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1 Hesn n 3axa4M M3y4YeHUs JUCHHUILIMHBI (MOIYJIsST)

1.1 Ilean ocBOeHUsI TUCUHUILIMHBI

YyeOHast qucruruimHa « MEKpOIPOIECCOPHAs TEXHUKA B ONTUYECKUX CHCTEMaX CBSI3H
CTAaBUT CBOCH IIENIbI0 M3YyYEHUE APXUTEKTYPhl CETEBBIX YCTPOHCTB O0OpabOTKH TPAHCHOPTHBIX
MIOTOKOB B CETSIX IMPOBAiiIepa CBS3U, BIUSHUS UCIIOJIb30BAHUS PA3IMYHBIX BAPUAHTOB PeaTu3allun
KOMMYTaIuu, ceteBbix mporeccopoB, ASIC, FPGA, NP, CPU, koHBeiiepoB Ha BO3MOKHOCTH
TEJICKOMMYHUKAIIMOHHOTO 00OPYJOBAaHUS, B TOM YHUCIIC BO3MOXHOCTEH I pean3aiuu 3a1a4d

CETeBOW KOHBEPreHIMH; a TaK K€ [PUMEHSITh COBPEMEHHBIE TEOpPETHYECKHEe U
AKCIIEPUMEHTAJIbHBIE METOJIbl C LEJIbI0 CO3/IaHUSl HOBBIX IIEPCIEKTUBHBIX  CPEICTB
MH(OKOMMYHUKAIIUA.

1.2 3agauu M CHUILTHHEI

Kak Tonbko ceTeBOW HH)KEHEp CMeHIaeT CBOM (DOKyC CO CTaHAapTHU3UPOBAHHBIX
IPOTOKOJIOB B 00J1aCTh 00paOOTKH MMAKETOB, OH MA/IaeT B IPONACTh OECKOHEYHBIX KOMIIPOMHUCCOB,
I7ie HeT YHUBEpCaIbHBIX O0TBETOB, HeT RFC, HeT ucuepmneiBaromux ManyanoB. 1 yem rioy0xe o
NajaeT, TEM CTpAalllHEe CTAHOBUTCS pa3HooOpasue Jeraneid u HroaHcoB. Kak pesynbraT B
COBPEMEHHBIX 3aJ]auyax CETEeBOI KOHBEPIeHIIMH HE JOCTATOYHO 3HATH OTPACIEBbIE CTAHIAPTHI —
Ba)XHO IIPH 3TOM €IlI€ TOHUMATh, KaK OyAeT (yHKIMOHUPOBATh BHEAPSAEMBIH y3el KaK B IITATHOM,
TaKk ¥ B HEHITATHON CUTYyallud U HACKOJBKO 3((HEKTUBHO, BOZMOXKHO JIM Oy/AET MPU STOM YTO-TO
HCIIPAaBUTh, @ CAMOE INIABHOE — KTO U KaK 3TO CMOXKET C/I€IaTh, U CKOJIBKO JUJIsl 3TOr0 MOTpedyeTcs
BpeMeHH. [1oaToMy, OCHOBHOM 3ajaueii AUCUUILINHBI ABISETCS B (OPMUPOBAHUU y CTYACHTOB
NOHMMAHUSA BHYTPEHHETO (YHKIIMOHUPOBAHUSA COBPEMEHHBIX CETEBBIX YCTPOMCTB, U Kak
CIIEICTBUE: CCIOCOOHOCTHM NPHUMEHATH COBPEMEHHBIE TEOPETUYECKUE, AKCIEPUMEHTaIbHbIC
METO/IBI HCCIIEJOBAHUS C LIENIbIO CO3/IaHUSI HOBBIX MEPCIIEKTUBHBIX CPEICTB MHPOKOMMYHHKAIIHNA
U TUTAaHUPOBAHUIO MOJCPHU3ALIUU CETEBBIX YCTPOICTB.

1.3 MecTo aucuuminHbl (MOyJs) B CTPYKTYpe 00pa3oBaTeIbHOI POrpaMMbl

Jucuummmza «MuKpoIponeccopHasl TEXHUKa B ONTHYECKUX CUCTEMAX CBSI3M» OTHOCHUTCS
K GopMHpYyeMOIl ydacTHMKaMU 00pa30oBaTeIbHBIX OTHOIICHWH dactu broka 1 "JlucuurinHbl
(Mogynu) mo BbIOOpPY" yueOHOro IiaHa. B cooTBeTCTBMM ¢ paboyuM Y4eOHBIM TLIAHOM
JUCIUIUINHA M3y4yaeTcss Ha 4-M Kypce mo ouyHoil ¢opme oOyueHus. Bun npomexyrodHoin
aTTecTalllii: B BOCbMOM CEMECTPE — 3auerT.

Matepuran IUCHUIUIMHBI BECbMa OOBEMEH, U CJIOXKEH B IMOHUMAHUM, [O3TOMY Ui €ro
OCBOCHMS HEOOXOJIMMO YCIEUIHOE YCBOEHHE COIYTCTBYIOUIUX JUCLUILINH: «MaTeMaTudyecKkuit
aHanu3», «JluckperHas wmarematuka», «Teopust ayeKTpudeckux Ienei», «CXxeMOTeXHHKa
TEJIEKOMMYHHUKAIIHOHHBIX CUCTEM, «ONIEKTPONUTAHNE YCTPOMCTB u CUCTEM
TEJIeKOMMYHUKaUi», «OnTudeckue IUPPOBbIE  TEIEKOMMYHHUKAIIMOHHBIE  CHCTEMBI,
«ugpoBas 3neKTpOHUKA», « DTEKTPOHUKAY.

1.4 IlepevyeHb NMJaHMpyeMbIX pe3y/JbTATOB O0y4eHUS] MO AMCUHUILIMHE (MOAYJIIO),
COOTHECEHHBIX C IVIAHUPYEMBIMH Pe3yJIbTATAMH OCBOCHHS 00Pa30BaTeJIbHOM IPOrpaMMBbI

N3yuenne paHHON y4ueOHOW JWCHMIUIMHBI HampaBieHO Ha (OpMUpPOBAHUE VY
oOyuaromuxcs obmenpodeccnonanbubix komnerennuii: [1K-1, TIK-2
KOH 1 HAMMCHOBAHUEC PeSyJ’IBTaTBI 06y‘lCHI/I${ IO JUCHHUITIMHE

METOJIBI HCCIIeIOBaHMUS
C LIENBIO CO3AaHMS
HOBBIX IIEPCIIEKTUBHBIX
CpencTB
NH()OKOMMYHHKALUH,
UCIIOJIb30BAHHIO U

HBIX TEXHOJIOTHH.

Ne HMHIMKATOpa
TLII. JOCTHKEHUS 3HATh yMeThb BJIaJeTh
KOMIETEHINH

1. [K-1 Crmocoben IlepcnekTuBHBIE HUcnonb3zoBath HaBbikamu ananuza
MIPUMEHSTh TEXHOJIOTHH JIJIS HOPMATHUBHYIO XapaKTePUCTHK
COBpPEMEHHEBIE peanm3anuu 3aga4q JIOKYMEHTAIHIO B TEIEKOMMYHHUKAIIMOHH
TEOPETHUYECKHE U CETEeBOM KOHBEPreHIMH. | 00JacTu oro o6opyI0BaHUS AT
9KCIEpPUMEHTAIbHBIE MHPOKOMMYHHUKAIIMOH | TIAHUPOBAHUS

pa3BI/ITI/I${ CCTHU HpI/I
BHEJPCHUU HOBBIX
TEXHOJIOTHH CBSI3H.




KO)_'I 1 HAMMCHOBAHUEC

Pe3yJILTaTbI 06y‘~ICHI/I${ 10 JUCHMITJTIMHEC

JaHHBIX Pa3sBUTUA U
ONITUMM3AIIMU CCTHU
CBs3H.

06.018 D/01.7, D/02.7
06.027 E/04.6

IpuHuns
(YHKIHOHAPOBAHUS
CETEBBIX aIMapaTHBIX
CPEIICTB.

ADPXUTEKTYpY CETEBBIX
annapaTHbIX CPE/ICTB.

ITpuniune! paboTsl
CETEBBIX 3JIEMEHTOB.

IIporokosbl
B3aUMOJCHCTBUS
OTKPBITHIX CHCTEM.

BBITNIOJIHCHUS 3aJ1a4H.

ITons30BaThCs
HOPMAaTHBHO-
TEXHUIECKOH
JIOKyMEHTalueH B
obnactu
MH()OKOMMYHHKAIOH
HBIX TEXHOJIOTHH.

OTcnexxuBaTh
pa3BUTHE
MHPOKOMMYHHUKAITOH
HBIX TEXHOJIOTHH.

No HMHAUKATOpa
ILIL. JOCTIDKCHUS 3HaTh yMeTh BJIa/IeTh
KOMIETCHIIHI
BHEIPECHUIO
pe3yIbTaTOB
HUCCIIEIOBAHUN
06.018 D/03.7
2. [NK-2 Cmocoben k | OcHOBY AHanm3upoBaTh Hasrikamu BeIOOpa

coopy UCXOJIHBIX | MHKPOIPOLECCOPHBIX BO3MOXXHOCTH HOBBIX TEXHOJIOTUH A1
JaHHBIX U | TEXHOJIOTHI CPEICTB CBA3M. obecreueHus
IUIAHUPOBAHUIO HCIIONB3yEMBIX B IpeICTaBICHHUS YCIYT
MOZACPHHU3ALHI 000pyHOBaHHUH CETEH OcCymLIecTBIATh NONCK, | CBS3U B COOTBETCTBHHU
CEeTeBBIX YCTPOWCTB M | CBS3M. AQHAIN3UPOBATH U C MOTPEOUTEBCKUM
MIPOrpaMMHOTO OLICHUBATh CIPOCOM.
obecrieueHus OCHOBHBIE MTapaMeTPEI nndopmanmto,
WH()OKOMMYHHKAIIMOH | 00OpYIOBaHUS CBSI3H HEOOXOUMYIO JUIst HaBBIKAMHU
HBIX CHCTEM JUISL aHATT3a UCXOIHBIX | 3(QQEKTUBHOTO MPOTHO3UPOBAHUS

CPOKOB MOJEPHU3ALUU
CETEBBIX YCTPOUCTB.

PG3YJ'IBT3TI)I 06y11eH1/1$1 M0 AUCHUINIMHE OJOCTUTAIOTCA B PaMKax OCYIICCTBIICHHA BCEX
BU 0B KOHTAKTHOM M CaMOCTOSTEIbHOM pa6OTI>I o6yqa101u14xc5{ B COOTBCTCTBUH C YTBCPKACHHBIM

y4€OHBIM IJIAHOM.

I/IH,[[I/IKaTOPBI JOCTHIKCHUA

KOMIIETEHIINN

CUHUTAKOTCA

JOCTMIKCHUHU COOTBECTCTBYIOIIUX UM PE3YJIbTATOB 06y‘~IeHI/I$[.

2. CTpyKTYpa M coiep:KaHue M CHHIJIMHbI

c(OpMHPOBAHHBIMU

npu

2.1 PacnipeaesieHne TPYA0EMKOCTH AUCHHUILIMHBI IO BHAaM padoT
O6mas Tpy10€MKOCTh AUCIUILINHBI cocTaBisieT 3 3a4.ell. (108 yacoB), ux pacnpezneneHue
10 BUJaM paboT npeacTaBieHo B Tabauie (s cryaeHToB 390).

Bupn pabot Bcero Ceccun Ha 4-M Kypcee (J4achl)
4acoB 3UMHSS JETHSIS

KonTakTHas pa6oTa, B TOM 4HCJIe:
IAyIMTOpPHBIE 3aHATHSI (BCEro):
3aHATHS JEKIMOHHOIO THUIA 4 4
[TPAKTUYECKHE 3aHATUS 4 4
itabopaTopHbIE 3aHATHUS 4 4
MHasi kOHTAKTHasA padoTa:
KonTposus camocrositesnsHo# pabotsl (KCP)
IMpomexyrounas arrecranus (MKP) 0,2 0,2
CamocTosiTe1bHasi padoTa, B TOM YHcJIe:
CamocTosTeIbHOE 3yYeHUE Pa3/iesioB, CAMOIIOIrOTOBKA 92 28 64
(1popaboTKa ¥ NOBTOPEHHE JICKIIMOHHOTO MaTepuaia u




MaTepralia yueOHHKOB U y4eOHBIX II0COOMIt, TTOATOTOBKA K
iTabopaTOPHBIM 3aHSATHIM)
KoHTpoab: 3,8 3,8
Bager
OO0 ast TPYI0EeMKOCTh yac. 108 36 72
B TOM YHCJIe
12,2 8 4,2
KOHTaKTHasi padora
|3aq. eq 3 1 2
KonrakTHas pabota mnpu  NPOBEACHUH  Y4YEOHBIX  3aHATHH 1O  JUCHUIIIMHE

«MHKpPOIIPOLIECCOPHAsl TEXHUKA B ONTUYECKUX CUCTEMAX CBS3M» BKIIOYAET B ceOsl: 3aHATHUSA
JIEKIIMOHHOT'O TUIIA, IPAaKTUYECKUE 3aHTUs, Ja00paTOpHbIE PabOThl, IPYIIIOBbIE KOHCYJIbTAllUN
(Tak e ¥ BHEayIUTOPHBIE, uepes AeKTpoHHYI0 cpey MS Teams). IIpomexyrounas arrectanus
B TECTOBOM M YCTHOM (hopMax.

2.2 Coneprxkanue TMCHUNINHbBI
Pacnipenenenne BuoB yueOHOM pabOTHI M UX TPYIOEMKOCTH 10 pa3jiesiaM JUCIUTITUHBI.

Pasnensl (TeMbl) TUCHUIUIMHBI (3a04Has hopma).

KonmuectBo yacos
Ne HaumenoBanue pa3aenos (Tem) Beero Ayﬂ%TOOTI;HaH KCP BHel};%IZTT(;pHaﬂ
J | 113 | JIP CPC
1. |ApXuUTeKTypa CETEeBEIX yCTPOICTB 32 2 2 28
5 MHKpOKOHT?OJIHepr JUIi  MOOWJIBHBIX 64 5 5 5 58
TPUIJIOKECHUH
3 [penenbHbIE BO3MOKHOCTH POYTEpOB Juniper 8 2 6
" |cepun MX
HUTOI'O no pasdenam oucyuniurvl 104 4 4 4 92
3auér 0,2
KonTpons 3,8
OO0mast TPyAOEeMKOCTb 10 TUCIIATUTHHE 108

[Tpumeuanue: JI — nexmun, [13 — mpaktuueckue 3ansatust / cemunapsl, JIP — maboparopusie
3anastusi, CPC — camoctosiTenbHast paboTa cTyieHTa

2.3 Coaep:xanue pa3iesoB (TeM) TUCHUTIIHHBI
2.3.1 3ausaTHud JeKINOHHOr0 THIIA

HaunmenoBanue
paszaena (TeMbl)

Coneprkanue pasjena (TeMbl)

®dopmMma
TEKYLIETO
KOHTPOJIS

Apxutextypa
YCTPOMICTB

CECTECBBIX

Tune! unnoB. KoMnpomuccsr: ckopocTh, pyHKIIMOHATEHOCTH,
rubkocTh, ena. CPU, ASIC, FPGA, NP, Programmable
ASIC.Yumsl 11 AaTAICHTPOBBIX KOMMYTATOPOB. APXHTEKTypa
ASIC: ®usnueckoe yctpoiictBo, SerDes, PHY, Silicon Photonics,
Packaging n Advanced Packaging. Jlormueckoe ycTpoicTBo:
Pre-Ingress processing, Parser, Ingress Match-Action, Traffic
Manager + MMU, Egress Match-Action, Deparser, Pipeline,
Programmable Pipeline. Apxurextypa namsitu: Crossbar, Shared
Buffers, Dedicated + Shared buffers, Headroom buffers, Admission
Control, Combined Input and Output queuing, Virtual Output
Queueing. [IporpammupoBanue FPGA Ha ocHoBe GNU Lite Bepcun
Quartus. BBenenue B Verilog/SystemVerilog. CHHXpOHHBIN
nu3aita. Co3manue mpocThix TecToenuein. Onucanne FSM,
MaccuBOB ¥ CTpYKTyp B SystemVerilog. ITamsaTe: co3nanue ¢
romoiieio Verilog.

JIP

MuUKpOKOHTPOIIIEPHI
MOOWIIBHBIX TPUIIOKCHHHA

JJIA

[IpumeHeHre MUKPOKOHTPOJIIEpOB Ha ocHoBe ARM mporeccopos B
COBPEMCHHOW pactpeeEHHOM ceTH cOOpa JaHHBIX C TaTYUKOB.

MeTOﬂLI nepeaayn JaHHbIX MO CTaHAAPTHBIM HHTep(i)eﬁcaM.

JIP




3amuta naboparoproit padotsl (JIP), xomnoksuym (K), TectupoBanwue (T), BemonHeHHE
MPAKTUYECKUX 3aJaHui Ha mpakTHueckux 3ausatusx (I13).

2.3.2 IIlpakTHYecKHe 3aHATHS.

HanmenoBanue . dopMa TeKyLIETO
TemaTnka IPaKTUIECKUX 3aHATHH
Ne pazzena KOHTPOJIA
1 2 3
1. |MuKpOKOHTPOIIIEPHI LIS [MoapoOHsIii pa3dop BOZMOXKHOCTEH,
MOOMJIBHBIX ITPUIIOKEHU I UHTEP(EHCOB U CXEMOTEXHUYECKUX PEIICHHUH B
IIaTe pa3pabdoTyrKa anmnapaTHO-MPOrpaMMHOTO
koMIutekca. Omnpesenenne HeoOX0AUMBIX
cBeneHni B datasheet u aaroputM pacnonoxeHus
nndopmanun. Kommonentsr 1986BE91T,
1892BM 144, Ha 6a3e smpa Cortex, ¢ JIP
BcTpoeHHBIM Ethernet maTEpdeticom.
Cootnomenne ¢ STM32F407TG. Ioaxmoyenne
MHUKpOKOHTpoJutepa uepe3 Ethernet narepdeiic k
Internet cetu (pa3z0op cXeMBI U TPOTPAMMBI
ynpasinieHus uepe3 UDP u TCP ycrpoiicTB npu
MTOMOIIIM MUKPOKOHTPOJUIEPOB)
2. |[IpenenbHBIE BO3MOXXHOCTH OnpeneneHue  CTpyKTypbl  B3auMmojeiicteus|IIpoBepka YCBOEHH
poytepoB Juniper cepun MX nuHTep(EHCHBIX, IPOrPaMMHBIX U MUKPOCXEMHBIX |MaTepHaa o
KOMIIAHEHTOB, Ha IpuMepe cepud  MX.|aKTUBHOCTU CTYyJI€HTa BO
OnpeneneHue TMOHATHA M B3aUMOCBSI3M TaKUX |BpeMs 3aHATHUS.
kommaHenTos, kak FPC/DPC/MPC, MIC/ PIC,
RE/SCB, Control u Data Plane. Pacuyer
NpOIyCKHOH  crmocoOHocTn  Tpuo — 4umrceToB
¢dhupmbl Juniper mpu paznuaHOM THIIE U hopmare
HarpysKH.
2.3.3 JIabopaTopHbIe 3aHATHS.
No Hanverosanue HanmvenoBanue nabopatopHbIx paboT Popwma Texyrmero
paszena KOHTPOJIA
1 2 8 4
TEXHUUYECKHUM OTUET 110
1. IMpunrune! nporpammuposanus [IJIMC B Quartus 11 71a00paTOPHBIM
| |Apxurektypa paboram
CETEBBIX YCTPOUCTB . TEXHUYECKUM OTYET 110
KoneuHsle aBTOMAThI 1 OTKa30yCTOHYMBOCTD CHCTEM Ha
2. 1a00paTOPHBIM
TJINC
paboram
[MpuHIMTIB MPOTPaMMHUPOBAHUS MHUKPOKOHTPOJUIEPA | TEXHUIECKUIT OTUET 110
3. STM32f407VGT6 B cpene Keil uVision 1a00paTOPHBIM
| paboTam
HccnenoBaHue CHUCTEMHOrO TalMepa U AacNEKTOB CUCTEMbI|TEXHHUYECKHH OTUYET MO
4. IIpepbIBaHII MUKPOKOHTPOILIEPa 71a00paTOPHBIM
| paboram
[Tpuém u nepemaqa mo cpencteom UART TEXHUYECKUH OTUET 110
> MUKpPOKOHTPOJIIEPHI HabopatopeiM
——{ TSI MOOVITEHBIX v padoram v m
. W3ydeHne  BBICOKOCKOPOCTHOH  OIM(POBKH  MOTOKOBOTO|TEXHHYECKHH OTUET IO
g, [(TPrIOYEHHH aHAJIOrOBO CHUTHAJIA 1a00paTOPHBIM
| paboram
Monyss nngpo-aHanoroBo mpeodpasoparests. [IpsamMon JOCTYH | TEXHHYECKIH OTYET 1O
7. B MIAMSITb. 1a00paTOPHBIM
| paboTam
Ilepenaua pganHEIX MukKpokoHTpomiepoM STM32F4 uepes|TexHHUYECKHH OTUYET MO
8. Ethernet unTepdetic 71a00paTOPHBIM
paboram




Pa3zpabotka mporpammbel nepenaun  JaHHbIX 10 CAN|TeXHHWYECKHiH OTYET 11O
9. uHTEepdEiicy nmabopaTOpPHBIM
paboram

[Tpu n3y4eHnn AMCIMUIUIMHBI IPUMEHSIOTCS HEKOTOPBIE aCTIEKTHI MOJICITH «IIEPEBEPHYTOTO
Oo0y4YeHHs» B PEXKHUME TUCKYCCHOHHO-OPMEHTHPOBAHHOTO MEPEeBEPHYTOr0 Kjacca WU
BUPTYQJIFHOTO MEpeBEPHYTOrO Kjlacca: JAMCTAaHLIUMOHHBIE 00pa30BaTelbHBIE TEXHOJIOTUH
(anexTpoHHOE 00yueHue) B popMe CMENIAaHHOTO 00YYCHHsI, OCHOBAHHOTO Ha COYETAHUH OYHOTO
o0y4yeHus: U OOy4eHUs] KOMIBIOTEPHBIMH CPEICTBAMH, BKJIIOYAIOIIMMH acCIeKThl B (opmare
JTUCTaHIIMOHHOTO 00y4eHus B coorBeTcTBUU ¢ @I'OC BO. B ycnoBusx pa3BuUTHS 3IEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENBFHOM CpeAbl By3a B KayecTBE YIPABJICHUS OOydeHHEM BBIOpaHa
wiatpopma Moodle, oHako, COBMECTHO ¢ HEH [U1s1 CO3AaHNUs U MyOIMKaIMY KOHTEHTA U Y9eOHBIX
00BEKTOB HCIIONB3YIOTCS: CIIy)k0a BHIAEO TpaHcisnuu Microsoft Stream W MHCTpyMEHT Juis
KOMMYHHKAIMH U 00paTHOH cBsi3u Microsoft Teams.

2.3.4 IlpumepHasi TeMaTHKA KyPCOBBIX Pa0doT (IIPOEKTOB)
CornacHo y4yeOHOMY IUJIaHY KypCOBBIE paOOTHI (MPOEKTHI) MO JAHHOW TUCHUILIMHE HE
PEyCMOTPEHBI.

2.4 llepeyeHb y4eOHO-METOAMYECKOI0 O0ecneYeHUs AJIs1 CAMOCTOATEIbHOH padoThl
00y4yaroIuXcs Mo JUCHUILIMHE (MOYJIIO)

HepequL y‘le6HO'MGTO,Z[I/I‘IeCKOFO obecneyeHus JUCHUILINHBI I10

No Bung CPC N
BBITIOJTHEHHUIO CAMOCTOSTEIIBHON PabOTHI
1 |[Ipopabotka y4eOHOTO 1. Oropomuukos, M. H. MukpomnpoueccopHas TexHuKa: BBeneHne B Cortex-
(TeopeTHuecKkoro M3 : yuebOHOe mocobue st By30B / Mocksa : UzparensctBo FOpaiit, 2021.
MaTepHuaia), HoArotopkak  |— 116.c..
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VY4eOHO-MeTOIUYECKUE MaTepHalibl JJIsl CaMOCTOSITENbHON paboThl OOYyYaroIIUXCs W3
YHCIIa MHBAIK/IOB U JIUI] C OTPAHUYEHHBIMU BO3MOXHOCTSIMHU 3/10poBbst (OB3) npenocTaBistoTcs
B (hopMax, aJanTUPOBAHHBIX K OTPAHUYEHUSIM UX 3/JOPOBBS U BOCIIPUITHS HH(POpMALIUU:

Jist T ¢ HapyIIEHUSIMH 3pEHHUSL:

— B [1€4aTHON (hopMe YBEIMYEHHBIM HIPUPTOM,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA,

JUist a1 ¢ HapyIIEHUSIMU CITyXa!

— B IIeYaTHOM (opme,

— B (hopMe 2IEKTPOHHOTO TOKYMEHTA.

JUst TUI ¢ HapyIISHUSIMH OTTIOPHO-/IBUTATEIILHOTO amIapara:

— B Ie4aTHoi (opme,



— B hopMe IEKTPOHHOTO IOKYMEHTA,

— B (hopme ayauodaiina.

JlaHHBIN TepeueHb MOXET OBITh KOHKPETHU3UPOBAH B 3aBUCHUMOCTH OT KOHTHHTEHTA
oOydJaronuxcs.

3. O0pa3oBaTejibHbIe TEXHOJOIMH, NPHMeHsieMble NPH OCBOCHHHU JAWCHUILINHBI
(Mmomyuis)

[Tpy u3yyeHnn TUCUMIUIMHBI IPOBOJATCS CIEAYIOIIME BUIbl YUEOHBIX 3aHATHI U padoT:
JICKIMH, TPAKTHYECKUE 3aHATHS, OMAIIHHE 3a/aHus, TECTUPOBAHME, 3alIUTa J1AaOOPaTOPHBIX
paboT, KOHCYJIbTallMM C IpenojaBaTeieM, CaMOCTOATENbHAs paboTa CTYIEHTOB (M3ydeHHE
TEOPETUYECKOI0 MaTepuana, IOArOTOBKAa K NPAKTMUYECKUMHU 3aHATHSAM, IOJAIOTOBKA K
7a00paTOPHBIM 3aHATHUSAM, BBIOJHEHHME JOMAIHUX 3aJaHHUi, MOJrOTOBKA K TECTUPOBAHMIO,
3a4eTy U K3aMEHY).

JUis mpoBeneHusl JIEKUMOHHBIX 3aHATUH HCHONB3YIOTCS MYJIbTUMEAUNHHBIE CpPEACTBa
BOCIIPOM3BEICHHUS aKTUBHOT'O COACPKUMOTO (3aHATHSI B MHTEPAKTHBHOHN (popMe), TTO3BOJISIOIIEr0
CTYAEHTY BOCIIPUHMMATh OCOOCHHOCTH U3y4yaeMOM JTUCLHITIIMHBI, UTPAIOIIKE PEIIAIOLIYI0 POJIb B
NOHMMAHUKM M BOCTIPUSTHH, a TaK k€ B (popMuUpoOBaHUH NPOPECCHOHATIBHBIX KOMITETECHIIHHA.
CryneHTy B peXXUMe CaMOCTOSITENIbHOW PabOThl PEKOMEHIyeTCsl U3yYeHHE BUueomMarepuaia Jo1l.
JeKIMA 10 HW3y4aeMbIM Bompocam joctynHble uMm B Moodle, marepuans popmupyrorcs
IpernoJiaBaTeseM U OOHOBIISIOTCS €XKET0IHO.

[Tpu mpoBexeHuu J1abOPaTOPHBIX pabOT MOATpYyNIAa pa3zdoWBaeTCsl Ha KOMAaHJIBI MO 2-3
yenoBeka. Kaxnoit komanzae BbIJAETCs 3a/JlaHUE HaA BBINOJIHEHUE JaOOpaTOpHOl pPabOTHI
CTyneHTbl CaMOCTOSITENILHO PACTIPEAEIIAIOT 00513aHHOCTU U IIPUCTYIIAOT K BHIIIOJHEHUIO 3a/1aHNUS,
B3aUMOJICHCTBYST Mexay cobOoil. IlpenogaBarenb KOHTPOJIMPYET XOJ BBITOJHEHHUS PabOThI
Ka)XI0M TPYIIOH, KOTOpasi BBIKJIAIbIBACT IPOMEKYTOUHbIC pe3ynbTartel B Moodle. Yrounsist xon
paboThl, €caM CTYAEHTHl UYTO-TO BBINOJHSIOT HE MNPaBWIbHO, NpEnojaBaTeilb MOMOTaeT UM
IPEOAOJETh CIOKHbIE MOMEHTBI U TIPOBEPSIET JOCTOBEPHOCTh IOJYYEHHBIX PE3YJIbTATOB.
KomaHnzap! 0TBE4YarOT HAa TEOPETUYECKUE KOHTPOJIBHBIE U JOTIOJIHUTEIbHBIE BOIIPOCHI U 3AIUILAI0T
nabopaTopHyIO paboTy.

[To n3yyaemoli AMCLMIUIMHE CTYAEHTaM IPENOCTABIIAETCS BO3MOXKHOCTB IOJIb30BAThHCS
yu4eOHO-METOIMYECKUMHU MaTepuajaMi U PEKOMEHJALUsSMU pPa3MEIIEHHbIMA B 3JEKTPOHHOM
UH(POpMaIIMOHHO-00pa3oBaTeNbHOM cpenie MoaynbHoro unamuueckoro O6yuenus Kyol'V.

Takum 00pa3oM, OCHOBHBIMHM 00pa30BaTeJibHbIMH TeXHOJIOTHSIMH, MCIOJIb3YeMbIMH B
y4eOHOM mpouecce SIBIAIOTCA: WHTEPAKTUBHAs JIEKIUS C MYJIbTUMEAMMHON CHCTEMOM U
AKTUBHBIM BOBJIEYEHHEM CTYJEHTOB B Yy4eOHBIH THporecc; O0OCYXKIEHUE CIOXKHBIX U
JMCKYCCHOHHBIX BOIIPOCOB U MpOOJEM M € MHOCIEAYIOUIMM pa30opoM 3THX BOIPOCOB Ha
MPAKTUYECKUX 3aHSTUSAX, Ja0OpaTOpHbIE 3aHATHS — paboTa CTYIEHTOB B MajblX TpyINNax B
pEXMMaxX B3aUMOAEHUCTBUS «IIPENOAABATENL — CTYACHT», «CTYIAEHT — MPENOIaBaTEeNby, «CTYIEHT —
cryneHt». [Ipu nmpoBeneHUn MpakTUYECKUX U JIAOOPATOPHBIX YYEOHBIX 3aHITUH MPEeTyCMOTPEHO
pa3BuUTHE Yy OOy4arolUMXcs HaBBIKOB KOMAaHAHOW palOOoThl, MEKIMYHOCTHOW KOMMYHHKAIIWH,
MPUHSTHS pelIeHUH 1 JIUAEPCKUX KayecTB.

Jng un ¢ OrpaHUYeHHBIMM BO3MO>KHOCTSIMHM 3/I0POBBSI IIPEAYCMOTPEHA OpPIraHU3aLMs
KOHCYJIbTAIM C UCTIOJIb30BAHUEM AIICKTPOHHOM mouThl ik Microsoft Teams.

IIpy wu3yyeHUM AUCUMIIIMHBI MOTYT TPUMEHATCS HEKOTOpPBbIE AacleKThl MOJAEIN
«TEepeBEPHYTOTO0 OOYUYEHUS» B PEKUME IUCKYCCHOHHO-OPUEHTHPOBAHHOIO MEPEBEPHYTOTO
Kjacca WM BUPTYaJbHOTO MEpPEeBEPHYTOrO Kiacca: JAUCTAaHIMOHHBIE O0pa3zoBaTelbHbIE
TEXHOJIOTUH (DJEKTPOHHOE O0ydyeHHe) B (GopMe CMEUIaHHOrOo OO0Yy4YeHHS, OCHOBAHHOIO Ha
COYETaHUM OYHOro OOyueHHs M OOYy4eHHUS KOMIBIOTEPHBIMH CpEACTBAMH, BKIIOYAIOIINMHU
HEKOTOphIE acleKThl B (hopMare NUCTAaHIIMOHHOrO o0ydeHus B coorBeTcTBuM ¢ ®PI'OC BO. B
YCIIOBUSAX Pa3BUTHS AJIEKTPOHHOU MH(POPMAIIMOHHO-00pa30BaTEIbHON Cpebl By3a B KauecTBe
yrIpaBieHus: o0ydyeHrneM BbiOpaHa ruiatrgopma Moodle, omHako, COBMECTHO € HEH ISl CO3aHuUs
U MMyOJIMKAIMM KOHTEHTa U y4eOHBIX OOBEKTOB HCIIONB3YIOTCA: CIY)X0a BHIIEO TPAHCIALUU



Microsoft Stream 1 HUHCTpYMEHT 11 KOMMYHHKAIMK U 00paTHOH cBsi3u Microsoft Teams.

4. OueHoOYHbIE CPeACTBA JAJ TeKYLIero KOHTPOJISA yCIeBaeMOCTH U NMPOMeKYTOYHOM

NOCTHKEHUN

aTTreCTalumn

OHCHO‘IHHG cpeacrtBa MnpeaHasHAauCHbI JII KOHTPOJI MW OLCHKHU O6pa30BaTCJIBHbIX

oOy4Jaronmxcs,

OCBOHMBIIHNX

nporpammy

((MI/IKpOHpOI_IeCCOpHaH TCXHHUKA B OIITHYCCKHUX CUCTCEMaxX CBA3H).

yaeOHOH

JUCHUILINHBI

OueHOYHBIE CPECTBA BKIIIOYAET KOHTPOJIbHBIC MAaTE€pUaibl JIJIsl MPOBEACHUS TEKYIIero
KOHTPOJIs B popMme 1ab0paTOpHbIX 3a/laHUi ¥ BOIIPOCOB K HUM NMPOMEKYTOYHOI aTTecTaluu B
(dbopMe TeCTOBBIX 3aJJaHUIl HA 3a4eT.

CprRTypa OLHCHOYHBIX CPEACTB AJHA TeKleIeﬁ H l'lpOMe)KyTO‘IHOﬁ aTreCranmmu

Kon 1 HanmeHOBaHMe HanMeHoBaHNE OLICHOYHOIO CPECTBA
Ne Pe3ynbraTel 00y4eHus
HMHIUKAaTOpa . [IpomexyrouHas
/11 (B cootBeTcTBUH C 1. 1.4) Texkymuil KOHTPOJIb
(B cootBeTcTBHU C 1I. 1.4) aTTeCTalus
[K-1 Cmocoben 3HaTh NEPCIEKTUBHBIE TecToBoe 3aueTHOE
MIPUMEHSATH COBPEMEHHBIC | TEXHOJOTHH AJIS 3aJjaHue.
TEOPETHYECKHE U peanuzanyy 3a1a4d
9KCTIEpPUMEHTAIbHBIC CETEeBOH KOHBEPTEHIINH.
METO/IBI MICCIIEIOBAHNUS C YMeTh UCTIOTBb30BaTh JlabopaTopHBIe pabOTHI [IpakTryeckne
LIEJIBIO CO3JTaHMSI HOBBIX HOPMAaTHBHYIO 3a4eTHbIC 3a1aHHS.
MEPCIIEKTUBHBIX CPEICTB JIOKyMEHTAIH1IO B 00J1acTH
1 WH()OKOMMYHHKALUH, I/IH(i)OKOMME’HI/IKaHI/IOHHI)IX
UCIIOJIb30BAHHIO U TEXHOJIOTH.
BHEJIPEHHUIO PE3YJIbTaTOB BianeTts HaBBIKAMH JlabopatopHbie paboThI TecrToBoe 3aueTHOE
UCCIIe/I0BaHUM aHAIM3a XapaKTePUCTHUK 3aj1aHue.
TEJIEKOMMYHHKAIIHOHHOTO
obopymoBaHus IS
TUTAaHWPOBAHUS Pa3BUTHS
CeTH IPH BHEIPCHUHU
HOBBIX T€XHOJIOTHH CBSI3H.
[IK-2 Cnocoben k cbopy | 3HaTh OCHOBY JlabopaTopHEIe pabOTHI [paxTryeckue
UCXOJHBIX  JAHHBIX W | MHKpPOIPOIECCOPHBIX 3a4eTHbIC 3a1aHMs.
TUTAHUPOBAHHIO TEXHOJIOTHH
MOJICpPHH3AIIMNA  CETEBBIX | HCIIOJIB3YyEMBIX B
YCTPOMCTB u | o0opymoBaHHHM ceTel
IPOrpaMMHOTO CBSI3H.
obecrnieueHus 3HaTh OCHOBHBIE TecTtoBoe 3aueTHOE
NH()OKOMMYHHKAIIMOHHBIX | MapaMeTpsl 3a/1aHme
cucTeM 000pyIOBaHUSI CBSI3U ISt
aHaJIM3a UCXOIHBIX
2 JIAaHHBIX PA3BUTHS U
ONTHMU3AIIMU CETH CBSI3H.
YMeTh aHaJIM3UpOBaTh JlabopaTopHsie paboTHI [pakTryeckne
BO3MOXKHOCTH HOBBIX 3a4eTHbIC 3a1aHMs.
CPE/ICTB CBSI3H.
YMeTb 0CyIIEeCTBIISTh JlabopaTopHsie paboTHI [pakTryeckne
TIOUCK, aHAIIN3UPOBATH U 3a4eTHbIC 3a1aHHs.
olLeHMBaTh HH(opManuio,
HEOOXOTUMYIO JUTSI
3¢ HEKTUBHOTO
BBITIOJTHEHHS 33/1a49H.




Bnangers HaBbIKaMU
BEIOOpA TEXHOJIOTHH [T
obecneueHus
MPE/ICTABICHUS YCIYT
CBSI3H B COOTBETCTBHH C
MOTPEOUTETHCKIM
CIIPOCOM.

JlabopaTopHsie paboThI

TecToBOE 3a4ETHOE
3a7aHHE.

3HaeT NPUHLUIIBI
(yHKIIMOHMPOBaHUS
CETEBBIX alNapaTHBIX
CpEICTB.

JlabopaTopHbIie pabOTHI

TecTtoBoe 3aueTHOE
3aJlaHue.

3HaeT apXUTEKTYpy
CETEeBBIX aIIapaTHBIX
CpEICTB.

JlabopaTopHbIe pabOTHI

TecToBoe 3aueTHOE
3aaHHE.

3HaeT NPUHIUTIBL PaOOTHI
CETEBBIX AJICMEHTOB.

JlabopaTopHbIie pabOTHI

TecToBoe 3aueTHOE
3aJlaHHE.

3HaeT TIPOTOKOJIbL
B3aHMO,Z[€ﬁCTBH5[
OTKPBITBIX CUCTCM.

JlabopaTopHEIe pabOTHI

TecToBoe 3aueTHOC
3aJaHuC.

YMeeT nonb30BaThest
HOPMAaTUBHO-TEXHUYECKON
JIOKYMEHTAIUCH B 00J1aCTH
HH(POKOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH.

JlabopaTopHbie pabOThI

TecToBoe 3aueTHOE
3aJ]aHHE.

YMeeT oTclie)KUBaTh
pasBuTHe
HHPOKOMMYHHUKAITHOHHBIX
TEXHOJIOTHH.

TecToBoe 3aueTHOE
3aJlaHHUeE.

Brnaneer HaBbIKaMu
MPOTHO3UPOBAHMS CPOKOB
MOJICPHU3AIIMN CETEBBIX
YCTPOICTB.

TecToBoe 3aueTHOC
3aJaHucC.

TunoBbie KOHTPOJIbHBIC 3aJaHUS] MU HHbIE MAaTEePHAJIbl, HEOOXOAMMBIE VI OLCHKH

3HAHMH, YMEHH, HABBIKOB H (MJIH) ONBITA AEATEIbHOCTH, XapaKTePU3YIOIIHUX ITaANbI
(opMHupoOBaHUSsI KOMIIETEHIIHIT B IpoLecce OCBOCHHUsI 00Pa30BaTeIbHON NMPOIrpPaMMbl
Ilpumepuwiii nepeuens 60npocoe u 3a0anuil

Bonpoch! 1 3a1anus mo JIaGopaTOPHBIM PadoTaM IS TeKYIIelH aTTeCTAlMN YKa3aHbI
B METOJMYKe: MHUKPOIIPOLIECCOPHAs TEXHUKA B CUCTEMAX CBA3M : TaOOPATOPHBIN MPaKTUKYM / A.
C. Jleruenko, K. C. Kopotkos, H. A. fAkoBenko, A. A. babenko; KyoI'Y. - Kpacunonap, 2018. -
194 c.

3a4eTHO-3K3aMeHAIlHOHHbIC MATePHAJIbI 1JIsl IPOMEKYTOYHOM aTTecTaluu (3a4eT)
IIpumepsl BONIPOCOB 3aJaHUs TeCTa AJIsl IPOMEKYTOYHOH aTTeCTAlUuH

B poyrep MX480 ¢upmsl Juniper BcraBiensl ase SCB u nse MPC-3D-16XGE-SFPP.
KaxoBo xommuectBo Plane (TumitHOB) B 9TOM citydae?

B poyrep MX960 dupmser Juniper BcraBnens! 1se SCB u mects MPC-3D-16XGE-SFPP.
KakoBo konmuuecTtBo Plane (mmaitHOB) B 3TOM citydae?

B poyrep MX960 ¢upmst Juniper BctaBiens! Tpu SCB u mects MPC-3D-16XGE-SFPP.
KakoBo xommuecTtBo Plane (mmaitHOB) B 3TOM citydae?



Trio-uuncer poyrepa Juniper MX80 mmeer ckopocTh 00pabOTKH 55 MIJIH. MAKeTOB B
CEeKyHJy, a IPOITyCcKHYI0 criocoOoHocTs 70 I'0nt/c. Onpeaenuts KakoBa MPOITyCKHAs CIOCOOHOCTD
BbIpakeHHast B 1 '0UT/c poyTepa, eciu yepe3 Hero OyayT TUIIOTETHYECKU MPOXOAUTH TOJIBKO 96-
0alTOBBIC MAKETHI?

Trio-uuncer poyrepa Juniper MX80 mmeeT CKOpOCTh O0OpabOTKH 55 MIIH. MMakeTOB B
CEeKYyH]Iy, a IPOIYCKHYI0 criocoOHocTh 70 I'6mT/c. OnpenennTh KakoBa MPOITyCKHAast CHOCOOHOCTh
BhIpaKeHHasi B [ OUT/c poyTepa, eciiu 4yepe3 Hero OyIyT TUIIOTETHYECKU MPOXOIUTh TOJBKO 64-
0aiiToBBIC MAKETHI?

Trio-uuncer poyrepa Juniper MX80 mmeer ckopocTh 00pabOTKM 55 MJIH. MaKeTOB B
CEeKyHJy, a IPOITyCKHYI0 criocooHocTs 70 I'0nt/c. OnpenenuTts KakoBa MPOITyCKHAs CIOCOOHOCTD
BbIpakeHHast B [ 6uT/c poyTrepa, eciu uepes3 Hero OyAyT TMIOTETHYECKH IPOXOIUTh TOJIbKO 128-
0aliTOBBIC TAKETHI?

Trio-uuncerst B MPC-3D-16XGE-SFPP poyrepa MX480 ¢upmbr Juniper umeror
CKOPOCTh 00pabOTKH 55 MIIH. TTAKETOB B CEKYHIY, a MPONYyCKHYI0 criocobHocTs 70 I'out/c. B
poytepe wucnonb3yor ase MPC-3D-16XGE-SFPP wu 3aneiictBoBanbl Bce HMHTEp(hENCHI.
OnpenenuTh KakoBa MPOMYCKHAs CIIOCOOHOCTH BhIpakeHHas B ['OuT/c poyTepa, eciau yepe3 Hero
OyAyT THIIOTETUYECKU IMPOXOIMTH TOJNBKO 96-OaiiToBbie makerhl? (I[Ipu pacuére yuectb, 4TO
TpaduK pacnpeaenét no uarepdencaM paBHOMEPHO).

B nporpamme nns mukpokxontposuiepa STM32F4 kTo-To nbITancst reHepupoBaTh CUTHA.
s yero ucnonszoBai cBsa3b DMA u DAC (nepBsiii Mmonyinb LIAIT), a Takke 0OAMH U3 CHCTEMHBIX
tarimepoB (TIM2 noaxmrouennsiit k muHe APB1). Jlanusie B DAC nukinyecku nepechuiatoTes
U3 ajpecHoro Oydepa: T.e. HUKIMYECKH MEHsSEM aJpec JaHHBIX B Oydepe, yBeIMUUBas ero Ha
eAMHMILY KaX/bli pa3 npu ycnemHoil nepeaaun u3 DMA B DAC no cpaGaThiBaHHIO CUCTEMHOTO
Taiimepa. McXOAHBIM HMCTOYHMKOM TaKTHPOBAHMs [UIsl KOHTPOJUIEpA BBICTYNAET BHEIIHUMN
KBapIeBbIil pe3oHarop Ha 8§ MI'n. M3BecTHO, uTO KOHDUTYypanus aenuteneii: M = 4, N = 400,
P=8, npexn nenurtenb MaTpULbl BBICOKOCKOPOCTHBIX IIMH PaBEH JABYM, a Mpeja JIeIUTENb HIMHBI
APBI1 pagen uetbipém. Uemy paBHa 4actora cucreMHoro Taktupoanusi PLLCLK?

B nporpamme nns mukpoxontposuiepa STM32F4 kTo-To nbITancst reHepupoBaTh CUTHA.
Jns uero ucnonszoBai cBsi3b DMA u DAC (nepBsiii Mmonynb LIAIT), a Takke 0OMH U3 CHCTEMHBIX
tarimepoB (TIM2 noakmrouennsiit k muHe APB1). Jlanusie B DAC nukinyecku nepechuiatoTes
U3 ajzpecHoro Oydepa: T.e. HUKIMUECKH MEHSEM ajpec JaHHbIX B Oydepe, yBennuuBas ero Ha
eAMHMILY KaX/IbIil pa3 npu ycnemHoi nepeaaun u3 DMA B DAC no cpa®aTbIBaHHIO CUCTEMHOTO
taiiMepa. VICXOIHBIM HMCTOYHHMKOM TAaKTUPOBAHMUS JJI KOHTpOJUIEpa BBICTYNAET BHEUIHUU
KBapIleBblii pe3oHaTop Ha 8§ MI'1. M3BecTHO, uto KOHUTypanus nemurenein: M = 8, N = 360,
P=2, npen nenutens MaTPHUIIbl BBICOKOCKOPOCTHBIX IIIMH PABEH €IMHMUIIBI, a IPEJI ASTUTEIb IIIMHBI
APBI1 pasen uetbipém. Uemy paBHa 9actota cucreMHoro Taktupoanust PLLCLK?

Bbr coOupaerech mpu momomu nudpoaHasoroporo mnpeodpazoBaTesis B MHUKPOKOHTpOJLIEpE
STM32F4 renepupoBaTh TpeyroybHbli curtai ¢ amiummryznoi 0,7 Boaera u yactoroi 8xI'1 Ha
BBIBOAHOM HOXKEe PA4. Jlns vero ucnons3yere cBsazb DMA u DAC (mepsoiii Moayns L[AID), a
TaK)K€ OJIUH U3 CUCTEMHBIX TaiimepoB. /lanHele B DAC nuxnmuueckn nepecbuialorcs U3 32-x
aapecHoro Oydepa: T.e. HMKIMYECKH MEHSEM aJpec JaHHbIX B Oydepe, yBenuuuBas €ro Ha
€IMHUILY KaXJIbIi pa3 npu ycrnemHoi nepenaun 3 DMA B DAC no cpaGaThIBaHUIO CHCTEMHOTO
TaliMepa. MUKpPOKOHTPOJUIEp TaKTHpyeTcs: OT BHemHero kBapra S8klm. Kakum momkHBI OBITH
BBICTaBIIeHBI KOd(dunneHTsl Aenureneid u maoxureneit B STM32F4: N, M, Q, P, APBI1, AHB, a
TaK e 3HA4YCHHE Tpe]a JCTUTEeNs U mepuoja cpabarbiBaHus cucTeMHoro taiimepa? Ilpu stowm,



HEOOXOIUMO  00s3aTeNbHO  y4eCTh PEKOMEHIAIMI0, OTHOCHUTEIBHO YAacCTOTHI CHUTHAla
noctymnaroniero H a Bxoq VCO nocne aenurens M (momkHa exaTh B ipeaenax 1-2 MI ).

Bbr  cobupaerech mnpu  momomu — U(pPOAHAIOrOBOro  mpeoOpa3zoBaTens B
MuKpokoHTpouiepe STM32F4 renepupoBarh NHIOOOpPA3HBI CHUTHAI C  IOJIOKUTEIBHBIM
HaKkJIOHOM W ammuuTynoid 1 BonbT m yacroroi 37kl Ha BbIBOJHOW HOXKe PA4. Jlns yero
ucnoaszyere cBsizb DMA u DAC (nepsbiii Moaynb LIAIl), a Takke OIMH W3 CHCTEMHBIX
tarimepoB. [lanubie B DAC mukinueckn nepecbuiatoTcs u3 16-Tu ampecHoro Oydepa: T.e.
[UKIIUYECKH MEHSIEM aJIpeC JaHHBIX B Oydepe, yBeIUuHuBas €ro Ha CAMHHILY KaXAbIH pa3 mpH
ycnemHo mepemaun 3 DMA B DAC 1o cpabaThiBaHHIO CHCTEMHOTO Taimepa.
MUKpPOKOHTPOJIJIEp TAKTUPYETCs OT BHeHTHero kBapiia 8kl 1. Kakum H0mKHBI OBITh BBICTABICHBI
koaurmenter genuteneld u mMHoxkurtenerd B STM32F4: N, M, Q, P, APB1, AHB, a Tak xe
3HAUEHUE TIpel JeNHuTelIs W Iepuoja cpabaThiBaHUs CcHCTEMHOTo Taiimepa? Ilpu sTom,
HEOOXOaUMO  00s3aTebHO y4YeCTh PEKOMEHJAllMI0, OTHOCHTEIBHO YacTOTHl CHUTHAla
noctynarotiero H a Bxoq VCO nocne aenurens M (nomkHa nexats B peaenax 1-2 MI ).

Ber  cobupaerech mpu  moMomu — nudpoaHaAIOroBoro  mpeobpasoBarens B
MUKpokoHTpoiiepe STM32F4 renepupoBaTh TapMOHMYECKMH CHUTHAl C MOJIOKUTEIbHBIM
HaKkJOHOM U ammuintynoil 1 BoabT u uyactoroit 48kl Ha BbIBo#HOM HOXke PA4. Jlns gero
ucnonezyere cBsizsb DMA u DAC (mepBbiii Mmoaynb LIAII), a Takke OOUH U3 CHCTEMHBIX
taiimepoB. [lanubie B DAC uukinuuecku nepecbuiatorcs u3 16-tu ampecHoro Oydepa: T.e.
UKIUYECKH MEHSeM aJipec JaHHbIX B Oydepe, yBeIuuMBas ero Ha €AMHUILY KaXAbIH pa3 MmpH
ycnemHo mnepenaun u3 DMA B DAC 1no cpabaTbiBaHUIO CHCTEMHOro Taiimepa.
MUuKpOKOHTpOJIIEP TaKTUPYETCs OT BHenIHero kBapua Skl 1. Kakue 3HaueHus 1oykeH coaepraTh
o0ydep, ecu onopHoe 3HaueHue Hanpspkenus LIAIT pasuo 3.3 Boubra.

[Ipu otnagke mporpamMMmbl MO Tepenadyd AaHHBIX B ceTh Erhernet Ber momyuwmnm
CIIEIYIONIYIO TOCIEeIOBATENbHOCT TepeiaBaeMbIX OUT Ha cBOE yctpoiictBo. Ompenenute |IP
aJpec UCTOYHUKA TMOJTy4YeHHOTO (¢peiima. OTBET 3aNMINIUTE B JIECATUYHON CUCTEME CUHCIICHUS
OKTETHOE PA3JECICHNUE YKa3bIBATh TOUKOM.
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BriGepure npaBuiibHOE ONMcaHNe OTHOCUTENBbHO MoHsTHA ASIC:

d. OTO HUHTCTpajbHasA CXE€Ma, HACTpPOCHHAas JUIsI KOHKPETHOI'O HMCIIOJb30BaHMA, a HE JUIA 3a4a4
06H_[€FO Ha3HAa4YCHUA, OOJIBIIMHCTBO BBIYUCIUTEILHBIX Y3JI0B MOXKCT pa60TaTL napajjiCJIbHO.



b. mpencrasnser coboii HHTETPATBHYIO CXEMY, pa3pabOTaHHYIO IS KOHQUTYPAIIUH 3aKa3uHKOM
WIA Pa3padOTYMKOM MOCJIE€ M3TOTOBJICHUS C BO3MOYKHOCTBIO BBHIIMOJIHEHHS Pa3IHYHBIX 3a7ad;
OOJIBITMHCTBO BHIYMCIIUTENBHBIX Y3JI0B MOKET paboTaTh mapajjienbHo.

C. TPaH3UCTOPAMHU PEATU3YIOTCS 0a30Bble CTPOUTEIbHBIE OJIOKH — peructpsl, namsath, LUThL. U3
KOTOPBIX TIOTOM MOYHO CO3/1aBaTh HY)KHbIE ()YHKIIMOHATbHBIC OJIOKH.

d. 3TO KJacc CrenUHaTU3UPOBAHHBIX HHTEIPATBHBIX CXEM, HCIOJIb3YEeMbIX IS arnapaTHOro
YCKOpEHUs pabOThI AITOPUTMOB UCKYCCTBEHHBIX HEMPOHHBIX ceTei

Tak ke B Tecte IMPUCYTCTBYIOT BOIIPOCHI 110 THUITY MNPEABIAYIICIO Ha IIOHHMAHUC
CJICAYIOUIMX TOHSATHH U ONpe/IeIeHni B BU/I€ BOIIPOCOB C BEIOOPOM 13 3-4 BOZMOKHBIX OTBETOB:
CPU, ASIC, FPGA, NP, SerDes, PHY, Silicon Photonics, Packaging u Advanced Packaging. Pre-
Ingress processing, Parser, Ingress Match-Action, Traffic Manager + MMU, Egress Match-Action,
Deparser, Pipeline, Programmable Pipeline, Crossbar, Shared Buffers, Dedicated + Shared
buffers, Headroom buffers, Admission Control, Combined Input and Output queuing, Virtual
Output Queueing. Shallow vs Deep buffers. Hybrid Buffering. PFE, LU, XL, MQ umu XM Chips

Kpurtepuu oneHnBaHus pe3yJbTaToB 00y4eHUs!
Kpurtepuu oneHuBaHus no 3avery:

TectoBbie 3amanusi cocTouT U3 25-30 BOMPOCOB MO TEMATHYECKUM paszjesnaMm padoueid
nporpaMMbl yuyeOHOM aucuumiuebl. B 40% Bcex BOIPOCOB KaXKJOro TecTa MpEeAINoJiaraercs
BbIOOp OfHOro u3 3-4-X BO3MOXHBIX OTBeTOB. B 60% Bompocax HeoOXoIuMO Hamucarb
IPaBUJIbHBIN OTBET CAMOCTOSATENIBHO.

CucTema OLIEHOK BBITIOJIHEHHUS! KOHTPOJIBHOTO 3a4€THOTO TECTHPOBAHUS:

— «OTJIIMYHO» — KOJIMYECTBO MPABWIBHBIX OTBETOB OT 90% 10 100%;

— «XOpOII0» — KOJIMYECTBO MPAaBUIBHBIX OTBETOB OT 75% 10 90%);

— «YJOBJIETBOPUTEIBHOY» — KOJIMYECTBO NMPABUIBHBIX OTBETOB OT 60% 110 75%.

— «HE yJIOBJIETBOPUTEIHHO» — KOJIMUYECTBO MPaBUIIbHBIX OTBETOB MeHee 59%.

«3a4TeH0» BBHICTABISIETCA OOYYArOIMMCS TOJIyYUBLIEMY 10 3a4€THOMY TECTY OLCHKH
«OTIIMYHOY, «XOPOIIO» WU «yIOBIETBOPUTEIHHO» - JONMYCTHUBIINM IOTPEIIHOCTH B OTBETE HA
3ayeTe U MPHU BBHINOJHEHWU MPAKTUYECKUX 33JaHUN BBIHOCHMMBIX Ha 3a4eT, HO 00JaJaroiiuM
HEOOXOJMMBIMU 3HAHUSIMH U YMEHUSMH JIJISl UX YCTPAHEHHUs NMPH KOPPEKTHPOBKE CO CTOPOHBI
npernojiaBarers.

«He 3auyTeHo» BBICTaBIAETCS OOydaIOMIEMYyCsl TOJTYYHMBIIEMY IO 3a4ETHOMY TECTY
OLIEHKY «HE Y/JO0BJIETBOPUTEIIHO» — T.€. OOHApPYKUBIIEMY CYIIECTBEHHbIE MPOOEIBI B 3HAHUIX
OCHOBHOTO TPOTPaMMHOTO MaTepuana MO AWUCIUIUIMHE, JOIMYCTHBIIEMY NPHUHIMITHAIGHBIC
OLIMOKH B BBINOJHEHUH NPEIYCMOTPEHHBIX MPOrpaMMOil MPaKTUYECKUX 3aJaHui (OTCYTCTBUE
3HAHWI 3HAYUTEITHFHON YacTH MPOTPaMMHOTO MaTepralla; HETIOHMMAaHUE OCHOBHOTO COJICPIKaHUS
TEOPETUYECKOr0 MaTepuaia; HEyMEHHE IPHUMEHATh TEOPETHUECKUE 3HAHHUS MpPU peIIeHUH
NPaKTUYECKHX 3a/1a4; JOMTyCTUBIIEMY NMPHHIATHATEHBIEC OITHOKH.

OneHouyHble CpeiCTBa [UIsl WHBAJIMAOB M JIMII C OrPAaHUYEHHBIMH BO3MOXHOCTSMU
3/I0pOBbsI BEHIOUPAIOTCA C YUETOM UX WHAMBUIYAIbHBIX ICUXO()U3NYECKHX OCOOCHHOCTEH.

— IIpY HEOOXOJUMOCTH HHBAJIUAAM U JINLIaM C OTPaHUYEHHBIMU BO3MOXKHOCTSIMU 3/10POBbS
IIPEIOCTABIISAETCS JOMOJHUTENBHOE BPEMs JUIsl TIOATOTOBKHM OTBETA HA DK3aMEHE;

— NP MIPOBEJICHUU MPOLIETYPHl OLIEHUBAHUS PE3yJIbTAaTOB 00YyUEHHUsI UHBAIUIOB U JIULL C
OTpaHMYEHHBIMH BO3MOXHOCTSIMHU 3/10pPOBbsl IIPEAYCMATPUBAETCS MCIIOIb30BAaHUE TEXHUYECKHUX
CPEICTB, HEOOXOAUMBIX UM B CBSA3H C UX UHJIUBUIYaTbHBIMU OCOOCHHOCTIMU;

— IIpU HEOOXOAUMOCTH 7Sl 00YHaIOIUXCS ¢ OTPAHUYCHHBIMUA BO3MOKHOCTSIMH 370POBBS
U MHBAJIUAOB IpOLEIYpa OLEHUBAHUS pE3YJbTaTOB OOyUYeHHs] MO JAUCLUUIUIMHE MOXET
IIPOBOAMTHCS B HECKOJIBKO 3TAIIOB.



[Ipouenypa oreHUBaHUsI pe3yIbTaTOB OOYYEHUS WHBAIUAOB U JIUIl C OTPAaHUYCHHBIMHU
BO3MOXKHOCTSIMH  3JIOPOBbSI 10 JTUCHUIUIMHE (MOIYJIO) MpeIyCcMaTpUBaeT IPEIOCTABICHUE
uHpopManuu B QopMmax, aJanTHPOBAHHBIX K OrPAHUYCHHSIM X 3J0POBbS M BOCIPHUSATHUS
nHpopmanuu:

Jist 11 ¢ HapYIICHUSIMH 3PEHUS:

— B IIeYaTHOM popMe yBEITUYCHHBIM MIPUPTOM,

— B (hopMe 2IEKTPOHHOTO TOKYMEHTA.

JUuist T ¢ HApYIISHHUSIMU CITyXa!

— B mieyaTHoM hopme,

— B (hpopMe 3IIEKTPOHHOTO IOKYMEHTA.

Jist 11 ¢ HapyIICHUSIMHA OTIOPHO-JIBUTATEIILHOTO armapara:

— B IIeYaTHOM opme,

— B (hopMe 2IEKTPOHHOTO TOKYMEHTA.

JlaHHBII TIepeYeHb MOXET OBbITh KOHKPETH3MPOBAH B 3aBUCHMOCTH OT KOHTHHICHTA
o0ydJarouuxcs.

5. Ilepevyennb y4eOHOI JuTepaTypbl, HHGOPMALHOHHBIX PeCyPCOB U TEXHOJIOTUH

5.1. YueOHasi aiuTeparypa

1. Oropognukos, M.H. Mukpomnporneccopnast rexuuka: eeneHue B Cortex-M3 : yuebnoe
nocobue miss By3oB / MockBa : M3zmaremsctBo [Opaiit, 2021. — 116 ¢. — (Bricuiee
oOpa3oBanue). — Tekct: anexTpoHHbIi / ObpazoBatenbHas miatdopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/472192

2. MukpomnporieccopHasi TEXHHKa B CUCTeMax CBsi3u: Jaboparopubiil mpakTukym / A.C.
JleBuenko, K. C. Kopotkos, H. A. SIkoBenko, A. A. badenko; KyoI'Y.- Kpacnonap, 2018. - 194c.

3. KamaueB, A.B. MHorosaepHsle nporeccops! : ydyeOHoe nmocobue / A.B. Kamages. -
MockBa : Wurepuer-YHuepcuter Wupopmannonusix Texnomormid, 2011. - 248 c. -
[Dnextponnsiii pecypce] - URL: http://biblioclub.ru/index.php?page=book&id=233103

5.2. UHTepHeT-pecypchbl, B TOM 4YHCJ€e COBpeMeHHbIe NpogeccHOHABLHBIE (a3bl
AAHHBIX U MH(POPMAIMOHHBbIE CTIPABOYHbIE CHCTEMbI

JIeKTPOHHO-0ubIMoTeuHbIe cuctemMsbl (IBC):

1. DBC «(IOPAMT» https://urait.ru/

2. OBbC «JIAHb» https://e.lanbook.com

Pecypcbl cB00OAHOTO 1OCTYNA:

1. Verilog HDL na ITJIUC https://www.youtube.com/c/JackOv/videos

Ipororunuposanue ASIC na FPGA https://habr.com/ru/post/387653/

3. Anatomy of Internet Routers
https://www.cisco.com/c/dam/global/hr_hr/assets/ciscoconnect/2013/pdfs/Anatomy_of
Core_Network Elements_Josef Ungerman.pdf

4. Cisco Nexus 3000 Switch Architecture https://people.ucsc.edu/~warner/Bufs/sBRKDCN-

3734.pdf

Juniper Hardware Architecture https://habr.com/ru/post/307696/

Kaxk cnenate kommyTtaTtop? https://linkmeup.ru/blog/882/

Cetn JJIA CaMbIX MAJICHBKUX. YacTb YCThbIpHaAaTasi. HYTB Imakera

https://linkmeup.ru/blog/1235/

8. Packet Pushers. Understanding ASICs For Network Engineers (Pete Lumbis)
https://www.youtube.com/watch?v=Ti3t90AZL 3g

N
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9. Broadcom Ships Jericho2 https://people.ucsc.edu/~warner/Bufs/CSG-DNX-Switching-
J2%20Feb%2016%202018.pdf

10. Broadcom Launches Another Tomahawk Into The Datacenter
https://www.nextplatform.com/2019/12/12/broadcom-launches-another-tomahawk-into-
the-datacenter/

11. Design Principles for Packet Parsers. http://klamath.stanford.edu/~nickm/papers/ancs48-
gibb.pdf

12. Fast Programmable Match-Action Processing in Hardware for SDN
https://courses.cs.duke.edu//fall19/compsci514/papers/rmt-sigcomm2013.pdf

13. Packet Buffers. Otcroma mo ccbuikaM pa3BOpauyMBarOTCs pa3sHOOOpa3Hble MaTEPUAIIbI
o4eHb riryooko https://people.ucsc.edu/~warner/buffer.html

14. An Update on Router Buffering https://people.ucsc.edu/~warner/Bufs/Buffering-
WP_Auqust 2017.pdf

15. Understanding CoS Flow Control (Ethernet PAUSE and PFC)
https://www.juniper.net/documentation/us/en/software/junos/traffic-mgmt-
gfx/topics/concept/cos-qfx-series-congestion-notification-understanding.html#jd0e554

16. Quality of Service. Headroom buffers https://github.com/Mellanox/mixsw/wiki/Quality-
of-Service

17. Strategies of packet buffering inside Routers
https://archive.nanog.org/sites/default/files/wednesday tutorial szarecki packet-
buffering.pdf

18. Understanding CoS Virtual Output Queues (VOQs) on QFX10000 Switches
https://www.juniper.net/documentation/us/en/software/junos/traffic-mgmt-
gfx/topics/concept/cos-qfx-series-vog-understanding.html

19. Understanding Microburst
https://support.huawei.com/enterprise/en/doc/EDOC1100086962

20. I'me coxpanuts naket? Yunsl 1 Oydepsl
file:///C:/Users/Slider/Downloads/2%D0%93%D0%B4%D0%B5%20%D1%81%D0%BE%D1%85%D
1%80%D0%B0%D0%BD%D0%B8%D1%82%D1%8C%20%D0%BF%D0%B0%D0%BA%D0%B5%D1%
82%20%D0%A7%D0%B8%D0%BF%D1%8B%20%D0%B8%20%D0%B1%D1%83%D1%84%D0%B5%
D1%80%D1%8B%20-%20linkmeup.htm

Co0cTBeHHbIE YJIEKTPOHHBIE 00pa3oBaTe/ibHbIe 1 HH(POPMAIIMOHHBIE PECYPChI
KyoI'y:
1. Cpena MoayinbpHOTO AUHaAMUYeckoro ooyuenus http://moodle.kubsu.ru
2. baza y4eOHBIX mIaHOB, y4eOHO-METOJMUECKUX KOMILIEKCOB, ITyOIUKAIIMN 1
koHpepenmmii http://mschool.kubsu.ru/
3. DnexrpoHHblit apxuB qokymeHToB Kyol'Y _http://docspace.kubsu.ru/

I[J'I}I CO3JJaHusa U I'Iy6JII/IKaI_II/II/I KOHTCHTA H y‘-Ie6HLIX 00BEKTOB npenoaaBaTeyicM HCIOJIb3YCTCA
ciyx0a Bugeo TpaHcusaiuu Microsoft Stream  https://www.microsoft.com/ru-ru/microsoft-
365/microsoft-stream, a MHCTPYMEHTOM JUTS SIEKTPOHHOH KOMMYHHKAIIUH M 0OPAaTHOM CBSI3H CO
CTyneHTaMH wucnoib3yercs Microsoft Teams https://www.microsoft.com/ru-ru/microsoft-

teams/log-in.

6. MeToanueckue ykazaHus JJ1s1 00y4al0UIUXCS 10 OCBOCHUIO THUCHMUILINHBI (MOTYJIA)

Jlexmust siBnsieTcst 0MHOM M3 (DOPM M3YUECHHS TEOPETUIECKOTO MaTepualia Mo JUCIUTIIHHE.
B xo/1€ 1eKIIMOHHOT0 Kypca MPOBOAUTCS U3JI0KEHUE COBPEMEHHBIX HAYUHBIX IMOAXO0B U TEOPHA.
B TETpagnu i1 KOHCICKTHPOBAHUA HeKHI/Iﬁ HGO6XO)II/IMO UMETh IOJIA, A€ II0 XOoAay
KOHCIICKTUPOBAHUA ACIAIOTCSA HCOGXOI[I/IMBIC IIOMETKH. 3amucu JOJI?KHBI GBITB I/1361/IpaTeJIBHBIMI/I.
B xoHCHiekTe MPUMEHSIOT COKpAaIlleHHEe CIIOB, YTO YCKOpsSeT 3amuch. Bompockl, Bo3HUKaIOIIUE B
X0JI€ JIEKIINH, €CIIA HE 3aJaHbl Cpaszy, PEKOMEHIYETCs 3alMUChIBaTh Ha MOJIAX U MOCJIE OKOHYAHUS
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JeKIIMU OOpaTHThCS 3a pa3bsiCHEHHWEM K mpernogaBarento. HeoOXoaumo akTUBHO paboTath ¢
KOHCIIEKTOM JIEKIIMH: TOCJE OKOHYAHUS JIEKIIMM PEKOMEHAYEeTCsl MepeyuTaTb CBOM 3allUCH,
BHECTHU MOIIPABKH U JOTOJTHEHUSI.

OpHMM U3 OCHOBHBIX BUJIOB JIEATEILHOCTU CTYJEHTA SIBJSETCS CaMOCTOATEIbHAs padoTa,
KOTOpas BKJIIOYAET B ce0s1 M3y4eHHE JICKIIMOHHOTO MaTeprala, y4eOHUKOB M Y4€OHBIX MOCOOHIA,
IPOCMOTP BHUJEO OOBSICHEHHH IO KOHKPETHBIM MPOOJIEMHBIM MOMEHTaM, IOATOTOBKH K
BBITIOJTHEHUIO JIA0OPATOPHBIX padoT.

MeTtoauka caMOCTOATEIbHON pabOoThl MPEABAPUTEIHLHO Pa3bICHSIETCS MpernojaBaTesieM U
B TOCJICAYIOIIEM MOXXET YTOYHSTHCA C y4ETOM WHAMBHUIYAIbHBIX OCOOCHHOCTEH CTYICHTOB.
Bpems u mecto caMmocTosATeNbHONH pabOThl BBRIOUPAIOTCS CTYACHTAMU IO CBOEMY YCMOTPEHHUIO
IUIAHUPOBAaHHE BPEMEHU HA CaMOCTOSTEJIBbHYIO paboTy, HEOOXOAUMOT0 Ha U3y4YEeHUE HACTOSIIEH
JUCIUIUIMHBI, CTYA€HTaM JIy4ylle BCEro OCYLIECTBISATh pPABHOMEPHO Ha BEChb CEMECTP,
npeaycMaTpuBasi IPH 3TOM PEryJIsIpHOE TIOBTOPEHHE MPOIIEHHOTO MaTepHara.

CaMocTosTenbHYI0 padoTy Ha/l AUCHUIIITNHON CIIeAyeT HAUMHATh C U3YUECHUS IPOTPAMMBI,
KOTOpasi COJCPKUT OCHOBHBIE TPeOOBaHUS K 3HAHUSAM, YMEHHSM M HaBBIKAM OOy4YaeMbIX.
O0s13aTeNnbHO ceayeT BCIOMHHUTD PEKOMEHAAINY MPEN0/1aBaTelsl, TaHHbIE B X0/I€ YCTAHOBOYHBIX
3aHATUH. 3areM cleayeT MPUCTYNATh K HM3YYCHUIO OTICNBHBIX Pa3/IeioB M TeM B TOPSJIKE,
PEyCMOTPEHHOM MPOTPaMMOM.

[TonyynB npezncraBieHne 00 OCHOBHOM COJIEpKAHWUU pas3jeia, TEeMbl, HEO0OXOIMMO
M3YYUTh MaTepuaj Mo TeMe, M3JIOKEHHBIM B y4eOHUKE WM B PEKOMEHIYEMbIX SJEKTPOHHBIX
pecypcax. LlenecooObpa3HO cOCTaBUTHh KPATKUK KOHCIIEKT WJIM CXEMY, OTOOPaKAOIIYI0 CMBICT U
CBSI3M OCHOBHBIX MOHATUN JaHHOTO paszzena (Wi 0ojiee MPOAYKTUBHO — JOIMOJHUTH KOHCIEKT
nekuuu). OO0s13aTeNbHO CIeAyeT 3alMChiBaTh BO3HMKIIME BONPOCHI, Ha KOTOPbIE HE YJIAIOCh
OTBETUTH CaMOCTOSITENbHO. [Ipy uTeHnn y4yeOHON M Hay4yHOI TUTEpaTypbl HEOOXOAUMO BCEraa
CJIENTH 32 TOYHBIM M TIOJHBIM MOHMMAHHEM 3HAUCHHS TEPMHUHOB M COJCPXKAHUS TOHSTHIA,
UCTOJIb3YEMBIX B TeKCTe. Beera cieayeT yrouHsATh 3Ha4eHHUs 110 CIIOBapSM UIIH SHLIUKIIONEANSM,
IpY HEOOXOTMMOCTH 3aITHCHIBATb.

K naGopatopHbIM paboTam ciieayeT HOArOTOBUTHCS MPEABAPUTEIBHO, 03HAKOMUBIIKCH C
KpaTKoil HO creuupuyeckol Teopuell pa3MElneHHOW B COOTBETCTBYIOLIEH METOAHUYKE.
PexomeHyeTcst 03HAKOMUTBCS 3apaHee U ¢ METOANYECKMMHU PEKOMEHIAUIMU 110 MIPOBEICHUIO
COOTBETCTBYIOIICH JlaboparopHOil paboOThl, M B cllydyae HEOOXOAUMOCTH TPOBECTHU
npeBapuTeNbHbIE PACUEThl MIIM OATOTOBUTH IPOIPAMMHYIO OCHOBY.

HenocpenctBenHnass MOATrOTOBKAa K 3a4€Ty  OCYHIECTBISIETCS IO BOMPOCaM,
IpEeJCTaBICHHBIM B JAHHOM yueOHO mporpamMme JUCHUIUIMHEL [0 1a00paTOpHBIM padoTam.

B ocBOGHMM MUCHMITIMHBI WHBAIWIAMU H JIMIIAMH C OTPAHUYECHHBIMH BO3MOXKHOCTSIMHU
3I0pOBbs OOMBINIOE 3HAYCHHE WMEeT HHJIWBHyalbHas y4yeOHas paboTa (KOHCYIbTallUU) —
JIOTIOJTHUTEIIFHOE pa3bsICHEHNE YIeOHOTO MaTepuara.

NuauBuayanbHple KOHCYIBTAIMM 1O TPEAMETY SBISIOTCS BaXXHBIM  (hakTopom,
CTIIOCOOCTBYIONIMM MHIWBUAYAIN3AIUU OOYUEHHS U YCTAHOBJICHUIO BOCITHUTATEIIEHOTO KOHTAKTa
MEXIy IMpernojaBaTeieM M OO0YyYaloIUMCS WHBAJIUIOM WM JIMIOM C OrpaHUYEHHBIMU
BO3MOYKHOCTSIMH 3JI0POBBSI.

7. MaTepuajibHO-TEXHHYECKOE o0ecnevyeHne mo I Ccuuninge (MoayJi)

HaunmenoBanue IlepeueHb TULIEH3UOHHOTO
Ne CrHeuaIbHbIX OCHAILIEHHOCTh CHEeNUATbHBIX TOMEIICHUN MPOrPaMMHOT0 00ecHeYeHUs!
TMOMEIICHUI
1. VueGubie aymuropuu | Jlekunonuas — aymuropus, ocHameHnas | 1. OmeparonHas cucrema Microsoft
JUTST MIPOBEJIEHUST | MPE3eHTAlMOHHOW TeXHUKoW (mpoektop, | cemeiictea Windows (7/8/10), B
3aHATUH JKpaH, KOMIBIOTEP/HOYTOYK) U | paMKax  [porpaMmbl  KOMIIAHUH
JEKIIMOHHOTO THUIA COOTBETCTBYIOLUM nporpaMMHbIM | Microsoft “Enrollment for Education
obecneuennem (I10) nns BoctiponsBenenust | Solutions” — juii KOMIBIOTEPOB U
¢aiinoB dopmata jpg u avi. JlocTaTo4HBIM | CEPBEPOB Ky6anckoro
KOIMUYeCTBOM nocafousbix MecT: Ne 209C, | rocynapcTBEHHOrO yHHMBEpPCUTETa U
Ne 315C, Ne201 ero (humaos.




2. VyeOHble ayquTOpUH | AyITUTOpHs OCHalIeHHas MenaoBbiMH win | 1. Onepaimonnas cucrema Microsoft
TS MPOBEICHUS | MapKEPHBIMU JIOCKaMH, ocHameHHas | cemeiictBa Windows (7/8/10), B
3aHATUH MPE3EHTAIIMOHHOW TEXHHUKOW (IIPOEKTOp, | paMKax  MpOrpaMMBbl  KOMIIaHUHU
CEMHHAPCKOTO THMa, | YKpaH, KOMITBIOTEP/HOYTOYK) u | Microsoft “Enrollment for Education
TPYIIIOBBIX 7 | COOTBETCTBYIOIIUM mporpaMMHEIM | Solutions” Ui KOMIIBIOTEPOB U
WHINBUAYAIEHBIX obecnieuenneM (I10) ams BocpomsBeneHNs | cepBEpPOB Kybanckoro
KOHCYJIbTaIIHH, ¢aitnoB ¢opmara jpg U avi, TOCTATOYHBIM | FOCYZapCTBCHHOTO YHHBEPCHTETa H
TEKYIIEro KOHTPOJISI U | KOJIMYECTBOM MOCAJOYHBIX MECT CO CTOJIAMHU: | €r0 (QHIINAJIOB.

MIPOMEXYTOUHOM No209C, No205aC, Ne315C, Ne211C 2. IIporpamMMHBIii  maker  MoOxX

aTTecTaluu nunensueit GNU Quartus 11 wwm light
ULt OTIepaIMOHHBIX CHCTEM
cemerictBa Windows, BKITIOYAIOIIHIT B
ceos KPOCC-KOMITHIISITOD u
WHCTPYMEHTBI ~ Pa3pabOTKH ISt
FPGA.

3. Yuebusie ayautopun | JlabopaTtopus, ykoMmIutekToBaHHas | 1. OnepanmonHas cucrema Microsoft
IUTS TIPOBEICHUS | CIICIHATH3HPOBAHHON MeO0EeIbIo n | cemeirictea Windows (7/8/10), B
1a00paTOPHBIX TEXHHYECKUMH  CpPEACTBaMH  OOyYeHHs. | paMKaXx  NpOrpaMMbl  KOMITaHHH
3aHsATHH (paboT) [IpoBenenne  3amatuii  jaboparopHoro | Microsoft “Enrollment for Education

MPaKTHKyMa YacTHYHO IpPeaycMOTpeHo B | Solutions” 17 KOMIBIOTEPOB U
«KOMITBIOTEPDHOM ~ KJIacCe  CHELHUAJBHBIX | CEPBEPOB Ky6anckoro
mucuuiuine»  (aynutopus  205¢,  Kak | rocylapCTBEHHOTO YHHMBEpPCHTETa U

anprepHaTuBa 133C) (¢ wucmonb30BaHUEM
STM32F407G-DISC1, STM32F4DIS-BB,
STM32F4 Discovery Base Bo, PL2303 USB
UART Board, SN65HVD230 CAN Board) ¢
ucnoiszoBanuem [1K

ero (rInaaoB.

2. Iporpammusiii maker Keil MDK-
ARM-CM-ED - 10user IS
OTICPALIMOHHBIX CHUCTEM CEMEHCTBa
Windows, BKIIOYamOmAA B ce0s
KPOCC-KOMITHIIATOP W HHCTPYMEHTHI
pa3paboTKH ISt MUKPOKOHTPOJUICPOB
cepuit STMFxxx ¢ ssmpom Cortex-Mx.
JI1s1 BBITIOJTHEHHST CaMOCTOSITEIILHOM
pabOoThI HOATOTOBKH K JIAOOPATOPHBIM
HCIIOJIB3YETCSI IEMO-BEPCHUS ITOTO XKe
makeTa mporpamMMm (OrpaHHYCHHE Ha
KOMIETHpyeMblii kox 32 k0).

3. IIporpamMMHBIii  maker  MOJX
nunensueit GNU Quartus 11w light
I OTIePaIIMOHHBIX CHCTEM
cemeiictBa Windows, BKIFOYAIOIINN B
cebst KPOCC-KOMITHIIATOP u
HHCTPYMEHTHI ~ pa3paboTkm  uid
FPGA.

Hns

CaMOCTOSTEILHON

paboTel  OOywarommxcs

PEyCMOTPEHbI

TIOMEIIICHMS,

YKOMIUIEKTOBAaHHBIE CHEIMATM3UPOBAHHON MeOesblo, OCHAIIEHHbIE KOMIIBIOTEPHONW TEXHUKON C
BO3MOXHOCTBIO MOJKIIOUEHUS K ceTu «VHTepHET» M oOecrnedeHneM JOCTyIa B 3JIEKTPOHHYIO
UH(POPMALMOHHO-00pa30BaTEIbHYIO CpEely YHUBEPCUTETA.

o0yJaroImuxcs

HaunmeHoBaHue TOMENIEHUH 11
CaMOCTOSATENTFHON pabOTHI

OCHAaIIEeHHOCTh MIOMEIICHUHN JJIsS CAMOCTOSITEIbHON pabOThI
o0yJaromuxcs

3a1 Haydno#i 6ubnmorexu)

IlomenieHre st caMOCTOSTEIIBHOM
paboThI 00yJaromuxcs (YUTaTbHBIN

Meobenb: yuebHas MeOenb
OGopynoBaHue: KOMIOBIOTEpHAS

3NIEKTPOHHYIO
o0pa3oBaTesbHON  OpraHU3aLiH,

KoMIutekT crienuain3upoBaHHON MeOeTi: KOMITBIOTEPHBIE CTOJIBI
TEXHHKa C
UH()OPMAIMOHHO-KOMMYHHUKAIIHOHHOW ceTH «HTepHET» U JI0CTYIIOM B
nH(pOPMAIMOHHO-00Pa30BaTENbHYIO
BeO-KaMephl,
obopymoBaHue, 00ecIIeyuBaloIIee TOCTYI K CETH HHTEPHET (MMPOBOJHOE
coeIMHEHHEe U GecpoBOIHOE coequueHue 1o TexHomoruu Wi-Fi)

IIOJKIIIOUCHHUEM K

cpeny
KOMMYHHKAI[UOHHOE

TTomemnieHue i caMOCTOSATEIIHLHOMN
paboTel obydaromuxcs (ayn.207)

Meb6ens: yaeOHas mebenn

KommiiekT crienmann3npoBaHHO MeOem: KOMIBIOTEPHBIE CTOJIBI




OOopyznoBaHue: KOMIbIOTEPHAs TEXHUKA (Ha OCHOBE TOHKUX KIIHEHTOB) C
NOAKIIOYEHHEM K  HMH()OPMAIMOHHO-KOMMYHUKAIMOHHOH  CETH
«/HTEpHET» ¥  JNOCTYIOM B  OJJIEKTPOHHYI  HH(OPMAIMOHHO-
00pa3oBaTEIHHYIO cpemy o0pa3oBaTenpHON OpTaHU3aINH,
KOMMYHHKallMOHHOE 00OpYHOBaHHE, 00CCIEeUHBAOIIEe JOCTYIl K CETH
HHTEpHET.




