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OCHOBBI 1 CPEJJCTBA KOHTPOJIA
TEXHUYECKOI'O COCTOAHUA I'MAPOITPUBOJA

KonTposaupyemble napaMeTpbl NPpH JUATHOCTHKE THAPONPHUBO/IOB

KoHTpoib TEXHMYECKOTO COCTOSIHUS TUIPONPHUBOA MAIIUH NP SKCIUTyaTallu, 10 pe3yibTataM Ko-
TOPOTO MPUHUMAETCSI PEIICHUE O BEPOSITHOCTH 0E30TKa3HOUW pabOThI B 3aJaHHBIX YCIOBHSIX C YCTaHOB-
JICHHBIMU TIapaMeTpamH, SBJISETCS Ba)KHOM COCTaBHOM YacCThIO CUCTEMBbI 0OECIEUeHHs HaJIeKHOCTU Ma-
WUHBL. [ pa3iuyHOro Kiiacca MaIivH (CTPOUTEIBHO-TOPOXKHBIX MAIIMH, CEJIbCKOXO3SICTBEHHBIX Ma-
IIMH, BO3AYIIHBIX 1 MOPCKHUX CYJOB U T.J.) TP€OOBAaHUS K HAJKHOCTH U JOJITOBEYHOCTHU OMPEICIIIIOTCS
C YYETOM YCJIOBHUI UX pabOThI IPU 3KCIUTyaTalluK

KoHTpob TEXHUYECKOTO COCTOSIHUS OCYIIECTBIISICTCS M3MEPEHHEM HEKOTOPBIX MapameTpoB, BbI-
OpaHHBIX B Ka4eCTBE JHATHOCTHUECKUX MPU3HAKOB. B 3aBUCHUMOCTH OT criocoba TuarHoCTUKU (TUIAPOCH-
JIOBOTO, BUOPOAKYCTUYECKOTO  Ip) HAOOp AMATHOCTUYECKUX MPU3HAKOB MOKET ObITh PAa3TUYHbIM.

B Ta6n.5.1 mpuBeneH mepedeHb OCHOBHBIX KOHTPOJIMPYEMBIX HapameTpoB "Pu ruapocmiioBod nua-
THOCTHUKE TuapocucteM [16].

[ToMuMo u3MepeHust 3HaYCHUN KOHTPOJIUPYEMBIX IMapaMETPOB B MPOLIECCE HUCIBITAHUM THUIPABIHYE-
CKOT0 000py10BaHMs HEOOXOUMO MPOU3BOIUTH KOHTPOJIb TEMIEPATyphbl paboueil )KUIKOCTH U CICIUTh
3a ee napaMeTpamH (BA3KOCTbIO, YUCTOTOM, HATMUMEM BO3yXa U T.IL.).

Hacockl 1 rugpoMoTOpBbl TIepea HayajloM HMCHBITAHUKA peKoMeHayeTcs oOkataTh B TedeHue 20...30
MUH C [10CJIE0BATEIbHBIM YBEINYEHUEM HArpy3ku 4...0 “eHsAMU 10 HOMUHAIbHON. PeBepcuBHBIE HacO-
cbl oOKaTbIBatoTCs Ha 00eux [lonocTsx.

Bce ruapaBimnyeckoe 000pyaoBaHHE HEOOXOAUMO MPOBEPUTH HA T€PMETUYHOCTh MPH HOMHHAIHHOM
JABJICHUH, YBEJIMUYEHHOM Ha 25%. B mpouecce ncnbITaHuN peKOMEHYETCsl IPOU3BOJIUTh HACTPOUKY Ha
paboune mapaMeTpbl paclpeaesnTeIbHOW U PErYIUPYIONIEH anmapaTypbl U peryJsiTopoB HACOCOB M MO-
TOPOB.

CpencrBa KOHTPOJISI TEXHUYECKOI0 COCTOSTHUS
THAPABJINYECKHX CHCTEM U arperaTon

JIrobast cucteMa AMAarHOCTUPOBAHUS MPEJCTABISET COOOH COBOKYITHOCTh CPEICTB TEXHUYECKOW AHa-
THOCTHKH MAIllMH, O0OBEKTa TUArHOCTUPOBAHUSA M UCTIONHHUTENEH. CpencTBa TEXHHUECKOW JTHArHOCTUKH
SIBJITFOTCSI OCHOBOM 151 TTONTy4eHust nHpopManuu 00 00beKTe AMATHOCTUPOBAHHUS, TIPH STOM 00sI13aTEIBHO
IIPEIOJIaratoTCsl ONEePaluy U3MEPEHUS PA3IMYHBIX [1apaMETPOB, COBOKYITHOCTh KOTOPBIX CIIY>KUT OCHO-
BOM U1l MpoLecca AMarHOCTUPOBAHUSL.

[TpuHuun paboThl CUCTEMBI AUATHOCTUPOBAHUS 3aKIOYaeTcsl B cienayromiem (puc.S.1). Curnansl ot
00BEKTa AMATHOCTUPOBAHUA | M TUArHOCTHUYECKHX JATYMKOB 2 yepe3 mpeodpa3zoBaTesud 3 U yCHIUTENH
(opmupoBatei) 4 MOCTYIAIOT B PETUCTPATOP (CHTHAIN3ATOP) 5.

_J—»z hd I_F

Puc.5.1. Cxema mHarHoCTHpOBaHuA

B aBTOMaTWyeckux cuUCTeMax JWArHOCTHPOBAHUS BO3MOXHO HAIWYHE aHAIM3aTOpa, KOTOPHIH ¢op-
MHUpYET TUarHOCTUYECKOE 3aKII0UEHUE M BBIAAET €ro B BUe JOKyMeHTa. MHpopmalus nepenaercs Ha
MUKpormporeccopsl wi IBM ans ee 00paboTkH, BBIJaUM pEeKOMEHIAIMNA U XPaHEHHS.

VY4uThIBasA CI0XKHOCTh KOHCTPYKIMN COBPEMEHHBIX MALIMH U MHOroo0pa3ue (pu3N4ecKUX MpOLECcCcoB,
COIIPOBOKIAIOIIUX paboTy, CPEACTBA TUATHOCTUPOBA-HHUA JOJDKHBI 0a3MPOBATHCS HA COYETAHUU PA3IINU-
HBIX MeTOZI0B. [IpH 3TOM pelaroniee 3HadeHHE UMEEeT PallMOHAIbHBIN MOA00p METOI0B AUArHOCTHPOBA-
HUS ¥ U3MEPEHUH, 0OpabOTKN M MPEICTABICHHUS TUArHOCTUYECKON MH(pOpMAIMK IJIsl JOCTHKCHHUS TEX-
HUYECKU ¥ SKOHOMHUYECKH 11eJ1eCO00pa3HbIX XapaKTePUCTHK CPEJICTB IUArHOCTUPOBAHMUSL.
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(HanopHeIE 30I0THAKH),
THAPOKIANaHHI [0~
CIIeA0BATEILHOCTH
(HamopHBIE 30JI0THHKH) C
0oOpaTHBIM KJIATAHOM

HOMHHAJILHOTO /10 MUHHMAILHOTO |
HomunansHeIH pacxo |
[Tepenaz naBneHHA OT MOJIHOTO OTKPHITHA CJIHBA JIO |
NEePEKPHITHA, IPH KOTOPOM YTCYKH HE JIOJDKHBI
NpPEeBHIIATh YCTAHOBICHHON BETHIHHbI
Bennyuna yreuku

Ilepenan naBnenwii Ha 0OpaTHOM KiIanaHe

Pacnipesienurenu ¢
PYHHLIM,
MEKTPHIECKUM,
THAPaBIHYECKHM H
DACKTPOTHAPABIAYCCKIM
ynpaBlIeHHEM

CooTtsercrade UMKITY paboThl CONIACHO
YCTAHOBNSHHOM JUIA PACTIpeICNUTENA CXeME
CyMmMapHa# yTeyka 110 3a30pam pacrpeaesHTes
MHHMMATBHOE JaBEHHE YIPABICHAA

B03MOKHOCT peryiMpoBasua BpeMEeHn
cpaﬁan-rmnumP J

Taomuma 5.1
KOHTpOJ'II/IpyeMBIe napaMeTpbl IpU Opp@l?ﬂefzﬂﬂ T_C'X‘HI/I‘-ICCKOI‘O COCTOSAHUA TUAPOIIPUBOIA
T MapooGopy I0BanHe KonTtponmupyemsiit napaMeTp |
1 2 |
Hacocsl perynupyemsie  HOMHHaISHOE /1apiicHHE ’
Pa3THYHBIX THIIOB [lonaga .
TIpusogHas MOIHOCTS :
O6wemuniit KI1/{
Pabora mexanu3ma ynpasienus (it |
PETYINPYEMBIX HACOCOB) B
[MagpomoTopsl HomunanpHOE nasieHue |
HeperyJmpyeMbie HoMunanpHas yacToTa BpallCHUA |
Pa3IAYHEIX THIIOB MuHAMaNbHAA YaCTOTA BPAIICHHAS |
HomunansHBIH pacxon
HomunamsHBIA KpyTAIIMA MOMEHT
Obwemuniii KIT/T B
IMaapouumuueaps! HomuHanpHOE NaB/ICHUE
BuyTpenuue yreuxnu
Haubonemiee naBneHHue cTparuBaHna
B HauGossiee aBIeHKE X0/10CTOro Xo/1a'
[ wapoxsianansi HoMunanbHoe sanienue ,
NMpea0XPaHHTEIIbHAIE, MuHMMANBPHOE AaBJICHWE |
rUAPOKJIANAHAI TIOCJIe- Ilepenan naBnenuii NpH U3MEHEHUH pacxoaa OT |
JOBaTeIbHOCTH
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[Tponomxenne abn.5.1
1 2 |

lpocceny, APOCCeH ¢ MUHHMANbHOE NaBlIeHHe |

 peryJIATOpoM, Apoccesid  OTxiioHeHHe pacxoaa paboyeH XKHAKOCTH NpH

| ¢ PEryJIATOPOM H U3MEHEHHMH JaBNeHUA (TOIBKO JNA apoccened ¢

| IpeA0XPaHHTEIbHBIM pery/iaTopom)

| KIANaHoM, Jipoccenu ¢ YTeyka Maciia 4epes 3aKphiThiil Apoccesb U U3 Jipe-
| peryJIATOPOM H Ha)KHOT'O OTBEPCTHs MPH HOMHUHAIEHOM JABJICHHH
 06paTHBIM KIANAHOM Haumensmasn pasHuiia MEXKIY AaBIICHHEM HA

4 BBIXO/I€ ¥ IaBJICHUEM HACTPOHKH (TONBKO AnA

JIpOCCeNeH ¢ peryasTopoM H MpeaoXPaHHTETbHbBIM

| ¥, KJIanaHoM )

' Pene HaBicHUA HeuyBCTBUTE IPHOCTE Ha BCEM JHAna3oHe

| pery;MpyeMoro AaBjieHuA

! YTeukn yepes APSHAKHOE OTBEPCTHE

| Penykumonnbiit knanad  Ilpefi€sl  peryiMpoBaHMS  peayIMPOBAHHOTO

& JIaBJIEHHS, TUIAaBHOCTL H YETKOCTH HACTPOHKM

( CrabWIBHOCTh PEAYNHPOBAHHOIO JIABIEHHA NpH

W3MEHEHHH Pacxo/a OT HaubOIbMEro 10 HyNIEBOTO |
CraOGMasHOCTE PEAYUHPOBAHHOTO JABIAEHHA OpPH

| H3MEHEHHUH MOABOJMMOrO AaBJICHUA

1 CrabWwibHOCTE PEAyUHMPOBAHHOI(Q JAaBIEHHA NpPH
(| HEH3MEHHOM pEeKMME ¥ pacxoje 4epes KiamaH
. HACTPOHKH

| Knananw o6patnsie, UerkocTh  cpabaTeiBaHMd ©W  COOTBETCTBHE
| THAPO3aMKH, KilamnaHbl YCTaHOBJICHHOMY LMKy paboThl

NOAVIEPXKHBAIOTHE Benuuuna yreyku

i OrkpeiTHe knanaHa npU HOMMHaJIbHOM pabouem
é, £ JIABNICHUH B HAAKIANAHHOHW MOMNOCTH (TONBKO UIA

0OpaTHhIX yNPaBIAEMbIX KJIAMAHOB)
| [InagHOCTL pery/IMpOBaHHs BeNHUYMHBI [OANOPA
| (TONBEKO U MOAIEPXKHBAIOIIMX KIIAIIaHOB)
LAennTens noToka ITorpemHocTs fie/IeHHuA NOTOKa
IIpumeuanus:
[TpoBepka MpoU3BOAUTCS TOJBKO B ClIydae, KOTJa ’TO OTOBOPEHO TEXHUYECKOUN TOKYMEHTAIUEH.
Tonbko y pacnpez[eJmTeﬂeﬁ C THAPABIIMYCCKUM U JICKTPOTKApadJINYCCKUM YIIPABJICHHUCM.
CpencTBa AMAarHOCTUPOBAHUS PA3ICISIIOT HAa CTAllMOHAPHBIC, TIEPEHOCHBIC W BCTpOeHHbBIE. CTaiuno-
HapHBIC CPCACTBA YCTAHABIMBAIOT HA ITYHKTAX TCXHUYCCKOT'O 06CJ'IY)KI/IBaHI/I$I 1 JUAarHOoCTHUKH. HpI/I 3TOM
00BEKT JUAarHOCTUPOBAHUA OJOCTABIIKICTCA K CPEACTBAM, MOJAKIHOYACTCA K HHUM, U TOJBKO ITIOCJIE 3TOIO
MIPOU3BOAUTCA KOHTPOJIb H606XOIII/IMBIX nmapaMeTpoOB. HepeHOCHBIC cpeacTtBa AUArHoCTUpOBaHUA, 005-
CAWHCHHBIC, KaK IMPaBUJI0, B €IUHBIC 6J'IOKI/I, JOCTaBIAKOTCA K O6’beKTy ANAarHOCTUPOBAHUA IO MECTY €ro
OKCIUTyaTallii U NMOAKIIOYAKOTCA TOJIBKO JIA IMPOBCACHHUA AUATHOCTHUPOBAHUA. BCTpOCHHBIC cpeacTsa,
cocmaeidwuue C 00BEKTOM JAUAarHoCTUPOBaHUA OJHO ILICJIOC, JAOT BO3MOXKHOCTH IIOJTYYaTh I/IH(l)OpMa-
OHU O COCTOIHHNHN 00BEKTa MOCTOSIHHO HIIH IIpU KOHTPOJIBHBIX ITPOBCPKAX.
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CraumoH apHbIe CpeAcTBa JUArHOCTUPOBAHUS, UJI U CTEH/IBI, MOTYT IPUMEHATHCS AJI1 IPOBEPKH TEX-
HHUYECKOI'0 COCTOSIHUA TUAPOCUCTEMBI MAILIUHBI U OTAEIBHBIX €€ arperaToB, yCTAHABIMBAEMbIX HA CTEH/.
B atom ciydae nocturaercs Gosbliasi TIyOMHA IMarHOCTUPOBAHUS, TaK KaK MOKHO IPUMEHUTH CPECTBA
nH(pOpMaLUY C MHHUMAJIbHBIMU TIOTPEIHOCTSIME. Kpome Toro, B mpoliecce MpoOBEPKHU (IUarHOCTHPOBA-
HUS) OTCYTCTBYET B3aUMHOE BJIMSIHME arperaToB IT'MIPOCHUCTEMBI, YTO TAK)KE YBEJIMYMBAET TOYHOCTh IUa-
rHocTHpoBaHus. CTaluOHApHbBIE €pe JIeTBa U3MEPEHHUS MO3BOJIAIOT NPUMEHUTh AAaTUUKU K CPEACTBa pe-
TUCTpAalliy, BBIIAIONINE AMArHOCTUYECKYI0 MH(OpPMAIMIO HEMPEPhIBHO (B BUAE KPUBBIX HIIM OCLUIIIO-
rpaMM).

HenocraTtkaMu cTallnoOHApHBIX CPEICTB IMArHOCTUPOBAHUS SIBJISIFOTCSI BBICOKAsi CTOUMOCTb, OOJIbIIINE
pa3Mepsl U Macca, 3HAYUTENIbHBIC 3aTPaThl BPEMEHU HA NOAKIOYEHUE THAPOCUCTEM U TMAPOArperatoB K
CTeHJIaM, IoTepH paboyueil KUAKOCTH, a TAKKEe BOZMOXKHOCTh BHECEHHUS 3arpsI3HEHUHN B TUIPOCUCTEMY.

IIepeHocHBIE cpeacTBa IMAarHOCTUPOBAHUS IO3BOJISIIOT IIPOBOJUTH IPOBEPKY TEXHUYECKOIO COCTOS-
HUSL OOBEKTOB JUArHOCTHUPOBAHUS Ha MYHKTAaX OOCIYKMBAHHS U B MOJIEBBIX YCIOBUSAX. BIIOKK aT4nKoB
UMEIOT HEOOJIbIINE pa3Mepbl U MacCy, MOTYT paboTaTh OT OOPTOBOM CETH MOOHMIIBLHBIX MAallliH, BO31TYIII-
HBIX CYJIOB U JIpYyTuX 00beKTOB. Bpems Ha mojcoenuHeHne 6J10Ka JaTYMKOB COKPAIIAETCs ¢ MPUMEHEHU-
€M CIIeNHATbHBIX MPUCOCTUHUTEIBHBIX YCTPOUCTB. llemecooOpa3Ho mpuMeHeHUe OECKOHTAKTHBIX H
KPaTKOBPEMEHHBIX KOHTAKTHBIX IATYUKOB.

[TepeHocHBIE CpelcTBa U3MEPEHHS MMEIOT, KaK MPABHIIO, OOJBINYIO MOTPEIIHOCTh MPH U3MEPEHUU
napaMeTpoB JAuarHoctupoBaHus. ['myOuHa moucka nedekra mpu 3TOM HeOOJbIIasl, TOITOMY HE BCeria
HMMEETCA BO3MOXKHOCTD OIPEIEIUTh KOHKPETHYIO IPUUMHY HEUCIIPABHOCTHU TUApOArperara.

BceTpoenHble cpeacTBa IMarHOCTUPOBAHUS, YCTAHABIMBAEMbIE B CUCTEMAxX M arperatax MalluHbI, B
3HAQYUTEJIBHOM CTEIIEHU YCKOPSIOT IPOLECC AUATHOCTUPOBAHUSA U SBIIAIOTCS OCHOBOW IS CO3[aHUS aB-
TOMAaTU3UPOBAHHBIX CUCTEM, UMeroLX 0opToBbie DBM mist 06paboTku, aHann3a HHGOPMAIUU U BbIJa-
YM 3aKIH0YEHHS O TEXHUYECKOM COCTOSIHUU O0BEKTA.

K HenmoctaTkam BCTPOECHHBIX CPEICTB MOXKHO OTHECTH HEOOXOAMMOCTh YCTaHOBKH OOJIBILIOTO YHUCIIA
JATYUKOB B TUJPOCUCTEME MAIIMHBI U MOBBIIICHHBIE TPEOOBAHUS K CTA0OMIBHOCTH XapaKTEPUCTUK JIaT-
YUKOB Ha CIy4ald 3aMEHBI.

[To oTHOLIEHNIO K OOBEKTaM ITUATHOCTUPOBAHUS CPEJCTBA MOTYT OBITh CIIEIUATH3UPOBAHHBIMH WU
yHUBepcaibHbIMHU. CrenMaln3upOBaHHBIE CPEJCTBA M3MEPEHHUS OOBIYHO MPOIINE MO KOHCTPYKTHBHOMY
HCIOJHEHUIO U UMEIKOT MEHBLIYI0 CTOMMOCTb, YEM YHUBEpCAJbHbIC. Y HUBEPCAIBbHBIE CPEACTBA OTINYA-
FOTCSI CJIO’)KHOCTBIO KOHCTPYKITUU M OOJIBIIION CTOMMOCTBIO, OJJHAKO WX JIETKO MOS0 YHUDUIIMPOBATH, U
OHU MOTYT OBITh IPUTOAHBI AJISl pa3IUYHBIX 00bekTOB JIarH octu po B aH usl.

CranmoHapHbIe CTEH/IBl U YCTAHOBKH B OCHOBHOM OCHAIICHBI YHUBEPCATBLHBIMHU CPEICTBAMU U3MEPE-
HUSI, BBITYCKAIOIUMUCS CEPUMHO. [IepeHOoCHbIE U BCTPOEHHBIE CPEACTBA, KaK IIPABUIIO, SABJISIOTCS CIIELH-
ATM3UPOBAHHBIMHU M TPYJAHEE MOAAIOTCSA YHU(DUKAIIUU BCIISACTBUE OOJIBIIOT0 KOHCTPYKTUBHOTO Pa3HO-
o0pa3us arperatoB TUIPOCUCTEM.

JIoCTOBEpHOCTh TMAarHOCTUPOBAHUS B 3HAUUTEIBLHOW CTEIIEHU 3aBUCUT OT TOYHOCTH u3Mepenuit [lo-
ATOMY B TEXHUYECKOW TOKYMEHTAIlMU 0053aTeIbHOU SBISETCS PEKOMEHIAIHS M0 TOYHOCTH UCIIOJb3Ye-
MBIX CPEICTB U3MEPECHHUS.

Ecnu B TexHMYeCcKOW NTOKyMEHTAlUU KJIacC TOYHOCTH M3MEPUTEIHHOrO MpUOOpa Ha AMATHOCTUPYEMOE
W3/IeNie He yKa3aH, TO MOKHO TOJIb30BaThCs JaHHBIMH Ta01.5.2. [Ipu oTCyTCTBUM CrielMaIbHBIX yKa3a-
HUN U3MepeHus MPOBOAT HA yYacTKax mIKaibl B peaenax ot 30 g0 95%. kansl >kUIKOCTHBIX TPHOO-

POB HCIIOJIB3YIOT ITOJIHOCTHIO.
Tabnuua 5.2

TpelyeMslit KNACC TOYHOCTH KOHTPOMBLHO-WIMEPUTENLHEIX apubopos
|

w L _ Knace Townoctn nputopos ]
| Kourponupyemsiil napamerp HaCOCH, ‘ rUapo- THApO-

) . A1 Haet | ruapoMOTOpEI | HMTMHADS! | anmnapartypa |

| Hasnenwue ! 16 , 16 TR
Momawa(pacxom) | #16 [ - ] 16.25

Yacrorappamemwr - | %06 | - | -
| MOmHOCT®, KpyTsunmit Moment |  *16 | - | S
| Temueparypa | +2.5 T +2.5
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[TapameTpsl cienyeT U3MepsITh IPU YCTAHOBUBILIEMCS TEIUIOBOM pexxuMe. Briiepikka nepen HauaioM
M3MEpEeHUH J0KHA OBITh HEe MeHee 2 MUH. 3a pe3yJIbTaT U3MEPEHUs IPUHUMAIOT CpeHee apudmeTnyde-
CKOC€ HE MCHEC TPEX HSMCpeHHfI. PasHocTh MCKIY HauOOJIBIINM 1 HAUMEHBIITUM HU3MEPCHHUAM JI OOJHOI'O U
TOTO € MapaMeTpa He JOJDKHA MPEBHIIIATh 3HAaUeHUH, yKa3aHHbBIX B Ta01.5.3.

TaGmuna 5.3
JonmycTuMas pasHOCTh MeX/1ly HANDONbIIEH U HAWMEHBICH BETHYWHAMH

sl d H3MEPEHHH
' ‘ JlomycTumas pa3HOCTb % npu 9HCe
‘ Konrponupyemsiii napamerp Jamecpon 4
— .

- bad v il 5 fos st d 1ol

| Jasnenue L 0 7 + ool do il |
Tlo:laquacxou) 07 | |20 bexe2d |
| YacToTa BpalieHus 025 | o 07 boeslS |
. MomHOoCTh, KpyTsmmii Moment | 0,7 | 1,5 begld Drooduodd |

[Ipumensttoruecss B npolecce TUarHOCTUPOBaHUS cpenctBa usmepeHus B coorBercTBuu ¢ 'OCT
16263-70 kmaccupuIUpyOTCS Ha CIACAYIOIIME BUIBI MEPhI, U3MEPUTEIbHBIC Mpeodpa3oBarenu (1aTyu-
K1), U3MEPHUTEIbHbIE TPUOOPHI, H3MEPUTEIbHBIC YCTAHOBKU M CUCTEMBI.

Mepa - cpencTBO U3MEPEHHUs, MPEAHA3HAUYCHHOE ISl HEMOCPEACTBEHHOTO BOCIPOU3BEACHUS (HU3H-
YEeCKOH BEJIMYMHBI M3BECTHOTO pa3Mepa. MepamMu MOTYT OBITh: [IIpH, Mara3uHbel pe3UCTOPOB U T.II. Paz-
JUYal0T OJHO3HAYHBIE MEpbl, MHOTO3HAYHbIE Mepbl M Habopsl Mep. IIpuMepoM MHOro3HAuHOW Mepbl
AB.UsIeTCA JIMHEHKa, a Habopa Mep - Mara3uH KOHIEBBIX Mep JUIMHBL. [Ipu M3MepeHusIX ¢ UCIoIb30BaHHEM
MEpbl CPAaBHUBAIOT 3HAYEHUS U3MEPSEMBIX TapaMETPOB C ONPEACIICHHBIMU BEJIMYUHAMU, BOCIIPOU3BOAU-
MBIMU MEpaMHu.

HsmepumenvHulil npubop - CpeCTBO U3MEPEHHUs, BIpabaThIBaIOlIee CUTHATI U3MEPUTENBHON HHDOP-
Mauu B (opMme, TOCTYMHOH AJIsi HENOCPEICTBEHHOTO BOCIPHUATHUS HccienoBareneM. OOmmmM A Bcex
prOOPOB ABIISETCS HATMUME OTCUETHBIX YCTPOUCTB. Yalie BCero mocieHue BhIMOIHAIOTCS B BUJE IIKa-
JIbl ¥ yKA3aTEJIbHOU CTPEIIKU.

W3meputenbHble TpUOOPHI NOAPA3ACIAIOTCA Ha aHAJIOTOBbIE U AUCKpeTHbIe. Eciu nokazanus npudo-
pa ABISIOTCS HENMPEPHIBHOW (YHKIMEH M3MEpsSeMO BETMYMHBI, TO TaKHE MPUOOPHI HA3BIBAIOTCS aHAJO-
roBbiMU. [IpuOopBI, MoOKa3aHust KOTOPBIX COXPAHSIOTCS B HEKOTOPOM MHTEpBaJie U3MEHEHUS U3MepsIeMOoit
BEJIMYMHBI, HA3bIBAIOTCA AUCKPETHBIMH. Takue mpuOopsl CHa0XKal0TCsl YCTPOMCTBAMH, MPEICTABISIONIN-
MU 3Hau€HUE U3MEPSEMON BEJIMYUHBI B IIUPPOBOIl (hopMe U 0TOOpaKaIOIIMMU 3TH 3HaYCHUS HA UHIMKA-
Topax. [lokazanusi TMCKPETHBIX NMPUOOPOB Jierye (PUKCUpOBaTh, OHU yIOOHBI AJsi BBoJAA B DBM misa ux
JanbHenet o0padoTku. ITu mprOOPHI UMEIOT CYIIECTBEHHO OOJNBIIYI0 TOYHOCTb, TaK KaK Y HUX OTCYT-
CTBYET MOTIPELIHOCTh CYUTHIBAHUS [TOKAa3aHUM, HO OHM CIIO)KHEE aHAJIOTOBBIX, MEHEE HA/IEKHBI U JI0POXKE
Kpome Toro, mo ux mokasaHusiM TPyAHO CYJIUTh O TEHACHLMIX M3MEHEHUS M3MEpSEMOM BENIMYMHBL. B
nociieiHee BpeMsi HaOIoJaeTcss MHTEPEC K IIMPOKOMY IPUMEHEHUIO 3JIEKTPUYECKHUX U 3JIEKTPOHHBIX
CPEIICTB U3MEPEHHUsI MapaMeTPOB U UX 00PaOOTKH.

TexHn4yeckoe cOCTOSIHME THAPONPUBOA JIFOO0N MAIIMHBI XapaKTePU3yeTCsl pa3InIHbIMU JUArHOCTH-
YECKMMU NMpU3HAKaMU. B OONBIIMHCTBE CIy4yaeB TUArHOCTHUECKUMH MPU3HAKAMU SBIISIOTCS HEAJIEKTPH-
YEeCKUE BEJIMYMHBI: JIaBJIEHUE, TEMIEpaTypa, pacxoi pabodel >KMJIKOCTH, 4acTOTa BpAICHUS, YTJIOBbIE
CKOPOCTH M YCKOPEHHsI, TMHEHHBIE U YTIIOBBIE MEPEeMEIEHNUS, BUOPOYCKOPEHHMSI, a TAK)Ke MapamMeTpsbl, Xa-
paKTepU3yIOIINe COCTOSIHUE pabodel KUAKOCTH TuaponpuBoa. s yao0cTBa MOCIeayIOMMX onepaui
M3MepeHusi, 00pabOTKN U WHIMKAIMU JUAarHOCTUYECKHE MapaMeTpbl HEOOXOIUMO MpeoOpa3oBbIBATh B
YHU(UIIUPOBAHHBIE AIIEKTPUYECKUE CHUTHANIBL. DTy (YHKUHWIO BBIIOJHSIOT U3MepumenbHvle npeobpaso-
eéamenu (TaTINKN).

N3mepuTenbHbIe mpeoOpa3oBaTesid BHIPAOATHIBAIOT CUTHAIIBI
M3MEpUTENbHON HHpopMaIuu B ¢popMme, YI0OHOM [T mepeaayu, AaiabHeilero npeodpasoanus, odpa-
OOTKM M XpaHEeHHUsI, HO HE TOJIeXkAIe HEMOCPEICTBEHHOMY BOCIIPUATHIO HaOIIO1aTeNIeM.

JlaTuuku pa3MemnarTcs HEMOCPECTBEHHO Y 00beKTa U3MEPEHUS U MPeoOpasyIoT u3MepseMble napa-

METpHI B BEJIMYHMHBI, YAOOHbIE 7S TIepeIayy TI0 MUHHUSM CBSI3M, YCHJICHUS, H3MEPEHHS MU PETHCTPALUU

41



Jlexmmn «OKcITyaTanys THAPOMAIIHNH, THAPOIIPUBOAOB M CPEICTB IHIPOITHEBMOABTOMATHKWY. YacTs 11

JNEKTPUYECKUMU CPeICTBaMU. J[aTYUK BXOIUT B MU3MEPUTEIBHYIO CHCTEMY, COCTOSIIYIO U3 YCUIIMTEI,
M3MEPUTENIBHOTO MPHOOpa, UCTOYHUKA MUTAHMUS.

IIpu BbIOOpE MM pa3pabOTKe CPEICTB TUArHOCTUPOBAHMS KEJIATEIbHO UMETh MUHUMAJILHOE YHCIIO
M3MEPUTENBbHBIX KaHaIoB. [Ipy 3TOM yBennunBaeTcss HaA€KHOCTh JUArHOCTHMUECKUX YCTPOMCTB, IOBBI-
1aeTcs JTOCTOBEPHOCTh PE3YJbTAaTOB IUArHOCTUPOBaHUSA. J[aT4MKH, HMCIOIB3yeMbIE B yCTPOWMCTBAX,
JIOJDKHBI BBIIABATh MUHUMAJIBHOE YHCIIO BUJOB JEKTPUUECKUX CHUTHAIOB. OCOOEHHO 3TO BayKHO JUIS TIe-
PEHOCHBIX U BCTPOEHHBIX CPEICTB IMAarHOCTUPOBaHUsA. braronaps MUHMMAIbHOMY YMCIy BHJIOB CUTHA-
JIOB TOSIBJIIETCSI BO3MOKHOCTh HMCIIOJIb30BaTh U3MEPHUTEIbHBIC MM PETUCTPUPYIONINE MPUOOPHI OJHOTO
THUIIA.

K marumkam cpencTs IuarHOCTHUPOBAHUS TMAPOIPUBOAOB MAIIKH, UCIIOIb3YEMBIX B TSKEIIBIX YCIIO-
BUSIX, IPEABSABIIAIOT CleLyroIue TpeOOBaHHUA:

OTCYTCTBME BPEIHBIX BO3JICUCTBUI CO CTOPOHBI JATUYMKA HA OPTAHU3M YEJIOBEKA;
HE00X0/1MMasi UyBCTBUTEIBHOCTb U TOYHOCTb;
BBICOKasl IEpErpy304Hasi CIOCOOHOCTH;

YCTOMYMBOCTh K MEXAHHYECKHUM, TEXHHYECKAM M TEMIIEPATypHBIM BO3JEHCTBUAM H3MEPSIEMON H
OKpYKarollen cpen;

Majasg 4yBCTBUTEIBHOCTh K HEM3MEPSEMBIM IapaMeTpaM M KOMIIOHEHTaM KoJieil (3JIeKTpUUYECKHX,
MarHUTHbIX, TPaBUTALMOHHBIX, PAIMALIUOHHBIX U Jp.);
yHU(UKaLUA 1 B3aMMO3aMEHIEMOCTb;

y100CTBO BCTpauBaHUs B TUATHOCTUPYEMBI OOBEKT M 00CITy )KMBaHUS; MaJlasi Macca U pa3Mephl;
9KOHOMHMYHOCTb U TEXHOJIOTHYHOCTb.

KommiekcHBIH y4eT BBIIIEH3I0KEHHBIX TPEOOBAaHUM, NMPEAbABISEMBIX K JUArHOCTHYECKUM JaT4yH-
KaM, ITO3BOJISICT JJIs1 KOHKPETHBIX O0OBEKTOB JUArHOCTUPOBAHMs BbIOpAaTh SKOHOMHUYECKHU Lienecoodpas-
HbBII KOMIUIEKT IATYUKOB U PETUCTPUPYIOLIECH anmnapaTypbl.

Hzmepumenvnas ycmanoéka - COBOKYIHOCTb (PYHKLIHMOHAJIBHO M KOHCTPYKTHUBHO OOBEIMHEHHBIX
CPEICTB U3MEPEHUS U BCIIOMOIaTEIbHBIX YCTPOUCTB, IPEIHA3HAUEHHAs AJI PallMOHAIIBHOM OpraHU3aluu
n3mepeHus M3MmepurenbHas yCTaHOBKA IPEyCMaTPUBAET ONPEIECIICHHBIA METO/ U3MEPEHMS, B HEE BXO-
JT pa3ivyHble YCTPOMCTBA, 0OeCHeynBaloe Heo0X0AUMOE HIIPYKEHHE 00bEKTa JUarHOCTUPOBAHUS
(Harpy304HbIC U TOPMO3HBIEC CTEHIBI, TPOCCETUPYIOIINE YCTPOUCTBA | T.H.).

H3zmepumenvnas cucmema - COBOKYMHOCTb (DYHKIIMOHAJIBHO OOBEAMHEHHBIX CPEACTB M3MEPEHHS U
BCIIOMOTaTEJIbHBIX YCTPOICTB, COEMHEHHBIX MEXKIY COOON KaHajJaMH CBSI3H, IIpeIHa3HAuYEHHAas JJis Mpe-
00pa30BaHMs CUTHAIOB M3MEPUTEIbHON HH(popMalMu a (hopMy, YIOOHYIO JUIsl aBTOMaTHYECKOW oOpa-
00TKH, Nepelayu, UCIOIb30BAHNUS B aBTOMATUYECKUE CUCTEMAaX KOHTPOJISI M YIPABJICHUS U JOCTYIIHYIO
JUISL HEIIOCPEACTBEHHOI'O BOCIIPUSATHUS.

Bce nepeuncieHHbIe cpecTBa U3MEPEHHUI HAXOAT MPUMEHEHHE B ITPAKTUKE AUArHOCTUPOBAHUS TUAPO-
MIPUBOIOB MOOMJIBHBIX MAIIIMH.
HN3mepuTenbHble mpeodpa3oBaTesiu (IaTYNKHN)

IIpeobpazoBarenu (aTUMKK) KIACCU(PUUIUPYIOT MO CIEAYIOUIMM OCHOBHBIM IpH3HAKaM: MPUHIUITY
NEUCTBHSI, HA3HAYEHUIO, XapaKTepy NPUMEHEHUS, TapaMETPaM U3MEPEHUSI.

Ilo npuHLKIly AEWCTBUSA NaTYMKH, IPUMEHSEMBIE B CPEACTBAaX AMATHOCTUPOBAHMS, PA3JEISAIOT Ha
ANEKTPOKOHTAKTHbBIE, IOTEHIIMOMETPHUECKHE, TEH30PE3UCTOPHbIE (TEH30METPUUECKHE), HIEKTPOMArHUT-
HbIE IpeoOpa3oBaTelu, nbe3odnekrTpudeckue [18].

B snexmpoxkonmakmubix naTdnkax u3MepsieMoe MEXaHWYecKoe MepeMelleHue Mpeodpasyercs B 3a-
MKHYTO€ WJIM Pa30MKHYTOE€ COCTOSIHUE KOHTAKTOB, YIIPABIAIOIIUX MIEKTPUUECKOMN Lenbro. EcrecTBeHHON
BXOJHOW BEJIMYMHON KOHTAKTHBIX JaTYUKOB SABIISIETCS IPOCTPAHCTBEHHOE NIEPEMEILICHHE.

MuHMMasbHask HOTPEIIHOCTh CpadaThIBAaHUS KOHTAKTHBIX JATYMKOB HAXOAUTCS B mpenenax 1...2 MKM.
[TonbITKM CO3/1aTh NaTYMKHU C TIOTPELIHOCThIO cpabaThiBaHusg MeHee 1| MkM He ume;1U ycnexa. Bo uzbe-
*KaHue 00pa30BaHUs JTyTU WINM UCKPHI MOIIHOCTD B LIE€TH, pa3pbIBAeMON KOHTAKTaMH, HE JOJKHA MPEBOC-
xoauTh 50...100 MBrT. IlosTomMy npy IPUMEHEHUN B Ka4€CTBE CUTHAIBHOIO, U3MEPUTEIBHOTO AJIEMEH-
TOB, MOTPeOIIsAONIMX MOIIHOCTh MeHblIe 50... 100 MBT, uX MOKHO BKJIIOYaTh HEMOCPEICTBEHHO B LIENb
KOHTAaKTOB JaTuuka. Eciu jxe 3Tu 351eMeHThl MOTPeOISIIOT OOJBIIYI0 MOIIHOCTD, TO X BKJIIOYAIOT Yepes
YCHJINTEH.
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DNEeKTPOKOHTAKTHBIE JATYUKH MCTIONB3YIOTCS ISl U3MEPEHHsI BPEMEHHBIX MHTEPBAJIOB MPU U3MeEpe-
HUU PacxoJa U CKOpOCTel IepeMELIeHHs] IITOKOB U Ap.

Tlomenyuomempuueckum NaTINKOM Ha3bIBAIOT PEOCTAT, JBUKOK KOTOPOTO MEPEMEIIAETCS B COOTBET-
CTBHMHM CO 3HaYCHHUEM H3MEPsSEeMON HEeIJIEKTPUIECKOi BenuunHbl. TakuM 00pa3oM, €CTECTBEHHOM BXOJHOM
BEJTMYMHON MOTEH MHOM E€TPUYECKHX JATUYUKOB SIBIISIETCS MEpEeMEIICHUEe IBUXKKA, KOTOPOE MOXKET ObITh
A100 YTIOBBIM, JTUOO JTHMHEHHBIM, a BHIXOJHOW BEIMYMHON — aKTHBHOE CONPOTHBIICHUE, PACTpe/IeIIeH-
HO€ JIMHEIHO WJIM 110 HEKOTOPOMY 3aKOHY IO MyTH JBUXKKA.

[IpoBox peocTaTa M3roTaBIMBAETCSl U3 MAaHTAaHWHA, KOHCTaHTaHa Win ¢expais. B o4eHb OTBETCTBEH-
HBIX CITydasx, Korjaa TpeboBanus K MI3HOCOCTOMKOCTH KOHTaKTHOW MOBEPXHOCTU OCOOEHHO BBICOKH WIIH
KOHTakrHple J[laBiaeHuss oueHb Majibl, HPUMEHAIOT TPOBOJA M3 CIUIaBa IUIATUHBI C HUPUIUEM
P*0%Pt+10%Ir). {o6aBka upuaus K IJIaTHHE YBEIUYMBAET TBEPAOCTh M MPOYHOCTDH IOCIICAHEH, TOBBI-
11aeT KUCIOTOYHNOPHOCTb, aHTUKOPPO3UNHOCTh U M3HOCOCTOMKOCTB. Y I€BbHOE CONPOTHBIIEHHUE 3TOTO
craBa paBHo p=0,23 “kOmMm. [TnaTuHOMpPHIMEBBIN MPOBO BHITyCKAETCS BechbMa MallbiXx AuameTpoB (o
0,03 MM), 9TO TO3BOJISIET BBIMOJIHATH BHICOKOOMHBIE (10 HECKOJIbKUX KOM) naT4vku maccoil Bcero 107-
12 r u rabaputamu nopsigaka 1x2 cm. Xopomumu [lapamerpamu o01agar0T TaKke JATYMKA U3 TPOBOJIOB,
M3rOTOBJICHHBIX M3 “)1aBOB MIIATHHEI ¢ NaIaMeM, pyOuIMeM, pyTEHUEM, OCMHUEM.

OrpanuueHue OBICTPOACHCTBHS BBI3BAHO HAIMYUEM MEXAHHYECKUX CBA3CH, 3HAUMTENBHBIX MPHUCO-
€MHUTEIbHBIX MacC B KUHEMATUUYECKUX LIETIAX U HEOOXOAMMOCTBIO 00€CIIeYeH s YCTOMYMBOIO KOHTAKTa
MEXIy JIBHKKOM U 0OMOTKOH moreHuuomerpa. [loTeHnmomMeTpuyeckHe AAaTYUKUA MPUMEHSIOT B OCHOB-
HOM ]ISl U3MEPEHUS CTATUYECKOI0 WIIM MEJUIEHHO U3MEHSIOLIET0Cs] CUTHAIA.

[ToTeHunoOMeTpUYECKHE NAaTYMKU AHAJOTUYHO KOHTAKTHBIM SIBIISIFOTCS CTYNEHUYAThIMU (JIMCKPETHBI-
MH), ITOCKOJIbKY HENPEPHIBHOMY M3MEHEHUIO M3MEPSIEMON HEIJIEKTPUUECKON BEJIMYMHBI COOTBETCTBYET
CTyIle K4aTO€ M3MEHEHHUE COMPOTUBIEHHUS. Dro 0OCTOSATENBCTBO BBI3BIBAET MOTPEIIHOCTh KBAHTOBAHMS,
YMEHBILAOLIYIOCS C YBEJIMUEHUEM YHCIIa BUTKOB 111 JATYUKA.

JlJ11 naT4MKOB ¢ paBHOMEPHON HAMOTKOM MOrpemHocTh kBaHToBaHusa y=100/(2i>,1%. Uucio BUTKOB
JaTyrKa, ONpPEeIISIolIee ero pa3pelarllyo ciocoOHOCTh, 00BIYHO BbIOHMpatoT He MeHble 100-5200. B
psfe ciydaeB MPUMEHSIIOTCS MOTEHIMOMETPUYECKUE NATYUKHU C HEJIMHEHHBIM paclpeleleHUEM COIpo-
TUBJIEHUS BJIOJIb TPAEKTOPUH JABHXKKA, YTO JJAET BOSMOXKHOCTb IOJIyYUTh HEJIIMHEHHYIO (QYyHKIUIO MTPeod-
pa3zoBaHusl.

K npeumymiecTBaM NOTEHIMOMETPUUECKUX JATYMKOB MOXKHO OTHECTH BO3MOXHOCTH IOJYYEHHSI J0-
CTaTOYHO MOIIHOTO BBIXOJHOI'O CUTHAja, YTO MO3BOJISIET MPOBOJIUTH €ro JalbHENIy0 00paboTKy U pe-
THCTPALUIO 0€3 MPUMEHEHHSI JOIIOJHUTEIbHBIX YCUIUTEIbHBIX YCTPOICTB.

[ToTeHunomeTpruyecKue NaTYMKU UCTIONB3YIOT JUIsl U3MEpPEHUs! a0COIIOTHOTO U M30BITOYHOIO J1aBlie-
HUS pabouux KHUJIKOCTEH, epenagoB JaBICHUs, KOOPJUHAT, OTHOCUTEIbHBIX IepEeMEICHUH, JIMHEHHbBIX
YCKOPEHUH, YTJIOBBIX CKOPOCTEH U Jp.

B ocHoOBe paboThl mensopesucmopoe NeXNUT sBIeHUE TeH309((deKTa, 3aKioyaromneecs: B i3MEHEHU!
AKTUBHOTO COIMPOTUBJICHUS POBOJHUKOB IIPU UX MEXaHMYECKOH aedopmariui.

XapaktepucTukoil TeHzo3pdexkra MaTepuana sABIsSeTCS KOI(D(UIMEHT OTHOCHTEIBHOH TEH304yB-
CTBUTENIbHOCTH K, ONpENEesieMblii KaK OTHOLIEHHWE W3MEHEHHS COINPOTUBICHHUS K W3MEHEHHUIO JJIMHBI
npoBoAHUKA: K=EK/£|, rie e& -OTHOCHTENIbHOE M3MEHEHUE CONPOTHBIICHUS NMpoBoaHKMKa, ER=AR/R; EI -
OTHOCHUTEIIbHOE U3MEHEHHE ITMHBI TpoBoAHMKa, E] -/[1/1 ,

3HavyeHne Ko3((UIIMeHTa OTHOCUTENBFHONW TEH304YBCTBUTEIBHOCTH K JUI HEKOTOPHIX MaTepHajoB
MpUBEIEHO B Ta0II. 5.4.

Ha nmpakTuke HCIoNb3yIOTCS TEH301aTYMKU JABYX TUIOB. B mepBoM ciyyae HCHoJb3yeTcsi TeH303(¢-
(heKT MpoBOJHUKA, HAXOASIIEr0CsS B COCTOSIHUM OOBEMHOI'0 CXKaTHs, KOT/Ia €CTECTBEHHOM BXOAHON BEJu-
YMHOMU JAAaTUMKa SBJSAETCS JaBIEHUE OKPYIKAOIIEro €ro ra3a WiM KuakocTH. Ha 3ToM npuHnumne crposrcs
MaHOMETpBI JJI1 U3MEPEHHSI BHICOKMX M CBEPXBBICOKUX JABJICHUMN, TaTYMKU KOTOPHIX MPEICTABISIIOT CO-
001 KaTymKy npoBojaa (OOBIYHO MAaHTAHMHOBOT'O) WJIM MOJYIPOBOJHUKOBBIM 3JIEMEHT (Yalle BCEro rep-
MaHUEBbIM WM KpPEMHHUEBBIH), OMENIEHHbIE B 00JIACTh M3MEPSIeMOro AaBiIeHUs (KUIKOCTH WM ras3a)
BbIX0HOM BETMYHMHON aTYMKA SIBISIETCS U3MEHEHHUE €r0 aKTUBHOI'O COITPOTUBIICHMS.

Bo BTOopoMm ciydae ucnomnb3yeTcs: TeH303(G(EKT pacTsIruBaeMoro Wi CXKHUMaeMOro TEH304yBCTBHU-
TeJ'bHOTO Matepuana. [Ipu 3ToM TeH30pe3UCTOPhl IPUMEHSIOTCS B BUJIE «CBOOOIHBIX» U HAKJICHBAEMbIX
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JIaTYNKOB.

«CBOOOHBIE» TEHAO NATYUKHU BBIMOJHSIOTCS B BUAC OJHOW WM psla MPOBOJIOK, 3aKPEIUICHHBIX 10
KOHIIaM MEX[y TOJBKHON M HETIOJBMKHOM JIETaIsIMU M, KaK MPABUJIO, BBITIOJHSIONIUX OJHOBPEMEHHO
pOJIb yIpyroro 3jaeMenTa. EcTeCTBeHHON BXOJIHOM BEIMYMHOW TaKMX JAaTYMKOB SIBISIETCS BECbMa Mayloe
nepeMelLeH e MOIBYDKHOM JICTaJIH.

Tabnuua 5.4
o XapakTepHCTHKH HCIIONB3YEeMBIX [UIA TEH30Pe3HCTOPOB MAaTEPHAIIOB

Monayns ynpyroctu E, |
Marepuan L _k Tla |

FMaHramm ~_1047...0.50 s

{Koncranran 19..21 150
Huxpom i e o, 180 ]
| Huxes - -12 - |
BrCMYT 22 - j
p-repMaHHi 35 Jhh 155 |
| n-xpemumit -100 187 |

4 -100 155
_ fNI-repMaHHii (<-150) 155 T
S
- 110 187 |

. (<170) | 187
InaraHocepeOpaHbIii Cluias 0.8..14 - |
[InaTurOBOb(PaMOBE crnas JIC-22 3783 - ]
Crexaoyrnepoa 60...150 - B

VYerpolicTBO Hanboee pacipOoCTPAaHEHHOTO THIIA HAKJICHBAEMOIO MPOBOJIOYHOTO TELIOPEdU CTapa
n300pakeHo Ha puc.5.2.

4
Puc. 5.2. KoneTpykums Hakiensae-
MBIX OpOBOJIOYHBIX JTaTYMKOB

Ha nosnocky ToHKOH GyMaru WiM JJaKoBYIO IUIEHKY 2 HaKJIEMBAETCs TaK Ha3blBaeMasl pelleTKa U3 3Ur-
3are 0 00a3HO YJOXEHHOH TOHKOM mpoBosnoku 3 nuamerpom 0,02... 0,05 mm. K KoHIIaM MPOBOJIOKK TIpH-
COEUMHAIOTCA (MalKON MM CBapKoil) BEIBOJHBIE MeJHbIe MPOBOIHUKHN 4. CBepXy JaTUYUK MOKPBIBAETCS
cioeM naka 1. Takol JaTyMK, MPUKIECHHBIA K UCIIBITYEMOH JIeTalld, BOCIIPUHUMAET Je(OpMaIIUIo ee To-
BEPXHOCTHOI'O cjos. Takum 00pa3oM, eCTeCTBEHHON BXOAHOM BEIMYMHOM HAKJIEMBAEMOI'O T€H30/1aTUHKa
ABIISIETCS JeOopMalnsi TTIOBEPXHOCTHOTO CIJIOS JIETalld, HA KOTOPYIO OH HAaKJIEeH, a BBIXOAHOH - M3MEHe-
HUE CONPOTUBJICHUS AaTYMKA, IPONOPLUOHATIBHOE 3TON AedopMarui.

W3mepurenbHOM 6a30ii gaTyMKa CIYXKHUT JUIMHA JIETalld, 3aHUMaeMast poBojiokoi. Hanbomnee yacto
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WCTIONB3YIOTCS TaTYukKu ¢ 6azamu 5...20 MM, oOnamaromue conpoTtusiaeHueM 30...500 Om.

®obroBeie MpeodpazoBaTEH MPEICTABIAIOT COOON BEChbMa TOHKYIO JICHTY U3 (DOJIBI'M TOJIINUHOM 4...
12 MKM, Ha KOTOPOW 4YacTh METaJlJla BEIOpaHa TPABJICHUEM TaKWM OOpPa30oM, YTO OCTABIIAsCSA €r0 YacTh
o0Opa3yeT MoKa3aHHYyI0 Ha PUC. 5.3 pelIeTKy ¢ BBIBOJAAMH.

!

m——n—
—
——

-—T

Puc. 5.3 Konctpykuuu GoNbroBsIX TeH304aTYHKOB

B nocnennue rojpl mosBUIICA €lle OJUH CHOCOO MAacCOBOTO M3TOTOBJICHHS TEH30PE3HCTOPOB,
aKJII0YaroIMiics BaKyyMHOM O3TOHKE T€H304YBCTBUTEIBHOIO MaTepHalia U MOCIeAYIONeH KOHIEH AU
€ro Ha NOAJIOKKY. Takue TeH30pe3UCTOPHI NOJIyYHIIM Ha3BaHHUE IUIEHOUHBIX. I U3rOTOBIIEHUS IIJIEHOY-
HBIX TEH30PE3UCTOPOB, MOMUMO METAJUIMYECKUX MaTepHasioB (HampuUMep, TUTAHOATIOMUHUEBBIM CIUIaB
48T-2, obecneunBaronuii u3mMepenue aedopmaruii 10 12% npu koddduineHTe TeH304yBCTBUTEILHOCTH
k=0,2), ucrosb3yercs TakKe LEJbIA psiJ NOJYyNPOBOJIHUKOBBIX MaTepHaliOB, HAIIpUMEp FepMaHuil, Kpem-
Huit (xk-100+120) u op.

[Ipu u3roroBieHnn (HONBroBBIX U IUICHOYHBIX JATYMKOB MOXKHO MPEAYCMOTPETh JIHOOON PUCYHOK
PELIETKH, YTO SIBJIAETCS CYLIECTBEHHBIM MX IpenMylnectsoM. Ha puc. 5.3,a nokasan BHEIIHUI BUI 1aT-
YHKa JJIS U3MEPEHUs JINHEHHBIX HallpsDKeHUM, na puc. 5,3,6 - 1aTYMK, HalbUICHHBIH HA MeMOpaHy, a Ha
puc.5.3,B - 1aTYMK, HAKJIIEMBAEMBIN Ha BaJl AJI1 U3MEPEHUS KPYTAILIMX MOMEHTOB.

[TorpemHocTu npuOOPOB C MPOBOJOYHBIMU, (HOJBIOBBIMU U IJIEHOUYHBIMH T€H30PEIUCTOPAMU TECHO
CBSI3aHBI C TPaJyUPOBKON 3TUX MpuOOpoB. Eciin HET BO3ZMOKHOCTH IpayupoBaTh HEMOCPEICTBEHHO pa-
004Mil 1aTYMK, TO IOTPELIHOCTh, 00YCIOBICHHAS] HEUJIEHTUYHOCTHIO M KaYECTBOM MPHUKIEHKU pabouux U
IpagyupyeMbIX TEH30PE3HCTOPOB, MOXKET ObITh 1...5% maxxe mpu BechbMa TILATENBLHOU MpUKIEHKe, a 00-
1fasi IOrpelHOCTh NMpUOopa (BKIOYAsl MOTPEUIHOCTh YCHINTEINS, yKa3aTelas U Jp.) MOKET JOCTUraTh
10...15%. Ilpu rpagyupoBKe HEMOCPEACTBEHHO padOUero Jardyuka, a Takke Mpyu BO3MOXKHOCTH KOHTPOJIS
YYBCTBUTEJILHOCTU YCWIHMTENSI M YCTAaHOBKU HYJIS Mepej KaXAbIM M3MEPEHHEM MOrpeuIHOCTh npudopa
MOeT ObITh cHIKeHa 10 0,2...0,5% mpu cratnaeckux u 110 1... 1,5% npu tuHAMUYECKIX U3MEPEHHUSIX.

Tenzomerpuueckue AAaTYUKUA HCTIONB3YIOTCS IS U3MEPEHUs JaBIIEHUS, PACXOAOB, YCHIMMA, MOMEH-
TOB, OTHOCUTENBHBIX IEPEMEILIEHUH, IMHENHBIX YCKOPEHUH U JIp.

[IpumeHeHne TEH30pE3UCTOPOB B KauecTBe IpeoOpazoBaTenel nedopMallui 4yBCTBUTEIBHBIX dJie-
MEHTOB B IaTYMKAX JIaBJICHUS B JIEKTPUUECKUI CUTHAJI OTKPBIBAET MIMPOKUE BO3MOKHOCTH MUHUATIOPU-
3allMM J1aTYMKOB, MOBBILICHUS OBICTPOJACHCTBUS W BUOPOYCTOMYMBOCTH, paOOTHI MPH U3MEHSIOIINXCS
TEMIIEPATYPAX.

B nartumkax naBieHHsS HCIMONIB3YeTCs TEH309((EKT pacTSIruBaeMoro MM CXKUMAeMOro TEH304YyB-
CTBHUTEJIBHOTO MaTepuasia Win TeH303((eKT mpoBOJHIKA, HAXOIAIIETOCsS B COCTOSSHUM 0O0BEMHOTO CKa-
THUS, KOTJ]a BXOJAHON BEJIMYMHON JJaTUMKa ABIISETCS AAaBJIEHUE OKPYKAIOIIEH CPeIbl.

Dnexmpomaenumuvle npeobpazosamenu (JATYUKN) MPEOOPa3yIOT 3HAUEHUE HEIIEKTPUUECKOTO IapameT-
pa B AJIEKTPUYECKUI CHUTHAJ 33 CUET HUCIIOJIb30BAHUS B3aUMOJIEHCTBUS MAarHUTHOTO IOJS U JIEKTpHUUe-
cKoro Toka (puc.5.4).
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Puc. 5.4. Cxemsl paboThl 31€KTpOMarHuTHLIX npeobpa3osareneit

Ha puc. 5.4,a u3o0pakeHa MarHuTHas LENb JIEKTPOMAarHUTHOTO IpeoOpas3oBaTelis ¢ AByMs OOMOT-
kamu 11, 1 FOr. Eciiu B 06MoTKe <0i BO3HHMKAET 3JIEKTPHUCCKUI TOK, TO B CEPACYHUKE 2 HABOIAMTCS Mar-
HUTHBIN IOTOK, BEJIMYHNHA KOTOPOI'O 3aBUCUT OT CTPYKTYpPBI U MaTepuaa CepieYHUKa U IapaMeTPOB TOKa
B oOMoTke. MHAyKTUBHOCTH L 0OMOTKM 11, OyAeT ompenensaThCcsl mapaMerpaMu OOMOTKA M MarHUTHOM
IIETH, 8 B3AUMOMHIYKTUBHOCTh M MexIy 00MOTKaMu COI ¥ b>2 -mlapaMeTpaMu 3THX OOMOTOK M MarHHT-
HOM 1enu. JnekTpuyeckuil Tok B 00MoTke KO) MokeT ObITh MOCTOSIIIIIM WK IEPEMEHHBIM.

Ecnu u3MeHATh mapaMeTpbl MArHUTHOW IIETIH, HampuUMep, MPHUOIKas MOJBHKHBIN cepleyHuK 1 K
HEMOJIBIKHOMY 2 (yYMEHBIICHHE 5), WM MOBOPAYMBATH CEPICYHUK OTHOCUTATHHO HEMOJBHXKHOM 4acTH
MarHUTHOH IENH, TO TP 3TOM OYJET U3MEHSTHCS 3HAUYCHUE UHIAYKTUBHOCTH L ¥ B3aMMOWHIYKTUBHOCTH
M.

3HaueHus L 1 M MOKHO M3MEHSTh M IIPU HEMOJBUKHBIX CEpJIeYHMKaX 1 U 2 MyTeM BBEICHHUS B BO3-
JYILIHBIA 3a30p IUIACTUHBI 3 U3 PeppOMArHUTHOrO MaTep umna (YMEHbIICHHE §) WU IUIACTUHBI U3 AJIEK-
TPONPOBOAHOTrO HeheppoOMarHUTHOrO MaTepuana. B mocnennem cioydae m3menenue L u M oOy-
CJIOBJICHO Pa3MarHUYMBAIOUINM JEHCTBHEM TOKOB, MHIYKTUPOBAHHBIX B IJITACTUHE OCHOBHBIM MAarHUT-
HBIM ITOTOKOM, TIPOXOISIIAM IO MATHUTHOM IICTIH.

[Ipeo6paszoBarenu, mpeodpas3yoIIne eCTECTBEHHYIO BXOAHYIO BEJIMUHUHY B BHJIE TIEpEMEIICHUS B U3-
MEHEHHE UHTyKTUBHOCTH, Ha3bIBAIOT UHOYKMUBHBIMU

v
Tsmarsanss
X

iBawaasat il
aisaseseas

Puc. 5.5. Tunsi uHAYKTHBHBIX IpeodpasoBaresic

Ha pwuc.5.5 nokaszanpl TUIIBI MHIYKTUBHBIX TpeoOpa3oBatencii. Ha puc.5.5,a nzo0paxken Haubosee
pacrpocTpaHeHHBIH Mpeodpa3oBaTeib ¢ MalbiM BO3AYIIHBIM 3a30pOM S, JUTMHA KOTOPOTO M3MEHSETCS
noj JeiicterueM usmepseMoi BenuuuHbl P. PaGouee nepemerienue B mpeodpa3oBareisx ¢ NEPEeMEHHBIM
3a3opoM coctasisieT 0,01... 10 Mm.

[Ipeo6paszoBarens ¢ U3MEHSIOMICHCS B COOTBETCTBUU CO 3HAYECHUEM M3MEPSIEMON BEIWYUHBI TIIOMIA-
JIBI0 BO3IYIITHOTO 3a30pa MpuBeJeH Ha puc.5.5,0. [IpeoOpa3oBaTeny TakOro TUIa MOKHO PUMEHSTh IIPU
M3MepeHuN nepemernienuii nopsaka 5...20 mm. Ha puc.5.5,B n3o6paxen npeodpa3zoBaTelib ¢ Pa30MKHYTOM
MarHuTHOM 1enbsro. OH mpescTaBiseT co0oil KaTymky 1, BHYTpH KOTOpOW MOMEIIEH CTalbHOM cepjiey-
Huk 2. [lepemenienue cepieuHuKa BbI3bIBAET U3MEHEHUE MHIYKTUBHOCTH KaTyIIKH. DTOT TUI mpeolpa-
30BaTelisd MPUMEHSIETCS Il U3MEPEHHS 3HAYUTEIBHBIX TiepemertieHunii cepaeunuka (J 0+100 mm).

[Ipeo6paszoBarenu, mokazaHHble Ha puC.5.5,r,1, OCHOBaHbl Ha U3MEHEHHUH MArHUTHOTO COIMPOTHBIIE-
HUS BCIIEJCTBUE pa3MarHWYHMBAIOIIETO JICHCTBHS BTOPHUYHBIX TOKOB. B mpeoOpaszoBarene (puc.5.5,r) B
BO3YIIHBIN 3a30p BBOJUTCS KOPOTKO3aMKHYTHIN BUTOK 1. B mpeoOpazoBatene (puc.5.5,1) aHaIOruyHoe
dKpaHUpYyIollee IeiCTBIE 00YCIOBIEHO BTOPUYHBIMU TOKAMH 6 IPOGUIMPOBAHHOM AJIEKTPOIPOBOIHOM
nucke 1 u3 Menu unu amoMuHus M3menss npoduib JUcka, MOXKHO MOTYYUTh 000N BUII 3aBUCHMOCTH
WHIYKTUBHOCTH OT YTIJIa TIOBOpOTa Jnucka. [IpeobpazoBarenu 3TOro THUMA UCIIONB3YIOTCS I U3MEPEHHS
yrioBbIX nepemenienuii 10 180... 360°.

OpHMM U3 OCHOBHBIX MPEUMYIIECTB HHAYKTUBHBIX TIPeoOpazoBaTeNeil BIseTCsl BOZMOXKHOCTD MOITY-
YyeHHs OOJIBIION MOIIHOCTH IpeodpazoBatens (10 1...5BA), 4To mo3BoJISIET MOIB30BATHCS CPABHUTENBHO
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Maj0  TyBCTBUTEIBHBIM yKa3aTelleM Ha BBIXOJE M3MEPUTEIIBHOM LENU U PETUCTPUPOBATH U3MEPSIEMYIO
MIEPEMEHHYIO BEJTMUMHY 0€3 MpenBapuTeIbHOr0 ycuieHus. JIumpb npu ManorabapuTHbIX peodpa3oBare-
JISIX TIPMXOJUTCS NPUOEraTh K BKIIOUEHUH. . YCUITUTENS MEXKLy H3MEPHUTEIIBHOMN HENbIO U yKa3aTeIeM Uin
PErucTpaTopoM.

IIpeoOpa3zoBarenu, npeodpasyrolmye nepeMelieHne B N3MEHEHUE B3aUMOUHAYKTUBHOCTH, IPUHSTO
Ha3bIBATh MpaHc@opmamopHuiMu , XOTs OoJiee CTporoe Ha3BaHME JJIS 3TOM TPyMIbl Ipeodpa3oBarenen
— 83AUMOUHOYKMHBHDIE.

B TpancdopmaropHbIx mpeodpa3oBarensax U3MEHEHHE B3aUM O MHIYKTUBHOCTH M MOXKHO MOJIyYUTh
HE TOJBKO NPU U3MEHEHUU MAarHUTHOI'O CONPOTUBJICHHUS, HO U NPHU NEPEMEIIEHUN OJHON U3 OOMOTOK,
Kak 3To MOKa3aHo Ha psc 5.4,6.

B3auMoMHIyKTUBHBIE NPeoOpa3oBaTeIN MCIOIB3YIOTCS, KaK M MHIYKTHUBHBIC, JJII U3MEPEHUs JIH-
HEWHBIX NMEPEMENIEHU, TaBICHUs, pacxoa0B u [P
Ecnu x MarauTHOM nenu npeoodpaszoBatests (puc. 5.4,B) NPUIIOKHUTH
CKUMAIOIIKE, PACTATMBAOIINAE I CKPYYUBAIOIIKME YCHUIIUS, TO BCIEACTBUE UX BO3IECHCTBUS IIPOU30MIET
N3MEHEHHE MArHUTHOW NPOHMIIAEMOCTH cepledHuka. [lociennee BBI30BET M3MEHEHHUE MAarHUTHOIO CO-
MPOTHUBIICHUS CEPJICUHUKA U MPHUBEAET K M3MEHEHHIO MHIYKTUBHOCTH OOMOTKH, ITOMEIICHHON Ha cep-
JIeUHUKE, UM B3aUMOMHIYKTUBHOCTU MeX Iy ooMoTkamu 11| u ;-

[TomoOHbIe mpeoOpa3oBaTeN B KaueCTBE €CTECTBEHHOW BXOJIHOW BEIMYMHBI UMEIOT YHPYTYIO Jie-
(bopManMIo cepleUHNKa U MOTYT OBbITh MCIIOJIb30BaHbl JUIsl H3MEPEHUS CUJI, JaBJICHUH, MOMEHTOB U T. [
Ot npeolOpa3oBaTesid, OCHOBAHHBIE HA M3MEHEHHUH MAarHUTHOTO COIPOTHBIICHHS, 00YCIOBIEHHOM H3Me-
HEHMEM MarHWTHOM MPOHMLAEMOCTH (PEppPOMArHUTHOTO CEPAECYHMKA I10]l BO3ACHCTBUEM MEXaHUYECKON
neopmaium, Ha3bIBAIOTCS MACHUMAYRPYSUMUL.

MarHuToynpyrue JaT4uKy UCIOIb3YOTCS Ul U3MEPEHUS OYE€Hb OOJIBIINX YCUIIUN U JaBJICHUH.

Ha puc.5.4,r nuzo0paxen npeodpazoBaTeib, KOHCTPYKTUBHO aHAJIOTUWIBINA TpaHC(HOPMATOPHOMY AaT-
YHKY, HO C IIOCTOSTHHBIM MarHUTOM, KOTOPbIH MOXKET OBITh 3aMEHEH IOCTOSHHBIM 3JIEKTPOMAarHUTOM, €c-
1M yepe3 0OMOTKY €il MpomyCTUTh TOCTOSHHBIN TOK. [Ipu HenoaBmwxkHO# oOMoTke »r D/IC Ha ee 3axH-
Max paBHa HyJ0. Ho mpu ABM>XeHHH OOMOTKH «; MarHUTHBIM TIOTOK B CEpJCYHUKE OYJET U3MEHATHCS, B
obmoTtke nosButcs IJIC, oTaMyHas OT HYJIS.

[TockonbKy CKOpPOCTh M3MEHEHHsS] MarHUTHOTO MOTOKA OIpPENEseTCs] CKOPOCThIO MepeMelleHus 00-
MOTKH B BO3JIyIITHOM 3a30p€, TO TaKO# MpeoOpazoBaTeib UMEET €CTECTBEHHYIO BXOIHYIO BEJIMUUHY B BU-
JIe CKOPOCTH JIMHEMHBIX WM YIJIOBBIX IE€pPEMEILEHUH, a BBIXOJHYIO - B BUAE MHIYyKrupo BaHHoi DJIC.
Taxue nmpeoOpa3oBareny Ha3bIBAOTCS UHOYKYUOHHBIMU.

WHayKIMoHHBIE JaTUYMKK MoApa3aenstoTces Ha Ase rpymnmnbl. B [IpeoOpasoBarensx mnepBoil rpymisl
MarHUTHOE COIPOTHUBIIEHUE HA ITyTH IOCTOSHHOIO MarHUTHOI'O IOTOKA OCTaeTcsi HeM3MeHHbIM, a DJIC
HaBOJAMTCA B KaTyIlIKe Oyiarojapsi JMHEHMHBIM WM YIJIOBBIM KojeOaHUsIM B 3a30pe Maruura. B mpeoOpa-
30BaTeNsIX BTOPOM IpyNIbl MOCTOSHHBIA MarHUT M KaTyIIKa HEMOJBMXKHBI, a MHAYKTUPO BaHHas JDJ(C
HABOJAMTCA MyTEM M3MEHEHUS] MAarHUTHOT'O TIOTOKA BCJIEACTBUE KOJEOaHUN MOTHOIO MarHUTHOTO COMpO-
TUBJICHHUS] MATHUTHON LIENH, CO3/JaBaEMBIX Yallle BCETO U3MEHEHHEM 3a30pa ® 9TOW LENH.

WNHuaykionHele mpeoOpa3oBaTesii B UENSIX TUAarHOCTUKU THAPONPUBOAA UCTIONB3YIOTCS Ui U3MeEpe-
HUS 4acTOTHI BpAIllEHUs, pacxoja u Jp.

IIve3051ekmpuyeckue TATYMKNA CTPOATCS HA OCHOBE KPHUCTAJUIOB M TEKCTYP, HJIEKTPU3YIOLIUXCS MO
JeiCTBUEM MEXaHUYECKHX HaNpspKeHUH (MpsaMoil mbe303Pdexr) u 1eopMHUPYIOMUXCS B DIEKTPUIECKOM
nosie (06patHeIi Mbe303¢pdexT). OcodeHHOCThIO NMbe303(ddekra ABIsSeTCs 3HAKOUyBCTBUTENBHOCTH, T. €.
M3MEHEHME 3HaKa 3apsjia MpHU 3aMEeHe CKaTHUs pacTsHXKEHHEM U M3MEHEHHE 3Haka JieopMaluu Mpu U3Me-
HEHUM HampapieHHs moyis. Hambomee W3BECTHBIN MbE302JEKTPUIECKUA KpUCTalT KBapil. Ecium k kpuc-
TaJTy KBaplia BAOJb TaK Ha3bIBAEMOM 3JeKTpUUecKoil ocu X mpuiiokeHa cuia Fx, paBHOMEpHO paciipe-
JIeJIeHHas M0 TpaHM, MEePHEeHIUKYISIpHOM ocu A", To B pe3yibTare JedopMalii JIEMEHTapHON STYEHKH
KpHUCTaJla ee dJeKTpUdecKas HeMTpalbHOCTh Hapyiaercs. Ha rpansx, mepneHIuKyIsapHbIX ocu X, BO3-
HHUKAET JIEKTPUUECKHI 3apsI.

IIpn paBHOMEpPHOM Harpy»€HHH CO BCEX CTOPOH (HAIpUMEpP, TUAPOCTATUYECKOE CKATUE WU TEILIO-
BbI€ HaNpsDKEHUS U Aeopmanin) KpUCTalll KBaplia OCTAeTCsl JEKTPHUUECKH HEUTPAIbHBIM TaK )K€, KaK 1
IIPU HArpy>XEeHUU 10 OCSAM, NEPIEHIUKYIISIPHBIM OcH X.
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[TupodneKTpuky MpeacTaBIsOT co00i 0co0yI0 pa3HOBHIHOCTh MbE30UIEKTPHUUECKUX KPUCTAIUIOB U
OTJIMYAIOTCS OT COOCTBEHHO MBE303JIEKTPUKOB TEM, YTO UX sSUEiKa UMEET OJJHO MM HECKOJIBKO B3aHMMHO
HEYpaBHOBEIIECHHBIX MOJIAPHBIX HalpaBieHui. biarogaps 3ToMy yka3aHHas rpynia KpUCTaJIJIOB MOJSPU-
3yeTcsl IpU BCECTOPOHHEM T'MJIPOCTATUUECKOM JABJIEHUU M TEIUIOBOM PAaCUIMPEHUH, OTKYAa U MPOUCXO-
JUT Ha3BaHUE «IIMPOITEKTPUKN». TUIINYHBIM PEJCTAaBUTEIIEM ITUPOITEKTPUKOB ABISETCS TypMAJIUH.

CerHeToaNeKTpUKH BXOJAT B TPYIIy NMHUPOIIEKTPUUECKUX KPUCTAIUIOB. XapaKTEPHBIM OTIMYHEM
CEILIETONIEKTPUKOB SABJISETCA TO, YTO UX KPUCTAIUI pa30UT Ha JOMEHBI, B IpeiesaX KOTOPBIX CYIECTBYET
YHOPSAOYEHHAs] CTPYKTypa U CBOE MOJSIpHOE HampasiieHne. OqHaKo NOJSpHBIE HAIlPaBJICHUS JOMEHOB
OpPHEHTUPOBaHbI 110-pa3HOMY. C €rHeTO 3JIEKTpUKaM IPUCYIA HeJIMHEeHHas 3aBUCUMOCTb IJIOTHOCTH IO-
JSIPU30BAHHBIX 3aPsI0B OT BHELIHUX BO3ACHCTBUM (MEXaHUYECKUE HANPSKEHUS, TEMIIEPATypa U T. .) U
rHCTEpe3HtC.

TUNUYHBIMY IPECTABUTENSIMU CETHETORJIEKTPUKOB SBJISIOTCS. CETHETOBA COJIb 1 MOHOKpUCTAJIINYE-
ckuil TutaH ar Oapus. CerHero’’eKTpUUEeCKUe MOHOKPUCTAIUIBI CPAaBHUTEIBHO MAaJlO0 UCHOJb3YIOTCS B
M3MEPUTENIBHON TEXHUKE M3-32 OTHOCUTEIBHO HM3KOH CTAaOMIBHOCTU CBOMCTB M TPYAHOCTH IOJIY4YEHUS
0e31e(heKTHBIX MOHOKPHUCTAJLIOB.

CerHeToaeKTpUUeCcKre IbE30KEPAMUKH MPEICTABISAIOT CcO00M MPOAYKT OTKHUTA CHPECCOBAHHOU
CMECH, COCTOSILIEH U3 MEJIKOPa3IpOoOJEeHHOIO CErHETO 3JIEKTPUUECKOro KpUcTauia ¢ npucajakamu. [Ibe-
303JIEKTPUYECKHE CBOMCTBA OHM NPUOOPETAIOT MOCIE MOJSPU3ALUU B CHIBHOM 3JIEKTPUYECKOM TIOJIE,
HaIlpaBJIeHUEe KOTOPOTro U OIPEeIIsseT MOJIAPHBIN BEKTOP IbE30KEPAMUKH.

B Hacrosiiiee Bpemsi ChIpbeM ISl IPOU3BOJICTBA ITbE30KEPAMUKU Hapsily ¢ TuTaHatoMm Oapus BaTiO?
ciyxat tTutaHat ceuHia PbTiOs u uupkonar ceunia pbZrOi. Hanmyuiie pe3ynbTaThl MOIYYalOTCs IpU
HCII0JIb30BAaHNUU CMECEN 3TUX MaTEpUaIoB — TaK HAa3bIBAEMbIX LIMPKOHATO-TUTAHATOB CBUHIA (KEPAMUKH
tuna L{TC), koTopele moxy4yuian ceiiuac camoe MUPOKOE PACIPOCTPAaHEHUE, TaK Kak, 00Jaias Takol ke
qyBCTBUTENHHOCTHIO, Kak 1 BaTHO3, onn obecneunBaroT paboTy JaTyuKa B TEMIIEPATypHOM JMANa3oHe
10 200...250° C.

BbixogHas MOIIHOCTh IBE303JIEKTPUYECKUX JAaTYMKOB OUYEHb Maja, IIO3TOMY Ha BBIXOJE JaT4yMKa
JIOJKEH OBITh BKIIIOUEH YCUJIUTEINb C BO3MOYKHO OOJIBIIIMM BXO/JHBIM COIIPOTUBICHUEM.

[lorpemHocT Nbe303JEKTPUUECKUX JAaTUNKOB CKJIABIBAKOTCS IIPEKIE BCErO U3 MOIPEIIHOCTH OT U3-
MEpEeHMsI TapaMeTPOB MU3MEPUTEIBHON LIETIH, TEMIEPATyPHOIH MOTPEIIHOCTH, BbI3bIBAEMON M3MEHEHUEM
IIbE€30IEKTPUYECKON MOCTOSHHOM, MOTPEIIHOCTH BCIEACTBUE HENPABWIBHOM YCTAaHOBKM IUIACTHUH, IIO-
IPENrHOCTH M3-32 YYBCTBUTEJIBHOCTH K CHJIaM, JIEHCTBYIOIIMM MEPIEHIUKYJISPHO W3MEPUTEIBHON OCH
JJaTYMKA, U YaCTOTHOM MOIPELIHOCTH.

[Tbe3031eKTpUUECKHEe JaTYUKHA MOTYT OBITh BBIIIOJHEHBI C YaCTOTOM COOCTBeHHBIX Kosebanuii OO
KTI'1i, 4To mo3BossieT U3MEPATh MEXaHNYECKHUE BEIMYMHBI, U3MeHstomuecs ¢ yactoroit 1o 1... 10 kI'm.

HenocraTtkomM mnbe3037eKTprueckux AaT4UKOB siBisieTcss OlpaHuueHHass BO3MOXKHOCTh HM3MEPEHHUS
CTaTHMUYECKUX I1apaMETPOB.

[Ibe30amexkTpruyecKue JaTYNKU UCTIONb3YIOTCS JJI U3MEPEHHUS 1aBJIeHUs, yJIbCalli AaBJI€HUs, BUO-
paumu, kojaeOaHuil ypoBHEH U JIp.

Tepmosnexmpuyeckue NaTIUKU (TEPMOIIaphl) IPEACTABISIIOT COOOH 1IeNb U3 ABYX MPOBOJAHUKOB {MIJIH
MOJIYTIPOBO/IHUKOB), BBITIOJHEHHBIX U3 PA3IMYHBIX MaT€pPHAJIOB M COCAMHEHHBIX CBOMMHU KOHIIaMu. Ecin
TeMIepaTypa OJHOTO MECTa COEAMHEHHUs OTIMYAeTCs OT TeMIlepaTyphl APYroro Mecra, TO B LEMU IO-
asutcs DJIC, HazpiBaeMas TepMO3JeKTpoABKylerd cuio (tepmo-2/IC). IIpoBoaHMKH, cocTaB 11 STO
1[1e TePMODJIEKTPHUUECKH peoOpa3oBaTelib, Ha3bIBAIOT TEPMOIJIEKTOPOIaMH, & MECTa UX COCTUHEHHH -
crasiMu.

[Ipu HeOobIIOM NEepenaie TemnepaTyp Mexay crnasmMu TepMo-OJlC npakTUYecKu JTUHEHHO 3aBUCUT
OT Pa3HOCTH TEMIEPATYP.

Matepuan TepMO3JIEKTPOAOB BHIOUPAETCS B 3aBUCUMOCTH OT UyBCTBUTEIBHOCTH CIasi K U3MEHe-
HUIO TEMIIepaTyphbl, T€ OT MpHpaleHus Beanuunbl TepmMo-2/(C npu GUKCUpoBaHHOM Mepenajie TeMIepa-
TYp, @ TAK)K€ C YYETOM XMMHUYECKON HHEPTHOCTU TEPMOIJIEKTPOIOB BO BHEILIHEH cpejie.

Ha uyBCTBUTENBHOCTh TEPMONIAPHI 3HAUNUTENIBHOE BIUSHUE OKa3bIBAET XMMUYECKasi YUCTOTA MaTEpH-
aja, a TakKe CrocoObl MEXaHWYECKON M TepMUYeCKor 00paboTku mpu mu3rotorneHuu. [lorTomy Bce 00-
pa3Lbl U3TOTOBJIEHHBIX IATYMKOB MOJBEPratOTCsl TAPUPOBKE.
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N3mepenune temmepatypbl MPOU3BOANUTCS CAeAyromuM odbpazoM. OauH u3 craes (pabouuit) momera-
€Tcs B U3MEPSIEMYIO Cpelly, a IPYToil pa3MbIKaeTcs U MOAKIIOYACTCS K AIIEKTPUYECKOMY PUOOpY C BBI-
COKMM BXOJIHBIM COTIPOTHBIIEHHEM (MIJIM M BOIBTMETPY). IIpu 3TOM Mecta moakitoueHus (CBOOOIHBIC
KOHIIBI TEPMOMAphl) AOKHBI HAXOIUTHCS B Cpelie ¢ M3BECTHOU TemmepaTypoil. Hanbonee Tounble pe-
3yJBTAThI MOTYYaIOTCs, €CJIA 3TH MECTa HAXOJATCA B cocyaax ¢ TatouuM jbaoM (0°C).

OnHako He Bcerja BO3MOXKHO CAENAaTh TEPMOAIEKTPOIbl HEOOXOAMMOM IJIMHBI, YTOOBI CBOOOIHBIC
KOHIIBI MOXHO OBLJIO ObI pa3MEeCTUTh Ha JJOCTaTOUYHOM YJaJeHUu OT pabouero cnasi. Kpome Toro, npu uc-
MOJIb30BAHUU OJIATOPOJHBIX METAJUIOB AENaTh JUIMHHBIE TEPMODJICKTPOJbI 3KOHOMUYECKH HEBBITOJHO.
[ToaTomMy U3MepHUTENbHBIN TPUOOP MPUXOAUTCS MOIKIIOYATh K CBOOOJIHBIM KOHIIAM T€PMOIIaphl C IOMO-
IIBIO MIPOBOJIOB M3 JAPYTUX OTHOCUTENBHO JEUIEBBIX MaTepHaioB. UTOOBI COXpaHUTh TOYHOCTH M UyB-
CTBUTEJIbHOCTh TEPMOIApbl MaTepuall YUIMHUTEIbHBIX MPOBOJOB BHIOMPAIOT TaKUM 00pazoM, YTOOBI
craii u\ ¢ TepModsiekTpogamu ObuT 1o TepMo-D/IC uaeHTHYCH paboueMy CIar, a MeCTa I0JI KIIIOUCH Usl
UX K T€PM O 3JIEKTPOoAaM MMEJIM OJMHAKOBYIO TeMIiieparypy. s TepMmonapsl IiaT KHa-TIAarHHOPOIUi
(90%Pt + 10%RnN) B quanazone ot 0°C no !50°C u ans Tepmonapsl BoJIbPpamM-MOIHOACH TPUMEHSIOTCS
yAJIUHUTENbHBIE 2JIEKTPOIbl U3 Meau U ciaa TII. s Tepmonapsl XpoMemnb-allloMeNb YAJTUHUTEIIbHbIE
TEPMODJICKTPO/IbI M3TOTABIMBAIOTCA U3 Meau U KoHCTaHTHHA, a ISl Tapbl XPOMEIb-KOIIeNb YATUHUTEIb-
HBIMHU SIBJISIOTCSI OCHOBHBIE TEPM O 3JIEKTPO/bI, HO BBIINOJIHEHHBIE B BII€ THOKUX IIPOBO/IOB.

Ha To4HOCTH M3MEpEeHHUsl TeMIIepaTyphl MPEkKAE BCEro BIUSAIOT TOYHOCTh U CTAOMIIBHOCTH TeMIlepa-
Typb! cBOOOAHBIX KOHIIOB TepMorapsl. [Ipu oTinyum teMiepaTypsl OT TOH, MPU KOTOPOI MPOBOIMIAC
TapUpPOBKa, B MOJYYCHHbIE PE3yJIbTAThl JOJKHBI BHOCUTHCS TIONPABKH, BETMYNHA KOTOPBIX H3MEHSAETCS B
3aBHCHMOCTH OT JHMara30Ha Kak U3MepseMOoi TeMIepaTyphbl, TaK U TeMIIepaTypbl CBOOOIHBIX KOHIIOB.

BropeiM (hakTOpoM, BIHUSIOIIMM Ha TOYHOCTH U3MEPEHUHl, SABISETCS BO3MOKHOE M3MEHEHHE COIPO-
TUBJICHUS COCIMHUTEIHHBIX IIPOBOJIOB.

Tepmonapbl UCTIONB3YIOTCS IS U3 Mepe! TS TeMIeparypbl U Iepenajga TeMmreparyp padouei sKuaKo-
CTH, KOPILYCOB TUPOMAIIIHH U T.II.

Tepmoconpomusenenus (TEPMOMETPBI CONPOTUBICHUS, TEPMOPE3UCTOPHI) UCHOJB3YIOT SBICHHUE H3-
MEHEHUS 3JIEKTPUUYECKOI0 COMPOTHUBIIEHUSI B 3aBUCUMOCTH OT TeMIepaTyphl. TepMoconpoTuBieHus Obl-
BAIOT METANINYECKUE U MTOTYTIPOBOIHUKOBBIE.

MeTtannnueckie TEpMOCONPOTUBIICHUSI U3TOTaBIMBAIOTCS U3 MaTepUalIOB, 00JIaJaloNINX BBICOKOCTA-
OUJIBHBIM TeMIepaTypHbIM KO3()PHUINEHTOM CONPOTUBICHUS, TUHEHHONW 3aBUCIMOCTBIO COITPOTHBIICHUS
OT TEeMIIepaTypbl, XOPOLIE BOCIIPOU3BOJAUMOCTBIO CBOMCTB U MHEPTHOCTHIO K BO3JEUCTBUIO OKpYKaro-
e cpensl. K TakuM Matepuanam B MEpBYIO odepe/ib OTHOCUTCS IUIaTHHA. biarogaps cBoei nemeBu3He
LIMPOKO PaCIpPOCTPaHEHbl METHBIE TEPMOPE3UCTOPHI, IPUMEHSIOTCS TAKXKE BOJb()PaAMOBBIE U HUKEJIEBbIE.

Jlnana3zoH Temmeparyp, Ipu KOTOPOM MOXKET MPUMEHSATHCS TEPMOPE3UCTOP, ONPEALIIAETCS B OCHOB-
HOM MHEPTHOCTBIO €10 MaTepHara.

Mcanble TepMOPE3NCTOPBI UCTIOIB3YIOTCA B Auana3one ot -50 no +200°C, nnatuHoBbIE - OT -200 10
+650°C, nukenessie - 10 +250...300°C, Bonsppamossie - 10 400"C. BepxHue rpaHuIlbl 1UAa30HOB MO-
I'yT OBITh MOBBIIIEHB! MPU HAJIMYUU XOPOLIEH M30JSAIMM MaTepuaia TepMOPE3UCTOpa OT OKpY’Karomien
CpEeJIbL.

[TomynpoBOAHUKOBBIE TEPMOPE3UCTOPHI HA OCHOBE UHJIUS, TEPMaHUs U KPEMHUS OTIMYAIOTCS OT Me-
TAJTHYECKUX 3HAYUTEITBHO MEHBIINMHU Ta0apuTaMu 51 OOJbIIECH TyBCTBUTEIHHOCTHIO.

HenocratkamMu moaynpoOBOIHUKOBBIX TEPMOPE3UCTOPOB SBIISIOTCS ONPaHUYEHHBIN AUANa30H U3Meps-
embIx Temrepatyp (ot -60 mo +100...125°C) n HenuHEeNHHOCTh 3aBUCUMOCTH MEXAY TeMIlepaTypou U co-
MPOTHUBIICHHEM, YTO BBI3BIBAET HEOOXOAMMOCTh NMPUMEHEHHs CHELUANbHBIX KOPPEKTHPYIOIUX 3JIEMEH-
TOB.

[TorpenrHocTH, BO3HUKAIOIIME NTPH U3MEPEHUH TeMIIEpaTypbl TEPMOMETPAMU COIPOTUBIICHHUS, BbI3bI-
BaIOTCSI HECTAOMIIBHOCTBHIO BO BPEMEHU HAYaJIbHOTO CONPOTHUBIICHUS M TeMIIepaTypHOro kosgduureHTa
COIIPOTHBIICHUS], U3MEHEHHEM CONPOTUBJICHUS JHMHUHU, COCAMHSIONIEH TEPMOMETP C HM3MEPHUTEIbHBIM
pruOOpoOM, MEPErpeBOM TEPMOMETPA U3MEPUTETHHBIM TOKOM.

Tem He MeHEe TEpMOMETPBI COITPOTUBIIEHUSI OTHOCSTCS K OJJTHUM M3 HauboJiee TOUHBIX Mpeodpa3oBa-
Tesel Temrepatypbl. Ha OCHOBE TUTATHHBI M TIOTYIPOBOTHIUKOB MOTYT OBITH MOJTyYeHBI TEPMOPE3UCTOPHI
¢ norpeurHocTeio nopsaaka 0,001°C.
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B nmpakTuke TeXHHMYECKUX MU3MEPEHUN MCHOJB3YIOTCA U APyTUe TUIBI JAaTYUKOB, OJHAKO MX MpHUMe-
HEHHUE OTPAHUYCHO YaIlle BCETO CICIU(PUUSCKIUMHU 3a/Ia9aMH.

HekoTtopeie U3 HUX, KOTOpPbIE MOTYT HMCIIOJIB30BAThCS JIJIsl PELICHHs OTAENbHBIX 3a/1a4 JIUAarHOCTUKU
TUAPONPUBOIOB, ONTUCAHBI HIKE.

CpencrBa u3MepeHHs JaBJIeHUH

N3mepenune naBieHus Npyu JUAarHOCTUPOBAHUU THAPONPHUBOJOB MAIIUH MPOU3BOJUTCS B Pa3IUYHBIX
TOYKaX JIMHUM HU3KOTO W BBICOKOTO JaBlieHUS: B 0ake TMIPOCUCTEMBI, HAa BXOJI€ U BBIXOJE Hacoca, Ha
BXO/I€ U BBIXOJI€ TUATHOCTHUPYEMOTO THIpoarperara, B CIMBHBIX U IPEHAXKHBIX MarucTpaisx.

JluHamuueckue mpoIecchl, MPOUCXOAIINE B THAPOCUCTEMAaX MalllH, TPEOYIOT U3MEpeHHs ObICTPO
M3MEHSIONIETOCS U MYJIbCUPYIOLIEro JaBiieHus. Jluana3oH HM3MEpsieMOro HU3KOTO JaBICHUS B JIMHUSAX
BCACBhIBAHUSI COCTABIISET OT JaBiieHus1 Bakyyma o 0,3 Mlla, B nunusax ciuBa u apenaxa - ot 0,1 go 1,0
MIllIa, B nunusix Harueranus - oT 5 10 40 MIIa. /lnana3on 4acTOThl U3MEPSEMOTO JABICHUS MOXKET KOJIe-
6artecs ot 0,1 7o 5... 10 xI'.

HaubGonee mpocThIMU ¥ HAJEKHBIMU TPUOOpaAMU JIJIsi U3MEPEHHSI U30BITOYHOTO JABICHUS SIBISIFOTCS
MIPY>KUHHBbIE MAHOMETPBI, a JIJIsl U3MEPEHUs pa3pekeHust - BakyyMMeTpbl. [lapameTpsl u pazmeps; MaHo-
MmerpoB pernamerntupyetr 'OCT 8625-77 E.

MaHoMeTpsl npeAHa3HaueHbl AJIS U3MEPEHUS] MOCTOSHHOTO WJIM IUIaBHO M3MEHSIOUIETrOoCs AaBJICHUS
P OTCYTCTBUU BHOpaluy (3a UCKIIOYEHHUEM 0COOBIX ciyyaeB). [loaToMy X 1enaecoo0pa3Ho MPUMEHSTh
B JMArHOCTUYECKUX CTAlMOHAPHBIX M MEPEABIKHBIX CTEHAAX, a TAaKK€ B YCTAHOBKAxX JUJIsl TAPUPOBKU
JMATYMKOB JaBJICHUs] Jpyroro tuma. [Ipu mpuMeHeHHH MaHOMETPOB AJiI U3MEPEHUsS IMyJIbCUPYIOIIETOo
JaBJICHUS UX CIIEAYyeT OCHAIIATh JeMII(pepaMu.

Kpome maHOMETpOB, B JMArHOCTHYECKUX YCTPOMCTBAX M CTEHAAX MCIIOJIB3YIOT JaTYMKH, TPEoOpas3o-
BbIBaIONIME Ae(opMaliio U3MEPUTEILHOTO YyBCTBUTEIBHOIO 3JeMEeHTa (MeMOpaHbl, ciiib(oHa, Oanku,
MPY>KUHBI, CTPYHBI) B 3JIEKTPUYECKUM CUTHAJL.

Jliis mpeoOpa3zoBaHus TaBJICHUS B 3JIEKTPUUECKHM CUTHAJ UCIOJB3YIOT OMMCAHHBIE BBILIE TUIIBI 1aT-
YUKOB: HOMEHYUOMEMPUYECKUN. MEeH30-MempPUiecKull, 31eKMpOMAcHUMHDIL, eMKOCMHbIL, Nbe303JleK-
MpudecKuti U 8UOpayUOHHO-4acmomHsm

B anekTpoMarHuTHOM JaT4HMKe MPOrud MeMOpaHbl win nedopManus erwnbhoHa Mo IeHCTBUEM JaB-
JICHUS IPUBOANUT K U3MEHEHHIO XapaKTEPUCTHUK MarHUTHOM IETH IEPBUYHOTO AaTdynKa. UyBCTBUTEIHHBIN
AJIEMEHT €MKOCTHOTO MpUOOpa U3MEHsIeT €eMKOCTh B IEIH JaTYMKa. BBIXOIHBIM CHUTHAIOM MbE303JICK-
TPUYECKOTO JIaTYMKA SIBISETCA Pa3HOCTh MOTCHIIMAIOB, BO3HUKAIONIAS HA KPUCTAJUIE TIPH BO3JIEHCTBHH
Ha Hero JaBJieHus padoueil cpeapl. B BuOpamonHo-yacTOTHOM Iipubope aedopMaiiusi 9yBCTBUTEIEHOTO
3JI€MEHTa -MeMOpaHbI - BBI3BIBAET M3MEHECHHE HANPSDKCHHUH pacTsSKEHUs Ha HEel, COOCTBEHHAs 4acToTa
KOTOPOM 3aBHCHUT OT 3TUX HAMPSDKCHUN U SBISETCS MH()OPMATUBHBIM MMapaMETPOM BBIXOJHOTO IIIEKTPH-
YEeCKOro CUrHaa.

B GonpImMHCTBE JarduKoB JaBICHUS Ui peoOpa3oBaHus JaBICHUS B EPEMEIICHUE UCTIONb3YIOTCS
YIIpyTHE AJIEMEHTHI B BHUJIC IUIOCKUX W TOPPHUPOBAHHBIX KPYTIBIX MEMOpPaH ¢ OTHOIICHHEM TOJIIUHBI K
nuametpy B [Ipenenax ot 0,1 no 0,02.

[Ipu w3mMepeHun NaBieHUS KUIAKOCTH BO3HHKAET creruduyeckas 3ajlada HEMCKaXEHHOH Tepeaadn
ATOTO MapaMeTpa Ha BXOJ JaTYMKa JaBJICHUs O€) HapyIIeHUs yCIoBHUS (YyHKIIMOHUPOBAHUS KOHTPOIUPY-
eMoro o6bekTa. COOTBETCTBEHHO K MPHUCOCTUHUTEIHHBIM 2JIEMEHTAM JIaTYUKa JIABJICHUS MPEIbIBISIOT-
csl, C OJTHOUM CTOPOHBI, TPEOOBaHUS TOYHOCTH MpeoOpa3oBaHus, a C APYToil - TpeOOBaHMS TEPMETHUYHOCTH
1 MEXaHUYECKOW MPOYHOCTH.

OdeHpb 9acTo ATYMKU JABJICHHS MPUCOSAUHSIIOT K KOHTPOJIUPYEMBIM 00BEKTaM C MOMOIIbIO TpyOo-
npoBoioB. [Ipu cratrndeckom ngaBiaeHuU Kod(PUIIMEHT MpeoOpa3oBaHus TPyOOIPOBOIa TIOCTOSIHEH U pa-
BeH enuHuIe. [Ipu ObICTpO MU3MEHSIOIEM sl JaBICHUU TPeOyeTCsl onpeeieHne TUHAMUYECKUX XapaKTe-
PUCTUK TIPHUCOCTUHUTEIBHBIX TPYOOIPOBOMIOB, XapaKTEPU3yEMbIX COOCTBEHHOW YacTOTOW KoJieOaHWM
cpenbl B HUX. B HacTrosiiee BpeMsi CO3/1aHbl MOJIYIIPOBOJIHUKOBBIE MUHUATIOPHBIE JATUUKHU JABJICHUS C
BO3MOKHOCTBIO UX BCTPaWBaHUsI HETIOCPEACTBEHHO B THAPOATrPEraThl.

s yno6ctBa U OBICTPOTHI MOHTa)Ka JATYMKOB B TUIPABIUYECKYIO CHCTEMY HEOOXOAMMO TpEe.y-
CMOTPETh B KOHCTPYKITUU TUIPABINIECKON CHCTEMBI DJIEMEHTHI CONPSDKEHUS. JTO COBOKYITHOCTh Y3JIOB,
MO3BOJISIONIAS TPU IKCITyaTallii, PEMOHTE, TEXHUYECKOM OOCITYy)KMBAaHUH M HaJlaJKe THAPABIMUYECKHX
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cucTeM OBICTPO MOJCOECAUHUTD K I'MJIPONPUBONY JATUUK JABJIECHUS U1 U3MEPEHHs N30BITOYHOIO JaBJie-
HUS WU BaKyyMa 0e3 OCTaHOBKH U Pa3repMeTH3allH THIPONPUBO/IA, BBITYCKATh BO3AYX U3 THIpaBIUYE-
CKHUX CHCTEM M THUIPONPHUBOJOB, OTOMPATh MpOOBI Macia Uil aHalIM3a, JIETKO W3MEPUTh JaBJICHUE B
TPYAHOJOCTYIHBIX MECTAX THUAPOIPUBOAA.

CpeacTBa u3MepeHus MyJIbCAINHU AaBJIeHUSA

HepaBHOMEpPHOCTH MOAAYN HACOCOB OINPEAEISIETCS 0COOCHHOCTIMH KUHEMAaTHKH, a TaKKe HECOBEp-
LIEHCTBOM IIpoliecca paclpeneneHus padbodeil kuakoctd. Knunemarndeckass HEpaBHOMEPHOCTh MOJauu
OKa3bIBaeT HE3HAUMUTEJbHOE BIMSHUE HA aMIUIUTYAy IyJbcaluu JaBieHus. OCHOBHOIN MPUYMHOHN MOBBI-
LIEHHOM IyJIbCAllMM JIaBJICHUS B HAIIOPHBIX MAarucTpaliiX HACOCOB U FMIPOMOTOPOB SIBIISIIOTCS MEpenabl
JaBJIeHUs B pabounx Kamepax, HaOJt0jaeMble 6 MOMEHT Mepexo/ia 3aMKHYTOTO HaAMOPIIHEBOTO 00beMa
KHUJIKOCTH 4Yepe3 MEepeMbIUKY IJIOCKOTO PACIpPEeNIuTeNsl, Pa3ieisIollyl0 OKHAa BCACBIBAHUSA M HArHeTa-
Hus. [Ipu 5TOM MeXxaHW3M BO3HHUKHOBEHUS IMyJIbCALMU JaBJieHUs o0BsicHseTCs creayronmM. Kormga nu-
JUHJIP ¢ pabovel KUAKOCTBIO MIPU JIaBJICHUU MAarucTpajad BCachIBaHMsI IPOUJIET Yepe3 NePEeMbIUKY U CO-
€IMHUTCS C OKHOM HarHETaHWs M JaBJICHUEM MarucTpald HarHETaHHs, KOTOPOE Ha HECKOJBKO MOPSIKOB
BBILIE JIaBJICHUs BCAChIBAHUS, IIPOU30i1€T MTHOBEHHOE BbIpaBHUBAHUE JAABJICHUS 1OA JIeHicTBUEM 00pat-
HOTO TIOTOKA >KUIKOCTH W3 HarHETATEIIbHOTO OKHA B IMIIMHAP. OOpaTHBIM MOTOK KHUIKOCTH BBI3BIBACTCS
C)KaTUEM 3aKJIFOUCHHOHN B IMJIMHIPE KUJKOCTH C IaBJICHUEM BCachbIBaHMs (BKIIIOYAs CKATHE BO3MOXKHOIO
HEPAaCTBOPEHHOTO BO3/yXa) 0 JaBiieHUs HarHeTaHus. OOpaTHBIA MOTOK OMpPEAEsieTCsl IeperajoM J1aB-
JIeHHUs, YIPYTOCTbIO pabouell JKuAKOCTH, 00BEMOM HAJIOPIIHEBOIO NPOCTPAHCTBA B LIMIUHIpPE, Aedop-
MaIyel MUIMHAPA IPH BO3pACTAaHUH B HEM JIaBJICHUS.

[Ipu pnurensHON paboTe MOPIIHEBBIX HACOCOB U TMAPOMOrOpPOB B pe3yJIbTaTe W3HAIIMBAHUS BO3HU-
KalOT OCEBBIC JIO(THI, pagualbHbIe 3a30pbl MEXY HOPIIHAMHU U OTBEPCTUSMH B OJIOKE LMIMHIPOB, W3-
HOC paclpeliesIuTels, eYeK KapJaHa U Apyrue HEUCIPAaBHOCTU. DTO HapylaeT paboTy Hacoca U CIO-
COOCTBYET YBEJIIMYCHUIO aMIUTUTYIbI Ty IbCAIIUH JaBJICHUSI.

[TapameTpsl IyJabcalliy JAaBICHUS, CBSI3aHHbIE C KUHEMAaTUYECKOH CTPYKTYpOH HAcOCOB M I'MIIPOMO-
TOPOB, MOTYT OBITh UCIIOJIb30BAHBI JUI ONPEACTICHUS TEXHUYECKOIO COCTOSIHUSL OTJICJIbHBIX KHHEMaTHye-
CKMX TIap ATHX MEXaHW3MOB. [lepexoHble MPOIECcCHl, BBHI3BIBAIOIINE KOJIeOaHMs TaBJeHUS (BOJHOBBIE
MPOLIECChI) B CUCTEMAaxX I'MIPAaBINYECKOro MPUBOJIA, MOTYT ObITh TaK)Ke BBI3BAHBI M3MEHECHHEM Harpy3Ku
Ha WCTIOJHHUTEIBHOM OpraHe, BHE3aITHBIMU OCTaHOBKAMHM JBIDKYIIUXCS YacTel TUAPOIPHBOAA, cpadaThI-
BaHUEM T'HJIpOaNapaTypbl yIpaBiIeHUs WIN PEryJIMPOBaHUS U JPYTUMH IPUYUHAMU.

Jnist u3MepeHust MyIbCAlly JIaBJICHUST TPUMEHSIOT TEH30PE3UCTOPHBIC, HHIYKTUBHBIC, €MKOCTHEIE,
MarHuTHbIE, TbE303JIEKTPUYECKHE U Apyrue npeodpazoBatenu. OcHOBHbIE TpeOOBaHUSA K IpeodpazoBaTe-
JSIM M3MEPEHHUS TyJIbCAINN AABIICHHS CIISIYIOIINE: BBICOKAsi YyBCTBUTEIBHOCTh U BO3MOXKHOCTD €€ Pery-
JTMpOBaHMs, yHUBEpeajibHOETh, mMMpoKmii 1nama3oH pado4nx 4acTOT, BO3SMOKHOCTh PAOOTHI B YCIOBHIX
MOBBIIIIEHHOW BHOPAITH, MaJible pa3Mephl, HAJCKHOCTh U JOJITO BEYHOCTh, IMUPOKUH AHAINa30H padoInx
temmneparyp (ot -40 go +100?%C).

OCHOBHBIMHU TIapaMeTpaMH MPeodpa3zoBaTeseid, KOTOPbIe MOKHO MCIIOJIb30BaTh JIJISl H3MEPEHHUSI ITyJIb-
calMy JaBlIeHUs, BISIOTCS yyBCTBUTENBbHOCTD (B/MII3) 1 wactoTHelii quanason (I'm). Ot 1Ba mapamer-
pa 3a4acTylo B3aMMOCBSI3aHBI, IOPTOMY TIPH BBIOOpE THIIA TpeoOpa30BaTelsi WHOT/IA MTPUXOTUTCS OTpa-
HUYMBATHCS OJHUM TapameTpoM. OObIYHO YAaCTOTHBIN JMAINa30H JJIS M3MEPEHUs MyJbCallud JaBICHUS
paccMaTpUBaIOT JUIS BCETO M3MEPUTEIHLHOTO KaHaa, KOTOPBIH BKIIOYAET B ce0sl MepBUYHBIN MTpeodpa3o-
BaTellb, COTJIACYIOUIYIO aNnaparypy, yCUJIUTEIb CUTHAA U PErHCTPUPYIOLIYIO anmnaparypy.

Br160op HE0OX0aMMOTO0 TIpeoOpazoBaTesns U3MEPEHUS MyJIbCAIIUU JIABJIICHUS OTIPEIesAeTCs OTPpeOHO-
CTBIO MPOBOJAUMOTO dKCIepUMeHTa. [l u3MepeHusl MyJIbCalliy JaBJIEHUs] MOTYT MCIOJIb30BaThCs MHO-
THe THITBI TpeoOpa3oBaTenel IJisl N3MEPEeHUs aBJeHus. [ 1aBHOE yCIOBHE UX MPUMEHEHHS] — 3TO MPH-
emJieMasi YyBCTBUTENIBHOCTh M pabouunii 1uana3oH 4acToT.

JUTUTETFHOCTh UMITYJIBCOB OT OTJIEBHBIX MOPIIHEBBIX Map OMPEAETSeTCs CKOPOCThIO BRIPABHUBAHUS
JIABJICHUS] MEX1y LMIMHIPOM M JMHHUEH HarHeTaHus (CKOPOCTHIO paclpoCTpaHeHHs KoJeOaHUH B KHJ-
KOCTH), a TaK)XK€ BpEMEHEM BBIOMpaHHs oceBoro Modra. Kak Mmoka3bBarOT McCIeI0OBaHUs, JNINTEILHOCTh
HMITYJIBCOB OT OTAENBbHBIX NopuHeBbIX nap cocrasisgeT 0,008...0,0001c, cienoBatenbHo, BEpXHSA 4acTo-
Ta nmpeodpasoBares (KaHana) K3MEPEHHS My IbCAllUU JTaBICHUS J0DKHA ObITh He MeHee fs=I/At=10 kI 'm1.

[Ipu perieHuu BOMPOCOB JUArHOCTUPOBAHMS THIPABIMYECKUX MAIIMH OOJBIIOE 3HAUEHHE HMEET
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MIPaBWJIbHBIN BHIOOP MapaMeTpoB IMyJbCAllMU AABJICHUS B HAIOPHOM JIMHUU TUAPONPUBOIA, IO KOTOPHIM
BO3MOKHA OOBEKTHUBHAS OI[EHKA TEXHHUYECKOTO COCTOSHUS THapoMamiHbl. Kak oTMeuanocs, mapamerpol
MyJIbCAllMU JABJICHUS B HArHETAIOLIEH JIMHUM XapaKTepU3YIOT TEXHUUYECKOE COCTOSIHUE JETallel Kadaro-
LIETO0 y3J1a OPIIHEBBIX HACOCOB U THIPOMOTOPOB.

Kak moka3pIBalOT uccieoBaHus, Ha aMIUIUTYAy IMyJbCallud AaBiieHUs (ee aOCOJIIOTHOE 3HAYEHHE)
OKa3bIBAIOT 3HAYUTEIHHOE BIUSHHUE Takhe (akTOpbl, KaK M3MEHEHUE TEMIIepaTyphbl U JaBieHus paboueit
KHUJIKOCTH, YaCTOTa BpallleHUsI Baja HAcoca, KOHCTPYKTUBHbIE OCOOEHHOCTH HAMOPHOW JIMHUU, HAJINYHE
HEpacTBOPE MHOT'O BO3AyXa B JKUIKOCTH U AP.

CobmoieHue TMOCTOSIHCTBA 3TUX (AKTOPOB NIPU IMPOBEICHUU TEXHUYECKOTO IUAarHOCTUPOBAHUS
HETIOCPECTBEHHO HA PEAIbHOM OOBEKTE OUYEHB CIIOKHO.

OTHOCHUTENbHBIE TApAMETPHI MYJIbCALNUN AABICHUS MEHEE YyBCTBUTEIbHbBI K U3MEHEHUIO TEMIIepaTy-
PBI, TABJICHUS KUAKOCTH, YaCTOTHI BPAIICHHS Baja HAcOCa U KOHCTPYKTUBHBIM OCOOCHHOCTSIM CHUCTEMBI
TUAPOIPUBOJIA.

B cBsi3u ¢ 3TUM NIpU AMArHOCTHPOBAHMU AKCHAJIbHO-IIOPLIHEBBIX HACOCOB MCIIOJIB3YIOTCS CIEAYIOLIUE
OTHOCHTEIIbHBIC TIAPAMETPHI IyJIbCAIIMHU [aBICHHUS:

3 Apmax
..

I - Ap : ‘ Ap ko Ap 3
E Apg = Ap| . n, = e B Ry max min ’ 51
ey .m Zl sitges : AP e

rae [Jpmax u Jpcp - MaTeMaTnyeckue 0KuJaHusl MaKCUMaJIbHOTO U CPeJ] IIEB bl MIPSIMIIEHHOTO 3HAYEHUS
aMIUIUTY 1 TyJIbCcaluu aaBieHus; [p; -Texymas aMIuinTy1a myJibCalluy JaBJICHUS; Pc,, - JAaBlIeHUE pabo-
4eil AKUAKOCTU B JIMHUM, TJI€ YCTAHOBJIEH NpeoOpa3oBaTeib; Jpuilll - MaTeMaTHYeCKOe OKUJaHUE MUHU-
MaJbHOW aMIUIUTYAbI MyJIbCAIlMH B PealIU3aluy Mpouecca GyHKIIMOHUPOBAHUS HACOCa

OTHOCHUTEIBHBIN MapaMeTp MyJIbcalyu f|i TaBICHHS MaJO4yBCTBUTEICH K U3MEHEHUIO TEMIICPATYPhI
U JaBjieHHs pabouelt ®UAKOCTH B CUCTEME THAPONPUBOA, HO UMEET OTPAaHMUYEHHOE HCIIOIb30BaHHE, TaK
KaK MpU YBEITUYCHUN YHCIIa HEUCIIPABHBIX MOPIIHEBBIX Map 3HaYeHue APJ, TpUOIIKASTCS K 3HAYCHUIO
Hprg OH MOXeT OBbITh UCTIOTIB30BaH, €CIIU YHUCIO HEUCIPABHBIX MOPUIHEBBIX Map HE MpeBbIaeT 2...3.

Ha otHOCHUTENBHBIN ITapaMeTp MyJIbCAlMU IaBJICHUS Y2, KaK MOKa3bIBAIOT PE3yJIbTAaThl UCCIEIOBAHUM,
BJIMSICT U3MEHEHHUE JIaBJICHUSI U TeMIepaTypbl paboueil KHUIKOCTH, TO3TOMY MCIOJB30BaHUE €T0 B Kaye-
CTBE KpUTEPUs AMATHOCTUPOBAHUS TEXHUYECKOTO COCTOSIHUS HACOCOB BO3MOYKHO TOJBKO IIPHU YCJIOBHUU
CTaOUIIBHOTO PeXXUMa PabOTHI CUCTEMBI.

Ha orHOCHTENnBHBIN mapaMeTp T|3 €iabdo BIMAET MU3MEHEHHE TEMIIepaTypbl U JABICHHUS B CHUCTEME
TUIPOTIPUBO/IA, XOTS €r0 JTUAarHOCTHYeCKasl [IEHHOCTh TepsAeTCs, €CIM B Hacoce OyJIyT HEHCIPaBHBI BCE
MOPIIIHEBBIE Mapbl. AHAIN3 MAaTEPHATIOB Je(PEKITallil HACOCOB, MOCTYNHUBIIUX B PEMOHT, ITOKA3al, YTO
ucciexyeMble Hacochl (32 mIT.) mocie 0TpabOTKH MEKPEMOHTHOTO pecypca UMEIOT MUHUMYM JIB€ MOpIII-
HEBbIE MAPhI C OCEBBIMU JIIO()TaMU, HE BBIIIEANIUMH 3a Tipeensl gomycka (0,06 mm).

DKCTIepUMEHTAILHO YCTAaHOBJICHO, YTO TaKW€ CyMMapHbIE OCEBbIE JTIO(MTHI HE BHI3BIBAIOT YBEIUYEHUS
aMIUTUTY/ ITyJIbCAIIH JTABJICHUS, TIOATOMY B ITyJIb C aHHOHHOM CIIEKTPE, OTPAXKAIOIIEM MPOLIecC (PYHKIIH-
OHMPOBAHHMS HACOCA, BCEr/1a MPUC>TCTBYET BEIUMYMHA [[pTI, COOTBETCTBYIOIIAS UCIPABHOW MOPIIHEBOU
nape. /[pyrue HencrnpaBHOCTH JeTajlell Kayarollero ys3ia (paauaibHble 3a30pbl B NOPIIHEBOW Mape, U3-
HOILIEHHBIE pacIpeIeIUTEIbHbINA 30JI0THUK U IIEYKU Kap JAHHOTO Bajia) TAK)Ke MPUBOAIT K BO3PACTAHUIO
aMIUTUTY 1 TyJIbCAINK JAaBlIeHUs. B CBS3M ¢ 3TUM I1enecoo0pa3Ho UCTIOIb30BaTh 0000IIEHHBIN TapaMeTp
(cymmapHbIi 0ceBOM JTIO(PT) TEXHHUECKOTO COCTOSIHHS Kauarolero y3ia Hacoca. OH yCTaHABIMBAETCS U3
CIeNyIoMMX cooOpaxenuii. Kaxkaplii HACOC B COOTBETCTBUH C HOPMAaTUBHOM TEXHUYECKOW JOKYMEHTAIlU-
ell UMeeT orpaHUYeHUs aMIUTUTYbI TyJibcalluu AaBiieHus. Hanpumep, s akcuanbHO-TIOPIIHEBBIX HACO-
COB MOCTOSIHHOM MOJa4l MaKCUMallbHas aMILUIUTyAa MyJbcauuu orpannuuBaercs 10...20 % HoMuHaNBHO-
ro JaBJieHUs B cucTeme rujapornpusoa. [IpeaensHoe 3HaueHHE aMIUIUTYAbI MTyJIbCALIUN J1aBJICHUS BBI3bI-
BaeTcsi pabOTON HACOCOB ¢ CyMMapHBIMH OceBbIMH JropTamu, S=0,32 mm. Torga B kadectBe 000011eH-
HOTO MapaMeTpa TEXHUYECKOTO0 COCTOSHUS Hacoca MPUHUMAETCS TaKOM mapaMeTp OOIIero TeXHUYECKOro
COCTOSTHUS JIeTallel Kadarollero y3ia, Ipu KOTOPOM H3MEHEHHUE MmapameTpa Ip OyIeT aHaJOTHYHO €ro
W3MEHEHHUIO, KaK U TP CyMMapHOM oceBoM JtodTe, paBHOM 0,32 MM.

VYcTaHOBIEHO, YTO YXYJAIIEHHWE TEXHUUYECKOTO COCTOSIHHS OTAENIbHBIX JeTaleil Kadaromiero ysia
Hacoca MPHBOAUT K YBEIUUYEHHIO IuarHoctudeckoro mapamerpa T);. Mcmonmb3oBanue r\i B kauecTBe

>
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000011IEHHOT0 IUarHOCTUYECKOT0 apaMeTpa 3HaYUTENbHO YIPOIAeT CPe/ICTBA TuarHoctTupoBanus. Of-
HAaKO KOHKPETHO TPYJHO yCTaHOBHUTh, KaKasi KMHEMaruyeckas mapa Kadaroulero ys3ja HEeUCIpaBHA, €ClIU
HE UCMOJIb30BaTh JOMOJHUTENbHYI0 HHPOPMAIIMIO O TEXHUYECKOM COCTOSIHUM Hacoca W JPYTuX ero mna-
pameTpax.
CpeacTBa u3mMepeHusi pacxoaa *KUIAKOCTH

OnHUM M3 OCHOBHBIX MapaMeTPOB JJIsl TUarHOCTUPOBAHMS arperaToB CUCTEM T'HAPABINYECKOTO MpPHU-
BOJIa SBJISIETCS pacxo] pabouel xuakoctu J(nama3zoHsl ero u3mMeHeHnus Haxoares B npenenax ot 0,1 mo
10 cM /MMH TIpY AMArHOCTHUPOBAHUU PACTIPEACTUTEIBHBIX U PETYIUPYIOINX yCTPOKCTB 1 70 10" cM'/MuH
IIPU AUAarHOCTUPOBAHUHU THAPOMAIIMH. JTO TpeOyeT BbIOOpa WK pa3pabOTKU CPENCTB JUArHOCTHPOBA-
HUS, TIO3BOJISIIOIINX TPOU3BOAUTH U3MEPEHUE PACXOIOB B IIMPOKOM JUANIA30HE U C BHICOKOW TOYHOCTHIO.

N3mepenue pacxona paboueil ;KkUIKOCTH IPOU3BOIUTCS NPAMbBIM, 0ObEMHBIM, MACCOBbIM METOIAMH U
nocpeocmeom 2uOpoMomopa 8 KaueCTBe pacxooMepa.

[IpsiMoii METOZT COCTOUT B HETMOCPEJACTBEHHOM M3MEpPEHUU IprOOpamMu, yKa3aHHBIMU B Tabm. 5.5 u 5

6.
Tabnwma 5.5
OcHOBHBIE TEXHHYECKHE XaPAKTEPHCTHKH Pa3/IHYHBIX THIIOB PACXOOMEPOB
L Tun pacxozomepa g, % T,c qll , 70 PI1
[Tepemennroro Ap A3 10”1 + 100 - |
INocrosHOro Ap 0,5...3 k.3 + 50 -
O6bemuble DY..054 184 + 150 -
Typ6unisic Q5.3 Lads HE B 200 - |
I’ upockonuieckue F e, 10°...10° + 200 t
DJIeKTPOMATHHTHEIE §.:3 10~...10" . 200 + |
V5 Tpa3ByKoBbie 15 4-10% 107 p 400 + |
\HeKkoHTaKTHBIC TENIOBHIE 0,5..3 1...180 - 150 +
|KoHTakTHbIE TemIoBkIe 0,5..3 10~...10" + 200 + |
Buxpessie 0,5..2 1071 - 500 = |
\Jlaseprsie 0.1..05 ] 107107 - 1000 + |
MeTo4HRE ¥.3 107,107 4 200 +
TMAaposNeKTpHYeCKHe 05.3 | 10 10" + 300 - |
|TepmoaneMomerpraeckne | 0,5..2 | 107107 + 200 il

[IpuMeuanus: € - MOrpemHOCTh U3Mepenus, T — nocrosiHHas BpeMmenu, UlI -ycTaHOBKa 4yBCTBH-
TEJIBHOTO JIEMEHTA B IIOTOK, S - CJI0XKHOCTb yCTPONCTBa, P11 - n3MepeHne peBepCuBHBIX MOTOKOB.

Haunbonenryto Tounocts +(0,1...0,5)% u3meperus pacxo0B yIaloch MOIyYUTh MPH IPUMEHEHUH
pacxoIOMepOB, OCYIIECTBIISIOMUX 00bEMHBIE METO/Ibl U3MEpeHHs. B 3ToM citydae nzMepsieMble 00beMBbI
XKHUJKOCTU OTCEKAIOTCSI MOABM)KHBIMU U3MEPUTEIbHBIMU 3JIEMEHTaMH (KaMEepHBIMU cueTyukaMu). OHa-
KO TaKHMe PacX0oA0Mepbl MAJIOHA/IeKHbBI U UMEIOT 0OJIbIIOE THIPABINYECKOE CONPOTUBIEHUE U MacCy.

Pacxooomepwr nepemennoz2o u nocmosanno2o nepenaoa 0aeniena P OCHOBaHbI HA IIPUHIIUIIE 3aBUCUMO-
CTH pacxoja >KMJIKOCTH 4epe3 MECTHOE COIPOTUBIICHHE OT Iepenaja AABJICHUS Ha KeM. BBuay Huskou
TOYHOCTH, HEYCTOMYMBOCTH K BUOpAIMH, OONBIIOTO THIPABINYECKOTO COMPOTHBICHHS S IPYTHX HEIO-
CTaTKOB TH PACXOJOMEPHI ABIIIOTCS HEIPUEMIIEMBIMU ITpy Jlnam roctuposa! mmu.

HaznexHOCTh U MPOCTOTa pacxogomepa B OONBIION CTENEHU ONPEACNSIOTCS OTCYTCTBUEM MOJBHK-
HBIX M3MEPUTEIbHBIX AJIEMEHTOB M 1pymuxcs onop Hampumep, mypounnvie u cupockonuueckue pacxo-
0oMepbl UMEIOT 110 CPAaBHEHUIO C KAMEPHBIMHM MEHBIIME pa3MeEPbl U MacCy, HO IMOTPEIIHOCTh Y HUX 3H3-
YUTEIbHO CHUKAET X HAJIE)KHOCTb U CPOK CITYXkKOBI.

Onekmpomaznumusle pacxooomepul TPEA MOUTUTE JbHBI JIMLIL [JIs U3MEPEHUS 3JIEKTPOIIPOBOJIHBIX
XKuakocter YnucTele rufipaBIndyecKue Maciia, IpUMEHse.MbIe B CUCTEMAX IMAPOIIPUBO/IA, HE AIEKTPOINPO-
BOJHBI, [IOATOMY TaKOW pacxo0Mep NPUHLIUIINAIBHO HEIPUMEHUM JUIS TUX CUCTEM.

Ynempa3zgykoevie METOIBI N3MEPEHNUS PACX0/la OCHOBAHBI Ha SIBJICHUU CMELICHUs aKyCTUYECKUX KO-
neGaHuil IBUOKYIIEHCS cpeloi.
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Tabmuua 5.6

| TpuGopst Ju1s u3MepeHns pacxoaa paboueii KUIKOCTH MPSMBIM | ME:T_Q:YIE__E
Jinanazon | ' f
Tun pacxonomepa PR H3MEPEHHS Py [TpaMeyanue '
TOYHOCTH e ’| Milla J
TaxoMeTpHIECKHe 02..1 [ 007.07 [ 20 7|
KPBLITEYATHIE __PRX ) 1153507 T weye |
TaxoMeTpHueCcKHe { 1,0; 1,6; gk TIpEMEHSIOT NPy p< |
. 107-0,5 16 2 {
IAPHKOBBIC I° 2 12 mm/c posviigell
PacxoioMepnl nepemMeH- . [IpumensioT npu 1'
1,0; 1,5 LS 100 = =
HOTO nepenaja AaB/ieHHA oo __{Dy=50 MM 1 u<5 m/c|
3-10°... |
YAbTpa3ByKOBbIE ];. ; 2_ 5.10° 1 .
ABTOMaTH4YeCcKOE |
PacxonomepHsiii ey 5 s | 25; 64; lu3mepenue n '
xommexc "HOP/T" Sk BRa2y 160 |permcTpaums pac-
; X0/ XKMIAKOCTH
Taxomerpugeckue kommn-
JIEKChI C 1aTYHKaMH 0.5; 1,0: . |25:20:
AP, 255800 -« HIY 40
npeoGpa3zoarenamu T4 5
H mHaukaropamn L[YP P ke

AKTyaJIbHOM 3a/iaueil SIBJISETCS CO3/IaHME MAJIbIX MO rabapuTaM M Macce, a TakKe JOCTaTOYHO MPOo-
CTBIX M HAJEKHBIX B JKCIUTyaTallid BCTPOCHHBIX YJIBTPA3BYKOBBIX MpeoOpa3oBaremneil s U3MEpeHUs
MaJIbIX paCXxoa0B XUJAKOCTHU B THAPOCUCTEMAX C BBICOKOM TOYHOCTBIO.

B xonmakmuuix u HeKkOHMaKmMHuIX MEenio6biX pacxo0omepax BbIXOJHOW CUTHAJ, IO KOTOPOMY CYIST
0 Pacxoze, 3aBUCUT OT Pa3HOCTH TEMIIEPATYp B CEUEHHUAX IIOTOKA, PACIIOIOKEHHBIX J0 U IIOCJIE HarpeBa-
Tensi. OCHOBHBIM HEJOCTATKOM TAKUX PACXOJIOMEPOB SBIISIETCS HATPEB BCErO WJIM YaCTU U3MEPSIEMOro
MIOTOKA, a, CJIEI0BATEIbHO, U 00JIbIIAs HHEPLUOHHOCTD.

Bonpias morpentHocTs U3MEpPEHUs U 3HAYUTENbHbIE Ta0apuThl U Macca HEe MO3BOJIIOT MPUMEHUTH
UX 11 ANarHOCTUPOBAHUA THAPOCHUCTEM.

HoBble TUIBI pacXxoIOMEpOB - J1a3epHbie U 6uxpesvle - OTHOCATCA K PacXoJOMepaM IOBBIIICHHOU
TOYHOCTH, HO BBUIY 0O0JIBIINX Fa6apI/ITOB N MacCcChbl, a TaKXKC 0O0JBIION CIIOKHOCTH U CTOUMOCTH npume-
HEHHUE UX B TUAPOCUCTEMAX 3aTPYIHEHO.

Memounvle pacxooomepsbt OCHOBaHBI Ha KOHTPOJIE ABMKEHHS MeTOK [Ipubopsl uMeroT ycTpoiicTBo,
MEPUONYECKU CO3JAI0NIEE Ty WIM UHYK0 METKY B IIOTOKE M OCYIIECTBISIOLIEE KOHTPOJb 32 €€ IepemMe-
IMCHHUEM Ha OMMPEACTICHHOM YYaCTKE IIYTH B IIOTOKE, U USMEPUTECIIb CKOPOCTHU MMOTOKA KakK (by HUIIIHU, CBA-
3aHHON C KakuM-THOO MapameTpoM (BpeMeHEeM, CABUTOM (a3bl, YaCTOTON MOBTOPEHUS METOK H T, 1.),
XapaKTCPUIYIOIHUM ABHKCHUC MCTKHW HAa JAaHHOM YYaCTKE ITYTH. COS}IaHI/Ie U3MEPUTECIIBHBIX METOK MO-
KET OBITh OCYIIECTBICHO PA3TUYHBIMU CIIOCOOAMU TEIUIOBBIM, OMTUYECKUM, XUMHUYECKHM, HOHU3AIIHOH-
HBIM, AJACPHO-MAarHuTHBIM, BUXPEBLIM U IP. Xots peCypPC U HAACIKHOCTE METOUYHEIX PaCXoaJOMEPOB BBICO-
kue, popMupoBaHUE YCTOMUMBON BO BPEMEHH METKH 0€3 BHECEHHsI HHOPOHBIX TEll B H3MEPSIEMYIO JKU/I-
KOCTb NPEACTABIIACTCA JOBOJIBHO TPYAHBIM. O)IHaKO IIpU YCJIOBHUU PCIICHUA OT! on 3aJauu T aKou METOJI B
OyIyIlieM MOKET 3aHSITh OJTHO U3 BEIYIIMX MECT B U3MEPEHUU MaJbIX PACXOJ0B MPHU AUATHOCTUPOBAHHUH
arperaToB THAPABIMYECKOrO IPUBOA.

Dnexmpozudpoounamuieckue npeobpaszoeaments ¢ AaHAJIOTOBBIM JIEKTPUIECKUM CUTHAIOM OCHOBAHBI
Ha HUCIIOJIB30BAHHWU 3aBUCHUMOCTH IIJIOTHOCTHU JSJICKTPHUYCCKOI'O TOKA B MPEABAPUTCIBHO 3aps’>KCHHOM I10-
TOKE JUAJIEKTPUYECKOW >KHIKOCTH OT pacxona. Hemocrarkamu 3THX mpeoOpa3oBaTenieil sB.USIOTCS:
HGO6XO}II/IMOCTB CTa6I/IJ'[I/I31/IpOBaHHOFO HNCTOYHHKA BBICOKOT'O HAITPAXKCHHA JIA IMUTAHUSA U 00JbIII0e rna-
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PaBIMYECKOE COMPOTHBIICHNE TIOTOK) KHUIKOCTH.

DNEeKTPOKMHETUYECKUE MEPBUYHBIC MTPEoOpa30oBaTEN Pacxo/a KUAKOCTH B 3JEKTPUUYECKUNA CHUTHAT
HE MPeIyCMaTpUBAIOT HAJIWYHI B CBOCH CTPYKTYpE JOMOIHUTEIBHBIX MCTOYHHKOB BBICOKOTO HAIpsKeE-
HUS, YTO 3HAYUTENHHO YIPOIIAET UX KOHCTPYKIHIO. [IpuHiun neiictBust 3Tux nmpeodpazoBareneil 0CHO-
BaH HAa MCHOJb30BAaHUU DJIEKTPHUYECKHUX SBJICHUI, BO3HUKAIOIINX MPU MPOTEKAHNWH JKUJIKOCTH Yepe3 Ma-
Jble OTBEPCTHUs (KaMUISIPBI), BBITOJHEHHbIE, KaK MPaBUIIO, U3 JUAJIEKTPUUECKOTo MaTepuaina. [Ipu stom
cuJia TeHEpUPYEMOTro TOKa JIMHEHHO 3aBUCHUT OT CPEAHEH CKOPOCTH MOTOKa pabouel KuakocTu. Beumy
OO0JIBIIIOTO THAPABINYECKOTO COMPOTUBIICHHUS, 3aBUCUMOCTH BBIXOJIHOTO CHTHAJIa OT TeMIIepaTypsl pado-
4ell )KUIKOCTU M MaJIOH IMOMEXO3aIIUIICHHOCTH TPUMEHEHHE TaKUX MpeoOpazoBarTeneil Uil THarHoCTH-
POBaHUS TUAPOCUCTEM OTPAHUYECHO.

Tepmoaremomempsl TaBHO WCIONB3YIOTCSA JJISI M3MEPEHHs] PacXoJ0B BO3AyXa. UyBCTBHUTEIBHBIM
3JIEMEHTOM TEPMOAHEMOMETpA SIBJISCTCS OYEHb TOHKAsh KOPOTKasi METAIMYECKasi HUTh, KOTOpasi Harpe-
BACTCS AIEKTPUIECKUM TOKOM. HUTPH oXJaskmaeTcs mpoTeKaro MMM BO3AYXOM (KUAKOCTBIO), YTO BBI3BI-
BaeT yMEHBUICHWE TEMIEpaTyphl U, CIEIOBATEIbHO, CHIDKEHHE €€ AJIEKTPHUECKOrO CONMpPOTHBICHUS. B
Ka4ecTBE M3MEpsieMO BEIMYMHBI, HO KOTOPOU ONPENEIISIOT pacxo/], CIyKUT TeMIepaTrypa npeoopa3oBa-
TEJIS MIPU MOCTOSIHHOM MOIIHOCTH HAarpeBa, MOLTHOCTh, CHJIa TOKA WJIM HAIPSDKEHHE MPH YCIOBHH IOJ-
JepKaHus TIOCTOSIHHOW TeMIeparypsl nmpeodpasoBaTens. [IpuMeHeHre MeTaJuIM4ecKod HUTH B KauyecTBE
YyBCTBUTEIHHOTO JIEMEHTA pacxoioMepa sl THAPOCHCTEM UCKIIIOYAETCS BBULY HU3KOM MEXaHUYECKOU
MPOYHOCTH HUTHU U TPYJHOCTHU €€ DICKTPHUUECKON M30JIAIHH OT IIOTOKA U3MEPSIEMOH JKUIKOCTH.

Bonee nmpuemieMbIMU SBISIOTCS HOYNPOBOOHUKOBbIE MUKPOINEPMO-CONPOMUBTEHUS (MEPMUCMOPB).
Ot jgatyuku 00NafaroT XOPOUIMMH NPOYHOCTHBIMH CBOMCTBaMHM, 3JIEKTPOM3OJIMPOBAaHBI OT IOTOKA,
UMEIOT Majible TabapuThl U Maccy, a Takke 0o0NagaroT Ha MOPAJOK OOJbIIeH YyBCTBUTEIBHOCTHIO, YeM
TEPMOAHEMOMETPBI C METAJUTMYECKIMHU HUTSAMH. TepMOaHEMOMETPUYECKUI crIoco0 M3MEpeHHs pacxona
KHUJIKOCTH SBJISIETCS IPUEMIIEMBIM JIJIS1 TUArHOCTUPOBAHMSI CUCTEM THPABIMUYECKOTO MIPUBO/A.

Ob6vemHblil Memoo COCTOUT B U3MEPEHHN 00beMa pabodell JKUIKOCTH IIPH OJTHOBPEMEHHOM OIIpe/ie-

JICHUU BPEMEHS 3aI0JIHEHUS] MEPHOI'0 COCY/la UM MPOTEKaHUs KHUJIKOCTH Yepe3 cueTuuk. Pacxon xua-
KOCTH TIOJICUUTBIBAETCS 10 (hopmyiie Q=VHh,
rzae V - usmepsieMblii 00beM, I — BpeMs 3aIll0JHEHHS COCY/1a WM MPOTEKAaHUS Yyepe3 CUETUHK.

DTOT METO]I MO3BOJISIET MPOBOJUTH M3MEPEHHSI C TOYHOCTBIO, HEMOCTYMHOH il Ipyrux METOHOB
u3MepeHus pacxoga. OqHAKO BCIEICTBUE TPOMO3AKOCTH M OOJBIIMX 3aTpaT BPEMEHH I MPOBEACHUS
M3MEPEHUH OH HCIIONIB3yeTCs b OCHOBHOM JIJISl TAPUPOBKH JPYTUX CPEIICTB M3MEPEHHS PACXOa.

[Tpubops! s u3mMepeHus oobema paboueil KUAKOCTH yKa3aHbl B Ta0I1.5.7.

BecoBoii MeTO1 COCTONT B M3MEPEHUH MAcChl M XUIKOCTH B3BEIIMBAHWEM Ha BECaxX C OJTHOBPEMEH-
HBIM 3aMEpPOM BpeMEHHU t 3aroIHeHUsI EMKOCTH U IJIOTHOCTH p 3TOH Macchl, [1moTHOCTB 3amepsieTcs eH-
CUMETpaMH WM TTHKHOMETPaMH.

Pacxon Q xuaxoctu onpezensiercs Ho Gopmyiie
m

P
[Ipn m3mepenun pacxoga MOCPEICTBOM TMAPOMOropa IapamMeTp ABHKEHUS KUIKOCTH PacCUUTHIBA-
eTcs 1o hopmyie
Q=qe,

rae - pabounii 00bEM THAPOMOTOPA, @ - YACTOTA BPAIICHUS €ro Baja.
Tabmwnua 5.7

’ an()Opbl AT A3MEPCHHUA OObe\(ﬁpaOO'{eH KHAKOCTH

~EE

Juanason |

H3mepurensHbiii npubop | posgsensgia Aamepenns, | P20 |

| IOrPeIIHOCTD, °/ o Mlla

lb/i_gpubxe €MKOCTH, CTeKISHEBE ' | - | . l 0
[Metanmmeckne mepumxn © | £(02.05) | - 0 |
| CraumoRapyEble MEpRELE Gaku £(05..1) - | 0 R
@mm C OBAILHBIMH [UECTEPHAMH 20,5 | 3-1076-10" 1076 10 :
|CHeTNKH KHIKOCTH KOJbIIEBbIE £(02.0,5) 3107310 3107 | p |

HDHMC'I&HH}! T BMectuMoOcTD 5...10 n - pMecTaMocTs 0.5...50 .
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CpencTBa u3MepeHHUs1 TeMIIepaTypbl

Bribop Merona u3MepeHusl TeMIepaTrypbl NpU AHMATHOCTUPOBAHMH THIPOIPUBOMOB OIPEACTSETCS
CIIEIYIOIIMMHA OCHOBHBIMU (akTOpaMu: OOJACThIO HM3MEPSEMBIX TEMIIepaTyp, UyBCTBUTEIBHOCTHIO U
TOYHOCTBIO T€PM O MpeoOpa3oBaTelis, HHEPIIMOHHOCTHIO aTYMKA, BHEITHUMH YCIOBUSMHU TPOBEIACHHUS
M3MEpeHuil, TOCTYITHOCTHIO CPEICTB U3MEPEHUSI.

HauGonbiiee pacrnpocTpaHeHre MOMYYMIN CIASAYIONINE TUIBI TEPMOMPEOOpa3oBaTeNeii: TepMoIpe-
oOpa3oBaTesid, OCHOBaHHbIE Ha TEIJIOBOM PACHIMPEHUU KUAKOCTEH, ra30B U TBEPHABIX TEJ; TEPMOIJICK-
TpHUYECKHUE TEPMOIpeoOpazoBaTenu (TepMONaphl); METANIMIECKUE TepMOIpeoOpa3oBaTCId COMPOTUBIIE-
HUS; TOJYIPOBOJHUKOBBIE TEPM O MPeoOpa3oBaTeIN COMPOTUBJICHHS (TEPMHCTOPHI); TEPMOUYYBCTBU-
TEJbHBIE KBAPIEBBIC PE30HATOPHI; OECKOHTAKTHBIC NATYMKU M3MEPEHUS TEMIEPATyphl; TEPMOMHINKATO-
PBL.

Kuokocmno-cmexnsanmnvie npeobpazosamenu  memnepamypul
(mepmomempul) UCTIONB3YIOT JUIsl m3MepeHus temrepatyp ot -50 mo +(500...700)°C. TouHnocTs U3Mepe-
uus cocrapisieT 0,1.,.1°C y rexanueckux repmomerpoB u 0,01 ...0,05°C -y mabopaTopHBIX.

[IpenmyniecTBa XKUAKOCTHBIX TEPMOMETPOB -— MPOCTOTAa KOHCTPYKLHUHU, BBICOKAs CTaOUIBLHOCTb,
HEBBICOKAsi CTOMMOCTh H3rOTOBJIEHUA. TepMOMETpPBI MOTYT MPUMEHSTHCS VISl U3MEPEHUS TeMIlepaTy-
pBI paboueit KUAKOCTH b TUApOoOaKax AMArHOCTUPYEMBIX T'MIPOCUCTEM, B JIAOOPATOPHBIX yCTPOMCTBAX
JUTSL U3MEPEHUS BSI3KOCTH M IJIOTHOCTH, B TUAPOOAKAX UCIBITATENBHBIX cTeHO0B. LIInpoko ucmonb3yroTes
KHUJKOCTHBIE TEPMOMETPBI IIPU TAPUPOBKE APYTUX TUIIOB TEpMOMpPeoOpazoBaTeIIeH.

Manomempuueckue npeobpazosamenu memnepamypsl peAHA3HAUEHBI 11 U3MEPEHUS TEMIIEPATYPhI
oT -100 o +600°C. IlpuHuun nelcTBUSA UX OCHOBAH Ha MCIMOJIb30BAHUM 3aBUCUMOCTU MEXKIY TeMIlepa-
TYpoHl W JaBJIEHHEM pabodero Tejia, 3aKIIOYECHHOTO B T'ePMETHUYECKH 3aMKHYTHIH o0beM. Ilo koH-
CTPYKTUBHOMY HCIIOJIHEHHIO OHU MOTYT OBbITh MOKAa3bIBAIOUIME, CAMOMUIIYIINE U KOMOWHHUPOBAHHBIE.
Tounocts u3mepenus 1 ...2 %.

[IpenmyniecTBa Takux mpeodpazoBaTeseld - MPOCTOTa KOHCTPYKLUU, BUOPOYCTOHYHBOCTh, BO3ZMOXK-
HOCTh JUCTAHIIMOHHOTO M3MEpEHHs TeMIiepatypbl. Hemoctatok - 3HaUYMTENbHBIE Ta0apUThI, HU3KAs TOY-
HOCTb HM3MepeHus. Takue mpeoOpazoBaTenu 1eI1ecO00pa3HO MPUMEHSTh ISl U3MEPEHUsT TEeMIEepaTypbl
KUJKOCTU B THAPOCUCTEMAX MAIIMH U CTEH]IOB.

bumemannuueckue npeobpazosamenu NPUMEHSIOT B LIIMPOKOM Juamna3zoHe Temmeparyp. [IpuHiun
JEHUCTBUSI OCHOBAH HA TEIJIOBOM PAaCIIMPEHUU TBEPIBIX TEJ, COCTOSAIIUX M3 CBAPEHHBIX IUIACTHH C pas-
HbIMU KOd(pduimentamu pactmmuperus. [Ipy HarpeBaHuM OMMETAUIMYECKUX JIEMEHTOB MPOUCXOIUT UX
nedopMarusi, KOTopas IPUBOIUT B ICUCTBUE YKA3aTEIbHYIO CUCTEMY.

[IpenmymiecTBa - NpocTOTa KOHCTPYKLUH, HAJE)KHOCTh B paboTe. bumerannnueckue npeoOpa3oBate-
J¥ TPUMEHSIOT B KaueCTBE AJIEMEHTOB KOMIICHCAIIUU TEMIEPaTypPHBIX MOTPEITHOCTEN MprOOpOB U IS
M3MEPEHUS TEMIIEPATYPhI )KUIKOCTH U OKPYIKAIOIICH CPEIbI.

[Ipunuun neicTBUS mepmodiekmpuieckux npeobpasosameneli OCHOBAaH Ha CO3/IaHUHM B HUX TEPMO-
AJIEKTPO JABWKYIIEH CHIIBI TIPH PA3HOCTH TEMIIEpaTyp B MECTax COSAMHEHUS JIBYX Pa3HOPOIHBIX MPOBO/I-
HUKOB. OCOOEHHOCTHIO U3MEPEHHSI TEMIIePaTyphl MOCPECTBOM TepMoupeoOpa3oBaTeneil ABIseTcs Heoo-
XOJIUMOCTh CTAOWJIM3AIMN TEMIIEpaTypbl CBOOOJHBIX KOHIIOB JINOO KOMIIEHCAIWS BIUSHUS M3MEHEHUS
3TOU TeMnepaTypshl.

TepmoanekTpudecKUMH MPeoOpa3oBaTEISIMU MOXKHO M3MEPITh Temneparypy ot -200 go +1000°C ¢
BbICOKOHM TouHOCTBIO. [Ipu Temneparype ot 0 1o 100"C MOxKHO onpenensTh pa3HOCTh TEMIIEPATYp € TOY-
HocTtbio 710 0,01°C. MaTepuansl ajs TepMoIapbl OJOUPAIOT TaK, YTOOBI B OJTHOM JIEKTPO/I€ BO3HUKAIA
MOJIOKUTEIbHASL TEPMOAJIEKTPO ABMXKYILAS, a B IPYTOM - OTpULIATEIbHAS TEPMOAIEKTPOABUKYIIIAs CUJIa.
TepMonapbl M3roTaBIMBalOT U3 OJArOPOAHBIX W HEOIArOPOAHBIX MeTaJIoB. TepMonapel U3 O1aropon-
HBIX METAJJIOB IPUMEHSIOT JIJIsl U3MEPEHUS BBICOKMX TEMIEPATYP U MIPHU TOYHBIX U3MepeHusX. /s uzme-
pEeHUs TeMIepaTypsbl MPU JUATHOCTUPOBAHUH THAPONIPUBOJIOB IOy CKAETCS UCIIOIB30BaTh TEPMOTIAPHI U3
HEOJIarOPOIHBIX METAIIOB U CIIaBOB. CYIIECTBYIOT CIEAYIOIINE BUIBI TEPMOIICKTPUUECKUX TMpeobdpa-
3oBareneil: xpomenb-komneneBble (XK) - monoXuTenbHbId 3IEKTPOA XPOMEJIEBbIA, OTPULIATENIbHBIN — U3
CIUTIaBa KOTIeJb; XpOMelb-antoMeneBbie (XA) - TOIOKUTENbHBIN 2IIEKTPOJT U3 XPOMEIsl, OTPULIATETHHBIH -
U3 CIUIaBa alfOMeTb.

Haxonst npumMeHeHne Takke Meb-KOHCTAaHTAaHOBBIE, UMEIOIINE BBICOK>TO CTAOMILHOCTh U BOCIIPO-
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M3BOJUMOCTb BO BPEMEHH, a TAK)KE KEJIe30-KOIeJeBble U MEb-KOIE JIEBBIE TEPMODJIEKTPHUUECKHE Tpe-
oOpa3zoBarenu.

B Tex cnmyuasix, Kkorja u3MepeHue TemrepaTypbl paboueit *UAKOCTU U TeMIIepaTypbl MOBEPXHOCTH
THJIpOarperaToB CTaHIAPTHBIMU TEPMODJIEKTPUUYECKUMHU IPeoOpa3oBaTesIMU 3aTPYJHEHO, MPUMEHSIOT
TepMOTIPeoOpa30BaTENIH CIICUATLHBIC. Y MEHbIIICHUE AruaMeTpa TepmodsiekTponoB (0,1 ...0,2 MM) 3Ha4H-
TEJIbHO TIOHM)KAaeT WHEPIIMOHHOCTh TEPMODJIEKTPUUIECKHX MTpeodpa3oBarened. [y yBeIMueHUs 4yBCTBU-
TEJIBHOCTH HCMOJIB3YIOT HECKOJIBKO TEPMOAJIEKTPUUYECKUX MpeoOpa3oBareneli, o0pasyoomux Tepmodara-
peto.

[IpuHiMn aecTBUS METANTUYECKUX TepMonpeoOpa3zoBaTesiel COMPOTUBIICHHSI OCHOBAaH Ha CBOMCTBE
METaJJIOB U3MEHSATH COIIPOTUBIIEHUE ITPU U3MEHEHUH TEMIIEPATYPhI.

B nacrosiiiee BpeMsi oTe4eCTBEHHAs MPOMBIIUIEHHOCTh BBITYCKAET CTaHAApTHBIC U HECTaHAApTHHIC
TEPMOMETPBI conpoTuBieHUs ¢ npumeHeHueM IatuHoBoi (TCII) mau mennoi (TCM) npososoku. C
MTOMOIIBI0 TEPMOMETPOB COMPOTHUBIICHHUS C TUIATUHOBOM MPOBOJIOKOW MOKHO U3MEPAThH TEMIIEpaTypy OT -
260 no +1100"C, a ¢ momMoIIEI0 TEPMOMETPOB COIIPOTUBIICHUS C MEIHON MPOBOJIOKOH oT -50 1o t-180°C.
CRoiicTBa OOJIBITMHCTBA BUOB TEPMOIIpeoOpa3oBaTeneit conpoTunieHus perinameHtupyer ['OCT 6651 -
84.

Ilonynpogoonuxogvle mepmopesucmopsl MO CPABHEHUIO C METAJUIMYECKUMHU TepMOIlpeodpas3oBarte-
JSIMM UMEIOT OOJIBLIHNIA TeMIepaTypHbI KO3((UIIMEHT COMPOTUBICHUS. DTO MO3BOJSET U3TOTOBISATH TO-
JYTIPOBOJHUKOBBIE TEPMOPEZUCTOPHI MAJIBIX Pa3MEPOB C BHICOKUM ObIcTpozeiicTBreM. C MOMOIIbIO 3TUX
TEPMOPE3UCTOPOB MOXKHO M3MepUTh Temreparypy ot -200 go +1000°C. B ocHOBHOM MOJIyTpOBOAHUKO-
BbIC TEPMOPE3UCTOPHI IPUMEHSIOT JJIsl U3MEpEeHUs: Temneparyp ot -60 mo +!125°C.

K HegocraTkaM MOJIyNpPOBOJHUKOBBIX TEPMOPE3UCTOPOB MOYKHO OTHECTU HEJIMHEHHBIA XapakTep 3a-
BUCHUMOCTH 3JIEKTPUUYECKOI'O COIIPOTHUBIICHHS OT TEMIIepaTyphbl, pa3dpoc conpotusieHus (1o 20%) naxe
JUIsL OTHOTO THUIIA MOJIyIIPOBOAHUKOBOIO TEPMOPE3UCTOPA, MATYIO JTOIYCTUMYIO MOIIHOCTb PAaCCEUBAHMUS
[ToaTomy TpyaHO 0OecrednTh B3aUMO3aMEHIEMOCTh MOTYTPOBOJHUKOBBIX TEPMOPE3UCTOPOB, B PE3YJIb-
TaT€ Yero MOTPEeUIHOCTh U3MEPEHUs TeMIIepaTypbl IpU UX 3aMEHEe MOXeT COCTaBiATh 1-"2% u Ooiee.
[Ipu unauBUAYanbHON TapupoBKa norpemHocTs He npesbiaet 0,0170,1 %.

JUis u3MepeHust TemMreparypbl paboumx KMIKOCTEH NpU W30BITOYHOM JaBJIEHUH MOIYHPOBOJHHKO-
BbI€ T€PMOPE3UCTOPHI MTOMEIAIOT B 3aIUTHBIE KOXYXH, UMEIOIINE BBICOKYIO TEIIONPOBOIHOCTD, a JUIs
YMEHBUICHUS X NHEPLIMOHHOCTH CBOOOIHYIO MOJIOCTh 3aMOJIHSIOT TEIIONPOBOAHO MacTOM.

Bec Oounblee pacrnpocTpaHeHHE B KauecTBE TEPMOIPeoOpa3oBaTeieil MoaydyaroT MOJIyHPOBOAHUKO-
BbI€ 3JIEMEHTHI C P-N-jepexonamu. M3 HUX cleayeT BBLACIUTH JUOJbI, TPAH3UCTOPHI, CTAOUIUTPOHBI.
[IpenmyniecTBaMu JaHHBIX TEPMOIPEOOpazoBaTENIEH ABISIOTCS XOpOIlas JIMHEHHOCTh B JUANa30HE TEM-
nepatyp -20...+100°C, npubmmkaromascs K JUHEHHOCTH METaJUIMYECKHX TepMompeoOpas3oBaTeneil ¢
IUIATUHOBOM MPOBOJIOKOM, BBICOKAsl TeMmIepaTypHash 4yBCTBUTEIbHOCTh, Mallble radapuThl, HEOOJbIIAs
TEIUIOBasl IOCTOSIHHAS BPEMEHH.

N3meneHue temneparypbl MOITYIPOBOAHUKOBOTO CJI0S BBI3bIBAET JIMHEHHOE M3MEHEHHE KOHTaKTHOM
Pa3HOCTH MOTEHIIMATIOB KOJJIEKTOPHOT'O IIepexo/ia p-N ¢ MOCTOSHHBIM TeMIepaTypHbIM K03 duiueHTom,
paBubiM aiisg kpemuusi 2MB/°C. [lpumeHeHHne COOTBETCTBYIOIIMX HU(MPOBBIX BOJIBTMETPOB MO3BOJISET
MIPOBOJIUTH U3MEPEHHE TEMIIEPATYPhI C MOTpeIHoCThIo He 6oee + 0,5°C.

UyBCTBUTEIBHOCTH TepMoIIpeodpa3oBarens, BBITIOJTHEHHOTO Ha OCHOBE
TPAH3UCTOPOB,  IPEBOCXOJUT  YYyBCTBUTEIBHOCTH JAHOIHBIX
TepMoIpeoOpa3oBarTeiei.

[losnyueHne BO3MOXHOCTH M3MEHATH BBIXOJHBIE JJIEKTPUUECKUE MAapaMeTphl TPAH3UCTOPOB C IIOMO-
IIbI0 YHPABISIOUIETO BXOJa MO3BOJISET CO3/1aBaTh Ha UX OCHOBE HIMPOKOIpEAENbHbIE TEPMOUYYBCTBU-
TeJIbHBIE ANIeMeHThI. [IpakTudyecku m000i KpeMHUEBBI TPAH3UCTOP MOKET OBITh MCIIOJIB30BaH Kak JIM-
HEWHBIN TepMomnpeoOpa3oBaTenb B auamna3zoHe temmnepatyp —50...+125°C, onHako mpeamnoyTeHue cie-
JyeT OT/AaBaTh TPAH3UCTOPaM B METAIOCTEKIISIHHBIX KOpIycax. OTH TPaH3UCTOPbl 00eCHeunBaloT JIyd-
LIYI0 TeIuIonepeiady, 4YeM MIacTMaCcCOBBIE U CTEKIISIHHBIE.

Tep Mo mpeoOpa3oBaTesin B BUAE TEPMOUYYBCTBUTEIIBHBIX KBApLIEBBIX PE30HATOPOB NPEACTABISIIOT
MEPCIEKTUBHYIO OCHOBY JUIsl pa3BUTHS TEPMOJMHAMUYECKOTO METOJa JIUAarHOCTUPOBAaHUS THApOAarpera-
TOB MamuH. [1be303/IeKTpUYECKUIl pe30HaTOp MpecTaBiseT co00i aKyCTHYEeCKH M30JMPOBAHHBIN 3I1e-
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MEHT, BBIMOJIHEHHBIN U3 MOHOKPHUCTAIIIMYECKOTO MM MOJUKPUCTAUINYECKOTO b3 O MaTepualla ¢ HaHe-
CEHHBIMM Ha €r0 IMOBEPXHOCTH MJIM PACHOJIO0KEHHBIMU B HETIOCPEACTBEHHON OJIM30CTH OT HETO TOKOIIPO-
BOJALIMMHU 3JeKTpoaamMu. Jist Bo30yXxaeHHus KojaeOaHUil K 3J1eKTpoJiaM Pe30HaTOpa MOABOAMTCS Iepe-
MEHHO€ HaIlpsHKEHHUE.

TepMouyBCTBUTENBHBIE KBapLEBbIE PE30HATOPHI, BBIIOJIHEHHBIE HA OCHOBE IbE30PE30HATOPOB C JIH-
HEIHOHN TemIepaTypHO-4aCTOTHOM XapaKTePUCTUKOM, UMEIOT JOCTATOYHO BBICOKHH KOI((UIMEHT Tep-
MouyBCcTBUTENBHOCTH (20... 1000 T'ul’C), BBICOKYIO TeMIlepaTypHYIO CTaOUILHOCTD, BBIIEISIOT HEOOIb-
IIYI0 MOIIHOCTb B HMCCIEIYyEMYIO Cpely DTH pE30HATOpHI 1EJIeCO00Pa3HO MPUMEHATh NMPH W3MEPEHUU
TeMreparypsl oT -60 10 +120°C ¢ paspematomeii ciocobrocThIO 0T 0,01 10 0,001 “C.

[To GBICTPOACHCTBHIO TEPMOUYBCTBUTEIBHBIE KBAPILIEBbIC PE30HATOPHI YCTYMAIOT TEPMOPEIUCTOPAM U
TEPMO3JIEKTPUYECKUM ITPe0Opa30BaTeIAM, HO 110 UyBCTBUTEIbHOCTH, JUHEHHOCTH, CTAOUIBHOCTH Xapak-
TEPUCTHK OHHU 3HAYUTEIHHO MPEBOCXOAT OCTAJIBHBIE TUITBI TEPMOIIPEOOpa30BaTEICH.

B xadecTBe OECKOHTAKTHBIX aTYMKOB TEMIEPATypbl IPUMEHSIOT pa3IMyHbIe YCTPOHCTBA, paboTaro-
IIME C MCTIOJIb30BaHHEM OECKOHTAKTHBIX METOJ0B MU3MEPEHUS TEMIEPATyphl (ONTUYECKUX, YIBTPA3BYKO-
BBIX, paloOMeTpuuecKux). B Hacrodiee BpeMs HaubOoublee pacpOCTPAHEHUE MOIYUYHUIH ONTHYECKUE
MeTobl. ONTHKO-3JIEKTPOHHBIE YCTPOHCTBa OECKOHTAKTHOTO M3MEPEHHS TEMIIEPaTyp Ha3bIBAIOT IMHPO-
MeTpaMH. YCTpoiCcTBa, IIpeJHa3HAuYEHHbIE JJI CO3/aHUs BUIAMMBIX M300pakeHUil 00bEKTOB Osaromaps
Pa3IMYHBIM M3ITydaTeIbHBIM CBOMCTBAM OTIENIBHBIX YYaCTKOB 3THX OOBEKTOB M OKpy’Karomiero (hona,
Ha3bIBAIOT TeIuloBU30pamMu. K mpenmMyinecTBaM ONTHYECKUX METOJOB M3MEPEHUs TEeMIIepaTypbl MOXKHO
OTHECTH BO3MOXXHOCTbh M3MEPEHHUsSI Ha PACCTOSIHUH, BHICOKOE OBICTPOACHCTBHE, OTCYTCTBUE BIUSHUS U3-
MEpPUTEJILHOTO IPUOOpa Ha HAMEPsIEMbIil OOBEKT.

Tepmounouxkamopwvl ObIBAIOT B OCHOBHOM [JIBYX THUIIOB, MHIMKATOPbI IUIABJICHHUS, KOTOPBIE MPH HO-
CTHXKCHHMHU OIIPENIeTIEHHON TeMIIepaTyphl NEPEXOAsT U3 TBEPAOr0 COCTOSHUS B JKUAKOE, U TEPMOKPACKH,
M3MEHSIIOIINE CBOM I[BET IIPU HAarpeBe 0 KpUTHYECKUX TeMiieparyp. OCHOBHBIM HEJOCTaTKOM TEPMOKpa-
COK fIBJISIETCA UX IUIOXas aAre3usi ¢ UCCIeayeMOM HarpeBaeMoil IOBEPXHOCTBIO.

TepMonHAMKATOPEl HAHOCATCS HA OOBEKT B BUJE MOJOCOK MIMPUHON 7...10 MM B mopsake yBenude-
HUSL KPUTUYECKOM TemrepaTypbl U3MeHeHus 1BeTa (1miaBieHus). C moMouUIbl0 TEPMOUHIUKATOPOB MOJTY-
YEHBI XOPOILNE PE3yIbTaThl U3MEPEHUS TEMIIEPATYPHI IOBEPXHOCTEW KOPITyCOB HACOCOB, T'MAPOMOTOPOB
U APOCCEIBHBIX 3JIEMEHTOB.

CpencrBa u3MepeHHsl KPyTSALEro MOMEHTa

[Ipubops! 11 U3MEpeHust KPyTALIEro MOMEHTa MpuBeeHb! B Ta01.5.8. HoMuHanbHast MouHoCTh Oa-
JAHCUPHBIX TMHAMOMETPOB HE JOJKHA IIPEBBINIATh HOMMHAJIBLHOM MOIIHOCTH MCIBITYEMOIO YCTPOMCTBA
Oosee ueM B 2 paza. [lorpemHocTh cuimousmMeputeneit qomxkHa ObITh He O6omee +0,1% mMakcuMamTbHOTO
3HAUEHUS ILKAJIBI.

MeTtoasbl u cpeacTBa Auarnoctuxku Ho KII/{

Ha3nauenuem ruporpuBojaa B Jr000i MalnHe sBJsieTcs mpeoOpa3oBaHUEe MEXaHUUYECKOW SHEprun
MIPUBOJIHOTO JABUTATENs B SHEPTUIO MOTOKA JKUJKOCTH U Jjajiee B MEXaHUYECKYIO SHEPTUI0 HUCTIOIHUTEb-
HBIX OPT'aHOB.

N3MmeHeHne TEXHUYECKOTO0 COCTOSHUSI TOrO WJIM MHOTO THApoarperara mopa3HoOMY CKas3blBaeTCsi Ha
CHI)KEHHUH IIPOU3BOAUTEIBHOCTH MAIIMHBI. Bojbllle BCEro yMEHbBIIAETCS MPOU3BOAUTEIBHOCTD MAILIMHBI
IpH CHIKEHUH 3P PeKkTUBHOCTH pabOThl Hacoca. Bpems paboThl OTAETBHBIX UCHIOIHUTENbHBIX THIPOIBU-
rarenei (THAPOMOTOPOB M TMIPOLMIMHAPOB) COCTABIAET OT 5 110 25 % BpemeHH paboThl Hacoca, a OT-
JIeJIbHBIX paclpeaeuTeNbHbIX yeTpoiicTB 15...30%,

st onpeseneHnss TEXHUYECKOT0 COCTOSIHHMS 3JIEMEHTOB TMIPONPHUBOJOB MPHU IKEMITyaTallil HE0O-
XOJUMO BBIOPATh CIIOCOO KOHTPOJISI, KOTOPbIi o0ecnieunBall O 3PEKTUBHYIO OLIEHKY ITPH HAMMEHbBIIINX
3aTparax M IMO3BOJIWI ObI ONPENeNATh T€ NapaMeTphl, N3MEHEHHE KOTOPBIX MPU IKCIUTyaTallud IPUBOAUT
K MakcuUMalbHbIM TnoTepsiM. Kpome Toro, BeIOpaHHbIE MapaMeTpbl JOJKHBI MO3BOJIATH OCYIIECTBIISITH
KOHTPOJIb TEXHUUYECKOTO COCTOSIHUS JIEMEHTOB THPONPUBO/IA 0€3 CHATHS UX C MALIMHbI U 6e3 pa30opku
OTuM TpeOOBaHUIM MPEXkIe BCEro OTBEUAET KOHTPOJIb TEXHHMUYECKOTO COCTOSIHUS THAPONPUBOIA 1O KO-
3¢ (HULIEEHTY MOJIE3HOTO ACHCTBHSL.
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Tadoauua 5.8
IipnOopnl ANz W3Mepenna KPyTAINMETO MOMEHTA

r___ ;
Otrocurens- | Jluanazon
- YacrtoTa
HsmepurenbHbii npadop Has norpeul- | HK3MEPEHHS, R
o BpallICHHUA, C
- . | HOCTB, % H-™m o N
\ Topcuomempui ﬁ
KpyTuibaslie ctpobockondeckne [ +£1 Ho 5 _ | o 12000 _J
I ARG PRGN @ £(05..2) |1..3000 |60.600 |
BPEMEHHbIM H3MEPEHUEM |
KpyTaiibHeIe 3JIEKTPHYECKHE C 3000...
(ha30BEIM H3MECDEHHEM = 5'”409 36000
KpyTiwiibHble HHIYKTHBHBIC _1=(d...2) | Lo 8000 Jlo 60000
Ted3oMeTpUYECKHE C MAarHHUTO- 5 250...7500 | To 300 ,
ynpyruMm npeoOpasoBaTeneM i » 5 .
TEH30METPHIECKHE OMHUECKHE 2415 100...200 0 3000

banancuprnsie ounarmomempusi
Onextpuueckue nocrosuporo roka | +(0,1...0,2) | o 5000 60 ...3600

SnexTpayeckue nepementoro Toka |+ (0,2...0,5) | Ao 100 JNo6000 |

I'napasHycckue TOpMO3HBIE Or+0,1 Ho 10000 | 180...60000 |
Mexaawgeckue TOPMO3HEIE +(1...5) Ho 2000 Jlo 1800
ONeKTPOMArHUTHBIE TODMO3HEIE +(0.5...2) | Ho 2000 Ilo 1800

HpI/I OKCILTyaTaluu BCJICACTBHUC H3HAIIMBAHUA 3JICMCHTOB IIPOUCXOJUT YBCIMYCHUC BHYTPCHHUX

YTCUYCK B Ir'HAPOMAIIINHEC, YTO IMPUBOJAUT K CHUIKCHHUIO €C 00BEMHOTO 00 M TOJIHOIO F) KHI[, KOTOPBIC
CBsI3aHbl U3BCCTHBIM COOTHOIICHUCM:

n-= To5 Musexs (5.2)

rae T)mex - mexannueckuit KITJI, y4uThIBaOIINi OTEPH MOIIHOCTH THIPOMAIIUHBI HA MPEOJIOJICHUE CHUIT
TPEHHUs B €€ MOJIBUKHBIX JJIEMEHTaX.
Kontpons o6bemHoro KIIJ[ ruzpomaminHbel Opu 3KCIUTyaTallMd MO3BOJSET OLIGHUTh BHYTPEHHHE

YTEUKH U, TAKUM 00pa3oM, 1aTh OINPENIEICHHYI0 HHTETPAbHYIO OLIEHKY €€ TEXHUYECKOTO COCTOSTHHS 0e3
JIEeMOHTaXka U pa300pKH.

O6wemusiii KITJ[ Hacoca

N~/ Qs (5.3)

rae O.¢ u Qr - hakTHveckas U TeopeTHUECcKas 1Mojada Hacoca.
Cornacno tpeboBanusiMm ['OCT 14658-86 mpu npHeMOCIAaTOYHBIX HCHBITAHUAX HACOCOB CIELYET
onpenenaTh kodpduiuent nogauu Ky — napamerp, cooTBeTcTBYyrOLMit 00beMHOMy KIT/L:

Ko = Q*/Quw. (5.4)
rae Q* - momaya Hacoca NMPU HOMHHAJILHOM JaBJICHHUH ,,, QHo - MMoJaya Hacoca MNP MUHUMAIbHO BO3-
MOYHOM JIaBJICHUH PO.

MuHMMaJIBHO BO3MOKHOE JJaBJIEHUE B Psi/ie TUAPOIPUBOIOB MOXKET COCTAB-AATh 3...15 % HOMUHANB-
HOTrO AaBjieHus. [lorpemHocTh, BO3HUKAIOMIAS MPU onpeaeneHuu Ky, MOXeT ObITh yCTpaHEeHa, €Cu KO-
s dunmeHT nogauu

.

Ky —23Pef)
Quo P Q - Po (5.5)
Namepenune Q u Q,1o ciexyeT MpOU3BOSKTH P MOCTOSHHOW YacTOTe BPAIIEHUS Bajla Hacoca, HO

TaK KakK IIpU AUArHoCTUPOBAHUU MOOMIBLHBIX MAaIllMH NMOAACPKUBATEL MMOCTOAHHYIO YAaCTOTY Bpall€HUA
IIPpaKTH4YCCKHU HEBO3MOXKHO, TO H606X0)II/IMO MPUBCCTH NTOAAYY K HOMMHAJIBHOM 9aCcTOTe BpalICHUA:

Qu nszH_tBu'ﬂmu"‘“mn (5.6)
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rae QH.ITP, QHJUM - mpuBeeHHAss M U3MEpPEHHas Tojadya Hacoca; !),,0,,, [Iubl, -HOMUHATbHAS ¥ TIOJTY-
YEHHAas MPU UCIIBITAHUSIX YACTOTA BPAILCHHUS.

[Ipy nquarHoCTHpPOBAaHMU CABOEHHBIX HACOCOB C PETYJISATOPOM MOIIHOCTH MAPAMETPbl TEXHHUUECKOTO
COCTOSIHUS OTIPEACISIOT OTACIBHO I KaKJ0r0 Kavaromiero y3ia. Ecnu perynsatop MOUIHOCTH cpabaThl-
BAET MPHU JABJICHUN HM>KE HOMHUHAJIBHOI'O, YTO JIETKO YCTAHOBUTH IO 3HAYUTEIIBHOMY YMEHBIICHUIO I10-
Ja4d TP TMOBBIIICHUH Tepernana AaBJICHUs, TO KOOPPUIUEHT MOAAaYu ONPENSsSIOT MPU JaBICHUU HA
0,5...0,7 MIla MeHbI1IEM JaBJICHUS, COOTBETCTBYIOIIETO HAYATy PETYJIMPOBAHUSI.

XapaKTepUCTUKY PEryJIATopa ONMpeaelisiioT, Harpysas 00e CeKIIMH OJHOBPEMEHHO U o0ecrieunBas pa-
00Ty cymMMaTopa peryjsitTopa MOIIHOCTH BO BCeM Juamna3zoHe perynupoBaHus. [lonydyeHHble pe3ybTaThl
COIIOCTABJISIFOT C JUarpaMMON MOIIHOCTH JUIsl JAaHHOTO TUIIA HACOCA, IPUBEJCHHON B IACIIOPTE.

[Ipy nuarHOCTUPOBAaHUU ClIEAyeT HOJJCPKUBATh MOCTOSIHHYIO TEMIEpaTrypy paboueill >KHIKOCTH,
ONMU3KYI0 K HOMUHAJIBHOM U1l JAHHOTO THIIA THAPOMPUBO/IA, TaK KaK OHA OKA3bIBAET 3HAYMTEIHHOE BIIH-
SITHHE Ha BS3KOCTb KHUJAKOCTU. HanMeHbliee n3MeHEHHE BSI3KOCTH ISl OOJIBIIMHCTBA JKUKOCTEH Mpouc-
XOIMT B 30HE Temneparyp okosio 50°C, mo3ToMy npu JHarHOCTUPOBAHUU TEMIIEpaTypa J0bKHA OBbITh S50
+ 5°C.

JuarnoctupoBanue ruipoMoTopoB 1o o0bemMHoMy KIIJ Taxke mpou3BOAST IPpU ONTUMAIbHOW TEM-
nepatype pabodeil )KUIKOCTH U MOCTOSSHHOM HamnpaBiieHuH BpameHus Bana. Oobsemusiidi KI1J[ ruapomo-
TOpPOB

Nob.u = qm'ﬂ:ﬂ'f{QbI.dJ +QH-‘H}= (5.7)

rne gm - paboumii 00beM THAPOMOTOPA; II,, - YACTOTa BpALIeHHUs Bayia ruipoMoTopa; Qwa . hakTnaeckuii
pacxoji Ha BBIXOJIE U3 THAPOMOTOPa; QMi,T -pacxo1 yTedeK KUAKOCTH.

Pacxon yreuek pabodeil :KUIKOCTH B APEHAXKHON F'MIIPOJIMHUM U NOTPEOIIsieMBbIi THAPOMOTOPOM pac-
XOJl U3MEPSIIOT IIPU OJMHAKOBBIX IapaMeTpax

[Tapamerpom, onpenemnsitomumM 3G HEKTUBHOCTh TPEOOPA30BAHNS MEXaHUIECKON SHEPTHUU B SHEPTHIO
IIOTOKA XHUAKOCTU B THIpOMaIIHe, siBisieTcs noassiid K11/

M= Npux/Nip, (5.8)

rae Nebax 1 NNP - COOTBETCTBEHHO BBIXO/IHAsl U IIPUBOAHASI MOIIIHOCTh THPOMAIIHHBI.

ITonnserii KIIJI rugpoManivisl sSBISIETCS KOMIUIEKCHBIM IIapaMETPOM, IMOCKOJIBKY OH XapaKTEpU3yeT
o0beMHbIe M MexaHudeckue notepu. Cienosarenbho, nmonusiid KI1/] rugpomMammHbel MOKET CITy>KUTh JIH-
arHOCTUYECKHUM I1apaMeTpoM, ONpeAEAoNUM 3P(PEKTUBHOCTh €€ paboThl U HECYIIMM HHGOpPMALHIO O
TEXHUYECKOM COCTOSIHUU.

N3mepenue nonanoro KIIJ[ mpu tnarHoCTUpOBaHUYU THAPOIPUBOJOB B KCIUTyaTallMOHHBIX YCIOBHUAX
3aTPyAHEHO, YTO OOBSCHIETCS 3HAYUTEIBHON CIIO)KHOCTBIO M3MEPEHHUsl KPYTAILIETO MOMEHTa Ha Baily
TMIPOMAIIMHBL. B CBsI3U ¢ 3TUM Npy AMArHOCTUPOBAHUHU JIEMEHTOB IT'MIPOIIPUBO/IA B YCIOBUAX JKCILTya-
tanuu onpeaenenus nonnoro KIIJ[ nenecooOpazHo nMpoBOAUTH TEPMOJUHAMUYECKHUM METOIOM, MO3BO-
JSIOUIMM ONPENEINTh TEXHUYECKOE COCTOSHUE TMAPOMAIIMH Pa3JIMYHBIX THUIIOB €IUHBIM KOMIIJIEKTOM
JMarHOCTHYeCKOl anmapatypsl. Haunbosee pacripocTpaHEHHBIM JHAarHOCTUYECKUM IapaMeTpoM TUApO-
npuBoja sBisercs oobemublil KI1/I, xapakTepusytomuii BHyTpEHHIOI HE T€pMETUYHOCTb THAPOMAIIHH.
KommiekcHoe n3mepenue mnonHoro u oobemHoro KIIJ[ mo3BomnsieT naTh OOIIyIO0 OIEHKY TEXHHYECKOTO
COCTOSIHUS THAPOArperaToB U rupONpPHUBOLA B LIETIOM.

5.10. CpencrBa AMarHOCTUPOBAHMS THAPABINYECKHIX arperaTtoB Mo MmapaMeTpam BUOpauu

N3mepenune BuOpauu npou3BOIUTCS ¢ OMOIIBI0 BuOpornpeodpaszopartenei (BIl). Ouu npennaszna-
YeHbl 715 peoOpa3oBaHus MapaMeTpoB MEXaHHMUECKHX KoJeOaHMH KopIlyca MeXaHH3Ma B XapaKTepu-
CTUKH DJIEKTPUUECKOTO CUrHaja. B oTeuecTBeHHOM MpaKTUKE MPUMEHSIIOT B OCHOBHOM MHJIYKIIMOHHBIE u
nbe3o3nekrpuueckue BII. [[pyrue BII, Hanpumep pe3ucTopHbIe, EMKOCTHBIE U AP., IPUMEHSIOT PEAKO.

[Mpuanmn aevictBust MHAYKIMOHHBIX BIT ocHOBaH Ha McHonb30BaHUU d(DPeKTa FTEKTPOMArHUTHON
nHaykuud. [Ipu nepecedeHnu nojseM MocTOSHHOTO MarHuTa BUTKOB KaTyIIKU B HEM MHAYLIUPYETCS JIEK-
TPOJIBIIKYIIIAsl CUJIa, KOTOpas MPOMOPLHUOHATbLHA OTHOCUTEIBHOM CKOPOCTH JBW)KEHHUSI MarHuTa W Ka-
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TYIIKH.
Hampsokenue Ha Beixonie MHAYKIHOHHOTO BII nmpomnopuroHaibHO BUOPOCKOPOCTH:

V= k‘ UI]IHI:

rae Umik - mukoBoe HanpspkeHne Ha Beixone BIT; k - wyBcTBUTENRHOCTH BII.
Texuuueckue nanuble UHAYKIMOHHBIX BII npuBenens! B Tabm 5.9 [11].

Nunyxumnonnsie BIT UMEIOT BBICOKYIO 4yBCTBUTEIBHOCTD, U WX MpUMEHSIOT JIj1s1 m3Mepenus BuOpa-
UM HACOCOB U THIPOMOTOPOB, UMEIOMIMX Ooubline radaputel U Maccy. K 0COOEHHOCTSM WMHAYKIHMOH-
HbIX BII oTHOCSTCS OrpaHMYUTENBbHBIN YaCTOTHBIN JUana3oH, OOJbIINE pa3Mepbl U Macca. ITH IPUOOPHI
B OCHOBHOM IPUMEHSIOT Il KOHTPOJISI pPOTOPHOM MeXaHndeckoi BuOpauuu ¢ yactoroi 1o 500 I'm.

Haubonbiiee pacnpocTpaneHue A TEXHHYECKOTO JUAarHOCTUPOBAHMSI arperatoB T'HIPOIIPUBO/IA MOJTY-
9Tl nibe3oniekTpudeckue BII (akcenepomeTpsl) mocTpoeHHbIE Ha OCHOBE Mbe303(ddekra.

(5.9)

Tabawuua 5 9
_OcHoprpie napameTpbl HHAYKUHOHHBIX Bl e Ll
Tlapamerp | MB-26B* | MB-28*+
Lﬂnana:son KOHTpOJIHpYeMbIX qacToT, I'n [ _{10_ 600 | 45...1500 |
Jnanazon KOHTPO/IHPYEMBIX aMn.mr)a ; 0.5...100 0120

BHOPOCKOPOCTH, MM/C I :
HepaBHOMEPHOCTH YaCTOTHOH XapaKTePUCTHKH, %o i +10 J +6

| HetnHeiHOCTD aMIUTATYAHOH XapaKTEPHCTHKH, Yo +3 | +1]
L T T —— e —— e — |
| YyBcTBHTENBROCTS, MB-¢/MM Ry 10 | 4

| Teneparypusifi amanason, °C | -60..+250 | -55..+ 370

e e et ———

* - ¢ ceficMMYeCKOH Maccoil B MOMWHNHHUKAX KadeHHA, ** - ¢ cellcMmUecKoji
| Maccoi Ha TOANMNHMKAX CKOMILIKEHNUA )

UyBCTBUTEIHHOCTh aKCEIEPOMETPa BHIPAKAETCSI OTHOILIEHUEM BBIPAOATHIBAEMOT0 UM 3 JIOTUYECKOTO
CHTHaJIa K BOCIIPUHHUMAEMOMY YCKOPEHHIO. BBIXOJHBIM CUTHAJIOM IpeoOpa3oBaTelisi MOXKET OBITh AJIEK-
TPUUECKUI 3apsi]] WK HAPSHKEHUE C COOTBETCTBYIOMIMMHU eTuHUIIaMK u3mepenus nKi-c /m unu mB-c'/m
Tak kak mbe303(h(HeKT MpPOoNmopIHOHANIEH 3HAYCHUIO MHEPIMOHHBIX CHJI. CO3/1aBa€MbIX CEHCMHUYECKOM
MacCoii, TO UyBCTBUTEIHLHOCTh aKCEIEPOMETPA 3aBHCHUT OT MAcChl M cocTa-usieT oT 2 1o 103mB -CZ/Mm.

C nomomipio BIT u3mepstoT BUOpaiuio B HallpaBIeHUH OJHON KaKOH-TO OCH X, y WX Z B 3aBUCUMO-
CTH OT TOTO, KaKk OHH 3aKperuieHbl Ha 00BbeKTe AuarHoctupoBanus. CyliecTByIOT BUOpomnpcodpa3zoBaTe-
JH, C TMOSOIIBI0 KOTOPBIX M3MEPSIOT BUOpalMM MO TPEM OCsSM, Hampumep naTuuk tuma 4320 naTckoit
¢bupmsl «bprosns u Keep» unn BubponpeodpazoBateib, M3MEPSIONIUI MOIYIb BEKTOpa BUOPAIIUH.

YacToTaplii JUama3oH akCcelIepOMETPOB ONPE/IEIICH ero COOCTBEHHON YacTOTON KOJIeOaHUN U yCIIOBU-
SIMH KpeTuieHus] K 00bekTy. Manas 5KkeCTKOCTh KpEIUIeHUsl MPUBOJUT K YMEHBIICHHIO PE30HAHCHON 4a-
ctoTbl. BepxHsist pabouast yacrora fs Moxket mocturarh 80 k['1 u 00bIYHO He TpeBsbiaeT 40% pe3oHaHc-
HOM 4acCTOTHI.

MunumanbHas paboudast yactora 1y 3aBUCHT OT Tuna npexnycwintens. Ecinu b kauecTBe MpenyeHIIn-
TeJsl PUMEHEH YCUIINTENb 3apsaa, ro fH onpeseneHa JIMIb YaCTOTHBIMU XapaKTePUCTHKAMHK MPELYCH-
aurtens. [Ipy UCTIoNb30BaHNH TPETYCHITUTENS HANPSDKSHUST HU3IIasi padovasi 9acToTa 3aBUCUT HE TOJBKO
OT MapaMeTpoB MPEAYCUIIUTENS, HO M OT eMKOCTel kabenst u BuOporpeodpaszoparens. B atom ciydae

f. = 1/(2-n-R-C), (5.10)

rae R - BxogHoe conporuBienue npexycummmreds, C - 3¢ heKTuBHAS €eMKOCTH IIETIH.
DddexTuBHAS EMKOCTH LIETIH PaBHA
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C= (Gt GGy
CatCHC 7 (5.11)

rae Cen u C, - eMKOCTH COOTBETCTBEHHO BHOpompeoOpazoBatens u kabens; C, -BXo/IHast EMKOCTb MPe.y-

CUITUTEIIS.

[Ipenycunurenn UCOMB3YIOT B KAYECTBE COTIIACYIOIIETO YCTPOHCTBA BBICOKOOMHOTO BBIX0OJIa BUOPO-
npeoOpa3oBarens ¢ HU3KOOMHBIM BXOJIOM YCHJIMTENbHO-NIpeoOpa3yroliel U KOHTPOJIbHO- U3MEPUTEIIb
HOW amnmaparypsbl, a TaK)Ke JJIsl ©3MEPEHHST MOIITHOCTH MOJIE3HOTO CUTHAIA.

[Ipeobpasyromniue ycTpoiicTBa 00eCneurnBaoT NpeABApUTEIbHYI0 00paboTKy BHOpocurHana. B kaue-
CTBE KOHTPOJBHOro mapamerpa MOIyr ObITh MCIIOJIb30BaHbI AMIUIUTYHbIC 3HAYCHUS BUOPOCMCILCHHS,
BUOPOCKOPOCTH WM BHOpOycKopeHus. OUibTpyolue yCTpOCcTBa BBINONHAIOT B BUJE (QUIBTPOB HU3-
KHX YacTOT W TOJIOCOBBIX (MIBTPOB. MIX OCHOBHOE Ha3HAuY€HHUE - YBEIMUYEHHE OTHOLICHHS IMOJE3HBIN
CUTHAJI — YPOBEHb IlIyMa B pe3yJIbTaTe yCTPAHEHUs COCTABIAIONI(IX CIEKTpa, HE HECYLIUX MH(pOpMaLuu
0 COCTOSIHUU KOHTPOJIUPYEMOTO y3Ja.

N3mepenune o01iero ypoBHs BUOpaluy B IXPOKOM JIMANa30HE YaCTOT B OCHOBHOM HEJOCTaTOYHO IS
CBOEBPEMEHHOT'O0 OOHAPYKEHUsI HEHCIIPABHOCTH | ¥ TMAarHOCTUPOBAHHUS TEXHUYECKOTO COCTOSIHUS arpe-
raToB T'MAPOIPUBOJA. Dmo OOBIACHAETCS TEM, YTO MHOTME HEHCIIPABHOCTH, BO3HUKAIOLIME MPH IKCILTya-
TaIlMM THAPONPUBO/IA, IPUBOJIAT K HE3HAYUTEIPHOMY M3MEHEHHIO MOIIHOCTH, BUOPOAKyCTUYECKOTO CHUT-
HaJla B OIPEJCIICHHOM HHTEpBaJe 4YacTOT CHEKTpa. BOJBIIMHCTBO HEMCIIPABHOCTEH MPOSIBIAETCS Ha
OTIPEICIIEHHBIX AUCKPETHBIX COCTABISIONIMX CHEKTPa, YHEPIeTUUYECKUE XapaKTEPUCTUKU KOTOPBIX MOTYT
OBITh CYIECTBEHHO HMXE MOIIHOCTHBIX XapaKTEPUCTHUK BUOpalMM, CO3JaBa€MON HaXOJILEHCS B HC-
IIPAaBHOM COCTOSIHUM KMHEMAaTHYECKOM Napoi ruaponpusoja. Hampumep, misg rugponacoca Takou Auc-
KPETHOH COCTaBIIAIOIIEH SBJISAETCS TapMOHMYECKasi COCTABIIAIOIIAs OPILIHEBBIX Map.

YuuTeiBas Cay4aiHbI XapakTep BUOPALMOHHBIX MPOIIECCOB, MPOUCXOAAIINX B arperarax ruapoIpH-
BOJIa, TAKUE HEUCIIPABHOCTH TPYAHO 3apEeTUCTPUPOBATh, OCOOEHHO HAa HAYAJIBHOM 3Talle UX Pa3BUTHUS.
Psin HewcripaBHOCTEW BBI3BIBACT JIMILB KPATKOBPEMEHHBIE HCKAKEHHSI XapaKTepa BUOPOCUTHAIA C HE3HA-
YUTEIbHBIM OTKJIOHEHHEM €ro MOLIHOCTH OT MOMMHAIbHOM. OJUHAKOBbIE U3MEHEHUS dHEPreTHUYECKHX
XapaKTePUCTHK CIIEKTpa B IIMPOKOM JHMANA30HE MOTYT OBITh BbI3BAHBI HEHCIIPABHOCTSIMH Pa3IMYHBIX Y3-
JOB Hacoca Wi ruzppomoropa. [lostomy, 3aperucTpupoBaB HOSBICHHE HEHCIPABHOCTH IO OOLIEMY
YPOBHIO BHOpalmu, 3a4acTyio He YJaeTcsi ONpeAeinTh MecTornoioxeHue nedekxra. Kpome Toro, cyiie-
CTBYET BO3MOYKHOCTh MCKA)KEHUSI BUOPOCUTHAJIOB IIPU UX MPOXOXKICHUHM HO BUOPOAKyCTHYECKOMY KaHa-
7Ty OT MecTa BO3HUKHOBeHHA 10 BII. DQekTHBHOCTh AMArHOCTHPOBAHUS MOXKET OBITH MOBBIIICHA aHA-
JM30M CTPYKTYpbl HUOpOEHTHa0B. Takas METOAMKA NPUMEHSETCS IPU Ha3eMHOM TEXHUYECKOM 00CIy-
KMBAaHWW aBUAITMOHHOW TEXHMKH, NMPH OOCITY)KMBaHUM HA3eMHON TEXHUKU Ha CTAHIHMSIX TEXHUYECKOTO
00CITy’)KHBaHUS U PEMOHTA.

HccnenoBanue CTPyKTyphbl pealibHBIX BHOPOAKyCTHUYECKHX CHTHAJIOB B YAaCTOTHOW 00JacTH HOCHUT
Ha3BaHUE YAaCTOTHOI'O CHEKTPAJIbHOIO aHAIM3a U OCYIIECTBISIETCS aHanu3aTopaMu crekTpa CyIiecTByoT
JIBA OCHOBHBIX THIIa aHAJIU3aTOPOB CIHEKTpa: MOCIEIOBATEIBHOTO aHAIM3a, MPEJCTABISAIONINE COOOU
npuOOpBl C €AMHCTBEHHOM, Kak MpaBMIIO, Y3KONOJIOCHON M30MpaTenbHOM cUcTeMOi, u paboraronye B
pearpHOM MaciiTabe BpeMeHH. B 3aBHCHMOCTH OT IIMPHUHBI TIOJOCH! MPOITYCKAHUS UX Pa3/eisioT Ha OK-
TaB HbIE, TPETHOKTABHBIE U Y3 KO TMOJIOCHBIE.

XapaKTepUCTUKN PACCMOTPEHHON CHCTEMBI M3MEpeHHs 1 00paboTKM cUrHaia BUOporpeodpa3oBare-
51 OTIPENeNAIOTCS MPEXE BCEro MOJOCOM MpomycKaHus (uiIbrpa aHAJIM3aTOPOB CIEKTpa U BPEMEHEM
ycpennenus. [Ipu nCnoap30BaHUN aHATM3ATOPOB CIEKTPa C MOCTOSHHOM MOJIOCON YaCTOTHI MPOIYCKaHUS
Af moiydaeMble XapaKTepHCTHKU CIIEKTpa MPONOPIHOHATBHBI (GYHKIMU CPeTHEH KBaJpaTHIHOW CIIEK-
TPaJbHOM IJIOTHOCTH;

vev  garea g ¥y
G(x) = lim(lim — {x (t)-dt]
(5.12)
rae X(t) - paccMaTprBaeMasi peanu3anusi mporecca.
Ha npakTuke npu ananuse puOparmu Af u T SBISIOTCS KOHEYHBIMU, M BHIOOP MX 3HAUCHHUHU OTPE/Ie-
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JsIeT JJOCTOBEPHOCTh M KAauecTBO MNOJy4daeMbIX BUOporpaMM. Tak kak BuOpaius mpejacraBiseT coOoi
KOMOMHAIIMIO CITYy4YalHbIX M MEPUOANYECKIX CUTHAJIOB, TP aHAJIN3E CIIyYalHBIX COCTABIISIOIINX CIIEKTPa
YMEHBIICHNE BPEMEHHU MPUBOIUT K YBEIMUEHHIO CPEHEro KBaJparMyHOIo 3HAYEHUs U3MEPSIeMOro Ia-
pameTpa; B TO e BpeMs JUIsl NepUOJUYECKO BUOpaIMM cpeiHee KBaJIpaTUYHOE 3HAYCHHE MapaMeTrpa
MaJio 3aBuauT oT T. [ToaToMy mpu aHajIM3e MEPUOIUUECKUX CHrHaIOB Beioupaercs T<I/Af; eciu mpeo6-
Jajaet ciyvaiHas BuOpanus, To T< 2,5/M.

B nocnennee Bpems HamOosbliee pacnpoOCTPaHEHHE IMOJIyYWIM aHAJIW3aTOPbl PEAIbHOIO BPEMEHHU
aHaJn3a, O3BOJISIONIME ONEPATUBHA ONPENEIUTh CIEKTP BUOPALMU B HHTEPECYEMOM JMANa30HEe YacToT.
CepuiiHO BbIllycKaeMoe 00OpyZOBaHHE Ul U3MEpEeHUs u 00pabOTKM BHOpALMM U MCIIOJIb3yeMOE IpHU
IIPOBEJIEHUH SKCIIEPUMEHTAIBHBIX MCCIEIOBAHUNA UMEET, KaK MpPaBUJIO, OIPAHUYECHHbIN JTUHAMUYECKHUM
JIMara3oH.

PacmmpoBka 1 aHanu3 CIeKTPOB BHOpALMU KOPITyCOB HACOCOB M THAPOMOTOPOB MOKA3aJIH, YTO TO-
JABJIAOLIAs] 1OJIsl SHEPTUM CIIEKTpa BUOpOCUTHANIA, UIYLIEro OT BUOPO npeodpa3zoBaTes, IPUXOIUTCS Ha
rapMOHMYECKHE COCTABJISIONINE OCHOBHOM M KPaTHBIX € TapMOHMK, IIPUHAUIEkKAIINX [TOPLUIHEBOU Mape,
T.e. CO-Z (37€Ch CO - 4acTOTa BpalllEHHs Bajia HAacoca; Z - YUCJIO MOPLIHEBbIX Hap B ruapomaiinHe). Co-
CTaBJISIIOIIME CHEKTpa, MPUHAJIEKAIINE IPYIMM KMHEMATUYECKUM napaM (TOJIINUIHUKAM, KapJaHHOM™>
BaJly), UMEIOT Ha MOPAJOK MEHbIIIee 3HAYECHUE, U BBIACIUTh UX, OCOOCHHO Y UCIPABHBIX arperaToB WK y
arperaToB ¢ paHHEH cTagueil pa3BuTHs ne(eKToB Ha (poHE MOPUIHEBBIX TAPMOHMK, arMapaTypor ¢ Mo-
CTOSIHHBIM JINHAMHUYECKUM JIMAlla30HOM OYE€Hb CIIOKHO. B CBSI3U C 3TUM NpH NMPOBEIEHUN SKCIEPUMEH-
TaJIbHBIX MCCIICAOBAaHUM MHOTJa HEOOXOIMMO MMETh YCTPOHCTBO, KOTOpPOE OBl B Y3KOM MOJIOCE 4acTOT
MOJIaBMJIO MOII[HBIE COCTABJISIOIINE CIIEKTPA U TEM CaMbIM IO3BOJIMJIO NPU HEU3MEHHOM TUHAMUYECKOM
JMarna3oHe aHaIM3aTopa YCUIMTD U BBIIEIUTh MaJOMOIIHBIE KOMIIOHEHTHI CIIEKTpA.

Bubpoakyctuueckue cpelcTBa AMArHOCTUPOBAHUS THAPABINYECKUX arperaroB. JlmarHoctupoBaHue
COCTOSIHUSI MAIIIMH U OIICHKH CTETIEHH ONMACHOCTH MOBPEKICHUS Ha OCHOBE JAaHHBIX KOHTPOJISI BUOpALIUU
- O/IMH U3 Hanbosee AeHCTBEHHBIX BUI0B HEPa3pyILAOLIEr0 KOHTPOJIS.

CpencTBa I1MarHOCTUPOBAHUS THAPABINYECKUX arperaroB MOXKHO Pa3[eIUTh HA TPU TPYIIIbI: KOH-
TPOJBHO-CUTHAJIBHYIO alaparypy, MEepeHOCHble MPUOOpHI Ui NEPUOAMYECKOr0 KOHTPOJS arperaTos
TUIPaBIMYECKOr0 IPUBOJA U CTALMOHAPHYIO alIaparypy.

KoHnTponbHO-cUTHaIbHAs H3MEpUTENbHAs anmnapaTypa npeaHasHaueHa JUlsl SKCILTyaTallMOHHOIO KOH-
TPOJISE TEXHUYECKOT'O COCTOSIHUSL 000PYI0BAHUS C 1IeJIbI0 00OHApY>KEeHUs 1e(DEeKTOB Ha paHHUX CTAIMIX UX
BO3HHUKHOBEHHS.

HenpepbiBHOE MM nepuouyeckoe HaOI0AeHNe 32 U3MEHEHNEM Pa3InYHbIX TapaMeTpoB BUOpanuu
B XapaKTEPHBIX JJISl JAHHOTO TUIIa 000PYAOBAHUS TOUKAX MOKET ObITh OCHOBOM JUIsl ONIPEEICHNS BUIa U
MECTONOJIOXKEHHUS JIePeKTa, OLIEHKHU CTENEeHU €ro OMacCHOCTH M HEOOXOJMMOCTH OCTaHOBKH 00OpYI0Ba-
HUS AJI IpeypexIeHNs aBapiy U BBITIOJHEHHS] 00beMa PEMOHTHBIX padoT.

KOHTpOnbHO-CUTHAIBHYIO amnmnaparypy HCHOJIb3YIOT B HACTOSILEE BPEMsl Ha POTOPHBIX MalllMHAX
BCEX THUIMOB (aBHALIMOHHBIX JBHUraTeNsIX, TYpOMHAx, Hacocax, THAPOMOTOpax, kommpeccopax}. Ilo Bumy
HCIIOJIb30BAaHUSl €€ MOXKHO Pa3/eiIUTh Ha MEPEHOCHYIO0 M CTAllMOHAPHYIO allaparypy MEepUOINYECKOrO
WM HETIPEPHIBHOTO IKCIUTYaTAIlHIOHHOTO KOHTPOJISI TEXHUYECKOTO COCTOSIHUS MaluH. [lepeHocHas anma-
patypa CIy>KUT JJIsl HEPUOIMUYECKOT0 KOHTPOJIS U aHAJIM3a BUOPAIIMK MAIIMH C LENbIO0 OI[EHKH UX TeXHH-
yeckoro coctostHusi. CtalioHapHast anmnapaTypa BXOJUT B KOMIUIEKT KOHTPOJIUPYEMOro 00beKTa Jisl He-
MPEPBIBHOTO KOHTPOJIS BUOpALIMK BO BpeMs ITycKa U SKCIUTyaTallui MaIlluHBI.

[To crenenn QpyHKIMOHAIBHON U KOHCTPYKTUBHOM CJIOKHOCTH MEPEHOCHYIO U CTAllMOHAPHYIO amma-
patypy KOHTpoJisi BUOpaiuu o00opy/10BaHus MOAPA3/CIISIOT Ha:

pyuHble BUOporpadbl pbluaKHOTO THIIA C 3aIIMChI0 HA BOCKOBOM OyMare Ko (Ipo Jupy eMm oil Bubpa-
INH;

MOpTaTUBHBIE BUOPOMETPHI (BUOpOTECTEPHI) C BHIHOCHBIM BUOPOU3MEPUTEIHHBIM NTpeo0pa3oBaTesieM B
BUJIe BUOPOIIya U U3MEPHUTEIbHBIM YCHIIUTENIEM CO BCTPOCHHBIM CTPEJIOYHBIM MU IIU(PPOBHIM yKa3aTe-
aem,

CTAallMOHAPHBIE OJHO KaHaJbHbIE MPUOOPHI, COAEp)Kale BHOPOU3MEPUTENBHBIA IMpeodpazoBaTesb
MpeIeIbHOTO THMA U KOHTAKTHYIO CHCTEMY, 3aKJIIOUEHHBIE B OJJHOM KOPITyCe, KECTKO 3aKpEeryIieMOM Ha
00bEeKTe KOHTpONA (TIpeAeTbHBIN aKcelepoMeTp), M BbINAIOUINE CUTHANl O MPEBBIIEHUH JO0MYCTUMOIO
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YPOBHSI BUOpAIINH,

CTAIlMOHAPHBIE OJTHO KaHAJIBHBIE MPUOOPHI, COCTOSIINE U3 BRIHOCHOTO BHOpompeoOpa3oBaTens, ycra-
HOBJICHHOTO Ha 00BEKTEe, U U3MEPHUTEIHLHOTO YCHIUTENSI, UMEIOLIET0 CTPEJIOUHbIN yKa3aTreab U KOHTAaKT-
HO€ YCTPOMCTBO U1l NOAKIOUYEHUS 3ByKOBOM WIIM CBETOBOW CUTHAJIM3ALINM;

OJIHOTOYEUHYIO almnapaTypy C aHaJIu3aTOPOM CHEKTpa M CTPEJOYHBIM (WM LU(POBBIM) yKazaTeleM
aMILTUTY ]l TApDMOHUK Ha BBIXOJE;

CTaIlMOHAPHYI0O MHOTOTOYEUHYIO anmnaparypy, COCTOALIYIO U3 BBIHOCHBIX ¢ MOp O mpeoOpa3oBaTesneH,
YCTaHABIIMBAEMbIX Ha KOHTPOJIUPYEMOM OOBEKTE, M M3MEPUTEIBHOTO YCUJIHUTENSI C BCTPOCHHBIM CTpe-
JIOYHBIM WM HU(GPOBBIM YKa3aTelleM M PYyUHBIM IMEepeKiIdareseM, KOMMYTHPYIOIIMM enoponpeodpaso-
BaTeJb HA BXOJE U3MEPUTEIBHOIO YCUIIUTEIS;

CTAllMOHAPHYI0 MHOTOTOUEYHYIO almnapaTypy ¢ BEIOOPOUYHBIM KOHTPOJIEM IO CTPEIOYHOMY yKa3aTesro
Y aBTOMATHYECKOM perucTpareil caMonucIieM mapaMeTpoB BUOPAIIMU, COCTOSIIYIO U3 BEIHOCHBIX BHO-
porpeoOpa3zoBartesniell U JIBYXKaHAJIbHOTO M3MEPUTENILHOTO YCUJIMTENS, Ha BXOJE OJHOIO U3 KaHATOB KO-
TOpOro BUOp 0 mpeoOpa3oBaTed KOMMYTHUPYIOTCS ONEPATOPOM C MOMOILIBIO PYYHOTO NEPEKI0YaTENs
JUIST U3MEPEeHUs YKa3aHHBIX MapaMeTpoB 6ubpayuu CTPEIOYHBIM WM UU(POBBIM MHIUKATOPOM, a Ha
BXOJI€ IPYTOro KaHajia BHOponpeoOpa3oBaTeii KOMMYTUPYIOTCSI aBTOMAaTHUECKH NEPEKIII0YaTEeIeM MHO-
TFOTOYEYHOI'0 PETUCTPUPYIOIIETO MPUOOpa, 00eCeYnBaIONIero Belgauy IpeaynpeaUuTeIbHOr0 U aBapuii-
HOT'O CUTHAJIOB O TOBBILICHUU JOTTYCTUMOI'O YPOBHS BUOPALIMH B JIFOOOW U3 KOHTPOJIHPYEMBIX TOUCK;

MHOI'OKaHaJIbHbIE CUCTEMbI KOHTPOJIA C BBIJAYEH MNPEAYNpPEIUTEIbHOT0 U aBapUHHOTO CHUTHAJIOB U
MOJKJIFOYEHNEM K KaHaJly, Ha axoJle KOTOPOr0 CUTHAJI JOCTUT NPEAEIBHO JTOMYCTUMOrO 3HAYEHHUS LUIEH-
¢oBoro ocumwiorpada wiM MarHuTopoHa M aHAIM3aTOpa; MOCIEIHUN IO3BOJSET ONPEICNIUTh CIIEK-
TpaJIbHBIA COCTaB BUOpAIMK, HA OCHOBAHWU aHAJIM3a KOTOPOTO MOXHO YCTaHOBUTH NMPUYHUHY HEHCIIPAB-
HOCTH KOHTPOJIMPYEMOro 00BEKTa, OJHO- U MHOTOKaHAJIbHbIE CHCTEMBI, OCYIIECTBIISIONINE CIEKTPalb-
HBIM aHAJIM3 [0 BCEM KaHajaM M3MEPEHMs] U CUTHAIM3UPYIOIIUE O MPEBBIINICHUHN 3HAYEHUs aMIUIdTyAa!
FapMOHHMYECKUX COCTABISIOIINUX CIEKTPA,

MHOTOKaHaJIbHBIE CUCTEMbI, UMEIOIINE YHUDUIIMPOBAHHBIN BBIXOJ AJI1 BBOJA MHGOpMauu o BHOpa-
LMY 3alIUIAEMOT0 000pYI0BaHUS B 3JIEKTPOHHYIO YIIPABIISIIONIYI0 MAIIHHY.

Br16op Tuma KOHTPOJIBHO-CUTHAIBHOW BUOPOM3MEPUTENLHON anmaparypbl OnpeesieTcs 3aJaqaMu
KOHTPOJIA, a TaKXK€ CTEMECHBIO BJIMSIHHUS OTKAa30B Ha 0€30MAaCHOCTh HCIOJIB30BAaHUU OOOPYIOBAaHUS IO
Ha3HA4YE€HHUIO, OTBETCTBEHHOCTH U CTOUMOCTH KOHTPOJIUPYEMbIX MAIIHH.

[TepenocHas anmapatypa i IEPUOJUIECKOTO KOHTPOJIS arperaToB THAPABINYECKUX MPUBOJIOB. DTa
anmnaparypa s HNepUOAUYECKOTO KOHTPOJISI arperaroB CUCTEM THAPABIMYECKOrO MPUBOAA IMOIy4uiIa
LIMPOKOE PaCIPOCTPAHEHHUE.

TexHu4yeckoMy AMArHOCTUPOBAHMIO C TIOMOINBIO MEPEHOCHOM ammapaTypbl BHOPOKOHTPOJIS TOIBEP-
raloTCsS TaKUe arperaThl, KaKk HaCOCHI M TUIPOMOTOPHI. ATapaTypa ¢ HWCIOJIb30BaHHEM BHOPOCHUTHAJIOB
yIbTPa3ByKOBOT'O JUAIa30Ha MPUMEHSIETCS ISl KOHTPOJIS aHyTPCHHEW HE TE€PMETUYHOCTH pacTpeeinu-
TEJIbHOW s PEryJIMPYIONICH annapaTypbl, a CATHAJIOB aKyCTUYECKON SMUCCUHM — JIJI1 JUArHOCTUPOBAHUS
COCYZIOB JaBiieHUs (TPyOOIPOBOAOB, THIPABINYECKUX arperaToB).

Pyunsie BuOporpadwl, UMErOIIHEe HU3KYI0 TOYHOCTh U3MEPEHUS U OTHOCSIIIMECS K MpUOOpaM UHANKA-
TOPHOTO THUIIA, B HACTOSAILEE BPEMS [TIOUYTH HE PUMEHSIIOTCS.

JIns1 KOHTPOJIST HACOCOB M TUPOMOTOPOB aBUAIIMOHHBIX T'HJIPABIMYECKUX CUCTEM CO3/IaHa CEpHs me-
PEHOCHBIX MPUOOPOB, MO3BOJIIONIUX OMEPATHBHO PAcHO3HABaTh HEHCIPABHOCTH OCHOBHBIX Y3IIOB ATHX
alperaroB. [IpuOop KOHTpPOJST HACOCOB MO3BOJIIET KOHTPOJIUPOBATH TEXHUYECKOE COCTOSIHHE JeTajel
Kayarollero y3ja U MOALIMIIHUKOB. B KadecTBe TUarHOCTUYECKUX MapaMeTpOB, OMPEAETSIOMIUX TEXHU-
YECKOE COCTOSHHE JETANeW Kadarollero y3JIa, UCIOJIb3YEeTCs] OTHOCUTENBHBIM MapaMeTp IyJIbCaluui JaB-
JICHHUSI, U1 JUATHOCTUPOBAHMSI MOAIIMITHUKOB — MHUKOBOE 3HAYCHHE BUOPOYCKOPEHUS Ha XapaKTePHBIX
4acTOTaX.

Bubpanust u mynbcanus JaBJIeHHs] HACOCOB, HACOCHBIX CTAHIIUN U TUAPOMOTOPOB U3MEPSIOTCS MbE30-
AJIEKTPUIECKUM TTpeoOpa3oBaTeieM, CUTHAI C KOTOPBIX, PO Yepe3 MOBTOPUTENH (MPeIBAPUTEIHHBIN
YCHUIIUTEINb), TIOCTYMAaeT Ha OCHOBHOW M3MEPUTEINb HO-TIPE00pa30BaTeIbHBINA OJIOK.

Nudopmannio 0 TEXHUUYECKOM COCTOSIHUM HACOCOB, THAPOMOTOPOB, HACOCHBIX CTAHIIMA MOKHO TIO-
JTY4YUTh, UCTIOJIb30BaB TOJIBKO OJIMH MTPeoOpa3oBaTelb BUOpAITHIH.
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AHanu3 OTKa30B M HEMCIIPABHOCTEW arperaToB CHCTEM T'MIPABIMYECKOK IPHUBOJA IOKA3bIBACT, YTO
0k0J10 15 % o01ero yncia 0TKa30B MPUXOAUTCS HA YCTATOCTHBIE pa3pyLICHUs 3JIEMEHTOB THIpoarpera-
TOB, HAXOASAIIUXCS IIPH SKCIUTyaTAllMX 110 BO3ACHCTBUEM IUKINYECKOIO HArpy »KEHNsI BHYyTPEHHUM JaB-
nenueM. Hambonee vacto paspymaroTcst Kopryca (pUiabTpoB, THAPOAKKY-M>JISATOPBI, TPYOOIPOBOIBI U
pyKaBa BBICOKOIO JaBicHMsA. PazpymeHue Kopmyca arperarta sBJII€TCS OTKa30M, KOTOPBIM NPUBOIUT K
norepe paboTOCIMOCOOHOCTH BCEH CHCTEMBI THAPABIMYECKOTO MPUBOJIA BCIESACTBUE BBITEKaHUs paboueit
AKHUIKOCTH. V3BeCTHBIE METOJIbl HEpa3pyILAIOLUIEr0 KOHTPOIIS (yJIbTPa3BYKOBOM, TOKOBUXPEBOM) UMEIOT
0lpannueHHbIE BO3MOYKHOCTH B ONPEJECIICHUN PAHHEHN CTaJIU 3apOXKAEHUS U Pa3BUTHS TPELIUH, TaK Kak
OHHU PETUCTPUPYIOT HE pa3BUTHE AedeKTa, a ero HaIu4yue. DTOro HeJOCTaTKa JIMIIEHbl METO/bI, OCHO-
BAHHBIC HA PETUCTPALMU MPOLECCOB, COINPOBOKIAAIOIIUXCS IEPEHOCOM JHEPIHH, BBIICIAIOIICHCS IIPU
paspylLIEHUH.

Cpenu 3TUX METOJOB 0CO00€ MECTO 3aHMMAeT METOJ JAMAarHOCTUPOBAHHUS YCTAJIOCTHBIX TPELIUH IO
napaMeTpaM aKyCTH4eCKOM smuccuu. [IpoBeneHHbIE UCCIIe0BaHMs TIOKA3aJIH, YTO HCIIOJIb30BAHKUE DHEP-
MM aKyCTHYECKOW SMUCCHUU JJAeT XOPOUINE Pe3yIbTaThl P 00HAPYKEHHH YCTATIOCTHBIX TPEIIUH a KOP-
nycax (UIbTPOB M aKKyMYJISITOPOB. B mporecce AMarHocTUpoBaHusl KOpIyc arperara Hayy»aercst 3Ha-
KOIEpEMEHHON UKINYECKOU Harpy3Koi ¢ yactotoit 1 I'm.

CranuoHapHas anmaparypa s KOHTPOJIsI TEXHUYECKOTO COCTOSIHMM arperatoB CUCTEM T'MIPOIPHUBO-
na. K cranonapHsiM npuOopaM OTHOCAT KaK IMPOCTEHUIINE PEAEIbHBIE aKCEIEPOMETPBI, TAK U CJIOKHBIE
MHOT'OKAHAJIbHBIE CHUCTEMBI, SIBIISIOIINAECS NMPUHAUIEKHOCTHIO KOHTPOJIMPYEMOro OOBEKTa U H3MEPSIO-
1IMe MapaMeTphl BUOPALMK, XapaKTepHU3YIOLIHE ero TEXHUIEeCKoe cocTosiHue. Hapsiy ¢ nanpHedmmm co-
BEPLICHCTBOBAHMEM MPOCTEHIIMX OJHOTOYEUHBIX NMPUOOPOB sl KOHTPOJIA BUOpALMM CPaBHHUTEIBHO
MPOCTBIX MEXAaHU3MOB M MAIIMH CO3JAI0TCS H3MEPUTENbHBIE CHUCTEMBI C HCIIOJIb30BAaHHEM OJOYHOTO
IIPUHIUIA TOCTPOCHMS, KOTOPBIH o0ecrieunBaeT co3/laHue Ha 0a3e yHU(PUUUPOBAHHBIX OJIOKOB M3MEpPH-
TEJIHBIX CUCTEM C PAa3MUYHBIMUA (QYHKIHSAMU U JTFOOBIM YHCIOM KaHAJIOB M TOYEK U3MEPEHHUSL.

Haubosnee pacnpocTpaHeHHBIMM CUCTEMaMH, NPEAHA3HAYEHHBIMU JJIS 3aLUUTHI HECJIOXKHBIX POTOp-
HBIX MalIUH (BEHTHJISATOPOB, HACOCOB, THJIPOMOTOPOB), SIBJISIFOTCS OJIHO- WM JIByXKaHAJIbHbIE IPUOOPHI C
BBIHOCHBIM BHOPOM3MEPUTENbHBIM IpeoOpa3oBareneM. OHU IMO3BOJISIOT KOHTPOJIUPOBATH BBHIOPAaHHBIE
napamMeTpsl BUOpalMy U P MPEBBIIEHUH JOIYCTUMOIO YPOBHS BbIIaBaTh NPEAyPEIUTEIbHbIN U aBa-
PUIHBIA CUTHAJIBI.

5.11. TunoBble CTEH bl JIs1 UCTIBITAHUS THAPOOOOPYAOBAHUS

[IpoBepka ruapaBiInyecKoro 000pyA0BaHUs Ha FEPMETUYHOCTD JOJIKHA PO U3BOAUTHCS HAPYKHBIM
ocMoTpoM. Pabouyast ®HIKOCTh MOABOJUTCS B MOABOASAIIMM KaHAJ; OTBOJSAIIME KaHAJbl JOJKHBI OBITh
3armymensl. Bpems nposepku 0,5...! mun. IIpu ucnblTaHUSX THAPOIMIMHAPOB HAPYKHYIO T€pMETHY-
HOCTb IPOBEPSAIOT JOIOJHUTEIBHO IPU JABICHUM XOJIOCTOIO XOJa IOCIE HE MEHEE YeM IATUIECITH
MOJIHBIX JBOMHBIX X0A0B. [Ipn 3TOM nomyckaercs 00pa3oBaHUE MAC/ISIHOM IUIEHKH Ha TTOBEPXHOCTH IITO-
Ka 0e3 karuieoOpaszoBanus. [losBienue paboueil )KUIKOCTH B HETIOABMKHBIX COEIMHEHUAX HE JIOMyCKaeT-
cs T 16].

VYTeuku cieayeT onpeaessaTh Npyu HauOobIIel TOMyCTUMOM TemnepaType paboueil >KUAKOCTH.

HcnpiTarenbHble CTEHIBl AOKHBI OBITh OCHALIEHBI YCTAHOBKAMU NIl QUIBTpALMM U OXJIAXKIACHUS
paboueit xuIKoCcTU. TOHKOCTD (UIBTPAIIMH J0JKHA COOTBETCTBOBATH TPEOOBAHUSAM TEXHUYECKOH JIO0KY-
MEHTAaIlMN Ha ucmlbITyemoe u3nenue. Ha crennax menecoobpa3HO yCTaHABIMBATH MOCTOSHHO BKJIIOYEH-
Hbl€ MAaHOMETpHI 4-ro Kjlacca A HEMPEPBIBHOTO KOHTPOJIS AABJICHUS B cucTeMe. [l CHATHS XapakTe-
PHUCTHK HCIOJIB3YIOT MaHOMETPBI 00Jiee BBICOKOTO Kjacca TOYHOCTH, MOJKI0YaeMble TOJBKO Ha BpeMs
3amepa.

WcnpiTanus HeperyaupyeMbIX M pPErylupyeMbiX HacocoB. CXxeMma HCIBITaHHUS HEPEryJnpyeMoro
Hacoca npuBezieHa Ha puc.5.6. [Ipu UCTIbITaHUSAX PEryIupyeMoro Hacoca HeoOXOAUMBI JIOTIOJIHUTEbHbIE
YCTPOWCTBA, ONPEAEIIIEMBIX CXEMOU N KOHCTPYKIHEH y3JIOB €r0 YIPABJICHMUS.
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Puc.5.6. 'mapasnuveckas cXema CTeH/Ja 1 MCHBITAHWA Hacocor 1mo ['OCT
14858-75: 1 — 6ak; 2 — reuooOmennas ycranoska; 3, 11 — raxomerp; 4
MOTOp-BECHI; 5 — BarT™Merp; 6 — HCnbITyeMEldi Hacoc, 7— MaHOMETp; 8 —
NpeAOXPaHMTENbHBIH Wianad, 9 - ruapopacnpeaenurens, 10, 15 —
perymMpyemMsii apoccens;, 12 - c¢unsTpoBansHas ycTaHoBkad, 13 —
BaKkyyMmeTp; 14 - repmomerp
[Tonauy, npuBoaHy0 MoUIHOCTh U 00bemHbIH KIIJ] Hacoca onpenensioT npu HOMHUHAJIBHOM JaBiie-

HUU M HOMHUHAJIBHON YacTOTE BpalleHUs (OTKJIIOHEHHE NEHCTBUTENIbHOIN 4acTOThl BpalleHUs He Oojee +

5% HOMHUHAJIBHOTO).

O6nwemusiii KII] Hacoca onpeaenstoT o Gopmyiie

No=Qu/Qs,

rae QH - mojava Hacoca MpH HOMUHAJIBHOM JaBieHuu; Qr - mojaya Hacoca MpU MUHUMAIBLHO BO3MOXK-
HOM JaBJICHMM B HANOPHOM MarucTpaiu. 3xeck nojauu Hacoca O,, 1 Qr I0JKHBI ObITH MPUBEACHBI K
OJIMHAKOBOM 4aCTOTE BPAILCHMUS.

[Ipn mpoBeneHUM WCIBITAHUN NaBJICHHE CO CTOPOHBI BCACHIBaHHS JOJKHO OOecrneunBaTh paboTy
Hacoca Ha BceX pexknMax 0Oe3 kaButauuu [IpenoxpaHuTenbHBINA KianaH 8 MOJKEH OBITh HACTPOEH Ha
JaBJICHUE, JIOIyCKAeMOe IIPU KPAaTKOBPEMEHHOM Meperpy3ke Hacoca. Eciu 3To JaBieHue He yCTaHOBIIE-
HO, TO MPEAOXPAHUTENIbHBIN KJIallaH HaCTPauBaeTCs Ha JIaBJIeHUE, paBHOE 1,25 HOMUHAJIBHOTO /1aBJICHUSI.

Ucnpitanus ruapa Mo TopoB (puc.5.7). Pacxoa paGoueit )KUAKOCTH, KPYTAIINI MOMEHT U 00BEMHBII
KIII orpenesaroT npy HOMUHAIBHOM JAaBICHUU M1 HOMUHAJIBHOM 9aCTOTE BPAICHUS.

O6bemnsiit KITJ[ runpomoTopa omnpeaenstor no popmyse

.
QM +Q_}T !

e Qv - pabounii 066EM THAPOMOTOPA, M'/pajl; Mw - YaCTOTa BpalleHHs Baja ImapoMoTopa, c"l; Qm -
pacxos paboueii JKUAKOCTH (HOMUHANBHBIH), M%/c; (),, -yTeuKn Hapy>KHbIE, M /C.

PaGouuii 00BeM TUAPOMOTOpPA U3MEPSIOT METOJIOM MEPHOW €MKOCTH WJIH METOJIOM «JIByX YacTOT
BpAILICHUI.

MeTtoa MepHOIl €MKOCTH COCTOMT B I€peKauMBaHUM pabodell )KUIKOCTH B MEPHYIO €MKOCTh NpHU
BpallleHUH BaJia ¢ 4acToToit ot 1/6 mo 1/3 c"! U naBieHMH, CO3/1aBaEMOM KHIKOCTBIO, HAaXOJsIIeiics B
Oake cuctembl moanuTku Ha 500... 800MM BBIIIE YPOBHS BXOJHOTO MaTpyOKa MoTopa. Pabounii 00beM (si
paccUuThIBaIOT MO (hopmyIie

MNow =
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q, = Vip,

rae V — o0beM nepekaunBaeMoi XKHIKOCTH, M’; (P - yTroJl IOBOPOTa Baja, pajl, 3a KOTOPBIA ObLT MepeKa-
qaH 00BeEM KHUAKOCTH V.

8 9 10
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Puc5.7. Cxema crempa ans wWchbiTammii ruapomoropa: 1- Oak, 2 -
DETYIMpYeMbIH  Hacoc, 3 — DNpPeNOXpaHWTeNsHBIA  knamaH, 4 -
rAAPOPacTPEneHTENb, 5 — HCUBITYEMBIH rHAPOMOTOP, 6 — AaTYHK MOMEHTR, 7 —
Harpy3o4yHoe ycTpoHcTBo, 8 — Taxomerp, 9 — mamomerp, 10 — mommopHsii
knanas, 11 — ruapopacupenenurens, 12 - pacxonomep, 13 - repmomerp
Pazmepsl 6aka TOKHBI ObITh TOCTATOYHBIMH JUJIsl TOTO, YTOOBI MOHMKEHHUE YPOBHS )KUJKOCTU B Oake
pu U3MepeHuu pabouyero oobema He mpesblmano !50 Mmm. OTKPBITEI KOHEH CIMBHON TpyOBl TOJIKEH
HAXOJUTHCS HA OJHOM BBICOTE CO CPEIHUM YPOBHEM pabodeill ®KUIKOCTH B Oake (OTKIOHEHUE IO BBICOTE
150 mm). [IpucyTcTBHE BO3yXa B M3MEPSIEMOM 00bEME HE JIOMYCKACTCS.

MeTto «IBYX 4acTOT BpAIICHUI» COCTOUT B U3MEPEHHUH MOTOKA KUJIKOCTH MPU  JABYX 3HAYCHHSIX
YaCTOTHl BpAIICHHUS] C TIOCIEAYIOIINM BBIUKCICHUEM pabodero oobema (om, M /paf, mo hopmyie

-Q
o -

W, -0

rae Qi - pacxoj ®HUIKOCTH, M/C, IPH 4acTOTEe BpalieHus 6>\, ¢" ; Q2 - pacxoj ®HUIKOCTH, M'/C, TIPH Ya-
CTOTE BpaIeHus 1ms3, ¢,

YacToThl BpallleHHs III; ¥ b2 TOJKHBI OBITh ycTaHoBNIeHB! B nHTepBane 20. .100% HomMuHaIBHOM Ya-
CTOTBHI BpaIlleHUs W OTINYATHCS HEe MeHee yeM Ha 50% OoT HOMHUHAJIBHOW YacTOTHI BpameHus. M3mepenus
JOJKHBI IPOU3BOAUTHCS NP MOCTOSIHHON HAarpy3Ke Ha Bally.

Wcnbitanus THApOUMIMHAPOB (pric.5.8). BennunHa BHYTPEHHHUX YTEYEK >KUIKOCTH MPOBEPSETCS B
KOHEUYHBIX M CPEJTHEM ITOJI0KECHUSX TTOPIIHS TPH JTaBJICHUH HE MeHee 1,25 HOMUHAIBHOTO Ha BTOPOW MH-
HYTE MMOCJIe OCTAHOBKH IOPIIHS U CTAOWIN3aIUH JaBlIeHUs. Bpems 3amepa yTeuek B KaXKIOM TOJ0KEHUN

HE MeHee 2 MUH.
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Puc.5.8. Cxema crenpa s ucnbiTanmii ruapomwmnaapa: 1 — 6ak; 2 — nacoc; 3,
8 — manoOMeTpEI; 4 — ruapopacnpeienuTens; 5, 7 - perynupyemMsie apoccens; 6 -
HCOBITYEMBIH ruapomanusHap; 9 — pacxomomepsni; 10 — Tepmomerp; 11 -
NPENOXPaHATENIBHBIN KiIanad
Benuunna naBieHus ctparuBaHus nMopiuHs (TUIyH)Kepa) onpeensiercs nogauei padode UAKOCTH B
OJIHY U3 MOJOCTEN TUAPOLUMINHAPA MIPU NOCTETICHHOM YBEJIMYCHUU JAaBICHUS 10 JaBJICHUS CTparuBaHusl.
JlaBienue xonoctoro xoja (6e3 Harpy3ku) ompezensercs nocie crparuBanus nogaueit padboueit >xu -
KOCTH B OJIHY U3 MOJIOCTEH TUAPOIIINHAPA. J[BIKeHue MOpIHS (TUTyHXepa) TOJKHO OBITh TUTABHBIM.
HcnblTanus npeloXpaHUTENbHbBIX KJIANaHOB, KJIAMAHOB IOCIIEI0BATEIbHOCTH U TUJ-
POKJIAIaHOB C OOpaTHBIM KJ1anaHoM (puc.5.9).
N3menenue pacxoja yepes UCHBITyeMbIH ammnapar o0ecredunBaeTcs HacTpoiiko apoccens. [lepe-
aJi JaBJIECHUN Ha UCTIBITYEMOM anmapaTe OnpeesieTcsl Kak pa3HOCTh MOKa3aHU MAHOMETPOB, YCTaHOB-
JICHHBIX Ha BXOJE U BBIXOJIE aIllapara.

3 T p
7

]h 12 1 9 A

Puc.5.9. Cxema cresna mnd McnbiTanwi kianasos gasneHua: | — Oak; 2 -
TEpMOMETP; 3 ~ ruapopacnpeneauTens; 4, 6 ~ MaHOMETp; 5 — HCIBITYEMBLIH
rugpoannapar (NpeAOXpaHUTEIbHLIA KIanaH, KianaH noc/Jef0BaTeabHOCTH,
KI4ANaH f10Ciel0Bare/IbHOCTH ¢ 0o0partHbIM KiManmaHoM), 7 - peryjaMpyeMbli
apoccens; 8 - nacoc; © - mpeaoxpanuTenbubii Kranad; 10 — kpau; 11 — Mmeprsii
6ak; 12 — pacxozomep

HcnbiTanus pacnpenenuTerneil ¢ pydHbIM, JJIEKTPUYECKUM, THIPABIMYECKUM U AJIEKTPOrHAPABIAYE-
CKUM ympaBieHueMm (puc.5.10).
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Puc.5.10. Cxema crenna ana BenpiTanui ruapopacnpeaenureneii: 1 — 6ax; 2,
10 — npenoxpanuTensHb KiIanaH, 3 - MmaHomeTp, 4 — ruApopaclpe-
OE/INTENB; 5 - Harpy3o4Hoe YCTpOHCTBO; 6 — oDparHble knananel, 7 — pene
nasnenna; 8 - MCnmITyemMuid ruapopacnapenenurens; 9, 14 - macoc; 11 -
TepMoMeTp; 12 - meprsii Gax; 13 — xpan

Hacoc 14 cuctembl yrpaBiIeHHs yCTaHABIUBACTCS TOJIBKO MPHU HCIBITAHUH PACIIPEACITUTENICH C TH/I-
PaBIMYECKUM U DJIEKTPOTHAPABIMYECKUM YIpPaBIECHUEM; paclpeneiuTenb 4 - TOIbKO MPU UCIBITAHUU
pacipenenuTenci ¢ THIAPABIMYECKUM YIIPABICHHEM.

[IpoBepka pacnpenenuress Ha COOTBETCTBUE CXEME MPOU3BOAUTCA 110 MaHOMETPaM, MOAKIIOUEHHBIM
K OTBOJIaM PACIIPEACIUTEIIS B CPSTHEM U KPailHUX MOJIOKCHUSIX TPY HOMHHATBLHOM (pabodeM) JaBlICHUH.
JlaBiieHue onpeaensieTcs HAaCTPOUKON HAarpy304HOro yCTPOMCTBA.

CyMMapHyI0 yTEUKY I10 3a30paM paclpeAcTIuTeNIss H3MEPSIIOT B IBYX KPAWHUX MOJIOKEHUSIX 30JI0THU-
Ka C MOMOUIbI0 MEPHON €MKOCTH, COETUHEHHON CO CIMBHBIM OTBepcTueM, [Ipu ucnbiTaHUsSX pacnpene-
JUTENEH C THIPABIMYECKUAM U 3JI€ KIPO TUAPABINYCCKUM yIPABICHHUEM U3MEPEHHUE MMPOU3BOIAT IIPH MU-
HUMAaJbHOM JaBJICHHUM YIpaBiieHUs. MUHUMAabHOE JaBJIEHUE YIPaBICHUS yCTaHABIUBACTCS IyTEM CO-
OTBETCTBYIOIICH HACTPOWKH TPEJOXPAHUTEIHHOIO KIIAllaHA CUCTEMBbI yIpaBJieHHs. Pacmpenenurens
JIOJKEH YETKO TMEPEKIII0YaThCsl U yACPKUBATHCS B KPAMHUX MOJOXKEHUSX NP MUHUMAJILHOM JIaBJICHUU
yIpaBIICHUSI.

[IpoBepka BO3MOKHOCTH PETyJIMPOBAHUS BpEeMEHH CpadaThIBaHUs MTPOU3BOIUTCS MyTEM 3aMepa Bpe-
MEHU MEPEKITFOUCHUS PACTIPEICITUTENS C TTIOMOIIIBIO AIEKTPOCEKYHIOMEpPA OT KOMaH/I pejie JIaBlICHUs MPH
Pa3IUYHBIX HACTPOMKAX JIpocceseM BpeMEHHU MepeKIIoueHusI.

WcnbiTanus apocceneid, pelie JAaBJICHUS, PEIyKIIMOHHBIX KIIAMIAHOB M JIPYTHX aIlapaToB C OJHHUM
BXOJIOM M OJTHUM BbIXoAoM (puc.5.11). OTkinoHeHune pacxoaa padoueil »KUIKOCTH IpU U3MEHEHHUH JIaBJie-
HUs nposepsercs npu pacxoze 10 10% HOMHHAIBHOTO pacxo/a W MOBBIIIEHUH JABJIEHUS OT MUHHUMAalb-
HOTO J10 HOMUHAJIBHOTO.

YTeuku mMacia 4epes 3aKphIThIA IPOCCENb U U3 IPEHAKHOTO OTBEPCTHUS 3aMEPSIOT MTPH HOMUHAITBHOM
JIABJICHUU Ha 2-i MUHYTE NIOCJI€ HACTPOMKHU JaBICHUS.

Pa3HOCTh MEXIy NaBICHHEM Ha BXOJIC U JIaBIEHUEM HACTPOUKHU MPEAOXPAHUTEIBHOTO KJIAalaHa Mmpo-
BEPSIOT B AMAINa30He JaBICHUNH OT MUHUMAIBHOTO O HOMHHAIBHOTO.
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Puc.5.11. Cxema creHaa ans MCOBITAHMIN THAPOANNAPATOB ¢ OAHHM BXOAOM H
ogHuM BeIXOOM: | — BGak; 2 — pacxomomep; 3 — ruapopacnpeaenurens; 4 —
Harpy304HO€ yCTPOHCTBO; 5, 7 — MaHOMeTp; 6 — HCOBITyeMsIil FHApoannapar; 8

- Hacoc; 9 - mpegoxpanuTensHeii wianaw, 10 — repmomerp; 11, 12 - mMepHbie

Oaku; 13 — kpausl

Pene naBiieHus poBepsIIOT Ha HEUYBCTBUTEJIBHOCTh BO BCEM JMaIla30HE KOHTPOJIUPYEMOT'O 1aBICHUS
MyTeM M3MEHEHUs JaBJICHUs B CHCTEME CTeHJa Ha BEJIMYMHY HEUYBCTBUTEILHOCTHU C BBIICPKKOW 2 MUH
Ha Kaxa0il cTyneHu naBieHus. [IpoBepka HpoM3BOIUTCS MPU MUHMMAJIbHOM, HOMHUHAJIBHOM M JayX
MIPOMEKYTOUHBIX 3HAYCHUSAX JABICHHA. YTEUKY U3 JIPEHAXHOTO OTBEPCTHUS KOHTPOJIUPYIOT MPU HOMH-
HaJIbHOM JIaBJICHUH.

[Ipenensl U MIABHOCTh PETYIUPOBAHUS PEAYLUPOBAHHOTO JABJICHUS PEAYyKIMOHHBIX KIAMaHOB MPO-
BEPSIIOT NP HOMUHAJIBHOM JIaBJICHUU Iepej KJIallaHOM ITyTeM HW3MEHEHMs HAaCTPauBaeMOIo peryLHpo-
BAHHOTO JIaBJICHUsI BO BCeM juana3oHe aasienuil. [Iposepka npoussoautcs 2...3 pasa.

CraOuiabHOCTh PEAyLUPOBAHHOTO AABJIEHHS IPU HEU3MEHHOM PEXUME IPOBEPSAIOT 110 MAaHOMETPY,
YCTAHOBJICHHOMY 3a KJIallaHOM, M MEPEKPBHITOM (C MOMOIIBIO HAIPY304HOTO YCTPOUCTBA) pacxoje yepes
KJIamad B Te4eHue 5 mMuH. OTHOBPEMEHHO C MOMOIIBI0 MEPHOW €MKOCTH MPOBEPSAIOT pacxon padodeit
KHJIKOCTH Yepe3 KilaraH HaCTPOMUKH.

CTaOWIbHOCTD PEAYIUPOBAHHOTO JABJICHHS NP U3MEHEHHH PAcXo/1a MPOBEPSIIOT 10 YCTAHOBICHHO-
My 3a KJallaHOM MaHOMETpy IpH ABYX, TPeX 3HaYeHMAX pacxoja B auamasone ot Q7,, mo Q™ u
HauOoJbIIeH U HAUMEHbILIEH pa3HUIIE JaBICHUN Nepe]] KJIarnaHoM U 3a HUM.

CTabuiabHOCTD peAyLUPOBAHHOTO JABJICHUS MPU U3MEHEHHUH I0JIBOIUMOTO JIaBJICHUS MPOBEPSIOT MO
YCTaHOBIIEHHOMY 3a KJIATAHOM MaHOMETPY IPH TPEX, YEeThIPEX Pa3IMYHBIX JUATa30HAX JaBICHUS Tepe]
KJIallaHaM | 3a HUM.

[Tpu mpoBeeHNN UCTIBITAHUI TaKOTO 00BhEMa IM0/1aya CTEHJIO0BOTO HACOCa MOXKET OBITh IPUHSTA PaB-
HOM1 20...25% HOMMHAJIBHOTO Pacxo/a UCIIBITYEMOTO KJIallaHa.

WcnpiTanus oOpaTHBIX THAPOKIANAHOB, THAPO3AMKOB U TOJCPKUBAIOIINX THIPOKIAMIAHOB (pHC.S
12). XapakrepucTuku cpabaThIBaHUS 3allOPHBIX JIEMEHTOB MPOBEPSIOT IyTEM IOIEPEMEHHON MOa4n
MOTOKA JKUJAKOCTH B HAIKJIATTAHHYIO ¥ MTOJIKJIAIAHHYTO MTOJIOCTH 00paTHOTO KITaraHa.

A
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Puc.5.12. Cxema creHsa ana ucnbiTaHuil o6paTHOro KianaHa, rHApO3aMKa H
OPYTHX annaparoB C BHEIUHMM ynpaBsmoomaM Bxogom: 1 — Gax; 2, 9 -
npeoXpaHuTeNnbubli Kianas; 3, 10 — Hacoc; 4, 8 — ruapopacnpeaenuTens; 3, 7
- MAHOMETP; 6 - HCIBITBIBAEMOE YCTPOHCTBO, 11 — TepMomeTp

[Ipy ucnbpiTaHUM TUAPO3AMKOB IONEPEMEHHO COCIMHSIOT YIPABISIIOIIMNA 3JE€MEHT C JaBJICHHEM
yHOpaBieHUs MpH nojadye padouell KUAKOCTU B HAAKJIAMAHHYIO MOJOCTh. JlaBleHHe OCHOBHOIO MOTOKA
0,5...1 MIla. KoHTpOab YETKOCTH OTCEUYKH OCHOBHOTO IOTOKA - BU3YyaJIbHBIN. Y TEUKH Uepe3 KilanaH Ipo-
BEPSIOT NP HOMUHAJIBHOM JABJICHUU C TIOMOIIBIO MEPHON €MKOCTH, COETMHEHHON C MOIKIaNaHHO! IOo-
JIOCTBIO, HA BTOPOW MUHYTE I10CJIE TIOBBILIEHUS JaBICHMUSL.

['epMeTHYHOCTH MOJAEPKUBAIOIIETO KJIallaHa MPOBEPSIOT HAJIMBOM KEPOCHHA B HAJAKJIANIaHHOE IPO-
CTPaHCTBO. 3aMETHOE IaJICHUE YPOBHS KEPOCUHA B T€UE€HUE 5 MHMH He Jomyckaercs. lIpoBepky Mox-
HO OCYLIECTBJIATH IO MAHOMETpPY € paboueil cpe1oil — KepOCHHOM.

[IpoBepKy OTKpBITHS TMIpPO3aMKa MPOU3BOAAT IIPY HOMUHAJIBHOM JIABJICHUM B HAJKJIAIIaHHOM I10JI0-
ctu. [Ipu 5TOM KJ1anmaH JAOKEH OTKPBIBATHCA MPU JABJICHUM YIIPaBJICHUS HE BbIllIe HOMHUHAIbHOTO. KoH-
TPOJIb OCYIIECTBIISIETCS 110 MOKa3aHUsIM MaHOMETpoB. IIpoBepky npoussBonsr 2...3 pasa.

[1naBHOCTH perynupoBaHUs BEIMUMHBI JaBJICHUS MOJANOPA IPU MPOBEPKE MOACPKUBAIONINX Kiarna-
HOB KOHTPOJIUPYIOT 110 NMOKa3aHUSIM MAaHOMETPa BO BCEM JIMANIa30HE PErYIHPOBAHUS.

HcnpiTanus aeantensi moroka (puc.5.13). IlorpemHocTh aeneHUss TpOBEPSIOT MPU HAWUMEHbBIIIEM
pacxojie /Uil TaHHOM HACTPOWKH, MPH HauOOJBIIEeH pa3HOCTH JaBlieHHUs B 0TBojgax. Hambonbmiee naie-
HUE YCTaHABJIMBAIOT MOOYEPEIHO B KaXKJIOM U3 OTBOJIOB.

HcnpiTanus ruapoannaparypbl ¢ NPONOPHHOHAJBLHBIM ynpasJjenuem (puc.5.14). Tlpu wucnbita-
HUSAX THAPOAIIApaTypbl ¢ MPONOPIMOHATIBHBIM YIIPABICHUEM MPOBEPSIOT PSII TOMOJHUTENBHBIX Mapa-
METpOB, TAKMUX KaK PEryJMpOBaHHE pacxoia pabdoyei »KMIKOCTH, MOIIHOCTH YIPAaBJICHHUS, TUCTEPE3HC,
OTKJIOHEHHE OT JIMHEHHOCTH.

Pacxon paboueit )KHIKOCTH PETYIUPYETCs MyTeM U3MEHEHHUsT BEJTMYUHBI 33JIaf0Iero CUrHalla Ha BXO-
Jie 3JeKTpOHHOTrOo 0JioKa (Ha pucyHke He 00o3HayeH). [Ipu aTom perynupyetcst pacxon padoueit KuaKo-
CTH OT MUHUMAJILHOTO JI0 MAaKCUMAaJIbHOTO B JIBYX HarpaBieHusx -oTPkAnoTPkB npu nocrostHHOM miepe-
nazge p = 0,8 MIla. 3amepsl mpOBOAATCS pacX0JOMEPOM WIIM MEPHBIM 0aKOM U CEKYHJOMEpPOM TpHU HO-
MHUHaJIbHOM U MaKCUMAaJIbHOM PacXo/e JJIsl JaHHOTO paclpeleuTes.
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Puc.5.13. Cxema crenaa ANA HCNBITaHMH aenurenell motoka: 1 — Gak; 2, 9 —
pacxozomepsl; 3, 8 — ruapoapocceny; 4, 7- MaHOMETPHI; 5 - HCIBITYEMbIH
anmapar;, 6 - ragpopacnpeaenuTens; 10 - mpegoxpanurensubii kiaman; 11 —
Hacoc: 12 — TeomomeTD:

v

Em“x;xﬂ :

2Py

Puc.5.14. Cxema creHna i HCObTaHWH TrHApOpaclpefenHuTeNs C
NpONOPLUMOHANEHEIM ynpasieHneM: 1| — bak; 2 — macoc; 3 — ¢mmtp; 4 —
HCTIBITHIBACMBIH TUApPOpacIpesenTens, 5 — raapopacnpeaenureas 3/2; 6 —
Harpy»aolee yCTpoHcTBO; 7 — pacxoaomep

4 5\

J%

/f

MOI]_IHOCTB YHpaBJICHUA MPOBEPAIOT MPH HOMHWHAJIBHOM JIaBJICHMHU HAa BXOAC U HOMHHAJILHOM Pacxo-
ne paboueil xunkoctu npu nepenane JIp=0,8 MIla. M3mepenue npou3BoaAT BATTMETPOM B LIENIH MHUTA-
HUS 37eKTpoMarauTa. [loTpednsiemast MOIIHOCTE HE JIODKHA MpeBbImath 18 BT.

I'ucrepesnc mpoBepsOT MpU HOMUHAIBHOM AaBieHUH Ha Bxojae (32 MIla] u nepenane p=0,8 Mlla
MyTeM IUIAaBHOTO M3MEHEHUsI 33/1al0IIEer0 CUTHAJIA HA BXOJE 3JIEKTPOHHOTO 0JI0KAa M U3MEHEHHs pacxoja
paboueit )KUKOCTH OT HOMUHAJIBHOTO /0 MHMHUMaJIbHOTO M B oOpaTHOM mopsake. Benuuuny
THCTEPE3HCca ONPEEISAIOT IO COOTHOILIEHUIO

?_QE QI tﬂﬂ_%j

HOM
rae Q; - yCTaHOBJICHHBIN pacxo/ npu yMeHblneHuu; Qi - To e npu yBenuueHuu. Pacxonsr Q] u Qj cpas-
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HUBAIOT MPH MUKOBBIX 3HAYEHUSAX CUJIbl ToKa. ['uctepesuc nomkeH ObITh He Oonee 5%. OTKIOHEHHE OT
JMHEHHOCTH ONpeAesioT o Hanbombineit pazuauune (AQMnO Mmexay cpenHei u uaeanbHON XapaKkTepu-
CTHKOM, OTHECEHHO# K HOMHHAJIbHOMY 3HaueHHIo (B %). Cpennss xapakrepuctuka Q=ft;u;) ctpourcs mo
BOCXOJISIIIEH ¥ HUCXOJAIICH BETBIM XapaKTEPUCTHKHU pacxoia OT 3aJal0lIero CUTHalla uf TIpH Tepernaje
Hp = 0,8 MITa.

WneanbHas xapakTepUCTUKA CTPOUTCS MO JIBYM TOYKAaM, COOTBETCTBYIOMIMM HOMHHaiIbHOMY U 0,1
HOMHMHAJILHOTO pacxoja Ha cpefHeil xapakTepuctuke. OTKIOHEHUE OT JUHEHHOCTH HE JOJKHO MPEBbI-
waTtb 5%.

Mo0OujibHbIe CPpeICTBA THATHOCTHKH

[TpOMBIIIIEHHOCTHIO MPOU3BOAATCS YHUBEPCAIbHBIE KOMOMHUPOBAaHHBIE TPUOOPHI IIEPEHOCHOTO TH-
na JUisi U3MEPEHUs] U perucTpaiuy JaBJICHUs, pacxoda U TeMmmeparypbl xuakoctu. [lns ynoOctBa u
OBICTPOTHI MOHTAXAa JATYMKOB ITUX MPUOOPOB B KOHCTPYKITUH THIPABIMYECKON CUCTEMBI TOKHBI OBITH
YCTaHOBJICHBI 3JIEMEHTBI CONPSDKEHUs ISl mpeoOpa3oBaTeniell aBjaeHus. DTO COBOKYIHOCTh y3JI0B, 03~
BOJISIFOIIASL TIPU 3KCIUTyaTallud, PEMOHTE, TEXHUUECKOM OOCIIyKMBAaHUM U HalaJKe TMApPABINYECKUX CH-
CTeM OBICTPO MOJCOECIUHUTH K THAPONPHUBOAY TpeOyeMblil AaT4yuK 0e3 OCTAHOBKH U pa3repMeTH3aliu
TUIPOIIPUBO/IA.

K takoro tumna MoOUIBEHBIM IPUOOPAM OTHOCSATCSA THAPABIMYECKHE MYJIbTHMETPbI, THAPOTECTEPbI
U THpPaBJIHYecKHe ocULIorpadbl.

II'mapaBiaudecknii MyJIbTHMETP - TIOKA3BIBAIOIINKA MPUOOp ¢ U(PPOBOH MHIUKAIMEH, MpeTHA3HAYCH
VIS OTJIAZKU pabOThl THAPABIMUECKUX CHCTEM IPH IMyCKOHAJIAI0UYHBIX padoTax, a TaKkKe JUIsl OlepaThB-
HOTO MOKMCKAa HEMCIIPABHOCTEH B rMApPaBINYECKON cucTeMe B Ipoliecce KcIuryaTauu. C moMoIsko 3To-
ro THAPOTECTEPa MOKHO IMPOU3BECTH HCIIBITAHUS HACOCA HEITOCPEICTBEHHO Ha TEXHOJIOTMYECKOM 000py-
noBaHuM 0e3 IeMOHTa)Ka U BBIIATh 3aKIltoueHue 0 ero rogHoctu. [Ipubop mo3possieT 3amepsTh napamer-
PBI KHUAKOCTHU B CJIEIYIOIINX JHaNa30Hax.

Pacxon 0...600 n/mMuH
Hasnenne 0...100MIIa Temneparypa 0...1000°C

Tecteppl ruapaBiauyecKkue (rUapoTecTepbl) NPEACTABISIOT CO00H KOMIUIEKC MpPHUOOPOB H
YCTPOMCTB, MpeJHA3HAYCHHBIX JJIs1 TEXHHUYECKOTO TUArHOCTHPOBAHUS, KOHTPOJIA 3a paboToii ruapodu-
LMPOBAHHOTO 000PYJOBAaHUS, OLEHKH TEXHUYECKOI0 COCTOSHUS M MOUCKA HEHCIPABHBIX KOMIIOHEHTOB
JlaHHbIi Kj1acc MpuOOPOB MO3BOJISET OPraHU30BaTh CBOEBPEMEHHOE NPOPHIAKTHUECKOE 00CTyKUBaHUE
TUAPOQUIIMPO BAHHBIX MAIITUH IS TIPEIOTBPAIICHHSI TTPEKICBPEMEHHBIX OTKAa30B, COKPATUTh BPEMS I10-
MCKa HEMCIIPABHOCTEH U BBISICHEHUS MPUYMH BOSHUKHOBEHHS OTKA30B.

OO0nacTh NMPUMEHEHHSI - THIPOIPHBOJBI CTAIIMOHAPHBIX W MOOWMJIBLHBIX MAIIWH, HWCIBITATCIIHHBIC
CTEH[IBl M IPyToe ruIpoUIMpoBaHHOE 000y I0BaHHUE.

B 3aBucumocTy OT ycioBUH NMPUMEHEHMsI, HOMEHKIATYpbl U TpeOyeMol MOJHOTHI aHalu3a KOHTPO-
JUPYEMBIX MMapaMEeTPOB BBIMYCKAIOTCS TPHU TUIA (MCIIOJHEHUsS) TUAPABINYECKUX TECTEPOB: MEXaHUYe-
CKUe, dJIEKTPOHHBIE U U(POBLIE.

MexaHHuecKue THIPOTECTephl IMpeJCTaBlseT co0oi HaOOp MOPTATUBHBIX MEXAaHUYECKHX CPENICTB
M3MEpeHus JaBJICHUs, TEMIEPAaTypbl U pacxoja paboueil >xuakocTu. [IpuHIMNMaNbHAs cXema Takoro
npubopa naHa Ha puc.5.15.

DNEeKTPOHHBIE THIIPOTECTEPHI BBHITYCKAIOTCS Ha 0a3e MHAMKATOPOB CTATHUECKHUX WM JAUHAMUYECKUX
MapaMeTpoB U KOMIUICKTYIOTCS TaTYMKaMH JIaBJICHH, TEMIIEPATyPhI, pacXxoa.

KomruiexTsl mpubGopoB U yCTPONCTB, BXOASIINE B COCTaB THMAPOTECTEPOB, MOCTABISIOTCS B MOpPTa-
TUBHBIX HOCUMBIX (DyTiIsipax WM uexyiax. B KOMIUIEKT MOCTaBKH TECTEPOB THAPABIMYECKUX MOXKET BXO-
JUTh MPUCOEIMHUTENbHAs apMaTypa (3JeMEHThI CONPSHKEHUSI UM KOHTPOJIbHBIE TOYKH), MTO3BOJISIOIAs
MIPOU3BOIUTH MOJKIIOYEHHE (OTKIIOYECHNE) U3MEPUTENBHBIX JATYUKOB 0€3 OCTaHOBKH THAPOPHUIIPOBA-
III0T0 000pyAOBaHMUS.

[IpuMeHeHne MPUCOCTUHUTENLHON apMaTypbl (3JEMEHTOB COMPSIKEHHS) MO3BOJIIET OCYIIECTBIISTH
CJIeTyIOIIHNE TEXHOJIOTMYECKUE OTepaIiu:

MOJICOeIMHEHNE TIPUOOPOB N7l U3MEpeHUs N30bIToUHOTO AaBienus (10 32 MIla) unu Bakyyma, 6 ToM
YHclie B TPYAHOAOCTYIHBIX MeCTaxX; 0TOOp Mpo0 pabouel )KUIKOCTH; BBIITYCK BO3/yXa.
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Puc.5.15. Ilpmanunuansias cxema ruapotecrepa Y-97 (CIIA): 1 — narumk
TeMUCPaTYPH, 2 — AaTu¥K JaBieHWs, 3 — AATYMK Pacxona, 4 — Harpy3ounbih
KJIanaH

PaGoune KHUIKOCTH - MUHEPAJIbHbIE Macla Ha He(TAHOM ocHOBE ¢ BA3kocThio 10...200MM%/c(cCT).

OO0nacTh MPUMEHEHHUS - THIPOCUCTEMBI CTAIIHOHAPHBIX ¥ MOOMJIBHBIX MaIlIMH, UCTIBITATEIbHbBIC CTCH-
I61 ¥ IPpyTO€ THAPOGUIIMPO BaHHOE 000PYI0BAHUE.

3HaynuTeNbHO 0OJiee MIMPOKMMH BO3MOXKHOCTSIMH pacIiojiaraeT TUAPABIMYCCKHA ocuuutorpad,
CTPYKTYpHasi CXeMa KOTOpOro JaHa Ha puc.5.16

B COBOKYNMHOCTH ¢ MOJyJIeM yIpaBJIeHUS TPUOOpP CIIOCOOCH MOAATh Ha UCHBITYEMYHO THpaBIIHye-
CKYIO CHCTEMY NEPUOIUYECKU MOBTOPSIOMIMNICS BO3MYINAIOIIMKM CUTHAII, TIO3BOJISIET PErUCTPUPOBATD Pe-
aKIUIO THAPABIMYCCKOM CUCTEMBI B BUjie rpadukoB ee mapametpoB Q(t) u p((), M3MEHSIOMNXCS B peallb-
HOM Maciutabe BpeMeHHu. B pesynbprare aHamm3a MOJTYYEHHBIX JaHHBIX MOXKHO OICHHUTH pabOTOCIOCO0-
HOCTh THUAPABIMYECKON CHCTEMBI B IIEJIOM M TOYHBIC 3HAYCHHS €€ NMapaMeTPOB B KOHKPETHBIE MOMEHTHI
BpeMeHI/I? a TaK)I_(.EE (_)C_YI_I_ICCTBI/ITB AUAarHoCTUKY HCI/ICHpaBHOCTeI\/‘I TrHAPOCUCTCMBIL.
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Puc.5.16. Crpyktypa 3nextponsoro ruaporecrepa: /O - wuHTepdeiic
sposa/seisoga, ALl - ananoro-mmdposoit npeobpasosarests, MCJI — momyns
CONMpAKEHUA AaT9uKoB, Y YC — MOAy/Ib YIPABJIEHNs CEPBOKIANIAHOM

B coctaB rumpaBindeckoro ocipuuiorpada BXOAAT CIEAYIONINE KOMIIOHEHTHI: BCTPAaUBAEMbIH B TIsi-
TUIIOWMOBBIN CIIOT KOMIIBIOTEpa 8-KaHAIBHBIN 12-pa3psaHblii au ajJoro Bo -IU(poBoi mpeoOpa3oBaTelb;
yCTaHaBIIMBaeMbIil B cBOOOAHBIN ISA crioT komnbioTepa nHTEpdeiic BBOIa/BbIBO/IA; MOAYJIIh COMPSIKEHHUS
JATYNKOB ISl HOPMHPOBAHUS TAPaMETPOB BBIXOJHOTO CHUTHAJIA JATYUKOB (B TOM YHUCIIC U HECTaHIAPT-
HBIX); MOJYJIb YIPABJICHUSI CEPBOKIANIAHOM (C BO3MOXKHOCTHIO PYyYHOTO M aBTOMATHYECKOTO YIpaBJe-
HUS1); KOMIUIEKT JaTYUKOB; MPOrPAMMHOE O0eCTICueHueE.

B cOBOKYImHOCTH ¢ MOJyJieM yIpaBJiCHHs BO3MOXHA aBTOMAaTH3aIMsl MPOIECCa UCIIBITAHUN. Y TIpaB-
JieHUe paboTOi Y3II0B MPOU3BOAMTCS IO CHEIHAIBLHOW MpOrpamMMe WM BBIOpAaHHOW W3 CTaHIApTHOTO
Habopa Mporpamm.
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