A. C. HCTOMHH, 0. m. n. 3. H. CEMEHOB

um, [L A. Conoebena
Email: root{@rgata.ru

B ITPOLIECCE UX HAHECEHHW A

lpeonoosicena asmomamuzuposanian Kom-
NLIOMEPHAR CUCMEMA KOHMPOIA MONUUHbL
NOKPbIMul, pean3osanids Ha OcHOBE eM-
KOCMHO20 O0amyuKa HOBOU KOHCMPYKYUU.

EmrocTHule naTankH o6a0al0T PAAOM CYILIECTBEH-
HBIX IOCTOHHCTH, TAKHX KAK BLICOKAS HYBCTBHTENBHOCT,
NPOCTOTA YCTPOHCTEA, Mable rabapHTs H Macca, Masas
HHEPLHOHHOCT, BEChMAa HEDONBIIHE YCHIIHA AEKTPH-
HECKOID B3aHuMOoeiicTBIA MexLy 0DKIATKAMH JETYHES,

[punumn neficTBHA EMKOCTHOH HIMEPHTELEHOM CHC-
TEMbI OCHOBAH HA TOM, YTO C H3IMEHEHHEM KOHTPOIHDY-
€MOT0 apamMeTpa HIMEHAETCA EMKOCTE KOHIIEHCATOPA.

CyuiecTsyeT KOHTAKTHRIH METOJ HEPAIPYILAKOIIETD
KOHTPOMA TOIIMHL [IOKPEITHA [I0C/IE £10 HAHECEHHA, OH-
canneiii 8 [1]. Ero cyts co- -
CTOMT B TOM, 4TO JNeKTpHYE-
CKHH KoHOeHcarop oOpasy-
eTCH METAIOM NOLIORKN,
HETPOBOALIHM MOKPLITHEM
( KOTOPBIH B 3TOM ClTy4ae AB-
JIAETCH AMINEKTPHKOM) M
MEKTPOAOM, NPHEIANIBAE-
MhIM K JeTand (pHe. 1).

Takne HAKNANHBIC A3TUHKH XapaKTEPH3YIOTCA Gomb-
10fi HEOHOPOIHOCTBIY CO3NABAEMOIT HMH “JIeK | HOCTa-
THYECKOIO O/18 — HANPAKEHHOCTE NOMTA MAKCHMANILHA
(a cnenoBaTeNsHO, MAKCHMANLHA M YYBCTBHTENLHOCTS)

HEMOCPEICTBEHHO Y NOBEPXHOCTH MIEKTPONOB H ObicT-
PO 3ATYXAET MO Mepe ero yAaneHHs oT anexkTtponos. B
CBAIH € ITHM HCIIIBIOBAHHE HAKITAIHLIX JATYHKOR Tpe-
Gyer ocyLIeCTRIEHHA MEP 10 KOMIICHCALHH BITHAHHA KOH-
TAKTHBIX YCIOBHI (ILEPOXOBATOCTL NOBEPXHOCTH, €€ 3ar-
pAIHEHHE U Tpouee).

Jlns onpenenesna TOMUHMHE] THYIEKTPHYECKDH TUIEHKH
B [MPOLECCE £¢ HAHECEHHS HA NOUIOAKY NPHMEHAeTCH
METO MAAHAPHOTD HIMEPHTENLHOID KoMaeHcaTopa [2,
c. 298], obknajkH KOTOpPOro pacmonoKeHsl B OAHOI
wiockocTH. B kavecTee npoBoaAiInx o6KNaI0K HCMOME-
3YIOTCH AMIOMHHHEBRIE IUICHKH, TPOTPABICHHBIE METO-
oM obeMHOH GOTOPEIHCTHBHON TEXHHEHN, B BHIE Y3~
KHX ON0COK, pai/leNleHHbIX MTyDoKHMH Kallitasd, [Tpu
MANOA TOMUMHHE JHIEKTPHYECKOrO C/I0R (B npeaenax
HECKONIBKHX MHKPOMETPOB) H3MEHEHHE eMKOCTH B 3a-
BHCHMOCTH OT TONIIHHLI HMEET JTHHeHHEI XapakTep.
Mo3romy BO BpeMs HANBUIEHHA OYEHBL TOHKHX TUIEHOK
10/miH 0DeCnIeYHBATECA BOIMOMHOCTE HIMEPEHHA OUeHE

Puc. 1. Konraxtisii meton

HIMCPCHHA TONIHHEDL 0=
KpbITHA

Poccna, PuifHickan roc. BHALMOHHAR TEXHONOIHMECKAA AKALEMHN

JlaTa nocTyMneHHA B PEIAKIHID
13.07 2005 r.

Omonent k. gh.-a. i H. 0. KOBAJIEHKO
{Mn-1 moHOKpHCTALNOR, 1. Xapekos)

U3MEPEHUE TOJIAHEI TIOKPLITUIA
C ITOMOILBIO EMKOCTHOI'O JATUMKA

ME/hIX HIMEHEHHH EMKDCTH — [IPH TOM, 4TO BEIHYHHA
HAYAIBEHOH EMKOCTH TAKOH CHCTEMB! BECHMA CHITbHO 3a-
BHCHT OT COCTOAHMA NOBEPXHOCTH MNOLTORKH.

Hepocrarkom fansoro cnocoba apaserca HeoGxoaH-
MOCTh KaOpoBKH Mprbopa No ocakIaeMOMy MATEPH-
ATy M NEPHOJHHMECKAA OMHCTEA OT OCAMICHHOTO HA HEM
c104. Takse 3TOT METOM HE YYUHTLIBAET IABHCHMOCTH eM-
KOCTH OT TEMIEPATYPhl, 8 TAKHE 3ABHCHMOCTH CBOHCTE
JHIEKTPHYECKDH MUIEHKH OT MapaMeTpoB npouecca
OCEMIEHHA, H NO3BOJAET KOHTPOJIHPOBATL TOMILHHY
TONBKO IHVIEKTPHYECKHX CIIOEB,

CymiecTByeT Takxe METO/| KOHTPOJIA CKOPOCTH HaHe-
CEHHA MOKPRITHIA B BAKyYMe, OCHOBAHHBIA Ha HIMepe-
HHAY KpafHe MANIBIX HIMEHEHHH EKTPHYECKOH eMEDe-
™ [2, . 300]. Ha pre. 2 npuBejieHa CXEMA CHCTEME]
KOHTPO/IA CKOPOCTH HCTIAPEHHA,
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Puc. 2. Cucrema KOHTPOA CKOPOCTH HCIAPEHHA'
{ — macka ¢ onoprofi feTankio; J — emkocTHL aTamK; 3 — Hena-
PHTENE; 4 — TEMIOBOH Mpad; 5 — KAMepa 1aTHHEs; § — NoLIokka

B nanHoi cHCTEME NMOTOK HCNAPAEMOro BeilecTsa

NPOXOIHT YEPe3 MPOCTPAHCTBD MERY JBYMA MII0CKO-
NAPATIEILHEIMH VIEKTPOIAMH, PACTIONOKEHHEIMH BHYT-
PH BAKYYMHOH Kamepsl. 3TH 3eKTPOIE IPH OTCYTCTBHE
MoToKa napos 00pasyioT BAKYyMHBI KoHAeHcaTop, Ecan
B 3830p MEHITY MIACTHHKAMH NONAIAIOT NEPhl KAKONo-
nubo pentectra, To MpheKTHRHAA AHIIEKTPHYECKAS NPO-
HHILEMOCTE CPEILI HIMCHACTCH, RRI3LIBAA COOTBETCTRY -
HIIEE HIMEHCHHE EMEDCTH KOHACHCATOPR:A, ROTOPOE MO~
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HO HiMepHTs. H3MeHenHe eMKOCTH KonAeHCUTopa npo-
NOPLUHOHATEHO CKOPOCTH OCAMIEHHA CIIDA.

HejlocTarkoM 1aHHOMO criocofa ARIseTcs HeobXomm-
MOCTb JOCTATOMHO [IOTHONO NOTOKA HANLUIAEMOTD Be-
LLECTRA IS ero PErHCTPALHM, 4 TAKOKE HEOBXOIHMOCT
TIUATENEHOTO FKPAHHPOBAHNA MATYMKA 1A HCKTHMEHHA
BITHAHKA IOMEX.

VEazaHHLIX HEOOCTATKOR MOMHO H30eXaTs ¢ noMo-
LK EMKOCTHOTO AaTHHKA, BRITIONIHEHHOID C NPHMEHe-
HHeM ceTkH (Hnn nepdopaunn) [3].

[Npennaraembiil METON NO3BOIRET KOHTPOMHPOBITS TON-
UIHHY NOKPLITHH MPH HAHCCEHHH B BAKYYME PA3HBIMH Me-
TOJAMH M MPH Pa3HBIX aBNeHHAX pabouero odbema (Ha-
MPHMEP, 83PO30NEHBIM, JETOHAIMOHHEIM HANTBLIEHHEM).
JlnanexTpuKkoM KoHAEHCATOpa cmy#uT pabouan cpena yc-
TAHOBKM (BaKyyM, Bo3ayx, rassl). OcamnaeMeiM Mare-
PHAMOM MOMET DBITH METAILT HITH JHMIEKTPHK. .

a3 pHC. 3 NpHBENEHA CXEMA EMKOCTHOTO AaTYHEKA
HIMEPEHHA TOMLIHHE MOKPLITHA B BAKYYME.
CyTes npeanaraeMoro MeTOMIa 3AKTIOHACTCA B Ceyio-
mem. [oTok napos ocakIaEMOro MATEPHAIA MPOXOAKT
uepes ceTyaryr 00KIAIKY KOHIEHCATOPA H OCHKIAETCR
Ha CIUTOIIHOM, MPH 3TOM PACCTORHME h MewTy obkia-
KAMH M3MEHAETCA, H COOTBETCTBEHHO HIMEHAETCA €M-
KOCThb KDOHIEHCATOPA.
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Pue. 3. Crpykrypa eMEGCTHOTO JETYHKR:
! — cetwa; 2 — waHeceHHBIR MaTepuwt; 3
CIUIOMIHAA OGKIATRS KOHASHCHTOPA
HameHnenne eMKOCTH B 3ABHCHMOCTM OT TOMIHHEI
HAHOCHMOTO HA CIUIOWIHYEO 0GKNaIKy MaTepuana h, Hme-
€T HE/IHHEHHEI XAPAKTED M BBIMHCAAETCS MO dmpuyne
[4,c. 153]
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e, — [AHMEKTPHUECKAR NOCTORHHAN,
£ AHMEKTPHUCCKAN TPOHHIMEMOCTE CPEL,
L~ cyMMapHas JUTHHA BCEX POBOI0R, 0DPATYHITIHY PCIETRY:
@ — [HIMETP MPOBOLA PEIIETEN,
Ah| — NPHPAIEHNE TOTHHL HAKECEHROTD TOKPRTHA,
— RO ubHIHEHT, JMRRCAINNI OT COOTHOLICHHA pA3MEpa pe-
meTHH B wHena ec Aqee (4, ¢ 147).
[py ocamaeHUK JHnekTpHeckol MNEHKH

_ alh-hHehth)
= AT,

e=g, (2)

FOE €_ — CPEAHRA JHICKTPHYCCKAS TPOHHLACMOCTE HYX Cloen
MHATEKTPHER (B HAUEM CTYHRE — HIHOCHMOTO AHYICKTRPHYECROTD
MaTepHana i pabouel cpean BRKyYMHOI KEMephl).

BeaHunHa eMKOCTH KOHIEHCATOPE 3ARHCHT OT €10 TeM-
NEpPaTyphl BCAEACTBHE IHHEHHOTD PacIHPEHHA METALTA
ODKNAJO0K M ZIM3NEKTPHKAE, 8 TAKKE BCACICTBHE 3aBHCH-
MOCTH AHEKTPHYSCKOH NPOHHLIAEMOCTH OT TEMITEpaTy-
pblL 3aBHCHMOCTE EMKOCTH OT TEMINEPATYDEL, KaK NpaBy-
J10, OTIHYAETCA OT JTHHEeHHOH W HEPEIKD NPHHHMAET [10-
BOJILHO cA0KHEIH BH [5, ¢. 16]. Yrobw uabdexars Bin-
AHHA TEMIIEPATYPHI, MPEIArAETCA HCNONB30BATE H(-
epeHIHATEHEI EMKOCTHBIH JATHHE, COIEPHKALLIMI 18a
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Puc. 4. Jndupeperunanttsii cMEDCTHLI JATHHE © KOMIEH-
CALMOHHEIM KOHICHCATOPOM:

! — obias oOKNAIKE W3 CETRH; J — HAHECEHHBIT MaTepuan; § —
IKPAH; 4 — CIUTOHIHENE ODKRTLTKH
KOHJIEHCATOPA — CETHATLIH M KOMNEHCALHOHHBIH, KOTO-

phie #MetoT 0bLIyH0 BepXHIOK o6knaaky (puc. 4).
CyMMapHOe NPHPALIEHHE EMKOCTH [U1S 1IAHHOH Cxe-
MBI BEIMHCIAETCA Mo GopMyne

AC, =AC +AC, - AC, ,

b

I T

(2)

me  AC, — NPHPRLIEHAE CMEOCTH CETIATOND KOHICHCATORE BCAE-
CTRHE OCAHICHHA MATEPHAN,
AC,, AC,— TEMNEPATYPHOE HIMCHEHHE CMEOCTH CETHITOND M KOM-

MEHCAIHOHHOTD ROHACHCATOPOR, COOTBETCTRCHITG,

Tak Kaxk HIMEHCHHEe TEMMNEPaTyphl TAKOIO JATYHKA
MPHBE/IET K NPHPALICHHIO EMKOCTEH 0DOMX KOHAEHCATO-
poR, T0 H3MeHeHH AC | KOMIEHCHPYETCA HIMEHEHHEM
AC ;. Takum oBpasom, }f{:'rpame'rcn 3ABHCHMOCTE CYM-
Mﬂ.pHI}I‘D npHpaiieHHsa eMrocT AC, OT TEMNepaTyphi.

Hamenenue emxocTi cerqamm koHaexcaropa AC,
BhIMHCIAETCH o hopmymne (1).

TeMnepaTypHOEe H3IMEHEHHE EMEOCTH CEYATOID KOH-
JIEHCATOpa:

AC, = m“&”‘
{M-}

(3)

rae Al — TeMNepaTypHOE HIMEHEHHE CYMMAPHOH JUTH-
Hbl BCEX NPOBOAOB, 0OPAsYHIIMX PEIIETKY KOHIEHC-
TOpa.

TesneparypHOe HIMEHEHHE EMKOCTH KOMIIEHCAIHOH-
HOI'O KOHJIEHCATOpA:

££,AS

ig, =205, (4)
Ah,

e AS — TEMNEPITYPHOE WIMCHEHHE CYMMBPHOTT UTHHE BCEx Ipo-

BOAOE, OOPATYIOMHY PEIICTRY KOHIEHCETOPE,
Ahy — TEMNEPATYPHOS WIMCHEHHE PRCCTORNNA MY ofinun-
KAMH CETYATOID KOHICHCATOpA

M3 dopmynsl (1) MOKHO BLIPAIHTL TONIIHHY HaHe-
CEHHOI METAIHYMECKOH NeHKH:

3 f e . Y!
7 ;

KOHCTPYKLIMA EMKOCTHOID JATHHKE, COCPAALLETO KOM-
MEHCALMOHHBINA KOHIEHCATOP, TPENCTARIEHA HA PHC. 5.

OcHoBOI AaTYHKA ABIASTCA KEPAMHYECKAA MOLI0H-
Ka /, Ha KOTOPYIO HAHOCATCA MEHbIE OOKAANKH KOHIEH-
catopos 2 u 3. B kadectse n3onaTopa 4 Mexty obkian-
KAMH EMKOCTEH M CETKDH MCTONb3yeTcs KepaMmH4eckan
nnacTiaa. Cerka 5 HATATHBAETCA NOA AeHCTBHEM YTIPY-
rHx cin F, utobet u3bexats nethopMaliii BO BPEMSA IKC-
MUTyaTalMH JaT4HKa. B narumke npeaycMoTpeH SKpaH 6,

(5)
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Puc. 5. Koncrpykuna AndupepeHiiHansionm eMEkOCTHOTD
AATHHKS:
| — wepasirieckan nowmokka; 2, 3 — Meaukie ofRTLEH ROHAEHCE-
Topos; § — KepaMIMCCKAN MnacTHHa;, § — ceTka; 6 — Jkpan
KOTOPBIHA IpefoTBPALILAST 3ANLUTEHHE KPaes HIonaTopa 4,
4 TAKOKE JAIHIIAST 00KIATKY 3 KOMNEHCAIHOHHOTD KOH-
JIEHCATOPA OT NONaJAHHA HAMBUIAEMOTO MATEPHANA.

I I 4 puc. 6 # 7 npeiacrasiesbl IKCNEPHMEHTANL-
JAHHBIE, NOTYHEHHLIE MPH HAHSCEHHH MEIH HA

JATYHK C BETHYHHOH 3a30pa Memmy obknamkamu 0,5 mm.
C, nd

C, n®
,—J' =
51,5 50,6 y.
-
Fa
51311+ 50,4 7
S11E so2 L LY
509 50,0
0 2 4 6 hy o 25 75 125 175T.°C

Puc. 6. 3asncamocts emkocti  Puc. 7. Temneparyphas
CETHATOND KOHAEHCATOPA OT TO-  MOMPEIACCTE KOMIEHCE-
UIHHBI HAHOCHMOIO NOKPHEITHA  IIHOHHOTO KOWUEHCATOpA

[lna yeenuHeHHs YyBCTEHTENBHOCTH JaTHHKa Heob-
XOIHMO 10 BOIMOMHOCTH YMEHBIIATE PACCTORHHE MEH-
Iy ero 3MeKTPOJaMH, OJIHAKO C APYTOH CTOPOHBL, 3TO
MPHBOJINT K YMEHBIIEHHIO Er0 pecypea.

Man wamepenna emrocTH Obin BeiGpan npubop AM-
3003 dmpme AKTAKOM, npencrasmstonii coGoii kom-
NAKTHOE YCTPOHCTEO C BOIMOMKHOCTBIO MOITYMEHHS MH-
thopmattits 06 HIMEPEHHAX C NEPCOHANBHOID KOMITBI)-
Tepa (ITK) no untepdeiicy RS-232C. Ero npumenenue
MO3BOTHNO COIATE ABTOMATHIHPOBAHHYIO) CHCTEMY KDH-
TPOA TONHHE MOKPRITHA (prc. B),

ABTOMETHIHPOBAHHANA CHCTEMA CONEPAUT KOMMYTa-
TOP, MOIBONAKLMIA NPOHIBOIHTE NEPERTIOUEHHA MEH-
Iy HIMEpAeMBIMH KOHASHCATOpaMi. 3o ofycnoanedo
Tem, uto npubop AM-3003 no3sonser MpoH3BOIHTE H3-
MEPEHHA EMKOCTH TONTRED OIHOTO KoHIEHCaTopa, Yipas-
JIEHHE KOMMYTATOPOM NPOHCXOAHT ¢ oMok [TK, no-

]
Yeranoeka pakyymuoro !
HANLLUIEHHA :

KommyTtartop

— C

s i
| TOUHHB NOKPbITH! Ynpasncune
____________ i KOMMYTATOPOM
Hamepurens
EMEOCTH

K
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Puc. 8. ABTOMETHIHPOBAHHAS CHCTEMA KOHTPOIA TOIULHHE
NOKPLITHA

ITOMY H3BECTHO, KAKOH HMEHHO KOHACHCATOP HCMO/h-
3YETCA B KAUECTBE HIMEPHTENLHOTD.

JLna 310l aBTOMATHIHPOBAHHOH CHCTEMEI paspaboTa-
Ha [TPOrpaMMa, KOTOPAs MOIBONIAET 381ABATE NAPAMETPhI
AATYHKA [UIA PACUETA TOMILHHEI HAHOCHMBIX MTOKPBITHI,
CHHATE TIOKAZAHHA C JATUMKA B PEKHME PEATEHOIO Bpe-
MEHH H MpeodpaoBbIBATE 3TH JAHHKIE B OTHET [UIA N0C/e-
IYHOLIEro AHAMH3A NPOLEcca HAHECEHNHA NTOKPLITHIL

Henons3osanHe onucaHHON aBTOMATHIHPOBAHHOMN
CHCTEMBI MOIBOIAET NOBLICHTL TOMHOCTL KOHTPONA TOJ-
IIMHE] TOKPLITHH (IOTPELIHOCT, AATHHEA COCTABIAET 5%
NpH BETHYMHE 3a30pa Mexay obknaaxkamu | MM) u
YMEHBIIHTH MEHHMATEHO KOHT POTHPYEMYIO TONIIHHY 10
BEJTHYHHEI MeHee | Mum.

JlanHasa aBTOMATHIHPOBAHHAA CHETEMA OTHOCHTCA K
cpeacTram HAlMIOICHHA 33 NPOLECCOM HAHECEHHA ND-
KPBITHIT H MOKeT ObiTh HCMONB3IOBaHa B npubopocTpoe-
HHH, IMEKTPOHHONH NPOMBIIIEHHOCTH M MAIIHHOCTPOE-
HHH JUTH KOHTPO/A TOMHHE] TTOKPEITHIE TIPH HX HAHECe-
HHM, HANPHMED HA IIOTIATKH IA30TYPOMHHLIX ABHTaTene.

L

[lpumenenne eMEOCTHOIO MeTOAA B NpHbopocTpoe-
HHH JUTA KOHTPOJIA TOAMHHB MATCPHANOB, HAHOCHMBIX
Ha MHKPOCXEMEI, MO3BOAHT KOHTPOIHPOBATL TOMLIHHY
MACHKH KAK H3 JM3ICKTPHYCCKHX, TAK H H3 METaIHYe-
CKHX MAaTEPHANIOB C A0CTATOYHO BBICOKOH TOYHOCTBIO.
CyluecTBEHHBIM NPEHMYILECTBOM EMKOCTHOTO JIATYHKA
ABJIACTCA €r0 JICUECBHIHA NPH H3TOTOBACHHH.
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