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1 Henu u 3a1a4u M3yYeHUs1 AUCHUILIMHBI (MOLYJIs1)

1.1 Leab ocBOEHUA TUCIHUTIIAHBI

VYuebnas mucturinHa « MukpomnpolieccopHasi TeXHUKAa B ONTHYECKUX CUCTEMax CBSI3W»
CTaBUT CBOEH IIETBI0 U3YUYCHHE APXHUTEKTYPhl CETEBHIX YCTPOMCTB OOpPaOOTKH TPaHCIOPTHBIX
MOTOKOB B CETSIX MPOBaiiiepa CBsI3U, BIUSHUS UCIIOJIb30BAHUS PA3IMUHBIX BAPHAHTOB PeaIM3allun
KOMMyTauuu, cereBbix npoueccopoB, ASIC, FPGA, NP, CPU, koHBeiiepoB Ha BO3MOKHOCTHU
TEJICKOMMYHHUKAITMIOHHOTO 000PYIOBaHUs, B TOM YKCJIE BO3MOXXHOCTEW JJIsl peajan3aluu 3a1ad
CETEBOM KOHBEpPIeHIMU; a TaK JK€ T[PUMEHATb COBPEMEHHbBIE TEOPETUYECKUE U
OKCIIEPUMEHTANIbHBIE METOJIBI C IEJbI0  CO3/aHHMs HOBBIX TEPCIEKTUBHBIX  CPEICTB
MH(HOKOMMYHUKAIIUH.

1.2 3agaun IMCHUILIAHBI

Kak Tombko ceTeBOli HMHKEHEpP CMellaeT CBOM (DOKYyC €O CTaHAAPTU3UPOBAHHBIX
IIPOTOKOJIOB B 00J1aCTh 00PaOOTKH MAKETOB, OH MAJAAET B MIPOIACTh OECKOHEYHBIX KOMIIPOMHCCOB,
I7ie HeT YHUBEpCAIbHBIX 0TBETOB, HeT RFC, HeT ucuepmneiBaromumx ManyanoB. M yem rioy0xe oH
MajaeT, TeM CTpallHee CTAaHOBUTCS pa3HooOpasue neTaneil u HroaHcoB. Kak pesynbTar B
COBPEMEHHBIX 3a/1ayax CETEBOW KOHBEPIreHLIMH HE JOCTATOYHO 3HATh OTPACIEBBIE CTAHAAPTHI —
BaYKHO TIPY 3TOM €II¢ TTOHUMATh, Kak Oy1eT QyHKIIMOHUPOBATH BHEPSIEMBIH y3€J KaK B IITATHOM,
TaK ¥ B HEHITATHON CUTYyallMd U HACKOJIBKO 3 (HEKTUBHO, BOZBMOXKHO JTU OYJET MPHU 3TOM YTO-TO
HCIIPaBUTh, @ CAMOE TJIABHOE — KTO M KaK 3TO CMOXKET CJIeJaTh, U CKOJBKO JJIS 3TOTO MOTpedyeTcs
BpemeHH. [1oaToMy, OCHOBHOM 3ajaueil AUCHUILINHBI ABIsSETCS B (OPMUPOBAHUU Y CTYACHTOB
MOHMMAHUS BHYTPCHHETO (YHKIIMOHUPOBAHUS COBPEMCHHBIX CETEBBIX YCTPOWCTB, W Kak
CJIEJICTBUE: CCIMOCOOHOCTH TPHUMEHATH COBPEMEHHBIE TEOPETHUYECKHEe, HKCIEPUMEHTaJIbHbIC
METO/TbI UCCIICIOBAHUS C IETBI0 CO3/IaHUS HOBBIX TIEPCIIEKTUBHBIX CPEICTB MH(POKOMMYHHUKAIIHN
Y TUTAHUPOBAHUIO MOJIEPHU3AIMU CETEBBIX YCTPOUCTB.

1.3 MecTo qucuunjanHbl (MOAYJIs) B CTPYKTYpe 00pa3oBaTe/ibHOI NPOrpaMMbl

Jucuunnnza « MUKpOIpoIiecCOpHasi TEXHUKA B ONTUYECKUX CUCTEMAX CBSA3M» OTHOCUTCS
K QopMuUpyeMOil ydacTHHKaMH OOpa30BaTEIbHBIX OTHOIICHHWN 4yacTH broka 1 "JucuumiuHb
(Momynu) mo BbIOOpPY" yueOHOTOo MiaHa. B cooTBercTBHM ¢ pabodyMM y4eOHBIM TUIAHOM
JTUCLUUIUIMHA H3ydaeTcsi Ha 4-M Kypce mo ouHoW (opme oOydeHus. Buj mpomexyTodHOi
aTTECTallMU: B BOCBMOM CEMECTpE — 3a4eT.

Martepuan IUCHUIUIMHBI BeChbMa OOBEMEH, M CIOKEH B MOHWMAHUU, IMOATOMY ISl €T0
OCBOEHHUSI HEOOXOAMMO YCIEIIHOE YCBOCHHME COMYTCTBYIOIIMX JUCHUIUIMH: « MaTemaTuueckui
aHanu3», «Jluckpernas wmaremaruka», «Teopust snekTpuueckux uenen», «CxeMOoTeXHUKa
TEJIEKOMMYHUKAILIMOHHBIX CHUCTEMY, «ONEeKTPONUTAHNE YCTPOWCTB u CHUCTEM
TEICKOMMYHUKaui», «OnTtudeckue MUQPPOBBIE  TEICKOMMYHHUKAIIMOHHBIE  CUCTEMBD»,
«IIudpoBas HIMEKTPOHUKAY, « DIEKTPOHUKAY.

1.4 IlepeyeHb IUIAHMPYEMbBIX Pe3yJdbTATOB O0y4YeHHUS MO JAUCHUILUIMHE (MOIYJIIO),
COOTHECEHHBIX € IVIAHUPYEMbIMH Pe3yJIbTATAMHU OCBOEHHS 00pa30BaTeIbHONH MPOrpaMMBbI

W3ydyenune naHHOM y4ueOHOM AMCUMIUIMHBI HAampaBleHO Ha (OpPMHpPOBAHHE Y
obyuaromuxcs obdmenpodeccuonanbupix komnerenimi: 1TK-1, TTK-2

Kox n HanmeHoBaHuE
HHAUKaATOpa JOCTHKCHUA Pe3yﬂbTaTbl 06yqu1/151 110 AUCHUIIJIIMHE
KOMIICTCHIIUHU

ITK-1 CnocobeH NpUMeHSITh COBPeMEeHHbIe TeOpeTHYeCKHe H HKCIepMMeHTaIbHbIe METOAbI HCCIe0BAHUS
€ IIeJIbI0 CO3/IaHHs HOBBIX NMEPCNEKTHBHBIX CPEACTB HHPOKOMMYHHKALHUA

HIIK-1.1 Bnaneer 3HATh yMeThb BJIAJIETh
COBPEMEHHBIMU ITepcnexTuBHbIE Hcnonb3oBats HaBbixamu ananmmusa
WH(QOPMALMOHHBIMA CHCTEMaMHU TEXHOJIOTUH IS HOPMaTHUBHYIO XapaKTePUCTHK

U TEXHOJOTHSAMH C  LENBI0 peanuzanuy 3a1a4d JOKYMEHTAIHIO B TEJIEKOMMYHHKAINO
MOJIETTMPOBAHUS CIIOHBIX | CETEeBOW KOHBEPTEHIUH. obnactn HHOTO
TEXHHYECKHUX CHCTEM o0opyzmoBaHus uIs




Kon u nanmenoBanue
HWHAMKATOPA TOCTHKCHUS

PesynpraTsl 00y4eHHUs IO TUCIUITIIHE

TEXHUYECKOE 000PYIOBaHHUE IS
HCCIIEA0BATENIbCKHX LIeNei

KOMIIETSHIHH
HIIK-1.2 CnocobeH TpUMEHSTH MH(POKOMMYHHKALINO TIJIAaHUPOBAHUS
COBPEMEHHOC MaTepruaIbHO- HHBIX TEXHOJIOTHH. Ppa3BUTHA CETU IPU

BHEJAPEHUU HOBBIX
TEXHOJIOTUH CBSI3U

HU3YYCHHUIO M CO3TAHUI0O HOBBIX KOMIIOHEHTOB CUCTEM CBA3HU

IIK-2 Cnocoben k NMPOBEICHUI0 HAYYHO-HCCJIECAOBATECJILCKUX M ONBITHO-KOHCTPYKTOPCKHX paﬁoT mo

NIIK-2.1 Ocymectsiser 3HATh

nposenenue pabor no obpaborke | OCHOBY

U aHaJIM3y HAYYHO-TEXHUYECKOW | MHUKDPOIPOLECCOPHBIX

nHbOpMAIUM W PE3yJIbTaTOB TEXHOJIOIHH

HUCCIEIOBaHUI HACIIOJIB3YEMBIX B
obopynoBaHHH ceTeit
CBA3H.

HIIK-2.2 OcyiecTBisier

BBITIOJTHEHUE OKCIICPUMCHTOB U
odopmiieHHe pe3yJbpTaToB
HCCIIEIOBaHUI U pa3paboTOK

HIIK-2.3 IToaroraBnuBaeT
3JIEKMEHTEI JIOKyMEHTaLIUH,

OCHOBHBIE TapaMeTPHI

000pyIOBaHUS CBSI3U IS

aHaJIu3a UCXOJHBIX
JAaHHBIX pa3BUTHUSA U

OIITUMU3alH CCTHU CBA3H.

IIPOEKTOB IUIAHOB M NPOrpaMM
MIPOBEJCHUSI OTAEJIBHBIX 3TAIOB
pa6or [IpuHnune!
(YHKIMOHUPOBAHUS
CETEBBIX AMIMapaTHBIX
CpPeZCTB.
APXHUTEKTYpPY CETEBBIX
anrapaTHbIX CPEJCTB.
[MpuHUMIB pabOTHI
CETEBBIX AJIEMEHTOB.
IIpoTokosnst
B3aUMOJICHCTBUS
OTKPBITHIX CHCTEM.

yMeThb
AHanu3upoBaTh
BO3MOKHOCTH HOBBIX
CPE/ICTB CBS3H.

OcymiecTBIATh
TIOWCK,
AHATU3UPOBATH U
OLICHUBATD
uHpopmanuio,
HEOOXOAUMYFO IS
3¢ peKTHBHOTO
BBIMIOJTHEHHS 3214 H.

TTonp30BaThCs
HOPMaTHBHO-
TEXHUICCKOMN
JIOKyMEHTaluel B
obmactu
UH()OKOMMYHHKAILIIO
HHBIX TEXHOJIOTHIA.
OTcnexuBaTh
pa3BuUTHE
WH(POKOMMYHHUKAITIO
HHBIX TEXHOJIOIUH.

BJIaJ€eTh
Hagbixkamu BEIOOpa
TEXHOJIOTHH IS
obecrieueHus
MpeJCTaBICHUS
YCITyT CBSI3U B
COOTBETCTBMH C
MOTPEOUTENHCKUM
CIIPOCOM.

HaBBIKaMHU
IIPOTHO3UPOBAHUS
CPOKOB
MOJEpHU3AINH
CETEBBIX YCTPOUCTB.

Pe3ynbrarel 00ydeHHs] 1O TUCHUIIIMHE JOCTUTAIOTCS B paMKaxX OCYIIECTBICHUS BCEX
BUJIOB KOHTAKTHOM M CAMOCTOSITENILHON PabOThl 00YJArOMIMXCSl B COOTBETCTBUH C YTBEPKICHHBIM
y4eOHBIM TIJTAHOM.

Nuaukatopel  TOCTHXKEHUS  KOMIIETEHUHUW  CUMUTAIOTCA
JOCTHXKCHUH COOTBETCTBYIOIIUX UM PE3YJIbTATOB O0YUCHHUS.

c(OpMHUPOBAHHBIMU  TIPU

2. CTpyKTYypa M coiep:KaHue JUCIUIITHHBI
2.1 Pacnipenesienne TPyA0EéMKOCTH IMCHUIJIMHBI 110 BUAaM padoT
OO6mmas Tpy10EMKOCTh JUCITUTUTMHBI cocTaBisieT 3 3ad.e. (108 gacoB), ux pacnpenencHue

10 BUAaM paboT mpeacTaBieHo B Tadbauie (s cryaentoB OP0).
Bupn pabot

Bcero Cemectpsl (dackl)
4acoB 4

KonTakTHasi paboTa, B TOM 4HcJIe:
IAyIMTOpHBIe 3aHATHUS (BCero):




BaHATHS JIGKIIHOHHOTO THIIA 12 12
MPaKTUIECKHE 3aHITHSI 12 12
lmaGopaTopHbIe 3aHATHUS 22 22
Nuasi koHTaKTHAsA padoTa:
KouTpoas camocTosaTensHol pabotel (KCP) 5 5
[Tpomesxyrounas arrecranus (MKP) 0,2 0,2
CamocTosiTe1bHasi padoTa, B TOM YHCJIe:
Kypcogast pabota
CaMocCTOsITeTPHOE H3YYEHUE Pa3AeioB, CAMOIIOATOTOBKA (IpopaboTKa 1
MOBTOPEHHE JICKIIMOHHOTO MaTepraia i MaTepraia y4eOHHKOB U Y4eOHBIX 50,8 50,8
ocoOuid, MOJIrOTOBKA K JIAOOPATOPHBIM U MPAKTUYECKUM 3aHSTHSIM)
Pedepar
[TonroToBKa K TEKylLIeMy KOHTPOJIIO 6 6
KoHTtpoJb:
3ayer
O01mas TPyA0eMKOCTh gac. 108 108

B TOM 4YMCJie KOHTAKTHas1 padora

p 46,2 46,2
3ay. ef 3 3
KonTtakTHas pabora mpu  NPOBEACHWM  Y4YEOHBIX  3aHATHA  TIO  JUCIUTLIINHE

«MHKPOTIPOIIECCOPHAsT TEXHHKA B ONTHUYECKUX CUCTEMax CBS3M» BKIIIOYACT B CEOs: 3aHITHA
JIEKIMOHHOTO TUIIA, MPAKTUYECKUE 3aHATHS, J1a00paTopHble paboThl, IPYIIOBbIE KOHCYIbTALIUU
(Tak 5ke ¥ BHEAyAUTOPHBIC, Yepe3 JICKTPOHHYIO cpeny). [IpomMexxyTouHas aTTecTaus B TECTOBOM
U YCTHOU popmax.

2.2 Conep:xaHue TMCHMILINHBI

Pacnpe):[eneHI/Ie BHUIOB y‘le6H0fI pa60TBI " UX TPYAOCMKOCTH I10 pa3aciiaM AUCIUIIIINHBI.

Paznensl (Tembl) TMCIUIUIMHEI, H3y4aeMble B 8 ceMecTpe (ounas popma):

KonmuectBo gacos
o AynuropHast BueaynuTopHas
No HaumenoBanwue pasneinoB (Tem) Beero aGora KCP Sl
J | 113 | JIP CPC
1. |ApxuTekTypa CeTeBBIX YCTPOUCTB 32 6 6 8 2 10
7 MI/IKpOKOHTPOHJIepBI T MOOWJIBHBIX 64 4 4 14 ) 40
TIPUJIOKEHU I
3 IIpenenpHbIe BO3MOKHOCTH POYTEPOB Juniper 11,8 2 2 1 6.8
cepun MX
UTOI'O no pazoenam oucyuniumvi 107,8 12 12 22 5 56,8
3auéT 0,2
O061as TPYJI0EMKOCTD 110 TUCIUILIMHE 108

[Mpumeuanue: JI — nexuu, [13 — npakTrueckue 3anatus / cemunapsl, JIP — maboparopHsie
sarsTusi, CPC — camocrositennpHas paboTa CTy1eHTa

2.3 Conepxanue pa3iesioB (TeM) IMCUUILIHHBI
2.3.1 3anusaTHs JIEKIIMOHHOT0 THIIA

®dopma
Ne Hauvenosanne Copeprkanue pa3zuena (TeMbl) TEKYIIEeTo
- pa3zmena (TeMbl) KOHTPOIIS
1. Tumer uunos. KoMipomucehl: cKOpocTh, PyHKIIMOHAIEHOCTS,
ApxuTexTypa cereBbIX [rHOKOCTh, 1IeHa. CPU, ASIC, FPGA, NP, Programmable P
YCTPOUCTB ASIC.Yums! U1 JaTalieHTPOBBIX KOMMYTAaTOPOB. APXHTEKTypa
ASIC: ®usnueckoe ycrpoiictBo, SerDes, PHY, Silicon Photonics,




Packaging u Advanced Packaging. Jloruueckoe ycTpoicTBo:
Pre-Ingress processing, Parser, Ingress Match-Action, Traffic
Manager + MMU, Egress Match-Action, Deparser, Pipeline,
Programmable Pipeline. Apxurekrypa namsitu: Crossbar, Shared
Buffers, Dedicated + Shared buffers, Headroom buffers, Admission
Control, Combined Input and Output queuing, Virtual Output

Queueing.
2. [IpuMeHeHne MUKPOKOHTPOIIEPOB HAa ocHOBe ARM mponeccopos B
MHUKpPOKOHTpOJUIEPEl  JUIA . AR
.~ |coBpeMeHHOM pacnpeenéHHON ceTH cOopa JaHHBIX C JaTYUKOB. JIP
MOOMJIBHBIX MPHIOKEHUN o
Merto/1bl Iepeaady JaHHbIX 110 CTAHAAPTHBIM HHTEpdeiicam.
3. OmnpeneneHne CTPyKTypbl B3aUMOJICHCTBHS HHTEP(PEHCHBIX,

IIpenenbHble BO3MOXHOCTH
poyTtepoB Juniper cepun
MX

MPOTPaMMHBIX 1 MUKPOCXEMHBIX KOMITAHEHTOB, Ha TIPUMEPE CEPUH
MX. Omnpeienenune MOHITHS ¥ B3aMMOCBSI3H TAKUX KOMITAHEHTOB,
kak FPC/DPC/MPC, MIC/ PIC, RE/SCB, Control u Data Plane.

13

3amuTta naboparopHoit padotsl (JIP), xomnoksuym (K), rectupoBanue (T), BeimonHEeHNE
NPAKTUYECKUX 3aJjaHUi Ha mpakTHueckux 3anatusx (I13).

2.3.2 IlpakTHYecKUe 3aHATHS.

HaumenoBanue . dopma TeKy1Iero
TemaTnka NpakTHUYECKUX 3aHATHIH
Ne paszgena KOHTPOJIS
1 2 3
1. |ApXUTEKTypa CETEBBIX IIporpammupoBanne FPGA na ocnoBe GNU Lite
YCTPOMCTB Bepcun Quartus. Beenenue B

Verilog/SystemVerilog. CHHXpOHHBIH JTU3aiiH.
Cosznanne npocThix TectOeHueil. Onmcanne FSM,
MacCHBOB U CTPYKTYp B SystemVerilog. [TamaTs:
co3nmanue ¢ nomomrsio Verilog.

2. |MUKpPOKOHTPOIUIEPHI IS ITonpoOHEI pa3dop BO3IMOKHOCTEH,

MOOWMJIbHBIX TPUIIOKEHUI MHTEP(PEHCOB U CXEMOTEXHUIECKHUX PEIIECHUI B
IIaTe pa3paboTyHKa anmnapaTHO-POrPaMMHOTO
KoMIuiekca. OnpeeneHre HeoOX0IUMBIX
cBeneHni B datasheet 1 anroputM pacrosoxeHus
undopmanun. Kommnonentst 1986BE91T,
1892BM 144, Ha 6a3e siapa Cortex, ¢ JIP
BcTpoeHHbIM Ethernet maTepdeticom.
Cootnomenune ¢ STM32F407TG. Ioaxmouenue
MUKpOKOHTposuiepa depe3 Ethernet marepdetic x
Internet cetu (pa3dop CXEMBI U IPOTPAMMBI
ynpasienus uepe3 UDP u TCP ycrpoiicts npu
MOMOIIY MUKPOKOHTPOJIIEPOB)

JIP

3. |IIpenenbHBIE BO3MOKHOCTH Pacuer nponyckHoii cioco6Hoctn Tpro unnceros|[IpoBepka YCBOECHMS
poytepos Juniper cepurr MX (bupmbl Juniper mpu pasInIHOM THUIIE U (HopMaTe|MaTepraia o
Harpy3KH. AKTUBHOCTH CTyJIEHTa BO

BpEMs 3aHATHS.

2.3.3 JIaGopaTopHbIe 3aHATHS.

HaumenoBanue dopMa TeKyILero
Ne HanmeHnoBaHue 1a00paTOpHBIX padboOT p yu
pasnena KOHTpOJISI
1 2 3 4
TEXHUYECKUM OTUET 1O
1. Mpuatune: nporpammuposanus [IJIMNC B Quartus 11 1ab0paTOPHBIM
ApxuTexTypa pabortam
CETEBBIX YCTPOICTB N TEXHUYECKUM OTUET 11O
KoneuHble aBTOMATHI U OTKAa30yCTOWYHBOCTH CUCTEM Ha
2. 1a00paTOPHBIM
[JIMC
pabotam
MuxkpoxoHTposuieps! | [ [puHLIHTIBI TPOTPaMMHPOBAHUS MHKPOKOHTPOJIIEpPA|TEXHUYECKHUM OTUYET 1O
3. |nnst MOOMIBHBIX STM32f407VGT6 B cpene Keil uVision n1ab0paTOpHBIM
TPWIOKEHUI paboram




HccnenoBanne CUCTEMHOrO TaliMepa M acCIIEKTOB CHCTEMBI|TEXHUYECKHUM OTUET IO
4. MIpephIBAHUI MHUKPOKOHTPOJIEPA 1a60paTOPHBIM
L paboTam
[Tpuém u nepenaya mo cpeacteom UART TEXHUYECKHUH OTUET 1O
5. n1ab0paTOpHBIM
L] paboram
W3yyeHne BBICOKOCKOPDOCTHOM  OLM(POBKH  IOTOKOBOT'O|TEXHUYECKHUI OTUET 10
6. aHaJIOroBO CHUTHANA n1ab0paTOpHBIM
L paboTam
Mopnyins nngpo-aHaaoroo npeodpaszosaresis. [IpsMoii 1OCTyIT | TEXHUYECKUI OTUET 110
7. B NaMSITh. 11a00paTOpPHEIM
L] paboram
[lepenaua nanHBIX MuKpoKoHTpotepoM STM32F4 depes|TexHIUECKUI OTUYET 1O
8. Ethernet naTepdetic 1ab0paTOPHBIM
L paboram
Pazpaborka mporpammel mepemauu  gaHHBIX 1m0  CAN|TeXHHUYECKHI OTUYET 1O
9. unrepdeiicy 71a00PaTOPHBIM
pabotam

IIpy wW3ydYeHUM [UCUUILUIMHBI MOTYT NPUMEHSTCS HEKOTOpPble aCHEeKThl MOJIENH
«TepeBEPHYTOrO0 OOyYEHUS» B PEKUME JHUCKYCCHOHHO-OPUEHTHPOBAHHOTO MEPEBEPHYTOTO
KjJacca WM BUPTYaJbHOIO MEpeBEPHYTOro Kiacca: JUCTAHIMOHHBbIE 00pa30BaTelIbHbIE
TEXHOJIOTUH (AJIEKTpOHHOE oOydueHHe) B (opMe CMEmaHHOTO OOY4YeHHs, OCHOBAaHHOTO Ha
COYETaHUU OYHOro OOyueHHsI M OOy4eHHs KOMIBIOTEPHBIMH CpEACTBAMH, BKIHOYAIOLUIMMU
HEKOTOpBIC aCIEKTHI B (hopMaTe AUCTAHIMOHHOTO oOyuyeHus B coorBercTBuu ¢ ®I'OC BO. B
YCIOBHSX Pa3BUTHs JEKTPOHHONW MH(DOPMAIMOHHO-00pa30BaTEIbHONW Cpefibl By3a B KauecTBe
yrpaBiieHus: 00ydeHreM BeIOpana matdgopma Moodle, ogHako, COBMECTHO ¢ HEH IS CO3/IaHus
U MMyOJMKalMM KOHTEHTa U y4eOHBIX OOBEKTOB HMCIIOJIB3YIOTCS: CIy’k0a BHIEO TPAaHCIALUU U
WHCTPYMEHT Ui KOMMYHHUKAIIMHA U OOPAaTHOH CBSI3H.

2.3.4 llpuMepHasi TeMATHKA KyPCOBBIX padoT (IPOEKTOB)
CornacHo y4eOHOMY TUIaHY KypCOBBIC PaOOTHI (MPOEKTHI) MO JAHHOW JHUCIUIUIMHE HE
IpPEIyCMOTPEHBI.

2.4 TlepeyeHb y4eOHO-METOAMYECKOT0 00eceyeHusl AJIsl CAMOCTOATEIbHONH padoThl
00y4YarIMXCH M0 TUCHUILIMHE (MOIYJII0)

[Tepeuenp y4eOHO-METOIUUECKOTO OOECTICYeH s AUCIIUILIUHBI 110
BBITIOJTHEHHUIO CAMOCTOSITENILHOM PaboThI

1. Oropognuxos, 1. H. MuxponpoueccopHas TexHHuKa: BBejeHue B Cortex-
(TeopeTHuecKoro M3 : yueOHOE IOcOOUe Uit By30B / Mocksa : U3matensctBo FOpaiit, 2021.
Marepuana), HIoarotopkak  [— 116 c..
TeKyIei 1 mpoMexyTouHoi |2. OmnrcaHue apXUTEKTyphl YCTPOHCTBA allapaTyphl CBS3H Ha
aTrectanyu (3a4€Ty, TecTaM H|Ipo(eCCHOHANBHBIX CalTax MPOU3BOANTEICH, YKa3aHHBIX B pa3zieie
BOIIPOCaM) «mpodeccruoHabHBIe 0a3bI TaHHBIX» H «PECYPCHl CBOOOTHOTO JOCTYIAY.
3. Buzieo o0bsicHeHHs aclIeKTOB pabOThI CETEBBIX YCTPOUCTB B hopme
MIPaKTHKO-OPUEHTUPOBAHHOM JIEKIIUH Pa3MEIaeMON TIPEnoIaBaTesieM Ha
Microsoft Stream B pexxume JocTyTa.
4. Meroauyeckue yKa3aHusl [0 OPraHU3ally CaMOCTOSTeIbHON paboThI
CTYAEHTOB, yTBEpPXKJICHHBIE Ka(eapOoil ONTOIEKTPOHNKH, TPOTOKOI No 6
oT «01» mapta 2017r.
2 |lloaroroBka K BbIOJIHEHUIO |1. MeToandeckue yka3aHusi [0 OpraHu3aluy CaMOCTOSTEIbHON paboThI
n1abopaTopHbIX pador. CTYZEHTOB, yTBEPXKJICHHBIE KaeapOi ONTOIEKTPOHUKH, TPOTOKOII Ne 6
Odopmiienne Texaudeckoro |ot «01» mapra 2017r.
oT4éTa 1o J1abopaToOpHBIM 2. Meroaudeckue peKOMEHIalu, OTIMCaHUs U 33/1aHHS K IIPOBE/ICHHIO
paboTam. mabopaTOpHBIX paboT MUKpoIporieccopHas TEXHUKA B CHCTEMAaX CBSI3H :

Ne Bug CPC

1 |IIpopabotka yueOGHOTO




naboparopuslii npaktukym / A. C. Jleuenko, K. C. Koporkos, H. A.
Sxosenko, A. A. babenko; Ky6I'Y. - Kpacnonap, 2018. - 194 c.

Y4eOHO-METOAMYECKHE MaTepHallbl A CaMOCTOSITENBHON paboThl OOydYarommxcs W3
YuCia MTHBAJIUIOB U JIUI] C OTPAHUYCHHBIMH BO3MOKHOCTSIMU 3710p0oBbsi (OB3) nmpenocTaBnstorcs
B (hopMax, aanTHPOBAHHBIX K OTPAHUYEHUSIM HX 3[JOPOBBS 1 BOCIIPHUATHS HH(DOpMALIUHU:

JUiist T ¢ HApyIIEHUSIMH 3PSHHS:

— B IieyaTHOU (popme yBeTHUEeHHBIM HIpUPTOM,

— B (popMe JIEKTPOHHOT'O TIOKYMEHTA,

Jlyis U1 ¢ HapyUIeHUSIMH CITyXa!

— B mieyaTHoOU hopme,

— B hopMe PIIEKTPOHHOTO TOKYMEHTA.

JUiist T ¢ HApyIIEHUSIMHA OTIOPHO-JIBUTATEIILHOTO amiapara:

— B mieuaTHoi (opme,

— B (popMe IIEKTPOHHOT'O IOKYMEHTA,

— B ¢popMme aynuodaiina.

JlaHHBIN TIepedeHb MOXET OBITh KOHKPETH3MPOBAH B 3aBUCHUMOCTH OT KOHTHHICHTA
o0ydaromuxcs.

3. OOpa3zoBaTesbHbIe TEXHOJIOTMH, NPHMEHsieMble NPH OCBOCHHWH IHCHUILIHHBI
(Moxyis)

[Tpy u3ydeHnn TUCUMIUIMHBI HPOBOJSATCS CIEAYIOUIME BUIbl YUEOHBIX 3aHATUH U paboT:
JICKIMH, TPAKTHYECKUE 3aHATHSA, TOMAIIHHWE 3aJlaHMsl, TECTHPOBAHWE, 3aluTa JabOpaTOPHBIX
palboT, KOHCYJNbTAllMM C MperojaBaTesieM, CaMOCTOsTeNbHas padoTa CTYACHTOB (M3ydeHHUE
TEOPETUYECKOI0 MaTepuana, MOArOTOBKAa K NPAKTUUYECKUMMM 3aHSATUSM, I[IOATOTOBKA K
7a00paTOPHBIM 3aHATHSAM, BBIIIOJHEHHME JOMAIIHUX 3aJaHHUi, MOJrOTOBKA K TECTUPOBAHMIO,
3a4eTy U HK3aMEHY).

Jlng npoBeneHHs JIEKIHMOHHBIX 3aHATHH HCIOJIB3YIOTCS MYJIBTUMEAUMHBIC CPEICTBA
BOCTIPOM3BEICHHUS AKTUBHOT'O COZIEPKUMOTO (3aHATHSI B MHTEPAKTHUBHOHN (popMme), MO3BOJISIOIIETO
CTYZEHTY BOCIIPUHMMATh OCOOCHHOCTH U3y4aeMOM JTUCIMILIMHBI, UTPAIOIIKE PEIIAIOLIYI0 POJIb B
NOHMMAaHUM M BOCTPHUSATHH, a TaK k€ B (POPMUPOBAHUM MPOPECCHOHATBHBIX KOMIETEHIUH.
CryzieHTy B peXHMe CaMOCTOSITEIbHONW pabOoThl PEKOMEHIYETCsl U3yUeHHE KOPOTKOMETPAXKHbIX
BUCO(PPArMEeHTHI IO U3y4aeMbIM BOIIPOCAM.

[Ipu mpoBeneHnM 1abOpaTOPHBIX padOT MOATrpyIa pa3OuBaeTCs HA KOMaHABI MO 2-3
yenoBeka. Kaxmoit komaHnme BBITAETCS 3aJaHWE HA BBIMIOJHEHUE IAa0OPATOPHON pabOTHI.
Cry1eHTBI CaMOCTOSITENIBHO PacpeAEsIOT 00513aHHOCTH M IIPUCTYNAIOT K BBIMOJIHEHUIO 3aJJaHUs,
B3aUMOJICHCTBYSl Mexay cobOoi. IlpenonmaBarenh KOHTPOJIMPYET XOJ BBINOJHEHHS pPabOTHI
KaX/10i TpynmoM, MpoBepsieT NPaBHIBHOCTb COOPKHM 3JIEKTPUYECKUX CXEM M IMOAKIIOUYCHHS
U3MEPUTENIBHBIX MPUOOPOB. YTOUHSS XOA pabOThl, €CIM CTYIEHTHl YTO-TO BBIMOJIHSIOT HE
IIPABWJIBHO, IPENOJABaTEeNIb IIOMOTAaeT WM IPEOJOJIETh CIIOXKHBIE MOMEHTBI M IIPOBEPSET
JIOCTOBEPHOCTh TOJIYUYEHHBIX 3KCIEPUMEHTAIBHBIX pe3ysbTaToB. KoMaHIpl OTBE4alOT Ha
TEOPETUYECKHE KOHTPOJIBHBIE U IOTIOJIHUTENIbHBIE BOIIPOCHI U 3aLHUILAI0T J1a00paTOpHYO padoTy.

[lo usyuaemMoil DUCHMIUIMHE CTYIAEHTAM IPENOCTABIISAETCS BO3MOXKHOCTh MOJIb30BATHCS
y4eOHO-METOMUYECKUMU MaTepralaMi M PEKOMEHJALMSIMHU pa3MEIlEHHbIMU B 3JIEKTPOHHOU
uH(popMaIMoHHO-00pa3zoBaTeNbHOM cpene MoaynbHoro unamudeckoro O0yuenust Kyol'y.

KoHcynbranuu npoBoAsTcs pa3 B ABE HEJENU JUI pa3bsCHEHUs MPOOJIEMHBIX MOMEHTOB
IIPU CaMOCTOSITEIBHOM U3y4YE€HHUU BOIPOCOB U3y4aeMOW AUCIUILINHBI.

Takum 00pa3oM, OCHOBHBIMH 00pa30BaTeIbHBIMH TEXHOJIOTHAMH, HUCIOIb3yeMbIMH B
y4eOHOM Tmpouecce SIBISIOTCA: WHTEPAKTUBHAs JIEKIUS C MYJbTUMEAUMHON CHCTEMON u
aKTUBHBIM BOBJIEUEHHEM CTYJEHTOB B Yy4eOHBIH Ipouecc; OOCYX JAEHUE CIOXKHBIX H
JMCKYCCHOHHBIX BOIIPOCOB M MPOOJIEM M € MOCIEAYIOMHMM pPa300poM 3THUX BOMIPOCOB Ha
NPaKTUYECKUX 3aHATHSX; J1a0OpaTOpHble 3aHATHS — padoTa CTYJEHTOB B MalbIX IpyNnax B
peKuUMax B3aUMOJEHCTBUSI «IIPENOJABATENb — CTYJAEHT», «CTYJIEHT — MPENOIaBaTeNby», «CTYACHT —



crynert». [Ipu mpoBeneHNN MPAaKTHYECKUX M Ja0OpaTOPHBIX YYEOHBIX 3aHITHIA MPEITyCMOTPEHO
pa3BUTHE Yy OOy4arolIMXCS HABBIKOB KOMAaHAHOW paOOoThl, MEXIMYHOCTHOM KOMMYHHKALHH,
NPUHATHS PEIICHAH U IMIEPCKUX KaueCTB.

Jis aun ¢ orpaHMYEHHBIMM BO3MOXKHOCTSIMHU 3/I0POBbSI MPEAYCMOTpPEHA OpraHU3allusl
KOHCYJIBTAIMH C MCIIOJIb30BAaHUEM IIEKTPOHHOM mouThl i Microsoft Teams.

[Ipy wn3ydyeHUM JUCHMIUIMHBI MOTYT TPUMEHATCS HEKOTOpbIE AacleKTbl MOJAEIH
«TepeBEPHYTOr0 OOyYEHUS» B PEKUME JHUCKYCCHOHHO-OPUEHTHPOBAHHOTO MEPEBEPHYTOTO
KjJacca WM BUPTYaJbHOIO MEpEeBEPHYTOro Kiacca: JUCTAHIMOHHBbIE 00pa30BaTelIbHBIE
TEXHOJIOTUH (AJIEKTpOHHOE oOyueHHe) B (opMe CMEmaHHOTO OOY4YeHHs, OCHOBAHHOTO Ha
COYETaHUU OYHOro OOyueHHsI M OOy4YEeHHs KOMIBIOTEPHBIMH CpEACTBAMH, BKIIOYAIOLIMMU
HEKOTOpBIC aCIEKTHI B (hopMaTe AUCTAHIMOHHOTO oOy4yeHus B coorBercTBuU ¢ ®I'OC BO. B
YCIOBHSX Pa3BUTHs JNEKTPOHHOW MH(DOPMAIIMOHHO-00pa30BaTEIbHONW Cpefibl By3a B KauecTBe
yrpaBiieHus: 00ydeHreM BeIOpana matdgopma Moodle, ogHako, COBMECTHO C HEH IS CO3/IaHus
U MyOJUKAlMM KOHTEHTa M Y4eOHBIX OOBEKTOB MCIIOJB3YIOTCS: CIyk0a BUAEO TPaHCIALUU

Microsoft Stream 1 HHCTPYMEHT JUIsi KOMMYHUKAIIUH U 00paTHOH cBsi3u Microsoft Teams.

4. OueHoYHbIC CPEACTBA JAJ TEKYLIEro KOHTPOJSA YCHEBAeMOCTH M NMPOMEKYTOYHOH

MOCTHYKEHUI

aTTeCTallumn

OI_IeHOLIHbIe cpeacTBa MpEAHA3HAYUCHBI JISI KOHTPOJA U OLCHKHU O6pa3OBaTCJ'IBHbIX

oOyuaromuxcs,

OCBOMBIIIHNX

IIporpammy

((MI/IKpOHpOHCCCOpHaH TCXHHKA B OIITHYCCKHUX CUCTEMAX CBA3HN.

yueOHOM

NMUCHUTLIINHEL

OrneHouHBIE CpPEAICTBA BKIIIOYAET KOHTPOJbHBIC MaTepHallbl A7 MPOBEACHUS TEKYUIero
KOHTPOJIA B popme 1abOpaTOpHBIX 3aIaHUH M BOITPOCOB K HUM MPOMEKYTOYHOI aTTecTAllMU B
dbopMe TecTOBBIX 3aJaHUIl HA 3a4eT.

CTpyKTypa OLEHOYHBIX CPEACTB /Il TeKylIell U MPOMeKYTOYHOM aTTecTaluu

Kon n HanmeHnoBanne HanMeHoBaHHE OIIEHOYHOTO CpPEJICTBA
Ne PesynbraTsl 00yueHuns
HHIUKATOpa . [TpomexyTouHas
/11 (B cooTBeTcTBHH C 1. 1.4) Texymuii KOHTPOIb
(B cooTBeTcTBHH C 1. 1.4) aTTeCTAIHS
[IK-1 Crocoben 3HAaTh IePCIIEKTUBHBIC Ha mpakruueckom TectoBoe
MIPUMEHSTh COBPEMEHHBIC | TEXHOJOTHH JISl pean3alii | 3aHSATHHU [0 aKTHBHOCTH | 3a4€THOE 3ajIaHHe.
TEOPETHUYECKUE U 3a]1a4 CETEeBOM CTY/ICHTOB.
IKCIEPUMEHTAIIbHbIE KOHBEPI'eHIHH.
METO/Ibl UCCIICAOBAHUS C YMeTb UCHoIb30BaTh JlaboparopHbie paboThI INpaxTuueckue
LIEJIBIO CO3/IaHHsT HOBBIX HOPMaTHBHYIO 3a4eTHBIE
HEePCIEKTHUBHBIX CPEACTB JIOKYMEHTAIUIO B 00J1aCTH 3a7jaHusl.

| UH()OKOMMYHHKALUH, l/IH(l)OKOMM‘}‘/HI/IKaLlI/IOHHbIX
UCIIOJIb30BaHHIO U TEXHOJIOTHil.

BHEJIPCHHIO PE3yJIhTaTOB BnazeTh HaBBIKAMHU aHAIHM3a JlabopaTtopHbie pabOTHI TecroBoe
UCCIIEIOBAHUM XapaKTEePUCTHK 3a4eTHOE 3aJaHue.

TEJIEKOMMYHHKALTOHHOTO

000pyIOBaHUS ISt

IUIAHUPOBAHUSI PA3BUTHSI CETH

[PY BHEAPECHUH HOBBIX

TEXHOJIOTUH CBSI3H.
[IK-2 Cmocoben k cbopy | 3HaTh OCHOBY JlabopaTopabie pabOTHI [paxTrueckue
HUCXOJHBIX  JAHHBIX H | MHKPOMPOLECCOPHBIX 3a4eTHbIC
IUIAHUPOBAHUIO TEXHOJIOTHil UCIIOJIb3yEeMbIX B 3aJ1aHusl.
MOJIEpHHM3ALMH  CETEeBBIX | 00OPYIOBAHUU CETEH CBS3H.

2 | ycTpoicTB U | 3HaTh OCHOBHBIE TAPaMETPHI Ha npaktuueckom TecTtoBoe
nporpaMMHOT0 OGOpy[lOBaHI/IH CBA3U AJIs1 3aHATHU 110 aKTUBHOCTHU 3a4€THOC 3a1aHUC
OGeCHe‘IeHI/Iﬂ aHaJIn3a UCXOAHBIX JaHHbIX CTYACHTOB.

UH()OKOMMYHUKAIIMOHHBIX | pa3sBUTHS M ONTUMHU3ALUH
CHCTEM CETHU CBS3H.




YMeTh aHATH3UPOBATh JlaGopaTopHbIe paboThI IIpakTudeckue

BO3MOKHOCTH HOBBIX CPEJICTB 3a4eTHBIC
CBSI3H. 3aIaHMsL.
YMeTh OCyImecTBIATh TOUCK, | JlaGopaTopHbie paboTHI IIpakTuueckue
AHAJIU3UPOBATH U OLICHUBATH 3a4CTHBIC
HHPOPMALIUIO, HEOOXOUMYIO 3alaHMsL.

Jutst 3 heKTUBHOTO
BBITIOJTHEHHS 33/1a4H.

Bnanets HaBbIkaMu BEIOOpa JlaboparopHsie paboThI TecroBoe
TEXHOJIOTHH 1J1s oOecrieueHus 3a4eTHOE 3aJaHue.
NPE/ICTAaBIICHUS YCIIyT CBSI3H B
COOTBETCTBHH C
MOTPEOUTETHCKIM CIIPOCOM.

3HaeT MPUHIIMITBI JlabopaTtopHbie pabOTHI TecroBoe
(hyHKIIMOHHPOBAHUS CETEBBIX 3a4€THOE 3a/IaHueE.
anmnapaTHbIX CPENICTB.

3HaeT apXUTEKTypy ceTeBeix | JlabopaTtopHBIE paboTHI TectoBoe

anmnapaTHbIX CPEJICTB. 3a4EeTHOE 33J]aHue.
3HaeT MPUHIMITBI pabOThI JlaGopaTopHbIe paboTHI TecTtoBoe
CETEBBIX DJIEMEHTOB. 3a4eTHOe 3aJaHue.
3HaeT MPOTOKOJIBI JlaGopaTopHbIe paboTHI TecTtoBoe
B3aHMO]1€I7[CTBPIH OTKPBITBIX 3a4€THOC 3alaHUC.
CHCTEM.

YMeer nonb30BaThCs JlaboparopHsie paboThI TecroBoe
HOPMaTHBHO-TEXHUYECKOU 3a4eTHOE 3aJaHue.

JIOKYMEHTAIueH B 001acTi
UH(POKOMMYHUKAITHOHHBIX
TEXHOJIOTHH.

YMeeT OTClIeKUBATh TectoBoe
pa3BUTHE 3a4€THOE 3aJaHHE.
WH(POKOMMYHHUKAITHOHHBIX
TEXHOJIOTHM.

Bnaneer naBbIkaMu TecroBoe
MIPOTHO3UPOBAHUS CPOKOB 3a4€THOE 3aJaHHUE.
MOJIEpHU3AIINN CETEBBIX
YCTPOMCTB.

TunoBbie KOHTPOJIbHBIE 32JaHUSI MJIH HHbIE MaTepPHAJIbl, He00X0AMMBbIE VIl OLCHKH
3HAHUI, YMEHH i, HABBIKOB U (MJIM) ONBITA AeSATEJIbHOCTH, XaPAKTEPU3YIOIIUX ITANbI
(¢opMupoBaHusI KOMIIETEHIIHIT B Mpolecce 0CBOeHHUsI 00pa30BaTe/IbHON MPOrpaMMbI

IlpumepHnulii nepeuens 60npocos u 3a0anuil
Bomnpocekl 1 3agaHus o J1a00PaTOPHBLIM padoTaM JJisl TeKyIleil aTTecTAlMH YKa3aHbl
B METOJIMYKe: MUKPOIIpOIIeCCOpHasi TEXHUKA B CUCTEMaX CBSI3M : TA0OPATOPHBIN MPAKTHKYM / A.
C. Jlesuenko, K. C. Kopotkos, H. A. fIkoBenko, A. A. babenko; KyoI'Y. - Kpacunomap, 2018. -
194 c.
3ayeTHO-3K3aMeHAMOHHbIE MATEPHUAJIbI IJIs1 IPOMEKYTOUYHON aTTecTaluM (3a4er)

IIpuMepbl BONIPOCOB 3aJaHUA TeCTA JJIsl NPOMEeKYTOUHOM aTTecTauum B 8-M cemecTpe

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



B poytep MX960 ¢pupmser Juniper BcraBiensl nse SCB u mects MPC-3D-16XGE-SFPP.
KakoBo xonnuectBo Plane (mm»itHOB) B 3TOM cityvae?

B poytep MX960 ¢gupms Juniper BcraBiensl Tpu SCB u mects MPC-3D-16XGE-SFPP.
KaxoBo konmuecTBo Plane (ruitHOB) B 3TOM citydae?

Trio-uuncer poyrepa Juniper MX80 mmeer ckopocTh 00pabOTKH 55 MIIH. MAKETOB B
CEKYH]Iy, a IpOIyCKHYI0 criocoOHocTh 70 I'61uT/c. OnpenenuTs KakoBa NpOIyCKHas CIOCOOHOCTh
BeIpakeHHast B [ 0uUT/c poyTepa, eciiu yepe3 Hero OyayT THIIOTETHYECKH MPOXOIUTH TONBKO 96-
0alTOBBIC MTAKETHI?

Trio-uuncer poyrepa Juniper MX80 umeer ckopocTb 00pabOTKM 55 MIIH. NAKeTOB B
CEeKYH]y, a IPOIyCKHYI0 criocoOHocTh 70 I'6ut/c. OnpenenuTs KakoBa MPOITyCKHAs CIIOCOOHOCTh
BbIpa)keHHas B [ '0UT/c poyTepa, eciiu yepe3 Hero OyayT TMIIOTETUYECKU MPOXOIAUTh TOJIBKO 64-
OaifToBbIE MaKeTHI?

Trio-uuncer poyrepa Juniper MX80 mmeer ckopocTh 00pabOTKH 55 MIIH. MAKeTOB B
CEKYH]y, a IpOIyCcKHY10 criocoOHocTh 70 I'61ut/c. OnpenenuTh KakoBa NpOIyCKHas CIOCOOHOCTh
BeIpakeHHas B [ OUT/c poyTepa, eciiu uepe3 Hero OyIyT TMIIOTETHIECKH MPOXOAUTH TOIBKO 128-
0alTOBbBIC MAaKEThI?

Trio-uuncerst B MPC-3D-16XGE-SFPP poyrepa MX480 ¢upmbl Juniper umeror
CKOPOCTh 00pabOTKH 55 MITH. TTAKETOB B CEKYHIY, a NPOMYCKHYI0 criocobHocTs 70 T'out/c. B
poytepe wucnonsdytoT ase MPC-3D-16XGE-SFPP u 3ageiicTBoBaHbl Bce HUHTEpQEHCHI.
Omnpenenuth KakoBa MPOMYCKHasi CIOCOOHOCTH BhIpakeHHast B [ OUT/C poyTepa, eciiu uepes Hero
OyAyT TMIIOTETHYECKU IMPOXOAMTH TOJIBKO 96-OaiitoBbie makerhl? (IIpu pacuére yuecTb, yTO
Tpaduk pacrpenenés no uarepdericaMm paBHOMEPHO).

B nporpamme nins MukpokoHntposuiepa STM32F4 kTo-To mblTancs reHepupoBaTh CUTHA.
st wero ucnosib3oBain cBsizb DMA u DAC (niepBoiit Mmoynb L{AIT), a Takske 0OIMH U3 CUCTEMHBIX
taiimepoB (TIM2 noaxmtouennsiit k muHe APB1). Jlanubie B DAC nukinndyecku nepechbuialoTes
u3 ajapecHoro Oydepa: T.e. MUKIMYECKH MEHSEM aJpec aHHBIX B Oydepe, yBeIMUnBas €ro Ha
eIMHUITY KaX/Iblii pa3 rnpu ycneurHoi nepenaun u3 DMA B DAC no cpabaThIBaHHIO CHCTEMHOTO
taiimepa. VMCXOIHBIM HCTOYHMKOM TAaKTHPOBAHMS MJs KOHTpPOJUIEpa BBICTyNAeT BHEIIHHH
KBapIeBbIil pe3oHarop Ha 8§ MI'. M3BecTHO, 4TO KOH(puUrypauus aenureneii: M = 4, N = 400,
P=8, npen nenutens MaTpuilbl BEICOKOCKOPOCTHBIX LIMH PaBEH JIByM, a MpeJl ACIUTENb IIHUHBI
APBI pasen uetsipém. Uemy paBHa yactora cucteMHOro taktuposanust PLLCLK?

B nporpamme nns MukpokoHntposuiepa STM32F4 kTo-To mblTancs reHepupoBaTh CUTHA.
st wero ucnosib3oBain cBsizb DMA u DAC (niepBbiit Mmoynb LIAIT), a Takske 0MH U3 CUCTEMHBIX
taiimepoB (TIM2 noaxmtouennsiit k muHe APB1). Jlanusie B DAC nukinnyecku nepechbuialoTcs
u3 ajapecHoro Oydepa: T.e. MUKIMYECKH MEHSAEM aJpec NaHHBIX B Oydepe, yBeIMunuBasi €ro Ha
€MHUITY KaX/Iblii pa3 rnpu ycneurHoi nepenaun u3 DMA B DAC no cpabaTeIBaHHIO CHCTEMHOTO
taiimepa. VMCXOIHBIM HCTOYHMKOM TAaKTHPOBAHMSA MJs KOHTpPOJUIEpa BBICTyNAeT BHELIHHH
KBapIeBbIil pe3oHarop Ha 8§ MI'. M3BecTHO, 4TO KOH(puUrypauus aenureneii: M = 8, N = 360,
P=2, npexn nenurens MaTpULbl BHICOKOCKOPOCTHBIX IIMH PAaBEH €AMHUIBI,  IPEJT I€TUTENb INHBI
APBI pasen uetsipém. Uemy paBHa yactora cucteMHOro taktuposanust PLLCLK?

Bb1 cobupaerech mpu momoiM IH(POAHATOrOBOro IMpeodpazoBaTeisi B MUKPOKOHTPOILIEpE
STM32F4 renepupoBaTh TPEYroJibHbIM CUTHAI ¢ aMIiuTynoil 0,7 BonbTra u yactoToit 8kl Ha
BbIBOJIHOM HOXKEe PA4. Jlnsa yero ucnonbdyere cBsizb DMA u DAC (nepsbiit mogyns LIAII), a
TaKXke€ OJUH M3 CHUCTEMHBbIX TaiMmepoB. JlanHbie B DAC nuknmyecku mnepecbuiarorces u3 32-x



azpecHoro Oydepa: T.e. IUKIMYECKH MEHSEeM aapec NaHHbIX B Oydepe, yBelIW4MBas €ro Ha
€IMHUILY Kaxblii pa3 npu ycneuHoi nepenaun u3 DMA B DAC no cpabaTbIBaHHIO CUCTEMHOTO
taiimepa. MUKpOKOHTpOJIep TakTupyeTcs oT BHemHero kBapua 8kl'm. Kakum noimkHbl OBITH
BbICTaBIIeHBI KO3 dunimenTs! Aenuteneid u muoxureneit B STM32F4: N, M, Q, P, APBI, AHB, a
TaK XK€ 3HAUYEHHWE TpeJ JIENUTENS U Meproaa cpadaThiBaHMs cHCTeMHOro Taiimepa? Ilpu stowm,
HEOOXOUMO 0053aTeIbHO Y4YeCTh PEKOMEHJIAIMI0, OTHOCHUTEIbHO YAacCTOTHI CHUTHAla
noctymnaromiero H a Bxoq VCO nocne aenurens M (nomkHa nexats B peaenax 1-2 MI'm).

Ber  coOmpaerech mpu  momMomm  IU(GPOAHATIOrOBOrO  TIpeoOpazoBarens B
MukpokoHnTpoiuiepe STM32F4 reHepupoBaTh MNUIO00pA3HBI CHTHAT C MOJIOXKUTEIHHBIM
HaKJIOHOM U amruuTynoi 1 BonbsT u wactoroit 37kl Ha BeIBogHOW HOXKe PA4. Jlns yero
ucnons3yere cBsizsb DMA u DAC (mepsbiif momyns I[AII), a Takxke OJUH M3 CHCTEMHBIX
taiimepoB. [lanapie B DAC nukindecku mnepecburaroTess u3 16-tu aapecHoro Oydepa: T.e.
UKIMYECKH MEHsEeM ajipec JaHHbIX B Oydepe, yBenuyuBas €ro Ha €IUHUILY KaXIbIi pa3 mpu
ycnemHot mnepemaun u3 DMA B DAC 1no cpabaTblBaHHIO CHCTEMHOIO —TaiiMepa.
MUuKpOKOHTpOJUIEp TaKTUPYETCs OT BHelIHero kBapia 8kl 1. Kakum 10KHBI ObITh BBICTABICHBI
kodpuimenTs! aenuteneid u Mmuoxureneir B STM32F4: N, M, Q, P, APB1, AHB, a Tak xe
3HaueHUE Tpeld JeNuTens W TMepuoja cpabaTeiBaHus cUCTeMHOro Ttaimepa? Ilpu sTowm,
HEOOXOUMO 0053aTE€IbHO YYeCTh PEKOMEHJAIMIO0, OTHOCHUTEIbHO YacCTOThl CHUTHAla
noctynatoriero H a Bxoq VCO nocne nenurens M (nomkHa nexats B mpenenax 1-2 MI').

Bol  cobupaerece mpu  momomu  U(pPOaHATIOrOBOro  mpeoOpazoBarens B
MukpokoHntposuiepe STM32F4 renepupoBaTh TapMOHUYECKHI CHUTHAJd C MOJIOXKUTEIbHBIM
HaKJIOHOM U aMIuuTynoi 1 BonbsT m yactoroit 48kl Ha BhiBogHOU HOXKe PA4. Jlns yero
ucnons3yere cBizb DMA u DAC (mepBeiii monyns L[AII), a Takke OIMH U3 CHCTEMHBIX
taiimepoB. [lanaeie B DAC nukinnyecku mnepecbuialoress u3 16-tu aapecHoro Oydepa: T.e.
[UKIUYECKH MEHSIEM aJipec JaHHBIX B Oydepe, yBenndyuBasi €ro Ha €IUHUIY KXl pa3 mpu
ycnemHor mepegaun 3 DMA B DAC mo cpabaThlBaHWIO CHCTEMHOIO TaiMmepa.
MuUKpOKOHTpOILIEp TAKTUPYETCs OT BHELIHEro kBapua Skl 1. Kakue 3HaueHus 10JKEeH COAepKaTh
O0ydep, ecu onopHoe 3HaueHue Hanpsokerus LIATT pasro 3.3 Bosbra.

[Ipu otnagke mporpamMMmbl MO Tiepedadd AaHHBIX B ceTh Erhernet Ber momyuwnnm
CJICIYIOUIYIO TIOCIIEOBATENIFHOCT IMepeaaBaeMbiX OUT Ha cBOE ycTpoiictBo. Ompenenure [P
aJpec MCTOYHMKA MoJyuyeHHoro ¢peiima. OTBET 3aMUIINTE B JECATUYHON CHCTEME CUHCIICHUS
OKTETHOE pa3/IeJICHUE yKa3bIBaTh TOUKOM.
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Bribepure npaBmiibHOE OnMcaHNe OTHOCHTENBHO MoHsTHs ASIC:

a. OTO MHTCrpajbHas CX€Ma, HACTPOCHHAsA i1 KOHKPCTHOI'O0 HMCIIOJb30BaHUA, a HEC JIA 3adaq
O6H_I€F O Ha3HA4YCHUI, OOJIBIIMHCTBO BBIYUCIUTEIBHBIX Y3JIOB MOXKCT paGOTaTL napaJijiCJIbHO.

b. mpencraBnsieT co00¥ MHTETPAILHYIO CXeMY, pa3paboTaHHYIO IS KOHQUTYpAIHH 3aKa34uKOM
WIA pa3padOTYMKOM IOCJIE€ M3TOTOBJICHUS C BO3MOKHOCTBHIO BBITIOJTHEHUS! PA3JIMYHBIX 3aJad;
6OJIBL[II/IHCTBO BBIYUCIIUTCIIBHBIX Y3JIOB MOKCT paGOTaTB napajjiCJIbHO.

€. TPAH3UCTOPAMH PEATU3YIOTCSl 0a30BbIE CTPOUTENbHBIE OJIOKH — PerucTpsl, mamsaTh, LUTkL. W3
KOTOPBIX TIOTOM MOHO CO3/1aBaTh HYKHbIE ()YHKIIMOHATbHBIC OJIOKH.

d. 5TO Kacc CHEeNHMATU3UPOBAHHBIX HHTEIPAJIBHBIX CXEM, HCIIOJIb3YEMBIX IS alllapaTHOIo
YCKOpPEHUs: pabOThI AJITOPUTMOB HCKYCCTBEHHBIX HEMPOHHBIX CeTel

Tak ke B TecTe NPUCYTCTBYIOT BONPOCHI MO THIY TMPENBIIYNIET0 Ha TOHMMAaHUE
CIITYIOIUX TIOHSTUI U OTIPEEeICHUI B BHE BOIPOCOB C BBIOOPOM U3 3-4 BO3MOIKHBIX OTBETOB:
CPU, ASIC, FPGA, NP, SerDes, PHY, Silicon Photonics, Packaging n 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 wim XM Chips

Kputepun oneHuBanus pe3yibTaToB 00y4eHUs!
Kputepuu onieHuBaHus MO 324€Ty:

TectoBble 3amanus cocTouT u3 25-30 BOMPOCOB MO TEMAaTHYECKHM pasfenaMm padodeit
nporpaMMbl yueOHoW aucuuiuinebl. B 40% Bcex BOMpPOCOB KaXKAOro TeCcTa MPEIojaraercs
BbIOOp OgHOrO M3 3-4-X BO3MOXHBIX OTBeTOB. B 60% Bompocax HeoOXOauMO HammucaTth
IIPABWIBHBIN OTBET CAMOCTOSITENBHO.

Cucrema OLIEHOK BBIMOTHEHHUSI KOHTPOJIHHOTO 3a4€THOTO TECTUPOBAHUS:

— «OTIUYHO» — KOJUYECTBO MPABWIBHBIX OTBETOB OT 90% 1o 100%:;

— «XOpOILI0» — KOJIMYECTBO NMPaBUIbHBIX OTBETOB OT 75% 10 90%:;

— «YIIOBJIETBOPUTEITHLHO» — KOJIMYECTBO MPaBUIBHBIX 0TBETOB OT 60% 110 75%.

— «HE YJIOBJIETBOPUTEIHHOY» — KOJIMUYECTBO MPABUIBHBIX OTBETOB MeHee 59%.

«3a4TeH0» BBICTABISIETCS O0YyYarOIIMMCS IOJIYYHMBIIEMY MO 3a4YE€THOMY TECTY OLIEHKH
«OTJIMYHOY, «XOPOILIO» WIH «yIOBICTBOPUTEIHHOY» - JIOMYCTUBIINM MOTPEITHOCTH B OTBETE HA
3a4eTe W MPH BBHINOJHEHWW MPAKTUYECKUX 3aJaHWi BBIHOCHMBIX Ha 3a4eT, HO 00JIaJaronuM
HEOOXOJUMBIMU 3HAHUSIMU U YMEHUSIMU JUIS UX YCTPAHEHHUS MPU KOPPEKTHPOBKE CO CTOPOHBI
npenoaaBaTes.

«He 3auTeHO» BbICTaBIsIETCS OOydaroleMycsl MOMYyUMBIIEMY MO 3a4ETHOMY TECTY
OLIEHKY «HE YIOBJECTBOPUTEIILHO» — T.€. OOHAPYKUBIIEMY CYIIECTBEHHBIE NMPOOEIBI B 3HAHUSIX
OCHOBHOTO MPOTPaMMHOI0 MaTepuajia IO IUCHUIUIMHE, JOMYCTUBIIEMY MPHHIMUIHAAILHBIC
OIIMOKU B BBINOJHEHUH IMPEITyCMOTPEHHBIX MPOrpaMMOil MPaKTUUECKUX 3adaHUN (OTCYTCTBHE
3HAHWUN 3HAYUTEIHHON YacTHU MPOTPAMMHOI0 MaTepHala; HEMOHUMAaHUE OCHOBHOTO COJIepKaHuUs
TEOPETUYECKOI0 MaTepuana, HEyMEHHE NPUMEHATh TEOPETUYECKHUE 3HAHUS IpPU pElICHUU
MPAKTHUYECKUX 3aJ1a4; JOMYCTUBIIEMY MPUHIIUTHAIBHBIC OIIHOKH.

OueHouHble CcpeacTBa Il MHBAJIUAOB WU JMI[ C OTPAHUYEHHBIMU BO3MOXHOCTSIMHU
3JI0pPOBbSI BEIOMPAIOTCS C YICTOM UX WHAMBUAYATBHBIX IICUXO()H3NISCKIX 0COOCHHOCTECH.

— IIpY HEOOXOMMOCTH UHBATUAAM U JIMIIaM C OTPAaHUYEHHBIMU BO3MOXXHOCTSIMU 37I0POBbS
MPEIOCTABIIACTCS JOMOJIHUTEIBHOE BPEMSI ISl MOJATOTOBKHU OTBETA HA SK3AMEHE;

— MPU MPOBEICHUU MPOLIETYPHI OIICHUBAHUS PE3yJIbTATOB 00yUYEeHUS MHBAIHUIOB U JIUIL C
OTPAaHUYEHHBIMU BO3MOKHOCTSIMU 370POBbS MPEyCMATPUBAETCS UCIIOJIb30BAHUE TEXHUYECKUX
CPEICTB, HEOOXOAUMBIX UM B CBS3H C UX MHIUBUAYaJIbHBIMUA OCOOCHHOCTSIMU;



— TIpY HEOOXOAUMOCTH ISt 00YUAIOMIUXCSI C OTPAaHHYEHHBIMHI BO3MOXKHOCTSIMHU 3/TOPOBbS
¥ HHBAIWAOB TMPOIEIypa OLEHUBAHUS pE3YyJbTATOB OOYYEHHS 10 JUCHUIUIMHE MOXKET
IPOBOJUTHCS B HECKOJIBKO ATAIIOB.

[Mpouenypa oneHWBaHHS PE3yIbTaTOB OOYYCHUS WHBAJIUIOB U JIUIl C OIPaHUYCHHBIMH
BO3MOXXHOCTSIMH 3JIOPOBBSI 110 JHCHUIUIMHE (MOJIYJIIO) TIPEIyCMAaTPUBAET IPEIOCTABICHHUE
uHpopmanuu B QopMax, aJaNTUPOBAHHBIX K OTPAHMYEHHUSIM HUX 30POBbS M BOCIIPHATHS
UHPOpPMALINH:

JInst L ¢ HapyIIeHUSIMH 3PEHUS:

— B I1€9aTHOW (hopMe YBEIMICHHBIM HIPUPTOM,

— B (hopMe DIIEKTPOHHOTO JIOKYMEHTA.

JUist TUT ¢ HApyIICHUSIMH CITyXa:

— B mieuaTHoi (opme,

— B (popMe AIIEKTPOHHOTO TOKYMEHTA.

JInst L ¢ HapyIIEHUSIME OTIOPHO-/IBUTATEIBLHOTO amiapara:

— B mieyaTHoOU hopme,

— B (hopMe DIIEKTPOHHOTO JIOKYMEHTA.

JlaHHBIN TIepedeHb MOXET OBITh KOHKPETH3MPOBAH B 3aBUCHUMOCTH OT KOHTHHICHTA
00ydaromuxcs.

5. Ilepedyenn y4eOHOI JuTepaTypbl, HHGOPMALMOHHBIX PECYPCOB U TEXHOJIOT U

5.1. YueOHas iuTeparypa

1. OropoxnukoB, U.H. MukponpoueccopHas Texauka: BBeaeHue B Cortex-M3 : yaeOHOe
nocobue mis By3oB / MockBa : WMsmarensctBo FOpaiit, 2021. — 116 c¢. — (Bsicmiee
obpazoBanmue). — Tekct: anexkTpoHHbIH // OOpa3zoBarenbHas mwiargopma FOpai [caiit]. — URL:
https://urait.ru/bcode/472192

2. MukponpolieccopHasi TeXHUKAa B CHCTeMaXx CBsI3H: JabopaTopHbiii npaktukym / A.C.
JleBuenko, K. C. Kopotkos, H. A. SIkoBenko, A. A. babenko; KyoI'Y.- KpacHonap, 2018. - 194c.

3. KanaueB, A.B. MHorosinepHsie mpoiieccopsl : ydueOHoe mocobue / A.B. Kamages. -
MockBa : Wurtepuer-YHuBepcuter HWudpopmaunonusix Texnomormid, 2011. - 248 c. -
[Onextponnslii pecypc] - URL: http://biblioclub.ru/index.php?page=book&id=233103

5.2. UHTepHeT-pecypchbl, B TOM YHCJIE COBpeMeHHble NpodeccHOHAIbHbIE 0a3bl
JAHHBIX U HH(POPMALMOHHBIE CIIPABOYHbIE CHCTEMbI

DIeKTPOHHO-0MOIMoTeuHbIe cucTtembl (IBC):

1. DBC «IOPAMT» https://urait.ru/

2. 9BC «JIAHb» https://e.lanbook.com

Pecypcol cB00OOaHOTO 1OCTYyNA:

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

. IIpotorunupoBanue 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/BRKDCN-

3734.pdf

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

Kak caemate kommyTtarop? https://linkmeup.ru/blog/882/

7. Cetn nns cambix ManeHbKuX. YacTs yetbipHaauaTas. [lyTe nakera
https://linkmeup.ru/blog/1235/
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8. Packet Pushers. Understanding ASICs For Network Engineers (Pete Lumbis)
https://www.youtube.com/watch?v=Ti3t90AZL3g

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/compsci5 14/papers/rmt-sigcomm?2013.pdf

13. Packet Buffers. Otcrona o ccpuikam pa3BopadynBarOTCs pa3HOOOpa3HbIC MATEPHAIIBI
o4deHb ri1y0oko https://people.ucsc.edu/~warner/buffer.html

14. An Update on Router Buffering https://people.ucsc.edu/~warner/Bufs/Buffering-
WP_August_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-gfx-series-congestion-notification-understanding.html#jd0e554

16. Quality of Service. Headroom buffers https://github.com/Mellanox/mlxsw/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-gfx-series-vog-understanding.html

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

20. I'ne coxpanutp naket? Yumsl u 6ydeps https:/linkmeup.ru/blog/920/

CoOcTBeHHbIE YJIEKTPOHHBIE 00pa3oBaTe/ibHbIe U HH(POPMAIIHOHHBIE PeCYPChI
KyoI'Y:
1. Cpena MomyJbHOTO AMHAMHUYECKOTo o0yuenus http://moodle.kubsu.ru
2. baza y4eOHBIX MIIaHOB, y4€OHO-METOINYECKIX KOMILIEKCOB, IyOIHMKAIUN 1
KoH(pepeHuuit http://mschool.kubsu.ru/
3. DnekTpoHHbIH apxuB qokymMeHToB KyOI'Y http://docspace.kubsu.ru/

Jns co3nanus v myOnMKalMy KOHTEHTa M y4eOHbIX OOBEKTOB IMpernojaBaTesieM HCIOJIb3YyeTCs
ciy>x0a BUI€O TPAHCISALUN U MHCTPYMEHT IS SJIEKTPOHHON KOMMYHHUKAIIMU U OOpaTHOM CBS3U
CO CTYJEHTaMU UCIOJIb3yETCS.

6. MeTonnueckue ykazaHus AJ1s1 00y4AOIIUXCS 10 OCBOCHHUIO T CUMILTHHBI (MOIYJIs1)

Jlexuus sBsieTCs: OHOM U3 (HOpM M3yUSHHS TEOPETUUECKOTO MaTepuala 1Mo JUCIHUIIIHHE.
B xoz€e neknoHHOro Kypca mpoBOAUTCS U3JI0KEHHE COBPEMEHHBIX HAYYHBIX TIOJIXOI0B M TEOPHIA.
B TCTpaau JJiI KOHCICKTUPOBAHUA JIeKI_II/IfI HCO6X0,[II/IMO HUMCThL II0JId, TrA€ Mo Xoay
KOHCIIEKTUPOBAHUS JIeat0TCsl HEOOXOUMBbIE TOMETKU. 3aIuCH TOJIKHBI ObITh U30MPATEIbHBIMU.
B koHCHiekTe MPUMEHSIOT COKpAIEHUE CIIOB, YTO YCKOPSIET 3aluch. Bonmpockl, BOZHUKAIOIINE B
XO0/JI€ JIEKIMH, €CIIM HE 3aJaHbl Cpa3y, PEKOMEHyeTCs 3aliChIBaTh HA MOJSAX U MOCJIE OKOHYAHUS
JICKIIMU OOpaTUTHCS 3a Pa3bsICHEHHWEM K MpernojaBaTento. HeoOXoaumo akTHBHO paboTaTh ¢
KOHCIIEKTOM JIEKIIMH: TOCJe OKOHYAHHUS JIEKIIMH PEKOMEHAYEeTCSl IMepeurTaTh CBOHM 3allHCH,
BHCCTH IIOIIPABKU U JOIMOJIHCHUS.



OaHMM U3 OCHOBHBIX BUJIOB JI€ATEIBHOCTHU CTYJIEHTA SIBIISIETCS CAMOCTOSATEbHAs padorTa,
KOTOpasi BKJIIOYAET B ce0s1 M3yueHHe JEKIIMOHHOIO MaTepuala, ydeOHUKOB M Y4eOHBIX OCOOHIA,
IPOCMOTP BHIECO OOBSICHEHHWH IO KOHKPETHBIM NPOOJEMHBIM MOMEHTaM, TOATOTOBKH K
BBINOJIHEHHIO JTa0OPaTOPHBIX PaboT.

MeTtonuka caMOCTOATENbHONW pabOThl MPEBAPUTEIBHO Pa3bIACHAETCS MPENOJAaBATENEM U
B TOCJICAYIOIIEM MOXET YTOUYHSTBCA C y4eTOM HHIMBHMIYaJbHBIX OCOOEHHOCTEH CTYAEHTOB.
Bpems u mecTo camocToATEIbHONW pabOThl BHIOMPAIOTCS CTYJIEHTAaMH IO CBOEMY YCMOTPEHUIO
IUITAHUPOBaHKME BPEMEHU Ha CaMOCTOATENIbHYI0 paboTy, HEOOXOMMOI0 Ha U3yUeHHe HAaCTOoALIeH
JUCLUIIMHBL, CTYJEHTaM Jy4dlle BCETO OCYIIECTBISATH PAaBHOMEPHO Ha BECh CEMECTD,
IIpelyCMaTpuBas IPU TOM PETYJIIPHOE TOBTOPEHHUE NIPOUIEHHOTO MaTepHala.

CamocrosTenpHyI0 padoTy Ha/l TUCIMIUTHHON CIIEAyeT HAYMHATh C M3YYCHHUS IPOTPaMMBI,
KOTOpasi COJEpPKHUT OCHOBHblE TPeOOBAaHUSA K 3HAHUSAM, YMEHHMSIM M HaBbIKaM OOydaeMbIX.
O0s13aTeNnbHO cie1yeT BCHOMHUTH PEKOMEH AN NTPEN01aBaTelsl, JaHHbIE B X0/I€ yCTAaHOBOUYHBIX
3aHATHHA. 3aTeM ClleqyeT NPUCTyNaTb K HM3YYEHHIO OTACIBHBIX DPA3le]OB U TEM B IOPSIKE,
IIPELYCMOTPEHHOM IPOTPAMMON.

[lonmyuuB mnpencraBieHHe 00 OCHOBHOM COJIEpXKaHMM pasfienia, TeMbl, HE0OXOIUMO
U3Y4YUTh MaTepuaj Mo TeME, W3JI0KEHHBIM B y4eOHUKE WIM B PEKOMEHAYEMBIX 3JIEKTPOHHBIX
pecypcax. LlerecooOpa3Ho cOCTaBUTh KPAaTKUN KOHCIEKT WM CXEMY, OTOOpaXarollyto CMBICI U
CBSI3M OCHOBHBIX NMOHATHUN JaHHOTrO pasfena (win 0osiee MPOLYKTUBHO — JOIMOJHUTh KOHCHEKT
aexkun). OOs3aTeNbHO crelyeT 3alMCchiBaTh BO3HMKILIUE BOMPOCHI, Ha KOTOpPbIE HE YJANOCh
OTBETUTH caMOCTOSTENbHO. [Ipy uTeHun yueOHON M Hay4yHOH JUTEpaTypbl HEOOXOAUMO BCeraa
CJIEIUTh 3a TOYHBIM M IIOJHBIM IIOHMMAaHHEM 3HAYCHMsI TEPMHHOB M COJAEP)KAHMSA IOHATHH,
HCIIOJIB3YyEMBIX B TEKCTE. Beerna ciielyeT yTOuHATh 3HAYE€HHUs 110 CJI0BAPSIM WIIU SHIMKIIONIE UM,
pU HEOOXOIUMOCTH 3alUChIBATH.

K nabGopaTopHbiM paboTaM cieayeT NOArOTOBUTHCS MPEIBAPUTENBHO, O3HAKOMUBILNCH C
KpaTKOil HO crenupuyeckol Teopuell pa3MelIeHHOW B COOTBETCTBYIOLIEH METOAUYKE.
PexoMeHyeTcss 03HAKOMUTBHCS 3apaHee U ¢ METOAMYECKMMH PEKOMEHJAUAMU 10 ITPOBEICHUIO
COOTBETCTBYIOIICH JlabopaTopHOi pabOThl, W B CIy4ae HEOOXOAUMOCTH IPOBECTH
IIpeIBapUTENbHbIE PACUEThI MU MMOATOTOBUTH IPOIPAMMHYIO OCHOBY.

HenocpencreeHHass NOATOTOBKAa K 3a4eTy  OCYIIECTBISIETCS IO BOIpOCaw,
NpEeCTaBICHHBIM B JAHHOM yueOHOIl mporpaMme TUCHUIUIMHEI 10 Ja00paTOpPHBIM paboTaM.

B ocBoeHNMM IHCHUIUIMHBI MHBAIUAAMH U JIMLAMHU C OTPAHMYEHHBIMU BO3MOKHOCTSAMM
3I0pOBbsI OOJIBIIOE 3HAYCHHWE HMMEET WHIMBHIyalibHas ydeOHas pabora (KOHCYJIbTALUH) —
JIOTMIOJIHUTEIBHOE pa3bsiICHEHNE y4eOHOro MaTepHaia.

WnpuBuayanbHble KOHCYJBTAMM IO MPEIMETY SBIAIOTCA BaXHBIM  (DaKTOPOM,
CHOCOOCTBYIOLIMM MHAMBUAYAIU3ALUN OOy4YEHUS U YCTAaHOBJIECHUIO BOCIUTATEIBHOTO KOHTAKTA
MEXIy IpernojaBaTesieM U OOy4arollMMCs HMHBAJTUAOM WM JIMLIOM C OTPaHUYCHHBIMU
BO3MOKHOCTSIMH 3710POBBbS.

7. MaTrepuajibHO-TEXHHYECKOe olecnevyeHne o JUCHUuNInHe (MOAyJa10)

HaumenoBanue IlepeueHb TUIIEH3MOHHOTO
Ne CIeLHaIbHBIX OCHaIIIEHHOCTH CIIENUAIBHBIX TTOMENICHHH POrpaMMHOT0 00ecreyeHus
HOMELLEHU I
1. YueOuble aynutopun | JlekumonHas — aymutopusi, ocHauienHas | 1. Onepanuonnas cucrema Microsoft
JUIst NIPOBEJICHUS | NPE3EHTAlMOHHOW TEeXHUKOH (mpoekTop, | cemeiictBa Windows (7/8/10), B
3aHATHH 9KpaH, KOMITBIOTEP/HOYTOYK) U | paMKax  [pOrpaMMbl  KOMIIaHUH
JIEKIIIOHHOI' O THUIIA COOTBETCTBYIOIIMM nporpaMMHbBIM | Microsoft “Enrollment for Education

obecrieuennem (I10) s BocpounsBeneHUs
¢aiinoB popmara jpg u avi. JJocraTouHBIM
KOJIMYECTBOM MOcCago4HbIX MecT: Ne 209C,
Ne 315C, Ne201

Solutions” U KOMIIBIOTEPOB H
CepBepoOB Ky6anckoro
rOCYJapCTBEHHOTO YHHUBEPCHUTETa H
ero (huiInaoB.

2. Y4eOHble ayquTOpuu | AyOUTOpHsS OCHamleHHas MenoBeIMH i | 1. OneparnmonHas cucrema Microsoft
JUTSt MIPOBEJICHUST | MapKEPHBIMHU JIOCKaMH, ocHamieHHast | cemeiictrea Windows (7/8/10), B
3aHATHH IPEe3CHTAIMOHHON TEeXHHMKOW (IIPOEKTOp, | paMKax  HpOorpaMMbl  KOMIIAHUH




CEMHHAPCKOI'0 THIIA, | IKpaH, KOMIIBIOTEP/HOYTOYK) u | Microsoft “Enrollment for Education
TPYTIIOBBIX U | COOTBETCTBYIOLIUM nmporpaMMHbIM | Solutions” I KOMIIBIOTEPOB U
WHAWBUIYAIBHBIX obecnieuennem (I10) myst Bocripou3BeneHHs | CepBEPOB Kyb6anckoro
KOHCYJIbTaIuH, ¢aiinoB opmara jpg ¥ avi, JOCTATOYHBIM | TOCYJAPCTBCHHOTO YHHUBEPCUTETa H
TEKYLIEro KOHTPOJISI M | KOJIMYECTBOM MOCAIOYHBIX MECT CO CTOJIAMHU: | €ro (HIHaNIOB.
MIPOMEXYTOUHON No209C, No205aC, Ne315C, Ne211C 2. IlporpamMmHBIA  TakeT  MOJ
aTTeCcTallHu munensueit GNU Quartus 11 wmu light
JUTst OIEePAMOHHBIX CUCTEM
cemerictBa Windows, BKITIOYAIOIIHii B
cebs KpOCC-KOMITHIIATOP u
MHCTPYMEHTBI ~ pa3paboTku  Juist
FPGA.

3. Yuebusie aynuropuu | JlabopaTtopus, ykoMmiuiekToBanHas | 1. OnepaunonHas cucrema Microsoft
VTS MIPOBEACHUS | CIICHHATH3UPOBAHHOM MeOeIbIo u | cemeiictrea Windows (7/8/10), B
n1abopaTopHBIX TEXHUYECKUMH  CPEJCTBAMHU  OOy4YeHHs. | paMKax  MpOrpaMMbl  KOMIIAHHH
3aHsATHI (paboT) [IpoBenenne  3amsiTuii  yaboparopuoro | Microsoft “Enrollment for Education

NpaKkTHKyMa YacTHM4YHO MpeaycMOTpeHo B | Solutions”  ais KOMIBIOTEPOB U
«KOMITBIOTEPHOM  KJIaCCE€  CIEIMATIbHBIX | CEPBEPOB Ky6anckoro
mucuuiuiaey  (ayautopus  205¢,  Kak | TOCYJapCTBEHHOTO YHHUBEPCHUTETa U

anpTepHatuBa 133C) (c wcHonb30BaHUEM
STM32F407G-DISC1, STM32F4DIS-BB,
STM32F4 Discovery Base Bo, PL2303 USB
UART Board, SN65HVD230 CAN Board) ¢
ncnonb3oanueM 1K

ero (humanos.

2. IIporpammusrii naker Keil MDK-
ARM-CM-ED - 10user IS
OMEPAIMOHHBIX CHCTEM CeMeHCTBa
Windows, BKIOUarommi B cebs
KPOCC-KOMITHJISITOP M HHCTPYMEHTbI
pa3paboTKy Jyisi MUKPOKOHTPOJLIEPOB
cepuit STMFxxx ¢ simpom Cortex-Mx.
3. IIporpaMMHBIii  MakeT  TMOJA
munensuedt GNU Quartus II nim light
JUTSE OMEPaMOHHBIX CHCTEM
cemerictBa Windows, BKITIOYAIOIIHii B
cels KPOCC-KOMITHIIATOP "
MHCTPYMEHTBI  pa3paboTku  Juist
FPGA.

Jnst caMocTosITENbHOM — PaboOThl  0OyUaIOIIUXCS

MIPEyCMOTPEHBI

MMOMEIIECHU,

YKOMITJIEKTOBAaHHBIE CIIEIMATM3UPOBAHHON MeOesbio, OCHAIIEHHBIE KOMITBIOTEPHOM TEXHUKON C
BO3MOXHOCTBIO MOJKIIOUEHUs K ceTn «lHTepHeT» M olecrieueHHeM J0CTyNa B AJIEKTPOHHYIO

UH(POPMAIMOHHO-00Pa30BATEIBHYIO CPEAY YHHUBEPCUTETA.

HaumeHoBaHue TOMEIIEHUM 11
CaMOCTOSTEIIEHOU Pa0OTHI
00yJaromuXxCcs

OcCHaIIIEHHOCTh MIOMEIIEHHUH JUISI CAMOCTOSITENILHOM PaboThI
00yJaroImXCs

[TomewieHue uisi caMOCTOSITETLHOM
paboThl 00yUaroImuXxcs (YUTaTBHBINA
3an HayuHnoii 6nbnmorekn)

Me6enb: yuebHas MeOenb

KomrutekT criennaim3npoBaHHON MeOeNIN: KOMITBIOTEPHBIE CTOJIBI
OOopynoBaHue: KOMIBIOTEPHAs TEXHMKA C IMOAKIIOYEHHEM K
nH(OPMAIIMOHHO-KOMMYHHUKAIMOHHOW ceTH «HTepHET» U AOCTYIOM B
AIIEKTPOHHYIO HHPOPMALMOHHO-00Pa30BaTEIEHYIO cpeny
00pa3oBaTeNbHOl  OpraHu3aluM, BeO-KamMepbl, KOMMYHHUKAIIMOHHOE
obopynoBanue, oOecriedynBaromee J0CTyN K CETH HHTEPHET (IPOBOIHOE
COeMHEHHE M OECITPOBOIHOE COCAUHEHHE 0 TexHOJornu Wi-Fi)

ITomenieHue It CaMOCTOSTEILHOM
paboTsl 00yuaromuxcs (aym.207)

Meo6enb: yuebHas mebenb
KoMmrutekT criennain3upoBaHHON MeOeNIN: KOMITBIOTEPHBIE CTOJIBI
O6opynoBaHKe: KOMITBIOTEPHAS TEXHUKA (HA OCHOBE TOHKUX KJIIMEHTOB) C

MOJIKIIOYEHUEM K HH()OPMAIMOHHO-KOMMYHHKAIMOHHOW  CETH
«/HTEepHETY? W JOCTYIOM B  DJICKTPOHHYIO  HH(DOPMAIMOHHO-
00pazoBaTeNbHYI0 cpeny o0pa3zoBaTenpHOU OopraHu3aluy,

KOMMYHHUKAIIMOHHOE 00OpYIOBaHHUE, oOecreunBaronee JOCTYI K CETH
HHTEpHET.




