CAIIP Quartusll. IIIunHbIe [1IK-9.3.1
dhopmupoBarenu.

45 [IpuMeHeHre HHANKATOPOB B IU(PPOBBIX YCTPOHCTBAX. [1IK-9.3.1
[TosynpoBOIHUKOBBIE CEMUCETMEHTHBIE MH/IUKATOPBI.

46 [IpuMeHeHre UHANKATOPOB B IU(PPOBBIX YCTPOHCTBAX. [1IK-9.3.1
Kukokprcramuinyeckue HHIUKATOPBHI.

47 [IpumMeHeHre UHANKATOPOB B IIU(PPOBBIX yCTpoicTBax. BakyymHo- [1IK-9.3.1
JIFOMUHECHEHTHbIE HH/IUKATOPBI.

48 [TpuMeHeHre UHANKATOPOB B IU(PPOBBIX yCTpoiCTBaxX. ['a3opaspsaHble [1IK-9.3.1
WHIMKATOPBI.

49 [ToakmroueHre CBETOAMOIHBIX MHAUKATOPOB U ITU(POBBIX U T1IK-9.3.1
MHUKPOIPOLIECCOPHBIX YCTPOMCTBAX.

50 CXeMOTeXHUKA YCTPOMCTB CTATUYECKOW M TMHAMUYECKON MHIUKAIUH. T1IK-9.3.1

51 Mukpocxemsl 3annomMmuHaromux ycrporcts. Ctatuueckue O3Y. I1K-9.3.1

52 Mukpocxemsl 3aI0MUHAOMUX YCTpoucTB. JnHamuueckue O3Y ¢ [1K-9.3.1
ACMHXPOHHBIM HHTepdeiicoM.

53 Muxkpocxembl 3aOMUHAIOMKX YCTpocTB. [Jnnamuyeckue O3Y ¢ I1K-9.3.1
CHHXPOHHBIM HHTEpdercoM.

54 Muxkpocxembl 3alOMUHAIOMMX YCTpocTB. [13Y. I1K-9.3.1

55 Muxkpocxemsbl 3anomuHaromux ycrpoiicts. O3V tuna FIFO. I1K-9.3.1




56 CXeMOTEXHUYECKHE METOIbI YBEIMUCHUS Pa3pAIHOCTH IIMHBI aJipeca U I1K-9.3.1
JAHHBIX MPU pa3pabOTKe MOTYJICH aMSITH.

57 AHanoro-1ugpoBsie Mpeodpa3oBaTesn: 00IIHMe MPUHIUIIB PaOOTHI U [1K-9.3.1
XapaKTEPUCTUKHU.

58 [udpoananorossie mpeodpa3oBaTesn: OOIIME MPUHIIUITH PAOOTHI U [1K-9.3.1
XapaKTEPUCTUKHU.

59 CxeMOTeXHMKA KacKaJ0B CABUra ypoBHs Mpu ucnosibzoBanuu AL u I1K-9.3.1
LATL

60 CxeMoTexHHKa U poaHATOTOBBIX ITpeoOpa3oBarTesieii Ha OCHOBE I1K-9.3.1
PE3UCTOPHBIX COOPOK.

61 [udpoananororoe npeodpa3zoBaHnue HA OCHOBE MIUPOTHO-UMITYJIBCHOM I1K-9.3.1
MOJYJISLINH.

62 CxemMoTexHHKa aHAIOTO-IIM(PPOBBIX TpeodpazoBateneil. [lapannensHbIid IMK-9.3.1
ALIL

63 CxeMoTexHHKa aHAIOTO-IIM(PPOBBIX TipeodpazoBateneid. ALIIT ITK-9.3.1
MOCIICAOBATEIbHBIX MPUOINKCHHIN.

64 CxemoTexHHKa aHATOro-nu(poBeIx peodpazoarene. ' mopumanni ALIL. | [TK-9.3.1

65 [TocnenoBarensHbIN HHTEpdelic nepenaun qaHHbIX B Mukpocxemax AL u | [TK-9.3.1
LHATL

66 [TpuHIMI TOCTPOESHMSI MHOTOKaHATIBHBIX CHUCTEM cOOpa JaHHbIX. I1K-9.3.1

67 [{upoBbIe TOTEHITMOMETPBHI. I1K-9.3.1

68 Hcnons3oBanue mdpoaHanoroBeix mpeodpasopareseit st pa3paboTku [1K-9.3.1
IU(POBBIX TEHEPATOPOB AHAJOTOBBIX CUTHAJIOB 3aJJAHHON ()OPMEI.

69 CxeMOTeXHHKa TeHEPATOPOB MCEBAOCTYUYaHBIX YHCETI. I1K-9.3.1

70 CxeMOTexXHHKa TaKTOBBIX T€HEPATOPOB UMITYJIHCOB C (PUKCUPOBAHHBIMU [1K-9.3.1
rapaMeTpamu Ha JOTHYECKHUX AJIEMEHTaX.

71 CxeMOTexHHMKa T'eHepaToOpOB C MEPECTPanBAEMbIMU MTapaMETPaMU Ha [1IK-9.3.1
JIOTUYECKHUX AJIEMEHTaX.

72 CxemoTexHHMKa IU(POBBIX TE€HEPATOPOB ¢ (Pa30BOM aBTOMOACTPOHKOI [1IK-9.3.1
YaCTOTHI

[lepeuenr TeM JIT KypCOBOTO TPOCKTHPOBAHUS/BBIMIOJIHEHUS KYPCOBOW pabOTHI
npeJcTaBieH B Tabnuie 17.

Tabnuua 17 — IlepeueHb TeM AJ1s1 KypCOBOTO MPOEKTUPOBAHMSI/BBITIOJIHEHUSI KYPCOBOM pabOThI

Ne

=
=
=

[IpumepHBIii TepedeHb TeM JUIsl KypCOBOTO MMPOEKTHUPOBAHUS/BBINIOIHEHNS KYPCOBOI

paboThI

Hudposoii Taiimep

Y CTpolCTBO M3MepeHus 4aCTOThl HACTPOUKH paJloNpUEMHHKA ¢ IH(POBOI HIKaIon

[{udpoBoii n3MEpUTEINIb ATUTEILHOCTH UMITYIIHCOB

[{udpoBoit n3MepuTenb BpeMEHH 3aJIep>KKH UMITYJIbCHBIX CUTHAJIOB

YCTpOﬁCTBO ynpaBnﬁeMoﬁ 3aACPKKHU UMITYJIbCHBIX CUTHAJIOB

Paspabotka npaiiBepa moyns XKK-unaukaropa

CCHCKTOp HUMITYJIBCOB I10 JJIMTCIBbHOCTH

I{udposoii hopmupoBaresb NCeBAOCIyIaHON MOCIEA0BATEILHOCTH

O |0 |Q| N || |[W|N|—

I'eneparop ¢ mppoBBIM KOHTYPOM (Ha30BOM aBTOMOCTPOUKH YaCTOTHI

BOHpOCBI IJi1 IMIPOBEACHHUA HpOMe)KYTOqHOﬁ arTrecralliu B BHJC

npecTaBICHBI B Tabnwuie 18.

TECTUPOBAHUS




Tabmuua 18 — IIpumepHbIii epeueHb BOIIPOCOB ISl TECTOB

. Kon
Ne n/nn [TpuMepHBIii IepedeHb BONPOCOB Il TECTOB
UHJIMKaTopa

1 [IpounTaiiTe TEKCT U BRIOEPUTE OJMH MPABUIbHBINA OTBET: [1IK-9.3.1

BriOepure, kakas U3 KOMaH/ Ha si3blke Verilog cOOTBeTCTBYET

MCIIOJIB30BAHUIO TEPHAPHOTO OTIEpaTopa:

1) assign y = ~x1 " x2 " x3;

2) assign y = (a==1) ? x1 : x2;

3) assign y = {x1, x2, x3};

4) assign y = (Q == 4'd9);

S)assigny =Q + 1'dl;
2 [Ipoananu3upyiite TaOIMUIy UCTHHHOCTH [1IK-9.B.1

BXOJIHbIE IEPEMEHHBIE BBIXO/IHAsI IEPEMEHHASI
x3 x2 x1 y

0 0 0 0

0 0 1 0

0 1 0 0

0 1 1 1

1 0 0 0

1 0 1 1

1 1 0 1

1 1 1 0

Y COCTaBbTE IIPOEKT MPOrpaMMBbI Ha si3bike Verilog, KOTOpbIit Oyaer
peaIN30BHIBATH JIAHHYIO 3aBHCHUMOCTH BBIXOJTHOM ITEPEMEHHOHN y OT
BXOJIHBIX TIepeMeHHBIX X1, X2, x3. Bo u3bexxanrne HeoJHO3HAYHOCTH
MOJTy4aeMOTO PEIIeHHs porpaMma JI0JKHA YAOBIETBOPSTh
CIIETYIOIIUM JOTIOJIHUTEIHHBIM YCIOBHSIM:

- CJIEZTyeT MCIOJIb30BaTh B KAYECTBE OCHOBHI JIOTHYECKOE YpaBHEHHE,
COCTaBJICHHOE B AM3BIOHKTUBHON HOPMAJIbHOM COBEpIIEHHOM (hopme,
0e3 KakoH-JIN00 JOTIOIHUTEIbHON MUHUMHU3ALUU UCXOAHON (OPMYIIbI;
MOPSAZIOK CIIEJIOBAHUSI MUHTEPMOB JIOJI’KEH COOTBETCTBOBATh
CJICIOBAHUIO €IMHUI] B CTOJIOIE BBIXOHOM MEPEMEHHON TaOJIUIIBI
HUCTUHHOCTH,

- CJIelyeT peain30BaTh MPOrPaMMHBIN KOJI HA OCHOBE
noBenenvyeckoro (behavioral) crioco6a onucanus, B 0AHy CTPOKy (6e3
MCIOJIb30BaHUS TPOMEKYTOUHBIX IEPEMEHHBIX U 0€3 UCIOJIb30BaHUS
CKOOOK!),

- mabJIOH MPOTPaMMBI TOJKEH OBITH CIEAYIONIUM (B HEM 0CTaIOCh
TOJILKO HAIUCATh TOJHOCTHIO CTPOKY, HAUMHAIOIIYIOCS € assign y =,
KOTOpasi CHab)KeHa COOTBETCTBYIOLIUM KOMMEHTAPUEM, U TOJIBKO 3Ta
CTpOKa JIOJKHA OBITh MIPUBE/ICHA B KAYeCTBE OTBETA HA BOIIPOC TECTA):

module example (

input x1, x2, X3,

output y

);

assign y = // BOT 3Ta CTpOKa J0HKHA OBITh HAIMCaHa MOJTHOCTHIO
endmodule




[Tpoananu3upyiite TEKCT MPOrpaMMbI Ha si3bike SystemVerilog [1K-9.3.1
module example (
input x1, x2, x3,
output y
)i
assign y = (x1 == (x2 " x3));
endmodule
Y BBIOCPUTE OJIMH MPABUILHBIA OTBET HA BOMPOC — KaKOH CTOJIOET
COCTOSIHUU BbIXO/JIa Y, U3 IIATH BO3MOKHBIX, YKAa3aHHBIX B Ta6HI/II_Ie
WUCTHHHOCTHU
BXOJIbI COCTOSIHUS BBIXOJIA Y
x3 x2 x1 Nel Ne2 Ne3 Ned Ne5
0 0 0 1 1 0 1 0
0 0 1 0 1 0 0 1
0 1 0 0 1 0 0 1
0 1 1 1 0 1 1 0
1 0 0 0 0 0 0 1
1 0 1 1 1 1 1 0
1 1 0 1 1 1 1 0
1 1 1 1 0 0 0 1
COOTBETCTBYET JIAHHOMY ITPOrPAMMHOMY KOJY:
1) Nel, 2) No2, 3) No3, 4) Ne4, 5) Ne5
[IpoananusupyiiTe TeKCT MporpaMMsbl Ha A3bike SystemVerilog: [IK-9.V.1

module example (
input clk,
input reset,
output [3:0] Q,
output cout
);
always (@(posedge clk or posedge reset)
begin
if(reset)
Q <=4'd0;
else
if(Q == 4'd9)
Q <=4'b0;
else
Q<=Q+14dl;
end
assign cout = (Q == 4'd9);
endmodule

1 BbIOEPHUTE MIPABUIIbHBIE OTBETHI U3 HUKETIEPEUNCICHHBIX |

1) mporpamma peayim3yeT MOJIyJIb ONIEPATHBHOTO 3aIIOMUHAIOIIETO
ycTpoiicTBa Ha 9 0aiiT, 2) mporpamMma peain3yeT CyMMHP YOI
CYETUMK C OCHOBAaHHUEM CUETa, PaBHBIM JIECATH, 3) MaKCUMaJIbHBII
BBIXOJIHOM KO/ Ha muHe (Q B TBOMYHOM npeacTaBieHuu paseH 1101, 4)




npu noaaye Ha Bxoj clk mocienoBaTenbHOCTH UMITYJIHCOB Ha BBIXOJIE
cout Oy1yT BO3HUKATh UMITYJIbCHI C TIEPUOIOM OOJIbIIIE IEpUoa
cienoBanus uMITysbeoB clk, 5) eciu Ha BXoJ reset mojjaHa Jorudyeckas
€MHUIIA, TO HA BBIXO/JIE COUt YCTAHOBUTCS YETHIPEXPA3PSAHBIN
JTBOWYHBIN Ko, paBHBI 0000, 6) ecnu B mporpaMme 3aMEHUTh CTPOUKY
if(Q == 4'd9) na crpouky if(Q == 4'd7), To Ha BeIXO/€ cout Bcerna OyaeT
YpOBEHb JIOTHYECKOT0 HYJISI.

[IpounTaiite TEKCT U YCTAaHOBUTE COOTBETCTBUE. K KaK10M O33N, [1IK-9.B.1
JAHHOM B JIEBOM CTOJIOLE, TOA0EpUTE COOTBETCTBYIOLIYIO IIO3ULIUIO B
MIPaBOM CTOJIOLE. 3anUIIUTe BEIOpaHHbIE UG PHI 1101
COOTBETCTBYIOLUIMMHU OYKBaMHU.
B neBom cTon1ie nepeyrciaeHbl OnepaTophl sI3bIKa OMMCAHUS
anmapatypsl Verilog. 3Ha4ok ~ 0003Ha4aeT HHBEPCHUIO.
HaumeHoBaHue 3yieMeHTa Beinonzsemas onepanus

1 | nand(y, x1, x2); A | y=~(x1Vx2)

2 | and(y, x1, x2); b | y=~(~x1A~x2)

3 | nor(y, x1, x2); B | y=x1Ax2

4 | bnand(y, x1, x2); I' | y=~(x1Ax2)
[IpounTaiite TeKCT U BBIOEPUTE OJIUH IPABUIILHBIA OTBET: [IK-9.3.1
BriOepure, kakas U3 KOMaH Ha si3blke Verilog cooTBeTCTBYeET
IIPOrpaMMHOM peanu3aiuu Jorndeckou onepanuu Meximodaromee MJIN
(xor2) Hag mepeMeHHbIMA X 1 1 X2:
1) assign y = x1 " x2;
2) assign y = (x1==1) ? x1 : x2;
3) assign y = {x1, x2};
4) assign y = ~(x1 |x2);
5) assign y =x1 & x2;
[IpounTaiiTe TEKCT U BHIOEPUTE OMH MPABUIIbHBIA OTBET: [1IK-9.3.1
BriGepuTe, kakast komaH Ha si3bike Verilog cOOTBETCTBYET
IPOrpaMMHOM peanu3zaiuu jJoruyeckoit onepanuu 1 (and2) nan
MepeMEeHHbIMH X1 1 X2:
1) assign y = x1 " x2;
2)assigny = (x1==1) ? x2 : 1’b0;
3) assign y = {x1, x2};
4) assign y = ~(x1 |x2);
5) assign y = ~(x1 & x2);
[IpoananusupyiiTe TeKCT MporpaMMsbl Ha s3bike SystemVerilog: [IK-9.V.1

module example (

input logic clk,

output logic [3:0] Q

);

logic A;

always_ff @(posedge clk) begin
Q<={Q[2:0], A};
end

assign A =~Q[3];

endmodule

)41 BBI6epI/ITe MMPaBUJIbHBIC OTBCTLI U3 HUKCTICPCUNCIICHHBIX !
1) mporpaMma peaimzyet MOJIyJib ONEPATHBHOTO 3aIIOMHUHAIOIIETO




yCcTpolicTBa Ha 4 OaiiTa, 2) mporpaMma peaanu3yeT CyMMUPYIOIIHMA
CUYETUMK C OCHOBAaHHUEM CU€Ta, paBHBIM 16, 3) mporpamMma peaausyer
YeThIpexpa3psiHblil cueTunk [xoHcona, 4) mpu noxaye Ha Bxon clk
MOCIIEI0BATEILHOCTH UMITYJIHCOB Ha Bbixojae Q[3] OyayT BO3ZHHUKATH
UMITYJIBCBI ¢ IEPUOAOM B 8 pa3 OoJbllle eproja caea0BaHus
uMmmynscoB clk, 5) mepuon ciaenoBanus UMIYILCOB Ha Bhixoaax Q[0] u
Q[ 1] oquHakoBEIE, 6) IEPHO/T CIIEIOBaHUS KMITYJIbCOB Ha Bbixosax Q[O0]
u Q[ 1] otnnuaroTcs B 2 pasa.

9 [IpoananuzupyiiTe TeKCT MporpaMMel Ha s3bike SystemVerilog: [IK-9.V.1
module example(
input logic clk,
input logic R,
output logic QO0, Q1
)i
logic [1:0] T;
logic [1:0] Q;
tff TFFO(.CLK(clk), .PRN(1'bl), .CLRN(R), .T(T[0]), Q(Q[0]));
tff TFF1(.CLK(clk), .PRN(1'b1), .CLRN(R), .T(T[1]), Q(Q[1]));
not(T[0], Q[1]);
or(T[1], Q[1], Q[O]);
buf w1(QO, Q[0]);
buf w2(Ql, Q[1]);
endmodule
1 BbIOEpUTE MTPaBUIIbHBIE OTBETHI U3 HUKEIEPEUNCIEHHBIX
1) nporpaMMma peauzyeTt AByXpa3psaHblid cueTunk />koHCOHa, 2)
MporpaMMa peagu3yeT CyMMHUPYIOUINI CUETUUK C OCHOBAHHUEM CUETa,
paBHBIM 4, 3) mporpamMma peajan3yeT CyMMHUPYIOLUI CUETUHK C
OCHOBaHHUEM CU€Ta, paBHbIM 3, 4) mporpamMmma peanu3yeT BhIUNTAIOLIUI
CUETUUK C OCHOBAHUEM CYeTa, paBHBIM 4, 5) nporpamma chopMupoBaHa
Ha OCHOBE CTPYKTYPHOTO cIIoco0a onucaHus cXeMbl Ha si3bike Verilog,
6) mporpamMma cpopMrpOBaHa Ha OCHOBE MOBEJEHUECKOro criocoda
OMHCaHUs CXeMbI Ha s3bIKe Verilog

10 [Ipoananu3upyiite TeKCThI porpamm Ha si3bike SystemVerilog. [Ipoexkt | [IK-9.V.1

coctouT U3 n1Byx monyneit — M.sv u N.sv (Top Level Entity)

module M(Out, S);
parameter [3:0] DATA = 8'b0000;
output Out;
input [1:0] S;

assign Out = DATA[S];

endmodule

module N(input x1, x0, output y);
M #(.DATA({1'b1, 1'b0, 1'b0, 1'b1})) M1 (Out (y),.S ({x1, x0}));
endmodule

Y BBIOEpUTE OJIMH NMPaBUWIBHBINA OTBET U3 HUKETIEPEUHCICHHBIX

1) B mpoekTe peain30BaH ABYXPa3psIHbIN JBOMYHBIN CYyMMUPYIOIIHMA
CUETYHK, 2) B IPOEKTE PEaN30BaH MMOJIHBINH ASIHPPaTOp C ABYMS
BX0JIaMHU U YETHIPbMS BbIXOAAaMH, 3) B IPOEKTE PeaTu30BaH JIOTMUECKUN




anemenT U-HE (nand2), 4) B mpoekTe peaan30BaH JOTUUECKHUHN JIEMEHT
Uckmouaromee NJIN ¢ nuBepcueil (xnor2), 5) B IpoeKkTe peain30BaH
JBYXPa3psiHbIi cueTyrK [>KOHCOHA.

11

[Ipoananu3upyiite TEKCT IpOrpaMMsbl Ha si3bike SystemVerilog:

module example(input logic clock, input logic reset, output logic out);
typedef enum logic [1:0] {SO, S1, S2, S3} statetype;
statetype state, nextstate;
always ff @(posedge clock, posedge reset)
if (reset) state <= S0;
else state <= nextstate;
always comb
case (state)
S0: nextstate <= S1;
S1: nextstate <= S2;
S2: nextstate <= S3;
S3: nextstate <= S0;
default: nextstate <= SO;
endcase
assign out = (state == S1);
endmodule

U BBIOEpUTE OJIMH MPABUWIBHBINA OTBET U3 HUKEIIEPEUUCICHHBIX

1) B mpoekTe peasn30BaH ABYXPa3psAIHbIA JBOMUHBIN CyMMHUPYIOIIHMA
CUETYHK, 2) B IPOEKTE PeaTU30BaH JEIUTENb YaCTOThl UMITYJIbCOB B 4
paza, 3) B mpoekTte peanu3oBan Joruueckuii anementT U-HE (nand2), 4) B
IIPOEKTE pealn30BaH Jiornueckui sneMment Mcekmovaromee NN ¢
MHBepcHel (xnor2), 5) B MPOEKTe peain30BaH ABYXpa3psiIHbII CUETUNK
J>KOHCOHA.

[IK-9.V.1
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[IpounTaiite TEKCT U BBIOEPUTE PABUIILHBIE OTBETHI.
BriOepure 3Hau€HUS CTPOKOBBIX NMAPAMETPOB, KOTOPBIE MOXKHO
mojicTaBuTh B MeTo Python, peanuzoBanHblil CTpoKOi Kos1a

sos = signal.butter (order, Wn,
btype='bandpass', output='sos')

BMECTO UMEIOLIETOCS TaM cerldac napamerpa 'bandpass’':
I)'sobel' ,2)'lowpass"',3)' frequency', 4)'bandstop"’,
5)'bessel’, 6)'highpass'

[IK-9.B.1

13

[IpounTaiiTe TEKCT U 3aNMUILNTE Pa3BEPHYTHI OOOCHOBAHHBIN OTBET.
Cdopmupyiite mporpaMMHBIN KOJ Ha s3bike System Verilog, KoTopbIit
o0ecneunuT NporpaMMHYIO pealn3aluio MyJbTUIUIEKCOpa C YETHIPbMSI
nHpopmannoHHbIMU Bxogamu X0, x1, X2, X3, nByXpa3psaHON MIMHON
azpeca S ¥ OIHUM BBIXOJIOM Yy, UCIIOJIB3YS B IPOrpaMMe TOJIbKO
YCIJIOBHBIE TEPHAPHBIE ONlepaTOpbl. IIpOeKT TOIKEeH conepKaTh TOJIBKO
OJIMH IPOrpaMMHBIN (aiin

[IK-9.B.1

14

[IpounTaiiTe TEKCT U 3aNUIIUTE Pa3BEPHYTHI 000CHOBaHHBIN OTBET.
Cdopmupyiite mporpaMMHBINA KOJT Ha si3bIke System Verilog, KoTopbIit
00ecreYnT NPOrpaMMHYIO pealln3alluio MyJIbTUIUIEKCOPA C YEThIPbMS
nHpopMmanmoHHbIMHU BXogamu x0, x1, x2, X3, 1ByXpa3psTHON MIHHON
azpeca S ¥ OTHUM BBIXOZIOM Y, UCIIOJIb3YS B IPOIPaMME TOJIBKO
orepaTop MHOTOaJIbTepHATHUBHOTO BhIOOpa case. [IpoekT nomxen

[1IK-9.B.1




coJiepKaTh TOJIBKO OJMH MPOTPaMMHBIN (Haiis
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[TpounTaiiTe TEKCT U 3aUIIUTE Pa3BEPHYTHI 000CHOBAHHBII OTBET.
Cdopmupyiite mporpaMMHBIN KOJT Ha si3bIke System Verilog, KoTopblit
00€CTIeYnT MPOTPAaMMHYIO peaTU3aiio IBOMYHOTO CYMMHUPYIOIIETO
CYeTUrKa C OCHOBaHUEeM cueTa 10, mocpeacTBOM MOBEAECHYECKOTO
onucanus. B mpoekTe 1omKeH ObITh IPEAyCMOTPEH CUETHBIN BXOJ U
BXOJ1 aCHHXPOHHOTO cOpoca, BBIXO/I IEPEIIOIHEHUS CUETYNKA
pean30BbIBaTh HE HYKHO. [IpOEKT 10JKEeH coaepKaTh TOIbKO OJUH

MIPOrpaMMHBIN (aiiin

[1IK-9.B.1

Knroun npaBunbHBIX OTBETOB Ha TecThl pas3menieHbl B Ilpunoxenun 1 x PII u

HaxonATcsl y crnenuanuctoB no YMP kadenpsr 44, 3amectutens 3aBefyromero kapeapou u
PYKOBOJUTENS 00pa30BaTEeIbHON POTrPAMMBI.

CucreMa OlIleHUBAHUA TECTOBBIX 3aJIaHMI TOKa3aHa B Tabiuue 18.1.

Taomuia 18.1 — CucreMa OlleHMBAHUS TECTOBBIX 3a0aHUM

Ne VKa3aHus 1o OLleHUBAaHHIO Pesynbrar onieHuBaHUsS
(6aymtbl, TOMy4YeHHBIC 3a BBIMOJTHCHHE \
XapaKTePUCTHKA IPAaBUILHOCTH OTBETA)

1 3ananue 3aKpbITOTO THIIA Ha | [lonHOEe coBmazeHHe ¢ BEPHBIM OTBETOM
YCTAHOBJICHHE COOTBETCTBUS CUYMTAETCS | OIlCHMBAeTCs | OayuioM, HEBEPHBIH OTBET
BEPHBIM, €CJIIH  YCTAHOBJEHbl  Bce | WiIK ero orcyrctBue — 0 OamioB (Jaubo
COOTBETCTBUS  (NO3HMIIMU M3  OJIHOTO | YKA3bIBACTCS «BEPHOY» \ «HEBEPHOY)
CTONOmAa  BEPHO  COIOCTABICHBI  C
MO3UIUSIMU IPYTOr0 CTOJNIOIA)

2 3ananue 3aKpBITOTO THIA Ha | [lonHOe coBmazeHue ¢ BEPHBIM OTBETOM
YCTaHOBJICHHE MOCIIE0BATENHHOCTH | OIICHUBaeTcs 1 0alioM, €Clid JOMYIIEeHbI
CUHMTAETCS BEPHBIM, €CIM TPABWILHO | OMUOKK WJIM OTBET OTCyTcTByer — 0
yKa3aHa BCSl IOCTIE0BATENbHOCTh IIUGp | OaioB  (TMO0  yKa3bIBaeTCs  «BEPHON»\

«HEBEPHOY)

3 3anmanue koMmOuHUpoBaHHOTO THUna C | [lonHOe coBmazeHHe ¢ BEPHBIM OTBETOM
BBEIOOPOM OJHOTO BEPHOI'O OTBETa W3 | OICHWBAaeTCs | OauioM, HEBEPHBIM OTBET
Y4eThIpex MPEIOKEHHBIX u | wm ero orcyrctBue — O OamioB (inubo
000CHOBAaHHUEM BEIOOpA CUHTACTCS | YKA3BIBACTCS «BEPHO»\ KHEBEPHOY)
BEPHBIM, €CITM IPABUIILHO YKa3aHa nudpa
U TIpUBEJCHBI KOHKPETHBIC apTyMEHTHI,

UCIOJIb3YeMbIE ITPH BHIOOPE OTBETA

4 3amanue KOMOWHHUpOBaHHOTO THMA C | [lolHOE CcOBMAZCHHE C BEPHBIM OTBETOM
BBEIOOPOM HECKOJIBKUX BapUAHTOB OTBETA | OIICHMBAaeTCA | OaioM, €Clid JOMYIIECHbI
U3 TPEUIOKEHHBIX ¥  Pa3BepHYTHIM | OMMMOKA WM OTBET OTcyrcTByeT — 0
000CHOBaHHEM BBIOOpA cuutaercs | 6annmoB (MO0  yKa3bIBAEGTCS «BEPHOM\
BEPHBIM, €CIIM TPABWIBHO  YKa3aHBI | «KHCBEPHOY)
uudpel W TPUBEICHBI KOHKPETHBIE
apryMEHThI, UCTIOJIb3yeMbIC TIPH BBIOOpPE
OTBETOB

5 3aaHue OTKPHITOrO TUMA C pa3BepHYTHIM | [IpaBHIIbHBII OTBET 3a 3a7laHue

OTBE€TOM CUHUTACTCA BEPHBIM, €CJIIM OTBCT
COBIAAACT C 3TAJIOHHBIM 1O COACPIKAHUTIO
" IIOJIHOTE

olleHUBaeTcss B 3 Oayia, €clii JOMyIIeHa
oIHa oOmuOKa \ HETOYHOCTH \ OTBET
MpaBWIbHBIN, HO HE MONHBIA - 1 Oam,
ecu omymieHo Oonee 1 ommOku \ OTBET
HETIPpaBWIbHBINA \ OTBET OTCYyTCTBYeT — ()
O0amioB (MO0  yKa3bIBACTCS  «BEPHON\




CHEBEPHOY)

WHCTpyKIHMs 10 BHIMOJIHEHUIO TECTOBOTO 3a/IaHMs HAaXOAUTCs B Tabnue 18.2.

Tabnuna 18.2 - HCTpyK1Ms 1O BBITOJIHEHUIO TECTOBOTO 3aJaHUs

Ne Tun 3aganusa HNucTpykius
1 3a/iaHue 3aKphITOrO TUIIA Ha [IpounTaiiTe TEKCT U YCTAHOBUTE
YCTAHOBJIEHHE COOTBETCTBUSA COOTBETCTBHUE.

K xaxxmoit mo3umum, TaHHOM B JIEBOM
CTOJIOINE, TOI0EPUTE COOTBETCTBYIOIIYIO
MO3UIIMIO B TPABOM CTOJIOIE

2 3ajaHue 3aKpbITOrO TUMA Ha [IpounTaiiTe TEKCT U YCTAaHOBUTE
YCTaHOBJICHUE TIOCIIEIOBATEIILHOCTH IIOCJIEIOBATEIIFHOCTD

3anuimTe COOTBETCTBYIOLIYIO
MOCJIEIOBATEILHOCTH OYKB CJIEBa HAIPABO

3 3aaHue KOMOMHUPOBAHHOT'O TUIIA C [Ipounraiite TEKCT, BbIOEpUTE MPABUIIBHBIN
BBIOOPOM OJTHOTO BEPHOTO OTBETA U3 | OTBET U 3alUIIUTE apTyMEHTHI,
YETBIPEX NPEUIOKECHHBIX U 000CHOBBIBAIOIINE BBIOOP OTBETA
000CHOBaHHEM BBIOOpA

4 3aaHne KOMOMHUPOBAHHOTO TUIIA C [IpounTaiite TEKCT, BEIOEPUTE NPaBUIbHBIC
BBIOOPOM HECKOJIBKUX BAPHAHTOB BapHaHThI OTBETA U 3aIUILINUTE APTyMEHTHI,
OTBETa U3 NPENJIOKEHHBIX U 000CHOBBIBAIOIINE BBIOOP OTBETOB
pa3BepHYTHIM 000CHOBaHMEM BbIOOpa

5 3aiaHue OTKPBITOIO TUIA C [IpounTaiiTe TEKCT U 3aIIMLIUTE Pa3BEPHYTHIN
pa3BEpHYTHIM OTBETOM 00OCHOBAHHBINH OTBET

[lepeueHb TeM KOHTPOJBHBIX PabOT MO MUCHUIUIMHE OOYYaIOIIUXCS 3a09HON (hOPMBI
00y4eHus1, mpeICTaBJIeHbI B Tabwmie 19.

Tabmuua 19 — IlepeueHb KOHTPOJIbHBIX paboOT

No i/t [TepeyeHb KOHTPOJIBHBIX PAObOT

He npenycmorpeno

10.4. Meronnyeckue  MaTepuaibl,  ONPEACIAIOIIAE  INPOLENYyphl  OLEHUBaHUSA
MHAMKATOPOB, XapaKTEpU3YIOLIUX JTanbl (OPMUPOBAHMS KOMIETEHLIMH, cojaepxkarca B
JOKAJIBHBIX HOpMaTuBHBIX akTax [YAII, pernameHTHpYyOIIMX NOPSAAOK M MPOLEAYPY
MIPOBEJICHUS TEKYLIEr0 KOHTPOJIS YCIIEBAEMOCTH U MPOMEXYTOUHOM aTTecTali 00yJaromuxcs
I'VAIL

11. Meronuueckne yka3zaHus JUisl 00ydarOIMUXCs 0 OCBOCHHUIO JUCITATITUHBI

11.1. Meronuyeckue yKazaHus Mg OOy4arOIIMXCS IO OCBOEHHUIO JIEKIIHOHHOIO
Marepuania.

OcHOBHOE Ha3HAYEHHE JIEKIIMOHHOTO MaTephana — JIOTUYECKH CTPOMHOE, CHCTEMHOE,
riyOOKoe U SICHOE W3JIOKEeHHe yueOHoro marepuana. HasHadeHune COBpEMEHHOM JeKUIuu B
pamMKax JUCIUIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(QOpPMAIMIO 1O TEME, a B OCBOCHUU
(byHaaMeHTaNbHBIX MpOOJeM JUCHMIUIMHBI, METOJOB HAayYyHOrO IIO3HAHMS, HOBEWIIMX
JOCTHKEHUI HayyHOUW MbIcau. B yuyeOHOM mporiecce JIEKIHs BBIIOIHSAET METO/I0JIOIMYECKYIO,
OpPraHU3alMOHHYI0 U MHPOPMALMOHHYIO (PYHKIMHU. JIEKIusl pacKphIBAaeT MOHATUHHBIN ammapar
KOHKPETHOW 00sIacTH 3HaHus, €€ MpoOsieMbl, AAaeT LEeIbHOE NPEACTaBIECHUE O AUCLUILIMHE,
IIOKa3bIBACT B3aUMOCBS3b C APYTMMU AUCLUIUIMHAMM.




[InanupyemMble pe3yabTaThl IPH OCBOSHUH 00yYalOMKUMUCS JIGKIIMOHHOTO MaTepraa;

— TIOJy4YeHHE COBPEMEHHBIX, LIEJIOCTHBIX, B3aHUMOCBA3aHHBIX 3HAHUH, YpPOBEHb
KOTOPBIX OIPEIEISIETCS LEIEBOM YCTAHOBKOM K Ka)KJ10M KOHKPETHOU TEME;

— TOJy4YeHHE OMBITa TBOPUYECKOM pabOThl COBMECTHO C MPEIOIaBaTEIEM;

— pa3BuTHE NPO(PECCHOHAIBHO-IETOBBIX KaueCTB U CAMOCTOSTEIHLHOTO TBOPUYECKOTO
MBILUICHHUS.

— TOsBJIIEHHE HEOOXOAMMOT0 UHTEpEca, HEOOXO0AUMOTO Il CAMOCTOSTENIbHON pabOThI;

— T[OJlyueHHE 3HAaHUKW O COBPEMEHHOM YPOBHE pa3BUTHS HAyKH U TEXHUKH U O
IIPOTHO3€E UX Pa3BUTH Ha OJIIKANIINE TO/IBI;

— HAY4YUTbCS METOAMYECKH 00pabaTbiBaTh MaTepuai (BBIACNATH IJIABHBIE MBICIH U
MOJIOKEHHUS, MPUXOAUTh K KOHKPETHBIM BBIBOJAM, IIOBTOPSTH HUX B  Pa3IMYHBIX
bopmynHupoBKax);

— TOJy4YeHHe TOYHOIO NOHUMAaHUS BCEX HEOOXOAUMBIX TEPMUHOB U TOHSATHUH.

JIekuMOHHBI MaTepuall MOXET COIPOBOXKIAATbCA JEMOHCTpauuend CIaioB H
WCIIOJIb30BAaHMEM pa3aTOYHOrO MaTepuaja IMpU MPOBEACHUU KOPOTKUX IUCKycCUH 00
0COOEHHOCTSIX TPUMEHEHHS OTJEIIbHBIX TEMATHK 0 JUCIUTUIHHE.

CrTpyKTypa npeocTaBiaeHus JEKIIMOHHOTO MaTepuana:

— BBeleHHE (COOOIIEHNE TeMBI, eI, IJIaHa JIEKIIUHU, HCIIOJIb3YEMbIX HICTOYHUKOB);

— OCHOBHas 4acTh (MOJada CTPYKTYPUPOBAHHOW HAaydyHOW M y4eOHOW WH(OpManuy,
paccTaHOBKA aKIEHTOB, BBIBOJKI 110 KaKJJOMY ITYHKTY);

— 3akmoueHue (0000IIeHHe OCHOBHBIX HJeH, ¢popMynupoBaHue OOUIMX BBIBOAOB IO
TeMe).

11.2. Meroauueckue yka3aHus AJs 00y4arolXcs 0 yJacTUIO B CEMUHApax
He npenycMoTpeHo y4eOHBIM IJIaHOM.

11.3. Meronnyeckue ykazaHus A OOYyYaroIIMXCS IO MPOXOXKICHHUIO MPaKTHUYECKHUX
3aHATUN
He npegycMoTpeHo y4eOHBIM TIIIaHOM.

11.4. Meronnyeckue yka3zaHus Uid OOYyYarOIIMXCS IO BBINOJIHEHUIO J1TAOOPATOPHBIX
pabot

B xone BeimonHeHus m1a0OpaTOpHBIX pPAabOT oOydarolmuics MAOKEH YIIIyOUTbh H
3aKpENUTh 3HAHUS, NPAKTUYECKUE HABBIKM, OBJIAJETh COBPEMEHHOM METOIMKONM M TEXHUKOU
HKCIEPUMEHTa B COOTBETCTBUM C KBAIM(PUKAIMOHHON XapaKTepUCTUKOW 00ydaromerocs.
Beinonnenune 1abopaTopHbIX pabOT COCTOMT U3 3KCIEPUMEHTAIbHO-IPAKTUYECKOH, pacyeTHO-
AQHAJIMTUYECKOMN YacTel U KOHTPOJIbHBIX MEPOIIPUATHH.

BrinonHenue 51a00paTopHBIX paboOT 0O0y4aromMMCs SIBJISIETCS HEOTHEMJIEMOH YacThIO
W3YYEHUS JUCLUIUIMHBL, ONIpEeNesnseMol y4eOHBbIM IUIAaHOM, M OTHOCHUTCA K CPEICTBaM,
00eCreynBaroIUM pelIeHUe CIIeIyIOIUX OCHOBHBIX 3a/1a4 00y4aroIerocs:

— TnpuoOpeTeHHe HaBBIKOB MCCIEAOBAHUSA IPOLIECCOB, SBJIEHUH UM OOBEKTOB,
M3Yy4aeMbIX B paMKax JJaHHOM TUCIUIINHBI,

— 3aKpeIUICHHEe, PAa3BUTHE U JEeTalM3alldsg TEOPETUYECKUX 3HAHUMN, MOJYyYEHHBIX Ha
JEKLUSX;

— TOJy4YyeHHe HOBOM MH(OpMAaLMU 110 U3y4aeMON AUCIUILINHE;

— TnpuoOpeTeHHe  HaBBIKOB  CAMOCTOATENbHOM  paboThl Cc  JabopaTopHBIM
000pyI0BaHUEM U IPUOOPAMHU.

3ajianue ¥ TpebOBaHUs K IPOBEICHUIO 1a00paTOPHBIX PadoT
3aganus o 1a00paTOPHBIM paboTaM COOTBETCTBYIOT MO3UIIUSAM MEPEYHS TaOJIHUIIBI 6.
[Tpu BEIMOMTHEHNH TAOOPATOPHBIX padOT UCIIOIB3YETCS yueOHOE H3JaHuE:




Kapunos O.0. Pazpaborka (yHKIHOHAJIBHBIX MOIyJEH LU(POBBIX YCTPOHCTB Ha
[TJINC: na6. npaktukym. CI16, 'VAII, 2024 1. - 124 c.
O06s3arenbHBIM TPEOOBAHUEM SIBIISICTCS] HAIMYKE y CTYJCHTOB HaBBIKOB padoTsl ¢ I1K.

CrpykTypa u dhopma oTyeTa 0 1a060paTOpHOU padoTe

OO0s13aTeNIbHBIM ~ ABIIICTCS HAJUYME THUTYJIBHOTO JIMCTA, HW3JIOKEHUS LeTd paboThl,
HOpsi/IKa €€ BBIOJHEHHWS M BBIBOAOB. DIEKTpoHHAs ¢opma ortdera (daitn B dopmare PDF)
pa3Menaercs CTyACHTOM B INYHOM KaOuHeTe Ha caiite 'Y AIL

TpeboBanusa Kk 0hOPMIIEHHIO OTYETA O JIAOOpaTOpHOU padboTe
Vxazansl mo URL http://guap.ru/guap/standart/prav_main.shtml

11.5. Meronuueckre ykazaHusi JJIsi OOy4YaroIUXCA MO TPOXOXKIECHUIO KypCOBOTO
MIPOEKTUPOBAHHUS/BBITIOJIHEHUSI KYPCOBOM pabOTHI

KypcoBoii mpoekT mnpoBOIUTCS C IETIbl0 (OPMHUPOBAHUS Yy OOYYAIOIIMXCS OIBITA
KOMIUIEKCHOTO PellleHUs] KOHKPETHBIX 3a/1a4 MPOPeCCUOHANIBHOMN JAeITeIbHOCTH.

KypcoBoil npoekT no3BoisieT 00yJaroemycs:

— CHCTEMAaTHU3UpOBaThb M 3aKPENUTh IOJYYEHHBIE TEOPETUYECKHE 3HAaHUA U
IPAKTUYECKME YMEHHSI B COOTBETCTBUM C TpeOOBAHMAMU K YPOBHIO IIOJIOTOBKH,
YCTAaHOBJICHHBIMH TMPOTPAaMMON JTUCHUIUIUHBL “CXEeMOTEXHHMKA’, MPOrpaMMON MMOATOTOBKH
OakarnaBpa;

— TPUMEHUTH IMOJIyYEHHbIE€ 3HAHUS, YMEHUS M NPAKTHUUECKUU ONBIT MPU PELIECHUU
KOMIUIEKCHBIX 33]1a4, B COOTBETCTBUU C OCHOBHBIMU BHJAaMU NPOGECCHOHATBHON eATeIbHOCTH
10 HAIIPABJICHUIO;

—  yIIIyOUTh TEOpeTUYECKHe 3HAaHHUS B COOTBETCTBUH C 3aJJaHHON TEMOW;

— chopMupoBaTh yMEHHUS TPUMEHATh TEOPETHYECKHE 3HAHUS NpU  pEIIeHUH
HECTaHJapTHBIX 33]1a4;

— TpUOOpEeCTH ONBIT AHAIUTUYECKOW, pPACUETHOM, KOHCTPYKTOPCKOW paboThl U
c(hopMUpPOBaTh COOTBETCTBYIOIINE YMEHHUS;

— chopmupoBaTh yMEHHMs pabOTBl CO CHEIHMAIbHOM JIMTEpaTypol, CIPaBOYHOM,
HOPMATHUBHOW U MPaBOBOM JOKYMEHTAIMEeH U UHBIMU WH(GOPMAIMOHHBIMU HCTOYHUKAMH;

— cdopmupoBaTth yMeHHUS (HOPMYIHpPOBATh JIOTMUYECKH OOOCHOBAaHHBIE BBIBOBI,
MPEJIOKEHUS U PEKOMEHIallUU TI0 Pe3ybTaTaM BBIIIOJHEHUS pabOThI;

—  pa3BUTh Npo(hecCHOHAIBHYIO MUCBbMEHHYIO U YCTHYIO Peub 00y4arolerocs;

— Ppa3BUThb CUCTEMHOE MBIIUIEHUE, TBOPYECKYIO WHUIMATHBY, CaMOCTOSTEIbHOCTH,
OpPraHU30BaHHOCTh M OTBETCTBEHHOCTh 32 IPUHUMAEMbIE PEILICHUS;

— chopMupoBaTh HaBBIKM IUIAHOMEPHOH pEryiaspHOM paboThl HaJ pelleHHueM
MIOCTaBJIEHHBIX 3a/a4.

CTpyKTypa MosICHUTENbHOW 3aIMCKU KYPCOBOH paboThI / MpoeKTa

[Ipy BBIMONHEHHH KypcOBOM pabOThl PEKOMEHAYETCS MNPUICPKUBATHCS CleNyIOIIeH
IIOCJICI0OBATEIbHOCTH:

- IPOBOAUTCA aHalIu3 3aJlaHusd Ha KYpPCOBOC IMPOCKTHPOBAHUEC WU OIPCACIACTCA MOPAAO0K
pa3paboTKU YCTPONCTBA,

- pa3pabaTbIBaeTCsl CTPYKTypHAs CXeMa yCTpOiicTBa,

- pazpabatbiBaeTcss mpoekT g peanmmzanuu  Ha [IJIMC, mmbo mocpencTBomM
CXEMOTCXHHUYCCKOI'0 MPOCKTUPOBAHNA, MO0 Ha SI3BIKE OIMUCAHUS afnrmnaparypbl, B COOTBETCTBUH C
IPEANOYTEHUSIMH 00Y4aIOIIerocst

- OCYILIECTBIISICTCSl MOJICTMPOBAHNE Pa3padOTaHHOIO YCTPOICTRa,

- OCYILIECTBIISICTCS IOAOOP IEMEHTHOM 0a3bl JJIs peain3aluy yCTPOUCTBa,

- IPOBOJIUTCSI ACKU3HOE MPOCKTHPOBAHNE KOHCTPYKIIMU YCTPOWCTBA.



http://guap.ru/guap/standart/prav_main.shtml

TpeboBanust k 0HOPMIICHUIO TOSICHUTEIHHON 3alMCKH KYPCOBOUM pabOThI / MPOEKTa

B nosicauTenpHoi 3anucke HEOOXOAUMO MPEICTABUTh CIEAYIOIIUE pa3ieibl:

- BBeJieHue - 1 cTp.,

- TEOPETUYECKHE CBEICHUS O pa3padaTbiIBa€MOM YCTPOHCTBE U €ro CYIIECTBYIOIIUX
aHajorax - 2-4 ctp.,

- pazpabotka npoekta s [IJIMC — 6-10 cTp.,

- OIIMCAHUE PE3YJIHTATOB MOJICIUPOBAHUS pabOThI yCTpOUCTBA - 2-3 CTp.,

- BBIOOD 3JIEMEHTHOM 0a3bl JJIs peaiu3aliy yCTpoucTBa - 3-4 c1p.,

- 3CKU3HOE MPOCKTUPOBAHNE KOHCTPYKIIMH YCTpPOUCTBa — 2-3 CTp.

- 3aKiIro4yeHue — 1 crp.

- CIIMCOK MCIOJIb30BaHHOM JIUTEpaTypsl - 1 cTp.

- IPUJIOKEHHE (CKPUHILIOTHI CXEM, JINOO TEKCT MPOrpPaMMBbl, pealin3yIoleil IPOoeKT
YCTPOMCTBA HA A3BIKE OMHUCAHUS anlapaTyphbl)

11.6. Meroauyeckue ykazaHus JIJIsl OOYYAIONIMXCS M0 MPOXO0XKICHUIO CAMOCTOSITEIHHOMN
paboTsl

B Xoze BBITIOJIHEHUSI CaMOCTOSITEIIBHON PabOThI, OOYYAIONIUIICS BBIMOJIHACT PadOTy O
3aJIaHUI0 M TIPH METOJUYECKOM PYKOBOJICTBE IPENOJIaBaTelisi, HO 0e3 ero HernocpeCTBCHHOTO
YUYaCTHSL.

B mporiecce BBIMONHEHHUS CaMOCTOSITEIIBHONH paboOThl y oOyuaromerocss (GopMUpyeTcs
1enecoo0pa3Hoe MIaHUPOBaHUE pabouero BpEMEHH, KOTOPOE MO3BOJISIET UM pa3BUBATh YMCHUS
¥ HaBBIKA B YCBOGHHWH WM CHCTEMAaTH3allMU MPUOOPETaeMbIX 3HAHUH, 00ECIEYMBACT BBICOKUM
YPOBEHb YCIIEBAEMOCTH B TIEpUOJ OOYUYCHHsI, IIOMOTAeT IOJYYUTh HABBIKH TTOBBINICHHS
MpoECCHOHAIBHOTO YPOBHSI.

MeroauyeckiMH ~ MaTepuallaMH,  HaNpaBJSIONIMMU  CAMOCTOSITENIbHYHO — paboTy
00yJaOIIUXCS, SBISIOTCS YI€OHO-METOIMICCKUE MATEPHUAITBI TI0 JUCIIUILIHHE.

11.7. Meronnyeckue yka3aHusi s OOy4yaroUMXcs IO TPOXOXKICHUIO TEKYILEro
KOHTPOJISI YCIIEBAEMOCTH.

Texkymuii KOHTPOJIb YCIEBAEMOCTH NIPEIyCMaTpPUBAET KOHTPOJIb KaydecTBa 3HAHUU
00yyYaroImuxcsi, OCyIIECTBISEMOI0 B TEUEHUE CEeMecTpa C ILIeJbI0 OLCHMBAHUS XO0Jla OCBOEHUS
JUCHUIUIMHBL. Tekyliell KOHTPOJIb OpraHU3yeTcs IOCPEACTBOM HAUMCICHUS PEUTHHIOBBIX
0ayuIoB 3a BBINOJHsEMbIE B Ipoliecce oOyueHHs nabopaTopHble paboThl. B Hauane cemecrtpa
YCTaHABJIMBAIOTCA IMpPEAETbHbIE JaThl BBHIMOJIHEHUS JAOOPATOPHBIX paboOT M KOJUYECTBO
pPEUTHHIOBBIX OauioB 3a Kaxayi pabory. CymmapHOe KOJIMYECTBO Oa/uloB 3a Bce
nabopaTtopHble paOOThl, BBHINOJHSEMBbIE B TEUEHHWE CEMECTpa JOJDKHO OBbIThb YCTaHOBJIEHO
npenojaBareaeM He Hke 60. HapyiieHune cpokoB BBINOJHEHHS pabOThl (HECBOEBpEMEHHas
3arpy3ka oT4yeTa B JMYHBIA KaOuHeT cTyneHTa Ha caiite I'YAII) sBnsiercs ocHoBaHWeM st
CHIDKEHHMSI PEHTHHTOBBIX OamioB 3a JaHHyl0 paboTy BaBoe. Ilpu BeigBIeHHM (DakTOB
HEZ00pOCOBECTHOTO 3aMMCTBOBAHHUS MaTepuaia ¢ OTUETOB JPYTUX CTYAEHTOB Oaiibl 3a paboTy
MOTYT OBITh CHIIKEHBI JIOTOJIHUTENBHO, BIUIOTh O HY/s. PeHTHHroBble Oaylibl YUUTHIBAIOTCS
IIPU NIPOBEIEHUU UTOTOBOI aTTeCTallly 10 AUCHUIUIHHE.

11.8. Meronnyeckue ykazaHus Ui OOydaroOLIUXCs MO MPOXO0XKJIECHUIO MPOMEXYTOUHON
aTTECTALINH.

[Ipomexyrounas  artectanus  OOydaloIIUXCs — MpeAycMaTpUBaeT  OICHHBaHHE
IPOMEXYTOUHBIX M OKOHYATENIbHBIX PE3yJbTaTOB 00ydeHUs no aucuuiuinHe. OHa BKIIOYAeT B
ceOst:

— 1uddepeHIMpPOBaHHbIM 3aueT — 93T0 (opMa OLEHKM 3HaHUM, IOJy4YeHHBIX
00yYaromuMcs pU U3YYEHUHU TUCHUIUIMHBI, IPU BBIOJHEHUH KYPCOBBIX MPOEKTOB, KYPCOBBIX
paboT, HAy4YHO-UCCIIEAOBATENILCKUX Ppa0OT U MPOXOXKACHUU MPAKTHK C aTTECTAL[MIOHHON OLIEHKOU



«OTJIMYHOY, «XOPOIIIOY, «YIOBIETBOPUTEIHHOY, «HEYIOBJIETBOPUTEILHO.
HuddepeHnrpoBaHHbIi 3a4€T TPOBOIUTCS B MIEPUOJI 3a4ETHOU HEJIEIHN B 6-M ceMecTpe.

— 9JK3aMeH — (opma OLEHKH 3HaHWH, MOJNYYEHHBIX OOYYAIOIIMMCS B IPOLECCE
M3YYEHHUS BCEH MUCHUIUIMHBI WM €€ YaCTH, HAaBBIKOB CAMOCTOSITENIbHOM paboThl, CIOCOOHOCTH
OPUMEHATh UX JUISI pEeHIeHUs MPaKTUYeCKHX 3a/Jad. OJK3aMEH TMPOBOJAMUTCS B MEPHOJ
9K3aMEHAIlMOHHOM ceccuM B 7-M CEMeCTpe U 3aBepIlIaeTcsl aTTECTAllMOHHOM OLIEHKOU
«OTIUYHOY, «XOPOIIOY, «YAOBIETBOPUTEIBHOY, KHEYIOBICTBOPUTEIHLHOY.

Kaxxnomy oOyuatonemycs kak Ha audd. 3auere, Tak U HA dK3aMEHE BbIIAETCs OWIIET, B
KoTopoM Oynmer 2 BoIlpoca MO TeMaM, PACCMOTPEHHBIM Ha JEKIMOHHBIX 3aHATHAX. Ha
MOJArOTOBKY OTBETOB Ha o00a Bompoca jgaerca 2 akaaemudeckux uaca. I[lpu cpaue
TEOPETUYECKOI0 MaTepuaja TUCIUIUIMHE Ha 3a4ere OOydJarolmuics MOXeT moixydutb 1o 40
pelTHHTOBBIX 0auioB (1mo 20 OGayIoB 3a KaXKIblii BONPOC). baisl CHUXaOTCs pH BHISBJICHUU B
OTBETE HETOYHOCTEH, OTMOOK, HEMOJTHOM OTBETE.

HuddepeHIpoBaHHBIA 3a4eT WJIM 93K3aMEH CYHMTAeTCs CHaHHBIM, €CIH CyMMa
HaOpaHHBIX 00ydaroIKUMcs OauloB (B TEUEHUE CEMECTpa IPU BBIIOJHEHUH J1a00paTOPHBIX
paboT 1 HerocpeacTBeHHO Ha qudd. 3adere auO0 Ha HK3aMeHe) JocTUraeT 55 wim Oonee.

KpuTepun BBICTaBIICHUS OIICHKH 110 UTOTOBOM CyMMe HaOpaHHBIX 0aJUIOB CIICTYIOIINE:

—- MEHee 55 — HeyIOBIIETBOPUTEIIBHO,

—- 0T 55 10 69 — y10BIETBOPUTENBHO,

—- ot 70 go 84 — xoporiio,

—- 85 u 6osee — OTINYHO.



Jluct BHeceHUs U3MEHEHUH B pabouyro MporpamMmy JUCIUILIAHBI

JlaTta BHECeHUs
W3MEHCHHI 1
JIOTIOTHCHUH.

IToanucek BHECHIETO
A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOJIA
3aceaHusI
Kadeapsl

Iommuce
3aB.

kadempoit




