degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

MO gupexTopa (pu3TeX-MIKOJIBI
PAJIMOTEXHUKH M KOMIIBIOTEPHBIX
TeXHOJIOTHH

J.A. T'agpusion

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 AUCHUILINHE: Bgenenue B nporpammupoBanue FPGA
110 HANIPABJICHUIO: [Ipuxagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: PannorexHuka 1 KOMIBIOTEPHBIE TEXHOJIOTUU

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadempa MyJTbTUMEIUHHBIX TEXHOJIOTUN U TEIIEKOMMYHUKAITUH

Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBbI IPOMEKYTOUHOM arTecTanuu: 7 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

AynuTOpPHBIX YacoB: 45 BCero, B TOM YHCIIE:
nexuuu: 30 gac.
ceMuHapsl: 15 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrasuin: B.B. IIpyTbsiHOB

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpsl MyJIbTHMEAMHHBIX TEXHOJIOTUN U TelnekoMMyHHuKanui 28.06.2021



AHHOTANMA

JlaHHBIM Kypc NpenHa3HayeH ISl O3HAKOMJIEHHUS CTYJIEHTOB C OCHOBHBIMU HJAEAMHU IIPOIPaMMMPOBAaHUS U
MPUMEHEHHsI POTPaMMUPYEMBbIX Joruueckux uarerpanbubix cxeMm (FPGA) B ¢pusnueckom skcriepuMeHTe U B
nporotunupoBaHnu. Ha 3aHATHAX oOyuaromumecs: 03HAKOMATCS ¢ 0a30BBIMH KOHLEMLUSAMH U OIEpalUsIMU
s3blka omMcaHusi anmaparypel  Verilog, yctpoiictBo FPGA, apxuTekTypy KOMIBIOTEPHOH NaMsTH,
apXUTEKTypy MHKPOIPOLIECCOPOB, HAyyarcsi MPOSKTHPOBAHMIO M OTIAJKe LU(PPOBBIX YCTPOHCTB C
MpUMEHEHHEM si3bika Verilog.

JUiss  yCHemrHoro MpOXOKIEHHs Kypca HEOOXOAMMO TIOCEUICHHWE 3aHATUH, BBIOJHEHHE 3aJaHuil U
caMoCTosATeNIbHas padoTa ¢ IOTOJHUTEIILHON JINTEPAaTypOi U HAlIMCAaHUEM KOJa.

1. lean u 3apa4un

]_le.]'lb AUCHUIIINHBI

[lo3HakOMHUTH  CTYOEHTOB C OCHOBHBIMH HWAESIMH IPOTPAMMHPOBAaHUS U  NPUMEHEHUs
MPOrpaMMHPYEMBIX JIOTHYeCKUX HHTerpasibHbiXx cxeM (FPGA) B ¢u3udeckoM SKCriepuMEHTE W B
MPOTOTHIIHPOBAHUH.

33]13‘[1/[ JAUCHUIIINHBI

- pa3biACHEHHE MeCTa M POJIM MPOrPaMMHPYEMBIX JOTMYECKUX MHTEIPAIBHBIX CXEM B (PH3MUECKOM
9KCIIEPUMEHTE U B IIPOTOTUIIMPOBAHUM;

- TpuoOpeTeHHe ydYallMMHCS Ha4daJbHBIX HABBIKOB PAa0OOTHI C MPOrpPaMMHUPYEMBIMHU JIOTHYECKUMH
HUHTETPAJIbHBIMU CXEMaMU;

- O3HAaKOMJICHHE C OCOOEHHOCTSIMH BHYTPEHHErO YCTPOICTBa M HPUHLMIIOB PaboOTBl MHUKPOCXEM
POTrpaMMUPYEMOM JIOTUKHU.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 AnanusupyeT 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIIHI0, HEOOXOMUMYIO ISl PEIIeHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsITh MOKCK, saaan

KPUTUYECKUAN aHAIN3 U CHHTE3 HH(POPMAITIH,
MIPUMEHSITh CUCTEMHBIN TOAXO ISl pelIeHUs
OCTaBJICHHBIX 3a7a4

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 CrocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TIyTH €€ PENICHHs

(dyHIaMEHTaIbHbBIC 3HAHUS, MOJTyYCHHBIC B
obnacty pU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAYK, U HCIIOJIb30BATh UX B

npodeCcCHOHAIBHOMN I TeIBbHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKUe MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PE3YJIBTaTOB

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJIbHOTO aHalin3a WHGOpMalH{ MpH PELICHUN

OIIK-4 CriocobeH ocymecTBIsITh cOop U 9
3aj1a4 MpodeCcCHOHANBHOM JeATeIbHOCTH

00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX M TIPUKJIAJHbIX 33134

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NIOJyUEHUs], XpaHEHUs U
00pabOTKM Hay4yHOU (TEXHHYECKOHW, TEXHOJOTHYECKOMN)
nHpOopMaIun

[IK-4.1 3naer ynciieHHbIE MOPSIIKH BEIUYHH, XapaKTEPHBIX

[MK-4 CriocoOeH KpUTHYECKH OIIEHUBATh o o
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

NPUMEHUMOCTh UCIIOJIb3YEMbIX METOJUK U
METOIOB

[IK-4.3 Cnocobern 000CHOBaTh NPUIHHHO-CIICIACTBEHHBIC
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEHN




3. [lepevyens mIaHUPYeMBIX Pe3yJbTATOB 00y4eHUs 10 AUCIHILUINHE (MOTYJIIO)

B pe3ynbrare 0CBOCHUS AUCIMIUTMHBI 00yYaOINecst JOJDKHBI

3HATh:
NPUHIMIB  pabOThl MPOrPAMMHUPYEMBIX JIOTUYECKUX HMHTETPAJIbHBIX CXEM, OCHOBBI CO3/IaHHS
(POBBIX YCTPOMCTB, KOHIEMIMU S3bIKa OMMCAHUS ammaparypbl Verilog, B TOM 4ucie CBEICHHUS
OTHOCSIIMECS K aHAJIOTOBOM M II(PPOBOIA DIICKTPOHHKE.

YMETh:
NPOCKTUPOBATh W OTIAXHBAaTh IM(PPOBBIE YCTPOWCTBA C HCIIOIB30BAaHHEM SI3bIKA OIHCAHHS
anmaparypsl Verilog, MOHUMAaTh U COCTABIATH HU(POBLIC CXEMBI.

BJIQJICT!

OCHOBHBIMH METOJ[aMH CO3/IaHusI IIU(POBBIX YCTPONCTB C MPUMEHEHHEM S3bIKA ONMCAHMUS allapaTypbl
Verilog.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTh Camocr.
pabora
1 bazoBeie koHmenumu s3pika  Verilog. ) 2
Cumynsuus
KomOunanmonHnast JIOTHKA.
2 BocemMubutHBIN cymmarop 2 2
3 [locnenoBarenbHOCTHAS ) JIOTHKA. ) )
D-tpurrep. Peructpsl. Cuérunk
4 [IpomuBka FPGA 2 2
5 MynpTUIIEKCOD. Hexonep. ) 1 3
7-CerMeHTHBIN MHIUKATOP
6 YerpotictBo FPGA Altera Cyclone IV 2 1 3
7 YerpoiictBo mamstu. [laMats KoMaH[ 2 1 3
] ApXuTeKTYypa W  MHKPOApXHUTEKTypa. 4 5 6
Apxurekrypa RISC-V
9 Accembnep RISC-V 2 2 4
Cumynsuus APXUTEKTYPHI Habopa
10 KOMa}I,-I,E[ EISC—V P P b 2 2 4
11 BBoa-BeIBOI 2 2 4
12 |YcinoBHbIE U 6€3yCIOBHBIE EPEXObI 2 2 4
13 da3oBas aBTONOACTPOIKA 4aCTOTHI 4 2 6
Hroro yacos 30 15 45
Iloaroroska k sk3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 7 (OceHnuii)

1. bazoBeie koHuenuuy s3bika Verilog. Cumynsuus




Monynu Verilog. MunumanbHbiii  paboumii Moaynbs. [IpoBepka paboTOCTIOCOOHOCTH MOAYIIS.
Co3nmaHue TecTOBOTO OKpyKeHHs1. HBepTOD.

2. KomOunanmonHas jioruka. BocbMUOUTHBIN cymMMaTop

Ornnyne KOMOWHAIMOHHOMN JIOTMKU OT TOCJIEA0BAaTeNbHOCTHOH. ba3oBble JIOTHUECKHE 3JIEMEHTHI:
XOR, AND. OnnoOuTtHbIi cymmaTop. CunTe3 cymmaropoB. BoceMubutHeiii cymmarop. Berauranue.
OOparnblii koa. IMIieMeHTanust BEBIMUTaHUS Yepe3 CIoKeHne. Bilok pacimpenus 3Haka.

3. [locnenoBarensHOCTHAS JoTHMKA. D-Tpurrep. Peructpsl. Cuérunk

BuyTtpennee cocrosHue cxembl. bucrabumibHbpie 31eMeHTH. HeoOXoAMMOCTh CHHXPOHHU3ALMH.
TakrupoBanue. D-tpurrep. D-tpurrep ¢ acuHXpoHHBIM cOpocoM. Cuérumk. JlenuTtenb 4YacTOTHI
TaKTHUPOBAaHMUS.

4. IlpommBka FPGA

[Iporpammupyemas norudeckas uHTerpaigbHas cxema Altera Quartus. [IporpamMmarop. Komnumsius
npomuBky. [naHupoBKka pUCIMHOBKY. YIIpaBIE€HUE CBETOAMOIOM.

5. Mynprunnekcop. Jlekonep. 7-CerMEHTHBINA UHIUKATOP

MynbTHILIEKCOp. YCTIOBHBIE BBIpaXKCHHE: KOHCTpYKIus if-else, TepHapHBIN omeparop, KOHCTPYKIIHS
case. [lexomep. KoncTpykumss case B KOMOMHAaLMOHHOW JIOTHKe. BbIpakeHWE NpPHCBAaMBAHHUS.
CemucermenTHbI uHAUKaTOp. Jlemutens uactorhl. CeMUCErMEHTHBIN zAexoxaep. JuHamuueckas
unankanus. [llectHagnarepuybiil HHAUKATOP.

6. YerpoiictBo FPGA Altera Cyclone IV

Buytpennee ycrpoiictBo FPGA Altera Cyclone IV: nmorumdeckue srneMeHTBHI, OJOKH JIOTHYECKHX
anemMeHTOB. BBo-BBIBOI. Mapping u Fitting.

7. YerpoiicTBo namstu. I1aMsaTs KoMaH[

Uepapxuss mamsaru xommbtotepa. Tunsl mamsati: RAM/ROM, nuHamuyeckas/craruueckas.
Pa3nenenne maMsATH KOMaHA M NaMSATH JaHHBIX. [apBapiackas apXMTEKTypa M apXuTekTypa (oH
Helimana.

8. Apxurektypa u MUKpoapxuTekrypa. Apxurekrypa RISC-V

RISC wu CISC apxurektypsl. OO630p apxurekrypel RV32l: HMHCTPpYKUMHM W  PETUCTPBHI.
ApudmeTnko-IorndecKkoe ycTpoiicTBo. OQHOTaKTHOE YCTPOHCTBO ynpasieHus. OTHOTAKTHOE SAPO.

9. Accembniep RISC-V

A3k accemOniepa. Accembnep. Habop mnctpymenToB GNU binutils: accmebiep, KOMIIOHOBIIHK,
objcopy, readelf, objdump, hexdump.

10. Cumynsioust apxuTeKTypbl Habopa komana RISC-V

[TotakToBBIE W (QYHKIUOHANBHBIA CUMYASTOPHL. CUMYISIHS apXUTEKTYphl Habopa KOMaHI.
Cumynsauusa RV321 u RV321.

11. BBox-BeIBOI

BBoz-BriBoa uepe3 nopthl U uepes3 namaTe. MacTpykius SW. KorTposnsep naMsaTy U BBOJa-BbIBOAA.



12. YcnoBHble 1 6e3yCIIOBHBIC TIEPEXObI
Komanzp! nepexona. Mmruiemenranus uncen @udonauun. Komanael 6e3ycioBHOTO nepexoaa.
13. ®a3zoBast aBTOMOACTPOITKA YaCTOTHI

®a30BbIii neTekTop. OUIBTP HU3KUX 4YacTOT. Momymsuus, nemonyasius. OmnpenesaeHne 4acToTbl U
¢a3bl curnana. YMHoxeHue yactotsl. UMriemenTauus B Altera Cyclone IV.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0XMMO AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

- Hurerpanbnas snekrponHas cxema Altera Cyclone IV FPGA EP4ACE6E22C8N
- IIporpammarop USB Blaster ALTERA CPLD/FPGA

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. [Tone3Hble cxeMbl ¢ puMeHeHrneM MukpokoHTpoiuiepoB u IJIUC [Tekcr] /O. J. Bansna. -M., JIMK
[Ipecc, 2017
2. IIpoextuposanue Ha [IJIMC. ApxutekTypa, cpeactsa u Metoasl [ Tekct], Kypc mononoro 6oiina /K.
Maxkcowig; niep. ¢ aari. [B. M. bapckoii], The, esign Warrior's Guide to FPGA's. -M., MJIK Tlpecc,
Homska-XXI, 2015

JlononHuTeNbHAS TUTEPATypa
1. [lpumenenne MUKpOKOHTpOIIepoB [ Teket] : yued. mocodbue aus By3oB / I. U. Jlonos ; M-Bo
oOpaszoBanus 1 Hayku Poc. ®enepaunun, Mock. pus.-texs. un-t (roc. yu-t .— M. : MOTH, 2007 .—
160 c.
2. OcHoBHI U(poBOI AnekTpoHukH [Tekcr] : yued. mocobue mist By3os / A. JI. Jlapun ; M-Bo
oOpazoBanus u Hayku PD, Mock. puz.-TexH. uH-T (TOC. YH-T) .— 2-€ U3[., iepepad. u gon. — M. :
M®THU, 2014 .— 281 c.

3. Apxurektypa kommbrorepa [Tekct] : [yue0. mocodue mis By3oB] / O. Tanenbaym, T. OctuH ; [miep. ¢
anrn. E. MarseeB] .— 6-¢ uzn. — CII6. : [Tutep, 2014 .— 816 ¢

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT", HEOOXOTUMBIX
JJIS OCBOCHUS] JUCHMILIUHBI (MOLYJIs1)

1. http://lib.mipt.ru — anexkrponnas 6ubmmoreka Ousrexa

2. http://www.edu.ru — penepanbusrii mopran «Poccuiickoe 00pa3oBaHuE).

3. http://benran.ru — GuONIMOTEKA MO ECTECTBEHHBIM HayKaM Poccuiickoil akajeMiu HayK.

4. http://minsvyaz.ru/ru/documents/ — HOpMaTHBHO-IIPABOBbIE JOKYMEHTH MUHHCTEPCTBA CBSI3U U
MacCOBBIX KOMMYHHKauuii Poccuiickoit @enepanuun

5. http://www.itu.int/pub/T-REC/ — Pekomennaninu Cektopa cTaHAapTU3AIWU TEJICKOMMYHUKAIUN
MesxayHapoIHOTo coto3a eKTpocBsazn MCO-T

6. http://www.itu.int/pub/R-REC/ — Pekomennanun Cexropa paarocBs3u MeXIyHapoJHOTO COr03a
anexkrpocsszu MCO-R

7. http://www.etsi.org/standards-search/ — crangapThl EBponelickoro HHCTUTYTa CTaHAapTH3AINN
tenexkoMMmyHukauuid ETSI

8. http://www.ietf.org/rfc.html/ — noxymenTs! uHxeHepHoi padoueii rpymmnsl MaTepaer RFC IETF

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

- Git
- Cmake
- Icarus Verilog



- GTKWave
Quartus 18.1
RISC-V toolchain
Whisper

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCIHUIIINHBI (MO)_IyJ'lﬂ)

VYeneniHoe ocBoeHHE Kypca TpeOyeT OONBHION caMOCTOSTENbHOW paboThl cTyaeHTa. B mporpamme
Kypca MpuBeIeHO MHHUMAJIbHO HEOOXOMMOE BpeMs JIIsl padOTHI CTY/IEHTa HaJl TEMOH.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

* YTEHHE U KOHCIIEKTHUPOBAHHUE PEKOMEHIOBAHHOM JINTEPATYPHI,

*  mpopaboTKy y4eOHOTO Marepmana (M0 KOHCIIEKTaM JIEKIWH, CEMHUHApOB, YU4eOHOW W HaydHOI
JUTEpaType);

* pellIeHue 3a/1a4, TPeIaraeMbIX CTYICHTaM Ha JICKIUAX U MPAKTHYCCKUX 3aHATHSIX,

* BBINIOJTHEHHUE PA0OT B BHIOPAHHBIX MTPOrPAMMHBIX Cpefax,

* TIOATOTOBKY K KOHTPOJBHBIM, CAMOCTOSTEIILHBIM pad0TaM U TECTaM.

PyKkoBOJICTBO M KOHTPOJIb 32 CaMOCTOSITENILHOW pabOTOM CTylIEHTa OCYIIECTBISIETCS B PE3ybTare
aHaJln3a UTOTOB KOHTPOJIBHBIX, CAMOCTOSTEIIbHBIX padoT, a TAaK)Ke MHAWBUIYAIbHBIX KOHCYJIBTALNH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: PaanorexHuka 1 KOMIIBIOTEPHBIC TEXHOIOTUU
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadeapa MyJTbTUMEIUHHBIX TEXHOJIOTUN U TEIIEKOMMYHUKAITUH
Kypc: 4
KBaJupuKaAnus: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: 7 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

PaszpatGoTunk: B.B. IlpyTbsiHOB



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, saaan

KpI/ITI/I‘IeCKI/Iﬁ aHaJIn3 U CUHTEC3 I/IH(I)OpMaLII/II/I,

N VYK-1.3 PaccmarpuBaeT pa3iuuyHble BapUaHThl PELLCHUS
MPUMEHSATh CUCTEMHBIH MOXOJ TS PELICHUS

3alauu, OICHUBACT UX MPCUMYIICCTBA U HCAOCTATKU

[TOCTABJICHHBIX 3a/1a4
YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO

(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TITH €€ PENICHHs

(bYHZ[aMeHTaJ'ILHLIG 3HaHUWA, [TOJTYYCHHBIC B

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)

MPOU3BOAUTDH KOJIMYCCTBCHHBIC PACUCTLI U OLICHKHA

CCTCCTBCHHLIX HAYK, U UCIIOJIb30BAThH UX B

MPODECCHOHATBHOM MEATETBHOCTH OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH

IIOJIyYEHHBIX PE3yJbTaTOB

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WHGOpMalHud MpH PEIICHUN

OIIK-4 CriocobeH ocymecTBIsITh cOop U 9
3a/1a4 MPoQeCcCHOHANBHOM e TeIbHOCTH

00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX M IPUKJIAJHbIX 33134

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NOJIyUEHUs], XpaHEHUs U
00pabOTKM Hay4yHOW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIun

[IK-4.1 3naer ymnciieHHbIe MOPSIIKN BEITWYHH, XapaKTEPHBIX

[MK-4 Crioco0GeH KpUTHYECKH OIIEHUBATh o o
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

NPUMCHUMOCTDB UCITIOJIB3YCMBIX MCTOJAUK U

[IK-4.3 Cnocobern 000CHOBaTh NPUIHMHHO-CIICIACTBEHHBIC
METO/IOB

OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATUI U MOJENEHN

2. Iloka3zare/iM OLCHMBAHMS KOMIICTCHIMIA
B pesynbrare u3ydeHus AUCIUILUIMHBL «BBenenue B nporpammupoBanrne FPGA» oOydaromuiics 1omkeH:

3HATb:

NPUHIMIBL  pabOThl MPOTPAMMHUPYEMBIX JIOTUYECKUX HMHTETPAJIbHBIX CXEM, OCHOBBI CO3/IaHHS
(POBBIX YCTPOKMCTB, KOHIEMIMU S3bIKa OMMCAHUs ammaparypbl Verilog, B TOM Yucie CBEICHHUS
OTHOCSIIUECS K aHAJIOTOBOM M II(POBOIA DIIEKTPOHHKE.

yMeThb:
NPOCKTUPOBATh W OTIAXKHBAaTh IM(PPOBBIE YCTPOWCTBA C WCIIOIB30BAaHHEM SI3bIKA OIHCAHHS
anmaparypsl Verilog, MOHUMAaTh U COCTABIIATH HU(POBLIE CXEMBI.

BJIaJIeTh:

OCHOBHBIMH METOJ[aMH CO3/IaHusI IIU(PPOBBIX YCTPONCTB C MPUMEHEHHEM 53bIKA ONMCAHMUS alapaTypbl
Verilog.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0
[IpakTrueckue 3agaHus:

bazoBbie konuenmuu s3pika Verilog. CuMyssiius
KombOunanmonnas nornka. BocbMuOUTHBIN cymMMaTop
[locnenoBarenpHocTHas goruka. D-tpurrep. Peructpel. Cuérunk
[Ipommeka FPGA

Mynsrumekcop. [exkonep. 7-cerMeHTHBIN UHAUKATOP

wkwbh -




6. YcrpoiictBo FPGA Altera Cyclone IV

7. YcrpoiicTBo mamsaTu. IlaMate KoMaH

8. ApxutekTypa u MUKpoapxuTekTypa. Apxutekrypa RISC-V
9. Accembnep RISC-V

10. Cumynsiust apxuTeKTypbl Habopa komaua RISC-V

11. BBoa-BeIBOA uepe3 MOPTHI

12. YcnoBHble 1 6e3yCIIOBHBIC TIEPEXObI

13. ®a3zoBast aBTOMOACTPOITKA YaCTOTHI

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

Hepequ BOIIPOCOB I MPOBCACHUS ,I[I/I(b(i)epeHLII/IpOBaHHOFO 3a4ycTa:

bazoBbie konuenmuu s3pika Verilog. Cumyssiius
KombOunanmonnas nornka. BocbMuOUTHBIN cymMMaTop
[TocnenoBarensHocTHas noruka. D-tpurrep. Peructpel. Cuérunk
[Ipommeka FPGA

Mynsrumekcop. [exonep. 7-cerMEeHTHBIN HHAUKATOP
YerpoiictBo FPGA Altera Cyclone IV

VYerpoiictBo mamsitu. [laMats koMaH[

AN i

ApxuTeKTypa u MEUKpoapxuTektypa. Apxurekrypa RISC-V
9. Accembnep RISC-V

10. Cumynsioust apxuTekTypbl Habopa komana RISC-V

11. BBoa-BBIBOA YEpPE3 NOPTHI

12. YcnoBHbIe 1 6€3yCIOBHBIC TIEPEXOAbI

13. ®a3oBast aBTONOACTPOITKA YaCTOTHI

Kputepun onennBanus

Onenka otmnuno (10) BbICTaBIsieTCsS CTYACHTY, IOKa3aBIIEMy BCECTOPOHHUE, CUCTEMAaTU3UPOBaHHbIC,
nryOoKue 3HaHHS y4eOHOH MporpaMMbl JUCHUIUTUHBI, MPOSBISIONIEMY HHTEpEC K IaHHOM MpeaMeTHOH
00JIaCTH, IPOJIEMOHCTPHUPOBABLIEMY YMEHHE YBEPEHHO M TBOPUECKHU NPUMEHSTHh WX HA MPAKTHKE MPH
peLIeHNN KOHKPETHBIX 3aJ1a4, CBOOOHOE U IPaBMIbHOE 000CHOBAHNE IPUHATHIX PEIICHHH.

Onenka omM4HO (9) BBICTABISETCS CTYIACHTY, MOKa3aBLIEMYy BCECTOPOHHHUE, CUCTEMAaTH3HPOBaHHbIC,
n1yOoKHe 3HaHHUS y4eOHOM MPOrpaMMBbl JUCHUILIMHBI M YMEHUE YBEPEHHO IMPUMEHATh X HA MPAKTHKE
MIPH PELICHUH KOHKPETHBIX 3ajad, CBOOOJHOE U MPaBUIIbHOE 000CHOBAaHUE IPUHATHIX PELICHUH.

OueHka OTIIMYHO (8) BBICTABISAECTCS CTYACHTY, [IOKa3aBUIEMy CHCTEMaTH3MPOBAaHHbIE, NTyOOKHEe 3HAHUS
y4eOHOH MpOorpaMMbl AMCLUUIUIMHBI M YMEHUE YBEPEHHO HNPUMEHSTh MX HA MPAKTUKE NPHU PEIICHUH
KOHKPETHBIX 33714, IPaBUIbHOE 000CHOBAHNE NPUHSTHIX PEIICHNUH, C HEKOTOPBIMU HEJ0UeTaMu.

OHGHKa XOopo1Io (7) BBICTABJIACTCA CTYACHTY, €CJIM OH TBEPAO 3HACT MATCpHajl, r'paMOTHO U IIO
CylmIeCTBY H3Jiarac€t €ro, yMeCcT NPUMCHATH IIOJTYUCHHBIC 3HAHWA HaA IMPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

Omnenka xopomio (6) BBICTABISETCS CTYACHTY, €CIIM OH TBEPIO 3HACT Marepual, TPaMOTHO W TIO0
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh MOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.

Onenka xopomo (5) BBICTABISAETCS CTYACHTY, €CIM OH B OCHOBHOM 3HAEeT MarepHuall, [paMOTHO U IO
CYILECTBY M3JIaraeT ero, yMeeT NPUMEHATh NOIyuYeHHbIE 3HAHUS Ha MPAKTHKE, HO JIOMyCKaeT B OTBETE
WIH B PELICHUH 3a7a4 JOCTATOYHO OOJIbIIOE KOJTMUYECTBO HETOUHOCTEH.

OneHka yIOBIETBOPUTEIbHO (4) BBICTABISICTCS  CTYIEHTY, IIOKa3aBIIEMYy (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKON MOCIIEeI0BATEIIbHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3JieNibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.



OneHka yIOBIETBOPUTETbHO (3) BBICTABISIETCS  CTYJIEHTY, TIOKa3aBIIeMy (QparMeHTapHBIMH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HapyLICHUs] JIOTHYECKOM IOCIEeIOBAaTENbHOCTH B M3JIOKEHUM IPOrPaMMHOIO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pa3JieliaMy y4eOHOW MpOrpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYalHH.

OueHka HEyJOBJIETBOPUTENIBLHO (2) BBICTABISETCS CTYIEHTY, KOTOpPBHIH HE 3HAaeT OojblIeld 4YacTu
OCHOBHOTO COJepKaHUsl y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIB30BaTh IOJyYSHHBIEC 3HAHUS NP PEIICHUN
THUIIOBBIX 33/1a4.

OueHka HeyaoBIeTBOPHTENLHO (1) BBICTaBISCTCS CTYACHTY, KOTOPBI HE 3HAaeT OCHOBHOTO
cojiep )KaHusl y4eOHOH MpOorpaMMbl IUCIUILTUHBI, JOMycKaeT rpyOeiiinne omuOKd B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3ajad.

5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

HuddepeHumnpoBaHHbIN 3a4€T €CTh CpeAHee apu(METHIECKOE OLIEHOK 32 BBIIIOIHEHHBIE Pa0OTHI.

IIpu HanMuuM Ha MOMEHT 3aKPBITUS 3aUETHBIX BEJOMOCTEH HEBBIIIOJHEHHBIX WIH BbIIOJIHEHHBIX, HO
HE CIIaHHBIX B YCTAHOBJICHHBIE CPOKU MPAKTUUECKUX PAOOT CTYACHT MOIYYaeT HEYJOBICTBOPUTEIbHYIO
UTOTOBYIO OLIEHKY BHE 3aBUCHMOCTH OT OLIEHOK 32 BBIIIOJIHEHHBIE PAOOTBHI.



