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JIABOPATOPHA POBOTA Ne 1
BIPTYAJIBHE NPOEKTYBAHHA EJJEKTPHYHUX
IMPHJIAAIB. 3SHAMOMCTBO 3 PROTEUS VSM.

Mera pobotu: o3HailoMuTHCh 3 cepemoBuineMm Proteus VSM.
OBOJIONITA  OCHOBHUMH  TpPUHIUIAMH  pOOOTH  CBITJIOAIONIB  Ta
MIIKII0OYEHHS CBITIOAIONIB 10 KUBJIEHH.

1. TeoperuuHi BizomocTi

1.1 Ceitsiomion Ta HOro BUKOPHCTAHHS

CeiTiomionn, a6o cBitmoBumpominoodi giomu (CBJ, B
anrmiicekomy  Bapianti LED  —  light emitting  diode)—
HaITiBIPOBITHUKOBHHA TPHIA, IO BUIIPOMIHIOE HEKOTEPEHTHE CBITIIO TPH
MIPOITYCKaHHI Yepe3 HhOTO EICKTPUIHOTO CTpyMy. PoboTa 3acHoBaHa Ha
¢i3MYHOMY SBHINI BHHUKHEHHS CBITJIOBOTO BHUIIPOMiHIOBaHHS NpHU
MIPOXOUKEHH] eNEeKTPUYHOTO CTpyMy uepe3 p-n-mepexin. Komip cBiTiHHA
(moBXMHA XBWJII MaKCHMyMYy CIIEKTpa BHIIPOMIHIOBAHHS) BH3HAYAETHCA
TUMIOM  BUKOPUCTOBYBaHMX  HAIIBIPOBITHUKOBUX  MaTepiamiB, IO
YTBOPIOIOTH P-N-TIEPEXi.

IlepeBaru:

1. Csimmomion He MAaOTh HIAKAX CKIIHHX KOJIO 1 HHUTOK
pO3XKaproBaHHs, 0 3a0e3edye BUCOKY MEXaHIdHy MIIHICTh 1 HAXIHHICTH
(ynapna i BibpauiiiHa CTIHKICTB);

2. BiacyTtHicTh po3irpiBy i BHCOKHMX Hampyr TrapaHTye€ BHCOKHH
PiBEHB €NIEKTPO- 1 MOXKEKO00E3MEKH;

3. Be3iHepHiOHHICTh POOWUTH CBITJIIOMIOAM HE3aMIiHHUMH, KOJIU
MOTPiOHA BUCOKA IIBUIKOIS;

4. MIiHIaTIOPHICTB;

5. [loBruii TepmiH ciy>KOH (TOBrOBIYHICTH);

6. Bucokuit KK/I;
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7. BigHOCHO HM3BKI HAINPYTH J>KUBJIEHHS Ta CIHOXHBAaHI CTPyMH,
HU3bKE CHEPrOCIIOKUBAHHS;

8. Benmka KiNbKICTh PI3HMX KOJBOPIB CBITIHHA, CIPSIMOBaHICTh
BHITPOMIHIOBAHHS;

9. PeryiboBaHa iHTEHCHBHICTb.

Henomaikm:

1. BimHOCHO BHCOKa BapTicTh. BigHOMIEHHSA IiHA/IIIOMEH IS
3BHYANHOI JIaMITH HaKaJIOBaHHS IMOPIBHSIHO 31 CBITIIONIOJAMHU CTaHOBHUTH
npubnuzHo 100 pas;

2. Manuii cBiTIOBHI MOTIK BiJl OJTHOTO €JIEMEHTY;

3. Jerpanmaris mapaMeTpiB CBITIIOMIOIIB 3 YACOM;

4. TligBuieHi BUMOTH JI0 dKHUBJITYOTO JDKEPEIa.

3oBHilIHINi BUIIA TA OCHOBHI MapaMeTpH:

V CBITIIONIOMIB € NeKiTbKa OCHOBHUX IapaMeTpiB:

1. Tum kopmyca

2. TunoBuii (pobounii) cTpym

3. 3menmeHHas (podoye) HAIPYTH

4. Komip cBideHHS (IOBXMHA XBHJI1, HM)

5. Kyt po3sciroBaHHs

3aranom, miJ TATIOM KOpITyca pO3YMIIOTh AiaMeTp Ta KOJip KoiOu
(mima3m). Sk BimoMoO, CBITIOMION - HAIIBIPOBITHUKOBHMA TPWIIAN, SKAN
HEOOXiZHO KUBUTU CTPYMOM. TakuM YHHOM CTPYM, SIKAM CJIiJ1 )KUBUTH TOU
YW IHIIMKA CBITJIOAIOZ HA3WBA€ThCS TUHOBHUM. [Ipu mbomy Ha CBITIIOmiOZi
majgae TieBHa Hampyra. Komip BUNpPOMIHIOBaHHS BH3HAYAETHCA 5K
BUKOPDHCTOBYBAaHHMH  HAMIBIOPOBIAHUKOBHMH  MaTepiamaMu, Tak 1
JETYIOYHMHA JOMIIITKaMHU. HaiiBaxxmuBimmmu €JIEMEHTaMH,
BHKOPHCTOBYBAaHUMH B CBiTIOmionax, €: Amowminiit (Al), 'amiit (Ga), [amii
(In), ®ochop (P), mo BUKINKAIOTH CBIY€HHS B Jliana30Hi BiJ Y4€PBOHOTO 110
xoBTOro KoJbopy. [Haiit (In), [amiit (Ga), A3ot (N) BUKOPHUCTOBYIOTh ISt
3100y TTS OJIAKMTHOTO 1 3€JICHOTO CBiUeHb. KpiM TOro, SKINO 0 KpHCTaIa,
0 BUKJIWKAE OJIaKUTHE (CHMHE) CBIYEHHS, JomaTd JomiHodop, TO
oTpuMaeMo Oinuit komip cBiTmomioga. KyT BHIIPOMIHIOBaHHS TaKOX
BH3HAYAETHCA BHUPOOHHUYMMHU XapaKTEPUCTHKAMH MaTepialliB, a TaKOoxX
KOJI0OT0 (JIIH3010) CBITJIOIIOAA.

B nmammit wac cBITJIIOMiONM 3HAWNUIM BXKWBAaHHA B CaMHUX PI3HUX
00J1acTsAX: CBITJIIOAIONHI JIiXTapi, aBTOMOOIUIbHA CBITIOTEXHIKA, PEKJIaMHI
BHBICKH, CBITJIONIOAHI MTAHEI 1 IHAUKATOPH, CBITIOPOPH 1 T.II.
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CxeMa NiAKJII0YEHHS Ta PO3PAXyYHOK HEOOXiTHMX mapaMeTpiB:

OCKiNBKM CBITJIONION € HAamiBIIPOBIAHUKOBHM MPHUIaAOM, TO MpHU
BKJIFOUEHHI B EJEKTPUYHE KOJO HEOOXiTHO JOTPHUMYBATH MOJSPHICTS.
CeiTyiomionn Mae 1Ba BUBOJIH, OJIMH 3 SIKUX Katox ("mMiHyc"), a iHIIHIA - aHO

("mmroc").
‘ | s

AHOOL  KATOQ AHOL  KATOQ

1. Maemo o00un c6imnoodiod, AK 020 RIOKAIOUUMU
HPAGUIILHO Y CAMOMY RPOCMIUIOMY 6UNAOKY?

{06 mpaBHIBHO MiAKIIOYHTH CBITJIOAION Y CaMOMY MPOCTILIOMY
BUMNAJKy, HEOOXiTHO MiAKIIOYHTH HOro dYepe3 CTPyMOOOMEXyBalbHHI
pe3ucTop.

Ny VD

3adaua 1
€ OnakuTHUH CBITIOAI0] 3 POOOYOI0 HAMIPYTOIO 3 BOJIBTH i pOOOUHM
ctpymoMm 20 MA. HeoOXigHo miAKIIOYMTH HOTO 1O JKepesa 3 HaIpyrow 5

BOJIBT.
+5 O—

Jr

SZ\\N D1

00—
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Y KOXHOTO CBITIOAiIONA ICHYE TpsMe TaaiHHS Hanpyru (poboda
Hanpyra) npu pobouoMy ctymi. s CBITIOAIOAIB OJHOTO KOJILOPY BOHO
puOIM3HO OJHAKOBE: A YepBoHMX 1,8...2B, xoBTHX i 3enenux 2...2,4B,
cuix 1 Oimx 3...3,6B. Ili maHHi € NOpUONU3HUMH, I TOYHOTO
BU3HAYEHHs Kpalie AuBUTHCA y natammt (datashit) KOHKpeTHOTO CBITIIO
Iiomy.

PozpaxyHok orIopy CTPYyMOOOMEXKYBaJIBFHOTO pesucTopa
BHKOHYETHCS 32 (DOPMYJIOF0:

R= Uracslqa / IcsiTnoz{ioz{a

Uraqua: U)xmsnem-m - UCBiTJ‘IOZliOﬂa

2. Ak nioknrwoyumu 0ekinivka c6imnoodiodie?
JlexinpKka CBITIIOAIONIB MiJKIFOYaEMO TOCTIIOBHO YW MapajelbHO,
pO3paxoByIOYN HEOOXiTHI OIOPH.

3adaua 2.
€ OnmaxuTHI CBITJIOAIONM 3 POOOYOI0 HANMPYTO 3 BOIBTH i pobodnm

ctpymoM 20 MA. Tpeba miaximounTa 3 CBITIONIONN 0 uKeperna 15 BOIbT.
+15§0—

SZ&I D1
SZ\I D2
N2y, D3

o O0——

Po3paxyHOk aHanmoriyHUH NOMepeaHiil 3a1a4i:

R= Uracslqa / IcsiTnoz{ioz{a
Urac;ma: U)KI/IBJ'ICHH}I - N * chi'rno;{ioua

3adaua 3.

Hexaii € 2 kpacHi cBiTiogionn 3 po6o4or0 Hampyrowo 1,8 BOJIBTH i
pobounm ctpymom 20 MA, Ta 2 KOBTi CBITIONIONN 3 POOOYOI0 HATIPYTOIO
2,2 BonbTH 1 pobounmM ctpymom 20 MA. Tpeba migkIr0ounTH 4 CBITIOAIOIU
JI0 JKepena 7 BOJbT.
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R1 R2

Sy, 01 i\\u D3
Sy, D2 'y D4

00

R= Urac;ma / Icsimouiona

— *
Uracxt{a_ U)KMBneHH;{ -N UCBiTJ'lO,HiOI[a

1.2 CepenoBuine BipTyaJqbHOI0 NPOEKTYBAHHS eJEeKTPOHHUX
cxeM Proteus VSM

PROTEUS VSM - cepenoBuie aisi NPOEKTYBaHHS Ta CUMYJISIT
poboTu enekTpoHHUX cxeM. BinMiHHicTIO makera Proteus VSM €
MOJJIMBICTH ~ MOJENIOBAaHHA  pOOOTHM  IPOTPAMOBAHUX  IPHUCTPOIB:
MikpokoHTpoiepiB (MK), mikpomnpouecopis, DSP T1a iH..

PROTEUS VSM go3Bonsie ayke JOCTOBIPHO MOZETIOBATH i
HaJaropKyBaTH JTOCUTH CKJIATHI MPUCTPOI, B AKHX MOXE MICTUTHCS KiTbKa
MK omHOYaCHO 1 HaBiThH Pi3HUX POJIUH B OJHOMY TIPHUCTPOI.

PROTEUS cknanaerbest 3 1BOX OCHOBHUX MOJTYJIIB:

— ISIS — rpadiunnii penakTop NPUHUUIOBUX CXEM CIYKUTh AJIS
BBEACHHS PO3pOOJIECHUX MPOEKTIB 3 MOJANBIIO0 IMITAIlE0 1 Mmepeaadeto
Ut po3poOku mpykoaHux miaT B ARES. Jlo Toro x micist HanaropKeHHS
MPUCTPOI0O MOXKHA Bifpa3dy po3BecTd ApykoBaHy muiaty B ARES ska
MiATPUMY€E aBTO PO3MIIIEHHS i TPaCyBaHHS IO BXKE ICHYOUil cxeMmi.

—  ARES - rpadiunuii penakrop ApyKoBaHUX IUIaT 3 BOYAOBaHUM
MeHe/pkepoM 6i0miorex 1 aBrorpacyBanbHuk ELECTRA, aBromMaTHuHO{
PO3CTaHOBKOIO KOMIIOHEHTIB Ha APYKOBaHIM IUIaTi.

Ha pucynky 1.1 300pakeHe TOJOBHE BIKHO TpOrpaMHu. YBECh
poOouuii MpoCTip MPOrpaMu PO3MOAITICHO Ha JIEKiIbKa OCHOBHUX YACTHH:

- BIKHO pEJakTopy cXeM (BUKOHYETHCSI CHHTE3 3 OKPEMHX
KOMITOHEHTIB);

- BikHO BUOOpPY 00’€KTIB (IOCTYIHI Pi3HI €JIeMEHTH B 3aJeKHOCTI
BiJl BHOPAHOT'O PEXKHUMY);
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- TaHeTh KEPYBaHHSI CHMYJIMi€0 (3HAXOAWTBCA y  JIBOMY
HIW)KHBOMY KYTi, BKJIIOYA€ B cebe Taki KOMaHAU: IyCK; BUKOHAHHS OJHOTO
TaKTy, SKe BKIIOYae cuMyJssinito Ha dac Single Step Time, sikuii 3amaeTbes
y po3aiJii TosoBHOTO MeHI0 System>Set Animation Options; may3a; cTom).

. —
o ... [

Cr e ——————

=]

R e —]

CEod % @i ||B=+ +R386 920|X & ALER b Soli]

3

W e |

=
BikHO pepakTopy cxem

“tFoa +EFECOENEAYYRANSu|PT

BikHo BnGopy o6’ekTiB

=

BpYBaHHA

VYOS
]

0

D sreent A

Pucynok 1.1 — T'onosHe BikHO Proteus VSM (ISIS)

w1 ooz o

1.3 IIpoexTyBaHHsl BipTyaJabHOI MoJeli eJeKTPOHHOI cXeMH Ta
cuMyJisinif ii po6otru B Proteus VSM

Jus Toro mo6 3i0paté cxemy OyAb-SKOTO TPUCTPOIO, HEOOXiTHO
MMITOTYBaTH HAOIp €JIeMEHTIB, 3 AKuX Oyae ckimagaTtucs 11 cxema. J[mst
LBOTO TEePEXOJUMO B pexxuM kKomrioHeHTiB abo Component Mode (puc.
1.2a) i xiikaem knaBimry P, ska 3HaXOAMTHCS IMiJ BIKHOM MEPETIISITY MOPSIA
3 knasimero L (puc 1.26).

L] ; [
s Fick. from Libraries
qCDmpnnent MMode m I

a) 0)
Pucynok 1.2 — ITanens iHCTpyMEHTIB
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Ilepen Hamu 3’SIBIISETHCS MEHEPKEP KOMITOHEHTIB, SKHU Hajaae Ha
HaIll BUOIp BCi €IEMEHTH, IKi MICTAThCs B 0i0mioTeri nporpamu (puc 1.3).

[FREEES Sy

Macna Pasyatind Fles swnesal [[———

erpairn.

Cree smnmin

Eamwecsa

P

PEB Mpocsers

[
Pucynok 1.3 — BikHO MeHe)Kepa KOMIIOHEHTIB

Tpeba xopucTyBaTHCS PAOKOM IIOMIYKY, SKHH 3HaXOOUTHCA Y
BepXHhOMY JiBoMy KyTi. Komu mOTpiOHMI KOMIIOHEHT 3HAHICHUM,
IBIMHAM KJIIKOM JIIBOI KHOIKM MMUIII IO HMOro HasBl J101acTh MOro a0
MEepeNiKy BHUKOPUCTOBYBaHMX KOMIIOHEHTiB. Hampukiag cTtBOpuMO
EJIIEKTPOHY CXeMy sika Oyze CKJIagaTHcs 3: CBITIIONI0NA, PE3UCTOpa 1 OIOKY
xuBlieHHs (Oatapei). Y paaKy momyky (Macka) BBOIMMO MEPUIMN €TeMEHT
Sk OymeMo gomaBaTH 10 cxemu: led-green. Y cHoucKy eneMEHTIB
3 ABISETHCS CBITIONION 3 Takor Ha3Bowo (puc.l.4), KIikaeMo 1Mo HHOMY
IBIMHAM KJIIKOM JIIBOXO KHOIIKOIO MHIIII.

== Pick Devices 2ZX
Macka: Pezynetare (1) Mpocrorp LED-GREEN

[led-gieen [ Uerponeres | Busmorera | Orucanne | | 5chematic Model [LEDA]
Cooso uemikom LED-GAEEN ACTIVE __Animated LED modsl (Gresn)
TOALKO MBI MPYEMBIE

Kareropus
B ropi]

Optoelectionics

PLB Mpocworp

[

Pucynok 1.4 — ITomyx KOMIOHEHTIB
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Jam tak camo poOMMO TIONIYK 3a TaKMMH Ha3BaMU: resistor, battery
(6ibmioTeka - Active), - 1 M0 4ep3i MBIMHUM KJIIIKOM 1O IUX CJIEMEHTaxX Y
CIHCKY AOAAEMO iX a0 Hamoro mpoekty. Ilicis Toro sk My BuOpamu Bei
KOMIIOHEHTH HaTuckaemMo Ha KHomky OK. Temep nHame BikHO BHOOpY
00’ekTiB Oyne MICTUTH BCi YOTHPHM KOMIIOHEHTH IIO MH BuOpamu i
BUTJISIATH K 300paskeHO Ha PUCYHKY 1.5.

(55 UNTITLED: - ISIS Professi

Daiin Bua Mpaeka  MHOTpymeE

h&d @ e

k e

:I>.
+ L

LED-GREEN
RESISTOR

1= 4

Pucynok 1.5 — BikHo BHOOpY 00’ €KTiB

Jnsi BCTaHOBIIEHHS KOMIIOHEHTY Y BiKHI pelakTopa CXeMH HOTo
HeoOXiHO BUOpaTH 31 CIUCKY 1 JBIHHUM KIIIKOM JIiBOi KHOIKMA MHUIIIL
BCTAHOBHUTH y MOTpiOHOMY Micmi. JIo TOTO SIK BCTAHOBHTH KOMIIOHEHT Ha
cxeMi Horo Mo)kHa HOMEpPEHBO PO3BEPHYTH Y MOTPiOHE MOJOKEHHS, SIKY
MO>KHa KOHTPOJIIOBATH Y BiKHI eperisiay.

BceraHOBITH BCi KOMIIOHEHTH SIK 300pakeHO Ha pHCYHKY 1.6 (a), Ta
3’emuaiTe ix (puc 1.6 6). Jlnsg Toro mob 3’e€qHATH JBa KOMIOHEHTH MiX
co0ot0 U1 o4YaTky BuOepitTh iHcTpyMeHT CTpilika, MOoTiM Ha caMiil cxemi
HaBemiTh KypCcoOp MHIINI Ha KiHEeIb €JIEMEHTa, ITOBHHEH 3’ SIBUTHCS
KBaJpaTHUN YepBOHHUN KOHTYD, HaTUCKAEMO 1 Bigmyckaemo JIKM, i Benemo
Kypcop /10 KOHTAaKTy 1HIIOTO eeMEHTY, 1 Ha KiHI[i 1HIIIOTO eIeMEeHTa TaKOX
Hatuckaemo JIKM, mo6 3aBepumtu moOymoBYy 3°€JHAHHS MiX JBOMa
€JIEMEHTaMH.
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R1
10k
N CTEXT
R D1 R creen
Ir TEXT LED-GREEN St
TEXT
il

a)

Pucynoxk 1.6 — [1oOymoBa eIeKTpUIHOT CXEMHU

[licns  Toro SK  eNEeKTPUYHE KOJIO  CTBOPEHO,  MIHIEMO
XapaKTePUCTUKU HAIIMX KOMIIOHEHTIB. 3apa3 OaTapest >KUBUTH cxemy 12B,
a HaM TOTPIOHO 3MIHUTH JKHUBIIEHHS cxemHu Ha 3B. it mporo Kirikaemo
nBiitanM kimikoMm JIKM Ha Gartapei i y nomi Voltage Bctanosmoemo 3V.

12V KarnoHeHTHaA coplika B1 CrpeTE:
<TEX Voltage: kit CrpbrTe:
Drmera
Internal Resistance: |U 1 |HiEIE Al LJ
Other Properties:

Pucynoxk 1.7 — 3MiHeHHS TapaMeTpiB KUBICHHS

Tak camo 3MIHIOEMO MapaMeTpH CBITIOAi0Aa. Y HAIIOMy BHIAJKY B
Hac 3eNeHW CBITJIOMIOA, TOXX BCTAaHOBIIOEMO Vy BIKHI MapaMeTpiB
cBiTIIOAiOAa MaAiHHA Hanpyru 2B ta pobouwmii ctpym 20MA.

|
LI
10k
— B1 <TEXT> PenaKTHpOBaHHE KOMIIOHE HTa
|
| 5y D ¢orrcrrrron soama I i
<TEXT=> o W LED-GREEN Crpeme,
rviena
| T =
—_— Model Type: [&nalog | [Higea  ~|
| Forwaid Valtage: [2v [Hideat =]
Fulldrive current [, [Hidear =]
PCB Package: [Not Speciied) ~l[2][Hide s <]

Pucynox 1.8~ 3minenns napameTpiB omopy
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Jami pobuMo poO3paxyHOK SKUH OImip HAM HEOOXimHWHA It
HOpMalibHOT poOOTH cBiTIOAioAa. [l IBOro pPO3PaxoBYEMO CKUIBKU
HaINpyrd TaCUTUMEThCS Ha HAIOMY CBITIOAIOMI: Uraerra=3B-2B=1B. 3rigno
3akony Oma HeoOXimumil omip pesucropa: R=U/I=1B/0,02A=50 (Om). ¥
cUMYJIATOPI MM Moxemo Hamucatd omip 50 Owm, ame koiam Tpeba
CTIPOCKTYBATH peallbHy CXEMY, OCKIJIbKH TAaKOTO OMOPY B CTAHIAPTHOMY
psani pe3sucTopiB Hema, TO OyaemMo OpaTh HaHOIMXKYUH y CTOPOHY
3pocTtaHHsa — 510M.

R1

Pe A3KTHPOBaHHe KOMMNOHeHTA

3V
<TEXT

K.orMNoHEHTHEA CobIka Crphre:

Resistance [Ohms]: |51| Crpemre:

Other Properties:

|

Pucynok 1.9 — 3MiHeHHS TapaMeTpiB OTOPY

[licns HaTuckaeMoO B TaHeNl KepyBaHHS CHUMYJIILIEI0 KHOMKY

«BOCHpOI/BBeCTI/I».
%c.an—, L

| n
PucyHnox 1.10 - HaHCHL Kep}IBaHHﬂ CI/IMYJ'ISILIiGIO

Temep Hama cxemMa MOXE BIPTYalbHO BiITBOPHTH BKJIIOYEHHS
cBiTnomiony (puc 1.11).

R1
1
_L 51
<TEAT
=1 =i
I ey D1
" <TEXT=> LED-GREEN
<TEXT>

Pucynoxk 1.11 — Cumysiitist poOOTH CBITIIOAIOAA
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2. 3aBaaHHs 10 JJaOOPaTOPHOI po6OTH

2.1 CnpoekTyBaTH NPHUKJIaA IpUBEACHUH y posaini 1.3.

2.2 BwupimuTu 3 3amadi SKi HABOASITHCS Y TEOPETUYHIN YaCTHHI i€l
pobotu. CnpoekTyBaTd BipTyajbHI MOJENi EJIEKTPOHHHX CXeM Ta
cuMyJsLis ix pobotu B Proteus VSM.

2.3 OdopmuTu 3BiT

3. 3micT 3BiTY

3.1 Tema Ta meta poboTu

3.2 Pimenns 3 3amau

3.3 Cxema eneKTpU4YHA-IPUHLMIIOBA MiAKIIOYEHHsS CBITIOAIONA Y
cepenoButii Proteus VSM

3.4 BucHOBKH 3 poOOTH

4. KoHTpoJIbHI 3anINTAHHSA

4.1 Haiite Bu3HaueHHs 3akony Oma?
4.2 o Take pe3uctop?
4.3 Hagimo noTpibeH pe3ucTop y cxemi miIKII0YeHH?

4.4 3amumite QOpPMYNIHM pPO3PaxyHKy ONOpPY TMOCHiOBHO Ta
MapaJeNbHO MiKIIYSHUX PE3UCTOPIB Y KOJII.

4.5 3 saxoi O6ibmiorekm BW BUKOPHUCTOBYBal M €NEMEHTH I
o0y I0BH eNEKTPUYHOI CXeMH y cepenoBuii Proteus?

4.6 B sxomy pexumi, y cepenosuii Proteus VSM, BinOyBaeTbcs
TOMIYK €JIEMEHTIB IS CXeMH?

4.7 SIxi BnacHi mapaMeTpu € y cBiTiIoaiona?
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JIABOPATOPHA POBOTA Ne 2
IMPUHIUIIN BUMIPIOBAHHA B EJIEKTPOHIILI. POBOTA
3 KHOIIKOIO TA 3MIHHUM PE3UCTOPOM

Merta po6oTu: HaBUYUTUCS KOPHUCTYBaTHCS pizHUMHU
CJIEKTPOBUMIPIOBAILHIMU ~TPUJIAJaMH, O3HAHOMUTHChH 3 OCHOBHHMU
MOPUHOHUIIAME POOOTH Ta MiJKIIOYEHHS 3MIHHOTO PE3HUCTOpa Ta KHONKHU B
cepenosuti Proteus.

1. TeoperuuHi BizomocTi
st Toro mo6 MepersIHyTH, SKi BUMIPIOBAJIBbHI NPT HasBHI B
cepenoBumii  Proteus VSM, HeoOximHo BubOpatm  «BipTyanpHi

iHCTpYMeHTH» (pHcC. 2.1).

0SCILLOSCOPE
LOGIC AMALYSER
COUNTER TIMER
WIRTUAL TERMINAL
5P| DEBUGGER

12C DEBUGGER
SIGNAL GENERATOR
PATTERN GENERATO
DCYOLTMETER

DC AMMETER
ACYOLTMETER

AC AMMETER

i @ B #< on|sE F o

LMT'y'aﬂbele HHCTRYMEHTEI

@

@

Pucynok 2.1- EnektpoBuMiproBabHI MPHIAAH B CEPETOBHII
Proteus VSM

Y oMy Kypci 1abopaTopHUX POOIT MU PO3TISTHEMO POOOTY TaKUX
mpmnagie sk: DC  Voltmeter (BompTMeTp mocTifiHOrO cTpymy), DC
Ammeter (ammepmeTp), Oscilloscope (ocummorpad). AC
BHKOPHUCTOBYETHLCS B EIEKTPUYHUX KOJIAX 3MIHHOTO CTPYMY.

CTBOpHUMO ENEKTPUYHY CXEeMY, K 300paKeHO Ha PUCYHKY 2.2.
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[ITo6 3HaiiT enemeHT KHOmMKa y Oibmioremi Proteus, BBemiTh push
button.

Knonka - HaWnpocTimMid eJeKTPOMEXaHIYHUM OpUCTpiil, A
nepefadi eNneKTPUYHOTO CUTHAITY PI3HHM IMPHUCTPOSIM MUITXOM 3aMHUKAHHS
a00 pO3MHKaHHS JIBOX 1 OUIbIIe KOHTakTiB. B 3ajexHOCTi Bii cTaHy, B
SIKOMY 3aJIMILAETHCS KHOIIKA MiCiIsl HATUCKYBaHHs Ha Hei, BOHa OyBae ABOX
BU/IB:

- KHONKH (TepeMuKadi) 3 pikCOBaHUM IMOJIOKEHHSIM;

- TaKTOBI KHONKH ab0 HedikcoBaHi (SKi OBEPTAIOTHCA y BUXIiJTHE

TTOJIOKCHHS ).

BceranoBiTh  kuBNeHHA OaTtapei 5B, TOKa3HWKH ~ 3€JI€HOTO
CBITJIOZIO[A 3alUINTe HE 3MIHHMMH Ta po3paxyiiTe HeoOXilHe 3HayeHHs
OTIOpY PE3UCTOPA.

r— g R1
C | "
10K
=TERT=>
— B D1
il LED-YELLOW
1 <TERT= £TEXT>

Pucynox 2.2 — [ToO6ynoBa eneKTpUIHOI CXEeMHU

[licns HaTuckaeMo B TMaHENl KEepyBaHHS CUMYJIILIEI0 KHOMIKY

«Bocmnpoussectny.
BocnpouseecTi [—
{

Pucynok 2.3 — Ilanens kepyBaHHS CHMYJIAII€I0

3apa3 Hamia cxemMa MOKE BIPTYalbHO BiTBOPUTH BKIIIOYCHHS Ta
BUKJIFOUEHHSI CBITJIONIONY MpPU HATUCKaHHI Ha KHOMKY. J[s 1poro mpocro
HaBeJiTh KypCOp MHUIII Ha €JIEMEHT KHOTKA ¥ cXxeMi 1 HaTucHiTh JIKM. [l

TOro MO0 3aTHCHYTH KHOMKY KmikHITH JIKM Ha Kpyr 3 mpaBoi CTOPOHHU
e
€JIeMEHTY KHOIKa —0 ©O—

CrpoekTyiiTe cxemy 3 TepIioi poOOTH 3 1oJaBaHHAM KHOMKH. [laimi
MepelaiTh 10 BipTyalbHUX NpWJIaiB B IaHEN IHCTPYMEHTIB 37iBa Ta
nigxarodite DC Voltmeter, DC Ammeter, sik 300pakeHO Ha PUCYHKY 2.5.
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Lli npuiamy MOKa3ylTh HaM 3HAYEHHS CTPYMY B €JICKTPUYHOMY KOJI Ta
3HAYCHHSI HANIPYTH Ha CBITJIONIO/I, BiJIOBITHO.

—l ¢ R1
o o 1
&0
=TT T

Pucynok 2.5 — Cxema migKiIrO9eHHs BOIBTMETPA 1 aMIlepMeTpa

o6 3MiHNTH BigoOpakeHHs 3Ha4YeHb amIepMeTpa 3 AMIEpiB Ha
MiTIAMOepd abo MiKpoAMIIepH, Yy BIACTHBOCTAX aMIepMeTpa y Mo
Display Range BcTaHOBiTE HEOOXiTHE 3HAYEHHSI.

Pe gaKtH POBdHHE KOMINIOHE HTA 1 Ll

&
X

K.omMnoHeHTHaA cobinka | Crpeme:
K.OMNOHEHTHOE SHAYEHME: | Crpbme:
Crnpasta
Dizplay Fange: |"'3ﬂ"'ll3S j |HiCIE All j
Other Properties:
|Micraamps
Wk miounte us Mogenuposaiua [ PHECEAHHUTE MOZYE HEPAPXMU
v Mokmounme wz PCE Layout
OTPEQAKTHPOBATE CEOMCTES KAk TEKCT
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2. 3aBaaHHd 10 JadopaTOPHOI podOTH
2.1 CropoexTyiiTe eneKTpUYHy CXeMy 3 JIeKIii, sk 300pakeHO Ha

pucyHky. Bukonaiite 3 cuenapii HaBeneHUX y Jiekuii. 3MIHHHNA pe3ncTop
a6o noteHiiomeTp y Proteus Hazusaetbcs POT-HG.

B1
o
T S
=TEAT>
I
i
RV
o] . '—',R1, .
® © 50
T =FERT 4
=TEXT =

2.2 CnpoekTylTe cXeMH MpeACTaBIIeH] HUK4Ye Ta BU3HAUTE:

1) sixuit omip pe3nucTopiB

I ks

2) omip R1 ta cuny crpymy (1)
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R1

sTERF

2.3 PozpaxyiiTe caMOCTiHHO CHITy CTPYMY Ha PUCYHKY 2.57
3. KouTpoJubHi 3aniMTaHHA

3.1. IIlo take amnepmeTp?

3.2. o take BOIbTMETP?

3.3. o Take ocmmmorpad?

3.4. B yoMy pi3HULA MK HOCTIHHUM 1 3MiHHUM CTpyMOM?

3.5. IlepeBemith 1 Ammep B  MIKpo- Ta  MiLTi-AMIEpH.
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JIABOPATOPHA POBOTA Ne 3
IHOYATOK POBOTH 3 ARDUINO. CUMVYJIALIA POBOTH
ARDUINO 3A JOITOMOTI'OI0O WEB-IOJATKY 123D
SIRCUITS

Mera po0oTH: O3HAHOMUTHUCS 3 OCHOBHUMH €JI€MEHTaMH IUIaTH
Arduino Mega ta web-nomaTtkom BipTyaibHOI iMiTallii poboTn mmathopmMu
Arduino, po3poOMTH TPOCTI MPOEKTH MEPEXTiHHSA CBITIOAIONIB 3
BUKOPHCTAHHSIM MOKINBOCTEH web-1o1aTka Ta peagbHoi miathopMu.

1. Teoperuuni BizomocTi

1.1 Arduino

Arduino — 1me eNeKTpOHHUH KOHCTPYKTOp 1 3pydHa Iuiatdopma
MBHAKOI  pO3pOOKM  ENEeKTPOHHMX  TNPHUCTPOIB s  HOBaykiB i
npodecionanis. [lepeBaru miuardopmu: 3pydHa y BUKOPUCTaHHI, IPOCTOTA
MOBH NPOTPaMyBaHHS, a TAKOXK BIJKPHUTA apXiTeKTypa i MpOrpaMHUIN KO/I.
[Ipuctpiit nmporpamyerbes uepe3 USB 6e3 BUKOPUCTaHHS IPOTPaMaTopiB.

[puctpoi Ha 6a3i Arduino MOXyTb OTpPUMYBaTH iH(pOPMALIO TPO
HaBKOJIMIIHE CEPENOBHIIEC 3a IONOMOIOI0 PI3HHUX J[AATYUKIB, a TaKOX
MOXYTh YIPABJIATH PI3HUMH BUKOHABYMMU TPUCTPOSMH.

Icuye nmexinbka Bepcidi miatgpopm Arduino. B mpomy kypci Oyze
posrmanarucs miaardpopma Arduino Uno (puc. 3.1).

MADE
TN ITALY

»xem* ARDUINO

4 { o) © we
F'E-”“'"‘-“" _--ﬁ

»

Pucynoxk 3.1 — 3oBHimmHil Burnsag Arduino Uno
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Arduino Uno 6a3yerbcst Ha MikpokoHTpoisiepi Atmel ATmega328.
MiKpOKOHTpOJIEp Ha IJIaTi MPOrpaMyeThCs 3a JOMOMOToK MOBH Arduino
(3acHoBaHuil Ha MoBi Wiring) i cepenoBuia po3podku Arduino (3acHoBaHa
Ha cepenoBumi Processing). IlpoexTn mpuctpoiB, 3acHoBaHI Ha Arduino,
MOXYTh MpaIlOBaTH CaMOCTiifHO, a00 X B3aEMOJISTH 3 NPOTPAMHHM
3a0e3neyeHHsM Ha komm 'rotepi (Hamp.: Flash, Processing, MaxMSP).
[Imatn MoxyTh OyTH 3i0paHi KOPHUCTYBadeM CaMOCTIHHO ab0 KYIUIeHI B
300pi. Ilporpamue 3abe3medeHHs JOCTYMHE MJIs  OE3KOMITOBHOTO
ckadyBaHHs.  BuximHi  kpecienns cxem  (¢aitmu CAD) €
3arajJlbHOAOCTYIIHUMH, KOPHCTYBadl MOXYTbh 3aCTOCOBYBAaTH iX Ha CBiH
po3cya.

[Mnarpopma mae 14 mmdpoBux BXia/BuxomiB (6 3 SKHX MOXKYTb
BHKOpHUCTOBYBaTucs sk Buxoau [IIIM), 6 aHanmoroBux BXOjiB, KBapLOBUI
rereparop 16 MI'm, po3’em USB, cunoBuii po3’eM, po3’em ICSP i kHOTIKY
nepezaBanTaxkeHHs. Koxken 3 14 mu¢ppoBux suBoaiB Uno wmoxe
HaJIAIITOBAHUH SK BXiJ a0 BHXix, BUKOpUCTOBYIOuH (yHkuii pinMode (),
digitalWrite (), i digitalRead (). Koxxen BuBim Mae HaBaHTa)XyBaJbHHMA
pesuctop (3a 3amoBuyBaHHAM BigkmoueHuit) 20-50 kOmM 1 Moxe
nponyckatu 10 40 MA. [l poGOTH HEOOXIIHO MigKIIOYUTH MIaThopMy
0 KoMIT'toTepa 3a mgornoMoror kademo USB, abo momatd XKuBIEHHS 3a
nmomomoroto amantepa AC/DC abo Gatapei.

ITnardopma Moxke mpairoBaT NpU 30BHIIIHEOMY JKUBJICHHI Bif 6 B
no 20 B. [pu Hampy3si xwuBieHHs Huxk4de 7 B, BuBim 5V Moxe BHIaBaTu
MeHIe 5 B, nmpu npomy 1uratgopma Moke TpairoBaTH HecTabimbHO. [Tpu
BHKOPHCTaHHI Hanpyru BUie 12 B perynarop Hampyra MOXe HeperpiTucs
1 TOIIKOIMTH TaTy. PexoMeHnnoBaHuii mianazoH Bix 7 B mo 12 B.

Jesxi BUBOIM MalOTh 0COOMHBI (PyHKIIII:

— VIN. Bxig BHUKOPHUCTOBYETBCA M TOJadi JKUBICHHS Bij
30BHINIHBOTO JpKepena (B BiacyTHicTs 5 B Bim po3’emy USB a6o ixmoro
peryiabOBaHOTO JpKepena SKuBIeHHs). [logaya Hampyru SKUBIICHHS
BiIOYBa€ThCS Uepe3 NaHUM BUBII.

— 5V. PerynboBaHe JKEpEIO HANpyrd, MO BUKOPUCTOBYETHCS IS
JKUBJIEHHS MIKPOKOHTpOJepa 1 KOMITOHEHTIB Ha mati. JKUBIEHHS MoOXe
nofasatucs Big BuBoxy VIN uepes perynstop HampyrH, abo Bif po3’emy
USB, a00 iHIIOro peryib0BaHoro JKepena Hampyru 5 B.

— 3V3. Hanpyra na BuBoxi 3.3 B reHepyeTbcs BOYIOBaHHM
PETyISATOpOM Ha TuTaTi. MakcuMaibHe CIIOKUBAHHS cTpyMy 50 MA.



22

— GND. BuBonu 3a3eMicHHs.

— Tlocmigora mmHa: 0 (RX) i 1 (TX). BuBonu BUKOPHCTOBYIOTHCA
s orpumanHa (RX) 1 mepemaui (TX) mamux TTL. Jlani BuBOIM
MIJKIFOYEHI JI0 BIAMOBIAHUX PO3’€MIB MIKPOCXEMHU IOCHIIOBHOI IIWHU
ATmega8U2 USB-to-TTL.

— 3oHimHe nepepuBaHHsA: 2 i 3 JlaHi BHCHOBKHM MOXYTh OyTH
HaJIalITOBaHI Ha BUKJIMK IEepeprBaHHsA ab0 Ha MOJIOANIOMY 3Ha4eHHi, abo
Ha MepeHbOMY UM 3aTHbOMY (POHTI, a00 MpH 3MiHi 3HaueHHA. [eTanbpHa
iHpopMalis 3HaxXoauThCs B onuci GyHKuii attachInterrupt ().

— IIlim: 3, 5,6,9, 10,1 11. Byne-skuii 3 BuBoaiB 3abe3neuye [11IM 3
PO3AUTEHOIO 3/1aTHICTIO 8 61T 3a gomomoroto (yHKIii analogWrite ().

— SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). 3a gomomoroo
JTAHUX BUBOIB 3MIHCHIOETHCS 3B’s130K SPI, 171 90TO BHKOPHUCTOBYETHCS
6i6mioreka SPI.

— LED: 13. BOynoBanuii CBITJIONIOA, MiAKIIOUEHUA 1O IUPPOBOTO
BuBoAy 13. SIkmio 3HadeHHS Ha BUBOJI Ma€ BHUCOKHH ITOTEHIAN, TO
CBITJIONIIO]] TOPHUTb.

Ha mnargopmi Uno BcTaHOBIICHI 6 aHAJIOTOBHX BXOJIIB (ITO3HAYCHUX
sk AO .. AS), KoxkeH po3IinbHO0 3aaTHICTIO 10 6iT (TOOTO MOXe MpUtMaTh
1024 pizanx 3HauyeHHs). CTaHIApPTHO BHBOAM MAlOTh Jiala3oH
BUMIpIOBaHHS 10 5 B BIJHOCHO 3eMili, MPOTE€ € MOJIMBICTH 3MiHUTH
BepxHIO MexXy 3a gornomororo BuBoay AREF i ¢pynkuii analogReference ().
Jesiki BUBOIM MaIOTh TOATKOBI (PyHKIIIT:

— I2C: 4 (SDA) i 5 (SCL). 3a gomoMoro0 BHBOMIB 3IiHCHIOETHCS
38’530k [12C (TWI), mns cTBOpeHHS SIKOI BHKOPHCTOBYEThCS Oi0mioTexa
Wire.

JlomaTkoBa mmapa BUBOAIB IIaTGOPMHU:

— AREF. OnopHa Harpyra st AHAJIOTOBUX BXOJIIB.
BuxopucroByetbcs 3 ¢pyskiiero analogReference ().

— Reset. Huspkuii piBeHb CHTHaNy Ha BHBOJI II€PE3aBAHTAKYE
MIKPOKOHTpOJIEp. 3BUYAHHO 3aCTOCOBYETHCS A MiAKIIOYEHHS KHOIKU
nepe3aBaHTaXECHHS Ha IUIATi PO3LIMPEHHS, 10 3aKPUBAE AOCTYI 4O KHOIKU
Ha camiii mati Arduino.

1.2 OcHoBHi QpyHKLii 1151 po60TH 3i cBiTI0Ai0NaMH
Jst po6OTH 31 CBITIIONIOOM HEOOXITHO 3HATH 1 BMITH BOJIOIITH
TaKUMHU (PYHKIISIMH 1 KOHCTaHTaMH:
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—omepatop setup();

—omneparop loop();

— ynxuis pinMode()

—¢ynkuis digital Write();

— dyukuis delay();

—xkoncrantu OUTPUT, HIGH, LOW.

Jami HaBemeHWH KOX TPOTPpaMH  HAWMPOCTIIIOTO  TPUKIATY
MepexTiHHs BOyJgoBaHMM y TuiaTy Arduino CBITJIONIONOM, SKHI
i KITI09eHo 1o 13 BuBoMy:

void setup()

{ pinMode(13, OUTPUT);

J

Us ¢yHKUOiS BHKOHYEThCS Ha TOYAaTKy poOOTH mporpamu (micis
3aIyCKy MiKpOKOHTpoJepy). ToOTO TOCHIIOBHO BHKOHYETHCS KOXKHA
KOMaH/a, sKa 3HAXOMUThCI MiX (irypHUMH ckoOkamu 1€l (QyHKIII.
Hampukinami KoxXHOi CTpOKA HEOOXiMHO IMOCTABUTH CHMBOJ 3aKiHYCHHS
komanau ;7. Tyt ¢QyHKOis setup MICTUTh OJHY €OUHY KOMaHIy —
pinMode(13, OUTPUT) . Lls komanna HajamToBye 13 mopt Arduino, sk
BuBiz. [Topt Ne 13 3HaxomuThcs Ha BepXHii koo moptiB Arduino.

[Micnsa ¢pyHKLiT setup BUKOHY€ETbCs yHKIIs loop.

void loop()

{

digitalWrite(13, HIGH); / BMukaemo cBitioion
delay(1000); // yexaemo CeKyHIY
digitalWrite(13, LOW); // BUMHKaeMO CBITJIONiON
delay(1000); // uexaemo cekyHIy

}

Ha Bigminy Bix setup, QyHKUis 100p HOCTIHHO MOBTOPIOETHCS — AK
TIIBKU TIOCIIJOBHO BHKOHAHI BCI KOMaHOU B CKOOKaX, (YHKIIS
3amyckaeTbess 3HOBY. DyHKIiS 100p Ui 1IOTO MPHUKIAAY CKIATAETHCS 3
YOTHUPHOX KOMAHI:

Ha mopt 13 nonaetbes Hanpyra (5 B) — cBiT/IONI0]1 BMHKA€ETHCHL.

3aTpuMKa 10 BUKOHAHHSA HacTymHOi kKoMaHmu 1000 wmimicekyHAa

(omHy CeKyHIY)
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ITopr 13 3’€Hy€ETHCS 3 3eMIICIO — CBITJIO/I0T BAMHKAETHCA.

Ille omna 3aTpumMka Ha 1 cexyHy.

Ilicns BUKOHAaHHS YCiX YOTHPHOX KOMAaH], 3HOBY BHUKOHYETHCS
nepira KoManja (BKIFOYCHHS CBITIONIONY) M TaK MPOJOBKYETHCSA JIO THUX
mip, moku Arduino BkiItoueHa a0o MOKKM He Oylie HATUCHYTa KHOIIKA
RESET.

1.3 Cumyasuis po6otu cBitaogiogy Ta Arduino B 123D Circuit

Cepgic 123D Circuits komnanii Autodesk n1ae MOKIHBICTh CTBOPUTH
eJNIeKTPOHHI cxeMH. Beb-momaTok mMae miarpuMky miatgopmu Arduino Ta
JI03BOJISIE PElaryBaTH KOJ, a TAaKOX MJa€ MOXIHUBICTh Y Bi3yaJIbHOMY
pexxuMi OyyBaTu cXeM i BUKOHYBAaTH IHTEPAaKTUBHY IMiTaIlii0 iX poOOTH Yy
peanbHOMy daci. [IpamroBatm Haj cXeMaMH MOXKHA CHUIBHO 3 IHIIUMU
JIFOJIbMH, BUKOPHCTOBYIOUH 0i0II0TEKYy KOMITOHEHTIB.

s pobotu 3 cepicom 123D Circuits mepeiiiTh 3a MOCHIAHHIM
http://123d.circuits.io/.

ITicas mpoxomxkenHs peectpamnii B 123D Circuits Bu ONMMHUTECH HA
roJioBHIN cropintmi (puc. 3.2). JloMantHs CTOpiHKA MOKa3y€e CIHCOK CXEM,
SIKi BU CTBOPHJIM, & TAKOXK HEI[OJIABHO CTBOPEHI/pearoBaHi.

a 123DCircuits / Circuits Components Circuit Scribe Blog Help Shop T l

Schematic + PCB Circuit Scribe Sketeh + Simulation

Circuit Scribe Editor Beta electroninks

ORAM CONDHCTIVE TRACES

Pucynok 3.2 — T'onosHa ctopinka 123D Circuits

Easily create and simulate
Circuit Scribe sketches online.

[[To6 cTBOpWUTHM HOBY CXeMy KIIKHITH Ha KHOMKY «+Newy, sKa
3HAXOJUTHhCSI y BEPXHbOMY MeH0. [licis, HaTuCHITH KHONKY '"New
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Electronics Lab" na mpagiii manem subopy. Jami Bam Oyne mpencTaBieHO
CTOpiHKa JJsi MOOYJOBHM CBOTO MPOEKTY 3 OCHOBHUMH (QYHKLISIMH Ta
iHCTpyMeHTaMH IJis1 poOOTH 31 CXeMOI0 Ta mporpamoro. Beb-inTepdeiic
IporpaMHOro 3a0e3MeyeH s, MPEeICTaBICHUH Ha PUCYHKY 3.3, CKIIaaeThCs
3 TAKUX OCHOBHUX OJIOKIB:

1. poboua 0b6nacTh CTBOPEHHS CXEMH

2. maHesb KepyBaHHS MPOEKTOM

3. meHto Bubopy BigoOpaxennsa cxemu (Breadbord View, Schematics
View, PCB View)

W 123DCircuits / Circuits / TheUnnamed Circuit u ff 8§ = #|? @

C B = |4 (O} CodeEditor Components =+  StartSimulation B

Pucynok 3.3 — [ntepdeiic po3poOku IpOEKTy cXeMHU

Jna posyminasa pobotu B cepemoBuii 123D Circuits, po3pobumo
OPOCTUH MPOEKT MHUTOTiHHS cBiTnogioga. CTBOpOEMO cxemy 3a
MIPUKIIAIOM SIK 300pa)XeHo Ha PUCYHKY 3.4.

Kmikaemo Ha kHOmKy Components sika 3HaXOIWTHCA Ha MaHENI
KepyBaHHsS NPOEKTOM MpaBopy4. Y BiKHI KOMIIOHEHTIB fIK€ BiIKpHIOCS
3Haxoanmo miary Arduino Uno, obupaemo i i po3mingyemo i Ha pobouiit
noBepxHi. OCKUTPKY JaHUN CTUMYJIATOP HE Ma€ B 0a3i miardopmu Arduino
Mega2560 mu obupaemo Arduino Uno, pobota 3 mumu mmatamu Arduino
inentnyna. J[lami obupaemo LED (cBiTiiomiom) i po3smimnryemo il Ha
Bredbord. BinkpuBaeThcs BiKHO HallalITyBaHHS IMapaMeTpiB CBITIONIONA,
JIe MOXXEMO 3aJlaTH Horo iM’s Ta Koiip. Ilicis BCTaHOBIIOEMO PE3UCTOD i




26

TaKOX 3a71a€MO Horo mapameTpu: iM’s Ta omip 100 Om. SIk BCi KOMITOHEHTH
BCTaHOBJIEHI, 3’ €JJHYEMO 1X.

’ 123D Circuits / Circuits / TheUnnamed Ci n T & = © ? 1

o T = OI4 53 Code Editor Components 4  StartSimulation P

Pucynok 3.4 — IIpuxnag cxemu

BuknuueMo BIKHO pelnaryBaHHS KOIy KIIKHYBIIM Ha KHOIKY
«Code Editor» sika 3HaxXOAWTBCS TMpaBOpyY Ha TaHENi KepyBaHHs
MPOEKTOM. Y PeIaKkTop KOMII0EMO KOX:

int led =8§;

void setup() {
pinMode(led, OUTPUT);

}

void loop() {
digitalWrite(led, HIGH);
delay(1000);
digitalWrite(led, LOW);
delay(1000);

}

Komminroemo 1 3aBaHTaXXyeMO KOJA KIIKHYBIIM Ha KHOMKY
«Apload&Runy.
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2. 3aBaaHHd 10 JadopaTopHOi podoTH

2.1 Po3po6ite y 123D Circuits mpoeKT MiTKITIOYEHHS CBITIIONIONA.
3a IOMOMOTrOI0 MYIJBTHMETpa 3po0iTh BUMIPIOBAaHHS HAMpPYyTH, SIKY Jae€
mwiara Arduino Uno, BCTaHOBITH BIJNOBITHUI pPe3UCTOp IJIsi OOpPaHOTO
CBITIIOAIO/A.

2.2 Po3po0iTh IPOEKT MEPEXTIHHS 6 CBITIIOAIOAIB BUKOPHCTOBYIOUN
nuka FOR.

2.3 Po3po6its y 123D Circuits Oyab-KHil MPOEKT 3 i IKITIOUSHHIM
ocmmorpada.

3. PooOora 3 miaaroro Arduino

3.1 Bukonaiite miakmoueHHs 1wiaté Arduino no komm’rotepa Ta
HalMLITh OpOrpaMy MEpPEeXTiHHS CBITJIONIONY, SIKMM BCTaHOBJICHHH 3a
3aMOBYaHHSIM Ha 13 Buxoji miatu. JJist mporo:

3.2 3amycTiTh Ha KOMIT IOTEPi cepeaoBuiie po3podbku Arduino

3.3 Hanwucaru xon.

3.4 Iigxmrodits Tutaty Arduino gepe3 USB nmo T1K.

3.5 HatucHite kHONKYy Verify m mnepexoHaliTech, M0 y HIDKHIN
yacTuHi BikHa 3’sBuBcs Haamuc Done Compiling. Ile 3HauuTh, 1m0 Yy
HaNMCaHIM mporpaMi He 3HAHIEHO TTOMHJIOK.

3.6 BubGepite y Tools->Board Bam Tum twmatu. IlepeBipre, um
npaBuwibHO 00pano USB-mopt B Tools->Serial port. Ilicns HaTHCHITH HA
knonky Upload.

3.7 Slxmo BHM3Y 3’sBuBca Haamuc “Done uploading” — mpormec
3aMucy MPOIIOB YCIIIIHO.

3.8 [Migxnrouite 3 cBiTnomion (mocmimoBHO kpacHuil. JKoBTuit i
3enmeHnit) Mo twiatm Arduino. Hammcatm kox 3rigHO 3 alrOPUTMOM
MPEACTABICHUM Ha PUCYHKY 3.5.
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TTouaTok

Bxuroa. YCpBOHA JIaMIIa

JKoBTa mamiia BKII04. 3
iHTepBAIOM 1 CeK.

I'acHyTh KpacHa K XOBTa Bxurou. 3enena rammna
JJaMITn

Toputs 3eneHa nammna
2 CexK.

Bxurou. kpacHa namna I'acue 3eneHa yamma

Pucynox 3.5 — Cxema aaropurmy poOoTH cBiTIIOhOpa

4. 3micr 3BiTY

4.1 Tema Ta MeTa poboTH

4.2 Tpu cxeMu NPOEKTy: KOMIIOHEHTHA, PUHIIUIIOBA, IPYKOBaHA.
4.3 Kon mporpamu
4.4 BuCcHOBKH 3 poOOTH

5. KoHTpoabHi 3anuTaHHs
5.1 YV saxoMmy pexumi 3AIHCHIOETHCS MaKETHE MOJCIIOBAHHS B

cepgici 123D Circuits?
5.2 Jlo sskoro MOMeHTY Oy[ie pamroBaTy miara Arduino?
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5.3 Jlo sxoro BWBOAY WiAKIIOYCHO BOYIOBaHWM CBITIOMION HAa
mwiatdopmi Arduino Uno?

5.4 ki onepartopu cepenoBuina Arduino Tpeba BUKOPHCTOBYBATH,
100 CTBOPHUTH MPOEKT KepyBaHHS CBITIO AlogamMu?

5.5 o take RX Ta TX Ha miati Arduino?

5.6 Ckinbku ychoro BXoAiB/BUX0AiB Mae miatdopma Arduino Uno?
ITepedncitiTh OCHOBHI 3 HUX
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JIABOPATOPHA POBOTA Ne 4
CTBOPEHHA ITPOEKTY POBOTH 31 CBITJIOAIOIAMM 3
BUKOPUCTAHHAM CEPEJOBMUII PROTEUS VSM TA
ATMEL STUDIO

Mera poOotn: o3HailomuTHCh 3 cepenoBuiiamu Proteus VSM Tta
Atmel Studio 6.2. HaBunTuCs CTBOPIOBATH MPOEKT BipTyaTbHOI CUMYJIAIIIT
pobotu cBiTionioga. O3HaHOMUTHCH 3 pi3HOBHAAMHU (QYHKIIH Ta KOMaHA
JUISl CTBOPEHHSI IPOTOTHITY CBiTIIOPOpa.

1. Teoperuuni BizomocTi

1.1 CTBOpeHHsI NMPOEKTY NPOrpamMu /Ui MiKPOKOHTpoOJiepa y
Atmel Studio 6.2

Atmel Studio — inTerpoBane cepenouiie po3podku (IDE) mms
po3pobku 8-Mu i 32-x OITHHX JOJATKIB Bix KoMIaHii Atmel, 1o mpaimroe B
onepaniianx cucrtemMax Windows NT/2000/XP/Vista/7. Atmel Studio
MICTHTh aceMOJiep i CUMYJSATOp, IO JO3BOJISE BiACTE)KUTH BUKOHAHHS
mporpamu. Atmel Studio micTHTBE B c00i MEHeEIKEp MPOEKTIB, peAaKTop
BHUXITHOTO  KOIY, IHCTpYMEHTH  BIpTyaabHOI  CHMYJAINl  Ta
BHYTPIITHHOCXEMHOTO HAJIATOJKCHHS, JIO3BOJIIE IUCATH IPOrpaMH Ha
acem0Oepi abo Ha C/ C + +.

ITicns Toro sk Bu BcTanosure Atmel Studio 6.2 Ha cBiit KoMIT 10TEp,
CTBOPITh HOBUH MPOEKT:

1. Binkpuiite Atmel Studio 6.2 Ta BuOepith New Project. Y
nianoroBomy BikHi New Project, Bubepite GCC C Executable Project six
mabnoH (puc.4.1). Beeaith iM’S HpoeKTy 1 BKaxiTh Micie Ae BiH Oyne
30epiratucs. Hazsemo Ham mpoekt “BlinkLED”. 3HiMmiTh mnpanopeub
Create directory for solution s crnpomieHHS CTPYKTYpH KaTalloTiB
mpoekty. Kiikaite OK.
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Sortby: Defaut ~ [l Search Installed Templates 2
: T oc
: ype: .
GCC C Evecutable Project C/C++
- Gl = Creates an AVR B-bit or AVR/ARM 32-
Arduino-Boards bit C project
Aimal Bosds [ secCstatic Library Project €/
User-Boards
Assembler [ e} GO Co+ Executable Projest  C/C++
Atmel Studio Solution
[ GCC Cas Static Library Project C/Ces
. O
g
Siar,,
Hame: BlinkLED
Solution: Create new solution |
name: BlinkiED
Salution Create for solution

Pucynok 4.1 — Jlianorose BikHO New Project B Atmel Studio 6

2. 'V BikHi Device Selection (puc. 4.2), 06epits ims npuctporo AVR

sike HeoOxiaHo. Kimikaite OK /1 CTBOPEHHSI HOBOTO ITPOCKTY.

Device Family: 41

Name App./Boot Memary (Kbytes) Dsta Memary (bytes) EEPROM (= | Device Infer
ATrmegad2sop 32 2048 1024 | | Device Hame: ATmeqaizap
ATrmegald2SoPa 32 2048 1024 Siiseik o
ATmega32sa 32 2048 1024 ) o
ATmega32sp 32 2048 1024 x 3
ATmega32spa 32 2048 1024 i megalvR
ATrveqadzs 32 2048 1024 T Datashents
ATmega32g 32 2048 1024 | Supported Tools
ATrraga3200 32 2048 1024 = AVR Dragon
ATmegal2oNa 32 2048 1024 ® AVRISE mkd|
ATrega32oop 2 2048 1024

ATmegadzO0PA 32 2088 1024 v A/R ONE!
ATmaga3204 32 2048 1024 B JTAGICE3
ATrvaga32on 32 2048 1024 B JTAGICE mid]
ATmegald2iPa 22 2048 1024

ATmegad2a 2 2048 1024 & Simulatod
ATrmega32C1 32 2048 1024 & STK500
ATmegad2HVE 32 2048 1024 -~ ETKE

Pucynoxk 4.2 — Jlianorose BikHo Device Selection B Atmel Studio 6
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3. Hamwmmrites xox y BlinkLED.cpp npuBeaeHmii Hux4e:

#define F_CPU 8000000 // wactora AVR B I,
BMKOPUCTOBYETHCA niiga util/delay.h

#include <avr/io.h>

#include <util/delay.h>

int main () {

DDRD |= (1<<DDD1) ; // ycraHoeka LED Buxony
PD1l Ha BUXIinO

while (1) {
PORTD |= (1<<PORTD1) ; // PD1l BKJIIOUEHHS
~delay ms (50); // sarpumxa Ha 50 Mc
PORTD &= ~ (1<<PORTD1); // PDl BUKJIOUEHHS
_delay ms(100); // zarpumka 100 mc

}

4. Ha maHeni iHCTpYMEHTIB KITiKHITH KHONIKY Build Solution
(a6o natucHith F7), mo6 ckommintoBat ko (puc.4.3).

File Edit View VAssistk ASF Project Build Debug Tools Window Help

it R RS Ee ™ B FAS R NI R A= LRl s N TR [ -l g
ISR MEP A oL dialo u b | a T|He |-}

BlinkLED.c ~ Solution Explorer

= 0 . S
e % Build Selution (FT]
% BlinkLED.c =[] C\BlinkLED\BlinkLED.c =|"Go e -
| edefine F_CPU 200000068 £/ 8WR clock frequency in Hz @ Solution ‘BlinkLED' (1 project)
winclude <avr/io.h> 4 |- BEnkLED
#include <util/delay.h> : & Dependencies
4 Output Files

» (=g Librames

\=int main() {
DORD |= (1<<DDD1); // set LED pin PD1 to output -
while (1) { BRERITED
PORTD |= (1<<PORTD1); // drive PD1 high g
_delay ms(100); /1 delay 108 ms ! Il < Sclution Explo...
PORTD &= ~{1<<PORTD1); // drive PDL low
_delay_ms(90); Jf delay 990 ms
1
A

% -

OQutput -0 x

Show cutput from: | Build RIEAESEENE Y e |

termis) Saved Ln13 N5

Pucynok 4.3 — [1oOyioBa npoexty
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[Ticist KOMITITATIT TepeiIiTh B AUPEKTOPII0 MPOEKTY 1 3HANAITD (haiin
BlinkLED.hex — wne d¢aiin, sikuii mpezncraBisie co0OK0 JTOBUIbHI
NBIMKOBI JaHHI y TEKCTOBOMY BUIJIsiAL. 1o iICTOpMUHKM NpUYMHAM €
CTaHJapTOM Je-(hakTo MPH MNPOLIMBII PI3HOMAHITHUX MIKPOCXEM.
Came #ioro HeoOxiaHO Oy/i€ 3aBaHTAXHUTH y MIKPOKOHTPOJIEP CXEMU
y Proteus VSM, sixa Oyne moOynoBaHa gai.

1.2 Cumyasinis podoTM MIKPOKOHTpOJIepa 3a JA0IOMOIOK0
Proteus VSM

Ha pucynky 4.4 mokazane po3BeleHHS BUBOJIB MiKPOKOHTpOJIEpa
ATMega8. Ceimomion Mu OyneMo MiIKIOYAaTA 1O TPETbOIO BUBOIY
MikpokoHTponepa (PD1).

PDIP
7
{AESET) PCa] 1 25 I PCs (ADCS/SCL
{RXD) POoC] 2 o7 A PC4 (ADC4SDA)
(TXD) PO1 O] 3 25 I PCa (ADC3)
{INTo) POz ] 4 25 O PCz (ADC2)
{INT4) PO ] 5 24 [1PC1 (ADC1)
(CKTo) PD4C] 5 23 1 PCo (ADCO)
Voo 7 20 [ AGND
Gho O 21 [0 AREF
(TALITOSGH) PBEC] @ 200 AVEC
(XTAL2TOSCE) PET O] 10 18 [IPES (SCK)
1) POsE 1 18 [0 PB4 (MISC)
{AlND) POS ] 12 17 [1PB3 (MOSI10GC2)
[AINA) PO7 O 43 16 O PB2 (SS0CIE)
(ICF) PBOC] 14 15 O PBA1 (001 4)

Pucynoxk 4.4 — Po3ramryBanHasg BUBOAIB MikpokoHTponiepa ATMega8

CrBopiTh HOBHil npoekT y Proteus VSM. I poskpeciite cxemy, sIK
300paxkeHo Ha pHUCyHKY 4.5. Y MeHemkepi KOMIIOHEHTIB 3HAWIITh HIDKYE
MIpUBENICH] EIIEMEHTH:

1. eBiTitomion

2. mikpokontposiep ATMega328P

3. pe3ucrop

4. 3a3eMJIeHHS

Jus toro mo6 crTBopuTH eneMeHT <«3a3zemiieHHs» (GROUND)
MepelIiTh y MaHeli iHCTPYMEHTIB (3HaXOQUThCA BEPTHUKAIBHO 371iBa) Ha

BKiIaaKy Terminals Mode (1= ).
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1
R1 g— POO/RXD/PCINTIG PBO/ICFA/CLKOPCINTO %
2 FOUTADFCINTIT PEADCIATFCINTY [—-
100 = POZANTOIPCINTE PE2/3SI0C1BIPCINTZ —2
<TEXTF L POBINTAOCZBFCINTIS  PEAMOSKOC2ARCINTS [—ie
D1 S POATOXCKFCINT2ZO FEAMIS O/ CINTA [l
LED-GREEN 2 Posim/ocaBiPCINT21 PES/SCKIFCINTS 12
<TERTE 12 POBAINDIOCOAIPEINTZ2  PBBITOSCAXTALIPCINTG [——
L PoriaintPOINTZE FETITOSCRKTALZPCINT [—
2L aper PCOMADCOPEINTG 2
B e PCUADCI/PCINTG [—22
PC2IADC2IPCINTIO [—E2-
PCADEIFCINT [—on
- PCHADCAISDAIPCINTI2 [—20
PCSIADCSISCLIFCINTHS [—22
PCERESET/RCINT 14 ——

ATMEGAIZEP
<TEXT> $

Pucynok 4.5 — Cxema migKIr04eHHS

[licast 3’eqHaHHS €EMEHTIB y EJIEKTPHYHE KOJIO, MBIHHUM KITIKOM
KIIKHITH Ha 300paskeHi MiKpokKoHTpoJepa. Binkpuerscst BikHO Edit
Component (puc. 4.6), B sskomy y nomni Program File Bkazyemo moisix mo
¢aitny BlinkLED.hex. Takox mnepeBipre mo0 Oyna BCTaHOBICHA
4acToTa MIKPOKOHTpOJepa Taka cama SIK 1 y NPOrpaMHOMY KO,
T06TO 8MI 11

Edit Component - '-___'Ef _'$1
Componert Reference U1 Hidder oK
Componert Value: IW Hidder: Help
PCB Package: [oiLan [ ~] Daa
Frogram Fie: [Birking LED Bliking LED'De [ [Fice a1 =] Hidan e
BOOTRST (Select Reset Vecter) | (1) Unprogrammed =] [Higear  ~] -
CKSEL Fuses [(0100) Int RC 8Hz =] [Hidesn ] m
Boot Loades Size: [100) 2048 wiceds: Stants 2t 380 =] [Hidetd =]

SUT Fuses: | Dedauit) =] [Hiear  ~]
Advanced Properties:
| Clock Frequency ] [16mnz |Hide2a |
DOthei Properties:

Exechude from Simulation Attach hisrarchy podule

Exclude from PCB Layout

Edit 98 properties a5 text

Pucynoxk 4.6 — Bikno Edit Component

[licns Ha maHemni KepyBaHHS cUMYJIALI€E0 Kiikaemo Ha Play, i skmo
BCE NPAaBUIBHO 0YJI0 3p00JICHO, CHIOTIIAIAEMO POOOTY CXEMHU.

2. 3aBaaHH# 10 J1a00pPaTOPHOI podoTH
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3.9 Po3po0iTh mporpaMy i BUKOHATH CUMYJISILII0 MEPEXTiHHS TPbOX
Pi3HUX CBITIOAIOAIB MiAKIIOUEHHUX 10 MiKpokoHTposepa ATMega8. Cxema
M IKITIOUEHHS y cepenosuii Proteus VSM mpuBeneHa HKIe:

03
——@
—
L]
10k
RTENT= LED-GREEH
ATEXT=
U1 1
14 23 R
—— PBO/ICP1 PLO/ADED }
12 PEA/OCAA PCAMADECA % 10k
——| FB2/SS/OCIB FCEADCE == =TEXT» LED-RED
% PEZ/MOSIOCE PCIADLS % STEXT
<= FBamMIsO PCAADCA/SDA (=20
o PLA/ADOSISCL [—==
5| PES/TOSCIXTALL PCS/RESET [—— D2
12 Pe7ITOSCRMTALZ R3
P DO/RAD g 1
PDA/TXD [—— 10k
PLZANTO [—— <TEXT= LED-YELLOW
FD3/NT1 —g STEXT=
PDATONCK [~
21 PD&T1 [0
=-— AREF PDEAIND [—= ==

S
5
|

AVCC PLFIAINA

ATMEGAS
ETEATH

3. 3micr 3BiTY

3.1. Tema Ta mMeTa poboTn

3.2. CxeMa eleKTpUYHa-NPUHIUIIOBA
3.3. Koxa nporpamu

3.4. BucHoBkH 3 poboTn

4. KoHTpoJIbHI 3anINTAHHSA

4.1 Illo Take Hex-daiin?

4.2 Ha3BiTb NMOCTIIOBHICTh €TAliB CTBOPEHHS HOBOTO MPOEKTY B
cepenosurii Atmel Studio

4.3 Ske CIMEHCTBO MiKpOKOHTPOJIEPIB BHKOPHUCTOBYBAJOCS IPH
po3pob1i cxemu y wiid podoti?

4.4 Tlpm po3poOIi Kepyrdoi NpoTrpamMu, y SKHX OJWHHUIIX
BHUMIpIOBaHHS 3a1a€ThCS 3aTpuMKa BUKOHAHHS KOMaH/IH
MiKpOKOHTpoepa?
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JIABOPATOPHA POBOTA Ne 5§
MNPUHIUIIA POBOTH 3 RGB CBITJIOAIOAOM,
KHOIIKOIO TA SMIHHUM PE3UCTOPOM

Meta po6oTH: 03HAHOMUTHCH 3 OCHOBHUMH IIPUHIIUIIAMH POOOTH Ta
nigkrodeHHs RGB cBiTio gioqy, KHONKH Ta 3MIHHOTO PE3UCTOpa JI0
mwiatu Arduino.

1. TeoperuuHi BizomocTi

Posrisremo pobotry RGB cBitnomiony 3 mmaroro Arduino. [lms
YOPaBIiHHSIM KOJBOPOM CBITJIOAIONY Oyae BHUKOPHMCTOBYBATHCH (YHKIIiS
analogWrite(). SIKIo 3amisiTd Ha TUIATI KOHTAKTH, 3 BIAMITKOIO «~»,
MU MOXKEMO PETyJIIOBaTH HAMpyTy, sIKE TMOJAEThCS HA BIATOBITHUN
CBITJIOIO/I.

RGB cBitiogion mae 4 BUBOIM.

5
<

COWWOK

TIT
RGBLED | [

Pucynok 5.1 — RGB cBitnozion

Ha nepmmit normsin, RGB(Red, Green, Blue) cpiTiomion Burisimae
SIK 3BUYAHUHN perysipHU cBITIIONION, ogHAK BecepeanHi RGB nacnpasai 3
CBITJIOAIOM: OJMH KPaCHHIA, OJTUH 3€JICHUH 1 OJIMH CUHIMN.

3 BHBOJM, KOXHHI OKPEMO, IMiJIKIIOYEHO 0 TO3UTUBHOTO BHBOIY
KOXKHOTO OJMHOYHOTO CBiTIOMioAy ycepenuni RGB cBitnonmiony ta omuH 3
BHUBOJIB IiJKIIOYAETHCS JJO HETaTUBHOIO, KU € 3arallbHUM JUIsl BUBOIY
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ycix Tpbox cBiTiomiomiB. Jlo 3aragbHOrO HETaTHBHOTO  BUBOXIY
nigkirodaeThes 3azemiends (GROUND).

[IngxoM KOHTPOJIO SICKPABOCTI  KOXXHOTO  iHAMBIZYalbHOTO
CBITJIOAIOAY MOYKHA OTPUMYBATH Pi3HI KOJIBOPH, L€ CXOXKE Ha 3MINTyBaHHA
TPbOX KONBOpiB (apbu Ha mamiTpi. JKOpcTKHil crocid 3MiHIOBATH KOJIp
RGB cBiTnoniony — 11e BUKOpUCTOBYBATH pi3HE 3HAUEHHS PE3UCTOPIB.

Posrnsaemo HeBenmkuii mpoekT 3 RGB cBitmomiogom. [ koxHOTO
cBiTIIOMiOAA TOTPiOeH BimmoBigHUi pe3uctop Ha 270 Om, m006 3amodirtu
MOXJIMBOCTI TNPOTIKaHHS 3aHAATO Benukux TOKiB. Lli pe3ucropu
BCTAHOBJIIOIOTHCS B KOJIO MiK KaTojgaMu (YepBOHUH, 3eJICHUN M CHHIN) Ta
KepyrounMu miHamu Ha Arduino (puc. 5.2).

SAxmo BukopucroByeThcsi RGB cBiTIIONiOfN ¢ 3arajibHUM aHOOM,
3aMICTh  3arajJlbHOr0 Karoja, TOAl 3arajbHUM IIH  CBITIOAIO0AA
MiAKITI0Ya€eThes A0 miHa +5 V 3aMicTh miHa gnd.

Pucynok 5.2- Cxema BigKJIFOuUeHHS

Ane Oinbil 3pydYHU#l CHIOCI0O — 1€ BHUKOPHCTAaHHS 3MIHHOTO
pesucropa.

3minHUR pesuctop (abo MOTEHIIOMETP) — IIe 3MIHHUH PE3UCTOp 3
peryiboBaHUM  OMOpOM.  [IOTEHI[IOMETpH  BUKOPUCTOBYIOTBCSI B
POOOTOTEXHINI SK PEryiIsTOpH PI3HUX MapaMeTpiB — Ty4YHICTH 3BYKY,
MOTY>KHOCTI, HAPYT'H TOMIO.
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[Totenuiomerp Mae Tpu kKoHTakTH (puc. 5.3). CepenHiii KOHTAKT e
Ha aHAJIOTOBUH BHXij. 30BHIIIHI KOHTAKTH WAYTh JIO MiHA 13 )KUBICHHIM U
JIO 3€MIIL.

Pucynok 5.3 — 300pakeHHs MOTEHIIIoMeTpa

st meranpHOTO PO3YMIHHS POOOTH IOTEHIIIOMETpPa PO3TIISTHEMO
MIPUKJIA]] HOrO pOOOTH.

Ha pucynky 5.4 300pakeHa cxema HiAKIIOUYEHHS MOTEHIIOMETpa J10
mIaTyd. Y mbOMY BHUITAKy TOTEHIIIOMETP MiTKII0YeHUH MK 3emitero i +5 V
noTeHIiaramu (OCKUTbKK 1iaTta Arduino XuBuUThCA +5 V), a ABUIKOK
CHOTYUYCHHH 3 KaHaJIOM aHaIoro-nrupoBoro MepeTBoproBaya
MIKpOKOHTpOJepa. ¥ TakoMy pa3i MO)KHa PEryJOBaTH BUXITHY HAIpyTy
TIOTEHITiIoMeTpa B Mexax Big 0 1o 5 V.

v v
—] &sT o1z
— nsEF o1z
Arduino o

Digital inpueupun

B 2R EQE
EFTETEETTEERTT

Iy B
g

PucyHok 5.4 — Cxema migKIFO4eHHS TOTEHI[IOMETpa J0 TUIaTH
Arduino

Kox nporpamu s po60oTH NOTEHLIIOMETpA:
void setup() {
Serial.begin (9600);
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void loop () {

int sensorValue = analogRead(A0); // oTpuMmyeMmo
IIOTOUHE 3HAUEHHHA
Serial.println(sensorValue, DEC); // BUBOIMMO

pesysbTaT Ha MOHiTOpP

}

IIpu imimiamizauwii BCTAaHOBMIOEMO NOTPIOHY MIBHIKICTH 3B'SI3KY:
Serial.begin(9600);. Jlami B 1ukiIi MU TOCTIHHO 3YHTYyEMO MaHi, IO
MOCTYTA0Th 3 TIOTCHIlIOMETpa 3a momomoror wMeromy analogRead().
OCKIiJIbKY 3HAYCHHS 3HAXOJAUTUMYThCA B fiana3oHi Big 0 no 1023, MmoxeMo
BHUKOPUCTOBYBATH THI int 11 3MiHHOT sensorValue.

OTtpumanuii pe3ynpTar OyJeMO BHBOJUTHCS y BIKHO TOCIIZIOBHOTO
MOHITOpa B AECATKOBOMY (hOpPMATi.

Hani Mu posrisiHeMo poOOTy 3 KHONKOI. B omniil 3 momepenHix
poOiT Bke OYyJI0 PO3TIIAHYTE 3araibHe BU3HAYCHHS KHOIIKH.

Ha pucynky 5.5 300pakeHa cxema MiIKITIOYCHHS KHOIKH IO TIiHA
wiati Arduino.

+5V

JI0 TIOPTY BBOJY/BUBOJLY TUIATH

% X

R1
|10k

Pucynok 5.5 — Cxema miJiKIFOUEHHS KHOTIKH

ITin nmnatw Ha Bxomi moBuHeH Matu ctan 0 abo 1. Koimm cran
«miABilIeHUH», TOOTO HE BU3HAUEHWH, HA BXOJi OyAyTh 30MpaTHcs pi3Hi
30BHIIIHI HABOAKH (CTaTWU4YHi, €NEKTPUYHI, €NEKTPOMAarHiTHi), mo Oyxe
TIPU3BOIUTH 0 XHOHOTO cIpaIfioBanHs kHomkH. 11[06 migBectn min mo 0
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a6o | BHKOPHUCTOBYIOTh MiATATYIOUI pe3ucTopu. BoHm OyBaroTh IBOX
BHJIB, BEPXHHOI a00 HIXKHBOI MIATSHKKUA. BepxXHi MiIKIOYaOThCS 10
TITFOCA JKUBJICHHS, 2 HUXKHI IO MiHyca.

ITicas migKIFOYEeHHS CXEMH MEPEXOIUMO 10 HAIMCaHHS MPOrpamu.
Heo0OximHO miH, 10 KOTPOro Oy/Ie MiIKIYaTUCs KHOIKA, IHIIiani3yBaTH Ha
BX1J1 3a JOIMIOMOT'OK KOMaHIH:

pinMode(buttonPin, INPUT); //ze buttonPin — me mHomep miHa 10
SIKOTO ITIIKJIFOYEHa KHOIKA

Takox HeoOXimHO 00’SBUTH 3MiHHY B fKy OyAe 3alucyBaTHCS
CTaTyC KHOTIKH.

2. 3aBaaHHs 10 JJaOOPaTOPHOI po6OTH

2.1 BukoHaiiTe MiAKIIOYEHHS A0 5 MOPTY 3BUYAHOTO CBITIIOAIOAA.
[Migkmowite 10 6 mopTy KHoOmKy. Hamumite mnporpamy, mo6 mnpu
HATUCKaHHI KHOIIKHM CBITJOJIOJ, MiIKIIOYEHUH J0 5 MOpPTYy, BMUKAaBCA, a
BOymOBaHWMiA cBiTIOAION 10 13 MOpTYy BUMHUKABCHL.

2.2 Tlpu mOBOPOTI PY4YKH NOTEHIIIOMETpa 3MIHIOBATH SICKPAaBIiCThH
cBiTomiony. Cxema miKJIIOueHHS 300pakeHa Ha PUCYHKY 5.6.

Pucynok 5.6 — Cxema miKIFOUeHHS

2.3 Iigxmrouith RGB cBiTIOMION A0 TUIATH Ta TTOYEPTOBO 3MIHIOWTE
3HA4YEHHSI OTIOPY PE3UCTOPIB.

3. 3micT 3BiTY

3.1. Tema Ta mMeTa poboTn
3.2. CxeMa eeKTpUYHa-NPUHIUIIOBA
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3.3. Kox nporpamu
3.4. BucHoBkH 3 poboTn

4. KoHTpoJbHI 3aIMTAHHA

4.1 Sk mpartoe noreHIiomerp?

4.2 Jlo sSKUX BHBOIIB ITiIKIIFOYA€THCA IOTCHIIIOMETP B CXEMi
KepyBaHHA Ha maTdopmi Arduino

4.3 Sxi BuBoau Mac RGB cBitiio gion?

4.4 Jlns yupaBnsHHS KomkopoM RGB  cBiTno miomy  siki
BHKOPHCTOBY€EThCS GyHKIIT Arduino?

4.5 3 9KOI0 METOIO0 B CXeMl HiAKIIOUeHHs KHONKK 10 Arduino Uno
BHKOPHUCTOBYIOTBCS MiATIATYIOUH PE3UCTOPH
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JIABOPATOPHA POBOTA Ne 6
SERVO MOTOR

Meta poGoTH: O3HAHOMHUTHCH 3 OCOONWBICTIO OyIoBH Ta
PI3HOBUAaMH CEpPBOJBHUTYHIB, Ta OTPUMAaTH HaBHYKH poOoTH Arduino 3
CEPBOABUTYHAMH.

1. Teoperuuni BizomocTi

CepBonpuBia — OpUBiA 3 YIPABIIHHAM Yepe3 HEraTUBHUH 3BOPOTHIN
3B'SI30K, IO JO3BOJISIE TOYHO KepyBaTH mapamerpamu pyxy. CepBonpusiz 3
MOTOpPOM (CEPBOJBUTYH), TPU3HAYCHHUI JJIsI IPUBEACHHS B PyX MPUCTPOiB
KepyBaHHs 4epe3 MOBOPOT BUXiIHOTO Bally.

CiMelcTBO CEpBOABUTYHIB pi3HOMaHITHE, HOTO MOXKHA PO3MOIUTATH
Ha Jekimpka rpym  (puc.6.1). Bigmiai  ocoOmmBocTi  00yMOBIIEHI
HACTYTHUMH (DaKTOpaMu:

- KOHCTPYKIIisl ABUTYHIB (CTaTop, pOTOp);

- HeoOXiIHI CUCTEMH PeryIIOBaHHS;

- CHCTEeMa 3BOPOTHOTO 3B’A3KY (JATUHKH).

Cepeoasurateni
l C werkamu | l Bes werok ]
Levrarenw Oeurarenw Oewvraren» Warcesie
NOCTOAHHOMN TOKA NOCTCAHHOMD TOKE NEPEMEHHONS TOKE ABWraTtenw
Cepeoasuratenn CHMHXpOHHEIR ACWHEDOHHLIE
MOCTOAHHOTS TOKE CEpBOABWMIaTENN CEpBOABWMIETENK
¢ BosOywaeHrem NEPEMEHHOID TOKE NEPEMEHHOID TOKE
OT NOCTOAHHEIX c B030ymaeH1eM C yNpasneHneM
MErHHTCE OT NOCTOAHHBIX MOTOKDCUENNEHMEM
MErHWUTOR poTopa No BeKTOpY
- POTOPHBIE TOKE
= MUHERHEIE
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Pucynok 6.1 — Ornsig cepBOABUTYHIB

BynoBa cepBonpuBoay A pagiokepoBaHHX MOJeliel 300paxeHa Ha
pUCyHKY 6.2. BiH ckiagaeThcsi 3 €JNEKTPOABUTYHA, YKIAJEHOrO B OIUH
KOPIyC 3 PEIyKTOPOM 1 KEepyIouor eJeKTPOHIKOI0, sKa HaiJacTime
CKJIaJia€Thcs 3 MOTEHI[IOMETpa 3BOPOTHOTO 3B 53Ky Ta IUIATH YIPAaBJIiHHS.
CepBoABUTYH BUKOPHCTOBYE TPH MPUBOAM U1 poOoTH. [lnrocoBuii mpusin
JUTA SKABIIEHHs, 3a3Bu4ail 4.8B-6B, MiHycoBWil mpuBiI Ta CHTHAIBHUI
npuBia. Kepyrouwmit curnan mnepemae iHpopMmariiio moa0 MOJOKEHHS
BHXIJIHOTO Bajly. Bay noB's3aHuii 3 MOTCHIIIOMETPOM, SIKUH BHU3HAYAE HOTO
monokeHHs. KoHTpomep 3rigHO oOmopy TOTeHIoMeTpa 1 3HaueHHSIM
KEepYyI04oTo CHTHAITy BU3HAYA€, B KU OiK MOTPiOHO 0OepaTut MOTOp, 100
OTpHMAaTH NOTPiOHA MOJI0KEHHS BUX1THOTO Baly.

BbIX0AHON WNHLEBOH Ban \I'Ipuaonnble wecTepHu

Kopnyc cepsonpusoaa
Ynpasnsiowan cxema

MoTeHyMoOMeETP Motop

Pucynok 6.2 — KoHCTpyKLisi CEpBOIIPUBOLY

BuBoIM cepBONpPUBOYy HACTYIIHI:

Tpu npoBoau: YOPHUI(KOPUUHEBHUIT), YEPBOHUMA, OIMTUIA(KOBTHI) —
BiJMIOBIAHO, 3€MJISl, )KUBJIEHHS Ta Kepytounii curHan (LHIM) .

KepyBanHs cepBOnpHBiIOM BiIOYBa€THCS NUISIXOM IT0Ja4i Ha HBOTO
MPSMOKYTHHX IMITyJIBCIB MO0 CUTHAJIbHOMY BHBOAY 3 4acToToro Oinst 5001,
ammutitynoto He wmeHme 3.3B (wacto He wMmenme 4.8B), mmpuHORO
craggaptrao Bim 1000 go 2000Mkc, M0 BiOIOBiZa€ CTAaHIAPTHUM KpalHIM
MTOJIOXKEHHSIM (muB. puc. 6.3). 3a3BUYail peallbHUN Mialma3oH MOXKe OyTH
Tpoxu tmmpmie (Hanmpukian, 900-2100mkc), ame 1e BXe 3alekKHUTh
KOHKPETHO BiJl BUPOOHUKA CEPBOTIPUBO/IIB.
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Pucynoxk 6.3 — Kepyroui curnanu

2. BuxonanHst podoTH

2.1 CTtBopenHs cepsonpusony y Proteus

Mu nepeBipuMo, SIK CIpPOEKTYBaTH cepBonpuBia y Proteus ISIS, a
TaKOX CIPOEKTYEMO KEePYIOUHH MPUBiJ MOCTIHHOTO CTPYyMY 3a AOIOMOIOIO
JIOTIYHUX €JIeMEHTIB. 3 ToYaTy MU CTBOPHMO JIBUTYH IOCTIHHOTO CTpyMy,
SIKMI TIPUCYTHIM B Proteus i qye mpocTuil y BUKOpUCTaHHI. Mu Oyaemo
KepyBaTH IM LUIIXOM HOAa4i Hampyru Ha Horo oOMABI CTOPOHH, TOOTO
MIPSIMUM METOJIOM.

JIBUTYH TIOCTIHHOTO CTPyMy SIBJISIE COOOIO NMPOCTHI ABHUTYH, SKHMA
noTpedye pi3Hy MOJIAPHOCTI HA CBOIX JBOX KIHIIAX. SIKINO 151 MOJIAPHICTH B
IPSIMOMY HAIIPSIMKY, TO IBUTYH IIOCTIHHOTO CTPYMY PYXA€TbCS B OJHOMY
HampsMKY, 1 SKII0O MU 3MIHHUMO TOJIIPHICTH TO JABHUTYH OyAe pyXaTucs B
npotwiexHoMy Hampsmky. Otxke, ctBopumo DC Motor Drive Circuit B
Proteus ISIS.

IlIpocmuii DC Motor Drive Circuit 6 Proteus ISIS

BubepiTs komMnoHeHTH 3 6i0mioTexu Proteus:

1. Motor

2. Logic State
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5V.
Tenep po3pobiTh cxeMy, SIK ITOKa3aHO HAa PUCYHKY HIKYE:

Sk GaumMo Ha cXeMi JOIaHO IBa JIOTIYHI CTaH Ha 000X CTOpPOHAxX
nBuryHa. Hampsmox muryHa Oyne 3aiekaTd Bin 1miel Joriku. Takmm
YUHOM, 1X Oy BChOTO YOTHUPH CTaHH:

1. Koxu obunBa cranu 0, IBUTYH He OyJie pyXaTucs 1 3aJIMIIATUCS
HEPYXOMHUMH.

2.  Konum obuasa craHu 3HAXOAATHCSA Ha 1, TAKOX ABUTYH He Oyje
pyXaTHcs 1 3aJUIIATHCS HEPYXOMUMU.

3. [BuryH Oynme pyxarucs 3a TOAWHHHUKOBOKO CTPLIKOO, KOJIH
BepxHil cTaH 1, a HIKHIH 0.

4. JleuryH Oyne pyxaTHCS NPOTH TOAMHHUKOBOI CTPLIKH, KOJIH
BepxHiii ctan 0, a HWKHIH 1.
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Kepyeannsa cepeonpueooom y Proteus ISIS 3a oonomozoro HLIIM

s kepyBaHHSI cepBONPUBOAOM HaM MOTpiOHO (opmysatu LHIIM 3
gactototo 50 I'epu. Ilpu mpomy s mosnoxenas “0” HOBXHHA IMITYJIbCY
noBuHHa cknagatd 1000 MiKpoceKyHA, a JUIs MOJIOKEHHS “‘MaKCUMyM™~ —
2000 mixpocekyHnn. Cepenne nonoxxeHus — 1500 mikpocekynn (puc. 6.3).
Po3risiHeMo 11e KOHKpPETHO Ha MpUKJIai.

BigkpuBaemo Proteus ISIS Ta cTBOproeMO HOBHWIA TPOEKT. Y
0i0mioTewi eleMEeHTIiB 3HAaXOAWMO CEPBONPHBIA Ta PO3MIIIYEMO TaK SK
300pakeHo Ha PUCYHKY Hrpkde. Ha 1i Tpm cepBompuBomn Mu OymeMmo
BI/IMTOBITHO HAJICUJIATH CUTHAIM Pi3HOI qoBXwHH: 1Mc, 1.5Mc Ta 2 Mmc.

ENENE

Bceranosmoemo enemeHT kuBieHHa «POWER» Ta y ioro
BJIACTUBOCTSIX 334a€MO KUBJIEHHA «+12V)»
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Label l Style ]
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Bpawerus

- [opuzoHTaneHo < BeprukankHo

B EIPOEHATE N0 WHPHHE

@ Cnega
< Beepy

Ilicnst  BcTaHOBJIEHHSI
BHUTJISIAATH TaK SIK 300pa)KEHO HA PUCYHKY HIDKYE.

3a3CMJICHHA

< UeHmp <" Cnpaea
# CepeqrHa < CHuzy

FEEmm

CICKTpUYHa CXeMa

Oyne

st reHepyBaHHS CHUTHAJIB TMOTPiOHOT HYACTOTH Ta OBKUHHU
BCTAaHOBUMO €JIEMEHTH, sIKi OyAyTh TeHepyBaTH TPH pi3HI CHTHaIM Ha
KOXKEH 3 cepBonpuBoiB. [lepeiiaiTe y diBii maHami iHCTPYMEHTIBY peXUM
Generator Mode Ta BuOepite kommoHeHT PULSE. Bcranosite Tpu
komroHeHTH PULSE 1o cxemu Ta 3’e€aHaiiTe iX sk 300pa)keHO Ha PUCYHKY

HIKYC.
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J1st MBOX HACTYIMHUX 3a aHAJOTI€I0 3 TOIMEPEeIHIM BCTAHOBITH
JIOBXHHY iMIysbcy 1.5Mc ta 2Mmc BignoBigHo. Sk cxema Oyze 3aBeplueHa,
3alyCTiTh CUMYJIALiO. Y pe3ylbTaTi CUMYJALIiI BEpXHIH CEpBONPHBIXN
MIOBEPHETHCS y KpaWHE JiBE IMOJOKEHHSA, CepeIHill BCTAHOBUTH HYIJIHOBE
MOJIOKEHHS, a8 HIDKHIH TIOBEPHEThCS y KpaHE IpaBe TOJNOXKEHHS, SK
300pa’keHO Ha PUCYHKY HIKYE.

+H2W

AR T

A AT

e T

2.2 CTBOpeHHs MPOEKTY 3 cepBoNpuBoaoM Ha Arduino

Jiist po3risiiaHHs MPUKIIany KepyBaHHsI ITOJIOKEHHSIM CEPBOIIPUBOLY
3a gomomororo Arduino HeoOximHa IIaTa Ta cepBompuBim. Cxema
MiJKITIOYeHHsT 300pakeHa Ha pHUCYHKY 6.4. Sk Bke Oyno cka3aHO BHIIE
CEpBOJBUTYH Ma€ 3 MPHUBOJAU: KXHUBJICHHS, 3a3€MJICHHS, CUTHANbHUH. [IpiT
KHUBJICHHS, SIK TIPaBUJIO, YEPBOHUH, 1 MOBUHEH OyTH 3’€HaHid 3 miHOM 5V
Ha 1ati Arduino. [piT 3a3emiyieHHs, SK TIPaBWIO, YOpHOTOo abo
KOPUYHEBOTO KOJIBOPY 1 MOBHHEH OYyTH MiAKIIOUYEHUH A0 3a3eMJICHHS Ha
mwiati Arduino. CHTHanbHUA KOHTAKT, SK MPaBUJIO, JKOBTOTO, Oinoro abo
MOMapaH4YeBOT0 KOJbOPY, 1 MOBHHEH OYTH MiJKIIOYCHUHN 10 KOHTaKTy 9 Ha
mwiati Arduino.
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Arduing1
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Pucynok 6.4 — Cxema migxiIr04eHHs cepBonpuBoay 10 Arduino

Jst mamucaHHS TIporpamMu y cepemoBumli Arduino € creriaigbHa
Oibmioreka mis pobotm 3 cepBompuBoaoM «Servo.h». Jlani HaBemeHO
MIPOCTHH MPHUKIIA]] IIPOTPAMH POOOTH 3 CEPBOTIPHUBOIOM:

#include <Servo.h>

Servo myservo; // cTBOpeHHS 00’ €KTa CEPBOMPUBOAY JJISl KypyBaHHS
CEepBO; MAaKCMMYM MOJKHA CTBOPHTH 8 00’ €KTIB CEpBONPUBOIIB

int pos =0; //3miHHA 17151 30epeKCHHS ITOJIO0KEHHS CEPBOIMPUBOIY

void setup()
{

myservo.attach(9); // mpu3HaunTé cepBo AKUI MiIKIIOYeHUH 10 9 miHa 110
00’E€KTY CEpBOIPUBOTY

}
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void loop()
{
for(pos = 0; pos < 180; pos += 1) // pyx Bin 0 mo 180 rpaxycis
{ // ¢ kpokom B 1 rpamyc
myservo.write(pos); // na€e KOMaHy CEpBOIIPUBOAY MEPEHTH Ha
MTO3UIIiI0 ‘pos’
delay(15); // 3aTpuMKa 15Mc AJ1s TOTO 100 CepBO JOCATIIA
HeoOXiIHOoI mo3uLii
}

for(pos = 180; pos>=1; pos-=1) // pyx Bix 180 no O rpaxycis
{

myservo.write(pos); // na€e KOMaHIy CEpBOIIPUBOAY MEPEHTH Ha
MTO3UIII0 ‘pOS
delay(15); // 3aTpuMKa 15Mc AJ1s TOTo 100 CepBO MOCATIIA
HEO0OXI1IHOI MO3ULT
}

}

3. 3asganHs 10 JadopaTopHOI podoTH

3.1 TIligxmrounTH KHOMKY 1 cepBompuBig no I1wiatd  Arduino.
Hanmcatu nporpamy, mo6 npu HaTHCKaHHI KHOIIKM CEPBONPHUBIA pyXaBcs
3a TOAWMHHUKOBOIO cTpinkoto. [lpm BiAmyckaHHI KHOIIKHM CEpPBOIPHUBII
3YIHUHSBCS.

3.2 TIligxmioynTH KHOMKY 1 cepBompuBig no 1wiaté  Arduino.
Hammucatu mporpamy, mo6 npu HaTUCKaHHI KHOIIKH CEPBOIIPHBIN pyXaBcs
MIPOTH TOXWHHUKOBOI CTPiAKU. [Ipw BiamycKaHHI KHOTIKM CEpPBOIPHUBII
3YIHUHSBCS.

4. 3wmicr 3BiTY

4.1. Tema Ta MeTa poboTH

4.2. Cxema elneKTpUYHa-IPUHIUIIOBA
4.3. Kox mporpamu

4.4. BucHOBKH 3 poO0TH

5. KoHTpoJIbHI 3aIMTAHHA
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5.1 Ilo Take cepBompHBiN 1 sKi pPI3HOBHON CEPBOIPUBOIIB
ICHYIOTB?

5.2 3a axuMH 03HAKaMH BiAPI3ZHAIOTHCSA CEPBOMPHUBOAM?

5.3 Sk BimOyBaeTbcsi KepyBaHHS CEPBONPHBOJOM KEPYHOUMMHU
CUTHanIamMu?

5.4 Jlo AKMX BUBOZIB IMiIKIIIOYAE€THCS CEPBOIPHUBIT I0 ITIATGOPMHU
Arduino?

5.5 Ha3Bitb ocHOBHI komaHau Arduino i KepyBaHHS
CEpBOIPUBOIOM?
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JIABOPATOPHA POBOTA Ne 7
ITPUHIMUIIN POBOTHU 3 PEJIE

MeTta podoTH: 03HAHOMHUTHCH 3 OCOONMBICTIO OYyIOBH Ta pele, Ta
OTPUMATH HaBUYKH poO0oTH Arduino 3 cepBOABUTYHAMH.

1. Teopernuni BizomocTi

Pene € Haiikpamum croco0OM yHpaBiiHHS OyIb-KUM JIBUTYHOM. Y
uiii poboti Mu OynemMo po3OHpaTHCs K KOHTPOJIIOBAaTH peine B Proteus
ISIS. Pene € ogaMM 3 KIIFOYOBHX KOMIIOHEHTIB OyAb-IKOTO €IEKTPOHHOTO
a00 eJeKTPUYHOrOo KoJa i, SIK IPAaBUJI0, € MPOOJIEMOIO TIPH MPOEKTYBaHHI.

Crioyatky 3MOJENIOEMO pele B MPOCTii cxeMmi, B SIKil IpH 3aIlyCKy
MOJICJIIOBAHHS, peJieé aBTOMAaTHYHO AaKTHBYETBCS, a HIiCHasA LOro Oynemo
KepyBaTH pele 3a JOMOMOTOI0 JIOTIKH, TOOTO, KoM BH mogaere + 5V 1o
HBOT'O, TO peine Oyle akTuByBaTHCs 1 koiu BH gaete Gnd, To BiH Oyxe
3HecTpyMmieHnid. KpiM Toro, posrimsHemMo, IO Take pene i fK HOoro
BHKOPHCTOBYBATH?

Jnst ynpaBiiHHS Pi3HUMH BHUKOHABYMMH TIPHCTPOSIMH, KOMYTAIlii
JAaHLIOTIB,  YOPaBIiHHA  OpWwiIajaMd B  EJNEKTPOHILI  aKTUBHO
3aCTOCOBYIOTHCS €JIeKTpOMarHiTHi pene (puc.7.1).

Pucynok 7.1 — 30BHIIIHINA BUTIISA €EKTPOMArHITHOTO pelie

BymoBa pene OOCHTh TpocTa. MOTO OCHOBOIO € KOTYIIKA, IO
CKJIAIa€ThCSI 3 BEIMKOI KUTBKOCTI BHTKIB 130JIbOBAaHOTO MPOBOY.
BceepennHy KOTYIIKM BCTaHOBIIOETHCA CTPHIKEHb 3 M’SIKOro 3aiiza. B
pe3ynbTaTi BUXOAUTH €NEKTpOMarHit. Takok B KOHCTPYKLIl peie
npucyTHil skip. Bin 3akpimuieHnii Ha mnpyxHOMy KoHTakTi. Cam ke
MPYXHUH KOHTAKT 3aKpiljieHui Ha spMi. Pa3zom 31 CTpmkHEM 1 sIKOpeM
SIPMO YTBOPIOE MarHiTOMPOBII.
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SIKIIO KOTYIIKY MiKITIOYUTH JI0 JDKepella CTPyMy, TO MarHiTHe
ToJie, 10 YTBOPHJIOCS HaMarHiuye ceplieuHuK. BiH B cBOIo uepry npuTsrye
sKip. SIKip ykpimieHHH Ha NPYXHOMY KOHTaKTi. Jlani mpyHHMH KOHTaKT
3aMHKA€THCS 3 IHIIMM HEPYXOMHM KOHTAaKTOM. 3aJ€KHO BiJ] KOHCTPYKINT
pere, sSIKip MOe MO-Pi3HOMY MEXaHIYHO YIPaBIISITH KOHTAKTaMHU.

BuyTpimasi OyaoBa ejeKTpOMAarHiTHOro pesae. Y OinbmocTi
BHIIAJIKiB pelle MOHTYEThCS B 3aXMCHOMY Kopmyci. BiH moxe OyTtm sk
METaJeBUM, TaK 1 IulacTMacoBuM. [loguBIMOCS Ha Te, IO 3HAXOJUTHCS
BCepeuHi 11boro pene (puc.7.2).
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Pucynok 7.2 — BayTpimHs OymoBa pene

Le pene 6e3 3axmcHOTO KOpmycy. Sk Oaummo, pene Mae KOTYIIKY,
CTPWKEHb, IO MPYXHUH KOHTAKT, Ha SKOMY 3aKpIIUIEHHH SKip, a TaKOoX
BHKOHABYi KOHTaKTH.

Ha npuHIMIOBHX cXeMaxX eJIeKTPOMAarHiTHE peJe IT03HAYaA€ThCs

HacTyImHUM YuHOM (puc.7.3).
K1.1
K1 | g
XW K1.2

Pucynok 7.3 —[IpuHunnoBa cxema el1eKTpOMarHiTHOTo pese
YMOBHE MO3HaueHHS pejie Ha CXeMi CKIAJAaeTbcs Hade 3 ABOX
gactuH. Oxnaa gactrHa (K1) — 116 yMOBHE TO3HA4YeHHS €JIeKTPOMAarHiTHOT
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KOTyImIKA. BoHa mo3Ha4aeTsCsi y BHIVLANI TNPSIMOKYTHHKAa 3 JIBOMaA
BuBogamu. [lpyra vactuna (K1.1; K1.2) — e rpynu KOHTakTiB, SKHMU
ynpaBisie pesne. 3aleXHO BiJ CBO€i CKIAAHOCTI pesieé MOXKE MaTH JOCHTb
BEJIMKY KUTbKICTh KOMYTOBAaHHUX KOHTaKTiB. BOHM pO30MBaIOTHCS Ha TPYIIH.
Sk 6aunmo, Ha TO3HAYEHHI 300pakeHi ABi rpynu koHTakTiB (K1.1 1 K1.2).

SIK TITBKM MM 3aMKHEMO KepyIOuuii TaHIor BUMUKaueM SA1, ctpym
Bim Oarapei >xuBnenHs G1 wmaxmifine mHa pene K1. Penme cmpamroe, i #ioro
koHTakTH K1.1 3aMKHYTh BUKOHABYMH JIaHIIOT. Ha HaBaHTa)KeHHS Hafiliae
Hampyra >kuBieHHs Bix Oarapei G2 i mamna HL1 3acBituthes. Skimo
posimMkHyTH JaHmor BuMukadem SAl, To 3 pene K1 Oyne 3HsATa Hampyra
KUBJIEHHS Ta KoHTakTu pene Kl1.1 3HOBY poszimMxayThCS 1 mamma HL1
BUMKHETBCS.

KomyToBaHi KOHTaKkTH pene MOXYyTb MaTH CBOE KOHCTPYKTHUBHE
BUKOHaHHS. Tak, HampukiIax, pO3PI3HAIOTE HOPMAIbHO-PO3IMKHYTI
KOHTaKTH, HOPMAaJbHO-3aMKHYTi KOHTaKTH Ta KOHTaKTH Ha MEPEeMHKaHHS
(mepexugni). Pozbepemocs 3 uum netajibHiLIe.

HopManpHO pO3IMKHYTI KOHTAaKTH — II€ KOHTakKTH pele, SKi
3HAXOJATHCS B PO3IMKHYTOMY CTaHi 10 THX Iip, TOKK Yepe3 KOTYIIKY pesie
He moTede cTpyM. ['oBOpsiuM mpocTile, KOJIM pelie BUMKHEHO, KOHTaKTH
TeX po3iMKHYTI. Ha cxemax pene 3 HOpMalIbHO-pO3’€IHAHUMHU KOHTaKTaMU
[TO3HAYAETHCS SIK HA PUCYHKY 7.4.

K1.1

=

Pucynok 7.4 — Cxema perne 3 HOpMaJIbHO PO3IMKHYTHMHU KOHTaKTaMHU

HopmanbHO 3aMKHYTI KOHTakTHM — L€ KOHTAaKTH peJe, IO
3HAXOAATHCSI B 3aMKHYTOMY CTaHi, IIOKH 4epe3 KOTYLIKY peie He MOYHe
TEeKTH CTpyM. TakuM YWHOM, BHUXOAWTh, IIO NPH BHMKHEHOMY pejie
KOHTaKTH 3aMKHYTi. Taki KOHTaKTH Ha cXeMax 300pakyIoTh SIK Ha PUCYHKY
7.5.
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Pucynok 7.5 — Cxema perne 3 HOpMalTbHO 3IMKHYTUMH KOHTaKTaMHU

ITepekumHi KOHTAKTH — II¢ KOMOIHAIli 3 HOPMaJbHO-3aMKHYTHX 1
HOPMaJTbHO-PO3IMKHYTHX KOHTAKTIB. Y MEPEKUIHUX KOHTAKTIB € CIUTbHUI
TIPOBIi, KU TIEPEKIIIOYAETHCS 3 OHOTO KOHTAKTy Ha iHImmiA (puc.7.6).

MG NO

KA |
——= K11
COom

Pucynox 7.6 — Cxema peie 3 mepeKuIHUMA KOHTAaKTaMH

CyuacHi IIMPOKO PO3IMOBCIOKEHHI pene, SK MpaBWiIo, MawTh
MEPEeKUIHI KOHTAKTH, aje MOXYTh 3YyCTpidaTHCS 1 pene, SKi MalTh y
CBOEMY CKJIJl TUTBKA HOPMaIbHO-PO3IMKHYTI KOHTaKTH.

Y IMOOpPTHHX pejle HOPMaJbHO-PO3IMKHYTI KOHTAaKTH peje
mo3HadarThes ckopodeHHAM N.O. A HopManbpHO-3aMKHYTI KoHTakTH N.C.
3aranpHuil KOHTAKT pene Mae ckopouenns COM. (Bin cioBa common —
«3aA2ANbHUY).

IMapameTpH ejieKTpOMAarHiTHHX peJie. Sk IpaBmIIO, pO3MIpH CaMUX
pene J03BOJSAIOTE HAHOCHUTH HA KOPIyC iX OCHOBHI mapamerpu. Sk
npuKian, po3riasiHeMo immoptHe pene Bestar BS-115C. Ha iioro kopmyci
HAHECCHI TaKi HaIWCH.

COIL

12A 120VAC W
10A 28VDC B

ey

COIL 12VDC - ne HOMiHaIhHA H.anpyra CIIpallbOBYBaHHA peJie
(12V). Ockinbku 1ie pelie MOCTIHHOTO CTPYMYy, TO BKa3aHO CKOPOYCHE
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Mo3HadeHHs mocTiiHoi Hampyru (ckopoueHHs DC mo3Hadae mocTidHUI
cTpyM/Hamnpyra). Auriiiiceke ciioBo COIL nepekiiaaeThes K «KOTYIIKay,
«cosieHoin». BoHO Bka3ye Ha Te, 1m0 ckopoueHHs 12VDC Mae BigHOIICHHS
JI0 KOTYIIIKH pelie.

Hanmi Ha pene BKazaHi eJNEKTPUYHI MapaMeTpd HOro KOHTAaKTiB.
3po3yMino, MO0 MOTYKHICTb KOHTaKTiB pejie Moxe OyTu pizHa. lLle
3QIOKUTh K Bil Ta0apuTHUX PO3MIpIB KOHTAKTiB, TaK 1 Bif
BUKOPHCTOBYBaHHX MaTepiamiB. llpn mMmigKIIOYeHHI HaBaHTaXEHHSA [0
KOHTAaKTiB peyie MOTPiOHO 3HATH IMOTYXKHICTh, Ha SIKy BOHH PO3PaXxOBaHi.
S0 HaBaHTKEHHS CIIOKMBAE TIOTY)KHICTh OiIbIle Ti€i, Ha SKy
pO3paxoBaHi KOHTaKTH peie, TO BOHM OyIyTh HarpiBaTHCA, ICKPHTH,
“samunatu’”. [lpupomHo, 1e mpu3Bene A0 IIBUIAKOTO BUXOAY 3 JIagy
KOHTAKTiB pee.

s peme, sAK TPaBWIIO, 3a3HAYAIOTHCSA IMapaMETPH 3MIHHOTO i
MOCTIHOTO CTPYMY, SIKi 3aTHI BATPUMATH KOHTAKTH.

Tak, wHanpuknax, KkoHTaktd pene Bestar BS-115C  3pathi
KOMYyTyBaTH 3MiHHHA cTpyM B 12A 1 mampyry 120V. Lli mapamerpu
3amu¢posani B Haruci 12A 120VAC (cxkopouenust AC no3Hayae 3MiHHUI
CTpyM).

Takox pene 3maTHE KOMYTYBaTH IMOCTIHHWUH cTpym cmioto 10A i
Harpyroto 28V. Ilpo ne cBimunth Hanmuc 10A 28VDC. lle Oymu cuioBi
XapaKTePUCTUKH pelle, TOUHiIe HOro KOHTAKTIB.

Cno:xxuBaHa MOTY:KHicTh pese. Temep 3BepHEMOCS 10 MOTY>KHOCTI,
SIKy CIIOKMBAE pere. SIK BiIOMO, MTOTYKHICTh MMOCTIHHOTO CTPYMY JTOPiBHIOE
nooytky Hampyru (U) Ha ctpym (I): P = U * I. BizpbMeMO 3HA4YCHHS
HOMiHQJIBHOI Hampyru crnpauboByBaHHs (12V) i cnoxwuBaHoro crpymy (30
mA) pene Bestar BS-115C i oTpuMaemMo #HOTo CHOXHBaHY MOTYXKHICTb
(aarn. — Power consumption).

TakuM uyuHOM, TOTYXHicTh pene Bestar BS-115C cranoButs 360
MUTUBATT (MW).

€ 11e ouH mapaMeTp — e YyTJIUBICTH pelie. 3a CBOEIO CYTTIO, Ie i €
MOTYXKHICTh CIIOKMBaHHS PeJie Y BKIIIOUEHOMY CTaHi. 3p0o3yMijio, 0 pelie,
SKOMY TOTPiOHO MEHIIE MOTY>KHOCTI AJISl CHpPAalbOBYBaHHS, € OUIbII
YYTJIWBUM Yy TIOPIBHSHHI 3 THMH, AKi CIOXKHBAIOTh BEIUKY MOTY)KHICTb.
Taxwuit mapameTp, SIK 9y TJIMBICTH pelie, 0COOIMBO BaXKIMBHA IS IPUCTPOIB
3 aBTOHOMHHM >KHMBIICHHSIM, TaK K BKIIOUYEHE pejle BHTpadyae 3apsi
Oatapeii. Ilpumipom, € ABa pese 3 CIOXHUBAHOIO MOTYXHICTIO 200 mW i
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360 mW. Takum umHOM, pene mnoryxHicTio 200 mW wmae Oimpmry
YyTJIMBICTbh, HIXK peJie MOTyXHicTio 360 mW.

2. BuxoHaHHs podoTH

IlIpocma cxema niokniouenna Pene ¢ Proteus ISIS
e Binkputu Proteus ISIS u BuOpaTH KOMIOHEHTH, sIKi 300paskeHi Ha

PHUCYHKY HIDKYe, 3 0i0mioTekn KOMIOHEHTIB Proteus
File View | Edit| Tools Desig

L TELY
SEE
- [ 7
e s

-
1

= [PJL[ DEwIEES
frr BATTERY _
i CHIPRES 1K
: LAMP
= LED-GREEN
= RELAY
[
24
[eal

® BCTAHOBITh Ta 3 €HAliTe KOMIIOHEHTH y CXEMy, fKa 300pa)keHa
HUKYE!

R1

1k L'f
TEAT 12v

22

RL1

|zu
LED GREEN

e Konu pene Oyze mmij Hampyroro, mamna L1 Oyzae cBituTuch i Komu
perne 3HeCTpyMIICHEe, JlaMIla 3aMIIUThCS BUMKHEHOW. CBitmomion D1
BHUKOHYE POOOTY iHIUKATOPA, SKUW CBIIYMTUME, 1110 HATIPYTa B KOJI €.

-
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® TTiCIIsl pO3POOKH CXEMH, HATUCHITh Ha KHOTIKY 3aITycKa, 1 SKIIO BCe
3po0JIEHO MPABHIIBLHO, TO JIaMIia 0yJ1e CBITUTHCH:

R1

RL1
LED GREEN IE ”

e OTxe, Temep BH MOXKET€ MOOAYUTH CBITIOMIONHHM I1HIMKATOP
TAKOXX 3aropseTbcs, Ta 0ayMMo, IO pejie Temep 3'€qHaHWi 3 APYTUM
TEPMIiHAJIOM i, TAKUM YUHOM 3aMHKA€ JIAHIFOT ISl JIAMITH 1 JIAMITH TeTep
TaKOX CBITHUTHCA.

o
s

L1

12V

w
=

-

Kepyeannsa pene 3a oonomozoto noziku ¢ Proteus ISIS

oY TmonepenHBOMY PO3AUTT MU Oauuminm MPOCTY CXeMy, sKa
YOPaBISETbCS BPYYHY II€ O3HA4ae, MIO JUIA TOTO, MO0 BKIOYUTH abo
BHKJTIOYUTH HOTO MOTPIOHO BKIIOYUTH a00 BHKIIOYUTH KXUBJICHHS, aje, K
mpaBwio, TNOTPiOHO, 1100 pene 3HAXOAWIOCH il aBTOMATHYHUM
KOHTPOJIEM SIKOTOCh MiKpOKOHTpPOJIEpa.

e 3BaKal0YM Ha T€ IO MIKPOKOHTPOJIEPH 3a3BUYall MPAIIOIOTH Bill
5V mns Ttoro, mob ympaBmath perne 12V 3 BUKOpUCTaHHSIM SV
MIKpOKOHTpPOJIEpa, MU TOBHHHI BUKOPHCTOBYBATH TPAH3UCTOP. Y ILOMY
BHITIAJIKy, KOJIA BU JaeTe + SV penie MPUBOIUTHCS B JIi0, a KOJH BU JIa€TE
GND pene BUMUKA€EThCS.

e TakuM 4YMHOM, B MEPITy Yepry 3HAWIEeMO BKa3aHi KOMIIOHEHTH:
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AL ERE

LFr

FIL] L
1N4007
A700DT07MODGATEDT &
BATTERY

0= F

S

LED-BIBY
LOGICSTATE
MOTOR

WFM

RELAY

(ONFE

H

e [IpoekTyeMo cxemy:

12

ATEXT?

1k “TEAT > 1 K40 120
<TEAT <TEHT.

<TEAT o1

&0 21
— LED-BIEY HPN
ATEHT: £TERT

® OCKiTBKH MU HE BUKOPHUCTOBYEMO MIKPOKOHTPOJIEP, 3aMiCTh HBOTO
OyzleMO BUKOPHCTOBYBATH JIOTIYHUN CTaH, BiH OyJe IpamroBaTH TaK camo,
SIK MiKpOKOHTpoJiep. TakuM YHMHOM, cxXeMa JIy>Ke CX0XKa Ha MPOCTY CXEMY,
SKYy MU BXe poOWIM B MONEepeAHbOMY po3Aiii. €aMHa BiAMIHHICTH TYT
MIPUCYTHIH n-p-n TPAH3UCTOP.

eV mpoMy BUNAIKy MH He 3a0e3nedyeMo TIojady >KHBICHHS
0e3nocepelHbO0 110 peie, 3aMicTh ILOTO MH 3a0e3leuyeMo #Horo 3a
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JIOTIOMOTO0 IThOTO TpaH3UCTOpa. Tak 110, KOJU JOTIYHUI CTaH JOPIBHIOE

HyJIto (11 03HAYa€e 3eMJII0), TPAH3UCTOP HE MPAIfOBATUME, 1 KUBJICHHS HE

MOXKE€ JTOCSTTH peJie 1 KOJU MU poOuMO JoriuHy 1, mo o3Haudae + 5V Ha

BXOJIi TPAH3HUCTOPA, TO cXeMa pelie Oy/ie 3aBepileHa i pesne Oyae 3anuTanHa.
e 3ammycKaEMO CUMYJIAIIIIO, BUKITIOUCHUH CTaH pejie BUTIIIAE TaK:

l -LRL1

12
<TEAT*
o

H F1 = 40y D
Th <TENTS 1N4D
ST <TET.
=5

P

I D1 @1
—— 62 LED-BIBY *p NEN

- = ATEXT= <TENT:

u
$
e Ha HaBCACHOMY BHUIIIC

L1
12
ATERT?

PUCYHKY MOXXEMO I00a4YuTH, IO

CBITJIONIOMHMI IHOWKATOP MpAIfOE TOMY, IO JKUBJIECHHS IOJA€ThCA Ha
CXeMy, ajle JiaMIa Bce IIe BUMKHEHa i Ha peje TaKOX He IOJa€ThCs
JKUBJIEHHS, TaK sIK joriune crax 0.
e Tenep HaATHCHITH Ha JIOTIYHOMY CTaHi Ta 3pOOMMO JIOTIYHY
OJUHHUIIIO, TOOTO +5V, BKIIIOYEHUH CTaH MMOKa3aHO HA MAJIOHKY HIDKYE:

i
I
I
=

=Bl

12
<TEHT

H Ri
1k
<TET

D1
62 LED-BIBY .'
™ ATERT:

B qpgy | 2D
<TENT> 1H0
STEHT.
o
NPN
<TEXT>
"
_$

-[ lRU

124
<TEXT
=1

L1
12
ATERT?
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Poboma Arduino 3 pene
Pene monyns mae 3 BuBOAM:
VCC: "+"

GND: "-"

IN: BUBI BXIZIHOT'O CHUTHAITY

[TigKITIOYSHHS. MOTYITIO TYKE MPOCTE:

VCC na + 5 BonsT Ha Arduion.

GND Ha snro6uii 3 GND minoB Arduion.

IN nHa mobuii 3 mudpoBUX BXOAiB/BUXOAIB Arduion.

b
85
55
8k
28
85
o8

-
pouck — anaLos IN@
UGNDUIN 2 a4 4243 a4 w5

[Tepexomumo 10 CTBOPEHHS MporpaMu. Y JaHOMY MPHUKIIALIl pere
OyZe BKIIOYATHCh U BUKIIIOYATHCH 3 IHTEPBAJIOM Yy 2 CeKyH/IH.

NPUKJIAA POrPaMHOTO KOIY:
// Pemne MOmyJib MNiOKJIOUEHO IO LMOPOBOTO BMBOLY 4
int Relay = 4;
void setup ()
{
pinMode (Relay, OUTPUT) ;
}

void loop ()

{
digitalWrite (Relay, LOW); // pere BKJI.
delay (2000) ;
digitalWrite (Relay, HIGH); // peje BuUk.

delay (2000) ;
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3. 3aBaaHHs 10 JJabopaTOPHOI podoTH

3.1 Hakpecnith cxemy Ta 3HaWIITh y Hill TOMUJIKH
| —|

[P1 L
BUTTON

LED-EIBY

MOTOR

REL&Y LED-EIBY
RESISTOR R1 STEXT>
10k

=TEXT=

D1

12
+FEHT-

Y
<TET=
i

B2
&Y 4

<TEXF=

H RL1

HOQ|+@m>8U0OEN G Y YO EHE ¥ W& i

3.2 CrBopite mpoekT Ha Arduino 3 BuKopucTaHHsIM perne y 123D
Circuit.

4. 3micr 3BiTY

4.1. Tema Ta MeTa poboTH

4.2. CxeMa eneKTpUu4Ha-NPUHIIMIIOBA
4.3. Kox nporpamu

4.4. BucHoBKH 3 poboTn

5. KonTpoabHi 3anMTaHHSA
5.1 Illo rake pene? fka OynoBa pene?

5.2 SIxi OyBarOTh KOMYTaTHBHI KOHTaKTH pee?
5.3 Tlpunnunu poGotu TpaH3zucropa?
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JIABOPATOPHA POBOTA Ne 8
POBOTA 3 BIBJIIOTEKOIO ARDUINO Y PROTEUS.
IMPOI'PAMYBAHHSA LCD JUCIIJVIEA

Meta podoTH: PO3pOOUTH TPOCKT CXEMH 3 MiAKIIOUCHHSIM ILIaTH
Arduino y cepenoBumi Proteus VSM. O3HailoMHTHCH 3 TPHHIUIIAMH
nporpamyBanas LCD gucriest.

1. BuxkonaHHs podoTn

Y mamui Arduino Lib 3HaxomsThcst aBa OiOmioreunux (aiinm
Arduino (ARDUINO.IDX, ARDUINO.LIB). BcraBre ui nBa daitmu y
6i0mioreuny manky Proteus, skxa 3HAXOATHCS:

C: -> Program Files (x86) -> Labcenter Electronics -> Proteus 7
Professional -> LIBRARY

BinkpuBaemo Proteus ISIS Tta 3Haxogmmo y 6ibmioreri IuiaTy
Arduino ta LCD pucnneit LMO16L.

E3

File View Edit Tools Desii

=1 =

3’eanyemo Buxoau Arduino 3 IUCIUICEM TaKHM YHHOM:

LCD RS Buxin no 12 suxoxy Arduino
LCD Enable go 11

LCD D4 no 5

LCD DS o0 4

LCD D6 no 3

LCD D7 g0 2

LCD RS 1o tepminary GROUND.
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JHauni BigkpuBaemo Arduino IDE.

Hunst Toro mo6 GaunTu GBI JAeTanbHO KyAu 30epiratoThes Qain 3
po3mmpeHHaM *hex, SKUH HaM 3HAaJOOWMTHCS Ui CHUMYJSILIl poOOTH
Arduino y Proteus mepeiinite ®aiin->HanamrtyBanna. Ta Hamamryiite
Arduino IDE, mo0 mnokasyBajno MAOKIaJHWN 3BIT TpPU  KOMITUIALII,
[OCTaBHUBILIY TaJI0YKY y NOTPIOHOMY MICTi.

HanawmysaHHs - &
PO3TalYBaHHA TEKM 3i CKETHaMN:
C:\Users\Leapfrog\Documentsarduing| OBpath
MoBs iHTepdeicy: CICTEMHE MOBA 38 YMOBHEHHAM v | (Bumarae nepesasaHTameHHs Arduing)
Posmip wpkbTy penakTopa: (12 (BuMarae nepesasaHTameHHa Arduino)

MoKa3aTH AOKNAAHMIA 3BT Npu: KomninAWl [ ] susaHTamerH

[[] NMoxasysath HymepaLio pRakis

Mepesipka KOAY MICNA BUBAHTAKEHHA

[] BuxopicToByBaTH S0BHIWHIA peaakTop

MEpEBIPATI OHOBNEHHS NDK 33NYCKY

OHOBMOBETH PO3WMPEHHA CKETHIB Ha Hose npk 36epexenHi (,pde -> .ino)
[] AsTomaTiumno acoiosaTi .ino daiink 5 Arduing

3bepiraTi npu nepesipy abio BUBaHTaKeHH

Proxy Settings

Server (HTTF): Port (HTTF): |8080
Server: (HTTPS) Port (HTTPS): (8443
Username: Mapans:

nbUIe BNacTME0CTER Mawe ByTH BiapenarosaHo npocTo ¥ daiin
\UserslLeapfrogiAppData\Roaming\Arduine 15preferences. bt
rYATE TiNbKK AW Arduing He SanyuweHo)

Fapaza Cracys...

KomitoeMo ko] MpUBeICHUH HIKYE, 30epiraeMo Ta KOMITITFOEMO:

// include the library code:
#include <LigquidCrystal.h>

// initialize the library with the numbers of the
interface pins
LiquidCrystal lcd (12, 11, 5, 4, 3, 2);

void setup () {
// set up the LCD's number of columns and rows:
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lcd.begin(l6, 2);

//

Print a message to the LCD.

lcd.print ("hello, world!"™);

void loop () {

//
//

set the cursor to column 0, line 1

(note: line 1 is the second row, since counting

begins with 0):
lcd.setCursor (0, 1);

//

print the number of seconds since reset:

led.print(millis () / 1000);

VY BiKkHI pe3yJdbTAaTiB KOMNULILII 3HAXOAMMO TamKy MO0 SKOI

30epiraeTbes daitr 3 po3mupeHasM * . hex.

HelloWorld | Arduino 1.6.3 - 0

@ain MNpaeka Cketd IHcTpymentw [onomora

HellaWvarld

/" ~
LiquidCrystal Library - Hello World

Demonstrates the use a lExZ LCD display. The LicuidCrystal
library works with all LCD displays that are compatible with the
Hitachi HD44780 driver. Thers are many of them out there, and you
can usually tell them by the l&-pin interface.

This sketch prints "Hello World!'™ to the LCD
and shows the time.

The circuit:

LCD BS pin to digital pin 12

LCD Enable pin to digital pin 11
LCD D4 pin to digital pin 5

LCD DS pin to digital pin
LCD DE pin to digital pin
LD D7 pin to digital pin
LCD B/W pin to ground v

P TR
ow o

wicua HHA INIA MPOTDaM.

Ilepexomumo 10 i€l mamku Ta KOIIIOEMO JBa (ailliu MpUBEACHI

HIDKYE 10 CBOE] ITAIIKH.
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Cnlﬂbﬂﬁ,ﬂum’yﬂ

build8387490752216967259.tmp

<

Enemenia: 57 Bubparo enementia: 2 66,0 KB

® = 1 i« Leapfrog + AppDats + Local + Temp » build3387490752216967259.tmp
¥ YnogoBara 0 s B, e
& JananTaxenns | buildprefs 11.05.2016 18:41 Texcroemii 40K
&l Hegoano siagiaane [} cpc.cpp.d 016 18:41 ®aiin D
I Pobouwis crin || cocepp.o 016 18:41 ©ain 0
| cores 016 18:41 ©siin A
18 Uerk | HardwareSerial.cpp.d 016 18:41 ®aiin D
£ Galaxy Grand Prime | | p g areserial.cpp.o ©aiin O
B Bigeozanucu |} HardwareSerial0.cpp.d ®aiin D
EJ Rorymeru (] HardwareSerial0.cpp.o ©aiin O
8 Zaantaxcenns || HardwareSeriall.cpp.d ®aiin D
Fl 3o6paxeHna || HardwareSeriall.cpp.o ©ain 0
A Mysea |} HardwareSerial2.cpp.d ®aiin D
b PoSounii crin |} HardwareSerial2.cpp.o ®aiin O
= Windows (C) |} HardwareSerial3.cpp.d ®aiin D
= Stimnni guck (B) [ i dwareSerial3.cpp.o ®aiin O
. 1 HelloWarld siin CPP
€ Mepexa || HelloWarld.cpp.d ©ain D
|| HelloWaorld.cpp.eep 11.05.2016 18:41 it EEP
L] Helloworld.cop.eff 11.05.2016 18:41 it ELF
| HelloWorld.cap-hex 11.05.2016 18:41 aiin HEX
[ HelloWerld.cpp.e 016 18:41 Daiin O
|| HiD.cpp.d 016 18:41 ©ain D
|| HiD.cpp.o 5.2016 18:41 ©sin O
| hooks.c.d 016 18:41 ©sin D

v &

Mowsyk: builds3

Monepeariiii nepernag HeaocTynHAi.

v

Hus Arduino Uno y Proteus Bka3zyemo mumsx npo daitry 3
posmmperasM *.hex. 3amryckaeMo CHMYIIALIIO i JUBHUMOCH PE3yJIbTaT.

LCD1

ANALOG IH

ARD1

ARDUING UNO R3
<TEIT
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2. 3aBaaHHs 10 JadopaTopHOi podoTH
2.1 3pobutu cumymsmito podoru 3 gucruieemM B 123D Circuits
http://123d.circuits.10/.
2.2 3apeectpyBatucs Ha http://swed.zntu.adu.ua Ta TpoBecTH
BilJAJICHUH €KCIIEPUMEHT 3 JHUCILICEM.

3. 3wmicr 3BiTY

3.1. Tema ta meta poboTH

3.2. Cxema eleKTpUYHa-IIPUHIIUIIOBA
3.3. Kox nporpamu

3.4. BucHoBKkH 3 poOOTH

4. KoHTpoJIbHI 3anIMTAHHSA

4.1 OcHoBHi QyHkii Arduino ms podotu 3 quciieem?

4.2 SIki mian Ha mati Arduino BUKOPHUCTOBYIOTECS JJIST CTBOPCHHS
MIPOEKTy poOOTH 3 AUCIIIEEM?

4.3 Mo take LCD I2C momxyns?
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JIABOPATOPHA POBOTA Ne 9
MPOEKTYBAHHSA IPYKOBAHOI IIJIATH 3
BUKOPUCTAHHSAM CPEJOBHUIIIA PROTEUS ARES

Merta po0oTH: CHOpOCKTYBaTH cxeMy TaiiMepa 555, 3pobutu
po3BoaKy mopikok g PCB minatn BUKOPHCTOBYIOUM cTaHAAPTHI QyHKIIT
ARES Ta 3renepysatu 3D Bizyaunizamiro miaTy.

1. BuxkonaHHs po0oTn

555 me cepis Taitmepa, ska crajga OTHIEIO 3 MEPIIUX IHTETPATHHIX
MIKpOCKJIamaHb. Boma Hece B co0i Omu3pko 20 TpaH3HUCTOPIB i
BHKOPDHCTOBYEThCS NI poOOTH B  JBOX pexXuMax. Y  pexumi
Oe3nocepeTHBO TaiiMepa i reHepaTopa MPSIMOKYTHUX IMITYJTBCIB.

Ha 555 cepii icHye Benmn4e3Ha KiTbKICTh CXEM SIK IS HOBAYKiB
pamioamaTopiB, Tak i aus ¢axiBmiB. Ha OCHOBI mporo TtaiimMepa MoOXKHA
3poOMTH CcaMOpOOHI CHTHAJI3allii, JaTYMKH, CHPEHHU, TEHEepaTopH,
MIEPEeTBOPIOBAadl  HANPYTH, BHCOKOBOJBTHI  MPHUCTPOi  MiACHIIOBadi
MOTY>KHOCTI 3BYKOBOi 4aCTOTH 1 T.II.

VYV wmiii nmabopatopHili poGoTi Oyne CTBOPIOBAaTHUCS MNPHKIALT
TaiiMepa, KUl TeHepye IMITyJIbCH 3 3a[JaHO0 YacToToro. Jliarma3oH 4acTor,
[0 TEHEePYEThCS TaltMEpOM, IOCUTH ITHMPOKHMA: BiJ HAWHIKYIOI YaCTOTH,
nepiof] sIKkoi MOXKE JOCATaTH KiJIbKOX TOJUH, IO YacTOT B KiJbKa JECATKIB
KiJorepir.

BinkpuBaemo Proteus ISIS i moumHaemMo CTBOPIOBATH IIPOSKT
Taiimepa. Bubepits 3 6i6JIi0TeII<I/I €JIEMEHTH: |

= |P|L| DEVICES

555
33527 1-503LF
CAP

CAP-ELEC
LED-BIRG
RES
TELOCKA2

0y &= F

e
e

B £
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CrpoekTyiTe cXxeMy SK IOKa3aHO Ha MAIOHKY HIDKYE 1 TIPOBEIITh
cumyJsiito ii poootu. CeiTiiomion Oyne BioOpaxaTu MosiBa IMITyJIbCYy Ha
BHXO/Ii TaiiMepa.

R2

1|
10k
=TFEHTF>

R3

330
Dc <TEXT

5
& Rv1
o
2 g & TH|S [ =
] D2
555 LED-BIRG
(] C2 <TEX [T 50K J LTEXT=

10uF =TEXT=

=TEXT=
& R1
22k
<TEXT=

100nF
STEKT>

e —

[Ticms TOrO SK NEPEKOHAETECh, IO CXEMa IMPAIIOE€ 3aMiHITh
ceitnonion (DIODE-LED) ta BcraHoBiTh pa3’em (TBLOCK-I12).
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+5%

R2

—1
1 F

10k
<TEHTF=

St
A =5

2 L “"dr 8§ a
1 =

330
ol <TEXT>

TBLO G2
<TENT> 5
& RvV1

b DIODE-LED
<TEXT 50K <TENT=
<TEXT=

2 R % TH 4 [ i(—
J__I i N2y, D1
— ] c2

10onF - 5SS g0

=TERT= <TERT=
& R1
22k

<TEXT=

[MepeBipumo HasBHICTH TocagkoBux Micipb (footprint) ams Bcix
€JIEMEHTIB TuIaTu. J[J1s 1[bOro MOABIMHUM KIIIKOM HATHCKAEMO TI0 €IEMEHTY
i B psanky PCB Footprint qmuBumocs, mo6 Oyna BkazaHa 0i0mioTeka, B sSKii
3HaxouUThCs 1el footprint.

Sxmo B moie PCB Footprint nammcano (Not specified), sk
MOKa3aHO HA PUCYHKY HIDKYE, TO TOJI HATUCKAEMO Ha «3HAK MATAHHSD).
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FilY
R2
—
—_—
0k
~TEN T
» ol U1
£ [m=] l'| Edit Component R3
1 : 10k
Component Refersnce: D1 Hidder: [~ [
TELOGK 12 ' =
LTEXT> Component Yalue: DIODE-LED Hidder: [~
Cancel
PCE Footprint: [Nat 5 pecified] |
Advanced Properties: =7
1
Saturation Curent v | [1E-38 [Hide sl =] [ S e
<TEXT>
Other Properties: 7
Ir=
[~ Exclude from Simulation [~ Attach hisrarchy module
[~ Exclude from PCE Layout [~ Hide comman pins
[~ Edit all properties as text

VY BikHI BBOIUMO KJIFOUOBE clIOBO led, 3a sxum Oye BUKOHYBaTHCh
MOIIYK BCiX IOCAIKOBHX MICIb B ycCiX 0i0iioTeKax, IMiIKIIOUYEHUX 10
Proteus.

BBoanmo B mojie kimrouoBux ciiB eiemeHT LED sk mokasaHo Ha
MaroHKy Himx4e. Kiikaemo OK.
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Kepnods Rissuls [17)
led Device [ Library [ Desciiption
Match whole Werds? I~ [#16121R8R CONNECTORS 32 way right angled DINATE12 connector (rom B
— 415122080 CONNELCTORS 64 sy riht snaled DINATET2 cormsctor [rows A7)
L 4E122R-LR CONNECTORS 64 wap right angled DIN41E12 connestor [rows 4/C)
415123R-CR CONNECTORS 36 wey rioht snaled DINATE12 cormsctor rows A/B/C]
E_unnecturs LED F. Light E [
Diserete Components LEDCIBOEHED  [PCTHBIN CED Chip 1. il L % 0 8l /5 0 Gl H
Miscellaneous LEDCTB08%80 |PC7351N LED Chip 1.60mm L 0.80mm ' 0.80mm H
LEDC2NI 24120 IPCTEIN LED Chip 2.00mm L  1.25mm /3 1. 20mm H
LEDCANETEN  IPCF5TN CED Chip 300 L % 1 Bl 1 Bl H
LEDC3216<110 IPCT3SIN LED: Chip 3.20mm L  1.80mm ' 1.10mm H
LEDCRIET2  PCTA5IN CED Chip 3 200 L % 1 Bl /1 200 H
LEDCI2IB A IPCF5TN LED Chip 3200 L % 1 Bl /1 Ao H
T i UPLTS1) LEDC2224270  IPCT35IN LED Chip 3 20mm L ¥ 2 40mm W % 2 70mm H
MATRICERT-IBMM PACKAGE 57 LED matis, 1B hsioht
MATRIXE5750MM PACKAGE 547 LED maiis, S0mm height
Subrcategory MATRECEMB20MM PACKAGE 80 LED matis, 20imm height
T | MATRIXBXO4BMM PALCKAGE 84D LED maris, 4B height

LED Previewr:

Hani B enextpuuHiii cxemi ximikaem [IKM 1o enemeHty
cBiTIIOmiona, i 3 Bumamatodoro cmucky BuOmpaemo Packaging Tool
(cm.puc.HiXKE).



{0 ]
il

2 o 2
i LA ==

TRLOCK:A2

i m 2 ™= [
L i 55
== 1 2 ak
[ e | By
% g] Ri
10k

& Show in Design Lxploser
B Show Package Allocsten

V BikHi ISIS Information xnikaem OK.

TELOCKAT

I Lise AN Libnar [ sz Packagels] Cancel

Y Bikni Package Device Bka3zyemMo BIiJNOBITHICTH BHUBOIIB
CBITJIOAIO/A 1 TIIHOB MOCAIKOBOTO MiCIS SIK MMOKA3aHO HA PUCYHKY HIDKYE.
[Ticns matuckaemo Assign Package(s)
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L Package Device
Packagings: [LED! =
W Default package? | fidd H Bename || Delete H Dirder ‘

Mo OfGate |1 [~ Gates [elements) can be swapped oh the PCB layout™

Pin Hidden Common | Type &
Al Passive A
A2 Passive K

N Pins Add Fin Remove Fin

Swapable Pins:

Add

Remove

Replace

v Use ARES Libraries ‘ Help | | Assign Package(s) ‘ ‘ Cancel |

VY BikHI M0 Bigkpuiock obupaemo Save Package(s). YES
A

I R2
3
T 10K

Package Device

T Packagings: | LED =l

a W Defoutpackeos? | _add || Bename || petete |[ o |
Al

otz | MeOfGate [1 | [ Gates ebmenis)can

= | in8elect Library For Packaged Devices|

Select the fbraty you want ta save

Fin | Hidden | Common | Type 4 your packaged devices in
1 Passive |4
A2 Passive K

NC Pins

Swapable Fins

SavePackagels) | [ Ganeel |

[ Use ARES Libraries ‘ Help | ‘ Assign Packagefs)

‘ Cancel
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Ha BepxHiii manem inctpymeHTiB Hatuckaemo Tools->Netlist to

ARES. V niBiii maneni incrpymenTiB ooupaemo Component Mode.
Fi
I File Output View Edit Lik

DEH @% &

RS

COMPONENTS

[

DEQ [T AL

B FLES <F anléss £

{06 3amaTh KOHTYpH camoi IJIaTH B JIiBi HaHeNl iHCTPYMEHTIB
kimikaemo 1o enemeHTy 2D Graphics Box Mode i miciis mporo B HIDKHIHM
naHes iHCTpyMeHTiB obupaemo Board Edge.

il I
= b
TopC

il I Tcp Covper
AT 6 -Bollom Copper
=X [ Top ik
SR -Bottom Silk
e [+ ] -Top Resist
= 3 -Bottom Resist
@(0
L
7| @
Z

[
FE
q/
|
Q 2D Graphics Box Mode
AlD

I xpecnMo IPAMOKYTHHK, HEBEIUKHHA, AOBITBHOI (hopmu. Lle y Hac
Oyne cama muiata, Ha SKy MU OyJIeMO PO3MIIyBaTH IMOCAJ0YHI MicCIs
€JIEMEHTIB 1 pOOUTH PO3BOJIKY.
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o W01 ARES et -oEm

{1 A5 N K

o # 00N IWE D

[Ilo6 momuBuTHCH, SIK BoHa Oyme Burisgatu B 3D oOupaemo
Output -> 3D Visualisation (cM.puc.HIKYe).

hES proj - 3D Visualization - B
File View Settings Help

+E8 |EYEg e L

Hani o 4ep3i po3MillyeMO €IEeMEHTH SIK 300paKeHO Ha PUCYHKY
HUKYE.
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proj - ARES Professior

m
m

utput View Edit Library Tools System Help

O
SH @& @0 [ B ARD meE [ $R98% |9 & ENSAR AN T I3

B

C| COMPOMENTS

I»P8V@E\ WRENO@BODO|LXE LS| o

Y  BepxHiii maHenmi IHCTPYMEHTIB BHOMpaEMoO iKOHKY 1
BCTaHOBIIIOEMO NapaMeTpH moiist Pair 1, sk moka3zaHO Ha PUCYHKY HM)KYE, B
Bottom Copper. [1{o 3Ha9uTs po3MiNIEHHS JOPLKKU HA HIDKHIM MOBEPXHI
IJIaTH.

El+88 &G0 D

EEIEETEDIET

| CONFGRENTS

Desgn s Net Casses |

Mt Clase [POWER

1> OEN EREOBODO| XL re

[Ticns B upoMy 3k BikHi B moJii Net class BCTaHOBIIOEMO 3HAYEHHS
SIGNAL a takox 3miHtoeMo 3HaueHHs Pair 1 Ha Bottom Copper.
Kmkaemo OK.
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VY niBi#t manem iHCTpyMeHTIB obupaemo Track Mode. [ToaBiitHIM
xirikoM o DEFAULT. V Bikui 3mintoemo 3uauenus Widh ma 30th.
Kaukaemo OK.

E

o0 Txe . lrc

d| Edin Teace Style
Howe  [CEFALLT
won [
Lranges
& Locel Eot
% Upclatn Dby

QI N+EFELODN BN

Hami po3Bememo mopixkku Ha tuati 3acobamu ARES. Ilporpama
MIPOITOHYE aBTOMATUYHO OOYHMCIUTH 1 3pOOUTH PO3BEICHHS TOPIKOK (ane
TaKOXX MOXHa IIe pOOWTH BpYydYHY). Y BEpXHIM NaHEeN IHCTPYMEHTIB
HatuckaemMo Auto-router. Y BikHi, HaTuckaemMo Begin Routing.
Krikaemo OK. | cucrema cama aBTOMaTu4HO reHEpPYE HaM PO3BOJIKY.

& proj - ARES Professional

NAHFEU0EN BRE
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O6upaemo Tools -> Power Plane Generator... 3MmiHIOEMO
3HAYCHHSA Yy BiKHI K IT0Ka3aHO HAa pUCYHKY Hmx4e. Kinkaemo OK.

B=] l"| Power Plane Generator

Met GND=POWER

Layer: |- Bottom Copper j
Boundary: |DEFAULT |

Edge clearance: 25th
| Ok ” Lancel |

Jns mepernany Bisyaunizamii IiaTH i NeperisiLy OMHUCAaHUX AOPIXKOK
BubOupaemo OQutput -> 3D Visualisation.
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) proj - 30 Visualization - olEH|
File Yiew Settings Help

) proj - 30 Visualization - olEH
File Yiew Settings Help

Jlisi CTBOpEHHsI 1 BUTpaBJICHHS TUIATH B PEalbHUX yMOBax JUIs
pO3poOHKKa HEOOXiAHO 4/0 300pakeHHsI PO3BEJCHHX HOPiKOK. Proteus
n03BoJIsIE 1€ 3poouTH: Bubupaemo Qutput -> Print. BigkpuBaeTbes BikHO:
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EI Print Layout
Printer: Options:
Send To Onefote 2013 [~ Colowr?
) [~ Invert Calours?
[~ Labcenter Platter Driver?

Mode: ‘Artwolk j [~ Separate Pages?  Copies: E

= Layerz/Arhworks: —Scale Rotation: Reflection:

¥ Top Copper [ Iner? [ Inner g <50 4" ¥ Horizontal 4 Normal

[V Battorn Copper [~ Inner2 [ Inner9 & 100% S Vertiol & Mior

v Top Silk [ Ioner3 [ Innerid o 150%

[~ Bottom Silk [~ lnerd [ Inner i1 i Compensation Factors:

[ Top Resist [ InerS [ Inner12 < 200% Mote: these are not traditional

[T Bottom Resist [~ lnner6 [~ Inner13 < 400% scaling factors!

[~ Topkazk [~ Inner 7 [~ Inner14 B0 1 -

[ Bottom Mask. [~ Mech1 [~ Mech3 g S

[ Cill [ Mech2 [~ Mechd Frint To File?

[v Board Edge

Advanced Options | »

[ C:\_\Desktophpraojl yprop PRN Filename

oK

| | Lancel |

Knikaemo Ha kHOTKy Printer # oOupaemo HanamTyBaHHS APYTY 5K
300pa’ke€HO Ha PUCYHKY HIDKYE.

CECE ‘ Hactpoweauus npyky

Mpurrep
| =
Cram: ToToemit
Tun Microsaft XPS Document Wiriter v4
Mopr:  PORTPROMPT
Npuririca

Tanips OpieHTaui

Poswip: |44 - 4 Kricosa
Monsua | Aerosmtin hd < Anefiotna

[Ticns uporo MiHsAEMO JIesIKi HaJalITyBaHHS B caMoMy BikHI Print

Layout.
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[(EICE Print Layout

Frinter: Options:

Microzoft XP5 Document \Writer [~ Calour?
(PORTPROMPT] [ Irwert Colours?
[~ Labcenter Flatter Driver?

Mode: |Artw0rk j [~ Separate Pages?  Copies: E
- Layersidrtworks: —Scale ——Hotation: Fieflection:
¥ Tap Copper [“lnnerl [ Innerd £ B 4 ¥ Horizontal 4 Narmal
v Bottom Copper [ Inner 2 [ Ihner3 & A% atical £ Mirar
[~ TopSilk [Tlhnerd [ Innerl10 P
[~ Bottom Silk [ lhnerd [ Inner1d Compensation Factors
I™ Top Resist Ciners [ lonertz || <> 200% Note: these are not baditional
[T Bottom Fesist [~ Inner& [ Inner13 £ A00% scaling factors!

[T Topkazk [Tlhner? [ Innerl1d &

500% il il
[~ Bottom kask [ Mechl [ Mech3 & X

[~ Dl [T Mech2 [ Mechd Print Ta File?

Board Edge - =
L g Al [~ G \Desktophpiolspro PRN | Filename

Advanced Options | * | Ok || Lancel

Hatuckaemo OK. Ta 36epiraemo daiin y dhopmati *.xps.

Jami BcTaHOBUMO poO3Mipu oTpuMaHoi Iuiatu. [lepexoaumo Ha
JiBIiH IMaHesi IHCTPYMEHTIB B pexkuM Dimension Mode i Manroemo JiHii, ski
JIOPIBHIOIOTH ITUPHHI 1 TOBXUHI TUTATH.

FIME N s

o6 3MiHuTH oxWHMLI BUMiproBaHHs Kiikaemo [TKM Ha posmipi
Ta 3 BUMaAandoro cnucky ooupaemo Edit Properties...



"
-]
-]
[}
L]
L ]
L ]
d

0o N+m>=8000

-3

VY BiKHI, IO BIIKPHUJIOCS 3MIHIOEMO 3HA4YeHHS SK ITOKa3aHO Ha

PUCYHKY HIKYE.

Edit Dimension Object

Fommat String

See conlest sensitive help for formatting syntan

Arraws _ fraphics Syle

Height S0th E Width . #OROR
Mwfidth: H0th E [ Follow Global?

Diraw Arraw At Start: v
Drraw Arraw At End cd
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=4 ooy - ARES Prodesonal

HRE@BOD0 TN«

foa/N+m=gUeB

2. 3aBpanHd 10 1a0opaTopHOi podoTH

CrpoekTyiiTe JApyKOBaHy IUIaTy Yy cepemoBuimi Proteus 3
nabopatopHoi podotn Ne4 (MikpokoHTpoiep Atmega8, 3 cBiTnoxionu Ta 4
pesuctopu) Ta Ne7 (pene 3 JOTIYHUM IepeMUKadeM, 3aMiCTh IepeMHKada
BCTaHOBITh MIKPOKOHTPOJIEP), BUKOHYIOYH PO3BOJKY JOPIKOK BPYUHY,
3aJaf0ud HampsiM, HIMPHHY IOPKKHM, Ta Ha SKid MOBEepXHI BoHa Oyxe
3HAXOAUTHCE.

3. 3micr 3BiTY

3.1 Tewma ta MeTa poboTH

3.2 Cxema eneKkTpuyHa-NPUHIIMIIOBA
3.3 Kog nporpamu

3.4 BucHOBKH 3 poOOTH

4. KoHTpoJbHi 3aniMTaHHS
4.1 Mo Take Footprint?

4.2 Ski eTanu cTBOpEHHS APYKOBAHOI myiaTu?
4.3 Sk BinOyBa€eThCs MPOLIEC BUTPABIIOBAHHS ILIATH?
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