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YAK: 631.171.519.685
NCIIOJIb3OBAHUE UH®PAKPACHBIX JATYHUKOB AJIA
ABTOMATU3UPOBAHHOM OLIEHKH COCTOAHMA PACTEHU B YCJIOBUAX
KOHTPOJIMPYEMOW CPE/IbI

IIIunuiaosa Kamuia baxTtusipoBHa
PhD, doyenm « THHUMCX» HayuoHaabHblll UuccaedogamenbCckull yHusepcumem

AHHOTauuA: B daHHOU cmambe 6blau U3yYeHbl CneKmp 3/4eKmMpOoMA2HUMHbIX
80/IH U OJ/UHA B0/IHbl 8AUAWUE HA pasHble 06Bekmbl. bbliu paccmompeHbl
npumeHeHue UH@PpPAKpacHsvlx damuyukos. A makxice paccMompeHbl U 8blOPAHO
uH@pakpacHolli damuuk. /[lasa obsekma 6blia €030dHA NPUHYUNUAALHASL CXema U
pewleHa cxemamuyeckue 80npocsl N0 ynpasieHuo UHPPAKPACHO20 dam4uka. A mak ice
6bl1a co3daHa Kod ynpassieHue 3d coOCmosiHuem 06sekma u cocmassieHa bJ10K cxema
aszopumma.

Kinwo4yeBble ciaoBa: uH@pakpacHoe usJjy4yeHue, chekmp, O/JAUHA BOJIHbl,
memnepamypa, damyuk, mepmozpagusi, Cnekmpockonus,, MOHUMOPUH2, PE30OHAHC.

BBEJEHHUE

HUudpakpacHoe (MK) wusnyyeHue 3aHUMMaeT BaKHOE MeCTO B CIeEKTpe
3JIEKTPOMArHUTHBIX BOJIH U HAaXOJUT IIMPOKOEe MPUMEHEHHe B Pa3JIMUHbIX 00J1aCTX
HayKd U TexHUKU. UK-u3nydyeHue xapakTepusyeTcs AJUHON BOJIHbI B JiMana3oHe OT
700 HM 710 1 MM.

HK-usnydyeHHe MHUPOKO UCIOJAb3YeTCsl B MeJIMLIMHE /i1 TepMorpaduu, KoTopas
N03BOJISIET OOHApPYKMBATh OMNYyXO0JW U BOCHAJE€HUs], aHAJIU3UPYs TeMIlepaTypHble
aHOMaJIMH.

B npowmbimsienHHoctu UK-u3iyyeHue npuMeHsieTCsl AJisi KOHTPOJIS KadecTBa
MaTepHaJioB ¥ MOHUTOPUHTA MPOILECCOB CYILIKH.

MudpakpacHyo 06/1acTh CIEKTpaA YCJAOBHO pa3/esisloT Ha KOPOTKYI0, CPeIHIOI0
Y IJIMHHOBOJIHOBYIO 06J1acThb (puc.1) [1].

OpraHusM 4eJsioBeKa H3Jjy4dyaeT UHPpaAKpacHble JYy4Yd C MaKCHMaJIbHOMU
MHTEHCUBHOCTbIO B aAuanaszoHe oT 900 go 1150 HM, mo3ToMy cambiM "poaHbIM"
TENJIOM JIJIsl YeJI0BeKa SIBJIsSIeTCS AJUHHOBOJHOBOMN AWana3oH C AJUHHOM BOJIHBI JI0
2000 HM.

MMeHHO B 3TOM Juana3oHe NPOUCXOAUT HauboJsiee 3GPeKTUBHOE PE30HAHCHOE
MOTJIOLIeHUE TEMJIOBOTO U3JTyYeHHUs.
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39-SON ILMIY TADQIQOTLAR JURNALI 20.04.2025
lamma PEHTTEHOB(KOE ynbIpadeneTonoe un¢panpa(noe MHEPOBO/IHOBO® M v KOPLTRBONMIBOS] ATHHHEOR-
“H3nyUeHne HanyyeHne 3nyuesue anyyesune PARMONITPYOME “Boe
1x10M  1x10% P . 1x10* 1x10% 1x10° 1x10°

4x107 5x 107 6x107 7x 107

[AnuHa BoNHbI, M

Puc.1. /lniiHa BOJIHBI Pa3HBIX TUIIOB 3JIEKTPOMAarHUTHOTO U3JIy4YEHHUS

MoIHBIM ecTeCTBEHHBIM UCTOYHUKOM MHpaKpacHoro TemnJa sapisetcs CoyHLe.
VUMeHHO B MH$pakpacHOM auana3oHe CosiHue usaydaeT 50% cBoelt anepruu. Ot 70
o 80% sHeprvy B BUJeE TelJla U3JYy4alOT JIaMIIbl HaKaJWBaHUA. BecbMa MOIIHBIM
MCTOYHUKOM MH(QPAKPACHOTO M3JIyYeHUs SIBJSETCS yroJbHas 3JIeKTpUUecKas Ayra C
TeMmnepatypoir okosio 1000 C. /Jlnsg siyyeBoro oborpeBa NOMelleHUH NPUMEHSIOT
CIypaJjii U3 HUXPOMOBOU NMPOBOJIOKH, C TeMnepaTypoll HarpeBa 6osiee 800 C. [l
Jydllled  HalpaBJeHHOCTH HWHQPPAKPACHOTrO HW3Jy4YeHUs Takhe HarpeBaTesu
CHabXXalTCS OTpaKATEJSIMU.

[locraHoBka 3ajady. Bce wuHQpakpacHble TepMOMETpbl /JJisd HU3MepeHUs
UCIOJIb3YIOT PU3UYECKOe SIBJEHUE BHYTPEHHEro M3jy4yeHus Tes. Bce Tesa nuMewT
MOJIEKYJIbI, KOTOpble ABUXKYTCH, ec/ld pas3orpeTbl. OT HUX Ke HUCXOAUT H3JIydYeHHe,
KOTOpOe M IepexBaTblBaeT JaT4YUMK. OIJTO MU3JlyYeHHWE - OJWH U3 BHUJOB
3JIEKTPOMArHUTHOTO U3Jy4YeHUs1 — UHQpaKpacHOe.

Yem Temnsiee 00bEKT, TeM 0oJiblle U3/ydeHUs (Mocje OnpefieIeHHOro nopora
BO3MOXXHO H3JIyueHUEe BUAMMOro cBeTa) [2]. MOHUTOPUHI COCTOSIHUSI PACTEHUU C
NOMOILbI0 UHPPAKPACHOTO JaT4YMKa - 3TO 3QPEeKTUBHBIA CNOCOO OLEHKH 3/0POBbS
pacTeHUH U ONTUMHU3ALUU NoJaUBa. /i pelleHrWe 3TUX NPo6JieM BXOAAT HECKOJIbKO
3ajayu: 1. U3MepeHue TeMIiepaTyphl JIUCTbEB PACTEHUH.

2. CpaBHeHMUe TeMIlepaTypbl C TeMIlEpaTypord OKpyKarwllerd cpeabl AJs
omnpe/esieHUs] COCTOSIHUS pacTeHUs. 3. ABTOMaTH3alus I[OJUBAa Ha OCHOBE
NOJIy4YeHHbIX JJAHHBIX.

Pemenve 3anad. beckoOHTakTHBIM JaTyuk Temiepatypbl MLX90614. 3To
MHOpaKpacHbIA  JJaTYUK C OECKOHTAKTHbIM CYUTbIBAHUEM  TeMIEpPaTyphl,
UCIOJIb3yeTCs  AJid  JUCTAaHLMOHHOTO H3MEpeHUs1 TeMIepaTypbl O0OOBEKTa,
obpabaTbiBass HH(QpaKpacHoe H3Jy4YeHue OT Hero. JlaTYMK MOKEeT CUUTBhIBATh
TeMIlepaTypy Kak NOKOALUXCS, TAK U ABUKYLIUXCA 00bEKTOB (pHUC.2).

B kopnyce o6beguHennsl UK petexktop (MLX81101) u MukpocxeMa 06paboOTKH
curHaina (MLX90302). baarozaps mNpUMeHeHHWI MaJOUIyMSAILero YCUJIUTeNs,
17-6utHoro ALII u MmowHoro DSP nponeccopa aTUMKU UMEIOT BbICOKYIO TOYHOCTb U
paspelleHue.
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Pe3y/ibTaTOM M3MepeHUH SIBJSETCS yCpeJHeHHas TeMIepaTypa BceX 060'bEKTOB,
nonajalouiux B paboyyro 006J1acTh JAaT4MKa. TOYHOCTb CTaHJApPTHBIX MoJeJsei
coctaBasier -0.5°C, a TOYHOCTbL MoJesed JJsd MeJUIUHCKOTO MpPHUMeHEeHUs
(MLX90614ESF-DCI) noxoaut ot 0.2°C.

Puc.2. UndpaxpacHbiil faTunk MLX90614

TexHu4eckue XapakTePUCTUKH

CeHcop MLX90614

HanpsxeHue nutanus 3-5B

[IpoTokoun 12C

H3Mmepsiemad TeMneparypa oT -70 o 380 °C

M3MepeHUe cOGCTBEHHON TeMIlepaTyphbl -40+125°C

ToyHOCTb U3MEpEHUS 0.5°C

[loTpebyieHHEe TOKa 2 MA B aKTUBHOM pexume, 2.5 MA B pexume
HaCTPOUKHU.

Tepmomerp MLX90614 - 6GeCKOHTAaKTHbIA HWHGQPAKpPaCHbIA TEPMOMETpP C
Auana3zoHoM wusMmepeHusa ot -70 pgo 380 rpaaycoB lesnbcusa. Bo3MOXHO Takxke
u3MepeHre coOCTBeHHOU TeMnepaTypsl (0T -40 fo 125 rpagycos).

TepMoMeTp ynpaB/isieTcs U BbIJ@éT OKa3aHUA 0 UHTepPPeicy, COBMECTUMOMY
c IIC u SMBus (paspeuienue - 0.02 rpagyca). BosamoxkHa HacTpoiika Ha NOCTOSIHHYIO
BblAauyy LIMM-curnana no simauu SDA, mponopuuoHaJbHOro nokasaHusaMm (10 6ur,
war - 0.14 rpaayca) (puc.3).

80°

Puc.3. Paguyc o6xBaTta nHdpakpacHoro gatuuka MLX90614

[loTpebaeHre MmoayJis — 2 MA B aKTUBHOM pexxuMe, 2.5 MA B peKUMe HaCTPOUKH.

Kaxapiii fatuuk umeet [2C agpec no ymosuanu 0x5A, HO 04eHb MOXKET ObITh
M3MEHEH, 3TO SABJISIETCS OHUM U3 IJIaBHbIX IPEUMYILECTB JaTUyHUKa.

)
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[locpeacTBOM KOHQUrypanuu ajipeca MOXKHO A00aBJjsATb A0 127 AAaTYMKOB K
OJHOU IIMHE U TMOoJydaTh ULIMPOKYH TeMIlepaTypHyw Kapty. UIIUM Bbixof
KoHbUrypupyetcs nosepx SMBus, ero Tsxesio UC0/1b30BaTh C MUKPOKOHTPOJIJIEPOM,
HO O4YeHb y/00€eH /1 UCN0JIb30BaHUSA JaTYMKa [IJIsl IPSMOro ynpaBJleHUsl peJsie WU
JIpyT¥M YCTPOUCTBOM CpabaThiBaHUS.

[ITUM curHan MoxeT ObIThb JIETKO HAaCTPOEH Ha Jil0OOW TpedyeMblid AvanasoH
nocpejCcTBOM U3MeHeHHUs cofepxaHusa AByXx EEPROM sauyeek [3]. ILIUM Bbixoj Takxke
MOXKeT OBbITh HAaCTPOEH KaK TepMopeJie B NPUJIOXKEHUAX, I'Je JATYUK UCHOJIb3yeTCs
KaK TepMOCTaT WUJIA CUTHAJIU3aTOp NOPOTrOBOM TeMIlepaTyphl (puc.4).

[loporu cpabaTbiBaHMs HACTPaMWBAKOTCA [OJIb30BaTeJieM MPOrPaMMHbIM
MeTOo/0M [4].

ATMega 328
g P13 pB5 PB4 | D12
3v3 PB3 D11
AREF| AREF PB2 | D10,
= S
3 - A |pco pB1l | D9,
vdd

MLX90614 A [ PC1 PBO | DB,

GNDOSDA
4 2 A2 | pc2 pD7 | D7,
SCL L3 1 pc3 pPDe | D6

1 S1
M | pca PDs | D5,
A | pcs  pPDg | D4
AB D3
ol . PC6  PD3 .
2 ¥ =

A pc7 pD2 | D2
5V GND
Hd, o | = "
4 RST RST
8 2 % & . RST RST .

6 > 0o 0
GND pPpo | RXO
[SSD1306 IICJ VIN pp1 | TXL
— —a

Arduino NANO

Puc. 4. llpuHuunuajabHasg cxeMa NOAKJIIOYEeHUs HHPpaKpacHOro JaTyuKa
MLX90614
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Jdev/ttyACM1

[ ] |Mocnath |

[Celcius: 31.52
Celcius: 31.52
|Celcius: 31.76
|Celcius: 31.82
Celcius: 34,06
ICelcius: 34.66
Celcius: 34.76
Celcius: 34.84
Celcius: 34.82
Celcius: 34.82
Celcius: 34,96
ICelcius: 34,98
Celcius: 34.92
Celcius: 32.12
Celcius: 33.98
Celcius: 34,00
[Celcius: 34.30
Celcius: 34,46
|Celcius: 34,50
|Celcius: 33.94
ICelcius: 33.56

ICelcius: 34.44 £
|Celcius: 34.66 ﬁ

-

-

& AsTonpokpyTka |Bes okoHuaHNA CTPOKM | v | 96700 baud v |

Puc. 5. UnTepdeiic nporpammbl paboThbl MHpakpacHoro AaTyuk MLX90614
Kopa Ha g93bIKe nporpaMMupoBaHusa C++

#include <Wire.h>

#include <Adafruit MLX90614.h>

#include <DHT.h>

#define DHTPIN 2

#define DHTTYPE DHT22

#define RELAY_PIN 8

Adafruit_ MLX90614 mlx = Adafruit_ MLX90614();
DHT dht(DHTPIN, DHTTYPE);

void setup() {

Serial.begin(9600);

mlx.begin();

dht.begin();

pinMode(RELAY_PIN, OUTPUT);
digitalWrite(RELAY_PIN, LOW);

}
void loop() {

double plantTemp = mlx.readObjectTempC();
float airTemp = dht.readTemperature();

float humidity = dht.readHumidity();

if (isnan(airTemp) || isnan(humidity)) {
Serial.println("Omun6ka cauteiBanusa ¢ DHT!");
return;

}
Serial.print("Temnepatypa sucra: ");
Serial.print(plantTemp);

Serial.print(" °C, TemnepaTypa Bo3ayxa: ");
Serial.print(airTemp);

Serial.print(" °C, BiraxxHocTs: ");
Serial.print(humidity);

)
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Serial.println(" %");

if (plantTemp > airTemp + 5) {
Serial.println("I[losiuB: BritoueHnue Hacoca");
digitalWrite(RELAY_PIN, HIGH);
delay(10000);

digitalWrite(RELAY_PIN, LOW);

}
delay(5000);
}

Kop ucnonbsyet 14246 6aut (46%) namaru ycrporctsa. Bcero foctynno 30720
6aut (puc.5.). [/106asbHbIe mNepeMeHHble ucCNoJAb3yOT 341 6Gaut (16%)
JUHAMHUYeCKOM maMsATH, ocTaBiassg 1707 6alT AJs JIOKaJbHBIX I€peMeHHbIX.
MakcumymM: 2048 6aiT. PemieHue 0601 3agauyu Ha IBM Heo6xoAMMO pa3dbUTh Ha
cieAyloliyde 3Tanbl: pa3paboTKa alropuTMa pelleHUs 337jayd, COCTaBJIEHHE

IporpaMMbl pellleHHs 33/la4d Ha aJITOPUTMUYECKOM si3blKe, BBOJ] MporpaMMhbl B IBM,
OTJIaZIKa TporpaMMbl (MCHpaBJieHHEe OIIMOO0K), BbIMOJIHEHHe Mporpammbl Ha IIK,
aHaJIU3 MoJIyYeHHbIX pe3yJbTaToB (pHUC.6.).

‘ Havyano ’

mix.begin(),
dht begin();
pinMcde(RELAY_PIN, OUTPUT),

double plantTemp = mix.readObjectTempCl);
float airTemp = dht readTemperature();
float humidity = dht.readHumidity();

M\m
W
digitalWrite(RELAY_PIN, HIGH);

digitalWrite(RELAY_PIN, LOW))| delay(10000)

] Serial.print(plantTemp);
Serialprint(airTemp);

Serial.print(humidity);
Serial.printin{" %"),

( KoHey )

Puc.6. bsiok-anropyuT™ ynpaBjieHUs 00'beKTa.
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Pa3zpaboTka aJsropuTMa pelleHuss 3aJadyd - ITO pa3bheHHe 3aJadd Ha
NOC/IeJOBATEJbHO BbIMOJIHAEMbIE 3Talbl, MpPUYEM pe3yJbTaThl BbINOJJHEHUS
npeAblAyLUX 3TAOB MOTYT UCI0JIb30BaThCs NP BbINOJJHEHUH MOCJAEYIOIIUX.

[Ipu 3TOM J1O0/I>KHBI O6bITh YETKO YKa3aHbl KaK COZiep:KaHue KaXK/10ro 3Tana, Tak 1
HOPS/IOK BbINIOJIHEHUS 3TANOB.

OTaenbHBIM 3Tam aJropuTMa MpejcTaBJseT coboll Jnbo Apyryw, 6osiee
NpPOCTYI0 33jlauy, aJITOPUTM pellleHUs] KOTOPOW HU3BecTeH (pa3paboTaH 3apaHee),
JIUOO JIODKEH ObITh JOCTAaTOYHO MPOCTHIM M MOHATHBIM 6e3 mosicHeHUW. U juia
JlTAHHOW O0OBbEeKT yMpaBJieHHWe CO3/laHa CXeMa, KOJ yIpaBJeHUsl U aJCOPUTM
ynpaBJIeHUs.

BeiBoz. UHpakpacHoe H3/ydeHHEe UTpPAeT 3HAUMTEJbHYIO POJib B Pa3JIMYHbBIX
00/1aCTAX HAYKU U TEXHUKHU 0J1aroapsi CBOMM yHUKaJbHbIM cBoUcTBaM. [loHMMaHue
3aKOHOB, onucbkiBawux UK-usnydyenue, nossossetr 3pPeKTUBHO NPUMEHSATh €ro B
MeJWIMHEe U IPOMBIIJIEHHOCTH.

Bblia co3fiaHa koA, ynpaBJ/ieHUsI UM OJIOK-aJiIFOPUTM yIpaBJieHUs [AJis paboThl
nH@pakpacHoro gatyuk MLX90614. B pe3ysibTaTe 4ero MOXXHO BU/AE€Tb MOHUTOPHUHT
COCTOSIHMSl pPaCTEHUU C MOMOUIbI0 UHPPAKPACHOrO JaTyuMKa — 3TO 3$PeKTUBHbIN
COoCO6 OLEHKM 3J0pOBbSI PAaCTEHUMW U ONTUMU3ALMM N0JUBA. buam pelieHbl
HECKOJIbKO BOIPOCOB:

1. U3MepeHUe TeMIepaTyphbl JTUCTbEB PACTEHUH.

2. CpaBHeHMe TeMIlepaTypbl C TeMIlepaTypord OKpyKarwllerd cpenbl OJs
onpezesieHUs COCTOSIHUS PacTeHUs.

3. ABTOMaTH3anUs 0J1MBa Ha OCHOBE MOJIYYeHHBIX JJaHHBIX.

NCIIOJIb30OBAHHAA JIMTEPATYPA:

1. [lnank, M. «KpaTkuit kypc Teopuu TepmoguHaMuku». M.: Hayka, 1985.

2.Tenbdanp, U. M. «KKnaccuueckas Teopus usnydenusi». M.: UsgatenbctBo MI'Y,
2002.

3. Xeus, k. «MHdpakpacHas Tepmorpadus: MeToAbl U NpuJoKeHUss». Hbro-
Hopx: Wiley, 2010.

4. Tuppenc, 3. «CneKTpocKonus U e€ MpUMeHeHUue B MeAuliHe». JIOHJIOH:
Springer, 2015.
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