IF'aiasa 3

MPUBOPLI KOHTPOJISI TAPAMETPOB TEXHOJOTMYECKHUX
MPOIIECCOB

3.1. KoHTpPO/IbHO-U3MEPUTEILHbIE MPUOOPHI TEMIIEPATYPbI

JIJist U3MepeHusi TeMIiepaTyphbl UCIONB3YIOT U3MEHEHHE KaKoro-imubo ¢u-
3MYECKOr0 CBOMCTBA TEJA, OJJHO3HAYHO 3aBUCAIIETO OT €0 TeMIIEPaTypPhl U JIeT-
KO TIOJIAI0IIEr0Cs U3MEPEHHUIO.

K guciy cBONCTB, MOTOKEHHBIX B OCHOBY pa0OTHl IPUOOPOB TSI H3MEPE-
HUS TEMIIepaTypbl, OTHOCATCS: 00BEMHOE PACIIUPEHUE Tell, U3MECHEHUE JaBJie-
HUS BEIIECTBA B 3aMKHYTOM 00beMe, BOSHHKHOBEHUE TEPMOAJICKTPOIBIKYIIICH
CWJIBI, I3MEHEHHUE DJICKTPHUECKOTO COMPOTUBIICHUS MPOBOJHUKOB W TMOJIYIPO-
BOJHUKOB, MHTCHCUBHOCTh M3TyUYCHUS HATPETHIX TEI U JIP.

B 3aBucumocTH OT PU3NYECKUX CBOMCTB, HA KOTOPHIX OCHOBAHO JICHCTBUE
puOOPOB 71T U3MEPEHUS TEMITEPATyPhl, Pa3INYAIOT:

1. TepMoMeTpBl pacmIupeHUS, MOCTPOSHHBIC IO MPUHIIUITY H3MEHE-
HUSL 00beMa KUAKOCTH WIW JTUHEHHBIX Pa3MEpPOB TBEPJBIX TEN MPU U3MEHEHHUH
TeMneparypbl. [IpumensroTes s usMepenus temueparypsl ot —190 mo +500 °C.

2. MaHoMeTpUUYECKHUE TEPMOMETPHl, OCHOBaHHbIC HAa M3MEHECHUU
TaBJICHUS KUIKOCTH, Ta3a WM Mapa B 3aMKHYTOM 00beMe TpH N3MEHECHUU TEM-
neparypsl. IIlpuMenstores i u3Mepenus temmeparyp ot —120 go +600 °C.

3. TepModIEeKTpHUYECCKHE MNUPOMETPH (TepMomapsl), MPHH-
ITUTT JICHCTBUS KOTOPBIX OCHOBAH HAa BOSHUKHOBCHUU SJICKTPOJBWKYIIEH CHIIBI
IPY U3MEHEHUH TEMIIEPATYPhl OJTHOTO M3 CITACB 3aMKHYTOW IIETTH Pa3HOPOIHBIX
TepMO3JIeKTpoioB. [Ipumenstores st u3mepenus temmeparypsl ot —200 10
+2000 °C.

4, TepMoMeTpBs CONMPOTHUBICHUS, OCHOBAHHBIE HAa W3MCHCHHUU
AIEKTPUUECKOTO COTPOTUBIICHUS TIPOBOAHUKA WIIH TIOJYITPOBOJHUKA TIPH U3MeE-
HeHUU Temneparypsl. [Ipumenstorcs mas usmepenus temmepatypbl oT —200 1o
+650 °C.

5. [lupomMeTpbl H3AyUEHUS, padOTAIONIUE MO MPUHIIUITY H3MEHEHHUS
WHTEHCUBHOCTH M3JIyYEHUS HATPETHIX TEJ B 3aBUCHMOCTH OT M3MEHEHUS TEM-
neparypbl. IIpuMenstoTes 11 u3Meperus remmeparyp ot +600 mo +6000 °C.

3.2. KoHTpPO/IbHO-U3MEePUTeIbHbIE MPUOOPHI TaBJIEHUS

JlaBiieHUE OMNpENesieTCs OTHOIIEHWEM CHJIBI, PABHOMEPHO pacHpeacsieH-
HOH M0 IUIOIIAIN ¥ HOPMAJIBHOM K HEH, K pa3smepy 3Toi miomaau. B 3aBucumo-
CTH OT U3MEPAEMOU BETMUUHBI NPUOOPHI JIJIs1 U3MEPEHUS NaBICHUS JEsATCA Ha!

MAaHOMETPbI — JJIs1 U3BMEPEHUS CPEAHUX U OONbIINX U30BITOYHBIX IABICHUN;

BAKYyMMeETPbI — JUIsl U3BMEPEHUS CPEAHUX U OOJIBIINX pa3peKeHUH;
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MaHOBAKYYMMETPbI — JUIsl U3MEPEHUSI CPETHUX U OOJIBIINX JaBICHUU U
pa3peKeHn;

HANIOPOMeEPBI — JIJIsl U3MEPEHUS MabIX U30bITOUHBIX JaBICHUIA;

TATOMEPbI — JIJI1 U3MEPEHUS MaJIbIX Pa3pPEKECHUMN;

TATOHANIOPOMEPBI — i1 U3MEPEHUS MaJbIX W30BITOYHBIX NIaBJICHUN U
pa3pexKeHn;

AU(PMAHOMETPbI — JIJIs1 U3MEPEHUS PA3HOCTH MEPENaAa TaBICHUM;

O0apoMeTpbl — I U3MEpPEHUsI aTMOC(HEPHOTO JIABJICHHUS.

[lo mpuHUMIY AEUCTBUS pa3InuyaloT CleAyIoe NpuOOpsl Al U3MEPEHUs
JABJICHUS. JKUJKOCTHBIC, MPY>KUHHBIE, MOPIIHEBBIC, SJIECKTPUUYECKUE DPaATUOAK-
THUBHBIE.

KuakoctHble npudopbl. B »Tux nmpubopax uzMmepsieMoe NaBICHUE WU
pa3pekeHre YPaBHOBEIIUBACTCS THIPOCTATUUECKUM JIaBlIEHHEM CToyi0a pado-
Yel KUJIKOCTH, B KA4€CTBE KOTOPOU NPUMEHSIOTCA PTYTh, BOAA, CIIUPT U JIp.

IIpy;kunHble NpudOpbI. M3MepseMoe AaBICHUE WK Pa3pEeKEHUE YPABHO-
BEIIMBACTCS CHJIAMHU YIPYroro NPOTHUBOACUCTBUSA PA3TUYHBIX YYBCTBUTEIIBHBIX
9JIEeMEHTOB (TpyOYaTod MpyXKUHBI, MEMOpPaHbI, CHIIb()oHA U T.II.), AehopMaIus
KOTOPBIX, MPOMOPUMOHAIIbHAS MU3MEPSEMOMY IMAPAMETPY, MEPENACTC MOCPEA-
CTBOM CHCTEMBI PhIYaroB Ha CTPEJIKY WU Mepo mpuodopa.

IHopuiHeBble MaHOMeTpPBI. JlaBiieHME ONpenensieTcs MO 3HAYCHUIO Ha-
rpy3KH, NCHCTBYIONIEH HA MOPIIEHb ONPEACICHHON MIOIIAaH, IEPEMEIIACMbII B
3alIOJTHEHHOM MACJIOM LWIMHAPE; MOPIIHEBBIE MAaHOMETPBI MMEIOT BBICOKHE
kiaccel TouHoctH, papabie 0,02; 0,05; 0,2 .

DiiekTpuyeckue mpuodopswl. JleiicTBrue 3TX NpruOOPOB OCHOBAHO HA U3MeE-
PCHHH 3JICKTPUYSCKUX CBOWCTB (CONPOTHBIICHHE, €MKOCTh, WHIYKTUBHOCTh U
T.I1.) HEKOTOPBIX MaTEPHAJIOB IPU BO3JACHCTBUYM Ha HUX BHEITHETO JIaBJICHUS.

IIbe3031ekTprueckne npudopsbl. B 31X npubopax UCHOIb3yETCs Mbe30-
ANEKTpUYECKUl 3P(DEKT, 3aKITIOYAIONIUNCA B BO3ZHHUKHOBEHUM JJIEKTPUUYECKHUX
3aps0B Ha MOBEPXHOCTH HEKOTOPBIX KPHCTAUIOB (KBapiia, CETHETOBOM COJIH,
TypMaJIMHA) TIPY TPHJIOKEHUU K HUM CHJIBI B OIIPEJICIICHHOM HaIlpaBJICHHH.

PaauoakTuBHblie npudopbl. JlaBiieHue onpeaensercss U3MEHEHUEM CTe-
MEHU MOHM3ALMU WIA CTEIEHU MOTJOMIEHUS Y-Ty4Yed NMPU U3MEHEHUHU MJIOTHO-
CTH BELIECTBA.

3.3. KoHTpO/IbHO-U3MEPUTEIbHbIE MPUOOPHI YPOBHA

YpoBHEMEDPHI IS KUAKOCTEN MO MPUHIMUITY JEUCTBUS NEIISATCA HA yKas3a-
TEJIbHBIE CTEKJIA, MOIUIaBKOBBIC, TUAPOCTATUYECKUE, IIEKTPUUECKUE U PAAOAK-
THUBHBIE.

Yka3zaTe/lbHbIe WK YPOBHEMEPHbIE CTEKJIA IMPEICTaBISIOT cO00M Bep-
TUKAJIbHO PACIOJIOKEHHYIO CTEKISHHYIO TPYOKY, B KOTOPOW KHUJIKOCTh, KaK B
COOOMIAOIINXCS COCY/IaX, YCTAHABIUBAETCS HA TOM K€ BBICOTE, YTO U B ammnapa-
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Te. YKa3aTeNbHBIE CTEKJIa MPUMEHSIOTCS JUII MECTHOTO M3MEPEHHS YpPOBHS B
ammaparax.

IoniaBkoBbIe ypoBHeMepbl. B 3Tux mpubOopax 4UyBCTBHTEIBHBIM 3Je-
MEHTOM SIBJISETCS IOIUIABOK C MEHbINMM (IIaBaroIIMi) uiad OonbmiuM (Io-
TPY>KHOM) yICIbHBIM BECOM, YeM JKHUIKOCTh. VI3MEHEHHE YPOBHS KHIKOCTH B
ammapare BBI3BIBACT MEpPEMEIICHUE MOTUTaBKa, KOTOPOE MPH MOMOIIU CHCTEMBI
pPBIYAroB, TAT U TPOCOB MEPETACTCS YKA3aTeIto, NBIKYIIEMYCs 10 IIKalle, WU
BTOPUYHOMY MPUOOPY IS OTCUETA, 3ATHCH.

I'uapocraTudyeckne ypoBHEMepPbI CITYXaT IS U3MEPEHUS THIPOCTaTHYE-
CKOTO JaBJICHUS CTOJIOA KHIKOCTH, YPOBEHb KOTOPOH ompenensieTcs. Paznuya-
10T THAPOCTATUYECKUE MhE30METPUICCKUE U TU(PMAHOMETPUIECKHAE YPOBHEME-
pel. JleiicTBue cuopocmamuueckux nbezomempuieckux yposHemepos OCHOBAHO
Ha MCIOJIb30BAaHUM JABJICHHS BO3JyXa WM raza, 0apOOTHPYIOIIETO Yepe3 CIOU
KUJIKOCTH C U3MEPSIEMBIM YPOBHEM TIPU U3MEHEHUH TTOCIICTHETO.

JlelicTBUE euopocmamuueckux Ou@pmanomempuieckux ypoeHemepos 0CHO-
BaHO Ha OMPECICHUHM YPOBHS MO JABJICHHUIO CTOJI0A M3MEPSEMON KUIKOCTH,
KOTOpPOE YPaBHOBEIINBAETCS JIABIICHUEM MTOCTOSTHHOTO CTOJI0a KUIKOCTH.

DJieKTpUYeckue ypoBHeMepbl. Hambosiee mMMpOKO pacmpoOCTpaHECHBI
YPOBHEMEPHI eMKOCTHBIC I OMHUYECKHE.

B siekTpudecKux emKocmHulx yposHemMepax 4yBCTBUTEIHHBIM JIEMEHTOM
SBJIIETCS. KOHJICHCATOP, OOKIAJKN KOTOPOTO PACIOJIAraroTCsl ¢ MIPOTHUBOIOJIONK-
HBIX CTOPOH BEPTUKATBLHON TPYOKH U3 TUAJICKTPUKA, COSAMHCHHON C armapaToM
noAo0HO coobmaromumces cocyaaM. Eciau ogHol oOKki1aikol KOHAeHcaTopa sB-
JISIETCS DIIEKTPOJI, TO APYTOM — CTeHKa ammaparta. [Ipu u3MeHeHun YpOBHS KU
KOCTH €MKOCTh KOHJICHCATOpPa, BKIIOUEHHOTO B OJHO W3 IJIEY MOCTa MEpeMeH-
HOTO TOKa, M3MEHSETCS, ¥ Ha BXOJl BTOPHUYHOTO MpHOOpa MOMAETCS CUTHAI,
MPOTIOPIIMOHATILHBIN BEIMUYNHE U3MEPSIEMOTO YPOBHSI.

JIeliCTBUE JNEKTPUUYECKUX OMUYECKUX YPOBHEeMepOo8, TPUMEHSEMBIX IS
OTIPEJICIICHHS YPOBHS JIEKTPOTPOBOIHBIX JKUIKOCTEH, OCHOBAaHO HA M3MEPECHUU
COTIPOTHUBJICHUS MEXKIY AJICKTPOJIaMUA COOTBETCTBYIOIIEH (HOPMBI, BBEICHHBIMU
B KUIKOCTh. [Ipy 3TOM CONMPOTHBIIEHUE CIIOS )KUIAKOCTH MEXKIY DJIEKTPOJAOM H
KOPITYCOM HJTU M@Ky ABYMSI DJICKTPOJaMH 3aBUCUT OT BBICOTHI YPOBHSI KHJIKO-
CTH B ammapare.

PaguoakTuBHbIEe YpOBHeMepbI. 3MepeHre ypoBHS KHIKOCTA OCHOBAHO
HA W3MEPECHUH MHTCHCUBHOCTH TIOTJIONICHUS Y-9aCTUIl IPU WU3MEHEHUU YPOBHS
KHUJIKOCTH.

3.4. KoHTpO/IbHO-U3MepHuTeIbHbIE IPUOOPHI pacxoaa

O6vemuvim pacxoodom Q Ha3pIBAIOT 00BEMHOE KOJIMYESCTBO BEIICCTBA
V, KOTOpoe MPOTEKAET Yepe3 IOINEPEUHOE CEUCHHE TPYOOIpPOBOJA B CAMHUILY
BPEMCHH T,
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v
—

Q:

Becosvim (maccoevim) pacxodom G Ha3pIBaeTCsS KOJIMYECTBO Be-
mecTBa G, mpoTeKaroIIero yepe3 ceueHue TpyoorpoBoia B €AUHUIY BPEMEHH T,

Vp
=

G=

OOBEMHBIN pacxo]l MOKHO BBIPA3UTh Ue€pe3 BECOBOM:

0= G
p
r7ie p — INIOTHOCTH BEIECTBA, KI/M°.

[TpubGopsl, npenHa3HaYEHHbBIE I U3MEPEHUS Pacxo/ia, Ha3bIBAlOTCA pac -
XO0AOMEpPAMHU, a4 U3MEPAIOIINE KOJIUYECTBO BEIIECTBA, KOTOPOE MHPOTEKAET
yepe3 MOoMepeuyHoe cedeHue TpyOompoBoJa B TEUEHHUE OTpe3Ka BPEMEHU, —
CUETUYHUKAMHU.

[To mpuHIUITY AEHCTBUS PaCcXOJOMEPHI MOKHO Pa3/IeIUTh Ha PACXOJA0MEPbI
MEPEMEHHOT0 ¥ TTOCTOSIHHOTO TIEPEnajoB JaBJICHUM, NEPEMEHHOTO YPOBHSI.

Pacxogomepnbl mepeMeHHOTr0 mepenajaa aaBJjeHuid. JleiicTBue 3Tux npu-
OOpOB OCHOBaHO Ha BO3HUKHOBEHHUHM TIEperajia JaBJICHUN HA yCTAaHOBICHHOM
BHYTpPU TPYOOIMpPOBOJA CY>KAIOIIEMCS YCTPOICTBE MOCTOSIHHOTO ceueHus. Pas-
HOCTh CTAaTWYCCKUX JABJICHUH JIO M TOCIIE CY)KAroIIerocs yctpoicTpa (mepena
JaBJIeHUH), uaMepsemas quddepeHIMaTbHBIM MAHOMETPOM, 3aBHCHUT OT Pacxo-
J1a IPOTEKAIOIIETO BEMIECTBA U MOXKET CIIY>KUTh MEPOU pacxoja.

Pacxogomepbl MOCTOSIHHOTO Mepenajaa AaBjeHuil (poramerpsl). [leiicT-
BHE ITUX MPUOOPOB OCHOBAHO HA MEPEMEIIEHUM YYBCTBUTEIBHOTO AJIEMEHTA
(moruTaBKa), YCTAaHOBJICHHOTO B BEPTHUKAILHOW KOHHYECKOHM TpyOKe; dyepes Hee
CHHU3Y MOJIaeTCsl BEILIECTBO, pacxoj] KOToporo usmepsiercs. [Ipu usmenenuu pac-
X0J1a JKUJIKOCTH, Ta3a WK Mapa MOMIABOK MEPEMEIAECTCS BBEPX U U3MEHSETCS
MPOXOJHOE OTBepcTHE TPyOKH. BbicoTa moabema mNoIUIaBKa (PYHKIIMOHAIBHO
cBsi3aHa ¢ pacxonoMm. [Ipu 3ToM mepenaja AaBieHUs Ha MOIUIABKE MPH IepeMe-
IIEHUU €r0 BJO0JIb OCU TPYOKU OCTAETCS MPAKTUYECKH MOCTOSIHHBIM.

Pacxoxomepnbl nepeMeHHOro ypoBHs. JlelicTBue 3THUX NPUOOPOB OCHOBA-
HO Ha U3MEHEHUH BBICOTHI YPOBHS KUJKOCTH B COCYJAE MPHU HEMPEPHIBHOM TIO-
CTYIUICHUHU U CBOOOJIHOM UCTEUYEHHUU €€ U3 CoCy/a.

Cy1iecTBYIOT U APYTUE BUIBI PACXOJIOMEPOB, JEUCTBUE KOTOPHIX OCHOBAHO
Ha HEKOTOPBIX (U3MUCCKHUX 3aKOHOMEPHOCTAX (M3MCHEHHH JJICKTPUUYCCKUX Ia-
paMeTpoB, TEIUIOOTAAUYM K MOTOKY, YMEHbIIIEHUU UHTEHCUBHOCTH YJbTPa3ByKa
WA PAIMOAKTUBHOTO M3JIYYCHHUS B 3aBUCIMOCTH OT PAcX0/J1a).
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3.5. ABTOMaTH4YeCcKHii ypaBHOBEIIEHHbI MOCT

VYpaBHOBEIICHHBIM MOCT MpeJHa3HAYEH [JIsi HENPEPHIBHOIO H3MEPEHUS,
3alUCU U PETyJIUpOBaHUsl TeMieparypbl. OH paboTaeT B KOMIUIEKTE C TEPMO-
MEeTpaMH COMPOTUBJICHUN CTaHAAPTHBIX TPAYUPOBOK, T.€. UMEET COOTBETCTBHE
3aIaHHOTO TIpejiena U3MEPEHUsI — rPajyrupOBKU TEPMOMETpPA COMPOTUBICHUM.
DTO 0O3HAYaeT, YTO KaXJAOMY NpUOOPY COOTBETCTBYET OMNpEACNICHHas rpymmna
TEPMOMETPOB CONPOTUBIICHUN €IUHOU rpaayupoBKu. CYIIHOCTh NEHUCTBUS TEP-
MOMETPOB COMPOTHUBJICHUS OCHOBaHA HA 3aBUCHUMOCTH €T0 3JIEKTPUUYECKOrO CO-
MPOTUBJICHUS OT TEMIIEPATYPHIL.

[IpunuunuanbHas W3MEpUTEIbHAs CXEMa paccMaTpuBaeMoro mnpudopa —
mocmogas. I3MepeHusi HedNEKTPUUECKUX BEJIMYHUH AIEKTPUUECKUMU METOaMuU
OUYEHb IIUPOKO PACIPOCTPAHEHBI B ANEKTPOTEXHUKE UM aBTOMATUKe. MOCTOBOI
U3MEPUTETBHON cxemoil monb3yroTcs Oonee 100 meT, a BO3MOXXHOCTh H3MEpe-
HUS U (uU3nyecKas CYIIHOCTh pabOThl €€ BIEPBBIE PACCMOTPEHBI B padoTax
dpanmy3ckoro uccinenosarens [lapns Kpuctu (1831 r.) u npuMepHo B 3TH ke
roJibl AaHTJIMMCKUM HCCIIEA0BATEIEM Y UHCTOHOM.

MHoroo0pa3ue MOCTOBBIX CXeM 0Oa3upyeTcsi Ha KJIACCUYECKOW MOCTOBOM
cxeMe, KoTopas MpeAcTaBiaseT co00i koyblo compoTuBiacHuii (puc. 3.1). Co-
MIPOTHUBJICHUS COCTUHEHBI TaK, YTO 00pa3yrOT BepIInHbI MocTa &, b, ¢ u d, nna-
rOHAJIb MUTAHUS ac W JUaroHaib u3Mepenus bd.

b

d

Puc. 3.1. Cxema paBHOBECHOTI'O MOCTA!
R1, R2, Rs, R4 — pe3ucropsr; ac — muaronanb MuTaHUS,
bd — nuaronans u3MepeHwUsI

N3mepenne 0CHOBaHO Ha COOJIFOJICHHH OIPECICHHOTO COOTHOIICHUS Me-
Ky COMpOTUBICHUSAMU (IJIeYaMu) MOCTA, Ha3bIBAEMOIO Y CIO8UEM PABHO -
gecus.
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ITon ycioBueM paBHOBECHS MOAPA3YMEBAETCS TAKOE COOTHOIIEHUE COIpPO-
TUBJICHUA MOCTa, IPU KOTOPOM Ha BEPIIMHAX U3MEPUTEIIbHOW AUArOHAIN pa3-
HOCTh MOTeHIHaNoB Upy = 0 1 B menmu u3MepeHusi OTCYTCTBYET BBIXOJIHOU CHUT-
Hai. Coctossario Upg = 0 COOTBETCTBYET PaBEHCTBO MAaJIEHUN HAIPSIKEHUN CO-
OTBETCTBEHHO B MPHJIEKAIIUX ILJIeYax, T.€.

U1: U4I/IU2: U3. (31)
ITo 3akony Oma
U1 = |1R1; U2: |1R2; U3: |2R3; U4: |2R4. (32)

[ToxacTaBisiss B paBeHCTBO MajieHUi Hanpspkenuid (3.1) ux 3HaveHus, BbIpa-
’KCHHBIC Yepe3 TOKH U conpoTuBiicHus (3.2), ¥ MOIIUB MOYWICHHO, TOJIyJacM:

|1R1/|1R2 = |2R4/|2R3 (33)
WJIY, COKpaTUB 3HaueHus TOKOB |; u |,, mmeem paBeHCTBO:
RiR3 = R2R4, (3.4)

KOTOPO€ Ha3bIBACTCS KAACCUUECKUM YCIOBUEM DPABHOBECUS MOCMOBOU CXeMbl,
yuTaeMoe Tak: "Eciu mpou3BeNeHUS COMPOTHBICHUN MPOTUBOJEKAIIUX IUICYH
MOCTOBOM CXEMBbI PaBHbI MEXIy cCOOOM, TO Ha BEpIIMHAX U3MEPUTEILHOU JTHha-
TOHAJIM OTCYTCTBYET PAa3HOCTh MOTEHIMANOB". DTOT METOJl Ha3bIBACTCS H)Jle-
8bIM MemMoOOM N3MEPEHUS CONIPOTUBIICHUH.

[TpuHIITTHATHHAS CXeMa PAaBHOBECHOTO MOCTA MPUBEICHA HA PUC. 3.2.

d

Puc. 3.2. I3mepuTenbHbINH MOCT:
R, — peoxopa; HU — nynb-nnaukarop

MenHblii WM MIATUHOBBIM TEPMOMETP COMPOTUBIECHUS Ry, anekTpuieckoe
COMPOTHUBIICHUE KOTOPOTO JIOJKHO OBITh U3MEPEHO, BKIIOYAETCS B OJIHO U3 TIeY
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MOCTa MpPH MOMOIIY COCIUHUTEIBHBIX MTPOBOJOB, UMEIOIUX COMPOTUBICHUS R.
Jlpyrue miaedu MocTa COCTOSIT U3 MOCTOSHHBIX MAHTAHUHOBBIX COMPOTUBJICHUMN
Rur ¥ IEPEMEHHOT0 KalIMOPOBAHHOTO CONPOTUBIECHUS peoXopaa R, BBIIOIHEH-
HOTO TakKe u3 MaHaHTuHA. K 0JJHOM HaroHanun MOcCTa MOJABEACHO MUTAHKUE TO-
CTOSIHHOTO WJIM MEPEMEHHOTO TOKa, B JAPYTYI0 BKIIOUYEH HYJIb-UHAUKATOp. [Ipn
PAaBHOBECUHU MOCTA yIOBJIIETBOPSIETCS PABEHCTBO:

RlRt = R2R4, (35)
OTKY/Ia C yY4ETOM CONPOTHBJIEHUI PEOXOpAa 3alMIIEM:
(R1+r1)Rt = (R2+r2)R4. (36)

B sToM cnydyae pa3HOCTh MOTEHIMAIOB MeXIy Toukamu Dd paBHa HyIIO,
TOK HE IIPOTEKAET Yyepe3 HyJIb-TaJTbBAHOMETP U €ro CTpeJika yCTAaHOBUTCA Ha HY-
neBoi ormeTke. [Ipyu n3MeHeHUn TeMnepaTyphl SIEKTPUUECKOE COMPOTUBIICHHE
TEPMOMETpPA COINPOTHUBJIEHUS M3MEHUTCA U MOCT pazdamaHcupyercss. UToObl
BOCCTaHOBUTH PAaBHOBECHE, HEOOXOAMMO MPHU MOCTOSHHBIX COMPOTUBICHUSIX Ry,
R, u Ry u3MeHuTh BEeIMYMHY COMPOTUBICHUSI PEOXOpJa, MEPEMECTUB €r0 MOJI-
BHO)KHBIN KOHTAKT.

Takum oOpa3om, eciau OTKaIMOpPOBaTh CONPOTHUBICHHE PEOXOpAd, TO IO
MOJIOKCHHUIO €r0 JBMXKKA MPH PAaBHOBECHH MOCTa MOXXHO CYIWTH O BEIMYWHE
conpoTuBIIeHUs Ry, clienoBaTenbHO, 00 U3MEpsSIeMOl TeMIiepaType.

PaccMOoTprM MPUHIMMHATEHYIO CXEMYy aBTOMAaTHYECKOTO SJIEKTPOHHOTO
CaMOITUIIIYIIIET0 PaBHOBECHOT'0 MOCTa MEPEeMEHHOT0 Toka (puc. 3.3).

bP bC

Puc. 3.3. [IpuHuunuansHas cxema 3J1eKTPOHHOT'O PaBHOBECHOTO MOCTa

[Ipn M3MeHeHuHn TemIepatrypbl CpeApl, B KOTOPOM HAXOAUTCA TEPMOMETP
CONIPOTHUBIICHUS, U3MEHUTCA TEMIIEpATypa TEPMOMETPA U, CIEIOBATEIBHO, €ro
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AJIEKTPUYECKOE COMPOTUBIIEHUE. MI3MEepUTEIBHBI MOCT, COCTOSIIUN U3 MTOCTO-
SHHBIX ¥ TIepeMeHHBIX conpotuBiieHni (Ry, R, n Ry) u nutaromuiics Hanpsoke-
HueM (6,3 B) or o1HO# M3 00OMOTOK CHIIOBOTO TpaHc(hopMaropa, pazdaliaHCcupy-
eTCsl, ¥ B TUArOHAJIM MOCTa MKy TOYKamMu b u d mosiBUTCS HanpspkeHHe HeOa-
nanca Upg. [locnennee momaercs Ha BXoJ 3JeKTpoHHOro ycwnurens (JY), roe
YCUJIMBAETCS M0 HANPSIKEHUIO U MOIITHOCTH, 3aT€M IMOCTYMAEeT Ha PEBEPCUBHBIIM
nsuraresb P/l 1 npuBOAMT B ABMKEHUE €ro poTOp. Bpamasce B Ty Wi UHYIO
CTOPOHY, B 3aBUCUMOCTHU OT 3HaKa pazdanaHca, pOTOp PEBEPCUBHOIO JBUTATENS
NEepeMEIaeT MEXaHUYECKH ¢ HUM CBS3aHHBIE IBMXKOK peoxopaa Rp, cTpenky u
nepo Mo ImkKaie npudopa A0 T€X MOp, MOKa U3MEPUTENIbHBIM MOCT HE MPUJIET B
COCTOSIHME paBHOBecHs. HampspkeHue Ha BXoJie dJIeKTpoHHOro ycumutens (OY)
B OTOM CJy4ae CTaHET paBHBIM HYJIO, 3JiekTpojBurarenb PJI octraHoBuTCH, a
puOOp MOKAKET U3MEPIEMYIO TEMIEPATYPY.

TouHOCTh MOKa3aHUI MPUOOPA 3aBUCUT OT MOATOHKU COMPOTUBIECHUN MPO-
BOJIOB, COCJAMHSIONIMX TEPMOMETP CONPOTUBIICHHS C aBTOMATHUYECKHUM PaBHO-
BECHBIM MOCTOM. JlJisi TIOATOHKH COMPOTUBIICHUN COEAMHUTEIBHBIX MPOBOJIOB
I0 rpagyupOBOYHOIO 3HAYECHHs CIIy’KaT CONPOTHBIEHHU Ry u R’ BennyuHou 10
2,5 Om kaxnoe. [Ipu rpagyrpoBke MpUOOPOB COMPOTUBICHUE KAXKIOTO MPOBO-
1a, HIYIIEro OT TepMoMeTpa Jo npubopa, npunsto (2,5+0,01) Om. Ecnu conpo-
TUBJICHUE KaXJI0T0 TpoBoaa Oyaet meHbie 2,5 OM, TO B COSTUHUTENHHYIO JTH-
HUIO TIOCJIEIOBATENBHO BKJIIOYAETCA 100ABOYHOE COMPOTHUBIIEHUE, JTOMOJHSIO-
Iee COMPOTHUBIICHUE KaXKI0TO TTpoBoja 10 2,5 OMm.

B nipou3BOoICTBEHHBIX YCIOBUAX TEPMOMETP COMPOTUBICHUS MOXKET HAXO-
JTUTHCA HA 3HAYUTEIHHOM YJAJICHUH OT BTOPUYHOTO MpUOOpa, IpH KoJieOaHUSIX
TEMIEPaTypbl CpPelbl BEJIMYMHA HUX COMPOTUBJICHUS OYIET H3MEHSTHCS, UTO
MPUBENET K JOMOJHUTEIIbHOW MOTPEIIHOCTH B MOKA3aHUSIX aBTOMATHYECKOIO
PAaBHOBECHOTO MOCTa. [[7s yCcTpaHEHMs] MOTPEIIHOCTH MPUMEHSIETCS TPEeXIpo-
BOJIHAs CXE€Ma COCJIMHEHUN TEPMOMETpPA COMPOTUBICHUSI C BTOPUUHBIM MPUOO-
POM, 3aKJIFOYAOIIASACS B TOM, YTO TO4YKa ¢ (puc. 3.4) MEepEeHOCUTCS HETOCPEICT-
BEHHO K TEPMOMETPY cOnpoTUBieHUs. [Ipu TakoM coeTMHEHUN COMPOTUBIICHUE

IIpoBOJa R|1 HpI/I6aBH$I€TC$I K INICYy U3MCPUTCIBHOIO MOCTa, a COIIPOTHUBJICHUC

R|2 K TUIeYy C MOCTOSIHHBIM COMPOTHUBIIEHHEM. TOraa ycioBUe paBHOBECHUS MOC-
TOBOM CXEMbI OYyJIET UMETh BU/I:

(R1+rR1)(Rt+R|1) = (R2+rR2+R|2)R4. (37)

N3meputenpHas cxeMa aBTOMAaTHUYECKOTO PAaBHOBECHOTO MOCTa MOXKET

TaK)XKe MUTAThCS OT CyXOW OaTaper MOCTOSHHOTO TOKAa WM OT aKKyMYJSITOpa C

HanpspkerneMm 1,2-15 B. B Takom ciydae 3JI€KTpOHHBIA yCHIHTENTh TMpUOOpa

J0JKEH UMeTh BUOpomnpeoOpazoBaTenb i MpeoOpa3oBaHus cUrHaga HebanaH-
Ca MOCTOSIHHOTO TOKa B IEPEMEHHBIN C 1IEJIbI0 €0 MOCIEAYIOIIEr0 YCUICHHUS.
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Puc. 3.4. TpexnpoBogHas cxeMa COESAMHEHUS TEPMOMETpa COMPOTUBIICHUS

B cBsi3M C 3TUM PaBHOBECHBIE MOCTBI MOCTOSIHHOTO TOKAa MPUMEHSIOTCS
IIPH BO3MOXXHOM TIOSIBJICHHH B M3MEPHUTEIIBHOMN IICMHM pa3IMYHbIX HABOJOK (Ha-
npuMep, IpU MOHTAXE TEPMOMETPA CONMPOTUBICHUS B JIEKTpPONEYaxX WU Mec-
Tax ¢ OOJIBIIMMU MAarHUTHBIMH MOJIIMH). KpoMe TOro, MOCTBI TIOCTOSIHHOTO TOKa
UCIIONB3YIOT B TE€X Cly4asiX, KOrja IO YCIOBUSAM JKCIUTyaTallu MPUOOPOB U
MokapHOM 0€30MacHOCTH MX MUTAHUE OCYIIECTBIISIETCS MAJOMOIIHBIMH UCTOY-
HUKaMU MTOCTOSTHHOTO TOKA.

KOHCTpYKTMBHO aBTOMATHYECKHWA CAMOMNUINYIIUNA PABHOBECHBIA MOCT
MpeACTaBIsAeT COOOW CTAllMOHAPHBIA MPUOOpP, BCE Y3JIbI KOTOPOTO Pa3MEIICHBI
BHYTPH CTAJIBHOTO KOPITyca. 3aluCh MOKa3aHUK OCYIIECTBIISIETCS HA AUArpaMM-
HOM Oymare, mepemMenaeMoil CHHXpOHHBIM JIBUTATEIIEM.

[TpOMBIILIEHHOCTh BBIMYCKAET MOKA3bIBAIOIIME U 3aMKCHIBAIOLINE HA JIUC-
KOBOM JMarpaMMe aBTOMaTHYECKHE PABHOBECHBIE MOCTHI, MOKA3bIBAIOIIUE U 3a-
MHACHIBAIOIINE HA JICHTOYHOH auarpamme moctel KCM2, KCM3, KCM4, noka-
3bIBAIOIIME MOCTBI C Bpallarolecs mkanon u apyrue Mmoaudukanuu. [punnm-
MUAJIbHBIE CXEMBI UX MOJO0O0HBI PACCMOTPEHHOM CXeME aBTOMAaTHYECKOIO paBHO-
BECHOT'O MOCTa M OTJIMYAIOTCS TOJIbKO KOHCTPYKIIMEH OTAEIbHBIX y3JI0B.

OnHako pacCMOTPEHHBIN BBIIIE THUI AJIEKTPOHHOTO MPUOOpa UMEET U Psif
HEJIOCTAaTKOB!

MaJiblii Anana3on usmepenus temneparypsl (1o 600 °C);

TEPMOMETP CONPOTHUBJICHHUSA, YCTAHABIMBAEMBbI B TEXHOJOTMYECKUX
amnrmnaparax, JOJKEH pa3MellaThCcs B 00beMe MPOyKTa,;

BTOPUYHBINA NpHOOP HE UMEET CIEIUATbHBIX CPEACTB B3PHIBO3AIUTHI U YC-
TaHaBJIMBAETCS TOJBKO B moMemeHusx KNITnA.
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3.6. ABTOMaTH4YeCKHUii MOTEHI[HOMETP

ABTOMAaTHYECKUN MOTEHUUOMETP MPEIAHAZHAUEH JISI U3MEPEHHUS,
3alUCU U PEryJIMPOBaHUS TeMmIiepaTypbl. PaboTaeT OH B KOMIUIEKTE ¢ TepMomna-
paMM CTaHAAPTHBIX TPAAyUPOBOK, MPUMEHSAETCA ISl U3MEPEHUS TEMIIEPATYP OT
—200 mo + 2000 °C. B xauecTBe KOHCTPYKIMOHHBIX MATEPUAIOB IS DIIEKTPO-
OB TE€PMOIAPbI MCIOJB3YIOTCS: JKEII€30-KOMNENb, KOIEIb-aIOMENb, XPOMEIb-
aJTOMeNb, TUIATUHA-TUIATUHHOPOAUM U ApP. 3aBUCUMOCTHb TEPMOIIEKTPOJIBUKY-
mieid ctbl (TD/IC) oT M3MEHEHHUs TeMIIepaTypbl HOCUT JIMHCHHBIN XapakTep.

B 31eKTpOHHBIX MOTEHUHUOMETPAX MPUMEHSETCA MOTCHIIMOMETPUYECKUI
(KOMITEHCAITMOHHBIN) METO/ M3MEPEHUs, KOTOPBI OCHOBaH HAa YPaBHOBEIIMBA-
HuM (kommeHcanuu) m3mepseMoit TOJIC u3BeCTHOW Pa3HOCTBHIO MOTEHIHAJIOB,
00pa3oBaHHOM BCIIOMOTaTEIbHBIM HCTOYHUKOM MUTAHUS.

W3 npuHIunuaibHoi cxembl (puc. 3.5) BUIHO, U4TO TepMoIapa MmoaKIFove-
Ha TaK, 4TO €€ TOK Ha y4acTke R,; UIET B TOM K€ HAIPaBJICHUHU, YTO U OT UC-
TOYHUKA MUTAHUS b, a pa3HOCTh MOTEHIIUAIIOB MEXKIy TOUKOU A U 000 mpo-
MEKYTOYHOM TOUKOH /{ MpONOPLHOHATIbHA COIPOTUBIEHUIO R 7

b
|I-”4
L

S

Puc. 3.5. [IpunimnuanbHas cxeMa KOMIEHCAIITHOHHOTO METO/1a U3MEPEHUSI:
1 — repmonapsl; 2 — HyJIb-UHIUKATOP; 3 — PEOXOPI; 4 — HICTOYHHUK TUTAHUS

Ilepensuras nOABUXHBIM KOHTAKT /[, IpX YCIOBUHU, UYTO Etrp < Ep, MOXHO
HaWTHU TaKOE €ro MOJO0KEHHE, IPU KOTOPOM TOK B IIEMU TepMOIaphl OyJeT paBeH
0, T.e. TOAC Tepmomnapsl MOKET OBITH M3MEpPEHA 3HAUCHHUEM MaJeHUS Hampsi-
’KEHMsI Ha y4acTKe conpotuieHus Ry Cxema Takoro Buaa MUPOKO UCIOJIB3Y-
eTCs JJIsl UBMEPEHUS TEMIIEPATyphl B IEPEHOCHBIX MPUOOpaX.

Henocratok paccCMOTpPEHHOM ¢XeMBI COCTOUT B TOM, 4TO TOJ[C 3aBUCHUT OT
MOCTOSHCTBA TOKA B LIETIA PEOXOP/IA.

BapsupoBanue pabodero Toka B IIEMHA PEOXOP/ia MOXKET BHOCUTD IOTPEII-
HOCTH B PE3YyJbTAThl U3MEPEHUS. Y CTAHOBKA HEOOXOAMMOI BETMYMHBI paboyero
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TOKa M KOHTPOJIb €r0 MOCTOSHCTBA MPOU3BOAAT TAK)KE KOMIICHCAIIMOHHBIM Me-
tosoM (puc. 3.6).
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Puc. 3.6. Cxema KOHTpPOJISL U YCTAaHOBKH pabOYero Toka

Ruo

Cxema uMeeT Tpu LEenHu:

Ielh UCTOYHHMKA TOKa (MCTOYHHK TOKA b, YCTAHOBOYHOE CONPOTHBIICHHUE,
MOCTOSTHHOE COMIPOTHBIICHUE, PEOXOP/I C IMOJABMKHBIM KOHTAKTOM /]);

I[N HOPMaJIBHOTO 3JIeMeHTa (HopMalbHBIN 37eMeHT HD, mocTossHHOE CO-
MPOTHUBJICHUE, U3MEPHUTEIbHBIH Tpudop UII);

nenb Tepmonapbl (tepmonapa TII, m3mepurensHbiid mpudop UII, gacts me-
PEMEHHOT'O COITPOTUBIICHHUS PEOXOp/Ia).

B pexuMe KOHTpOIs NMEPEKI0YaTeNb YCTAaHABJIMBAKOT B MNOJOKeHUE K,
MOJKIII0Yasi HOPMaJIbHBIM 3JIEMEHT K KOHIIaM conpoTuBieHus Ry~ (3AC ucrou-
HUKa nUTaHus b HampaBieHa HaBcTpeuy DJIC HOopMmanbHOTO 37eMeHTa). [Ipn
CHUKEHUM BEJIMYMHBI PabOUYero ToKa €ro peryjaupyroT YCTaHOBOYHBIM COMPO-
TUBJICHUEM U JI0OMBAIOTCS TAKOT'O MOJIOKEHHUSI, TPU KOTOPOM Pa3HOCTh MOTEH-
[MaJIOB Ha KOHILIaX compoTuBieHusi Ry, He craHer paBHa DJIC HOpMaIbHOIO
anemMeHTa. TOK B LeNH U3MEPUTEIHLHOTO MpUOOpa CTaHET paBHBIM HyJ0. Eciu
Ryer HE ylaeTcd ycTaHOBHUTH pabodmil TOK, TO OaTapero 3aMeHsI0T. B pexume
M3MEPEHUSI NEPEKIII0YATeNlb YCTAHABIUBAIOT B MOJIOKEHUE /1, MOAKIIOYAs TEM
CaMbIM TEpPMONApy MOCIEI0BATEIBHO C HOPMAJIbHBIM 3JIEMEHTOM, PEOXOPJIOM B
TOuke A U MOABMXHBIM KOoHTakTOM /[. TOJIC TepMonapsl B 3TOM ciiydae OyAeT
HamnpawJ€Ha B MPOTUBOMNONOXHYIHO cTOpoHy J/IC umcrounuka b. Ilepememas
KOHTAKT /[, HAXOJAT TAKOE €ro IMOJOKEHHUE, TPU KOTOPOM Pa3HOCTh MOTEHLIHA-
JIOB MEXY TOUKON A u KoHTakTOoM /[ peoxopaa pasHa TO/C Tepmomnapsl.

B npubopax cepuu I'CII nutanue n3MepuTebHON CXeMbl OCYIIECTBIISIETCS
CTAaOMJIM3UPOBAHHBIM UCTOUYHUKOM, YTO YIPOIIAET KOHCTPYKILHIO U HKCIUTyaTa-
LHUIO.
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PaccMoTpeHHBIE BBINIE CXEMBI HUCIOJIB3YIOTCS B AJICKTPOHHBIX aBTOMAaTH-
YECKUX CTAI[MOHAPHBIX MOTeHIIOMeTpax (puc. 3.7).

Puc. 3.7. IlpyHuMnuanpHas cxeMa aBTOMaTHYECKOTO MOTEHIIHOMETpa

B otnuume oT nmabopaTOpHBIX MEPEHOCHBIX MPUOOPOB ABUKOK peoxopia
ABTOMATUYECKUX AJIEKTPOHHBIX MOTCHIIMOMETPOB NEPEMEIAETCA HE BPYUHYIO, a
aBTOMAaTUYECKU C MOMOIIbBIO CHEIUaIbHOro ycTpoiicTBa. [Ipu 3TOM HyneBoi
pruOOp, MOKA3BIBAIOIMIMK HEOATAHCHBIA TOK M3MEPUTEIBHOM IIENMH MOTEHIINO-
METpa, 3aMEHEH S3JEKTPOHHBIM HYJIb-UHIUKATOPOM, COCTOSIIIIUM W3 JIEKTPOH-
HOT'0 yCWJIUTENS U peBepcuBHOro asurareis. 1lpu namenennn TOJC tepmona-
PBI B 1IETIH TOSBIISETCS OCTOSTHHOE HampsikeHue Hebalanca, KOTopoe mpeodpa-
3yeTcsl U YCUJIMBAETCS /10 BEJIMYMHBI, JOCTATOYHOM JJIsl BpallleHUs poTopa pe-
BEPCHUBHOT'O JIBUTATEIIS.

JIBurarenb MOCpeACTBOM KMHEMATHUYECKOI0 MEXaHU3Ma MepeMeniaeT IBU-
KOK peoxop/ia B 3aBUCUMOCTH OT 3HaKa HaIpsbKeHUs HeOallaHca B Ty WIH Jpy-
IyI0 CTOPOHY, aBTOMaTUYECKH ypaBHOBEIINUBAsE U3MEPUTENbHYIO cxemy. OaHo-
BPEMEHHO C JBUKKOM PEOoXop/ia MepeMelIatoTcs MOoKa3bIBaoIIas CTpesKa U 3a-
MUchIBatoNIee nepo. B moTeHmoMeTpe UCHob3yeTcsi MOCTOBASI U3MEPUTEIbHAS
cxema, oOecreynBaronas BhICOKYI0 TOUHOCTh M YyBCTBUTEIBHOCThH MpUbOpa U
MO3BOJISAIONIAs ABTOMATUYECKU BBOJIUTH MOMPABKY HA U3MEHEHUE TEMIIEPATYPhI
XOJIOJHBIX CIAeB TEPMOMApPhI, a TAKKE JIETKO U3MEHATh MPEACNibl U3MEPEHUS U
IpalydupoBKY IIKaJIbI TpUOOpa.

Bce comnpoTuBneHus U3MEpUTENbHOM CXEMbl MOTEHIMOMETpa, Kpome Ry
(cM. puc. 3.7), BbIMONHEHBI W3 MaHraHuHa. CompoTuBiieHHe R, W XOJOIHBIC
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CIIal TEPMOIIAPbI JOJKHBI HAXOAUTHCS MPU OJUHAKOBOM TEMIIEpaType U pacio-
JIaraTbCs PSAAOM C KJIEMMaMHU JJIsI BKIFOUYEHUS] TEPMOIIAPBI.

N3mepsemas I3/]C TepMomnapbl KOMIOEHCUPYETCS MMAJCHUEM HANPSKEHUS
Ha COIPOTHUBIIEHUH Rj, KOTOpOE 3aBUCHUT OT IIOJIOKEHUS JBMKKA peoxopra. Ec-
mu J/IC Tepmonapel HE paBHA NAJCHUIO HANPSXKEHUS HA YKA3aHHBIX COMPOTHUB-
JICHHSX, TO PA3HOCTh HANPSHKEHUM, MOSBISIIOMIASCA HA BEPIIMHAX W3MEPUTEIIb-
Horo mMocta b u d, mogaeTcs Ha mpeoOpa3oBaTEIbHBIM KacKal, COCTOSIIUHA U3
BHOPAITMOHHOTO TIpeoOpa3oBaTess U BXOIHOTO TpaHchopmartopa.

B mpeoOpa3oBarenbHOM Kackajie MOCTOSHHBIM TOK HAMNPSHKEHUEM OKOJIO
HECKOJIbKUX MUJUIMBOJIBT MpeoOpaszyeTcss B MepeMeHHbId. [lanee mnepeMeHHbli
TOK YCWJIMBAETCS IO HANPSIKEHUI0O U MOIIHOCTH 10 3HAYEHHUS, TOCTATOYHOTO
JUISL BpAIIEHUs PEBEPCUBHOTO JIBUTATEIIS.

PeBepcuBHBIN JBUTATENb, BPAIIASCHh 0 YaCOBOM CTPEIKE WM MPOTUB HEE
(B 3aBHCHMOCTH OT 3HaKa pa30dajiaHca), TIepeBUTACT JBUKOK PEOXOpaa M TeM
CaMbIM YCTAaHaBJIMBAECTCS PABHOBECUE U3MEPUTENIbHON cxeMbl. [Ipu 3TOM KOM-
MEHCUPYIOIIEE HAMPSKECHUE HU3MEPUTEIBHON CXEMbI IPU U3MEHECHUU TEMIIEpa-
TYypbl U3MEHSIETCS Ha TaKylo ke Benuuuny, kak u DJ[C Tepmonapsl, HO ¢ oOpaT-
HbIM 3HaKoM. [Ipu paBHOBECHY U3MEPUTEIBHON CXEMbI PEBEPCUBHBIN IBUTATEIb
BpalaTbcs He OyJlleT, Tak KaK Ha BXOJ MNpeoO0pa3oBaTelIbHOTO Kackajaa Hamps-
KEHHE HE MOJaeTCHl.

JIns ycTpaHeHus MOMEX, BOSHUKAKOUIMX B LIENU TEPMOMNAphl, HA BXOJ IO-
TEHIIMOMETPA MOAKIIOUEH (GUIBTP, COCTOAIINM U3 COMPOTUBICHUN U KOHJIEHCA-
TOPOB.

KOHCTpYKTUBHO OTEHIIMOMETP MPEACTABISET COOOM CTAllMOHAPHBIN MpU-
00p, Bce y3JIbl KOTOPOIO pa3MelIeHbl BHYTPHU CTAJIbLHOIO KOpITyCa.

ABTOMaTHYECKUE NOTEHUHOMETPHI, BBINYCKAEMBIE ITPOMBIIUIEHHOCTHIO,
MMEIOT OJMHAKOBYIO MPUHIIMIHUAIBHYIO U3MEPUTEIBHYIO CXEMY, HO Pa3HO00-
pa3HO€ KOHCTPYKTHMBHOE HcHoJIHEHUE. OHM OTIWYaAIOTCS MO radapuram, THUILY
JUarpamMMmbl, TpagyupoOBKe, MpelesiaM HW3MEpPEHHUs, BUAAM JOMOIHUTEIbHBIX
YCTPOMCTB U T.A. B HacTtosimee Bpemsi MPEUMYIIECTBEHHO BBIITYCKAIOTCS BXO-
nsaue B cuctemy ['CIT aBromatunueckue noteHuuomerpol cepun KC: KCIIL,
KCII2, KCII3, KCII4, a raxxe KIIIT1, KBII1, [ICM2.

3.7. MHoOrokaHaJbHbI€ MOCTBI H MOTCHIIHOMETPLI

ABTOMAaTHYECKHE MOCTHI M TMOTEHIIMOMETPHI C JHCKOBOW JIHAarpaMMoOMn
CIy>KaT ISl U3MEPEHUS, 3alUCH U PETYJIUPOBAHUS TEMIEPATYPhI B OJHOU TOY-
ke. [Ipu u3amepennn B ABYX, TpexX U 0oJiee TOUKAX MPUMEHSIIOTCS HECKOIbKO OJ1-
HOTOYEYHBIX MIPHUOOPOB. ITO CIOCOOCTBYET yIOPOKAHUIO TEXHOJIOTHUECKON yC-
TaHOBKH, YCJIOXKHSET 00CIY)KUBAHUE U 3aTPyAHSIET COMOCTABJICHHE PE3yIbTAaTOB
BbIJIaBaeMOU MH(OPMAITUH.
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3anuch B MOJSIPHBIX KOOPAMHATAX MEHEE HaIrJIsAgHa, a CKOPOCTh BpaLIEHUs
JMCKa IUarpaMMbl IOCTOSIHHA U OTHOCUTENBbHO Mana. [Ipubopsl ¢ Bpamatonieii-
Cs M TOKA3bIBAIOUIEH IIKAJION HE MPEAYCMAaTPUBAIOT 3aIHUCH.

B nensx MCKIIOYEHUS 3TUX HEJOCTATKOB MPUMEHSIOTCS MHOTOTOYEYHbIE
npuOOpPHI C 3alKChI0 HA JEHTOYHOU Auarpamme. OHU NpeaHa3HAYEeHbl IJs U3-
MEpEeHHUs, PETyJIMPOBAHUS U 3alMCH TeMITepaTypsl B 3, 6, 12, 24 Toukax.

[IpuHuMnuanbHble U3MEPUTEIBHBIE CXEMbl MHOTOTOUYEYHBIX aBTOMAaTH4e-
CKMX MOCTOB U MOTEHUUOMETPOB HE OTJIMYAKOTCS OT U3MEPUTEIBHBIX CXEM OJ-
HOTOUYEUYHBIX PUOOPOB. B oTinuue OoT 0AHOTOYEYHBIX MPUOOPOB MHOTOTOUYECY-
HBIC UMEIOT COOTBETCTBYIOIIEE YMCIIO YyBCTBUTENBHBIX d1ieMeHTOB (TC wmmu TII
3, 6,12, 24...), KOTOpBIE C TOMOIILI0 MHOTOIIO3UIIMOHHOTO ABYXIIOIIOCHOIO IIe-
PEKIIIOYATENS] TOOYEPEAHO BKIIIOYAKOTCS B U3MEPUTENBHYIO CXEMY U U3MEPSIOT
IapaMeTp B COOTBETCTBYIOLIEN TOUKE.

IToxa3piBaromuii
npubop

MHOTrOmo3uIMOHHBINA
MEePEKITI0YATENb

Tepmomnapsl

Puc. 3.8. Cxema aBTOMaTH4eCKOT0 KOHTPOJIS OTIPOCHOTO THIIA

JIBYXITOJIFOCHBIH MHOTOIO3HUITMOHHBIA MEPEKIIIOYaTeb KOHCTPYKTHBHO
BBIMOJIHCH M3 HECKOJBKHUX IMMap HUKEIEBBIX JaMeaeH ¢ JABYMS TOKOCHEMHBIMHU
KOJIBI[AMHM, BKJIFOYEHHBIMH B MOCTOBYIO cxeMmy. Cxema 3JIeKTPOCOSAMHEHHUH OIl-
penensercss KomnmaecTBoM Touek usMepenus (1, ..., n). Ilanemu ¢ TOKOCHEMHBIMU
KOJIBIIAMH COEIUHSAIOTCS MPHU IOMOIIM IIOJBMKHBIX CEPEOPSHBIX KOHTAKTOB Ha
o0eraro1iemM yCTponCTBe.

MHOTOIIO3UIINOHHEIN EPEKII0YATENb MOKET OBITh MCIIOJIB30BAH B CHCTE-
Max aBTOMAaTHYECKOro KOHTPOJs ompocHoro tuma (puc. 3.8). Bomee mmpokoe
IpPYMEHEHNE OH HAIlle] B aBTOMAaTHYECKUX MHOTOKaHAIBHBIX MPHOOpPAX.

MHOTrOKaHaIbHBIH 3JIEKTPOHHBIN aBToMaTHueckuii moct (puc. 3.9) obec-
[ICYMBAET M3MEPEHHME TEMIIEPATYPhI MOOYEPEIHO B KaKIOM H3 TEPMOMETPOB
COIPOTUBJICHUM, MOAKIYAEMBIX MHOTOIO3MIIMOHHBIM Iepekarodarencm. Ile-
peMeleHrne 00eraroero yCTpoicTBa Ha BKIIFOUEHHUE TEPMOMETPOB COMPOTHB-
JICHWI OCYIIECTBIISETCS aBTOMATHYECKU CHHXPOHHBIM IBHTaTeneM. IIpu BKITO-
YEHUH JII000r0 U3 TEPMOMETPOB COMPOTUBIICHUI H3MEPEHHE MPOU3BOANTCS, KaK
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OJIHOTOYEYHBIM MpubopoM. Hekotopoe oTinuue, Habm0gaeMOe B paboTe Ccuc-
TeMbI BbIJJauu UH(OpMaILnK, 00YyCIOBIEHO OCOOEHHOCThIO €€ KOHCTPYKIIMH:

IKaja JIMHeWHA W OTCYET MPOU3BOIUTCS TOCIIC YPaBHOBEIIMBAHUS CUCTE-
MBI 110 PACTIONIOKEHHIO TIOKA3BIBAIOIICH CTPEIKH;

3aMKCh MPOU3BOAUTCS MEPUOANUECKH B COOTBETCTBUU C 3a/IaHHBIM BpeMe-
HeM 1KTa u3Mepenus (1, 3, 5, 10, 25 ¢) nevararoniei kapeTKowu;

neJaTaromniasi Kaperka Ha MpoQUIHbHOW TUarpaMMHOM JICHTE TIeYaTaeT CUM-
BoJI (.1; .2 ...), UTO O3HAYACT TOYKH OTCUETA TEMIIEPATyphl U HOMEP JaTUHKa.

Puc. 3.9. MHOrOKaHaIBHBIN 3JE€KTPOHHBIA MOCT:
1 — TepMOMeTp COMPOTUBIICHUS; 2 — U3MEPUTEIBHBIN MOCT; 3 — PEOXOPI;
4 — MHOTOTO3UIIMOHHBIN NEPEKIII0YATENb; 5 — AIEKTPOHHBINA YCHIIUTEb,
6 — peBepCUBHBII BUTATENb; 7 — CAHXPOHHBIN JBUraTelNb, 8 — MIKaja OTCUeTa;
9 — nevaratomas kaperka; 10 — quarpammuas nenra; 11 — 610k perynupoBaHus

ABTOMAaTHYECKNE MHOTOTOUYEYHBIE MOTEHIIMOMETPBI UMEIOT B KAUECTBE /1aT-
YUKOB TE€PMOMNAphl, a METOJ M3MEPEHUs NOTeHUHOMEeTpuyeckuil. HecmoTpsa Ha
OUYEBUJIHBIC IOCTOMHCTBA ATUX MPUOOPOB U MIUPOKYIO PACIIPOCTPAHEHHOCTh UX B
MPAKTUKE aBTOMATU3AIMHU, IEPUOJUYHOCTh U3MEPEHUSI TEMIIEPATYPHI U COOTBET-
CTBEHHO OTCYTCTBHUE y OIlEpaTopa BPEMEHHU JJi MOJIy4eHHs] uH(popMalluu HaKja-
JIBIBACT OTPAaHUYCHUS HA UX BHEAPEHHUE IJI1 aBTOMATUYECKOM 3alllUThl OBICTPO-
MPOTEKAIOIINX MOXkKAPO- U B3PHIBOOMACHBIX TEXHOJIOTHYECKUX MTPOLIECCOB.

3.8. Inddepenunanabuo-TpaHcopmaTopHbie NPUOOPHI

OnekTpoHHble TUuddepeHnnanbHo-TpaHcHopMaTOpHbIE NMPUOOPHI, MpPeIHA-
3HAQUYE€HHBIE /JI1 aBTOMATUYECKOTrO M3MEPEHUS, 3alKiCU U PEryJupoBaHUs pas-
JUYHBIX HERJICKTPUUECKUX BEIUYMH: JIaBJICHUS, pa3peKeHus, YpOBHs, pacxoaa
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U T.I., U3MEHEHHUE KOTOPBHIX MOKET OBITh MPEBPAIIEHO C MOMOIIbIO YyBCTBU-
TENbHBIX JIEMEHTOB: MeMOpaH, CuJIbPOHOB, AMPMAHOMETPOB, MOMIABKOB U T.II.
B JIMHEITHOE nepemMenienue. [Ipubdopsl 3TOro Truma paboTaroT B KOMIUIEKTE C UH-
OYKIUOHHBIM JAaTYMKOM, KOTOPBIN oOecrneunBaeT MpeBpalleHUe HEdJIeKTpHUUe-
CKOW BEIUYHUHBI B AJEKTPUUECKYH0. J[aTUMK C YyBCTBUTENIBHBIM 3JIEMEHTOM
MOHTHUPYETCSL y 00BEKTA, HA KOTOPOM OCYIIECTBIISIETCS aBTOMATHYECKUU KOH-
TPOJIb WU peryiupoBaHue. VM3MepurenbHOe yCTPOUCTBO MPUOOpPA BHIMTOIHEHO
no nuddepeHmaTbHO—TpanchopMaTopaor (MHIyKIMoHHOM) cxeme (puc. 3.10),
KOTOpasi COCTOUT W3 JIByX MHIAYKIMOHHBIX KaTYyIIEK, BKIIOUYEHHBIX COOTBETCT-
BYIOIIIMM 00pa30oM B OJIHY CXE€MY M PACIHOJIOKEHHBIX OJIHA B WUHAYKIIMOHHOM
JaT4YvKe, BTOpas — B mpudope.

(S

Puc. 3.10. Iuddepenunansuo-TpanchopmaTopHas H3MEpUTENbHAs cXeMa.
1 — mepBuyHasg 0OMOTKa; 2 — BTOpUYHAst OOMOTKA; 3 — CEpJICUHUK

Kaxnmas karymka umeeT mo OJHOW MEPBUYHOW UM BTOPUYHOM OOMOTKE.
[lepBuynHas 0OMOTKa MHUTAETCS MTEpEMEHHBIM HanpspkeHneM 33 B ot tpancdop-
MAaTOpa-yCHUIIATEIS.

BTopuunbie 0OMOTKH BBIMOJHEHBI B BUJIE JABYX CEKIUN, KaxkJas U3 KOTO-
PBIX pACHOJIOKEHA HA TMOJIOBMHE BCEW JJIMHBI KaTyIIKHM U UMEET OJUHAKOBOE
KOJIMYECTBO BUTKOB. KOHIIBI KaXKI0M CEKIIUM BTOPUYHOU OOMOTKH COEIMHEHBI
Mexay coboi Tak, uro DJIC, unaynupyemass B OJHOM U3 CEKIUW, UMEET Ha-
npasienue, oopatHoe D/IC, uHayMpyeMoil B Apyrou, T.e. MHIYKLHS CXEMBI
ANEKTPUYECKU ypaBHOBeNIeHA. ECiin ke CepAeUyHUK CMECTUTCS OT CPEAHErO IO0-
JIOXKEHHSI TI0J] BO3JCHCTBHEM YYBCTBHTEIIBHOTO 3JIeMEHTa (BCIICJCTBHE H3MCHE-
HUSl PEryJIMPYyEeMOi BEJIMYWHBI), TO MATHUTHBIA ITOTOK, MPOHU3BIBAIOIINN BTO-
PUYHYIO OOMOTKY, OKaXETCSl Pa3IudHbIM JJIsl CEKIIMA, B pe3ybTaTe 4ero UHAY-
mupyembie B HuX DJIC He Oyayt paBHbl (DJC omHOW yBenwuuBaeTcs, BTOPOH
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ymeHbInaetcs). ®asza u BenmuuuHa pesynabTupytomieid 9JIC 3aBucUT 0T Hampasiie-
HUS CMEIIeHus1 cepiaeuHuka. [Ipu n3MeHEeHHsIX MOJOKEHUH CEepAEYHUKOB B Ka-
tymwkax | u |l mosBuTca HanpsbkeHue HeOanaHca, KOTOPOE MOJAETCSl Ha BXO[
aJIeKTpoHHOrO yeuurens (puc. 3.11).

@

Puc. 3.11. [TpuHuunuanbHas cxema npudopa ¢ UHAYKIIMOHHOM cXeMoit

VYcuneHHbl CUTHAN TOJAETCA Ha YMNPAaBISIIONIYI0 OOMOTKY PEBEPCHUBHOTO
JBUTATENSI, POTOP KOTOPOTO, BpaIllasiCh, IPUBOJIUT B ACHCTBHUE YKPEIJICHHBIN Ha
€ro ocu Npo(UIMPOBaHHBIM IUCK U cepleuHuK KaTymku |l B cTopoHy ymeHb-
1meHus paccoriiacoBanus 10 tex nop, noka IJ[C | u Il xarymek He OyayT pas-
Hbl. OJTHOBPEMEHHO PEBEPCHUBHBIN JBUTaTE€Ib MPUBOJUT B JCHCTBHE IMOKA3bI-
BAIONIYIO CTPEJIKY U 3amuchiBaroniee mnepo. CUHXPOHHBIN JBUTATENb MPOU3BO-
JUT BpallleHHUE TUCKA THarpaMMBl.

[TpOMBIILIEHHOCTHIO BBITYCKAIOTCS AJEKTPOHHBIE MOTEHIIMOMETPHI UHTYK-
[IMOHHOI'O JEWCTBHUA C 3allUChI0 HA JUCKOBOM JIUarpaMMe C MOKa3bIBAIOIICH
IIKaJI0H HopMaibHOro Mian Tponudeckoro mcnomnenus. KCI1, KC/2, KC/I3,
KBITJ] (u3 cepun I'CIT).

3.9. [Ipu6opsl ¢ peppoaAMHAMUYECKHUMH H3MEPHTEIbHLIMH CXeMaMHU

DneKTpOoHHbIE TTPUOOPHI ¢ (HeppOAMHAMUYECKUMU U3MEPUTEIbHBIMU CXe-
MaMU TPEIHA3HAYCHBI JIJI1 aBTOMAaTHYECKOTO KOHTPOJISI U PETYJIMPOBAHUS HE-
ANEKTPUUYECKUX MapaMeTpPOB, U3MEHEHUE 3HAYCHUSI KOTOPBIX MOXET ObITH C MO-

49



MOIIbI0 YYBCTBUTEIBHBIX 3JIEMEHTOB MPEOOpPa30BaHO B IMEPEMEIICHUE PaMKH
dbeppoauHaMuUecKoro npeoopazosatens (puc. 3.12).
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Puc. 3.12. ®eppoarHaMuuecKuil mpeodpazoBaTeb:
1 — spmo; 2 — pamku; 3 — cepaeuHuK; 4, 6 — TUTYHKephl; 5 — KaTyika; 7 — KOHTpraika

deppoauHaMUUECKU MpeoOdpa3oBaTesib UMEET MarHUTOMPOBOJ, COCTOS-
il u3 sipmMa 1 u cepaeunuka 3. B cepiedHrKe Ha araTOBBIX MOJIMSTHUKAX yC-
TaHOBJICHA TTOBOPOTHAs paMka 2. Ha MarHUTONpoBOe pa3MemaeTcs KaTymka 5
c 0OMOTKamMu BO30YXACHUS My U CMEIIeHUs M. [Ipu nutanum oOMOTKH BO30Y-
KJICHUE TIEPEMEHHBIM TOKOM B MarHUTOIPOBOJIE€ BOSHUKAET MAarHUTHBIN MOTOK,
WHIYKTUPYIOIMIUNA B paMKe 2 1 00OMOTKE BO30YKIEHUS (0. BeandnmHa MarHuTHO-
ro TIOTOKA 3aBHCHUT OT BO3IYIIHOTO 3a30pa MEXIYy IUTyH)Xepamu 4 u 6 B Marxu-
TornpoBojie. 3MeHsis 3TOT 3a30p ¢ MOMOIIBIO MOJBHXKHOTO ITYHKEpa 4, MOXXHO
W3MCHHUTHh BEIMYMHY MAarHUTHOTO TOTOKA, a ciiegoBaTtenbHO, U DJIC pamku 2
(E,) n oOMOTKH BO30YXKICHUS 5. PaMKa CBsI3aHA C UyBCTBUTEIBHBIM 3JIEMEH-
TOM M MOKET IEPEMENIATLCS B 3a30p€ MarHuTonposoaa Ha yroia 20° oTHocH-
tenbHO HedTpanu NN. Korma mmockocts pamku coBmagaeT ¢ auauein NN, mar-
HHUTHBIN MTOTOK HE nepecekaeT pamky u DJ1C B Hel He uHaykTupyercs. [lpu ot-
KJIOHEHUH PaMKU OT HEHUTPaJbHOTO MOJIOXKEHUSI B 00€ CTOPOHBI HABOAMMAS B
Her DJIC OyaeT nponopioHaibHa YIi1y MOBOPOTA, T.€. 3HAUCHHUIO U3MEPSIEeMO-
ro MoBOpOTa mapamerpa.

BBenenue B BBIXOJAHYIO LIE€Mb JOMOJHUTEIBHOTO CHTHalla OT OOMOTKHU
CMEIIEHHUS MO3BOJISIET MOJYYUTh Pa3INUYHbIE XapaKTEePUCTUKH MPeoOpa3zoBaTes
B T€X XK€ Mpejesiax U3MEHEHUs yriia moBopoTta paMmku. IlocnenoBarenbHoe co-
eIMHEHUE HECKOJbKMX (DeppoJMHAMUUYECKUX IpeoOpa3zoBaTesell obecreurnBaeT
BO3MOKHOCTb CIIO)KEHUS, BBIYUTAHUS U APYTUX JEUCTBUN C U3MEPUTEIbHBIMU
npubopamu. [IpuHIMNIHaNbHAsS cXeMa AIEKTPOHHOTO mpubdopa ¢ GpeppoauHaMu-
YECKOM M3MEPUTEIPHON CXeMOU MpuBeIeHa Ha puc. 3.13.
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Puc. 3.13. Cxema npubopa ¢ ¢peppoarHaMUIEeCKUM IpeoOpa3oBaTesieM:
1 - dpepponmHamMuyeckuii mpeoOpa3oBarTenpb AaTYHKa; 2 — GeppOaMHAMUIECKAN
npeoOpa3oBarTeb BTOPUYHOTO MpUbopa; 3 — 3NIEKTPOHHBIN YCUIIUTENb; 4 — PEeBEPCUBHBII
JBUTaTellb, 5 — SKCHEHTPHK; 6 — CHHXpOHHBIH JIBUTATElb; 7 — CUCTEMa 3aIIUCH U OTCUeTa

[TpubGopsl ¢ paccMOTpeHHOW MPUHIIMIUATIBHONW CXeMOM paboTaroT aHajio-
ruyHo npudopam ¢ auddepeHimanbsHo-TpaHchopmaTopHoit cxemoit. Kak BugHO
U3 CXEMbI, yToJ MOBOPOTa paMKu 1 XapakTepu3yeT 3HAUeHUE U3MEpsSEeMOil Be-
JUYHUHBI, & COOTBETCTBYIOIIEE TIEPEMEIICHNE PAMKH 2 BO BTOPUIHOM TpUOOpE U
MIPUBEJICHHOM CXEMbl B PAaBHOBECHE OCYILECTBISIOTCS Yepe3 dKCUEHTpUK. JlaH-
Hble TpUOOPHI MOTYT pabOTaTh B KOMIUIEKTE C MEPBUUYHBIMU MPEe0Opa3zoBaTeis-
MUd  (deppoaHAMUYECKUMU WK  Au(depeHIInanbHO-TPaHCPHOPMATOPHBIMH.
OTeuecTBEHHOUM MPOMBIILIEHHOCTHIO BBIMTYCKAIOTCA HECKOJIBKO THUIIOB PACCMOT-
pernbix npudopo: KCD1, KCD3 u T.11.
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