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IIpeauciaosue

Hayxa nauunaemes mam,
20€ HAYUHAIOMCS USMEPEHUSL.
. U. Menoenees

B Hamei )KM3HU B CBA3HU C Pa3BUTHEM HAYKH, TEXHUKH, pa3-
pabOTKON HOBBIX TEXHOJOTHH, 3TAJIOHOB U MPUOOPOB H3Mepe-
HUIO NOJAal0TCs BCE Oosiee COBpEMEHHbIE (PU3UUECKUE BEJH-
YUHBI, & AUANIA30HbI U3MEPEHUN PACILUPSAIOTCS.

[TocTtossHHO pacTyT TpeOOBaHMS K TOYHOCTH H3MEPEHUH.
B Takux ycnoBusix, 4ToObl pa3o0paThCsi ¢ BOIIPOCaMU U IPO-
OsemMaMy U3MEpEeHUi, MEeTpOJIOrHuecKkoro odecneyeHus u ooec-
IIEYECHUS €IMHCTBA U3MEPECHMM, HY)KEH €IMHBIA Hay4YHbIN U 3a-
KOHOJATeNbHBIH (yHIAMEHT, 0OECIICYMBAIOIINN B TpaKTHUe-
CKOH JeSITEIbHOCTH BBICOKOE KaUe€CTBO U3MEPEHUH, HE3aBUCUMO
OT TOTO, TJI€ U C KAKOW LEJIbI0 OHU ITPOBOJSATCS.

TakuM QpyHIaMEHTOM SBISETCSI METPOJIOTHSI.

W3mepenus ciyaT [Jis IO3HAHUS NPUPOJBL: TOUHOCTD U3-
MEpPEHUN — 3TO MyTh K OTKPBITHUAM, XPaHEHUIO U IPUMEHE-
HUIO TOYHBIX 3HAHUH.

N3mepsaTe Havanu ¢ JaBHUX mop. C KaXIbIM TOJOM poOJib
U3MEpEeHU CTaHOBHWJIaCh Bce Oosiee BakHOM. UenoBedecTBO
JTAJIEKO MPOABUHYJIOCH B TEXHUKE U3MEPEHUM.

ITonb3ysicb COBPEMEHHBIMU METOJAMH, YYEHBIE TOYHO H3-
MEpSIIOT CBOMCTBA BEILEH U SIBICHUNA. DTH U3MEPEHUSI ABIISIOT-
Csl OJHUM M3 CPEICTB OBJIAJIEBAHUS IIPUPOJON, IOJUYNHEHHUS €€
HaIlllUM HYXJaM.

Mertposnorusi — 3TO0 Hayka 00 HM3MEpEHHUsX U METOAax
oOecrieueHnst X €IUHCTBA.

Mertpoiiorust 0XBaTbIBaeT LIMPOKUN KPYT BOIIPOCOB, CBA3aH-
HBIX KaK C TEOpPETUYECKUMHU IpobiieMaMu, Tak U C 3aJa4yaMu
npaxTuku. CojiepykaHue METPOJIOTUH COCTABIISIOT: 00I11ast Teopus
M3MEpEeHul, eIUHUIbI (PU3NYECKUX BEIUYUH M HUX CHUCTEMBI,
METOJBI U CPEACTBA U3MEPEHUN, METOBI ONPEACIICHUS] TOYHO-
CTH U3MEPEHHH, OCHOBBI OOECTeUeHUs] €IUHCTBA MU3MEpEHMI
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U eIuHO00pa3us CPe/ICTB U3MEPEHUM, STANOHBI 1 00pa3I0BbIe
CpencTBa U3MEPEHUM, METOIbl IIEpelayi pa3MepPOB €IUHHUIL] OT
ATAJIOHOB K pab04YMM CpeAcTBaM U3MepeHus. bonbioe 3HaueHne
MMEET U3YYEHHE METPOJIOTUUECKUX XapaKTEPUCTUK CPEJCTB U3~
MEPEHUH, BIMSIOIMIMX HAa PE3YJIbTAThl U MOIPEIIHOCTH U3MEpe-
HUU.

CeronHs n3MepeHHst MPOHU3BIBAIOT Bce cepbl ku3HU. Tob-
KO pPOJIMBLINICS YETIOBEK, €I1I€ HE UMESI UMEHH, CPa3y CTAHOBUTCS
00BEKTOM H3MepeHHid. B iepBbie MUHYTHI )KU3HH K HEMY ITpHMe-
HSAIOT CPEICTBA M3MEPEHUs [UIMHBI, MAcChl W TEMIEPaTyphl.
B noBcenHeBHOM KM3HU MBI TaK)X€ MOCTOSIHHO CTaJIKHMBaeMCS
C KOJIMYECTBEHHBIMHU OLIEHKaMH. MBI OLIEHUBAEM TEMIIEpaTypy
BO3/yXa Ha YJIMLE, CIECIUM 32 BPEMEHEM, pelIaeM, HaCKOJIbKO
BBITO/IHO U PAllMOHAIIBHO MPAKTHYECKU JIH000€ Hallle IeiCTBUE.
C u3MepeHusMU CBsi3aHa JAESTEIbHOCTh YelIOBEeKa Ha JIIoOOM
npeanpusaTuu. MHxeHepsl NpOMBIIIIEHHBIX NPEANPUITHN, OCY-
HIECTBIISIOIINE METPOJIOTHYECKOe 00ecIedeHre MPOU3BOICTBA,
JIOJKHBI UIMETh MOJIHBIE CBEJICHUS O BO3MOKHOCTAX U3MEPUTENb-
HOM TEXHUKHU JIJIS1 OLICHKH B3aMMO3aMEHSEMOCTH Y3JIOB U JleTa-
JI€¥, KOHTPOJISl IPOU3BOCTBA NMPOIYKIIMU Ha BCEX €r0 KU3HEH-
HBIX [IUKJIaX.

Mertposorust 3aHUMaeT 0cob0e MECTO Cpeir TEeXHUYECKUX
HayK, IMOCKOJIbKY OHAa BIUTHIBAET B ceOsl MOCIEIHNE HAayYHbIE
JOCTHXKEHMS. DTO BBIPAXKAETCS B COBEPIICHCTBOBAHUU €€ JTa-
JIOHHOM 0a3bl ¥ c110CO00B 00PaOOTKH Pe3yNbTaTOB U3MEPEHUIA.

Bo-nepBbIx, MeTposiorus o0ecrneuynuBaeT Apyrue oTpaciiu 3Ha-
HUS TeM HeOoOXOIUMBIM MHCTpYMEHTapueM, 0e3 KOTOporo He-
BO3MO>KHA HUKaKasl [MOCTAHOBKA TEXHUYECKOTO KCIIEPUMEHTA,
B YaCTHOCTH €T0 BOCIIPOM3BOJMOCTb.

Bo-BTOpBIX, IMEHHO 3TO MOCJENIHEE CBONWCTBO SIBIISETCS OC-
HOBOU BCSIKOH, 0€3 MCKITIOUEeHHH, TexHomoruu. 1 moromy met-
pOJIOTHs BBICTYIIAET KaK OJIMH U3 FapaHTOB TEXHUUYECKOTO IIPO-
rpecca.

W HakoHel, B-TPETbUX, B OOILECTBE METPOJIOTHUS HIpPaET
POJIb OJIHOTO U3 PETYNIATOPOB COIHATBHO-3KOHOMHYECKHUX
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OTHOIICHHH, MPUHAMICKUT cepe rocyJapCTBEHHOIO PETryiH-
POBaHMS U B CHIIy 3TOTO OKAa3bIBAeT BIUSHUE HA COIMAIBHOE
pa3BUTHE B LIEJIOM.

Pa3BuTHe COBpPEMEHHBIX H3MEPUTEIbHBIX TEXHOJOTUH U
CPENCTB U3MEPEHHUI, B IEPBYIO OUEPEb BBICOKOTEXHOJIOTUYHBIX,
CIOCOOCTBYET Pa3BUTHUIO KaK MPOMBIIIJICHHOCTH, TaK U HAYKU
1 3KOHOMMKH B IICJIOM. Tak MMPpOUCXOAUT, TIOTOMY YTO pCYb UACT
0 BBICOKOTEXHOJIOTUYHOM POHU3BOJICTBE, JIAI0IIEM paboyne Me-
cTa i BBICOKOKBaJII/I(bI/II_[I/IPOBaHHBIX, BbICOKOO6paSOBaHHbIX
CHEIHNAIMCTOB TEXHUYECKUX OTpacIeH.

MeTtponorus crajga HayKou, 0e3 3HaHUS KOTOPOH HE MOKET
000MTHCH HU OJIMH CIIELUATKCT JIF000# oTpaciu. B HacTosmiee
BPEMA MCTPOJIOTHA PA3BUBACTCA 110 HECKOJIBKUM HAIIPAaBJICHUSM.
Ecnu eme B Havane XX Beka MO/ CIOBOM «METPOJIOTHSD MTOHU-
MaJlach HayKa, [JIaBHOM 3aJjaueil KOTOPOM OBLJIO ONTMCAHUE BCSIKO-
ro poAa Mep, MPUMEHSIEMBIX B Pa3HBIX CTPaHaX, TO TEHEepPb 3TO
MOHSITHE IPHUOOpEIo ropaso 6osee MUPOKUI HayUHBIHN U ITpak-
TUYECKUN cMbICI. Pacimpuiioch coaep:kaHiue MEeTpOIOTUYECKON
JIEATENIbHOCTH U TIOSIBUJIOCH TIOHSITUE Mempono2udecko2o obec-
nevyeru npouseodcmea.

MeTponorusi COCTOUT U3 TPEX OCHOBHBIX Pa3/IeIOB:

o Teopemuueckas, wnu (pyHIaMEHTAIbHAs, METPOJIOTHS
paccmaTrpuBaeT OOIIUEe TEOPETHUUECKHUE BOIPOCHI, CBS-
3aHHBIE C Pa3pabOTKON TEOpUM U MPOOIEM U3MEpPEeHU
(1)I/I3I/I‘~I€CKI/IX BCJIMYMH, UX CAWHUL, MCTOAOB H3MEPC-
HUM.

e [lpuxnaonas metponorus — 3T0 cdepa MPaKTHIECKOTOo
OpUMEHEeHHs pa3paboTOK TEOPETHYECKONW METPOJIOTHH.
B ee BeneHun HaxomdTcs Bce BOMPOCHI METPOJIOTHYE-
CKOT0 00ecreueHHs.

e 3akonoOamenvHas METPOJOTUSA OIpenesieT o0s3a-
TEeJIbHbIE TEXHUUECKUE U IOPUIHUECKUE TpeOOBaHUS 110
MMPUMCHCHHUIO CIUHUIL (bI/ISI/I‘IeCKOI\/’I BCJIIMYHUHBI, MCTOA0B
U CPEICTB U3MEPEHUM.



TEMA Ne 1
CucremMbl aBTOMATHY€CKOI0 KOHTPOJIA
H OCHOBbI METPOJIOTUH

§ 1.1. CucteMbl aBTOMAaTHY€CKOT0 KOHTPOJISI

CucreMoil aBTOMAaTH4eCKOr0 KOHTPOJISI HAa3bIBAIOT CUCTEMY,
COCTOALIYI0 U3 OOBEKTa KOHTPOJII M PA3IUYHBIX YCTPOWCTB,
BBIMOJIHAIONNX (yHKIMK n3Mepenus. [log 00beKToM KOHTPOIIsS
MOHMMAIOT arperaT WM IpOLEecC, B KOTOPOM OJHY WJIU He-
CKOJIBKO BEJIMYHUH U3MEPSIOT.

B OGonbumMHCTBE CilyyaeB cHcTeMa aBTOMATUYECKOIO KOH-
TPOJIsl OJHOW BEJIMYMHBI BKJIFOYAET YETBIPE DJIEMEHTA:

— OOBEKT,

— YyBCTBUTEJIbHBIN 2JIEMEHT,
— JIMHHUIO CBSI3H,

—  HU3MEPUTEIBHOE YCTPOMCTBO.

UyBCTBUTEIBHBIN 2JIEMEHT YCTaHABIMBAIOT HEIIOCPEICTBEH-
HO B 00BEKTE KOHTPOJISl, OH BOCIPUHUMAET BEIMYUHY KOHTPO-
aupyeMoro (U3MepseMoro) mapamerpa U npeobpasyer ee B co-
OTBETCTBYIOUIUI CUTHAJI, IOCTYNAIOINN 10 JIUHUU CBS3H K U3-
MEpUTETBHOMY yCTpoicTBY. CTpYKTypHasi cXxeMa Takoil cucre-
MBI TIOKa3aHa Ha puc. 1.1, rae Kaxapld U3 BJIEMEHTOB Mpe-
CTaBJICH MPSIMOYTOJIBHUKOM; CTPEJIKH MEXIY HpPsSMOYTOJbHH-
KaMH{ [MOKa3bIBAIOT HAIIPaBJIEHUE Mepeaaul CUTHAJIOB C OJHOIO
AIIEMEHTa Ha JpYroi. DJIeMEHThl XapaKTepU3ylTcs CUTHAIaMU
Ha BXOJI€ U BBIXOJIE, HA3bIBAEMBIMHU TAK)K€ BXOJHBIMH U BBIXOJ-
HBIMM CUTHaJaMH. 37€ch Iepejlaya CUTHaja MJIET B OJHOM
HalpaBJIEeHUH, T. €. OT 00bEKTa K U3MEPUTEIBHOMY yCTPOICTBY.
Takue cucTeMbl aBTOMaTHYECKOIO KOHTPOJISI HA3bIBAIOT pa3o-
MKHYmMbIMU. B HEKOTOPBIX CHUCTEMAaX KOHTPOJS UyBCTBHUTEIb-
HBIM DJIEMEHT SIBIISIETCS AJIEMEHTOM H3MEPHUTENILHOTO YCTPOW-
cTBa. B 3TOM ciydyae NMHUSA CBSI3U MEXAYy YYBCTBUTEIHHBIM
U W3MEpPUTENBbHBIM 1JIEMEHTAaMU OTCYTCTBYET, & CTPYKTYpPHBIE
CXEMBI CHCTEMbI KOHTPOJIS COOTBETCTBYIOT CXeMaM, MPUBE/ICH-
HBIM Ha puc. 1.2.



Ecnm m3meputenbHplid pubop, HaIpUMEpP TEPMOMETP WIIH
MaHOMETp (TIpUOOp TSt U3MEPECHHUSI TABIICHHUS), YCTAHABIMBAIOT
HETMOCPEJICTBEHHO HA 00BEKTE, TO CUCTEME KOHTPOJISI COOTBET-
CTBYET cxema Ha puc. 1.2, a. Ecnu sxe uamepurenbHbiil npudop,
HaIpUMep MAaHOMETp, YCTAHOBJICH Ha HEOOJBIIIOM PacCTOSHUU
0T 00BEKTa U COCMHEH C 0OBEKTOM JIMHHEH CBS3U (TPyOKOii),
TO CUCTEME KOHTPOJISI COOTBETCTBYET cXxema Ha puc. 1.2, 6.

CuctemMbl aBTOMAaTUYECKOTO KOHTPOJIS  MOJAPA3JIEISIOTCS
Ha MECTHBIC, TUCTAHIIMOHHBIC U TEJICU3MEPUTEIIbHBIE.

Cuctembl KOHTPOJISI, B KOTOPBIX H3MEPUTEIBHBIE YCTPOHUCTBA
pacmosoXkeHbl BOJIM3H 00beKTa (BOIU3U MECTa YCTAHOBKH 4YB-
CTBUTEILHOTO AJIEMEHTA), HA3bIBAIOTCS MECMHbIMU.

ABTOMAaTUYECKHUI KOHTPOJIb MOYXHO OCYILIECTBISATh U Ha pac-
CTOSTHUU OT KOHTPOJUPYEMOT0 O0BEKTA, YAJIMHUB JTUHUIO CBSI3U
MEXYy YYBCTBUTEIIbHBIM 3JIEMEHTOM U U3MEPUTEIBbHBIM YCTPOW-
CTBOM. B 3TUX ciiyyasix cucTeMa MECTHOTO KOHTPOJISl YCIOKHSAET-
Csl BBEJICHUEM B U3MEPUTEIILHOE YCTPONCTBO mMpeoOpazoBaTens
JUTsL IpeoOpa3oBaHusl pe3ysibTaTa U3MEPEHHUS B IPOMOPIIMOHAIE-
HBIM [THEBMATUYECKU I WITN DJIEKTPUYECKUN CUTHAIL.

0 U3 JIC | Y

Puc. 1.1. Cmpykmypuas cxema cucmemvl agmomMamuyecKko20 KOHMpOJis:
0 — obwvexm,; YD — uyscmeumenvbHblil J1eMeHm,
JIC — nunus ceazu; 1Y — uzmepumenvnoe ycmpoticmeo

0 (uy| | 0 >acH{ny

a ]

Puc. 1.2. Cmpyxkmypnuie cxembl cucmem agmomamuyeckoz0 KOHmpois
0e3 uysCmeUmenbHbIX INeMEHMOos (0003HAUeHUs me Jice, YMO U HA
puc. 1.1): a — npubop ycmarnosnen na obvekme,

6 — npubop ycmaHogieH 8He 00vekma

[Tocneauuii comepXUT MHPOPMAIUIO O BEIMYUHE HU3MeEpsie-
MOTO TapameTpa M MO COOTBETCTBYIOIIEH JIMHUM CBS3U MeEpe-
JaeT ee APYroMy HU3MEpHUTEIbHOMY YCTPONCTBY, pacmoio-
JKEHHOMY Ha pAacCTOSIHMM OT OO0BeKTa KOHTpois. Bo BTOpoM

7



U3MEPUTEIIEHOM MPUOOPE OCYIIECTBISIETCS 00paTHOE Mpeodpa-
30BaHUE CHUTHAJIA, MEPEIaHHOTO 0 JTUHUH CBSA3H, B PE3yNbTaT
u3Mepenus. [lomoOHast cucTtemMa aBTOMAaTHYECKOTO KOHTPOJIS
Ha3bIBaeTCs Jucmanyuonnou. Takum o06pazoM, TUCTAHIIMOHHAS
CHUCTEMa KOHTPOJII HMMEET JBa H3MEPUTEIbHBIX YCTPOMCTBA:
MIEPBUYHBIA U BTOPUYHBINA TPUOOPHI.

B 3aBucumocTu OT BUJA UCIOJIBb3yeMON SHEPTHH IUCTAHIIN-
OHHbBIE CHUCTEMBI IMOAPA3JCIAIOTCS HAa MHEBMAaTHYECKHE, DJICK-
TPUYECKUE U THIPABINYECKUE.

B nuesmamuueckux cucmemax uConb3yeTcs SHEPTHUS CKATO-
ro Bo3ayxa. K mepBuuHOMYy IpuOOpY MOIBOIUTCS BO3IYX MO
IOCTOSIHHBIM K30bITOUHBIM naBieHrem 0,14 MIla (1,4 KFC/CMZ),
a Ha €ro BbIXOJIE JIaBJICHUE U3MEHSETCS B 3aBUCUMOCTH OT BEJIH-
YUHBI U3MepsieMoro napamerpa B npeaenax ot 0,02 no 0,1 Mlla
(o1 0,2 o KFC/CMZ).

B anexmpuueckux cucmemax uConb3yeTcs dJIEKTPOIHEPTHSL.
B nepsuunom npubope pe3ynbrar usmepeHus npeooOpasyercs B
CUIIY WIH HampsHKEHUE MOCTOSHHOTO 3JIEKTPHUYECKOr0 TOKa WU
HaIpsHKEHUE TIEPEMEHHOTO JJIEKTPUYECKOTO TOKA, BEITUYMHBI
KOTOPBIX HPOINOPLHOHAIBHBI Pe3yJbTaTy u3MepeHus. B anek-
TPUYECKUX CUCTEMAaX JUCTAHIIMOHHOM Mepeiav UCIIOIb3YIOTCS
TaKk)Ke€ YacTOTHbIE MpeoOpa3zoBaTend, KOTOpbIe MPeoOpaszyroT
pe3yabTaT U3MEPEHUs B MPOIMOPIIMOHAIBHYIO BEJIMYUHY 4acTO-
ThI IEPEMEHHOTO TOKA.

B xumnueckoil, HeTeXUMUYECKONW U MPOMBIIUIEHHOCTH T10
MIPOU3BOJICTBY MUHEPATBHBIX yJOOPEHH B OCHOBHOM TMpHUMe-
HSIOT THEBMATUYECKUE JUCTAHITMOHHBIC CHCTEMBbI aBTOMAaTHYe-
CKOr'0 KOHTPOJIS. DIEKTPUUECKUE CUCTEMbI UCIOIb3YIOT 3HAUHU-
TEJIbHO peXke, a THIPABINYECKUE HE TPUMEHSIOT BOOOIIIE.

Jns mepenaun pe3yiabTaTOB HM3MEPEHUsS Ha PACCTOSHHE
JIECSITKOB U COTEH KUJIOMETPOB IMPUMEHSIOT meneusmepumelib-
Hble cucmembl KOHTpOJIA. B Takux cucremax pe3ysiapTaT U3Me-
peHUs TPU TIOMOIIM TIpeoOpa3oBaTeis B MEPBUYHOM TpuOOpe
npeoOpaszyeTcsi B KOJAUPOBAHHBIE, OOBIYHO JAMCKPETHBIC CHUTHA-
JIBl, TiepeiaBaeMble N0 KaHany (JIMHUM) cBsi3U. Bo BTOpuuHOM
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npubope, YCTaHOBJIEHHOM Ha JPYroM KOHIIE KaHaia CBS3H, ITH
CHTHAJIBI IPeoOpa3yloTcsl B Pe3yJabTaT U3MEpPEHUs U (HUKCHPY-
I0TCS B IM(POBOI MK aHATIOTOBO hopme.

B cdepe ynpaBnenuns cioXHBIMH IPOU3BOACTBEHHBIMH PO-
[[eCCaMU HaXOAAT NPUMEHEHUE CHUCTEMBI I[CHTPATU30BAHHOTO
KOHTpoOJIs. B 3TOM cityuae BTOpuuHBIE TPUOOPHI yCTaHABINBA-
IOT HA HEHTPAIBHOM IIUTE. B KPYyMHBIX 11eXax ¢ OOJBIIUM YHC-
JIOM TOYEK KOHTPOJS HEHTPATBbHBINA IIUT MOXET JIOCTUraTh Je-
CSITKOB METPOB B JUIMHY M CTAHOBUTHCS HEIOCTYITHBIM JUIsl 000-
3peHus ornepatopa. [ HarydIei opranu3aniy HeHTPaI30-
BAaHHOTO KOHTPOJSI TNPHMEHSIOT CIEUUANbHBIE MAIluHBl —
MalliHbI IeHTpanu3oBanHoro koHTpois (MLIK), kotopsie co-
OMparoT W aBTOMATHYECKH 00padaThBalOT WHGOPMALUIO TPU
KOHTPOJIE CJIOKHBIX ITPOM3BOJICTBEHHBIX IPOIECCOB.

Breixonnast mH(pOpMaIus, KOTopas HCHOIB3YeTCs IS BO3-
JCUCTBHS Ha KOHTPOJIMPYEMBIH IpOIecC, HAa3bIBACTCS OIepa-
TUBHOH. UTOOBI COKpATHTh BBIXOJHYIO HH(pOpMAIHIO O 0O0JIb-
IIMHCTBE KOHTPOJIIMPYEMBIX BEJINYMH, €€ MOKHO 3aMEHHUTh CHUT-
HaIIM3alUel, KOTopasi BKIFOYAETCS TOJIBKO TOT/IA, KOT/Ia KaKas-
a100 KOHTpOJMpyeMasi BeTMUMHA JJOCTUTAeT HEKOTOPOro Hare-
pea 3agaHHoro 3HayeHus. OObIYHO NpPU OTKIOHEHUU KOHTpO-
JMPYEMOTO MapaMeTpa OT 3aJaHHOTO 3HAUYEHHSI MAIlTHA BBIAACT
CBETOBOW (3a)KUTaHUE WM MHUTAHHE JIAMITOYKH) WM 3BYKOBOM
(3BOHOK, TOHT) CHUTHAJI. 3HAuYeHHS KOHTPOJIHMPYEMBIX BEITUYUH
MOTYT OBITh TAaK)K€ TOJYYEHBI OIIEPATOPOM MO BBI3OBY. OTKIIO-
HEHUSI KOHTPOJIMPYEMBIX ITapaMeTpoOB OT YCTAHOBJIEHHBIX Ipe-
JIeJTIOB U3MEPEHUS 1T0 BBI30BY PETHCTPHPYIOTCS B HEMPEPHIBHOMN
i dpoBoit popme.

§ 1.2. OcHOBBI METPOJIOTHH
Metoabl usmepenus. [lon memooom usmeperus NTOHUMAIOT
COBOKYITHOCTH ITPUEMOB MCIIOJIb30BAaHUS MPUHIUIIOB U CPEICTB

n3MepeHuil. i mpsMbIX ©3MEPEHUI MOKHO BBIIETIUTh HECKOJIb-
KO OCHOBHBIX METOJIOB: HEIIOCPEICTBEHHAs OLICHKA, CPABHECHUE
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¢ Mepoii, mudpepeHnanbHBIA METOI, HYJICBOW METOJ U METO/T
COBIIAJICHUSI.

Memoo nenocpeocmeennoll oyeHku IaeT 3HAYCHUE H3Me-
psA€MOM BEIMYMHBI IO OTCUETHOMY YCTPOWCTBY U3MEPUTEIIBHO-
ro npubopa npsaMoro aeiictsus. Hampumep, namMepenue nasie-
HUA NPY>KUHHBIM MaHOMETPOM. TOYHOCTh U3MEPEHUHN ITUM Me-
TOJIOM OBbIBaCT OTPaHMYEHHOM, HO OBICTPOTA IMpoIlecca u3Mepe-
HUA JIeJaeT €ro HEe3aMEHUMBIM Ul MPAaKTHYECKOro MpUMEHe-
Hus. Hanbonee MHOrO4MCIIEHHOW TPYIION CPECTB U3MEPEHHUH,
HCIIOJIB3YIOUIUX 3TOT METOJ, SIBJISIIOTCA MOKa3bIBAOIIKE, B TOM
YHUCIIE U CTPENIOYHble, NPUOOpPHl (MaHOMETPHI, BOJBTMETPHI,
pacxoIoMepshl).

B cnyyae BBIMOMHEHHS 0COOO TOYHBIX M3MEPEHHN INPHME-
HSIOT MemoO CPASHeHUs ¢ Mepol. WU3MEPSEMYI0 BEIUYHHY
CPaBHUBAIOT C BEJIMYMHOM, BOCIpOU3BoauMON Mepou. Hampu-
Mep, U3MEPEHUE MACChl HA PBIYAKHBIX BECAX C YPaBHOBELIUBA-
HUEM TUPSIMHU.

[To oughgpepenyuanvrnomy (paznocmuomy) memoody u3Mepsi-
IOT Pa3sHOCTh MEXIY 3HAYCHHSIMU H3MEPSEMON M HM3BECTHOM
(Bocpou3BoauMOi Mepoi) BennuuH. Hampumep, cpaBHeHHe
M3MEPEHHI ¢ 00pa3IoBOii MEpPO Ha KOMITApaTope MpH MOBEp-
ke Mep unHbL. JuddepeHunanbHblii (pa3sHOCTHBIN) METOJ
MO3BOJIIET MOJIYy4YaTh PE3yJIbTaThl C BHICOKOM TOYHOCTHIO JIaXKe
IpU MPUMEHEHUN OTHOCHUTENBHO I'PYOBIX CPEICTB M3MEPEHMS
pazHocti. Ho peanmuzoBaTh 3TOT METOJ MOYKHO TOJIBKO MpH
YCIIOBUM BOCIIPOU3BEACHUS C OOJBIION TOUHOCTBIO M3BECTHOM
BEJIMUMHBI, 3HAYEHHE KOTOPOM ONM3KO K 3HAUYEHUIO M3Mepsie-
MOM. DTO BO MHOTHX CJIy4asixX JIEr4e, YeM U3TOTOBUTH CPEJICTBO
M3MEPEHUI BBICOKOH TOYHOCTH.

Hynesoii (xomnencayuonmsiii) memoo U3MEPEHU — METO]T
CPaBHEHHUSI C MEPOH, B KOTOPOM Pe3yIbTUPYIOMNN 3P (HeKT BO3-
JecTBUSL M3MEpsieMON BEIMYMHBI U Mephl Ha MPUOOp CpaBHE-
HUS TOBOJAT 10 HyJs. /[t BocpousBeneHus: PU3NUECKUX Be-
JMYHH ONPEAEIIEHHOTO pa3Mepa, CIyXKallluX JUIsl CPaBHEHUS, B
HYJIEBOM METOJIe U3MEPEHUSI IPUMEHSIOT MEPhI STUX BEJIIUYHUH.
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[Tpumepsl: n3mepenue anektpuueckux BeanuuH (31C, Hanps-
YKEHUSI, EMKOCTH, COIPOTHUBIICHUS U JIp.), @ TAK)KE HEAIEKTpUIe-
CKUX BEJIMYMH, MPE0OpPa30BAHHBIX B AJIEKTPUYECKHE (TeMIepa-
TYpbl, JaBJeHUs, 1edhopMaluii U T. A.), C IPUMEHEHUEM TIOTEH-
LIMOMETPOB U U3MEPUTEIHHBIX MOCTOB.

Memoo cosnadenus — METOJ1 CPaBHEHUS C MEPOIi, B KOTOPOM
3HAYEHHE U3MEPSIEMON BEIMYMHBI OLIEHUBAIOT, UCIOJIb3YS COB-
a/ICHUE ee ¢ BEJIMYUHON, BOCIPOU3BOJUMOM Mepoii (T. €. ¢ uk-
CHPOBAHHOW OTMETKOM Ha IIKaie PU3NUECKON BETMUUHBI).

KauectBo n3mepenuii. [lo 'OCT kauecTtBO M3mepeHuii xa-
paKkTepU3yeTcs TOUHOCTHIO, TOCTOBEPHOCTHIO, IPABUIBLHOCTHIO,
CXOJMMOCTBIO M BOCIPOU3BOJIMMOCTBHIO U3MEPEHHH, a Takke
pa3MepoM J0IMYyCKAaeMBbIX OIPELIHOCTEH.

Tounocms — 5TO Ka4ecTBO M3MEpPEHUH, oTpaxaroliee Oiu-
30CTh UX PE3yJbTAaTOB K MCTHUHHOMY 3HAYEHHUIO H3MepsieMoi
BEJIMYMHBI. BhICOKass TOYHOCTh M3MEPEHUN COOTBETCTBYET Ma-
JIBIM IIOTPELIHOCTSIM BCEX BUOB.

Locmoeeprocms U3MEPEHUN XapaKTepHU3yeT CTENEHb JOBe-
pus K pe3yabTaTaM U3MEpEeHUH.

ITon npasunvrocmvio U3MEPEHNUH TOHUMAIOT KAyeCTBO W3-
MEpEeHUH, OTpaxaroliee OIM30CTh K HYJII0 CHCTEMaTHYECKHX
MOTPEIIHOCTEN B PE3yIbTaTaX U3MEPEHUM.

Cxo0umocmb — O5TO KA4eCTBO H3MEPEHHUH, OTpakaroliee
OJIM30CTh PEe3yabTATOB U3MEPEHUH, BBIMOJHAEMBIX B OJMHAKO-
BBIX YCJIOBHSIX.

Bocnpouzeooumocms — 3TO TaKOe KaueCTBO U3MEPEHUH, KO-
TOpOE OTpa)kaeT OJIM30CTh APYT K APYTY pe3ylbTaTOB H3Mepe-
HUH, BBIIOTHAEMBIX B PA3JIMYHBIX YCIOBHSX (B pa3iMyHOE Bpe-
M, B pa3JIMYHbIX MECTaX, pa3HbIMU METO/IaMU U CPE/ICTBAMU).

Tloepewnocms N3MepeHNs €CTh OTKIIOHEHUE PE3yJIbTaTOB U3-
MEpEeHHUsS OT MCTHMHHOTO 3HAa4YeHHs] H3MEPSIEMON BEIMUYUHBI.
[To ¢opme YUCIOBOTO BBIPAKEHHS MOTPELUIHOCTH H3MEpPEHUN
MOJIpa3IeIAI0TCs Ha a0COIOTHBIE U OTHOCUTENbHbIE. AOCOIIOT-
HOW Ha3bIBaeTCs MOTPELIHOCTh U3MEPEHNUS, BBIDAKEHHAS B €11~
HUIaX nu3MepsieMoi BennuuHbl. OHa orpeiensieTcs BhIpaKeHUEM

11



A =X — Xy, (1.2)
rae X — pe3yibTaT U3MEpEeHul;
Xo — MCTHHHOE 3HAYECHHE U3MEPSIEMOM BETUYNHBI.

[TockonbKy HCTUHHOE 3HAYEHHE H3MEPSIEMON BETUYHMHBI
OCTaeTCsl HEU3BECTHBIM, HAa IPAKTHKE IOJIb3YIOTCS JIMILIb IIPU-
OJIMDKEHHOW OIICHKON a0COMIOTHON TOTPEIIHOCTH H3MEpPEHHS,
OIIpEIEIAEMON BbIPAKEHUEM

A=X—X, (1.2)

rac X() — JIEUCTBUTEIBbHOE 3HAUYCHHUE I/ISMepf{eMOﬁ BCINYHNHBI,
KOTOpPOC C IIOIpCHIHOCTBIO €€ OMPCACICHUA IIPUHUMAIOT 34
HCTUHHOC 3HAYCHHUC.

OmuocumenvHou No2peuHoCmvio U3MEPEHUSI G Ha3bIBAIOT
OTHONICHHE a0COTIOTHOW MOTPEITHOCTH U3MEPEHHS K JICHCTBU-
TEIbHOMY 3HAUYEHUIO U3MEPSEMOM BETUUUHbI

G=A4/X, (1.3)

Cucmemamuyeckol nocpeuwiHocmvlo Ha3bIBA€TCAd COCTaB-
JISFOINAsT TIOTPEITHOCTH WM3MEPEHHS, OCTAIOMIAsACS MOCTOSTHHOM
WM 3aKOHOMEPHO HM3MEHsieMas NpPHU MOBTOPHBIX H3MEPEHUSIX
OJTHOM U TOH 7K€ BEJIINYUHEL.

Cnyyaiinoti nozpeutHocmuio Ha3bIBAETCSl COCTABIAOLIAs I10-
TPEIIHOCTH HM3MEPEHUs, U3MEHSIOIAsACS CIIy4ailHbIM 00pa3om
MIpU MTOBTOPHBIX U3MEPEHUSAX OAHOW M TOH k€ BeauuuHbl. Ciy-
YaliHbIe TTOTPEITHOCTH MOKHO OOHAPYXHUTh TOJIBKO IMPU MHOTO-
KpaTHBIX U3MepeHusix. OHU SBISIFOTCS Pe3ylIbTaTOM CIIy4ailHBIX
VW3MEHEHUN MHOTOYHCIICHHBIX YCJIOBHI U3MEPEHUH, YUET KOTO-
PBIX TPAKTUYECKH HEOCYIIECTBUM.

WNHorna B pesynbraTtax HaOIIOJEHUN MOXET TOSIBUTHCS T10-
TPEIIHOCTb, CYILIECTBEHHO MPEBBIIIAIONIAS 0KUAAEMYIO IIPH JIaH-
HBIX YCJIOBHSIX, — OTO TaK Ha3bIBaeMasi epyoas nocpeutHoCcms.
Pesynbrarel HaOmoneHUH, coepkale rpyobie MOTPEIIHOCTH,
pu 00pabOTKE UCKITFOYAIOT, UCTIONIB3YS Pa3IMIHbIE KPUTEPHH.

Jnst OLleHKH METPOJOTUYECKUX XapaKTEPUCTUK CPEJICTB U3-
MEpEHUH UCTOB3YIOT KJIACCHI TOYHOCTH.
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CraHgapToM NpeayCMOTPEHO BBIPAXKEHHUE IPEIEIbHO J10-
IYCKaeMBbIX ITOTPELIHOCTEH CPEeACTB M3MEpEeHUil B BUae abco-
JFOTHBIX, OTHOCUTEJIBHBIX U MPUBEICHHBIX TOIPEIIHOCTEH.

AOCOIOTHAS TOTPEITHOCTH JTOJKHA OBITh BRIpa)keHa KaKk

A = :ta’ (14)

rame A — mpenen JOMycKaeMol abCONIOTHOW IOTPENIHOCTH,
BBIPOKCHHOW B €MHHIIAX BEJIMYMHBI Ha BXOJe (BBIXOJE),
00 yCIOBHO B JICTICHUSIX MIKAJIBL;
a — VMEHOBAHHOE MOJIOKUTEIbHOE YHCIO, BBIPAKEHHOE
B T€X )K€ €IMHUIIAX.

OTHOCHUTEIBHAS IOTPEIIHOCTD BhIpaXkaeTcs GopMysnoi
0=4-100/ X=+C, (1.5)
rae O — Mpeaes JOIMyCKaeMOoi OTHOCUTEIILHON MOTPEIIHOCTH, %0;
X — uHTepBajJ U3MepeHuil npudopa.

[TpuBeneHHYIO MOTPEITHOCTH ONPEAETSAIOT Mo hopMyIie
y=4-100/ Xy, (1.6)

IZie Y — NPEeIel T0IyCcKaeMON NPUBEACHHOMN MOTPEIIHOCTH, %o;
XN — HOpMHpYIOLIEe 3HaueHHEe, KOTOPOE IPU yCTaHOBIIE-
HUM MPUBEJCHHOM MOTrpEeUIHOCTH MPUHUMAIOT PAaBHbBIM:

— KOHEYHOMY 3HAa4YeHMIO IIKaJlbl Mpudopa, €ciu HyJeBas
OTMETKa HaXOJUTCS Ha KParo UM BHE IIKAJIbI;

— CyMMe KOHEUHBIX 3HaU€HHUM IIKaJIbI Ipuoopa (6e3 yuera
3HAKOB), €CJIM HyJeBas OTMETKa HaXOAMTCS BHYTPHU
IIKaJIbI;

— HOMHHaJIbHOMY 3HAUEHUIO N3MEPSEMON BEJTMUMHBI, €CIIU
TaKOBOE YCTAHOBIIEHO; JJIMHE IIKAJIbI, €CJIU IIKajla HEPaB-
HOMepHas (JorapupmMudecKkast Ui rUrnepooIuecKas).

B 5TOoM ciiydae morpemHocTs M JUIMHA HIKaldbl BBIPAaXKaroTCs
B OJIHUX U T€X K€ €INHULIAX.

CpenctBaM M3MepeHHMsl, PEJENIbl JOIMYCKaeMbIX MOIPEIIHO-
CTEM KOTOPBIX BBIPAKAIOTCA B €AUHUIAX U3MEPSIEMON BEINYMHBI
WIM B JIJIEHUSAX IIKaJbl (a0CONIOTHAS MOTPEIIHOCTb), JOJKHBI
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OBITh MPHCBOCHBI KJIACCHI TOYHOCTH, 00O3HAYaeMble MOPSIKO-
BBIMH HOMEPaMH, MPUYEM CPEICTBaM H3MEPEHHUIl ¢ OOJIbIINM
3HAYCHHEM JOITYCKAEMbIX IOTPEITHOCTEH JOIKHBI COOTBETCTBO-
BaTh OOJIBIINE IOPSIIKOBBIC HOMEpAa.

CpenctBaM U3MEpPEHUs, MPEAEIbl JOIYCKAEMBbIX MOTIPEIIHO-
CTeHl KOTOPBIX BBIPAKCHBI KaK OTHOCHTEJIbHBIC WM IPHUBEICH-
HBIC MOTPCHIHOCTHU, HOJIKHBI GBITB IMPUCBOCHBI KJIACCBbI TOYHO-
CTH, BEIOMpAeMbIe U3 Psa YUCET:

(1;1,5;2;2,5;3;4;5,6)- 10", tnen=0,1 — 1.

Kiacc To4yHOCTM yCTaHaBIMBAIOT NpPU BHITyCKe NpuOOpa,
rpagyupys €ero no oopasoBoMy Npudopy B HOpMaibHBIX yCJIO-
Busx. [lokazanue oOpasnoBoro npudopa NPUHUMAIOT 38 UCTHH-
HOE 3HAYEHUE U3MEPAEMON BEJINYUHBI.

YToOBl yMEHBIIUTh OTHOCHTEIBHYIO IOTPEHIHOCTh, HYKHO
BbIOMPATh BEPXHUH MpeJIeN MIKaIbl U3MEPUTENBLHOTO Iprubopa Ta-
KUM, 4YTOOBI 0’KHJaeMOE 3HAUCHUE U3MEPSIEMO BEJTMYMHBI (TIOKa-
3aHME) HAXOUIJIOCH B MOCIICAHEN TPETH (HJIU IMOJIOBUHE) €€.

AOCOIIOTHOIM MOTPEITHOCTBI0O Mephl A HA3bIBAIOT Pa3HOCTH
MCKAY HOMHHAJIBHBIM €€ 3HAUYCHUCM W HCTHUHHBIM ()IeﬁCTBH-
TEJIbHBIM) 3HaU€HHEM BOCTIPOU3BOAMMOM €10 BEITMYHHbI

A =X, —X,, (17)
raec XH — HOMHHAJIbHOC 3HAYCHUC MCPBI;
X() — HeﬁCTBHTCHLHOC 3HAYCHUC MCPHI.

Ilpumep. llocpewnocmo eupu 4-20 Kracca ¢ HOMUHATbHBIM
sHauenuem 2 xe u ucmunnvim snauenuem 2,00010 ke pas-
Ha —0,10 2 (—100 me), a omKIOHEHUE OM HOMUHAILHO20 3HAYE-
Hust 01 omoti mepwvl pasno 0,10 2 (100 me).

AOCONIOTHAs TOTPEIIHOCTh  U3MEPHUTENBHOTrO  mpubopa
AX; — 9TO pa3HOCTh MEX]Ty MOKa3aHUEeM MPUOOpa U UCTUHHBIM
(TeHCTBUTENBHBIM) 3HAUEHUEM U3MEePsIeMON BETHUNHBI:

AX,= Xy — X0, (1.8)

rae X, — moka3aHus npudopa;
Xy — NEHUCTBUTEIBHOE 3HAYEHNE U3MEPSAEMOUN BEJTUYUHBI.
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3a JIelCTBUTENBHOE 3HAYCHHE M3MEPSIeMON BEIMYUHBI TIPH-
HUMAIOT TOKa3aHus 00pa3loBOro mpudopa, ey ero morpem-
HOCTh B YETBIPE-TISATh pa3 MEHbILE MOTPEIIHOCTH IOBEpsie-
MOTO.

Ecnu e morpemHocTs 00pa3noBoro npudopa Toibko B 2—3
pa3a MEHbIIE NOTPEITHOCTH MOBEPSIEMOro, TO 33 JCHCTBHUTEINb-
HOE 3HAYCHHE M3MEPSIEeMOW BEIMYHMHBI MPUHUMAIOT MMOKa3aHUS
00pa3oBoro mpubOpa IUIIOC MONpPaBKa IO CBHUICTEIHCTBY Ha
JIAHHOE 3HAYCHUE.

OTHOCUTENbHAS MOTPEIIHOCTh MEPBl MM H3MEPHTEIHLHOTO
npubopa O, — ITO OTHOIIEHUE A0COFOTHOW TMOTPEITHOCTH Me-
PBI WITM M3MEPUTEIIFHOTO TPHOOpa K UICTUHHOMY (1€ CTBUTENb-
HOMY) 3HAQYEHHIO BOCIIPOM3BOIMMON HIIM U3MEPSICMON BEITUYH-
Hbl. OTHOCHUTENIFHAS TOTPEITHOCTh MEPBI MM M3MEPUTEITHHOTO
puOopa MOKET ObITh B IPOLIEHTAX BhIPaKE€HA KaK

O = £(AXn | Xn)-100. (1.9)

[IpuBeneHHas MOTPEHIHOCTh Y U3MEPUTEIBHOTO Tprudopa —
9TO OTHOIICHHE MTOTPEITHOCTH H3MEPHUTEIHHOTO MPHOOpa K HOP-
MHpYyIolIeMy 3HadeHHo. Hopmupyromee 3Hadenue X, — 3TO
YCJIOBHO MPUHSTOE 3HaYE€HHUE, PABHOE BEPXHEMY IPEAEITy H3Me-
pEHUil M HaxoAsIIeecs: B MHTEpBaJle N3MEPEHHUN HITH B UHTEP-
BaJIe JUTUHBI MIKaJbl. [[pUBEICHHYIO OTPEITHOCTh OOBIYHO BbI-
paXXaroT B IPOLIEHTaX KaK

y = AX, x Xy, (1.10)

Ilpumep. Onpedenums abconomuyto, OMHOCUMENbHYIO U NPU-
BE0EHHYI0 NOZPEUHOCMU NOMEHYUOMEMPA C BEPXHUM NPedeloM
usmepenuii 150 °C npu nokasanuu e2o Xy = 120 °C u Oeticmeu-
menbHOM 3HaYeHuu usmepsemou memnepamypvl Xy = 120,6 °C.
3a Hopmupyrowee 3nauenue NPUHAM 8EPXHUL Npedeil U3MepeHUs
Xn=150 °C.

Abcomomuas nocpewHocms no gopmyne (1.8) AX; = —0,6 °C;
omHocumenvHas nocpewHocms no gopmyne (1.9) 6, = £0,5 %,
npusedennas nozpewrocms no gpopmyne (1.10) y = +0,4 %.
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Ocno6nas nozpeuwiHocms CpeACTBa U3MEPEHUN — 3TO IIO-
IPELIHOCTh CPEICTBA M3MEPEHUH, MCIIONIb3yEMOIO B HOpMaJlb-
HBIX YCIIOBHSX, KOTOPbIE OOBIYHO OIpEesieHbl B HOPMaTHBHO-
TEXHUYECKUX JOKYMEHTAX Ha JaHHOE CPENCTBO U3MEPECHHUMN.

[Ton donoanumenvrviMu nocpewtnocmamy MOHUMAIOT U3Me-
HEHUE MOTPEIIHOCTH CPEACTB U3MEPEHUM BCIECICTBUE OTKIIOHE-
HU BIMAIOIIMX BEJIIMYMH OT HOPMAJIbHBIX 3HAYCHUH UJIU BBIXO-
J1a 3a [peJelibl HopMaJlbHOW 00J1aCTH 3HAYCHUH.

ITorpemiHOCTH CPENCTB M3MEPEHUH, SIBILAIOIIMECS OIpEle-
JICHHBIMU Hecly4yalHbIMM (DYHKIUSAMH KakuX-I100 (akTopoB,
OTHOCST K CHCTEMaTHYECKHM IMOTpemHocTsIM. OHU ocTaroTcs
IIOCTOSIHHBIMM WJIM 3aKOHOMEpPHO H3MeHstoTcs. Hampumep,
INPUYMHON CUCTEMAaTUYECKON IOTPEIIHOCTH  M3MEpPUTEIbHO-
ro npubopa MOXET CIYXUTb HETOYHOE HAHECEHHE OTMETOK
LIKAJIbI.

CrnyuyaiiHas TOTpEIIHOCTh CPENCTBA U3MEPEHUI — COCTaB-
JSoLIast IOrPEIIHOCTH, U3MEHSIIOIIAsACS CIIydalHbIM 00pa30oM.

ITpu onpeneneHny MOJENIN OCHOBHOM MOTPEIIHOCTH CIEAYET
YYHUTBIBATH U MOTPEIMIHOCTH, BBI3BIBAEMBIC TAKUMH SIBJICHUSMH,
KaK TpeHue, mo@T, rucrepesuc u T. 1. Ilorpemnocts, nopoxia-
€MYI0 3TUMHU SIBICHUSMHU, HA3bIBAIOT NOCPEUHOCMbIO CPEOCms
usmepeHus 6ciedcmeue Bapualuu.

Bapuayus mnoxazaHuii M3MEpUTENHHOTO Mpubopa — pas-
HOCTh MEX]ly 3HAUE€HUSMH MOKa3aHUH W3MEPUTENBHOT0 Ipubo-
pa, COOTBETCTBYIOIIMMH JTaHHOW TOYKE MHTEPBAJIA U3MEPECHUS
IIPY JBYX HAIpPaBJIEHUAX MTOAX0/1a K JAHHO! TOYKE.
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TEMANe 2
N3mepuresbHbie Mpeodpa3oBaTen
U CPeCTBA U3MEPEeHUi

§ 2.1. Knaccudukauusi 13MepuTeIbHBIX
npeodpazoBareJiei

VYerpoiictBa 3To#l rpynnbl ['ocynapcTBEHHOW CUCTEMBI MPHU-
6opoB (I'CII) moipKHBI pearupoBaTh Ha U3MEHEHHUS KOHTPOJIH-
pyeMoro mnapameTrpa U BblJaBaThb Ha BbIXOJE YHU(UIIKMPOBAH-
Hblii curHan. [IpeoGpasoBareny, BXOAAIIUE B 3Ty TPYIILY B CO-
orBerctBun ¢ PMI' 29-2013 I'CH, MoxHO TOJpa3aenuTh Ha
MEpPBUYHbIE H3MEPHUTENbHBIE IMpeoOpa3oBaTenu, MacliTaOHbIe
U3MEpUTENIbHbIE ITPe0Opa3oBaTel, HOPMHUPYIOIIME U Iepena-
I0IUE H3MEpUTENbHBIE TMpeodpa3zoBaTenu (JIBa MOCIEAHUX
3/1€Ch HE pacCMaTpPUBAIOTCS).

[lepBUUHBII M3MEPUTENBHBIN MpeoOpa3oBaTeNb MEPEBOIUT
KOHTPOJIMPYEMBIil MapamMeTp B BBIXOIHYIO (PU3UUECKYIO BETUYN-
Hy (IepeMelIeHe, YCUIINE, COTPOTUBIIEHUE, HANIPSHKEHNUE, CHITY
TOKa, 4acToTy). BoixoqHas ¢usnueckas BelIMUnHa, MOJTydYeHHas
U3 KOHTPOJIUPYEMOM MPOCTHIM — «ECTECTBEHHBIM» — Mpeodpa-
30BaHHUEM, HAa3bIBACTCA eCMmecmEeHHOU BblXOOHOU GeNUYUHOU
(MM €CTEeCTBEHHBIM BBIXOJIHBIM CUTHAIIOM).

Hopmupytrommii mpeoOpa3oBaresb MepeBOIUT €CTECTBECHHBIM
BBIXOJHOM CUTHAJN B YHU(UIMPOBaHHBIN. Ecnu Ha BbIXOzE mep-
BUYHOTO HM3MEPUTENILHOTO MpeoOpa3oBaTelis, YyBCTBUTEIbHBIN
AJIEMEHT KOTOPOT'O HEMOCPEICTBEHHO BOCIIPUHUMAET U3MEHEHUS
KOHTPOJIMPYEMOTO ITapaMeTpa, BIIAETCs] THEBMATUYECKUN HIIN
AIIEKTPUUYECKUI CHUTHAJ, TO HOPMHUPYIOIMH MpeoOpa3oBaTenb
OOBIYHO TMIpeNCcTaBiIsieT co0O0 OTIENbHOE CaMOCTOSATEIbHOE
yerpoiictBo. Ecnu ke mepBUUHBIA NpeoOpa3zoBaTenib BBIAAET
CUTHAJ B BHUJI€ YCUJIHS, MEPEMEIEHUs WIN KaKOW-HUOYIb Ipy-
roif (pu3NYEeCcKOi BEJIMUMHBI, I10 CBOEH MPUPOIE OTIMYAIOIIEHCS
OT DJIEKTPUYECKON WIIM MHEBMATUYECKOW, TO H3MEPUTEIIbHBIN
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¥ HOPMUPYIOIIHH peoOpa3oBaTenu 00beIUHIIOT KOHCTPYKTHB-
HO B oJuH npubop. Oba penieHuss HaxoaIT LIMPOKOE MTPUMEHE-
HUE B MMPAKTUKE CO3JIaHUS IPeoOpa3oBaTeNeii IIsi CUCTEM aBTO-
Matuzaruu. B cucteme I'CII paspaboran yHH(PHUIIUPOBAHHBIH
P B3aMMO3aMEHSIEMBIX IMHEBMATHYECKUX U BJICKTPUUYECKUX
NEePBUYHBIX MpeoOpa3oBaresneil 6JI0YHOTO TUIIA C CUIIOBON KOM-
nercanueil. Vcnonp3ys 3TOT psn mpeoOpaszoBaresieil, MOMKHO
3HAYUTEJIBHOE KOJMYECTBO PA3IIMYHBIX U3MEPSIEMBIX TAPAMETPOB
CPaBHHUTEIBHO MPOCTO U C IOCTATOYHON TOYHOCTHIO MPeodpaso-
BaTh B OJJHY €CTECTBEHHYIO BbIXOJHYIO BEJINUNHY — YCUJIUE.

[TneBMaTnyeckue NEepBUYHBIC U3MEPUTETHLHBIE MPEeoOpa3oBa-
TeNMM UMEROT BbixoaHou curnan 0,02—0,1 MIla (0,2-1,0 KFC/CMZ),
anexkrpudeckue — 0-20 u 0—5 MA moctosiHHOTO TOKa. Komrien-
CaIlMOHHBIN MPUHIIUIT IEHCTBUS STUX Ipeodpa3oBareneil odecre-
YUBAET UX BBICOKHE METPOJIOTHYECKHE XaPAKTEPUCTUKU U TPO-
CTOTY MEPEHACTPONKHU B OOJIBIIIOM WHTEPBAJIE IPEEIOB U3Mepe-
Huil. Kaxxaplil nepBuyHbIN npeoOpa3zoBaTesib COCTOUT U3 YHUPU-
[IUPOBAHHOTO AJIEKTPHUUECKOT0 MM MHEBMATHUECKOro mpeobpa-
30BaTelIsl yCWINS U U3MEPHUTEIIBHOTO OJIOKA.

Knacc TtowyHOCTHM YyHU(DUIMPOBAHHBIX MpeoOpa3oBaTeneit
B ocHOBHOM 0,6 mywm 1,0, u mumb yist HekoTopwix 1,6 u 2,5.

§ 2.2. DnekTpuyecKkne N3MepUTETbHbIE
npeodpa3zoBaresu

W3 aneKkTpuuecKrux aHaJIOTOBBIX MpeoOpa3oBaTeseil, BbIIOI-
HSIEMBIX [0 CXEMe KOMITEHCAIlUK TIepeMeieHUH 1Sl peoOpaso-
BaHUs HEDJIEKTPUUYECKHUX BEIUYUH B 3JEKTPUUECKUN BBIXOAHOMN
CUTHAJI M Tepefayd IMOKa3aHWi Ha paccTosHue, HauOoibliee
IpUMEHEHHEe Haluud AuddepeHuanibHo-TpaHc(hopMaTopHBbIe,
beppoarHaMUUYECKHE, MAaTHUTOMOIYJISILIMOHHBIE W CETbCUHHbIE
npeoOpa3oBaTeiy.

B nuddepenumansHo-TpanchopMaTopHbIX peodpa3zoBaTesax
nepeMelieHne cep/ieYHruKa MepBUYHOTr0 Npubopa ypaBHOBEIIN-
BAeTCsl U3BECTHBIM MEPEMEIICHUEM CEpIE€UYHUKAa BTOPUYHOTO
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npubopa. Jduddepennmansao-TpanchopMaTopHbie peoOpa3oBa-
TEJIN UCTIONB3YOTCS IPU U3MEPEHUH AAaBIICHHUS, YPOBHSI, pacxoa
Y HEKOTOPBIX JIPYI'UX 1apaMETPOB.

Cxema muddepeHuanbHO-TpaHCcHOPMATOPHOTO Mpeodpaso-
Batess (puc. 2.1) coCTOUT U3 IBYX OJMHAKOBBIX KaTyIIEK, OJHA
U3 KOTOPBbIX HAXOQUTCA B MEpBUYHOM Ipubope 1, a npyras —
BO BTOpHYHOM mpubope 2. IlepBHuHBIE OOMOTKHM KaTyIIEK
BKJIIOYEHBI [I0CIIEI0BATEIbHO U MUTAIOTCS HAIIPSDKEHUEM Iiepe-
MEHHOTO TOKa OT OOMOTKH CHJIOBOTO TpaHc(opmaropa 3JeK-
TPOHHOTO ycuiuTens. Bropuunble 0OMOTKHM BKJIFOYEHBI OJIHA
HABCTPEUYy JPYrol C BBIXOJOM Ha 3JIEKTPOHHBINA YCHUIIUTEIb.
BHyTpH KaTylek HaxoIsATCs *elle3Hble IUTyHXKepbl (MarHuTo-
npoBoabl) M. Ecnu muyHkepbl 00eMX KaTyLIeK HaXxonaaTcs B
CpeaHeM MosiokeHuH, To BeiauuuHsl DJ[C, HaBonuMble B Ka-
TYIIKaxX, paBHbI Mexay coboil. [Ipu paccoriacoBaHuu MoJoxe-
HUH uyHkepoB BennuuHbl DJ{C, HaBOAMMBIE B KaTyIIKax, He-
PaBHBI MEX/1y COOOM.

Pa3noctb 3tux D/IC ycunuBaercst B 3J1€KTPOHHOM YCHUJIMTE-
Jie 10 BEJTMYHUHBI, HEOOXOAUMOM Uil YIPaBIIEHUSI PEBEPCUBHBIM
nsuratenem P/, Ilocnennuii yepe3 npopuiInpoBaHHbIN TUCK 3
IepeMelaeT IIyHXKep B KaTyllke BTOpUYHOro mpubopa B IO-
JIOKEHHE, COTJIACOBAHHOE C TOJ0KEHHUEM IUTYH)KEpa B KaTyIIKe
MEPBUYHOTO Mpudopa, uTo npuBoaUT K paBeHcTBy DJIC, HaBo-
JTMMBIX B 00€MX KaTyllIKax, a, ClIeI0BaTeIbHO, K HOBOMY COCTO-
sHUI0 paBHOBecud. [Ipu aToM pesynprupyromas 9/1C BTopuu-
HBIX OOMOTOK OyJeT CHOBa paBHa HYIIO, U PEBEPCUBHBIN JIBU-
raTesib OCTaHOBUTCS. OJTHOBPEMEHHO PEBEPCUBHBIA JBUTATEIb
CBSI3aH CO CTPEJIKOM U IepoM BTOPHUYHOTO pUOopa.
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Puc. 2.1. Cxema oughgpepenyuanono-mpancgopmamoproco
npeobpazosameis

[Ipu nepemerieHnu IUTyH>Xepa MEPBUYHOrO NMpUOOpa Ha pac-
CTOSIHME 10 5 MM 3aBHUCUMOCTh MHAYKTHpoBaHHOU DJIC mpax-
TUYECKU JIMHeHHa. Bropuunsie mpubopsl nuddepeHnuanisHo-
TpaHchOpMaTOPHOIN CHCTEMBI TOCTPOEHBI Ha 0a3e aBTOMaTHYe-
CKHX MOTEHIIUOMETPOB.

B onextpuueckux mnpeoOpa3oBaTensix aHAJIOrOBOM BETBU
["CII ucronb3yroT 37eKTPOCHIIOBbIE TPeoOpa3oBaTeNn IBYX TH-
HIOB: JIUHeliHbIL, 00ECTIEYMBAIOIIUI MPSIMO MPOMOPIUOHAIBHYIO
(JIuHENHYI0) 3aBUCUMOCTh MEXJly YCUJIMEM U BBIXOJHBIM CHUT-
HAJIOM, ¥ K8aOpamuuHslli, BBIXOJAHOW CUTHAJI KOTOPOTO IpO-
MOPLUOHAJIEH KOPHIO KBaJpaTHOMY U3 ycuius. [IpeobpazoBa-
TeJIM KOMIUIEKTYIOT ycunurteneMm tuna YII-20, BbIMOIHEHHBIM
B BHUJE OTIEILHOTO OJI0KA.

[TpuHnMnMagbHas cXxeMa JIMHEHHOTo nmpeodpa3zoBartess npes-
craBieHa Ha puc. 2.2. Ycunue Q, KOTOPBIM H3MEPUTEIbHBINA
050K BO3JIEHCTBYeT Ha MpeoOpa3oBaTelb, BHI3bIBAET HE3HAUU-
TeJIbHOE TepeMelleHNe PhIYakKHON cucTeMbl 4 TMepeaaToYHOro
MeXaHU3Ma U CBA3aHHOTO C HeHl ympasistomiero ¢uaxka 5
MHAMKATOpa paccoriacoBaHus. MHaukaTop paccoriacoBaHus
muddepeHnnanbHO-TpaHC(POPMATOPHOTO TUIIA TPeodpa3yeT 3TO
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MEPEMEILECHUE B YIIPABIIIOIAN CUTHANI IEPEMEHHOIO TOKA, 0-
CTYMArONIMi Ha BXOJ 3JEKTPOHHOrO ycuiutens 1. BeixomHoit
CUTHAJl YCUJIUTEIA B BUJIE MOCTOSHHOTO TOKA MOCTYHAET B Ka-
TYIIKY 2 CHJIOBOTO YCTPOMCTBA W OJTHOBPEMEHHO B ITOCJIEI0BA-
TEJIbHO COCIMHEHHYIO C HEH JIMHUIO TMCTAHIIMOHHOW NIepeaadH.

B nuneitnom npeobpasoBaresnie npy B3aMMOJICHCTBHH MTOCTO-
SIHHOT'O MarduTa 3 ¢ MarHUTHBIM IIOJIEM, CO3IaBa€MBIM TOKOM,
MPOTEKAIONIMM B KaTyIlIKe 2, CO3JAaeTCs MPOMOPIHUOHAIBHOE
CUJIE TOKA YCWJIME, YPABHOBEIIMBAIOUIEE YEPE3 PHIUYAKHYIO CHU-
CTEMY BXOJIHOE YCHUJIUE.

B xBampatuuHoMm mpeoOpazoBaTene cuia, ¢ KOTOPO BTSATHU-
BaeTcs (peppOMarHUTHBINA MTPOBOJIHUK B TOJIE, CO3/1aBacMOE He-
MOJABHKHBIM 3JIEKTPOMAarHuTOM, MNPONOPUHOHAIBHA KBAApaTy
CHJIBbI TOKA, TPOTEKAIOLIETO MO KaTYIIKE.

L
i, 32| [1R
aﬂ
i—l*
Puc. 2.2. [Ipunyunuanvhas cxema 91eKmpocuilo8o20 TUHeiH020
npeobpazosameins

JIuHeMHbIN U KBaJpaTUYHBIA MpeoOpa3oBaTean pa3InyaroT-
Csl TOJIBKO YCTPOMCTBOM OOpAaTHOM CBSI3U CHIIOBOTO MEXaHHM3Ma.

Konctpykius mpeoOpazoBaTessi MO3BOJSIET MPUCOSTUHSATH
K HEMY HU3MEpUTENbHbIE OJIOKH, CO3MAIOIINE YCUIHS B Pa3HbIX
Hanpapimenusax: Q', Q" wm Q. JlucraHnMOHHAS Tepeaada
CUTHasa MOXeT aocturath 10 km.
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[Tonkmrouaemble K MpeoOpa3oBaTeNi0 BTOPUYHBIE HPUOOPHI
MOYKHO Pa3/IelMTh Ha JIBE TPYIIbL: padoTarouiye oT yHU(pULHU-
POBAHHOI'O CHUTHala IMOCTOSHHOIO TOKa (MUJUIMAMIIEPMETPBHI,
npuOOpPBl MarHUTONEKTPUUECKOW M DJIEKTPOMArHUTHOM CH-
cTeM) U paboTarole OT CUTHaja MOCTOSHHOTO HAaIPSHKEHHS
(BOIBTMETPBI, MPOMBIIUICHHbIE MOTEHLIUMOMETPBI, 3JEKTpUYe-
CKHE€ MalllMHbl LEHTPaIU3alUOHHOIO KOHTPOJS U YIIpaBiie-
HUA).

[TpuGops! mepBoil TPyMIBI (TOKOBBIE) MOAKIIOYAIOT K AJIEK-
TPOHHOMY YCHJIUTENIO IIpeoOpa3oBareis B pa3pblB dJEKTpUYE-
CKOH Llenu JBYXIPOBOAHOM JTUHUU CBS3U (IIPUOOPHI ITOU IpyI-
bl COEAMHEHBI NOCIeN0BaTeNbHO). [Ipubopbl BTOpOil rpyriisl
(mpuOOpBI TIOCTOSIHHOTO HAMPSHKEHUS) TMOJKIIOYAI0T Tapa-
JebHO HArpy304HOMY CONpPOTHBIEHHIO R,, BKIIOYEHHOMY
B 1I€IIb IBYXIIPOBOJIHOM JIMHUU CBSI3U.

§ 2.3. [IneBMaTH4YeCKHE U3MEPHUTEIbHbIE

npeodpaszoBaTe/u
1 2 3 4 B nHeBMaTHueckux mpe-
oOpasoBarensax OCHOBHBIM
R A JJIEMEHTOM SIBIISIETCS  CHC-
5 H TEMa «COIUI0O — 3aCJIOHKa»
M (puc. 2.3). B 1pyoky 1 He-

O0JIBIIOrO TMaMeTpa Hempe-
PBIBHO TOCTYMaeT BO3AYX
noJ nasiieHueM Py. [Ipoi-
Il 4yepe3 Jpoccellb MOCTOSTHHOTO CeueHus B aTMocdepy depes
npoccelib 3 (Coruio), mepes KOTOPHIM HaXOJTUTCS 3aciioHka 4.
Ecnu n3ameHuTs 3a30p Ax MKy COIIOM U 3aCJIOHKOH, TO J1aBie-
HUE P MeXIpoccelbHOM POCTPAHCTBE OyIeT TaKkKe U3MEHSAThCSL:
YBEJIMUMBATHCS C MPHOJIMKEHHEM 3aCJIOHKU K COIUTY M YMEHBIIATh-
sl IIpU yaJI€HUM 3aCJIOHKH OT colula. Mi3Menenue nasnenus Pi
KOHTPOJIUPYETCS] MAHOMETPOM 9.

Puc. 2.3. [Inesmonpeobpazosameins
MUna «conio — 3ACIOHKAY
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3aBUCUMOCTb MEXY 3a30pOM Ax U JaBieHHEM Pi I10Ka3aHa
Ha puc. 2.4. Kak BugHO U3 rpaduka, BecbMa HEOOJbIINE Tepe-
MenieHus 3aciaoHkH (10 0,08 MM) BBI3bIBAIOT 3HAYUTEIbHBIE —
ot 10 no 110 xlla — u3meHeHus naBiaeHUs Bo3ayxa Pi.

IIpeoOpa3oBatenn cuiI0Boii KommeHcanuu. [l Hemnpe-
PBIBHOTO Npeo0pa3oBaHusi aDCOIIOTHOTO, U30BITOYHOTO U BaKy-
YMMETPUYECKOTO J1aBleHUs (pa3pexeHus, nepenaaa JaBaeHus),
pacxoa, TemrepaTyphbl KHUAKOCTEH U ra30B, YPOBHSI, IIIOTHOCTU
KHUJIKOCTH 1 HEKOTOPBIX APYTUX MapaMeTPOB B THEBMATHUYECKUN
CUTHAJI IMCTAaHIIMOHHOM Iepenayu npeaHa3sHaueHbl npeoodpaso-
BaTeJIM, OCHOBAHHbIE HA IPHUHIMIIE CHJIOBOM KOMIIEHCALIUU.
B stux npeodpazoBatensax u3MepsieMblil mapaMeTp BO3AEHCTBYET
Ha YYBCTBHUTEJBHBIN JIEMEHT U3MEPUTEILHOTO OJ0Ka U Ipeo0d-
pa3yercs B yCHIIME, KOTOPOE aBTOMAaTHYECKH YPaBHOBEIIINBAETCS
YCHIIMEM, Pa3BUBAEMbIM JJaBJICHHEM BO31yXa B CHIIb(hOHE 00paT-
HOM CBSI3U. DTO JIaBJICHHUE SBISETCS OJHOBPEMEHHO BBIXOIAHBIM
CUTHAJIOM IIpeoOpa3zoBaTesl.

90,

70

T

50
IO

Puc. 2.4. 3asucumocmo oaenenus Pq

w0l 6 MeNCOPOCCENbHOM NPOCMPAHCMEE

o— &z 054 056 ':..r - cucmemvl «CONN0 — 3ACIOHKAY )
‘ y v J om 3a30pa Ax Mexncoy coOniom u 3aCiOHKOU

[TpunnunuanbHass cxema mpeoOpas3oBaTens NpecTaBiIeHa
Ha puc. 2.5. Ycunme Q, KOTOPBIM U3MEPUTENBHBIN OJIOK BO3/ICH-
CTBYET Ha NpeoOpa3oBaTeib, BHI3bIBAET HE3HAUUTEIBHOE Iepe-
MEIIeHNEe PhIYaKHOM cucTeMbl 1 mepenaTouyHoro MexaHu3Ma
U CBSI3aHHOW C Hell 3acIOHKH 3 OTHOCHTEIbHO HEMOJBHKHO-
ro comra 2. Bo3HUKIMIA B JMHUU COIJIa CUTHAJ YIPaBJISET
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JIABJICHUEM, MOCTYIAIOIIUM C ITHEBMOYCHIIUTENS B CHIIb(HOH 4
00paTHOM CBSI3HU.
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Puc. 2.5. I[lpunyunuanvhas cxema nHeemMamuieckoeo
CUI08020 Npeodpasoeamens

KoncTtpykuus mpeoOpa3oBaressi MO3BOJSET MPUCOEIUHATH
K HEMY M3MEpHUTENIbHBIC OJIOKH, CO3JAIONINE YCHIIHE B Pa3HBIX
Hanpasnenusix: Q, Q' wnu Q". Ycunurens (mHEBMOpene) co-
CTOWT W3 TPEX CEKIUH, pa3/IeJICHHBIX MeMOpaHaMH U3 MPOPE3H-
HEHHOTO TOJIOTHA, KOTOpbIe 00pa3yloT JABE KaMephbl JaBICHUS
KOMaHHOTO BO3/1yXa A u kamepy JuHuH coria b. [loBeIieHne
JaBJICHUS B JIMHUU COILIA BBI3BIBAET MepemMelieHue memMopan 5
u 9, u xianad 8 orkpeiBaetcs. [Ipu 3TOM JaBlIeHHE KOMaHIHOTO
BO3/lyXa MOBBIIIAETCS HA BEIWYMHY, PABHYIO BEIUYMHE IMOBBI-
IICHUS] JABJICHUS B JIMHUU COIUIA, BO3HHKACT IOCTOSHHBIN
nepernaj Ha apoccese 7 W BIUSHUE U3MEHEHHS JaBJICHUS TUTa-
HUS 3HAYUTENHHO yMeHbIaeTcs. [Ipu yMeHbIIeHUH AaBlIEHUs
B JIMHWM COIUIa IIAPWKOBBIA KiamaH 8 3aKphIBaeTCs, KIIanaH
copoca 6 OTKphIBaeTCs H JaBIEHHE KOMAHIHOTO BO3JyXa
ymenbinaercs. [IpeoOpa3oBatens oOecrieunBaeT IUCTAHIIMOH-
HYI0 TIepeJiady BBIXOJHOTO CHTHAIA MO IMHEBMOTpacce IITHHON
10 300 m. Kitacc Tounoctu npeodpazosatens 1,0.
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[Tpeobpazosarens Tumna [I1 npeaHasHaveH 71 mpeoOpa3oBaHUs
YIJIOBBIX MEpPEMEIEHNI B MPONOPLUOHAIBHBIN THEBMaTHYECKUH
curraji. Ero ucnonb3yroT B KauecTBe BBIXOAHOTO IpeoOpa3oBaTe-
751 B Ipubopax M yCTPOHWCTBaX 4acTOTHO-(heppoInHaAMUUYECKON
CHCTEMBI, yCTAaHABJIMBAEMBIX B CXEMaX aBTOMaTUYECKOT0 yIpaBiie-
HMsI IPOU3BOJICTBEHHBIMU ITponieccamu. IIpuHiunuansHas cxema
npeoOpazoBarelis pUBEICHA Ha prC. 2.0.

VYriaoBoe nepemenieHre cekropa 1 uepes och 2 nepenaercs
Oapabany 3. [Tpu nmomorm rudOKo¥ JeHTH 9, CBA3aHHON ¢ Oapa-
06aHOM M orubarouiel OTKIOHSIOMIUN POIMK 8, yroy moBopora
Oapabana TpeoOpazyeTcss B MPONOPIMOHATIBHOE YCHUIIHE TPY-
XKHUHBI 7. Ycuiue, pa3BUBaeMoe NpY>KUHOM, yepe3 pblyar 6 Bo3-
JIeICTBYET Ha 3aCJIOHKY 15 MHEBMOYCHUIIUTEIS.

OCHOBHBIM 3JIEMEHTOM IMHEBMOYCWJINTEJIS SIBJISETCS COILIO-
3acnoHka. [luraromuii Bo31yX U3 JIMHUM NOCTyNAeT B Kamepy |
U uepe3 MOCTOSIHHBINA apoccensd 4 B kamepy |l. JlaBnenue B ka-
Mmepe |l 3aBucHUT OT KOJTMYECTBA BO3/yXa, MOCTYMHAIOLIETO B 3TY
Kamepy uepes apoccenb 4, u pacxoja ero yepes coruio 14.

Ecnu ycunue P, pelictByroniee Ha 3acioHKY 15 co cTopoHbI
pblyara 6, paBHO HYJIIO, TO JPOCCEIMPOBaHUE B cOIUIO 14 Bech-
Ma HE3HAYuTeNbHO W JaBiieHne B kamepe |l mpubmmkaercs
K atMocgepHomy. [Ipu 3Tom ycunue, AeWcTByolee Ha MeM-
Opannyto cuctemy 13 cHU3Y BBEpX, MEHBIIIE, UEM YCHIIUE TIPY-
*uHbI 12, 1 moneii wrok 11 nonanaer B kamepy IV, coenunen-
HYIO C aTMOC(EPOH.

[Tpu yBenuueHuu ycunus P, U3MEHSIOIIErocsl MpornopLuo-
HAITLHO YTJTy IOBOPOTA BXOJHOM ocH 2, coruto 14 B GombImeit cTe-
NIEHU NPUKPBIBAETCS 3aca0HKOI 15. 3a30p ymeHbI1aercs, 4To co-
3[1a€T JIOTIOJTHUTEITLHOE COMPOTUBIICHUE NCTEUCHUIO BO3/TyXa Ye-
pes coruto. [Tostromy naBnenue B kamepe || nmpeBbiiaer naBnexue
B kamepe |1, u memOpannas cucrema 13 mepemeniaercsi BBEpX.
[Moneiit mrok 11 yrmupaercst B Tapensuarsiii kinanan 10, 3akpbiBast
BBIXOJl B aTMoc(epy, U MPHUIIOJHUMAET €r0, OTKPBIBas JOCTYII
INUTAIOLIEMY BO3lyXy U3 Kamepsl | B kamepy |11, /laBnenue B ka-
mepe |1, sBrsroriieecst O THOBPEMEHHO BBIXOIHBIM, YBEITHMUUBACTCS
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710 BEJIMYUHBI, TIPH KOTOPOH YCHUIIHSL, ISHCTBYIOIIME HA MEMOpaH-
Hy!0 cucreMy 13 cHu3y BBepX U CBEpXY BHU3, YPAaBHUBAIOTCSL.

PP AR

Puc. 2.6. lpunyunuanvuas cxema npeoopazosamens 1111

OnHOBpeMEHHO BBIXOJIHOE JaBiieHne u3 kamepsl |l mepena-
erca B kamepy V. DTo naBieHue, BO3CHCTBYsI Ha MeMOpaHy O,
C KOTOpOH CBsI3aHa 3acjoHKa 15, ypaBHOBemMBaeT ycunue P.

JIMHEeWHOCTh XapaKTEPUCTHUKU JTOCTUTAETCS TEM, YTO MEM-
Opannas cucrema 13 momkaTa npyxkuHoi 12 Bcerna Ha OfHY U
Ty K€ BEJIMYMHY, a TaK KaK MepeMelIeHne TapenbyaToro Kiarna-
Ha 10 oveHp MaJto, mepenaj JaBjieHHus Ha cornie 14 MocTosiHEeH.

Knace Tounoctu mpeoGpaszoBatens 1,0. IIpeoGpaszoBatens
o0ecrieunBaeT nepeaady Mo MHEBMOTpAcce TMOKAa3aHWH Ha pac-
crosaue 10 300 m.

B kadyecTBe BTOPHYHBIX PUOOPOB B THEBMATHYECKUX CHUCTE-
MaX MOKHO IPUMEHSATh JIFOObIE U3MEPUTENHN JaBJICHUS, a TaKXKe
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BTOpUYHBIE MTPUOOPHI, HarpuMep cuctemsl «Ctapt». Ha puc. 2.7
MoKa3aHa KHHEMaTHYEeCKasi CXeMa BTOPUYHOTr0 MPUOOpa CUCTEMBI
«Crtapt» (I1B2.2).

JleiictBue mnpuOOPOB OCHOBAaHO HAa KOMIICHCAI[MOHHOM
npuHune nMepenus. [IpruOopel NCHONB3YIOTCS A1 pabOTHI C
MTHEBMAaTUYECKUMH peoOpa3zoBaTeNIIMU WM IPYTUMH YCTPOM-
CTBaMH, BBIJAIOIIMMH YHU(DHUIMPOBAHHBIC aHAJOTOBBIE CUTHA-
nb1 20-100 kITa (0,2—1 kre/em®).

B usmepuTensHOM y3ii€ BXOAHOM MTHEBMATUYECKUN CUTHAI P
npeoOpazyeTcsi B MOCTyHaTelbHOE IepeMellleHue YKas3aTens
(ctpenku) u nepa. Kontponupyemslil mapameTp (BXOIHOM MTHEB-
MaTHYECKU# CUTHAT P) MOCTyMaeT B pUEMHBIH critb(on 2. Bos-
IyX MUTaHUA MO]1 1aBJeHueM P, aepe3 nqpoccensb 1 momaercs B
CUJIOBOM A5ieMeHT 7 1 K coruty 3. [Ipu u3smMeHeHn# BXOJHOTO JaB-
JeHus CUIIb(OH 2, THO KOTOPOTO YIHUpAeTcs B peryar 4, nepeme-
IaeT ero, U3MEHsIS 3a30P MEX/1y COILIIOM U PHIYaroM.

[Ipu mepemerieHnu poryara 4 BIpaBO JABJICHHUE B CHIIOBOM
JJIeMeHTe [ YBEIMYUBACTCS, TaK KaK 3a30p MEXAY pblYyarom u
COIUIOM YMEHBIIAaeTCs. JTO NaBJCHUE TMepeaaeTcss Ha peryar 6
CHJIOBOTO 3JIEMEHTa, U pOJMK 9 MoBOpauMBaeTcs Ha Yroi, He-
O0O0XOIMMBIN ISl IOCTHKECHUSI PaBHOBECHS Ha phlyare 4 Mexmy
YCUJIMSIMU OT JIaBJIEHUS B CHJIb(OHE U NPY>KUHBI 0OpPaTHOM CBSI-
31 5. YIiIy mOBOpOTa POJIMKA COOTBETCTBYET MPOMOPIHNOHAID-
Hoe mepemelneHue crpenku (nepa) 8. [llkana mpubopa crompo-
nenTHas nuHeiHasg. Kiace Tounoctu 1,0.
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Puc. 2.7. Kunemamuueckast cxema smopuuro2o npubopa cucmemut « Cmapmy
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§ 2.3. DieKTpONHEBMATHYECKH e
¥ THEBMOYJIEKTPHYeCKHe H3MepPUTeIbHbIe
npeodpaszoBarein

Jns coryracoBaHus 3JIEKTPUYECKON U THEBMATUYECKOM BETBEMN
I'CII BbIycKarOTCs 2IEKTPOITHEBMATUYECKUE U ITHEBMORJIEKTPU-
yeckue npeodpazoBarenu. PaccMOTpuM HEKOTOpBIE U3 HUX.

[IpeoOpaszoBarens anekrponHeBMatndyeckuid (tuma I
npeaHa3HayeH IS MpeoOpa3oBaHus HEMPEPHIBHOTO YHUDUIHPO-
BaHHOTO 3JIEKTPUUYECKOT0 CUTHAJIa IIOCTOSIHHOI'O TOKa B HENpe-
PBIBHBIN YHU(DUIIMPOBAHHBIN MHEBMaTHYeCKUil curHai. Pabora
npeoOpa3oBaresnsi OCHOBaHA HA MPUHIIUIIEC CHIIOBON KOMITCHCAIIUH.

[TpuGop cocTouT U3 ABYX (QYHKIIMOHATBHO Pa3IUYHBIX OJIOKOB:
AIIEKTPOMEXAHUYECKOT0 ITpeoOpa3oBaTes (COBOKYITHOCTh MarHu-
TO3JIEKTPUUECKOT0 MEXaHU3Ma U PhIYaKHON CUCTEMBbI) U THEBMa-
THUYECKOTO yCUIUTENS. BXOIHOM 3JIEKTPUYECKHIT CUTHA TTOABO-
JMTCSI K KaTymikaM 3jekrpomaruuta 7 (puc. 2.8). Ilpu stom B
MarHMTONPOBOJIE BOSHUKAET MATHUTHBINA MOTOK, BBI3BIBAIOLIUI
nepemeneHne skops 6. Ycunue Ha sKOpe MpsiMO MPOIOPIHO-
HaJbHO cuiie ToKa. [lepemerienne prruara 4 rnoj AecTBUEM TOM
CHJIBI BBI3BIBACT M3MEHEHUE JaBIICHHsI B JIMHUHU COTIA 3, YCTAaHOB-
JICHHOTO Ha OCHOBaHMH 2. DTO JAaBJICHNE YCHUIINBACTCS THEBMATH-
4eCKUM ycunuTeseM (pene) 8 v 1o MHEeBMOIMHUAM MepeaeTcs Ha
BBIXO/] ITpeoOpa3oBaTens U B CUiIb(POH 00paTHOM CBS3HU .

VYcunue, Bo3HUKarolee B CHIIb(OHE O] BO3/AEHCTBHEM BbI-
XOJIHOTO JIaBJIEHMsI, YPAaBHOBEIIMBAET Yepe3 phluar yCHiue Ha
SKOpE OT BXOAHOT0 cUrHaina. J{is criuakuBaHus KosebaHuit B -
HHH corl1a uMeercd maesMoeMkocTb 1. Kimaces! Tounoctu 0,5; 1,0.
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Puc. 2.8. I[lpunyunuanvnas cxema
INEKMPONHEEMAMUUECKO20 NPeobpa308ameist

[Ipeobpa3oBarens mHeBMOdNekTpudeckuili (tuma [19-55M)
npelHa3HayeH s npeoOpa3oBaHUsl MTHEBMATHMUECKOTO CHTHA-
Ja, TIOCTYMAOLIEro OT MHEBMAaTHUECKOTO 1aTYMKA UM ITHEBMa-
TUYECKOTO PETyJsTOpa, B YHUPHUIMPOBAHHBIA 3JIEKTPUUECKUN
CUTHAJI IOCTOSIHHOTO ToKa (puc. 2.9). Ilpubop cocTouT u3 mar-
HUTO3JIEKTPUYECKOTO T'aJIbBaHOMETpA, OJI0Ka MUTAHUS U MaHO-
METPUUECKOM TPYOKH, yCTAaHOBJIEHHBIX B 00IIEM KOpITyce.

BxoaHoi1 curHan B BUJIE TABJICHHUS, TTOUIEKAILETO H3MEPEHUIO
U IIpeoOpa30BaHMIO, 01131351 BO BHYTPEHHIOIO MOJIOCTh MAHOMET-
pudeckoi TpyOku, nedpopmupyer ee. Koner Tpyoku uepes cru-
pabHYIO IPYKUHY NIEPEAAET IEPEMEIIEHUE OBHKHON CUCTEMBI
rajibBaHomerpa ((uaxxka), KOTObIIl HAXOAUTCS B BBICOKOYACTOT-
HOM T10JI€ KaTYIIKH, BXOASAIIEH B 0a30BbIii KOHTYp IreHeparopa.
[Tpu mepemerieHuu Quiaxkka U3MEHSAIOTCA apaMeTpbl 6a30BOro
KOHTypa, 4TO NPUBOAUT K HM3MEHEHHUIO PEXKHMMa TIE€HEpaTopa.
[Tpu 3TOM M3MEHSETCsI TOCTOSIHHASL COCTABIISIONIAs KOJIJIEKTOPHO-
I'0 TOKa, YTO PUBOAMUT K U3MEHEHHIO CUJIBI TOKA 0a3bl TPAH3UCTO-
pa I1II u, cnenoBarenbHO, K U3MEHEHHIO CHJIBI BBIXOJHOTO TOKA.
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B nens xomtekropa I1I1 BimroueHa kaTymika oOpaTHOW CBSI3H,
YKpEIUIEHHas! Ha KOPOMBICIIE B [10JI€ TIOCTOSIHHOT'O MarHura. Bel-
XOJTHOM TOK, 00TeKasl KaTylIKy, CO3/JaeT MOMEHT OOpaTHOM CBSI3H,
IPOTUBOIOJIOXKHBI MOMEHTY, CO3J]aBA€MOMY IIPU PaCTSKEHUU
npyXUHbl. DIIAKOK MEPEMELAETCS U CUjla BBIXOJHOTO TOKA U3-
MEHsIeTCsl 70 TeX IOp, MOKa 3TH MOMEHThI CTaHYT PaBHBIMH.
Knacc rounoctu npeobpazosarens 1,0.

§ 2.4. CpeacrBa usmMepeHmid

Bunbl cpeacrB usmepenmii. Cpeocmea usmeperuti TIpea-
CTaBIISIIOT COOOW COBOKYITHOCTh TEXHHUYECKUX CPEIICTB, HCIIOJIb-
3yEeMBIX IMPHU PA3TMYHBIX U3MEPEHUSX U UMEIONIMX HOPMHPO-
BaHHbBIC METPOJIOTUYCCKHUE XAPAKTCPUCTUKH.
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Puc. 2.9. llpunyunuanvHas cxema nHe8MOINeKMPUYECKO20
npeobpaszosameins

K cpeactBaM m3MepeHHII OTHOCST MEpPbl U U3MEPUTEIbHBIE
npuOOpBI, U3MEPUTENIbHBIE TPE0OPaA30BaATENH, a TAKXKE U3MEpPHU-
TEJIbHBIE YCTAHOBKH, H3MEPUTEIIbHBIE CUCTEMBI.
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Mepul TipencTaBiIsIOT cOOOM CpelcTBa M3MEpPEHUH, CiTyXka-
M€ Ui BOCIPOU3BEICHHS (PU3MUECKON BEITMUUHBI 33JJaHHOTO
pazmepa. Mepamu SBISIOTCS, HapUMEp, TMPH, KaTylKa Co-
npotusieHus. K Mepam OTHOCATCA Takke cTaHAApTHBIE 00pa3-
116l 1 00pa310BbIE BEIIECTBA.

Cmanoapmuoii obpazey — Mepa I BOCIPOU3BEIECHUS
€IUHULbl BEJIMYMHBI, XapaKTEPU3YIOLEH CBOWCTBA MIIU COCTaB
BEIIECTB M MaTepuaynoB. Hampumep, cranaapTHbli oOpaser
(beppOMarHUTHBIX MAaTEPUAIIOB C ATTECTOBAHHBIM CO/IEPKaHUEM
XUMHUYECKHX 3JIEMEHTOB.

Obpasyosoe sewjecmeo — Mepa, MpeCTaBIIAoNas co00i Be-
IIECTBO C M3BECTHBIMU CBOWCTBaMM, BOCIPOU3BOAUMBIMU IPHU
COOJIIOJICHUHU YCIIOBUM ITPUTOTOBIICHHS, YKa3aHHBIX B YTBEP:K I€H-
Hol cnenudukanuu. Harpumep, yrcThle ra3pl, YUCTbIe METAILIBI,
yucTas Boja. [Ipu momonm craniapTHEIX 00pa3ioB U o0pas3io-
BBIX BEILIECTB OCYILIECTBISIOT HAJA/IKy M KOHTPOJIb TEXHOJIOTHYe-
CKHX IIPOLIECCOB.

Hszmepumenvuoiii npubop — 3TO CPEICTBO H3MEpPEHMUS,
IpelHa3HaYeHHOe Ji1 BBIPAOOTKM CHUTHAJla HU3MEPUTEIbHOU
uHpopManuuu B Gpopme, JOCTYIHON A BOCHpUATUS HaOIr0/1a-
TEJIEM.

Hzmepumenvuas ycmanoéka — CpPEACTBO W3MEPEHUs, Mpel-
CTaBJIsifOLIee COO0M COBOKYMHOCTh (DYHKIIMOHAIBHO O0bEIMHEH-
HBIX U3MEPUTENIBHBIX IPUOOPOB U3MEPHUTEIBHBIX IpeoOpa3oBaTe-
Jel U Apyrux BCIOMOTATENbHBIX YCTPOMCTB, PaclOiIOKEHHBIX
B OJTHOM MECTE U CBSI3aHHBIX €IMHCTBOM KOHCTPYKTHBHOI'O HC-
MOJTHEHHUS.

ITpuMepoM M3MEPUTENIBHON YCTAaHOBKM MOXKET CIIy>KUTh pH-
METp, COCTOSIIIINM U3 MEPBUYHOTO MpeoOdpazoBaTens (KOMIUIEKTa
3JIEKTPOJIOB) BTOPUYHOTO pHOOpa (MOTEHIIMOMETPa) U BCIIOMO-
raTeiabHOT0 yCTPONCTBA (BHICOKOOMHOTO YCUIIUTEIS).

Kpome paccMOTpeHHBIX CpelICTB U3MEPEHUI CYIIECTBYIOT U3-
MEpUTENbHBIE CUCTEMBI, TIPEJCTABIISAIONINE COOON COBOKYITHOCTh
CPEJICTB U3MEPEHUH U BCIIOMOTaTENbHbBIX YCTPONCTB, COEMHEH-
HBIX MEXIYy cOO0M KaHaJIaMU CBSI3U U ITpeIHa3HaYeHHbIE JIJIS M0-
Jy4eHUs] U3MEPUTENbHON HHPopMalu B Gopme, yIo0HOM 1is
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aBTOMAaTHUECKOM 00pabOTKH, Iepelauu U UCTIOIb30BAHUS B aBTO-
MaTHU3UPOBAHHBIX CUCTEMAX YIIPABJICHUSI.

Bmopuunoe usmepumenvnoe ycmpoticmeo (BTOpUYHBINA MpU-
00p) — CpelncTBO M3MEPEHUI, MpeIHa3HauYeHHOe I PaboThI
B KOMIUIEKTE C U3MEPUTEIBbHBIMU MPUOOPAMH, a TAKIKE C HEKOTO-
pPBIMU BHUJAMU TIEPBUYHBIX M MPOMEKYTOYHBIX MMpeoOpa3oBare-
nen.

N3meputenbHbie MPUOOPH OYCHh PA3HOOOPA3HBI M pa3iuya-
IOTCSI TIPUHIIUIIOM JIEWCTBHS, KOHCTPYKIMEH U aAp. OOmmm aJis
BCEX U3MEPUTEIBHBIX NMPUOOPOB SBIAECTCS HAMYUE OTCUETHBIX
yerpoiicts. 1o cnocoOy oTcyera 3HAYCHHI H3MEPSEMbIX BETUYNH
MpUOOPHI MOJIPA3ICIAIOTCA Ha TTOKA3bIBAIOIIHUE, T. €. JIOMYCKa0-
IIME TOJBKO OTCUMTHIBAHUE MOKA3aHUI, U PETUCTPUPYIOLIUE, B
KOTOPBIX MIPEAYCMOTpPEHA perucTpaius nokazanui. K mokaspisa-
IOILIUM OTHOCSIT aHAJIOTOBbIE U ITU(POBBIE TPUOOPHI.

OTcdYeTHBIC YCTPOWCTBA AHAIOTOBBIX MPHOOPOB COCTOSAT U3
HIKAIbl U yKa3aTeNs-CTPeNIKH; IMOKa3aHus Mmpulopa SBISIFOTCS
HEMpepHIBHON (DYHKIMEH U3MepsieMOi BETMYUHBI.

a ¢ N
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Puc. 2.10. lIxanvrvie omcuemmnvle ycmpoucmsa.:
a — ¢ 0y2000pasHoll wWKaiou;
6 — ¢ 20pU3OHMANLHOU WKALOU

HudpoBoii n3mMepuTeNbHbII NpUOOpP aBTOMATUYECKU BbIpa-
0aThIBaeT MUCKPETHBIC CHUTHAIBI W3MEPHUTEIBHON WH(pOpPMAIINH,
MoKa3aHus mpubopa NmpecTaBlieHbl B IU(poBoi (hopme.

[TpuGopsI, B KOTOPHIX MPETyCMOTPEHA PErHCTPAINs ITOKa3a-
HU B (hopMe TuarpaMMel, Ha3bIBAIOT CAMONUULY UM,

[Tpy mIKaIEHOM OTCYETe MIKAIBI MOTYT OBITh HETIOABHKHBI-
MH U TOJBMKHBIMH (ILIKaNa MepeMellaeTcss OTHOCUTEIbHO
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HEMOJIBUYKHOTO yKazaress). OTMETKH Ha IIKaJIaX pacroyiaraloTcs
BJIOJIb MPSMOM JIMHUU WM TI0 1yT€ OKPY>KHOCTH Ha IJIOCKOW MIIN
LWIMHApUYecKor noBepxHoctu (puc. 2.10). Ha puc. 2.11 noka-
3aHbl Han0oJIee TUIMHYHBIE IKAJIbl U3MEPUTEIBHBIX TPUOOPOB.
[kanbl, HyneBas OTMETKAa KOTOPBIX COBMAJAeT C HAYaIoOM
WIM KOHIIOM IIKaJIbl, HAa3bIBalOTCS odHocmoponnumu. llkana
Ha3bIBACTCSI 08YCMOPOHHell, CIT HyJeBas OTMETKAa He COBIIa-
JaeT C HA4yaJloM WJIM KOHLIOM IIKaJbl (HalpuMep, TEPMOMETP
pacmmpenus ¢ npeaenom nokazanuit ot —50 go +50 °C).

2
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Puc.2.11. Ulxanwvi:
a — 2opuzonmanvhas, 6 — eepmMuKaIbLHAsL, 8 — 0Y2000pPA3HASL
(c yenom dyeu 0o 180°); 2 — ouckosas kpyzosas (c yerom dyeu 6onee 180°);
0 — 8PaAWAIOWASCS YUTUHOPULECKAsl, € — NPOPUIbHAS

Henenuem wikanvl Ha3bIBAETCS MPOMEKYTOK MEXAY OCSIMHU
WIN TIEHTPaMH JBYX CMEXHBIX OTMETOK. J[JTMHBI neneHuit pas-
HOMEpPHBIX IIKaJ — OJMHAKOBBIC; HEPABHOMEPHBIX IMIKal —
HEOJIMHAKOBEIE.

Camornumrymue (peructpupyromnme) npuOopsl UMEIOT MpHU-
croco0JieHus JJ11 aBTOMaTHYECKOH 3anucu Ha OyMasKHOM JIeHTe
WIA JMCKE TEKYLIEro 3HaueHHs HM3MepsieMOM BEIUYMHBI BO
BpeMmenu (puc. 2.12).

JIeHTOUYHBIE JUArpamMMbl OBIBAIOT JBYX THIIOB: C MPSIMOJIU-
HEWHBIM JIBM)KCHUEM Iepa MmpuOopa W ¢ JIBHKCHHUEM Iiepa Io
Jyre OKpY>KHOCTH. J[MCKOBBIE TuarpaMMbl MOTYT OBITH C paB-
HOMEPHBIMH ¥ HEPABHOMEPHBIMU JICTICHUSIMHU.
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Puc.2.12. Pecucmpupyrowue ycmpoticmea:
a — € 3anucsio 8 NOIAPHBIX KOOPOUHAMAX,

6 — ¢ 3anucwio 6 npAMOY2OIbHblX KoopauHamax;
68 — C neuamaruum yCWlpOL?CWl@OM

I'ocynapcrBennas cucrema npudopos. [locrpoenue 'ocy-
napctBeHHOM cucreMsl npubdopoB (I'CII) ocHoBaHO Ha ompene-
JICHHBIX CHCTEMHO-TEXHMUYECKUX MPHUHLUIAX, [O3BOJISIOIINX
HauOosee palMOHAIbHO PEUIUTh MpoOIeMy OOecreueHus TeX-
HUYECKUMHU CpPEJICTBAMU pa3HOOOpa3HBIX CHUCTEM KOHTPOJIS
perylMpoBaHMsl U YIPaBJIEHUS TEXHOJOTMYECKHMMHM Ipolecca-
MH.

I'CIT npencrasisier co00i COBOKYITHOCTh HOPMAJIM30BaHHBIX
ps10B YHU(PULIMPOBAHHBIX OJOKOB, MPHOOPOB U Y3JIOB, COCTaB-
JICHHBIX U3 MMUHHUMAJIBHOTO YHCIlia OJIOKOB-MOJYJIeil, Ha OCHOBE
KOTOpBIX coOupaercs Jitoboe ycTpoiictBo, Bxozsmee B I'CIL
I'CII mpenycmarpuBaeT mpeodpa3oBaHuEe U3MEPSIEMbIX MTapaMeT-
pOB (TeMIepaTypsbl, 1aBIEHUS U T. I.) B eAUHYI0 popmy uHboOp-
Maluu, ya1o0HyIo JUTsl Iepeadn Ha pacCTOsTHUE.

Yerpoiictsa I'CII o pony ucnonb3yeMoi BCIIOMOTaTeNbHON
SHEPruU HOCUTEIIS CUTHAJIOB B KaHAJIE CBSI3U, IPUMEHSIEMON 1Is
npruemMa u nepeadd MHGopMaluyd U KOMaHJ YIpaBieHUS, Jie-
JISITCSL HA AJIEKTPUYECKUE, THEBMATUYECKUE U THAPABINYECKUE.
B I'CII BxogsT Takke ycTpoiicTBa, paboTaromiye 6e3 uCnoiab3o-
BaHUsl BCIIOMOTaTeNbHON »Hepruu (MpHOOpPHI M PEryIsTOPHI
IPSIMOTO JCHCTBUS).
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VYerpoiicTBa, MUTAOIIMECS NIPU SKCIUTyaTallud YHEPTUen OJ1-
HOTO poJia, 00pa3yIoT EANHYIO CTPYKTYpHYIO rpymnmy B ['ocynap-
ctBeHHOU cucteme npubopoB (BetBb ['CII). [To dynkmmonans-
HoMmy npusHaky usaenus I'CII paspensrorcs Ha ciiegyromue
IpyMIIbl YCTPOWCTB, NpeAHa3HaYEHHbIE [UIs: MTOJIy4eHHsI MH(Op-
MallMM O COCTOSTHHHM TIpolLiecca; IpruemMa, mpeodpa3oBaHus U me-
pelnaun HHGOPMALMU 10 KaHAJIaM CBSI3U; IpeoOpa3oBaHus, Xpa-
HeHHs U 00paboTku mHpopMauuu u (HOPMUPOBAHUS KOMAH[
yIpaBJIEHUs; UCIIOJIb30BAHUS KOMaHAHON HH(POPMALIUU JUIs BO3-
JIeMCTBUS HA TIPOLIECC U CBSI3H C OIIEPATOPOM.

Jis obecnieueHus: MHPOPMALMOHHOTO COIPSDKEHUST MEXKAY
6siokamu, npudbopamu u ycranoBkamu ['CI'l nmpumensitor yHu-
¢unupoBannpie curHanbl (YC). YHUPHUIMPOBAHHBIA CHUTHAI
(YC) I'CIl — curnan IuCTaHIMOHHOW Nepenadn uH(opMaImm
¢ YHU(ULIUPOBAaHHBIMU NapAMETPaMHU.

B 3aBucuMoct OT BUAAa YHH(DHUIMPOBAHHBIX ITapaMeTPOB
B I'CII npumensitor Y C ueTsipex rpynm:

1) curHanbl TOKa M HAMPSHKCHUS JIEKTPUYECKUE HETPEPhIB-

HbIE;

2) CHUTHAJIbI YaCTOTHBIC JIEKTPHUYCCKUE HETPEPBIBHBIC;

3) curHasbl AMEKTPUIECKUE KOAUPOBAHHBIC,

4) MTHEBMAaTUYECKUE CUTHAIBI.
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TEMANe 3
KounrpoJus 1aBienus

§ 3.1. O6uue cBenenust

JlaBjieHMe — OJUH U3 BAXXHEUIINX [1apaMETPOB TEXHOJIOTH-
YECKHUX IMPOIECCOB. 3a CIMHMIY U3MEPCHUS JTaBieHUsS B Mex-
nyHapoaHout cucreme enunul (CH) mpunst nackans (Ila). Ox-
HAKO /IO HACTOSIIET0 BPEMEHHU UCHOJIB3YIOT TaKKe BHECHCTEM-
Hble equuunsl: H/M%, MM. BOA. CT. 1 Oap. DTH eIWHMUIIBI CBS3a-
HBI CJIEIYIOIIMMH COOTHOIICHUSMHU:

1 xrc/em® = 98 066,5 I1a;

1 MM Bog. cT. = 9,80665 Ila;

1 mm pr. cT. = 133,322 Ila;

1 6ap = 10° I1a.

[Ipu u3mepeHun naBiieHUs HEOOXOIUMO pa3InyaTh a0COJIOT-
HOE, U30BITOYHOE M aTMOC(EpPHOE AABIICHHE, a TAKKE BAKYYM.

AOconoTHOE AaBieHUEe P, — mapaMeTp COCTOSHUS Bellle-
CTBa (KUAKOCTEH, ra3oB u napoB). M30bITOuHOE NaBieHue P, —
Pa3HOCTh MEXy a0CONIOTHBIM JaBiieHHeM P, u aTMoc(hepHbIM
naBieHueM Py (T. €. 1aBlIeHHEM OKPYKaroIIel Cpeibl).

P,=P,— P (3.1)
Ecmn 8.6COJ'IIOTHOC JAaBJICHUEC HUXKE aTMOC(I)epHOFO, TO
P,=P;~P,, (3.2)

riae P, — naBneHue (pa3pexeHue), 3MepsieMoe BaKyyMOM.

[To TOCT 2405-88 mpubopbl aisi WU3MEPCHHS JIaBIICHUS
KJIaCCU(DUIUPYIOTCS 110 TPUHIIMITY JCHCTBHS M 10 POAY H3ME-
pSEMOil BEJTHUHHBI.

[To mpuHIHMITY IEHCTBHS TPUOOPHI T U3MEPEHUS TaBICHUS
TIOJIPA3ICIISIOTCS Ha CIICTYIOIIHE:

—  JiCUOKOCMHble, OCHOBAaHHBIE HAa ypPaBHOBEIIMBAHUU
U3MEPSIEMOTr0 JIaBJICHUS JIAaBJICHUEM COOTBETCTBYIO-
IIEr0 CTOJI0A KUIKOCTH;
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degopmayuonuslie, N3MEPSIONINE JaBJICHUE MO BEIU-
yuHe AeQopMaly pa3InYHbIX YINPYTUX DJIEMEHTOB
WJIM 110 Pa3BUBAaEMOH CUIIE;

2py30nopuiHessle, B KOTOPBIX U3MEPSEMOE JaBJICHHE
YpPaBHOBEIIMBAETCS BHEIIHEW CUJIOH, JCHCTBYIONICH
Ha MOPIILECHb;

anekmpuieckue, OCHOBaHHbIE WJIM Ha MpeoOpa3oBa-
HUU JIaBJICHUS B OJIHY U3 JJIGKTPUUECKHUX BEJIMYHUH,
WIM HA U3MEHEHHUH SJIEKTPUUYECKUX CBONCTB MaTepH-
aja 1noJ ACMCTBUEM JaBJICHUS.

[To poxy u3MepsieMol BETMUMHBI TPUOOPHI ISl U3MEPEHUS
JABJICHUS JIEJSATCS Ha!

MaHOMETpPBl — TIPUOOPBI IS U3MEPEHHs a0COIIOT-
HOTO M M30BITOYHOTO JIaBJICHHS;

BaKyyMMETPBI — MPUOOPHI IJIs1 U3MEPEHUS BaKyyMa;
MaHOBAaKYyMMETPbl — MPHOOPHI JJIsI U3MEPEHUS 13-
OBITOYHOTO JIaBJICHUS U BaAKyyMa;

T depeHaIbHble MAaHOMETPhl — MPHOOPHI JUIS
U3MEPEHUs] Pa3HOCTU JIBYX JaBJICHUH, HU OJIHO W3
KOTOPBIX HE SIBIISICTCS JaBICHUEM OKPYXKAIOMIeH cpe-
AbL,

OGapoMeTpsl — TpUOOPHI IJIsI U3MEPEHUS HaBICHUS
aTMOc(epHOTro BO3/IyXa;
HanopoMmepsl (MUKPOMAaHOMETPBI) — TPHUOOPHI IS

U3MEPEHUs MaJIbIX N30BITOUHBIX JaBIECHU;
TATOMEPHI (MUKPOMaHOMETpPbI) — HPUOOPHI IS U3-
MEPEHUS MaJIbIX Pa3peKEHUM;

TATOHANOPOMEpPhl (MUKPOMAaHOMETPhI) — TMPUOOPHI
JUISL U3MEPEHUS MAJIBIX JABICHUN U Pa3pexKEHU.
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Puc. 3.1. Jugppepenyuanvnoiii manomemp
C 971eKMPULECKUM BLIXOOHBIM CUSHATOM,
mooens DPGT43

IIpumensiercs is:
—  oToOpa)keHHs1 H3MEPSIEMOT0 TaBIICHUS;
—  JWCTaHLHMOHHOH Nepenavyn u3MepUTeNbHON HHpOopMaIHu (BBI-
xoanbie curnansl 4—20 mA, 0-20 mA, 0-10 B);
—  usMepenus AupGepeHInanbHOTO TABICHNS C BO3MOKHBIMU Tie-
perpy3kamu.
Ocobennocmu yempoiicmea DPGT43:
— cucrema Plug and play mo3Bonsier n30exath HACTPOUKH U KOH-
¢urypupoBanus npudopa;
—  XapakTepHCTHKa curHaja cooTBeTcTByeT cTanmapty NAMUR,
—  nuamna3on usmepenuit 016 moap;
—  yHOOOHBIA Iy oTOOpakeHUS W uTeHHs IHdepOIaT, HOMHHANb-
Heit pazmep 100 u 160 MM, 0TOOpakaeMOCTh MO0 MECTY CHATHS
MOKa3aHHUs;
—  He TpeOyeT JOMOJIHUTEIBHOTO TUTAHUS;
—  0Oe3omacHoe UCIOJIHEHHE.
Onucanue npubopa
Mopens DPGT43 inteliGAUGE (amepukanckuii narent Ne 8030990)
NPUMEHSIETCSl TaM, TJle HeoOXOIMMO COYETaHHE MECTHOTO OTOOpasKeHHUs
quddepeHInanbsHOro JaBieHUsl U Mepeaadd U3MEpUTEIbHOH MHbOopMaluu
B CUCTEMY YIpPaBJICHHS.
KoMOuHaIMs  BBICOKOKAYECTBEHHOTO  HM3MEPUTEIbHOTO  MEXaHU3Ma
Y TOYHOTO TpeoOpa3oBaHus 1 00pabOTKH 3JIEKTPOHHOTO CHTHAJA MO3BOJISET
NpOJOJDKATh HM3MEPEHHs Jaxe B cllydae mepebosi B OIJIEKTPONUTAHHH.
Het HeoOX0MMOCTH B AOTOJHHUTENHLHON TOYKE 0TOOpA JABJICHUS Ui MOH-
Ta)ka OTJEJILHOTO TOKa3bIBAIOIET0 Mpuoopa.
Monens DPGT43 BrimonHeHa Ha 0a3e BEICOKOKAYECTBEHHOTO AM(MAaHO-
merpa 732.51 u3 HeprkaBelolleH CTald ¢ HOMHHAJIBHBIMH Pa3MepamMu
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100 mm u 160 mMm. arabiii MaHoMmeTp npomsBogurces mo EN 837-3 u3 xpo-
MOHHKEJIEBON CTalIi C BBICOKOW KOPPO3UUHOM CTOMKOCTBIO.

W3mepurenbHas kKaMepa MOJHOCTBIO METAIMYecKas, 0e3 MOJIMMEpPHBIX
YIJIOTHEHHUH, 9TO FAPaHTHPYET 00jee AIUTENBHYI0 T€PMETHIHOCTD U OTCYT-
CTBHE yTeueK. BBICOKas CTOHKOCTBh K MEpErpy3KaM TakkKe 0OecIednBacTCs
LENbHOMETAININYECKOW KOHCTPYKIMEN H3MEPUTENBHON SYENKU U €€ KOM-
MaKTHOCTBIO.

ITox Bo3zmeficTBHEM HaBIeHHUS AeQOpMAIUs CIEIHATFHON TPOQHUIHHOM
MEMOpaHbI IEpefacTcsi Ha CTPENIKY W BBI3BIBAET €€ YIJIOBOE IEPEMEIICHUE,
MPONOPLUOHATIBHOE 3HAYCHUIO JaBJICHUs. DJIEKTPOHHBIM CEHCOp, UCIBITAaH-
HBII B 9KCTpPEMANbHBIX NMPHUMEHEHHUSIX aBTOMATUKHU, ONpeAessieT MOJ0XKEeHUE
OCH M TaKUM 00pa3oM mpeoOpa3yeT 3HAUCHHUE JABJICHHS B MPOMOPIHUOHAb-
HBIN BBIXOAHOI anexTpuueckuil curnai, Hanpumep 4—20 MA. JlaHHBIN ceH-
cop sBiseTcd OECKOHTAKTHBIM, a 3HAUUT, OH HE TOABEP)KEH TPEHUIO M HE
W3HAIINBAETCS.

DNEeKTPOHHBIA TPeoOpa3oBaTeNb, BCTPOSHHBI B MEXaHHYECKHN MaHO-
METp, COYETaeT MPEHMYIIECTBA 3JIEKTPUUECKON Tepeaadn N3MEpUTENbHON
nH}popManny ¢ HaZEKHOCTHIO MECTHOTO OTOOpaXkeHWs. [luama3oH m3mepe-
HUH MEXaHWIECKOW IMIKaIbl aBTOMaTHYECKH CBS3aH C THANa30HOM BBIXOIHO-
ro curHana 4-20 MA. HyneBoe 3HaueHNe BBHIXOJHOTO CHTHAlla MOXKET OBITH
HaCTPOEHO BPYYHYIO.

§ 3.2. ZKuakocTHbIe MAHOMETPBI

JKuIKOCTHBIE MAHOMETPBI OTIMYAKOTCS TPOCTOTONW KOHCTPYK-
LIUU ¥ CPAaBHUTEIILHO BBICOKON TOYHOCTBIO M3MepeHus. Mx mmpo-
KO MPUMEHSIOT KaK B KauecTBE NMEPEHOCHBIX (JaOOpaTOpHBIX),
TaK U TEXHUUECKUX IPUOOPOB U1l U3MEPEHUs 1aBICHUS.

[TepenocHblit  U-00pa3Hblii MaHOMETp, MpPEACTABISIOMINN
coboii corHyTyto B Buae OykBsl I1 cTexisannyo Tpyoky 1, moka-
3aH Ha puc. 3.2. TpyOka 3akperuieHa Ha JOCKe 2 CO IIKaJou 3,
PAacIIoNIOKEHHON MEXIy KOJIeHaMH TPYOKH, U 3arloJIHeHa >KU-
KOCTBIO (CHIUPTOM, BOJOW, PTYyThi0). ONMH KOHEl TpyOKH cO-
€MHEH C IO0JIOCTBIO, B KOTOPOI M3MEpsIETCs AaBJIEHUE, IPYroi
KOHeI[ TpyOKku cooOmraetcst ¢ armocdepoit. [loa aeiictBuem u3-
MEpsSeMOr0 JaBJICHUS KHUJIKOCTh B TpyOKe Mepemelniaercs M3
OJIHOTO KOJIEHA B JJPyroe A0 TeX MOop, 0Ka U3MepsieMoe AaBiie-
HUE HE YPaBHOBECUTCS TMIPOCTATUYECKUM JIaBJICHUEM CTOs0a
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KUJKOCTH B OTKPBITOM KoJieHe. Eciu maBiieHWe B MOJIOCTH,
C KOTOpOW COEAMHEH MPUOOp, HIKE aTMOC(EpHOTO, TO KUJI-
KOCTh B KOJIEHaX IIEPEMECTUTCS B OOpaTHOM HaIpaBICHUU
U BBICOTA €€ CTOJI0a OyIeT COOTBETCTBOBATH BAKYyMY.
[TpucoenuuuB 00a KoJeHa TPYOKH K MOJIOCTSIM C Pa3iIUYHBI-
MU JaBJICHUSMH P1 1 P, MOXHO ONPEAEIUT Pa3sHOCTh AaBJie-
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Puc. 3.2. U-obpasmwiii
Manomemp
(nosicnenus 6 mexcme)

ManoMeTp 3an0IHA0T JKUIKOCTBIO

8 JI0 HYJEBOM OTMETKHM IIKaibl. [ls

OTIPE/ICTICHHSI BEICOTHI CTOJIOA KU IKO-
CTH HEOOXOIMMO CAelaTh IBa OTCUETA
(cHMKEHUSI B OJHOM KOJICHE U TOJIb-
ema

B JIpyrOM) U CyMMHPOBATh UX BEJIU-
yuHel, T. €. H=hy — h,.

[IpomeinuienHbie MaHOMETPBI M VI
u MVL u3 HeprKkaBerolle craiu co-
JepKaT BEPTUKATBHBINA CTOJIO KU IKO-
CTH, NPEJHA3HAYEHHBIN ISl TOYHOTO
W3MEPEHHUS]  OTPULIATENBHBIX  WJIU
0YCHb HU3KHUX IOJ0KUTEIBbHBIX JaB-
neHuil u mnepenaga aasienus (DP)
BO3/lyXa UM HEUTPATILHOTO Ta3a.

OHU UCNIONB3YIOTCA BO BCEX OT-
pacisiX MPOMBIIUIEHHOCTH U OCO-
OCHHO PEKOMEHJIYIOTCS B 00JIacTsIX
yCIIYT KayecTBa, METPOJIOTUU U Ka-
JTNOPOBKHU.
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Manowmetpsl cepuid MVI u MVL otnunuaror xa-
YECTBO M TOYHOCTH CTOJOIIOB M3 HIKOTO CTEKIIA.
[pubopsr cepun MVI ocHameHbl XKapoCTOHKUM
crexioM Tpyoku (Pyrex), a cepun MVL — kanu6-
POBaHHBIM OOPOCWJINKATHBIM CTEKJIOM TPYOKH BBI-
COKOH TOYHOCTH.

Buewnuii 6uo manomempos:

— dyepHble nudpsl Ha 6enom doHe;

— JIMHEeHKa: MOJ3YyHOK, HacCTpoWKa HyJe-
Bo# Touku, 30 MM X0/1a;

— OeryHOK mNaMsaTH MpPEAbIIYyNIero 3Ha-
YEHUsI: YCTAaHOBKA Ha BCEM IYTH BBEPX
TIO IIIKaJe.

Cmonbywi scuokocmuwle:

— Pyrex crexisiHHas TpyOKa, BHYTpEH-

Puc. 3.3. Ilpomvluinernvle Huii muavetp 4 +0,7 wm (MVI cepin).
orcudkocmibie manovempo Kimo CTeKIITHHAas TpyOKa KalruOpoBaHHA,

VAYMUEHHOL MOYHOCTU BHyTpeHHHH Juamerp 4 +0,015 mm

1 3 Hepacaserowel cmanu (MVL cepun).

Hoepeumocmb npu 20-22 °C:
cTeKIsiHHas TpyOka Pyrex B mpubopax cepun MVI: +1 % ot mo-
Ka3aHUH;
— KanuOpoBaHHAS CTEKISHHAs TpyOka B mpubopax cepun MVL:
+0,3 %.
Kopnyc: u3 Heprxaseromei cramu 316L.
Coeounenue: s BSP (BHelIHee) U3 HEPIKaBEIOIIEH CTalH.
[TpeaHa3zHa4YeHbI 715l HACTEHHOT'O MOHTaXa.
Pabouas memnepamypa: ot —20 g0 +70 °C B 3aBUCUMOCTH OT HCIIOJIb-
3yeMOM KUIKOCTH.
YCTpOWCTBO MOKET BBIIEP)KUBATh CTaTUueckoe aaBieHue ao 40 Oap
B 3aBUCHMOCTH OT JIJTHHBI TPYOKH.
Jlist peryaupoBKH (POTORIIEKTPHIECKOTO OOHAPYXKUTENSI BPYUHYIO HC-
MOJIB3YIOTCS] KPAaCHBIN M 3€JICHBIH HHANKATOPHI C TOYHOCTHIO 110 0,3 MM.
B mpubope ecTh HEOOMBIION TUCTUICH I TPOCMOTPA 3HAYCHHUSI.
Tounocmu:
— B auamaszone mexay 0 no 3000 ITa: 0,2 % ot nokasanwuii (1 ITa);
— B nmuamazoHe mexay 3000 m 20000 ITa: +£0,5 % ot mokazaHuit
(£2 ITa).
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YaumeyHslii MAHOMETP, SABISIOIIMANCST Pa3HOBUIHOCTBIO 11-
oOpasHoro, moka3zaH Ha puc. 3.4. OIHO U3 KOJIEH YaIle4YHOI0
MaHOMeETpa BBIMOJIHEHO B BUJE cocyna (Jyamku) 1, tuamerp Ko-
TOPOTO OOJIBIIE AUaMeTpa TPYOKU 2, MPEACTABISAIOMEH coOon
npyroe kojeHo. [lojocte ¢ u3MepsiemMbiM JaBiieHuEM (OoJblie
aTMoc(hepHOro) COeAMHSICTCS C YallledKO, a TpyOKa COeIHUHS-
etcs ¢ atMocdepoil. Tak kak rIomanb CeYeHUs Yallku O0Jbliie
IUIOINAAM CEYEHUs] TPYOKH, >KMIKOCTh O] JCHCTBHEM JaBiie-
HUS B YaIlIKE OIMYCKAETCs Ha BBICOTY, KOTOPAsi MEHbILIE BHICOTHI
noabemMa B TpyOke. OOBIYHO IUJIOMIA[h CEUYEHUS 4YallKd 3Ha-
YUTETHHO OOJIbIIE CeUeHHUs TPYOKH, MOITOMY BEIMYHUHOM MO-
HIDKEHUS YPOBHSI )KHIKOCTH B YaIllKe MPEHEOPEraroT U pe3yib-
TaT OTCYHUTHIBAIOT TOJBKO IO BBICOTE€ CTONOIA >KUAKOCTU
B TpyOKe OT HavaJgbHOro 3Ha4deHWs. OIHAKO MPU STOM BO3HHU-
KaeT MOTPEIIHOCTh, BbI3BAHHAS IOHUKEHUEM YPOBHS KUAKOCTU
B Yalllke, YTO M3MEHSET IMOJIOKEHHE HyIs mKaisl. Hampuwmep,
pyU JUaMETpe Yallkd, B JAECATh pa3 OoyblleM AuaMerpa TpyOo-
KH, TIOJTyIUM

T h, — 0,01 hy , (3.3)

T. €. OTHOCUTEINbHAs TIOTPEIIHOCTh COCTa-
BUT 1 %. Takum oOpazom, MOTPenIHOCTh
npubopa 3aBUCHT OT OTHOUICHHS IIJIOMIA-
e ceueHMM  TpyOKM M YalIKH
YU MOXET OBITh CKOJIb YyrogHo Maioil. Ha
MPAKTUKE IJIOMIAJN CEYEHUH YaIlku S
1 u TpyOKH 5 BBIOMPAIOT OOBIYHO TAKUMH,
| 9T00Bl OTHOLICHHWEM 5/5 MOXHO OBLIO
[ 1 npeHeOpedb. B OCHOBHOM /ISl YaleuHbIX
npubopos S/S < 1/400.

-2

T T T T T

] Puc. 3.4. Yaweunvii (00Hompy6HbIIL) MaHOMemp
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MuxpoMaHoMeTp ¢ HaKJIOHHOM TPyOKou. [Ipu n3mepenun
MaJbIX JaBJIEHUH U pa3pekeHUN MOpsAKa MUJUIMMETPOB HIIU
JIECATKOB MHJUIMMETPOB CTOJ0a JKUIKOCTH OIIMOKA OTCyeTa
CTaHOBHUTCA BeChbMa 3HAauuTENlbHON. Hampumep, mpu BbicoTe
croJiba *uakoctu, pasHoro 10 mm, ommubka orcuera 0,5 MM na-
€T MOIrPELIHOCTh U3MEPEHUH, PaBHYIO 5 % HU3MepsieMOoil Belu-
yuHbl. [lo3TOMY IpH U3MEpEeHNH MaJbIX AaBICHUH MPUXOAUTCS
OPUMEHATh MPHOOPBI, 0OecreunBaroIue OOJbIIYI0 TOYHOCTH
usmepenus, ueM U-oOpa3Hble WK YalleuHble MAaHOMETPBI.

OpnuMm U3 Hauboee pPacHpOCTpaHEHHBIX MPUOOPOB 3TOTO
TUMA SIBJISIETCS. MAaHOMETP C HaKJIOHHOW TpyOkout (puc. 3.5).
[Tpubop cOCTOUT M3 CTEKISIHHOTO cocyna 2, K KOTOPOMY MpH-
nasiHa CTEKJISTHHAs TpyOKa 3, HAKJIOHEHHAs! MOl HEKOTOPBIM yT-
JIOM K TOPU30HTY.

Cocya ¢ TpyOKO#M yKpersieH Ha JEpEeBSHHON JOCKE CO IIKa-
JIOW, TpaJydpoOBaHHONH B MWJUIMMETPAX BOASHOTO CTOJOA.
Jns ynoOcTBa mikana cieiaHa MOJBHYKHOM, YTOOBI MPH 3aro-
HEHMH TpuOOpa *KUIKOCTBIO MOXKHO OBUIO COBMECTUTH HYJIb
HIKaJIbl ¢ MEHUCKOM JKHJKOCTH B TpyOke. [Ipu n3mepenuu nas-
JeHUs HUXKe aTMoc(epHoro (paspexeHus) K IMPOCTPAHCTBY
NPUCOCTUHSIOT KoHel TpyOku 3. JJisi TOYHO# yCTaHOBKH B I'O-
PHU30OHTAIILHOW TIOCKOCTH Npubop cHaOxeH ypoBHeMm 4. Ilo-
CKOJIBKY TpyOKa 3 HaKJIOHEHA, BHICOTA CTOJIOA KUJIKOCTH, YPaB-
HOBEUIMBAOIAs U3MepsieMOoe J1aBjeHue, Oy/IeT paBHa:

h = n sina, (3.4)
rre N — mnepeMenieHne MEHUCKA JKUAKOCTH B TpyOKe, OTCUM-
TaHHOE IO IIKaJIE.

Taxkum 0Opa3zom, 1ieHa IeNeHus Kajibl B 1/sina pa3 Oomblie
BBICOTBI CTOJIOA >KHJIKOCTH. VI3MEHEHHWE YPOBHS XUIKOCTH B
cocyze 3 MpH MOIbEME JKUIKOCTH B TPYOKE yUUTBHIBACTCS MPU
IpaayHpPOBKE IIKAIBI U TIO3TOMY HE BHOCHT OIIMOKH B M3Mepe-
HUe. MUKPOMaHOMETPHI C HAKJIOHHOW TPYOKOW H3TOTOBISIOT
OOBIYHO TSI U3MepeHus aaBiieHus B uaTepBaie 1,57-980 ITa.
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Puc. 3.5. Mukpomarnomemp ¢ naxkionHot mpyoxoi

§ 3.3. AedpopmaninoHHbIe TPUOOPHI

B npoMblInuieHHON NpakTHKe U3MEPEHUs JaBJIeHUs] U pa3Ho-
CTH JTaBJICHUH IIUPOKOE MPUMEHEHHE MOTyYHIN Ae(opMaIioH-
Hble (C YOPYTUM YyBCTBUTEIbHBIM 3JIEMEHTOM) HPUOOPBHI.
B stux mpubopax naBieHue ompenensiercss mo aedopMmaruu
YINPYTUX 4yBCTBUTENBHBIX 3JIEMEHTOB WJIM 110 pa3BUBAEMON MU
cHIIe, KOTOpBIE MPeodpa3yroTes mepeaTOYHBIMI MEXaHU3MaMH
B YIJIOBOE WJIM JIMHEHHOE INepeMelleHre yKazaTelssd IO ILKaje
npubopa. B kagecTBe ynpyrux 3J1€MEHTOB HCIIOIB3YIOT TpyOUa-
ThI€ IPYKUHBI, MEMOpPaHbl, MEMOpaHHbIE KOPOOKH U CUITb(OHBI.

[To Buay ynpyroro 4yBCTBHTEIBHOTO JJIEMEHTA MPYKUHHBIE
npUOOPBI IENATCS Ha CIEIYIOUINE TPYIIIbL:

1) mpubopsl ¢ TpyOUaroii npyxuHoii (puc. 3.6, a u 6);

2) MeMOpaHHBbIE MPUOOPBHI, YIPYTHM JIIEMEHTOM KOTOPBIX

CIy’)kuT MemOpana (puc. 3.6, 6), MmeMOpaHHas KOpoOKa
(puc. 3.6, 2 1 0), 6110k MeMOpaHHBIX KOpoOOK (puc. 3.4, e
i),

3) npyXUHHO-MeMOpaHHBIe ¢ THOKOI MeMOpaHoii (puc. 3.6, 3);

4) mpubopkl ¢ yMpyroi rapMOHUKOBOH MeMOpaHOH (CHJIb-

¢donom) (puc. 3.6, );

5) npyxuHHO-CHIb(POHHBIE (pHC. 3.6, u).

[TpuGopsI ¢ UyBCTBUTENBHBIMU 3JIEMEHTaMH B BHJIE TO(QPHPO-
BaHHBIX MeMOpaH, MEMOpaHHBIX KOPOOOK U MeMOpaHHBIX OJI0-
KOB MPUMEHSIOT Ul U3MEPEHUs HEOObIINX M30BITOUHBIX J1aB-
JICHUH U pa3pekeHuil (MaHOMETPBI, HAIIOPOMEPHI U TSTOMEPHI), a
TaKXKe MepenajgoB AaBiaeHus (TuddepeHInaaIbHbIe MAaHOMETPHI).
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3aBUCUMOCTh TIpOruba MEeMOpaHbl OT M3MEPSEMOTrO JIABJICHUS
B 0o0mmem cinyuyae HenmuHelHa. Yucno, opma u pasmepsl rodpa
3aBUCAT OT HAa3HAYCHUs MPUOOpA, MPEIEIOB U3MEPEHHS U JIPY-
ruX (paKTopoB.

UtoOBI yBeNMUUTh MPOTUO B MpuUOOpax Uisl MajbIX JaBie-
HUI, MEMOpaHbl MONAPHO COSAUHSIOT B MEMOpaHHBIE KOPOOKH,
a KopoOku — B MeMOpaHHBIE Ojoku. MeMmOpaHHBIE KOPOOKH
MOTYT OBITh anepoudnvimu (puc. 3.6, 2) U ManomempuyecKumu
(puc. 3.6, 0). AHepouaHble KOpOOKH, MPHMEHsAEMBIC B Oapo-
MeTpax, TepPMETHU3MPOBAaHBl M 3aANOJHEHBI BO3AYXOM HIIU
UHEPTHBIM Ta3oM nipu aasienuu 1 [la. JJedopmanus anepon-
HOM KOPOOKHM MPOMCXOJUT IO BO3JEHCTBUEM Pa3HOCTH JaBiie-
HUSI OKpYJKAIoIIeH ee Cpelbl M JIaBJICHUS B TOJOCTH KOPOOKH.
Tak Kak HaBICHHWE B IMOJIOCTH KOPOOKH OUYEHb MAJIO, MOXHO
cuuTaTh, 4TO ee jAedopMmarus onpenenseTcs arMochepHbIM

JaBJICHUEM.
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Puc. 3.6. Tunwvl npysicunnvix manomempos

Jedbopmarusi aHEpOUIHOW MM MaHOMETPHUYECKON KOPOOKH
paBHa cymMe JieopMalinii cocTaBisIomuX ee MeMopan. Tperuit
BU/J] YIPYT'HX 3JIEMEHTOB MAaHOMETPOB COCTABIISIOT 0COOBIE TO(-
pHpOBaHHBIE KOPOOKH, Ha3biBaeMble cHiIb(poHaMu. CHib(poH
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npeCTaBisieT co00M MMIMHIPUYECKH TOHKOCTEHHBIH COCYII,
Ha OOKOBOHW MOBEPXHOCTH KOTOPOTO BBIAABICHBI TITyOOKHE Ma-
paiutenabHbie BONHBI (puc. 3.6, k). Ilpu BO3ACHCTBUU OCEBOM
Harpy3Ku, BHEIIHETO WM BHYTPEHHETO JABJICHUS JJIMHA CUIIb-
(oHa U3MEHsETCsl, YBEJIMUNBAsCh UM YMEHbIIAsICh B 3aBUCUMO-
CTH OT HallpaBJICHUS IIPUIIOKEHHON CUIIBIL.

ManomeTtp ¢ Tpy6uaroii
npyxuHoit (puc. 3.7) —
OIUH M3 Hauboiyiee pacmpo-
CTpaHEHHBIX BHIIOB Jedopma-
LIMOHHBIX IPUOOPOB

HUyBCTBUTEIBHBIM aJ1e-
MEHTOM TaKoro npubopa siB-
JsieTCs.  COTHyTask MO  JIyre
Kpyra W 3amasiHHas ¢ OJHOTO
KOHIIa TpyOKa 7 SIUTUNTH-
9YEeCKOr0 WJIM OBAJIBHOTO Ce-
geHuss. OTKPBITBIM KOHIIOM
TpyOKH 7 uepe3 aepkartens 2
Y HUTIIENb 1 IPUCOETUHSIIOT K
WCTOYHHKY U3MEPSEMOTO JaB-

Puc. 3.7. [lpunyunuanvhasn cxema

Manomempa ¢ mpyouamotui o
npysicunoi nenusi. CBOOOMHBIN (3amasiH-

(nosicnenus 6 mexcme) HBIN) KOHer 8 TpyOku 7 de-
pe3 nepeaaToOYHbId MEXaHU3M
coenuHeH ¢ ochio 4 crpenku 10, mepemeniaromeics mo ImKkaie

MaHOMETpa.

TpyOku MmaHOMETpOB, paccuuTaHHBIX Ha AaBieHue 10 500 klla
(50 KFC/CMZ), W3TOTOBJISIFOT M3 MENU, a TPYOKH MaHOMETPOB, pac-
CUMTAHHBIX Ha OOJIbIIIEE JaBJICHUE, — U3 CTaIIH.

CBOIICTBO M30THYTOM TPYOKH HEKPYTJIOTO CEYCHUS U3MEHSTh
BEJIMYMHY M3rH0a NPy W3MEHEHHWU JaBIICHUS O0YCIIOBICHO W3-
MeHeHueM (opmel cedenus. [lox neficTBreM JaBiIeHUsS BHYTPH
TPYOKH DJUTHIITHYECKOE MITH OBAJIbHOE CeYCHNUE, 1e(POpMUPYICH,
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npuOIIMKAETCS K KPYrOBOMY, YTO IPUBOJUT K PAaCKPyYHMBAHHIO
TPYOKH, T. €. K YIJIOBOMY MEPEMEIIECHHUIO €€ CBOOOIHOTO KOHIIA.
OTO mepeMelleHHe B ONPEAENICHHBIX Ipelesiax IMporop-
UOHAIBHO M3MepsieMoMy AaBiieHHI0. [103ToMy MakcuManbHOE
pabouee [aBleHME MAaHOMETPA JOJKHO OBITh HMXKE Ipeena
IPONOPIHUOHATIBHOCTH C HEKOTOPBIM 3aI1acoOM IPOYHOCTH.

B cooTBercTBUM € 3TUM LIKaJly MaHOMETpa (BEpXHUH Ipeesn
U3MEpeHus) BBIOUPAIOT TaKUM 00pazoM, 4ToObl paboumii mpe-
nen u3MepeHus: (HauOospinee pabodee naBjieHUE) ObUT HE Me-
Hee */4 BEpXHEro mpejiela H3MEpEeH s IPH MOCTOSHHOM J[aBlie-
HWM ¥ He MEHee /3 BEPXHEro Ipejena M3MEepeHHs TpH Iepe-
MEHHOM JIaBJICHUH.

BepxHue npezaensl U3MepeHuss MAaHOMETpa BbIOMPAIOT U3 psi-
na: (1; 1,6; 2,5; 4; 6) - 10" rme N — mo6oe 11e/10e HOI0KUTENb-
HOE WJIM OTPULIATEITLHOE YUCIIO.

[Tepemernienre cBOOOAHOrO KOHIA TPYOKM MOJ JeicTBHEM
JIABJICHUS BECbMa HEBEIIMKO, TIOATOMY B KOHCTPYKIIHIO pHOOpa
BBEJICH IEPeJaTOYHbI MEXaHM3M, YBEIHYMBAIOLIMN MacmTad
nepeMeneH s KOHIa TPYOKH.

3y0uaTo-CeKTOPHBINA NMepeJaTOuYHbIi MEeXaHU3M IMOKa3aH Ha
puc. 3.7. OH cocTonT U3 3y0UaToro cekropa 9, mecrepau 5, cier-
JSIFOIIEHCS C CEKTOPOM, U CIIMpaNIbHOM MpyxuHbl 6. Ha ocu me-
cTepHH 5 3akperuieHa ykaswiBatomias crpenka 10 manomerpa.
[Ipy)xuna 6 OJHMM KOHIIOM HpPUKpEIUIeHa K OCH IIECTEPHH,
a IPyruM — K HETIO/IBIDKHOW TOUYKE IUiaThl 3 MexaHu3ma. [Ipy-
’KMHA, BBIOMpast 3a30pbl B 3y0UaTOM 3alleIJIEHUH U MIAPHUPHBIX
COCIMHEHUSX TEPEeAaTOYHOTO0 MEXaHW3Ma, HCKIoYaeT JodT
CTPEJIKH.

Manomertp ¢ TpyOkoii Bypaona npumensiercss B Hebnaro-
OPUATHBIX AKCIUTyaTallMOHHBIX YCIOBHUSX, MPH MYJIbCALlUU
¥ BUOpAIWH, I UCCIIEAOBAHMS Ta3000pa3HbIX U )KHIKUAX CPEI,
HE arpecCHBHBIX K MEIHBIM CIUIaBaM, B 'MJIPaBIUKE, KOMIIpEC-
COpax M CyIOCTPOCHHH.
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w,  Puc. 3.8. Manomemp
"7 ¢ mpyoxoti Bypoona 213.53.063 0-8 bar g1/4b

¢ euopozanonnenuem WIKA

Ocobennocmu manomempa.
—  BHOpPOYCTOWYHBOCTH U yIAPOIPOYHOCTb;
—  BBICOKOIPOYHAS KOHCTPYKIIHUS;
—  HOMUHaJbHBIH pa3mep 63, 100 o100peH HEMEIKO# accoIHaIu-
et Lloyd u Poccrannaprom;
—  nuamna3on usmepenuit 0—1000 6ap.
Onucanue npubopa:
— wucnonaenne EN 837-1;
—  HOMHHaNBHBIH pa3zmep 50, 63, 100 mm;
—  KJIacC TOYHOCTH:
e IIpu HOMUHANBHBIX pa3mepax 50, 63: 1,6;
e npu HoMUHaNBbHOM pa3mepe 100: 1,0.
Jluanazonvl wkanvi:
— HoMmuHanbHbIN pazmep 50: ot 0—-1 no 0—400 6ap
— HoMHUHaNBHEIN pasmep 63, 100: or 0-0,6 mo 0-1000 6ap,
a TaKKe COOTBETCTBYIOIIME BAaKyyMETPHUYECKAE W MaHO-
BaKyyMETPUYECKHUE JUAITAa30HBI.
Pabouas memnepamypa:
—  okpyxaromas cpena: ot —20 mo +60 °C;
— wu3Mepsemas cpena: 1o +60 °C.

MemOpannblii Manometp (puc. 3.9). Yopyrum sineMeHTOM
MaHOMeTpa ABJsieTcs rodprupoBaHHas MeMOpaHa 3, Kpasi KOTOpon
3aKaThl MKy (uianiamu vamniek 1 u 7. Yarika iMeeT HUATITICIb 2,
KOTOPBIM MaHOMETP MPUCOEANHSIIOT K U3MEPSEMOMY JIaBJICHUIO.
BepxHsst gamka 7 mpencTaBisieT co00i OHO IO C KOPITYCOM
MaHoMmeTpa 5. B nentpe memOpansbl 3 3akperuieHa cToika 4, map-
HUPHO COeNWHEHHAas ¢ moBojkoM 6. [locnemuuii coenuHeH
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C CEKTOPOM 3y04aTo-CEeKTOPHOTO TIe-
penaTOYHOro MEXaHUu3Ma.

HaunbGonee ynoOHb MeMOpaHHBIE
MaHOMETPBI ISl W3MEPCHHsS JaB-
JICHUSI BSI3KUX JKUJIKOCTCU WIH XH-
MUYECKH arpECCUBHBIX CPE/I.

Puc. 3.9. Membpannuiii manomemp

§ 3.4. I'py3onopuiHeBoii MAHOMETP

[IpyHIMn nelcTBUS NMOPIIHEBOTO MAaHOMETpa OCHOBAaH Ha
YPaBHOBEUIMBAaHUM CHJI, CO3[aBa€MBbIX, C OJHOM CTOPOHBI, W3-
MEpSIEMBIM JaBJICHUEM, a C IPYyrOf CTOPOHBI — Tpy3aMH, ACH-
CTBYIOILIMMH Ha MMOPLICHB, TOMELICHHBIH B iuHp (puc. 3.10).

[IpuGop cocToUT U3 KOJOHKHU / C IMIMHIPUYECKUM MUIN-
(OBaHHBIM KaHAJIOM U MOPIIHS 6, HECYIIETO HAa CBOEM BEPXHEM
KOHIIE TapesKy 4 JUIsl Harpy»XeHHs €€ STAJIOHHBIMU Tpy3amH O.
[TopieHb BUHTOBOTO IIPECCA CILYKUT JJIs HObEMA U OITYCKaHUs
NopIIHS 6 Tak, YTOOBI TPH JTFOOBIX HArpy3Kax MopIieHb 6 ObLI 1Mo-
IpYXXEH B LWJIMHIP NPUMEPHO Ha /3 cBoel BhICOTHI. Kamepy 2
HOPIIHEBOTO MaHOMETPA 3allOIHSIOT TPaHC(HOPMATOPHBIM, Bas3e-
JIMHOBBIM MJIM KaCTOPOBBIM MacjoM uepe3 BOpoHKY 8. /laneHue B
CHCTEME CO3/Iaf0T C TIOMOIIHI0 BUHTA C MAXOBUKOM 9 ¥ MOPIITHS.
HITyneps! 3 ciyxaT Ui yCTaHOBKH IMOBEPSEMOT0 U 00pa31oBOro
MaHoMeTpoB. Bertwie 10 npennasHadeH aisl cimBa Macia.
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B npouecce nzmepenuil s yCTpaHEHUs BPEAHBIX CHUJI TPEHUS
HopIHA 6 0 CTEHKH IUJIMHIPUYECKOTO KaHata KOJOHKH / TOp-
IICHb 6 BPYYHYIO IPUBOIST BO BpaieHue. [lopriHeBoi MaHOMETD
MOYET OBITh MCIIOJIb30BaH IS TIOBEPKH MAaHOMETPOB KakK C T0-
MOIIBIO TPY30B, TaK U C MOMOIIBI0 00pPa3I[0BOr0 MAaHOMETPA.

MaHoMeTp U30BITOYHOTO JIaBlie-
Hus rpy3onopurHeBoit MIT-60 kiacca
togHoctu 0,05 (puc. 3.11) mpemHaz-
HadeH JUIsI TOBEPKH WM KaJIHOPOBKU
HU3MEPHUTENHHBIX MPUOOPOB aBICHHS
(medopMamOHHBIX MAHOMETPOB, aT-
YHKOB, PETUCTPATOPOB M T. [I.), & TAKXKE
JUISl HETOCPEACTBEHHOTO HM3MEpPEHHUs
M30BITOYHOTO JABJICHHS B IOJKIIO-
YEeHHBIX 3aMKHYTBIX 00beMax. TexHu-
YECKUE XapaKTEePUCTHKH MaHOMETpa
cooteerctByror 'OCT 8291-83.

I'py3onopiineBoii MaHOMETp SB-
nseTcs HanOojIee TOYHBIM U CTaOWIBHBIM NMPHOOPOM HABICHUS, NAIOIIAM
HAWIYUIIyIO TOBTOPSIEMOCTh PE3yJIbTaTOB U3MEPEHHH.

Puc. 3.11. Manomemp
epyzonopuinesoti MI1-60
xnacca mouynocmu 0,05
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§ 3.5. DjekTpHUYecKHe MAHOMETPBbI

TeH3ope3ucTopHble  HU3MEpUTENbHbIE  MpeoOpa3oBaTean
UIT «Candupy» obecrneunBaOT HEMPEephIBHOE NpeoOpa3oBaHue
JaBJICHUS B YHU(DUIIMPOBAHHBIN AJIEKTPUUYECKUII TOKOBBII CHT-
HaJl JUCTaHIMOHHOW mepenauu. JlelicTBue mpubOopa OCHOBAHO
HAa WCIOJIb30BAHUU TEH30METPHUYECKOTO 3 (deKTa B MOIYIpo-
BOJHUKOBOM MaTepuaie.

BoszneiictBue u3MepsiemMoro mnapameTpa, MpeoOpa3oBaHHOE
B YCWJIME, BBI3bIBACT W3MEHEHHE HAIPSDKEHHOTO COCTOSHUS
TEH30PE3UCTOPOB, )KECTKO COCAMHEHHBIX (HAHECEHHBIX B BHJIE
MOHOKPHUCTAJUTMYECKON IUICHKH) C YyBCTBUTEIILHBIM DJIEMEHTOM
TEH30MOJIyJIsl, KOTOPBIM pa3MelleH BHYTPU H3MEPUTEIHHOTO
0JI0Ka MepBUYHOTO MpeodpazoBaTes. I3MeHeHue conpoTusie-
HUS TEH30PE3UCTOPOB, MPOMOPIIMOHAIBHOE U3MEHEHHUIO BETUYH-
HBI U3MEPSIEMOr0 TapaMeTpa, Ipeodpa3zyeTcst BCTPOSHHBIM JIEK-
TPOHHBIM YCTPOWCTBOM B TOKOBBIi BBIXOAHOM curHa (4—20 MA)
MEPBUYHOTO MPeoOpa3oBaTes.

Curnan 4-20 MA mepenaercsi o UCKpoOe30MmacHoOi ABYXITPO-
BOJIHOM JINHUM AUCTAaHIIMOHHOM nepeaayu k 01oky nutanus bI13-
24 (110 >TUM e IPOBOAAM TOJIaeTCs MUTaHUE), T/1e IpeodpasyeT-
csl B yHU(UIIMPOBAHHBIA TOKOBBIH BbixoaHo# curHan (0-5; 0—
20 unu 4-20 MA) B 3aBUCUMOCTH OT UCIIOJTHEHUS TPUOOpa.

UIT «Candup» cocTOUT U3 IBYX KOHCTPYKTHUBHBIX OJIOKOB:
MEPBUYHOTO Mpeobpa3oBaTens u O6moka nutanus Tumna bI13-24,
CBSI3aHHBIX JABYXIIPOBOJHOM JUHHEN cBsizU. [lepBuuHbIE peold-
pa3oBaTeNn BKIOYAIOT U3MEPUTENIbHBINA OJIOK, BCTPOCHHOE YHU-
buIpoBaHHOE JIEKTPOHHOE YCTPONCTBO U pa3InyaloTCs JUIIb
KOHCTPYKLMEH N3MEPUTENbHBIX OJIOKOB.

N3mepuTenbHbIe GIOKH BBITIOJTHEHBI HA OCHOBE TEH30MOTYJICH
JIBYX THUIIOB (B 3aBHCUMOCTH OT IIPEAETIOB U3MEPEHHS): PHIYaXHO-
MeMOpaHHOro U MeMOpaHHOro. CxeMa M3MEpUTENLHOTO OJI0Ka
Pa3sHOCTH JIaBJIEHUH C TEH30MOAYJIEM pPbIUYa)XHO-MEMOpPaHHOIO
THUTIAa TIOKa3aHa Ha puc. 3.12.
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Puc. 3.12. HsmepumenvHulii
O110K paznocmu
Oasnenutl

TeH3oMomysb phYa)kHO-MEMOpaH-
HOTO THIAa 4 pa3MeIlleH BHYTPU OCHO-
BaHUs 2 B 3alOJHEHHOW IOJIH-
METUJICHIIOKCAaHOBOHM JKUJIKOCTBIO 3a-
MKHYTOW TMOJIOCTH U OTHEJEH OT U3-
MEpPSAEMOIN Cpellbl METAIIMYECKUMU
roppupoBaHHbIMH MeMmOpaHamu 1.
MemOpaHbl 110 HAPYKHOMY KOHTYPY
MIPUBAPEHBI K OCHOBAHUIO U COEUHE-
HBI MEX]Ty COOOH IICHTPATBHBIM IIUT-
KOM 3, KOTOPBIN CBSI3aH C KOHI[OM PhbI-
yara TeH30MoxayJisi. PazHocTh maBie-
HUH BBI3BIBAET Mporud MmeMOpan 1 u 8

TEH30MO/IYJIA, & TaKKe U3MEHEHHE COIIPOTHBIICHHS TEH30PE3HCTO-
POB 5. DIIeKTpUYECKUil CUrHaJl ¢ TEH30MO/1YJIs IIepeaeTcs u3 1o-
JIOCTH BBICOKOTO JIABJIEHHS BO BCTPOCHHOE JIEKTPOHHOE YCTPOii-
CTBO 6 110 MPOBO/IAM Yepe3 TepMETUYHBIA BBIBOJ 7.

IIpu ogHOCTOpPOHHEH Neperpys3ke paboyrM AaBIECHHUEM MEM-
OpaHa 1 mocie JOMOJHUTENBHOTO NMEPEMEIICHUs JOXKHUTCA Ha
npoQUINPOBAHHYIO MOAYIIKY, TTO3TOMY M3MEPUTEIbHBIA OJIOK
BBIJICPKHUBAET 3Ty MEPETPY3KY, HE pa3pyIIasch.

B npeo6pasoBarensx n30bITOYHOTO JaBICHUS, pa3peKeHUs U
U30BITOYHOTO JIABJICHUS — PAa3PEXKEHUS UCHOIB3YIOTCS OHHU U
TEC )KC UBMCPUTCIIbHBIC 6J'IOKI/I, KOTOPBIC OTIIMYAKOTCA OT U3MEPU-
TEJIbHBIX OJIOKOB NpeoOpazoBaresiell pa3HOCTU JABICHUNA KOH-

CTpYKIIUEH (iaHIeB.

[TpompbInieHHOCTh BhITyckaeT crneayromme Tumbl UIT «Car-
bup»: 651 JIN u 652 Jlu ans u30sITouHOTO JMaBieHus; 651 JIA
u 652 1A — s abconroTHOro Aasnenus; 651 JIB — st paspe-
xenus; 651 JIJI m 652 JIJI — nang pa3HOCTH — JIaBJICHWS,
651 JII' — mist TMaApOCTaTHYECKOTO IaBICHHUS.

JIJiss M3MepeHusl TaBJICHUS HEArpeCCUBHBIX JKHJKHX H Ta30-
00pa3HbIX CpeJl M CUTHAIIM3AIUY TIPH €T0 OTKJIOHEHUH OT 3a/1aH-
HOT'0 UHTepBaja UCHOIb3YIOT mpubdops! Tuna MII4-111. [Tpubdop
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COCTOUT U3 YEThIPEX OCHOBHBIX Yy3JI0B (puc. 3.13): y3na usmepe-
HUS BEITMYMHBI JJABJICHUS, TPHOKO-CEKTOPHOTO MEXaHU3Ma, KOH-
TaKTHOTO YCTPOMCTBA, cUTrHANIbHOrO Ojoka. [lepemenienue cBo-
00IHOTO KOHIIAa MaHOMETpHUYecKOW MpyxkuHbl 1 uepes3 Tary 9,
cektop 10 u TpubOKy 2 npeoOpasyeTcs B TOBOPOT MOKA3BIBAIOIICH
cTpenku 6 oTHOCUTENbHO MKkl 4. BMecte ¢ moka3wiBaroIien
CTPEJIKOM MOBOPAYUBAETCS BEAYIIHI MOBOJIOK /, KOTOPBIi mepe-
MEUIAET MOJBHUKHBIE KOHTAKTHBIC TOBOJKHU O.

CurHanbHbIN OJIOK MUTAETCS OT CETU IIEPEMEHHOT0 TOKA Yepe3
OJIHOTIOTYTIEPUOIHBINA BBIIPSIMUTENb /[1 W cTabwimzatop /o
Harpyskoil npeaenbHbIX KOHTAaKTOB 3 U 8 SBIAIOTCS AJIEKTPO-
MarHuTHBbIC pene P1 u Py, ciayKaunue s KOMMYTaIliyd BHEITHUX
neneil. Korna BenuunHa u3MepsieMoro mapamerpa HaXOAHUTCA
B MpejieNnax, 3a1aHHbIX CUTHAJIbHBIMH yKa3aTesIMU, KOHTaKThI T10-
BOJIKOBOTO KOHTAaKTHOTO YCTPOMCTBAa PAa3OMKHYTBI: HOPMaibHO
3aMKHYTBI€ KOHTAKThI peiie P11 Py 3aMBIKaIOT 1ETIb BbIIaYU CHT-
Hana «Hopwmay. [1pu BeIx0/1e BeTHUMHBI U3MEPSIEMOTO MapaMmeTpa
3a TMpenesbl, YCTAaHOBJIEHHbIE CUTHAJIBHBIMHU YKa3aTeNsIMH,
3aMBIKAIOTCSI COOTBETCTBYIOIINE KOHTAKThl IMMOBOJKOBOI'O KOH-
TaKTHOTO YCTPOWCTBA, HOPMAJIHHO PA30MKHYThIE KOHTAKTHBIE
pene P; u P, 3aMBIKalOT IeNb BBIJA4YM CUTHAA «MHHHUMYM)
uin «MakcCumMym».

ﬁﬂ:}c’ ®,

2

112134
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* Tezzo8,50ra  TTYT
Puc. 3.13. Ilpunyunuanvras cxema npubopa muna MIT 4-111
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Ha puc. 3.14 noka3aHa npuHIMIHAATBHAS CXeMa CUIb(OHHO-
ro SJEKTPUYECKOrO B3PHIBO3AIIMIIIEHHOIO MaHOMETpa THUIIOB
MC-21-B4 u MC-22-B4.

10~ g

Puc. 3.14. [Ipunyunuanshas cxema cuib@oHHO20 63PblEO3AUSUUEHHO0
INEKMPUYECKO20 MAHOMEMPA.:
1, 3 — puiyaeu; 2 — nenma,; 4 — npysicuHHbBIL KOPPEKMOP HYIA,
5 — nayHorcep; 6 — unOuUKamop paccoenaco8anusi,
T — 21eKMPOMAZSHUMHBIL MEXAHUZM CULOBOU 0OPAMHOU C8S3U;

8 — anexmponnwlil ycunumens,

9 — cunvghonnvlii yyecmeumenbHull IAEMEHM,

10 — wmyyep 015 nodsooa usmepsiemo2o 0asieHus;
11 — xopnyc uzmepumenvroco b610Ka,
12 — membpanmblil 661600 UBMEPIEMO20 YCUNUSL
U3 NOOCMU UBMEPUMENbHO20 DIOKA

ManoMeTp mpenHa3HayeH Ui HENpepbIBHOTO Mpeodpaso-
BaHUs JIaBIICHUS JKUJKUX U Ta3000pa3HBIX Cpell, B TOM YHCIe
A30TOBOJIOPOJIHBIX U aMMHUAYHBIX, B MPOTIOPIIMOHAIBHBIA yYHU-
(bUIUPOBaHHBIN ANEKTPUIECKHUI BBIXOAHON CUTHAJ MIOCTOSTHHO-
ro TOKa.

54



ITpeoOpa3oBareny UMEIOT B3PHIBOHEIIPOHUIIAEMOE HUCIIOJIHE-
Hue (BUaT3) u moryr npuMeHATbCS BO B3pPbIBOOIIACHBIX IIOME-
LICHUAX M Ha B3PBIBOONACHBIX YCTAHOBKAX BCEX KJIACCOB, TIE
BO3MOXXHO 00pa30BaHME B3PBIBOOIIACHBIX CMecel kKareropuit 1,
2, 3 u noakareropuii 4a rpyrm T1, T2, T3.

[Tpunuun nelictBus npeoOpa3oBaTesiell — CUIIOBas KOMIIEH-
cauusd. HavanbHoe (HyJeBO€) 3HAYEHHE TOKOBOI'O BBIXOIHOIO
CUTHaJIa yCTaHaBJIMBAETCS MIPYKUHHBIM KOPPEKTOPOM HYJIS 4.

WuTepBan u3MepeHus: HaCTpauBarOT U3MEHEHUEM I1epeaaToy-
HOTO OTHOILUEHMS PBIYAKHOI'O MEXaHMU3Ma, Ul 3TOro IMepeme-
IIAI0T JICHTY 2, Iepelatollyto ycuiue ¢ pbyara 1 Ha peiyar 3.

Hactpoiika Hys1eBOro 3Hau€HHs BHIXOJHOI'O CUTHANA U AUara-
30Ha U3MEPEHUSI MOXKET ITPOU3BOIUTHCS BO B3PBIBOOIIACHOM I10-
MeIeHIH 0€3 OTKITIOYEHUS FIEKTPUIECKOTO TUTaHUSI.

§ 3.6. [IneBMaTH4YeCKHEe MAHOMETPBI

Ha puc. 3.15 nokazana nmpuHIUIUAIbHAs cXeMa CUIb(OH-
HOTO MaHOMeTpa abcomtoTHOro aasneHust tuna MAC-II. Ma-
HOMETp abCOJIFOTHOTO JAaBJICHUS CUIIb(OHHBIN MTHEBMATUYECKUI
MAC-II npeana3HayeH AJs HEMPEPBIBHOTO MpeoOpa3oBaHUs
a0COJIIOTHOTO JABJIEHUS ra3a B MPONOPIHUOHAIbHBINA THEBMATH-
YEeCKUIl CUTHaJl JUCTAaHIIMOHHOW INepenayu. BelmyckaeTcst 1ByX
tunopazmepoB (MAC-II1 u MAC-I12) Ha onuHHanuaTh pas-
JIMYHBIX MIPEETIOB U3MEPEHUS.

Hatunk nudpmanomerpa [IC-IT coctout u3 610Ka CIBOSHHBIX
cunbpoHoB 12 (puc. 3.16), MONOCTH KOTOPBIX 3arOTHEHBI
KpeMHUoprannyeckoi xuakoctbio. Ilomoctu cuiiboHOB co-
o0miaroTcss Mexay co0oil KaHaioMm, KOTOPBIH INEpeKphIBAETCS
kjnanaHoM 11 mpu yBenuueHuu aepopmanuu cuib(HOHOB BbIIIE
npenensHoi paboueit aedopmaruu. [Ipu Hapymenun repme-
TUYHOCTH MeMOpaHbl 9 OTHOBPEMEHHO 3aKpBIBAIOTCS 00a Kia-
naHa CHJIb()OHHBIX YYBCTBHUTENBHBIX 3JIEMEHTOB, OoOecreYnBast
HAJECKHYIO 3alllUTy OT BBIOpOCAa HapyX y H3MepsieMOW Cpeibl
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B Cllyyae pa3pylleHHs CHIb(QOHOB, YTO OCOOCHHO BaXXKHO IIPH
U3MEPEHUSIX Mepernaja JaBIeHUs TOKCUYHBIX U B3PHIBOOIACHBIX
cpen.
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Puc. 3.15. llpunyunuanvnasn cxema Puc. 3.16. Ilpunyunuanvnasn cxema

manomempa MAC-I1: ougpmanomempa J{C-11:
1,9, 10 — cunvghonwvi; 1, 2, 10 — peruacu; 3 — nae30HuK,
2,3 — pwiuaeu; 4 — nae30HuxK; 4 — npyacuna; 5 — 3aciounxa;
5 — npyorcuna; 6 — conno; T — ycunumens;
6, 7 — conno-3acnonxa; 8, 12 — cunvgponvl; 9 — membpana;
8 — ycunumenv 11 — xnanan

Ha puc. 3.17 noka3ana npuHIMIHAIbHAS CXE€Ma IPYKHUH-
HOoro manometrpa tuna MII4-Y ¢ mHeBMaTthueckou mnepenayei
MOKa3aHUM Ha paccTosiHue. [[puHIMn 1eCTBUS U3MEPUTEITBHON
4acTH MpuOOpa OCHOBAH Ha yPaBHOBEIIMBAHWHU BEIIMYWHBI W3-
MEpPSIeMOTO JaBJICHHs CHIION ympyroi aedopmariiyi OJHOBHT-
KOBOH TpyOuaToil mpyXUHBI, a MPUHIUI JIEHCTBUS IMHEBMATHU-
YeCKOM 4acTU — Ha KOMIEHCAILIUU CHUJL.
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Puc. 3.17. [lpunyunuanvnas cxema manomempa MI14-Y

W3meHeHue naBieHus, NepeaBaeMoro B0 BHYTPEHHIO 10-
JOCTh TpyOuaToil mpyxunbl 11, BBI3bIBaeT mepeMelieHue ee
CBOOOJHOIO KOHIlAa, KOTOpOo€ mpeolOpasyercs mepelaToyHo-
MHOKUTEIbHBIM MexaHu3MoM (Tsru 17, peruara 18 u tpubxo-
CeKTOpPHOHM mapsl 14) B aBMKEHHE CTpeNKH 12 OTHOCHUTENHHO
mkanel 13. OnTHOBpEMEHHO MepeMelieHne KOHIIa MaHOMETpPHU-
YeCKOH MPYKUHBI TIepeIaeTcsl Ha 3acIoHKy 9 mHeBMomnpeoOpa-
30BareNs yepe3 TAry 16, pbraakHblid MeXaHu3M 6 U UIHHIPH-
YECKYI0 MPYXHUHY /. 3aciIOHKa MOXET MepeMelIaTbcs OTHOCH-
TeIbHO coruia 8.

[THeBMoOnpeoOpazoBaTesib pabOTAET CISAYIOMUM OOpa3oM.
[Murarommit Bo3nyx mnoxa nasinennem 140 +14 xlla, xoTopoe
KOHTPOJIMPYETCs MaHoMeTpoMm 21, moctymaer depe3 BXOTHOE
OTBEpPCTHE B yCUIUTENbHOE MHeBMOopene 19, rrne pexynupyercs
IIAPUKOBBIM KJIallaHOM Haropa fasieHust 2 10 3—4 klla u yepe3
KaMepy JaBlIeHUs] KOMaHTHOTO BO31yXa A, a TaKkxke Apoccelb 3
MoCTymnaeT B JUHHIO coruia 8. [Ipu mosHoOM OTKpBITHH coria 8
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3aciIOHKOM 9 M30BITOYHOE AaBICHHE B JIMHUU TEpPEl COIIOM
pPaBHO HYIIIO, TaK KaK OTBEPCTHE COIUIA 3HAYUTENILHO OOJbIIE
OTBEpCTHS JIpoccens, a JaBlIeHHEe KOMaHIHOTO BO3AyXa OIpe-
nensiercs: cuiamu npyxuH 4 u cocrasiser 4 klla. YBenuuenue
JABJICHUSI B JIMHUU Tepel] COIIOM 8 Mpu 3aKpbIBAaHUU €ro Iepe-
JmaeTcst Ha MeMOpany 15, u mapuKkoBsIid KianaH copoca 5 mpu-
OTKpPBIBAaET OTBEpPCTHE [JIsl BBHINYCKa BO3AyXa B armocdepy,
a MmeMOpana 20, Bo3/eliCTBYS Ha IIAPUKOBBIA KJIAllaH Haro-
pa naBineHUsT 2, OTKPBHIBAa€T BXOJHOE OTBEPCTUE MHUTAHHUSL.
[Ipu >TOM B Kamepe JaBJIeHUS KOMAaHIHOTO BO3JyXa JaBiie-
HUE BO3pPACTAeT HA BEJIMYHMHY MOBBLIINICHUS JABJICHUS B JIMHUU
nepea COIJIOM; 3TO JABJICHWE TIEpPeNacTcs BO BHYTPEHHIOIO
MOJIOCTh TpyOuaTol mHpyKuHBI oOpaTHOM cBsizu 10 u Ha BHI-
xoJ mpubopa. [laBneHue BO3ayXa KOHTPOJUPYETCS 1O MaHO-
MeTpy 7.

ITon neiicTBHEM HaBIEHUS, EPEIABAEMOIO0 BO BHYTPEHHIOKO
noJIoCcTh TpyOuaTol mpykuHbl oOpatHO¥ cBs3u 10, mpykuHa
neGopMHpyeTCsi, OTBOJHT 3aCJIOHKY 9 OT coIjia Ha pacCcTOsIHHE,
o0ecrieunBarolee MoJepKaHue B CUCTEME JIaBJICHUs BO3/yXa,
IPOTIOPIIMOHATIFHOTO HM3MepsieMoMy mapaMeTrpy. Kak Toibko
3aCIIOHKA OCTaHABJIMBACTCS, YBEIMYCHHUE [ABICHUS B KaMepe
JIaBJICHUS] KOMaHIHOTO BO3JyXa MpeKpamaercs, Ha apoccerne 3
yCTaHABIIMBAETCS TIPESKHUN Tepenaj JaBlIeHHs, a BCA CUCTeMa
YPaBHOBEIITHBAETCSI.

[Tpu ymMeHbIIEHUH U3MEPSIEMOro MpHUOOPOM JIaBJIEHUS CPEbl
3acjoHKa 9 OTXOAMT OT coruia 8, YTO MPUBOAUT K YMEHBIICHUIO
JIABJICHUS B JIMHUAU TIEPEJT COTLIOM, a CIIEZIOBAaTEeNILHO, M B KaMepe
KOMaH/IHOTO BO3/1yXa, Tak kak MeMOpans! 15 u 20 nepememnatorcs
TakK, 4YTO OTKpBIBaeTCA KilanaH cOpoca aBjieHus S U IepeKphiBa-
eTcd Ki1anas Haropa 2. COpoc gaBieHus 0yeT npo10iHKaThCs 110
NPEKpAIeHNUs ABHKEHHS 3aCTIOHKH, T. €. JI0 YCTAHOBIICHUS] HOBOTO
paBHOBECHsI CHJI Ha MeMOpaHax. Y MEHBIIEHHOE JIaBIeHUE B Ka-
Mepe JaBIeHHsI KOMaHJIHOTO BO31lyxa A OyIeT mepenaHo Ha BbI-
X0J1 mprudopa U BO BHYTPEHHIOIO MOJIOCTh MPYKUHBI 00paTHOM
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ces3u 10, koTopast, AehopMUpysCh, MPUOIU3ZUT 3aCTOHKY K COTLITY
Ha paccTosiHue, 00eCTIeYnBaIOIIee MOIICPKAHNUE B CUCTEME JIaB-
JIEHUs, IPONOPLUOHATIBHOIO U3MEPSIEMOM BeTUUNHE.

[Tpubops! BeIMycKatoTcs ¢ Kinaccamu Toynoctu 1,0 m 1,5.
WurepBan u3menenus Beixoxnoro currama 20-100 xIla (0,2—
1,0 kre/emd).

§ 3.7. BbiOop, YCTAHOBKA M 3a1UTA OT KOPPO3HH
Cpe/ICTB U3MEpPEeHUs 1aBJIeHU s

[IIupokuii nnana3oH W3MEPEHMH [aBICHUS W Ppa3IudHbIe
cnenr(ruyecKkre YCIOBHS, B KOTOPBIX OHHM TPOU3BOIATCA HA
XUMHUYECKHMX 3aBOJIaX, HE IO3BOJIOT JaTh HCYEPIBIBAIOIINE
YKa3aHUA 10 YCTAHOBKE M AKCIUTyaTallud MaHOMETPOB B IIPOU3-
BOJICTBEHHBIX YCJIOBHAX. OAHAKO M3 MHOrooOpasust TpeboBa-
HUH, OPEIBABISIEMBIX K U3MEPEHUSIM, MOXKHO BBIJICIUTH HEKO-
TOpbIE 00IIUE, BBIIOJHEHUE KOTOPBIX MMO3BOJUT IPAaBUIBHO U3-
MEpSITh JaBJICHHUE U BaKyyM B JTIOOBIX YCIOBHUSX.

[Tpexne Bcero HEOOXOAMMO Y3HATh NMPUMEPHYIO BEJIWYMHY
JTaBJICHUSI, TIPEEIIbl €r0 KoJIeOaHH, €ClIM OHO EPEMEHHOE WIIN
nyJbCUpYIOLIee, a TaKke PU3UKO-MEXaHUYeCKHUe CBOWCTBA cpe-
nel. [Ipubop nomkeH ObITh BBIOpaH C y4eToM TpeOyemol Tou-
HOCTH H3MEpEHHUs, NMpHYeM HeoOXOAMMO YUYUTHIBATh Ty IO-
IPELIHOCTh, KOTOPYIO JAaeT MpUOOp B YCIOBMSX 3KCILTyaTalluu
O] BIUSHUEM HEOJIarONpUsATHBIX BHEIIHUX (aKTOPOB (IIOBHI-
IIEHHOM TemIepaTypsl, BUOpauuii u T. 1.). Tak kak gomyctumast
HOTPEIIHOCTh TPUOOpa, OTIPENeNAIONIas €ro KJIacc, BhIpakaeTcs
B IMPOLIEHTaX MPEEIbHOTO 3HAYEHUS IIKAJIbl, JKeJIaTeIbHO BBI-
O6upath Takoil nmpuOop, mpenensbl MKajabl KOTOPOTO 33aHbl Kak
MOKHO OJIXKE K MU3MEPSIEMOMY JaBJIEHUIO, TOT/1a OTHOCUTENb-
Hasl MOTPELIHOCTh OyeT HaUMEHBIIEH.

Jis cTaObuiapHOrO WM IJIABHO W3MEHSIOIIErocs JaBJICHUS
JonycTuMoe pabouee JaBieHHE JODKHO HaXOMUThCS B Mpejie-
nax Y2— % mKanel Ipuoopa, a JJisg KOJEOIIOIIEeToCs JaBICHUS
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s — V5 mikanel. lns Apyrux npudopoB (He MPYKUHHBIX) JIOTTY-
CTUMOE paboyee MABICHHUE JIOJDKHO OBITH BO3MOXKHO OJIFKE
K [IpeIeTIbHOMY 3HAYEHHIO MIKAJIbI IPUOOpa.

Kpome ykazaHHBIX (akTOpOB, OMPEAEISIOMIUX BBHIOOP MpPHU-
0opa, HEOOXOAMMO YUYUTHIBATh U3MEPSEMYIO CPEly, UTO BEChMa
BaXHO B YCJOBMSX XMMMUYECKHUX 3aBOJIOB, IJ€ IOYTH BCErna
MPUXOJUTCS UMETH JIeJI0 C arpECCUBHBIMU JKUJIKOCTSIMU U raza-
MHU. B XuMHuecKkoi NpOMBIIIJIEHHOCTH MAaHOMETPBI YaCTO yCTa-
HABJIMBAIOT Ha TEIJIOOOMEHHUKAX, BBIMAPHBIX, SKCTPAKLIHUOH-
HBIX M JUCTWUIALMOHHBIX amapaTax, aBTOKJIAaBaxX, CYLIMJIKaX
U T. . B Takux ciydasx HeoOxoauMa 3aliuTa BOCIPUHHUMAIO-
e yactu MaHoMmeTpa (IpyKHHbI, MEMOpaHbl) OT BO3JIEHCTBUS
ra3a WM mapa ¢ BbICOKOH TeMrieparypoil. s aToro nepen ma-
HOMETPOM YCTaHABJIMBAIOT TaK Ha3bIBaEMYIO CU(OHHYIO TPYyO-
Ky B Buae OykBbl V umiu komnbleBoi mernu. Ilpu usmepenuu
JIABJICHUS TOPSYEro raza Cu()OHHYIO TPYOKY 3alOJIHSIOT BOJIOMH.
TemnepaTypa *HUAKOCTH, 3aMOJHSIOMIEH TPyOKy, BCIEICTBUE
OOJIBIIION TEIJIONOTEPH B OKPYKAIOIIYIO CPEy U MaJIO Terio-
IPOBOJHOCTH OJIM3Ka K TEMIIepaType OKpYXKarollero BO3/1yXa,
M03TOMY BOCHpPHUHHMAIOIIAs 4acTh Mpubopa MpeaoxpaHsercs
OT HarpeBaHusl.

Ecnu %uakocTp, ra3, nap Wi €ero KOHJAEHCAaT XUMUYECKH aK-
TUBHBI 110 OTHOLIEHUIO K MaTepualy BOCIPUHHUMAIOLIEN 4acTH
npudopa, TO BMECTOCU(OHHOM TPYOKH Tepes] MAHOMETPOM yCTa-
HaBJIMBAIOT MeMOpaHy WM 3alllUTHBIA COCYA, 3alOJHEHHBIN
J10 TOJIOBUHBI HHEPTHOM XKUIKOCTHIO (pHc. 3.18).

Takol MKUIKOCTBIO MOTYT CIIYy’KUTh TJIUMLEPUH, Ba3€JIMHOBOE
Macllo, TsKENble YIJIEBOJOPOAbI, KepocuH. PasnenutenbHas
KHUJIKOCTb JI0JKHA ObITh MHEPTHOM 10 OTHOILIEHUIO K U3Mepse-
MO cpeJie U HE pacTBOPSATH €€ B 3aMETHBIX KOJIMYECTBAX.
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Puc. 3.18. Pazoerumenvusie ycmpoticmea:
a — membpannoe; 6 — paz0erumenbHulil cocyo

Ecmm Mapel 1 XXUJAKOCTHU CIIOCOOHBI IIpH OXJIAKACHWH 3aTBCP-
JIeBaTh U 3aKylopUBaTh MOJBOJASIINE K MaHOMETpPY TpYyOKH,
TO 3aLIUTHBIA cOoCy]l HEOOXOIUMO yCTaHABIUBATh BOJIM3H TOUKU
oTOOpa NaBjIeHUs U oOecreynBaTh MOJOTPEB COCYJA U MOABO-
JIel K HeMy TpYOKH 710 TeMIepaTyphl BbIIIE€ TOYKH KpHCTa-
JM3aIMA, 3 MAHOMETP YAAIHUTh OT 3aIlIUTHOTO COCY/a Ha HEKO-
TOpPOE PaCCTOSIHUE, 3aMOJHUB COEIMHSAIONIYI0 TPYOKY KUIKO-
CTBIO.

JUnst 3alUThl OT HarpeBaHMsl JIyYEUCITyCKaHHEM MaHOMETP
JOJDKeH ObITh MO0 yAajeH OT ammaparta Ha JOCTaTOYHOE pac-
CTOSIHHUE, TMOO0 3aKPBIT SKPaHOM, MOTJIOMIAIOIINM TETJIOBBIE JTYYH.

Cotpsicenus, TOIMYKUA U BUOpPALIMS COKpAIIAlOT CPOK CIIY>KOBI
npubopa, yCKOPSIIOT U3HOC JIeTallel y3/ia nepeiadyl MaHOMETpa,
IMO3TOMY IIpU U3MCPCHUHN OABJICHUA B amrmnapare, nmoABCPIKCH-

HOM COTpPSICEHUSIM, MAHOMETD CJIeJlyeT YCTaHaBIMBATh Ha OT-
nensHOM muTKe. [lepen MaHoMeTpoM HEOOXOIMMO MTPETyCMOT-
peTh mpucnocobyieHue, noriomaomiee kojaedanus. Takoe npu-
cnocoOenue (0ydep) yame Bcero mpeacTaBiIsieT co0oi apoc-
cenb B (hopMe MIOJIbYATOrO0 BEHTHIIA WIM JuadparMel ¢ OUY€Hb
MAaJICHBKHUM OTBCPCTHEM.
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KuaxocTHble ¥ OPIIHEBBIE TPUOOPHI YCTAaHABIUBAIOT CTPO-
ro 10 OTBECY WU YPOBHIO. VIMITyJIbCHBIE JIMHUM, NIEpEAAIOLINE
JABJICHUE K MAaHOMETPY, BBIIIOJIHAKOT U3 METalla, CTOMKOIO
K BIWAHHUIO u3MepsieMOoM cpenbl. Ilpm usMepeHuu naBiieHMs
KHCJIOPOJla YIJIOTHUTENbHBIC IPOKIAJAKU U3 OPraHUYECKUX Ma-
TEPUAJIOB HEJIOIIYCTUMBI.

Puc. 3.19. O6wuii 6uo manomempos,
8axyymmempog, marosaxyymmempos AM2010Ce,
JIB2010Ce, /JA2010C2

[Tpubops! npeaHa3HauCHBI AT N3MEPEHUS N30BITOYHOTO U BaKyyMMeT-
PHYECKOTO JaBJICHHS PA3IMYHBIX CPEI M yNPaBICHUS BHEIITHUMH HJICKTPH-
YECKUMH IIEMSIMH OT CUTHAJIM3UPYIOLIETO YCTPOHCTBA MPSIMOTO JICHCTBHS.
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TEMANe 4
KonTpoJsb koJm4yecTBa M pacxoaa MaTepuaioB

§ 4.1. OcHoBHbBIE MOHATHS. EqUHUIIBI U3MepeHust

KonuuecTBo BeniecTBa BhIPAXKAIOT B €AUHUIAX 00bEMA WM
Macchl. B cucreme CU 3a enunanily o0bemMa NpUHAT KyOUYECKUM
METp (M3), a 3a eAMHUILY Macchl — Kutorpamum (kr). KonmuyecTso
raza U3MepsarT 00beMHBIM MeTOIOM. [l moyueHus: CpaBHU-
MBIX PE3y/IbTaTOB U3MEPEHUI HEOOXOAUMO 00BEM Ia3a PUBECTU
K CIENYIOIIMM HOpMallbHbIM ycioBusM: Temmeparypa 20 °C
(293,15 K), naBnenue 101 325 Ila (760 MM pT. CT.), OTHOCUTEIb-
Has BraxHocts @ = 0. Jn1s TBepAbIX U CHITYYHX TeJ MOJIb3YIOTCA
MOHATHEM HACBITHON WM 00beMHOHN Macchl. Hackimaast Macca
CBIITy4ero MaTepuaia He UMeeT OCTOSIHHOTO 3HAYCHHUS; OHA 3a-
BUCHUT OT I'PaHyJIOMETPUYECKOTO COCTaBA ChIIYYEro MaTepuania,
T. €. OT pa3Mepa YaCTUILl U KOTUYECTBEHHOTO COJIEPKAHUS YACTHII
pa3nUYHOM BEJIMYUHBI B 00111IeH Macce chlitydero Marepuana. [lo-
9TOMY KOJIMYECTBO CBIIIYYEro MaTeprayla ONpeaesitoT B3BEIIN-
BaHUEM.

[TpuGopsl, N3MepSIONUEe KOJINYECTBO BEIIECTBA, HA3bIBAIOT-
csi cuemuyukamu. CUETUYMKU H3MEPSIOT TNPOTEKAIOMIMNA uepe3
HUX 00BEM BelIEeCTBa 3a 000N MPOMEXYTOK BPEMEHU: CYTKH,
Mecsl U T. A. KoanuecTBo BemiecTBa Mpu 3TOM OIpeaemseTcst
KaK pa3HOCTb MOKA3aHUM CYETUHUKA.

Pacxooom eewjecmsea Ha3bIBaeTCAd KOJMUYECTBO BEIECTBA,
IIPOXOJALIEE Yepe3 JaHHOE CEYEHHUE KaHala B €UHUILY BpeMe-
HU. Maccosbiii pacxoo onpenensercs B KUJIOTpaMMax 3a ce-
KyHIly, @ OOBEMHBIH pacxoag — B KyOMYeCKHX MeTpax 3a ce-
kyHay. [IpuGopsl, n3mepsionue pacxojl, Ha3bIBAIOTCS pPaACXo-
oomepamu. DT TPUOOPBI MOTYT OBITH CHA0KEHBI CYETUNKAMHU
(uHTErpaTOpaMi), TOTJAa OHHU HA3BIBAIOTCS PACX000OMeEpPamu
co cuemuuxom. Takue pacxoIOMeEpbI IMO3BOJSAIOT U3MEPATh
pacxoj U KOJIMYECTBO BEILIECTBA.
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ITo I'OCT 15528—70 B 3aBUCUMOCTH OT MPUHATOIO METOAA
U3MEpEHUsT PUOOPHI TSI U3MEPEHHs pacxoja M KOJIWYEeCTBa
MOJIPA3ICIIIOTCS Ha:

— pacxoxoMepsl IEPEMEHHOTO Iepernana IaBlICHU,
OCHOBaHHBIC Ha 3aBUCHUMOCTH OT pacxoja Iepernaja
JIABJICHUS, CO371aBa€MOT0 HEIOJIBUKHBIM YCTPOWi-
CTBOM, YCTaHOBJICHHBIM B TPYOOIIPOBOJE, WM dJie-
MEHTOM TPYOOIIPOBO/IA;

— pacxoxoMepsl IOCTOSHHOTO Tiepenaja JaBJICHUH,
OCHOBAHHBIC Ha 3aBHCHMOCTH OT Pacxojia BEIIECTBa
BEPTUKAJIBHOTO TIEpEMEICHHs Tena (MOIUIaBKa), U3-
MEHSIOIIETO TP ATOM ILIOMAb IPOXOJHOTO OTBEP-
cTust mpubopa TakuM 00pa3oM, YTO IMepernaj JaBie-
HUH 10 00€ CTOPOHBI MOIUIABKA OCTACTCS IMOCTOSH-
HBIM.

Pacxomomepsl OCHOBaHBI Ha 3aBUCHMOCTH OT pacxoja pe-
3yJIbTaTa B3aMMOJCUCTBUS JBIIKYIICUCS KHUIKOCTH C MarHUT-
HBIM TTOJIEM.

§ 4.2. U3MmepeHue KOJINYECTBA KUAKOCTH U raza

KonuyecTBO KHUIKOCTH WM ra3a MOXKHO U3MEPUTHh CUETUH-
kamu. Ilo IMPUHIUITY HGﬁCTBHﬂ CUCTYUKHU NOAPA3ACIAIOTCA Ha
06’be.7l/lel€, Maccoevle 1 CKOpOCniHble. I[J'IH HU3MCPCHUSA KOJIHN-
YCCTBA XUJAKOCTH MNPUMCHAIOT MPCUMYHICCTBEHHO 00BEMHLIE
U CKOPOCTHBIE CUETYMKH, JUIsI HU3MepeHuss o0bema raza —
o0ObeMHBIE cueTyukd. 71 KaKI0oro cuUeTYrKa CYIEeCTBYET
OnpeNeIeHHbI MUHUMAJIBHBIN pacxol, HUXKE KOTOPOTO PE3KO
BO3pAacTaeT OCHOBHAS MOTPEIIHOCTb.

Homunanenvim pacxooom Has3bIBaeTcs HauOONBIINHN ITH-
TEIBHBIM Pacxof, MPH KOTOPOM IOTPEHIHOCTh MU3MEPEHUs HE
BBIXOJIUT 32 MPe/elibl YCTAaHOBICHHBIX HOPM, a MOTEPsl HAarmopa
HE CO3JIaeT B CUETUUKE YCUJINI, MPUBOIALINX K OBICTPOMY H3-
HOCY €r0 JIETAJICH.
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Xapaxmepnvim pacxo0om Ha3bIBa€TCi KOJWYECTBO Bellle-
CTBa, KOTOPOE MPOXOJIUT Yepe3 CUETUYHK 3a | Yac mpu ycraHo-
BUBIIEMCs noToke U norepe Hamopa 0,1 MIla. XapakrtepHsiit
pacxol SBIIAETCS YCIOBHOM BEIMYMHOW U CIYXKUT MEpOU
OLICHKH CYETYMKOB PA3IUYHBIX KOHCTPYKIIHI.

[Torepu Hamopa MpeAcCTaBISIOT COOOW Pa3HOCTH JABJICHHIMA
Ha BXOJI€ B CYETUUK M BbIxojae u3 Hero. KamuOpom cuerdnka
HAa3BIBACTCS JMAMETP yCIOBHOTO IMPOX0/a BXOJAHOTO MaTpyoOKa,
BBIPA)KCHHBI B MUJUTUMETPAX.

CkopocTHBIE CHETYHKH. DTH CUCTYUKHU CITYXaT /I U3Me-
peHus KoaudecTBa KuAKocTed. OHM OCHOBAaHbBI HAa MPUHLUIIE
M3MEPEHHS CPEHEH CKOPOCTU ABMXKYIIErocs noroka. Konuue-
CTBO KHUJKOCTH CBSI3aHO CO CPEIHEU CKOPOCTHIO ABUKYILETOCS
MMOTOKA COOTHOIICHHEM

Q=vepS, (4.2)
rac ch — CpCaHsid CKOPOCTb ABHUKCHUA BCIICCTBA, M/C,
S— MMOIICPECUYHOC CCUCHUC ITOTOKA, MZ.

O xosMyecTBe XKUAKOCTH, MpouUIeaneil yepe3 npudop, cy-
JST 1O 4ucily 0o0OpOTOB JIONMACTHOM BEPTYILKH, PACIIOIOKEH-
HOM Ha myTH mnoToka. CuuTaercs, YTO CKOpPOCTb BpALICHUS
BEPTYLIKU PONOPLUOHATIbHA CPEAHEN CKOPOCTH MOTOKA

n=C ve, 4.2)
Cc yueToMm ypaBHeHus (4.1)
=¢c(Q\S), (4.3)
re N — 4uciao o00pOTOB BEPTYIIIKH;
¢ — KO3 (UIMEHT TPOMOPIIUOHATHLHOCTH, XapaKTepU3y-

IO MEXaHWYECKUE W THUIPABINYECKUE CBOMCTBA MpH-
Oopa.

[To ¢opme BepTyIIKH CKOPOCTHBIE CUETUHKH Pa3AeisOTCS
Ha JIB€ IPYIIbI: ¢ BUHTOBOW BEPTYLIKOW M KpblUIb4aThle. Bun-
TOBBIE BEPTYIIKH PAa3MELIAOT NapauIeIbHO U3MEPSIEMOMY I10-
TOKY, KpblJIbYaThle — MEPIEHAUKYIISIPHO EMY.
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Ha puc. 4.1 nokas3an ckOpoCTHOH CUETYMK C BUHTOBOM Bep-
TYILLIKOM, 3aKpEIJIEHHON Ha TOpU30HTaIbHOM ocH. B kopnyce 1,
cHa0XEeHHOM (hr1aHIIaMu /17151 IPUCOEAMHEHUS K TPyOOIIpoBoaY,
YCTAQHOBJICHA BEPTYIIKA 2 C JIOMACTSIMH, U30THYTHIMU MO BHUH-
TOBOH JINHHH.

Bepryliky U3roToBiSIOT U3 IIacTMacchl Ipu pabodel Tem-
nepatype 10 30 °C u u3 naTyHu npu 00Jee BBICOKUX TeMIlepa-
Typax.

Beprymky nenaroT Mosod 1 yMEHBLICHHs €€ Beca U J1aB-
nenus Ha nandsl. Ha ock BepTymky mepes 3aJHUM 3aKPBITHIM
HOJIIMIHUKOM V, 3aKpeIuIeHHbIM B KpPEeCTOBHHE 4, Haca)KeH
YEpBSIK O, CLEIUISIOUIMIICS ¢ 4YepBAYHOW IIECTEpHEH, mepe-
JlaroIlel BpallleHue rnepejaToYHoMy MeXaHu3My 6.

W 7 v

P SUN—— .

7k 7

17— 2

2

—— -

Puc. 4.1. Cxopocmmnoii cuemuux ¢ 6UHMOBOU 8epMYUKOU
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OT MexaHM3Ma [BIDKCHHE IEpeAaeTcsl OCH, MPOXOJsiieit
yepe3 CaJbHUK /, U CIETHOMY MEXaHU3MYy 8.

Ilepen BepTyHIKOM CO CTOPOHBI BXO1A )KUAKOCTH YCTAaHOBJIEH
CTPYEBBIIPAMUTEND 9, COCTOSAMIMNA U3 HECKOJIBKUX PaJUaIbHO
3aKpEIICHHBIX NPSAMBIX IIaCTHH. KoHel oxHOW W3 IUIacTUH
CTPYEBBIIPSIMUTEILSA IIOBOPAYMBAETCS BOKPYT BEPTUKAILHOU OCH,
o0pasys onacts 11, ciryxaltyro s peryJiupoBaHus cUeTUNKa
Yyepe3 pelYakHblid mpuBoa 12. B cTpyeBbInpsiMUTEIIE 3aKpeTicH
nepeanui noxmunHuk 10 ocu BepTymku. MexaHudeckoe co-
IIPOTUBJICHNE (TPEHUE B OALIMITHUKAX, CAJIbHUKE U T. I1.) BIMSIET
Ha CKOPOCTb BpAIllEHUs BEPTYLIKH, & IPH HEKOTOPOH MUHUMAJIb-
HOM CKOPOCTH IMOTOKA BEPTYIIKA OYJET HEMOABUKHA.

B 3aBucuMoctu oT crioco6a nmoABoa JKUAKOCTH CUETUHUKHU C
KpBbUIbYATON BEPTYIIKOW MOAPA3JEISIIOTCS Ha OOHOCMPYUHblEe
u mHo2ocmpytiHvle (puc. 4.2).

Kak B 0JHOCTpYHHBIX,
TaKk U1 B MHOTOCTPYWMHBIX
CYETYMKAX KUIKOCTb O
BOJUTCSA TAHT€HUHMAIBHO
K JIONACTSM BEPTYILIKH.
CueTunku ¢ KpbUIbYaTOU
BEPTYLIKOW  yCTaHaBIIH-
BalOT HAa FOPU30HTAJIbHBIX
y4JacTkax TpyOOIpoBOJIOB.

CueTynku ¢ BUHTOBOMU
BEPTYLIKOW NIPUMEHSIOT NpHU JaBiaeHuH xujakocta 10 1,0 MIla
U NP JUINTENBbHON Harpyske 1o 600 M/, ITorpemHocts cyer-
qUKOB £2—-3 % IefCTBUTEILHOTO 3HAUYECHUS.

Oo0bemHble cueTyukH. [IpuHiun paboTsl 0OBEMHBIX CUET-
YUKOB 3aKJII0YaeTcs B H3MEPEHUU ONPEJEeNIEHHOro oObeMa
JKUJKOCTH, BBITECHSAEMOIO M3 U3MEPUTEIBHOM KaMephbl 0]
BO3JEHCTBUEM PA3HOCTH JIABJICHUM.

JUid TIpUMEHEHWs Ha HANOpHBIX TEXHOJIOTWYECKUX JIU-
HUSIX BBIITYCKAIOT 00beMHBbIe JlonacTHble cueTynku Tumna JDK.

Puc. 4.2. Oonocmpyuinsiil (a)
u MHO2OCMpYIiHbLIL (0) cCuemuuku
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[IpuHuun nelcTBUsS JOMACTHBIX CUETYUKOB OCHOBAH HAa TOM,
YTO TMOTOK U3MEPSEMOM MKUJKOCTH, MOCTYIAsl 4epe3 BXOIAHOU
naTpyOoOK, IPOXOIUT 4Yepe3 U3MEPUTENbHYI0 KaMmepy, Ile Te-
pSAET 4acTh HANoOpa Ha CO3/IaHUE KPYTSIIEr0 MOMEHTA, MPUBO-
JSLIEr0 BO BPAILlEHUE POTOP C BBIIBHKHBIMU JIOMACTSMM.

N3mepenne 00BEMHOTO KOJTHYECTBA KHUJIKOCTH MPOUCXOIUT
[P NIEPUOTMUECKOM OTCEKaHUU OIpPeIeTIEHHBIX 00bEMOB JKUIKO-
CTH, 3aKJIFOUEHHBIX B ITOJIOCTH MEX/TY ABYMS JIOTTACTSIMH U LIUJIHH-
JPUYECKUMU ITOBEPXHOCTSMU U3MEPUTEIILHON Kamephl 1 Oapaba-
Ha. 3a OJTMH TIOJIHBIA 000POT POTOPA OTCEKAIOTCS YEThIpE 00BeMa,
CyMMa KOTOPBIX paBHa EMKOCTH U3MEPUTEIILHON KaMephbI.

B o0o3nHauennun THIa cyeTYUKA TIEPBOE YHCIO IOCIE
OyKB — JAMaMeTp YCJIOBHOIO MPOXOJa CUYETYHKA, BTOPOE YHUC-
70 — pabouee JaBileHHUE, Ha KOTOPOE PacCUUTaH cueT4uk. JIo-
nacTHble cueTynku ¢ obOo3nadennem JDKA mnpeanaszHaueHbl
JUISL arPECCUBHBIX KUJIKOCTEM.

Puc. 4.3. [lpomvluwiennvie 00veMHble CHeMYUKY
Heghmenpodykmos cepuu SM

Jlis ucnonb30BaHusl Ha HedTenepepadaThIBAIONINX 3aBoAax, Hedreda-
3ax, A3C, B TOIUIMBO3ANpaBIINKaX, a3POIOPTOBBIX 3alpaBIIUKaX caMoJe-
TOB, TO €CTb Be3Jle, Ile TpeOyercs 3ampaBka HE(TENPOAYKTOB, HYXKHEI
NPOMBIIUICHHBIE 00BEMHBIE CYSTUHKH HePTenpoaykToB (puc. 4.3).

Texnuueckue 0COOEHHOCMU NPOMBIULIEHHBIX O00bLEMHbIX CUEMYUKO8
Hegpmenpodykmog cepuu SM:

—  COBpPEMEHHBIH U HAJEKHBIH PETYINPOBOYHBIH MEXaHU3M CUETUYHKA

MO3BOJISIET MPOM3BOJUTH OECCTYIEHYATYI0 MHKPOPErYJIHPOBKY,
Gnarozapst Yemy JIOCTHraeTcsi BRICOKAsi TOUHOCTh M3MEPEHHIA;
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—  CHenuadbHBIM MaHU(ONB] OTACISIET CYETINK OT M3MEPUTEIbHON
KaMephl;

—  MaJsble IOTEepH JAABJICHHUS;

— TpocTas KOHCTPYKIMSA POTOpA: JONACTU OYEHb JIETKO MEHSIOTCS,
HMEIOT HU3KYI0 CTOMMOCTb, YTO CHIDKAeT JKCIUTyaTallHOHHBIE
pacxojsl;

— KOppeKUIHMs pacxolja IJIsi TOJJAEPKAHUS XOpoleld TOYHOCTH
Ha BCEM NPOTSHKEHHUH T0J1a;

— wu3MepeHue Ba3kux npoaykros 10 800 Cst.

Bapa6annbie cueTyuku. PaboTa 3THX CYETYMKOB OCHOBaHA
Ha HEMPEPHIBHOM OTMEPHUBAHHH U OTCYETE PABHBIX OOHEMHBIX
nopiwuii raza. Yuciio 3Tux 00beMOB PErUCTPUPYETCS CYCTHBIM
MexaHu3MoM (puc. 4.4).

4
J AN e
gy d, b\ A
= Y=gl .
I - r - Puc. 4.4. Bapabannwiii cuemuux

B repMeTnuHOM HMIMHIPUYECKOM KOXyXe 1, 3ar10HEHHOM
HECKOJIbKO 0oJiee YeM HAlOJIOBHHY 3aTBOPHOW JKUIKOCTHIO,
BpalaeTCsl KOHIIEHTPUYHO PacIoIOKEeHHBIN OapabaH 2, pasne-
JICHHBIA YETBIPbMSI PavaJIbHbIMH U OJHON IWJIMHIAPUYECKOMN
neperopoakamu Ha nsaTh kamep | — V. Kamepst | — IV co06-
IIAfOTCSA C TPOCTPAHCTBOM Koxyxa 1 memsmu a, b, ¢, d
U ¢ BHYTpeHHe# kamepoii V yepes menu al, bl, ¢/ n d1.

B xamepy V gepes moiyro och BXOAUT MOJIAr0IIas ra3 Tpyoda 3,
a B BEpXHEH yacTH KOXKyXa YCTaHOBJIEHA OTBOJsIIas TpyOa 4.
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PanuanbHbIe IEPErOPOIKH U COSIUHSIONINE IS PACIIONONKE-
HBI TaK, YTO ra3 MOCJIEI0BaTEIbHO 3anoHsaeT kamepol | — V.
[Tepenan naBnenuii B TpyOax 3 m 4 3acraBiser OapabaH Bpa-
LIATHCS 10 YaACOBOU CTPEJIKE.

BxonHas ¥ BBIXOAHAS IIENM KaXKIOM KamMepbl HUKOTJa He
MOTYT OBITh OJJHOBPEMEHHO HAJl YPOBHEM KUIKOCTH, CIIE0Ba-
TEIBLHO, IPSIMOM TIEPETOK ra3a u3 Tpyos! 3 B TpyOy 4 ncKiIrova-
ercs. Kaxkmas kamepa 3amoiHSETCS ONpeNeICHHBIM TOCTOSH-
HbIM O0BEMOM ra3a, BBHITECHSIEMBIM U3 KaMepbl B KOXKYX IpHU-
Oopa MpH BBIXOJIE BBITYCKHOW IIETU H3-TI0J] YPOBHS 3alParo-
et xuakoctu. Bpamenue 6apabana 2 mepenaeTcsi CYHETHOMY
MEXaHHU3MY, PACIIOJIOKCHHOMY CHAPYKH KOXKyXa. 3a OuH 000-
pot uepe3 OapabaH MpoxoauT OOBEKT ras3a, paBHBI CyMMe
00BEMOB KamMep, OTCEKAEMBIX KHUIKOCTBIO.

3anuparonieil JKuIKOCThIO CIY>KUT OObIYHO Bona. B ciydae
OITACHOCTH 3aMEp3aHMsI BOJBI HCIIOJIB3YIOT BOJHBIA PacTBOP
XJIOpUJa MarHusi win raurepuH. bapabanHble cUeTYHKU MPU-
MEHSIOT JUII W3MEPEHHS CBETHJIBHOTO, Ta30T€HEepPaTOpPHOTrO,
KOKCOBOTO U APYTUX HEUTPATbHBIX ra30B, 3aMETHO HE PACTBO-
PAIOIIMXCA B 3aTBOPHOM JKHAKOCTH W HE BO3JIEHCTBYIOIIUX
Ha Marepuan cyetynka. OOs3aTeNbHBIM YCIOBHEM pabOThI Oa-
pabaHHBIX Ta30BBIX CUCTYMKOB SIBJISCTCS TIOCTOSIHCTBO YPOBHS
KHUJKOCTU B KOXKYXE CUeTurKa. J{Js1 KOHTPOJS YPOBHS JKUIKO-
CTH CYETYMK CHA0XAOT BOJOMEPHBIM CTEKJIOM WA YCTPOWi-
CTBOM JUJIsI TOJJIEP>KaHUsl TOCTOSTHCTBA YPOBHSL.

bapaGanHble cUeTYMKM ra3za MPEACTaBISIOT COOOW OYEHD
TOYHBIE TPUOOPBI, UX TMOTPEIIHOCTh He TpeBblmaeT +0,2 %.
OaHAKO OHU PEIKO BBITYCKAIOTCS MPOHM3BOJIUTEIHBHOCTHIO 00-
nee 3 M°/4, TaK KaK MPH GOJIBIION IPOM3BOIUTEIBHOCTH Taba-
PUTHI UX CITUIIKOM BEJTHKH.
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I'azoBbie cueTumky Ritter, kKak ¥ MHPOKO
n3BectHele B Poccun cuerunku ['CH-400
u PI'-7000, pa®oTarOT MO MPUHITUITY BBITEC-
HEHUS! C TPUMEHEHHUEM MEpHOr0 MOYJIs-
OapabaHa, BpalIammerocs B 3aTBOPHOU
JKUAKOCTH (BOAA WJIM MAJIOBSI3KOE MAcio).
Buytpu Oapabana mTpOMCXOOUT MPHUHYIHU-
TEJIbHOE H3MEpeHHe 00BbeMa IOCPEICTBOM
MIEPHOANIECKOTO HATIOJIHEHUS U OITyCTOIIe-
HUSI 9E€THIPEX )KECTKUX MEPHBIX KaMep.

HyxHb1ll auana3oH H3MEPEHUH MOKET

Puc. 4.5. I'asosvie ObITh BHIOpaH W3 CEMH BapHaHTOB (TH-
bapabannvie cuemuuku noB, Mojenel), B obmel cnoxuocru 0,1—
upmwt Ritter 18 000 nUTPOB B Yac A1 TEMIEPATyp Ta3oB
B auamna3zone or —50 mo +120 °C. Kopmyc
cYyeT4yHKa (CBapHOM IIAaCTMACCOBBIM MM MasHBIM CTaJbHOW) B CTaHAAPT-
HOM BapuaHTe pacCuuTaH Ha M30bITOuHOE naBieHue o 50 mo6ap. Ilorperm-
HOCTh NP HOMHUHaIBHOM pacxoje +£0,2 % (TouHoe 3HaYeHHe yKa3bIBaeTcCs
B KQTHOPOBOYHOM cepTH(UKATE HA KOHKPETHBIN IPUOOD).
Ipeumywecmea 2azosuvix cuemyuxos Ritter:
—  BBICOYAMIIas TOYHOCTH;
—  BO3MOXXHOCTH HCIIOJIb30BAHMS KaK JUIsl arpECCUBHBIX, TaK M IS
MHEPTHBIX T'a30B;
—  BBICOKAas YyBCTBHUTEIHHOCTb IIPH MUHHMAJILHON CKOPOCTH pac-
X071a;
—  BO3MOXKHOCTb IOJKJIFOYEHHUS] K KOMIIBIOTEPY WIIM PErHCTPH-
pYyIOLLEMY YCTPOICTBY;
—  BO3MOXKHOCTb IOJKIIIOYEHUSI AJIEKTPOHHOTO MHAMKATOPA JJIst
0TOOpaXkeHHsI CKOPOCTH ITOTOKA B PEXKMME PeaslbHOTO BPEMEHH;
—  IIpY U3TOTOBJICHWH NMPHOOPOB HCHOIB30BAHBI XUMHUYECKH
croiikue mwiactmaccel (PVDEF, PP, PVC);
—  npu0OOopsI NPUTOAHBI ISl KAJIMOPOBKH NMPHOOPOB yueTa pacxo-
Jla rasa;
—  CYETYHKH He TPeOYIOT TEXHUYECKOTO 00CITy>KUBAaHUS;
—  CPOK CIIY>KObI HCUHCIIETCS HECKOJIBKUMH JICCSITKaMHU JIET.

POTaHHOHHble cueTunku. CUeTuwkH rasa poTannoOH-
Hele Tuma PI npeaHa3sHa4YCHbl JIA U3MCPCHUA 00BEMHOTO
KOJIMYCCTBA OUMUIINCHHBIX HEAIrpC€CCUBHBIX T'OPHOYMX I'a30B,
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HCIIOJIb3YEMbBIX B YCTAHOBKAX KOMMYHAJIBHBIX U MPOMBIIILICH-
HBIX MPEANPUATUI (IPUPOIHOTO, CIAHLIEBOIO, FEHEPATOPHOTO,
BOJISIHOT'O, KOKCOBOT'O, JOMEHHOTO, CBETHJILHOTO, MACJSHOTO,
CMEIIaHHOT 0, ITPONaH-0yTaHa).

Poranmonnsie cuetunku PI' cocTosT U3 Tpex OCHOBHBIX y3-
JIOB: KOpITyca, CYETHOTO MEXaHW3Ma M Iu(QepeHIINaTIHLHOTO
MaHoMeTpa. B kopmyce pa3meliieHsl J8a poTopa BOCBMEPHUYHOI
dopMmBbl, yrep>KuBaeMble BO B3aMMHO HEPHEHIUKYISPHOM IO-
JIO)KEHUH JIByMS MapaMu IIECTEPEH, KOTOPbleé CMOHTHUPOBAHBI
Ha menKax potopos. [Ipu nporekannu rasa yepe3 CHeTYUK J1aB-
JICHHE Ha BBIXO0JIC HECKOJBKO HIKE, UeM Ha BXOJI€, [IOATOMY PO-
TOpBI BpalllalOTCsl B HAIIPaBJICHUAX, YKA3aHHBIX CTpEJIKaMu
Ha puc. 4.6. 3a KKl 000POT POTOPOB CYETUUK MPOIMYCKAET
MOCTOSIHHBIA 00beM rasa. BpaimarenabHoe JIBH)XEHHE POTOPOB
nepesaeTcsi CUeTHOMY MEXaHU3MY, YCTAaHOBJIIEHHOMY Ha Tepe/-
Hel KpblllKe cueTynKa. CUeTHBIM MEXaHU3M [TOKa3bIBAET 00bEM
MPOLIEIIIEro Yepe3 CYSTUNKU raza B Kyoomerpax. [mnst nadmro-
JIEHUs 332 HOpPMaJIbHOM paboTo# cyeTurka CiyxuT nuddepen-
LAAJbHBII MAaHOMETp, Pa3HOCTh YPOBHEW MOAKPAILIEHHOW BOJIbI
KOTOPOTO MOKA3bIBAET MTOTEPIO HANIOPa B CUETUHKE.

i

Pomop

Puc. 4.6. Cxema 0sudicenust 2aza 6 pomopHOM CuemiuKe

Porammonnsie cuerunku tuna PIT paccunrtansl Ha pacxon
10 1 000 M%/u; MOTPENIHOCTD MOoKazaHui £2,5 %.
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Hacocei-03atopsl ¢ BO3BpaTHO-NOCTYNATENIbHBIM JBUXKE-
HUeM nopiiHs (puc. 4.7) ciiyxkaT 1Jisl JO3UPOBAHUS PA3TUUHBIX
XUMHUYECKH aKTUBHBIX *uakocTel. Ha BcackiBaroriei 1 HarHe-
TaTeJIbHOM JIMHUSIX STUX HACOCOB YCTAHOBJICHBI KJIaraHbl.

2 2 3 Korga mpuBon 7 me-

» \ 9F/ pememaer mnopmens 2

, o cIipaBa HaJeBO, POMCXO-
._4‘-_ Nug=——! _H. MT HanoJHEHHE LWIHH-
Jpa Yepe3 BXOIHOM Kia-

naH 3, a KOryia MopIieHb,

4  JOoCTMTHYB KpaiiHero mo-

Puc. 4.7. Ilopwnesoii nacoc dozamopa JIOKCHUA, 1ICPCMCIIACTCA

CJICBA HaAIIpaBO, KJIallaH 3

Ha BXOJC 3aKpbIBACTCA, a KJlallaH 4 Ha BbBIXOJI€ OTKPLIBACTCA
N )KUAKOCTD BBITCCHACTCS B IPUEMHOC yCTpOﬁCTBO.

§ 4.3. U3mepeHHe KOJIUYECTBA TBEPAbIX BellleCTB

YcTpoiicTBa M3MEPEHMsI M JO3UPOBAHUS MAacChl LIMPOKO
pacrpocTpaHeHbl B TPOMBIIINIEHHOCTH. JTH YCTPONCTBA TIPe-
Ha3HaueHbl MO0 I MOJyYeHHsT U3MEepUTeNbHONH HH(popMa-
MM O Macce BeulecTBa (CpeicTBa M3MEpeHus ), OO A IMo-
Jy4YEeHUsT U3MEPUTENIbHOW HHGPOpPMAllMd M aBTOMATHYECKOTO
NOPLUUOHUPOBaHUS TpeOyeMol Macchl BellecTBa (CpeicTBa J10-
3UpPOBAHUSA, UM ABTOMAaTHYECKHUE J103aTOPBI).

CpencrBa 103MpOBaHMs MacChl IO MECTY, 3aHMMAEMOMY
B YIIPaBJISIEMOM TEXHOJIOTHYECKOM IPOLIECCE, MOTYT BBINOJI-
HATb W JONOJHHUTCIBHYIO (I)YHKI_[I/IIO — HCIIOJITHUTEIBHBIX
YCTPOMCTB cHCTEMBbI yrpaBieHus. OyHKIMS HCIOIHUTEIbHO-
IO YCTPOWCTBA peau3yercsi CPeICTBAMU JIO3UPOBAHMS TOIJa,
KOTJ]a OHU HUCHOJB3YIOTCS Ul MOAa4YH B YIPaBIIEMbId 0OBEKT
3aJJaHHOTO KOJIMYECTBA CBIPhS U MOITy(hadpUKaToB.

Ilo Ha3HaueHUIO cpercTBa U3MEPEHMS U JO3UPOBAHUS Mac-
CBI ITOJIPa3AeIAIOT Ha IIATh OCHOBHBIX I'PYIIIL:
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— BECBI U J103aTOPbI BECOBHIE IOPLIUOHHBIE;
—  BECHI TPAHCIIOPTHBIC;
— BEChl MOHOPEJIbCOBBIE;
— BECHI U J03aTOPbl aBTOMAaTUYECKUE HENPEPHIBHOTO
JICHCTBUS,
—  BECBHI CIIELIUAJIbHBIE TEXHOJOTUYECKUE.

Becol u n03aTopbl BecoBble NOPUHOHHBIE. Beckl u 103a-
TOpPBI BECOBBIE MOPIIMOHHBIC MTPEAHA3HAYEHBI JUIsI CYMMapHOTO
yueTa MaTepuajoB B MOTOKE U JUIS JO3UPOBaHUS U (aCOBKHU
CBIMYYUX U JKUJKUX MaTePUAJIOB.

K mudepbnarabiv nmpubopaM OTHOCATCS T€ yCTPOUCTBA, pa-
00Ta KOTOPHIX OCHOBaHA Ha YPaBHOBEUIMBAHUM CUJIbI TSXKECTH
B3BELIMBAEMOI'0 MaTepuaa.

Becwl cocTosiT M3 clienyrommx oc-
HOBHBIX Y3JIOB: CYETUHMKA, AIIEKTPO0OO-
pynoBanus, 1upepOIaTHOTO yKa3TeIlb-
HOro mpubopa, MPUBOAA, HEPABHOILIE-
Yel pbIYaXKHOM CUCTEMBI, KOBIIA, pa-
MBIl C aBTOMAaTHYECKUM MEXAHU3MOM
U TPUBOJIOM, BO3AYIIHOW CHCTEMHI,
IIHEKOBOI'O TMUTATENsl M CTAHLMH YI-
paBieHus. Bennunna nopuuu, Heo0Xo-
> IMMOM NIl TO3UPOBaHUs, 3apaHee 3a-
JlaeTcs BPYYHYIO Ha 1udepOIaTHOM
npulope YCTaHOBKOW 3aJalolIuX CcTpe-
JOK ¢ OECKOHTAaKTHBIMU JaTYMKAMHU
MPOTHB COOTBETCTBYIOIIUX JIEJICHUHN
mKanel. Bechl BKIIOYAlOT B paboTy
P KHOIIKOW WJTM OT BHEIIHETO WMITYJIbCa.
[TonusTHiieH noiaeTcs UIHEKOBBIM M-
TarejaeM B KOBII, KOTOPBIM MOJBEIICH
Ha OJIHOM M3 IUIeY TJIABHOI'O phluara
HEPABHOILIEYEH PhIYA’KHON CUCTEMBI.

Puc. 4.8. Keaopanmmnvie
6ecol
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[To mepe 3amonHeHUs B3BEIIMBAEMBIM MAaTEPHUATIOM KOBII
nepeMenaeTcs U 4Yepe3 PhIUaXKHYI0 CHUCTEMY IIepelacT CBOE
JBYDKEHUE CTpesike LU(epOJaTHOro yKas3aTelbHOro mnpuoopa.
[Tpu mpubnmXeHuu Macchl TOPIHMH, HAOpPaHHOW B KOBIIE,
K 33JaHHON BEJIIMYMHE CUCTEMa AaBTOMATUKM IEPEKIHOYaeT
AIIEKTPOABHUraTENb MPUBOAA MUTATEINSA C OONBIIETO YKcaa 000-
POTOB Ha MEHbLIEE, 1 HAUNHAETCS JOCHIIIKA.

Korpa mopuusi marepuana B KOBIIE IOCTHTaeT 3aJaHHON
BEJIMYMHBI, CcpaldaTbIBa€T CUCTEMa aBTOMATHKH, KOTOpas
BKITIOYAET JJICKTPOABHTATENh MPUBOJA THUTATENSA, 3aKPHIBACT
3aCJIOHKY IUTATeNs U aBTOMAaTUYECKH WM NOCIE NOJIy4YEeHHUs
KOMaHJbl (MMITYJIbCa) BKJIIOYACT MHEBMATUYCCKHHA IMITUHIIP
OTKPBITUS 3aC/IOHKM KOBIIA. B3BemienHas mopuus marepuana
BBICHIITAETCSI M3 KOBIIA. 3aCIOHKA KOBIIA 3aKPBIBACTCS O]
JieficTBUeM COOCTBEHHOro Beca, IIPU 3TOM cpabaThIBaeT CyueT-
YK, (UKCHUpPYS B3BeIIEHHYIO mopuuto. [locrme 3akpeiTHs 3a-
CJIOHKH KOBIIIA LIUKJI B3BEILIMBAHUS TOBTOPSIETCS.

Bechl cHaOXeHBI MEXaHMYECKHM TISITU3HAYHBIM CUETINKOM
KOJINYECTBA OTBEHIMBAEMBIX NMOpHMHA. TOYHOCTH OTBELIMBAHUS
KOHTPOJIMpYETCs MO IKane LudepOraTHOro yka3aTelIbHOTO
npubopa. Kiacc Tounoctu Becos 1,5.

Jnist 1o3upoBaHMS CBHITyYMX MaTE€pHaIoB MPUMEHSIOT JICH-
TOYHBIE BECOBBIE J03aTOPbl C MHEBMAaTHYECKUM BHOpPALMOH-
HBIM TTUTATEIEM W MHEBMATHYECKUM DPETYJISATOPOM. DTH J03a-
TOpPBHl HCHOJB3YIOT TaM, IJie¢ HE JOMYCKaeTcsl NpUMEHEHHe
AIIEKTPOMArHUTHBIX BUOPATOPOB.

PaboTa mo3aropa ocHOBaHa Ha CpaBHEHUU JCHCTBUTEIHHOU
Macchl J03MpPYEeMOro Marepuana c¢ 3aaaHHoi. [Ipomopimo-
HAJIbHO W3MEHEHHIO BECOBOM Harpy3K Ha TPAHCIIOPTEp M3Me-
HSETCA JIaBJIEHUE C)KAaToro Bosnayxa. [lorpemHocts aBTOMaTH-
YECKMX BECOBBIX JJ03aTOPOB COCTaBISAET +2 % OT MakCHUMallb-
HOT'O 3HAa4YeHHUs MIKalbl BTOpUYHOro npudopa. IIpu moctosH-
HOM CKOpPOCTH TpPAaHCIOPTEPA MPOU3BOAUTEIBHOCTh B KI/C
BECOBBIX J103aTOPOB
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Qum = O X Vi, (4.11)
rae g, — Macca Ha JICHTE€ TPaHCIOPTEpa, KI/M Ha E€IUHHILY
JUTUHBL;
Vyn, — TOCTOSIHHASI CKOPOCTh JBUKCHHSI JICHTHI TPAHCIIOP-
Tepa, M/c.

HpI/IMCHeHI/Ie COBPCMCHHBIX JJICKTPOHHBIX W IMTHCBMATHUYC-
CKHUX HpI/I60p0B B BC€COBBIX J03aTopax C 3JICKTPOMarHUTHBIMU
IMHECBMAaTU4YCCKUMH BI/I6p0HI/ITaT€JI$IMI/I IIO3BOJIACT HMCIIOJIB30-
BaTb BCChI B KAaYCCTBC BOCIIPUMHHUMAIOIIUX 3JICMCHTOB B CUCTC-
Max KOMILICKCHOM aBTOMaTu3alu HCIPEPBIBHBIX TCXHOJIOTH-
YCCKUX IIPOLECCOB.

[puHIMN nefcTBUS KBaAPaHTHBIX BECOB OCHO-
BaH Ha YpaBHOBEIIMBAHNH MOMEHTOB, CO3/1aBaCMBbIX
B3BCIIMBAaHUEM TPY30B, OTKJIOHEHHEM KBaJpaHTa
U BCTPOCHHBIMHU TUpsMH. [1o KOHCTpyKUMH Tpen-
CTaBJISAIOT OO0 BeChl C JByMs NPU3MaMH C BEpX-
HHM DACIIOJIOKCHUEM TPY30NPUEMHON Yallku |
THOJTHBIM MEXaHUYECKUM THPEHAaKIIaIbIBAHUEM.

Becs! kBagpantasie BJIKT-500 (puc. 4.9) numetor
CIICIMaJIbHBIA MEXaHU3M JJIsl aBTOMaTHYECKOH KOM-
NICHCALH HErOPU30HTAIFHOCTH NIPH YCTAHOBKE UX Ha
pabodeM CTole, a TaKKe ACIUTENBHOE YCTPOW-
CTBO, KOTOPOE IO3BOJISIET HMCKIIIOYUTh CYOBEKTHB-

Puc. 4.9. Becor HBIe OmMOKY Tipu oTcyere. Lllupokuit quama3oH oT-
KgadpaHmele C‘IeTHOﬁ IIKaJIbl, HAJIMYUC MCXaHHU3Ma KOMIICHCAlIUH1
BJIKT-500 Tapspl, JOCTYMHOCTh YalllKK U yJ0OCTBO OOCITYXH-

BaHUSI 3HAYUTEJHHO MOBBIIMAIOT MPOU3BOIUTEIb-
HOCTh BECOB. Pe3ysbTaT B3BEIIMBAHHUS ONPEACISICTCS 0 OTCUCTHOM IIKae
1 CYCTYMKAX THUPEBOTO MEXaHNU3Ma U JIEIUTEIbHOTO YCTPOUCTBA.
Xapaxmepucmuxu secog ksaopanmmuvix BJIKT-500:

—  Hambonpmmii npeaen B3pemuBanus: 500 r;

—  leHa JeneHus: 1 r;

—  IpeAensl A0MycKaeMoi norpenHocTy B3petmBanus: 20 mr;

—  muama3oH B3BemmnBanwus 1o mkane: 0-100 r;

—  juckperHocTh: 10 mr;

— guametp damku: 150 mm;

— Bec: 10 kr;

— rabapursr: 160 x 280 x 350 mm.
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§ 4.4. U3mepenue pacxoaa MeTOA0M IePEMEHHOI0
nepenajaa 1aBJeHUs

OcHoBbI TeopuM. 113 napka cymecTByOUIMX pacX0J0MEPOB
okoJ10 80 % cocTaBIAIOT pacXxoAOMepbl IEPEMEHHOT0 Nepenaia
naBieHuil. Takoe Mupokoe X MPUMEHEHUE OObICHIETCS HEBBI-
COKOH CTOMMOCTBIO, IPOCTOTOM KOHCTPYKIIMU M SKCIUTyaTaluH,
a Tak)Ke OTCYTCTBHEM HEOOXOIHUMOCTH B JIOPOTOCTOSLINX 00-
Pa3OBBIX YCTAaHOBKAX JIsi TpaayupoBKH. M3 Gonee ueM IBYyX-
COT TUIIOB UCIOJIb3YEMbIX B MUPOBOIl MPAKTHUKE PaCXOAOMEPOB
9TH PACXOJOMEPHI SIBJISIFOTCSI €IMHCTBEHHBIMH HOPMAaJIU30BaH-
HBIMH CPEJICTBAMH U3MEPEHUs pacxoa. Y HaC B CTpaHE JaHHbIE
pacxogomepsl HopMmannzoBansl ['OCT 8.563.3-97 I'CU, koro-
phIii BBeieH B AeiicTBue B3ameH P/l 50-213-80.

H3BecTHO, 4TO 00BEMHBIN PAacXo]l BEIIECTBA, MPOTEKAIOIIE-
r0 M0 TPYOOIPOBOY, OTIPENEISIETCS] KaK MPOU3BEIECHHE CKOPO-
CTH MOTOKA Ha IUIOIa/lb OTBEpCTHUS ucTeueHus F, T. e.

Q=vxF (4.12)

MaccoBblit pacxod IMOoJIy4daroT YMHOXCHUCM 00BEMHOTO
pacxoJa Ha IMJIOTHOCTh P )KUJAKOCTH, I'a3a UJIK 1mmapa, T. €.

G=Q xp. (4.13)
[Ipy DpOXOXAEHUM BEIIECTBA YEpe3 CYKalolllee YCTpOM-

CTBO, YCTAHOBJICHHOC B pr6onp0130/:[e, CKOPOCTh €Tr0 YBCIIN-
YUBAETCA. DTO CIEYET U3 YCIOBUS HEPA3PBIBHOCTH CTPYH
Q =v1 x F=vf, (4.14)
rae F u f — cooTBeTcTBEeHHO MUTOMIAN CeYCHHS TPYOOIPOBO-
J1a ¥ CYXKaIOLLEro yCTPOUCTBaA,
Vi1 V) — CpC}IHI/Ie CKOpOCTI/I JOBMXCHHS BCUICCTBA B pr-
OOMPOBO/IE U B CYXKAIOIIEM YCTPOUCTRBE.

Bomee BBICOKass CKOPOCTh V, IO CpaBHEHHIO C Vi 00y-
CITOBJIEHA TEPEXOJ0M YacTH MOTEHIIMAILHOW 3HEPTrHH MOTOKA
B KHHETHYECKYIO.
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U3 ypaBuenus (4.14) cnenyer, 4to
Vo = (F/f) x vy, (4.15)
T. €. IpH OCTOSTHHOM oTHoIeHuu F/f ckopocts Vo TeM 60Ib-
1Ie, YeM BBIIIE CKOPOCTh Vi BEIIECTBA B TPYOOIPOBOJC HIIU

yeMm Oosbine pacxon. OtHomienune F/f HaspiBaroT Mmoodyrnem
cyarcarowe2o yempouicmea v 0003Ha4aroT Kak M, T. €.

m=f/F=d,/D,, (4.16)

rae d u D — COOTBETCTBEHHO TMAMETPhI MMPOXOIHBIX CEUCHUI
CYXaroIllero ycTpoicTBa 1 TpyOonpoBoaa.

W3 ypaBHenuii (4.15) u (4.16) nonaydum

v=vy/m. (4.17)

Mecma ombopa Ha puc. 4.10 nokazansl

I g Jedrewus BHJI [IOTOKA M M3MEHEHHE

z SH (=2 > JaBJICHUST  U3MEpseMOil
A cpelbl HpU  IIPOXOKIE-

R | o e HHUHU ee 4Yepe3 CyKaroliee

ir ycTpoiictBo. Ecim 1o
Jﬂxfm CYXaIoIlIero ycTpoiicTBa
P | 8 | Ocmamaywas | craTHUECKOE JABJICHHE B
Remeps Jefaeret} TpyboIpoBoae paBHO P’
13 N Lo 1
‘Q.i £\ : w!i"'"—_;‘- TO B CYKAIOLIEM yCTPOI-
e CTBE OHO DPE3KO MaJjaeT,
3aTeM TOCTENIEHHO BO3-
Puc. 4.10. Buo nomoxa u pacnpedenenue ~ PACTaCT 10 HOBOTO yCTa-
0asieHUs NPU PA3MEWEHUU CYAICAIOUIe20 HOBHUBHICTOCS 3HAYCHUI.
yempoticmea 6 mpyoonposooe [Ipu »>TOM paBicHHE B
TpyOOITPOBO/IE 32 CYXAIOLIIM YCTPOHCTBOM HE IOCTUTaeT 3Haye-
HUS P}, Tak KaK 4acTh SHEPTHH PACXOAYeTCs Ha TPEHHE O CTEHKU
CY’KAaIOLIEr0 YCTPOICTBA U 3aBUXPEHHUS TOTOKA TOCIIE CYXKAIOIIIe-
ro ycTpoiictBa. Bennunna 6e3B03BpaTHBIX OTEPH paBHa P,. [1e-
pel Cy)KeHHEM JaBJIeHUe HECKOIBKO BO3pacTaeT o Py, 9to 00y-
CJIOBJIEHO C)KaTHeM ITOTOKa MePe/l CyXKAIOIIUM YCTPOHCTBOM.

(4
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MunumanbHOe naBieHue P, HabmrogaeTcs Ha HEKOTOPOM
PACCTOSIHUU OT CYXKAIOILEro yCTpoucTBa. [[aBneHue B mpoXoaHOM
CEUYEHHUH CYKaIONIIEro yCTporcTBa paBHO Po. Pa3HOCTH JaBiieHMi
P; — P; gBisieTcs nepenajgom, 3aBUCAILMM OT Pacxoja Cpelsl,
MpoTeKarolIei yepes TpydbonpoBo. Haiinem 3aBUCIMOCTh MEX-
Ny TepenajoM JABJICHUM 3a CYKAOLIUM YCTPOMCTBOM U pac-
xoznoM. B coorBercTBUM € ypaBHeHHEeM bepHynnu s cede-
Hus |—I u lI—II gns ropuzoHTaNIBHOTO YyacTKa TpyOOIpoBoIa
(cm. puc. 4.10)

2 2
Plp +v°12=Plp +0°12 (4.18)
2 2 1 2 2 2
W

Plp-Plp :(Uz—uz)/Z,
1 1 2 2 2 1

IJI€ p1 U p2 — COOTBETCTBEHHO IIJIOTHOCTU U3MEPSIEMOM CpeJIbl
B ceueHusax |— | u [1—II.

Jns HecxxnuMaemMoi )KUAKOCTH p1 = p2 = p. Torna
p-P=(0"-0")l2 (4.20)
1 2 2 1
U3 ypaBuenus (4.16) ciemyer, 4to Vi = M - Vy. [loxcrassis
B ypaBHeHue (4.20) 3nauenwue Vi u3 (4.16), momydum
P-P :p(z)2 —mzuz)/Z =p (1—m2)/2]1)2. (4.21)
1 2 2 2 2

Pemast ypaBuenwue (4.21) OTHOCHUTEIBHO TIOTYUUM
=1/ 1= 2) 2(P=P)7Tp.
Uz(Jm\/(l e (4.22)

W3meputs naBnenue B ceueHuu II—II nmpakrtuyecku HeBO3-
MoxHO. [lepeman nmaBimeHnit OOBIYHO HU3MEPSIIOT HA y4acTKax
TpyOOIIPOBOIa Mepel CYKAIOIUM YCTPOHCTBOM U 332 HUM, T
nepenanx Pt — P’ ornuyaercs OT paccMaTpUBaeMOro M He-
cKolibko Oonblne, ueM P — P,. BBens B ypaBHenue (4.22) mo-
MpaBOYHBIA KOA(GGULIHUEHT W, MOTYYUM

v = ulN1-m | 2(R-P,)/ p | (4.23)
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Onpeznenenue MonpaBOYHOro KOA(PHUIMEHTa [ B KaXKIOM
KOHKPETHOM CJIy4ae MPaKTHIECKU HE MPEICTABISACTCS BO3MOXK-
HbIM. OH 3aBHUCHT OT XapakTepa JABWKCHUS JKHJIKOCTH WX Ta-
3a U sBisieTcss GyHkuend kpurepus (uucna) Pelinonmpaca Re.
JInst pa3nu9HBIX THIIOPa3MEPOB CY)KAIOMIMX YCTPOMCTB Ha OC-
HOBE OOJIBIIOrO 4YHCIa SKCHEPUMEHTOB HaijeHbl Ko3(hdu-
IIMECHTHl O, PaBHBIC NEPBOMY WICHY NpPAaBOH YacCTH paBEH-

crea (4.23), T. e.
a = ] \1-m?. (4.24)

OTOT KOA(POUIHMEHT, YIUTHIBAIOIIUN PACXOXKICHHE MEXKITY
TEOPETUYECKON M JIEHCTBUTEIIBHOM CKOPOCTSIMH, Ha3bIBACTCS
ko3 duurenTom pacxona. Iloacrasnss 3HaueHHe o U3 ypas-
Henus (4.24) B ypaBuenue (4.23), nonyuum

Uy = (2] p)(P1—P2), (4.25)

rae Py u P, — naBineHue B TpyOOIpPOBOJE MO 00€ CTOPOHBI
CYKalOIlIEero yCTPOKCTBA.

B cootBerctBuM ¢ (4.12) ypaBHEHHUs pacxoja Uil HECKH-
MaeMoO# JKHUJIKOCTU B OOBEMHBIX (B M3/C) U MaccoBbIX (Kr/c)
eMHUIax OyyT COOTBETCTBEHHO UMETh BUJL

Q=af /(2! p)PL-P2); (4.26)

Q, =af\2p(P1-P2), (4.27)

rae P; u P, — naBnenus, Ila;
0 — TIOTHOCTb, KI‘/M3;
2
f — mmomane, Mm°.

Koadduiment pacxona sisisiercs GpyHKIUEH MOAYISI U KPU-
Tepus PeliHombCa, T. €.

a =f (mRe). (4.28)

[Tpu u3mMepeHnn pacxoaa CxkUMaeMbIX cpejl (Ta30B U MapoB),
O0COOCHHO TIpH OONBIINX TEpenagax IaBICHUN B CYXKarolleM
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yCTpOiicTBE, HEOOXOMMO YUUTHIBATh YMEHbBIIIEHUE TUIOTHOCTH P,
BbBI3BBAHHOC CHMIXXCHUCM JABJICHUA IIPU IHMPOXOKIACHUU YCPEC3
CYXKaroIllee yCTPOICTBO, IOATOMY MAaCCOBBIH, a TAK)KE OO BEMHBIIT
pacxojl, OTHECEHHbII K HAYaJIbHOMY 3HAYEHUIO O, HECKOJIBKO
YMCHBIIUTCA.

Bpemsi mpoxoxkzneHuss razoB M IapoB 4epe3 CyKarollee
YCTPOWCTBO HACTOJIBKO HE3HAYUTENIBHO, YTO MX C)KATHUE W IO-
CJIeIyIOlee pacIIupEeHUe MPOUCXOIAT MPAKTUUECKU Oe3 oOMme-
Ha Temjia ¢ OKpYyKawleh cpemoit, T. e. aguabarudecku. [lo-
9TOMY YypaBHEHHUS pacxoja JUisi Ta3oB U IapOB COOTBET-
CTBEHHO B OOBEMHBIX M MACCOBBIX JIOJISIX UMEIOT BHU]I

Q=azf /(2 p)(P1-P,); (4.29)

Q, =aef [2p(P1-Py), (4.29 a)

rJie & — IOIPABOYHbIM MHOXUTEIb HA pacIlUpeHue u3mepsie-
MO cpe/ibl, Ha3bIBa€MbIil KO3(PPHUIIMEHTOM pacIIMpEeHus;
P1 — nmioTHOCTh MOTOKA MeEpes] BXOIOM MOTOKa B OTBEp-
CTHE CYXAIOIIETO YCTPOMCTBA.

VYpaBuenus (4.29) u (4.29 a) nedcTBUTENBHBI 10 T€X TOP,
[I0OKa CKOPOCTh IOTOKa B CYXAlOLIEM YCTPOWCTBE OCTAEeTCs
MEHbIIIe KPUTHUUYECKOH, T. €. MEHBIIIE CKOPOCTH 3BYKa B JIaHHOM
cpene. YpaBHEHHMs pacxoia JUlsl Ta30B M MapoOB OTIMYAOTCS
OT YpaBHEHUU pacxoja Il HEC)KUMAEMOM KUIKOCTH TOJIBKO
KodppuureHToM ¢. 3HaYeHUs: KodPPUIMEHTa paclIMpeHHs ¢
JUISL Pa3iIMYHbIX CYXKAIOIUX YCTPOMCTB M pa3HbIX CIy4yaeB M3-
MepeHus nansl B npuiioxkeHusx 'OCT 8.563.3-97 I'CU.

Pacxonomep (puc. 4.11) cocToUT U3 CIAEAYIOMUX OCHOBHBIX
qacTeil: U3MEepUTEIbHBIX Y4acTKOB TpyOonpoBoaa 1 1o u nocne
CYKAIOIIIETO YCTPOIMCTBA; CYKAIOIIETO YCTPOUCTBA 2; PacXomo-
MepHOro auddepeHnnaibHOro MaHoMeTpa 4; UHTErpupyoLe-
TO0 YCTPOMCTBA 5, OMpPEACNAIONIETO PacXoa 3a ONpeAeIICHHBIN
MIPOMEKYTOK BPEMEHHU (CMEHY, CYTKH); UMIYJIbCHBIX JTHHUN 3,
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CITyKaIUX JUIsi COCTUHEHUS ¢ AUPMAHOMETPOM H3MEPHUTEIh-
HBIX Y4aCTKOB TpyOOIpoBo/Ia.

- - -

T

+ &
1

Puc. 4.11. Pacxooomep

TpeGoBaHusi K HMCIOIHEHHIO W MOHTaXy H3MEPUTEIBHBIX
y4yacTkoB TpyOorpoBoja uznoxensl B 'OCT 8.563.3-97 I'CHU.
OTH TpaBUiIa YCTaHABIMBAIOT TPEOOBAHMUS K BBITOIHEHHIO
pPacXOJJOMEPHBIX YCTPONCTB MpHU UX pa3pabOTKe, MPOEKTUPO-
BaHUH, MOHTa)Xe, SKCIUTyaTallliy ¥ TOBEPKE.

CranpapTHble cy:kaoumue ycrpoiictBa. K crangapTHbIM
(HOpMaJTM30BaHHBIM) CY’KAIOIUM YCTPOMCTBAM OTHOCSTCS
nuadparMel, comna M TpyOsl BeHTypm, ynoBieTBopstomue
tpedoBanusM ['OCT 8.563.3-97 'CU. Onu cayxaT Ui u3Me-
peHHUsl pacxojia BellecTBa U HE MMEIOT MHIMBHyalbHOH Ipa-
IyUpoBKH. JlOmyCcTUMBIE WHTEPBAIBI AUAMETPOB TPYOOIPOBO-
0B D M OTHOCUTENBHBIX IUIOIMIAACH CYXAIOIUX YCTPOHCTB M
JIOJDKHBI HAXOJIUTHCS B CIEIYIONINX Tpeesax:

- 50mMMm <D <1000 mm; 0,05 <m < 0,64 g1 qua-
(dbparm ¢ yrioBeIM crioco0om oTOopa mepenaja J1aB-
JICHUI;

— 50 mMm <D <760 mM; 0,04 <m < 0,56 ania nuadpparm
¢ (hmantieBBIM crTOCOO0OM O0TOOpA Mepenaja JaBIeHU’;
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JTaMeTp OTBEpCTHs JuadparmMpl HE3aBUCUMO OT CITO-
coba otOopa nepenana aapaeanii d > 12,5 mwm;

— 50 mm < D; 0,05 <m <0,64 nis comen B ciaydae u3-
MEpEeHUs pacxojia rasa;

— 30 mm < D; 0,05 <m <0,64 nist conen B ciaydae u3-
MEpEHUs pacxojia >KHIKOCTH,

0,65 mm < D <500 mm; 0,05 <m < 0,60 nig conen

Bentypu; nuamerp orBepcTus comen U comnen Ben-

TYypu =15 MmMm;

Bentypu.
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Puc. 4.12. Ocnosnvie
2eomempuiecKue pamepul
KAMEPHBIX CIMAHOAPMHBIX

ouagpaem

50 mm < D <1400 MM, 0,10 <m < 0,60 mns Tpy6

B ciyuae uzmepenus pacxona rasa
OTHOIIICHHE a0COTIOTHBIX JIaBJICHUMN
Ha BBIXOJIE U3 CYKAIOIIETO YCTPOM-
CTBa M BXOZE B HEro JOJKHO OBITH
6ounpmie i passo 0,75.

[Tpu u3mepenun pacxoja razoB
U KUJKOCTEH JIOMyCKaeTcs Mpume-
HSATh KaK yIJIOBOH, TaK U (IaHIeBBII
crnocoObl oTOOpa mepenaga JaB-
JeHui Ha nauadparmMax U YrioBOH
croco0 oTOopa Ha Coriax.

Kamepnbie muagparmel (puc. 4.12,
4.13) NpUMEHSIOT Ui YCTAHOBKH
B TpyOompoBonax aumamerpom Dy
no 500 mm. CranmapTHeie Kamep-
Hble Tuadparmel obo3Havarores JIK,
a auckoBbie JIH. OObraHO B 0003-
HaueHUH jauapparM mocie OykB
YKa3bIBAalOT MaKCHMAaJlbHOE YCJIOB-
HOe JaBieHue P,, Ha KOTOpOe pac-
cunTana quadparma. Hanpumep, J1IK6
(Ha 6 kre/em?).
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JuadparMel npemHa3HauYeHBl U H3Mepe-
HHS Pacxoja >KUJKOCTeH, ra3oB, mapa 1o Me-
TOAY NEPEeMEHHOrOo Iepernana JaBleHUs C HC-
MOJIb30BAHUEM CTaHAAPTHBIX CYXXAIOUIMX YCT-
poiict o 'OCT 8.563.1-97, 'OCT 8.563.2-97,
I'OCT 8.563.3-97.

[Tpubopsl HCHONB3YIOTCSI B KOMIUIEKTE C
npeoOpa3oBaTeIsIMH Pa3HOCTH OABICHUS WIH
mupmanomerpamu. wmadparmer, KaMepHBIC

Puc. 4.13. Juaghpaema

KamepHas mooenetl
JIKC 0,6-200, JIKC 0,6-225 1 OeckaMepHbIe, YCTAaHABIIMBAIOTCA BO (IIaHIIe-

JIKC 0.6-250, JKC 0,6-300, ~ BPIX pasbemax TpyOOIIpOBOAOB.
JKC 0,6-350

JnadparMel MOTYT KOMITJIEKTOBATBCS COCYAAMH:

—  ypasHumenvHvoimMu xounoencayuonnvimu (CKM), mpegHazHaveH-
HBIMHM JUISl TIOJJIEPXKAHUsI TIOCTOSIHCTBA M DPaBEHCTBA YPOBHEH
KOHJCHCaTa B CHCTeMe, MepeAalolleil Iepemnaj — JaBlIeHUS
oT auadparM K TupMaHOMETPaM;

—  ypasuumenvnoivu (CYM), mpenHasHaue€HHBIMU JUIA AH(MaHO-
METpPOB IIPH U3MEPEHNH YPOBHS )KUAKOCTHU U IIepenaa qaBICHUs
WM pacxona ¢ TemnepaTtypoi ceoiie 100 °C;

— pazdenumenvnoivy  (CP), mpenHa3HadyeHHBIMU JUJISI  3aIlUTHI
BHYTPEHHHUX TMOJIOCTEH THU(PMaHOMETPOB OT HEMOCPEICTBEHHOTO
BO3JICHCTBHSI U3MEPSIEMBIX arpeCCHBHBIX CPEll MyTeM Mepenadn

N3MEPIACMOT0 AAaBJICHUA YC€PE3 PA3ACTUTEIIbHYO )KUAKOCTD.

Iepenan naBnenuii npu ¢aanmeBom crocobe oToéopa ciaeryer
U3MEPSTh Yepe3 OTAeNbHbIC IIMIMHAPHYECKHAE OTBEPCTHSI.

CraHgapTHBIE COIUIAa MOTYT TIPHUMEHSTHCS O€3 HWHIMBH-
IyaldbHOM TpaAyupoBKH B TpyOompoBonaax Dio > 50 mm mpu
ycnoBuH, 9to 0,05<m <0,65.

Corma 0co0eHHO yOOHBI ISl U3MEPEHUs pacxo/ia ra3oB U
neperperoro napa, eciu [(P1 — P2) [ Pp] <0,1, a taxxke st
MU3MEPEHUs pacxo/ia mapa BHICOKOTO JABIICHHUS U arpeCCHBHBIX
ra3oB B TpyOomnpoBojaax auamerpoM Dy < 200 mm. Ilo cpas-
HEHUIO ¢ auadparMaMud OHM MEHEe YyBCTBUTEIBHBI K KOp-
pO3UH, 3arps3HEHUSIM U 00ECIeYMBaIOT HECKOJBKO OOJIBIIYIO
TOYHOCTh H3MEPECHHUSL.

84




[Ipunuun paecTBUs 3akitovaeTcs B CIEAyIOUIEM: B TpyOo-
IPOBOJIE, TI0 KOTOPOMY HPOTEKAET KHUJKOE HIIU ra3000pa3Hoe
BEIIIECTBO, YCTaHABIMBAaeTCs auadparma, co3Jarolias MECTHOE
Cy)KeHHue IOTOoKa. BciencTBue nepexona 4acTd MOTEHLMAIb-
HOW SHEpruM JaBJICHHUS B KMHETHUYECKYIO CPEIHIOI0 CKOPOCTb
IIOTOKAa B CY)KEHHOM CEYEHHUU CTAaHOBUTCS MEHBIIE CTaTUYe-
CKOI0 JIaBJIEHUS IIepesl CYXKaloIMM YCTpPOHCTBOM. Pa3HocTh
ATHX JaBJeHUH (Tepenas AaBieHHs) TeM Ooublie, yeM OoJIbIie
pacxo]] MPOTEKAOLIErO BEIIECTBa.

CrangaprtHble comia BeHTypu MOryT npuMeHsTbCs 06€3 UH-
JUBHUYyaJIbHON TPayUpOBKH I JAUAMETPOB TPYyOONPOBOJIOB
20> 50 MM mpu 0,05 <m < 0,6 u pu dy > 20 Mm.

Comno Benrypu (puc. 4.14) coctout u3 npouiabHONU BXOA-
HOM 4aCTH, HWIMHAPUYECKON CPEJHEN YaCT! U BBIXOJHOTO KO-
Hyca. Como BeHTypu MOXeT ObITh JJIMHHBIM U KOPOTKHUM:
y NEepBOro HaumOOJIBIIMNA JHUAaMETP BBIXOJHOIO KOHYCa paBeH

JIMaMeTpy TpyOoIpoBoja, y BTOporo — MeHbiie. I[lepemnan
,I[aBJ'IeHI/Iﬁ CICOYCT UBMCPATH YEPE3 KOJIBIICBBIC KAMEPHI.
{2 %03dy

] L el ,ﬂl[qad,,u,»a.‘zd,,

Puc. 4.14. Ocnosuvie

5 2eomempuyecKue
napamempyl conen Benmypu.
| — xopomxoe;

Il — onunnoe

onam < 0,444,

npu m > 0,444

npoguib 8bINOIHAEMCS
AHANIO2UYHO CONILY C

m < 0,444

Bz

CranngapTHbie TpyObl BeHTypr MOKHO TPUMEHSTH B TPYOO-
npoBogax auamerpoM oT 100 mo 800 MM mpm ycnoBuw,
gyro 0,2< m <0,5. Tpyba BeHntypu Ha3bIBaeTCsi OAUHHOU, €CITU
HaWOOJBIINN MAMETP BBIXOJHOTO KOHYCA PaBEH JTUAMETPY
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TpyOONpOBOJa, WM KOPOMKOU, €CIU YKa3aHHBIA JHaMETp
MEHBIIIE TUaMeTpa TPyOOIrpoBoaa.

JlaBneHusl B TOPJIOBUHE M BXOJJHOM MaTpyOKe cieyeT oTou-

parthb 4epes3 OTBEPCTHS B CTECHKAX U Yepe3 YCPEIHAIOIINE KaMEPBI.

K npeumymiecrsam Tpy6 BenTypu ciieyer oTHeCTH MEHb-
LIYIO ITIOTEPIO JABJICHUS 110 CPABHEHUIO C MOTEPSIMU B CYXKaro-
LIMX YCTPOMCTBAX APYTUX THUIIOB.

PacxonomepHusbie nupmanomerpsl. Pacxonomepnsie aud-
MaHOMETPbl OOBIYHO YCTAHABJIMBAIOT COBMECTHO C auadpar-
MaMHy, Iepenaj OaBiICHUS Ha KOTOPBIX OJHO3HAYHO CBSI3aH
C pacxoJIOM Cpeibl, TPOTEKaoIIei 10 TPyOOIIpOBOLY.

Ha puc. 4.15 nmokazana npuHIIUIIHAIBHAS cxeMa AUPMaHO-
merpa tuna JICII-3, mpenHazHaue€HHOIO Uil HENPEPHIBHOIO
npeoOpa3oBaHus pacxoja BOJOPOIa, KHCIOPOa, OKCUIOB a30-
ta. Jubmanomerp [ACII-3 ¢ yHU(DUUIHUPOBAHHBIM BBIXOAHBIM
CUTHAJIOM COCTOUT M3 u3MeputenpbHoro Oinoxka Wb u mHes-
Maruueckoro mpeoOpazosarens [IWIIL. M3meputenbubiii 610K
HMMEET IIIOCOBYI0O U MUHYCOBYIO KaMeEpBhI, pa3AelICHHbIE OCHO-
BaHUeM /. B kamepax pacnosokeHbl YyBCTBUTEIbHBIEC 3JI€MEH-
Tbl — cuiibonbl 1 u 5 nuamerpom 20 Mmm. CunnbQOHBI ¢ OJHON
CTOPOHBI XECTKO CBS3aHBI C OCHOBAHUEM, a C IPYro —
¢ kiananaMu 2 1 6, CHaO)KEHHBIMH YITIOTHSIOIIMMHU PE3UHOBBI-
MU KoJiblIaMH. BHYyTpeHHsIs monocTs 4 y3ia cuiib(pOHOB 3aro-
HEHa KPeMHUHOpPraHMYeCcKOM KUIKOCThio. MI3MeHeHne oobema
’KHJIKOCTH, BbI3BAHHOE KOJIEOaHUSIMU TEMIIEpaTyphl, BOCIIPUHHU-
MaeTcss KOMIIEHCAIIMOHHBIM criib(oHOM 3. BriBoz ¢ phruara 8
W3 OCHOBaHHS YIUIOTHEH MeMOpaHou 9. JIBe ympyrue JIE€HTHI
YIEPKHUBAIOT pbldar 8 OT OCEBOr0 MNepeMelleHUs] NpU BO3-
JeicTBUU Ha MeMOpaHy pabouero nasieHus. Peraar 8 mpu mo-
mou peiyara 10 cBs3aH ¢ MHEBMOCHUJIOBBIM IpeoOpa3oBare-
nem [TUIL.

W3mepsiembrii miepenan aaenenust (P2 — Pi) BocnpuHH-
Maercsa cwibhoHamMu 1 m 5 m mpeoOpasyercs B mPOIMOPIHO-
HaJIbHOE YCHJIUE, KOTOpOe IpHu oMoy peyaros 11 n 12
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THEBMOCHJIOBOTO TpeoOpa3zoBaTessi ypaBHOBELIMBACTCS YCH-
meM F cunbdona obparnoii cBszu 17.

[Ipy u3MeHEHUU H3MEpseMOro Iepenajaa JaBIECHUS H3Me-
HseTcs yeunue N, IpoucXoAUT HE3HAUUTENIBHOE IEPEMELICHHE
PBIYaXXHOM CUCTEMBI M 3acilOoHKM 14 mHIuKaTopa paccoriaco-
Banus 15. MnnukaTop paccoriacoBaHusi nmpeodpasyer 3To Ie-
peMelleHre B YIPaBIAIOLIMI CUTHAN JTaBIEHUS CKATOrO BO3-
nyxa Ha BbIxoje ycuiurens 16.

BeixonHoi curnan ycunurens 16 mocrynaer B JUMHHUIO AM-
CTaHLIMOHHOW Tepenaun W B CHIb(OH oOpaTHOHM cBsizm 17.
3Ha4yeHHEe BBIXOJHOIO CUTHANA Pg,,, NPONOPLUOHATIBHOE H3-
MepsieMOMY Nepenaay AaBJIeHUs, U3MEHSIETCSI BAHTOM HacTpOii-
k1 13. B pacxogomepax nepeMeHHOro nepenasja J1aBieHui mpu-
MEHSIOT MEXaHMYECKHE, DJIEKTPUYECKHE M ITHEBMATUYECKUE
CUETYUKH.

A

ARaawwne

W

Puc. 4.15. ﬂu(ﬁMaHOMmp JICII-3
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Ha puc. 4.16 nokazana npuHIMNHAIbHAS CXeMa ITHEBMaTH-
4eCcKoro uHTerpupyomiero npudopa tuma [TMK-1.

JleiicTBHE MHTETPUPYIOLIETO MPHUOOPA OCHOBAHO HA MPUHIIU-
€ CWJIOBOW KOMIICHCAIlMU. Y CHJINE HAa MPUEMHOM 3JIEMEHTE-
cuibQoHe 1, BO3HHUKaOIEE OT BXOAHOIO IHEBMATUYECKOTO
CUTHAJIa, HETIPEPHIBHO YPABHOBEIIIMBAETCS YCUIIMEM, pPa3BUBae-
MBIM LIEHTPOOEKHBIM PEryJISTOPOM /, YCTAHOBIEHHBIM Ha PO-
tope 8. CkopocTh poTopa (M HEHTPOOEKHOTO PEryasiTopa), Mpu-
BOJIMMOTO BO BpaIllEHHE CTPYEH CKATOro BO3/1yXa, BhITEKAIOIIIe-
T'0 U3 Pa3roHHOTO COIUTa 6 MHEBMOpeTe 5, 3aBUCUT OT JIaBIICHUS
B CHCTEME «COILI0 — 3acioHkay (3, 4), 3a30p KOTOPO# Mporop-
[IMOHAJICH MTEPEMEIICHUIO TPUEMHOTO CUITb(OHA.

J
¢ 2
: 7
g 8 8 1
W . T6pertennan om
? 7Y 1| le Gugpmarnomempa
= q
A _flumanue /2N P Qooooa
o , 1 {O)) ) :
—
° Ah JVFP

28
i

Puc. 4.16. llpunyunuanvrasn cxema nHeBMaAmu4ecKko20 UKMespupyoue2o
npubopa muna ITHK-1

[Ipu omnpeneneHHON CKOPOCTH BpaIEHHS, COOTBETCTBYIO-
el U3MepsieMOMY pacxoy, CHIIbI, TPUIIOKEHHBIE K phryary 2
CO CTOPOHBI CHJIB()OHA M CO CTOPOHBI IIEHTPOOEIKHOTO PeryJs-
TOpa, ypaBHOBeUIMBalOTCs. Bpamienue potopa 1eHTpoOeKHOTO
perynaropa nepeaaeTcsi Ha OCh cueTdnka 9.

CkopocTh BpamieHus poTopa CBsi3aHa JTUHEHHON 3aBUCHUMO-
CTBIO C PAacXOOM, B TO BpeMs KaK CHUTHAIl OT Au(MaHOMETpa,
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HOCTyHaIOH_[I/Iﬁ Ha BXOJ HHTETparopa, HaxXOAUTCA B KBaJpa-
TUYHOU 3aBUCUMOCTHU OT pacxoia. B mpubope mpoucxoauT aB-
TOMAaTUYECKOE U3BJICUEHUE KOPHS B CIEAYIOLIEM MOPSIKE.
BeixogHOW cHrHai, a ciegoBaTENbHO, U CHJIA CO CTOPOHBI
MPUEMHOT0 CUIIb()OHA, CBA3AHBI KBAAPATUYHON 3aBUCUMOCTBIO
¢ pacxogom Q
2
P =1(Q). (4.29)
[lenTpoOexxHas cuiia, a ClIeI0BATEIbHO, U YCUIIUE LIEHTPO-

OCIKHOTO pErylsaTopa, CBA3aHbl KBAJAPATHYHOU 3aBHCUMOCTBIO
CO CKOPOCTBIO BpAIlICHHS POTOPa W

2
N =f(Q). (4.30)
HO, KakK YKaSI)IBaJIOCL BBIIIIC, OTH CUJIbI HpI/I YCTaHOBI/IBHIeM'

Cs BpalllCHUM PAaBHLI: P= N; CJICA0BATCIbHO, PACX0 JIMHENHO
CBs3aH CO CKOPOCTBIO BpallICHUA pOTOpPa

Q="1(w). (4.31)

[Toxa3zaHus cyeTyuka Mpu J0OOM MAaKCUMaJbHOM pacxoje,
cooTBeTcTByIoLIeM BxoaHoMmy nasieHuto 100 xIla, B Teuenue
1 4. u3mensitorest Ha 120 equnun. [loatomy, 4TOOBI HANTH HC-
THUHHBIN pacxo] 3a JIto00H MPOMEKYTOK BPEMEHH, HE0OX0IUMMO
Pa3HOCTh MOKAa3aHUN CUETYMKa, CHATYIO 3a 3TOT MEPHOJ| Bpe-
MEHH, YMHOXXUTh Ha KO3()PUIMEHT, BETUYNHA U Pa3MEPHOCTh
KOTOPOTO JI0JIKHBI COOTBETCTBOBATH LLIKAJIE.

Jnist Gosiee TOYHOTO CHATHUS MOKa3aHUM B MpUOOpe UMeeTcs
JUCK TOYHOI'O OTCYETa, OJUH 000POT KOTOPOTIO COOTBETCTBYET
€IMHUIIE CUETUHNKA.

OcHoBHbIE IPABUJIA YCTAHOBKH U IKCILJIyaTallUHd PacXo/1o0-
MepoB. 3anojHeHue Ju(MaHOMETpa YpaBHOBELINBAIOIIEH KU~
KOCTBIO, €70 MOHTaX U MOJKITIOUEHUE K COETUHUTEBHBIM JIMHUSIM
JUISL U3MEPEHHUS Meperaja JaBiIeHU Ha CYXKAOIEM YCTPOKCTBE
CIIEAYET IPOU3BOINUTD B COOTBETCTBUU C PyKOBOACTBOM IO MOH-
TaXy W SKCIUTyaTalluu Tpubopa, a Takxke Mo TpeOOBaHUSIM
I'OCT 8.563.3-97 I'CU. Beibop audmanomerpa Mo napamerpam
OKPYKArOIIeH CPe/Ibl U €r0 MPUMEHEHHUE JIJIs 3aJaHHBIX padounX
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YCJIOBUI M3MEPEHHS PAcX0a JOJLKHBI COOTBETCTBOBATH TPeOOBa-
HUSIM TEXHUYECKOM JOKYMEHTALUH 3aBO/1a-U3TOTOBUTEIISL.

JlonmyckaeTcs MOJKII0UYEHHE K OTHOMY CY)KAIOLIEMY YCTPOi-
CTBY ABYX M OoJiee 1u()MaHOMETPOB; MPH MPUMEHEHUH HHTETPH-
pyromux Anu(pMaHOMETPOB OJTHOBPEMEHHAs X paboTa He J0ITyC-
Kaetcsl. J{ormyckaercst oIKII0UEeHUE COEAMHUTEIbHBIX JIMHUN O
HOTO TM(pMaHOMETPA K COETUHUTEIBHBIM JIMHUSM PYTroro aud-
MaHOMETpA U MOJKJIIOYEHNE MAHOMETPA K «TUIFOCOBOM» UMITYJIb-
CHOM JINHUM TU(MaHOMETPA, €CIIM 3TO HE OKA3bIBAET BIUSIHUA HA
npotiecc naMepeHus. CoeAMHUTENbHBIE JIMHUN JJIs1 TOJKITIOUEHUS
JIEMEHTOB TEJIEMEXAHUKH JIOJDKHBI OBITh NPOJIOKEHBI OTJEIBHO
OT JIPYIUX COEAMHUTEIbHBIX JIMHUN 110 KpaT4yalllleMy paccTosi-
HUIO BEPTUKAJIBHO WU C YKIIOHOM K ropu3oHTtanu He menee 1:10.
JlinHa TMHUN He TOJHKHA NTPEBBIIIATh HauOOoJIbIIEeH OIyCTUMOM
JUIMHBI, YKa3aHHOW B PYKOBOZCTBE [0 MOHTAXY U 3KCILIyaTalluu
mupmaHoMeTpa. CoeAMHUTENbHBIE JIMHUU JO0JKHBI ObITh 3allu-
IIEHbI OT AEHCTBUS BHELTHUX HCTOYHUKOB TEIIa M XO0JI0/1a.

[Ipu wm3mepenun pacxoga ropsiaero Bemecta (t>100 °C)
HE00X0AMMO 00ECIeUnTh PABEHCTBO TEMIIEpaTyp B 00eHux co-
€IMHUTENbHBIX JIMHUAX. COeMHUTENbHBIE JIMHUN JI0JKHBI ITPO-
KJIa/IbIBaThCs TaKMM 00pa3oM, YTOOBI UCKJIFOUUTh B HUX CKOII-
JIEHUE BO3IYLIHBIX MY3bIPbKOB (MpU U3MEPEHUHN pacxoa KHj-
KOCTH) M KOHJIeHcaTa (TIpH U3MEPEHNH pacxo/ia raza Wil rnapa).
Jlig 3TUX 1eneil Ha COeAMHUTENbHBIX JIMHUSAX PEKOMEHIYETCS
yCTaHaBJIMBaTh T'a30COOPHUK UM OTCTOMHBIE cocyibl. [Ipu u3-
MEpPEHUH PACX0Ja arpecCUBHBIX CpeJ Nepeaada U3MepseMoro
JABJICHUs] JTOJDKHA OCYILIECTBISATBCS 4epe3 Pa3AeIUTEIbHYIO
KHUJIKOCTb, 3aJMBaeMyl0 B audmaHomerp. KuakocTh CIyKUT
JUIS 3allUThl BHYTPEHHUX MOJOCTeN AU(PMAHOMETPOB OT BO3-
JEeCTBUSA n3MepsieMol cpebl. B aTom citydae Ha ydacTkax co-
€IMHUTEJIbHBIX JIMHUN MEXIY NU(PMAHOMETPOM U CYXKAIOUIUM
YCTPOMCTBOM MOAKIIOYAIOT pa3JenuTenabHple cocyasl. KoH-
CTPYKLMHU pa3fesIUTENbHBIX COCYJI0B U CXEMbl UX YCTaHOBOK
cienyet BeiOupats o 'OCT.
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TpeOoBaHus K COeIMHUTEIbLHBIM JMHUAM /1151 ra30B. [Tpu
U3MEPEeHUH pacxoja rasa JupMaHOMETpP PEKOMEHAYeTCs ycTa-
HABIIMBATh BBIIIE CyKaiomero ycrpoiictea (puc. 4.17, a).
[Tpu pacnionoxeHnu nupMaHOMETPA HIDKE CYXKAIOIIEro yCTPOu-
CTBa JIOJKHBI [TPEeTyCMaTPUBATHCSI OTCTOMHBIE COCYIbI B HU3IINX
TOYKaX COCAMHUTEIIBHBIX JIHUM (puc. 4.17, 6).

Jlis  TOPU3OHTANBHBIX TPYOONPOBOIOB COETUHUTENbHBIC
JMHUM ClIeAyeT NOJAKI0YaTh K BEPXHEN MIOJIOBUHE CYXKAIOIIETO
YCTpOMCTBA.

[Ipu u3mepenun pacxoja napa J0HKHO ObITH 00ECIEUEHO I10-
CTOSIHCTBO U PAaBEHCTBO YPOBHEM KOHIEHCATa B 00EUX COSAMHU-
TENBHBIX JIMHUAX. DTO JOCTUTACTCS pa3MEICHUEM BOJIU3H CyXKa-
IOIIET0 YCTPOMCTBA YPaBHUTEIBHBIX KOHIEHCAIIMOHHBIX COCY/IOB,
KOTOpBIE BMECTE C Y4aCTKAMH COEAMHUTENbHBIX JTUHUN MEXIy
COCyZIaMH U J(pMaHOMETPOM 3aIONHSIOT KOHAEHCATOM (BOOH).

!

Qﬂf
2
a §

Puc. 4.17. Cxembl coeOUHUMENbHBIX TUHUL NPU USMEPEHUU PACX00A 2A3A.:
1 — cyarcarouee ycmpoucmeo, 2 — npodysounbill 6eHMUIb, 3 — GeHMUIb,
4 — oupmanomemp; 5 — omcmoiinwlii cocyo

TpyOku, coenuHsOIME CyXKalolIee YCTPOHCTBO C COCyAa-
MU, Ha y4acTKax BOJM3HM COCYIOB JOJKHBI Pacroaratbes
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TOPU30HTAJILHO ¥ HA OJTHOM YPOBHE. DTU TPYOKHU JIOJIKHBI OBITh
TEPMOM30JIHUPOBAHBI.

JlnpmaHnomeTp cremyeT pacrojiaraTb HIDKE CYXKarolero
ycrpoiicta (puc. 4.18, a). IIpu P > 0,2 Mlla nonyckaercs ycra-
HaBIMBATh JAW(MAHOMETP BBIIIE CYKAIOIIEro YCTpOicTBa
(puc. 4.18, 6). Jlannas cxema NMpUMEHMMa TaKKe TMPH Pacoso-
KEHUH Iu(MaHOMETpa HIKE CYKAIOIIEro yCTpoicTBa Ha pac-
crostHuu He Ooitee 1,5 M.

Puc. 4.18. Cxembl
COCOUHUMENbHBIX IUHULL

npuU UIMepeHUU pacxood napa:
1 — cyarcarowgee yempoiicmeo,
2 — ypasHumebHbulil cocyo:

3 — geumunn;

4 — npodygounvie eHMUNL,

5 — omcmotinwiii cocyo;

6 — ougpmanomeep;

7 — eazocOopHux,

5 — mpybra onsa chuea
B8 KoHOeHcama,
9 — mepmouzonayus
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Cxema, npuBefeHHass Ha puc. 4.18, 6, gomyctuma Impu
P <0,2 MlIla u paccTosHUM MEXAY TPyOOIPOBOJOM U cocya-
mu He Oonee 4 M. Ilpu 3TOM TpyOKH, COEAMHSIONINE CYXKAKO-
Ie€ YCTPOHCTBO C COCYJIaMH, JIOJKHbl MUMETh BHYTPEHHUI
IMaMeTp He MeHee 25 MM. YKazaHHbIe TPYOKH, a TaKKe COCy-
b1 JIOJDKHBI OBITH TEPMOU30IUPOBAHBI.

TpeGoBanusi K COeTUHUTEIBHBIM JTUHHUAM JIJIS1 2KUAKOCTEH.
[Tpu u3mMepeHnn pacxo/ia XKUAKOCTH AU(HMaHOMETP PEKOMEHTY-
€TCsl YCTaHaBIIMBAaTh HUXKE Cykarouero ycrpoiicrsa. CoequHu-
TEJbHBIC JIMHUU Ha BCEM MPOTSHKEHUU JIOJKHBI UMETh YKJIOH
B OJIHY CTOpOHY. B ciydae pacnonoxkenus qudpMaHOMeTpa BhIIe
CY’)KaIOIIETO YCTPOMCTBA B BHICIIUX TOYKAX JIMHUN HEOOXOAUMO
MOMEIIATh ra30COOPHUKH. J1J1s1 TOPU30HTAIIBHBIX TPYOOIIPOBOIOB
COEIMHUTEINIbHBIE TUHUU CIIEYET MOAKII0UaTh K HUKHEN 0JI0-
BUHE CyKarolero ycrpoiicta. [lepen nudmanomerpom peko-
MEHJ1yeTCsl yCTaHABJIMBATh OTCTOMHBIE COCY/IbI (HAa CXeMax MOKa-
3aHbl MyHKTHPOM). [IpuMeHeHne cocy10B 00s3aTeIbHO, €CIIU U3
M3MEepSeMON JKUIKOCTH BbINAIal0T OCAAKH.

[Ipy u3MepeHun pacxona ropsYux XKUAKOCTEH B COCIMHU-
TeNbHBIE JUHUU CIEAYyeT BKIIOYaTh YPaBHUTEIIbHBIE COCY.IbI,
o0ecreynBaroIye paBeHCTBO IUIOTHOCTEN KHUIKOCTH B TpyOax,
COEIMHSIOLIUX COCYbI C IPUOOPOM.

§ 4.5. PacxoaoMepbl NOCTOSIHHOTO Mepenajaa qaBJjeHuil

Haubonee pacmpoctpaHeHHBIMU TpUOOpa-
MU 3TOH TPYIIBI SBISIFOTCS PAaCcXOIOMEPHI CO
CBOOOJHO MepeMenIaouMcs B KOpIyce Mo-
IJIaBKOM (POTaMeTphI).

[MpuHNMIManpHAs cXxeMa poTaMeTpa MoKa-
3aHa Ha puc. 4.19.

Puc. 4.19. Cxema
pabomosl pomamempa
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IIpoxopsmui yepe3 poTaMeTp CHU3Y IOTOK KUJKOCTH WX T'a-
3a [IOAHMUMAET IOIUIABOK BBEPX JI0 TEX I10P, ITOKA PACLIAPSIIOIASCS
KOJIBLIEBAs LEJIb MEXTy TEJIOM IOIUIABKA U CTEHKAMU KOHYCHOMI
TpyOKH HE JOCTUTHET TaKOW BEJIMYMHBI, IIPU KOTOPOH JIEHCTBYIO-
LI{€ HA MOIUIABOK CUJIbI YPABHOBEILIMBAIOTCSA U OH OCTAHABIIMBACT-
Cs1 Ha TOM MJIM MHOM BBICOTE B 3aBUCUMOCTH OT BEJIMYMHBI PACXO-
na. [ Ipy HeM3MeHHOM pacxozie MOIIABOK HEMOJBHKEH.

B paOotaromem porameTpe MNOIIABOK IOJIHOCTBIO IOIpPY-
KEH B u3MepsieMyro cpeny. Bec morpyxenHoro mnortaska Gi
ONPEIEIAETCS YPABHEHUEM

G1=V, g (pn—po), (4.32)
rae V,, — 00beM MOIIaBKa;
Pn U p. — TUIOTHOCTH IIOIUIABKA U U3MEPSEMON Cpelbl CO-
OTBETCTBEHHO;
g — yCKOpeHHEe CBOOOHOIO MaJIeHHUS.

Cuna G,, aeiicTByloIIas Ha MOIUIABOK CO CTOPOHBI U3MEpsi-
€MOro IOTOKa, paBHA
G, = (Pl - Pz) Fo, (433)
rae P1 u P, — naBieHus cpeapl nepe NomIaBKOM U 33 HUM;
Fo — naubobiiee nomnepeyHoe ceYeHHe MOIIaBKa.

B cocrosiHumu paBHOBecHs (moruiaBok HenoiBxkeH) G = G,
T. €.

V.9 (pn — pc) = (P1— P2) Fo (4.34)
501051
P,—P,= Vng(pn —pc) / Fo. (435)
"3 MOJIYYCHHOI'O YpaBHCHUSA BHUJHO, YTO HE3aBUCUMO
OT IOJIOXKCHUA IOIIJIaBKa Ieperian I[aBJ'IeHI/Iﬁ Ha HEM IIOCTOAHCH
M HE 3aBHUCHT OT M3MEPSAEMOI0 pacxoa. IT0 OOBSICHIETCS IMO0-
CTOAHCTBOM CKOPOCTU H3MepﬂeMOI>i CpCAbl IpU U3MCHCHUUN €€
pacxoaa, 4To O6YCJ'IOBJ'IeHO N3MCHCHHUEM IUIOIIAaAN KOJBIIEBOTO
3a30pa MCKAY MNOIIJIaBKOM U TPY6K0ﬁ 3aBHCHUMOCTD MOJI0KEHUI
MOIUTaBKa OT U3MEPSEMOro pacxo/a JIMHeHHa. DTUM | Ompe/ie-
JIACTCA PaBHOMEPHOCTD HIKAJIBI pOTaMETpa.
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PoTameTpsl BBIIOMHSIOTCS CTEKJISIHHOW WIJIM MeTajuIhye-
ckoit TpyOkoi. Ha puc. 4.20 moka3an poramerp CO CTEKISIHHON
KOHHUYECKON TPyOKOH 3, 3aKPEIUICHHON B JIBYX METaJNTMYECKUX
ronoBkax 1 u 6, cHaOKEHHBIX CaTbHUKAMU U (prIaHIAMH IS
BKJIFOUEHUS] B BEPTUKAIBHBIM y4aCTOK TPyOOIIPOBO/IA.

Puc. 4.20. Pomamemp
CO CMeKIAHHOU MpPYOKOU

I'0n10BKM CTSAHYTHI O/1HA C APYTOH
HECKOJLKUMH TsAramMu 4, oOpa3yro-
IIMMH BMECTE C MOINEPEUHBIMU TS-
raMu 5 3alUTHYIO PEILETKY BOKPYT
CTEKJISTHHOU TPYOKH.

Buytpu tpyOku 3 cBOOOIHO TIE-
peMeIIaeTcs OIUIABOK 2, UMEIOIITHIA
¢dopmy Bonuka. B HuxHell rosuos-
K€ HaXOAWUTCS CEIJI0, Ha KOTOpoe
OIlyCKaeTcs MOIUIABOK IpH IpeKpa-
LHIEHUH TTOTOKA. BepxHsAs rosioBka
cHaOXeHa OrpaHHUYMTENIEeM XoJa
noriaBka. Ceayio U OrpaHuYUTeNb
X0J1a HE MO3BOJISAIOT MOIUIABKY BbIii-
TH 3a IPEJEIIbI CTEKJIIHHOM TPYyOKH.
[Ikana 7 npubopa BeITpaBiieHa Ha
caMo¥ CTEKJIIHHOM TpyOKe, OTcueT
BEIYT 110 BEPXHEN TOPU30HTAIIBHON
IJIOCKOCTH MOTIJIaBKA.

B BepxHel yacTH moruiaBka 4a-
CTO JENAI0T KOChble MPOpPE3H, KOTO-
pple TO3BOJIAIOT IOIUIaBKY Bpa-
IaThCsl BOKPYT BEPTUKAIBHOM OCH.

[Ipu BpaieHNM MOIMJIABOK LEHTPUPYETCS BHYTPU TPYOKH, He
COIPHUKACASCh CO CTEHKaMH, €ro YyBCTBUTEJIbHOCTH IOBBIIIA-
erca. PoTaMeTpbl cO CTEKISIHHOM TPYOKOW M3rOTaBIMBAIOT Ha
nasnenue, He npessimatomee 600 klla. ITpu Gonee BrICOKOM
JIaBJICHUH U3MEPSIEMOM CpEJlbl, a TAKXKe JJI1 U3MEPEHUs pacxo-
J1a 1apa MpUMEHSIOT POTaMETPhI C METAJUTMUECKON TPYyOKOH.
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Bo B3ppIBOONAcHBIX U MOKAPOOMACHBIX YCIOBUSX JUISL U3-
MEpPEHHUs pacxojia MPUMEHSIOT POTAMETPhl C MHEBMATUYECKOU
JUCTaHIIMOHHON nepenaueii (puc. 4.21).

[TpuGop coCTOMT U3 OBYX OCHOBHBIX YacTeil: COOCTBEHHO
poTaMeTpa M MEXaHUW3Ma IMHEBMATUYECKOW AMCTaHIMOHHOMN
neperavH.

Cob6CcTBEeHHO poTaMeTp HMMEeT KOHHUYECKUH MOIIaBoK 1,
madparmMy 2 U HWIMHAPUYECKYI0 METAJUIMYECKYIO0 TPYOKy 3
n3 cram X18HI9T. Mmerorcst MoJienin pOTaMETPOB C IMOILIAB-
KOM, IIepeMEeLIAloNIMMCs BHYTpU KOHYCHOU TpyOku. Ha mToke
4 3aKperuieHbl JBa MUWIMHIPUYECKUX MOCTOSHHBIX MarHura S,
oOpallleHHbIE€ OJIMH K APYrOMY OJJHOMMEHHBIMH I1OJTFOCAMH.

: 5

, d s

15 1, 7 [~5
S "’\4

25

23

22

Bzod
— Bvrzod
—

Puc. 4.21. Pomamemp ¢ nHegmamuueckoii OUCMAHYUOHHOU nepeoayell:
1 — nonnasok; 2 — ouagpazma; 3 — yununopuueckas Memaiiuieckas
mpyb6ka; 4, 25 — wmoxu,; 5 — eHympernnue mazHumuvl,

6 — mpybka uz Hemaznumno2o mamepuana,; T — HapyJHCHBIE MACHUMNDBL,

8, 12 — pwiuaeu; 9 — cmpenxa; 10 — msea,; 11 — yenogoii pviuae,

13, 19 — uennoxu, 14 — conno; 15 — demnepep; 16, 22 — manomempoi,
17 — dpoccenv nocmosinnozo ceuenusi; 20 — sbixoonoe conno; 21 — kamepa;

23 —wxana; 24, 26, 28 — cunvgonni
96



MarHuTsl miepeMeInaroTcst BMECTE C MOIUIABKOM BHYTPH TPYO-
KA 6, BBIMOJIHEHHON M3 HEMarHuTHOro marepuaia. CHapyxu
TpyOKy 6 OXBaThIBae€T BUJIKA, COCTABJIECHHAs U3 JABYX IJIOCKHUX
YKpEIUIEHHBIX Ha pbryare 8 Maruutos 7. [lepemerienne moriaBka
yepe3 MarHUTHYI0 My(Ty, 00pa30BaHHYIO BHYTPEHHHUMHU MarHu-
TaMH 5 U HapyXHBIMH MarHutam /, U pbluar 8 mepemaercs
cTpenke 9, moKa3bIBaOIIEH BETMYMHY PAcXo/ia Ha IIKaje 23.

MexaHu3M MHEBMATUYECKOW JUCTAHIIMOHHOM MEPENadn CO-
CTOUT U3 IHEBMOIIpeoOpa3zoBaressi, paboTaroIIero no MpUHIH-
Iy KOMIIEHCALlUM IepeMENICHUM, U IHEeBMopeie. Poramerpsl
3TOrO THIAa U3rOTOBIIAIOT Ha pabouee nasienue 6,4 Mlla; oc-
HOBHasl IOTPELIHOCTh HE MpeBbIAeT 3 % OT MaKCHUMaJbHOTO
JIeNICHHSI LIIKAJIbI.

YHUBepcaIbHOE HCIIOJIHEHUE JTaHHOTO Mpudopa
MO3BOJISIET UCTIONB30BaTh Pa3UYHbBIE TUIBI MPUCO-
eIMHEHUI B COOTBETCTBUH C PA3IMYHBIMH CTaHAAp-
TaMU. CTEKJISIHHBIM W3MEPUTENbHBIN KOHYC, 3alllu-
IICHHBIA METAJUIMYeCKHM PYKaBOM CO CMOTPOBBIM
CTEKJIOM, TIO3BOJISIET HANPSMYH CHHMATh ITOKa3a-
HUS pacxojia ¥ HaOJNI0aTh 33 CPEHoil.

JaHHBIT PUOOP MOIXOANT IS M3MEPEHHS pac-
xoxa ra3oB B cooTBerctBuM ¢ DVGW G260, uto
MTOITBEPKAACTCA CEPTHUPHUKATOM HCIBITATEIBHOMN
cranimn DVGW MHHctuTyta 10 HCCIIEIOBaHUIO
ra30BbIX OTOIMTEILHEBIX CUCTEM B I'. DCCEHE.

tl’
' .
4

Puc. 4.22. Pomamemp
6 CMEKIAHHOMKOpnYCe
VA 40

Xapaxmepucmuxu npubopa:

— IPOCTOM M JelIeBbIA NPUHLHUIT U3MEPEHUS: U3MEPEHHE PACXO-
Jla 1 0TOOpaXCHHE PE3yNIbTATOB HE TPEOYET BCIIOMOTAaTEIEHOTO
HCTOYHHUKA IMUTAHHUS;

—  aHanoroBbld curHai 4-20 MA, UCHIOJB3yeMbIN ISl 3aMIUCH WK
YIPaBJICHUS;

— COeAMHEHMs W3 HEp)KaBelomeW cTasm (OCTaJbHBIE MaTepHa-
JIbI — OTIIHOHAIBHO);
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pe3rboBOE, IUTAHTOBOE, (pIIaHIIeBOE, KIIEMMHOE COSANHEHIS,
Temneparypa npouecca or —20 go +100 °C;

pabouee nasnenue 10 7/10 6ap (B 3aBucumoctu ot DN);
BEepPXHHUHA Tpefen Mu3MepeHwmst ais skuakocreit — ot 0,4
1o 10 000 5i/9 (Boga — 20 °C);

BEPXHHI mpenen u3Mepenus it ra3oB — ot 7 go 310 000 /g
(Bozmyx — 20 °C, 1,013 6ap);

2 IpeJeNbHBIX EPEKITIOUaTes;

norpemHocts 1,0 % oT M3MepeHHOro 3HaYeHUsI B COOTBET-
creun ¢ VDI/VDE 3513-2 (qG = 50 %);

OpHMEHEHHE BO B3pbIBOOMacHbIX 30Hax (ATEX);

CHeaIbHOE UCIIONHEHUE JUIS MTUIIEBOIM U (apMaleBTHUECKON
MPOMBIIIICHHOCTH;

TJIa/IKasi IOBEPXHOCTh N3 HEPKAaBEIOIIEH CTau;

JIeTaJIN, KOHTAaKTUPYIOIINE CO CPEOH, MIMEIOT IapaMeTp mepo-
xoBaroctd < 0,8 MkM, Onaromaps 4eMy Ha HUX HPaKTHIECKH
He 00pa3yloTCsl OTIIOKEHHSI U OHH JIETKO OYHUILA0TCS.

Ha puc. 4.23 npuBeneHa NpUHIMUITH-

o albHasg CXeMa poTaMeTpa C 3JIEeKTpUde-

5::, ckoil  ddepeHmansHo-TpaHchopma-

3§ TOPHOM CHCTEMOM Nepenadn MoKa3aHui

§§ Ha pacctosHue. M3mepurenbHas yacTb

x nprOopa U3roToBJIEHA B BUJIE METAILIH-
—

— YeCKOro MUINHApa 1, B KOTOPBIH nmome-

nieHa auadparma 2. Bayrpu muadparmet
1 nepeMenaeTcs KOHYCHbIN MOIUIaBOK 3,
2 KECTKO COeTMHEHHBIH CO MTOKOM 4; Ha
BEpPXHEM KOHIIE IITOKAa YKpEIUIeH cep-
neyHuK 5 quddepenpaibHo-TpaHcop-

\_,.L\ MaTopHOro mnpeodpazoBatens. Cepieu-

HUK HAaXOIUTCS BHYTPH paSﬂeHHTeHBHOﬁ

Puc. 4.23. Pomamemp
¢ ougpgepenyuanvro-
mpaucpopmamopHvim
npeobpasosamenem

TpyOKH 6, Ha KOTOPYIO Ha/leTa KaTyIlKa
npeoOpazoBarens. becmkanpHbIE poTa-
METphl PabOTaIOT B KOMIUIEKTE C BTO-
pUUHBIME TP PepeHaIbHO-TpaHchop-
MaTOPHBIMH PUOOpaMHU.
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Poramerpsl ¢ anexTpuueckoii quddepenimansHo-TpaHcdop-
MaTOPHOM CHCTEMOW HW3TOTOBIIAIOT Ha pabouee JaBliCHHE
6,2 MlIla. OcHOBHas MOTPENTHOCTH KOMILIEKTa (Mpeobpa3zoBare-
751 ¥ BTOPUYHOTO Ipubopa) cocrasisieT 3 % OT BEpXHEro Ipe-
Jies1a U3MEpeHusl.

[IpencraBnser coOoOi cTaHIAPTHBIA POTAMETP
JUISL TEXHOJIOTMYECKHUX MPOLIECCOB U CEKTOpa IMpo-
W3BOJCTBA W3AEIMH JUIi M3TOTOBUTENEH KOM-
IUIEKTHOTO oOopyznoBaHus. B poramerpe usmepe-
HHE pacxoja >KHIKOCTEH M ra3oB MEXaHHYECKUM
METOJIOM COYETAaeTCsI ¢ BBICOKOTEXHOJIOTMIHBIMHU
KOMMYHHKAIIHOHHBIMI BO3MOXHOCTSIMU. MoOTyIb-
Hasl KOHIIETIUSA NMpHOOpa MPEeAroIaraeT BO3MOX-
HOCTh [JIOOCHAIICHUS. BO3MOXHO moOCHaIeHue
JIOTIOTHUTENbHBIMI MOJYJISIMHU 3JIEKTPOHUKH WIIN
UX 3aMeHa B JII000€ BpeMsi 0e3 MpepbIBaHHs TEXHO-
Jorudeckoro nporecca. Takum obpazom, ero GpyH-
KIMOHAJIbHOE HAIIOJIHEHHE aalTHPYETCs] K HOBBIM
Puc. 4.24. Pomamemp TpeOOBaHMUSIM: OT aHAJOrOBOTO U3MEPEHUs Pacxo-

H250 M40 Ja 0e3 JOMOJHHUTEIBHOTO 3JICKTPOIUTAHUSA 0
1(poBOI MHTETPaLlK B ITUHHYIO CUCTEMY.

[pubop H250 M40 wm3roraBnmBaeTcss W3 pPAa3IUYHBIX MAaTEPUAIOB
W JIOCTYIICH B pa3sHOOOpa3HbIX BepcHsx. [IpoduHbIi nerbHOMEeTaTHYeCKnit
pacxoioMep MOJKET TaKKe MPUMEHSTHCS B YCIOBHUSIX BBICOKOTO JABJICHMS
(mo 1000 Gap m36./ 14500 ¢yHT/KB. mroiiM u30.), BBICOKHX TEMIIEpaTyp
(ot =196 mo +400 °C / ot —320 mo +752 °F) wnu 1 arpecCUBHBIX pabodnx
cpea. OH axke TMO3BOJISIET OCYLIECTBISITh MOHTaX Ha FOPU30HTAIBHBIX WU
HHUCXO/AIIMX TpyOormpoBoaax auamerpoM 1o DN150/6". Takxke nocrymHa
CrielUajIbHasi BEPCHUsl ISl UCIIOJIb30BAHUS B TUTHEHUYECKUX MPUMEHEHHUSX.
[Tpubop BHIMOJIHEH B MCKPOOE30MACHOM M B3PHIBO3ALIMIICHHOM HCIIOJIHE-
HuK. HekoTopblie Bepcuu pacxojoMepa ¢ Npe/iesibHBIM BBIKIIOYATENeM U
AHAJIOTOBBIM BBIXOJIHBIM CHUTHAJIOM TOJXOJST JUIS UCIIOJIb30BAHHS B aBTO-
MaTHU3UPOBAHHBIX CUCTEMax 0€30MaCHOCTH.

Omauuumenvhuvle ocobennocmu npubopa:

— TpOCTOW W IKOHOMHYECKH 3()P(PEKTUBHBIH MOHTaX, BO3MOXK-
HOCTh M3MEPEHUS] M MHIMKALUH 0€3 JOIOIHUTEIHFHOTO UCTOY-
HUKa MUTaHHS;

—  YHUKaJbHas MOJyNbHas KOHLENIHUS M yI00CTBO OOCITyXHBa-
HUSL: TIPEEIbHBIE BBIKIIIOYATEIH, IBYXIIPOBOIHAS TEXHOJIOTHUS
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4-20 MA, cymmarop ¢ JXXK-gucmiieeM M MMIYJIBCHBIM BBIXO-
JIOM, TIPOMBIIUICHHBIC MPOTOKOJIBI CBSI3H;

YHHUBEpCaJbHas KOHIENIHS B3PHIBO3AIIUTEI: B3PHIBOHETIPOHH-
[[aeMOCTh U HCKPOOE30MacHOCTb;

pa3IMYHbIC MaTepHaITbl H3TOTOBIICHIS IEPBUYHOTO TIpeoOpazo-
BaTeJIs: Hep>KaBeIOIIas CTallb U CIUIABHI;

OIIIIMOHANBHO JOCTYITHBIN KOPIYC M3 HEP:KaBEIOMIeH CTaIH IS
KOPPO3HOHHO-aKTUBHBIX CPEII;

crerneHs npuieBiaro3amuTsl |P66 u IP68 / NEMA4X u NEMAG,
onuuroHansHo IP69K;

BEPXHUH Mpeae U3MEPEHUN I KUIKOCTEN

10-120 000 /4 / 5-32 000 ran/y;

BEPXHHUU IPEJel U3MEPEHUN JIs1 I'a30B

0,7-2 800 m*/u / 25-100 000 crauz. ky6. hyT/a

TUHAMHUYecKni auama3oH perynupoBanus 10:1 (onmmoHambHO
100:1);

norpeursocts 1,6 %;

MOJXOIUT ISl MCIIOJIb30BAHUS B ABTOMATH3HPOBAHHBIX CHUCTE-
Max 6e30MacHOCTH,

JIOCTYITHO TUTUECHUYECKOE MCIIOJHEHUE TS IPUMEHCHHUS B ITH-
IIeBO U (papMareBTHIECKOH MPOMBIIIICHHOCTH.

Tunuunvle chepvl npumenenus npubopa.:

XMMHUYECKas ¥ MHbIE MepepadaThiBaroIIie OTPACIH MPOMBIII-
JICHHOCTH;

paboTa ¢ npucankamu (Hanpumep, kataausatopsl, [1AB, nHru-
OUTOPBI IEHOOOPa30BaHHS, IMYIIEIATOPHI);

paboTa ¢ KHCIOTaMH, LIeNoYaMH, (GOCreHOM M HHBIMH XJIOp-
COJIEpIKAIIMHU M CEPOCOACPIKALIMMH BEIIECTBAMM;

paboTa ¢ KOHJIEHCATOM U OXJIQXKJAloLIel BOIOMH;

MHEPTHU3aINs a30TOM PE3epBYapOB M EMKOCTEH;

BBIOOPOYHBII KOHTPOJIb pAacX0/a JIJIsl aHAJIHU3a TEXHOJIOTHYe-
CKOT0 IIpoIecca;

O6apOoTHUpoBaHHE Ta3a B )KUIKOCTIX;

HedrerazoBasi HPOMBIIIJIEHHOCTb.

100




§ 4.6. IIpoune pacxogomepsbl

DJIeKTPOMATHUTHbIE PacXo0Mepbl. DTH PACXOAOMEPHI
MOJPA3JIENAIOTCSA Ha PUOOPHI C ANEKTPOMArHUTHBIM MIpeodpa-
30BaTeJIEM pacxoja M MpUOOPHI C AIMEKTPOMArHUTHBIMHU MTPe00-
pa3oBaTeIsIMU CKOPOCTH IOTOKA.

[Ipubopsl ¢ 3IEKTPOMArHUT-

s ‘g HBIM TIpeoOpaszoBaTeeM pacxoza

3 3 OCHOBaHbl Ha B3aMMOJCHCTBHN

7 X g \g ABMOKYHICHUCA XUAKOCTH C Ma}:-
Tt S 5 | HUTHBIM nojeM. 3To B3aMMOJCIH-
31F = CcTBHE IoauduHseTcs 3akoHy da-

B " S panesi, COrJacHO KOTOpOMY B

JKUJIKOCTH, TEpPECeKarolle mar-
N HUTHOE TIOJie, MHIYLHUPYyeTCs
O/J1C, nponopiroHansHas CKOpo-
CTH ABW)KCHUS JKUKOCTH.

IIpuHiMnuaneHas cxema dJeK-
TPOMAarHUTHOTO pacxoxomepa Io-
KazaHa Ha puc. 4.25. TpyOompoBoj ¢ mepeMeNarIeincss B HeM
KHUJIKOCTBIO TOMEIIEH B MarHuTHoe rnosie. TpyOonpoBoj u3ro-
TOBJISIOT U3 U30JISILIMOHHOTO MaTepuaa: i 3TOU 1eJIh UCTIONb-
3YIOT (PTOPOIUIACT, Y00HUT, PE3UHY U APYyrHe MaTeprabl B 3aBH-
CUMOCTH OT CBOMCTB U3MEPSAEMOM KUJIKOCTH.

N3BecTHO, 4TO B ABMXKYIIEMCS INPOBOJHUKE, IEpeceKaro-
IIEM CHJIOBBIE JINHUW MAarHUTHOTO MOJISI, MHAYKTUPYETCS AJIEK-
TPOJABUXKYIIAasl CHUja, BEIUYMHA KOTOPOW OIpEAENseTcs Io

dbopmyie

Puc. 4.25.Onexmpomacnumusiii
pacxooomep

E=BIv, (4.36)

rae £ — unayktupyemas B npoBoanuke J/C;
B — MarHuTHas UHAYKIHS,
1 — nnvHa MPOBOTHUKA;
V — CKOPOCTb JIBUKEHUS IPOBOIHUKA.
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B cnydae uzmepenus pacxoia ®KUAKOCTH MOYKHO 3aITUCaTh

E =B d Ve, (4.37)
riae d — BHYTpEeHHHI TUaMeTp TPyOOnpoBoa;
Vep — CpEeIHAA CKOPOCTh NPOTEKaHHs XMIKOCTH Yepe3

MOMEepEeYHOe CeYeHHe TPYObl B 30HE, WHIYKTUPYEMOl
S/C.

CreoBaTenbHO, 3JIEKTPOMArHUTHBIA PacXoOMep SBIISCTCS
M0 CYIIECTBY T€HEPaTOpOM, B KOTOPOM IPOBOJIHUKOM, Tepe-
MEMIAIOIIUMCA B MarHUTHOE T0JIE, CIIY>KUT JIEKTPOIPOBOTHAS
KUJKOCTh. [IpOBOIMMOCTD KHUIKOCTH JIOJDKHA OBITH HE HUKE
10°...10°° CMm, 4TO COOTBETCTBYET MPOBOJAMMOCTHU BOJOIPO-
BOJIHOM BOJIBI.

B crenku TpyOompoBoda IuaMeTpaibHO MPOTHUBOMOIOKHO
B OJTHOM ITOTICPEYHOM CEUCHUH BBEICHBI JICKTPOBI (3aIT0IITUII0
C BHYTPEHHHUM JuamMeTpoM TpyOsl). K anexTpoaam moakimoyaoT
KaKOW-T1M00 BBICOKOYYBCTBUTEIBHBIA W3MEPUTEIIBHBIN TIPH-
00p, IIKana KOTOPOTo IpaAyupoOBaHa B €IMHUIIAX CKOPOCTH UITU
eAMHUIAX pacxona. V3MmepuTenbHBI TPUOOP BBHIOUPAIOT
¢ GOJBIIIMM BXOJIHBIM COTIPOTHBIIEHUEM B COOTBETCTBUU C HEPA-
BEHCTBOM

ZSX >> ZZ)IC 1

rae Zg — BXOJHOE CONMPOTUBIICHUE U3MEPUTEITLHOTO TPHOOPa;
Z,, — COTMPOTHUBIICHUE )KUTKOCTH MEXIY dJIEKTPOIaMH.

[IpakTUueckn HE3aBHUCHUMOCTh MOKAa3aHWM pacxojoMepa OT
IJIOTHOCTH, TEMIEPATYpbl U 3JIEKTPOINPOBOJAHOCTH KUJKOCTHU
OTIpe/IeNIIeTCS] BHIOPAHHON BETMYUHON OTHOMICHUS Zg | Z,.
Uewm Oosbllie 3TO OTHOIIEHHWE, TEM BBIIMIE TOYHOCTh PACcXO0-
Mepa B OONBIIIOM MHTEpBAJIe U3MEPEHUs TeMIIepaTyphl, TIOT-
HOCTH, BSI3KOCTH U 3JICKTPOIPOBOJTHOCTH KHIKOCTH. Pacxom Q
orpeensercs 1no Gpopmyine

Q=F xy, (4.38)
rae F — nomnepednoe ceueHne Tpyosl.
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B kauyectBe M3MEPUTENHHOTO MPUOOpPA MOKHO HCIOJIB30-
BaTh MOTEHIIMOMETPHI UIN MUJLTUBOJIBTMETPBI.

KomrmuiekT 001enpoMbIIuIEHHOT0 3JIEKTPOMarHuTHOTO pac-
xogomepa (OMP) cocTout u3 mpeobdpazoBaress pacxo/ia u u3Me-
putenbHOoro 61oka. KoHCTpyKTHBHO mpeoOpa3oBareib BKIIIO-
YaeT JBa y3i1a — TpyOy u anekrpomarHut. [IpeobpasoBarens co-
JNEPKUT TaKXKe KOHTYp Ul IMOJAaBIeHUs TpaHchopmaTop-
Hou DJ1C.

DONEeKTPOMarHUTHBIE PACXOJOMEPhl HUMEIOT Psii MpeuMy-
miectB. [Ipexxne Bcero, oHM NPAKTUYECKH O€3bIHEPLIMOHHBI,
YTO OYEHb BAXXHO MPHU HU3MEPEHHH OBICTPOM3MEHSIOIINUXCS
pacxoi0B U MpPHU KCIOJIb30BAaHUU HUX B CUCTEMaX aBTOMaTHye-
CKOTO perynupoBaHusa. Pe3ynabTar u3MepeHus HE 3aBUCUT OT
HaJU4Ms B3BEIICHHBIX YACTHUIl B KHUIKOCTH M MYy3BIPHKOB rasa.
[Tokazanus pacxomoMepa He 3aBHUCSIT OT CBOWMCTB U3MepAEeMOil
XKHUJKOCTHU (BSI3KOCTH, TUIOTHOCTH) M OT XapakTepa moroka (Jia-
MUHAPHBIN, TYpOyJIECHTHBIN).

Bcenencreue nuHelHOW 3aBHcHMOCTH Bo3HuKaromein 2J1C
OT pacxojia IIKaja BTOPUYHOrO MpubOopa JHHEWHA. DIEeKTPo-
MarHMTHBIE PacX0JOMEphl 00ECTIEUNBAIOT U3MEPEHHE pacxoa
B uHTepBane 1-2 500 M/a u Goree npu TpyOonpoBoaax
¢ BHyTpeHHUM auameTpoM oT 10 mo 300 MM mpu JTuHEHHOM
CKOPOCTH JBM>KeHHs xuakoctH (Ve,) ot 0,6 mo 10 m/c.

[TpombinieHHOCTH BhIlTyckaeT OMP ¢ pa3nmu4HbIMU 3J1EKTPO-
MarHUTHBIMH TOJSIMHU BO30yxaeHusi. Pacxomomeps tumos 1P-
51, UP-51A, 4-PUM, 5-PVIM umeroT paBHOMEpHOE MarHUT-HOE
mosie BO30YXKIeHHUs. IJTO 00OecleunBaeT HE3aBUCHMOCTH II0-
KazaHU OT mpouis pacmnpeieneHus: CKOPOCTH TPU aCHM-
METpUYHOM TI0oTOKE. Pacxomomepnl TumnoB «Muaykuusa-51»
u «Mayknus-M» UMEI0T HEOJHOPOAHOE MarHUTHOE MOJIE BO3-
OyxneHnsa. OCHOBHas MOTPEIIHOCTh, CYUTaeMas OT BEPXHETrO
npezesia U3MEpPEHusl Mo TOKOBOMY BBIXOJHOMY CHUTHANy pac-
xopomepoB tunoB MP-51, HUP-51A, «Munykuusa-51» (¢ Dy
1o 300 mm), paBHa =1 %.
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Puc. 4.26. Dnexmpo-
MaSHUMHBLLL pacxodomep
Tidalflux 2300 C
0/ UsMepenUst pacxooa

68 UACMUYHO-3ANOJIHEHHbIX

OnextpomarHuTHEIA pacxomomep Tidalflux c
BCTPOCHHOW OECKOHTAKTHOW CHCTEMOW W3-
MEpEeHHUS YPOBHsI 00ECIEYNBAET TOYHOCTh M3Me-
peHHMs pacxo/ia B YaCTHYHO 3aII0JHEHHBIX TpyOax.

Tidalflux obecrnieunBaeT HaICHKHOCTD U3MEpPE-
HUH TIpH 3aITOTHEHUH TIOTIEPETHOTO CEYCHUS TPY-
661 ot 10 mo 100 %. BMoHTHpOBaHHBIE B TPYOy
JATYNKH YPOBHS HE BXOASAT B KOHTAKT C XKHUIKO-
CTBIO W TIO3TOMY HEUYYBCTBUTEIBHBI K KUY
WITH MacITy, HAXOJSIIIIMMCS Ha TIOBEPXHOCTHL.

[Ipubop mpuMeHseTCs U1 9aCTHYHO 3aI0J-
HEHHBIX TpyO IpU U3MEPEHHH pacxoja CTOKOB,
JIMBHCBBIX CTOKOB, (beKaJ'H)HLIX U XU-MHUUYCCKUX

mpy6onposodax CTOKOB. MOXeT MPUMEHSTHCS ISl TPYOOIIpOBO-

nos 1o DN1600/64".

Ipeumywecmea npubopa:

BBICOKAsl M3HOCOCTOMKOCTh M YCTOWYHMBOCTh K XHUMHYECKOMY
BO3JICHCTBHIO;

M3MEPEHUS] BO3MOXKHBI TP 3aMIOJHEHUN M3MEPUTEIHHOW TPYyOBI
ot 10 mo 100 %;

0ECKOHTAaKTHAas CUCTEMa KOHTPOJISl YPOBHSI 3aII0JIHEHHUS H3Me-
pUTENBHO TPYObl, HEUYBCTBHUTENIbHAS K 3arPSA3HEHUSIM;
M3MepHTEIbHBIE AIIEKTPO/IbI pacnoaratores Hike 10 % yposHs 3a-
TIOJTHEHHS], TO3TOMY 3arpsi3HEHNE CTAHOBUTCSI MAJIOBEPOSITHBIM;
npubop He TpedyeT KaJuOPOBKHU 10 MECTY SKCILTyaTalluH.

Texnuueckue xapakmepucmuku.

norpeiHocts ot =1 %;

ycnoBHbIi auameTp 200—-1800 mm;

(yTepoBKa 13 MOJIMypeTaHa;

eKTpobl «Xactenoity C22, HepkaBeromas cTajb;
Temreparypa cpezpl ot —5 no +60 °C;

BBIXOJIHBIC ~CHTHAIBI: TOKOBBIA, WMIIYJIBCHBIH, COCTOSIHUS,
HART®, FF, Profibus PA, DP, Modbus.

Obnacmu npumenenus npubopa:

B KaueCTBE 3aMCHBI JIOPOTUX KOHCTPYKIUHA C CU(POHHBIMHU TpPY-
0aMu 1S YaCTUYHO 3aII0JTHEHHBIX TPYO;

paboThl Ha OOBEKTaX BOJOIIOJB30BaHUS, MpH 00paboTKe CTOY-
HBIX U TIOBEPXHOCTHBIX BOI;

paboTa ¢ OMOJIOTHIECKUMH 1 XUMHIECKUMH CTOYHBIMH BOJIAMHU.
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TypOunublie pacxogomepsnl. TypOUHHBINA pacxomomMep —
cueTurk raza «Typracy, npeaHa3sHayeH JUIs W3MEpEeHus o0b-
€MHOT0 pacxoja u ydera 00beMHOr0 KOJMYECTBA MPUPOTHOTO
roproyero rasa (merana). OH OCHOBaH Ha IIPUHIIUIIE BPALICHUS
HATEKAIOLIUM IMOTOKOM T'a3a U3MEPUTENbHON KPbUIbYATKU. YT-
JI0Basi CKOPOCTh KPBUIBUATKU MPE0OpPa3yeTcsi B AIEKTPHUECKHUE
UMITyJIbCHBIE CUTHAJbI, YacTOTa CJIEJOBAaHUS KOTOPBIX IPO-
MOPIIMOHATIEHA 00BEMHOMY PacXoy.

Kommekt pacxomomepa cuetunka «Typrac» cOCTOUT H3
TypOUHHOTO TpeoOpaszoBaTens (JaTurka) OOBEMHOTO pacxoja
ITPT" u s;ekTpoHHOTO OJI0KAa U3MEPEHHS.

Psan mpubopoB BKIFOYAET TMATH TUIIOPA3MEPOB Ipeodpa-
3oBatenied mo mpenenam wm3mepenus: [IPI'-100, TIPI'-200,
[TPT"-400, ITPT-800 u ITPT-1600. KoncTpykius npeodpazoBa-
tens tuna [1PI'-400 nokazana Ha puc. 4.27.
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Puc. 4.27. Ilpeobpazosamenv-cuemuux « Typeac»
(nosicnenus 6 mexcme)
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[IpeoOpa3zoBarens pacxona MPEACTaBISET COOOW LMIIMH-
apudeckuid kopryc 1 ¢ ¢nannamu, B MpOTOYHON YacTH KOTO-
pOro MOCJENOBATEIbHO IO TMOTOKY PACHOJIOXKEHBI MepeIHui
HanpaBisomui ammapar 18 u omopa 16, BHYyTpu KOTOpOIt
npoxoauT Ban 14 ¢ nByms mapamu noAmMIHUKOB. Ha kaxmoit
[ape BpaIlalOTCs HU3MEpPUTENbHAsT W IPUBOJHAs BUHTOBBIE
KpbuthuaTku 13 u 17. Jlanee ycTaHOBIICH 3aJHUI HaAIPaBJIsAIO-
it anmapar 12. Brynka 11 k 19 cmyxar mis cTaruBaHUs
B OCEBOM HAIIPaBJICHUU Y3JIOB K JETAsIM MPOTOYHOH YACTH
IIPI". IIpoTro4Hass 4acTh pas3AeiieHa Ha JBa TPAKTAa: OCHOBHOM
KaHal 6, B KOTOPOM BpalllaeTcsi U3MEepUTeIbHas KpbUIbUYaTKa,
1 KOHLEHTPUYHO OCHOBHOMY OailiacHbIii KaHajl /, B KOTOPOM
pacrosoKeHa MPUBOAHAS KPbUIbYaTKA.

Cucrema 1py6 5, 9, 10 BMecTe ¢ BIycKHBIM IITyIepoMm 4
CILY>KMT JUIS IOAaYu Maclia K MOALIUITHUKAM, JIJIS1 TOr0 BMECTO
npoOk 3 Ha MEpUOoJ CMa3Kd YCTAaHABIMBAIOT MACJICHKY.
Bo Bxoanoi yactu xopnyca [IPI" mHaxonurcs Meraminueckas
cetka 2. MI3meputenbHast KpputbuaTKa 13 pacmonokeHa B 30HE
MarHUTOMHAYKIIMOHHOTO TpeoOpa3zoBarenst (pacloiokeH Ha
kopnyce IIPT) u siBisieTcs 4yBCTBUTEIBHBIM AJIEMEHTOM IPU
peoOpa3oBaHUU CKOPOCTH MOTOKA raza B AJIEKTPUUYECKHE M-
nynechl. [IpuBoaHast kpeuibyatka 17 pacnosioskeHa B Oaiimac-
HOM KaHajie ¥ CJIY’KUT JJIs BpallleHus Bana 14, ¢ KoTopbIM OHa
KECTKO CBs3aHa.

Ha paamanbHO pacmonokeHHBIX JIOMACTSIX onopsl 16 mepen
KpBUTbUaTKOW 13 yCTaHOBJIEHO KOJBIO 8, KOTOPOE BHIMOJIHSET
(GYHKIMU 3IIEMEHTa, YIy4YIIalollero Npu ero o0TeKaHuM ra3o-
BOW Cpelol XapaKTepUCTUKY Mpubopa, 4To 0OYCIOBIEHO BO3-
JeiCTBUEM OIpeielIeHHbIM 00pa3oM Kosblia 8 Ha BpalleHue
kpeitbuaTku 13. TpyOka 15 cimyxut s cOopa W cimBa U3-
JIMIIKOB Macja U3 30HbI NOAILINITHUKOB.

Cpennuii pecypc pacxomomepa-cuetunka He meHee 10 000 .
BepositHocTh Oe30Tka3HON paboTel 32 2 000 4. cocTaBiser
0,95.
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YabTpa3sBykoBble pacxoaoMepbl. DTH PacXxoJOMEPHI OC-
HOBaHBl Ha CMEIICHHH YJIBTPA3BYKOBBIX KOJEOAHUN JIBUXKY-
LIEVCS JKUIKOCTRIO.

B TtpybOomnpoBo/e yCTaHOBIEHBI /1Ba UCTOYHUKA W JIBA TPH-
€MHHKa yJbTPa3BYKOBBIX KosiebaHui yactotor 1-3 MI'm. Ec-
JIY KUJKOCTh B TPYOOIPOBOIC HEMOBMKHA, TO MPU CKOPOCTHU
yIIbTPa3ByKa ¢ JUIUTEILHOCTD IPOXOXKACHUS UMITYJIbCa paBHA

t=1xc, (4.42)
rae I — PpacCTOAIHUC MCXKAY H3TYyHaTCIIsIMU U IIPUCMHHUKAMHA
yIbTpa3ByKa.

[Ipu nepemenieHnu KUIKOCTH CO CKOPOCTBIO V BpeMs Ipo-
XO0’KJICHHUS YJIbTPa3ByKa M0 HAIIPABJICHUIO MOTOKA t; M HaBCTpeuy
emy tp coctaBUT

t1= |1(C+V); t,= |2(C— V),
OTKy/1a
Atl - tz =2lv/ Ca. (443)
Orta Pa3HOCTL BPEMCHH MPOXOKACHUSA UMITYJILCOB IO IIOTO-
KY U IIPOTHUB IMIOTOKA ABJIACTCA MEPOU pacxoa.
HpI/I60pBI JAHHOTO THUIIA TPUMCHAIOT IJISI U3SMEPCHUA pacXo-

Ja TyJbIl TP MajbIX JuaMerpax TpyoompoBomoB (oT 10 mm)
1 ckopocTsx motokos He MmeHee 0,02 m/c.
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CdeTunKk TpenHa3HAYeH Uil H3MeEpe-
HUSI pacxoia IHTHEBOIM BOJBI, TOPSYETO
U XOJIOJHOTO BOJIOCHAOXEHUs, TerIo(pu-
Kal[MOHHOW BOJIBI, CTOYHBIX BOJ, He(Te-
MIPOXYKTOB M APYTHX >KUAKOCTEH, IpoTe-
KaoIMX [0 OJHOW (ABYM) MeTayuimde-
CKHM HAaIlOPHBIM, ITOJTHOCTBIO 3aIOJIHEH-
HBIM TpyOOTIPOBOIAM.

VYupTpa3BykoBoir pacxomomep PYC-1
paboTaeT OT ceTH IEePEMEHHOTO HapshKe-
Hus 220 B. Ucnone3yeTcs 11 u3MepeHus
pacxosa XOJOAHOW M ropsdyei BOJbI, CTO-
KOB, APYIHX XHIKHX Cpel, B TOM YHCIIE

. JIsI TEXHOJIOTMYECKOTO y4yeTa HeTernpo-
Puc. 4.28. Yaompazeyxosotii . ya (renp

Pacxo0omep-cuemuux AYKTOB. §
PYC-1 MaxkcuManbHbIi Anamerp Tpybompo-

Boma — 1 800 mm. Ilpubop moxer mo-

craBnsieTcsa kak BMecte ¢ YIIP (orpeskom
TpyOBl C YCTaHOBJIICHHBIMH NaTYMKaM#), TaK M B OeCTpyOHOM BapHaHTE
(3MeKTPOHHBIA OJIOK C JaTYMKaMH) JJISI CAMOCTOSTEIbHON BpE3KH B OCH-
cTByrOImiA TpyOompoBoa. Ilpu 3ToM HEOOXOIUMO HMETh COOTBETCTBYIO-
TIHe TPUCTIOCOOIICHISI — MOHTAXXHBIC KOMIUTEKTHI THIa [1P.

DTa MOIeNb pacxoJoMepa OTINYaeTCs MPOCTOTOW HACTPONKH, MHHH-
MYMOM HEO0O0X0AMMBIX onuuid. OOBIYHO HMCIOJIB3YETCS KaK CaMOCTOSTEINb-
HBIIT IpUOOp Ul U3MEPEHHsT pacxoja, HalpuMep, Ha MarucTPajbHBIX TPY-
6ompoBogax XO3AHCTBEHHO-TTUTHEBOI BOABI WJIM B COCTAaBE TEMJIOCUETUH-
KOB.

DJICKTPOHHBIA OJIOK pacxojoMepa OTOOpaXkaeT HAa WHIUKATOPE MIHO-
BEHHBIN MOTPEOIAEMBI pacxo/l, HAKOTUICHHBI 00BeM 3a Bce BpeMs pado-
THI, BpeMs1 pa0OTHI B HOPMAJIbHOM pekuMe. BBIXOIHBIE CHTHANBI: YaCTOTHO-
ummnyabeHbii 0-1000 (0-125; 0-4) ', ONIMOHAIbHO — TOKOBBIN BBIXOJ
4-20 (0-20; 0-5) mA.

Pacxomomep PYC-1 moxer oOCITyXHBAaTh JO IBYX TPYOOIPOBOIOB,
MPOU3BOJUTCS B pa3/ieIbHOM HCHOJHEHHWH, JJIEKTPOHHBIN OJIOK MOXKeT
YCTaHOBJICH B MOMEIICHNH omnepaTtopa 3a 200 METpoB OT MEPBUYHOTO IIpe-
obpazoBatens (YIIP).
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TEMA 5
KoHTpoab ypoBHS :KMIAKOCTEH
U CBINYYHMX MATEPHAJIOB

N3MepeHne ypoBHS KUIKOCTEM U CHIYYHUX TEJI OTHOCUTCS
K YHCIIy BCIIOMOTaTEIbHbIX KOHTPOJIBHBIX OIEpaluii, O3B0 -
IOLUX OIPENEATh KOJINYECTBO KHUAKOCTU WM CHIIYYEro Tela
B XpaHWJIUIIE JJI y4eTa IPOAYKTa U CUTHAJIU3ALMH O MEePEero-
HEHUU PacXoJIHbIX 0akoB M OyHkepoB. [Ipubopsl, nmpenHazHa-
YEHHBIE U1l 3TOM LI€NU, Ha3bIBAIOTCS YPOGHEMEPAMU UUUPOKO2O
ouanazona. T TPUOOPHl MUMEIOT HIKAIY C HYyJEM B Hadale
U JCJIECHUSIMH, UAYIIMMHU OT HYJS B OJHY CTOpPOHY. EnuHuIb
U3MEpPEHUS] — CAaHTUMETPBI, JELUMETPbI U METPHI.

Kpome Toro, uzmepenue ypoBHs HEOOXOIMMO Ui TOJIEP-
JKaHMs €ro Ha 3aJlaHHOW BbicoTe. B 3TOM citydae npubopsl mo-
Ka3bIBAIOT BEJINYMHY OTKJIOHEHHUS YPOBHS OT HOPMaJbHOIO IO-
JIO)KEHUS. U Ha3bIBAIOTCS YpOGHeMepamu Y3K020 OUana3oua.
[lkana nmpuOopa UMeeT Hylb MOCEpEANHE U AETCHUs, UAYyIIue
B 00€ cTopoHbl OT HyJsl. [Ipeaens namMepennit 0OBIYHO COCTaB-
ast0T oT £100 go £150 mM. Enunuie! usmepenus B y3KoM aua-
[1a30HE — CaHTUMETPbI U MUJUIUMETPBI.

§ 5.1. U3mepeHue ypoBHS KMIKOCTH

YcrpoiicTBa Uit M3MEPEHUs] YPOBHS KHUIKOCTH MOXHO MO
pa3zeNuTh Ha CIEIYIOIIHUE:

1) Bu3yasbHBIC;

2) TOIUIaBKOBBIE, B KOTOPBIX Ui U3MEPEHUS YPOBHS
VICTIOJIB3YETCS TOIUIABOK WIIM JIPYroe TeNo, HaXOZIs-
1ieecs Ha MOBEPXHOCTH JKUIKOCTH;

3) ruapocTaTHYecKue, OCHOBAHHBIC HA TMPHHIUIE CO-
OOIIAIOIIUXCSl COCYZIOB CO CPelaMH OMHAKOBOM WU
Pa3IUYHOMN TUIOTHOCTH TI0 CPABHEHHUIO C IIOTHOCTBIO
U3MEpSIeMOi CpeJIbl;
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4) SIIEKTPUYECKUE, B KOTOPBIX BEIMYMHBI JJICKTPHYC-
CKHX IIapAMETPOB 3aBUCSAT OT YPOBHS )KUIKOCTH;
5) ynpTpa3ByKOBbIC, OCHOBAaHHbIC Ha IPHHIMIIE OTpa-
JKEHUs 3BYKOBBIX BOJIH;
6) pamvoOM30TOIHBIC, OCHOBAaHHBIC HA HCIIOJIb30BaHHU
MHTEHCUBHOCTH IIOTOKA SIACPHBIX M3JIy4E€HUW, 3aBU-
CAIIMX OT YPOBHS JKUJKOCTH.
Busyaiabnble ypoBHemepsbl. IIpocreimuM usMmepurenem
YPOBHSI )KUJIKOCTH CITy)aT yKa3zaTelbHble cTekia (puc. 5.1).

X

a ] 0

Puc. 5.1. YVrkazamenvnvie cmexna:
a — npoxodsuezo ceema, 6 — ompadcamesbHO20 Ceemd,
6 — HeCKOJIbKO YKA3AMELbHbIX CIEKOJL Ha 6bLCOKUX Pe3ep8yapax

Pabota yka3aTenpHBIX CTEKOJ OCHOBAaHA Ha MPHUHIIUIIE COO0-
IIAIOLIUXCS COCYZIOB. YKa3aTelbHOE CTEKIIO COSTUHSIOT C COCY-
JIOM HUXKHUM KOHIIOM (VI OTKPBITBIX COCYIOB) HJIH OOOMMH
KOHIIaM (/17151 COCY/IOB € M30BITOYHBIM JIaBJICHUEM WU Pa3perKe-
HueMm). HaGmonas 3a mosioskeHueM YpOBHSI )KHJIKOCTH B CTEKJISIH-
HOH TpyOKe MOXHO CYAUTh 00 U3MEHEHHH YPOBHS B COCY/IE.

VYKazaTenbHble CTEKJIa CHA0KalOT BEHTWISAMU WM KpaHaMHU
JUIS OTKITIOYEHHUS! X OT COCyza M MPOAYBKU cucTeMbl. B apma-
Typy yKa3aTeJIbHBIX CTEKOJ COCY/IOB, pabOTAIOMIUX O] JIaBIe-
HUEeM, OOBIYHO BBOJSAT MPEIOXPAHUTENIbHBIE YCTPOICTBA, aBTO-
MaTHYECKH 3aKpPBIBAIOIINE KaHAIBI B TOJOBKAX MPH CITydaitHON
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nojioMke crekna. Ilnockue ykasarenbHble CTEKJIa PacCUUTaHbI
Ha naeneHue 110 2,94 MIla u remnepatypy 1o 300 °C.

VYkazarenpHble CTEKJIa HE PEKOMEHAYETCS YIIOTPEOIsITh AU -
HOMt 6osiee 0,5 M, TO3TOMY MPU KOHTPOJIC YPOBHS, U3MEHSIFOIIIE-
rocs 6osbiie uem Ha 0,5 M, yCTaHaBIMBAIOT HECKOJIIBKO CTEKOII
(puc. 5.1, 6) Tak, YTOOBI BEPX MPEABIIYIIETO CTEKIIa IEPEKPHIBAT
HU3 TOCIIEAYIOUIETO.

ITonnaBkoBble ypoBHeMepbl. UyBCTBUTEIbHBIM 3JIEMEHTOM
MOTJIABKOBOT'O M3MEPUTENSl YPOBHS SBJISIETCS MOMIABOK 1, ruta-
BAIOIIA HAa TIOBEPXHOCTH XUAKOCTH (puc. 5.2). [ToraBok ypas-
HOBEIIIMBAETCS TPY30M 2, KOTOPBIH CBSA3aH C MOIMJIABKOM TMOKUM
tpocoM 3. lonokeHue rpy3a OTHOCUTENBHO HIKAIBI OTPEIEISIET
ypoBeHb kuAKocTu. [Ipenensl n3Mepenus yCTaHaBIUBAIOT B CO-
OTBETCTBHH C NMPHUHATHIMHA 3HAYCHUSIMU BEPXHEro 4 M HUKHE-
ro 5 ypoBHEH.

Puc. 5.2. llonnaexosulii yposnemep

PaboTta mOMIaBKOBOTO 3JIEKTPUYECKOTO YpOBHEMEpa THIIA
HI1D (puc. 5.3) ocHOBaHa HAa MU3MEHEHUU TIOJIOKECHHS TOTIJIaB-
Ka, CBS3aHHOTO C TIOCTOSSHHBIM MAarHuTOM, THpU H3MEHEHUU
YPOBHA KHUAKOCTH. MaFHI/ITLI, OPHUCHTHPOBAHHBIC OAHOWMCH-
HBIMH TIOJIFOCAMHU OJIUH OTHOCUTEIHHO JAPYTroro, 00ecrneynBaroT
pu NEPEMCUICHUHN IIOIJIaBKa YIIPABJICHHWEC KOHTAKTHBIMU
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YCTPOMCTBAMU 4Y€pe3 I'epMETHUUHYIO CTEHKY. [Ipu moctrxkenuun
JKUJIKOCTBIO BEPXHETO MPEACIBHOTO MOJIOXKEHHUS HOPMAIBHO
3aMKHYTBIA KOHTaKT Pa3MbIKAETCs, & HOPMAJIbHO PAa30MKHYTHIN
3aMBIKAETCS.

,Z_Juammg LTIOMHREOMOG0
KaUEAR OmM Y00 12 MM
Puc. 5.3. Ilonnaexoguwlii snekmpuueckuti yposwemep muna JI15-1

YpoBHEMEpPHI ATOTO THUIIA BBIITYCKAIOTCS TPEX MOJUPHUKAIMHA.
[lepBuunblii mpeobpaszoBatens ypoBHemepa Ttuna JI19-1 co-
CTOUT W3 NOIUIaBKa / M MarHuTa 5, 3aKperyieHHOro Ha ocu 6
KpOHIITEHHA 4, pa3MEIIeHHOTO B JIUTOM AIFOMUHHUEBOM KOPITY-
ce 3. Ha n3onupoBaHHON KpbIlIKe 2, KPEMSAIMIUNACS BUHTaAMH K
KOpITyCYy JaT4yhKa, PacIoJIOKEH MepeKovarenb. B Kpeimike
IPEIYyCMOTPEHO CaJbHUKOBOE YIUIOTHEHHE 1 Juis 3aKperuieHus
Kabers.

YpoBuemepsl 1D uMeroT morpemHocTb cpadaTbIBaHUS
+3 MM. OCHOBHOM 3KCIUTyaTallMOHHBIA HEIOCTATOK IMOIIaB-
KOB — BO3MOXHOCTh KOPPO3HH H MPOTPABICHUS] TOHKUX CTEHOK
NOIJIaBKa, MPUBO/IIUX K €0 MOTOIUICHHIO. DTO OrpaHUYUBAET
001aCcTh TPUMEHEHHS TTOTNIABKOBBIX U3MEPUTEINICH YPOBHSI.
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YpoBHEMEPHI MOMITABKOBbIE MPEIHA3HAUEHBI JUIS U3-
MEpeHHsl YPOBHSI He(TEMPOILYKTOB U IPYTHX YKUAKOCTEH,
XPAHSIINXCS B IAIHHIPHIECKHX, CHEPUIECKUX U APYTHX
pe3epByapax (EMKOCTSX), HAXOAANIMXCS oA atMochep-
HBIM WM W30BITOYHBIM JaBJICHHEM. YPOBHEMEpPHI TIO-
TUIABKOBBIE 00ECIICUMBAIOT H3MEPEHHE YPOBHSI JKUIKOCTH
B HA3EMHBIX WX 3arTyOICHHBIX EMKOCTSIX, HAXOISIIHXCSI
B TIOMEIIICHHMH HIJTH Ha OTKPBITOM BO3yXE.

KoHcTpyKIust ypoBHEMEPOB TMOILIABKOBBIX 0becrie-
YHUBAET JIOCTOBEPHOCTh W3MEPEHUH TP HAJTWIUH TICHBI
B €EMKOCTIX.

Puc. 5.4. Yposnemeput
nonaasxkoswvie YIIII, VIIT

Texnuueckue xXapakmepucmuku nonjiasKkoeblx ypoeHemepos

JomycTumas pabodas cpela — JKHIKOCTH, HE arpecCHBHBIC K
cramu 12X18H10T I'OCT 5632-72, He conepxariue Gpeppomar-
HUTHBIX BKJIFOUEHUH, HE OTHOCSIINECS K KOKCYFOLTUMCS, MOJIH-
MEpU3YIOIINMCS, a TaK)Ke He 00Jajarolue aare3ueil ¢ moBepx-
HOCTSIMH TIOTIIIaBKA M Pa3IeIUTENIbHON TPYOBI;

TemrepaTypa paboueii cpenst — ot —40 1o +100 °C;

IUTIOTHOCTH paboueit cpexasl ot 400 mo 1800 KF/MS;

3HaYEHME YCIOBHOTO JaBiieHus pabouei cpeast 1o 1,6 MIla;
KHHEMaTH9IecKas BSI3KOCTh paboueii cpesl 10 1-10* MZ/C;
CKOPOCTb U3MEHEHUS U3MEPSIEMOI0 YPOBHSI 110 8,3* 10 m/c;
MIPUCOETUHEHNE K E€MKOCTH HPOM3BOJHUTCA C IOMOIIBIO MOH-
taxHoro ¢aanna DN 50 wa PN 25 u konduryparnmein 2
no 'OCT 12815-80.

3HaynTeNbHO OoJiee Ha/IeKHbI TOHYIIME MOIUIABKH — Mac-
cosble Oyiiku 1 (puc. 5.5). Ilpu u3aMeHeHUU ypoBHS KHUAKOCTU
U3MEHSETCS 110 3aKOHY ApXHMeaa JIEHCTBYIONIass Ha KOHEI[ Phl-
yara 2 cwia (Bec Oyiika) M COOTBETCTBEHHO HM3MEHSETCS MO-
MEHT CWJI, JEHCTBYIOIIMX Ha pblyar. M3mensrommuiica npu Ko-
ne0aHMUsIX YpOBHS MOMEHT cuil OoT Oyiika 1 mepemaercst yepes
BaJI 5, 3aKperieHHBIH B JOHBIIKE 6, Ha TPyOKy 4 M ypaBHOBE-
IIMBAETCSI MOMEHTOM €€ CKpYyYUBaHHUS.
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V3meHeHne yria CKpy4YMBaHUs TPYOKH, MPONOPLHUOHATIBLHOE
BEJIMYMHE YPOBHS, OYeHb HEBEIHKO. [103TOMY OOBIYHO HCITIOJB-
3YIOT YCUJIUTENU 2, Yallle IHEeBMaTHYeCKHue, COCAMHSIEMbIE
¢ noHbIIIKOM 6 peryarom 3. [[nmna Oyiika 1 3aBUCHT OT ycra-
HOBJICHHBIX 3HaUeHUM BepxHero BY u nuxxnero HY yposHei.

12|.f.41
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Puc. 5.5. Tonywuii 6yex

[IpyHnunuanpHas cxema ypoBHeMepa OyMKOBOIO IHEBMa-
tudeckoro tuna Yb-I1 nokaszana Ha puc. 5.6.

YpoBHeMep TpeAHa3HayYeH [JIsi HEMPEPHIBHOTO Mpeodpaso-
BaHUS YPOBHS JKUIKOCTH, HAaxXOJsAIIeicss moJ aTMochepHBIM,
BaKyyMMETPUUYECKUM WJIU M30BITOYHBIM JIaBJIEHUEM, B TTHEBMa-
TUYECKUM CUTHAJI JAMCTAHIIMOHHOW nepenayd. OH COCTOUT W3
YHU(DUIIMPOBAHHOTO IMHEBMOCHIIOBOTO TpeoOpazoBaTesisi U u3-
MEPUTETHHOTO OJI0Ka.

bylikoBbIe U3MEPUTENH YPOBHS HUCIOJIB3YIOT Yallle BCEro KaK
ycTpoiicTBa MHGOpPMAIIMK B CUCTEMAaX aBTOMATHYECKOTO pery-
JIMPOBAHMS, 3aIUTHl U CUTHAJIM3AIUH.

WuTepBan u3MepeHuss YpPOBHS TOIJIABKOBBIX M OYHKOBBIX
ypoBHeMepoB BeIOMparoT u3 psaaa: ot 0 go 0,25; 0,4; 0,6; 1,0;
1,6; 2,5; 4,0; 6,0; 10,0; 16,0 u 20 m. Kitacc TOUHOCTH MOXKET
oerte 0,6; 1,0; 1,6 m 2,5. [l y4eTHO-pacUETHBIX OTEepAIHi
YPOBHEMEPHI H3TOTOBIISIIOT C OCHOBHBIMU  ITOTPEIIHOCTSIMHU
ot +1,0 1o 10,0 mm (I'OCT 8.321-2013).
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10

Puc. 5.6. Yposnemep oyiixosoeo muna Yb-I1:
1 — npysrcuna koppexmopa nyna,; 2 — T-obpasuviii puruae;
T — noosudicuas onopa; 4 — nnesmopene;, 5 — conno; 6 — 3acl0HKA,
1 — I-06pasnwiii peiuae; 8 — curb@on obpamuoii céazu, 9 — puvluae;
10 — yygcmeumenvuwviil 1eMeHm

W3meputenbHblil OOK JaTyMKa TMPEACTaBIsSeT COOON phbI-
Ya)KHYIO CUCTEMY C YyBCTBUTEIILHBIM 3JIEMEHTOM B BHjIE Oyiika
10. Byek nojasemieH k peraary 9 BeiBoa yepe3 nmpu3My. BriBox
peryara 9 M3 MOJNOCTH PaboOyero MaBiI€HUs YIUIOTHEH OJHOU
ropoBoii Merannuyeckoir MeMOpanoil. HauanbHblil Bec Oyiika
YPaBHOBEUIMBAETCS CIELUAIBHBIM TPY30M, HAaBHHUEHHBIM Ha
Iiede JONOJIHUTENBbHOrO pbryara. OcHOBaHME UMeeT (hIaHel,
KOTOPBII CITYKUT JIJIs1 KPEIUIEHUS 1aTYNKa K OOBEKTY.

I'mapocraTnueckue yposHemepsl. K npocreiimmm ruapo-
CTaTUYECKUM M3MEPUTEIISIM YPOBHS KUIKOCTH OTHOCATCS IU(-
depeHunaabHble MaHOMETPHL. JndaHOMETpoM MOXKHO HU3Me-
PATh YPOBEHb B OTKPBITBIX M 3aKPBITBIX COCyZAaxX, T. €. B COCY-
Jax, HaxXOJAIIMXCS TOJ JdaBlieHueM U paspexeHueMm. Ha
puc. 5.7 moka3zaHa cxema TpyOHBIX CO€AMHEHU NPH U3MEPEHUN
YPOBHSL B OTKPBITOM pe€3epByape M YCTaHOBKa AuQaHOMETpa
HWXKE €ro JHA.
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Puc. 5.7. Cxema mpybnsix coedunenuii ¢ pazmeujenuem oupmanomempa
Huoice OHA pesepeyapa.
a — npu usMepenuu ypoeHs H#UOKOCU 8 OMKPbIMOM pe3epeyape;
6 — mo dice 6 pesepsyape, HaAX0OAWEMCsi RO 0ABJIeHUEM

[Ipu npumeHeHun AUGMaHOMETPOB Uil U3MEPEHUS YPOBHS
00513aTeJIbHO YCTaHABJIMBAIOT YPaBHUTENbHBIA COCY[, HAIoJI-
HEHHBIN 10 OIpPEICIICHHOIO YPOBHA TOM K€  JKHIKOCTBIO,
4YTO HAXOIUTCA B pesepByape. HasHaueHHe ypaBHUTEIBHOIO
cocyna — obecredeHne MOCTOSHHOIO CTOJI0a KHUJIKOCTH B OJ1-
HOM U3 KoJIeH audmanHomerpa. BeicoTa cronmba *HIKOCTH BO
BTOPOM KOJIEHE Ju(MaHOMETpa H3MEHSIETCS C H3MEHEHUEM
YPOBHS B pe3epByape. KaxknoMy 3HaueHHIO ypOBHS B pe3epBya-
p€ COOTBETCTBYET ONPEIECICHHBIN NEpenaj NaBJICHUs], TTOKa3bl-
BaeMbIil T1(HMAHOMETPOM, YTO MO3BOJISIET CYAUTD O MOJIOKEHUH
YPOBHSL.
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JlaT4uk ruapocTaTH4ecKoro JaBieHUs
(TmmpoctaTHdeckuii ypoBHEMEp HCIIOIb-
3yeTcsl 1A CIEAYIOIUX H3MEPEHUI:

— HU3BMEPEHHUE THUAPOCTATHUICCKOTO
JTABJICHUS B JKUJKHX M MACTO00-
pasHBIX cpefax s JOOBIX WH-
JKEHEPHO-KOHCTPYKTOPCKHUX 3a1ay4
U TPWIOKEHUH TEXHOJOTHH H3-
MEpPEHUi, B YaCTHOCTU B (papma-
LIEBTUUECKON W MHUUIEBOM IMpo-

Puc. 5.8. 'uopocmamuueckuii MBILUIEHHOCTH.

yposnemep Endress + Hauser — HM3MEpPEHME YPOBHS, 00bEMa HIIH
Deltapilot S FMB70 MACCHI JKHIKOCTEHA.

Ocobennocmu 2uopocmamuyecko2o yposiemepa Endress + Hauser
Deltapilot S FMB70

— OTIMYHAs BOCTIPONU3BOAMMOCTS U JIONTOBPEMEHHAs CTAOMIbHOCTD;

— repMmernyHas wu3MeputenbHas sueiika CONTITE™, oGecre-
YHMBAIOIAs 3aIIUTY OT BO3JACHCTBHS KOHJICHCATA U BIMSHUS KIIU-
MaTHYECKHUX YCIIOBHH;

— BBICOKasg cremneHb JmHeiHOCTH (MeHee 0,1 % ycraHOBIEHHOTO
JMana3oHa U3MEpeHui);

— BbICOKas 0a3oBas TouHOCTE: £0,1 %;

— MHHHMaJbHOE BimsiHUE Temreparypsl (meree 0,1 % ra 10 K);

— wmoxaynb namsta HistoROM®/M-DAT,;

— (DyHKUMOHAJbHBI MOHUTOPHHI BCEX KOMIIOHEHTOB, OT U3MEPH-
TEIHHOU STYESHKH 10 IEKTPOHHOTO OJI0Ka;

— OIEepaTHBHBIA BBOJ B 3KCIUIyaTallMio Onarojapsi BCTPOCHHOMY
MEHIO OBICTPOI HACTPOUKH;

— ynoOcTBO M 0€30MacHOCTh AKCIUTyaTallud Ha OOBEKTEe C IMOMO-
IIBI0 MEHIO, C HCIIOJIb30BaHKEM NpoTokosoB HART (curnan 4-
20 MA), PROFIBUS PA uiu FOUNDATION Fieldbus;

— pacmupeHHbIe QYHKIMHA THATHOCTUKH.

IIbe3omeTpuyeckue ypoBHeMepbl. OHM OCHOBaHBI Ha MIPHUH-
LIMIIE TMIPaBIMYECKOT0 3aTBOPA.

Jlns u3mepenust ypoBHst (puc. 5.9) HCHOIB3YIOT BO3AYX HIIH
MHEPTHBIN ra3 1Moj JaBJICHUEM, KOTOPBII MPOyBalOT YEPE3
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CJIOU XKUAKOCTH. KonndecTBo mpoayBaeMoro BO3JyXa OrpaHu-
yuBaT Auadparmoii D mim MHBIM cr1ocoOOM Tak, YTOOBI CKO-
pPOCTh JBUKEHHSI €ro0 B TpyOoInpoBoje Obula MUHUMAIbHO BO3-
MO>KHOHM. DTO MpUOIIIKACT K HYIIO IOTEPH Ha TPEHUE B TPYOO-
mpoBoJie nociie auadparmsl D.
YpOBEHb JKHUIKOCTH OIPENENSAETCS] 1O YCTaHOBHMBILEMYCS
nasienuio (P — Px) B cucreme:
P-P=H,«q,
OTKYy/1a
H=(P =P/ pag. (5.1)
Hasnenue (P — P,) onpexaensiercs mo Beicote h cTonbda »xui-
KOCTHOTO MaHOMETPA C 3aMbIKAIOMIECH KHUIKOCTHIO TNIOTHOCTBIO
Oy WIH JIOOBIM UHBIM criocoOoM. B cryuae nusmepeHus: ypoBHs
B COCYJIaX, 3allOJIHEHHBIX arpeCCUBHBIMH KHJIKOCTSIMU U rasa-
MU (puc. 5.9), o0s3aTeNeH HEPEPHIBHBIN MOABO BO3AyXa HIIH
WHEPTHOTO ra3a B 00¢ JIMHHHU, MOACOeANHsIeMble K AuddepeH-
UaTbHOMY MaHoMmeTpy. s HaOmroieHus 32 HEMPEPHIBHOCTHIO
Ha KaXJI0M JTUHUM YCTaHABIMBAIOT CTEKJISHHBIE KOHTPOJIbHBIC
cocynel KC ¢ BOISIHBIM 3aTBOPOM, TIO KOTOPOMY BHIHO JIBHIKE-
HUE BO3/yXa, UJIK POTaMETPBHI.

Puc. 5.9. Cxema nve3omempuiecko2o usmepenus ypogHsi.:
a — HeazpeccusHoll JHCUOKOCMU NOO OABNIeHUeM;
6 — aepeccugHoll AHCUOKOCIU NOO 0AGIeHUEM

KoanuecTBo mogBoAMMOro BO3AyXa YCTaHABJIMBAIOT PEry-
JUPYIOIIKUMU BeHTUIsiMU PB.
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[Tre30MeTpHUUECKIE YPOBHEMEPH HAXOMAT IUPOKOE MPHME-
HEHHE /ISl U3MEPEHHUS YPOBHS B IO/I3EMHBIX pe3epByapax.

JJIeKTpHYecKHe YpoBHeMepbl. B anexTpuyeckux ypoBHe-
MEpax YpPOBEHb JKUIKOCTH IMpeoOpasyeTcss B 3IIEKTPUUYECKUI
curHas. Hanbonee pacripocTpaHeHbl €eMKOCTHBIE U OMUYECKHE
YPOBHEMEDBI.

PabGoTa €MKOCTHBIX ypOBHEMEPOB OCHOBaHa Ha TOM, YTO
JURJIEKTPUUECKasl POHUIIAEMOCTh BOJHBIX PACTBOPOB COJIEH,
KUCJIOT U ILEeJNOoYed OTIIMYAeTCs OT AMAJIEKTPUYECKOH MpOHU-
IJaEMOCTH BO3/1yXa J10O0 BOJHBIX ITAPOB.

[IpuHnMnManbHas cXxeMa eMKOCTHOIO ypOBHEMepa MoKazaHa
Ha puc. 5.10. B cocyn ¢ xuakoctbio 1, ypoBeHb KOTOPO HEOO-
XOJUMO M3MEPHUTbh, OMYILIEH 3JIEKTPOA 2, TOKPBITHIA H30JIs-
LUOHHBIM MAaTepUaNoOM. DIIEKTPOJ BMECTE€ CO CTEHKAMHU COCY-
Ja o0pa3yeT LWIMHAPUYECKUH KOHJIEHCATOp, EMKOCTh KOTOPO-
T0 M3MEHSETCS MPH KOJeOaHUSX YPOBHS >KHIKOCTH. Bemnum-
Ha €MKOCTHU U3MepseTcs 3JEKTPOHHBIM OJIOKOM 3, KOTOPBIH Ja-
eT curHai B Osiok 4, mpeAcTaBisOLUNA cOO0N penelHbIi e-
MEHT (B CXeMaX CUTHaJIM3allUU JOCTHXKEHHs ONpEeeIeHHOIO
YpOBHSI) WM yKa3blBalOIMM mpuobop (B cXemMax H3MEpeHHUs

YPOBHS).
[TpyHIMO OEHCTBUS OMHYECKUX

— J CHUTHAJIN3aTOPOB OCHOBAH Ha 3aMbl-

-—1 KaHUUu BHGKTqueCKOﬁ eI uCTo4-

HMKa [HTaHUsS 4YePe3 KOHTPOJIH-

e _ '2 PYEMYIO CpeLy, MPeCTaBIAIONIYIO
N I

CcOO0OH  y4acTOK 3JEKTPUYECKOMH
o, 1enu, o0JIaNalIIe OnpeaesieH-
HBIM OMHMYECKHM COINPOTHBICHHUEM
(pacTBOpPBI KHUCIOT U MIENOYEH).
[IpakTHuecku OMHUYECKHE CHUTHA-
Puc. 5.10. Cxema usmepenuss. ~ TA3TOPBI  YPOBHSL MOTYT  OBITh
emkocmuvimu yposnemepamu  MIPUMCHCHBI IJId CPEA C IIPOBOJU-
MocTBI0 0T 2-:10° CM 1 BbILIE.
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[Tpubop mpencrapusier coOOW IEKTPOMATHUTHOE pelie, KO-
TOPOE BKJIIOYAETCS B LENb, 00Pa3yOLIYIOCS MEXIY JIEKTPOJIOM
U KOHTPOJHMPYEMbIM MaTepHaioM. CXeMbl BKIIOUEHHS peseii-
HOTO CHUTHAaJHM3aTopa ypoBHs (puc. 5.11) MOTyT OBITH pa3inUYHbBI
B 3aBHCHUMOCTH OT THINA OOBEKTa M YHCJIA KOHTPOJIUPYEMBIX

YPOBHEM.
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Puc. 5.11. Cxembi 8K1104€HUA OMUYLECKO20
PpeneliHozo CUSHAIU3amopa ypoGHs1:
a — O/l KOHMPOJisi 0OHO20 YPOGHsL, O — OJisk KOHMPOJisL 08YX YPOBHEIL,
8 — OJ1s1 KOHMPOSL 08YX YPOBHEU U eMKOCIMU U3 U30JAYUOHHO20 MAMEPUANA,
2 — 0151 KOHMPOsL Mpex YPOGHell
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Kotron 805 — nByXmpoBOAHOI ypOBHEMEp C IHTaHHEM
o TOKOBOW memiie. IIpy M3MEeHEHHH YpPOBHS JKHIKOCTH B
pe3epByape NMPOUCXOANUT M3MEHEHHUE JIIEKTPHYECKOH eMKO-
CTH, KOTOpas mpeodpasyercss ypOBHEMEPOM B YHH(UIIMPO-
BaHHBIN 3eKTpudeckuii curaan 4—20 MA.

Yporaemep Kotron 805 codeTaeT UCTIBITAaHHYIO TEXHOJIO-
THIO H3MEPEHNUS INEKTPHIECKON EMKOCTH C IIEPEAOBBIMH CIIO-
cobamMu 00pabOTKH CHTHANA B YA0OOCTBOM PaOOTHI IS TTOITB30-
BaTens. [Ipy MOBBIIEHNH W MOHM)KEHWH YPOBHS KUAKOCTH
B pe3epByape AIEKTPUUECKas EMKOCTb, CO3/1aBacMasi MEXIy
YYBCTBUTEBHBIM 3JIEMEHTOM M CTEHKOH pe3epByapa (MU 3eM-
JIeit), TaK)Ke MOBBIIIAETCS M MMOHIKAETCS. DTO U3MEHEHUE eM-
KOCTH IIpeoOpa3zyercst B IIU(ppOBOH CUTHAI JUIsl BBIBOJA Ha JMC-
et u nepenayu no HART, a Takxke B HAJIOTOBBII BEIXOAHON
] curran 4—20 MA.

Puc. 5.12. Yposnemep
emxocmnuwiti Kotron 805

Texnuueckue xapaxmepucmuru npubopa Kotron 805

— BeIxoaHow curnan 4-20 MA, HART;

— Temneparypa npouecca oT —196 o +540 °C;

— JmaBJeHue mporecca 10 345 6ap;

— TorpemHocTh u3Mepenui 0,5 %;

— JMama3oH u3MepeHui o 45 m;

— B3peiBo3ammuTa: uaa ExiallCT6;

— mpubop aTrTecToBaH Ha KMCIOJIb30BAaHUE B LEMAX HA/IC)KHOCTH
kiacca SIL 1/2 u SIL 2/3.

Ipumenenue npubopa Kotron 805

— cpena: MPOBOMSIIIE ¥ HETPOBOISIIUE KHUIKOCTH;

— cocypl: OOJIBIIMHCTBO TEXHOJOTHYECKUX COCYIIOB WM CKJIai-
CKHX pe3epByapoB, TEMIIEpaTypa U AaBJICHUE B KOTOPHIX COOTBET-
CTBYIOT XapaKTEpUCTUKaM yCTPOWCTBA;

— yCJOBUS: BCE NpPUMEHEHHMs, TpeOyroline W3MEPEHHUs YPOBHS MU
YOpaBJICHUS UM, IPH HAIWYMK [apa, NCHbI, TYpOYJIEHTHOU IT0-
BEPXHOCTH, IMy3bIPHKOB W KHUIICHHUS, NPH BBICOKOH CKOPOCTH 3a-
MIOJTHEHHUS ¥ OTIOPOXKHEHHSI, @ TAKXKE TP HU3KUX YPOBHSX.

Pagnonsoronnsie ypoBHeMephI. Y POBHEMEPHI C PaIUOU30-
TOIMMHBIMHU U3JIYYATCIAMU ACIIATCA HAa ABE I'PYIIIIbI:
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1) co cuensieit cucTeMo, Uil HENPEPHIBHOTO H3MEpe-
HUS YPOBHS,

2) cUrHaNM3aTopsl (MHAUKATOPHI) OTKIOHEHHS YPOBHS OT
3aJJaHHOTO 3HAYCHHUS.

[TpuHiMnManbHas cxeMa CIeAsLero ypoBHemepa Tumna YP
npuBeneHa Ha puc. 5.13. JlelictBue mpubopa OCHOBAaHO Ha
CPAaBHEHMM HMHTEHCHBHOCTEH IOTOKOB Y-JIydei, MpOXOIAIINX
BBIILIC MJTM HUKE YPOBHSI pa3zesia IBYX Cpejl pa3HOi IUNIOTHOCTH.
Kommiext npubopa cocTouT U3 Tpex OJI0KOB:

1) npeoOpa3zoBaresi, COACPKAIIETO UCTOYHUK M TPHEM-
HUK U3JIy4eHMUS;

2) DJIEKTPOHHOTO 0JIOKA;

3) moKa3BIBAIOIIEro MPUOOPA.

[TpeoOpasoBarenp Ha ¢uraHIax 4 MPUCOSIUHEH K BEPTUKAIb-
HbIM TpyOKaM 2, YCTaHOBJIEHHBIM BHYTPU O0BEKTa U3MEPEHMUS.
PacnionoskeHHbIN B TEpPMETUYHOM KOPITyCe MpeoOpa3oBaTeis pe-
BEPCUBHBIN ABUraTesb 6 uepes 4YepBsAUHYIO Nepeady / BpaiiaeT
OapabaH 5, Ha KOTOPOM yKpeIUIeHa cTaimbHas JieHTa 3. Ha koHmax
JIEHTHI CBOOO/IHO BUCAT UCTOUHUK U3Ty4eHUs 1 1 npueMHUK u3-
aydeHus 13. DNeKTpuIecKuii CUTHAI OT MIPHUEMHUKA U3TYICHUS
yepe3 ruOkuit kabenp 11 nepenaercs Ha ANEKTPOHHBIN OJIOK.

[Tpu nmepemMenieHnH NpUEeMHUKA Kabelb (UKCUPYETCSI B OI-
pEelleIEeHHOM TIOJIOKEHUH TpU MOMOIIM pojiuka 14 ¢ rpysom.
Jlenra 3 mpoxoauT Yepe3 3youaThiii poiuK 9, Ha OCH KOTOPOTO
pacIioyio’keH nepBUUHbIN cenbcuH 10.

BTropuuHblii ceNbCHH HaXOAUTCS B MOKAa3bIBAKOIIEM MTpHUOOpeE.
Ocb BTOPUYHOTO CEJILCHHA YePEe3 PEAYKTOP CBSA3aHA CO CTPENIKaMU
TIOKa3bIBAIOIIETro Mpudopa 12, KOTOphIi UMEET JBE IIKAIBL, TPaIy-
UPOBaHHBIE B METPaX U CaHTHMeETpax. B rmokasbiBaroiiem npudope
UMeETCsI MPeodpa3oBaTelb, MpeoOpa3yoInid YII0BOE MepeMeIiie-
HHE OCH BTOPUYHOTO CEJIbCHHA, PONOPIIHOHATIBHOE MOJIOKEHUIO
YPOBHS, B CTaH/IapTHBIN THEBMATUYECKUI curHai. CtanaapTHast
MHIYKIIMOHHAs KaTYIIKA CIIY>KUT JUJIsl CBA3H C BTOPUYHBIMU NIPH-
6opamu mrddepeHImaTbHO-TPaHCPOPMATOPHON CHCTEMBI.
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Jnst obecnieueHus paMallMOHHONW 3aIIMTHI MEPCOHANA TPU
TPaHCIOPTUPOBKE, MOHTAXKE U PEMOHTHBIX pab0oTax BHYTPH 00b-
€KTa U3MEPEHHs HCTOYHUK M3JIyYCHHs IepeMelaeTCsl aBTOMAaTH-
YeCKHU B CBUHLIOBBIN KOHTEWHEpP 5. OTBEepCcTHE B KOHTEHHEPE IPU
9TOM 3aKpbIBA€TCs CBHUHIIOBOW IPOOKOHM 15, )KeCTKO CBA3aHHOU
C UCTOYHUKOM. J/{nama3oH u3MepeHus: ypoBHs IpruOOPOM COCTaB-
astet 10 10 M, OCHOBHasI NOTPELIHOCTh U3MEPEHUSI HE IIPEBBILIAET
lem.

Hcnonb3oBanue npubOpoB C pagMOM30TONHBIMU H3IydaTe-
JSIMH LIEJIeCO00pa3Ho TaM, I/ie APYyrue METOJbl U3MEPEHUs He-
HPUTOJIHBI.

JnexmponHLit
[Toeabpasobarens 7 9 10 \J 10K
|

!
|

Puc. 5.13. Cxema paduouzomonnozo yposHemepa co ciedsujell CUCmemMot

YabTpa3ByKkoBble YPOBHEMEpPbI. YIIbTPa3ByKOBBIE YPOBHE-
MepBI MO3BOJISIIOT U3MEPATh YPOBEHb IIPU OTCYTCTBUM KOHTAKTa
C U3MEPSAEMOM CPeIoil U B TPYAHOIOCTYIIHBIX MecTax. B ynpTpa-
3BYKOBBIX ypOBHEMepax OOBIYHO MCIIOJIBb3YETCsl MPUHLHUIT OTpa-
JKEHUs 3BYKOBBIX BOJIH OT TPaHHULBl pasjeila >KUJIKOCTb —
ra3 (Bo3ayx).
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Ha puc. 5.14 nokazana 0J10K-CXeMa yJIbTPa3ByKOBOI'O YPOB-
HeMepa, paboTaloMIero Ha OTPAKEHUH 3BYKa OT I'PaHUIIBI Cpel.
[Tpubop cocToUT U3 AEKTPOHHOTO OJIOKA, MHE30AIEKTPUIECKO-
ro u3nydarens (mpeoOpa3oBaresisi) U BTOPUYHOTO mprudopa (aB-
TOMAaTHYECKOTO MOTEHIIUOMETPA).

DnekTpoHHbIH 6710k OB cocTouT U3 reHeparopa 1, 3agarorie-
IO 4acTOTY MOBTOPEHHUSI UMIYJIbCOB, F€HEPATOpPa UMITYJIbCOB 2,
MOCBITAEMBIX B HU3MEPSIEMYIO Cpeay, MPHUEMHOr0 yCHIUTENs 4
u usMepurens BpemeHu 5. I'ereparop 1 ympasiser paboToit
reHeparopa 2 M CXeMoil u3MepeHus BpeMeHu. YacTora UMITYIIb-
coB 300 I'u. I'enepatop 2 ¢dopMupyeT KOPOTKHE HMITYIbCHI
JUTST BO30YXKICHHS TTHE303JIEKTPUIECKOT0 M3Iydarens 5. Diek-
TPUYECKHI HMMITYJIbC, MPEoOpa3OBaHHBIM B YIBTPa3BYKOBOM
B [IbE€30JIEKTPUYECKOM H3JTy4yaTelle, pacpOCTPAHIETCS B KU/I-
KOH cpezie, OTpakaeTcsi OT TpaHMIbI pa3fena >KUIKOCTh —
BO3/lyX, BO3BpallaeTcsi 0OpaTHO, BO3JAEUCTBYS CIIYCTSI HEKOTO-
poe BpeMs Ha TOT K€ U3JIydareib, U IpeoOpazyeTcs B dIEKTPH-
yeckuil. O6a uMITyNbCca, MMOCIAHHBIA U OTPAKEHHBIN, pa3/iecH-
HbIE BO BPEMEHH, TIOCTYMAIOT Ha YCUTTUTEb.

Bpewmst x MeX Ty MOMEHTOM MOCBUIKH UMITYJThca 1 MOMEHTOM
MOCTYIUICHUS OTPAKEHHOTO UMITYNIbCA SIBISETCSA (PYHKIHEH BbI-
COTBI U3MEPSAEMOTO YPOBHS, T. €.

m=2H/c, (5.2)

rie H — BbICOTa H3MEPSIEMOT0 YPOBHS;
¢ — CKOpOCTb pacHpoCTpaHEHUs yIbTpa3ByKa B H3Mepsie-
MOU cpejie; TpH JF00H TeMIiepaType BOIbI CKOpOCTB gac-
npocTpaHeHus ynbTpasByka ¢ = 1557 —0,0245(74 —

[TocTosiHHOE HaMpsHKEHHE, TPOMOPIIMOHATEHOE BPEMEHH 3a-
Ma3/AbpIBaHMs OTPAKEHHOTO CUTHAJIAa (YPOBHIO) M TOJIy4aeMoe
B U3MEpHTEIE BPEMEHH, MOJaeTcs Ha BTOPUYHBIN puodop 6.
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Puc. 5.14. Bnox-cxema ynempasgyko602o yposHemepa

Puc. 5.15. Ilpubop ons
YIbMPA38YKOB8020

1 3MepeHUs YyPOBHs
Prosonic FMU44

Prosonic FMU44 — Hemoporoe ycCTpoOHCTBO
JUTI U3MEPEHUSI YPOBHS B JKHIKOCTSX M CHITY9IHX
MPOAYKTaX C quanazoHoM mmepeHus 10 20 M.

[pubop moaxomut mis OECKOHTAKTHOTO H3Me-
PEHHSL YPOBHS B JKHUAKOCTSX, MAacTaX, CHITyYHX Ma-
Tepraliax WA H3MEPEHHs pacxoa B OTKPHITHIX KaHa-
Jax WU M3MEPUTEIBHBIX BOOCIHNBAX. [IByXmpoBoa-
Hbl WJIM YETBIPEXIPOBOJHBIM KOMIIAKTHBIM IIpH-
60p MOXKET MCIIOJIB30BAThCS B CKIIAJICKUX pe3epBya-
pax, pe3epByapax C MeUIaJJKaMH M Ha KOHBele-
pax. Orubaromass KpuBas MOXKET O0TOOpa)xarbcs
Ha JIUCIUIee, yNpomias JUarHOCTHKY. Takke MOXKeT
OBITh WCIIONIB30BaHA  (DYHKIOUS  JTHHEPATH3AIHA
(mo 32 Touek) s KOHBEPTHUPOBAHUSA U3MEPESHHOTO
3HAYCHHUS B JTIOOYIO €OUHHUITYy IJTMHBI, 00BeMa WA
pacxona.

Ipeumywecmea npubopa Prosonic FMU44:

—  JIOCTOBEpHOE OECKOHTAKTHOE H3MEPEHHE;

— OBICTPOE M NPOCTOE BBEACHHE B IKCILIYaTAl[HIO C MOMOIIBIO Ye-
TBIPEXCTPOYHOTO TEKCTOBOTO JHCIUIES Ha OCHOBE MEHIO, IOCTYII-
HOTO Ha 7 SI3BIKaX;

—  orularomiye KpUBbIe Ha AUCIUICE IS YIPOIIEHHON TUarHOCTHKY,

—  TePMETHYHOE YIUIOTHEHHE U 3aJMBKa JaTYHKa,

—  XHMHWYECKH YCTOINYUBOE Te(hIOHOBOE MOKPBITHUE;

—  KanuOpoBKa 0e3 3aIOTHCHHUS FITU OTIOPOKHCHHS,

—  BCTPOGHHBIA IATYMK TEMIIEPATYPhl IJII ABTOMATHUYSCKOW KOPPEK-
[IUM CKOPOCTH PACIPOCTPAHEHUSI CUTHAJIA B 3aBUCHMOCTH OT TEMIIC-

patypsl.
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Texnuueckue xapaxmepucmuku npubopa Prosonic FMU44

—  JIBYX- WIH YETBIPEXNPOBOJHBIA MPUOOD, MpeAHa3HAYCHHBIH 1S
HEMPEePHIBHOTO OECKOHTAKTHOTO M3MEPEHHS YPOBHS M PACX0/12;

—  MPUCOEAMHEHHE K MPOIECCY OCYIIECTBISIETCS C MOMOIIBIO (IIaHIIa;

— pabougas temmeparypa ot —40 o +80 °C;

— pabouee maBnenue ot +0,7 mo +2,5 Hap;

—  MakCHMAaJlbHas JUCTalMs M3MepeHus: Juis skunkocta 20 M, ais
celmy4nx Marepuanos 10 m;

—  JOUCTaHUMs OJOKHMPOBKH ISl JKHIKOCTEH M CHIIYYHX MaTepuaioB

0,5 m;

- HUMCCT MCKAYHAPOAHBIC CepTI/I(I)I/IKaTLI B3PbIBO3AIINTHI.

§ 5.2. U3mepeHune ypoBHS ChINYYHX TeJl

I/ISMepeHI/Ie YPOBH: CHIITYYUX TCII UMECT CBOU OCOOEHHOCTH.
XapaKTepHI)IM OTJIMYHUEM CBIIMYYHUX TCJI OT KUAKHUX ABJIACTCA
HCTIPOINMOPHHUOHAJIbHOCTD IIEpCAavYn HaBJICHUA Ha THO WU CTCHKHU
B 3aBUCUMOCTH OT YPOBHA.

b

=

N W R

Ha puc. 5.16 nokazan ykaszamenv
VPOBHS C MEMalluyeckou MemOpaHoll.
OH coCTOUT U3 METAJUINYECKOi MeMOpa-
HBI 1 ¢ 3aKpeIuUIeHHBIM TI0 IIEHTPY MITO-
koM 2. [Ipu mporubGe mMeMOpaHBbl IITOK
BO3JIEUCTBYET HAa KOHTAaKTHOE YCTPOW-
crBo 3. Ha kponmreitne 4 3akperniieHa
BO3BpaTHas npyxuHa 5. Jlns perynupo-
BaHMs HATSHKEHUS BO3BPATHON MPYKHHbI
ciy>kuT BUHT 6. M3omsarop 7 kpenutcs
B Kopryce curnanusaropa 8. Ilpu nonu-
KCHUW YPOBHS BO3BpaTHas MpYXUHA 5
BO3BpalaeT MeMOpaHy M KOHTaKTHOE
YCTPOWCTBO B UCXOIHOE MOJIOKEHHE.

Puc. 5.16. Yrazamenv yposHs ¢ memaniuyeckou
MemOparou
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CBOKCTBO CHITY4YHX MaTEPUAIOB 00PA30BBIBATH MPU HACKITIA-
HUU YTOJI €CTECTBEHHOTO OTKOCA MO3BOJIMIIO CO3/IaTh CEPUIO Ma-
STHUKOBBIX NMPHOOPOB, pabOTAIOIINX HA TPUHIIMIIEC OTKIOHCHUS
MaTepUaIOM YyBCTBUTEIILHOTO YJICMEHTA, BHITIOTHSIEMOTO B BUJIC
MasimHUKa ¢ )eCTKOU Wi THOKo# moaseckoi. Ha puc. 5.17 moka-
3aH yKa3aTeNlb IMPEIeIbHOrO0 YPOBHS CHIMYYEro MaTepuana.
ITpu noBeIieHNU B OyHKepe 1 ypoBHS ChIITy4ero mMarepuania 2
C YIJIOM €CTECTBEHHOT'O OTKOCA YyBCTBUTEIBHBIN 3JIEMEHT 3 OT-
KJIOHSIETCSI OT BEPTHKAILHOTO TTOJIOKEHHSI U 3aMBIKAeT KOHTAKT-
HYIO cUCTeMY 4 BKJIFOUEHHS] CBETOBOM CUTHaM3anuu 5. O0mmm
HEJIOCTaTKOM BCEX yKa3aresel YpOBHS MasTHUKOBOTO THIIA SIBJIS-
€TCs MiX 3aBUCHMOCTh OT crioco0a 3arpy3ku cocyna (OyHkepa) Ma-
tepuasioMm. Harpumep, ripu 6ecriopsiIouHo# 3arpy3Ke, Korjaa Ma-
TepUaT MOXET 00TEKAaTh MAITHUK CO BCEX CTOPOH, MOXET HE TPO-
U30MTH 0)KUAEMOT0 OTKJIOHEHHS MasiTHUKA 3.

~ ; z;f /.2
A A

'
~
w

Puc. 5.17. Vxazamenv yposus masmnuxogoeo muna

[MpuHIEIIHATBEHAS CXeMa JIOTOBOTO ypOBHEMepa ITOKa3aHa
Ha puc. 5.18. B atux ypoBHeMepax 30H] 6 u rpy3 8 moBemIeHBI
Ha OJIOKe XpamoBoro kosueca 4.

[Teproamuecky 30H,T IPUTIOTHAMAETCS TTPH ITOMOIIY ITHEBMa-
TUYECKOTr0 MeMOpaHHOTo npuBoja 2. [IpuBos BozaeicTByeT Ha
XparoBoe Koyieco 4epes codauky 3. 30H]1 onmycKaeTcs Ha TOBEpX-
HOCTb CBIITy4ero MaTepuaa 7 o[ JeWCTBUEM CHUJIIBbI TSXKECTH.
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Ecnu ypoBeHb HE HM3MEHSAETCS, TO 30HJA HOJHUMACTCS W
OITYCKaeTCsl Ha OJIHO U TO YK€ PACCTOSIHHE.

[Ipy noHMXEHUU YpPOBHS MaTepuana 30H] OIyCKAeTcsl Ha
OoutbllIee paccTOsSHIE, YeM MOAHUMAETCs, U HaobopoT. [1pu sTom
XparoBOe KOJIECO € OChIO 5 B OZIHOM HallpaBJIeHHH I0BOPAUMBACTCS]
Ha OOJIBIINIA YTOJI, YeM MIPU IIOBOPOTE B 0OPATHOM HAIPABJICHUH.
Ocs 5 uepe3 mydrty 10 1 moBos0k 11 coennHeHa ¢ MHEBMOIIPE00-
paszoBatenem 12. YcrpoiicTBo mpubopa pacCuuTaHo TakK, YTO MPH
M3MEHEHHMHU YPOBHS B 3a/IaHHBIX IpeJiesiax JIaBJIeHHUE C)KaToro BO3-
nyxa Ha BeIxozie nproopa msmensiercs ot 20 1o 100 kI Ta.

Cxartblif BO3lyX C BbIXOJla MMHEBMoIpeoOpazoBarens 12 no-
JaeTcsl Ha BTOPUYHBIA mpubop (Manometp) 9, mkaga KOTOPOTro
OTIpaJyHpoBaHa B €AMHUIIAX BBICOTHI YPOBHS. PaccMOTpeHHbIH
YpOBHEMED MO3BOJISIET U3MEPSATH YPOBEHB A0 20 M ¢ morpemniHo-
cThio £10 cm.

Puc. 5.18. [Ipunyunuanvras cxema 10mo6ozo ypogrnemepa
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B kauectBe mepBuyHOrO mpeoOpas3oBaTeliss ypoBHEMEpA, pa-
0oTaroniero Ha BECOBOM npuHuie (puc. 5.19), MOKHO HUCIIONb-

30BaTh MEC03Y.

Puc. 5.19. Becosoii

usMepumeins YyposHs.:

1 — onopa; 2 — bynxep;

3 — nopwens

Mecno3a mpencraBiseT co0oi
METAJUIMYECKHIA KOXYX C 3aKperl-
JeHHON B HeM MeMOpanoil. Huxk-
HsiSi YacTh MECHO3bl 3allOJTHEHA
JKUIKOCTBIO, COOOIIAIOIIEHCS ¢
MaHOMETPOM Yepe3 HMITYIbCHYIO
TpyOKy. Ilpu usmeHenun Beca ma-
Tepuasia B OYHKEpe H3MEHsIETCs
JIaBIICHHE B CHCTEME «MecI03a —
MaHoMeTp». Hemoctatkom naH-
HOTO TIPUHIIMIIA W3MEPEHHUS SIBIIS-
€TCsl HeOOXOIMMOCTh B HEKOTOPOM
MEepPEeMEIEHUN OIOphl  OyHKepa
(ot 1 mo 3 mm). IlorpemHoCTh H3-
Mepenust focturaet +10 %.
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TEMANe 6
KounTtpous Temneparypsbl

§ 6.1. Knaccuukanus npudopos
JJ151 KOHTPOJISAA TeMIIEPATyPhl

Temneparypa sIBJII€TCSI OJHUM M3 BaKHEHIIUX IapaMeTpoB
XUMHUKO-TEXHOJIOTHYECKUX IIPOLIECCOB.

[To coBpeMeHHBIM IpPEICTABICHUSIM memnepamypa — 3TO
YCJIOBHadA CTAaTUCTHYCCKad BCIIMYHUHA, IMPAMO INPONOPHHUOHAIb-
Has cpe/iHel KMHETHYEeCKOM 3HEPruu 4acTHIl BellecTBa (Moiie-
KyJ uinu aToMoB). [IpakTuuecku Temneparypy MOXKHO U3MEPATH
JMILIB METO/I0OM CPaBHEHHUs HarpeTocTu ABYX Tell, IPUYEM CTe-
[IEHb HArPETOCTU OJHOIO U3 TeN IMPEIIOoJIaraeTcs HU3BECTHOM.
Jlisi cpaBHEHMs CTETIEHU HAarpeTOCTH TeJ UCIONb3YIOT U3MEHe-
HUE KakKoro-inbo (U3MUECKOro MX CBOWCTBA, 3aBHUCSILETO
OT TeMIIepaTypbl M JIETKO IOAJAIOIIErOCs HU3MEpeHHuro. Ycra-
HOBJICHUC CAWHHIBI USMCPCHUA TEMIICPATYPHI CBA3aHO C yCTa-
HOBJICHHEM TEMIIEpaTypHOM MIKajbl. JlonmyckaeTcss IpUMEHEHNE
JIBYX TEMIIEpaTypHBIX IIKaJI: a0COIIOTHON TepMOIMHAMUYECKON
B rpagycax KenpBuna (K) um mexayHaponHOW NpakTHUECKOH
B rpagycax llenscus (°C) B 3aBUCHMOCTH OT Hayaja OTcueTa
(mosio>xeHue HyIns) Mo mKaie. AGCONIOTHYIO TeMIlepaTypy 060-
3HavatoT OykBo# T, a remnepatypy no mkaie Leabcus t:

T:(t+T0);t:T—To,

rae To = 273,15 K. Hanpumep, ecnu Temrieparypa, usmepsieMast
B rpaaycax Llenscus, paBaa 70 °C, To mo aOCOIIOTHON TepMO-
JTMHAMUYECKOH TeMIepaTypHO# mKae oHa paBHa 343,15 K.

MexnyHapoaHast IpakTUYeCKasi TeMIIepaTypHas LIKaJa, Ipy-
Hatas B 1968 r. u BBeneHHas Kak oOs3arenpHas ¢ | sHBaps
1971 r., sBNIsieTCSl MPAKTUYECKUM OCYILECTBIEHHEM aOCOIIOTHON
TEpMOJMHAMHUECKON TemMrepaTypHoi mkanbl. OHa BbIOpaHa Takx,
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4TO0OBI TEMIIEpPaTypa, U3MEPEHHAs 110 3TOH IIKaje, Oblia OJn3Ka
K TEPMOJMHAMUYECKON TEMIIEpaType U Pa3sHOCTb MEXKIY HUMHU
ocTaBajiach B Mpeziesiax COBPEMEHHOM TOUHOCTH U3MEPEHUIA.

Knaccupukanus npudopoB 1Jiss U3MepeHHusl TeMIepary-
pbl. B 3aBHCHUMOCTH OT IpUHLMIIA AEHCTBUS IPUOOPHI I U3-
Mepenust temnepatypsl o 'OCT noapaznenstoTcs Ha claeay-
OLLME TPYIIIBI.

Manomempuyeckue mepmomempsl OCHOBaHbBI Ha HM3MEHe-
HUM JaBJICHUS pabodvero BeIIecTBa MPH MOCTOSHHOM O0beMe
C U3MEHEHHEM TEMIIEPATyphI.

Tepmosnexmpuueckue mepmMomempsl BKIIOYAIOT TEPMO-
anekTpuyeckuil npeobpasosarens (TOII), aeiicTBue koToporo
OCHOBAaHO Ha HCIOJb30BAHUHM 3aBUCHUMOCTH TEPMODIJIEKTPO-
JBUKYIIEH CUIIBI OT TEMIIEPATYPHI.

Tepmomempul conpomugnenuss CoiepkaT TepMoIpeoopaso-
BaTellb CONPOTUBIICHUS, AEUCTBUE KOTOPOIO OCHOBAHO HA HC-
MOJIb30BAHUU 3aBUCUMOCTH DIJIEKTPUYECKOTO COMPOTUBIICHUS
YYBCTBUTEIBHOTO 3JIEMEHTa (MPOBOJHUKA WU MOJYIPOBOI-
HUKa) OT TEMIIepPaTyphbl.

U3 nupomempos uznyuenus Hanbosee pacpoCTPaHEHBI:

— KBAa3UMOHOXPOMATHUYECKUI NMUPOMETP, NEUCTBUE KO-
TOpPOTO OCHOBAaHO Ha MCIIOJIb30BaHUM 3aBUCUMOCTHU
TEMIIEPATYPbl OT CHEKTPAJIbHOM DHEPreTHUUECKON
APKOCTH, OIHUCBHIBAEMON i1 a0COJIOTHO YEpPHOTO
TeJla C JAOCTATOYHBIM MPUOIMKEHUEM ypaBHEHUSIMHU
IInanka n Buna;

— TUPOMETPHI CHEKTPAIBHOTO OTHOILEHUS, AECUCTBHE
KOTOpBIX OCHOBAaHO Ha 3aBUCUMOCTH OT TEMIIEpaTy-
pBl Tella OTHOWIEHWH DHEPreTUYECKHX SPKOCTEN
B JIBYX MJIM HECKOJIbKUX CHEKTPalIbHbIX HHTEPBAJax;

— TUPOMETPHI MOJIHOTO U3NTyYEHUSs, IeUCTBUE KOTOPBIX
OCHOBAaHO Ha MCMOJIb30BaHUU 3aBHCHUMOCTH TeMIIE-
paTypbl OT MHTETPAIBHOM IHEPreTUUYECKOM SPKOCTU
U3ITyYEHHUS.

131



§ 6.2. TepMoMeTpBI paclIMpeHust
¥ MaHOMeTPHYeCKHe TEPMOMETPHI

TepMmoMeTpbl paciMpeHusi. ITO Takue MpUOOPHI, B KOTO-
PBIX UCHOJIb3YyeTCsl HAOII0JaeMOe IPU U3MEHEHUU TeMIIepaTy-
pBl H3MEHEHHE 00beMa WM JIMHEHHBIX pa3MepoB Tel. B 3aBu-
CHMOCTH OT BHJAa TEPMOMETPUYECKHX BEUIECTB TEPMOMETPHI
paclIMpeHus NOAPa3JeNIAoTCs Ha HCUOKOCHHbIEe U TEPMOMET-
PBl, OCHOBAHHbIE HA PACULUPEHUU MBEPOLIX MEIL.

H3mepenne TeMnepaTypbl )KUAKOCTHBIMUA CTEKIJITHHBIMH TEP-
MOMETpaMy OCHOBAHO Ha Pa3IHIiy K03(PUIIHEHTOB 00HEMHOTO
pacipeHust )KAIKOCTAMHU MaTtepraia 000JI0UYKH TepMOMETpA.
IToka3aHusl )KUAKOCTHOIO TEPMOMETpPA MPUHATO XapaKTEPHU30-
BaTh KOA(PULHMEHTOM paCIIUPEHUS KUIKOCTH B CTEKIIE, OIIpeie-
JISIEMBIM ypaBHEHHEM.

JUi M3roTOBICHUS TEPMOMETPOB NMPUMEHSIOT CTEKJIA CIie-
LUAJIBHBIX COPTOB (TEPMOMETPUYECKHE), 00Ialal0Ie MaJIbIM
3HaueHueM kodddunmenra.

B 3aBucuMocTH OT HWHTEpBajla HM3MEPSEMBIX TEMIIEPATyp
B KayecTBe paboueil JKUIAKOCTH B KHJIKOCTHBIX T€PMOMETpax
npuMeHstoT nentad (ot —190 no +20 °C), nerposeitHblit 3¢up
(ot —130 mo +25 °C), stunoserii cupt (ot —100 go +75 °C),
toxyon (oT —90 mo +100 °C) u pryts (o1 —30 10 +700 °C).

HauOonpiiee pacnpocTpaHeHHe NOIYYMIN PTYTHBIE CTEK-
nsiHHBIE TepMoMeTpbl. KoadduimeHT paciuvpenus pTyTd Majio
W3MEHSETCS TPU U3MEHEHHWH TEeMIIEpaTyphl, MO3TOMY IIKajia
prytHOro tepmometpa 1o 200 °C npaktuuecku JuHenHa. Tep-
MOMETpPbI C OPraHWYECKMMHU KMJIKOCTSAMU H3-3a psAa Helo-
CTaTKOB MPUMEHSIOT TOJIBKO IS U3MEPEHHS] HU3KUX TeMIiepa-
Typ. Y3 Bcex Takux TEpMOMETPOB HauOOJIbIIEE paCIPOCTpaHe-
HUE MOJYYHIIN CIUPTOBBIE.

Hecmotpss Ha OGonblioe pasHooOpasue KOHCTPYKIMM, Bce
KHJIKOCTHBIE CTEKJISTHHBIE TEPMOMETPBI OTHOCSITCS K OJTHOMY M3
JIBYX OCHOBHBIX THIIOB: nanoynwvle (puc. 6.1) u co eroscennou
wkanou (puc. 6.2).
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Puc. 6.1. I[lanounwviti mepmomemp Puc. 6.2. Tepmomemp pacwupenus
pacuupenus C BIIOJHCEHHOU WKANIOU

[TasiouHBle TEPMOMETPHI UMEIOT TOJCTOCTEHHBIH KaWLISP
Hapy>KHbIM TUaMETPOM 6—8 MM, HUKHUI KOHEI] KOTOporo oopa-
3yeT pe3epByap Ui xkuakocTu. 1llkany HaHOCAT Ha BHEIIHIOK
MOBEPXHOCTh KaujuIsipa. TepMOMETpPBI CO BIOKEHHON HIKAJION
MMEIOT TOHKOCTEHHBIM KalUJuIp C PaCIIMPEHHBIM Pe3epBYyapoM
i pryty. lllkany HaHOCAT Ha IIACTUHKY U3 MOJIOYHOTO CTEKJIa,
KOTOpasi BMECTE C KallWJUIIPOM 3aKJII0YeHa B CTEKJISIHHYIO 000-
JIOUKY, IPUKPEIJIEHHYIO K pe3epByapy TepMmomeTpa. B 3aBucu-
MOCTH OT Ha3HAYEHMsI PTYTHbIE CTEKJISIHHbIE TEPMOMETPHI TO]I-
paszenstoTcs Ha oOpasiosble (1-ro u 2-ro pa3psioB), 1abopa-
TOpHBIE U TexHu4eckune. OOpa3oBbie TEpMOMETPHI 1-T0 paspsiaa
U3TOTOBIISIOT TOJIBKO MAJIOYHOTO THIA, @ 00pa3oBbie 2-T0 pa3-
psina u jgabopaTopHble — MaJOYHOTO THIA WIM CO BIIOKEHHOU
mkanoi. TexHuueckne TEpMOMETPHI M3TOTOBIIAIOT TOJIBKO CO
BJIO’KeHHOM 1Ikajol. TexHuueckue u 1abopaTopHbIE TEPMOMET-
PBI MOT'YT HMETh IIKAJIBI C Pa3IMYHbIMU Npeaenamu. PasHoBu-
HOCTBIO PTYTHBIX SIBJISIFOTCSI KOHTaKTHBIE TEPMOMETPHI (puc. 6.3),
UCIIOJIb3YEMBIE B OCHOBHOM Il CUTHAJIM3ALMM O HAPYLIEHUH
3aJIaHHOTO TeMIiepatypHoro pexxkuma. Ha pucynke 6.3 nokaszan
OJIHOKOHTAKTHBIN TEPMOMETP C KOHTAKTAMH U3 IUIATUHOBOU
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Puc. 6.3. Konmaxmnwie
mepmomempol

IIPOBOJIOKH, BHAsHHBIMU B HMKHIOIO
4acTh KalwUIsipa Ha YpOBHE OTMETKH,
COOTBETCTBYIOIIICH TOM TeMIiepaType, O
KOTOPOM HYHO CUTHAJIM3UPOBATh WU
KOTOPYI0 HEOO0XOAUMO IMOAJIEPKHUBATH
OCTOSIHHOM. K KOHTakTaM IpunasHbl
IPOBOJHUKU M3 MEAHOH IPOBOJIOKH,
KOTOPBIE YEPE3 COOTBETCTBYIOLINE PEIie
BKJIIOYEHbl B LEIb 3JEKTPUYECKOro
HarpeBaTelisl Uid CUrHanusanuu. B ot
MOMEHT, KOIJla 00a KOHTaKTa COEUHSI-
I0TCS CTOJOMKOM PTYTH, HMPOUCXOTUT
3aMBIKaHUE HIEKTPUYECKOM 1ienu pere,
KOTOpPO€ BBIKJIIOUAET AJIEKTPUUYECKUI
HarpeBaresb WM BKJIIOYAIOT CUTHAJIM-
3aluIo.

KoHTakTHBIE TEpMOMETpHI OBIBAIOT
C IByMS U TpeMsl KOHTaKTaMH, C mepe-
MEHHBIM TIOJIOKEHHEM BEPXHETO KOH-
TaKkTa u T. 1.

Ecnu Tepmomerp, rpaxyrpoBaHHBIN
IpU HOJHOM TIOTPY)KEHMH B Cpeny,
10 YCJIOBMSIM DKCIUTyaTallil HE MOYKET
OBITh MTOJIHOCTHIO NIOTPYXKEH B U3MEpPS-
EMYIO Cpefly, TO pe3€pByap €ro u *KH-
KOCTHBIA CTOJIOMK OYyAYT HAaXOIUThCS
IIpY pa3HbIX Temneparypax. [lonpaBky
Ha BBICTYNAIOMIMK CTOJIOUK BBIUUCIIS-
0T 10 opmyie

At=nPup (t2 — t1), (6.2)

r7ie N — YKCIIO0 IPajlyCoB Ha BHICTYIMAOIIEM CTOJIOUKE;
P12 — K03 PULIMEHT pacIMpeHusi >KUJIKOCTH B CTEKIIe
(st prytu 0,00016, st criupra 0,001);
to— Temmeparypa, oka3slBaeMasi TEPMOMETPOM;
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t; — cpenHsist TeMIiepaTypa BBICTYIAIOMIETO CTOJIONKA, U3-
MepsieMasi BCIIOMOTAaTElIbHBIM TEPMOMETPOM, pe3epByap
KOTOpPOTO MPUKPEIJIEH K CepelHe BHICTYNAIOIIETO CTOJI-
01Ka OCHOBHOT'O TEPMOMETPA.

Ecnu temnepaTypa BBICTYNAIOLIETO CTOJOMKA HUXKE H3Me-
psieMOH, TO IONIpPaBKa Af UMEET NOJIOKUTENIBbHBIA 3HAK, a €CIIU
BbIILIE — OTpHULATENIbHBIA. OMmMOKH, BbI3BaHHbBIE BBICTYIAIO-
MM CTOJOMKOM, MOTYT JAOCTHraTh 3HAUYUTEIHHON BEIMYUHBI,
U npeHeOperaTb UMM HE ClIeyerT.

PryTHBIE CTEKISIHHBIE TEPMOMETPBHI IIMPOKO TNPUMEHSIOT
B JIaDOPAaTOPHON U MPOU3BOACTBEHHOMN MPAKTHUKE.

BuMmeramnnyeckue TrepmMoMeTpbl. UyBCTBUTEIBHBIM 3Jle-
MEHTOM TaKHUX TEPMOMETPOB SIBJIIETCS OMMeTasInyecKas Iia-
cruaka. OOBIYHO BHYTPEHHUH CJIOW 3TOW IIACTHHKH W3TOTOB-
JSI0T U3 MeTajla, UMEIOIIEro 0oJbIIoi KOAQGUIHUEHT JTUHEN -
HOTO PACUIMPEHHUs, a HapYX HbIH — U3 MeTajljla ¢ MajbIM KO-
s¢dunventom (M3 wuHBapa). [Ipu mNOBBIIEHUH TeMIepaTy-
pBl MIacTUHKA pazrudaercs. [Jledopmarus MiacTUHKH dYepes
TATY, 3yOuUaThlii MEXaHMU3M M ILIECTEPEHKY IepeaaeTcs CTpel-
ke. BepxHuil npenen U3MEpeHHs 3TUX TEPMOMETPOB OIPaHHU-
YMBAETCsl MPEAETIOM YINpYyrocTd MmarepuaioB. OcHOBHas 00-
JacThb MUX NPUMEHEHUS — AaBTOMAaTHYECKOE pEryJIupOBaHUE
TEMIIEPATYPHl U CUTHAIU3ALUS [IPENEIbHBIX 3HAYCHUN TEeMIIe-
patyp.

bumMerannuyeckue s1€MEHThl NPUMEHSIOT Takxke i 3a-
LIUTHl JJEKTPUYECKUX ILIeNel OT Imeperpy3ok. B atom ciydae
OuMeTayuMyecKasl TJIACTMHKA MPH TMOBBIIIEHUH TOKa Harpys-
KM CBEpX JOIMYCTUMOIO 3Ha4eHHsI AePOpPMHUpPYETCS U pa3pbl-
BaeT DJIEKTPUYECKYIO LENb IIyCKaTess, OTKJIIYAroIlero Ha-

TpYy3KYy.
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CrpoeHne OWMETAJUIMYECKUX TEPMOMETPOB
OCHOBaHO Ha pa3JIMYUM TEIIOBOTO PaCUIMPEHHS
BEIECTB, W3 KOTOPBIX HM3TOTOBJICHBI IUIACTHHEI
NPUMEHSEMbIX YYBCTBHUTEJILHBIX 3JIEMEHTOB. bu-
METATHIECKUE TEPMOMETPBI HCHOIB3YIOTCS IS
M3MEPEHUS] TEMIIEPATYPHl B KUIKUX U ra3000pa3-
HBIX Cpellax, B TOM YHCJIe Ha MOPCKUX M PEYHBIX
CyZax, aTOMHBIX JJICKTPOCTAHIHAX.

Bumerammaeckne Ttepmomerpbl BT (crtan-

Puc. 6.4. Tepmomemp

OumMemanudecKul
POCMA JapTHOE WCIOJHEHHWE, THUIBHOE MPHUCOCIMHEHUE)

MNPUMECHAIOTCA [JIsI MHOT'OCTOPOHHETO HCIIOJIB30-

BaHWsd B MNPOMBIIIJICHHOCTH, OTONMUTCIBHBIX MW CaHUTAPHBIX YCTAaHOBKaXx,
CUCTEMAaX KOHANIHUOHUPOBAHUA U BCHTUIIAL .

B o0miem ciydyae GuMmeranindeckue TepMOMETPBI COCTOST U3 IBYX TOH-
KHUX JICHT MeTajula, HallpuMep MEJHOM U XKEJIEe3HOH, KOTOphle IpU Ha-
TPEeBaHUM PACUIMPSIOTCS HEOIUHAKOBO. I1nockue moBepXHOCTH JICHT ILIOT-
HO TIPWJIETAIOT OfHA K Apyroi. Takas OuMmeTaymyeckasl CHCTEMa CKpydJeHa
B CIHpalb, OJUH U3 KOHIOB 3TOH CHMpaln KECTKO 3akpemusercs. [lpu
HAarpeBaHUU WM OXJIAXACHUHM CIHUPANN JIEHTHI, N3TOTOBIEHHBIE U3 Pa3HBIX
METAJUIOB, PACHIMPSIOTCA WM CKUMAIOTCA MO-pa3HoMy. CienoBaTenbHO,
CIypalb TEPMOMETpA WM PACKpydUBAETCs, MM TykKe cKpyuduBaercs. Ilo
yKa3aremnto, KOTOPBI MPUKPEIUIEH K CBOOOAHOMY KOHILY CIUpalid, MOKHO
CyIUTh O BeJTHMYMHE M3MeHeHuil. [IpumepoM OMMeTaInuecKoro TepMoMeT-
pa MOXET CIIY>KUTh KOMHATHBII TEPMOMETP € KPYTJIbIM LU(epOIaTom.

Texnuueckue Xapakxmepucmukiy  mepmMoMempa  OUMemanIuiecKoo
POCMA:

muametp 40; 50; 63; 80; 100 mwm;

— xJaccel ToyHoctu 1,5; 2,5;

— pabounii nuanazon ot —50 qo +500 °C;

— nnwHA orpyxHo# yactu 30-250 mvm;

— pabodee naBieHHe Ha THIB3E 25 Oap;

— MeIHbBIH cuiaB @ 8 MMm;

— nudepOnat U3 aTOMHUHUS, OEJIOTo 1IBETa, MIKajJa YEPHOTO LBETA;
CTpeJIKa U3 aJIFOMHUHHUSI, YePHOTO 1IBETa;

— HHCTPYMEHTAJIBHOE CTEKJIO;

— 3ammra IP 50;

— TPHCOCANHEHHE C MOMOIIBIO JIATYHHOU TMIb3bI ¢ pe3bboit G1/2"

WK THJIB3bI U3 HEpiKaBerolell cranu ¢ pe3sboit G1/2" (ommus).
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Manomerpuyeckue TepMoMerpsl. JlelicTBue MaHOMETpU-
YECKUX TEPMOMETPOB OCHOBAHO HA M3MEHEHUU JABJICHUS pa-
004ero BeILIECTBA, 3aKJIIOYEHHOTO B EMKOCTh ITOCTOSIHHOTO
o0beMa, IIPU U3MEHEHUH ero TeMIiepaTypsl (puc. 6.5).

[Ipubop cocrouT u3 TepModaILIO-
Ha 1, KanwuisipHOU TPYOKH 2 ¥ MaHO-
METPUYECKOH yacTu 3—0.

Bcro cucremy mpubopa (Tepmo-
0aJUIoH, KanWUIsp, MAHOMETPHUYECKas
IpYyXHHA) 3aloJHIIT padoyuM Be-
niecTBOM. TepMoOaioH MOMENIalT
B 30HY W3MEpEHHs] TeMIIepaTyphbl.
[Tpu HarpeBanuu TepMoOaIIOHA JaB-
JeHue paboyero BeUlecTBa BHYTPHU
3aMKHYTOH CHCTEMbI YBEJINYHUBACTCS.

VYBenuyeHue AaBIeHUS BOCIPUHU-
MaeTCsl MAHOMETPUYECKOM MPYKUHOMU,
KOTOpasi BO3JIEHCTBYET 4yepes nepenia-
TOYHBII MEXaHWM3M Ha CTPENKY WU
nepo npudopa.

ManoMeTrpuueckasi py>KUHa BbI-
MOJTHSETCST KaK B BUJIE OJHO- WIIH
MHOTOBUTKOBOUM TPYKUHBI, TaK U B
BUJIe CIIbGOHA (KaK Yy pacCMOTpPEH-
HBIX BbIIIE MaHOMETpoB). JnuHa u
JTMaMeTp TepMOoOaUIOHa MOTYT OBITh
pa3nu4HbIMU. TepMoOaIoHb! 00bIY-
HO M3TOTOBJISIFOT U3 CTAJIM WU JIaTy-
HU, 00JIaAa01IIei BEICOKOH TETIONpO-

3 L]

Puc. 6.5. Manomempuueckuii
mepmomemp ¢ mpyoyamot
NPYAHCUHOU.
1 — mepmobannon;
2 — kanuinapuas mpyoka,
3 — mpybuamas npyscuna,
4 — depoicamens,
5 — NOBOOOK;
6 — cexmop

BOJIHOCTBIO, @ KaWUIAp — U3 MEAHON WM CTaIbHOU TPYOKHU
¢ BHyTpeHHUM quamerpoMm oT 0,15 mo 0,5 mm. [lnuHa kanumsapa
MokeT ObITh pazmuaHoit (ot 0,25 cm mo 60 m). [l 3amuTsl
OT MEXaHWUYECKUX MOBPEXKIECHUN KAaWUIAP 4acTO MOMELIAIOT
B 3aILUTHYIO 000JIOUKY U3 OIIMHKOBAaHHOTO CTAJILHOTO MPOBO/IA.
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MaHoMeTpuYecKrue TEPMOMETPHI IHUPOKO MPUMEHSIOT B XU-
MHUYECKUX TMPOU3BOJACTBAX. DTUMHU MPUOOPAMU MOXKHO H3Me-
pATH TeMriepaTypy B uHTepBasie oT —120 mo +600 °C.

PaznuuaioT MaHOMETPHUYECKHE TEPMOMETPHI CIEIYIOLINX
THUIIOB:

1) ecazoevie, BCs cucTeMa KOTOPBIX 3aIlOJIHEHA Ta30M
0]l HEKOTOPHIM HadaJbHBIM JIaBJICHHUEM; B KaueCTBE
3aIOJIHUTENS IPUMEHSIOT a30T, apTOH, TeIIHii;

2) olcuokocmmuble, CUCTEMa KOTOPBIX 3allOJIHCHA JKHII-
KOCTBIO; B Ka4eCTBE 3allOJHHUTENSI UCHOJIB3YIOT TO-
JTUMETHIICUIIOKCAHOBBIE KUAKOCTH;

3) Kkonoencayuonmvle, B KOTOPBIX TePMOOAIIOH YaCTHY-
HO 3aII0JTHEH HU3KOKHITAIICH )KUIKOCTBIO, & OCTallb-
HOE €r0 MPOCTPAHCTBO 3aMOJHEHO MAPAMU ATOU JKUJI-
KOCTH; TEPMOCUCTEMBI 3aIOJHSIOT alleTOHOM, METH-
JIOM XJIOPUCTBIM, (PpEOHOM.

YCTpoiiCTBO MaHOMETPUYECKUX TEPMOMETPOB BCEX THUIIOB
aHasiornyHo. OHU OBIBAIOT MOKA3BLIBAIOWUMU, CAMONUULYUU-
mu 1 kKoHmaxkmuvimy. OCHOBHAsI TTOTPEUTHOCTh MaHOMETpHUYe-
CKMX T€PMOMETPOB BCeX BHUJOB paBHA *+1,5 % OT MakcuMaib-
HOTO 3HAYEHUS HIKAJIbI TPU HOPMAIBHBIX ycioBusx. [Ipu ot-
KIIOHEHUH YCJIOBUM OT HOPMATbHBIX BO3HHUKAIOT JOTOJHHU-
TEeJBHBIE TIOTPEIIHOCTH, KOTOPhIE PACCUNUTHIBAIOT MM KOMIICH-
CHPYIOT.

PaboTa ra3oBoro MaHOMETPUYECKOTO TEPMOMETPA OCHOBaHA
Ha 3akone lllapns, ycTaHaBNIMBarOMIETO MPSMYIO 3aBHCHUMOCTh
MEXy JaBICHHEM U TEMIEpaTypoOi HeabHOTO Ta3a

Pi=Po[l+p(t-t)], (6.3)
rae f = 1/273,15 — tepmuueckuii KOOPPUIUSHT PACIIUPEHHSI
raza, 1/°C;
t — xoHeuHas Temneparypa, °C;
to — HauvanpHas Temmeparypa, °C.
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[IIkana TepMoOMeETpa MOJIy4aeTCs PABHOMEPHOM, YTO SIBIIS-
eTcsi ero npeumyinectBoM. OTKIOHEHUE TeMIepaTypbl OKpy-
xaromed cpenbl or +20 °C BbI3BIBAET MOTPEIIHOCTh H3ME-
peHHS, KOTOPYIO MOKHO PacCyMTaTh MO MPUOIIKEHHON (op-
MyJe:

At = (Vin/ V,) (tm — o), (6.4)

rae V,,— 00beM MaHOMETPHUECKON IPYKUHBI;
V, — 00beM TepMOOaITIOHA;
Vm — TeMIieparypa cpelibl, OKpyxarorieir MaHometp, °C;
to — Temmnepatypa rpanyupoBku npudopa (20 °C).

[TorpemtHoCTh OT HArpeBaHUs KaIWJUIIPHON TPyOKH
Ate= (V! V,) (tk — to) (6.5)

rae Vi — o0beM KanuusipHoi TpyOKH;
ty — Temnepatypa cpeabl, OKpysKarouiei kanwuisp, °C.

N3 dopmynsr (6.5) BHAHO, YTO MOrpPEHIHOCTH BO3pacTaeT
MPONOPIMOHATIBHO 00BEMY, a CIeJ0BATENIbHO, U JJIMHE Kalui-
nspa. Ee MOXXKHO yMEHBIINTB, YBEIUYUB 00bEM TepMOOalIIoHa
IpH TOM ke AnuHe Kanwuisipa. OObIuHO 00BeM TepMoOasioHa
coctasisieT 90 % olmero oobema Tepmomerpa. Ilpu npaBuib-
HO BbIOpaHHOM COOTHOILIIEHWU 00beMa TepMOOaJlJIOHa, Karuil-
Jsipa U TpyO4aToil npy>KUHBI TEPMOMETPHI C JOCTATOUYHON TOY-
HOCTBIO MOTYT paboTaTh 0e3 TemIepaTypHOW KOMIEHCAIIUU
Npu JJIMHE Kanwusipa 10 40 M.

Bo Bcex cimywasx mpu 3KCIulyaTallud HEOOXOIHMMO Tpeao-
XpaHATh MAaHOMETP U KaWUIIp OT JeHCTBUS TEIUIOBOTO M3IIY-
YEeHUsT OKPYIKAIOIIUX HArPETHIX MPEIMETOB.

WHora a1t KOMIIEHCAIMK TOTPELIHOCTEH OT KOJIeOaHus TeM-
nepaTypsl MaHOMETpa IPHUMEHSIOT KOMIIEHCAIIHOHHOE YCT-
PONCTBO B BUJe OMMETANTMUECKOM CIIMpaji, BCTPOSHHOH B T1e-
pEAATOYHBIN MEXaHW3M MaHOMeETpa. buMerauueckas ciupaib
IIpU U3MEHEHUH TeMIIepaTypbl MaHOMETpa JAEUCTBYET B 00par-
HOM HarpaBJIeHUH OTHOCUTEIIHHO OCHOBHOM MPY>KUHBI.
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K cnemuduueckuM HeZOCTaTKaM Tra30BBIX MaHOMETpHYE-
CKUX TEPMOMETPOB OTHOCHUTCS UX 3HAYUTEIbHAS TEIIOBAs HHEP-
s, oOyCIIOBI€HHAas HU3KUM KO3(PPHUIMEHTOM TeIIo0TAaun
OT CTEHKHM TepMOOaIJIOHA K HAMOJHSAIOLUIEMY €ro ra3y u Majion
TEIUIONPOBOJHOCTHIO MOCIEIHETO.

JlelicTBUE KUIKOCTHBIX MAHOMETPHYECKUX TEPMOMETPOB
OCHOBaHO Ha 3aBUCHUMOCTH M3MEHEHUs JaBJICHUS OT TemIiepa-
TYpBI

AP = (f/p) At (6.6)
rne AP — m3menenne maBnenus, Mlla;
S — Ko3pOUIHEHT 00BEMHOTO PACIIUPEHUS KHUIKOCTH,
1/°C;
1t — KO3 (UIIUEHT CKUMAEMOCTH KHJIKOCTH, cM2/KT;
At — n3MeHeHue teMneparypsl, °C.

W3 ypaBHeHus 6.5 BUIHO, YTO U3MEHEHUE 00bEMa KHUJIKOCTH
SIBJIIETCS IMHEWHOW (PyHKIIMEH TeMIepaTypbl. DTO Ompeenser
PaBHOMEPHOCTH IIKAJIbl KUAKOCTHBIX TepMoMeTpoB. Cremyer
OTMETUTh, UTO IOTPELTHOCTH OT KOJIeOaHusI TEMIIEPaTyphl OKPY-
YKAIOIEH Cpebl ISl )KUJIKOCTHBIX TEPMOMETPOB OOJIbIIE, YeM
JUTS Ta30BBIX. DTH MOTPELTHOCTH BBIYHUCIISIOT IO TeM ke (popmy-
J1am, 9TO U JIJIsl Ta30BBIX TepMOMETPOB. OCOOEHHO 3HAYUTENIbHBIE
MOTPEIIHOCTH TONYYaIOTCs MPU KONeOaHUM TeMIepaTyphl Ka-
MAJUISIPA, TTO3TOMY TIPU 3HAYUTEIHHOM €ro JUIMHE HE00XO0aUMO
MIPUMEHATH KOMIIEHCAllUOHHOE YCTPOMCTBO.
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3alUTHEIA OrpaHUYHUTENb TeMIepary-
pbl SW15 npumenseTcs Ui MOHUTOPHHTA
HEIoNaI0K 000pyIOBaHUS.

[Tpn [OCTMKEHWU HENMOABHMXKHOW TOY-
KU TEepeKIIFOYCHUs cpabaThiBaeT MHUKPO-
nepeximovatens. OH NPUBOIUTCS B Neid-
CTBHE KOHTAKTHBIM IHCKOM, YCTaHOBJICH-
HBIM Ha [epealoIlei TAre CTPEeIIKH.

Hpyroii ciydaii cpaGaThIBaHHS IIepe-
KITI0YaTeNns — paspblB Kamuuripa. Korma

Puc. 6.6. Tepmomemp o0opyaoBaHUe MoMagaeT B pabouuii aua-
manomempuyeckuti SW15 Ma30H, NPUOOP BO3BPAIACTCS B HCXOIHOEC
MIOJIOXKEHUE.

Texuuueckue xapakmepucmuku npubopa SW15:

BHA 3amuThL: Kopiryc |P53, 3axxumer 1POO;
HOMUHAJIBHBIN pa3mep, MM: 60, 72 x 72,
kiacc ToyHoctH: 2 mo EN 13190;
nuanason usmepenuit: 0400 °C;
IuarnasoH temreparypsl: ot —40 mo +60 °C;
nudepOIaT: OIBIN aTFOMIHAHN, YSPHBIN MIPUPT;
TIPUHITUIT U3MEpEHUs: TpyOka bypmoHa;
HCIIOJIHEHNE KOHTAKTOB: 1 (PMKCUPOBAHHbIH IEPEKNTHON KOHTAKT;
KOHTAKThI: MUKPOTICPEKITFOYaTEeIIH;
KOHTaKTHBIN TOK: S5A HennayktuHbii, 250 B, 40-60 I';
anektpuyeckoe npucoeaunenue: 0,8 x 6,3 MM MIOCKHI pa3beM
i pazseM AMP
KaITHILISP:
" C IUTACTHKOBBIM MOKpbITHEM (0T —40 1o +120 °C);
= ¢ MegHOM omieTko# (o1 —40 mo +350 °C);
= HepkaBeromas crtaib (ot —100 mo +400 °C);
JUIMHA KalWUIIpa: MaKCUMyM 5 M;
BBIBOJI KaITMJUISApA: IPUCOEANHEHNE CHUBY C3a/1H;
THIT MOHTaKa: MOHTa)K B [TAHEJb C TIOMOIIIBIO MOHTA)KHOW CKOOBI.

Ha puc. 6.7 noka3ana cxema KOMIIEHCalHOHHOTO yCTpPOM-
CTBa, UMEIOILErO PSAOM C OCHOBHBIM KalWUISIPOM JIOIOJIHU-
TETBHBIA (KOMIIEHCAIIMOHHBIN ) Karmuyuisip. OJIMH KOHEI] Y TEPMO-
OasioHa 3amasit, a Ipyroi COeTMHEH CO BCIIOMOTaTeNIbHOM (KOM-
NEeHCaIlMOHHOM) npykuHoil. O6a kanuiuisipa U 00e MPYKUHBI
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3aII0JTHEHBI OJTHOW M TOU K€ pab0oveil )KUIKOCTHI0 M UMEIOT OfIH-
HAKOBbIE XapakTepucTuku. C N3MEHEHHEM TeMIIepaTyphl OKPY-
JKAIOIIEeH Cpenbl JaBJieHHWE >KHAKOCTH B OOOMX KammmuIspax
U B 00€uX MPYXUHAX U3MEHSETCS, IIOITOMY BCIIOMOTATeIbHAs
Npy>XKMHA JEHCTBYET B HAIPABJICHUU, TPOTUBOIIOJIOKHOM -
CTBUIO OCHOBHOM MPYXUHBI U TEM CAMBIM HCKJIFOYAETCS BIIHS-
HUE TEMITepaTyphbl OKPY>KAFOIIEH cpe/ibl Ha TIOKa3aHUs pHOopa.

Puc. 6.7. Cxema memnepamypuoii KOMReHcayuu pmymuo2o
MAHOMEMPUYECKO20 MEPMOMEMPA.:
1 — mepmobanion; 2 — 0CcHOBHOU KANUANAD,
3 — dononnumenvhwlll KANULIAP,
4 — ocHO8HAS CRUPATIbHASL MPYOUAMAsl RPYICUHA,
5 — ecnomozamenvhas cnupanvras mpyouamas npys’CcuHd
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J1st 5KUJIKOCTHBIX TEPMOMETPOB CIEAYET TAK)KE YUUTHIBATDH
MOTPEUIHOCTh, BBI3BAHHYIO PA3JIMYHBIM TOJIOKEHHUEM TEPMO-
0ayioHa OTHOCHTENIBFHO MaHOMETpa IO BBICOTE; 3Ty MOrpem-
HOCTh MOKHO CKOMIIEHCHPOBaTh, KOPPEKTUPYS HYJIb TMOCIE
YCTaHOBKH MpUOOpa.

B koHJeHCAMOHHBIX MaHOMETPUYECKHUX TEPMOMETpax
TepMOOAIJIOH OOBIUHO 3alOJIHEH Ha %3 00beMa HU3KOKUIIALIEH
KUJIKOCTBIO. B 3aMKHYTOI cHCTEME TEPMOMETpA BCErAa Cylle-
CTBYET JTUHAMHYECKOE PaBHOBECHE OJHOBPEMEHHO NMPOTEKAr0-
IIUX MPOIIECCOB UCIAapeHus U KoHaeHcanuu. [Ipu moBsieHun
TEMIIEPATyphl YCUIUBACTCS UCHAPEHUE KUAKOCTU U YBEIUYHU-
BaeTCs YIPYTOCTh Iapa, a CI€J0BaTEIbHO, YCUIMBAECTCS TaKXkKe
U Tpoliecc KOHIeHcaluu. B pe3ynbrare 3TOro HaCHIIICHHBIN
rap JIOCTUraeT HEKOTOPOI'o ONPEJEIIEHHOTO JaBJIEHUS, CTPOTO
oTBevarouiero temmneparype. Vi3smMenenue naBieHHUs HACBILICH-
HOTO TIapa HEMPOMOPIUOHAIIEHO M3MEHEHUMIO TEeMIIEpaTypHhI,
MO3TOMY IIIKaJla KOHACHCAIIMOHHOTO TEPMOMETpa MOTydaeTcs
HEpPaBHOMEPHOU. JTO OJIMH U3 €ro HeI0CTATKOB.

MaHoMmeTpHruecKrue TEPMOMETPHI BCEX BUJIOB XapaKTEPU3YIOT-
Csl 3HAUMTEIBHBIM 3ala3/IbIBAHUEM TOKa3aHWM, 3aBUCSIIUM
0T (pU3MYECKOTO COCTOSHUS HAMIOIHUTENEH U UX Terodu3nye-
CKHX XapaKTepUCTHK. ['a30BbIe TEPMOMETPHI UMEIOT HAHOOJIBITICE
3ama3/ibIBaHue, a MAPOKHUIKOCTHbIE — HauMEeHbIIee (IPUMEPHO
B 2,5 pa3a MeHbIIIe, YeM Tra30HAIOJIHEHHBIC); KUKOCTHBIE Tep-
MOMETPBI 3aHUMAIOT MPOMEKYTOUHOE nojoxeHue. [Ipu nzmepe-
HUU TEMIIEPATyphl arPECCUBHBIX CPE MU MPOAYKTOB B amnmapa-
Tax, paboTaMKX IPHU BBICOKUX TABICHMSX, TEPMOOAIIIIOH Ma-
HOMETPUYECKOT0 TEPMOMETpPA YCTAaHABIMBAIOT B 3AIIUTHYIO
ruib3y (puc. 6.8).
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Puc. 6.8. Tepmobannon manomempuuecko2o mepmomempa
8 3auUMHOU 2Ub3e:
1 — sawummnas cunvsa; 2 — mepmobanIoH, 3 — HANOIHUMENL 2UTb3DL,
4 — pymeposka, 5 — HudCHASA pazvemHas waiidoa, 6 — yniomuumenvHas
Habuska; T — eepxusis pazvemnas waibda, 8 — emynxa, 9 — xanuniap

s paboThl CO BTOPHHYHBIMH MPUOOpPAMU HU3TOTOBJISIOT
MAaHOMETPUYECKHE TEPMOMETPHI C ANEKTPUUECKOW U MHEBMa-
TUYECKOM JUCTAHLIMOHHOM Nepeaavyeil MOKa3aHui.

[TpubopocTponTtensHas MPOMBIIIIIEHHOCTh BBIITYCKAET TEPMO-
METPBl MAHOMETPUYECKUE PA3IIMYHBIX BUIOB.

§ 6.3. DiekTpHUYecKHE TEPMOMETPHI CONPOTHBJICHUS

I/I3MCpCHI/IC TEMIICPATYPhI IO SBJICKTPUUCCKOMY COIIPOTHB-
JICHUIO T€JI OCHOBAHO Ha 3aBUCUMOCTH €T0 OT TEMIICPATYPHI.
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DNEKTPUUECKUE TEPMOMETPBI CONPOTHUBIIEHUS IO3BOJISAIOT
U3MEPATh TEMIIEPATYPY C BBICOKOH CTENEHBIO TOYHOCTH —
10 0,02 °C, a mpu u3MepeHusX HeOOBIIION pa3HOCTH TeMIIepa-
Typ — nmo 0,0005 °C.

TepMoMeTpBI CONPOTUBIIEHUS 110 CPABHEHUIO C MAHOMETPU-
YECKMMH TEPMOMETPaMHU OOJIaZal0T CIEAYIOUMMH IIpeUMyIie-
cTBaMu: 0OoJiee BBICOKOW TOYHOCTHIO M3MEPEHHS; BO3MOXKHO-
CTBIO IIepeayl MMOKa3aHUil Ha OOJIbIINE PACCTOSTHUS; BOZMOXK-
HOCTHIO LEHTPAJIU3alUU KOHTPOJS TEMIEpaTyphl, JOCTUIae-
MOW HpPUCOEIMHEHUEM (4epe3 MepeKIrouaTesib) HECKOJIbKUX
TEPMOMETPOB K OJHOMY H3MEpPUTEIbHOMY HpUOOpPY, U MEHb-
LIMM 3ala3AblBaHuEM TIOKA3aHU.

[Ipombinennsie Tepmomerprl conpotusienus I'CII kon-
CTPYKTHUBHO COCTOSIT U3 TEPMO3JIEMEHTA (UyBCTBUTEIBHOI'O 3JI€-
MEHTa) U HapyKHOH (3aIMTHO) apMaTypsl. B kauectBe marepu-
aja Juisl 4YyBCTBUTEIIBHBIX JIEMEHTOB IPOMBIIUICHHBIX TEPMO-
npeoOpazoBaresell COMPOTUBIICHUS UCTIONB3YIOT METAJUIBI C XO-
poLIEH 2IEKTPOIIPOBOAHOCTBIO, TAKUE KaK IJIaTHHA, Melb. YyB-
CTBUTENbHBINA JIEMEHT METAIUIMYECKOT0 TEpMONpeoOpazoBaTes
COIIPOTHUBIJIEHUS TIPEJCTaBlIsAeT CcOOOM TOHKYI IJIaTHHOBYIO
WIM MEJIHYIO TIPOBOJIOKY, IIOMEIICHHYIO B KaHaJIbl 3alIUTHOTO
KapKaca 1 HaMOTaHHYIO Ha KapKac WM CBEPHYTYIO B CIIUpAJb
u (puc. 6.9).

TaTATATATATaTA A"
EX XX R XX XXX

Puc. 6.9. Koncmpykyusi RAGMUHOB020 4y8CMEUMENbHO20 eMEHMA.
1 — naamunogas chupans, 2 — 6b1600bl, 3 — MepMOYeMeHm;
4 — gepamuueckuil kapxac;, 5 — naiika cnupaeti
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[InatunoBbie Tepmomerpsrl conporusnenus (TCII) npenna-
3HAYEHBbI JUIsl U3MepeHust temneparyp or —260 go +750 °C.
st msmepenust HU3kux temmneparyp (1o —260 °C) npuMeHsoT
TCII, 3amuTHas TUIIb3a KOTOPBIX 3aMI0JIHEHA TEIHEM.

Menanble TEpMOMETPBI U3TOTOBISIOT TOJIBKO TEXHUYECKHUMHU
(tum TCM) o 'OCT 6651-94. KoncrpykTuBHasi ¢opMa ux
nokasana Ha puc. 6.10.

Mennyto u3onupoBaHHyto mpoBosioky 1 auamerpom 0,08 Mm
HaMaThIBAIOT OOBIYHO O€3 Kapkaca OM(UISAPHO W TOKPHIBAIOT
¢dToporutacToBoil mieHkoi 2. KoHIbI IpOBOJIOKK MPUIIAHBAIOT
K BBIBOJaM 3, KOTOPBIE MPUCOSTUHSIIOT K 32KHMaM TOJIOBKH Tep-
MoMeTpa. MenHble TepMOMETPHI BBITYCKAIOT U M3MEPECHHUS
temneparypsl oT —50 no +180 °C.
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Puc. 6.10. Koncmpykyus meonozo mepmomempa cOnpomueienus

Twurbl, OCHOBHBIE TTApaMETPBI U pa3Mepbl TEPMOMETPOB CO-
HPOTHUBIICHHS, BBITYCKAEMbIX HMPOMBIIIJIEHHOCTBIO, PErjlaMeH-
tupoBanbl ['OCTom. VYcnoBHbie 0003HAa4YEHUs TPaTyUPOBKHU
TepMomeTpoB conpotuBieHus TCII ycTaHOBIEHBI cleayro-
mwe: rp. 20; 21; 22; 23 u 24.

Hns tepmomerpoB ¢ rpanyupoBkoit 20, 21 u 22 nHavains-
Hoe compotuBieHue (Rg) cocraBisier coorBerctBeHHo 10; 46
u 100 Om. TepmomeTpsl conpotuiieHus meansie TCM Beimyc-
KalTcs ¢ conpoTuBienneM Ro = 53 Om (1p. 23) u Rg = 100 Om
(rp. 24).
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Kommiektsl TepmMonpeoOpaszoBare-

! neit KTIITP-01 npeana3HaveHbl ISt

- N HM3MEPEHUs TeMIepaTypbl U Pa3sHOCTU

TeMIlepaTyp B COCTaBe TEIIOCUETUH-

KOB H JIPYTHX NMPHOOPOB y4yeTa M KOH-

TPOJIsl TEIJIOBOW SHEPTUM B TEIUIOBBIX

S ‘ CeTSAX IMPOMBIIIIEHHBIX NPEANPUATUI
1 TEIUIOCHA0XKAIOIINX OpTraHu3anii.

Kommuiekt TepMoMeTpOB MpencTas-

nseT co0oi ABa IUIATHHOBBIX TEPMO-

Puc. 6.11. Komnnexm MeTpa, MOJ0OpaHHBIX IO 3aJaHHBIM

mepmomempos nmapaMeTpaM TakuM 00pa3oM, 4To pas-

conpomusenenus KTIITP-01 HUIIA MeXIy HUMH B IOKA3aHUAX TEM-

neparypsl MUHUMaJIbHA, YTO IO3BOJIAET CHU3UTH IO MUHUMYMa IOTPEeIIHOCTh

B [IOKa3aHUSX NOTPEOIIEMO TEIUIOBOM SHEPTUH.

XapaKkTepuCcTUKN KOMIUICKTa B YaCTH KOHCTPYKTUBHBIX OCOOCHHOCTEH,
YCTOWYMBOCTH K BO3JCHCTBHIO (haKTOPOB OKPYKAIOILEH Cpesbl, MeXxaHH4e-
CKUM BO3JICHCTBHAM, JaBJICHUIO, a TAKKe KIMMAaTHYECKOE HCIIOIHEHHUE CO-
OTBETCTBYIOT aHAJIOTMYHBIM NapaMeTpaM BXOIALUIMX B KOMIUIEKT TEPMO-
METPOB. DJIEKTpUYECKAs CXEMa COCTMHEHUI — YEThIPEXIPOBOIHAS.

Tepmope3uctopsl. /{1 n3roroBieHus repmonpeoOpas3oBa-
TeJeW COMPOTHUBIICHUS MPUMEHSIIOT TaK)Ke MOJYNPOBOJHUKH,
OKCH/[Ibl TUTaHA, MAaTHHUS, KeJle3a, HUKEJs, MEH WIN KPUCTAILIbI
HEKOTOPBIX METaJIOB (Hanpumep, repmanusi). CyIiecTBEHHbIM
HIPEUMYIIECTBOM MOJYINPOBOJHUKOBBIX TEPMOMETPOB (TEPMO-
PEe3UCTOPOB) SIBJISIETCS UX OOJNBIION TeMIepaTypHbIM K03 du-
LIUEHT DJIEKTPUUECKOTO conpoTusieHus. [loaToMy u3 nomaympo-
BOJIHMKOB MOYHO JI€J1aTh TEPMOMETPHI C OOJIBIINM HaYaJIbHbIM
COIPOTHBIIEHUEM, UTO MO3BOJISET CHU3UTH /10 HE3HAUUTEIbHBIX
BEJIMYMH MOTPEIIHOCTH, BbI3bIBAEMbIE€ H3MEHEHUEM TEMIIEpaTy-
PBI COEIMHUTEIBHBIX IIPOBOJIOB.

Jljia u3MepeHus TeMIepaTypbl Hanbojee YacTo MPUMEHSIOT
tepmopesucTopsl TunoB MMT-1, MMTY, MMT-6, KMT-4, co-
MIPOTUBJICHHE KOTOPHIX B pabo4MX MHTEpBaJiaX TEMIIEpaTyp U3-
MEHSETCS 110 SKCIIOHEHIIMAIILHOMY 3aKOHY.
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OCHOBHBIMU HEIOCTaTKaMH, MPENSATCTBYIOLUMYU HIUPOKOMY
BHEJIPEHUIO TEPMOPE3UCTOPOB B MPAKTUKY CHUCTEM aBTOMAaTH-
YECKOT'0 KOHTPOJIS, SIBJISIFOTCSL:

— HH3Kas BOCIIPOU3BOJAMIIOCH MapaMETPOB, UYTO HCKIIIO-
4aeT UX B3aUMO3aMEHAEMOCTb;

— CpaBHUTEIBHO HEBBICOKAass MaKCHUMallbHas pabouas
temriepatypa (ot —60 go 180 °C).

Ha puc. 6.12 noka3zan cTep>XKHEBOW TEPMOPE3UCTOP, Mpe/-
CTaBJISIFOIIMKM cO00M IWIMHAP 1 ¢ KOHTaKTHBIMU KOJIITAYKaMU
2, K KOTOPBIM INpHIasiHbl BbIBOABI 3. LIMunHAp MOKPHIT sMare-
BOM Kpackoil u oOMoTaH MeTayundeckoi (oneroit 4. CHapyxu
TEPMOPE3UCTOP 3AILUIIEH METAJUIMYECKUM YeXJIOM O, B BEpX-
HEH 9acTH KOTOPOTO MMEETCS CTEKIISTHHBIN H30J1ATOp ©.
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Puc. 6.12. Bycunkosoe noaynposooHuK080e mepmoCconpomusieHue

N3mepurenbHble NpUOOPHLI TEPMOMETPOB CONNPOTHBJICHHUS.
ConpoTuBieHHEe TEPMOMETPOB MOKHO U3MEPHUTH MO OOBIYHBIM
B DJIEKTPOTEXHUKE MOCTOBBIM CXEMaM: YPAaBHOBELIEHHBIM U HE-
YPaBHOBEIICHHBIM.
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IIpocreiimas cxema ypaBHOBEIIEHHOI'O MOCTa IIOKa3aHa Ha
puc. 6.13, a. Tepmomerp compoTtuBieHus R; u pacnonoxen-
HBIE TOCJIEIOBATENFHO C HUM JIBa COIPOTUBIEHUS R, coenuHu-
TEJIbHBIX JUHUN BKIIOYAIOTCS B Tuied0 CB MOCTOBOW CXEMBI.
B nuaronans DB mocTta mogaeTcs HanpsbDKeHHe oT OaTtapeu b.
W3meHsis BeMYMHY CONMPOTHUBIICHUsI R3 TOOUBAIOTCS paBEeHCTBA
HanpspkeHus B Toukax 4 u C, 4To MOATBEPKAAETCS OTCYTCTBH-
eM Toka B quaroHanu 4C 1npu U3MEpPEHNUHU €ro IrajJbBaHOMETPOM
C. Takoe MOJIO)KEHHE COOTBETCTBYET PaBHOMY OTHOILIEHUIO
NajieHus HAMPsKEHUS B TUIedax 00erx BETBEU MOCTA.

ConpotuBieHne auHUU R, MOArOHOYHOM KaTymIKOH ycTa-
HaBnMBaeTcs nmocrosiHubM. ConpotuBienust Ry, u Ry moctosn-
HBI U BBITMIOJIHEHBI (TaK ke, KaK U CONpOoTUBiIeHHE R3) U3 MaH-
ranHa. MocToBas cxema u3o0paxena Ha puc. 6.13, a; oHa oT-
JINYAeTCsl BHICOKOW TOYHOCTBHIO M3MEPEHUS U MPAKTUYECKH HE
3aBUCHT OT HaIpshKCHHsI OaTapeu b.

o]] (e

a

Puc. 6.13. Cxemvl usmepumenvvix MOCmMo8 0Jisk U3MepPeHUsi CONPOMuBLeHUs.
mepmMomMempo8: a — Npocmeliuil YypasHoBeUleHHbI MOCHL:
0 — ypasHo8euleHH Il MOCH C MPeXnPO8OOHbIM UCKTIOUEeHUEM
mepmMomMempa, 8 — HeyPAaHOBEeULeHHBIL MOCT
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[Ipu HysI€eBOM OTCYETE MO TaTbBAHOMETPY OTMAIAI0T MOTPEILI-
HOCTH, O0YCIIOBJIIGHHBIE TEMIIEPATypOH OKpYKAIOMIEH Cpeabl
Y IOCTOPOHHUMHU MarHUTHBIMU Bo3aeiicTBussMU. Hekoropyto He-
OIPECNIEHHOCTD B 3TY CXEMY MOKET BHECTHU MEPEXO0THOE COTPO-
TUBJICHUE MEPEABIKHOTO KOHTaKTa R3, a Tak:ke BO3MOXKHOE H3-
MEHEHHE CONPOTHUBIICHUS COCAMHUTENIBHBIX MPOBOAOB R, mO-
CKOJIbKY U3MEHSIETCS UX TeMIeparypa. ITU HEONPEAECICHHOCTH
MIPAKTHYECKU MOXHO UCKITFOYHTh, €CIIH COOpaTh MOCTOBYIO CX€-
My, TIOKa3aHHYyI Ha puc. 6.13, 6. B aTom ciydae nepenBuKHOMI
KOHTAaKT HE OTHOCHUTCS K COMPOTUBIICHHUIO TIIeua AB, a BKIIIOUeH
B nuaroHasib CA, CONpOTUBIEHUE KOTOPOH B MOMEHT OTCUETa
(mpu HYJIEBOM TOKE) NMPAKTUYECKU HE MMEeT 3HaueHus. Jlms
YCTPaHEHHUs BIUSHUSA BO3MOXHOTO U3MEHEHHUs CONPOTUBIICHUS
R, coequHUTEIbHBIX JUHUHN Ha MOKa3aHUsS MOCTa TOUKa B nepe-
HECEHAa K TEPMOMETDY.

B tpexmnpoBoaHO# cXxeMe BIIMsIHUE BEWYMHbBI AR, Ha IMOKa3a-
HUs OyJeT CYIIECTBEHHO MEHBIIIE (Ha MOPSIOK U OOJIbIIIE), YEM B
JBYXIIPOBOAHOM CXeMe, TaxKe AJIsl caMOi HeOJaronpusiTHON To4-
KM HIKaJibl. B TpeXmpoBOIHBIX CXeMax CONPOTUBIIEHUE KaXI0U
JIUHUY JJOBOJMTCS JI0 YCTAHOBJICHHOTO 3HaueHus R, mpu nmomoiu
OTJIEJIbHBIX MMOATOHOYHBIX COITPOTUBIICHUN B KaXKAOW JIMHUU.

Ha puc. 6.13, 6 mokazana cxema HEypaBHOBEIIEHHOTO MOCTa
JUTSE ©3MEPEHUSI COMTPOTUBIICHUSI R, BKIIFOUEHHOTO 1O TPEXIIPO-
BogHoM cxeMe. B mmaronanbs mocta CA BKIIIOYAETCS BMECTO
rajibBaHOMETpa MujuMamnepmerp mA. HanpspkeHue nutaHus
MOCTa BJAMAroHaJIM BD NOMKHO TOAAEPKUBATHCS MOCTOSH-
HbIM. KOHTpONb HanpsikeHus: B quaroHanu BD oCylecTBIseT-
Csl BKJIFOUEHHEM KOHTPOJBHOTO COMPOTUBIEHUs R, mpu mepe-
KITIOYaTeIne B TOJI0KEHUH 2.

Jlns1 yCTaHOBIEHHOTO 3HAYEHUST HAIIPSKEHUS TIPH MTOCTOSH-
HBIX COMPOTHUBICHUAX e R, Ry, R3 u R, cuna toka B nuaro-
Hanu CA OyzeT uMeTh ONpeIeIEHHOE 3HaU€HUe, YTO KOHTPOJIH-
pyercst MuiuamiepMerpoM. OTKIIOHEHHE OT YCTaHOBJIECHHOU
BEJINYMHBI TOKA KOPPEKTHPYETCS CONPOTUBIECHUEM R,... [Tocie
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TOr0, Kak ycraHoButcs Hanpspkenue EBD B toukax B u D nepe-
KJIFOUYaTEeJIb CTaBSAT B [10JIOKEHUE 1 1 U3MEPSIOT CONPOTUBIICHUE
Rt mo cuite Toka lca B muaronanu C4.

HenocraTtok cxemMbl — HEOOXOAMMOCTh HOJJEpHKAHUS I10-
CTOSIHHOTO HampsbkeHus B BepiinHax CA — MOXHO JIETKO
YCTPaHUTh, IPUMEHUB UCTOYHUKH CTaOMIIN3UPOBAHHOTO MHTA-
Husg tuna UIIC no 'OCT.

B nocnennue roapl HeypaBHOBELLIEHHBIE MOCTHI JIJIs1 U3MEpe-
HUS TEMIEPaTyp NPUMEHSIOT PEIKO, JIUIIL B pudopax s u3-
MEpEeHHUs BEJTMUUH, TPe00pa3yeMbIX B aKTHBHOE COIIPOTUBIICHUE.

Jlorometpbl. OTH IpUOOPHI MPeTHA3HAYEHBI B OCHOBHOM ISt
M3MEPEHUs TeMIepaTypbl IPU IOMOILY TEPMOMETPOB CONPOTUB-
nenwus. JlJoromeTpsl MOCTPOECHBI HA TPUHLIUIIE CPABHEHUS CUIT TO-
KOB B LIETISIX TEPMOMETPA U TIOCTOSSHHOT'O COTIPOTUBIIEHUSI.

JloromeTp mpejacTaBisieT coOOW IBYXpaMOUHBIM MarHuTO-
neKTpuyeckuil Musuamnepmerp. IlonBukHas yacTh ero
(puc. 6.14, a) coctout u3 n1ByX pamok R; u Ry, ecTko coenu-
HEHHBIX OJIHA C IPYTOM M CO CTPEJIKOM, KOHEI KOTOPOU mepe-
MeIaeTcsl BAOJb LIKanbl. PaMKKM OXBaTBIBAIOT HEIOJBUKHBIHI
cepaeuynuk C ¥ MOTYT TepeMeNIaThCsi B 3a30pe MEepeMEHHOMN
HIMPUHBI MEXTy nostocaMd S U N MOCTOSHHOrO MarHuta |
cepleuHrKa. Besd monaBukHAs cucreMa yKperuieHa MO LEHTPY
cepieyHMKa, 0OBIYHO HAa KEPHOBBIX onopax. /i moxBoia Toka
K paMKaM NPUMEHSIOT CIUpalbHbIE MPYKUHBI JIHO0 0e3 Mo-
MEHTHBIX BBOJIOB, MPAKTUYECKH HE CO3JAIOIINE MPOTHUBOJAEH-
CTBYIOILIETO MOMEHTa, JINOO MaJlOMOLIHbIE, TPOTUBOAEHUCTBY-
IONIMIA MOMEHT KOTOPHIX MHOTO MEHBIIE MarHUTOIJIEKTpHYE-
CKOT'O MOMEHTa PaMOK.

O06e paMKH MUTAIOTCS OT OOILEro MCTOYHUKA MOCTOSTHHOTO
toka b (puc. 6.14, 0) c HanipskeHueM Eg.

[TocnenoBarenbHO C PAMKOW BKIIIOUEHO IOCTOSIHHOE CONPO-
TuBieHue R,, a mocnenosarensHo ¢ pamkoil Ry — Tepmomerp R:.
MarHuTHbIE MOMEHTBI, BO3HUKAIOIIHE B paMKaX, COOTBETCTBEH-
HO paBHBI
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M]_: k1 Blil ; (67)
M;=ky B2 iz, (6.8)

rae K; u Ko — mocrosiHEbIE KO3 (DUIIUCHTHI, ONpeaesieMble
F€OMETPUYECKUMH pPa3MEpPaMH PaMOK M YHUCJIOM BHUTKOB
MPOBOJIOB B HUX;
B1u By — MarHutHble HHAYKIMHA B MECTAX PACIIOI0KEHUS
pPaMoOK.

Puc. 6.14. Jlocomemp:
a — NPUHYUNUATLHAS cxema,; 6 — anekmpuueckas cxema, 1-4 — zadcumor

B Pa3jIMYHBIX TOYKAX 3a30pa HepeMeHHOfI HIMPUHBI Mar-
HUTHasi UHAYKIUS OyneT pa3nuyHoi. OTHOIIEHHE HHIYKIUN
B1 n By nns xecTko CKPCIUVICHHBIX PAMOK 3aBUCUT OT UX YIJIa
IMOBOpPOTa

Q0= fl (Blle).
B nonoxenuun PaBHOBECHUA MAarHUTHBIE MOMCHTBI PaMOK 6y-

JIyT PaBHbI
k1 Bl il = kz Bz i2

nimn
Bll Bz = kgiz/ Rlil, (69)
OTKy/Ia yroJl HOBOPOTA PAMOK
Q= fo (|2/ I1) =1 [(Rl + RK)/(R2 + Rt)] (610)

152



VYuuTtsiBas, uro R; 1 Ry u Rk mpakTuuecku mocTosHHBI,

o = F(Ry). (6.11)

Hanpspxenue 6atapen 5 TeOpeTUYECKU COBCEM HE BIIMSIET Ha
yroj noBopoTa paMokK. [IpakTH4YecKkn M3MEHEHUE HaNpPsKEHUS
CTaHOBHTCS 3aMETHBIM JIUIIb IPU OTKJIOHEHUSX, OTIIMYAIOIINXCS
OT HOMUHAIILHOTO (pacyeTHoro) 3HaueHus 6osee yem Ha 20 %.

s MOBBILIEHUS YYBCTBUTEIBHOCTH B PEAJbHBIE CXEMBbI
BKJIIOYAIOT pamkH Joromerpa Rp' m Rp" B nuaronans Heypas-
HOBEIIEHHOTO MOCTa C MOCTOSHHBIMU COINPOTUBICHUSMHU Rj
u Ry u Rz (puc. 6.14, 6) ManranunoBoe R4 1 menHoe Rs corpo-
TUBJICHUS CITYXaT JJIsl YMEHbILEHHUSI OOIIEro TeMIepaTypHOro
kodpdunmenTa noromMerpa (MPU H3MEHEHUH TEMIIEPATypPhI
oKpyxaromei cpezsl). TepmomeTp R; ¢ conpoTuBneHUsIMU Ju-
Huii R, MokeTr ObITh BKJIIOYEH B TPEXIPOBOJHOU CXEME.
B nens TepmomeTpa cOnpOTUBICHUS BBOAUTCS HOPMAaIbHO 3a-
KOpOYeHHOe comnpoTtuBieHue R, (nHorma obo3Hauaemoe R,).
[Ipu xoHTpOIIE PabOTHI JOrOMETpPa CHUMAIOT 3aKOPaYNBAIOLINIT
IIYHT compoTuBieHus R, u 3akopaumBaer tepmometp Ry, co-
enunsist Toukd 1 u 2 cxembl. CTpenka Joromerpa JOJKHA
MIPU 3TOM yCTAHABJIMBATHCS Ha OINPEACIICHHOM 3HAUYECHHUH ITKa-
761 TpuOOpa (KpacHOMU uepre).

Kiaccsl Tounoct ieperocHsix Jjoromerpos — 0,2; 0,5u 1,0,
a cTaiMoHapHbIX muToBblXx — 0,5; 1,05 1,5; 2,0 u 2,5. Jloromer-
PBI MOT'YT OBITH MTOKa3bIBAIOLIMMHU, CAMOITUITYIIIUMH (710 12 TO-
YeK U3MEpPEeHUs), a TAK)KE UMETh JOTOJTHUTEIbHBIE YCTPOHCTBA
JUTSL PETYTUPOBAHMSI Y CUTHAITM3AITIH.

ABTOMAaTHYeCKHE MOCTBbI. B aBTOMarnueckux ypaBHO-
BEILLIEHHBIX MocTax (puc. 6.15) nBMKOK peoxopja mnepemMera-
€TCsl aBTOMaTH4eCcKu. M3mepuTenbHasi cxema MOCTOB IMMUTACTCS
KaK MOCTOSIHHBIM, TaK U MIEPEMEHHBIM TOKOM.
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Puc. 6.15. Aemomamuueckuil ypasHo8euleHHblU d1eKMPOHHBIN MOCTH
muna KCM-4:
CI] — cunxponnwlil 0gueameins

B aBTOMaTHYeCKMX MOCTaxX IEPEMEHHOIO TOKa pellaroliee
BIIMSTHHE HA M3MEPEHHE OKa3bIBAIOT aKTUBHBIC COMPOTHBIICHHUS,
MMO3TOMY NPHUBEACHHBIC BEIIEC COOTHOMICHUA IS MOCTOB ITOCTO-
STHHOT'O TOKa COXPaHSIIOTCS U JUIsl aBTOMaTHIECKHX MOCTOB Tepe-
MEHHOT0 ToKa. [TocnegHue UMEIOT s MPEUMYIIECTB IEPE MO-
CTaMH TOCTOSHHOTO TOKAa: HM3MEPUTENbHAas CXeMa ITHTaeTCs
OT OJTHOM M3 OOMOTOK CHIIOBOTO TpaHC(opMaTopa IeKTPOHHOTO
YCUITUTEIIS, T. €. He TPeOYeTCsl IOTOTHUTEILHOTO HICTOYHUKA TTH-
TaHUA U OTIIa1acT HeO6XO}II/IMOCTB B [IPUMECHCHU BI/I6paHI/IOHHO-
ro rnpeodpazoBareis.
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Cyl1iecTByeT MHOTO pa3IMuHbIX MOIU(PUKAIIUN aBTOMaTHYe-
CKUX ypPaBHOBEIICHHBIX MOCTOB, OJHAKO MPUHITUI UX pabOTHI
oJIMHAKOB. B kauecTBe mpumepa 3/1eCh pacCMaTPUBACTCSI IPUH-
LUITMaIbHAsE CXeMa AJIEKTPOHHOTO aBTOMAaTHYECKOT0 YpaBHOBE-
menHoro mocra tuna KCM-4, [Turague Mocra 1mogaercs B 1ua-
TOHAaJh OT OTACIBLHON OOMOTKH TpaHchopMaTopa B yCHUITUTEIE
QY. Jlns nonydeHus pacyeTHOI'O HANpsSHKEHUs Ha BEpIIMHAX B
1 O B TMaroHalib BKJIIOYAETCs OaTacTHOE COMPOTUBIICHUE. Tep-
MoMeTp R; BKIIFOUEH 1O TPEXMPOBOJHON CXeMe B IIEYO MOCTa
AB. Peoxopn Rp BMecTe C IIYHTHPYIOIIMM COIPOTUBICHUEM
0OBIYHO UMEET MPHUBEICHHOE CONPOTHBIeHUE, paBHOE 90 OM.

Conporusnenust (R, + rp) u (Ry; + ry;) onpenenstot npene-
JIBI U3MEPEHHUsI 1O IIKayie. 3Ha4eHUs CONPOTUBIIECHUI MocTa Ry
u Ry u R3 onpenensitorcss COOTBETCTBYIOMUM pacuyeToM. M3me-
pUTeNbHAsA CXeMa MHUTAETCs MMePEMEHHBIM TOKOM. DTO HCKIIIO-
9aeT HEOOXOAMMOCTh MPUMEHEHHSI BHOPAIIHOHHOTO ITPeoOpa3o-
Barens. [lOCKONbKY MOCT SIBISIETCSl ypaBHOBEIICHHBIM, HET
HEOOXOJUMOCTH CTPOTO BBIIEPKUBATH MMOCTOSTHCTBO HAMpsiKe-
Hus Ha BepmmHax B u D. [losTomy HUKakux cTaOUIN3aTOPOB
HaIPsKEHUS HE TIPETYCMOTPEHO. Y paBHOBEIICHHBIE MOCTHI BbI-
MyCKaIOT HeCKOIbKUX Moaudukanuii. OHU MOTYT OBITH OJTHOTO-
YEUYHBIMH ¥ MHOTOTOYEYHBIMH (KOJIMYECTBO TOYeK — 6, 12
Wi 24); KJ1acc TOYHOCTH ypaBHOBeIIeHHbIX MocToB 0,5.

Jnst AUCTaHITMOHHOTO M3MEPEHUsSI TeMIlepaTyphl MPUMEHS -
10T TIpeoOpa3oBaTeNy pa3INuHbIX THIIOB.

§ 6.4. TepmosJiekTpuUecKHe TEPMOMETPHI

H3mepenne TemmepaTypbl TEPMOIIEKTPUUECKUMHU IPeoo-
pa3oBareNs MU OCHOBAHO Ha TEPMOIJIEKTPUUECKOM 3 deKTe
3eebeka: B 3aMKHYTOM II€TIH, COCTOSIIEH W3 JIBYX WJIH OoJiee
Pa3HOPOJHBIX NMPOBOJAHUKOB, BO3HHKAET JJIEKTPUUYECKUN TOK,
eclii XOTs OBl JBa MecTa coeluHEeHUus (cras) MPOBOIHUKOB
UMEIOT Pa3Hylo TeMIIEpaTypy.
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Hemnpb, cocrosimias U3 JBYX Pa3HOPOIHBIX MPOBOJHUKOB
(puc. 6.16), Ha3BIBACTCS MEPMOINEKMPULECKUM NPeodpasosame-
qem (TOII). Cnait, umeromuii Temmneparypy t, Ha3pIBaeTCs ropsi-
YUM WM pabo4uM, a BTOPOH, UMEIOIIMIA IOCTOSHHYIO TeMIIEpa-
Typy to — XomomHbiM, Wiu cBOOOIHBIM. [IpoBogHuKH A4 U B
HA3bIBAIOTCS TEPMOIJIEKTpoaaMu. Tepmoanektpudeckuid 3 dexrt
00BSICHACTCS] HAJIMYUEM B METaJLJI€ CBOOOIHBIX 3JIEKTPOHOB, YKC-
JI0 KOTOPBIX B €IUHUIIC 00beMa PA3IMIHO IS Pa3HBIX METAIIJIOB.
B cnae ¢ TemmiepaTypoit 35eKTpoHbl U3 Metauia A nuddyHam-
pYIOT B MeTaiu1 B B O0JbIIeM KOJIM4YECTBE, 4eM o0partHo. [Toato-

MYy METaJlL A 3apsKACTCA ITOJIOKUTCIIbHO, @ METAJIII B— oTpuLa-
TCIIBHO.

7
2 % ty
A = 8
s A 8
S|
S
N
N t
t N
b SR & a

Puc. 6.16. Tepmo- Puc. 6.17. Ilenb c mpemvum
NneKmpuiecKas yens npogoonuxom C, GKIHOUEHHBIM.
U3 08X NPOBOOHUKOB a — 6 cnail mepmonpeobpazoeamesi,
6 — 6 MepMOIIeKMPOO MEPMONApbl
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Ecnu mis naHHOM Tepmomapbl  HalJleHa  3aBHCHUMOCTH
Epg = T (1), onpenensiemMasi rpayMpoBKOi, TO U3MEPEHUE TEMIIC-
patypsbl cBoauTcs K onpeaenennto TOJIC Tepmomnapsl.

Jlist BKITIOYEHHSI M3MEpHUTEIbHOro mpubopa B menb TOII
HEOOXOMMO pa3zopBaTh 3JEKTpUYEcKylo Lemnb. Crenarb 3TO
MOXHO B criae ¢ Temmneparypoit (puc. 6.17, a) unu B oqHoM U3
TEPMO3JIEKTPO10B (puc. 6.17, 6).

HecMmotpss Ha BHelIHee pa3iuuue CXeM, IOKa3aHHBIX Ha
puc. 6.17, TOJC, pa3BuBaeMbIe TEPMOIICKTPHICCKUMHU TPe0d-
pazoBatensamu TOII, onuHakoBel, eciiu TeMieparypsl t, to u Tem-
nepaTypbl KOHLOB NpoBoAHNKa C Takke 0JAUHAKOBBL. M3 3TOTO
cienyert, yro TOJIC TOII He u3mMeHsieTCst OT BBEACHHS B €T0 1IEIb
TPETHEro MPOBOJHHUKA, €CIH KOHI[BI ATOT0 MPOBOJHUKA UMEIOT
oJIMHAKOBBIE Temneparypsl. Ha 3Tom ocHoBanuu B 1iens TOII
BKJTIOYAIOT COSMHUTENBHBIE TPOBOJIA, U3MEPUTENBHBIE PHOOPHI
U IOATOHOYHbBIE COIPOTUBIICHHUS.

[Ipu HepaBeHCTBEe TeMIeEpaTyp KOHIIOB TPETHETO MPOBO/I-
nuka TOJC TOII ymensimutcs Ha BenuunHy DJIC napa3utHoi
napsl AC (puc. 6.17, a) npu Temneparypax KOHIIOB ITPOBO/IHU-
ka ty' u to u to'. 3 aroro cnenyer, uro B nenu TIII »xenarens-
HO TPUMEHATHh MPOBOAHUKH, TEPMODIIEKTPUUECKHE CBOMCTBA
KOTOpBIX HE3HAUYUTEIbHO OTJIMYAIOTCA OT TAKOBBIX CBOMCTB
TEPMODJIEKTPO/I0B TEPMOIJIEKTPUUECKUX ITpeoOpa3oBaTeieit.

Kak yxe roBopunock, TOJC TIII sBnsiercss hyHKIMEH U3-
MepsieMOM TeMIepaTypbl JHIIb IPH YCIOBHUHM IOCTOSHCTBA
TeMIIepaTypbl XooaHoro cnas (ty = const).

TOII rpanyupyoT Npu ONPEACTICHHON MOCTOSSHHOW TEM-
nepatype xonoaHoro cnas (o6srqHO npH to = 0 °C, pexe npu
to = 20 °C). [Ipu u3MmepeHusx TemrepaTypa XOJOJHOTO cras
MOKeT ObITh HHOH (1p'), HE paBHOI TemmepaType TpaayupOBKH.
HecoBnanenue temmepatyp to u to' BEI3pIBa€T HEOOXOIUMOCTH
BHECEHMS TMONMpaBKU. BennuumHy MOMpaBKM MOMKHO MOIYYUTh
st nanHoro TOIT u3 rpagynpoBOYHON TaOIUIEI WM, TIPH HE-
OOJBIINX 3HAYCHUSX PA3HOCTH 1y — ', U3 XapaKkTepucTUIECKOM
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KpuBOU. IIpy 3TOM MOXKHO NPUHATH NPSAMOJIUHEHHYIO 3aBUCH-
mocth E =T (t).

B nanpueitmem Benuunny TOJC TOII Oynem o603Ha4aTh £,
ITo T'OCT 3044—84 mipuHSATO 1IECTh BUAOB TEXHUYECKUX TEPMO-
UIEKTPUYECKUX Npeodpa3zoBaTesneil ¢ MeTaNIMYeCKUMU TepMO-
ANEKTPO/IAMHU.

Inamunopoouii-niamunosvie  (TUIATUHOPOJIUNA  COJEPIKUT
90 % mnatussl u 10 % poaus) TOIL. Tun TIIII umeer rpaayu-
poBky I1116B. B 3aBucumocTu ot HazHaueHus 3Ty TOII pa3nens-
IOT Ha JTaJOHHBIE, 00pa3moBbie u padouwne. [lmaTuHOpOMIi-
IUTATUHOBBIE MPE0Opa3oBaTeNIN HaJSKHO PAOOTatOT B HEUTpaIb-
HOM M OKHMCIUTENIbHBIX CpPENax, HO ObICTPO BBIXOJAT U3 CTPOs
B BOCCTAHOBUTENbHOM cpene. K HepoctaTkam npeobpazoBareneit
sTOro THma ciueayer orHectu Manyro TOJIC mo cpaBHeHHIO
¢ TOAC npyrux TIII. luameTp TepMOAIEKTPOAHON IPOBOJIOKH,
npumensiemoit 1yt TOIT Tuma TIIT, cocraBnser 0,3 vm 0,5 M.

Inamunopoouii-niamunopoouesvie (cooTBeTcTBEHHO 30 M
6 % poaust) TOII (tun TIIP) umerot rpagyuposky 1P 30/668.
Oco0eHHOCThIO MpeoOpazoBaTens JAHHOTO THIIA SIBISETCS TO,
4T0 OH pasBuBaeT oueHb Manyro TOJIC (0,04 mB mpu 120 °C
u 0,002 MB npu 20 °C), uto He TpeOyeT MONpaBKU Ha TeMIle-
paTypy XOJOJHBIX CIaeB.

Xpomenv-aniomenesuiii npeoopazosamens (94 % Cr +2 % Al +
+2,5%Mn+ 1% Si+0,5% npumecn) TOII (T TXA) numeer
rpagyupoBky XA68. Ot TOII mpuMeHSIOT 171 U3MEPEHUS TEM-
nepatyp 10 1 300 °C. Kpusas 3aBucumoct TOJC nyst naHHOTO
npeoOpazoBarens Onm3ka k mpsmoit. TOII tuna TXA xoporro
paboTaeT B OKUCIUTENBHBIX CpeJaX M CPaBHUTEIBHO OBICTPO
pazpyliaercs B BOCCTAHOBUTEIbHOU cpejie.

Xpomenv-rkoneneswiii npeoopazosamens (56 % Cu + 44 % Ni)
TOII (tun TXK) umeer rpagynpoky XK68. Otu TIII pa3su-
BatoT Hanbosbiyo TOJIC u3 Bcex cranaapruzoBaHHbix TOII,
YTO MTO3BOJISIET U3TOTOBIISATH U3MEPUTENBHBIE KOMILIEKTHI C Y3KOIH
TemreparypHoii mkanoi, Hanpumep 0-300 °C.
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Cranpaptabie TOII tuna TXK u TXA wu3roraBiuBaroT u3
TEPMORJICKTPOTHOM MPOBOJIOKH fuameTpom oT 0,7 10 3,2 MM.

Bonvppam-penuesoiii npeobpazosamens (20 % penus, THII
BP-5/20) npumensitot ajist m3mepenus temreparypst a0 2 300 °C
B HEHUTPAJIbHOM M BOCCTAHOBUTEIHHOM CpEeIax, a TAKKe ISl 13-
MEpPEHHUs TEMIIEPATYpPbl PACIJIaBJICHHBIX METAJIIIOB.

WHorja npuMeHSIOT U HecmaHoapmu3o8anHvle npeoobpaso-
gamenu. VI3 HHX Hauboiee MIUPOKO HCHOIB3YIOT MeE/b-
KOIIEJIEBbIE, )KEJI€30-KOHCTAHTAaHOBBIE U ME/Ib-KOHCTAaHTAaHOBbBIE
TOII. HecrannaptusoBanusie TOII mocne n3roroBiaeHus: moj-
BEpraroT 00s3aTeNbHON HHANBUAYAIBHON TPaTyHPOBKE.

KoHcTpykTuBHOE 0(hOpMIIEHHE TEPMOIIEKTPUUYECKUX IIpe-
oOpa3zoBareneil pa3HOOOPa3HO M 3aBHCUT TIJIABHBIM 00pa3om
oT ycnoBuid ux npumenenus. Ha puc. 6.18 nokazan TOIII Tu-
MUYHON KOHCTpYyKImH. Kak nmpaBuiio, pabouunii crai mpoMBIII-
neHHbIX TOIl M3roTOBISAIOT CBApKOH B IJIAMEHH BOJBTOBOU
nyru. TOII u3 HeOGmaropoJHBIX METAIIOB CBAPUBAIOT MOJ CJIO-
em dumroca, a TOIl u3 nmmaTuHOBOM rpymnmel — 6e€3 duroca.
[Taiiky NMpUMEHSIIOT TOJIBKO NMPU HU3TOTOBJICHUM HECTaHAAPTHU-
30BaHHBIX TOIl U3 oueHb TOHKOW TEPMODIIEKTPOIHOM MPOBO-
JIOKH.

W3 cnenmanbHbIX cielyeT Ha3BaTh MHOT030HHBIN TOII, npu-
MEHSIEMBIN ISl TO30HHOTO U3MEPEHHUs TEMIEPATypbl B BEPTHU-
KaJIbHBIX armnaparax (B KOJIOHHAaX CHHTE3a aMMMaKa, MeTaHoja
U 1Ip.).

Yexon takoro TOII npencrasnser coboit TpyOy, B KOTOPYIO
MIOMEILEH My4OK M30JIMPOBaHHBIX OauH OT Apyroro TOII pas-
JINYHOU JIJTUHBI.
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Puc. 6.18. Tepmonapa 6 3awumnou apmamype ¢ neped8UI’CHbIM ranyem.
1 — eopsauuil cnaii mepmonapwl,; 2 — Gpapoposwiii HAKOHEUHUK;
3 — zawumnasn mpyoka; 4 — appoposvie 0gyxkananvhvle OYcol,
5 — nepeosuoicnoii praney Ons kpenyienus mepmonapul,
6 — xopnyc eonosku; 1 — ¢apgoposas conoska;
8 — wmyyep 015 nposodos, 9 — acbecmosviil wiHyp:

10 — sunm ons yenouxu, 11 — xkpviwka, 12 — npoxnaoka; 13 — 3adxcumot;

14 — gunmul 015 Kpennenus KOL0OKu, 15 — eunmul 011 Kpenienus

npo6000s, 16 — eunmot 0151 KpenieHusi mepmodIeKmpo00s 8 3aNCUMAX

[IpoBona, coegunstomue TOII ¢ n3MepuTenbHbBIM TPUOO-
POM, U3TOTaBIMBAIOT U3 MaTepUajOB, KOTOPbIE B Mape MEXIy
coboit pazuBaroT Te xe I[C (mpu Tex ke Temneparypax), 4To
u TOII, k KoTOpoMy OHM MOJCOeTUHEHBI. Takoe TpeOoBaHUE
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orpaHuuuBaercs temneparypoil npumepHo 100 °C, Bbimie Ko-
Topoil xapakrepuctuku TOIl M coenMHUTENBHBIX MPOBOJIOB
MOTYT pa3iau4arbcsi. JTO AOIYCTUMO, TaK Kak TeMIiepaTypa
COCMHUTENBHBIX TPOBOJOB OOBIYHO He ObIBaeT BbICOKOM. [Ipu
COONIOACHUM YKA3aHHOTO TpeOOBaHUSA MPOBOAA  YIUIHHSIOT
TOIl Ha HAMHY COENMHUTENBHBIX IPOBOJIOB, a CBOOOIHBIC
koHIbl TOII oka3piBatoTCs Ha KJieMMax IpuOopa, mperHa3Ha-
yeHHoro aiist u3mepenust TOIC.

Hecobronenne yka3aHHOTO BhIIIE TPEOOBAHUS MPUBEIIO ObI
K BO3HHUKHOBEHUIO «mapasuTHbix» DJC B pesynbraTe 00pazo-
BaHUs CIIaeB B MECTax COEIMHEHHUs CBOOOMHBIX KOHIIOB TOII
C CoeAMHMUTENbHBIMU IpoBoaaMu. Hanpumep, mig TOII Tuna
TXK npumeHsitor Xpomelb-KomneneBble npoBoaa, a aius TOII
tuna TXA — oauH npoBoJ MeAHbIN, a BTOPOW KOHCTAHTaHO-
BbIit (60 % Cu u 40 % Ni). U3meputenbHble mpeodpazoBaTenu
st TOIT paccMoTpeHs!I BIIIIE.

YnoOHass nis MoHTaxka Ttepmomapa T1J[729
NpefHa3Ha4YeHa JUIA W3MEpPEHHsl TeMIepaTypbl
B auanaszone ot —150 no 800 °C. Kopnyc tepmo-
mapsl  BBINOJHEH W3 HEpXaBelollel cramm
12X18H10T, HapyxHbIi Tuamerp Kopiryca 10 mwm.
Tommmnaa crenku 2 mMm. Kopnyc nmeer mryrep
M22 x 1,5. Pabouwmii craii M30JUpOBaH OTHOCH-
TEJIEHO KOpITyca.

Puc. 6.19 Tepmonapa
7729

IIpubopsl st M3MepeHHMs TEPMOICKTPOABHKY X
cmit. J{na usmepenns TOJC B KOMIUIEKTaX TEPMOIJIEKTpHUUE-
CKUX TEPMOMETPOB MPUMEHSIOT MarHUTOAIEKTPHUECKUE MUIUIN-
BOJIETMETPBI U IOTEHIIUOMETPBI.

MuWUIMBOJIBTMETPHI JETISTCS Ha IEPEHOCHBIE U CTallOHAPHBIE,
a TIOTEHLIMOMETPhl — Ha J1abOpaTOpHbIE, MEePEHOCHBIE M aBTO-
MaTuueckue. Muniugonbmmempsl — MarHUTOIJIEKTPUYECKHE
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npubopsl, paboTa UX OCHOBaHA Ha B3aMMOJCHCTBHH IPOBOJI-
HUKA, [10 KOTOPOMY T€UET TOK, I MArHUTHOTO T10J1sl TIOCTOSIHHOTO
MarauTa. MarautHasi cucreMa MWLIMBOJIT™METpa (puc. 6.20) co-
CTOUT U3 MarHMUTa, NOJKOCHBIX HAKOHEUHUKOB U LIWIMHPUIECKO-
rO ceplieuHrKa. B KoIbI1eBOM BO3IYIITHOM 3a30p€ MEXKTy MOJIHOC-
HbIMM HAaKOHEYHMKAMHU M CEPJACUYHUKOM BPALLAETCS paMKa U3
MEIHOTO WJIH, peXke, aTIOMUHHEBOTO U30JIMPOBAHHOTO MIPOBOA.
Yaie Bcero paMku KpemsiTcsi Ha KEpHaX, KOTOpPbIE ONMUPAIOTCS
Ha MOJIMATHUKU U3 arata wid pyouHa. MOMEHT, IpOTHBOICH -
CTBYIOIIMI BPAILEHHUIO PAMKH, CO31a€TCs CIIUPATIbHBIMU MIPYKHUH-
KaMU, KOTOpbIe OJHOBPEMEHHO CIyKaT W JUIsl TOJBOJAA TOKa
K paMKe.

Puc. 6.20. Macnumnas u noosusxcnas cucmemuvl MULIUGOIbMMEMPA.
1 — nocmosnnwiil macnum, 2 — ROMOCHBIIL HAKOHEYHUK, 3 — CepOeuHUK;
4 — pamxa
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B peructpupyronmx npubdopax pam-
Ka ITOJBEIICHa Ha TOHKUX MeTajulnye-
ckux JieHTax (puc. 6.21). I'py3ukammu
MOJIBM)KHAS CHCTEMa yPaBHOBEILIMBACTCS
TaK, 4TO LEHTP €€ TSHKECTH HAXOIUTCS
Ha ocH paMKHu. TOK, mpoTekas uepe3
PaMKy, BbI3BIBACT MOSIBIICHUE JABYX OJTU-
HAKOBBIX CHJI, HAIIPABJICHHBIX B pa3HbIe
CTOPOHBI M CTPEMSIIUXCSI MOBEPHYTh
paMKy.

Puc. 6.21. Cxema kpennenus pamxu Ha
JeHmounbvix nooseckax: 1 — nenma nooseca,
2 — pamka; 3 — cmpenka, 4 — epy3uku

Cuna Toka, mpoTeKarolero mo pamke, onpexaensercs TIAC
TEPMODJIEKTPUUECKOT0 MpeodpazoBatens £, U COMPOTUBIICHH-
eM dJIeKTprYecKoi 1en R, T. e.

| =E,/R. (6.12)

ComnpoTHBieHHE LENHU CKIAABIBAETCS W3 CONPOTHUBIICHHS
TOIl R,,, cOMpOTHBIEHUS COEAMHHUTEIBHBIX TMPOBOAOB R,
Y CONPOTHUBIEHUS PaMKH R,, T. €.

R=R,+Re+R,. (6.13)
CJ'IC,I[OBB.TCJ'IBHO, IJIg yriia IIoBOpPOTa paMKH IMOJIYYUM
= K- Em/ (Rm - Rcu + RP) (614)

W3 ypasHenus (6.14) cnenyer, 4To Ui MOJY4YEHUS OJHO-
3HAYHOM 3aBUCHMOCTH YIJIa ITOBOPOTA PaMKH CO CTPEJIKOW OT
TOAC TOII E,, HeoOxo1umMo, 9TOOBI COMTPOTUBIICHUE TIETTH OCTa-
BaJIOCh BCETJa NOCTOSIHHBIM. Ho eciny ipy cTaliMoHapHBIX yCio-
BUSX PaOOTHI MUJIMBOJIBTMETPA CONPOTUBIIEHUE PaMKH R, MOXK-
HO CUUTATh IPAKTUYECKH TOCTOSIHHBIM, TO conpotuieHue TIIT
R1 xonebneTcs mpu u3MeHeHnH u3MepsieMoit Temmneparypsl. Co-
IPOTHUBIICHHE COEAUHUTENBHBIX MPOBOJIOB R., IpU M3MEHEHUN
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TEMIEPATYPHI OKPYKAIOIIEH Cpeibl TAaKKe MPUBOIUT K MOSIBIIC-
HUIO IMOTrpCIIHOCTU U3MCPCHMU .

Cxema BKJIIOUEHHSI COCAMHUTEILHBIX MPOBOJOB IOKa3aHa
Ha puc. 6.22.

R
cn
Puc. 6.22. Cxema sxnrouenus coeounHumenbHbvix npoeooos:
1 — TOII; 2 — mepmosnexkmpooHsie npo8ooa;
3 — coeounumenvuwie nposooa,; 4 — npubop

TouHOCTH M3MEpEHUs TeMIEPATyPbl MIJUTUBOJIBTMETPOM TEM
BBIIIC, YeM OOJIbIlIasi YacTh COMPOTHUBIICHUS IMPUXOIUTCS Ha
paMKy M 4€M MEHBIIUE COMPOTUBIICHUS UMEIOT COCAMHUTEIb-
Hble TIpoBOJa 3 W TEPMOIJICKTpoaHble mpoBoma 2 TOIIL
st cCHYOKEHUs YKa3aHHOM MOTPEIIHOCTH YBEIUYUBAOT COMPO-
THUBJICHHE LIENH MOCIEAOBATEIbHBIM MOAKIIOUEHUEM K PaMKe
JIOTIOJTHUTEILHOTO COMPOTUBIEHU Ry B BUI€ KaTyIIIKU U3 MaH-
TaHWHOBOM MPOBOJIOKH (C MPAKTUYECKU HEHU3MEHSIOIIUMCS CO-
MPOTHUBJICHUEM TPU U3MEHEHUM Temmeparypsl). [IpakTuuecku
compotuBieHue Ry B MummBoiIbTMETpax kojedmercs ot 100
10 500 Om. [lns monyyeHus NpaBUIIbHBIX MMOKa3aHUN 1€UCTBU-
TETbHOE 3HAYCHHE JIOJDKHO COOTBETCTBOBATH PACUETHOMY.
B mpubopax oTeuecTBEHHOr0 MPOW3BOJCTBA pacueTHas BEl-
ynHa Ry, paBHa ogHOMY M3 cineayrommx 3HadeHui: 0,6; 1,6; 5;
15u 25 Om.

Re. =Rr+ R, (6.15)

IToxg »T0 pacueTHOE CONMPOTHUBIICHHE, YKAa3aHHOE Ha IIKaje
MUJUTHBOJIBTMETPA, TOJTOHAETCS MPH MOHTaXe (HaKTUIECKOE
conpotusnienue TOII (R1) u conmpoTuBiieHnEe COEAMHUTETHHBIX
MIPOBO/IOB.
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UT0oOB! MCKJIFOUUTH TIOTPEITHOCTH, CBS3aHHBIC C U3MEHEHUEM
COIPOTHUBIICHUS COEIMHUTENIbHBIX MPoBOo10B U TIII npu skcmty-
aTaluy, TeMIepaTypa COCIUHUTENbHBIX JIMHUN J0JDKHA OBITh
omuskoit k 200 °C, a rmy6unHa norpyskenus TOII momxkaa coot-
BETCTBOBATh IrpalynpoBovYHOM. Eciu mikana MUILIMBOJIBTMETPA
BBIPAKEHA TOJILKO B MUJUIMBOJIBTAX, TO K HEMY MO>KHO IOJIKITIO-
YUTH TEepMonapy Jr0oi rpaayupoBku. Onpenenus Mo MIKaie
MUJUTMBOJIBTMETPA HANpPsDKEHHE W 3Has BeIMUMHBI Ry u Ry,
MOXHO HailTu BennuuHbl TOJIC u3 ypaBHEeHUs

ET: Um (Ra'*‘ RH,,) . R(), (616)
rac Um — HaIpsHKCHUC, HSMepHeMOﬁ MUIIIABOJIBTMETPOM.

3Has Er, 0 rpaydpoOBOYHBIM TabIUIIaM ISl IPUMEHSIEMO-
ro TOII onpenenstor Temnepatypy. Ecnu Temneparypa cBo0o-
HbIX KOHIIOB TOII B mporecce uamMepeHust U3BMEHSIETCS B ITUPO-
KHX MpeJenax, NPUMEHSIOT METOJl KOMIIEHCAllUU TeMmIepary-
PBI XOJIOCTBIX CIIa€B, MUCIIONb3YsS I ITOTO MOCTOBYIO CXEMY
tuna KT-54 (puc. 6.23).

I 7 R \ ‘
// R 7 R A
'/ 4 7 \\
c f Nl |
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o ) +
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~127/2208

Puc. 6.23. Dnexmpuyeckas cxema asmomamuueckou KOMHEHCayuu
memnepamypbi Xon00HbIX cnaes: 1 — KomnencayuonHwiti Mocm;
— TOII; 3 — munrueonvmmemp; 4 — ucmouHuKx numarnus

165



TOII BKIIIOYAETCS MOCIIE0BATEIBHO C HEYPABHOBEILIEHHBIM
MocTtoM, Tpu Iwieda kotoporo (Ri, R, m R3) BbImosHEHBI
U3 MaHranuHa, a yerBeproe (Rs) — memanoe. Cxema mutaercs
OT CTa0MJIN3UPOBAHHOTO HCTOUHUKA TTUTAHHUSL.

Jlo6aBo4yHOE coOIpOTHBIEHUE R, CIyXHUT A7 HOJITOHKU
HaIpsDKEHUs, M10/1aBa€MOI0 Ha MOCT, 10 HY)KHOTI'O 3HAu€HUS.
IIpy NOCTOSHHOM HAIPSDKEHUM UCTOYHUKA nuTaHus (4 B), us-
MEHssl conpoTuBiIeHuEe R,;, MOXKHO HacTpauBaTh MOCT Ul pa-
60tbI ¢ TOII paznuunbix rpagyupoBok. Ot TOII o komneHca-
LIMOHHOTO MOCTa MPOKJIAJbIBAIOTCS TEPMODJIEKTPOJHBIE IPO-
BOJIa, OT MOCTA JI0 U3MEPUTEIBHOT0 PHOOpa — ME/IHBIE.

[Tpu rpanynpoBouHOI TemrepaType XosoAHbIX craeB TOII
MOCT HaxOJHUTCS B PaBHOBECHMM M PA3HOCTb IOTEHIUAJIOB Ha
BEpIIMHAX MocTa cd paBHa HyI10. C U3MEHEHUEM TeMIIepaTypbl
XOJIOJTHBIX CIIAeB OJJHOBPEMEHHO N3MEHSETCs CONPOTHBIICHUE Ry,
YTO HapyIllaeT PaBHOBECHE MOCTA, U Ha BepIIMHax MocTa Cd BO3-
HUKAaeT Pa3HOCTh IOTEHUUANIOB. BeiiecTBre N3MEHEHUs TeEMIIe-
paTypsl XxonoaHbIX criaeB TOIl oTHOBpeMEHHO U3MEHSETCS €ro
TOJIC Ha BenMMUMHY YKa3aHHOW pa3HOCTHU MOTEHIUANOB. Tak Kak
n3menenre TOJIC paBHO pa3HOCTH MMOTEHIIMATIOB U UMEET IMPO-
THUBOIIOJIO)KHOE HAIIPABJICHHUE, IPOUCXOAUT aBTOMATHYECKas
koMmneHcanus. CrenoBaTenbHO, KOMIIEHCAUs MOXKET ObITh J10-
CTUTHYTA IIPHU YCIIOBUU PABEHCTBA TEMIIEPATYpP CONPOTHUBIIECHUS
R4 1 xonoaueix ciaeB TOII, uto mocTUraercst pa3mMerneHneM Mo-
cTa pAAOM C XoJoAHbIMU ciasiMu TOIL.

ITpu m3MepeHuMn TemmepaTypsl B HECKOJIBKHX MeECTax OJ-
HOTO M TOTO K€ OOBEKTa NPUMEHSIOT MUJIMBOJIBTMETPHI
C MHOTOTOYEYHBIMU MEePEKII0YaTENIMU.

HHorenunomerpsol. IlpuHuuUI AEUCTBUSA NOTEHLMOMETPOB
OCHOBaH Ha YpaBHOBEUIMBAaHUM (KOMIIEHCAIMH) H3MepsieMon
TOJAC ¢ u3BECTHON PA3HOCTHIO MOTEHIHAIOB. JTa Pa3HOCTb
MOTEHIIMAJIOB CO3/aeTCs B MOTEHLHUOMETPE MOCTOPOHHUM HC-
TOYHUKOM dHepruu. [IpuHnunuanpHas cxema NOTEHIMOMETpa
noka3aHa Ha puc. 6.24.
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Puc. 6.24. Ilpunyunuanvnas cxema nomenyuomempa
C HOCMOSAHHOU CUOU MOKA 8 KOMNEHCAYUOHHOU Yenu

B 370l cxeme uMerTCs TpHU 3EKTpUYecKue Lenu. B uenb
MCTOYHHMKA TOKA (KOMIICHCAIIMOHHYI0) BXOJUT UCTOYHUK TOKa
b, perynupoBouHoe conpoTtuBieHue R, (peoctar), mocTosHHOE
conportusieHue R,, U conportuBieHne peoxopaa R, ¢ nepeme-
HIAOIIKUMCS BAOJIh Hero KoHTakToM D. B menbs HOpmanbHOTO
AJIEeMEHTa BXOAUT HOPMAaJIbHBINA d7ieMeHT HD, compoTuBieHue
R.» n nynesoit nmpubop HII. B nens TOII Bxoasat TOII, nyne-
Boii mpubop HII 1 9acTe M3MEPUTENBHOIO CONPOTUBIIEHHA R,
HopmainbHblii 31€MeHT, MpeAHa3HauYeHHbIN 11 KOHTPOJS IO-
CTOSIHCTBA PA3HOCTH IMOTEHIIMATIOB MEXIY KOHEYHBIMU TOYKa-
MU PEOXO0p/ia, pa3BUBAET MOCTOSIHHYIO BO Bpemenu D/IC.

OOBIYHO MPUMEHSIOT PTYTHO-KaJIMHUEBBIM rajibBaHUYECKHI
sanemeHT Becrona, passuaromumii npu 20 °C 21C 1,01830 B.
ITonb3ysicCh HOPMAJIBHBIM 3JIEMEHTOM, MOYKHO JIOBOJIBHO TOYHO
YCTaHOBUTH IMOCTOSTHCTBO Pa3HOCTU IMOTEHIMAJIOB Ha KOHIIAX
peoxopna. Ins »stoit nenum mnepexnmoyarens [I  mepeBoasT
Ha koHTakT K, Bkmouas HII B nens HD u ogHOBpeMeHHO pa3-
peiBas nens TOII.

167



HopmanbHblil 271€MEHT NPUCOEAUHAETCS K KOHLAM COIpPO-
tuBlieHus R,, tak, uyto ero 3/IC oka3biBaeTcsi HampaBIEHHON
HaBcTpeuy OJIC ucrounuka Toka b. Perymupys cuiny Toka
B KOMIIEHCAIIMOHHOM Lienu peoctatoM R, nobuBaroTcs Takoro
MIOJIOKEHUSA, IPU KOTOPOM Pa3HOCTh MOTEHIMAIOB Ha KOHLAX
conpotusiienus paBHa DJ1C HO. IIpu sTom cuna Toka B 11enu
HOPMAaJIBHOTO 3JIEMEHTa paBHa Hymro U crpenka HII ycranas-
JMBAETCs Ha Hyle IIKaibl. B 3TOM cioyuyae cuia Toka B KOM-
MEHCALIMOHHOM LIenu

E

== 6.17
1 R ( )

HD

s usmepenus TOJC TOII nepexntouarens 11 nepeBoast
Ha KOHTAaKT, IMOJAKJIoUas TeM caMbiM TOII mocnemoBaTennHO
¢ HII xk u3amMepuTenbHOMY CONPOTUBIICHUIO B TOYKE 6 U CKOJIb-
3smeMy KoHTakTy. Tepmo-DJIC TOII torma Oyner neiictBo-
BaTh B CTOPOHY, IPOTUBONOI0XkHYI0 DJIC ncrounuka toka b.

[Tepememnas koHTakT D, HaxoIAT Takoe €ro MOJOKEHUE,
MPU KOTOPOM PA3HOCTh MOTEHIIMAIOB MEXIy TOYkamMu 6 u D
M3MEPUTENIBHOTO conpoTuBiieHus paBHa TOJIC tepmonapsl,
MpH 3TOM cuja Toka B nenu TOII paBHa Hy:I0, TOT 1A

E;=ixRgp. (6.18)

Tak xak E,, u R,, noctostansl, onpeneneuue TOIC TIII co-
JTUTCSI K OTIPEICTICHUIO YJacTKa U3MEPUTEIILHOTO COMPOTUBIICHUS
Rep. U3mepenune TOJIC koMIeHCAITMOHHBIM METOJIOM OCYIIIECTB-
JISIETCSI B OTCYTCTBHE TOKA B IIETH TEPMOIJIEKTporpeodpazoBare-
1151, MO3TOMY corpotuBiienue nenu TIOIl, coequHuTeNbHBIX TPO-
BOJI0B, HII, a cinenoBarenbHO, ¥ €ro 3aBUCUMOCTb OT TEMIIEPATY-
PBI HE OKa3bIBAIOT BIMSIHUS HA TOUHOCTh U3MEPEHUS.

OTO CBOMCTBO SIBJISETCS OJTHUM U3 CYIIECTBEHHBIX IIPEUMY-
LIECTB KOMIIEHCALIMOHHOTO MeToJa u3MepeHus. [Ipomernuien-
HOCTB BBIITYCKaeT OOJIBIIIOE KOJNYECTBO MEPEHOCHBIX TEXHUYE-
CKUX W Ta0OpaTOPHBIX IMOTEHIIMOMETPOB Pa3INYHBIX THUIIOB.
B 3aBncumocTH OT Ha3HAYCHUS M TOYHOCTH IMOKA3aHHN OHU
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nojapasiensaoTces Ha Tpu kiacca: 1, 2 u 3. Ilorenmmomertpsor 1-
r0 U 2-TO KJIaCCOB CHAOKEHBI CBUICTEIHCTBOM C YKa3aHHEM HX
MOTPEITHOCTE M MCHOJB3YIOTCS B KadyecTBE O0Opa3IOBBIX.
[ToreHmomMeTphI 3-T0 Kilacca HCIONIB3YIOTCS Kak pabodue.

B aBTOomMaTumyeckux MNOTEHIIMOMETpaX B OTJIMYHME OT pac-
CMOTPEHHBIX BHIIIE B3aMEH CTPEIOYHOTO HYIJIEBOTO MpUOOpa
YCTAQHOBJICHBI AJIEKTPOHHBIC HYJIb-UHAMKATOPHI. ABTOMaTHYe-
CKHE DJICKTPOHHBIC MOTCHIIMOMETPHI PabOTaIOT B KOMIUICKTE
¢ oguuM u3 cranaapTtHeiXx TOII. M3MmeputenbHble CXeMbl BCEX
ABTOMATHUYECKUX TMOTEHIIMOMETPOB IMPEAyCMAaTPUBAIOT aBTO-
MaTUYeCKOe BBEJICHUE MOMPABKH HAa TEMIIEpaTypy CBOOOIHBIX
koH1oB TOII. TloaToMy MX BBINOMHSIOT B BUAEC HEYypaBHOBE-
IIEHHOT'O MOCTA.

Bce comporuBnenuss u3mMepuTenbHOM cxembl (puc. 6.25),
KpoMe R, BBINIOJIHEHBI W3 MaHTaHWHA, CONMPOTUBJIEHUE R, —
W3 Meau uin Hukend. Llernb ucToYHMKa TOKa COCTOUT U3 JIBYX
BeTBE: pabouell, B KOTOPYIO BKIIIOUEH peoxopl R,, u Bcromo-
raTeJIbHOM, COCTOSIIEH W3 JBYX compoTuBieHu#, R,, u R;.
Hanmuue BcroMorarenbHOM BETBH IIO3BOJISET aBTOMATHUYECKHU
BBECTH TIOMPABKY HA TEMIIEPATYpPy XOJOJHBIX CIIaeB TepMOIia-
pe1. CompoTuBieHue R, 1 X0JIOAHBIE CIIaK TEPMOTIAPhI JOIKHBI
HaxOJUTHCS TMPU OAMHAKOBOW Temmeparype. B mpubope co-
MPOTUBIIEHHE R, pacmoyiokeHo HeJaleKo OT MecTa MOAKIIYe-
HUS TepMoTiap.
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Puc. 6.25. llpunyunuanvnasn cxema 31eKmpoHHO20
aABMOMAmMU4ecKo20 NOMeHyuoMempa

N3mepsiemas TOLC TOII komneHcupyercs nageHueM Harpsi-
YKEHHS Ha CONIPOTUBIIEHUH R, 3aBUCSIIETO OT MOJT0KEHUS ABHK-
Ka peoxop/ia, u conpotusneHusx R, u Ry

E.= bR, + IR, — I1R,. (6.19)

[loBbiIeHNE TEMOEPAaTyphl XOJOJHBIX CIIAEB BBI3BIBAET
ymenbiienue TOJC TOII na Bennuuny Ezy. [Ipu sTom manenue
HaNpPsDKEHHS Ha COMPOTUBIIEHUH R, OTHOBpEMEHHO BO3pacTaer,
TOrIa

ET - ET1 = |2 Rp + |2RH - |1(RK + ARK) (620)
YroOnI JBHKOK peoxXopaa COXpaHUII CBOC ITOJIOKECHUE U T10-

TEHIMOMETP TOKa3bIBAl U3MEPSEMYIO TeMIEepaTypy, HE00XO0-
JTIUMO 00€CIIeYUTh PABEHCTBO

Em] = |1ARK . (621)

Ecmu TOAC TOII E,, ne paBHa nagenuto HanpsokeHUs Upg,
TO HamnpsbkeHue Hebananca E,, — Upg mogaeTcst Ha BXo1 mpeoo-
pa30BaTENbHOIO KacKaja.
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B mnpeobpa3oBarenbHOM Kackazie NOCTOSHHOE HalpsKEHUE
HeOaslaHca peo0paszyercs: B IEPEMEHHOE, KOTOPOE 3aTeM yCU-
JIMBAETCS 10 3HAUYEHUs, JOCTaTOYHOIO JJIs BPALCHUS PEBEPCHUB-
HOro asuraress P/, KOTOpbIi IepeaBUracT JIBHKOK peoxopaa
Y BOCCTaHABJIMBACT PABHOBECUE U3MEPUTEIBHOU cxeMbl. OHO-
BpeMEHHO P/] nepemelnaer noKa3bIBaloILyI0 CTPEIKY U 3aIIUChI-
Barolee nepo. [lpu paBHOBECHH H3MEPUTENBHON CXEMBI, KOTJa
E.. = Upg, peBepCUBHBIN ABUTATENb HE BPAIAETCs, TaK Kak Ha
BXO/J1 [Tpe00pa30BaTeIbHOIO KaCKa/ia HalpsHKEHUE HE T0/1aeTCs.

UroObl ycTaHOBUTH cuily pabouero Toka li, mepekimoda-
Tenb [/, HOpMaIbHO HAaXOZSIIUICS B mosoxeHun M (u3mepe-
HUE), HAKaTUEM KHOIKM MEXaHU3Ma YCTAaHOBKH pab0o4yero Toka
nepeBoauTcs B nonoxenue K (xoutpousb). Ilpu stom omHo-
BPEMEHHO YCTaHABJIMBAECTCSI KWNHEMATUYECKas CBSI3b PEBEPCUB-
HOTO JIBUTATeNsl C JABWXKKOM peocrata R; M moxkimrodaercs
ANEKTPOHHBIN YCUIIMTEND K LIENH HOPMaJIbHOTO JIEMEHTA.

Ecnu nanenue nanpsbkenus 1R, He paBHo DJIC HopMaiib-
HOTO 2JIEMEHTA, TO AJIEKTPOHHBIN YCUJIUTENb, KaK MPU U3Mepe-
Hun TOJIC TOII, nmomydaer curHan, paBHbIA Pa3sHOCTH MEXITY
3/1C HOpMaJIbHOTO 3JIEMEHTA U NaJICHUEM HalpshKeHUs Ha COo-
npotuBieHue R,,. PeBepcuBHBIN ABUraTens, Bpallasch Mo ya-
COBOM CTpEJIKE WJIM MPOTHUB HEE, B 3aBUCUMOCTU OT 3HaKa He-
OanaHca, epeJBUraeT JBMXKKH peocTara R,, M3MeHss Benuyu-
HYy MUTAIOLIETro HamnpsbkeHus. B MoMeHT paBHOBecus, Korja
I = E,, | R,,, Ha 2JIEKTPOHHBIN YCUIIUTENb CUTHAI HE TI0/IACTCs,
U pEBEpCHUBHBIN JBUTAaTENb OCTaHABJIMBAETCA. B 3TOT MOMEHT
YCTaHABIIMBAETCSl BIIOJHE OINpEAENICHHOE 3HAYeHHE CHUJIbI pa-
6ouero Toka ;.

B 51eKTpOHHBIX MOTEHLMOMETpaX ISl YCUJICHHs HarpsixKe-
HUs HeOalaHca NPUMEHSIOT JIEKTPOHHBIE YCWIUTENIN Mepe-
MEHHOT0 TOKa.

[TpubopocTpouTenbHbIe 3aBOJIbI HALIEH CTPaHbI BBITYCKAIOT
MHOTO Pa3HOBUJHOCTEH OSJIEKTPOHHBIX aBTOMATHYECKUX IIO-
TEHIIUOMETPOB.
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§ 6.5. ITupoMeTphI U3TyHEHHSA

[TupomeTpbl U3Ty4EeHUsI OCHOBAHbI HA U3MEPEHUHU JTYyYUCTON
SHEpPIuu, UCIyCKaeMoW HarpeTsiM TenoM. Haumbombinee pac-
IIPOCTPaHEHNE MUPOMETPBI U3IYUYEHUS MOIYYUIH B METAILIYyp-
I'MH, OJHAKO U B XMMUYECKOH NPOMBILIUIEHHOCTH OHM HAXOIAT
HEKOTOpOe MpHUMEHEHHE (TI€YH, TOMKU KOTEIbHBIX YCTAHOBOK
u ap.).

[TupomeTpsbl U3IydeHUs 110 CPABHEHHUIO C JPYTrUMH Ipudo-
paMH M3MEpEHHUs TeMIIepaTypbl UMEIOT CIEAYIOIINE IPeuMy-
11eCTBa:

a) U3MEPEHHE OCYIIECTBIIAECTCS OECKOHTAKTHBIM CIIOCOOOM,

CJIeZIOBATENIbHO, OTCYTCTBYET MCKaKEHHE TeMIIepaTypHO-
r'0 TOJIs, BEI3BAaHHOE BBEACHUEM JIaT4YMKa mpubopa B W3-
MepsEeMYIO Cpeny;

0) BepXHMI1 Ipeies U3MEPEHUsI TEMIIEPATYPbl TEOPETUUECKU

HE OTpaHUYCH;
B) BO3MOKHOCTh M3MEPEHHSI BHICOKMX TEMITEPATyp Ta30BBIX
MOTOKOB MPU OOJBLINX CKOPOCTSX.

TennoBoe u3IyuYeHUE MPEACTaBISET COOOW mMpolecc pac-
MIPOCTPAHEHUs] BHYTPEHHEH SHEPrHMM HM3JIy4aeMOro Tena 3JeK-
TPOMArHUTHBIMH BOJIHAMH. [Ipu MOTJIOMIEHWH 3JeKTpoMar-
HUTHBIX BOJIH OT M3Jy4arolllero Tejia APYTUMH TelaMH 3JeK-
TPOMAarHUTHBIE BOJHBI BHOBH IIPEBPALIAIOTCS B TEIUIOBYIO
sHepruro. Tena u3Iy4aroT 3MEKTPOMArHUTHbIE BOJIHBI HIMPOKO-
ro auanasoHa mind oT A = 0 1o A = oo.

BoNBIIMHCTBO TBEPBIX U KUIKUX TE 00J1a1at0T HETIPEPhIB-
HBIM CHEKTPOM H3IIy4YeHHUs, T. €. W3IY4aloT BOJHBI BCEX JUIMH.
Jpyrue Tena (4ucThie METAILIBI U Ta3bl) 00J1a/1aI0T CEJIEKTUBHBIM
CIIEKTPOM M3JTYYEHHMs, T. €. U3JIy4atoT BOJHBI TOJIBKO Ha OIpere-
JICHHBIX yYacTKaX CIIEKTpa. Y YacTOK HAYMHAS OT BOJH JTTHHOHM A
ot 0,4 no 0,76 MKM COOTBETCTBYET BUIUMOMY clieKTpy. Kaxknas
JUTFHA BOJTHBI BUTMMOTO CIIEKTPa COOTBETCTBYET OIPEACTICHHOMY
ugery. Bomusl o A ot 0,4 1o 0,44 MKM COOTBETCTBYIOT
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temHO-(puoneroBomy nsery; ot 0,44 no 0,49 mxm — cuHe-
royoomy; ot 0,49 1o 0,59 MKM — TEMHO- U CBETJIO-3€JICHOMY;
or 0,58 mo 0,63 MM — xenTo-opawxkeBomy; ot 0,63
10 0,76 MKM — CBETJIO- U TEMHO-KpacHOMY. Brienenue omnpe-
JICJICHHBIX I[BETOB B M3BECTHOM MeEpe YCIOBHO, TaK Kak
B CIUIOIITHOM BUMMOM CIIEKTPE IEPEX0]T OT OJHOTO I[BETA K JIPY-
TOMY MPOUCXOJIUT HEMPEPHIBHO.

Puc. 6.26. Ilonooicenue uyscmeumenbHo2o s1eMeHma usmepumess 8 mpyoe

Bomausl gmmuon A = 0,76 MKM OTHOCATCS K HEBUIUMBIM HH-
dbpakpacHbIM TemIOBBIM JydaM. [lo mMepe MoBBIIEHUS TeMIIe-
paTypbl HarpeToro Tejla U U3MEHEHHS €ro IBeTa OBICTPO BO3-
pacTtaeT cHeKTpaibHas dJHepreruyeckas spkoctb (CIS),
T. €. U3JIy4€HHUE ONPEJECICHHON JIUHBI BOJHBI (SPKOCTH),
a TakKe 3aMETHO YBEIMYMBAETCS CyMMapHOe (MHTETpalibHOE)
W3JIydeHHe. YKa3aHHbIE CBOMCTBAa HArpeThIX TEN HCIOJIb3YIOT
JUIsT U3MEPEHUsl UX TeMIepaTrypbsl. B cCOOTBETCTBUM C 3TUMU
CBOMCTBaMH THPOMETPHI U3ITYYCHHUS NETATCS Ha KBA3HMMOHO-
XPOMATHUECKHE, CTIIEKTPAIIbHOIO OTHOIIEHHUS M MOJHOTO U3Iy-
YeHHUS.
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[Mpodeccuonanvueiii  nupomerp «KenbBuH
Kommakr 1000» npemHa3HadeH A KOHTPOJIS
TEIJIOBOTO peXnuMa 000pyZoBaHUS (AJIEKTpopac-
IpeJeNUTeIbHbIX YCTPOMCTB, INPOMBIIIICHHBIX
medel, ABUTaTeNe, peayKTopoB, OYKC XKeJIe3HO-
JOPOXKHBIX BAaroHOB U T. II.), a TAaKKe AT M3Me-
PEHUS TEMIIEPATYPhl B TEXHOJIOTHYECKHUX TPOIIEC-
cax METaJUIyprHu, MAallMHOCTPOEHHsA, Hedrexu-
mud B auamnazoHe ot —50 mo +1 000 °C ¢ touno-
ctbio £1 % M cepTUhHUIMPOBAH JUIS UCIIOIH30Ba-
HUS TIPH  TEMIlepaType OKpPY)Kalomled Cpeabl
ot —40 mo +50 °C.

IIpubop uMeeT OAHO M3 JYYIIUX B CBOEM
KJ1acce COOTHOUICHUH TUIOLIA/IH MSITHA U3MEPEHHS K PACCTOSHUIO 10 00BEK-
ta, pasHoe 1:100; nis mosyyeHus Haubosiee NOCTOBEPHBIX PE3YJITATOB
UMeeTCsl py4yHasi peryjaupoBka Kod(duIMeHTa U3Iy4eHuss MaTepruaioB OT
0,01 mo 1,00. [dns TOYHOrO HABEACHUS HMMEETCS BCTPOCHHBIN JIa3ePHBIN
IeJieyKa3arTenb, a Ul KOHTPOJIS TEIJIOBOTO peKMMa nMeeTcst (pyHKuus 3a-
JaHWS MaKCHMalbHOM M MUHHMMaJIBHON TeMmeparyp, NpH INPEBHIIICHUH
KOTOPBIX IPOUCXOJWT 3BYKOBOE M BH3yaJbHOE omoBemeHue. Kopmyc mnu-
pOMETpa M3rOTOBJIEH U3 METAJUIa M MMEET 3PTOHOMHUYHBIE MIPOPE3NHEHHBIC
Hamanku. [Iuranme npubopa «KempBuH Kommakt 1000» ocymectsisercs
OT AByX Oartapeil Tnna «AA», U1 5JKOHOMHH 3apsa U KOM(POPTHOTO 0TOO-
pakeHHsI pe3yabTaTOB NPEIyCMOTPEHAa aBTOMAaTHUYECKas PeryJlnpoBKa sip-
KOCTH JAUCILIES.

Puc. 6.27. I[Tupomemp
«Kenveun
Komnaxm 1000»

KBa3zumonoxpomaTnueckue nupomerpsl. JleiicTBue KBa-
3MMOHOXPOMATHYECKUX (ONTUYECKUX) MUPOMETPOB OCHOBAHO
Ha CPaBHEHUH SIPKOCTH MOHOXPOMATHYECKOIO M3IYyYEHUS JBYX
TeJI: DTAJOHHOIO W Tejla, TEMIIEpaTypy KOTOPOr0 HaMepsIoT.
B kaudecTBe ATalIOHHOTO Tela OOBIYHO UCHOJIB3YIOT HUTH JlaM-
IIbl HAKaJIUBaHUS, SPKOCTh U3ITy4YEHUSI KOTOPOU PEryIupyeTcs.

Haubonee pacnpocTpaHeHHBIM MpeACTaBUTENEM 3TOM TpyI-
bl SBJISIETCS. MOHOXPOMATUYECKUM ONTUYECKUM IUPOMETP C
VCYE3a0IIe HUTHIO, IPUHLIUIIAAIIBHAS CXeMa KOTOPOro IMpu-
BeJleHa Ha puc. 6.28.
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Puc.6.28. Cxema xeazumonoxpomamuuecxkozo (Onmuyeckozo)
nupomempa

[TupomeTp mpeacTaBisieT cOO0M TEIECKOMUYECKYIO TPYOKY
¢ muH30M 1 oObekTHuBa U NUH30H 4 okynspa. BHyTpu Tenecko-
NUYECKO TpyOKH B (OKyce JHH3BI OOBEKTHBA HAXOIUTCS MH-
poMeTpHuecKas Jiamra HaKajduBaHUS 3 ¢ TOJKOBOOOpa3HOMN
HUTHIO. JlamMma muTaeTcs OT akKymyssTopa 7 depes peoctar 8.
B uenp nuTaHus NUPOMETPUUYECKOM JIaMITbl BKIIFOUEH MUJLUIN-
BOJIETMETP 6, KOHCTPYKTUBHO OOBEIMHEHHBIN ¢ TPYyOKOIl Teme-
ckomna. [llkana MUUIMBOJBTMETpPA TpaydpoBaHa B rpaaycax
TeMIieparypsl. [l 1IOJydeHHsT MOHOXPOMAaTHYECKOrO CBETa
OKYJISIp CHa0XeH KPacHBIM CBETO(PMIBTPOM S, MPOIYCKAIOITIM
TOJIbKO JIy4d OIPEJeTICHHON JUIMHBI BOJIHBI. B 00beKkTHBE
HAXOJUTCS CePBIi MOTIOMAONINI CBETOGUIBTpP 2, CIyKalui
JUISL pacIIMpPEHUs IPEEIIOB U3MEPEHHUS.

[Tpu moATOTOBKE OMTHYECKOW CUCTEMBI K U3MEPEHUIO TPYOKH
HaBOJIAT Ha TEJIO U NMEPEIBUTAtOT OOBEKTUB JI0 MOJTyYEHHUS YETKO-
ro, SICHOTO M300paKeHUs TeNa W HUTH JIaMITbl (B BHJIE PE3KOI
YEpHOU MMOJIKOBKH). BKITIOUMB UCTOYHHK TOKA, PEOCTATOM pPETY-
JIPYIOT SIPKOCTh HUTH J10 TEX I10P, ITOKA CPEHSA YacCThb €€ HE CO-
JIBETCS C OCBEIICHHBIM TEJIOM. B ’TOT MOMEHT 1O IIKajie MUJUIH-
BOJIbTMETPA OTCUUTHIBAIOT TEMIIEPATYPY Tea.
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[TpubopocTponTenbHas MPOMBIIUIEHHOCTh BBIITYCKAaeT Iie-
PEHOCHBIE ONTHYECKHE MUPOMETPHl C MCUYE3AI0MIed HUTHIO
B Pa3JIMYHOM KOHCTPYKTUBHOM OGOpPMJICHHM [Jsi TeMIepa-
Typ OT BOCBMHUCOT JI0 HECKOJBKHUX ThICSY rpamaycos. [Iupomer-
pbl paboTaroT ¢ d3HPEKTUBHON AITMHON BONHBI A, paBHOU 0,65
min 0,66 MKM.

doTo3/IeKTPpUYECKHe NMHPOMeTPhbl. B 3Tux mumpomerpax
yaiie BCero UCIOIb3yIT (POTOIEMEHTHI C BHEIIHUM (HOTOA G-
(eKTOM, B KOTOPBIX BO3HUKAET DJIEKTPUUYECKHIA TOK ((POTOTOK),
MIPOIMOPLIMOHANIBHBIN Ma/aloleMy Ha HEro CBETOBOMY IOTOKY
WIH, TOYHEE, MPONOPUUOHAIBHBIN YHEPTUU W3IYUYCHHUS BOJH
OTIpEeICNIEHHOTO Y4acTKa CIEeKTpa.

@DOTOTOK, CO37aBaeMbIii (POTOITEMEHTAMU, MOXKET HEIO-
CPEICTBEHHO CIY>KUTh MEPOW TeMIlepaTypbl U3MEpsSEeMOro Te-
na. Takue mpuOOpHl HE OTINYAOTCS BHICOKOM TOYHOCTHIO. bo-
Jiee COBEPIICHHBI MPUOOPHI, POTOINEMEHT KOTOPBIX UCIOJIB3Y-
eTcs B HYJICBOM PEXHUME KaK YCTPOHCTBO Ui CPAaBHEHHS JIBYX
MCTOYHHUKOB M3JIyYEHUs: U3MEPSEMOro Teja U PeryIupyeMoro
MCTOYHHKA CBETA.

B ¢orosnextpuueckux nupomerpax tuna OOII (puc. 6.29)
n300pakeHNe M3MEPSEMOr0 PacKaJIEHHOTO TeJa MPH TTOMOIIH
oobekTuBa 1 U nuadparmel 2 co3gaercst B MIOCKOCTH OJHOTO
u3 OTBepCTHil auadparmel 3, pacroyiokeHHOH repen hoTode-
MeHTOM 5. Uepe3 npyroe orBepctHe Auadparmel 3 ¢oToae-
MEHT OCBEIIAETCS PETYIHUPYyEMbIM HCTOYHUKOM CBETa — DJIEK-
Tpuueckoi nammoi 6. Ilepen (oTosneMeHTOM pacroyiokeH
KpacHbIN cBeTOQUILTp 4.

®doroaneMeHT moouepenHo ¢ yacrorod 50 I'p ocBemmaercs
TO U3MEpSIEMBIM TelioM, TO Jammol. [loouepeagHOCTh OcBemie-
HUS cO37aeTcsl KoJjeOmomeiics 3acioHKoi 8 Moy sTopa cBTa
7 BuOpanmoHHoro tuma. O6a CBETOBBIX MOTOKA, MOTAIAFOIINE
Ha (HOTORJIEMEHT, W3MEHSIOTCS B MPOTHBO(A3e MO CHHYCOH-
JTaTbHOMY 3aKOHY, YTO JOCTHUTAETCS CHEIHATbHBIM TPOQIITH-
POBaHUEM 3aCIOHKU M OTBEPCTUH.
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Ha Brixozme ¢orosnemMeHTa BO3HHMKAET (OTOTOK, BEITHMUMHA
KOTOPOTO OINpPEACISIeTCS OCBEIICHHOCTHIO OT TEJa M JIAMIIBL.
[Tpu HepaBEHCTBE 3TUX OCBEIICHHOCTEH B IEMH (POTOIIEMEHTA
BO3HHMKAeT NepeMeHHasi (JOTOTOKA, COBMAAroImas 1mo Qase Ju-
60 ¢ hoToTOKOM OT Teuna, Tub0 ¢ (hoToTOKOM OT Jiamribl. [lepe-
MEHHasl COCTaBJIIOmas (POTOTOKA YCHIIMBACTCS 3JICKTPOHHBIM
yeuuresnaeM 9, uMeromuM (pa30qyBCTBUTEIBHYIO CXEMY.

BBIXOHO# CUTHANI YCHIIUTENs YIPABISET IENbI0 MHTAHUS
namriel 6. Cuila TOKa HakKalia JIaMItbl OyJeT H3MEHSATBCS 10 TeX
1Op, TIOKAa OCBEIIEHHOCTH OT M3MEpSEMOro Tejla M JIAMIIbI HE
YPaBHSIOTCS ¥ TIEPEMEHHAs COCTaBIISIONMAs (OTOTOKA HE CTAHET
paBHOM Hymr0. Tem caMbIM Cuila TOKa B JIAMIIE OKAKETCs OJHO-
3HAYHO CBSI3aHHOM C SIPKOCTHOM TEMIIEpPaTypou H3MEpPSEMOro
tena. Cuiia TOKa, MUTAIOMIETO JIAMITY, U3MepsieTcst ObICTpOaCH -
CTBYIOIIIUM aBTOMATHUYECKUM MTOTEHIIMOMETPOM IO BEJTMYMHE T1a-
JICHUS! HATIPSDKEHHS HAa COTIPOTHBIICHUU Ry, B LieTH Jlamribl. [1o-
TEHIIMOMETP TPAJYUPYIOT B Ipaycax SPKOCTHOH TEMIIePaTyphl.
[Ipu u3MepeHHsx TeMIepaTypbl BBIIIEC JOMYCTUMOMN IS J1aM-
bl 6 (1 400-1 500 °C) BBOZUTCS OCIAOISIONINI CBETODHIBTD,
YTO MTO3BOJIAET JoBeCcTH mpeaen uamepenus 1o 4 000 °C.

[ ~50Tu I

R Ex

Puc. 6.29. Ynpowennas cxema ¢pomoanekmpuueckoeo nupomempa
muna @OI1
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[Tupometpsr Tuna ®OII BhIIYCKAOTCS OJHOIIKAJIBHBIMU
st u3mepenuit temmeparyp or 600 go 2 000 °C unu aByx-
HIKAJIbHBIMU JUJIs1 U3MEPEHHUs OoJiee BBICOKUX TeMIIEpaTyp.

IInpomeTphl CHEKTPAJBLHOI0 OTHOWEHHs. B mipomerpax
CIEKTPAJILHOTO OTHOLIEHUS (LBETOBBIX), HNPUMEHSIEMBIX JUIS
IIPOMBIIIJIEHHBIX M3MEpPEHUH, onpenaensiercss oTHomeHnne COS
peabHOro Tesa B JiyyaxX ¢ JBYMs 3apaHee BbIOpaHHBIMU 3Ha-
YEHUSIMU JITMHBI BOJHBI. DTO OTHOIICHUE JUII KaXKAOH TeMIe-
patypsbl pa3jInyHoO, HO BIIOJHE OAHO3HAYHO.

B OonpmmHCTBE CilydaeB MJisi PEAITBHBIX Tell KpPUBBIC
E; = f (L) npu pa3nuuHbIX TEMIEpaTypax COBEPIICHHO MO100-
Hbl KPUBBIM JUIsl a0COJIOTHO YEPHOIrO Tela, O3TOMY MPaKTH-
4ecKH He TpeOyeTcs BBOAUTH IMOMPABKU HA HEMOJIHOTY H3IIY-
YEHHUs, YTO SIBJIAETCS OCHOBHBIM IPEHMYILECTBOM ILIBETOBBIX
nupoMeTpoB. [IpuHIMIIUANBEHAS CXeMa I[BETOBOTO MUPOMETpa
¢ ¢hoTO3IEMEHTOM TI0Ka3aHa Ha puc. 6.30.

N3mepsiemoe u3inydeHue yepes3 3aluTHoe cTekino 1 u o0b-
eKTHB Tomnaaaer Ha ¢(orodneMeHT 4. Mexay OObEeKTHBOM
U (OTORIIEMEHTOM YCTAaHOBJIEH OOTIOpaTOp 3, BpamiaeMblil
CHUHXPOHHBIM ABurateneM. OOTIOpaTop BBHIIOIHEH B BUJAE JUC-
Ka C IByMsI OTBEPCTHUSAMH, OJTHO U3 KOTOPBIX 3aKPBITO KPACHBIM
ceeropmibTpoM K, apyroe — cunuMm C. IIpu BpameHun o6-
TIOpaTopa Ha ()OTOAIEMEHT MONEPEMEHHO MONAAAI0T H3Jyue-
HUS 4epe3 KpacHbIM WM cMHUM cBeTouiabTp. CriekTpaibHast
XapaKTepUCTHKA (POTODJIEMEHTA 3aBHCUT OT TEMIIEPATYPHI, T10-
3TOMY (OTO3JIEMEHT B NHPOMETPE 3aKIIOUeH B TEpMOCTaT
C aBTOMAaTHYECKUM PETyJIHPOBAHUEM.

OJIEKTPUYECKUI TOK, HANPSKEHHE KOTOPOIro MPOINOPLMO-
HAJIBHO COOTBETCTBYIOIIMM HMHTEHCHBHOCTSM  W3JIy4CHUS,
MPEBAPUTENIHO YCUIIMBAETCS AJIEKTPOHHBIM YCHIIUTENIEM 5
U TpeoOpasyercs CIeNHUaTbHBIM AJIEKTPOHHBIM JIoTapudmMu-
YECKUM YCTPOWCTBOM 6 B MOCTOSIHHBIN TOK, BETMUMHA KOTOPO-
ro 3aBUCUT OT oTHouieHus I/T. BoixogHoil TOk sorapudpmu-
PYIOLIETo YCTPOUCTBA M3MEPSETCA YKa3bIBAIOIIUM HIIU
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perucTpUpyrOIMM MUWUINBONIbTMETpOM /. Ilpenensr usmepe-
Hus nupomerpa — oT 1 400 no 2 500 °C; ocHOBHas morper-
HOCTb NIPH U3MEPEHUH TeMIepaTypbl (pU3MUECKUX Te He Ipe-
Bhmaet +1 % oT BepXHero npejaesa n3MepeHui.

1 2 ?
4 v

HHHH

O,
vy

Puc. 6.30. Cxema nupomempa cnekmpanvHo2o OmHoueHus
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TEMANe 7
KonTpouabs kauecTBa U cocTaBa MaTepuajioB

§ 7.1. OcHOBHbBIE MOHSITHSI

B XuMHYeCKOW M CMEXHBIX OTPacisX MPOMBIIUIEHHOCTH
TEXHOJIOTUYECKHE MPOLECChl CBS3aHbI C MOJYyYEHHEM U Tepe-
paboTKON MHOTHX ra3000pa3HBIX U KUAKHX BEIIECTB. DTH Be-
IIeCTBa XapaKTEPU3YIOTCS Pa3IUYHBIMU [MOKa3aTesIMU, M0 KO-
TOPBIM OLIEHUBAIOT UX KaueCTBO.

[Tpu u3mepeHun coctaBa cpell OOBEKT U3MEPEHUsl paccMmart-
pPUBAIOT KaK CMECh, COCTOSIIYI0O M3 HECKOJBbKMX (HE MeEHee
JIBYX) 3JIEMEHTOB, HA3bIBAEMBIX KoMnoHenmamu. Ilon usmepe-
HUuem cocmasa TIOHUMAIOT ONPEAeTICHHEe 0K (KOHIICHTPAIIWN)
TOTO WJIM MHOTO KOMIIOHEHTa B cMecH. [Ipu onpenenennn KoH-
[EHTPAIMKA OJHOTO KOMITIOHEHTA (JJa’Ke €CIM B CMECH TIOMHUMO
OTIpE/ICNIEMOr0 KOMIIOHEHTa MPHUCYTCTBYET €Ile HECKOJIbKO)
CMECh Ha3bIBAIOT OunapHot (IBOMHOMN); KOrJa OMNpPENeNsiOT
KOHIIEHTPALMU HECKOJBKUX BEILECTB, CMECh HA3BIBAIOT MHO20-
KOMNOHEHMHOU.

KosnyecTBeHHO COCTaB XapaKTEpU3YIOT OTHOIIEHHUEM KO-
JMYECTBA ONPEAETIeMOr0 KOMIIOHEHTa K KOJIMYECTBY BCeEi
B3sTOI MpoOBI U BbIpaxkatoT B cooTBeTcTBUU ¢ PJI 50-294-81
B MacCOBOM, 00bEMHOM U MOJIIPHOM JOJIAX, T. €. B OTHOLIEHUH
Macchl, 00beMa MM KOJMYECTBA BEILECTBA ONPEAEISIEMOro
KOMIIOHEHTa COOTBETCTBEHHO K Macce, 00beMy WM KOJIHYe-
CTBY BEIIECTBA aHAJIU3UPYEMOM MPOObI WIIK B MAaCCOBOM M MO-
JSIPHOW KOHIEHTPAIHSIX (OTHOMICHUSX MACChl MJIH KOJMYECTBA
BEIIECTBA K 00bEeMY aHATTU3UPYEMOil TPOOHI).

ITo T'OCT 8.417—81 enuHuULIBI U3MEPEHUS TIEPBBIX TPEX Be-
TUuuH Oe3pa3MepHbl: oM (6e3 0003HaueHus ), MpoLeHT (060-
3HaueHue: %), ThicsSTYHas 70751 (0003HaUeHUe: PyCCKOE THIC.
JATUHCKOE PT) M MUJUIMOHHas jons (0OO03HadYeHHe: pyc-
CKOe MUIH |, JATHHCKOE PPT) CIMHMUIA M3MEPEHHS MAaCCOBON
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KOHIIEHTPAllUM — KHUJIOTPaMM Ha MeTp Kyouueckuid (0003Ha-
YeHHE KI‘/M3) M JOJIbHBIC OT HEE CAUHUIIBL: I‘/M3, MF/M3, /oM,
I/MII; €AUHMIIA MOJIAPHOW KOHIIEHTPAlMd — MOJIM Ha METp
KyOudeckuii (0603HAYCHNE PYCCKOE MOJIB/M, MOJIB/MI).

MeTo/p1 aHaNIM3a cOCTaBa BEIIECTBA MOAPA3ACISIOT Ha U30U-
pamenvhble N uHmepaivhvie. VI30upaTelbHBIE METO/IBI TIO3BO-
JSI0T M30MpaTeslbHO (OJHO3HAYHO) TMOJIy4aTh WH(OOPMAIUIO
0 KOJMYECTBE KOHKPETHOTO KOMIIOHEHTa B cMecu. B wuHTe-
rpajbHBIX WM HEH30HPATEIbHBIX METOJaX pPe3ylbTaThl U3Me-
PEHUS OTPAXKAIOT KOJMYSCTBO HEKOTOPOW TPYIIIBI BEIISCTB
B CMECH.

T'azoananuzamop — npuOOp, MpeAHAZHAYCHHBIN IS TIOJTY-
yeHus: UHPOpPMAIMK O 3HAYEHUU KOHIEHTPALUU HU3MEPSIeMOro
KOMIIOHCHTa WJIM CyMMbl KOMIIOHCHTOB B aHAJIU3UPYEMOMU
ra3oBOM CMECH.

Ananuzupyemas cmecb — CMECh Ta30B W IMapoB, KOTOpas
JOJKHA OBITH MPOAHAIM3UPOBAHA, T. €. JOJDKEH OBITh Ompese-
JICH e¢ Ka4YeCTBCHHBIH M KOJMYCCTBCHHBIH COCTaB, WM IKE
B KOTOPOU JIOJKHBI OBITH OMPEEICHbI KOHIIEHTPAIUU OTAEIh-
HBIX €€ KOMITOHCHTOB.

H3zmepsemvlil KoMnonenm — OJMH U3 Ta30B, BXOSIINX B ra-
30BYIO CMECh, ITOIICXKAITUA KOJTHYECTBEHHOMY OTIPE/ICIICHUIO.

Hynesou 2az — ra3, KOTOpPBIA NpPH MPOXOKICHUH YEPE3
ra30aHAIN3aTOp HE BBI3BIBACT OTKIIOHCHHS YKA3aTeNsl MMOKa3bl-
BaloIero npudopa.

Tosepounas cazosas cmecv (III'C) — cmech HYJIEBOTO Ta3a
C W3BECTHBIM KOJMYECTBOM H3MEPSEMOr0 KOMIIOHEHTa, MpU-
MeHsieMast IS TPaIyMPOBKH U TIOBEPKH T'a30aHATN3aTOpa.

["a3oaHann3aToOpkl, UCIONB3YyEMbIE ISl KOHTPOJS U Peryiu-
POBaHHS TEXHOJOTHYCCKHX MPOIECCOB, TPAAYUPYIOT B CIUHU-
ax oOBEMHOW JIONIM, a Ui BBICOKOTOYHBIX HW3MEPEHHA —
B €IMHUIAX MOJSPHOM 10iH. ['azoaHanm3aTopbl, KOTOPBIE
MPUMEHSIOT I KOHTPOJS BO3AYIIHON Cpeabl, TPaalyupyrOT
B €JIMHUIIAX MAaCCOBOM KOHIICHTpaluu (Kr/M", MF/MS, MT/7).
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Ilpeoenvrno oonycmumasn konyenmpayusa (IIJK) — xonnen-
Tpamusi TOKCHYHBIX BEIIECTB, COJACPIKAIIMXCS B BO3AYXE, KOTO-
pasi Ipy ©KETHEBHOM BO3JICHCTBHH B TEUCHHE HEOTPAHHUYCHHO
MIPOJIOJKUTEIILHOTO BPEMEHH HE MOXET BBI3BaTh y paboTaro-
X MpodecCHOHANBHBIX 3a00JICBaHUA.

§ 7.2. I3MepeHue KOHIIEHTPAIIMH PACTBOPOB

Jlnst KOHTpOJISI KOHLIEHTPAIlMA PacTBOPOB Haubosee MIMpo-
KO€ MPUMEHECHHUE HAIIUIU CJICIYIOIINE METOBI:

— KOHAYKTOMETPUYECKHUM, OCHOBAHHBI Ha W3MEpPEHUHU
3JIEKTPOINPOBOIHOCTHU 3JIEKTPOJIUTOB;

— ONTHYCCKHM, OCHOBAHHBLINM HA U3MCHCHUH OITHUYCCKUX
CBOMCTB XHUJKOCTEN B 3aBUCUMOCTH OT KOHIIEHTpaluu
OIpeeIsieMOro BEIIeCTBRa;

— DJIEKTPOMETPUYECKU, OCHOBAHHBI Ha HM3MEPECHHUU
pPa3HOCTH MOTEHUMAJIOB CHEUUAIBHBIX 3JIEKTPOJIOB,
IIOIPYKEHHBIX B KOHTPOJIMPYEMYIO Cpely, U 3aBUCS-
IMH OT €€ KHUCIOTHOCTH WM mienoyHoctu (pH-
METpHs).

Konaykromerpuuecknii Meroa. M3mepeHue KOHUEHTpa-
AU PACTBOPOB JJIEKTPOJIUTOB MO HMX IIJIEKTPOINPOBOJIHOCTH
(KOHIIYKTOMETpHSI) IIUPOKO MPUMEHSIOT KaK B JIaOopaTOpHOU
MPAKTUKE, TaK U MPHU OINPEAEICHUH 3aBUCHUMOCTH YIEJIbHOU
ANEKTPONPOBOJHOCTH DJIEKTPOJIMTOB OT KOHLEHTpAIUU JJIst
HENPEPBIBHOTO aBTOMATUYECKOI0 KOHTPOJISA B IIPOMBIIUIEHHBIX
YCIOBUSIX.

IIpyr ncnosb30BaHUM KOHIYKTOMETPUUECKOIO METOJA aHa-
JM3a MEPOW KOHIEHTPALMM PAaCTBOpA SIBJISIETCS AJIEKTPOIPO-
BOJIHOCTb. [[71 OLIEHKHM 3JIEKTPONPOBOJHOCTH PAaCTBOPOB pa3-
nuyHbIX BemiecTB B. Kosbpayin BBeNT NOHATHE 2K8UBATEHMHOU
91eKMPonpo8oOHOCMU, KOTOpasi OMPEIeNseTcss KaK JIEKTPO-
MIPOBOJIHOCTh PacTBOpa, cojaepxamiero 1 rpaMM->KBHUBaJEHT
BelecTBa Ha 1 oM’ pacTBopa:
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A=a/y, (7.2)
rJie A — SKBHBaJICHTHAs 3JICKTPOIPOBOJIHOCTD PACTBOPA;
0 — yJeIIbHAs JIEKTPOIPOBOTHOCTE pacTBopa, CM/cM;
¥y — DKBUBAJICHTHAsI KOHIICHTPAIMsI PAaCTBOPEHHOTO BeIIle-
CTBa, T-3KB/CM .

OKBHUBAJICHTHASI 3JIEKTPONPOBOJAHOCTD BCEX AJICKTPOJIUTOB
YBEJIMUUBAETCS MO Mepe paz0aBieHHs] pacTBOpa BCIEICTBUE
yBeJIMYECHUS Auccouuanuu. llpeneabHOro 3HaueHus OHA J0-
CTUTaeT IMpH MOJHOW Aucconuanuu (T. €. mpu OECKOHEUHOM
pa3baBieHHH). 3aBUCUMOCTh MEXIY YICIBHOW 3JIEKTPOIPO-
BOJHOCTBIO PacTBOpa, MPUPOAOH PACTBOPEHHOTO IIEKTPOJIUTA
Y €ro KOHUEHTpalKen onpenesnsercs 3akoHoM Kosnbpayma:

o=0n (v-v,),
/i€ » — MOJABMYKHOCTh MOHOB (KaTHOHOB Vi M aHMOHOB V,) MPHU
OEeCKOHEYHOM pPa30aBleHUH, T. €. CKOPOCTh UX MepeMellle-
HUSI B DJIGKTPUUECKOM II0JIE C TPaJAMCHTOM HaIPsIKEHUS

1 B/cwm, BbIpaxkeHHast B CM/C;
0. — CTETICHb HICKTPOIUTHIECKON TUCCOLNAIINH.

Ha puc. 7.1 noka3zaHa 3aBUCHUMOCTb YAEIbHOW AJIEKTPONPO-
BOJHOCTH OT KOHIIEHTpAIMH, XapaKTepHas ajs OOJbIIMHCTBA
CWIBHBIX JJIEKTpOIUTOB. [IpyM yBEnMYEHMH KOHLEHTpaLUU
yAeIbHas AJIEKTPONPOBOJHOCTh PAacTBOpa CHadaja OBICTPO
BO3pacTaeT, JOCTHras HEKOTOPOH MaKCHUMaJIbHON BEJINYMHBI,
3aBHUCSILEH OT MPUPOJBI DJIEKTPOJIUTA, a 3aTEM YMEHbIIAETCS.
CrnenoBarenbHO, 171 MOIYYEHHS] OAHO3HAYHOM 3aBHCHUMOCTH
ANEKTPONPOBOJIHOCTH OT KOHUEHTPALUU HEOOXOJUMO IMPOU3-
BOAMTHh M3MEPEHUS B IpejAenax KOHLEHTPALUH, pacroIOKeH-
HBIX C OJJHOW CTOPOHBI OT MakcumyMa. W3 paccMoTpenus 3a-
BUCHMOCTEW BHUJHO, YTO KPUBBIE CJIEBA OT MAKCUMyMa MMEIOT
00nbIyI0 KpyTu3Hy. Clie10BaTeIbHO, B 3TOM 00IaCTH KOHIICH-
Tpaluil KOHAYKTOMETPUYECKHI METOJ HMeeT HauOOJbIIYIO
YyBCTBUTEIBHOCTb. KpoMe TOro, B 3HauUTENbHOH OO0JIACTH

183



M3MEPEHUs] KOHUEHTPALMM KaK CJIeBa, TAK U CIpaBa OT MAKCHU-
MyMa 3aBUCHMOCTH OJM3KH K JTUHEHHBIM.
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Puc. 7.1. 3asucumocmu yoenvHou 31eKmponpo8ooHOCMU 1eKMpPOIUNOo8
0m KOHYeHmpayuu

B anexTpoHON KOHAYKTOMETPUM IPUMEHSIOT U3MEPUTEIIb-
HBIE SIYEHKH, COCTOSIINE U3 JBYX JJIEKTPOAOB, YCTAHOBIECHHBIX
HAa ONPEAEICHHOM PAaCCTOSHUM OJIUH OT APYTOro B COCYJE C KOH-
TPOJIMPYEMBIM PacTBOpoM. M3meputenbHas sdeiika (puc. 7.2)
XapaKTepU3yeTcs AIEKTPUUYECKUM CONIPOTUBIIEHUEM (B OM):

R=(/0)(L/S), (7.3)

rJie S — TUIOIIA Ik 3JIEKTPOIOB;
L — paccrosiHre MEX1y JIEKTPOIaMH;
0 — ylleNbHAas 3JICKTPUYeCcKas IPOBOIMMOCTD PacTBOpA.

B npakTuke KOHIYKTOMETPHUYECKHUX H3MEPEHUH 3TO OTHO-
LICHUE TOJyYHJIO HA3BAHUE KOHCTAHTBI U3MEPUTEIIBHON sS4YeH-
K1 K, KOTOPYIO ONpPEAENSIIOT U3 OMNbITA. DIEKTPOIPOBOJHOCTh
MO>HO HM3MEpsATh, UCIOJIb3Ysl KaK IOCTOSHHBIN, TaKk U Iepe-
MEHHBIN TOK IIPOMBILIIJIEHHON WX IOBBILIEHHON YaCTOTHI.
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T
Puc. 7.2. [lsyxanexkmpoonas Puc. 7.3. Yemvipexanekmpoonas
uzMepumenbHas siuelKa uzMepumenbHas AuelKa

BonpIIMHCTBO OTEYECTBEHHBIX IPOMBIIUIEHHBIX KOHIYKTO-
METpPOB paboOTarOT Ha TOKE MPOMBILIUIEHHON 4acToThl. Hapsny
C JIBYXJIEKTPOJHON HM3MEPUTEIIBHON SYEHMKOM, KOTOPYIO IIPH-
MEHSIOT B OOJBIIMHCTBE KOHIYKTOMETPHUYECKHX KOHIIEHTpa-
TOMEpPOB, HCHOJIB3YIOT SYEHKU C YETBIPbMS 3JIEKTPOJAMHU
(puc. 7.3). B aTol siueiike aBa SJIEKTPOA SIBISIFOTCS TOKOBBIMH,
K HUM TIOJIBOJIUTCS HAMNpPSDKEHWE OT BHEIIHErO0 MCTOYHUKA,
U MEXIy HUMH Yepe3 pacTBOp IpPOTEKaeT TOK. [[Ba mpyrux
AJIEKTPOJIa MPEACTABIISIOT COO0N MOTEHIIMOMETPUUYECKUE 30H-
JIbl, KOTOPBIMU HM3MEPSETCA NaJCHUE HAIPSKEHUS B OIpese-
JIEHHOM 00BeMe KOHTpoJIMpyemoro pactBopa. [lajgenue Har-
PSKEHUS. TPOIOPLUMOHAIBHO COINPOTUBIICHUIO KOHTPOJIMPYE-
MOI'0 pacTBopa, T. €. €ro KOHUeHTpauuu. Vcnoib3oBaHUE Ta-
KOW SYEHKU U KOMIIEHCAlMOHHOI'O0 METOJa M3MEPEHHUs Halps-
JKEHHUS TIO3BOJISIET MOYTH MOJHOCTHIO M30aBUTHCS OT BIIMSHUS
MOJSApU3alMd Ha MOJIy4aeMbIE€ pE3yJIbTaThl M IMPAKTUYECKH
YCTPaHUTh BO3HUKHOBEHHE E€MKOCTHOW COCTAaBIISIIOLIECH TpHU
U3MEpPEHUHU. ITO OOYCIOBIEHO TE€M, YTO WHAMKATOPHBIC DJIEK-
TPOJBI OCBOOOXKIEHBI OT TOKOBOW Harpy3Kd M BCE CBSI3AHHBIC
C Hel MOOOYHBIE PTEKTPOXUMHUECKUE TIPOTPECCHI TPOUCKOSAT
Ha TOKOBBIX AJIEKTPOJIaX.
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IIpy ucronb30BaHUM YETBHIPEXDIEKTPOAHON SAYEHKHU B Kaye-
CTBE M3MEPUTEIBHBIX IPUOOPOB CIyKaT CEpUIHBIE aBTOMAaTH-
YECKHE MOTEHIUOMETPhl. CXeMa KOHIYKTOMETPA € MCHOJIb30-
BAHUEM YPAaBHOBEUIEHHOW MOCTOBOM H3MEPUTEIBHOU CXEMBI
rokaszaHa Ha puc. 7.4.

Puc. 7.4. Cxema konOykmomempa ¢ ypasHo8euLeHHol MOCMOB8O1
UBMEPUMENbHOU CXeMOU

B nBa cMEXHEIX IIJIeYa MOCTA BKJIFOYEHBI IIOCTOSSHHOE COII-
poTuBIeHHE R1 M COMPOTUBJICHHE M3MEPUTEIHHON stueiku R,.
B nBa apyrux mieya Hapsiny ¢ MOCTOSHHBIMH COIPOTHBIIE-
HuaMHu Ry u Rz Bkmoyen peoxopa R, ans ypaBHoBemMBaHUSA
MOCTa.

Hanpsixenue ¢ quaronanu Mocta ab moiaercst Ha BXO/I dJIeK-
TPOHHOTO YyCUIUTENsT OV, BBINOIHAIOMEr0 (YyHKIUUA HYIIb-
uHaukaropa. Ecaum MocToBas cxema HaXOJUTCS B PAaBHOBECHH,
CHUTHAJ Ha BXOJE JJIEKTPOHHOTO YCHJIWTES PaBEH HYIIO W
BKJIFOUCHHBIN HA €ro BBIXOJE PEBEPCUBHBIN ABUraTeb P/[ ocTa-
€TCsl HEeTIOABWKHBIM. [Ipr M3MEeHEHHH KOHIIEHTPAIIMH KOHTPO-
JUPYEMOTO pacTBOpa U3MEHAETCS CONPOTUBIICHUE U3MEPUTEIIb-
HOM stueiiku u MocT paszbanaHcupyercs. Curnan pasbarnanca,
MPOIOPLMOHATIBHBIA U3MEHEHUIO KOHIIEHTPAILIUH, TOCTYIAET Ha
BXOJ ycwiuTens DV U mocie YCHUJICHUST — Ha PEBEPCUBHBIN
JIBUTaTeNb. JBUrarenp mnepemMemniaeT ABMXKOK peoxopaa Ao
HACTYTIJICHHS] HOBOTO COCTOSIHUSI PABHOBECHSI MOCTOBOM CXEMBI.
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[Tpu n3MeHeHuu TeMIepaTyphl AIEKTPOIUTA U3MEHSETCS Ha
1,5-2,5 % ero ynenbHas 3JIEKTPONPOBOJHOCTh. Temmeparypa
OOJIBIIMHCTBA TEXHOJIOTHUYECKUX PACTBOPOB U3MEHSIETCA B JI0-
BOJIbHO 3HAYUTEJBHBIX IPENENax, MOITOMY BCE MPOMBILIIICH-
Hbl€ KOHAYKTOMETPUYECKHE KOHIIEHTPATOMEpPbl UMEIOT aBTO-
MaTHUYECKHE KOMIIEHCATOPbl BIMSHUS TEMIIEpaTypbl KOHTPO-
JUPYEMBIX PACTBOPOB HA PE3YJIbTAThl U3MEPEHUI.

Ontuyeckue MeToAbl. DTH METOJbl aHAIU3a PACTBOPOB
HAIIUTM [IUPOKOE MPUMEHEHNE B XUMUYECKON MMPOMBIIUIEHHOCTH.
OHu yHUBepcallbHbl U BBICOKOYYBCTBUTEIbHBL. M3 Gosbiioro
Yrciia ONTHYECKUX METOZ0B PACCMOTPHM JIUIIIb OCHOBHBIE.

Konopumempuueckuii memoO KOJINYECTBEHHOIO aHAIM3a
OCHOBaH Ha CBOWMCTBE OKPAIICHHBIX PACTBOPOB HEOJUHAKOBO
MOMJIOWIATh MPOXOASIINI 4Yepe3 HHX MOTOK cBera. Koswnue-
CTBEHHBIE COOTHOILIEHUS OnpeAensitoTcs 3akoHoM Jlambepra —
bepa.

@DOTOAIEKTPUIECKHE KOJIOPUMETPhl MpeaHA3HAYECHBI IS
paboThl B BUAMMOM y4acTke crekTpa. KoHueHnTpauus nusmepsi-
€TCsl IO MHTEHCUBHOCTH OKPacKHM aHAJIM3HPYEMOTO BELIECTBA,
0TCIOJIa U Ha3BaHHe NpUOOpoB («kosop» — 1BeT). UToOb! yBe-
JMYUTh YyBCTBUTEJIBHOCTh M H30UPATENLHOCT HM3MEPEHMH,
B (OTOKOJIOPUMETPAX IMIUPOKO MPUMEHSIOT CBETO(OUIBTPHI.
Jlnist perucTpani MHTEHCUBHOCTH CBETOBBIX IMOTOKOB B (hOTO-
NEKTPUUYECKUX KOJOPUMETPax B KauecTBE NPUEMHUKOB HC-
MOJIB3YIOT (POTORIEMEHTHI, (POTOCONPOTUBIECHUS U (POTOYMHO-
KUTENU Pa3InYHbIX TUIIOB.

B aBTromarnueckux (oToKoJIOpUMETpax OOBIYHO MPUMEHS-
10T JIByXKaHaJIbHBIE (IU(QepeHIInaIbHbIe) CXEMbl. ITH CXEMBI
HE YYyBCTBUTEJIbHBI K KOJIEOAHUSIM HCTOYHUKA CBETA, BHEUTHEH
OCBEILLIEHHOCTH U TEMIIEPATyphl, TaK KaK U3MEPEHUS MPOU3BO-
JSTCSl CPAaBHUTENBHBIM METOJOM. B nByXKaHanbHBIX (DOTO-
KosopuMmeTpax (puc. 7.5) CpaBHHUBAIOTCS BEIMYUHBI (OTO-
TOKOB JABYX ()OTORJIIEMEHTOB, MPU TOM OJMH U3 TOKOB IpPO-
MIOPLIMOHAJIEH MPOIIEAIIEMY Yepe3 KOHTPOJINPYEMBIH pacTBOp
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CBETOBOMY IIOTOKY, a JIPYrOil — CBETOBOMY IOTOKY, IPOIIE-
LIEMY Y€pe3 3TAJIOHHBII pacTBop.

[Ipy paBeHCTBE ONTHYECKUX CBOMCTB 3TAJIOHHOM U HCCIe-
JyeMOW KHMJIKOCTEH OCBEIIEHHOCTh 000uX (HOTORIEMEHTOB
OJIMHAKOBA M TOK B MAaroHaJd MocTa OTCcyTcTByeT. Eciu KoH-
LEHTpaLus UCCIELYEMON )KUAKOCTH OTINYAECTCS OT ITAJIOHHON
(kuakocTh ciabee WM CHJIbHEE OKpalleHa), TO B JuaroHaiu
MOCTa TOSIBJIIETCS TOK, BEIMYMHA KOTOPOTO (DYHKIIMOHAIBEHO
3aBHCUT OT KOHIIEHTPALIUU.

Pegpaxmomempuueckuti memod HCIOIB3YET 3aBUCUMOCTH
Kod(duIIMeHTa IpeIOMIICHHUS CBETa, MPOXOISIIEro U3 BO3ayXa
B KOHTPOJHPYEMYIO Cpeay, OT KOHIIEHTPAIIMH aHATH3HPYEMO-
ro KOMIIOHEHTa B MIOCIIEAHEH.

J 44 5

Y
0 !

J J

Puc. 7.5. [lpunyunuanvrnas cxema pomokonopumempa

CymiecTByeT HECKOJIBKO METOJOB OINPEEIICHHs MOKa3aTems
MPEJIOMJIEHUSI, OCHOBHBIMH U3 KOTOPBIX SIBJISIOTCS CIIEKTPO-
METPUYECKUN METOJI U METOJI TOJIHOTO BHYTPEHHETO OTpa)Ke-
HUSL.

Cnexmpomempuueckuti Menoo OCHOBAH Ha OIPEEIIEHUH T10-
KazaTeJsi TPEeIOMIICHHSI TI0 YTITy HAaUMEHBIIIET0 OTKIIOHSHHS CBe-
TOBOT'O IMOTOKA B CTEKJISSHHBIX MPU3Max, 3alI0JIHEHHBIX KOHTPO-
JupyemMbIM pacTtBopoM. Ha puc. 7.6 mokazaHa mpUHIMIHATIbHAS
cXeMa aBTOMAaTH4eCKOro pedpakToMeTpa, B KOTOPOM HCIIONIb30-
BaHa KioBeTa nuddepeHmaipHoro tuna. Jlyd oT UCTOYHHMKA
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cBeTa 1 mpoxoauT uepe3 KOHACHCOPHYIO JINH3Y 2, nuadparmy 3
U [I0Ma/1aeT B KIoBeTy 4. Eciu KOHIEHTpalysi KOHTPOJIUPYEMOTO
pacTBopa paBHa KOHIEHTpPALMU CPaBHUTEIBLHOTO PacTBOpa, TO
JTy4 TPOXOJIUT Yepe3 KIOBETY 0e3 OTKIOHEHHS M PaBHOMEPHO
ocgeraeT 06a ¢potoconporuBierus @/ u @2. Ilpu 3ToM curHan
Ha BBIXO/I€ paBeH HyI0. [Ipy nu3MeHeHNH KOHIIEHTpaIui aHAJIN-
3UpPyEeMOT0 pacTBOpa Jy4 CBETa OTKJIOHSAETCA B Ty WJIH HHYIO
CTOPOHY, W PAaBEHCTBO OCBEIIEHHOCTEH (OTOCOMPOTHUBICHUN
HapyIIaeTCs.

rz 3

)

Puc. 7.6. [lpunyunuanvhas cxema agmomamuiecko2o peghpaxmomempa

B pesynbprare 3T0r0 Ha BXOJ 3JEKTPOHHOTO yCcuiuTens DV
IIOAETCSl CUTHAJ, 3HAK M BEJIMYMHA KOTOPOTO OIPEACIISAIOTCS
OTKJIOHEHHEM KOHLIEHTpAallui KOHTPOJIUPYEMOIrO pacTBOpa OT
KOHIEHTPALlUU CPAaBHUTEJIBHOIO PACTBOPA. DTOT CUTHAN YCH-
nuBaerca B DY U NpUBOIUT BO BpAILEHWE PEBEPCUBHBIN JIBH-
rarenb P/[, KOTOpbIA Yepe3 CUCTEMY Mepeaad MOBOPAYMBAET
KOMIIEHCAIIMOHHYIO TJIACTHHY 5 10 TeX MOp, MOKa PaBEHCTBO
OCBEILIEHHOCTEN HE BOCCTaHOBHUTCSA. [Ipu 3TOM yromn moBoporta
TUTACTHHBI U CBSA3aHHOW C HEH OTCYETHOU cucTeMbl 6 mpubopa
MPONOPLUOHANIEH W3MEHEHUIO0 KOHIEHTpPAluu KOHTPOJIMpYe-
MOTO0 pacTBOpa. M3MeHssl TONIIMHY MJIACTHHBI 5, MOKHO U3Me-
HATB TPEeIbl U3MepeHus npudopa.

KroBera 4, cocTosias u3 AByX Kamep, aBToMaTuyecku odec-
MIEYMBAET TEMIIEPATYPHYIO KOMIIEHCALIMIO PE3YIIBTATOB U3MEpPe-
HUSl, €CJTH CPAaBHUTETbHAS (ITATIOHHAS ) )KUJIKOCTh UMEET TOT XKe
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TEMIEPATYPHBIH KOA((UIIUEHT MOKa3aTess MPEJIOMIICHHUS, YTO
Y KOHTPOJIMpyeMasi.

[MoasipumeTpuyeckuii MeToa. DTOT METOJ OMNPEICIICHUS
KOHIICHTPAIlMM OCHOBAaH Ha CBOMCTBE HEKOTOPBIX ONTHUYECKUX
AKTHBHBIX BEIIECTB BpallaTh IUIOCKOCTH MOJISPU3ALNUUA MTPOXO-
JISILIET0 Yepe3 HUX MOJISIPU30BAHHOTO CBETA.

Jlst pacTBOPOB, COAEPIKAIIUX ONTUYECKH aKTHBHBIC BeIlle-
CTBa, yroJl BpalleHUs TUIOCKOCTU MOJISIpU3AIMU MPOMOPIIHOHA-
JIEH KOHIICHTPAIMM IPH TOCTOSHHOW TOJIIMHE CJIOs pacT-
BOpA.

a=ag/C, (7.8)
T7I€ dp — YACJIbHOE BPAIllEHUE TNIOCKOCTHU MOJSPU3aLU, 3aBU-

camee OT TEMIICpaTypbl W JUIMHBI BOJIHBI IOJISIDU30BAH-
HOro CB€Ta.

Takum o00pa3oM, 3Has BEIMYHMHY 3dg, 10 H3MEPEHHOMY
3HAUEHUIO YIJIa BPAIMICHUS MOXHO OIPEACTUTh KOHIIEHTpA-
o C.

Ha puc. 7.7 noka3ana npuHIMIIHANbHAS CXeMa aBTOMAaTHYe-
ckoro mossgpumeTpa. OO0o3HaueHue TE BBIpaKaeT COCTOSHHUE
MOJIIPU3AIUU B PA3HBIX TOYKAX ONTHYECKOH CHCTEMBI B TOJIO-
JKeHUH OanaHca.

10

Puc. 7.7. HpuHuunuaﬂbHaﬂ cxema asmomamudecKkoco noaapumempa
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Wznyyenne ot ucToYHMKA cBeTa 1, chopMHupoBaHHOE TUH30M
2 B TIy4OK, OJIM3KUH K TapaiedbHOMY, poias uHTepdepeH-
UOHHBIN QUIBTP 3, CTAaHOBUTCSI MOHOXpoMaTHueckuM. [lossi-
pu3aTop 4 npeBpalaeT 3TO U3IyYeHHUE B IMHEMHO MOJIIPU30BaH-
HOE C OIpeAeseHHBbIM a3uMyToM. Moaynstop 5 (Hampumep,
siaeiika dapajiess) U3MEHSET a3UMYT TOJISIPU3aLUK ¢ 4acTOTOM f
Ha OJIMHAKOBYIO BEJIMYHMHY OT CPEIHEro IOJOKEHHs. AHalU-
3aTOp / YCTaHOBJIEH B CKpPEIIEHHOE II0JIO)KEHUE, T. €. IO0J
yriioM 90° K cpegHeMy IOJIOKEHHUIO a3uMyTa IMOJspU3aluu,
U Ha GoTonprueMHHK 8 MOCTyIMaeT U3Iy4yeHHE C aMILTUTYIHOM
MOJIYJISIIUEH YIBOCHHOM 4acToThl (2f) M3MeHeHus a3umyTa moss-
puzanun. GoTonprueMHUK NpeodpazyeT U3IydeHUE B AIEKTpUYe-
ckuit curnai. [lutanue poTonprueMHIKa OCYIIECTBIISIET OJIOK MH-
TaHus 9.

Ecnu mexny MOgyIsaTOpOM M aHAJIM3aTOPOM ITOMECTUTH OIl-
TUYECKU aKTUBHBIH 00BEKT 6, TO CpeHee MOJIOKEHNE a3uMyTa
noJsipu3auu OyJaeT MOBEPHYTO Ha OMNpeAeNeHHBIA Yroi o,
U Ha (POTONPUEMHUK MOCTYIMUT W3JIyueHHE 4acToThl f. Diek-
TPUYECKUN CHUTHAJI YaCTOTHI BBI30BET B AJIEKTPOHHOW CHCTEME
10 curnan paccoriacoBaHUs, KOTOPHIA MOCTYIHUT B WCIOJIHH-
TeJIbHBIM MexaHu3M 11, uMeronmii *KecTKyro CBsI3b C aHaln3a-
TopoM. B 3aBucumMocTtu OT (hazbl cHrHamza paccoriacoBaHUs
WCTIOTHUTENbHBIN MexaHu3M Oy/leT MOBOpaurMBaTh aHAIU3ATOP
B Ty WM MHYIO CTOPOHY BOKPYI ONTHYECKONH OCH CUCTEMBI.
Oto0 OyneT MpoAoKaThCs A0 TeX MOp, MOKa BHOBb HE YCTAHO-
BUTCSl CKPELICHHOE IOJIOXKEHNE U YacTOTa M3JIy4YEHHUs 3a aHa-
JM3aTopoM He craHeT paBHa 2f. Yrom moBopoTa aHamu3aTtopa
paBeH yIiy BpaIlEHUs a3uMyTa MOJSPU3ALMN ONTHYECKU aK-
TUBHBIM OOBEKTOM. Pe3ynpTaT mM3MepeHHs] BUIEH HAa OTCUET-
HOM ycTpoicTBe 12, CBSI3aHHOM € aHAJIM3aTOPOM Yepe3 UCIOI-
HUTEJIbHBIN MexaHu3M. [1onapu3alinoHHO-0NTUYECKUE METO/IbI
NpPaKTUYeCKH Oe3bIHEPIMOHHBI M 00JIaZaloT BBHICOKOH TOYHO-
CTBIO.
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Puc. 7.88. @omomempuueckuii
mynomumemp « Texnogpam-002.3»

doromerprueckuii MyJIbTUMETP
«Texnopam-002.3» — mpodeccuo-
HaJIbHOE PEILICHUE JUIS U3MEpPEHHUs
OITHYECKON TIIOTHOCTH, KO3 PHIH-
€HTOB NPOITyCKaHWS M KOHLEHTpa-
LMY BEIIECTB B )KHKOCTSIX.

JlaGopaTopHble KOHILEHTpaToOMe-
PBI UCTIONB3YIOTCS B J1a0OpaTOpHAX
XMMHYECKOTO KOHTPOJSL Ha Tpen-
NPHATHAX TEIUIOPHEPIeTHKH, ITHIIE-
BBIX, XHMHYECKHX, (apMareBTHYe-
CKHX Y HHBIX IIPOU3BOJICTBAX.

dotomerpuueckuil MynsTumerp «Texnodam-002.3» npenHasHaueH At
n3MepeHus: Ko3(Q(OUIMEHTOB NPOMyCKaHHs, ONTHYECKON IUIOTHOCTH M KOH-
LEHTPAIMK BEUIECTB B JKUAKOCTSAX COTJACHO CEPTU(QHUIUPOBAHHBIM METO-

JUKaM TpPOOOMOArOTOBKH, OOSCIICUUB
JKUJIKOCTH TPOTOPIIUOHATBEHO KOHIICHTD

AIOIUM  OKpacKy aHaJIU3UpyeMOn
allM OTIPEJIENIAEMOTO BEIIECTBA.

KOHHeHTpaHI/I)I PACTBOPCHHBIX BCHICCTB ONPECACTIACTCA IO HHTCHCHUB-

HOCTH HU3MCHCHHUSA OKPACKU PACTBOPOB

IpU TIPOBEICHUN CHELU(PUIESCKUX

JUIA JaHHOT'O BEIIECTBA XUMHUYCCKHUX peaKHHﬁ.

§ 7.3. U3mepeHne KOHIEHTPaMU BOJAOPOHBIX HOHOB
B pactBopax (pH-merpus)

KucnotaHocts u MCJIOYHOCTD

THO0BIX BOJHBIX PAaCTBOPOB

KHUCJIOT U IL€J0Ye MOYKHO BBIPa3UTh B (DYHKIMM KOHLIEHTpa-
LMY BOJOPOAHBIX MOHOB. KOHIIEHTpalnio BOJIOPOAHBIX HOHOB
ONpPEACIAIOT 110 BEJIMYMHE IOTEHIHWaNa, BO3HUKAIOILIErO Ha

TPAHUIIE PA3IUYHBIX JIEKTPOJIOB
’K€ B caMOM YHCTOU BOJIE Bcernaa

, OIYLIEHHBIX B pactBop. [la-
MMEIOTCSI BOJIOPO/IHBIE U TH/I-

POKCHJIBHBIC MOHBI, YTO OHNPLCACIACT SJICKTPOIIPOBOJHOCTD YU~

CTOH BOJBI.

Tak kak pacniax MOJICKYJI BOAbI Ha HWOHBI HC3HAYUTCIICH,
KOHICHTPAIUIO BOOJOPOJHBIX HOHOB MOXXHO CUHUTAThb IMMOCTOAH-

Hoil. [IoaTomy

[ [OH ] =R [H20] = Rhz0 = const.
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OnelTamMy ycTaHOBIIEHO, uTO pH t = 22 °C KoHCTaHTa JIuC-
conpanu RH,0 = 10_14, T. €. JUIL 4YUCTOM BOABLI B JIFOOBIX
HEUTpaIbHBIX PACTBOPAX (B KMOJIB/I)

[H]=[0H]=~10"=10"". (7.9)

IIpy pacTBOpeHHH B BoAe KHMCIOTHI KoHueHTpamun H' yBe-
nuuuBaeTcs, a KoHneHtpauus OH cTaHOBHTCS COOTBETCTBEH-
HO MEHbUIE, YeM B HEUTpasbHOM pacTBope. [Ipu pactBopenun
mienodeld, HaoOOpoT, yBenwuuBaercss KoHmeHTparus OH
1 yMeHbInaercs cogpepxanne H'. TIo9ToMy B KHCIOTHEIX pac-
TBOpax H' >1O_7, a B menounsix H <107,

Ha npakTuke KOHLIEHTpAlMIO BOJOPOJHBIX MOHOB YHMCIICH-
HO TPHUHATO XapaKTepU30BaThb OTPULIATEIbHBIM JIOrapupMom
KoHneHTpanuy H', Tak Ha3pIBaeMBIM BOJOPOIHBEIM ITIOKa3aTe-
sem pH:

pH=—-1g[H]. (7.10)

IIpn »TOM HEWTpanpHasg peakuusl pacTBOpa COOTBETCTBYET
pH = 7, xucnas pH <7, a menounas pH >7 (pH ot 7 no 14).
Uucno pH MOXHO ompenenuTs AByMS METOAAMH: KOJOPO-
METPUUYECKUM U DJIEKTPOMETPUUECKHM.

Konopumerpruueckuii METO OCHOBaH Ha CBOWMCTBAX HEKO-
TOPBIX OPraHUYECKUX KPAaCUTENIEH N3MEHSTh CBOM LIBET B 3aBU-
CUMOCTH OT KOHIIEHTpAIlMH BOJOPOJHBIX MOHOB. DTOT METO]
MIPUMEHSIOT IJIABHBIM 00pa3oM B 1a00OpaTOPHOI MPaKTHKE.

[ToTeHIIMOMETPUYECKUIT METO/T OCHOBAH HAa U3MEPEHUU Pa3-
HOCTH JIEKTPUYECKUX NMOTEHLUAIOB JBYX CIIELHAIbHBIX JJIEK-
TPOJIOB, MIOMEIIEHHBIX B UCIBITYEMBI PacTBOp, MPUYEM OJUH
3JEKTPOJT — CPAaBHUTENBHBI — B IPOLIECCE U3MEPEHUN UMEET
MIOCTOSIHHBIA moTeHnuan. IIpu snexkTpuueckoM CcoeIMHEHUU
U3MEPUTENIBHOTO M CPaBHUTEIBHOTO 3JIEKTPOIOB 00pa3yercs
raJIbBAHUYECKUH AJIEMEHT, o BeanunHe D/]C KoToporo Mox-
HO CyauTh 0 BenmuuHe pH pacTBopa.

[Tockonbky abCOMIOTHYIO BEIMYMHY 3JIEKTPOIHOIO IO-
TEHIMala IPaKTUYECKU ONpPENEIUTh HeNb3s, U3MEPSIOT €ro
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OTHOCHUTEJIbHOE 3HAUYCHHE, JJI ITOTO0 COCTABJISIIOT rajbBaHUYe-
CKHI 3JIEMEHT U3 U3MEPUTENHHOTO (MHAMKATOPHOIO) 3JIEKTPO-
Jla, aHAIM3UPYEMOM Cpellbl U BCIOMOIAaTEIBHOTO 3JIEKTPOAA.
B oTiiMune oT MHAMKATOPHOTO AJIEKTPO/IA, MOTEHIIUAT KOTOPO-
ro ¢GyHKIIMOHAJIBHO CBSI3aH C aKTUBHOCTHIO KOHTPOJIHPYEMBIX
MOHOB, TOTEHIMAJ BCIIOMOTAaTEIbHOIO 3JEKTPOJAa JOJDKEH
OCTaBaThCs TOCTOSIHHBIM.

[Ipu coenquHeHNM BHELIHEW LENbIO UHIMKATOPHOTO U BCIIO-
MOTATEJIbHOI'O 3JIEKTPOAOB, IOTPYKEHHBIX B KOHTPOIUPYEMBII
pactBop, 00pazyercss TaJIbBAaHUYECKUM DIIEMEHT, UMEHYEMbIi
B JTAbHEUILEM U3MEepUMENbHbIM I1eMEHMOM OJisl NOMEHYUO-
Mempu4ecKux uzmMepeHull.

Cxema ero npuBezeHa Ha puc. 7.9. B npaktuke nzmepeHuit
OOBIYHO HCTIOJB3YIOT CTEKJISIHHBIA (M3MEPUTENBHBIN) U KaJlo-
MEJIbHBII CPaBHUTENIbHBIN IEKTPOIbI.

EHJM.MEH‘

— :__‘__‘_J_’
Bl ok

I

’;&mﬂ. _'_'__ Eben }
Puc. 7.9. 3mepumenvhas sueiika Puc. 7.10. Ilpunyunuanvuas cxema
pH-mempa pH-mempa

CoBpemennbie pH-MeTpbI peCTaBIAIOT cOO0H B OCHOBHOM
ABTOMATHYECKUE TPUOOPHI C HEMOCPEICTBECHHBIM OTCUYECTOM,
[IKAIBl KOTOPBIX OTTpaayupoBaHbl B enunuinax pH. IIpocreii-
nrasi MPUHIUITHAIBHAS cxeMa Takoro pH-merpa moka3ana Ha
puc. 7.10. DJIC usmepurenbHO sueliku (7eKTpoasl 1 u 2)
E, momaercs Ha BXOJ DJIGKTPOHHOTO YCHJIMTENS M YIPABISAET
CWJION TOKa B aHOJHOM IeNu JaMmIbl JI, KOTopas u3MepseTcs
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amnepmerpoM 3. [llkana mpubopa oTrpagynpoBaHa B €IMHHAIIAX
pH. BXOIHBIM CONPOTUBIIEHHMEM B 3TOM Cilydae SIBISETCA CO-
MPOTUBJICHUE YYaCTKa CETKA — KaTOJ JIaMITbl, KOTOPOE OIpeie-
JISICTCS BEIMYMHOMN CETOYHOTO TOKAa. B KauecTBe BXOJHOIO Kac-
KaJia IPUMEHSIIOT CIIEIUAIbHBIE AJIEKTPOMETPUYECKUE JIaMITbI.

[NopraTuBHBIE MUKpOMIpOLIECCOPHBIE pH-MeTpBI
HANNA BBIITOSTHEHBI B MbLIC- U BOJOHEITPOHHUIIA-
emoM kopryce (IP 67), cHaGKeHbI 00JBIINM IKpa-
HOM, Ha KOTOPOM OJIHOBPEMEHHO OTOOpaKkaroTcs
3HaueHus pH u TemriepaTypsl, a TaKKe CHCTEMOH
BEPS, npenoTBpamaromeii noixydeHue ommooy-
HBIX Pe3yJbTaTOB M3-3a pa3psna Oarapeil. Ympas-
nenne pH-metpamu HANNA ocyiectisiercs npu

Puc. 7.11. pH-memp MIOMOIIX BCEro ABYX KiaBuill. Bee pH-MeTpsI ce-
HANNA HI 99161 pruu HI 991000 mocrasnsitorest ¢ pH-ammexTpoiamu,
ons nuwyesot BBINOJTHEHHBIMH 0 TEXHOJIOTHH «4 B 1». DT0 KOM-
npombliiieHHocmu OvHHpOBaHHbIE PH-3JIEKTPOJBI CO BCTPOCHHBIM

TEPMOJIATIYMKOM U ycumuteneM. [Ipubopsl Takxke
HUMEIOT PaclIMPeHHbIH AHana3oH u3MepeHust pH u Temmeparypsl, peskuM ca-
MOJIHATHOCTHKH, HHIUKATOP CTAOMIIBHOCTH MOKA3aHHUI U QYHKIINK aBTOMATH-
YeCKOH TEPMOKOMITCHCAIIMU 1 KATMOPOBKY 110 OY(epHBIM PacTBOPaM pasiiiy-
HbIX cTangapToB. B pH-merpe HI 99161 (foodpacket) mpumenen yHukanbHbIH
JaTduk U3 Marepuana Kynar, mo3BossiFonini IpouM3BOJUTE U3MEPEHHUS HETIO-
CPEJICTBEHHO B IPOAYKTAX IUTAHHS ¥ CHIPHE IS KX POM3BOACTBA.
Texnuueckue xapaxmepucmuxi npuéopa:

—  pH-muanason: ot —2,00 g0 +16,00 pH;

— morpewmHocTts: 0,02 pH;

— rtemmeparypa: ot —5,0 1o +105,0 °C;

— Marepuai kopiyca atektpona: FC202D Kynar.

§ 7.4. U3mepeHuUe NJIOTHOCTH KUAKOCTe

[T10THOCTH SIBIISIETCS OHUM U3 TapaMeTpOB, XapaKTepu3y-
IOIMX KAueCTBO MOJy4aeMOW NMPOAYKUMH. [liomHocmbio Ha-
3BIBACTCS] OTHOILICHHE MACCHI Tela K ero 00bemy:

p=mlV,
rae M u V — COOTBETCTBEHHO Macca ¥ 00beM Tela.
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Enuunnen ninotHocTH B MeXIyHapOIHOM CUCTEME €IMHUIL
(CN) sBasiercst kr/M°. [IIOTHOCTD JKUAKOCTEH 3aBHCUT OT TeM-
neparypbl. OTa 3aBUCUMOCTh MPUOINKEHHO BhIpakaercs Gop-
MYJION

pe=pe[l—-B -1
rJie P;— IJIOTHOCTH KHUJIKOCTH MPH pabodeii TeMnepaType;
p't — MJIOTHOCTH KUJIKOCTH MPU HEKOTOPOH TemrepaType,
OTJIIMYHOH OT pabouei;
S — cpeanuii K03hHUIMEHT 00bEMHOTO TEIJIOBOTO pac-
IIUPEHUS )KUIKOCTH B UHTEpBaje Temmneparyp ot t' mo t.

[TpuHATO yKa3bIBaTh IUIOTHOCTb JKUAKOCTEH MPU HOpMallb-
Hoil Temnieparype (20 °C). DTy MIOTHOCTh MOJCYUTHIBAIOT 10
dbopmyie

pao=pt[1—-f(20-1)]. (7.12)

HauOonpiiee npumeHeHne M3 IUIOTHOMEPOB I U3Mepe-
HUS TUIOTHOCTH JKMJIKOCTEH HOJIYYWIIM HONIABKOBblE, MACCO-
gvle, cuopocmamuyeckue u paouou3omonHole.

IMonnaBkoBbIe MJI0THOMePHI. PaboTa MOMIaBKOBBIX IUIOT-
HOMEpPOB OCHOBaHa Ha 3akoHe Apxumena. IlommaBkoBble
IJIOTHOMEPHI NOJIPa3AesisAioT Ha MPUOOPHI ¢ MJIABAIOLIUM U I10-
I'PY’KEHHBIM B JKUJKOCTb ITOIUIABKOM.

Ha puc. 7.12 mokazaHa mpuHIMIHAIbHAS CXe€Ma IJIOTHO-
Mepa ¢ IUIaBarlUM MoIuiaBkoM. IlnoTHomep cocTtout u3 oc-
HOBHOTO cocy/a 1, B KOTOpOM IJ1aBaeT MEeTaUIMYECKUI MOoria-
BOK 2. JKuJIKOCTh TIO BXOAHOH TpyOe 6 mocTymaer B mepeaus-
HOM COCYyJl MOCTOSTHHOTO Hamopa 5 W jaiee mo Tpybe 7 —
B OCHOBHOMW COCYJ] TOXE C MEPETUBHBIM YCTPOHCTBOM. M30bI-
TOYHasl )KUJKOCTh CTEKaeT Mo oTBojsulel Tpyoe 9. Ha Bbixon-
HOM KOHIIE NOJBOASAIIEH TPyObl / HMMEIOTCA OTpa’kaTesbHbIE
IUTACTUHBI (Ha pHCYHKE HE TIO0Ka3aHbl), NpeAoXpaHsroIue
MOTJIABOK OT 3aBUXPEHMN B MOTOKE XUAKOCTU. CKOpPOCTh MO-
TOKa YCTaHABJIMBAIOT NMPHU MOMOIIM AuadparMel Ha TpyoOe 7,
a TakXKe B3aUMHBIM CMEIIIEHHEM I10 BEpTUKaJIU cocyioB 1 u .
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W3MeHeHne TUIOTHOCTH JKUJIKOCTH BBI3BIBACT IMEpPEMEICHUE
MOTUIAaBKA U CBS3aHHOTO C HUM CepJeYHHKa 3 (B MEPBUYHBIX
KaTymkax 4 HHAyKIHOHHOrO MocTa 11).

Takum 00pazom, pa3IMYHON IIOTHOCTH MU3MEPSIeMON KU -
KOCTH COOTBETCTBYET pa3Hasi IIyOWHa IMOTPYKEHHS TMOIIaBKa,
a CJIeIOBATEIIbHO, U TIOJIOKEHUE CEePJICTYHIKA B HHIYKIIMOHHBIX
KaTylIKax 3JIEKTPUYECKOTro Mpeodpa3oBaressi, KOTOpoe MpUBO-
JUT K W3MCHCHUIO CHTHAJA, MEpelaBaeMOro Ha BTOPUYHBIN
puoop.

e
&
.

) . 1(11

Puc. 7.12. [Tnomuomep ¢ niasarowum noniagKom

Bropuunsiii npubop 10 (mokasslBaromuii MM pPErucTpu-
pYIOLIMIA) TpaayHpyercss B €IUHHIIAX IUIOTHOCTU. Temrepa-
TypHasi KOMITEHCAIHS OCYIIECTBIISIETCSI TEPMOMETPOM COIPO-
TUBJICHUS 5, BKIIIOYEHHBIM B MOCTOBYIO cxeMmy. [lorpemnrHocts
TUIOTHOMEPOB C TUIABAIONINM TOIJIABKOM COCTABIISIET TOPSII-
ka1 %.
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IMommaskoBeiii  otHOMep DenDi  BeI-
TOZIHO OTJIMYAETCS OT OOBIYHBIX CTEKIISTHHBIX
apeoMeTpoB wiu IwioTHOMepoB ¢ U-o0Opas-
HOM TpYOKOH CBOEH NMPaKTUYHOCTHIO U yHU-
BEpCAIIbHON KOHCTPYKIMEH.

[Ipubop oYeHP yHOOEH B TNPHMEHCHHU
U TI03BOJISIET ONEPATHBHO OMPEAEIATH IUIOT-
HOCTbH BSI3KMX JKHJIKOCTEH, HE TpeOys mpen-
BapUTEIBHOTO HX mojorpera. lIpocToTa
M JOCTYIHOCTh TuoTHOMepa DenDi n36as-
JAKIOT OT HeO6XO]II/IMOCTI/I B CIICIIMAJIbHOM
00yueHUH 00CITyKHBAIOLIET0 epCoHaa.

KannbpoBka mormiaBkoBOro ImioTHomepa

Puc. 7.13. Ilonnasxosbiii DenDi ocymuiecTBisieTcss MO0 JUCTHILIHPO-

naommuomep DenDi BaHHOM BOJIE CAMMM II0JB30BATENEM, 4 YXO.
3a IpUOOPOM 3HAUUTENIHLHO OOIerdyaeTcs
Onaronapst CbeMHOMY CTEKJISHHOMY IOILIAaBKY.

udpoBas TeXHOIOTUS PETHCTPAlMU TOKa3aHUH IUIOTHOCTH MHHUMH-
3UPYET PHUCK YEIOBEYECKOM OMIMOKH, HEPEeIKO BOZHHMKAIOMICH NpH padoTe
CO CTEKJIIHHBIMU apeOMETPaMHt 1 3aIMCH JaHHBIX BPYUHYIO.

YcrpoiicTBO mocne HakaThsl ABYX KHOIIOK Ha BHEUIHEH IAHENH BBIBO-
JIUT peabHyIO TIOTHOCTh JKHJIKOCTH, a 3JEKTPOHHKA IUIOTHOMEpa aBTOMa-
TUYECKU BBICUUTBHIBACT €€ MPUBCIACHHBIC BCINYWHBI IJII TEMICPATYPhI 15,
20 °C (BO3MOXHBI U IpyrHe 3HAYCHUSI 110 3aKa3y).

OTO6pa)KeHI/Ie JaHHBIX TPOUCXOAUT Ha KXUIAKOKPUCTAIIIMYECKOM IHUC-
miee moraBkoBoro mmiotHomepa DenDi. Tlpu HEoOXOAMMOCTH TaHHBIC
MOTYT OBITH TepenaHsl Yepe3 BcTpoeHHbIH VIK-opT Ha aBTOHOMHBIHM NPHH-
tep wim Ha [IK jura 3anecenust B 6a3y NaHHBIX M OCYIIECTBIICHHUS olepa-
THUBHOT'O KQ4E€CTBEHHOTO U KOJIMYECTBEHHOTO KOHTPOJISL.

Bce s10 nenmaer mimotHomep DenDi jocTynHBIM M O4eHb YIOOHBIM B HC-
MOJTG30BAHUH TIPH JIOOBIX MOTOJHBIX YCJIOBHSX, YTO 3HAYHUTEIHHO YIPO-
maeT paboTy ISt TOJIb30BATEIS.

MaccoBbie IIOTHOMEPBI. [[elicTBue MacCOBBIX INIOTHOME-
POB OCHOBAaHO Ha TOM, YTO Macca >KUJKOCTH NP HEM3MEHHOM
ee 00beMe PSIMO IPOMOPIIMOHATIFHA TNIOTHOCTH.

MaccoBble TIIOTHOMEPHI HCTHOJB3YIOT OOBIYHO MJisi U3Me-
peHUsl IUIOTHOCTU CYCIEH3MH W KUAKOCTEH, CoJeprKallux
TBepabie BKirodeHus. Ha puc. 7.14 mpuBeneHa onHa U3 CXeM
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MaccoBOrO IJIOTHOMEpa C ITHEBMaTHYECKUM IpeolOpas3oBare-
JeM, B KOTOPOM HCIIOJIb3YETCsl IPUHIIUIT yPABHOBEIINBAHUSI.

Hccnenyemast )XMIKOCTh MOCTyHaeT B mpuoop mo tpyde 1
U BBIXOAWT 1o TpyOe 2. BXomHas W BbIXOAHAs  TPYOBI
yepe3 THOKHUe pe3NHOBBIC MATPYOKU MM METAITTHYECKHE CHIIb-
douBl 3 COEAMHEHBI ¢ TeTiIeoOpa3Ho TpyOou 4 W3 Hepka-
Berollei cranu. [y 4ncTKy ey npeaycCMOTPEHO CheMHOE KO-
JIEHO O.

[TetneobpasHas TpyOa ykperuieHa B BUJIKE, KOTOpask MOXET
CBOOOZHO MOBOpAaYMBATHCS HA OCH CKOOBI 6. Ilernmst Tsrou 7
coenuHeHa ¢ pbruaroM 10, KOTOpHIM MOBOpayMBaeTcs Ha OCU
11. Ha mpaBom Iuieye pblyara mOMEIIEeHBbl NMPOTHBOBeC 12,
YpaBHOBEIIMBAIOIIHNI CUCTEMY, KOT/Ia METJIs 3arojiHeHa BOJIOM,
u Tara 15, cBsi3aHHas ¢ cuibPoHOM 0OpaTHOM cBsi3u 16 mHes-
MaTHYECKOTo Mpeodpa3oBaTes.

B nueBmaTuyeckuii nmpeoOpazoBarens o Tpyoke 17 Hempe-
pBIBHO moctymaeT non aasineHueM 140 klla cxaTwlii BO3IyX,
KOTOPBIH, MPONJIS Yepe3 IPOCCENb, BBIXOIUT Yepe3 3a30P MEXK-
ny comioM 13 u 3acnonkoi 14. OHOBpEMEHHO BO3/1yX 3aroi-
HSET TMOJIOCTh CHIIb()OHA OOpaTHOW CBs3M M TpyOKy 18, mmy-
IIyI0 K MAHOMETPY.

Pbruar HaxoauTCsl B paBHOBECHH, KOT/Ia TIO TIETIIE MPOTEKAET
JKHKOCTB TIOTHOCTBIO 1 T/cM®. TIpH MIOTHOCTH, NMPEBBINIA0-
meii 1 r/em®, Bec merm yBenuunBaercs, perdar 10 moBopaun-
BaeTcs MPOTUB YAaCOBOW CTPEIIKHU, 3a30p MEXIY COIUIOM M 3a-
CIIOHKOI yMEHbILIAaeTCs, AaBJIEHUE BO3/lyXa B IIpeoOpazoBaTeiie
YBEIIMYMBACTCS, CHIIb(OH pacTAruBaeTcs M, BO3JCHCTBYS Ha
Tary 15, omyckaer mpaBblil KOHEI pplyara /10 TeX Mop, MoKa He
BOCCTAHOBHTCS €0 PABHOBECHOE IOJIOKEHHE.

Xon peruara orpanudeH ynopamu 9. Ilpenenst uzmepeHus
PETyIUPYIOTCS TP TIOMOIIM JIOTIOJTHUTEIBHBIX TPY30B, HaBe-
IIMBAaeMBIX Ha Hajpessl 8. JlaBneHue Bo3ayxa B cuiIb(oHe, 13-
MEHSIFOIIIeeCs] TPOTIOPIIMOHATFHO H3MEHEHUIO TDIOTHOCTH YKH/T-
KOCTH, U3MEPSAETCS] BTOPUYHBIM MPUOOPOM, HIKala KOTOPOTO
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nporpaayvpoBaHa B €AMHHUIAX IIOTHOCTH. [Ipubop m3mepser
IUIOTHOCTD KMJKOCTHU TPH (PaKTUUYECKOH ee TeMIiepaType.

K Bmapuumor
N roubtgy

Puc. 7.14. Maccogviii niomuomep

I'mapocrarnueckue miaoTHomepsl. [IpuHnmMn nercTBus
TUAPOCTAaTUYECKUX TUIOTHOMEPOB OCHOBAH HA TOM, YTO JIaBJIe-
HUe P B )KUJIKOCTH Ha HEKOTOPOH riyonHe H OT MOBEPXHOCTH
paBHO Becy CcT0JI0a KHUJIKOCTHU BbICOTOM H, T. e.

P=H xg xp, (7.13)
e p — TUIOTHOCTh KHIKOCTH;
g — YCKOpEeHHe CBOOOIHOTO MaICHHS.

N3 popmyner (7.13) ciaeayer, 4To qaBiIeHHE CTOI0A KUIKO-
CTH TIOCTOSIHHOW BBICOTBI H SIBIISIETCS MEPOU TUIOTHOCTH KHI-
KOCTH.

JaBnenue cTo0a ®KUAKOCTH MOXKET OBITh HEMOCPEACTBEHHO
WU3MEpPEHO, HalpuMep, MEMOPaHHBIM MAaHOMETPOM, €CJTH €T0 TyB-
CTBUTENIbHBIN DJIEMEHT MOMECTUTh B HIDKHIOI YacTh COCYAa
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(C HOCTOSIHHBIM YPOBHEM), YEpPE3 KOTOPBIM IPOTEKAET HCCIeaye-
Mast KHUJIKOCTb. UTOOBI HCKITIOUNTH BIUSHHUE KOJICOaHUH yPOBHS
KHMJIKOCTU Ha TOYHOCTh HaMEpEHUH, IPUMEHAIOT AuddepeHin-
aJIbHBIN METOJI, B COOTBETCTBUU C KOTOPHIM U3MEPSIOT Pa3HOCTh
JIaBJICHUH IBYX CTOJIOOB XKHUIKOCTH Pa3HOU BBICOTHI.

Ha ocHoBanuu Beipaskenus (7.13) MOXHO 3amucath

P]_ - P2:p g (H]_ - Hz), (714)
rae P; u P, — naBiieHusi cToJIOOB JKUAKOCTH;

Hy u H) — COOTBETCTBEHHO BBICOTA CTOJIOOB >KUIKOCTH,
1501051

AP=pg/H. (7.15)

Otcrona cienyer, 4To nepenaj JaBjleHUs KUAKOCTU B ABYX
TOPU30HTAIIBHBIX CIIOSIX, PACCTOSHUE MEXIY KOTOpbIMH /1
OCTAETCsl MOCTOSIHHBIM, SIBJISIETCS MEPOU INIOTHOCTH JKUIKOCTH.
Ha puc. 7.15 nokasaHna cxema ruipoCTaTUYECKOr0 IJIOTHO-
Mepa tuna JIMII. KonTpomupyemas KHIKOCTh HENPEPBIBHO
IIpOTEKaeT uepes3 cocyn 1, ypoBeHb B KOTOPOM HMOCTOSIHEH.

5 7
P4

11

T~

ll

[ 4

2.-"

Puc. 7.15. I'uopocmamuyeckuii nnomuomep muna JIMIT

Cocyn 5 3amoyiHEeH CPaBHUTEIBHOU >KHUIKOCTHIO C M3BECT-
HOW IJIOTHOCTBIO JIO TMOCTOSHHOTO YpoBHs. CxXaTblif BO3ayx
yepe3 ¢unbTp 14 m pemykrop 12 Gmoka 10, cocrosimiero u3
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KOHTPOJBHBIX CTaKaHYMKOB 9 ¥ MaHOMeTpa 75, momaercs
B TPYOKH.

[To muaMM 6 BO3ayX MOCTyHaEeT B TPYOKY 2 U, IPOXOIs Yepe3
KUJIKOCTh, yXOIUT fasiee B armocdepy. [1o mauu 8 Bo3ayx cHa-
yaja MoCTyNnaeT B TpyOKy 4, MPOXOIUT yepe3 KUIAKOCTh COCy-
na 5, a3atem nocrynaet B Tpyoku 7 u 3. [lepenan narnenuii, 00-
pasyromuiics B TpyOkax, uzmepsercs audpmanomerpom 13
C MHEBMAaTUYECKUM InpeodpazoBarenem. [IHeBMaTndeckuii cur-
HaJI HaIllpaBJIseTCs Ha BTOPUYHBIN mpuoop 11.

Pa3HOBUIHOCTBIO THIPOCTATUYECKUX IIOTHOMEPOB SIBIISI-
IOTCSl NPYKMHHBIE IpeoOpa3oBaTesid IUIOTHOCTH, B KOTOPBIX
U3MEHEHHE TJIOTHOCTH U3MEpPSEeMON Cpenbl BhI3bIBaeT aedop-
MalMI0 YOPYTUX 3JE€MEHTOB, NOMEIIEHHBIX B KOHTPOJIHMpYe-
MYIO KHJIKOCTb.

Ha puc. 7.16 noka3zana npuHUUNMAIbHAsA CXeMa CUIb(POHHO-
ro npeobpazosatens wiorHoctu Tuna [DKC-I1. Bayrpu nzme-
pUTEIBHOIN KaMepbl Ha HEKOTOPOM PACCTOSIHUM OJIMH OT JIpYro-
ro nomeieHsl cuiib(onsl 11 u 14, coennHeHHbIE MEXIY COOOM
kopombiciioM 13. [Ipu u3MeHEeHUH TUIOTHOCTH KHUJIKOCTH BHYT-
P U3MEPUTENLHONW KaMephl U3MEHSIETCs ieopManus Cuib(o-
HOB, ¥ KOPOMBICJIO TOBOPAYMBAETCSI OTHOCUTENBHO CBOEH TOUKH
omopel. Kopompicio 13 yrioBeiM pbraarom 9 coeauHEHO
¢ T-o6pa3HbiM pbruarom 1 yHH(PHUIHPOBAHHOIO MHEBMOINPEOO-
paszoBarens. ['epMeTHuHOCTH BBIBOJIA phIvara 9 obecriednBaeTcst
memOpanoit 10. KoHcTpykius BeIBOJIa MpeaycMaTpUBaeT BO3-
MOKHOCTB ITOBOpOTA phrvara 9.

Buytpennue nonoctu cunbponoB 11 u 14, a takxke cuiib-
¢dona 12, npeHa3HAYEHHOTO /7151 KOMIIEHCAIIUU MOTPELTHOCTH,
BBI3BIBAEMON M3MEHEHHEM TEMIIepaTyphl H3MEPSEMON KHIKO-
CTH, TIOCJIEZIOBAaTEIbHO COEAMHEHBl TPYOKOM C BEHTHIIEM.
Cunb(OHBI 3aTOJHEHBI KOHTPOJIHPYEMOW JKHUIKOCTBIO, TJIOT-
HOCTb KoTOpoii MuHuUMasbHA. [InotHomep IDKC-II mo3Bonser
M3MEpATh IIOTHOCTH B HHTEepBane 500—2 500 kr/nm’.
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Puc. 7.16. Cunvgponnuviii

12~ npeobpazoeamens NIOMHOCHIUL:
1,7,9 — pviuaeu; 2 — npyosicuna,
3 — Hae30nuK;

§ 13 4 — yempoticmeo 0nst pe2yiupoeKu Hyisi;
* 5 — ycunumens;

gﬁg) 6 — 2aemenm conno-3aciounxa;

£8& % 5,11, 12, 14 — cunvghonwl;

10 — membpana; 13 — xopomwvicio

Paguounsoronnbie miaoTHoMepsbl. l3MeHeHHEe IMIIOTHOCTH
PaAMOU30TONHBIMU MPUOOPAMU OCHOBAaHO HAa ONPEICICHUU
W3MEHEHUs] MHTEHCUBHOCTH ITy4yKa Y-Iydel IOCJIE MPOXO0XKIe-
HUS UX 4epe3 U3MEPSIEMYIO Cpeny.

Ha puc. 7.17 noka3aHa mnpuHUMIHaIbHas OJOK-cXema
PaIMoN30TONHOTO IMJIOTHOMEpPA KuAKoCcTH (Tuma [1KP-2).

B texHomornueckoM TpyOoonpoBO€ YCTaHOBIEHBI HICTOUHHK
paauoaktuBHOro uznydenus 1 (Co60, C137) u npueMHUK U3ITy-
YyeHus 3; y-JIydd OT UCTOYHHMKA 1 IPOXOJIAT uepe3 CTEHKH coCy-
J1a 2 ¥ CTIOW JKUJIKOCTH, a 3aTeM TIO0MaIal0T B MPUEMHHUK U3JTyde-
HUS 3. DIEKTPUUECKUI CUTHAI TPUEMHHUKA, SIBJISIOLINICS PyHK-
[Men U3MepsieMon TIOTHOCTH, (hopMupyercs 6;10koM 4 u miepe-
JIaeTCsl Ha BXOJI 2JIEKTPOHHOTO yCHIINTENsA-TipeoOpa3oBares S,
Ky/la [TOCTYMAET TAK)KE CUTHAI OT AONOJIHUTEILHOTO YCTPONCTBA.
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JlonoTHUTENBHOE YCTPOMUCTBO BKIIIOUYACT B ce€0sl padOU30TOI -
HBI HCTOYHUK u3nydeHus 9, merandeckuii kiuH 10, mpuem-
HUK usnydenust 11 u hpopmupyromuii 6110k 12. Uctounuk u npu-
E€MHUK H3JIy4eHUs JTONOJTHUTEIHLHOTO YCTPOHCTBA TAKUE Ke, KaK
B [IEPBHYHOM Ipe0Opa3zoBarere.

—6

12

",

[1__:

11—
10—

b

Puc. 7.17. Brok-cxema paououzomonnoco niommuomepa

Pa3HoCTh CHTHANOB yCHIIMBaeTCs B yCHIIHMTENE-TIpeodpaso-
BaTeJic W TOJIACTCS HA PEBEPCHBHBIN JBUTATENh 6, KOTOpPBIH
cBs3aH ¢ MeTaiudyeckuMm kiauHOM 10 u cepaeunukom mudde-
peHIHABHO-TPaHCPOPMATOPHOTO TIpeoOpa3zoBaress / BTOpUY-
Horo npubopa 8.

B 3aBHCHMOCTH OT BEJIMYMHBI ¥ 3HAKA CUTHAJIA B YCHUJIUTEIE-
npeoOpa3zoBaTelie peBEPCUBHEIN BUTATEINh TIEpEMENIaeT MeTal-
JMYECKUH KITUH JI0 TeX 0P, ITOKa Pa3HOCTh CUTHAIOB HE CTaHET
paBHOI Hymo. BenuumHa mepemereHuss KIWHA MPOTOPIHO-
HaJIbHA W3MCHCHHIO IUIOTHOCTH JKHUIKOCTH. MHTepBalm W3Me-

psiemoit motnoctu 600-2 000 kr/m; MOTPEUIHOCTh Mprbopa
+2 %.
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ITnotHOMep «IInot-3» AYTIL.414122.006 TY
TIpeJHa3HAYEH ISl aBTOMaTHYECKOTO U3MEPEHUS
TUIOTHOCTH UJIKOCTH C MaKCUMAJIbHOM KMHEMa-
THYeCKOH Bsi3KOCTBIO 10 200 MM%/c (200 c¢CT)
B [ama3oHe Temrepatyp ot muayc 40 no 85 °C
U TIepeaave N3MEPEHHBIX 3HAYEHHH 110 3arpocy
U3BHE B KOHTPOJUIEP M3MEPUTEIHHON CHCTEMBI
WIN B TIEPCOHAIBHBIM KOMIIBIOTEp IO HHTEp-
deticy «roxoBas meTis» (RS-232, RS-485 ¢ nc-

Puc. 7.18. [Taomnonep nonb30BanreM agantepos AJl-1, AJT-2).

«ITom-3M» IInotHomep Tuna «IlnoT-3» NPUMEHSAIOT

B COCTaBE aBTOMATHU3MPOBAHHBIX CUCTEM ydeTa

YHUCTBIX OJHOPOJHBIX XKHMIKOCTEH Ha MOTOKEB IPOIYKTONPOBOAAX, IIe Tpe-

Oyercsi meproANYECKOe TUCTAaHIMOHHOE M3MEpEHHEe IJIOTHOCTH, TeMIepa-

TYypbl ¥ KHHEMaTHYECKOH BSI3KOCTH JKHIKOCTH, B TOM YHCIIE Ha Maru-

CTpalIbHBIX HE(TENPOBOAAaX M Ha YCTAaHOBKAX IO MepepadOTKe TOBapHOU

HedTu. Buj B3phIBO3aNIUTH — «B3pBIBOHENPOHHUILIAEMAsT 000JIOUKa» U «HUC-

Kpobe3omnacHas anekrpuueckas 1ens» (IExibdlIBTS B koMruiekTe ¢ uckpo-
3aIUTHEIM OapsepoM «bacTnony).

Texnuueckue xapaxkmepucmuxu

IMpuanun paGoTsl — BHOpaIMOHHBIM: YacTOTa KOJICOAHWH YyBCTBH-
TEJIBHOTO 3JIEMEHTA, MOTPYKEHHOTO B XKUAKOCTh, (DYHKIIMOHAJIBHO CBS3aHA
C IUIOTHOCTBIO JKHIKOCTH, & JOOpPOTHOCTh KOJEOAaTeNbHONH CHCTEMBI —
C KHHEMaTUYECKOH BSA3KOCTBIO.

B kauecTBe TepMOMETpa MCIOJIB3YETCS BCTPOCHHBIN CTaHAAPTHBIN T1a-
THUHOBBII peoOpa3oBaTeb CONPOTHBIICHUSI.

O0paboTky wuHGOpPMAIMKA MPOBOJAUT MHKPOKOHTPOJIEP CeMeicTBa
MCS-51 tuma AT89C52.

[Ipenen nomyckaemMod OCHOBHOW OTHOCUTENBHOH MOIPEIIHOCTH MpHU
u3Mepenuu wiotHoctu cocrasset +(0,035; 0,05; 0,1) %.

Ipenen momyckaeMoil aOCOMIOTHOMN MOTPEIIHOCTA U3MEPEHUS TeMIIepa-
Typst £0,3 °C.

[penen nomyckaemoii abCOMIOTHON MOTPENIHOCTH M3MEPEHUs] KMHEMa-
trdeckoit Bszkoct £(0,4 + 0,04 - v) MMZ/C, rae V — 3HauYeHue KMHEeMaTH-
YECKOM BA3KOCTH, MMZ/C.

PabGouas cpena npudopa — 4YHCTBIE OJHOPOAHBIE XHUIKOCTH C MAaKCH-
MasbHOIl KHHeMmaTHueckoil BszkocThio 200 Mm%/c (200cCt): TOBapHas
HeTh M MPOIYKTHI ee IepepaboTKU, CIUPTHI, CKMKEHHBIH YTIEBOIOPO/I-
uHeiii Ta3 (CYTD), pacTtBoputrennm W [Apyrue KHIKOCTH, HEarpecCHBHBIC
1o oTHoIIeHu!o K crutaBam 45HXT, 12X18HIT, 12X18H10T.

Nuana3on usmepsieMbix mioTaoctei: ot 420 mo 1600 kv,
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Juanazon wuszmepseMbix Temmeparyp: or —40 go +85 °C.

Jlnanason u3MepsieMbix Bsi3kocteii: ot 1,5 1o 200 mm?/c (cCr).

«[1noT1-3» muTaeTCs OT UCTOYHHMKA ITOCTOSIHHOTO TOKA, YCTAHOBJICHHOTO
BHE B3PHIBOOIIACHOW 30HBI dYepe3 HCKPO3AIUTHEI Oaprep «bacTHOH»
(AVYTIL.468243.001 TVY). IIpu HanpspkeHUH Ha BXOAe IUIOTHOMepa oT 6,5
1o 15 B Tox motpebnenns He 6oiee 20 MA.

«I1no1-3» MpUHUMaeT yNpaBIsIONINe KOMAaHABl U BBIJACT U3MEPECHHBIC
IUIOTHOCTH, TEMIIEPATyphl U BA3KOCTH JKUAKOCTH MO KaHaly IOCIenoBa-
TEJILHOTO OOMEHa THIA «TOKOBas METISH» B BHAE MMITYJIbCOB TOKA C YPOB-
HeM Jornyeckoil «1» or 5 1o 20 MA u moruueckoro «0O» or 0 mo 0,1 MA
co ckopocthto nepemayn 2400 out/c.

[Tpubop obnagaeT MUHUMANTBLHBIMH Ta0APUTHBIMH Pa3MepaMH U Maccoii,
YeThIPEXMpPOBOJHON JTuHUEH cBs3u 10 2000 M ANMHON, MajbIM 3HEpro-
noTpeOneHneM, UMIIOPTHON 3JIeMEHTHOH 6a30il. MeXnoBepOUHbI HHTEp-
BaJI IpHOOpa COCTaBIISET 2 rofia.

§ 7.5. U3mepeHue BJIaKHOCTH ra30B
U TBepJbIX MaTepHAJIOB

CogepxaHue Bilard B JIOOOM Telle XapaKTepU3YeTCs €ro
a0COJIIOTHOM WIJIM OTHOCUTENBLHOH BiIaxXHOCTHIO. [lox abco-
JIIOMHOU BIAHCHOCMbBIO 2a3a TIOHUMAIOT Maccy BOJSHOTO Iapa
B 1,0 M® rasoBoit cmecn IIPU HOPMAJIBHBIX YCIIOBUsX. AOco-
JIFOTHAS BIAXKHOCTh U3MEPSETCS B /™ (cyx.)m /™ (B11.).

[Ton omnocumenvhoii 6raxcHocmsio ¢ 2a3a TOHUMAIOT OT-
HOIlIEHHWE Macchl (00beMa) BOASHOTO Tapa, 3aKIF0Yaronierocs
B 1,0 M> cMecH, K MakCHMAIbHO BO3MOXKHON Macce (00BeEMY)
BoJsiHOTO mapa B 1,0 M npu Tou xke Temmneparype. OTHOCHU-
TeJbHasl BJIAXHOCTh — BEJIMYMHA Oe3pa3MepHas, MHOTAa ee
BBIPAXXAIOT B MPOLICHTAX.

[Ton erasicnocmuio meepOovix men W NOHUMAIOT OTHOLICHHE
MaccChl BJIar, coJiep Kalieiics B Tele, K Macce BIaXKHOTO MaTe-
puasia. OTHOILIEHUE YK€ MacChl BJaru B Telle K Macce abCoII0T-
HO CYXOr0 MaTepuaia Ha3blBaIOT 671d20CO0EPIHCAHUEM.

K nambosiee U3BECTHBIM U IPUMEHSIEMBIM METOIaM HU3MeEpe-
HUS BJIQXKHOCTH T'a30B OTHOCSITCSI:
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7.

Ilcuxpomempuyeckuii memood, OCHOBAHHBIM Ha TICH-
xpomerpuueckoM 3¢ddexre, T. €. Ha 3aBUCHUMOCTHU
CKOPOCTH HCIIApPEHHS BJIATH B OKPY)KAIOIIYIO Cpeny
OT BJIAKHOCTHU TOU CPEABI.

Memoo mouku pocwl, 3aKIIOYAIOMINICS B OINpesene-
HUHM TeMIepaTypbl, 0 KOTOPOH HEOOXOIUMO OXJja-
JTUTh (TP HEM3MEHHOM JIaBJICHUH) HACHIIIEHHBIA ra3
JUISL TOTO, YTOOBI IOBECTH €r0 10 COCTOSIHUS HACBIIIIE-
HUSL

Copbyuonnulii memood, OCHOBAaHHBIA Ha IOTJIOMICHUN
BJIarH M3 aHAIM3UPYEMOH Cpelbl KaKMM-JINOO THUIpo-
CKOTIMYHBIM BEIIECTBOM.

Konoykmomempuueckuii memoo, OCHOBaHHBIH Ha 3a-
BUCHUMOCTH JJICKTPHUECKUX CBOWCTB MAaTepHUaioB OT
BJIarOCOZCPKaHHMS.

Cnexmpomempuyueckuii Mmemoo, KOTOPbIA HUCHOJIb3YET
3aBUCHMOCTH TIOTJIOMICHHUS M3Iy4eHUH OT BJIQXKHOCTH
HCCIIETyEMOTO ra3a.

Onexmpoxumuueckuii memoo (meron K. dumepa),
OCHOBAHHBIM HAa M3MEPEHHUU IIIEKTPHUECKOTO TTOTEH-
[yajga, BO3HUKAIOLIETO B CIEHUAIBHOM pPacTBOpE
(pactBOpe Duiepa).

Memoo mennonposoonocmu, OCHOBAaHHBINA Ha pa3InuuM
TETIONPOBOAHOCTEHN CYXOT0 M BIAKHOTO Ta3a.

Haubonpiiee nmpuMeHeHHE MONYYUIN MEPBBIE TPU METOAA.
OcHOBOM MeTO/1a SIBJISIETCS] B3aUMHAs CBSI3b MEXK]Ty HOP-

MaJbHBIM J1aBjieHHEM (YNPYyrocThi0) BOASHOIO Mapa U pa3HoO-
CThIO TOKa3aHUM Cyxoro tepmomerpa t. u Tepmomerpa, Mo-
BEPXHOCTh KOTOPOTO CMauyuBaeTcs BOJoH t,, (MOKpHBIA Tepmo-
MeTp). PasHoCTh MeXly MOKa3aHUSIMU CYXOr0 U MOKpOTO Tep-
MOMETPOB HA3bIBAECTCS HCUXPOMEMPUYECKOU PASHOCMBIO.

OTHOCHUTENIbHAS BIIAXKHOCTH B 3aBUCHMOCTH OT IICUXPOMCET-

pudeckoil pazHoctu t, — t,, BeIpaxaeTcs 3aBUCUMOCTBIO
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¢ =[Pp—At-—t,)]/P., (7.16)
rae P, — ynpyrocth MmapoB, HACHIIIAIOIIUX UCIIBITYEMYIO Cpe-
1y TIpU Temneparype t,, BIaKHOT0 TEPMOMETPA;
P, — ynpyrocTts nmapoB, HaCBIIIAIOIINX UCIIBITYEMYIO Cpe-
1y TIpU TEMIIEpaType CyXOoro TepMOMETPA;
A — ncuxpoMeTpudecKuid Kod()PHUIMEHT, 3aBUCSIIHA OT
KOHCTPYKIIUU TICUXPOMETPa, CKOPOCTU OOyBaHUS BIAXK-
HOTO TEPMOMETpa ra3oM M JaBJICHUS Ta3a; ONpeAemsieTcs
M0 CIPABOYHBIM MICUXPOMETPUICCKUM TaOIHIIAM, COCTaB-
JICHHBIM JIJIS1 ONIPEIEICHHBIX KOHCTPYKIIHI ICUXPOMETPOB.

Ha puc. 7.19 nokazana nmpUHIMIIUAIBHASA CXE€Ma dJICKTpUYe-
CKOT0 TICHXPOMETpa ¢ TEPMOMETPAMU CONPOTUBIICHUs. V3Mepu-
TeJbHAs 9acTh MPUOOpPa COCTOUT U3 IBYX MOCTOB, | 1 I1. O6a mo-
CTa MUTAKOTCS TIEPEMEHHBIM TOKOM OT OOMOTKH CHJIOBOTO TPaHC-
(dhopMaTopa IIMEKTPOHHOTO YCHUIIUTEIS K HIMEIOT 00a 00IInX T1e-
4ya, R; u Ry. Cyxoii Tepmomerp compoTuBieHus R, BKIOUeH
B miedo mocrta |, mokpsiit R, ,, — B meuo mocra Il. Moct | 06-
pa3oBaH NOCTOSHHBIMU pe3uctopamu Ry, Ry, R, u Ry,

Hanpspxkenne mexay toukamu a u b mocra | mpomopitmo-
HaJIbHO TEMIIEpaType CyXOro TepMOMETpa COMPOTHBICHUS,
a HaMpsDKEHUE MEXKIY TOUKAMH d ¥ ¢ — TeMIIepaType MOKPOTO
TePMOMETpPa COMPOTUBIICHHUS.
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Puc. 7.19. lIpunyunuanvnas cxema d1eKmpu4ecko2o ncuxpomempa

BennunHa HanpspkeHHsS MEXKIy TOUYKaMH D U ¢ mponopiuo-
HaJIbHA Pa3HOCTU TEMIIEPATYyp CYXOro U MOKPOI'O TEPMOMETPOB.
PaBHOBeCHE N3MEPUTEIIEHON CXEMBI YCTAHABIMBAETCS] aBTOMAaTH-
YECKHM W3MEHEHHEM IIO0JIOKEHUs JIBUXKKa R, mNpuBoauMoro
B BkeHue nBurareneM P/[. llkana npubopa oTrpagyupoBaHa
B EIMHUIAX H3MEPEHHUs OTHOCUTEeNbHOU BiakHOoCcTH (%0).
Knacc rounoctu 3,0.

Metoa ToukM pocbkl. IIpm aBTOMaTHyeCcKOM KOHTPOJE
BJIQ)KHOCTH Ta3a 3TUM METOJIOM TOYKAa POCHI ONPEAEIAETCS IO
0CJIabJIEHUIO CBETOBOT'O IMOTOKA, OTPAKEHHOTO OT 3epKaia U
BOCIIPHHUMaeMoro ¢oroaneMeHToM. Braromepsl, pabotaro-
1€ Ha OCHOBE METO/Ia TOUYKH POCHI, HA3bIBAIOT TAKXKE 2ucpo-
mempamu.

Ha puc. 7.20 noka3ana npuHIMIHAIbHAS CXeMa KOHJEHCA-
IIMOHHOTO TUIPOMETPA TOYKU pOCHl. OXJIaIUTENIEM SBISETCS
MOJIYTIPOBOJTHUKOBAsI TepMoOdJieKTpudeckas Oarapes /17, pado-
Taromas Ha npuHuune >pdexra IlenpThe: Mpu MPOXOXKICHUN
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TOKa B TEPMOIEKTPUUYECKOMN LIENMHU TeMIepaTypa OJHOTO cras
MIOBBILIAETCS, Apyroro cras noHwkaercs. K xonogHomy cnato
[IOJIYIIPOBOJIHUKOBOTO TEPMODJIEMEHTA IPUIIASHO METAJUIN-
yeckoe 3epkano 3. Cuia TOKa, MPOXOJAILEro 4epe3 TepMo-
JIEMEHT, PEryJIMpPYeTCs NEPEeMEHHbIM CONpPOTUBJIECHUEM 4.
JUig n3MepeHust TeMIepaTypbl METAIIIMYECKOTIO 3epKajia K ero
[IOBEPXHOCTU IpUNAsSH IOJYNPOBOJHUKOBBIM TEPMODJIEKTPO-
npeoOpas3oBarenb T, MOAKIIOUYEHHBIH K  MHJUIMBOJIBTMETPY
CO IIKaJIOH, TpalyipOBaHHON B €IMHUIIAX aOCOIIOTHOM BIIaX-
HOCTH.

PaGoTaer rurpomerp cieayromum obpazom. B orcyrcTue
Ha MOBEPXHOCTH 3€pKaja KOHJAEHCATa MaJarolluil Ha HEro oT
ocBetuTens | cBeTOBOI MOTOK OTpakaeTcs M Iomnajaer Ha ¢o-
To37eMeHT 5. B nenu ¢oTosnementa teder POTOTOK, MOITOMY
K CETKE OJIHOM DJIEKTPOHHOM JIaMIIbl [TO1a€TCsl OTPULIATENIBHOE,
a K ApPYrol — IOJIOKHUTEIBHOE HANPSHKEHUE. Y MEHBIICHHUE
CWJIBI aHOJIHOTO TOKAa B LIENIM OJHOW U3 JIaMII U YBEJIMYCHUE €€
B LIENH JIPYTrOil IPUBOJUT K TOMY, YTO SIKOPb IOJISPU30BAHHOTO
pene 3aHumaet nojioxenue |. [Ipu sToM yepe3 TepMoOITEMEHT
IIT IpOXOINT TOK, U 3€PKAJI0 OXJIAKIAETCH.

[TostBnneHKne KOHAEHCATa HAa MOBEPXHOCTH 3€pKajla IPUBOJUT
K PacCesHHUIO0 CBETOBOIO IOTOKA, & CJIEJJOBATEIIbHO, U K YMEHb-
IIEHUIO OCBEIEHHOCTU (POTORTIEMEHTA. DTO BBI3bIBAET MEPEKITIO-
YCHUEC KOHTAKTOB MOJIAPHU30BAHHOTO PEJIC B IMMOJIOKCHUC “, npu
KOTOPOM MHUTaHUE TEPMOVIEMEHTA OTKI04YaeTcs. Tak Kak okpy-
JKaroliasi TeMIepaTypa BbIIIe TEMIEpaTyphbl 3epKaiia, KOHeHcaT
C MOBEPXHOCTHU 3epKajla ObICTPO UCHAPSAETCs; Peie BHOBb BKIIIO-
qaeT B paboTy TEPMOIJIEMEHT.

Jlis mozorpeBa 3epkaia IPeAyCMOTPEHO MHUTAaHUE TEPMO-
3JIEMEHTa TOKOM OOpaTHOro HampaBiIeHus OT OaTtapen b mpu
IIOMOIIA py4yHOro nepekirodarens //. IloBepxHOCTh 3epkaina
00yBaeTcs BEHTHISTOPOM 2.
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Puc. 7.20. [lpunyunuanenas cxema KOHOEHCAYUOHHO20 2uepomMempa

CopOunoHHO-KYyJOHOMeTpUYeckuid mMetoa. [laHHBIT Me-
TOJ SIBNSIETCSl aOCONMIOTHBIM W He TpeOyeT IpaIyupOBKU MpH-
Oopa 1O OJTaJlOHHBIM ra30oBeIM cMecsiM. CopOLHOHHO-
KYJIOHOMETPUYECKHE BIIarOMEPhl MPUMEHSIIOT AJIST U3MEPEHHS
MHUKPOKOHIICHTPAIIMHN BJIard B Tazax. [IpuHIMNHaIBHAS cxema
KyJIOHOMETPHUYECKOr0 Bjaromepa mpuBegeHa Ha puc. 7.21.
Bo BHyTpeHHEM KaHaje IMIIMHAPHYECKOTO IUIACTMACCOBOTO
Kopmyca 1 pa3MenieHsl ABa 3JIeKTpoa 2, BEINOJTHEHHBIE B BUE
criupaineil. Mexay 3JeKTpojaMi HaHECeHA TUICHKA 3 YaCTHYIHO
THJIPaTUPOBAHHOTO MATHOKCH A (ochopa, 001aJar0IIero 04eHb
BBICOKOH CITOCOOHOCTBIO COpOMpoBaTh Biary. Uepe3 4yBCTBU-
TEbHBIN DJIEMEHT B HAMPABJICHUH, YKa3aHHOM CTpPEIKaMHU, IPo-
XOOUT KOHTPOJMPYEMBINA Ta30BbIA MOTOK CO CTPOrO MOCTOSH-
HBIM pacxonoM. ['eomerpuueckue pazMepbl YyBCTBUTEIBHOTO
3JIEMEHTa U PacXxo]i KOHTPOJIUPYEMOIO raza noJOUparoT TaKUM
0o0pa3oM, 4yTOOBI Bilara MPaKTUYECKU MOTHOCTHIO M3BJIEKANIACh
u3 raza. OOBIYHO JUIMHA KaHajla YyBCTBUTEIBHOIO 3JEMEHTa
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COCTABJISIET HECKOJIBKO JICCATKOB CAaHTUMETPOB, auameTp 0,5—
2 MM; TUaMeTp JeKTpo10B He Oosee 0,2 M.

[TornomieHHas Biara, COSJMHSSACH C BEIIECTBOM IUICHKH, 00-
pa3yer pactBop (ochopHON KHUCIOTHI C BBICOKOH YIEIBbHOMN
JIEKTPUIECKON TIPOBOJIUMOCTEIO.

Puc. 7.21. I[lpunyunuanvuas cxema Ky10HOMEMPULECKO20 8lA2OMEPA

K snexkTporamM MOAKIIOUEH HCTOYHUK IOCTOSIHHOIO Hamps-
JKE€HHUs, KOTOPOE JIOJKHO IMPEBBINIATh NOTEHIIUAN PA3JIOKEHUS
BOJIbl; TI0OOTOMY OJHOBPEMEHHO C PA3JI0’KEHUEM BIIArd IPOUC-
XOIUT ee deKTpoau3. [lomydaromuecs B mpoLecce 3JIEKTPOIIn-
3a KUCJIOPOJ U BOJOPOJ YHOCATCS IIOTOKOM KOHTPOJIMPYEMOTO
raza. B ycraHoBHBIIEMCSl peKHUME KOJIMYECTBO IOTJIOIIEHHON
Y PA3JI0KEHHON B €IMHUILY BPEMEHH BOJbI OAMHAKOBO W, CIIE-
JIOBATEIIbHO, B COOTBETCTBUU C 3aKOHOM Papajes cuia TOKa,
u3MepsemMasl MHUKpOaMIIEPMETPOM, BKIIIOUEHHBIM I10CIIE0BA-
TEJIBbHO C UCTOYHUKOM IUTAHUS, SBISIETCS MEPOM KOHIIEHTpPA-
LMY BJIar¥ B AaHAJIU3UPYEMOM Trase.

Konaykromerpuyeckuii meroa. Cyxue TBep/ple MaTepHabl
OOBIYHO SIBIISIOTCS JUAJIEKTPUKAMHU, a BIAXKHBIE KalUJUIIPHO-
MIOPUCTHIE TEJIa CTAHOBATCSA MPOBOJHUKAMU. {1 KamuuIsipHO-
MIOPUCTBIX MAaTEPUAJIOB 3aBUCUMOCTD JJIEKTPUYECKOTO CONPOTHUB-
JeHus ot BiaxxHocTy W BeIpakaeTcsi COOTHOIIEHUEM
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R=A/W" (7.17)
rane A — mocTossHHas BEIWYMHA, 3aBUCAINAs OT CBOWCTB KOH-
TPOJIMPYEMOT0 MaTepuaa;
N — moKa3aTelIb CTEICHM, TaK)Ke 3aBUCSIINI OT CBOMCTB
Marepuaia.

N3 ypaBuenus (7.17) cnenyer, uto 3aBucumocts R ot W He-
nuHeiHa. [Ipu U3MeHeHUH OTHOCHUTEIbHOW BIIAXKHOCTH OT 2
10 30 % compoTUBIEHNE U3MEHSIETCS OU€Hb 3HAYUTEITBHO.

B [Toatomy 3aBucumMocth R ot W
UCTIONB3YyeTCsl KaK Crocod orpe-
JEJICHUs BJIKHOCTH  OOBIYHO
10 30 %. [TpuGopsl, OCHOBaHHBIE
Ha 9TOH 3aBUCHUMOCTH, MOJIYUUIIH
Ha3BaHUE KOHOVKMOMEMPUUECKUX,
a caM METOJ Ha3BaH KOHOYKMO-
MempuyecKum.

UyBCTBUTEIHLHBIMH 3JICMEHTAMU
KOHJYKTOMETPHYECKHUX BIIaroMe-
poB (puc. 7.22) sBASOTCA JBa
AJIEKTPO/IA, BBHITIOJIHEHHBIE OOBIYHO
B BHJIE IIACTHH, TPYOOK, POJIMKOB
Puc. 7.22. Cxema U T. O. M3MepuTenbHbIM yCTpOM-

KOHOYKIMOMEmpu4ecKo2o CTBOM CJIYKaT 3JICKTPUYCCKUEC MO-
enazomepa CTEL

Ugd

§ 7.6. U3mMepeHne BSI3KOCTH KHAKOCTH

Bsaskocmb — 3TO CBOMCTBO JKUJIKOCTEH U Ia30B, XapaKTepHU-
3YIOIIIEE UX CONPOTUBIIAEMOCTh CKOJIBKEHHIO WM cIBUTY. [Ipu
CABUTE ABYX CIOEB KXUAKOCTH IIPU YCTAaHOBUBILEMCS TCUCHUHU
BO3HMKAET TAHTCHIMAJIbHAs CUJa, KOTOPAs COIJIACHO 3aKOHY
Herorona onpeznensercss COOTHOLEHUEM

F=uS (dv/dn), (7.18)
rne F — cuna casura;
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[t — pa3MepHbId KOd((UIIMEHT, Ha3bIBAEMBII JUHAMUYE-
CKOM BSI3KOCTBIO WJIH ITPOCTO BSI3KOCTHIO;

S — momaae BHYTPEHHETO TPEHUs (TUIOIIAAb C/IBUTA);

0 — CKOPOCTb TEUEHHUS CIIOS;

N — TOJIIUHA JBYKYIIETOCS CIIOS;

dv | dn — rpaeHT CKOPOCTH IBUKCHUS MO TOJIIHUHE
JBYDKYILETOCS CJI0s1 (CKOPOCTh CIIBUTA).

Ecnu p He 3aBucut ot dv / dn, TO KMIKOCTH HAa3bIBAIOT
HbIOMOHOBCKUMU, BCE OCTaJIbHBIC )KUIKOCTU OTHOCATCA K TPYII-
1€ HeHbIOMOHOBCKUX.

3a eauHUIly TUHAMHYECKOW BSI3KOCTH B MEXKIyHAPOJHOM
CHUCTEME €IMHUII MPUHSTA BI3KOCTh MOTOKA KUAKOCTH, B KOTO-
poii TuHEHasi CKOPOCTh MOJ| BO3JCHCTBUEM JaBlICHUS CABUTA
B | Ila umeet rpaguent 1 M/c Ha 1 M paccTOsIHHS, IEPICH/IN -
KYJISIPHOTO 10 OTHOIICHUIO K TJIOCKOCTU CJIBUTa. JTa eIUHUIIA
JTUHAMUAYECKON BSI3KOCTHU MMeeT pazMepHocTh [la-c (mackaiib-
CEKYH/I).

Kunematnueckast BSI3KOCTh B MeXIlyHaApOAHOW CUCTEME €11~
HHI[ UMEET Pa3MEPHOCTH M2/c. Csi3b MEXKI1Y JTUHAMHYECKON
Y KUHETUYECKOM BA3KOCTBIO ONPEAETAETCS COOTHOLIEHUEM

v=ulp, (7.19)
rJie p — IUIOTHOCTH KHKOCTH.

Bs3KOCTB JKMIKOCTH B 3HAQUYMTEIBHOM MEPE 3aBUCHT OT €€
TEMIIEpATyphl: YEM BBILIE TEMIIEpATypa KUIJKOCTH, TEM MEHb-
1€ ee BA3KOCTh, U HA00O0poT. J[Ist u3MepeHus BSI3KOCTH KU/ -
KOCTE€W NPUMEHSIOT BUCKO3WMETPhI, OCHOBaHHBIE Ha CIIEAYIO-
IUX METOJAX: MUCTEUEHHUs, MAJaAOLIEro Tejaa, KPYTALIEro Mo-
MEHTa U BHOpaIuu.

[IpuHnmnuaneHas cxema BHCKO3UMETpa ¢ KOAKCHUAaJIbHBIMHU
UWIMHIpaMH ToKa3aHa Ha puc. 7.23. B atom npubope BHelI-
HUW LWJIMHJP, HAIIOJHEHHBINA UCCIEAYEMOHN KUAKOCTBIO, IPU-
BOJUTCS B PABHOMEPHOE BpallleHWe. BHYTpeHHUN UUIMHAD
YIEP)KUBAIOT HEMOJBUKHBIM, HAKJIa1bIBasi TUPbKU HA BECOBYIO
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wiatopmy. BennunHa Bpamaromero MOMEHTa ONpeAesseTcs
MIPOU3BEJICHUEM BeCa YPaBHOBEUIMBAIOIIMX TUPh Ha PaJnyc
IIKMBAa, HA KOTOPOM 3aKpeIUIeHa HUTb, MOJJIePKUBAIOIIas Be-

COBYIO IaTdopmy.

Puc. 7.23. Buckosumemp ¢ KOAKCUATbHBIMU YUTUHOPAMU

I[JI?I HCIIPEPBIBHOI'O  HU3MCPCHUA  BA3SKOCTH  KUJAKOCTHU
B TEXHOJOTMYECKOM MOTOKE IPUMEHSIOT BHCKO3HMETPBI
C mapayieaIbHbIMU AUcKaMu (puc. 7.24).

BHyTpu m3aMepuTenbHONW KaMepbl YCTAaHOBJICHBI HETIOIBHIK-
HBIC JTUCKHU, MCIKAY KOTOPBIMHU C MMOCTOSTHHOM CKOpPOCTBIO Bpa-
IIAIOTCS TTO/IBMKHBIE TUCKH. [lociaeqHre coeqMHEHBI JKECTKO C
BaJIOM JOBHUIatTeis. CTaTOp ABUTATCIIA 3aKpPCIJICH B OIMOPHOM
NOJIIMITHUKE W TIOBOPAYMBAETCS B CTOPOHY, IPOTHBOIIOJIOXK-
HYIO HalpaBJICHUIO BpalleHUs IUCKOB. MOMEHT BpalleHus,
pa3BHBAaEMbIil CTaTOPOM JBHTATelNlsl, YPaBHOBEIIUBAETCS TPY-
30M, MOJBEUICHHBIM Ha Tpoce. [liedoM rpys3a ciryut npodu-
JUPOBaHHBINA auCK. [Tnedo yBennuuBaeTcs ¢ yBEIHUCHHUEM YT-
J1a TIOBOpOTA CTaTOpA.

Haxopsch B )KUAKOCTH, IUCKU TIPUTOPMAKUBAIOTCS M TIOBO-
padyuBarOT CTATOP ABUTATCIIA A0 TEX ITOP, IMOKa pa3BI/IBaeMBII\/'I
UMH MOMEHT HE YPaBHOBECHUTCS MOMEHTOM, DPa3BHBAEMbBIM
rpy3oM. KaxxioMy 3Hau€HHIO BA3KOCTH U3MEPAEMON KUIKOCTH
COOTBETCTBYET BIIOJIHE OIPEACICHHBIN YroJl MOBOPOTa CTaTOpa
JBUTATES.
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Co craropom JBUTATENs JKECTKO CBS3aH TMOJBUKHBIA KOH-
TakT peoxopaa. CompoTHBIIEHHE PEOXOpAa SIBISICTCS IJICYOM
YPaBHOBEIICHHOI'O MOCTa, IIKaja KOTOPOro TIpaJyHpoBaHa
B €IMHUIAX BS3KOCTH. [[Jis crabmim3anuu TeMreparypbl KOH-
TPOJIUPYEMOH KHUJIKOCTH U3MEPHUTEIIbHAS KaMmepa IoMelIeHa B
TEPMOCTaT, 3amoJHEHHBIH MaciaoM. Kiacc ToyHOCTHM TIpH-
6opa 1,0.

i
S
E

Puc. 7.24. Buckosumemp ¢ napannenpbHulMu OUCKamu

BuGpanuonnsie Bucko3uMeTpbl. 3MmepeHHe BI3KOCTH
BUOPAIIMOHHBIMU BUCKO3UMETPAMH OCHOBAaHO Ha 3aBHCUMOCTH
aMIUTUTYBI KoJieOaHU Tella B KOHTPOIUPYEMOU KHUAKOCTH OT
€€ BS3KOCTH.

B 3aBucHMOCTH OT 4acTOTHI KO-
nebaHuil BUOpAITMOHHBIE BUCKO3U-
METPbl MOXXHO pa3[eNuTh Ha JBa
THTIA: HU3KOYACTOTHBHIE, paboTaro-
e Ha yactore 10 1 k[, u yib-
7 Tpa3BYKOBBIEe, padoTaronye Ha 4Ya-

3lte crore 10-1 000 I 1.
{f--_ [IpyHnnnuaneHas cxema HU3KO-
I YaCTOTHOI'O BHUCKO3UMETpa IOKa3a-

Ha Ha puc. 7.25.
Puc. 7.25. Bubpayuonnwiii
sUCKO3UMemp
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K cepneunuxy |, 3akperuieHHOMY Ha ABYX MpyXuHax 2 u 12,
Ha ctepxHe || mpukperuiensr Hacagka 10 u cMeHHBIE TIAKOBI 3.
CeplieuHUK MOMEILEH B I0JI€ IIOCTOSHHOIO Maruuta 13 u asyx
OJIMHAKOBBIX KaTylIeK 4 u 9, COeMHEHHBIX MTOCIIEI0BATEIbHO.
I[Tpyn npoxoXxaeHNH yepe3 KaTyIIKU IEPEMEHHOT0 TOKA CO3/1aeTCsl
NepEMEHHOE MAarHuTHOE T0Jie, KOTOpPOE€, B3aHMMOACUCTBYS
C II0JIEM ITOCTOSIHHOT'O MAarHuTa, BbI3bIBACT BUOPALIUIO CEPACUHNU -
ka 1 ¢ nacaakoii 10. AMmnutyna koneOaHuA IPH TPOYUX PABHBIX
YCIOBHSAX 3aBUCUT OT BSI3KOCTH JKUAKOCTH. Yem Oosiblie Bs3-
KOCTb, TEM MEHBIIIE aMILIUTY/a KoJiebaHuil, 1 HA000POT.

Ammuiutyna xonebanuil nmpeoOpasyeTcst B MPONOPLHMOHAIIb-
HOE HaNpsDKEHHE, KOTOPOE M3MEPSEeTCs MUJLTMBOJIBTMETPOM 6
CO IIKaJIOH, MNpOorpagyupoBaHHON B €AMHUIAX BSI3KOCTH.
Karymku 4 u 9 nuraroTcs 4yepe3 CTadMIN3aTop HaIPSDKEHHS
1 oOMoTKH 5 U 7 quddepeHnanpHoro Tpanchopmaropa 8.

YabTpa3ByKoBble BUCKO3MMETPbI. /[elicTBHE yIbTpa3BY-
KOBBIX BHCKO3MMETPOB OCHOBAHO Ha MCHOJIb30BAHUU MPSMOTO
U 00paTHOrO0 MarHWTOCTPUKIIMOHHOTO WM THE303JIEKTpHYe-
ckoro 3¢ ¢exroB. Hanbonpliee pacrnpocTpaHeHne U3 yibTpa-
3BYKOBBIX BHCKO3MMETPOB TIOJIYUMJIA TPUOOPHI C MarHuTO-
CTPUKLMOHHBIMU TpeoOpa3oBaTensiMi, paOOTAIOUUMH B HM-
MyJIBCHOM PEXUME.

Ha puc. 7.26 nokazana npus-
OUNHaJbHAs CXeMa OIHOTO U3
yABTPa3BYKOBBIX (BBICOKOYACTOT-
HbIX) BUCKO3UMeTpoB. Ilmactuna
3aKperuieHa B TOpIE THIb3BI 3.
HwkHsAs TONIOBMHA IIIACTHHBI
MIOMEIIEHA B M3MEpSAEMYIO KUJ-
KOCTh. B Tmib3e HaxomurTcs Ka-
TyIIKa BO30YX/IE€HUs 2, TUTaeMas
ot reneparopa 4. Ha karymiky no-
Puc. 7.26. Vismpazeykosoii  AACTCS AMITYIIEC TOKA JUIATEIIBHO-

(8blCOKOUACMOMHDLIL) cThI0 0K0JI0 20 MKC, B pe3yJibTaTe
sucKozumemp
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3TOTO B IJIACTUHE BO3HUKAIOT MTPOI0JIbHBIC KOJIEOaHus ¢ 3aTyXa-
OIIEH aMIUTUTYT0N. 3aTyxaHue KOJIeOaH i TUTACTUHBI IIPOUCXO0-
IIUT TeM ObICTpee, yeM 00JIbLIE BA3KOCTb KUAKOCTH.

HNmnynbe, BO30YXKIAIOMIMA KaTyIIKY, OJHOBPEMEHHO YCH-
JMBAETCs YCWINTENIEM 5 M JETEeKTUpyeTcs B JIeTeKTope 6 ¢
Tpurrepom. Yepes tpurrep 3anupaercs rerHepatop 4. Benen-
CTBME OOpaTHOr0 MarHUTOCTPUKIHMOHHOIO 3¢¢eKTa yacToTa
KoJIeOaHUH HANPSOKEHUS B KaTYIIKE PaBHA 4acTOTE KoJeOaHMit

TUTACTHHBI
U =Unexp (—7) Sin (o 1), (7.20)

rae U — HanpshKeHHe Ha KOHIIAX KaTYIIKH;
Uy — HavanmpHas aMIUTUTY 1A HAPSOKCHHS;
A — k03 puIHeHT 3aTyxaHus KoueOaHH, 3aBUCIIIUN OT
BSI3KOCTH KHUIKOCTH,
 — Y4acTOTa CBOOOIHBIX KOJIEOAHHH IIJIaCTUHEL;
7 — BpeMsl.

OT0 HampspkeHHe M o0eclieuMBaeT 3allupaHue TeHepaTopa
HMMITYJIbCOB 10 MOMEHTA 3aTyxaHus KoneOaHui riactusl. [1o-
CJIe 3TOr0 TeHEepaTop UMITYJILCOB CHOBA BO30YKaeTcsl.

TakuMm 00pazom, MEpoll CTENEHHU 3aTyXaHUs SBISIOTCS HH-
TepBaJbl BPEMEHU MEXIy IOCIe0BaTeIbHBIMU BO30YKIACHU-
AMHU TeHepartopa. Yem Oousibllie BSI3KOCTh JKHUAKOCTH, TEM
MeHblIE 3TU MHTepBaibl. CUrHaNI ¢ JETEKTOpa IMOCTYIAaeT Ha
BTOpUYHBIA npubop 7. llkana npubopa rpagyupoBaHa B €Iu-
HUIaX BA3KOCTH. [lorpemHocTs BUOPALMOHHBIX BUCKO3MMET-
poB paBHa 2,5 %; B 3aBUCUMOCTH OT KOHCTPYKIIMH HUHTEpBaJ
n3mepenus 0,0001-100 ITa-c.

OO6nacte TNpUMEHEHHs] BUOPALMOHHBIX BHCKO3MMETPOB
OTPaHUYUBAETCS HHIOTOHOBCKUMH KHUIKOCTSAMHU.
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Puc. 7.27. Bubpayuonnulii
suckosumemp SV-10

Bubparmmonnsrit  Buckosumerp  SV-10
NpeAHa3HaYeH MJIsi W3MEpPEHHsl JWHAMUye-
CKOW BSI3KOCTH PpAa3NIMYHBIX IKHIKUX Cpel
B PEaJIbHOM MaclTadbe BpEeMEHHU.

OOnacTi  TNPUMEHEHHs: XHMHYECKasd,
HedTenepepabaTrIBatomas, mumenas, ¢ap-
ManeBTUYecKas, NappoMepHas W Ipyrue
OTpaciy MPOMBIIUICHHOCTH, a TaKKe Hayd-
HbIE MICCIICIOBAHUSL.

V3mepeHns BA3KOCTH IIPOBOIATCS C HO-
MOIIBI0 METOJa KAaMEpPTOHHOH BHOpaLuH.
3a OCHOBY HU3MEpEHHI OepeTcs BelMYHHA
AJIEKTPUYECKOTO TOKa, HEOOXomumas st

TOTrO, YTOOBI MOIEPKUBATH MOCTOSHHYIO aMIUIUTYAy BHOpAlMHd CEHCOP-
HBIX [UIACTHH BUCKO3UMETPA B JKUAKOM cpene. [10100HbIi METO MO3BOJISIET
MPOBOJUTD U3MEPEHUS B PEXUME PEATLHOIO BPEMEHH C OTCIIEKHBAHHEM
M3MEHEHHH BA3KOCTH M TEMIIEPATyphbl 00pa3ia, 4To U 00eCIEUYNBAET IIHPO-
KHe (QYHKIIMOHAIBHBIE BO3MOKHOCTH JaHHBIX IPHOOPOB.

Ocobennocmu subpayuonnozo suckosumempa SV-10:

BBICOKAsl TOYHOCTB: JocTHTaeT 1 % % 1 (ImoBTOpsieMOCTh pe3yibTa-
TOB) B MIOJIHOM JIMAINa30HE U3MEPEHUH;

HETIpephIBHBIE N3MEPEHNUS B TEUSHUE JUINTEIHHOTO BPEMEHH B IIN-
POKOM JMama3oHe: BO3MOXKHBI HETPEphIBHbIE M3MEpPEHHsS B IIOJ-
HOM J1arna3oHe 6e3 3aMEeHbl CEHCOPHBIX ILIACTHH;

CTaHJApPTHHIN CEHCOp TeMIepaTyphl, IpeaHa3HAYSHHBIH AT ompe-
JIeNIeHHsI TeMIIepaTypbl 00pas3ia M pacloyIoKEHHBIH MeXITy IBYMs
CEHCOPHBIMHU IIJIACTUHAMH, YTO MO3BOJISIET TOYHO OINPESNIUTh B3a-
HUMOCBS3b MEXy TEMIIEPATypOH U BI3KOCTHIO;

Ha JHCIUIeE OTpa’kaeTcsl 3HAa4deHHe, paBHOE IPOM3BEICHUIO M-
HaMHUYECKOH BSI3KOCTM M INIOTHOCTH oOpasma (pa3sMepHOCTh
Mmlla-c x r/CM3), MOCKOJIBKY IIPU BHOPALlMOHHOM METOJE H3Mepe-
HUS IUIOTHOCTH 00pa3lia CyIIECTBEHHO BIIMSET Ha 3HAYEHHE BSA3KO-
CTH;

BHCKO3UMETP MOXXHO KannOpOBaTh C MCIOJIb30BAHUEM JKUAKOCTH,
UMEOIEN CTaHAapTHOE WM 3apaHee U3BECTHOE 3HAUCHME BSI3-
KOCTH.
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§ 7.7. I'a3oBbIii anam3

l'azoananu3aTopsl pa3fensiOT Ha ABE OOJBIINE TPYIIIIBL:
xummudeckne u pusndeckue. JlecTBUE XuMuyeckux a30aHanu-
3amopoé OCHOBAHO Ha TOIJIOIIEHUU OJHOW WM HECKOJbKUX
COCTaBHBIX YacTel Ta30BOM CMECH KAaKUM-JIMOO BEIIECTBOM.

B @Qusuueckux eazoamanuzamopax nns ananuza razoBoit
CMECH HUCTOJb3YeTCs Kakoe-In0o (U3NIecKoe CBOHCTBO Ta30-
BOIl CMecH, U3MEHSIONIEeCs MPU U3MEHEHHH COJIEp>KaHUS OI-
penensieMoro KOMIoHeHTa. B kauecTBe Takoro CBOMCTBa MO-
JKeT OBITh BbIOpaHa JIiro0as pu3ndeckas BEIMYUHA, XapaKTepH-
3yI0Iasi ra30BYI0 CMeCh (IJIOTHOCTD, TEIUIOPOBOIHOCTb, TEII-
Jota cropanusi, ko3pPuIHMeHT mperomiieHus U T. 1m.). EnuH-
CTBEHHOE YCIIOBUE BBIOOpa — AaJIUTUBHOCTH CBOWCTB BBI-
OpaHHOI BEeTUYHMHBI B JaHHOM ra30BOi CMECH.

XuMHUYecKHe ra3oaHajam3aro-
pol. Pabora xumudeckux (abcop0O-
[IMOHHBIX) Ta30aHAIM3aTOPOB OC-
HOBaHa Ha U3MEHEHHH OObema ra-
30BOM CMECH TOCJE yJalIeHUs aHa-
JIM3UPYEMOr0 KOMIIOHEHTa. Y ja-
JSeTCS  aHAIM3UPYEMBIH KOMIIO-
HEHT abcopOuMei, C)KUTraHUEeM WIIH
MOCJIEIYIOLIUM MOTJIOLIEHUEM.

Ha puc. 7.28, a npeacrasieHa
MPUHIIMIIUATbHAS CXeMa razoaHa-

Puc. 7.28. Cmpyxkmypnuvle auzatopa Ha COs,.

cxeMbl AbCopOYuOHHbIX OmnpeneneHublii 00beM HCCIIE-

caszoanaiuzamopos

JTyeMOT0 Ta3a 3aCachIBAETCs B Mep-

HBIM cocynl B 1ns TEpBHYHOTO HW3MEpEHUs: MpoObl rasa.
3areM oTMepeHHBIH 00beM (00braHO 100 CM3) MIPOIYCKAETCs
yepe3 MOTJIoTUTeNbHBINH cocyn //C, 3amoTHEHHBIH pacTBOPOM
E€IKOT0 KalusA, NocaeaHuii moJIHOCThI0 morjomaer COs.
HenormnomeHHplid OCTaTOK aHAIM3HPYEMOTO ra3a MOCTYMaeT
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B ra30M3MEPUTEIBHOE YCTPOUCTBO MV, rie U3MEpSIeTCs YMEHb-
meHue 00beMa, COOTBeTCTBYIOIIee rmorioneHHomy COy.

Ha puc. 7.28, 6 nzo0OpakeHa NMpUHIMIHAIbHAS CXeMa Ta30-
aHanu3aropa Ha Op. DTa cxeMa CyIIECTBEHHO OTIMYAETCS OT
npeasiaymei. Kpome mepHoro odsemMa B uMeeTcss BTOPOU
o0beM B st u3Mepenus: oo0beMa BOJOPOAa, MOAaBaeMOro U3
OaymioHa. BMecTo mornoTUTensHOro cocyjaa B 3TOM IMpHOOpe
HUMeeTCs EeKTpUYecKas mneub [/, nepes KOTOpod YCTaHOBJIEH
cmecutens C. 3a Meubl0 HAXOJAUTCS KOHACHCALMOHHBIA COCY/
KC, B KOTOpOM KOHICHCHPYIOTCSI 00pa30BaBIIMECS TPH CHKH-
TaHUM BOJIOPOJAA BoJsHbIE mapbl. OcTaTOK MPOOKI ra3a HampaB-
JISI€TCsl B U3MEPUTENIBHOE YCTPOMCTBO.

dDu3nyecKue razoaHaan3aTopbl. M3 MHOTOUHCICHHBIX Ta-
30aHAJIU3aTOPOB ATOM IPYMIIbI HUKE PACCMOTPEHBI TEPMOKOH-
JTYKTOMETPUUYECKUE, TEPMOMArHUTHBIE, ONTHKO-aKyCTHUECKUE
U yJIbTpauoI€TOBOIO MOIJIOIIEHUS.

Tepmokondykmomempuueckue 2a3o0anHaniu3amopsvl. ITU
ra3o0aHajnu3aTopbl OCHOBaHbl Ha M3MEHEHUHU TEIUIONPOBOIHO-
CTH Ta30BOM CMECH NpPH MU3MEHEHHH ee cojaepkaHus. Temo-
MIPOBOJHOCTh OMHApPHOM ra30BOI cMecH B NMEPBOM MpPUOIMIKE-
HUU

Jen = 1@ + 22D, (7.21)

rae A1 ¥ A2 — TEIUIONPOBOAHOCTh KOMITIOHEHTOB, BT/(M-K);
a ¥ b — KOHIIEHTpAIKsI KOMIIOHEHTOB, %0.

[TpyHuMNUanpHas cxeMa TEPMOKOHIYKTOMETPUUYECKOIO ra-
30aHaNIM3aToOpa IMoKa3aHa Ha puc. 7.29. B muieun uaMepurens-
HOTO HEYPaBHOBEIIEHHOTO MOCTa BKJIFOUYEHBI OJIMHAKOBBIE CO-
IIPOTUBJIEHNS B BUJE HarpPEBa€MbIX TOKOM HHUTEH. /[Be U3 HUX,
BKJIFOUEHHBIE B MPOTUBOIMOJIOKHBIE IJI€UYH MOCTA, MOMEIICHbI
B KaMephl, 4Yepe3 KOTOPbIE MPOXOAUT UCCIENYEMBIH ra3, a JABe
Jpyryue — B KaMepbl, HaIOJIHEHHbIE BO3/1yXOM.

Ecin TennonpoBOJHOCT U3MEPSAEMOM Tra30BOW CMECH OT-
JMYAeTCsl OT TEIUIONPOBOJAHOCTH BO3yXa, TO TEMIIEPaTyphbl
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HUTEW OyAyT paziuyHbl U B JTUArOHAIM ab BO3HUKHET Hamps-
KeHHe pazbasiaHca, MPONOPLUOHATBHOE COJIEPKAHUIO OTIpesie-
JSIEMOTO0 KOMIIOHEHTa B Ta30BOM CMeCH. DTO HANpsKEHHE H3-
MepsieTcs MOTEHIIMOMETPOM, IlIKaJla KOTOPOTo OTrpagyrpoBaHa
B NPOIEHTAX OIpeneisieMoro KommnoHneHnra. [ns ycrpaHeHus
BIIMSIHUSL TEMIIEPATYpPbl OKPY’KaIOLEH Cpeibl Ha Pe3yJIbTaT U3-
MepeHHUs 0JIOK U3MEPUTENbHBIX SYEeK TEPMOCTATUPYIOT.

Il

Ilposepra
moka

bt Ilposepka
& wikanst

Lsi#13121/]

Puc. 7.29. Tepmoxonoyxmomempuueckuii 2a30aHaIU3amop.

1 — usmepumenvnas xamepa,; 2— cpasnumenvras kamepa,
3, 5 — pesucmopwi; 4 — namna

TepMOKOHIYKTOMETPUYECKHE Ta30aHAIN3ATOPbBI UCIOJIb3Y-
10T JUTsl ONIPEICNICHUsI COIEPKAHUS BOJOPOIa B a30TOBOJAOPOI-
HOM cMecH B MPOU3BOACTBE CMHTETHYECKOTO aMMHaKa; BOJAO-
poza B Tra3e KapOUIHBIX TMEYeH U B MPOU3BOJICTBE IEKTPOIIH-
TUYECKOr0 BOJAOPOJIa, aMMHaKa B aMMHAYHO-BO3JIYIIHOW CMe-
CH TIPOM3BOJICTBA CIA00W a30THOM KHUCJIOTHI, JUOKCHUIA CEPBHI
B [IEYHOM Ta3e MPOU3BOJICTBA CEPHOM KUCIIOTHI.
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Hampumep, nns onpeneneHus cogepxkaHusi BOJOpOia B aM-
muake B mpenenax 0—1 % mpuMeHSIOT mpeoOpazoBaTeNb Tep-
MokoHaykTomeTpuueckuit TI121-Y XJI4.

OcHOBHasl MOTPEIIHOCTh 3TUX a30aHAIU3ATOPOB COCTAB-
nset 2,510 % B 3aBUCUMOCTH OT MHTEPBAIA U3MEPECHHS.

Tepmomaznumnple 2a30ananu3amopvl. TN ra30aHaAIU3a-
TOPbl OCHOBaHbl HAa 3aBUCUMOCTH [apaMarHUTHBIX CBOWCTB
KHCJIOpO/1a OT TEMIEPATYPHI.

Kucnopon oTHOcHTCS K mapaMarHUTHBIM ra3aM, XapaKkTepH-
3YIOUIUMCS TOJIOKUTEIBHON MarHUTHOW BOCHPUUMYHUBOCTHIO.
C u3MeHeHHEeM TeMIlepaTypbl B3aMMOJEUCTBHUE KUCIOPOJa C
MarHMTHBIM TI0JIEM CYHIECTBEHHO H3MEHsAeTcs. MaruuTtHas
BOCHPUUMYHUBOCTD KHUCJIOPOAA, MOJ KOTOPOW MOHHUMAIOT OT-
HOILIEHWE UHTEHCUBHOCTH HaMarHWMYMBaHUS K HANPSKEHHOCTU
MarHMTHOTO TOJIsI, Ha JIBa MOPS/KA BBIIIE, YeM JJIsl IPYTUX ra-
30B.

[TpOMBINIIEHHOCTh  BBITYCKa€T TEPMOMArHUTHBIE Tra30-
aHaJIN3aTOPbl HECKOJIBKUX THUIIOB.

Ha puc. 7.30 noka3aHa npuHIUMNUaiIbHAs cxema npeoodpa-
30Barenst OJHOro u3 Takux mnpubdbopos. IIpeobGpasoBarens
ra30aHagnu3aTopa COCTOMT M3 KOJIBLIEBOM KaMepbl C TOPU30H-
TaJbHOW CTEKJISHHOW TpyO4yaTOl NEepeMbIUKOM, IOMEIIEH-
HOM MEXIy IOJIFOCAMM TOCTOSIHHOIO MarHuTa Tak, 4yTO Mar-
HUTHOE TI0JIE HAaXOJIUTCS Ha OJHOW CTOPOHE MEPEMBIUKH.
Ha nepembluky HaBHUTa JABYXCEKLIMOHHAs HarpeBaemas 0OMOT-
Ka W3 TOHKOW IJIaTMHOBOM mpoBOJOKH. CeKIuu 0OMOTOK
MPe/ICTaBISIOT co00il /Ba Mijieya HEYypaBHOBEIIEHHOTO MOCTa
U CIY)XaT H3MEpPUTENBbHBIMU 3JIeMeHTamMH. [[Byms npyrumu
IJIeYaMu CIIy)KaT TOCTOSIHHbIE MaHTaHWHOBBIE COMPOTHBIIE-
Huig R1 u Ro.
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—

Puc. 7.30. Ilpunyunuanvhas cxema npeodopazosanusi mepmomMacHumHo20
eazoananuzamopa

IIpyn Hamuuuu B Ta30BOM CMECH KHUCJIOPOZA 4YacTb MOTOKA
OTBETBJISIETCS B INEPEMBIUKY, IAe oOpa3yercsi TeUeHHe ras3a
B HaIlpaBJICHUU ClieBa HampaBo (OT Oobllel HaNpsHKEHHOCTH
MarHUTHOT'O MOJISE K MEHbIIEH).

OO6pa3yronuiicss KOHBEKIIMOHHBIA MOTOK Ta3a MEPEHOCHUT
Ter1o oT oOMOTKU R3 k Ra, mosTomy TemnepaTypa cekuii u3-
Mmensiercs (Rs oxnaxknaercs, R4 HarpeBaercs) U U3MEHSETCS UX
COIIPOTHBIICHUE.

Bennuuna pazHocTy conpoTHBIEHUH (PYHKIIMOHAIBHO CBSI3a-
Ha C KOHLIEHTpaLMEN KUCIIOPOAA B UCCIIEyEMOM ra30BOil CMECH.

Pazbananc mocrta u3mepsieTcsi BTOpUYHbIM IPUOOPOM, IIKa-
Ja KOTOpPOro OTrpagyupoBaHa B MpoleHTax kuciopoxaa. Co-
NpoTuBJIeHUE R, CAYXKHUT A YCTAaHOBKMU CHUJIBI TOKA NMUTAHUS
Mocta. Cucrema TepMOCTaTUpOBaHU ITpeoOpa3oBatelis odec
€4MBAET MOCTOSIHCTBO €r0 TeMITepaTyphl ¢ TOUHOCTHIO =1 °C.

Onmuko-akycmuueckue 2azoananuzamopsl. I1pudopsl oc-
HOBaHbl Ha H30MPATEILHOM IMOTJIOLIEHUN U3MEPSEMBIM KOM-
MOHEHTOM MH(PAKPaCHBIX Jydel. DTO sBIEHHUE Ui BOJIH OIl-
peneneHHON ATMHBI OMUCHIBAETCS 3aKOHOM MOTJIOIICHHUS.
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Ha puc. 7.31 nmnoka3ana TtumoBass cXema OITHUKO-
aKyCTHYECKOT0 razoaHajiu3aTropa Ha okcuj yrieposaa. [lotoku
MH(]PpaKpaCHOTO MU3IIY4YCHHS OT m3nydarenei 2 u 14 moouepen-
HO TIPEPHIBAIOTCS 00TIOPATOPOM 3, TPUBOAMMBIM BO BpallleHHE
CUHXPOHHBIM jBurareieM 1. 3aTeM MOTOKH HPOXOAST depes
pabouyto 4, cpaBHuUTENbHYIO 13 u (uUIbTpOBBIE 6 KIOBETHI
U momanarT jayde npueMmHble mwmHIApel OAIIl (onTuko-
aKyCTHYECKUH mpeoOpaszoBarenb) 12, 3amOJHEHHBIE CMECHIO
OKCHJIa yIJIepo/ia ¢ a30TOM.

[Tynpcanmu naBiieHUs, BO3HUKAIOUINE B MPUEMHHUKE C Ya-
CTOTOH OOTIOpaIuu, B KOHACHCaTOpHOM MuKpodoHe 10 ¢ meM-
Opanoii 8 nmpeobOpa3yroTcst ycruTeneM 9 B BBIXOJHOW CUTHAI,
KOTOpBIN peructpupyercsa camonucueM /. [lepen nusmepenuem
pabouyro KIOBETY 3alOJHSIOT HYJIEBBIM Ta3oM (a30TOM), Tak
KaK CpaBHHUTEJbHAs KIOBETa TOXKE 3armojHeHa a3oToM. [loToku
B pabovyeM U CPaBHHUTEIHHOM KaHajax OyIyT paBHBI, TO3TOMY
U CUTHAJ C MpUEeMHUKa OyJeT paBeH Hymo (MeMOpaHa HE KO-
nebyercs). AHamM3UpyeMasl ra3oBasi CMECh OYMINAETCS OT Me-
XaHWUYeCKUx mpumeceit guibtpom 5. [Ipu mocrtyrnieHun aHa-
JIN3UPYEMOI Ta30BOM CMECH, COJIEpXKalled OKCHJ YIJIEpOJa,
B padouyl0 KIOBETYy MOTOK B paboueM KaHajle ocialnsercs
u Bo3HuKaeT curdai ¢ OAIT (memOpana kosebmeTcs).

QOunbTpOBabHBIE KIOBETHI 6 3aMOJHSIOTCS COMYTCTBYIO-
IIMMH W3MEpSIeMOMY KOMIIOHEHTY Ta3aMH B aHaJIHU3Hpye-
Mo cpene. HeoOX0MMOCTh ATOrO BbI3BaHa TEM, YTO TaKHe
raspl, KaK, HalpuMep, JAUOKCHJI YIIIepojia, UMEIOT MOJIOCY I0-
TJIOLEHHS, KOTOpasi MepeKpbhIBaeT YaCTUYHO IO0JIOCY MOTJIOo-
uieHust okcuaa yriaepoaa. [lpu 3amonHenun GuiabTpoBOil Ka-
MEpbI AUOKCUIOM YIJIepOjia COOTBETCTBYIOIIEH KOHLIEHTPAIH
Ta 4YacThb W3IMYYCHHs, KOTOpas OCIA0IIAETCS OKCHIOM,
a TOTJIOIIAeTCST JMOKCHJIOM YIiieposa, B pabouyio KIOBETY
He monanaer. [1oaToMy MOMONHUTENBHAS MOTPEITHOCTh H3-3a
HAINYMS B aHAJIM3UPYEMOM cpeie JUOKcHa yriepoia Oyaer
MHHUMAJIbHOM.
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! B mnawmei crpaHe Bblyc-
KAalOTCSl ONTHKO-aKyCTUYECKUE

1h 2
%4 RX— raszoaHanusaropsl 6onee 10 Tu-

= ) nos: OA, TOA, TAH, THII,
LEE T u{.f"a- «Curma», «Kexnp» Ha OKcHA

8y jpWokcup yriuepoja, METaH,
alleTUJICH B CJIOKHBIX Ta30BbIX
cMecax. JluamasoH H3MEpeHus
KOHIIEHTPAllUd dSTUX  Tra3oB
or 0,001 mo 100 %. Kimacce
To4HOCTH MprOOopoB oT 10 110 2.
T'azoananuzamopel ynompa
¢uonemogoco  nocnowienus.
Otu npubOpsI B OCHOBHOM IPH-
MEHSIOT ISl aHajlu3a MapoB
Puc. 7.31. Tunosas cxema PTyTH B BO3JyXe, U3MEPEHHUS
on’ZZ;fa:gZ’;’a”n’;z;’;"e" KOHIIEHTPAIlMH  XJIOPa, CEPO-
BOJIOPOJIa, JUOKCHIA a30Ta U

HEKOTOPBIX JIPYTHX BEIIECTB.

B kauecTBe HCTOYHHMKOB YJIbTPA(HUOIETOBOIO HU3ITYUYEHUS
UCTIONB3YIOT PTyTHBIE Jammbl. [l mpeoOpa3oBaHUs MHTEH-
CHUBHOCTH YJIbTPa(HUOIETOBOIO HM3IY4YEHHUS B AIIEKTPUUYECKHIL
CUTHAJI TPHUMEHSIOT (OTODIEMEHTH U (POTOPE3UCTOPHI.
Ha puc. 7.32 noka3ana cxema paboTarolero no NpuHLUUIY OIl-
TUYECKON KOMIICHCAIIMH Ta30aHAJIM3aTopa Ha XJIOP C OJHUM
(boT037EMEHTOM.

Jlnst BBIZETICHUST HEOOXOJUMOTO y4YacTKa YIbTpaduoiIeTo-
BOM YacTW CHEKTpa Ha MYTH IMOTOKOB YCTaHOBJEHBI CBETO-
¢mtbTpel. [TOTOKM WM3IMydeHHs] TPEepBHIBAIOTCS OOTIOPATOPOM
¢ yactoroit 50 I'm.

MoaymupoBaHHBIE B IPOTHBO(]A3€ TTOTOKU H3ITyICHHUS ITOCTY-
HaroT B U3MEPUTENBHYIO U CPABHUTENIbHYIO KIOBeThI. [1pu mosis-
JICHUH B M3MEPUTENFHOW KIOBETE XJIOpa PaBEHCTBO ITOTOKOB
U3JIY4YEHUs] HapylIaeTcs; B Lenu (OTO3IeMEHTa MOSBISIETCS
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nyJIbcUpyroImuii GpotoTok yacroroit 50 I't, KOTOPEIA ycuinuBaeT-
csl (ha304yBCTBHUTEIBHBIM YCHUJIIMTEIEM, Ha BBIXOJE KOTOPOTO
MOJKJIFOYEH PEBEPCUBHBIN IBUTATENb, KHHEMAaTHYECKAN CBA3aH-
HBIH C KOMIIEHCUPYIOILUM ONTHYECKUM KJIMHOM.

JUIs KOPPEKTHPOBKH HyJIs Ta30aHAIU3aTopa CIYXHUT 3a-
cnonka. Uurepansl uzmepenus 0-0,3 u 0-2 %. OcHoBHas no-
IpemHocTh £5 % MakCcUMaabHOIO 3HAUEHHSI LIIKAJIbI.
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Puc. 7.32. Cxema ynempaguonremosoeo eazoanaruzamopa:
1 — cenepamop evicoxoul wacmomul;
2 — pmymHoO-K8apyeeas NaMnd;
3 — usmepumenvHaa Kiogema, 4 — cpasnumenvHas Koeema,
5 — obmiopamop; 6 — pomosnemenm,
7 — 27eKmMpPOHHDLIL (haA301YECMEUMENbHBIIL YCUTUMENb,
8 — pesepcusnuiil dsucamens; 9 — emopuunviil npubop,
10 — xomnencayuorHas 3aciOHKA,
11— 3acnouka pezynupoexu Hyis
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lazoanamusarop CHEMIST 401 —
nepeHocHoi raszoanamusatop ¢ JKK-
JICIIIEEM, U3MEPHUTEIbHBIMU sTUeHKaMU
st O, u CO, 6e3 BO3MOKHOCTH YBEITH-
YEHUSI KOJTMIECTBA SIEEK, MMEIOIIUH
99 sveexk MaMsTH, BCTPOCHHBIA NIPUH-
® Tep, BCTPOCHHBIH aKKyMYISTOD, PYCH-
(hUIIPOBaHHOE MEHIO.

Puc. 7.33. I'azoananruzamop CHEMIST 401

KOMI’UZeKmaLﬂ/l}Z caszoanaiuzamopa.

ra3o3abopusbrii 3081 300 MM,

(WIBTp MBUICBIATO3AIIHTHI,

3apsTHOE YCTPOICTBO,

TpyOKa /i 3amepa JaBJIeHUs,

30H/I AJIS1 I3MEPEHUS TEMITEPaTyphl BO3IyXa,
KaTyme4yHas 6yMa)KHaH JICHTA U1 IPpUHTEpPA,
IJITACTUKOBBIN KEHC.

HM3mepsiemvie napamempuot. O,, CO, TemnepaTypa ABIMOBBIX T'a30B, TEM-
nepaTypa BO3/1yXa, TaBJICHUE B Ta30X0/IC.

Buiuucnsemvie napamempuor: CO,, k03 dunmerT n30bITKa BO30yXa, 1M0-
TepH B razoxone, KI1/I.

Jlononnumenvhvle 603modicHocmu: Ta303a00pHBI  30HA 750 MM (1O
1100 °C), KOMIDIEKT 11 3aMepa CaxH, 3aMep AupPepeHINATHHOTO JaBICHHS.

Xpomatorpagpus. ['azoBas xpomaTorpadusi — OCHOBHOM
METO/I aHAJIN3a CJIOXKHBIX Ta30BbIX CMECEH.

B coorBerctBun ¢ 'OCT 17567-81 xpomamoepagus —
00J1acTh HAayKH, W3ydaroliasi MPOLECcChl, OCHOBaHHbIE Ha Tepe-
MEIIEHUH 30HBI BEIIECTBA BJIOJIb CIO0S COPOEHTA B MOTOKE I0-
JBYDKHOM (ha3bl M CBSI3aHHBIE C MHOTOKPATHBIM IOBTOPEHUEM
COpOIIMOHHBIX M JeCOpPOLMOHHBIX aKTOB. B 3aBHCHMMOCTH OT
(bakTOpOB, ONpeNeNIOMUX pa3/e/ieHHe aHAIU3UPyeMOol ra3o-
BOM CMECH Ha OTJIEJbHBIE KOMIIOHEHTHI, Ta30BYI0 XpOMAaTOIpa-
buro moxpas3ieNsoT Ha NPOSIBUTEIBHYIO ¢ IPOTPaMMHUPOBAHHU-
€M TeMIIepaTypbl U U30TEPMHUUYECKYIO; C IPOrpaMMUPOBAHUEM
pacxojia raza-HOCHUTEIISL; XpoMaTepMorpaduio.
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Hwuxe paccMoTpeHbl HEKOTOPBIE METOMBI Ta30BOM XpOMATO-
rpadum.

[Ipu npossumensvHoli cazoxpomamozpaghuu B BEpXHIOIO 4acTh
KOJIOHKH, 3aII0JJHEHHYIO TBEPbIM aJICOPOEHTOM, BBOJUTCS HE-
0OJIBIIIOE KOJIMYECTBO aHAIM3UpyeMol cMecu (rpoosl). Tlocie
BBEJICHHUS MTPOOBI Yepe3 XpoMaTorpaduyeckyro KOJIOHKY C He-
0O0JIBILION CKOPOCTHIO MPOMYCKAETCS T'a3-HOCUTENb, HE a7IcOpOU-
PYIOIIHIACS TBEPABIM COPOSHTOM HITH aJICOPONPYIOIIUICS ciiadee
J1000r0 U3 KOMIIOHEHTOB aHATU3UPYEMON CMECH.

[To mepe mpoxoKIeHUs Ta3a-HOCUTENs B3fATas Ui pasjie-
JeHusl mpoba TMOCTENEHHO TMPOJBUraeTcsl uepe3 aiacopOeHT
B Xpomarorpapuueckoil KkoyioHke. KOMIIOHEHTBI cMecu Ipu
3TOM OTAETSIOTCSA OJUH OT JIPYTOro U MPH MOJTHOM pa3ielieHuu
BBIXOJST U3 KOJIOHKH B OIPEAEICHHOW MOCIEA0BaTEIbHOCTH.
[Tpu momHOM pa3feNneHuH MeXAy KOMIIOHEHTaMH HaXOSTCS
30HBI YUCTOI'O raza-Hocurens. B kadecTBe rasza-HocuTels npu-
MEHSIOT OUMILIEHHBIA OT MBLIM U Maclia BO31yX, JTUOKCHJ YTiie-
ponaa, a3oT, Tenui, BOAOpOoa U Np. B kauecTBe ancopOEeHTOB
(HenmonBMKHas (haza) MCIMONB3YIOT aKTUBHBIA yrojb, CHUJIMKa-
rejib, OKCHJ| aJTIOMUHHS, aKTUBHBIM OOKCHUT, OKCHJ MarHus,
MOJIEKYJISIPHBIE CUTA U T. JI.

[Tpu razoxxuakocTHOW Xpomarorpaduu MOABHKHOM (a3oii
ABJIIETCS Ta3-HOCUTENb, B IOTOK KOTOPOTO BBOAMTCS MCCIEMY-
eMas mpoba (ra3 unu map). HemoaBuxHast ga3za — KUIKOCTh
(ancopOeHT), aacopbupyrolas KOMIIOHEHTHl aHAIU3UpPyeMOn
CMECH — pacIpeeseTcsl TOHKOW IUIEHKOM Ha MOBEPXHOCTH
TBepAoro Hocurens. OHa J0oJKHA OBITH MPAKTUYECKH HEJIETY-
4eid, BHIOOP €€ 3aBUCUT OT COCTaBa aHATM3UPYEMOM CMeCH.

B kauectBe TBEpAOro HOCUTENS HCHOJB3YIOT MaTepHallbl,
UHEpPTHBIE K KOMIIOHEHTaM IOJIBUKHOM M HEMOJBMXXHOM (a3
U 0o0ecnevnBaloNye JOCTAaTOYHYI0 TIOBEPXHOCTh (Pa30BOTO
KOHTAaKTa.

["a3oBast xpomatorpadus ¢ NporpaMMHpPOBaHHEM pacxojia
ra30HOCUTEIS OTJIMYAETCS OT MIPOSBUTEIBHON TEM, UTO PaCX0]
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ra3a HOCUTENSI U3MEHSETCs B TeUEHHE MIPOLIecca MO 3aJaHHOMY
3aKOHY.

Cxema Xxpomarorpa)u4eckoro pasieieHus IOoKa3aHa
Ha puc. 7.34.
A,6,8

Puc. 7.34. Cxema xpomamoepaguueckoeo pazoenenus:
A, b, B— xomnonenmul npobwl 2asa

IIpo6a rasa, cocrosiias U3 Tpex KOMIIOHEHTOB A, b u B, 1ie-
pemelaercss ra3oM-HOCHUTEIEM uepe3 clloil copOeHTa, Mome-
IIEHHOTO B XpOoMaTorpaguueckyto KOJIOHKY. Tak Kak KOMIIO-
HEHTbl COpPOUPYIOTCS WJIH PAaCTBOPSAIOTCS HEOJIMHAKOBO, CKO-
POCTh JBM)KEHUS MX I10 KOJOHKEe OyneT pa3zinuuHoi. Uepes He-
KOTOpPO€ BpeMs 3TO MPUBEIET K MOJHOMY pPa3/IeJICHUI0 CMECHU:
HepBbIM OYyZEeT KOMIIOHEHT B Kak HauMeHee COpOUpYOIuiics,
BTOpbIM b 1 3ateM A. B pesynbrate u3 xpomarorpaduueckoit
KOJIOHKM OYAYT BBIXOJIUTh WJIM Ta3HOCHUTENb, WM OMHapHas
cMech (ra3HOCUTENb + KOMIIOHEHT), YTO (PUKCUPYETCS JEeTEK-
TOPOM, CHUTHaJ KOTOPOIO IPONOPLHOHAIEH KOHLEHTpAaLUuu
KOMIIOHEHTa B CMECH.

B xpomarepmorpaduu Temmnepatypa KOJOHKH H3MEHSETCs
B T€UEHHE Ipolecca Mo 3aJJaHHOMY 3aKOHY IO JJIMHE KOJOHKH
u BO BpemeHM. ClieZoBaTeabHO, OCYILIECTBISAETCS OJHOBpE-
MEHHOE€ JIeHICTBUE NEPEeMEUIAaloIIerocsi TeMIIEpaTypHOTo MO
Y TIOTOKA Fa3HOCUTEIIS.

Ecnu napsiny ¢ monBuxkHOM (a3oii (Tra3-HOCUTENb) IBUKET-
Cs1 HEpPAaBHOMEPHOE TEMIIEPATYPHOE T0JIE C TPAJTUEHTOM B TOM
K€ HaIlpaBJIEHWHU, TO UMEETCS B BUIY CTallMOHApHAs XpoMaro-
rpa¢us. [Ipu 3T0M KOMIIOHEHTHI CMECH, MEPEMEIIAsCh BMECTE
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C TeMIepaTypHBIM II0JIEM, 3aHHMAIOT OIPEJCIICHHbIE MECTa,
COOTBETCTBYIOILIME TaK HA3bIBAEMbIM XapaKTEPUCTUUECKUM
TeMIeparypaMm. ITO JaeT BO3MOXXHOCTh MPOBOJIUTH aBTOMAaTH-
YECKHU KaYECTBEHHBIN U KOJIMYECTBEHHbBIN aHAJIN3.

[Ipu HecranmonapHoii Xpomarorpaduu TeMIepaTypHoOe Io-
Je yMEHBUIAETCS B HANpPaBICHUM, OOpAaTHOM HAaIlpaBJICHUIO
JBUKEHUS ra3a-HOCUTEJISL.

B raszoBoii xpomaTorpaguu ¢ nporpaMMHpPOBAHUEM TEMIIE-
paTypbl TeMIepaTrypa KOJIOHKH U3MEHSETCS B TeUEeHHUE Mpoliec-
ca 10 3aJJaHHOMY 3aKOHY I10 €€ JJINHE U BO BPEMEHHU.

B cootBerctBun ¢ I'OCT 17567-81 cazosgwiti  xpomamo-
epag — npubdop, npeaHa3HAYCHHBIN JJI1 KAYeCTBEHHOTO U KO-
JMYECTBEHHOTO aHaJM3a cMecel BEIIEeCTB, BBIICICHUS U3 CMe-
Cel YMCTBIX KOMIIOHEHTOB WJIM Y3KUX (Ppakiuii, a Takxe s
bu3UKO-XMMHUECKUX Hu3MepeHuil. ['a3oBble Xxpomarorpadsl
MOJPA3NICNAIOTCS Ha 1aO0pamopHble U NPOMblULIeHHble.

B cocraB xpomarorpada (puc. 7.35) Hapsimy ¢ OCHOBHBIMH
aneMeHTaMu (XpomaTtorpaduyeckas KOJIOHKA, JIETEKTOp) BXO-
JUT PsiI BCIOMOTaTeIbHBIX YCTPOUCTB, 00ECTIEUNBAIOIIUX TPE-
OyeMble yciioBUSl pabOThI (BBOJ aHAIM3UPYEMOW CMECH B XpO-
MaTorpad, usmepeHue u o0OpabOTKy BBIXOJHOTO CUTHAJIA XPO-
Martorpada u ap.).

8 arn |

—jf a3-HOCUMESE

Puc. 7.35. Brnok-cxema eazoso2o xpomamozpaga:
1 — 6annon ¢ eazom-nocumenem; 2 — pe2yismop pacxooda 2a3a-HoCUmerns,
3 — uzmepumens pacxooa caza-nocumens; 4 — ucnapumenv; 5 — dozamop,
6 — xpomamoepaguueckas kononka, 71— oemexkmop;
8 — peecucmpupyrowuii usmepumensuwlii npubop; 9 — unmezpamop;
10 — mepmocmamut
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[ToxsmxHas ¢asza (ra3-HOCHTENb) NOJACTCSA B KOJOHKY, KaK
npaBujIo, W3 OaioHa, T HAXOAWUTCS TOJ JaBieHueM. ['a3-
HOCHUTEIIb J0JKEH YJIOBJIETBOPATH TPEOOBAHUAM: ObITH MHEPT-
HbIM [0 OTHOUIEHMIO K aHAJIM3UPYEMBIM BEILECTBAM, HEMO-
IBWKHOW (Daze M KOHCTPYKTHBHBIM MaTepHajaM, ¢ KOTOPbIMU
OH KOHTaKTHPYET; COAEPKaTh MUHUMAJIbHOE KOJIMYECTBO MpU-
Meceii; He yXyauarh paboTy JeTeKTopa.

B OonpmmHCTBE cilydaeB OT pacxoja ra3a-HOCUTENs 3a-
BUCUT 4yBCTBHUTEIBHOCTb JETEKTOpA, T. €. U3MEHEHUE pacxoja
ra3a-HOCHUTEIIS BbI3bIBAET WU3MEHEHUE BBICOTHI U IUIOLIAJU IHU-
ka. [ToaTromy B XxpomaTtorpadax IpUMEHSIOT PEryJIsATOp pacxo-
7a, COYETAIOMMK B cebe CTadMIn3aTop U U3MEPHUTEIh pacxoa
raza-Hocutens. Pacxon raza-Hocurens B xpomarorpagax co-
CTaBJISIET, KaK MpaBmiio, oT 15 go 200 oM /MuH. Ho3a uccneny-
€MOr0o BelIeCTBa BBOJAUTCSA J103aTOPOM B Xpomarorpad ObICTpo
B BUJIE «IIPOOKM». ['a3pl OOBIYHO BBOAAT T€PMETUYHBIMHU Ta30-
BBIMU LINPUIIAMH UM KPAaHOBBIMU Jlo3aTopaMu. OOBEMbI razo-
BoHM n0361 coctaBisaroTr ot 0,1 mo 10 oM®. Kunkocts BBOIAT
MHUKpounpunaMu. B xpomaTtorpaguueckom aHamnze 00bEeMBI
103 kuakoctet 06s19Ho ot 0,5 1o 10 M. B xpomarorpadax
OOBIYHO MCIIOJIB3YIOT KPaHBI-103aTOPI U HINPHIIBL.

Wrny mmpuna ¢ ucciieryeMou 10301 BBOAAT 4YEpe3 CaMo-
YIUIOTHSIOILYIOCS PE3UHOBYIO IPOKIAAKY HENOCPEACTBEHHO
B XpoMarorpapuieckyro KonoHKy. [Ipu 3ToM HayabHas 4yacTh
KOJIOHKH HE 3arOJHSIETCS] HETOABMKHOM (hazoil. YcTpoiicTBO, B
KOTOPOM IFepMETUYHO 3aKpeIUIeHbl HAYaJIbHBIA Y4aCTOK KOJIOHKH
Y CaMOYIUIOTHSIOIIASICSl pE3UHOBAsI POKJIa/IKa, Ha3bIBAIOT UCNA-
pumenem. [y nonaepkanus TpedyeMoil Temneparypsl, pHu Ko-
TOPOM UCTapseTCs 1032 )KUAKON UCCIIeyEMON CMECH, 1 HarpeBa
710 HeOOXOTUMOM TeMIepaTypbl HAYaJIbHOIO Y4acTKa HCIIapUTENb
cHaOxeH TepMmocTaToM. Paboune Temmeparypsl Hcrapureneit
B COBpeMeHHBIX XpoMmarorpadax coctasisator 500 °C u 6onee.

Xpomarorpadpuueckasi KOJIOHKa MpeCTaBiIsieT coooi Tpyo-
Ky M3 CTeKJa, MMOJIMMEPHOr0 MaTepualia WM MeTajula, yalle
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BCEro M3 KOPPO3UOHHO-CTONKON cramu. KojoHku ObIBarOT
npsimble, U-o0pa3Hble U cnupaibHble. COupagbHble KOJOHKH
HaubOosee KOMIIAKTHBI, OITOMY HX NPUMEHSIOT dYalle, 4YeM
KOJIOHKH JIPYTHX THIIOB. B cOBpeMeHHBIX Xpomarorpadgax uc-
MOJIB3YIOT HACaJ0YHbIE KOJIOHKH C BHYTPEHHUM JHAMETPOM
oT 1 710 6 MM UM IJTMHON OT HECKOJIBKUX JECSATKOB CAHTHUMETPOB
1m0 6 M (cpennsis mmHa 1-2 M). KanwinspHas KoJdoHKa mpe-
cTaBisieT co00i TpyOKy ¢ BHyTpeHHUM auamerpom 0,2-0,5 mm
u muHOM ot 25 1o 200 M (cpennsis muHa 50 m). Pasmeps! ko-
JIOHKHY CYIIECTBEHHO BIIUSIOT Ha €€ () (HEKTUBHOCTb.

Xpomarorpapuieckre KOJIOHKH yCTAaHABIMBAIOT B CIEIH-
albHOM TepMmocTaTe. B TepmocTaThl COBPEMEHHBIX XpOMAaro-
rpa)oB MOXHO YCTaHaBIIMBATh JIB€ U 0o0Jiee KOJIOHOK JJIMHOMN
no 3—6 m. UuTepBan pabounx temmeparyp TepmMocTara Kojo-
HOK MOXxeT ObITh 0T —100 10 +500 °C, TOYHOCTH TOAICPIKAHUS
TpeOyemoii TemnepaTypsl cocrasisieT £0,2 °C.

TepMocTaT KOJIOHOK Kak HauOoliee KpymHbIH OJOK Xpoma-
Torpada onpezensieT KOHCTPYKTUBHbIE OCOOEHHOCTH XpOMaTo-
rpada. IToT OJOK SBJISETCS OCHOBHBIM B Xpomarorpade, 1mo-
CKOJIbKY B HEM pa3MelIeHbl XpoMaTorpapuueckue KOJIOHKH,
a Ha €ro INIOCKOCTSIX — JETEKTOPHI, 103aTOPbl U UCIIAPUTEIH.

Jnsa pacuindpoBkr OGMHAPHOW cMeCH Ha BBIXOJIE U3 KOJIOH-
KM UCIOJIb3YETCSI IETEKTOP.

["azoxpomaTtorpaduueckuii JeTeKTOp — MpeoOpa3oBaTesb-
HBIA 3JIEMEHT CHUCTEMBI ra30XpoMaTorpapuueckoro IeTEeKTH-
poBaHMsI, B KOTOPOM OCYIIECTBIISIETCS MPEoOpa3oBaHUE H3Me-
HEHHUsI COCTaBa MPOXOJIAIICH Yepe3 Hero ra3000pa3Hoil CMecH B
M3MEHEHHE BBIXOJHOIrO curHaia. M3BectHo Oojee MATHAECATH
METOJIOB JAETEKTHPOBAHUS B XpoMmaTorpaduu U COOTBETCTBEH-
HO CTOJIBKO K€ JETEKTOPOB, HO JIMILIb HECKOJIBKO M3 HUX IIHU-
POKO MPHUMEHSIOT B XpoMarorpagax. ITo, B EPBYIO OYEPEb,
JETEKTOp MO TEIJIONPOBOJHOCTH, IIAMEHHO-MOHNU3ALIMOHHBIN,
TEPMOMOHHBIA,  JJIEKTPOHHO-3aXBaTHbIA M  IUIAMEHHO-
(oTOMETpUUECKUI TETEKTOPHI.
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Xpomarorpadpl IpeaHa3HAYECHBI IS
HETIPEPBIBHOTO H3MEPEHMS COACPKAHUS
KOMITOHEHTOB B Pa3JINYHBIX T'a30BBIX CMe-
CSIX M JKUJKUX YTIIEBOAOPOJAX, B TOM YHC-
Je Al U3MepeHusi 00BbEMHON JIONH KOM-
MIOHEHTOB IPUPOHOTO (TIOMYyTHOT0) Ta3a.

Xpomarorpadbl COCTOST U3 TPEX OCHOB-
HBIX YacTed, OOBeJAMHEHHBIX KOHCTPYK-
THBHO: 0JI0Ka KOHTpoJuIepa, OI0Ka KOHAU-
LIHOHUPOBaHUs (TIOATOTOBKHU) IIPOOKI, OAHO-
IO WM HECKOJIBKUX aHAINTHYECKHUX OI0-

Puc. 7.36. Xpomamozpagp ~ KOB» 3 TAIOKE CHCTEMBI mpobooTOopa.

2a306b1e NPOMbIULIEHHDLE AHanuTHdeckuil ONOK (BEpXHHH KoOp-
modeneii 700, 700XA, 771 ITyC) BKJIIOYAET B ceOsl JETEKTOPHI, XpOMa-
TorpaduecKkrue KOJOHKH, ITPEIYCHIUTEb,
KJallaHbl TEPEKIIIOUEHHs] TTIOTOKa M AJICKTPOMAarHUTHBIE KJamaHbl. Xpoma-
Torpad) MOXKET KOMIUIEKTOBAThCS AeTeKTopoM TerutonpoBogHocT (ATIT),
IUITaMEHHO-HOHM3aMOHHBIM aeTektopoM (IIM]]), xoTopele ycTaHaBiMBa-
I0TCS B aHAJIUTUYECKOM OJIOKE, MM IUIaMEHHO-(OTOMETPUYECKUM JIETEK-
topoM (I1dD /1), KOTOPEIA BHITOIHEH B COOCTBEHHOH B3PBIBOHEIIPOHHIIAEMON
000JI04YKe M YCTaHABJIMBAETCSI PSJOM C XpoMarorpagoM U COCIUHSAETCS
C HUM 3JIEKTPUUECKUMH LEIMSIMH U Ta30BBIMHU TPYOOIIPOBOJAMH.

bnok KOHIMIMOHMPOBaHHUs (TIOJrOTOBKH) HMPOOBI BKIIOYAET B cebdst pe-
TYJISITOPBL U pelie NaBJICHHs, U3MEPUTEIb MTOTOKa NpoObl, GUIBTPBI, MaHO-
METpBI.

bnok xoHTpoiiepa (HWKHHMH KOPITyC) BKIIOYACT B CEOsl NEKTPOHUKY
Y TIOPTHI /111 00pabOTKM CUTHAJIOB, KOHTPOJISA 32 NPHOOPOM, XpaHEHHs JaH-
HBIX ¥ UX TIepeady.

Kopnyca 06;10k0B, BEINOJHEHHBIE U3 ATIOMHHHAEBOTO CIUIaBa C COAEpKa-
HHEM MarHus meHee 6 %, COCJMHEHbI B €IMHYIO KOHCTPYKIHIO, KOTOpas
MOJKET MOHTHPOBATHECS Ha CTEHE, CTOWKE MM Ha Mojy. biok KoHaunmuoHu-
poBaHus (TTOATOTOBKH) MPOOBI MOHTHPYETCS Ha BXOJE B aHAJUTHYECKHUN
010K Ha HIKHEH 9aCcTH CTaHWHBI OJIoKa. DIEKTPUIECKHE COCTIMHEHUSI MEX-
Iy 6JI0KaMHU OCYIIECTBISIIOTCS MPOBOJAMH, MPOXOISIIAMHE Yepe3 METaIIIH-
YecKhe maTpyOku Mexay OnokamMu. BHYTpeHHAS HONOCTh MaTpyOKOB
C MPOJIOKEHHBIMU NIPOBOJAAMU 3aJIUBAETCS KOMIIAYHIOM.
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Ha G0K0OBBIX TOBEpXHOCTSIX KopIyca 0J0Ka KOHIUIMOHUPOBaHHUS (TI0/1-
TOTOBKH) MPOOBI YCTAHOBIICHBI (PUTHHTU C OTHENPErPagUTEIIMH JUI MOA-
KIIFOUCHHST TPYOONIPOBOJOB C KaIMOPOBOYHBIMH M KOHTPOJIHMPYEMbBIMHU Ta-
3amu. Ha kopmyce aHamuTHYECKOro OJIOKa yCTAaHOBICHBI TaOIMYKH C Map-
KUPOBKOHM B3PBIBO3ALIUTHl U MPENyNpeaUTEeIbHON Haamnuchbio. B HukHen
gacTu OJ0Ka KOHTpOJUIEpa BHIIOIHEHBI Pe3bOOBHIE OTBEPCTHS AJIS Kabeib-
HBIX BBOJIOB.

Knanan Bopricka xxuakux npo6 LSIV mpoxomuT cKBo3k CTEHKY KOPITY-
ca xpomarorpada u GukcupyeTcs CTONOpHBIM KoJiblioM. Ha xianane nme-
IOTCSL JIBa OTBEPCTHS: OJHO JUIsi BBOJA MPOOBI, a APYroe — JUIsl BBHIITyCKa
B IIOTOK IpOOHOro rasa. BHyTpH KiamaHa pacIOJIOKEHbl ITHEBMAaTHYe-
CKHH TOpIIEHb, HCIIApUTENbHasl KaMepa, B KOHIle KOTOPOH MMeeTcs OTBep-
CTHE JUIS BBIITYCKa UCTIAPEHHOH NPOOBI B CHCTEMY TEPMOCTATA.

Lemexmopuvl no menionposoOHocmuy O4€Hb 1yBCTBUTEIbHbI
K U3MEHEHUIO TEMIIEPATYPBI, I09TOMY MX IOMEIIAIOT B TEPMO-
cTatThl JUis o0ecreyeHus CTaOWIbHOCTU HyneBo# jsuHuM. Oc-
HOBHOM YaCThIO JIETEKTOpa 3TOr0 BHJA SBISAETCA TEPMOUYYB-
CTBUTEJIBHBIN 3JIEMEHT, MaTEpUAIOM KOTOPOTO CIYXKHUT BOJb-
(¢bpamoBasg UM TUIATUHOBAs MPOBOJIOKA, WM MOIYINPOBOIHH-
KOBBIU PE3UCTOP.

DnekTpuyeckas cxema JETEKTOpa IO TEIUIONPOBOJHOCTH
IOKa3zaHa Ha puc. 7.37. 3MepurenpHelil 35eMeHT /1 U cpas-
HUTENBHBIN 35eMeHT /[, ¢ pesuctopamu R; u Rz oGpaszyror
MOCTOBYIO CXE€MY, B MaroHallb KOTOPOW BKIIOYEH HUCTOYHHK
Toka E. Pe3nucropsl HarpeBarOTCs 10 INOCTOSIHHOW Temmepa-
Typsl. 1Ipu nmpoxoxkaeHun dyepes sg4euky /[[1 OIpeneinseMoro
KOMIIOHEHTa TEeMIIepaTypa €€ COIPOTUBJICHUS HW3MEHSAETCS
BCIICJCTBUE PpA3IMYMs  TEIJIONPOBOJHOCTEH KOMIIOHEHTOB
aHAIM3UPYEeMOW Tra3oBOM cMecH. l3MeHeHne Temreparypsl
BBI3bIBAET M3MEHEHUE COINPOTUBIEHUS 3TOW suelku. Compo-
THUBJICHHE SYCHKHU /[, ocTaeTcs 0e3 M3MEHEHHs, TaK Kak uepes
HEe IPOIIYCKAaeTCs BCE BpeMs TOJIBKO Tra3-Hocurenb. [lpum
HOBOM 3HAQUYE€HHUM COINPOTHUBJIEHUS SAYEHUKH /{1 MEXIy TOYKa-
MU A U B MOCTOBOW HM3MEpPUTEIILHON CXEMBbl BO3ZHHMKHET pa3-
HOCTb MOTEHIMAJIOB, KOTOpasi U3MEPSAETCS aBTOMAaTHYECKUM
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MOTEHIIMOMETPOM //. 3amuchIBaIOIIEe YCTPOHUCTBO MOTEHIIMO-
METpa BBIYEPUYUBAET XPOMATOIPaAMMY.

(|

Y72\

7 4, A\

b

Puc. 7.37. Dnexmpuueckas cxema oemexmopa menyionposoOHOCHU

Xpomamoepamma — TipeicTaBIeHUE CUTHAIA ra30XpOMaTo-
rpaduveckoro Jerekropa Kak (yHKiuu BpemeHu. Hynesas
JUHHUS XPOMATOTPaMMbl — Y4YacTOK XPOMATOTPAMMBI, MpeJ-
CTaBJISIFOIIMIA CO0O0M 3amuch curHana nuddepeHmantsHoTo Je-
TEKTOpa BO BpeMs BBIXOJla U3 XpOMATOrpadudyecKoil KOJIOHKU
YHCTOTO Ta3a-HOCUTEIIS.

KpaTtkoBpeMeHHOE OTKJIOHEHME Iepa BTOPUYHOTO Mmpudopa
OT HYJECBOH IJIMHUH, BBI3BAaHHOE pA3JIMYHBIMU IIOMEXaMH,
Ha3bIBACTCS WiyMamu, HETIPEPhIBHOE M JUIMTEIbHOE OTKJIOHE-
HUE HYJIEBOW JIMHUU B OJJHOM HAMPABICHUU — Opelhom HYJIAL.

Xpomarorpamma, u3o0pakeHHas Ha puc. 7.48, Ha3bIBaeTCs
T depeHIIMaTBbHON U COCTOUT U3 XpoMaTrorpapuyeckux Mu-
koB 1l u 2.

Xpomamoepaguueckuii nuxk — Tpaduueckoe U300paKeHHe
3aBHCUMOCTH BEJIMYMHBI, MPONOPLUOHATIBHON MIHOBEHHOMY
KOJIMYECTBY OMPEIENIEMOr0 BEUIECTBA, OT BPEMEHH B TOTOKE
MOJBIKHOM (Da3bl Ha BBIXOJE KOJOHKH WM B APYTrOil TOUKE,
TJIe TIPOU3BOJIUTCS U3MEPEHHE.

OcHoBanue nuka AB (cm. puc. 7.38) Mony4ar0T UHTEPIIOJIALN-
€l OCHOBHOM JIMHUM MEXly KpalHUMH TOYKaMHy nvka. [Inomans,
3aKJIFOYCHHYIO MEXJY NMHUKOM U €ro OCHOBAaHMEM, Ha3bIBAIOT
nI0WAObIO NOO NUKOM, & PACCTOSTHUE N OT BEPIIUHBI ITHKA
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JI0 OCHOBAHUS, ©3MEPEHHOE MapauIeIbHO OCH OPIUHAT U MpeJi-
CTaBIIsIFOIIIEe COOOM CUTHAN IeTEKTOpa, — 8bicomotl nuxa. OTpe-
30K OCHOBAHHUS 4, 3aKJIFOUEHHBIN MEXKTy KacaTelbHbIMU K TOUKaM
nepernda K KaxJI0i CTOPOHE MTUKA, HA3bIBACTCS WUUPUHOU NUKA.
Jlunus CD, napasuienbHasi OCHOBAHMIO MHKA U JIEJSIIas BBICOTY
MUKA MOT0JIaM, Ha3bIBACTCS NOAVULUPUHOU NUKA.

[IpocTpaHcTBO OT MecTa BBelIEHHUS MPOOBI 10 JIETEKTOpa,
3aM0JIHEHHOE YUCTHIM Ta30M-HOCUTENIEM, Ha3bIBAeTCs Mepm-
8bLM 00BLEMOM PA30enUmenbHOU KOJIOHKU.

Obvem meepdoco mena eCTh 00BEM, 3aHHUMAaeMbI TBEp-
JIBIM HOCHUTEIIEM WM aKTHUBHBIM TBEPABbIM TEIOM B KOJOHKE,
a obwvem dcuokocmu — 00bEM, 3aHUMAEMBIA KHUIKOH (a3oit
B KoJIoHKEe. C80000HbIM 0OBbeMoM Ha3bIBACTCS 00bEM KOJIOHKH,
HE 3aHUMaeMBbIil HU KUAKOW (a30i, HU TBEPABIM HOCUTEIIEM.

flaxazanus 8mopuvwozo npudopa

Bpema
Puc. 7.38. Jugghepenyuanvras xpomamoepamma

Bpemsa eazoxpomamoepaguueckoeo yoepocusanus — WH-
TEepBaJl BPEMEHU OT MOMEHTa BBOJa MPOOBI B ra3zoxpomaro-
rpau4ecKyro KOJIOHKY /10 MOMEHTa BBIX0/1a U3 Hee Ompeaes-
€MOTr0 BEIECTBAa MAKCUMAJIbHON KOHIIEHTPAIIUH.

CH0XHOCTh M TPYIOEMKOCTh PYYHOH 00pabOTKH Xpomaro-
rpaMM, HHM3Kasg TOYHOCTh pe3yJIbTaTOB pacueTa, OCOOEHHO
B Clly4ae aCUMMETPUYHBIX WM IJIOXO Pa3elieHHBIX IMHKOB,
CYILIIECTBEHHO 3aTPYAHSET MPAKTUYECKOE HUCIIOIb30BAHUE XPO-
MaTorpa)oB MpU aHAIKM3€ CIOKHBIX MHOTOKOMIIOHEHTHBIX
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cMmeceidl. JTO OIpeneNniIo HCIOJIb30BaHUE B Xpomarorpaduu
CHEIHUAJIbHBIX CPEJCTB BBIYMCIUTEIBHON TEXHUKU JJIS aBTO-
MaTHU3aluu Ipouecca 00paboTKU XpoMaTorpaMM — HHTerpa-
TOPOB M CIEIMAJBHBIX BBIYMCIUTEIBHBIX YCTPOICTB Ha 0ase
MUKpoOBM (cnenumanu3npoBanabie MUKpoOBM).

Macc-cnekrpomerpus. IIpenmyiiecTBo Macc-ClieKTpOMET-
PHUYECKOT0 METO/a — OBICTPBIM U MOJIHBIA aHAJIM3 MHOTOKOM-
IIOHEHTHBIX Ta30BbBIX cmecedl. [lpum 3TOM Mg ananmusa Tpe-
OYIOTCSI HUYTO)KHO MaJlble KOJIMYECTBA BEIIECTBA.

B ycnoBusx riy0okoro Bakyyma MOJICKYJIbI MJIA aTOMBI aHa-
JU3UPYEMOTO BELECTBA HOHU3UPYIOTCS C 00pa30BaHUEM I10JI0-
YKUTEJIbHO 3apsKEHHBIX HOHOB. MOHBI, OJTyunBIINE YCKOPEHUE
B JIEKTPHUECKOM I10JI€, pa3/IeNAI0TCs IO CBOMM MaccaM B Mar-
HUTHOM mosie. CyMMa 3JIEKTPUUYECKUX 3apsiioB JIBUKYIIUXCS
HMOHOB 00pa3yeT MOHHBIA TOK. MI3MepeHne MOHHOIro TOKa, co-
31aBa€MOr0 YaCTULIAMH TOW WJIM MHOM MAacCChl, II03BOJIAET Cy-
JUTh O KOHLEHTpAIMK YacTHUI] B OOILEM COCTaBe aHAJIU3UpYye-
Moro BemiectBa. B macc-crektpomerpe 10001 KOHCTPYKIIUU
OCHOBHOM 4acCThIO SIBJIETCS Macc-aHAJIN3aTop, B KOTOPOM IIPO-
UCXOJAT MOHM3ALMSI, (OPMUPOBAHNE MOHHOIO JIy4ya, pas3jesie-
HUE €r0 Ha COCTAaBIAIOLIME MOHHBIE JIy4H, COOTBETCTBYIOLINE
CTPOTO ONPEIEIIEHHBIM MaccaM, U MOCIeI0BaTeIbHOE pa3aeiib-
HOE coOMpaHNe MOHHBIX JIyuell Ha KOJIEKTOpe.

COOTBETCTBEHHO 3TOMY Macc-aHaJIM3aTop JOOro macc-
CIIEKTPOMETPA COCTOUT U3 UICTOYHNKA HOHOB, COOCTBEHHO aHAJIM-
3aTopa U MPUEMHUKa MIOHOB. MarHUTHBIE 110JIsL, IPU TOMOIIH KO-
TOPBIX MOHBI pa3AesI0TCs 110 MaccaM, pa3nuuHbl. Hanbosee ya-
CTO IPUMEHSIOT NOJIAA, pa3BepHYTHIE oA yriaoMm 180° k moToky
AIIEKTPOHOB, U CeKTOpHBIE — 1o yrioMm 90 u 60°.

[TpuHuMnuanbHas cxeMa Macc-CIIEKTpOMeTpa sl aHalu-
3a ras3a, WUIIOCTPUPYIOLIAs pa3JelIeHne MOHOB NPU IOMOIIU
ormHOpoaHOTO 180-rpagycHOr0 MAarHUTHOTO TIOJS, ITOKa3aHa
Ha puc. 7.39.
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Puc. 7.39. [lpunyunuanenas cxema macc-cnekmpomempa

B nonmzanmonnyo kamepy 1, B KOTOpoW co3/aH TITyOOKHit
BaKyyM, CHUCTEMOW IycKa BBOJUTCS aHAIU3UpyeMas Tra30Bas
cMmecb. MoJieKyibl ra3a 60MOapANPYIOTCS IMTyYKOM AJIEKTPOHOB
(ot packaneHHoro katona). Ilomyuaromuecss B pe3ynbTaTe
OOMOapIMPOBKH TIOJIOKUTEIIBHBIC HOHBI, 00JIaIaf0IINe OTNHA-
KOBBIM TOJIOKUTEIBHBIM 3apsiIoM e, HO Pa3jiMyHOM Maccoil m
(7t pa3sTUYHBIX KOMIIOHEHTOB), UMEIOT OYCHb HE3HAYUTEIIh-
HYI0 HaudalibHYIO 3Hepruro. [log nefcTBHEM 3IEKTPUUYECKOTO
moJisi, 0OyCJIOBJIGHHOTO TPWJIOKEHHOM K CTEHKaM WOHH3allv-
OHHOW KaMepbl Pa3HOCTH TMOTEHIMANOB V, HOHBI MOIY4arOT
YCKOPEHUE U BBUIETAIOT C OINPEAENIEHHOW CKOpPOCTHIO uepe3
1IeJIb MOHU3aLMOHHOM Kamepsbl. Jlanee MOHBI MOMAJal0T B Ka-
Mepy 2 aHalu3aTopa, TIe ACWCTBYET OJHOPOIHOE MAarHUTHOE
M0JIE ¢ BEKTOPOM HaNpsHKEHHOCTU [, HallpaBJIE€HHBIM MEpIICH-
JTUKYJISIPHO TUIOCKOCTH YepTeka. B 3aBUCMMOCTH OT BEJTMYUHBI
H, ckopocTu BXOAa MOHOB, T. €. OT BENIUYUHBI V, a Takxke OT
BEITUYMH M U ¢ Pa3IuYHbIC HOHBI OMTUCHIBAIOT TPAEKTOPUU pa3-
JUYHBIX PAJNYCOB I1, Iy, I3 1 T. 1. [Ipu mocrosiuubix V, H 1 e B
BBIXO/IHYIO ITIeJTb KaMephl 2 U Jaliee Ha KOJUICKTOp 3 MOMagaroT
TOJIbKO MOHBI C OTNpeJeieHHbIM 3HaueHneM M. [lonagas Ha 3a-
3eMJICHHBIN Yepe3 COMPOTUBIICHHE R KOJIEKTOp, HOHBI OTAAIOT
eMy CBOM 3apsbl. IOHHBIN TOK CO3/1aeT HAa COMPOTUBICHHH R
MajieHue HaIpPsHKEHUsS, KOTOPOE YCHIIMBAETCS YCHUIIUTENIEM TIO-
CTOSIHHOTO TOKa 4 U mepefaeTcs Ha U3MEePUTEIbHBIN mpruoop 5.
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JIABOPATOPHBIE PAGOTbI

OcHoBHBbIE TPeOOBAHUS TEXHUKH 0€30MaCHOCTH

Texnuka Oe3omacHOCTH pabOT BKJIOYAECT B ceOs Clemyro-
e TpeOOBaHHMS:

— BKJIFOYCHHE ammapaTypbl Ha CTEHJIE MPOU3BOJIUTCS
TOJIKO TIOJT KOHTPOJIEM TPEIoAaBaTess Wi BCIIOMO-
raTeiabHOTO NepcoHana Kadeapsl;

— BCE COCJMHEHUS DIIEKTPUYCCKHX CXEM JOJDKHBI OBITh
THIATEITLHO U30JIMPOBAHBL;

— He JomnyckaeTcs cOopka W pa3dopka CXeMbl, HaXOIs-
ICHCS 11O/ HANIPSDKCHUEM;

— HE pa3pemacTcsi OCTaBIATh MPUOOPHI MO HAIPSHKE-
HUeM 0e3 HaA30pa;

— TpOBEpKa HAIMYMS HANPSDKEHUS MOXET MPOU3BO-
JUTHCS TOJIBKO COOTBETCTBYIOIIUMHU TPHOOpaMU;

— Tocje OKOH4YaHWs paboT Ha CTEHZIE BCs ammaparypa
BBIKJTFOYAETCS W TIPUBOJIUTCS B COCTOSIHHE, COOTBET-
CTBYIOIIIEE TIEPBOHAYATLHOMY.

JlaGopaTopHas padora Ne 1.
HccnenoBanue xapakTepucTHK MHPOMETPUYECKOT0
MHJIJIMBOJILTMETPA

1.1. Ileanb u coaepskanue padoTbl

1.1.1. Ilens paboTsI.

B mpornecce BbImonHEHUsT 3TOW pabOThI CTYNEHT JOJKEH
03HAKOMHUTHCSI C YCTPOMCTBOM MAarHHTODJICKTPUYECKUX IMHPO-
METPUYECKUX MUJIJIMBOJIBTMETPOB, HAYUUTHCS MPABUIBHO UMHU
MIOJIb30BATHCS M OIICHUBATh UX MTOTPEITHOCTD.

1.1.2. Coneprxanue pabOTHI:
1) u3y4uTh YCTPOMCTBO M NPUHIMI JACHCTBUS THPO-
METPHUYECKOTO MUJUIUBOJIETMETpA TI0 TPEACTABICH-
HBIM B J1JaOOpaTOPHHM IUIAKaTaM U IOCOOUSIM;
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2) ONIpeeUTh TEXHUUECKUE XapaKTePUCTHKU PUOOPOB;

3) ompenenuTh OCHOBHYIO MOTPEIIHOCTh U BAPHAIHIO;

4) CcpaBHHUTH IOJYYCHHBIC BEIUYMHBI ITOTPEIIHOCTEH
UCTIBITYEMOTO MHJUTMBOJIBTMETPA C JOMYCTUMBIMHU
HOTPEIIHOCTSMH, TIPUBEJICHHBIMH B HHCTPYKIHUHU
3aBOA-U3TOTOBUTENSA, M JaTh 3aKIIOUYEHUE O IPH-
TOJHOCTH ITpUOOpa;

5) ompenenuTh JONOJIHUTEIBHYIO NOIPEIIHOCTD, BBI3bI-
BaEeMYIO OTKJIOHEHHEM CONIPOTUBIICHUS BHEIIHEH LIETTN
OT BEJIMYMHBI, Ha KOTOPYIO TPaIyHpOBaH MproOop;

6) moctpouth rpaduk 3aBucumocti DJIC oT Temmepa-
Typsl (IO TEOPETUYECKUM U SKCIEPUMEHTAIHHBIM
JTAHHBIM );

7) COCTaBUTh OTYET 10 padore.

1.2. KpaTkue TeopeTH4ecKkme CBeJIeHUs

[TupomeTpryuecKkie MUIUTUBOIBTMETPHI SBIAIOTCS DIIEKTPO-
U3MEPUTENIbHBIMU NTPHOOpaMH MarHUTOIEKTPUUYECKON CHCTe-
Mbl. OHHM TIpefHa3HA4YECHBl ISl M3MEPEHHUS TEeMIIepaTyphl
B KOMIUIEKTE€ C TepMoIapaMH, TeJIECKOIIOM paJHalliOHHOTO
MUPOMETpPA, a TAaKKe JJIsi pabOThl B KOMILUIEKTE aBTOMaTHYe-
CKOT'0 3JIEKTPHUECKOTr0 Ia30aHalIn3aTopa.

W3mepuTenbHas cucTeMa MAPOMETPUIECKOTO MIJUTHBOJIBT-
MeTpa COCTOUT U3 MOCTOSHHOro MarHuta (1) ¢ HoJIroCHBIMHU
HakoHeuHHKaMHu (2). HemoaBMKHOTO CTalbHOTO CepleuHHKA
(5), mogBuxkHOU pamku (3), cupalbHBIX MPYXUH (6), yKa3bl-
Baroleil cuctemsl (4) (cTpenka, mikaga) U J00aBOYHOIO CO-
nportusienus (puc. JI 1.1).

Yarme Bcero paMka KpemuTcs Ha KepHaX, KOTOpPBIE OMUpa-
IOTCSl Ha TOJMATHUKMA M3 araTa Wid pyOuHa. YKa3bIBalolIHe
MIIIABOJIBTMETPEI C PAaMKOW Ha KEpHaX H3TOTOBISIIOT Kak
C BEpPTUKAJIbHOW, TaK M C TOPU3OHTAIBHOM OCBIO Bpalle-
HUs. B permcrpupyrommx mpubopax paMKka TOABENICHa Ha
TOHKHMX METaJUIMYECKHX JIeHTaX (pacTskKKax), KOTOpbIe, KaK
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" CIIUPAJIBHBIC MMPYXUHBI, CIIYXAaT I CO3OaHUA HpOTHBOI[eﬁ-
CTBYIOIIECTO MOMCHTA U JJIA IMOABOAA TOKA K paMKaM.

Ne\e |8 *

d
»

Puc. JI 1.1. H3mepumenvuas cucmema nupomempuieckozo
MUTTUBOLIMMEMPA

[Tpunuun neiicTBus mpuOopa OCHOBAaH Ha YpaBHOBEIIMBA-
HUU 3JIEKTPOMAarHUTHOI'O BpaIllalolero MOMEHTa paMKu (Tpo-
HOPIMOHAJIEH TOKY) MPOTHBOJECHCTBYIOIIUM MOMEHTOM Ipy-
YKUHBI (IPONOPILMOHAJIEH YTy 3aKpYYHBaHMUS):

M, = K1Bl;
M2 = KzE¢;

Q= K.B -1 =ClI,
K,E
rae B — marauTHas WHIYKIUS;
E — Moayns mpoonbHON YIIPYTOCTH;
K1, Kz, C — mocTosiHHBIC KOO (HUITUEHTHI.

N3menenne B u E mpaktuuecku He BIMSET Ha MOKAa3aHUS
MpUOOPOB, T. K. C U3MEHEHUEM TEMIIEPaTyphl 3TH MapaMeTpPhl
MEHAIOTCSl MoUYTH oauHakoBo. [lkana MuMBOIBRTMETpa paB-
HOMEpPHA U YYBCTBUTEIBHOCTH €T0 TOCTOSIHHA B JTIOOOM MECTE
IIIKAJIBI.
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Cuna ToKa B LIEIHN:
| = E(tt)) E(tt)

R R +R,+R,

riae E(t; t) = E(t) — E(to) — paznoctsh Tepmo-2/1C, Bo3HUKa-
IOIIUX B TOPSYEM U XOJIOTHOM CIasX TEPMOIIAPHI;
R — oO1iee conpoTUBIEHUE 1IENH;
R,, Ry, Rey — (compoTuBnenne paMku, 100aBOYHOE,
BHEIITHEH 1IETIH);
t, to — Temmeparypa rops4ero u XoJ0JHOTO CITIaeB TEPMO-
mapel.

['panynpoBKy MIKaJIbl MUPOMETPUIECKOTO MUJLTUBOIBTMETPA
B Tpajlycax TeMIepaTypbl IPOU3BOIAT MPUMEHUTEIHHO K OTpe-
JIEJICHHOM rpalyupOBKe TepMONaphl U I 3aJAaHHOTO 3HAUCHUS
COIIPOTHBIICHUSI BHEIIHEH nenu R, KOTOpoe ykas3bIBaeTcs
Ha IKase npubopa u MmoxkeT 0bITh paBHo 0,6; 5; 15; 25 Om.

BHyTpeHHee conpoTHBIEHHE MAETAI0T JOCTATOYHO OO0JIb-
IIMM, BKJIFOYasi TIOCIIEJOBATEIIEHO C PAMKOH JIOTIOTHUTEIEHYIO
KaTyIIIKYy COTMPOTHUBIICHUSI.

Jlo6aBoyHoe conpoTuBieHHE R,, BBINOIHIEMOE W3 MaHIa-
HUHOBOW MPOBOJIOKH, CIY)KHUT JIsi TIOJTOHKH JHana3oHa IIKa-
Jbl M OTPAaHUYCHHUS BIUSHUS M3MEHEHHI TeMIepaTyphbl OKpY-
JKaloIen cpebl Ha TIOKa3aHusl nmpudopa (TeMrepaTypHbIN KO-
3 GUIMEHT CONPOTUBICHUS MaHTAaHUHA HU3KUIA).
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R R

R, @)

Puc. JI1.2. Cxema k nabopamoproti pabome Ne 1

Ha wusmepurensHoil cxeme wmmumBonbT™MeTpa [11-4051
(puc. JI 1.2) mpeacraBiieHbl CIEIYIOIINE COMPOTHBICHHS:

R, — COIIPOTHBIIEHNE PAMKH;

Ry— no0GaBoYHOE CONMPOTHUBIIEHUE U M3MEHEHMs Juara-

30Ha IIKaJIbl TPUOoPa;

R, — MOJIyTIpOBOTHUKOBOE COMPOTUBIIEHHUE I TEMIIEpa-

TYPHOW KOMIICHCALIVH;

Ro — miyHTHpYIOIIEEe CONPOTUBIIEHUE [T CIPSMIICHUS HE-

JIMHEWHON XapaKTEPHUCTHUKHU.

Beimyckaercs Gonblias HOMEHKJIATypa IMPOMBIIUIEHHBIX
MUJUTMBOJIBTMETPOB JJI1 U3MEPEHHUs, 3alIUCH U CUTHAIHU3AINU
TEeMIIepaTypbl — pa3HbIX MPEAETIOB U3MEPEHHUs, BHEIIHUX BU-
JI0B, Ta0ApUTHBIX Pa3MEpPOB, aHAJIOTOBBIX U IU(poBbIX. Kiac-
CBhI TOYHOCTH MPOMBIIIJICHHBIX MUJUTHBOJILTMETPOB: 0,5; 1; 1,5;
2:2,5.
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1.3. Onucanue J1a60paToOpHOli YCTAHOBKHU

Ha nuneBoit nanenu naboparopHoro crenga (puc. JI 1.3,
JI 1.4) npeacraBicHbIL:

1 — u3MmepurenpHas cxema npuodopa;

2 — MWLIUBOJIETMETD;

3 — KOJIOJIKa 38)KUMOB MIJUTMBOJIBTMETPA;

4 — nexaia Mara3uHa CONpPOTHBIICHHUS;

5 — mepekiroyarTeab pexumMa padoThl MIJUTUBOJIBTMETPA;

6 — TyMOsep BKIIOYCHHSI MIUTAHUS I1IUTA;

7 — NaMIIbl, CHTHAJTM3UPYIOIINE HATHIUE HAMIPSDKEHHS M1 -

TaHUs U pexxuMa paboThl MUJLTUBOJIBTMETPA.

[Tpu nepeBone mepekiatoyarens 5 B mojiokeHue V mpuodop
paboTaer Kak BOJBTMETpP, a B MOJIOKEHUH MV — KaK MUJUIU-
BOJITMETP.

ConpoTuBieHHe BHEUIHEH 1eH MUJIMBOJIBTMETPA COCTAB-
nser 15 Om. Ha maGopatopHom cTeHze OHO HaOupaercs 3
JIBYX IOCJIEIOBATENIFHO BKIIOUYEHHBIX PE3UCTOPOB: MOCTOSIHHO-
ro, 10 Om, 3a cremmom wu mepemenHoro, ot 0 mo 10 Om
(Ha cTeHae — JleKaja Mara3uHa COpOTHBIICHHS).

Ha npucraBke k 1abopatopHOMy CTEHIY HaXOAUTCS 00Opa3-
LOBBII MPHOOP — MOTEHIIMOMETP MOCTOSHHOT'O TOKA.

1.4. TTopsinok U MeTOANKA BbITIOJIHEHNSI PA0OTHI

1.4.1. OnpeneneHue TEXHUYECKUX XapPAKTEPUCTUK MHUILUIU-
BOJIbTMETpPA U TOTEHIIMOMETPA U 3aMOJTHEHUE TAOIHUIIBI.

Tun Tun BHerninee Knace [penen Llena
npubopa | TpagyupoB. | COMPOTHBIIEHHWE | TOYHOCTH | W3MEpPEHUSI JIeTIeHHST
1 2 3 4 5 6

1.4.2. OnpeneneHre OCHOBHOW TOTPEIIHOCTH W BapHAIUU
MUJIMBOJIBTMETPA.

YCTaHOBUTH KOPPEKTOPOM CTPEIKY MHJUIMBOJIBTMETpPA Ha
HYJIEBYIO OTMETKY IpHU 00eCTOUeHHOM Ipubope.
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l'!i/
Puc. JI 1.3. Jluyesas nanens Puc. JI 1.4. Jluyesas nanenw
nabopamopnozo cmenda (1) nabopamoprozo cmenda (2)

CoOpatb cxemy Uil MOBEPKH MHJUIMBOJIBTMETPA B COOTBET-
cTBUH ¢ puc. J1 1.2,

Ha wmara3zune conpoTuBieHus HaOpaThb CONPOTHUBIICHUE,
paBHOE CONPOTUBIIEHUIO BHEIIHEH LIENHU, HA KOTOPOE Tpaayu-
poBaH puodop.

[epexmtouarens 5 nepeBecTy B MOI0KEeHHE MV U BKIIOUYUTh
MUTaHKUE IUTa TyMOJIepoM 6.

[ToBepka mIKaJbl TUPOMETPUYECKOTO MUILIUBOJIBTMETPA
MIPOU3BOJUTCS MyTEM CPABHEHMSI €ro MOKa3aHUil ¢ MOKa3aHUs -
MU nepeHocHOro norenuuomerpa I1I1.

[ToaroToBUTH TMEPEHOCHOW TOTEHIIMOMETP K pabore.
[epexmtouarens BS nmpubopa ycTaHOBUTH B MOJOKEHUE
«K» u peoctatoM «paboyuil TOK» YCTAHOBUTH CTpPEJIKY
rajibBaHoMeTpa Ha «0», BHavajle IpU Ha)KaTOM KHOIKE «Ipy-

00», 3aTEM «TOYHOY.
[IepeBectn nepekmrouarens BS B monoxenne « .
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HcTouHuK perynupyeMoro HalpsKeHUs, BCTPOCHHBIN B IIepe-
HOCHOM MOTEeHIIMOMETP ¥ UIMEIOLIHI IBa peocTarta Ijsi rpyooi u
TOYHOM PETyJIMPOBKH HAIPsHKEHHMS B peenax oT —5 10 100 mB,
CILY>)KMT JJIsl CO3JJaHUsI HAIIPSDKEHUS TAKOTO )K€ MOpSAKa, KaK U
BemmunHa TOJIC, pa3BuBaeMasi NpOMBIILIIEHHBIMUA TEPMOIIAPAMH.

HcTouHNKOM peryamupyemMoro HalpsKeHHUs IIaBHO IepeMe-
CTUTH CTPEJIKY OT HYJIEBOI 10 KOHEYHOW OTMETKH LIKaJbl U 00-
patHo. [locie npoBepkH MIIABHOCTU X0/1a CTPEIKU IPUCTYIIUTh K
OIIPEIETICHHUIO0 OCHOBHOI MOTPEIIHOCTH U Bapyalluy pudopa.

[ToBepka mpOU3BOIUTCS 11O BCEM OLU(PPOBAHHBIM OTMETKaM
npubopa, CHayuana Mpu BO3pPACTAIOIIEM, a 3aTeM MpHU yObIBaIO-
IIeM 3HA4YE€HWM HanpspkeHus. BennuuHa HanpsokeHHs U3Me-
pseTcs NOTEHIMOMETPOM.

[Tpu 3TOM CTpenKa rajibBaHOMETpa yCTaHaBIUBaeTCs Ha «0»
BpAILIEHUEM PYKOATOK CEKIIMOHHOT'O MEPEKIII0YaTeNsi U peoxopaa
BHayaJie NPH Ha)KaTO KHOIIKE «T'Py00», @ 3aT€M — «TOUHOM.

Pe3ynbrarel n3MepeHuit 3aHOCAT B TaOIHILY.

Hanpsoxenue [Morpemnoctu Bapuarnuu
p )

= = nusMepsieMoe
L5 = HOTEHIHO- abcomroTHas
2E8s| 2Z 0 3 g 3
58| 538 METPOM = S =
==8 | 9QgE 5 s 5
&2 R H 23 = S| = Q =
an = & M E & »= = = 2 [ = [
o L E = B F| B 4 S g £ o @ [} @
= = = s = £ = = ) = S =

E 8, g o| § ¢ & 2 S22 € g,

© 5 a S % = = =) =

= O = 8
o
°C Eo, MB |E;,MB| E,, MB | A;, MB | Ay, MB | A% | MB %

1.4.3. Tlo noxy4eHHBIM pe3yiabTaTaM MOCTpOEHHE rpauKoB
3aBucuMocteit Eo(t; to) = f(t) u E; = f(t) i E; = f(t) Ha ogHuX
U T€X XK€ OCSIX KOOp/IMHAT.

1.4.4. AHanu3 BO3MOXKHOCTH NEperpajyupoBKH LKA PH-
Oopa Ha cienyromue npeaes uamepenus: 0400 °C; 0+200 °C;
200+800 °C. Kakwue U3 npe/I0)KCHHBIX BAPUAHTOB MOXHO pea-
JIM30BaTh NMpakTUuecku? OpraHu30BaTh MOCTAHOBKY OIbITA.
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1.4.5. Ananu3 BO3MOXXHOCTH COBMECTHON pPabOTHI MUJLUIU-
BOJIBTMETPA C TEpMONApOW Ipyroiu rpagynpoBku. Kakue us
BapMAaHTOB MOXHO pealu30BaTh NPakTH4ecKH? OpraHu3oBaTh
IIOCTaHOBKY OIIBITA.

1.4.6. OmnpeneneHne MOTOJHUTEIBHBIX MOTPEUTHOCTEH MpHU
W3MEHEHUU CONPOTHUBJIEHUS BHemHel nenu Ha 120 % ot Hop-
MaJIbHOTO.

Pe3ynbratrel 3anucars B TaOIUILy.

RGH

HOMMHAJIBH.

= R E Yi| A%

IIpumeuanue
HOMUHAIIBH.| HCHBIT. | UCHBIT. | MB | mpuBeneH.

1.4.5. ®opmupoBaHue 3aKIOYEHUS O MPUTOAHOCTH TpUOO-
pa K 9KCITyaTaluu.

1.5. CocTaBieHue oT4yeTa no cjeaymouei gpopme:

1)

2)
3)
4)
5)

KpaTKoe oIucaHue padoThl (1eNb, CoJepKaHue, Xa-
PaKTEPUCTUKH MPUOOPOB);

0JiHa U3 cxeM (MIPUHIUNHATbHAS, U3MEPUTENbHAs );
TaOJIUIIBI TOBEPKHU;

rpadukuy;

3aKIJIF0YSHHE O TIPUTOTHOCTH MpHOOopa.

1.6. KoHTpoJIbHBIE BONPOCHI

1.

Hwn

~No o

[Touemy npu nzmepennu tepmo-2J1C nupomerpuue-
CKUMH MUJUTUBOJIBTMETPAMU HEOOXOJIUMO TOAro-
HATH CONIPOTHBIICHUE BHEIIHEW LIETTN?

KakoBo 3HaueHue CIMpaIbHBIX MPYKUH?

Yro Takoe Kjacc TOYHOCTH Ipudopa’?

Kakue criocoObl KpernsieHns: HOABUKHBIX paMOK MUJI-
JIMBOJIBTMETPA BaM U3BECTHBI?

OnummMre KOHCTPYKIMIO MUJIIMBOJIBTMETPA.
Onuimre KOHCTPYKIUIO YyBCTBUTENLHOTO AJIEMEHTA.
Jlto0yto nu Tepmomnapy MOXKHO MOJKIIIOUUTH K JIaH-
HOMY MWJIJTUBOJIBTMETPY?
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JladopaTopnasi pa6ora Ne 2.
HcceienoBanne XapaKTePUCTHK aBTOMATHYECKOTO
NMOTeHIHOMeTpa

2.1. lleanb u conep:xkaHue padoThl

2.1.1. Ileas paGoOTHI.

Llenbto pa®oOTHI SIBISIETCS OCBOCHHE TEXHUKU TEIJIOTEX-
HUYECKUX M3MEPEHHMH U 3aKpeIUIeHHE 3HAHHWH 10 pa3lery
«IToTeHITMOMETPBI».

2.1.2. Coneprxanue paboTHI.

CTyneHT JOMKeH:

1) 03HaKOMHUTBCS CO CXeMOM M paboTOi 1abopaTopHO
YCTaHOBKHU U €€ 3JIEMEHTOB;

2) Hay4uThCs MOJIBb30BATHCS MOTeHIOMeTpoM Trma [11T;

3) W3y4YHTH MPHUHIMIT ACHCTBHUS MTOBEPSIEMOTO 3JIEKTPOH-
HOTO TIOTEHIIMOMETPAa B KOMIUJIEKTE C TEpPMOMapon
(OTIEeNnbHBIX Y3710B U UX (GYHKIIOHATIBHOM CBSI3N);

4) TpOW3BECTH MOBEPKY aBTOMATHUYECKOTO MOTEHIINO-
MeTpa M ClieaTh 3aKJII0YeHUEe O MPUTOAHOCTU IMpPH-
oopa.

2.2. KpaTkue TeopeTH4yecKue CBeIeHUs

2.2.1. Tepmonapsl.

B ocHoOBY u3MepeHust TemnepaTypsl ¢ MOMOIIBIO TEpMOIap
HOJIO’KEH TEPMOAIEKTPUYECKU 2P deKT, 3aKitouaromuiicss B ToM,
YTO B 3aMKHYTOMH LI€NH, COCTOSIIENH U3 IByX WK Oosiee pa3HO-
POJHBIX IPOBOIHUKOB, BOZHUKAET IEKTPUUECKUH TOK, ECIIN XO-
Ts ObI IBA MECTa COSMHEHUS (CTasi) MPOBOJHUKOB HMEIOT pa3-
JUYHYIO TEMIIEPATYpYy.

[ens, cocrosimas U3 ABYX pa3HOPOIHBIX IPOBOJHUKOB, HAa3bI-
Baercs Tepmonapoi. Crail, UMeroIui TeMreparypy t, Ha3bIBaeT-
Csl TOPSTYUM, UK paboumnM, a criail, UMEIOIINNA TOCTOSTHHYIO TeM-
neparypy to — XonomHbIM, WM cBOOOAHBIM (puc. JI 2.1).
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Puc. JI2.1. Cxema k nabopamopnoti  Puc. JI 2.2. Cxema k 1abopamopHoil
pabome Ne 2 (1) pabome Ne 2 (2)

IIpoBOTHMKY HA3BIBAIOTCS MEPMOINEKMPOHAMU.
Tepmo-2/1C tepmonapsi Eag (t;to)=f (t) mpu ycimosuu ty = const.
Tepmonapa rpangyupyercst pu OnpeaeseHHON MOCTOSHHON
Temreparype xoJjofHoro cmnas (o0eraHo Tpu th = 0 °C, pexe
npu to = 20 °C).

[Ipn u3MepeHHsIX TeMmIiiepaTypa XOJOAHOIO CIas MOXET
ObITh MHOW, HE paBHOM TemIepaType rpalyupoBkH. B stom
city4ae HeoOX0JIMMO BHOCUTH MOIPABKY.

JIrobas mapa pa3sHOPOIHBIX MPOBOJHUKOB MOKET 00pa3o-
BaTh TEPMOIIapy, OJHAKO HE BCsKasl TepMonapa OyneT Npuro-
Ha Ui NPaKTUYECKOrO0 NPUMEHEHHs, TaK KaK COBpEMEHHas
TEXHHMKA MPEIbIBIISIET K MaTeprajiaM TePMO3JIEKTPOHOB OIpe-
JieNieHHbIE TPeOOBaHUS:

1) yCTOHYHMBOCTD K BO3JIECHCTBHIO TEMIIEPATYP;

2) noctostHCTBO TepMo-2J]C BO BpeMeHH;

3) BO3MOXkHO OoJbinas BeanuuHa Tepmo-IJIC u oaHO-
3HAYHas 3aBUCUMOCTb OT TEMIIEPATYPHI;

4) HeOOoNBIION TeMepaTypHbId KO3(D(HUIIHEHT dIIeKTpH-
YECKOI'0 COMPOTUBJICHUS M OONbIIast 3JIEKTPOIPOBO-
JUMOCTB;
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5) BOCIIPOM3BOIMMOCTh TEPMODJIICKTPUUECKHX CBOICTB,
oOecrnieunBaroIas B3auM0O3aMEHIEMOCTb TEpMOTIap.
ITo 'OCT Ha TeXHMYECKHE TEpPMOIAPbl C METAJIMYECKHU-
MU TE€PMOUIEKTPOAAMU MOXKHO BBIIEIUTD MSATh OCHOBHBIX TH-
IIOB TEpPMOIIap:
— TIII — mwIatuHOPOAUK-IUIATUHOBAS TEPMOIIapa,
— TIIP — mmaTMHOPOAUM-IJIaTHHOPOAUEBAS TEPMOIIApA,
— TXA — xpomenb-antomeneBas TepMornapa,
— THC — tepmonapa u3 cruiaa HK-CA,
— TXK — xpomenp-KoneneBas TepMoIiapa.
Cranpaptabie Tepmonapsl TXA, THC, TXK uzrorosiustor-
csi U3 npoBosioku auaMeTpom 0,7-3,2 MM U H30JHMPYIOTCS Ke-
pamMHYecKuMH OycaMu.
Tepmonaper TIIIT u TIIP u3roroBisioTcss 0OBIYHO B BHUJC
npoBosioku auamerpom 0,5 u 1 MM, koTopas uzonupyercs Oy-
camu Wik GpapopoBsIMU TPYyOKaAMH.

2.2.2. TIOTEeHITMOMETPHI.

B kadecTBe BTOPUYHBIX MPUOOPOB B KOMILUIEKTE C TepMOTa-
paMu HMCHOJIB3YIOTCS MHPOMETPUYECKUE MHILTUBOIBTMETPBI
Y TTIOTEHIIMOMETPHI.

[ToTeHIMOMETPHI AENATCS Ha TEPEHOCHBIE, JTa0OpaTOPHBIE
Y aBTOMaTHUYECKHE.

B noreHumnomerpax MCHONIB3YIOTCS KOMIEHCAIMOHHBIN Me-
TOJ U3MEPEHUSI, COCTOAIINN B YPAaBHOBEIIMBAHUU U3MEPSIEMO-
r0 HaNpsKEHUs U3BECTHOM Pa3HOCTHIO MOTEHIIMAIOB, CHUMAae-
MOM ¢ KaJTMOpPOBAaHHOI'O COMPOTUBIICHUS.

Hens nmorenumometpa (puc. JI 2.2) cocroutr u3 aByX 3a-
MKHYTBIX II€TIeH, UMEIOIINX OO0Ilee COMPOTHUBIICHUE ydacTKa
peoxopna.

B xaxoii nenn nmeercs cBoit uctounuk IJC — E; u Eo.

Peoxopn Rp — crporo kanubpoBaHHas 10 COMPOTUBICHUIO
MTPOBOJIOKA.
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B uenp ucrounuka E; (tepmonapsl) BKIIOYEH YyBCTBUTEIb-
HBI HYJb-TaJlbBAHOMETP, TPEIACTABISIOMINUNA  COMPOTHUBIIE-
aue Rr.

B Ty ke memnp BKIIOYEHO CONMpOTHUBIEHUE Ry, mpencras-
astoniee coO00i COMPOTUBIEHUE BCEX MOJBOISIIMX MPOBOJIOB
Y TICPEXOIHBIX COMPOTUBIICHHUI B COCTUHEHUSX.

Tox Ha yuacTtke peoxopaa lc = 11 + I,

[TepeaBurast TOUKy b 110 peoxop1y, MOXKHO HANTH MOJIOKEHHE
JBWKKA, Tpu  KoTopoM |, = 0 (cTpenka Hy/nb-raJilbBAHOMETpA
B HYJICBOM TIOJIOKEHUH ). B 3TOM ciiydae YMCIIUTENb BRIPAKCHUS
Oynet paseH 0.

E; — 11R,=0wmwm E; = 1R,..

Ho I1R,s = U, ipencrapisier coOoli majieHne HanpsHKCHHS
Ha yJacTKe peoxop/a ab ot ucrounuka toka Ej.

Tak xak Benu4uHbl E; U R,. TOCTOSTHHBI U U3BECTHBI, a Be-
muarHa R, OTCUMTHIBACTCS MO IIKAJe PEOXOpaa TO, 3HAS T0-
JIO’)KEHUE JBUKKA PEOXOPAa, COOTBETCTBYIOIIEE MOMEHTY KOM-
TIEHCAINH, HETPY/IHO OINPEACITUTh 3HaUeHHE Ej.

OObIYHO y TaOOPATOPHBIX U MEPEHOCHBIX MOTEHIIMOMETPOB
IIKaJia Peoxopjaa TPaayupyeTcsi HEMOCPEICTBEHHO B MUILIH-
BOJIbTAX.

U3smepsiemas notenipomerpom DJIC (Ez), npu  ycnosuw,
yto | = 0, paBHa MaJeHUIO HAMPSHKEHUS Ha y4acTKe peoxopia
ab ot ucrounuka E; W HEe 3aBUCHT HU OT COMPOTUBJICHUS CO-
€IMHUTEIBHBIX TPUOOPOB, HU OT MEPEXOJHBIX COMPOTHUBIIE-
HUH.

DTO TOJIOKEHUE TPEJCTABISICT OOJIBIIOE TPEUMYIIECTBO
KOMIIEHCAIIMOHHOTO MeToa uzmepenus J/1C.
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c,_’LR15

Puc. JI 2.3. Cxema xk nabopamophoii pabome Ne 2 (3)

Taxk xak JJIC ucrounuka E; B mpomecce ero paspsaa
YMEHBILAETCS, TO B MOTECHIIMOMETPE MPETyCMATPUBAETCS BO3-
MO>KHOCTh PETYJIMPOBKHM TOKA B I[EMH UCTOYHHMKA MUTaHUS E;.
C 1Ol 1enpio B Ilenu MCTOYHWKA muTanus E; (puc. JI 2.3)
KpOME pPEOXopAa BKIIOYEHBI PEryIMpPOBOYHOE CONPOTHUBIIE-
Hue R,.. u conporusnenue R,,, NpelHa3sHaYEeHHBIE [UIA yCTa-
HOBKH pabouero Toka. [lepuoandeckn it mpoBepKU pabodero
TOKa TepekiIoyaTens [/ cTaBaAT B nojoxeHue K, moakirovas
Ipy 3TOM K ToukaM Oa HopMaibHbIA 37eMeHT HD BMecTe
C TMOCJIENOBAaTEeNbHO BKJIIOYEHHBIM HYJIb-TaJIbBAHOMETPOM
HIT.

OO6b1yHO B KauecTBe 3TasoHa DJ{C mpuHUMAIOT HOpMab-
HbI 3nemeHT Bectona, kotopsiii npu 20 °C passuBaer 2/1C,
pasuyto 1,0185 B.

Tok B LleNM UCTOYHMKA MUTAHUS PETYIUPYETCS COMPOTH-
BJICHHEM 0 Te€X IOp, IOKa TMaJieHue HampsbkeHus Ha R,
He Oyzaer paBHbIM DJIC HOpMmanbHOrO 31eMeHTa. lIpu sTOM
CTpeJKa HYJb-TAJIbBAHOMETPAa CTAaHET Ha HYJEBYIO OTMETKY
mkansl. [locne Hopmanu3anuu Toka nepekioyaTens /1 cTaBsaT
B nosioxkeHue M u u3mepsitor J/[C, pazBuBaeMyro TEPMOIIApOii.
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B aBTOMarmyeckux NOTEHIIMOMETpAaxX KOMIIEHCAIUs OCYy-
LIECTBIISIETCS. C IOMOIIBIO AJIEKTPOMEXAHUUYECKON ClIeIsIen
CUCTEMBI: B HEW paccoriiacoBaHue MEXy U3MepsieMbIM HaIpsi-
YKEHHEM ¥ KOMIIEHCUPYIOILEH pa3HOCTHIO NOTEHIIUAJIOB UCII0JIb-
3yeTcsl B KaYECTBE YMPABIISAIONIETO CUTHANA I UCTIOIHUTEINb-
HOI'0 MEXaHU3Ma (PEBEPCUBHOIO JIBUraTelIsl), IEPEMEIIAIOIIETO
JIBUXKOK KaTMOpOBaHHOTO peoxopna. B MOMEHT oTcuera KOM-
MEeHCAlUsl SIBJSICTCS. TOJIHOM, M O BEJIUYMHE H3MEPSEMOro
HANPSDKEHUS CYAST IO TOJIOKEHUIO IBHXKKA PeoXopa.

Ha puc. JI 2.4 nana npuHIUIUaIbHAs CXeMa 3IEKTPOHHOTO
ABTOMATUYECKOTO MOTEHIIMOMETPA.

W3mepurenbHas cxema MpeacTaBiIseT co0oi MocT, 00pazo-
BaHHBIN 4eThIpbMS pe3ucTopamMu Ri, Ra, R4, Rg 1 peoxopaom Rs
C IIYHTOM Rg ¥ TOATOHOYHBIM COTIPOTUBIIEHUEM R7.

B nuaronamu ab mocnemoBaresibHO ¢ DY BKIIOYCH TEPMO-
npeoOpaszoBarens 1. BkilodeHHe BBINMOIHEHO Yepe3 (UIbTp
CIIy)KaIllM{ ISl YMEHBIICHUS BIUSHUS HAaBOAOK OT 3JIEKTPO-
MarHuTHBIX TOJIeH B LIEM TepMomapel. B apyryio aumaroHaib
MocTa Cd BKJIFOUCH HMCTOYHHUK CTaOMIM3MPOBAHHOTO MUTAHUS
UIIC, obecnieunBaroOmuii TOCTOSSHCTBO paboOYero Toka B U3Me-
PUTENBHOU CXEME.

Ecmu uzmepsiemas TOJIC E(t; tp) mogHOCTBIO KOMIIGHCHPYIOT-
¢l pasHOCThIO moTeHImanoB U, Ha BepmmHax Mocta ab, To
HaINpsDKEHUE Ha BXOJIe B yeuauTeb paBHo Hymo: AU = E(t; to) —
— Ug, = 0. Ilpn um3menenun usmepsiemoit TOJIC Bo3HuMKaeT
HarnpspkeHHe pazdasiaHca MOCTOSHHOTO TOKa, KOTOPOe, MOCTymast
B DV, nmpeobpaszyercs B HAPsHKEHUE IEPEMEHHOTO TOKa M YCH-
JUBAETCS IO BEJIMUMHBI, TOCTATOYHOM NIJIsi IPUBEACHUS B JICH-
cTBUE peBepcuBHOro asuratens Mj;. Hampasnenue BpamnieHus
potopa P/] 3aBucuT OT 3HaKa pa3dananca AU, T. €. oT Toro, B Ka-
KYIO CTOpOHY u3MeHsieTcs Hanpspkenne TOJC.
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Puc. JI 2.4. Jluyesas nanenv 1abopamoprozo cmenod

PJ] c momo1ipio MeXaHu4ecKoi nepegauu (LIIKUBA U TPOCa)
MIEPEABUTACT ABUKOK PEOXOpAa 10 JOCTHKEHHS KOMIICHCAL[UU
Y OJTHOBPEMEHHO IIEPEMEIIAET KapeTKy yKa3aTess C IepoM WU
reyaTaroe roJoBKOM.

ITocne ycraHOBIEHUST PAaBHOBECHSI B U3MEPUTEIBHON CXEME
HanpspkeHue pas3banaHca Ha BXOJ€ B YCHUJIMTENIb HCU€3aeT U
JIBUTATEIh OCTAHABIMBAETCS. TakuM 00pa3oM, Kaxa0u u3Meps-
emoil TOJIC cOOTBETCTBYET ONPEAEICHHOE MTOJNIOKEHHUE JBUKKA
peoxopaa 1 yKa3aress Ha IIKaJle IOTEHIIMOMETpa.

Pesucrop R; m3roraBnuBaercst U3 MEJHOM MPOBOJIOKU H CITy-
JKUT JIJIs1 aBTOMaTHUECKOM KOMITIEHCAIIUK TeMITepaTypbl cBOOO -
HBIX KOHILOB TepMonapbl. C 3TOH LENbI0 OH pacloiaraeTcs
Ha KJIEMMHOW NaHenu npudopa, B TOM MECTE, I/I€ MOJKIIIO-
4alTCs TEPMONIEKTPOIHBIE ITpoBoja. V3MeHeHue, Hanpumep,
YBEJIMYEHUE TEMIEPATypbl CBOOOAHBIX KOHIIOB, BHI3BIBAET OJIHO-
BPEMEHHOE CHI)KEHHE pa3BuBaeMoil Tepmonapoit TOJIC u yse-
nryenue conpotunienus Ri. [Ipu aTom najgenne HanpspkeHUs
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Ha R; yBenmuuBaercs u mpoucxoaut ymenblenue Uy, KoTopoe
KOMIIEHCUPYET cOOTBeTCTBYOLIEee cHIbKkeHne TOJIC.

Pesuctop Rg — s HAcTpOWKM KOHIA IIKadbl. Pe3u-
crop R4 mpenna3zHaveH /i Havaja MIKajdbl TOTEHIIMOMETpPA, pe-
3UCTOpPHI Rg 1 R7 — 1711 MOATOHKM COMPOTHUBIIEHUS peoxopia
C YYETOM TPaayMpOBKH TepMOMNapbl M JUaNa3oHa U3MEpPEHUH.
CI-M; cinyxuT Uisi NpUBOJAa MEXaHU3Ma IMEPEABUKEHUS Jha-
rPaMMBl.

2.3. Onucanue J1a00pPaATOPHOI YCTAHOBKH

Ha nunieBoit nanenu crenza (puc. J1 2.4) npencrasieHbl aBTo-
MaTHYECKHI ITOTCHITMOMETP 2, U3MEpUTENIbHAs cxema rpudopa 1,
KOJIOZIKA 32KUMOB (Ki1eMMbl) 3 npubopa, TymOnep 4 st BKIIO-
YeHUS HamnpsDKeHUs nmuTaHus. Ha mpucraBke K CTEHAY ycTa-
HABJIMBACTCSI 0OPA3IOBbIA NOTEHIIMOMETP C BCTPOCHHBIM B HETO
HUCTOYHUKOM PETYJIUPYEMOT0 HAMPSHKSHUS I HWMUTAIUU

TOJIC.

2.4. Tlopsa0K ¥ METOAUKA BHINMOJIHEHHS PadOThI

2.4.1. OmnpeneneHue TEXHUYCCKHX XapPaKTEPUCTUK TPHOO-
POB, IIPEJCTABICHHBIX B TJAOOPAaTOPHOM YCTaHOBKE, U 3arlOJIHe-
HUe Ta0IuIbl 10 00pasly, IPUBEIEHHOMY HUXE.

Tun Tun Knacc Ilpenen Llena
npudopa TPagyupOBKA TOYHOCTH M3MEpEHUs JICITCHUS

2.4.2. TlonroToBKa YCTaHOBKH K IPOBEJICHUIO TIOBEPKH.
ITocne o3HAKOMIJIEHMS C YCTPOMCTBOM WM HPHUHIIMIIOM JIEW-
CTBHsI TPUOOPOB MPUCTYMAIOT K MOATOTOBKE MEPEHOCHOTO I0-
teHnnoMerpa I1I1-63, s yero opransl ynpaBiaeHUs U peryJin-
POBKH CTaBST B CIEAYIOLINE MTOTOKEHHUS:
a) nepekmtoyarens «lIluranue» nuraHue mnpubopa —
BO BKJIFOYEHHOE TOJIOKEHUE;
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0) nepeximtouatenu nutanus B8 u Bl1, nepexntouarens
HOpMasbHOrO 3yeMeHTa B4 u nepexntouarens B3 —
B Ios1oxkeHue «By;

B) nepekioyatesb B10 mosaspHOCTH NOTEHLMOMETpA
«T», «—» — B IIOJIOKEHUE «T»;

I') KHOTIKH «TPy00» U «TOYHO» — B OT)KATOE TMOJ0KEHNUE;

n) nepexitouarenb «Pox paboTel» — B MOJOXKEHUE
«IIoBepkay;

€) MmepeKIoYareb MpeaeoB — B MOJIOKEHUE «x 1» mnpu
u3mepennn IJC no 50 ms;

3) mepeKIroYaTeNb JIMHUNA — B MooxkeHne «0y;

K) CEKLIMOHMPOBAHHBI MEpPEKIIoYaTeslb U PEoXopa —
B nosioxkeHue «0».

2.4.3. TlpoBeneHue ycTtaHOBKH (KOHTpOJISI) pabodero Toka
MOTEHIIMOMETPA, JIJISl 4Yero He0OX0IUMO:
a) YCTaHOBUTBH TiepekitouaTesib BS B nmonoxenune «K»;
0) YCTAaHOBHUTH CTpENKYy TrajibBaHOMETpa B IMOJIOKEHUE
«0» pykosTKON «Tpy0o» U «TOYHO» peocTara «Pado-
YUl TOK»: BHayajle NPU HAKaTOW KHOMIKE «Trpyooy,
a 3aTeM «TOYHO.
3aremM noBepsieMblil TpUOOP MOJCOEAUHSIOT K 3aXKUMaM X,
co0Iro/1ast MOJIIPHOCTb.
YcranaBiaMBarT nepekitodatess BS B monoxenue «M».

2.4.4. OnpeneneHre BpeMEHH yCTaHOBIICHHS TIOKa3aHUH.

[Tocne mporpesa (3—5 MHH.) OBEpSIEMOro MOTEHIIMOMETpA
MOKHO TPUCTYNUTh K OMNpPEIEICHUI0 BPEMEHU YCTaHOBJICHUS
nokasanui. st 3Toro cinegayer npeaBapuTenbHO OTMETUTD I10-
JIOKEHHUE JIBIKKA rpy0oro peocraTa HCTOUHUKA PETYIUPYEMOTO
HanpsDKEHUs, COOTBETCTBYIOIIEE I0Jlaye Ha IMPOBEPSIEMBbIil
MIOTEHIIMOMETP TAKUX HAIPSHKEHWH, NPU KOTOPBIX YKa3aTelb
Y TIEpO YCTAHABIIMBAJIUCH Obl HA HAYAJIBHBIX OTMETKAX U OTMET-
Kax, cooTrBeTcTByroumx 90 % pauama3oHa IMIKaJbl 3TOTO NpU-
oopa.
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IIpu ycTaHoBKe yKa3arens IOTEHIIMOMETPa, y KOTOPOTO HyJb
CJIY’KHUT Ha4YaJIOM HIKAJIbl, HA HAYaJIbHYIO OTMCTKY, HAIIPAKCHUC,
10/1aBaeMO€e Ha ITOBEPSEMBIN IIOTEHIIMOMETP, OY/IeT OTpUIIaTeNb-
HBIM.

OT0 sBIEHNE OOBSICHSACTCS HAMYUEM YCTPOMCTBA TEMIIEpa-
TYpHOI KOMITEHCAIIUU B TIOBEPSIEMOM Ipudope.

PykoBoACTBYsCh cA€TaHHBIMU OTMETKaMH, TpyOBIi peocTaT
PE3KO TEPEeBOIAT U3 IOJIOKEHHS, COOTBETCTBYIOIEIO HAarpsi-
KCHUIO HAYAJIBHOW OTMETKH MOTCHIMOMETPA, B IOJIOXKEHHE,
cootBercTByMoIee 90 % nuana3zoHa LIKajabl, 1 OJHOBPEMEHHO
BKJIFOUAIOT CEKYH/IOMEp U 3alMCHIBAIOT OKa3aHHUS.

[Ipy MOCTHKEHUU TOJIHOTO YCIOKOEHUS yKa3aTels, TO €CTh
HACTYIUICHHSI TIOJIHOW KOMITCHCAIMH, BBIKIIIOYAIOT CEKYHIOMED
U 3alMCBIBAIOT €ro mnokasaHus. Onpenenus BpeMs yCTaHOBIIE-
HUSI TIOKA3aHUK B OJJTHOM HAaIlpaBJICHUH, Ty )K€ OIEpaLuio Mpo-
JACJIBIBAIOT U B O6paTHOM HaIpaBJICHUH.

Bpems ycTaHOBICHUS TOKAa3aHUA I aBTOMAaTHYECKUX JJIEK-
TpoHHBIX noTeHoMerpoB Tuna KCII He 70mKHO MpeBbIaTh
30 cex. B nmpoTuBHOM ciydyae HEOOXOIUMO BBIICHUTH NMPUUYHHY
OTKJIOHEHHS OT HOPMBI COBMECTHO C IIPETO/IaBaTeNIeM.

2.4.5. OnpezaeneHye Nopora 4yBCTBUTEIbHOCTH.

Jnis ompeneneHusl 1mopora YyBCTBUTENBHOCTH TIOTEHIIMO-
MeTpa clielyeT MPOU3BECTH TAKOE MUHUMAJIbHOE U3MEPEHUE 13-
MepsieMOW BETMYMHBI, KOTOPOE BBI30BET 3aMETHOE Ha Ta3 mepe-
MeIlleHHEe yKa3arels nposepsieMoro npudopa. Onpenenexue mno-
pora 4yBCTBUTEIHHOCTH M3MEHEHHS HAIIPSHKSHNS, TI01aBa€MOT0
Ha TIOBEPSEMBII TOTEHIIMOMETP, TIPOU3BOAUTCS C TIOMOIIBIO TOY-
HOT'O peocTaTa HICTOYHUKA PETYIUPYEMOT0 HalpsHKEHHS.

Paznocte HampspkeHui (IoJlaBaeMbIX OT MCTOYHHUKA pery-
JUPYEMOTO HANpsKEHUs1), U3MEPEHHBIX MEPEHOCHBIM IOTEH-
IIIOMETPOM B Hadaje W KOHIIC OIBITA, H €CTh IMOPOT YyBCTBH-
TEJIBHOCTU O a0COIIOTHOMY 3HadeHHio. [lopor 4yBCTBUTENb-
HOCTH TIOBEpsieTCS Ha TpeX OTMETKax JHara3oHa H3Mepe-
HUS HamnpsDKeHUsd (B Hayase, cepeuHe, KOHIIE) Kak B CTOPOHY
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yOBIBAIONMX, TaK U B CTOPOHY BO3PACTAIOIINX 3HAYCHUU W3-
MEpSAEMOUN BEJIUYUHBL.

CnepnoBarenbHO, MOPOT YYBCTBUTEIBLHOCTU €CTh TO MHHH-
MaJIbHOE HM3MEHEHHE HANPSDKEHUS, KOTOPOE TOCTATOYHO JIIsI
NpUBEICHUS B JCWCTBHE IMOBEPSIEMOr0 aBTOMATHYECKOIO IO-
TEHIIMOMETpA.

J1J1s1 TOTEeHMOMETPOB MOPOT YYBCTBUTEIHHOCTH HE JIOJKEH
npesbimath 0,1 % oT nuanazoHa HM3MEpPEHHUs IOBEPSEMOTO
npuoopa.

2.4.6. IloBepka rmoka3aHui.

[ToBepka 3axirodaercss B TOM, YTO Ha 3aXKUMax IOBEPsSEMO-
ro norernuomerpa mecto IJ/IC Tepmonapel noxaerca I/C
OT HMCTOYHMKA PEryJUpPYyeMOro HaIpsKEHUs, BCTPOEHHOTO
B [I[1-63. BenuumHa momaBaeMoro HampsDKEHUS H3MEPSETCs
nepeHocHbIM noTeHnromerpom I111-63.

IIpu nomoum I111-63 ycranasnuBator 3/]C cormacHo rpa-
JYUPOBOYHOM TaOIMIlE TOW CTaHIAPTHOM TepMOMaphl, C KO-
TOpOM AOJKEH paboTaTh MOBEpsEMBbIN IPUOOD.

Benuunna mompaBku Ha TeMIeparypy CBOOOJHBIX KOHIIOB
tepmomnapsl 11t TXK E (to; 0 °C) = AE ty/, (rme E =0,0695 MmB —
nornpaska Ha 1 °C).

AE=E,,— E(ty; 0 °C).

[11aBHO MOABOJAT CTPENKY MOBEPSieMOro Mpuodopa K moBe-
psAeMoOil OTMETKe IIKajbl BpAllEHUEM PYKOSTKH peocTara
«Hanpsoxenuey.

W3mepstoT HanpsKeHUE Ha TIOBEPSIEMOM MPUOOpe, JIsl 4ero
B [IEPBYIO OYEpEb YCTAHABIUBAIOT CTPEJIKY ralbBAaHOMETPA HA
«0» BpamieHHeM pPYKOSTOK CEKIMOHHPOBAHHOIO MepeKIoya-
Tesl U peoxopjia, B Hayalle MPU HAXKATOW KHOMKE «Tpyoo»,
a 3aTeM — «TOYHOY.

[Ipu ycraHoBKe ykazaressi Ha OBEPSIEMYIO OTMETKY JIMHUSA
3peHus 10JKHa OBITh MEepHeHAUKYIsIpHa K udepoiaty Bo u3-
OexxaHue omMOOK OTCUeTa BCIEACTBHE MapajiaKca.
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Y aBTOMaTHYECKUX MOTEHIMOMETPOB NOBEPSIOTCSA BCE OLU-
¢dbpoBaHHBIE OTMETKHM IIKanbl. Kaxkgas OTMETKa MOBEpseTCs
JIBaXbI: TIPU MPSMOM U OOpaTHOM XOJ€ yKaszaTels, TO €CTh
IIPY MTOBBIIIEHUH U MOHW>KEHUN HANPSIKEHUS.

2.4.7. Tloctpoenue rpaduKOB MO MOTYYSHHBIM pe3ysIbTaTaM
3aBHCUMOCTEN Eo(t; to) = f(t); El(t; to) = f(t) WA Ez(t; to) = f(t)
Ha OJJHUX U TEX )K€ OCSIX KOOpAHMHAT.

2.4.8. BeiBOJ 0 MpUTOAHOCTH MpubOopa. Pe3ynbraTel 3ame-
POB 3aHOCST B TaOJIHUILY.

= ITorpemnoctu

3 5 S| |l ==
& z Ilokazanus = == 2
E 22w obpasuosoro abcouroTHAs E % 2 3
=l &? o MOTEHLIMOMETpA 2] &= 2
e g £55 = M

ES| Ho & =

© =l 8 o &

e e EH B = 5 = 5

é =l o E & S = o >

b E QS o s = = B

= o s F bl 3 bl 3

& 5 © g o g T

/A Q) = s = &

S [ a, 2, g, a,

= =] © E '

°C Eo,MB | E;,MB E,,MB | A;,MB |A,,MB| % | MB| °C

2.4.9. OcymecTBieHre NeperpagyupoBKH MIKajibl pudopa
Ha 3aJJaHHBIN MperonaBaTeneM npeaen m3mepenus. Kakue us
COIIPOTHUBIIEHUN H3MEPUTENBbHOM CXeMbl HEOOXOIUMO H3Me-
HUTH TIPH ATOM? BBIMOTHHUTH pacdyeT M OpraHW30BaTh IOCTa-
HOBKY OIIBITA.

2.5. CocTtaBuTh OTUET O padore

OTYer COCTOMT U3 KPATKOTO OMUCAHHUS PabOThI, KOTOPOE
BKJTFOYAET:
1) uenb u coaepKanue paboThI;
2) U3MEPHUTENIBbHYIO CXeMY IOTCHIIMOMETPA,
3) Tabnuiy ¢ pe3yabTaTaMu TIOBEPKH;
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4) rpadukw;
5) 3akiIrOueHHE O MPUTOMHOCTH MPHOOPA WM NPUYMHAX

€T0 HCIIPUTOAHOCTH.

2.6. KOoHTpO/IbHBIE BONIPOCHI

1.

2.

How

10.

Kak ocymectBiisiercsi aBTOMaTuyeckasl KOppeKUus Ha
TEMIIEPaTypy CBOOOIHBIX KOHI[OB TEPMOIIAPhI?

Kakne npeumyiiecTBa UMEET NOTEHUHUOMETPUUECKUN
croco0 (METoJ TOJHON  KOMIICHCAIIMH) — H3Mepe-
Hus TepmMo-O/IC 1mo cpaBHEHHIO C U3MEPEHUEM IIpU
MIOMOILA MUJUTUBOJIbTMETpA?

KakoBa TOYHOCTH 3amucy Ha JIGHTOYHOU Auarpamme?
Kak mpeoOpaszyeTcssi MOCTOSHHOE HampshHKEHHE pas-
OaaHca HW3MEpPUTENIBHON CXEMbl B IIEPEMEHHOE
HanpspkeHue?

KakoBo gomnycTuMoe conpoTHUBIIEHUE BHEIIHEW HM3Me-
PUTENBHOM LIENM MOTEHLIMOMETPA U YEM OHO OmpeJie-
asercs?

KakoBbl nomycTtumMble TeMIeparypbl M BIIa)KHOCTh
OKpY’KaroIllero Bo3ayxa Uil MOTEHIMOMeTpa B pado-
YHUX YCIOBUAX?

. Kak noaACYUTATh OCHOBHYIO HNOTPCIIHOCTL KOMILICK-

Ta, COCTOALIETO M3 DJJIEKTPOHHOIO IIOTEHLIMOMETpa
U TepMonapsl?

OnumwMre OpUHUMAN AEUCTBUS M KOHCTPYKLUIO
TepMOMapsbl.

Ilepeunciure TUIBI TepMomap, JaWTe HMX CpPaBHU-
TENbHYIO XapaKTEPUCTHKY.

MoskeT nu maHHBIA TPUOOP paboTaTh ¢ TEPMOIAPOI
JIpYroi rpagyupoBKH?
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JladopaTopnasi pa6ora Ne 3.
HccnenoBanue XapakTepucTHK
U MOBEPKA aBTOMATHYECKOI0 MOCTa

3.1. Heanb u conepxaHue padoThl

3.1.1. Ilenp paGoThl — O3HAKOMHUTBHCS C MPUHIIUIIOM H3MeE-
PEHHUS TEeMIIEpaTypbl KOMIUIEKTOM, COCTOSIIIUM U3 TEPMOMETpa
COIMPOTHBIICHUS U ABTOMATUYECKOTO MOCTa, OCBOUTH METOJAHUKY
MIOBEPKH MOCTa, HCCIIEIOBATh €T0 XapaKTEPUCTHKH.

3.1.2. Coneprxkanue pabOTHI
B npouecce BbinonHeHus paboThI CTYJEHT AOJKEH:

1) W3y4uTh NPUHIIMII ISHCTBUS IPUOOPA;

2) 03HaKOMHUTHCS C JTaOOPATOPHOI YCTAaHOBKOM;

3) mpowm3BecTH MOBEPKY aBTOMATHYECKOI'O MOCTa C TIO-
MOILIbI0 MMUTATOPAa Mara3uHa CONPOTHUBICHUS U BbI-
YHUCIIUTh NOTPELIHOCTH;

4) TOCTPOUTH IPaJAyHPOBOYHBIC XAPAKTEPUCTUKH (Teope-
TUYECKHUE U IKCIIEPUMEHTAIbHbIE);

5) chenarh 3aKIHOYCHHE O MPUTOAHOCTH MPHOOPA K JKC-
IUTyaTaluu;

6) cocTaBUTH OTYET MO padorTe.

3.2. TeopeTuueckue cBeeHUs

W3mepenne temmneparypel TEPMOMETpPaMU COIPOTHUBIICHMS
OCHOBAHO HAa CBOMCTBE ITPOBOJHUKOB M IOIYIPOBOJIHHUKOB H3-
MEHATh CBOE AIEKTPUYECKOE CONPOTUBICHHE B 3aBUCHUMOCTH
OT TemIiepaTypsl. [IpOMBINUIEHHOCTh BBIITYCKAET TEPMOMETPHI
COIPOTHBIIEHUSI HECKOJIBKUX TUIIOB. ['pasynpoBKka TepMoMeTpa
COTPOTHBIIEHUS 3aBUCUT OT MaTepuaja YyBCTBUTEIBHOIO 3Jie-
MeHTa (Melb, IUIATHHA, OKUCIBI TUTaHa, MarHus, Maprasia,
KoOapTa U 1Ip.) 1 ero conportusieHus npu t = 0 °C.

B kauecTBe U3MepHUTENBbHBIX TPUOOPOB, PAOOTAIOIIUX C TEP-
MOMETpaMH COIIPOTUBJICHHA, HCIIOJIB3YIOTCA MOCTBI M JIOI'O-
METPBI.
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nabopamopnoii pabome Ne 3 (1)

MocTel nensitcss Ha sabopamophvie (HEABTOMATHUECKUE)
U npou3soocmeenHvle (AaBTOMaTUUYECKUE).

[TpuHIIMNIManbHAsT U3MEPUTENbHAS CXeMa YPaBHOBEIIECHHO-
0 aBTOMAaTHYECKOTO MOCTa MOCTOSIHHOTO TOKa IpHBEIeHa
Ha puc. JI 3.1.

[Tneun Mocta 0Opa30BaHBI MOCTOSHHBIMH COTIPOTUBIICHUS-
MU R; 1 R3, KOMIIEHCHpYOITUM pe3rcTOpoM (peoxopaom) Ro,
TEPMOMETPOM COIPOTHUBIICHUS R; M CONMPOTHBIEHHUEM COEIU-
HUTEIBHBIX TTPOBOJIOB.

B amaronans ac BKIIOYEH UCTOYHHMK ITOCTOSIHHOTO TOKa E,
B nmuaronans bd — Hyab-nipubop HIT.

[Ipu paBHOBECHH MOCTa, KOTOPOE JIOCTUTAETCS TepeMelie-
HUEM JIBUXKa pe3uctopa Ry, cuiia Toka B JuMaroHajid MocTa
paBHa Hymo, T. €. lp = 0. TepMomeTp CONMpOTUBICHUS MOKET
OBITh TIOJKITFOUEH K M3MEPHUTEIBHON CXeMe JIBYMS WM TPEeMs
MIPOBOJIAMH.

Jeyxnposoonas cxema exkouenus

MuHyc UCTOYHUKA TTUTAHUS TTOIKIIIOYASTCS K TOUKe C'.

f:__ [Ipu U3MEHEHMH  TeMIepaTypbl
ph= OKPYJKaloIlleW Cpelbl B IOKA3aHMS

3,48 Z prudopa BHOCUTCS MOTPEIIHOCTH 3a
2, CYeT W3MEHEHHUS COMPOTHBICHHUS
MPOBOJIOB MEIHBIX WM aTIOMUHUE-
a ———- BBIX.

9N Bce comportuBnenus, kpome R; ,
oOpa3zyromue miedyn MoCTa, BBINOJ-
o o HEHBI U3 MaHTAaHWHA, [TO3TOMY TIPH
2, L] 2. W3MCHEHUH TEMIIEPATYPEI OKpY3Ka-
IolIe cpelbl OCTalOTCS TMOCTOSH-

HBIMH.

Korma xonebanus temmeparypbl
< OKPYKarIllel cpeasl BEIUKH, TO
NPUMEHSIIOT MPexnpo8oOHYI0 CXEMY
BKJTFOUCHUSI.
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OpHa U3 BEpIIMH MOCTa MEPSHOCUTCS K TOJIOBKE TEPMOMET-
pa C. [Ipu TakoM COeTMHEHUU COMPOTUBJICHHE OJTHOTO MPOBO-
na mpubasiseTcs K Ry, a compoTuBieHne BTOPOTO MPOBOIA —
K CONMPOTHUBJICHHUIO R,. YcIoBHe paBHOBECUS MOCTA MPUHUMAET
BHUL:

Rl(Rt'l' Rnp) = (Rz + Rnp)R3.

Ecmu R; = R3 — cuMMeTpuuHBIil MOCT, TO

Ri+ R,y =R+ R,y

Takum oOpa3oM, B TPEXIPOBOJIHON CXeME HM3MEHEHHE CO-

MPOTUBJICHHSI COCIMHUTEIIBHBIX MPOBOJOB HE BIUSET Ha pe-

3yJabTaT U3MEpeHus. M3MepuTenbHas cxema aBTOMaTHYECKOTO
MocTa npuBeneHa Ha puc. JI 3.2.

A r,
—r

_ER,' L s
 — | I

/

‘—EZma -
d__—

]

Wg I; ] - | T 7] 3
= F

R R

P T

Puc. JI13.2. Cxema k nabopamopnoii pabome Ne 3 (2)

MocT cOCTOUT U3 YeThIpeX IjIed, 00pa30BaHHBIX COMPOTHB-
JCHUSIMU:

R1, R7 — mocTostHHBIE PE3UCTOPHI;

R, — perynupoBouHbIi peoxop;

R, — myHTHpYIOlee CONPOTUBIICHHE;
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R4 — 1151 U3MEHEeHUs Juana3oHa MIKaJlbl Ipuoopa;

R3 — a5 u3MeHeHus Ha4aaIbHON OTMETKH HIKaJIbl IpUOopa.

Conpotusinenue Rg cOOTBETCTBYeT CONpPOTUBIEHUIO Ry 1151
KOHTPOJIbHOM OTMETKH Ha IIKajie npuodopa.

[TnTanue U3MEPUTENBHON LENU OCYILECTBIISIETCA HaAIPsSKeE-
HreM 6,3 B nmepeMeHHOro ToKa B AuaroHaiu ab.

Conpotusnenue peoxopaa R, BKIIOYEHO B 1Ba CMEXKHBIX ILJIe-
ya. OOMOTKa peoxop/ia IIyHTUPYETCsl CONPOTUBIEHUSAMU Ry 1 Ra.

Conpotusienus pe3nuctopoB Rs, R4, Rg MOcTOBOI cxembI om-
peneNstoTCs paCUETHBIM ITYTEM JUIs KaXKJI0U IpalyMpOBKH U IIpe-
nena u3MepeHus: npudopa. Pesuctop Re CitykuT Ui CHUXKEHUS
HalpsDKEHUs NUTaHUsT u3MepuTenbHONM wnenu a0 1,5 B.

[lepBuuHbIil npeoOpa3oBarenb (TEPMOMETP CONPOTUBIIE-
HUs) Rt monkirodaeTcst K mpuboOpy COSAMHUTENBHBIMU MTPOBO-
JlaMH, IMEIOLLMMHU OJJMHAKOBOE CONPOTHUBJICHNUE.

Tperuii coeIMHNUTENBHBIN TPOBOJ LIENT TEPMOMETPA BBOJSAT C
LEJIBI0 YMEHBUICHUS [TOTPEUIHOCTEN MPUOOpa OT U3MEHEHHUSI CO-
MIPOTUBJICHUS COEAUHUTEIBHBIX IPOBOJIOB IPU OTKJIOHEHUH TEM-
niepaTypbl OKpYXKaroILE cpebl OT HOpMaJIbHOW. [3MepuTenbHas
JIMaroHalTh Cd MOAKIIFOYEHA KO BXOY CIC/SIIEeH CHCTEMBI, COCTO-
el u3 ycwutenst 1 u peBepCUBHOTO 3J€KTPOABUTATENS 2.

DNEeKTpOJABUTATEb YEPE3 PELYKTOP CBSI3aH C MOJI3YHKOM
peoxopja, ykazaTeiaeMm 3 U IEpOM.

[Tpy M3MEHEHUU KOHTPOJIUPYEMON TeMIepaTypbl B 00bEKTE
MEHSETCS CONPOTHUBIIEHNE TEPMOMETPA, YTO MIPUBOJIUT K Hapy-
LICHUIO PABHOBECHUS MOCTOBOM cXeMbl. B m3mepurensHol n1na-
TOHAJIM TOSBISETCS HANpsHKEHUE PaccoriacoBaHUs, KOTOPOe
YCUJIMBAETCSl YCUIIUTENIEM U MPUBOAUT BO BPAILLEHUE DIIEKTPO-
JIBUTATENb, IEPEMEIIAIONINI CKOIB3SIINNA KOHTAKT PEOX0opaa 10
HACTYIUIEHHMsI YPAaBHOBELIMBAHUS MOCTOBOM H3MEPUTEIBHON
cxeMbl. B 3ToM ciiydyae ABUTaTenb OCTaHABIMBAETCS U CTpeENiKa
OTCUETHOI'O YCTPOMCTBA MTOKa3bIBAET HOBOE 3HAYEHHE TEMIIEPA-
TYpbI B OOBEKTE.
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3.3. Onucanue JIaGOPATOPHOH YCTAHOBKH

1
/——

2
L

?

0y &Q

Puc. JI 3.3. Jluyesas
nawenb 1a00pamopHo2o
cmenoa

> Lo

Ha nuneBoit manenu imabopatop-
Horo creHaa (puc. JI 3.3) cmoHTH-
poBaHa M3MEpHUTEIbHAS CXEMa MO-
cra 1, aBTOMaTHYECKUA MOCT 2, KO-
JIOOKA 3aKHUMOB MOCTa 3, AEKaibl
MarasMHOB CONpPOTHUBJICHUS 4 st
WU3MEHEHUSI COTMPOTHBIICHUS COCIIHU-
HUTENBHBIX JIMHUW, B JHara3oHe
0-1 Om ¢ marom 0,1 Owm, TymO-
nep 5 BKIIOYEHUS MTUTaHUS.

Ha npucraBke k creHay ycra-
HOBJICH MarasuH CONPOTHUBIICHUN
P4831, cumyxamuii UMHUTaTOPOM
TEPMOMETpPA COMPOTHUBIICHUS.

3.4. IlopsioK U METOAMKA BbITIOJTHEHUS] PA0OTHI

3.4.1. OmnpeneneHue TEXHUICCKUX XapaKTEPUCTHK TIPHOO-
POB U 3aroIHEHUE TaOIUIIbI.

Tun [Ipenen

Knacc Hena [ConpoTtusnenue
TPaTyUPOBKY | I3MEPEH. | TOYHOCTH | IeTIeHHS JVHUH

[Ipumeyanue

3.4.2. TIpoBepka ucnpaBHOCTH MprbOpa.
CoOpatp cxeMy Uii TIOBEPKH MOCTa B COOTBETCTBHH

¢ puc. JI 3.2.

K xiemmam 1, 2, 3 yepe3 no0aBOYHBIC PE3UCTOPHI 4 TOJ-
KITFOYUTHh 00pa3ioBelii Marazun conportuBneHus (P33) P4831;
YCTaHOBUTH B HYJIEBOE MOJOXeHHe. Bxiounte TymO1epoM 5
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nuTaHue JsabopaTopHoi yctaHoBkH. Ilepexitouarens B u3-
MEpUTEIEHOM 0JI0Ke prOopa YCTaHOBUTH B MoJioxkeHne «KoH-
TPOJIbY.

Knemmer 1, 2, 3 aBTOMATHMYECKOTO MOCTa 3aMBIKAIOTCS
U TapajieIbHO PE3UCTOPY MOJKII0YaeTcs J0OABOYHOE COMpPO-
THUBJICHUE, YTO BBI3BIBACT pa30ajaHC CXeMbl. YKa3aTelb J0JI-
KEH YCTaHABJIMBAThCS MPOTUB KPAaCHOM OTMETKHM Ha IIKaje
C MOTPEIIHOCTHIO £3 MM.

3.4.3. [loBepka noka3aHui.

[Tepexmnrouaresib B MU3BMEPUTEIBHOM OJIOKE MOCTa MEPEBECTH
B nosioxxenne «PaboTa Tokay.

[ToBepka aBTOMAaTHYECKOIO MOCTa 3aKJIIOYAeTCs B CpaBHE-
HUM TIOKAa3aHUU C JIEHCTBUTEIBHBIMUA 3HAYCHHUSIMHU, OTPEIesi-
€MBIMHU 110 TPAJyUPOBOYHON TalIMLIE.

OOpa3uoBblii MarasuH CONPOTHUBIICHUS, MOAKJIIOUEHHBIH
K MOCTOBOH CXeMe, CIIY>)KUT KaJIMOpOBAHHBIM COIPOTHBIICHU-
€M, UMUTHPYIOLIIM TEPMOMETP CONPOTUBICHUA. VI3MeHss co-
NPOTHUBIIEHHE 00pa3[0BOr0 Mara3uHa COIPOTHBIIEHUS B COOT-
BETCTBHU C TPaTydPOBOYHON TAONHUIEH, COBMEIIAIOT CTPEIKY
npubopa ¢ moBepsseMoil OTMETKON IMIKaJbl Ipuoopa.

[ToBepka pou3BOAUTCS 1O OLU(POBAHHBIM OTMETKAM IpH-
60pa npu NpsAMOM U 0OpaTHOM XO/JIe LIKaJIbI Tpubopa.

PesynbpTarel M3MepeHUN HY)KHO 3aHeCTH B  TaOIuIly
Y BBIYHCIIUTH TOTPEIIHOCTH.

_ o [Tokazanus ITorpemnoctu
2 o
5 g E g 00pasioBoro npubdopa -
B s g 27T MarasmuHa abCoTIoTHAS o =
=] 8" m = @& g g =
g'g E2RE = = £ | £
S| EZg¢ | = : |= |8 | B|Z
Qo E &= 8 = o H| E = = 5]
= B &K g o Ec| 2ol E o 0 o

S o < R X < R X < =]
Iy L g o o o) o =
o o B = 1) E 1) 2.

) ) E

°C Om Om OmMm OwMm OMm %
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3.4.4. Tlo momy4eHHBIM pe3ybTaTaM MOCTpOeHue rpadu-
KOB 3aBUCHMOCTEN:

Ry = f(t); Ry = f(t) wmu R, = (1)
Ha OJHUX M TCX KC OCAX KOOpAHUHAT.

3.4.5. OmnpeneneHue IOMOJHUTEIHHOW TMOTPEIIHOCTH I10-
Ka3aHUH IOpU U3MEHEHHUU COINPOTHUBIIEHUS COEAMHUTENIBHBIX
JINHUM.

B u3meputenpHyto Lienib MOCTa BBEAEHBI YpaBHUTEIbHbIE
KaTyIIKH, CyMMapHOE CONPOTHUBICHHE KOTOPBIX COCTaBIISET
COIIPOTHUBIIEHUE COCTUHUTENbHBIX JMHUHA. ONBIT cieayer npo-
W3BOJIUTH TIPU HM3MEHEHHH comnpoTuBieHus JuHuH Ha +20 %
0T HOMHUHaJIbHOTrO 3HaueHus. [loBepky ocyliecTBUTh Ha Tpex
OTMETKax IIKaJibl (Hauano, cepe/ivHa, KoHel). Pe3ynbTarsl mo-
BEPKH 3aHECTH B TaOJIMILYy.

IToxa3zanus
Ormerkn | 00pa3moBOro Mara3mHa ITorpemnoctu
IIKaJIbI COTIPOTHBIICHUS
npubopa o R opu R, + a0CcoroTHAs TIpUBEACHHAS
PH P 20 % R, +20 % R, + 20 %
°C Om Om Om %

3.4.6. CocraBreHue 3aKIIOYSHHS O TPUTOAHOCTH MPHOOpA.

3.4.7. TeopeTI/IquKoe U3MCHCHHUC CXCMBbI ITOAKIIOYCHUA
TEPMOMETPA CONPOTUBJIICHUA W IIPOrHO3 OTHOCUTCIBHO IIO-
FpeHIHOCTefl HU3MCPCHUA.

3.4.8. OcymiecTBieHre TeperpayupOBKH MIKAIBI MPUOOpa
Ha 3aJ]JaHHBIN MpenojaBaTeneM mnpenen udmepenus. Kakue uz
COTIPOTUBIICHUN HW3MEPHUTEIBHONW CXEMBI HEOOXOIUMO H3Me-
HUTH NPU ATOM? BBINOJHUTE pacdyeT U OPraHU30BaTh MOCTa-
HOBKY OTIBITA.
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3.5. CocraBJjieHue oT4eTa 10 padoTe

HeoOxonumo B oTueTe gaTh KpaTKoe OINKCAaHUE PabOTHI
(uenp, cofepxaHue, XapaKTEePUCTUKU TPUOOPOB), OJHY U3 U3-
MEPUTEJIBHBIX CXEM, TaOJIUIIbI C PE3yJIbTaTaMH MPOBEPKHU, Tpa-
buku, 3aKI0YEHNE O MPUTOJHOCTH MpUudopa.

3.6. KoHTpo/1bHBIE BONIPOCHI

1. Yrto Takoe rpaayHpoBOYHAs XapaKTEPHCTHKA TEPMO-
METpa CONMPOTHUBIICHHUS?

2. Oxapakrtepu3ylTe JABYX- U TPEXIPOBOJHBIE CXEMBI
MOJIKJTFOUYCHUS] TEPMOMETPA COTPOTUBIICHUS M YKAXKH-
T€ UX 0COOEHHOCTH.

3. KakoBbl yCcTpOHCTBO M NMPUHIUI JCHCTBUSI aBTOMATH -
YEeCKOr'o M HEaBTOMATHIECKOT'O MOCTOB?

4. Moser 11 paboTaTh OJUH M TOT K€ MOCT C Pa3jidy-
HBIMH TUIIAMHA TepMOMeTpOB COHpOTI/IBJ’IeHI/Iﬂ?
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JlabopaTopnasi paGora Ne 4.
HccaenoBanne XxapakTepuCcTUK
U PeXKUMOB padoThl JIOTOMeETPa

4.1. Ilean u cogepkaHue padoThl

1. O3HaKOMJICHHE C M3MEPHUTEIbHBIMU MPUOOPAMH, pa-
0OTAIONIMMU B KOMILICKTE C TEPMOMETPAMH COIPO-
THUBJICHU.

2. OCBOGHHE METOJIOB IOBEPKH IPOU3BOJACTBEHHBIX
JIOTOMETPOB, OTpECIICHUE €r0 TEXHHYSCKHUX Xapak-
TEPUCTHUK, HCCJICIOBAHUE PA3JIMYHBIX PEKUMOB pa-
OOTBHI.

4.1.2. Coneprxanue paboThbI

1. N3y4yeHue MeETOIIOB M3MEPECHHUs TEMIIEPATyphl C IIO-
MOIIBI0 COTIPOTHBIICHUS.

2. V3ydeHue U3MEpUTENbHBIX MPUOOPOB, pabOTAIOIINX
B KOMIUIEKTE C TEPMOMETPAMHU COTIPOTHBIICHHUS, OTIPE-
JIEJIeHNEe UX TEXHUYECKUX XapaKTePUCTHK.

3. IloBepka moromeTrpa M HCCIEIOBAHUE PEKUMOB €TO
paboTHI.

4. CocraBiieHHE OTYETA.

4.2. TeopeTuuecKkue cBeeHUs

I/I3MepeHHe TEMIICPATYPbl TCPMOMETPAMU COIIPOTHUBIICHUA

OCHOBAaHO Ha CBOMCTBE MMPOBOAHUKOB U IOJYIIPOBOAHHUKOB H3-
MCHSATH CBOC DJICKTPHUYCCKOC COIIPOTUBJIICHHUE ITPU U3MCHCHHUU
HUX TCMIICPATYPHI.

TemnepaTypHblii K03()(PUIIMEHT 3IEKTPUYECKOTO COMIpPO-

TUBJIEHUS TPOBOJHUKOB IOJOXHUTENIEH (CONPOTUBIIEHUE BO3-
pacTtaeT HpU MOBBILICHUHM TEMIEPATyphbl), a MOJYIPOBOIHU-
KOB — OTpHILATENIEH (CONPOTUBIIEHUE MOHMKAETCS MpPU IIO-
BBIILIEHUHU TEMIIEPATyphl).
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Takum 00pa3oM, OMHYECKOE COIMPOTHBIEHHE IPOBOIHU-
Ka WJIM TOJXYIPOBOJHHUKA MPEACTABISAET HEKOTOPYIO (PYHKIIHUIO
OT TEMITIEPATYPHI:

R=1(t).

CepuiiHO BBITYCKAIOTCS TIATUHOBBIE TEPMOMETPHI COIPO-
tuBnenus TCII s temnepatyp ot —200 go +550 °C, menHble
TCM ms Temneparyp ot —50 mo +180 °C.

Kak ruiaTuHOBBIC, TaK M MEIHBIE TEPMOMETPBI COITPOTHBIIC-
HUS BBIITYCKAIOTCS HECKOJIBKUX TPATyHPOBOK, KOTOPHIE OTIIH-
YalOTCs IPYT OT JAPyra Ha4allbHBIM COITPOTHBIICHUCM.

Jlnist I3MepeHus TEMIIEPaTypbl TEPMOMETPAMHU COIIPOTHBIIC-
HUSI HeOOXOMM KOMILICKT, KOTOPBIN BKIJIFOYAeT B ce0s ciemy-
IOIIHE DJIEMEHTHI:

1) TepMOMETp COMPOTHUBIICHHUS;

2) WM3MEpHTENbHBIN MPUOOP (YpaBHOBELICHHBINA MOCT,
HEYPaBHOBEIICHHBIH MOCT, JIOTOMETP);

3) coeaMHUTEIBHBIC IPOBOJIA.

JloromeTpsl SBISIOTCS Mar-
HUTOAJIEKTPHUECKUMH  TTPHOO-
pamu, MOABI)KHAs CHUCTEMa KO-
TOPBIX COCTOUT M3 CKPEUICHHBIX
HOJ] OCTPBIM YTIJIOM M KECTOKO
CBSI3aHHBIX MEXIy co0o# pa-
mok. Ha cxeme (puc. JI 4.1) co-
MIPOTUBJIEHUS] paMOK 0003Haye-
HbI Kak R,; u R,; (00bI4HO paMm-
KH WMEIOT OJWHAKOBOE YHCIIO
BUTKOB, NO3TOMYy R,; = R,2).
MarnuTtHas cucrema JOroMeT-
pa COCTOUT U3 TOCTOSHHOIO
' MarauTa 1 ¢ TONFOCHBIMH HaKo-
HEYHHKAMU ¥  HEMOABIKHO-
T'O CTaJbHOTO CEep/ICYHHKA 2.

Puc. JI 4.1. Koncmpyxyus
Jn02omempa
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BosnymiHelid 3a30p MEXIy CEpACYHHKOM 2 U TOJIOCHBIMU
HAKOHEYHUKAMHU YBEJIIMYMBACTCS OT LIEHTPa MOJIOCHBIX HAKO-
HEYHHMKOB K UX KpasM.

bnarogapss 3TOMy MarHuTHasT HHAYKLUUS YMEHbIIAECTCS
OT LEHTpAa K KpasM MPUMEPHO IO KBAJAPATUYHOMY 3aKOHY.
[TonBox TOka K paMKaM NPOM3BOAMUTCS YEPE3 CIUPAIbHBIE
MPYKUHBI ¢ MAJIBIM IPOTUBOACHCTBYIOIIIUM MOMEHTOM, 3TH K€
MPYXUHKNA 00ECIIEYUBAIOT BO3BPAT CTPEIIKH B HMCXOJTHOE II0-
JIOKEHUE MPU OTKJIIOYEHUU HMCTOYHUKA NMUTaHUsS. Takux mpy-
JKUHOK B JIOTOMETpPE TpH. PaMKu mony4daroT muTaHue OT OJHOTO
HMCTOYHHMKA C HaNpspKeHHeM E, B 1enb mepBol paMKH BKIIFOYE-
HO TIOCTOSIHHOE HampsikeHue Rj, a B 1eb BTOPON paMKud —
ITOCTOSIHHOE COIPOTHBJICHUE R, W CONMpPOTUBIEHUE TEPMO-
Mmetpa Ri. [Tocrosinubie conporuBnenus Ry u Ry BeImonHsOTCS
n3 MarauTa. Bpamatomme MmoMeHTsl pamok M1 u Mj Hampas-
JIEHbl HaBCTpeuy Apyr aApyry. [loaBukHas cucrema HaXOIUTCS
B TIOKOE€, KOTJla BpallalolIMecss MOMEHTbI paMOK pPaBHBbI,
T.. M. 1= Mz.

Y4uuteiBas, 4To

M,=B, - 1;M,=B,1,,

rae i, I — Toxu pamok,
B1, B) — MarHuTHas ”HAYKLHS B COOTBETCTBYIOIIMX 30-
Hax PacroJIOKEHHs PAMOK, YCIOBHE PAaBHOBECHS MOYKHO
3amMcath B cienayromiei popme:

B,-1,=B,-1,.

JomycTtuM, 9T0 B Ha4allbHOM COCTOSIHUU R; = Ry + Ry

B takom ciydae mpu R1 = Rz Toku pamMOKk paBHBI, U TIOJIBUXK-
Hasl CHCTeMa 3aliMeT MOJIOKEHUE, CHMMETPUIHOE OTHOCUTEIBHO
OCH MarHMTHOH cucTteMbl. [Ipy MOBBIIIEHNN TeMIIepaTyphl KOH-
TPOJUPYEMON Cpelbl COMPOTUBICHHE TepMoMeTpa R; Bo3pac-
TaeT, YTO MPHUBEJCT K YMEHBIICHUIO ToKa |, W Bpammaromero
MoMeHTa M, BTopoli paMku. B pe3ynbraTe paBHOBecHe HapyIiia-
€TCsl, M TOJBY)KHAS CHCTEMa MTOBOPAYHMBACTCS 10 YacOBOM
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CTpeJIKe, IPHUEM paMKa 2 MEepexoauT B 30HY OOJIbIICH, a pam-
Ka 1 — B 30HYy MEHbIIIE MATHUTHON UHIYKIIMH.

B onpeneneHHOM NOJOXEHUU MOJABHUXKHOM CHUCTEMBbI BHOBb
HACTYIHT PaBHOBECHE.

MOXHO cUMTaTh, YTO KaXKJIOMY IOJOXEHHUIO IOJBHKHON
CHCTEMBI, XapaKTEepU3yIOIIeMycs yIJIOM MOBOPOTa O, COOTBET-
CTBYET OIIPEJCIIEHHOE COOTHOIICHHWE MAarHUTHOW WHIYKIUH,
T. €.

B t(a).

1

43 BI)Ipa)KeHI/If/'I, MMPUBCACHHBIX BbIIIEC, CICAYCT, UTO B yCTa-
HOBUBIIHNXCs COOTHOILICHUAX

L_Ba_fq).
I,

B,
[Ipeobpa3zyeM nonydeHHOE COOTHOIIICHNE, 3aMEHHUB:
E E
I1 = —1 2 = —-——
R, +R, R, + Rz + R,
Torna
R,+R ,+R
——2 " =f(a)
R, + Rpl

Takum 00pa3zom, yron moBOpOTa MOABHKHOU CHUCTEMBI JIO-
TOMETpPa 3aBUCUT OT COOTHOUIEHUS CONPOTUBIICHUM LENU pa-
MOK M B IIPUHIIAIIE HE 3aBUCHUT OT BEJIMYMHBI HAIIPSDKEHUS UC-
TOYHUKA [TUTAHUS.

OpHako NpPaKTUYECKH NpU OOJBIIUX H3MEHEHMSX Harl-
psbKeHUsT HaOMMI01aeTcs 3aBUCUMOCTh, UTO CBSI3aHO C IEperpe-
BOM paMOK U NPY)KMHOK IPH TOBBIIIEHUH HaNpsKEHUs, yBe-
JUYEHUEM POJU IPOTUBOJEHCTBYIOIIET0O MOMEHTA IPYKH-
HOK M MOMEHTa TPEHHs B ONOpax INpU NOHWKEHUH Hamps-
JKEHUS.
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N3 BeIpakeHUs cieayeTr, YTO NMPH MOCTOSHHBIX COMPOTHB-
aenusix R,;; Ry2; Ri; Ro yron nmoBopoTa moaBu:kHON CHCTEMBI
MOKHO PAacCMOTPETh KaK (DYHKIIUIO TOJBKO COMPOTUBIICHHS
TEPMOMETPA, T. €.

a=F (Rt).

JlJis yBeTUYEHUS YyBCTBUTEIBHON PaMKH JIOTOMETP BKIIO-
Yal0T B MOCTOBYIO CXEMY, MO3BOJISIFOITYIO OCYIIECTBIISATh TEM-
NepaTypHYI0 KOMIIEHCAIMo. B moromerpe ucnonb3yercs: He-
ypaBHOBEIICHHAsI MOCTOBAs CXEMa.

Ha puc. JI 4.2 npencrasiiena u3MepuTeabHas MOCTOBAsI CXe-
Ma JIOTOMETpa ¢ MaHTaHWHOBBIMU pe3ucTopamMu. Moct o0pa3o-
BaH NMOCTOSHHBIMU pe3uctopamu Ri; Ry; Rs; Rg u Tepmomerpa-
MU CONPOTHUBIICHUS R;.

B amaronans cd BKIIOYaeTcs MCTOYHHK ITOCTOSHHOIO HAIl-
PSKEHUS.

Puc. JI 4.2. Cxema k nabopamophoii pabome Ne 4 (1)
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Hanpspokenne nuranus noromerpa 4 B.

PaMky BKITIOYEHBI TOCIEIOBATEIBHO MEXIY MPOTHBOIIO-
JIO)KHBIMHM BEpIIMHAMU MOCTa, 00pa3zys U3MEPUTEIbHYIO Tua-
roHaisp ab.

Cpennsisi Touka MeXAy paMKaMH COeIMHEHa 4yepe3 moce-
JIOBATEILHO BKIIFOUEHHBIC MEHBI Rs 1 MaHTaHMHOBEIN Ry pe-
3UCTOPBI C BEPUIMHONH MOCTa, K KOTOPOM IMOJABENIEH OJIMH MPO-
BOJI UCTOYHWKA MUTAHUS, BTOPOW MPOBOJ UCTOUYHUKA MTUTAHUS
MOJIKJIFOUEH K IPOTUBOIIOIOKHON BEPILKHE.

Pesucrop R4 ciy’KuT 171t M13MEHEHUS yrila OTKIOHCHHS I10-
JIBUKHOW CHUCTEMBI, a Rs — 1us TemmepaTypHOW KOM-
TICHCAIIHH.

s obGecrieueHus OONBIION YYBCTBUTEIBHOCTH MOCTOBAS
cxema rmpubopa cMMMETpHUYHa, T. €. R, = Rs.

TepMomeTp coONMpoOTHUBIEHUS MOJKIIOYAETCS IO TPEXIPo-
BOJHOM cXeMe, T. €. HCKII0YaeTCs BIUSHUE KOJICOaHUH TeMIIe-
paTypbl OKpyXKamlleid cpeipl Ha IOKa3aHWUs JIOTOMETpa,
T. K. COCIMHUTEIbHBIC TTPOBOIA IPH STOM BKJIFOUYCHBI B Pa3HBIC
IJIEYU MOCTA.

3

1
TN

2
=

8 .. O oV __8

6 _,»f’? - 9 amv
Re Ra 7
T

Puc. JI 4.3. Jluyesas nanens nabopamoprnozo cmenoa (1)
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Puc. JI14.4. Jluyesas nanens nabopamoprozo cmenoa (2)

N3meHeHne CONpOTUBIICHUS TEPMOMETPa BBI3BIBACT HU3ME-
HEHUE TOKAa B OJHOM U3 paMOK W IOBOPOT MOJIBUKHON CHUCTE-
MBI IpUOOpa A0 JOCTUKEHHSI paBHOBECHUS, T. €. U3MEPEHUE BbI-
MIOJIHSAIETCS. METOJIOM HENIOCPEACTBEHHOM OLICHKH.

B03MOXHO BKIIFOUEHHE TEPMOMETpPA II0 JIBYXIIPOBOJHOMN
cxeme. B oT0oi cxeMe MMHYC MCTOYHMKA ITUTAHUSA IIPUCOEIU-
HSIOT K KiieMMe 2 joroMetpa. [Ipu sTom 06a coenMHUTETBHBIX
IIPOBOJIa OKA3bIBAIOTCS BKIOYEHHBIMHU B OJIHO IIJIEYO MOCIIEN0-
BaTeIBHO C conpoTuBiieHneM Rg u R;.

4.3. Onucanue J1a00PATOPHOI YCTAHOBKH

OOuwmii BU cTeH1a 1a00opaToOpHOM YCTaHOBKHM MPECTABIICH
Ha puc. JI 4.3 u JI 4.4. Ha nunieBoil maHenu CTE€H/1a MpeCcTaBie-
HBI:

1 — u3mepurenbHas cxema;

2 — JIOTOMET;

3 — KOJI0/IKa 32)KHUMOB JIOTOMETPA;

4 — BOJBTMETD;
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5 — HCTOYHHK MUTAHHS C KIEMMaMH «+» H «—»;

6 — nmexajpl Mara3uHOB CONIPOTUBIICHUS;

7 — TyMmOJiep BKIIOYEHUS TUTAHUS CTEH/IA,;

8 — mepekioyarens;

9 — k1109 UM pydyKa peocTaTa.

Ha mnpucrtaBke K CTEHIy YCTaHaBIMBAETCS OOpa3LOBBIN
MOCT MOCTOSIHHOTO Toka MO-62.

C nomouipio BoNbTMETpa 4 KOHTPOJHPYIOT HANpsHKEHUE
MUTaHUS JIOTOMETpa, U3MEHEHHE HANpsDKEHUs MUTaHus obec-
MIEYMBACTCS MOBOPOTOM PYUKH KJIFOYa MK peocrata 9.

Jlexaapl MarasuHOB COMPOTHUBIICHUS 6 CIy>KaT A U3MEHe-
HUS CONPOTUBIICHUS COSAMHUTEILHBIX JIMHHM.

[Tepexmouatens 8 Ha puc. JI 4.3 coyxut nis BeiOopa pe-
xuMa pabotel mpudopa 4. [Ipu nepeBoae kiova 8 B mosoxe-
Hue V npubop paboTaer B peKHUME BOJIBTMETPA.

Ha crenge (puc. JI 4.4) HanpsikeHre IUTaHUS KOHTPOJIUPY-
eTcst U(GPOBBIM BOIBTMETPOM. B 00pa31ioBbIii MOCT BCTPOCHBI
KaJrOpOBaHHBIE COMPOTUBIICHHUS, KOTOPBIE MCIIONB3YIOTCS IS
UMUTALUU TEPMOMETPA CONPOTUBIICHUS.

4.4. TlopsaioK U METOAMKA BbINIOJIHEHUsI padoT

4.4.1. OnpeneneHre TEXHUUYECKUX XapaKTEPUCTUK MPUOO-
POB U 3aIIOJTHECHUE TAOTHUIIBI.

o X
s | s £ 5
2

< = O 4
= 2 5 E ot | 52| 5 Ex
= O = & = O Q 2 T T 80 x
No SHts) SERS 0o & s 2 s o = EE
I = = 5 2 0 = =) E 8 =
S, = T = 3 o I
= = o &= 5

= < 2 e =
o, = E:[
= Og
OO

4.4.2. TloBepka KOHTPOJIbHOM TOYKH.
Co0path cxemy B cooTBeTcTBHH C puc. JI 4.5, rre:
1 — knemMmebI TOrOMETpA;
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2 — moct MO-62;

3 — cxema MOJKIIIYeHus pe3ucTopoB B MO-62.

[lepexmtouarenn [ekaj MarasMHOB CONPOTUBIEHUH R,
U Mara3uHOB CONpOTHBIEHHUH Mocta MO-62 ycTaHOBUTH
Ha HyneBble JeneHus. IIpoBon ¢ kimemmbl 3 1epeOpoOCUTH
Ha ki1eMMmy 1 noromerpa.

Bxutounts TymOnepsl nutanus crenga. IloBoporom pydxu
KJII04a WM peoctara 9 ycTaHOBUTH HampspKeHHe nutaHus 4 B
(n3MepsieTcs BOJIBTMETPOM).

Crpenka Jjoromerpa J0JDKHA YCTaHaBIMBATbCSl HAa KOH-
TPOJIBHOM OTMETKe; HEOOXOIMMO U3MEHUTh COIIPOTHBIIEHHE R,
C TNOMOIIBI0O Mara3MHa COINPOTUBICHUH, TMOAKIIOUYCHHOTO
K kiemMe 1 noromerpa.

4.4.3. TloBepka TemMrepaTypHOM HIKAIbI IPUOOpA.

[TpoBox ¢ kileMMBbI 1 TOIKITIOYUTE K KIeMMe 3 JoroMerpa
(MepeKItoYeHne B CXEME MPOM3BOJIUTH MPH OTKIIOYCHHU
MUTaHWS CTCHJIA). BKIIIOYUTH NMUTAHWE, YCTAHOBHUB HAIPSIKE-
Hue 4 B.

IToBepka miKaisl 10roMeTpa mnpo-
BOJIUTCSL C TOMOIIbIO KaJaMOpOBaH-
HOIO MarasmHa COIIPOTHBJICHUH,
MMUTHUPYIOLIETO TEPMOMETP COIPO-
TUBJICHHS.

[ToBepstoTcst ouuppoBaHHbIE OT-
METKU UIKalbl MpU OPSIMOM M 00-
PaTHOM XOJie CTPEJKH Mpudopa.

Pesynprarel u3mMepeHnii 3aHecTu
B TAOJUILy U BBIUYUCIIUTH MOTPEIIHO-
CTH.

IM0-62

T

Puc. J14.5. Cxema x 1abopamopHoii
pabome Ne 4 (2)
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4.4.4. OnpeneneHue IOMOTHUTEIHHOM MOTPEIIHOCTH, BbI-
3BaHHOW M3MEHEHHWEM HamnpsikeHus nutanus Ha 120 % ot Ho-
MUHAJbHOI'O 3HAYECHHUS.

BnusiHne HanpsibKeHUs Ha TOYHOCTh MU3MEPEHHM OIpeness-
10T IIyTEM CPaBHEHHUSI PE3YNbTATOB U3MEPEHHUI HA TPEX OTMET-
Kax WIKajgbl (Ha4aao, CepelrHa, KOHEI) MPU TPSIMOM XOJIe
CTpeJIKM Ipubopa.

Pe3ynbrarel u3mMepeHuit HeOOXOAMMO 3aHECTH B TaOIMUILY
Y BBIYHCIIUTH TMTOTPEIIHOCTH.

IToxazanus ITorpemnoctu
Marasia abcomoTHas | NMpHUBEICHHAS

Ne | joro- COIIPOTHBIICHHUS P
metpa | Vv Vv v Vv Vv Vv

+20% | 20% | +20% | —20% | +20% | —20 %
°C OMm| Owm Om OmMm Om % %

4.4.5. OnpeneneHue IOMOTHUTEIHHONW MOTPEIIHOCTH, BHI-
3BaHHOW W3MEHEHHMEM CONpOTUBIeHHS JuHUM Ha +20 %
OT HOMHHAJIBHOTO.
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[lepexmrouaTenu JaeKkaqy Mara3puHOB —COINPOTHUBIICHUH 6
(puc. JI 4.3) ycTaHOBUTH Ha JI€JICHUSI, COOTBETCTBYIOIIUE TIPHU-
pPOCTY CONPOTHUBICHUS R, B KaX /10l COeAMHUTEIbHON JTMHHUH.

Pe3ynbTarel u3mepeHuii Ha IByX OTMETKax IIKAJIbl 3aHECTH
B TaOJUILy U BBIUMCIIUTD [TOTPEIIHOCTH.

4.4.6. TlpoBepka joromerpa NpH JBYXIPOBOJHON CXeMe
HOJKJIIOUYEHUS] TEPMOMETPA COMIPOTUBIICHUSI.

[Iponymats cxemy mnoakiatoueHus MO-62 k creHay mnpu
JBYXIIPOBOAHOIN CXE€Me BKIIOUEHHS TEPMOMETPa COMpPOTHBIIE-
HUs. BBIMONHUTE MOBEPKY JIOTOMETpa MpU HOpPMadbHOM R,
u pu R, +20 %. Pe3ynpTarhl M3MepeHUs: 3aHECTH B TaOJIHILY
Y BBIYUCIIUTD MTOTPEIIHOCTH.

ITokazanus ITorpemnoctu
No MarasuHa
| noromerpa COIIPOTUBIICHHUS abCoIOTHAs | pUBEACHHAS

R, R, +20 %

4.4.7. ®opMupOBaHUE 3aKIIIOUEHUSI O MPUTOJHOCTU MpHUOO-
pa K 3KCIUTyaTaluu.

4.4.8. Teoperndeckasi OlleHKa BO3MOXKHOCTH TTOKITFOYCHUS
K JIOTOMETPY TE€pPMOMETpa COINPOTHBJICHUS IPYrol Trpaayu-
POBKH.

Crnemyet opraHu30BaTh MOCTAHOBKY OIIBITA.

4.5. OdopmiieHue oT4yeTa o padore

B oryere HeoOXoaUMO IaTh KpaTKOE OMHUCAHUE pabOThI
(uenb, coiep:kaHue, XapaKTEPUCTHKH TMPHOOPOB), MPHUBECTU
OIHY H3 CXEM, Ta6HI/IHLI IMOBECPKH, 3aKIIIOYCHUC O TIOAHOCTH
npubopa.
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4.6. KoHTpO/1bHBIE BONIPOCHI

1.
2.

KakoB npuniun aeiictus ioromerpa?

Kakue cymecTByroT cXeMbl MOAKIIOUEHUS TEPMOMET-
pa CONPOTHUBICHUS?

Kak BmusrOT Ha TOKa3aHHs JIOTOMETpa KoJieOaHus
HaNpPsDKEHUS TUTaHUA?

3a cyeT 4ero MOKeT U3MEHUTHCS CONPOTHUBIICHHUE CO-
CIMHUTEIIbHEIX JTUHHI?
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JlabopaTopnasi paGora Ne 5.

HedopmanmonHbie NPUOOPHI 11l U3MEPEHUS TaBJICHUS

5.1. Illeanb u coaep:kaHue padoThl

5.1.1.

Lenb paboThL.

[lenbto pa®oOTHI SIBIISIETCS OCBOEHHE TEXHUKM W3MEPEHMM
U 3aKperuieHue 3HaHWH CTYAEHTOB Mo pasneny «Jledopmaru-
OHHBIE NPUOOPBI AJI1 U3MEPEHUSI JaBICHUSI»

B nporecce BEIOTHEHUS 3TOM pabOThI CTYACHT JOKEH:

1.

5.1.2.
. O3HaKOMHUTBCS C IPEACTABICHHBIMU Ha CTEHNE pas-

O3HaKOMHTBCS C YCTPOMCTBOM Je(OpPMAIIMOHHBIX
npuOOpOB aBIICHUS U BaKyyMa, ONPEICIUTh UX TeX-
HUYECKHE XapaKTEPUCTUKH.

. Hay‘lI/ITBCH MMpaBUJIbHO I10Jb30BATHCA an60paMH JIA

HN3MCPCHUA OABJICHUA W OLCHUBATHL HUX IMOTrPCIIHOCTHU
H IIOIIPABKMU.

Conepxanuie pabOTBhI.
JUYHBIMU J€(OPMAIIMOHHBIMU (TPY>KUHHBIMH) MaHO-

MCTpaMH JIs1 UBMCPCHUA JaBJICHHUA U UX OCHOBHBIMHU
TCXHUYCCKUMHU JaHHBIMU.

. O3HaKOMUTBCA C TIPEACTABICHHBIMHA Ha JJAHHOM yueO0-

HOM CTEH/Ie TUIaKaTaMH, CXeMaMu, TabJIuIaMu 1 00513a-

TEJIBHOW IPY IMOBEPKE TEXHUUECKOUN JOKYMEHTALUEH.

O3HAaKOMHUTBCS C YCTPOHCTBOM M paboToil Tpy30-

MOPUIHEBOTO MaHOMETpA.

IIpou3BecTn MOBEpPKY IOKA3aHUN JBYX MAaHOMETPOB

(J1abopaTOpPHOTO M TEXHUYECKOT0) B CIEAYIOIIEM II0-

psake:

a) MOJATrOTOBUTH TPY30MOPLUIHEBOM MAHOMETP K IIPOU3-
BOJICTBY MCIIBITAaHUI;

0) MOArOTOBUTH M MOJKIIOYUTH K TPY30MOPIIHEBOMY
MaHOMETPY B HEPBYIO O4epe/lb JJaObOpaTOpHBINA Ma-
HOMETD;
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B) NPOM3BECTH IOBEPKY MOKa3aHWW J1abOpaTOPHOTO
NPY)KUHHOTO MaHOMETpa IyTeM CPaBHEHHUS C ITa-
JIOHHBIMU TPY3aMHU;

F) MNOoATrOTOBUTH U MOAKIIOYHUTH K NOPIHIHCBOMY MAaHO-
METPYy TEXHUYECKUU TPYKUHHBII MaHOMETD;

J1) TIPOM3BECTU MOBEPKY TEXHUUYECKOTO IMPYNKUHHOIO
MaHOMETpa METOJIOM CPaBHEHUS €ro C MOKa3aHWMs-
MU J1abopaTopHOTo (00pa3IOBOro) MaHOMETPA,

€) COCTaBHTh OTYET IO TOBEpKE J1abOpaTopHOTrO M
TEXHUYCCKOTO IMPYKWMHHBIX MAHOMCETPOB MU [OaTb
00OCHOBAHHOE 3aKIIOYCHHUE O TMPHUTOJHOCTH IPO-
BEPsICMBIX TIPUOOPOB K IKCILITyaTaI[HH.

5.2. KpaTkue TeopeTnuecKue CBeIeHMsI

JebopMallMOHHBIE MaHOMETPbl — TEXHUYECKUE IMPHOOPBI,
HauOoJiee MHUPOKO PUMEHSEMBbIE Ul U3MEPEHHsI H30BITOYHOTO
JaBJICHHA U BaKyyMa B )KUJIKOCTH, I'a3€ U Iape. MaHOMeprI 9TO-
ro TUIA UMEIOT OYeHb OOJIBIION AMANa30H U3MEPEHUs, TPOCThI
MO KOHCTPYKIUH, ACHICBBI U HAACYKHBI B OKCILTyaTaluu.

Pa0oTa npyXMHHBIX MAaHOMETPOB OCHOBAHA Ha CBSI3H YIPYroi
negopmalnu CreruaaIbHOro 3JeMeHTa (IPY>KUHBI) C 1aBJICHUEM,
MIOJIBOJUMBIM BHYTPb 3JIEMEHTA WU K €70 HAPYKHEN YacTH.

Puc. JI5.1. Konempykyus degpopmayuonnozo npubopa
0151 usmepenust 0aeienust: 1 — mpyouamas npyscuna, 2 — no8oookK;
3 — 3ybuamviii cexkmop, 4 — mpubka, s — cmpenxa, 6 — cmanbHas NPYHCUHA
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B TexHuueckux MaHOMETpax NPUMEHSIOTCS YIPYTHUE 3Je-
MEHTBI YEThIpeX THIIOB: OJHOBHUTKOBBIE TPyOYaThie MPY>KUHBI
(Tpyokxu Bypaona), MHOTOBUTKOBBIE (T€TUKOUIATBHBIC M CITH-
panbHbIe) TpyOUaThie MPYKUHBI, IJIOCKKE MEMOpaHbI U TOPMO-
HUKOBBIC MeMOpaHbI (CUIb(OHBI).

COOTBETCTBEHHO 3TOMY pa3jiMyaroT TpyoOuaTele (IEpBbIE
JIBa TUIIA YIIPYTUX 3JIEMEHTOB) U MEMOpPaHHbIE MAHOMETPBI.

ManomeTrpuueckast npyxuHa (yOpyruil 3JeMeHT) npeolpa-
3yeT JaBJICHHE B IIepeMEIeHHE WIH YCUIINE.

[lepemenieHne NpyKUHBI HCIOJB3YETCSl 3aTeM JUIsl Iepe-
JBYDKEHUS CTPEJIKM I10 IIIKaJjie MOKa3bIBAIOIIEr0 U CaMOIIUIILY-
Iero nmpuodopa.

HauOonee mupoko mpuUMEHSIOTCS MpHOOpBl (MaHOMETPHI,
BaKyyMMETPBI, MAaHOBaKyyMMETPHl M TU(AHOMETPBI) C OJHO-
BUTKOBOH TpyO4aToi mpy>KUHOM.

OcHoBHas jeTayiib mpuOOpa € OJHOBHTKOBOW TpyOuaToit
HPYKUHOW — COTHYTas MO Jyre OKPYKHOCTH TpyOKa 3yIum-
TUYECKOTO WJIU TUIOCKOOBaibHOTO ceuenus (puc. JI 5.1). On-
HUM KOHLIOM TpyOKa TMOMeIlleHa B JepKaTellb, OKaHYMBaro-
HIMiCcsT HUMMeNneM ¢ pe3b0oil AJis MPUCOETUHEHHS K TOJIOCTH,
B KOTOpOH M3MepsieTcsl JaBiieHue. BHyTpu nepxarens ecTb Ka-
HaJl, COEIUHSIOLIUIICS ¢ BHYTPEHHEH MOJI0CThIO TPYOKH.

Ecnu B TpyOKy mojaTh >KHIKOCTb, Ta3 MM Hap MOJ U30bI-
TOYHBIM JIaBJICHHEM, TO KPUBH3HA TPYOKH YMEHBIIIUTCS M OHA
pactpsIMUTCS: TIpU CO3JAHUU Pa3pPsDKEHUS] BHYTPH TPYOKH
KpUBH3HA €€ BO3pacTaeT U TpyOKa ckpyuuBaeTcs. Tak Kak
OJIMH KOHeIl TPYOKH 3aKperuieH, TO MPH W3MEHEHUU MOJIOXkKe-
HUS TPYOKHM ee CBOOOHBIN KOHEI] MepeMeIIaeTcs 0 TPaeKTo-
puH, OJIM3KOM K MPSAMOM, U MPH 3TOM BO3/JEIHCTBYET Ha Nepeaa-
TOYHBI MEXaHU3M, KOTOPBI IMOBOPAUMBAECT CTPENIKY MOKa3bl-
BaroIIero mpudopa.

CBOIMCTBO M30THYTOH TpYOKH HEKPYIJIOIO CEYEHHs H3Me-
HATh BEJTMYMHY M3ruOa Mpu W3MEHEHUU JIaBJICHHS B €€ I0JIO-
CTH SIBJISETCS CIEJCTBHEM HM3MEHEHUS (POPMBI CEUCHHS.
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[lon nmeiicTBMEM MaBJEHUS BHYTPU TPYOKH SITUITHYECKOE
WIN TJIOCKOOBAIBHOE CeYeHUeE, AehopMupysch, MpUOIIKaCTCS
K KpYyIJIOMY CE4YeHHI0 (Maylas OCh 3JUIMIICA WJIM OBajla yBEJH-
4yuBaeTcs, a Ooinplnas ymeHbinaercs). I[lepemernienne cBoOO-
HOI'O KOHIA (KOTOPOE COCTABISET HECKOJIBKO MMIUIMMETPOB)
nepeaaeTcss K crpenke mnpubopa NepeaaTOuyHbIM MeEXaHU3-
MOM — CEKTOPHBIM WJIA PbIYAXKHBIM.

B cexTopHBIX MexaHM3Max JBM)KEHUE KOHIA TpyOku 1 me-
penaeTcs yepes MOBOJOK 2 M 3y0UaThlii CeKTOp 3 ¢ OChIO Bpa-
nieanst B Touke 0 Ha MajeHbKOE 3yOuaToe Koseco 4, KeCTKO
CKpPEIJICHHOE CO CTPENKON S5 mpubopa.

YCTpoUCTBO MOPUIHEBOIO MAaHOMETpPA, IPEIHA3HAYEHHOTO
JUIS KOHTPOJIbHBIX N3MEPEHHH, NoKa3aHo Ha puc. JI 5.2,

Puc. JI5.2. Yempoticmeo nopuinesozo manomempa

CranpHoii cocyn 19 3amonHsoT TpaHchopMaTOPHBIM Mac-
oM. BeprukanbHeni mumuHAp 9 wMeer numQoBaHHBIN Ka-
HaJl, B KOTOPbI BCTaBIAIOT NUIM(OBAHHBIM MOpIIEHb / C Ta-
penkoii s rpy3a 8. B mtynep 12 BBepTHIBAIOT MOBEpsieMbIe
ma"ometpsl 10. HUronpyarbie BUHTWIM 6 U S5 U ciIyXar s
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MEePEeKPHITUS KaHAJIOB, BEeHTWIh 4 1uisi ciycka wmacia. Pabo-
4yee JaBlieHHE B COCYJE OIPEAENseTCS BBIOOPOM BEITMYHUHBI
rpys3a 8:
p=—,
F
rne G — Bec rpy3a U HOPIIHS;
F — cymMa muromaay mopurHs U MOJOBUHBI TUIOMIAIN 3a-
30pa.
[epemeriieHre OPIIHS 7 BBI3BIBACT MOABEM IITOKA C TPY30M.
[Topsimok pabOTHI C TOPIIHEBHIM MAaHOMETPOM JOJIKCH OBIThH
cienyronmM. [locne ycTaHoBku B mmitynepe 12 moBepsieMbix
MaHOMETpPOB B paboumii cocyn 19 mopmrHeBOro MaHOMETpa
MOJIACTCS MAClI0 M C MOMOIIBIO TMOpPIIHS 7 U rpy3a 8 moOusa-
I0TCS 33JJaHHOW BEJTMYHUHBI pab0vero JaBICHHMS.

5.3. CpencrtBa, yc/j0BUS U NPABUJIA IOBEPKH

1. /Ins noBepku pabouux NPYXKUHHBIX MAaHOMETPOB JO-
MyCKaeTcsl TMPUMEHEHHE CJIEeIYIoIUX 00pa3IoBbIX
puOOpOB:

a) IPY>KUHHBIX MaHOMETPOB KiaccoB TouHoctu 0,2
n 0,35;

0) MOpIIHEBBIX MaHOMETPOB 3-TO M 8-T0 pa3psioB
C COOTBETCTBEHHO JIONMYCTUMBIMH (TIpeAeTbHBIMHU)
norpemHoctsmu 0,5-0,1 u 0,1-0,3 %.

Jlns moBepku pabourx MaHOMETPOB Ha MECTE UX YCTAHOBKH
CIIy’)KaT KOHTPOJIbHbIE MaHOMETpPHI, UMEIOIUE JBEe TpyOUaThie
MPY)XAHBI B JIBe CTpeiKkd. KOHTpOIbHBIE MaHOMETPHI C CEK-
TOPHBIM MEXaHU3MOM MMEIOT KOHIEHTPHUYECKYIO LKAy KJac-
ca 0,5 a c pplYaXHBIM MEXaHHU3MOM — OKCIEHTPHUECKYIO
mkany kiacca 1.

2. TIpu BBIOOpE TOTO HITK JPYTroro 00pa3oBoro mpudopa
HE00XO0/IMMO PYKOBOJICTBOBATHCS CIIETYIOLIIM:

a) TIpeAeNIbHOE JIaBJICHHE O0Opa3IoBOro mpuodopa
JIOJDKHO OBITh HE MEHbIIE MPeAeIbHOIO JaBJICHUS
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MOBEPSEMOTO TpUOOpa, a HOMUHAIBHOE 3HAYCHUE
JABJICHHSI TIOBEPSIEMOT0 MPUOOpa HE MEHEe Hadalh-
HOW TPETH OT MPENEITBHOTO JaBICHUS 00pPa3I0BOrO
npuodopa;

0) momycTuMasi MOTPEIIHOCTh 00pa3IOBOTO MpUOOpa
JIOJKHA OBITH B YETHIPE pa3a MEHBIIE JOMYCTUMON
MOTPEIIHOCTH TIOBEPSIEeMOTO Mprbopa.

Ycaopus u ImpaBuJjia IOBCPKU:

1.

[ToBepky NpyXMHHBIX TPYyOUaThIX U JIACTUHYATHIX Ma-
HOMETPOB MPOU3BOIAT B TA0OpATOPHH, CIMYast MOKa3a-
HU IpUOOpa ¢ JeHCTBUTENBHOM BEIMYMHOM CO31aHHOTO
B HEM JIaBJICHUS, ©3MEPEHHOTO 00Pa3I[0BEIM MaHOMET-
POM, WJIM COTIOCTABIISISA C KOJIMYECTBOM M BECOM I'PYy30B,
HAKJIa/IbIBAEMBIX Ha TAPEJIKY MOPIITHEBOTO MAaHOMETPA.
OO0pa31oBbIil MaHOMETp AOJKEH OBbITh BIIOJIHE HC-
NPaBHBIM, UMETh HEIPOCPOUYCHHOE CBHUJIETEIHCTBO €T0
roCyJapCTBEHHON NOBEPKH, MJIOMOY M HaXOIUThCA
B paboYeM COCTOSIHUH.

Temmeparypa OKpysKarolle cpeibl Ipu MOBEPKE He
JIOJDKHA OTAMYaThesi oT HopMmanbHOU (+20 °C) Goree
yem Ha 5 °C.

[Tpubops! ¢ npenenbHBIM JaBieHueM 10 1,6 Kr/cm’
BKJTIOUHTEIFHO TIPOBEPSIIOT IPH MOMOIIN CKATOTO BO3-
nyxa. [Ipu moBepke n;)I/I6opOB C IIpeJIeNIbHBIM JJaBJICHU-
eM cBbllie 1,6 Kr/cM” pecchl U Ipyrue MpoBEpOUHbIE
YCTQHOBKH JIOJKHBI OBITh 3aIlOJIHEHBI KUAKOCTBIO He-
OOJTBIIION BSI3KOCTH, @ BECh BO3IIyX M3 HUX yIaJICH.
[TpuGop noyKeH MOBEPATHCS B TOM IOJIOKEHHUH, B KO-
TOPOM OH HaxXOJUTCS B padOYeM COCTOSIHUH.

[ToBepka manoMeTrpoB kimacca 1; 1,5; 2,5 momkna
NIPOM3BOJIMTHCS HE MEHEe 4YeM Ha IISITH OTMETKaX, a
0oJiee BBICOKOTO KJlacca — Ha YEThIpeX U TPEX OTMET-
KaxX, pacrlpee/IeHHbIX paBHOMEPHO B Ipe/enax Bcei
IIKaJIbl TOBEPSIEMOT0 MaHOMETDA.

287



5.4. Ilopsinok U METOAUKA BbINOJHEHNUsI padoT

5.4.1. OueHUTh TEXHUYECKUE XAPAKTEPUCTHKH MPHOOPOB
U 3aI0JTHUTH TaOJIUIly HUXKE.

Tun Kiacc IIpenen Ilena

Ne
npubopa TOYHOCTHU HU3MEPEHUs IETICHUS

5.4,2. B coOTBeTCTBHM C 3aJaHUEM, H3JIOKEHHBIM BBIIIE,
CTYZICHTaM HEOOXOAMMO TNPOU3BECTH IMOBEPKY JBYX TMPYKUH-
HBIX MAaHOMETPOB:

1) naGopaTOPHOIo MPYKUHHOTO MAaHOMETPa MyTEM CpPaB-
HEHUS C STATOHHBIMU TPy3aMU;

2) TEXHUYECKOTO TMPYXUHHOTO MaHOMETpa CIocoOoM
CpPaBHEHMsI €ro IMOKa3aHWil C MOKa3aHWsIMH Jlabopa-
TOpHOTO (00pa3OBOr0) MaHOMETPA.

[ToBepka MPOM3BOAMTCS C MOMOINBIO MOPIIHEBOIO MaHO-
MeTpa, OIMCaHKE KOTOPOTO JaBaJIOCh B TAHHON HHCTPYKIIHH.

[TpenBapuTenbHO € MOMOIIBIO YCTAHOBOUHBIX BUHTOB IOp-
IIHEBO MAaHOMETP yCTaHABIMBAIOT 110 YPOBHIO.

Jlnst BBITIONIHEHUS TEPBOM YacTH MPAKTUUYECKOTO 3aJaHus,
TO €CTh JUISI TOBEPKU MPY>KUHHOTO JIAOOPaTOPHOTO MAaHOMETPA,
HE00X0IUMO:

1. B oguH u3 mTylepoB (JIeBbIi) BCTaBUThH J1abOpaTop-
HBIN NpYXUHHBIM MaHoMmeTp. IIpu 3TOM HyXHO TpoO-
CJIeIUTh, YTOOBI BEHTUIH 4, 5, 6 ObLIH 3aKPBITHL.

2. BrirrounTth 71a00paTOpHBIA MaHOMETP Ha IOBEPKY.
JUJ1s1 5TOT0 OTKPHITH BEHTHIIU S 1 6.

3. IlpowsBecTr MOBEPKY MATH KOHTPOJBHBIX TOYEK Ja-
00paTOpHOr0 MaHOMETpa MPHU BO3PACTAIOIIEM JIaBJIe-
Huu (npsimoit xon). [lyig aToro:

a) Ha TapesiKy 8 MOpPIIHEBOro MaHOMETpa MOJIOKHTH
IPy3, COOTBETCTBYIOIIMN II€PBOM KOHTPOJIBHOMI
TOUYKe (HEOOXOAUMO YYeCTh BEC CaMOro MOpIIHS
C Tapenkoi, paBHbIi 1 Kr);
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2.

0)

1)

C MOMOILBIO BUHTOBOI'O Mpecca BPALICHUEM PYKO-
aTkd 13 co3maTh HEOOXOAMMOE IaBJICHHE TaK, YTO-
OBl TIOJIHATH IITOK 7/ C TPY30M Ha HEKOTOPYIO BHI-
COTYy (BBICOTA MOAHSATHUSL KOHTPOJIMPYETCS 110 PUCKE
Ha TeJIe MTOKA);

JIETKUM TOJIYKOM COOOIIUTH TPy3y BpaliareabHOe
JIBIDKCHME,

3alMCh IMOKA3aHWM MPOU3BECTH 1O IMOCTYKUBAHHUS
najblieM 10 KOPIYCy Ja0OpaTOPHOIO0 MaHOMETpPa
Y TIOCJIE TOCTYKUBAHUS;

penoXpaHss MTOK OT PE3KOro omyckaHusi (moj-
JIEP>KUBAsi €ro PyKOil), Ha TapesKy MOMECTUTD TPYy3,
COOTBETCTBYIOLIMKA BTOPOM KOHTPOJIBHOM TOYKE,
U BpalicHHEeM pPYKOSITKH 13 co3marh JaBlieHUE,
HEO0OXOIUMOE ISl YCTAaHOBKH IITOKAa Ha YPOBEHb
PHCKH H T. 1.

[Tocie BBIACPKKH B TEUEHHE 5 MUHYT B KOHIIE IIKAJIbI
MIPOM3BECTH TIOBEPKY TEX K€ KOHTPOJBHBIX TOUYEK JIia-
00paTOpHOrO0 MaHOMETpa NpU CHUKEHHUU JIaBJICHUS
(oOpaTHBIii X01).

MeTtoanka moBepKy Ha OOPAaTHOM XOJI¢ AaHATOTUYHA.

Jlsisl BBITIOJTHEHUSI BTOPOM YacTH TMPAKTHYECKOTO 3aJaHMS,
TO €CTh Ul MOBEPKH TEXHUUYECKOTO MPYXKMHHOTO MaHOMETpa
CIIOCOOOM CpaBHEHMsI €ro MOKa3aHWil ¢ MOoKa3aHUsIMH Jiabopa-
TOPHOTO (00pa3l0BOT0) MaHOMETPa, HEOOXOAUMO:

1. IlomectuTh mMOBEpsieMbIi MaHOMETP Ha YCTaHOBKY.
[Tpocnenuts, uToOBI BeHTUIH 4, 6, 5 OBLITH 3aKPBITHI.
BxurounTs 00pa3LoBblii U MOBEpsieMblii MaHOMETPHI
Ha roBepkKy. [Tocie 3Toro oTKpbITh BEHTUIIHN S.
[Tpou3BecTn MOBEPKY BceX OMUPPOBAHHBIX OTMETOK
IIKaJIbl TOBEPSIEMOT0 MaHOMETpPA MPU BO3PACTAIOIIEM
JaBJiIeHUU (IPSIMOM XOJ).
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Hnst aToro:

a) C TOMONIbI0 BHHTOBOTO IIpecca BpaIICHHEM pPY-
KosTKH 13 co3math HeoOXOOMMOE OaBJICHHE Tak,
9TOOBI CTpENKa MOBEPSIEMOro MpudoOpa yCTaHOBH-
Jach Ha OIM(POBAHHYIO OTMETKY;

0) 3amuch TOKa3aHUI TOBEPSEMOro M O0OPa3IOBOTO
MaHOMETPOB MPOU3BOIUTH JIO U TIOCIIE TIOCTYKHBa-
HUS 110 KOPITYCY MOBEPSIEMOTro mpubopa.

[ToBepka npu 0OpaTHOM XOJI¢ aHAJIOTHYHA.
Pe3ynbTaTel MOBEpKH 3aHOCST B TaOIUILY.

[Toxazanus moBepsemoro mpudopa | IlorpemrHocTs
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5.5. OT4er no padore

Otuer 1o paboTe COCTOUT U3:
1) kpaTKoro onucaHusi paboThI;
2) cXxeMbl MAHOMETpPA WJIN YCTaHOBKU;
3) mpoToKoJia OBEPKH MaHOMETPA;
4) 3aKJIIOYEHUS] O MPUTOMHOCTH MPHOOpa K IKCIUTyaTa-
IHH.
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5.6. KoHTpo/IbHBIE BONIPOCHI

1.

2.

3aueM ImPOBOAMUTCA MOCTYKUBAHHE MO KOPIYCY IOBE-
psieMoro u 00pa3Io0BOro NPy>KMHHOIO MaHOMETpa?
Uem 0OBsICHSICTCS BapHaIlisl MOKA3aHUN MPYKUHHBIX
MaHOMETPOB?

Kakue ycrmoBusi HEOOXOIUMO YYUTHIBATH MIPH BBEIOOPE
MaHomeTpa?

. IlepeuncinTe KOHCTPYKTUBHBIE PAa3HOBUIHOCTHU IIPY-

YKUHHBIX MAHOMETPOB U UX OCOOCHHOCTH.

Kak mpoBoauTcs moBepka MoKa3aHuid pabodyero mpy-
KUHHOTO MaHOMETpa Ha MECTE YCTaHOBKU?

UTO MOXET BBI3BATH MOSBJICHUE TOTIOJHUTEIBHBIX 10-
TpeIrHOCTEN?
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JladopaTopnasi pa6ora Ne 6.
HccnenoBanue cucreM IMCTAHIMOHHBIX Nepeaay

6.1. lleqb u cogep:kaHue padoThl

6.1.1. Llenb paboThI:

3HaKOMCTBO C YCTPOMCTBOM M TNPUHLHUIOM JCHCTBUS CHU-
CTEM MepeJayd II0Ka3aHUM Ha pacCTOSHUA, NPUMEHSIEMBbIX
B IIPAKTHUKE PA3JIMYHBIX [IPOU3BOJICTB.

HcnpiTanue cucreMm nepenayd MOKa3aHUW Ha PacCTOSHHUE,
IIPEACTABJIICHHBIX HA CTCHJE.

6.1.2. Conepxanue pabOTHI:

1. V3yuenue ycTpoicTBa U MPUHIIUINA PAOOTHI CEbCHUH-
HOM JUCTAHIIMOHHOMN NepeaayH.

2. 3ydeHue ycTpoiicTBa W TMpPHUHIMIIA JIEHCTBUS ITHEB-
MAaTHYE€CKOM JUCTAHIIMOHHOM Nepeaayn.

3. U3ydenue ycrpoiicTBa U mpuHLUIA aedcTBUs nudde-
PEeHIUMAIbHO-TPAaHCHOPMATOPHOM CUCTEMBI JAMCTaH-
LIMOHHOM Iepeaayn.

4. Tlpoenenue WCTIBITAHU I nuddepeHnmanbHo-
TpaHC(OPMATOPHOM, CETbCHUHHOM, NHEBMaTHYECKON
CUCTEM IUCTAHIIMOHHBIX nepenay. OLeHKa TOYHOCTU
uX paboTHI.

6.2. KpaTKue TECOPETHYECCKHUE CBCICHUSA

6.2.1. Ha3znauenune u KiacCu(UKAKASI CHCTEM JTUCTAHIIMOH-
Heix niepenay (C/I1) u nepenarormux npeodpazosateneit (I111).

CHII npenHasHadeHsl U1 IEepeJaydl CUTHAJIOB HM3MEpU-
TeJIbHOM MH(pOpMaIMK Ha HEKOTOpoe paccTostHre. OOBIUHO ITH
paccTosSHUSL OrpaHUYMBAIOTCS MpeJelaMHd OJHOTO IieXa WU
npou3BojicTBa. HeoOXoIMMOCTh Mepeauu MoKa3aHWi BBI3bI-
BAeTCsl 3HAYUTENIbHBIM yJlaJIeHUEeM MecTa HaOJII0JIeHus OT Me-
CTa YCTAHOBKM JaTYMKa M TOTPEOHOCTHIO HMMETh IOKa3a-
HUs OJHOBPEMEHHO B HeckonbkHX Mectax. CJII nemsrcs
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Ha dJIeKTpuueckue u mHeBMaTudeckue. Jlrobas JII1 BkimtouaeT
B ce0s psAJl OCHOBHBIX JIEMEHTOB, & UMEHHO: JaTUUK (IEpBUY-
HBI TIpUOOp), TUHUIO TIEpeadyu, U3IMEPUTEIHHOE YCTPOICTBO
(BTOpHUHBII IPpUOOP) U UCTOUHUK SHEPTUH.

JlaTuuk-ipubop HEMOCPEeICTBEHHO HU3MEpsieT Mapamerp
TEXHOJIOTMYECKOIo Ipolecca (TeMIeparypy, AaBJIEHUE, YpO-
BEHb, PAacXOJl U T. J1.) U MpeoOpa3yeT ero Ha BBHIXOJE B CUTHAJ,
yIOOHBIN JJI TIepelayn Ha paccTosHue. J[aTduK COCTOUT W3
M3MEpUTENIbHOTO OJ0Ka W Iepenarolero mnpeoOpa3oBaTeds.
W3mepuTenbHble OJ0KH Y JATYUKOB PA3IUYHBIE B 3aBUCUMOCTH
OT THUIIAa YYBCTBUTEJIBHOI'O 3JIEMEHTA U NPENEJIOB SHEPIUU U3-
MEpEHUS.

KoHcTpyKTHBHOE BBHINOTHEHHE NEpeaalonx npeodpa3ona-
TeJel 3aBUCUT OT (PU3NYECKOTO CMBICIIA, SIBISIOMIETOCS OCHO-
BOU NMpUHIUIA JEHCTBUS TOTO HJIM HHOTO TPeoOpazoBaTes.

JIvHus nepenaum — yCTpOMCTBO, KOTOPOE CIYKUT IS Tie-
penadyu curHajga oT JaTyuKa Ha MU3MEPUTEIbHOE YCTPONCTBO.
Jlunus mepenadyrd COCTOUT U3 MPOBOJOB (JIEKTPUUECKUE TTU-
CTaHILMOHHBIE Tepegaun) JMOO0 M3 MHEBMONPOBOJA, BBIIOJ-
HEHHOT'0 U3 MEIHBIX WJIM MOJUXJIOPBUHUIIOBBIX TPYOOK (ITHEB-
MaTH4YECKHE JUCTAHI[MOHHBIE TTepelaun).

W3meputenbHOe yCTPOHWCTBO (BTOPHYHBIA mpubop) —
YCTPOMCTBO, MPEAHA3HAYEHHOE I NOJyYEHUS] CUTHAJIA U3Me-
puTeNnbHON MH(OpMalMM U BOCIPOU3BENEHHUS €ro B (opme,
yI10OHOM! /17151 HEMOCPEACTBEHHOT0 BOCTIPUATHSL HaOtoJaTeeM
WM IS ajbHEHIero ucnoib3oBanus. OOBIYHO U3MEPUTENb-
HBbIE YCTPOWCTBA BKJIIOYAIOT: MpeoOpa3oBaTeb, aHATOTUYHBIN
nepealeMy npeodpa3oBareiio, a TaKkKe MOKa3bIBaollee U
3anMchIBarollee ycTpoicTBa. [IuTaHne NMCTaHIMOHHBIX IEepe-
Jla4 OCYHIECTBIISETCS OT 3JIEKTPUYECKOr0 WM THEBMATHYECKO-
IO UCTOYHUKA DHEPIUu; AN H3MEpeHHs (PU3MUECKOro BHIA
CUTHAJIOB, UX YCHJIEHUS, MOIyJsuuu U kopuposanus ¢ CHII
MOTYT OBITh BKJIIOYEHBI JONOJHHUTEIbHBIE MPOMEKYTOUHBIE
peoOpa3oBaTe.
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6.2.2. JluddepenunansHo-TpanchopmaropHas IMCTaHLIU-
OHHasl Tepenaya.

Cxema muddepeHunanbHO-TpaHCPOPMATOPHON AUCTAHITH-
OHHOM nepeaauu npeacrasieHa Ha puc. JI1 6.1,

F‘B‘“‘l 2
/]Zj =4
B
~U

. QT

~2208
Puc. J16.1. Cxema k nabopamopnoii pabome Ne 6 (1)

A
-3

B cucremy BXoaAT ABa MIOSHTUYHBIX IpeoOpas3oBaTels,
OJIMH U3 KOTOPBIX HAXOIUTCS B MIEPBUYHOM Tpudope /, a npy-
roif — BO BTOpu4yHOM mpubope /7. Kaxapiii u3 npeoOpas3osa-
TeJel uMeeT o/iHy nepBuuHyto | u 1Be BropuyHbIX || 0OMOTKH.
[TepBruyHble OOMOTKM JaTyMKa M MPUEMHHKA COCTUHEHBI I0-
CJIEIOBATENIbHO U MUTAIOTCS MEPEMEHHBIM TOKOM OT CHUJIOBOTO
tpancdopmaropa (25 niu 33 B).

BropuuHbie 00MOTKH BKJIFOYEHBI BCTPEYHO C BBIXOJOM Ha
ANIEKTPOHHBIN ycunutenb 3. biarogaps BCTpeuHOMY BKIIOYe-
HUIO CEKIUA BTOPUYHBIX OOMOTOK HaBoaumble B HUX JDJIC
cmemenbl o (aze Ha 180°. Korma cepneunuk 1 nmatumka
HaXOJAUTCsS B cpenHeM (HeWTpaimbHOM) mojoxenuu, IJAC e;
U ey, THIYKTAPYEMbIE B KaXKIOW M3 BTOPUYHBIX 0OMOTOK, paB-
HbI ¥ HalIpaBJIeHbI HABCTPEUY JAPYT JPYTY.
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CrnenoBarenbHo, pazHocTh DJIC BO BTOPUYHBIX OOMOTKax
paBHa HYJIIO:

AU = e —ex— 0.
Ecnu cepieyHuk 2 BTOPUYHOTO IpUOOpa TaKkKe HAXOAUTCS

B CpEeIHEM MO0JIOKEeHUH, TO pa3sHocTh D/IC BO BTOpUYHBIX 00-
MOTKAaX 3TOM KaTYIIKH TOXE paBHA HYJIIO:

AU2263—64:0.

CrnenoBaTenbHO, HAMPSKEHUE HA BXOJI€ DJIEKTPOHHOTO YCHIIU-
Tens 3 paBHO
AU = AU; — AU, =0

U CUCTEMa HAXOJIUTCSA B COCTOSHHMM IOKOs. M3mepsembli na-
pameTp X,y BO3JIEHCTBYET Ha UyBCTBUTEIbHBIN 3JIEMEHT (MEM-
Opana, TpyO4aTasi mpy>KHHa) MEPBUYHOTO MPUOOpPA, KOTOPHIHA
MEXaHUYECKU CBSI3aH C IUIYHXKepoM (cepiaeyHukom). M3mene-
HUE X, BBI3bIBACT U3MEHEHUE MOJI0KEHHS CepACYHUKA.

[Tpu cmemieHnu cepeyHUKa IEPBUYHOrO MpUdopa oT cpea-
HEro MOJIOKEHUS M3MEHHUTCS paclpeesieHue MAarHUTHBIX I10-
TOKOB BO BTOPHYHBIX OOMOTKax mpeoOpazoBaTens /[ U HH-
nykrtupyemble B HUX JJIC e1 u e; He OyAeT COOTBETCTBOBAThH
apyr apyry. ClieaoBaTenbHO, HAa BXOJ| yCHIIUTENS OyJIeT MOoAaH
curHan, pasusiii paznoctu: AU = AU; — AU,.

Benuuuna HanpsbkeHus sBisieTcs (YHKIMEH JMHEHHOTO
nepeMelleHus cepAeyHrka npeobOpas3osaresns, a ero (aza —
(GyHKIME HanmpaBlieHUs MEPEMEIEHUsI OT CPEIHEro IMojoXke-
Hus. BosHukaromee HampspkeHue pasdaiiaHca YCHIIMBAeTCs
YCUJINTEJIEM 1O HAMPSKEHHUIO U 110 MOIIHOCTH M MOCTYyMaeT Ha
OOMOTKY ympaBieHus anexrpoasurarens M. [locnennuii, Bpa-
masi KyJadok 4, rmepeMeniaeT CepIeYHuK 2 BTOPUYHOTO TPH-
0opa 10 Tex mop, MoKa He MCYe3HEeT curHan pazbamanca AU.
Takum oOpa3om, KakJoMy NOJIOKEHHUIO cepaeyHuka 1 mep-
BUYHOTO MpHOOpa COOTBETCTBYET OMNpEENEHHOE IOJIOKEHHE
CepIcYHHKa 2 BTOPUIHOTO Mprbopa.
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HuddepennmanbHo-TpaHcHOpMaTOPHBIE CUCTEMBI JTUCTaH-
[IMOHHOW Mepesayr UMEIOT 00Jiee MOIIHBIN BBIXOAHOM CUTHAI
¥ HEOOJIbIINE HArpy3KH Ha CEpJCYHHMK MEPBUYHOrO Mpubdopa,
Oslarojapss yeMy 4YyBCTBUTEJIbHBIM 3JEMEHT HE BHOCUT MCKa-
JKEHHUH B pe3yJIbTaT U3MEPEHHUIA.

HocrounctBa nuddepeHmanibHO-TpaHCHOPMATOPHOR CH-
CTEMBI IIepe/Iay:

a) y100CTBO BBIBOJIa CHUTHAJIA U3 00JIACTH BBHICOKOTO JIaB-
JICHUS U arpeCCUBHBIX CPE/I;

0) Mamasg peakTUBHAas Harpy3ka Ha 4YyBCTBUTEJbHBIH
9JIEMEHT HpU OOJBIIOM BBIXOJHOM MOMEHTE Ha BTO-
pudHOM TIpHOOPE;

B) IIPOCTOTA MOJKIIIOUEHHUS EPBUYHOrO mpeoldpa3oBare-
J K U3MEPUTENbHON CUCTEME NEPBUYHOIO Npubdopa
U Malible rabapuThl KaTyIIKH;

I') BBICOKAs YYBCTBUTEIBHOCTb W XOpOIIAsi JTUHEHHOCTb
CUCTEMBI Tlepeiayu.

K HenocratkaM oTHOCATCA:

a) OTCYTCTBHE B3aMMO3aMEHSEMOCTH, HEO0OXOIUMOCTb
WHAMBUAYaJIbHON MOJTOHKH Ka)J/JI0Tr0 3JEMEHTa KOM-
IUIEKTA;

0) yMEHBIIIEHHE HAJS)KHOCTU CHUCTEMBI HM3-3a HAIMYHUSA
MHOT'OKACKaJHOTO YCHIIUTEIIS;

B) BJIMSHUE €MKOCTH JIMHHUM MPAKTUUYECKH OTPaHUYMBAET
pannyc IEeHCTBUSA A0 OJHOTO KUJIOMETPA;

I) CWJIbHOE BJIHMSHHE MOCTOPOHHUX MAarHUTHBIX MoJei
U (eppOMarHUTHBIX Macc.

HuddepenunansHo-TpaHcopmMaTopHble KaTyIIKH B 3aBU-
CHUMOCTH OT UX Ha3HAYEHHUs BBIIYCKAIOTCS C XOA0M CEpJAEUYHUKA
ot 1 go 30 mm. Jlyis karymiek, padoTarmux ¢ udmaHoMeTpa-
MU, CTaHJapTHas BEJIMYMHA X0Ja CepJCUHUKa JIKUT B IpeJie-
max 5 MM, a JUIsS Karyllek, paboTalouMX C poTaMeTpami,
+10 mm. Iy perynmpoBaHus BEJITMYMHBI BXOJHOTO HANPSKEHUS
KaTyIIKH CEpACYHUK B OTAEIBHBIX CIy4asX M3TOTAaBIMBAETCS
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W3 JIByX CBUHUYMBAIOMIMXCS MOJOBUH. OCHOBHAS MOTPEIIHOCTh
muddepeHranbHO-TpaHCHOPMATOPHOH CHCTEMBI TpU Tepe-
naye curiaia Ha paccrosgaue 250 m cocrasiser ot 0,5 mo 1 %,
a Ha paccrosHue a0 1 kM — 2,5 %. [duddepenumansuo-
TpanchopMaTOpHBIC TPEOOPA30BATEIN IPUMEHSIOTCS B yCTPOMA-
CTBax M3MEpEHHUs JABJIEHUs, Pacxoja, YPOBHS M JPYrux mapa-
METPOB, 3HAYCHHsI KOTOPBIX MOTYT OBITh ITPe0oOpa30OBaHbI B I1e-
peMeIeHus cepACUHUKA KaTyIIKU TIEPBUYHOTO TIprudopa.

6.2.3. CenbcUHHAS AUCTAHIIMOHHAS TIepeIava.

B psge cnyuaeB BO3HMKaeT HEOOXOAUMOCTh IepeaBaTh Ha
paccTosiHUEe CUTHaIbl IpeoOpa3oBaTeliss B BHUJAE HECKOJIBKHUX
000pOTOB BBIXOAHOW OCH TpeoOpa3oBaTesl WU JMHEUHOTO
nepeMelleHHs B HECKOJIbKO METPOB.

B wactHOCTH, Takas 3ajaya CTaBUTCS U Ieperadye MoKa-
3aHUIl ypoBHeMepoB. PermieHne mMoOOHBIX 3a1a4 BO3MOXKHO
IIOCPEACTBOM CEJIbCUHHBIX Iepeiay.

CenbcuH mpenocTaBisieT co0oil MUHMATIOpHYIO Tpexdas-
HYIO JIEKTPUYECKYIO0 MAIINHY, CXOJHYIO C CHHXPOHHBIM T'eHe-
paTopoM WM ABUTaTeIEeM.

Cratop cenbcrHa UMeET OJHY 0OMOTKY (0OMOTKa BO30YX-
JEHUs), a POTOp — TPU OOMOTKHU (OOMOTKHM CHHXPOHHU3AIINN),
ocu KOTopeIX cABUHYTHIX Ha 120°. CymiecTByer apyras MOIH-
¢buKaiys cenbCUHOB — ¢ Tpex(a3zHOi 0OMOTKON BO30YXKIECHUS.

CenbCUHBI TOAPA3JIEISIOT B 3aBUCUMOCTH OT BBIIIOJIHSAEMOM
¢yHkuMu B cxemax nepenauu yria. CenbCcuH, MOBOPOTOM PO-
TOpa KOTOPOTO 33/1a€TCs EPEIaBaEMblii yToJl, HA3bIBAIOT CEJIb-

CHH-JJATYMKOM, a CEJIbCHH, POTOP KOTOPOT0 BOCHPOU3BOIUT
nepeaBaeMblii  yroji, Ha3bIBAlOT  CEJIbCUH-TIPHEMHUKOM.
Paznuuator aBa pesxuma paboThl CETbCHHOB — WHAMKATOPHBIN

u TpaHcopmatopHbiii. OOMOTKH BO3OYKIEHUS JaTuyuKa U
NPUEMHHUKA BKJIIOYAIOTCS B 00uIyro cetb murtanus (~110 B),

a OJHOMMEHHBIEe (ha3Hble OOMOTKHM POTOPOB COEIUHSIOTCS
MEXIy COOOM.
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MarauTHble MOTOKH, CO3/1aBaeMble TOKAMH OOMOTKH BO3-
OyxaeHus (CTaTopoB) HABOIAT B OOMOTKAX CHHXPOHH3AIUH
O/1C, Benu4YMHBI KOTOPHIX 3aBUCAT OT MPOCTPAHCTBEHHOI'O I10-
JIOKEHUSI UX OTHOCUTEIILHO 0OMOTOK BO30YkeHus. Eciu mar-
HUTHBIA MOTOK BO30YKIEHHUS IepecekaeT OOMOTKY BJIOJIb €€
ocu, To DJIC Oyner MUHUMaTHHOM.

Korga ock kakoi-nmubo u3 Tpex ¢Ga3HbIXx 0OMOTOK IpH I10-
BOPOTE POTOpA COCTABJISET C HAIPABICHWEM MArHUTHOTO IO-
toka 90°, To DJIC B 31Ol 0OMOTKE MPUHUMAET HYJIEBOE 3HAYE-
Hue. Eciu porop CJI moBepHYTh Ha yroil o, TO HaBOJAUMBIC
O/1C B 0OMOTKaX CHHXPOHM3AIMH OIPEEIISIOTCS KaK:

El = Emax COS o ,
E; = Enax COs (a + 120°);
Es = Emax COS (& + 240°).

AHarnoruuHas kaptuHa OyaeT HaOJIoJaThCsi U BO BTOpUY-
HOM CEJIbCUHE-TIPUEMHUKE IIPU €ro MOBOPOTE Ha HEKOTOPBIN
yrox f.

I[pu coryiiacoBaHHOM MOJIOXKEHHH POTOpoB (@ = f) HaBOIU-
Mbie DJIC OynyT OAMHAKOBBI, TOK B TUHHUH CBSI3U OTCYTCTBYET.

[Tpu OTKIIOHEHUH POTOpPA CEeTbCHHA-AaTYUKa OT COrjaco-
BAHHOT'O IOJIO’KEHUSI HABOJMMBbIE B COOTBETCTBYIOIINUX OOMOT-
kax O/IC pa3nauuHbl MO BEIUYMHE U B JUMHUSIX CBSI3U HOSIBIIS-
I0TCSl ypPaBHUTENIbHbIE TOKH.

Bosuukaromuii npu 3ToM CUHXPOHU3UPYIOMIHI MOMEHT Oy-
JIeT ONpenensIThes (OpMyIoit:

M = MpaSing,
rne 0= a— f;
Minax — Haubonbuii MOMeHT mpu 6 = 90°.

BBuny ¢pukcrupoBanHoro nonoxxenus poropa C/{, cBS3aHHO-
0 C YyBCTBUTEIBHBIM 3JIEMEHTOM, B JBUKEHUE MPHUAET CBO-
6onubIN poTop CII ¥ IOBEPHETCSI HA YroJI, COOTBETCTBYIOIIHI
yrity noBopota potopa C/. CiocOOHOCTh POTOPOB CEIbCUHOB
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K CHUHXpPOHM3ALlMM U ONpENeNseT MX Ha3BaHUE KaK CAMOCUH
WIH CEJIbCHH.

[IpakTueckn u3-3a HAJWYHMS MOMEHTA HArpy3KH IMOKa3bl-
Barolero npubopa u TpeHus B omnopax potopa CII, monHOTO
COIJIaCOBAHMUS HE HACTYIIAET, T. €. CylIecTByeT 0= o — f.

B unpukaropHom pexxume paboTel MOMEHT Ha potope CI7
MaJl, I0CTaTOYEH JIMILb /715 IEPEMEILEHNUS CTPENIOK yKa3aTesl.

B TtpanchopmaropHOM pekuMe CeIbCHHBI BKIHOYAIOTCS
10 cXeMe, puBeIcHHOH Ha puc. JI 6.2.

3 € ~y ¢ e

~y
Puc. JI 6.2. Cxema k nabopamophoii pabome Ne 6 (2)

O6moTtka Bo30yxenus CII He BKiIIOUaeTcsl B CeTh MUTAHUSA
Y Ha3bIBAeTCsl YNpaBIAIOMIEeH (BBIXOAHON) OOMOTKOMW, CHUTHAJ
OT KOTOPOW TOCJI€ YCUJICHUS MIEPEAAETCS B CXEMY YIPABICHUS
ucroHUTeNbHOTO aBurarens M. CnemoBarenbHO, TpaHCOp-
MaTOPHYIO CXEMY BKJIIOUEHHUSI CEIbCUHOB HCIONb3YIOT IS
YBETUYCHHUS BpaIlaroliero MoMeHTa. HampsokeHue mnuTaHus
noaBoAuTCs k oOMoTke Bo3OyxaeHus C//. HaBomumeie D]1C
B poTOpHbIX 0oOMOTKax (/[ co3maayT ypaBHUTEIbHbIE TOKH
B JIMHUSX CBSI3H, €CITU O # .
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Pe3ynbTupyronii MarHuTHBIA MOTOK, CO3JaHHBIA TOKaMHU
Henel CUHXPOHU3ALUH, HHIYKTUPYET B YIpaBJsIomeil 0OMOT-
ke CII Ug,,, 3aBUCAILYI0O OT YIJIOBOIO TOJIOXKEHHUS pOTOpa
Usgpir = Uggax maxSING.

CornacoBaHHBIM TOJIOKEHHEM CEJIHCHHOB B TpaHc(opMa-
TOPHOM DPEXHMME CUUTAIOT IOJIOKEHHE, IMPU KOTOPOM POTOP
umn crarop CII cmemeHn Ha 90° OTHOCHUTENBHO POTOpa WU
cratopa C/[. B aToM cirydae B BBIXOJHON OOMOTKE HaBOJAMMAs
OJ1C ucuesaer, T. €. Uy, = 0 (aBuratens otkimouaercs). [Ipu
HAJIMYUU YIJIa PaccoryiacOBaHUs B YIPaBISAIOLIEH OOMOTKE
HaBOIUTCS Ug,y, KOTOpAsl YCUIIMBACTCSI B YCUJIMTENE U TOCTY-
MaeT Ha PEBEPCUBHBIN AIEKTpoABUTaTeNb M, MOBOpAUYHMBAIO-
mui yepe3 peaykrop porop CII 10 COrIacoBaHHOTO IOJIOXKeE-
HHUA, T. €. 10 gocTkeHusa U, = 0.

B nuHuAx cBsizm Bce BpeMsi MPOTEKAIOT TOKH, U H3MEHE-
HUE COMPOTUBIICHUS JIMHUU CBSI3U BIMSET Ha pe3yjbTaT U3Me-
peHus.

6.2.4. [lneBMaTUYeCKHE CUCTEMBI MTepeIadH.

[TpuHiMnuanbHas cxema AMCTAHIIMOHHON MHEBMAaTHYECKOM
nepegaun nokasana Ha puc. JI 6.3. Kak BugHO U3 ynpoiieHHoH
CXEMBI ITHEBMOIIEpeJauH, CKaThIi BO3/1yX MOJaeTcs Mo Tpyoam
1 wepe3 punpTp 2 B peaykrop 3.

3nech JaBJIeHME CHUXKAETCS M TOCTYHAaeT uyepe3 MOCTOSH-
HBII apoccenb 4 K 0TBepcTHio coruta 5. J[poccenb mpencraiis-
eT co00l TOHKYIO KOpPOTKYI0 TpyOKy auameTrpom 0,2. Tuamerp
OTBEPCTHUSI COIIa OOJBIIE OTBEPCTUS APOCCENS, YTOOBI TPHU
OTKPBITOM COIUIE JIaBJICHHE B CUCTEME COIlIa 3a APOCCENIEM He
BO3pactaio. B pesynbrare moBopora crpenku 18 mpubopa ot-
KJIOHSIETCSI 3aCJIOHKA 6, CBA3aHHAs CO CTPENIKOIl uepe3 cucreMy
pergaroB 11, 12, 13, u naBieHHE B CHCTEME BO3yXOIPOBO-
na 7 MEHSeTCs: YBEJIMYMBAETCSs, €CIM OTBEPCTHUE COIUIA MpPHU-
KPBIBAETCS 3aCIIOHKOW, M YMEHBINAETCS, €CIM OHO OTKPHITO.
OTO M3MEHEHHE JIaBJICHUS Yepe3 MHEBMAaTHUECKUH YCHIINTEINb
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nepesaeTcsi BTOPUIHOMY MPpUOOpy 9, CBSI3aHHOMY C CHCTEMOM
JaTyrKa BO3yXOIMpoBosa 8.

MexaHu3M JKEeCTOKOW 0OpaTHOM CBS3M COCTOUT U3 CHIIb(}O-
Ha 10 u peruaroB 14, 15, 16 u ocymecTBisieT 0OpaTHOE BO3-
JeiicTBUE BO3lyXa, MOCTYHAIOUIEr0 Ha BTOPUYHBIN MpuOOp, Ha
3aCJIOHKY, 4YTO 00ecneurBaeT MPOMOPLUUOHATIBHOCTD MEXIY
U3MepsieMbIM JaBJICHUEM U JIaBJIEHUEM B TpyOompoBoie 8.

Ilon neiicTBMEM HM3MEPUTEIIBHOW CUCTEMBI 3aCJIOHKA IpU-
OykaeTcs K COruly (MM yAausieTcsl), a o1 IeHCTBUEM 00paT-
HOU CBsI3U B pe3ynbrate Aedopmarnun cuibdona 10 ona orBo-
JUTCSL OT coIula (MU MpUONIHKaeTcsl) Ha HEKOTOPOE paccTosi-
HHUE, HO 3TO PAcCTOSHHE MEHbBINE TOTO, Ha KOTOPOE 3acjOHKa
npubaM3UIach Obl K COMITY (KMJIM OTOIIIa ObI OT HEro) MoJ Jeii-
CTBHEM OJTHOU TOJBKO U3MEPUTEIILHOM CUCTEMBI JaTYHKA.

/Ll
18

9 Pa Puc. J16.3. Cxema
L= Gy K 1abopamopHrou pabome
- M 6 (3)

KaxoMy 3HaueHUI0 H3MEpseMOl BEIMYMHBI MEXKIy HY-
JI€EM U MaKCUMyMOM COOTBETCTBYET CTPOIO OIPEIEICHHOE

-
]
1
o
C
Cd .
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MOJIOKEHHE 3aCIIOHKH OTHOCUTENFHO COIUIA U, CIEOBATEIBHO,
CTPOTO OTIPENIEICHHOE AABICHHE BO3/1yXa, IMOCTYHAIOIIEro Ha
BTOPUYHBIA IPUOOpP. DTO NABJICHUE JJISI CUCTEM C YCHUIIMTEINS-
MU Ha cuibponHax mensercs B mpenenax ot 0 mo 100 xIla,
¢ yeunurensimMu Ha MmemOpanax — ot 20 mo 100 xITa.

6.3. Onucanue J1aGOpaTOPHON YCTAHOBKHU

Cxema pacronoxeHusi IpuOOpoB Ha J1a0OPaTOPHBIX CTEH-
Jax npuseaeHa Ha puc. JI1 6.4 u JI 6.5.

Ha crenne nepBuunbix npubopos (puc. JI 6.4) npencras-
JICHBIL:

1 — usmepurenbHas cxema;

2 — maHoMmeTp ¢ auddepeHnnaTbHO-TPAaHCHOPMATOPHBIM
npeoOpazoBarenem Tuna MO/;

3, 6 — mHeBMaTHuYeCKHUE MaHeNu JUCTAHIMOHHOTO YIIPaB-
JICHMUS;

4 — ceNnbCUH-JATUUK;

5 — MaHOMET)p C MHEBMATHYECKUM TIpeoOpa3zoBaTeieM;

7 — TymOInep BKIIIOUEHUS TUTaHUS YCTaHOBKU;

8, 9 — mepexioyareny.

[Tanenbp AMCTAaHIIMOHHOTO YIPaBICHHUS] 3 CIYKUT AJS CO-
3/IaHUs JIaBJICHUS, U3MEPsieMOro mpubopoM 2 u mpeodpasyro-
IeT0 €r0 B YHU(HUIIMPOBAHHBIN BBIXOJHOW CHUTHAN MEPEMEH-
HOr0 TOKAa, OCHOBAHHBIM HA M3MEHEHHHU B3aUMHON HHIYKTHB-
HoctH B mipenenax 0+10 mH.

YrpyruMm 9yBCTBUTEIBHBIM JJIEMEHTOM MpUOOpa CIYKHUT
TpyOUaras Mpy>XuHa, BHYTPh KOTOPOH TOJACTCS H3MEpSIeMOe
nasinenue. [Ipu mogaue B mpubop maBineHus TpybuaTtas mpy-
KUHA JTe(OPMHUPYETCS, YTO BBI3BIBACT MPOITOPIIHOHAIEHOE W3-
MepsieMOMY JIaBIICHUIO MEepeMelleHrne KOHIAa IPYKUHBI U CBSI-
3aHHOTO C HUM cepjaeuHuka auddepeHuaisHoro Tpancdop-
MaTopa.
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Puc. JI 6.4. Jluyesas nanens Puc. JI 6.5. Jluyesas nanenw
1abopamopHozo cmerod aabopamoproeo cmenod
nepeuUlHbIX NPUOOPOs BMOPUUHBIX NPUOOPOE

[Tanens MUCTAHIIMOHHOTO YMpPABIEHHS 6 CIYKUT IUISL CO-
3aHUS JIaBJICHUS, U3MEPSEeMOro mpudbopoMm 5 u mpeodpaszyro-
IIEr0 €ro B YHU(PUUIUPOBAHHBIA ITHEBMAaTHUECKUN CHUTHAT
B nipeaenax 0+100 kI1a.

[lepexmtouarens 8 obecrneunBaeT BBIOOp pexnMa padOThHI
CEIbCUHHON CUCTEMbl TUCTAHIMOHHOM Mepenayd — WHJIWKa-
TOPHBIN WU TpaHC(HOPMATOPHBII.

[Nepexmtovarens 9 CIyXUT UIT U3MEHEHHUS COTPOTUBIICHUS
COCJMHUTENbHBIX JTUHUNA R, celbCHMHHOW AMCTAaHIMOHHON Ie-
penaumu.

Ha crenne Broprunbix mpuoopos (puc. JI 6.5) npeacrapieHsr:

1 — u3mepurenbHas cxema;

2 — npubop KC-2-002 ¢ muddeperuuansHo-Tpancdop-
MaTOPHBIM MTpeoOpa3oBaTeseM;

3 — BTOpUYHBIH THeBMaTH4yeckuii npudop PI1B4-23;

4 — cenbCUH-TIPUEMHUK;

5, 6 — mepekmroyareny.
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[epexmrouatens 5 obecneunBaeT MOAKIIOYCHUE COOTBET-
CTBYIOIIIUX CHCTEM JAMCTAHIIMOHHOH Tepeaayu:
— B TIOJIOXEHUU 1 — CEeNTbCHHHOI;
— B IIOJIOKEeHUH 2 — nuddepeHImaibsHo-TpanchopMaTop-
HOI;
— B IIOJIOKEHUU 3 THEBMATHYECKOM.
[lepexirouatensy 6 ciy>)kut ansi u3MeHeHus R, coemuHu-
TEJIBHBIX JIMHUHA JTudepeHIraIbHo-TpaHcHopMaTOpHON 11e-
penaun.

6.4. HOpﬂIlOK U METOAUKA BBINMOJIHCHUSA paﬁoTBI

6.4.1. OnpeneneHue TEXHUYECKHX XaPAKTEPHUCTUK MPHOO-
POB U 3aIl0JIHEHUE TaOIUIIbl, MPUBEICHHON HUXKE.

No|  Twun Kiace [Ipenen Hena | Berxomnotii | Bxognoi
mpuOOpa | TOYHOCTH | IBMEPEHUsI | ICTICHUs | CHTHAJ CUTHAJ

6.4.2. NccnenoBanue pexxMMOB pabOTHI CETbCUHHOMN CHCTe-
MBI JUCTAHIIMOHHOMN NepeaayuH.

Tymb6nepom 7 BKIIOYMTH MUTaHUE Ja0OpPATOPHOM YCTaHOB-
ku. Pydka nmepexmodarenst SA1 Ha cTeHIEe BTOPUYHBIX MPUOO-
pPOB MEpPEeBOJUTCA B MOJIOKeHHE 1. 3aroparoTcsi CUTHaJIbHbIE
JAMITbI, CBHJIETEIBCTBYIONIHE O TOAKIIOUECHHH CEIhCHHA-
JIaTYMKA U CeJIbCUHA-TIPUEMHUKA.

[epexmrouarens SA2 Ha CTEHJE MEPBUYHBIX MPUOOPOB Iie-
PEBOAMTCS B MHIUKATOPHBIN peXUM.

[epexmrouarens 9 ycraHaBIMBaeTCsl B TMOJOXKEHHE, COOT-
BETCTBYIOIIIEE COMPOTHUBIIEHUIO R, =5 OMm.

Crpenka cenbcHHA-aTINKA YCTAHABIMBACTCS HA 33JaHHYIO
MOBEPSIEMYIO OTMETKY.

[Toxa3aHus CHUMAIOTCSI C CEIbCUHA-TTPHEMHUKA.

[ToBepky moka3zaHUil BBIOJHUTH MPH MPSMOM U 0OpaTHOM
xoJie cTpenku npubopa. PesynabTarsl 3amMepoB 3aHecTH B Tal-
JIMILY U BBIYUCIUTH NTOTPEITHOCTH.
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[ToBTOPUTH MOBEPKY TEX K€ OTMETOK MpUOOpa MpH IPyromM
conpoTuBiieHUuH R,.

o | lloxasamns [Torpemnoctu
(5]
= | B £ | cenbcuHa- a0comoTHas w

xR
© | &| & £ | npuemnuka s =
g | 8| 5 = =
= (o8 L >E >E (D) <
5|1 =s| sg|% = 65 = X )
& | s/ cE| 28| & £&| g 8] = ]
E X 22| 82| 2| &2| 2| = o
S|&|T5IET e ET| ST &

51 o o

Om rpan. | rpaxa. | rpaxa. | rpan. | rpan. | % | rpan.

ITepeBectn kmrou SA2 B TpaHCHOPMATOPHBIN PEKUM pado-
TBI CEJIbCUHOB: CTpEJKa NMPHUEMHHUKA JO0JDKHA YCTaHOBHTHCS Ha
oT™MeTKy 90°, T. K. TOJIBKO MPHU TaKOM B3aMMHOM pacrojoxkKe-
HUU OOMOTOK BO30YXKJEHHUS M CHHXPOHH3AIMU HABOJUMAs
O/1C B 00MOTKE BO30YK/I€HNUS MUHUMAJIbHAS.

DTy OTMETKY CUMTATh 3@ HA4yaJo IIKaJbl (HyJb).

[ToBepKy BBITOJHUTH AJIS T€X K€ OTMETOK IPH COMPOTHUB-
aenuu R, =5 Owm, a 3aTeM npu Ipyrom CONpOTUBIICHUU.

PesynbTarsl 3aMepoB 3anucaTh B Ty € TaOJUIy U BBIYKC-
JIUTh TOTPEIIHOCTH.

6.4.3. Uccnenosanne muddepeHnmanbHo-TpaHchOpMaTOpHOIt
JMCTAaHIIMOHHOM Mepeayu.

[Mepexmrouarens SAL mepeBecTH B MOJIOKEHHE 2. 3aroparoT-
Csl CUTHAJIbHBIE JIAMIIbI, CBUAETENbCTBYIOIIUE O MOAKIIOUCHUN
MEPBUYHOTO M BTOPUYHOTO TPUOOPOB auddepeHiuaibHo-
TpaHc(hOpMATOPHOM UCTAaHIIMOHHOM mepenaun. [lepexitoya-
TeNb 6 Ha CTEH/Ie BTOPUYHBIX MPUOOPOB MEPEBECTH B IOJIOXKE-
Hue, cooTBeTcTBYOMIEe R, = 20 Om.

[NepexirouaTens TaHETH YIPABICHUS 3 IEPEBECTH B PYIHOM
pexxuM paboTsl (Ha creHzae). Pydkoi penykropa maHenu -
CTaHIIMOHHOTO YIIPABIICHUS] YCTAaHOBHUTH CTPEIKY MaHOMETpa
ATOM MaHeNu Ha IMepBYyI0 MHoBepseMyro oTMeTKy. Ilokazanus
cHUMATh co mKaibl mpudopa KCJI 2.
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IToBepKy BBIIOIHHTH B mpexenax 0+1 krce/cm? mpu mpsivom
1 00paTHOM XOJI€ CTPEJIOK pudopa.

[Tokazanus, MONMyYEHHBIC HA IIKaje BTOPUYHOTO MpuOOpa,
MNEPCBCCTH B CAWMHUIBI NABJICHUA, 3alIOJIHUTbH Ta6n1/1uy 1 BbI-
YHCIUTh MOTPEITHOCTH.

IToxazanus [Torpemnoctu
BTOPUYHOTO
6 a0COoIIOTHAS 5 w
IToxazanus npuoopa z =
Ne| R, | mepBuuHOroO | < ’E = ’% ) %
mpubopa | € x| E =| € x| E x| 8 8
9| s 2| & 2| = & = M
é" > & > I:Q: > @ > I:Q:
o ©)

[ToBepky Tex k€ OTMETOK MPUOOpa MOBTOPUTH MPH JIPYTOM
conpoTuBiieHuu R,.

6.4.4. HccnenoBanue MHEBMaTHUECKONW TMCTaHLIMOHHOM Te-
penauu.

[Tepexmrouarens SAL nepeBecTy B mojioxkeHHe 3. 3aroparot-
Csl CUTHaJIbHBIE JIAMIIbI, CBUJIETENICTBYIOIINE O MOIKIIOYCHUH
HNEPBUYHOTO M BTOPHUYHOIO MPHOOPOB NMHEBMATHUECKOW 1u-
CTaHIIMOHHOM Nepenayu.

YcraHoBuTh naBienue muranus 1,1 wim 1,4 kre/em? penyk-
TOPOM JIaBJIeHUs. 3aJJaHHOE 3HAYEHHUE U3MEPSEMOro JIaBJICHUS
YCTAQHABJIMBACTCS PEAYKTOPOM IMaHENIU IUCTAHIIMOHHOIO YII-
pasiienust 6 (puc. JI 6.4). TlepexmrouaTens MaHEeNNd MEPEBECTH
B PYYHOH peXHUM pabOTHI.

[ToBepky MmoKka3zaHUil BBITOTHHUTH MPH MPSMOM U 00OpaTHOM
X0JIe CTpeNKH nmpubopa. Pe3ynbraTel MOBEpKH 3amucaTh B Ta0-
JIMITY ¥ BEIYUCIUTH ITOTPEITHOCTH.
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Ilokazanus [Torpemnoctu
BTOPUYHOTO
6 a0bcoJrroTHas = =
[Toxazanus npuoopa S =
=
Ne| mepBuuHOrO . & = = 5 g
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6.5.

Od¢opmiienue oT4yeTa o padore

Otuer JOJIDKCH BKJIFOYATh:

1

2

. Kpatkoe omucanme pabotsl (Leib, coaepkaHue, Xa-

PaKTEPUCTUKH MPUOOPOB).

. HpI/IHHI/IHI/IaHBHHC CXEMBI HHCT&HHHOHHOﬁ nepcaadun

(Mo yKka3aHUIO IPEroaaBaTes).

3. IIpoTokoibl (TaOIUIIbI) UCTIBITAHUS TUCTAHIIMOHHBIX

nepeau.

6.6. KoHTpOJIbHBIE BONIPOCHI

1.

2.

Kakoil mpuHUMI JEWCTBUS CENbCUHHOM mepenaydn
B UHJAMKATOPHOM pexume?

MOXHO 51 B IPUHIUIIE OCYLIECTBIISATH MEPENady CUT-
Haja B OOpaTHOM HAamNpaBlIEHUH, T. €. OT CEIbCHUHA-
MIPUEMHUKA K CEJIbCUHY-JaTYUKY?

Bnusier 1 Ha TOYHOCTH NEPEAABAEMOr0 CHTHAJIa CO-
[IPOTUBJICHUE COEAUHUTEIBHBIX JINHUM B CEJIbCUHHOU
JIMCTAaHIIMOHHOM Tiepenaye?

. Kaxkoe HAIIPSAKCHUE HCTIOJIB3YCTCA Ui IMUTAHUSA CC-

PHUITHBIX TPUOOPOB B CEILCUHHOM nepenaye?
Onumure NpUHLKI AEHCTBUSI CEIbCUHHOW Ieperadn
B TPAaHC(OPMATOPHOM PEKHME.

Onumure npuHIUI paboTel  auddepeHnaIbHO-
TpaHc(OPMATOPHOM CHCTEMBI JUCTAHIIMOHHOW Iepe-
Jlauu.
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7.

8.

Kak coenuHsIOTCS BTOpUYHBIE OOMOTKH TpaHchopma-
TOpa JIPYT C Ipyrom?

Kakoe HanpshkeHre NPUMEHSIOT JIJIsl MTUTaHUS U3MEpH-
TEJILHOU CcXeMbl U epeHInaTbHO-TpaHcPopMaTop-
HOM TMCTaHIIMOHHOU Tiepeaayun’?

JIns KakoM LeNu CIIYKUT PEBEPCHUBHBIM JIBUIATEIb B
nuddepeHnraIbHO-TpaHCHOPMATOPHOM AUCTAHITHOH-
HOI nepenaye?
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TECTOBBIE BOITPOCHI
10 MpeaMeTy
«OCHOBBI METPOJIOTHH U CPEICTBA H3MEPEHUD)

| BapuanT

1. AtmocdepHoe 1aBiIeHHe — ITO:

A) naBieHue B KaKOM-JIHOO 3aMKHYTOM 00BeMe CBepx armocdep-
HOTO;

B) cymma GapomeTpudeckoro u u30bITOYHOTO ABICHUIA;

C) naBienue, okazpiBaeMoe aTMOC(epoil Ha Bce MPEIMETHI,
HaXOJAIIUECs B HEil;

D) naBneHue co 3HAKOM «MHHYCY;

E) BbIme HEeT MpaBMIILHOTO OTBETA.

2. EnmHMUbI H3MepeHusi 1aBJIeHHs
A) MM pr. cT.; T/4; kI ]a;

B) kr/m?; Kr/4Jac; H/m?

C) H/M%; MM pr. ct.; ITa;

D) i; %; k3

E) Bce nepeuncieHHbIe.

3. B 3THX npu6opax u3MepsieMoe JaBjieHHe YpPaBHOBe-
IIMBAETCH JAABJEHHUEM, CO31aBaeMbIM MACCOI MOPIIHA WJIH
rpysa:

A) KHUIKOCTHBIE TPUOOPHI;

B) rpysomnopurHeBbie prOOpHI;

C) nedopmMarmoHHbIe TPUOOPHI;

D) anextpuueckre MaHOMETPHI;

E) BbIIIe HET TPaBUIILHOTO OTBETA.

4. 3aMKHYyTasl 1elb, COCTOSIIAS U3 ABYX Pa3HOPOJAHBIX
METAJJIOB, HA3BIBACTCS:

A) nupomerp;

B) noromerp;

C) poramertp;

J) Tepmomnapa;

E) apeomerp.
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5. A3 kakoro MmarepuaJia HU3roToBJsIIOT CHJIb(OH?
A) JlatyHns;

B) Antomunmii;

C) Pe3umna;

D) ITnacrmacca;

E) 3onoro.

6. [IpuHIUN padoThl MAHOMETPUYECKHX TEPMOMETPOB
OCHOBAaH Ha:

A) u3meHeHnu 0O0beMa WK JTMHEHHBIX Pa3MEPOB TEIT;

B) u3meHeHun naBieHUs] paboyYero BELIECTBA MPU IOCTOSHHOM

o0beMe C N3MEHEHHEM TeMIIepaTyphl;

C) ucrnosb30BaHUM 3aBUCUMOCTH DJIEKTPUUECKOTO COIPOTUBIIE-

HUSL YyBCTBUTEIILHOI'O DJIEMEHTA OT TEMIIEPATYPHI;

D) Bblllie HET IPABUIILHOTO OTBETA;

E) Bce nmepeunciennoe.

7. K MekTyHAPOIHOI IIKAJIe OTHOCUTCS IIKAJIA:
A) rpanycos Ilenbcus;

B) rpagycos KenbBuHa;

C) rpagycos dapenreiita;

D) IIa;

E) kr/™’,

8. BepTylIkH CKOPOCTHBIX CYETYHKOB MOAPA3IeIAI0TCS
Ha:

A) neprneHIuKyIIpHbIE, TapaieNbHbIE;

B) cratnueckue, fuHaMU9ecKUe;

C) BUHTOBBIE, KPBIIIHYATHIE;

J1) MeTanmirygeckue, mIacTMaccoBbIE;

E) Bce nepeuncienHoe.

9. Pacxoa aeJMTCsl HA CJIeYIOIINEe BUABI:
A) nuHEWHBIH, TyrOBOH;

B) 00BeMHBIIM, MACCOBBIIA;

C) uudpoBoit, aHAIOTOBBIN;

D) xuHeMaTHYECKWiA, THHAMUIECKHUIA;

E) Bce nepeuncnenHoe.
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10. ITmpoMeTpBI OTHOCATCS K:
A) KOHTaKTHBIM TEPMOMETpaM;
B) OeckoHTaKTHBIM TEPMOMETpAM;
C) TepMoMeTpaM pacIIUpEHHS;
D) TepMoMeTpam COMPOTUBIICHUS;
E) BbIlIe HET MPaBUIILHOTO OTBETA.

11. Pa3HOCTBH MeKIY JeiCTBUTEIbLHBIM H HCTHHHBIM
3HAYEHUSIMH HA3bIBAETCH:

A) TOYHOCTH;

B) 4yBCTBUTEIHHOCTB;

C) morperHocCTb;

D) paboTocrnocoOHOCTE;

E) m3mepenue.

12. Kak Ha3pIBalTCS BTOPUYHBbIE MPUOOPHI, padoTalo-
Me ¢ TepMOMeTPaMH CONPOTUBJIEHUS?

A) MOCTBI ¥ JIOTOMETPBHI.

B) Apeometpsl, poTaMeTpsbl.

C) IToTeHIIOMETPbI, MUIUTUBOJIBTMETPBI.

) Cuetunku, pacxoOMephI.

E) Brlmre HEeT npaBUIIBHOTO OTBETA.

13. IlonepeuyHoe ceyeHHe NMPYKMHHON TPYOKM nedopma-
HMOHHOI'0 MAHOMETPA NMpe/cTaBJsAeT c000ii:

A) kBajpar;

B) oBau;

C) xpyr;

J) ceuenus Her;

E) pom0.

14. Y10 n3mepsier poramerp?
A) YpoBeHb )KUAKOCTH B EMKOCTH.
B) Pacxon sxunkocTH wiv rasa.

C) III0THOCTD KMIKOCTH.

D) Temmneparypy Bo3myxa.

E) Beiiie HeT mpaBUIIBHOTO OTBETA.
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15. Buabl u3MepeHmii:

A) HyneBble, PAMBIE, KOCBEHHBIC,

B) npsiMbie, KOCBEHHBIE, COBMECTHBIE;
C) KOCBEHHEIE, TIPSMEIE;

D) tounsle, ciaydaitHbIe;

E) Bce nepeuncnenHoe.

16. YUto siBiIsieTcs YyBCTBUTEIbHBIM 3JIEMEHTOM TePMO-
3JIEKTPUYECKOro Tepmomerpa?

A) ConpoTUBICHHS METHOTO U IUIATHHOBOT'O MPOBO/A, HAMOTAH-

HOI'0 Ha KaTyIIKy YYBCTBUTEILHOIO DJIEMEHTA.

B) Ilaiika qByX MPOBOJOB U3 PA3IMYHBIX METAILIOB H CILIABOB.

C) Bumeranuueckas IJIACTHHA U3 PA3THYHBIX METAILIOB.

D) Tpybka Bypmona.

E) Bce nepeuncnennoe.

17. PacxogomMepsl MepeMEHHOI0 IMepenajga IaBJieHHS
HMEIOT B CBOCH KOHCTPYKIUM:

A) cyxarolee yCTpOWCTBO ISl CO3/IaHMs TIeperaia JaBICHuUs

KUIKOCTH,

B) BepTylIKy WM KpbUTbYATKY, TOMEIICHHYIO B U3MEPSIEMBbIi

MOTOK;

C) crexssiHHYIO TPYOKY;

D) Bblllie HET MPABUIILHOTO OTBETA;

E) Bce nepeuncienHoe.

18. ATMoc(epHOe 1aB/IeHHe U3MEPSIOT:
A) MaHOMETPHI;

B) 6apomeTpsr;

C) BakyyMMeTpbl;

D) tsaromepsr;

E) nudpmanomerpsl.

19. Kakue TemMnepaTypHble HIKAJbI BbI 3HaeTe?
A) Jlunamuueckasi, KHHEMaTH4eCKasl.

B) MexayHapoaHasi, TepMOJMHAMUYECKasl.

C) TepMOZ{I/IHaMI/I‘leCKaH, TCXHUYCCKas.
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D) Cratuyeckas, AMHAMUYESCKAsI.
E) Bce nepeuncnennoe.

20. 9TH CcYeTYHMKH HMEWT MepHbIe KaMepbl ¢ MepeMe-
MAIONIUMHUCH CTeHKAMH, KOTOpPble BBITECHSIIOT H3Mepsie-
MBblii 00beM raza:

A) oObeMHBIE;

B) BeITeCHSIOIIHE;

C) 6apabanmubie;

D) ckopocThbie;

E) porameTpsr.

21. B xauecTBe padoyell KMJIKOCTH B KHIKOCTHBIX Ma-
HOMETPAaxX HCHOJIB3YIOT:

A) riunepuH;

B) pryTs;

C) kcumom;

D) nenras;

E) 6enzum.

22. JIns yero npeaHa3HayYeH aBTOMATHYECKUIH MOTEHINO-
metp?

A) Jlnst u3Mepenusi, 3aucH U PeryJMpoBaHus JaBieHHs, Peoo-

pa3yeMoro TepMoIiapoii B HarpsHKeHUe OCTOSIHHOTO TOKa.

B) [lns usMepeHwus, 3alHMCH M PEryJHPOBAHUS TEMIICPATYpHI,

npeoOpa3yeMoil TepMOIIapoil B HAMPsHKEHNE TTOCTOSTHHOTO TOKA.

C) Jns u3MepeHUs, 3alMCH M PETyIHPOBAHUS TEMIICPATYPHI,

npeodpa3yeMoil MAaHOMETPHYECKHM TEPMOMETPOM B HANPsDKEHHE

HePEeMEHHOTO TOKA.

D) Bce nepeuncieHHoe.

E) Brlmre HeT npaBUIIBHOTO OTBETA.

23. 3 kakuX MaTepuajioB MOKeT ObITh U3rOTOBJIEHA
Tepmonapa?

A) 3oioT0, CTalh.

B) AntoMuHWMIA, MTATHHA.

C) Craib, 6ponsa.
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D) IlnactMacca, sxeneso.
E) Jlaryns, unBap.

24. Insi u3MepeHUsi H30BITOYHOIO [ABJIEHHS IpPHMe-
HAOTCH:

A) 6apomerpsr;

B) maHomeTpsr;

C) BakyyMMeTpHI;

D) repMoMeTpEL;

E) porameTpsr.

25. Kak BKJIIOYAIOT B 3JIEKTPHYECKYIO 1ellb BOJILTMETPbI?
A) IMapamiensHo.

B) IMocnemoBaTensHoO.

C) KoMOuHUpOBaHHO.

D) Bcemu niepeyrcieHHBIMU CLIOCOOAMH.

E) Brimre HeT mpaBUIIBHOTO OTBETA.

BaApUAHT

1. Kak BKJIHOYAKOTCS B 3JIEKTPUYECKYIO CeTh aMIepMeT-
pbi?

A) IMapannensHo.

B) INocnemnoBaTesbHo.

C) KoMOMHUPOBAHHO.

D) Bcemu nepevnciaeHHbBIMHU CIIOCOOAMH.

E) Her npaBunbHOTO OTBETA.

2. Ha kakoM nmpHHIMIIE MOCTPOEeHA padoTa poramerpa?
A) Ha npuniumie nepernazia AaBjieHHs HA BBIXOJE U BXOJE CyXa-
OLLIETO YCTPOMCTBA.

B) Ha npunimne n3MeHeHHs KOJBLEBOH IIENN MEXIY IMOILIaB-
KOM M CTeHKaM1 KOHYCHOHW TPyOKH.

C) Ha npuHIune rnepenaja JaBjieHus Ha MOTJIaBKe.

D) Ha n3meHeHHn CONPOTHBIICHHS TIPH U3MEHEHUH PacXo/ia.

E) Beiiie HeT mpaBUIBHOTO OTBETA.
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3. Ha yem ocHOBaHa paGoTa MaHOMETPHUYECKHX TEPMO-
MeTpoB?

A) Ha ncrosnp30BaHHU 3aBHCUMOCTH JaBJICHHS IIPU MOCTOSHHOM

o0beMe, OT TeMIepaTyphl.

B) Ha ucnone30BaHn# 3aBUCUMOCTH 00beMa HJIH JTMHEHHBIX pa3-

MEpOB TEJ OT TEMITEPATYPHI.

C) Ha u3MeHEeHUH SIICKTPHUYECKOTO COMPOTUBIICHUS TEN B 3aBH-

CHMOCTH OT TEMIIEPaTypHl.

D) Bsiiie HeT npaBHIBHOTO OTBETA.

E) Bce nepeuncienHoe.

4. Yto Takoe Tepmonapa?

A) Cuctema CHasHHBIX JBYX Pa3HOPOJHBIX MPOBOIHHUKOB, Ipe-
oOpasyroinas Temmeparypy B Tepmo-2/1C.

B) Cucrema criassHHBIX JAByX OJHOPOJHBIX MPOBOIHUKOB, MPeo0-
pazyrolas temieparypy B Tepmo-2/1C.

C) ToHkas mIaTUHOBAS HIIHN MCIHas IMMPOBOJIOKA, HAMOTaHHasd Ha
KapKac WIH CBEpHyTas B CIHpallb, IIOMEIIEHHAas B KaHaJbl 3a-
IIMTHOTO KapKaca.

D) bumeraninveckas miacTHHA.

E) Bce nepeuncnennoe.

5. Kak Ha3bIBaloTCsl NPUOOPBI, C KOTOPBHIMH JJIeKTpHYe-
CKH COeIMHSAIOTCSI TepMonapbi?

A) U3mepurenbHbIE MOCTBI, JIOTOMETPHI.

B) AMniepmeTpsbl, BOJITMETPHI.

C) MULTHBOJIBTMETPHI, TOTCHIIMOMETPBI.

D) Bce nepeuncieHHoe.

E) Beiie HeT mpaBUIIBHOTO OTBETA.

6. KakoB npuHumMn paéoTsbl nMpoMeTpoB?

A) U3mepenne criocOOHOCTH HAarpeToro Teljla U3JIydaTb SHEPTHIO
B BUJIe MH(PAKPACHBIX U YIbTPa()UOICTOBBIX JIydei.

B) M3mepeHne CrOCOOHOCTH HArpeToOro Teja MOrJoIaTh JHEp-
THIO B BUAC CBETOBBIX M TCIIJIOBBIX nyqeﬁ.

C) Usmepenne criocOOHOCTH HArpeToro Tejia M3JIydaTh SHEPrHIo
B BHJI€ CBE€TOBBIX U TCIIJIOBBIX .]'Iy‘-IefI.
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D) Tonkast rmiaTHHOBas WX MeOHAs MPOBOJIOKA, HAMOTAHHAs
Ha KapKac WA CBEpHYTas B CIHpajb, IOMEIICHHAS B KaHAIBI 3a-
IIUTHOTO KapKaca.

E) Beimre HeT npaBHIBHOTO OTBETA.

7. ADCOJIIOTHOE 1aBJIeHHEe — ITO:

A) pazHOCTb MKy aTMOC(HEPHBIM M OCTATOYHBIM JIaBIICHUCM;
B) naBienue, OTCUNTAHHOE OT HYJIS;

C) cymma atMOC(epHOTo ¥ N30BITOYHOTO IaBJICHH;

D) naBienune Hmke aTMOChEpHOTO;

E) BbIlIe HET MPaBUIIBHOTO OTBETA.

8. PagoTa npy:>KMHHHOr0 MAaHOMeTpPa OCHOBAHA Ha:
A) nedhopmarin MeMOpaHHO# KOPOOKH;

B) nedopmariun u3MepuTensHOM TPyOKH;

C) nedopmaru U-o6pasHoii TpyOKH;

D) u3MeHeHHH TeMIepaTypbl KHIKOCTH;

E) BbllIe HET MPaBUIIBHOTO OTBETA.

9. Yrto Ha3bIBaeTCsl pacxoaomM?

A) BeicoTa 3anosHeHus BEIIECTBA B SIUHUILY BPEMEHH;

B) 3aBHCcHMOCTh KOJIMYECTBA BEIIECTBA OT EAWHHIBI Bpe-
MEHU;

C) KonunuecTBo rasza win XHIKOCTH, MPOTEKAIOIIEe Yepe3 more-
peduHoe cedeHne TpyOonpoBo/ia B MHUILY BPEMEHH.

D) Crenenb HarpeToCTH TeJa.

E) Brlmie HeT npaBUWIIBHOTO OTBETA.

10. Ha xakue THNBI JAeasiTCsl Ae(popMAIHOHHBIE MAHO-
MeTpbI?

A) CteknsiHHBIC, PTYTHBIC.

B) XKunakoctHbie, ra30Bbie, KOHICHCAIUOHHBIE.

C) CunbdponHbIe, MeMOpaHHBIE.

D) KonrakTHbIe, 0ECKOHTAKTHBIE.

E) Bermie HeT mpaBUIIbHOTO OTBETA.
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11. Ilo kakoMy NPUHIHUIY PA0OTAIOT CTEKJISTHHbIE KU/~
KOCTHbIE TEPMOMETPbI?

A) V3meHeHre TaBICHUS IPHU MOCTOSIHHOM 00BbeMe 1o ICHCTBH-

€M TeMIIepaTyphbl.

B ) O6seMHOE pacImupeHue KUAKOCTH B PACIIMPHUTEIE IO IEH-

CTBHEM TEMIIEPATYPHhI.

C) Usmenenue tepmo-2/IC B 1ienu mox neiicTBIEM TeMIepa-

TYpBHI.

D) Bce nepeunciieHHOE.

E) Brlmie HeT npaBMWIIbHOTO OTBETA.

12. ®u3nyeckasi BeJIMYMHA, XapaKTepPU3YyIOIIas CTeNeHb
HArpeTOCTH TeJIa — 3TO:

A) IaBieHue;

B) mioTHOCTS;

C) Temneparypa;

D) pacxox;

E) BsA3KOCTB.

13. B kakHX eiMHULIAX U3MepseTcH JaBjieHue BO BHECH-
CTEMHBIX eIUHHIAX U3MepeHus ?

A) Ia.

B) K (KensBun).

C) krc\cM®, MM pT. CT.

D) °C, °K.

E) 1, m.

14. Yo Ha3biBaeTcsi aTMOchepHbIM 1aBj1eHUEM?

A) ITapameTp COCTOSIHHSI BEIIECTBA.

B) T'mapocratuveckoe naBieHHe, oka3biBaeMoe atMocdepoil Ha
BCE HaXOJIAIIUECS B HEU MPEIMETHI.

C) PazHoCTb MeK/1y aOCONFOTHBIM JIaBJICHHEM U PA3PEIKEHHEM.

D) aBnenue Huxe HyIs.

E) Brlmre HeT npaBUIIBHOTO OTBETA.
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15. Kakoe cooTHOIIEHHE CBSA3LIBAET a0COIIOTHOE, H30bI-
TOYHOe ¥ aTMOcdepHOe JaBjieHus ?

A) Ab6comoTHOE naBieHue P, — 3TO0 cymMma aTMoc(hepHOro

¥ M30BITOYHOrO AaBIeHUN: Py = Py + Puuss -

B) A6comotHoe maBieHue P, — 3TO Pa3HOCTH aTMOC(HEPHOTO

¥ U30ITOYHOTO AaBieHui: P, = Pay — Puss -

C) AbcomoTHoe aaBieHue P,z — 3TO Ipou3BeeHre atMochep-

HOT'0 U M30BITOYHOTrO AaBIeHUN: Py = Py X Puss -

D) Bce nepeunciieHHOE.

E) Brlmie HeT npaBMWIIbHOTO OTBETA.

16. PaGoTa 3TOro npuéopa 0CHOBaHA HA TEPMOIJIEKTPH-
yeckoM 3P dexre:

A) Tepmonapa;

B) poramerp;

C) mupomertp;

) cuetuuk;

E) BbImIe HET MPaBUIILHOTO OTBETA.

17. PaGoTa CKOPOCTHOI0 CYeTYHKA OCHOBAHA Ha:

A) U3MepeHuH cpeHel CKOPOCTH IBMKYIIErocst OTOKa;

B) ormepuBaHMM paBHBIX 00BEMOB KHUAKOCTH, MPOXOJSIICH de-
pe3 mpubop;

C) uamepeHnu TeMIeparypbl IBHKYIIEHCs KUAKOCTH;

J1) BbIIIIE HET IPaBMIIBHOTO OTBETA;

E) Bce nepeuncienHoe.

18. Ha xakue BUIbI IOAPA3/1eJISIOTCH pacxoaoMepbi?
A) Pacxonomepsl ¢ iepeMeHHBIM TIEPENa oM JIaBICHHUS;

B) Pacxomomepsl ¢ IOCTOSHHBIM TIE€PETagoM JIaBICHUS;

C) DnexTpoMarHuTHBIE PACXOI0MEPHI;

1) Bce nepeuncienHoe;

E) Beiie HeT mpaBUIIBHOTO OTBETA.

19. Ha xakue BUIbI NOAPA3AEISAIOTCH MAHOMETPHYECKHE
TepMOMeTpbI?
A) Fa30BBIe, QJICKTPUICCKUE, JJICKTPOMATHUTHBIC.

318



B) I'a30BEIe, )KHUIIKOCTHBIC, KOHACHCAIUOHHBIC.

C) XKunkocTHble, OUMETAIUIMYECKUE, MAHOMETPHUECKUE.
J1) KorTakTHbIe, 0ECKOHTAKTHBIC, KUAKOCTHBIC.

E) Beimre HeT npaBHIBHOTO OTBETA.

20. YUT0 OTHOCHTCS K CY’KAIOIIUM ycTpoiicTBam?
A) Tpy6ka bypnona, Tepmomnapa, MaHOMETP.

B) bamon, kamwisap, MaHOMETpUYECKast YacTh.

C) Tepmomnapa, poraMeTp, TUPOMETP.

1) dAuadparma, comno, Tpyoka Bentypu.

E) Brimre HeT mpaBUIIBHOTO OTBETA.

21. Kakue KMIKOCTH NMPUMEHSIOTCS B KMJIKOCTHBIX Ma-
HOMeTpax?

A) PtyTs, criupt, Bona.

B) Bopaa, Tomyomn, azor.

C) Cnuprt, neHraH, OEH30JI.

) [lnatuHa, anFOMUHHNA, PEHUM.

E) Brrmre HeT mpaBUIIBHOTO OTBETA.

22. ExuHMIbI H3MEpeHHs pacxoaa — 3T0:
A) M°/cex, Kr/MuH, n1/4ac;

B) 1/4ac, m/c, m3/cek;

C) xr/cyr, Ila, m;

) MM pr. cT., W/cC, M3/rox;

E)K, C.

23. Kaky1o BeITM4UMHY H3MePSAIOT poTaMeTpoM?
A) Temneparypy.

B) laBnenwue.

C) Pacxon.

) Yposens.

E) BsizkocTb.

24. Ha xakue BHABI MOAPA3IEISIOTCH TEPMOMETPHI CO-
NpoTHBJICHUS?
A) TIIII, TXA.
B) TCIL, TCM.
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C) TCTI, TBP.
JI) TCM, TXK.
E) ABP, ACP.

25. YUto siBJsieTcH YYBCTBUTEJIbHBIM 3JIEMEHTOM TepMO-

INEKTPUIECCKOI0 TepMOMeTpa?

A) ComnpoTHBJIEHHsS MEIHOTO W IUIATHHOBOTO MPOBOJIOB, HaMO-
TaHHBIX HA KaTYIIKY YyBCTBUTEIHHOIO 3IEMEHTA.

B) IMaiika qByX MpPOBOJIOB U3 pa3IMYHbIX METAJUIOB U CILIABOB.

C) bumeranuueckas miacTUHA U3 Pa3IHYHBIX METAIJIOB.

D) Tpy6ka Bypmona.

E) Brimre HeT npaBUIIBHOTO OTBETA.

BapuaHT

1. Cymma GapomeTprueckoro 1 u30bLITOYHOIO IaBJIEHU I

Ha3bIBACTCHA:

A) atMocdepHOEe TaBIICHUE;

B) u30pITOUHOE TaBIICHHE;

C) a0OcoII0THOE JaBJICHUE;

D) BakyyMHOE JaBlCHHUE;

E) BbIllie HET MPABUIILHOTO OTBETA.

2. H/MZ; MM PT. cT.; [Ia — 310 eaAMHuIbI H3MEpeHus:
A) pacxona;

B) remnepatypsr;

C) ypoBHS;

D) masnenus;

E) BbIIIe HET MPaBUIILHOTO OTBETA.

3. B 3tux npuéopax m3mepsieMoe JaBjeHHE YpPaBHOBe-

IIMBAETCA AAaBJCHHEM, CO03JaBacMbIM Maccou MOPIIHSA

WJIM Tpy3a:

A) KHUIKOCTHBIE TPUOOPHI;

B) rpy3onopuiaeBsie mpudopsl;

C) nedopmarmoHHbIe TPHOOPHI;
D) anexTpuueckne MaHOMETPHI,

E) BbIlIe HET MPaBUIILHOTO OTBETA.
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4. K TepMOIHHAMHYECKOI IIKAJe OTHOCUTCS IIKAJIA:
A) rpanycos Lenbcus;

B) rpagycos KenbBuHa;

C) rpaxycoB ®@apeHreiiTa;

D) ITa;

E) kr/m’.

5. K KOHTAKTHBIM TEPMOMETPaM OTHOCHTCSI:
A) upomerp;

B) poramerp;

C) 1pyOka bypnona;

D) tepmomnapa;

E) tpyoxa Benrypu.

6. PacxogoMepbl nepeMeHHOr0 nepenajaa 1aBJaeHus: HMelT
B CBOCH KOHCTPYKIUH:

A) cyxaroliee yCTpOWCTBO TS CO3/IaHMs Tepenaia qaBaeHuUsI

JKUIKOCTH;

B) BepTylIKy WM KpbUTbYATKY, TOMEIICHHYIO B U3MEPSIEMBbIi

MOTOK;

C) crexisiHHYIO TPYOKY;

D) Bblllie HET MPABUIILHOTO OTBETA;

E) Bce nepeunciennoe.

7. 3TN cYeTYMKHM UMEKT MepPHbIe KaMephl C nepeMenia-
OIIMMHUCH CTEHKaMH, KOTOpPbIe BBITECHSIIOT H3MepsieMblil
o0beM rasa:

A) 00beMHEIE;

B) BeITecHsIOMIIHE;

C) 6apabaHHbIe;

D) ckopoctHbie;

E) potameTpsi.

8. Ha kakom npuHIune padoTalT poTaMeTpbl?
A) Ilepenana naBieHus Ha BBIXOJIE M BXOJIE CYKAIOIIETO YCTPO-
CTBA.
B) V3amMeHeHHs KOJIBLEBOH IEIH MEXy MOIUIABKOM U CTEHKAMH
KOHYCHOU TpyOKwU.
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C) [epenana qaBieHus Ha MOTUIABKE.
D) M3meHeHHsI COPOTHBICHHS TIPH U3MEHEHHUHU PAcXo/a.
E) Beimre HeT npaBHIIBHOTO OTBETA.

9. Yto Takoe Tepmonapa?

A) Cucrema cnasHHBIX JIByX Pa3HOPOIHBIX MPOBOJHHKOB, Tpe-
obpa3yromas Temreparypy B Tepmo-31C.

B) Cucrema crastHHBIX JIByX OJHOPOJHBIX IPOBOJHUKOB, MPE00-
pasyroias temieparypy B Tepmo-2/1C.

C) Tonkas ruIaTHHOBAsI WM MEHasi MPOBOJIOKA, HAMOTAHHAS Ha
KapKac WM CBEpPHYTas B CIIUpaib, MOMCIICHHAS B KaHAJbl 3a-
HIMUTHOTO KapKaca.

D) bumeraminyeckast IIaCTHHA.

E) Bce nepeuncnennoe.

10. KoumyecTBO Ta3za WM >KHIKOCTH, NpOTeKalollee

Yyepe3 MonepevyHoe cedeHHe TPyOOnmpoBoaa B eIMHUILY Bpe-
MEHH, Ha3bIBAETCSI:

A) TemnepaTtypa;
B) naBnenmue;

C) pacxon;

1) ypoBeHs;

E) mnotHOCTS;

11. Ha kakue THIBI AeJATCA Ae(OpMALHOHHbIE MAHO-

MeTpbI?

A) CrexIsiHHBIE, PTYTHBIE.

B) XXunkoctHsle, ra30Bble, KOHAEHCAIINOHHBIE.
C) CunbdponHbIe, MeMOpaHHBIE.

D) KonrakTHbIE, 0ECKOHTAKTHBIE.

E) Bermie HeT mpaBUIIbHOTO OTBETA.

12. K 4yBCTBHUTEJBHBIM 3JIEMEHTAM PAaCX0J0MEPOB Iie-

PEMEHHOI0 nepemnaaa 1aBJCHUA OTHOCHATCH:

A) memOpana, cuiib(hoH, TpyOka Byprona;
B) comno, nnadparma, Tpyoka Bertypu;
C) cunbdon, TpyOka Bypnona, nuapparma;
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D) tpybka Bentypu, Tepmomnapa, poTaMeTp;
E) Bce mepeuncnennoe.

13. dusuyeckasi BeJIMYHHA, XapaKTepU3yoIasi cTeneHb
HAIpeToCTH TeJila — 3TO:

A) maBieHue;

B) mnoTHOCTS;

C) BS3KOCTE;

D) pacxo;

E) BblIIe HET MPaBUIILHOTO OTBETA.

14. MMpuHuun paéoTsl 3TOro NMpudOpa OCHOBAH HA Tep-
MO3JIEKTPHYECKOM 3P ekTe:

A) Tepmonapa;

B) poramerp;

C) nupomertp;

D) cueruuk;

E) BbIIIe HET MPaBUIILHOTO OTBETA.

15. Kakune BHIBI CYETYMKOB BbI 3HaeTe?
A) oObeMHEIE;

B) ckopocthsle;

C) 6apabanHsIe;

D) poranuoHHsie;

E) Bce nepeuncnennsle.

16. Ha xakue BuabI NOAPa31eISIOTCH MAHOMETPHYECKH e
TepMOMeTpbI?

A) I'a30BbI€, AIEKTPUUECKHE, 3JIEKTPOMAarHUTHBIE.

B) I'a3oBble, )KUIKOCTHBIE, KOH/ICHCALIUOHHBIE.

C) XKuakocTHble, OUMETAININYECKUE, MAHOMETPUUECKHUE.

D) KoHTakTHBIE, OECKOHTAKTHbIE, JKHIKOCTHBIE.

E) Beiie HeT mpaBUIIBHOTO OTBETA.

17. Kakue KMJAKOCTH NPUMEHSIIOTCA B KUJIKOCTHBIX
TepMoMeTpax?
A) PryTsb, criupt, TOIyOII.
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B) Boxa, Tonyou, a3or.

C) Couprt, neHraH, OEH30II.

D) IInatuna, aJrOMUHUMA, pEHMIL.
E) Beiie HeT npaBUIIBHOTO OTBETA.

18. Ha xakue BHIbI MOAPA3AEISIOTCH TEPMONIEKTPUYe-
CKHe TepMOMeTPbI?

A) THII, TXA.

B) TCII, TCM.

C) TCIIL, TBP.

D) TCM, TXK.

E) ABP, ACP.

19. EnuHUIBbI H3MePEeHUs pacxoaa:
A) M%/cex, kr/muH, 1/9ac;

B) 1/4ac, m/c, m%/cex;

C) xr/cyr, Ila, m;

D) mm pr. crt., 1/C, M3/F0,Z[;

E)K, C.

20. PaGora CKOPOCTHOI'0 CYCTYMKA OCHOBaHa Ha:

A) U3MepeHun TeMIepaTyphl ABMKYIIEHCS KUIKOCTH;

B) oTmMeprBaHUM paBHBIX 00BEMOB KHJKOCTH, TPOXOISIIEH de-
pe3 pudop;

C) u3mepeHnu cpeHel CKOPOCTH JABHKYILETOCs IIOTOKA;

D) Bbillie HET NPaBUIBHOTO OTBETA;

E) Bce nepeuncieHHoe.

21. Kakoii npudop oTHOCHTCH K pacxogoMepaM MOCTO-
SIHHOT0 Nepenajaa AaBjeHus?

A) poramerp;

B) tepmonapa;

C) nupomerp;

D) apeomerp;

E) BombTM™METD.
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22. Ha xkakue BH/bI MOAPA3/1eJSIOTCI MAHOMETPBI 10O
MPUHIAIY PadoThI?

A) DnekTpudeckue.

B) I'pyzonopuineBsle.

C) JKunkoctHsle.

D) edopmannoHHbIE.

E) Bce nepeuncnenusle.

23. @opmy.Jia 1JIA pacyeTa JaBJIeHUs:

A)P=F/S;
B)F=P/S;
C)P=S/F;
D) T =t + 273,16;
E)P=F*S.

24. Kakoe cOOTHOIIIEHHE CBSA3BIBAET a0COJI0THOE, H30bI-
TOYHOEe U aTMOC(hepHOoe TaBJIeHUs?

A) Ab6comotHoe maBieHue P, — 3TO cymma arMochepHOro

1 M30BITOYHOTO AaBIeHUH: Ps. = Py + Pouss.

B) AGcomtotHoe naBieHue P,5 — 3TO pasHOCTh arMochepHOoro

1 M30BITOYHOTO AaBieHui: Py = Py — Puse.

C) A6comoTHoe maBienue P,z — 3TO TPOM3BEACHHE aTMochep-

HOI'0 U M30BITOYHOIO IaBACHUH P5. = Paps X Puso.

D) Bce nepeuncieHHoe.

E) Brlmie HeT npaBUIIBHOTO OTBETA.

25. KakoB npunuun padorsl nupomerpa?

A) M3mMepenne crmocoOHOCTH HATPETOTO Tella M3IydaTh SHEPTHIO
B BUJIe MTHQPAKPACHBIX U YIBTPAPHOIETOBBIX JTyUCH.

B) M3mepenne criocoOHOCTH HAarpeToro Tejia MOTJIomaTh SHep-
THIO B BUJIC CBETOBBIX U TCIIJIOBBIX .]'Iy‘-IefI.

C) UsmepeHue CrOCOOHOCTH HArPETOro Teja U3JydaTh SHEPTHIO
B BHJIE CBETOBBIX M TEIJIOBBIX JIyUYeH.

D) Toukasi ruiaTHHOBasi WJIM MeJIHAsi IPOBOJIOKA, HAMOTAHHAs Ha
KapkKaCc WM CBE€pHYyTasd B CIiMpallb, IIOMCIICHHAad B KaHAJIbI 3a-
IIMUTHOTO KapKaca.

E) Brlmre HeT npaBUIIBHOTO OTBETA.

325



Omeemut Ha mecmoegvie 3a0anus

Homep | BapuanTt Il BapuanT III BapuanT
BOIpoca
1 C B C
2 C A D
3 B A B
4 )| B B
5 A C A
6 B C A
7 A C C
8 C A, B B
9 B C A
10 B C C
11 C B C
12 A C B
13 B C E
14 B C A
15 B A E
16 A A B
17 A A A
18 B )| A
19 B B A
20 C D C
21 B A A
22 B A E
23 B C A
24 B B A
25 A B A
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