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ANNOTATION 

 

Loshyk D. Humidity control system for warehouses of a woodworking enterprise 

based on the ESP-32 microcontroller. Manuscript. 

Qualification work of the bachelor of the specialty «Computer Engineering» of the 

specialty 123 Computer Engineering. Lutsk National Technical University. Lutsk, 2025. 

Qualification work consists of an introduction, three chapters, conclusions, a list of 

sources used, and appendices. 

The first section is devoted to an analytical review of the issues of humidity control 

systems, the relevance of the topic is substantiated here, the influence of air humidity on 

the physical and mechanical properties of wood is considered, a comparative analysis of 

the technical characteristics of modern sensors and hygrometers is carried out. 

The second section provides a justification of the development tools. The connection 

diagrams of the hardware components and the architecture of the system are considered, 

the software used is described: logic, protocols, methods of data storage and transmission 

(ESP32, RGB-LED KY-016, OLED-display, SHT45 sensors). The methodology for 

collecting and processing data to assess the system’s performance is considered. 

The third section is devoted to the installation of the system on a breadboard, the 

software implementation of all the functionality of the monitoring system, and the actual 

implementation and testing of the project. 

Keywords: ESP, wood moisture, microcontroller system, sensors, data collection, 

data control, SHT45. 
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�V;ьHVABь ?>1CB>28E 2>;>3><V@V2 ?@0FNNBь 70 5;5:B@8G=8< 01> є<=VA=8< 

?@8=F8?><: 01> G5@57 ?@O<5 70=C@5==O 3>;G0AB8E 40BG8:V2 C 45@528=C, 01> 70 

4>?><>3>N 157:>=B0:B=>3> 7>=4C20==O. &0:V ?@8AB@>W G0AB> <0NBь ?>?5@54=ь> 

2AB0=>2;5=V @568<8 4;O @V7=8E ?>@V4 45@528=8, I> 4>72>;Oє :>@5:B=VH5 

V=B5@?@5BC20B8 28<V@N20==O. �5O:V <>45;V =02VBь 740B=V 02B><0B8G=> 

V45=B8DV:C20B8 B8? <0B5@V0;C 01> ?>?5@5460B8 ?@> ?5@528I5==O 4>?CAB8<>3> 

@V2=O 2>;>3>ABV G5@57 72C:>2V 01> 2V7C0;ь=V A83=0;8. 

)>G0 B>G=VABь B0:8E ?@8;04V2 45I> =86G0, =V6 C ?@>D5AV9=>3> >1;04=0==O, 

2>=8 70;8H0NBьAO 4C65 :>@8A=8<8 4;O 4><0H=VE <09AB@V2, ?@0FV2=8:V2 A:;04V2, 

4@V1=8E 28@>1=8:V2 <51;V2 B0 =02VBь 4;O ?>?5@54=ь>W >FV=:8 45@528=8 ?5@54 

@5<>=B>< 01> 1C4V2=8FB2><. "A>1;82> 2>=8 7@CG=V 4;O @53C;O@=>W ?5@52V@:8 

C<>2 715@V30==O 157 ?>B@518 2 A:;04=><C >1A;C3>2C20==V 01> B5E=VG=><C 

AC?@>2>4V. 

&0:8< G8=><, ?>1CB>2V 5;5:B@>==V ?@8;048 709<0NBь ?@><V6=C =VHC <V6 

?@>AB8<8 @CG=8<8 70A>10<8 B0 ?>2=>FV==8<8 ?@>D5AV9=8<8 A8AB5<0<8 

<>=VB>@8=3C, 70157?5GCNG8 E>@>H89 10;0=A <V6 FV=>N, DC=:FV>=0;ь=VABN B0 

7@CG=VABN 28:>@8AB0==O. 

1.3.3 *8D@>2V ?@>D5AV9=V A8AB5<8 28<V@N20==O 2>;>3>ABV 

*8D@>2V ?@>D5AV9=V A8AB5<8 28<V@N20==O 2>;>3>ABV – F5 28A>:>B>G=V 

?@8;048 B0 :><?;5:A8, I> 70AB>A>2CNBьAO C ?@><8A;>28E C<>20E, ;01>@0B>@VOE, 

45@52>>1@>1=8E :><1V=0B0E V 1C4V25;ь=8E :><?0=VOE. "A=>2=0 2V4<V==VABь B0:8E 

A8AB5< – F5 WE=O B>G=VABь, =04V9=VABь V 740B=VABь ?@0FN20B8 2 C<>20E 28A>:>3> 

=020=B065==O B0 25;8:>3> >1AO3C 28<V@N20=ь. 

�> ?@>D5AV9=8E F8D@>28E ?@8AB@>W2 =0;560Bь O: ?5@5=>A=V, B0: V 

AB0FV>=0@=V ?@8;048, O:V 70157?5GCNBь 28<V@N20==O 7 B>G=VABN 4> 0,1-0,5 %. 

+0AB> 2>=8 <0NBь @>7H8@5=V DC=:FVW: <>6;82VABь 715@565==O @57C;ьB0BV2 C 

?0<’OBV ?@8AB@>N, ?5@540G0 40=8E =0 :><?’NB5@ G5@57 USB 01> Bluetooth, 281V@ 

@568<V2 4;O @V7=8E <0B5@V0;V2, B5<?5@0BC@=0 :><?5=A0FVO, 0 B0:>6 21C4>20=0 

:0;V1@>2:0. 
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�5O:V A8AB5<8 4>72>;ONBь 74V9A=N20B8 157?5@5@2=89 <>=VB>@8=3 

2>;>3>ABV 2 ?@8<VI5==OE 715@V30==O 01> 2 A0<V9 45@528=V, O:I> 2>=0 265 

2AB0=>2;5=0 2 :>=AB@C:FVN. �024O:8 Fь><C <>6=0 :>=B@>;N20B8 <V:@>:;V<0B C 

@568<V @50;ь=>3> G0AC V A2>єG0A=> @503C20B8 =0 1C4ь-O:V 2V4E8;5==O, O:V <>6CBь 

703@>6C20B8 O:>ABV <0B5@V0;C. #@8:;048 F8D@>28E ?@>D5AV9=8E A8AB5< 

28<V@N20==O 2>;>3>ABV 7>1@065=> =0 @8AC=:C 1.3. 

 

 

$8AC=>: 1.3 – #@8:;048 F8D@>28E ?@>D5AV9=8E A8AB5< 28<V@N20==O 2>;>3>ABV 

 

&0:V ?@8AB@>W є =570<V==8<8 B0<, 45 2V4 2>;>3>ABV 70;560Bь :;NG>2V 

B5E=VG=V E0@0:B5@8AB8:8 45@528=8 – =0?@8:;04, C 28@>1=8FB2V <51;V2, 

45@52’O=>3> 4><>1C4V2=8FB20 01> ?V4 G0A ACHV==O ?8;><0B5@V0;V2. �8A>:0 

20@BVABь F8D@>28E A8AB5< ?>2=VABN 28?@024>2CєBьAO WE=V<8 <>6;82>ABO<8: F5 

V=25AB8FVO 2 AB01V;ь=C O:VABь ?@>4C:FVW B0 7=865==O 2B@0B G5@57 ?AC20==O 

45@528=8. 

"4=8< V7 =09?5@A?5:B82=VH8E =0?@O<V2 ACG0A=>3> :>=B@>;N 2>;>3>ABV є 

28:>@8AB0==O B5E=>;>3V9 �=B5@=5BC @5G59 IoT. ' AD5@V <>=VB>@8=3C <V:@>:;V<0BC 

F5 ?>=OBBO >7=0G0є AB2>@5==O <5@56V ?@8AB@>W2, O:V 740B=V 02B><0B8G=> 
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28<V@N20B8 2>;>3VABь, ?5@54020B8 40=V ?> <5@56V, 0=0;V7C20B8 7<V=8 9 @503C20B8 

=0 =8E 157 CG0ABV ;N48=8. *5 2V4:@820є =>2V <>6;82>ABV 4;O 45@52>>1@>1=8E 

?V4?@8є<AB2, O:V 70FV:02;5=V C B>G=><C B0 AB01V;ь=><C 715@V30==V 45@528=8. 

1.3.4 IoT-A8AB5<8 4;O 28<V@N20==O 2>;>3>ABV 

IoT-A8AB5<8 A:;040NBьAO 7 :V;ь:>E >A=>2=8E 5;5<5=BV2: A5=A>@V2, I> 

28<V@NNBь 2>;>3VABь V B5<?5@0BC@C; <V:@>:>=B@>;5@V2, O:V >1@>1;ONBь 40=V B0 

:5@CNBь ?5@540G5N; <5@56528E <>4C;V2 4;O 72’O7:C 7 V=B5@=5B>< 01> ;>:0;ь=>N 

<5@565N; 0 B0:>6 ?@>3@0<=>3> 70157?5G5==O 4;O 2V7C0;V70FVW V=D>@<0FVW. 'A5 F5 

<>65 4>?>2=N20B8AO 251-V=B5@D59A>< 01> <>1V;ь=8< 4>40B:><, G5@57 O:V 

:>@8ABC20GV 10G0Bь 0:BC0;ь=V ?>:07=8:8 01> >B@8<CNBь ?>?5@5465==O ?@> 

2V4E8;5==O 2V4 =>@<8. 

%ь>3>4=V VA=CNBь O: :><5@FV9=V @VH5==O, I> ?@0FNNBь «7 :>@>1:8», B0: V 

A0<>ABV9=> @50;V7>20=V ?@>є:B8 =0 >A=>2V ?>?C;O@=8E ?;0BD>@<, B0:8E O: ESP32 

G8 Arduino. #5@HV 28@V7=ONBьAO 7@CG=VABN V AB8;ь=8< 48709=><, ?@>B5 <0NBь 

>1<565=V <>6;82>ABV 4;O =0;0HBC20==O. !0B><VABь A0<>@>1=V A8AB5<8 =0 

<V:@>:>=B@>;5@0E 4>72>;ONBь ?>2=VABN 040?BC20B8 ;>3V:C @>1>B8 ?V4 ?>B@518 

?V4?@8є<AB20, V=B53@C20B8 4>40B:>2V DC=:FVW – =0?@8:;04, :5@C20==O 

25=B8;OFVєN, =04A8;0==O SMS 01> ;>3C20==O 7<V= 2>;>3>ABV 715@565==O< =0 

A5@25@V. 

"4=VєN 7 3>;>2=8E ?5@5203 B0:8E @VH5=ь є 48AB0=FV9=89 4>ABC?. *5 

>7=0G0є, I> ?@0FV2=8: <>65 ?5@51C20B8 ?>70 <560<8 >1’є:B0, 0;5 2A5 >4=> 

10G8B8 AB0= ?>2VB@O C A:;04V =0 B5;5D>=V 01> :><?’NB5@V. ' @07V ?5@528I5==O 

?>@>3C 2>;>3>ABV A8AB5<0 A0<0 ?>40ABь A83=0; B@82>38, 2:;NG8Bь ?>B@V1=5 

>1;04=0==O 01> A?>2VAB8Bь 2V4?>2V40;ь=8E >AV1. *5 7<5=HCє 2?;82 ;N4Aь:>3> 

D0:B>@0 B0 4>72>;Oє C=8:=CB8 A5@9>7=8E 2B@0B G5@57 ?AC20==O 45@528=8. 

/:I> ?>@V2=N20B8 CAV 70A>18 :>=B@>;N 2>;>3>ABV, B> B@048FV9=V @CG=V 

3V3@><5B@8 Aь>3>4=V <0965 2B@0B8;8 A2>N 0:BC0;ь=VABь C ?@><8A;>2>ABV. 

#>1CB>2V 5;5:B@>==V ?@8;048 E>G V B>G=VHV, 0;5 =5 70157?5GCNBь 02B><0B870FVW. 

#@>D5AV9=V F8D@>2V 70A>18 1V;ьH =04V9=V, 0;5 2A5 I5 ?>B@51CNBь CG0ABV ;N48=8. 
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!0B><VABь IoT-@VH5==O 28@V7=ONBьAO 3=CG:VABN, B>G=VABN, 02B><0B870FVєN 9 

<>6;82VABN >?5@0B82=>3> 2B@CG0==O. 

' ?V4AC<:C <>6=0 A:070B8, I> ACG0A=V F8D@>2V B5E=>;>3VW, 7>:@5<0 IoT, є 

=091V;ьH 4>FV;ь=8< 281>@>< 4;O ?V4?@8є<AB2, O:V ?@03=CBь ?V428I8B8 O:VABь 

715@V30==O 45@528=8, A:>@>B8B8 @878:8 ?AC20==O B0 2825AB8 ?@>F5A :>=B@>;N =0 

=>289 @V25=ь. '?@>20465==O B0:8E A8AB5< – F5 =5 ;8H5 :@>: 4> ACG0A=>ABV, 0 9 

AB@0B53VG=5 @VH5==O, O:5 4>72>;Oє 7<5=H8B8 28B@0B8 B0 ?>:@0I8B8 7030;ь=C 

5D5:B82=VABь 28@>1=8FB20. 

 

1.4 #>@V2=O;ь=89 0=0;V7 B5E=VG=8E E0@0:B5@8AB8: ACG0A=8E 
3V3@><5B@V2 B0 A5=A>@V2 

 

' ?@>F5AV <>=VB>@8=3C 2>;>3>ABV ?>2VB@O =04728G09=> 206;828< є 281V@ 

?@8;04C 01> A5=A>@0, O:89 =5 ?@>AB> «?>:07Cє F8D@C», 0 70157?5GCє =04V9=5, 

B>G=5 9 AB01V;ь=5 28<V@N20==O 2 @50;ь=8E C<>20E 5:A?;C0B0FVW. �;O 

45@52>>1@>1=>W 30;C7V, 45 =02VBь =57=0G=5 2V4E8;5==O 2>;>3>ABV <>65 

A?@8G8=8B8 45D>@<0FVN 01> 2B@0BC O:>ABV 45@528=8, B>G=VABь 28<V@N20==O <0є 

?5@H>G5@3>25 7=0G5==O. !54>AB0B=ь> 7=0B8 ;8H5 A0< D0:B =0O2=>ABV 2>;>3>ABV – 

206;82> @>7C<VB8 WW :V;ь:VA=V ?0@0<5B@8 7 <V=V<0;ь=>N ?>E81:>N. 

&5E=VG=V E0@0:B5@8AB8:8 A5=A>@V2 V 3V3@><5B@V2, B0:V O: B>G=VABь, 4V0?07>= 

28<V@N20==O, AB01V;ь=VABь :0;V1@C20==O, G0A 2V43C:C, GCB;82VABь 4> 7<V= 

A5@54>28I0, 5=5@3>A?>6820==O B0 A?>AV1 ?V4:;NG5==O, 287=0G0NBь, =0A:V;ь:8 

5D5:B82=> ?@8AB@V9 1C45 ?@0FN20B8 C :>=:@5B=8E C<>20E – G8 B> =0 2V4:@8B><C 

A:;04V, G8 2 70:@8B><C AE>28IV 7 :>=B@>;ь>20=8< <V:@>:;V<0B><. 

!5?@028;ь=> >1@0=89 01> 45H5289 ?@8;04 <>65 AB2>@8B8 V;N7VN 

:>=B@>;N, E>G0 =0A?@024V 1C45 4020B8 A?>B2>@5=V 40=V, I> ?@872545 4> 

?@89=OBBO =5?@028;ь=8E @VH5=ь. %0<5 B><C ?5@54 281>@>< ?@8AB@>N 4;O 

28<V@N20==O 2>;>3>ABV 206;82> @>7C<VB8 9>3> <>6;82>ABV, >1<565==O B0 

2V4?>2V4=VABь 4> :>=:@5B=8E 28@>1=8G8E 70240=ь. 
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' ACG0A=8E C<>20E, :>;8 :>=B@>;ь <V:@>:;V<0BC <0є 28@VH0;ь=5 7=0G5==O 

2 1030Bь>E AD5@0E – 2V4 715@V30==O 45@528=8 4> ?>1CB>2>3> :><D>@BC, – @8=>: 

?@>?>=Cє H8@>:89 A?5:B@ 70A>1V2 4;O 28<V@N20==O 2>;>3>ABV. *V ?@8AB@>W <>6=0 

C<>2=> ?>4V;8B8 =0 B@8 >A=>2=V :0B53>@VW: ?@>D5AV9=V F8D@>2V 3V3@><5B@8, 

?>1CB>2V 5;5:B@>==V ?@8;048 B0 F8D@>2V A5=A>@8 4;O 21C4>20=8E IoT-A8AB5<. 

$>73;O=5<> >:@5<V ?@8:;048 :>6=>W 3@C?8 45B0;ь=VH5, 7 0:F5=B>< =0 WE=V 

E0@0:B5@8AB8:8, ?5@52038 B0 <>6;82V AD5@8 70AB>AC20==O. 

%5@54 ?@>D5AV9=8E ?@8;04V2 >4=5 7 ?@>2V4=8E <VAFь 709<0є Testo 605-H1 

(@8AC=>: 1.4) – :><?0:B=89 B5@<>3V3@><5B@, I> 4>72>;Oє B>G=> 28<V@N20B8 

B5<?5@0BC@C B0 2>;>3VABь ?>2VB@O. �024O:8 >15@B>2><C 7>=4C 2V= 7@CG=89 4;O 

28<V@N20=ь C 25=B8;OFV9=8E :0=0;0E, A:;04Aь:8E ?@8<VI5==OE B0 V=H8E 

206:>4>ABC?=8E 7>=0E. �>3> B0:>6 28:>@8AB>2CNBь 4;O >FV=:8 B>G:8 @>A8 – 

206;82>3> ?0@0<5B@0 ?@8 715@V30==V 3V3@>A:>?VG=8E <0B5@V0;V2. 

 

 

$8AC=>: 1.4 – #@>D5AV9=89 B5@><>3V3@><5B@ Testo 605-H1 [2] 

 

�=H8< ?@54AB02=8:>< ?@>D5AV9=>3> :;0AC є Trotec T660 – ?@8AB@V9, I> 

28:>@8AB>2Cє <V:@>E28;ь>289 <5B>4 4;O 157:>=B0:B=>3> 28<V@N20==O 2>;>3>ABV 

=0 3;818=C 4> 40 <<. *5 >A>1;82> 206;82> ?@8 >FV=FV 2>;>3>3> AB0=C 45@528=8, 

O:0 265 >1@>1;5=0 01> 2<>=B>20=0 2 :>=AB@C:FVW. �024O:8 A5=A>@=><C 5:@0=C B0 

?V4B@8<FV B0:8E DC=:FV9, O: <V=V<C<, <0:A8<C<, CB@8<0==O B0 CA5@54=5==O 
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?>:07V2, F59 ?@8AB@V9 40є 7<>3C 74V9A=N20B8 3;81>:89 0=0;V7 V 715@V30B8 

AB01V;ь=VABь 28<V@N20=ь. �0=89 ?@8;04 7>1@065=> =0 @8AC=:C 1.5. 

 

 

$8AC=>: 1.5 – �V5;5:B@8G=89 2>;>3><V@ Trotec T660 [3] 

 

' ?>1CB>2><C A53<5=BV >A>1;82> ?>?C;O@=8< AB02 Xiaomi Mijia Bluetooth 

Thermometer 2 (@8AC=>: 1.6). �><?0:B=89 ?@8AB@V9 >A=0I5=89 7@CG=8< LCD-

48A?;5є< B0 ?V4B@8<Cє Bluetooth-?5@540GC 40=8E. *5 4>72>;Oє 2 @50;ь=><C G0AV 

2V4AB56C20B8 ?>:07=8:8 G5@57 <>1V;ь=89 4>40B>:. �V= <0є ?@8201;8289 48709= V 

4>1@5 ?V4E>48Bь 4;O 28:>@8AB0==O 2 68B;>28E B0 >DVA=8E ?@8<VI5==OE. 

 

 

$8AC=>: 1.6 – &5@<><5B@-3V3@><5B@ Xiaomi Mijia Bluetooth Thermometer 2 [4] 
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�=0;>3VG=8< ?>1CB>28< @VH5==O< є ThermoPro TP50 (@8AC=>: 1.7) – 

4>ABC?=89 V ?@>AB89 F8D@>289 3V3@><5B@ V7 B>G=VABN ±2 % C 4V0?07>=V 30-80 % 

2V4=>A=>W 2>;>3>ABV. �>3> 25;8:V F8D@8 =0 5:@0=V ;53:> 7G8BCNBьAO =02VBь 7 

2V4AB0=V, 0 @53C;O@=5 >=>2;5==O 40=8E :>6=V 10 A5:C=4 4>72>;Oє <0B8 0:BC0;ь=C 

V=D>@<0FVN I>4> C<>2 C ?@8<VI5==V. 

 

 

$8AC=>: 1.7 – *8D@>289 :;V<0B8G=89 B5@<>3V3@><5B@ ThermoPro TP-50 [5] 

 

":@5<C :0B53>@VN A:;040NBь F8D@>2V A5=A>@8 4;O IoT-A8AB5<, O:V ;53:> 

V=B53@CNBьAO 2 02B><0B87>20=V @VH5==O. %5@54 =8E DHT22 (@8AC=>: 1.8) – >48= 

V7 =09?>H8@5=VH8E A5=A>@V2 C DIY-A5@54>28IV. �V= ?V4B@8<Cє ?>2=89 4V0?07>= 

2>;>3>ABV (0-100 % RH) 7 B>G=VABN ±2 %, I> @>18Bь 9>3> 4>AB0B=ь> =04V9=8< 4;O 

107>28E A8AB5< <>=VB>@8=3C. 

 

 

$8AC=>: 1.8 – &5@<><5B@ V 3V3@><5B@ DHT22 [6] 
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�;O 1V;ьH B>G=8E 28<V@N20=ь ?V4E>48Bь SHT4x, O:89 <0є 28IC B>G=VABь – 

4> ±1.8 % RH B0 ±0.1 °C 70 B5<?5@0BC@>N. �024O:8 =87ь:><C 5=5@3>A?>6820==N 

B0 ?V4B@8<FV I²C-V=B5@D59AC, 2V= V450;ь=89 4;O 28:>@8AB0==O C 21C4>20=8E 

A8AB5<0E, B0:8E O: @>7C<=V 1C48=:8 G8 ?@><8A;>2V A8AB5<8 <>=VB>@8=3C. 

Щ5 >48= 1030B>DC=:FV>=0;ь=89 A5=A>@ – BME280 (@8AC=>: 1.9) – <>65 

28<V@N20B8 =5 ;8H5 2>;>3VABь V B5<?5@0BC@C, 0 9 0B<>AD5@=89 B8A:. *5 4>72>;Oє 

28:>@8AB>2C20B8 9>3> 2 ?>3>4=8E AB0=FVOE B0 V=H8E A:;04=8E A5@54>28I0E, 45 

?>B@V1=> 2@0E>2C20B8 :V;ь:0 D0:B>@V2 <V:@>:;V<0BC. �>3> B>G=VABь 45I> =86G0 

(±3% RH), >4=0: DC=:FV>=0;ь=VABь :><?5=ACє F59 =54>;V:. 

 

 

$8AC=>: 1.9 – �030B>DC=:FV>=0;ь=89 A5=A>@ BME280 [7] 

 

#@>2545=89 >3;O4 V 0=0;V7 B5E=VG=8E E0@0:B5@8AB8: ACG0A=8E 3V3@><5B@V2 V 

A5=A>@V2 4;O 28<V@N20==O 2>;>3>ABV 4>72>;Oє 7@>18B8 =87:C 206;828E 28A=>2:V2 

I>4> 4>FV;ь=>ABV WE 28:>@8AB0==O 2 @V7=8E AD5@0E 4VO;ь=>ABV, 7>:@5<0 2 

45@52>>1@>1=V9 ?@><8A;>2>ABV B0 A8AB5<0E 02B><0B87>20=>3> <>=VB>@8=3C 

<V:@>:;V<0BC. 
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$"��І� 2 

#$"��&'��!!/ %�%&� � �"!&$"�. �"�"�"%&І 
2.1 "1ґ@C=BC20==O 281>@C <V:@>:>=B@>;5@0 ESP-32 

 

#@>є:BC20==O ACG0A=>W 02B><0B87>20=>W A8AB5<8 :>=B@>;N 2>;>3>ABV 

?5@5410G0є 28:>@8AB0==O <V:@>:>=B@>;5@0 O: F5=B@0;ь=>3> 5;5<5=BC >1@>1:8 

40=8E B0 C?@02;V==O. �81V@ 2V4?>2V4=>3> <V:@>:>=B@>;5@0 7=0G=>N <V@>N 

2?;820є =0 DC=:FV>=0;ь=VABь, =04V9=VABь, B>G=VABь B0 <0AHB01>20=VABь CAVєW 

A8AB5<8. &><C 4> =ь>3> 28AC20єBьAO =87:0 >1ґ@C=B>20=8E B5E=VG=8E 28<>3. 

#5@H 70 2A5, <V:@>:>=B@>;5@ <0є ?V4B@8<C20B8 F8D@>2V V=B5@D59A8, 

AC<VA=V 7 ACG0A=8<8 40BG8:0<8 B5<?5@0BC@8 B0 2>;>3>ABV, 7>:@5<0 B0:8<8 O: I²C 

B0 SPI. *5 4>72>;Oє ;53:> ?V4:;NG0B8 A5=A>@8 (=0?@8:;04, SHT4x, BME280) 157 

A:;04=8E AE5< C73>465==O A83=0;V2. 

�@C38< 206;828< :@8B5@Vє< є =0O2=VABь <>6;82>ABV 1574@>B>2>W ?5@540GV 

40=8E. � C<>20E, :>;8 A8AB5<0 :>=B@>;N ?>28==0 DC=:FV>=C20B8 C 2V440;5=8E 

01> @>7?>4V;5=8E >1’є:B0E (=0?@8:;04, =0 A:;040E 01> C 28@>1=8G8E 

?@8<VI5==OE), ?V4B@8<:0 Wi-Fi, 01> Bluetooth є =04728G09=> 0:BC0;ь=>N. *5 

4>72>;Oє @50;V7C20B8 48AB0=FV9=89 <>=VB>@8=3, 718@0==O AB0B8AB8:8 B0 

D>@<C20==O 72VBV2 157 =5>1EV4=>ABV DV78G=>3> 4>ABC?C 4> ?@8AB@>N. 

�@V< B>3>, <V:@>:>=B@>;5@ <0є 1CB8 4>AB0B=ь> ?@>4C:B82=8< 4;O 

28:>=0==O =5 ;8H5 107>2>W >1@>1:8 A83=0;V2, 0 9 >1A;C3>2C20==O 251-

V=B5@D59AV2, ;>:0;ь=>3> 715@V30==O 40=8E B0, 70 ?>B@518, >1G8A;N20;ь=8E 

0;3>@8B<V2 (=0?@8:;04, DV;ьB@0FVW, ?@>3=>7C20==O B>I>). ' Fь><C :>=B5:ABV 

206;828< є B0:>6 >1AO3 4>ABC?=>W ?0<’OBV (O: >?5@0B82=>W, B0: V ?@>3@0<=>W). 

Щ5 >4=8< 206;828< 0A?5:B>< є 5=5@3>5D5:B82=VABь. /:I> A8AB5<0 

?@0FNє 2 C<>20E >1<565=>3> 682;5==O 01> =0 0:C<C;OB>@V, =87ь:5 

5=5@3>A?>6820==O <V:@>:>=B@>;5@0 4>72>;Oє ?@>4>268B8 02B>=><=C @>1>BC 157 

=5>1EV4=>ABV G0AB>W 70<V=8 465@5; 682;5==O. 

!0@5HBV, 206;82>N 28<>3>N є 7@CG=VABь ?@>3@0<C20==O, =0O2=VABь 

AB01V;ь=>3> A5@54>28I0 @>7@>1:8, 25;8:0 A?V;ь=>B0 B0 =0O2=VABь ?@8:;04V2 
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70AB>AC20==O. *5 7=0G=> ?>;53HCє O: ?>G0B:>2C @>7@>1:C, B0: V ?>40;ьH5 

@>7H8@5==O 01> <>48DV:0FVN A8AB5<8. 

"4=8< V7 =09?>?C;O@=VH8E <V:@>:>=B@>;5@V2 =0 @8=:C ?@>3@0<VABV2 є 

<V:@>:>=B@>;5@ ESP-32 (@8AC=>: 2.1). *59 <V:@>:>=B@>;5@ @>7@>1;5=89 

:><?0=VєN Espressif Systems, є ?>BC6=8< B0 C=V25@A0;ь=8< @VH5==O< 4;O 

?>1C4>28 IoT-A8AB5< V A8AB5< <>=VB>@8=3C =02:>;8H=ь>3> A5@54>28I0. �>3> 

B5E=VG=V E0@0:B5@8AB8:8 @>1;OBь 9>3> =04728G09=> ?@8201;828< 20@V0=B>< 4;O 

@50;V70FVW 02B><0B87>20=>3> :>=B@>;N 2>;>3>ABV =0 ?V4?@8є<AB20E, 7>:@5<0 C 

45@52>>1@>1=V9 ?@><8A;>2>ABV. 

 

 

$8AC=>: 2.1 –  V:@>:>=B@>;5@ ESP-32 [8] 

 

ESP-32 ?>1C4>20=89 =0 >A=>2V 42>O45@=>3> ?@>F5A>@0 Tensilica LX6 7 

B0:B>2>N G0AB>B>N 4> 240  �F, I> 70157?5GCє 28A>:C ?@>4C:B82=VABь ?@8 

>1@>1FV 40=8E 2V4 A5=A>@V2 V @50;V70FVW <5@56528E DC=:FV9. �1C4>20=0 

>?5@0B82=0 ?0<’OBь >1AO3>< 4> 520 �� V ?V4B@8<:0 7>2=VH=ь>W Flash-?0<’OBV 

40NBь 7<>3C 715@V30B8 O: ?@>3@0<=89 :>4, B0: V B8<G0A>2V 40=V. 

"4=VєN 7 :;NG>28E ?5@5203 ESP-32 є =0O2=VABь 21C4>20=8E <>4C;V2 Wi-Fi 

(802.11 b/g/n) B0 Bluetooth (Classic V BLE), I> 4>72>;Oє @50;V7C20B8 1574@>B>289 

72’O7>: 157 28:>@8AB0==O 7>2=VH=VE <>4C;V2. *5 ACBBє2> 7=86Cє 20@BVABь ?@>є:BC 

B0 A?@>ICє 0?0@0B=C @50;V70FVN. 
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 V:@>:>=B@>;5@ ?V4B@8<Cє G8A;5==V V=B5@D59A8 22545==O/282545==O, 

7>:@5<0 I²C, SPI, UART, ADC, DAC, PWM, O:V 70157?5GCNBь H8@>:V <>6;82>ABV 

?V4:;NG5==O F8D@>28E V 0=0;>3>28E 40BG8:V2. *5 4>72>;Oє ;53:> V=B53@C20B8 2 

A8AB5<C @V7=><0=VB=V A5=A>@8 2>;>3>ABV, B5<?5@0BC@8, 307C B0 V=HV 28:>=02GV 

5;5<5=B8 – 7>:@5<0, 48A?;5W, 1C75@8, @5;5 B>I>. 

Щ5 >4=VєN ?5@5203>N ESP-32 є 9>3> ?V4B@8<:0 5=5@3>5D5:B82=8E @568<V2 

@>1>B8, 2:;NG0NG8 3;81>:89 A>= (deep sleep), I> 4>72>;Oє 7<5=H8B8 

5=5@3>A?>6820==O 2 02B>=><=8E A8AB5<0E. ' 28?04:0E, :>;8 A8AB5<0 6828BьAO 

2V4 0:C<C;OB>@0 01> A>=OG=>W 10B0@5W, FO DC=:FV>=0;ь=VABь є :@8B8G=> 

206;82>N. 

ESP-32 <0є @>728=5=C 5:>A8AB5<C ?V4B@8<:8: 4;O =ь>3> VA=Cє 25;8:0 

:V;ь:VABь 1V1;V>B5:, 4>:C<5=B0FVW, ?@8:;04V2 B0 2V4:@8B>3> :>4C. #@>3@0<C20==O 

<>6;825 O: G5@57 Arduino IDE, B0: V 70 4>?><>3>N 1V;ьH ?@>D5AV9=>3> 

A5@54>28I0 ESP-IDF, I> 2V4:@820є 4>ABC? 4> =87ь:>@V2=52>3> C?@02;V==O 

?@8AB@>є<. 

�030;><, ESP-32 є V450;ь=8< 281>@>< 4;O ?>1C4>28 A8AB5<8 <>=VB>@8=3C 

2>;>3>ABV, >A:V;ь:8 ?>є4=Cє 2 A>1V ?@>4C:B82=VABь, <5@5652V <>6;82>ABV, 

3=CG:VABь ?V4:;NG5==O B0 5=5@3>5D5:B82=VABь C :><?0:B=><C 9 4>ABC?=><C 

?@8AB@>W. 

 

2.2 #>@V2=O==O A5=A>@V2 2>;>3>ABV B0 >1ґ@C=BC20==O 281>@C 
 

#@028;ь=89 281V@ A5=A>@0 2>;>3>ABV є :@8B8G=8< G8==8:>< 4;O 

70157?5G5==O =04V9=>W @>1>B8 2AVєW A8AB5<8 :>=B@>;N <V:@>:;V<0BC. !0 @8=:C 

?@54AB02;5=> H8@>:89 A?5:B@ A5=A>@V2, >4=0: =5 2AV 7 =8E 70157?5GCNBь 

4>AB0B=N B>G=VABь, AB01V;ь=VABь, 5=5@3>5D5:B82=VABь B0 7@CG=VABь V=B53@0FVW. ' 

Fь><C ?@>є:BV 1C;> @>73;O=CB> B@8 =09?>H8@5=VHV <>45;V: DHT22, BME280 B0 

SHT45. 

DHT22 – F5 >48= V7 =09?>?C;O@=VH8E F8D@>28E 40BG8:V2, O:89 

28:>@8AB>2CєBьAO 2 ?@>AB8E DIY-?@>є:B0E. �V= <0є B>G=VABь 28<V@N20==O 
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2>;>3>ABV ±2 % RH C 4V0?07>=V 2V4 0 % 4> 100 % RH B0 B5<?5@0BC@C 2V4 -40 4> 

+80° C 7 B>G=VABN ±0.5 °C. #>?@8 F5, 2V= <0є =87ь:C G0AB>BC >=>2;5==O 40=8E (4> 

0.5 �F) V AE8;ь=VABь 4> 453@040FVW 2 C<>20E 28A>:>W 2>;>3>ABV 01> ?8;C. &0:>6 2V= 

=5 ?V4B@8<Cє AB0=40@B=V H8=8 72’O7:C (I2C 01> SPI), 0 ?5@540є 40=V G5@57 

?>2V;ь=89 >4=>?@>2V4=89 ?@>B>:>;, I> CA:;04=Nє <0AHB01C20==O B0 V=B53@0FVN 

2 1V;ьH A:;04=V A8AB5<8. �>2=VH=V9 283;O4 40BG8:0 2V4>1@065=> =0 @8AC=:C 2.2. 

 

 

$8AC=>: 2.2 – �0BG8: B5<?5@0BC@8 B0 2>;>3>ABV DHT22 [9] 

 

BME280 (@8AC=>: 2.3) – 1030B>DC=:FV>=0;ь=89 A5=A>@, O:89 :@V< 

2>;>3>ABV 9 B5<?5@0BC@8 B0:>6 28<V@Nє 0B<>AD5@=89 B8A:. �V= ?V4B@8<Cє 

V=B5@D59A8 I²C B0 SPI, 70157?5GCNG8 3=CG:VABь C ?V4:;NG5==V. &>G=VABь 2>;>3>ABV 

AB0=>28Bь ±3 % RH, I> FV;:>< ?@89=OB=> 4;O 7030;ь=>3> 28:>@8AB0==O, >4=0: C 

?>@V2=O==V 7 V=H8<8 A5=A>@0<8 9>3> ?>E81:0 28I0. BME280 є E>@>H8< 281>@>< 

4;O :;V<0B8G=8E AB0=FV9 01> 7030;ь=8E A8AB5< <>=VB>@8=3C, 0;5 4;O B>G=>3> 

:>=B@>;N A:;04C 7 45@528=>N Fь>3> @V2=O <>65 1CB8 =54>AB0B=ь>. 

 

 

$8AC=>: 2.3 – �030B>DC=:FV>=0;ь=89 A5=A>@ BME280 [10] 
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SHT45 (@8AC=>: 2.4) 2V4 :><?0=VW Sensirion – =09=>2VH89 V =09B>G=VH89 

A5=A>@ 7 CAVE B@ь>E. �V= <0є 01A>;NB=C ?>E81:C 28<V@N20==O 2>;>3>ABV 2Aь>3> 

±1 % RH V B5<?5@0BC@8 ±0.1 °C, I> @>18Bь 9>3> V450;ь=8< 4;O ?@>D5AV9=8E 

70AB>AC20=ь. �@V< B>3>, 2V= <0є =87ь:5 5=5@3>A?>6820==O, 21C4>20=C F8D@>2C 

:0;V1@>2:C, V=B5@D59A I²C B0 28A>:89 @V25=ь AB01V;ь=>ABV ?>:07V2 =02VBь C 

A:;04=8E C<>20E 5:A?;C0B0FVW. �>3> :><?0:B=V @>7<V@8 4>72>;ONBь ;53:> 

21C4>2C20B8 A5=A>@ C <V:@>A8AB5<8, 0 ?V4B@8<:0 H284:8E >=>2;5=ь 40=8E (4> 

1 �F) @>18Bь 9>3> =04V9=8< 4;O 48=0<VG=>3> <>=VB>@8=3C. 

 

 

$8AC=>: 2.4 – �0BG8: 28<V@N20==O B5<?5@0BC@8 B0 2>;>3>ABV SHT45 

 

� >3;O4C =0 B5E=VG=V ?0@0<5B@8 B0 ?>B@518 ?@>є:BC, =09:@0I8< 281>@>< є 

A5=A>@ SHT45. �V= 70157?5GCє ?>є4=0==O 28A>:>W B>G=>ABV, 5=5@3>5D5:B82=>ABV, 

AB01V;ь=>ABV B0 ?@>AB>B8 V=B53@0FVW 7 <V:@>:>=B@>;5@>< ESP-32. *5 4>72>;Oє 

@50;V7C20B8 5D5:B82=C A8AB5<C <>=VB>@8=3C 2>;>3>ABV, 740B=C ?@0FN20B8 2 

C<>20E A:;04C 7 28A>:8<8 28<>30<8 4> <V:@>:;V<0BC. 

 

2.3 #@87=0G5==O B0 AE5<0 ?V4:;NG5==O 0?0@0B=8E :><?>=5=BV2 

 

' ?@>F5AV @>7@>1:8 A8AB5<8 :>=B@>;N 2>;>3>ABV ?>2VB@O ?;0=CєBьAO 

28:>@8AB0==O @O4C 0?0@0B=8E :><?>=5=BV2, :>65= 7 O:8E 2V4V3@020B8<5 206;82C 

@>;ь C 70157?5G5==V B>G=>ABV, =04V9=>ABV B0 5D5:B82=>ABV @>1>B8 2AVєW 

:>=AB@C:FVW. *5=B@0;ь=8< 5;5<5=B>< A8AB5<8 AB0=5 <V:@>:>=B@>;5@ ESP32, 
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O:89, 7024O:8 28A>:V9 >1G8A;N20;ь=V9 ?>BC6=>ABV B0 21C4>20=><C Wi-Fi-

<>4C;N, 4>72>;8Bь >@30=V7C20B8 O: ;>:0;ь=5 :5@C20==O, B0: V ?5@540GC 40=8E C 

E<0@=V 01> ;>:0;ь=V 251-V=B5@D59A8. 

�;O 28<V@N20==O ?0@0<5B@V2 <V:@>:;V<0BC ?5@5410G5=> 28:>@8AB0==O 

F8D@>2>3> A5=A>@0 B5<?5@0BC@8 B0 2>;>3>ABV SHT45. *59 A5=A>@ 

E0@0:B5@87CєBьAO 28A>:>N B>G=VABN, AB01V;ь=VABN :0;V1@C20==O B0 ?V4B@8<:>N 

V=B5@D59AC I2C, I> 4>72>;Oє 7<5=H8B8 :V;ь:VABь =5>1EV4=8E 7’є4=0=ь V 

A?@>AB8B8 <>=B06. �>3> 281V@ >1ґ@C=B>2CєBьAO ?>B@51>N C 4>AB>2V@=8E 

?>:07=8:0E 2>;>3>ABV, >A>1;82> 206;828E 4;O ?@8<VI5=ь 45@52>>1@>1=>W 

?@><8A;>2>ABV. 

#5@5410G0єBьAO B0:>6 V=B53@0FVO OLED-48A?;5O 7 4V03>=0;;N 0.91 4N9<0 

B0 @>74V;ь=>N 740B=VABN 128x32 ?V:A5;V2. �V= A;C68B8<5 4;O 282545==O 

0:BC0;ь=8E 40=8E 28<V@N20=ь 157 =5>1EV4=>ABV 4>40B:>28E ?@8AB@>W2 282>4C. 

�024O:8 ?V4B@8<FV I2C-?@>B>:>;C 48A?;59 1C45 7@CG=> ?V4:;NG8B8 4> BVєW 6 

H8=8, I> 9 A5=A>@, I> >?B8<V7Cє 28:>@8AB0==O 282>4V2 ESP32. 

�V7C0;ь=C V=48:0FVN AB0=C A5@54>28I0 ?5@5410G0єBьAO @50;V7C20B8 70 

4>?><>3>N RGB-A2VB;>4V>40 KY-016, O:89 1C45 7<V=N20B8 :>;ь>@8 2 70;56=>ABV 

2V4 @V2=O 2>;>3>ABV 01> B5<?5@0BC@8. �;O ?>40GV 72C:>28E ?>?5@5465=ь C @07V 

28O2;5==O :@8B8G=8E C<>2 C A8AB5<V ?;0=CєBьAO 28:>@8AB0==O 0:B82=>3> 1C75@0 

7 =87ь:8< @V2=5< A?@0FN20==O. 

�18@0==O 2AVєW A8AB5<8 ?5@5410G5=> 74V9A=8B8 =0 <0:5B=V9 ?;0BV =0 400 

B>G>:. &0:89 ?V4EV4 4>72>;8Bь ;53:> <>48DV:C20B8 AE5<C 2 ?@>F5AV 

=0;03>465==O, ?@>2>48B8 5:A?5@8<5=B8 B0 ?5@52V@:C ?@0F5740B=>ABV 157 ?>B@518 

C ?0O==V. ' @07V ?>B@518 B5ABC20==O 4>40B:>28E :>=DV3C@0FV9 01> @>7H8@5==O 

DC=:FV>=0;C <>65 1CB8 ?V4:;NG5=0 4>40B:>20 <0:5B=0 ?;0B0 =0 830 B>G>:. 

�>;>2=89 :><?>=5=B C A8AB5<V <V:@>:>=B@>;5@ ESP32 (@8AC=>: 2.5) – F5 

:5@CNG89 5;5<5=B, I> 2V4?>2V40є 70 71V@ 40=8E V7 A5=A>@0 2>;>3>ABV, >1@>1:C 

>B@8<0=>W V=D>@<0FVW, C?@02;V==O V=48:0FVєN (RGB-A2VB;>4V>4 B0 OLED-

48A?;59), 0 B0:>6 70 ?5@540GC 40=8E G5@57 21C4>20=89 Wi-Fi-<>4C;ь. �024O:8 
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?V4B@8<FV V=B5@D59AV2 UART, I²C B0 SPI, ESP32 4>72>;Oє 5D5:B82=> ?V4:;NG0B8 

?5@8D5@V9=V <>4C;V 7 <V=V<0;ь=8< 28:>@8AB0==O< 282>4V2. 

 

 

$8AC=>: 2.5 –  V:@>:>=B@>;5@ ESP32 

 

*8D@>289 A5=A>@ B5<?5@0BC@8 B0 2>;>3>ABV SHT45 (@8AC=>: 2.6) 

28:>@8AB>2CєBьAO 4;O 157?5@5@2=>3> <>=VB>@8=3C :;V<0B8G=8E ?0@0<5B@V2. �V= 

?V4:;NG0єBьAO 4> ESP32 G5@57 I²C-H8=C (SDA, SCL) V ?5@540є 40=V 7 28A>:>N 

B>G=VABN: ±1.8 % RH 4;O 2>;>3>ABV B0 ±0.1 °C 4;O B5<?5@0BC@8. !87ь:5 

5=5@3>A?>6820==O A5=A>@0 4>72>;Oє 9>3> 28:>@8AB0==O =02VBь C A8AB5<0E 7 

02B>=><=8< 682;5==O<. 

 

 

$8AC=>: 2.6 – %5=A>@ B5<?5@0BC@8 B0 2>;>3>ABV SHT45 

 

OLED-48A?;59 0.91D  I2C 128x32 28:>@8AB>2CєBьAO 4;O ;>:0;ь=>3> 282>4C 

40=8E ?@> AB0= <V:@>:;V<0BC. �82V4 V=D>@<0FVW =0 48A?;59 @50;V7CєBьAO G5@57 B>9 
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A0<89 I²C-V=B5@D59A, I> 9 A5=A>@, 7024O:8 G><C 7<5=HCєBьAO :V;ь:VABь 

=5>1EV4=8E 7’є4=0=ь. !0 5:@0=V ?5@5410G0єBьAO 282>48B8 ?>B>G=C B5<?5@0BC@C, 

2>;>3VABь B0 <>6;82> – ?V:B>3@0<8 B@82>38 ?@8 :@8B8G=8E 7=0G5==OE. �8A?;59 

7>1@065=> =0 @8AC=:C 2.7. 

 

 

$8AC=>: 2.7 – OLED-48A?;59 0.91” I2C 128x32 

 

RGB-A2VB;>4V>4 (KY-016) (@8AC=>: 2.8) – V=48:0B>@ 2V7C0;ь=>3> 

?>?5@5465==O.  >4C;ь <0є B@8 :5@CNGV 2E>48 (Red, Green, Blue), O:V 

?V4:;NG0NBьAO 4> F8D@>28E 282>4V2 ESP32 G5@57 @578AB>@8. �>;V@ A2VBV==O 

2V4>1@060є AB0= A8AB5<8: =0?@8:;04, 75;5=89 – =>@<0, 6>2B89 – 1;87ь:> 4> 

:@8B8G=8E 7=0G5=ь, G5@2>=89 – ?5@528I5==O 4>?CAB8<>3> ?>@>3C 2>;>3>ABV. 

 

 

$8AC=>: 2.8 – RGB-A2VB;>4V>4 (KY-016) 
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�2C:>289 <>4C;ь (0:B82=89 1C75@) 70157?5G8Bь 72C:>2C A83=0;V70FVN C 

28?04:C, :>;8 7=0G5==O 2>;>3>ABV 28E>48B8<CBь 70 4>?CAB8<V <56V. #V4:;NG5==O 

74V9A=NєBьAO 4> F8D@>2>3> 28E>4C ESP32 V7 =87ь:8< @V2=5< B@835@0. 

#;0=CєBьAO, I> 1C75@ 1C45 0:B82C20B8Aь :>@>B:>G0A=> ?@8 ?5@5E>4V G5@57 

2AB0=>2;5=89 ?>@V3, I>1 =5 AB2>@N20B8 ?>ABV9=>3> HC<C. �2C:>289 1C75@ 

7>1@065=> =0 @8AC=:C 2.9. 

 

 

$8AC=>: 2.9 – �2C:>289 <>4C;ь 4;O >?>2VI5==O 2 A8AB5<V 

 

 0:5B=0 ?;0B0 =0 400 B>G>: (@8AC=>: 2.10) A;C3C20B8<5 >A=>2>N 4;O 

DV78G=>3> <>=B06C 2AVE :><?>=5=BV2. �>=0 4>72>;8Bь H284:> AB2>@8B8 ?@>B>B8? 

157 ?0O==O, 7<V=N20B8 :><?>=C20==O, ?@>B5ABC20B8 @V7=V :>=DV3C@0FVW 

?V4:;NG5==O.  

 

 

$8AC=>: 2.10 –  0:5B=0 ?;0B0 =0 400 B>G>: 
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#@>2V4=8:8 (Dupont) – 28:>@8AB>2CNBьAO 4;O 7’є4=0==O :><?>=5=BV2 <V6 

A>1>N, 7>:@5<0 <V6 ESP32 V ?5@8D5@V9=8<8 <>4C;O<8. #;0=CєBьAO 

28:>@8AB0==O :>;ь>@>28E ?@>2>4V2 4;O 7@CG=>ABV ?@8 2V4;03>465==V B0 

C=8:=5==O ?><8;>:. #@8:;04 B0:8E ?@>2V4=8:V2 7>1@065=> =0 @8AC=:C 2.11. 

 

 

$8AC=>: 2.11 – �’є4=C20;ь=V ?@>2V4=8:8 (Dupont) 4;O @>1>B8 =0 <0:5B=V9 ?;0BV 

 

�;O 7@CG=>ABV B0 @>7H8@5==O <>6;82>AB59 <V:@>:>=B@>;5@C :>@8A=8< є 

28:>@8AB0==O ?;0B8 @>7H8@5==O ESP-32. �>2=VH=V9 283;O4 ?;0B8 @>7H8@5==O 

2V4>1@065=> =0 @8AC=:C 2.12. 

 

 

$8AC=>: 2.12 – #;0B0 @>7H8@5==O 4;O ESP-32 
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%E5<0 ?V4:;NG5==O 0?0@0B=8E :><?>=5=BV2 A8AB5<8 :>=B@>;N 2>;>3>ABV 

@>7@>1;5=0 B0:8< G8=><, I>1 70157?5G8B8 5D5:B82=C 270є<>4VN <V6 CAV<0 

<>4C;O<8 B0 <0:A8<0;ь=> 7@CG=> @50;V7C20B8 ;>3V:C :5@C20==O A8AB5<>N 70 

4>?><>3>N <V:@>:>=B@>;5@0 ESP32. !0 >A=>2V ?@54AB02;5=>W 3@0DVG=>W AE5<8 

(@8AC=>: 2.13) @>73;O=5<> ?@8=F8? ?V4:;NG5==O >A=>2=8E 2C7;V2. 

 

 

$8AC=>: 2.13 – %E5<0 ?V4:;NG5==O 0?0@0B=8E :><?>=5=BV2 A8AB5<8 :>=B@>;N 

2>;>3>ABV =0 107V ESP32 

 

 V:@>:>=B@>;5@ ESP32 є F5=B@0;ь=>N G0AB8=>N 2AVєW A8AB5<8, 4> O:>W 

?V4:;NG0NBьAO 2AV V=HV :><?>=5=B8. �82;5==O 2AVE <>4C;V2 ?>40єBьAO 2V4 

ESP32: VCC (3.3 �) B0 GND 28:>@8AB>2CNBьAO 4;O A5=A>@0 SHT45, 48A?;5O 

OLED B0 RGB-A2VB;>4V>40. �024O:8 28:>@8AB0==N V=B5@D59AC I²C (;V=VW SDA B0 

SCL), A5=A>@ B5<?5@0BC@8 V 2>;>3>ABV SHT45 B0 OLED-48A?;59 <>6CBь 1CB8 

?V4:;NG5=V ?0@0;5;ь=> 4> 2V4?>2V4=8E 282>4V2 ESP32 – SDA (GPIO21) B0 SCL 
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(GPIO22). *5 4>72>;Oє 75:>=><8B8 :V;ь:VABь 282>4V2 V 70157?5GCє ?@>AB5 B0 

=04V9=5 7’є4=0==O [11]. 

RGB-A2VB;>4V>4 KY-016 ?V4:;NG0єBьAO 4> B@ь>E F8D@>28E 28E>4V2 ESP32, 

:>65= 7 O:8E 2V4?>2V40є 70 >:@5<89 :>;V@ – G5@2>=89, 75;5=89 B0 A8=V9. +5@57 

>1<565==O ?> AB@C<C, ?;0=CєBьAO 28:>@8AB>2C20B8 @578AB>@8 ?5@54 :>6=>N 7 

;V=V9 :5@C20==O, I> 4>72>;8Bь C=8:=CB8 ?>H:>465==O A2VB;>4V>40 B0 A0<>3> 

:>=B@>;5@0. �0;56=> 2V4 ?>:07=8:V2 2>;>3>ABV 01> B5<?5@0BC@8 ESP32 

7<V=N20B8<5 OA:@02VABь V :>;V@ A2VB;>4V>40 2V4?>2V4=> 4> 70:;045=>W ;>3V:8 

A83=0;V70FVW. 

�2C:>289 <>4C;ь (0:B82=89 1C75@) ?V4:;NG0єBьAO 4> >4=>3> 7 F8D@>28E 

28E>4V2 ESP32. #5@5203>N 0:B82=>3> 1C75@0 є B5, I> 4;O 9>3> 0:B820FVW 

4>AB0B=ь> ?>40B8 A83=0; ;>3VG=>3> @V2=O, =5 ?>B@V1=> 35=5@C20B8 G0AB>BC =0 

:>=B@>;5@V. �0?;0=>20=> 28:>@8AB>2C20B8 =87ь:>@V2=5289 B@835@, B>1B> 1C75@ 

1C45 2<8:0B8Aь ?@8 ?>40GV ;>3VG=>3> =C;O. �C75@ 1C45 A83=0;V7C20B8 ?@> 28EV4 

2>;>3>ABV 70 2AB0=>2;5=V ?>@>3>2V 7=0G5==O :>@>B:8<8 V<?C;ьA0<8, I>1 =5 

AB2>@N20B8 =04<V@=>3> HC<C. 

OLED-48A?;59 @>7B0H>2CєBьAO >:@5<>, 0;5 B0:>6 ?V4:;NG0єBьAO 4> I²C-

H8=8, 265 28:>@8AB0=>W 4;O A5=A>@0 2>;>3>ABV. #5@52030 B0:>3> ?V4:;NG5==O 

?>;O30є C 7<5=H5==V :V;ь:>ABV =5>1EV4=8E ;V=V9 ?5@540GV 40=8E B0 C=VDV:0FVW 

?@>B>:>;C 270є<>4VW 7 ESP32. !0 48A?;5W 282>48B8<5BьAO ?>B>G=5 7=0G5==O 

B5<?5@0BC@8 B0 2>;>3>ABV, 0 B0:>6 V=HV B5:AB>2V 01> 3@0DVG=V ?>2V4><;5==O 

A8AB5<8. 

'AV 7’є4=0==O ?;0=CєBьAO @50;V7C20B8 =0 <0:5B=V9 ?;0BV =0 400 B>G>:, I> 

4>72>;8Bь ;53:> 7<V=N20B8 :><?>=C20==O B0 ?@>2>48B8 =0;03>465==O. 

#V4:;NG5==O 5;5<5=BV2 4> <0:5B=>W ?;0B8 74V9A=NєBьAO 70 4>?><>3>N Dupont-

?@>2V4=8:V2 [12], I> 4>72>;Oє H284:> B0 7@CG=> >@30=V7C20B8 2AV 7’є4=0==O 157 

28:>@8AB0==O ?09:8. 

&0:8< G8=><, AE5<0 ?>1C4>20=0 7 C@0EC20==O< <>4C;ь=>ABV, ?@>AB>B8 

@50;V70FVW B0 <>6;82>ABV ?>40;ьH>3> @>7H8@5==O A8AB5<8. �AV :><?>=5=B8 



 
 36 

 

270є<>4VNBь <V6 A>1>N G5@57 =04V9=V V=B5@D59A8, I> 70157?5G8Bь AB01V;ь=C 

@>1>BC A8AB5<8 C ?@>F5AV 5:A?;C0B0FVW. 

 

2.4 "?8A ?@>3@0<=>3> 70157?5G5==O: ;>3V:0, ?@>B>:>;8, 715@V30==O B0 
?5@540G0 40=8E 

 

#@>3@0<=5 70157?5G5==O A8AB5<8 :>=B@>;N 2>;>3>ABV A:;04V2 

?V4?@8є<AB20 45@52>>1@>1:8 ?5@5410G0є @50;V70FVN 21C4>20=>W ;>3V:8, O:0 

70157?5GC20B8<5 157?5@5@2=89 <>=VB>@8=3 ?0@0<5B@V2 =02:>;8H=ь>3> 

A5@54>28I0, >1@>1:C >B@8<0=8E 40=8E, WE=N 2V7C0;V70FVN, A83=0;V70FVN C @07V 

?5@528I5==O 4>?CAB8<8E 7=0G5=ь, 0 B0:>6 4>ABC? 4> 40=8E G5@57 251-V=B5@D59A. 

"A=>2>N ;>3V:8 @>1>B8 є ?5@V>48G=5 7G8BC20==O ?>:07=8:V2 B5<?5@0BC@8 

B0 2>;>3>ABV 7 F8D@>2>3> A5=A>@0, >1@>1:0 F8E 40=8E C @50;ь=><C G0AV B0 

CE20;5==O @VH5==O ?@> A?@0FN20==O 2V7C0;ь=>W B0 72C:>2>W A83=0;V70FVW C @07V, 

O:I> 7=0G5==O 28E>4OBь 70 <56V 2AB0=>2;5=8E ?>@>3V2. ":@5<> ?5@5410G5=> 

2V4>1@065==O ?>B>G=8E ?0@0<5B@V2 =0 OLED-48A?;5W, I> 4>72>;Oє 74V9A=N20B8 

;>:0;ь=89 <>=VB>@8=3 ?@O<> =0 <VAFV 2AB0=>2;5==O A8AB5<8. 

�;O ?5@540GV 40=8E 28:>@8AB>2CєBьAO 21C4>20=89 <>4C;ь Wi-Fi 

<V:@>:>=B@>;5@0, I> 4>72>;Oє @50;V7C20B8 DC=:FVN 251-A5@25@0. *5 70157?5G8Bь 

<>6;82VABь ?5@53;O4C ?0@0<5B@V2 7 1C4ь-O:>3> ?@8AB@>N, ?V4:;NG5=>3> 4> 

;>:0;ь=>W <5@56V. �0?8B8 :;Vє=BV2 >1@>1;ONBьAO 2 70;56=>ABV 2V4 WE=ь>3> B8?C – 

01> 2840єBьAO V=B5@0:B82=0 HTML-AB>@V=:0 7 3@0DV:0<8, 01> JSON-40=V 4;O 

?>40;ьH>3> <0H8==>3> 0=0;V7C G8 2V7C0;V70FVW. 

#5@540G0 40=8E <V6 A5=A>@>< B0 <V:@>:>=B@>;5@>< 2V41C20B8<5BьAO 70 

?@>B>:>;>< I2C. �15@V30==O VAB>@8G=8E 40=8E C FV9 25@AVW A8AB5<8 =5 

?5@5410G5=>, >4=0: C <091CB=ь><C <>6;820 @50;V70FVO 1CD5@0 01> ?V4:;NG5==O 

4> 2V440;5=>3> A5@25@0 G8 1078 40=8E 4;O 2545==O 6C@=0;C 7<V= B0 AB0B8AB8:8. 

�030;>< ?@>3@0<=0 ;>3V:0 @>7@>1;OєBьAO B0:8< G8=><, I>1 70157?5G8B8 

=04V9=VABь, 02B>=><=VABь V 7@CG=VABь 28:>@8AB0==O A8AB5<8 O: 4;O ;>:0;ь=>3>, 
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B0: V 4;O 2V440;5=>3> <>=VB>@8=3C <V:@>:;V<0B8G=8E C<>2 C A:;04Aь:8E 

?@8<VI5==OE. 

 

2.5  5B>48:0 71>@C B0 >?@0FN20==O 40=8E  
 

�;O 70157?5G5==O =04V9=>W @>1>B8 A8AB5<8 <>=VB>@8=3C 2>;>3>ABV A:;04V2 

=5>1EV4=> ?@>25AB8 >FV=:C WW ?@0F5740B=>ABV. "A=>2=>N <5B>N є ?5@52V@:0 

740B=>ABV A8AB5<8 B>G=> DV:AC20B8 7<V=8 B5<?5@0BC@8 B0 2>;>3>ABV, :>@5:B=> 

>1@>1;OB8 40=V, A2>єG0A=> @503C20B8 =0 :@8B8G=V A8BC0FVW B0 AB01V;ь=> 

?5@54020B8 V=D>@<0FVN 4> V=B5@D59AC :>@8ABC20G0. &0:>6 206;82> >FV=8B8 

7030;ь=C 5D5:B82=VABь DC=:FV>=C20==O A8AB5<8 2 C<>20E, =01;865=8E 4> 

@50;ь=8E, 4;O 28O2;5==O <>6;828E B5E=VG=8E 01> ?@>3@0<=8E =54>;V:V2. 

#5@54 ?>G0B:>< 71>@C 40=8E =5>1EV4=> ?V43>BC20B8 A8AB5<C 4> @>1>B8. 

�;O Fь>3> 28:>=CєBьAO 107>25 =0;03>465==O ?@>3@0<=>3> 70157?5G5==O, 

?5@52V@OєBьAO A?@02=VABь ?V4:;NG5==O 2AVE <>4C;V2: A5=A>@0 B5<?5@0BC@8 9 

2>;>3>ABV, OLED-48A?;5O, 1C75@0, 0 B0:>6 70157?5GCєBьAO AB01V;ь=5 682;5==O 

ESP32. '<>28 B5ABC20==O <0NBь ?5@5410G0B8 7<V=C @V2=O 2>;>3>ABV ?>2VB@O, I> 

4>72>;8Bь ?5@52V@8B8 @50:FVN A8AB5<8 =0 @V7=V A8BC0FVW. #VA;O C2V<:=5==O 

<V:@>:>=B@>;5@0 ?@>2>48BьAO ?>G0B:>25 :0;V1@C20==O A5=A>@0 B0 DV:A0FVO 

107>28E ?0@0<5B@V2 A5@54>28I0. 

�1V@ V=D>@<0FVW 74V9A=NєBьAO H;OE>< 157?5@5@2=>3> 7G8BC20==O 40=8E V7 

F8D@>2>3> A5=A>@0 7 7040=8< V=B5@20;>< G0AC. �AV >B@8<0=V ?>:07=8:8 

282>4OBьAO =0 OLED-48A?;59 4;O ;>:0;ь=>3> :>=B@>;N, 0 B0:>6 ?5@540NBьAO 

G5@57 21C4>20=89 251-V=B5@D59A ?> Wi-Fi 4;O 48AB0=FV9=>3> <>=VB>@8=3C. #V4 

G0A B5ABC20==O 74V9A=NєBьAO @CG=5 DV:AC20==O <><5=BV2 A?@0FN20==O 72C:>2>W 

A83=0;V70FVW, O:I> 70DV:A>20=> ?5@528I5==O 4>?CAB8<>3> @V2=O 2>;>3>ABV. 

�V1@0=V 40=V =040;V 28:>@8AB>2CNBьAO 4;O 0=0;V7C B>G=>ABV, =04V9=>ABV B0 

H284:>4VW 2AVєW A8AB5<8. 

�;O 70157?5G5==O =04V9=>W @>1>B8 A8AB5<8 <>=VB>@8=3C 2>;>3>ABV A:;04V2 

=5>1EV4=> ?@>25AB8 >FV=:C WW ?@0F5740B=>ABV [13]. "A=>2=>N <5B>N є ?5@52V@:0 
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740B=>ABV A8AB5<8 B>G=> DV:AC20B8 7<V=8 B5<?5@0BC@8 B0 2>;>3>ABV, :>@5:B=> 

>1@>1;OB8 40=V, A2>єG0A=> @503C20B8 =0 :@8B8G=V A8BC0FVW B0 AB01V;ь=> 

?5@54020B8 V=D>@<0FVN 4> V=B5@D59AC :>@8ABC20G0. &0:>6 206;82> >FV=8B8 

7030;ь=C 5D5:B82=VABь DC=:FV>=C20==O A8AB5<8 2 C<>20E, =01;865=8E 4> 

@50;ь=8E, 4;O 28O2;5==O <>6;828E B5E=VG=8E 01> ?@>3@0<=8E =54>;V:V2. 

#5@54 ?>G0B:>< 71>@C 40=8E =5>1EV4=> ?V43>BC20B8 A8AB5<C 4> @>1>B8. 

�;O Fь>3> 28:>=CєBьAO 107>25 =0;03>465==O ?@>3@0<=>3> 70157?5G5==O, 

?5@52V@OєBьAO A?@02=VABь ?V4:;NG5==O 2AVE <>4C;V2: A5=A>@0 B5<?5@0BC@8 9 

2>;>3>ABV, OLED-48A?;5O, 1C75@0, 0 B0:>6 70157?5GCєBьAO AB01V;ь=5 682;5==O 

ESP32. '<>28 B5ABC20==O <0NBь ?5@5410G0B8 7<V=C @V2=O 2>;>3>ABV ?>2VB@O, I> 

4>72>;8Bь ?5@52V@8B8 @50:FVN A8AB5<8 =0 @V7=V A8BC0FVW. #VA;O C2V<:=5==O 

<V:@>:>=B@>;5@0 ?@>2>48BьAO ?>G0B:>25 :0;V1@C20==O A5=A>@0 B0 DV:A0FVO 

107>28E ?0@0<5B@V2 A5@54>28I0. 

�1V@ V=D>@<0FVW 74V9A=NєBьAO H;OE>< 157?5@5@2=>3> 7G8BC20==O 40=8E V7 

F8D@>2>3> A5=A>@0 7 7040=8< V=B5@20;>< G0AC. �AV >B@8<0=V ?>:07=8:8 

282>4OBьAO =0 OLED-48A?;59 4;O ;>:0;ь=>3> :>=B@>;N, 0 B0:>6 ?5@540NBьAO 

G5@57 21C4>20=89 251-V=B5@D59A ?> Wi-Fi 4;O 48AB0=FV9=>3> <>=VB>@8=3C. #V4 

G0A B5ABC20==O 74V9A=NєBьAO @CG=5 DV:AC20==O <><5=BV2 A?@0FN20==O 72C:>2>W 

A83=0;V70FVW, O:I> 70DV:A>20=> ?5@528I5==O 4>?CAB8<>3> @V2=O 2>;>3>ABV. 

�V1@0=V 40=V =040;V 28:>@8AB>2CNBьAO 4;O 0=0;V7C B>G=>ABV, =04V9=>ABV B0 

H284:>4VW 2AVєW A8AB5<8. 

#@>2545==O <5B>48:8 71>@C B0 >?@0FN20==O 40=8E є :;NG>28< 5B0?>< C 

?@>F5AV >FV=:8 ?@0F5740B=>ABV A8AB5<8 <>=VB>@8=3C 2>;>3>ABV A:;04V2. �024O:8 

287=0G5=8< :@8B5@VO< 5D5:B82=>ABV, ?@028;ь=> ?V4V1@0=8< V=AB@C<5=B0< 

0=0;V7C B0 =0;0HB>20=><C <5E0=V7<C DV:A0FVW ?>:07=8:V2 AB0;> <>6;828< 

28O28B8 ?>B5=FV9=V =54>;V:8 2 @>1>BV 0?0@0B=>W B0 ?@>3@0<=>W G0AB8=.  

�0?@>?>=>20=0 <5B>48:0 40є 7<>3C :>=B@>;N20B8 AB01V;ь=VABь @>1>B8 

?@8AB@>W2 C @568<V @50;ь=>3> G0AC, 0=0;V7C20B8 48=0<V:C 7<V= 2>;>3>ABV 9 

B5<?5@0BC@8, 0 B0:>6 >?5@0B82=> @503C20B8 =0 :@8B8G=V 7<V=8 ?0@0<5B@V2. &0:8< 
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G8=><, 70157?5GCєBьAO FV;VA=0 ?5@52V@:0 740B=>ABV A8AB5<8 5D5:B82=> ?@0FN20B8 

2 C<>20E, =01;865=8E 4> 5:A?;C0B0FV9=8E. 
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$"��І� 3 

$���І��*І/ &� #�$��І$�� #$�*����&!"%&І %�%&� � 

3.1  >=B06 A8AB5<8 =0 <0:5B=V9 ?;0BV B0 =0;0HBC20==O 7’є4=0=ь 
 

 >=B06 A8AB5<8 <>=VB>@8=3C 2>;>3>ABV A:;04V2 74V9A=N202AO ?>5B0?=>, V7 

70157?5G5==O< ?@028;ь=>3> ?V4:;NG5==O CAVE :><?>=5=BV2 4> <V:@>:>=B@>;5@0 

ESP32 =0 107V <0:5B=>W ?;0B8. �AV 5B0?8 718@0==O 1C;8 704>:C<5=B>20=V =0 

2V4?>2V4=8E @8AC=:0E, I> 4>72>;Oє =0>G=> ?@>45<>=AB@C20B8 ;>3V:C ?>1C4>28 

AE5<8. 

#5@H8< :@>:>< AB0;> 2AB0=>2;5==O <V:@>:>=B@>;5@0 ESP32 C A?5FV0;ь=C 

?;0BC @>7H8@5==O (@8AC=>: 3.1), I> 7=0G=> A?@>ICє ?>40;ьH5 ?V4:;NG5==O 4> 

<0:5B=>W ?;0B8. &0:89 ?V4EV4 4>72>;Oє AB01V;ь=> 70DV:AC20B8 :>=B@>;5@ V 

70157?5G8B8 7@CG=89 4>ABC? 4> 9>3> 282>4V2 4;O <>=B06C ?@>2>4V2. 

 

 

$8AC=>: 3.1 – #V4:;NG5==O <V:@>:>=B@>;5@0 ESP-32 4> ?;0B8 @>7H8@5==O 

 

!0ABC?=8< 5B0?>< 1C;> ?V4:;NG5==O 682;5==O 2V4 <V:@>:>=B@>;5@0 4> 

<0:5B=>W ?;0B8. �;O Fь>3> 1C;> 7’є4=0=> 2V4?>2V4=V ?V=>2V :>=B0:B8 7 ;V=VO<8 

682;5==O <0:5B=>W ?;0B8: ?>78B82=0 H8=0 (VCC) ?V4:;NG5=0 4> G5@2>=>W ;V=VW, 

0 75<;O (GND) – 4> A8=ь>W. *5 4>72>;8;> AB2>@8B8 є48=C A8AB5<C 682;5==O 4;O 

2AVE ?V4:;NG5=8E <>4C;V2. �0=89 5B0? 2V4>1@065=> =0 @8AC=:C 3.2. 
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$8AC=>: 3.2 – #V4:;NG5==O 682;5==O 2V4 <V:@>:>=B@>;5@0 4> <0:5B=>W ?;0B8 

 

�0;V 74V9A=N20;>AO ?V4:;NG5==O F8D@>2>3> 40BG8:0 B5<?5@0BC@8 B0 

2>;>3>ABV (SHT4x). �>3> 682;5==O 1C;> ?>40=5 4> H8= 682;5==O <0:5B=>W 

?;0B8: :>=B0:B VCC 4> G5@2>=>W ;V=VW, GND – 4> A8=ь>W. #5@540G0 40=8E 

2V41C20єBьAO G5@57 V=B5@D59A I2C, B><C ;V=VO SDA 1C;0 ?V4:;NG5=0 4> ?>@BC D21, 

0 ;V=VO SCL – 4> D22 <V:@>:>=B@>;5@0 (@8A. 3.3). 

 

 

$8AC=>: 3.3 – #V4:;NG5==O F8D@>2>3> 40BG8:0 B5<?5@0BC@8 B0 2>;>3>ABV 

SHT45 
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!0ABC?=8< ?V4:;NG5==O< AB02 OLED-48A?;59 7 V=B5@D59A>< I2C 

(@8AC=>: 3.4), I> 70157?5GCє 282545==O 0:BC0;ь=>W V=D>@<0FVW ?@> AB0= 

A5@54>28I0. �82;5==O 48A?;5O B0:>6 ?>4020;>AO 4> 7030;ь=8E ;V=V9 682;5==O 

=0 <0:5B=V9 ?;0BV. �;O ?5@540GV 40=8E SDA 48A?;5O 1C;> 7’є4=0=> 7 282>4>< D16, 

0 SCL – 7 D17 ESP32. 

 

 

$8AC=>: 3.4 – #V4:;NG5==O OLED-48A?;5N 7 V=B5@D59A>< I2C 

 

�;O 72C:>2>3> A?>2VI5==O 1C;> 28:>@8AB0=> 0:B82=89 1C75@, O:89 

?V4:;NG0єBьAO G5@57 B@8 :>=B0:B8. �82;5==O ?>40єBьAO 7 ;V=V9 <0:5B=>W ?;0B8: 

VCC – 4> G5@2>=>W ;V=VW, GND – 4> A8=ь>W. �5@C20;ь=89 282V4 ?V4:;NG5=> 4> 

F8D@>2>3> ?>@BC D32 <V:@>:>=B@>;5@0 (@8AC=>: 3.5).  

 

 

$8AC=>: 3.5 – #V4:;NG5==O 1C75@0 4> A8AB5<8 
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�025@H0;ь=8< 5B0?>< 1C;> ?V4:;NG5==O RGB-A2VB;>4V>40 (@8AC=>: 3.6), 

O:89 4>72>;Oє 2V7C0;ь=> A83=0;V7C20B8 ?@> 7<V=C ?0@0<5B@V2 A5@54>28I0. �>3> 

:0B>4 (GND) ?V4:;NG5=> 4> A8=ь>W ;V=VW <0:5B=>W ?;0B8, 0 :5@C20;ь=V 282>48 4;O 

:0=0;V2 G5@2>=>3>, 75;5=>3> B0 A8=ь>3> :>;ь>@V2 – 2V4?>2V4=> 4> ?>@BV2 D33, D25 

B0 D26 <V:@>:>=B@>;5@0 ESP32. 

 

 

$8AC=>: 3.6 – #V4:;NG5==O RGB-A2VB;>4V>40 

 

'AV 7’є4=0==O 1C;8 ?5@52V@5=V =0 :>@5:B=VABь ?5@54 ?>40G5N 682;5==O. 

&0:89 ?>5B0?=89 <>=B06 4>72>;Oє 70157?5G8B8 AB01V;ь=C B0 157?5G=C @>1>BC 

2AVєW A8AB5<8 ?V4 G0A ?>40;ьH>W 5:A?;C0B0FVW B0 B5ABC20==O. 

 

3.2 #@>3@0<C20==O ESP-32: 7G8BC20==O B0 282V4 40=8E, 2V4?@02:0 =0 
A5@25@, 251-V=B5@D59A 

 

!0 Fь><C 5B0?V @>7@>1:8 2V41C20єBьAO ?@>3@0<=0 @50;V70FVO 2AVE 

DC=:FV>=0;ь=8E <>6;82>AB59 A8AB5<8 <>=VB>@8=3C. #@>3@0<0, AB2>@5=0 2 

A5@54>28IV Arduino IDE, 2V4?>2V40є 70 >1@>1:C 40=8E V7 A5=A>@V2, WE 282V4 =0 

OLED-48A?;59, D>@<C20==O 251-V=B5@D59AC 7 48=0<VG=8<8 3@0DV:0<8, 0 B0:>6 

70157?5G5==O 4>ABC?C 4> 40=8E C D>@<0BV JSON API G5@57 21C4>20=89 251-
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A5@25@. "A=>2C ;>3V:8 AB0=>28Bь <V:@>:>=B@>;5@ ESP-32, O:89 ?>є4=Cє 

28A>:>?@>4C:B82=C >1G8A;N20;ь=C ?;0BD>@<C 7 21C4>20=8< <>4C;5< Wi-Fi. 

#@>3@0<=0 G0AB8=0 ?>G8=0єBьAO 7 ?V4:;NG5==O =5>1EV4=8E 1V1;V>B5:, 

7>:@5<0 WiFi.h 4;O @>1>B8 7 <5@565N, Adafruit_SHT4x – 4;O 7G8BC20==O 

?>:07=8:V2 B5<?5@0BC@8 V 2>;>3>ABV 7 A5=A>@0, 0 B0:>6 Adafruit_SSD1306 4;O 

:5@C20==O OLED-48A?;5є<. ' @>74V;V 3;>10;ь=8E 7<V==8E 7040єBьAO =0720 <5@56V 

Wi-Fi, ?0@>;ь 4>ABC?C, 0 B0:>6 AB2>@NєBьAO 5:75<?;O@ 251-A5@25@0, I> A;CE0є 

HTTP-70?8B8 =0 ?>@BC 80. 

#>G0B:>20 V=VFV0;V70FVO ESP-32 V ?V4:;NG5==O 4> <5@56V 28:>=CєBьAO C 

DC=:FVW setup() (@8AC=>: 3.7). #VA;O 70?CA:C <V:@>:>=B@>;5@0 74V9A=NєBьAO 

A?@>10 ?V4:;NG5==O 4> 7040=>W Wi-Fi <5@56V. !0 Fь><C 5B0?V 282>48BьAO 

4V03=>AB8G=0 V=D>@<0FVO 4> <>=VB>@0 ?>@BC, O:0 4>72>;Oє 2V4A;V4:>2C20B8 ?@>F5A 

7’є4=0==O. 

 

$8AC=>: 3.7 – �=VFV0;V70FVO Wi-Fi-7’є4=0==O ESP-32 
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' ?@>F5AV 70?CA:C ?@>3@0<8 =0 A5@V9=89 ?>@B 282>48BьAO 4V03=>AB8G=0 

V=D>@<0FVO ?@> ?V4:;NG5==O 4> <5@56V. "GV:C20==O 2V41C20єBьAO 2 F8:;V while, 

4> <><5=BC >B@8<0==O AB01V;ь=>3> 7’є4=0==O, I> 70A2V4GCєBьAO ?>25@=5==O< 

AB0BCAC WL_CONNECTED.  

#VA;O Fь>3> ESP-32 >B@8<Cє ;>:0;ь=C IP-04@5AC, O:0 28:>@8AB>2CєBьAO 4;O 

7’є4=0==O 7 :;Vє=BAь:8< ?@8AB@>є< G5@57 1@0C75@. 

' A8AB5<V <>=VB>@8=3C 28:>@8AB>2CєBьAO F8D@>289 A5=A>@ SHT45, O:89 

?V4:;NG0єBьAO 4> ESP-32 G5@57 V=B5@D59A I2C.  

�;O @>1>B8 7 =8< 70AB>A>20=> 1V1;V>B5:C Adafruit_SHT4x, O:0 4>72>;Oє 

;53:> V=VFV0;V7C20B8 A5=A>@ V 7G8BC20B8 ?>:07=8:8 B5<?5@0BC@8 B0 2>;>3>ABV 7 

28A>:>N B>G=VABN. 

#5@H8< :@>:>< є V=VFV0;V70FVO >1’є:B0 A5=A>@0 C 3;>10;ь=><C ?@>AB>@V 

:>4C (@8AC=>: 3.8). *5 4>72>;Oє 725@B0B8AO 4> A5=A>@0 7 1C4ь-O:>W G0AB8=8 

?@>3@0<8. 

 

$8AC=>: 3.8 – "3>;>H5==O >1’є:B0 A5=A>@0 B0 7<V==8E 

 

' DC=:FVW setup() 28:>=CєBьAO ?5@52V@:0 =0O2=>ABV A5=A>@0 =0 H8=V I2C. 

/:I> A5=A>@ =5 7=0945=>, A8AB5<0 7C?8=Oє 28:>=0==O, 282>4OG8 ?>2V4><;5==O 2 

A5@V9=89 ?>@B (@8AC=>: 3.9). &0:>6 7040єBьAO B>G=VABь 28<V@N20=ь B0 

28<8:0єBьAO ?V4V3@V20G. 

 

$8AC=>: 3.9 – �=VFV0;V70FVO SHT45 C DC=:FVW setup() 
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�G8BC20==O 40=8E 2V41C20єBьAO 2 >:@5<V9 DC=:FVW readSensorData(). 

�=0G5==O B5<?5@0BC@8 B0 2>;>3>ABV 7G8BCNBьAO 70 4>?><>3>N DC=:FVW getEvent() 

V 715@V30NBьAO 2 >:@5<V 7<V==V. 

*V 7=0G5==O 40;V 28:>@8AB>2CNBьAO O: 4;O 282>4C =0 OLED-48A?;59, B0: V 

4;O ?5@540GV =0 251-A5@25@ 01> 0:B820FVW >?>2VI5==O. $53C;O@=5 >=>2;5==O 40=8E 

70157?5GCєBьAO ?5@V>48G=8< 28:;8:>< readSensorData() C F8:;V loop(). 

�;O 282>4C ?>B>G=8E 7=0G5=ь B5<?5@0BC@8, 2>;>3>ABV B0 IP-04@5A8 

<V:@>:>=B@>;5@0, 2 ?@>є:BV 28:>@8AB>2CєBьAO OLED-48A?;59 V7 @>74V;ь=>N 

740B=VABN 128 =0 32 ?V:A5;V, I> ?V4:;NG5=89 G5@57 V=B5@D59A I2C. �04VO=> 

>:@5<89 I²C-H8==89 >1’є:B, I> 4>72>;Oє C=8:=CB8 :>=D;V:BV2 ?@8 ?V4:;NG5==V 

V=H8E ?@8AB@>W2 ?> I²C 4> AB0=40@B=8E ?V=V2.  

OLED-48A?;59 ?@0FNє =0 :>=B@>;5@V SSD1306 (@8AC=>: 3.10), 4;O O:>3> 

28:>@8AB>2CєBьAO 1V1;V>B5:0 Adafruit_SSD1306. %?>G0B:C AB2>@NєBьAO >:@5<89 

>1’є:B H8=8 I2C 7 V=45:A>< 1, 0 B0:>6 >1’є:B A0<>3> 48A?;5O, 2 O:><C 2:07CєBьAO 

H8@8=0, 28A>B0, ?>A8;0==O =0 AB2>@5=C H8=C, B0 ?V= RESET (2 40=><C 28?04:C 

=5 28:>@8AB>2CєBьAO). 

 

$8AC=>: 3.10 – %B2>@5==O >1’є:B0 48A?;5O B0 I2C-H8=8 

 

�0;V 74V9A=NєBьAO V=VFV0;V70FVO H8=8 I2C V7 2:070=8<8 ?V=-:>=B0:B0<8 

ESP-32: GPIO16 O: ;V=VO SDA B0 GPIO17 O: SCL. #VA;O G>3> V=VFV0;V7CєBьAO A0< 

48A?;59 V7 B8?>2>N 04@5A>N 0x3C. ' @07V =5240;>W V=VFV0;V70FVW @>1>B0 ?@>3@0<8 

7C?8=OєBьAO. #VA;O CA?VH=>W 0:B820FVW 48A?;59 >G8ICєBьAO, 7040єBьAO :>;V@ B0 

@>7<V@ B5:ABC, V 282>48BьAO ?>2V4><;5==O ?@> 3>B>2=VABь (@8AC=>: 3.11). 
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$8AC=>: 3.11 – �=VFV0;V70FVO OLED-48A?;5O 

 

�82V4 40=8E =0 48A?;59 74V9A=NєBьAO C DC=:FVW, O:0 @53C;O@=> >=>2;Nє 

5:@0= (@8AC=>: 3.12).  

 

$8AC=>: 3.12 – �82V4 V=D>@<0FVW =0 48A?;59 

 

%?>G0B:C 48A?;59 >G8ICєBьAO, ?VA;O G>3> 282>48BьAO ;>:0;ь=0 IP-04@5A0 

?@8AB@>N, 0 B0:>6 7=0G5==O B5<?5@0BC@8 B0 2>;>3>ABV 7 >:@C3;5==O< 4> >4=>3> 

7=0:C ?VA;O :><8. !0?@8:V=FV 28:;8:0єBьAO <5B>4 display(), O:89 DV78G=> 

>=>2;Nє 2<VAB 5:@0=C. 
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&0:8< G8=><, :>@8ABC20G >B@8<Cє >?5@0B82=C 2V7C0;V70FVN ?0@0<5B@V2 

=02:>;8H=ь>3> A5@54>28I0 ?@O<> =0 ?@8AB@>W, I> 4>72>;Oє 28:>@8AB>2C20B8 

A8AB5<C 02B>=><=>, 157 =5>1EV4=>ABV ?V4:;NG5==O 4> 7>2=VH=ь>3> V=B5@D59AC. 

&0:>6 4;O 2V7C0;V70FVW 40=8E C A8AB5<V 28:>@8AB>2CєBьAO 21C4>20=89 251-

A5@25@, @50;V7>20=89 =0 <V:@>:>=B@>;5@V ESP-32. �V= 4>72>;Oє ?5@53;O40B8 

?>B>G=V 7=0G5==O B5<?5@0BC@8 B0 2>;>3>ABV G5@57 1C4ь-O:89 2511@0C75@ C 

;>:0;ь=V9 <5@56V. #@8 2V4:@8BBV AB>@V=:8 :>@8ABC20G 10G8Bь 7@CG=89 251-

V=B5@D59A 7 B5<=>N :>;ь>@>2>N AE5<>N, O:89 <VAB8Bь 703>;>2>:, B01;8FN 7 

?>B>G=8<8, <V=V<0;ь=8<8 B0 <0:A8<0;ь=8<8 7=0G5==O<8 B5<?5@0BC@8 (2 

3@04CA0E *5;ьAVO) B0 2>;>3>ABV (C 2V4A>B:0E), 0 B0:>6 420 3@0DV:8, I> 

2V4>1@060NBь 48=0<V:C F8E ?0@0<5B@V2 C @50;ь=><C G0AV. 

�;O ?>1C4>28 3@0DV:V2 28:>@8AB>2CєBьAO 1V1;V>B5:0 Chart.js, 0 >=>2;5==O 

40=8E 2V41C20єBьAO 02B><0B8G=> :>6=V 3 A5:C=48 7024O:8 70?8B0< 4> JSON-

V=B5@D59AC =0 ESP-32. &0:8< G8=><, 251-V=B5@D59A =040є =5 ;8H5 7@CG=C 

2V7C0;V70FVN, 0 9 107>2C 0=0;VB8:C, 4>72>;ONG8 2V4AB56C20B8 7<V=C ?0@0<5B@V2 C 

48=0<VFV. �>4, ?@87=0G5=89 4;O 35=5@0FVW 251-V=B5@D59AC 2V4>1@065=> C 

�>40B:C �. 

 

3.3 $50;V70FVO >?>2VI5==O 2 A8AB5<V 
 

"?8A @50;V70FVW >?>2VI5=ь C A8AB5<V <>=VB>@8=3C 107CєBьAO =0 

28:>@8AB0==V 72C:>2>3> (1C75@) B0 A2VB;>2>3> (RGB-A2VB;>4V>4) A?>2VI5==O. &0:5 

@VH5==O 4>72>;Oє =5309=> 725@=CB8 C203C =0 ?5@528I5==O :@8B8G=8E ?>@>3V2 

B5<?5@0BC@8 01> 2>;>3>ABV C A:;04Aь:8E ?@8<VI5==OE. $>73;O=5<> 45B0;ь=>, O: 

@50;V7>20=> F59 DC=:FV>=0; C ?@>3@0<=><C :>4V. 

�;O ?V4:;NG5==O 1C75@0 B0 A2VB;>4V>40 4> <V:@>:>=B@>;5@0 ESP32 

28:>@8AB>2CNBьAO F8D@>2V 28E>48. !0 ?>G0B:C ?@>3@0<8 7040NBьAO :>=AB0=B8 

(@8AC=>: 3.13).  
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$8AC=>: 3.13 – "3>;>H5==O :>=AB0=B 4;O @>1>B8 7 A2VB;>4V>4>< B0 1C75@>< 

 

' DC=:FVW setup() FV ?V=8 :>=DV3C@CNBьAO O: 28EV4=V (@8AC=>: 3.14). &0:8< 

G8=>< 287=0G0NBьAO ?>G0B:>2V =0;0HBC20==O :>6=>3> 7 ?V=V2. 

 

$8AC=>: 3.14 – !0;0HBC20==O ?V=V2 A2VB;>4V>40 B0 1C75@0 2 DC=:FVW setup() 

 

�;O 5D5:B82=>3> @503C20==O A8AB5<8 =0 7<V=C <V:@>:;V<0B8G=8E C<>2 

(7>:@5<0 – B5<?5@0BC@8 B0 2>;>3>ABV), =5>1EV4=> 2AB0=>28B8 3@0=8G=V ?>@>3>2V 

7=0G5==O, ?@8 ?5@528I5==V O:8E A8AB5<0 1C45 ?>4020B8 A2VB;>289 V 72C:>289 

A83=0; B@82>38. 

' ?@>3@0<=><C :>4V (@8AC=>: 3.15) FV ?>@>3>2V 7=0G5==O 7040NBьAO 70 

4>?><>3>N :>=AB0=B B8?C float, >A:V;ь:8 B5<?5@0BC@0 B0 2>;>3VABь 28<V@NNBьAO 

7 45AOB:>2>N B>G=VABN. "A=>2=0 ;>3V:0 A?>2VI5==O 2 A8AB5<V ?>;O30є C 

?>ABV9=><C 0=0;V7V ?>:07=8:V2 B5<?5@0BC@8 B0 2>;>3>ABV, >B@8<0=8E V7 A5=A>@0. 

*59 0=0;V7 28:>=CєBьAO =0 :>6=V9 VB5@0FVW >A=>2=>3> F8:;C ?@>3@0<8. #VA;O 
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>B@8<0==O 0:BC0;ь=8E 7=0G5=ь B5<?5@0BC@0 B0 2>;>3VABь ?>@V2=NNBьAO 7 =0?5@54 

287=0G5=8<8 ?>@>30<8. 

 

 

$8AC=>: 3.15 – #@>3@0<=89 :>4 2AB0=>2;5==O ?>@>3>28E 7=0G5=ь 4;O A8AB5<8 

>?>2VI5==O 

 

' 28?04:C, O:I> E>G0 1 >48= 7 ?0@0<5B@V2 ?5@528ICє 4>?CAB8<89 @V25=ь, 

A8AB5<0 ?5@5E>48Bь C @568< B@82>38. 

' B0:><C @568<V 02B><0B8G=> 0:B82CєBьAO 72C:>25 A?>2VI5==O – 1C75@ 

?>G8=0є ?>4020B8 A83=0;, 0 2V7C0;ь=89 V=48:0B>@ =0 >A=>2V A2VB;>4V>40 RGB 

7<V=Nє A2V9 :>;V@ =0 G5@2>=89. *5 >7=0G0є, I> A5@54>28I5 ?5@51C20є C 

?>B5=FV9=> =5157?5G=><C AB0=V, =0?@8:;04, G5@57 =04<V@=C 2>;>3VABь 01> 70=04B> 

28A>:C B5<?5@0BC@C. /:I> 6 >18420 ?0@0<5B@8 7=0E>4OBьAO 2 <560E =>@<8, 

1C75@ 28<8:0єBьAO, 0 A2VB;>4V>4 7<V=Nє :>;V@ =0 75;5=89, A83=0;V7CNG8, I> 

C<>28 є 157?5G=8<8. 

"4=>G0A=> 7 F8< =0 OLED-48A?;5W >=>2;NєBьAO V=D>@<0FVO ?@> ?>B>G=C 

B5<?5@0BC@C, 2>;>3VABь B0 IP-04@5AC ?@8AB@>N. *5 4>72>;Oє :>@8ABC20GC <8BBє2> 

10G8B8 AB0= A8AB5<8 =02VBь 157 4>ABC?C 4> 251-V=B5@D59AC. &0:8< G8=><, ;>3V:0 

A?>2VI5==O ?>є4=Cє 2 A>1V O: <8BBє2C @50:FVN =0 7<V=8 A5@54>28I0, B0: V 

7@CG=89 A?>AV1 V=D>@<C20==O :>@8ABC20G0 G5@57 2V7C0;ь=V B0 72C:>2V 70A>18. 

$50;V70FVO A8AB5<8 >?>2VI5==O =0 107V <V:@>:>=B@>;5@0 ESP32 є 

5D5:B82=8< @VH5==O< 4;O <>=VB>@8=3C :@8B8G=8E 7<V= <V:@>:;V<0BC C 

A:;04Aь:8E ?@8<VI5==OE. �0AB>AC20==O 72C:>2>3> B0 A2VB;>2>3> V=48:0B>@V2 

70157?5GCє <8BBє25 V=D>@<C20==O 2V4?>2V40;ь=8E >AV1 ?@> ?>@CH5==O 

4>?CAB8<8E ?0@0<5B@V2. %8AB5<0 є <0AHB01>20=>N B0 ?@840B=>N 4> 

<>45@=V70FVW: WW ;53:> 040?BC20B8 ?V4 @V7=V C<>28, 7<V=8B8 ?>@>3>2V 7=0G5==O 01> 

@>7H8@8B8 DC=:FV>=0;ь=VABь 70 @0EC=>: ;>3C20==O, DV;ьB@0FVW A83=0;V2 01> 
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@>7H8@5=>3> 251-V=B5@D59AC. &0:89 ?V4EV4 A?@8Oє ?V428I5==N 157?5:8 B0 

5D5:B82=>ABV 715@V30==O ?@>4C:FVW, GCB;82>W 4> B5<?5@0BC@8 B0 2>;>3>ABV. 

 

3.4 &5ABC20==O A8AB5<8, 0=0;V7 B>G=>ABV, AB01V;ь=>ABV 28<V@N20=ь B0 
@5:><5=40FVW I>4> <0AHB01C20==O 

 

 5B>N B5ABC20==O є ?V4B25@465==O ?@0F5740B=>ABV B0 5D5:B82=>ABV 

@>7@>1;5=>W A8AB5<8 <>=VB>@8=3C C @50;ь=8E C<>20E. �>:@5<0, ?5@52V@OєBьAO 

B>G=VABь 28<V@N20==O B5<?5@0BC@8 B0 2>;>3>ABV, AB01V;ь=VABь @>1>B8 ?@8AB@>N 

?@>BO3>< B@820;>3> G0AC, H284:VABь @50:FVW =0 7<V=C ?0@0<5B@V2 A5@54>28I0, 0 

B0:>6 =04V9=VABь <5E0=V7<V2 A?>2VI5==O B0 2V7C0;V70FVW 40=8E. 

&5ABC20==O ?@>2>48;>AO C AB0=40@B=><C A:;04Aь:><C ?@8<VI5==V, 45 

B5<?5@0BC@0 B0 2>;>3VABь 7<V=N20;8Aь ?@>BO3>< 4=O 70;56=> 2V4 7>2=VH=VE C<>2. 

%8AB5<0 157?5@5@2=> 7G8BC20;0 ?>:07=8:8 7 A5=A>@0 SHT4x B0 2V4>1@060;0 WE O: 

=0 OLED-48A?;5W, B0: V C 251-V=B5@D59AV, I> 2V4:@820єBьAO 7 1C4ь-O:>3> 

?@8AB@>N 2 ;>:0;ь=V9 <5@56V. �>2=VH=V9 283;O4 A8AB5<8 ?V4 G0A @>1>B8 70 

=>@<0;ь=8E ?>:07=8:V2 2V4>1@065=> =0 @8AC=:C 3.16. 

 

 

$8AC=>: 3.16 – �>2=VHV=V9 283;O4 A8AB5<8 70 =>@<0;ь=8E ?>:07=8:V2 
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' E>4V B5ABC20==O >A>1;82C C203C ?@84V;5=> ?@0F5740B=>ABV RGB-

A2VB;>4V>40 B0 1C75@0 O: >A=>2=8E 5;5<5=BV2 A?>2VI5==O. �C;0 ?5@52V@5=0 @50:FVO 

A8AB5<8 =0 A8BC0FVN, :>;8 7=0G5==O B5<?5@0BC@8 ?5@528ICє 2AB0=>2;5=89 ?>@V3 

C 28 °C 01> 2>;>3VABь ?5@528ICє 65 %. ' B0:8E 28?04:0E A8AB5<0 CA?VH=> 

0:B82Cє 72C:>289 A83=0; B0 7<V=Nє :>;V@ A2VB;>4V>40 =0 G5@2>=89, GVB:> 

A83=0;V7CNG8 ?@> ?>B5=FV9=> =5157?5G=V C<>28 (@8AC=>: 3.17). 

 

 

$8AC=>: 3.17 – �>2=VHV=V9 283;O4 A8AB5<8 ?@8 ?5@528I5=V :@8B8G=8E 7=0G5=ь 

 

#V4 G0A =>@<0;ь=>3> @568<C @>1>B8, :>;8 7=0G5==O B5<?5@0BC@8 B0 

2>;>3>ABV 70;8H0NBьAO 2 <560E 4>?CAB8<8E, A2VB;>4V>4 A2VB8BьAO 75;5=8< 

:>;ь>@><, 0 1C75@ 70;8H0єBьAO 28<:=5=8<. *5 4>72>;Oє >?5@0B>@C H284:> 

>FV=8B8 ?>B>G=89 AB0= A5@54>28I0 157 ?>B@518 2 4>40B:>2><C 0=0;V7V. 

!0 OLED-48A?;5W 282>48BьAO ?>B>G=0 IP-04@5A0 ?@8AB@>N, 0 B0:>6 

7=0G5==O B5<?5@0BC@8 B0 2>;>3>ABV 7 B>G=VABN 4> >4=VєW 45AOB>W. *5 70157?5GCє 

=0>G=89 ;>:0;ь=89 <>=VB>@8=3, 7>:@5<0 C @07V 2V4ACB=>ABV 4>ABC?C 4> 251-

V=B5@D59AC. 

' 251-V=B5@D59AV @50;V7>20=> AB>@V=:C 7 48=0<VG=> >=>2;N20=8<8 

3@0DV:0<8, ?>1C4>20=8<8 =0 >A=>2V 1V1;V>B5:8 Chart.js. �@0DV:8 2V4>1@060NBь 

7<V=C B5<?5@0BC@8 B0 2>;>3>ABV 2 @568<V @50;ь=>3> G0AC, I> 4>72>;Oє =5 ;8H5 
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10G8B8 ?>B>G=V 7=0G5==O, 0 9 0=0;V7C20B8 B5=45=FVW 7<V=8 :;V<0BC C ?@8<VI5==V. 

!0?@8:;04, ?@8 @V7:V9 7<V=V 2>;>3>ABV 3@0DV: 1C45 283;O40B8 O: 2V4>1@065=> =0 

@8AC=:C 3.10, 0 O:I> ?@8 7<V=V B5<?5@0BC@8, B5<?5@0BC@=89 3@0DV: 1C45 

283;O40B8 O: =0 @8AC=:0E 3.18 B0 3.19. 

 

 

$8AC=>: 3.18 – �83;O4 251-V=B5@D59AC 2 @568<V @50;ь=>3> G0AC 

 

 

$8AC=>: 3.19 – �V4>1@065==O 7<V=8 2>;>3>ABV =0 3@0DV:C 

 

":@V< 3@0DV:V2, C 251-V=B5@D59AV @50;V7>20=> B0:>6 B01;8FN 40=8E, O:0 

<VAB8Bь =5 ;8H5 0:BC0;ь=V ?>:07=8:8 B5<?5@0BC@8 B0 2>;>3>ABV, 0 9 DV:ACє 
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<0:A8<0;ь=V B0 <V=V<0;ь=V 7=0G5==O 70 25Aь ?5@V>4 @>1>B8 A8AB5<8. *5 4>72>;Oє 

:>@8ABC20GC >?5@0B82=> >FV=N20B8 =5 ;8H5 ?>B>G=89 AB0= A5@54>28I0, 0 9 

2V4AB56C20B8 48=0<V:C 7<V= C <560E 7040=>3> ?@><V6:C G0AC (@8AC=>: 3.20). 

 

 

$8AC=>: 3.20 – �V4>1@065==O 7<V=8 B5<?5@0BC@8 =0 3@0DV:C 

 

#VA;O :>6=>3> =>2>3> 7G8BC20==O ?>:07=8:V2 A8AB5<0 ?>@V2=Nє WE 7 @0=VH5 

70DV:A>20=8<8 <V=V<0;ь=8<8 B0 <0:A8<0;ь=8<8 7=0G5==O<8. /:I> =>25 

7=0G5==O ?5@528ICє ?>?5@54=V9 <0:A8<C< 01> є =86G8< 70 ?>?5@54=V9 

<V=V<C< – 2V4?>2V4=V :><V@:8 B01;8FV >=>2;NNBьAO 02B><0B8G=>. *5 @50;V7>20=> 

70A>10<8 JavaScript B0 HTML 7 ?5@V>48G=8< >=>2;5==O< JSON-40=8E V7 

<V:@>:>=B@>;5@0. 

#>4V1=5 @VH5==O 7=0G=> @>7H8@Nє 0=0;VB8G=V <>6;82>ABV :>@8ABC20G0 157 

=5>1EV4=>ABV ?V4:;NG5==O 7>2=VH=ь>W 1078 40=8E. &0:8< G8=><, >?5@0B>@ <0є 

7<>3C ?>10G8B8, =0A:V;ь:8 7<V=N20;>Aь A5@54>28I5 C ?@>F5AV  

A?>AB5@565==O – =0?@8:;04, G8 1C;8 @V7:V AB@81:8 2>;>3>ABV ?@>BO3>< 4>18, 01> 

=0A:V;ь:8 A8;ь=> =03@V20;>Aь ?@8<VI5==O 2 >1V4=V9 G0A. 

!0 @8AC=:C 3.21 =02545=> ?@8:;04 B01;8FV C 251-V=B5@D59AV 7 

2V4>1@065==O< ?>B>G=8E, <V=V<0;ь=8E B0 <0:A8<0;ь=8E 7=0G5=ь B5<?5@0BC@8 B0 

2>;>3>ABV. 
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$8AC=>: 3.21 – �83;O4 B01;8FV 7 ?>B>G=8<8, <V=V<0;ь=8<8 B0 <0:A8<0;ь=8<8 

?>:07=8:0<8 

 

#>є4=0==O 3@0DV:V2 V B01;8FV 4>72>;Oє 74V9A=N20B8 =5 ;8H5 2V7C0;ь=89 

<>=VB>@8=3, 0 9 H284:89 0=0;V7 A8BC0FVW =0 >A=>2V :;NG>28E AB0B8AB8G=8E 

?0@0<5B@V2. *5 >A>1;82> 206;82> C 28?04:0E, :>;8 A8AB5<0 70AB>A>2CєBьAO 4;O 

715@V30==O 2>;>3>GCB;828E 01> B5<?5@0BC@>70;56=8E <0B5@V0;V2, =0?@8:;04, 

45@528=8 G8 D0@1. 

#VA;O B5ABC20==O ?@0F5740B=>ABV A8AB5<8 ?@>2545=> 0=0;V7 B>G=>ABV B0 

AB01V;ь=>ABV 28<V@N20=ь, O:V 74V9A=Nє A5=A>@ SHT4x C A:;04V @>7@>1;5=>W IoT-

A8AB5<8 <>=VB>@8=3C. �>;>2=0 <5B0 Fь>3> 5B0?C – 2?52=8B8AO C =04V9=>ABV 

>B@8<0=8E 40=8E B0 AB01V;ь=V9 @>1>BV A8AB5<8 ?@>BO3>< B@820;>3> G0AC 157 

?>B@518 2 ?>ABV9=><C 2B@CG0==V 7 1>:C :>@8ABC20G0. 

' ?@>F5AV 0=0;V7C 1C;> 28O2;5=>, I> A5=A>@ SHT4x 45<>=AB@Cє 28A>:C 

B>G=VABь 28<V@N20=ь O: B5<?5@0BC@8, B0: V 2>;>3>ABV. ' ?>@V2=O==V 7 

:>=B@>;ь=8< F8D@>28< B5@<>3V3@><5B@>< ?>:07=8:8 A8AB5<8 =5 2V4E8;O;8Aь 

1V;ьH5 =V6 =0 ±0.2 °C ?> B5<?5@0BC@V B0 ±1.0 % ?> 2>;>3>ABV. *5 2V4?>2V40є 

B5E=VG=8< E0@0:B5@8AB8:0< A5=A>@0, =02545=8< C 4>:C<5=B0FVW 28@>1=8:0, B0 є 

01A>;NB=> ?@89=OB=8< 4;O 7040G :>=B@>;N <V:@>:;V<0BC C A:;04Aь:8E 

?@8<VI5==OE. 

�@V< B>3>, A8AB5<0 AB01V;ь=> @503Cє =0 7<V=C :;V<0B8G=8E C<>2. #@8 

2V4:@8BBV 425@59 A:;04C 01> 7<V=V 465@5; B5?;0/2>;>38, A8AB5<0 H284:> @5єAB@Cє 

7<V=8, 0 3@0DV:8 C 251-V=B5@D59AV 2V4>1@060NBь 48=0<V:C 2 @50;ь=><C G0AV 7 

>=>2;5==O< :>6=V :V;ь:0 A5:C=4. �>:@5<0, ?@8 71V;ьH5==V 2>;>3>ABV 2=0A;V4>: 

28?0@>2C20==O G8 2>;>3>ABV 77>2=V, 3@0DV: 2>;>3>ABV 7<V=NєBьAO G5@57 5-10 A. 

�=0;>3VG=>, ?@8 ;>:0;ь=><C =03@V20==V (=0?@8:;04, 2?;82 ?@O<>3> A>=OG=>3> 

A2VB;0), A5=A>@ @503Cє =0 7<V=C B5<?5@0BC@8 ?@0:B8G=> <8BBє2>. 
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"A>1;82> 206;82>, I> A8AB5<0 715@V30є AB01V;ь=VABь @>1>B8 =02VBь ?V4 G0A 

B@820;>3> 157?5@5@2=>3> 682;5==O. ' B5AB>2><C @568<V ?@8AB@V9 ?@0FN202 

?>=04 48 3>48= 157 ?5@57020=B065==O, 7028A0==O 01> 2B@0B8 72’O7:C 7 251-

V=B5@D59A><. #>:07=8:8, O:V ?5@540NBьAO G5@57 Wi-Fi, 70;8H0;8Aь C73>465=8<8 

7 ;>:0;ь=8< OLED-48A?;5є<, 0 B0:>6 :>@5:B=> 2V4>1@060;8Aь O: C B01;8FV, B0: 

V =0 3@0DV:0E. 

#5@V>48G=V ?5@52V@:8 =0 ?@54<5B «?;020NG8E» 7=0G5=ь 01> 0=><0;ь=8E 

AB@81:V2 ?>:070;8 2V4ACB=VABь ACBBє28E D;C:BC0FV9, I> A2V4G8Bь ?@> =0;56=C 

DV;ьB@0FVN A83=0;C =0 @V2=V A5=A>@0 B0 ?@>3@0<=>3> 70157?5G5==O. 

#VA;O CA?VH=>3> B5ABC20==O B0 0=0;V7C B>G=>ABV 9 AB01V;ь=>ABV @>1>B8 

@>7@>1;5=>W A8AB5<8 <>=VB>@8=3C 2>;>3>ABV B0 B5<?5@0BC@8 <>6=0 AD>@<C20B8 

=87:C @5:><5=40FV9 I>4> WW ?>40;ьH>3> C4>A:>=0;5==O B0 <0AHB01C20==O 4;O 

28:>@8AB0==O =0 25;8:8E ?V4?@8є<AB20E 01> 2 V=H8E ?>4V1=8E C<>20E. 

#>B>G=0 A8AB5<0 107CєBьAO =0 >4=><C A5=A>@=><C <>4C;V SHT4x, 

@>7<VI5=><C C ?52=V9 B>GFV ?@8<VI5==O. ' 25;8:8E A:;04Aь:8E 7>=0E 01> ?@8 

7>=0;ь=><C 715@V30==V ?@>4C:FVW (=0?@8:;04, 45@52>, <51;V, A8@>28=0) 4>FV;ь=> 

@>7H8@8B8 A8AB5<C 70 @0EC=>: 2AB0=>2;5==O :V;ь:>E A5=A>@=8E 2C7;V2 C @V7=8E 

G0AB8=0E ?@8<VI5==O. *5 4>72>;8Bь 1V;ьH B>G=> <>=VB>@8B8 ?@>AB>@>2V 7<V=8 

?0@0<5B@V2 A5@54>28I0 B0 H284H5 @503C20B8 =0 ;>:0;ь=V ?5@528I5==O 

?>@>3>28E 7=0G5=ь. 

�;O 7@CG=>ABV C?@02;V==O <5@565N B0:8E ?@8AB@>W2 <>6=0 @50;V7C20B8 

F5=B@0;V7>20=89 A5@25@ 71>@C 40=8E. �>65= 2C7>; (=0 107V ESP32) ?5@54020B8<5 

40=V G5@57 Wi-Fi 4> F5=B@0;ь=>3> 2C7;0, 45 2V41C20B8<5BьAO 715@V30==O, 03@530FVO 

B0 2V7C0;V70FVO ?>:07=8:V2. *5 4>72>;8Bь =5 ;8H5 10G8B8 :0@B8=C 2 @568<V 

@50;ь=>3> G0AC, 0 9 25AB8 0@EV2 28<V@N20=ь 4;O ?>40;ьH>3> 0=0;V7C. 

�@V< B>3>, 20@B> @>73;O=CB8 <>6;82VABь 4>4020==O @575@2=>3> 682;5==O 

(=0?@8:;04, 7 28:>@8AB0==O< 0:C<C;OB>@0 01> 1;>:V2 157?5@51V9=>3> 682;5==O) 

4;O 70157?5G5==O 157?5@5@2=>W @>1>B8 A8AB5<8 C @07V 2V4:;NG5==O 

5;5:B@>5=5@3VW. �=H8< =0?@O<:>< <0AHB01C20==O <>65 1CB8 2?@>20465==O 

2V440;5=>3> 4>ABC?C G5@57 V=B5@=5B, 7 28:>@8AB0==O< E<0@=8E ?;0BD>@< 01> 
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<>1V;ь=>3> 70AB>AC=:C. *5 4>72>;8Bь 74V9A=N20B8 <>=VB>@8=3 C 1C4ь-O:89 G0A V 

7 1C4ь-O:>W B>G:8 A2VBC. ' ?5@A?5:B82V B0:>6 <>6=0 @50;V7C20B8 02B><0B8G=5 

:5@C20==O <V:@>:;V<0B>< ?@8<VI5==O, =0?@8:;04, C2V<:=5==O 25=B8;OFVW 01> 

72>;>6C20GV2 ?@8 4>AO3=5==V :@8B8G=8E 7=0G5=ь. &0:89 ?V4EV4 ?5@5B2>@8Bь 

A8AB5<C 7 <>=VB>@8=3>2>W =0 V=B53@>20=C A8AB5<C :5@C20==O A5@54>28I5<, I> є 

=0ABC?=8< ;>3VG=8< :@>:>< C WW @>728B:C. 
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��%!"��� 

 

�0 @57C;ьB0B0<8 28:>=0==O :20;VDV:0FV9=>W @>1>B8 <>6=0 7@>18B8 

2V4?>2V4=V 28A= >2:8: 

 0=0;VB8G=> 4>A;V465=> ?8B0==O A?>A>1V2 :>=B@>;N 2>;>3>ABV 45@528=8, 

7>:@5<0, @CG=V B0 ?>1CB>2V ?@8;048 V 287=0G5=>, I> V=482V4C0;ь=V IoT-@VH5==O 

28@V7=ONBьAO 3=CG:VABN, B>G=VABN, 02B><0B870FVєN 9 <>6;82VABN >?5@0B82=>3> 

2B@CG0==O; 

 ?@>2545=> 0=0;V7 VA=CNG8E 70A>1V2 28<V@N20==O 2>;>3>ABV, I> 

28:>@8AB>2CNBьAO =0 ?V4?@8є<AB20E 45@52>>1@>1:8 B0 28O2;5=>, I> CAV 

:><?>=5=B8 A8AB5<8 :>=B@>;N 2>;>3>ABV 270є<>4VNBь <V6 A>1>N G5@57 =04V9=V 

V=B5@D59A8, I> 70157?5GCє AB01V;ь=C @>1>BC A8AB5<8 C ?@>F5AV 5:A?;C0B0FVW; 

 @>7@>1;5=> B0 70?@>3@0<>20=> A8AB5<C :>=B@>;N 2>;>3>ABV ?>2VB@O =0 

107V <V:@>:>=B@>;5@0 ESP-32 7 28:>@8AB0==O< ESP32, RGB-A2VB;>4V>40 KY-016, 

OLED-48A?;5O, A5=A>@0 SHT45. %?@>5:B>20=> 251-V=B5@D59A 4;O @50;V70FVW 

2V4B2>@5==O 48=0<VG=8E 3@0DV:V2, 0 B0:>6 70157?5G5==O 4>ABC?C 4> 40=8E C 

D>@<0BV JSON API G5@57 21C4>20=89 251-A5@25@. �4V9A=5=> ?@>3@0<=C 

@50;V70FVN C A5@54>28IV Arduino IDE 7 28:>@8AB0==O< 1V1;V>B5:, 7>:@5<0 WiFi.h 

4;O @>1>B8 7 <5@565N, Adafruit_SHT4x 4;O 7G8BC20==O ?>:07=8:V2 B5<?5@0BC@8 

V 2>;>3>ABV 7 A5=A>@0, 0 B0:>6 Adafruit_SSD1306 4;O :5@C20==O OLED-48A?;5є<; 

 ?@>2545=> 5:A?5@8<5=B0;ь=5 B5ABC20==O @>7@>1;5=>W A8AB5<8 2 C<>20E 

A:;04Aь:8E ?@8<VI5=ь ?V4?@8є<AB20 7 <5B>N ?5@52V@:8 B>G=>ABV, AB01V;ь=>ABV B0 

H284:>4VW @>1>B8 B0 28O2;5=>, I> A8AB5<0 є <0AHB01>20=>N B0 ?@840B=>N 4> 

<>45@=V70FVW: WW ;53:> 040?BC20B8 ?V4 @V7=V C<>28, 7<V=8B8 ?>@>3>2V 7=0G5==O 01> 

@>7H8@8B8 DC=:FV>=0;ь=VABь 70 @0EC=>: ;>3C20==O, DV;ьB@0FVW A83=0;V2 01> 

@>7H8@5=>3> 251-V=B5@D59AC; 

 4>A;V465=> 3@0DV:8 ?>254V=:8 A8AB5<8 =0 251-V=B5@D59AV B0 

?V4B25@465=> ?@0F5740B=VABь @>7@>1:8, 0 B0:>6 ?@>2545=> 0=0;V7 B>G=>ABV B0 

AB01V;ь=>ABV 28<V@N20=ь, O:V 74V9A=Nє A5=A>@ SHT4x C A:;04V @>7@>1;5=>W IoT-

A8AB5<8 <>=VB>@8=3C.  
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$>7@>1;5=C A8AB5<C <>6=0 28:>@8AB>2C20B8 4;O <>=VB>@8=3C ?@>AB>@>28E 

7<V= ?0@0<5B@V2 A5@54>28I0 A:;04Aь:8E ?@8<VI5=ь 45@528=8. %8AB5<0 

70157?5GCє 2V7C0;V70FVN <>=VB>@8=3C G5@57 251-V=B5@D59A, I> 4>72>;Oє 2G0A=> 

@503C20B8 =0 ;>:0;ь=V ?5@528I5==O ?>@>3>28E 7=0G5=ь  B5<?5@0BC@ C 

4>A;V46C20=8E ?@8<VI5==OE. 
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�>A;V465=V G8A;>2V E0@0:B5@8AB8:8 4;O :>6=>3> 5B0?C AE5<8 :>=B@>;N 2>;>3>ABV. 
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�>40B>: � 

�>4 4;O 35=5@0FVW 251-V=B5@D59AC 
 

// ФGA>FіO 6і8CD46>8 EFBDіA>8 HTML 
void sendHTMLPage(WiFiClient client) { 

  String html = "<!DOCTYPE html><html><head><meta charset=8UTF-89>"; 
  html += "<title>МBAіFBD8A7 F9@C9D4FGD8 F4 6B?B7BEFі</title>"; 
  html += "<script src=8https://cdn.jsdelivr.net/npm/chart.js9></script>"; 
  html += "<style>"; 

  html += "body { background-color: #121212; color: #ffffff; font-family: Arial, 

sans-serif; text-align: center; margin: 0; padding: 20px; }"; 

  html += "h1 { color: #00bcd4; }"; 

  html += ".charts { display: flex; justify-content: center; gap: 20px; flex-wrap: 

wrap; }"; 

  html += "canvas { background-color: #1e1e1e; border-radius: 10px; padding: 10px; 

}"; 

  html += "table { margin: 20px auto; border-collapse: collapse; width: 80%; 

background-color: #1e1e1e; border-radius: 10px; overflow: hidden; }"; 

  html += "th, td { border: 1px solid #333; padding: 12px; }"; 

  html += "th { background-color: #00bcd4; color: black; }"; 

  html += "td { color: #ffffff; }"; 

  html += "</style>"; 

  html += "</head><body>"; 

  html += "<h1>%8EF9@4 >BAFDB?N 6B?B7BEFі E>?48і6 Cі8CD8є@EF64 89D96BB5DB5>8 A4 
547і @і>DB>BAFDB?9D4 ESP-32</h1>"; 
 

  html += "<table>"; 

  html += "<thead><tr><th>П4D4@9FD</th><th>ПBFBGA9 7A4G9AAO</th><th>МіAі@4?ьA9 
7A4G9AAO</th><th>М4>E8@4?ьA9 7A4G9AAO</th></tr></thead>"; 
  html += "<tbody>"; 

  html += "<tr><td>&9@C9D4FGD4 (°C)</td><td id=8currTemp9>-</td><td id=8minTemp9>-
</td><td id=8maxTemp9>-</td></tr>"; 
  html += "<tr><td>ВB?B7іEFь (%)</td><td id=8currHum9>-</td><td id=8minHum9>-
</td><td id=8maxHum9>-</td></tr>"; 
  html += "</tbody></table>"; 

 

  html += "<div class=8charts9>"; 
  html += "<canvas id=8tempChart9 width=84009 height=82009></canvas>"; 
  html += "<canvas id=8humChart9 width=84009 height=82009></canvas>"; 
  html += "</div>"; 

 

  html += "<script>"; 

  html += "let minTemp = Infinity, maxTemp = -Infinity, minHum = Infinity, maxHum 

= -Infinity;"; 

  html += "const tempCtx = 

document.getElementById(8tempChart9).getContext(82d9);"; 
  html += "const humCtx = document.getElementById(8humChart9).getContext(82d9);"; 
 

  html += "const tempChart = new Chart(tempCtx, {"; 

  html += "type: 8line9,"; 
  html += "data: { labels: [], datasets: [{ label: 8&9@C9D4FGD4 (°C)9, data: [], 
borderColor: 8#ff57229, backgroundColor: 8transparent9, tension: 0.4 }] },"; 
  html += "options: { scales: { x: { ticks: { color: 8#ffffff9 } }, y: { ticks: { 
color: 8#ffffff9 }, beginAtZero: false } }, plugins: { legend: { labels: { color: 
8#ffffff9 } } } }"; 
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  html += "});"; 

 

  html += "const humChart = new Chart(humCtx, {"; 

  html += "type: 8line9,"; 
  html += "data: { labels: [], datasets: [{ label: 8ВB?B7іEFь (%)9, data: [], 
borderColor: 8#4caf509, backgroundColor: 8transparent9, tension: 0.4 }] },"; 
  html += "options: { scales: { x: { ticks: { color: 8#ffffff9 } }, y: { ticks: { 
color: 8#ffffff9 }, beginAtZero: true } }, plugins: { legend: { labels: { color: 
8#ffffff9 } } } }"; 
  html += "});"; 

 

  html += "function updateData() {"; 

  html += "fetch(8/data9).then(response => response.json()).then(data => {"; 
  html += "const now = new Date().toLocaleTimeString();"; 

  html += "tempChart.data.labels.push(now);"; 

  html += "tempChart.data.datasets[0].data.push(data.temperature);"; 

  html += "humChart.data.labels.push(now);"; 

  html += "humChart.data.datasets[0].data.push(data.humidity);"; 

  html += "if (tempChart.data.labels.length > 20) { tempChart.data.labels.shift(); 

tempChart.data.datasets[0].data.shift(); }"; 

  html += "if (humChart.data.labels.length > 20) { humChart.data.labels.shift(); 

humChart.data.datasets[0].data.shift(); }"; 

  html += "tempChart.update();"; 

  html += "humChart.update();"; 

  html += "document.getElementById(8currTemp9).innerText = 
data.temperature.toFixed(2);"; 

  html += "document.getElementById(8currHum9).innerText = 
data.humidity.toFixed(2);"; 

  html += "if (data.temperature < minTemp) minTemp = data.temperature;"; 

  html += "if (data.temperature > maxTemp) maxTemp = data.temperature;"; 

  html += "if (data.humidity < minHum) minHum = data.humidity;"; 

  html += "if (data.humidity > maxHum) maxHum = data.humidity;"; 

  html += "document.getElementById(8minTemp9).innerText = minTemp.toFixed(2);"; 
  html += "document.getElementById(8maxTemp9).innerText = maxTemp.toFixed(2);"; 
  html += "document.getElementById(8minHum9).innerText = minHum.toFixed(2);"; 
  html += "document.getElementById(8maxHum9).innerText = maxHum.toFixed(2);"; 
  html += "});"; 

  html += "}"; 

 

  html += "setInterval(updateData, 3000);"; 

  html += "</script>"; 

 

  html += "</body></html>"; 

 

  client.println("HTTP/1.1 200 OK"); 

  client.println("Content-Type: text/html"); 

  client.println("Connection: close"); 

  client.println(); 

  client.println(html); 

} 

 

 

 


