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"YMHbIVM AOM" — MHTeNNeKTyanbHasa cMcTema aBTomaTtmsaumm/
ABTOMATUKMN, KOTOpasi B COOTBETCTBUM C BHELUHUMUW U BHYTPEHHUMU
YC/I0BUSIMU OTC/I@XUBAET U 3a4aeT peXXnmMbl paboTbl BCeX MHXXEHEPHbIX
YCTPOWCTB N 31eKTpoNpmnbopoB gomMa n obecneymBaeT Nosib3oBaTenam
koMdopT (B TOM Ymcsie 6e30MacHOCTb) U pecypcocbepeskeHue [1-9].
OHa pacno3HaeT KOHKpeTHble CUTyaumu, nponcxoaaume B gome,

N COOTBETCTBYHOLWMM 06pa3oM HA HUX pearnpyeT, ynpasnss paboTon
YCTPOWCTB MO 3apaHee 3a4aHHbIM aaropntmam. Npu nomMoLm ogHoro
AVCNes CUCTEMbI YNPaBAEHUS UIN HECKOJIbKMX BbIK/KOYaTeIe MOXHO
perynmpoBaTb OCBelleHne, OToMneHue, CpeacTBa CUrHaAn3aLmm

M paboTy MHOrMX gpyrux npubopos. PAaCCMOTPUM OCHOBHbIe
TpeboBaHMA K cucteme "yMHbIN 4OoM", Npob6aeMbl MOCTPOEHUS CPeacTB
yrnpasieHUs N ee 31eMeHTHYto 6asy.

PbIHOK TEXHO/IOT WA "YMHOTO JOMA"
Pa3BUTHe TeXHOIOIMI "yMHOro IoMa" Hayasock 20 et
Hasajl - B cepenuHe 1990-x rogos. CerogHs aHaIH-
THYeCKHe KOMIIAHMH, BBIIIONHSIONIMEe MapKeTHH-
roBBle MCCJIeIOBAHMS B 3TOH 06/1aCTH, eUHOAYIIHO
OLIeHMBAIOT 3TOT PBIHOK (C y4eTOM IPOAa’K aIIapa-
TYPBI, YCAYT U YCTAHOBKH) KaK OBICTPO pa3BHBAIO-
mutica. Ecau B 2014 rogy, o GAaHHBIM KOMIIAaHHUH
HIS Technology, monst "yMHBIX OMOB" B MUpe He IIpe-
BhIIIasia 1%, To K 2018 rogy 3TOT IIOKa3aTe/b yBejH-
YUTCSI B TPHU-YETHIpe pas3a, U K 3TOMYy BpeMeHHU byzeT
yCTaHOBJIEHO 45 MJIH. TaKHX AOMOB. IIpaBma, CTOH-
MOCTHAas OLIeHKa PBIHKA BapbUpPyeTCsa OT 12 Mipnh.
noi. B 2018 ropy (HIS Technology) mo 71 mipa. moi.
(Juniper Research - aHIIMIICKasi KOMIIAHHUS, H3Y-
Yarolllas Pa3BUTHe CPeJCTB TeJIeKOMMYHHUKALIMH U UX
IIpHMeHeHUs).

K 2020 rony, cornmacHo mporuo3am Komnanuu Allied
Market Research, MupoBOil pBIHOK "yMHBIX HOMOB'"

Y 3JlaHUH JOCTUTHeT 35,3 MJIpA. Ao/LI. (CpelHerofo-
Bble TeMIIBI POCTa 3a 2014-2020 rogsl - 29,5%). Ero pas-
BUTHe YaCTUYHO CTUMYJIHPYET POCT CIIPOca Ha IIJIaH-
IIeTHBIEe KOMIIBIOTEPBI, KOTOPBIe IIPHBEPSKEHIIBI IPUH-
numna "cmenan cam” (Do It Yourself, DIY) mmpoxo
KICIIO/NIB3YIOT KaK 3pPeKTHBHOe CPeCTBO peanru3aliuu
"yMmHoro goma". CHHsKeHHe IIeH Ha YCTPOMCTBA "'yMHOIO
noMa', BHUMaHHe 1 06eCIIOKOeHHOCTb IT0TpebuTesei
OTHOCHTEJIbHO COCTOSIHU I OKPYsKaloIlel Cpefbl K 6e30-
IIACHOCTH TaK>Ke CIIOCOOCTBYIOT yBeIMUeHUI0 06beMa
HX Ipomax [10].

CornacHo oLleHKaM IIBeACKOM KOMIIaHHU Berg
Insight, crnenmanusupylomerncs B obnacTu Mapke-
THUHTOBBIX HCC/IeJOBAHHUMN CHUCTEM MeXMAaIIHUHHOIO
B3aHUMOJENCTBUS U MHTepHeTa Bemel, Haubosee
IIKPOKOe pacIIpocTpaHeHHe "yMHBIe JoMa' [0y YH/IH
B CeBepHOI AMepHKe. K KoHIly 2012 rofia B 3TOM peru-
OHe UX ObLIO yCTaHOBJIEHO 3,5 M/IH. M3 Hux 0,7 MJIH.
IpeACTaBIsSNIN €060l MHOrOQYHKIHMOHAJIBHEIE
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CUCTeMBbI MJIH CHCTEMBI IT0JIHOr0 06C/Ty>KMBaHH I [IOMA,
TOTJA KaK 2,8 MIJIH.- BBIIOJHSIAU TOJIBKO KaKyIO-
nubo KOHKPeTHYI0 QYyHKI[UIO, HAallpHMep KOHTPOJIb
KJIMMaTa HJM OXpaHbl. IIOCKONBKY B JOMe MOTYT
HCII0/IB30BAThCSI HECKOTBKO "YMHBIX TeXHOJIOTHMH',
yKa3aHHOe YHKCJIO YCTAHOBJIEHHBIX CUCTEM COOTBET-
CTBYyeT HalU4HIO ~2,9 MJIH. "YyMHBIX JOMOB" B pac-
CMaTpHBaeMOM pervoHe. B 2012 rogy phIHOK CHCTEM
"yMHOro omMa" B CTOMMOCTHOM BBIPa>KeHUH COCTABIISLIT
1,6 mapna. momi. 3a mepuop 2012-2017 romos, I10 ITPOrHO-
3aMm Berg, ux uncio B CeBepHOU AMepPHKe BO3PacTeT
10 31,4 M7H. (COBOKYITHBIH CpeIHETOJJ0BOK TeMII POCTa,
CAGR - 55%) 11 06'beM ITPOZIasK COCTABUT 9,4 MIIPA,. SO,
(CAGR - 42%).

EBpOIEeNCKUH PIHOK CUCTEM "YMHOIO JoMa" ITOKa
TOJIBKO Hayajl GOPMHUPOBATLCS MU OTCTAET OT aMepH-
KaHCKOro mMprMepHO Ha Tpu roga. K konuy 2012 roga
B 29 cTpaHax EBpoIercKoro cor3a 6bI/710 yCTaHOBIEHO
1,06 MIH. TakKUX cucTeM, M3 HuX 0,15 MIH. mpen-
CTaBASIIKM 060K MHOTOQYHKIIMOHA/IbHBIE YCTPOH-
CTBa, a ocTaJibHbIe 0,91 M/IH. - O0HOPYHKIIMOHAIBHEIE.
[Ipogaxku coctaBuau 0,52 mapa. monn. (0,39 mipa.
eBpo). K 2017 rogy 4YmC/IO YCTaHOBAEHHBIX CHCTEM
B CTpaHaX EBpPOIIEHCKOro CO03a JOCTUIHeT 17,4 MIIH.
(CAGR - 56%), obveM mpomax - 3,4 MIpPL. HOI.
(2,6 mupza. eBpo) mpu CAGR 46% [11].

CucteMa "yMHOro JoMa" COCTOMT M3 pa3HO06pa3HBIX
alIapaTHBIX U [IPOrPAMMHBIX CpencTs. B 2014 rogy
MHOT'He TUTaHTHI, IPOK3BOAs e OBITOBYIO TEXHUKY,
06BSIBUIM O CBOEM >KeJITAaHHUM 3aHSTh HUIIM Pa3BU-
BAIOIIErocs PhIHKA OTHOCHTE/IbHO HeNOPOrHX IIpH-
60poB U cHucTeM "yMHOro fomMa'. OfHAaKO OHHU HCIIBI-
ThIBAIOT KOHKYPEHIIMIO CO CTOPOHBI OIIePaTOPOB Tejie-
KOMMYHHKaIMOHHBIX YC/IYT, IIOCTABIIKMKOB CPeICTB
OXPaHBI, TeKTPOHHBIX IIPHOOPOB U MPOrpaMMHOIO
obecrieyeHHs, a TakKe SHEPrOKOMIIAHUN. JTO IIPU-
BejI0 K GOpMHUPOBAHUIO CJIOKHOM 3KOCHCTEMBI, B KOTO-
PYIO BOIIIH IIOCTAaBIIMKK TAKKUX CUCTEM U IJIATGOPM
yMHOro goma. IIToMHMO TpaJAHMIMOHHBIX IIOCTABLIH-
KOB CHCTeM II0JIHOT0 06C/Ty>kuBaHUS foMa — Crestron,
Control4, Gira u Jung - Ha pBIHKe IIOSIBUJIHNCh HOBBIE
KpPyIIHble U3TOTOBUTEIH TaKUX CUCTeM - Vivint, ADT,
Comcast u Vera Controls B CeBepHON AMepHKe U eQ-3
u SFR B EBpome. KoMmIlsleKTHOe obopynoBaHUe IJ1s
CHCTeM "yMHOI'0 OMa" IIOCTABJISIIOT TaKHe IIPOMBIII-
neHHble nuaepsl, kak Honeywell, Whirlpool, ASSA
ABLOY, Somfy, Philips u Sony. TpeboBaHue obecre-
YeHHs B3aMMOCBS3M KOMIIOHEHTOB CHCTEMBbl IIpH-
BeJIO K IOSIBJIeHHI0 IIpUOOpOB HOBOrO THUIIA U Ilepe-
CMOTpPY IIPOeKTOB TaKHX YCTPOMCTB, KaK CHCTEMBI
OXPaHBl M HHTeJIJIEKTYa/IbHble TePMOCTAThL. B pe3yiib-
TaTe Ha PBIHOK BBINIUIM KoMIaHHUHM D-Link, Sonos,
Belkin, Ecobee, Nest 1 Numera. BemyImre IocTaBITUKH

IIpOrpaMMHOro obecriedeHHUs! CHCTeM YMHOTO OMa ~
iControl, Alarm.com u AlertMe. Ho OHH HadaJIX1 UCIIBI-
TBIBaThb KOHKYPEHIIHIO CO CTOPOHBI TaKKMX KPYIIHBIX
KOMIIaHUHM, Kak Arris, Amdocs u Technicolor.

[IpUHSATH y4acTHe B TOHKe PeIlM/IH M IIOCTaB-
NsOIMe aJIbTepHATHBHOe NporpaMMHoe obecriede-
HHe KommaHuu Apple u Google. B suHBape 2014 roga
Google 06bs1BHIA 0 3aK/TIOYEHH U COTJIAIIEHU I Ha IIPH-
o6peTeHHe 3a 3,2 MJIpZ,. OOJJI. KOMIIaHKUHK Nest Labs [12],
CO3/IaBIIEH IIOMYJISIPHBIN CAaMOOOYYaIOLIHUFEICS TePMO-
cTat Nest Learning Thermostat, aBToMaTH4eCKH pery-
JTUPYIOMUN PACXOZ 3/1eKTPOIHEPTUHU B 3aBUCHMOCTH
OT M3MeHEeHMs BHEIIHUX yCJIOBUM Cpefbl. B KoHIe
rojia Bafe/blibl TEPMOCTATA y>Ke MOIJIK YIIPaBIISITh
MM C IIOMOIIbIO peueBbIX KOMaH/, UCIIONb3Ysl CMapT-
donbl c OC i0S mnu Android. Google Tak>ke BezeT pas-
paboTKH DOMANIHUX CUCTeM OXpaHsI [13].

Apple paboTaet Haz co3maHUeM IJIATPOPMBEI IIPO-
rpaMMHoOro obecredeHus OJIs CHUCTeMBl yIIpaBiie-
HUS YyCTPOMCTBAMHU 'YMHOIO ZoMa' U BeleT Iepe-
TOBOPBI C TPYIIIION PUTEkIePOB 110 UCII0Ib30BAHHUIO
ee B Ux npubopax. Ilo ropsuuMm cjiefaM TeHJeH-
U GOPMHPOBAHUS "YMHBIX [OMOB' KOMIIAHHUS
B HavaJie 2015 roa o6psiBHUIA O CO3TAHUHU CUCTEMBI
HomeKit ¢ OC iOS 8, s3BIK KOTOPOH IIOHHMAIOT
npubopsl "yMHOro moma’ n1060ro KM3rOTOBUTENS.
Cuctema HomeKit nmopmepskuBaeT UHTEJIEKTYaslb-
HBII [IePCOHAIbHBIM IIOMOIIHUK K BOIIPOCHO-OTBET-
HYI0 cucTeMYy Siri, 06pabaThIBaIONyI0 eCTECTBEHHYIO
peus. Ha BrIcTaBKe 66ITOBOM 3/1eKTpoHUKH CES 2015
OBLIM ITpe/ICTaB/IeHbl PAa3HOOOPa3HbIe COBMECTHMBIE
c HomeKit usgenus - oT HHTe/JIEKTYa/IbHBEIX CUCTEM
pery1npoBKH BOJOCHAOKeHHUS [0 HUHTeIeKTyallb-
HBIX IBePHBIX 3aMKOB [14]. [IpaBza, BbICKa3bIBALTCS
oraceHHe, CMOTYT JIM TakHe Pa3paboTKU CTUMY/IH-
poBaTh IpHobpeTeHHe CUCTeMBbl 'YMHBIH J0M', TO
eCcThb IpepjaraeMbld GyHKUIHOHAJ OeHCTBUTEIBHO
HeoOXOQUM, HJIM 3TO IIPOCTO TOIOBBIM M MOJHBIM
bpeng.

Yro ke cObO¥ ITpeICTAB/ISIOT COBpeMeHHbIe CUCTEMBI
"ymMHoro roma"?

OCHOBH blE TPEBOBAHUNSA K CUCTEME

"YMHbIN JOM"

B cymHoCTH, "yMHBIN IOM" TOJI5KEH COOTBETCTBOBATh
06pasy sku3HU x03s5ieB. OH YCTPOeH TaK, YTO BCe KOM-
MyHaJIbHBIe CUCTeMBI (BOOOCHAOKeHU I, 3Heproobecrie-
YeHU s, BEHTUISILIUY, KOHAUIIMOHHUPOBAHU S, OTOILIe-
HUS U IIpoYHe) paboTaroT B KOMIIIEKCE U IIOUHHEHBI
ONHOH LeNU - 00eCHeYuTh KUAbLIAaM MaKCHMaJjlb-
HBIH KOMQOPT U 3aIIUIeHHOCTh. CHcTeMa "YMHBIH
IooM" TOTIKHA BKITIOYATH B cebsl creAyompe 06beKThl
aBTOMaTH3alHH:
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Cucrema
6e3onacHoCcTn

JAomoBas
MHPpACTpyKTYypa

CBsi3b
N KOMMNblOTEepHas
ceTb

Cncrema
ynpaBneHus

Knumar-
KOHTpO/b

Cucrema
OCBeLLLEeHHOCTU

PasBneyeHus

Puc.1. CTpykTypa cucTeMbl "YMHbIN AoM"

e yIpaBleHHe BCeH AOMOBOH HHQPPACTPYKTYPOH,

BKJIIOYas OCBellleHHe, BOJOCHAbKeHHe U ITpoyee;

+ LIeHTPaJIM30BaHHOe yIIpaBjIeHHe CUCTeMaMU 6e30-

MACHOCTH M OXPAaHHO-TIOKaPHOM CUTHAIH3ALHH,

B TOM YMCJIe KOHTPO/Ib JOCTYIIA, HaTPY30K U aBa-

PHUIHBIX COCTOSIHUU;

* KJIMMAaT-KOHTPOJIb, BKJIIOUAasl yIpaBleHHe CHUCTe-

MOM BeHTHJISILIMH U KOHAULIMOHHUPOBAHHUS;

* yIpaBJIeHUe CBSI3bI0 M KOMIIBIOTEPHOK CeThI0, BKJIIO-
4ast 6eCIIpoBOHYIO;
* yIpaBJieHHe ay[IOBU3ya/IbHOM U Pa3BlieKaTeTbHOH

OBITOBOM TeXHHKOH;

* CpeACTBa MeUIIMHCKOM ITOMOIIX U MOHUTOPHUHTIA
aAKTHUBHOCTH B JIOMeE.

®OyHKUIMK 06LIero TeKyIlero KOHTPOJISI JAHHBIX
U PeryIHMpoBaHUS CUCTeMBbl "YMHBIM JOM" BBIIIOJ-
HSIeT CIIeLIMa/IbHbIF aBTOMAaTH3H POBAHHBIH HHTeJLIEK-
TyaJIbHBIH 3/IeKTPOHHBIN 670K yIIPaB/IeHHU S BCTPOEH-
HBIMH MHKPOKOHTPOJIJIEPAMH, OCYIIeCTBISIOMNMHI
c6bop 1 06paboTKy maHHBIX U 6eCIIPOBOAHYIO CBSI3b
CAPYTMMU KOMIIOHEHTaMU CUCcTeMBbl. [Ipu Heobxomu-
MOCTH C IIOMOIIbI0 HHTe/IIEKTYaIBbHOTr0 6JI0Ka MOSKHO
OITyCKATh SKa/TF03H UJIH IITOPHI, BKJIOYATh KOHAHLIHO-
Hep WM CHCTeMy OTOIUIEHHSI, ITOAK/II0YATh YCTPOH-
CTBa OXPAHHO-TIOKAPHOM CUTHAIH3AIUH, a B CJIydae
KparHeH OIIaCHOCTHU coobIaTh [T01b30BaTe N0 06 aBa-
PHUMHOM CUTYallMW U IIPUHKUMATh MEPHI 10 IIPeJoT-
BpaIleHHIO ee II0C/Ie/ICTBUH.

YcTporicTBa, Heo6XoqUMBIe /IS CO3AAHUS "YMHOTO
noma", MO>KHO 06'beIMHUTH B HECKOJIBKO I'PYIIII (PHC.2).
ITpu >KeTaHUH MOSKHO ITOAK/IIOYATh HOBBIE YCTPOMCTBA
B JIOIIOJTHEHHEe K KMEIOIIUMCS.

www.electronics.ru

[aTtumkm
W yCcTpoicTBa
BBOAA
MHpopMaLumn

NcnonHuTtenbHbie
3/1IeMeHTbI

CepBepbl
W KOHTpoOANepbl

Puc.2. I'pynnbl yCTPOMCTB, BXOAALWMX B CUCTEMY "YMHbIN

JNIEMEHTHAS BA3A CUCTEMbI "YMHbIWA JOM"
BBIZe/IMM OCHOBHBIE KOMIIOHEHTHI LIeHTPaIH30BaH-
HOM aBTOMAaTH3HPOBAHHOM CUCTeMBl "YMHBIH AOM",
obecreunBaoILe ee yCIeNIHOe PYHKIITUOHHUPOBAHMHE
(puc.3). Haubonee BaskHbIe U HeOOXOLUMBbIE KOMIIO-
HEeHTBI CUCTeMBI: YIIPaBJISIONIas NPOrpaMMHO-aIlIIa-
paTHas IatopMa, MEKPOKOHTPOJIJIEPHbIE UCIIONHHU-
TeJIbHbIe MOJYJIH, PA3/IMYHble JaTYHUKHU (TeMIIEPATY PHL,
OCBeILleHHUsI, BIAKHOCTH), CPeACTBA OXPAHHO-TIOXKAP-
HOM CUTHAaTH3aLHH.

MporpammHo-annapaTHas naatpopma

ynpaBneHUs CUCTEMOM

[TepcIrieKTHBHBIM 371eKTPOHHBIM 6/I0KOM yIIpaBIeHHUS
cUCTeMOM "YMHBIA AOM" CUMTAeTCs MPOrpaMMHO-
anmnaparHasi ImaatrGopma IO, TOProBOM MapKoOH
Arduino - 371eKTpoOHHas IIaTa CO CBOGOAHBIM IIPO-
rpaMMHBIM obecrieueHHeM, BHIIIOTHEHHAs Ha OCHOBE
yHEOOHBIX B KCIIOb30BAHUM AIMAPATHBIX BBIUHCIH-
TEeJIBHBIX YCTPOMCTB U UHTETPUPOBAHHOM CpeJbl pa3-
paboTku (Integrated Development Environement, IDE).
BasupyroTcs raropmsl Arduino Ha MEKPOKOHTPOJI-
nepax AVR komnaHuu Atmel - ATmega328, ATmegal68,
ATmega2560, ATmega32U4 c TaKTOBOK 4acCTOTOH 16
unu 8 MI'. B mpeabIAyInux BEPCUAX IPUMEHSIHCh
MHUKPOKOHTposiepel ATmega8, ATmegal280 u nopy-
ryue. BoNBIIMHCTBO IIAT IIPOrPAaMMHUPYIOTCS depes
USB [15].

OcoberHOCTh Arduino - BO3MOKHOCTb YCTaHOBJIE-
HHS CIeLHATbHBIX JOMNOJHHUTEIBHBIX IJIAT PaclIU-
peHus, Tak Ha3bplBaeMBIX HIKIAOB (shields), momo6Ho
ciosM b6yTepbpona nosepx miardopmsl Arduino as
IIPUIAHUS el HOBBIX BO3MOXKHOCTeH. TaK, CyIecTBYIOT
IIJIaThl paCIIMPeH U s 1JIsI IOAK/II0YeHU S K IOKaIbHOM
cetu (Ethernet Shield), nns ynpaBnenus MomHbMU
moTopamu (Motor Shield), nys monyueHus KoopguHAT
Y BpeMeHH o CyTHHUKOB GPS (Momynp GPS) U MHO-
rue apyrue [16].

BeImyLieHO HeCKO/NIBKO BepcHM 6a30BBIX ILIAT-
dopm Arduino. OmHa M3 mocaeHUX - I1aTa Arduino
UNO R3, cepaleM KOTOPOM SIBASeTCS MHKPOKOH-
Tponep ATmegal6U2 ¢ TaKTOBOM 4acTOTOM 16 MITI.
ITnata umeeT 14 HUPPOBBIX BXOJOB/BBIXO/0B (mecTsn
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M3 KOTOPBIX — BBIXObI M),
1IecTh aHaJIOTOBBIX BXO/I0B
Ha IIOCTOSIHHBIM TOK 40 MA, dernr-
naMaTh o6bemMom 32 K6auT, 3/nek-
TPUUYECKH CTHpaeMoe IIporpam-
mupyemoe II3Y (3CIIII3Y) 06B-
emMoM 1 Kbamt m 2-Kbamt CO3V.
OTnn4aeTrcs IUIATa OT Ipelblay-

Moaynu BbiBOAA

Moaynv BBOAA

Ynpaensiowum
L,_.| s KOHTponnep

PeneﬁHbMH
Moay b

iy MK ans

& W 4

KHOMo4HbIe BbIKNtOHaTENN

nporpamMMu1poBaHus

IIMX BepCUH Ha/JIU4YHEeM KOHBep-
Tepa USB-UART [17].

[IpepyaraeTcs Takke 6a3oBas
nnara Arduino DUE R3 Ha ocHOBe
32-paspamuoro Cortex M3 1po-
meccopa AT91SAM3X8E ¢ Tak-
TOBOM 4yacToTor 84 M. Ilnata
uMeeT 54 wUupOBEIX BxoHa/
BbIX0Za (14 13 KOTOPBIX — BBIXOJBI ﬁ
IIMM), 16 aHaJ/JIOTOBBIX BXOZa. :

)KKI/I -aucnnen Mo,u. Nb
KNUMAT-KOHTPONS
Jatyuk Temneparypbl

CeHCOprIM
avcnnen
. JaTumk

Aatyunk Jatank  [aTymk

[BVKEHUS  OTKP./3aKp. BeTpa

1 [ = ] q_J,n‘l
KOMMVHMKaLlMOHHbIVI

Mo,u,ynb NK-a3mmuntep  UK-gat4umk

cseta
Ynpasnexue
Kanosu,
ponnetamun
—

VIHTePlcEePlc

B oTnume oT 60BIIMHCTBA IJIAT
Arduino, paboyee HampsKeHHe

Arduino Due R3 cocTasiser 3,3 B,
a He 5 B.Ha maTe yCcTaHOBJIEHO
IBa paszbeMa micro-USB: onuH
O71 OT/IafKH, & OPYrod /s IOA-
Jep>kKkH GyHKUMK USB-X0CT U I10J-
KJIIOUeHHS K KOHTPOJIJIePY BHeIl-
HUX USB-yCTPOMCTB: MBIIIH, KJIa-
BHUATYphl, CMapTHOHOB U T.1II. [18].

Mogaynb
ynpas/ieHus
nepexkuaHbLIMU
BbIK/IlO4aTENSAIMUN

KoHuenuua nporpaMmupoBaHus
nnatgopmbl Arduino
[TporpaMMupoBaHHe MIaTGOPMBI OCYILECTBISIETCS
yepe3 COOGCTBEHHYIO CIEIJUA/TbHYI0 HHTETPHPOBAH-
HyI0 cpeny pa3paborku IDE, I103BONSIOMIYIO COCTaB-
JISTh YIIPaB/SIONIHe IIPOr PaMMBbI (CKeTUH) /151 I/IAThL.
B IDE BXOIST TeKCTOBBIK PeJaKTOp IMPOrpaMMHOIO
KOJa, KOMIIM/IATOP M MOIYJIb AJis1 yCTAHOBKU HOBBIX
IIPOLIMBOK ILJIATHI. /Il 3aTPy3KH IIPOrpaMM U yCTa-
HOBJIEHHUSI CBSI3U CpeJla Pa3paboTKHU IOJK/II0YAETCS
KarnrmaparHoi 9acTu Arduino. IDE HamMcaHa Ha sI3bIKe
Java Ha ocHOBe IpoekTa Processing, paboraet mom OC
Windows, Mac OS X u Linux. $I3bIK IPOrpaMMHUPO-
BaHHUS APAYUHO - CTaHAApPTHBIM C++. IIporpaMMBHI,
HaIlMCaHHBIe ¢ momoIbio Arduino, obpabaTeIBaroTCs
IIPEeIIpoLeCCOPOM, a 3aTeM KOMITHIUPYIOTCA.

MUWKPOKOHTPOANEPHbII UCNONHUTENbHBIA MOAYNDb

HcImomHUTeNbHbBIe OJOKHM CHCTEeMBl "YMHBIHM IoMm"
B OCHOBHOM IIOCTPOEHBI Ha OCHOBE MHUKPOKOHTPOJI-
nepoB AVR ¢ RISC-apXUTeKTypoH, paboTaIoIm KX COrIa-
COBAHHO C IUCKPETHBIM IIpHeMoIlepefaTYuKOM HU/IU
6ecITpoBOTHOM CHUCTEMOM CBSI3M Ha KpHcTasle [19].
B 3aBUCHMMOCTH OT IIOCTPOEHU S CUCTEMBI, CJIOKHOCTHU

\‘1

GSM-
MOAY/b

KommyTaTop l
3ByKa

GSM'T'—" I

Puc.3. blIoku cncTemMbl ynpassieHms "yMHbIM 4OMOM"

IIporpaMMHoO-aIapaTHoro obecreueHus u Tpebye-
moro popM-parTopa ARM-MUKPOKOHTPOJIJIEP MOXKET
OBITh 8- MM 32-pa3psiHBIM. Boree mUpPOKHe BHYTPeH-
HUe IIHNHBI U COBepIIeHHbIe ITIepUdpepHUHHEIe YCTPOU-
CTBa 32-pa3spsAHOr0 MHKPOKOHTposepa obecrieun-
BaloT bosee BBICOKOe OBICTPONENCTBHE CUCTEMEI YIIPAB-
JIeHU S 110 CPaBHEHHUIO C 8-pa3psLHBIM KOHTPOJIIEPOM.
Jl1 TIpUIOKeHUH C pabouyMM LIMKIOM "yCKOPEeHHO
paboraii, a motom ciu” (Run Fast, Then Sleep, RFTS),
IIpUMeHeHHe 32-pa3psifHOro YCTPOMCTBa obecrevu-
BaeT 60jlee KOPOTKUE paboumil MepHOM U IIOBBIIIEH-
HYI0 3HePro3$pHeKTUBHOCTb.

ITporpaMmbl AVR-MUKPOKOHTPOJIJIEPOB XPaHATCS
BO Quienr-maMsaTH 06beMoM 0T 1 10 256 K6aiiT. [TaMsTh
JaHHBIX KOHTPOJIJIEPOB pa3feieHa Ha TPHU YaCTH:

* PerucTpOBYIO MAMSTh - 32 perucTpa obuiero Ha3Ha-
YeHU,

* CTAaTHUYECKYIO OEePATHUBHYIO IIaMSTh (CO3Y) obpe-
MOM 0T 64 6auT no 4 K6auT. [ysi COXpaHeHU s JaH-
HBIX ITPH OTK/IIOUYeHUH [IMTAaHU S KOHTPOJLJIepa BO3-
MOKHO ITpUMeHeHHe BHemHero CO3Y ob6bemom
o 64 KbaurT;
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* SHEProHe3aBUCHMYIO IIaMATh Ha 0cHOBe DCIIII3Y
ob6bemoMm OT 64 6ariT mo 4 KbanrT.

INepudeprss MUKPOKOHTpPO/IEpOB AVR BKIIIOUaeT
OT Tpex [0 48 IMHUE BBOJIA U BBIBOZA, OJIOK ITOAIEP>KKHU
BHEIIHUX IIPepbIBAaHUI, TAUMePHEI-CYeTUHM KM, CTOPO-
>KeBOM TaKMe]p, aHa/IoroBble KOMIIapaTophl, 10-pas-
PSAOHBIN BOCBMUKaHUIBHBIH ALILL, ycTporcTBO cbpoca
[I0 MOHM>KeHHI0 IIMTAHHUS, IIHPOTHO-UMIIY/IbCHEIE
MOZY/ISITOPHL. JIJIS CBSI3H C BHEIIHHUMH YCTPOUMCTBAMH
ITIOMH MO IIOPTOB BBOAA/BBIBOJA B MUKPOKOHTPOJL/IEPaxX
[IpelyCMOTPeHbl YHHBEPCAIbHBIH [10C/IeJ0BATEIbHBIL
npuemorniepenaTurk (UART unu USART), a Tak>Ke BO3-
MOYKHOCTb MCII0/Ib30BAHHU S [10C/IeIOBATE/IbHBIX [BYX-
nposBofHbIX HHTepdericoB TWI unu SPI.

MUKPOKOHTPOJIZIEPHbIe MOAYIH [OOJIKHBI CTOSTh
B Ka’skZOM KOMHaTe, paboTaTh OT HAIIPSDKEHUS ITUTA-
HUA 7-40 B u obecrieduBaTh BO3MOXKHOCTD IIOLKJIIO-
YeHH s Pa3/IMYHBIX JATUMKOB K KHOIIOK THIIA 'CyXOH
KOHTaKT' (repKOHOB, KHOIIOK, NATYKKOB JABUKEHUS).
MUKPOKOHTPOJIJIEPEI, YIPaB/AIoOllMe BHEIIHHUMHU
YCTPOMICTBAMH, CIIOCOOHBI BBITIOTTHSITh ITPOCTEHIITHE eH-
cTBHs 6e3 yuacTus cepBepa (BK/IIOUATH CBET I10 KHOIIKE,
I10 IAaHHBIM JAaTYHKa IBUKEHHU S, [ePKOHA).

MopcmcTeMa KNMMAT-KOHTPOAA

[TomcucTeMa yIIpaB/leHHUs KIMMATOM IIOAJeP>KHUBaeT
U M3MeHsIeT 3Ha4YeHH s TeMIIepPaTyphl U BJIASKHOCTH,
a Takke KOHTPOJIUPYeT LIUPKYJISIUIO CBEXKEro BO3-
IyXa CHapy>kH U BHYTPHU IoMeleHUs. DYHKIIUH KIIH-
MaT-KOHTPOJISI CHCTeMBI "YMHBIH JOM" BBIIIONTHSIOTCS
C TIOMOIIBIO TPeX CUCTeM: OTOIJIEHHS, BEeHTHJISILIUU

TunuyHblie 3Ha4YeHUs oCcBeL,eHHOCTN NoMelleHus
B 3aBUCMMOCTU OT ycnosmﬁ cpeabl

YcnoBue okpyyKatoLLen cpeabl YposeHb ocse-
Py = P LEeHHOCTU, NK

Houb 0,001-0,02
CBeT JiyHbI 0,02-0,3
CnnolwHasa 061a4HoCThb 5-50
Ky4yeBble o6naka 50-500
Cnaboe conHeYHOe ocBelleHne 100-1000
CoNlHeYHoe OCBeLLeHMe B NeTHUN 106
OeHb
OcBelleHne, HeobxoamMmoe npm 50-60
YTEHUU KHUT 1 JOKYMEHTOB
OcBe C 3 -

LLleHVe Npu BOCNpoun3Beee 1400
HUWN BUAEO03ANMUCHK

Y KOHIUIIMOHUPOBAHU . DTU HH>KeHepHble CUCTEMBI
B pe3yjbTaTe MHTerpallud paboTaloT KaK efHUHOe
1es10e, co3gaBasi KOMPOPTHBIe KIHMMaTHUeCKHe YCII0-
BUSI B IIOMeIleHHH. PaboTy cucTeMsl obecrieurBaeT
Habop Pa3sHOOOpa3sHBIX AATUUKOB, QUKCHPYIOUIHX
TeKyIllee COCTOSIHHEe MUKPOK/IMMaTa B JoMe (TeMIlepa-
TYPY, BIa’KHOCTb, HaJIM4YHe IbIMa, COCTaB K CKOPOCTh
OBU>KeHHUS BO3/yXa, a IPHU HeoOXOAKMMOCTH — OCBe-
IeHHOCTH, MHCOMAIMHM, COCTOSIHHUSI OKOH U JiBepel
U T.II.), a TaKKe CPefCTBA yIIpaBleHUs — MepeKilio-
4yaTe/NU U JUCIJIelHble IIaHe H. IlociefHUe IpUMe-
HSIIOTCSL JIUISL YCTAHOBJIeHHs TpebyeMoro pesxuma
PaboThI KITMMaTHYECKHX CUCTeM 1 0TobpaskeHHU S TeKy-
M X [I0Ka3aTeseH.

Bo3Mo>kHa MHAMBUYa/IbHAS peTyIHpPOBKa MUKPO-
KJIMMaTa JI/1 Ka>K/J0ro SKHUJIblia IoMa, 3a CUeT YC/IOB-
HOTO pasjie/leHUs ToMelleHH s Ha 30HBI, /IS KasKI0H
13 KOTOPBIX 3a/1aeTcsl TpebyeMBbIil peskUM (CLieHapH )
M YCTaHAaBIMBAIOTCS COOTBETCTBYIOIIME 3HauYeHHS
yIpaBisieMbIX M KOHTPOJIHPYeMBIX IIapaMeTpOB.
[Ipu Heo6X0AMMOCTH 3a/iaeTCsl IOPSOK U3MeHeHH s
IIapaMeTpoB BO BpeMeHH. TOT MJIM MHOM HCIIONHSe-
MBIU IIOACUCTEMOU KIMMAT-KOHTPOJISI CLIeHAPHU U A1
Ka>K/IOHM 30HBI BbIOMpaeTCsl aBTOMATHYeCKH (HallpH-
Mep, B COOTBETCTBUHU C JATOH, AHEM HeJelH, Bpe-
MeHeM CyTOK, Ce30HOM) MM BpyuHY. KpoMe Toro,
IIOACUCTeMa YIIPaBlIeHUsI KIMMaTOM MOXeT KOHTPO-
JHMPOBATh HA/IM4He B CpPeJie BpeHbIX U OIIaCHEIX pea-
TeHTOB: 3aJLIM/JIEHHOCTH, yTapHOIo rasa. HakoHelr,
IIOACUCTeMA JO/IKHA CIeJUTh 33 COCTOsSIHHEeM 060py-
INOBAaHHS ~ KOHIULIMOHEPOB, KOT/IOB, CPeJICTB OTOIL/Ie-
HUS U BeHTU/ISLHUH.

JlaHHbBle MHOTOYHCIeHHBIX JaTUUKOB (HallpuMep,
TeMIIepaTypPhl TEIJIOHOCHTE/IS B CUCTeMe OTOIJIeHH I,
MOIITHOCTH, TIOTPebIIsie MO TeM HJIK HHBIM CETMEeHTOM
TEIIJIOTO I10J1a, COCTOSIHHUSI BeHTHJISITOPOB U IIHOEpoB
BEeHTU/ISIMOHHON CHUCTEMBI, PeXKHMOB PaboThl KOH-
OUIIHOHEPOB) IepeflaloTCsl MOAKIIOYEeHHBIM K HHUM
JIOKaJIBHBIM KOHTPOJIIepaM (perynsitopam). O6beKTh
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Puc.4. Moaynb Arduino ¢ nogKIto4eHHbIM AaT4MKom DHTI

yIIpaB/IeHHs CUCTeMBI KJIMMaT-KOHTPOJISi - UHXKeHep-
Hble CHCTeMBI, MeXaHH3MBl U YCTPOMCTBA, OKa3bl-
BalollMe BO3JEeIMCTBHe Ha KAMMaTH4YeCKHe IapaMe-
Tpbl. OCHOBHBIE XapaKTEePUCTUKHU 00BEKTOB C TOUKHU
3peHUs yIIpaB/leHUs - KO3QPUIIMEHT Iepefauu, HHep-
LIMOHHOCTb Y 3aIla3/blBaHHe [lepe/laut JaHHBIX.

MoacucTeMa OXpaHHO-NOXXAPHOM CUTHANN3ALNK
ITopcrcTeMa OXPaHHO-TIOKAPHOM CUTHaIHM3allUH -
CJIOKHBIM KOMILJIEKC TeXHHUYeCKHX CpPefCTB, CIysKa-
IIUX JJISI CBOEBPeMEeHHOro obHapyskeHHs BO3ropa-
HUS U NpefoTBPallleHUsI HeCAaHKLHOHHPOBAHHOIO
IIPOHUKHOBEHUS B OXPaHsIEMYIO 30HYy. Kak IIpaBUIIo,
YCTPOKCTBO OXPaHHO-TIOXKaPHOH CUTHA/IK3aLUH BXO-
IUT B KOMILJIEKC, 00 beJUHS IO CHCTeMBbI be3orrac-
HOCTH W MH>XeHepHBble CHCTeMBl 3laHUsI, obecreyun-
Bas JOCTOBEPHOM afpecHOM HHOpMaLIeH CpefCcTBa
OIIOBeIIeHU S, II0KaAPOTYyIIeHHU I, ABIMOYJa/IeHH I, KOH-
TpoOJIs AOCTyIa u APp. [20].

Kask[oe yCcTpONCTBO OXPaHHO-TIOKAapHOM CHTHa-
JTH3aLMH OCHAIleHO H3BellaTe/lsIMU, KOHTPOIHPYIO-
IIMMHU Pa3lnydHble QHU3HUeCcKHe ITapaMeTPhbl CpPelsbl.
[T POKO HCIIOIB3YIOTCS ITACCHUBHBIE U MTepUMeTPab-
Hble aKTUBHBIe MK-u3BelaTtegnn, MarHUTOKOHTAKT-
Hble, TPUOOPHI U3BELIeHUS 0 Pa3bUTOM CTeKIIe, KOM-
6MHMpPOBAaHHBIE AKTHBHbIE YCTPOMCTBA. B cHcTeMax
MIO>KapPHOM CUTHA/IH3aLIU U [IPHMEeHSII0TCS TeIlJIOBEIe,
IBIMOBBIE, CBeTOBBle, HOHH3AI|HOHHbIe, KOMOMHHUPO-
BaHHBIE U PyYHBIE U3BellaTeNlH.

B 3aBHCHMOCTH OT CI10CO60B BBEISIBIEHHS TPEBOTH
1 GOPMHUPOBAHU S CUTHAJIOB M3BelllaTelu U CUCTEMBI
OXPaHHO-TIOKAPHON CUTHAIH3ALUK IOJPa3esiioT
Ha cjefyIoliie THUIIBL:

* HeagpecHBle C QUKCHUPOBAHHBIM IIOPOTOM YYB-

CTBUTEIBHOCTH. HM3BelaTeq Iy 3TOr0 THUIIA BXOIST

B 00U IIIeH YCTPOMCTBA OXPAHHO-TIOKAPHOM

CUTHAJIM3AaLUU. B pe3ynbTaTe Ipu cpabaThIBAHUU

r )

192,168.1.15 x

L e 192168115 7 =

Welcome to Arduino Ethernet
Shield V1.0

Cwirent Temperature 1s
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|
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Puc.5. ®ann Ethernet akpaHa cuctembl Arduino ¢ noka-
3aHUAMM TemnepaTypbl U BNAXHOCTU AaTtymka DTHTI

OfHOro 13 IpH60opOB popMHUpyeTCcss 0606IeHHBIH
CHUT'HaJl TPEBOI'HU;

* aapecHble, JAHHbIE KOTOPBIX COMEPSKAT aIPeC IIPHU-
fopa OXpPaHHO-TIOKAPHOM CHUTHAMM3ALUH, UTO
I103BOJISIET OIIPEJETUTh 30HY IOKapa C TOUHOCTHIO
10 MeCTa HaXOK/IEHHUS U3BellaTess;

 afpecHO-aHasIoOroBble - Haubonee HHGOPMATHUBHBIE
K COBepLIeHHBbIE. TEKYU.[I/IE 3HAY€HHs KOHTPOJIH-
pyeMoro rapamMeTpa BMeCTe C a[pecoM H3BellaTeb
repeaeT 1o mteidy 0X paHHO TIOKAPHOM CUTHATH-
3aruu. Takue YCTPOMCTBA HUCIIONB3YIOTCS )15 PaH-
Hero o6Hapy>KeHHUsI TPEBOSKHOM CUTYalUH, II0Ty4e-
HUsI JAHHBIX 0 HeOOXOI U MOCTH TEXHUUECKOro 06¢/y-
JKUBaHHUS HPI/I6OPOB BCJIeACTBHUE HX 3arpsA3HEHUS
unu Opyrux ¢akTopoB. KpoMe Toro, aapecHo-aHa-
JIOTOBbIE CHCTEMBI [I03BOJISLIOT, He IIpepbIiBasi paboTy
[IO/ICUCTEMbI OXPAHHO-TIOKAPHON CUTHAIM3ALINH,
[IPOTPAMMHO H3MEHSITh GUKCHPOBAHHBIM IIOPOT
YYBCTBUTEIBHOCTH H3BeLIATeNs] IPH He0OXOLHUMO-
CTH ero aJallTAllMH K YCJIOBUSIM KCILIyaTallHH.

MopcucTemMa peryaupoBKU oCBelleHUs
ITogcucTema Co3faeT yCa0BUSI KOMPOPTHOIO OCBelle-
HUS Pa3/IMYHBIX IOMeIeHU I "yMHOI0 IoMa", UCXOAS
13 Hapy>KHOM OCBEIIeHHOCTH, IOTPebHOCTeH II0Nb-
30BaTe/llel U APYTHUX IIapaMeTpoB. MOAYJIb peryiIu-
POBaHUS OCBEIIeHHOCTH "'YMHOTO IOMa"' yUUTHIBAET
TUIIMYHble 3HaUeHHSI OCBELIeHHOCTH IIPU Pa3HBIX
yCIoBHSX (CM. TabI.).

CucTemMa PperyJMpoBKH OCBeIleHHs pacCUHUTaHa
Ha paboTy ¢ 5KOHOMHUYHBIMH HCTOYHHUKAMHU CBETa,
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B OCHOBHOM IIPEHUMYIIeCTBEHHO IOJYIIPOBOJHHUKO-
BBIMH CBeTOJHOZAMH. B 4aCTHOCTH, MOTYT HCIIO/b-
30BaThCSI CBETHUJIBHUKH, pa3paboTaHHbIe C yYacTHEM
OIHOTO U3 aBTOPOB [21, 22].

NOAKNOYEHUE .U,AT‘-IVIISOB K NNATOOPME
YNPABNEHNSA CUCTEMOMU

JIJ15 IOAK/TIOUeH U I PAa3/IMYHBIX JATYUKOB K MOZYJTIO
Arduino UCII0NIB3YIOTCSI UMEIOIKecs B MOAYIe IUGpo-
BbI€ M aHAJIOTOBBIE ITIOPTHI BBOJA/BBIBOAA. B cTaHAApT-
HOM 6a3oBoM Mopgyine Arduino 20 KOHTaKTOB BBOJA-
BeIBoga (GPIO) [23]. IIpu He06XOLUMOCTH ITOJKIII0Ye-
Hus 6obirero Habopa JaTUKUKOB B [TOPT BBOJA-BBIBOJA
Arduino MoryT 6BITH BKJIIOUEHBI Pa3IUYHbIE IIATHI
pacIIMpeHUS.

MpoBoAHble pewweHns cucTembl "YMHbINA om"

[IpoBoAHBIe pellleHUs IIpeAyCMaTPUBAIOT COelHHe-
HHUe BCeX 3JIeMeHTOB CHCTeMBbl 'YMHBIHA AoM", bymp
TO JAaTYUKH, LIEHTPa/IbHOE YIIPaBIsIOIlee YCTPOH-
CTBO, JIaMIIa /1M BeHTH/Ib 6aTapeu, C TOMOIIBIO ITPO-
BOJOB. [IOCTOMHCTBO IIPOBOLHOTO pellleHHs — IIpaK-
TUYeCKH HeOrPaHUYeHHBIN QYHKLMHOHAI: CHCTEMA
OT/IMYAeTCSl BBICOKOM CKOPOCTBIO PaboTHI, Hamex-
HOCTBIO M OTJIMYHOM 3alHUINEeHHOCTIO OT BHEIIHUX
BO3[EeHMCTBUH. Ellle OMHUM HeMaJ/IOBa>KHBIM IIIIOCOM

SBJIseTCsE A6CONMIOTHAS He3aBUCKMOCTD B BBIOOpE ITPO-
H3BOJMTe/IeNl KOHEYHOro 060pyJoBaHMUS, IIOCKOTIBKY
CHCTeMa II03BOJIIeT MHTETPHUPOBATh MPAKTHYECKH
niobble yCTPOMCTBA.

PaccMOTPHUM IIPHMePBI JATYKMKOB C [IPOBOJHBIM IO
KJIIOYeHHEeM K yIIpaBisiomeMy Moayao Arduino.

[JaTtyuk TemnepaTypbl U BAaXxHocTu DHT11

LndpoBoM AATUUK TeMIIEPATyPhl U BlaxkHocTH DHT11
(puc.4) mpencTaBnsieT cobor COCTaBHOE YCTPOMCTBO
KaTH6POBAHHOIO LIMPPOBOrO BBIXOLHOTO CHIHAJA,
COOTBETCTBYIOIIEI0 KOHTPOIHPYeMOH TeMIlepaType
M BJIAKHOCTH (pHC.5). OTIHYaeTCsl BBICOKOHM HaJex-
HOCTBIO U JI0JITOBPEMEHHOM CTabUIbHOCTBIO PabOTHI.
JaT4UK COOEep>KUT Pe3HUCTHUBHBIM CEHCOP BJIa’KHO-
CTH U KOMIIOHEHTHI CTPYKTYPBI C OTPHIIATEIbHBIM
TeMIIepaTypHBIM KO3QOUIIMEeHTOM COIIPOTHBJICHUS
(NTC-cTpYKTyPBL).

XapakTepuUCTHUKH AaTyrKa DHTIL:

[Halla30H H3MepsgeMbIX TemIepatyp, °C ..... 0-50;
IO PeIIHOCTh U3MepeHHU s TeMIlepaTypsl, °C.... +2;
JHAIa30H U3MepgeMOU BIasKHOCTH, % ...... 20-90;
[IOIPeIIHOCTh U3MEPeHHU S BIA)KHOCTH, % ....... +5;
TOK IIUTAHU S
H3MEPeHHUS, MA .....oovvvvnniieneeeennnnnnn.... 0,3;
OKHUIOAHHUS, MKA......vviviiinineninnnnenen.....00,
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Puc.6. Jatyuk ocselweHHocTn BH1750 ana Ardiuno

DHT11 B3aMMOZAEHNCTBYeT C MIPUHHUMAIOIe! II/1aT-
dopmort Arduino mo cob6CcTBEHHOMY IIPOTOKOIY.
KoMMYyHHKALIKA ~ IBYHAIIpaB/JIeHHAs:

* MHKPOKOHTpOJL/Iep coobliaeT JaTYHUKY O TOTOBHO-
CTH CUMTBIBAHHUS IIOKA3aHMH, [JIS1 Uero Ha HeKOo-
TOpoe BpeMs YCTaHaB/IHBaeT CUTHATIbHYIO IMHUIO
B0, a3areM-B1;

* JATYMK IOATBepKJaeT FOTOBHOCTb llepefaTh JaH-
Hble, [I/15 4eTro B aHaJIOTUYHOM IOpsIKe yCTaHaB-
THMBaeT CUTHAJIbHYIO TMHUIO B 0, 3aTeM ~ B 1;

* TIIOCJIe 3TOTO0 JATUHK II0ChI/IaeT MUKPOKOHTPOJLJIEPY
56aiT JaHHBIX. [lepBble IBa OIIMCBHIBAIOT TEMIIEpPA-
TypY, C/lefyIoliKe IBa ~ BIa>KHOCTD, IIOCTeHHUM ~
KOHTPOJIBHYIO CyMMY, IOATBepKIAIIYI OTCYT-
CTBHeE OIIKNO60K CUMTHIBAHUS.
brnarogapst ToMy, YTO JaTYHK BBHIIIOJIHSET H3Mepe-

HH S TOJBKO II0 3aIIPOCY, JOCTUIAETCS BHICOKAS SHEp-

roo$deKTUBHOCTb: B OTCYTCTBHE KOMMYHHKaIUU

notTpebsie MBI TOK HEBEJIUK.

JaTuhK HKMeeT CTaHAapTHBIN TPeXIIPOBOJHOM
HHTepderc, MOXeT JerKo IMOAK/IIYAaThCSl K MIacCHB-
Hou 1ate pacmuputens (10 Shield) [24].

JAaTyYNK MHTEHCUBHOCTU ocBeLw,eHns BH1750

BH1750 (puc.6) - Mukpocxema LUGPOBOro maTuHKa
BHEIITHeH OCBEIleHHOCTU CO BCTPOeHHBIM 16-6uT ALII,
IIOAKJIF0OUYaeMBbIM K [2C-uHTepdercy. JaTduK HAIIps-
MYIO BBIBOGUT LIMPOBOL CUTHAJ Oe3 JOMOIHUTENb-
HBIX pacyeToB. Ero BBIXOJHOM CHUIHaJ HeNOCpen-
CTBEHHO CYMTBHIBAeTCs JTIOKCMETpoM. Uepe3 HHTep-
deric I°C Bo3MOKeH BbIOOP aJpecoB IBYX BeJOMBIX
YCTPOUCTB.

JaTuyuK IPUTOAeH [/ H3MepeHHs HHTeHCHUB-
HocTH ¢ap aBToMobuns, ¢oHaper, dororpapude-
CKHX TaMII, HTHUPPOBEIX GOTOAINAPATOB, HACTPOUKH
JKK-pucres U OoACBETKH KIaBUATYPhl MOOUIBHOTO
TenedoHa [25].

XapaKkTepHUCTHKH AaT4yrKa BH1750:
HaIlps>KeHHe TUTaHU I

II0 IIOCTOSIHHOMY TOKY, B.......coooiiiiiiiiiii, 3-5;
OUATIA30H U3MEPEHHUS, JIK. cevvnneennnennnnnn. 1,1-10%;
PA3PEIIEHHUE, JIK tevuvrnirniinnennenneeneennens 1-65535;
pabouast TeMIepaTypa, °Co.. covuvvennnennnn -40...85;
TOK B pe>KHMe OKUIaHHUS, MKA................ 0,01;
paccernBaeMas MOLIHOCTb, MBT .................2060;
HTHTEPDEOIIC .t vvntteeniteeniteennieernieeennneennnns 12C
PA3MeEP, MM ...uiiiiniiiiniiiiiiiiieinnees 21x16x%3,3.

LUudpoBoi aatumk asmxeHmnsa HC-SR501.

OCHOBHOE Ha3Ha4YeHMe OJAaTUHKOB ABHKEHUS — aBTO-

MaTHYeCKoe BKIIOUYeHHe U1K OTK/II0YeH e HaTPY3KHU

B 3aJlaHHOM HHTepBaJie BpeMeHH IIPHU II0SIBJIeHUH [JBU-

SKYLIHXCST 0ObeKTOB B €I0 30He YYBCTBUTENIbHOCTH. OH

YYHTBIBAET TAKKE YPOBEHB OCBEILeHHOCTH.
HC-SR501 mpencraBisieT co6ord MOAYJIb IIHPO3-

nexTpudeckoro MK-matuuka nBuskeHus (Pyroelectric

InfraRed sensor, PIR), Co6paHHoro Ha OCHOBE BBICO-

KOIIPOM3BOJUTEIBHON MUKPOCXeMBI 06paboTKH CHUT-

Hajga gartyumka BISS0001 ¢ 4yBCTBUTE/NBHBIM 3Jie-

MeHTOM FIR800 (puc.7a). I[Ipy BKIIOYeHUU U TAHUS

MonyJsi B TeueHHe 1-2 ¢ dopmMmupyeTcs H306paske-

HMe KOMHATHhI, €C/JIH IIOCJe 3TOr0 B IOMeIlleHHUHU

IIPOMCXOAUT ABHKeHHUe, cpabaThIiBaeT yCTPOMCTBO

CUTHA/JIU3ALHH.

Monaynp MoxeT paboTaTh B JBYyX peXHMax, ycTa-
HaBJIMBaeMBIX C IIOMOIIBIO IIEPEMBIUKHU:

* IIOBTOPHOIO 3aIlycKa - H, IIpu KOTOpoM Ka>kKABIH pa3
IIpU perucTpalli B KeHU s 3aMep BOCCTAaHAB/IH-
Baetcs. [Ipu cpabaThIBAHUH AATYH KA HECKOIBKO pa3
IO P, Ha ero BhIX0Je (OUT) COXpaHseTCs BBICOKU U
JIOTUYeCKHH yPOBEHb;

e OAMHOYHOrO 3amycka - L: mocie cpabaThIBaHHUS
U PperucTpalldyd [ABHKeHHUs B TedyeHHe 3aJaH-
HOTO BpeMeHH JAaTYHK OTK/IIYaeTcs, OaXke ecliu
JeTeKTOp IIO-IIpeKHeMY perucTpupyer AaHHBbIe
Y Ha BBIXOJIe MOSIB/ISEeTCS OTAeNbHBIN UMITYIIbC.

B Mopaysie MCIIOIb3YIOTCS ABa MOACTPOUHBIX Pe3HU-
CTOpa: OOUH — JJIsI PEryJIMPOBKU YYBCTBUTEIBHOCTHU
(oT 3 10 7 M), APYIOM - 3alaHUS BpeMeHH, B TedeHUe
KOTOPOTro IpU 06Hapy>KeHUU [JBUKeHHUS Ha BBIXOle
bymeT ycTaHOB/IeHA jorudeckass egpHuna 1" (ot 5
1o 300 c) (puc.76).

Y PIR-matuuk paBr>keHUs HC-SR501 ogmH Tpex-
KOHTAaKTHBIH IITHIPeBON MHTepderc A1 IIOAKIIoUe-
HHS K MHUKPOKOHTPOJUIePY. HampsskeHHe MUTAHUS ~
4,5-20 B obecrieunBaeT Arduino KoHTpoJLIep, APyroe
yIIpaBisiolee MUKPOIIPOLleCCOPHOE YCTPOMCTBO MU
BHEIIHMH UCTOUHHK IIHUTAHUS.

K ynpaBisiomeMy MUKPOKOHTPOJIepy (MIK APy-
IUM MHKpOCXeMaM) MOAY/Ib PeKOMeHAyeTcs (XOTs
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1 Heob6s13aTe/IbHO) IIOIK/II0YATh Yepe3 TPAH3UCTOP U IO
TATHUBAIOIIMH Pe3HUCTOP C CONPOTHUBAeHHeM 10 KOM.
XapakTepucTuky gatuuka HC-SR501:

BXOLHOe HaIlpsI>KeHUe, B...........ooooiii.e 3-5;
BBIXOIHOM TOK, MKA .. \itiiiiirinnennennnnnns 50;
HamOpsikeHHUe Ha Beixone 3,3-B TTL-cxembsl, B
BBICOKHE YPOBEHDB. ¢ uuunrvieeeeeernnnnnnneeeeee. By
130238702 74 010): 1<) < 0 R L
yrosl 0O6Hapy>KeHUS, TPAZAYC ..vennnneennnn. 120-140;
BpeMsi OIIOKMPOBKH [0 C/IelyIOLIero 3aMepa, C ..2,5;
pabouasi TeMIepaTypa, °C ....covvuveennnn -20...80;
Pa3MEP, MM ..iuniniiniiniininninnenienenns 32%x24x18;
., = e o= 25.

JleTekTOp OBHKeHHUS yHobOeH [ IpHUMeHeHHUS
B apT-MHCTA/UISIUSX, HHTEPAKTUBHBIX CTEHJAX
U B CIy4asiX, KOTZa HY>KeH JlelIeBhIk cr1ocob obHapy-
>KeHU sl IPUCYTCTBUS Iofien [26].

[IpMeHeHMe IPOBOAHOM TeXHOIOTUU AOCTAB/ISIET
orpezieleHHOe HeyJobCTBO KaK MPOEKTHPOBIIMKAM
CHCTeM, TaK H IIOTb30BaTeNIsIM, KOTOPHIM IIPHXO-
OUTCS NPSITATh IIPOBOJA IO, II0JIOM, IIJTMHTYCOM HITH
B CTEHaX.

BECI'IPOBOAHOE noaKaoyYeHne AaT4nKkoB

s co3maHus CUCTeMBl "YMHBIH oM" ¢ 6ecripoBos-
HBIM IIOAKJIIOUeHHeM JAaTYKKOB JIy4lle BCEro IOJ-
XOIUT CHCTeMa CBSI3H CTaHJapTa ZigBee. CTaHAapT
OpPHEHTHPOBAH Ha co3/laHHKe 6onpInx ceTel (10 65536
y3710B), TpebyIoNmIUX rapaHTHPOBAHHON Oe30IacHON
Iepefavyy NAHHBIX IIPU OTHOCHUTEIbHO HeDOJBIIHX
cKOpOCTsIX (250 KOUT/C) U BO3MOXKHOCTH AJIUTEIbHOM
PpaboTHI YyCTPOMCTB OT AaBTOHOMHBIX HICTOYHHUKOB ITUTa-
Hus (6onee omHOro rozga ot bartapen).

Cpenu CBOUCTB ZigBee cileflyeT BBIAENUTH IIOA-
OepKKy CTaHAAPTOM CJIOKHBIX TOIIOJIOTHH CeTeH
(puc.8) [27], 6naromapst KOTOpPOM IPH OTHOCHTEIBHO
MaJIOM NQJIBHOCTH CBSI3U JBYX COCEIHHUX YCTPOMUCTB,
MOXKHO obecrieduTh 60/IBIIYIO 30HY IIOKPBITUS CETH.
Jpyrasi oTIuUHuTeNbHASI 0COOEHHOCTh CTAHAAPTA ~ BO3-
MOYKHOCTB CAMOBOCCTAHOBJIEHH I CETH B CJTy4ae BBIXOZA

a)

KOHTaKT 4151 06MeHa faHHbIMU MeXay AaTHNMKOM
1 MUKPOKOHTPO/11IEPOM (C HU3KOBOIbTHOM TT/1-CXeMOiA)

OB6LWNIA KOHTAKT

HanpsxeHwe nutaHns

A
Pexxum H
Pexxum L %
YyBCTBUTENbHOCTb.
Hactpovika ueHTpa
KOHTPONNPYEMOW 30HbI

YcTaHaBNMBaET Bpems,

B TeYEHWe KOTOPOro npu
06HapY>KeHNM ABMXKEHWS
Ha BbIXxoae byaeT
norvyeckas eiMHMLA

6)

Puc.7. Unoposon NK-gatunk asmxeHmns HC-SR501 (a),
Ha3HayeHue BbIBOAOB AaTymka HC-SR501 (6)

U3 CTPOS OTHe/IbHBIX ee y3JI0B. DTO CBOMCTBO OCHO-
BaHO Ha TOM, YTO Ka’kKJbIH y3eJl C/IeLUT 33 COCeAHUMHU
Y Ha OCHOBE OLIeHKM MOIIIHOCTH IIPHUHSTBIX OT HUX CHUI-
HaJIOB [TIOCTOSIHHO 0OHOBJIsSIeT MapIIPyTHbIE TaOIHIIEI.
B pesynbTaTe IpH M3MEHEHUU IIPOCTPAHCTBEHHOIO
PaCIIONIOKeHU s CoCeler MK BBIXOJe U3 CeTH OLHOI0

Ne2 (00142) 2015

3/IEKTPOHUKA HAYKA | TEXHOsorud | susHec 161



YMHbIA AOM

www.electronics.ru

KnactepHoe gepeso
(Cluster Tree)

3Be3ga
(Star)

Kaxabii C KaxkabiM

(Mesh)

a)

@ KoopauHatop ceTu ® Mapwpytusatop

HopMmarnbHbI pexum paboTbl ceTn

® OKOHEeYHbIV y3en

ABapUiiHbI pexumM pa6oTbl ceTu

MprveMHKK coobLleHms MpUeMHUK COOBLLEHMS
o
o
NCTOYHNK NCTOYHNK
Co0bLLEeHNS Ccoob6lLeHns

6)

=> MapuwpyT coobuieHns @ HewncnpasHbii y3en

Puc.8. Tonosnorum ceter ZigBee € y4eTOM BO3MOXHOCTM CAMOBOCCTaHOBNAEHNSA (a) U pexxmnMbl paboTbl ceTu (6)

U3 YCTPOMCTB, BHIYMC/ISETCS HOBBIE MapuIPyT Ilepe-
AauM coobmeHHsl. ITO CBOMCTBO MCKIOUHUTEIbHO
Ba’XHO B CeTsX, QpYHKLIHOHHUPYIOIIUX Ha ITPOMBIII-
JIEHHBIX 06BeKTaX B KECTKUX YCIOBHSX SKCILTyaTaLIH
Y IPH HaJWYHUH IIPOMBIIIJIEHHBIX [TOMeX, a TaKXe
B TeX CJIydasix, KOrJa 4acTh Y3710B HaXOAMTCS Ha IBU-
SKYIHXCSL yCTPOMCTBAX.

Jlns TOAKIIOUeHMS NATUYMKOB K CHCTeMe MOHH-
TOPUHTA "YMHOIO AoMa' II0/Ie3HO IIPUMEHSTh CIIe-
[Ma/TbHBlE [IONOJHUTE/NbHbIE PpAaCIIMPUTETbHBIE
nnatel - XBee Shield u moxmynu XBee KoMImaHHU
Maxstream. OTMeTHM, 4To Maxstream mpejjaraer
BecbMa OONIMPHBIN IepedeHb MOAUUKALIMEI MOAY-
nerd XBee ¢ pa3THYHBIMH 3HAaYeHHUSMH BBIXOJHOU
MOIITHOCTH M YYBCTBHUTETBHOCTH ITPUEMHHKA, a TAKKe

C Pa3TMYHON KOHCTPYKIIHEH aHTeHHBI. OHU IIpe/ICTaB-
JISIOT COOOM IOCTAaTOUHO Pa3BUTHIE YCTPOHCTBA, pabo-
TaIoIIHe IO yIIpaBIeHHeM COOCTBEHHOTO MU KPOKOH-
Tpozepa MC9S08.

B crcreme "YMHBIH foM" 6eCIIpoBOHAS CBSI3b, KaK
IIPaBUJIO, HeoOXOAMMa KOr[a JATUYUKH M HUCIIONHU-
TeJbHBIE YCTPOMCTBA HAXOMSTCS B yOAJIEHHBIX WU
TPYAHOAOCTYITHBIX MeCTaX.

WEB-cepsep cuctembl "YMHbIii fom"

JlJ1s1 yoanmeHHOro AOCTyIa K MHPOPMAIIUH CUCTEMBI

MOHHUTOPUHTA "YMHBIN 0M" ee He0OXOL MO IO KIIIO-

4uTh K WEB-cepBepy unu IP-meHemskepy. biarogaps

COeMHEHUIO CHCTeMBI C CeThi0 HMHTepHeT MOKHO

KOHTPOJIUPOBATh BCe CHCTeMBI NOTpebleHUs 3JIeK-
TPOSHEPIrUHU B JOMe, YCTaHABIIH-
BaTh, IZle TOPUT CBET, KaKas TeM-

IepaTypa B KOMHATaX, KaKOH IIPH-
60p HaXOAUTCS IO, HAIIPSIKEHHUEM,
a Tak>ke QUKCUPOBATE I1epe/IBHIKe-
HHS 110 IoMy. IIpy Heo6X0qMMOCTH
C TIOMOIIBIO MOOKJIBHOM Tenedo-
Huu, KIIK, iPhone mnu iPad MoskHO
[I0IABaTh YIIPABISTh U KOHTPOIH-
pOBaTh BCIO CHUCTEMY >KH3Heobe-
CIleyeHUs KUIUINA, Ja’Ke HaXo-
OsCh HAa 3HAYUTEIBPHOM PaCCTOS-
HUH OT IOMa.

JUIST NpaKTUYecKOM peanH3a-
ouK Hemopororo WEB-cepBepa

Puc.9. Moaynb Arduino ¢ 4oNonHUTeNbHbIMK NnaTtamu XBee Shield (a)

n Ethernet Shield (6)

COBMeCTHO ¢ MopyiaeMm Arduino
PeKOMEeH/yeTCsl  HCIIO0JIb30BaTh
monynb Ethernet Shield (puc.9).
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MHoOro4uc/JieHHbIe MHUKPOCXEMBI 6ECHPOBOLLHI>IX

CHCTeM CBSI3U [JI YIPaBaeHUS BCeMH QYHKIHUSIMU
"yMHoro moma’, pa3pabarsiBaeT U ITPOM3BOAUT HTa-
JBSIHCKasl KoMIIaHHUS Mipot [28]. K HacTosimemMy Bpe-
MeHH IIpofaHo 6osee 20 MJIH. TAKUX MOJYJIeH.

"YMHBIF oM - 3KOHOMHYHAsI U yAobHas cucTeMa,
BBITIOMH IO Asi QYHKIIUH 10, KOHTPOJIeM LIeHTPalb-
HOT'0 37IeKTPOHHOTO0 6710Ka yIIpaBieHus. OGHAKO YHCII0
GYHKIIUE M UX aBTOMATHYeCKasi pear3alus 3aBUCST
oT 6yAyInero Xo3siMHa.
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