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1 Hesn n 3axa4M M3y4YeHUs JUCHHUILIMHBI (MOIYJIsST)

1.1 Ilean ocBOeHUsI TUCUHUILIMHBI

VYyeOHas nuciuiuinHa «MHKponpoLeccopHasi TEXHUKA B ONITUYECKUX CHCTEMAaxX CBS3HU»
CTaBUT CBOCH ILIENBI0 M3YUYCHHE APXUTEKTYPbl CETEBBIX YCTPOMCTB OOPaOOTKU TPaHCIOPTHBIX
IIOTOKOB B CETSIX ITpOBaii/iepa CBsI3U, BIMSHUS UCII0JIb30BAHUS PA3JIMYHBIX BAPUAHTOB PeaIu3alun
KOMMYTaIuu, ceteBbix mporeccopoB, ASIC, FPGA, NP, CPU, koHBeiiepoB Ha BO3MOKHOCTH
TEJIEKOMMYHHUKAIIMOHHOTO 000pYyIOBaHHUs, B TOM YHCIIE BO3MOXKHOCTEH Ui pean3aliy 3a/1a4
CETeBOW KOHBEPreHIMH; a TaK K€ [PUMEHSITh COBPEMEHHBIE TEOpPETHYECKHEe U
OKCIIEPUMEHTAJIbHBIE METOABl C LENbI0 CO3JaHUS HOBBIX IEPCIEKTUBHBIX CPEJICTB
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

Jucuunnuza «MUKpONpoleccopHas TEXHUKA B ONTHYECKUX CUCTEMAaX CBS3HM» OTHOCHTCS
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
TEJIeKOMMYHUKAIIMOHHBIX CUCTEM, «ONEeKTpONHUTaHUE YCTPOMCTB u CUCTEM
TEJIeKOMMYHUKaUi», «OnTudeckue IUPPOBbIE  TEIEKOMMYHHUKAIIMOHHBIE  CHCTEMBI,
«IudpoBas 2MeKTPOHUKAY, «DITEKTPOHHUKAY.

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 HAaUMCEHOBAHHEC
HHAUKATOpa JOCTUIKCHUS PeSyJ’ILTaTI)I OGy‘lCHI/IH 10 JTUCIHUIIJIMHE
KOMIICTCHIINH

IIK-1 CnocoGeH NpuMeHATH COBPeMeHHbIe TeopeTHYeCKUe H IKCIIePUMEHTAIbHbIe METOAbI HCCIeI0BAHUS
€ LeJbI0 CO3aHUSI HOBBIX EPCNEeKTHUBHBIX CPeACTB MH(POKOMMYHMKALIMIA

WIIK-1.1 3Haer coOBpeMEHHbIE 3HATh yMeThb BJIA/IETh
TEOpeTHUYECKHE u IepcnexTuBHBIE Hcnonp3oBath HaBeixamu ananusa
9KCIEPUMEHTAIbHBIC METOIBI TEXHOJIOTHH IS HOPMaTHBHYIO XapaKTepUCTHK
HCCIIEJOBaHMS u peanuzanuu 3a1a4 JIOKYMEHTAIHIO B TEIEKOMMYHHUKAIIIO
MIPOEKTHPOBaHUS B  obmactu CETEeBOI KOHBEPTEHIINN. obnactu HHOTO
NH()OKOMMYHHKAIUH; MTPUHINIIBI MH()OKOMMYHHKAIO 000pyoBaHUS IS
paboTHI ceTel CBA3U, B TOM UHCIIE HHBIX TEXHOJIOTHH. IUTAaHUPOBAHUS
ONITHYECKOH CBSI3M M PaANOCBA3U Pa3BUTHS CETH IIPU
Ppa3IMYHBIX CTaHJapTOB; BHE/IPEHUU HOBBIX
HanpaBJIeHUs pa3BUTHS TEXHOJIOTHH CBS3U




KOH 1 HAMMCHOBAHUC
HHAWKATOPa JOCTHUKECHUA
KOMIICTCHIINH

PesynpraTel 00yueHNS IO JUCIUIIINHE

HEePCIIEKTUBHBIX
nepenadn nHPOopMaIun

CHUCTEM

UIIK-1.2 VYmeer UpUMEHATH
COBPEMEHHBIC TEOPETHYECKUE U
9KCIIEPUMEHTAJIbHBIE METO/IBI
UCCIIEJOBAHMS C 1IEJIBI0 CO3JIaHUs
HOBBIX IIEPCHEKTHBHBIX CPEICTB
CBSI3U u
MH()OKOMMYHHKAaIIMOHHBIX

TeXHOHOFHﬁ; MpOBOJUTH
TEOPETUIECCKUE n
OKCIICPUMCHTAJIbHBIC

HUCCICO0BAaHUA B obnmactu
TOCTPOCHHUA HOBBIX CHUCTEM

CBsA3HU, B TOM YHCJIC OITHYECKOU
CBA3U

UIIK-1.3 BianeeT cnocoOHOCTBIO
OCBaWBATh HOBBIE TEOPETHYECKHE
nu 3KCHepI/IMeHTaJ'H)H])Ie METOAbI
HCCIIEIOBAHNA C IENBIO CO3IaHUs
HOBBIX HepCHeKTI/IBHbIX CpeI[CTB
CBSI3U u
HH()OKOMMYHHUKAITHOHHBIX

TEXHOJIOTHU; - YMEHHEM
NPUMEHSATh TAKeTHl  TPOTPAMM
KOMIIBIOTEPHOTO MOJIETTUPOBAHUS

C LeNBI0  CO3JaHHA  HOBBIX
MEPCIIEKTUBHBIX Cpe/CTB
MH()OKOMMYHHKAIUA

IIK-2 Cnoco0eH ucnoib30BaTh 3HAHUS O NEePCHEeKTUBHBIX TEXHOJOIHAX CBSI3U U aHA

TEXHOJIOTHH CBA3HN

JIN3UPOBATH OyaylHe

WIIK-2.1 3Haer COBpEeMEHHBbIi
YpPOBEHb, OCHOBHBIE TEHJICHIIUH 1
MIEPCIIEKTHBBI pa3BuUTHS
MH()OKOMMYHHKAIMOHHBIX

TEXHOJIOTUil; OCHOBBI PabOTHI ¢
HCTOYHUKAMH Hay4YHO-
TEeXHHUYCECKOH HHPOpMALIUH

UIIK-2.2 YmeeT n3yuyarb Hay4HO-
TEXHUYECKYIO nHpOpMaNHIo,
OTEYECTBEHHBIH M 3apyOeKHBIN
OIIBIT TIPU TIPOBEJICHWH HAay4HO-
HCCIIEIOBATENILCKUX  paboT B
obmactu
MH()OKOMMYHHKAIMOHHBIX
TEXHOJIOTU I

WIIK-2.3 Buageer HaBBIKaMU
H3YYEHHUS HAYYHO-TEXHHUYCSCKOU
uH(pOpMAINH, OTEYECTBEHHOTO U
3apy0eKHOTO OIBITa npu
MIPOBEICHUH HAY4HO-
HCCIICAOBATEILCKUX ~ paboT B
obactu
UH()OKOMMYHHKAITHOHHBIX
TEXHOJIOTHH

3HATh
OcHoBY
MHUKPOIPOIIECCOPHBIX
TEXHOJIOT U
HCTIOJIb3YEMBIX B
000pyI0BaHUH CeTeH
CBSI3H.

OCHOBHBIE MAPAMETPBI
000pYyIOBaHUS CBSI3H IS
aHaJIM3a UCXOTHBIX
JIAHHBIX PA3BUTHS U

OIITUMMU3AIIMHU CECTH CBA3U.

IIpuHLUIBI
(YHKITMOHUPOBAHHS
CETEBbIX aNMapaTHBIX
CPEICTB.
ADPXUTEKTYpPY CETEBBIX
anmnapaTHBIX CPEJCTB.
[puHIUIE paboTHI
CETEBbIX DJIEMEHTOB.
IIpoToxosbl
B3aUMOJEHCTBUS
OTKPBITBIX CHCTEM.

yMeThb
AHanmu3upoBaTh
BO3MOXXHOCTH HOBBIX
CPENCTB CBSI3U.

Ocy1uecTBisITh
TIOUCK,
aQHAIM3UPOBATH U
OLICHUBATh
nHpopManuio,
HEOOXO0ANMYIO JUIS
3¢ P eKTHBHOTO
BBINOJTHEHHS 33/1a4H.

TTons30BaThCs
HOpPMaTHBHO-
TEXHUUECKOM
JIOKyMeHTaluei B
obJactu
HH(POKOMMYHHUKAITIO
HHBIX TEXHOJIOTUH.
OTcaexuBaTh
pasBuTHE
MHPOKOMMYHHKAITHO
HHBIX TEXHOJIOTHA.

BJAJETh
Hagsikamu BBIOOpPa
TEXHOJIOTUH JJ1s
obecrieyeHus
MpeICTaBICHI
YCIIYT CBSI3U B
COOTBETCTBHUH C
MOTPEOUTETHCKIM
CIIPOCOM.

HaBbIKAMU
MPOTHO3UPOBAHUS
CPOKOB
MO/JICPHU3AINN
CETEBBIX YCTPOUCTB.




PesynpraTthl 00yueHHs] MO MUCHMIUIMHE JOCTHUTAIOTCS B paMKaX OCYIIECTBICHHUS BCEX
BUJIOB KOHTAaKTHOHM U CAMOCTOSATEJILHOM pabOoThl 00yUYarOIINXCsl B COOTBETCTBUU C YTBEPIKICHHBIM
y4€OHBIM IIJIaHOM.

WHaukaTtopel  JOCTHXKEHMS KOMIIETEHLMH  CUMTalOTCs  CQOPMHUPOBAHHBIMU  IIpU
JIOCTUKEHUHU COOTBETCTBYIOIIMX UM PE3YyJIbTATOB OOYyUEHHUSI.

2. CTpPyKTYpAa M cojiepKaHue TUCIUTTIUHbI

2.1 Pacnpeesienne TPYA0EMKOCTH TUCHUILJIMHBI IO BUIaM padoT

O6mmas Tpy10éMKOCTh AUCIUILTHHBI cocTaBisieT 3 3a4.en. (108 yacoB), ux pacnpenenenue
10 BUJaM paboT mpescrasiieHo B Tabmune (s crygaeatoB ODO).

Bun pabot Bcero CemecTpsl (4achl)
4acoB 4

KonTtakTHasi paboTa, B TOM 4HcJe:
AyIUTOpHBIE 3aHATHS (BCero):

BaHITHS JEKIIMOHHOTO THUIA 12 12
[TPAKTUYECKHE 3aHATHS 12 12
lTaOopaTOPHBIC 3aHATHUS 22 22

Muasi koHTaKTHasi padora:
Kontpons camocrosarensHoi pabotsr (KCP) 5 5
[Mpomexxyrounas arrecrarus (UKP) 0,2 0,2
CamocrosiTejibHAsi pa0oTa, B TOM 4HcJIe:

Kypcosast pabota

CaMOCTOSITENbHOE H3yYCHHUE Pa3/IeliOB, CAMOIIOATOTOBKA (IpopaboTKa 1

MTOBTOPEHHE JCKIIMOHHOTO MaTepraa i MaTepuaia yIeOHHKOB U YIeOHBIX 50,8 50,8
MOCOOUiA, MOATOTOBKA K JIA00OPATOPHBIM M NPAKTHYCCKHM 3aHITHSIM)
Pedepar
[ToAroTOBKa K TEKYLIEMY KOHTPOJIIO 6 6
IKoHTpoOJB:
BaveT
OO0masi TpyA0eMKOCTh gac. 108 108
B TOM 4YKc/le KOHTAKTHasi padora
P 46,2 46,2
3a4. efl 3 3

KonrakTHas pabota mnpu  HpoBeAEHMH  y4eOHBIX  3aHATHM 1O  JUCHUIUIMHE
«MUKPOIIPOIIECCOPHAsI TEXHHKA B ONTHYECKHX CHUCTEMax CBSI3W» BKIIIOYAECT B CeOs: 3aHATHS
JIEKIIMOHHOTO TUIA, IPAaKTUYECKUE 3aHsTUs, Ja00opaTOpHbIE PabOThI, IPYNIOBbIE KOHCYIbTAllUN
(Tak ’xe ¥ BHEAy/IUTOPHBIE, Yepe3 IIEKTPOHHYIO cpeny). [IpomekyTodHas aTTecTaius B TECTOBOM
U YCTHOH (popmax.

2.2 Copepxanue JTUCUMIIIIMHBI
Pacnipenenenrie Bu10B yueOHOM pabOThHI M UX TPYIOEMKOCTH IO pa3/ieinaM JUCITUILTAHBL.

Paznienbl (TeMbl) AMCHUIUIMHBL, H3ydaeMble B 8 cemecTpe (ounas ¢hopma):

KomnuecTtBo yacos
o AynuTopHas BueaynuropHnas
No HanmeHnoBanwue pa3zenon (Tem) Beero aGora KCP o
J | 113 | JIP CPC
1. |ApxuTexrypa CeTeBbIX yCTPOUCTB 32 6 6 8 2 10
5 MI/IKpOKOHT?OI[J'Iepr JUii  MOOWIBHBIX 64 4 4 14 2 40
NPUJIOKECHUH
3 IIpenenbHble BOZMOXKHOCTH POYTEpOB Juniper 118 5 5 1 6.8
cepun MX




KonunuectBo yacos
o AynuropHas Bueayauropnas
Ne HaumenoBanue paznenos (Tem) Beero AGoTa KCP o
JI 113 JIP CPC
HUTOI'O no pasdenam oucyuniurvl 107,8 12 12 22 5 56,8
3auér 0,2
OO01mast TPyZOEMKOCTh 110 TUCTIATUIHHE 108

[Mpumeuanue: JI — nekmun, [13 — mpakTudeckue 3ansatus / cemunapsl, JIP — mabopatopHbie
sansaTus, CPC — camocrositenpHas paboTa CTy/IeHTa

2.3 Conep:xaHue pa3iesioB (TeM) IMCHUILTHHBI
2.3.1 3ausaTHd JeKINOHHOI0 THIIA

®dopmMma
TEKYLIETO
KOHTPOJIS

HaumenoBanue
No pasyiena (Tembi) Cogepxanue pazzena (TeMbl)

1. Tuner unnoB. KoMpoMuccesl: ckopocTb, GyHKIIMOHAILHOCTD,
rubkocts, mena. CPU, ASIC, FPGA, NP, Programmable
ASIC.Ynms! 1 AaTalieHTPOBEIX KOMMYTaTOPOB. APXHTEKTypa
ASIC: ®uzngeckoe ycrpoiicto, SerDes, PHY, Silicon Photonics,
Packaging u Advanced Packaging. Jlormaeckoe 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.
2. [IpuMeHeHHEe MUKPOKOHTpOIIepoB Ha ocHOoBe ARM mporeccopoB B
MHUKpPOKOHTPOJUIEPBl IS 9 R
.~ |coBpeMeHHOI1 pacnpenen€HHON ceTH cOopa JaHHBIX C JaTYUKOB.
MOOMJIBHBIX ITPUIIOKEHUI N
Merto/ipl Iepeaun JaHHBIX 110 CTaHAapTHBIM HHTepdeiicam.
3. Ilpe e bHbIe. BOSMONHOCTH OmnpeneneHne CTPYKTYpbl B3aUMOJICUCTBHSI HHTEPPEHCHBIX,
. MPOTrPaMMHBIX U MUKPOCXEMHBIX KOMIIAHEHTOB, HA IPUMEPE CEPHU
poyrepoB Juniper cepumn
MX MX. OnpenencHue TOHATHS U B3aUMOCBSI3M TAKIX KOMITAHCHTOB,
kak FPC/DPC/MPC, MIC/ PIC, RE/SCB, Control u Data Plane.

ApXUTEKTypa
YCTpOMICTB

CETEBBIX
JIP

JIP

13

3amuta naboparoproit padotsl (JIP), kommokBuym (K), TectupoBanue (T), BeimomHeHue
MPAKTUYECKUX 3aJaHui Ha mpakThuueckux 3ansatusax (I13).

2.3.2 IlpakTn4yecKkue 3aHATHS.

HaumeHnoBanue
No paszaena

dopmMma TeKylero

TeMaruka NpaKTUUECKUX 3aHATUI
KOHTPOJIA

2

3

ApPXUTEKTYpa CETEBBIX
YCTPOMCTB

Iporpammupoanne FPGA Ha ocaoe GNU Lite
Bepcuun Quartus. Beenenue B
Verilog/SystemVerilog. CHHXpOHHBIN THU3aiiH.
Cosznanune npocthix TectOeHueit. Onucanue FSM,
MacCHBOB U CTPYKTYp B SystemVerilog. [TamsTb:
coznanue ¢ nomouisio Verilog.

JIP

MHUKPOKOHTPOJUIEPHI IS
MOOMIIBHBIX ITPUIIOKEHUH

[MompoOHBIi pa30op BOZMOXKHOCTEH,
MHTEP(EHCOB U CXEMOTEXHHIECKUX PEIICHHUH B
IIaTe pa3pabdoTyrKa annapaTHO-MPOrPaMMHOTO
koMIutekca. Omnpenenenne HeoOX0ANMBIX
cBeeHuil B datasheet n anropuTM pacronoxeHus
napopmanmu. Kommonentsr 1986BEIIT,
1892BM 144, na 6a3e siapa Cortex, ¢
BcTpoeHHbIM Ethernet uarepdeticom.
Cootromtenue ¢ STM32F407TG. Iloxkmouenue
MHUKpOKOHTpoJutepa uepe3 Ethernet nnrepdeiic k
Internet cetu (pa30op cXeMbI U ITPOrpaMMBbl
ynpasnenus uepe3 UDP u TCP ycTpoiicTB npu

JIP




MOMOILM MUKPOKOHTPOJUIEPOB)

3. |[IpenenbHBIE BO3MOXXHOCTH Pacuer npomyckHnoii ciocoonoctr Tpuo unnceros|[IpoBepka YCBOCHHUS
poytepoB Juniper cepun MX (dbupMbI JUNiper mpu pa3auvYHOM THIIC U GopMaTe | MaTepHaia o
Harpys3KH. aKTHBHOCTH CTYZAEHTa BO

BpEMs 3aHATHA.

2.3.3 JlabopaTopHbIe 3aHSITHS.

Ne Hanvenosarne HammenoBanwne mabopaTopHBIX padoT Popwma Texyuiero
paszena KOHTPOJIS
1 2 3 4
TEXHUYECKUH OTUET 110
1. ITpunnuns! nporpammuposanus [IJIMC B Quartus 11 1a00paTOPHBIM
ApxuTexTypa pabortam
CETEBBIX YCTPOUCTB . TEXHUYECKUH OTUET 110
KoHneuHble aBTOMAThI U OTKAa30yCTOHYMBOCTb CHCTEM Ha
2. 71a00paTOPHBIM
[INC
pabotam
ITpunnyns IIPOrpaMMHUPOBAHUS MUKPOKOHTPOJUIEPA | TEXHUYECKUN OTUET 110
3. STM32f407VGT6 B cpene Keil uVision nmabopaTOPHBIM
| paboram
HccrnenoBanne CHUCTEMHOrO TaliMepa M AaCMEKTOB CHCTEMBI|TEXHHYECKHH OTYET MO
4. IIpepbIBAaHII MUKPOKOHTPOILIEPA 71a00PaTOPHBIM
| paboram
[Ipuém u nepenava no cpeacreom UART TEXHUYECKUH OTUET O
5. nmabopaTOPHBIM
L paboTam
MukpokoHTposuiepsl | I3yueHne  BBICOKOCKOPOCTHOM  OLM(POBKH  MOTOKOBOT'O|TEXHUYECKHH OTYET 11O
6. |ns MOOMIIBHBIX aHAJIOTOBO CHUTHAJa 11a00paTOPHBIM
MPUIIOKECHUH pabortam
Monysp nupo-aHaiororo mpeodpasopareiis. [IpAamMon AOCTYI | TEXHUYCSCKHA OTYET 1O
7. B MIAMSITb. 11a00paTOPHBIM
| paboram
Ilepenaua naHHBIX MUKpOKOHTpoiuiepoM STM32F4 udepe3|TeXHUYECKUI OTUET MO
8. Ethernet unTepdeiic 11ab0paTOPHBIM
| paboram
Paspabotka mporpammel mepemaunm  gaHHBIX M0 CAN|TeXHHYECKHA OTYET 1O
9. uHTEpdEiicy 1a00paTOPHBIM
paboram

IIpy wn3ydyeHUM JUCHMIUIMHBI MOTYT TPHUMEHATCS HEKOTOpble AacleKTbl MOJAEIH
«IIepeBEPHYTOr0 OOyUEHUS» B PEKUME TUCKYCCHOHHO-OPUEHTHPOBAHHOIO IEPEBEPHYTOrO
Kjacca WM BUPTYaJbHOrO MEpPEeBEPHYTOrO KJacca: JAUCTAaHIMOHHbIE 00pa3oBaTeIbHbIE
TEXHOJIOTUH (3JIEKTpOHHOE 00y4yeHue) B (opMe CMEUIaHHOIO OO0Yy4YeHHs, OCHOBAaHHOIO Ha
COYETaHUH OYHOro OOyueHHs M OOY4eHHUS KOMIBIOTEPHBIMH CpEACTBAMH, BKIIOYAIOIINMHU
HEKOTOphIE acleKThl B (hopMare IUCTaHIIMOHHOro oOydeHus B coorBercTBUu ¢ ®I'OC BO. B
YCIIOBUSAX Pa3BUTHS AJEKTPOHHOU MH(POPMAIIMOHHO-00pa30BaTENIbHON Cpelbl By3a B KauecTBe
ynpasieHus: o0ydeHueM BelOpaHa miatdopma Moodle, onHako, COBMECTHO ¢ HEH AJis CO3IaHuUs
U MyOJMKalMM KOHTEHTAa M Y4eOHBIX OOBEKTOB MCIIONB3YIOTCA: CIy:KO0a BHIEO TPAHCISALMH U
WHCTPYMEHT I KOMMYHHUKAIIMHA U OOpaTHOH CBSI3H.

2.3.4 IlpumepHasi TeMaTHKa KypPCOBBIX padoT (IIPOEKTOB)
CormacHo y4eOHOMY IUIaHY KYpCOBBIE paOOTHI (MPOEKTHI) MO JAHHOW JWCIUIUIMHE HE
IIPEyCMOTPEHBI.

2.4 llepeyeHb y4eOHO-METOAMYECKOT0 O0eceYeHUs AJIs1 CAMOCTOATEIbHONH padoThl
00y4aromuXCcH Mo JUCUHUILIMHE (MOTYJII0)
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Ne Bug CPC .
BBIIIOJTHEHHIO CAMOCTOSTEIEHOM PabOTHI
1 |[Ipopabotka ydeOHOTO 1. Oropomnukos, M. H. MukpomnpomeccopHas TexHuka: BBegerne B Cortex-
(TeopeTmaecKoro M3 : yueGHOE TOocoOme st By30B / MockBa : UzmarensctBo FOpaiit, 2021.
MaTepHaia), HOArOTOBKa K —116.¢..

TEKyIIeH ¥ IPOMEXYTOYHOH |2. OnKcaHne apXUTEKTYphl YCTPOWCTBA anmnaparypbl CBSI3H Ha
arrecranuu (3a4€Ty, TectaM U |Ipo(ecCHOHANBHBIX CaliTaX MPOU3BOAUTENIEH, YKa3aHHBIX B pa3jieie
BOIIpOCaM) «mpodeccroHanbHble 0a3bl JAaHHBIX» U «PECYPCHI CBOOOIHOTO JIOCTYIAY.
3. Buneo oObsicHEHHS aCIEKTOB PabOTHI CETEBBIX YCTPOWCTB B hopme
IIPAKTUKO-OPUEHTUPOBAHHOM JIEKLIUHU pa3MellaeMoii penoaaBaTesieM Ha
Microsoft Stream B pexxume gocTyma.

4. MeTtoaudeckue yKa3aHUsI 10 OPTaHU3AIMN CAMOCTOSTEIbHON paboThI
CTYZICHTOB, YTBEP)KICHHBIE KaeApOil ONTOANECKTPOHUKH, TPOTOKOI Ne 6
ot «01» maprta 2017r.

2 |IloaroroBka K BEIIONHEHHNIO |1. MeToandeckue yKa3aHus IO OPTaHU3aIHy CaMOCTOSTEIIFHOH paboThI

71a00paTOPHBIX PadoOT. CTYZICHTOB, YTBEpP)KACHHbIE Kahepoil ONTOAIEKTPOHUKH, TPOTOKOI Ne 6
Odopmnenne Texuamaeckoro |ot «01» mapra 2017r.

oT4éra 1o J1abopaToOpHHIM 2. Meroanueckue peKOMEHIAIMH, OTIMCAHUS U 3aJaHNUs K TPOBEJICHUIO
paboTam. 1a00paTOPHBIX paboT MUKpPOIPOIleCCOpHAs TEXHUKA B CHCTEMAaX CBSI3H :

nabopatopuslii mpaktukym / A. C. JleBuenko, K. C. Kopotkos, H. A.
SIkoBenko, A. A. babenko; KyoI'V. - KpacHomap, 2018. - 194 c.

Y4eOHO-MeTOIUYECKHE MaTepuasbl JUIsl CaMOCTOSITENIbHOM pPabOThl 00ydaroIUXCs U3
YHCJIa MHBAIK/IOB U JIMI C OTPAHUYEHHBIMU BO3MOKHOCTAMU 310poBbs (OB3) mpenocrasnsorcs
B (hopMax, aJalTUPOBAHHBIX K OTPAHUYCHUSM MX 37J0POBbS U BOCHPUATHS HH()OPMAIIIH:

JUist I ¢ HapyILEHUSIMH 3pEHMSL:

— B I1€4aTHOW (hopMe YBEIMYCHHBIM HIPUPTOM,

— B (hopMe 3JIEKTPOHHOI 0 IOKYMEHTa,

JIist L ¢ HapyIeHUsIMU CITyXa:

— B I1e4aTHOM (opme,

— B (popMe 2IIEKTPOHHOTO IOKYMEHTA.

JUist T ¢ HapyIIeHUsIMHM OTIOPHO-/IBUTATEIBHOTO amnmapaTa:

— B TIle4aTHOU opme,

— B (popMe 2IIEKTPOHHOT O TIOKYMEHTA,

— B ¢popMme ayauodaiina.

JlaHHBINA TepeyeHb MOXeT OBbITh KOHKPETM3MpPOBAH B 3aBUCHUMOCTH OT KOHTHMHI€HTA
oOyyJaronuxcs.

3. OOpa3oBaTesibHbIe TEXHOJIOTMH, NPHMEHsieMble NPH OCBOCHMHU JIUCHUILINHBI
(Monxyuis)

[Tpu u3ydeHUr TUCUUIUIMHBI IPOBOJSATCS CIEAYIOUINE BUbI YUEOHBIX 3aHATUN U PaloT:
JIeKIMH, TIPaKTHUYECKUE 3aHATH, JIOMAIHHUE 3a/laHusl, TECTUPOBAHME, 3allUTa JaObOpaTOPHBIX
paboT, KOHCYNbTALIMU C MpernojaBaTesieM, CaMOCTOsITellbHas paboTa CTYAEHTOB (U3ydeHUE
TEOPETUYECKOI0 MaTepuana, IOATOTOBKAa K NPAaKTUUYECKUMH 3aHATHSAM, IOAIOTOBKA K
71a00paTOPHBIM 3aHATUSAM, BBINOJHEHHE JOMAIIHUX 3aJaHHUM, MOATOTOBKAa K TECTUPOBAHUIO,
3a4eTy U HK3aMeHY).

Jlns mpoBeneHus JEKUMOHHBIX 3aHATHI HCIONB3YIOTCS MYJIbTUMEIUNWHBIE CpEACTBa
BOCIIPOM3BEICHHSI aKTUBHOT'O COAECPKUMOTO (3aHATHSI B MHTEPAKTHUBHOH (popMe), TO3BOJISIOIIEro
CTYJEHTY BOCIPUHUMATh OCOOEHHOCTH N3y4aeMOM JUCUUIUIMHBI, UTPAIOIINE PEIIAIOIYI0 POJIb B
NOHUMAaHUM M BOCIPUATHM, a TaK K€ B (OPMHUPOBAHUHU IMPO(HECCHOHATBHBIX KOMIETECHIHH.
CryneHTy B pexXHMe CaMOCTOATEIbHOW pabOThl PEKOMEHYETCsl U3yYeHHE KOPOTKOMETPaXKHBIX
BUCO(PPArMEeHTHI IO U3Y4aeMbIM BOIIPOCAM.

[Ipu mpoBeaeHUM 1abOpPaTOPHBIX padOT MOATrpymma pa3OuBaeTcss Ha KOMaHIbI Mo 2-3
gyenmoBeka. Kaxmoil koMmaHne BbIIAETCS 3aJaHUE HA BBHINOJTHEHHE J1a00paTOPHON pabOoTHL
CryaeHTbI CaMOCTOSTENBHO PACIPEAEISIOT 0053aHHOCTH M IPUCTYIAIOT K BBITOJIHEHUIO 33 JaHMsl,
B3aUMOJICHCTBYST Mexay cobOoil. IlpenogaBarenb KOHTPOJIMPYET XOJ BBITOJHEHHS PaOOTHI



KaX/I0M TpynImoi, mpoBepsieT MpaBHIBHOCTh COOPKH 3JEKTPUYECKUX CXEM M IMOJAKIIOYCHHUS
U3MEPUTENIbHBIX MPUOOPOB. YTOYHSS XOJ pabOThl, €CIU CTYAEHTHl YTO-TO BBIMOJHSIOT HE
IIPaBWJIBHO, IPENOJABaTeNlb IIOMOTaeT WM IPEOJOJIETh CIIOKHBIE MOMEHTBI M IPOBEPSET
JIOCTOBEPHOCTh TOJYYEHHBIX OSKCHEPUMEHTAIbHBIX pe3yabTaToB. KomaHIbl OTBe4arOT Ha
TEOPETUYECKHE KOHTPOJIbHBIE U JIOTIOTHUTENIBHBIE BOMIPOCHI U 3aIIUINAIOT Ja00paTOpHYIO padoTy.

[To uzyyaemol AMCUMILIUHE CTYACHTaM IPEIOCTaBISETCS BO3MOKHOCTH IOJIb30BATHCS
y4€0HO-METOIMYECKUMHU MaTepuagaMl M PEKOMEHJALUSMU Pa3MELIEHHbIMUA B 3JIEKTPOHHOU
nH(pOopMaMoOHHO-00pa3oBaTeNbHOM cpene MonymnsHoro JnHamudeckoro O0yuenus Kyol'y.

KoHcynbranuu npoBoAsTCs pa3 B IB€ HEACTH IS pa3bsiCHEHUS TPOOJIEMHBIX MOMEHTOB
IIPU CaMOCTOSITEIbHOM U3Y4YE€HUHU BOMPOCOB U3Y4aeMOM JUCUUIIINHBIL.

Takum 00pa3oM, OCHOBHBIMHM 00pa30BaTeJbHbIMH TeXHOJIOTHSIMH, MCIOJIb3YeMbIMH B
Y4eOHOM Tpolecce SIBJSIIOTCHA: WHTEPAKTUBHAS JIEKIHUS C MYJIbTUMEIUNHON CHUCTEMOU U
AaKTUBHBIM BOBJICUCHHEM CTYJIEHTOB B Y4YeOHBI Tmporecc; OOCYXICHHE CIOXHBIX U
JTUCKYCCHOHHBIX BOIPOCOB M MPOOJIEM U € MOCIHEAYIOUIUM pPa30d0poM STUX BOIMPOCOB Ha
IPAKTUYECKUX 3aHSTHUSX; JaOOpaTOpHbIE 3aHATHS — paboTa CTYIEHTOB B MajblX IpyINax B
pPEeKMMAaX B3aUMOACUCTBUS «IIPENOaBaTENb — CTYACHT», «CTYICHT — MPEO0IaBaTeNby, «CTYICHT —
cryneHT». [Ipu npoBeneHMH MpakTUYECKUX U JIAOOPATOPHBIX YYEOHBIX 3aHITUH MPETyCMOTPEHO
pa3BUTHE Yy OOYYaIOUIMXCSI HABBIKOB KOMAaHIHOW pPabOThI, MEXIMYHOCTHOM KOMMYHHKAIIWH,
NPUHATHS PELLICHUH U JIUAEPCKUX KayecTB.

Jlis nmui ¢ OrpaHUYeHHBIMH BO3MOXKHOCTSIMHU 3[I0POBBSI MPEAYCMOTPEHA OpTraHU3aIlMs
KOHCYJIBTAIMI C UCIIOJIb30BAHUEM IICKTPOHHOU 1ouThl ik Microsoft Teams.

[Ipy w3yyeHUM AUCHUIUIMHBL MOTYT TPUMEHATCS HEKOTOpBIE aCIEeKThl MOJIEIH
«I1EepeBEPHYTOrO0 OOYyUYEHUS» B PEKUME IUCKYCCHOHHO-OPUEHTHPOBAHHOIO IEPEBEPHYTOTO
KJlacca WM BHUPTYaJbHOTO TMEPEeBEPHYTOTO Kiacca: JAUCTAHIMOHHBIE O00pa30BaTENIbHbBIE
TEXHOJIOTUH (PJIEKTpOHHOE OOydeHune) B (opMe CMEImaHHOTO OOy4YeHHs, OCHOBAaHHOTO Ha
COYETaHUM OYHOro OOyueHHs] M OOYy4eHHUS KOMIBbIOTEPHBIMH CpEACTBAMH, BKIIOYAOIINMHU
HEKOTOphIE acleKThl B (hopMare NUCTAaHIMOHHOTrO o0yueHus B coorBeTcTBuM ¢ ®PI'OC BO. B
YCIIOBUSAX Pa3BUTHS AJIEKTPOHHONW MH(DOPMAIMOHHO-00pa30BaTEIbHON Cpefibl By3a B KauecTBe
yrpaBiieHus: 00yuyeHrueM BbiOpaHa ruiatrgopma Moodle, onHako, COBMECTHO ¢ HEH ISl CO3JJaHuUs
U MyOJIMKalMM KOHTEHTa U y4eOHBIX OOBEKTOB MCIIOJB3YIOTCA: CIIY)X0a BHJIEO TPAHCIALUU
Microsoft Stream 1 HHCTpYMEHT JiJIsl KOMMYHHKAIMK U 00paTHO# cBsi3u Microsoft Teams.

4. OuneHovHnble Cpeacrea AJs TEKYILIEro KOHTPOJHA YCIIEBAEMOCTH U l'lpOMe)KyTO‘-lHOﬁ
aTTeCTAallMH

OrneHouHBIE CcpelcTBa MNpeJHAa3HAYeHbl Ul KOHTPOJIE M OLEHKH 00pa30BaTeNbHBIX
JOCTHKEHU I oOyuarommxcs, OCBOMBUINX porpammy yueOHOI JUCLUTIIHBI
«MHKpONIpOLECCOPHAst TEXHUKA B OIITHYECKUX CUCTEMAX CBS3M.

OueHoYHbIE CPEACTBA BKIIOYAET KOHTPOJIbHBIE MAaTE€pUaibl JIJIsl MPOBEACHUS TEKYIIero
KOHTPOJIs1 B popMe 1abopaTOpHBIX 3aIaHUA U BOITPOCOB K HUM MPOMEKYTOYHOM aTTecTallu B

(bopMe TECTOBBIX 3aJJaHUM Ha 3a4eT.

CTpyKTypa OLEHOYHBIX CPEACTB AJIsl TeKylleil U MPOMeKYTOYHOM aTTecTaluu

Kon u HanmeHoBaHUe HamMeHoBaHHe OIIEHOYHOTO CPENICTBA
Ne Pesynpratel 00ydeHus
WHIUKAaTOpa . [TpomexyTouHas
n/m (B cootBercTBHH C 1. 1.4) Texymwii KOHTPOJIb
(B cooTBeTcTBUH C 1. 1.4) aTTecTaIus
IIK-1 Crocoben 3HaTh MEePCIIeKTHBHBIC Ha npaxtuueckom TecroBoe
1 | MPMIMCHATH COBPEMEHHBIC | TEXHOJNOTHH /UL PEAM3ALMH | 3AHATHH 1O aKTHBHOCTH | 34ETHOC 3a/1aHHC.
TEOPETHUECKHE U 3aJa4 CeTeBOU CTYZICHTOB.
9KCTIEPUMEHTAIIbHBIE KOHBEPICHIIHH.




METO/IbI MCCIIEIOBaHUS C YMeTb UCTIONIb30BaTh JlabopaTopHsie paboThI [IpakTuyeckue
LENTBI0 CO3/TAHHSI HOBBIX HOPMATHBHYIO 3a4eTHBIC
MIEPCIIEKTUBHEBIX CPEICTB JIOKYMEHTAINIO B 00J1acTH 3aaHHS.
WHPOKOMMYHHUKAITHHA MHPOKOMMYHHUKAITHOHHBIX

TEXHOJIOT .

Bragets HaBBIKAMU aHaIIN3a JlabopaTopHbIe pabOTHI TectoBoe

XapaKTepUCTHK 3a4eTHOE 3aJ[aHue.

TEIeKOMMYHHUKAIIIOHHOTO

obopyaoBaHus s

TUTAHUPOBAHHUS PA3BUTHUS CETH

MIPY BHEIPCHUU HOBBIX

TEXHOJIOTHH CBSI3H.
IK-2 CrnocoOeH | 3HATh OCHOBY JlabopaTopHbIie pabOTHI [IpakTuueckue
UCIIONIb30BaTh 3HAHUS O | MHUKPOIPOIECCOPHBIX 3a4eTHbIe
MIEPCICKTHBHBIX TEXHOJIOTHH UCTIONB3YEMBIX B 3aJIaHHS.
TEXHOJIOTHUSIX CBS3M M | 0OOpYIOBaHHH CeTell CBS3H.
aHaIU3UpoBaTh Oynyllue | 3HaTh OCHOBHBIEC MapameTpbl | Ha mpakTtnueckom TectoBoe

TCXHOJIOTMH CBA3HU

O60py,HOBaHI/I$[ CBA3U IJIA
aHaJIn3a UCXOJHBIX JaHHBIX
pa3BUTHA U ONITUMU3ANH
CCTH CBA3U.

3aHATHUH 110 aKTUBHOCTH
CTYACHTOB.

3a4€THOC 3a/JaHUC

YMeTh aHAT3HPOBATh JlaGopaTtopHble paboThI [TpakTuueckue
BO3MOKHOCTH HOBBIX CPEJICTB 3a4eTHBIC
CBSI3H. 3a7aHusl.
YMeTb ocymecTBIsATh NoUck, | JlabopaTtopHbie paboTh [MpakTryeckue
aHaJIM3MPOBATh U OLICHUBATh 3a4eTHbIC
nHpopmanuio, HeOOXOAUMYIO 3aaHUA.

Jutst 3 HEKTUBHOTO

BBITIOJHEHHMS 3314 H.

Brnanets HaBbIKamMu BbIOOpa JlabopaTopHbie pabOThI TectoBoe

TEXHOJIOTHUI JUIA obecnieueHus
MpeACTaBJICHUS YCIYT CBA3U B
COOTBETCTBHU C
HOTpe6I/ITeHLCKI/IM CIIPOCOM.

3a4€THOC 3a/JaHUC.

3HaeT NPUHLIUIIBI
(DYHKIIMOHMPOBAHMUS CETEBBIX
annapaTHbBIX CPEJCTB.

JlabopatopHbie paboThI

TecToBoe
3a4yeTHOE 3aJIaHue.

3HaeT apxXuTeKTypy ceteBbix | JlaboparopHbie paboThI TecroBoe
anmnapaTHbIX CPEJICTB. 3a4eTHOe 3ajaHue.
3HaeT NPHUHIKITLI PAOOTHI JlaGopaTtopHbie paboThI TecroBoe
CETEBBIX DJIEMEHTOB. 3a4yeTHoe 3ajlaHue.
3HaeT MPOTOKOJIBI Jlabopatopubie paboThI TecrtoBoe

BSaI/IMO}IGﬁCTBI/IH OTKPBITBIX
CHCTEM.

3a4CTHOC 3aJIaHUC.

‘YMeeT MoJIb30BaThCs
HOPMAaTHUBHO-TEXHUUYECKOH
JIOKyMEHTaluel B 001acTu
MHPOKOMMYHHKAIIMOHHBIX
TEXHOJIOTHH.

JlabopatopHbie paboThI

TecroBoe
3a4eTHOE 3aJIaHue.

VYMeeT oTclIe)KUBaTh
pa3BUTHE
HH(POKOMMYHHUKAIIHOHHBIX
TEXHOJIOTHH.

TectoBoe
3a4eTHOE 3aJaHHueE.

Bnaneer HaBbikamMu
MIPOrHO3UPOBAHUS CPOKOB
MOJICPHHU3AIIH CETEBBIX
YCTPOMCTB.

TectoBoe
3a4eTHOE 3aJaHHueE.




TunoBbie KOHTPOJIbHBbIE 32IaHUSI UJIH HHbIE MATEePHAJIbl, HeO0X0AMMBIE /151 OLEHKH
3HAHWI, YMEHHM i, HABBIKOB M (WJIH) ONBITA AeSITEeJIbHOCTH, XaPAKTEPU3YIOIIUX ITATbI
(opMupoBaHusa KOMIETEHINH B poLiecce 0CBOeHHUs 00pa30BaTeIbLHOM NPOrPaMMBbI

Ilpumepnulit nepeuens 6onpocos u 3a0anHuil

Bonpocs! 1 3a1anus mo JIa0opaTOPHBIM PadoTaM Ui TeKYIeld aTTeCTAIMM YKa3aHBI
B METOJIMYKE: MHUKPOIIPOLIECCOPHAs TEXHHUKA B CHCTEMAaX CBS3H : JJAOOPATOPHBIN MPAKTHKYM / A.
C. JleBuenko, K. C. Kopotkos, H. A. SIkoBenko, A. A. babenko; KyoI'Y. - Kpacuonap, 2018. -
194 c.

3ayeTHO-3K3aMeHAMOHHbIE MATEPHUAJIbI IJIsl IPOMEKYTOYHOM aTTecTannu (3a4er)

[Ipumepsl BONIPOCOB 3a1aHuUsI TeCTa /1Jisl IPOMEKYTOUYHOM aTTecTaluu B 8-M ceMecTpe

B poyrep MX480 ¢upmbl Juniper BcraBinensl ase SCB u nse MPC-3D-16XGE-SFPP.
KakoBo xonmuectBo Plane (mmaitHOB) B 3TOM Citydae?

B poyrep MX960 dupmser Juniper BcraBnenst 18e SCB u mects MPC-3D-16XGE-SFPP.
KakoBo konunuectBo Plane (mmaitHOB) B 3TOM citydae?

B poyrep MX960 dbupmsl Juniper BctaBiens! Tpu SCB u mects MPC-3D-16XGE-SFPP.
KakoBo xommuectBo Plane (mmaitHOB) B 3TOM Citydae?

Trio-uuncer poyrepa Juniper MX80 mmeer CKOpOCTh 0OpabOTKH 55 MIIH. MaKkeTOB B
CEeKYH]y, a IPOIYCKHYI0 criocoOHocTh 70 I'61T/c. OnpenenuTs KakoBa MpOIyCKHasi CHOCOOHOCTh
BbIpaxkeHHast B ['OuT/c poyTepa, eciu yepe3 Hero OyAyT TMIIOTETUYECKU MPOXOAUTH TOIBKO 96-
0alTOBBIE MAKETHI?

Trio-uuncer poyrepa Juniper MX80 mmMeer cKkOpocTh 00pabOTKH 55 MITH. MakeTOB B
CEKyH]Y, a IPOMYyCKHYI0 criocooHocTh 70 ['0nt/c. OnpenenuTs KakoBa MPOMYCKHAs CIOCOOHOCTh
BbIpakeHHast B [ '0UT/c poyTepa, eciu yepe3 Hero Oy1yT TUIIOTETHYECKU MPOXOJAUTH TOJIBKO 64-
OaifTOBbIE MaKeThI?

Trio-uuncer poyrepa Juniper MX80 mmeer ckopocTh 00pabOTKH 55 MJIH. MAKETOB B
CEeKYH]y, a IPOIYCKHYI0 criocoOHocTh 70 I'6mT/c. OnpenennTh KakoBa MPOIyCcKHasi CHOCOOHOCTh
BbIpaxkeHHasi B I'OuT/c poyrepa, eciau yepe3 Hero O0yayT runoTeTUYeCKU IPOXOJUTh TOIbKO 128-
0alTOBBIEC MAKETHI?

Trio-unnicerst B MPC-3D-16XGE-SFPP poyrepa MX480 ¢upmbr Juniper umeror
CKOPOCTh 00pa0OTKM 55 MITH. MaKeTOB B CEKYHIy, a MPOMYCKHYIO criocoOHocTh 70 ['Out/c. B
poytepe wucnonp3yor ase MPC-3D-16XGE-SFPP wu 3aneiictBoBanbl Bce HMHTEep(hENCHI.
Onpenenuth KakoBa MPOITYCKHAs CIIOCOOHOCTH BhIpaykeHHas B [ OUT/c poyTepa, eciu yepe3 Hero
OyIyT TUMOTETUYECKH MPOXOIUTH TONbKO 96-6aiiToBeie makeTwl? (IIpu pacu€re yuecThb, 4TO
TpaduK pacnpeaenéH mo narepdencaM paBHOMEPHO).

B nporpamme nns mukpokxontposuiepa STM32F4 kTo-To mbITancs reHepupoBaTh CUTHA.
st ywero ucnonbzoBan cBsizb DMA u DAC (nepBbiit moayinb [{AIT), a Tak:ke 0IMH U3 CUCTEMHBIX
taiimepoB (TIM2 nogkmouennsiii k muHe APB1). lanasie B DAC nukianuecku nepechuialoTes
U3 azpecHoro Oydepa: T.e. HUKIMYECKH MEHSAEM aJpec NaHHBIX B Oydepe, yBennuuBas ero Ha
eIMHUITY KaX bl pa3 mpu ycnemHoi nepenaun u3 DMA B DAC no cpabaThIBaHHIO CHCTEMHOTO
taiiMepa. VCXOIHBIM HMCTOYHMKOM TAaKTUPOBAHUS JIsI KOHTpOJUIEpA BBICTYNAET BHELIHUN



KBapIeBbIil pezonarop Ha 8§ MI'. M3BecTHO, uTO KOHpuUrypauus aenurenei: M = 4, N = 400,
P=8, npexn nenurenb MaTpULbl BBICOKOCKOPOCTHBIX IIMH PaBEH ABYM, a MpeJ IeIUTENb HIMHBI
APBI1 pasen uetbipém. Uemy paBHa yactota cucreMHoro TaktupoBanus PLLCLK?

B nporpamme nns Mmukpokxontposuiepa STM32F4 kTo-To nbITancst reHepupoBaTh CUTHA.
st wero ucnosb3oBan cBsizb DMA u DAC (mepBbiit moyinb L{AIT), a Tak:ke 0JIMH U3 CUCTEMHBIX
tarimepoB (TIM2 noaxmrouennsiii k muHe APB1). Jlannbie B DAC nukinyecku nepechuialoTcs
U3 ajpecHoro Oydepa: T.e. HIMKIMYECKH MEHSAEM ajpec aHHbIX B Oydepe, yBennuuBas ero Ha
eAMHMILY KaX/bli pa3 npu ycnemHoi nepeaaun u3 DMA B DAC no cpaGaTbiBaHHIO CUCTEMHOT'O
taiimepa. MCXOIHBIM HMCTOYHHMKOM TAaKTHUPOBAHUS [Jsl KOHTpOJUIEpa BBICTYNAeT BHEIIHHM
KBapIeBbIil pezonarop Ha 8§ MI'. M3BecTHO, yTO KOHpuUrypauus aenurenei: M = 8, N = 360,
P=2, npen nenuTesb MaTpUILIbl BEICOKOCKOPOCTHBIX IIMH PaBEH €IMHUILIbI, a IIPE]] JeJIUTEIb IUHbI
APBI1 pasen uetbipém. Uemy paBHa yactota cucreMHoro Taktuposanusi PLLCLK?

Bl cobupaerech npu moMomu MH(PPOAHATIOTOBOTO TpeodpazoBaTesii B MHUKPOKOHTPOJLIEPE
STM32F4 renepupoBarh TpeyroyibHblii curHai ¢ amiutyaoi 0,7 BonsTa u yactoroi 8kl Ha
BbIBOAHOM HOXKEe PA4. Jlnsg vero ucnonsiyere cBsizb DMA u DAC (nepsoiii Moayss LIAID), a
TaKk)Ke OJIMH U3 CUCTEeMHBIX TailmepoB. Jlanueie B DAC mukianuecku nepecbutaroTcst u3 32-X
aapecHoro Oydepa: T.e. MUKIUYECKH MEHSEM aapec JaHHbIX B Oydepe, yBenuuuBas ero Ha
eAMHMILY KaX/bIi pa3 mpu ycnemHoi nepeaauu u13 DMA B DAC no cpabaThIBaHHIO CHCTEMHOTO
TaiMepa. MUKpPOKOHTPOJUIEp TaKTUpyeTcs: oT BHemHero kBapua Skl'm. Kakum momkHBI OBITH
BBICTaBJICHBI KO3 uIieHThI nenuteneii u Muoxutenen B STM32F4: N, M, Q, P, APB1, AHB, a
TaK e 3Ha4YCHHE Mpe] JeNTUTEeNs U mepuoja cpadbarbiBaHusl cucTeMHOro taiimepa? Ilpu stowm,
HEOOXOaUMO 00s3aTebHO y4ecThb PEKOMEHAIMIO0, OTHOCHTEIBHO YacTOThl CHTHAla
noctynarotiero H a Bxoq VCO nocne aenurens M (nomkHa nexats B peaenax 1-2 MI ).

Bl cobupaerech mpu  moMom  IUGPOAHATIOTOBOTO  MpeoOpasoBaTenss B
MukpokoHTpoiuiepe STM32F4 renepupoBaTh MUIO00pPA3HBIM CHUTHAT C TOJOKUTEIBHBIM
HakJoHOM U ammuutynoil 1 BoawsT u uyactoroit 37kl Ha BbIBogHOM HOXke PA4. Jlns yero
ucnonszyere cBsizsb DMA u DAC (mepBwiii Mmomynb L[AII), a Takxke OIWH W3 CHCTEMHBIX
taiimepoB. [lanubie B DAC uukinnuecku nepechuiatorcs u3 16-Tu ampecHoro Oydepa: T.e.
UKIMYECKH MEHsIeM aJipec JaHHBIX B Oydepe, yBeIUUMUBas €ro Ha €AMHUILY KaXAbIH pa3 MmpH
ycnemHo mepenaun u3 DMA B DAC mno cpabaTbiBaHUIO CHCTEMHOTO TaiiMepa.
MUKpOKOHTpOJUIEp TAKTHUPYETCs OT BHEIIHero kBapia 8k[ 1. Kakum 10 KHBI OBITH BHICTABICHbI
kodurmentsl nenutener u mHoxkurened B STM32F4: N, M, Q, P, APBI1, AHB, a Ttak xe
3HaueHUE Tpeln JeNuTelsl W Iepuoja cpabaThiBaHuA cucTeMHOro Taitmepa? Ilpu sTom,
HEoOXOauMO  00s3aTeIbHO y4YeCThb PEKOMEHJAIMI0, OTHOCHUTEIBHO YacTOThl CHUTHaja
noctynaromiero H a Bxo7 VCO nocne nenurens M (omkHa nexats B penenax 1-2 MI'm).

Ber  cobupaerech mpu  moMomu — nuppoaHaIOroBoro  mpeobpazoBarens B
MUKpOKOHTposiepe STM32F4 reneprnpoBaTh TapMOHMYECKHMH CHUTHAI C TOJIOKUTEIBHBIM
HaKJIOHOM U aMruTynoi 1 BonbT u wactoroit 48k’ Ha BeiBomHOU HOxKe PA4. JIns gero
ucnoneszyere cBsizb DMA u DAC (mepswiii Mmoaynb LIAII), a Takke OOUH U3 CHCTEMHBIX
taiimepoB. [lanasie B DAC nuknudecku mnepecbuiatorcs u3 16-tu aapecHoro Oydepa: T.e.
UKINYECKH MEHsIeM aJipec JaHHbIX B Oydepe, yBeIUuMBasl €ro Ha €IMHUILY KaXAbld pa3 MmpH
yeremHoit mepenaun u3 DMA B DAC mo cpabaTbiBaHMIO CHCTEMHOTO —Taiimepa.
MUuKpOKOHTpOJIIEP TAKTUPYETCs OT BHenIHero kBapua 8kl 1. Kakne 3HaueHus 1OJKEH coaepKaTh
Oydep, ecnu onopHoe 3HaueHue HanpspkeHus LIATL pasuo 3.3 Bonbra.

IIpu oTmagke mporpamMmbl MO Tepedadyd JaHHbIX B ceThb Erhernet Bel momy4mmu
CJICIYIONIYIO TIOCIICIOBATEILHOCTh IMepeaBaeMbIX OUT Ha cBOE ycrpoiicTBo. Ompenenure |IP



ajipec MCTOYHHUKA MOJyYeHHOTo (peiiMa. OTBET 3amMIIUTE B ACCATUYHOM CHCTEME CUMCICHUS
OKTETHOE Pa3/IeICHUE YKa3bIBaTh TOUKOM.
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Bri6epute npaBuibHOE onrcaHue OTHOCUTENbHO moHsATust ASIC:

a. 9TO MHTETpalbHasl CXEMa, HaCTPOCHHAs I KOHKPETHOI'O HCIIOIb30BAaHHMs, a HE JJIA 3a4ad
o011ero Ha3HA4YeHUs; OOJIBIIMHCTBO BIUMCIUTEIbHBIX Y3JI0B MOXKET paboTaTh NapasuieabHoO.

b. mpencrasiser co00i HHTErPAILHYIO CXEMY, Pa3pabOTaHHYIO /I KOH(DUTYpaAIMU 3aKa3d4HKOM
WIK pa3pabOTYMKOM TOCTE U3TOTOBJICHHS C BO3MOXKHOCTBIO BBITIOJIHEHUS PAa3IMUYHBIX 3a/1ay;
OOJIBIIMHCTBO BBIYUCIUTEIBHBIX Y3JI0B MOXKET pab0oTaTh MapajlieibHOo.

C. TPaH3UCTOPaMH PEANN3YIOTCs 0a30BbI€ CTPOUTENbHbIE OJOKU — PerucTphl, mamsaTh, LUTHI. 13
KOTOPBIX IIOTOM MOXHO CO3/1aBaTh HY>KHbIE (DYHKIIMOHAJIbHbIE OJIOKH.

d. sT0 Kiacc CIICHUAJIM3UPOBAHHBIX HHTCIPAJIBHBIX CXCEM, HCIIOJIB3YEMbIX IUIA allllapaTHOTO
YCKOPCHUA pa6OTLI AITOPUTMOB HCKYCCTBCHHBIX HeﬁpOHHBIX ceTei

Tak xe B TecTe MNPUCYTCTBYIOT BOIIPOCHI IO THUITY IMPEABIAYIICTO Ha ITOHHMAHUC
CIIEIYIOIINX MOHATHUN U ONpeesIeHUui B BUJE BOIPOCOB € BEIOOPOM U3 3-4 BO3MOXHBIX 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 wumu XM Chips

Kpurepun oueHuBaHus pe3yJabTaToB 00y4eHHUs
Kpurtepuu onieHuBaHus no 3a4ery:

TectoBbie 3amanust cocTOUT U3 25-30 BOMPOCOB MO TEMAaTHYECKUM paszfenam pabodeit
nporpaMMbl yuyeOHoOW aucuumiuHsl. B 40% Bcex BONMPOCOB KaKJOr0 TecTa MpEeAroJiaraercs
BBIOOp OmHOTO W3 3-4-X BO3MOXKHBIX OTBeTOB. B 60% BOmpocax HEOOXOAMMO HamucaTh
NPaBUJIbHBIN OTBET CAMOCTOSTENBHO.

CucTeMa OIIEHOK BBITIOJHEHHUSI KOHTPOJIBHOTO 3a4€THOTO TECTHPOBAHUS:

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

— «XOpPOUIO» — KOJINYECTBO IMPABUIIBHBIX OTBETOB OT 75% 10 90%);

— «yZIOBJIETBOPHUTEIBHO» — KOJMYECTBO MPAaBUIIBHBIX OTBETOB OT 60% 10 75%.

— «HE YIOBJICTBOPUTEIHHOY» — KOJIMYECTBO MPaBUIBLHBIX OTBETOB MeHee 59%.



«3a4TeH0» BBHICTABISIETCS OOYYArOIMMCS TOJIYUYUBIIEMY I10 3a4€THOMY TECTY OLCHKH
COTJIMYHOY, «XOPOILO» WM «yJOBJIECTBOPUTEIBHO)» - IOIMYCTUBIIMM IOIPEIIHOCTH B OTBETE HA
3ayeTe W MPHU BBHIOJHEHWU MPAKTUYECKUX 33JaHUN BBIHOCHMBIX Ha 3a4eT, HO 00JaJaroiimuM
HEOOXOJMMBIMU 3HAHUSMH U YMEHHUSIMM JUJIsl UX YCTPAHEHUs NPU KOPPEKTUPOBKE CO CTOPOHBI
IIPEINO1aBaTEIIs.

«He 3a4yTeHo» BbICTaBisgeTCS OOydarolleMycsl MOJIYYMBIIEMY IO 3a4ETHOMY TECTY
OLICHKY «HE Y/IOBJIETBOPUTEIILHO» — T.€. OOHAPYKUBIIEMY CYILECTBEHHBIE MPOOEIBHI B 3HAHHIX
OCHOBHOI'O IPOTrpaMMHOI0 MaTepuajna I0 IUCUUIUIMHE, JOIYCTUBIIEMY IPHHLIMIIAAIbHBIC
OIMOKH B BBINOJIHEHUH NPEIYCMOTPEHHBIX MPOrpaMMOil MPAaKTUYECKUX 3aJaHHil (OTCYTCTBUE
3HAHUU 3HAYUTEIIBHOM 4acTH IPOrPaMMHOI0 MaTepraia; HEIOHUMAaHUE OCHOBHOT'O COJECPKaHUS
TEOPETHUYECKOr0 MAaTepHajla; HEYMEHHME IPUMEHATh TCOPETUYECKHE 3HAHMS IPU PELICHUU
NPAaKTUYECKUX 3a/1a4; JOIIyCTUBLIEMY IPUHLIUIINAIBHbIE OLIMOKH.

OneHouHble cpencTBa Uil HMHBAJIMIOB W JIMI C OrPAaHUYEHHBIMH BO3MOKHOCTSAMHU
3JI0POBBsI BHIOUPAIOTCS C YI€TOM UX WHAMBUIYATBHBIX TICUXO()U3UIECKIX OCOOCHHOCTEH.

— IpY He0OXOAMMOCTH UHBAIMIAM M JINLIAM C OTPaHUYE€HHBIMU BO3MOYKHOCTSIMU 3710POBbS
NPEIOCTABIISCTCS JOTIOJHUTEIFHOE BPEMS JIJIs IOATOTOBKU OTBETA HA SK3aMEHE;

— [IpU NPOBEJICHUH IPOLEAYPbl OLICHUBAHUS PE3YyIbTATOB 00YyUEHHsI UHBAJIUIOB U JIULL C
OTPaHUYECHHBIMH BO3MOXXHOCTSIMH 3/I0POBBS IPEAYCMATPUBACTCS MCIIOIH30BAHNE TEXHHUECKUX
CpeACTB, HEOOXOIUMBIX UM B CBSI3U C UX MHAWBUIAYAIbHBIMU OCOOEHHOCTSIMM;

— IIpU HEOOXOAUMOCTH ISl 00YHAIOIIUXCS C OTPAHUYCHHBIMHA BO3MOKHOCTSIMH 37I0POBbS
U MHBAJIUAOB TPOLESYpa OLCHUBAHUS PE3yJIbTAaTOB OOydYeHMsI 10 JAUCLUILUIMHE MOXKET
MPOBOJUTHCS B HECKOJIBKO ATAIIOB.

IIponienypa onieHMBaHUs PE3yJbTaTOB OO0Y4YEHMs WMHBAJIUAOB M JIUI] C OrpPAaHUYEHHBIMHU
BO3MOXXHOCTSIMH  3JI0POBbSI IO JUCHUIUIMHE (MOJIYJIO) MpeaycMaTpuBaeT IPeIOCTaBICHUE
uHpopmanuu B (opMax, aZaNTUPOBAHHBIX K OrPAaHMYEHHMSIM HX 3J0pOBbS U BOCIPHUSITHUS
uH(popMaluu:

JUist T ¢ HapyIIEHUSIMH 3pEHMSL:

— B ieyaTHOM (popme yBeTMUEHHBIM HIPUPTOM,

— B (hopMe 2IIEKTPOHHOTO TOKYMEHTA.

JIist L ¢ HapyIeHUsIMU CITyXa:

— B I1e4aTHOM (opme,

— B (popMe 3JIEKTPOHHOTO IOKYMEHTA.

JUist T ¢ HapyIIEHUsIMHM OTIOPHO-/IBUTATEIBHOTO anmnapaTta:

— B TIe4aTHOM opme,

— B (hopMe 2IIEKTPOHHOTO JOKYMEHTA.

JlaHHBIN TIepeYeHbh MOXET OBITh KOHKPETH3HPOBAH B 3aBHCHMOCTH OT KOHTHHTEHTA
o0yJaromuxcs.

5. Ilepevyennb y4eOHO JIuTEpaTyphl, HHPOPMALHOHHBIX PECYPCOB U TEXHOJIOTHH

5.1. YueOnas auteparypa

1. Oropoanuxos, .H. MukpomnporneccopHas Texuuka: eejieHre B Cortex-M3 : yueOnoe
nocobue mns By3oB / MockBa : U3zmarensctBo [Opaiit, 2021. — 116 c. — (Bricmee
oOpa3oBanue). — Tekcr: anekrponnsiit / O6pazoBatenbHas miatgopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/472192

2. MukponpolieccopHasi TEXHHKa B CUCTeMax CBS3H: JlabopaTopHblil mpakTukyMm / A.C.
Jleruenko, K. C. Kopotkos, H. A. SIkoBenko, A. A. babenko; KyoI'Y.- Kpacuonap, 2018. - 194c.

3. KamaueB, A.B. MHorosiaepHbpie mporeccopsl : ydebHoe mocodbue / A.B. Kamaues. -
MockBa : MHWatepHer-YHuBepcutrer WHbopmanumonnsix Texnomorui, 2011. - 248 c. -
[DnexTponnsiii pecypc] - URL: http://biblioclub.ru/index.php?page=book&id=233103



https://urait.ru/bcode/472192
http://biblioclub.ru/index.php?page=book&id=233103

5.2. NHTepHeT-pecypcbl, B TOM 4YHCJIe COBpeMeHHble NpodeccHOHATbHbIE 0a3bl
JAHHbBIX U I/IH(l)OpMaIII/IOHHbIe CIIpaBOYHbIC CHCTEMbI

J1eKTPOHHO-0ubMoTeuHbIe cucTeMbl (IBC):

1. DBC «FOPAWT» https://urait.ru/

2. DBC «JIAHb» https://e.lanbook.com

Pecypcbl cB00OAHOTO 1OCTYHA:

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

[pororunuposanue 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 cnenate kommyraTtop? https://linkmeup.ru/blog/882/

7. Cetu u1s caMbIX MajieHbKuX. YacTe uerbipHaauaras. I1yTe nakera
https://linkmeup.ru/blog/1235/

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/compsci514/papers/rmt-sigcomm2013.pdf

13. Packet Buffers. Otcrona o cchiikaM pa3BOpauUBalOTCs Pa3HOOOpa3HbIe MaTEPHUAIIBI
oueHb riryboko 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 maker? Yunsr u 6ydepsr https://linkmeup.ru/blog/920/
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CoOcTBeHHBbIE YJIEKTPOHHBIE 00pa3oBaTe/ibHbIe H HH(POPMAIIMOHHbIE PECYPCHI
KyoI'y:
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1. Cpena moayabHOTO AuHamuueckoro oOyuenwus http://moodle.kubsu.ru

2. ba3a y4eOHBIX IIaHOB, y4eOHO-METOJHUSCKUX KOMILICKCOB, MyOIUKAIIMN 1
koHpepenmmii http://mschool.kubsu.ru/

3. DaekTpoHHbIi apxuB qokyMenTo KyoI'Y http://docspace.kubsu.ru/

Jns co3nanus v myONMKaIMy KOHTEHTa M y4eOHbIX OOBEKTOB IMpernojaBaTesieM HCIOJIb3YeTCs
ciyx0a BUICO TPAHCISIUU U UHCTPYMEHT JJIsL SJIEKTPOHHON KOMMYHUKAIIMM ¥ OOPATHOM CBSI3U
CO CTYyZI€HTaMHU UCIOJIb3YETCS.

6. MeToanueckue ykazanus 1Jisl 00y4arOIIUXCsl 0 OCBOEHM IO JUCHMIITIMHBI (MOILYJIs1)

Jlexiust SIBASICTCSI OTHOM U3 POPM H3YyUEHHS TEOPETUUSCKOTO MaTepHaa 1Mo JUCIUTUIIHNHE.
B xoz1e neKunoHHOro Kypca IpOBOAUTCS U3JI0)KEHUE COBPEMEHHBIX HAYYHBIX MOJX0A0B U TEOPUI.
B Terpagm ans  KOHCIIEKTHPOBAHHS JIGKIIMA HEOOXOAMMO HMETh IIOJsl, TAE IO XOAY
KOHCIIEKTUPOBAHUS JIeJaI0TCs He0OOXO0IMMbIE TOMETKH. 3alKCHU JI0JKHBI OBITh N30UpaTETbHBIMU.
B koHCHeKTe TPUMEHSIOT COKpAIICHUE CIIOB, UTO YCKOPSIET 3amuch. Bompockl, BOZHUKAIOIINUE B
XOJIe JIEKIMH, €CIM HE 3aJaHbl Cpa3y, PEKOMEHyeTCs 3aliChIBaTh HA MOJSAX U MOCIIEe OKOHYAHUS
JICKIIUU OOpaTUTHCS 3a Pa3bICHEHHWEM K IpernojaBaTento. HeoOXoaumMo akTHBHO paboTaTh C
KOHCIIEKTOM JIEKIIMH: TOCJE OKOHYAHUS JIEKIIMM PEKOMEHAYETCsl MepeyuTaTb CBOM 3allUCH,
BHECTH TOIPABKH U JIOMOJHEHMUSI.

OpHMM U3 OCHOBHBIX BUJIOB JICATEIHHOCTH CTYACHTA SIBISIETCS CAMOCTOsTENbHAsI padoTa,
KOTOpasi BKIIFOYAET B ce0s M3YYCHHUE JICKIIMOHHOTO MaTepuasa, y4eOHUKOB B YIeOHBIX TOCOOUH,
MPOCMOTP BHJEO OOBSICHEHHHA IO KOHKPETHBIM MPOOJIEMHBIM MOMEHTaM, IOATOTOBKH K
BBITIOJTHEHUIO JIAOOPATOPHBIX PadoT.

MeToauka caMOCTOATENbHON pabOThI MPEABAPUTEIHHO PA3bACHSICTCS MpernofaBaTeneM u
B TIOCJICAYIONIEM MOXKET YTOYHATHCS C YY€TOM HHIUBUIYaTbHBIX OCOOCHHOCTEH CTYICHTOB.
Bpems u MecTo caMocTOsATENbHONH pabOThl BRIOUPAIOTCS CTYACHTAMU IO CBOEMY YCMOTPEHHIO
MJIAaHUPOBAHUE BPEMEHU Ha CaMOCTOATENbHYIO padoTy, HEOOXOIMMOT0 Ha U3YYEHUE HACTOSIIECH
JUCLUUILIMHBI, CTYJIEHTaM Jy4Yllle BCEro OCYIIECTBIAThH PAaBHOMEPHO Ha BECh CEMECTP,
MpeayCMaTpuBas MPY STOM PETyJISIPHOE MOBTOPEHUE TTPONIEHHOTO MaTepHaa.

CaMocTosTenbHYIO padoTy Ha/l AUCHUILTUHON ClIeAyeT HAYMHATH C U3YYEHUS POTPaAMMBI,
KOTOpasi COJEPKUT OCHOBHBIE TpeOOBaHWSA K 3HAHUAM, YMEHUSM M HaBBbIKaM OOYy4YaeMbIX.
O0s3aTeNbHO ceayeT BCIOMHHUTD PEKOMEHAAIMY PEN0/1aBaTelNsl, TaHHbIE B X0/I€ YCTAHOBOYHBIX
3aHATUN. 3aTeM CcleAyeT MPHUCTYNAaTh K M3YYCHHUIO OTACNIBHBIX Pa3/elioB U TeM B TOPSJIKE,
MPEAYCMOTPEHHOM MPOTPaMMOii.

[TonyunB mnpencraBieHne 00 OCHOBHOM COJACpP)KaHUM paszfiena, TEMbI, HEOOXOIUMO
M3YYUTh MaTepuaj Mo TeMe, M3NIOKEHHBIM B y4eOHUKE WM B PEKOMEHIYEMBIX SJEKTPOHHBIX
pecypcax. LlenecooOpa3Ho COCTaBUTh KPAaTKUW KOHCIEKT UJIM CXEMY, OTOOPAXKAIOIIYIO0 CMBICI U
CBSI3M OCHOBHBIX TOHATUN JaHHOTO paszzena (Wi 0oliee MPOAYKTUBHO — JOIMOJHUTH KOHCIEKT
neknun). O0s3aTeNbHO CIIEyeT 3aluChiBaTh BO3HUKIIHME BOIMPOCH], Ha KOTOPHIE HE YIAIOCh
OTBETUTH CaMOCTOSTENbHO. [Ipu ureHnn y4eOHOI M HaydyHOU IUTEpaTypbl HEOOXOAUMO BCETIa
CJICIUTHh 3a TOYHBIM U TIOJIHBIM TOHMMAaHUEM 3HAYEHUsS TEPMHUHOB WM COJACP)KAHUS TOHSATHH,
HCIIOJIb3YEMBIX B TeKCTE. Beeraa cieyer yTouHsATh 3HaU€HUs 10 CII0BApSM WUJTU SHUUKIONETUSM,
MpU HEOOXOTUMOCTH 3aMHCHIBATh.

K naGopaTopHbiM paboTam cienyeT MOAr0TOBUTHCS MPEIBAPUTENHLHO, 03HAKOMHBIIUCH C
KpaTKoil HO creuupuyeckol Teopueil pa3MeneHHOW B COOTBETCTBYIOLIEH METOAHUYKE.
Pexomenayercs 03HaKOMHUTBCS 3apaHee U C METOJUYECKUMH PEKOMEHIAIUSAMHU MO MPOBEACHUIO
COOTBETCTBYIOIICH JlabopaTopHO paboOThl, W B clydae HEOOXOJUMOCTH TIPOBECTH
MpeABapUTENIbHbIE PACUETHI MIIM TOATOTOBUTH IPOrPAMMHYIO OCHOBY.

HemocpencrBenHnass moAaroroBka K 3a4eTy  OCYIISCTBISIETCS IO BOIpOCaM,
MIPEJICTABICHHBIM B IaHHOHM Yy4eOHOU MporpaMMe JUCIUILIMHEI [0 TA00OPaTOPHBIM paboTaM.


http://moodle.kubsu.ru/
http://mschool.kubsu.ru/
http://docspace.kubsu.ru/

B ocBoeHMM MUCHUTUIMHBI WHBATUAAMHA U JUIAMH C OTPAaHUYCHHBIMU BO3MOXHOCTSIMU
3I0POBBSl OOJIBIIIOE 3HAYCHUE HMMEET WHIAMBUIYyallbHas ydeOHash pabora (KOHCYJIbTAllMHM) —
JIOTIOJTHUTEIILHOE Pa3bsiICHEHNE Y4eOHOro MaTepuara.
WupuBuayanbHble KOHCYJBTAIlMM IO TPEAMETY SBISIOTCS BaKHBIM  (aKTOPOM,
CIOCOOCTBYIOIUM HHIMBUyaTU3allid O0y4EHHUS U YCTAaHOBJICHUIO BOCIIUTATEILHOTO KOHTAKTa
MEXIy MpernojaBaTesieM W OO0YyJYaroIUMCS HMHBAJIHIOM WM JIMIIOM C OrpaHUYCHHBIMHU
BO3MOXKHOCTSIMH 37J0POBBSI.

7. MarepuajibHO-TEXHUYECKOE o0ecredeHne 1o JUCHUNInHE (MOAYJI10)

HaunmenoBanue [lepeueHb NHULIEH3UOHHOTO

Ne crieuaIbHbBIX OCHAIIIEHHOCTh CHENUATbHBIX TOMEIIEHUN POrPaMMHOT0 00eceYeHUs

NIOMEILECHUI

1. Vuebuble ayautopun | JIekuuoHHass — ayautopus, ocHamieHHas | 1. Omeparmonnas cucrema Microsoft
ULt NPOBEJCHUS | NPE3eHTAllMOHHOW TEeXHMKOH (mpoekTop, | cemeiictBa Windows (7/8/10), B
3aHATHI 9KpaH, KOMITBIOTEP/HOYTOYK) W | paMKax  NpOrpaMMbl  KOMIaHUH
JIEKITMOHHOTO THIIa COOTBETCTBYIOIUM nporpaMMHbIM | Microsoft “Enrollment for Education

obecneuenueM (I10) mast BocpousBenenus | Solutions” i KOMIBIOTEPOB U
¢aiinoB dopmata jpg u avi. JlocTaTo4uHBIM | CepBepoOB Ky6anckoro
KoJm4uecTBOM nocafoyHbix MecT: Ne 209C, | rocynapCcTBEHHOIO YHHMBEPCUTETa U
Ne 315C, Ne201 ero (rInanoB.

2. VYueOHble aynuTopud | AyAUTOpUsl OCHamIeHHas MeNoBeIMH wiH | 1. OnepanuonHas cuctema Microsoft
IUTS MPOBEICHUS | MapKEPHBIMU JIOCKaMH, ocHamieHHas | cemeiictBa Windows (7/8/10), B
3aHATUH MIPEe3eHTAllUOHHOX TEXHUKOHW (IIPOEKTOp, | paMKax  NpOrpaMMbl  KOMIIAHUHU
CEMHHApCKOIro THMA, | IKpaH, KOMIBIOTEP/HOYTOYK) u | Microsoft “Enrollment for Education
IPYIIOBBIX U | COOTBETCTBYIOLIUM nporpaMMHbIM | Solutions” 11 KOMIBIOTEPOB U
VHIUBHUYaTbHBIX obecnieuenuem (I10) st BocipousBeeHUsl | CepBEpOB Kybanckoro
KOHCYJIbTalINH, GaiioB popmara jpg u avi, TOCTATOYHBIM | FOCYIAPCTBCHHOTO YHHBEPCHUTETa W
TEKYIIEro KOHTPOJISI U | KOJIMYECTBOM MOCAJOYHBIX MECT CO CTOJIAMHU: | €ro (HIIMAJIOB.

MIPOMEXYTOUHOM Ne209C, Ne205aC, Ne315C, Ne211C 2. IlporpamMHbIi  maker mox

aTTecTallui aunensureit GNU Quartus 11 wu light
JUIst OTIePAIIIOHHBIX cHCTEM
cemeiictBa Windows, BKIIOYAIOIINH B
cebs KPOCC-KOMITHIISITOP "
WHCTPYMEHTBl ~ Pa3pabOTKH ISt
FPGA.

3. VYuebnsle ayautopuu | JlaGoparopus, ykomiuiekroBanHast | 1. Omepannonnas cucrema Microsoft
JUISt NPOBEICHUS | CIEHAIU3UPOBAHHON MeOeIbIo u | cemeiicrea Windows (7/8/10), B
1ab0paTOPHBIX TEXHMYECKUMH  CpEeICTBaMU  OOy4eHUs. | paMKax  MpOrpamMMbl  KOMIIAaHUH
3aHATH (pabor) [MpoBenenne  3amsTuii  naboparopuoro | Microsoft “Enrollment for Education

NpaKTHKyMa YacTHYHO MpeaycMoTpeHO B | Solutions” sl KOMIBIOTEPOB U
«KOMITBIOTEPHOM ~ KJIacCe  CHENHaJbHBIX | CEPBEPOB Ky6anckoro
muciumuiney  (aynutopust  205c,  Kak | TOCyapCTBEHHOTO YHHBEpCHUTETa M

anmprepHatuBa 133C) (c ucmosb30BaHUEM
STM32F407G-DISC1, STM32F4DIS-BB,
STM32F4 Discovery Base Bo, PL2303 USB
UART Board, SN65HVD230 CAN Board) c
ucnoisb3opanueM I1K

ero (rInanoB.

2. IIporpammusiii maker Keil MDK-
ARM-CM-ED - 10user IS
OTIEPAIIMOHHBIX CHUCTEM CEMEHCTBa
Windows, BKIIOYamOmiH B ceOs
KPOCC-KOMITUIIATOP W HHCTPYMEHTBI
pa3paboTKH ISt MUKPOKOHTPOJUICPOB
cepuit STMFxxx ¢ sapom Cortex-MX.
3. IIporpamMMHBIii  Maker  TOJX
munensueit GNU Quartus 11 v light
st OTIePaIMOHHBIX CHCTEM
cemeiictBa Windows, BKIFOUAIOIINH B
cebs KPOCC-KOMITHIIATOP u
HHCTPYMEHTBI  pa3paboTkm  uis
FPGA.
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CaMOCTOSITEILHOU

paboThl  O0ydarOIIMXCS

MIPEeyCMOTPEHBI

IMOMEILEHHUS,

YKOMIUIEKTOBAaHHBIE CHEIMATH3UPOBAHHON MeOebio, OCHAIIEHHBIE KOMIIBIOTEPHON TEXHUKOM €




BO3MOXKHOCTBIO MOJKIIIOUEHUS K ceTu «VHTepHEeT» M oOecredeHueM JOCTyIa B 3JIEKTPOHHYIO
nH(}OPMaLIMOHHO-00pa30BaTEIbHYIO CPEAY YHUBEPCUTETA.

HaumenoBanue nmomenieHui s OCHAIIIEHHOCTh MOMEINEHUH [T CAMOCTOSTENBHON pabOoThI
CaMOCTOSTEILHOM PaboThI 00yUarouXCst
00yJaroIuXcs

[Momemenune i camocTosiTenbHOW | Mebenb: yueOHas meberb
paboTsl o0yyatomuxcs (YuTansHblil | KoMIuiekT criennanu3npoBaHHON MeOei: KOMITBIOTEPHBIE CTOJIBI

3ax HayuHo# Oubnmortexu) OOopynoBaHue: KOMIBIOTEpHAsT TEXHWKAa C  IIOJKIIOYCHHUEM K
UH(OPMAIMOHHO-KOMMYHUKAMOHHOH ceTH «VIHTepHeT» U IOCTYIIOM B
AIEKTPOHHYIO HHPOPMAMOHHO-00Pa30BaTEIFHYIO cpeny

0o0pa3oBaTeNbHON OpraHM3allM, BeO-KaMephl, KOMMYHHKAIIHOHHOE
obopynoBaHue, o0ecTIeYnBarOIIee JOCTYI K CETH WHTEPHET (TIPOBOIHOE
coeMHEeHNEe M 6eCpoBOIHOE coeuHeHue 1o TexHomoruu Wi-Fi)
[MomemieHne as caMocToOATENbHON | Mebenb: yaeOHas Mebenb

paboTs! ooydatormxcs (ayn.207) KommiekT crienuanu3npoBaHHO MeOemi: KOMIBIOTEPHEBIE CTOJBI
O0opynoBaHue: KOMIbIOTEPHAs TEXHHUKA (Ha OCHOBE TOHKHX KIIUCHTOB) C
MOJKIIIOUEHUEM K  MH(OPMALMOHHO-KOMMYHHUKAIIHOHHOMN ceTu
«lHTepHET» ¥ JOOCTYIOM B  3JCKTPOHHYIO  HHGOPMAIIMOHHO-
00pa30BaTEIbHYIO cpeny 00pa3oBaTeIbHON OpraHu3aIHH,
KOMMYHHUKAI[MOHHOE 000pyJ0BaHHe, OOecIeunBaroliee A0CTYI K CEeTH
HHTEPHET.




