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var | Pril
0 |0.000232 R2
5 | 0.000328 R1 [] ST
10 | 0.000423 [] R=10k =P R4
15 | 0.000519 R=100k
20 | 0.000614 LV {1
25 1 0.000711 = U=9V
30 | 0.000807 i {1}
D_1N4001_1 R3 R5
TTemp:var R=740 1 100k
-'é'- R=1M Temp C: 24.50 Temp F: 76.10
Requesting temperatures...DONE

KomHatHaa Temnepatypa Harpes o 28 rpagycos Temp C: 24.50 Temp F: 76.10

Requesting temperatures...DONE
Temp C: 25.00 Temp F: 77.00
Requesting temperatures...DONE
Temp C: 26.50 Temp F: 79.70
Requesting temperatures...DONE
Temp C: 27.50 Temp F: 81.50
Requesting temperatures...DONE
Temp C: 28.00 Temp F: 82.40
Requesting temperatures...DONE
Temp C: 28.50 Temp F: 83.30
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Bam MoXKeT NoKas3aTbCs, YTO Ha3bIBaTb CO34aHMe NPOCTOro YCTPOMCTBA NPOEKTOM, 3TO HenpaBuabHoO. U a
roTOB C BaMW COTNACcUTbLCA, €CAM Bbl, CXBAaTUB Nas/IbHUK, HAUMHAETe coeaMHATbL paauoaeTany. Ho B Tom
C/yyae, Koraa Bbl HaYMHAETe He C MalkuW, a C ONUCaHWUA TOro, YTO Bbl XOTUTE cAenaTb, TOrAa, Kak HU
KPYTU — 3TO Havaio paboTbl Had NPOEKTOM.

Moyemy peyb NOMZET 06 M3MEpPeHMM TemnepaTypbl, Ha YEM 3aBepLNICA Npeablaywuii pacckas?
MoTOMy, 4YTO MOXHO PacCMOTPETb WCNO/b30BaHWE HECKO/bKMX TUMOB HEAOPOrnx [AaTyMKoB, a
TemnepaTtypa Bceraa nog pykoi. [a n npubopbl, KOTOPbIMKU Mbl ByAeM NO/b30BaTbCA, Camble AeLlEBble,
camble NpocTble.

'naBa 1. OnucaHue nNepBOro NpoeKTa

JleT aBaguatb Hasag A H6bl HaYan 3Ty YaCTb paccKasa C CoBeTa B3ATb TeTPaAKy U 3anmncaTb TO, O YEM Mbl
byaem rosoputb aasnblue. CerogHa ecTb Bblbop. Ecin Bbl BO3bMETE TeTpPagKy M 3anuwimte BCE, Bbl
6ynete npasbl. Ho Bbl Oygete npasBbl M TOraa, KOr4a, BKAKOYMB KOMMbIOTEP, CO343AMTE MankKy ¢
Ha3BaHuem «Project» B pasgene «JOKYMEHTbI» UK Ha paboyem cToe.

Moyemy He Ha3BaTb Nanky «MpoekT»? MOXHO W TaK, HO, ec/n Bbl byaeTe B AasibHENLWEM NOAb30BaATHCA
nporpammamu gna pas3paboTKuM, Bbl AOMKHbI ObiTb yBEpeHbl, YTO nporpamma He 6yaeT npoTus
KUPUAAWLBI B Ha3BaHMM pa3gena. Tenepb MOXKHO NMB0O B3ATb PYYKY M HayaTb nucatb, AMb6o B Ntobom
TEKCTOBOM pefaKTope 3anucaTb.. MOXHO 3anumcaTb «TexHUYeckoe 3aJaHue», MOMKHO 3anucatb
«3agavay, MOXKHO 3anuncaTb «4To A xouy» - BCE ByAeT npaBu/bHO.

3agaya
Heobxoammo paspabotaTb npubop ana HabawogeHWsa 3a TemnepaTypon B auanasoHe oT +10 go +30
rpagycos.

[asante nogymaem, cnegyet M paclIMpPATb ANANa30H U3MepAeMbIX TemnepaTyp. A He UCKAKoYalo, YTO B
uTore npmubop CMOXKET PErMCTPUPOBaTb M 6O/bLUMIA AMana3oH TeMnepaTyp, HO byaeT TpyAHO NPOBEPUTL
Temnepatypbl HMXKe +10 rpagycoB. XOTA U TaKylo TemnepaTypy Ierko NpoBepuTb TOrAaa, Koraa Ha yauvue
noaxoaAauan Temnepartypa. Mam Bocnonb3oBaTbCcA XONOANNbHUKOM, YTO CNOXKHeEe.

Pemienue 1. Tepmope3sucrop
Hepoporoit KomnoHeHT. CONPOTMBAEHME YMEHbLLAETCA C POCTOM TemnepaTypbl B cpefHeM Ha 3% Ha

rpaayc.

Pemenue 2. luop
Hepoporoii KomnoHeHT. CONpOTUB/IEHME MEHAETCA NOA AEACTBMEM TEMMEPATYPbI NOYTU IMHENHO, eCNn
BK/1IOYNTb NocnegoBate/sibHO C AMOA0M AOCTATOYHO bonbLoe conpoTusneHune.

Pemenue 3. /latyuk DS18B20

XopoLwmnit, HO He camblil AeLIEBbIM AaTUMK.

['n1aBa 2. [IepBblil BApUAHT NPOEKTA — TEPMOPE3UCTOP (TEPMHUCTOP)
Y MeHS eCTb TO/IbKO OAUH TEPMOPE3NCTOP, HE Camblil YA,06HbIA, MOCKONLKY ero conpotuaieHue 33 Oma,
HO, YTO ecCTb, TO ecTb. Bbl MoeTe BbibpaTb 60siee yaauHbli BapuaHT, XOTA A HEe YBEPEH, YTO
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I'Ipe,ﬂ,}'IO)KEHMﬁ MHOro. Kak HanucaHo B cnpaBKke, conpotmuBineHne MeEHAETCA NpPUMMEPHO Ha 3% npu
U3MEHEHNN TEMNEPATYPbI Ha rpagyc. Lna meHA 3TO O3HAYaeT n3meHeHue conpoTmnBneHNA Ha 0.99 Om.

ConpotnsneHne 33 Om npu Temnepatype 25 rpagycoB. Takmm obpasom, npu Temnepatype +10
rpagycos conpoTtusneHne namenutca Ha 14.85 Om, To ecTb, conpotusneHue craHet 18.5 Om. A npu
Temnepatype +30 rpagycos conpoTusaeHmne nameHntca Ha 4.95 Om, ctas 37.95 Om.

Mpowe Bcero HabnwgaTb 33 M3MEHEHWEeM TeMMepaTypbl, CYUTbIBAsi MNaZEHME HaMpAXKeHua Ha
TepmopesuncTope. MNpun 3ToM TOK Yepes pe3ncTop He AoJKeH bbiTb 6oablwMMm, YTOBbI He HarpesaTb €ro,
HarpeBasa OKpy»Katowmi Bo3gyx. [poBepnM, ¢ KaKMMU NAEHUAMM HaANPAXKEHMA HAM NPUAETCA UMETb
aeno. Bocnonb3yemcsi, KOHEYHO, MPOrPaMMON MOAE/IMPOBAHUA, NPUMEHUB AENUTENIb HANPAXKEHUA U3
pesuctopa 330 Om un Tepmuctopa 33 Om. ToK uyepe3 penutenb onNpeaennTcA HanpAXeHuem
NOAK/IOYEHHOIO MCTOYHMKA NMUTAHMA, B KaYecTBe KOTOPOro Bo3bMém baTtapeliky 1.5 B. B aTom cnyyae
TOK OK0N0 4.2 MA,a paccemBaemas MOLWHOCTb 0Kos10 0.6 mBT.

Al coBeTylo B Nanke c NPOEKTOM c03A4aTb ewé ogHy NanKy ¢ HasBaHWem «Resistor», rae byaeTt XxpaHuUTbCA
nporpamma Mmoge/MpoBaHus.

|dc simulation ﬂ

DC1
R1 [ P Parameter
R=330 Ohm = sweep
4 Vi1 SWi1
- U=15V Sim=DC1
Param=var
R2 Type=lin
R=var Start=18.5 Ohm
Stop=38
Points=4
_
var Pr1.dv
18.5 ] 0.0796
25 | 0.106
31510131
38 | 0.155

Puc. 2.1. Mporpamma MogennpoBaHua ¢ 0bbl4HBIM PE3UCTOPOM

Mpu 3meHeHUN TeMnepaTypbl B 3a4aHHbIX Npeaenax nageHne HanpsKeHUsa Ha pesnctope MeHAeTca oT
80 mB oo 155 mB. YT0o panblue?

[anble Tak — ecM y BaC HEHAPOKOM eCTb CTPENOYHbIM MUKPOAMNEPMETP OT BbILEALEro U3 CTpos
Tectepa C YyBCTBUTENbHOCTBIO 200 MKA, TO MOXHO 3aBepLINTb CO34aHMe NPOCTENLLIEro 31eKTPOHHOMo
TepmomeTpa. K c/oBy, NoyyeHHble paHee AaHHble C MOMOLLbIO NMPOrpaMmmbl MOAEINPOBAHUA MOXKHO
paccyMTaTb CaMOCTOATE/IbHO, UCMOb3ysA 3aKoH Oma. He Tak 1 cnoxkHo. Ho, cornacutecs, mogennposatb
NMHTepecHee!
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| dc simulation

DCA
R1 Parameter
I::I R=330 Ohm Sweep
LVl — = SW1
™" " — = Sim=DC1
R3 Pr1 Param=var
R2 R=900 Ohm Type=lin
R=var Start=18.5 Ohm
Stop=38
Points=4
_—
var Pril
18.5| 8.68e-05
25 | 0.000114
31.5( 0.000141
38 | 0.000166

Puc. 2.2. MogenmpoBaHue cxembl NPOCTeMLWero TepMOMeTpPa

3pecb R2 — 06bluHbIN pe3ucTop, Prl — nsmeputenbHan ronoska 200 mKA, R3 — conpoTUBAEHNE PaMKK
N3MepuTeNbHON roIoBKM. TOKM (B amnepax), MoJiydeHHble MpuM MOAENNPOBAHMM, MO3BOAAT Bam
npeacTaBmTb, KaK MOKET BbIraeTb WKana npubopa. EE MOXKHO aKKypaTHO HapmMcoBaTb B NOAXOAALLEM
rpaduyeckom pegakTope, HaneyaTaTb Ha NPUHTEPE N HAKNENTb MOBEPX CYLLECTBYIOLLEN LUKAbI.

150

Puc. 2.3. lWkana npubopa

B BepxHelt 4acTu, 4Tobbl 6bIN0 NOHATHEE, A HAPUCOBAA LKANY MUKPOAMNEPMETPA, @ B HUXKHEN OTMETUN
AManasoH M3mepeHus TemnepaTtypbl. OTMETUB HECKOJ/IbKO TOYEK HA BepxHel LiKasne, Ha eé mecTe Bbl
HapucyeTe TO, YTO M306pPaKeHO Ha HUMXKHEN, yAaNMB 3aTeM BpemeHHble OnopHble ToYKK. Mpunbop, yto
ecTecTBeHHO, byaeT usmepATb 6osee WMPOKMIA AMana3oH TeMnepaTyp, Tak YTO Bbl MOXKETe cAenatb
LUKANY He TaKoW «KyLen», MOXKeTe OTMETUTb U AeNEeHUA B OANH rpaayc.

LLIkana nonyynnacb ((O6paTHOl7I», NOCKOJIbKY moaennpoBsaHne mbl nposoanaun C 0bbIYHbIM PeE3NCTOPOM,
a Yy Tepmope3nctopa cConpoTuBsieHME NpuU Harpese ymeHbllaeTCA, CcnegoBaTte/ibHO, YMEHbLUAETCA
nageHne HanpAaxeHna Ha TepMUCTopeE.

XoTa npuBedEHHOE pelleHWe W OT/IMYAETCs MPOCTOTOM, OHO He CTO/Ib PasyMHO B peasnvsauuu.
N3mepuTesibHas TrosI0BKa C/IOXKHbIN 3/1eKTPOMEXaHUYECKMIA Npubop, Tpebylowmii, Kak MHe KakeTcs,
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MHOro py4yHoi paboTbl. M He npocto paboTbl, a tOBEAMPHON pPaboTbl. MO3TOMY CTOMMOCTb TaKoro
KOMMOHEHTA A0CTaTOYHO BbICOKA. HO, eC/i y Bac eCcTb HEHY}KHAsA rON0BKa, Bbl MOXETe UCMNO0/b30BaTh eé
r4e-To B CBOMX KOHCTPYKLMSAX, 3aMEHMB LUKANY HYXKHOW Bam.

MpM npoBeaeHUM «HATYPHbIX WCAbITAHWIM» Bbl MOXETe BK/AYUTb MYAbTUMETP Ha Cambli
YyBCTBUTE/IbHbIA AMANa30H M3MEPEHUs TOKA, HO He 3abyabTe A06aBUTbL pe3ncTop R3, MOCKO/IbKY 5 He
YyBEPEH, YTO CONPOTMBIEHNE MY/IbTUMETPA OKaXKeTca 6An3Knm K 1 KOm.

'n1aBa 3. Bropoy BapUaHT NpoeKTa — AUOJ,

r|0}1yI'IpOBO,£I,HVIKOBbIe I'IpVI60pr YyBCTBUTE/IbHbI K USMEHEHNAM TEeMMNepPaTypbl, YTO MOHA4YaNy Bbi3biBa/10
HeraTMBHOE K HUM OTHolleHue. OcobeHHOo YyBCTBUTE/IbHbI 6bln repmaHmeBble Anoabl U TPAH3UCTOPDbI.
Ecnv y Bac nog pyKOW OKaKeTca repmaHueBblin anogd, Hanpumep, A9, To ucnonb3yite ero ans
9KCNEPUMEHTOB WU CO34aHUA TEPMOMETPA; AMOA MOXHO KYMUTb, CTOUT OH Hedoporo. FoBopAT, 4To
TemnepaTtypHan 3aBMCMMOCTb TOKa Yepes Anoz, 4OCTaTOYHO JIMHENHA, MO3TOMY MOXKHO OnpeaenuTb ABe
TOYKH, NO KOTOPbIM U NOCTPOUTb 3aBUCMMOCTb TOKa 4epe3 AMo4 OT TeMNnepaTypbl. Ho 3To MOXHO K
NpoBepUTb, He TaK n?

B nporpamme QucsStudio HeT noxoskero Aguoda, NO3TOMY MpeaBapuTesibHble BUPTyasibHble
3KCNEepPUMEHTbI NPOBEAEM C TEM, YTO €CTb.

= U=9V

var | Pril
10 [ 117e11
TDJN_"OOU 16.7 | 2.53e-11
emp=var 233 5.28e-11
30 |1.07e-10

Puc. 3.1. 3mepeHune TOKa Yyepes AMoa, Npu N3MEeHEHUM TeMmNepaTypbl

TOK, KaK BUAHO 13 TabaumLbl, o4eHb HEGO/IbLWOW. [03TOMY Pa3yMHO, HaBEPHOE, YCUIMTb €ro C MOMOLLLbIO
TpaH3ucTopa. MocMOTPUM, YTO M3 3TOTO NOAYUUTCA.

var | Pr1l
10 | 1.17e-08
R2 16.7 | 2.53e-08
A R1 [] R=1k 23.3| 5.28e-08
- U=9V I:I o 30 | 1.07e-07

Pr1 I ﬂ|

D_1N4001_1

Temp=var
T1
Vaf=0
Bf=1000

Puc. 3.2. Pe3ynbTat MCNONb30BAHMA YyCUAUTENA
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[axe npu MCNONb30BaHUW TpaH3MCTOpa C 60AbWNM KO3PPUUMEHTOM yCUNeHUA (TaKoW TpaH3UCTOpP
MOXHO HaWTU, @ MOMKHO MPUMEHUTb COCTAaBHOMW TPaAH3UCTOP) TOK OCTAETCA MaNeHbKMM. MOXKHO,
KOHEeYHOo, NoHageATbcA, YTo anog 9 ncnpasut nonoxeHue. Ho nepen 1em Kak MATKU 32 MOKYNKamu B
MarasmuH, XoTenocb bbl HAMTU «3aNacHOM a3POAPOM» - HANTU APYrOe PeLleHue.

MOXHO NonNbITaTbCA BKAKOYMUTL AMOL B npAMOM HanpaBaeHWn.

=

L

= R1
Pri R=10k
. V1
T U=V

D _1N4001 1

Temp=var
var Pril
10 0.000836

—

16.7 | 0.000837
23.3]0.000839
30 | 0.00084

Puc. 3.3. BkatoyeHue anoaa B NpAMOM HanpasaeHUn

TOK B Lenu CyLLeCTBEHHO BO3POC, a B/AMAHME TemnepaTypbl Ha TOK CYLECTBEHHO YMEHbLUMAOCH.
Monpobyem ynyylwnTb CUTyaLmto, UCNoab3ya 6anaHCHYIO MOCTOBYHO CXEMY.

var | Pr1l
0 |0.0001
5 | 8.68e05 R1 []Egmk
10 | 7.31e-05 []R:mk h
15 | 5.94e-05
20 | 4.56e-05 V1 =
25 | 3.19.05 — U9V A > 3
30 | 1.81e-05 N Pri
D_1N4001_1 R3
TTemp:var I:I R=700
-

Puc. 3.4. banaHCcHasa cxema usmepeHua

Cmbicn 6anaHCHOW CXeMbl B TOM, YTO MPW PaBEHCTBE NAAEHUA HaNpsKeHUsa Ha avoge v pesnctope R3
Pa3sHOCTM MOTEHUMAN0B MeXay Toukamu A u b HeT, n ToK yepe3 amnepmeTtp Prl He npoTeKkaeT. Koraa

noa, BO3A€VICTBM€M TemnepaTtypbl MeEHAETCA CONpoTUBIEHNE AMOAA, TOK 4Yepe3d amnepmeTp Ha4YUHaeT
NPOTEKATb.

B cxeme Bbille TeMnepaTtypa Npu moaennposaHnmn mensetca ot 0 go 30 rpaaycos.
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YT0bbl M3b6EXkaTb BAMAHMA M3MepuTeNbHOro npubopa Ha 6anaHc MOCTa, MOXKHO NPUMEHUTb
ONEepauNOHHbIA YCUAUTENb, UMEIOWMIA A0CTaTOYHO 60/bluoe BXOZHOE CONpoTUB/eHWe. Kpome TOro,
WKasa npubopa, MOCMOTPUTE HA Tabauuy, NPU NMPSMOM BK/IOYEHMM B AMAroHa/llb MOCTA, CKAXKEM,
MUKpOamnepmeTpa, OKasbiBaeTca obpaTHOW. To ecTb, yBe/NMuYeHWe TemnepaTypbl Ha WKane byaer
cnpaBa Haneso. OnepauMOHHbIN ycuAuTelb NO3BOJIAET MOAKAIOYWUTL ABa BXO4Aa TaK, 4YTobbl LiKana
nsmepuTenbHoro npubopa npuobpena 6o1ee NPUBbLIYHBIN ANA HAC BUA.

var | Pr1l
0 |0.000232 Ro
5 |0.000328 R1 []R—mk
10 | 0.000423 []R:‘]Ok = R4
15 | 0.000519 R=100k
20 | 0.000614 VA ] \ =
25 | 0.000711 - U=oV — — S
30 | 0.000807 - — / R‘—'? o
D_1N4001_1 R3  gs OP1 R=1k
57 Temp=var I:I R=740 pligok| ©G=1e8 =
1
| M|
- R6
= R=1M

Puc. 3.5. bBanaHcHaa cxema ¢ onepaunMoHHbIM ycunntenem

Bce KOMMOHEHTbI TaKOW CXEMbI Heagoporue, eCaim He CHUTAaTb CTOMMOCTb USMEPUTENIbHOTO an6opa.

I'n1aBa 4. TpeTui BapuaHT - AAaTYUK TeMnepatypsl DS18B20

Jatumk DS18B20 coBpemeHHbIN, XOpoLWKniA AaT4nK TemnepaTypbl. Kak MHOrMe coBpeMeHHble JaTYMKM,
STOT AATYMK BbIMNOJHEH HA MUKPOCXEME, UMEET YHUKANbHbIN agpec, NPUHUMAET U BbIMOJIHAET KOMaHAbI,
a AaHHble nepefaéT nocnefoBaTe/IbHOCTbIO UMMYNbCOB. M3 Yyero cneayeT, YTo 06WATLCA C HUM nyylle
MWKPOKOHTPOJINIEPY, @ BbIBOAWUTb NONYYEHHYIO OT AaT4MKA TeMMNePaTypy /iydLle Ha UHAMKAToP.

MOKHO, KOHEYHO, B3:Tb FOTOBYIO NPOrpammy, Aymato, ecTb nporpammbl B Buae hex-danna, Kotopble
MOXHO C MOMOLLbIO NMPOrpaMmaTopa 3arpy3unTb B MUKPOCXEMY KOHTposiepa. Mporpammartop, eciv ero
NOKynaTb, O0BOJIbHO AOPOroe YCTPOWCTBO. HO ero MOMKHO CManaTb CaMOCTOATENbHO, a /ydlle BCero
Mcnoab3oBaTb moaynb Arduino, KoTopbli ByaeT ABHO AeleB/e Nporpammartopa.

l'n1aBa 5. Be160p
A, BOT, moayman, Kakoh 6bl MpoeKT A Bblbpan Ha Bawem mecte? YecTHO cKaxKy, A Bblbpan 6bl
nocaeaHuWIt: COBPEMEHHbIN AAaTYMK, MUKPOKOHTPOINEP, ANCNAEN, - APY3bA 063aBUAYIOTCA.

KoHeuHo, BCé 6y,CI,ET TaK, €C/n Bbl TOTOBbI Bbl6paTb MWUKPOKOHTPONIEP, MOHATb, Ha KaKo BblBO
KOHTpO/I1IEPA BbIBOAUTb KOMaHAbl U KaKue; KaK NPUHUMATb AdHHble, a, rMaBHOE, KaK HanucaTb
nporpammy, yTOObI KOMaHA0BaTb AaTYNKOM U yNMPaBAATb AUCNNIEEM...

Ecnv Bam He TepnuTca neperTr OT PACCYKAEHWIM 3a KOMMbIOTEPOM K paboTe pyKamu, TO A COBETYIO
NPOBECTU NpeaBapuTeibHbIe UCNbITaHWA. fl y)Ke FOBOPWI, YTO Ha AZIMSKCNPECC MOXKHO HELOPOro KynuTb
CTapTOBbIN Habop gns paboTbl ¢ moaynem Arduino. B HEmM ecTb becnaeyHas MaKeTHas naaTta.
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MpoBepuUTb Ha MaKeTe BbllIeU3N0oKeHHoe byeT He TOoNbKO «nopaboTaTb pyKamu», HO U NoAe3HOo ANA
npruobpeTeHnn onbiTa. Kpome TOro, Bbl CMOMKETE flyylle OLEHWTb TO, YTO Bam MO CW/am B NEpPBOM
npoekte. KoMy-To NOHpaBUTCA NPOrPamMMMPOBaHME N PaboTa C MUKPOKOHTPOAIEPOM, KOMY-TO Bonblue
no Ayle OKaKeTcA nalika M cbopKa roToBOro ycTpoicTsa. Bce noan pasHble, U y HUX pasHble
npeanoyteHuA.

MakeTHpoBaHHe [1€PBOro BapMaHTa IIPOEKTa

Bbl moKeTe Mcnonb3oBaTtb baTapeiKky 1.5 B, Kak 3To 6bl/10 caenaHo B Nnporpamme moaennposaHus. Ho
MOXKeTe, ec/in Bam 3To yaobHee — MHe, Hanpumep, yaobHee — MOXKeTe UCMOo/1b30BaTh HaTapeliky Tuna
«KpoHa» ¢ HanpsxkeHnem 9 B. HanpsaxeHue Bo3pacTaeT B 6 pas, a AN COXPAHEHMA TOKa B LEnu
YBE/IMYUM BEIMUYMHY pe3ncTopa 40 2 KOMm. Cobepém MaKeT, BKAUYUM MYyAbTUMETP, NOAKIIOYUM ero
napanfenbHO TEPMOPE3UCTOPY U MPOBEPUM MaZEHME HaMpsKeHMa MNpU KOMHATHOW Temnepatype
(npumepHo 23 rpagyca). 3atem Harpeem TePMOPE3UCTOP NanbLLaMu, YTO YBEIMYUT ero TemnepaTtypy 40
28-30 rpapycos.

KomHaTtHasa tTemnepartypa i Harpes no 28 rpagycos

ey (AR VE

—
P— n’"‘t\ o

1-'-_‘.- | C€

ore2

DIGITAL L.
MULTIMETER & s’

Puc. 5.1. MaKkeTnpoBaHue nepBoro npoekTa

MynbTUMETP U3MEpPSET NageHMe HaNPAXKEHUS, AaB ABe TOYKM OTCYETA. Bbl MOXKeTe NOBTOPUTL OMbIT (He
3abyabTe Npo A406aBOYHbIN pe3nCTOp), N3MepPAA TOK.

MakeTHpoOBaHHUe BTOPOro BApUaHTA NMPoOeKTa

Bbl MOXKeTe MNpOBecTM MaKeTHyl0 MPOBEPKY BTOPOM CXeMbl MONAHOCTbIO, HO BamM MoHagobuTca
onepauuoHHbIn ycuautenb. OAHAKO HaudMHaTb MaKeTUMpoBaHME A COBETYIO C MNPOBEPKU pPaboTbl
6anaHcHol cxembl (Kak Ha puc. 3.4). BmecTo pesuctopa R3 cnedyeT B3ATb NepemMeHHbld pesncTop ¢
HOMMHanom nopagka 1 KOm. Ho aTo He 06A3aTeNibHO, ecNu NoAXOAALLEro NOTEHLMOMETPA MO PYKOM
HET, TO MOYHO 060MTUCL 0ObIYHBIM PE3NCTOPOM NOAXOAALLErO HOMUHANA.
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Puc. 5.2. MakeTupoBaHuMe BTOPOro BapmaHTa NpoeKTa

MpY MaKkeTUPOBaHWM A MOMbITANCA, HACKO/BKO 3TO MOJIyYM/IOCh, YCTAHOBUTb G/IM3KOE K Hy/leBOMY
3HaYeHWe HaNpsAKEHUA B U3SMEPUTEIbHOM AnaroHaamM mocta. Monyunnock Hebosbloe oTpuLaTesibHoe
Hanps:keHue. [pu HarpeBaHuu (nonarato o 28-30 rpagycoB) o06pasoBanocb MONOKUTENbHOE
HanpsaxeHWe nopsagka 12,8 mB, Ho... 1 He ycneBan choTorpadmpoBaTb 3TOT MOMEHT, a Korga s ybupan
PYKY OT Anoaa, Hanpsx)eHue 6bICTPO Nagano. Tak YTo, Ha PUCYHKE OHO MeHbLUE, YeM MOJYYaNocCh.

Ecnun Y BacC eCTb BCé HeO6XOLI,I/IMOE, Bbl MOXeTe NonbiTaTbCA NMNO/IHOCTbIO MOBTOPUTb CXeMmy, BKIKOYaA
ycunumTeno. Ecan y BacC 6yAET e/laHune peasin3oBatb 3TOT BAPUAHT MPOEKTA. Ecan HeT, TO MOXHO
OCTaHOBWUTbLCA Ha 3TOW CTaaunn aKCNepmnmMeHTa.

MakeTHpoBaHHE TPEThEro BaApyuaHTa MPOeKTa
3aecb BO3HMKaeT Hebonblian TPYAHOCTb — A 3HAKD, KaK PeasiM30BaTb 3TOT BaPMAHT, HO HE YBEPEH, YTO
3HaeTe Bbl. 1 MOry pacckasaTb BCE 40CTaTOYHO NoApobHO, HO 3To ByAeT BeCbMa A0/rniA pasrosop.

MycTb 6yaeT Tak: A NOKaXKy Ha PUCYHKE, UTO MOXKHO MOAYYUTb OT AaTYMKA TeMnepaTypbl. A B cneaytoLLeit
rnaBe, He MbITafACb HAy4YUTb BaC NPOrpamMmMpPOBaTb MUKPOKOHTPOJINEP, PACCKarKy, KaK MPaKTUYeCcKu
peanusoBaTb TepMOMETp C gaTuynkom DS18B20 u moaynem Arduino.

MOKa3aHHbIN BapuaHT USMePEHUA TeMNepaTypbl He NOTpebyeT OT Bac AayKe NOAKNOYEHUSA AUCTIen, YTO
camo no cebe, NnogKntoYeHMe ancnaesn, noTpebyeT 3HaHMI U onpeaenéHHbIX YCUANIA.

10
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CoM4 - O X

CTnpasuTb

Temp C: 24.00 Temp F: 75.20 ~
Requesting temperatures...DONE
Temp C: 24.00 Temp F: 75.20
Regquesting temperatures...DONE
Temp C: 24.00 Temp F: 75.20
Requesting temperatures...DONE
Temp C: 24.00 Temp F: 75.20
Requesting temperatures...DONE
Temp C: 24.00 Temp F: 75.20
Regquesting temperatures...DONE
Temp C: 24.00 Temp F: 75.20
Requesting temperatures...DONE
Temp C: 24.00 Temp F: 75.20

ABTONPOKPYTKA CR (Bosspar kapetw) | | 9600 Goa

Puc. 5.3. HabntogeHue 3a Temnepatypon ¢ gatymkom DS18B20

I'naBa 6. [IpakTUyeckas peaausanua TepmMmomeTpa ¢ garuukom DS18B20
KoHeuHo, 3Ta rnaBa NPOTUBOPEYUT BCEMY TOMY, O YEM i NOCTOAHHO YNOMUHAK0 — NpeXKae Yyem cobupatb
4YTO-TO, CneayetT NO/THOCTbHO O3HAKOMUTLCA CO CxeMOﬁ, C NpuHUMnom eé pa60TbI, CO BCeMU a/1IeMeHTaMMU
CXeMbl U T.A4.

EcTb eaMHCTBEHHas MPUYMHA, NoYemMy A HamepeH BCE-TaKM OMucaTb, Kak cobpaTb TepmMomeTp u3
TpeTbero BapuaHTa npoekra. MpuunHa npocTas. MoNoXKUM, Bbl HAMEPEHbI peann3oBaTb NepBbld Uan
BTOPOW NpoeKT. Ho ganeko He Bcerga, cobpaB cxemy, Bbl MOXKETe OTKaAnMbpoBaTb yCTpolicTBO. Janeko
He y BCEX AOMa eCTb KOMHaTHbIN TepmMmomeTp ya006HbIM gna sTon npoueaypbl. TEpMOMETP € JATYMKOM
DS18B20 peluaeT 3Ty npobaemy — y HEro Xopoluasa TOYHOCTb, U OH He TpebyeT Ka/IMbpPOBKM B pamKax
NOBUTENBCKOro NPOEKTa.

MoapasymesBaeTca, YTO y BaC eCTb JaTYUK U MOAYNb Arduino. JaTumk nmeet Tpu BbIBOAA, HAa3HayYeHUe U
NOoAKNKOYEHNE KOTOPbLIX MOKa3aHbl HNXKE.

Jatunk  He obAsaTenbHO OO/1KeH UCNO/1Ib30BaTb BHellHee

DALLAS
18B20

nuTalowee Hanps»eHue. ECTb BapuaHT ero npumeHeHua 6es
HanpsAeHuna 5 B. Ho B aTom c/iy4yae ecTb 0COH6EHHOCTb, O KOTOPOWA

cnepyet 3HaTb, NPOYNTAB CMPaBKY K AaTYHUKY.

HasHayeHMe BbIBOLOB ACHO M3 pPUCYHKa: obwmii BbiBOog, GND,

+5B
i BbIBOA, NUTaHMA Vpp, U BbIBOA 06MeHa AaHHbIMM (M KomaHa) DQ.

Mesay BbIBOAOM MUTaHUA W BbIBOAOM AaHHbIX AobasaseTcs
pesuctop 4,7 KOM (Ha pucyHKke 5 KOm).

R=5kOm 3Ty 4aCTb CXemMbl MOXHO C06paTb Ha 6ecnasyHol nnarte,

DQ L
VDDI

coeanHuB ¢ mogynem Arduino nposogamu, BXoAAWMMU B

GND [

[aHHble KOMM/IEKT MaKeTHOM NaaTbl.

Puc. 6.1. AaTtunk DS18B20

11
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MuTaHMe +5 B MOXHO yBMAETb Ha rHE3gax nnatbl Arduino, 3To NUTaloLee HanpsxKeHue u cnegyet
ncnonb3osatb. Boisoa DQ gatyumka coegmnHAeTCA € BbIBOAOM 2 Moy nA.

[anee, nocne TOro KaK Bbl CAEMaZIM 3TU HEC/NOXHble COeAMHEHUA, cnenyeT Hantu B WHTepHeTe
(B03MOHO, Ha ogHOM M3 caiToB Arduino) 6ubnnoteky ana paboTbl ¢ AaTYMKOM. HasbiBaeTcs OHa
«Dallas Temperature». Y1o6bl cKayaTb OUOAMOTEKY, OOCTAaTOMHO BBECTM Ha3BaHME B MOWUCKOBYHO
cuctemy, Hanpumep, AHgekca. Ckavyas 6BUHBAMOTEKY, cneayeT BOCNONb30BaTbCA — A AYMalo, YTO Bbl y¥Ke
CKayYanm uam noayumnm cpeny paspabotkm Arduino — cnepyeT BOCMO/Ib30BaTbCA pasgenom «CreTy»
nporpammbl Arduino, rae ectb NyHKT «MoakntounTs 6MbANOTEKY».

Single | Arduine 166 - o X Lii
Py

®aiin Mpaska Ckeru Wrctpymentsr Momolus

v 6u6
B Nposeputs/Komnunuposats  Chrl<R MpaRnATE BHBAneTEKaMA
3arpyaca Ctrl+U [lo6aguts ZIP GuBAHOTERY...
gngle & 3arpyzums wepes nporpammarop Crl+ Shift+U

Arduino 6ubanoTer

3kcnopt BuHapHoro daiina Ctrl+Alt+S
Bridge
MokasaTe Nanky cketua Crl+K EEPROM
MoaknoumMTs BUBAHOTEKY 3 Esplora
floBasuTe aiin... Ethernet
levices on the bus Firmata
ST GSM
nd the com HID
Keyboard
// Tt responds almost immediately. Let's print LiquidCrystal
printTemperature (insideThermometer); // Use a 2 Mouse

v(1000)}:

Robot Control
Robot IR Remote

unction to print a device address Robot Mater
oid printhddress (De = devicelddress) -

F

Puc. 6.2. Pasgen nogkato4eHMA HoBbIX 6MbanoTtek

YKa3aB MecTo CKayaHHON paHee BUBAMOTEKM, Bbl MOJYYNTE BO3MOMKHOCTb HANTU Npumepbl PpaboTbl €
JaTtumkom. B paspene «®ainn-NMpumepb» Haigute Dallas Temperature B BbiNnagaloWEM MEHIO, a B
cneaytollem MeHto HanauTe Single. 3To u ecTb Ta nporpamma, KOTopaa MO3BO/IMT Bam MNOJ/Ib30BaThCA

[JaTYMKOM.
© single | Arduino 1.66 =
& Single | Arduino 5
aiin Mpaexa Crera Mncrpymentst Mon  Berpoenoie Mpnmepss
Hosii Ctil+N 01 Basics o
Orxpbit. Ctil+0 02.Digital >
Orxpbirs Heaashme i 03.Analog >
Manka co creruanin i OACommunication >
Mpumepes ! 0s.Control >
3acpems CtileW 06 Sensors >
Coxpans Ctrl+s 07.Display >
Coxpammmskak..  Ctil=ShifteS 08.Strings >k
>
Hacrpoiw cxparmust ClsShifts P oo.use
10.Starterkit_Basickit >,
Mevars Ctri+p
1. ArduinolsP >
Hacrpoiixn Ctrl+Comma
Mpnneps us Bubancrex
Buixoa ctl+Q Bridge N
UT EIEY (U
. g EEPROM >
Ethernet >
f function to print a ot >
,,,,, tAdd; Dev:
printAddress —-— NS
LiquidCrystal 1
e Alarm
D
AlarmHandler
Servo
Multibus_simple
SoftwareSerial
Multiple
spi
oneWireSearch
Stepper
setUserDats
Temboo :
Simple
Wire
Single
RETIRED
Tester
Examples from Custom Libraries TwoPin_DS18820
ArduinoUnit 1 WaitForConversion
DallasTemperature i WaitForConversion2

Puc. 6.3. Hy)XHbIli npumep nporpammbl

12
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OTKpbIB 3TOT Npumep, 3arpysute ero B moayab Arduino. Beibepute B pasgene «MHCTPYMEHTbI» MyHKT
«MoHuTOop nopTa». 3To BCE. Bbl A0/MKHbI YBUAETb TO, YTO M300paxkeHO Ha pucyHKe 5.3. lpasaa,
NMOKasaHuA ByayT MeHSATbCA OYEeHb YacTo. 3TO MOXHO UCNPaBUTb, ECIN B TEKCT Nporpammbl A06aBuTb
naysy. Ha pucyHKe HUXe 5 Bblaena 3TO MecTo.

Single | Arduing 1.6.6 — O X

Qaiin Mpaeka Crety Whcrpymenter Momows

96 |void loop(wvoid)

TH

&8 // call sensors.requestTemperatures () to issue a global tem
g /{ request to all devices on the bus

100 Serial.print("Requesating temperatures...”):

res(); // Send the command to get te

101 gensors.requestlemnp u

102 Serial.println ("D i

104 /{ It responds almost immediately. Let's print out the data
1 priptlemperature (ingideThermometer) ; // Use a simple functic

10% // function to print a device address
110 weid printRddress({Devicelddress deviecelddress) W

Puc. 6.4. lobasneHne naysbl gns yaob6cTBa N0b30BAHUA NPOrPamMmmMoin

Tenepb nonpobyiTe HarpeTb AaTuMk nNanbuamu (yAo6HO M MPOCTO), Bbl YBUAWUTE, KaK MeHAeTcA
TemnepaTypa.

cam4 - O e

OTNpaEMTE

Temp C: 24.50 Temp F: 76.10 -
Requesting temperatures...DONE
Temp C: 24.50 Temp F: 76.10
Requesting temperatures...DONE
Temp C: 25.00 Temp F: 77.00
Requesting temperatures...DONE
Temp C: 26.50 Temp F: 73.70
Requesting temperatures...DONE
Temp C: 27.50 Temp F: 21.50
Requesting temperatures...DONE
Temp C: 28.00 Temp F: 82.40
Requesting temperatures...DONE
Temp C: 28.50 Temp F: 83.30

ABTOMNPOKPYTKA CR (BosepaT kapeTkM) - | ‘9600 Hoa

Puc. 6.5. UsmeHeHWe TemnepaTypbl Npu HarpesaHun aatymka DS18B20
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Takon TepmomeTp BNoHE NOAONAET BaM B KaYecTBe 3Ta/IOHHOro npubopa.

F'naBa 7. Kak camoMy npuyMmaThb 3J1IEKTPOHHOE YCTPOMCTBO

H606XO,D,MMOCTb npnaymbiBaTtb 4TO-TO CBOE BO3HWKaeT TOoraa, Korga B 3TOM  NnoABAAeTcA
HeO6XOLI,VIN\OCTb, a MOUCK TOTOBOIo pelweHnAa nocae pacCMmoTpeHMA MHOXeCTBa CXemM U 4YTeHUA pAaaa
cTaTei oKas3blBaeTca 6e3pe3yanaTHb|M.

Y meHA ceilyac HeT HeobxoAMMOCTM YTO-TO cAenaTtb, NO3TOMY A0 NPUAYMbIBaHUS CBOEro YCTPoicTBa
MHE HYXXHO NpuaymaTb CUMTyauMio, Korda BO3HMKaeT HeobxoAMMOCTb B HOBOM ycTpoictee. OyeHb
y406HbI B NOA0OHbIX CAyvasx UrpyLwKku. MoaoxKMm, Bbl B LIKOJbHOM PagMOKpPYKKe cobpann HECKONbKO
MaLUMHOK-POBOTOB, KOTOPbIE KaTaloTCcA Mo aBTOAPOMY. U Bbl peLnan «yCNoXHUTL» UM KU3Hb, MOCTaBUB
Ha aBTogpome ceeTodop. FopuT 3eNEHbIN, MaLLMHKM-POOOTbI e4yT, TOPUT KPACHbIN, MALIMHKK CTOAT.

CseTodop, ecTecTBeHHO, cObpaH U3 TPEX CBETOAMOLOB: 3€/1EHOTO, HKENTOIO U KPacHOro. XoTenoch bbl
YCTAHOBUTb Ha MALUMHKM NPOCTOM AATYMK — POTOMPUEMHUK, KOTOPbIN... KOTOPbIA OTANYUT 3eNEHbIN

CBETOAMOA, OT KpacHoro?

Al He CKarKy, YTo 3TO HEBO3MOXHO, HO i He 3Halo, KaK 3To caenatb. Hu doTtoamoa, HM poTopesncTop He
No3BO/IAT NErko onpefenntb UBET cBeToaAMoaa. MOXKHO, KOoHeyHo, nonpob6osBaTb CBETOGUALTPSI,
YyCTaHOB/IeHHble nepeg ¢oTonpuémHMKaMm. Ho 3To Hy»KHO onpoboBaTb, NPOBECTU PAL, SIKCNEPUMEHTOB,
yTobbI PEWNTb, paboTaeT In 3TO, U A0CTAaTOYHO JIM XOPOLLO 3TO paboTaerT.

Cxema onbIToB byAeT Takom:

5 s1
R1 R2
R=1k I:I R=10K

]| Pr

L V1 -
- U=9V N

D1 § R3 photo
s [‘]
=

Puc. 7.1. Cxema npoBeaeHUA onbIToB C GOTONPUEMHUKOM

11

Ounopn D1 — ato ceetogmoabl moaenu AN1307, KpacHbIN, KENTbIM U 3enéHblih. TOK Yyepes cBeToaMoAbl
6/1M30K K HOMWHanbHOMY 10 MA, HO M3-33 Pa3HOro NageHWUA HanpsKEHWA Ha CBETOAMOLAX MOXKET
HEMHOro pa3nu4yatbca. B KayecTBe ¢GOTONPUEMHMKA MCNOAb30BaH (GOTOPE3UCTOP M3 KOMMIEKT],
nosyyeHHoro emecte ¢ mogynem Arduino Uno. BonbtmeTtp Prl mamepsieT nageHue HanpsxKeHus Ha
doTonpmémHumke. B Kauectse cBeTodMNbTPA MCNOIb30BAH KPACHbIN cBETOGUNBLTP AnA doToannapara.

BOT MaKeT 3KCMepumeHTa, rAe paccToAHWe MeKay CcBeTogumogaom W GoTonpUEMHMKOM 7-8
MUNIMMETPOB:

14
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Puc. 7.2. MakeTHana naaTa ¢ yCTaHOBAEHHbIMM Ha Hel cBeToANOA0M U GOTONPUEMHUKOM

Pe3ynbTaTbl 3KCNEPUMEHTOB CBEAEHbI B TabauLy.

KpacHbii Kéntbin 3enéHbin

CBeToamnoA BbIKNOYEH 1.45 1.33 1.30
CBeToAnOA BKAKOYEH 0.91 1.05 1.24
PasHocTb NnageHms 0.54 0.28 0.06
HanNpPAXKeHus

CBeToanoA BbIKNOYEH 2.86 2.35 2.85
(co cBeTOPUNBLTPOM)

CBeToAnOA BKAKOYEH 1.35 1.73 2.58
(co cBeTOPUNBLTPOM)

PasHocTb NnageHms 1.51 0.62 0.27
HanNpPAXKeHus

[aBaiiTe pa3bepém, 4TO Mbl NOSYYMUIM B HALLMX IKCNEPUMEHTAX.

MepBoe, 4yTo HpocaeTca B rNasa — 3TO pPasHOe NafZeHMe HanpsxeHua Ha GOTONPUEMHMKE, Koraa
CBETOAMOAbI BbIK/AOYEHbI. ITOMY 3pPeKTy Mbl 0653aHbI BHELIHEN 3acBeTKe. OnbITbl NPOBOAUANCH AHEM,
ecnu b6bl 370 6b110 HOUBIO, TO NaAeHME HANPAXKEHUA Ha GOTONPUEMHUKE 6bl10 Bbl A4pYrMM. ITO MOXKHO
NPOBEPUTb, €C/IM HAKPbITb MAaKETHYIO NAaTy NAOTHOM TKaHbto. Jna 3enéHoro ceetoanoa 6e3 punbtpa
nosly4eHHble NageHns HanpaxeHus 6yayt 8.57 B n 6.22 B cooTBeTCTBEHHO.

MOXHO YyMeHbLNTb BAMAHWE OOKOBOW BHELIHEW 3acBETKM, NomecTuB (OTONPUEMHUK B 3KpaH
noaxoasauieii Gopmbl U3 CBETOHENPOHULAEMOro MaTepuana. MoOXKHO yBeNMYUTb PA3HOCTHBIN CUrHan,
NCNONb3yA Te METOAbl, YTO Mbl MPUMEHWUIN PaHEEe K TEPMOLATUMKY. Kpome Toro, MalwmHKU-pobOoThl,
HafZlo NofaraTb, UMEKT MUKPOKOHTPOIED, KOTOPbIA MOXKET MOMOYb, BbI4MTAA 3aCBETKY U3 NOJIYYEHHOTO
nageHus HanpsxeHus. [a n 3enéHblii CBETOAMOL ropasfo MeHee 3aMeTeH, YeM KPACHbIN.

Ho ecTb ewé oAuH «NOABOAHbLIA KaMeHb», Mbl MPOBOAMAM OMbITbl MPU  PACCTOAHUM MEXAY
csetoamModamn U GOTOMPUEMHUKOM 7-8 MM, a XOTeNI0Cb Bbl «BUAETb» KPaCHbIN CBET ropasao Aasblie.
Ho 6yaeT nu BMAEH KpacHbIi cBeT cBeTodopa Ha TaKOM PacCTOAHUKU, HE «YTOHET» /I OH BO BHELLHeW
3acBeTKe AaKe C 3KpaHOM Ha poTonpUEMHMKe?

15
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,El,ymaro, Bbl COrnacuTecCb, YTo NPMUAOymbiBaTb YTO-TO cBOé UHTEPECHO. Ho xnonoTHo. N, ecnun yto-To npu
93TOM He Noay4vaeTca, TO...

Ecnm Bam AOCTynHbI pasHble peleHna npobaembl, TO MOXXHO NOWUCKATb OTBET, OFNAHYBLUMCL BOKPYT. Bbl
3HaeTe, 4To Nt06OM MyAbT yNpaBAEHUA, CKAXKeM, TeneBM30pa MCNONAb3yeT CBETOAMOA ANA OTNPaBKMU
KOMaHAbl. A y Tenesnsopa ectb GOTONPUEMHMK. Mpn 3TOM NynbT paboTaeT Ha PacCTOAHUM B HECKOJ/IbKO
METPOB U OHEM, M BeyepoM. YTO MOXKeT MOMEeWaTb Ham B MCMNONb30BAaHWW 3TOrO NpUHLMMNA NpU
co3aaHum ceetodopa’?

Ham, daKTMUecKmn, HY>KHO YBUAETb TOIbKO KpacHbIN cBeT. Ecan mbl bygem nNuTaTh KpacHbIM cBeToamos,
He MOCTOSIHHbIM TOKOM, @ MMMY/bCHbIM, Torga 6yaeTt pelweHa npobnema 3acBeTkU. POTONPUEMHUK
byaer ¢UKCUpoBaTb TO/IbKO «MEepemMeHHbl cBeT». Kpome TOro, Mcnonb3ys MMMY/JbCHOE NUTaHue
CBETOAMOAa, Mbl MOMEM YBENUYMTb TOK 4yepes CBeToaMod, CAenaB ero 6onblle MaKcMmaabHO
OONYCTUMOrO MOCTOSIHHOIO TOKa. Ba)KHO TONbKO cobaOCTM onpefenéHHble MNpPonopuumn  mexay
aMMIUTYAOM TOKA M CKBAXKHOCTbHO MMMYNbCOB.

B KauectBe $OTONPUEMHMKA MOXKHO nonpoboBaTb Mcnosib3oBaHue ¢potogatunmka TSOP. OH yaobHee,
yem HOTOPE3UCTOP, XOTA M pacciuTaH Ha paboTty ¢ MK-cBeToaModamu, HO, BEPOATHO, NMOAAEPNKUT U
paboTy KpacHoro ceeToanoaa.

Ecnv Bac 3amHTepecoBas 3TOT MPOEKT, TO Bam NPeacTOUT MpogenaTb HOBble 3KCMEPUMMEHTbI, Y3HaTb
MHOrO HOBOTO O AAaTYMKaX U MMMYNbCHOM MUTaHWM CBETOAMOAA, a A A06aBWUA 3Ty r1aBy TO/bKO A8 TOro,
yTo6bl MOKA3aThb, YTO NPUAYMbIBATb YTO-TO CBOE U MHTEPECHO, U NONE3HO, AAXKe eCn Bbl «M30bpeTaeTe
Benocunesny. He cnegyet 60aTbcs, UTO Bbl M306peTETE yiKe M306peTéHHOE. BaxKHO TO, 4TO N306penn ato
Bbl.

I'maBa 8. BiBOAbI

Bblio Bpema, Koraa MoW POBECHMKU YBAEKANNCb KOMNEKLMOHMPOBaHMEM MapoK, doTtorpaduen, a
no3xXe 3aHMMaInuCb paAVIO}'IPO6VITe/'IbCKMMM noaenkamu. Mbl  6blan c4yactaumBbl, ecan poautTenun
noKynanun KaKOVI-HM6yAb KOHCTPYKTOpP C HactoAWwWMMM pagnoaetanamu. CEI'O,CI,HH B MarasuHe,
TOpPrylowemM pagmMoaeTansimm, farKe Yy MeHs rnasa pasberatorca oT 06mama Bcero, YTo ecTb B NpoLake.
Torp,a 3TOro He 6bin0. V|, KOHEeYHO, Mbl He AoraabiBa/inCb O CyWweCTBOBaHUN I'IpM60pOB. TeCTep 6bin
HecbbITOYHON MEeYTON.

CeroaHs, ecan Bbl 3a4yMannCb O TOM, YTOBbl NOCBATUTb AOCYr 3/IEKTPOHUKE, Y BAaC OFPOMHbIN BblGOp
MHTEPECHbIX MPOEKTOB, KOTOpble MOAKPenaeHbl AOCTYMHbIMKU Npubopamu, roTOBbIMM MOAYASMU U
pagnogeTtanamu. Bl MoXKeTe 3a4yMbIBaTbCA O CO34AHUM CI0XKHbIX YCTPOMCTB, HO A1 COBETYIO HauYMHaTb C
NPOCTbIX CXeM, KOTOpble Bbl AOCTAaTOYHO ACHO MOHMMAETe, KOTopble MOXKeTe cobpaTb Ha MaKeTHOW
niaTe v NPeTBOPUTL B *KM3Hb. MNpodeccroHanbl, KOTopble CO34al0T COBPEMEHHbIE FAaKeTbl, BO Bpems
YUY€BbI TOXe NpoBoANAM B N1abopaTopum AOCTaTOMHO NPOCTble OMbITbl. M, 3aKoHUMB y4€BY, Ha paboTe
HaYMHaAAW He C CO34aHMA, CKaXKeM, HOBOro CMapThOHa MK NAAHLIETa, OTHIOAb.

Nobutento Ba*KHO MOMHWTL F1aBHOE — BCE, YTO Bbl AeflaeTe, AO/KHO AOCTaBAATb BaM YA0BOJ/IbCTBUE.
HayuuTecb nosnyyaTb yA0BO/IbCTBME HE TOJIBKO OT TOrO, YTO CAENAHO, HO U OT MOJYYEHHbIX 3HAHWUW,
KOTOpble CTaHOBATCA NUTaTE/IbHOM Cpeson ANs pPoCTa HOBbIX MAen 1 byaywmnx npoekTos!
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