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Beenenue

OcHoBHOM mpoOJIIeMOl B 3MMHEE BpeMsi BO BCEX JOMax Bcerga ObLIO
3amep3anue TpyO, IloBpexnenue TpyO H3-3a pacHmIMpeHHs 3aMep3Iliell BOJbI
ABIIACTCS TPYJHO YCTPAHUMOM AJIs TOTO 4YTO Obl M30€XKaTh JAHHOUN MPOOIEeMbl ObLT

CO3/IaH JIaTYMK 3aMep3aHus TpyoO.

Ieanb ucciaeqoBanus:
N3yunuTth npuHIUIT pabOTHl ¥ TPUMEHEHUS JaTYUKOB 3aMep3aHus Tpyo
3agauun uccaeI0BaHUuA:

1. Y3HaTE 4TO Takoe JAaTYUKU U UX BUIBI.

2. BeisicHuTh 001aCTh MPUMEHEHHSI TATYNKOB 3aMep3aHus TPyO
3. Onpenenuth BUBI TATYUKOB 3aMep3aHUsl TPYO

4. I3yuuTh npuHIMNI pabOThHI JaTYHMKOB

5. Cnenatpb BBIBOJI O MPOJIEITAHHOM padoTe.



1. llonsiTHe naTYNKA

JIaTUMK — CpEACTBO HM3MEPEHMI, MpeAHa3HAYeHHOE Ui BBIPAOOTKU
CUTHaJIa H3MEpUTeNbHOM uH(oOpManuu B QopMe, yaoOHOW s mepenayu,
nanpHenero mnpeoOpa3oBaHus, o00paboTku © (WIKM) XpaHEHHs, HO HE
MOJJIAIOIIEHCST  HEMOCPEICTBEHHOMY BOCHpPUSITHIO HaOmoaareneM. Jlatuuku,
BBINIOJIHEHHBIE HAa OCHOBE JJIEKTPOHHON TEXHUKH, HA3bIBAIOTCS 271€KMPOHHbIMU
oamyuxamu. OTOETBHO B3SATHIA JAaTYUK MOXKET OBITh TPEIHA3HAYCH IS
u3MepeHus (KOHTPOJsl) W MPeoOpa3oBaHHUs OJHOM (PU3MYECKOW BEIMYMHBI WIIU
OJTHOBPEMEHHO HECKOJIBKUX (PU3MUECKUX BEINYHNH.

B coctaB patumka BXOISMT UYBCTBUTEIBHBIE H MpeoOpa3oBaTelbHBIC
aneMeHThl.  OCHOBHBIMHU  XapaKTEPUCTUKAMHM  JJIEKTPOHHBIX  JIATYUKOB
SIBJISIFOTCST 9yBCTBUTEIHLHOCTD M IMOTPEIITHOCTD.

JlaT4MKu MCHOJIB3YIOTCS. BO MHOTHX OTpacisiX SKOHOMUKH — JO0ObIYE U
nepepaboTKe  MOJIE3HBIX  HMCKOMAEMBIX,  MPOMBIILJIEHHOM  MPOU3BOJICTBE,
TpaHCTIOPTE, KOMMYHUKAIHIX, JIOTUCTUKE, CTPOUTEIIbCTBE, CEIbCKOM XO3SHCTBE,
3IpaBOOXPAHEHUH, HAYKE W JPYTHX OTPaACisIX — SBISACH B HACTOsIIEE BpeMs
HEOTHEMJIEMON YACThI0 TEXHUYECKUX YCTPOMCTB.

B nocnenHee BpeMsi B CBS3U C Y/ICIIEBICHUEM 3JIEKTPOHHBIX CHUCTEM BCE
yalie  MOPUMEHSAIOTCS  JaTYUKM  CO  CJIOKHOM  0oOpabOTKOW  CHUTHAJIOB,
BO3MOKHOCTSIMH HACTPOMKH W PETYJUPOBAHUS IMapaMeTpOB M CTaHIAApTHHIM
uHTepdeiicom cucrembl yrpapiieHus. Mwmeercs omnpenenéHHas TeHJEHUUA
paCHIMPUTEITLHON TPAKTOBKH M TIEPEHECEHUS] 3TOT0 TEPMHHA HA U3MEPUTEIHHBIC
npuOOphI, TOSBUBIINECS 3HAYUTEIILHO paHee MacCOBOTO  HCIOJIb30BAHUS
JATYMKOB, a TaKXe IO aHAJIOTMH — Ha OOBEKTbl MHOM MPUPOJIbI, HAIPUMED,
OMOJIOTUYECKHE.

JlaTuvKu MO CBOEMY HA3HAUEHUIO U TEXHMYECKOM peayn3aluu OJU3KH K
MOHATUIO «U3MEPUTENBHBI MHCTPYMEHT» («U3MEPUTENbHBIA Mpudop»). OnHako
MOKa3aHusi MPUOOPOB BOCIPUHUMAIOTCS UYEJIOBEKOM, KaK MPABWIO, HAMPSMYIO
(mocpeACTBOM UCILIEEB, Ta0JI0, MaHeNe, CBETOBBIX M 3BYKOBBIX CHTHAJIOB U

pod.), B TO BpeMsl Kak MOKa3aHHs JaTYMKOB TpeOyroT mpeobpa3oBanus B Gpopmy,
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B KOTOpPOW H3MepHTeabHass MH(OpPMAIHS MOXKET ObITh BOCHPHHSATA YEIOBEKOM.
JlaTuuk\ MOTYT BXOJWTH B COCTAaB HM3MEPUTEIBHBIX MPUOOPOB, oOecTeunBast
u3MepeHne (PU3NYECKON BEITMYHMHBI, PE3yJIbTaThl KOTOPOTO 3aTeM MPEeoOpa3yroTcs
JUTSL BOCTIPHSITHSI OTIEPATOPOM H3MEPUTEIHLHOTO TTprOopa.

B aBTOMaTH3MpPOBAaHHBIX CHCTEMax YMPaBICHUS JTaTYMKHA MOTYT BBICTYIIATh
B ponu UHUITTHPYIOTITIX YCTPOICTB, IPUBO/IS B
neiicTBre 000pyI0BaHKe, apMaTypy U nmporpammuoe obecrieuenue. [lokazanus
JaTYNKOB B TaKMX CHCTEMax, KakK IMPaBWJIO, 3aMUCHIBAIOTCS Ha 3allOMUHAIOIICE
YCTPOWCTBO JJIT KOHTPOJs, 0OpaOOTKH, aHalIW3a W BBIBOJIA HA JUCIUICH WA
neyaTaromiee ycTpoructso. OrpoMHOE 3HAYEHUE JATYMKNA UMEIOT BPOOOTOTEXHUKE,
TJIe OHH BBICTYIAIOT B POJIA PEIEITOPOB, TIOCPEACTBOM KOTOPBIX pOOOTHI U APyTHe
ABTOMATUYCCKUE YCTPOMCTBA MOIYYarOT WHPOPMAITUIO M3 OKPY)KAIOIIETr0 MHpa U
CBOMX BHYTPEHHUX OPTaHOB.
B OBITY TaTYUKH UCTIOJIb3YIOTCS
B TEPMOCTATAX, BBIKIIOYATENSIX, TEPMOMETpaX, OapoMeTpax, cMapTdoHax, mocyao
MOEUHBIX MAalINHAX, KyXOHHBIX TUIMTaX, TOCTEpax, yTIorax U JIpyroi ObITOBOM

TCXHUKE.



2. O01acTH NIpUMMeHEeHNs 1aTYMKA 3aMep3aHus TPyO
['1e MOKHO KCIIOIB30BATh AATYUK 3aMEP3AHUS?
Jatuuku 3amep3aHust TpyO o0OecreuuMBarOT HAJSKHOE U TOYHOE H3MEPEHUE B

PAa3JIMYHBIX CUCTCMAX!

e B JIBUTATENSIX U CYyJJOBOM O0OOPYZIOBAaHUU B MOPCKOM CEKTOPE;
e B CHCTEMax BO3JYIIHOTO U BOJSIHOT'O OXJIAXKACHUS;

e B CHCTEMaX CMa3KH;

e B CHCTEMax BbIBOJIA BBIXJIOIHBIX [a30B

e B MOOWJIBHBIX U CTAIIMOHAPHBIX TUAPABINYECKUX CUCTEMAX;

s B peppKEpPaTOPHBIX CUCTEMAX;

e B cCHUCTEMax MUTAHUS;

e B pEIYKTOpAaXx;

e B OMOPHBIX (MOAIMIMITHUKOBBIX) CUCTEMAX.

IIpuBeneM HeCKOJIbKO NPUMEPOB IPMMEHEHHS 1aTYMKOB:

3nanus: 11 HenpepbIBHOIO KOHTPOJISI COCTOSIHUSL BOJOCTOUYHBIX TPYO.

Mopckoil  ceKTop: 31echb KOHTPOJIUPYETCS COCTOSIHUE Macia JU3€JIbHOT0
JBUTATENs, Maclia B cemaparope, Temieparypa B TpyOOINpoBOJaxX, B CHUCTEMax
OXJIAKJEHUS, TEMIIEPATypa BBIXJIOMHBIX [a30B U T.II.

[IpombrnenHocts: Jlpyrue mnpuMepsl, KOTOpPbIE MOTYT OBITh YIOMSHYTHI B
IPOMBIIIJIEHHOCTH, BKJIKOYAIOT B CE€O0sl XOJIOAWIbHBIE KaMepbl B MarasuHax,
TEIUIOOOMEHHUKH, CKJIQJCKHE IIOMEIICHUs, TIeYd, CYUIWIbHbIE KaMepbl H
pa3iryuHbIE MPOIIECCHI, T/Ie TEMIIEPATypa SIBISIETCA BaXKHBIM (PaKTOPOM B MpoOIiecce

IMpONU3BOACTBA.



3. Buabl 1aTYMKOB 3aMep3aHus TPYO

W3BecteH «cmoco0 ompeneneHus: KPUCTAUIM3AMUA TSAKENbIX H30TOMHBIX
MOIUGUKAIMA BOABD MPH PAaBHOMEPHOM, OOBEMHOM OXJIAXIEHUH MPHUPOIHON
Bo/Abl. OH COCTOUT B OIpeAeNeHNH 00pa30BaHus JIb/ia BOABI HA MOBEPXHOCTH 2-X
IUIaBAIOLINX AJIEKTPOAOB, TOIPY>KEHHBIX OCTPUEM B BOAY Ha riryouny 1o 0,5 mm, u
IJIOMIAABI0  DJIEKTPHMYECKOI0 KOHTAKTa C MOBEPXHOCTBHIO BOABI 10 1 MM2
ONEeKTpoAbl MOJAKIIOUEHBI K YCTPOWCTBY, KOTOPOE BbIpa0ATHIBAET CHUTHAN IMOCIIE
YMEHBIICHUS AIIEKTPONPOBOTHOCTH MEXKIIEKTPOTHOTO NPOCTPAHCTBA,
BbI3bIBaEMOE OOpa30BaHUEM JIbJla Ha MOBEPXHOCTU BJEKTPoAOB. OHU HMEIOT
KOHYCOBUHYIO (DOpMY M U3TOTOBJICHBI U3 yriiepoaa (rpadura).

Hcnonp3oBaHne  M3BECTHOTO  croco0a  KPUCTALTU3ALMHM  TSKEIBIX
U30TOMHBIX MOAMU(UKAIMI BOJABI B M3TOTOBJIEHHBIX JATYMKAX KPUCTAUIM3ALUU
COIIPOBOXKIAETCS HECKOJIBKUMU HEXeEJIaTeIbHBIMU SIBICHUSMHU.

M3BecTHO, YTO MU MPOIMYCKAHUU MTOCTOSIHHOTO 3JIEKTPUYECKOTO TOKa dyepe3
BOJIy TPOUCXOAMUT JUCCOLHUAIUS U MOJSPU3ALMS MOJEKYJ BOJBI, YTO MPUBOJIUT K
MOCTENICHHOMY YBEJIHUYEHHIO €€ yJEIbHOTO 3JIEKTPUUYECKOTO COMPOTUBICHUS. DTO
OPUBOJUT K TOCTEIIEHHOMY YMEHBIICHHIO BEIMYMHBI TOKA Yepe3 IJIEKTPOAbI U
BOJy, @ IMEHHO P€3KO€ YMEHBIICHNE BETMUMHBI TOKA U SBISETCS ONPEIeIISIONIIM
NPU3HAKOM M NPOTOTHUNA U 3asBICHHOro cmocoba. B ycioBusiX BBICOKOI
MHTCHCUBHOCTU OXJIQXKJEHUS BOABI B KOHIIE MpOIecca €€ OXJIKICHUS yIeIbHOe
ANIEKTPUYECKOE COMPOTUBICHHE BOABI OydeT ONM3KMM K HayalbHOMY, a B
YCIOBUSIX HHU3KOW HMHTEHCUBHOCTU OXJIQXICHHUS BOJbI OyAeT NpUOIMKATHCS K
BEJIMYMHE BXOAHOTO TOPOTOBOIO COMPOTUBIEHUS HM3MEPUTEIBHOTO YCTPOUCTBA.
OTO BBI3BIBAET HEOOXOJUMOCTh B YCTAHOBJICHMM WHTEHCHUBHOCTH OXJIQXKICHHS B
3aBHCHMOCTH OT Ha4yaJlbHOM TeMmmepaTypbl BOJbI U TPEOYyEeT BHICOKOH TOYHOCTHU

HACTPOUKH U3MEPUTEIBHOTO YCTPOUCTBA.



4. llpyHUUNbI padoThI JaTYMKA 3aMep3aHus TPYO

3Has (u3nUecKre CBOMCTBA BOJBI U JIbJa, YEIOBEK JaBHO HCIONb3YET UX B
CBOEH IIPAKTUYECKOM JedTeNbHOCTU. Tak, Hanpumep, WHOTAa IIPUMEHSAETCS
IPOKJIAJKa TOJIbIX OJJIEKTPUYECKUX IPOBOJOB MpPsIMO IO JIby, TaK Kak
JIEKTPOIIPOBOHOCTE CYXOrO JIbJla W CHera Becbma Mana. OHa BO MHOIO pa3
MEHBIIE DJIEKTPOIIPOBOJHOCTH BOAbL. lIpumecn OKa3bIBalOT 3HAYUTENBHOE
BJIUSHAE Ha  BJEKTPONPOBOAHOCTh  BOJAbI M  MOYTH HE  U3MEHSIOT
JIEKTPONPOBOJIHOCTH JIBJA. DJIEKTPONPOBOAHOCTh XUMHYECKH YUCTOW BOJBI
00yCIIOBJIEHa YaCTUYHOW AMCCOIMAIel MoyieKyibl Boabl Ha monsl H+ u OH- .
OCHOBHOE 3HAu€HWE [UIS DJEKTPONPOBOAHOCTH M BOABI M JIbJla HMEIOT
NIEPEMEILCHHUS VOHOB H+ («IpOTOHHBIE HEPECKOKU» ). Huskas
3IIEKTPONPOBOHOCTH BOJSHOTO JibJla 00YCIOBIIEHA TEM, YTO B OOBIYHBIX YCIOBHSIX
B HEM IIPAKTUYECKU HE COJEPIKUTCA HU CBOOOIHBIX HOCUTENEH 3apsia, HU aTOMOB,
KOTOpBIM HE XBaTaeT AJIEKTPOHA, T.H. «ABIPOK». BOT Ha 3TOM M OocHOBaHa paboTta
JaTYuKa 3aMep3aHus BOJBI.

Paboraer patuuk cinepyroumm oOpazom. Koraa B TpyOe Boja, TO Mexay
KOHTakTamMu 1 u 2 nporekaeT Tok. Kak TOJIBKO Ha MOBEPXHOCTH METAJlJIa BHYTPHU
JAaTYMKAa HAYHET TMOSBIATBCA IUICHKA JIbAAd, TaK CONPOTUBIEHUE MEXAY
KOHTaKTaMH BO3pacTeT Ha mopsiaku. Bece matuuk cpabortan! A nanblue yx Je10
aBTOMAaTUKH, @ OHA MOYKET MHOIO€ — IHILATh, 3BE€HETh, BKJIOYATh, BBIKIIFOUYATb.
Bce 3aBucuT OT TOro, 4ro HYXKHO Ji€laTh B KOHKPETHOM ciyyae, uyTo Obl HE

Pa3MOPO3HTH CHCTEMY.



4. 3aki04enune

B JlanHoil wuccrmenoBaTenabCKOM — paboTe  ObUTM  BBINOJHEHBI  BCE
MOCTaBJICHHBIC 3aa4H.

bbutn W3y4eHbl pa3nuyHble JATYUKA WX BHIBI, MPUHIMIEI PabOTHI U HX
BU/IbI, OBIJIO BBISICHEHO YTO IaTYMKH 3aHUMAIOT BaXKHYIO POJIb B HaIIeH )KU3HU.

bbutn mpoaHanu3MpoBaHbBl M HM3Y4YEHBI OCHOBHBIE OOJIACTH NPHUMEHEHUS
JTATYNKOB 3aMep3aHus TPYO.

bbutn  m3yuyeHsl BUABl AATYMKOB 3aMep3aHus TPy0 M HMX OCHOBHBIC
XapaKTePUCTHKH, OTIIMYHUS U MECTA YCTAaHOBKHU.

boun  BBISICHEHBI TPUHLUIBI PaOOTHl JATYMKOB 3aMep3aHus Tpyo B
3aBHCHMOCTH OT MX KJIacCU(UKAIUH.
B nanHoil uccnenoBatensckoil paboTe cTosia 1esib U3yYUTh MPUHLUI paObOThl U
NpUMEHEHHS JIaTYMKOB 3aMep3aHus TpyO, JlaHHas 11eIb NOJHOCTHIO BHITIOJIHEHA U

INOJIY4YCHBI HOBBIC 3HAHUSI.
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