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B 3ANHCHYI KHHKKY MHEHEPA

Apkagmii [ypTosues

U3smepeHue paBneHus
B OBTOMATU3UPOBAHHbBIX
cucTtemax

JLABNEHME, ETO BUADI
U EAUMHULBI UBMEPEHUSA

JlaBjieHue SIBNISIETCST OMHUM U3 BaxkKHe -
X (pu3nmIecKnx mapaMeTpoB, U eTo U3-
MepeHne HeoOXOAMMO KaK B PacUYeTHBIX
LIeJIsIX, HATIpUMep ST OTIpeieSieHUsI pac-
XO/la, KOJIMYECTBA M TEIUIOBOW SHEPTUU
Cpelbl, TaK U B TEXHOJIOTUIECKUX IIEJISIX,
HaIrpuMep IS KOHTPOJIST ¥ TIPOTHO3MPO-
BaHMSs O0e30TMacHbIX U 9((HEKTUBHBIX THI -
PaBIMYECKUX PEKNMOB HATTOPHBIX TPYOO-
MPOBOMIOB, MCITOIb3YEMbIX Ha TIPEIIIPUSI-
Tiu. PaccMOTpUM OCHOBHBIE TIOHSTUS,
CBSI3aHHBIE C IaBJICHUEM U €T0 U3MEepPEeHU-
eM.

HNaBnennieM P Ha3bIBalOT OTHOIIEHUE
P=F/S abcomoTHOI1 BeTUYNHBI HOPMaJlb-
HOTO, TO €CTh JEUCTBYIOIIETO TIEPTICHIN-
KYJISIPHO K TIOBEPXHOCTH Tejla, BEKTOpa
cuibl F K Tutoniaay S 3Toi MOBEpXHOCTH.
Ecnu cuna paBHOMepHO pacripenienieHa mo
IJIOMIANN, TO YKa3aHHOE OTHOIIEHUE 3a-
JAeT TOYHOE 3HAYEHHE NaBJICHUS B KaX-
IIOi1 ee TOYKe, B IPOTUBHOM K€ ClTyJdae —
TOJIBKO €r0 cpenHee 3HaueHue (TOYHOe
3HaUYEHNE MEHSIETCS OT TOUYKU K TOYKE U
OTIpeIeNISIeTCsT TIPENEeIOM OTHOIIEHUST CH-
bl AF, mpuiiokeHHO Ha 0eCKOHEYHO
MaJIOM yJ9acTKe TTOBEPXHOCTH, K €ro TIJI0-
manu AS). B orinaue ot cuitbl, BeTuInHa
KOTOPOW MOXET 3aBUCETh OT pa3MepoB
TMOBEPXHOCTHU €€ TIPWIOXKEHWsI, NaBJIeHNe
MO3BOJISIET TIPY PACCMOTPEHUM B3aMMO-
MeucTBUST (OU3NIECKUX Tell WCKITIOUUTH

YcnoBHble 0603HaYeHNsA:

F — BHewHss cuna, S — cBobogHas NOBEPXHOCTb
(nnowapp) cpeabl, AF — cuna faBneHus Ha
BHYTPEHHIOI0 NowwaaKky AS.

Puc. 1. Cunbl gaBneHus B XUAKOM
1 ras3oo6pasHoii cpeaax

(baKTOp omaau, MmMOoCKOJbKY OHO ABJIA-
€TCA yIIeIIbHOfl, TO €CTh OTHECEHHON K
CANHUILIC TUIOIaan, CUJION.

Bugbl usmepsaembix AaBNEeHUN

XKunkue v ra3000pa3HbIe CPeIbI XapaK-
TEPU3YIOTCS CBOWCTBAMU YHNPYTrOCTH —
00paTMOro u3MeHeHusI 00beMa, TO eCTh
YMEHbIIIEeHNsT 00beMa CPeibl TIPU CXATUU
ee T1O0J1 TaBJIeHNeM U BOCCTAaHOBJIEHMUSI HC-
XOIHOTO 00bheMa MPY CHITUU ITOTO JaB-
JIEHUSI, Y TEKY4eCTH — 00paTMOTO U3Me-
HeHust hGopMbl. B aTix cpenax pazmmdaoT
NaBJeHNe BHeNIHee (ITOBEPXHOCTHOE) —
Ha TpaHuUlle (IIOBEPXHOCTU) cCpen — U
BHYTpPeHHee — BHYTPH, B 00beMe MJTN Mac-
ce Cpenbl.

Buemnnee naBnenue P Ha TTOBEpXHOCTH
S XXUIKOM WM Ta3000pa3HOil cpenbl, paB-
HOE OTHOIIEHUIO HOPMAJIBHON COCTABIISI-
o1ei CyMMbl cull F, IpUIOXKEHHOU U3-
BHeE, K TIJIONIaU TTIOBEPXHOCTH S, Tiepeaa-
€TCsI BHYTPb cpebl (puc. 1) 6e3 u3MeHe-
HUIl 1 paBHOMEPHO BO BCE CTOPOHHL. To
€CTh IMOPOXIaeMOe BHYTPEHHee TaBlieHUE
HaIpaBJIeHO TEePIeHANKYISIPHO K JTI000i1
BHYTpEHHEH IUIoIIaake cpemnsl AS, Heza-
BHCHMO OT ee (DOPMBI U TTIOJIOXKEHMUS B Cpe-
Ile, a BeJIMYMHA JaBJICHUSI B Cpelie Tpo-
MMOPIMOHAJIbHA BEJTMYMHE BBIICIEHHOMN
mromanku (3akoH I[lackansa). OueBUIHO,
yto P=F/S=AF/AS s 1100011 TOUKH Ccpe-
nbl. BHyTpeHHee naBieHMe MOKOSIIUXCS
KUIKUX ¥ Ta3000pa3HbBIX Cpell 3aBUCUT He

+
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TOJIBKO OT BHEIITHETO NaBJIEHWsI, HO U OT
Beca caMoii cpefbl. DTa 3aBUCUMOCTD Han-
OoJjiee CylIecTBeHHA JUIS KUIKOCTe, 06-
JIAAoNMUX OOJbIIeil TUIOTHOCTBIO, YeM
ras3el. [lomoxeHne TOYKU U3MEpPEeHUsT OT-
HOCHUTEJIbHO TOPW30HTAJIbHBIX IIOCKO-
cTeil — MOBepXHOCTEN PAaBHOTO NABJICHMUS
— OIpenesnsieT BECOBYIO COCTABIISIIONIYIO
BHYTPEHHETO MaBJICHUS] — MHAPOCTATHIEC-
Koe nmapienue. 3akoH [lackans cripaBenm-
JIVB HE TOJIBKO TSI TIOKOSITIMXCSI, HO U ST
JBVDKYIIUAXCST CPEM, eCIM UX MOXHO CUM-
TaTh WICATBbHBIMU (OTCYTCTBYET TpEeHUeE
MEXIy CIIOSIMUA Cpelbl — BSI3KOCTh). B
BSI3KUX € TBUXKYIIIUXCS CpeaX BeIMINHA
BHYTPEHHETO JaBJICHWSI 3aBUCUT OT Ha-
TIPaBJIEHUsI, ¥ TIO3TOMY TIOJl BHYTPEHHUM
JABJIEHUEM CPEeIbl TIOHUMAIOT €r0 yCpe[-
HEHHOE 3HaueHUe TI0 TPEM B3aUMHO Tiep-
TIEHIVKYJISIPHBIM HATIPABJIEHUSM B TOUKE
n3mepeHus. [loHoe BHyTpeHHee qaBlieHne
B JIBIXYIIIEWCSI cpele, HallpuMep, TOpu-
30HTAJTLHOTO HAMIOPHOTO TPyOOTIpOBOIA
OTpeessieTCss CyMMO# BHEIIIHETO, TUAPO-
CTaTUIECKOTO Y THAPOANHAMUYECKOTO JaB-
JIeHUsl — CKOPOCTHOTO HATIOPHOTO JaBJie-
HUSI, a TAKKE TIOTePSIMU TABJICHUSI Ha Tpe-
HUE TI0 BCel ITMHE TPYObl M BUXPEBBIMU
TOTEePSIMU TIPY U3MEHEHUSIX BETUIMHBI 1
HaIpaB/IeHWs] TI0TOKa B TUAPABIMIECKUX
CONPOTHBJIEHNSIX — KOJIEHAX, 3aIBIKKaX,
nuadparmax. B HamopHbIX TpyOGOIIPOBO-
JaX C DHEPTOHOCHUTESIMA HU3MepsieTcs,
Kak TIPaBIWIO, CTATHYECKOE JaBJieHHe, KO-

YcnoBHble 0603HaYeHUs:
P — naBneHue,

[b — paBneHue
6apomeTpuyeckoe,

YpoBeHp
aTMocdepHOro
JABJICHIS

LA —paBneHue
abconoTHoe,
OV — naBneHue

136bITOYHOE,
B — paBneHwue

BaKyyMMeTpU4ecKoe,

TIA, 0 — paBnexue
& AGco/oTHBIIT p,M(t)d)GPEHLlVla”bHoe-

BaKyyM

Puc. 2. Bugbl usmepsiembix faBneHui B Toukax 1, 2, 3 ¢pusuyeckoro npouecca
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B 3BANMUCHYIO KHUXKY UHXEHEPA

TOpOE SIBJISIETCS] Pa3HOCTHIO TIOJIHOTO U
OIUHAMUYECKOTO MaBJIEHUI; TIPU ITOM
CKOPOCTHBIE XapaKTePUCTUKU TOTOKA
YUUTBIBAIOTCSI B PACXOOMEpax U CUETUU-
Kax TpY U3MEPEeHMSIX pacxoia M Koiamde-
CTBa CpelIbl.

Ha mpakrtuke naBieHust Ta3000pa3HbBIX
¥ XKUIKUX CPEI MOTYT U3MEPSIThCSI OTHO-
CUTENbHO [IBYX pa3JIMYHBIX YPOBHE
(puc. 2):

1) ypoBHSsI aGCONIOTHOTO BaKyyma, WJIn
abCOIOTHOTO HYJIST TaBIIEHUS] — WIeaIv-
3UPOBAHHOTO COCTOSTHUSI CPENbI B 3aMK-
HYTOM TIPOCTPAHCTBE, U3 KOTOPOTO yma-
JIEHBI BCE MOJIEKYJIbI M aTOMBI BEIecTBa
Cpersl,

2) ypoBHST aTMOCc(epHOro, Uiu 6apome-
tpuueckoro, nasieHus (FOCT 8.271-77).
[aBneHue, n3MepsieMoe OTHOCHUTENbHO
BaKyyMa, Ha3bIBAIOT JaBIeHNEM abCOIIOT-
oM (/IA). Bapomerpuyeckoe naBiieHue
(1B) — 31O abCOMIOTHOE MABJIEHHE 3EM-
Hoil atMocdeprl. OHO 3aBUCUT OT KOH-
KPETHBIX YCTIOBUI M3MEpEeHUs: TeMIlepa-
TYPBI BO3/yXa M BEICOTHI HAll ypOBHEM MO-
ps. [aBneHue, KoTopoe OoJiblle WU
MeHbIIle aTMOC(HEPHOTO, HO U3MEPSIETCS
OTHOCHUTEJIEHO aTMOC(EPHOTO, HA3bIBAIOT
COOTBETCTBEHHO H30bITouHbIM (M) mam
JABJICHUEM Pa3pekeHNs], BAKyyMMeTpHIe-
ckmM (JIB). OueBunno, uro JA=Ab+/1U1
win JA=J1b—/1B. I1pu usmepenuu paz-
HOCTH JaBJIEHUI Cpell B IBYX Pa3TUIHBIX
TpoIieccax Wi IBYX TOYKAX OJHOTO TPO-
mmecca, MpUYeM TaKuX, YTO HU OJHO W3
NABJICHUU He SIBISIETCSI aTMOCGHEpPHBIM,
TaKyi0 Pa3HOCTb Ha3bIBaOT qudepenmm-
anbHbIM AaBiennem (J1J1).

CucremHblie U BHECUCTEMHbIE
eAVuHMLbI U3MEepPEeHUs AABJIEHUNA
EnyHunel  u3MepeHUsT — NaBlIEHUS
(CT CBB 1052-89) ompenensiiorcst of-
HUM U3 JIBYX CIIOCOOOB: 1) uepe3 BLICOTY
cToJI0a XMIKOCTU, YpaBHOBEIIMBAIOIIEH
n3MepsieMoe NaBleHNe B KOHKPETHOM
duznyeckom mporiecce: B eUHUIIAX BO-
nstHOTO cToJ10a rpu 4°C (MM BOA. CT. WIN M
BOJ. CT.) WK pTyTHOTO cTosba mpu 0°C
(vMm pr. ct., wm Topp) 1 HOpMaTBLHOM yC-
KOpEeHUM CBOOOTHOTO TaneHus (B aHTJIO-

SI3BIYHBIX CTPaHaX WCTOJIB3YIOTCSI COOT-
BeTCTBYlIomMe emunuubl in H,O, ft
H,O — moiim Boa. cT., ¢yt Box. CcT. 1 in
Hg — moiim pr. cr.; 1 moitm=25,4 MM,
1 dyr=30,48 cMm); 2) yepe3 eOUHULIBI CHU-
JIBI ¥ TITOIIAIH.

B MexnyHaponHoii cucteMe eIuHUIL
(CH), npunsToit B 1960 romy, enuHULIEH
cuel siBisietcst H (HbIOTOH), a emuHMIIeH
miomanu — M2, Otcioma ompenensieTcst
ennHUIA JaBieHus nackaib [Ta=1 1/M2
ee TIPOM3BOIHBIE, HAPUMEp, KHJIOmAC-
kaap (1 x[la=103 [la), meramackaib
(1 MITa=103 k[1a=106 I1a). Hapsamy c cu-
cremoii CU B o6acTit u3MepeHwUst aBie-
HUST TIPOJOJDKAIOT MCIOJIb30BAThCS €U~
HWIIBI U JPYTUX, O0OJiee paHHUX CHUCTEM, a
TaKXe BHECUCTEMHBIE €UHUIIBI.

B TexHuWdueckoif cucTemMe emXMHWUIL
MKI'CC (meTp, KMJIOTpaMM-CHJIa, C€-
KYH/Ia) CWJIa U3MepsIieTCsT B KUIorpaMmMax
cusl (1 kre=9,8 H). Enunauiier naBneHust
B MI'KCC — krc/M2 u Krc/cM2; equHIIA
KIc/cM2 TIOTyuuiia Ha3BaHHUE TeXHUIec-
KO¥i, Wi MeTpuaeckoii armoccepsi (at). B
ciTyyae M3MepeHUs B eIMHUIIAX TEXHUIe-
cKoOil aTMocdepbl M30BLITOYHOTO IaBIie-
HUST NCTIONTB3YeTCs] 0003HAUEHUE «aTH».

B ¢usmueckoii cucreme equaun CI'C
(caHTMMeTp, TPaMM, CEKYH/Ia) eNUHULIEH
cbl gBageTcs nuHa (1 qua=10-5 H). B
pamkax CI'C BBemeHa eQMHMIIA JaBJe-
Hust 6ap (1 6ap=1 nuH/cm2). CymiecTByeT
OHOMMEHHAsI BHECHCTEMHAsI, METEOPO-
Jlorudeckasi eIuHuIla 0ap, WU CTaH-
naprHasg atmocdepa (1 6ap=106 nun/cm?;
1 m6ap = 10-3 6ap = 103 gua/CcM2), 4YTO
WHOTNIa, BHE KOHTEKCTA, BBI3bIBAET ITyTa-
Huiy. KpoMme yka3zaHHBIX eIWHUI] Ha
MPaKTUKE WCIIOJIb3YeTCsS TaKas BHECHUC-
TEMHasl eIUHUIA, KaK (u3ndecKasi, WiH
HOpMajJibHas atmocdepa (aTm), KoTopas
S9KBUBAJEHTHA YPaBHOBEIIMBAIOIIEMY
cTos0y 760 MM pT. CT.

W3penka HaxoouT MpUMEHEHNE eUHN-
1a napieHust u3 cuctemsl e MTC
(MeTp,  TOHHa, CeKyHIa)  mbe3a
(1m3=1cu/M2, Tne 1 cH=108 muH —
cuna B 1 cTeH, coobmiaroias Tesry Maccoit
B 1 ToHHY ycKopeHme 1 Mm/c2). B anrmo-
SI3BIYHBIX CTpPaHaX IIMPOKO PacIpocTpa-

Ta6nuua 1. Tabnnua coOTBETCTBUA eAUHUL, AABICHUA

HeHa eAMHUIIA TaBJICHUS ncu
(psi=Ibf/in2) — yHT CHIBI HA KBAJAPATHBII
moiiM (1 dyar= 0,4536 xr). [Tpu uzmepe-
HUY a0COTIOTHOTO U N30BITOYHOTO JIaBJIe-
HUST UCTIONTB3YIOTCSI COOTBETCTBEHHO 000-
3HaueHwus psia (absolute — abCOMOTHBIIN)
u psig (gage — M3OBITOUHBI).

B tabnuue 1 ykazaHbl KoapuiimeHTbI
TepeBoia OHUX CUCTEMHBIX UJTH BHECHC-
TEMHBIX eIMHUIL JaBJICHUS B ApyTue: Ha-
MpUMep, OTHOM TeXHUIeCKol aTMocdepe
coorBeTcTByeT mapiaeHue 0,980665 B Oa-
pax (3mech Gap SIBJISIETCSI BHECUCTEMHOM
enuHUILEeH). B neiictBuTenbHOCTH HE BCe-
raa TpedyeTcsi CTONb BBICOKAs TOYHOCTH
TepeBoia eANHUIl, KOTOopasi OTpakeHa B
Tabauue 1. st npubGAM3UTENbHBIX Olie-
HOK ¥ PacyeToB JaBJICHUS C OTHOCUTEb-
HOM IOrpenrHocThio He Gosee 0,5% mo-
JIE3HO WCIIONB30BATh CIIEAYIOIINE COOT-
HOIICHUST:

1 ar = 1 xr¢c/ecm?2 = 104 krc/m2 =
0,97 atm = 0, 98x103 mOap = 0,98 Gap =
= 104 MM Boa.c. = 10 M Bom.cT =

735 mm pr.ct. = 0,98%105 [1a =

= 98 xI1a= 0,098 MIla

C ommbkoit B 2% MOXHO NpeHeOpeub
pa3HUIIEH MeXTy TEXHUIECKOi aTMocde-
poii, cTaHmapTHOU aTMochepoit (6apom)
U [ecsIToi vacTeio Mmeramackais (1 aT =
1 6ap = 0,1 MIla), a ¢ ouoKoii B 3% —
pasHUIIE MeXOy TeXHUYECKON M (pusm-
yeckoit arMmocepamu (1 at = 1 atm). Ha
MPAKTUKe M3-3a2 WCTIOJIb30BAHUS pPa3HO-
POMHOTO TUIPABIWYECKOTO U WM3MEpH-
TEJIBHOTO 000PYIOBAHUST PA3HBIX U3TOTO-
BUTEJIE W CTpaH, IPUYEM HEPEIKO /IaB-
HEeTo ToJa BBIMTyCKa, MOTPEOHOCTH Tiepe-
BO/Ia OMHUX EAWHUIL JaBJICHUS B IPyTUe
BO3HUMKAeT IMOCTOSTHHO. [IpuBeneHHbIE
TabJIMIIA U COOTHOIIEHUS TIO3BOJISIT OBICT-
PO CTIPAaBUTKCS C TAKUMU 3a1a9aMHU.

[uarma3oH naBJeHWl, M3MepsSeMbIX B
TeXHUKEe, HOCTUTaeT 17 TOpPSOKOB: OT
10-8 [Ta B 27M€KTpOBaKyyMHOM O0OOpYIO-
Banuu go 103 MIla nmpu o6pabGoTke Me-
TaJUIOB NaBieHueM. MaTepuaibHBIM Xpa-
HUTEJIeM eNVHUI] JaBJICHUS SBISIOTCS
MepBUYHBbIE (HAIIMOHAIBHBIE) U BTOPUY-
Hble (pabouue) aTajoHbl naBieHust. s
nogauana3zoHa 1-100 xIla M30bITOYHBIX,

Cucrembl efuHuUL, Eavnunubl pasnequs | Ma (Pa) Kkrc/cm2 (at) 6ap (bar) atm (atm) MM pT. cT. (mm Hg) | mmBop. cr. (mm H,0) | ncw (psi)
CW (SI) 1 Ma=1 n/m2 1 1,01972x10-5 105 0,98692x10-5 750,06%10-5 0,101972 1,45x10-4
MKICC 1 ar=1 krc/cm2 0,980665x10% 1 0,980665 0,96784 735,563 104 14,223

1 6ap=106 guH/cm2 105 1,01972 1 0,98692 750,06 1,01972x104 14,5

1 atm=760 mm pt.cT. | 1,01325%105 1,0332 1,01325 1 760 1,0332x104 14,696
BHecucTemHble 1 MM pT. CT. 133,322 1,35951x10-3 1,33322x10-3 1,31579x10-3 1 13,5951 0,019337

1 MM BOA. CT. 9,80665 104 9,80665x10-5 9,67841x10-> 7,3556x10-2 1 1,422x10-3

1 psi=1 lbf/in2 6,894x103 =0,07 6,894x10-2 0,068 51,715 703,08 1
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B 3AMUCHYIO KHUXKY UHXEHEPA

a0COIOTHBIX W Pa3HOCTHBIX JaBIEHUU B
KauyecTBe MEPBUYHOTO ATaJIOHA UCTIONB3Y-
eTcsl, KaK TMPaBWIO, PTYTHBIA ABYXTPYO-
Hbelii (U-00pa3Hblil) MAaHOMETP C JIa3ep-
HBIM CUWTBIBAHMEM BBICOTHI MEHHCKa
(TIOTPeIIHOCTh CUUTHIBAHUSI HE Ooiee
10-3 MM, a abcoilfoTHas cyMMapHasi Io-
IPENTHOCTh MPUOOpa, YIUTHIBAIOIIAS B
TOM YKCIIe ¥ BIUSHUE TeMIiepaTypbl, He
npesbiiaet 0,0005% ot BepxHeil rpaHu-
bl Auama3zoHa). Jns mommuamazoHa
100 xI1a-100 MIla mpumeHSIIOTCS Ta30-
BbI€ TPY30IIOPIITHEBBIE MAHOMETPHI (TOU-
HocTh 0,0035-0,004% ot nmoka3zauwmii). [a-
30Bbl€ W XUIKOCTHBIE TPY30ITOPIITHEBHIE
MaHOMETPHI MCITONB3YIOTCS U KakK pabo-
Yye STAIOHBI UTSI TIepeaayu eAMHUI] AaB-
JIEHUsI TIPOMBIIUIEHHBIM 00pa3lOBBIM
rpubopam (ux TouHocts 0,01-0,1%).

KnaccMoukAumMa CPEACTB
U3MEPEHMSA AABJIEHUSA

JUtst TIpSIMOTO M3MEpEeHUs NaBJICHWUS
KUIKOW MM Ta3000pa3Hoii Cpebl ¢ 0TOO0-
paXeHUEM ero 3HAUYEHUsT HeTIOCPEICTBeH-
HO Ha IIKase, TabJI0 Wi WHAWKATOpE Tiep-
BUYHOTO M3MEPUTEBHOTO TIpubopa Mpu-
menstiorcst Manomerpsl (FTOCT 8.271-77).
Ecnmu orobpaxkeHue 3HAYEHUST NaBICHUS
Ha caMOM TIEPBUYHOM IIPUOOpe He TPOo-

MACTAaHIIMOHHO TIepeaBaTh COOTBETCTBY-
IOIUI M3MEPSIeMOMY TTapaMeTpy CUTHA,
TO TaKOU TTPUOODP HA3LIBAIOT U3MEPUTEIb-
HbIM npeodpa3osareiem nasienus (UI1I),
WIM JATYMKOM JaBjieHusa. Bo3zMoxHO 00b-
eINHeHNE ITUX NIBYX CBOICTB B OTHOM
npudope (MaHOMETP-AATUUK).

-
0pHOTpyGHbIE Tpy6uatble Pe3ucTuBHble
U-06pa3sHble Mem6paHHble EmKocTHbIE
JiByXyalueyHble C 13 Yeckue
™ N36bIT04HOrO A6contoTHoro Iudh
uchmaHoMeTpbI
AaBnenus RaBnexus TS :
BapoBakyymmeTpb! bapomeTpb! MaHoBaKyyMMeTpbI
-
MpombiwneHxbie 06pasuosble JranoxHbIe
JlabopatopHbie CneumanbHble
__
Mpsmonoka3sbiBatowimue Curnanusmpyrowme Peructpupyrowme
Puc. 3. Knaccudmkauua maHometpos
MU3BOAUTCA, HO OH ITO3BOJIACT I1OJIy4aTb U MaHOMeTpLI K.HaCCI/I(I)I/II_[I/IpyIOT 1o

TIPUHIINITY I€WCTBUS M KOHCTPYKIIVH, 10
BUY U3MEPSIEMOTO IaBJIEHUS, TI0 TIPUMe-
HEHUIO W HAa3HAUYEHWIO, IO TUITy OTOOpa-
KEHUs NaHHBIX W IPYTUM TIpU3HAKaM
(puc. 3). 1o nmpuHUMITY TEWCTBUS MaHO-
METpPBI MOXKHO TIOIpa3eNuTh Ha KUIKO-
CTHBIE (MU3MepsieMOoe JaBlIeHNe YPaBHOBE-
IWBAETCS TUAPOCTATUYECKU CTOJIOOM
KUIKOCTH — BOMBI, PTYTU — COOTBETCT-
BYIOLIIEld BBICOTHI), JAedopMaANHOHHBIE
(maBleHUE oOTpeneNseTcs MO BeJIUYUHE
nedopManii U TepeMeIIeHsT YIPyroro
YyBCTBUTEJIBLHOTO 3j1eMeHTa YYD — MeM-
OpaHbl, TPyOUaTOi MPYXUHBI, CHIb(O-
Ha), TPY30NOpIIHEBbIe (U3MepseMOe WU
BOCITPOM3BOAMMOE HaBJIEHUE TUAPOCTA-
TUYECKU YPABHOBEIINBAETCS Yepe3 XKUI-
Kyl0 WIM Ta3000pa3Hylo cpeny mnpudopa
JaBJIEHVEeM Beca TOPIIHS C TPY30TIpUeM-
HBIM YCTPOMCTBOM M KOMITJIEKTOM 00pa3-
LIOBbIX THPb), JJIeKTpUYecKue (I1aBieHUe
OTIpeIesISIeTCsI HA OCHOBAHUY 3aBUCUMOC-
TU 3JIEKTPUIECKUX TapaMeTPOB: COTIPO-
TUBJIEHUsI, EMKOCTH, 3apsiia, YaCTOTBl —
YYBCTBUTENHLHOTO 25ieMeHTa YD oT u3me-
psieMOTo NaBJIeHusT) U Apyrre (TEeTIOBbIE,
MOHU3AIIMOHHEIE, TEPMOIIAPHbBIE W T.IL.).
B npombIiiieHHOCTY TIPY JTOKAIBHBIX W3-
MEPEHUSIX NaBJIeHUII SHEPTOHOCUTENIEH B
OOJIBIIMHCTBE CITy4aeB UCIIONB3YIOTCS Je-
dopManoHHBIE MAaHOMETPHI Ha OCHOBE
OIHOBUTKOBOW TpyOuaToi MpyKMHbI —
TpyOku BypmoHa — mist mpsiMoriokasbiBa-
IOIIUX CTPETIOYHBIX TPUOOPOB WU C MHO-
TOBUTKOBBIMU TIPYXKWUHAMU TSI CAMOIIH-
IIYIIMX MAaHOMETPOB), HO HAa CMEHY UM
BC€ yallle MPUXOAIT MEKTPpUIeCcKue Ma-
HOMETPHI ¢ IMGPOBHIM TabJIO ¥ Pa3BUTON
CHCTEeMO MHTepGENCOB.
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B 3AMMUCHYIO KHMXKY MHXEHEPA

[Mo Bumy w3MmepsieMOro HaBJIeHUST Ma-
HOMETPHI MOAPA3IEISTIOT Ha TIPUOOPHI U3-
MepeHUsT U30BITOYHOTO U aOCOTIOTHOTO
NaBIeHNSI — COOCTBEHHO MaHOMETPHI,
pa3pexxeHUs] — BAKYYyMMETPBI, TaBICHUS U
pa3pexxeHUs — MAHOBAKYYMMETPBI, aTMO-
ccepHOTO MaBIeHNsT — GapOMETPbI U pa3-
HOCTHOTO AaBjieHus — auddepeHnmain-
Hble MAHOMeTpPbI (MridMaHOMETphI). Ma-
HOMETPBI, BAKYYMMETPBI 1 MAaHOBaKyyM-
METpPBI UIsI U3MepeHUs] HeOONMbIInX (JI0
20-40 kIla) maBmeHMit ra30BBIX Cpel Ha-
3BIBAIOT COOTBETCTBEHHO HANOPOMEpPaMH,
TATOMEPAMH U TATOHATIOpOMepaMu, a Tud-
MaHOMETPHI C TAKUM UAMa30HOM M3Me-
peauss — wmukpomanomerpamu (F'OCT
8.271-77). Texunueckre XxapaKTepUCTUKHI
BCEX OTUX CPEICTB M3MEPEHUs NaBJICHUS
OTIPEETISTIOTCSI COOTBETCTBYIOIIMMU 00-
muMu Texamdeckumu yeropusiMu (FTOCT
2405-88, TOCT 18140-81 u npyrumm).

[Mo obnactu mpuMeHEeHNsT MAHOMETPHI
TIOAPA3IETSTIOT Ha OOIIeNPOMBIILIEHHbIE,
WM TeXHUYecKue, paboTaoiue B IMpo-
MBITIUTEHHBIX YCJIOBUSX (TpU TIepernanax
TEMIIEPATYP U BIAKHOCTU OKPYXKaIoIIei
Cpelbl, BUOpalusIX, 3arpsi3HEHUN BHETII-
Heil cpefipl U T.11.), JabopaTopHbie (TIprbo-
PBI TIOBBIIEHHOW TOYHOCTH TSI UCTIOTb-
30BaHUST B KOM(OPTHBIX W CTAOWIIBHBIX
YCJIOBUSIX JlabopaTopuil), cnenuajibHbie
(IPUMEHSTIOTCST B 9KCTPEMATBHBIX YCIIO-
BUSIX: Ha XeJIe3HOIOPOXKHOM TPAHCIIOPTE,
Cyzax, KOTeJIbHBIX YCTAaHOBKAX, TIpH pabo-
T€ C KUCIOTHBIMM W JPYTUMH arpeccuB-
HBIMU cpeiaMu ), 00pa3noBbie (JIJIsT TOBEP-
KA pabo4yuMxX MAaHOMETPOB) U 3TAJOHHBIE
(XpaHWUTENW EOVHUIL JABJIEHUS C LENbIO
repenayn ux o0pa3oBBIM ITPUOOPAM).

Ilo Tuny orobpaxeHusi 3HAYEHUI U3-
MepsIEMOTO MaBJIEHUSI MaHOMETPHI TIOA-
pa3fensioT Ha MPSIMONOKA3BIBAIONIHE — C
BU3YIbHBIM CUMTHIBAHUEM MTAHHBIX HeE-
TOCPEICTBEHHO TI0 aHAJOTOBOW (CTpe-
JIOYHOIT) Wi T pOBOiL 1IKajIe Iprudopa,
Ha CHTHAJM3MPYIOIME (2JIeKTPOKOHTAKT-
HbIE) — C BbIIAYeil yIpaBSIIONIETO eK-
TPUYECKOTO CHUTHAIA TIYyTeM 3aMbIKAHWS
WY pa3MbBIKAHUST KOHTAKTOB TIPU TOCTH-
KEHUW U3MEpsIeMbIM JaBICHNEM 3apaHee
YCTAaHOBJIEHHOTO KOHTPOJIBHOTO 3Haye-
HUSI, HAa PerucTpupyiomme (CaMOIIHIITY-
11e) — C 3aMKChi0 B MaMSTh 3HAYCHUN
JaBIeHUs KaK YHKUUM BPEMEHM W UX
0TOOpaXKeHNEeM Ha 3JIEKTPOHHOM TabJIo.

MaHoMeTpBl BBHITIOTHSIOT GYHKIUIO
JIOKaJTbHOTO KOHTPOJISI M B OOJIBIIIMHCTBE
CJIy4aeB M3-3a OTCYTCTBUSI BO3MOXHOCTH
IVCTAaHIIMOHHOTO AOCTyIa K WX ITOKa3a-
HUSIM (32 UCKIIOYEHUEM MaHOMETPOB C
YHUDUUMPOBAHHBIM BBIXOTHBIM 3JIEKT-
pUYECKUM CUTHAJIOM) HE MOTYT WCTIOJTb-

EmkocTHbIE

B3aumuas
MHAYKTUBHOCTb

0..20 MA

0.5 MA

4.20 MA

JnekTpuyeckue

Ten3ope3ncTopHble

MonynpoBoaHuKoBbie

Metannuyeckue

Ananorosbii

InekTpocurHan

EmkocTs

Yacrora

Tok

Hanpsxenue

ConpoTuBnexue

N3meputenbHble npeobpasoBaTeny AaBnexus

JlechopmanmonHbie

Mbe3oanekTpuyeckue

WHTerpanbHbie

JuckpeTHble

Linchposoin

J1BOMYHO-AECATHYHBIA
napannenbHbii Koa

nenc

RS-232C

HART

MpombllneHHas cetb
Fieldbus

Puc. 4. Knaccudumkayma nsmeputenbHbix npeobpasoeareneil jaBneHus
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B 3AMUCHYIO KHUXKY UHXEHEPA

30BaThCsl U LEJIel COBpe-
MEHHOH aBroMartu3auuu. Ta-
KYIO0 BOBMOXHOCTb 0becrneyun-
BalOT U3MEPUTENIbHBIE MPE00-
pasoBaTeiu NaBJIEHUS E_»
(puc. 4). Ilo crocoby ob6pa-
0OTKM U OTOOpaXKeHUsI U3Me-
psiemoro paBienust UITJ
MOAPA3NAEISAIOT HA NepBUYHbIE
(dbopMupYIOT WIS MUCTAHIIU-
OHHOW TIepenayu BBIXOIHOM
CUTHaJl, COOTBETCTBYIOLIUI
U3MepSIeMOMY MaBJIEHUIO) W BTOPHYHBIE
(TIOTy9aloT CUTHAM OT TIEPBUYHBIX ITPE00-
pasoBarefieil, 00padaThIBaIOT €ro, HaKam-
JIMBAIOT, OTOOPAaXaloT U MepenarT Ha 60-
Jiee BBICOKUH ypoBeHb cucteMbl). CoBpe-
MeHHas1 TeHaeHuus pasputus WMIIM 3a-
KJIIOYAETCS B WX «MHTEJUICKTYaIn3aiun»
Ha 6a3e MUKPOSJIEKTPOHHOU TEXHOJIOTUU
U MHUKPOIPOLIECCOPHOI TEXHUKU, Mpea-
ToJIaraoIeil mepenavdy 4actv GyHKIHI
CHUCTEMbl YNpPaBJICHUS BTOPUYHBIM IMIpe-
obpaszoBaresisiM, a HEKOTOPBIX TPaauLIA-
OHHBIX (PYHKIIMI BTOPUIHBIX ITPeodpa3o-
Bareseil — MEePBUYHbBIM.

W3BecTHBI AeCATKU CITOCOOOB Ipeodpa-
30BaHUS AABJICHUS B JIEKTPUYECKUIA CUT-
HaJl, HO TOJIbKO HEKOTOPBIE U3 HUX TOJIY-
YUJIM LIMPOKOE TPUMEHEHUE B 00LLENpo-
mbinuieHHbIX WIT. 1o npuHuumny nei-

YYBCTBHTEIbHbIHA 3/1eMEHT

Ten3ope3ncTopHbIii

RIS

HII

W cToynnk nuTanus

psAll, KOTOpBIE CTAHOBSITCS
Mepoii aToro gasneHus. [To-
NaBisionee OOMbITUHCTBO
COBPEMEHHBIX OOIIIETTPOMBI-

uneHHbix UIJ peanusoBa-

DIIeKTPOHHBII 0JIOK

Hbl Ha OCHOBE €MKOCTHBIX

BbixoaHoii
curnan  (MCTIONB3yIOT YUD B Bume
|> > KOHACHCaTOopa C IIEPEMCH-
Ten3omeTpuuecKuii MOCT HBIM 3a30pOM: CMCIICHUC
5004 HpOFPI6 1o, JeiCTBUEM
HsyeprrresHas InpuiaaracmMoro aBJICHUS ITIOABUXKXHOTO
MeMOpaHa p bt a

Puc. 5. CTpyKTypHas cxema nepB1MYHOro
TeH3opesucropHoro UMNJ

CTBUSI, WU CIIOCO0Y MpeoOpa3oBaHusT U3-
MEpSIEMOTO NaBJIEHWSI B BBIXOJHOUN CUT-
Han, nepBuuHbie MIII moapazaensiior
Tpexe Bcero Ha aedopManonHblie U dJie-
Krpryeckue. B repBoix necdopManvionHbie
nepeMenieHnst YUD (MeMOpaHBI, CHIb-
¢ona, Tpyoku bypmona) tpancopmupy-
IOTCSI C TIOMOIIBIO JOTIOTHUTETbHBIX TTPO-
MEXYTOUHBIX MEXaHU3MOB U MPeodpas3o-
Barejeil (Hampumep, MarHUTOTPAH3MUC-
TOPHOTO WU OTNITO3JIEKTPOHHOTO) B 3JIEK-
TPUYECKUI WIN NIEKTPOMATrHUTHBIA CUT-
HaJl, a BO BTOPBIX U3MepsIeMOe NaBJIeHe,
OKa3bIBas Bo3neicTBUs Ha YD, nameHser
ero COOCTBEHHBIE 2JIEKTPUYECKHUe Tapa-
METPBI: COTIPOTUBIIEHNE, EMKOCTh MU 3a-

3JIeKTPOAa-MeMOpaHbl OTHOCUTENIEHO He-
MOJBIKHOTO M3MEHSIET EMKOCcTh YUD),
Mbe303JIEKTPHIeCKHX (OCHOBAHBI Ha 3aBU-
CHMOCTH TIOJISIPU30BAHHOTO 3apsiia WiIu
PEe30HAHCHOM YaCTOTHI ITb€30KPUCTAIIOB:
KBapliia, TypMaJrHa 1 JPYyTUX — OT aBJe-
HUST) WIW TEH30Pe3NUCTOPHBIX (UCIIONb3Y-
10T 3aBUCUMOCTb aKTUBHOTO COTIPOTUBIIE-
HUST TIPOBOAHUKA WJIU TIOTYIPOBOTHUKA
OT cTernieHU ero AedopMalviu) TPUHLINA-
max. B mocnenHue roapl moayduiy pa3Bu-
TUE U Apyrue NpuHUMIb coznanus UITIA:
BOJIOKOHHO-OTITUYECKHUE, TalbBaHOMAr-
HUTHBIE, 0OBEMHOTO CXKaTHSl, aKycTUIeC-
Kkue, mupOy3MoHHBIEC U T.1.

Ha ceropnsinrHuii feHb cCaMbIMU TIOTTY-
nsapubiMu B CHI saBnstioTest TeH30pe3uc-
TopHbie UT1. TeH30pe3ucTOpHbIE YYBCT-
BUTeNIbHBIE 37ieMeHThl TPUD (B mepeBom-
HOIl JIUTepaType WX WHOTAA Ha3bIBAIOT
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MMbe30PEe3NCTOPHBIMU, HE HANO TyTaTh C
MMbEe302JIEKTPUIECKUMHU) TIPEICTABISIOT
000l METAJUTMYECKYI0 W/WUU JAUIIEKT-
pUYECKYIO M3MEPUTETbHYI0 MeMOpaHy, Ha
KOTOPO¥ pa3MeNIaoTcs TeH30PE3UCTOPHI
(game Bcero B BUIE YPaBHOBEIIEHHOTO
M3MEPUTEIEHOTO MOCTa) ¢ KOHTAKTHBIMU
IJIOMIANKAMU TSI TIPOBOTHOTO TTOMKITIO-
YeHUsI K BHYTPEHHE! MM BHEIITHEN 2JIeK-
TPOU3MEPUTEIBHON CXeMe — 3JIEKTPOH-
HoMy 070Ky o0pab6otku. Jedopmanus
MeMOpaHBI IOl BO3AEIICTBIEM BHEITHETO
NaBJIeHUsT P IpUBOIUT K JIOKAIBHBIM Jie-
opmanusam TeH30pe3NCTOPHOTO MOCTA U
ero pazbajiaHCy — W3MEHEHMIO COIPO-
TUBJIEHUSI, KOTOPOE W3MepsieTCs] dJeK-
TPOHHBIM OJI0KOM (puc. 5). TeHzopesuc-
Topsl (TP) BEITTOTHAIOTCS KaK U3 MeTajlIa
(TIpoBOJIOUHBIE, (DOTBTOBBIE WIIU THIEHOY -
HbIE), TaK U U3 TIOJYIIPOBOAHUKA (TTOJU-
KPUCTATUIECKNE W3 TIOPOIIKOOOPA3HO-
IO TIOJTYIIPOBOJHUKA U MOHOKPHUCTAJUIU-
yeckne 3 Kpucramuia KpemHus). [lo-
CKOJIbKY YYBCTBUTETHHOCTD TIOJYITPOBOI-
HUKOBBIX TP B necsiTku pa3 BhIIlIe, YeM Y
METAJUIMYECKNX, W, KPOME TOTO, WHTET-
pasibHasi TEXHOJIOTHSI TIO3BOJISIET B OMHOM
KpucTajie KpeMHUsT hOpMUPOBATH OTHO-
BPEMEHHO KaK TEH30PE3UCTOPHI, TaK U
MUMKPO3JIEKTPOHHBIN 0JI0K 00padOTKU, TO
B TIOCJIETHKE TOJBI TTOTyIWIIA TTPENMYIIIe-

CTBEHHOE Pa3BUTHE MHTETPATbHBIE TTOITY-
npoBoaHUKOBEIe TPUD. Takue ameMeHTHI
peanusyioTcst TMO0 0 TEXHOJIOTUU -
(y3MOHHBIX PE3NCTOPOB C UBOJISILIMEH MX
OT TIPOBOJSIIIENl KPEMHHMEBOU TTOMIOXKHI
p-n TepexofaMu — TEXHOJOTUS «KPeM-
HUI HA KPEMHWW», JINOO TIO TeTepOdITH-
TaKCUAJIbHOW TEXHOJIOTUM <«KPEMHUI Ha
MUIJIeKTPUKe» Ha CTEKJIOKEepaMuKe,
kBapue uiam candupe. g TPUD, oco-
OEHHO TIOJYyITPOBOJHUKOBBIX, CYIIECT-
BEHHO BJIMSTHUE TEMIIEPATYPHI HA YIIPYTHE
U 2JIeKTpUYecKue xapakrepuctuku TP,
YTO TpeOyeT MPUMEHEHWs CIeIMaTbHBIX
CXeM TeMIIepaTypHOU KOMIIEHCAIUU TIO-
IPENTHOCTEN (B YACTHOCTH, C TOM LIEJThIO
B PacHIMPEHHON CcXeMe TeH30MOCTa WC-
MOJIB3YIOTCSI KOMITEHCAIIMOHHBIE Pe3ncC-
TOpBl U TepMope3nucTopsl). OcobeHHO
IIMPOKOE TIPUMEHEHNE B W3TOTOBICHUUN
obuenpombliiuieHHbIXx U1 B cuny cBo-
X BBICOKMX MEXaHWYECKUX, M30JIUPYIO-
IIUX ¥ TEeTUIOYCTOMYMBBIX Ka4eCTB IOITY-
yuna TexHonorust KHC — «kpemHuit Ha
carupe».

ITo BeixogHOMY curHaity UITT/ moapas-
NEJISIIOTCSl HA aHAJIOrOBble U IM()POBbIE.
OcHoBHoOI1 mapk aeiicTBytomux UITMI oT-
HOCUTCSI K aHAJIOTOBBIM C YHUDUIIIPO-
BaHHBIM TOKOBBIM curHayiom 0...5, 0...20
umu 4...20 MA. B mocnenHee necsituierue

HameTwics nepexon K UIM ¢ mudpoBeiM
BoeixonoM. llIupokoe pacrpocTpaHeHue
noxyaun 1udpporoit mporokon HART.
DTOT OTKPBITHI CTAaHAAPTHBIA THOPUI-
HBII MPOTOKOJ NBYHANPABICHHOU CBS3U
npeaycMaTpuBaeT Tepenady uubpoBoit
nHGOPMALIY TTOBEPX CTAHAAPTHOTO aHa-
noroBoro curHana 4-20 MA. bypHo pa3-
BUBAeTCS CHUCTEMHAas WHTErpauus Tep-
BUYHBIX MpeoOpa3oBaTesiell C UCIOIb30-
BaHMWEM pa3JIUYHBIX Pa3HOBUIHOCTEH
MpOMBINIIEHHBIX  ceTeli  Foundation
Fieldbus, ModBus, Profibus u ap.). [1pu
9TOM HCTIOJB3YeTCsI MONHOCThIO HUbPO-
BOM KOMMYHUMKAIIMOHHBIA TTPOTOKOJT TSI
nepenayn nHGOpMaUny B 000MX HaMpaB-
nenusx mexay MIIIO w cucremamu yri-
paBJieHUsI, CYIIECTBEHHO oOJieryast B3au-
MO3aMEeHSIEeMOCTb TIPUOOPOB Pa3HBIX MU-
pPOBBIX TMpou3Bonuteneil. B oTeuecTBeH-
HbIx uudpobix NI noka npeobianator
Takue UHMOPoBBIe HHTepdEichl, Kak
OATIK (aBOMYHO-IECATUYHBIN Mapaj-
nenbHbIit kon), UPTIC (uaTepdetic panu-
aJbHBIN TTocenoBaTenbHbIi) U RS-232C.

HII paznuyaloTcs, KpoMe TOro, IO
BUIIaM MU3MEPSIEMOTO JIaBJICHUSI, UCIIONb-
3yeMbIM €IVHUILIAM W3MEPEeHUs] U PSIy
OCHOBHBIX TEXHUYECKHX IapamMeTpoB
(F'OCT 22520-85): nnarma3oHy uaMmepsie-
MOTO JaBJIeHUsT (BBIOMpaeTcs ISl Kax-
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B 3BANMUCHYIO KHUXKY UHXEHEPA

Ta6nuua 2. XapaKTepucTUKu Haubosee pacnpocTpaHéHHbIX Mofenei obuenpombiwneHHbix UMM

Mopenb
sz::::c:&_ie MT-100 Candmp- Canchup- UHCAP Metpan-43,| Metpan-1151 |Fisher-Rosemount| Honeywell ST | Siemens SITRANS P Si.:.i':;'s‘sp
P P 22MT 22Mn -45 (Alphaline 1151) 2088 3000/STD924 | cepum MKIIL, DS, HK
CTUKHU cepua Z
OA, oW, B, | [A, AN, LB, an, B,
Hasnauenune* | W, 4B, ANB n, A, O, A On A, 1N, A, On
00 VL] oty Dot 1 19T et .19 T S P 9 il LA, 1, AL DA L
n: [A: [A: an:
4, ..., 0,5 kMa, ..., 7 kMa, ..., nn: 62, ..., 30 mbap, ...,
16 kMa, ..., |40¢kMa, ..., | 40¢kMa, ..., 0,1kMa, ..., 1, ..., 400 6ap
100 MMa 25 MMa 25 MMa 250 kMNa 60 Ma 40 MMa 27,5 MNa 1000 mb6ap 400 6ap
[B: an: aon: .
16, ..., 0,25kMa, ..., | 0,16 kMa, ..., Jll(?o gﬁé""
250 kMa 100 MMa 100 MMa
BepxHuii InB: [B: [B: [OVB:
npepen 80kMa, ..., |04, ..., 0,25, ..., 0,08, ...,
nusmepenuna* | 3,9 MlMa 100 kMa 100 kMNa 530 kMa
QVB: IVB: An:
0,2 kMa, ..., | 0,125 kM4, ..., 0,1kMa, ...,
2,4 MMa 2,4 MNa 25 MMa
an: an:
0,25 kMg, ...,| 0,16 kMa, ...,
16 MMa 16 MNa
Npepen
. +0,25; £0,5;| + 0,1; +0,15; . .
OCHOBHOR 120,25, 205 | 057 04, | 0,25, 20,5, | %05 0252 1 0100205 |02 0,1; 0,075 | 0,1; 20,25 0,25
norpewHocty, | +1,0 N . +1,0; £1,5 | 0,5; 1,0
% +0,15; +0,6 | +0,2; +0,4
-30...485 -25...485
-42...470; (Temnepatypa (Temnepatypa
nanasox -30...+50; —-42...450; XpaHeHus: XpaHeHua:
paboumnx -30...+50; -10...+80; -40...+80; =30...+50; | _ _ _ -50...+85°C; -50...+100°C;
Temneparyp, |-50...+80; +5...+50 +5...450; *5..+50 -10...+50; 40...+93 40...85 40..+85 Temnepartypa Temnepartypa
°C -10...+80 +5...450; KOHTPONMpYEMOiA KOHTpONMpye-
+5...+70 cpepbl: MOIA cpepbl:
-40...+100°C) -30...+120°C)
1=4...20; I=4...20 MA
BbIXOIHOI 1=0...5; |I=0...5; 10...50 mA I=4...20 MA DE-npotokon |I=4...20 MA
curuai 1=0...5; 4...20 MA 4...20 MA | 4...20; U=08...3,3; U=1...5B HART-npotokon | Hart-npotokon I=4...20 MA
U=0...5B [0...20MA |1...5B HART-npoTokon Foundation PROFIBUS-PA
HART-npoTokon Fieldbus (FF)
=36 ans
=36 gna I=0...5 MA 4-npoBofAHoOi =12...45 =11...45
HanpsxeHue JUHUN =36; B _ _ _
T B o 36 am | 24/50 =36 =10,5...36 =11...42 =10...36
=15...42 pna I=4...20 mA | 2-npoBopaHoOi =30...85 =11...30
JIMHUM
Macca, kr 1,0; 1,6 1,0; ...; 121} 2,0; ...; 128 |15 1,...,65 54 0,9 4,1 15 0,25

* CM. ycnoBHble 0603HaYeHUs Ha puC. 2

N0 MOJIe/TM U3 CTAHIAPTHOTO Psiia AaB-
JIEHWIT), TIpeaesly OCHOBHOM IOTMycKae-
MOI TOTPEITHOCTH (OTpeesieTcss mpu
HOopMaJbHOU Temmepatype +25°C or
BEpXHEro mpejeia auarnazoHa u3Mepe-
HUSI U BKJIIOYAeT B cebsl, KaK MpPaBUJIO,
MOTPEIIHOCTH OT rucrepesuca YD, ero
JIMHEWHOCTH U BOCTIIPOU3BOAMMOCTH pe-
3yJIBTATOB U3MEPEHUS), TIpeey A0To-
HUTEJIbHOI TEMITEPaTyPHOIA TTOTPENTHOC-
TU (3TOT Tpees 3anaeTcsi OT UBMEHEHUsI
TeMIIepaTypbl OTHOCUTEIbHO HOpPMaJib-
Holt Ha Kaxnble 10 uau 28°C wim Ha Bech
TeMIIepaTypHbIA AMaMa3oH paboThl), 10-
MyCTUMOMY pabodeMy Ararna3oHy TeMrie-
patyp oKpyxkarwiieil cpeibl (MHOTIa 10-
MOJHUTEIBHO YKAa3bIBAIOT IOMYCTUMBIi
QIMATa30H TeMIEPaTyp TeXHOJIOTUYeCKO-
TO TIpoliecca WJIM U3MepsieMOoil Cpelnbl U
KopITyca npudopa), AMHaMUIEeCKOMY 1 -
anasoHy M3MEpeHusl HaBjieHHil (OTHO-
IIEHUI0 MaKCHMaJIbHOTO 3HAYCHUS] W3-
MepSIeMOTO JaBJICHUS] K MUHUMAaTbHO-
My), CTaOUIBHOCTU METPOJIOTMYECKUX

XapakTepUCTUK BO BpeMeHM (Kak Ipo-
LIEHT OT BEepXHEro Mpejeia Avamna3oHa
u3MepeHust B TeyeHue 6 miam 12 mecs-
LIeB), YCTOMYMBOCTU K BUOpalUsAM, 3a-
LIUTE OT BBICOKOYACTOTHBIX MIOMEX, KITU-
MaTUYECKUM U B3PbIBO3AUIUIIEHHBIM
ucronnenuam (F'OCT 15150-69 u TOCT
14254-96), TpeGOBaHMSIM K HCTOYHUKY
MUTAHUS U IO IPYTUM MapamMeTpam.

OEI.I.I,EI'IPOMI:II.IIJ'IEHHI:IE
U3MEPMUTEJIbHbLIE
NMPEOGPA3OBATEJIM AABJIEHUSA
B peanbHBIX YCTOBUSIX TIOIB30BATEh
BBIHYXIIEH PacCMaTpuBaTh Pa3TNIHbIE
pabouyre XapaKTepUCTUKU MHOXeCTBa
HUI1d, uytoObl BHIOpaTh U3 HUX OITU-
MaJIBHBIA 1711 KOHKPETHBIX YCIOBUIA
MPUMEHEHUsI, IPUIEM ITOT BHIOOD 3aBU-
CUT OT MHOTUX (PaKTOpPOB (CTOMMOCTb,
TOYHOCTb, TEMIIEPATypa, BU CPENbI, MH-
(bopmanmoHHast, KOHCTPYKTUBHAS U TEX-
HOJIOTUYeCcKasi COBMECTUMOCTh CO Cpell-
cTBaMM 00pabOTKM BEPXHETO YPOBHSI CH-
CcTeMbl U T.1.). BeiOOp Mo enMHCTBEHHO-

MY KpUTEPUIO «4YeM JelIeBie, TeM
JIy4IIie» Jalile BCero MPUBOIUT K JTOKHOMU
SKOHOMUM, €CJId B KOMIUIEKCE HE y4u-
THIBAIOTCSI JOTIOJTHUTEIbHBIE 3aTPaThl
KOHKPETHOTO TIPUMEHEeHUs, IKCIUTyaTa-
LIMOHHBIE M3JEePXKW W TOKa3aTeau Ha-
NEXHOCTH.

CoBpeMeHHBIE OOIIETIPOMBIIIUIEHHbBIE
WUI1[d — 3T0 wuHTeIeKTyaJlbHbIE, CO
BCTPOEHHBIM MUKPOIIPOIIECCOPOM, MHTE-
rpaJibHBIE TIPe0Opa3oBaTen ¢ UGPOBHIM
nHTepdeiicoM. OHM 00J1a1al0T CBOMCTBA-
MU JTUATHOCTUKHA W KOH(MDUTYpUPOBaHUS
Ha paccTOsSTHMU (YCTaHOBKA HYJSI W IMa-
Ma30Ha KB, BBIOOP TEXHUIECKUX e/I1-
HWII, BBOJl TAaHHBIX IUIST UAEHTU(DUKAINT
u GU3NYECKOTO0 OMUCAHUS AaTiyuka M
T.I.), 00ecreunBaioT 6oJjiee BHICOKOE CO-
OTHOIIEHWE W3MEPSIEMBIX IUAMa30HOB,
VAYYIIEHHYIO TeMIIepaTypHYI0 KOMITeH-
caluio, TOBBIIIEHHYI0O OCHOBHYIO TOY-
HocTh. OMTHAKO 3TO HE 3HAYUT, UTO IPYTHE
UTIII yxe He HyXHbI: Kaxabiid Tunn U1
nMmeer cBow 3(PGHEKTUBHYIO TOTh30Ba-
TEJIBCKYIO HUIITY.
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B 3AMMUCHYIO KHMXKY MHXEHEPA

OCHOBHBIE XapaKTEePUCTUKU Psijia OTe-
YECTBEHHBIX 1 3apYOEKHBIX TIPOMBIIIICH-
Hbix WUI1J] mpuBeneHs! B Tabauiie 2.

WUIIA Ttuma «MT-100», «Camdup-
22MT», a TakKXe MHUKPOIPOLIECCOPHBII
MaTINK HOBOro mokoieHus «Camndup-
22MI1» Beimyckatotcsa 3A0 «MaHoMeTp»
KakK B OOBIYHOM, TaK ¥ BO B3PHIBO3aIIH-
IIEHHOM (C BUIOM B3PBIBO3AIIUTHI «HC-
KpoOe3oracHast Ielb» U «B3PBIBOHETIPO-
HUIlaeMasi 000JI0YKa») WCIOTHEHUSIX.
JlaT4vKul BBITTYCKAIOTCST IJIST psiia CTaH-
NMApTHBIX TUAMa30HOB U3MepeHus. Bepx-
HUH TIpenie M3MepeHus 1T BCeX TaTuu-
KOB paBeH AMAaIa30Hy U3MEPEeHUs, HIK-
Huit — Hymo. OTaenbHbIE MOJENH AaT-
yuka «MT-100» mo3BOJIAIOT paboTaTh C
TEMIIepaTypoil M3MepsieMoil cpembl Ha
Bxome matunka mo 300°C. Ilo TpebGoBa-
HUIO 3aKa3urKa MOTYT M3TOTaBIMNBATHCS
MATIVKY C eAUHUIIAMU TABJIEHUST KTC/M2,
Krc/cm? wim Oap. [luraHue maTYMKOB
OCYIIECTBIISIETCS] OT OJIOKOB MUTAHUS TIO
2- unu 4-TpoBOOHON JWUHUU. JlaTYmMK
«Canup-22MT» sgBiageTcss aHAJIOrOM
paHee BBITycKaBIerocs: natuyunka «Carr-
bup-22M» 1 oTIIMIAETCS YMEHBIIICHHOM
OCHOBHOU W JOTIOTHUTELHO TeMIiepa-
TYpHOU TOTPEITHOCTHIO, PACIIMPEHHBI-
MU TIpelelaMu TepeHaCTPONKHN auaria-
30HOB u3MepeHMs. Jatumk «Candup-
22MIl» aBastercsa anamorom «Carigpup-
22MT», HO MHKpPOIIPOIIECCOPHOE MC-
TMOJTHEHWE CXEMbI U3MEPEHUSI TIO3BOJIIIIO
YMEHBIITUThL OCHOBHYIO W JIOTIOJTHUTEb-
HYIO TeMIIepaTypHbIe TOTPEITHOCTH, a
MePEeHaCTPOUKY TpeNesioB U3MEPEHUSI,
HACTPOWKY Ha <«HYJIb» W <«IHAMa30H»
MMPOM3BOIUTH C BBIHOCHOTO TYJIBTa YII-
paBJieHUs] ¢ KOHTPOJIEM BBOAMMOTO Tia-
paMeTrpa Ha TabJyio; TIyOMHA TepeHacT-
pOWKM AWamna3oHOB YBEJIUYUIACH [0
1:10, 9TO TO3BOJISIET B pacXomoMepax re-
PEMEHHOTO TIeperiaja qaBJIeHUs UCTTOb-
30BaTh ONWH NaTYWK-TUMaAHOMETP
«Candup-22MII» BMECTO IBYX
naTankoB mHoro Tuma. [Ipemmpusituem
TakXe BBIMTYCKAIOTCS TPaIUIIMOHHBIE
WI1Jl ¢ BEIXOMHBIM CUTHAJIOM B3aMMHOM
WHAYKTABHOCTH U TIpeobpa3oBaTenu
naBieHUsT LU(POBbIE CUTHAIU3UPYIO-
e (MALC).

Psin matymkoB maBiieHUsT BBITTyCKAeTCsI
MPEATIPUSITUSIMU, BXOASIIINMU B O0BEI -
HeHue «[Ipomnpubop». AHaAIOTOBBINI
NI «MHCAP» mcronab3yeT moympo-
BOIHUKOBBIN TIEPBUIHBIN TIpeoOpa3oBa-
TeJTh TaBJIEHUS HA OCHOBE KPEMHUEBOTO
MemOpanHoro TPUD u mo3BonsieT 3aMe-
HUTh «Camndup-22» mpu HU3MEepEeHUIX
NABJIEHUST BO3TyXa VI ra30B (B TOM YHC-
Jie U arpecCUBHBIX). [1be30pe30HaHCHBIN

aTYUK U30bI-
TOYHOTO
MaBJIEHUS
«KBapu-
JA» B kadecTBe
EIC] HCITOJIb3YET
NMbE30YYBCTBUTENb- |
HBIU KBApLIEBBIA pe-
30HATOp — KpucC- |
TaJIIUYECKU CHBO-
€HHBII MUKPOKaMEPTOH,
3aKpeIvIeHHBI Ha KBaplie-
BOil MeMmOpaHe; m3Mmepsie-
Moe IaBjieHue 4epe3 pasfe-
JIUTENbHYI0O MeMOpaHy M KUIKOCTh
repenaeTcst Ha KBapleBylo MeMOpa-
Hy, BBI3bIBasI ee AedhopManuio u
MEHSISI Pe30HAHCHYIO YaCTOTy TE€H-
3ope3oHaTopa. «KBapu-AW» otiau-
yaeTcss MajabiMu ocHoBHOi (0,1-0,25 %)
U JOTOJHUTEIbHON TeMIepaTypHOU
(0,1% na xaxnpie 10°C nu3MeHEeHHS TEM-
TepaTypsl) MOTPEUTHOCTSIMU, UMEeT KakK
CTaHOAPTHBIN YHUGDUIIMPOBAHHBIN TOKO-
BBIII BBIXON, TAaK W YACTOTHBIN BBIXOJ.
Hudposoit manomeTp JAM 5001 couera-
eT B cebe KauecTBa MaHOMETpa (MHINKA-
Vsl 3HAUYEeHUsT DABJICHUS Ha DJIEKTPOH-
HOM LIM(PPOBOM TabJIO) M JaTYMKa (YHU-
(GULUMPOBaHHBII TOKOBBIN BBIXOI, a TaK-
ke 1U(POBBIE BBIXOABI B MapajuIeIbHOM
JNIBOUYHO-JEeCATUYHOM Kozae ypoBHs TTL
U B CTaHAApTEe TOCIENOBATEIHLHOTO WH-
tepdeiica UPIIC). Komrieke 1aT4ukoB
«CurHam» UCTIONb3yeT B KAYECTBE YYBCT-
putenbHoro 3nemeHTa KHC-cTpyKTYy-
py — TUTACTMHY MOHOKPUCTAJITUIECKOTO
candupa ¢ TICHKON KpeMHUsI, B KOTO-
pOM peann30BaHbl TEH30PE3UCTOPHI.
IIpomblliuieHHO# rpynmnoi «MeTpaH»
BBIITycKatoTcs gaTanku «Cardup-22M»,
«MetpaHn-22» u «Metpan-43, -45». [lep-
BbIE /IBA TUTIA TATYNKOB TTOJTHOCTBIO B3au-
Mo3aMeHsieMbl, Ho «MeTpaH-22» obecrie-
YUBAET MOBBIIIEHHBIE TOUYHOCTHBIE U 9KC-
IUJTyaTallMOHHBIE XapaKTepUCTUKU (yayd-
LIeHa PeTryIMpoBKa U MTOACTPOITKA nuara-
30Ha W3MEpPEeHUil, MOBBIIIEHA HaAEX-
HOCTb U3MeVsI, YHU(DULIIUPOBAHBI CXEMO-
TexHu4yeckue pemneHust). Bce marymku
HCTIONB3YIOT «CyXyto» (0e3 pas3menurtenb-
HOU XUIKOCTH) KOHCTPYKLIVIO TPUEMHU-
Ka ABJIEHUS U BBITYCKAIOTCS B UCITOJIHE-
HUSIX: «OOILENTPOMBIIIIIEHHOE», <«MCKPO-
Oe3omacHOe» WU «B3PBIBOHETIPOHMUIIAC-
Mas obonouka». [lo-cBoemy WHTepeceH
natyuk «MetpaH-44» ¢ 3-MeMOpaHHOI1
KOHCTPYKIIMe# (M3MepuTenbHas MeMopa-
Ha 3allyIleHa OByMs pa3euTeTbHbBIMU
MeMOpaHaMM U KPEeMHUHOPTaHWYeCcKOM
KUAKOCTBIO), Oo0OecreynBaionieii Koppo-

3MOHHYIO CTOMKOCTh B XUMUYECKU arpec-
CUBHBIX Cpe/Iax.
BonbmHCTBO U3 yX€ YIMOMSIHYTBIX
WII, npu Bcex CBOMX JOCTOMHCTBAX,
OTIPEAETSIIONINX WX IIMPOKOE TPU-
MEHEHHE B TPOMBIILIEH-
HOCTH, O0jiafaer ABYMSI
CYILIECTBEHHBIMU HEIO0-
cTaTKaMWu: HU3KUMU
WHTEJUIEKTyaTbHBIMU
U uHTepGheCHHIMU
BO3MOXHOCTSIMU. B
9TUX YCJIOBUSX SKOHO-
* Muuecku OMpaBIaHHBIM
MOXET 0Ka3aTbCs MpU-
obperenue MII/ Be-
1 NYLIMX MUPOBBIX
MPOU3BOAUTEIIEH I
WX  OTEYEeCTBEHHBIX
aHaJoroB (Hampumep
«Mertpaun-1151»

Puc. 6. ABJISAETCA aHaJIOroOM
Npeo6pa3osarenu WHTEJUIEKTYaJIbHOIO
SITRANS P natynka <«Alphaline

1151» bupmbI

Fisher-Rosemount).

Kpome maccoBoii momenu «Alphaline
1151», B mponykiuu Fisher-Rosemount
BBIIEJISIIOTCST ONMH U3 CaMbIX TOYHBIX 00-
IIEMPOMBIIIIEHHBIX JATYIMKOB — MOJEIb
3051, a TakKe MHTEJUIEKTYaJIbHBIN JaTYNK
¢ ToyHOCThIO 0,2% M BO3MOKHOCTBIO TIe-
pecTpoiiku nrana3oHoB uamepeHuii 20:1
u 10:1 — momens 2088.

®upma Honeywell nipemyiaraet natam-
ku  gaBaeHus SMW3000 uHMEK
Smartline u ST3000 nuuuu Fieldbus.
MHoronapaMeTpOBBIit IaTYNK
SMW3000 (Mmonens STM125) ogHOBpe-
MEHHO M3MepsieT TpU TapameTrpa Ipo-
11ecca: abCoJIIOTHOE aBJIEHNE U Tepernas
JIaBJIECHUN C OJHON TpyOHOI BCTaBKU
(camoro ycTpoiicTBa, MOAKIIOYAEMOTO K
TpyOe) U TeMmepatypy € OTIEIbHOTO
CTAaHIAPTHOTO JaT4YMKa TEMIIepaTypbl —
TepMOTIpeoOpa3oBaTesisi COMPOTUBIICHUS
Pt 100 unu tepmormapsl. JlaBieHue B
nmpudope U3MepsieTCsT Mbe30PEe3UCTUBR-
HBIM TEH30JaTYMKOM. MuKpompoiec-
copHasl 00paboTKa pe3yabTaToOB ObecIe-
YUBACT LUUPOKUNA AMANa30H U3MEPEHUN
napineHust — 400:1 o naBneHuro audde-
perunanbHoMy (A1) u 150:1 mo maBne-
HUI0 U30bITouHOMY (JIM), MOBBIIIEHHYIO
toyHocTh — 0,075% B MbpPOBOM pexku-
M€ Tepelayd JaHHBIX W YIyYIIEHHYIO
KOMIIEHCAllMI0 TIO TeMmIlepaType — HO-
MOJTHUTEIbHASI TeMITepaTypHasi OoTpel-
HocTh He mpeBbiinaer 0,0875% Ha Kax-
npie 28°C. latyuk nuddepeHmaaibHOro
nasienust STD924 cepuu ST 3000 obec-
TMEeYnBaeT COOTHOLIEHUE M3MEPSeMBbIX
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B 3BANMUCHYIO KHUXKY UHXEHEPA

IMAamna3oHoB 16:1 U cyMMapHYyIO IOIOJ-
HUTENbHYI0 TEeMIIepaTypHYI TOTpel-
HocTb B nipenenax 0,4% oT nuanazoHa Ha
Kaxaele 28°C MU3MEeHEHHUs TeMIlepaTyphbl
OTHOCUTENbHO HOMUHAIBHOI.

BricokoHanexXHble ¥ BBHICOKOTOYHBIE
nHreuiekryanpHbie UIT[ SITRANS P
(cepun MKII, DS, HK) ¢pupmbr Siemens
TpeaHA3HAYEeHBI JISI U3BMEPEHUST YPOBHS
n30bITOYHOTO, AUdbhEepeHIInaTbHOTO U
abCOJIIOTHOTO [MAaBJIEHUSI XUIKOCTH OT
1 m6ap mo 4000 6ap (puc. 6). dus pas-
JIMYHBIX 33[]a4 MOXHO BOCITOJTb30BaThCS
Pa3TUYHBIMU TIPE0OPA30BATENSIMU C pa3-
HOOOpPa3HBIMU COENVMHEHUSIMA W HaCa-
kaMu. Bo3MOXHO McTIONb30BaHME MECT-
WHIUKATOPOB. YcTpoiictBa
SITRANS P cymiecTByIoT B CTaHIapTHOM
ncroaHeHnH (Bbixoxa 4-20 MA), Smart (¢
ncrnoiab3oBanneM HART) u ¢ mogkmoue-
Huem Profibus-PA. O6ecneuuBaercs
BO3MOXHOCTh O€CCTyIeHYaToOl TepecT-
pOWiKM nrama3oHa U3MEpPEeHUs TI0 MecCTYy.
Jatavku 3apeructpupoBansl B [ocymap-
CTBEHHOM PEeCTpe CPEICTB U3MEPEHUN 1
IOTMyIIeHbl K TipuMeHeHuio B Poccwmii-
ckoit Meneparuu. Vmeercss cBUaETEINb-
CTBO B3PBIBO3ALIUIIEHHOCTHA 3JIEKTPO-
000pyI0OBaHMUSI.

Jlatyrku cepuu Z MOTYT OBbITh UCTIOb-
30BaHBI ISl PeIieHus 3a7a4, He TpeOyro-

HBbIX

IIAX BBICOKOW TOYHOCTM H3MEpEHHUs, a
TakXe MEepecTpOMKU Juara3zoHa U3Mepe-
HUS B Tipoliecce dKcruryatanmuu. OHU
MpeAHa3HAuYeHbl 11 U3MEPEHUST U30bI-
TOYHOTO U aOCOJIIOTHOTO AABJICHUS Ia30B,
XKHUIKOCTE U mapa B DHEPreTUYECKON U
MAILIWMHOCTPOUTENbHON WUHAYCTPUU, CUC-
T€Max BONOCHAOXEHHUS U T.II. U OTJInYa-
I0TCS MaJIbIM BecoM U rabapurtamu. JlaT-
YUK COCTOUT U3 TOHKOIUJIEHOYHON U3Me-
pUTENBHOW SYEUKM C KEepaMUYECKOU
MeMOpaHOW U 3JIEKTPOHHOM CXEeMbl, KO-
TOpbIE BCTPOEHBI B KOPITYC U3 HEPXKABEIO-
weit craau (IP65). B skcrutyataumu mpe-
o0paszoBaTesid He TPEeOYIOT TEXHUYECKOTO
00CIIy>KUBaHUS, KPOME MEPUOIUYECKON
MPOBEPKU HYJISI AMaNa3oHa.

YCTAHOBKA
U UCNOJIL3OBAHME
U3MEPMUTEJIbHbIX
NPEOGBPA3OBATEJNEN
aasneuua B ACKYD

YcraHoBka koHkpeTHoro WMIITA mns
U3MEPEeHUsI NaBJeHNWS] B HATTOPHOM TPY-
0oTpoBO/ie TODKHA TMPOU3BOMUTHCS Ta-
KUM 00pa3oM, 4ToObl MCKIIIOUUTH WU
CBeCTU K MUHUMYMY BIIUSITHWE Ha TIPO-
1ecc M3MEepPeHUsT M IKCIUTyaTalluy TIpH-
0opa TakKMX [AeCTAOUIU3UPYIOIIUX U
omacHbIX (aKTOpOB, KaK a) BBICOKME

TEMIIepaTyphl CPeabl IHEPTOHOCUTEIS U
BHEIIHE OKpyXKaloleil cpeabl, 6) BUO-
panuu TpyOONPOBOAA, B) XMMHUYECKAs
arpecCUBHOCTH CPENlbl SHEPTOHOCUTEIIS,
I') B3PBIBOOIMACHOCTh CpPEIbl dHEPTOHO-
CUTEJIS ¥ BHEIIHE! Cpenbl, ) 3JIeKTPO-
MarHUTHBIE TToMexu 1 paguanus. C yde-
TOM TipeneabHbIX Xapaktepuctuk U1 u
KOHKDPETHBIX YCJIOBUI OKpyXalolei
cpensl Mpeobpa3oBaTeN yCTaHABIMBA-
I0TCS U 3aKpeTuIsIIoTCsT INO0 Herocpe-
CTBEHHO Ha TpyOe B MecTe W3MEepeHUs
NaBJeHUs, MO0 MUCTAHIIMOHHO Ha Ha-
CTEHHO TTaHEe ! C TIOJBOIKOM K U3Mepsi-
€MOHi cpefie TIOCPEICTBOM COeNUHUTEIb-
HBIX TPYyOOK (pPyKaBOB) M, €CJIM HEOOXO-
IMMO, pazaennTteeii MeMOpaHHBIX (PM)
WY COCYIOB YPaBHUTEIbHBIX U YPaBHU-
TeJTbHBIX KOHIeHCAIIMOHHBIX. KpoMe To-
ro, KaK B TIEPBOM, TaK U BO BTOPOM CITy-
yasx noakmouenue MIIM ocymectsisi-
eTCsI, KaK MPaBWIO, Yepe3 BeHTUIbHBIN
(KamaHHBINM) 60K, TTO3BOJISIONINIA, BO-
MEepPBbIX, OTKJIIOYUTH 4Yepe3 3armopHBIN
BEHTWJIb NMPUOOP OT TOYKU U3MEPEHUSI,
BO-BTOPBIX, C IEJIbIO KOHTPOJISI ¥ TIOBEP-
K1 Tipubopa B pabovyuX YCIOBUSIX TOJI-
KJTIOUWTh Tapajule]IbHO TIpUOopy vepes
YPaBHUTENbHBI BEHTUb APYToil KOH-
TPOJBHBIN (06Pa3LOBBIi) MPUOOP WK
npyryio cpemy (Hampumep, atMmocdep-
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YcnoBHble 0603HayveHus: 3K — 3anopHblit knanad, YK — ypaBHutenbHbli knanad, CK — cnyckosoit
knanaH, K — ppeHaxHblt knanaH, KC — koHgeHcauunoHHblii cocyn, I, — XuaKocTb.

Puc. 7. Cxembl ycranoeku UMJ (AU/A) Ha Tpy6onpoBoA ANA M3MEpEHUA AaBNeHUA rasa,

XUAKOCTU 1 napa npu pasmeuieHnu UMNJ ke (a, B, A) nnu Boiwe (6, r, €) ypoBHA oT6Opa

AaBJ/ieHUA

HBII BO3MYyX), B-TPEThUX, Yepe3 CITyCKO-
BO#l (IIPOAYBOUHBIM WJM APEHAXKHBIN)
BEHTWIb YJAINTh CKOTTUBIITNUCS Ta3 WIN
KOHJIEHCAT U3 U3MEPUTETHbHOU TIOJOCTH
prubopa Wi COEMMHUTENBHOU TPYOKH.
[Mpu usmepeHUn naBiIeHUS XUMUUYEC-
KU arpecCUBHBIX Cpesl HEOOXOIUMO TUO0
ucnoab3zoBatb UIII ¢ cooTBeTrcTBYyIO-
UMW 3alIUTHBIMU XapaKTePUCTUKAMU
(Hammpumep, ¢ 3aIIUTHBIM (TOPOTLIACTO-
BBIM CJIOEM HApyXHOW CTOPOHBI U3Me-
pUTETHHOU MeMOpPAaHBI WU CO BCTPOEH-
HOW BHYTPEHHEW 3allMTHO-pa3aeiv-

TEJTbHOU MeMOpaHOW M3 KOPPO3MOHHO-
CTOWKOTO MaTepuana THUIa, Halpumep,
TUTaHA WIN TaHTala), TMOO0 IPUMEHSIThH
BHENTHUE BBIHOCHBIE PM, KOTOpBIE MO-
ryt coenuHsitbess ¢ UIIM Hemocpenct-
BEHHO Yepe3 IITyIep MPSMBIM MOHTa-
KOM WJTH KaTUJUTSIPHBIM MOHTAaXKOM 4Ye-
pe3 coenMHUTENbHYI0 TpyOKy. Mcrmomb-
3oBaHMe BHemHUX PM mo3Bodsier mpu-
MeHITh oObluHble WMIIJ B ycnoBusix,
MPEBBIIAIONINX X 3alIUTHBIE XapaKTe-
PUCTHKU: B aTPeCCUBHOI cpejie, Ipu Ha-
JINYUU B CPeJie TBEPIBIX OCATKOB U abpa-

3WBOB, B BSI3KOU cpele (HampuMep, Ma-
3yT€), NpPU MOBBILIEHHBIX CAHUTAPHO-
TUTMEHUYECKUX TpeOOBAaHUAX K ITpOLIEeC-
cy uaMepeHus: (Cpeabl MeTUITUHCKUX
WIM TNHUILEBbIX MPOAYKTOB). BHemiHue
pasfenuTenu CcomepxXKar, Kak NpaBuio,
3aMKHYTYIO MOJOCTbh MEXIY IBYyMs pa3-
JNEJIUTEIbHBIMU MeMOpaHaMu, HamoJ-
HEHHYIO WHEPTHOW XUIKOCThIO (HATIpU-
Mep CWJIMKOHOBBIM MacyioMm). [lepemaua
napieHuss or PM Kk u3aMepurenbHoOM
memOpane U/ uepes coenuHUTENbHBIE
TpyOKM TaKXKe OCYIIECTBISIETCS MOCPe -
CTBOM XMAKOCTU, 3aMOJHSIOUIEH 3TU
TPYOKH.

Ha npaktuke yactro Bmecto PM wuc-
MOJIB3YIOTCS ycTapeBlure Oe3meMOpaH-
Hble pa3[e/UTENbHbIE COCYIbl, B KOTO-
PBIX YaCTb COCYNa 3aMOJIHSETCS U3MEPSI-
€MOM cpeloii, a Apyrasi 4acTb CO CTOPO-
Hbl MTI0 v coenuHuTeNbHOI TPYOKU —
NneperaToyHon, WA Pa3aeIMTEbHOI
XKUIAKOCThIO. Takoe penieHue npu uzme-
PEHUM XUIKUX CPell MOXET CO Bpeme-
HEM MPUBECTU K CMELIUBAHUIO B PE3YJIib-
Tare nudy3nu n3MepsieMoit 1 pazaenu-
TEJIbHOW Ccpel, TO €CThb yTpaTe caMoii
pa3nenuTeTbHON (QYHKIIUU C COOTBETCT-
BYIOLLIMMU MOCJIEACTBUSIMU, a IPU U3ME-
peHUU Ta30BbIX cpen — K nuddy3uu ra-
33 B pas3le/IUTENIbHYIO Cpeay C IMepeBo-
JIOM ee B IByX(a3HOe COCTOSIHUE C TTOTe-
peil GyHKIMM HECXKMMAeMOCTH, 4TO Be-
JIeT K POCTYy IMOTPELIHOCTU U3MEPEHUS
JaBJICHUSI.

CoenMHUTENbHBIE TPYOKM (MeTalIv-
YeCKHE) MCIIOIB3YIOTCS MPEeXIe BCETO C
LIeJIbI0 CHUXKEHUSI TeMIIepaTypbl U3Me-
PUTEJIbHOIM WU MEPEeJaTOYHOM Cpeabl 10
JIOITyCTUMOTO TEMIIEPATYPHOTO AUAIA30-
Ha paboTel KoHKpeTHoro MITI. st aTo-
o TpyOKM BBITIOJHSIOTCS 0€3 TEeII0BOM
WU30JISILMU, A UX IJMHA BbIOMpaeTcs Ta-
KM 00pa3oM, YTOObI B MECTE YCTAHOBKU
npubopa TemrepaTrypa cpeabl He MPeBbl-
waja pomnyctumoro 3HauyeHus. I[lpu
IUIMHHOM  COENMHUTENbHOU  TpyOKe
(0OBIYHO ee MIMHA He TPEeBBbIIIAeT He-
CKOJIBKUX JIECSITKOB METPOB) Y MecCTa ee
MPUCOEAVUHEHHUS K TPYyOONpPOBOLY yCTa-
HaBJIMBAETCH OOTOJHUTEJIbHBIA 3amop-
HBII BEHTWJIb U151 OTKJIIOYEHUS] TPYOKU B
ciyyae apapuu. TpyOKuU He JOJKHBI BHO-
CUTb JOMOJIHUTEIbHbIE MOTPELIHOCTU B
U3MEpEHUE NABJIEHUs, U C 3TOU LEJbIO
WX HAJIEXUT 3amnoJHATh OAHO(MA3ZHOMI
HECXKMMAEMOW TIepeNaTOYHON Cpenon, a
TaKXXe MPUCOEAUHATH K TpyOONPOBOAY U
MPOKJIAAbIBaTh TaK, YTOOBI MCKIIIOYUTH
o0pa3zoBaHue B HUX ABYX(ha3HBIX cpel —
ra30BO3AYIIHBIX Iy3bIpeil («ra30BbIX
MEILIKOB») TMPU M3MEPEHUU [JaBJICHUS
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B 3BANMUCHYIO KHUXKY UHXEHEPA

KUAKUX Cpell WM KOHAEHcaTa MpU W3-
MEpeHUU JAaBJICHUS cpen
(puc. 7, 8). Bro mocturaeTcs MOAKIIOUe-

ra30BbIX

HUEM TpyOOK K TOPU3OHTAJIBLHOMY TpPY-
OOTPOBOIY C CepeauHBl ero TpohWIs
TP U3MEPEHUN NABJIEHUS KUAKUX CPEN
W CBEpPXy — TIpU U3MEPEHUU Ta30BBIX
cpenm, a TakXe TPOKJIAAKOW COeTUHU-
TETBHBIX TPYOOK C YKIIOHOM B CTOPOHY,
obecreuynBaoIIylo yoaleHne ra3oB (yK-
JIOH BHHM3) WJIN KoHAeHcaTa (YKJIOH
BBEPX) B M3MeEPSIEMYIO Cpery TpyOorpo-
Boda. B aTux Xe 1mensx HeoObxoammo pas-
mewatb UIT st XKuakux cpen HUXe
YPOBHSI 0TOOpA NaBIEHMUsI, a ISl TA30BBIX
cpen — BhIIIIe 3TOTo ypoBHs. Eciiu Takue
YCIIOBUSI TPYIHOBBITIOTHUMBI, TO B CO-
eIVMHUTETHHBIX JIMHUSIX TIPeIycMaTpuBa-
0T Ta30COOPHUKH CO CITYCKOBBIMU KJIa-
naHamMu (MX GYHKUMIO B psOe ClaydaeB
MOTYT BBITIOJHSITH YPaBHUTEbHbBIE KiIa-
TaHbl) WX KOHAEHCATOCOOPHUKMY C Ipe-
HAXHBIMU KJIanlaHaMu (BEHTWISIMU) TSI
TMEPUOANYECKOTO yOaJeHUsT MOOOYHOM
cpenbl. CoeqMHUTENbHBIE TPYOKH TOJK-
HBl OBITh 3alIUIIEHBI OT TEePEMEHHBIX
BO3JEUCTBUI BHEIIHUX WCTOYHUKOB
TerJIa WIN XoJiona (3a UCKIIOYeHNEeM ec-
TECTBEHHOTO TTOCTOSIHHOTO TeTIooOMe-
Ha ¢ OKpyXalolen cpenoit).

3K

p BenTmiabHbII
0JI0K
; 3K
| [
3 D
- >
VK \ '
[ 1

X

YcnoBHble 0603HayYeHus:

3K — 3anopHelii knanaH,

MK — npoayBoYHbIA KnanaH,
YK — ypaBHUTENbHbLIN KNanax,
CY — cocyn ypaBHUTENbHBI.

Puc. 8. Cxema ycranosku UNJ (AA) Ha
Tpy6onpoBoa AnA M3MepeHNA AaBNeHNA napa

npu pasmeweHun UMNJ Huxe ypoBHA oT6opa
paBneHus

IMpu wusmepeHUn maBieHUs] BOMSTHOTO
rmapa C WCIHOJb30BAaHUEM COETUHUTENb-
HBIX TPyOOK HEBO3MOXHO U30€XaTh 00-
pazoBaHus IBYX(a3HOI Cpenbl B IIpoIiec-
ce OXJIaXKIeHUsI TTapa U Tepeiadau ero 1aB-

JIeHUusT 4yepe3 TPYOKM Ha yAad€HHBIN
WUIIA. [losToMy 31ech cCTaBUTCS 3ajada
pe3KoTo mepexofa OT apa K KOHIeHcaTy,
KOTOPBIY CTAHOBUTCS HECKUMAEMOI Tie-
penaloieil pasgenuTeabHoi cpemoit. C
9TOM 1eJIbIO TIepenaya JaBJIeHUsT OCyIIle-
CTBIISIETCS JTMOO0 Yepe3 TpyoKy ¢ cudoHOM
(U-006pa3HbIM WM KOJBIEBBIM), B KOTO-
pOM  CKAIUTMBAETCSl OXJIAXKXTAIOIIUIACS
KOHJIEHCAT, WTPAIONIN{ POJIb BOASHOTO
3aTBOpA, WIK Yepe3 TPyOKy C ypaBHUTEb-
HBIM KOHJIEHCAITMOHHBIM COCYIOM, KOTO-
pbIil TIOAEePKUBAET TMOCTOSIHHBIM ypO-
BEHb KOHJIEHCaTa B CHUCTeMe Tepenayu
nmapneHust mapa (puc. 7 m, e). OcobeHHO
BaXXHO TIOepKaHNE TMOCTOSTHCTBA U pa-
BEHCTBa yPOBHE! KOHIIEHCATA B COSTUHU-
TEJIBHBIX TPYOKaX MpU M3MepeHuu mud-
MaHOMETPOM TIeperaaa qaBiIeHus apa Ha
cyXaplIlleM YCTpoicTBe (muadparme) B
pacxomoMepax TEepeMEeHHOTO Iepernana
napieHus (puc. 8).

B ACKYDB mu3MepeHue naBieHU SHEP-
TOHOCUTENIe HEeoOXOMMMO TPOU3BOAUTH
KaK B PaCUETHBIX, TAK ¥ B U TEXHOJIOTYE-
ckux 1ensix. Tak, cormacHO POCCUUCKUM
«[lpaBmiaM y4yera TETUIOBOIl SHEPTUU U
TETUIOHOCUTEJel», NENCTBYET TpeOoBaHMe
pEeTUCTpalliy aBJIEHUS CETeBOU (Teruro-
(UKaAIIMOHHOI) BOIBI B MOAAIOIIEM 1 00-
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B 3BANMUCHYIO KHUXKY UHXEHEPA

paTHOM TpyOOTIpOBOAAX HA y3JIe yUeTa Mo-
TpeOuTeNsI, TpudeM 3TO TpeboBaHUE He
CBSI3aHO C TOYHOCTBIO y4yeTa TeTUIOHOCHU-
Tesst (Tipu OOBIYHOM JaBJIEHUU BOAA He-
cXnMmaeMa), a HOCUT TEeXHOJIOTMUYECKUit
XapakTep — KOHTPOJb PeXMMa TETUIONO-
TpeOyieHrsI U 00s13aTeIbCTB dHEProcHa0-
Kaloleil opraHu3anuu. AHAJIOTHMYHBIE
1IeJTN TIpEeCIieNyeT U3MEpPEeHNe JAaBJIeHUs B
TPyOOIIPOBOJAX XOJIOMHOTO U TOPSYETO
BOIOCHAOXEHUS,
BwmecTe ¢ TeM namepeHve TaBieHUs B TPY-

B Ma3yToIipoBOdax.

0orpoBodax ra3o- W MapocHaOXKeHUs
MPUHIMITMATBHO BaXXHO, B TIEPBYIO OYe-
pelb, UIA ydeTa pacxofia M KOJUYecTBa
SHEPrOHOCUTEJIS, a TAKXKE COOTBETCTBYIO-
1ero Teruia (Mpu y4eTe MeperpeToro mnapa
0e3 U3MepeHust TaBIeHUsI He 00OUTUCH, a
MPpU ydeTe HACHIIIEHHOTO IMapa MOXHO
BBIOpaTh HAa aJIkTEPHATUBHOW OCHOBE W3-
MepeHue JMbo AaBieHus1, TM60 TemMrepa-
Typbl). TWUIMOBbIE BEJIMUYMHBI NABJICHUIA,
n3MepsseMbix B pamkax ACKYD mpom-
MPEATNPUATHSI, OOBIYHO TIPUHAIEXAT AU~
arrazony 0...20 atu (0...2 MITa).

OBLUIME PEKOMEHAALIMMN
1. Be16op mepBUYHBIX (M3MEPUTEITBHBIX
mpeobpa3oBaresieil naBieHus wid ud-

POBBIX MaHOMETPOB C YHUGMUIIMPOBAH-
HBIM 3JIEKTPUUYECKUM CUTHAJIOM) CPEICTB
U3MEPEHUs [aBJICHUS W BTOPUYHBIX
cpenctB ACY TII umu ACKYD nipenmpu-
SITUSL JOJDKEH MPOU3BOIUTBCS HE CTyvaii-
HBbIM, (DparMeHTapHbIM, a CHUCTEMHBIM
00pa3oM B paMKax €IMHOTO U TOJHOTO
MPOEKTA, YYUTHIBAIOILLETO KaK CYILECTBY-
Iolliee, paHee CMOHTUPOBAHHOE 000pyI0-
BaHUE, TaK U YCTAHOBKY HOBOTO.

2. BoeIOop TIepBUYHBIX CPENCTB U3MEpPE-
HUS 1aBJICHUS TOJKEH OCYLIECTBIISITHCS B
3aBUCUMOCTU OT WX NPUMEHEHUS MIJIs
KOMMEPUYECKOT0 WIM TEXHUYECKOTO yuyeTa
SHEProOHOCUTEJIEN, 4 TAKXKE OT UX UCITIOJIb-
30BaHUS VISl UBMEPEHUS 1aBJICHUS B pac-
YETHBIX WIW TEXHOJOTMYECKUX Lieyisax. B
cllyyae KOMMEpPYECKOro yyera ClenyeT
BbIOMpaTh MNpPUOOPHI 00Jiee BBICOKOIO
KJ1acca Mo TOYHOCTH, HaIeKHOCTU U CTa-
OUJIBHOCTH, YEM B CJIydyae TEXHUYECKOTO
U TeM 0oJiee TEXHOJOTUYECKOTO KOHTPO-
i

3. BeiOop uinm MomepHU3aLNs TIEPBUI-
HbIX CPEACTB U3MEPEHUS AABJICHUS OJ-
XKEH 00513aTeJIbHO BBIMIOJIHATBCS C YYETOM
WX COBMECTUMOCTH (MHGMOPMAIIMOHHOM,
9JIEKTPUUYECKOM, CETeBOI1) ¢ YyCTpOIMCTBA-
Mu cpegHero ypoBHs ACY TII wmm

ACKYD (koHTpoJuiepaMy, MHOTO(YHK-
LIMOHAJILHBIMY TTPe00pa30BATESIMU).

4. BeI6Op IEpBUYHBIX CPENICTB U3Mepe-
HUS JAaBJIEHUS JOJDKEH MPOU3BOAUTHCS C
YUETOM COOTBETCTBUS UX XaPAKTEPUCTUK
KOHKPETHBIM 3a7iauyaM, YCJIOBUSM U OCO-
OEHHOCTAM OJKCIUTyaTauuu (BUL CPEbI,
MpeAnoiaraeMplii JUana3oH NaBJIE€HUS U
TeMIepaTypbl, TpedyeMasi TOYHOCTb, Ha-
JMYue AecTabunm3upyomux ¢GakTopos,
HEOOXOIUMBII TUM BBIXOAHOTO CUTHAJIA U
1.11.). Cienyetr oco6oe BHUMaHUE YAENISITh
aHAJIU3Y XapaKTePUCTUK HANEXHOCTU U
MOMHWUTB, YTO CAMBIA NOPOTOA TyTh —
3TO BBIOOP YCTPOWCTBA MO MUHUMAIbHOM
CTOMMOCTH.

5. MOHTaxX NepBUYHBIX CPEACTB U3ME-
peHUs JaBJIeHUS JOKEH MTPOU3BOIUTHCS
C y4eTOM BCeX AecTabumm3npyomux ak-
TOPOB M C UCIOJb30BAHUEM, €CJIU HEOO0-
XOAUMO, TOMOJIHUTEJIbHBIX CPEICTB: BEH-
TWIbHBIX OJIOKOB, pa3ienuTesneii MeMO-
PaHHBIX, COCYAOB YpPaBHUTEJbHBIX, CO-
eIMHUTEbHBIX TPYOOK U T.1. @

ABtop — cotpyaHuk Benopycckoro
TEMJO3HEePreTuYecKoro UHCTUTYTA
Tenedon: (10-375-17) 206-3308
®Dakc: (10-375-17) 220-4129
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