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PaGouas mporpamMma AUCHMITTUHEI «[Ipoepammnoe obecneuerue MexampoHHbIX CUCTIEM
/cocm. FO.B. boneos — Hanwuuk: KBI'Y, 2023. - 29 c.

Pabouas nmporpamma npegHazHadeHA IS MPENOIaBaHUs JUCIUILINHBI 110 BRIOOPY 0/10Ka
1 cmyoenmam ounoil popmsl 0Oyuenus no HanpasieHuo noocomoexu 15.04.06 Mexamponuka u
pobomomexnuxa 3 cemecmpe.

PabGouas mporpamma cocraBieHa B COOTBETCTBHM C pabO4YMM Y4eOHBIM IUIAHOM H
@DenepalibHBIM  TOCYIAPCTBEHHBIM 00Pa30BaTEIbHBIM CTAHJAPTOM BBICIIETO 00pa3oBaHUS
®OI'OC 3++ mnmo HampabieHuro moArotoBku 15.04.06 MexaTpoHHKa W POOOTOTEXHHUKA,

YTBEP)KJICHHBIM TpUKa30oM MuHHUCTEpCTBa oOpa3zoBaHus u Hayku Poccuiickoit @enepannun  Ne
1023 ot 14.08.2020.
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Mecto nucuumnaunbl B cTpykType OIIOII BO........oooooii e,
TpeboBaHust K pe3ysbTaTaM OCBOEHUS COJEPKAHUS AUCHMIIIIUHBL. ....ccvveenneenrennne.
CopepKaHHUE U CTPYKTYPA AUCIHUTIITHHBL ... .. eueententeateentanteeneenaiieenieeeeeenieenaeeas
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MeToaudeckiue MaTepHalbl, ONPEACSIONINe MPOLEAyphl OLICHUBAHUS 3HAHUH,
YMEHH, HaBBIKOB U (WJIM) OMbITA AEATEIHHOCTH .
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OrpaHUYEHHBIMUA BO3MOKHOCTSIMH 37J0POBbSI



1 ]_le.]'ll/l H 3aJa4Y1 OCBOCHUA JUCHHUIIJIMHbI

Heabio ocBoOeHMsI — OOYYCHHE CTYACHTOB MPUHIIMIIAM Pa3pabOoTKH MPOTPaMMHOT0 00ECTICUCHHS
MEXAaTPOHHBIX CUCTEM PA3IMYHOr0 Ha3HAYCHHUSI, TPHUOOPETEHUE HABBIKOB OO BEKTHOTO
POTPaMMHUPOBAHHUSL.
3agayaMu TUCIUTUINHBI SIBIISTIOTCS:
® O03HAaKOMJICHHE CTYJCHTOB C COBPEMEHHBIMH IIOJXOJaMH K pPa3pabOTKe M OTIAJKE
MPOrPaMMHOTO O0ECTICUEHHUsI MEXaTPOHHBIX CUCTEM;
¢ (opMHUpOBaHHE HABBIKOB CO3/IaHUS TIPOTPAMMHOTO 00ECTICUSHHSI IIsl MUKPOKOHTPOJLICPOB
U KOMIIBIOTEPOB Ha 6a3e onepannonHoi cuctemsl Windows;
e (opmupoBaHUE HABBIKOB OOBEKTHOTO MPOrPAMMHUPOBAHUS HA S3BIKAX BBICOKOTO YPOBHS
(C++, C#) ¢ uenpio co3/aHus YINPABISIONIMX MPOrPaAaMM BBIYMCIHUTEILHOIO KOMILIEKCA
MEXaTPOHHBIX CUCTEM Pa3IMYHOTO HA3HAYCHUSI.

2 Mecto nucnumuinabl B ctpykrype OIIOIT BO

Juctmmmna 51.0.11.03. «lIporpamMmmHoe oOecriedeHre MEeXaTPOHHBIX CHCTEM» BXOAWT B
HepeYeHb TUCIMILIMH [IUKJIA ITOITOTOBKH MarucTpa.

3 TpeGoBanusi K pe3yJIbTaTaM OCBOCHHUS COAEPKAHMA TUCIUITHHBI

[Iponiecc u3yyeHHs AMCUUIUIMHBI HANpaBlieH HAa (OPMUPOBAHUE FIIEMEHTOB CIEAYIOIUX
KOMIIETEHIIMH 110 JAHHOMY HaIIPaBJICHUIO MOArOTOBKHU:
OIIK-4 CnocobeH HCMOJIb30BaTh COBPEMEHHbIE HH()POPMALMOHHBIE TEXHOJOTHU U
IIPOTrpaMMHBIE CPEJCTBA IIPU MOJIECIMPOBAHUHU TEXHOJIOTUYECKUX IIPOLIECCOB.
OIIK-4.1 CnocoGeH mNpUMEHSATh COBPEMEHHbIE INPOTrpaMMHBIE CpelcTBAa U
UH(POPMALIMOHHBIE TEXHOJOTHH TPH MOJCIHMPOBAHUU MEXATPOHHBIX M POOOTOTEXHUYECKHX
YCTPOMCTB.

B pe3yabTare n3yyeHusi JMCHUIIMHBI CTYIEHT J0JIKEH:
3HaTh!
® CHHTaKCHYECKHE KOHCTPYKIIMil COBPEMEHHBIX SI3bIKOB nporpammuposanust (31);
e mAabJOHBI  TNPOEKTHUPOBAHUS  BBICOKOYPOBHEBOI'O  MPOTpaMMHOro  oOecnedeHus,
MPUMECHSIIOIINECS B YIPABJISIONIMX MPOrpaMMax MexaTpoHHbIX cucteM (32);
® OCHOBHBIC AITOPUTMBI YIIPABICHUSI MEXaTPOHHBIMU cucTeMami (33).
Ymers:
® TPUMEHSATh OCHOBHBIE METOJAbI MPOCKTHPOBAHUS CIOXKHBIX CHCTEM MPOTPAMMHOTO
o0ecreueH s C UCTOJIb30BaHNEM 00BEKTHO-OPHEHTHPOBAHHOTO moaxoa (V1);
® CO3/1aBaTh BBICOKOYPOBHEBBIC alTOPUTMBl YIPABIECHUS CIOXXHBIMA MEXaTPOHHBIMU
cuctemamu (¥Y2).
Baanern:
® HaBBIKAMU NPUMEHEHUS 0a30BBIX AITOPUTMOB YIPABICHUS MEXATPOHHBIMU CHCTEMaMH
(B1);
® HaBBIKAMHU pabOThI B KOMIUIEKCHBIX Cpe/iaX CO3[aHus mporpaMMHoro ooecneuenus (B2);
® HaBBIKAMH HAIMCAHUS AITOPUTMOB U MPOTPAaMM Ha S3bIKaxX MPOrpaMMHPOBAHUS BEICOKOTO
ypoBHs (B3);
® HaBbIKAMU TPOEKTUPOBAHUS  CJOXKHBIX CHCTEM C  HCIIOJIb30BAHMEM OOBEKTHO-
opueHTHpoBaHHOTO noax0/a (B4).

4 Coaep:xanme M CTPYKTYpPa AUCHHMIIMHBI (MOIYJIs1)

4.1 ConepxxaHue pa3iesioB JUCHUINIHHBI

Ne HaumenoBanue ®dopma
Copepxanue pazzena
pasz. pa3zena TEKYIIEro




KOHTPOJIsL

OcHoBHBIE OCHOBHBIE TIPUHIIMITBI K METOOJIOTHS pa3padoTKH

MNPUHLUIIEL 1 MIPUKIIaAHOTO IPOrPAaMMHOTO 00ecTIeueH s Bompocst ua
METOJIOTOTUS MEXaTPOHHBIX CHCTEM Ha 0a3e alrOpUTMUYECKIX JK3aMeHe
pa3paboTku SI3BIKOB TIPOTPAMMHUPOBAHUS PA3THIHOTO YPOBHS. TpaxTiieckue
HPHKJIAJHOTO SatITHA
MPOTrPaMMHOTO

obecricueHusI.

S3p1KH O030p  S3BIKOB  TPOTPaMMHUpPOBaHMA.  SI3BIK
NPOrpaMMHUPOBAHUS | MPOrPaMMHpPOBAHUSl BEpXHEro ypoBHS «C++y,

, Kimaccudukarys. CHHTAaKCHC $53bIKa, 0030p OCHOBHBIX OIEPAaTOPOB,

S3bIKN MIPUMEPBI pean3aliy Pa3INyHbIX alrOPUTMOB MPU
NPOrpaMMHUPOBAHUs | HAllMCAaHWU  yNpaBiIAlomuX nporpamM. O030p

HU3KOI0 U CpelcTB pa3paboTKM M OTJIafKM MporpamMm - | Bonpocklna
BeICOKOTO ypoBHeit, | Microsoft  Visual Studio 2010, omnucanue sz;ﬁ\f;}éine
KaK MHCTPYMEHT uHTepdeiica mporpaMm. 3aHATHS
JUTS peaTn3aliiy

YTIPABISTFOLIAX

(hyHKIHN B

MEXaTpPOHHBIX 1

POOOTOTEXHUYECKHIX

cucTeMax.

[Moaxon 06bekTHO- | OOBEKTHO-OPHEHTHPOBAHHOE MPOrPaMMHUPOBaHHE, Bonpock a
OPHEHTHPOBAHHOTO | HAa3HAYCHUE U OCHOBHBIC NOHATHS. MHKancymsmus, SK3AMCHE
NpOrpaMMHUpPOBaHUs | HacjenoBaHHe, MOIUMOP(GH3M. CHHTAKCHUC S3bIKOB TpakTHyeckue
npu pazpadotke [10 | mporpammuposanus C++, C#. 3AHATHAS
IS yTIPABJICHUS Oco6GEeHHOCTH HAMMCAHMS IPOTPAMM Ha A3BIKE JlaGopatopubie
MEXaTpOHHBIMHU 00BEKTHO-OPUEHTHPOBAHHOTO 1 00BEKTHOTO S
CHCTEMaMH IIPOTrPaMMHPOBAHUSL.

IIporpammuOE [TonsTHE WHTEIIEKTYaNbHBIX POOOTOTEXHUYECKUX

obecrieueHne  AJISL | CHCTEM. WnTennexryanbsHbIe JATYMKU, | Bompocs Ha
MHTEIUIEKTYaIbHBIX | OCOOCHHOCTH peanuzanyy, nHTepdeicol, K3aMeHe
POOOTOTEXHUUECKUX | OCOOEHHOCTh HalMCaHUs MIPOTPaMMHOTO Hpa;;y;f;me
CHCTEM, OCHOBHBIC | 00OECIEYECHHS IIPU PEANH3AMMU POOOTOTEXHUIECKUX | JlaGopatopHbie
IIoaAX0abl K | CUCTCM. 3aHATUSL
pa3paboTke.

4.2 CTpyKTypa IMCIHILIHHBI

OO011ast TPYI0EMKOCTh JUCIUILTHHBI COCTaBIsieT 4 3aueTHbIe equHuIb (144 yaca)

Bun pabotst 3
ceMecTp

OO0mas Tpy10eMKOCTh 144
AyautopHasi padora: 54
Jexyuu (J1) 9
Ipaxmuueckue 3auamus (I13) 9
Jlabopamopmwie(JIP) 36
CamocrosiTejibHAsI padoTa: 63
CamocTosTeTbHOE U3YYCHUE Pa3JIeiioB 40
CamormonroroBka (mpopaboTka W TOBTOpPEHHE 23
JeKIMOHHOTO  MaTepuaja ¥ Marepuaia

y4eOHUKOB U Y4eOHBIX MOCOOWH, MOATOTOBKA K
7a00pPaTOPHBIM W MPAKTHYCCKUM  3aHATHSIM,

Bcero

144

54

36
63
40
23




KOJUIOKBUYMaM, pyOe)KHOMY KOHTPOJIIO | T.1.),

KoHTpoJb (mMoAroToBka K caauye 3K3aMeHa) 27

27

Bun HpOMe)ICYTO‘{HOﬁ aTrecranumu OK3aMCH OK3aMCH

pas-
nena

KommuecTBo yacos

KonTakTHas
pabora

J JP | 113

HanmenoBanne pasaciioB

Bcero

Bue-

ay.
paborta

CP

OCHOBHbIEC IPUHLHIIBI U
METOAOJIOTUS Pa3paboTKu
HPUKJIAJTHOTO IPOrPAMMHOTO
o0ecTeyeHu .

SI3BIKM IPOrpaMMHUPOBAHUS,
Kiaccuukanus. SA3pIku
IPOrpaMMHPOBAHHS HU3KOTO
BBICOKOI'O YPOBHEH, KAK HHCTPYMEHT 20 2 - 3
IUISL peaiu3aiy YIPaBIIsOIINX
(GyHKINH B MEXaTPOHHBIX H
POOOTOTEXHUYECKUX CHCTEMAX.

15

[Momxox 00BEKTHO-
OPHEHTHPOBAHHOTO
IPOTpaMMHUPOBAHUS TPHU pa3zpadoTKe 35 3 6 3
[1O nnst ynpaBiieHHs: MEXaTPOHHBIMH
CHCTEMaMH

23

[Tporpammuoe obecrieueHue st
HUHTCJUICKTYAJIbHBIX
POOOTOTEXHUYECKUX CUCTEM,
OCHOBHBI€ MTOJIX0/IbI K pa3paboTKe.

56 3 30 3

20

Hroro: 117 9 36 9

63

4.3 JIaGopaTopHbIe 3aHATHS

Temsl 3aH9TUNI

Ko gacos

I/ISY‘IGHI/IG IIpUHIOHXIIA JEHCTBUSA I_II/I(I)pOBOI‘O JaTdyruKa OCBCIICHHOCTH.

10

N3ydenue npuHuMna aeicTBys HUPPOBOro JaTuUKa
TEMIIEPATypPhl U BIAXKHOCTH BO3AYXa.

10

N3yuenne npuHIMIIA AEMCTBUSA YIBTPAa3BYKOBOTO U3MEPUTES
JAJIbHOCTH..

10

W3ydenue npuHIMIA JEHCTBUS CUCTEM TI100aTbHOTO CITYyTHUKOBOTO
MTO3ULIMOHUPOBAHUS

NTOI'O

36

4.4 TIpakTHYecKHe 3aHATUS




No Tema Kos1. gacos.

1 | SI3bik mporpammupoBaHus BepxHero ypoBHs C++, C# CUHTaKCHC A3BIKOB,
0030p OCHOBHBIX OIIEPATOPOB, IPUMEPHI PEATH3AINH PA3INIHBIX 10
QJITOPUTMOB NPU HANMCAHUHU YIPABJISIIOIIMX TPOrpamMM.

3 | O630p cpeAcTB pa3pabOTKH U OTIIAaKK IporpaMM Microsoft Visual Studio
2010, onucanue uHTEpdeEiica. 2

4 HHTCJ’IJ’ICKTY&J’IBHHC JaTYNKH 1 CUCTCMBI MOOMJIbHBIX pO6OTOB.

NTOI'O

4.5 CamocTosiTeIbHOE H3YUYEHHE PA3/1eJI0B I CHUIJIMHBI

Ne Kon-Bo
Bormpocsl, BBIHOCHMBIE Ha CAMOCTOSITEIbHOE U3YUEHUE
4acoB
1 2 3
1. | PasBuTHE A3BIKOB IPOrpaMMHUPOBAHUS, COBPEMEHHBIE TEHICHIUH. 5
2. | CuHTakcuc A3bIK0B NporpammupoBanus C++, C#. 35
3. Hroro 40

5 OueHoyHble MAaTepUAJbl I TeKYLIero KOHTPOJSI YyCIeBaeMOCTH W
NMPOMEKYTOYHOM aTTeCTAlUN

5.1 O1neHoYHbIE MaTepHAJIbI IJISl TEKYIIECI0o KOHTPOJIA YCIIEBAEMOCTH

Tembl 1011 pedepaTos:

3a mOATrOTOBKY U 3alIUTy pedepaTta CTyACHT MOXKeT Habpath 6 6amioB (mo 2 Oamia 3a Tpu
KOHTPOJIbHBIE PEUTHHIOBbIE TOUKH). [IpH moAroToBke pedepara CTyI€HT AOIKEH O3HAKOMUTHCS
C OCHOBHOW M [IONOJHHUTEIBHOM JIUTEPATypoOil, BKIIOYAs CIPABOYHBIC W3/aHHS, 3apyOC)KHbIC
UCTOYHHKH, KOHCIIEKT OCHOBHBIX MOJIOKEHUI, TS PMHUHOB, CBEICHHI, TPEOYIOLIUX sl 3aIIOMUHAHUS
A SBILSIIOIIAXCA OCHOBOIIOJATaIOIMMU B JTOH TeMe. HeoOXOoaMMO COCTaBUTH AaHHOTAIIUU K
NPOYUTAHHBIM JIMTEPATYypHBIM HcTOuHHKaM. CTpykTypy pedepata CTyIEHT ONpEAessieT CaM.
OneHuBaHNE MPOBOJUTCS C YYETOM KOJIMYeCTBa OOPaOOTaHHBIX JIMTEPATYPHBIX HCTOYHHKOB,
KauecTBa oopmiieHusi pedepara, OTBETa Ha BOMpockHl 1o pedepary. Temy nmus pedepara CTyaeHT
MOXET NPCAJIOKHUTL CaM, 1moo BI>I6paTI> H3 NPCAJIOKCHHBIX.

1. Cospemennsie s3blku mnporpammupoBanuss C++ u C#, Kiaccel, HacienoBaHue,
MHO’KECTBEHHOE HAaCJIEI0BAaHUE.
Paznuuue B nepenave B QyHKIHUIO TapaMETPOB M0 3HAUCHUIO U MO CCBIJIKE.
JlMHAMUYeCKOe BBIAEIEHHE TTaMATH.
MsuoromMepHsble MaccuBsl B s3bikax C+ u CH#.
Otanune sA36IK0B MporpammupoBanus C++ u C#.

akrwn

Bonpochl K KOHTPOJIBHBIM PEiTHHIOBBIM MePONIPUATHAM




S: A3bik mporpammupoBanusg C++, onepanus new ...

-: CIIYXKUT JIJIs1 OOBSIBIICHUSI MACCUBA

- CIIY>KUT /17151 OOBSIBIICHUS IEPEMEHHOH 1I€JI0T0 THIIa

+: TO3BOJISICT JMHAMUYECKH BBIJICIIUTH MMAMSATH /7151 00BEKTA, T.€. BO BPEMsI BHITIOJTHEHU S
porpamMMbI

-: HE UCIOJb3yeTcs B A3bike C++

I:

S: SA3bik nporpammupoBanusa C++, kiacc ...

+: 3TO NPOU3BOAHBINA CTPYKTYPUPOBAHHBIN THII, BBEJACHHBIN IPOTPAMMHUCTOM Ha OCHOBE YK€
CYILIECTBYIOIIUX THUIIOB

-1 9TO MacCuB

-: 001acTh ONepaTUBHON NAMATH

I:

S: S3b1k mporpamMmmupoBanus C++, Kjacc, KOMIOHEHTHbIE (PYHKIIUU.

-: KJIacC HE JIOJDKEH UMETh KOMIIOHEHTHbIE (DYHKIIMH

-: KOMIIOHEHTHbIE (PYHKIIMH CIYXKHT Vs OBBIIIEHUS CTAOUILHOCTU PabOTHI MPOTpaMMBbl
+: KOMIIOHEHTHbIE (PYHKIIMH KJIacca MO3BOJISIOT 00padaThIBaTh JaHHBIE KOHKPETHBIX 0OBEKTOB
KJ1acca

I:

S: S3b1k mporpamMMupoBanust C++, KOHCTPYKTOp Kiacca.

+: 3TO crienuabHasi KOMITIOHEHTHAst (QYHKIHS [T MHULAAIA3aluU 00bEKTOB Kilacca

-: mo0asi KOMIIOHEHTHAas! PYHKIIMS SBIIIETCS KOHCTPYKTOPOM Kilacca

- KOHCTPYKTOP KJlacca He npuMeHsieTcs B si3bike C++

K

S: A3k mporpammupoBanus C++, KOHCTPYKTOp Kiacca

-: UMS KOHCTPYKTOpPa MOKET OBbITh JIFOOBIM U MOXKET HE COBIAAAaTh C UMEHEM Kilacca

+: MM KOHCTPYKTOpA JAOJKHO COBIIAIAaTh C UMEHEM Kiiacca

-: Y KOHCTPYKTOpA HE JOJHKHO ObITh UMEHU

I:

S: A3k mporpammupoBanus C++, 11 KOHCTPYKTOpa Kiiacea ...

+: He oIpeAeIaeTCs TUIl BO3BPAIllaeMOr0 3HaYEHUs

: THIT BO3BPAIIAEMOTO 3HAYEHHSI MOXET OBbITh TOJIBKO Nt

: THII BO3BPAIIa€MOT0 3HAYEHUS MOXKET OBITh TOJIBKO JTFOOBIM

: TUI BO3BPAILla€MOI0 3HAYE€HUSI MOXKET ObITh TobKO double

I:

S: S3b1k mporpamMmMupoBanust C++, KOHCTPYKTOp Kiacca

-: B KJIacC€ MOKET OBbITh TOJIBKO OAUH KOHCTPYKTOP

-: B KJIacCe HE MOKET OBITh KOHCTPYKTOPOB

+: B KJ1acce MOXET ObITh HECKOJIbKO KOHCTPYKTOPOB (TIeperpy3ka)
l:

S: SA3bik C#, KOHCTPYKTOP KJIacca MpeHa3HAYCH IS ...

-1 CO3JIJaHMs MacCHBa

- CO3/IaHus TIepEeMEHHOM THMa int

-: YHHYTOXKEHHUS IK3EMIUTIpa Kiiacca

+: co3maHus OK3EMINIsIpaA Kjacca
I:



S: S3pik C#, KOHCTPYKTOP KJ1acca UMeeT MOIU(PUKATOP TOCTYIIA ...

- private

+: public

-: protected

- internal

I:

S: A3bik C#, KOHCTPYKTOp KJacca ...

-: BO3BpalllaeT 3HauYeHUE 1IeJI0ro TUIla

+: He BO3BpalllaeT HUKAKOr0 3HAYCHUS

-: BO3BpAIl[aeT 3HaYCeHHUE JIF0OOT0 THIIA

-: BO3BpAIl[aeT MAacCUB JaHHBIX JIFOOOTO THIIA

I:

S: A3k C#, niis 3a1anust meperpy3ku KOHCTPYKTOpa Kiiaccea ...

+: He0OXO/IMMO HAMKCATh HECKOJIBKO KOHCTPYKTOPOB KJIacCa, KaXK/IbIM U3 KOTOPBIX IPUHUMAET
napaMeTpsl pa3Hble 0 KOJUYECTBY WU MO TUTIAM

-: He0OXO0/IMMO HAMKCATh OJIMH KOHCTPYKTOP Kjacca, KOTOPBIA HE MPUHUMAET IMapaMeTpOB
-: TIeperpy3Ka KOHCTPYKTOPOB B si3bike C# 3ampeniena

JlaGopaTopHble padoThI

[lpu BBIMONHEHMH J1TAOOPATOPHBIX PAOOT, CTYASHT MOJIYYaeT IPAKTHUYECKUE HABBIKH
POTrpaMMHUPOBaHUs. 3a BBIIIOJHEHUE JTa0OPATOPHBIX pabOT CTYACHT MOXKET HaOpath 18 OayioB
(o 3 Gaya B KaXKIyI0 pEUTHHTOBYIO TOUKY).

Jlaboparopuas padota Ne 1. M3ydeHnne npuHIAIA ASUCTBHS TU(YPOBOTO JaTINKA
OCBEIIEHHOCTH
Llenb paboTer: M3ydeHue npuHIMNA IeHCTBUS UPPOBOTO TaTYMKA OCBEIEHHOCTH.

JlaGopaTtopHnas padota Ne 2. 3yuenue npuHIumna AeicTBUS UPPOBOTo JaTUHKA

TEMIEPATypPhl U BIAKHOCTH BO3AYyXa

[lens pabotel: M3yuenue npuHLIMIA JEHCTBUS LUPPOBOTO AATYMKA TEMIEPaTypbl U
BIIQXKHOCTH BO3/1yXa.

JlaGopatopHas padota Ne 3. M3yueHue npuHIuna AeHCTBUS YIbTPa3BYKOBOTO U3MEPUTEIS
JAIIbHOCTH
Llens paboTsl: M3yuenue npuHLMNa JEMCTBUS YIbTPa3BYKOBOTO U3MEPHUTENS TAIbHOCTH.

JlaGopatopHass pabora Ne 4. M3ydeHune npuHIUNA JEHCTBHUA CUCTEM TIJI0OAIBHOTO
CIIyTHUKOBOT'O TIO3UIIMOHUPOBAHUS

Ilens pabotel: M3ydeHue mnpuHIMIIA AEHCTBUS CHUCTEM IJIOOATBHOTO CIYTHUKOBOTO
MO3UIMOHUPOBAHHS.

O6pa3zerr 1abopaTopHOI pabOTHI IPEACTABICH HIDKE.

HN3yyenue npuHUUNA JecTBUSA HM(POBOro 1aTunka
OCBEIIEHHOCTH

Meroanyeckue yKa3aHus
K JjabopaTopHoi padore

Hean padorbl: U3yuenue npunyuna oeiicmeus yuppoeozo 0amuuKka 0céeueHHOCmU.



OBIIUE CBEJEHUSA

JInsi OLICHKH CBETOBOTO M3JIYYEHHs MPUMEHSIOTCS SHEPTeTHYCCKUE M CBETOTEXHHYCCKHE
(BH3yasbHBIC) XapaKTepUCTUKU. [lepBble NCIONB3YIOT, KaK MPABUIIO, Ul U3IyYCHHUH, KOTOPHIE
JeaT 3a TpeAeNaMH BHIMMOTO CIEKTpa. BTopble cioyxar ais ONUCaHHSA IPOILECCOB,
NPOTEKAIOIIMX B JAMANa30HEe BHIMMOIO CBETAa W BOCIIPHHUMAEMBIX TJIa30M. Takoe paszaeneHue
BBI3BAHO TEM, YTO JICHCTBUE BUIAMMOTO CBETAa Ha IJIa3 3aBUCHT HE TOJBKO OT (PH3HMUYCCKUX
napaMeTpoB M3Iy4YEeHUS (SHEPTUH, YAaCTOTHI, CIIEKTPAIBHOTO COCTaBa), HO U CHEKMPANbHOU
uyecmeumenvrocmu S_(A) rnasa (puc.1). Kak BUIHO Ha pHCYHKE, YyBCTBUTEIHLHOCTh IJa3a K
cHHEe-(pHOJICTOBOMY M KpPacCHO-OPAaH)KEBOMY HM3JIYYCHHIO CYIIECTBEHHO HIDKE, YeM K IKEJTO-
senenomy. Maxkcumym S.(4) nmocturaerca mpu A = 0,5..0,555 mxM (mepBoe 3HaueHHE
CIIpaBeUIMBO ISl 4epHO-0esI0ro, BTOPOE — ISl LIBETHOTO 3PEHU).
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Puc. 1 - Cnexmpanvras 4y8cmeumenbHOCmMb 21a3a:
I — I — cune-puonemosas, scenmo-3enenas u KpacHo-opaudIcesast 0OIACMU COTHEUHO20 CNEKMPA
coomeemcmeento, 1 — cnexmp conneunozo ceema, 2 — uepHo — bends 4y8CMeUmenIbHOCHb, 3 — Y8emHas
YYBCMEUMEeNbHOCNb 21430

Jis  mepeBoma  (OTOMETPUYECKHX XapAaKTEPUCTHK B DHEPreTHUECKHAE HCIOIb3YIOT
Koo uyuenm uonocmu Ky, MOKa3bIBAIOIIMH, KaK MEHIETCS CBETOBOE OIIYIIEHHE IO BCEMY
JUana3oHy BUAMMOro cBeTa. Tak Kak riia3 uMeeT HauOoIbIIy0 BUTHOCTh (CBETOBOE OIIYIIEHHE)
Vinax K H3IydeHHIO ¢ A = 0,555 MKM, TO

kV = I'{i"rvmn.:r

rae V; — cBeToBOE OlIyIIEHHE K M3YYEHHUIO ¢ JUIMHOM BoNHbI 4. B quanasone 0,38...0,77
MKM KO3 QUIHeHT Ky U3MEHSETCS B 10° pas.

PaznuuaroT crnenyromme OCHOBHBIE XapaKTEPUCTUKH CBETOBOTO M3JIYUYEHMs: HHEPrus
uznyyeHuss W (sHepreTudeckas B JKOYIAX M CBETOTEXHUYECKAs B JIIOMEH-CEKYHIaX);

. dW o o
ceemosoit nomox P =—— (oHeprernyeckuii B BT M CBETOTEXHMYECKMIl B JIOMEHAX,
npudem 1 B usnydenus ¢ A = 5,55+ 1077 m cooTBeTcTBYET 683 1M);

dd .
cuna ceema | = —a> TAe & — TenecHbIit yrou (B KaHzeNax);

e d¥d v
0C8CUICHHOCD -5 = E (SHCpFCTI/IquKafl B BT Ha KBaApaTHbBIKM METP U CBETOTCXHUYCCKAs

B JIIOKCax);

dJ .
aApkocmp (MHTEHCUBHOCTH) ¥ = —.» e dS, — momanas OPTOrOHAIBHOM MPOEKIMU
n

CBETAILIErOCS DIIEMEHTA MOBEPXHOCTH A5 (CBETOTEXHMYECKAs B KaHENaX Ha KBAJPATHBIA METP).

B ¢dotomerpun ans  ompeneneHHs CBETOTEXHMYECKOM  SPKOCTH 10  M3BECTHOM
HHEPreTHUECKOM HCIONIBb3YIOT TaOauIlbl BUAHOCTH. Hanpumep, sHepreTrueckas sipkocTh MOTOKa
reNuii-aproHoBoro naszepa ¢ 4 = 0,514 MkM, paboTarOMIEr0 B HEMPEPHIBHOM PEKHME, COCTABIISET
10 Br/m® Tlo Tabumue BHAHOCTH ¢dboTtomerpuueckas SpKocTh Y= 410" ku/m® , uro
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pUGIIBHTETBHO B 2,5-10° pa3 Goblie APKOCTH COITHILA.

CriocoOHOCTh TI1a3a pearupoBaThb HAa M3MEHEHHE SAPKOCTU B OYEHb OOJIBLIOM JMana3oHe
MOJIYYHJIO Ha3BaHHE 3pUTEIbHON aganTanuu. B cpeqnem s yenoBeka AY = 2(10'6...105) KI/M.
CBONCTBO TIJIa3a BOCCTAHABIMBAaTh CBETOBYIO YYBCTBUTEIBHOCTb Ha3bIBACTCS CBETOBOM WIIU
TEMIIOBOM ajnanrtanued. llepBas mposBiuseTrcs NHpH PpPE3KOM YBEIUYEHUU OCBEILIEHHOCTH,
HalpuMep IpH BBIXOAE, U3 TEMHOIO IIOMEUICHMs Ha CBET, U COCTABJIACT 2—3 MMHH; BTOpas
CYILIECTBEHHO IpoaonkurenbHee n pocturaetr 20—30 muH. [lapameTpbl HEKOTOPBIX THUIIOBBIX
VCTOYHUKOB CBETA IPEACTABICHBI HUXKE:

DOoTOrpaPUIECKASI BCIIBITITKA . ...'vveeeeneennennnnns ¥ =7-10" ky/m?

JIaMITa HAKATIABAHMS . .. voeeeeeeeeeeeae e e e eeieaaann. ¥ =6 -10° I<I[/M2

JTHEBHOM CBET v.vvevvevverveiesiesssaseaseeseeseseessessessessessessassenseenes % = 10% 1k

TTOMHAS JIYHA «..veiniieeeeeeeeeeeeeeeaeeeneaanan ¥ =2-10°k/m?, T = 210" ik
037531 05 (0 TSIl & (51010 YU ¥=4-10" KI[/MZ, %= 107 ik

[Ipumeuyanue. MunumanpHas BUAUMAs SIPKOCTH Y = 10° KI[/MZ.

HOpOF YYBCTBUTCIIBHOCTHU I'Jila3a XapaKTCPU3YCTCA HAUMCHBIIUM KOJIMYCCTBOM ISHCPTHU,
BBI3BIBAIOIICH €r0 CBETOBOE pasjipakeHue. [loporoBoe 3HaYeHHE CBETOBOTO IMOTOKA 3aBUCHT OT
-14
JUaMeTpa 3padka U cocTaBiisieT okojio 2 -10™" M mpu auamerpe 3padka 8 MM.

Lugposoii oamuux oceewpennocmu BHI750F VI

BH1750FVI - uudpoBoii maTuMk OCBEUICHHOCTH pPEANM30BAaH B BHIE MHUKPOCXEMBI C
mnppossM  BoixogoM  (muTepdeiic  1°C). JIaTYMK MOXKET NPUMEHATBCS B  PasIHUHBIX
AJIEKTPOHHBIX U MEXATPOHHBIX YCTPOMCTBAX, IS IIOJIYYEHHUS JAHHBIX O BHEIIHEW OCBEIIEHHOCTH
(HampuMep, CUCTEMBl YIPABJICHUS OCBELICHUEM 3[JaHMM, JJIs aBTOMATHUYECKOW PEryIHMpOBKH
sproctu 3kpaHoB KK TeneBH30poB M MOOWIBHBIX TelnepOHOB M T.I.). JlaTunk mo3BoJseT
MU3MEpPATh UHTEHCHUBHOCTh CBETA B IIMPOKOM CIIEKTPE C BBICOKUM paspemieHueMm ot 1 go 65535
nx. Ha puc. 2 mokaszan oOmuii BU IUIATHI C YCTAaHOBIICHHBIM JITATYNKOM.

Puc. 2. Obwuii 6uo naiamsi 0amuuxa oceeujeHHoCmu.

Kparkue xapakTepuCTUKH JaTYHKa.
Wnrepdeiic I°C.
CrnexTpasibHas 4yBCTBUTEIBHOCTh OJIM3Ka K YyBCTBUTEILHOCTH YEJIOBEYECKOTO IJ1a3a.
Bcerpoennsiit 16-u pa3psiiHblii aHamoro-1u@poBoit mpeoOpa3oBaTeb.
HIupoxuii tnana3on usmepeHuin ocsenieHHocTH (1 - 65535 k).
Huskoe snepromnorpedienue.
@DyHKIMS TOAABJIEHUS IOMEX OT UCTOYHHMKOB cBeTa Ha yactore: S0l - 60Im.
Bo3MoXHOCTh MOAKITIOUEHHS 2-X TATYUKOB K OJHOMY KOHTPOJIIEPY 10 UHTepdeicy I’C
(MO>XHO BBIJICTIUTD JIBA aJpeca YCTPOUCTBA).
[MorpemnocTs n3mepenus (£20%).
Huskoe BnusiHMEe HHPPAKPACHOTO U3ITyYSHHS HA Pe3yJIbTaT U3MEPEHUsI.
MaxkcuManbHas yacTota 0OMeHa JaHHBIMH 10 UHTepeicy I°C — 400 xI'w.
Pabounii quana3oH Temneparyp -40°C + +85°C.
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Ilocneoosamenvnuiit unmepgheiic TWI (| 12C)

Wnrepdeiic  1°C  Tpebyer ABYXIPOBOAHOTO COGAMHEHHS, HO C  OOS3aTEIBHBIM
oObeMHEHHEM '"3eMenb", T. K. CUTHalbl B HeM aOCOJIOTHbIE, a He JudQepeHuuanbHble, U
OTCUMTHIBAIOTCS OTHOcUTenbHO "3emuu'". B uuTepdeiice I°C YCTpPOHCTBA MOTYT paboOTaTh B
pexume "Benymmit" (Master) wim "Bemomsiid" (Slave). B oriamyme oT OGOJNBIIMHCTBA APYTHX
uHTEpQEICOB, BEIOMBIE YCTPOHCTBa ¢ HHTEpdericom I°C OIKHBI WMETH VHMBH1yaJIbHBINA
ajipec, IpUCBauUBaeMblil mpousBoauTeseM. [l pa3auueHus: OAMHAKOBBIX YCTPOMCTB, €CIIU MX
Oosee IByX Ha OJJHOW JIMHUH, B HEKOTOPBIX TUIIaX YCTPOUCTB (KAaK B pacCMaTpHUBAEMOM JATUUKE
OCBEIICHHOCTH) MMEIOTCS JONOJHUTEIbHBIE AaJPECHbIe JIMHUHU, BBIBOJBI JUISl YCTaHOBKHU
MHAMBUAYAJIbHOTO a/ipeca WK BXO/bl THNA "BbIOOp KpucTauia". JlaTuuK OCBELIEHHOCTH UMEETE
aapec 0100011 (ecnu Ha BeiBog ADDR nmatuymka mogaH HU3KHM JIOTMYECKHH YPOBEHB) M aJpec
1011100 (ecnu na BeiBog ADDR natumka mojaH BbICOKHM JJOTHUECKUI YPOBEHB).

I°C CyXHT 15 CBSI3M MEX/Ty COOOH MHKPOCXEM Ha OHOI IUIaTe MM B TPEICIax OIHOTO
ycrpoiicTBa. OHAKO 3TO MEAJICHHBIH HHTepdelic (MaKCUMalbHOEe 3HAUY€HUE CKOPOCTH OOMEHa
JUIs JaT4uka ocBemieHHoctd — 400 xOut/c), U MoToMy NpUMEHSETCs TaM, Ilie He TpeOyercs
CKOPOCTHOU Tiepeiayu JaHHBIX. B mHTEpdeiice eCTh HECKOJBKO Pa3IMYarOIINXCs COCTOSHUI
("cTapt", "cron", mepegaua OT mMacTepa WM K MacTepy u T. 1.). KpoMe Toro, u3-3a Hanuuus
BCEro OJIHOM JIMHMM OOMEHa JaHHbIMM (Ja €lle U C MOIJAEPKKOM MHOTHUX YCTPOMCTB,
HNOJKIIOUYEHHBIX K HEW — puc. 3), NPUXOJUTCS OPraHU30BBIBATH IPOTOKOJ TaK, YTOOBI
UCKJTFOUUTH IEKTPUIECKUE KOH(IUKTHI.

Rr1 RZ
10k 10k

SDA—*%

SCL

SDA—*%

SCL

SDA—*%

SCL

SDA[—*

SCL

L. L1 1 1

Puc. 3. Cxema nooknouenuss HeCKOIbKUX YCMpoicme K unmepgeticy.

[Ipeanonoxum, y HaC €CTh HECKOIBKO YCTPOMCTB, MOJKIIIOUEHHBIX MapaJjIeIbHO K JBYM
nuHusAM (He cuMTasi, ectectBeHHo, "3emnu"). Ilo omuoit m3 mux (SCL) Bcerma mepemarorcs
CUHXPOHM3UPYIOIINE HUMITYJIbCHI, @ IO BTOPO — coOcTBeHHO naHHbIe (SDA). MHpopmarus B
KK/l JaHHBI MOMEHT BPEMEHHU IMEPENAeTCsl TONHKO OJHUM YCTPOWCTBOM M TOJIBKO B OJHY
ctopony. C momoripio TWI MOXHO (T€OpeTHYecKH) COSAMHHUTH 10 128 yCTpOWCTB, Tak, Kak
noka3zano Ha puc 3. "[loarsaruBaroniue" pe3nucTopbl JOJKHBI UMETh HOMUHAJ MOPSIKA €IUHUIL
i fecsiTkoB KOM (ueM BbIle CKOpOCTh Mepeauu, TeM MEHBIIIE).

UToObl pa3iMuuTh HECKOJIBKO YCTPOMCTB, KakJo€ M3 HHUX 00s3aHO HMETh
WHAUBUAYaAIbHBIN aapec. OH 3amaeTcss 7-OMTOBBIM KOJIOM, TIOTOMY BCETO TaKUX YCTPOMCTB Ha
OJTHOH JTMHUH MOXET ObITh 128.

TunoBoit BapuanT oOMeHa nHpopmanuel mo uaTepdeicy I°C mokasau Ha puc. 4. KpaTtko
pacmmdpyem 3Ty auarpammy. JIro6oit ceanc mepemaum 1o mpotokony 12C HaumHaeTcs ¢
COCTOSIHUS JINHNU, UMEeHyeMoro Start (korga cursan Ha iuHun SDA mensiercs c jor. 1 Ha jor. O
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npu BeICOKOM ypoBHe Ha juHuMM SCL). Start MoxeT BbIIaBaTbCs HEOAHOKPATHO (TOraa OH
Ha3bIBaeTCs "MOBTOPHBIN cTApT"). 3aKaHYMBACTCS CEaHC CUTHAIOM Stop (cocTostHME JImHA SDA
MmeHsiercs ¢ jor. 0 Ha jor. 1 npu BbeicokoM ypoBHe Ha juHuU SCL). Mexay 3TUMU CUTHaJIaMu
JUHUS CUUTAETCA 3aHATOM, W TOJNBKO BeAyIIUH (TOT, KOTOPBIA BBIJAN CUTHaN Start) MoxkeT
ynpasiate guHued. Cama mHpopmanus nepenaercs ypoBHsAMH Ha juHud SDA (B 0ObruHON
MOJIO)KUTEIBHON JIOTHKE, CTAapIIMi pa3psii MepBbIM), NPUYEM CMEHA COCTOSHMM MOKET
IIPOUCXOIUTH TOJIBKO IIPU HU3KOM ypoBHE Ha SCL, a py BBICOKOM ypOBHE Ha HEH MPOUCXOIUT
cuuThIBaHWE 3HaueHus Outa. Jrobas cmena ypoHeil SDA mpu Beicokom ypoBHe SCL Oyner
BOCIIpHHATA Kak 6o Start, mu6o Stop.

[Ipouiecc oOmMeHa Bcerja HauMHAETCS C MEpelayd BenylluM OaiiTa, coieprKallero aapec
yCTpoicTBa (TakK€ HauMHAas CO CTapUIEro pas3psia), KOTOPBIM COAEPKUTCS B CEMH CTApIIMX
outax. IlepBwiii (Mmammmii!) Out 3TOoro Oaiita HaszwiBaeTcss R/W m Hecer mHpopMmanuio o
HanpaBJIeHUU OOMeHa: eciu oH paBeH 0, TO qanee Beayluii OyaeT nepenaaBats HHGOPMAIHIO, T.
e. nucath (W), ecnu paBed 1 — uutath (R), T. €. 0kuIaTh JaHHBIE OT BeoMoro. Bee mocbuiku
(1 agpecHble, M COAEpIKAIe TaHHBIC) COPOBOXKAAIOTCS JACBITHIM OUTOM, KOTOPBIN MepeaaeTcs
MOCJIEAHUM U Ha3bIBAE€TCS OMTOM KBUTHPOBaHUS. Bo BpeMs JeHCTBUS ATOrO JEBATOTO UMITYJIbCa
aZpecyeMoe yCTPOMCTBO (T. €. BEIOMBIi, KOTOPBI UMEET HYKHBIN aJIpec MOCIe MOChUIKH ajipeca
BEIYUINM, WM BEIYIIUW, €Clii JaHHbIC HaIllpaBJICHbl K HEMY, U T. I.) 00s3aH cPopMHUpPOBATH
otBeT (ACK) Hu3kum ypoBHeM Ha inHuU SDA.

B L1 no
, Slaveagpec 5 @ 3anucaWbi Baitt1 2 3anucaHbi Baitt2 2 S
u Q m© 2 =5

S c » 0 ®n

0 - -

™ © @ [

o om m

- | |

O o o

NocnegHui Baitr! Motomy NACK!! ————

B L0 A W]
L L 1 | 1 | | | | |
= Slaveagpec o © CuuranbmBait1 @ CuutaHbiibait? &S
T = @ w v -
- x oD 2] o O

(&) o ple = =

F o [ -

[=a] @« [ ]

5 = =

o o Lo

Puc. 4. Ilpoyecc obmena oannvimu no unmepaeiicy.

Ecimu takoro orBera Her (NACK), TO MOXHO cuuTaTh, 4YTO JaHHbIE HE MPUHATHI U
¢ukcupoBarb cO60if Ha nuHuU. MHorga ycrpoiictBa He TpeOyroT oTcbuiku Oura ACK (mmm
UTHOPHUPYIOT €T0).

Kak BHANM, OpraHmW3oBaTh OOMeH Mo mpoTokomy I°C HempocTo, HO 9TO IiaTa 3a
YHHUBEPCAIBHOCTH M MPOCTOTY MIIEKTPUUYECKON CXEMBI. BOJIBIIMHCTBO COBPEMEHHBIX YCTPOMCTB C
unTepdeiicom 1°C moryr paGorarh ¢ TakToBOIl wactoToil 10 400 Kl M Gonee, HO HW3-3a He
CIIMIIKOM  BBICOKOH  TOMEXOYCTOWYMBOCTH TAaKOW JIMHAM  MaKCHMallbHBIE  YacTOTHI
1esnecooOpa3Hbl TOJIBKO TOTJA, KOTJIa MHKPOCXEMBI YCTAHOBIIEHBI Ha OJHOW IJIaTe HeNalaeKko
apyr ot apyra. Ilpu coemunenun nposojamu (Hampumep, MK ¢ kakuMm-HUOYIb HaTUMKOM)
Jdydie orpaHuuuThes yactoramu 1o 100 kI, a mpu AAMHHBIX JIMHUSX CBSI3U (IIpoOBOJA B
MOJIMETpa JUTMHOU U 0oJiee), 4acToTy oOMeHa cienyeT cHu3uTh 10 10-30 kI'1.

Ha puc. 5 mnpencraBneHa cHekTpalbHas XapaKTepUCTHUKA JaT4MKa, a Ha pUC. 6 —
Jyarpamma HarpaBJIeHHOCTH.
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Puc. 5. Cnexmpanvnas xapaxmepucmura 0amyuxa.
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Puc. 6. JJuacpamma nanpasnennocmu 0amuuxa.

Ha puc. 7 npuBeaeHa cTpyKkTypHasl cxema JaT4yuka, a B Tabuuie 1 mpuBeAEeHbI PEKUMBI
U3MEpEeHus, a B Ta0NHUIE 2 - KOMaH bl YIIPaBJIEHUS pEKUMOM pabOThI JaTYUKA.

N

DVI
SCL
AHanozo-yugpposot | | Cucmema yrpassieHL
Yeunumens npeobpa3osamernb ¢ uHmepgheiicom 12C
SDA

Yyacmombsl

['eHepamop makmosou

ADDR

Puc. 7. Cmpykmypnas cxema 0amuuka oceéeujenHocmu.

Tabauya 1 — Pesicumvl usmeperus.

Pexxum uzmepenust Bpewmst usmepenus Pazpeenue
PexumM BBICOKOTO 120 ms. 0.5 mx
paspenicHus (PeKuM 2).
PexumM BBICOKOTO 120 ms. 1 nx
pasperierns (pexxum 1).
PexumM HU3KOTO 16 ms. 4
paspereHus.

Tabauya 2 - Komanovl ynpasnenus pexrcumom pabomsl 0amyuxd.

Komannma Kona xomangs! Onucanue
OTKIIIOYeHHE JaTurKa 0000_0000 JlaT4uK OTKIIIOUEH.
Bxkirouenne maTynka 0000_0001 JlaT4MK BKJIIOYEH U OKUJAeT KOMaH/y Ha U3MEpEHHE.
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Copoc HacTpoek naruuka. Komanna Hegocrynna B
C6poc narunka 0000_0111 P A sla HeoeTy
- PEXHUME OTKITIOYCHHS JaTUHKA.
HenpepsiBHOE n3MepeHue B .
3armyck u3MepeHwuii ¢ paspemenueM 1 k. Bpems
PEXKHMeE BBICOKOTO pa3pelIeHus 0001_0000
- OZIHOTO u3Mepenus 120 ms.
(Pexxm 1).
HenpepsiBHOE n3MepeHue B .
3anyck u3mepenuii ¢ pazpemenuem 0,5 ax. Bpems
PEXKHMMeE BBICOKOTO pa3peleHus 0001_0001
- onHoro usmepenus 120 ms.
(Pexum 2).
HenpepsiBHOE U3MepeHue B 0001 0011 3armyck U3MepeHHuii ¢ paspemienueM 4 k. Bpems
pEeXXHUMe HU3KOTO pa3peleHus. - OJIHOTO u3MepeHus 16 ms.
3armyck U3MepeHwuii ¢ paspemenueM 1 k. Bpems
OnHOKpaTHOE H3MEPEHHE B oaHoro uzMepenus 120 ms. ABTOMaTHUECKH epeBO/T
PEKHMME BBICOKOTO pa3pelleHus 0010_0000 JIATYMKA B PSIKUM OTKITIOYCHUSI [TOCIIE IPOBEICHHS
(Pexxim 1). HU3MEpeHNs.
3anyck usmepenuii ¢ pazpemenuem 0,5 ax. Bpems
OnHOKpaTHOE U3MEpPEHHE B 9
oaHoro uzMepenus 120 ms. ABTOMaTHUECKH epeBO/T
PEXKHMMeE BBICOKOTO pa3pelleHus 0010_0001
- JATIUKA B PEKUM OTKITIOUEHHS TTOCTIE TTPOBEACHUS
(Pexxnm 2).
HU3MEpEHUSI.
3amnyck u3MepeHui ¢ paspenienueM 4 ax. Bpems
OnHOKpaTHOE U3MEPEHHE B 0010 0011 OJIHOTO M3MepeHus 16ms.ABToMaTH4eCKUit IepeBo
peXXHUMe HU3KOTO pa3pelieHus. - JTaTYUKA B PEKUM OTKIIOUEHHUS [TOCTE MPOBEACHUS
HM3MEPEHUS

[Ipu pabGoTe ¢ NAaTYMKOM PEKOMEHJYETCS HPUMEHATh PEKUM BBICOKOTO pa3pelieHUs.
Bpemss wu3MepeHuss B peXHME BBICOKOIO pa3pelleHusi OojblIoe H3-32 HEOOXOAMMOCTH

MO/IABJICHUS] UCTOYHUKOB MOMEX (Hampumep,

u3nydenus ¢ yactoroil 50 — 60 I'm).

Pexum

BBICOKOTO pa3peleHus (¢ pasperieHueM | JIk) mo3BoisieT GpUKCHpOBaTh HEOONBIIONH ypOBEHb
oceenieHHoctn (Menee 10 7k). Pexum c paspemenmem B 0,5 1K mo3BOJsieT (PUKCHPOBATH

H3JTYUYCHUC NTPAKTUYCCKU B ITOJIHOM TEMHOTE.

Hpumep nocneoosamenbHOCMU KOMAHO ycmanoeKu pescuma Uamepenun

Ilpumep 1.

HenpepriBHOE n3Mepenue B pexxume Bbicokoro pazpemieHust (ADDR = “L”)

| Or Beaymiero ycTpoiicTBa K BEIOMOMY.
[ ] Ot Bemomoro K BexyIiemy.

1. 3anuce KOMaHbI HCIIPEPBIBHOC UBMCPCHUC B PCIKUME BBICOKOT'O PA3PCIICHU.

ST 0100011 0

00010000 Ack | SP

2. OxwuaHue 3aBepIICHUs H3MEpeHus (MakcuMmanbHoe BpeMs 180 ms).

3. Urenue pe3ynbpTaTa U3MEpPEHHUS.

ST 0100011 1

Ack High Byte [ 15:8 ] Ack

Low Byte [ 7:0]

Ack | sp
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IIpumep pacuera {)esynLTaTa m3Mepenusi: Crapumii G6aiit — «10000011», mmagmuii OalT

«10010000%». (2

+2%+28+27+2%)/1,2 = 28067 nx.

Pesynbrarel usmepenuit 0yayT HempepbolBHO 0OHOBIATHCS (120 MS st pexkrMa BHICOKOTO

pazpemieHust ¥ 16 MS 17151 HU3KOTO pa3perieHus).

Ipumep 2.

OnHoKpaTHOE U3MEPEHHE B pexkuMe Hu3Koro paspemieHuss (ADDR = “H”)

1. 3anuch KOMaHABl OJHOKPATHOTO U3MEPEHUS B PEKUME HU3KOTO pa3pelieHusl.

ST 1011100 0 | Ack

00100011

Ack

SP

2. OxujaHue 3aBepUICHHs] U3MEPEHUs B PeXUME HHU3KOTO paspelleHus (MakCUMallbHOE

Bpems 24 ms).

3. UreHue pe3yiabTaTOB U3MEPEHUSI.

ST 1011100 1 | Ack

High Byte [ 15:8]

Ack

Low Byte [ T:0]

Ack

SP

IIpumep pacuera ge:«:yanaTa m3mepenusi: Crapmmumii G6aiit — «00000001», mmagmmii OalT

«00010000». (2°+2%/1,2 = 227 1x.

ITocne OIHOKPpATHOI'O H3MCPCHHUA HaTYHUK nepeﬁneT B PCKHUM OTKIHOYCHUA. I[J'ISI
IIOBTOPHOI'O USMCPCHUA H€O6XOIII/IMO 3aHOBO 3a11Mcarb KOMaH/bI.

Huxe INpUBCACH JIUCTHUHI TECTOBOM MMporpamMmsal IMOJTYUYCHUC TAHHBIX OT MOIAYJIA.

/*

Yrenus JaHHBIX JaTYHWKa OCBCIHICHHOCTHU
ITpoBepeno Ha M/k AVR Atmega2560

*/

#include <avr/io.h>

#include <util/delay.h>  /* Jlns delay */
#include <avr/wdt.h>

#include <stdlib.h>

#include <avr/interrupt.h>

unsigned int delay_counter=0;

int count; /I Cuertuuk Gaiit (monyuaem 2 6aiiTa)
unsigned char datadht[2]; // maccuB npuHATEIX GaiT
int flag;

#define DHT_PORT  PORTB // nopr
#define DHT_DDR  DDRB

#define DHT_PIN  PINB

#define DHT BIT 4 // BUT nopra

/I At ”HANKATOpA MCTIONB3YeTCs TIOPT A MUKPOKOHTpOJLIEpa
#define LCDPORT PORTA

#define LCDDDR DDRA

#define LCD_PIN_RS 2 /I 2 - nun nopra A
#define LCD_PIN_E 3
#define LCD_PIN_D4 4
#define LCD_PIN_D5 5
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#define LCD_PIN_D6 6

#define LCD_PIN_D7 7

// Komargs! ynpasnerns KK-aucrmeem

#define LCD_CLEAR 0x01 //

#define LCD_HOME 0x02

#define LCD_ON 0x0C /] 0xOC - kypcop HEBHIUM
/[#define LCD_ON OXOE /] OXOE - xypcop Bugum
#define LCD_OFF 0x08

// BciomoraTesbHbIE OTIpe/IeNICHUs

#define COMMAND 0

#define DATA 1

#define shi(sfr, bit) (sfr|=(1<<bit))

#define cbi(sfr, bit) (sfr&=~(1<<bit))

[/ TIpoToTHITET (QYHKITHIA
void Pin_Init();

void Timer_Init();

void Pa3_On();

void Pa3_Off();

void TWI_Stop();

unsigned int h;
Il
// Nanmmanu3zanus uatepdetica TWI
void TWI_Masterlnit()

{

// HacTpoiika CKOPOCTH TIepeaaTdrKa

// 200 kI'1y

TWBR = 0x20;

TWSR &= ~(1<<0) & ~(1<<1); // 00 - MOXHO HE CTABUTH
¥

I

[l Banyck TWI

void TWI_Start()

{

// ' Ycranosum Craprt - 1 B TWSTA
// Pa3pemm paboty moayist - 1 B TWEN
// Copocum ¢mar TWINT - HOBBIN 1IHKII OOMEHa
TWCR = (1<<TWINT) | (1<<TWSTA) | (1<<TWEN);
wdt_reset(); // Copoc ctoposkeBoro raiimepa
/I Knem dpopmupoBanus curHana Crapt - ycraHoBku paspsiga TWINT
while (I(TWCR & (1<<TWINT)));
wdt_reset(); / Copoc cTOpOKEBOro Taiimepa
// 3amMchIBaEM ajipec yCTpOWCTBa, TociaenHuii out 0 - 3ammch
TWDR = 0b01000110;
// mepemaeM
TWCR = (1<<TWINT) | (1<<TWEN);
//’Knem xonna nepenayn u curaana ASK (aapecHblil makeT mepenaH)
while(!I(TWCR & (1<<TWINT)))
&
wdt_reset(); // COpoc cTopoxkeBoro taiimepa
// 3anmuceiBaeM kKomaHay Power On
TWDR = 0b00000001;
// mepenaem
TWCR = (1<<TWINT) | (1<<TWEN);
//’Knem konna nepenaun u curaana ASK (komanna nepenana)
while(!(TWCR & (1<<TWINT)))
e
wdt_reset(); / COpoc cTopoxkeBOro Taiimepa
/| ®opmupyem curaan Cron
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TWI_Stop();
}

I
//'Y cTaHOBHM M3MEpPEHHE B PEKIM BBEICOKOTO Pa3peIIeHuUs
void Datchik_H_mode()

{

wdt_reset(); / Copoc cTOpoKeBOro Taiimepa
// ' Ycranosum Crapr - 1 B TWSTA
// Pazpemmum padoty monyis - 1 B TWEN
// Copocum ¢rar TWINT - HOBBIH 11HKII OOMEHa
TWCR = (1<<TWINT) | (1<<TWSTA) | (1<<TWEN);
// nem dpopmupoBanus curaana Ctapt - ycTaHoBKH paspsina TWINT
while ((TWCR & (1<<TWINT)));
wdt_reset(); // COpoc cTopokeBOro TaiiMepa
// 3amMcBIBaEM ajjpec yCTpOWCTBa, mocienHuit out 0 - 3ammch
TWDR = 0b01000110;
// mepemaeM
TWCR = (1<<TWINT) | (1<<TWEN);

//XKnem konua nepenaun u curnaiga ASK (agpecHbiii makeT nepenan)
while(}(TWCR & (1<<TWINT)))
i

wdt_reset(); // COpoc cTopokeBOTO TaliMepa

/I BanuceiBaem komanry One Time H - Resolution Mode
TWDR = 0b00100001;

I/l nepenaem
TWCR = (1<<TWINT) | (1<<TWEN);

//XKnem konua nepenaun u curnaiga ASK (komanaa nepenana)
while(!(TWCR & (1<<TWINT)))
s
wdt_reset(); / Copoc cTOpoxKEeBOro Taiimepa
// ®opmupyem curaan Cron
TWI_Stop();

// 3anmepxka 180 MC
_delay_ms(180);
}

I
// Iamepsiem
void Datchik_R()

wdt_reset(); / Copoc cTOpOKEBOTrO Talimepa
/I 'YcranoBum Crapr - 1 B TWSTA
// Pa3pemmm paboty moayist - 1 B TWEN
// Copocum ¢mar TWINT - HOBBI 1THKII OOMEHA
TWCR = (1<<TWINT) | (1<<TWSTA) | (1<<TWEN);
// nem dpopmupoBanus curaana Crapt - yctaHoBKH paspsina TWINT
while (I(TWCR & (1<<TWINT)));
wdt_reset(); / Copoc cTOpoxKeBOTO TaliMepa
// 3anmuchIBaeM afipec yCTPOUCTBA, TIOCIeHNI OUT 1 - uyTeHne
TWDR = 0b01000111;
// mepenaem
TWCR = (1<<TWINT) | (1<<TWEN);

/’Knem xonna nepenaun u curaanga ASK (agpecHslil makeT mepenan)
while(!(TWCR & (1<<TWINT)))
{

wdt_reset(); / CoOpoc cTOpOkKEBOTO TaliMepa

// CuuThIBaeM MEPBBII OAUT (CTapIIHiA)
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TWCR = (1<<TWEA) | (1<<TWINT) | (1<<TWEN);

while ({(TWCR & (1<<TWINT)))
&
wdt_reset(); / CoOpoc cTOpoxKeBOTO Talimepa
datadht[0] = TWDR; // 3anmuceiBaem crapimii 6aiiT
TWCR = (1<<TWINT) | (1<<TWEN);
while ({(TWCR & (1<<TWINT)));
wdt reset(); // COpoc cToposkeBoro taiimepa
datadht[1] = TWDR; // 3anucbiBaeM MIaaiimi 6aiT
/I ®opmupyem curaan Cron
TWI_Stop();
h = (datadht[0] * 256 + datadht[1])/1.2; // mommygaem ocBemeHHOCTH

}

Il
/I Octanoska TWI

void TWI_Stop()

{

// Ycranoum coctostaue CTOIT - 1 8 TWSTO

// Moaysb paboTaeT B COCTOSIHUHU CTOII

TWCR = (1<<TWINT) | (1<<TWSTO) | (1<<TWEN);

¥
I

// 0OpaboTKa TpephIBaHUs IPU COBMAaICHUH A Talimepa |
ISR(TIMER1_COMPA_vect)

{
if(~PINA & (1<<3)) // Ecniu PA3 =0
{
I Pa3_0On();
}
else
{
1l Pa3_Off();
}

// Copoc Taiimepa | B HauaIbHOE 3HAYCHHE
TCNT1 =0x0000 ; // Crapmmit u mammuii 6aiit 16-paspsgaoro perucrpa TCNT1

}
I

// Hactpoiika TaiiMepoB
void Timer_Init()
{
/I
// Hactpotika Taiimepa 1
// 'Y cTaHOBHM JENHTENb I TaiiMepa |

/I 0 - Taiimep ocTaHOBIIEH

/I'1 - ko3 dunUeHT IpeIeTUTeNs YaCTOThI

Taitmepa - 1
112-8
113 -64
114 - 256
I1'5-1024
TCCRI1B =5;

TCNT1 = 0x0000; // Crapumii u mitaamuii 6ait 16-paspsiaoro peructpa TCNT1

// 3nauenne peructpa OCR1A, HenpepbIBHO CPaBHUBAETCS €
// TekymuM 3HaueHneM cuetHoro peructpa TCNT1
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OCRI1A = Oxffff;

I

// TIpepwIBaHHE MO COBMAACHUIO A Taiimepa 1 paspemieHo
TIMSK1 |= (1<<OCIE1A);

¥

Il
/I Otnrouenue ceToMOa

void Lite_Off()

{

PORTB &= ~(1<<7); // Ilomaem Jioru4eckuii HOJIb
}
I
// BKiroueHne cBeToanOIa
void Lite_On()

{

PORTB |= (1<<7); // Ilogaem TOTHYECKYIO €THHHILY

It

// Beigava Oaiita B koHTposutep KK-momysis
void lcd_send(unsigned char type, unsigned char c)

{

if (type==COMMAND)

cbi(LCDPORT, LCD_PIN_RS); // RS=0: nocneayer komanaa
else

sbi(LCDPORT, LCD_PIN_RS); // RS=1: nocneayoT 1aHHbie
/I Tlepenaua crapiero nomnydaiira
if (bit_is_set(c, 7)) sbi(LCDPORT, LCD_PIN_D7); else cbi(LCDPORT, LCD_PIN_D7);
if (bit_is_set(c, 6)) sbi(LCDPORT, LCD_PIN_D6); else cbi(LCDPORT, LCD_PIN_D6);
if (bit_is_set(c, 5)) sbi(LCDPORT, LCD_PIN_D5); else cbi(LCDPORT, LCD_PIN_D5);
if (bit_is_set(c, 4)) sbi(LCDPORT, LCD_PIN_D4); else cbi(LCDPORT, LCD_PIN_D4);
// ®opmupoBanue GpoHTA IS IpUEMa JTaHHBIX
sbi(LCDPORT, LCD_PIN_E);
chi(LCDPORT, LCD_PIN_E);
[l Tlepenaua mnamiero momybaiita
if (bit_is_set(c, 3)) shi(LCDPORT, LCD_PIN_D7); else cbi(LCDPORT, LCD_PIN_D7);
if (bit_is_set(c, 2)) shi(LCDPORT, LCD_PIN_D6); else chbi(LCDPORT, LCD_PIN_D6);
if (bit_is_set(c, 1)) sbi(LCDPORT, LCD_PIN_D5); else chi(LCDPORT, LCD_PIN_D5);
if (bit_is_set(c, 0)) sbi(LCDPORT, LCD_PIN_D4); else cbi(LCDPORT, LCD_PIN_D4);
/! ®opmupoBaHue GpoHTA LIS IpHUeMa JTaHHBIX
sbi(LCDPORT, LCD_PIN_E);
chi(LCDPORT, LCD_PIN_E);
/I Oxkupanue koutposuiepa KK-momyss
_delay_ms(5);

¥

// OTOOpakeHNEe CTPOKU CHMBOJIOB
void lcd_write(char *t)
{
unsigned char i;
for (i=0;i<255;i++)
{
if (t[i]==0) // Konen ctpoku?
return;
else
Icd_send(DATA, t[i]);

¥

// Nannmanuzanus XKK-momyis
void lcd_init()
{

// TlepekiroueHHe TTIOpTa Ha BBIBOJL



LCDPORT = 0x00;
LCDDDR = OxFF;
_delay ms(50); // Oxxngaane rotroBHOCTH JKK-Momyms
// KoHpUTypupoBaHHE YETHIPEXPa3PIIHOTO PEKIMA
sbi(LCDPORT, LCD_PIN_D5);
chbi(LCDPORT, LCD_PIN_D4);
/I AKTMBHU3AIMS YETHIPEXPA3PSTHOTO PEKUMA
sbi(LCDPORT, LCD_PIN_E);
chi(LCDPORT, LCD_PIN_E);
_delay_ms(5);
//'2 cTpoKm, epeiaya 1o 4eThipe paspsiaa
Icd_send(COMMAND, 0x28);
/lcd_send(COMMAND, 0b00100100);
Icd_send(COMMAND, LCD_OFF);
Icd_send(COMMAND, LCD_CLEAR);
Icd_send(COMMAND, 0x06);
Icd_send(COMMAND, LCD_ON);
¥
// dyHKIMS, peau3yomas 0XXUAaHue 1 CEeKyH]
void seconds(char i)

{
unsigned char k;
for (;i>0;i--)
for (k=0;k<10;k++)
_delay_ms(100);
}
}
I
I Main mporpamma
I
int main(void)
{

// HayanbHble YCTAaHOBKHU ITPOTPAMMBI
wdt_enable(WDTO 4S); // BkirodeHue cTOpOKEeBOTO TaliMepa Ha 4 ¢
count = 0;
flag = 0;
// CBeTomuo uHauKanuu Ha tiate Arduino (PB7)
DDRB |= (1<<7); // Pa3psix 7 (PB7) Ha BbIBOZ,
PORTB &= ~(1<<7); // Tlonaem norudeckuii 0 (racum CBETOIUO.T)
sei(); // Pa3perium npepbiBaHus
int radix=10; // ocHoBanue
char buffer[7]; // Bybep
char *p1;
led init(); // HacTpoiika nHAMKATOpA
lcd_write("Starting..."); / BEIBOJ Ha 3KpaH CTPOKU

_delay_ms(1000); // 3anepxkalc
Icd_send(COMMAND, LCD_CLEAR);

for(;:)
{ /* UK IporpamMmsel */
wdt_reset(); // COpoc CTOpOKEBOTO TaliMepa
_delay_ms(100);
wdt reset(); // Copoc cTopoxkeBoro taitmepa
TWI_Start();
Datchik_H_mode();
Datchik_R();
TWI_Stop();
wdt_reset(); // Copoc cTopoxeBoro taiimepa
Lite_ Off();
wdt_reset(); // Copoc croposkeBoro Taiimepa
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{

/Il BBIBOMM Ha SKpaH
Icd_send(COMMAND, LCD_HOME);
lcd_write("Osv =");
pl=itoa(h, buffer, radix);
lcd_write(pl);
lcd_write(" ");
lcd_write("L ");

¥

wdt_reset(); // Copoc cTopoxkeBoro Taiimepa

3}

// * k% *% * *% * * k%

MMOPAAOK BBIIIOJTHEHUSA PABOTbHI

1. CoGepute yCTPOWCTBO Il M3MEpeHUs ocBenieHHOCTH (puc. 8). IIpuHnumnuanbpHas
JIIEKTpUYECKas CXeMa IoKa3aHa Ha puc. 9.

— 7 I
o~ : » "‘( “| ‘

Puc. 8. Cobpannoe ycmpoiicmeo usmepenust 0c6euyeHHOCmuU.
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I piagry (11 pes
36 5
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o wgpeo | 2
PK7 (ADC15/ PCINT23) Kowm. | Liens
51 prs aocis s poinTz2) 10 po7 |2 +V
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s
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%1 bt (ancs s pomriz) (RXD1/INT2) PD2
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Pus (PCINT13) (ocac/mrs)pes | L
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Pu3 (PCINT12) (ocss/mrypes | °
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Puc. 9. Cxema nooxknouenus damuuka oceewyeHHOCmu K MUKPOKOHMPOIIep)y U
UHOUKAMODY.

2. 3anuiumTe B MaMsITh MUKPOKOHTPOIIIEpa YIPABIISIONIYIO IporpaMmy. Y 0eIuTech, 4To
cucremMa paboTaer.
3. U3menwuTe Koj mporpamMmbl U3 yCIOBHS — U3MEPEHUH ¢ pa3pemieHuem 0,5 k.

COJAEP)KAHUE OTYETA

1. Ilens BeIMOSHEHUS PAOOTHI.
2. XapaKTepUCTHKHU U 00JIaCTh TPUMEHEHHUS UG POBOTO JaTIYMKA OCBEIIEHHOCTH.
3. Pexumbl paboTHI JaTYMKA U MPOIISTypa MOTydeHUS HHPOPMAITUH.

1. Uens BbIMonHEHUS pabOTHI?

KOHTPOJIBHBIE BOITPOCBHI
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agrwd

[Tpuniun neicTBrs HUQPPOBOro U3MEPUTENS OCBEILIEHHOCTH.

Onuimmre BO3MOKHBIE PEXKUMBI U3MEPECHHUS.

Onumure uHTEpdEic MOIKIIOUEHUS TaTINKA K MUKPOKOHTPOJLIEY.
OO6nacTh NPakTUYECKOT0 MPUMEHEHUS LIU(PPOBOTo JaTUMKA OCBEIIEHHOCTH.

JIUTEPATYPA

bapanos B.H. [Ipumenenune mukpokontposuiepoB AVR: cxembl, aaropuTMbl, IPOrpaMMBbl. —
M.: Uznarenbckuii noM «Jlogexa-XXlI», 2006. -288 c.
XaproB B.S. Muxpokontpomiepst AVR. Ilpaktukym nmins HaumHaromux. —M.: M3a-Bo
MI'TY um. H.O. baymana, 2007. -240 c.
Pesuu F0.B. [Ipaktrueckoe nporpaMmupoBanue Mukpokontposuiepos Atmel AVR Ha si3bike
accembnepa. — CII6.: BXB-Ilerepoypr, 2008. -384 c.
[mak FO.A. IIporpammupoBanue Ha si3pike C ais AVR u PIC mukpokontposmiepoB. —K.:
«MK-IIpeccy, 2006. -400 c.
BopornukoB C.A. Nndopmannonusie ycTpoiicTBa podoToTexHudeckux cucreM. —M.: U3n-
Bo MI'TY um. H.O. baymana, 2005. -384 c.

PacnionioB B. fI. Mukpomexanuueckue mpubopsl. —M.: Mamunoctpoenue, 2007. -400c.

Bonpocs! K 3K3aMeHy

1. | S3bIku nporpaMMUpOBaHuUsl HU3KOIO U BBICOKOTO YpoBHs. O6mmuii 0030p.

2. OOBEKTHO-OPUEHTUPOBAHHOE TPOIPAaMMHUPOBAHNE, HA3HAYEHNE U OCHOBHbBIE
HOHATHS.

3. | [onsarue xnacca B 00bEKTHO-OPHEHTUPOBAHHOM MPOrPAaMMHUPOBAHUH.

4. IToHsATHS — MHKANCYIAIMS, HAaclleA0BaHUE, TOTUMOP(U3M.

S. SA3b1k C++, OCHOBHBIE THUIIBI IEPEMEHHBIX, IPe00pa30BaHUE TUIIOB, SIBHOE U
HEsIBHOE.

6. | S3bik C++, oneparopsl yIpaBieHus TIOTOKOM BBIMOJIHEHHUS POrpamMMsbl — if —
else, switch.

7. Azpik C++, oneparopsl IKKIIA.

8. S3pik C++, yKkazaTenu v CChUIKU, HAa3HAUYCHHUE U TPUMEHEHHE.

9. SA3pik C++, MaccUBBI M yKa3aTemu.

10. | Szpik C++, onmeparopsl new u delete, X Ha3HAYCHHE.

11. | SA3pik C++, MHOrOMEepHbIE MaCCUBBI, AMHAMHUYECKHE MACCUBBI.

12. | A3pixk C++, onpeneneHne, OMcanue M BbI30B (DYHKITUH, pEKYPCHUBHBIC (DYHKITHH.

13. | A3bik C++, neperpy3ka QyHKIHH.

14. | A3pik C++, cTpYKTYpBI M O0bEIMHEHUS.

15. | Azeix C++, HOHATHE KJIacca, METOABI M WICHKI KJIacca.

16. | Azbik C++, Ki1acc, KOHCTPYKTOP U IECTPYKTOP, AOCTYITHOCTh KOMIIOHEHTOB
KJiacca.

17. | S3eixk C++,C#. Kimaccrl, HaclieJoBaHUE, MHOXKECTBEHHOE HACJICOBAHHME.

18. | A3zpik C++,C#. O6paboTKa HCKITFOUSHUH.

19. | A3bik C#, neperpy3ka GyHKIH.

20. | S3pik C#, meperpy3ka KOHCTPYKTOpa Kiacca.

21. | S3p1ik C#, onepatophl MUKIIA.

22. | S3bik C#, CTPYKTYpHI M OOBEIMHEHHS.

23. | S3pik C#, OCHOBHBIE THITHI IEPEMEHHBIX, IPe0Opa30BaHUE THUIIOB, IBHOE U
HESIBHOE.

24. | 3wk CH#, kiacc, KOHCTPYKTOP M JECTPYKTOP, TOCTYITHOCTh KOMITOHEHTOB
KJiacca.
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25.

Wurtepdetic RS232, HazHaueHue u 0071aCTh TPUMEHEHUS.

26. | Untepdeiic RS485, HazHaueHue u 001acTh MPUMEHEHUSI.

27. | Ucnonw3oBanue unrepperica USART MUKpOKOHTpoOJIIEpa JIJIsl TIOAKITFOYCHUS K
COM nopry I1IK

28. | Opranuzanusi oOMeHa JaHHbIMH 110 uHTepdeiicy 12C.

6 MeToauueckue MaTepHaJibl, ONpeesilOIIHe NMpoueIypbl OLEHMBAHUS 3HAHWI,
YMeHHUIi, HABBIKOB U (MJI1H) ONBITA AeATeIbHOCTH

6.1 Pe3yJILTaTLI OCBOCHU S yqeﬁﬂoﬁ AUCIHUIIJIUHBI, MOAJIC/KAIIHE MPOBEPKE

Kontponupyemsie Pe3ysbTaThl 00y4eHust OcHoBHBIE NOKa3aTeNN OuneHo4HbIe CpeACTBa
KOMIIETEeHIIUU (00BbeKTHI OLICHUMBAHMA) OLICHKH pPe3y/1bTaToB
(uacTp
KOMIICTCHITUH)
CIIOCOOHOCTBIO 31 3HaHUE CUHTAKCUYECKHX JIEKIHSI, IPAaKTUYECKOe
OIIK-4.1 CnocobeH | 3HAaTh CHHTAKCHYCCKHE KOHCTPYKIIMI COBPEMEHHBIX 3aHATHE, JTabopaToOpHas
MIPUMEHSTh KOHCTPYKLUI COBPEMEHHBIX SI3BIKOB NPOIPaMMHUPOBAHUS pabora, 3K3aMeH
COBPEMEHHBIE SI3BIKOB [TPOrPAMMHUPOBAHUS C, C++, C#
MpOTpaMMHBIE 32 [11a0G0HBI IPOEKTUPOBAHUS JIEKIHS], IPAKTHIECKOE
CpeacTBa U | 3HATP MIa0IOHEI BBICOKOYPOBHEBOTO 3aHsATHE, JTabopaTopHas
nH()OpMaLMOHHEIE MIPOCKTHPOBAHUS porpaMMHOTO obecrniedeHus, | pabora
TEXHOJIOTHH IIPHU | BEICOKOYPOBHEBOTO HMPHUMEHSIOIINECS B
MO/JICIUPOBAaHUU MPOTPAaMMHOTO 00ECIIEYCHUs, | YNPaBIAIOMINX IporpaMMax
MeXaTPOHHBIX U | NpUMEHSIOIINECS B MEXaTPOHHBIX CHCTEM
POOOTOTEXHUYECKUX | YIPABISAIOIINX MPOrpaMMax
YCTPONCTB MEXaTPOHHBIX CHCTEM
33 OCHOBHBIE AJITOPUTMBI JIEKIHS, IPAaKTHYECKOe
3HaTh OCHOBHBIE AJITOPUTMBI yIpaBJIeHUS MEXaTPOHHBIMU 3aHATHE
yIpaBIEeHUS MEXaTPOHHBIMHU cucTeMaMiu
CUCTeMaMH
Y1 Hcnonb3oBaHue METOJ0B JIEKLIUs, IPAaKTUYECKOE
YMeTh IPUMEHSATh OCHOBHBIE | MPOEKTUPOBAHUS CIIOMKHBIX 3aHsTHE
METO/IbI IIPOSKTHPOBAHNUS CHCTEM IIPOTPaMMHOTO
CJIOYKHBIX CHCTEM obecrieueHus ¢
MPOTPaMMHOTO 00ECIIeYeHUsI | MCIIOIb30BaHHEM OOBEKTHO-
C UCTIOJIb30BAaHNEM OOBEKTHO- | OPMEHTHPOBAHHOTO MOAXOAA
OPHEHTHPOBAHHOT'O I0JIX0/1a
y2 Co3maHne BBICOKOYPOBHEBBIX | IMPAKTHUECKOE 3aHATHE
YMeHue co3aBartb ANTOPUTMOB YIPaBICHUS
BBICOKOYPOBHEBEIE CII0O>)KHBIMU MEXaTPOHHBIMU
AITOPUTMBI yTIPABIICHHUS cucTeMaMu
CIIO>)KHBIMU MEXaTPOHHBIMHU
CHCTEMaMH
CIOCOOHOCTHIO B1 ITpumenenne 6a30BBIX [IPaKTUYECKOE 3aHSATHE
paspabaTbIBaTh Bnanets HaBBIKAMH | aJTOPUTMOB YIPABICHHS
9KCIIEPUMEHTAIIbHbIE | TPUMEHEHUS 6a30BBIX | MEXaTPOHHBIMH CHCTEMaMH
MaKeThl ITOPUTMOB YIIpaBICHUS
YIPaBISOMUX, MEXaTPOHHBIMH CUCTEMAaMHU
MH(OpPMaLMOHHBIX U | B2 PaboTa B KOMIIJIEKCHBIX JIEKIMSI, IPAKTUYECKOe
UCTIOJIHUTENbHBIX Bnanets HaBbIKaMu paboTHI B | Cpefax CO3MaHUs 3aHsATHE, J1TabopaTopHas
MOy e KOMILIEKCHBIX cpeiax | mporpaMMHOro obecrieueHus | pabora, sK3aMeH
MEXaTPOHHBIX H CO3/1aHUs MIPOTPaAMMHOTO
POOOTOTEXHUYECKUX | obOecrieueHus
CHCTEM U NIPOBOJUTH | B3 Hanucanue anropurmoB u JIEKLINS], TPAKTUYECKOE

UX HCCIICIOBAHUE C
MIPUMEHEHUEM
COBPEMEHHBIX
MH()OPMALIMOHHBIX

BnaneTs HaBBIKAMU
HaIMCaHMsl allTOPUTMOB U
MPOrpaMM Ha SI3bIKaX
MPOrpaMMUPOBaHUS

MpOrpamMM Ha sI3bIKax
MPOrpaMMHUPOBAHUSI BEICOKOTO
ypoBHsi C++, C#

3aHATHE, JTabopaTopHas
pabora, sK3aMeH
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texnonoruii (ITIK-3).

BBICOKOI'O YPOBHS

B4

BnaneTs HaBBIKAMU
MIPOEKTHPOBAHUS CIIOKHBIX
CHCTEM C HCIIOJIb30BAaHUEM

[TpoekTrpoBaHue CIOKHBIX
CHCTEM C HCIIOIb30BaHHEM
00BEKTHO-OPUEHTHPOBAHHOTO
noaxona

MoaX01a

00BEKTHO-OPUEHTHPOBAHHOTO

JIEKLUS, IPAKTHYECKOE
3aHsATHE, JIabopaTopHas
pabota, 3K3aMeH

6.2 llIkajna oneHUBAHUSA MJIAHHPYEMBbIX Pe3yJbTATOB 00y4YeHUsI

6.2.1 Tekyumii u py0e:KHbIN KOHTPOJIb
B pamkax Tekyiuero u pyoexHOro KOHTPOJIS 10 AUCLMILIIMHE CTYAECHT MOXKET Ha0paTh 10

70 GamioB
Cemectp [Ixana oneHuBaHusg
0-35 6amnoB 36-50 OamnoB 51-60 6amnoB 61-70 OammoB
3 Yactnunoe noceuienue | Ilomnoe niny | [TonHoe umu IMonuoe
AyIUTOPHBIX  3aHSTHH. | YACTUUHOE MOCEIIEHNE | YACTUYHOE IOCEIICHHE
HeynoBieTBopuTenbHOE | ayIUTOPHBIX 3aHATHH. | OCELIEHUE ayJIUTOPHBIX
BBITIOJIHEHHUE YactruuHoe ayAUTOPHBIX 3aHATHI.
71a00paTOPHBIX W | BBITIOJIHEHHE U 3allliTa | 3aHATHIA. TTonHOE
MPaKTUYECKUX  paboT. | 1abOpaTOPHBIX u | ITomaoe BBIIIOJIHEHUE U
[Inoxas mOArOTOBKA K | MPAKTUYECKUX padOT. | BHIMOJHEHUE U | 3alllUTa
0aJUTbHO-PEUTHHTOBBIM | BhImosiHeHHE 3alIuTa 1a00paTOPHBIX U
MEPOIPUATHSIM. KOHTPOJIBHBIX ~ paboT, | JJabOpPaTOPHBIX | MPAKTHYECKUX
Crynent HE | TECTOBBIX 3aJIaHUM HA | U 3aHATHI.
JIOIyCKaeTCs K | OLICHKH npakTuyeckux | BeimosiHeHue
MIPOMEKYTOUHOMN «YZOBJICTBOPUTEIBHO». | paboT. KOHTPOJIbHBIX
aTTecTaluu Beimonaenue | paboT, TECTOBBIX
KOHTPOJIBHBIX | 3aJJaHUU Ha
pabor, OLIEHKH
TECTOBBIX «OTIIMIHOY.
3aJlaHuM Ha
OLICHKH
«XOPOIIIOY.

6.2.2 TIpoMe:KyTOYHASI ATTECTALUSA
OneHka pe3yabTaTOB OCBOCHHS YYeOHOM IUCIMIIMHBI B 6 ceMecTpe MPOBOAMUTCS IO
HIKaJe, MCIO0JIb3yeMOM Ha DK3aMeEHe:

Cemectp IIIkana orieHUBaHHUS
HeynoBnerBoputensHo | Y IOBIETBOPUTENHHO Xoporio OT1au4yHO
(36-60 6ay0B) (61-80 GamoB) (81-90 6aoB) (91-100
0amnoB)

3 Crynentr mumeer 36-60 | Ctynent umeer 36- | CTymeHT nmeeT CryneHt mmeer
OauoB 1o  wutoram | 50 OaioB o | 51-60 6amnoB o 61-70 OGamioB
TEKYIIEeTO U | UTOraM TEKYIIEero W | UTOraM TeKYyIIero | 1o ATOraM
pyOEXKHOTO KOHTPOJS, | pyOEKHOTO U pyOEKHOTO TEKYIIETO U
Ha DK3aMEHE HE [ | KOHTPOJIS, Ha | KOHTPOJIS, Ha pyOeXKHOTO
MIOJIHOTO OTBETA HU Ha | DK3aMEHE Jaja | DK3aMeHe Jaj KOHTPOJIS,  Ha
OJIVH BOIIPOC. MOJHBEIA OTBET Ha | HOJHBIM OTBET HA 9K3aMEHEe  Jal

CryneHT umeer
36-45  OamoB 1O
UTOTAaM TEKYIIEro W

OMH  BONPOC U | OJIUH BOIPOC U
YaCTUIHO YaCTUYIHO
(TOJTHOCTHIO0) (IOJTHOCTBIO)

MOJIHBEIA OTBET
Ha OJIMH BOIPOC
u JaCTUYHO

26




MOJIHBIA OTBET Ha
OJIMH BOIIPOC WJIU
YaCTUYHO  OTBETHII
Ha 00a Borpoca.
CrygeHT umeer 1o
UTOraM TEKYIIETOo U
pyOexxHOro
KOHTPOJIS 61-70
0ayIOB HA K3aMEHE
HE Jal  MOJIHOTO
OTBETa HU HA OJUH
BOIPOC.

DK3aMEHE Jai
MOJIHBIM OTBET Ha
OJIMH BOTIPOC U
YaCTUYHO OTBETHUII
Ha BTOPOH.
CryneHt umeer
66-70 0aoB 10
HUTOTaM TEKYIIETO
U pyOEXHOTO
KOHTPOJIS, Ha
9K3aMeHe) aal
MOJHBINA OTBET
TOJIBKO Ha OJIMH
BOIIPOC.

pyOEKHOTO KOHTPOJIS, | OTBETUJI HA BTOPOM. | OTBETHIJ HA (TIOJTHOCTBI0)
Ha  ok3ameHe  jan | CtyneHT umeer 46- | BTOPOH. OTBETUII Ha
MOJIHBIA OTBET TOJBKO | 60 OayIoB no | CryaeHt umeet 61 | BTOpOH.
Ha OJIUH BOIIPOC UTOTaM TEKyIIero u | — 65 6amioB mo
pyOexKHOro UTOTaM TEeKYILEro
KOHTPOJIS, Ha | U pyOEKHOTO
JK3aMeHe Jall | KOHTPOJIs, Ha

r =

el N

7 YueOHO-MeToAUu4YeCcKoe o0ecrieyeHne JTUCHUMIIMHBI (MOTYJI51)

7.1 OcHoBHasi IMTEpPaTypa

[Munar I'. [omasiii cipapounuk o C#. —M..: «Buiibsimey, 2004. -752 c.

ITon6ensckuii B.B. SI3pik C++. —M.: dunanckl u cratuctuka, 2007, -560 c.

bparun B.b., Boinos O.I'., JKaGorunckuit FO.J., u ap. Cucrembl OYYyBCTBICHHS U
a/IalITUBHBIE MPOMBINUIEHHBIE poO0THl. —M.: MamuHocTpoenue, 1985. -256 c.

Kyade ®. BzaumogeiictBue pobdota ¢ BHemHel cpenoit: [lep. ¢ dpanm. —M.: Mup, 1985. -
285 c.

7.2 JlonoTHUTeIbHAS JIUTEPaTypa

. SluenkoB B.C. OcHoBel ciytHuKkoBOM HaBuramuu. Cuctemsl GPS NAVSTAR u I'JIOHAC. —

M.: Tenekom, 2005. — 272 c.

KnanoB A.A. ABTOHOMHBIN HCKyCCTBEeHHBIN nHTEIEKT/ -M.: bunom. 2008. -359c¢.
WuTemiekTyanbHble poOOTHL: yyeOHoe mocobue i By3oB/ moj pen. E.M. FOpesuua. —M.:
Mammnoctpoenue, 2007 -360c.

PoGotoTexHnueckue cucteMsl U KoMIuiekchl: Yuel. [Tocobue ans ByzoB/ Mauynsckuit .1,
3anstoit B.I1., Maitopos FO.I1. u ap. M.: Tpancnopt 1999. 446 c.

7.3 NuTepHeT-pecypchl
Wikipedia — ceoboanas suiukiaoneaus. - http://ru.wikipedia.org/.
http://www.atmel.com
https://msdn.microsoft.com
http://www.iprbookshop.ru/

7.4 MeTonnueckue yKa3aHusi K J1a00paTOPHbIM 3aHATUSAM
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http://ru.wikipedia.org/
https://msdn.microsoft.com/

Kommiekt yde6HOro o0060pyaoBaHus «MHUKpPOIPOLECCOPHBIE CHCTEMBI YIPaBIICHUS
anextponpuBoioBy 1101033 MeTtonuueckne ykazaHHsl K BBITOJHEHHUIO JJAOOPATOPHBIX PabOT.
000 T/ «IIpopObpazoBanue» 2015.

7.5 IIporpammuoe

odecmeueHue

COBPEMEHHBIX I/IH(l)OpMaIII/IOHHO-

KOMMYHUKAUMOHHBIX TexHo0rui. [IporpammMHoe obecrieuenue

1. Microsoft Windows.
2. [Taker Microsoft Office.
3. [Mporpammusie npoaykter: Atmel Studio.
4 ITporpammusiii mpoaykt: Microsoft Visual Studio 2010
8 MaTepuajibHO-TeXHHYECKOe oDecriedeHne JUCIUNINHBI
TpebGoBanus K YCIOBUAM peas3alluy JUCIUILTUHBI:
Ne | Bun aynuropHoro
AL 4YIITOP TpebGoBanus
/1 donma
| FT— OcHaleHue cenuanau3upoBaHHON yueOHol Mebenbio. OcHaleHue
1. Ay THTODHS TEXHUYECKUMH CPEICTBAMH 0OYyUEHUs: HACTCHHBIN SKpaH ¢
Y P JTUCTAaHIIMOHHBIM yIIpaBJICHHEM, MyJIbTUMEINITHOE 000pyI0OBaHUE.
OcHarieHre crenualTu3upoBaHHON yueOHol Mebenbio. OcHameHue
Kabuner nns TEXHUUYECKUMHU CPEJICTBAMU OOyUYEHHUS: TIOJIBUKHASI MapKepHasi 10CKa,
2. | IPaKTUYECKUX CUMTHIBAIOIIEE YCTPOMCTBO IS TIepeiau HHPOPMALIUU B KOMITBIOTED;
3aHATUN HACTEHHBIN 3KpaH C IUCTaHIUOHHBIM YIIPABIECHUEM, MYJIbTUMEAUNHOE
000pyI0BaHUE.
OcHaleHue cnenuanau3upoBaHHON yueOHol Mebenbio. OcHaleHue
3 Kommnsrorephsie TEXHUUYECKUMHU cpesicTBaMu o0yueHus: I1K ¢ BO3MOKHOCTBIO
" | KJacchl MOJKJIFOYEHUS K JIOKaIbHBIM ceTaM U MHutepHery. Hammune BT u3
pacuera oguH [IK Ha nBa cryneHra.
[lepedens MaTepHaIbHO-TEXHHUECKOTO 00ECTICYCHHS JUCIUTUIAHBI:
Ne | Bug u HaumeHOBaHUE .
Bun 3anstuit Kparkas xapakrepucruka
/1 000opyI0BaHUs
IBM PC - ITpoueccop cepuu He HIke Pentium V.
1 | coBmecTHMBIE [Ipaktuueckue | OnepatuBHas namsATh He MeHee 512 Moaiit.
" | mepcoHalbHbIE 3aHSATHS. [IK momxHBI OBITH 00BEAUHEHBI TOKATBHON
KOMITBIOTEPBHI. CEThIO C BBIXOJIOM B MIHTEpHET.
Hemonctpanus ¢ I1K anexTpoHHBIX
o JleknmonHbIE U N
MynbTuUMeIHiITHBIE npe3eHTaluii, 1okymentos Word,
2. MIpaKTUYECKHE
CpEICTBa. ANEKTPOHHBIX TaONHII, TpadhUIECKUX
3aHATHS. .
n300pakeHuil.
Ne
pabo MartepuanbHoe o0ecrieueHre 1a00paTOPHBIX 3aHATUI
T
1 2

3JIEKTPOIPUBOIOBY.

1. Kommiekr yuebHOro o0opynoBaHuss «MHKpPOIPOLIECCOPHBIE CHCTEMBI YIPABICHUS

2. MukpokoHTposueps! pupmbr Atmel.
3. IIporpammarops! AJis1 MUKPOKOHTPOJUIEPOB.
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4. MaketHas 1iata Uil MUKPOKOHTpOJUIEpA, JAaTYMKU PA3JIMYHBIX I1apaMETPOB,
Cpe/AcTBa WHJMKAIMU, IArOBbIE JIEKTPOABUTATENIN U 3JEKTPOABUTATENN MOCTOSHHOIO
TOKa.

9 Oco0eHHOCTH peaju3alU¥ JUCHMIUIMHBI JUIS MHBAJWAOB W JHMI C
OrpaHMYeHHBIMHU BO3MOKHOCTSIMH 3710POBbSI

Jlis CTyA€HTOB C OrpaHUYEHHBIMH BO3MOXKHOCTSIMH 3JI0POBBSI CO3[aHbl CIICLUATbHbBIC
yCIOBUS JUIsl TOJNy4yeHUs oOpa3zoBaHus. B 1Lensx AOCTYIHOCTH TIOJYYEHMsI BBICILIETO
o0Opa3oBaHus 1Mo 00pa3oBaTeNIbHBIM IPOrpaMMaM HHBAIMJIAMU U JIMLAMU C OTPaHUYCHHBIMU
BO3MO>KHOCTSIMU 3/J0POBbsI YHUBEPCUTETOM 00ECIIEUNBACTC:

1. AnbprepHaTMBHas Bepcus oduIUAIBLHOTO caiita B cetu «MHTepHET» AIA
cI1a0OBUISAIINX

2. 115 MHBATUAOB C HAPYLIEHUSAMU 3peHus (cIaboBUIAIINE, CIICTIbIC)

- MPHUCYTCTBHE ACCHUCTEHTAa, OKAa3bIBAIOUIETO OOydYaromieMycss HEOOXOIMMYIO IOMOIIIb,
nyOnupoBaHUE BCIyX CIPABOYHON HMH(OpMANMKU O paclUCaHUU Y4EOHBIX 3aHSATHUI; HaIM4ue
CPEICTB JUISl YCHIJICHHS OCTAaTOYHOTO 3pCHHs, OpalIeBCKOW KOMIBIOTEPHOH TEXHHKH,
BUJICOYBEIMUUTENEH, TMPOrpaMM HEBHU3YallbHOTO JOCTyla K HWHGOpMalHUHU, MOpOrpamMm-
CHHTE3aTOPOB PEYH U JPYruX TEXHUYECKHUX CPEACTB IpHeMa-Tiepeaadn yueOHo! nHpopManuy B
JOCTYIHBIX (popMax Ui CTYJIEHTOB C HAPYIICHUSIMH 3PEHUS,

- 3a/1aHUs JUI BBIIIOJHEHUS HA SK3aMEHE 3aUNThIBAIOTCS] ACCUCTEHTOM;

- MHUCHMEHHBIE 3a/IaHUs BBHINIONHSIOTCS Ha Oymare, HAJHKTOBBIBAIOTCS ACCHUCTEHTY
00ydJarommmcs;

3.1n8 WHBAIMIOB M JIUI C OTPAHUYCHHBIMH BO3MOXKHOCTSIMH 3[0POBBSI IO CIyXY
(cmabocaplmianiye, Tayxue):

- Ha 3aueTe/IK3aMeHe MPUCYTCTBYET ACCUCTEHT, OKA3bIBAIOIINUN CTYACHTY HEOOXOIUMYIO
TEXHUYECKYIO0 IOMOIIb C YYeTOM HHIUBUAYAIBHBIX OCOOCHHOCTEH (OH IMOMOTaeT 3aHsTh
pabouee MecTO, MepeABUTaThCSA, MPOUUTATh U OPOPMHUTH 3aJIlaHUE, B TOM YHCIIE 3aKUChIBAs MO
JTUKTOBKY);

- 3a4eT/7K3aMEH IPOBOJUTCS B MUCbMEHHOU (opMe;

4. JIns MHBaJIWIOB M JIMI[ C OTPaHMYEHHBIMU BO3MOXHOCTSIMU 3JI0pPOBBS, MMEIOLINX
HapylEeHUs OINOPHO-ABUraTENIbHOIO amnmnapara, CO3/JaHbl MaT€pUaIbHO-TEXHUYECKHE YCIOBUS
o0OecrieunBaroIie BO3MOXKHOCTh OECHpPENSITCTBEHHOIO JO0CTyla OOydJaromuxcsi B Yy4eOHbIe
MOMeIleHusl, 0OBEKTy MUTaHMs, TyaleTHble W JPyrue MOMEIICHHUS YHHUBEPCUTETa, a TaKXKe
npeObIBaHMs B YKa3aHHbBIX OMEUICHUX (HaJIWYue PacIlMPEHHBIX JABEPHBIX IPOEMOB, OPYUYHEN
U JIpYTUX NPUCTIOCOOICHUIA).

- THCbMEHHbIE 3aJ]aHMsl BBIMOJHSIOTCS Ha KOMIIBIOTEPE CO CHENHMATU3UPOBAHHBIM
MPOrpaMMHBIM 00€CTIeYeHUEM UITH HaIMKTOBBIBAIOTCS] ACCUCTEHTY;

- 110 JKEJIaHUIO CTY/IEHTAa YK3aMEH MTPOBOAUTCS B YCTHOU (hopMme.

OOyuaronyecs: U3 yucia JIML ¢ OTPaHUYEHHBIMU BO3MOXHOCTSIMU 3/10POBbsI 00€CTIEUEHBI
AIIEKTPOHHBIMU 00pa30BaTENbHBIMU pecypcamMu B (opMax, aAanTHUPOBAHHBIX K OTPaHUYEHUSIM
UX 3/10pPOBBSL.
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