MHHUCTEPCTBO HAVKH U BBICIIET'O OBPA3BOBAHU S POCCUNMCKON ®EIEPAILINN

OEJNEPAJTIBHOE 'OCYIAPCTBEHHOE BIO/I’KETHOE OBPA30BATEJIBHOE
YYPEXJIEHUE BBICIIEI'O OBPA30OBAHMUA
"PA3AHCKUM T'OCYJAPCTBEHHBINA PAJJMOTEXHUYECKUW YHUBEPCUTET UMEHHU
B.®. YTKUHA"

COI''TACOBAHO YTBEPXIAIO
3aB. BhITyCKaromIe Kadeapsl

IIporpaMmMupoBaHue crnenuaJIU3MPOBAHHbBIX
BbIYHC/IUTECH
paboyasi mporpaMma JUCHUIIAHBI (MOTYIIs)

3akperuieHa 3a kadeapoi BorunciuTebHON U NPUKJIATHON MATEMATUKHU
Yu4eOHblii mian 09.03.04 26 00 MM B2.plx
09.03.04 INporpammHast HHXEHEPUS
KBanmudukarms OdakaiaBp
®dopma 0OyueHHS o4Hast
OO011as Tpy10eMKOCTh 33ET

Pacrlpe):lenelme YacoB JUCUMIIVIMHBI 110 CeEMeCTpaM

Cemecrp
(<Kypc>.<Cemectp Ha 7(4.1)

Kypee>) Hroro

Hepnenb 16

Bup 3ansTwit vl PII vl PIl

Jlextmn 24 24 24 24
JlaGopatopHsle 24 24 24 24
Huas koHTaKTHAS 0,25 10,25 0,25 0,25
pabora
HUroro ayn. 48,25 148,25 |48,25 |48,25
KonraktHas pabora |48,25 |48,25 48,25 |48,25
Cawm. pabora 51 51 51 51
Yacel Ha KOHTPOJIb 8,75 18,75 |8,75 8,75
Hroro 108 108 108 108

r. Pa3aunn



IIporpammy cocraBuin(u):

0.mexu.H., npo., Oseuxkun I'.B.;x.m.H., doy., Mypamos E.P.

Pabouyas nporpamMma JUCLIUILIMHBL

HporpaManOBal-me CIeNUAJIU3UPOBAHHBIX BbIYMCJINTEJIEH

paspabotrana B coorBercTBun ¢ ®I'OC BO:

®I'OC BO - 6akanaBpuar no HanpasyieHHo nmoaroroBku 09.03.04 IporpamMmHuas nxeHepus (npukaz MunoopHayku Poccuu ot
19.09.2017 r. Ne 920)

COCTaBJICHA HA OCHOBAHMH y4eOHOrO IUIaHa!
09.03.04 ITporpaMMHasi UHKEHEPUSL
YTBEPKIAECHHOIO y4EHBIM cOBETOM BY3a oT 24.04.2026 mportokon Ne 10.

Pa6ouas nporpamma onoOpeHa Ha 3aceaHuu Kadeapsl

BoluucauTebHOI U NPUKJIAAHOH MaTeMaTHKH

IIporokon ot 15.06.2026 . Ne 7
Cpok gerictBus nporpamms: 20262030 yu.r.
3aB. kadeapoit OBeuxuH [ ennaauii Biagumuposuy



BusupoBanue PII/] 1,151 ucrioIHEHUS B 04epPeAHOM Y4eOHOM roay

Pabouas nporpamma rnepecMoTpeHa, 00CyKIeHa U 0100peHa s
ucronaenns B 2027-2028 yueOHoM roay Ha 3aceanny Kaheapol
BrruncauTenbHOM M NPUKJIAIHOW MaTeMATHKHA

[Iporokom ot 20271. Ne

3aB. kadeapoit

BusupoBanue PII/] 1151 ucrioiHEeHUS B 04epeAHOM Y4eOHOM roay

Pabouas nporpamma nepecMoTpeHa, 00CyKIeHa 1 0100peHa s
ucronaenus B 2028-2029 yueOHOM roay Ha 3aceganun Kadbeapbl
BrrunciauTenbHOM M NPUKJIAIHON MaTeMATHKHA

[Iporokom ot 2028 . Ne

3aB. kadeapoi

Buzuposanue PII/l 1,151 ucrioIHEHUS B 04epeAHOM Y4eOHOM roay
Pabouas nporpamma nepecMoTpeHa, 00CykIeHa ¥ 0100peHa st
ucnonHenus B 2029-2030 yueOHOM TONY HA 3aceqaHuu Kaheaps

BbIunc/MTENbHON U NPUKJIATHOH MATEMATHKHA

[Iporokom ot 2029r. Ne

3aB. kadenpoii

BusupoBanmue PILJ] 1/ ucroiHeHusi B oUepeTHOM y4eOHOM roxy

Pabouas nporpamma nepecMoTpeHa, 00CykIeHa U 0o0peHa s
ncronaenns B 2030-2031 yueOHOM roay Ha 3aceqaHuy Kaheaphl

BoruncinTeIbHOM M NPAKJIATHON MaTeMaTHKH

[Iporokomor 2030r. Ne

3aB. kadeapoi




1. IEJIM OCBOEHUSA JUCHHUIIJIMHBI (MO Y JIS1)

1.1|enbto AMCHMILIMHEL SBIseTCS GOPMUPOBAHUE KOMIIETEHIMI B cooTBeTCTBUH ¢ TpeboBanusmu @I'OC BO, a Taxxke
KOMIIETEHIIMH, ONPE/IeNIEHHBIX B COOTBETCTBUH C KOMIIETEHTOCTHO-POJIEBON MOJIENbIo, paspadoranHoit PI'AOY BO
«Hammonanbubli nccnenosarenbekuii yausepcurer MTMO» B pamkax npoexra TOIT-MU, B pe3ynabrare 0CBOSHUS
KOTOPBIX 00YYaroUIMHACS CMOKET MPOBOIUTH HACTPOUKY CYIIECTBYIOLIMX MOAENEH HCKYCCTBEHHOTO HHTEIIEKTA,
noo0ydeHne Mojieel HCKYCCTBEHHOI'O MHTEIIEKTa, HCIIOIb30BAaHUE paHee CO3MaHHbIX MPOrPaMMHBIX OHOIHOTEK U
(bpeiiMBOPKOB VIS peLIeH s IPUKIaHbIX 3a1ady.

1.2|B pamKkax JUCHHUILTHHBI OCYIIECTBISETCS OCBOCHUE CTYICHTAMH CPEICTB MPOrPaMMHUPOBaHIS COBPEMEHHBIX
CIIEIHaTN3UPOBAHHBIX BEIYUCIUTEIBHBIX YCTPOUCTB. JlJabopaTopHble paboTHI MPOBOISTCS ¢ HCIOIB30BAHHEM KEeHCOB
naaycrpuainsaoro napraepa OO0 «Ksanrpon ['pymmy.

1.3|3agaun:

1.4]- n3y4eHue apXUTEKTyp OCHOBHBIX CIELUATU3UPOBAHHBIX BHIYUCIUTEIBHBIX YCTPOUCTB,;

1.5]- u3ydeHue OCHOBBI IPOrPaMMHUPOBAHHS COBPEMEHHBIX CIEHATH3UPOBaHHBIX YCTPOHCTB;

1.6]- ocBOcHME MapaJijICJIbHBIX aJITOPUTMOB PEIICHUS 3a/4a4, Tp€6yIOIIII/IX OOJIBIINX BEIYNCITUTEIBHBIX PECypCOB.

2. MECTO JUCHUIIJIUHBI (MOY.JII) B CTPYKTYPE OBPA3OBATEJILHOU ITPOT'PAMMBI

Huxn (paznen) OIT: |B1.B

2.1|Tpe6oBaHus K NpeIBapPUTEIBLHON MOATOTOBKE 00Y4aK0IIET OCs:

2.1.1|TIporpaMmMupoBaHue

2.1.2| ApxutekTypa BHIUUCIUTEIBHBIX CUCTEM H CETeH

2.1.3|TTapamienbpHoe TPOrpaMMHUPOBAHHUE

2.1.4| AnropuUTMBI B CTPYKTYPBI JAHHBIX

2.1.5|Iudposas 06paboTka CUrHAIOB (CMEKHAS TUCIUILUINHA)

2.2|Iucuunaunbl (MOIYJIN) U PAKTHKH, JIsi KOTOPBIX OCBOEHHE JAHHOW JUCIUTIIMHBI (MOIYJIs1) HEOOXOTUMO KAK
npeaunecTBy0Iee:

2.2.1|CucreMsl KOMIBIOTEPHOTO 3PCHUS

2.2.2|BbINONHEHNE U 3alUTa BHIMTYCKHOW KBaTHM()UKAI[HOHHON paboThI

2.2.3|TIpenauIuioMHas mpakTHKA

3. KOMIIETEHIIM OBYYAIOIIETOCSI, ®°OPMHUPYEMBIE B PE3YJIbTATE OCBOEHUS TUCIUATLINHEI
(MOJYJIST)

IIK-17: CnocoGeH NpuMeHATD A3bIKHM NporpaMmupoBanns C/C++ s pelenus 3aaa4 B odsiacru A

IIK-17.1. Pa3pa6aTbiBaeT U oTia:kuBaeT 3¢ (eKTUBHbIE MHOTONOTOYHbIE pelieHusi Ha C++, TecTUpYeT, HCNBLITHIBAET U
OLIEHUBAET KAYeCTBO TAKUX pelIeHu i

3HaThb

CIOCOOBI peau3aliii MHOTOMIOTOYHOTO PEILICHUS

Ymern

UCIOJb30BatTh A3bikk C/C++ 1y pacnapajieauBadus paOboThl alrOPUTMOB
Baanern

METO/IaMH BepU(PUKALUK 1 OLICHKH KaueCTBa paboThl MHOT'OIIOTOYHOTO PEIICHHS

IIK-17.2. PazpabaTbiBaeT U oTjIakuBaeT pemenuss Ha C++, ucnoas3youme GPU u FPGA nys1 MmaccoBoii napasienn3anuu
BbIUHC/IeHHIl B paMkax o0meii cucrembl U, ¢ npuMeHeHHeM KaK FOTOBBIX pellleHUi, Tak U pa3paboTKoii CBOMX

3HaTh

noaxozsl kK nporpammupoBanus Ha GPU u FPGA

YMmerb

ucmonb3oBats OpenCL, CUDA, Verilog st npoektupoBanust anroputmMos Ha GPU u FPGA
Baanern

MeToJaMH Bepu(HKaLiK U OLEHKH KauecTBa padoTsl anropurmoB Ha GPU u FPGA

B pe3yabTaTte ocBOeHHS TUCHUITUHEI (MOTYJIsI) 00Y4AIOIIMIICS T0KEH

3.1{3narn:

3.1.1|- npuHIKIBI TApaJUICTBHBIX BBIYMCIICHHIA;

3.1.2|- H606XOHI/IMOCTL 1 aKTyaJIbHOCTbD ITapaJlJICJIbHbIX BI)I‘{HCHGHHP‘I;

3.1.3|- paznuuust MeXy MHOT033/Ia4HOCTHI0 1 MHOT'OIIOTOYHOCTHIO;

3.1.4]- onpenenenre 3¢ HEKTUBHOCTH MapaIeIbHOTO allTOPHTMA;

3.1.5]- noaxone! k nporpammuposanust Ha GPU u FPGA

3.2|YMeTh:

3.2.1]- OPUMEHATD IMMOJYYCHHBIC 3HAHW HAa MIPAKTHUKE JJIA YCKOPCHUA PEUICHUA 3a/Ja4 MAallIMHHOI'O 06y‘I6HI/I5[.




3.3|Baagern:

3.3.1{- uccnenoBaHus ObICTPOACHCTBUS MAPAUICIBHBIX BEIUUCIUTEIBHBIX CHCTEM U Pa3pabOTKU Mapaule/IbHBIX aIrOPUTMOB

4. CTPYKTYPA U COJIEPJKAHME JUCLUIJIMHBI (MO1Y.JI5T)

Kon

HauMeHoBaHue pa3esioB U TEM /BI([)I 3aHATHSA/

Cemectp /
Kvne

Yacos

Komnerten-
10707

Jlutepartypa

dopma
KOHTDOJA |

Paznen 1. Cdepsl npumeneHust
CHeHAJU3HPOBAHHBIX BHIYUCINTENeH, NX
COCTAB M XapaKTEePUCTHKHU

11

Coeps! IpIMEHEHHS CIICIHATM3UPOBAHHBIX
BBIYUCIIUTENIEH, UX COCTaB U XapaKTECPUCTUKH.
/Tema/

1.2

[TpuHIMITBI TApATIETBHBIX BEIUYUCICHHH.
HCO6XOZ[I/IMOCTL M aKTYaJIbHOCTH IapaJlJICJIbHBIX
BblunciieHuil. TeHaeHmu pocra
BBIYHCITUTENHHBIX MOITHOCTEH, 3a/1a41
NPUMEHEHHSI CTICIIHATN3UPOBaHHBIX
BeIuucauTened. TpeGoBaHus, IPEABIBIIEMbBIC K
60pTOBbIM BBIYHCIIUTCIISAM. TCH}ICHHI/IH pa3BUTHUA
BBIUUCIIMTENBHBIX YCTPOHCTB. Yacrora,
BBIYHCITUTEILHbBIC SIUHUIIBI, TOTOKH, SIpa.
YacToTHBIC OrpaHUYCHHS, TAPATUICIIU3M Ha
YpOBHE KOMaH[I M IaHHBIX. 3akoH Mypa. 3akoH
Ampana. 3amaun, pemaeMbie
CIIeIMATN3UPOBAHHBIMHU BBEIUMCIUTEIAMHU.
Oco0eHHOCTH MTPUMEHEHHUS aHAJIOTOBBIX U
uudpoBbIX BeIyHcuTeneil. Ooumii 0630p
NPUMEHEHHSI CTICIIHATN3UPOBaHHBIX
Beranciutenei. Kimaccel 3agaq, pemaemeie
BBIYHCIUTENEM. THIIOBBIE apXUTEKTYPHI
BeruncnuTeneil. /Jlex/

IK-17.1-3

JI1.1J11.2

JI1.3J12.1

J12.2]713.1
€]

3auer

1.3

Jlaboparopnas pabora «ccrenoBanue
OBICTPOAEHCTBHS HapalIeIbHBIX
BBIYMCIIMTEIbHBI CHCTEM U pa3padoTKa
HapaJuleNIbHbIX aIropuTMoBy /J1ad/

MK-17.1-y
IK-17.1-B

JI1.1J11.2

JI1.3J12.1

JI2.2J13.1
€]

IloaroroBka u
craya
nabopaTopHoi
pabotsl. 3auer

1.4

[Ipopaborka yueOHOro MaTepuaa JeKIuii.
NzyueHnne MeTonMUECKNX yKa3aHUH, MOATOTOBKA
K j1abopaTopHoii pabore /Cp/

IK-17.1-3
MK-17.1-y
[1IK-17.1-B

JI1.1J11.2

JI1.3J12.1

J12.2J13.1
€]

3auer

1.5

Knaccuduxauus napauieabHbIX apXUTEKTYP.
/Tema/

1.6

Knaccuduxauus napauienabHbIX apXUTEKTYP.
[TapamnenusM Ha ypOBHE MHCTPYKIHH.
BexkropHble Beraucienus. O0o0ImeHHas
cucremarvka OIMHHA U ee JeTaau3anus.
[ousTHst MynbTHIIPOLIECCOPA,
MYJIBTHKOMITBIOTEPA, BBIYUCIUTEILHOTO
knacrepa. OcOOEHHOCTH IPUMEHEHUS U
JIOCTYIHBIE JUISl Pa3JIMYHBIX apXUTEKTYP
TEXHOJIOTHHY TIpOrpaMMHpoBaHus. Tononoruu
ceTell mepeauy JaHHBIX B MYJIBTHKOMIIBIOTEPAX.
0030p aKTyaIbHbBIX apXUTEKTYP, IPUMEPHI

IK-17.1-3

JI1.1J11.2

JI1.3]12.1

J12.2]13.1
€

3auer

1.7

IpopaboTka y4eOHOro MaTepuana JEKIH.
/Cp/

IIK-17.1-3

J1.1J11.2

JI1.3J12.1

J12.2]13.1
€]

3auer

Pasnen 2. TunoBble 3JieMeHTHI anlnapaTHOI
APXHUTEKTYPbI BHIYUCIUTES

2.1

TumoBbIe 37IEMEHTHI aNlapaTHON apXUTEKTYPHI
Berurciuress. /Tema/




2.2 ITudpoBbie aBTOMATHI, 4YaCTOTA, TAUMHUHTH, TIK-17.1-3 JI1.1 J11.2 3ageT
3aJIepIKKH, JIATCHTHOCTb, 0a30BbIC OJIOKU JI1.3712.1
UQPOBBIX BBIYUCIHUTENCH (PETUCTPBI, CABUTOBBIC JI2.2J13.1
pErucTpHl, OJIOKU MaMATH, OUYEPEaH, €]

MYJIBTHILUIEKCOPBHI ).

CocraB 6opToBbIX Beruuciureneii. Cocran
BBIUHCIIUTENICH aBTOHOMHBIX M YIIPABIISAEMBIX
poboruzupoBanHbix cucreM. CocraB CynepOBM.
CocraB rpaduueckux craniuii. Cocran
MPOMBIIUIEHHBIX KOMITbIOTEpOB. CoCcTaB U
TpeOOBaHMSI K BEIUUCIIUTENSM B COCTaBE
obopynoBaHus cBs3u. CoCTaB U XapaKTEPUCTUKU
BBIUHCIHUTENEH It 00pabOTKH BHJIEO MOTOKA.
/Jex/

2.3 Peamusarnus pipeline cBeptku Ha C++ 1 IK-17.1-y JI1.1J11.2 TloaroroBka u
HCCIIEeI0BAHNE XapaKTEPUCTUK IIK-17.1-B JI1.3J12.1 cada
MPON3BOAUTEITHHOCTH. JI2.2J13.1 nabopaTopHoi
/J1ab/ 91 pabotsl. 3ayer

24 IIpopaboTka yueOHOr0 MaTepuana JeKIHii. IK-17.1-y JI.1 J11.2 3auer
W3yueHne METOUUECKUX yKa3aHHii, MOJAroTOBKA K [K-17.1-B JI1.3J12.1
naboparopHoi padore /Cp/ J12.2J13.1

€]
Paznen 3. MeToab! oleHKH M NOBBILIEHUS
NMPOU3BOAUTEIHLHOCTH BBIYHCIHTEEi

3.1 MeTozb! OLIEHKH ¥ MOBBIIICHHS
MPOU3BOAMUTENILHOCTH BhIuucauresei /Tema/

3.2 Tunsr 00pabaThIBaeMBIX AaHHBIX, 0COOEHHOCTH fix IK-17.1-3 JI1.1J11.2 3ager
point u float point apudmeTHky. JI1.3J12.1
Enunuiel usmepeHus: Ipou3BOAUTEILHOCTH JI2.2713.1
Beruucnureneil. Kpurepun u ocobennoctu o1
CPaBHUTEIIBHOM OIICHKHU MPOU3BOIUTEIHHOCTH
BBIUHCIUTEIBHBIX CUCTEM. [10IX0/IbI K OIIEHKH
MIPOU3BOAUTEIHHOCTH HEUPOHHBIX BBIUHCIICHUH.

MAC onepanvu. MeToauka OIeHKH
MIPOM3BOJAUTEIIEHOCTH BBITIOJIHEHNUS CBEPTOYHBIX
HEUPOHHBIX CETEeil.

IIukoBas MPON3BOAUTEIHHOCTH BEIYUCIUTEICH.
PeanbHas MpoOU3BOIUTEIBHOCTb.

Y3kue MecTa BIUSIIONIHE HA KOHEYHYIO
HPOU3BOAUTEIBLHOCTb.

/J1ex/

3.3 Peanuzanus pipeline (Max, Min, Avg Pooling) K-17.1-y JI.1J11.2 IMonroroeka u
CJI0€B Ha C++ M UCCIIEIOBAHHUE XapaKTEPUCTHK TK-17.1-B JI1.3J12.1 crava
npousBoAuTeENbHOCTH. /J1ab/ JI2.2J13.1 J1ab0paTOpHOMI

o1 pabortsl. 3ayer

3.4 [TpopaboTka yueOHOr0 MaTepuaa JICKIUH. K-17.1-y JI1.1J11.2 3auer
N3yuenne MeToquuecKkuxX yKa3aHHH, MOArOTOBKA K [IK-17.1-B JI1.3J12.1
naboparopHoii padore /Cp/ JI2.2713.1
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Paznen 4. 3nakomcTBO ¢ TexHogaorusimu CUDA
u OpenCL
4.1 Beruncinenus na GPU  /Tema/




4.2 Boruncnenns Ha GPU. Oco0eHHOCTH apXUTEKTYpBI IK-17.2-3 JI.1J11.2 3auer
GPU. Cynepkommsiorepsl Ha GPU (mpumepsr). JI1.3J12.1
OpenCL, Cuda o6mue cBeaeHus. JI2.2713.1
IIpuninun opranusanuy BeIYMCIEHUH Ha €]
TeTEePOreHHBIX BHIYUCIUTEIBHBIX CHCTEMAX.
[onstus, BBenennsle OpenCL: xoct, miatdopma,
YCTPOUCTBO, s1po. Monenb naMaTH NpHUMeHsIeMast
B OpenCL. UnTepdeiic oOMeHa TaHHBIMH.
BekropHble U CKaJsIpHBIE OTepalui 00paboTKu
JaHHBIX. TUIBI JAaHHBIX JOCTYIIHbIE AL
06paboTku. OrpaHn4eHus npu
nporpammupoBanui. OpenCL — OpenGL
Interoperation. AToMapHbIe onepanny, 6apbepsl,
cuaxponun3zaius Work items.
/JTex/
4.3 TIpopaGoTka yaebHOro Matepuana neximi. /Cp/ TK-17.2-y JI.1 J11.2 3auer
[K-17.2-B JI1.3712.1
J12.2J13.1
€)!
4.4 ApxutekTypa rpapuueckoro npoueccopa Ha [K-17.2-3 JI1.1J11.2 3ager
ocaoBe CUDA NVIDIA. HaGopsl HHCTPYMEHTOB. JI1.3J12.1
CrpyKTypa npocTeiiero npuiioXeH s, adIoHbI JI2.2713.1
MPOrPaMMHUPOBAHUS, MOJETH HCIIOIHECHUSL.
OCHOBHBIE HEH MTOBBIIICHHS POM3BOIUTEIHHOCTH
B Mozierin CUDA, ciocoObl TIpeoiosieH st mpooieM
MPOU3BOUTEIHHOCTH COBPEMEHHBIX MAaCCOBBIX
npoueccopoB. CUDA- pacumpeHus s36IK0B
nporpammupoBanus. API CUDA Runtime.
ITnardopma Rapids. /JIex/
4.5 HccnenoBanue nokasareneid Mpou3BOAUTEILHOCTH TIK-17.2-Y JI1.1J11.2 TloaroroBka u
pabotsl koza 06padorku u3zobpaxenuii Ha OpenCL IK-17.2-B JI1.3J12.1 caada
u CPU (nposepka Biustaust kema CPU). /J1a6/ JI2.2J13.1 nabopaTopHOi
pabotsl. 3auer
4.6 HccnenoBanue nokasareneid NpoOU3BOAUTEIbHOCTH TIK-17.2-Y JI1.1 JI1.2 IlogroroBka n
pabotsl koa OpenCL ¢ npuMeHeHre aTOMapHBIX T1K-17.2-B JI1.3J12.1 ciava
MEPEMEHHBIX, 0apBEPOB U YACTUYHO MEPErPy3KH JI2.2J13.1 nabopaTopHOn
JIAaHHBIX C XOCT ycTpoiicTBa. /J1ab/ pabotsl. 3auer
4.7 IIpopaboTka yueOHOr0 MaTepuaa JeKIHii. MK-17.2-y JI.1 J11.2 3auer
M3ydeHre MEeTOIN4ECKUX yKa3aHUH, MOJIrOTOBKA K [1K-17.2-B JI1.3J12.1
naboparopHoii padore /Cp/ JI2.2J13.1
Pa3nen 5. HuskoypoBHeBbIe I3bIKH
TMPOEKTUPOBAHUS BBIYHCIUTEEH
51 HuskoypoBHEBBIE S3BIKH TPOSKTUPOBAHUS
Berurciutenel /Tema/
5.2 PazButne u coctaB FPGA. SI3bIku CHHTE3a CXEM. MK-17.2-3 JI1.1J11.2 3ager
Oco0eHHOCTH CHHTE3a BBIUMCIUTENEH Ha 0ase JI1.3J12.1
FPGA. Bosmoxnocru CAIIP mis FPGA. JI2.2713.1
OcHoBsl Verilog. OcaoBet HLS. IDE st cuHTte3a u
CHMYJISIIH TIPOSKTHPYEMBIX YCTPOWCTB.
IToagxonpl K OTJIaAKe KOIA.
/JTex/
5.3 Peanuzarnust pipeline cBeptku Ha verilog u C++. TK-17.2-y JI.1 J11.2 TloaroroBka u
HccnenoBanue xapakTepucTuk pabotel. /J1a6/ IK-17.2-B JI1.3J12.1 ciava
J12.2J13.1 na00paTOpHOIt
pabortel. 3auer
5.4 TIpopaboTka y4eOHOro MaTepuasa JeKIHi. TIK-17.2-Y JI1.1J11.2 3auer
N3yyenne MeToquueckux yKa3aHui, MOArOTOBKA K IIK-17.2-B JI1.3J12.1
nabopaTtopHoii pabote /Cp/ JI2.2]13.1
Pasnen 6. Ilogxonsl k NPOeKTHPOBAHNIO
BBICOKOIIP OM3BOIUTEIbHBIX BHIYNCIUTENIEH
6.1 IToaxomp! K MPOEKTUPOBAHUIO

BBICOKOIIPOMU3BOAUTCIBHBIX BeIUucuTenei /Tema/




6.2 Komngeiiepsl, 1 KOHBEHEepHBIH MOAXO0 K 3 MK-17.2-3 JI1.1J11.2 3auer
MTOCTPOEHUIO BEIYHCIUTEIHHON apXUTEKTYPHI. JI1.3J12.1
OCo0EeHHOCTH ITOTOKOBOM 00pa0OTKHU TaHHBIX. JI2.2713.1
HuskoypoBHeBast KoHBelepHas peanu3aius
CBepXTOUYHbIX cioeB, FIR gunbsrpoB, GyHKImi
akrtuBanuu (ReLU, curmoun, rurep cuHyc, THIIEP
TaHTeHc), stueiiku LSTM.
HuskoypoBHEBOE TOHUMaHHE MHOT' OIIOTOYHOCTH.
ITpoGneMbl MHOTOIIOTOYHOCTH. Bapbepsi,
ceMadopsl ¥ UX anmaparHas peaan3aiys.
/JTex/
6.3 TIpopaboTka yueObHOro Matepuana nekuumi. /Cp/ 5 TK-17.2-3 JI.1J11.2 3auer
IK-17.2-y JI1.3J12.1
IK-17.2-B JI2.2713.1
6.4 TTomxomel k anmapaTHOMY MOJICITUPOBAHUIO U 2 IK-17.2-3 JI.1J11.2 3auer
peanuzauuu SIMD 6nokoB. /Jlex/ JI1.3J12.1
JI2.2J13.1
6.5 HccenemoBanust XapaKTepUCTHK paOOTHI 4 [K-17.2-y JI1.1J11.2 TloaroroBka u
peanuzanus pipeline multi layer Conv, Conv2D, I1K-17.2-B JI1.3J12.1 cada
Conv3D cnoes Ha HLS. /JIa6/ JI2.2713.1 nabopaTopHOi
pabotel. 3ayer
6.6 IIpopaGoTka yuebHOro MaTepuasa JeKIui. 5 MK-17.2-3 JI1.1J11.2 3auer
W3yueHne METOUUECKUX YKa3aHHil, OJrOTOBKA K IK-17.2-y JI1.3J12.1
naboparopHoii pabore /Cp/ [1K-17.2-B J12.2713.1
6.7 IToaxomp! K CKOPOCTHBIM CIIOCO0aM 0OMEHa 2 TIK-17.2-3 JI1.1 J11.2 3auer
nmaHHbIMU. CriocoObl cuHxpoHu3anuu. Cross JI1.3J12.1
Clocking Domain. MexaHU3MBI PyKOIIOMKATHSL. JI2.2J13.1
[Iuael nepenaun nanneix, Xilinx AXI, DMA,
DMA Scatter/Gather. Cepuanmzanus —
necupeanu3anus qanaeix. LVDS.
/Jex/
6.8 MonennpoBanue peanuzanuu pipeline sueriku 4 MK-17.2-y JI.1J11.2 IloaroroBka u
LSTM Ha verilog u C++. /J1a6/ JI1.3712.1 crava
J12.2713.1 7Ta00paToOpHOM
pabotsl. 3ader
6.9 IIpopaboTka yueOHOr0 MaTepuana JeKIHii. 6 TK-17.2-3 JI.1 J11.2 3auer
W3yueHne METOUUECKUX yKa3aHHii, OJrOTOBKA K IK-17.2-y JI1.3712.1
naboparopHoi padore /Cp/ [1K-17.2-B J12.2J13.1
Paznen 7. IloaroroBka K 3a4yerty
7.1 IMoaroroBka k 3auety /Tema/ 0
7.2 TTonroroeka k 3auety /3a4ér/ 8,75 T1IK-17.1-3 JI1.1 J11.2 3auer
IK-17.1-y JI1.3J12.1
I1K-17.1-B JI2.2J13.1
TK-17.2-3 21
MK-17.2-y
[K-17.2-B
7.3 3auer /KP/ 0,25 TIK-17.1-3 JI1.1 J11.2 3auer
MK-17.1-y JI1.3J12.1
[K-17.1-B J12.2713.1
I1K-17.2-3 21
MK-17.2-y
IK-17.2-B

5. OHEHOYHBIE MATEPHUAJIbI 1O JTUCITUIIJIMHE (MOAY JIIO)

®DoH/1 OLIEHOYHBIX CPEICTB M0 JUCHHUILTUHE TpeicTaBiieH B [IpunoxkeHnu k pabouei mporpaMmMe TUCHUTUTUHBI (CM. TIOKYMEHT
«OueHoYHbIe MaTepHasl 1o qucuuiuinae «l[IporpaMMupoBaHue CrielMaNu3upPOBAaHHBIX BBIYMCIUTEINCHY).

6. YYEBHO-METO/JUYECKOE U UHO®OPMAIIMOHHOE OBECHHEYEHHME /TUCITUITIJIMHBI (MO Y JIST)

6.1. PekomeHnayemast qureparypa

6.1.1. OcHoBHast IUTepaTypa




Ne ABTOpBI, COCTaBUTEIH 3arnaBue WznarensctBo, | KommuecrBo/
rof Ha3BaHue ObC
JI1.1 |Bsokurus A. 1O. HNudopmaTika 1 nporpaMMHpOBaHHE : yaeOHOe ocodne Mocksa: 978-5-98079-
MoCKOBCKHI 819-2,
rymanuTapueiid  |http://www.ipr
YHHBEPCHTET, bookshop.ru/1
2012, 294 c. 4517 .html
JI1.2 |AnToHOB A. C. [TapannensHoe mporpaMMHUpPOBaHUE C UCIOIb30BAHHEM Mockaa: 2227-8397,
TexHomorud MPI WnrepHer- http://www.ipr
VYHuBepcurer bookshop.ru/7
Wnudopmarmonn |3704.html
bix TexHonmorui
(MHTYUT),
2016, 83 c.
JI1.3 |AnTtonos, A. C. [MapamnensHOEe NPOrpaMMHUPOBAHUE C UCIIOIB30BAaHUEM Mocksa: 978-5-4497-
texHonmoruu MPI : yueGHoe nocobue WurepHer- 0934-9,
YHuBepcurer https://www.ip
Wudopmarwonn [rbookshop.ru/
pix Texnonoruii (102043.html
(MHTYUT), Aix
IIn Ap Menua,
2021, 83 c.
6.1.2. lononHUTeIbHAS JIUTEPATYpa
Ne ABTOpBI, COCTaBUTENN 3arnasue WzpatenscrBo, | Kommuecro/
rof Ha3Banue ObC
JI2.1 |MIumkun A. ., Ipaktuxym «IIporpaMmupoBanue Ha s3bike Cu» CaHnkr- 5-86813-045-
Yepuenosa E. A. ITerepOypr: 6,
Poccuiickuii http://www.ipr
rocymapcrBenn  [bookshop.ru/l
I 7958.html
THIPOMETEOPOI
OrM4ECKUM
YHUBEPCHUTET,
2003, 52 c.
J12.2  |HIumkun A. . IIporpammupoBanue Ha s3bike CH : yueOHOe mocobue CaHkr- 2227-8397,
IetepOypr: http://www.ipr
Poccuiickuii bookshop.ru/l
rocymapcrBenn  [7959.html
I}
THIPOMETEOPOI
OrM4ECKUM
YHUBEPCHUTET,
2003, 104 c.
6.1.3. MeTroanyeckue pazpaboTku
Ne ABTOpBI, COCTaBUTENN 3arnaBue WsnarenscrBo, | Kommuectso/
rof Ha3Banue ObC
JI3.1 |OBeukun I'.B. O1ICHOYHBIE M METOIUYECKHE MAaTePHAIIbI 110 TUCIUIINHE Pazans: , 2023, |,
«[IporpaMMHUpOBaHKE CIICIUATH3UPOBAHHBIX BHIYUCITUTENCH : https://elib.rsre
MertoauiecKue yKa3zaHus u.ru/ebs/downl
0ad/3876
6.2. Ilepeyens pecypcoB HH(POPMALMOHHO-TeJIeKOMMYHHKAIIUOHHOI ceTu "UHTepHeT"
31 |DnekrponHas oubimoreka eLib

6.3 Ilepedyens NporpaMMHOro odecrieueHus H HHPOPMANHOHHBIX CIIPABOYHBIX CHCTEM

6.3.1 TlepeyeHb JHIIEH3HOHHOTO U CBOOOTHO PACIPOCTPAHSAEMOr0 MPOrPpaMMHOro odecreyeHusi, B TOM YHCJIe 0TeYeCTBEHHOr0

MPOU3BOACTBA

HaumeHnoBanue

Onucanmne




Visual studio community Cso6omnoe 1O

Chrome Csob6oanoe 1O
Python CB00OOIIHO pacHpocTpaHsieMOe MPOrpaMMHOE 00eCIIeUeHHEe MO THIICH3USAMHU
6.3.2 IlepeueHb UHGOPMAIHOHHBIX CIPABOYHBIX CHCTEM
6.3.2.1 |Mudopmanuonno-npasosoit nopran TAPAHT.PY http://www.garant.ru
6.3.2.2 |Cucrema Koncynprantlliroc http://www.consultant.ru
6.3.2.3 [CmpaBounas npaBoBas cucrema «KoncymprantIlmocy (zoroBop 06 mHdopmanmonHon momnepkke Nel342/455-100 ot
28.10.2011r.)
7. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHBI (MOAYJIS)
206-1 y4yeOHO-aAMUHHUCTPATUBHBIA KOpIyC. Y4eOHas ayauTopusl UIi TPOBEACHHUS 3aHATHH JICKIIMOHHOIO U
CEMHUHAPCKOTr0 TUTIA, TPYMIOBBIX U HHIAWBHIYATBHBIX KOHCYJIBTAIMMH, TEKYIETO KOHTPOJS U MPOMEXKYTOYHON aTTeCTAlUuH
42 mecr,
1 TIK:
1 LIT: Intel i7 6700
0O3V:8T16
M3VY: 120Gb ssd + 500 I'6 (1 mT. npenonaBaTeIbCKHi)
Tenesuzop: PHILIPS U7PEL4606H/60
noxkyment-kamepa: AVER Media POB3 (AverVision 330)
JIokyMeHT-kamepa: AverVisionF33 POE7D;
110 yueOHO-aAMUHUACTPATUBHBIA KOPIYC. Y4eOHasi ayAUTOPHS JUIsl IPOBEICHUS 3aHSITHH JICKIIMOHHOTO U CEMHUHAPCKOT0
THUIIa, TPYIIIOBBIX ¥ HHIMBUIYAIbHBIX KOHCYJIBTALUH, TEKYIET0 KOHTPOJIS M IIPOMEXyTouHO# arTectanun 20 mect (+20
MECT 338 KOMIIBIOTEPHBIMU CTOTaMH)
IMpoextop: HITACHI CP-X400 3LCD
2 21 TIK ¢ BO3MOXHOCTBIO MOJKITIOUEHHUS K ceTH «HTepHEeT» U 00ecnedeHHeM JIOCTYIa B AIIEKTPOHHYI0 HH(OPMAIIHOHHO-
00pa30oBaTeNbHYIO CPEy:
LIT: Intel 15-12400
O3V: 1616
I13V: ssd 512 I'6 (20 1wt. MOHOOJIOK + 11IT. IPENoaBaTEIbCKUH)
206-2 y4eOHO-aIMUHUCTPATHBHBIA KOPITYC. AyIUTOPHS IS CAMOCTOSTEIbHOM paboTel 18 Mecr,
Tenesuzop PHILIPS 46PFL3208T/60;
18 1K ¢ BO3MOXKHOCTBIO MOAKITIOYEHUS K ceTU «MHTepHEeT» 1 00ecleyeHHeM AO0CTYNa B ANEKTPOHHYIO HH(OPMAIIMOHHO -
3 00pa30oBaTeNbHYIO CPeay:
LIT: AMD al0 7800
0O3VY: 8 Gb
I13Y: 500-1000 Gb (18 mrt.)
206-2 yuyeOHO-aIMUHUCTPATHBHBIA KOpmyc. YueOHas ayauTopusi JUIs TPOBEICHHS 3aHATHH JICKIIMOHHOTO H
CEMHHAPCKOT0 TUIIA, TPYNIOBBIX U HHANBHAYATBHBIX KOHCYJIBTAIMH, TEKYIETO KOHTPOIS U IIPOMEXYTOYHON aTTeCTaluH
18 mecr,
Tenesuzop PHILIPS 46PFL3208T/60;
4 18 TIK ¢ BO3MOXXHOCTBIO TIOJKITIOUSHHUS K ceTH «IHTepHeT» U 00eCcIeueHHeM JIOCTYIa B dJICKTPOHHYIO WH()OPMAIIMOHHO-
00pa3oBaTeNbHYIO Cpemy:
LIT: AMD al0 7800
0O3VY: 8 Gb
I13Y: 500-1000 Gb (18 mt.)
206-3 y4eOHO-aIMUHHCTPATUBHBII KOpryc. YueOHas ayauTOpHs JUIs caMOCTOsATeNbHOH padotel IIpoektop: InFocus
LP640
31 TIK ¢ BO3MOXHOCTBIO MOJKITIOUEHHS K ceTH «HTepHeT» U 00eCIeUueHHEM TOCTYIA B JICKTPOHHYIO WH()OPMAIIMOHHO-
5 00pa3oBaTeNBHYIO CPEeny:
LJT: Intel 17 6700
0O3V:8T16
I13V: 120Gb ssd + 500 I'6 (31 mit.)
206-3 yueOHO-aJIMUHHMCTPATUBHBIH Kopmyc. Y4yeOHas ayauTopus s TNPOBEJCHUS MPAKTUYCCKUH 3aHSATHH,
nabopartopHsix padot [Ipoekrop: InFocus LP640
31 TIK ¢ BO3MOXHOCTBIO MOJKITIOUEHHS K ceTH «HTepHeT» U 00eCIeUeHHEM TOCTYIA B dJICKTPOHHYIO WH()OPMAIMOHHO -
6 00pa3oBaTeNbHYIO Cpery:

LII: Intel 17 6700
O3VY:8T16
I13V: 120Gb ssd + 500 T'6 (31 mt.)

)




206-4 yaeOHO-aIMUHHUCTPATUBHBIA KOpITyC. YueOHast ayAUTOPUS ISl IPOBEICHUS MPAKTHICCKUI 3aHATHIHA, JTAOOPaTOPHBIX
pador 30 IIK ¢ BO3MOXKHOCTBIO MOAKIIOUYCHHS K ceTn «/HTepHeT» M 00eCIeYeHHEM JOCTyNa B 3JICKTPOHHYIO
HH(OPMAIIOHHO-00pa30BaTEILHYIO CPELY:

IIIT: Intel 15-12400

O3Y:16T6

I13VY:ssd 512 I'6 (18 1mT. MOHOOITOK)

IIIT: Intel i7 6700
0O3V:8T6
I13V: 120Gb ssd + 500 I'6 (12 mrt.)

206-4 y4eOHO-aMUHUCTPATUBHBIA KOpryc. Y4eOHas ayAuTOpus JJs CaMOCTOSTEIbHOH paboThI 30 TIK ¢
BO3MOXHOCTHIO ~ TIOAKITIOYEHUs: K  cetdn  «MHTEepHeT» W oOOecrmedeHWeM  JOCTyIa B DJICKTPOHHYIO
HH(OPMAIIMOHHO-00Pa30BaTEIBHYIO CPENY:

TIIT: Intel 15-12400

o3V: 1616

TI3VY: ssd 512 T'6 (18 mt. MOHOGIIOK)

HIT: Intel 17 6700
O3VY:8T16
I13Y: 120Gb ssd + 500 I'6 (12 mit.)

8. METOAUYECKUE MATEPHAJIBI IO IMCIHUIIJIMHE (MO YJIIO)

Metoauaeckoe odecrieueHne 1Mo AUCIUILTHHE MpeacTaBieHo B [Ipmioxkennn k padodeli mporpaMmme AUCHUILIHHBL (CM. JOKYMEHT
«MeToaudeckue MaTepuaisl o aucuumuinie «[IporpaMMupoBaHye CrienuanTi3uPOBAaHHBIX BBIYUCIHTENCHY).

[IOKYMEHT NMOAMMUCAH 3IEKTPOHHOW NMOAMMCHIO

noannCcAHO ®reoy BO "PrPTY", PTPTY, OBeukuH M'eHHaawmi 12.10.26 08:32 (MSK) MNpocTas noanucb
3ABEAYIOLLMM Bnaaummposuy, 3aBeaytowmii kadeapoit BNM

KA®EPbI

NOANNCAHO ®reoy BO "PrPTY", PIPTY, OBeukuH M'eHHaaui 12.10.26 08:33 (MSK) MpocTas noanucb
3ABEAYIOLLMM Bnagvmuposuy, 3aBeaytowmin kaceapoi BMM

BbIMYCKAIOLLIEN

KA®E/IPbI

Onepatop 340 000 "KomnaHus "TeH3op" ——




