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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

Konx n sanmenoBanune
HHAWKATOpa JOCTUKCHUA Pe3yﬂbTaTbl O6y'-leHI/l$I 10 JUCHUIIIINHE
KOMIIETCHIIUU

K-1 CnocodeH NpuMeHSATH COBPeMEHHbIE TeopeTHYeCKUe U IKCIIEPUMEHTAIbHBIE METObI HCCIeT0BAHUS
€ I1eJIbI0 CO3/IaHHs HOBBIX NMEPCNEKTHBHBIX CPEACTB HHPOKOMMYHHKAIUA

HIIK-1.1 Bnaneer 3HaTh yMeThb BJIaJIeTh
COBPEMEHHBIMU IlepcnexTuBHbIE Hcnonb3oBats HaBbixamu ananmmusa
WH(QOPMALMOHHBIMH CHCTEMaMHU TEXHOJIOTUH IS HOPMaTHUBHYIO XapaKTepUCTHK

U TEXHOJNOTHAMH C  LEJbIO peanu3anuy 3aaaq JOKYMEHTAIHIO B TEICKOMMYHHKAIHO
MOJIETTUPOBAHUS CIIOKHBIX | CETEBOW KOHBEPICHIINH. obnactn HHOTO
TEXHHYECKHUX CHCTEM o0opyzmoBaHus [uIs




Kox 1 sanmenoBanune

WHJIUKATOpa JOCTHKEHUSI Pe3ynbraThl 00y4YeHus 110 JUCHUIUINHE
KOMIIETeHIMU
HIIK-1.2 CnocobeH TpUMEHSTH MH(POKOMMYHHUKAITHO TIJIAaHUPOBAHUS
COBPEMEHHOC MaTepruaibHO- HHBIX TEXHOJIOTHH. Ppa3BUTHA CETU IPU
TEXHUYECKOE 00OPYIOBaHHUE IS BHEJPEHUH HOBBIX
HCCIIeI0BATEIbCKUX LIeTIer TEXHOJIOTHH CBS3U

IIK-2 Cnocoben k IPOBEJCHUI0 HAYYHO-UCCJIE€A0BATECIbCKHUX H ONBITHO-KOHCTPYKTOPCKHX pa60T nmo
HU3YYCHHUIO M CO3TAHUI0O HOBBIX KOMIIOHEHTOB CUCTEM CBA3HU

NIIK-2.1 OcymmecTBisier 3HATH yMeTh BJIA/IeTh
npoBeeHne paboT mo oopaborke | OcHOBY Amnanusuposatb Hasbixamu B1OOpa
U aHaJm3y Haquo—TCXHI/II{eCKOI‘/'I MHUKPOIIPOLECCOPHBIX BO3MOKHOCTH HOBBIX | TE€XHOJIOTHH IS
UHPOPMALIMM W PE3YJBTATOB | TEXHOJIOTHA CpEICTB CBSI3U. obecrieueHuUs
HCCIIeTOBaHUN HCIIOJIb3YEMBIX B MpeACTaBIEHUs
obopynoBaHUM ceTeit YCIYT CBA3H B
CBASH. OcyIecTBIATh COOTBETCTBHH C
WIK-2.2 Ocymectaiser o TIOUCK, HOTPEOUTENBCKUM
CHOBHBIE MTapaMeTPhI
BBIIIOJIHEHUE JKCIEPUMEHTOB U p p AHATM3UPOBATD U CIIpocoM.
odopmiieHHe pesynbratos | 00OPYIOBaHHs CBS3U AUIs OLICHHBATH
HCCIIeIOBAaHUH U pa3paboTOK aHaJli3a UCXOTHbIX
nH)pOpManuio,
HUIIK-2.3 IToaroraBnupaer | AaHHBIX Pa3BUTHA U HEOGXOIMMYIO LIS
3JIEKMEHTHI JIOKYMEHTAllNH, OINTHUMU3allUU CETU CBA3U. y
3¢ peKTuBHOTO
IIPOEKTOB IUIAHOB M IPOrpaMMm
TIPOBEJICHHS OT/IEIBHEIX JTalloB BBITOJHCHIS 3a/1a'H.
pa6or [puHunst
(hyHKIIMOHMPOBAHUS ITonp30BaTECS HaBbIKAMU
CETEBBIX alllapaTHBIX HOPMaTHBHO- IIPOTHO3UPOBAHUS
CpEeACTB. TEXHUYECKON CpOKOB
ApXI/ITeKTypy CCTCBBIX IlOKyMeHTaHI/Ieﬁ B MoA€pHU3aINU
anmapaTHbIX CPE/ICTB. oGmacTu CETEBBIX YCTPOICTB.
[punimmer padoTer UHPOKOMMYHHUKAIUO
CeTeBbIl)i[ 3JIEMEHTOB. HHBIX TeXHOIOI ]I
POTOKOIbI OTcnexuBarh
B3aUMOJIEHCTBUS passuTHE
OTKPBITBIX CHUCTEM. HHDOKOMMYHHKAIHO

HHBIX TEXHOJIOTH.

PesynbraTel 00ydeHUs TO IUCIMIUIMHE TOCTUTAIOTCS B paMKax OCYIIECTBICHHS BCEX
BU/IOB KOHTaKTHOM M CaMOCTOSITEIIbHOM pabOThI 00YyYaIOIINXCSl B COOTBETCTBHU C YTBEPKACHHBIM
y4eOHBIM IIJTAHOM.

WHnukaTopel  DOCTM)KEHHSI KOMIIETCHIMH  CUUTAIOTCS  C(OPMHUPOBAHHBIMH  IIPH
JOCTHKEHUH COOTBETCTBYIOIINX UM PE3YJIbTaTOB O0yUCHHS.

2. CTpyKTypa H coep:KaHue JUCIUIITHHBI

2.1 PacnipenesneHue TPy10éMKOCTH JUCIUILUIMHBI M0 BHAAM padoT

O61as Tpy10EMKOCTb JUCHMILIUHBI cocTaBiseT 3 3a4.ea. (108 yacoB), ux pacnpenenenue
1o BHJIaM paboT mpecTaBieHo B Tabmuie (st ctyaeHToB 3P0).

Bun padot Bcero Ceccun Ha 4-M Kypce (Jacsl)
4acoB 3UMHSISI JICTHAS




KonTakTHas pa0oTa, B TOM 4HCiIe:

IAyIMTOpHBIE 3aHATHS (BCEro):

BaHATHS JIGKIIHOHHOTO THIIA 4 4

MPaKTUIECKHE 3aHITHSI 4 4

lmaGopaTopHbIe 3aHATHUS 4 4

Nuasi koHTaKTHAsA padoTa:

KonTpoas camocTosaTensHol pabotel (KCP)

[Tpomesxyrounas arrecranus (MKP) 0,2 0,2

CamocTosiTe1bHasi padoTa, B TOM YHCJIe:

CaMocTOSITeTPHOE U3YYEHUE Pa3AeIoB, CAMOIIOATOTOBKA

(mpopaboTKa ¥ MOBTOPEHHUE JIEKIIMOHHOTO MaTepuaa 1 9 23 64

MaTepuaia y4eOHHKOB U YYeOHBIX TOCOOMH, TOrOTOBKA K

ITabopaTOPHBIM 3aHSATHUSIIM)

KoHTpoJb: 3,8 3,8

3ayer

O01mas TPyA0eMKOCTh gac. 108 36 7
B TOM YHCJIe 122 3 42
KOHTAKTHas padora
|3aq. el 3 1 2

KonrakTtHas pabora mnpu NPOBEJCHUN  yYEOHBIX  3aHATHM o JOUCLHUILINHE

«MHKPOTIPOIIECCOPHAsT TEXHHKA B ONTHUYECKUX CHUCTEMax CBS3M» BKIIIOYACT B CEOs: 3aHITHSA
JIEKIMOHHOTO THUIA, MPAKTUYECKUE 3aHATHS, J1a00paTopHble paboThl, IPYIIOBbIE KOHCYIbTALIUU
(Tak 5ke ¥ BHEAyAUTOPHBIC, Yepe3 FJCKTPOHHYIO cpeny). [IpomMexxyTouHas aTTecTaius B TECTOBOM
U YCTHOU popmax.

2.2 Conep:xaHue TMCUMILINHBI

Pacnpe):[eneHI/Ie BHUI0OB y‘le6H0fI pa6OTBI " UX TPYAOCMKOCTH I10 pa3aciiaM AUCHUILINHBI.

Paznensl (TeMbl) TUCHUIUIMHEI (3a04Has ¢hopma):

KonmuectBo yacos
AynuTopHas BueayutopHas
No HaumenoBanwue pasneinoB (Tem) Beero aGora KCP el
J | 113 JIP CPC

ApXUTEKTypa CETEBbIX YCTPOICTB 32 2 2 28
MI/IK]C)OKOHTPOHJIepBI TUTS MOOHMITBHBIX 64 5 5 > 58
MPUIIOKCHUN
[IpenenbHbIC BO3MOXXHOCTH POyTEpoB Juniper

8 2 6
cepun MX
UTOI'O no pazoenam ducyuniumvi 104 4 4 4 92
3auéT 0,2
KonTtpons 3,8
OO61as TPYJ0EMKOCTD 110 TUCIUIIMHE 108

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

2.3 Conepxanue pa3iesioB (TeM) IMCUUILIHHBI

2.3.1 3ausaTH JeKIMOHHOI0 THIIA

®dopma
Ne Hanvenosanne CopeprkaHue pazzuena (TeMbl) TEKYIIEeTro
- pa3zmena (TeMbl) KOHTpOIA
1. Tume yuno. KoMmpomuccesr: ckopocTb, QyHKIIMOHAIBHOCTS,
rubkocTb, ieHa. CPU, ASIC, FPGA, NP, Programmable
ApxXuTeKTypa CETEBBIX
CTDOlicTE ASIC.Yums! U1 JaTalieHTPOBEIX KOMMYTAaTOPOB. APXHTEKTypa JIP
yerp ASIC: ®usnueckoe ycrpoiicto, SerDes, PHY, Silicon Photonics,
Packaging u Advanced Packaging. Jlormueckoe yCcTpoiicTBO:




Pre-Ingress processing, Parser, Ingress Match-Action, Traffic
Manager + MMU, Egress Match-Action, Deparser, Pipeline,
Programmable Pipeline. Apxurekrypa namsit: Crossbar, Shared
Buffers, Dedicated + Shared buffers, Headroom buffers, Admission
Control, Combined Input and Output queuing, Virtual Output
Queueing. [Tporpammuposanune FPGA na ocaoBe GNU Lite Bepcuu
Quartus. Beenenue B Verilog/SystemVerilog. CHHXpOHHBIH
nu3aitd. Co3ganue nmpocThix TecTOeHuelt. Onucanue FSM,
MAacCHBOB U CTPYKTYyp B SystemVerilog. [lamsTh: coznanue ¢
momotpio Verilog.
2. [IpumeHenre MUKpOKOHTpOJLIEpOB Ha ocHOBe ARM npoueccopoB B
MUKpOKOHTpOJUIEPBl ISt . .

. |coBpeMeHHOIi pacrpe/en€HHON ceTH cOopa JaHHbBIX C JaTYUKOB. JIP

MOOMJIBHBIX MPHIOKEHHI M
Merto/ibl niepeiadn JaHHbIX 10 CTAHAAPTHBIM HHTEpdeiicam.

3amuTa gaboparopHoit padotsl (JIP), xomnoxBuym (K), Tectuposanue (T), BoimonHeHue
NPaKTUYECKUX 3a/laHui Ha nmpakTudeckux 3anatusax (I13).

2.3.2 IlpakTH4ecKue 3aHATHS.

HaumenoBanue . dopma TeKy1Iero
TemaTHka NIPaKTUYECKUX 3aHATHIHA
Ne pasgena KOHTPOJIS
1 2 3
1. |MUKPOKOHTPOILIEPHI IS [MoapoOGHbIi pa3dop BO3MOXKHOCTEH,
MOOMJIBHBIX ITPUIIOKEHNH uHTEp(}HEHCOB N CXEMOTEXHIMYECKUX PEIICHUH B

UIaTe pa3padoTYHKa alapaTHO-IIPOrPAMMHOTO
KomIutekca. OnpeneneHne HeoOX0IUMBIX
cBeneHuil B datasheet u anropuT™ pactoIoKeHUS
napopmannu. Kommonentsr 1986BEIIT,
1892BM 1441, na 6a3e siapa Cortex, ¢ JIP
BcrpoeHHbIM Ethernet uarepdeticom.
Cootnomenne ¢ STM32F407TG. Ioaxmouerne
MHUKpoKOoHTpoIutepa uepe3 Ethernet untepdetic k
Internet cetu (pa300p CXEMBbI U IPOrPAMMBbI
ynpasienus yepe3 UDP u TCP ycrpoiicTs npu
MTOMOIII MHKPOKOHTPOJUIEPOB)

2. |lIpenenbHBIC BO3ZMOXKHOCTH OnpenencHue  CTPYKTypsl  B3ammMoaeicteus|[IpoBepka YCBOCHUS
poytepoB Juniper cepun MX UHTEPPEHCHBIX, IMPOTPAMMHBIX U MUKPOCXEMHBIX [MaTepralia 1o
KOMIIAHEHTOB, Ha mpuMepe cepud  MX.|aKTUBHOCTH CTYyIIEHTa BO
OmnpenenieHue MOHATHS M B3aMMOCBS3U TaKHUX |BPEMSI 3aHATHS.
kommnaHenToB, kak FPC/DPC/MPC, MIC/ PIC,
RE/SCB, Control u Data Plane. Pacuer
MPOIYyCKHOW  crocobHoctn  Tpmo  ymrceros
(dbupmbl Juniper mpu pasIMIHOM TUIE U hopmaTe
Harpys3Ku.

2.3.3 JIaGopaTopHbIe 3aHATHS.

HaumenoBanue dopMa TeKyILero
Ne HaunmeHnoBaHue 1a00paTOpHBIX padoT p yu
pasnena KOHTpOJISI
1 2 3 4
TEXHUYECKUM OTUET 1O
1. puatune: nporpammuposanus [IJIMC B Quartus 11 1a00paTOPHBIM
ApxuTexTypa paboTtam
CETEBBIX YCTPOMICTB N TEXHUYECKUM OTUET 1O
KoneuHble aBTOMATHI ¥ OTKa30yCTOWYHBOCTh CUCTEM Ha
2. 1a60paTOPHBIM
[JIMC
pabotam
[TpuHUMIIBI TPOTPaMMHPOBAHUS MHKPOKOHTPOJIIEpA|TEXHUYECKHUM OTUYET 1O
3. STM32f407VGT6 B cpene Keil uVision n1ab0paTOpPHBIM
MUuKpOKOHTPOJUIEPEI
paboram
—{J1s1 MOOMITBHBIX " > =
OHIOKCHIH HccnenoBanne CUCTEMHOrO TaiiMepa M acleKTOB CHCTEMbI|TEXHHUYECKHUH OTUET MO
4. | NpepbIBaHUi MUKPOKOHTpPOJLIEpa n1ab0paTOpPHBIM
paboTtam




[Tpuém u nepenaya mo cpeacteom UART TEXHUYECKHUH OTUET 1O
5. 1a00paTOPHBIM
L paboTam
W3ydenne  BBICOKOCKOPOCTHOH  OIM(POBKH  MOTOKOBOTO|TEXHHYECKUI OTUYET IO
6. aHaJIOroBO CHUTHANA n1ab0paTOpHBIM
L] paboram
Monynb nuhpo-aHaaoroBo npeoodpasopareiis. [IpsamMoii JOCTYI| TEXHHUECKUI OTUYET 110
7. B NaMSITh. n1a60paTOpPHBIM
L paboTam
Ilepenaua panHBIX MuKpokoHTpomiepoM STM32F4 uepes|TexHHUECKUI OTUET MO
8. Ethernet unrepdeiic n1ab0paTOpHBIM
L] paboram
Pazpaborka mporpammel mepemadu  gaHHBIX 1m0 CAN|TeXHHUYECKHUI OTUYET 1O
9. uHTEpdEiicy 1a00paTOPHBIM
paboram

[Tpu u3y4eHnu JUCUUIUIMHBI IPUMEHSIOTCS HEKOTOPbIE aCTIEKThI MOETH «I1ePEBEPHYTOTO
o0ydeHUs» B pEXKHUME AUCKYCCHOHHO-OPUEHTHPOBAHHOIO TMEPEBEPHYTOro Kjacca WU
BUPTYaJbHOTO IEPEeBEPHYTOr0 KJilacca: JAUCTAaHLIMOHHBIE O0pa3oBaTEIbHBIE TEXHOJOTHH
(amekTpoHHOE 00yueHue) B (hopMe CMEIIaHHOTO OOyYEeHHS, OCHOBAaHHOTO Ha COYETaHUHU OYHOTO
oOyueHHst U OOydYeHHUs] KOMITBIOTEPHBIMU CpPEJCTBAMH, BKJIIOYAIOUIMMM aCHEKTHl B (opmare
IUCTaHMOHHOTO 0o0y4eHus B cooTBeTcTBHH ¢ PI'OC BO. B ycnoBusx pa3BuTHs dJIEKTPOHHOM
UH(POPMALIMOHHO-00pa30BaTENbHON Cpebl By3a B KauecTBE YIpaBJICHUS O0OydeHHEM BHIOpaHa
matdopma Moodle, ogHako, COBMECTHO € HEH AJIs CO3AaHUs U My OIMKAIIMKA KOHTEHTA U Y4eOHBIX
00BEKTOB HCIIOJIB3YIOTCS: Cayk0a BHmeo TpaHcuauuu Microsoft Stream u MHCTpYMEHT Juis
KOMMYHUKAITUU U oOpaTHOM cBsizu Microsoft Teams.

2.3.4 IlpuMepHasi TeMATHKA KyPCOBBIX padoT (IPOEKTOB)
CornacHo ydyeOHOMY IUIaHy KypCOBBIE PaOOTHI (MPOEKTHI) MO AAHHOW JUCIUIUIMHE HE
IPEyCMOTPEHBI.

2.4 IlepeyeHb y4eOHO-METOAMYECKOT0 o0eceyeHus AJIsi CAMOCTOATEIbHONH padoThl
o0yyamuxcs Mo AUCHUILIHHE (MOLYJII0)

HepequL yqe6H0—MeT0,unquK0ro obecreueHus JUCHUITIINHEI I1O

Ne Bun CPC N
BBITIOJTHEHHUIO CAMOCTOSITENILHOM paboThI
1 |IIpopabotka yuebHOTO 1. Oropomnukos, 1. H. MukponpoueccopHast TexHHKa: BeeneHne B Cortex-
(TeopeTmaecKoro M3 : yuebHOE IOcoOHe utst By30B / MockBa : U3matensctBo FOpaiit, 2021.
MaTepHala), OAroTOBKa K —116¢c..

TeKylIeH U MPOMEKYTOUHOH (2. OnMcaHue apXUTEKTypPbl YCTPOHCTBA aIlaparyphbl CB3U Ha
arrecraiuu (3a4€Ty, TecTaM U|Ipo(ecCHOHABHBIX CallTax MPOU3BOAMTENICH, YKA3aHHBIX B pa3jieie
BOIIPOCaM) «rpodeccroHabHbIe 0a3bl JAHHBIX» U «PECYPCHI CBOOOHOTO TOCTYIIa.
3. Buzeo 00bsicHeHHs aclieKTOB pabOThI CETEBBIX YCTPOUCTB B hopme
MIPaKTHKO-OPUEHTUPOBAHHOM JIEKIIMK pa3MelaeMol TIpero/iaBareiieM Ha
Microsoft Stream B pexxumMe JrocTyna.

4. Meroauyeckue yKa3aHUsl 110 OPraHU3aIMy CaMOCTOSITEIbHON paboThI
CTYZEHTOB, yTBEPXKJICHHBIE KaeapOil ONTOIEKTPOHNKH, TPOTOKOI Ne 6
ot «01» mapta 2017r.

2 |[loaroroBka K BRINONHEHUIO |1. MeToamueckue yKa3aHHs [0 OPTaHU3AIH CAMOCTOSATEIEHOW PadOTHI

nabopaTOPHBIX padoT. CTYICHTOB, YTBEP)KICHHBIE Ka)eAPOi ONTOIIEKTPOHUKH, TPOTOKOI Ne 6
Odopmitenne Texauaeckoro |ot «01» mapra 2017r.

oTuéTa 1o 1adopaTopHBIM 2. Meroauueckue peKOMEHJALNH, OTUCAHUS U 3aJaHHs K TPOBEACHHIO
paboTam. J1a00paTOpPHBIX pad0T MUKPOIPOIIECCOPHAs TEXHUKA B CUCTEMAaX CBSI3H :

naboparopuslii npaktukym / A. C. Jleuenko, K. C. Koporkos, H. A.
SkoBenko, A. A. badenko; KyoI'VY. - Kpacnonap, 2018. - 194 c.




Y4eOHO-MEeTOIMYEeCKHEe MaTephalibl JUIsl CAMOCTOSITEIBHONH PabOThI OOyYaromMXcsl U3
YHCIIa MHBAJIHU/IOB U JIUII C OTPAaHUYEHHBIMUA BO3MOKHOCTSIMU 310poBbs (OB3) mpenocrasisirorces
B hopMax, aJanTUPOBAHHBIX K OTPAHUYCHUSAM UX 37I0POBbSI U BOCHIPUATHS HH()OPMAIIHIH:

JInst L ¢ HapyIeHUSIMH 3PESHUS:

— B I1€YaTHOW (hopMe YBEITMICHHBIM HIPUPTOM,

— B (hopMe PIEKTPOHHOTO TOKYMEHTA,

JUist T ¢ HApyIICHUSIMH CITyXa:

— B mieuaTHoi opme,

— B (popMe AIIEKTPOHHOTO TOKYMEHTA.

JInst L ¢ HapyIIEHUSIME OTIOPHO-/IBUTATEIIBLHOTO amiapara:

— B mieuaTHoOU hopme,

— B (hopMe DIEKTPOHHOTO TOKYMEHTA,

— B popme ayamocaiina.

JlaHHBII TIepeYeHb MOXET OBITh KOHKPETU3UPOBAH B 3aBUCHMMOCTH OT KOHTHHICHTA
oOyyJaronumxcs.

3. OoOpa3oBaTe/ibHbIE TEXHOJIOTMH, NPHUMEHsieMble NPH OCBOCHUM JAUCHUIIHHBI
(MoayJif)

[Ipyn n3ydeHnn AMCUUITIIMHBI IPOBOJATCS CAEAYIOLIUE BHUJIbI yU€OHBIX 3aHITUNA U paboT:
JICKIIMHU, TPAKTUYECKHE 3aHATHUS, JOMAIHUE 3a/laHus, TeCTUPOBAHUE, 3aluTa J1ab0paTOPHBIX
paboT, KOHCYJNBTAIlMM C IIPEToJaBaTelieM, CaMOCTOSITEIbHAas padoTa CTYACHTOB (M3ydeHHUE
TEOPETUYECKOr0 MaTepuana, TMOArOTOBKAa K NPAKTHUECKUMM 3aHSATUSIM, I[IOATOTOBKA K
7a00paTOPHBIM 3aHATUSM, BBINOJHEHHE JOMAIIHUX 3aJaHuil, MOArOTOBKAa K TECTUPOBAHHIO,
3aueTy U HK3aMEHY).

Jlnsg mpoBeneHUs JIEKUMOHHBIX 3aHATHI HMCHOJIB3YIOTCS MYJIbTUMEAUMHBIE CpPENCTBa
BOCTIPOM3BEICHUS AKTUBHOTO COAEPKUMOTO (3aHATUSI B HHTEPAKTUBHOM (OpME), TO3BOJISAIONIETO
CTYZCHTY BOCIIPUHMMATh OCOOCHHOCTH U3y4aeMOM TUCIUILIMHBI, UTPAIOIINE PEIIAIOIYI0 POJIb B
NOHMMAHUU U BOCIPHUATHH, a TaK k€ B (OPMHUPOBAHUU MPO(HECCHOHATBHBIX KOMIIETCHILIUH.
CrynieHTy B pexXHMe CaMOCTOSTeIbHOW PabOThl PEKOMEH/IyeTCsl U3yueHHe BUeoMaTepuaa JIor.
JEKIMA 10 HM3y4YaeMbIM BOINpocaM JOCTymHble WM B Moodle, Marepuansl (opMHUPYIOTCS
npernoaBaTeseM U OOHOBIISIOTCS €KET0THO.

[Ipu mpoBeneHNM 1abOpPaTOPHBIX padOT MOATrpyINa pa3OuBaeTCs HA KOMaHABI MO 2-3
yenoBeka. Kaxmolt komaHne BBITAETCS 3aJaHWE HA BBIMOJHEHUE ITAa0OPATOPHON pabOTHI.
CTyAeHTbI CaMOCTOSITENILHO PACTIPEACTISAIOT 005I3aHHOCTH U MPUCTYTAIOT K BHITIOJHEHUIO 3a/1aHUS,
B3aUMOJICHCTBYSl Mexay coOoi. IlpenonmaBartenh KOHTPOJIMPYET XOJ BBINOJHEHHS PabOTHI
KaKJIOM TPYIIOi, KOTOpasi BEIKIAABIBACT IPOMEKYTOUHBIE pe3ynbTaThl B Moodle. YTounsis xon
paboTbl, €clu CTYIACHTHI YTO-TO BBIOJNHSIOT HE MPAaBUIbHO, NpPENojaBaTelb MOMOTaeT UM
IPEOAOJETh CIOKHBIE MOMEHTHI U TPOBEPSIET JOCTOBEPHOCTh IOJYUYEHHBIX PpE3yJIbTAaTOB.
KoMaHp! 0TBEHaIOT Ha TEOPETUUECKNE KOHTPOJIBHBIE U IOTIOJHUTEIbHBIE BOIIPOCHI U 3aLUILAI0T
nabopaTopHyto padoTy.

[lo u3yuaemMoil DUCHMIUIMHE CTYIAEHTAM IPENOCTABIISAETCS BO3MOXKHOCThH MOJIb30BATHCS
y4e0HO-METOIMYECKUMHU MaTepHajaMd U PEKOMEHJALUSIMH Pa3MEIIEHHBIMU B 3JIEKTPOHHOM
uH(popMaIMoHHO-00pa3zoBaTeNbHOM cpene MoaynbHoro Junamudeckoro O0yuenust Kyol'y.

Takum 00pa3oM, OCHOBHBIMH 00pa30BaTe/IbHbIMH TeXHOJIOTHSIMHM, MCIOJb3yeMbIMH B
y4eOHOM Tmpouecce SIBISIOTCA: WHTEPAKTUBHAs JIEKIUS C MYJbTUMEAUMHON CHCTEMON u
AKTUBHBIM BOBJICYEHMEM CTYJIEHTOB B Yy4YeOHBIH MpoIecC; OOCYXKICHHE CIOXKHBIX U
JMCKYCCHOHHBIX BOIIPOCOB M MPOOJIEM M C MOCIEAYIOMHMM pPa300poM 3THUX BOIPOCOB Ha
MPAKTUYECKUX 3aHATUAX; JaOOpaToOpHbIE 3aHATHS — paboTa CTYJIEHTOB B MajblX Tpymmnax B
peKuUMax B3aUMOJEHCTBUSI «IIPENOJABATENb — CTYJEHT», «CTYJIEHT — MPENOIaBaTeNby, «CTYACHT —
ctyaeHT». [Ipu mpoBeneHUN MpPaKTUYECKUX U JTaOOPATOPHBIX YUYEOHBIX 3aHSTHI MPeTyCMOTPEHO
pa3BuTHE Yy OOYYarOIIMXCS HAaBBIKOB KOMAHIHOW pabOThl, MEXIMYHOCTHOM KOMMYHHKAIUH,
NPUHSATHS PEIIEHUH U JTUIEPCKUX KayeCTB.



Jlig nui ¢ OrpaHUYeHHBIMU BO3MOXKHOCTSIMHU 3JI0pOBBSl NPEAYCMOTpPEHA OpraHU3aIus
KOHCYJIbTAIMH € MCII0JIb30BaHUEM JIEKTPOHHOM mouThl win Microsoft Teams.

[Ipn wu3ydyeHuUM JUCUMIUIMHBI MOTYT HPHUMEHSATCS HEKOTOpPbIE AaCleKThl MOJAEIU
«TepeBEPHYTOr0 OOyUEHUs» B PEKUME JUCKYCCHOHHO-OPUEHTHPOBAHHOTO MEPEBEPHYTOrO
KjJacca WIM BHPTYaJbHOTO TEPEBEPHYTOTO Kiacca: JUCTAHIMOHHBIE 0O0pa3oBaTelbHbBIC
TEXHOJIOTUM (AJIEKTpOHHOE OoOyueHHe) B (opMe CMEIIaHHOTO OOY4YeHMs, OCHOBAaHHOTO Ha
COYETAaHUM OYHOro OOyudeHUss U OOy4YeHHUS KOMIBIOTEPHBIMU CPEACTBAMHU, BKIIOYAIOIIUMU
HEKOTOpBIE aCIEeKThl B (hopMaTe AUCTAHLUMOHHOro oOyuyeHus B cooTrBercTBUM ¢ PI'OC BO. B
YCIIOBHSIX Pa3BUTHSI AJIEKTPOHHOUW MH(POPMAIMOHHO-00pa30BaTEIbHON Cpebl By3a B KauecTBE
ynpaBieHus: o0yuyeHueM BboiOpaHa uiatdpopma Moodle, oqHako, COBMECTHO ¢ HEW JUIsl CO3JIaHMS
U MyOJUKAIMA KOHTEHTa U YYeOHBIX OOBEKTOB HCIIONB3YIOTCS: CIy»0a BHIEO TPAaHCISALUU U

UHCTPYMEHT Ul KOMMYHHUKAIMU U OOpaTHOH CBSI3H.

4. OueHoYHbIE CPEACTBA JAJ TEKYILIEro KOHTPOJSA YCIEBAeMOCTH M NPOMEKYTOYHOH

MOCTHYKEHUI

aTTeCTallum

OI_IeHOLIHbIe cpeacTBa MNpEAHA3HAUCHBI JISI KOHTPOJA U OLCHKHU O6pa3OBaTCJ'IBHbIX

oOyuaromuxcs,

OCBOMBIIHNX

IIporpaMmmy

((MI/IKpOHpOHCCCOpHaH TCXHHKA B OIITHYCCKHUX CUCTEMAX CBA3HN.

y4ueOHOM

NMUCHUTLIINHE]

OrneHouHbIE CpPEeACTBA BKIIIOYAET KOHTPOJbHBIC MaTepHalbl A7l MPOBEACHUS TEKYUIero
KOHTPOJIA B popme 1abOpaTOpHBIX 3aIaHUH M BOITPOCOB K HUM MPOMEKYTOYHOI aTTecTAllMU B
dbopMe TecTOBBIX 3aJaHUIl HA 3a4erT.

CprKTypa OLCHOYHBIX CPEACTB NJIHA TeKyIIleﬁ Hu l'lpOMe)KyTO'lHOﬁ aTTeCTallumn

Kon n HaumeHnoBanne HaunmMeHoBaHHE OIIEHOYHOTO CpPEJICTBA
Ne PesynbraTel 00yueHus
HHIUKATOpa . [TpomexyTouHas
/11 (B cooTBETCTBHH C 1I. 1.4) Texyuuii KOHTPOIb
(B cooTBeTcTBHH C 1. 1.4) aTTeCTAIHS
[IK-1 Crocoben 3HAaTh IePCIIEKTUBHBIC TectoBoe 3adeTHOE
NPUMEHATh COBPEMEHHBIC | TEXHOJIOTHH IS 3a1aHue.
TEOPETUYECKUE U pearu3anuy 3a1aq
9KCIIePHMEHTAJIbHBIE CETeBOM KOHBEPreHIIMH.
METO/IbI HCCIIEI0BAHHUS C YMeTb HCHOJIb30BaTh JlaGopaTtopHble paboThI INpaxTuueckue
LETIbI0 CO3/1aHMS HOBBIX HOPMaTHBHYIO 3a4eTHBIC 3aTaHHUs.
HEePCIEKTHUBHBIX CPEACTB JIOKYMEHTAIUIO B 00J1aCTH
| UH()OKOMMYHHKALUH, l/IH(l)OKOMM‘}‘/HI/IKaLlI/IOHHbIX
UCIIOJIb30BaHUIO U TEXHOJIOTHil.
BHEJIPEHMIO PE3yJIbTATOB Brnagers HaBbIKaMU JlabopaTopHbie paboThI TecToBoe 3aueTHOE
UcCleI0BaHui aHaJIN3a XapaKTEPUCTUK 3aJaHue.
TEJIEKOMMYHHKALTOHHOTO
000pyIOBaHUS ISt
TUIAHUPOBAHUSI PA3BUTHS
CETH NPH BHEIPECHUH
HOBBIX TEXHOJIOTHH CBSI3H.
[IK-2 Cmocoben k cbopy | 3HaTh OCHOBY JlabopaTopabie pabOTHI [paxTrueckue
HUCXOAHBIX  JAHHBIX W | MHKpPOIPOLECCOPHBIX 3a4eTHBIC 3aTaHHs.
IUIAaHUPOBAHHUIO TEXHOJIOTUH
MOZEPHHU3ALMH  CETEeBBIX | HCIIOIb3YEMBIX B
) YCTPOUCTB 1 | 00OpyHOBaHUH CeTEeH
HNpOrpaMMHOTO CBSI3U.
obecrieueHus 3HaTh OCHOBHBIE TecroBoe 3aueTHOE
MH()OKOMMYHHKAIIUOHHBIX | MapaMeTphl 3aJiaHue
cHcTeM 000pyIOBaHUs CBSI3U VIS
aHaJIN3a UCXOIHBIX




JaHHBIX pa3sBUTHUA U
OINITUMH3alluH CCTH CBA3H.

YMeTh aHaIM3upOBaTh
BO3MOYKHOCTH HOBBIX
CPEICTB CBA3H.

JlaGopatopHbie paboThI

IIpakTuueckue
3a4eTHBIC 3aJaHNs.

YMeTb 0CyILIECTBIAT
TIOUCK, aHAJIM3UPOBATh U
OlLIeHMBaTh HH(pOpPMALIHIO,
HEOOXO0ANMYIO JUIs

3¢ peKTHBHOTO
BBITIOJTHEHHS 33/1a4H.

JlabopaTopHbie paboThI

IIpakTuyeckue
3a4ETHBIC 3a/1aHU.

Bnanets HaBbIKAMU
BEIOOpA TEXHOJIOTHH IS
obOecreueHus
MPEICTaBICHUS YCIyT
CBSI3H B COOTBETCTBHH C
MOTPEOUTENHCKUM
CIPOCOM.

JlabopaTopabie pabOTHI

TecToBoe 3aueTHOE
3aJlaHHE.

3HaeT IPUHLHIIBI
(YHKIIMOHMPOBaHUS
CETEBBIX ANIapaTHBIX
CPEACTB.

JlabopaTopHsie paboThI

TectoBoe 3aueTHOE
3aJIaHue.

3HaeT apXUTEKTYPY
CETeBBIX allapaTHBIX
CPEICTB.

JlabopaTopabie pabOTHI

TecToBoe 3aueTHOE
3alaHHE.

3HaeT MPUHIIMITBI pabOThI
CETEBBIX DJIEMEHTOB.

JlaGopatopHbie paboThI

TecToBoe 3aueTHOE
3aJjaHHE.

3HaeT MPOTOKOJIBI
B3aUMOJEICTBUSA
OTKPBITBIX CUCTEM.

JlaGopatopHble paboThI

TectoBoe 3aueTHOE
3aJlaHHueE.

YMeeT MoJib30BaThCs
HOPMAaTUBHO-TEXHUYECKOU
JIOKYMEHTAIueH B 001acTi
UH(POKOMMYHUKAITHOHHBIX
TEXHOJIOTHH.

JlabopaTopHbie paboThI

TecToBoe 3aueTHOE
3aJlaHHeE.

YMeeT OTCIIeKUBATh
pa3BUTHE
WH(POKOMMYHHUKAITHOHHBIX
TEXHOJIOTHH.

TecTOBOE 3a4ETHOE
3aJaHHE.

Bnaneer HaBeIkaMu
MIPOTHO3UPOBAHUS CPOKOB
MOJIEpHU3AIIUHU CETEBBIX
YCTPOMCTB.

TecToBoe 3aueTHOE
3aJlaHHE.

TunoBbie KOHTPOJIbHBbIE 32JaHUSI MJIM HHbIEe MaTepUAaJIbl, He00X0MMBbIe VIl OLlEHKH

3HAHMI, yMEHHUIl, HABBIKOB U (MJIH) ONBITA AeATEJbHOCTH, XapAKTEPU3YOIIHNX 3TANbI
(popMupoBaHusi KOMIIETeHIIHI1 B Ipolecce 0CBOeHHUsI 00pa30BaTe/IbHON MPOrpaMMbl
Ilpumepnulii nepeuens 60npocos u 3a0anuil

Bonpoch! 1 3a1anus mo J1a00paTOPHBIM PadoTaM /Ui TeKYIel aTTecTAlMN YKa3aHbI
B METOAMYKE: MHUKPOIIPOIIECCOPHASI TEXHUKA B CHCTEMAaX CBSI3M : TaOOPATOPHBII MPAKTHKYM / A.
C. JleBuenko, K. C. Kopotkos, H. A. SIxoBenko, A. A. babenko; KyoI'Y. - Kpacuonap, 2018. -
194 c.



3adeTHO-3K3aMeHANMOHHBbIE MATEPHUAJIbI VIS IPOMEKYTOYHOM aTTecTAlINH (324€T)
IIpumMepbl BONpoOCOB 3aaHusl TeCTa JAJs IPOMEKYTOUYHOMH aTTeCTAMN

B poyrep MX480 ¢upmsr Juniper Bcraiensl ase SCB u nse MPC-3D-16XGE-SFPP.
KakoBo xonnuectBo Plane (mm»itHOB) B 3TOM cityvae?

B poytep MX960 ¢pupmsl Juniper BcraBiens! 1se SCB u mects MPC-3D-16XGE-SFPP.
KaxoBo konmuecTBo Plane (rumaitHOB) B 3TOM citydae?

B poytep MX960 ¢upmsbr Juniper Bcraiensl Tpu SCB u mects MPC-3D-16XGE-SFPP.
KakoBo xonuuectBo Plane (mm»itHOB) B 3TOM cityvae?

Trio-uuncer poyrepa Juniper MX80 umeer ckopocTb 00pabOTKM 55 MIIH. MAKeTOB B
CEeKYH]y, a IPOIyCKHYI0 criocoOHocTh 70 I'61t/c. OnpenenuTs KakoBa MPOITyCKHAs CIIOCOOHOCTh
BbIpa)keHHas B [ '0UT/c poyTepa, eciiu yepe3 Hero OyayT TMIIOTETUYECKU MPOXOIAUTh TOJIBKO 96-
OaifToBbIE MaKeTHI?

Trio-uuncer poyrepa Juniper MX80 mmeer ckopocTh 00pabOTKH 55 MIIH. MAKETOB B
CEKYH]y, a IPOIyCKHYI0 criocoOHocTh 70 I'61uT/c. OnpenenuTh KakoBa NpOIyCKHas CIOCOOHOCTh
BeIpakeHHast B [ OUT/C poyTepa, eciiu yepe3 Hero OyayT THIIOTETHYECKH MPOXOIUTH TONBKO 64-
0alTOBBIC MTAKETHI?

Trio-uuncer poyrepa Juniper MX80 umeer ckopocTb 00pabOTKM 55 MIIH. MAKeTOB B
CEeKYHJY, a IPOIyCKHYI0 criocoOHocTh 70 I'61t/c. OnpenenuTs KakoBa MPOITyCKHAs CIIOCOOHOCTh
BbIpa)keHHas1 B [ 6UT/c poyTepa, eciiu uepe3 Hero Oy yT I'MIIOTETUYECKU MPOXOAUTh TOJIbKO 128-
0alTOBBIC MAKEThI?

Trio-uuncerst B MPC-3D-16XGE-SFPP poyrepa MX480 ¢upmbl Juniper umeror
CKOPOCTh 00pa0OTKH 55 MIJIH. MAKETOB B CEKYHIy, a MPOMyCKHYI0 crocoOHocTs 70 I'6ut/c. B
poyrepe wucnonb3dytoT na8e MPC-3D-16XGE-SFPP u 3aneiictBoBaHbl Bce WHTEp]EHCHI.
OnpenenuTh KakoBa MPOITyCKHAsI CIOCOOHOCTh BhIpaykKeHHas B [ OUT/c poyTepa, eciu yepe3 HEro
OyIyT THUIOTETUYECKH MPOXOIUTH TONBKO 96-OaiitoBbie makeTwl? (IIpu pacuére ydects, 4TO
TpaduK pacrnpeaenéH mo uarepdercaM paBHOMEPHO).

B nporpamme s mukpokontposuiepa STM32F4 kTo-To nbITancs reHepupoBaTh CUTHAI.
st wero ucnosnbzoBai cBsizb DMA u DAC (nepBbiit Mmonynb LHAIT), a Tak:ke 0IMH U3 CUCTEMHBIX
tarimepoB (TIM2 moaxmouennsiit k muHe APB1). Jlanapie B DAC nukiandecku nepechlIaloTcs
u3 agpecHoro Oydepa: T.e. MUKIMYECKA MEHSEM aJpec NaHHBIX B Oydepe, yBeIUYUBasi €ro Ha
eIMHUITY KaXAbIH pa3 mpu ycnemHo nepeaaun u3 DMA B DAC no cpabaTtbIBaHHIO CHCTEMHOTO
taiiMepa. VCXOIHBIM HCTOYHMKOM TAKTUPOBAHUS JJIsI KOHTpPOJUIEpA BBICTYMAET BHEIIHHM
KBapIeBblii pe3oHarop Ha 8 MI'. M3BecTHO, uTOo KOHpUTYypanusa aenuteneii: M = 4, N = 400,
P=8, npen nenutens MaTpHIlbl BBICOKOCKOPOCTHBIX IIMH PAaBEH JBYM, a MpPEJ JEIUTENb IIUHBI
APBI1 paBen uetsipém. UeMy paBHa yacToTta cucTeMHOro TaktupoBanus PLLCLK?

B nporpamme st mukpokonTposuiepa STM32F4 kTo-To nbITancs reHepupoBaTh CUTHAI.
st wero ucnonbzoBai cBsizb DMA u DAC (nepBbiit monynb LHAIT), a Tak:ke 0IMH U3 CUCTEMHBIX
tarimepoB (TIM2 nmoaxmrouennsiit k muHe APB1). Jlanabie B DAC nukandecku nepechlialoTes
u3 agpecHoro Oydepa: T.e. MUKIMYECKA MEHSEM aJapec NaHHBIX B Oydepe, yBeIUYUBasi €ro Ha
eIMHUITY KaXAbIH pa3 mpu ycnemHo nepeaaun u3 DMA B DAC no cpabaThIBaHHIO CHCTEMHOTO
taiiMepa. VICXOIHBIM HCTOYHMKOM TAKTUPOBAHUS JJIsI KOHTpPOJUIEpA BBICTYMAET BHEIIHHM
KBapIeBblii pe3onarop Ha 8 MI'. M3BecTHO, yTOo KOHpUTYypanus aenuteneii: M = 8, N = 360,



P=2, npex nenurens MaTpULIbl BHICOKOCKOPOCTHBIX IIUH PaBEH €AUHULIBI, a IPE] I€IUTEIb INHBI
APBI pasen uetsipém. Uemy paBHa yactora cucteMHOro taktuposanust PLLCLK?

Bb1 cobupaerech nmpu momolM IM(POAHATOroBOro mnpeodpazoBaTeiss B MUKPOKOHTPOJUIEpE
STM32F4 renepupoBaTh TpeyroibHbli curtain ¢ amruuryaoi 0,7 Boapra n yactoroit 8k’ Ha
BbIBOAHOI HOXXKke PA4. Jlns vero ucnonssyere cBsizb DMA u DAC (nepsbiif Monyns LIAID), a
TaK)K€ OJWH W3 CUCTEeMHBIX TaiiMepoB. lanusie B DAC mukinuecku mepecbuiatorcs u3 32-x
azpecHoro Oygepa: T.e. IUKIMYECKH MEHsSEeM aJapec NaHHbIX B Oydepe, yBeluuMBas €ro Ha
eIMHUITY KaXIblid pa3 rnpu ycrnenrHoi nepenaun u3 DMA B DAC no cpabaTeIBaHHIO CHCTEMHOTO
Taiimepa. MUKPOKOHTpOJJIEp TaKTUpPYeTCs OT BHemHero kBapua 8kl'n. Kakum A0KHBI OBITH
BBICTaBIICHBI KOA(hunMeHThI AenuTenei u maoxuteneit B STM32F4: N, M, Q, P, APBI1, AHB, a
TaK e 3HaueHWe Mpej JeNUTeNs U Mepuojaa cpabaTbiBaHUs cucTeMHOro Taiimepa? Ilpu stowm,
HEOOXOUMO 0053aTE€IbHO YYeCTh PEKOMEHJAIMI0, OTHOCHUTEIbHO YacCTOThl CHUTHAla
nocrynatouiero H a Bxoq VCO nocne nenutens M (1omkHa nexath B npenenax 1-2 MI'm).

Bor  cobupaerece mpu  moMomM  IU(pPOaHATIOrOBOro  mpeoOpazoBarens B
MukpokoHTpojuiepe STM32F4 reHepupoBaTh NHUIO00pPA3HbIl CHUTHANI C MOJIOXKUTEIbHBIM
HaKJIOHOM W aMiuuTynoi 1 BonwsT u yactoroit 37kl Ha BbiBo#HOW HOXKe PA4. Jlns yero
ucnonsiyere cBi3b DMA u DAC (mepBwiii monyns L[AII), a Takke OIMH U3 CHCTEMHBIX
taiimepoB. [lanusie B DAC nuknuyecku mnepecbuialoress u3 16-tu aapecHoro Oydepa: T.e.
UKJIMYECKH MEHSEM aJpec JaHHBIX B Oydepe, yBeTMUMBas €ro Ha €IUHHILY Ka)Iblid pa3 mpu
ycnemHod mepemaun u3 DMA B DAC mno cpabaTbiBaHMIO CHCTEMHOIO —Taiimepa.
MUuKpOKOHTpOJUIEp TAKTUPYETCS OT BHeIIHEero kBapua 8kl 1. Kakum 10kHBI ObITh BBICTABICHBI
koddumenTs! nenuteneir u Mmuoxureneir B STM32F4: N, M, Q, P, APB1, AHB, a Tak xe
3HaueHUe IMpex JeNuTeNss W Iepuoja cpalaTeiBaHMs cUCTeMHoOro Ttaimepa? Ilpu stowm,
HEOOXOUMO 00s3aTebHO Y4YeCTh PEKOMEHJIAIMI0, OTHOCHUTEIbHO YacCTOTHI CHUTHAla
noctynatomiero H a Bxoq VCO nocne aenurens M (nomkHa nexats B mpeaenax 1-2 MI'n).

Ber  coOupaerecb mpu  moMmomu — HM(POAHAIOrOBOrO  mpeoOpa3zoBareist B
MukpokoHTposuiepe STM32F4 renepupoBaTh TapMOHUYECKHMH CHUTHAJI C TOJIOKUTEIIbHBIM
HaKJIOHOM U aMmiuuTynoi 1 BonbsT u yactoroit 48kl Ha BhiBogHOU HOXKe PA4. Jlns yero
ucrnosb3dyete cBsizsb DMA u DAC (mepBeiii momyne [IAII), a Taxke OAMH W3 CHCTEMHBIX
taiimepoB. [lanapie B DAC nukinndecku mnepecbutaroTess w3 16-tu aapecHoro Oydepa: T.e.
UKIMYECKH MEHsSeM ajpec JaHHbIX B Oydepe, yBennynBas €ro Ha €IUHUIY KaXIbli pa3 mpu
ycnemHol mepemaun m3 DMA B DAC mo cpabaTblBaHMIO CHCTEMHOTO —Taiimepa.
MUKpOKOHTPOJUIEp TAKTUPYETCS OT BHEIIHETO KBapiia 8kl 1. Kakue 3HaueHus JOJKEH COAePKaTh
oydep, ecu onopHoe 3HaueHue HanpspkeHus LIATL pasro 3.3 Bonbra.

IIpu ormagke mporpamMmbl MO mepenadd JaHHBIX B ceTh Erhernet Bol momyuwmnnm
CJICAYIONIYIO TIOCIICIOBATEILHOCTh IMepeaBaeMblXx OUT Ha cBOE ycTpoiicTBo. Ompenenute I[P
aJipec UCTOYHHUKA IMOJNyuyeHHOTo (peiiMa. OTBET 3amUIINTE B JECATUYHON CHUCTEME CUHMCIICHUS
OKTETHOE pa3/IeJICHUE YKa3bIBaTh TOUKOM.
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Bribepure npaBuiibHOE OnMcaHUe OTHOCUTENBbHO NMOHsTUs ASIC:

a. OTO MHTErpajJibHasA CXE€Ma, HACTPOCHHAA 1 KOHKPETHOI'O HCIIOJB30BaHUA, a HC UIA 3a1a4
O6I_HCFO Ha3HAa4YCHUI, OOJIBIIIMHCTBO BHIYHCIIUTENLHBIX Y3JI0B MOXET pa6OTaTB napajajiCiabHO.

b. npezncraisier cob0il HHTErpaJIbHYIO CXeMY, pa3padOTaHHYIO Ui KOHPUTYypalMK 3aKa3dYHMKOM
WIM pa3padOTYMKOM IOCIE M3TOTOBJIEHMSI C BO3MOXKHOCTBIO BBINIOJHEHUS Pa3IMuYHBIX 3a/1ad;
OOJIBIIMHCTBO BBIYHCIIUTENBHBIX Y3JI0B MOKET paboTaTh NapajjiesbHo.

€. TPaH3UCTOPAMHU PEATU3YIOTCS 0a30BbIE CTPOUTENbHBIC OJOKH — perucTpsl, namsts, LUTEHL 13
KOTOPBIX TIOTOM MOYHO CO3/1aBaTh HYKHbIE ()YHKIIHOHAIbHBIC OJIOKH.

d. 3TO KJacc CHenuaJIu3HpPOBAHHBIX HMHTETPAIBHBIX CXEM, HCIOJB3YEMBIX Ul allapaTHOIo
YCKOpPEHHS pabOThl aITOPUTMOB HCKYCCTBEHHBIX HEHPOHHBIX CETEH

Tak ke B TecTe MPUCYTCTBYIOT BOIMPOCH MO THITY MPEABLAYIIET0 Ha MOHMMAaHUE
CJICAYIOINX MOHATUH 1 ONPEIeNIEHU B BUEC BOMIPOCOB C BBIOOPOM U3 3-4 BO3MOKHBIX 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 i XM Chips

Kputepun oneHuBaHus pe3yibTaTOB 00y4eHHUs
Kputepun onieHuBaHus M0 3a4€Ty:

TectoBbie 3amaHust cocTOUT U3 25-30 BOMPOCOB MO TEMAaTHYECKHUM paszieiam pabodeit
nporpamMMmbl yueOHoi aucrumiauHsl. B 40% Bcex BOMPOCOB KaXJIOro TecTa IMpearoiaraercs
BBIOOp omHOTO W3 3-4-X BO3MOXHBIX OTBEeTOB. B 60% BOmpocax HE0OXOAMMO HamucaTh
IIPABWJIBHBII OTBET CAMOCTOSITEIBHO.

Cucrema OLIEHOK BBIMOJTHEHHSI KOHTPOJIBHOIO 3a4€THOTO TECTUPOBAHUS:

— «OTJINYHO» — KOJINYECTBO MPABUIBHBIX OTBETOB OT 90% 10 100%);

— «XOPOLIO)» — KOJIMYECTBO MPABUIIBHBIX OTBETOB OT 75% 10 90%);

— «yAOBJIETBOPUTEIILHO» — KOJIMYECTBO MPAaBUIBHBIX 0TBETOB OT 60% 10 75%.

— «HE YJOBJIETBOPUTEIBHO» — KOJIMYECTBO MPABUIIbHBIX OTBETOB MeHee 59%.

«3a4TeH0» BBHICTABISETCA OOYYAIOMIMMCS TOJTYYMBIIEMY IO 3a4€THOMY TECTY OLIEHKHU
«OTJIMYHOY, «XOPOILIO» WIH «yIOBIETBOPUTEIHHOY» - JIOMYCTUBIUINM MOTPEUTHOCTH B OTBETE Ha
3aueTe W TMpPH BBHIMOJTHEHUU MPAKTUYECKUX 33JaHUN BBIHOCHMBIX Ha 3a4eT, HO 00JaJaroIiuM



HEOOXOJUMBIMU 3HAHUSMHU U YMEHHUSIMU Ul UX YCTPAHEHHUS NMPU KOPPEKTHUPOBKE CO CTOPOHBI
IIPEIIO1aBaTEeIIA.

«He 3auyTeHo» BbICTaBisIeTCs O00ydarolEMyCsl MOJMYyYMBIIEMY O 3a4ETHOMY TECTY
OLIEHKY «HE YJOBJETBOPUTEIILHO» — T.€. OOHAPYKUBIIEMY CYIIECTBECHHbIE MPOOEIbl B 3HAHUSIX
OCHOBHOI'O MPOrpaMMHOI0 MaTepuajga IO IUCHUUILIMHE, JOIYyCTUBLIEMY NPUHIMINAIBHBIC
OLIMOKM B BBIMOJHEHUHN MPEIYCMOTPEHHBIX MPOrpaMMOM MPAaKTUYECKUX 3aJaHUi (OTCyTCTBHE
3HaHUM 3HAYUTEIILHON YaCTH IIPOrPaMMHOTO MaTepuaia; HEOHUMAaHNE OCHOBHOTO COACP/KAHUS
TEOPETUUECKOr0 MaTepuajla; HEYMEHUE NPUMEHATb TEOPETUYECKUE 3HAHMS IPU PEILICHUU
INPAKTUYECKUX 3aJa4; JOMyCTUBIIEMY MPUHIUIUAIbHbIE OIIHOKH.

OneHouHBIE CpEACTBA [UIS HMHBAJIUIOB W JIMIl C OTPAHUYCHHBIMH BO3MOKHOCTSIMHU
3I0POBBSI BEIOUPAIOTCS C YIETOM MX WHAWBUIYaJIbHBIX MCUXO()U3NIECKUX OCOOCHHOCTEH.

— IIpy HeOOXOAMMOCTH HHBAIMIAM U JIUIAM C OTPAaHUYEHHBIMU BO3MOKHOCTSIMH 37I0POBbSI
IpEeIOCTaBIISCTCS JOTIOJHUTEIBHOE BPEMS JUIs IOATOTOBKM OTBETA HA DK3aMEHE;

— IIpH TPOBEJICHUH TPOLIEYPHl OICHUBAHUS PE3YyJIbTATOB 00yUEHUS] WHBAINIOB H JIUIL C
OTpaHMYCHHBIMU BO3MOYKHOCTSIMHU 3/I0POBbSI IIPEAYCMAaTPUBACTCS MCIIOJIb30BAHHE TEXHHYECKHX
CpPEeZICTB, HEOOXOIUMBIX UM B CBSI3U C X WHAWBUIYATBHBIMA OCOOCHHOCTSIMH;

— TIpH HEOOXOIUMOCTH IJIs1 O0YHAIOIINXCS C OTPAaHMYCHHBIMI BO3MOXKHOCTSIMU 310POBbS
¥ WHBAJIUIOB TIPOIEIypa OICHHBAHUS pE3YyJIbTaTOB OOYyYEHHUS TO AMCHUIUIMHE MOXKET
IPOBOJIUTHCS B HECKOJIBKO ATATIOB.

[Iponenypa oneHUBaHUsI PE3yIbTaTOB OOyUYEHHs] MHBAIHMIOB U JIUI[ C OTPAHUYCHHBIMH
BO3MOXKHOCTSIMH 3/I0pPOBbSl TI0 JTUCHUIUIMHE (MOIYJIO) TperyCMaTpHBaeT MpPEIOCTaBICHUE
uHpopmManuu B (opMax, ATANTHPOBAHHBIX K OTPAaHWUYCHHSIM WX 3I0POBbS W BOCIPHITHS
uHbOpMaInu:

JUist T ¢ HAapyIIEHUSIMH 3PSHHS:

— B IICYaTHOH (hOpMe YBEINICHHBIM HIPUPTOM,

— B (popMe AIIEKTPOHHOTO TOKYMEHTA.

JUst TUn ¢ HapyIIeHUSIMH CITyXa:

— B I1e4aTHOM (opme,

— B (hopMe DIIEKTPOHHOTO JIOKYMEHTA.

JInst Ll ¢ HapyIICHUSIME OTIOPHO-JIBUTATEIBHOTO amiapara:

— B IIeYaTHOU (opme,

— B (popMe AIIEKTPOHHOTO TOKYMEHTA.

JlaHHBII TIepedeHb MOXET OBITh KOHKPETH3UPOBAH B 3aBUCHMOCTH OT KOHTHHICHTA
00ydJaromuxcs.

5. Ilepeyenb y4eOHOM JJUTEPATYPbI, HH(POPMANUOHHBIX PECYPCOB M TEXHOJIOTHI

5.1. YueOHas aureparypa

1. Oroponnukos, U.H. MukponpoueccopHas TexHuka: BBeaenue B Cortex-M3 : yue6HOe
nocobue s By3oB / MockBa : WzmatensctBo [Opaiit, 2021. — 116 c. — (Bricuee
oOpa3oBanue). — Tekct: anekrponnsit / O6pazoBaTensHas miatdopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/472192

2. MuxkpormporeccopHasi TeXHUKa B CUCTEMax CBs3U: J1abopaTopHblii npakTukyMm / A.C.
Jleruenko, K. C. Kopotkos, H. A. SIkoBenko, A. A. babenko; KyoI'Y.- KpacHonap, 2018. - 194c.

3. KamaueB, A.B. MHorosnepHsie mporieccopsl : yuyeOnoe nmocodue / A.B. Kamayes. -
MockBa : HWurepHer-YHuepcurer WHdopmaumonueix Texnomormii, 2011. - 248 c. -
[DnexTponnsiil pecypc] - URL: http://biblioclub.ru/index.php?page=book&id=233103




5.2. UnTepHeT-pecypchbl, B TOM 4HCJIe COBPeMeHHbI¢ NPodecCHOHAIbHbIE 0a3bl

JaAaHHbIX U HH(])OpMaIII/IOHHI)Ie CIIPaBOYHBIC CUCTEMBI
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JJ1eKTPOHHO-0HO1HOTeYHbIe cHcTeMbl (IBC):
1. ObC «}OPAUT» https://urait.ru/
2. OBC «JIAHb» https://e.lanbook.com

Pecypchl cB0OOIHOTO T0CTYyNA:
Verilog HDL na IIJIMC https://www.youtube.com/c/JackOv/videos

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

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

Cisco Nexus 3000 Switch Architecture https://people.ucsc.edu/~warner/Bufs/BRKDCN-
3734.pdf

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

Kak cnenats kommyTtaTop? https:/linkmeup.ru/blog/882/

Cetn Ut caMbIX MajieHbKHX. YacTh ueThipHaanatas. [TyTs makera
https://linkmeup.ru/blog/1235/

Packet Pushers. Understanding ASICs For Network Engineers (Pete Lumbis)
https://www.youtube.com/watch?v=Ti3t90AZIl.3¢g

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

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

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

Fast Programmable Match-Action Processing in Hardware for SDN
https://courses.cs.duke.edu//fall19/compsci5 14/papers/rmt-sigcomm?2013.pdf

Packet Buffers. Orcrona mo ccpliikam pa3BopadyruBarOTCsl pa3HOOOpa3HbIE MaTEPHATBI
oueHb Ty0oKo https://people.ucsc.edu/~warner/buffer.html

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

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

Strategies of packet buffering inside Routers
https://archive.nanog.org/sites/default/files/wednesday_tutorial szarecki_packet-
buffering.pdf

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

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

I'me coxpanuts nmaker? Yunsl u Oy deps
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




CoOcTBeHHBIE YJICKTPOHHBIC 00pa3oBaTe/bHbIC H HH(POPMaLMOHHBIE PeCypPChI
KyoI'y:
1. Cpena MOIyJIEHOTO JHHAMUYECKOTO 00y4eHus http://moodle.kubsu.ru
2. ba3za y4eOHBIX IJIAHOB, Y4€OHO-METOIMYECKUX KOMIUIEKCOB, ITyOIUKaAIMA U
KoH(epeHuui http://mschool.kubsu.ru/
3. DnexkTpoHHbI apxuB gokymeHToB Ky6I'Y http://docspace.kubsu.ru/

Jns co3manus v MyONHMKaIlMM KOHTEHTa M y4eOHBIX OOBEKTOB MpernofaBaTelieM HCIONIb3YyeTCs
ciryx0a BUICO TPAHCISAIUU U HHCTPYMEHT JUISI DJIEKTPOHHON KOMMYHHKAITUN U 0OpaTHOW CBSI3U
CO CTyJCHTaMH.

6. MeTonnueckue ykazaHusi 1JIs1 00y4aroIMXcsl 10 0CBOCHUIO TN CHMILIMHBI (MOAYJIsST)

Jlexuus siBsieTCsl OAHOM U3 POPM M3yUEHUS] TEOPETUYECKOT0 MaTepHasia Mo AUCHUIIINHE.
B x0/1€ 1eKIIMOHHOT0 Kypca MPOBOAUTCS U3JI0KEHUE COBPEMEHHBIX HAYUHBIX MIOJX010B U TEOPHI.
B Terpagu ans  KOHCIEKTHPOBAHMS JIEKIUM HEOOXOJUMO MMETh MOJs, TIJe M0 XOAy
KOHCTIEKTUPOBAHUS JIETAI0TCsl HEOOXOUMBbIEC TTOMETKU. 3aIyCH TOJKHBI ObITh N30MPATETHbHBIMU.
B koHcnekTe NpuMEHSIOT COKpalIeHHE CJIOB, YTO YCKOPSIET 3aluch. Bomnpockl, BOZHUKAIOMINE B
X0JI€ JIEKIINH, €CJIM HE 3aJjaHbl Cpa3y, PEKOMEH IyEeTCs 3alUChIBaTh HAa MOJIAX U MOCIE OKOHYAHUS
JEKIMH OOpaTHTHCS 3a pa3bsICHEHWEM K TpernoiaBarento. HeoOxoaumo akTUBHO paboTath c
KOHCIIEKTOM JIEKLIMM: TOCJI€ OKOHYAHMS JIEKIIMM PEKOMEHIYETCsl IMepeyuTaTb CBOU 3aIHCH,
BHECTH MOIPABKU U IONIOJTHEHUS.

OpHMM U3 OCHOBHBIX BUJIOB JIEATEIHLHOCTH CTYJIEHTA SIBJISIETCS CAaMOCTOATEIbHAs padoTa,
KOTOpasi BKJIIOYAET B ce0s1 M3yUeHHE JICKIIMOHHOTO MaTepuaa, y4eOHUKOB M YY€OHBIX TOCOOHIA,
IPOCMOTP BHUIEO OOBSICHEHHH MO KOHKPETHBIM MPOOJIEMHBIM MOMEHTaM, IOATOTOBKH K
BBITIOJIHEHUIO JIA0OPATOPHBIX PabOT.

MeTtouka caMOCTOATEIbHON pabOThI MPEBAPUTEIHHO Pa3bIACHACTCS MPENOJaBaTENEeM U
B TOCJICAYIOIIEM MOXET YTOUYHSTHCA C y4ETOM HHIMBHIYaJbHBIX OCOOEHHOCTEH CTYAEHTOB.
Bpemst u MecTo caMocTOsATENbHON pabOThl BBIOMPAIOTCS CTYJIEHTAMH IO CBOEMY YCMOTPEHUIO
IUTaHUPOBaHHUE BPEMEHH Ha CAMOCTOATENIbHYIO padoTy, HEOOXOJMMOT0 Ha U3yUeHHE HACTOALICH
JUCLUIUIMHBL, CTYJEHTaM Jy4lle BCEr0 OCYIIECTBISTH PAaBHOMEPHO Ha BECh CEMECTD,
IpelycMaTpuBas IpHU TOM PETYJIIPHOE TOBTOPEHHUE NIPOUIEHHOTO0 MaTepHaa.

CaMocTosATenbHYI0 paboTy HaJ AUCUMILIMHON ClieyeT HAYMHATh C U3y4YEeHUS POTPaMMBbl,
KOTOpasi COJEPKHUT OCHOBHbIE TPEeOOBAaHWS K 3HAHUSAM, YMEHHMSAM M HaBbIKaM OOydaeMbIX.
O06s13aTeNnbHO cie1yeT BCNOMHUTD PEKOMEHAAINY MPENOo1aBaTelsl, TaHHbIE B X0JI€ yCTaHOBOYHBIX
3aHATUNA. 3aTeM CleqyeT NPUCTyNaTb K HM3YUYEHHIO OTACJIBbHBIX DPA3lEOB U TEM B IOPSIKE,
MPEyCMOTPEHHOM MPOTPAMMOH.

[MonmyuyuB mnpenacraBieHHEe 00 OCHOBHOM COJIEPXKaHMM pasfienia, TeMbl, HeoOX0IUMO
U3YYUTh MaTepuaj Mo TeMme, W3JI0KEHHBIM B y4eOHUKE WIM B PEKOMEHAYEMBIX 3JIEKTPOHHBIX
pecypcax. LlenecooOpa3Ho cOCTaBUTh KPAaTKUI KOHCHEKT WM CXeMY, OTOOPaKaloIIyl0 CMBICT U
CBSI3M OCHOBHBIX MOHATUN JaHHOTO pazfena (win 0osiee MPOIYKTUBHO — JOIMOJHUTH KOHCIEKT
aexiun). OO0s3aTeNbHO CIeNyeT 3alHChiBaTh BO3HMKILIUE BOMPOCHI, Ha KOTOpPbIE HE YJANOCh
OTBETUTH caMOCTOATENbHO. [Ipu uTeHun yueOHOI U Hay4yHOH JUTEpaTypbl HEOOXOAUMO BCEra
CJIEIUTh 3a TOYHBIM W IIOJHBIM IOHMMAHHEM 3HAYEHMs] TEPMHUHOB M COJAEP)KAHUSA IOHSATHH,
HCIIOJIB3YyEMBIX B TEKCTE. Beerna ciietyeT yTouHATh 3HaUEHHUs IO CJI0BAPSIM WIIU SHIMKIIONIEINSAM,
py HEOOXOIUMOCTH 3aIHChIBATH.

K naGopaTopHbiM paboTaM cieayeT NOArOTOBUTHCS MPEIBAPUTENLHO, O3HAKOMUBIIUCH C
KpaTkoii HO croenuduyeckoid Teopue pa3MEeIIeHHOM B COOTBETCTBYIOIIEH METOJIUYKE.
Pekomennyercs 03HAKOMHUTHCS 3apaHEE U C METOAUYECKUMH PEKOMEHIALUSAMHU IO ITPOBEACHUIO
COOTBETCTBYIOIICH JIabopaTOpHOU pabOThl, ©W B clydae HEOOXOAMMOCTH MPOBECTU
IpeABapUTENIbHBIE PACUETHI WIIM TOATOTOBUTH IPOTPAMMHYIO OCHOBY.

HenocpencrBeHHass NOATOTOBKAa K 3aueTy  OCYLIECTBIISIETCS 10 BOIpoOcaw,
MPEJICTAaBICHHBIM B IaHHOM y4eOHOI nmporpamMme JUCIUILIMHEI 10 JAOOpaTOPHBIM paboTaM.



B ocBoenun auCHUIUIMHBI MHBATUAAMHU M JUIAMU C OTPAaHUYEHHBIMH BO3MOKHOCTSIMHU
3I0pOBbsl OONBIIOE 3HAYCHHE HMMEeT WHAMBHIyalbHas ydeOHas pabora (KOHCYJIbTAllUM) —
JIOTIOJIHUTEIBHOE Pa3bsICHEHHE yUeOHOT0 MaTepHara.
NunauBuayanbHble KOHCYIBTAIlMM 1O TPEAMETY SBISAIOTCS BaXKHBIM  (PAKTOPOM,
CMOCOOCTBYIOIIMM MHIWBHUIyaTU3alUA OOYUYEHUSI U YCTAHOBJICHUIO BOCITUTATEILHOTO KOHTAKTa
MEXIy TMpernofaBaTeieM U OOy4aromMMcs HWHBAIMAOM WJIA JUIOM C OTPaHUYECHHBIMU
BO3MOKHOCTSIMU 3/I0POBBSI.

7. MaTrepuaibHO-TEXHHYECKOe ol0ecneyeHne Mo JUCHunInHe (MOAYJI10)

HaumeHnoBanne [epeueHs MUIIEH3NOHHOTO

Ne CIEINaIbHBIX OCHaIIIEHHOCTH CIIENAAIBHBIX TTOMELEHUH MPOrpaMMHOTO 00ecTIeYeHUs

MOMEIIEHUN

1. VYueOuple aynuropuu | JlekimoHHass — ayamTopus, ocHamleHHas | 1. OmepammonHas cucrema Microsoft
TUTS MPOBEICHUS | MPE3CHTAIIMOHHOW TEXHHUKOU (TmpoekTop, | cemeiictea Windows (7/8/10), B
3aHATHHA JKpaH, KOMIIBIOTEP/HOYTOYK) U | paMKax  TOPOTpaMMBI  KOMITAHHH
JICKIHOHHOTO THIIA COOTBETCTBYHOIUM nporpaMMubiM | Microsoft “Enrollment for Education

obecrieuernem (I10) s BocpousseneHust | Solutions” i KOMIBIOTEPOB U
¢aitnoB gopmara jpg u avi. JJocraTouHbIM | cepBepoB Ky0anckoro
KoJH4ecTBOM mocafgo4yHbix mecT: Ne 209C, | rocynapcTBEHHOTO YHHBEpCHTETa U
Ne 315C, Ne201 ero (rInaoB.

2. YueOHble aynuTopun | Ayautopusi OcHauieHHas MenoBbiMH win | 1. Onepanuonnas cucrema Microsoft
JUIst NIPOBEJICHUS | MAapKEPHBIMH ~ JOCKaMH, ocHameHHas | cemeiictBa Windows (7/8/10), B
3aHATHH MIPE3CHTAIIMOHHON TEXHUKOH (IIPOEKTOp, | paMKax  IpOrpaMMbl  KOMIIAHUH
CEMHHApCKOro THUMA, | IKpaH, KOMIIBIOTEP/HOYTOYK) u | Microsoft “Enrollment for Education
TPYIIIOBBIX 7 | COOTBETCTBYIOIIUM mporpaMMHEIM | Solutions” i1 KOMIBIOTEPOB U
WHIWBUAIYAITbHBIX obecrieuenneM (I10) s Bocmipon3BeieHUsI | CEpBEPOB Ky6anckoro
KOHCYJIbTAIIHIA, ¢aiinoB Qopmara jpg ¥ avi, JOCTATOYHBIM | TOCYJapCTBEHHOTO YHHBEPCHUTETa M
TEKYIIEro KOHTPOJISI M | KOJIMYECTBOM MOCAIOYHBIX MECT CO CTOJIAMHU: | €r0 (pUIHANIOB.

MIPOMEKYTOTHON No209C, Ne205aC, Ne315C, Ne211C 2. IlporpaMMHBII  MmakeT  TOJX

aTTecTaluu muuen3uedt GNU Quartus II nim light
JULst OIepaIlMOHHBIX cHCTEM
cemerictBa Windows, BKITIOUYAIOIIHii B
cebs KPOCC-KOMITHJISITOP u
MHCTPYMEHTBl  pa3paboTKH  JuIst
FPGA.

3. Yuebuble ayautopuu | JlabopaTopus, ykoMmmuiekToBanHas | 1. OnepaunonHas cucrema Microsoft
IS MIPOBEICHUS | CIICIHATN3UPOBAHHON MeOEIBI0 u | cemeiictea Windows (7/8/10), B
71a00paTOPHBIX TEXHHYECKHUMH  CPEACTBaMH  OOy4YeHHs. | paMKax  IIpOrpaMMbl  KOMIIAHUH
3aHATHH (paboT) [IpoBenenne  3amsaTmii  mabopaTtopHoro | Microsoft “Enrollment for Education

MPaKTHKyMa 4YacTHYHO MpeaycMOTpeHo B | Solutions” il KOMIBIOTEPOB U
«KOMTBIOTEPHOM  KJIacC€  CIEUMalbHBIX | CEpBEPOB Kyb6anckoro
mucuuiuiey  (ayautopus  205¢,  Kak | TOCYyJapCTBEHHOTO YHHBEPCHUTETa M

anerepHatuBa 133C) (¢ uUCMONB30BaHHEM
STM32F407G-DISC1, STM32F4DIS-BB,
STM32F4 Discovery Base Bo, PL2303 USB
UART Board, SN65HVD230 CAN Board) ¢
ucnosb3oBanueM [1K

ero (rInaoB.

2. Iporpammusiii maker Keil MDK-
ARM-CM-ED - 10user IS
ONEPAIMOHHBIX CHCTEM CEMEWCTBa
Windows, BKIoJaromuid B ceOs
KPOCC-KOMITWIIATOP M WHCTPYMEHTHI
pa3paboTKy Uil MUKPOKOHTPOJLICPOB
cepuit STMFxxx ¢ ssmpom Cortex-Mx.
JI7IsT BBIMOJIHEHUST CaMOCTOSTEIbHOM
paboThI HOATOTOBKH K JIAOOPATOPHBIM
UCIIONB3YETCs IEMO-BEPCHsI 3TOTO Ke
nakera mnporpamm (OrpaHudYcHHE Ha
KoMITeJIMpyemblii Koz 32 k0).

3. IlporpaMMHBIii  makeT  MOJA
mnensuedt GNU Quartus II nim light
JUTS OIEePAMOHHBIX CUCTEM
cemerictBa Windows, BKITIOYAIOIIHii B
cebs KpPOCC-KOMITHIIATOP u




MHCTPYMEHTBI pa3paboTku JUTSL
FPGA.
Jia  camocToATEenbHOW  paboThl  OOyyaromuxcs MPEeAyCMOTPEHbl  OMELICHMS,

YKOMITJIEKTOBAaHHbBIE CHEIMATU3UPOBAHHON MeOesbio, OCHAIIEHHbIE KOMITBIOTEPHOW TEXHUKON C
BO3MOKHOCTBIO TTOJAKIIIOUEHHS K ceTn «VHTepHeT» M 00ecHeueHneM J0CTyNa B 3JIEKTPOHHYIO
UH(POPMALIMOHHO-00pa30BaTENbHYI0 CPEly YHUBEPCUTETA.

HanmeHoBanue moMenieHun It
CaMOCTOSTEIIEHOU PaOOTHI
00yJaromuxcs

OCHAIIIEHHOCTh MIOMEIIEHHH JUTS CAMOCTOSITEILHOM PaboThI
00yJaroImXCs

TTomemieHue st CaMOCTOSTEIBLHOM
paboTel o0y4aromuxcs (AUTaIbHBINA
3an HayuHnoii 6nbnmoTrekn)

Meo6enb: yuebHas Mebenb

KoMIekT crienuann3upoBaHHO MeGesH: KOMITBIOTEPHBIE CTOJIbI
OOopynoBaHue: KOMIBIOTEpHas TEXHHKa C MHOAKIIOYEHHEM K
MH(OPMALMOHHO-KOMMYHHUKALMOHHON ceTn «VIHTepHeT» M IOCTYIIOM B
3IEKTPOHHYIO MH(OPMaLMOHHO-00Pa30BaTEIbHYIO cpeny
00pa30oBaTeNbHOW OpraHM3aluK, BeO-KaMepbl, KOMMYHHKAI[HOHHOE
o0opyznoBaHue, 0OecriedrBaroliee I0CTyI K CETH MHTEpHET (IPOBOJIHOE
coeiHeHUe 1 OecrpoBOHOE coelMHeHue o TexHojoruu Wi-Fi)

ITomernienue st caMOCTOSATENBHOMN
pabots! obyuatomuxcs (aya.207)

Meb6enb: yueOHas MeOeb
Kommiaekr CHCHHaﬂHSHpOBaHHOﬁ Me6eJ'II/I: KOMIIBIOTEPHBIC CTOJIbI
O0opynoBaHue: KOMITBIOTEPHASI TEXHUKA (HA OCHOBE TOHKUX KIIMEHTOB) C

NOJKJIIOYEHHEM K HMH(pOPMAIMOHHO-KOMMYHHMKALlMOHHOM  ceTn
«HTEpHET» M JOCTYIIOM B  DJIEKTPOHHYIO  HMH(OPMAIMOHHO-
00pa3oBaTEeNBHYIO cpemy o0Opa3zoBaTenpHON OpraHu3aIui,

KOMMYHHUKAIIMOHHOE 00OpYyIOBaHHUe, oOecreunBaromee JOCTYI K CETH
HHTEPHET.




