2 TATUYMKHU

2.1 O6mue cBeneHus

JU1st HenmpepbIBHOTO KOHTPOJIA 32 PEKUMOM PadbOThl pa3IM4HbIX MAIlWH U ar-
peraTtoB, MPOTEKaHWEM TEXHOJOTMYECKUX MPOLIECCOB HEOOXOAUMO HUMETh YCTPOM-
CTBAa, U3MEPSAIOIIME 3HAYCHUs BEIMYMH, XapaKTEPU3YIOIINUX 3TU IpoLeccel. B aBTo-
MaTHKE 3TH yCTPONCTBA HA3BIBAKOTCS JaTYNKAMU.

Crnenyer OTMETHUTB, YTO TEPMHH «JIATYUK» HE UMEET YETKOr0 TOJIKOBaHUs. B
OJIHUX CIIy4asiX 3a JAaTYMK NPUHUMAIOT 3JIEMEHT, KOTOPBII BBIMOIHAET (PYHKIUU U3-
MEpEHUS YIIPABIIIEMBIX BEJIMYMH, B IPYTUX - U3MEPUTEIBbHBIN JIEMEHT U JlOMOIHU-
TENBbHBIN NIPEe0Opa30BaTeNb, BKIKOYAEMBbII C LIEJIBI0 NPeoOpa3oBaHMsl CUTHaANIA U3Me-
PHUTEIBHOTO 3JIEMEHTA B CUTHAJ JIPYTOil BEJIMYKHBI.

B pmanpHe#IeM 1moj JaTYMKOM 6VH€M IIOHMMATh YCTPOMCTBO, M3MEPSIONICE

napaMeTphbl IIPOILIECCa, PEXKHMMaA Da60TBI MalllMH 1 arperatToB 1 HDCO6D&3VIOIHCC n3-

MCPCHHBIC d)I/IBI/I‘IeCKI/Ie BCJIMYMHBI B CUTHAJI, VI[O6HI>Iﬁ JUISL TadbHEHUIICH 06Da6OTKI/I

H 1nOepcaadyud Ha pPacCTOAHHMEC WM B ICHOb  VIIPABJJIAIOIICTO VCTDOﬁCTBa.

B GonbmMHCTBE cilydaeB Ha BBIXOJI€ AaT4yMKa OyJeT Ju00 MeXaHWuYecKas Be-
Ju4rHa (TepeMenieHue, cuia), 00 3JeKTpuueckas BeIMYMHA (HaIpsHKEHUE, TOK,
AIIEKTPUYECKOE COMPOTHBJICHUE, €MKOCTh, WHIYKTUBHOCTH, CIBHT (a3 Hu Ap.).

Hanbonee nerko u3aMepeHHuro MOIAIOTCS IEKTPUUSCKUE BETUIUHBI, ITO3TOMY
BO MHOTHUX CITydasX TIPH U3MEPCHHUH HEIJICKTPUUCCKUX BEIMYUH COBMECTHO C M3Me-
PUTEILHBIM OPTaHOM IPEayCMaTPUBAETCS CIICIMATIbHOE YCTPOIMCTBO - MpeoOpa3oBa-
TeJb, B KOTOPOM HERJIEKTpUUYECKasi BETUYMHA Ha €ro BXOJE MpeoOpa3yeTcs: B dJIeK-
TPUYECKYIO BEJIMYMHY Ha €ro BeIxoje. JItobas BeauymHa HE3aBUCUMO OT ee (pusnuue-
CKOH IIPUPOJIBI MOXKET OBITH ITPe0Opa30oBaHa B AJICKTPUUICCKOE HAIIPSHKEHHUE MU TOK,
MO3TOMY TPU aBTOMATH3allMd TPOU3BOJCTBEHHBIX MPOIECCOB HaMOOJEE IMIUPOKOE
pacnpocTpaHeHHEe TOTYUYUIIU DJICKTPUUYECKUE JATUYUKH - U3MEPUTENbHBIE YCTPOMCTBA

C MpeoOpa3oBaHUEM HEDJICKTPUUECKON BETUYMHBI B DJICKTPUIECKYTO.
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Heo6xoaumMo 0TMETUTh, YTO OJIHA U3 CAMBIX TPYJIHBIX U OTBETCTBEHHBIX MPO-
OJleM TpW aBTOMATH3AIlMU JIFOOOTO MPOM3BOACTBA M OCOOCHHO CEIIbCKOX 03511~
CTBEHHOTO 3TO pa3paboTKa COOTBETCTBYIOIIUX JATYMKOB, CIOCOOHBIX OTOOpaxaTh U
KOHTPOJIMPOBATh aBTOMATHU3HpyeMbie TIporiecchl. O4eHb 4yacTo TpeOyeTcss B OJHO U
TO € BpEMsI U3MEPATh HECKOJIbKO YMPABISEMbIX BEJIWYUH (HApUMEp, B )KUBOTHO-
BOJYECKUX MOMEUICHUSAX BIAXKHOCTh, TEMIIEPATYPY U Ta30BBIA COCTaB CpPEJibl), MO-
ATOMY HY>KHbI Pa3JINYHbIC JATUYUKH.

CBoiicTBa, KOTOPBIMHU JIOJDKEH 00J1a/1aTh KaXKIbIM JaTYUKY, YTOOBI COOTBET-
CTBOBaTh CBOEMY Ha3HAUYECHHMIO B aBTOMATHUYECKON CHCTEME, Pa3HOOOPa3HbI MO3TOMY

MOXXHO BBIACIIMTH OCHOBHBIC TD€6OBaHI/I$I., OpEABbABIACMBIC K HUM. OJHO3HAYHOCTD

3aBUCUMOCTH MEXKJY BXOJHOM M BBIXOAHOM BEJIMYMHAMM, KOTJ1a KOHKPETHOMY 3Ha-

YCHUIO BXOI[HOﬁ BCJIMYHWHBI COOTBCTCTBYCT CTPOIro OINPCACICHHOC 3HAYCHHNC BBIXO /-

HOM; JUHEHHAs (TaM, Iac 3TO BO3MO)KHO) caMai MMpocCTasd M HarjrsiaHasa 3aBUCHMMOCTD

MEXKAY BBIXOJHOM M BXOAHOW BEIMYMHAMU; BBICOKAs YYBCTBUTECIBLHOCTh K M3MEpsie-

MOH BCJIMYHMHC, A0CTATOYHAA MOIIIHOCTH BBIXOAHOI'O CHI'HAJIA, 06CCHC‘-II/IBaIOH_IaH 10

BO3MOKHOCTHU JAJILHEHIIICE VIIPABICHUE DIIEMEHTAMHU CUCTEMBI 0e3 YCUJIMTEJICH; CTa-

OMJILHOCTD XAPAKTCPUCTHUK BO BPEMCHH, TO €CTh B TCUCHUC ONPCACIICHHOI'O IIEpHUOoaa

DKCIIIyaTallu, OTCYTCTBUC BJIMWAHHWA HAI'PY3KH BBIXOI[HOI71 OcnM Ha HU3MCEPACMYIO

QJICKTPHYCCKVYIO BCJIMYMHY M Ha TEXHOJOTHICCKUM IIponcccC B NLICJIOM. MaJiasd MHCPIIM-

OHHOCTBh, TO €CThb MHHHUMAJbHAA 3aACPKKA B IICPCAAUYC CHTHAJId 4YCpPC3 AATUHK.

HAaMMCHBIICC BJIMAHUC ITIOCTOPOHHHUX d)aKTODOB Ha XapaKTCPUCTHUKH JAaTYHMKA, VCTOﬁ-

YUBOCTH K BOSHGﬁCTBHHM OKDV)K&IOH_ICﬁ CpEdbl; HAACKHA]I W OOJTOBCYHAsA pa60Ta;

HCBBICOKAA CTOMMOCTL., TCXHOJOTI'MYHOCTH M3TOTOBJICHUA, VI[O6CTBO OKCIIJIyaTallnuu,

JOCTaTO4YHAasd CTCIICHDb VHI/Id)I/IKaI_[I/II/I OTACIBHBIX YacTeu. I[aT‘-II/IKI/I, HCIIOJIb3YyCMBIC B

COBPEMEHHBIX CHCTEMAaX aBTOMATHKHU, KJIACCU(PUUUPYIOT MO Pa3IMYHBIM MPU3HAKAM:
¢u3znyecKoil MpuUpoae BXOAHBIX U BBIXOJHBIX BEJIUYUH, IPUHIUIY JEHCTBUS U KOH-
CTPYKTUBHOMY MCIIOJTHEHHUIO.

B 3aBucumocTu oT (pu3Myeckol Mpupo bl BXOJAHOW BEIMYMHBI JAATYUKH Jie-

JIATCA HAa JATYMKHM JJICKTPHYCCKHUX BCINMYMH (TOI(a, HaIIPsSOKCHUA, MOIMHOCTH, 4aCTO-

Thl) M JATYUKU HEIICKTPUYECKUX BEIUYMH (TEeMIEpaTyphl, JABJIEHUS, CKOPOCTH,
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ypoBHs U T. 1.). [lo BU1y 3HEpruM BHIXOJAHOW BEJIMYMHBI JATYUKHU JEIATCS Ha HJICK-
TPUYECKUE U HEDJEKTPUUYECKUE. DIIEKTPUUYECKHE AATUYMKU MO MPUHLIMITY JEHCTBUSA
JEJISITCS Ha MapaMeTpudeckue, B KOTOpbIX BXOIHbBIE BEIMYUHBI (OOBIYHO HEIJIEKTPH-
YEeCKHe) MpeoOpas3yroTcs B BBIXOIHbBIE MTapaMeTphl dnekTpudeckux uemnei (R - conpo-
tuBNieHus, L- naayktuBHble, C- eMKOCTHBIE 1 M- TpaHChOpMaTOpPHBIC) U TEHEPATOP-
HbI€, B KOTOPBIX SHEPTUsl BXOJIHON BEIIMYMHBI IPEOOPA3yeTCsl B SHEPTHUIO DIIEKTpUYe-
ckoro BeixogHoro curaana JJC.

Hesnextpuueckue AaT4uKU MOJPa3JEisiOTCd Ha MEXaHUYEeCKUe, MHEBMAaTH-
yeckue u ap. [lo xapakTepy H3MEHEHUs BBIXOJAHOTO CUTHAJIA BO BPEMEHH PA3IHYAIOT

JaTUUKH HCIIPCPBIBHOI'O ﬂCﬁCTBHH, KOTOPBIC BbLAAIOT CHUTHAJI HCIIPCPBIBHO, U AWC-

KPCTHOI'O I[GﬁCTBHSI, Y KOTOPBIX 3HAYCHHC BBIXOJHOI'O CHI'HAJIa B OIIPCACICHHLBIC

IIPOMEKYTKHA BPEMEHU PABHO HYJIIO.
OCHOBHBIMU TIapaMeTpaMH, XapaKTEPU3YIOLIMMHU HaTuUK, SBISAIOTCS YyB-
CTBUTEJIbHOCTh U UHEPIIMOHHOCTh. YyBCTBUTENBHOCTh JaTUYMKA MPEJCTABIAET COOOM

OTHOIIEHWE M3MEHEHHS A y €ro BBIXOJHOW BEJIMYMHBI K U3MEHEHUIO AX BXOIHOM.

S=Ay/Ax wmm S=dy/dx.

Takum 00pa3om, YyBCTBUTEIBHOCTD SIBJSIETCS IEPBOM MPOU3BOAHON (PYHKITUH,
BBIPAYKAIOIIEN 3aBUCHUMOCTH BBIXOJIHOW BEJIMYMHBI OT BXOJAHOW. B manbHeliem rnpu
V3YyYECHUH JVHAMUKY aBTOMAaTUYECKUX CUCTEM YIIPABJICHUS OTHOLICHHUE ISl YCTAHO-
BUBIIETOCs pexuMa OyeM Ha3biBaTh KO3 UIIMEHTOM yCcuiieHus natunka. Muepuu-
OHHOCTh JIaTYMKA OTPAXKAET HEKOTOPOE 3ala3[bIBAHUE B HM3MEPEHUM 3HAYCHUS
yIpaBIsieMO BETUUMHBI, KOTOPOE MOKET OBITh 0OYCIIOBIECHO MAacco JAeTajeil, Term-
JIOBBIMM CBOMCTBAMU, MHIYKTUBHOCTBIO, EMKOCTBIO U IPYTUMH NTapaMeTpaMu caMoro

JaTYHKA.

2.2 JIaTYuKH CONPOTHUBJICHUS

B cucremax aBTomMaTuku JJI N3MCPCHUA YCHHHﬁ, MOMCHTOB CHII, JIMHEWHBIX U
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YIJIOBBIX MEPEMEIIEHUI U MHBIX BEJIMYMH IIMPOKOE MPUMEHEHUE HAXOIAT JATYUKU
AIEKTPUUYECKOTO (AKTUBHOTO) CONMPOTUBIICHUS (KOHTAKTHBIE, PEOCTATHBIE, TEH30MET-
pUYecKHe u Jap.).

B KOHTaKkTHBIX JaT4MKax B PE3yJbTaTe Pa3IMYHBIX BO3ACHCTBUM MPOUCXOIUT

3aMbIKaHHE U Pa3MbIKAHHE KOHTAKTOB, BKJIIOUCHHBIX B KaKyO-JIHMOO AJIEKTPUUECKYIO
nenb. KOHTaKTHBIE JaTYMKU OBIBAIOT OJHOCTOpOHHEro aeictBus (puc.2.1 a ) ¢ on-
HUM HETIOJIBIKHBIM W OJHUM TOABMKHBIM KOHTakTamMu U JIByxctoponsero (puc. 2.1
0 ) ¢ OTHUM TOJIBMYKHBIM U JIByMS HETIOJIBH)KHBIMH KOHTaKTaMHM, a TaK)K€ MHOTOTIpe-
JEIbHBIMUA, TO €CTh C HECKOJIBKHUMHU MOCJIEIO0BATENIBbHO 3aMBIKAIOIIMMHUCS APYT 3a

JIpYroMm KoHTakTaMu (puc.2.1B).
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Puc. 2.1- KoHTaKkTHBIE TAaTYUKU:
a - OJHOCTOPOHHETO JEHUCTBHUS; O - ABYXCTOPOHHETO NEHCTBUS; B - MHOTOIPEEb-

HBIN.

HecMoTpst Ha mpoCTOTY, KOHTAKTHBIC TaTYUKH MOTYT KOHTPOJIMPOBAThH JTUHEH-

HBIE pa3Mepbl ¢ BEICOKOW TOYHOCTBIO. Bee /1e10 B caMUX KOHTAaKTax U B TOM, B KaKyIO

IIeMTb OHU BKJIFOYCHBI. UeM MEHBIIE TOK MENH, B KOTOPYIO BBEICH KOHTAKTHBIA JaT-

YUK, TEM BBIIIIE €r0 TOYHOCTh. BechbMa TOUHBIC pe3yIbTaThl MOYKHO MOJYYUTh, BKITIO-

Yasi JaTYUK B CETOYHYIO IIETh JICKTPOHHOM JIAMITBI, TOCKOJIBKY ATa IeNb MOTPeOIseT
OY€Hb HEOOJIBIIION TOK.

HeuyBCTBUTEILHOCTh KOHTAKTHBIX JATYMKOB OMPEIEISICTCS HA4aJbHBIM 3a-

30poM 8y MEXIy KOHTaKTaMH. BBIXO/IHas BeMYMHA JaTYyuKa OyJeT paBHA HYJIIO 10

TeX IOpP, TOKAa TOJIBIKHAS YaCTh KOHTAKTOB ITOJT ICUCTBUEM H3MEPSAEMOI BEITMUNHBI

P we mpeomoneer 3a30p & .
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OCHOBHOI HENOCTATOK PACCMATPUBAEMBIX JATYMKOB - OTPAaHUYECHHBINA CPOK
CIIy>KObI KOHTAKTOB, KOTOPBIE MOABEPTAIOTCS AEUCTBUIO IEKTPUUECKON TyTH, 00ro-
paroT, U3MEHSIOT CBOU CBOMCTBA U pa3MeEpBHI.

HOTeHHI/IOMCTDI/I‘-ICCKI/IC JAaTYHUKH 34 CHCT N3MCHCHUS CBOCTO JJICKTPUICCKOTO

COMPOTHUBJIEHUS MTPEOOPa3yIOT YIIIOBOE WIH JIMHEWHOE MEPEMEIICHUE U3MEPUTETIBLHO-
ro OpraHa B NMOCTOSHHBIM WJIM MEPEMEHHBIN TOK. PaznuyaioT JaTYMKW C YTIOBBIM
(puc.2.2,a) u nuHEHBIM (puc.2.2,0) nepeMenieHueM MOJBHKHOTO KOHTAKTa, COEIH-
HEHHOTO C MOJBUXHOM 4acThl0 00bEKTA, U3BMEHEHHE TIOJIOKEHUSI KOTOPOH U3MEpsIeT-
cs. Jlia gaTunka KaXkJoro BHAA MOYKHO YCTAHOBHUT 3aBUCUMOCTD BBIXOJIHOW BEJIMYU-

HBI OT BXOJHOI.

Pucynok 2.2 - TloTeHIIMOMETPUYECKHUE TATUUKU:
a — C YIJIOBBIM MEPEMEIICHUEM KOHTAKTa; O - C TUHEUHBIM MEepEeMEIICHUEM KOHTAKTa,

B - C OTBOJIOM OT CPEIHEN TOUYKH.

Ecnu nnsg pgatdmka ¢ yriioBbIM MEpEMEIIEHHEM KOHTaKTa 0003HAYUTh COIPO-
TUBJICHUE, TMPUXOJAIICECS Ha EIWHMILY JJIMHBI OKPYKHOCTH TMPU PaBHOMEPHOMU
HaMoTKke Kak R1 paguyc natuuka - Kak I, TO 3aBUCUMOCTh COMPOTHUBJIEHUS R Ha BbI-
xoje Mexay kiemmamu O 1 2 OT yriia a moBopoTa MoJI3yHKa

R=arR1

UyBCTBUTEIIBHOCTH TAKOTO JIaTUMKa

S=Dr/da

TO €CTh OHA TE€M BBIIIE, YeM OOJIbIINE PaANYC TOJ3YHKA U YeM OOJIBIIE COMpPO-

TUBJICHUE, TTPUXOJISIICECS HA €IUHUILY JJIMHBI OKPYKHOCTHU (TIOCJIEIHEE 3aBUCUT OT

YVAEIBHOTO CONPOTHUBJICHUSI MaTepuajia U CEUEHUS HaMaThIBAEMOW IPOBOJIOKH).
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JIJisi MOTEHIMOMETPUYECKOTO IaTYUKa C TUHEHHBIM MepeMEIeHUEM KOHTaKTa

(puc. 2.2.0) BXOTHOW BEIMYUHOMN SIBIIETCS X— TIOJIOKEHHUE TOJBIKHOTO KOHTAKTa,
BBIXOJIHOM — HamnpsbkeHne UH pu OCTOSIHHOM CONpoTHBIIeHHU RH, KoTopoe mnpe/-
CTaBJIsieT COOOM CONMPOTUBIIEHUE YCTPOICTBA, BOCIIPOU3BOASAIIETO U3BMEHEHHE MOJIO0-
YKEHHUSI TIOJI3YHKA.

3HauuT, BbIXOAHAs BenuuuHa U, IponopluoHaibHa BEIUYMHE X. 3aMETUM,
YTO €CJIM Y MOTEHIIMOMETPUUECKOTO JaTYUKa CAeNIaTh OTBOJ OT CEPeAMHBI OOMOTKH
(puc.2.2, B), TO Takol AaT4yuK OyAeT XapakTEepU30BaTh HE TOJHKO 3HAYEHHE, HO U
HaIpaBJICHUE MEepeMEeIeHUs ABUKKA. {15 HAaMOTKM JaTYMKOB MPUMEHSIOT TTPOBOJIO-
Ky U3 KOHCTaHTaHa, HUXpOMa, MaHTaHUHA, HUKEJIMHA, peoTaHa, pexpans u ap

K HenmocraTkaM MOTEHIMOMETPUYECKHX JATYMKOB MOMKHO OTHECTH HaJU4YUe
CKOJIB3SIIIIEr0 KOHTAaKTa U TO, YTO XapaKTEPUCTUKA «BBIXOJ» OT «BXOJa» HE BCErjaa
noyiyqaercsi JuHerHHoi. OHaKO MPOCTOTa KOHCTPYKIIMU U BO3MOXHOCTH OOOWTHCH
0e3 ycunuTesei 3a4acTyi0 KOMIEHCUPYIOT OTMEUEHHBIE HETOCTATKH.

YToJIbHbIE JATYUKH NPEeoOpa3yroT ACUCTBYIONIEE HA HUX YCHIIME B AJIEKTPH-

YCCKOC COIIPOTHUBJICHHC UM CHIIY TOKaA. BXO,HHOﬁ BEJIMUYUHOM 31CCh 6YI[€T HU3MCPAC-
MOC yCHUJIUEC, a BBIXOI[HOI71 COIIPOTHUBIICHUC JaTUYHWKa WUJIK CHUJIa TOKA B HCM. Paznnuarot
JaTYUKH 3TOr0 THUIIa B BHJIC CTOJIOMKOB M TaK Ha3bIBAEMBIC TCH30JUThI, COCTOAIINC
N3 IIOpOoNIKa, YIJIA, Fpa(bHTa nin CaXu, CMCIIaHHOI'O C 0aKeJIMTOBBIM HIIH APyIrum

U30JUPYIOLIUM JIAKOM.
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Pucynok 2.3 - YroJyibHbIE JaTYUKMU:
a - MPOCTOM; O - XapaKTEPUCTUKU YTOJIBHOTO IATYUKA; B - U PepeHimraib-

HBIN.

35



[IpocTeiimuii naT4vKk B BUJE CTOJIOMKa, HaOpaHnHoro u3 10...15 yroipHBIX
maitd6 1 nuamerpom 5... 10 MM u TommmHOM 1...2 MM, Toka3aH Ha pucynke 2.4, a. Ha
KOHIIaX CTOJIOMKAa MOHTHPYIOTCS KOHTAaKTHbBIE JUCKU 2 W YNOPHbIE KOHCTPYKLIMH 3,
yepe3 KOTopble nepenaercs ycunue P Ha TUCKU. DIEKTpUYECKOe CONPOTUBIIEHUE Ta-
KOTO CTOJIOMKA CKJIaJbIBAETCA U3 MEPEXOAHBIX KOHTAKTHBIX COMPOTUBIICHUN MEXKITY
YTOJIBHBIMU IUCKaAMU U COOCTBEHHBIX COMTPOTUBIICHUM TUCKOB.

TCHBOMGTDI/I‘IGCKI/IG JaTYUKHW, WM TAdK HA3bIBACMBIC TCH30COIIPOTUBJICHUA,

MpeIHa3HAYAIOTCS TJIaBHBIM 00pa3oM JUisl u3MepeHust AedopMalviii 1 MEXaHUYECKHUX
HANPsDKEHUHM, OOYCIOBICHHBIX ATHUMH AegopMmarusiMu. OHU MPEACTaBISAIOT COOOM
ToHKYI0 (muameTrpom 0,02... 0,04 MM) 3Ur3aroo0pa3Ho yJI0KEHHYIO U OOKJIEEHHYIO C
JIByX CTOPOH TOHKOM IManmupocHOW Oymaroil mpoBOJIOKY, U3TOTOBJICHHYIO U3 MaTepu-
ajla BBICOKOI'O YAEJIBHOTO CONPOTHBICHHS. TEH30CONPOTHBICHUE MPUKIECUBAIOT
IPOYHBIM KJIEEM K MOBEPXHOCTH HCHBITYEMOH JIeTalu TakK, YTOObl HaIlpaBJCHUE
oXkugaeMoi nedopmanuy coBHanago ¢ JIMHHONW CTOPOHOM MeTesnb MpOoBOJIOKU. Pas-
MepbI TEH30aTYNKOB HEBENUKU: AnuHa 2,5...150 MM, mupuna 3...60mM. ConpoTus-
aeHue TeHzonaTurukoB 00brgHO 100...200 OMm. [dedopmaruu netanu nepenarorcs Ha
IIPOBOJIOKY, B PE3YyJIbTATE YEro U3MEHATCA €€ JIJIMHA, TUAMETP U KaK CIEACTBUE DIICK-

TpU4ecKoe corpoTupieHue R.

2.3 UHAYKTUBHBIE JaTYUKH

[TpuHUMN AEHCTBUS JATYMKOB OCHOBAH HA U3MEHEHUW UHIYKTUBHOTO COMPO-
TUBJICHUSl KaTYIIKW MPU MEPEeMEIICHUU B HEMl (eppOMarHUTHOTO CEpJeUHUKA WU
IPY U3MEHECHUM 3a30pa B CEPACYHUKE C NMOMEIICHHOM Ha HEM KaTylmkou. Bcenen-
CTBHE MPOCTOTHI U HAJICKHOCTU KOHCTPYKIIMHU, OOJIBIIION MOIIIHOCTH Ha BBIXOJIE U OT-
CYTCTBUS MOJBMKHBIX KOHTAKTOB HAXOJST IIMPOKOE NMPUMEHEHHUE NPU M3MEPECHUU
JIaBJIEHUSI, PACX0/1a PA3JIUYHBIX KUJIKOCTEHW U Ira30B, JIMHEHHBIX U YIJIOBBIX IEpeMe-
HIEHUN. DTU JaTYMKUA pabOTaIOT OT CETHU MEPEMEHHOT0 TOKa Ha yacTotax oT 50 I'i1 1o

HCCKOJIBKUX KHUJIOI'CPII.
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NHayKTUBHBIE JATYUKU C TOJABMXKHBIM SAKOPEM (C M3MEHSIOLIMMCS 3a30POM)
UCIIOJB3YIOT JISI U3MEPEHUSI U KOHTPOJSI OYE€Hb MajbiX (IO 2 MM) MepeMelleHuH,
Korna moasmxubiil sikopb 1 (puc.2.4,a) moa nedcTBUEM MeXaHWYecKoro ycuinus P
MEHSIET MOJIOKEHHUE MO OTHONIIEHUIO K HETOJBUXKHOMY MAarHUTOMNPOBOY 2, U3MEHSI-
€TCsl BO3YIIHBIN 3a30p 6, KOTOPBIN SBISETCA BXOJAHOW BETMYMHON JAaTYMKA, YTO BbI-
3bIBAET M3MEHEHUE HHAYKTUBHOIO COINPOTHUBIICHHS KaTYyIIKH, a CIEIOBATENbHO, U

BBIXOJHOW BEJIMYHMHEI - TOKA 1
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Pucynok 2.4 - IHIyKTUBHBIE JATYUKHU U UX XapaKTEPUCTHKU:
a - C IOJBIHBIM IKOpPEM; O - C epEeMEIAIOLIUMCS CEPACYHUKOM; B - C U3MEHSIIO-
1ielcs ouaabio 3a30pa; T - Aud@epeHIuanbHbli; 1 - XapaKTepUCTUKA JaTYNKOB

(0, 6, 2); € - xapakTepucTuka qudPepeHIInaTbHOTO TaTUrKa.

2.4 TpancopMaTopHbie TaTYUKHU

[IpuHUIMI KENCTBUS JaTYUKOB OCHOBAH HA MU3MEHEHUH B3aUMHOW UHIYKTHUB-

HOCTH MEXJYy JIByMsI CUCTeMaMH OOMOTOK. B3anMmHasi HHIYKTUBHOCTh M MOXET H3-

MEHATHCS KaK OT U3MEHEHUS IOJHOTO MAarHUTHOTO COINPOTHUBIICHUS ILIEMH, TAK U OT
B3aMMHOTO TICPEMEITICHUS OOMOTOK.

TpanchopmaTtopHbie JaTYMKU, TPUMEHSEMbIC ISl U3MEPEHUS YIJIOBBIX Tepe-

MCIHCHHﬁ, HMCHOT BTOPUYIHYIO O6MOTKy, BBIIIOJIHCHHYIO B BUIC pPaAMKH, KOTOpaA I10-
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BOPAYMBAETCS B KOJBLEBOM sIKOpe (puc.2.5,a), u ee J/]C MOKET MEHATHCS B 3aBUCH-
MocTH ot yria @ u /IC E.

HIupoko npuMeHs0TCA TpaHC(HOPMATOPHBIE TaTYUKH, BHIIIOJHEHHBIE B BUE
AIIEKTPUYECKUX MAIIH, KOHCTPYKTHBHO MOXO0KHE Ha CUHXPOHHBIC MAIIMHBI C TEp-
BUYHON OOMOTKOM, pacIoJIOKEHHOW Ha CTAaTOpe, a BTOPUYHOUW - HA porope. OHH
nojpa3fessaioTess Ha  Bpawaroumecss TpaHchopmaropel  (BT) u  cenbcuHBI.

VY BT Ha crarope u poTtope, Kak IpaBuilo, PACIOJIOKEHO I10 IBE B3aUMHO IIep-
NEeHAUKYJsIpHbIE 00MOTKH. Paborator BT 5nnbo B pexuMe CHHYCHO-KOCHMHYCHOTO

Bpamaromierocsi Tpaacopmaropa (CKBT) (puc.2.5,0), mubo B pexuMe TUHEHHOTO
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Bpainaromerocs tpanchopmaropa (JIBT) (puc. 2.5,B).
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Pucynox 2.5 - TpanchopmaTopHble TaTYUKH:

a

a- YIJIOBBIX MEpEeMENIeHH, 0 - Bpamaroumics TpaHcpopMaTop B CUHYCHO -
KOCHHYCHOM PEKHME; B - BPALAIOLIUICSA B PEKUME JUCTAHIIMOHHOM MEpeaayun yria;
I - CX€Ma BKJIFOYEHMS CEJIbCHHOB B JINHEMHOM PEXHME; I - CXEMa BKIIFOUEHHUS CEJIb-

CHUHOB B TPAHC(OPMATOPHOM PEXHUME; € - CTATUUECKHUE.
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TparchopMaTopHBIM AaTYUKAM MPUCYIIH HEIOCTATKU M J[OCTOMHCTBA MHIYK-

THUBHBIX OJATYUKOB, KPOMC TOI'O, ¥ HUX OTCYTCTBYCT I'daJIbBAaHHUYCCKAA CBA3b MCKIAY

LIEMSIMA BXO/a U BBIXO/IA.
2.5 EMKoOCTHBIE JaTYUKH

EMKOCTHBII JaT4uK MOpelcTaBiseT co00l KOHIEHCATOP, €EMKOCTh KOTOPOTO
3aBUCUT OT IUIOMIAJU TUIACTHH, PACCTOSIHUSA MEXAY HUMHU U JUAJICKTPUUYECKOU po-
HUIIAEMOCTH Cpelbl MEXIy OOKIaaKkaMu. Pa3auyaroT Tpu THIA €MKOCTHBIX J1aTyu-
KOB: C MU3MEHSEMO IUIOMIAIbIO TJIACTHUH, C U3MEHSIEMBIM PACCTOSSHUEM MEXKIY Iuia-
CTUHAMH U C U3MEHSIEMON AUAICKTPUUECKON MPOHUIIAEMOCThIO MEXIY TJIACTUHAMM.
Bce Ha3zBaHHBIE MapaMeTPbl EMKOCTHBIX JIaTUUKOB SIBIISIFOTCS BXOJHOW BEJIMYMHOM, a
BBIXOJTHOM BENWYMHOM Oyner emKkocTh. Hambosnblliee pacnpocTpaHeHHE MOIY4HIIN
JaTYUKH, BBIMOJHEHHBIE B BHUJE IUIOCKOTO WIM IWIMHAPUYECKOTO KOHJEHCATOpa.

Paznuunbie IMPpUMCPBI CMKOCTHBIX HATYMKOB CXCMATHUYHO I/I306pa)KCHI)I Ha PHCYHKC

2.6
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Pucynok 2.6 - EMKOCTHBIE JaTYMKU:

a - IJIOCKUH; O - C YIIIOBBIM MEPEMEIIEHUEM; B - ITWIMHIPUICCKUN

JlaTunku, paboTa KOTOPHIX OCHOBaHA Ha €MKOCTHOM IIPHHIIMIIC, IMPUMEHSIOT
TS U3MEPEHUS Pa3JIMUHBIX MMapaMeTPOB: BIAXXKHOCTH IMOYBBI, 3€pHA U YHMCIECHHOTO
COCTaBa, pacxoja, JaBJICHUM, TOJIIMHBI Pa3IMYHBIX MaTepuaioB U T. 1. Bce Ooiee

HIMPOKOE PACHPOCTPAHEHUE MOJIYHYaIOT €MKOCTHbBIE JATYMKH JIJI1 U3MEPEHUS YPOBHEH
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Pa3IUYHBIX BEMIECTB C MU(PPOBBIM OTCUETOM PE3yJIbTaTOB, KOTOPHIE MOXHO Tepe/ia-
BaTh Ha OOJIBIITNE PACCTOSHHUS.

EMKOCTHBIM JaTuuKaM TPUCYI PsI HEAOCTATKOB: 1) MOIIHOCTH BBIXOJAHOTO
CUTHAJIa HEBEJMKA, MOATOMY HEOOXOIUMO MPUMEHSATh YCWJINTEH; 2) TIPU TPOMBIIII-
JICHHOW 9acTOTE HE YAAeTCs MOTYIUTh 3HAYUTEIbHYI0O MOIIHOCTh TaTYNKOB, B CBSI3H
C 9TUM OOBIYHO OHM TOJYYArOT MUTAHWE OT UCTOYHUKOB TOBBIIMICHHON YacToThI (10
kl'11 1 Ooiiee); 3) CHIIbHOE BIUSIHUE OKa3bIBAIOT MApPa3UTHbIE EMKOCTH (OCOOEHHO €M-
KOCTH COCIUHHUTEIHHBIX MPOBOJAOB OTHOCHUTEIHHO 3€MJIM), YTO BBIHYXIAET HUCIOJIb-

30BaThb 9KPAHUPYIOIIUC 3JICMCHTBI JIA ITPOBOJOB U AATUYHUKA.

2.6 ®OTOdIEKTPUYECKHE TATYUKH

OTU JaTYMKHU TONYYMIIM IIMPOKOE PAaCHpOCTPaHEHUE B aBTOMATHUECKHUX CH-
CTeMaxX KOHTPOJIA W YIPaBICHHS Pa3IUUYHBIMU TEXHOJOTUYECKUMHU MPOIECCAMHU.
[IpuHIMO AEUCTBUSI UX OCHOBAH HA MCIOJIb30BaHUM (hOTORIEKTpUUECKOro 3dpdekra.
JlaTuuky NpeAcTaBIAIOT cO00M (POTOIIEMEHTHI, pearupyroue Ha U3MEHEHUE CBETO-
BOI'O MMOTOKA. MI3BECTHO, YTO CBETOBASI SHEPIUs, IEUCTBYS HA HEKOTOPBIE MaTepUaJbl,
COOOIIAET UX ANEKTPOHAM JOIMOIHUTENBHYIO YHEPTUI0, JOCTATOUYHYIO AJI TOTO, YTO-
ObI 4aCThb 3JIEKTPOHOB OKa3ajach CBOOOHOM.

B 3aBucuMoCTH OT MOBEACHUS BBICBOOOKIAIOIIMUXCS TMOJ JEHCTBUEM CBETO-
BOTO MOTOKA 3JIEKTPOHOB PA3NUYAIOT TPU THUIMA (POTOJIEMEHTOB: C BHEIIHUM (POTO-
addexToM (BaKyyMHbIE WM T'a30HAMNOJIHEHHBIE), C 3AMMPAIOIIUM CJIOEM (BEHTHIIb-
HbI€) U C BHYTpeHHUM PoTor(dPexToM (POoTOCONMpPOTUBICHUS).

dotosrnemeHTsl ¢ BHEMTHUM (oTodDderToM (prc.2.7,a) MpeACTaBISIIOT COO0M
BAaKyyMHYIO WJIM Ta30HANOIHEHHYIO JaMIly, aHOJl KOTOPOU BBIMIOJHEH B BUJIE KOJIbLIA
WIN TUTACTUHKHU, a KaToJ 2 o0pa3oBaH CBETOUYBCTBUTENIBHBIM CIOEM (LI€3UM WiIH
CIUIaB CYpbMBI C I1I€3M€M), HAHECEHHbIM Ha BHYTPEHHIOIO MOBEPXHOCTb KOJOBI.

DNEKTPUUECKUN TOK BO3HHUKAET KAaK MOTOK JJIEKTPOHOB, BBIOMTHIX TOJ ACH-
CTBHEM CBETOBOH SHEPrMHM C IIOBEPXHOCTH BelmIecTBa (BHEIIHUN (HOTOIPGEKT).

VY ¢oTosmeMeHTOB ¢ BHYTpeHHUM (PoTorpdekToM CBOOOIHBIC JIEKTPOHBI, U3MEHSIS
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1o I[GﬁCTBH@M CBCTOBOI'O ITOTOKA CBOC SHEPICTUUCCKOC COCTOAHHEC, OCTAIOTCA B BC-

miectBe. Haubosee pacnpocTpaneHbl CeIEHOBbIE U MEHO-3aKHCHBIE (POTOIIEMEHTHI.

:'?:iu'r:‘}:rf-:?iﬁi:;:o:-!':'";‘;

Ao

Pucynox 2.7 - ®0OT0371€MEHTHI ¥ X XapaKTCPUCTHUKH:
A - ¢ BHemIHUM QoTO3hDHEeKTOM;
b - xapakrepucrtuka oToreMeHTOB ¢ BHEITHUM (oTOdhPEeKTOM;
B - ¢ BHyTpeHHUM PoTodhDheKTOM;
I' - xapakTepucTuku GOTOIIEMEHTOB C BHYTPEHHUM (DOTOIPhEKTOM;
I - poroconpoTuBiIcHUE;
E - xapakrepuctuka QOTOCONPOTUBICHHS;

XK — poTroymHON)KUTEND.

Ha pucynke 2.7 nmoka3aHbl yCTPOMCTBO M CXE€Ma BKJIIIOUEHUS CETICHOBOTO (hOTO-
aJeMEHTa. DJIEMEHT COCTOUT M3 TOHKOM IIJICHKH 30JI0Ta 1, 3amuparoliero cios 2, ce-
JIEHOBOTO CJIOSA 3 M CTAJIbHOM MOJKIAAKU 4. 3anuparoiiuii CJIoi Ha TpaHUIIE CeJIeHA C
30J10TOM, 00Jiajasi IETCKTOPHBIMH CBOMCTBAMH, HE IIO3BOJIAECT JJICKTPOHAM, BBIOH-

TBIM CBETOBBIM ITOTOKOM, BO3BpaIIaThcs o0patHo. CBETOBOM MOTOK MPOXOIUT Uepes
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IJIEHKY 30JI0Ta M CO3/1a€T BEHTWIbHBIM (OTOI(PPEKT, TPU KOTOPOM 3BJIEKTPOHBI U3
OCBEIIEHHOIO CJIOSl MEPEXOSIT B HEOCBELICHHBINA, OTACICHHBIM H30ISIMOHHBIM 3a-
nUparoumM cioeM. BeneacTBue 3Toro  BO3HMKAeT pa3HOCTh moreHuuanoB Ed u
npotekaeT Tok U¢ B Harpy3ounom conpotusiennn R.Yem Gomnbiie R Tem Menee mu-
HeliHa CBeTOBas XapakTepucThuka (puc.2.7,r).

Y ¢oroconporuBneHuii (puc.2.7,1) Ha CTEKISHHYIO IUIACTHHKY | HaHeceH
TOHKHI CJION CEJIeHAa UJIU CEPHUCTBIX COCIMHEHUI METAIUIOB (TaJLIUs, BUCMYTa, KaJ-
Mus, cBUHIA). K MIacTUHKE MPUKPEIUISIOT 3JIEKTPOIbI 2, KOHTAKTUPYIOIIHUE C TOJTy-
MPOBOJAHUKOBBIM clioeM. [Ipu mojade K 3lEKTpoJaM HaNpPsHKEHUS 4epe3 MOyIpo-
BOJIHUK MOTEUYET TOK, CHUJIa KOTOPOIO 3aBUCHUT OT OCBEIIEHHOCTH CBETOUYBCTBUTEIb-
HOM MOBEPXHOCTH (POTOCOTPOTUBIICHHUSI.

DoTO3JIEMEHTHI U (POTOCOMPOTUBIICHUS POCTHI MO YCTPOUCTBY, HEBEIUKH MO
rabapurTaM, BBICOKOYYBCTBUTENBHBI M JJOCTATOYHO HAJAECKHBI B pabore. Haxonsar miu-
pPOKOE NMPUMEHEHNE B CUCTEMAaX AaBTOMATHUKH CEIbCKOXO35IMCTBEHHOTO MTPOU3BO/ICTBA!
JJIsi aBTOMATUYECKOTO YIIPABJICHUS YJIIMUYHBIM OCBEIICHUEM, KaK JATYMKU OCBEIICH-
HOCTH B TEIUIMIIAX, JJII U3MEPEHHS TeMIEpaTypbl HarpeThix Ten ((hoTodIeKTpUuye-
CKHMU MMUPOMETP), OMPEICIICHUS MPO3PAYHOCTH KUJIKOCTH WUJIM Tra30B, MOJCUYETa U3Jle-
T, IPOXOAIIUX IO KOHBEHEPY, sl OIIEHKH COCTOSIHUSI IOBEPXHOCTU O00BEKTA, JJIs
KOHTPOJIS TIJIJAMEHHU B TOMKAX U T. .

DOTOIATUMKHU C DJECKTPUUYECKUM TOKOM Ha BBIXOJI€ YAaCTO HCIOJL3YIOTCS B
coctaBe (HOTOINEKTPUUYECKUX Delie, JUIsl Yero UX COCIUHSAIOT C KOHTAKTHBIMH HIIA
OCCKOHTAKTHBIMU JIEKTpUUYECKUMU petie. OCOOEHHO MOAXOAAT JJIsl ATOU 1EeNu TUpa-
TPOHBI, BBIMOJHSIONME (PYHKIIUK OJHOBPEMEHHO M ycwiuTens u pene. Dotossek-
TPUYECKHUE pejie OUYeHb YI0OHHI, a B PsI/ie CIy4aeB U HE3aMEHUMBI KaK armapaThl JJis
aBTOMATHYECKON CUTHAJIM3AlMK, OPaKOBKU, COPTHUPOBKH, CUETA, 3aIUThI, yIpaBie-
HUS U T. 1. B 11€710M ke BO3MOKHOCTH (hOTODJIEKTPUIECKUX PeJie B aBTOMATHKE Upe3-
BBIYAHO BEJIMKHU.

[IInpokoe mpuMEeHEeHHE B aBTOMATUKE HaXOAAT (POTOTPpUObI U POTOYMHOKH-

TCIN
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2.7 JlaTYUKH TeMIepaTypbl

JIaTuuku 1U1s1 U3MEPEHUS TEMIIEPATYPhI PA3TUYHBIX TEJ WIH CPEJ UCIIOIB3YIOT
B CBOEH paboTe pasHOOOpa3HbIC CBOMCTBA BEIIECTB WJIM MATEPUATIOB, U3MEHSIOIIHC-
Csl B 3aBUCUMOCTHU OT TEMIIEPATYPhl. DTO MOXKET ObITh U3MEHEHUE JIMHEIHBIX pa3Me-
poB Ui oobema, kKorhuieHTa TeMIepaTypHOTO COMPOTUBIICHUS, TEPMOIIEKTPO-
JBIOKYIIEH CUJTBI, 3JIEKTPOIPOBOHOCTH U T. TI.

[IInpokoe MpUMEHEHUE B CHCTEMAX ABTOMATHUKH HAXOIAT KOHTAKTHBIE TEp-
MOMETPBI, OUMETAIUIMYECKUE TaTYUKH, TEPMOMETPHI CONPOTUBIICHHUS, TIOTYIIPOBO/I-
HUKOB TE€PMOCONPOTHUBJIEHHUS, TEPMOIAPHI, MO3UCTOPbl. KOHTaKTHBIE TEPMOMETPHI
OTHOCSITCSL K JaTYMKAM, OCHOBAHHBIM Ha MPHUHIIMIIE TETUIOBOTO PACIIMPEHUS KHUIKO-
CTEU U Ira30B.

KunakocTHbIN (PTYTHBIN) TaTYUK MPEICTABISET COOON CTEKISTHHYIO TPYOKY,
BHYTPU KOTOPOM pa3MeElIeHa CTEKJISHHAs amIlysia C KalWUISIpOM, TJI€ HaXOJUTCS
pTyTh. B amnyny (puc.2.8,a) BBeICHBI JBa KOHTAKTA: OJUH BIIAsH CHU3Y M COCIUHCH
CO CTOJIOMKOM PTYTH, a BTOPOH (ITOJABMKHBINA) PACIOJIOKEH CBEPXY U MOXKET IMepe-
MEIAThCS B KAMWIISPE MPHU MOMOIIM MarHUTHOW TOJIOBKM (Ha PUCYHKE HE TOKa3a-
Ha). [TockoJIbKYy BbICOTA CTOJI0A PTYTH 3aBUCUT OT TEMIIEPATyphl U3MEPSEMOU CPEIbl,
TO KaXJIOMY TMOJOXKECHHUIO TMOJABUKHOTO KOHTaKTa OyJEeT COOTBETCTBOBATH OIpeEe-
JIEHHOE 3Ha4Y€HUE TEeMIIepaTyphl cpabaThIBaHUs JaTUYHKA.

Takum 00pa3oM, KOHTAKTHBI TEPMOMETP AATYHMK JBYXIO3HIIMOHHOTO ICH-
CTBUSI, BXOJHOM BEJIMUUHOU KOTOPOTO SBJISIETCA TEMIIEpaTypa, a BHIXOIHON - BHICOTA
cToJi0a XKUJAKOCTH B Kamwuisape. [Ipenensl perynupoBanus temmeparypsl oT - 30 10
+100 °C (u BbiIe). B cxemax aBTOMaTUKHA TaKME TEPMOMETPHI PUMEHSIOTCS C MPO-
MEXYTOUYHBIM peJie, TOTOMY YTO pa3pbiBHAs MOIIHOCTh KOHTAKTOB HE IMPEBBIIIACT

2 Bt npu Toxe 0,2 A.
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Pucynok 2.8 - Jlaruuku TemrepaTyphbl:

a,0,B,T U J— XUAKOCTHBIE; €, K MU 3 — MaHOMETPHUUECKUE.

[TomMmuMoO paccMOTpEeHHOIN KOHCTPYKIIUHU, IPUMEHSIOT TEPMOMETPHI, TJI¢ BapH-
aly CTOJI0A KUAKOCTU HCTOJB3YIOT ISl U3MEHEHHS COMPOTUBIICHUS PE3UCTOPA,
BIAsSHHOTO B Kamwuisap (puc.2.8,0), MHAYKTUBHOCTH KaTymiku (puc.2.8,B), eMKOCTH
(puc.2.8,r), THTEHCUBHOCTH CBETOBOIO MOTOKA (purc.2.8,1).

MaHnoMmeTpuuecKkre AaTYMKH HCIOJIB3YIOT 3aBUCHMOCTH JABIICHUS, HAXOJs-
IIETOCsl B 3aMKHYTOM CHCTEME ra3a WM HACBHIIIEHHOTO Mapa HU3KOKUIISIIEH KUIKO-
CTH, OT TeMIlepaTypbl. 3aMKHyTas cuctema (puc.2.8, €,%,3) cocTouT u3 OamioHa 1,
MOTPY’KaeMOT0 B U3MEPSIEMYIO CPENly, COSAUHUTEIBHOTO Kammuisipa 2 1 MaHOMETpa
3, CBSA3aHHOIO Yepe3 CHUCTEMY PBhIUaroB CO CTPENKOW 4 M3MEPHUTENbHOM IIKajbl 5.
M3MeHeHne TemmepaTypsl B 9TUX JaTYMKaX MPOUCXOIUT 3a CUET MEpEeMEeIeHUs Ma-
HOMETPUUYECKHUX MPYXHUH (€), MeMOpaH (k), cribpoHoB (3). [Ipu moctrxenuu mpe-
JICTbHBIX 3HAYCHUN TEMIIEpaTyphl CTPEIKa BBI3BIBAET CpadaThIBaHUE KOHTAKTHOM CH-
CTeMBI 6, B pe3ysbTaTe 4ero BO3HUKAET YIPaBJSIIONIMNA CUTHAI. J[aTYNKW MaHOMET-

pPHYCCKOIo THUIIa ITO3BOJIAIOT BCCTH BH3yaHBHI)II>'I KOHTPOJIb TCMIICPATYPbI, IIPUYICM
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HIKajga JaT4uKa MOXKeT ObITh yJaJeHa Ha 3HAYUTEIbHOE PACCTOSIHUE OT KOHTPOJIUPY-
emoro oobekTa (mmmHa Kanuuisipa 10 40 m). XKugakocTHbIe MAaHOMETPUYECKHUE JaT-
YUKW 3aM0JHSAIOTCS PTYThIO, alleTOHOM, Y(UPOM, CIIUPTOM U UX COCUHEHUSIMHU, a ra-
30BbIE - A30TOM U UHEPTHBIMU Ta3aMH.

[TorpemHocTh U3MEPEHUsI MAHOMETPUIECKHUX JATYUKOB cocTaBisieT 1.. . 2,5 %,
npenesbl U3MEPEHUsl OrPaHUYUBAIOTCS TEMIIEpaTypaMu KaueCTBEHHOIO0 M3MEHEHHUS
dbuznyeckux CBOMCTB paboyero teia (Hampumep, TEMIEpaTyphbl 3aMep3aHus U KHIIe-
HUs pabouei xuakocTu). HemocrtaTku Takux AATYUKOB B TOM, YTO 3HAUYMUTENIbHAS
WHEPIMOHHOCTh M TOBBIIIEHHAs YYyBCTBUTEIBHOCTh K BHOpALMM M TOJYKAM MOTYT
BbI3BaTh CpadaThIBaHUE KOHTAKTOB. B cxeMax aBTOMATHKM MaHOMETPHUYECKHE JaT-
YUKU MPUMEHSIOT 0€3 MPOMEKYTOUHBIX PEJie, TOCKOJIbKY MOIIHOCTh UX KOHTAaKTOB
JOCTYITHA /Ui YNPABIEHUS MAarHUTHBIMH IyCKATEISIMU MCIOJHUTEIbHBIX MEXAHU3-
MOB.

B OumeTtanmnyeckux NaTyukax U3MEPHUTEIbHBIM OPTaHOM CIIYKUT CIaid IBYX
MOJIOCOK METAJUIOB C Pa3JU4YHBIMU TEMIEPATYPHBIMH KOA(P(UIMEHTAMH paclivpe-
Hus. [lpyu u3mMeHeHnn teMieparypbl U3MEPUTENbHBIN 3P PeKT gedopmupyeTcs (U3ru-
OaeTcst), mpuueM CTerneHb AedopMalii NponopuruoHanbHa Temneparype. CrasHHbie
IJIACTUHKU M3TMOAI0TCSl B CTOPOHY METalljla ¢ MEHBIIMM TeMIepaTypHbIM Ko3hdu-
ueHToM pacimupenus. Ha pucynke 2.9, a mokaszan natyuk, y KOToporo aedopmanus
OMMeTAINTMYECKON TUIACTUHKU 1 Mcrnoap3yeTcs uisi 0CBOOOXKIEHUS MPYKUHBI 2, KO-
Topasi o0ecreynBaeT pe3koe U YeTKOe cpabaThIBaHUE KOHTAKTOB 3.

Jlist pe3koro cpaOaThiBaHUsI KOHTAKTOB B JaT4yMKaxX TEMIEpaTypbl THIIA
JNTKM (c mpenenamu peryaupoBanus oT - 30 1o +50 °C u pa3pbIBHOM MOIITHOCTHIO
KOHTakTOB 50 BT) NpUMEHSIOT TOCTOSHHBIE MAarHHUTHI, KOTOPBIC MPUTATHUBAIOT
IUTACTUHKY Cpasy MocJie TOro, Kak MpH OMpeAesIeHHON TeMIepaType OHa JIOCTUTHET
3aJIaHHOM CTETIEHU JePOopMaInu.

Juamna3oH pabouux TeMmreparyp OMMETAINIMYEeCKUX JAaTYMKOB BEChMa BEIIHK:
ot - 60 10 +350°C. YyBCcTBUTEIHLHOCTh UX 00BIUHO cocTaBiisieT 1 °C, HO MOXKET ObITh

H BBIIIIC.
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Pucynok 2.9 - JlarTuuku TemrepaTyphbl:

a - OMMeTAJUIMYECKUI; O - TEPMOMETP CONPOTUBIICHUS; B - XapaKTEPUCTUKA TEPMHU-
CTOpA; T - CXeMa BKIIFOUEHUS TEPMUCTOPA; 1 - BOJbTAMIIEPHbIE XapaKTEPUCTUKH TEP-
MUCTOPA, € - CXEMa BKJIFOYEHHUS TEPMOIIAPBI; K - TEMIIEPATYPHBIE XapaKTEPUCTUKN

MO3UCTOPOB MPH OAHOM HamnpspkeHuu: nosucropa CT6-1A; 2-CT6-1b; 3-CT6-3b.

B tepMomMeTpax COnpoTHBIICHUS UCTIOIB3YIOT CBOMCTBO METAJNIMYECKUX MPO-
BOJIHUKOB MU3MEHATH CBOE AJIEKTPUUYECKOE COMPOTUBIICHUE NMPU U3MEHEHUH TEMIIEpa-
TYpBI.

B sTux Tepmomerpax Ha pucynke 2.9,06 mpoBosoka 1, U3rOTOBJICHHAS U3 MEIU
WJIY TIJIATAHBI, HAMOTaHA Ha M3OJISIMOHHBIN Kapkac 2 U 3aKpbiTa KOXKYyXoMm 3. BeIBo-
JIbI 5 3aKpEIICHB] B U30JISIIIMOHHON KOJIO0AKE 4.

TokoBbIE HATPY3KU TEPMOMETPOB CONMPOTUBIICHUS] OYEHb MaJIbl, C TEM UTOOBI
TEILIO, BBIJEISIEMOE TOKOM B IIPOBOJIOKE TEPMOMETPA, OBLJIO BO3MOKHO MEHBIIIUM I10
CPaBHEHUIO C MOJIyYa€MbIM OT Cpelibl, A€ uU3Mepserca temieparypa. llockonbky
WHTEHCUBHOCTb pacxojia Terja 3aBUCUT OT MHOTUX (haKTOpOB (TE€OMETPUUECKUX
pa3MepoB U (POPMBI MPOBOHUKA W apMaTYypPhl, K KOTOPOU KPEMUTCS TPOBOTHUK, CO-
CTaBa, MJIOTHOCTH, TEIJIONPOBOJAHOCTH OKPYXKAIOLIECH Cpeabl, CKOPOCTH IEepeMelle-

HUS U T. 1.), TEPMOMETPBI COMPOTUBIICHUS] MOTYT MPUMEHATHCS U I U3MEPECHHUS
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JIPYTUX BEIMYMUH - CKOPOCTH, MJIOTHOCTH M COCTaBa ra30BOM WIIM MKUAKON Cpelbl.

[TonynpoBoaHukoBbslie TepMoconpoTuieHus (I1TP) wim Tepmucropsl, Temme-
patypHbIil kKo duimeHT koTophix B 8... 10 pa3 Gosiblie, 4eM y METaIOB, MOTYYUIH
IIMPOKOE PACHpPOCTPAHEHUE B aBTOMATUYECKUX CHCTEMaxX YIpPaBIICHUS TeMIIepaTy-
poii. B 3aBHCHUMOCTH OT MaTepuania TEPMHUCTOPHI JAEIATCS Ha MEIHO - MapTraHLEBbIe
(MMT) u xob6anbto - maprasiesbie (KMT). Jluanason usMepsieMbIx U1 KOHTPOJIUPY-
eMbIX UMH Temneparyp coctaBisieT oT - 70 1o 1480°C. KoHCTpyKTUBHO OHU mpen-
CTaBJISIOT COOOW MIApPUK, TPYOKY WJIM JUCK U3 3TUX MOJYNPOBOIHUKOBBIX MaTepua-
JIOB ¢ METAJTTHYECKHUMH BBHIBOIAMH.

XapakTepHOil 0COOEHHOCTHIO TEPMUCTOPOB SIBISETCS BO3MOKHOCTH TOTyde-
HUS peneiiHoro 3¢dekra B menu (prc2.9,r), KyJaa oHM BKIIOYEHBI. Eciu depes tep-
MUCTOPBI MPOITYCKaTh TOK, TO IO Mepe ero yBenuueHus: Hanpsokenue Uy Ha Tepmu-
ctope R1 pacreTr cHadana mpoNnOpLUUOHAIBLHO TOKY, a 3aT€M HAUMHAET MajaTh U3-3a
YMEHBILIEHUSI CONPOTUBIIEHUS], BBI3BAHHOIO HArPEBOM TEPMHCTOPA TOKOM. JlanbHen-
IIe€ MOBBIMICHUE HAMPSKEHHS B I TEPMUCTOPA, HE OTPAaHUMUYEHHOU IPYTHM TPO-
BOJIHUKOBBIM COIPOTHBIICHUEM 110 3HaueHUs Uy, COMpOBOXKIACTCS CKaYKOOOpa3HbIM
HEOTPAaHUYEHHBIM YBEITUYCHUEM TOKAa U BBI3BIBACT pa3pylleHHe TepMUcTopa. UToOsI
OTPaHUYHUTH TOK, B IIETIh TEPMHUCTOPA BKIIOYAIOT conpoTuBieHne R1 ¢ mpsmonunei-
HOW HH3Kas CTaOWUJIBHOCTh MapaMeTpoB. Brlyckaemble MPOMBIIIIIEHHOCTHIO TEPMHU-
CTOpPBI UMEIOT Pa30poc Mo conpoTuBIeHUto 10 +20 % OT HOMUHAJA, YTO 3aTPYIHSET
UX B3aMMO3aMEHIEMOCTb.

[To3uctopsl 061a1at0T OOJIBIINM MOJIOKUTEIBHBIM TEMIEPATYPHBIM KO3hDu-
IUEHTOM conpoTuBieHus, gocturaromum 80 % Ha 1°C B y3KkOM Auamna3zoHe TeMiepa-
Typ. X U3rotaBnmBaioT U3 TUTaHaTa Oapus CO CeNUaIbHO MOJ00paHHBIMU MpUMe-
CSIMHU, TIPHUJIAIONIUMH UM CBOWCTBA TMOJYMPOBOAHHMKA, Y KOTOPOTO COMPOTHBIICHUE
CIJIBHO 3aBUCUT OT TemmepaTyphl. TemmepaTypHbli KO3(h(ULIHEHT MO3UCTOPOB B
3...4 pa3za Ooubiiie, yeM y Tepmuctopa. [lo3uctopsl BctpanBaroTcsi B 0OOMOTKH JBUTA-
TEJNeH JUIsl U3MEPEHUSI UX TeMIIepaTyphl.

B TepMonnekTpuueckux naTyukax (TepMorapbl) UCIOIb3YIOT TEPMOIIEKTPHU-

yeckuit 3pdext. Ecnu crasith 1Ba pa3HbIX CIENUAIBHO TOA0OPAHHBIX MTPOBOJHUKA U
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cnasHHbBIA KoHell 1 (puc. 2.9, m) HarpeTb, TO Ha CBOOOJHBIX (XOJOAHBIX) KOHIIAX
IIPOBOJHUKOB MOSABUTCS TepMO-I/[C. DTO MpOUCXOAUT MOTOMY, YTO SHEPIUsl CBO-
OOJHBIX JIEKTPOHOB B PA3IMYHBIX METAJUIAX YBEIUYUBAETCS C POCTOM TEMIIEPATYPbI
HeoaMHaKoBO. Hanmnume nepemnana temiepaTyp BI0JIb IPOBOJAHUKA IPUBOJIUT K TOMY,
YTO SHEPTUU U CKOPOCTHU AIEKTPOHOB Ha KOHIIE MPOBOJHHUKA C 00JIE€ BBICOKOM TEM-
nepaTypou 0yayT OOJbIIE U 3JIEKTPOHBI HAUHYT JIBUTATHCA OT TOPSIYETO0 KOHIA K XO-
nonHoMy. 3HadeHue tepMo - OJIC E mponopuroHanbHO pa3HOCTH TEMIEpaTyp
HArpeToro u CBOOOJHBIX KOHIIOB M 3aBUCHUT OT MeTajlia mpoBojok. [Ipu usmepenun
TEeMIEPaTypbl CBOOOJHBIM KOHIIAM OOECTIEYMBAIOT MOCTOSHHYIO TeMIlepaTypy, AJis
YEero UX JIOCTATOYHO YNAJsOT OT CHANs WM YJIMHAIOT IyTeM oadopa MpoBOJOB 2,
oOnamaronx TeMu ke TepMo-3J1C 1 Ha3BaHHBIX MMOATOMY, TEPMOUICHTUYHBIMU WU
KOMIIEHCAlIMOHHBIMU. Ha mpakTuke MPUMEHSIOTCS TEPMOIAphl: XPOMEIb-KOTIEIEBbIE
(XK) ¢ npenenamu uzMmepenus temrepatypsl 10 600 °C, Menb - KOHCTaHTAaHOBBIC

(M) no 350 °C, xene3o-korcranradossie (JK) 1o 600 ° C u ap.

2.8 laT4yuKu ypOBHS

JIaTYuKH ypOBHS - 3TO YCTPOWCTBA [l U3MEPEHUS YPOBHEW BEILIECTB OTHOCH-
TEJIHbHO KaKON-IMO0 OTMETKH, MIPUHATOM 3a Hayajao oTcueTra. B aBTOMaTH4YecKux cu-
CTeMax YIPABJICHHS HAXOAST MPUMEHEHHWE MEMOpaHHbIE, DJIEKTPOAHbBIE, MOIIABKO-
BbIC U IPYTM€ TaTYNKHA YPOBHSI.

Ha pucynke 2.10,a moka3aHsl MeMOpaHHBIE NATYMKH, HCTOJIB3yeMbIe KaK
yKazaTelld NpelebHOr0 (BEpPXHETr0 U HMXKHET0) YPOBHS ChIITYYHX TEJl B EMKOCTAX. B
TaKUX JaTYUKaX MPUMEHSIIOT MUKPOIIEPEKITIOUaTEeN, KOTOPhIEe cpabaThIBatOT MPH 3a-
JAHHOM YCHWJIMH, COOTBETCTBYIOLIEM OIPEAEIEHHOMY YPOBHIO CBHIIIYYETO MaTepHualia
HaJl JATYUKOM.

Ha pucynke 2.10.6, n3o0paxeH MeMOpaHHBIN ypOBHEMEP, B KOTOPOM Ha OC-
HOBE M3MEpEHUs JaBJCHUs, MepeaBaeMoro Ha MeMOpaHy BECOM CTO0JI0a KUAKOCTH,
KOHTPOJIMPYETCSl €€ ypPOBEHb. Bec KMIAKOCTH, MPONOPLMOHAIBHBIA €€ ypoBHIO H,

BBI3BIBAET OMpPEAEIEHHBIN N3rud MeMOpaHsl 1, MEXaHUYeCKH CBA3aHHOU C yrOJbHBIM
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JaTIYNKOM 2. I[aBJ'ICHI/Ie, COOTBETCTBYIOLIECC YPOBHIO MaATCpHajia, IEpeaacTCia K
YTOJIbHOMY JaT4YHKY, Ha BBIXOAC KOTOPOI'0 BO3HUKACT BJIGKTpI/I‘-IeCKI/IfI CUrbaall, u3mMce-

psiemblit iprOopoM [1 ninm ucnoap3yeMsblil A1 yIpaBIeHHUS.
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Pucynok 2.10 - Jlatuuku ypoBHS: a 1 6 - MeMOpaHHbI€; B- SJIEKTPOHBIN; T- TOIJIaB-

KOBBIH.

[lIxana mpubopa mporpaayupoBaHa B €AUHHUIIAX YPOBHSA. 3aMETUM, UYTO HU3MeE-
pEeHUE AaBJICHUS CTOJ0A )KUIKOCTH MPOUCXOIUT B COCY/IE, COOOIIAIOIIEMCS C TEM pe-
3epByapoM, II€ KOHTPOJUPYETCS YPOBEHb.

DJIEKTPOJIHbIE JATYMKU TO3BOJISIOT U3MEPATh YPOBHU KUJKOCTEH M HEKOTO-
PBIX CBIMYYUX TEJ MO COOTBETCTBYIONIEMY M3MEHEHHUIO AKTUBHOW WM €MKOCTHOM
POBOJIUMOCTH MEXAJICKTPOJIHOTO MPOCTPAHCTBA naTunka, (puc. 2.10.8).

DJIIEKTPOJIHbIE AATYUKU MPOCThI, TOYHBI, HEJOPOTU U JICJIAIOT BO3MOKHBIM U~
CTAaHIIMOHHOE M3MEPEHNE YPOBHEN B PA3JIMUHBIX EMKOCTSIX.

B nomiaBkoBBIX JaTYMKaX U3MEHEHHS! YPOBHS KUIAKOCTH, BOCIIPUHUMAEMBbIC
nomiaBkoMm 1 (puc.2.10.1), mepenaroTcss MEXaHUYECKOM CBs3BIO (Tpoc 2, O1oKu 4,

IIPOTHUBOBEC 5) 3IEMEHTY, KOTOPbIA 0OBIYHO MTPeoOpa3yeT 3TH U3MEHEHHUSI B IIEKTPH-
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YEeCKUI CUTHaJ MPU NOMOIIM MMOTEHIIMOMETPUYECKOTO 3 WM MHAYKTUBHOIO IPeod-
pazoBatensa. K BbIXOAy JaTurKka MOAKIIOUEH M3MepuTenbHblil npudop Il, peructpu-
pYIOIIUN OTKJIOHEHUs YpoBHs. CUTHaJI C BBIXOAA MOKET OBITh II0JIaH B aBTOMaTHye-
CKYIO CHCTEMY yIpaBJeHHs. Takue TaT4UKU MO3BOJSAIOT KOHTPOJIMPOBATh YPOBEHb B
HIMPOKUX Ipezenax, MIX OCHOBHBIM HETOCTATKOM SIBJIIETCS] HAJIMYME ITOIBUKHBIX Ya-
CTEH.

Kpome paccMOTpEHHBIX HAaTYMKOB, Uil M3MEPEHHsS] YPOBHEH >KUAKOCTEH
IPUMEHSIOT Pa3IMYHbIE YPOBHEMEPHI - AU(PMAHOMETPHI, pearupyrolye Ha rnepenasn
JABJICHUM, CO3JaHHBIX JKUJIKOCTHIO B HAllOPHOM Oayke Ha MOCTOSHHOM BBICOTE, H
KUJKOCTBIO, YPOBEHb KOTOPOU U3MEPSETCS.

Cpenn naT4MKOB JUIsI M3MEPEHHs YPOBHEH CBIIYyYHMX MaTE€pUaIoB MOYKHO
Ha3BaTh, HAIIPUMEP, KPbLUILYATKU, KOTOPbIE CBOOOIHO BpallaloTCs B BO3AYyXE U OCTa-
HaBJIMBAIOTCS, 3aMbIKAasi CBOM KOHTAKThI [P COIPUKOCHOBEHHUHU C CBHIITYYUM MaTepu-

aJIOM.

2.9. JlaTYuKH YrJIOBOI CKOPOCTH

JInst u3MepeHust yrioBbIX CKOPOCTEW MIMPOKOE MPUMEHEHUE HAXOAAT LEHTPO-
OCXKHbIE TaxOMETphl W TaXOMETPUYECKHE TMpeodpa3oBaTein (TaxoreHepaTophl).

CxeMa mpocTeuIiero eHTPOOEKHOr0 TaXOMETPUUECKOro AaTdyhKa MOKa3aHa
Ha pucyHke 2.11. Ock 3, Ha KOTOPOIi MPU TOMOIIY MAPHUPOB U YETHIPEX PHIYAroB 2
3aKperIeHbl IBa Tpy3a 1, BOCIpUHUMAET BpallaTeIbHOE ABUKEHHUE OT 00BEKTa, Ubs
YTJIOBAsi CKOPOCThIO m3Mmepsiercs. [Ipyxuna 4 Hanera Ha OChb 3 B ClIeTKa CKaTOM CO-
CTOSIHUU, O3TOMY TOJI3YHKU (HM>KHUUM MOJABUYKHBIN, BEpXHUN HEMOJIBUKHBIN), KOT1a
OChb HE BpalIAE€TCsA, YAAJEHbI APYr OT Ipyra Ha MaKCHUMaJbHO BO3MOYKHOE PACCTOS-
Hue. [Ipu BpalieHuu ocu ¢ HEKOTOPOU YIIIOBOW CKOPOCTBIO Ipy3bl 1 mona AeicTBHEM
IEHTPOOEHKHOM CHIJIBI CUMMETPUYHO PACXOASATCS, MPY>KWHA CKUMACTCS W HIDKHUN
MOJI3YHOK MOJHUMAETCS JI0 TeX TOop, MOKa CUjia MPY>KUHBI HE YPAaBHOBECUT UHEPIIU-

OHHBIC CHJIBI IBYX MAcCC.
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Bpaienue ocu yepe3 3yduaToe Kojieco mepeaeTcsl Ha CUeTHBIN MEXaHU3M 5,
KOTOPBI PEruCTPUPYET YIJIOBYIO CKOPOCTh HA INIKaJsle, MPOrpagyupOBAHHON B €1H-
HUIIAX YTJIOBOM CKOPOCTH, MJIM Ha CIIEUAIbHOE YCTPOMCTBO 6, pukcupyroiiee nepe-
MEIICHUE HUKHETO MOI3yHKa.

TakuMm ycTpOHCTBOM MOXKET OBITH SKOPh WHAYKTHBHOTO JaT4MKa, MOJIBHUXK-
HBII AJIEKTPOJ EMKOCTHOTO J1aTYMKa, OIBUKHBIN MOJI3YHOK MMOTEHIHOMETPHYECKOTO
JaT4YMKa U T. 1. TaxoreHepaTopbl MOTYT OBITh MOCTOSTHHOTO TOKa (puc.2.11.0) ¢ mo-

CTOSHHBIMH MarHMTaMH WJIM C OOMOTKOM B036Y)KI[€HI/IH IICPCMCHHOI'O TOKa

(puc.2.11.8).

Pucynok 2.11 - JlaTunku CKOpOCTH:

A - TaxoMeTpuUecKuil IIEHTPOOSKHBIN; O - TaxoreHepaTop MOCTOSHHOTO TOKA;

B - TaXOI'CHCPATOP NCPEMCHHOT'O TOKA.

V¥ TaxoreHeparopa MOCTOSHHOTO TOKa C MOCTOSIHHBIMH MarHUTamu SIKOpb 1
BpaIllaeTCsl B MArHUTHOM I10JI€ TOCTOSIHHOTO MarHura 2.

B Taxoreneparopax MmocCTOSSHHOTO TOKa OOMOTKa BO30YXKICHHS TMOJIy4aeT IHU-
TaHHE OT HE3aBUCUMOI'0 MCTOYHUKA, TO3TOMY MAarHUTHBIA MOTOK OCTAa€TCsl HEU3MEH-
HBIM, a BBIXOJHOE HANpPsKEHUE MPSMO MPOMOPIMOHAIBHO YIJIOBOM CKOPOCTH Baja
(TIpu ATOM MEPEXOTHBIMU TIPOIIECCAMH B SIKOPE MPEHEOPETaIoT).

Takue TaxoreHepaTopbl UMEIOT CJICAYIOIIME HEIOCTATKH: HAJIMYWE IIETOK B
KOJUIEKTOpPE MPUBOJIUT K CHUIKEHUIO HAJEKHOCTU pabOTHI, TEMIIEpaTypa BIUSET Ha

COIMPOTHUBJICHUC 06MOTOK, a CJICA0BATCIIbHO, HA BBIXOAHYIO BEJIMIUHY U JIP.

o1



ACHHXpPOHHBIE TaxOT€HEPATOPhl MEPEMEHHOIO TOKAa HE HMMEIOT IMOJBHKHBIX
KoHTakToB. Ha ctatope pa3memeno ase oomotku (puc.2.11.6), pacnonaoxeHHbIE MO
YIJIOM 90°. O6MOTKA BO30Oyxenust 1 nmomydaetr nutanue U1, oT uctoyHuka mepe-
MEHHOTO TOKa, ¢ OOMOTKHU 2 CHUMaeTcsl BbixoaHoe Hampsikenue U2. Porop 3 mpen-
CTaBJsieT cOOOM ATIOMUHHEBBIA CTaKaH, BPAILAIOIIMICS MEXIYy CTaTOPOM M HEMO-
JBW>KHBIM LUJUHIPUYECKUM cepleuyHUKOoM. Korga poTop He Bpalaercs, BBIXOJIHOE
HanpspkeHue U2 paBHO HyIIO, TaK KaK OCH OOMOTOK B3aWMHO MEPHEeHIUKYISIpHbL. B
pOTOpE, BpAIIAIOIIEMCS] B MAarHUTHOM T10JIe OOMOTKH BO30YXACHUS, HUHAYKTUPYETCS
TOK, KOTOPBIM CO3Aa€T MAarHUTHBINA MOTOK, MEPECEKAIONTHI HUTKU BBIXOJHOW OOMOT-
KW 2, W HaBOJUT B Hell mepemennyo J/(C.

Cy1iecTByIOT U HEKOTOpbIE APYTHE NAaTYUKH MU3MEPEHUS YIJIO0BOM CKOPOCTH.
Tak, HaXOAT NPUMEHEHUE LIEHTPOOEKHbIE (TUAPABIMYECKUE UM THEBMATHUYECKUE)
umnesepsl. [l u3MEpeHns: 4acTOThl BpallleHUs UCIIONb3YIOT U(POBBIE aBTOMATH-
YeCKHE TaxOMETpPbl C MHJIUKALMEN pe3yibTata U3MEPEeHU Ha CBETOBOM TalJIo B Jie-
caTuuHOM cucteMe. Takue TaxomeTpsl (Hampumep, HUGPOBOIl aBTOMATUYECKUIN Ta-

xomeTp [IAT-DOM) BKIIIOUAIOT B c€0s1 TATYMK YACTOTHI BPAIICHUS] M YaCTOTOMED.

2.10 JlaTunku 1aBJIeHUSA

N3 Bcero pa3zHooOpa3us 1aTYUKOB AaBICHUS, OTIMYAIOIIMXCA TPUHIUIIOM JIEHCTBHS
U yCTPOMCTBOM, OYIyT pacCMOTPEHBI JIUIIbL HEKOTOPBIE, MOJIYUYHUBILINE Hanbosee iu-
pPOKOE pAaclpOCTPaHEHHE B TPAKTUKE CEJIIbCKOXO3SIMCTBEHHOrO MPOU3BOJCTBA.

B partuymke ¢ MaHOMETPUYECKON TOHKOCTEHHOW ympyroi tpyOkoit 1 (puc.
2.12.a), U30THYTOM MO JIyT'€ U UMEIOIIEH OBaJbHOE CEYEHUE, IPU U3MEHEHUU J1aBiie-
HUSI KOHTPOJIMPYEMOU cpelbl MEHsIeTCsl JaBjeHue BHYTpU TpyOku. CBOOOAHBINA KO-
HeI[ TPYOKH MepeMeIlaeTcsl U Yepe3 CUCTEMY phluaroB 2 MPUBOAUT B ABM)KCHUE YKa-
3aTeIbHYIO CTPENIKYy 3 OTHOCHUTEIBHO M3MEpHUTENbHOM miKanel 4. CTpenka cBs3aHa ¢
KOHTAKTHOM CHCTEMOM, BKJIIOUYEHHOM B DJICKTPUYECKYIO LIEIb YyNpaBlieHUs. JlBHxe-
HUE CBOOOJHOTO KOHIIa TPYOKH MOXKHO MpeoOpa3oBaTh B MEpEeMEIICHHE KOHTAKTa

MNOTCHIOUOMCETPHUICCKOTO JaTYHMKaA U T. II.
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Y cunb(OHHBIX JaTYMKOB JaBjieHUs Ta30B (puc.2.12.0) u KuAKOCTEH
(puc.2.12.8) roppupoBanHas TpyOka 1 coequHeHa yepe3 peiiky 2 ¢ 3yO0uaThiM KoJie-
COM 3, KOTOPOE CBSI3aHO C MOJBM)KHOM 4acThlO yCTPOMCTBA, IPeoOpaszyrouero nepe-
MEILEHUE PEUKH 2 TIOJ AEUCTBUEM U3MEHSIOUIETO NABICHUS P B JIIEKTPUYECKUM CUT-

Has. Hampsokenne UBBIX Ha BBIXOJIE MMOTEHIIMOMETPHYECKOTO TIpeodpa3oBaTes mpo-

nopiroHanbHO (ko3¢ dunreHt K) nzmepsemMomy 1aBIICHUIO.

U, =kP

Pucynox 2.12 - JlaTunku qaBiaeHus:

a - C MAaHOMETPHUYECKOU TpyOKoOii; O U B - CUPOHHBIE.

[Tox nmeiictBuem namieHus P cunboH pacTsaruBaeTcs Uiv CKUMAETCS U Tie-
peMeIaeT perKy, a BMECTE C HEW, KAK MOKa3aHO Ha PUCYHKE, U IMOJ3YHOK IOTEH-
uuomerpa 4.

HBC303H€KTDI/I‘I€CKI/I€ JAaTYUKH MPUMCHAIOTCA OJIs1 U3MCPCHUSA I[aBJ'IeHI/Iﬁ u

OCOOCHHO TaM, TJie MPOIECC U3MEHEHUS JIaBJICHUN MPOUCXOAUT OBICTPO, HAPUMEDP
M3MEHEHHE JIaBJICHUS Ta30B B JIBUTATENISIX BHYTPEHHETO CrOpPaHUs, IaBJICHUS 3BYKO-
BBIX KoJieOaHuit u T. 1. [llupoko mpuMeHsIIOTCS Tbe303JIEKTPUUYECKHUE afanTephl (3BY-
KOCHUMATEeNU TpaMMO(OHHBIX MJIACTHHOK), MAHOMETPBI, BUOPATOPHI (M1J151 U3MEPECHUS
BUOpallMM MaIllMH), aKCeJIepOMETPhl (M3MEPUTENIsl YCKOPEHUN) U MHOTHE JpPYyTHE
npuOopskl. [IpuHIUN 1EMUCTBUS MX OCHOBAH Ha WCIIOJIL30BAaHUU MPSMOTO MbE30JICK-
TpU4ecKoro 3¢ heKTa, TO €CTh MOSBICHHUS JICKTPUUECKUX 3aps/IOB HA TPAHIX HEKO-

TOPBIX TUANEKTPUKOB NpH UX Aepopmanuu. Hanbosnbiee npuMeHeHUE U3 MaTepHa-
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JI0B, 00JaJAIOIIUX IbE303TEKTPUUECKUM IPPEKTOM, MOIYUYHIIU KBapl], CETHETOBA
COJIb, TUTaHAX Oapus u Ap. Manble rabapuThl, MPOCTOTA YCTPOUCTBA, IIMPOKUIN Ya-
CTOTHBIM JTMAIla30H U3MEPSEMBIX BEIWYMH -JOCTOMHCTBA IBE30AICKTPUYECKUX AaT-
YUKOB; HEBBICOKAS YyBCTBUTEIBLHOCTD U HENPUTOJHOCTh K U3MEPEHUIO CTATHYECKUX

BCINYHUH - HCAOCTAaTKH.

2.11 laTyuku pacxoaa

JUtst u3MepeHust pacxoAa KUAKOCTEN M ra3oB MPUMEHSIOTCS pa3jiuvHbIE 1aT-
yuku. Hanbompiiee pacnpocTpaHeHre NOJIydrsl METO U3MEPEHHS pacxoja 1o nepe-
najay, 1aBJIeHUs B IPOCCEIbHBIX YCTPONCTBAX, KOTOPBIMU MOTYT CIYXUTh auadpar-
MBI, COILJIa, pa3JInyHbIe TPYOKH.

B natumke c apoccenem-auadparmoit 2 (puc.2.13.a), momemeHHon B TpyOo-
npoBoa 1, 3a cueT Toro, YTo CeYeHHe OTBEPCTHS AuadparMbl HAMHOTO MEHBIIE cede-
HUs TpyOOIIPOBOJIa, CO3/IaETCs Mepenajl JaBIeHUd. DTOT Mepenajl ylIaBIuBaeTCs Mpu
IOMOIIX OTBOJHBIX TPYOOK 3, B OJJHY M3 KOTOPHIX BCTAaBJIEHO OMUYECKOE COIPOTHB-
aeHue R, KoTopoe ¢ u3MepuTeNbHbIM PUOOpPOoM 11 MOIKII0UEHO K UCTOUHUKY TOKA U
B IIpoliecce padOThI IIYHTUPYETCS KUIKOCTBIO.

[lo mokazanuto mpubopa, mIKajga KOTOPOro IMPOrpagydpoBaHa B €IMHMIIAX
U3MEPEHHUS pacxojia, CyJIAT O KOJIMYECTBE KUJIKOCTH, TPOXOASILEH 1O TPyOOIpOBOLY
B €JIUHUILY BPEMEHH.

JIaTYMKM C BEPTUKAIBHOM M CIUPAIbHOM BEPTYIIKAMH HAXOIAT LIMPOKOE
MPUMEHEHUE JJI1 U3MEPEHMS .pacxo/ia BOAbIL, KUIKOTO TOIJIMBA, Ta3a U APYTHUX
BEILECTB.

B naruuke ¢ BepTukanbHoi BepTymkoi 1 (puc.2.13.0), moMemeHHoi B Kop-
yc 2, )KMJIKOCTb, IPOTEKAs Yepe3 AATUMK, IPUBOJIUT BO BPALLEHHUE BEPTYLIKY, yIJIO0-
Basi CKOPOCTh W(pa/c) KOTOpoi mpornopiroHaibHa (Ko3hGUIMEHT ¢) CKOPOCTH TIO-
TOKa. BepTylika coeiMHeHa cO CYETHBIM MEXaHU3MOM IpHOOpa, U3MEPSAIOIIETO pac-

XO0n4.
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Pucynok 2.13 - JlatTunku pacxona:

a- ¢ IpocceneM-aradparMoii; 0 - ¢ BEpTUKAIBLHON BEPTYIIKOM; B - CO CIIMPATHLHOM
BEPTYIIKOMN
VY natdmka co cnvpanbHON BepTymkor 2 (puc.2.13.B), pa3MEIIeHHON B Tpy-
OompoBoZE, BpALECHUE BEPXYIIKM MEpPEeNaeTcss Ha H3MEPUTEIbHBIA Mpuoop 3,
T [IKaJIa KOTOPOT'O MPOrpayupoBaHa B eUHUIIAX PACXO/1a.

Kpome paccMOTpEeHHBIX JAaTYMKOB Pacxoja, HaxoAAT NPUMEHEHUE OObEMHbIE
CUETYHMKH, padoTarolMe MO MNPUHUUIY H3MEPEHMs] YHCcia OTMEPEHHBIX O0BEMOB
XKUIKOCTH, MPOTEKAIOIIEH MO TPyOONPOBOAY: PACXOJOMEPHI MOCTOSHHOIO Iepenaaa
JABJIEHUM, B KOTOPBIX Mepenajbl THIPOJIMHAMUYECKUX JTaBIIEHUNA BOCXOMSIIEro MO-
TOKa YpaBHOBEIIMBAIOTCS BECOM MOPIIIHS WM MOIJIaBKA; pacX0I0Mephl 00TEKaHUs, y
KOTOPBIX pabo4uil 3JIeMEHT (KPbUIO, JTUCK, IIAPUK U T. I1.) BOCIIPUHUMAET TUHAMUY -
CKO€ J1aBJIEHUE OOTEKAIOIIEr0 €ro MOTOKa U MEePEMEIIAETCsl B 3aBUCUMOCTH OT 3Haue-
HUSl pacxo/la; pacxoJOMeEphI IIEJIEBOr0 THIMA, TEIIOBbIE, YallleYHble aHEMOMETPHI U

MHOTHE JIPyTHE.

2.12. JlaTuMKM BJIAKHOCTH

CymiecTByronie MeToAbl M3MEPEHUS BIAKHOCTH TBEPABIX U CBHIITYYHX TEJI, ra-
30B U JPYTUX CPEJ Pa3AeiSIlOT Ha NMpsMbIe U KOCBeHHBbIE. [Ipu mpsMbIX MeToaax m3-
MEPEHHUsI BIAXKHOCTH U3MEPSIEMOE BEILECTBO PA3EIIAIOT HA CyX0€ BEUIECTBO U BIIATY.

B nmpakTuke MeTO BBICYIIMBAHUS UCMOJIB3YIOT KaK 3TAJIOHHBIN, HO PEAIN30-
BAaTh €r0 Il M3MEPEHUS BIAXKHOCTH B BHJIE JaTUYWKA ABTOMATHKU IPAKTUYECKU
CJI0KHO. [103TOMY MCIIONIB3YIOT KOCBEHHBIE METOABI U3MEPEHUS, 311€CH O BIAXKHOCTH

MaTepuana CyAsT Mo Kakou-mnbo (pu3ndeckoi BeIMYMHE, CBSI3aHHOM C €ro BIAXKHO-
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ctbto. [llupokoe pacrpocTpaHeHHEe NOTYYWIN 3JIEKTPUUYECKHE METO/Ibl, KOTOPbIE Me-
HEEe TOYHBI, YeM MpsIMbIe, HO OHM HamOoJee MPOCTO U OBICTPO MO3BOJIAIOT OCYIIIE-
CTBUTb U3MEPEHUE BJIAKHOCTHU U MOJIyYEHHBIM CUTHAJ UCIIOJIb30BATh JUIS LEJIeH KOH-
TPOJISL U yIIPABIICHHUS.

K snekTprueckuM MeTofaM OTHOCST KOHJYKTOMETPUUYECKHUH, TPU KOTOPOM O
BEJIMYMHE BJIAXKHOCTU CYJAT IO pPE3yJIbTaTaM HU3MEPEHUs dJIEKTPUUYECKOM MPOBOIU-
MOCTH U3MEpSAEM Oro MaTepHalia; IU3JIbKOMETPUYECKUH, 3/1€Ch O BIAXKHOCTH CYIST
[0 3HAYECHUIO JHUAJIEKTPUUYECKON NMPOHUIAEMOCTH WJIM TAHI€HCA YIJla JUAJIEKTpUYe-
CKHX MOTEPh U TUTPOMETPUYECKUH, PU KOTOPOM O BIAXKHOCTU CPENbl CYIAT IO U3-
MEHEHHUSAM BJIEKTPUUYECKUX WM MEXAHUYECKUX XapAKTEPUCTHK T'MTPOCKOIMHYECKOTO
BEILECTBA, IOMEIIAEMOTO B U3MEPSAEMYIO CpENLY.

[lo KOHCTPYKIMH KOHIYKTOMETPUYECKHE M UAIBKOMETPUYECKUE NaTUYUKU
COCTOAT W3 LWIMHIPUYECKOTO WJIM IUIOCKOTO KOHACHCATOPA, MEXIY AIEKTPOJaMU
KOTOPOIrO pPa3MEIIAOT MaTepuall, BIAXHOCTb KOTOPOTO IOJICKUT H3MEPEHUIO.
HauGosnbiee pacnpocTpaHeHHE MONMYUYWIH JATYUKUA C JTUAIBKOMETPUUYECKUM METO-
JIOM U3MEPEHUS BIAXKHOCTH.

['urpomeTpruyeckue AaTYUKH TMPUMEHSAIOTCS JJIs1 M3MEPEHUs BIAXKHOCTH
BO3/lyXa M Ta30B. BOCIpUHUMAIOIIUM 3JIEMEHTOM CIY>KUT YE€JIOBEUYECKUH 00€3kKu-
PEHHBIN BOJIOC WJIM TUIEHKA TOMIIUHON 5... 30 MK, U3roTOBJIEHHAs U3 000JIOUKH KU-
IIOK KPYITHOTO poraToro ckota. Bomoc ymmmnsercs va 2.. .2,5 %, a »kMBOTHas IJIeH-
Ka - Ha 4... 5 % Npu U3MEHEHUH OTHOCUTEIILHOM BIaXKHOCTH Bo3ayxa oT 0 mo 100 %.
VY iMHeHue nepenaeTcss yepe3 pblyakKHOW MEXaHM3M Ha CTPEeJIKy MpuOopa, KoTopas
OTKJIOHSAETCS TPONOPLHMOHAIBHO BIAXHOCTH. J[JI1 M3MepeHus BIAXXHOCTU Ta30B U
BO3/lyXa HAILJIM IPUMEHEHHUE MOJYPOBOAHUKOBBIE TUTPUCTOPBI. OHU MPEACTABISAIOT
co00l TOHKYIO IJIEHKY U3 MOJYNPOBOAHMKOBOI'O MaTepuasna, CONMPOTUBICHUE KOTO-
pOro pe3Ko NajaeT Npy yBEIUYECHUH BJIAKHOCTH. boJiblllas HHEPUMOHHOCTbD, HaJTU4KE
TUCTEpPE3UCa U BIHMSIHUE TEMIIEPATypbl OKPYKAOIIEH Cpellbl HA TOYHOCTh U3MEPEHUS
HE MO3BOJISIIOT TUTPUCTOPAM HAWTH IIMPOKOE MTPUMEHEHHE.

KoHCTpyKIMsl aTYMKOB BJIAXKHOCTH, B OCHOBE KOTOPBIX JIEXKUT OJHWH W3

Ha3BaHHBIX BBIIIE METOJIOB, O4YeHb pa3zHooOpaszHa. IlogpoOHBIE CBeAEHUS O KOH-
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CTPYKIIMHU OAaTYMUKOB, BJIAKHOCTH U UX XaPAKTCPUCTHUKAX IIPHUBOIAATCS B CHCHI/IaJILHOﬁ

JUTEpaType.

2.13. D1eKTPOHHbIE ¥ HOHU3AIUOHHBbIE TATYUKHU

DNEeKTPOHHBIC NATYUKH MPEICTABISIOT COOON 3JIEKTPOHHBIE M MOHHBIE JIAMITHI,
y KOTOPBIX MOKHO MEHSTh B3aMMHOE PACIIONOKEHHE JIEKTPOJOB: aHOJa, KaToda H
ceTku. [lepemerieHre OHOTO U3 AJIEKTPOJIOB MPHUBEACT K U3MEHEHHUIO BOJIbTaMIIEP-
HOM XapaKTEPHUCTHUKH JIaMITbI. JIJIsi TpaKkTUYECKUX IeJiel MPUMEHSIOT CIBOCHHBIC -
OJIbI C MOCTOBOW M3MEpHUTENbHOU cxemoi (puc. 2.14). [Toanmexariee U3MEPEHHIO TIe-
peMelIeHue OCYIIECTBIISIIOT TOBOPOTHBIM MU3MEPUTENBHBIM CTEPKHEM 1, 3aKperieH-
HBIM B MeMOpaHe 2, KOTOPBIM CMEIIaeT CIABOCHHBIE aHOMbI 3 OTHOCHUTEIHLHO HETIO-
JMBIKHOTO Karoza 4. Takue qaT4nKu UMEIOT BHICOKYIO YYBCTBUTEIBLHOCTH 110 TOKY.

DNeKTpOHHBIC JATYUKH, WM, KaK UX Ha3bIBAIOT, MEXAaHOTPOHBI, XapaKTepU3y-
IOTCS MajJIbIM BHYTPCHHHM COIPOTHBIICHHEM M 3HAYMTEIHHBIM TOKOM TPH HEBBHICO-

KOM aHOJIHOM HaIIPSKEHUU ¥ YyBCTBUTEILHOCTHU 10 TOKY 710 100 MA/MM.

Lo -

Pucynok 2.14 - Cxema 3€KTPOHHOTO JJaTYUKa CO BCTPOCHHBIM JIUOJIOM.

HaT‘—II/IKI/I HOHU3UPYIOIICTO UBIYUCHUA IIPUMCHAKOTCA AJII U3MCPCHUS MOIIHO-
CTHU PAAWMOAKTUBHOIO HU3JIIYUCHMA, 3aIrpA3HCHHOCTH BCIICCTB PAaJHMOAKTHBHBIMHU IIPC-
maparamMu, 1Jis1 UI3MCPCHUA YHCJId U MCCTOHAXOXKACHUA CIICHUAJIbHO «MCYCHBIX)» dTO-
MOB, a TaKXKC IJId U3MCPCHUA HEOJICKTPHUUYCCKUX BCIWYUH, q)YHKI_[I/IOHaJIBHO CBs3aH-

HBIX € PaJHOAKTHBHBIM H3JIYUCHHCM, IIOIMAJAr0OIIUM B IIPHCMHHK. OO0s3aTeabHbIe
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AJIIEMEHTHI JII000TO JaTYMKa HOHU3UPYIOUIETO U3TYYeHHUs: HCTOYHUK U IPUEMHUK U3-
nydenusi. ICTOUHMKaMU U3Ty4YEeHUI CyKaT €CTECTBEHHBIE U UCKYCCTBEHHBIE PAIUO-
aKTUBHBIE HM30TOMBl M PEHTTEHOBCKUE TPyOku. Mcmomnb3yloTcs pasiudHble BUIbI
MOHU3UPYIONINX U3ITydeHU (a -, B - WK Y- u3NlydeHue, HEUTPOHHOE U PEHTIC€HOB-
ckoe uzinydeHue). OCHOBHbIE BETMUYMHBI, XapaKTEPU3YIOIIMEe UOHU3UPYIOIIUE U3TTY-
YeHHs, aKTUBHOCTh MCTOYHUKA, MHTEHCUBHOCTb M 1032 U3NyYEHUs, O-,3-U3TydeHUs
MPEACTABISIOT COOOM MOTOKM PAaMOAKTUBHBIX YACTHUII, Y-U3JTyUYE€HHUE U PEHTIECHOB-
CKO€ KOPOTKOBOJIHOBOE 3JIEKTPOMArHUTHOE M3JIyYeHHE, pACCMAaTPUBAEMOE YacTO IO
aHAJIOTUH C O- ¥ B-4aCTUIIAMHU KaK MOTOK Y -KBAHTOB. [IpuHIUI TEWCTBUS TPUEMHU-
KOB M3JIyYCHHSI, IPEOOPa3yIOIINX SHEPTUIO HOHU3UPYIOIIETO U3ITYUYEHUSI B DJICKTPU-
YECKYI0 SHEPrUI0 OCHOBAH Ha SIBJICHUM MOHM3ALMK T'a30B NP MPOXOKICHUU YEepe3
HUX U3JIyYCHUS WM Ha JTIOMUHECICHIIMM HEKOTOPBIX BEIIECTB MO ICHUCTBUEM U3ITY-
yeHus. B kauecTBe MPUEMHUKOB UCHOJB3YIOT: NOHU3AIMOHHBIE KAMEPhI, MPOIOPIU-
OHaJIbHBIE CUETYUKH, Ta30Pa3PSAHbIC CYCTUUKU (SIBJICHHME MOHU3AIMU) U CLIUHTUILIS-

IIMOHHBIC CUYCTUYMKH (SBJICHUEC TIOMUHECLICHIINHN ).
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