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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 BUJIaM paboT mpecrapiieHo B Tabnuie (st cryaeaTo 3D0).

Bupn padot Bcero Ceccuu Ha 4-M Kypce (4achl)
4acoB 3UMHSIS JeTHAS

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

BaHATH JCKIIMOHHOTO THIIA 4 4
MpaKTUYECKUE 3aHITUS 4 4
lTaOopaTOPHBIC 3aHATHUS 4 4

Mnasi KOHTaKTHas padora:

Kontpons camocrosarensHoi pabotsr (KCP)
[Mpomexxyrounas arrecrarus (UKP) 0,2 0,2
CamocrosiTejibHAsi pa0oTa, B TOM 4HcJIe:
CaMOCTOSsITENIbHOE H3yYCHHUE Pa3/IeliOB, CAMOIIOTOTOBKA
(mpopaboTKa K IMOBTOPEHHE JEKIHOHHOTO MaTepHalia u

. 92 28 64
MaTeprana yueOHHKOB U y4eOHBIX IT0COOMIL, TTOATOTOBKA K
imabopaTOPHBIM 3aHSATHSIM)
KonTpoab: 3,8 3,8
Bager
OO0masi TpyA0eMKOCTh gac. 108 36 72
B TOM YHCJIe 12.2 8 4.2
KOHTaKTHasi padoTa
|3aq. el 3 1 2

KonTtakTHas pabota mnpu  npoBeAeHMHM  Y4eOHBIX  3aHATUH 1O  JUCHUIUIMHE
«MHKPOMPOIECCOPHAs TEXHUKAa B ONTHYECKUX CHUCTEMaX CBS3M» BKIIOYAeT B ceOsl: 3aHATHS
JIEKIIMOHHOTO TUIA, MPAKTUYECKUE 3aHATHSI, J1a0OopaTOpHbIE PabOTHI, TPYIIIOBbIE KOHCYJIbTALIUN
(Tak e U BHEAYJUTOPHBIE, Yepe3 AMEKTPOHHYIO cpeny). [[pomexxyTouHas aTTecTanus B TECTOBOM
U yCTHOU (hopmax.

2.2 Copepxanue JTUCUMIIIIMHBI
Pacrnipenenenne BuoB yaeOHOM paOOThI U UX TPYJOEMKOCTH IO pa3fiesiaM AUCIHUILTHHBL.

Pazpensl (TeMbl) TUCHUTUIMHEI (3a04Has hopma).

KonnuecTBo yacos
AynutopHas BreaynuropHas
No HanmeHnoBanwue pa3zienon (Tem) Beero Y a 60; KCP p}; 60Tap
J | 113 | JIP CPC
1. |ApxuTexTypa CEeTEeBBIX yCTPOIICTB 32 2 2 28
2 MI/IKpOKOHI?onnep},I IS MOOWJIBHBIX 64 5 5 5 58
TIPHIOKCHUH
3 [IpenenpHBIe BO3MOKHOCTH POyTEpoB Juniper 8 5 6
" |cepun MX
HUTOI'O no pasdenam oucyuniurvl 104 4 4 4 92
3auér 0,2
Kontponn 3,8
OO01mas TPYA0EMKOCTb IO TUCIATUTHHE 108




[Tpumeuanue: JI — nexuu, [13 — npakTrueckue 3ansatus / cemunapsl, JIP — maboparopHsie
sansaTusi, CPC — camocrositenpHas paboTa CTy/IeHTa

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

®opma
TEKYILEero
KOHTPOJIS

HanmenoBanue

JKAHH 7a (TEMBI
paznena (Tembl) Coneparne pasaena (reme)

1. Tuner unnoB. KoMpomMuccesl: ckopocTb, GyHKIIMOHAIEHOCTD,
rubkocTh, eHa. CPU, ASIC, FPGA, NP, Programmable
ASIC.Yumnsl 17151 JaTalieHTPOBBIX KOMMYTaTOPOB. ApXUTEKTypa
ASIC: ®usngeckoe ycrpoiicto, SerDes, PHY, Silicon Photonics,
Packaging n Advanced Packaging. Jlorimueckoe ycTpoicTBo:
Pre-Ingress processing, Parser, Ingress Match-Action, Traffic
Manager + MMU, Egress Match-Action, Deparser, Pipeling,
Programmable Pipeline. Apxurexrypa mamsitu: Crossbar, Shared
Buffers, Dedicated + Shared buffers, Headroom buffers, Admission
Control, Combined Input and Output queuing, Virtual Output
Queueing. [IporpammupoBanne FPGA Ha ocHoBe GNU Lite Bepcun
Quartus. Beenenue B Verilog/SystemVerilog. CHHXpOHHBIH
nu3aiti. Co3manue mpocThix TecToeHuei. Onucanne FSM,
MacCHBOB U CTpYKTYyp B SystemVerilog. [lamste: co3nanue ¢
nomoIneko Verilog.
2. MUKpOKOHTpOIIEpHl 1A HpI/IMeHeHI/Ieu MHKPOKOHTPOILIEPOB HA OCHOBE ARM mnpoueccopos B
MOGHITBHEIX MPHTOKEHHH COBPEMEHHOM pacIpeaeEHHOI ceTn cOopa TaHHBIX C JIaTIHKOB.
MeTobl Iepeiadyl JaHHBIX 10 CTAaHIAPTHBIM HHTEepdeiicaM.

3ammra naboparopHoit padotsl (JIP), komiokBuym (K), TectupoBanue (T), BeimomHeHue
MPAKTUYECKUX 3aJaHui Ha mpakTHueckux 3ausatusax (I13).

ApxwuTexTypa CETEBBIX

9 JIP
YCTpOHCTB

JIP

2.3.2 IlpakTn4yecKkue 3aHATHS.

HaumenoBanue
paszena
1 2 3
1. |MHKpPOKOHTpPOIIIEPHI IS ITopo6HEIi pa30op BOZMOXKHOCTEI],
MOOMIIBHBIX MPHIIOKECHUH HHTEPGEHCOB U CXEMOTEXHUIECKUX PEIICHHUH B
IaTe pa3paboT4rKa anmapaTHO-IIPOrPaMMHOTO
KoMIuiekca. OnpeneneHne He0OX0IUMBIX
cBeneHni B datasheet u aroput™ pacrooKeHus
napopmanmu. Kommonents 1986BEIIT,
1892BM 144, Ha 0a3e sapa Cortex, ¢
BcTpoeHHBIM Ethernet maTEpdeticom.
Cootnomienue ¢ STM32F407TG. Iloakmrouenue
MHUKpOKOHTpoJutepa uepe3 Ethernet narepdeiic k
Internet cetu (pa30op cXeMbI U ITPOTrPaMMBbI
ynpasienus yepe3 UDP u TCP ycTpoiicTB mpu
MTOMOIII MUKPOKOHTPOJUIEPOB)

dopMa TeKylIero

TeMaTuka NpaKTHYECKUX 3aHATUI
KOHTPOJIS

JIP

IIpenensHbIEe BO3MOKHOCTH
poytepoB Juniper cepun MX

Omnpenenenne  CTPYKTYpbl — B3aUMOJACHCTBUS
HHTEPPEHCHBIX, MPOTrPAMMHBIX U MHKPOCXEMHBIX
KOMIIAaHEHTOB, Ha mpumMmepe cepun MX.
OmnpeneneHne MOHSATHS U B3aMMOCBSI3H TaKHX
xommanenTos, kak FPC/DPC/MPC, MIC/ PIC,
RE/SCB, Control u Data Plane. Pacuer
HporyckHOW — crmocoOHoctn  Tpuo — umrceToB
(GbupMBI JUniper npu pa3aIM4HOM THIIE U (popmare
HArpY3KH.

IIposepka YCBOCHUS
MaTepuana o
AKTUBHOCTU CTYACHTA BO
BpEMs 3aHATHA.

2.3.3 JlabopaTopHble 3aHATHS.

HanmenoBanue
pasnena

HanmvenoBanue mabopaTopHbIX paboT

dopma TeKyIero
KOHTPOJIS

2

3

4




TEXHUYECKUN OTUET MO
1. punatune: nporpammuposanus [IJIMC B Quartus 11 nmabopaTOpPHBIM
ApxuTexTypa paboTtam
CETEBBIX YCTPOUCTB . TEXHUYECKUH OTYET 1O
KoneuHble aBTOMAThI 1 OTKa30yCTOHYHUBOCTD CHCTEM Ha
2. nmabopaTOPHBIM
IJINC
paboram
IMpuHOMTIB MPOTrPaMMHUPOBAHUS MHUKPOKOHTPOJIIEPA | TEXHUIECKUI OTUET 110
3. STM32f407VGT6 B cpene Keil uVision nmabopaTOPHBIM
| paboram
HccrnenoBanne CHUCTEMHOrO TalMepa W ACMEKTOB CHCTEMBI|TEXHHYECKHH OTYET MO
4. IIpepbIBaHII MUKPOKOHTpOILIEpa 1a00paTOPHBIM
| pabortam
IIpuém u nepegaua no cpenctsoM UART TEXHUYECKUH OTUET 110
5. 71a00paTOPHBIM
| pabortam
MukpokoHTposuiepsl | I3yueHne  BBICOKOCKOPDOCTHOM — OLM(POBKH  MOTOKOBOT'O|TEXHUYECKUH OTUET 1O
6. |ns MOOMIIBHBIX aHAJIOTOBO CHUTHAJA 11a00paTOPHBIM
MPUIIOKECHUH pabortam
Monysb nupo-aHaiororo mpeodpasopareiis. [IpsamMoi AOCTYI | TEXHUYCSCKHA OTYET 1O
7. B MAMSITb. nmab0opaTOPHBIM
| paboram
Ilepenaua naHHBIX MUKpOKOHTpoiuiepoM STM32F4 yepes|TexHuueckuil OTUET MO
8. Ethernet maTepdetic nmabopaTOPHBIM
| paboram
Pazpabotka mporpammbl mepemaunm  nmaHHBIX M0 CAN|TeXHHYECKHHA OTYET MO
9. uHTEepdEiicy nmab0paTOPHBIM
pabotam

[Ipu n3ydeHun TUCHUILIMHBI IPUMEHSIOTCS HEKOTOPbIE aCIIEKThI MOJEININ «IIEPEBEPHYTOTO
o0y4yeHHs» B pPEXHUME JTUCKYCCHOHHO-OPUEHTHPOBAHHOIO MEpeBEPHYTOro Kjacca WU
BUPTYaJIbHOI'O TEPEeBEPHYTOrO0 KJacca: JUCTAHIIMOHHBIE OOpa3oBaTelIbHbIE TEXHOJOTUHU
(onexTpoHHOE 00yueHue) B popmMe CMEIIaHHOTO 00YYEeHHsI, OCHOBAHHOTO Ha COYETAHHH OYHOTO
o0ydeHHss U O00y4YEeHHs] KOMIIbIOTEPHBIMHM CpEACTBAMM, BKJIIOYAIOIIMMU acleKThl B (opmare
JUCTaHIIMOHHOTrO 00y4eHus: B coorBeTcTBUU ¢ PI'OC BO. B ycnoBusx pa3BUTHS 31EKTPOHHON
MH(pOpMaLlMOHHO-00pa30BaTeNbHOM Cpesibl By3a B KaueCTBE yNpaBleHUS O00ydeHHEM BbIOpaHa
wiatdpopma Moodle, oHako, COBMECTHO ¢ HEH JJ1s CO3AaHUs U MyOIMKallMK KOHTEHTa U y4eOHbIX
00BEKTOB HCHOJB3YIOTCS: CiIy»)0a Buieo TpaHciasaiuu Microsoft Stream u WHCTpyMEHT ISt
KOMMYHHKAIMH U 00paTHOH cBsi3u Microsoft Teams.

2.3.4 IlpumepHasi TeMaTHKa KYPCOBBIX Pa0doT (IIPOEKTOB)
CormacHo y4eOHOMY IIaHYy KYpCOBBIE paOOTHI (MPOEKTHI) MO JAHHOW TUCIUILINHE HE
IIPEyCMOTPEHBI.

2.4 IlepeyeHb y4eOHO-METOAMYECKOT0 0O0eceYeHus AJIs1 CAMOCTOATEIbHOH padoThl
00y4aromUXCcH M0 JUCUMUILIIMHE (MOTYJII0)

HepequL y‘l€6H0'MeTO)II/I‘IGCKOFO obecrieueHus JUCIHUILINHBI I10

Ne Bug CPC .
BBITIOJTHEHHUIO CAMOCTOSITENIbHOW PabOTHI
1 |IIpopaboTka yuyeGHOTO 1. Oroponuukos, 1. H. MuxpomnponeccopHas TexHuka: BBejeHue B Cortex-
(TeopeTHyecKoro M3 : yueOHOE TocoOue st By30B / Mocksa : UznarensctBo FOpaiit, 2021.
MaTepHuana), HoArotopkak  |— 116 c..

TeKylIeH U MPOMEXKYTOYHOM |2. OnKcaHne apXUTEKTYpbl YCTPOUCTBA anmnaparypbl CBSI3H Ha
aTTecTanuy (3a4€Ty, TecTaM H|IpoPeCcCHOHAIBHBIX CaliTaxX IMPOU3BOANTENEH, YKa3aHHBIX B pa3iene
BOTIPOCaM) «tpodeccuoHaIbHBIE 0a3bl JAHHBIX)» M «PECYPChl CBOOOTHOTO JOCTYIIa.
3. Buzeo 00bscHEHHUS acIeKTOB pabOThI CETEBBIX YCTPOHCTB B (hopme
MIPAKTUKO-OPUEHTUPOBAHHOM JIEKLIUU pa3MeIaeMol pernoaaBaTesieM Ha
Microsoft Stream B pexximMe nocTyna.




4. Meroau4eckue yKa3aHusl 10 OPraHNU3alMi CaMOCTOSTEIbHON paboTh
CTYIICHTOB, YTBEP)KICHHBIE Ka)eApOil ONTOIEKTPOHUKH, TIPOTOKOI Ne 6
ot «01» maprta 2017r.

2 |IloaroroBka K BEIIONHEHHUIO |1. MeToandeckne yKa3aHUs 10 OPTaHU3aIUN CAMOCTOSTEIIHFHON paboThI

mabopaTOpHBIX padoT. CTYACHTOB, yTBEPKACHHBIE Kadeapoil ONTOAIEKTPOHUKH, TPOTOKOII Ne 6
Odopmienne Texamaeckoro |ot «01» mapra 2017r.

otuéTa 1o J1abopPaTOPHBIM 2. Metoauyeckue peKOMEHIAIMH, OITMCAHUS U 331aHHS K IPOBEICHUIO
paboTtam. nmabopaTopHEIX paboT MuKpoIporeccopHasi TEXHUKA B CHCTEMAaX CBS3H :

nabopatopuslii mpaktukym / A. C. Jlesuenko, K. C. Kopotkos, H. A.
SkoBenko, A. A. babenko; Ky6I'VY. - KpacHomap, 2018. - 194 c.

Y4eOHO-MeTOIMYeCKHe MaTepHalibl Ui CaMOCTOSITEIHbHONH pPabOThl OOydYaIOMIMXCS M3
YHCIIa MHBAJIHU/IOB U JIMII C OTPaHUYEHHBIMU BO3MOKHOCTSIMU 310poBbs (OB3) npemocrasstorcs
B (hopMax, aJanTUPOBAHHBIX K OTPAHUYCHUSAM HX 30POBbS M BOCHPUATHS HH(DOPMAITIH:

JInst L ¢ HapyIIeHUSIMH 3PSHUS:

— B I1€4aTHOW (hopMe YBEIUYCHHBIM HIPUPTOM,

— B (hopMe PIEKTPOHHOTO IOKYMEHTA,

JIyist AL ¢ HapyIeHUsIMU CIIyXa:

— B IIeYaTHOM opme,

— B (hopMe 2IIEKTPOHHOTO TOKYMEHTA.

JInst L ¢ HapyIISHUSIMH OTIOPHO-/IBUTATEIILHOTO amiiapara:

— B mieyaTHOU hopme,

— B (hopMe PIEKTPOHHOTO IOKYMEHTA,

— B (popme ayamodaiina.

JlaHHBII TIepeYeHb MOXET OBbITh KOHKPETU3UPOBAH B 3aBUCHMOCTH OT KOHTHHICHTA
o0yyJaroumxcs.

3. O6pa3oBaTejibHbIE TEXHOJOTMH, NMPUMeHsieMble TNPH OCBOEHHHU JAUCHUILIUHBI
(Monxyuis)

[Tpy M3y4eHNN TUCIMITIIMHBI TPOBOJISATCS CIEAYIOUINE BUAbI y4eOHBIX 3aHATHI U palboT:
JeKIMH, TPaKTHUUECKUE 3aHATHS, JIOMAlHME 3a/laHus, TECTUpOBaHME, 3allUTa J1aOOpaTOPHBIX
paboT, KOHCYJIbTAlUM C IpernojaBaTesieM, CaMOCTOsITelIbHas paboTa CTYAEHTOB (U3ydeHUE
TEOPETUYECKOr0 MaTepuasla, IMOATrOTOBKA K TMPAKTUYECKUMHU 3aHATHSAM, T[OATOTOBKA K
7a00paTOPHBIM 3aHSTHSM, BBITOJHEHHE JOMAIIHUX 3aJaHHi, MOJArOTOBKA K TECTHPOBAHHIO,
3a4eTy U HK3aMeHY).

Jns mpoBeneHus JIEKIMOHHBIX 3aHSATHHA HWCIONB3YIOTCS MYJIBTHMEIUHHBIE CpPEACTBa
BOCIIPOU3BEICHUSI aKTUBHOT'O COAECP>KUMOTO (3aHATHSI B MHTEPAKTUBHOHN (popMe), TO3BOJISAIOIIEro
CTYAICHTY BOCIIPUHHMATH OCOOCHHOCTH U3y4aeMOH TUCIUITIMHBI, UTPAIOIINE PEIIAIONIYIO POJb B
NOHUMAaHUM ¥ BOCIPUATHH, a TaK k€ B (POPMUPOBAHUM MPO(ECCHOHATBHBIX KOMIETEHIHH.
CryneHTy B pe)KHMe CaMOCTOSITETbHOW PadOThI PEKOMEHIYETCsl M3yYeHHE BUeoMaTepraa o1l
JeKIUH TO W3y4aeMbIM Bompocam jocTynHele uM B Moodle, marepuansr gopmupyrorcs
IPEeToIaBaTeNIeM U OOHOBIISTIOTCSI €KETOTHO.

[Tpu mpoBeneHuu J1abOpaTOPHBIX pabOT MOArpyMNa pa3duUBaeTcsl Ha KOMaHJbl 1Mo 2-3
yenoBeka. Kaxmoi komaHae BBITAETCS 3a/laHWE HA BBIMIOJHEHHE J1TA0OpAaTOpPHOW pPabOTHI.
CTyaeHTbI CaMOCTOSTENBHO PAacpeICISIIOT 0053aHHOCTH M IPUCTYIAIOT K BBITIOJTHEHUIO 33 JaHMs,
B3aMMOJICHCTBYsS Mexay coOoil. IlpernomaBarens KOHTPOJIUPYET XOJ BBHIIOJHEHHUS pPabOThI
Ka)XJIOH TPYIIIOi, KOTOpasi BBIKJIAIbIBACT IPOMEXKYTOUHbIEe pe3ynbTaTtel B Moodle. Yrounss xon
paboThI, €claM CTYACHTHI YTO-TO BBIMOJHSIOT HE NPaBWIBHO, MPENOIaBaTelb IMOMOTAET MM
IPEOJIONIeTh CJOXKHBIE MOMEHTHl U TPOBEPSET JOCTOBEPHOCTHh IOJYYEHHBIX PE3YJIbTaTOB.
KomaH[p1 OTBEUAIOT Ha TEOPETHUECKUE KOHTPOIBHBIE U IOTIOJIHUTEIFHBIE BONPOCHI U 3aIUIIAI0T
nabopaTtopHyo padoTy.

[To uzyyaemoll AMCUMIUIUHE CTYACHTAM IPEIOCTABIISETCS BO3MOXKHOCTH IOJIb30BATHCS
y4eOHO-METOUYECKUMHU MaTepHajaMi M PEKOMEHIAIMSIMHU pa3MEIleHHBIMH B 3JEKTPOHHOM
nH(pOopMamoHHO-00pa3oBaTenbHOM cpene MonymnsHoro JnHamudeckoro O0yuenus Kyol'y.



Takum 00pa3oM, OCHOBHBIMH 00pPa30BaTe/IbHbIMU TEXHOJIOTHAMH, MCIOIb3yeMbIMH B
Y4eOHOM Tpouecce SIBJSIIOTCHA: WHTEPAKTUBHAS JIEKIHUS C MYJIbTUMEAUNHON CHUCTEMON U
aKTUBHBIM BOBJICUCHHEM CTYJIEHTOB B Y4YeOHBI Tmporecc; OOCYXICHHE CIOXHBIX U
JTUCKYCCUOHHBIX BOIPOCOB M MPOOJIEM U € MOCIHEAYIOUIMM pPa300poM STUX BOINPOCOB Ha
NPAaKTUYECKUX 3aHATHSX; JaOOpaToOpHbIE 3aHATHS — paboTa CTYJEHTOB B MAalbIX TpyIIax B
pEeXKMMAaX B3aUMOACUCTBUS «IIPENOJAaBaTENb — CTYACHT», «CTYICHT — MPEOoIaBaTeNby, «CTYICHT —
cryaent». [Ipu mpoBeneHnH MPaKTUYECKUX M JIA0OPaTOPHBIX YUeOHBIX 3aHATHHA MPETyCMOTPEHO
pa3BUTHE Yy OOYYaIOUIMXCSI HABBIKOB KOMAaHIHOW pPabOThI, MEXIMYHOCTHOM KOMMYHHKAIIWH,
NPUHATHS PELLICHUH U JINAEPCKUX KayeCTB.

Jlis nun ¢ orpaHUYeHHBIMH BO3MOXKHOCTSIMH 3[IOPOBBSI MPEAYCMOTpPEHA OpraHU3aIlMs
KOHCYJIBTAIMIA C UCIIOJIb30BAHUEM IICKTPOHHOU 1mouThl miu Microsoft Teams.

[Ipy wu3yyeHUH AUCUMIUIMHBI MOTYT TMPUMEHATCS HEKOTOpBIE aCIeKThl MOJIEIH
«epeBEPHYTOr0 OOyUEHUS» B PEKUME TUCKYCCHOHHO-OPUEHTHPOBAHHOTO IEPEBEPHYTOTrO
KJlacca WM BHUPTYaJbHOTO TMEPEeBEPHYTOTO Kiacca: JAUCTAHIMOHHBIE O00pa30BaTENIbHbBIE
TEXHOJIOTUH (PJIEKTpOHHOE OoOydeHue) B (opMe CMEIMaHHOTO OOYy4YeHHs, OCHOBAaHHOTO Ha
COUYETAaHUHM OYHOTO0 OOyuYeHHUss U OOy4YeHHs] KOMIBIOTEPHBIMU CPEICTBAMH, BKIIOYAIOIIUMU
HEKOTOpBIEC acIleKThl B (hopMaTe AMCTAHIMOHHOrO oOy4yenus B cootBerctBuu ¢ ®PI'OC BO. B
YCIIOBUSX PA3BUTHUA DJIEKTPOHHON MH(OPMAIIMOHHO-00pa30BaTEIbHON Cpefbl By3a B KauecTBe
yrpaBJiieHUs: 00y4ueHneM BeiOpana miatgopma Moodle, ogHaK0, COBMECTHO C HEH I CO3/IaHus
U MyOJIMKAallMM KOHTEHTAa U Y4eOHBIX OOBEKTOB HCIOIB3YIOTCS: CIy:K0a BHAEO TPAHCIALUUA U
MHCTPYMEHT ISl KOMMYHUKALMU U 0OpaTHOM CBSI3U.

4. OueHoYHbIe CPeACTBA JJIsl TEKYLIEro KOHTPOJISI YCIeBAEMOCTH M NPOMEKYTOYHOIM
arrecTauuu

OHGHO‘-IHBIG cpeacrtBa MnpeaHasHAUCHbI I KOHTPOJA U OLCHKHU 06pa303aTeanmx
I[OCTI/I)KCHI/Iﬁ 06yqa101111/1x051, OCBOMBIIIHUX nporpammy y‘Ie6H0fI AUCHUITIIMHBI
«MI/IKpOHpOHGCCOpHaﬂ TEXHHUKA B OIITHYCCKHUX CUCTEMaxX CBA3H».

OHGHO‘-IHBIG Cp€ACTBA BKIKOYACT KOHTPOJIBHBIC MAaTCpHabl AJId NPOBCACHNA TEKYLIET0
KOHTPOJIA B (1)opMe J'Ia60paTOpHLIX 3aJJaHui U BOIIPOCOB K HUM npOMemyT()quﬁ aTTeCTallui B

dbopme TeCTOBBIX 3aJaHUI Ha 3a4eT.

CprKTypa OLHCHOYHBIX CPEACTB IJHA Telcymeii u l'lpOMe)KyTO‘-lHOﬁ aTrreCcTalnmum

KOI[ 1 HAMMCHOBAHUEC HaumenoBanue o1ieHOYHOTO CpCACTBa

TEXHOJIOTHH.

Ne Pesynbrarsl 00ydeHus
HUHAMKaTOpa . IIpomexyTounas
n/n (B cooTBeTcTBUH C 1I. 1.4) Texymuii KOHTpOJIB
(B cooTBeTcTBUH C 1. 1.4) arTecTanus
ITK-1 Criocoben 3HaTh NEePCIEKTUBHBIE TecroBoe 3aueTHOE
IIPUMEHSTH COBPEMEHHBIE | TEXHOJOIHMH AJIS 3aJlaHe.
TEOpETUUYECKHE U peanusanuy 3agad
JKCHEPUMEHTANIBHBIE CETEeBOI KOHBEPreHIIHN.
MCTO/Ibl UCCIICIOBAHUSA C VYMeTs ucnonb30BaTh JlabopaTopHsie paboTHI [IpakTHyeckue
LENTbIO CO3/JaHNsT HOBBIX HOPMaTHBHYIO 3a4ETHBIC 3aJaHMS.
MIEPCIEKTHBHBIX CPEACTB JIOKYMEHTAIHIO B 007acTH
1 MHPOKOMMYHHUKAITHHA MHPOKOMMYHHUKAITHOHHBIX

Biagets HaBBIKAMH
aHaIN3a XapaKTePUCTHK
TEJIEKOMMYHHUKAIIHOHHOTO
000pyIOBaHUS IS
TUTAHUPOBAHUS PA3BUTHUS
CETH TIPY BHEIPCHUH
HOBEIX TEXHOJIOTUI CBS3U.

JlabopatopHbie paboThI

TecToBoe 3aueTHOE
3aJ]aHHE.




TIK-2 Cnocoben
HCIIONIB30BAaTh 3HAHUS O
TIEPCTICKTUBHBIX

TEXHOJIOTUSAX CBA3H W

aHATM3UPOBATh OymyIIHe
TEXHOJIOTUH CBSI3H

3HaTh OCHOBY
MHKPOIIPOIIECCOPHBIX
TEXHOJIOTHH
UCTIONb3YEMBIX B
000pyIOBaHUH CeTeH
CBSI3H.

JlabopaTopHsie paboThI

[IpaxTuyeckue
3a4eTHBIC 3aJaHMA.

3HaTh OCHOBHEIC
napameTpsbl
000pyAOBaHUS CBS3U IS
aHalIN3a UCXOJHBIX
JTAHHBIX PA3BUTHUS U
ONTUMU3AINY CETU CBSI3U.

TecToBoe 3aueTHOE
3aJaHue

Ymern AHaJIU3UPOBATh
BO3MOXXHOCTH HOBBIX
CpCACTB CBA3U.

JlabopaTopHbIie pabOTHI

IIpakTuueckue
3a4ETHBIC 3aJaHUs.

YMeTb oCcylIecTBIATh
TIOMCK, aHAIN3UPOBATH U
OLleHMBaTh MH(OpManuio,
HEOOXOUMYIO JUIs

3¢ hexTHBHOTO
BBITIOJTHEHHS 33/1a49H.

JlabopaTopHbie pabOThI

IIpaxtuueckue
3a4ETHBIC 3aJaHHUs.

Brnagerp HaBBIKaMHU
BBIOOPA TEXHOJIOTUH ISt
obecreyeHus
MPe/ICTaBICHUS YCIyT
CBSI3U B COOTBETCTBHH C
MOTPEOUTETHCKIM
CIPOCOM.

JlabopaTopHEIe pabOTHI

TecToBoe 3aueTHOC
3aJlaHue.

3HaeT IPUHIUIIE]
(yHKIIMOHMPOBaHUS
CETEeBBIX alNapaTHBIX
CPEACTB.

JlabopaTopHBIe pabOTHI

TecToBoe 3aueTHOC
3aJaHuC.

3HaeT apXUTEeKTypy
CEeTEeBBIX alNapaTHBIX
CpEJICTB.

JlabopatopHbie paboThI

TecToBoe 3aueTHOE
3aJ]aHHE.

3HaeT NPUHIUIIB PaOOTHI
CETEBBIX 3JIECMEHTOB.

JlabopatopHbie paboThI

TecToBoe 3aueTHOE
3aJ]aHHE.

3HaeT MPOTOKOJIBI
B3aUMOJEICTBUA
OTKPBITBIX CHCTEM.

JlabopatopHbie paboThI

TecToBoe 3aueTHOE
3aJ]aHHE.

VYMeeT noan30BaThCst
HOPMATHBHO-TEXHUYECKOU
JIOKYMEHTAIHEH B 00JIACTH
HH(POKOMMYHHUKAIIHOHHBIX
TEXHOJIOTHH.

JlabopaTopHEIe pabOTHI

TecTtoBoe 3aueTHOC
3aJaHucC.

VYMeeT oTclIe)KUBaTh
pa3BUTHE
MHPOKOMMYHHKAIIMOHHBIX
TEXHOJIOTHH.

TecToBoe 3aueTHOE
3aJIaHue.

Bnaneer HaBpIkaMu
MIPOTHO3UPOBAHUS CPOKOB
MOJIEpHU3AIIUHU CETEBBIX
YCTPOIHCTB.

TecToBoe 3aueTHOE
3aJ]aHHE.

TunoBbie KOHTPOJIbHbIE 32IAHUSI UJIH HHbIE MAaTepPUAaJibl, HE0OX0AMMbIE 1JI51 OLlEHKHU

3HAHMI, yMEHUI1, HABBIKOB U (MJIH) ONBITA AeATEJIbHOCTH, XapPAKTEPU3YOIIHUX ITANbI
¢GopMupoBaHus KOMIIeTEeHIMI B Mpolecce OCBOCHUA 00pa30BaTeIbHOI MPOrpamMMbl
Ilpumepnulit nepeuens 60npocos u 3a0aHuil



Bonpocs! 1 3a1anus no JIaopaToOpHBIM PpadoTaM IS TeKYIIel aTTecTAlMN yKa3aHbI
B METOJIMYKe: MHUKPOIIPOLIECCOPHAs TEXHUKA B CHCTEMaX CBS3H : JJAOOPATOPHBIN MPAKTHKYM / A.
C. JleBuenko, K. C. Kopotkos, H. A. SIkoBenko, A. A. babenko; KyoI'Y. - Kpacuonap, 2018. -
194 c.

3a‘leTHO-3K3aMeHaHHOHH])Ie MaTepuaJibl 1Jisd l'lpOMe)KyTO‘IHOi/i aTrrecranmuu (3aqu)
HpI/IMepLI BOIIPOCOB 3a/laHUA TECTa IJIsA l'lpOMe)KyTO‘lHOﬁ aTTeCTallumn

B poyrep MX480 ¢upmsl Juniper BcraBiensl e SCB u nse MPC-3D-16XGE-SFPP.
KakoBo konnuectBo Plane (mi»itHOB) B 3TOM citydae?

B poyrep MX960 ¢upmsr Juniper BcraBnenst 1se SCB u mects MPC-3D-16XGE-SFPP.
KakoBo xommuecTtBo Plane (mmaitHOB) B 3TOM Citydae?

B poyrep MX960 ¢upms Juniper Bcrasiens! Tpu SCB u mects MPC-3D-16XGE-SFPP.
KakoBo konunuectBo Plane (misitHOB) B 3TOM citydae?

Trio-uumncer poyrepa Juniper MX80 umeeT CKOpPOCTh OOpPaOOTKH 55 MJIH. MAKETOB B
CEeKYyH]Iy, a IPOITYCKHYI0 criocoOHocTh 70 I'0mT/c. OnpenennTh KakoBa MPOITYCKHAst CHOCOOHOCTh
BbIpakeHHast B [ '0UT/c poyTepa, eciiu yepe3 Hero Oy1yT TUIIOTETHYECKU MPOXOJAUTH TOJIBKO 96-
0aliTOBBIC MAKETHI?

Trio-uuncer poyrepa Juniper MX80 mmeeT cKOpocTh 0OpabOTKM 55 MIIH. MAKETOB B
CEKYH]y, a IPOIYCKHYI0 criocoOHocTh 70 I'61T/c. OnpenennTh KakoBa MPOIyCKHast CHOCOOHOCTh
BbIpakeHHasi B ['OuT/c poyTepa, eciu yepe3 Hero OyAyT TMIOTETUYECKU MPOXOAUTH TOIBKO 64-
0alTOBBIE MAKEThI?

Trio-uuncer poyrepa Juniper MX80 mmMeer ckOpocTh 00pabOTKH 55 MITH. MakeTOB B
CEKYHJY, a IPOMYyCKHYI0 criocooHocTh 70 ['0nt/c. OnpenenuTs KakoBa MPOIMYCKHask ClIOCOOHOCTD
BbIpakeHHast B [ 6UT/c poyTrepa, eciu uepe3 Hero OyAyT TMIOTETHYECKH MPOXOJUTh TOJIbKO 128-
0alTOBBIE MTAKETHI?

Trio-uuncerst B MPC-3D-16XGE-SFPP poyrepa MX480 ¢upmbr Juniper umeror
CKOpOCTh 00pabOTKH 55 MIIH. MAKETOB B CEKYHIY, a MPOMycKHYyto criocoOHocTs 70 I'Out/c. B
poyrepe wucronp3yor aBe MPC-3D-16XGE-SFPP wu 3aneiicTBoBaHbl Bce HWHTEpP(EHCHI.
OnpenenuTh KakoBa MPOMYCKHasi CIOCOOHOCTh BhIpaskeHHas B ['OuT/c poyTepa, eciau uepes Hero
OyIyT THNOTETUYECKU MPOXOAUTH TONbKO 96-0aiiToBeie makeTsl? (IIpu pacuére yuecTtb, 4TO
Tpaduk pacrpenenés no uaTepdericaMm paBHOMEPHO).

B nporpamme st mukpokonTposiepa STM32F4 kTo-To melTancs reHepupoBaTh CUTHAI.
Jns yero ucnonszoBai cBa3b DMA u DAC (nepBsiif Mmonynb LIAIT), a Takke 0AMH U3 CUCTEMHBIX
taiimepoB (TIM2 noakmouennsiit k mmHe APB1). lanapie B DAC nuKIMYecKu NepechUIaloTcs
U3 aZpecHoro Oydepa: T.e. MUKIMYECKH MEHSEM aJpec MaHHBIX B Oydepe, yBenmndmBas ero Ha
€IMHUITY KaXIbIi pa3 mpu ycrnerHoi nepenaun u13 DMA B DAC no cpaGaThIBaHUIO CHCTEMHOTO
Taiimepa. McXOIHBIM HMCTOYHHMKOM TAaKTHUPOBAHMS [Js1 KOHTpPOJUIEpa BBICTYNAeT BHEUIHUH
KBapIeBbIil pe3onarop Ha 8§ MI'. M3BecTHO, uTO KOHpuUrypauus aenurenei: M = 4, N = 400,



P=8, nmpex menuTens MaTPUIBl BHICOKOCKOPOCTHBIX IIMH PAaBEH JIBYM, a MpPEJ ACTUTENb IIAHBI
APBI1 paBen detbipém. Uemy paBHa yacToTa cucteMHoro taktupoBanusi PLLCLK?

B nporpamme 1151 MmukpokonTposuiepa STM32F4 kTo-To nbITaics reHepupoBaTh CUTHAIL.
st wero ucnosbzoBai cBsizb DMA u DAC (nepsbiit Mmonynb LIATII), a Tak)ke 0OMH U3 CUCTEMHBIX
tarimepoB (TIM2 noakmrouennbiii k muue APB1). Jlanapie B DAC nukiIndecku nepechliatoTes
u3 agpecHoro Oydepa: T.e. MUKIMYECKH MEHSEM ajpec NaHHBIX B Oydepe, yBenmudmBas ero Ha
eIMHUITY KaX bl pa3 mpu ycremHoi nepenayu u3 DMA B DAC no cpabaThIBaHHIO CHCTEMHOTO
taiimepa. MCXOAHBIM HMCTOYHMKOM TAaKTHPOBAHHS JUIsi KOHTPOJUIEpA BBICTYMAET BHEIIHUN
KBapIeBblii pe3oHarop Ha 8 MI'1. M3BectHO, uTo KOoHpuUTypanus aemureneii: M = 8, N = 360,
P=2, npen nenutens MaTPHUIIbl BBICOKOCKOPOCTHBIX IIIMH PABEH €IUHMIIBI, a P ACTUTENb IITMHBI
APBI1 paBen detbipém. Uemy paBHa yacToTa cucteMHoro taktupoBanusi PLLCLK?

Bbl cobupaerecs mpu nomomu LHU(POAHAIOroBOro IpeoOpa3oBaress B MHUKPOKOHTPOJIIEpE
STM32F4 renepupoBaTh TpeyroybHbli curtai ¢ ammuuryznoi 0,7 BoabsTta un yactoroit 8xkI'n Ha
BbIBOJIHOM HOXKe PA4. Jlns yero ucnonbdyere cBsizsb DMA u DAC (mepseoiit moayns LIAII), a
TaK)Ke OJIMH U3 CcUCTeMHBIX TaiimepoB. /lanHpie B DAC nuknuuecku nepecbuialorcs U3z 32-x
azipecHoro Oydepa: T.e. IUKIMYECKH MEHSAEM aJpec JaHHbIX B Oydepe, yBeaMuuBas €ro Ha
eAMHMILY KaX/bli pa3 npu ycnemHoi nepegaun u3 DMA B DAC no cpa®aTbIBaHHIO CUCTEMHOT'O
Taiimepa. MUKpPOKOHTpOJJIEp TakTHpyeTcst OT BHemHero kBapua 8kl'n. Kakum mosmkHbl OBITH
BBICTaBIICHBI KOA((unmeHTsl Aenureneid u maoxwureneit B STM32F4: N, M, Q, P, APBI, AHB, a
TaK K€ 3HAuYeHUe Mpej JIeNUTeNs U Nepuojaa cpabaTbiBaHUs cUcTeMHOro Taiimepa? Ilpu stom,
HEOOXOIMMO  00sI3aTENTbHO  YYECTh PEKOMEHJAIMI0, OTHOCHUTEIBHO YacTOThl CHTHala
nocrynatouiero H a BxoJ VCO nocne nenutens M (nomkHa aexaTh B npenenax 1-2 MI'm).

Bel  cobupaerech mpu  moMomu — LIU(ppoaHAIOroBoro - mpeobpasoBarens B
MukpokoHTpouiepe STM32F4 renepupoBarth MNUIO00pPA3HbIl CHUTHAI C TOJOKUTEIbHBIM
HaKJIOHOM W aMruTynod 1 BonbsT m wactoroit 37k’ Ha BeiBomHOU HOxKke PA4. /Ins gero
ucnoneszyere cBizb DMA u DAC (mepswiii Mmoxyns I[AIl), a Takxke OIMH W3 CHCTEMHBIX
taiimepoB. [lanusie B DAC nuknudecku mnepecbuiatorcs u3 16-tu agpecHoro Oydepa: T.e.
LUKINYECKH MEHSIEM aJipec JaHHbIX B Oydepe, yBeIuuuBasi €ro Ha €IMHMILY KaXAbld pa3 MpH
yeremHot mepenaun u3 DMA B DAC mno cpabaTblBaHMIO CHCTEMHOTO TaiiMepa.
MUuKpOKOHTpoOJIIEp TaKTUPYETCs OT BHelIHero kBapua 8kl 1. Kakum 10mkHbI ObITh BBICTABICHBI
koddunmenTs aenuteneit u Mmuoxkuteneir B STM32F4: N, M, Q, P, APB1, AHB, a tak xe
3Hau€HUe IMpex JenuTeds W Iepuoja cpabaTbiBaHusd cucTeMHoOro Taitmepa? Ilpu sToM,
HEOO0X0MMO  00s3aTENIbHO  YYeCTb PEKOMEHJAIMI0, OTHOCUTEIbHO 4YacTOThl CHTHala
noctymnarotiero H a Bxoq VCO nocne aenurtens M (nomkHa nexats B ipeaenax 1-2 MI ).

Bl cobupaerech mpu  moMomm  IUGPOAHATIOTOBOTO  MpeoOpasoBaTenss B
MukpokoHTpoiiepe STM32F4 renepupoBaTh TapMOHMYECKHMN CHUTHA C TOJIOKUTEIbHBIM
HaKkJIOHOM W ammumnTynoid 1 BonbsT m vacroroin 48kl Ha BbIBOJHOW HOXkKe PA4. Jlns yero
ucnonszyete cBsizsb DMA u DAC (mepBwiii Mmoaynb LIAII), a Takke OOUH U3 CHUCTEMHBIX
tarimepoB. [lanubie B DAC uumkinnueckw mnepecbuiatoTcs u3 16-tu ampecHoro Oydepa: T.e.
UKITUYECKH MEHsSIeM aJIpec JaHHBIX B Oydepe, yBenU4MBasl €ro Ha €AMHUILY KaXABIH pa3 mpH
ycnemHo mepenaun  u3 DMA B DAC mno cpabaTbiBaHUIO CHCTEMHOTO Taiimepa.
MukpoKoHTpoIIep TaKTUpYyeTcs OT BHelIHero kBapua Skl 1. Kakue 3HaueHus 1oJKeH coaepKaTh
o0ydep, ecau onopHoe 3HaueHue Hanpspkerus LIAIT pasuo 3.3 Bosnbra.

[Ipn otnagke mnporpammbl HO nepenaud AaHHbIX B ceThb Erhernet Bol momywwnu
CJICAYIOUIYIO TIOCIIEA0BATENIFHOCT MepeaBacMbIX OUT Ha cBo€ ycTpoiictBo. Ompenenure IP
ajZipec MCTOYHUKA MOJy4yeHHOro ¢peiiMa. OTBET 3alMIIUTE B ACCATUYHOM CHCTEME CUMCICHUs
OKTETHOE Pa3/IeJI€HUE YKa3bIBaTh TOUKOM.
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Br16epute npaBuibHOE OnKMcaHue OTHOCUTENbHO nmoHsATus ASIC:

d. OTO HHTCTrpajbHasd CXeMa, HACTpOCHHas U1 KOHKPETHOI'O HMCIIOJb30BaHMA, a HE JUIL 3a4ad
06mero Ha3HaA4YCHUAI, OOJIBIIIMHCTBO BBEIYHCINTEILHBIX Y3JI0B MOXKET pa6OTaTL mapaujiCjbHO.

b. mpencrasisier co00i HHTErPALHYIO CXEMY, pa3padOTaHHYIO /Uil KOH(DUTYypallMy 3aKa3dyHMKOM
WIA pa3padOTYMKOM IOCIE HM3TOTOBJICHUS C BO3MOYKHOCTBIO BBIMOJIHEHHS Pa3IMYHBIX 3a7ad;
OOJIBIIMHCTBO BBIYHUCIUTENBHBIX Y3JI0B MOKET paboTaTh NapajjiesbHOo.

C. TPAH3UCTOPAMH PEATU3YIOTCSI 0a30BbIE CTPOUTENIbHBIEC OJIOKH — perucTpsl, namsats, LUTHL. U3
KOTOPBIX TTOTOM MOXHO CO3/1aBaTh HY)KHbIE ()YHKIIHOHATIbHBIE OJIOKH.

d. 3TO KJacc CHenMaATU3UPOBAHHBIX HHTEIPATBHBIX CXEM, HCIOJIb3YEeMbIX IS armapaTHOro
YCKOpEHUs pabOThI aITOPUTMOB HUCKYCCTBEHHBIX HEHPOHHBIX ceTei

Tak ke B Tecte MNPUCYTCTBYIOT BOIIPOCHI IO THUITY MNPCABIAYIICTO Ha ITOHHMMAHUC
CIICAYIOIMUX MOHATHUH U onpeneneHHﬁ B BUJC BOIIPOCOB C BBI60p0M 13 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 unu XM Chips

Kpurtepun oneHuBanus pe3yibTaToB 00y4eHHUs
Kpurepun oueHuBaHus 10 3a4eTy:

TecroBble 3amanust cocTouT U3 25-30 BOMPOCOB MO TEMaTHMUYECKUM paszenaM paboueit
nporpaMmbl yueOHoW nucuuruinHbl. B 40% Bcex BOMPOCOB KaXJ0ro Tecra IMpeArnosaraercs
BbIOOp OJHOrO M3 3-4-X BO3MOXKHBIX OTBeTOB. B 60% BOmpocax Heo0X0AWMO Hamucarhb
MPABUJIbHBIN OTBET CAMOCTOSTEIBHO.

Cucrema OLEHOK BBIINOJIHEHNS KOHTPOJIBHOIO 3a4ETHOI'O TECTUPOBAHUS:

— «OTJIMYHO» — KOJMYECTBO MPABWIBHBIX OTBETOB OT 90% 1m0 100%;

— «XOpOIIO0» — KOJIMYECTBO MPABUIIBHBIX OTBETOB OT 75% 10 90%;

— «YZOBJIETBOPUTEIBHO» — KOJIMYECTBO MTPAaBUIbHBIX 0TBETOB OT 60% 10 75%.

— «HE yJIOBJIETBOPUTEIBHO) — KOJIMUYECTBO NIPaBUIIBHBIX OTBETOB MeHee 59%.

«3a4TeH0» BBHICTABISIETCS OOYYarOIUMCS IOJIyYUBLIEMY 10 3a4€THOMY TECTY OLCHKH
COTJIMYHOY, «XOPOILIO» WM «yJOBIETBOPUTEIBHO)» - IOMYCTUBLIMM MOIPEUIHOCTH B OTBETE HA



3ayeTe W IMPH BBHINOJHEHWU MPAKTUYECKUX 33JaHUN BBIHOCHMMBIX Ha 3a4eT, HO 00JaJaroniuM
HEOOXOJMMBIMU 3HAHUSAMHM M YMEHHMSMM JUIsl UX YCTPAHEHUs NPU KOPPEKTUPOBKE CO CTOPOHBI
IIPEINO1aBaTEIIs.

«He 3a4yTeHo» BbICTaBiIsgeTCS O0ydaroleMycsl MOJIYYMBIIEMY IO 3a4ETHOMY TECTY
OLICHKY «HE Y/IOBJIETBOPUTEIILHO» — T.€. OOHAPYKUBIIEMY CYIIECTBEHHBIE MPOOEIBHI B 3HAHHIX
OCHOBHOI'O IPOTrpaMMHOI0 MaTepuaia IO IUCUUIUIMHE, JOIYCTUBLIEMY IPHHLIMIIAAIbHBIC
OIMOKH B BBINOJIHEHUH NPEIYCMOTPEHHBIX MPOrpaMMOi MPAaKTUYECKUX 3aJaHHil (OTCYTCTBUE
3HAHUU 3HAYUTEIIBHOM 4acTH IPOrPaMMHOI0 MaTeprana; HEIIOHUMaHUE OCHOBHOT'O COJECpPKaHUS
TEOPETHUYECKOr0 MAaTepuajla; HEYMEHHE IMPHUMEHSATh TEOPETUYECKHUE 3HAHMS IPU PELICHUH
NPAaKTUYECKUX 3a/1a4; JOIIyCTUBLIEMY IPUHLIUIINAIbHbIE OLIMOKH.

OneHouHble cpencTBa Ul HMHBAJIMIOB W JIMI C OrPAaHUYEHHBIMH BO3MOKHOCTSAMH
3JI0pOBbsI BEIOUPAIOTCA C YI€TOM UX WHAMBUIYATbHBIX ICUXO()U3NYECKIX OCOOCHHOCTEH.

— IpY He0OXOIMMOCTH UHBAIMIAM U JINLIAM C OTPAaHUYE€HHBIMU BO3MOKHOCTSIMH 3/0POBbS
NPEIOCTABIISCTCS JOTIOJHUTEIFHOE BPEMS JIJIsl IOATOTOBKU OTBETA HA SK3aMEHE;

— [IpU NPOBEJICHUH IPOLEAYPhI OLICHUBAHUS PE3YyIbTATOB 00YyUEHHsI HHBAJIUIOB U JIULL C
OTPaHUYECHHBIMH BO3MOXHOCTSIMH 3/I0POBBSI IPEAYCMATPUBACTCSI MCIIOIH30BAHNE TEXHHUECKUX
CpEeACTB, HEOOXOIUMBIX UM B CBSI3U C UX MHAWBUIAYAIbHBIMUA OCOOCHHOCTSIMM;

— IIpU HEOOXOAUMOCTH ISl 00YHAIOIIUXCS C OTPAHUYCHHBIMHA BO3MOKHOCTSIMH 37I0POBbS
U MHBAJIUAOB IpOLEIypa OLEHMBAHUSA pPE3YJIbTaTOB OOyYeHHUs IO JAUCLUUIUIMHE MOXKET
IPOBOJUTHCS B HECKOJIBKO ATAIIOB.

IIponienypa oneHMBaHUs Pe3yJbTaTOB OO0Y4YEHMs HMHBAJIUAOB M JIUI] C OrPAaHUYEHHBIMHU
BO3MOXKHOCTSIMH  3JI0POBbSI 110 JUCHUIUIMHE (MOJIYJIO) MpeaycMaTpuBaeT IPEI0CTaBICHUE
uHpopmanuu B (opMax, aZaNTUPOBAHHBIX K OrPAaHMYCHHMSIM HX 370POBbS U BOCIPHUATHS
uHpOpMaLNK:

JUist T ¢ HapyIIEHUSIMH 3pEHMSL:

— B ieyaTHOM (popme yBeTMUEHHBIM HIPUPTOM,

— B (hopMe 2IIEKTPOHHOTO IOKYMEHTA.

JIist L ¢ HapyIeHUsIMU CITyXa:

— B I1e4aTHOM (opme,

— B (popMe 2IIEKTPOHHOTO IOKYMEHTA.

JUist 1 ¢ HapyIIEeHUsIMUA OTIOPHO-/IBUTATEJIbHOTO anapara:

— B TIle4aTHOU opme,

— B (hopMe 2IIEKTPOHHOTO IOKYMEHTA.

JlaHHBIN TIepeYeHbh MOXET OBITh KOHKPETH3MPOBAH B 3aBHCHMOCTH OT KOHTHHTEHTA
oOyJaromuxcs.

5. Ilepevyennb y4eOHO JuTEpaTyphl, HHPOPMALHOHHBIX PECYPCOB U TEXHOJIOTHH

5.1. YueOnas auteparypa

1. Oropoanuxos, 1.H. Mukpomnporeccopnast Texuuka: eesieHue B Cortex-M3 : yueOnoe
nocobue mns By3oB / MockBa : M3zmarensctBo [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. KamageB, A.B. MHorosiepHbsie mporieccopsl : ydeOHoe mocobue / A.B. Kamages. -
MockBa : WurepHer-Yuuepcurer WHdopmannonnsix Texnomoruit, 2011. - 248 c. -
[DnexTponnsiii pecypc] - URL: http://biblioclub.ru/index.php?page=book&id=233103
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5.2. NHTepHeT-pecypchbl, B TOM 4YHCJIe COBpPeMeHHble NpodeccHOHATbHbIE 0a3bl

JAHHBIX U I/IH(l)OpMaIII/IOHHbIe CIIPaAaBOYHbIC CUCTEMBbI
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19.

20.

J1eKTPOHHO-OHGHOoTe HBIe cucTeMbl (IBC):
1. BBC «}OPAUT» https://urait.ru/
2. OBC «JIAHDb» https://e.lanbook.com

Pecypcol cBoOOgHOTO 1OCTYNA:

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

[pororunuposanue 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 kommytatop? https://linkmeup.ru/blog/882/

Ceru i cambIx MasieHbKHX. YacTh ueTbipHaauaras. [IyTs nakera
https://linkmeup.ru/blog/1235/

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

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/compsci514/papers/rmt-sigcomm2013.pdf

Packet Buffers. Otcroza mo cchlikaM pa3BopavynuBarOTCs Pa3HOOOpa3HbIe MaTePHAIIBI
oueHb riryboko https://people.ucsc.edu/~warner/buffer.html

An Update on Router Buffering https://people.ucsc.edu/~warner/Bufs/Buffering-
WP_Auqust 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/mixsw/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 coxpanuth naker? Yumsl u Oydeps
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
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CoOcTBeHHBbIE YJICKTPOHHBIE 00pa3oBaTe/ibHbIe H HH(POPMAIMOHHBIE pecypchl
KyoI'y:
1. Cpena moay/abHOTO auHamuueckoro odyuenus http://moodle.kubsu.ru
2. baza yueOHBIX MJIaHOB, Y4eOHO-METOAMYECKUX KOMILIEKCOB, ITyOIUKALUHA 1
koHpepenmmii http://mschool.kubsu.ru/
3. DaekTpoHHbIi apxuB qokyMenToB KyoI'Y http://docspace.kubsu.ru/

Jis co3panus U nyONIMKalMKM KOHTEHTA W y4eOHbBIX OOBEKTOB IIPEINOo/iaBaTesIeM HCIONb3YyeTCs
ciry)xk0a BUI€O TPAHCISIUN M MHCTPYMEHT JUIS 3JICKTPOHHOM KOMMYHHUKALIUU U 0OpaTHOM CBSI3U
CO CTYJCHTaMHU.

6. MeToanueckue ykazaHusi 1Jisl 00y4arOMIUXCsl 10 OCBOEHHM IO JUCHMIITIMHBI (MOILYJIs1)

Jlexuus siBIsieTCs: OJHOM U3 (hOpM M3yUEeHHUSI TEOPETHUECKOTO MaTepualia 1o IUCIUILTHHE.
B xo/1e neKunoHHOTr0 Kypca IpOBOAUTCS U3JI0)KEHUE COBPEMEHHBIX HAYYHBIX MOJX0A0B U TEOPUH.
B Terpaau nans  KOHCHIEKTHpPOBAHMS JIEKIUM HEOOXOAUMO HMMETh IMOJsl, TAE IO XOAY
KOHCIIEKTUPOBAHUS JIeJAI0TCs HE0OOXOIMMBIE TOMETKU. 3aIKCH IOJKHBI ObITh U30UpATENbHBIMH.
B koHcnekTe NpuMEHSI0T COKpaIeHHE CIIOB, YTO YCKOpSET 3anuch. Bompockl, BO3HUKAaOIIKE B
XOJIe JIEKIMH, €CIM He 3a/IaHbl Cpa3y, PeKOMEHyeTCs 3aliChIBaTh Ha MOJSAX U MOCIIe OKOHYAHUS
JCKIIMH OOpATHTHCS 3a pa3bsiCHEHWEM K mpernogaBaremo. HeoOXoamMo akTUBHO paboOTaTh C
KOHCIIEKTOM JIEKIIMH: TOCJE OKOHYAHUS JIEKIIUM PEKOMEHAYETCsl MepeyuTaTb CBOM 3allUCH,
BHECTH MOIPABKU U JOIOJTHEHUS.

OpHMM U3 OCHOBHBIX BUJIOB JICATEIHHOCTH CTYACHTA SIBISIETCS CAMOCTOsITENbHAsI padoTa,
KOTOpasi BKJIIOUAET B ce0s M3y4YEHUE JEKLIMOHHOIO MaTepuasa, yueOHUKOB U y4eOHbIX OCOOUH,
MPOCMOTP BHJEO OOBSICHEHHHA IO KOHKPETHBIM MPOOJIEMHBIM MOMEHTaM, MOATOTOBKH K
BBITIOJIHEHHIO JTA0OPATOPHBIX PadoT.

MeToauka caMOCTOATEIbHON pabOThI MPEABAPUTEIHHO PA3bACHSAETCS MpernoaBaTeneM 1
B TIOCJEAYIOUIEM MOXXET YTOYHATHCA C Y4YETOM MHJWBHUYaJbHBIX OCOOEHHOCTEW CTYIEHTOB.
Bpems 1 MecTto caMoCTOATENbHOW paboThl BHIOMPAIOTCS CTYJEHTAaMHU MO CBOEMY YCMOTPEHUIO
IUTAaHUPOBAaHKNE BPEMEHU Ha CaMOCTOSTENIbHYIO padoTy, HEOOXOAMMOI0 Ha U3yUEHHE HACTOSIIEeH
JUCLUIUINHBI, CTYAEHTaM JIydllleé BCEro OCYLIECTBIISITH PABHOMEPHO Ha BEChb CEMECTD,
IpelycMaTpuBasi IpU STOM PETyJIIPHOE MOBTOPEHHE MPONUIEHHOTO MaTepHara.

CaMocTosTenbHYIO padOTy Ha AUCIUILTUHON ClIeAyeT HAUYMHATh C U3YYE€HUS POTPaAMMBI,
KOTOpasi COJEP’KUT OCHOBHBbIE TpeOOBaHMSI K 3HAHUSAM, YMEHHSIM M HaBbIKaM OOydYaeMbIX.
O0s13aTeNbHO cIeAyeT BCIOMHHUTD PEKOMEHAAIMY MPENo/1aBaTelsl, JaHHbIE B X0/I€ YCTAHOBOUYHBIX
3aHATHHA. 3aTeM clielyeT NPUCTYNaTh K M3YYEHUIO OTAEIbHBIX pa3/ielioB U TEM B MOpPSIKE,
IIPEyCMOTPEHHOM IPOTPaMMOH.

[TonyunB mnpencraBieHHe 00 OCHOBHOM COJAEpX aHUM pas3zesia, TEeMbl, HEOOXOAUMO
W3YYUTh MaTepuaj Mo TeMe, U3NIOKEHHBIM B y4eOHUKE WM B PEKOMEHIYEMBIX SJICKTPOHHBIX
pecypcax. IlenmecooOpa3HO cOCTaBUTh KPATKUil KOHCIIEKT WM CXEMY, OTOOPaKarOIy0 CMBICT 1
CBSI3M OCHOBHBIX TOHATUN JAaHHOTO paszzena (Wi 0oliee MPOAYKTUBHO — JOIMOJHUTH KOHCIEKT
nexkuuu). OO0s13aTeNbHO CleAyeT 3alKChiBaTh BO3HHKIIHME BOMPOCHI, Ha KOTOpbIE HE YJANOCh
OTBETUTH CaMOCTOSITENbHO. [Ipy uTeHnn y4yeOHON M HaydHOU TUTEpaTypbl HEOOXOAUMO BCETaa
CIEIUTHh 3a TOYHBIM W TIOJIHBIM TOHMMaHUEM 3HAYEHUsS TEPMHUHOB WM COJACP)KAHUS TOHSATHH,
HCIIOJIb3YEMBIX B TeKCTE. Beceraa ciienyeT yTouHATh 3HaU€HHUS IO CII0BapSIM UITU SHLMKIIONEIUSM,
IIpU HEOOXOITMMOCTH 3aIUChIBATh.

K nabGopaTopHbsiM paboTam cienyeT HOoArOTOBUTHCS MPEaBAPUTEIHHO, 03HAKOMUBIIIUCH C
KpaTKoil HO creuupuyeckol Teopuell pa3MelneHHOW B COOTBETCTBYIOLIEH METOAHUYKE.
PexoMeHyeTcs 03HAKOMMTBHCS 3apaHee U ¢ METOJUYECKMMH PEKOMEHJALUSAMU T10 NIPOBEIECHUIO
COOTBETCTBYIOIICH J1abopaTopHO pabOThl, W B Cciaydyae HEOOXOAMMOCTH TMPOBECTH
MpeABapUTENIbHbIE PACUETHI MIIM TOATOTOBUTH IPOTrPAMMHYIO OCHOBY.

HenocpeactBenHas moAroTroBka K — 3a4eTy  OCYIIECTBISIETCS IO BOIPOCAM,
MIPEJICTABICHHBIM B IaHHOUM Yy4eOHOU MporpaMMe JUCIUILIMHBI [0 TAO0OPaTOPHBIM paboTaM.


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

B ocBoeHMM MUCHUTUIMHBI WHBATUAAMHA U JUIAMH C OTPAaHUYCHHBIMU BO3MOXHOCTSIMU
3I0POBBSl OOJIBIIIOE 3HAYCHHUE HMMEET WHIAMBUIyabHass ydeOHas padora (KOHCYJIbTAIlMH) —
JIOTIOJTHUTEIILHOE Pa3bsiICHEHNE Y4eOHOro MaTepuara.
WupuBuayanbHble KOHCYJBTAIlMM IO TMPEIMETY SBISIOTCS BaXKHBIM  (aKTOPOM,
CIOCOOCTBYIOIUM HHIMBUyaTU3allid O0y4EHHUS U YCTAaHOBJICHUIO BOCIIUTATEILHOTO KOHTAKTa
MEXIy IMpernojaBaTesieM W OOy4YaroIIUMCS HMHBAJIUAOM WM JIMIOM C OTrPaHWYCHHBIMU
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. Omepaimonnas 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. JlocTaTOUHBIM | CepBEpoOB Ky6anckoro
KoJm4uecTBOM nocafoyHbix MecT: Ne 209C, | rocynapCcTBEHHOIO yHHMBEpPCUTETa H
Ne 315C, Ne201 ero (rInanoB.

2. VYueOHble aynuTopud | AyAUTOpUsl OCHamIeHHass MeNoBeIMH WM | 1. OnepanuoHHas cuctema Microsoft
IUTS MPOBEICHUS | MapKEPHBIMU JIOCKaMH, ocHamieHHas | cemeiictBa Windows (7/8/10), B
3aHATUH MIPEe3eHTAllMOHHOW TEXHUKOHW (IIPOEKTOp, | paMKax  INpOrpaMMbl  KOMIIAHUHU
CEMHHApCKOIro THMA, | IKpaH, KOMIIBIOTEP/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 munensneit GNU Quartus 11 wu light
JUIst OTIePAIIIOHHBIX cHCTEM
cemeiictBa Windows, BKJIFOYAIOIINH 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, BKIoUawmuii B cebs
KPOCC-KOMITUIIATOP W HHCTPYMEHTBI
pa3paboTKH ISt MUKPOKOHTPOJUICPOB
cepuit STMFxxx ¢ sapom Cortex-MX.
JIyis BBITIOJTHEHUSI CaMOCTOSITEIBHOMN
paboThHI HOATOTOBKH K JIAOOPATOPHBIM
HCIIONIB3YETCSI IEMO-BEPCHS ATOTO XKe
makeTa mporpamm (OrpaHHYCHHE Ha
KOMITeJIUpyeMbIit kox 32 KO).

3. [IporpaMMHbIii  maker  mox
manersuedt GNU Quartus Il wnn light
JUTSL OTepaIMOHHBIX CUCTEM
cemelrictBa Windows, BKIIFOUYAIOIIHI B
celst KPOCC-KOMITUJISITOP u




WHCTPYMEHTBI ~ Pa3pabOTKH ISt
FPGA.
Jdns  caMmocTosTenbHOW — pabOThl  OOYdYalOUIMXCS  MPEAYCMOTPEHBI  MOMEIICHUS,

YKOMILUIEKTOBAaHHBIE CHEIMATM3UPOBAHHON MeOeblo, OCHAILIEHHBIE KOMIIBIOTEPHON TEXHUKOH ¢
BO3MOXKHOCTBIO MOJKITIOUCHUS K ceTu «HTepHeT» U o0ecredeHrneM J0CTya B JJICKTPOHHYIO
nH(}OPMaLMOHHO-00pa30BaTENbHYIO CPEAY YHUBEPCUTETA.

HaunmeHoBaHHEe TOMEIIEHUN 19
CaMOCTOSTEILHOU pabOThI
00yJaroIuXcs

OcHaIeHHOCTh TOMEIIEHHUH Il CAMOCTOSTEITFHOM paboThI
00yJaroIuxcs

IloMenienue a1t caMOCTOSTEILHOM
paboThI 00yJaromuxcs (YUTaTbHBIN
3a1 HayaHo# Oubnmortexu)

Meobernb: yuebHas MeOenb

KoMIuiekT crienuaniu3upoBaHHON MeGeTi: KOMITBIOTEPHBIE CTOJIBI
OOopymoBaHHe: KOMIBIOTEpHAs TEXHMKA C  TMOAKITIOYEHHEM K
UH(POPMAITMOHHO-KOMMYHHUKAIHOHHOW ceTH «HTEpHET» U JIOCTYIIOM B
3IIEKTPOHHYIO HH(OPMAIIHOHHO-00Pa30BATEIbHY IO cpeny
00pa3oBaTebHON OpraHm3andM, BeO-KaMepsl, KOMMYHHKAIIHOHHOE
o0opynoBaHue, 00eCIIEUNBAIOIIEe TOCTYII K CETH MHTEPHET (IIPOBOIHOE
coeIMHEeHNe M GeCIIpOBOIHOE coeuHeHue 0 TexHoaoruu Wi-Fi)

TTomemieHue a1t caMOCTOSATEIHLHOM
paboTs ooydatormxcs (ayn.207)

Meobenb: yuebHas mebenb
KoMImiekT cenuann3upoBaHHOI MeOeIn: KOMITBEOTEPHBIE CTOJBI
OGopynoBaHue: KOMIBIOTEPHAS TEXHUKA (Ha OCHOBE TOHKUX KIUEHTOB) C

MOJKIIIOYEHHEM K  HMH(QOPMAIMOHHO-KOMMYHHKAIUOHHOH  CETH
«/lHTEpHET» W  JOCTYHNOM B  DJJIEKTPOHHYIO  HH(OpMalUOHHO-
00pa3oBaTeIbHYIO cpeny o0pa3oBaTenbHON OpraHu3alIyH,

KOMMYHHUKaIIMOHHOE 000pyJ0BaHKe, 0OecrnevnBaloiee JOCTYl K CETH
HUHTEPHET.




