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duxcanus TemMrnepaTypbl Ha TOBEPXHOCTH OMOHHYECKOT0 IPOoTe3a

AHHOTALIUA
JlanHasg Tema akTyajdbHa B HAlle BpEMs, TaK KaK MHOTHE JIFOAW MOJYYarOT TPaBMBI

KOHEYHOCTeW. bruoHnyeckue mpoTesbl UrparoT OOJBIIYIO POJb B peadMIMTALMH T10CIe
TpaBM. IIpy 53TOM mamueHThl HE MMEKT BO3MOXXHOCTM  4YYBCTBOBAaTb W
B3aMMOJICHCTBOBATh C OKpyXKarouMm wMupoM. Ha pganHblii MoMeHT mnpoOiema
peanM3allMM  4yBCTBUTEIBHOCTM  OHMOHMYECKOIO IMpoOTe3a K  TEMIIEpaTypHbIM
U3MEHEHUSAM He pelieHa. OHaKo CyIEeCTBYIOT pa3padOTKu NprOOpPOB, KOTOPHIE CMOTYT
HOBBICUTh YYBCTBUTEJIBHOCTh OMOHHUYECKUX NPOTE30B. OCHOBHBIM BONPOCOM IIpU
pa3paboTke IMpoeKTa ObUIO CO34aHME MOJENIN YCTPOMCTBA, JIEMOHCTPUPYIOLIErO
peanu3aluio 4yBCTBUTEIBHOCTH OMOHMYECKOTO MPOTEe3a K TEMIIEpaType OLIyLIaeMOro
npeaMera. 3agadu npoekra: 1) M3yunts, kak pemaercs npodieMa 4yBCTBUTEIBHOCTH
OMOHUYECKHUX IMPOTE30B B 3aBUCUMOCTH OT Temrieparypbl. 2) Co3aarh COOCTBEHHYIO
MOJEIb, TTO3BOJISAIONIYIO YEJIOBEKY C ITPOTE30M YyBCTBOBATh TEMIIEPATYPY MPEAMETOB, K
KOTOppIM OH mpukacaercs. 3) IlpoBectn wuccrnenoBaHue, NOATBEPKIAOLIEE

paboTOCIIOCOOHOCTh YCTPOUCTBA.

Moii npu6op COCTOUT U3: MUKPOKOHTPOJUIEPA, KUAKOKPUCTAININYECKOTO HHANKATOPA,
JaT4MKa TeMIeparypsel, sneMenTta llenbThe, nmpeoOpa3oBaTenss HaNpsHKEHUM, OTKIIMKA,
CMEIIECHHUS. IIpeamerom Mo0ero HCCJIeJOBAHNS ObLIO OIIpe/IeTICHUE
paboTocrocoOHOCTH JaHHOM Mojnenu. B uccnepoBanunu ydacTBoBano 14 denoBek.
VYyacTHUKaM HYKHO OBLIO OINpENeINTh, B KAKOM COCYE HaXOAUTCS ropsyasi, a B KaKOM
xonmomHas Bojga. OHHM oOmycKaliud JaTdydKk TEMIEpaTypbl B pasHble EMKOCTH, W,
OpUKIaabIBasl Manen K 3jeMeHTy llenbTbe, BCe yYaCTHUKM 3KCIEPUMEHTa CMOTJIH
0€301IM00YHO ONpEAENnTh, Kakasg BOJAa HAXOAWUTCS B KOHKPETHOW yalke. Takum
oOpa3oMm, mpukiageiBas d3ieMeHT [leabThe K  MpeAmiedbto, MOXKHO — TaKxke
MOYYBCTBOBATh TeMIEpaTypy npeamera. Beioabl: 1. V3yunnu, kak pemaercst JaHHas
npobiema. 2. Co3aaii COOCTBEHHYIO MOJEIIb, TO3BOJISIONLYIO MOHATH MPUHIIUAI Pa0OThI
YCTPOMCTBA, ONpeNeNsoniero TteMreparypy Teld. 3. ONBITHBIM TyTEM NPOBEPHIIH

paboTOCOCOOHOCTH HAIIIETO YCTPOUCTBA.



Ors1aB/iIeHUE

PaN 2 16 (03 ) 1175 SUUUUUUURT T 2
D23 1501 (=) 507 (TP TOR 4
OCHOBHOEC COTIEPIKAHIIC ... vvveenvreesureeessreessseesssesesssessssesesssessssessnssessasessssssssssessssesssssessssessnssessssessnsseesssesssseesses 5
1. TEOPETHMYECKAS HACTD .....ooiiiiiiiiiiiiicte ettt s 5

1. Tlpote3upoBaHue U OMOHHYECKUE MPOTEIBI [L]..cviviuiiiiiiiiiiriinienieieieice e 5

2. JIaTYUKH, KX CBOMCTBA M TPUHIIAIT PAOOTBL ..ceuveveeurerrerueererreeeenresseensesseessessesseessessesssessessesnsessesseenes 6

L 00) 20200000 050 (01 5 TSPV PT PRSPPI 9
15 (5% (=35 6ol B iy 125w Y [ TSRS 12

2. TIPAKTHUUYECKAS HACTD ..ottt 13
VICTIONB30BAHUE PEIYIIBTATOB. ..ceeuveerrrrerureerreeessreesreeassaeesseesaseresreesasesessseesaresessseesnsessanseesaneesssesessseessneeenns 22
SAKITEOUCHHIEC. ..eeuuveeeurererureesseeaaueeesaseeesuseessseessesesaseesasesassseesasesssuseesasessasesesaseesasesesnsessasessssessaseessseeesnseessseesns 25
(03115 (0100 ) 17 U< 0T: 1y ) OO T TR PS PSP PRRT 26



BBenenue
AKTyajJbHOCTh B Haime BpeMss OMOHWYECKHE MPOTE3bl WUIParoT OOJIBIIYIO POJIb B

peabmwimrtanuu mocie TpaBM. OHH COEAUHSIOT B ceOe OO0JIbIIIOE KOJMYECTBO HAYK, YTO
MIO3BOJISICT TAKMM TPUOOPAM TOJTHOCTBIO (DYHKIIMOHUPOBATh KaK 370POBBIA OpraH. JTo
SIBJIICTCS CYIICCTBCHHBIM OTJIMYHEM OT JIPYTHX BUIOB IPOTe30B. biarogaps pa3BuTHio
COBPEMCHHBIX TEXHOJIOTHH, TaKWe YCTPOWCTBA YIJIYYIIAIOTCS M CTAHOBATCS OoJjiee

AOCTYIIHBIMMU.

I'naBuasi meJib  IIPOCKTa  3aKI04YacTCa B CO3JaHMM  MOJCIH YCTPOﬁCTBa,
ACMOHCTpUPYIOIIECTO pCalu3allui0 YYBCTBUTCIILHOCTU OMOHHMYECKOTO mpore3a K
TCMIICPATYPHBIM HN3MCHCHUIM. 9t0 6YI[GT OCyHICCTBJATBCA C IIOMOIIBKO JOATYMKA

TEeMIIepaTyphbl, MOAKIIOYEHHOTO K 31eMeHTY [lenbThe uepe3 cxemy ynpaBlieHHUs .

S mpenmonararo, 4YTO YENOBEKY, HCIOIB3YIOIIEMY Takoi mpubop, Oymer Ooiee
KOM(OPTHO B3aMMOJEHCTBOBATh C OKPYXaOIMM MHUpPOM. JlaHHOe n300peTeHue Naér
BO3MOXKHOCTh JIFOASIM, y KOTOPBIX OTCYTCTBYET KOHEUYHOCTb, HUMETh SIPKYIO H

HACbIMICHHYIO )KU3Hb.
YTtoOBI I[O6I/ITBC$I IIOCTAaBJICHHBIX ueﬂeﬁ, BBIJICJIMM KOHKPCTHBIC 3a1aYH.

1) N3yuuTs, Kak pemaercs mpodieMa YyBCTBUTEIBHOCTH OMOHUYECKUX MPOTE30B

B 3ABUCUMOCTH OT TEMIIEPATYPHI.
2) 3yunth naHHbIE O HOBBIX pa3paboTKax B ATOU 00JIAaCTH.

3) Co3maTh COOCTBEHHYHO MOJICNb, ITO3BOJIIONIYIO UYEIOBEKY C MPOTE30M

YyBCTBOBATh TEMIIEPATYPY MPEAMETOB, K KOTOPHIM OH MIPUKACAETCS.
4) IlpoBecTu ucciaenoBanue, MOATBEPKIatOIIEee PAOOTOCIOCOOHOCTh YCTPOUCTBA.

Most paboTa AenuTcs Ha TEOPETHUECKYIO M IPAKTUYECKYIO YacTH. B cBoro ouepenb
Teopusi OyneT mpencraBpieHa B AByx Onokax: 1. [IpoTesupoBaHue U OMOHUYECKUE
npoTe3bl; 2. JlaT4uku, uX CBOMCTBA M MPHUHILIUI padOThI (TeopeTHYecKHii MeTo).
B mpaktuueckoid uyactu OyneT oOmMcaH Ipoliecc  co3daHus  mpudopa

(mpakTHYecKMH MeTOJ W AaHAJU3 Pe3yJbTaToB), a TAaKXKE NPOBEICHUE
4



UccienoBaHusi O  (QYHKUMOHHPOBAHMM  mpubopa A MOATBEPKACHUS

’KH3HECIIOCOOHOCTH MMPCIIOKCHHOTO MCTO/IA.

OcHOBHOE coaepxaHue
1. TEOPETUYECKAA YACTb

OpraHusMm uesioBeKa NpPeACTaBIseT cO00M CIOKHYIO CUCTEMY, TJ€ BCE MPOLECCHI
OPOTEKAIOT M0 ONpPENENEHHBIM 3aKOHAM M HMEIT psii  cnenu(puyecKux
ocobeHHOCTell. BHemHue BoO3meHCTBUS MOTYT HapymuTh ero pabory. K
COXXKAJIEHUIO, B pe3yibTaTe TPaBM pA3HOrO IMPOMCXOXKICHHUS Bpaud dYacTo
BBIHYX/ICHbl NPUOETHYTh K ammyTauuu KoHeuHocTted. Ho eciau panee Ttakoi
NALMEHT YK€ HE MOI BEPHYThCS K IOJHOLEHHOM JKHW3HHU, TO TEIEph HayKa JaeT
BO3MO>KHOCTb BEPHYTb 3TUM JIIOJSM JBUKEHHUE U PAOCTh, 3HAUUTEIBHO YJIYUILUB

KaueCTBO UX JKU3HH.
1. Ilpote3upoBaHue U OMOHUYECKHE TPOoTe3bl [1].

[Ipore3supoBanre — 3TO BO3MEIIECHHE YTPAYCHHBIX YaCTEW Tela YeEIOBEKa C
IIOMOILIBI0 HMCKYCCTBEHHBIX CpeACTB — mpore30B. Llenbro mnpore3upoBaHus
SBJISIETCS ~ BOCCTAHOBUTH  YTPAay€HHbIM  Oprad, TEM  CaMblM, BEPHYTH

paboTOCTIOCOOHOCTD YEIOBEKY.
B03M0KHOCTH M EPCNEKTUBBLI COBPEMEHHOT0 MPOTE3UPOBAHMS.

B HacTosimiee BpeMst HOTy4riid aKTHBHOE pa3BUTHE OMOIIPOTE3bI (PUCYHOK 1).

Pucynok 1. buonndeckuii npores.

PaccmoTpuM npuHIMI padoThbl OMOHUYECKOT0 MPoTe3a



1) Mo3r oTnpaBiisieT AIEKTPUYECKUI CUTHAT MBILLILIAM.

2) IIpore3, uCmonb3ys CrienuaibHbIC JATYUKH, YIABIMBACT CUTHAIBI MO3Ta.

3) Vopapnsomias cuctemMa MnojydaeT, oopadaTbiBaeT MOJTYUYCHHBIA CUTHA,

JAeT COOTBETCTBYIOIIYIO KOMaHy UCKYCCTBEHHOU PYKe.

4) KoMaH/1a MpUBOJIUTCS B JCHCTBUE

HarnspHoe onucanne npuHIMIIA JEUCTBUS YCTPOWCTBA HA CKATUM NAJbLEB PYKH

MIPUBEJICHO Ha PUCYHKE 2.

Mo3r nocsinaer
ANEKTPHYRCHHE o
MMTYNLCH

MELLLAM, TaHHE
WE, KaK Ha
PeANLHYID PYKY.
Hanpumep, Cxate
nanbub.

CepeoMoTOps B Nansuax
HayuHaloT paboTate. Mansusl

CHMMAIOTCA € ONpeaeneHHon
CHNOM

X\

MukpokoMnbiaTED
NONY43ET CurHan,
9 obBpabarusaer ero
W [AET HOMaHy
CHATH PYKY.

.
Ha KynbTio HageT npoTes, /
HOTOPGIA CNeuMansHsmM1

DATUMHAMM YNABNMBAST
MMITYNLCE YEPE3 KOMY.

IHE W npHeMnas

Pucynok 2. [Ipuniun paGoTsl

OMOHMYECKOTO IIpoTE3a

Pucynok 3. CoctaBHbIE YacTu

OMOHHYECKOTO IIpoTe3a.

bruonnueckuii mpoTe3 cocTouT (PUCYHOK 3) M3 MPHUEMHOW TWIIB3BI, KpEIUICHUS,

pO6OTH3HpOBaHHOﬁ KHCTH, BHCINHETO UCTOYHUKA DHCPIHUH.

buonunueckuii MMpOTE3 PYKHU CUYUTBIBACT CUTHAJIBI, MPHUXOAIME OT MbIIII, C

INOMOIIbKO MHO-IJAaTYUKOB, KOTOPBLIC YCTAHOBJICHBI BHYTPH HpI/ICMHOﬁ THJIb3bI,

MIPUBOJUT MEXAHU3M B JE€WCTBHE. Tak MPOUCXOAUT yHPABICHUE HWCKYCCTBEHHOU

PYKOM.

2. IaTYMKH, UX CBOICTBA M NIPUHIUI PA0OTHI.

Jlyia u3y4yeHus: U KOHTPOJIs KaKoro-iu0o 3a00JeBaHUSI MCHOJIB3YIOT TEXHHUECKHE

npubopsl — OMOMETUIIMHCKHE CEHCOphl. B HacTosiee Bpemsi JOJIU, KOTOpbIE

BBIHYKACHBI HOCUTDH IIPOTE3bI, CTAIKUBAIOTCA C TPYAHOCTAMHA, TaK KaK MCTOJbI UX




WCIIONB30BaHUs €mE HE JOCTaTOYHO H3y4deHbl. lIpy 3TOM OHM HE HMEIOT

BO3MOXHOCTHU YYBCTBOBATH U BSaHMOﬂeﬁCTBOBaTB C OKpPYKXKaroumuym MHUPOM.

Ha pansbiii MmomeHT mpoOiiema He pemieHa. OJHAKO CYHIECTBYIOT pa3pabOTKu
npuOOpoOB, KOTOpPbIE CMOTYT TMOBBICUTH YYBCTBUTEIBHOCTh OMOHHUYECKHX

MPOTE30B.
Bot oxna u3 HUX:

VYuéusie (CunbBectop Munep u Comaiiman Illokyp) paspaboranu mputdop [3],

KOTOPBII CMOKET BEPHYTh UEIOBEKY TAKTUJIBHBIC OIIYIIECHUS (PUCYHOK 4).

Uccnenys sty mpobnemy, yd€Hble MpoBenu 3KcnepuMeHT. OHM TOAKIIOYain
CHeIHabHbIE NaTYUKH (TEPMODJIEKTPOJBI) K KOXKE AaMITyTUPOBAHHOW pPyKH U
TakuM 00pa3oM H3ydyald CTENEHb OIIYIIEHUS YEJIOBEKOM COOCTBEHHOM pYyKHU
(banTOMHOI KOHEUHOCTH). B 3KcnieprMenTe ydactBoBaiu 27 venosek [4]. Cpenu
HUX T[OYYBCTBOBaJIM M3MeHeHHe Temmepatypel 17: «OOpaTHas CBSI3b IO
TEMIEPATYPE - 3TO MPUATHOE OIIYIICHHE, TOTOMY YTO Bbl YyBCTBYETE KOHEUHOCTD,
(haHTOMHYI0 KOHEYHOCTb, MOJHOCThIO. OHa OoJblle HEe Kakercs (PaHTOMHOM,

IIOTOMY 4YTO Ballla KOHCYHOCTL BCPHYJIACH» - paCCKa3bIBaJIa Poccu.

Pucynok 4. [Ipubop, moMoraroIiuii 4eJI0BeKy BEpHYTh TAKTHIIHHBIC OLIYIICHUSI.

Pa3zpabotka CunbBectopa Muriepa u Conaiimana Illokypa.



VYuéHble KA1 HA NPEAIICYbE HCIBITYEMBIX KAKOM-TO TOPSYMH WM XOJIOAHBIN
IpeaMeT, W IAUMEHThl 4YyBCTBOBAJIM HW3MEHEHHE TeMmeparypbl. Takxke Ironau,
KOTOpBIE IIPUHUMAIM Y4acTHUE B DKCIEPUMEHTE, CMOIJIM Ha OILYIb ONPEACIUTH
TEMIEPATypy U MaTepual MpeaMera - MeJlb, IJIACTUK U CTEKIO — B 66% ciyyaes,

IIOYTH TaK K€, KaK 1 JIOJH CO 3JO0PpOBbIMH KOHCYHOCTAMM.

Pa3paboranHass cuctema, COCOUHSIONIAS TEJIO 4YelloOBeKa ¢  [HU(POBBIMHU
TEXHOJIOTHsIMH, HasbiBacTcs MiniTouch. YcrpoiicTBo oOecrneunBaeT TEIJIOBYIO
CBSI3b MEXKIy YCIIOBEKOM M OKPYXKAIOIICH CPEeION M COCTOUT M3 TOHKOTO JaTdhKa
(pucyHok 5). OHO OBUTO HW300PETEHO CHEIHMAIBHO ISl YIIYYIICHUS KadecTBa
npote3a [5]. INéHOYHBIN JaTYMK, KOTOPBIAM KPEHUTCS HAa MCKYCCTBEHHBIM IaJiell
(pucyHOK 6), ompeenseT TeIIONPOBOAHOCTD MPEAMETa U TiepeaaéT HHPOPMAITUIO
Ha KOXY 3/I0pOBOM 4YacTH pyKH. 3aTeM IICHTpaibHas HEPBHAs CHCTEMa IMepeaaéT

UMITYJIbC B MO3T, TAKMM 00pa3oM, YeJIOBEK OIIyIIaeT TeMIepaTypy npeaMeTa.

Pucynok 5. VYcrpoiicteo  MiniTouch. | Pucynok 6. IlnéHouHbIil gaTumk
Harnsanas cxema pabOThI. TEMIIepaTypbl, PACIOIOKEHHBINA Ha

majibHax IpoTe3a.

B oanvueitmem yuénvie codouparomcesa pazeusamov 0aHHOE HANPAGIEHUE HAYKU,

60CCMANABNUGAA 8€Cb CHEKMP OUWLYUICHUIL 300P0B0IL PYKU.

Nrtak, MOXHO clenaTh BBIBOJ, YTO IS (DUKCAIMK TEMIEpaTyphl MOBEPXHOCTU

HEOOXOJMMO HCIIOIb30BaTh YCTPOMCTBA, CIIOCOOHBIE «YyBCTBOBATH» BEITUYHHBI




takoro poxa. [lamee mpenmmararo pa3zoOpaThCs B mpuHIHIE pabOThl U chepe

IMPUMCHCHUS JATYNKOB.

Jaruuku [1]

CnoBo «JIaT4yMK» O3HAYaeT CIOCOOHOCTh YYBCTBOBAaTh HW3MEHEHHME BHEITHEH
cpenpbl. JlaTumk — 3TO yCTPONCTBO, KOTOpOe (PUKCHPYET BHEIIHWE MapaMeTphbl U
pearupyeT Ha WX H3MEHEHHE, mpeolpasys (Pu3HUecKhe BEIMYMHBI B CHUTHAJIBI,
yA0OHbBIC ISl MCIOJIb30BAHUSI B JlalibHEWIIe pabote. [l co3maHusi CEHCOpPOB
WCITOJIB3YIOTCSl PA3IUYHBIC MPOIECCHl U ANTOPUTMBI (DU3UKH, OHMOJIOTHH, XUMUH,

UH()OPMATUKU U T.J.

[Tpunuun paboTsl
PaccmoTpum OCHOBHBIE COCTaBJIAIOLIHE npubopa, COeMHEHHBIE

IIOCJIACA0OBATCIbHO.

1. Cencop. Ha Hero nogaércs uccnenyemasi BEIMUMHA
2. IlpeoOpa3oBaTenb. AHAIM3UPYET CUTHAI C CEHCOpa M TEPEBOIUT

uH(opMario B HauboJsiee yaoOHbBIN 715 JanbHEeNIeld padoThl BHUI.

OcHOBHAas 3a0aua NATIYNKOB 3aKITIOYACTCS B BOCHPUSATHH, Nepegadye U KOHTPoOJe
UCCIIETyeMbIX IMapaMeTpoB. M3MepuTenbHbI MpuOOp TeM WM HWHBIM 00pa3oM
CUMTHIBACT HEOOXOJAMMBIC BEIMYMHBI (BXOJHbIE JIaHHbIE), TaKWE Kak:
nepeMeIeHne, TemIepaTypa, CKOPOCThb, JaBIIEHHWE, OCBEIIEHHOCTh W T.I (B
3aBHUCHMOCTH OT €ro Ha3HA4eHHUs). 3aTeM MPOBOASTCS W3MepHUTeJbHbIe
npeoOpa3zoBaHusi. B pesyiaprare 3T mapamerphl  (BBIXOJAHbIE TaHHBIE)
oToOpaxaroTcs B yao0HOM ¢opmare. BBIXOAHOI CHTHAJ TpeacTaBiseT coOou

HN3MCHCHHUC TOKA, COIIPOTHUBJICHUS WUJIN HAIIPAKCHUSI.

[IpeoOpa3zoBanusi ofHOW (PU3NYECKOM BEIMYMHBI B JAPYTYIO COIMNPOBOXKIAETCA
npeodpazoBaHMAMM JHeprum. [IOTOK BSHEpPruM HCHONB3YETCS I MEepeHoca

HU3MCPUTCIIBHOTO  CHUT'HaJIa, COICPKAIICTO I/IH(bOpMaHI/IIO 00 HBMCpﬁIGMOﬁ



¢uznyeckoit BenuuumHe. B pesynprare MoxkeT Takxke (HOPMHUPOBATHCS 3aKOH,

dbopMyna, 3aBUCUMOCTD U T.JI.

JlaTunku TeMriepaTypel

B aBTOMaTH3a1MM TEXHOJOTMYECKUX MPOLECCOB YACTO MPUXOIUTCS (PUKCUPOBATH
TEMIIEpaTypHbIE MapaMeTpbl. ITO, HAIPUMED, MO3BOJISIET OTCIEKUBATH COCTOSHUE

Marepuaia, IPpOTCKAHUE TCX WJIN MHBIX (1)I/I3I/IquKI/IX MMpoLecCoB U T.A.

TeMnepaTypa MOXCET H3MCHATHCA CTAIMOHAPHO, T.C. M3MCHSACH B IIPCACIAX

OnpeeIEHHOTO Uana3oHa, Uiu IMHAMUYECKH (TeToyaap).

Cy1iecTByeT MHOXECTBO BUIOB JAaTYMKOB Temrieparypbl. Hanpumep, ux MoxKHO
pa3feiuTh MO NPUHLUILY ACHCTBUA. PacCkakeM O TOHKOIUIEHOYHOM JaTYUKE

Oostee moapoOHO, T.K OH HCIIONIL30BANICS B pa3padboTke MiniTouch.

ToHKONJIEHOYHBIN TATYMK OTHOCUTCS K TEPMOPE3UCTOpaM (PUCYHOK 7).

R, OMf

& _

\\? / Ro
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Pucynok 7. TOHKOTUIEHOUHBIN JaTYUK Pucynok 8. ['paduk 3aBucumMocTu
CONIPOTHUBJIEHUS OT TEMIIEPATYPHI IS

TEPMOPE3UCTOPOB.

ToHKONIEHOYHEIE AaTYUKHU UMCIOT MaAJIbIC pa3MCPEI.

Tepmope3ucTopsl — OUH U3 HaubOoJiee U3BECTHBIX TUIIOB TATYUKOB TEMIIEPATYPHI.
WX compoTHUBIEHUE MEHSIETCS 3a CUET U3MEHEHHUS TeMIIepaTypbl. 3aBUCUMOCTH

TEMIIEPATYPHI OT COITPOTUBIICHUS SABJISACTCS IMOYTH JTMHEHHOH (PUCYHOK 8).
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['maBHas XapakTepHCTHKA CEHCOpAa — HOMHHAJIbHASI CTATUYECKAasT XapaKTePUCTHKA
(HCX)u knacc pomycka. HCX — 3TO 3aBUCUMOCTBH CONPOTUBIICHUS JIEMEHTa OT
temneparypbl (bynkmus R(T)). Kmace nmomycka ompeaenseT MaKCHMAalbHO

OTKJIOHEHHE OT pacuéTHoro 3HadeHus R(T).

B Hacrosimee Bpemsa Takhe JATYMKU MPOU3BOIATCS IO TOHKOIUIEHOYHOMU
TEXHOJIOTUU. TOHKOIUIEHOYHBIN JAaTYUK COCTOUT U3 KEPAMUYECKOM IOJJIOKKH, Ha

KOTOPYIO HAHOCHTCS TOHKOITPOBOJAIIAA IIOJJIOXKKA U I/ISOJ]I/Ipy}OHII/Iﬁ CJIOM CTEKJIA.

Ha cnenyromeM pucyHke IpeACcTaBIEHbI ABa BUIa TEPMOPE3UCTOPOB: HAMOTOYHbIE

¥ TOHKOIIPOBOAsIINE (pUCYHOK 9).

| HamoTouHOYHEIE JaTIHKH |H.'I€HO‘IHBIE JAaTYHKH

Pucynok 9. HamoTouHbI€ ¥ TOHKOIIJIEHOYHBIE KOHCTPYKIIUU

TEPMOCOIPOTUBIICHUI.

HaMoTo4HbIEC AATYUKH MMEIOT HUWIMHIPHUUECKYIO (DOPMY M COCTOSIT U3 CIHpATICH.

HpOBOJIOKa HaMaTbIBACTCS Ha CTEKJISIHHBIM WU KepaMI/I‘{CCKI/Iﬁ OUWJIMHAPp "

IMMOKPBLIBACTCA U30JIUPYHOIIUM CIIOCM.

TonkomiéHounbli naTunk coctout (pucyHok 10) m3 KepaMHUYecKOH IUIaCTHHBI U3

okcuaa amromMuHus. Ha He€ HaHOCHUTCSI TOHKHI CJION TUTATUHBI U (POTOPE3HUCT.

LononsurensHan
MaccuBaUMOKHBIA CNOM U3 CTeKna (PMKCAUMA KOHTaKTOB

{
\

g

[Toxonpoeoaswan aopoxxa (Pt unu Ni) S — \
~J

\
'\ gz’gz'gzgzgz: KoxTakTe!

~ 2
.
/ .[
/
Kepamuyeckan noanoxxka
(Al203 wnm Apyron marepuan)

Pucynok 10. ToHKOIIEHOYHBIN JaTYHK.
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3areM Ha IUIACTUHY HAHOCUTCA MACKa MW IIOABCPracrCsa TPABJICHUIO. B wutore
MMOJIYHacTCA INIATHHOBBLIC TOKOIIPOBOAINIUEC KOHTAKTHBIC IIIOIIAJKH. Bcé sT0

IOKPBIBACTCA CIICIHHUAJIbHBIM ITACCHUBAIIMOHHBIM CTCKJIOM.

[locne sTOoro mpUCOENUHSAIOTCS M (UKCUPYIOTCS BBIBOJBL. Takylo CTPYKTYpPY

MMEIOT OOJIBIIMHCTBO TOHKOIUIEHOYHBIX JaTYHUKOB.

ToHKONIEHOYHBIE HATYMKM YacTO IMPUMCHAIOTCA, TAC CCHCOP IPHUKICHUBACTCA K

MOBEPXHOCTH OOBEKTA.
DTO0 MO3BOJISET MOBLICUTH TOYHOCTH U YBEIUYUTH OBICTPOTY U3MEPEHUSI.

ToHKONNEHOYHBIE AATYUKHA yCTOWYMBBI K BHOpamusM, CKOPOCTH OTKJIMKA U

pPE3KUM Tepenaaam TeMIepaTyphl.

B 3akmrouenue crout OTMCTUTH, YTO C IOABJIICHUEM TOHKOILJIEHOYHBIX JIaTYMKOB

MOABUIIMCH HOBBIC BAPHAHTLI pCI]_IeHI/Iﬁ CJIOXKHBIX 3a1a4.

DaemenT IleanThe [6].
B nmannom mpoekte Oymer ucnoinb3oBarhesi dneMeHT IlenbThe, paccMoTpum

MPUHIMI €ro padoThl.

HUrak, osnement IleabThe  mpencTaBiseT  co00M  TEPMODIEKTPUYECKUM

npeoOpa3zoBareb (pUCYyHOK 11). DJIEMEHT COCTOUT U3 JIBYX IUIACTHH.

Pucynok 11. Bayrpennee ctpoenue anementa [lenbrbe

12



[TonaBas HampsbkeHue Ha 3yeMeHT llenbThe, OHa OyaeT HarpeBaThCs, a Jpyras
OyzeT oxyaxaarbcs. Eciii CMEHUTh NOJIAPHOCTh MUTAHMS HA IMTPOTHUBOIIOIOKHYIO,

TO ropsAa4as U X0JI0JHass CTOPOHBI IOMCHAIOTCA MECTaMU.

BuyTtpu miactuH pacnonoxeHsl P-N nepexonsl. Ecinum depes HUX HOPOXOAMT
DIIEKTPUYECKUII TOK, TO Ha Imepexoje P-N  BbLAEISETCS Telo (IJIacTHHA

HarpeBaercsi), a Ha N-P norjomaeTcs (T1acTUHA OXJIaXKIaeTCsl).
2. [IPAKTUYECKAA YACTDH

ITpakTHUECKON YacThI0 MOETO MPOEKTA SBISAETCS CO3/laHuE COOCTBEHHOM MOJEINH,
C TOMOILIBIO KOTOPOM YEJIOBEK CMOXET BHOBb ITOYYBCTBOBATH TEMIIEPATYPY

OKpY>KaroIllel cpelibl, a TAaKXkKe MPOBEICHUE IKCIIEPUMEHTA.
Co31aHne NOpTaTUBHOIO YCTPOIicTBA.

JlaHHBIN TPUOOP CUMTHIBAET TEMIIEPATYpy Ha CBOEH MOBEPXHOCTU U MEPEAAET ATy
uHboOpMaInio Ha 31eMeHT [lenpThe, KOTOPHI HArpeBaeTCsl WM OXJIAXIaeTcs B

3aBUCHUMOCTH OT TEMIEPATYPHBIX MOKa3aHUN.

B peampHOM KW3HH CIEAYET MCHOJIB30BaTh TOHKOIUICHOYHBIM JATYUK,
NPUKPEIUICHHBIM K MOBEPXHOCTH TaJbIeB HA OMOHMYECKOM IPOTE3€, a AJIEMEHT
[lenbThe KpemuTCs HA PEMHE, YCTAHOBJICHHBIM Ha 3J0POBOM IMPEAILICYBE
MalueHTa, HCIOJIb3yeMOM Ui YIpaBJICHUS MpoTe30M. Tak obecreurnBaeTcs
IJIOTHOE  CONMPUKOCHOBeHHE »dieMeHTa Ilenbrhe  (HarpeBaromerocs:  Wiu
OXJIQXKTAFOIIETOCS) C TTOBEPXHOCTHIO KOXKH, UYTO AT MTHOBEHHYIO MH(MOPMAIUIO
JUISL MO3ra HAIlero malueHTa, T.€. OH HAaYMHAET OIIYIAaTh TEMIEpPaTypy CaMbIM
€CTECTBEHHBIM o0pa3oM. Takoe YCTPOMCTBO MOXET BEpPHYTh UEIOBEKY,

VCIIOJIB3YIOIIEMY MPOTE3, CBA3b C BHEIIHEN TEMIIEPATYPOU.

Me1 ke nenaeM COOCTBEHHBIN aHAJIOT ISl MPOBEPKH JKU3HECTIOCOOHOCTH JaHHOU

THUIIOTEC3hI.

13
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Pucynox 12. Moit mpubop

Moii mpubop (pucyHok 12) COCTOMT U3: IKHUIAKOKPUCTAIUIMYECKOTO IKpaHa,
MHUKpOKOHTpojutepa  Arduino,  snementa  [lenpThe, JaTuMka  TEMIEpaTyphl,

npeoOpa3oBatTess HapsHKEHUM.
Pazbepem kascowtit 610K 6 omoenbHOCMU

1) Jaruuk Temmepatypbl. Vcnomb3yercs matumk temmepaTypbl B57164-K

103J, npencraBieHHBIN HIKE.

B npoekte ucnonb3yercs KepaMU4eCcKHil JaTYMK TeMIiepaTypbl. Takue JaTduku

MCHAKOT CBOC COIIPOTHBJICHUC B 3aBUCUMOCTHU OT TCMIICPATYPHI.

Ha pucynke Hmke n3o0OpakeHa cxema IMOAKIIOYEHUS AaT4yUKa TeMIepaTyphl K

MuKpokoHTposutepy Arduino (pucynok 13).

14
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Pucynoxk 13. Cxema MoAKIIOuEHUs JaTINKA TEMIIEPATYPHI K MUKPOKOHTPOJIIEPY

Arduino

Jatuuk TemrepaTypsl moaaét Ha Arduino 3sHaueHus HanpspkeHus oT 0 10 5 BOJIBT,

a MUKPOKOHTPOJIIEp Mpeodpa3yeT 3TH gaHHbIe B Bujae uudp ot 0 o 1023.

Camoe OGompiioe 3HaueHue 1023 COOTBETCTBYETOECKOHEUHOMY COINPOTHUBICHUIO

AaT4YMWKa, 4 HAIIPSKCHUC paBHO 5 BoIbTaM.

Camoe ManeHbkoe 3HaueHue 0 COOTBCTCTBYCT HYJICBOMY COIPOTHUBIICHUIO

JaT4vKa, a HampspKeHUe paBHO () BOJIBT.
IIporpamma
Cosznaem nepemennyto t_ref (pucynok 14).

// TJIOBAJIbHHE [EPEMEHHHE //
unsigned long LCD_interval = 0;

float voltage;
float rl;

float sensor; TepoMenna
float t ref; PEMCHHAs UL
TEMIEPATypPhI

Pucynok 14. [lepemennas st TeMIiepaTypbl Ipu BKIoueHuu npuodopa (t_ref)

Brruncisiem onopHyto Temnepatypy (pucyHok 15).

15
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// BHMMCIIAEM ONOPHYK Temnepatypy "t ref" B "C
~ad (AQ) * VIN / 1023.0;

rl = voltage / (VIN - voltage);

t ref = 1./( 1./(TERMIST B)*log(rl)+1./(25. + 273.) ) - 273; // OnopHas TemnepaTypa

voltage = ana

Pucynok 15. Beruucnenue onopHou TemmnepaTypbl

JInst 5TOro HY)KHO TMEpeBEeCTH 3HaueHue HanpspkeHus u3 mnudp ot 0 mo 1023 B

A0S
HanpspKeHus 1o hopmye: Top = Voltage

OTIOpHAs TEMIIEPATypa BEIYUCISETCS 1O hopMyIie:

1
t_ref = 1 %1 ( voltage )_I_ 1 — 273
4300 08 5—voltage 25+273

CuuThIBa€M TEKYIIYIO TeMIIepaTypy (Sensor) u BeramcisieM (d_t) pasHuiy Mexmy

HadaJIbHOW (TIpU BKJIFOYEHHUM) W TEKYIIEW TeMrepaTypoi mo dopmyie (pUCyHOK
16):

d t = sensor — t ref + shift

// Beumcnsiem d t B °C
float d_t = sensor - t_ref + shift;

Pucynox 16. @opmyna jyisi BEIYUCICHUS Pa3HUIBI TeMIiepaTyp ( MEXIy TeKyIen

U OIIOPHOM, T.€. IPH BKIIOYECHHN)
3nak d_t onpenensier HArpeB WK OXJIaXKACHUE dJieMeHTa [lenbThe.
2) Cmemenue (Shift) m orkamk (Response).

Shift oTBeuaer 3a cmewenue TemmnepaTypbl OTHOCUTEIBLHO TEMIIEPATYpPhl TaTYNKA

IpY BKITFOUEHUHU TTPUOOpa.

ReSpOnse OTBCYACT 3a CTCIICHb YYBCTBUTCIBHOCTH IICpCAadyn OdaHHBIX O

Temneparype Ha 3nemMeHT [lenbTsbe.

16



Ha rpaduke npeacraBiaeHa 3aBUCHMOCTh TEMIIEpaTyphl Ha simemeHTe [lenpThe oT
TEeMIIepaTypbl Ha JaT4WKe. 3aBUCHMOCTh MOXKHO ommcaTh (QyHKImer y=K*X+b.
Otkauk (Response) Oyaer oTBeuyaTh 3a yroJl HakjioHa rpaduka (kosdduimeHT K),

a cmemenue (Shift) — 3a cmemenue rpaduka o ocu y (koddpummenth)

Takum o0pa3zoM, MOXKHO M300pa3uTh rpauecKUil CMBICI CMEIIEHUS U OTKJIMKA

(pucyHok 17).

t Henbroe,°C =3

I'padmk 3aBucumocTH
TeMIIepaTyphl Ha 3IEMeHTe
Ilenbrbe OT TEMNEPaTyphbl Ha
JATUHKE

Moskno onucaTs
dynkumei y=k*x+b

Y 0
t matuuka, °C

Shift orseuaer 3a cmewenne
rpadmka (koddduuuent b)

Response OTBEYAcT 3a yroma
Hak1oHa rpaduka

Pucynok 17. I'paduk 3aBUCUMOCTH TeMIlepaTyphl Ha djieMeHTe [lenbThe oT

TEMIIEPATYPHI JATUHKA.

Cmemenune (Shift) m orkiamk (Response)paboTaioT Mo OJHOHM cXeme,

IpeICTaBICHHON HIDKe (pucyHOK 18).

500 OM

0,1 Mgd

Cuuxkaer
NOMEXH

Pucynok 18. Cxema noaximoueHus cmenieHus (Shift) u orknmka (Response) k

MHUKpOKOHTpoJuiepy Arduino.

17



B pesynbrate, Ha ArduinOnpuxoauT 3HaAYEHUS:

1) or Response (oTkiuk) oT 1710 5,

2) ot Shift cmemenus ot -10 mo 10,

MuxkpokoHTpoJuiep ux nepeBoauT B uncia ot 0 go 1023.

IIporpamma

st Toro, 4TtoObl ONMpPENeNuTh BEIWYMHY OTKJIMKA HY)XHO OOpaTHO IepeBecTd

yucna ot 0 10 1023, koTopble HaXOASITCS B MUKPOKOHTpOJUIEpE B yucaa ot 1 a0 5

A2%4
no ¢opmyne (pucynok 19):response = (m) +1
// BhumuciseM oTkiuk "Response"
float response = ((float)analogRead(A2) / 255.75) + 1.0; // 1..5

Pucynox 19. Beruucnenne BeTMUMHbBI OTKJIMKA

s Toro, yTOoOBl OMPEJECIUTh BEIMUYMHY CMEIIEHUS HYXHO OOpaTHO MEpeBeCTH

yucna ot 0 1o 1023, koTopble HaXOAATCS B MUKPOKOHTpOJUIepe B uncia ot -10 1o
A1%20

10 o ¢popmyite (pucynok 20):response = ( e ) —10
// BHUMcngeMm cMmemeHme "Shift" B °C
float shift = ((flcocat)analogRead(Al) / 51.15)- 10.0; // +10°cCc..-10°C

Pucynox 20. Beruncnenre BeTMUNHbBI CMEIICHHUS
3) IIpeodpa3oBaTesb HANPsIKeHUH (YCHIUTEb) (PUCYHOK 21)

[Ipeobpa3oBarens HampsDKEHUN TMOJydaeT JBYXIOJSIPHOE MUTaHHE, 110

MpECTaBICHHON CXeMe Ha pUCyHKe 22.

18
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Pucynox  22. Cxema  nurTaHus Pucynox 21. [IpeoGpazoBareinb
npeoOpazoBatTessl HaPsHKCHUH. HaIpsOKEHUH (YCUIIUTEIb).

MUKpPOKOHTPOJIJIEP CUMUTHIBAET U MPEe0oOpa3yeT BCIO MOCTYMUBIIYIO WH(OPMAIUIO

(Temmepatypa, CMeIIeHHE, OTKIIUK).

Ha npeoOpa3oBatesnp HanpspkeHUs (pUCYHOK 23) HMPUXOAUT HampspkeHue ot 0 110
3,7v BouibT o1 Arduino(pin6). [lanee oHo mpeobpa3yeTcsi B HanpspKeHue ot -3,3 V

10 +3,3 V. 3aTeM 3TO U3MEHEHHOE HallpsKEHUE NPUXOANUT Ha 3ieMeHT [lenbThe.

Brruuciasem HAIIpsPKCHUC, OIPCACIIAIONICC OXJIAXKIACHUC HWJIM HArpeB 3JICMCHTA

IlenbThe, 110 Gopmye (pPUCYHOK 24): vy, = % * response + 1.85

// BHYMcCIAeM yhnpabBnsollee Hanpaxedue nans PWM

float v_pvm = (d_t/10.0)*response + 1.85; // 1.85V HeliTpaneHoe sHadeHue Iia YCUIMTEIL
if{v pvm > 3.70) v pvm = 3.70; // MaKkcHUMaJbHEI{ Harpes
if(v_pvm < 0.00) v_pvm = 0.00; // MakcHManeHOe oxIaxkieHue

// BBRIpYXaeM yhpabBlspliee HalpaxeHue Ha PWM
irite( PWM_FIN, (int) (v_pvm*255.00/VIN) );

analogy

Pucynok 24. BeiuncneHue HaNpsKeHUs, ONPEEISIoNee OXJIaKISHUE UM HarpeB

yemenTa [leapThe.
Onemenrt llenpThe:

1. nacpesaemca, ecimu Ha mnpeoOpazoBaTeNb HAMPSDKEHUS MOCTYMAeT
HarpspkeHue ot 1.85vao 3.7V, 4To COOTBETCTBYET IHAINA30HY HAIPSIKEHUN

ot Omo +3.3V, KoTopbIe TTo1at0TCs Ha 3JieMeHT [lenbThe,
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2. oxnaxcoaemcsa eciAu Ha TpeoOpazoBarenb HANPSKEHUS MOCTYIMAET

HarpspkeHue ot Oviao 1.85V, 4To COOTBETCTBYET MAIa30Hy HANPSKEHUN OT

-3.3vio +3.3V, KoTopbIe MOAar0TCs Ha dJieMeHT [lenbThe,

3. ocTa€Tcsi B HeUmMpAaiIbHOM HONOMCEHUU eci Ha Tpeobpa3oBarenb

HaMpsHKEHUS  MOCTYIAeT

HanpspkeHue 1.85Vv, 4TO  COOTBETCTBYET

HanpspkeHuto 0V, KoTopble o1atoTcs Ha 31eMeHT [lenbThe.

+79 v

Ipeobpaszosarens
HANPKCHUH

;

[

+3.3 v
_m‘, ——{ov
* A

-71.9v

*— Oxnasknenue

Pucynox 23. Harmsimnast cxema ripeoOpa3zoBanust HHPOPMAIIUK YCHITUTEIIEM.

4) KuaAKOKPUCTANIHYECKH HHIUKATOP

Ha pucynke 25 pacmosnokeHa cxema MOAKIIOUEHHUS KHUIKOKPUCTALTUHIECKOTO

3KpaHa K MUKpOKOHTpoJuiepy Arduino.

'

nnnnnnnn
AR

Pucynok 25. CxemMa MOIKITIOYCHHS KUIKOKPUCTATUTMYECKOTO dKpaHa K

MHKpPOKOHTpoJutepy Arduino.

IIporpamma
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CHavana TOJKIIOYaeM OWOIMOTEKY UIsl SKpaHa M OOBSIBISIEM T€ KOHTAKTHI, C

KOTOPBIX PKpaH Oy/eT CUNTHIBATh HHPOPMAIINIO (PUCYHOK 26).

vorery c maTemazdkod [loaxnmwoyaeMm
y ana LCD Ooubnuoreky ans

Py ——
M MNENBTEE JKpaHa

$include <math.h>
<LiquidCrystal.h>
fine PWM_PIN &

ine TERMIST_B 4300 // Napamery
ne VIN 5.0 // TMurapumee

>To THMNa TepMmcTopa (M3 datasheet)

[Tporpammuo noaknouaem

KOHTAKTBI K JKpaHy

Pucynok 26. [TogkmtoueHne 6MOJIMOTEKH U KOHTAKTOB DKpaHa
3aTeM BBIBOJIUM MOCTYNAOIIUE JaHHBIE IO CIEIYIONIEH CUCTEME:

YcranaBnuBaem Kypcop
OuuiaeM 3Ty CTpOKY
YcraHnaBiIMBaeM Kypcop

dopMHUpyEM CTPOKY

A A o

Ileyataem

Ha >XMIKOKpPUCTAILIMYECKUI 3KpaH BBIBOAATCS 4 CTPOKM C AaHHBIMH (PHCYHOK

27):

1 cTpoka: Temmepatypa aaTduka (Sensor),

2 CTpOKa: CTENEHb YYBCTBUTEIBHOCTH TIEPEIaydl JaHHBIX O TEMIIEpaType Ha
snemenT IlenbThe (response),

3 CTpoKa: CMEIICHHE TeMIIepaTypbl OTHOCHTEIILHO TEMITepaTyphl JaTYUKa IPH
BKJIFOUCHHUH TpUOopa

4 ctpoka: Out Hanpspxerue Ha snemenTe [lenbThe oTHOCHTENBHO 0
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1

cd. t tr clear); / Ouvmaesd 1 CTpOKY

od. 0, 1); Pl eianaAniie EEOH KON 07 CRHGRA BriBoa naHHBIX
: el Ha 3KpaH
i

led string "Shift " (E_ref, 1)+ " " + y(shift, 1)+ " c"; /

/  Verananmy
(out, 2} + " V";

Pucynok 27. BeiBoJ1 TaHHBIX Ha YKpaH

HNrak, naHHbli npuOOp CUUTHIBAET TEMIIEpATypy OKpYyXaroumeil cpeasl (c
NOMOUIBIO JaT4YMKa TEMIIEPATyphl), C COOTBETCTBYIOIIEH BEJIWYMHOW OTKIMKA U
cMmemienns. Bce mannbie mepematorcss Ha Arduino. 3aTteM MHKPOKOHTPOJLIED
npeoOpasyeT BCcr uHpopMauuioo B HampsbkeHue ot 0 npo 3,7v. Ycunurenb

(mpeoOpa3zoBaTenp HAMPSHKEHUS ) MpeoOpa3yeT ITO HANPSHKEHUE B IMAIa30H OT

-3.3vio +3.3v. [lanee HarpeBaeTcs (MpuU MOCTyMarolmeM HampspkeHun oT OV 1o
3,3V), oxmaxpgaeTrcs (MpHW MOCTyHaromeM HampspkeHud ot -3,3V g0 0V) wmum
OCTaeTcss B HEUTPAIBHOM TMOJOXCHUH(TIPU TOCTYMAOIIEM HanpsokeHun 0V)

ynemeHT [leapThe.

Hcnonb3oBanue pe3yjbTaToB.
3agauu:

1. TlpoBeputh paboToCcrIoCOOHOCTH MpUdOpa.
2. IlpotectupoBarh CrOCOOHOCTH TpHOOpa 1aBaTh TOYHYIHO HH(POPMAIHIO O

TEeMIIepaType UCIILITYEMOMY.

Onucanue IKcnepumenma:

22



Ilonroroska.

1. Jlns npoBeneHMs dKcriepuMeHTa OepeM 2 OAMHAKOBBIE YalllKW, B OJHY M3
KOTOPBIX HAJIMBAEM XOJIOAHYIO BOJY (OIyCKaeM B BOJY KYCOYKH JbJa), a B
IPYTYI0 HAJMBAaeM TrOpsA4Yyl0 BOAY (IIOJOTPETYI0 C IMOMOIIBI0 YalWHUKA).
BaxxHo, 4TOOBI BU3yaJIbHO HE OBLIO 3aMETHO, I'Zle Kakas BOAA HAaXOIUTCS:
T.€. B XOJIOJHOHM BOJIe HE JOJDKHO OBITh BUJIHO JIbJa, a HaJ ropsyeil BoJOM
HE JO/DKHO ObITh BHAHO mHapa. Yamku HYXHO NIPOMapKUpoOBaTh B
HE3aMETHOM JIJIS1 UCIIBITYEMOT'O MECTE.

2. Jlnsg TpoBEeNEHUSA DSKCIEPUMEHTa OrpPaHUYMBAEM 30HY BUIUMOCTH IS
UCIIBITYEMOTI'O: YalllK{, JaTYMK TEMIEPATYpPBhl, AOCTYH K d1eMeHTy [lenbpThe.

Ho on He nomkeH BUIETh UHANKATOD, T/I€ OTOOpakaeTcs TeMIeparypa.

[IpoBeneHue s3KcrepuMenTa (pUcyHokK 28)

Pucynok 28. [IpoBenenue skcnepumeHTa

Y4acTHHUK SKCIIEPUMEHTA pa3MeEIlaeT Hajiel] Ha MOBEpPXHOCTU 3ieMeHTa [lenbThe,
ONyCKaeT JaTYMK TEMIEpAaTypbl CHadyalla B OJHY 4YallKy U TOBOPUT CBOU
OIIYIICHUS MO TeMIepaType HarpeBa j3yieMeHTa llenbThe (HarpeBaercs WU

OXJIAXKAETCs ). 3aTEM TOXKE CaMO€ — JUIsl IPYTOil YallKH.

OTHU OUIYUIEHUS CPABHUBAIOTCS C JAHHBIMU HAa HMHJMKATOpPE M C MapKUPOBKOMU

YaliKu.
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MBI  XOTUM Y3HaTb, HACKOJIbKO TOYHO HCHBITyeMBIﬁ MOXKCET OIpPCACINTDb

TEMIEPATYPY.

B xone TectupoBaHust Mbl NpuBIEKIA 14 yyacTHUKOB. BOT moiydeHHbIE JaHHbIE

(tabmuma 1):

JkcnepumenT Nel
YYacTHMKM  ropAYan BOAA XONOAHaA BOAA
YyactHuk 1 +
YyacTHuk 2
YyacTHuK 3
YyacTHuk 4
YYacTHuK 5
YyacTHuk 6
YyactHuk 7

+ + + o+ o+ o+ o+

YyacTHuk 8
YyacTHUK 9 +
YyactHuk 10 +
YyactHuk 11 +
YyactHuk 12 +
YyactHuk 13 +
YyacTHuk 14 +

+ + + + + + + + + + + + +

Tabnuma 1. PezynbraThl sxcniepumenta Nel

B rtabmune 2 npencraBieHa uWHGOpMAMS O TAKTUJIBHBIX  OIIYIIEHUSX

TeMIIEpaTyphl y Jtojei [7].

OtmopoxeHune 1 cteneHn Oxor 1 cteneHun

15°C - 1 vac 45°C - 1 yac
10°C - 30 muH 50°C - 2 MuH
5°C - 15 muH 60°C - 2 cek
0°C - 5 muH 70°C - 0,5 ceK

Tabnuna 2. Magopmaius no TaKTUIBHBIM OLTYIICHUSM TeMIIEpaTyphbl

B namem npubope Mbl OrpaHUYIIIM TEMIIEpaTypy Harpesa snemeHnTa llenbprhe 10 +
45 rpanycoB llenbcus, a Temneparypy oxyaxjaenus — 10 + 15 rpagycoB Llenbcus.

Takum 00pa3om, HaIll SKCIIEPUMEHT ObLIT a0COIIOTHO O€30TmaceH ISl y4aCTHUKOB.

HTaK, MBI IIOJIYUMJIW HAalllk BBIBOABI:

Bce ydacTHMKM 3KcriepuMeHTa CMOTIM 0e301MOOYHO OIpeAeNuTh, Kakas BOJa

HaXoOaAHuTCA B KOHerTHOI\/’I yaimke. Mbl MOXeM caciaTh BbIBOJ, YTO MbI ITOJTYYHJIN
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KHU3HECMIOCOOHYIO0 TU(POBYIO CUCTEMY JJIsi COOOIIEHUSI TOYHON HMH(popMaIu 0e3
UCIOJIb30BaHUsl TAaKTUJIBHBIX OLIYIIEHUN HAIIMX y4aCTHUKOB. crmomb3yst TOIbKO
JaTYUK TEMIIEpaTyphl, MOXHO TIOJYYUTh TMPEACTaBICHUE O TeMIepaType
OKpyXawuied cpeapl. UYTo 4Ype3BblUaHO Ba)XXHO B CIIy4ae HCMOJIb30BaHUA
OnoHnuyeckoro mpote3a. Ecium BrociaeacTBUH pa3MecTHTh TaKoil JaT4uUK (B
BH/Ie TOHKO# MJIeHKH) HA UCKYCCTBEHHOM NaJiblle 0MOHNYECKOro MpoTe3a, To
MO3I MIHOBEHHO M €CTeCTBEHHbIM 00pa3oM NOJYy4YUT HHPOpMALHMI0 O

TeMiepaType 00beKTa, K KOTOpOMY NpuKacaercsi (paHTOMHAsI KOHEYHOCTb.

3akJIr0YeHue.
3)U3yuniiu, Kak peraeTcs mpodeMa q9yBCTBUTEIBHOCTH OMOHHMYECKHX IPOTE30B B

3aBUCUMOCTH OT TEMIEPATYPHI.

2)Co3anu  COOCTBEHHYIO MOJCIb YCTPOHCTBA, TIO3BOJISIONIYIO OIPEACIIATh

TEMIEpaTypy Ted.
3)OnbITHBIM MTyTEM POBEPHIIH PAOOTOCIIOCOOHOCTH HAIIIETO YCTPOHCTBA.
B Oyayiiem Moto MoJieb yCTPOMCTBA MOKHO YIYUIIIUTh:

e VYCTaHOBKY MOXKHO CcJiefaTh MHUHHUATIOPHOW. DTO MOXKHO peajn30BaTh,
HarpuMep, CIAeAYIIUM 00pa3oM: yOuparh 3KpaH (WIM CcHaelaTh €ro
MaJICHbKHM), BMECTO MHUKpOKOHTposuiepa Arduino Uno mnepemecTuth
yIpaBJCHUE HA MUKPOKOHTPOJIIEp MEHBIIHX pa3mepoB (Arduino Nano).

e Peamn3oBaTh JaHHYIO MOJIENh Ha HACTOSIIEM OWOHMYECKOM TpOTE3eE,
UCIIOJIP30BAB  IJIEHOUHBIM JaTYWK TeMIlepaTypbl, dJeMeHT [lenbThe
MPWIOKUB K TMpeAriedbto. TakuM 00pa3oM, U3 MOJEIH MOXHO TOJTYYUTh
paboTaromuii mpuOOp, KOTOPBIM JIFOAM CMOTYT HCIIOJIb30BaTh B CBOEH
KU3HH.

X0Th MOSI MOJEJIb HE 00J1a/1aeT TAKUMH CBOMCTBaMH, HO TJIaBHOE, 4YTO C €€

MOMOUIBIO0 MOKHO MOHATH MPUHIUI padOThl TAKOTO YCTPOMCTBA.

25



B panpheiiinem yuéHble coOuparoTCsi pa3BUBAaTh JAHHOE HAaIpaBICHHUE HAYKH,

BOCCTaHABJIMBAsI BECh CIIEKTP OIIYIIECHHH 310pOBOi pyKH [4].

Hanpumep, paccMoTpeHHast MHO# pa3paboTka miBerapckux yueHsix MiniTouch

IMMO3BOJIMT JIXOJAM CHOBA ITOYYBCTBOBATH TCMIICPATYPY.

Taxxe ceiiuac y4y€Hble NBITAIOTCA MOBBICUTH YYBCTBUTEIHHOCTH OMOHUYECKHX

IMPOTE30B K TAKTHJIbHBIM OLTYIICHUSM.

Tak, nanpumep, yuénnie [Tepmckoro ITomuTexa [8] cozmanu ceHCOPHOE TOKPBITHE.
OHO TO3BOJSET OTCIEKUBATH TeMIlepaTypy, GopMmy, pa3Mmep Tell, a TaKke
OTpENENsITh BHEIIHWE BO3JICUCTBHS. YU€HbIE pa3paboTaiu CHenralIbHOE
MOKPBITUE, KOTOPOE OCHAIIEHO OITOBOJIOKOHHBIMH JartuyMkamu. Ha ero
MOBEPXHOCTH PACHOJIOKEH CJIOM CHEUUAIBHBIX BOPCHUHOK, YTO MO3BOJISIET
YyBCTBOBaTh TNpeaMeThl. JlaHHyI0 pa3paboTKy MOKHO HCIOJIB30BaTh IS

YIIyYIIEHHS KaYECTBA IPOTE30B, CO3/IaHUS YEIOBEKOMOI00HBIX pOOOTOB.

Xouetcs BCPHUTb, YTO HOBBLIC TCXHOJIOTMHU IIO3BOJIAT JHOAAM C HMHBAJIMAHOCTBIO

CHOBa OOPECTH BECh CHEKTP TAKTUIIBHBIX OIIYIICHUH.

Cnucok aureparypsl
DneKkmponHbvle pecypcul

1. Buonudeckuii mpoTe3 (YCTPOWCTBO M MPHHIHUI ACUCTBUS) [DIEKTPOHHBIH
pecypc] — Pexum JOCTYTIA: https://orto-invs.ru/bionic-
protezy?ysclid=Ir4pmbakzx782897414

2. OOHOCXBATOBBIH M MHOTOCXBATOBBIH OMOHHYECKHH MpOTE3 [DIEeKTPOHHBIHI
pecypc] -  Pexum  jgocryma: https://motorica.org/bionicheskij-
protez?ysclid=Irnfbz0j51861461434

3. Paspabotrka MiniTouch [Daektponnsiii pecypc] — Pexum gocryma:
https://bashmedica.ru/protesirovanie-i-
teplo.html?ysclid=1g72i4xcth893490596
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4. BUOHHMYECKHE TMPOTE3bl CMOTYT pa3inyarh TEMIEPaTypy [DIeKTPOHHBIHA

pecypc] — Pexmm pocrtyma: https://news.rambler.ru/scitech/50794692-

bionicheskie-protezy-smoqut-razlichat-
temperaturu/?ysclid=lq72cdhmhi465758722

5. Hosas pa3pa60TKa MMO3BOJICT JIIOAsAM C  IIPOTE3aMHM  4YYyBCTBOBATb
TEMIIEPATyPy [Dnextponnbiit  pecypc] —  Pexum  gocrymna:
https://4pda.to/2023/05/20/413451/novaya_razrabotka pozvolyaet lyudyam
s_protezami_chuvstvovat_temperaturu/?ysclid=Ig7jn2dmfq932065281

6. Onement IlembThe [DnexkTpoHHBI pecypc] — Pexmm  jgocryma:
https://www.asutpp.ru/chto-takoe-element-pelte-i-eqo-
primenenie.html?ysclid=lrnfuwr8ch183101802

7. TakTunbHBIE ONIyIIEHUS 4YelOoBeKa [DIeKTpoHHBIH pecypc] — Pexum

noctyma: https://www.metaphysiks.ch/

8. Jlatuuk yuennix Ilepmckoro IlonuTexa MOBBICUT YYyBCTBUTEIBHOCTD
poOOTOB M OMOHUYECKUX MPOTE30B C TIOMOIIBIO «BHOPHCC» [DIIEKTPOHHBIN
pecypc] — Pexum goctyma: https://naked-science.ru/article/column/datchik-
uchenyh-permskogo-politeha?ysclid=Ir81vuk8db411284624

Knuea oonomomnas

bapunos M.H. Jlatunku — 310 ouenp npocro / M.H. bapunos, B.C. Bokos:

DJIEKTpOHHAsl KHUra — 62 C.
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