MuHHCTEpPCTBO HAYKH U BbIcIIero oopasosanusi P®
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hanpagienue noaroroBku/cnenuaiabiocts: 12.03.01 Ipudopocrpoenue
HanmenoBanue oopa3oBartesbHoii nporpammbl: IIpu6opsl 1 MeToIbI KOHTPOJISI KAYeCcTBAa M AMATHOCTHKH
YpoBeHb 00pa3oBaHus: BbiclIee 00pa3oBaHue - faKkajlaBpuaT

®opma o0yueHusi: OuHas

Pabouass nporpaMma QM CHUILIHHBI
MUKPOITPOLIECCOPHBI 1 5BM B HEPA3PYIIAIOIIIEM KOHTPOJIE

BJaok: Baok 1 «/Iucuuniunsl (MoxyJim)»

YacTb 00pa3oBaTeIbHOM

YacTsb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBIX OTHOIIEH Uil
MPOrPaMMBblL:

Ne IMCHUIIJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.01

6 cemecTp - 3;
7 cemecTp - 4;
BCero - /

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

Yacos (Bcero) no yueoHomy
MJIAHY:

252 yaca

6 cemecTp - 14 yacos;
Jlekuuu 7 cemecTp - 16 4acos;
Bcero - 30 yacos

IIpakTHyeckue 3aHATHSA 6 cemectp - 14 yacos;

6 cemecTtp - 28 yaca;
JlaGopaTopHble pa6oThI 7 cemecTp - 32 yaca;
Bcero - 60 yacos

KoncyabTanum 7 cemecTp - 2 yaca;

6 cemecTp - 51,7 yaca;
CamocTrosiTesibHasi padoTa 7 cemecTp - 93,5 yaca;
Bcero - 145,2 yaca

B TOM uncJje Ha KII/KP He NMpeyCMOTPeHOo YUeOHbIM IVIAHOM

HNnas koHTakTHas padora NPOBOJMTCS B PAMKAX YaCOB Ay AMTOPHbIX 3aHATHI
BKJIIOYAS:

TecTrupoBanue

JlabopaTopHasi paGora

HpOMe)KyTO‘{Haﬂ aTTrecrauud:

3auer ¢ o1leHKOH 6 cemectp - 0,3 yaca;
JK3amMeH 7 cemectp - 0,5 uaca;
Bcero - 0,8 yaca

Mocksa 2021



NPOI'PAMMY COCTABMUJI:

MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»

CseneHva o snagensuye L3N M3K

Bnageneyu Monsixos M.HO.
[IpenomaBaTelib NaerTbnratop RCBITb528-PoliakhovMY-309b8D4 1 M.IO. I'Tonsgxos
(OIKHOCTR) (moamuck) (pacummgpoBka
TIO/AITUCH)
COI''TACOBAHO:
MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»
CseneHva o snagensuye L3N M3K
PyKOBOI[HTeHL o Bnageneyu BapaT B.A.
O6pa3OBaTeHBHOI/I HpOI‘paMMbI Waentudukatop Rb173df8d-BaratVA-106e228a BA BapaT
(OIKHOCTB, YUCHAsI CTEIICHb, YICHOE 3BaHUE) (mozmucs) (pacuudpoBka
TIO/ITUCH)

3aBenyIOLIMI BbIITyCKatOIeH
kadenpsl

Mol ¢

MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»

CseneHva o snagensuye L3N M3K

Bnapeney

Kenbakos W.H.

Waentuduratop

R839a3a63-ZhelbakovIgN-f73624c

U .H. XXenbakos

(I[OJ'I)KHOCTI), y4€Has CTCIICHb, YICHOE SBHHI/IC)

(mozmucs)

(pacmudpoBka
TTO/ITUCH)



1. HEJIM U BAZJIAYHU OCBOEHU A JUCHUIIIINHBI
Heab ocBOeHUsI TMCUMILVIMHBI. YTIIYOJICHHOE M3yYeHHUE COBPEMEHHOM 3JIEMEHTHOW 0a3bl CXeM U
Y3JIOB JJICKTPOHHBIX HU3MCPHUTCIBbHBIX YCTPOﬁCTB )41 HpI/IOGpeTeHI/Ie IMPAKTUYCCKUX HABBIKOB CO3IdaHUA

MOJI0OHBIX YCTPOUCTB

33[[3‘11/[ AUCHHUIIIMHBI

- U3yYE€HHUE OCHOB IIOCTPOEHUS ANEKTPOHHBIX CXEM, OCHOBAaHHBIX Ha MUKPOIIPOLIECCOPHOU
TEXHHUKE U CHUCTEMaX MIPOrpaMMHUPYEMOM JIOTUKH;
- IpHOOpETEeHNE HABBIKOB PabOThI ¢ PO eCCHOHATBHBIM TPOrPaMMHBIM 00eCTIeYeHHH,
IpeHAa3HAYEHHOM I CO3AaHMsI MUKPOIIPOLIECCOPHBIX CUCTEM U CUCTEM C IIPOrpaMMUPYEMON JIOTUKOM;
- U3y4YEeHHE Pa3IMUHbIX CIOCOOOB OTIAAKU MUKPOIIPOLIECCOPHBIX CUCTEM U CUCTEM C

IIPOrpaMMUPYEMON JIOTUKOM;

- (bOpMHpOBaHI/Ie HAaBBIKOB CaMOCTOATCIbHOI'O MOHTAaXa 3JICKTPOHHBIX CXEM, X IIPOBEPKU U

HaCTPOUKHU;

- HIOJIYYCHHUC HABBIKOB pa6OTBI C annapaTypoﬁ, HCHOJ’IB3y€MOI>i IIpU HAJIAAKE U UCIIBITAHUAX Y3J10B

AJIEKTPOHHBIX YCTPOUCTB.

dopmupyembie y 00yJaronerocsi KOMNeTeHIMH U 3alJIaHUPOBAaHHBIC Pe3yJbTaThl 00yYeHHs TI0
JUCITUILIMHE, COOTHECEHHBIE C HHAMKATOPAMH A0CTUKEHUs KOMIIETeHIIUIi

KOI{ U HAMMCHOBAHHEC
KOMIICTCHINH

KO}I 1 HAMMCHOBAaHHEC
HHAUKATOPA TOCTUKCHUS
KOMIICTCHIIMH

3annaHupoBaHHbIE Pe3yJbTATHI 00y4eHH s

TIK-2 Cnocoben
OCYIIECTBIISITH pa3padOTKy
nu HpOCKTHpOBaHI/Ie
3JICKTPOHHBIX CXEM
npuOopoB
HEpa3pyIIAOIIETro
KOHTPOJIS

N-2nk-2 [IpoBogut
TECTUPOBAHUE, HATAIKY U
OTIBITHYIO IPOBEPKY
AJIEKTPOHHBIX YCTPOHCTB

YMETb:
- pa3pabaThIBaTh IPOTPAMMBI U UX OJIOKH
JUISL JIEMEHTOB ITPOTPaAMMHUPYyEMOI
JIOTUKH, ITPOBOJUTH UX OTJIAAKY B
YCIOBUSX MPAKTHYECKOTO MaKETUPOBAHUS;
- CO3JaBaThb MpoOrpaMMbl U UX OJI0KH JJIA
MHUKPOKOHTPOJUIEPOB, MPOBOAUTH UX
OTJIAJIKy W HACTPOUKY JUISl pEIICHUS
OTJENBHBIX 3a/1a4 IPUOOPOCTPOCHUS;

- BBIIIOJIHATH Pa3pabOTKy, MaKETHPOBAHUE,
HAJIaJKy U ONBITHYIO IPOBEPKY 00pa3LioB
CHUCTEM UBMEPCHUA U ABTOMAaTHUKHU B
71a00paTOPHBIX YCIOBUSX.

I1K-2 Criocoben
OCYIIIECTBIISATH Pa3pabOTKy
U IPOEKTUPOBAHHE
AJIEKTPOHHBIX CXEM
npubopoB
Hepas3pyLIaoIero
KOHTPOJIS

NJI-3nk-2 JlemoncTpupyer
MOHMMAaHUE TPUHIIUIIOB
annapaTHO-POrpaMMHOIO
B3aNMOJICHCTBHSA
COCTaBJIAIOIIUX YacTeH
AJNIEKTPOHHBIX YCTPOWCTB
KOHTPOJIbHO-U3MEPUTEIBHOTO
000py1I0BaHNUsI, KOMIUIEKCOB 1
CUCTEM

3HATh:
- IPUHLUIIBI CO3JaHUSI U3MEPUTEIBHBIX
CUCTEM Ha OCHOBE MUKPOKOHTPOJIIIEPOB;

- OCHOBHbIE HHTEP(ENCHI,
HCIIOJIB3YIOITUECS TIPH OOIIEHUHN
MHUKPOIPOIIECCOPHBIX CUCTEM, aJITOPUTMBI
UX pabOThI U CIIOCOOBI YIIPaBJICHNUS;

- OOIIYIO CTPYKTYPY MUKPOKOHTPOJIJIEPOB
1 niepudepuitHpIX MOYse, 0COOEHHOCTH
UX MOCTPOSHMSI U MCTIOJIb30BAHMS.

2. MECTO JUCIUILIMHBI B CTPYKTYPE OBPA30OBATEJBHOM ITPOT'PAMMBI BO

JlucuumrHa OTHOCUTCS K OCHOBHOM mpodeccnoHanbHOM obpa3oBarenbHOi mporpamme [Ipubopst
U METOJIbI KOHTpOJIsl KadecTBa u quarHoctuku (mamee — OINOIT), manpasnenus moaroroBku 12.03.01
[Tpubopoctpoenue, ypoBeHb 00pa3oBaHus: Bbiciiee 00pa3oBaHue - OakagaBpuart.

Tpe60BaHI/I5[ K BXO/JHBIM 3HAHUAM U YMCHUAM:




- 3HAaTh MPUHIIMITBI pA0OTHI U OCHOBHEIE CBOMCTBA 3JIEMEHTOB UMITYJIbCHON TEXHUKH

- 3HaTh NEPBUYHbBIC HABBIKM MOHTA)Ka 3JIEKTPOHHBIX CXEM U UX MPOBEPKU

- 3HATh MPUHIUIIBI MOJICIIMPOBAHUS U MPOBEACHUS IKCIIEPUMEHTAIBHBIX UCCIEA0BAHUHN 3JIEKTPOHHBIX
YCTPOICTB

- YMETh MPOU3BOAUTH CHHTE3 U HCCIIEIOBAHUE TTAPaMETPOB IIU(PPOBBIX CXEM

- YMETb MPOU3BOAUTH PACUET MPAKTUUECKUX CXEM U Y3JI0B U3MEPHUTENbHBIX TPUOOPOB C YUETOM
peaabHBIX MapaMeTPOB JIEMEHTOB

- YMETb MOJIb30BAThCSI COBPEMEHHBIMU CPEACTBAMH U3MEPEHUS U KOHTPOJIsL, 000CHOBBIBAThH BHIOOP
TaKUX CPEJCTB JIUIS PEIICHHS] KOHKPETHBIX 3aj1a4, 00padaThIBaTh U MPEICTABIATH SKCIIEPUMEHTAIBHBIC
JaHHbBIE

PesynbTaTel 00yueHus1, MOTYYCHHBIE TIPU OCBOCHUU JTUCIUTUIHHBI, HEOOXOIUMBI IPU BBIMOJTHEHUN
BBIMYCKHOM KBaTU(UKALMOHHON PadOTHI.



3. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIMHbI
3.1 CTpyKTypa THCHUNIHHBI

OO01as TpPy10eMKOCTh JUCHIUIUTMHBI COCTABIISIET 7 3a4€THBIX €IUHMII, 252 Jaca.

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

Pasesb1/TeMbl 8| a
Ne JTUCIUTUTAHBL/ (D OPMBI § % § KonrakTHas pa6ora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i [POMEIKYTOIHOM o &| 3 Koncynbranus UKP PaGora B [Toxroroska k METOIMYECKHE YKA3ZaHUs
aTTecTalMy 8 s @) Jlex | JIab | Ilp — - VKK TK T1IA CeMECTDE aTTeCTaluu
M p /KOHTPOJIb
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 Crpykrypa 22 6 6 - 6 - - - - - 10 - IToozomosgka Kk mexyuiemy KOHmMpPonio:
MHUKPOKOHTPOJIJIEPOB W3y4yeHne marepuaioB 1o reme
[epudepuiinsie "OpraHu3aioHHas CTpyKTypa
MOJIyJIN MHUKPOKOHTPOJUIEPOB U nepudepuiiHbie
MHUKPOKOHTPOJIIEPOB Moaynu"
11 CtpykTypa 22 6 - 6 - - - - - 10 - H3yuenue mamepuanos iumepamypHbslx
MHUKPOKOHTPOJIJIEPOB UCIOYHUKOG:
[epudepuiinsie [3], cTp. 248-254, 255-323
MOJIyNH
MHUKPOKOHTPOJUIEPOB
2 [Ipuem u mepenada 18 4 - 4 - - - - - 10 - Iloozomoeka Kk 1adopamopnoil pabome:
nHdopmanum B N3yunts paboTy nporpaMMHON 000JI0UKH A
MHKPOIIPOIIECCOPHBIX peanmzanuu npoekToB. [Tocie momy4eHus
crcTeMax WHIIMBH/YaJIbHOTO 33JIaHusl, 00y4aroIemMycs
2.1 ITpuem u nepenaua 18 4 - 4 - - - - - 10 - HEOOXOANMO CO31aTh BEPCHUIO NTPOEKTA,
nHpopmanuu B peaM3yroLIero 3aiaHue, Uis ero
MHKPOITPOIIECCOPHBIX MOCJIEIYIOLIEH IPOBEPKU U OTIIAJKH B paMKax
cucreMax 71a00paTOPHOTO 3aHATHUSL
ITodzomogKa K mexkyuiemy KOHmponio:
[ToBTOpenue marepuaina no pasaeny "[lpuem u
nepesiadya HHPOPMAIMK B MUKPOIIPOIIECCOPHBIX
cucremax”
H3yuenue mamepuanog 1umepamyprbix
UCIOYHUKOB:
[4], cTp.15-41
3 Cucrema komaHz 8-u 40.7 2 18 4 - - - - - 16.7 - Ilodzomogxa k nabopamopuoit padome: Ilocne
paspsanbix RISC MOJTYYeHHs] HHAMBUIYaJIbHOTO 3a/1aHHS,
MHKPOKOHTPOJIIEPOB oOygaromemMycs He00X0IMMO CO3/1aTh BEPCHIO
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AVR

IMMPOCKTAa, pCAIU3YIOUICTO 3aJaHUC, IJId €TO

3.1 Cuctema xoMaHA 8-u 40.7 2 18 4 - - 16.7 HocJenyoneil MpoBepKH U OTIAAKU B paMKax
pazpsaabix RISC 71a00pPaTOPHOTO 3aHATHS
MHUKPOKOHTPOJLIIEPOB Ilodzomogexa k 1abopamopnoit pabome:
AVR W3y4nTh cucteMy KOMaH yIIpaBlIeHUs
n3y4aeMbIX KOHTpoiuiepos. [Tocne momyuenns
WHIVBHUIYaJIFHOTO 3aaHus, 00ydaromeMycs
HEOOXOANMO CO31aTh BEPCHIO NTPOEKTA,
pEaIM3yIONEro 3aiaHue, IS €ETO
MOCJIEAYIONIECH TIPOBEPKU M OTIIAJAKH B paMKax
71a00paTOPHOTO 3aHATHUSL
H3yuenue mamepuanog 1umepamypHsix
UCHIOUHUKO8:
[2], cTp. 390-402
4 Co3nanue 27 2 10 - - - 15 Iloozomogka K nabopamopnoii padome: Ilocne
M3MEPHUTENIBHBIX MOJTYYSHHS] HHANBUIYaJIBHOTO 3a/1aHNS,
YCTPOMCTB M CHCTEM HEOOXOANMO COCTABHUTH 3JIEKTPHIECKYIO CXEMY
MHIMKaIlii Ha OCHOBE MaKeTHPYEMOT0 YCTPOICTBa, IPOU3BECTH
MK pacdeT HeyKa3aHHbIX B 3aJJaHUH HJIEMEHTOB,
4.1 Co3manue 27 2 10 - - - 15 CO3/1aTh BEPCHIO NTPOEKTA, PEaTU3YIOIIEro
M3MEPHUTEIIBHBIX 3ajlaHue, JUIs eTo MOCIIeTyoIel IPOBEPKU U
YCTPOMCTB M CHCTEM OTJIaJKH B paMKax JabopaToOpHOTO 3aHSTHs
MHJIMKallMK Ha OCHOBE Ilo020mogKa K meKyuiemy KOHmMpoiio:

MK [ToBTOpEeHUE MaTepuana 1no TeMe
"kiaccuuUKalys 1 BHYTPEHHSS CTPYKTypa
mmc"

H3yuenue mamepuanog 1umepamypHbix
UCIOYHUKOB:
[4], cTp.52-74
3adeT ¢ OLEHKOM 0.3 - - - - 0.3 -
Bcero 3a cemecTp 108.0 14 28 14 - 0.3 51.7
Hroro 3a cemecTp 108.0 14 28 14 0.3 51.7
5 [Ipumenenue 44.5 10 14 - 0.5 - 20 Ilodzomogka K nabopamopnoii pabome:
MIPOTrPaMMHUPYEMBIX N3yuuts paboTy nporpaMMHON 000JIOUKH IS
JIOTUYECKUX peanuzanuu npoekToB. [locie mony4eHus
MHTETPATBHBIX CXEM. WHIIUBHYAJILHOTO 3a1aHusl, 00ydaromemMycs
Crtpykrypa FPGA HE00X0IMMO CO371aTh BEPCHIO MTPOEKTA,
5.1 IIpumenenwne 44.5 10 14 - 0.5 - 20 peanu3yIomero 3agaHue, st ero
POrPaMMHUPYEMBIX MOCJIEAYIONICH TIPOBEPKU M OTIIAJKH B paMKax
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JIOTUYECKUX 71a00pPaTOPHOTO 3aHATHS
MHTETPATBHBIX CXEM. H3yuenue mamepuanog 1umepamypHsix
Crpyktypa FPGA UCMOYHUKOG:
[4], cTp.85-112
6 Ocobennoctu 64.5 6 18 - 0.5 - 40 - Iloozomoeka k nabopamopnoit padome: Ilocne
OTAETBbHBIX CEMEHCTB MOJTy4SHHSI HHANBUYaIbHOTO 3a/1aHN,
TJINC oOygaromemMycs He0OX0IUMO CO3aTh BEPCHIO
6.1 Ocobennoctu 64.5 6 18 - 0.5 - 40 - MIPOEKTA, PEANHU3YIOIIETO 3a0aHuE, IS €T0
OTAETBHBIX CEMEHCTB MOCJIEAYIONIEH IPOBEPKH M OTIIAAKH B paMKax
[mc 71a00PaTOPHOTO 3aHATHS
H3yuenue mamepuanog 1umepamypHsix
UCHIOUHUKOB:
[1], ctp. 20-24
OKk3aMmeH 35.0 - - - 1 0.5 - 335
Bcero 3a cemecTp 144.0 16 32 - 2.0 0.5 60 335
Hroro 3a cemecTp 144.0 16 32 - 2.0 - 0.5 935
HUTOro 252.0 - 30 60 14 2.0 - 0.8 145.2

Ipumeuanue: Jlex — nexuuu; JIab — madoparopusie padoTsl; [Ip — npaktnyeckue 3ausaTust; KIIP — aynuTopHble KOHCYIBTAUHU TI0 KyPCOBBIM
npoektam/padoram; MKKII — unauBuayansHbie KOHCYIBTAIIMU MO KYPCOBBIM MpoekTam/padoram; ['K- rpymmnoBsie KOHCYIbTAIIUU 110 pa3aenam
mucturuael; CP — camoctosarensHas padorta cryaenta; MKP — nunas konraktHas padota; TK — Texymmii koHTposb; [TA — npomexyTrouHas
aTTecranus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Cmpykmypa mukpokoumponniepos Ilepugeputinvle MOOVIU MUKDOKOHIMPOLLEPOSE

1.1. CrpykTypa MmukpokoHTposiepoB [lepudepuiinpie MOy MUKPOKOHTPOJLICPOB

TexHudeckue mapaMeTpbl, OCOOCHHOCTH TIOCTPOCHHUS, OCHOBHBIE 00JacTH TNPUMEHEHUS
MUKPOKOHTPOJUIEpOB. O030p COBPEMEHHBIX MHUKPOKOHTPOJUIEPOB OT PAa3HBIX MPOU3BOJIUTEIICH.
CrpykTypHasi cxema MUKpPOKOHTposuiepa. OpraHuszanusi naMsTé MHKpPOKOHTposuiepa. Cucrema
aapecaruu. Peructpsl 00Iero Ha3Hau€HUs, PETUCTPbI MPOCTPAHCTBAa BBOJA-BbIBOJA, SRAM.
Pexumbr  sHeprocOepexenus. Ilepudepuitnpie momynu. TaliMepbl-CHETUMKH, CTOPOKEBBIC
Taiimepsl, aHajoroBbie kKommapatopbl, AILIIl, BexkTtopbl mnpepriBanuii. Ha3zHaueHue, TPUHLIMIIBI
IOCTPOCHMS, YIpaBJICHHE, PEKUMBI paboThl. CTpyKTypa MOPTOB MHKPOKOHTPOJUIEPOB.
QyHKIHMOHAJIBHOE HAa3HAYeHWE, NPUHLMIBI IOCTPOEHHUS M IporpamMmupoBaHud. [Iponenypst
npueMa M Tepeiadd JaHHbIX. MHOro()yHKIIMOHAJIBHOCTh BBIBOJIOB IOPTOB B COBPEMEHHBIX
MUKPOKOHTpOJLIEpax. Opranusanus u Ha3Ha4YeHUE SHEPTrOHE3aBUCUMOMN aMATH
MukpokoHTposuiepoB. FLASH namsate nporpamm n1 EEPROM namsars gansasix. Onepanuu 4TeHus
Y 3aIHCH MMaMSTH..

2. Ilpuem u nepedatta qu)ODMCluMM 68 MUKDONPOUEeCCOPHdbIX cucnemax

2.1. Ilpuem u nepenaya uHGOPMAIIUU B MUKPOIIPOILIECCOPHBIX CHCTEMAaX
[Tpuem u mepemada MHPOPMAIUU B CUCTEMAX, TIOCTPOSHHBIX HA OCHOBE MHUKPOKOHTPOJUICPOB.
Hurepdeiicet SPI, UART\USART, TWI. Opranu3zaiust o0OMeHa JTaHHBIMHU 110 3TUM UHTEpdeiicam. .

3. Cucmema komano 8-u pazpsaouvix RISC muxpoxonmpoiepos AVR

3.1. Cucrema komann 8-u pa3psianbix RISC mukpokonTpomiepoB AVR
Cucrema komanz 8-u paspsiiabix RISC mukpoxontposmiepos AVR. IIporpammHubie 0060104YKH
CHUCTEM HaIIMCaHUs U OTJIAJKH [T0JIb30BATEIBCKUX NIPOTPAMM.

4. Coz0anue usmepumenbHbix yCmpoucme u cucmem unouxayuu Ha ochosee MK

4.1. Co3znaHue U3MEpUTENbHBIX YCTPONHCTB U CUCTEM MHJMKAIMK Ha ocHoBe MK

Tunsl CyleCTBYIOIUX AATYUKOB U CUCTEM HMHIUKAUU. AJITOPUTMBI OpraHU3alui MPOTOKOIA
obmenus ¢ HAIT u ALIIL Co3naHue 3JIeKTPUYECKUX CXEM H3MEPUTENIbHBIX Moayjied. OCHOBBI
MIPAaKTHUYECKOI0 MAKETUPOBAHUS JJIEKTPOHHBIX CXEM.

J. HDHM@H@HM@ npocpamMmmupyemslx 102UuUEeCKUX URmMe2pailbHblX CXeM. CmpVKmVpa FPGA

5.1. [Ipumenenue MporpaMMUpYEMBbIX JOrHUYECKUX UHTEerpaibHbIX cxeM. Ctpykrypa FPGA

JocronncrBa u Henoctatku npuMmeHeHus [IJIMC no cpaBHeHHMIO C KECTKOH JIOTHKOM.
Knaccudukanus [IJIMC. OcnoBubie nponsBoautenu [TJINC, ocobeHHOCTH U BO3MOKHOCTH Pa3HbIX
cemeiictB. Muxkpocxembl CPLD. BHyTpeHHss cTpyKTypa, Ha3HaueHHEe M (YHKIMOHAJIbHBIC
BOo3MOKHOCTH cocTaBHbIX dactelt [IJIMC. OcoOeHHoCTH OTHEIBHBIX ceMelcTB. CeMelcTBO
COOLRUNNER-II. Apxurektypa, ocoOble pUeMbl 1 TEXHOJIOTUH, peali30BaHHbIE B CEMEHCTRE.
Onektpuueckue mnapamerpbl. Mukpocxemsl FPGA. BHyTpeHHSIST CTpyKTypa, Ha3Hau€HUE U
(GyHKIMOHATIBHBIE BO3MOXKHOCTU cocTaBHbIX yacted [IJIMC. Ilmtockl, MUHYCBI U OCOOEHHOCTH
ctpyktyp CPLD u FPGA.

6. Ocobennocmu omoenvivix cemevicmes IIJIUC

6.1. Ocobennoctn otnenbHbIX cemeiicTs ITJIMC



Ocobennoctu otaenbHbIX ceMmeiicTB. CemelictBo SPARTAN-3. Apxurektypa, COCTaBHBIE
(YHKLMOHAJBHBIE Y3JIbI, UX CTPOCHHE M BO3MOXKHOCTH, OCOObIE MHpPHUEMBl U TEXHOJIOTHUH,
peanu3oBaHHbIEe B ceMencTBe. CriocoObl KOH(DUTYpUPOBAHUSI.

3.3. Tembl NpaKTHYECKUX 3AHATHI
1. Cucrema KoMaH/1 MUKPOKOHTPOJIIEPOB;
2. UnTtepdeiicer;
3. Ilepudepuitnbie MOayNIH;
4. OpraHu3allMOHHAsA CTPYKTYpa MUKPOKOHTPOJIIEPOB.

3.4. Tembl 1a060paTOPHBIX padoT
1. Coznanue cucreM yrpasieHUs U nHAMKanuu Ha ocHose [TJIVC;
2. UccnenoBanue Bo3MoxkHOCTe# padoTs ¢ [TJINC,;
3. Coznanue U3MEPUTEIbHBIX YCTPOICTB U CUCTEM MHAUKALINUY;
4. Cucrema npepblBaHUM U HHTEP(ENCh MUKPOKOHTPOJUIEPOB;
5. Pabora ¢ naMaTbi0 MUKPOKOHTPOJIJIEPOB;
6. OcHOBHBIE NepH(epuitHbIe MOAYIN MUKPOKOHTPOJLIEPOB.

3.5 KoncyabTanuu

Ipynnoevie koncyremayuu no pazoeaam oucyuniunsl (I°'K)

1. OOGcyxnenue marepuanioB mo keiicam pasnmena "llpuem u mnepemaya uHboOpManuu B
MHUKPONPOLIECCOPHBIX cucTemax"
2. OOcyxaeHne MatepuasoB o keiicam pazzaena "CozlaHue U3MEPUTENBHBIX YCTPOWUCTB U
cucTeM MHauKauu Ha ocHoBe MK"
Texywuii konmpoas (TK)

1. KoHcynpranuu HampaBieHbl Ha TOJy4YEHHUE 3aJaHMsl JJIs BBINOJIHEHHUS KOHTPOJBHBIX
MeponpusTHii no pasgeny "CrpykTypa MuKpokoHTposiepoB Ilepudepuiinpie mMomynu
MUKpPOKOHTPOJIJIEPOB"

2. KoHcynbTanuu HampapieHbl Ha MOJyYeHHE WHAWBUIYAIbHOTO 3a/laHUs JUJIsl BBIIIOJHEHUS
KOHTPOJBHBIX MepompusitTuii 1no pasgeny "llpuem wu mnepenaya wuHPopManuu B
MHUKPOIPOLIECCOPHBIX cUcTEMax"

3. Koncynpranuu HampaBieHbl Ha MMOJyYe€HHE WHIUBHIYaTHHOTO 33aHUS JJISI BHITOJIHEHHS
KOHTPOJIbHBIX Meponpusatuii mo paszpeny "Cucrema komann 8-u paspsaHbix RISC
MUKpPOKOHTpoJiepoB AVR"

4. KoHcCynbTaluy HarpaBlieHbl Ha MOJIyY€HHE WHIUBHYyaIbHOIO 3aJaHUs JJISl BBIITOJHEHHS
KOHTPOJIBHBIX MEpONpUATUil 1o pazaeny "CoznaHue U3MEPUTENbHBIX YCTPOICTB U CUCTEM
HHAUKanuu Ha ocHose MK"

5. Koncynbranuu HanmpaBiieHbl Ha MOJIyY€HHE WHIAUBUAYAIBHOIO 3aJlaHUS JJIS BBHIOJHEHUS
KOHTPOJIBHBIX MEpOIpHUATHI 1o pasfeny "lIpuMeHeHne mporpaMMUpPYEMBIX JIOTHUECKUX
uHTerpanbHbix cxem. Ctpykrypa FPGA"

6. KoHcynbranuu HanmpapieHbl Ha MOJyYEeHUE WHAWBUIYAIBHOTO 3aJaHUs JJIS BBITOJTHEHHS
KOHTPOJIBbHBIX MEPOTIPUATHIL 110 pazneny "OcobeHHocTu otaenbHbix cemeiicts [IJIUC"

3.6 TemaTnka KypcoOBBIX POEKTOB/KYPCOBBIX padoT
KypcoBoii mpoekT/ paboTa He MPEayCMOTPEHBI



3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEHIIU

3arIaHMpOBaHHBIC PE3YIbTAThl 00YUYEHUS 110

Howmep paznena

OHGHOLIHOC CpEACTBO

e — Konbr JTCUUILTAHEI (B (TN ¥ HAUMEHOBAHUE)
(B COOTBETCTBUHU C pazjeiioM 1) HHATIEATOPOR 1 CTOZT BTT;TBIHZ C‘Hg'l‘) 6

3HaTh:

OOIIYI0 CTPYKTYPY MUKPOKOHTPOJUIEPOB U TectupoBanue/rect o teme " MuaTepdeiicot

nepuQepHitHbIX MOYIJIEH, 0COOCHHOCTH HX MTOCTPOCHUS MHKPOKOHTPOJIIIEPOB"

1 HCTOIL30BATHA WJT-311k-2 + TectupoBanue/TecT 1o Teme
"OpraHu3alMoHHas CTPYKTypa
MHUKPOKOHTPOJUIEPOB U nepudepuitabie
Moxyau"

OCHOBHBIE HHTEP(HEHCHI, HCTIOIB3YIOIIUECS TPH JlaGopatopHnast paboTa/3amura

OOILIEHUN MUKPOIPOLIECCOPHBIX CUCTEM, alropuT™bl ux | UJ1-3mk-2 + naboparopHoii padoTsr Nel

paboThI U CIOCOOBI YITPABIICHHSI

NPUHIIMITB CO3aHUS U3MEPUTEIBHBIX CUCTEM Ha OCHOBE TectupoBanue/Tect o Teme

MHUKPOKOHTPOJIIIEPOB NJI-3nk-2 + | "kiaccuguKanys 1 BHYTPEHHSS CTPYKTypa
[IJINC"

Ymersb:

BBITNIOJHATH pa3pabOoTKy, MAKETUPOBAHHUE, HATAIKy U Jlaboparopnas paboTa/3amura

OTBITHYIO MTPOBEPKY 00PA31I0B CUCTEM U3MEPEHUS U N-2nk-2 + nabopaTopHoil paboTsl Ne2

ABTOMATHKH B JJAOOPATOPHBIX YCIOBUSX

CO3J1aBaTh MIPOrpaMMbI U UX OJIOKH JUIs JlaGopatopHas paboTa/3amura

MHKPOKOHTPOJUIEPOB, POBO/IMTL HX OTIALKY 1 V202 + nabopaTopHoi paboThl Ne3

HACTPOMKY JUTS PEIICHUs OTASIbHBIX 33134

MIPUOOPOCTPOCHUS

pa3pabaThIBaTh MPOrPaMMBI U X OJIOKH ISl 3JIEMEHTOB JlaGopatopHast paboTa/3amura

MPOrPAMMHUPYEMOM JIOTUKH, TPOBOJUTH UX OTJIAJKY B nabopaTopHoi paboTer Ne2.1

YCIOBHAX MPAKTHUYECKOTO0 MaKETHPOBAHHUS WJT-211ic2 + JaGoparopas paGora/sammTa

nabopaTopHoi paboTer No2.2

Jlaboparopnas pabota/3ammra
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‘ nabopatopHoi paboThr No2.3
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
6 cemecTp

Dopma peanuzaruu: [lncemennas padota
1. Tect mo Teme " UHTEpdeiics MukpokoHTpouiepos" (TectupoBaHue)
2. tect 1o Teme "OpraHu3alroHHas CTPYKTypa MUKPOKOHTPOJIIIEPOB | NepudepruiiHbIe
monynu" (TectupoBaHue)

Dopma peanmzanuu: [IpoBepka 3aganus
1. 3amuTa maboparopHoii padotel Nel (JlabopaTopHas paborta)
2. 3ammTa 1aboparopHoi padotsl Ne2 (JIaboparopHas padota)
3. 3amuTa nmaboparopHoit padotsl Ne3 (JIaboparopHnas padoTa)

7 cemecTp

®Popma peanuzaruu: Ilucemennas padora
1. Tect o Teme "knaccuduxarus u BHyTpeHHssa ctpykrypa [IJIMC" (TectupoBanue)

®Popma peanmzanuu: [IpoBepka 3ananus
1. 3ammra naboparopHoii padotel Ne2.1 (JlaboparopHas padora)
2. 3amuTa nadoparoproi padoter Ne2.2 (JlaboparopHas pabota)
3. 3amura JadopatopHoii padboter Ne2.3 (JlaboparopHas padbora)

bannpHO-peNTHHIOBask CTPYKTYypa AUCLUIUIMHBI ABIISIETCS IPUIIOKEHUEM A.

4.2 IlpoMe:xyTOUYHasI aTTECTALUSA 10 AUCHMUILJIMHE
3auem c ouenxoti (Cemecmp Neb)
B cootBercTBHU ¢ TekymuMu npasuiamu BAPC

Oxsamen (Cemecmp Ne7)
B cootBercTBHU ¢ TekyuuMmu npasuiamu BAPC

B numnioMm BBICTaBIsE€TCA OLIEHKA 3a 7 CEMECTD.

IIpumeuanue: OrieHOYHBIE MaTEpUAbI IO AUCHUILIMHE MPUBEIEHBI B (DOH/IE OLIEHOYHBIX
matepuanos OITOII.

5. YYHEBHO-METOANYECKOE OBECIIHEYHEHUE JUCHUIIJINHBI

5.1 ITeyaTHbIE U YJIEKTPOHHbIE H3IAHNUS

1. ITIpenko, M. PykoBoncTBo o mukpokontposuiepam: B 2 1. T.1 : nep. ¢ aurn. / M. IIpenko . — M.

: [Toctmapker, 2001 . — 416 c. — (b-xa coBpeMenHo# 1ekTpoHuKn) . - ISBN 5-901095-07-3 ;

2. Xaptos, B. fI. MukpokonTposuiepsl AVR. [IpakTukym JUisi HAUMHAIONIMX : yueOHOe mocodue s
By30B 1o HanpasieHuto 230100 "Uudopmaruka u BerauciutenbHas Texauka” / B. 5. XapTos . — 2-
€ u3., uctp. u jgomn . — M. : I3a-Bo MI'TY um. H.D. baymana, 2012 . — 280 c. - ISBN 978-5-7038-
3565-4

3. Ilyxansckuii, I'. U. [IpoexTrpoBanue u(poBbIX YCTPOHCTB : yueOHOE Tocodue it By30B MO
HarnpasieHuto 210400 "Pagunorexnuka" / I'. U. [lyxansckui, T. . HoBocenbuepa . — CIIO. : Jlans-
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[Tpecc, 2012 . — 896 c. + CD-R . — (Yuebnuku ans By3oB. CnenuansHas qureparypa) . - ISBN 978-
5-8114-1265-5 .;

4. A. O. IIpsiBueHKO- "ApPXUTEKTYpa, OCHOBBI IPOrpaMMHUpPOBaHus U npuMeHeHust AVR-
MUKpPOKOHTpoJIiepoB 1 ARM-mukpocuctem" 2, U3narensctBo: "HOxHBIN denepanbHbIT
yauBepcutet", PocroB-Ha-/lony, Taranpor, 2020 - (246 c.)
https://biblioclub.ru/index.php?page=book&id=683916.

5.2 JIunieH3MO0HHOE ¥ CBOOOTHO PacPoCcTPaHsIeMoe TPOrpaMMHOe ofecreyeHue:
1. Office / Poccutickuii makeT o(pUCHBIX IPOTpamMM;

2. Windows / OniepanrionHasi cucrema cemeiictsa Linux;

3. Acrobat Reader;

4. AVR Studio.

5.3 UnTepHeT-pecypchl, BKIKYas NpodeccuoHaIbHble 6a3bl JAHHBIX U HH(OPMAIMOHHO-
CIIPABOYHbIE CUCTEMBI:

1. 9BC Jlaus - https://e.lanbook.com/

2. 9BC "YHuBepcurerckas 0u0J1M0TeKa OHIANH" -
http://biblioclub.ru/index.php?page=main_ub_red

3. Hayunasi 3JiekTpoHHasi Gubmoreka - https://elibrary.ru/

4. ba3a nannbix Web of Science - http://webofscience.com/

5. ba3za qaunbix Scopus - http://www.scopus.com

6. HanmoHanbHas dj1eKTpOHHas Oudmoreka - https://rusneb.ru/

7. dnexkTponnas oudmorexka MOU (36 MIOMU) - http://elib.mpei.ru/login.php

8. ITopTan oTKpBITHIX AaHHBIX Poccuiickoii ®exepanuu - https://data.gov.ru

9. DuekTpoHHAas1 OTKPBITasA 0a3a naHHbIX ''Polpred.com O630p CMU" -
https://www.polpred.com

10. HanmoHaIbHbBI# MOPTAJ OHJIAlH 00yuenus «OTKpbITOE 06pa3oBanue» - https://openedu.ru
11. Opuunanbublii caiT @e1epaibHOr0 AareHTCTBA M0 TEXHHYECKOMY PeryJMpoOBaHUIO U
MmeTposoruu - http://protect.gost.ru/

12. OrkpbITasi ynuBepcuTerckas nnpopmanunonnas cucrema «POCCHSA» -
https://uisrussia.msu.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECHEYEHUE JUCHUIIJINHBI

Tun nomeneHus Homep ayauropun, Ocnamenne
HAaMMCHOBAaHHC
VY4eOHble ayautopun K-120, MamunHbIH 3a1 cepBep, KOHIUIMOHEP
JUJI IPOBEICHUS HBI]
JICKUMOHHBIX 3aHATUN U B-304, Yuebnas pabouee MeCTO COTPYTHUKA, CTEILIaX ISt
TEKYLIEr0 KOHTPOJIA nabopaTopus XPaHEHUs KHUT, CTOJI, CTOJ
MHUKPOIPOLIECCOPHOM KOMITBIOTEPHBIN, CTYJI, KOMIIBIOTEpHAs
TEXHUKHU CeThb C BBIXOAOM B MIHTEpHET, 0CKa

MapKepHasi, CEpBep, TEXHUYECKas
anmnaparypa, KOMIbIOTEp IEPCOHANbHBIN,
CTEH]| y4eOHBIN

VY4eOHble ayauTopun 2K-120, MammHHBIM 3a1 cepBep, KOHAUIMOHED
JUJIA IPOBEICHUS HBI]
1a00paTOPHBIX 3aHATUN B-304, Yuebnas pabouee MeCTO COTPYTHUKA, CTEIIIaX ISt
nabopatopus XPaHEHUs KHUT, CTOJI, CTOJI
MHUKPOIPOLIECCOPHOI KOMITBIOTEPHBIN, CTYJI, KOMIIBIOTEPHAs
TEXHUKHU CeThb C BBIXOAOM B MHTEpHET, 10CKa

MapKepHasl, CepBep, TEXHUYeCKast
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armaparypa, KOMIbIOTep TIepPCOHANBHBIM,
CTEH/T YYCOHBII

Y4eOHble ayIUTOpUU
JUTSL IPOBEJICHUS
MIPOMEKYTOUYHOM

aTTecTaluu

K-120, MammHHBIN 3a71
MBI

cepBep, KOHAULIUOHED

B-304, YuebHas
naboparopus
MHKPOIPOLIECCOPHOM
TEXHHKH

pabovee MeCTo COTPYIHHKA, CTEIUIAX JIIS
XpaHEHUsl KHUT, CTOJI, CTOJ
KOMITBIOTEPHBIN, CTYJI, KOMIIBIOTEPHAs
CeTh ¢ BBIX0JI0M B MIHTEpHET, T0CKa
MapKepHasi, CepBep, TeXHUICCKas
anmaparypa, KOMIIBIOTEp IEPCOHABHBIH,
CTEH]| y4eOHBIH

B-310, YucOHnas
nabopaTopus

pabouee MECTO COTPYAHUKA, CTEIUIAXK IS
XPaHEHUs KHUT, CTOJI, CTOJI
KOMIIBIOTEpPHBIH, CTYJ, mKad, TymOa,
KOMIIBIOTEPHAsI CETh C BBIXOJIOM B
HHTepHEeT, KOMIIBIOTEP IEPCOHAIBHBIN

Ilomemenus st
CaMOCTOSITEIbHOM
paboThI

HTB-303,
KomnbrorepHsii
YUTAJILHBIN 341

CTOJI KOMIIBIOTEPHBIH, CTYJI, CTOJ
IIACbMEHHBIN, BEIIAJIKA U OLEXKIbI,
KOMIIBIOTEPHAsI CETh C BBIXOJIOM B
HHTepHeT, KOMIIBIOTED NEPCOHAIBHBIN,
IIPUHTEP, KOHIULIMOHED

Ilomemmenust misa
KOHCYJIbTUPOBAHUS

B-306/1, Kabuner
COTPYIHHUKOB

Kpecyo pabouee, pabodee MECTO
COTpYIHUKA, CTEIIaX, CTYI, mKad 1
JIOKYMEHTOB, BEILIAJIKa JJIsl OJI€XK/IbI,
Tym0a, KOMIBIOTEPHAS CETh C BBIXOJIOM B
HHTepHeT, KOMIIBIOTED NEPCOHAIBHBIN,
IPUHTED

TTomemenust misa
XpaHeHHUs 000pyJOBaHUS
1 y4eOHOTo MHBEHTaps

B-308/1, KnnagoBas
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

Muxkponporueccopsl 1 9BM B HepazpyiaronieM KOHTPoJIe

(Ha3BaHME AUCIMILIMHBI)

6 cemecTp

IlepeyeHb KOHTPOJIBLHBIX MEPONPUATHI TEKYIIIET0 KOHTPOJIS YCIIEBA€MOCTH 10 M CUUILIHHE:
TecT 1o Teme "OpraHu3aluoHHasi CTPYKTYpa MUKPOKOHTPOJLIIEPOB U nepudepuitHbie MOIYIH'

KM-1

KM-2
KM-3
KM-4
KM-5

(TectupoBanue)

tect 1o Teme " aTepdericel MukpokoHTposuiepoB" (TectupoBanue)
3amuTa taboparopHoii pabotsl Nel (JlaGopaTtopnas pabora)
3amuTa JabopatopHoi padoTer Ne2 (JlabopaTopnas paboTta)
3amuTa JlabopatopHoi pabotsl Ne3 (Jlaboparopnas padota)

Bujx npome:xyTo4HOI aTTecTannu — 3a4€T C OLIEHKOM.

Hnnexc KM- | KM- | KM- | KM- | KM-
Howep Paznen qucuumimHbl KM: L 2 3 4 S
pasnena Henens 4 8 10 12 14
KM:
1 CrpykTypa MUKpOKOHTpoJLiepoB llepudepuiinbie
MOJ1yJI MUKPOKOHTPOJLIEPOB
11 CrpykTypa MUKpOKOHTpoJLiepoB llepudepuiinsie + +
' MOJ1yJIN MUKPOKOHTPOJLIEPOB
2 [Tpuem u nepenava nHGOpMAIUY B
MHUKPOIPOLIECCOPHBIX CUCTEMAX
21 [Tpuem u nepenaya uHGopmaIuu B +
MHUKPOIPOLIECCOPHBIX CUCTEMAX
3 Cucrema komang 8-u pazpsaasix RISC
MUKpOKOHTpoJuiepoB AVR
31 Cucrema xkomanz 8-u pazpsaasix RISC +
' MUKpOKOHTpoJuiepoB AVR
4 Co3nanne U3MepUTENbHBIX YCTPOMCTB U CUCTEM
HHAUKAaUU Ha ocHoBe MK
41 Co3nanne U3MepUTENbHBIX YCTPOMCTB U CUCTEM +
) HHIUKAaUU Ha ocHoBe MK
Bec KM, %: | 10 10 20 30 30
7 cemecTp

IlepeyeHb KOHTPOJIBbHBIX MEPONPUATHIT TEKYIIEr0 KOHTPOJIS YCIIeBA€MOCTH 10 THCIUTIIHHE:
Tect no Teme "knaccuduxanus u BHyTpeHHsst ctpykTypa [IJIMC" (TectupoBanue)
3amuTa 1aboparopHoit pabotsr Ne2.1 (JIaboparopnas pabora)
3amuTa jaboparopHoil pabotel Ne2.2 (JlabopaTopHas pabota)
3amuTa JaboparopHoit pabotsr Ne2.3 (JIaboparopnas pabota)

KM-6
KM-7
KM-8
KM-9

Bujx npome:xyTouHOIl aTTecTanmu — JK3aMeH.

\ Howmep

‘ Pazgen nucnuminHbl HWanekc

| KM- | KM- | KM- | KM- |
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pasnena KM: 6 7 8 9
Henens 4 8 12 14
KM:
1 [IpuMeHeHue MporpaMMHUPYEMbIX JIOTHYECKUX
uHTerpanbHbix cxem. Ctpykrypa FPGA
[IpumMeHeHue MporpaMMHUPYEMbIX JIOTHYECKUX
1.1 + + +
uHTerpanbHbix cxem. Ctpykrypa FPGA
2 OcobenHoctu otnenpHbIX cemericTs [TJINMC
2.1 Ocobennoctu otaenbHbIx cemeiicTB [IJINC +
Bec KM, %: | 10 50 20 20
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