MuHHCTEpPCTBO HAYKH U BbIcLIero oopa3osanusi PO
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hanpagienne noaroroBku/crnenuaibHocTh: 11.04.04 D1eKTpOHUKA U HAHOIIEKTPOHUKA

HaunmeHoBaHue 06pa30BaTeJII)H0]71 nporpamMmmabl: HpOMbIIIIJIEHHaSI JJIEKTPOHMKA H MUKPONIPpOECCOPHasA
TEXHHKA

YpoBeHnb 00pa3oBaHusi: Bbiciee 00pa3oBaHHe - MarucTrparypa

®opma o0yuenusi: Ounas

Pabouast nporpaMma QM CHUILIHHBI
BCTPAUBAEMBIE MUKPOITPOLECCOPHBIE CHUCTEMBbI

BJaok: Baok 1 «/Iucuuniunsl (MoxyJim)»

YacTb 00pa3oBaTeIbHOM

Yacrsb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBIX OTHOIIEH Uit
NMPOrPaMMBblL:

Ne IMCHUNJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.04

1 cemecrp - 4;
2 cemecTp - 4,
Bcero - 8

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

Yacos (Bcero) no yueGHomy
TJIaHY:

288 yaca

1 cemectp - 16 yacos;
Jlekuuu 2 cemecTp - 32 yaca;
Bcero - 48 yaca

HpaKTuquKne 3aHATHHA HE NMpPeayCMOTPEHO y‘leﬁHl)lM IJIAHOM

1 cemectp - 32 yaca;
JlaGopaTopHble pa6oThI 2 cemecTp - 16 yacos;
Bcero - 48 yaca

Koncynbranumn 1 cemecTp - 2 yaca;

1 cemectp - 93,5 yaca;
CamocrosiTesibHasi padoTa 2 cemecTp - 95,7 yaca;
Bcero - 189,2 yaca

B TOM uncJje Ha KII/KP He NMpeyCMOTPeHO0 YUeOHbIM IVIAHOM
HNnas koHTakTHas padora NPOBOJMTCS B PAMKAX YACOB Ay AMTOPHbIX 3aHATHI
BKJIIOYAS:

JlabopaTopHasi paGora

HpOMe)KyTO‘{Haﬂ aTTrecrauud:

JK3amMeH 1 cemectp - 0,5 yaca;
3auer ¢ o1leHKOH 2 cemectp - 0,3 yaca;
Bcero - 0,8 yaca

Mocksa 2026



MNMognucaHo anekTpoHHoW nognuceio $rE0Y BO «HUY «M3U»

CseneHunn o enagensue L3N M3K
PawwnToB I1.A.
R66e8dfbl-RashitovPA-1953162c

B

napeney

NPOI'PAMMY COCTABMUJI:
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Bnageney,

I1.A. PamurtoB

I1.A. PamuroB

M.I'. Acramies

[IpenoaBarenn

COI'ZTACOBAHO:

PykoBoguTens
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AcTawes M.T".
7a29e524-AstashevMG-0583186
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ESTETE

3aBeyIOIIMI BBITYCKAIOIICH

kadenpoi



1. EJIX 1 3AJAYHN OCBOEHMUSA JUCIIUITJIMHbI

Leab ocBOeHHMS JMCHUIVIMHBI. COCTOMT B M3YyYCHMM MPUHUUIOB (YHKIMOHHPOBAHUS
BCTPAaUBAEMbBIX MHUKPOIIPOIIECCOPHBIX CHCTEM, COBPEMEHHBIX MepuepuitHbIX MoIyiel, mpuoOpereHue
HaBBIKOB ITPOIPaMMHUPOBAHMS MHUKPOKOHTPOJUIEpA Ha S3BIKE IPOrPAMMUPOBAHHS BBICOKOIO YPOBHS,
INPUHIUIIOB Pa0OTHI U HACTPOMKH OMEPAIIMOHHBIX CUCTEM PEaTbHOTO BPEMEHH. .

3aga4u AUCHHUIINHBI

- IpUOOPETEHNE HABBIKOB 110 IPOTPaMMHUPOBAHUIO HA SI3bIKE BBICOKOTO YPOBHS;

- OCBOEHME TUIIOBBIX aJIFOPUTMOB IIPOrPaMMHOI0 00CIyKUBaHUS NepuepuiHbIX MOayIIeH B
COCTaBE MUKPOKOHTPOJIIIEPOB;

- IpUOOpEeTEeHNE Pa3BUTHIX HABBIKOB OTJIAJKH CUCTEM Ha MUKPOKOHTpOJUIEpax, paboTaoluX B
peaJIbHOM BPEMEHH, C HUCIIOIb30BAaHUEM CIIELUATM3UPOBAHHBIX IPOTPAMMHBIX TAKETOB U alllapaTHBIX
CPEICTB OTJIAlKH;

- OCBOCHHE MIPUHIIUIIOB Pa0OTHI M HACTPOMKHU ONEPAIIIOHHBIX CUCTEM PEATHHOTO BPEMEHH.

dopmupyembie y 00y4aromerocss KOMIeTeHIUH 1 3aIUIaHUPOBAaHHbBIC Pe3y/IbTAThl 00y4eHUsl 110
JMCLHUIUIMHE, COOTHECEHHBIEC C MHAMKATOPAMH A0CTHKEeHHs] KOMIIeTEeHIMI |

Kox v HaumeHoBaHue Koa u HaumeHoBaHue 3amiaHNpPOBaHHbIE Pe3yJbTAThI 00yUeHHus
KOMIICTCHIIUU HHAUKATOPA TJOCTUKCHUS
KOMIICETCHINH

[IK-1 Cnocoben npoBomuth | M/1-2nk-1 YMeet ucnons3oBarp | 3HATh.
Y COMPOBOXKATh pa0OTHI IO | aJITOPUTMBI PEIICHUS - CTPYKTYPY U OCHOBBI Pa0OTBI
MPOEKTUPOBAHUIO HCCIIEIOBATEIIbCKUX 3a/a4, ONEPALHOHHOH CHCTEMBI PEabHOI0
YCTPOMCTB 3JI€KTPOHUKUA U | KOMIIBIOTEPHOI'O BPEMCHHU,
HAHORJIEKTPOHUKH B MOJEIINPOBAHUS U - OCHOBHBIC PEIKHMBI PAOOTEI
COOTBETCTBHUU C BepU(DUKaAIIN MOCIICH CICLHAIN3HUPOBAHHBIX NIEPUDEPHITHBIX
TpeOOBaHUSAMU HIIEMEHTOB, Y3JI0B U OJIOKOB MOJy/ Il MUKPOKOHTPOJLIEPOB.
TEXHUUYECKOTO 3aJJaHus AIIEKTPOHHOIO YCTPOWCTBA

YMETB:

- pa3zpabaThIBaTh MPOTrPaMMHOE
obecrnievueHue AJis OTepaAlMOHHBIX CUCTEM
pEATbHOTO BPEMEHU;

- pa3pabaThIBaTh MPOTrPAMMHOE
obecrieueHue sl BCTpanBaeMbIX
MUKPOTIPOIIECCOPHBIX CUCTEM Ha S3BIKE
BBICOKOI'O YPOBHSI.

2. MECTO JUCIUILIVHBI B CTPYKTYPE OBPA30OBATEJBHOM ITPOT'PAMMBI BO

JucuurniauHa OTHOCUTCA K OCHOBHOM TpodeccHOHaIbHOM  00pa3oBaTeIbHOM MporpaMme
[TpoMbInieHHAsT AJIEKTPOHMKA W MHKporporeccopHas Texuuka (mamee — OIIOIl), nampaBieHus
noarotoBku 11.04.04 DnexTpoHUKA ¥ HAHORJIEKTPOHUKA, YPOBEHb 00pa30BaHuUs: BhICIIEe 00pa3oBaHUE -
MarucTparypa.

ba3zupyercs Ha ypoBHe BbIclIero oopa3oBanus (6akaiaBpuaT, ClIEUAIHUTET).

Pe3ynbraThl 00y4eHus1, MONTydYeHHbIE P OCBOCHUH TUCIUILIMHBI, HEOOXOAUMBI IPU BBIITOJTHEHUN
BBIMTYCKHOM KBaJTU(UKALMOHHON PabOTHI.




3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbI

3.1 CTpyKTypa THCHUNINHBI
OO01as TpyJI0eMKOCTh JUCHIUTUTMHBI COCTABIISIET 8 3a4eTHBIX euHMII, 288 Jaca.

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

Pasesb1/TeMbl § 5| e ™ S
Ne JTUCIUTUTAHBL/ (D OPMBI g 2|8 OHTaKTHAA paboTa cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i IPOMEXYTOTHOM o &| 3 Koncyubraums UKP PaGora s | LOATOTOBKA K METONYECKUE YKa3aHHsI
aTTeCTAIH 8 g | © |Jlex | Jlab | Ip — - VKK | TK A cemectpe | ATTECTALMH
m P /KOHTPOJTB
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 TexHuka 48 1 8 16 - - - - - - 24 - Camocmoamesibhoe uzyuenue
POrpaMMHUPOBAHUS meopemuueckoz0 mamepuana: N3yuenue
MHKPOKOHTPOJIIEPOB OIepaTOPOB, BBIPAKEHH, OCHOBHBIX (DYHKLIUI
Ha s13bIKaxX BBICOKOTO ULt si3bIKa porpammupoBanust CU
YPOBHSA
11 TexHuka 48 8 16 - - - - - - 24 -
POrpaMMHUPOBAHUS
MHKPOKOHTPOJUIEPOB
Ha S3BIKaX BBICOKOTO
YPOBHS
2 [IporpammHEIe U 30 4 8 - - - - - - 18 - CamocmosamensbHnoe usyuenue
anmnaparHble CpeacTBa meopemuueckozo mamepuana: VIzyuenue
pa3pabOTKU U OTIAIKH OCHOBHBIX HHTEp(]EilcOB MPOrpaMMHUPOBaHUS U
BCTPanBaeMbIX OTJIaJKH MUKPOKOHTPOJUIEPOB
MHKPOITPOIIECCOPHBIX
cUCTEM
2.1 [TporpammHsIe 1 30 4 8 - - - - - - 18 -
anmnapaTHbIe CpeJICTBa
pa3paboTKU U OTIAJIKH
BCTPanBaeMbIX
MHKPOIIPOIIECCOPHBIX
cucTeM
3 Crienanu3upoBaHHBIC 30 4 8 - - - - - - 18 - CamocmosmenbHoe uzyuenue
nepudepuiiHbie meopemuuecko20 mamepuana: N3yuenue
MOYJIH CIELHMAT3UPOBAHHBIX MOIYyJICH
MUKPOKOHTPOJUIEPOB mukpokoHTpoiuiepa: CAN, DMA, Real-Time
3.1 | CneumanusupoBaHHbIE 30 4 8 - - - - - - 18 - Clock
niepudepuiiHbBIC




MOJyJTH
MUKPOKOHTPOJJICPOB

DK3aMeH

36.0

0.5

33.5

Bcero 3a ceMecTp

144.0

16

32

0.5

60

335

HToro 3a cemecTp

144.0

16

32

0.5

93.5

OCHOBHBIC IPUHIIUIIBI
paboTHI OTIepanOHHON
CHCTEMBI PEaIbHOT0
BpPEMEHH

60

16

36

4.1

OCHOBHBIE TIPHHIIHITBI
paboTHI ONIEpaMOHHON
CHCTEMBI PEeabHOTO
BpEeMEHU

60

16

36

Camocmoamenvhoe uyyuenue
meopemuyueckozo mamepuana: VIsyuenue sapa
n cocraB OCPB FreeRTOS

CuHXpoHU3a1Us U

HaJICXKHBII 00MEH

JAHHBIMU MEKITY
3a/1la4aMu

34

22

5.1

CuHXpoHU3a1Us U

HaJICXKHBII 00MEH

JAHHBIMA MEKIY
3aauaMu

34

22

Camocmosamenvnoe usyuenue
meopemuueckozo mamepuana: Visyaenue
MexaHu3Mma ouepeneii u cemadopos B OCPB

MexaHn3MBI 10CTyHa K
pecypcam B
OTIEPAIIMOHHON CHCTEME
peaNbHOTO BpEMEHH

32

20

6.1

MexaHU3MBI 10CTyTIa K
pecypcam B
OIEepaIlMOHHON CUCTEME
peasbHOTO BPEMEHHU

32

20

Camocmoamenvhoe usyuenue
meopemuyueckozo mamepuana: Vzyaenne
KpUTHYECKHX ceKuui 1 MbtoTekcoB B OCPB

3adeT ¢ OLEHKOI

18.0

0.3

17.7

Bcero 3a cemecTp

144.0

32

16

0.3

78

17.7

Hroro 3a cemecTp

144.0

32

16

0.3

95.7

UToro

288.0

48

48

2

0.8

189.2

IIpumeuanue: Jlex — nexiun; JIab — nabopatopusie padotsl; [1p — npaktuueckue 3ausatust; KIIP — ayautopHble KOHCYAbTAIMH 110 KYPCOBBIM
npoekTtam/padotam; MKKII — nnauButyanbHble KOHCYIBTALUMH 110 KypCOBBIM IpoekTam/padotam; I'K- rpymnmnoBsie KOHCYIbTallMK TO pa3ienaM
mucturuael; CP — camoctosarensHas padorta cryaenTa; MKP — nnas konraktHas padota; TK — Texymmii koHTpoib; [TA — mpomexyTouHas
aTTecTanus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Texnuka npoepammuposaniis MUKPOKOHMPOIIEPO8 HA A3bIKAX 8bICOKO20 YDOBHS

1.1. TexHuka nporpaMMHUpOBaHUsI MUKPOKOHTPOJUIEPOB HA SA3bIKAX BBICOKOTO YPOBHS

Crpykrypa mporpammbl Ha si3eike CH. Texnomorust paboTsl ¢ MHTETPUPOBAHHON Cpenoi
pa3paboTku. TexHOJOrusl MOJy4eHUs MPOTrPaMMHOIO KoJa.. THUIBI M CTPYKTYpbl JaHHBIX U HX
OCHOBHBIC aTpuOyTHl. BHemHWe W BHYTPEHHHE KJacchl XpaHeHus. WHunmanmzamus o0BEKTOB
naHHbIX. Onpenenenue KOHCTAHT. [Ipon3BoHbIE TUIIBI JAHHBIX: MACCHUB, CTPYKTYpa, OUTOBOE IOJIE,
oOpenuHeHue. Beipaxenue u onepaunu B a3bike CH. OcHoBHble oneparopbl szbika CH..
Omnepatopbl BeTBiIeHUs nporpamMmbl. OrmpeneneHue (QyHKUUH, Ieperadya IapaMeTpoB U
pe3ynbraroB.. [loHsTHE cTeka W pa3menieHne B obnactu namatu. [lonarue ykaszarens. Joctynm k
KOHKPETHOU SYECHKE MaMATH Yepe3 yKa3arelb..

2. HpOZDdMMHble u annapanitoie cpedcmea pa3pa60m1<u U OMAAoKU ecmpaueaemvlx
MUKPONPOUECCOPHBIX CUCMEM

2.1. IlporpamMmmHbl€ U annapaTHbIE CPEICTBA pa3padOTKU U OTJIAJAKU BCTPauBAaEMBbIX
MHUKPOIIPOLIECCOPHBIX CUCTEM

Ortanbl  pa3pabOTKM  CHEIUAIM3UPOBAHHBIX  MHKpPOIpOLECCOpHbIX cucreM. Cpencrsa
pa3paboTKU M OTJAJAKH IPOrpaMMHOI0 oOecreueHusi, MHTerpupoBaHHas cpena paspabotku IDE.
CocTaB 1 Ha3Ha4Y€HUE OTAEIBHBIX POrpaMM K3 IPOrPaMMHOrO MaKeTa Kilacca «MHTErpUpOBaHHAs
cpefa pa3pabOTKM M OTJIAAKU HPOTrpaMMHOro 0OecreueHus Al MUKPOIPOLIECCOPHBIX CHCTEM.
Kpocc-cuctemMpl M pe3uieHTHBIE CHUCTEMBI pa3pabOTKH M OTIAJKH MPOTPAMMHOTO OOECIICYCHUSI.
[{ukn pa3paboTKH cHenUaIM3MpPOBAHHOIO IPOrPaMMHOr0 oOecreyeHus, TUIlbl (ailjioB B cocTaBe
IDE u wux Ha3Hayenuwe.. [[Be crTpatermu pa3paOOTKA MHUKPOIPOLIECCOPHBIX  CHUCTEM:
IIPOrPaMMUPOBAHUE U OTJa/IKa B CHCTEME MJIM HUCIIOJIb30BAHUE TOTOBBIX allapaTHBIX MPOTOTUIIOB.
Tumnosele cpencTBa anmapaTHeIX MPOTOTHUIIOB.. MOyllb BHYTPUCXEMHON OTiaaku B coctaBe MK.
Pexum nporpammuposanus u otinaaku MK B cucreme. Monyiib Hepa3zpylaronieil BHyTpUCXEMHON
ornaaku B coctaBe MK. Texnuueckas peanuzauus Moayns B cocraBe 8-paspsnHoro MK u B
coctaBe 32-paspsaneix MK. OpHompoBonanblii uHTepdelic otnaaku. MHTepdeiic oTnagku u
nporpammupoBanusd JTAG. [Ipunnun norpannyHoro tectupoBaHus. ConpsbkeHue uHTepdercoB
otnaaku MK ¢ nepcoHanbHBIM KOMITBIOTEPOM...

3. Cneyuanuzuposanuvie nepugepuiinble MoOYau MUKDOKOHMPOJIEPOS

3.1. Cneunanu3upoBaHHbIe nepudepHitHbIe MOy MUKPOKOHTPOJIIEPOB

Mopayns KOHTpoOJITIEpa MPephIBAaHUN U MPSIMOTO JIOCTYMa K mamsTu.. Moynb TaiiMepa o01iero
HazHayeHus.. Monyne CAN. [lpumeneHue Monayns Juisi OpraHu3alid OoOMEHa KOMaHJIaMU |
nanubivMu.. Moayns AL u TTATL..

4. OcHosnble npuHyunsvl Da607’l’Ibl ONePAYUOHHOU CUCTNEMBL PEAIbHO20 8PEMEHU

4.1. OcHOBHbIE IPUHIUIIBI PAOOTHI ONEPALIMOHHON CUCTEMBI PEATLHOTO BPEMEHU

OnepannoHHas cUCTEMa JUIsl MHUKpPOKOHTposuliepa. I[lpemmyinecTBa oOnepanoHHON Cpensl
pealbHOTO BPEMEHM: MHOI03a/ladyHOCTh, BpEMEHHas 0a3a, HaJEeKHbII OOMEH [JIaHHBIMH,
CHUHXpPOHM3AIMs amnmapaTtHbix pecypcoB. OcHoBbl pabotel OCPB: s1po onepanioHHON CHCTEMBI,
3a]a4i, IUTAHUPOBILMK, JITOPUTM padOThl MIaHUpOBIIMKA.. OcHOBHBIE (QYHKIMH sjpa: padboTa
IUIAHUPOBIIMKA, TEPEKIIOUEHHUs] KOHTEKCTa, BpeMeHHas ©0a3a. Tumbl JaHHBIX M HMEHa
unentuduxkatopoB B FreeRTOS. 3agaun u ux cocrosiaus.. API-pyHkun ynpaBieHust 3agaqamu.
[Toncucrema Bpemenu FreeRTOS. CoObiTus kak cnocoO ympaBieHUS BBINOJHEHHEM 3aj1ad..



I[I/IHaMI/I‘IeCKOe HU3MCHCHUC MIPHUOPUTCTA. YHUUTOXEHHE 3aaad. BBIHG.HGHI/IG MnaMsTU Mpu CO3JaHUUN
3aJa4du. Cxembl BBIJCIICHUSA ITIaMSTH..

5. Cunxponuzayus u HA0eHCHbIU 0OMeH OAHHBIMU MeHCOY 3a0a4amu

5.1. CuHXpoHM3aIMs U HAAC)KHBIA OOMEH TaHHBIMUA MEXKY 3a/1a9aMU

Opranuzanus oOMeHa MHPOpMAIUEH MKy 3a7a4aMi C TIOMOIIBIO TT00ABHBIX MEPEMEHHBIX
u ovepeneii. HeobXxoauMocTh MCIOJIb30BaHUS OYepesiei. XapaKTepUCTUKH ouepeneid. XpaHeHHe
uHpopmanuu B ouepenn. Jloctym m3 MHOXKecTBa 3a/iad.. BIIOKMpPOBKA MpH YTEHUM M3 OYCPEIIU.
bnokupoBka npu 3anucu B ouepeab. Padora ¢ ouepensmu. McnonpzoBanue ouepeaeit 1uist nepeaadn
COCTaBHBIX THUNOB. Mcrnonp3oBaHue odepenci Juis mepenadd OONbIIMX OOBEMOB JIAHHBIX..
B3auMopeiicTBue mnpepblBaHUA ¢ OcTanbHON dYacThio mnporpammbl B OCPB. CoOwitus wu
npepbiBanus. OTiiokeHHast 00paboTka npepeiBanuii. J[Bonunsie cemagopsl. CuétHbie cemadopsl..
Hcnonb3oBanue ovepesneit B 00padboTurkax npepeiBaHuil. DPGEeKTHBHOE HCIIOIB30BAHUE OUEPEICH.
Bi1oeHHOCTB IpEepBIBaHUN. .

6. Mexanuszmbi docmvna K pecypcam 6 Onepaul/lOHHOﬁ cucmeme peailbHoco 6pemeru

6.1. MexaHu3MBbl JJOCTYIIA K pecypcam B OIIEPALIMOHHON CUCTEME PEAIbHOTO BPEMEHU

Pecypcet B OCPB u noctyn k HuMm. Jloctyn k BHemHel nepudepuu. HearomapHble onepanuu
yreHue/MoguduKanus/  3anuch.  PeeHrepabenbHOCTh  QyHKIUMA.. MexaHW3M  B3aUMHOTO
uckmouenus. Kpurnueckue cexuuu. 3anper npepbiBanuil. [IppocTanoBka/3anyck IIaHUPOBIIMKA.
B3anmuoe uckimodeHne: MproTekc.. Pabota ¢ MproTekcamu. PexypcuBHbIe MbIOTEKCHI. [IpoGiiembl
IIPU UCIIOJIb30BaHUU MbBIOTEKCOB. MHBepcus mpuopurteroB. B3ammuas OmokupoBka (Deadlock).
3anmaun cTopoka. AJIbTepHATHBHBINA CIIOCO0 peanu3anuyd MHOT03a1a9HOW CPEIbl — MCIIOJIb30BAHKE
comporpamm.. CormporpaMmbl M HX OCOOEHHOCTH. OKOHOMHS OIEpaTHMBHOM MaMATH IpU
UCIOJIb30BaHUU corporpaMM. IIporpammusiii Taiimep. [lpuHnun paboTsl nporpaMMHOro Taiimepa.
PexxuMbl paboThl TaiiMepa: MHTEpBaJIbHBIN TaiiMep, mepuoandeckuil taitmep. COpoc TaiimMepa u
U3MEeHeHue nepuoaa. Peanusanus nporpaMMHbIX TaiiMepoB Bo FreeRTOS..

3.3. TeMbl NIpaAKTHYECKUX 3aHATHI
HE IIPEAYCMOTPEHO

3.4. TeMbl 1a00paTOPHBIX padoT
1. Moayns ananoro-uugpoBoro npeodpazoanusi. CpeacTBa oToOpaskeHust HHGOPMAIIHH. ;
2. S3b1k mporpamMupoBanus C. Opranusanus uHTepdeiica BBoJa-BbIBO/IA;
3. Ilpumenenue si3pika C 711 MEKPOKOHTPOJLIEPOB. JIOCTYI K pETUCTpaM CIIeUAIbHBIX
¢ynkuuit. [Toncucrema npeposiBanuit. Opopmienue GyHKInil 00pabOTUNKOB NPEPHIBAHU.
[TopTel BBOgA/BEIBOJA. TaliMep B pexxrMe BXOJHOIO 3aXBaTa;
4. Monaynb nundpo-aHaaoroBoro npeodbpazoBanus. Moaynb IpsSMOro J0CTyna K HaMsTH.;
5. Pabora ¢ merotekcamu B OCPB FreeRTOS;
6. Cozpnanme 3ama4d B OCPB FreeRTOS;
7. Pabota c ouepensmu B OCPB FreeRTOS;
8. Pabora c cemadopamu B OCPB FreeRTOS.

3.5 Koncyabranumn

Texywui koumpoas (TK)




1. KoHcynbTauy HampaBJICHbl HA MOJTYYEHUE WHIUMBUIYAIBHOTO 33JaHUS JUJISl BBHITOJIHEHUS
KOHTPOJIBHBIX MEpOIPUATHI o pazaeny "TexHuka MPOrpaMMUPOBAHUS
MHUKPOKOHTPOJIJIEPOB Ha A3bIKaX BHICOKOI'O ypOBHS"

2. KoncynbTanuu HampaBlieHbl HA MOJY4YEHUE WHIUBUAYAIbHOTO 3aJaHUS JUJIsl BBIIOJIHEHUS
KOHTPOJIbHBIX MepOIpHusITH 1o pasneny "llporpammHbBle U anmapaTHble CpeACTBa
pa3paboTKU U OTJIAJIKK BCTPAaUBAEMbIX MUKPOIIPOLIECCOPHBIX cucTeM"

3. Koncynpranum HampapieHbl Ha MMOJyY€HHE WHIUBHIYaIbHOTO 3aaHUS JJISl BHITOJIHEHHS
KOHTPOJIBHBIX MEpONPHATHH 1o pa3aeny "Crenuain3upoBaHHbIe nepudepruiiHple MOTYIN
MUKPOKOHTPOJIJIEPOB"

4. KoHCynbTalluM HaIpaBJICHbl HA MOJTYYEHHE WHIUBUIYATbHOTO 3a/laHUs JUISl BBIOJIHEHUS
KOHTPOJILHBIX MEpOINpHIATUH 1Mo pazneny "OCHOBHBIE NPUHIMIBI PaOOTHI ONEPAMOHHON
CHUCTEMBI pealIbHOTO BpEMEHH "

5. KoHcynbranuu HanpasiieHbl Ha MOJIyY€HUE MHAUBUAYAIBHOIO 3aJaHUS JJI BBIIOJHEHUS
KOHTPOJIBHBIX MEPONPHUATHI 1o pa3aeny "CUHXpOHU3AMS W HAJEKHBI OOMEH TaHHBIMU
MEeXy 3a1ayamMu’”

6. Koncynbranuu HampaBlieHbl HA MOJYY€HUE WHIAUBUAYAIBHOTO 3aJlaHUS AJIS BBHIOJHEHUS
KOHTPOJBbHBIX MEpONpUATUH 10 pasgeny "MexaHu3sMmbl JoCTyna K pecypcaM B
OmnepalvoOHHON CUCTEME PEaTbHOIO0 BpeMeHU"

3.6 TemaTuka KypcoBBIX MPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ pabota He IPeayCMOTPEHBI



3.7. CooTBeTCTBHE Pa3/ieJiOB IHCHHUILIMHBI U opMu

YEMBIX B HUX KOMIIeTeHI Uil

3anaHupOBaHHBIE PE3YJIbTATHI

Howmep paznena

OreHouHOE CpeacTBo

Konbr JUCLUIUIMHEI (B (TUII 1 HAUMEHOBAHUE)
00y4yeHHMs 110 JUCLUIUIMHE
(8 cooTBeTCTRHH ¢ pasnenom 1) WH/IMKATOPOB | COOTBETCTBMH C 11.3.1)
1[2]3]4]5]6
3HaTh:
OCHOBHBIE PEKUMBI PAOOTHI JlaGoparopnas pabora/JlaboparopHas padora Ne 4 «Monyib
CIEeLUATU3UPOBAHHBIX a”asoro-u@posoro npeodpazoBanus. Cpencrsa 0TOOpaxeHus
nepudepruiHbIX MOTyIeH ) uHpopmaumn»
WJ1-2rk-1 + |+
MUKPOKOHTPOILICPOB Jlaboparopuas padota/JlabopaTopHusie padotsl Ne 3 «Moayinb
uudpo-ananoroBoro npeodpazoBanusi. Moysb MpsMOro J0CTyIIa
K IaMSTH»
CTPYKTYPY U OCHOBBI paOOTHI JlaGopatopHnas pabora/JlaboparopHas padora Ne 1 «Co3nanue
ONepanoOHHON CUCTEMBI PEAIbHOTO 3agad B OCPB FreeRTOS»
BpPEMEHHU W/1-2nxc1 Tt
Jlaboparopuas padota/JlabopaTopHas padora Ne 2 «Pabora ¢
ouepensimu B OCPB FreeRTOS.»
Ymersb:
pas3pabarbIBaTh MPOrpaMMHOE JlaGopatopHnas pabora/JlaboparopHas padota Ne 1 «S3b1k
oOecriedeHne sl BCTPanBaeMbIX nporpammupoBanus C. Opranuszanust HTepQeiica BBO1a-BbIBOIA»
MHKPOTIPOTIECCOPHDIX CHCTEM Ha JlaGopatopHnas pabora/JlaboparopHas padota Ne 2 «IIpumenenune
SI3BIKE BBICOKOTO YPOBHS U211 +
I s3pika C JI711 MUKPOKOHTPOJUIEpOB. JlocTym K peructpam
cnenuanbHbIX pyHkuui. [loncucrema npepeiBanuit. Opopmienue
¢yHK1MI 00paboTunkoB npepbiBaHuil. [lopThl BBOAA/BRIBOA.
TaiimMep B pe’kMMe BXOJTHOTO 3aXBaTay
pas3pabarbIBaTh MPOrpaMMHOE JlaGopatopHnas pabora/JlaboparopHas padota Ne 4 «Pabota ¢
obecrieueHure JIst OreparmoOHHBIX mbrotekcamMu B OCPB FreeRTOS»
NI-2nk1 +

CHUCTCM PCAJIbHOT'O BPEMCHU

JlaGopatopHas pabora/Jlaboparopusie paboTsl Ne 3 «Pabora ¢
cemaopamu B OCPB FreeRTOS»




4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHUS 11O JUCIUIIINHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
1 cemecTp

®Popma peanuzarun: Cmemannas popma
1. JTaboparopnas padota Ne 1 «S3bix mporpammupoBanus C. Opranusanust HHTEpdeiica
BBOJIa-BbIBOAA» (JIabopaTopHas pabora)
2. JJaboparopnas pabota Ne 2 «IIpumenenue s3pika C 1711 MUKPOKOHTpOJUIepoB. JlocTyn K
peructpam criennaabHbIX GyHKIUN. [Togcucrema npepriBanuii. Odhopmienne GyHKIIANA
00paboTunkoB npepeiBanuil. [lopTel BBO1a/BBIBOIA. TaiiMep B peKuMe BXOJHOTO 3aXBaTa
(JTaboparopnas pabota)
3. JlabopaTtopHas pabota Ne 4 «Monyns anasoro-uudposoro rnpeodpazopanus. CpeacTa
otoOpakeHus nHpopmarun» (JlabopaTopHas padbora)
4. JlTaboparopubie padoTel Ne 3 «Moayis mudpo-aHaIoroBoro npeodpasopanus. MoayIb
npsiMOro JocTymna kK namatuy (Jlaboparopuas padota)

2 cemecTp

Dopma peanuzauuu: CmemmanHas Gopma
1. JIabopatopHas padora Ne 1 «Coznanue 3agau B OCPB FreeRTOS» (JIabopaTopHas pabota)
2. JlaboparopHas padota Ne 2 «Pabota ¢ ouepensmu B OCPB FreeRTOS.» (JTabopaTopHas
pabora)
3. JJabopatopHas pabota Ne 4 «Pa6ota ¢ mprorekcamu B OCPB FreeRTOS» (JIabopaTopHas
pabora)
4. JIabopatopusbie paboTsl Ne 3 «Pabota ¢ cemadopamu B OCPB FreeRTOS» (JIabopaTopHas
pabora)

BaHHLHO'pCﬁTHHFOBaﬁ CTPYKTYypa JUCHUILINHBI SABJIACTCA ITPUITOKCHUECM A.

4.2 Ilpome:KyTOYHAS aTTeCTALMS 10 JUCHUIIMHE

Oxsamen (Cemecmp Nel)
B cootBerctBum ¢ Ilonoxennem o GaibHO-peHTHHIOBOM cucteme i cryaeHtoB HUY «MOU»
Ha OCHOBaHUU CEMECTPOBOU M IK3aMEHALIMOHHOMN COCTaBIIIOIINX

3auem c oyenkoiu (Cemecmp Ne2)
Ouenka ompenensieTcss B COOTBETCTBUU ¢ [lonokeHneM o OaTbHO-PEUTHHTOBOM CHUCTEME ISt
crynentoB HUY «MOW» Ha 0CHOBaHUU CEMECTPOBOM U 3a4ETHON COCTABIISIOLINX

B numniioMm BeICTaBIIAETCS OIIEHKA 32 2 CEMECTP.

Ipumeyanue: OnieHOYHBIE MAaTEPUAIIBI 110 TUCIUIIIMHE IPUBECHBI B (DOH/IE OLIEHOYHBIX
marepuanos OIIOII.

5. YYEBHO-METOANYECKOE OBECIIEYHEHUE JUCIHUIIJINHbI

5.1 IleyaTHbIe M JIEKTPOHHbIE U3TAHUSA:

1. besyrmnos, /1. A. [ludpoBbie ycTpoiicTBa 1 MUKPOTIPOIIECCOPHI : yueOHOE TTOCOOHE /IJIst BY30B T10
Hanpasnenuto 210300 (654200) "Pagnorexnuka" / 1. A. besyrnos, 1. B. Kanuenko. — PoctoB-Ha-
Jony : ®enukc, 2006. — 480 c. — (Breicuiee odpazoBanue). — ISBN 5-222-08211-3;
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2. Bacunbes, A. E. MukpokoHTposiepsl. PazpaboTka BcTpanBaeMbIX MPUIIOKEHUH : yueOHOe
nocoOue /1t By30B 1o crienrasibHocTh 220201 "Ynpasnenue n nHGopMaTHKa B TEXHUUECKHUX
cuctemax" / A. E. Bacunwes. — CII6. : BXB-IlerepOypr, 2012. — 304 c. + CD-ROM. — ISBN 978-5-
9775-0052-4.,

3. BcrpanBaemMble BEICOKOIPOU3BOIUTEIbHBIE IU(POBBIE CUCTEMBI yripaBieHus. [IpakTruueckuii
Kypc pa3pabOTKu ¥ OTJIaKU IPOrPAMMHOT0 00ECTIeUeHHUsI CUTHAJIbHBIX MUKPOKOHTPOJLIEPOB
TMS320x28xxx B uHTerpupoBanHoit cpeae Code Composer Studio : yuebHOE TTOCOOHE 10 KYpCY
"MUKpOIIPOIIECCOPHBIE CPEICTBA B AJICKTPONPUBO/IE" MO HAMPABJICHUAM "DIEKTPOTEXHHUKA,
AIIEKTPOMEXaHUKa U AeKTpoTexHonorun", "IIpoMpliiennas snexktponuka” u ap. / A. C. AHyuuH,
. Y. Anamkun, A. B. JIpo3nos, [u ap.], Mock. suepr. un-t (MOU TVY) ; Pen. B. @. Kozauenko. —
M. : U3parensckuii oM MOU, 2010. — 270 ¢. — ISBN 978-5-383-00471-5.
http://elib.mpei.ru/elib/view.php?id=4205;

4. ITaBnosckas, T. A. C/C++. [IporpammupoBaHue Ha S3bIKE BBICOKOTO YPOBHS : JUISI MATUCTPOB H
OakanaBpoB : Y4eOHUK ISl CTY/ICHTOB BY30B, 00YYAIOIIUXCS IO HAIIPABJICHUIO MTOATOTOBKH
JUIIOMUPOBAaHHBIX creruaincToB "MHpopmaruka u BeranciurenbHas Texauka" / T. A.
[TaBnoBckas. — Cankt-IletepOypr : [Tutep, 2021. — 464 c. — (YueOnuk s By3oB. CTangapt
Tperbero nmokonenus ). — ISBN 978-5-4461-1350-7 .,

5. 3butb, C. H. Onepanmonnas cuctema peanbHoro Bpemenn QNX: ot teopuu k npaktuke / C. H.
3bUTb. — 2-¢ u3., nepepad. u gon. — CII6. : BXB-Ilerepoypr, 2004. — 192 ¢. + CD-ROM. — ISBN 5-
941574-86-X.;

6. Xappuc, [JaBug M. Lludpoas cxeMOTeXHHKA 1 apXUTEKTypa koMmnbioTepa = Digital Design and
Computer Architecture : [uBeTHOe u3nanue] : nep. ¢ auri. / J»suag M. Xappuc, Capa JI. Xappuc. —
2-e u3., ucnp. — Mocksa : JIMK Ilpecc, 2018. — 792 c¢. — ISBN 978-5-97060-570-7.;

7. M. 1O. Cmupnos, B. C. 3usyraunos, O. B. I'ony6esa, [I. E. OBeukun, T. E. [Tornos-
"KoHcTpynpoBaHue U porpaMMHUpOBaHNE MUKPOKOHTPOJIIEPHBIX ycTpolcTB", 31arensCcTBo:
"JIuneukuii rocynapcTBeHHbIN negarornyeckuil yausepcuteT umenu I1.I11. CemenoBa-Tsn-
[Tanckoro", Jlunenk, 2018 - (120 c.)

https://biblioclub.ru/index.php?page=book&id=576714.

5.2 JIuueH3noHHOE ¥ CBOOOIHO PAacPOCTPaHsieMoe MPOrpaMMHoOe odecreyeHme:
1. CO "IIpomereit”;

2. Office / Poccuiickuii makeT 0(UCHBIX IPOrpamm;

3. Windows / OniepanrionHasi cucrema cemeiictsa Linux;

4. Buneoxongepenuuu (Maiina, Coepmkas, BK u np);

5. Minimalist GNU for Windows;

6. KeilpVision®IDE.

5.3 UHTepHeT-pecypchl, BKI0Yas npodeccuoHaIbHbIe 0a3bl JAHHBIX U HHGOPMAIIMOHHO-
CIIPaBOYHbIE CHCTEMbI:

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

2. 9BC "YHuBepcurerckas 6u0J1M0TeKA OHIANH" -
http://biblioclub.ru/index.php?page=main_ub_red

3. Hayunasi ssiekTponHas 6ubauoreka - https://elibrary.ru/

4. baza nanabix BUHUTMH online - http://www.viniti.ru/

5. ba3za naHHbIX :)KypHaJioB u3nareancTBa Elsevier - https://www.sciencedirect.com/
6. DiekTpoHHBIE pecypchl U3AaTeabcTBa Springer - https://link.springer.com/

7. ba3za nannbix Web of Science - http://webofscience.com/

8. ba3za maunbix Scopus - http://www.scopus.com

9. HannoHasibHasl 3JIEKTPOHHAsI OubmoTeKa - https://rusneb.ru/

10. 9BC "KoncyabsTaHnt crygenta' - http://www.studentlibrary.ru/
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6. MATEPUAJIBHO-TEXHUYECKOE OBECHEYEHUE JMCHUIIJIMHBI

Tun nomemeHunst Homep ayauropumn, OcHamenue
HAaUMECHOBAaHUEC
VYuebnsie ayauropuu s | JK-120, MammHHBIH 321 cepBep, KOHAUIMOHEP
MPOBEACHUS JIEKIMOHHBIX NBI]
3aHATHHN U TEKYIIETO B-305, Yuebnas rapTa co CKaMbei, CTyJ, JOCKa MeJioBas,
KOHTPOJIA ayJIUTOpHs MYJIbTUMEAUUHBIN IIPOCKTOP,

KOHJTUITHOHED

VY4eOHble ayAUTOpUHN IS
HPOBEICHUS
1ab0paTOPHBIX 3aHATUI

E-101a, KomnbroTepHblit
KJiacc

CTOJ, CTYI, Kad, TyMOa, KOMIbIOTEPHAS
CETb € BBIXOZOM B MIHTEpHET,
MYJIbTUMEAUMHBIN IIPOEKTOP, JOCKA
MapKepHasl, 1a00paTOpHBIN CTEH],
KOMIIBIOTEP NEPCOHAIBbHBIN

VY4ebHble ayIUTOPUH IS
IIPOBEACHUS
MIPOMEXKYTOUHOU
aTTecTaluu

E-101a, KomnbroTepHblit
KJ1acc

CTOJ, CTYI, Kad, TyMOa, KOMIbIOTEpHAS
CETh C BBIXOJAOM B I/IHTepHeT,
MYJIbTUMEIMUHBIA TPOSKTOP, JOCKA
MapKkepHasi, 1a00paTOPHBII CTEH]I,
KOMIIBIOTEP MEePCOHATBHBIN

K-120, MamuHHBIN 3a11

cepBep, KOHIUIUOHED

HBI],
Bb-305, YuecOuas mapTa co CKaMbel, CTyJ, 10CKa MeJIOBas,
ayJUTOPUS MYJIbTHMEIUHHBIN TPOEKTOP,

KOHJIUIMOHED

Ilomemenus st

HTB-303, JlekunoHnHas

CTOJI KOMHBIOTGpHBIﬁ, CTYyJI, CTOJI

CaMOCTOSATENBHOM paboThI ayIUTOpUs NMCHMEHHBIN, BeIIaIKa IS OJCKIbI,
KOMIIbIOTEPHAS CETh C BBIXOJIOM B
HHTepHeT, KOMIIBIOTEP IEPCOHAIBHBIN,
IPUHTEP, KOHAULIMOHEP
ITomemenus nus E-324/1, CTOJ, CTYJ, KA /U1 JOKYMEHTOB, HIKad
KOHCYJIbTUPOBAHUS [IpemonaBaTenbckas TUTST OJIEKTBI
kad."TIpom.n1."

TTomemenust misa
XpaHeHus: 000pyI0BaHUS
¥ y4eOHOT0 MHBEHTaps

E-324/5, Metoanueckuii
KaOuHeT Kad.
"ITpom.om."

rapTa, CTyJ, BeIIaJIKa JUIs OJEK/Ibl,
KOMIIBIOTEPHAs! CETh C BBIXOAOM B

HHTepHeT, MyIbTUMEIUUHBINA TPOEKTOP,

JIOCKa MapKepHas epeBIKHAs, HOYTOYK
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

BCTpaI/IBaCMBIe MHUKPOIIPOICCCOPHBIC CUCTCMBI

(Ha3BaHME AUCIMILIMHBI)

1 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1

KM-2

KM-3

KM-4

JlaGopaTtopHnas padora Ne 1 «SI3eik mporpammupoBanust C. Opranu3saius narepgeiica BBoia-
BEIBOJIa» (JIabopaTopHas pabora)

JlaGopaTtopHnas padora Ne 2 «I[Ipumenenue s3pika C 1y1si MUKPOKOHTPOJUIEpOB. JlocTym K
peructpam cnenuanbHbIX GyHknmii. [logcucrema npepriBanuii. Odhopminenue GyHKIuit
o0OpaboTunkoB npepeiBanuii. [lopTel BBo1a/BbIBOAA. TaiiMep B pexxuMe BXOAHOTO 3aXBaTa
(JTaboparopuas padoTta)

Jlaboparopubie paboTsl Ne 3 «Moaynb nudpo-aHaaoroBoro rnpeodpasoanus. Moaynb IpsiMoro
nocryna K namsatu» (Jlaboparopnas padota)

Jlaboparopnas pabota Ne 4 «Monynb ananoro-uudposoro npeodpazoBanus. CpeacTa
oroOpaxkenust nuapopmanun» (Jlaboparopuas padota)

Buja npoMexyToOUHOM aTTecTANMU — DK3aMEH.

WNunexc KM- | KM- | KM- | KM-
Howep Paznen qucuumimHbl KM: L 2 3 4
paznena Henens 4 8 12 16
KM:
1 TexHHKa MPOrpaMMHUPOBAHKSI MHKPOKOHTPOJIIEPOB Ha
S3BIKaX BBICOKOTO YPOBHSI
11 TexHHKa MPOrpaMMHUPOBAHKSI MEKPOKOHTPOJIIEPOB Ha + 4
S3BIKaX BBICOKOTO YPOBHSI
2 [IporpammHBbIe U anmapaTHbIE CPEJICTBA Pa3padOTKU U
OTIIAJIKU BCTPaNBAaEMbIX MUKPOMPOIIECCOPHBIX CUCTEM
21 [IporpammHBbIe U anmapaTHbIE CPEJICTBA PAa3padOTKU U + 4
OTJIJIKU BCTPaWBa€MbIX MUKPOMPOIIECCOPHBIX CUCTEM
3 Criennanu3upoBaHHbIe NepuQepuitHbie MOAYIIN
MHUKPOKOHTPOJIJIEPOB
31 Criennanu3upoBaHHbIe NTepuQepuitHbie MOYIIN + +
MHUKPOKOHTPOJIJIEPOB

Bec KM, %: | 20 20 30 30

2 cemecTp

l'[epequb KOHTPOJIbHBIX MQpOIIpI/IﬂTI/Iﬁ TEKYIICIr0 KOHTPOJIA yCI€BAEMOCTH MO AUCHUIIJIMHE:

KM-1
KM-2
KM-3

KM-4

JlaboparopHuas pabota Ne 1 «Co3znanue 3agau B OCPB FreeRTOS» (Jlaboparopnas paboTa)
JlaboparopHnas padota Ne 2 «Pabota ¢ ouepensmu B OCPB FreeRTOS.» (JlabopaTopHas paboTa)
JlaGopatopusbie paboTsl Ne 3 «Pabota ¢ cemadopamu B OCPB FreeRTOS» (JIabopaTopHas
pabora)

Jlaboparopnas pabota Ne 4 «Pabota ¢ mprorekcamu B OCPB FreeRTOS» (JlaboparopHas
pabora)

Buja npomexyTouHO# aTTecTAlMU — 3a4€T C OLICHKOM.
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Nunekc KM- | KM- | KM- | KM-
Howmep Paznen aucuuiuimabl KM: L 2 3 4
paszznena Henens 4 8 12 16
KM:
1 OcCHOBHBIE IPUHIIUIIEI PAOOTHI OTIEPAITUOHHON CHCTEMBI
pealbHOTO BPEMEHHU
11 OcCHOBHBIE IPUHIIUIIEI PAOOTHI OTIEPAITMOHHON CHCTEMBI + +
pealbHOTO BPEMEHHU
2 CuHXpOHU3ALMS U HAJIEKHBIN OOMEH JaHHBIMHU MEX]Y
3aJauaMu
21 CuHXpOHU3ALUS U HAJIEKHBIN OOMEH JaHHBIMH MEX]Y + +
3aa4aMu
3 MexaHu3Mbl JOCTYIIA K pecypcaM B ONepalliOHHON
CHUCTEME PEAIbHOTO BPEMEHHU
31 MexaHu3MBbl AOCTYIA K pecypcaM B ONEepalluoOHHON + +
CHUCTEME PEAIbHOTO BPEMEHHU
Bec KM, %: | 20 20 30 30
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