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ME)KIH/ICIII/IHJII/IHapHaH CBA3b (l)I/I3I/lKI/I, CXEMOTCXHUKHU U IIPOrpaMMHUPOBaHUSA

B crarbe mperncraBieHsl pe3yabTaThl pa3paOOTKH 3JIEKTPOHHOTO YCTPOICTBA HA OCHOBE LU(PPOBBIX KOMIIO-
HEHTOB, MPOBEJIEHHON COBMECTHO C YualMMHCS IIKOT U CTyAeHTamu. Llenpio maHHON paGOTHI SBIAINCH
MPOEKTUPOBAHUE U Pa3paboTKa 3JIEKTPOHHOTO YCTPOHCTBA Ha OCHOBE 32-OWTHBIX MHKPOKOHTPOJIIEPOB ce-
pur STM32. Iy mpoeKTHPOBaHHS M Pa3pabOTKHU AJIEKTPOHHOM YacTH yCTPOHCTBA ObIIa HCIIOIb30BaHA MH-
TerpupoBaHHas cpena pazpaborku Altium Designer. C nmpumeHeHHeM s3bIKa BBICOKOTO ypoBHs C++ pa3pa-
OoTaHa ympasisiomas rnporpamMa B ormianodnoit cpexe Keil v.5. B kauecTBe IeHTpanbHOTO YIPaBIISIOMIETO
Hpoleccopa UCroabp30BaH MUKpokoHTpoimtep cepunt STM32F030K6T6. Pa3paborans! anekTpideckas cxema
U TlevaTHas Iutata mpubopa. B kauecTBe C€HCOPHOTO 3/e€MEHTa MCIONIb30BaH BBICOKOUYBCTBUTEIBHBIN JaT-
gk raza TGS 2610 mpousBoxactBa ¢upmbr «Figaro» (Snonwms). Jns nepenaan SMS npuMeHeH MOIyIb
SIMS00A. B nporiecce BBIIOTHEHUS PA0OTHI yHaLIHECcs CAMOCTOSTENIFHO W3TOTOBUIN HNIEKTPUYECKHUE TIIAThI
C MCIOJIB30BaHUEM METOoJa 00IyueHHs yIbTpadHOoIeTOBOMH IaMIIoil crennaibHoro dortopesucra. [IpakTuue-
CKH BCE KOMITOHEHTHI OBUIM PAacCTaBJICHBI M paclasHbl MIKOJIFHUKAMH CaMOCTOATEIbHO. COBMECTHO CO CTYy-
JIeHTaMH OblIa pa3paboTaHa yHpasisiomas IporpamMMa Juisi MUKpOKOHTpoJuiepa. it H3roToBIeHUs KOpITyca
ycrpoiictBa Obuta 3azmeiictBoBana cpema «KOMITACy. Pacmeuarka. kopmyca ocymecTBisulack Ha 3D-
npurTepe. [IpoBeneHs! kKamnOpoBKa prdopa 1 ee TeCTOBbIE UCIBITaHMS. [lo pe3ynabrataM ImpeIBapUTEIbHBIX
TECTOBBIX MCMBITAHUII YCTPOICTBAa YCTAHOBIEHO, YTO JATYMK ra3a pearupyeT Ha HaJlM4YHMe ra3a B TeUECHHE
nepBbix 20 ¢ OT BpeMeHH Havyasa yredukd. JIOKHbIX cpabaThiBaHuii yeTpoiicTBa He 3adukcupoBano. [Tokazano
3Ha4€HUE OCHOB (PM3UKH, MHPOPMATUKM U MATEMATHKH B NPOLECCE NMPOEKTUPOBAHUS LU(PPOBBIX YCTPOHCTB
U IprOOPOB.

Kniouesvle crnosa: matauk rasa, OMOTHHUTENFHOE 0Opa3oBaHe, MUKpOoKoHTpouiep STM32, mporpaMMmupo-
BaHUe, MPUOOP, HIEKTPUIECKas CXeMa, IieyaTHas 1iara, MOIyJb epeIaTunKa.

Beeoenue

[Tpu 0OyueHNN MIKOJIEHUKOB U YYaIUXCsl OCHOBaM pa3padOTKH COBPEMEHHBIX AIIEKTPOHHBIX H POOOTO-
TEXHUYECKUX YCTPOWCTB BaXKHO MaTh 3HAHUS MO TAKHUM HAIMPABICHUAM, KaK PaHO3JICKTPOHUKA, MEXaHHKA,
U IPOTrPaMMHUpPOBaHKE. 3HAKOMCTBO € JAHHBIMU HAMPABJICHUSAMHU B PaMKax 00Ie00pa30BaTENbHBIX JTUCIIHII-
JIMH, TaKUX KaK QU3KMKa, MaTeMaTHKa ¥ WH(HOpMATHKa, yJalrecs HaunHaioT ¢ 6—7 kinaccoB. OHAKO clery-
€T OTMETHUTb, YTO, KaK ObI XOPOIIIO HEC OBIIIM YCBOCHBI 3HAHUS, YMCHHS U HABBIKU IO JAHHBIM JUCIUTLTHHAM,
OHH HE MO3BOJIAT yUAlUMEs. CAMOCTOSITSILHO U B TOJIHOIM MEpe CO3/1aBaTh U(PPOBHIC SIEKTPOHHBIC YCTPO-
CTBa, pOOOTOB, MUCATH MOJHOLICHHBIE YIIPABIISIONINE TIPOTPAMMBEI.

st Toro, 4ro0Bl YMETh CO3/7aBaTh MU(MPOBBIC 3JIEKTPOHHBIE U POOOTOTEXHUYECKHE YCTPOWCTBA U T~
caTh MPOTPAMMBI, YIAHTUMCS HEOOXOIMMBI JOMOJHUTEIBHBIC, YTIYOJCHHBIC MEKIUCIUIUTHHAPHBIC 3HAHUS
MO TaKUM HANpaBJICHUSIM, KaK MPOTrpaMMHUpyeMas MHKpPOIJIEKTpOHHKA [1], poOOTOTEXHUYECKasT TEXHOIIO-
rus [2] u/r.a. IIponecc oOyueHus J0JKeH ObITh OPraHW30BaH COOTBETCTBYIOIUM 00pa3oM. B mepByro oue-
pelib, yuyanecs NOKHBI ObITh 3aMHTEPECOBAHBI U YBICUCHBI HCCH MPOCKTUPOBAHUS U Pa3pabOTKU cOOCT-
BCHHBIX YCTPOWUCTB. BO-BTOPBIX, Y HUX JODKHO OBITH JJOCTATOYHO CBOOOJHOTO BPEMEHH JUIS IOMOJHUTEIb-
HBIX 3aHITUH TIO 3JEKTPOHUKE W MPOrpaMMHPOBaHUI0. HeManoBakHYIO pOJb WrpaeT HaJMuhUe COOTBETCT-
BYIOILIETO 000PY/IOBAHUS U TIPOTPAMMHOI0 00CCIICUCHHSI.

B mporiecce 00y4ueHnsT YYCHUKH JOIDKHBI HAYYUTHCS OMPEASTITh (YHKIIMOHANBHBIC 331a4 M TEXHUYC-
CKHE XapaKTEPUCTUKH KaK AJIEKTPOHHBIX, TAK U MEXaHUYECKUX KOMITOHEHTOB. OBJaJeTh HaBBIKAMK pa3pa-
OOTKH DIIEKTPOHHBIX CXEM W TMeYaTHBIX MiaT. HayunThest paspabaThiBaTh aqrOpUTMbI M TICEBIIOKOJBI, JUIS
MOCTICTYIOMIETO BOIUIOIICHHS B PEAIbHYIO MPOrpaMMy. YMeETh CaMOCTOSITENIbHO pa3padaThiBaTh U MUCATh
MpOrpaMMHBIe OJIOKH Ha OJJHOM U3 SI3bIKOB BLICOKOT'O YPOBHSI.

Kak BuinM, pa3paboTka camoJeNbHBIX MUPPOBBIX U POOOTOTEXHHMUYECKUX YCTPOHCTB Tpebyer Oolee
yrIyOJCHHBIX 3HAHWHA M MPAKTHYCCKUX HABBIKOB MO TAKUM JMCIUILIHHAM, KaK (HU3MKa, MAaTeMaTHKA, HH-
¢dopmaruxa.
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Teopernueckue 3HaHUS U3 Kypca PU3UKH U MaTeMaTHKH HEOOXOAWMBI IIPH pacyeTax 3IeKTPOHHBIX y3-
JIOB ¥ OJIOKOB pa3pabaThiBaeMoro ycTpoicTsa. [Ipu pacdere 3JIeKTPOHHBIX KOMIIOHEHTOB MPOSBISIOTCS Ha-
BBIKH MTPAKTUIECKOT0 MPUMEHEHUS (PU3MUECKUX 3aKOHOB U MATEMATHKH.

Takum 00pa3oM, MOKHO OTMETHTH, YTO OCBOEHHE OCHOB MHKPOIJEKTPOHUKH W MPOrPAMMHUPOBAHUS
TpeOyeT OT YUYCHUKOB, HApsAy C U3ydeHnEeM (HU3UKU, MATEMATUKN U WHPOPMATHKH, PACCMOTPECHHUS B3aUMO-
CBSI3EU MEXKITy STUMH JUCIUILTTHAMH.

B ocHoBe Bcex COBpEMEHHBIX pa3pabOTOK JIEKUT MUKPOAJIEKTPOHHAS TEXHOJIOTHS, MpEACTaBICHHAs
MPOrpaMMHUPYEMBIMA MUKPOKOHTPOJIJIEPAMH, WK B 00JIE€ CIOKHBIX YCTPOHCTBAX — MUKPOIIPOLIECCOPAMH.
B mikospHOM 00pa3oBaTellbHON MPOrpaMMe B OCHOBHOM HCIIOJNB3YIOT Pa3IMYHbIe TOTOBBIE KOHCTPYKTOPHI
Lego [3; 5] u otnagounsie matgopmel Arduino [4].

Hamr onbIT paboThl cO HMIKOJIBHUKAMHU MO3BOJISIET YTBEPXKIAaTh, YTO OOyYeHHE HA OCHOBE OTAENBHBIX
MHUKPOKOHTpOJIIEpoB Oosee 3(pPpekTHBHO 10 CpaBHEHUIO ¢ 0OyYeHHEM TP IMOMOIIN KOHCTPYKTOPOB B 00-
nactu MHPOPMATHKH U DIIEKTPOHUKHU. Ha npoTshkeHnn IBYX JIET aBTOpaMH JIAHHOM CTaThy BeieTcs paboTta ¢
YYEHHKaMH CTapIIMX KJIacCOB MO pa3pabOTKe 3JIEKTPOHHBIX YCTPOWCTB Ha OCHOBE MHKPOKOHTPOJUICPOB
STM32.

Lenbto naHHO# pabOTHI SBISIOTCS MMPOSKTHPOBAHKUE M pa3pabOTKa AIEKTPOHHBIX YCTPOHCTB HA OCHOBE
MPOTPaMMHUPYEMO MUKPOKOHTPOJUIEPHOW TeXHUKH. [y mOCTHXKEHUs TOCTaBICHHOM e ObLIN paccMOT-
PEHBI U PELICHBI CIIEAYIOIINE 3a1auu:

— BeJICHHE JIOTIOJTHUTEIBHBIX 3aHATHI C YIEHHKaMH MO YIIIyOJEHHOMY H3Y4E€HHIO OCHOB MOYIPOBO/I-
HUKOBOW MHUKPO3JIEKTPOHHKH;

— BeJICHHE JAOTIOTHUTENBHBIX 3aHATHUH 10 YIIIyOJIEHHOMY U3YYEHHUIO A3bIKa MporpamMmupoBanust C++;

— BeJICHHE JAOTIOTHUTENBHBIX 3aHATUH TI0 U3yUEHUIO0 MUKPOKOHTPOIJIIIEPHOW TEXHUKH;

— MPOEKTUPOBAHNE U pa3paboTka KaKk MHHUMYM OJJHOTO 3JIEKTPOHHOTO YCTPOHCTBa, OCHOBAaHHOTO Ha
uudpoBoM HHTEpPEiice.

B nomonHuTensHOM 00ydeHUM TpHHUMaIKM ydactwe ImKoiapHMKM 10—11 kmaccos. IIpemBaputensHo
YYEHVKH OBLIH MOJIeNICHBI Ha TPYIIIIHI 110 JiBa denoBeka. Kaxias mapa BeiOpana ceOe HanpaBleHne, B paMKax
KOTOPOTO IUTAHUPOBATIOCH BeJIeHHE Pa3paboToK.

Peszynomamot wux obcyscoenue

B cratbe nmpencTaBieHbl pe3ysbTaThl IPOSKTUPOBAHUS U pa3padO0TKH 3JEKTPOHHOTO YCTPOMCTBA, Mpel-
Ha3HAYE€HHOTO JJIs1 OOHAPY>KEHUS YTeUKH ObITOBOrO Ta3a.

Ha pucynke 1 uzo0paxena cTpykTypHas cxema pazpabotannoro npudopa. IIpubop cocrout u3 marau-
Ka rasa; ynpasistomero Mukpokontposuiepa STM32F030K6T6 [5; 26]; GSM/GPS-monymnst SIM800A (me-
penardnka); CBETOBOTO M 3BYKOBOTO MHAMKATOPOB; MHUKPOCXEMbI KOHTPOJIS 3apsana u Li-Pol akkymymsiTop-
HOU OaTapeiiku.

AHTeHHa Jlatuuk raza

g

GSM/GPS- | <— Y npasisowuit — | 3ByKoBoif
MOJYJb — MHUKPOKOHTPOJLIEP 3yMMep
Mukpocxema CaeToBas
CaeToBas KOHTPOJISI AHIUKALIAS
UHAWKaAIKA ra3a OATaHUS OUATaHUSI

Pucynox 1. CtpykTypHas cxema npudopa

[Ipubop ¢ maTdamkoMm rasza, ynpaBJSIONIMM MUKpoKoHTposumiepoM n GSM/GPS-momynem cocramiseT
€IMHYI0 KOHCTPYKLHIO TPUOOpa AJIsl KOHTPOJIS YTEUKH rasa.

Jaruuk raza, ynpasisromuii MUKpokoHTpouiep 1 GSM/GPS-monyns a1st SMS-curHasnoB pacmonararot-
csl Ha ONTHOM oOmeit tuiate. [Ipy M3MEHEHNH COCTOSIHUSI JaTduKa ra3a (HaTMYhe Taza B OKpYXKaroliel cpee)
CHUTHAJI TIePeaeTCs B YIPABIAIONINA MUKPOKOHTpoJUIEep. B CBOIO odepens, ypaBisionmii MUKPOKOHTPOJIIED
Ha [POTrPaMMHOM YPOBHE aHAJIM3UPYET YPOBEHb CUTHaa Ha BXozax. [Ipu «oOHapyKeHHH» CEHCOPOM HAINYMS
ra3a Ha BHEITHEM KOPITyCe YCTPOWCTBA 3aropaeTcsi CBETOBOM MHAMKATOP (CBETOAMO/) M BKIIFOYAETCS 3BYKOBOU
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uHaukarop. 1lo Mepe MoBbIIEHNS] KOHLIEHTPALMU Ta3a 4acToTa 3BYKa BO3PACTAET, IO MOMEHTA MPEBBILLICHUS
3a/IaHHOTO TIOPOTOBOTO 3HAYEHMs KOHIEHTPALMK Ta3a B MOMEIICHUH. [Ipn mpeBbIIeHn MOpPOroBOro 3Have-
HUS Ta3a, KOTOPOE 33aeTCsl Ha IPOrPaMMHOM YPOBHE, BBINOJHAETCS KOJ IPOTPAMMBI, OCYIIECTBIISIOIIHNH 1O~
CBUIKY ynpasisitomero curHaia Ha SIM-kapty GSM/GPS-monyis. B cBoro ouepens, GSM/GPS-monyss dop-
MHpYyeT U oTnpasisier SMS-coolmienne ¢ 3aganHbM TeKcToM. CooOIIeHre OJHOBPEMEHHO MOKET OBITh OT-
MPaBJIEHO Ha HECKOJIBKO TelNe(OHHBIX HOMEPOB. [lepeueHr HOMEPOB NMPEBAPUTEIHEHO «3aIUCHIBACTCS) HETO-
CPEICTBEHHO B MPOrpaMMy YIPaBICHUS] MUKPOKOHTPOIIEPOM.

VYnpasnsromnas nporpamMmma ajsi MUKPOKOHTpoOJUIepa pa3zpadotana Ha s3bike C++, ¢ MCIOIB30BAHUEM
cpennl pazpabotku Keil v.5. AnroputM paboThl MporpaMMbl ¥, B IIEJIOM, YCTPOWCTBA peau3yercsl B clie-
JyIOIEM TOpsAKe:

— YIPaBISIOUNA MUKPOKOHTPOJIJIEP C YaCTOTON HEe MeHee 0AHOoro pasa B 0,5 c. «ompammBaeT» cocTosi-
HHUE JIByX BXOJIOB, OJIMH U3 KOTOPBIX CBSA3aH C JAaTYMKOM ra3a, BTOPOH — C MHKPOCXEMOM KOHTPOIIS 3apsiia
aKKyMYJISITOpHOU Oarapew;

— [P U3MEHEHUH COCTOSHHS BXO/a, CBA3aHHOTO C JaTYMKOM Ta3a, MUKPOKOHTPOIUIEP AKTUBHPYET KOJ
MPOTPaMMBI, KOTOPBIH OTBeUaeT 3a MOochUIKy curaana Ha GSM/GPS-mozynb;

— IPU U3MEHEHHUH COCTOSIHUS BXOJIa, CBA3aHHOTO ¢ MHUKPOCXEMOM KOHTPOJISI aKKYMYJISITOPHOM 3apsIIKH,
YIPABJISIONIMHA MUKPOKOHTPOJUIEP aKTHBUPYET KOJ POrPaMMbl, KOTOPBIH Takke (hOPMUPYET NOCBHUIKY CHT-
Hana Ha GSM-Moy k.

Hwxe npencraBieHa 9acTb MpOrpaMMbl, B KOTOPOH OTPa’keHbI OCHOBHBIC YIPABJISAIOIINE KOMAHIBI JUIs
BKJIIOUEHUS, 3amycka U akTuBauuun GSM-Monyisi, peaqu30BaHHOIO C TIpUMEHEHHEM CTPYKTypwl While n
BIIO’KEHHOMW CTPYKTYPHI BbIOOpa if/else.

void SendSMS (char* text)
{
uart. WriteString («<AT+CMGS=W+77009667591\W\r»);
int ch = uart.ReadByte ();
while((ch!=">") && (ch!=-1))
ch = uart.ReadByte ();
if(ch ="

void MainTask ()

{ char str [100];

Enable ();

uart. WriteString («AT\r»);

ReadSrting (str,100);

uart. WriteString (<ATEO\r»);

ReadSrting (str,100);

uart. WriteString (<AT+CMGF=1\r»);

ReadSrting (str,100);

uart. WriteString («AT+CSCS=\»GSMW\r»);

ReadSrting (str,100);

HAL ADCEx Calibration Start (&hadc);
while (! strstr(str,»+CREG: 0,1»))

SendSMS («POWER ONy);

ReadSrting (str,100);
{ if (! sms_sended)

{ SendSMS («GAS!»);

ReadSrting (str,100);

sms_sended = true; }

}

else

{ if (sms_sended)
{
SendSMS («NO GAS OK»);

ReadSrting (str,100);
sms_sended = false;
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IIpu BKITIOYEHUM TTPHOOpPa aBTOMATHYECKH OCYILECTBISIOTCS TepBUYHAs aktuBarus SIM-kapTel, moj-
KIroueHue Moyiisi K cucreme GPS 1 0OMeH TaHHBIME MEKIy MUKPOKOHTPOJUIEPOM ¥ MOAYJIEM TIepeIaTurKa.

DJeKTprUecKas cxema U IulaTa yCTpoicTBa CrpoeKTHpoBaHbl B cpene Altium Designer. Ha pucynke 2
MIPEJICTaBJICHBI CXEMbI TIOJKITFOYCHUST MUKPOKOHTPOJUIEpa K BHEIITHEH nepudepru (a) U meyaTHoi miatsl (0).

(2) (6)

Pucynox 2. CxeMbl NOAKITIOUYEHUS MUKPOKOHTpPOJUIEpa K BHEIIHeH diepudepuu (a) 1 neyaTHoOH miatsl (0)

Ucnons3oBannsiii Hamu STM32F030K6T6 32-6uTHBIN MUKPOKOHTPOJIIEP OTHOCUTCS K MIEPBOM JIMHEH-
Ke MUKpOoKOHTposuiepoB STM32. Bribop Hambosnee ynpoieHHOW BEPCHH MUKPOKOHTpOIJIIepa O0YCIIOBIIEH
MIPOCTOTOM €ro U3yYeHUs U MPOrPaMMHUPOBAHUS YIAITUMHUCS.

B kauectBe cencopa rasa ucnonb3oBan npoaykrhupmel FIGARO ENGINEERING, 310 momympoBo/i-
HUKOBBIHM TaTYMK Ha OCHOBE MJIEHOK OKCHJA OJIOBA; CONPOTUBIIEHNE KOTOPBIX B YHCTOM BO3/1yX€ OYEHb BBI-
coxo [6].

UsroroBnenne miaThl OCYIIECTBISLIOCH MTyTEM OOMyUYCHHUs YIbTPa(QUOIETOBON JIaMIION CIIEHAILHOTO
¢doropesucra uepe3 HOTOHETaTUB CXEMBL,pacleuaTaHHbIA Ha JIa3epHOM npuHTepe. TpaBieHue miIaThl mpo-
HCXOIMIIO B pacTBOPE NMEPEKHCH BOAOPOAA U JINMOHHOMN KUCIIOTHI.

[Mocie U3roToBICHHS MTEYATHOW IUIATHI, JIY>KEHHS U OYUCTKH MIOBEPXHOCTH ObLIA MpOBeeHa paboTa 1o
pacmaiike KOMIOHeHTOB. JlaHHasL paGoTa ObLIa BHINOJIHEHa COBMECTHO CO LIKOJIBHUKAaMH. Bce KOMIOHEHTHI,
3a HCKJIFOYEHHEM MUKPOKOHTPOJIIEpA U MOIYJIS TIepelaTurKa, ObIIIM paccTaBlIeHbl U pacHasHbl IIKOJIbHUKA-
MU CaMOCTOSITeNHHO. J{J1s1 TTAWKH MCHOIh30BaIH MAJTOMOIIHYO MasiIbHYIO CTaHIIUIO, OCHAIEHHYIO (DyHKIIU-
eit TepMoBo3AyIIHON 001yBKH. Koprryc mist mpubopa Obin paspaboran B cpene «KKOMITAC» u pacrievatan
Ha 3D-npunTepe.

TecToBble UCHBITAHUS TPUOOPa HA KOJIMYECTBO OTKA30B MO CpabaTHIBAHMIO M JIOKHBIX CpabaThIBaHHMA
MTOKA3aJIH TMOJIOKHATENbHBIE Pe3yabTaThl. TeCTHPOBaHHE HA KOJUYECTBO OTKA30B MPOBOIMIOCH CIEAYIOIINM
00pa3oM: Ha PACCTOSHUM IBYX METPOB OT JaT4MKa, B TEUEHUE ABYX CEKYH] PaclblIsUId ¢ MaJIeHbKOro Oai-
JIOHYMKa ra3 (mpoman). 3aTeM Uil YCKOPEHHUS pacIpOCTpaHeHHMs MApOB Ta3a B OKPY’KaIOIIEH cpee BKIIoYa-
T BEHTHJISITOP.

Bo Beex ciywasix cpabatbhiBaid CBETOBas W 3BYKOBasi WHJAWKAIMK YCTpolicTBa. [lapamiensHo Ha BbI-
OpaHHBIN TeneOHHBIN HOMEp NpuxowIn cooomeHus «GAS!». TecToBble UCTIBITAHHS MTPOBOAMIUCH B TE-
YyeHMe 2—3 JHEeH, Tak KaK I0CJe KaKJI0ro paciblIeHHs ra3a TpeOoBaioch Ha 1—2 4 MPOBETPHBATH IIOMEIIIe-

HUe. B OTCyTCTBMUM ra3a Ha TOT e TeleOHHBIH HOMEp MPUXOAWIH COOOIIeHWs 00 OTCYTCTBUH rasza
«NO GAS OK».
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Ha PUCYHKE 3 npeaACTaBJICHO CO3JaHHOC COBMECTHO C yUaIlIUMUCA YCTPOﬁCTBO.

Pucynox 3. BHemHmii Bu pa3paboTaHHOTO yCTpOWCTBa

JloxHbIX cpabaTeiBanmii TprOopa He 3adurcupoBaHo. [lpyu mpoBeAcHUN JaHHBIX UCTIBITAHUMA «oIace-
HUsD) OBUTN CBSI3aHBI HE C CAMUM JIATYMKOM, a C pa3padoTaHHON nporpaMmoin. CliefioBano yOeIuThCs B TOM,
YTO B CaMOil mporpaMme HeT OMIMOOK, KOTOPhIe IPHBOAMIN OBl K JIOXKHOM aKTHUBAIMH MTPUOOPA U MOCKUTKAM
COOOIICHUIA.

3axnouenue

B xone BeimomHeHust paboThl OblIa pa3zpaboTaHa cXxeMa YCTPOMCTBA, MPEAHA3HAYEHHOTO Ui 0OHapy-
’KEHUs TTapoB OBITOBOTO T'a3a B OKpYJKarollel cpese. B KauecTBe OCHOBHOTO CEHCOPHOTO 3JIEMEHTa HCIHOJb-
30BaH BBICOKOYYBCTBUTENbHBIN AaTunk TGS-2610. OcymiecTBIEHO NPOEKTUPOBAHKUE MTEYATHOM IIaThl YCT-
poMCTBa C TPacCUPOBKOW MPOBOJHUKOB M PA3BOAKON 3JIEKTPOHHBIX KOMIOHEHTOB. JIJisi TPOEKTHPOBAHUS
CXEMBI IUIaThl YCTPOUCTBA OBLTH 33JeWCTBOBAHBLBO3BMOKHOCTH cpenbl Altium Designer. st pa3paboTku
YIOpaBJISIOUICH MPOrpaMMbl ObIT UCHIOIB30BaH S3bIK BRICOKOTO ypoBHs C++. OOMeH nepenaBaeMbIX KOMaH[
MeXy MUKpOKOHTposuiepoM 1 MoayneM SIM800A ocymecTsisiica nocpeactsoMm AT-komanz,.

B kadecTBe KOHEYHOTO MPOAYKTa HAMU ObLI COOpaH MPOTOTHUIl YCTPOWCTBA, OCHANICHHBIA CEHCOPOM
ra3a, ynpasJsSIOIUM MUKPOKOHTPOJUIEPOM, MOIYJIEM MEpPEAayl TaHHBIX, 3ByKOBBIM MHIMKATOPOM M aKKy-
MyJISITOpHOU Oarapeeil. @yHKIIMOHATILHBIE BOZMOKHOCTH YCTPOHCTBA MPOBEPEHBI B XO/I€ MPEABAPUTENBbHBIX
TECTOBBIX MCHBITAHUHN. TEeCTOBBIC MCIBITAHUS YCTPOWCTBA MOKA3aJIM TOJIOKUTEIbHbBIE PE3YIbTAThl: BO BCEX
CIlydasiX BKJIIOYAJach 3BYKOBas CHTHAIM3AaLMS, U YCTPOWCTBO OCYIIECTBIISUIO MOCHUIKY SMS-cooOmieHus.
[Ipu 3TOM cityuaeB JI0KHOTO cpabaThIBaHUs YCTPOWCTBA HE OBLIO 3a(MKCHPOBAHO.

Takxe ciemyeT OTMETHTb, YTO Y4alllMecs, BHIMOIHSAS ITOCTaBJICHHBIC 3aJa4l, MOMyYmwIn Oojee riry0o-
KHe 3HaHMA B 001acTH HH(POBOM TEXHUKU U TIPOrPAMMHUPOBAHUS MUKPOKOHTPOJIIEPOB.
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Duznka, cyJ10aTeXHUKA jKHEe MPOrpaMMaiay/iblH MIHAPAIBIK 0alIaHbICHI

Makanmaga MeKTell OKYIIBIIapbl JKOHE CTYICHTTEpPMEH Oipyecinm  Ky3ere achIpbUIFaH  IU(PIBIK
KOMITOHEHTTEpre HETIi3eNTeH JIEKTPOHIBIK KYPBUIFBIHEI jKacay HOTIKENepi KelTipiireH. By sKyMBICTBIH
makcaTsl STM32 cepusiinbl 32-0UTTiK MEKPOKOHTPOJUIED HETi31He 3IeKTPOHIBIK KYPBUIFBIHEI K00anay skoHe
skacay 0obI TabbuIa bl KypBUFEIHBIH 2JIEKTPOHBIK O6IiriH sxobanay xeHe a3ipiey ymriH Altium Designer
MHTeTpalysUIaHFaH a3ipiey oprackl Konnansuiras. Keil v.5 a3ipney opracsiana, sxorapsl aeHreini C ++ Tiniu
KOJaHy apKbulbl Oackapy Oarmapmamachl kacanraH. Opranblk  0ackapy HpOLECCOPBI  peTiHe
STM32F030K6T6 cepusibl MHKPOKOHTPOJUIED MalAanaHbUIFAH. OJEKTp Ti30eri jkoHe KYPBUIFBIHBIH
ANEKTPIiK TakTachl a3ipaenren. Cencopibl amement peringe Figaro (JKanowws) dupmaceiHga eHaipiireH
ce3iMTaabFel oTe korapel TGS 2610 ra3 matumri Konmaneurad. SMS xibepy ymin SIM800A momymi
nmaligananeurad.  JKYMBICTBI  OpbIHAQY OapbICBIHIA CTYAEHTTEp YIBTPAKYJTiH COyJIeMEH  apHailbl
(hOTOPE3UCTTI COyNENEHIIPY OMICIH KOJJIAHA OTHIPBIN, SJCKTPIIK TaKTamapAbl ©3 OeTiHmie jxacaraH. Ic
XKy3iHze OapibIK KOMIIOHEHTTEp/i OKYIIbUIap ©3/epi peTTel, JoHeKkepiaereH. MUKpoKoHTpoepai 0ackapy
GargapnaMacel CTyAeHTTepMeH Oipre o3ipmenreH. KypburFblHbIH KopmychiH kacay yurin «KOMITAC»
opracsl Konnanburran. Koprycteiy €31 3D-npuHTepse 0achliblll LIbFapbuFaH. KypbUIFBIHBIH KYMBICTBIK
JI9JIITT PETTeNin OHBIH CBIHAK TeCTiNepi xypriziaren. KypbUiFbIHbL anibiH-aa ChIHAY HOTHKeNepi OopIHIIIa,
ra3 JaTduri arpil KeTy OacranFaH coTTeH Oacram anramkel 20 CeKkyHA imriHAae ra3fbiH OONYBIH cesir,
colikeciHme xabapiaama >kKiOepeTiHi aHBIKTaJIFaH JKOHE ©3 epKIMeH KOCBUIBII xabapllaMaHbl XKibepyi
OatikanManpl. CaHABIK KYPBUIFBIIAD MEH aclanTapsl skobanay mponeciHne (uimka, MHOPMaTHKa XKOHE
MaTeMaTHKa HeTi3/1epiHiH MaHbI3AbUIBIFBI KOPCETLUITEH.

Kinm ce30ep: ra3 natumri, Kocsmia 0imim 6epy, STM32 MukpokoHTpoIutepi, OaFmapiiamManay, acrar, 3JIeKTp
cyibacel, 6acna TaKTachl, TAPATKBILII MOIYII.

K.M. Makhanov, L.V. Chirkova, B.A. Kassymbayeva, M.S. Beissenbekova, N.K. Aset

Interdisciplinary communication of physics, schemes and programming

The article presents the results of the development of an electronic device based on digital components,
carried out jointly with schoolchildren and students. The aim of this work was the design and development of
an electronic device based on 32-bit microcontrollers of the STM32 series. For the design and development of
the electronic part of the device, the integrated development environment Altium Designer was used. Using a
high-level C ++ language, a control program was developed in the Keil v.5 debugging environment. The
microcontroller of the STM32F030K6T6 series was used as the central control processor. The electrical
circuit and the circuit board of the device are developed. A highly sensitive gas sensor TGS 2610,
manufactured by Figaro (Japan), was used as a sensor element. For SMS transmission, the SIM800A module
was used. In the process of doing the work, students independently made electric boards using the method of
irradiation of a special photoresist with a UV lamp. Practically all the components were arranged and
soldered by the students on their own. Together with the students, a control program for the microcontroller
was developed. To-manufacture the case of the device, the <KKOMPAS» environment was used. The case was
printed on a 3D — printer. Calibrated the device and its test tests. According to the results of preliminary test
tests of the device, it was found that the gas sensor responds to the presence of gas during the first 20 seconds
from the time the leak started. False positives of the device are not fixed. The importance of the foundations
of physics, computer science and mathematics in the process of designing digital devices and instruments is
shown.

Keywords: gas sensor, additional education, STM32 microcontroller, programming, device, electrical circuit,
printed circuit board, transmitter module.
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