IIpakTnueckoe 3ansaTue Nel?
Tema: «IIporpammupoBanue uHTep@eiica ¢ NOMOINBIO IHKOAEPA»

eab padoThI: nproOPECTH MPAKTUYECKHE HABBIKH MO TOIKIIOUCHUIO
IporpaMMUpPOBaHUI0 3HKOIepoB 1 JKK-nucruiee Ha miardopme Arduino.

IHocyenoBaTe/IbHOCTH BHINOJHEHUA PA0OTHI:

— CoOparb cxeMbl Ha MaKeTHOM IUIaTe, WHA4Y€ MpPU OTCYTCTBUH Habopa
Arduino B web-npunoxenusx (https://wokwi.com/projects/new/arduino-uno wiwm
https://www.tinkercad.com/) mist mpUBEACHHBIX TPHUMEPOB.

— 3anporpaMMHUpPOBATh MUKPOKOHTPOJIIEP COTJIACHO 3aJaHUIO B IIPUMEPE.

— BeImonHUTk 3a1aHue 11l CaMOCTOSTEIHLHOM PaOOTHI.

Conep:kanue oruera:

— Ha3Banue nmpakTuyeckoro 3aHsATHS, €TO LETb.

— ®OoTO0 WM CKPUHIIOTHI COOPAHHOU CXEMBI.

— Hamnucanuplii nporpammublii kKo BCTaBUTh TekcToMm, Courier New,
12 kerib, OUHAPHBINA OTCTYII O€3 ab3a1IeB.

— BriBog 0 npoaenanHoii padoTe.

— ®aiin Fritzing ¢ npyHIKANHAATBHON U MOHTaKHOM CXEMOM.

TEOPETUYECKHUE CBEJIEHUA

3HKO}I€p (?HKOZEP TOBOpPOTA, rotary encoder) — 3TO JIEKTPOMEXaHUUYECKOE
YCTPOMCTBO, ITpeolOpa3yrolee MEXaHMIECKOe BpallleHue B IU(PPOBBIE CUTHAIIBI. ITO
aHaJIOT TIOTEHIIMOMETPA, HO C BAXXHBIMHU OTJIMUUSMH.

OcHogHble munvl IHKOOEPOs

1. NukpemenTtanbhbiit 3aK0A€p (Incremental Encoder)

Omnpenenser TOJbKO W3MEHEHUE TOJIOXKEHMs, MMeeT nBa Bbixoma (A u B) c
KBaJIpaTypHBIMA CHUTHAJIaMU, HE 3allOMHHAET a0COJIOTHOE TMOJIOKEHHE TOCIIe
OTKJTFOYCHUS TTUTaHUS.

2. AbcomoTHsii HKOAED (Absolute Encoder)

Omnpenensier aObCOMIOTHOE TOJOKEHUE, MMEET YHUKAIBHBIM KOJ IS KaXKIIOTO
MOJIOKCHUS, 3allOMHUHAET TIOJIOKCHHE II0CE OTKIIOYCHHS MHTAHHUSIIOPOKE U
CJIOXKHEE B TIOIKJTFOYCHHH,

Kax paoomaem sukooep:

[Ipu Bpamenun Bana AUCK ¢ npopessimu Bpamaercs, MK-ceetonnon ceetur yepes
npope3d, (POTOTPaH3UCTOPHI YIABIMBAIOT NPEPHIBUCTHI CBET M TEM CaMbIM
TEeHEPUPYIOTCS UMITYJIbCBI Ha BbIxogax S1 u S2


https://wokwi.com/projects/new/arduino-uno
https://www.tinkercad.com/

Pucynok 1 — BHemHuii BuJ1 DHKOIEPOB

Ha3sznauenue 6v160006:

Coopamps cxemy:

BriBog Hasznauenue Omucaunue
5V MMATAHUE HanpsbkeHue nutanus 3.3V-5V
GND 3eMIIst 001U TPOBOJT
S1 kaHain A (CLK) MEPBBINA KBaIpaTyPHBIN CHUTHAT
S2 kanan B (DT) BTOPOI KBaJAPaTYPHBI CUTHA
KEY kHomka (SW) TaKTOBasi KHOTIKA
3AJJAHUSA




Hanucamo npozpammnulit Koo:

#include <Wire.h>
#include <LiquidCrystal I2C.h>

// ========== HACTPOUKW MWHOB ==========

#define ENCODER CLK 2 // CLK sHkopepa (npepbiBaHue 0)
#define ENCODER DT 3 // DT 3HKopepa

#define ENCODER_SW 4 // KHonka 3HKogepa

#define LED_PIN 11 // CBeToAamon WMHAMKALMUMU

// ========== HACTPOMKA LCD ==========

LiquidCrystal I2C lcd(ex27, 16, 2); // Appec 0x27, 16x2
ancnneun

// ========== [JIOBA/IbHbIE MEPEMEHHbIE ==========
// Pexumbl paboTbl CUCTEMbI
enum SystemMode {

MODE_MAIN, // TnaBHbIA 3KpaH

MODE_MENU, // MeH HacTpoek

MODE_SETTINGS // HacTpoinka napameTpa
}s

SystemMode currentMode = MODE_MAIN;

// MapameTpbl HacTpoek
struct Settings {
int brightness; // flpkocTb (©-100)

int speed; // CkopocTb (1-10)
int temperature; // TemnepaTypa (0-100)
int timeout; // TanmayT (1-60 cek)
int beep; // 3ByKk (0-1)

}s

Settings settings = {50, 5, 25, 30, 1}; // 3HayeHua no
YMOHaHUK

// MeH
const char* menultems[] = {
"Brightness",
"Speed",
"Temperature",
"Timeout",
"Sound"



}s

const int MENU_COUNT = 5;
int currentMenultem = 0;
int currentSetting = 0;

// TlepeMeHHble 3HKOAEepa

volatile int lastCLK = HIGH;

volatile int encoderChange = ©; // -1 BHu3, O HeT, 1 BBepx
int lastEncoderChange = 0;

// TlepeMeHHble KHOMKW 3HKoAepa

bool lastButtonState = HIGH;

bool buttonState = HIGH;

unsigned long lastDebounceTime = 0;

unsigned long buttonPressTime = 0;

const unsigned long debounceDelay = 50;

const unsigned long longPressDelay = 1000; // [nuHHOe
HaxaTue 1 cek

// ®dnarm

bool needDisplayUpdate = true;

bool ledState = false;

unsigned long lastBlinkTime = 0;
unsigned long lastActivityTime = 0;
const unsigned long timeoutDelay =
aBTOBbIXOA,

30000; // 30 cek

// e HACTPOMKA S
void setup() {
Serial.begin(9600);

// HacTpoWka NUHOB 3HKOAepa

pinMode (ENCODER_CLK, INPUT_PULLUP);
pinMode (ENCODER_DT, INPUT_PULLUP);
pinMode (ENCODER_SW, INPUT_PULLUP);
pinMode(LED_PIN, OUTPUT);

// WHnumanu3sauyma LCD
led.init();
lcd.backlight();
lcd.clear();
lcd.setCursor(e, 0);
lcd.print("Encoder Menu");
lcd.setCursor(e, 1);



lcd.print("vi.o");
delay(1500);

// HacTponka npepbiBaHUA ONA dHKOAepa

lastCLK = digitalRead(ENCODER_CLK);

attachInterrupt(digitalPinToInterrupt(ENCODER _CLK),
encoderISR, CHANGE);

lcd.clear();
needDisplayUpdate = true;
lastActivityTime = millis();

// S rﬂABHblM LlMKﬂ B
void loop() {
unsigned long currentMillis = millis();

// TpoBepka TahmayTa be3anencrTBus
if (currentMode != MODE_MAIN &&
currentMillis - lastActivityTime > timeoutDelay) {
currentMode = MODE_MAIN;
needDisplayUpdate = true;
digitalWrite(LED_PIN, LOW);
}

// 06paboTka 3Hkogepa (BpaueHue)
handleEncoder();

// 0bpaboTKa KHOMKM SHKOAEepa
handleEncoderButton();

// O6bHOBNeHuMe gucnnes ecnum HYXHO

if (needDisplayUpdate) {
updateDisplay();
needDisplayUpdate = false;

}

// MuUraHue CBeTOAMOAOM B [JIABHOM pexume
if (currentMode == MODE_MAIN) {
if (currentMillis - lastBlinkTime >= 500) {
ledState = !ledState;
digitalWrite(LED_PIN, ledState);
lastBlinkTime = currentMillis;



}
} else {

// B Apyrux pexumax CBeTOoAMOA4 FOpUT MOCTOSHHO
digitalWrite(LED_PIN, HIGH);

}

delay(10); // Hebonbwaa 3agepxka ANA CTAbWUIbHOCTH

// ========== OBPABOTKA 3HKOAEPA (BPAWEHWE) ==========
void encoderISR() {

int clkState = digitalRead(ENCODER_CLK);

int dtState = digitalRead(ENCODER_DT);

if (clkState != lastCLK) {
// OnpenenAaem HanpaBneHue BpaleHuA
if (dtState != clkState) {
encoderChange = 1; // o 4acoBoi cTpesike
} else {
encoderChange = -1; // lpoTuB 4acoBOW CTpenKu
}
lastCLK = clkState;
lastActivityTime = millis(); // AKTUBHOCTbL MOJIb30BATE/A

}
}

void handleEncoder() {
if (encoderChange != lastEncoderChange) {
if (currentMode == MODE_MAIN) {
// B rnaBHOM pexume - MnepeksiyeHue Mexay pexuMamu
paboTbl
currentSetting += encoderChange;
if (currentSetting < @) currentSetting = MENU_COUNT -
1;
if (currentSetting >= MENU _COUNT) currentSetting = 0;
needDisplayUpdate = true;
}
else if (currentMode == MODE_MENU) {
// B pexume MeHW - nepeknwyeHue MNyHKTOB
currentMenultem += encoderChange;
if (currentMenultem < @) currentMenultem = MENU_COUNT

if (currentMenultem >= MENU COUNT) currentMenultem =



needDisplayUpdate = true;

}

else if (currentMode == MODE_SETTINGS) {
// B pexume HACTpPOWKM - U3MEHEHUEe 3HaYeHuSs
adjustSetting(currentMenultem, encoderChange);
needDisplayUpdate = true;

}

lastEncoderChange = encoderChange;

}

encoderChange = @; // CbpacbiBaem dnar

// ========== OBPABOTKA KHOMKW 3HKOJEPA ==========
void handleEncoderButton() {
// YTeHne COCTOAHMA KHOMKM C 3awuTon oT apebesra
int reading = digitalRead(ENCODER_SW);

if (reading != lastButtonState) {
lastDebounceTime = millis();

}

if ((millis() - lastDebounceTime) > debounceDelay) {
if (reading != buttonState) {
buttonState = reading;

if (buttonState == LOW) {
// KHOMKa HaxaTa - 3anoMMHaeM BpeMA Ha4vasla HaxaTuA
buttonPressTime = millis();
} else {
// KHonka oTnyweHa - obpabaTbiBaeM Kak KOpoTKoOe
HaxaTue
if (buttonPressTime > @ & & (millis() -
buttonPressTime) < longPressDelay) {
processShortPress();
buttonPressTime = 0;

}
}
}
}

lastButtonState = reading;

// TNpoBepka Ha AAMHHOe HaxaTue (KHOMKa BCE elwe HaxaTa)



if (buttonPressTime > @ && (millis() - buttonPressTime) >=
longPressDelay) {
// DNVHHOE HaxaTue - BbIXOo4 B r/1laBHOE MEHK
currentMode = MODE_MAIN;
needDisplayUpdate = true;
buttonPressTime = 0; // CbpackiBaem BpemMAa HaxaTuA
lastActivityTime = millis();

// Hebonbwasa 3amepxka Ana npepoTBpaweHnAa NOBTOPHOWM
06paboTKM
delay(300);

}
}

void processShortPress() {
switch(currentMode) {
case MODE_MAIN:
// W3 rnaBHOro B MeHKW
currentMode = MODE_MENU;
currentMenultem = 0;
break;

case MODE_MENU:
// W3 MeHWw B HaCTpPOWUKM
currentMode = MODE_SETTINGS;
break;

case MODE_SETTINGS:
// W3 HacTpoek o6paTHO B MeEHK
currentMode = MODE_MENU;
break;
}
needDisplayUpdate = true;
lastActivityTime = millis();

// ========== HACTPOWKA MAPAMETPOB ==========
void adjustSetting(int settingIndex, int direction) {
switch(settingIndex) {
case 0: // flpkocTb

settings.brightness += direction;

if (settings.brightness < @) settings.brightness = 0;

if (settings.brightness > 100) settings.brightness =
100;



break;

case 1: // CkopocTb
settings.speed += direction;
if (settings.speed < 1) settings.speed = 1;
if (settings.speed > 10) settings.speed = 10;
break;

case 2: // TemnepaTypa
settings.temperature += direction;
if (settings.temperature < @) settings.temperature =

0;
if (settings.temperature > 100) settings.temperature =
100;
break;
case 3: // Taunmayt
settings.timeout += direction;
if (settings.timeout < 1) settings.timeout = 1;
if (settings.timeout > 60) settings.timeout = 60;
break;
case 4: // 3ByK
settings.beep = lsettings.beep;
break;
}
lastActivityTime = millis();
}

String getSettingValue(int settingIndex) {
switch(settingIndex) {
case 0: return String(settings.brightness) + "%";
case 1: return String(settings.speed) + "/10";
case 2: return String(settings.temperature) + "C";
case 3: return String(settings.timeout) + "s";
case 4: return settings.beep ? "On" : "Off";

default: return --"

}
}

String getSettingValueForMain(int settingIndex) {
switch(settingIndex) {
case 0: return String(settings.brightness) + "%";
case 1: return String(settings.speed);



case 2: return String(settings.temperature) + "C";

case 3: return String(settings.timeout) + "s";

case 4: return settings.beep ? "Yes" : "No";
default: return "---";
}
}

void updateDisplay() {
lcd.clear();

switch(currentMode) {
case MODE_MAIN:
displayMainScreen();
break;

case MODE_MENU:
displayMenu();
break;

case MODE_SETTINGS:
displaySettings();
break;
}
}

void displayMainScreen() {
lcd.setCursor(e, 0);
lcd.print(">> ");
lcd.print(menultems[currentSetting]);

// 3anonHAem ocTaBlWeecA MPOCTPAHCTBO npobenamu
int spaces = 13 - strlen(menultems[currentSetting]);
for (int 1 = @; i < spaces; i++) {
led.print(™ ");
}

// WHauMKauua pexuma
lcd.setCursor(14, 0);
lcd.print("M");

lcd.setCursor(@, 1);
lcd.print("Value: ");
lcd.print(getSettingValueForMain(currentSetting));



// Toackaska B MPaBOM HUXHEM YTy
lcd.setCursor(12, 1);
lcd.print("OK>");

}

void displayMenu() {
lcd.setCursor(0, 0);
lcd.print("Settings Menu:");

lcd.setCursor(0, 1);
led.print(">");
lcd.print(menuItems[currentMenultem]);

// 3anonHAem ocTaBweecA MNPOCTPAHCTBO
int spaces = 15 - strlen(menultems[currentMenultem]);
for (int 1 = @; i < spaces; i++) {
led.print(™ ");
}

// ToAckaska B NPaBOM BepxHeM yray
lcd.setCursor(14, 0);
lcd.print("->");

}

void displaySettings() {
lcd.setCursor(0, 0);
lcd.print("Setting:");
lcd.setCursor(9, 0);
lcd.print(menultems[currentMenultem]);

lcd.setCursor(e, 1);

// OTobpaxeHue 3HAYeHUA C UHAUKALUEN
String value = getSettingValue(currentMenultem);

// Ana noruyeckux 3HayeHuin (On/Off) nokasbiBaem MNo-Apyromy
if (currentMenultem == 4) {
lcd.print("State: ");
lcd.print(value);
} else {
// DNnA 4YUMCNOBbIX 3HAYEeHUW - WKana nporpecca
led.print("[");



int maxWidth = 10; // [nuHa wkanbl
int valueToShow;

switch(currentMenultem) {
case 0: // flpkocTb ©0-100
valueToShow = map(settings.brightness, 0, 100, 0,
maxWidth);
break;
case 1: // CkopocTb 1-10
valueToShow = map(settings.speed, 1, 10, 0,
maxWidth);
break;
case 2: // TemnepaTypa ©-100
valueToShow = map(settings.temperature, 0, 100, 0O,
maxWidth);
break;
case 3: // TammayT 1-60
valueToShow = map(settings.timeout, 1, 60, O,
maxWidth);
break;
default:
valueToShow = 0;
}

// Pucyem wkany
for (int 1 = 0; i < maxWidth; i++) {
if (i < valueToShow) {
led.print("=");
} else {
lcd.print(" ");

}
}

led.print("] ");
lcd.print(value);



// ========== MOHUTOP ==========
void printStatus() {
Serial.println("\n=== System Status ===");
Serial.print("Mode: ");
switch(currentMode) {
case MODE_MAIN: Serial.println("Main"); break;
case MODE_MENU: Serial.println("Menu"); break;
case MODE_SETTINGS: Serial.println("Settings"); break;

}

Serial.print("Current item: ");
Serial.println(menultems[currentMenultem]);

Serial.println("Parameters:");

Serial.print(" Brightness: ");
Serial.print(settings.brightness); Serial.println("%");

Serial.print(" Speed: "); Serial.print(settings.speed);
Serial.println("/10");

Serial.print(" Temperature: ");
Serial.print(settings.temperature); Serial.println("C");

Serial.print(" Timeout: ");
Serial.print(settings.timeout); Serial.println("sec");

Serial.print(" Sound: "); Serial.println(settings.beep ?
"Oon" : "Off");

Serial.print(" Inactivity time: ");

Serial.print((millis() - lastActivityTime) / 1000);

Serial.println("sec");

Serial.println("====================\n");



