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BBEJAEHUE

B coBpeMEHHOM DJJIEKTPOHHOM TEXHUKE IIUPOKO HCHOJIB3YIOTCS
nu(poBBIE TEPMOMETPHI, OCHOBAaHHbIE Ha MPUHLHUIAX MpeoOpa3oBaHUs
CONPOTUBJIEHUS B HaNpsDKEHHWE NPU NOMOIIM HCTOYHHMKA TOKa, U
npeoOpa3zoBaHus B KOJ IPU NOMOIIM BCTPOEHHOTO B KOHTPOJUIEP aHAJIOTO-
nudposoro  mpeobpaszoBarens.  CyHmIEeCTBYIOT  HECKOJIBKO  BHJIOB
TEPMOMETPOB, TaKWe€ Kak MeXaHuueckue, UUPpOBbIE, Ja3epHbIE,
XKUJKOCTHBIE U UM IOJOOHBIE.

[udposoit TepMoMeTp criocoOEH U3MEHATh TEMIIEPATYPY M3-3a TaTUYMKA
TEMIIepaTyphl.

[Ipunuun paboThl JaTYMKa TEMIEPATYphl: JaTYUK TEMIEpPaTyphl
PETHCTPUPYIOT H3MEHEHUE XapaKTepUCTUK pP-n NepexoAa IOJA BIUSHHUEM
TeMIneparypbl. B kauecTBe TepMOJATUMKOB MOTYT OBITh UCIIOJIB30BaHbI JHOObIE
JIUOJbl WIM OWUIOJISIpHBIE TpaH3UCTOpPbI. [IponopuuoHaibHas 3aBUCHMOCTD
HaIpsHDKEHUST Ha TPAH3UCTOpax OoT adCoNOTHOW Temmnepatypsl (B KenbBuHax)
JaeT BO3MOXXHOCTh PEAIM30BaTh JOBOJBHO TOYHBIN JaTYHK.

JIOCTOMHCTBA TakWX AaTYMKOB — TNPOCTOTAa M HHU3Kasg CTOUMOCTD,
JUHENHOCTh XApPAaKTEPUCTHUK, MAaJeHbKas IOrpemHOCTs. Kpome Toro, 3tu
JaTYNKU MOXHO (OpMHUpPOBATh NPSIMO Ha KPEMHEBOM MOJI0kKe. Bce 310

ACJAacCT MMOJYITPOBOJHHUKOBBIC JATYUMKHW OYCHDb BOCTpe6OBaHHBIMI/I.

Heas nanHoro pedepara — 310 pazpadoTka UpPOBOro TEPMOMETPA.

3agaum:

1. N3yuuTh npoLecc u3MepeHus TEMIEepaTyphl;

2. CrnpoekTupoBaTh MPAKTUYHBINA, HAJICKHBIA  KOPIYC
YCTPOUCTBA;

3. Pa3zpabotaTh KOHEYHOE YCTPONUCTBO—LIM(PPOBON TEPMOMETP;

4, IIpoBecTr TeCTUPOBAHUE U OTIAAKY YCTPOMCTBA.

IS



1 ONUCAHME NMPEIMETHOM OBJIACTH

u¢posoii TepmoMeTp

[udpoBbie TepMOMETp H3MEpSET TEMIEpaTypy Teida TMpH [OMOIIU
CIEUAIBHOTO BCTPOEHHOI'O YYBCTBUTEIBHOTO JAaTUMKA, a pe3yjbTaT U3MEPEHUN
oTroOpakaeT B U(pPOBOM BUJIE HA JAUCILIEE.

[Mu¢poBble TepMOMETPHI 00JAAAIOT PSAOM JIONOJHUTEIBHBIX (QYHKIUH B
BHUJIE€ MAMSTH NOCIEIHUX HW3MEPEHUM, 3BYKOBBIX CUTHAJIOB II0 BPEMEHU
WU3MEPEHNUS U pe3ynbTaTaM HW3MEPEHUS, CMEHHBIX HAKOHEYHUKOB JUIS
TUTMEHUYHOTO IIPUMEHEHUs, BOJOHEIPOHULIAEMOCThIO Kopltyca U T.1. Ho s
O0ojee TOYHOrO H3MEPEHUs TEeMIeparypbl Tela UU(POBBIM TEpMOMETPamM
notpedyercss  0Oojee  IUIOTHBI  KOHTAKT  M3MEPUTEIBHOrO  JlaT4MKa  C
IIOBEPXHOCTBIO TEJIA YETIOBEKa.

Ceituac B 1u(poBBIX TEPMOMETpPaX B KAUE€CTBE TEPMOYYBCTBUTEIBLHOTO
3JIEMEHTA IPUMEHSETCS] KPEMHUEBBIN A1O0/], 3aBUCUMOCTD MPSMOTO HAIPSKEHU (T.
€. MaJICHUS HAIIPSDKEHUS Ha TUOJE NIPU MPOTEKaHUU Y€PE3 HErO MPSAMOro TOKa - OT
aHoJla K KaroAy) KOTOpOro JMHEHHAa B IIMPOKOM JHMANa30HE W3MEHEHHUs
TEeMIEpaTypbl OKpyXkaroiiei cpenbl. B 3ToM BapuaHte oTnajgaeT He0OXOIAUMOCTb

B CIIELMAIBHOM TPAIyUPOBKE MIKAJIBI CTPEJIOYHOIO WHIMKATOPA.

1000.kh.ua




Pucynok 1.1 — Hudposoii TepmomeTp

[Tpuniun neWcTBUs UUPPOBOTO TEPMOMETPA MOXKHO TOHSATH, BCIIOMHHB
U3BECTHYIO MOCTOBYIO CXEMY M3MEpEHHsI, 00pa30BaHHYIO YEThIPbMSI PE3UCTOPaAMH,
C BKJIFOYEHHBIM B OJIHY JUAroHallb CTPEJIOYHBIM HHIMKATOPOM M IMOJAHHBIM Ha
JIPYTYI0 AUaroHajab NUTAOUIUM HarpsbkeHueM. [Ipyu M3MeHeHuu CONpOTHUBIICHUA
OIHOTO M3 PE3UCTOPOB, UEPE3 CTPEJOYHBIA HHIUKATOP HAYMHAET MPOTEKATH
TOK.

[Tutaetcst 1MGPOBOI TEepMOMETpP CTAOWIBHBIM HAMNpsHKEHUEM, KOTOPOe
noJryyaeTcs 6Jaroaapsi BKJIIOUEHHUIO B LIENb OaTapeu.

TepmoMeTp roToB K paboTe cpazy mociie BKIOYEHUs NuTaHus. Jnama3oH
U3MEPEHUS TEMIIEPATYPbI OOJIBUIMHCTBA HU(POBBIX TEPMOMETPOB, KaK MPaBUJIO, OT
60 o + 100°C (mnsi TPOMBILIJIEHHBIX HYKJ HCIOJIB3YIOTCSA TEPMOMETPHI C
3HAYUTEIBHO PACHIMPEHHBIM JUANa30HOM HW3MEPEHHI), TOYHOCTb H3MEPEHUS
0,010 C —omnpenensercs TONBKO KadecTBOM. PabGodas Temmeparypa Kopiryca
npudopa 15...25°C.

TepmoMeTp mnUTaeTcss OT BCTPOEHHOW OaTaper M MOTPeOJsSeT TOK HeE
Oonee 2 MA.

UyBCTBUTENBHBIM 3JIEMEHTOM MPUOOpa CIYXUT TEMIIEpaTypHBIM JaTyuK,
IPUHIUI JIEUCTBUS KOTOPOTO OCHOBAaH Ha CBOWMCTBE HEKOTOPBIX MAaTepHajioB
U3MEHATh CBOE 3JIEKTPUYECKOE COINPOTHBICHHE IPU W3MEHEHUU TEMIIEPATypBhI.
B kadecTBe maruuka TeMIiepaTypbl HNPUTOJICH MPAKTHUYECKH JII0OOH KPEMHHUEBBIN
IUOJ, TPEINOoYTEeHHUE PEKOMEHJYeTcs OTAaBaTh MpUOOpaM C HaUMEHBIIUMHU
rabapuTamu.

[IpuHuun fAeicTBUS Takoro TEPMOMETPA OCHOBAaH HA BbBIIIOJHEHUH
CJIEAYIOIIEN TIOCIIENOBATENBHOCTH JIEUCTBUN:

o npeoOpa3oBaHUE COMPOTHUBJICHUS B HANpsDKEHHE MPH

ITIOMOIIIM HCTOYHHKA TOKA,



o npeoOpa3oBaHUE HAMPSKEHUS B KOJ TIPH  TTOMOIIH
BCTPOECHHOTO B KOHTPOJUIEP aHAJIOTOBO-IIM(PPOBOTO IpeodpazoBaTes
(ALID);

o nojiaya MOJYyYEHHOro Koaa B MukpokoHTposuiep (MK),
rae noinyuyeHHas uH(opmanus oOpabaTbiBaeTCs W IepelaeTcs Ha
YCTPOUCTBO HWHAUKAIMK (71  HU(PPOBBIX TEPMOMETPOB OOBIYHO
UCIOJIb3YIOT CEMHCUTMEHTHbIE HHAMKATOPhI, HO TaKXe aKTUBHO
ucnons3yroTcs u KK-texnonorun).

AKuaKkocTHBIN TepMOMeETP

KUIKOCTHBIN TEpMOMETP — 3TO MPUOOp Il UBMEPEHUST TEMIIEPATYPHI,
OCHOBAHHBI Ha TEIJIOBOM pAaCHIMPEHUU KUIKOCTH. [IpuMeHsieTcs B Jauara3zoHe
temriepatyp oT -200 mo 750°C. XK. T. mnpeacramisieT co0oil Mpo3payHbIN
CTEKJISIHHBIN (peKO KBapIIEBbIN) pe3epByap C MPUIMASTHHBIM K HEMY KalWIIpOM
(u3 Ttoro ke marepuana). lllkama B °C HaHOcUTCA JMOO Ha TOJICTOCTEHHBIM
Kamuuisip, MO0 Ha IUJIACTUHKY, KECTKO COCNUHEHHYIO C HUM. JKUAKOCTHBIN
TEPMOMETP C BJIOKCHHOM HIKAJIOW MMEET BHEIIHWM CTEKJISIHHBIA (KBAapLIEBBIN)
yexod. [IIkanel umerorT ueny aenenuss or 10 mo 0,01°C.

TepmomeTrpuyeckas >KUAKOCTb 3aloJHSAET BECh pe3epByap M 4YacTh
Kanujuisipa. B 3aBUCMMOCTHM OT aMana3zoHa U3MEPEHHUM KUIKOCTHBIM TEPMOMETP
3aMoJHAI0T IeHTaHoOM (1 u3Mepenus Temmepatryp ot -200 go 35°C), STUI0BBIM
criuptoMm (ot -80 o 70°C), kepocurom (oT -20 go 300°C), prytsio (oT -35 1m0
750°C) u npyroe.

Hawnbonee pacnpocTpaHeHbl PTYTHBIE >KUJKOCTHBIE TEPMOMETPHI, TaK Kak
PTYTh  OCTa€Tcsl KUAKOM B aAuamnazoHe temneparyp ot -38 mo 356°C mpu
HOpMaJIbHOM AaBiieHuH U 10 750°C mipu HEOOJIBIIIOM TTOBBIINIEHUH JABIICHHS (IS
YEero KamujuisIp 3aloJIHSIOT a30TOM).

lannueBslil TepMOMETpP MO3BOJSIET M3MEPSITh TEMIEpaTypy B JHana3oHE
or 30 go 1200°C. )KuakoCTHBII TEPMOMETP HU3rOTABIMBAIOT U3 OMPEACIICHHBIX

COPTOB CTEKJa M IOJBEPral0T  CICIHHAIBLHOW  TEpMHUYECKOW  00paboTKe



(cTapeHunro), yCTPaHSIOUIEH CMEIIEHHWE HYJIEBOM TOYKM IIKaJbl, CBS3AHHOE C
MHOTOKPAaTHBIM IMOBTOPEHUEM HAarpeBa U OXJIAXKACHUS TepMOMeTpa (TIONMpaBKy Ha
CMEILEHUE HyJ IIKaJbl HE0OXOJUMO BBOJAUTH NPU TOYHBIX H3MEPEHUSIX).
ToyHOCTD KHMIKOCTHOTO TEPMOMETpPA OIpPENeseTCs EHOW EJICHHM €ro MIKabl.
Jlia obecniedyeHus: TpedyeMoil TOUHOCTU U yJ00CTBa NPHUMEHEHUS IOJb3YIOTCS
KUJKOCTHBIMM TEPMOMETpPaMHM C YKOPOUEHHOM IIKajoi; HamOojee TOUYHBIE W3
HUX UMET Ha Imkaide Touyky 0°C He3aBUCMMO OT HaHECEHHOIO Ha Hel
TEMIEPATYPHOTO HHTEpBaia. TOYHOCTH W3MEPEHUIN 3aBUCUT OT TIJIIyOUHBI
NOTPYKEHHUsSI JKUIKOCTHOTO TepMOMeTpa B wu3Mepsemyio cpeny. Ilorpyxartb
KHUJKOCTHBIM TEPMOMETp CJIEAyeT OO0 OTCUYHTHIBAEMOTO JETCHHS Kbl WA
710 CHIEMAJIbHO HAaHECEHHON Ha IIKajie 4yepThl. Ecaum 3TO HEBO3MOXKHO, CIELYyEeT

BBOJIUThH TEMIIEPATYPHYIO MOMPABKY HA BHICTYNAIOLIUN CTOJIOUK.

*

Pucynok 1.2 — JKuikoCTHBIN TEPMOMETP

MexaHu4ecKUil TepMOMETP
Mexanuuecknue  TEPMOMETPHl  OCHOBaHbl HAa  SIBJIEHUM  TEILUIOBOTO
pacimpeHust Te.

OTH Tena MOTYT OBITH TBCPABIMU, ) KUIKUMHU UIIHU Fa3006pa3HI)IMI/I.



MexaHndeckue TEpMOMETPBl OTJIMYAIOTCS  HAJNEKHOCTBK), TOYHOCTBIO,
HU3KOH CTOMMOCTBIO U MPOCTOTOM oOcmyxuBaHus. CUMTHIBAaHUE TOKa3aHUM C
HUX, KaK IPAaBWIO, OCYLIECTBIISIETCS HA MECTE U3MEPEHUS.

MexaHu4eckue TEpMOMETPBI MPUMEHSETCA JUIsl U3MEPEHUST TeMIepaTyphl
Cpelbl
Ar000ro Bujaa (KUIKOHM, ChIyyedl WM ra3oo0pa3HOi) B AMANa30HE TEMIEpaTyp
ot -70°C go +600°C. K kopryCy Takoro TepMoMeTpa NpUKpeIUIsieTcs BHYTPEHHUI
KOHEI| MPYXUHBI, H3rOTOBIEHHOM W3 OuMMeTalM4eckord JeHTbl. Btopoil ee
KOHEII IPUKPEIUIAETCA K CTPEJIKE, MOKAa3bIBAIOLIEH TEMIEPATYpYy.

Kak mpaBuio, Takue TepMOMETPBI MPUMEHSIOTCA B MPOMBILIJIEHHOCTH, HO
4acTO UX UCHOJB3YIOT B OBITY: B KOMHarax, OacceilHax, OaHsIX WM cayHaX, Ha
yIMIIE WU TEIUIMLAX, U JaXXe B aBTOMOOWIISIX.

bumerainmyecknidi  TEpPMOMETp  IpPEAHA3HAYeH U1 W3MEPEHHMS
TEMIIEpaTypbl Kak B CTAlMOHAPHBIX YCIOBMSX, TAK U B TEXYCTAHOBKAaX U aTOMHBIX
AIETPOCTAHIUAX.

MexaHudeckue TEpMOMETPBl HE  TOJNYYWIIM PacHpOCTpaHEHUs  Kak
CaMOCTOATENbHbIE U3MEPUTETbHBIE MTPUOOPHI, @ UCTOIB3YIOTCA ITTaBHBIM 00pa3omM
B KauyeCTBE HW3MEPUTEIBHBIX YCTPOMCTB ISl DJIEKTPUYECKOM CHUTHAJIU3aLUA U
aBTOMATHUYECKOT'0 PETYJINPOBAHUS TEMIIEPATYPHI.

Takoll TepMOMETp MMEET KpPYIJIbIM KOpPHYycC, Iie pa3mMelleH nudeponar u
KMHEMATHYEeCKUH MEXaHU3M CO CTPEJIKOH, a Takke OUMETaTUTMYeCKUi
TEPMOUYYBCTBUTEIbHBIN 3JIEMEHT B 3aUIUTHOU TpyOKe.

Tak, 4yBCTBUTENIbHAs 4YacTh TEpMOMETpa (TEpMOOAIIOH) pearupyer Ha
CMEHY TeMIlepaTypbl, a IOKa3blBawomas 4actb (uudepodiat), COOTBETCTBEHHO,
MTOKA3bIBAET IOBBIIICHUE WJIM MOHWKEHUE TEMIIEPATYPhl B OKPYKAIOLIEH Cpele.

K MmexaHM4yeckuM TepMOMETpaM pPaCIIUpPEHUsT OTHOCATCS TEPMOMETPBI H
pelne JUisl CUTHAJIM3AMKY U PETyJIMpPOBaHUs TEMIEPATypbl JUIATOMETPUYECKUE U
oumerammyeckue. JlelicTBUE MMIIATOMETPUYECKUX YCTPONCTB OCHOBAHO Ha

pasHOCTHU JIMHEWHOTO pacmiupCHusA ABYX  TBCPAbLIX TCJI C  PaA3JIMYHBIMHU



TeMIEpaTypHbIMHU KO3 puninentamu pacmmperus. YyBCTBUTENBHBIM 3JIEMEHTOM
ABJIAETCSA JaTyHHas TpyOka 1 ¢ HaxoAsIUMUCS BHYTPH HEe MPYKXUHAMHU 2 U3
MHBapa. OTO IPUBOJUT K YMEHBIICHHIO 3a30pa a, YCTaHaBIMBAEMOIO IIPU
HaJagke B  3aBUCUMOCTH OT HEOOXOJAMMOTO 3HAUEHUS CUTHAIM3HPYEMOMN

TEeMIIepaTyphl.

\
0T
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Pucynok 1.3 — Mexanndeckuii TEepMOMETP



2 OCHOBHBIE KOHCTPYKTUBHBIE JIEMEHTBI TEPMOMETPA

BaxueiimuM s1eMeHTOM 1U(POBOrO TEpPMOMETpa SBIAETCS JIaTYUK
Temneparypol. B Hamem ciayyae um Oyzaer gatuuk DS18B20. DS18B20 uudposoii
TEPMOMETpP C IPOTPAMMHUPYEMBIM paspemieHreM, ot 9 no 12-bit, kotopoe MoxeT
oxpansatecsa B EEPROM mamsitu npubopa. DS18B20 oOmeHuBaeTcss JaHHBIMU 10
1-Wire muHe ¥ Ipu 3TOM MOXKET ObITh KaK €IMHCTBEHHBIM YCTPOMCTBOM HA JIMHUU
Tak U paboTaTh B rpyime. Bce mpoliecchl Ha MIMHE YIPaBISIOTCS HEHTPATbHBIM
MUKPOIIPOLIECCOPOM.

Juamnaszon uzmepennit ot —55°C no +125°C n Ttounoctsio 0.5°C B tnana3zone
or —10°C go +85°C. B momnosnnenue, DS18B20 MoxkeT MUTAThCS HANPSKEHUEM
JUHUM JaHHbIX (“parasite power”), TpH OTCYTCTBHM BHEIIHETO HWCTOYHHMKA
HaIpsHKEHUS.

Kaxnapii DS18B20 mMeeT yHUKaIbHBIH 64-OMTHBIM TIOCIIEAOBATEIBHBIN KO,
KOTOpBIM  MO3BOJSIET, OOIIAThcsl CO  MHOXKECTBOM  jAatunikoB  DS18B20
YCTAHOBJICHHBIX Ha OJHOM IIMHE. Tako! MPUHLMI MO3BOJIIET UCIIOIb30BaTh OJIUH
MHUKpPOIIPOLIECCOP, UYTOOBI KOHTPOJMPOBATH MHOXKeCTBO naTunkoB DS18B20,
pacrpesieJIeHHbIX M0 OOJIBIIOMY

y4dacTky. [Ipunoxenusi, KOTOpble MOTYT U3BJI€Ub BBITOJY M3 ATOM OCOOCHHOCTH,
BKJIIOYAIOT CHUCTEMbI KOHTPOJIS TEMIIEpaTypbl B 3JIaHMSIX, U 00OPYIOBaHUU WJIU
MalllMHAX, a TaK € KOHTPOJIb M YIpaBJICHHE TEMIEPATypPHBIMH MPOIECCAMMU.

Taxxke HeoTbemsieMONW dYacTh [HU(PPOBOTO  TEPMOMETpPA  SBIACTCS
MUKpoKOHTposutep Attiny2313.

O0mue xapakTepuCTUKN:
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o 120 MHCTpYKLUMIT ONTUMHU3UPOBAHHBIX IS IPOrpaMMHUPOBAHUS
Ha S13bIKaX BBICOKOTO YPOBHS;

° 32 peructpa o0I11ero Ha3HauYCHHUS,

o [TouTn Ka)kaass MHCTPYKIIMS BBIIOJIHIETCA 3a | TakT reHeparopa,
3a cuet yero opicTposericTBre nocturaet 20 MIPS (20 MrTHOHOB omnepariuit
3a CEKYHIY);

o 2 kuioOaita ¢uem-mamsaTd g nporpamMm. Dreni-naMsarhb
MOXET IPOrPaMMHUPOBATHCSA MPSAMO C KOHTPOJUIEPA;

o 128 6aiit EEPROM (sHEeprone3aBucuMas aMsTh);

o 128 6aiitr SRAM (omnepaTuBHas MaMSITh).

Attiny2313 - nuskonotpeosromuii 8 outHbii KMOIT MUKPOKOHTPOJLIEP €
AVR RISC apxutektypoil. Beimonnsas komanabl 3a onauH uuki, ATtiny2313
nocturaer npousBoautenbHocTH 1| MIPS mpu wactore 3amaromero reneparopa 1
MI', yTo MO3BOJIAET Pa3pabOTUMKy ONTUMU3UPOBATH OTHOLIEHHE MOTPEOIECHUS K
MPOU3BOAUTEIILHOCTH.

AVR sanpo o0beauHseT 6oraTyto cucreMy KOMaHJ U 32 pabouux perucrpa
oOmero HazHaueHus. Bee 32 perucrpa HEMOCPEACTBEHHO CBS3aHbI C apUPMETHKO-
JOTUYECKUM yCTporcTBOM (AJIY), 4TO MO3BOJSET MOJYYUTh ITOCTYN K JIBYM
HE3aBUCUMBIM PErMCTpaM IpU BBINOJHEHUN OJHOM KOMaHAbl. B pesynbrare srta
apXUTEKTypa  MO3BOJIIET  OOecreYuTh B JIECATKM  pa3  OOJBUIYIO
MPOU3BOJIUTENIBHOCTB, ueM cTanAapTHas CISC apxuTekTypa.

[TpuGop U3roTOBIEH MO BHICOKOILUIOTHOW HYHEPTrOHE3aBUCUMOM TEXHOJOTUU
U3roToBieHuss mamsaTH komnaHuu Atmel. Berpoennas ISP Flash mo3Bossier
NepenporpaMMHUpPOBATh MaMsITh IPOrPAMMBI B CUCTEME Yepe3 MOCIEA0BATEIbHbBIN
SPI unTepdeiic i OOBIYHBIM MPOTPAMMATOPOM SHEPTrOHE3ABUCUMOM MaMSTH.
O0bequHUB B OJHOM  KpHUCTaJIe 8- outnoe  RISC  sapo c
camomnporpammupyrtoiieics B cucteme Flash mamsarero, ATtiny2313 ctan MOIIHBIM

MUKPOKOHTPOJUIEPOM.
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Ilocnenunen KOHCTPYKTHUBHOU JNETaJIbIO YCTPOUCTBA ABJIACTCSA
CEMUCETMEHTHBIN TPEeXCUMBOJIBHBIN HHAMKATOp. Ha HEM u OyneT moka3bIBaThCs
TeMIeparTypa.

Co BpemMeH TMOSBICHUS PAJIUOTEXHUKH U DJICKTPOHUKM oOpaTHas
CBS3b  DJIEKTPOHHOI'O YCTPOMCTBA M 4YEIOBEKAa COIMPOBOXKIANACh Pa3IMYHBIMU
CUTHAJIbHBIMU JIAaMIIOYKaMH, KHOMKaMU, TyMOJIEpamMu, 3BOHKAMH.

HekoToppie 37€KTpOHHBIE JEBAalChl  BBAAIOT MHUHUMYM WH(MOpMAaIuH,
NoTOMy Kak Ooinblie ObUl0  Obl  w3nMIIHUM. Hampumep, cBeTsmmiics
CBETOJUOJ 3apsiAKH 7S TeneoHa TOBOPHUT O TOM, UTO 3apsiiKa BKIIOYEHA B CETh
U B HEE MOCTYIaeT HanpsbkeHue. Ho ecTh U Takue mapameTpsl, 17151 KOTOPhIX ObLIO
Obl ynoOHee BbIIaBaTh O0BEKTHMBHYIO HH(popmaruio. Hampumep, Temmeparypa
BO3/yXa Ha YyJHIE WIM BpeMs Ha OyawibHuKe. Jla, Bce 3TO MOXKHO OBLUIO ObI
cAenaTh TAaK)K€ Ha CBETAILIMXCSA JAMIIOYKAaX WM cBeroauonax. OnuH rpagyc -
OIMH TOpAIIMUNA auoA Win jamrodyka. CKONBKO TpaayCoB - CTOJBKO U TOPAIINAX
UHAUKATOpoB. CYUTATh 3TU JUOABI - 3TO JEIO MOXET OBbITh U MPUBBIYHOE, HO
CKOJIBKO JK€ TOoTpeOyeTcss CBETOAMOAOB, YTOOBI IMOKa3aTh TEMIEpPATypy C
TOYHOCTBIO JI0 JecATod aosu rpaayca? Jla u BooOIIe, Kakykw IUIOMaaAb OyAyT
3aHUMAaTh 3TU CBETOAMO/IbI U JIAMIIOUYKH Ha 3JIEKTPOHHOM JI€Baiice.

C HOSIBJIEHUEM CBETOAMOI0B CUTyanus M3MEHUJIACh
KapauHaibHO. (CBeToauonbl caMu Mo cede MoTpeOstoT MaleHbKUi TOoK. Ecnu
pPacCTaBUTh UX B HY)KHOE TMOJIOKEHNE, TO MOYKHO BBICBEYMBATH a0COJIIOTHO JIIO0YIO
uHdopmariuto. J[J1s Toro, 4T00BI BRICBETUTH BCE apabckue Upbl ObLIO JOCTATOYHO
BCEr0-TO C€Mb (OTCIOJ]a M HAa3BaHHWE CEMHCErMEHTHOIO0 MHAMKATOpA) CBETSIIUXCS

CBCTOAMOAHBIX ITOJOCOYCK , BBICTABJICHHBIX OIIPCACICHHBIM 06pa30M.
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Pucynok 1.4 — PacnionoskeHne cerMeHTOB

[TouTn KO BCEM TaKMM CEMHUCETMEHTHBIM UHAUKATOPaM J100aBIISIOT TaKXKe U
BOCBMOM CErMEHT - TOYKY, Il TOr0, 4YTOObI MOKHO OBUJIO IOKa3aTh LIEJIOE U

JIpoOHOE 3HAYEHUE KaKOro-ITuoo rnapamerpa. (pucyHok 1.5.)

LD

Pucynok 1.5 — PacrionosxeHue CermeHToB ¢ TOUKON

CemMuCEerMeHTHBI MHIAUKATOP MOXKET NpUHUMATh A0 128 BapuaHTOB
0TOOpaXeHUsI COCTOSIHUSL CETMEHTOB.

BriBOALI

1. bbeut mpoBeaeH 0030p pa3IUYHbIX BUJIOB TEPMOMETPOB
2. bein  gaH  0030p OCHOBHBIM KOHCTPYKTHBHBIM JJIEMEHTaM U HX

XapaKTEPUCTHKAM.
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3AK/IIOYEHUE

1. C nomompio HUPPOBOTO TEPMOMETPA, MOCTPOCHHOTO MO MPOCTON CXEME C
HEOOJIBIIUM KOJIMYECTBOM JOCTYITHBIX KOMIIOHEHTOB, MOKHO U3MEPUTH TEMIIEPATYPY
OKPYKaIOWIEN CPEIbl, KUJKOCTEU U ONPEICIICHHBIX BEIICH.

2. B xozne paboTbl ObIIN N3Y4EHBI BUJIbI TEPMOMETPOB, X 007aCTH IPUMEHEHUS
Y TIPUHLUIBI JEHCTBUSL.

3. PaccMoTpeHbl KOMIIOHEHTHI IIU(PPOBOTO TEPMOMETPA U €0 COCTABIISAIOIIHE.

4.  V3yuyeHbl pa3IUyHbIE NPUHIUIHAIBHBIE CXEMbl HECKOJIBKUX HU(POBBIX
TEPMOMETPOB, MPOMU3BEIECHO UX ONHCAHME W CpPaBHEHUE, B pe3yJbTaTe 4yero Obuia
BbIOpaHa cxema Hu(poBOro TepMOMETpA.

5. OcymiecTBIEH MOHTAX U MaiKa 3JIEMEHTOB LIU(PPOBOTO TEPMOMETPA, a TAK K€

OBLIO OMKMCAaHO TECTHPOBAHUE YCTPOICTBA.
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