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

YTBEPXKJAEHO
JupexTop pu3TEeX-IMIKOJIbI
PAJIMOTEXHUKH M KOMIIBIOTEPHBIX
TEeXHOJIOT Ui

J.A. T'agpusion

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: OCHOBEI MHUKPOAPXUTCKTYPbI KOMIIBFOTCPOB
0 HANIPaBJICHUIO: HH(bOpMaTHKa W BBIYHUCIIMNTCIIbHAA TCXHUKA
IIpO(l)I(IJIb MnoATrOTOBKMU: KOMHBIOTepHBIe TCXHOJIOTHH WU BBIYUCIUTCIIbHAA TCXHUKA

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadempa MUKPOIPOIIECCOPHBIX TEXHOIOTHIA B MHTEIUICKTYIBHBIX CHCTEMAX

yTpaBiIeHUS
Kypc: 4
KBaJIMpUKALS: GakanaBp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 8 (BECCHHHI) - DK3aMEH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
Jekuuu: 15 gac.
ceMuHapsl: 15 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.

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

[Iporpammy cocrasuin: N.B. IleTymkoB, acCCUCTEHT

[Iporpamma obcyxaeHa Ha 3aceqannu Kadeapsl MUKPOIPOLIECCOPHBIX TEXHOIOTUN B HHTEJUIEKTYaIbHBIX CHCTEMaxX
ympasnenus 30.03.2023



AHHOTANMA

B kypce paccmarpuBalOTCs OCHOBHBIE COBPEMEHHBIE MOAXOABI K TPOEKTUPOBAHHIO LU(POBBIX
MOCJIEIOBAaTEIbHOCTHBIX MHUKPOCXeM M pa3pabOTKM pPa3IUYHBIX MPOCTBHIX THUIOBBIX MUKPOAPXHUTEKTYP
npoueccopoB Ha npumepe apxutekrypbl RISC-V. Kypc BepTHKaIbHO WHTETpHpPOBaH M BKIIOYAET TEMBI OT
pa3paboTKM MPOCTHIX JIOTHYECKHUX IEMEHTOB JI0 CI0KHO(YHKIMOHANBHBIX OJI0KOB. JIornyecku Kypc cCOCTOUT
U3 JIBYX 4acTel, mepBasi paccKa3blBaeT Mpo OOIIME MPUHLMIBI IPOESKTUPOBAHUS MHUKpocxeM. BTopas uacts
(dokycupyercsi Ha YaCTHOM ClIydae MUKPOCXEM — IPOLECccCopax M MOACUCTEMBI MaMsITH koMnbioTepa. Ocoboe
BHUMAaHHE YIENACTCS IMOMYyYEHHIO MPAKTUYECKUX HABBIKOB pa3pabOTKH, ONTHMHU3ALUHU, MOACITUPOBAHUSA H
BepU(HUKaLNH TPOCTHIX MUKPOIIPOIIECCOPOB.

OtnenbHbIC JEKIMU HOCBAIIEHBI M3Y4YEeHHUIO OyneBoi aireOpsl, si3plka Bepuiior, crnokXHO(YHKINOHAIBHBIX
6nokoB. [IpakTnyeckue 3a1auu BHIOIHIIOTCS HA MpuMepe apxutekTypsl RISC-V.

Jjis yCHemHoro OCBOGHUSI Kypca CIyIIareao HeoOXOAUMO BIAJeTh si3bIkoM acceMOnepa u SABY Cu/Cu++,
YMETb IPUMEHSTh OCHOBHBIE aJITOPUTMBI, 3HaTh OCHOBBI apXUTEKTYPbl U MUKPOAPXUTEKTYpbl DBM.

1. lean u 3apa4n

]_le.]'ll) JAUCHUIIINHBI

- TPEICTaBICHHUE TEOPETHYECKMX INPHHIMIIOB M  INPAKTHYECKUX  IIOAXOIOB  pa3pabOTKH
MUKpoIponeccopos O9BM.

3agaum AUCUMIIUHBI
- 3HaHME apXUTEKTYPBl U MUKPOAPXUTEKTYPBI IIPOLIeCCOpa M UX B3aUMOCBS3H
- YMeHHE MPOEKTHPOBATh TUIIOBBIE MOJIENEN MTPOLIECCOPOB Ha sA3bIke Bepuiior

- bazoBble mnpuHIMIBI ONTUMM3ALKS MHUKpOcxeM (IUIOWaAb, CTOMMOCTh, 3HEPromnorpedieHue,
MIPOU3BOJUTENHHOCTH)

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, VYK-1.2 HaxomuT, KpUTHUYECKH aHAIM3HPYET U BbIOUpaeT
KPUTHUYECKUIN aHaJN3 ¥ CUHTe3 HHpopManuy, |uHPOpMALNIO, HEOOXOOUMYIO AJISl PELICHUs! MOCTaBICHHON
MPUMEHATh CUCTEMHBIH MOAXOJ U PELIeHUsT  |3a7a4n

MOCTAaBJICHHBIX 3a7a4

OIIK-2 Cnocoben ucnonb3oBarh copemernbsie |OITK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U BBIYMCIIMTEIBHYIO TEXHUKY WM CEpBUCHI ceTH VHTepHeT B
MpOrpaMMHBIE CPENICTBA IIPH PeLIeHUH 3a1ad  |obnactu (cdepe) mpodeccHoHaNbHOMN AesITeTbHOCTH

poheCCUOHATBHOM JIeITENLHOCTH, COOTIOnas
TpeboBaHUg MHOOPMAIIMOHHOW OE30TIaCHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0QOpMIIATH OIIK-3.3 Bnazneer MeTogaMu BU3YalbHOTO U IpauuecKoro
Hay4HbIC U (WIN) TEXHUYECKUE IpeACTaBICHUS pe3yabTaToB Hay4YHOM
(TexHOIIOTNYECKNE, UHHOBAIL[IOHHBIE) OTYETHl  |(HAYYHO-TEXHHUYECKOH, MHHOBALIMOHHON TEXHOJIOTHYECKOH)
(myOnmuKanuy, NpOEKTH) JEATEIIbHOCTH B BUJIE OTUETOB, HAyYHBIX ITyOIHKaIMHA

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
uHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON

[MK-1 CriocobeH craBuTh, GopMann3oBbIBaTh 1 |ACATCILHOCTH

pears 3a1a4y, B ToM uncie paspadareiBath 1 [[IK-1.2  CrocoGeH  BBIIABUTAaTh  THUIOTE3bl, CTPOHTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIH MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3ydaeMbIX
M3y4YaeMbIX SABJICHHN U MPOLIECCOB, CACTEMHO  |SIBJICHHH M MPOLIECCOB, OLECHUBATH KAUE€CTBO pa3paboTaHHON
aHAJIM3MPOBATh HAy4YHbIE MPOOIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAayIHBIC PC3YJIbTAThI I1K-1.3 CrnocobeH mnpuMeHATh TEOpeTHUeCKHue H (WIIH)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl




[MK-2.1 3HaeT NOPUHIUIBI TOCTPOSHUS HAyYHOHW PadOTH,
MeTonbl cOopa M aHajW3a I[OJIyY€HHOrO Marepualia,
CHOCOOBI apryMeHTaI|H

[1K-2 CnnocobeH caMOCTOSTEILHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTr0O
KOJUICKTHBA OPTaHW30BEIBATh U MTPOBO/IUTH
HAyYHBIC UCCIICIOBAHMS U MX arpoOaIiyio

[IK-2.2 Cnoco0en miaHupoBaTb M NPOBOAUTH Hay4yHBIE
UCCIICZIOBAHMSI CaMOCTOATENIbHO MJIM B KauecTBE WIEHa
(pPyKOBOAMTEIIST) MAJIOTO HAYYHOTO KOJJICKTHBA

[MK-2.3 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
HayYHO-HCCIICI0BATEBCKOM paboTsI MOCPEICTBOM
MyOJIMKalUuK HAYYHBIX CTATEH U y4acTusi B KOH)EPEHIUSIX

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynbrare ocBoOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATh:
- OCHOBHBIE METO/IbI MPOCKTUPOBAHMSI, TPUMEHSIEMBbIE IIPU pa3pabOTKe CIOKHBIX MUKPOIIPOLIECCOPOB;
- OCHOBHBIE CIO)KHO(QYHKHOHAJIBHBIE OJIOKH PUMEHSIEMBIE ITPH Pa3pabOTKE MHKPOCXEM.
YMETh:
- MOAENHMPOBaTh PabOTy MHKPOCXEM OINHCAHHBIX Ha S3blKe Bepuior ¢ moMmoupio MporpaMMHBIX
CPEICTB MOJEIUPOBAHHS;
- paboTaTh ¢ JOKyMEHTALMEel apXUTEKTyphl CUCTEMbl KOMaH/, YMETh HU3BJIEKaTh U3 He€ MHPOPMALIUIO
HEOOXOUMYO JUTSI pealln3allii MHKPOAPXUTEKTYPhI IIPOIIeccopa;
- pa3pabareiBaThb JHM3aiiH M pealiM3aldi0 TPOCTHIX BHIOB MHKPOAPXUTEKTYp (OIHOTAKTHBIC,
MHOTOTaKTHbIE, KOHBEHEPHBIE € TIOCTIeIOBATEILHBIM UCTIONTHEHUEM ) JJIs1 33JaHHOM apXUTEKTYPHI.
BIIA/IETh:
- IOHUMAaHUEM OCHOBHBIX PUHITUITOB (DYHKIIMOHUPOBAHUS MHUKPOCXEM U TIPOIIECCOPOB;
- HaBbIKAMH OCBOEHUS 00Jp1I0T0 00BbeMa HHPOPMALINY;
- HaBBIKAMH CaMOCTOSATENBHOM paboThl M MCTIONB30BaHU HH(OpMaIK U3 0a3 3HaHul B IHTEpHET;
- KYJBTYpO# MOCTAHOBKHU M MIPOEKTUPOBAHMS 3a]1a4 MPH pa3paboTKe MUKPOCXEM.

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

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAM Y4E€OHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
[TpuHLIMTIBL MPOEKTUPOBAHUS
1 MHUKPODJIEKTPOHHKH, JIOTUYECKUe 2 2
3JIEMEHTBHI, SHEPrONOTpeOIeHHE
2 KomOuHnanmonHas goruka 1 1 2
3 CuHXpOHHBIE  IIOCJIEAOBATEIbHOCTHBIE ) ) 4
CXEMBI
4 S3pIK onMcaHMs anmnaparypsl Bepuior 2 4 6
5 Hudpossie hyHKUMOHATBHBIE OJI0KH 2 2
6 Cuctema xomaag RISC-V 2 2
7 OnHoTakTHaA, MHOTOTaKTHas u 4 4 ]
KOHBeWepHass MUKpoapxXuTeKTypsl LI11
8 Iloncucrema namstu 1 1 2
MukpoapxuTekTypa IIIT c
9 BHEOUYEPEIHBIM HCIIOJIHEHUEM 1 1 2
HHCTPYKLIHN
Hroro yacos 15 15 30
[TonroToBka K 3K3aMeHy 30 gac.




OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 8 (Becennuit)
1. IIpyHIUTIBI TPOEKTUPOBAHUS MUKPOIIEKTPOHUKH, JIOTHYECKHE 3JIEMEHTHI, SHEPronoTpedieHue

OCHOBHBIE NMPUHIMIIEI TPOSKTUPOBAHUS MHUKPOIJIEKTPOHUKH, IU(poBasi abCTpakiys, JOrHYecKue
ypoBHH, Joruyeckue 31emMenTsl Ha KMOII tpansucropax, snepronorpetienue KMOII-mukpocxem.

2. KomOuHannonHas JIoruka

ByneBbl BBIpaKeHUsI M UX ONTUMH3alMs, OyneBa aireOpa, MHOIOypOBHEBas KOMOWHAI[MOHHAs
JIOTHKa, HE3HA4YallHe COCTOSIHUS M COCTOSIHUSI C BBICOKMM HMMIIEJAaHCOM, KapThl KapHO, OCHOBHBIC
KOMOHMHAIIMOHHBIE OJIOKH, BPEMEHHBIC XapaKTePUCTUKA KOMOMHAITMOHHBIX MHUKPOCXEM.

3. CHHXpOHHBIE MOCIIEeN0BATEIbHOCTHBIE CXEMBI

321H.I€J'IKI/I U TPUITEPbI, MPOCKTUPOBAHHUEC CHUHXPOHHBIX JIOTUYCCKUX CXEM, KOHCUHBLIC aBTOMAThI,
CUHXPOHU3aAHUA IMOCJICA0BATCIIbBHOCTHBIX CXCM, IMapaljICJIn3M

4. SI3pIk onMcaHMs anmnaparypsl Bepuitor

Omnucanre KOMOMHAIIMOHHOW W IIOCIIENOBATEIBHOCTHOM, CTPYKTYpHOE MOJEIUPOBAHHE, ONUCAHUE
KOHEYHBIX aBTOMAaTOB, MapaMETPH30BAHHBIC MOMYIH, BEpUPHKAIUSI MHUKPOCXEM H Ccpeaa
TECTUPOBAHMUS

5. lludpossie pyHKIIMOHATBHBIE OIIOKH

ApudmeTndeckue cxembl, JOIOTHUTEIBHBINA KOJI, II0CIEeJ0BATeIbHOCTHBIC (DYyHKI[MOHAIbHBIE OJIOKH,
MaTpHIBI TAMSATH U JIOTHYECKUX 3JIEMEHTOB

6. Cucrema xomang RISC-V

Beenenne B apxurektypy RISC-V u 6a3oByto cucremy komann RV32I. SI3eik accembiepa u
MammHHBIN 361K, CTpykTypa ELF-(daiina.

7. OgHOTaKTHas, MHOTOTAKTHAasA U KOHBelepHas MUKpoapxuTekTypsl LII1

AHanu3  mpou3BogUTENbHOCTH, OAHOTAaKTHBIA  mpoueccop, MHOTOTaKTHBIM — IpoILeccop,
KOHBEHEpHBI IPOLECCOp C IOCJIEI0BATEIbHBIM HCIIOJIHEHHEM WHCTPYKLUH, 100aBIeHHE HOBBIX
CTaaui B KOHBEHEPHYIO MUKPOAPXUTEKTYPY, YIIyUlIEHHE MUKPOAPXUTEKTYPHI

8. IlogcucreMa namMsaTu

AHanmm3 nTpoNu3BOAUTEIBFHOCTH CUCTEM MAaMATH, K3II-NIAMATh, BUPTyajbHas MaMATh U €€ pealn3anns
B RISC-V, orobpaxkenne paboThI C yCTpOCTBaAMU BBOAA-BBIBO/IA B TIAMSITb.

9. Muxkpoapxurexrypa LIII ¢ BHeouepe1HbIM UCTIOTHEHHEM WHCTPYKIUN



Muxkpoapxutektypa LIl ¢ BHeoduepeaHBIM HCIOIHEHHEM HWHCTPYKLIHH M OCHOBHBIE NPHYUHBI €€
nossiaeHus. [IpeumyiiecTBa U HeJOCTAaTKU. AHaJIUTHYECKas MOJENb IIPOU3BOAUTEIBHOCTH TaKOH
MHUKPOAPXUTEKTYpbl. ONTUMHU3ALIS.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

Jlnst ipoBenieHus 3aHATHI TpeOyeTcs: yueOHas ayTuTopusl, OCHAIIICHHAST MYJIbTUMEIHMHHBIM
o0opynoBaareM (ITIPOSKTOPOM).

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. JIoBug Xoppuc, Capa Xoppuc. [{udposas cxemorexHruka u apxutektypa kommsiotepa. JIMK Tlpecc.
ISBN 978-5-97060-450-2
2. Duapro TanenOayMm. Apxurektypa komibtotepa. // 5-e uza. CII6.: «ITutepy», 2006.

JomnonHurensHas aureparypa

1. xon JI. Xenneccu, [IpBun A. Ilarrepcon. KomnberotepHas apxutektypa. KonnuecTBeHHBIN MOAXOA.
M: Texnocdepa. ISBN: 978-5-94836-413-1

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIsA)

1. The Sniper Multi-Core Simulator, https://snipersim.org//w/The Sniper Multi-Core Simulator

2. The RISC-V Instruction Set Manual, Volume I: Unprivileged ISA.
https://riscv.org/technical/specifications/

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o JMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 odecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHIX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTAlUN.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYenemHoe ocBoeHne Kypca TpeOyeT MmocenieHne JeKIUi 1 caMoCTosATeIbHas paboTa ¢ JIMTeparypoil.
CamocrosiTenpHas paboTa BKIIOYAeT B ce0s: YTEHHE M KOHCHEKTHPOBAHUE pPEKOMEHIOBAaHHOW
JUTEPATypBl, IPOCMOTP UHTEPHET-PECYPCOB 110 TEMATHKE Kypca, TIOATOTOBKY K 9K3aMEHY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: HNudopmarrka 1 BEIYUCTUTEIEHAS TEXHUKA
npopuJib NOArOTOBKHU: KomnbroTepHble TEXHOIOTUH U BHIYUCIUTEIbHAS TEXHUKA
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadempa MUKPOIPOIIECCOPHBIX TEXHOIOTHIA B MHTEIUICKTYJIBHBIX CHCTEMAX

yTpaBiIeHUs
Kypc: 4
KBaJIMpUKALUS: GakanaBp

CemecTp, (hOpMBI POMEKYTOUHOM arTecTanuu: 8 (BECCHHHI) - DK3aMEH

Pa3zpatGoTunk: N.B. IleTymkoB, aCCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
NPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.2 HaxomuT, KpUTHUYECKH aHAIM3HPYET U BbIOMUpaeT
nHpOpMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! IMOCTaBICHHON
3a7a4n

OIIK-2 CriocobeH ucrnonb30BaTh COBPEMEHHBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U
POrpaMMHBIEC CPEACTBA MIPU PEIICHUHN 331349
poheCCUOHATBHOM JIeITENILHOCTH, COOTIOnas
TpeboBaHUg MH)OPMAIIMOHHOW OE30TIaCHOCTH

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
BBIYMCIIMTEIBHYIO TEXHUKY WM CEpBUCHI ceTH VHTepHeT B
obmactu (cdepe) mpodeccrnoHaTbHON AeATEIIEHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH
Hay4HbIC U (UJTM) TEXHUYECKHE
(TeXHOIOTUYeCKHEe, NHHOBAIIMOHHBIE) OTYETHI
(myGnuKanum, MpoeKThI)

OIIK-3.3 Bnageer mMeToamMu BU3yaJbHOTO U TpadudecKoro
MpeCTaBICHUS pe3yapTaToB Hay4qHOU
(Hay9IHO-TEXHUYECKOH, MHHOBAIIMOHHONW TEXHOJOTHYECKOH )
JeSITETLHOCTU B BUJIE OTYETOB, HAYYHBIX IMyOIHKAIINi

[IK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHOU
JEATEIIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHUYeCcKue MOAENM Ul OIHUCaHMA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATh KAUECTBO pa3padoTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE dieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M MPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.1 3nHaeT HOpUHLUIBI MOCTPOEHUS HAYYHOW PadOTHI,
MeTogsl cOopa W aHanmM3a TIOJyYEHHOTO MaTepHala,
CHocoObI apryMeHTallH

[MK-2.2 Cnoco0eH TulaHUpOBaTh ¥ TPOBOJAWTH HaydHBIE
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WICHA
(pyxoBoznuTeNs ) MaJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH mNpoBOAWTH ampoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEILCKON paboThI MOCPEICTBOM
TyONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pEepeHIuIx

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIU

B pesynbrare nzyueHus AUCHMIUIMHBI « OCHOBBI MUKPOAPXHUTEKTYPhl KOMITBIOTEPOBY» 00YUAIOLIHIACS TOTKEH:

3HATb:

- OCHOBHBIE METO/IbI IIPOEKTHPOBAHMS, TIPUMEHIEMbIE IIPU pa3paboTKe CIOKHBIX MUKPOIPOLIECCOPOB;
- OCHOBHBIE CJIIOKHO(DYHKHOHAIBHBIE OJIOKM IPUMEHSIEMbIE TIPU pa3pad0TKe MHKPOCXEM.

yMeTh:

- MOJENUpOoBaTh pabOTy MHUKPOCXEM ONMCAaHHBIX Ha s3bIke Bepmior ¢ moMmompio MporpaMMHBIX

CpCACTB MOACIUPOBAHUA;

- paboTaTh ¢ TOKyMEHTAIMel apXUTEKTYpbl CUCTEMBbl KOMaHJl, yMETh U3BJIEKaTh U3 HEE MH(POPMAIHIO
HEOOXOAUMYIO JUIsl pealln3alliil MUKPOApXUTEKTYPbI IPOLIECCOpa;

- paspabarbiBaTh [U3aiH M peaqu3alyi0 IMPOCTHIX BHUIOB MHUKPOAPXUTEKTYp (OAHOTAKTHBIE,
MHOTOTaKTHbBIE, KOHBEHEPHBIE € TIOCIIeIOBATEIbHBIM UCTIONIHEHUEM) AJIS1 3aJaHHOM apXUTEKTYPHI.

BJIad€Th:

- NOHUMAaHUEM OCHOBHBIX IPHHIUIIOB (PyHKIIMOHUPOBAHMSI MUKPOCXEM U ITPOIIECCOPOB;

- HaBbIKAMH OCBOEHUS 00IBIIOT0 00beMa HHPOPMAIINY;

- HaBBIKAMH CaMOCTOSITEIbHON pabOThI M HCIIOJIb30BaHUs HH(popMalu u3 0a3 3HaHui B VIHTEpHET;
- KYJIBTYPOi IOCTAaHOBKH U MIPOSKTUPOBAHMS 3a]1a4 PH Pa3padOTKE MUKPOCXEM.




3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 3a/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MpOBOAUTCS YCTHBIH ONpoC B
HayaJje 3aHATUSA 110 TeEME IPOIUIOHN JIEKIIMH WM B KOHIIE 3aHATHUS IO IPOWICHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeACeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

[TepeueHb KOHTPOIBHBIX BOIPOCOB [UIS CIaYH YK3aMEHa!

1. IlpuHimun  pabGoTbl W BpPEMEHHBIE  XapakTepucTHku  D-tpurrepa.  CHHXpOHM3AIM
MOCJICA0BATEIBHOCTHBIX CXEM.

2. OCHOBHBIE TIOIXO/IBI ONTUMH3ANNN KOMOMHAIIMOHHOW JIOTHUKH.

3. Uudpoas abcrpakums, JOTHYeCKHe ypOBHH, jormdeckue snemeHTsl Ha KMOII Tpan3ucropax,
sHepronoTpedtnenrne KMOII-mukpocxem.

4. CpaBHEHHE OCHOBHBIX XapaKTEPUCTHK OJHOTAKTHOTO, MHOTOTAKTHOTO W KOHBEHEpPHOro
IPOLIECCOPOB.

5. MHorotakTHsIi porieccop. IlocTpoenne onTUMaaIbHOrO KOHEYHOTO aBTOMATa yIpaBieHHs.

6. Komnseiiepubiii mnpomeccop. CxoictBa M pas3iauyusi € OIHOTAaKTHBIM MpoueccopoM. Moaenu
paspenieHus KOHQUIKTOB.

7. Muxkpormporieccop ¢ BHEOYEPEIHBIM HCIIONHEHHEM KOMaHJ W €ro aHaJUTHYeCKas MOJIEIb.
OnTumu3anus.

8. AHanM3 NPOU3BOAUTEIBHOCTH CUCTEM MAMSITH, KAII-IaMsITh.

9. Bupryansnas namsats B RISC-V.

10. Hudpossle QpyHKIHMOHAIBHBIE OJOKH U MX OCHOBHBIC XapaKTEPUCTUKU
11. SA3b1k accemOnepa u MmamuHHBIHN 361K RISC-V. Ctpykrypa ELF-daiina.

[Tpumeps! OMIIETOB K SK3aMEHY

Buer Nel

1. TIlpuHimum  paboTBl W BpPEMEHHBIE  XapakTepucTHKH  D-tpurrepa.  CHHXpOHM3AIMS
MOCJIEIOBATEIIbHOCTHBIX CXEM.

2. lludpossie hyHKIMOHATBHBIC OJIOKM U HX OCHOBHBIE XapaKTEPUCTHKU

buner Ne 2
1. OcHOBHBIE OIXOABI ONTUMH3ALNN KOMOMHAIIMOHHON JIOTHKH.
2. SI3wik accembinepa u MamuHHbIH 361K RISC-V. Ctpykrypa ELF-daiina.

Kpurepun onennBanus
Onenka otnuano (10) BeICTaBIsIeTCS CTY/ACHTY, IOKAa3aBIIEMy BCECTOPOHHUE, CCTEMATU3HPOBaHHbIE,
IyOOKHe 3HaHUs Y4eOHOU MPOrpamMMbl AUCHUILIMHBL, TPOSBISIONIEMY HHTEPEC K JaHHOU MPEIMETHOM
o0nacT, NPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKHM IMPUMEHATh UX Ha MPAKTHKE MPH
pEIIeHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIBHOE 000CHOBAHNE IPUHSTHIX PEILICHHA.
Onenka ominyHO (9) BBICTaBISIETCS CTYAEHTY, MOKa3aBIIeMy BCECTOPOHHHE, CUCTEeMAaTU3UPOBAHHBIE,
IyOOKHe 3HaHUSl yueOHOM MporpaMMbl AUCHUIUIMHBI U YMEHHUE YBEPEHHO NMPUMEHATH WX Ha MPAKTHKE
IIPU peIICHUN KOHKPETHBIX 3a/1a4, CBOOOIHOE U IIPAaBMIILHOE 000CHOBAaHHE MPUHATHIX PELICHUI.
Onenka oTAMYHO (8) BBICTABIISIETCS CTYACHTY, [TOKa3aBIIEMy CHCTEMAaTU3UPOBaHHbIE, [TyOOKHE 3HAHUS
y4eOHOW MporpaMMbl AUCHMIUIMHBL U YMEHHE YBEPEHHO NPHUMEHSATh MX HA MPAKTHUKE IPH PELICHUH
KOHKPETHBIX 33124, IPaBHUJIbHOE 000CHOBAaHHUE MPUHSATHIX PELICHUH, C HEKOTOPBIMH HEIOYETaMH.
Ouenka xopomio (7) BBICTABIAETCS CTYACHTY, €CIM OH TBEpAO 3HAET Marepual, IPaMOTHO M IO
CYLIECTBY H3JIaraeT €ro, yMmMeeT NPUMEHSTh IOJlyuYeHHbIE 3HAHHUS Ha MPAKTUKE, HO HEIOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.
Onenka xopomo (6) BBICTaBISETCS CTYACHTY, €CIM OH TBEPIO 3HAET Marepual, T'PaMOTHO U IO
CYILECTBY M3JIaraeT ero, yMeeT NPUMEHATh NONTyuYeHHbIE 3HAHUS Ha MPAKTHKE, HO JIOMyCKaeT B OTBETE
WIH B PEUICHUH 3a7a4 HEKOTOPbIE HETOYHOCTH.



Omenka xopomio (5) BBICTABISIETCS CTY/ACHTY, €CIIM OH B OCHOBHOM 3HAeT MarepHuall, IpaMOTHO U IO
CYILIECTBY M3JIaraeT ero, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 JOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.

OmueHka yIOBIETBOPHUTENBbHO (4) BBICTABISICTCS CTYACHTY, NOKa3zaBIieMy (parMeHTapHbIi,
Pa3pO3HEHHBIH XapaKkTep 3HAHWI, HEIOCTaTOYHO IpPaBHIbHBIE (DOPMYIUPOBKU 0a30BBIX MOHSATHH,
HapyUICHUS JOTMYECKOU MOCIIEOBATEILHOCTH B U3JIOKEHHU TIPOrPAMMHOTO MaTepuaa, HO TIPU STOM
OH OCBOWJI OCHOBHBIC Pa3/eibl y4eOHON HPOrpaMMbl, HEOOXOAUMBIE Ul NallbHEHIIero o0y4eHus, u
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OmueHka yIOBIETBOPHUTENBbHO (3) BBICTABISICTCS  CTYACHTY, IOKa3zaBIIieMy (parMeHTapHbIi,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemMy OmHOKH B (GOpMyIHpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B W3JIOKECHUH IPOrPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3/iejaMH y4eOHOM MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus 1
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

OreHKka HEYJOBJICTBOPHUTENIHLHO (2) BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAeT OOJbIIeH 4YacTH
OCHOBHOTO COZEp)KaHUs Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyIHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TPH PEIICHUN
THIIOBBIX 33]1a4.

Ouenka HeyJoBIeTBOPUTENbHO (1) BBICTABISICTCS CTYACHTY, KOTOPBIi HE 3HAET OCHOBHOIO
cozepKaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKu B (GpopMyITupoBKax
0a30BBIX HOHATHH JUCLHUILIMHBI U BOOOIIE HE MUMEET HAaBBIKOB PEIICHHs THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

DK3aMeH NPOBOIUTCS B YCTHOH (hopme.

ITpu mpoBexeHNH yCTHOTO 3K3aMeHa oOydarolieMycs mpeaocTasisiercss 1 yac Ha moarotoBky. Ompoc
o0yuaroIerocs o OmieTy Ha yCTHOM 9K3aMEHE He JIOJDKEH MPEBBIIIATh IBYX aCTPOHOMHYECKUX YacOB.

Bo BpEMs IPOBCACHUS SK3aMCH O6y‘{aIOH_II/IeC$I MOT'YT TTOJIb30BAaTbhCA nporpaMMoﬁ JAUCIMITIIMHBI.



