DJieMeHThI ABTOMATHKH JIJIs1 MpUeMa
uHpopMalMHU (IATYMKH)

JlaTunKy SBISFOTCST OCHOBHBIMH JJIEMEHTAaMH aBTOMATHKH, TMPEIHA3HAYCHHBIMH IS
npuéma wuHOOpPMAIUU W TPEoOpa3yIONMMUA KOHTPOJMPYEMBIM WA  PETYIUPYEMBbIi
napaMerp B OoJjiee yHOOHYIO Uil JaJbHEMIIEro MCIHOJIb30BaHUS BeIW4yuHy. B
M3MEPUTEILHON  TEXHUKE  OTH  AJEMEHThl  4YacTO  Ha3blBAIOT  MEPBUYHBIMU
npeodpazoBarensiMu. OT BbIOOpa AaTYMKa BO MHOIOM 3aBUCUT TOYHOCTh U HAAEKHOCTh
paboTHI BCE aBTOMATHYECKOW CHCTEMBI B 1IETIOM.

Kak snemenmur aemomamuxu, NaTdyukd MOTYT KIACCU(UIMPOBATHCA MO PA3IUYHBIM
MoKa3areysiM, Hampumep, MO HA3HAYEHHUIO, T.€. IO XapakTepy BXOJHOM H3MepsieMOoi
BEJIMYMHBI, JIMOO MO MPUHIMIY IpeoOpa3zoBanud. Ho mydine Bcero paznuyarh JaTYUKUA 1O
XapaKTepy BbIXOJHOM BEIIMYMHBI, a [0 ITOMY IMOKA3aTe0 OHU ObIBAIOT:

— MEXaHUYECKHUE;

— TUJIPABIMYECKUE U THEBMATUUYECKHUE;

— DIIEKTPUYECKHUE.

[TocKOJIbKY OCHOBHBIM BHJIOM SHEpPruM, Kak OoJsiee JCIIEBOM U HCIOJIb3yeMOU B
COBPEMEHHBIX aBTOMATHYECKUX CUCTEMAaX, SIBIICTCS AJIEKTPUUYECKAst SHEPT U, OCTAHOBUMCS
Oojsiee MOAPOOHO HA 2JIEKMPUUECKUX OaAmMHUUKAX, KOTOpbIE MOAPA3ACIAIOTCS Ha JBE
OCHOBHBIE TPYIIIBL: RApamempuuecKue i 2eHepamopHble.

VY mapameTpuuecKux AATYMKOB IOJ] BO3JACHUCTBUEM BXOJHOW BEJIMYMHBI U3MEHSIOTCS MX
BHYTPEHHHME TMapaMETphbl, TaKUE KaK OJJIEKTPUUYECKOE COMPOTHUBJICHUE (AKTUBHOE WU
peaktuBHOE). {151 pabOTHI ATUX AATYUKOB HEOOXOAMMBI M COOTBETCTBYIOIIUE MUCTOYHUKU
MUTaHUS.

PabGoTta reHepaTOpHBIX JAaTYMKOB OCHOBaHA HAa HEMOCPEACTBEHHOM IpPeoOpa3OBaHUU
BXOJIHOM BEJIMYMHBI (B OOJBIIMHCTBE CIy4aeB HEDIEKTPUUYECKON) — B AIIEKTPUUECKYIO, U
OHM MOTYT HCIOJb30BAThCsI 0€3 MCTOYHWUKOB MHUTAHUS. BBIXOAHOW BEJIMYMHON TaKUX
JNATYUKOB SIBIIAETCS 3.0.C. WU BJEKTPUUYECKUN TOK, MPOTEKAKOUIUN IMOJ JECHCTBUEM 3TOMN
3.1.C.

2.1 Ilapamempuueckue oamuuku.

[TapameTpuueckre NaTYUKU MO MX YCTPONCTBY M MPHUHIUITY MPEOOpa3oBaHUs AEIATCA
Ha!

a) KOHTAKTHBIE;

0) peocTaTHsbIE;

B) TEH309YBCTBUTEIIHHBIC;

T') 3JIEKTPOJIUTUYECKHE;

1) TEPMOCOIIPOTUBIICHHS;

€) EMKOCTHBIE;

) UHIYKTUBHBIC;

1) MarHUTOYTIPYTHE U MAarHUTOCTPUKITHOHHBIE;

K) UOHU3AILIMOHHBIE.

[Tpunuun paGoOThl KOHMAKMHBIX  OAmMYUKO8 OCHOBAaH Ha IpeoOpa3oBaHUU
MEXaHUYECKUX TIEPEMEIICHUI (JIMHEWHBIX WM YTJIOBBIX) B AJIEKTPUUECKHUN CUTHAN MyTEM
MOJKIIIOUEHUST WJIM OTKIJIIOUEHUS HCTOYHMKOB IMHTaHUSA K BTOpUYHOW Ienu (puc. 2.1).
[IpuyemM BXOIHBIM TApPaMETPOM H300PAKEHHBIX JaTYMKOB SIBJIIICTCS B OJHOM CiIydae
MEeXaHW4YeCKas Harpy3Ka, a B IPyroM — TeMIiepaTypa.

HauOosnbmiee mnpuMEHEHWE KOHTAKTHBIC MJAaTYMKH HAILIM B KA4eCTBE KOHCYHBIX
BBIKJTIOUATEJICH, U OHM SIBIIAIOTCS THUITMYHBIMHU TPEJACTABUTEISAMHU PEJICHHBIX JJIEMEHTOB,

T.K. UX BBIXOAHOC COIMPOTHUBJIICHUEC MOXCT IPUHUMATDb TOJIBKO JIBa 3HAYCHMUA: 0 mm oo.
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Puc. 2.1. KoHTakTHBIE TaTYNKU:
1 — npyxuHa, 2 — KOHTaKTHas rpynna, 3 — OuMeTajuIM4ecKas iacThuHa

OCHOBHBIM HEIOCTATKOM KOHTAKTHBIX JATYMKOB SBISICTCS MX HHU3Kas HAJACKHOCTH, T.K.
TP 3aMBIKAHUH WJIA PAa3MBIKAHUHM KOHTAKTOB TOSBIISICTCS JICKTPUIECKas a1yra (MCKpa), u3-
3a KOTOPO# COKpaIIaeTcs CPOK CIy>KObI KOHTAKTOB 3a CUET X OKUCIICHHUS U Pa3pylLICHUs, U
MPU ATOM CO3MAETCS BBICOKHH YPOBEHBb JJICKTPOMATHUTHBIX ToMmeX. [ HMCKIToueHus
TAKOro SIBJICHUS TPUMEHSIOT pa3JIMYHbIE METOJbl TallICHUS AJIEKTPUUECKOW [yTH,
UCIIOJIB3Ysl CHEIUATbHBIE CXEMbI U COOTBETCTBYIOIINE KOHCTPYKIIMM CAMUX KOHTAKTOB.

Peocmammuvie (nomenyuomempuueckue) oamyuku (puc.2.2), KOHCTPYKTHUBHO
BBITIOJIHEHHBIE TIOJIOOHO peocTaTam, Mpeodpa3yroT JMHEWHbIE WM YIJIOBBIE TEpEMEIICHUS
JIBMKKA peocTara B JIIEKTPUUECKOE HANpPsHDKEHUE IMyTEM HM3MEHEHHsSI €ro BBIXOJIHOTO
COTPOTHUBJICHUS.
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Puc. 2.2. PeocTaTHble JaTYUKU: a — TUHEHHBIN; O — TOPPOUTATHHBIN

B KOHCTpyKLMH peocTaToB MCHOJB3YIOTCS JUOO JHHEHHblE (OpPMBI KapKacoB
(puc. 2.2, a), nnas KOTOPBIX BXOJHAs BEIIMYMHA X, — JIMHEHHOE TEpPEMEIICHHE, MO0 —
Toppouganbhbie (puc. 2.2, 6), y KOTOPBIX BXOJHAs BEIMYHHA X, — YTJIOBOE MEPEMEIICHUE
IBUXKKa peoctata. OOMOTKM MPOBOJOYHBIX PEOCTATOB BBINOMHSIOTCA M3 HUXpOMa WIIU
CHEIHMATbHBIX CIUIABOB C  BBICOKAM BHYTPEHHHUM  COMPOTHBICHHEM W  MajbIM
TEMIIEpaTypHbIM  KOA(P(UIIMEHTOM CONPOTUBIEHUSA. B HEKOTOpBIX Ciy4asX BMECTO
O0OMOTKH HUCTIONB3YETCS TpaUTOBOE MOKPHITHE.

OO0s3aTeNnbHBIM  YCIIOBUEM HCIIOJIB30BAHUS OSTUX JATYMKOB SIBJISIETCS BBINOJIHEHUE
cooTHoIIEeHHs R,>>R, T.€. BXOJHOE CONPOTHUBIICHUE 3JIEMEHTOB, KOTOPBIE MOJKIIOYAIOTCS K
JaTYUKY, JOJDKHO OBITh 3HAUMTEIBHO OOJbIIE COMPOTHBIICHHS pPEOCTaTa, B IMPOTUBHOM
clly4ae JIMHEHHOCTh CTATHYECKON XapaKTePUCTUKY JIaTuuKa Hapymaercs (puc. 2.3).



Ha puc. 2.4 npencrasiena cxema nudpepeHnnansHOTO peOCTaTHOTO AaT4rKa, KOTOPHIH,
KpOME JTOr0, pearupyeT Ha TMOJIIPHOCTh BXOJHOTO BO3JICWUCTBHS, T.€. HANPABIICHUE
NepeMeNIeHHsI TBUKKA peocTara (BBEpPX WM BHU3 OTHOCHTEIHHO CpEIHEH TOYKH OOMOTKU

peocTarta).
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Puc. 2.3 Crarudeckue XxapaKTepUCTHKH Puc. 2.4 Cxema nuddepeHmanbHOro
TaTuuKoB: 1 — nmuHEelHas; 2 — HeJTMHEeWHAs PEOCTaTHOIO JaT4YrKa

[Tutanue peocTaTHBIX JAaTYMKOB MOXKET OCYIIECTBISITECS OT MCTOYHHKOB Kak
MOCTOSTHHOTO, TaK ¥ MEPEMEHHOr0 Toka. PeocTaTHble MaTYMKU HAIUTA JOBOJIBHO IIMPOKOE
PUMEHEHNE, HECMOTPS Ha HaJU4YMEe B UX KOHCTPYKIIMH MEXaHUYECKOTO U AJIEKTPUUECKOIO
KOHTakTa MEXIYy JBHKKOM peocTata M €ero OOMOTKOM, HECKOJbKO CHH)KAIOILEro
HaJEKHOCTb pabOThI TAKOTO JIaTYMKA.

Tenzouyecmeumenvhvle O0amyuku — 35TO DIEMEHTbl, OCHOBAaHHbIE Ha H3MEHEHUH
AJIEKTPUYECKOTO CONPOTHBIICHUS MPOBOJHUKOB M IOJIYIPOBOJAHUKOBBIX MAaTE€pPHAIIOB IpU
HaJIMYUU B HUX AeQOpMaliy B Npeaesax ynpyrocTH.

[TpuHIMT ASHCTBHS MPOBOJIOYHBIX TaTYMKOB MOHSATEH U3 PUCYHKA 2.5, a.

B kauecTBe Takux JaTYMKOB HauOOJbIIIEEe MTPUMEHEHNE HAIILITH:

— TIPOBOJIOYHBIE, YyBCTBUTEIBHBIN 3JIEMEHT KOTOPBIX U3TOTOBJICH U3 CIUIABOB C BHICOKHM
YAETBHBIM JJIEKTPUYECKUM COMIPOTUBICHUEM, TAKUX KAK MAHSAHUH, HUXPOM, KOHCINAHMAH,

— YTOJIbHBIE WU TPAQUTOBBIE (MEH30aUm, NPeccy201bHbli NOPOULOK)

— nostynpoBogHEKOBEIE (PDS).

JUis mpakTUYecKuX Iejied HCHOJB3YIOT CHEHUANbHYI0 KOHCTPYKLHIO IPOBOJIOYHBIX
natunkoB (puc. 2.5,0), rae TOHKas MaHraHuHoOBas mpoBooka 3 (0,005 wmwm)
YKJIaJIbIBAETCS CHEIMATbHBIM 00pa3oM Ha TOHKWN HM3OJSIMOHHBIN MaTepuan 2 (Oymara,
MIEHKA), C TMOMOIIBI0 KOTOPOTO JATYMK KPEemHUTCs (TMPUKICHBACTCS) Ha HCCIEIyEeMYIO
KOHCTPYKIMIO WIH AeTalb 1, 4ToOBl AedopManus A€Tald MOJHOCTHIO BOCHPUHUMAJIACH
YyBCTBUTEIHHBIM JIEMEHTOM JaT4yrka. KOHI[bI MAaHTaHWHOBOW MPOBOJIOKU MPUBAPUBAIOT K
MEIHBIM BBIBOAAM 4 i JMajdbHEHIEro MOAKIIOYEHHUs [aTYhKa K HW3MEPUTEIbHBIM

YCTPOMCTBAM.
[Tpu npunoXKeHNH MEXaHUYECKOW HArpy3Ku MPOUCXOAUT eopMaliys UyBCTBUTEIBHOTO
JJIEMEHTa JaTdyuKa — IIPOBOJIOKM M TIPU 3TOM M3MEHSETCS €€ JIIEKTPUYECKOe

/

COIIPOTUBJICHUC R :pg 3a CUC€T MHU3MCHCHUA OJIMHBI W CCUCHMUI. CraTnueckas

XapaKTEPUCTHKA JaTYMKa (3aBUCHMOCTh OTHOCHTEILHOTO WM3MEHCHHUS COMPOTHBICHUS
JYBCTBUTEIHFHOTO AJIEMEHTAa OT €r0 OTHOCHUTEIBHOU AchopManuu B Mpeeiiax yIpyrocTH)
SBJISIETCS IMHEWHOMU (puc. 2.5, B).
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Puc. 2.5. TenzomeTpuuecKue TaTYMKH: a — IPUHIUI IEUCTBUS; O — yCTPOICTBO;
B — 3ABUCHMOCTb OTHOCHUTEJIBHOTO U3MEHEHUS COITPOTUBIIEHNS YyBCTBUTEILHOTO
3JIEMEHTA OT €r0 OTHOCUTEIBHOM edopMaliiu

qYBCTBI/ITeJ'II)HOCTB IMPOBOJIOYHOI'0 AaT4uvKa, OIpcAaciisiCcMass HAKJIOHOM CTaTUYECKOM

sy
k=tgag=—2R=2.3
XapaKTEPUCTUKU, HEBBICOKA U COCTABJISIET Ja A V T

v

Ha puc. 2.6 mnpencraBieHa KOHCTPYKIMS YroJIbHOTO CTOJOHMKa (mpeoOpa3zoBaTess
JIABJICHUS) M €T0 CTaTUYeCKasi XapaKTepUCTUKA.

a) P 0) R

1 — memann.
2 2 — epaghum.

VA ASSSSSISIY.

Puc. 2.6. YToabpHBIi JaTYMK JaBICHUS: a — YCTPOUCTBO; O — cTaTnyecKas
XapaKTEepUCTUKA

Pabota sToro marumka ocHoBaHa Ha TOM, YTO MPH JEHCTBUM MEXaHUYECKON HArpPy3KU —
P (cxaTuM) KOHTAKTHOE COMPOTHUBIICHUE MEXKIY YacTUIIAMH TpaUTOBBIX TAOJIETOK 2 U
MEXIy caMUMH TaOJeTKaMH B CTOJOMKE yMeHbIIaeTca. YyBCTBUTETHLHOCTH MOAOOHBIX
JATYMKOB B JIECATKH pa3 BbBIIIE, YE€M Yy MPOBOJOYHBIX, a B CcCllydae MPUMEHEHUS
MOJIYTTPOBOTHUKOBBIX MaTepuanoB (PhS) — naxe B coTHH pas.

OCHOBHBIM HEJIOCTaTKOM BCEX PACCMOTPCHHBIX TEH30JAaTUYHUKOB SIBJISCTCS HAJTUYHC
TEMITIEpaTypHOH IOTPENTHOCTH, JJI KOMIICHCAIMH KOTOPOW MPUMEHSIFOTCS CICIHAIbHBIC
METOJIbI, PACCMOTPEHHBIE BO BTOPOM YacTH ydeOHOro mocoOusi B pazaene «CHCTEeMBI
aBTOMATUYECKOTO KOHTPOJIIS.

TeH304yBCTBUTENBHBIC JAaTYUKH IMAPOKO TPHUMEHSIOTCS I HM3MEPCHHUS  CHJI,
YCKOpEHHH, AehopMaIiii ¥ BRI3BAHHBIX HMH MEXaHUYCCKUX HAIPSKEHUN B CTPOUTEITBHBIX
KOHCTPYKITUSX, a TaK)Ke JUIS IPYTUX IeJieH, CBSI3aHHbIX ¢ AedopManuei (B 4aCTHOCTH, MPH
WCCJICIOBAaHUM B3aMMOJICUCTBHS KEJIE3HOJOPOKHOTO IyTH U TIOJBIKHOTO COCTaBa,
0COOEHHO MPHU OOJIBIITNX OCEBBIX HATPY3KaX).



B anekmponumuueckux oOamuukax WCTONb3YyETCS

/2 3aBUCHUMOCTH 3JIEKTPOIPOBOIHOCTU SJEKTPOIUTOB OT €ro
1 cocraBa (KOHLEHTpAIMU) U TEOMETPUUYECKUX TapaMETPOB

] \/ JaTYMUKa.

Nl—)]T T T _EX] DIIEKTPONPOBOAHOCTL MPOCTON  DIEKTPOTUTUUECKON
- - 3 . S
:% __ i 2 " sueiiku (puc. 2.7) onpenensercs BBIPAKECHUEM (= x
I~ — — — e

~ 2 - - P~ T.€. 3aBUCUT OT YAEILHOM JIIEKTPONPOBOAHOCTH PACTBOPA
\\\,44_“_“_ T 7, IUIOWIAM DIEKTPOIOB S, HAXOMAIIMXCA B PACTBOPE, U
D e pPacCTOSIHUSI @ MEXKIYy HHUMH, TPH 3TOM BXOJHOMN

BEJIMYMHOM TaKOro JaTdyhKka MOXET OBbITh JII0OOW U3
NEePEUUCIICHHBIX MTapaMeTPOB.

Prc. 2.7. DnekTpomMTHIecKult TATIMK  Jig  pCKITIOYCHMS  SBJICHHS OJIEKTPOJIH3a I[THTAHHE
ANEKTPOTUTUUECKUX JATYMKOB MPEANOUYTUTEIBHO OCYIIECTBISATh IMEPEMEHHBIM TOKOM
au3koi yactotsl (f = 50...300 I'm)

DNEKTPOJIMTUYECKHUE TaTYUKU MPUMEHSIIOTCSI B KAUECTBE COJIEHOMEPOE NSl OTIpe/ICTICHUS
KOJIMUYECTBA COJIEH B BOJIOHATPEBATEIBHBIX YCTAHOBKAX, B U3MEPUTENIAX KHCIOTHOCTH (pH-
Mempax), B YCTPOWCTBaX OYMCTKH BOJIbI JUJISI CHUCTEM BOJIOCHAOKEHHMS, B ypOBHEMEpPAX
MPUEMHBIX PE3EPBYapOB CHUCTEM BOJOOTBEICHHUS, JUISI MU3MEPEHUSI BIAKHOCTH BO3IyXa, a
Tak)Ke BJIAKHOCTH HEOJHOPOJHBIX Cpel (CHIMyYHX CTPOHUTENHHBIX MarepuayoB). Kpome
ATOrO, WCIHOJB3YS AIEKTPOMPOBOJHOCTh BOJbI, OHM B KAaueCTBE KOHTAKTHBIX JaTUYUKOB
MPUMEHSIOTCS U1 KOHTPOJISl YPOBHS TPYHTOBBIX BOJ| B CTPOUTENBHBIX KOTIOBaHAX IS
CBOECBPEMEHHOM OTKAYKH M3 HUX TPYHTOBBIX BO/I.

Ha puc. 2.8 npeacraBieHo ycTpOWCTBO XJIOPUCTO-TUTHEBOrO JaT4MKa JJISI U3MEPEHUS
BJIIAXKHOCTH BO3[yXa, B KOTOPOM 3a cu€T HachlieHus Biaarod comu LICl (3a cueT Bbicokoi
TUTPOCKOIIMYHOCTH) MeHsieTcs: €€ mpoBoAuMOCTb. CoJib HAHOCUTCS Ha HM3O0JIALIMOHHYIO
IUTACTUHKY MEXAY 3JIEKTPOJAMM JaT4yMKa, a MO BEJIMYMHE MPOTEKAIOUIEr0 MO HEW TOKa
MO>KHO OIPENEATh U3MEPSEMBII MapaMeTp — BIaXKHOCTb OKPY KArOIIe Cpeibl.

1 — uzonayuonnas ocrnosa
2 — 271eKmpoobl
—1 3 — xnopucmoiil umuii

—

& Jea)
Puc. 2.8. XJ10puCTO-TUTUEBBINA TaTYUK

PaGota  mepmoconpomuenenuii  ocHOBaHa  Ha  3aBUCUMOCTH  BHYTPEHHETO
CONPOTHUBJIEHUSI TMPOBOJHUKOB (METAJUIOB) W MOJYNPOBOJHUKOBBIX MaTEpPUATIOB OT
TeMrepaTyphl, MpUYeM ISl METAJVIOB CTaTUYeCKas XapakTepUCTUKa aartduka (puc. 2.9) B
IIMPOKOM JIMarna3oHe TemiepaTryp — JuHelHa (puc. 2.9, npsimas 1) W onuchiBaeTcs

BEIpaXKeHHEM R, = R0[1+ a, (t1_to )], TJI€ ¢ — TeMnepaTypHbld KOAOUIIHMEHT W3MEHEHUS
COITPOTHUBIICHUS METaJLIA.



B kauectBe Marcpuajga IHIpOBOAHWKOB B

R | TEPMOCOTIPOTUBIICHUSAX  HCIIOJIb3YIOT  YHCTHIC
AN METaJUIbl, Ui KOTOPHIX BEIWYMHA ¢ OoJiblie,
N . yeM JUIsl  pa3iMyYHbIX CIUIAaBOB. 3HAYCHHE
“ 1 TEMIEPATYPHOTO KO3(pPHUIMEHTa AN TaKuX

Ro / META/UIOB  cocTaBmsieT o = (3,7...6,5)x10°
/ ~ 5 (epa0™). Tak 11 MeOH, ACCOPTHMEHT
~

BBIITYCKAEMbIX MPOBOJHUKOB KOTOPON HamboJiee
mupok, o=4,3x10° (2pad™), T.e. u3MeHeHue
ol {© ¢ TeMmuepatypel Ha 10° BBI3BIBAET HM3MEHEHHE
CONPOTHUBJIEHUSI METHOW MPOBOJIOKHU Ha 4,3%.
Puic. 2.9. TeMIepaTypHbIe XapaKTepHCTHKIL: UyBCTBUTEIBHOCTh TEPMOCONPOTUBIICHUI Ha
1 — MeTaJuIoB; 2 — MOJIYIPOBOJHUKOB OCHOBE  IOJYNPOBOJHHUKOBBIX  MAaTepUaIOB
3HAQUUTENBHO BBIIE, YEM I METauIOB, HO
CTaTUYeCKasi XapaKTepUCTHKAa WX HenuHeWHas (puc.2.9, kpuBas 2), MO3TOMY OHHU
MPUMEHSIOTCS TOJIBKO B HEOONBIIOM [JMAala30He W3MEHEHHsS TeMIepaTyphl, TIe
HEJIMHEHHOCTBIO XapaKTEPUCTUKU MOXXHO IpeHeOpeub. Kpome storo, mepmucmopul, xak
MX 4aCTO Ha3bIBAIOT, pa0OTOCIIOCOOHBI TOIBKO B Uana3zoHe Temmneparyp ot —20 go +120°C,
IIO3TOMY HX IMPAKTUYECKOE IMPUMEHEHHUE JOIYCTHUMO JHIIb B YCIOBUAX OKpYXKaroleh
yenoBeka  cpeapl.  Hampumep, OHM  IIMPOKO  MCHOJNB3YIOTCS B IU(POBBIX
MOJIYITPOBOJTHUKOBBIX MEJMIIMHCKUX TEPMOMETpPaX U BO MHOTHX IMPUOOpPax, B KOTOPBIX
HEO0OXO0MMO MOAJEPKUBATH TPEOYyEMYIO TEMIIEPATYpYy.
Meramueckue TEpMOCOIPOTHUBIICHHS BCIEACTBUE MX KOHCTPYKTUBHOTO HCITOJHEHHS
(puc. 2.10) wuMeT JOCTaTOYHO BBICOKYID HMHEPUHOHHOCTb, YTO SBISIETCA HX
CYILLIECTBEHHBIM HEJJOCTATKOM.

i A
kf 1 1. memannuueckas mpyoka,
§"~x2 2. U30NAYUOHHASL OCHOBA,
ﬁh 3 3. 4y8CMBUMENbHBIUL dNeMeHM (MEeMANIUYECKas NPOBOJIOKA),;
g 4. 3aenywika;
5. 6b160001;

6. cepebpsinbie 3adcumbl, obecneuusarouue Hauryyuyio

@
@1 menjionepeoayy K 4y8CmeUumenbHOM) dNeMeHN).

Puc. 2.10. Metaiumnueckoe TepMOCONPOTUBIICHHE

B kayecTBe HAaTYMKOB METAINIMYECKHE TEPMOCOMPOTHUBIIECHUS HAIUIM IMPAKTUYECKOE
MpUMEHEHHWE B JIBYX peXuMax ux paboTel. [lepBblii — 3TO peXuM, MPU KOTOPOM
TeMmreparypa AaTidKa ONPEAeNSIeTCS OKPYKAIOUMMHU YCIOBUSMH U TPUMEHSIETCS B
TEPMOMETPAX U MICUXPOMETPaX (M3MEPUTENSAX BIAKHOCTH BO3/IyXa).

Bropoii pexuM — pexuM HarpeBa JaTdydKa CXEMHBIM TOKOM, MPU KOTOPOM €ro
TeMmIrepaTrypa OINpeNeNseTcsl YCIOBUSAMM TEIUIOOTAaud. B 3ToM pexume uepe3
YYBCTBUTEJILHBIN 3JIEMEHT JaTYMKa — MPOBOJIOKY MPOMYCKAETCS TOK, KOTOPHIA HarpeBaeT
e€ no temmeparypsl t = 750...200 <C. Ilpu 5TOM OTBOJ BBIJIECJICHHOTO TeIJla 3aBUCUT OT
cpempl, B  KOTOpoW  Haxoautcs  mpoBojioka.  [logoOHBINN  pexum  pabOThI
TEPMOCOINPOTHBJICHUI Hallle]d TMPUMEHEHHEe B TaKWX MNpubopax Kak aHEMOMETPHI
(M3MEpUTENH CKOPOCTH BO3IYIIHBIX IMOTOKOB), BaKyyMMETpPhl W Ta30aHAIA3aTOPbI, HO



KOHCTPYKTUBHBIE ~ OCOOCHHOCTH  WCIIOJIHEHHMsSI OTHUX  JIATYUKOB  OTJIMYAIOTCS  OT
PACCMOTPEHHBIX BBIIIIE.

Emkocmuble Oamuyuku KOHCTPYKTUBHO TIPEACTABISIOT COOOM  AIEKTPUYECKHUI
KoHJieHcatop (puc. 2.11, a).

a)

aV_Mm/

Puc. 2.11. EMKOCTHBIC TaTUUKU: a — YCTPOUCTBO; O — MPUHILIMI ICHUCTBUS

S

EMKOCTB KOHICHCATOpa C=¢ ; OIIpCACIIACTCA TPCMA IIapaMCTpaMH: INIOITAAbIO

MEPEKPBITUS TJIACTUH S, PACCTOSHUEM MEXIYy HUMU @ U BEITUYMHOM JUAIICKTPUUYECKOU
IIPOHULIAEMOCTH HCIIOJIB3YEMOTO JHUAJICKTPUKA &, HAXOMALIEroCs MEXAY IUIACTUHAMMU.
BxoaHol BeTMUMHON TaKOTo AaTYMKa MOXKET OBITh JIFO0O0M U3 MEPEUNCICHHBIX TapaMeTPOB,

1

a BBIXOJHOW BEJMYMHOW — €r0 PEaKTUBHOE (EMKOCTHOE) CONpOTHBJeHHE Xc = oA4C + A

ONpeaeNeHUs] KOTOPOr0 HEOOXOAMM HWCTOYHHK NHUTAHHUS TEPEMEHHOIO TOKa BBICOKOU
YacTOTBHI.

DT0 O0OBACHAETCA TEM, YTO BEJIMYWHA X, NMpH nutaHuu gatumka oT cetu (f =50 I'm)
COM3MEpUMa C COINPOTHBJICHHEM H30JLMM W COCTAaBISET MNpPU EMKOCTH JaT4yHKa
100...150 n® OGonee 100 MOM. IlosTOMYy, HECMOTpSs HA MAKCUMAJbHYIO MPOCTOTY
KOHCTPYKIUHU U 0€3bIHEPIUOHHOCTD 1aTYUKA, IPUMEHEHHUE €r0 CBA3aHO C UCIOJIb30BAaHUEM
CIIOKHOW ammaparypbl, paboraromieii B obmactu paguouactor (f=1...10 MI'a), a sto
BBICOKOUYACTOTHBIE MOCTOBBIE CXEMBI M pE30HAHCHBIE ycunuTenu. Ho Bce ke, HecMoTpsl Ha
3TO, €EMKOCTHBIC JAaTYMKH HAIUIA MPaKTHUYECKOEe MPUMEHEHHE BO Biaromepax (&= var),
ypoBHeMepax U B yriaomepax (S = var) (puc. 2.11, 0), a Takke B €eMKOCTHBIX MAHOMETpaXxX M
mukpodoHax (a = var).

Hnoykmuensle damyuku SIBISIIOTCS IPYTOMl Pa3HOBUIHOCTBHIO PEAKTUBHBIX 3JIEMEHTOB.
BrIxomHON BEMWYMHOW WX SBISETCS WHIYKTUBHOCTH M WHAYKTHBHOE COTPOTHBIICHUE

X, =27fL,  3Hadenme  KOTOpPOro  Ompeensercs

U3MepseMOn HEDJICKTPUUECKOU BEJIMYUHOM.

W KOHCTpYKTHBHO MHAYKTUBHBIE JATYUKW MPEICTABISIOT
e coboit KaTYyIIKy WHIYKTUBHOCTU C (HEpPOMArHUTHBIM

o W o W a1
\/ ,\,\ A /_ CEpAECYHUKOM (MAarHUTONPOBOIOM) M  IOJBUXKHBIM
M " v v v SKOpEeM, SBILFOIIMMCS YacThIO 3TOTO MarHUTOIIPOBOAA
\
/

o (puc. 2.12).

! BenuuvHa WMHAYKTUBHOCTH JaTYMKA OIPEAEIIACTCS

2
~ _ - ‘l "
BBIPA)KCHUEM L:_, rie W — KOJMYECTBO BHUTKOB

R

M
X KaTylku, a R, — MarHuTHOE COINPOTHUBIICHHE
MarHuToOnpoBoAa (CepJIeYHHKa W BO3AYLIHOTO 3a30pa),

Puc. 2.12. YcTpoiicTBO HHIYKTUBHOTO
JlaT4yrKa



17, 126
OIpe/IeIsIeMOe COTIACHO BhIpaXkeHno R, =— < +———

HS S
3mech 4 — MarHWTHas MPOHUIIAEMOCTh Marepualia CepIevYHUKAa; Ly — MAarHUTHas
NPOHHIIAEMOCTh  BO3AYIIHOTO 3a30opa; |, — cpemHsis JuiMHA MarHUTHOM Iiend
(beppOMarHuTHOIO CEpACYHUKA; O — BEJIMYMHA BO3IYIIHOTO 3a30pa; S — IUIOMAdb

MONEPEYHOT0 CEYEHUS CepJICUHUKA.

NHIyKTUBHOCTh TMPEICTABICHHOTO HAa PUCYHKE JaTdWKa OyaeT M3MEHSATHCS 3a CYET
nepeMenieHus x skops (S = var). B 3aBHCHMOCTH OT KOHCTPYKIIUU CEpACUYHUKA 3TO MOTYT
OBITH HE TOJIEKO JTUHEHHBIC, HO M YTJIOBBIC TIEPEMEIIICHMS.

JIOCTOMHCTBOM HMHJIYKTUBHBIX JATUUKOB SIBJISIETCS MMPOCTOTA KOHCTPYKILIHUH, HA/IC)KHOCTh
¥ BO3MOKHOCTH ITUTaHUS HEIOCPEICTBEHHO OT ceth nepeMenHoro toka (f =50 I'm). Ho, B
OTJINYUE OT EMKOCTHBIX JaTYMKOB, MX CYIIECTBEHHBIM HEAOCTaTOK — 0oJiee BbICOKAs
NOTPEIIHOCTh M Majasi TOYHOCTh M3-3a2 HEJIMHEHHOCTH CTAaTHYECKON XapaKTEePUCTHKHU
ceplieyHuKa (KpUBOM HAMAarHUYMBaHU).

NHayKTUBHBIE NAaTYUKU IIMPOKO MPUMEHSIOTCS B

1 2 3 YCTPONCTBAX aBTOMATHKHU ISl U3MEPEHUS OOBIINX U

MaJbIX TepeMelIeHu (JJUMHEHHBIX M YTJOBBIX), B
MaHOMETpax, IUHAMOMETpAx, TOPCUOMETpPax
L, L, (M3MEpUTENSIX MOMEHTOB), YPOBHEMEPAX, & TAKKE JIS
KOHTPOJISI ~ HEMarHUTHBIX  TOKPBITUN  CTAJIbHBIX
KOHCTPYKIIUH. Haunbonee YYBCTBUTEJIbHBI
nuddepeHranbHbIe WHYKTUBHBIE TATYUKH,
X COCTOSIIIME W3  JBYX  OJIMHAKOBBIX  KAaTYIIEK,
Puc. 2.13. JTudbdepeHnmansHerii COCAMHEHHBIX  TOCJEeJI0BATEIBHO, u  obmero
VHIyKTUBHBIN JaTYHK MOJABMIKHOTO cepaeuHuka (puc. 2.13), mo3BoJIsonme
ONpPENENIATh HE TOJBKO BEIUYMHY MEPEMEIICHUS

CEpJIEYHUKA, HO U €T0 MOJISIPHOCTH (HAIPaBJICHUE TIEPEMEIIICHHUS ).

Maznumoynpyzue Oamuuku KOHCTPYKTHBHO SIBJISIFOTCSI TOXE  UHIYKTUBHBIMU
anemeHTamu  (puc.2.14), HO B HHX W3MEHEHHE WHIYKTUBHOCTU OOYCJIOBJIEHO
onpenenEHHbIM CBONCTBOM (PEPPOMATHUTHBIX MATEPUAJIOB IPU BO3ACHCTBUU HA HUX
MexaHu4eckux ycuiui. Jledopmarus cepieyHMKa M3 TAKOro maTepuaia B pe3yJbTaTe
NEUCTBUSL DTUX YCWIMH MNPUBOAUT K U3MEHEHHUIO €r0 MAarHUTHOW MPOHUIIAEMOCTU A, a,
CJI€A0BATEIbHO, U BETUYMHBI MATHUTHOTO COMTPOTUBIICHUS.

K P ) : 3
! /
b
qa | A
D
C—-—‘"_—_' 1 — anemenm koncmpykyuu (Oemainv)
2 — nepmasniot
&
3 — oomomka

Puc. 2.14. Marautoynpyrue A1aT4YUKH: a — JJIs1 U3MEPEHUST YCUIIHIA;
0 — 1151 u3MepeHus aedopMaivii 1 MEXaHUYeCKUX HaNpsHKEHUN



Maruuroynpyrue JTATYUKHU o CBOEMY MIPUMEHEHUIO aHAJIOTUYHBI
TEH304YBCTBUTEJIbHBIM JaTYMKaM, T.€. OHM TaK)KE€ MOTYT HCIOJb30BaThCS JJIsl U3MEPEHUS
ycunuit (puc. 2.14, a), nepopmanuii M BBI3BAHHBIX UMHU MEXAHUYECKHUX HAMPSKCHUN
(puc. 2.14, 6). B kaudectBe Marepuanga CEPJACUYHHMKOB B HUX HCIIOIb3YETCS IMEPMaJLIOHN,
oOnafaroMii BBICOKMM 3HaYE€HUEM MAarHUTHOW MPOHUIIAEMOCTHU L.

B maznumocmpukyuonnsix npeoOpa3zoBaTeNsX HCIOJB3YETCsI OOpaTHOE CBOMCTBO
(beppOMarHUTHBIX MaTEPHAIOB — W3MEHATh CBOM TE€OMETPUYECKHE pa3Mephl TI0J
BO3/ICIICTBUEM BHEIIHMX MarHuTHBIX moJjed. [IpakTuyeckoe mnpuMeHeHue o00e
PA3HOBUHOCTH 3THX JATYMKOB MOJYYUIIM B KA4yECTBE YJIbTPA3BYKOBBIX aKyCTHYECKHUX
u3llyyaTelell W TOPUEMHHUKOB IIPU KOHTPOJE MEXAHWYECKUX CBOMCTB Pa3JIMYHBIX
CTPOUTENBHBIX MATEPUAIIOB U KOHCTPYKIUH.

[lpuHiun ~ paboOTbl  WOHU3AUUOHHBIX  OAMYUKOE  OCHOBAaH Ha  W3MEHEHUU
AJIIEKTPOINPOBOIHOCTH Ta30B M JKUJKOCTEH TPU BO3ACHCTBMM HA HUX OOJIydeHUS
(ynpTpaduosieToBOro, PpPEHTIEHOBCKOTO WJIM TramMMa-usilydeHus). Takue JaT4uKu
UCIIONB3YIOTCS ISl OIPEACIICHUS NTapAaMETPOB 3TUX W3JIIYYEHUU U KOHKPETHBIM MPUMEPOM
OpPUMEHEHUs! TMOJOOHBIX JaTYMKOB MOTYT CIYXHUTh pPagdOMETpbl — TPHOOPHI s
M3MepeHus ypoBHS paauanuu (cuetuuku ['eitrepa). Kpome 3Toro, s usMepeHus: O4eHb
HU3KMX 3Ha4YeHUM paBiaeHus Bo3ayxa (mo 1 mlla) 3Tu gaT4vku TPUMEHSIIOTCS B
MOHUBAIMOHHBIX ~ BaKyyMMETpaX, B KOTOPbIX HWHTEHCHUBHOCTh HOHM3AllMM  Ta3a
MPOMOPUHAOHAIBHA U3MEPSIEMOMY JABJICHUIO.

AnemeHmbl cucmem asmomamuku. FeHepamopHbie Gam4yukKu

['eneparopHble NaTYMKU, MpeAHA3HAYEHHBIE I MPEeoOpa3oBaHUSI HEIIEKTPUUCCKUX
BEJIMYMH HEMOCPEACTBEHHO B JJICKTPUUYECKYIO AKTHBHYIO BEJIMYMHY, TaKyl0 Kak 3.1.C.,
HaIPsHKEHUE WIIA TOK, JCIIATCS Ha:

a) GOTORIICKTPUIECKUE;

0) TEPMODIJIEKTPUUECKHUE;

B) MbE30AJICKTPUUYECKHUE;

I') UHIYKIHOHHBIE;

1) TaIbBaHUYECKHUE;

€) naTuyuku XoJua.

Pabota ¢homornekmpuueckux oamuuxkoe ocHoBaHa Ha sBieHUM GoTodPdekTa,
KOTOPBIN OBIBAET TPEX BUJOB: HEUIHUIl, 6HympeHHUI U 6eHmuabHblil. DotodddhekT —
ATO TIOSIBJICHUE CBOOOJIHBIX JIEKTPOHOB B HEKOTOPHIX MaTepHaliax MpPU BO3JACHCTBUHU HA
HUX (GOTOHOB cBeTa. SABneHue GoroddPdexra U ero TeopeTUIecKkoe 0O0OCHOBaHHUE OBLIO
nano B 1888 romy poccuiickum yueHsiM, mpod. A.I'. CtoneroBeiM. Eciin ocBoGoauBITIHECS
MO/ BO3CHCTBHEM CBETa JJICKTPOHBI OCTAIOTCS B BEIIECTBE, M3MCHSSI MPH 3TOM €ro
AIEKTPONPOBOAHOCTh, TO (HOTOA(DPEKT Ha3bIBACTCS G6HYyMpPeHHUM U HAa HEM OCHOBaHA
pabota Bcex (QoTope3ucTopoB. Ecim Takue -HIEKTPOHBI MOKUIAIOT BEIIECTBO, TO
boToapdext HaszbiBaeTcs emewtnum. Ha >TOM mnpuHuuie padOTalOT BaKyyMHbIE U
ra30HaIOJIHCHHbBIE ()OTORJIEMEHTHI U (DOTOYMHOXKHUTEITH.

CrnenyeT 3aMeTUTb, YTO sl paObOTHI NMEPEUUCIECHHBIX TaTYUKOB HEOOXOIUM HCTOUYHHK
nutanus. [lomumo storo, paznuyarotr eeHmunvHwlii GoTodPdheKT, KOTOphIM 00IaAaI0T
MOJIyITPOBOJTHUKOBBIC MaTepuasibl. B HUX 3JEKTPOHBI W3 OCBEIIEHHOTO CJIOS Marepuaia
MEePEXOIT B HEOCBEIICHHBIN, OTJCICHHBIA OT HEr0 TOHKUM 3alUparomuM cioeM (pP-n
nepexoqom). B pesynbrare Mexmy CIOSMU BEIIECTBA, BBUIY HEJOCTATKa SJIEKTPOHOB B
OJIHOM CJIO€ U M30BITKA WX B JPYrOM, BO3HUKAET PA3HOCThH MOTEHIIUAJIOB, T.€. MOSBISETCS
3.4.C., IOJ, NEUCTBUEM KOTOPOM IO BHEIIHEMW LENH, MOAKIOYEHHON K TaKOMY HaT4YHKY,
OyZIeT mpoTeKaTh dIEKTPUIECKUN TOK, KOTOPBIN MPUHATO HA3HIBATH (homomoKom.



®orodnemMeHTsl ¢ BHEMHUM  (POTOI(DPEKTOM  M3rOTaBIMBAIOTCS B BHUJE
AIIEKTPOBAKYYMHBIX MPHUOOPOB (AJIEKTPOHHBIX WM HOHHBIX) M TPEACTaBISAIOT COOO0M
CTEKJISIHHBIN OaJJIOH C BbIKAYaHHBIM H3HYTPH BO31yXOM (BaKyyMHBIN (DOTO3JIEMEHT) U
3aMOJHEHHBI MHEPTHBIM ra3oM (ra3oHamnoJHEHHBINH QoTtosrnemenT). Ha BHyTpeHHIOIO
MOBEPXHOCTh Oa/sIoHa HAHOCUTCS TOHKUW CJIOM CYpbMSHO-LIE3UEBOTO TMOKPHITHS,
BBITIOJTHAIOIIMKN (yHKIIMH (HOTOKATOa, TIEpe] KOTOPBIM pacronaraercs anoa (puc 2.15, a).
[Tox aeiicTBUEM 3JEKTPUUYECKOTO TMOJS JIEKTPOHBI, BHUJICTEBIINE C MOBEPXHOCTU KATO/AA
noJ BO3JeHCTBUEM (OTOHOB CBETA, YCTPEMIIIOTCS K aHOAy, OOycClaBiuBas, TaKUM
oOpa3oM, TMpoTeKaHHWe B LEMd C (POTOIIEMEHTOM DJIEKTPHUUECKOro Toka. B
ra30HANOJIHEHHBIX MPUOOpax BeIMYMHA ATOTO TOKAa BO3pACTaeT 3a CYET HOHU3AIUU
HAXOJSIIErocs B HEM Ta3a, T.€. OHU 00Jiee UyBCTBUTEIbHBI.

Kouctpykuus (HOTOpe3ucTOpoB aHANOTUYHA PACCMOTPEHHBIM  BBIIIE  XJIOPUCTO-
JUTHEBBIM JIEKTPOJUTHUECKUM JaTUMKaM, HO OHM 3HaYUTENIbHO MEHBIIE pa3MepamMH U B
HUX B KauecTBE UYYyBCTBUTEIBHOIO JJIEMEHTA MCIOIB3YEeTCS TMOIYIPOBOAHUKOBBIN
MaTtepuall U3 repMaHus Wik KpeMHus (puc. 2.15, 0).

0)

1 — ocnosa
2 — 271eKmpoobl
3 - nonynposooHux

Puc. 2.15. ®oTosnekTpuyuecKre JaTYUKU: a — BaKyyMHbBIN (hoTogaTuuK; 0 — hoTopesucrop

Bce mnepeuncnenHble (OTONATYUKH XaAPAKTEPU3YIOTCS CIEAYIOIIMMHU OCHOBHBIMU
XapaKTEpPUCTUKAMU U TTapaMETPaMHU:

Ceemosaa xapakmepucmuxa — I, = f(®) npencrapnser 3aBUCUMOCTh (POTOTOKA OT
BEJIMYMHBI CBETOBOIO MOTOKAa. Y BaKyyMHbBIX (POTORJIIEMEHTOB CBETOBAsl XapaKTEpPUCTHUKA
JUHEWHAs, YTO TO3BOJSET C BBICOKOW TOYHOCTHIO H3MEPATh BEJIUYHMHBI CBETOBBIX
ITIOTOKOB.

Humezpanvnaa uyecmeumenvHocms — OTHOUIEHHE (DOTOTOKA K TMOTOKY JYYHMCTON
SHEpruu 6enoro 1uBeTa (IMOJTHOrO CIEKTPA) U ONPEEISAETCS BEIPAKEHUEM:

K= dl, [mxAl ],
dd

Jlis BakyyMHBIX (DOTORJIEMEHTOB OHa MOCTOSIHHA, HO JJIi Ta30HANOJIHEHHBIX OHa
U3MEHAETCS U €€ HEOOXOUMO ONPEIENISITh P KOHKPETHOM 3HAYEHHH CBETOBOTO MOTOKA,
T.K. CBETOBAs XapaKTEPUCTHKA I'a30HANOIHEHHBIX JATYMKOB UMEET HEIMHEHHBIN XapaKTep
3a cYeT MOHM3AIMU Ta3a.

[Ipy HOMUHAIBLHOM aHOAHOM HamnpsbkeHuu 240 B uHTErpasibHasi 4yBCTBUTEIBHOCTD
BaKyyMHBIX (poTo3sieMeHTOB cocTaBisieT 20 MKA/nM, a A Tra30HANOJHEHHBIX, OHa
Bo3pactaeT 10 100...150 mxA/nm. Heob6xoamumMo OTMETHUTH, 4TO Bce (OTOAATUUKU, KPOME
ATOr0, XapaKTEPU3YIOTCS U CHEKMPAIbHOU YYE8CHEUMEAbHOCMbI) K OINTUYECKOMY
U3JIyYCHUIO ONpENEJCHHOM JUIMHBI BOJHBIL, T.. IBery. OpHu u3 HuX Ooisee



YyBCTBUTEIbHBl K KOPOTKOBOJHOBOMY (yJIbTparOJIETOBOMY) CIEKTPY H3IyYCHHUS,
ApyTue ke, Ha000pOT, — K JJIMHHOBOJIHOBOMY (MH(paKpacHOMY).

Bonvmamnepnaa xapakmepucmuxa I, =f(U;) — 3aBucumocts (HoTOTOKA OT
BEJIMYMHBI MPHJIOKEHHOTO K (OTOAIEMEHTY HANpsOHKEHUs TO3BOJISIET MPABHIIBHO
pPacCUMTHIBATh JEKTPUUECKHUE CXEMBI € MOJA00OHBIMU AaTunkaMu. [IpuHIMNHampHas cxema
BKJIIOUEHUS 3TUX (OTOAATUYMKOB Ha MPUMEPE BAKyyMHOTO (DOTOIJEMEHTa MpeACcTaBlieHa
Ha puc. 2.16.

WuTerpanbHas ~ 4yBCTBUTEIBHOCTD

(GOTOPE3UCTOPOB 3HAYUTEIIBHO BHIIIIE,

D)) Ly 4yeM y (OTORJIEMEHTOB, HO OHA 3aBUCUT

d @ OT BEJIMYMHBI HANPSHKEHUS HCTOYHMKA

\ IMIUTaHUA, a CBCTOBAA XAPAKTCPHUCTHUKA
\ IMOJIYIIPOBOOJHHNKOBBIX MaTCpuajiosB,

C’) UCIIOJIB3YeMbIX  JJIi  M3TOTOBJICHUS
S~ GhoTOpe3ucTOpoB, B OOJIBIIIMHCTBE
R, C/yuacs, HEeJUHEHas.
— o+ BentuibHble  (POTOIIEKTPUUECKHE
_=}|| JMATYNKA 3HAYUTEIBHO OTIUYAIOTCS OT
PacCMOTPEHHBIX BbIIIE (OTOIIEMEHTOB
u (¢otope3uctopoB. OHH SBISIOTCA
JaTYNKaMHU-TeHEpaTOpaMH, CBETOBasg  dSHEPrusi B  KOTOPBIX  HEMOCPEIACTBEHHO
npeoOpasyeTcsi B AJIEKTPUYECKYI0 DHEPTHI0, U OHM MOTYT paboTaTh 0€3 MOCTOPOHHHUX
MCTOYHUKOB MUTAHUS.

KonctpyktuBao (puc. 2.17) BeHTuUIbHBIE (DOTOINEMEHTHI MPEACTABISAIOT  CO00i
METAIJINYECKYI0O OCHOBY 4, Ha KOTOPYIO HAHECEH CJIOM MOJYNPOBOJHUKOBOTO MaTepHasa
3, a cBepXy MOJIyIPOBOJHUKOBBI MarepHual 3aKpbIT OYEHb TOHKUM IOJTYIPO3pAaYHBIM
cioeM Meramia (30510Ta) 2 C KOHTakTHBIM KosibLloM 1 juig Tokochema. Bennunna
(OTOTOKA BEHTUJIBHBIX (POTOAATUYMKOB 3aBUCUT HE TOJBKO OT €r0 OCBEIIEHHOCTH, HO U OT
NapaMeTpoB BHEUIHEM HAarpy3Kd 3TUX JaTUYMKOB, YTO HEOOXOAMMO YYHUTHIBATh IpU
MPABIJIBHOM MX HUCTIOJb30BaHUHU.

CoBpeMeHHbIe pa3paboTKu

[4 MOJIYITPOBOJTHUKOBBIX MAaTEpPHAIOB U

® TEXHOJIOTHI B obnactu

- MHUKPOAJICKTPOHUKH TTO3BOJIVITH

i l l ' l + HAaCTOJIbKO  YMCHBIIUTH  pPa3Mepbl

::—_—; = H| e @ MoAOOHBIX (POTOJATYMKOB, UYTO Ha

3 L URICO PNV MEHee 1 em® 1704

4 KOJIMYECTBO  COCTABJISIET  CBBIIIE

R, 1 MnH.IOT. (MUKCETEN).

—_Q:)—— K BeHTHIBHBIM cl)OToz[aTtH/IKaM

OTHOCATCS CEJICHOBBIC

dboTodnemMeHTsl,  QOTOAMOIBI U

(OTOTPaH3UCTOPHI, TOJTYYUBIINE B HACTOAIIECE BpEeMsl OYEHb HIUPOKOE NPHUMCHCHHE,
0COOEHHO B CHCTEMaX JUCTAHIIMOHHOTO YIIPaBJICHUS COBMECTHO CO CBETOIMOIAMH.

JloctonHcTBa poTOAATYUKOB (HEOOIBIINE Pa3Mephbl, 0COOCHHO Y MOIYIPOBOIHUKOBBIX,

BBICOKass  YYBCTBUTCJIBHOCTh, OTCYTCTBHE€  MEXAaHHWYCCKHX  DJJIEMEHTOB,  MaJias

WHEPIIMOHHOCTH) O0ECTIEUIIM UM IHPOKOE MPUMEHEHUE JIUII CaMbIX Pa3JIMYHBIX IEIICH.

doTOAATYNKYU HUCIIONB3YIOTCS B PUOOPAX, PETHCTPUPYIONINX MOSBICHHE WK OTCYTCTBHE

CBETOBOTO M3IyUYEHHUS; B YCTPOMCTBAX JJII M3MEPEHUS OCBEIICHHOCTH WU BEITUYHHBI




CBETOBOI'O TMOTOKa U B (oTropesne. B HacTosiiee BpemMsi OHH HIMPOKO MPUMEHSIFOTCS IS
npeoOpa3oBaHus CBETOBOM B3HEPTUM B JJICKTPUUECKYID B COBPEMEHHBIX IH(PPOBBIX
yCTpOMCTBaxX (KOMIBIOTEPAX, BUAEO U poToKkamepax). Kpome 3T0ro, OoHM BXOIAT B COCTaB
MHOTUX D3JIEKTPOHHBIX NPUOOPOB, TAKUX KAaK ONTPOHbI M, HAKOHEL, OHU SBIISIOTCS
OCHOBHBIMHU IIPE0OPA30BATEISAMH, HA KOTOPBIX pabOTAIOT COJIHEUHBIE OaTapeu.

PabGora mepmornekmpuueckux oOamuyuxoé OCHOBaHA Ha TOM, YTO B KOHTYpE,
COCTOSIIIIEM M3 JIBYX Pa3IMYHBIX METAJIOB, BOSHUKAET 3.1.C. IOCTOSHHOTO Toka e = K(t;-
t,), mponopuMOHANbHAs Pa3HOCTH TEMIEpPaTyp, B KOTOPOH HAXOIATCS TOYKH COCAMHEHHS
(cmam) mpOBOJHUKOB M3 3TUX MeTauioB. [loa nelicTBueM 3Toil mepmo-3.0.c. B KOHType
OyZeT MmpoTeKaTh AIEKTPUYECKUIN TOK, T.€. B 3TOW mepmonape, Kak MPUHATO HA3bIBATh
TaKOW JAaT4YMK, NPOUCXOJUT MPSIMOE MPeoOpa3oBaHUE TEIJIOBOM DHEPrUU B
ANEKTPUUECKYI0. UTOOBI M3MEPUTHh BEIUYHMHY TEPMO-3.4.C., B 3TOT 3aMKHYTBII KOHTYD
[[ENU HeOOXOIMMO BKIIIOUNTH U3MEPUTEIBHBINA MPUOOP — MIJUTUBOJIBTMETP (puc. 2.18). B
pe3ynpTaTe, IO BETUYMHE BBIPAOATHIBAEMOW 73.11.C., MPOMOPIUOHAIBHON pa3HOCTU
TeMIeparyp JeBoro (paboyero) cmas M €ro CBOOOJHBIX KOHIIOB, IO IOKAa3aHHUIO
MWIIMBOJIBTMETPA, MOYKHO CYAMTb O BEJIMYMHE TeMIeparypbl pabouero cnas. B
U3MEPUTENIbHON TEeXHHKE Takod mnpubop (TepMmonapa U MWUIMBOJBTMETP) MHOIYYUII
Ha3BaHUE nupomemp. [l yBEIWYEHHs] UYyBCTBUTEIBHOCTH IOJOOHBIX H3MEpHUTENEH
TEMIIEpaTypbl UCIIOJIB3YIOT IMOCIEA0BATEIIBHOE COCIMHEHNE HECKOJIBKUX TepMoTap.

Puc. 2.18. Cxema BKIIFOUEHHS TEPMOIIAPHI

JUIs HM3rOTOBJEHUS TEPMOIAP MCHOJB3YIOT CIEHHUATBHBIE BBICOKOTEMIIEPATYPHBIE
CIUTaBbl M METAJLJIbl, MO3BOJISIOIINE KOHTPOJIUPOBATH 0OJie€ BBICOKHE, MO CPABHEHHIO C
PacCMOTPEHHBIMU paHee TEPMOCOIIPOTHUBIICHUSAMH, 3HAYEHHUS TeMIiepaTyp
(mo0 2000...2500°C). IMEHHO MO3TOMY TEPMODIJIEKTPUYECKHE JATUYUKH MOIYYMIA OYEHb
LIMPOKOE IPUMEHEHUE B METAJUTYPIUH.

Bxmouatoress  TepMomapel  JIMOO 1O CXEME  HEMOCPEICTBEHHOTO  M3MEPEHMs
TEMIEpaTyphbl (nupomempst), TpU KOTOPOM IIKala MUJUIMBOJIBTMETpPA TIpagyupyeTcs
IIPEABAPUTEIIBHONM  TapUpOBKOW, HO  4allle  HCIOJb3YETCS  KOMIIEHCALlMOHHAs
U3MEpUTENIbHAS CXEMa, MO3BOJSIONIAs 3HAYUTEIBHO MOBBICUTH TOYHOCTH HW3MEPEHUs
temnepaTypsl (cM. pazaen 3.1. CxeMbl BKIIOYEHUS TaTYUKOB).

[ToMmumMo paccMoTpeHHOro mpsiMoro TepMo-3ddexrta uMeeT MecTo M OOpaTHBIN
TEPMODJIEKTPUYECKUN 3PEKT, MPU KOTOPOM dBJIEKTpUUYECKas dHEpPrus mpeoOpasyercs B
TerioByto — saenenue Ilenvmope (1o umenn XK. [lenpthe, Ppaniy3ckoro ¢usnka). Ho B
ATOM CJy4yae MCHOJB3YIOTCS CHEUHAbHbIE TOJYNPOBOJAHUKOBBIE MaTepuaibl, a
MPUMEHSIOTCS  Takue  IpeoOpasoBarenud Il CO3JaHUS  BBICOKOI(P(HEKTUBHBIX
XOJIOJWJIBHBIX YCTAHOBOK B MEAMIIMHE, OMOJIOTHH, BAKYYMHON TEXHUKE U (PU3HKE.

SBnenue tepmorddexTa HEOOXOIUMO YUUTHIBATH B CTPOUTENBCTBE MPHU COOPYKEHUU
KOHCTPYKUUH U3 Pa3HOPOIHBIX METAJIOB, T.K. B MOJOOHBIX COOPYKEHHX MO IEHCTBUEM
mepmo-3.0.c., BOSHUKAIOIIEH B MECTaX KOHTAKTA 3TUX METAJUIOB, U3-3a BIMSHHS BPEAHBIX
OKPYXAIOIMX YCJIOBUHM (Biara, KHCIOTHOCTb W IP.) BO3MOXKHO MX IPEXIEBPEMEHHOE
CTapeHHE U pa3pylICHHE.



Pabota neezornexmpuueckux oamuuxoé oCHOBaHA HA TIHE303JIEKTPUUIECKOM dPdeKTe.
[Ipsimoii mbe3odaexTpuuecKkuit 3PPEeKT — ITO MOSABIEHUE AIIEKTPOCTATUYECKUX 3apsiOB
AJNIEKTPUYECTBA HA MOBEPXHOCTH HEKOTOPBIX TUAIEKTPUKOB MPU UX AePopMaluu. ITUM
CBOMCTBOM 00JIaJalOT KPHUCTAJIbI KBapla, TypMalliHA W HEKOTOPBIX JparoleHHBIX
KaMHeW, a TakkKe CHelualbHO pa3pabOTaHHbIE IS O3TUX ILeledl maTepuanbl —
cecHemodiekmpuxu (CETHETOBAs COJIb, TUTaHAT Oapus, Auruapodocdar aMMOHUS U Ap.).
Hampumep, B KpucTayuiax KBaplia UMEIOTCS TPU OPTOTOHAIBHBIX OCH: DJIEKTpUYECKasd,
MEXaHU4YecKasi U ONTUYECKas, HO AJIEKTPUUYECKUE 3aps/ibl HA MOBEPXHOCTU KPUCTAJUIOB
MOSIBJISIIOTCS. JTUIIb MPH JedOopMalusix BAOJb MEPBBIX JIBYX OCEH, a MPHU CKATUU BAOJb
ONTHYECKOU OCH The303(h(HEeKT He HAOI01aeTCsl.

Tax kak BenTWYMHA BO3HUKAIOMIETO MpH JIedopManuu 3apsaa Maja (4yBCTBUTEIbHOCTD
KBapla K JaBJICHUIO COCTABIISIET JIUILIb 2,1+10™ KYJIOH/KT), TO IJisl €€ YyBEJIMYCHUS
MIPUMEHSIOTCS HECKOJIbKO KpPHUCTAJUIOB, COEIUWHEHHBIX MapauienbHo (puc. 2.19) wnmm
MOCIIEAOBATEIBHO C YUETOM MOJIAPHOCTU. Manas BenuyuHa 3apsijia, K TOMY e, CO3/1aeT
OMACHOCTb €ro OBICTPOTO CTEKaHUs dYepe3 MOJKIIOUYEHHYI0 Harpy3Ky, MO3TOMY
OPUXOAUTCS UCIOJIb30BaTh JUISI €r0 M3MEPEHHUs CHEIHATIbHbIE 3JIEKTPOMETPUUYECKUE
YCUJIUTEIIN C OYEHb BBICOKUM BXOJHBIM COMPOTHUBIIEHUEM.

p [Tpouecc crexaHusi 3apsa0B OTPaHUYUBAET U 00JACTb
IPUMEHEHUS MbE303JEKTPUUECKUX JaTYUKOB OCOOCHHO
JUISL KOHTPOJISI TIPOLIECCOB, MEAJIEHHO M3MEHSIOIINUXCS BO
Tor Tt BpeMeHH. (OJHAKO BBICOKas COOCTBEHHas 4acToTa
- - - - NOMOOHBIX  JaTYMKOB TIO3BOJIIET BEChMa  YCIEIIHO
= UCIIONIb30BATh WX JJISI M3MEPEHUS OBICTPO M3MEHSIOIINXCS

o . (c yacToTON B HECKOJBKO KHWJIOTEpI]) NaBJIICHUH, YCUIIUU,
. YCKOpEHUI, BUOpauuii u aedopMarimii.

T HeobxoauMo OTMETUTh, YTO AJI TUAJIEKTPUKOB TaKkKe

P UMEET MECTO M OOpATHBIN MbE303JEKTPUUECKUN 3PPEKT —

Puc. 2.19. TIbe3oonekTpuieckuii  nedopmarusi JUAIEKTPUKOB IPHM BO3JACHCTBUM HAa HUX
ATYUK

AIEKTPUUYECKOTO oJIs, T.€. noj NEeNCTBUEM

MPUJIOKEHHOTO HAIPSIKEHUS, U 3TO CBOWCTBO B YCTPOMCTBAX aBTOMATHKH TOXKE LIUPOKO
HCIIONIB3YEeTCS.

CoBpeMeHHbIE MaTepuaabl — Ce2HemOoIdleKmpuKu WUMEIT 0o0jiee  BBICOKYIO

YYBCTBUTEJIBHOCTh U TO3BOJIAIOT MOJYy4YaTh BHICOKME 3HAUEHHUS BBIXOJHOTO HAIPSIKEHUS
(10 HECKOJIbKUX JECSITKOB M Jake coTeH BoJibT). [loaTomMy momoOHbIe mpeobpa3oBaTenu
HCITOJIB3YIOT B KAaueCTBE MCTOYHWKOB DJICKTPHUYECKOW DHEPTUHM B HEKOTOPHIX CHCTEMax
3akuTaHus. [Ibe3037IeKTpUYeCKue MaTYUKH YacTO MPUMEHSIOT B BECOM3MEPUTEIHLHBIX
YCTaHOBKAX JJISl B3BEIIMBAHMS TPAHCIIOPTa BO BpeMsl €ro JBrkeHHs. Kpome 3Toro, oHm
IITUPOKO HCIIONB3YIOTCS B KA4eCTBE aKyCTHUYCCKHUX U3Jydareled W TPHUEMHUKOB, B
YaCTHOCTH, JUISI KOHTPOJS KadeCTBEHHBIX ITAPAMETPOB CTPOUTEIBHBIX MaTEPHAIOB W
KOHCTPYKIIMHA W, KOHEYHO, B 3BYKOTEXHUKE (MHKPO(OHBI, 3BYKOCHHMATCIH W JaXKe
TPOMKOTOBOPHUTEIIN).

B unoyxkyuonnvix oamuukax mcnonb3yeTcs SIBJICHUE JICKTPOMArHUTHOW WHIYKIIUH,
T.€. BO3HMKHOBEHHUE OHJICKTPOJIBIDKYIICH CWJIBI B TMPOBOJHHUKE MPHU JABUKEHUU €ro B
MarHuTHOM Tmose (e =-Blv) wium mnpu u3MeHEHMHM BEIWYMHBI MArHUTHOTO  TIOJIS
OTHOCHUTEIIbHO  HEMOJBM)KHOTO  MNpoBOAHHKA (e =-d@/dt), cormacHo  3aKoHY
AJIEKTPOMArHUTHOW WHIYKIIHH.

NHayKIWMOHHBIC JaTUYUKH SIBIISIOTCS JaTYNKAMH-TEHEPAaTOpaMHU, B KOTOPBIX BXOJHAs
BennurHa (YTJI0BOE, IMHEHHOE MEepEeMENICHNEe WM YIJIOBas CKOPOCTh) HEMOCPEICTBEHHO
npeoOpasyeTcss B SJICKTPOABMKYINYI0 cuily. Hampumep, maxozenepamopsl — natavku



YIJIOBOM CKOPOCTH, KOTOpBIE MPEACTABISIIOT COOOM Te€HEepaTopbl IMOCTOSHHOTO WU
MIEPEMEHHOTO TOKa HEe0OJIbIION MOIIHOCTH, BbIpa0aTHIBAOIINE 3.1.C.,
IPOIOPLIMOHATIBHYIO CKOPOCTH BpalleHus pabodero opraHa. s M3MepeHus yrioBbIX
NepeMelIeH MIMPOKOe MPUMEHEHHE TMOJYYMIIM Bpaujaroumecs TpaHchopmaTopsl U
CEJIbCUHBI, KOTOPbIE€ KOHCTPYKTUBHO TAaKXE SIBIAIOTCS JJICKTPUUYECKUMHU MAIlIMHAMU
Majoi MOIIHOCTH, pabOTAIOUIMMU OT CETH MEpPeMEHHOro Toka. Tak B celbCUHAX
(puc. 2.20), mepeMEeHHBII TOK |1, IPOXOASAIIHIA M0 0OMOTKE BO30YXICHUS CTaTOpPa, CO3/acT
BHYTPU €r0 MEPEMEHHOE CHUHYCOMJAIBLHOE MATrHUTHOE moje @ =@, sin(at), ¥ OHO,
COTJIACHO 3aKOHY 3JICKTPOMAarHUTHOW WHIYKIMU, UHIYLHHUPYET B POTOPHBIX OOMOTKAxX
ANEKTPOJABIKYILYIO CHJIY, BEJIMYMHA KOTOPOM 3aBUCUT OT yIJla [OBOpPOTa POTOPA
CeJIbCUHA 0L OTHOCUTENILHO €ro CTaTopa.

@ =@_ sin(wt)
e, = E, cos(at — )

a

e, = E, cos(wt —120" — )

8

e, = E, cos(mt — 240" — )

Puc. 2.20. Cxema cenpcrHa

[Ipy uCHOJIB30BAaHUM CHUCTEMBI, COCTOSIIIEH M3 JBYX CEIbCUHOB, BKJIIOYEHHBIX IIO
TpaHchOpMaTOPHOM cXxeme, €€ BBIXOJIHOE HAaIPSHKEHUE MPOMOPIUOHAIBHO YIIIOBOMY
MEPEMEILICHUIO POTOpAa OJHOTO U3 CEIbCMHOB B OIPEICICHHBIX MNpPEAeiax H3MEHEHUs
ATOTO yTJIA.

B canveanuueckux oamuukax vcosib3yeTcs SIBICHUE AIEKTPOXUMUYECKOW PEAKIINU B
pacTBOpE 3JIEKTPOIUTA C HAXOMASIIMMUCA B HEM AJIEKTPOAAMHU, & 3TO — BO3HUKHOBEHHE
ANEKTPOABUKYIIEH CHIIBI B PE3YJIbTATE BOCCTAHOBUTEIBHOM PEAKIIMH HA MOJIOKUTEILHOM
AJEKTPOAE U OKHCIUTEIbHOM Ha OTpullaTeabHOM. KOHCTPYKTMBHO 53TH JaT4YUKHU
AQHAJIOTUYHBl ~ PACCMOTPEHHBIM  BBINIE  DJCKTPOJUTUYECKUM  JaT4MKaM, HO B
raJbBaHUYECKUX HCIOIB3YIOTCS AJIEKTPOJIbI, U3TOTOBJICHHBIE U3 PAa3HBIX MaTEpHaJOB U B
HUX TPOUCXOJUT MpsIMOE MPEoOpa3oBaHUE XUMHUYECKOW DHEPTUM B DJIECKTPUUECKYIO.
Benuunna nomgydaemMoi mpu 3ToM 3.7.C. 3aBUCHUT KaK OT MaTepualia 3JIEKTPOJIOB, TaK U OT
coctaBa ajekTponuTa. Ha 3ToM mpuHnune paboTaloT BCE TajlbBaHUYECKUE HCTOYHUKHU
MUTaHUsA, TAKUE KaK aKKyMYJSITOpbl U Oaraped, MpUMEHsSEeMbIe B Ka4eCTBE aBTOHOMHBIX
HMCTOYHHUKOB DJICKTpUUECKOW dHeprun u pH-mempsr — 1pubOpbBl 71 U3MEPEHUS
KUCJIOTHOCTH PA3JIMYHBIX MAaTE€PUAJTIOB U PACTBOPOB.

B TexHuke MmIMPOKO UCMOJNB3YIOTCS  MOJsporpaduyeckue  mpeoOpa3oBaTelu,
coueTalIue B CBOEH paboTe CBOMCTBA M TalbBAHMYECKHX M DIEKTPOJIUTUUYECKUX
natunkoB. Takume mpeoOpa3zoBaTeay MNpeIHA3HAYCHBI I IeJIed Ka4eCTBEHHOTO W
KOJIMYECTBEHHOTO  aHallu3a pacTBOPOB W MATEPHANIOB, PpE3YyJbTaTbl KOTOPOTO
MIPEJCTABIIAIOTCS B BUJIE KPUBOU (BOJBTAMIIEPHOM XapaKTEPUCTUKH). DTOT METOA ObLI
pa3pabotaH poccuiickuM yueHbiM [opoBckuM B 1922 rogy M B €ro OCHOBE JICKHUT
3aBUCHUMOCTh MEXJYy CHJIOW TOKa M KOHIIGHTpallMed BeEIecTBa B  PacTBOPE,
00yCIIOBIUBAIOIIEH BEIMUUHY ITOTO TOKA.

OCHOBHOE NMPUMEHEHHE METOJla — 3TO ONPEACIICHUE MpUMECced pa3IMYHbIX METaJIOB
(Menu, cBUHIIA, KaAMUs, [IMHKA, TS U JIp.) B peaKTUBaX, CIUIaBaX, py/ax, Ipu4eM Mpu
WX OYEHb HU3KOW KOHIIEHTpaluu. Hampumep, B cuctemMax BOJIOCHA0KEHHS TaKUE TATIYNKU
UCTIONB3YIOTCSA JJIsl KOHTPOJS HaJW4usl TSKEIbIX METAUIOB B MUTHEBOM BOJIE.
[Ipeana3zHaueHHbIE AJIA 3TOTO TPUOOPHI — HOIAPOZPAHl 3aTINCHIBAIOT HOAAPOCPAMMY —



KPUBYIO 3aBUCUMOCTH CHJIBI TOKa, NPOTEKAIOIIEro uepe3 pacTtBop (Boay) OT
NPUIIOKEHHOTO HanpspkeHust (puc. 2.21).
Hannuue pe3koro yBenwueHUs TOKa

| o
| o (cxauka Ha BOJIbTAMIIEPHOU
% 7n XapaKTEpPUCTUKE) TIPU OINPEACICHHOM

) 3HAUYCHUU HAaIPSKEHUSI YKa3bIBa€T Ha

MPUCYTCTBHE B PACTBOPE KOHKPETHOTO
| MeTauia, KOTOPOMY  COOTBETCTBYET
| WMEHHO 53Ta BEIWYMHA HAMPSHKEHUS.
Ve [IpomieHTHOE X€ COnepKaHNe MeTajlia B
% Pb | pacTBOpE  ONPEAECNACTCS  BEIUYMHOU

| ATOTO YyBEIMYEHUs (CKauka TOKa) MpHU

| | "U(B) cooTseTcTBYyIOMEM HANIPSKEHHH.

0 o Jlamuuk Xonna —

?pﬁ ?(’36(1) E’ZOHS) MOJIyITPOBOJTHUKOBBINA TMpeoOpa3oBaTelib

CWIbl  JJIGKTPUYECKOTO  TOKa B

HarnpsbkeHue (3.0.c. Xoana), newcTBUe

KOTOPOTO OCHOBaHO Ha 3¢hpekme Xonna. DPdexrt Xomma — 3TO BO3HUKHOBEHHE

MOTIEPEYHOTO JIEKTPUUECKOTO TOJIsI B MPOBOJIHUKE HIIA MOJIYIIPOBOJHUKOBOM MaTepHalie
C TOKOM, TIpY TIOMEIIIEHUH €r0 B MarHUTHOE 1oJie (puc. 2.22).

% Cd

Puc. 2.21. IIpumep nosnsiporpammsl

B

U — npunoosicennoe nanpsiicenue;
| — cuna moxa;

B — unoyxyus macnumnoeo nons,
E — svixoonas eenuuuna (3.0.c.);

E=1(B)

Puc. 2.22. Pabora marunka XoJjuia

Hatunku Xoruia, B OCHOBHOM, MCHOJIB3YIOTCS JUIsl U3BMEPEHUS BEIMYMHBI MATHUTHOTO
MOJIsI U MAarHUTHOM MHAYKIMM. OHM HAlUIM IIHPOKOE NPHUMEHEHHE B JJIEKTPOHUKE,
aBTOMATUKE, M3MEPUTEIbHOW W BBIYMCIUTEIIBHOW TEXHUKE, & TAKXKE B COBPEMEHHBIX
CUCTEMAaX 3aXWTaHWs JBUTaTelIed BHYTPEHHETO CropaHus. B Hacrosimiee Bpems 3Th
JaTYMKU ~ TPUMEHSIOTCS B CHCTeMaX  OECKOHTAKTHOTO  W3MEPEHHS  IIUPUHBI
KEJIE3HONOPOKHOM KOJEW HOBBIX IIYTEM3MEPUTEIBHBIX BaroHoB. lcnonp3oBaHue
OECKOHTAaKTHOTO METOJa MO3BOJSET MPOU3BOAUTH KOHTPOJb COCTOSIHUS IyTH MpH OoJiee
BBICOKMX  CKOPOCTAX  JBM)KEHUS  BAaroHa, 4YTO  3HAYUTEIBbHO  YBEIMYMBACT
MIPOU3BOJUTENILHOCTD 3a CUET COKPAIICHHS BPEMEHH BBIIIOJIHEHUS TOJOOHBIX U3MEPEHU.



