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B 3ANHCHYH KHHKKY HHIKEHEPA

Apkagmii [ypTosues

UsmepeHue pasneHus
B OBTOMATU3UPOBUHHbBIX
cucTtemax

JLABNEHME, ETO BUAbI
U EAUHULBI UBSMEPEHUSA

JlaBjieHue SIBISIETCS] OMHUM U3 BaskKHE -
X (pU3MIecKnx mapaMeTpoB, U eTo 13-
MepeHne HeoOXOAMMO KaK B PacUYeTHBIX
LIeJIsIX, HATIpUMep JIJIST OTIpeieSieHUsI pac-
XO/la, KOJMYECTBA M TEIUIOBOW SHEPTUU
Cpelbl, TaK U B TEXHOJIOTUIECKUX IIEJISIX,
HarpuMep s KOHTPOJIS ¥ TIPOTHO3MPO-
BaHMs1 O6e30TMacHbIX U 9((HEKTUBHBIX THI-
PaBIMYECKUX PEKNMOB HATTOPHBIX TPYOO-
MPOBOMIOB, UCIIOIb3YeMbIX Ha TIPEIIPUSI-
tunu. PaccMOTpUM OCHOBHBIE TIOHSTUS,
CBSI3aHHBIE C IaBJICHUEM U €T0 U3MEepPEeHU-
eM.

HNasnennieM P Ha3bIBalOT OTHOIIEHUE
P=F/S abcomoTHOI1 BeTUYUHBI HOPMaJlb-
HOTO, TO €CTh JIEUCTBYIOIIETO TIEPTICHIN-
KYJISIPHO K TIOBEPXHOCTM Tejla, BEKTopa
cuibl F K Tutoniaay S 3Toi MOBepXHOCTH.
Ecnu cuna paBHOMepHO pacripeneneHa mo
IJIONIANN, TO YKa3aHHOE OTHOIIEHUE 3a-
JaeT TOYHOE 3HAUYEHHWE NaBICHUS B KaX-
TIOi1 ee TOYKe, B IPOTUBHOM Ke ClTydae —
TOJIBKO €ro cpenHee 3HaueHue (TOYHOe
3HaUEHNE MEHSIETCS OT TOUKU K TOUKE U
OTIpeIeISIETCST TIPEeIOM OTHOIIEHUST CU-
gl AF, mpujiokeHHO Ha O0eCKOHEYHO
MaJIOM yJ9acTKe TTOBEPXHOCTHU, K €ro TII0-
maau AS). B otmnyme ot cuitbl, BeIM4nHa
KOTOPOW MOXET 3aBUCETh OT pPa3MepoB
TMOBEPXHOCTHU €€ TIPWJIOXKEHMUs, NaBJIeHUe
MO3BOJISIET TIPY PACCMOTPEHUM B3aMMO-
IercTBUST (U3NIECKUX Tell WCKITIOUUTDH

YcnoBHble 0603HaYeHNsA:

F — BHewHss cuna, S — cBobogHas NOBEPXHOCTb
(nnowapp) cpeabl, AF — cuna faBneHus Ha
BHYTPEHHI0I0 nnowaaky AS.

Puc. 1. Cunbl gaBneHus B XUAKOWM
1 ras3oo6pasHoii cpeaax

(I)B.KTOP iom@anu, MmMOoCKOJIbKY OHO fABJIA-
€TCA yIICIIbHOfl, TO €CThb OTHECEHHON K
CANHUILIC TIOIIaau, CUJIONA.

Bugbl usmepsaembix AaBNEeHUN
Kunkue v ra3000pa3Hble Cpe/ibl Xapak-
TEPU3YIOTCS CBOWCTBAMM YHNPYrOCTH —
00paTUMOro U3MEHEHUsT 00beMa, TO eCTh
YMEHBIIIEHUsI 00beMa Cpeibl TIPU CKATUU
ee TO/I IaBJIEHUEM U BOCCTAHOBJICHUS UC-
XOHOTO 00beMa MpPU CHSITUU 3TOTO JaB-
JICHUSI, U TEKY4eCTH — O0paTUMOTO U3Me-
HeHus HopMBbI. B 3TUX cpenax pasinyaoT
NaBJeHUe BHeNIHee (ITOBEPXHOCTHOE) —

Ha TpaHuUlle (TMIOBEPXHOCTU) Cpen — U
BHYTpPeHHee — BHYTPH, B 00beMe MJTH Mac-
ce Cpenpbl.

BHuelinee nasineHue P Ha MOBEPXHOCTb
S KMIKOM WM Ta3000pa3HOil cpenbl, paB-
HOE OTHOLLEHWIO HOPMAJIbHOW COCTAaBJIsI-
o1e CyMMbl cull F, IpUIOXKEHHOU U3-
BHE, K IIJIOLIaU TTOBEPXHOCTH S, Tiepeaa-
eTCsI BHYTPb cpelbl (puc. 1) 6e3 u3MeHe-
HUI U PaBHOMEPHO BO BCE CTOPOHBL. To
€CTbh NIOPOXKIAEMOE BHYTPEHHEE JaBJICHUE
HaMNpaBJIEHO MEPNEHAUKYJISPHO K JII000M
BHYTpeHHell Tutomanke cpenst AS, Hesa-
BHUCHMO OT ee (DOPMBI U TIOIOXKEHMUS B Cpe-
Iie, a BEJIMYMHA NIaBJIECHUS B cpele Mpo-
MOPLIMOHAJIbHA BEJIWYMHE BbIAEJIECHHON
mronranku (3akoH [lackains). OueBUIHO,
yto P=F/S=AF/AS st n10001i TOUKHU cpe-
nbl. BHyTpeHHee naBjieHHe MOKOSILIUXCS
KAJKUX U Ta3000pa3HbIX Cpell 3aBUCUT HE

.’
[ A= =TI~ TIA A,
¥

¥

NERE

TOJIBKO OT BHEITHETO NaBJI€HUs, HO U OT
Beca caMoii cpefbl. DTa 3aBUCUMOCTD Hau-
OoJjiee CylIecTBeHHA JUIS KUIKOCTei, 00-
JIAAloMUX OOJNbIIeil TUIOTHOCTBIO, YeM
ra3el. [lomoxeHne TOYKU U3MEpeHUst OT-
HOCHUTEJIbHO TOPU30HTATBHBIX IJIOCKO-
cTeil — MOBepXHOCTE! PAaBHOTO NABICHMS
— OIpeaessieT BECOBYIO COCTABIISIIONIYIO
BHYTPEHHETO MaBJICHUS] — THAPOCTATHIEC-
Koe nmapienue. 3akoH [lackans cripaBem-
JIVB HE TOJIBKO TSI TIOKOSITIIMXCSI, HO U JJIST
JBVDKYIIUAXCST CPEM, eCIM UX MOXHO CUU-
TaTh WICATBHBIMU (OTCYTCTBYET TpEeHUeE
MEXIy CJIOSIMUA Cpelbl — BSI3KOCTh). B
BSI3KUX € IBUXKYIINXCS CpelaX BeIMInHA
BHYTPEHHETO JaBJICHWSI 3aBUCUT OT Ha-
TIPaBJIEHUsI, ¥ TIOTOMY TIOJl BHYTPEHHUM
JABJIEHUEM CPEeIbl TIOHUMAIOT €ro yCcpe.-
HEHHOE 3HaueHUe TI0 TPEM B3aUMHO Tiep-
TIEHIVKY/ISIPHBIM HATIPABIEHUSIM B TOUKE
n3mepeHus. [loHoe BHyTpeHHee qaBiieHne
B JIBVIKYIIIEWCS cpele, HalpuMep, TOpu-
30HTAJLHOTO HAMOPHOTO TpPyOOTpoBOIa
OTpeessieTcss CyMMO# BHEIIIHETO, TUAPO-
CTAaTUIECKOTO U THIPOANHAMUYECKOTO JaB-
JIeHNsl — CKOPOCTHOTO HATIOPHOTO JaBJie-
HUSI, a TAKKE TIOTePSIMU TaBJICHUSI Ha Tpe-
HUE TI0 BCell ITHe TPYObl M BUXPEBBHIMU
TOTEePSIMU TIPY U3MEHEHUSIX BETUINHBI U
HampaBjIeHWs] TIOTOKa B THUAPABIMYECKUX
CONPOTHBJIEHNSIX — KOJIEHAX, 3aIBIKKaX,
nuadparmax. B HamopHbIX TpyOOTIpPOBO-
JaX C DHEPTOHOCUTESIMU U3MepsieTcs,
Kak TIPaBWIO, CTATHYECKOE JaBJIeHHe, KO-

YcnoBHble 0603HaYeHNs:
P — naBneHue,

Nb — naBneHue
6apomeTpuyeckoe,

YpoBens
armochepHoro
ABJICHIS

LA —paBneHune
abconoTHoe,
OV — naBnenue

'

AB,

¥

136bITOYHOE,
B — paBneHwue
BaKyyMMeTpU4eCcKoe,

0 — paBnexune

Abco/moTHnii nmdeepEHLlMaﬂbHoe-

BAKYYM

Puc. 2. Bugbl nsmepsiembix faBneHun B Toukax 1, 2, 3 pusuyeckoro npouecca
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B 3AMUCHYIO KHMUXKY MHXEHEPA

Ta6bnuua 1. Tabnnua cOOTBETCTBUA eAUHUL, AABJIEHUA

Cuctembl efuHuUL, Epnuuubl gasnenus | Ma (Pa) Kkrc/cm2 (at) 6ap (bar) atm (atm) MM pT. cT. (mm Hg) | mmBop. cr. (mm H,0) | ncw (psi)
CI (SI) 1 Ma=1 u/m2 1 1,01972x10-5 105 0,98692%10-5 750,06%10-5 0,101972 1,45x10-4
MKrcc 1 ar=1 krc/cm2 0,980665x105 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
1atm=760 mm pr.cT. | 1,01325%105 1,0332 1,01325 1 760 1,0332x104 14,696
BHecucTeMHble 1 mMm pT. CT. 133,322 1,35951x10-3 1,33322x10-3 1,31579x%10-3 1 13,5951 0,019337
1 mm BOgA. CT. 9,80665 104 9,80665%x10-5 9,67841%10-5 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
TOPOEC ABJIACTCA PA3HOCTBIO IIOJIHOIO U A3bIYHBIX CTpaHax MCIIOJBb3YIOTCA COOT- HCHa [S218785000¢:) JaBJICHUSA ICH

IUHAMUYECKOTO MaBJIEHUI; TIPU ITOM
CKOPOCTHBIE XapaKTePUCTUKU TOTOKa
YYUTBIBAIOTCSI B PACXOJOMEPAX U CUETUM-
Kax MPU U3MEPEHUsIX pacxona M KoJImde-
CTBa Cpelbl.

Ha mpakrtuke naBieHusT Ta3000pa3HbBIX
U XUAIKUX CPEl MOTYT U3MEPSIThCSI OTHO-
CUTENbHO [NBYX pPa3IWYHBIX YPOBHE
(puc. 2):

1) ypoBHSI abCONIOTHOTO BaKyyma, WU
a0COIOTHOTO HYJIST JaBIEHUS] — WS-
3UPOBAHHOTO COCTOSTHUSI CPEIbl B 3aMK-
HYTOM TIPOCTPAHCTBE, M3 KOTOPOTO yja-
JIEHBI BCE MOJIEKYJIbI M aTOMBI BelecTBa
Cpesl,

2) ypoBHST aTMOC(epHOTO, UK 6apome-
tpudeckoro, nasieHus (FOCT 8.271-77).
[aBnenue, n3MepseMoe OTHOCUTEIBHO
BaKyyMa, Ha3bIBaIOT IaBJIeHEM a0COJIOT-
oeiM (/IA). Bapomerpuyeckoe aaBiieHHe
(IB) — 31O abCOMIOTHOE NaBJIEHHE 3EM-
Hoit aTMocdepsl. OHO 3aBUCHUT OT KOH-
KPETHBIX YCTIOBUII M3MEPEHUS: TeMIiepa-
TYPBI BO3/yXa ¥ BEICOTHI HAll yDOBHEM MO-
ps. [aBieHue, KoTopoe OoJiblle WU
MeHbIIIe aTMOC(HEPHOTO, HO M3MEpPSIeTCs
OTHOCUTEJIBHO aTMOC(EPHOTO, HAa3bIBAIOT
COOTBETCTBEHHO W30bITouHbIM (JAW) mnm
NaBJIEHUEM pa3pekKeHUsI, BAKyyMMeTpHIe-
ckmMm (JIB). OueBunno, uro JA=/1b+/1U1
wm JA=1b—B. I1pu usmepenuun pas-
HOCTH JaBJIEHU Cpe/l B ABYX Pa3IMUHbBIX
Trpoiieccax Win ABYX TOUYKaX OXHOTO TPO-
1ecca, MpuYeM TaKuX, 4TO HU ONHO U3
NABJICHUN He SIBISETCS aTMOC(HEpPHBIM,
TaKylo pa3HOCTb Ha3bIBalOT auddepeHim-
aabHbIM naBiaennem (J11).

CucremHblie N BHECUCTEMHbIE
eAVHMLUbI U3MEepPEeHUs AAaBIEeHUSA
EnyHuubsl  u3MepeHUsT — NaBlIeHUS
(CT CBB 1052-89) ompenensiorcst of-
HUM M3 JIBYX CIIOCOOOB: 1) yepe3 BhICOTY
cTOJI0a KMAKOCTU, YpaBHOBEIIMBAIOIIEH
n3MepsieMoe JaBJIeHNEe B KOHKPETHOM
uznueckom mporiecce: B eIUHUIIAX BO-
nsiHOTO cToJ10a pu 4°C (MM BOA. CT. WM M
BOJ. CT.) WK pTyTHOTO cTONOa mpu 0°C
(mMm pr. ct., unu Topp) 1 HOpMaTBLHOM yC-
KOPEHUU CBOOOIHOTO TaaeHus (B aHTJIO-

BeTCTBYlIomMe emuHuubl in H,O, ft
H,O — moiim Boa. CT., ¢yT Box. CT. 1 in
Hg — moiim pr. cr.; 1 moitMm=25,4 MM,
1 dyr=30,48 c™m); 2) yepe3 eAUHUIILI CH-
JIBI ¥ TITOIIANH.

B MexnyHapoaHolt cucteMe eIuHUIL
(CH), npunsitoit B 1960 roay, eauHULICH
cuel siBisietcst H (HbIOTOH), a enuHUTIeH
momanu — M2, Otcioma ompenensieTcs
ennHUIA naBieHus nackanb [la=1 /M2
ee TIPOM3BONHBIE, HApUMep, KHJIOmac-
Kamp (1 xI[la=103 [la), meramackajb
(1 MIIa=103 k[1a=106 I1a). Hapsamy c cu-
cremoii CU B obacTit u3MepeHust aBie-
HUST TIPOJOJDKAIOT WCIOJIb30BaThCS €MIU-
HUIIBI U OPYTUX, O0JIee paHHUX CHUCTEM, a
TaKXKe BHECUCTEMHbBIE SIUHUILIBL.

B TexHwueckoil cucteme emXMHMUIL
MKI'CC (meTp, KMiorpamMM-cHia, ce-
KYH/Ia) CHWJIa U3MepsIeTCs B KUJIorpaMMax
cuel (1 xkre=9,8 H). Enunuier nasneHus
B MI'KCC — krc/M2 u Krc/cM2; equHuIA
KIrc/cM2 TIOyuriia Ha3BaHWE TeXHUIec-
KO, WM MeTpu4eckoii armocdeps! (at). B
ciIyyae M3MepeHUs B eANHUIIAX TeXHUIe-
cKoil aTMocdepbl M30BLITOYHOTO JaBIIe-
HUST UCTIONTB3YeTCs] 0003HAUEHUE «aTH».

B ¢pusnueckoii cucreme enuaun CI'C
(caHTUMeETp, TPaMM, CEKYH/1a) eNUHULIeH
cwtbl gBasgetcs nuHa (1 gua=10-5> H). B
pamkax CI'C BBemeHa eQWMHMIIA JaBJe-
nus 6ap (1 6ap=1 nur/cm2). CymiecTByeT
ONHOMMEHHAsI BHECUCTeMHAsI, METEOPO-
Jlorudyeckasi eIuHuIla 0ap, WU CTaH-
naptHas atmocdepa (1 6ap=100 nun/cm?2;
1 m6ap = 10-3 6ap = 103 guH/cM2), 4TO
WHOTNa, BHE KOHTEKCTAa, BBI3bIBAET ITyTa-
Huily. KpoMme yka3zaHHBIX eOWHUI] Ha
MPaKTUKE WCIIOJIb3YeTCs TaKas BHECHUC-
TeMHasl eIMHUIA, KaK (u3ndecKasi, WiH
HOpMaJibHAs atMocdepa (aTM), KoTopas
9KBUBAJEHTHA YPaBHOBEIIMBAIOIIEMY
cTosdoy 760 MM pT. CT.

W3penka HaXoouT MpUMEHEHNE eUHU-
11a gaBieHust u3 cuctembl equHun MTC
(MeTp,  TOHHa, CeKyHma)  mbe3a
(1m3=1cu/M2, Tne 1 cH=108 muH —
cuna B 1 cTeH, cooOIiaronast Tery Maccoit
B 1 ToHHY yckopeHme 1 Mm/c2?). B anrmio-
SI3BIYHBIX CTPaHaX IIMPOKO PACIIpOCTpa-

(psi=Ibf/in2) — yHT CHIBI HA KBAIPATHBII
moiiv (1 dynr= 0,4536 xr). [1pu usmepe-
HUY a0COTIOTHOTO U M30BITOYHOTO TaBJe-
HUST UCTIONTBb3YIOTCSI COOTBETCTBEHHO 000-
3HaueHwus psia (absolute — abcomMOTHBIN)
u psig (gage — M3OBITOUHBIN).

B Tabnuue 1 ykazaHbl KO3(hOULMEHTbI
TepeBo/ia OMHUX CUCTEMHBIX U BHECHC-
TEMHBIX eIMHUIL JaBJICHUS B ApYyTHe: Ha-
TpUMep, OTHOM TeXHUYeCKOl aTMochepe
cootBetcTByeT naiaeHue 0,980665 B Oa-
pax (3mech Gap SIBISIETCS BHECUCTEMHOM
enuHULei). B neiictButenbHOCTH He BCe-
raa TpedyeTcss CTONb BHICOKAs TOYHOCTH
TepeBoJia eANHUII, KOTOopasi OTpakeHa B
Tabauue 1. s npubaM3uTeNbHBIX Olie-
HOK U PAacyeToB JaBJIEHUS C OTHOCUTEb-
HOW TOrpenrHocThio He Gosee 0,5% mo-
JIE3HO WCITOIb30BaTh CIIEAYIONINE COOT-

HOILIEHUST:
1 ar = 1 xrc/cm?2 = 104 krc/m2 =
0,97 atm = 0, 98x103 m6ap = 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 TNpeHeOpeub
pa3HUIIEH MeXIy TeXHUIeCKoit atMmocde-
poii, cTaHmapTHOU aTMochepoit (6apom)
U JecsATol JacThio Mmeramackamis (1 aT =
1 6ap = 0,1 MIIa), a ¢ ownoKoii B 3% —
pasHUIIEH MEXIy TeXHUYECKON W (pusm-
yeckoit armocdepamu (1 at = 1 arm). Ha
MPaKTUKe M3-3a WCTOJIb30BaHUS pPa3HO-
pPOMHOTO TUAPABIUYECKOTO U WM3MEpPU-
TEJIBHOTO 000PYIOBAHUST PA3HBIX U3TOTO-
BUTENEN U CTpaH, MIPUYEM HEPEIKO JaB-
HeTo ToJa BBIMTyCKa, MOTPEOHOCTH Tepe-
BO/Ia OMHUX EAVHUIL JaBJICHUS B IpyTue
BO3HUMKAEeT TMOCTOSSHHO. [IpuBeneHHbIE
TabJIMIIa U COOTHOIIEHNUS TIO3BOJIST OBICT-
PO CTIPaBUTKLCS C TAKUMU 331a4aMHU.

[uama3oH naBlIeHUl, M3MepsSIeMbIX B
TeXHUKE, AOCTUTaeT 17 TOpSIIKOB: OT
10-8 [Ia B 2J1€KTPOBaKyyMHOM 00OOpPYIO-
Banum go 103 MIla npu obpaboTke Me-
TAJUTOB NaBieHueM. MaTepuaibHBIM Xpa-
HUTEJeM eIVHUI] JaBICHUS SBISIOTCS
TepBUYHbIE (HAIIMOHAIBHBIE) U BTOPUI-
Hble (paboune) 3TaJoOHBI maBieHus. s
nonauanazoHa 1-100 xIla M30bITOYHBIX,
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B 3AMMUCHYIO KHMXKY MHXEHEPA

a0COIOTHBIX U PAa3HOCTHBIX JaBICHUN B
KauyecTBe MePBUYHOTO ATAJIOHA UCTIONb3Y-
eTcsl, KaK TMPaBWIO, PTYTHBIN ABYXTPYO-
Hbelii (U-00pa3Hblil) MAaHOMETp C Jia3ep-
HBIM CUMTBIBAHMEM BBICOTHI MEHMCKa
(TIOTPeIIHOCTh CUUTHIBAHUS HE Ooiee
10-3 MM, a abcoitoTHas cyMMapHasi Io-
IPENTHOCTh MPUOOpa, YIUTHIBAIOIIAS B
TOM YKCJIe U BIWSHUE TeMIiepaTypbl, He
npesbiiaer 0,0005% ot BepxHeil rpaHu-
bl Auamaszona). Jng mommuama3zoHa
100 xI1a-100 MIla mpumeHsIIOTCS Ta30-
BbI€ TPY30IOPIITHEBbIE MAHOMETPHI (TOU-
Hocth 0,0035-0,004% ot noka3zanwmii). [a-
30Bbl€ W XUIKOCTHBIE TPY30ITOPIITHEBHIE
MaHOMETPHI MCITONB3YIOTCS U KakK pabo-
Yye STAIOHBI VTSI TIepeaayu eANHUIL JaB-
JIEHUsI TIPOMBIIUIEHHBIM 00pa3I0BBIM
pubopam (ux TouHocts 0,01-0,1%).

KnAcCMOUKALUS CPEACTB
U3MEPEHMSA AABJIEHUSA

Jist TIpSIMOTO M3MEpEeHUs NaBJICHMUS
KUIKOW MM Ta3000pa3Hoii Cpefibl ¢ 0TOO-
paXeHUEM eTo 3HAUYEHUsT HeTIOCPEICTBeH-
HO Ha IITKase, TabJI0 WiIv WHANKATOpE Tiep-
BUYHOTO M3MEPUTEIHHOTO TIpubopa mpu-
mensiorcst Mmanomerpsl (FOCT 8.271-77).
Ecnu orobpaxkeHue 3HAYeHUST NaBICHUS
Ha caMOM TIEPBUYHOM IPUOOpe He TPo-

MAHOMETPBbI

p—
OpHOTpPY6HbIE Tpy6uatbie Pe3ucTuBHbIe
U-o06pa3sHble Mem6panHbie EmKocTHbIE
[JiByXyaLueyHble CunbdhoHHble Mbe3oanekTpuyeckue
™ MN36biTouHOrO AécontotHoro Nndh
chmaHoMeTpbI
[aBnenus AaBneHus O TEE :
bapoBakyymmeTpbI bapomeTpbl MaHoBakyyMmMeTpbi
p—
Mpombiwnextbie 06pasuoBbie JranoHHbIe
Na6opatophbie CneuuanbHbie
—
MpsAmonoka3biBatoLmue CurHanuaupyiome PerucTpupyiowme
Puc. 3. Knaccudmkauua maHometpos
MU3BOAUTCA, HO OH ITO3BOJIACT IIOJIy4YaTb 1 MaHOMeTpLI K)IaCCI/I(I)I/II_II/IpyIOT 1o

NMACTAaHIIMOHHO TIepelaBaTh COOTBETCTBY-
IOIIUI M3MEepsieMOMY TTapaMeTpy CUTHA,
TO TaKOU TTPUOODP HA3LIBAIOT H3MEPUTEIb-
HbIM npeodpa3osareiem nasienus (UI1I),
WM JATYMKOM JaBiieHud. Bo3zMoxHO 00b-
eINHeHNEe TUX NIBYX CBOICTB B OTHOM
npudope (MaHOMETP-AaTUUK).

TIPUHIINTTY I€UCTBUS M KOHCTPYKIIVH, IO
BUIY MU3MEPSIEMOTO IaBJIeHUS, TI0 TIPUMe-
HEHUIO W Ha3HAUEHWIO, 10 TUITy OTOOpa-
KEHUs NaHHBIX W NPYTUM TpU3HAKaM
(puc. 3). 1o mpuHLIMITY IEWCTBUSI MaHO-
METpPBI MOXKHO TIOIPa3AeuTh Ha KUIKO-
CTHBIE (M3MepsieMOoe JaBJIeHNe YPaBHOBE-
IIUBAETCS TUAPOCTATUUECKU CTOJIOOM
KUIKOCTH — BOMBI, PTYTU — COOTBETCT-
BYIOILIIeld BBICOTHI), JAedopMANHOHHBIE
(maBleHUE OTpeneNseTcss MO BeJIUdrHe
nedopMalii ¥ TiepeMelIeHusT YIpyroro
YYBCTBUTENIHHOTO 2eMeHTa YYD — mem-
OpaHbl, TPyOUaTOil MPYXUHBI, CHIb(O-
Ha), TPY30NOpIIHEBbIe (M3MepseMoe WIu
BOCITPOM3BOANMOE HaBJI€HUE TUAPOCTA-
TUYECKU YPABHOBEIINBACTCS Uepe3 XKUI-
Kyl0 WIM Tra3000pa3Hylo cpeny mnpudopa
JaBJIEHNEeM Beca TOPIIHS C TPY30TpUeM-
HBIM YCTPOICTBOM M KOMITJIEKTOM 00pa3-
LIOBBIX THUPb), dJIeKTpUYecKue (I1aBieHUe
OTIpe/esIsSIeTCsI HA OCHOBAaHUU 3aBUCUMOC-
TU 3JIEKTPUIECKUX TTapaMeTpOB: COTIPO-
TUBJIEHUSI, eMKOCTH, 3apsijia, YaCTOThl —
YYBCTBUTENIHHOTO 25ieMeHTa YD oT u3me-
psieMOTo NaBJIeHUsT) U Ipyrre (TeTIoBbIe,
MOHU3AIIMOHHbIE, TEPMOIIAPHbIE W T.IL.).
B mpombIliuieHHOCTY TIPU JIOKAJTBHBIX 13-
MEPEeHUSIX aBJIeHUll SHEPTOHOCUTENIEH B
OOJIBIIMHCTBE CITyYaeB UCIIONB3YIOTCS Je-
dopManoHHbBIE MAaHOMETPHI Ha OCHOBE
OHOBUTKOBOW TpyOuaToi MpYyKMHBI —
TpyOku BypmoHa — miist mpsiMorokasbiBa-
OIIUX CTPETIOYHBIX TPUOOPOB WY C MHO-
TOBUTKOBBIMU TIPYKWUHAMU TSI CAMOTIH-
IIYIIMX MAaHOMETPOB), HO Ha CMEHY UM
BCE yallle MPUXOAAT JJIEKTPUYECKUE Ma-
HOMETPHI ¢ IMGPOBHIM TAOJIO U Pa3BUTOM
CHCTEeMOI MHTePGEiCOB.
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B 3AMUCHYIO KHMUXKY MHXEHEPA

[Mo Bumy w3MepsieMOro AaBJeHUS Ma-
HOMETPHI MTOIPA3IETSIOT Ha TIPUOOPHI U3-
MepeHUs M30BITOYHOTO U abCONIOTHOTO
NaBIeHUSI — COOCTBEHHO MaHOMETPHI,
pa3pexkeHUs] — BAKYYMMETPbI, TaBICHUS 1
pa3pexxeHrs] — MAaHOBAKYYMMETPBI, aTMO-
cepHoro naBieHus — GapoMeTphl U paz-
HOCTHOTO JAaBiieHus1 — auddepeHnuanb-
Hble MAHOMeTpPbI (IrdMaHOMETphI). Ma-
HOMETPHI, BAKYyMMETPHI U MaHOBAKyyM-
METphI IS U3MepeHUsT HeOOIbIMX (10
20-40 kIla) maBmeHMit ra30BBIX Cpeld Ha-
3BIBAIOT COOTBETCTBEHHO HAMOPOMEPAMH,
TATOMEPAMH U TATOHATIOPOMepaMu, a mud-
MaHOMETPHI C TAKWM TUATMa30HOM U3Me-
peauss — wmukpomanomerpamu (I'OCT
8.271-77). TexHnueckue XapaKTepUCTUKHI
BCEX ITUX CPENCTB U3MEPEHUS HaBIICHUS
OTIPEIEIISTIOTCST COOTBETCTBYIOIIMMU 00-
My Texanaeckumu yeaosusmu (FTOCT
2405-88, TOCT 18140-81 u npyrumu).

[Mo obnacTu mpUMeHEeHUsT MAHOMETPhI
MOMIPA3IEIISIIOT Ha OOIEeNpOMbIIILICHHbIE,
WU TeXHUYECKHue, paboTaioliye B Tpo-
MBIIIIEHHBIX YCJIOBUSIX (MPU Tepemnanax
TEMIIEPATyp U BIAKHOCTU OKPYXalolleit
cpelbl, BUOpalusX, 3arpsi3HEHUW BHETII-
Heli cpenbl U T.11.), JabopaTopHble (prdo-
PBI TIOBBIIIEHHON TOYHOCTH JIJIST UCTIONb-
30BaHMSI B KOM(MOPTHBIX U CTAOWIIBHBIX
YCJIOBUSIX JiabopaTopuii), chenuajbHble
(IPUMEHSTIOTCST B 9KCTPEMATBHBIX YCIIO-
BUSIX: Ha XeJIe3HOIOPOXKHOM TPAHCTIOPTeE,
Cy/iax, KOTeJIbHBIX YCTAaHOBKaX, TIpu pabo-
T€ C KUCIOTHBIMU U JAPYTUMH arpecCcuB-
HBIMU CpeaMu), 00pa3oBbie (TSI TOBep-
KM pabouyMxX MaHOMETPOB) U 3TAJOHHbIE
(XpaHWUTENMN EOVHUIL JaBIEHUS C IENbIO
repenadyn nx o0pas3oBBIM MTPUOOPaAM).

Ilo Tumny orobpaxeHusi 3HAYEHUI U3-
MEpsSIeMOTO JIaBJIEHUsSI MAaHOMETPHI TOJI-
pa3fensioT Ha MPSIMONOKA3bIBAIONIHE — C
BU3YaJIIbHBIM CUMTHIBAHWEM JTaHHBIX He-
MOCPENCTBEHHO TI0 aHAJIOTOBOU (CTpe-
JIOUHOI) WM b POBOIA IKaie mpubopa,
Ha CHTHAJIM3MpYIOUME (2IeKTPOKOHTAKT-
Hble) — C BbIIauell yIpaBIIsIONIero dIeK-
TPUYECKOTO CHUTHATIA TIyTeM 3aMbIKaHUS
WU Pa3MbIKaHWST KOHTAKTOB MPU TOCTHU-
JKEHUW U3MEpsIeMbIM TaBICHUEM 3apaHee
YCTAaHOBJIEHHOTO KOHTPOJBHOTO 3Have-
HUSI, HA PerucTpupyionmme (CaMOIUIIY-
1ye) — C 3alrChio B MaMsTh 3HAUYCHUIT
IaBlIeHUs KaK (YHKUIUM BPEMEHM U WX
OTOOpaXXeHNEeM Ha 3JIeKTPOHHOM TalbIo.

MaHoMeTpBl BBHITIOTHSIOT GYHKIIUIO
JIOKQJTbHOTO KOHTPOJISI M B OOJTBIIIMHCTBE
CJIyyaeB M3-3a OTCYTCTBUSI BO3MOXHOCTH
MMCTAHIIMOHHOTO JOCTyMNa K WX IMOKa3a-
HUSIM (32 UCKITIOYEHUEM MaHOMETPOB C
YHUDUIUPOBAHHBIM BBIXOIHBIM 3JIEKT-
pUYECKUM CUTHAJIOM) HE MOTYT MCTOJb-

N3meputenbHble npeobpasoBaTeny AaBnexus

JnekTpuyeckue [MechopmaumnonHble
EmKkocTHbIE TeHn3ope3ncTopHble Mbe3oanekTpuyeckue
MonynpoBoaHuKoBbie WHTerpanbHbie
Metannuyeckue JuckpeTHble
! !
AHanorosbIi Liuchposoii
B3aumnas J1BOMYHO-AECATUYHBIA
MHAYKTUBHOCTb JREKTOCHTHAR napannenbHblit kon
EmkocTs npnc
0..20 MA Yacrora RS-232C
0.5 mA Tok HART
MpombIlneHHas cetb
4.20 mA Hanpsxenue Fieldbus
ConpoTuBnenue

Puc. 4. Knaccudukayms usmeputenbHoix npeobpasoeareneil jaBneHus
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30BaThCsl U LEJIell COBpe-

MEHHOH aBroMaru3auuu. Ta-

KYIO0 BO3MOXHOCTb 0becrneyun-

BaIOT U3MEPUTEJIbHBIC TPE00-
pasoBatesu NaBJICHUS ‘ P }_'
(puc. 4). Ilo crocoby ob6pa-

0OTKM U OTOOpaXKeHUsT U3Me-
psiemoro paBieHust  MITJL
MOAPA3ETSAIOT HA NepBUYHbIE
(dbopMUpYIOT TSI MUCTAHIIU-

OHHOW TIeperadyu BBIXOIHOM
CUTHaJl, COOTBETCTBYIOLIUI
U3MepseMOMy MaBIEHUIO) W BTOPUYHBIE
(TIOTyJaloT CUTHAM OT TIEPBUYHBIX ITPE00-
pasoBarefieii, 00padaThIBAIOT €ro, HaKam-
JIMBAIOT, OTOOPAXaOT U MepenatT Ha 60-
Jiee BBICOKUH ypoBeHb cucteMbl). CoBpe-
MeHHas1 TeHaeHuus pasputus WMITM 3a-
KJIIOYAETCSI B WX «MHTEJIEKTYaIn3aiun»
Ha 6a3e MUKPOSJIEKTPOHHOI! TEXHOJIOTUU
U MHUKPOIPOLIECCOPHOI TEXHUKU, Mpe-
roJIaraoleil mepenavay 4actu GyHKIIMI
CHUCTEMbl YIpPaBJICHUS BTOPUYHBIM IIpe-
obOpaszoBaresisiM, a HEKOTOPBIX TPaAUuLIUA-
OHHBIX (PYHKIIMI BTOPUIHBIX TTPeodpas3o-
Bareseil — MEePBUYHBIM.

WM3BecTHBI AeCATKU CITOCOOOB Ipeodpa-
30BaHUS AABJICHUS B JIEKTPUYECKUIA CUT-
HaJl, HO TOJIbKO HEKOTOPbIE U3 HUX TOJIY-
YUJIM LIMPOKOE TPUMEHEHUE B OOLLENPO-
mbinuieHHbIXx WMIT. 1o npuHuumny nei-

HYBCTBHTEIbH blii JIEMEHT

TenzopesncTopublii

S, it
Et

S HII

Herounnk nuranus

psANl, KOTOPBIE CTAHOBSITCS
Mepoii aToro aasneHus. [To-
naBisioniee OOJbITUHCTBO
COBPEMEHHBIX OOIIIETTPOMBI-

ueHHbix UITJ peanusona-

DNeKTPOHHBI 610K

. Hbl Ha OCHOBE €MKOCTHBIX
Beixo/Hoii
CHI'HA

(ucronp3yror YUD B Buze

>

W
VIRV

TenzomeTpuyeckuii MocT

- KOHACHCaTOpa € IEPEMCH-
HBIM 3a30pOM: CMCIICHUHE

HsmepirebHas
smemOpara

Puc. 5. CTpyKTypHas cxema nepB1MYHOro
TeH3opesuctopHoro UMJ

CTBUSI, WU CIIOCO0Y MpeoOpa3oBaHMsT U3-
MEpsSIEMOTO NaBJIEHUS] B BBIXOTHOW CUT-
Han, nepBuuHbie MIII moapaznpensiior
Tpexe Bcero Ha AedopManoHHble U dJie-
KTpuueckue. B repBoix necdopmaiiionHbie
nepeMenieHnst YUD (MeMOpaHBI, CUIb-
dona, Tpyoku bypmoHa) tpaHchopMupy-
IOTCSI C TIOMOIIBIO JOTIOTHUTETHHBIX TTPO-
MEXYTOUHBIX MEXaHU3MOB U MPeodpas3o-
Barejeil (Hampumep, MarHUTOTPAH3MC-
TOPHOTO WU OMITORJIEKTPOHHOTO) B 3JIEK-
TPUYECKUI I DNIEKTPOMAarHUTHBIN CUT-
HaJl, a BO BTOPBIX U3MepsIeMOe TaBJIeHe,
OKa3bIBas Bo3neicTBUs Ha YD, nameHser
ero COOCTBEHHBIE 2JIEKTPUUECKHUe Tapa-
METPBI: COTIPOTUBIIEHNE, EMKOCTh MM 3a-

WJTU TIPOTHO TION AeiicTBUeM
MPUJIaTaeMOTO NaBJIEHUST TOABWXXHOTO
9JIeKTPOAa-MeMOpaHbl OTHOCUTENILHO He-
MOJBMIKHOTO M3MEHSIET EMKOCTh YUD),
Mbe303JIeKTPIIEeCKHX (OCHOBAHbBI Ha 3aBU-
CUMOCTH TIOJIIPU30BAHHOTO 3apsiia Wiu
PE30HAHCHOM YaCTOThI Tb€30KPUCTAIIOB:
KBapiia, TypMaJrHa U IPyTUX — OT aBJe-
HUST) VI TEH30Pe3NUCTOPHBIX (MCIIONb3Y-
10T 3aBUCUMOCTb aKTUBHOTO COTIPOTUBIIE-
HUST TIPOBOAHUKA WJIU TIOTYIPOBOTHUKA
OT cTereHu ero AeopMalviu) TMPUHLINA-
max. B mocnenHue roap moayduu pa3Bu-
TUE U Apyrue NpuHuMIb coznanus UITIA:
BOJIOKOHHO-OTNTUYECKHUE, TalbBaHOMAr-
HUTHBIE, 00BEMHOTO CXKaTHSI, aKyCTUIeC-
kue, mudpdy3MoHHbIC U T.1.

Ha ceropnsiirnumii ieHb caMbIMU TIOTTY-
nsapubiMu B CHI saBnstioTest TeH30pe3uc-
TopHbie UT11. TeH3ope3aucTopHbIie YyBCT-
BUTeJIbHBIC 37ieMeHTh TPUD (B mepeBom-
HOIl JUTepaType WX WHOTAA Ha3bIBAIOT
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MMbe30PEe3NCTOPHBIMU, HE HANO MyTaTh C
MMbe302JIEKTPUIECKUMHU) TIPEICTABISIOT
c0o00ll MEeTAJUTMYECKYI0 /WU ANIJIEKT-
pUIECKYIO M3MEPUTETbHYI0 MeMOpaHy, Ha
KOTOPOU pa3MemIaoTcs TeH30PE3NCTOPhI
(Jame Bcero B BUIE YPaBHOBEIIEHHOTO
M3MEPUTEILHOTO MOCTa) ¢ KOHTAKTHBIMU
IJTOMIANKAMU TSI TIPOBOTHOTO TTOIKITIO-
YeHUsI K BHYTPEHHE! NN BHEIITHE! 2JIeK-
TPOU3MEPUTEIBHON CXeMe — 3JIEKTPOH-
HoOMY 070Ky o00pabotku. Jledhopmanus
MeMOpaHBI IOl BO3AEICTBIEM BHEITHETO
NaBIeHUsT P IPUBOIUT K JIOKAIBHBIM [ie-
opmanmsam TeH30pe3UCTOPHOTO MOCTA U
ero paszbajiaHcy — W3MEHEHMIO COIpPO-
TUBJIEHUSI, KOTOPOE W3MepsieTCsl DJIeK-
TPOHHBIM OJIoKOM (puc. 5). TeHzopesuc-
Topsl (TP) BREITTOTHAIOTCS KaK U3 MeTajuia
(TIpoBoJIOUHBIE, (DOTBTOBBIE WIIU TIEHOY -
HbIE), TaK U U3 TIOJYIIPOBOAHUKA (TTOJIU-
KPUCTATUIECKNE U3 TIOPOIIKOOOPA3HO-
IO TIOJTYTIPOBOTHUKA U MOHOKPHUCTAJUIU-
yeckne u3 Kpucramuia Kpemnus). [lo-
CKOJIbKY YYBCTBUTETHHOCTD TIOTYITPOBOI-
HUKOBBIX TP B necsatku pa3 BbIllle, 4YeM Y
METAJUIMYECKNX, U, KPOME TOTO, WHTET-
pasibHasi TEXHOJIOTHSI TIO3BOJISIET B OMHOM
KpucTaie KpeMHUsT (hOpMUPOBATH OTHO-
BPEMEHHO KaK TEH30PE3UCTOPHI, TaK W
MUMKPO3JIEKTPOHHBII 0JI0K 00pabOTKU, TO
B TIOCJIETHIE TOJIBI TTOTYyIWIN TTPEUMYIIIe-

CTBEHHOE Pa3BUTHE MHTETPATbHBIE MOITY-
npoBoaHUKOBEIe TPUD. Takue ameMeHTHI
peanusyroTcst MO0 0 TEXHOJIOTUU Tu(d-
(y3MOHHBIX PE3NCTOPOB C UBOJSILINEH UX
OT TIPOBOJSIIEN KPEMHHUEBOU TOMIOXKHI
p-n TepexofaMu — TEXHOJIOTUS «KPeM-
HUI Ha KPEMHUW», JINOO MO TeTepOdITU-
TaKCUAJIbHOW TEXHOJOTUM <«KPEMHUI Ha
MUIIEKTPUKEe» Ha CTEKJIOKEepaMuKe,
kBapue uian candupe. g TPUD, oco-
OEHHO TOJYITPOBOJHUKOBBIX, CYIIECT-
BEHHO BJIMSTHUE TEMIIEPATYPHI HA YIIPYTHe
U DJIeKTpUYecKue Xapakrtepuctuku TP,
YTO TpeOyeT MPUMEHEHUs CTeIMaTbHBIX
CXeM TeMIIepaTypHOU KOMIIEHCAIIUU TIO-
IPENTHOCTeN (B YACTHOCTH, C DTOI 1IEJThIO
B pacHIMPEHHON cXeMe TeH30MOCTa WC-
MOJIB3YIOTCSI KOMITEHCAIIMOHHBIE Pe3ucC-
TOpel U TepMmope3ucTopsl). OcobeHHO
IIMPOKOe TIPUMEHEHNE B M3TOTOBICHUU
obuenpombiiuieHHbIXx UIT B cuny cBo-
UX BBICOKMX MEXaHUYECKUX, M30IUPYIO-
IIUX U TEeTUIOYCTOMUYMBBIX Ka4eCTB IOITY-
yuia TexHonoruss KHC — «kpemMHuit Ha
carnupe».

ITo BeixogHOMy curHaiy UITT/ moapas-
NEJISIIOTCSl HA aHAJIOTOBble U IH(POBbIE.
OcHoBHoOI1 mapk aeiicTBytomux UITI oT-
HOCUTCSI K aHAJIOTOBBIM C YHUDUIIIPO-
BaHHBIM TOKOBBIM curHayiom 0...5, 0...20
unu 4...20 MA. B mocnenHee necsitunerue

HameTwics niepexon K UIM ¢ mudpoBbiM
BeIxonoM. lllupokoe pacrpocTpaneHue
nosyuun 1udppopoit mporokoas HART.
DTOT OTKPBITHI CTAaHAAPTHBIA THOPUII-
HBII MPOTOKOJ IBYHANPABICHHON CBS3U
TpeaycMaTpuBaeT Tepenady uudpoBoit
nHbOPMALINY TTOBEPX CTAHAAPTHOTO aHa-
noroBoro curHana 4-20 MA. bypHo pa3-
BUBAeTCSl CHUCTEMHAas WHTErpauus Tep-
BUYHBIX MpeoOpa3oBaTesiell C UCIOIb30-
BaHMUEM pa3JIUYHBIX Pa3HOBUIAHOCTEH
npoMblilieHHbIX  ceteir  Foundation
Fieldbus, ModBus, Profibus u ap.). [1pu
9TOM HCTIOB3YeTCsI MOJHOCTHIO HUbPO-
BOIf KOMMYHMKAIIMOHHBINA TTPOTOKOJT TSI
nepenaun nHGOPMalUK B 000MX HaTIpaB-
nenusx mexay WMIIIO u cucremamu yri-
paBJieHUsI, CYIIECTBEHHO o0Jieryasi B3au-
MO3aMEHSIEeMOCTb TIPUOOPOB Pa3HBIX MU-
POBBIX TIpou3BonuTeneil. B oTeuecTBeH-
Hbix uudpobix NI noka npeodiaaator
Takue UMOPoBbIe HHTepDEHChl, Kak
OATIK (mBOMYHO-IECATUYHBIN Mapa-
nenabHbIit kon), UPTIC (uaTepdetic pagu-
aJbHBIN TTocenoBaTebHbIN) U RS-232C.

HII pasznuyaloTcs, KpoMe TOro, IO
BUIIAaM MU3MEPSIEMOTO JaBJICHUST, UCTIONb-
3yeMbIM €IMHUIIAM WU3MEPEHUs] U PsIy
OCHOBHBIX TEXHUYECKHX TapamMeTpoB
(F'OCT 22520-85): nuarma3oHy uamepsie-
MOTO JaBJIeHUsT (BBIOMpaeTcs ISl Kax-
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B 3AMUCHYIO KHMUXKY MHXEHEPA

Tabnuua 2. XapakTrepucTuku Haubosee pacnpocTpaHéHHbIX Mogenei obuenpombiwneHHbix UMM

Mopenb
I:x::::c:&_ie MT-100 Canchup- Canchup- WHCAP Metpan-43,| Metpan-1151 |Fisher-Rosemount| Honeywell ST | Siemens SITRANS P S?‘:';IR;IS‘SP
P P 22MT 22mMn -45 (Alphaline 1151) 2088 3000/STD924 | cepumn MKIIL, DS, HK
CTUKK cepua Z
OA, W, B, | [A, o, 1B, In, B,
Hasnauwenune* | N, 1B, VB n, A, N, A, InN A In, A N
T T oot fetostri el 111U T et 19 U1 LA A il LA A, A LA 1
n: [A: JA: an:
4, ..., 0,5 kMa, ..., 7 kMa, ..., nn: 62, ..., 30 mbap, ...,
16 kMNa, ..., | 4,0«Ma, ..., | 40«kMa, ..., 0,1kMa, ..., 1, ..., 400 6ap
100 Mla 25 M2 25 MMa 250 klMa 60 Ma 40 MMa 27,5 MNa 1000 m6ap 400 6ap
[B: aon: aon: .
16, ..., 0,25 kMg, ..., | 0,16 kMa, ..., '1D'(§O 2].1'(;""
250 klMa 100 MMa 100 MMa
BepxHuii [nB: [B: [B: [ONB:
npepen 80kMa, ..., |04 ..., 0,25, ..., 0,08, ...,
usmepenuna* | 3,9 MlMa 100 kMa 100 kMa 530 kMa
InB: nB: nn:
0,2 kMa, ..., | 0,125 kMa, ..., 0,1kMa, ...,
2,4 MMNa 2,4 MMNa 25 MMa
an: An:
0,25 kMg, ...,| 0,16 kMa, ...,
16 MMa 16 MNa
Mpepen
. +0,25; £0,5;| + 0,1; +0,15; . .
OCHOBHOM 10,25 205 | 057 04, | 0,25, 205 205 |025% |, 010025  |x02 £0,1; 0,075 | 0,1; 20,25 0,25
norpewHoctu, | +1,0 N i +1,0; £1,5 |1 0,5; £1,0
% +0,15; +0,6 | +0,2; +0,4
-30...485 -25...485
—42...+70; (Temnepatypa (Temnepatypa
JnanasoH -30...+50; —-42...450; XpaHeHus: XpaHeHus:
paboumnx -30...+50; -10...+80; —40...+80; =30...+50; | _ _ B -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; KOHTPONIMpYEMOIiA KOHTpONMpye-
+5...+70 cpepbl: MOV cpefpbl:
-40...+100°C) -30...+120°C)
1=4...20; I=4...20 MA
BbIXOMHO 1=0...5; 1=0...5; 10...50 mA I=4...20 MA DE-npotokon | I=4...20 mA
c“ma‘?‘ 1=0...5; 4...20 MA 4...20 MA | 4...20; U=0,38...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 gna
=36 gna I=0...5 MA 4-npoBofiHOM =12...45 =11...45
Hanpsxenue A =36; _ _ _ _
R St o 30 | 24/50 T =36 =10,5...36 =11...42 =10...36
=15...42 pna I=4...20 mA | 2-npoBofHOM =30...85 =11...30
JINHUKU
Macca, Kr 1,0; 1,6 1,0; ...; 12,11 2,0;...;128 |15 1,....65 54 09 4,1 15 0,25

* CM. ycnoBHble 0603HaueHUs Ha puc. 2

IO MOZENN U3 CTAHAAPTHOIO psiaa AaB-
JIEHWI1), IIpefe]y OCHOBHOM IOITyCKae-
MOI IIOTPEIIHOCTH (OIPEde/ISIETCS P
HOpMasibHOIT Temmepatype +25°C or
BEpPXHEro Ipeesia Auana3oHa u3Mepe-
HMSI M BKJIIOYAEeT B ceOsl, KaK IIPaBuUJIoO,
[OrPELIHOCTH OT rmcrepesuca YD, ero
JIMHEAHOCTU ¥ BOCIIPOM3BOAMMOCTH pE-
3yJIBTATOB U3MEPEHUSsI), MPeHesTy 00~
HUTEJIbHOI TEMIIEPATYPHOM MOTPELIHOC-
TH (3TOT IIPEIeII 3a0aeTCsI OT U3MEHEHMS
TEMIIEPATYPhl OTHOCUTEIHHO HOPMAalb-
Ho¥t Ha Kaxable 10 uan 28°C uiau Ha Bech
TeMIIEpATYPHBII AMaa30H pabOoThI), 10~
[IyCTUMOMY pabodyeMy IuaIa3oHy TeMIIe-
paTyp OKpyXaloleil cpeabl (MHOIIa J0-
[MOJTHUTEIbHO YKa3bIBAIOT JOIYCTUMBIiL
[IMAMa30H TEMIIEPATYP TEXHOJIOTMIECKO-
ro Ipolecca WM U3MEPSIEMOI CPeabl 1
KOpIIyca rpubopa), IMHAMUYECKOMY I~
arasoHy M3MepEeHUs NaBlIeHUi (OTHO-
MIEHUI0O MaKCUMaJIbHOTO 3HAYeHUS W3-
MEpSIEMOTrO JABJICHUS K MMHUMAaJbHO-
My), CTAaOMJIBHOCTU METPOJOrUYECKUX

XapaKTepUCTUK BO BpeMeHM (KakK Tpo-
LIEHT OT BEpXHEero Tmpeneia auara3oHa
u3MepeHust B TeueHue 6 uiau 12 mecs-
1I€B), YCTOMYMBOCTU K BUOpauMsIM, 3a-
LIUTE OT BEICOKOYACTOTHBIX TIOMEX, KITU-
MaTUYECKUM U B3PBIBO3AIIUAIIEHHBIM
ucnonnenusiM (FTOCT 15150-69 u TOCT
14254-96), TpeOGOBaHMSIM K HCTOYHUKY
MMUTAHUS U TI0 APYTUM TlapaMeTpaM.

OBI.I.IEI'IPOMBII.II.I'IEHHI:IE
USMEPMUTEJIbHBLIE
NMPEOBPA3OBATEJIM BABJIEHUA
B peanbHBIX yCIOBUSX ITOJb30BATEIb
BBIHYXKIEH paccMaTpuBaTh pa3INdHbIC
paboune XapaKTepUCTUKH MHOXKECTBA
WUI1[d, utoObl BHIOpaTh M3 HUX OITU-
MaJbHBIA MJISI KOHKPETHBIX YCJIOBUIA
MPUMEHEHMS, TIPUYEM 3TOT BHIOOp 3aBU-
CUT OT MHOTUX (PaKTOpOB (CTOMMOCTb,
TOYHOCTb, TeMIIepaTypa, BUI CPEIbl, UH-
dopmalmoHHas1, KOHCTPYKTUBHAS U T€X-
HOJIOTMYECKasi COBMECTUMOCTD CO CpeJi-
cTBaMU 00pabOTKU BEPXHETO YPOBHS CH-
CTeMBI U T.JI.). BeIOOp 1O emMHCTBEHHO-

MY KpUTEPUIO «4YeM JelIeBie, TeM
JIyqIlIe» Yaiile BCEero MPUBOIUT K JTOKHOU
9KOHOMUM, €CJIU B KOMIUIEKCE He y4u-
TBHIBAIOTCSI JOTIOJTHUTEIbHBIE 3aTPaTh
KOHKPETHOTO TIPUMEHEHUsI, IKCILTyaTa-
LIMOHHBIE M3AEPXKN U TOoKa3aTelu Ha-
NEXXHOCTH.

CoBpeMeHHbIE OOIIeTIPOMBIIIIEHHbBIE
WUIId — »3T0 uHTesIeKTyalbHbIE, CO
BCTPOEHHBIM MUKPOIIPOIIECCOPOM, MHTE-
rpajibHbIE TIPeoOpa3oBaTeu ¢ HUGPOBBHIM
nHTepdeiicoM. OHM 00/1a1a10T CBOMCTBA-
MU TUATHOCTUKA W KOH(DUTYPUPOBAHUS
Ha paccTosiHUU (YCTaHOBKA HYJSI U AMa-
Ma30Ha MIKAJIbI, BBIOOP TEXHUIECKUX eI~
HUII, BBOIl NAHHBIX TSI UAEHTU(DUKAITIT
u GU3NYECKOTO ONMUCAHUS AaTinka U
T.I1.), 00eCreunBaioT 0oyiee BHICOKOE CO-
OTHOIIEHWE W3MEPSIEMBIX IUAMa30HOB,
VIYYIIEHHYIO TeMIIepaTypHYIO0 KOMIIeH-
caluio, TOBBIIIEHHYI0O OCHOBHYIO TOY-
HOoCcTh. OMHAKO 3TO HE 3HAYUT, UTO IPYTHE
M yxe He HyxHBbI: Kaxapiit Tun U1
nMeer cBo 3(PGhEKTUBHYIO TMOTb30Ba-
TEJTbCKYIO HUIITY.
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OCHOBHBIE XapaKTEepPUCTUKHU Psifia OTe-
YECTBEHHBIX 1 3apYOEKHBIX TIPOMBIIIIEH-
Hbix I/ mpuBeneHs! B Tabauiie 2.

WUIIA Ttuma «MT-100», «Camdpup-
22MT», a TakKe MHUKPOIIPOLIECCOPHBII
MaTIuK HOBOro mokoieHus «Camdup-
22MI1» Beimyckatores 3A0 «MaHoMeTp»
Kak B OOBIYHOM, TaK ¥ BO B3PLIBO3AIIM-
IIEHHOM (C BUIOM B3PBIBO3AIIUTHI «HC-
KpoOe3oracHast Lelb» U «B3PBIBOHETIPO-
HUIlaeMasi 000JI0YKa») WCIOTHEHUSIX.
JlaTuvKul BBITTYCKAIOTCST IJIST psiia CTaH-
MAapTHBIX TUAMa30HOB U3MepeHust. Bepx-
HU TIpeie M3MepeHUs 1T BCeX AaTuu-
KOB paBeH AMAIa3oHy U3MEPeHUs, HIK-
Huii — Hymo. OTaenbHbIE MOENN AaT-
yuka «MT-100» mo3BOJSIOT paboTaTh C
TEMIIepaTypoil mM3MepsieMoll cpembl Ha
Bxome matunka no 300°C. Ilo TpeboBa-
HUIO 3aKa3urKa MOTYT M3TOTaBIMBATHCS
MATIVKY C eAUHUIIAMU TaBJIEHUS KTC/M2,
Krc/cm? wim Oap. [lurtaHue maTYMKOB
OCYIIECTBIISIETCS OT OJIOKOB MUTAHUS TIO
2- unu 4-TpoBOOHON JWMHUU. JlaTYmK
«Canup-22MT» sgBageTcss aHAJIOrOM
paHee BBIMTycKaBIerocs: natuynka «Car-
bup-22M» 1 oTIIMYaETCST YMEHBIIICHHOM
OCHOBHOU U JOTIOTHUTELHOI TeMIiepa-
TYpHOU TOTPENTHOCTHIO, PACIIMPEHHBI-
MU TIpelelaMu TepeHacTPONKN auara-
30HOB u3MepeHMs. Jatumk «Camndup-
22MIl» saBastercs aHaimorom «Caripup-
22MT», HO MHKpPOIIPOIIECCOPHOE HC-
MMOJTHEHWE CXEMbI U3MEPEHUSI TIO3BOJIIIIO
YMEHBIITUThL OCHOBHYIO W JIOTIOTHUTEb-
HYIO TeMIIepaTypHble TOTPENTHOCTH, a
MepPeHaCTPOIKY TpenesioB M3MEPEHUsI,
HAaCTPOWKY Ha <«HYJb» U <«IMarna3oH»
MPOM3BOAUTH C BBIHOCHOTO TIYJBTa YII-
paBlieHUs] ¢ KOHTPOJIEM BBOAMMOTO Ta-
paMeTpa Ha TabJyio; TIyOMHA TIepeHacT-
pOWKM AWamna3oHOB YBEJIWYUIACH [0
1:10, 9TO TIO3BOJISIET B pacXomoMepax me-
PEMEHHOTO TIeperiaja qaBIeHUs UCTIONb-
30BaThb ONWH NaTYWK-IUdMaHOMETP
«Candup-22MII» BMECTO IBYX
IaTInKoB mHoro Tuma. [Ipeampusituem
TakKe BBIMTYCKAIOTCS TPaaUuIIMOHHbBIE
WI1/l ¢ BEIXOMHBIM CUTHAJIOM B3aMMHON
WHAYKTUBHOCTU U TIpeoOpa3oBaTenu
naBieHUsT UU(POBbIE CUTHAIU3UPYIO-
e (MALC).

Psin maTymkoB maBiieHUsT BHITTYCKAeTCS
MPEATPUSITUSIMU, BXOASIIINMU B 00BEI -
HeHue «I[Ipomnpubop». AHaAIOTOBBIN
NI «MHCAP» ncronb3yeT mojympo-
BOJHUKOBBIN TIEPBUIHBIN TTpeoOpa3oBa-
TeJTh JaBJICHUST HA OCHOBE KPEMHUEBOTO
MemOpanHoro TPUD u mo3BonsieT 3aMe-
HUTh «Camdup-22» npu HM3MEpEeHUIX
NABJIEHUSI BO3/IyXa W ra3oB (B TOM YHC-
Jie U arpeccUBHBIX). [1be30pe3oHaHCHBIN

IaTYNK M30BbI-

TOYHOTO s
NaBJIECHUS
«KBapu-
JIN» B KauecTBe

EIC) HWCIOIb3YyeT
MbE304YyBCTBUTEb-
HBIN KBapUEBBINA

pe3oHaTop — Kpuc- S
TaITUYEeCKU CIBO-
€HHBIII MUKPOKaMepTOH,
3aKpeIJIeHHBI Ha KBaplle-
BOil MemOpaHe; u3Mepsie-
MOe NaBJieHWe yepe3 pasmie-
JIUTETTbHYI0O MEMOpaHy W XKW -
KOCTb TIepefaeTcsl Ha KBaplLEBYIO
MeMOpaHy, BbI3bIBasI ee aeopma-
LIMIO M MEHSISI PE30HAHCHYIO Yac-
TOTy TeH30pe3oHaTtopa. «KBapii-
JAW» otnmyaeTcss MaJbIMU OCHOBHOI
(0,1-0,25 %) v nOMOTHUTENBHO TeMITe-
patypHoii (0,1% Ha kaxasie 10°C uzme-
HEHUs TeMIIEPaTyphbl) MOTPEHTHOCTIMU,
“MeeT KaK CTaHJApTHBIM YHUDUIUPO-
BaHHBIN TOKOBBII BBIXOM, TaK M YaCTOT-
HeIil BeIxon. Ludposoit manometp M
5001 coueraet B cebe KauecTBa MaHOME-
Tpa (MHIUKALWS 3HAYSHUs AaBJICHUS Ha
SJIEKTPOHHOM ITU(MPOBOM Tabs0) U AaT-
yrka (YHUGUIIMPOBAHHBIN TOKOBBIN BbI-
XOH, a Takke LMGbPOBbIE BHIXOIBI B TMa-
pajuIeTbHOM IBOMYHO-IECATUUYHOM KOJIe
ypoBHs1 TTL u B crangapte mocienoBa-
tenbHoro mHrtepdeiica MPIIC). Kom-
MJIeKC JaTINKOB « CUTHAI» UCTIONB3YeT B
KayecTBE YYBCTBUTEIBHOTO 3JIEMEHTa
KHC-cTpyKTypy — TUIaCTUHY MOHOKPH-
cTalinyeckoro camndupa ¢ TJIeHKOU
KpeMHUsI, B KOTOPOM peaJin30BaHbl TE€H-
30pE3UCTOPHI.

ITpomblliieHHO# rpynmnoi «MeTpaH»
BbIITycKatoTcs gatanku «Cardup-22M»,
«MetpaH-22» u «Metpan-43, -45». [lep-
BbIE /IBa TUTIA TATYNKOB TTOJTHOCTHIO B3au-
Mo3aMeHsieMbl, Ho «MeTpaH-22» obecrie-
YUBAET MOBBIIIEHHbIE TOUYHOCTHBIE U 9KC-
TJTyaTallMOHHbIE XapaKTepUCTUKU (yIyd-
1IeHa PeryIupoBKa U MOACTPOITKa nuara-
30Ha WM3MEpEeHUil, TOBBIIIEHA HAAEX-
HOCTb U3MeVsI, YHU(PULIUPOBAHBI CXEMO-
TexHu4yeckue perieHust). Bce maruukum
HCTIONB3YIOT «CyXyto» (0e3 pa3menuTenb-
HOU XXUIKOCTH) KOHCTPYKIIVIO TPUEMHU-
Ka aBJIeHUS U BBITYCKAIOTCS B UCITOJIHE-
HUSIX: «OOILENPOMBIIIIIEHHOE», <«MCKPO-
Oe3omacHOe» WU «B3PBIBOHETIPOHUIIAC-
Mas obonouka». [lo-cBoemy wHTepeceH
natyuk «MertpaH-44» ¢ 3-MeMOpaHHOI1
KOHCTPYKIIMeH (M3MepuTenbHas MeMopa-
Ha 3alllyIleHa IByMs pa3AeTuTeTbHbBIMU
MeMOpaHaMi U KPEeMHUNHOPTaHWYeCcKOi
KUAKOCTBIO), OOecreynBaloieii Koppo-

3MOHHYIO CTOMKOCTh B XMMUYECKH arpec-
CHUBHBIX Cpeax.
BonbIIMHCTBO U3 YK€ YIOMSHYTHIX
WII, npu Bcex CBOMX TOCTOMHCTBAX,
ONpENESIONINX UX IIUPOKOE MpPH-
MEHEHHE B ITPOMBIIILICH-
HOCTH, OO0JIamaeT ABYMS
CYIIECTBEHHBIMM HEIO0-
cTaTKaMM: HU3KUMU
WHTEJUIEKTYaIbHBIMKU
1 UHTep(erCHBI-
MU BO3MOXHOCTSI-
mu. B atux ycnoBusix
9KOHOMUYECKHN OIpaB-
JaHHBIM MOXET OKa-
3aThCSl MPUOOpPETEHNE
HI1d Benymux mu-
POBBIX MPOU3BOINTE-
JEe UM UX OTede-
CTBEHHBIX
(Hampuwmep

aHaJoros

Puc. 6. «Metpan-1151»
Mpeo6pasoBarenu SABJISETCS aHAJIOrOM
SITRANS P MHTEJUIEKTYaJIbHOI'O

matuyrka <«Alphaline
1151» pupmnbr Fisher-Rosemount).
Kpome maccoBoii momenu <«Alphaline
1151», B mponykiuu Fisher-Rosemount
BBIICJISIIOTCS] OIMH U3 CaMbIX TOUHBIX 00-
IIEMPOMBIIIIEHHBIX JATYINKOB — MOJEJb
3051, a TakKe MHTEJUIEKTYaIbHBIN JaTINK
¢ TouHOCThIO 0,2% 1 BO3MOKHOCTbIO T1e-
pecTpoiiku nrana3oHoB uamepeHuii 20:1
u 10:1 — momens 2088.
®upma Honeywell npemyiaraet natam-
ku  paBaeHus SMW3000 auHMUK
Smartline u ST3000 nuuuum Fieldbus.
MHoronapaMeTpOBBIi MaTYNK
SMW3000 (monens STM125) ogHOBpe-
MEHHO M3MepsieT TpU TapameTrpa Mpo-
11ecca: abCoIIOTHOE IaBJIeHNE U Tieperna
JIaBJIEHUN C OJHOW TpyOHOI BCTaBKU
(camoro ycTpoiicTBa, MOAKIIOYAEMOTO K
TpyOe) U TeMmepatypy C OTIEIbHOTO
CTAaHIAPTHOTO JaT4YMKa TEMIepaTypbl —
TepMOTIpeoOpa3oBaTesisi COMPOTUBICHUS
Pt 100 unm tepmomapsl. JlaBieHue B
mpudope U3MepsieTcsT Mbe30PEe3UCTUBR-
HBIM TEH30JaTYMKOM. MuKpompoiec-
copHasi 00paboTKa pe3yabTaToB obecre-
YUBACT LIMPOKUIA OMANa30H U3MEPEHUN
napneHust — 400:1 o naBneHuro audde-
perunanbHoMy (A1) u 150:1 mo naBne-
HU U30bITouHOMY ([IM), MOBBIIIEHHYIO
ToyHocTh — 0,075% B MbpOBOM pexku-
M€ Tiepenayd JaHHBIX W YJIyYHIEHHYIO
KOMIIEHCAllMI0 TIO TeMmIlepaType — HO-
MOJTHUTEIbHAST TeMIIepaTypHast oTpell-
HocTh He mpeBbiinaer 0,0875% Ha Kax-
npie 28°C. latyuk nuddepeHmaaibHOro
nasienust STD924 cepuu ST 3000 obec-
MeYnBaeT COOTHOLIEHUE M3MEPSeMBbIX
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IMAara3oHoB 16:1 U cyMMapHYyIO DOIIOJI-
HUTEJIbHYIO TEMIEPaTypHYIO IOTpel-
HocTh B mipezenax 0,4% ot muamnasoHa Ha
Kaxable 28°C M3MEHEHMST TeMIIepaTyphl
OTHOCUTEJIbHO HOMUHAIBHOIA.

BricokoHazmexxHble ¥ BBICOKOTOUHBIE
unTeutektyanbaeie MITJI SITRANS P
(cepun MKII, DS, HK) ¢pupmbr Siemens
MpeTHa3HAuYeHBI UISI U3MEPEHUsT YPOBHS
U30BITOUHOTO, NUbGEePeHIINATEHOTO U
a0COJIIOTHOTO [MaBJIEHUS] XUIKOCTU OT
1 m6ap mo 4000 Gap (puc. 6). dis pas-
JIMYHBIX 33a4 MOXHO BOCITOJTb30BaThCS
pa3TUYHBIMU TIPE0OPA30BATENSIMU C pa3-
HOOOpAa3HBIMU COENUHEHUSIMU U Hacal-
kamu. Bo3aMOXHO McmOTb30BaHNE MeCT-
HBIX WHAUKATOPOB. YcTpoiicTtBa
SITRANS P cymiecTByIoT B cCTaHIapTHOM
ucnonHeHnu (Bbixon 4-20 MA), Smart (c
ucnonb3oBanneM HART) u ¢ moakiroue-
nueMm Profibus-PA. O6GecneuuBaetcs
BO3MOXHOCTh O€CcCTyIeHYaTol Tepect-
pOWiKM Muama3oHa U3MEPEHUs TI0 MEecTYy.
Jatavku 3apeructpupoBanbl B [ocynap-
CTBEHHOM PEECTpE CPEICTB UBMEPEHUI 1
OTYIIeHbl K TpuMeHeHuio B Poccuii-
ckoit Meneparuu. Vimeercs cBUmeTeNb-
CTBO B3PBIBO3ALIUIIEHHOCTA 3JIEKTPO-
000pyn0BaHMSI.

JlaTunku cepuu Z MOTYT OBbITh UCITOJb-
30BaHbI IS pelIeHus 3a/1a4, He TpeOyio-

LIAX BBICOKOM TOYHOCTM H3MEpEHHUs, a
TakXke MEepecTpOrKU Juara3zoHa U3Mepe-
HUS B Tipoliecce akcruryatanuu. OHUM
MpeAHAa3HAUYeHbl 711 U3MEPEHUs] U30bl-
TOYHOTO U a0COJIIOTHOTO AABJI€HUS a30B,
KUIKOCTE M mapa B SHEPreTUYECKOU U
MAIIMHOCTPOUTEIbHON UHAYCTPUU, CUC-
TeMax BONOCHAOXEHUS U T.I. U OTJInYa-
I0TCS MaJIbIM BecoM U rabapuramu. JlaT-
YUK COCTOUT U3 TOHKOIUIEHOYHON U3Me-
PUTENBHOW SYEUKM C KepaMUYECKOU
MeMOpaHOl U 3JIEKTPOHHOM CXEeMbl, KO-
TOpbIE BCTPOEHBI B KOPITYC U3 HEPXKABEIO-
weit cramu (IP65). B skcrutyatamuu mpe-
o0paszoBaTesid He TPEOYIOT TEXHUYECKOTO
00CIIy>KUBaHUS, KPOME MEPUOIUYECKON
MPOBEPKU HYJISI AUAIa30Ha.

YCTAHOBKA
U UCNOJIL3OBAHME
U3MEPMUTEJIbHbIX
NMPEOGPA3OBATEJEN
aaeneuua B ACKYD

YcranoBka koHkpetHoro WMIII nmus
W3MEpPeHUs HaBJICHUS B HAITOPHOM TPY-
OOIPOBO/IC MOJKHA MPOU3BOIUTHCS Ta-
KUM 00pa3oMm, 4TOObl UCKJIIOUYUTH WU
CBECTM K MUHMMYMY BJIMSIHME Ha TIPO-
1IeCC M3MEPEeHUST M IKCIIyaTalluyd MpU-
0opa TakMxX [AeCTAaOUIU3UPYIOLIUX U
OoIMmacHBIX (aKTOpPOB, KaK a) BHICOKUE

TEMIIepaTyphbl CPEabl IHEPTOHOCUTEINS U
BHEIIHE oKpyXalollei cpeabl, 0) BUO-
paiuu TpyOOMpPOBOAA, B) XUMHUYECKAs
arpecCUBHOCTb CPellbl SHEPTOHOCUTEIIS,
I) B3PBIBOOIMACHOCTb CPEIbl dHEPTOHO-
CUTENST ¥ BHEIIHE! Cpelnbl, 1) 3JIeKTPO-
MarHUTHBIE TToMexu 1 paguanus. C yde-
TOM TipeaeabHbIX XapakTepuctuk U1 u
KOHKDPETHBIX YCJIOBUI OKpyXaloleit
cpenbl Tpeobpa3oBaTesNi yCTaHABIMBA-
I0TCS U 3aKPeTUISIIOTCST INOO HeTocpes-
CTBEHHO Ha TpyOe B MecTe M3MEepeHWUs
JIaBieHusi, MO0 MUCTAHIIMOHHO Ha Ha-
CTEHHOW TTaHe! ¢ TTOBOAKON K M3Mepsi-
€MOH cpefie TTOCPEICTBOM COeNUHUTENb-
HBIX TPYOOK (pyKaBOB) M, €CJIM HEOOXO-
IUMO, pasaeiauTescii MemOpaHHBIX (PM)
W COCYOB YPaBHUTEIbHBIX U YPaBHU-
TeJTbHBIX KOHIeHCAaIIMOHHBIX. Kpome To-
ro, KaK B TIEPBOM, TaK U BO BTOPOM CIIy-
yasix noakmouenue WMITI ocymiectsisi-
eTCsI, KaK TPaBUJIO, Yepe3 BeHTUIbHBIN
(KJamaHHBIN) OJIOK, TTO3BOJISIIOIINIA, BO-
MEepPBbIX, OTKJIIOYUTH 4Yepe3 3armopHBII
BEHTWJIb NMPUOOP OT TOUYKU MU3MEPEHUS,
BO-BTOPBIX, C IEJTbI0 KOHTPOJIS ¥ TIOBEP-
K1 mpubopa B paboOuYMX YCIOBUSIX TO-
KJTIOUUTh TapajuleIbHO TIpUOopy uepes
YPaBHUTENbHBIN BEHTWUIb APYroil KOH-
TPOJBHBIN (00pa3loOBBIi) MPUOOP WK
Ipyryio cpeny (Hampumep, atMmocdep-
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YcnoBHble 0603HadeHns: 3K — 3anopHbiit knanaH, YK — ypaBHuTenbHbIi knanad, CK — cnyckosoit
knanaH, IK — ppeHaxHbln knanaH, KC — koHaeHcauunoHrHblit cocyn, I, — XuaKocTb.

Puc. 7. Cxembl ycranoeku UMJ (AU/[A) Ha Tpy6onpoBoA ANA M3MEPEHUA AaBNeHUA rasa,

XUAKoCTU 1 napa npu pasmeweHuu UMNJ ke (a, B, a) nnu Boiwe (6, r, €) ypoBHA oT60pa

AaBJieHuA

HBII BO3MYX), B-TPETbUX, Yepe3 CITyCKO-
BO#l (TIPOAYBOUHBIM WJIM APEHAXKHBIN)
BEHTWIb yIAIUTh CKOTTUBIIINUCS Ta3 WIN
KOHJIEHCAT U3 U3MEPUTETbHON TOJOCTH
pubopa Ui COeNMHUTENBHOU TPYOKH.
[Mpu u3mMepeHUn naBiIeHUS XUMUUYEC-
KU aTpecCUBHBIX CPesl HEOOXOIUMO TUO0
ucnoab3zoBatb MII ¢ cooTBeTrcTBYyIO-
UMY 3alIUTHBIMU XapaKTePUCTUKAMU
(Hampumep, ¢ 3aIIUTHBIM (TOPOTLIACTO-
BBIM CJIOEM HApyXKHOW CTOPOHBI U3Me-
pUTETLHON MEeMOpPaHBI MU CO BCTPOEH-
HOW BHYTPEHHEHW 3allUTHO-pa3Ieiv-

TEJTbHOU MeMOpaHOW M3 KOPPO3MOHHO-
CTOWKOTO MaTepuana THUIla, Halpumep,
TUTaHA WIN TaHTaua), TMO0 MPUMEHSIThH
BHENTHUE BBIHOCHBIE PM, KOTOpBIE MO-
ryt coenuHsitbess ¢ MIIM Hemocpenct-
BEHHO uepe3 MITyIep MPSMBIM MOHTa-
>KOM WJTU KaTUJUTSIPHBIM MOHTAaXKOM 4Ue-
pe3 coenMHUTEeNbHYI0 TpyOKy. Mcrmomb-
3oBaHMe BHemHUX PM mo3Bosier mpu-
MeHITh o0bluHble WMITJ B ycnoBusix,
MPEBBIIAIONINX X 3aIIUTHBIE XapaKTe-
PUCTHUKW: B aTPeCCUBHOI cpeie, pu Ha-
JINYUY B CPelie TBEPIbIX OCAIKOB U abpa-

3MBOB, B BSI3KOU cpele (HampuMep, Ma-
3yTe), NpPU MOBBILIEHHBIX CAHUTAPHO-
TUTMEHUYECKUX TPeOOBAHUAX K IIPOLIEC-
cy uaMepeHus: (Cpeabl METUIIUMHCKUX
WIM THUILEBbIX MPOAYKTOB). BHemHue
pasfeauTeNnd COAEepXKAaT, KaK IMpPaBUIIO,
3aMKHYTYIO MOJOCTbh MEXIY IBYyMs pa3-
NEJIUTEIbHBIMU MeMOpaHaMu, HamoJ-
HEHHYIO WHEPTHOU XUIKOCThIO (HATIpU-
Mep CUJIUKOHOBBIM MacioMm). [lepemaua
napieHuss ot PM Kk u3aMepurenbHOM
memOpane U/ uepes coenuHUTENbHBIE
TPpyOKM TaKXKe OCYILECTBISIETCS MOCPe -
CTBOM >KMAKOCTH, 3alOJHSOUIEH 3TU
TPYOKH.

Ha npaxktuke yacto Bmecto PM wc-
MOJIb3YIOTCS ycTapeBlune Oe3meMOpaH-
Hble pa3[eUTE]bHbIE COCYIbl, B KOTO-
PBbIX YaCTb COCY/a 3aMIOJIHIETCS U3MEpS -
€MOI cpeloii, a Apyrasi 4acTb O CTOPO-
Hbl MII0 v coenuHuTeNbHON TPyOKU —
neperaToyHon, WAU PasaeIMTEIbHOMI
XKUAKOCThIO. Takoe penieHue npu uzme-
PEHUM XUAKUX CPEll MOXET CO Bpeme-
HEM MPUBECTU K CMELIUBAHUIO B PE3YJIb-
Tare nuddy3ru n3MepsieMoit 1 pazaenu-
TEJIbHOW Ccpel, TO €CTb yTpaTe caMoii
pa3nenuTeTbHON (QYHKIIUN C COOTBETCT-
BYIOLLIMMU MOCJIEICTBUSIMU, a IPU U3ME-
peHUU Ta30BbIX cpen — K nuddys3un ra-
33 B Pas3le/IUTENIbHYIO Cpeay C IMepeBo-
JIOM ee B IByX(a3HOe COCTOSIHUE C TTOTe-
peil GyHKINM HECXKMMAeMOCTH, YTO Be-
JIeT K POCTYy IMOTPEIIHOCTU U3MEPEHUS
JaBJICHMUSI.

CoenMHUTENbHBIE TPYOKM (MeTalIv-
YECKHE) MCIIOIB3YIOTCS MPeXIe BCETO C
LIeJIbI0 CHUXKEHUSI TeMIIepaTypbl U3Me-
PUTEJIbHOIM WU MEePEeJaTOYHOI Cpeabl 10
JIOITYCTUMOTO TEMIIEPATYPHOTO AMAIA30-
Ha paboTel KoHKpeTHoro MITI. st aTo-
ro TpyOKM BBIMIOJIHSIOTCS 0€3 TEeII0BOM
WU30JISILIMU, A UX IJIMHA BbIOMpaeTcs Ta-
KM 00pa3oM, YTOObI B MECTE YCTAHOBKH
npubopa TemrepaTrypa cpeibl He MPeBbl-
waja pAomnyctumoro 3HavyeHus. [lpu
JUIMHHOW  COENUMHUTEJbHOU  TpyOKe
(0OBIYHO ee MIMHA He TPEeBBbIIIaeT He-
CKOJIBKUX JIECSITKOB METPOB) Y MecTa ee
MPUCOEINHEHUS K TPyOONpOBOLY yCTa-
HaBJIUBAETCH AOTIOJHUTENIbHBINA 3amop-
HBII BEHTUJIb U151 OTKJIIOYEHUS] TPYOKU B
ciyyae apapuu. TpyOKu He JOJIKHBI BHO-
CUTb JOMOJIHUTEIbHBIC MOTPELIHOCTU B
U3MEpEHUE NABJICHUS, U C 3TOU LEJbIO
WX HAJIeXWUT 3amoJIHATh omHoda3HOM
HECXKXMMAEMOW TIePeIaTOYHON Cpeao, a
TaKXXe MPUCOEAUHATH K TPyOONPOBOAY U
MPOKJIAAbIBaTh TaK, YTOOBI MCKIIOYUTH
o0pa3zoBaHKe B HUX ABYX(Ma3HBIX cpel —
ra30BO3AYIIHBIX My3bIpeil  («ra30BbIX
MELIKOB») TMPU M3MEPEHUU [JaBJICHUS
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B 3AMUCHYIO KHMUXKY MHXEHEPA

KUIKUX Cpel WU KOHJeHcaTa TpU W3-
MEpeHUUW MJaBIeHUs Ta30BBIX Cpeq
(puc. 7, 8). Bro mocturaeTcs MOAKIIOUe-
HHEM TPYOOK K TOPU3OHTAIBLHOMY TPY-
OOTPOBOIY C CepeauHBl ero TPOohUIIs
MPY U3MEPEHNY TaBICHUS XUIKUX CPel
U CBEpXy — TMPU U3MEPEHUU Ta30BbIX
cpenm, a TakXe TPOKJIAAKOW COemIUHU-
TEJTBHBIX TPYOOK C YKIIOHOM B CTOPOHY,
obecreynBaoNIylo yoaleHne ra3oB (yK-
JIOH BHHU3) WJIW KOHIeHcaTa (YKJIOH
BBEpPX) B M3MepsIeMyIO Cpeny TpyOoompo-
Boza. B aTux xe 1ensx HeoOXxonnumo pas-
memwatb MIT nias Xuakux cpen HUXe
YPOBHSI 0OTOOpA MaBJIeHUSI, a TSI TA30BBIX
cpen — BbIIIe 3ToTo ypoBHs. Ecnu Takue
YCJIOBUST TPYAHOBBITIOIHUMEI, TO B CO-
eIMHUTETBHBIX JIMHUSX TIPeIyCMaTpUBa-
10T Ta30COOPHUKU CO CITyCKOBBIMM KJIa-
rmaHaMu (X (PYHKIIMIO B psijie CIydacB
MOTYT BBITIOJTHSATH YPaBHUTEIbHBIE KJla-
MaHbl) WY KOHIEHCATOCOOPHUKM C Ape-
HaXXHBIMU KJIataHaMU (BEHTUJISIMU) TSI
MepUoaNYecKOTo yaaJleHUs] MOOOYHOMN
cpenbl. CoemMHUTENbHBIE TPYOKU TOJK-
HBl OBITh 3aIIWIIEHBI OT TEPEeMEHHBIX
BO3MAEMCTBUI BHEIIHUX WCTOYHUKOB
TerJIa Wik XoJiona (3a CKIIOYeHNEeM ec-
TECTBEHHOTO TTOCTOSIHHOTO TeTUI00OMe-
Ha C OKpyXalollleit cpenoii).

o

BeHTHIBHBI
010K

(1]
YcnoBHble 0603HaYeHNs:
3K — 3anopHblii knanaH,
MK — npopyBouYHbIit KnanaH,

YK — ypaBHUTENbHbIN KNanax,
CY — cocyn ypaBHUTENbHBI.

Puc. 8. Cxema ycranosku UM (AA) Ha
Tpy6onpoBoA ANA U3MepeHUs AaBNeHUs napa
npu pasmeweHun UMNJ Huxe ypoBHA oT6Opa
RaBneHus

INpu usmepeHUn naBieHUS] BOMSTHOTO
rmapa C WMCIOJb30BAaHUEM COCTUHUTENb-
HBIX TPyOOK HEBO3MOXHO U30eXaTh 00-
pazoBaHus IBYX()a3HOI Cpenbl B IIpoIiec-
ce OXJIaXKIIeHUsI TTapa U Tepeavn ero 1aB-

JIeHUusl uepe3 TpyOKM Ha ymajlEHHbBIN
WIIA. [MosToMy 31ech cTaBUTCS 3aaada
pe3KoTo Tepexofa OT rmapa K KOHIeHcaTy,
KOTOPBIN CTAHOBUTCS HECKUMAEMOM Te-
penarwouieil pasgenuTenbHoil cpemoit. C
9TO 1eNbIO TIepenayda JAaBIeHUsT OCYIIe-
CTBIIsIETCS TMOO0 uepe3 TpyoKy ¢ cudoHOM
(U-006pa3HbIM WM KOJIBIICBBIM), B KOTO-
pOM  CKAIJTMBAeTCSl OXJIaXKTAIOUINIACs
KOHJIEHCAT, WTPAIONIUil POJIb BOASHOTO
3aTBOpA, WIK Yepe3 TPyOKy C ypaBHUTEb-
HBIM KOHJIEHCAIIMOHHBIM COCY/IOM, KOTO-
pbIfl TIOANEPKMUBAET IMOCTOSIHHBIM ypO-
BeHb KOHJIEHCaTa B CHUCTeMe Tepenadyu
naBneHus mapa (puc. 7 o, e). OcobeHHO
BaXXKHO TIOepKaHNE TTOCTOSTHCTBA U pa-
BEHCTBa ypPOBHEN KOHIEHCATA B COSTUHU-
TEJBHBIX TPYOKaAX MpU U3MepeHuu nud-
MaHOMETPOM TIeperaa NaBIeHus rmapa Ha
cyXarlIlleM YyCTpoicTBe (muadparme) B
pacxomoMepax TEpeMEHHOTO Iieperana
naBiaeHus (puc. 8).

B ACKYD usmepeHue gaBjieHU 3HEP-
TOHOCUTEJel HeoOXOIMMO TIPOM3BOAUTH
KaK B PaCUETHBIX, TAK U B U TEXHOJIOTAYE-
ckux memsix. Tak, cormacHO POCCUUCKUM
«[lpaBmiaM yuyera TEIUIOBOIl SHEPTUU U
TETUIOHOCUTEel», IECTBYET TpeOoBaHMe
perucCTpallviy NaBJIeHUs CEeTeBOM (Teruio-
(MKAIIMOHHOI) BOIBI B MOJAIOIIEM 1 00-
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paTHOM TpyOOTIPOBOAAX Ha y3JIe yueTa Mmo-
TpeOuTeNs, TpudeM 3TO TpeboBaHUE He
CBSI3aHO C TOYHOCTBIO y4yeTa TeTUIOHOCHU-
Tenst (Tipu OOBIYHOM JAaBJIEHUU BOAA He-
cXnMaeMa), a HOCUT TEeXHOJIOTMUYECKUi
XapakTep — KOHTPOJb PeXMMa TeTUIONo-
TpeOyieHrsI U 00s13aTeIbCTB HEPrOcHA0-
JKaolleil opraHu3anuu. AHAJIOTMYHBIE
LI TIpeciieqyeT U3MepeHre NaBlIeHus B
TPyOOIIPOBOJAX XOJIOMHOTO U TOPSYETO
BONIOCHAOXEHUsI, B Ma3yTOMPOBOMAAX.
Bwmecre ¢ Tem n3mepeHue 1aBIeHUS B TPY-
OompoBofax Ta3o- W TMAapOCHAOXKEHUs
MPUHIUATINATHFHO BaXHO, B TIEPBYIO OYe-
penb, Ui ydera pacxola U KOJIMYecTBa
SHEPTOHOCUTEIS,  TAKXKE COOTBETCTBYIO-
ero Teruia (Mpy yueTe MeperpeToro mapa
0e3 u3MepeHus1 aBIeHusT He O0OUTHUCH, a
MpU yveTe HACHIIIEHHOTO Iapa MOXKHO
BBIOpATh Ha AJILTEPHATUBHON OCHOBE W3-
MepeHue MO0 TaBlieHusI, JIMOO TeMIlepa-
Typbl). TWUTOBBIE BETWYMHBI NABIEHUIA,
n3MepsieMbix B pamkax ACKYD mpom-
MIPEeINPUSITHSI, OOBIYHO TIPUHAUIEXKAT U -
arrazony 0...20 atu (0...2 MITa).

OBLWWE PEKOMEHAALIMM
1. Bb160Op mepBUYHBIX (M3MEPUTETBLHBIX
npeobpa3oBaTesieil naBlIeHUs] WiIn -

POBBIX MaHOMETPOB € YHUGDULIUPOBAH-
HBIM 3JIEKTPUYECKUM CUTHAJIOM) CPEJICTB
U3MEPEHUs [aBJICHUS W BTOPUYHBIX
cpenctB ACY TI1 unu ACKYD nipennpu-
SITUSL JOJKEH MPOU3BOAUTBCS HE Cyvaii-
HBIM, (DparMeHTapHbIM, a CHUCTEMHBIM
00pa3oM B paMKax €IMHOrO0 U TOJHOIO
MPOEKTA, YYUTHIBAIOLLIETO KaK CYILECTBY-
olliee, paHee CMOHTUPOBAHHOE 000pyI0-
BaHUE, TaK U YCTAHOBKY HOBOTO.

2. BoIOop MepBUYHBIX CPENCTB U3MEpPe-
HUS 1aBJICHUS TOJKEH OCYLIECTBIISIThCS B
3aBUCUMOCTU OT UX MNPUMEHEHUS IS
KOMMEPUYECKOT0 WIM TEXHUYECKOIO yuyeTa
SHEPrOHOCUTEJIEH, 4 TAKXKE OT UX UCITOJIb-
30BaHUS VISl UBMEPEHUS IABJICHUS B pac-
YETHBIX WIM TEXHOJIOTMYECKUX Lieyisax. B
cllyyae KOMMEpPYECKOTO yyeTa CleIyeT
BbIOMpaATh TPUOOPHI 0O0Jiee BBICOKOTO
KJacca Mo TOYHOCTH, HaIeXXHOCTU U CTa-
OWJIBHOCTH, YEM B CJIydyae TEXHUYECKOIO
U TeM 0oJiee TEXHOJOTUYECKOTO KOHTPO-
Jid.

3. BeiOop unm MoaepHU3aLMs epBUI-
HBIX CPEACTB M3MEPEHUS AABJICHUS 0J-
XKEH 00513aTeJIbHO BBITIOJTHATBCS C YYETOM
WX COBMECTUMOCTU (MHGMOPMAIIMOHHOI,
9JIEKTPUUYECKOM, CeTeBOI) ¢ yCTpOICTBa-
mu cpenHero ypoBHs ACY TII wim

ACKYD (KoHTpoJIepaMu, MHOTO(DYHK-
LIIMOHATTLHBIMY TIPe00pa30BaTEISIMU).

4. BeIOOp TIEpBUYHBIX CPENICTB U3Mepe-
HUS JAaBJICHUS JOJDKEH MPOU3BOIUTHCS C
YYETOM COOTBETCTBUSI UX XAPAKTEPUCTUK
KOHKPETHBIM 3a7jauyaM, YCJIOBUSIM U OCO-
OEHHOCTSIM JKCTUTyaTalluy (BUJ CPEIbl,
MpeAnoyiaraéMblii [Mana3oH NaBJIEHUS U
TeMIepaTypbl, TpedyeMasi TOYHOCTb, Ha-
JTIre NecTabuan3upylommx (HakTopos,
HEOOXOIMMBII TUM BBIXOAHOTO CUTHAJIA U
1.11.). Cienyer oco60e BHUMaHUE yIesTh
aHAJIN3Y XapaKTePUCTUK HANEXHOCTU U
MOMHUTBH, YTO CAMBI JOPOTOA TyTh —
3TO BBIOOP YCTPOKCTBA O MUHUMAJIbHOM
CTOMMOCTH.

5. MoHTax MepBUYHbBIX CPEACTB U3Me-
PEHUS JaBJIEHUS JOKEH MTPOU3BOIUTHCS
C y4ETOM BCeX AeCTabuIM3Npyomumx Gak-
TOPOB U C UCIOJb30BAHUEM, €CJIA HEOO0-
XOJUMO, TOTIOJIHUTEJIbHBIX CPEJICTB: BEH-
TWIbHBIX OJIOKOB, pasaenuresneii MeMO-
PaHHBIX, COCYAOB YpPaBHUTEJbHBIX, CO-
€AUHUTEJbHbIX TPYOOK U T.JI. ®

ABTop — coTpyaHuk Benopycckoro
TENJ03HEePreTu4ecKoro UHCTUTYTA
Tenedon: (10-375-17) 206-3308
®dakc: (10-375-17) 220-4129
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