IIpudopsl 11 M3MepeHHus YPOBHS

YpoBHEM Ha3bIBAIOT BBHICOTY 3aIIOJHEHHS TEXHOJOTHUECKOTo anmnapaTa padoueit cpenoit
— JKUAKOCTBIO WJIM CBIIYYMM TEJIOM. YPOBEHb pabouell cpelbl SIBJISETCS TEXHOJOTHYECKUM
napameTpoM, HHGOpMAIMs O KOTOpOM HeoOXoauMma Jisi KOHTpPOJIL peKuMa paboOThI
TEXHOJIOTMYECKOr0 ammnapara, a B psAAe CIIy4aeB M YOPaBJIEHUS IPOU3BOACTBEHHBIM
IIPOLIECCOM.

[Tyrem wu3MepeHHMs YpPOBHS MOXHO TNOJyd4aThb HH(GOPMAIMIO O Macce >KUIKOCTU B
pesepByapax. [logo6Has nHpOpMaLKs IUPOKO UCTIOIB3YETCs Ui MPOBEACHUS TOBAPOYUIETHBIX
ornepauuil ¥ A yIpaBieHUs NPOU3BOJACTBEHHBIM IIPOLIECCOM. YPOBEHb U3MEPSIOT B €UMHMIIAX
uinHbL. CpefcTBa U3MEPEHUH YPOBHS Ha3bIBalOT YPOBHEMEPAMU.

PaznuuaioT ypoBHeMephl, IpeJHA3HAYCHHBIEC JJIs1 U3MEPEHHUsl YPOBHs paboueil cpenbl;
U3MEPEHUN Macchl JKUIKOCTM B TEXHOJIOTMUECKOM alIapare; CUTHAJIM3alud IPEIesIbHBIX
3HAa4YEeHUH YpOBHS pabodel Cpebl — CUTHAIM3ATOPhI YPOBHSL.

Ilo nuana3oHy M3MEpPEHMs PA3IUYAIOT YPOBHEMEPHI HIMPOKOrO M Y3KOTO JUAaNa30HOB.
YpoBHEMEpHI MIHPOKOTO Iuana3zoHa (¢ mpeaenamu uzMepenuii 0.5—20 M) nmpenHa3HauYEHBI IS
IIPOBEJIEHUS TOBAPOYUETHBIX ONIEPALIUii, @ YDOBHEMEPHI Y3KOTO JUana3oHa [IIpeaesbl U3MEPEHUI
(0++100) mm wumu (0++450) MM| OOBIYHO HCHOJB3YIOTCS B CHUCTEMaX aBTOMATHYECKOTO
pErylnupoBaHusl.

B Hacrosmiee Bpems onepanus HM3MEPEHUS YPOBHS SIBISIETCS KIIOUEBOW  AJIs
OpraHU3alMi KOHTPOJIS U YIPaBJIEHUS TEXHOJIOTMYECKUMHU IIPOLIECCAMU B BO MHOTHX OTPAaCIIsIX
npomsiuieHHoCTH. K mpubopam [u1st u3MepeHus ypoBHS 3ar0JIHEHUS EMKOCTEH U COCYA0B, WIH
ypOBHEMEpaM, HPEIbIBISAIOTCS pa3inyHble TPEOOBAaHMS: B OJHUX CIIydasx TpeOyercs TOJBKO
CUTHAJIM3UPOBAaTh O JOCTM)KEHMM ONPEINCIEHHOIO IIPENENbHOIO 3HAYEHUs, B JPYTHUX
HE00X0AMMO MTPOBOIUTH HEMIPEPHIBHOE U3MEPEHUE YPOBHS 3AII0JTHEHUS.

CymiecTByeT mMpOKas HOMEHKIATypa CpPEICTB KOHTPOJISI M HU3MEPEHUS YpPOBHS,
UCTOJB3YIOUIMX  pa3iuyHble  (U3NYECKHE METOJbl: EMKOCTHBIH, 3JIEKTPOKOHTAKTHBIH,
TUIPOCTATUYECKOTO JIaBJIEHUS, NOIJIABKOBBIM, YIbTPa3BYKOBOM, paAMOBOIHOBBIN. DTH METObI
U CpEICTBAa IO3BOJISIOT KOHTPOJIMPOBATh YPOBEHb pa3iMUYHBIX CpPEI: JKMIKHX (YUCTBIX,
3arpsA3HEHHBIX), MYJbI, HEPTENPOIYKTOB, CHITyYUX TBEPABIX PAa3NIU4HON aucnepcHocT. [Ipu
BBIOOpPE ypOBHEMEpa HEOOXOAMMO YYHMTHIBATh Takue (U3MYECKUE U XUMHUYECKHE CBOWMCTBA
KOHTPOJIUPYEMO# cpelibl, KaK TemIepaTypa, abpa3uBHBIE CBOMCTBA, BSI3KOCTb, HIEKTPUUYECKAS
IIPOBOJMMOCTb, XMMHUYECKas arpecCMBHOCTb M T.A. Kpome Ttoro, cienyer npuHUMaTrb BO
BHUMaHHE paboyue yCIOBUS B pe3epByape MIM OKOJIO HEro: JaBJCHHE, BaKyyM, HarpeBaHUE,
OXJIaXKJIeHHe, Coco0 3amOJHEHUS WM ONOPOXKHEHUS (MHEBMATHUECKUH WM MEXaHUYECKHil),
HaJIMYMe MEMIAJIKH, OTHEOIIACHOCTb, B3PbIBOONIACHOCTD U APYTHE.

CoBpeMeHHbIE CHUCTEMBbl aBTOMAaTH3allMU MPOU3BOJCTBA TPEOYIOT CTATHCTUYECKUX H
MH(GOPMALIMOHHBIX JAaHHBIX, MO3BOJIIOUIMX OLEHUTh 3aTPaThl, NPEIOTBPATUTH YOBITKH,
ONTUMHU3UPOBATH YIPABICHUE MPOU3BOACTBEHHBIM IPOIECCOM, IOBBICUTH APPEKTUBHOCTD
UCIOJb30BAHUS CHIPhs. DTOT MOCTOSHHO BO3PACTAIOIIUIM CIPOC HAa MH(GOPMAIHMIO HPUBOAUT K
HEOO0XOAMMOCTU NPUMEHEHHUS B CUCTEMax KOHTPOJIS HE MPOCTBIX CUTHAJIU3AaTOPOB, a CPEJICTB,
o0ecreynBaroIuX HEMPEPHIBHOE U3MEPEHHE.

B Hacrosimiee BpeMsi M3MEpPEHHE YPOBHS BO MHOTHX OTpPACisAX HPOMBIIUIEHHOCTU
OCYILECTBISIOT pPa3JIMYHBIMM 10 IPUHIMIY JACUCTBUS YpPOBHEMEpPAaMH, U3 KOTOPBIX
pacrpocTpaHeHue IMOJyYyWIM MOIUIaBKOBbIE, OyHKOBBIC, THIPOCTATHUYECKUE, 3JIEKTPUUECKUE,
YIBTPa3BYKOBBIE U PaiMON30TONHBIE. [[pUMEHSIOTCA U BU3YaJIbHBIE CPEACTBA U3MEPEHUI.

BusyaJjibHble cpeACcTBa H3MEPEHUH YPOBHSA

K BusyanbHBIM cpencTBaM HM3MEPEHHUH YPOBHSI OTHOCSITCSI MEPHBIE JIMHEWKH, PEUKH,
PYJIETKHU C JIOTaMHU (LMIMHIPUYECKUMHU CTEP>KHAMH ) U YPOBHEMEPHBIE CTEKJIA.

B 1mpou3BOACTBEHHON MPAKTUKE MIMPOKOE IPUMEHEHUE IIOJYYUIIU YPOBHEMEPHBIC
cTekia. M3mepenue ypoBHS ¢ OMOIIBIO YPOBHEMEPHBIX CTEKOJI (puc. 1, a) OCHOBaHO Ha 3aKOHE



COOOIAIOIIUXCS  COCYIOB. YKas3aTellbHOE CTekno 1 ¢
MIOMOIIBIO apMaTypbl COEAMHSIOT C HWDKHEH M BEpXHEU
yacTsAMU eMKocTH. HaOnromas 3a TOJOKEHHEM MEHMCKa
KHUJIKOCTH B TPYOKe 1, CyZIT O MOJ0KEHUU YPOBHS KHUJIKOCTH
B €MKOCTH. /{7151 UCKIIFOUEHHUS JOTIOJIHUTEIbHOU MOTPEIIHOCTH,
OoOyCJIOBJICHHON pa3luuueM TeMIlepaTypbl JKUIKOCTH B
pe3epByape U B CTEKJISHHOW TpyOKe, mHepea H3MEepeHUueM
OCYILECTBIISIOT IPOMBIBKY YPOBHEMEPHBIX CTEKOJ. [l 3TOTO
IIPENYCMOTPEH BEHTWIb 2. ApMaTypa YpOBHEMEPHBIX CTEKOJI
OCHAIL[AETCs IIPEI0XPaHUTEIbHBIMU KJIaraHamH,
o0ecreynBarOIlMMI  aBTOMAaTUYECKOE TEepPEKPhIBAHUE KaHAJIOB, CBS3BIBAIOLIMX YKa3aTEbHOE
CTEKJIO C TEXHOJIOTUYECKUM alaparoM IIpy CIy4alHOW IOJIOMKe cTekna. I3-3a Huskou
MEXaHMYECKOM MPOUYHOCTH YPOBHEMEPHBIE CTEK/Ia OOBIYHO BBIMOJHSAIOT AIHMHON He Oosiee 0,5 M.
[Tostomy 1y u3MepeHHMs YpOBHS B pesepByapax (puc. 1,0) ycTaHaBIMBaeTCsi HECKOJIBKO
YPOBHEMEPHBIX CTEKOJ C TEM pacueToM, 4TOObl OHM MEPEKPBIBAIMU APYr Jpyra. AOCOIOTHAs
MOTPEUTHOCTh M3MEpEHHsl YPOBHS ypoBHeMepHbIMU cTeknamu * (1—2) mm. Ilpu usmepenun
BO3MOXHBI  JIOTIOJIHUTEIbHBIE IOTPEIIHOCTH, CBSI3aHHBIE C  BJIMSHUEM  TEMIEPATyphbl
OKpY)Karolllel cpelpl. YPOBHEMEPHBIE CTEKJIA NPUMEHAIOTCS 10 AasieHuil 2,94 Mlla u no
temneparypsl 300°C.

Puc. 1. YpoBHeMepHEBIE cTeKIIa

IHons1aBkoBbBIE CpecTBAa U3MEPEHH YPOBHA
Cpenn CymiecTBYIOIIMX Pa3HOBHIHOCTEH YPOBHEMEPOB IIOIUIABKOBBIE SIBIISIFOTCS
Haubosiee mnpocTeiMU. [lomyumsin pacnpocTpaHEHHE IOIUIABKOBBIE YPOBHEMEPHI Y3KOTO H
IIMPOKOro Juana3oHoB. lloriaBkoBble ypOBHEMEpHI Y3KOro auamna3zoHa (puc. 2) OObIYHO
) MPENCTaBISIOT ~ cOOOM  YCTpOWMCTBa,  COJEpiKaliue
mapoo6Opasublii  moriaBok auamerpoMm  80—100 mmM,
BBIIIOJIHEHHBIM W3 Hepikaseromen cranu. llommaBok
IJIaBa€T HA MOBEPXHOCTH JKUIKOCTH U Yepe3 IUTAHTy U
CHELMAJIBHOE CAJIbHUKOBOE YIUIOTHEHHE COEOUHSETCA
a00 €O CTpeNnKoil M3MepuTesbHOro mnpudopa, Jubo ¢

al

npeoOpazoBareneM 1  yIIIOBBIX  MEpeMeIlleHUud B

YHU(PUIIUPOBAHHBIN ANEKTPUUYECKUIN WIn

MHEBMATUYECKUN  CUTHANBl.  YPOBHEMEpPHI  Y3KOTO

JMarma3oHa BBIMTYCKAIOTCS JBYX THUIIOB: (IaHIIEBBIE (pHC.

Puic. 2. CxeMbl NOMITABKOBBIX ypoBHEMepos 2, @) KaMepHbIe (puc. 2,0), OTIIMYAIONIUECS CIIOCOOOM UX
YCTaHOBKH Ha TEXHOJIOTHYECKHUX amnmaparax.

MuHuMaNbHbIN 1nMana3oH u3MepeHui 3tux yposHemepoB—10-0-10 MM, MakcumanbHblii — 200-
0-200 mM. Knacc Tounoctu 1,5. ITonyaBkoBblE ypoBHEMEpPHI IIMPOKOro aAuanasoHa Puc. 2, 6)
MPEJCTABIAIOT CO00M MOIUIaBOK 1, CBsA3aHHBIN ¢ MpOTHBOBECOM 4 rHOKUM TpocoM 2. B HIKHelH
4acTH MNPOTHBOBECA YKPEIUIEHA CTPEIKA, YKa3blBaloOIlas IO WIKajde 3 3HA4YE€HUs YPOBHA
KHUJIKOCTH B pe3epByape. [Ipu pacuerax NOMIAaBKOBBIX YPOBHEMEPOB MOAOUPAIOT TaKHe
KOHCTPYKTHUBHBIE IapaMeTphl IMOIJIaBKa, KOTOPble OOECIEYMBAIOT COCTOSIHUE DPABHOBECHS
CHCTEMBl «IOIUIABOK — MPOTUBOBEC» TOJIBKO INPU OINpPEAeNCHHON TIiIyOuHEe MOTPYKEHUs
nominaBka. Ecnu mpeHeOpeub CHUJIONH TSDKECTM Tpoca M TPEHHEM B POJIMKAaX, COCTOSHHE
PaBHOBECHS CUCTEMBI «IIOTNIABOK — IIPOTUBOBEC) ONMCHIBAETCS] YPAaBHEHUEM

Gr =G +Shipyeg (1
rae Gp, G — CHIIbl TSHKECTH IPOTUBOBECA U MOILIABKA;
S — 1I0IIa b MOTIIABKA;
h) — ri1yOUHA MOTPYKEHUs MOIIABKa;
P — MIOTHOCTB JKUJIKOCTH.



IloBrimieHHE YPOBHA KUAKOCTH U3MCHACT FJ'IY6I/IHy MOTPYKCHUA NOIUIaBKa U Ha HEIro
HeﬁCTByCT JIONOJIHUTEIbHAS BhITAJIKHBAarOIIas cuia. B pE3yIbTAaTC PABCHCTBO (1) HapymacTcsa U
MMPOTUBOBEC OIYCKACTCA BHHU3 OO0 TEX IIOp, IIOKa FJ'Iy6I/IHa NOrpyXCHUM IIOIJIaBKa HE CTAHCT
paBHOﬁ hl . HpI/I IMOHUKCHHUU YPOBHA ﬂeﬁCTBYIOIHaH Ha IOIINIaBOK BBITAJKHBaromas cCcujia
YMCHBIIACTCA U IMOIIJIABOK HAYUHACT OIMYCKATbCA BHHU3 O TCX IIOP, ITOKa FJ'Iy6I/IHa MOTPYKCHUA
nomiaBKka HE CTaHCT paBHOﬁ hl . I[J'Iﬂ nepecaayun HH(bOpMaIlHH O 3HAYCHUHU YPOBHS KUAKOCTU B

pe3CcpByapc MNPUMCHAIOT CCIbCUHHBIC CHUCTCMBI IICPCAAYU. OOBIYHO OCh CCJIbCHHAa-aAaTYnKa
KHHEMAaTHYCCKN CBsA3aHa C 6apa6aHOM, BpallCHHUEC KOTOPOTO OCYHICCTBIISACTCA B IHPOLCCCC
MEepeMECIICHHUA TPOCA, 4 OCh CCIIbCUHA-IIPUCMHUKA — CO CYHCTHBIM MCXaHHU3MOM.

[MonaBkoBbIE BHIKIIOYATEIN

[TormtaBkoBBIE BBIKJIIOYATEIIN HCHOJIB3YIOTCA IS
ol CUTHAJIU3UPOBAHUS O NPEACIBbHBIX 3HAYCHHUSAX YPOBHS KHJIKOCTEH.
Onu 0065mamar0T HEOOXOOUMOU TIIaBYYECThIO, TO3BOJIAIOIICH MM B
HE3aKPCIUIEHHOM  COCTOSIHUM  HAaxOAUTbCSI HA  ITOBEPXHOCTHU
—— —_— = KUJIKOCTU B CTPOrO TOPU30HTAJIBHOM IIOJIOKEHHH. B KOHKpPETHBIX
——————— MPUMEHEHUSIX NOIUIABKOBBINM JaTUMK 3aKPEIUIIETCA MOCPEACTBOM
COOCTBEHHOTO KaOempHOTO 3a)KMMa Ha BBICOTE, COOTBETCTBYIOIIEH
. MpeNeIbHOMY  YPOBHIO kuAKocTH. [Ipouecc mepexiroueHus
E MIPOH3BOIIEHOM MONOKEHHN 3allyCKaeTCs KayaHUEM JaTuyuKa, KOrjJa OH OTKJIOHSETCS OT
— ,&-x-:|_ TOPU30HTAILHOTO TOJIOKEHUS B JIOOOM HAmNpaBICHUH, KaK 3TO
______ MpEeACTABICHO HA puc. 3. B kauecTBe KOMMYTAlIMOHHBIX YCTPOMCTB
YacTO MPUMEHSIOTCA KUJIKOMETAIUIMYECKAE MUKPOBBIKIIOUATEIN, B
KOTOpPBIX B HACTOSIIEE BpeMsT BMECTO PTYTH HCIIOJIB3YETCS
ranuactad  (Galinstan —  KUAKUH  METANTMYECKH  CIIaB,
BKJIFOUAIOIMK TaJUIMH, UHAUH U OJIOBO M COXPAHSIOLIMMK KUIKOE

e COCTOSIHUE TIpH TemnepaTypax Bbiiie — 19°C).

[ToruiaBKOBBIM  BBIKJIKOYATENb  COCTOMT M3  KOpIryca
MOIUIaBKa co BCTPOCHHBIM MMKPOBBIKIIFOUATEIEM u
MPUCOCTUHUTEIHLHOTO Kabers.

CoBpeMeHHbIE MOIUJIABKOBbIE JaTYMKU HCIOJIB3YIOT TPHU
Pa3HOBUJHOCTH HE  COJEpXAallUX PTYTH  KOMMYTAILIMOHHBIX
Puc. 3. IlpuHumn neiicrBus YCTPOMCTB:

HOILTABKOBOT'O BBIKTIOHATENIA 1. IdapoBoii MHKpPO BBIKIIOYATENb C ONPEACICHUEM
MOJIOKEHUSI HA OCHOBE MHAYKTUBHOTO MeToa (puc. 4 a):

* NPUTOJEH I NPUMEHEHHUsS BO B3PBIBOOIIACHBIX 30HAX
Knacca 1;

* HOMMHAJIBHOE HarpsbkeHue 8B;

* TMOJKIIOYaeTcs uepe3 Oappep  O€30MACHOCTH  C
rajbBaHUYECKOU U30JISALUEH;

* yron cpabarbiBanus +12° OTHOCUTENHHO TOPU3OHTAIBHOM

TJIOCKOCTH.
: 2. IllapoBoii KOHIIEBOI MUKPO BBIKJIIOUATEND (prc. 4 0):
Puic. 4. VCTpoiicTBo * TUI BBIXOJa — KOMMYTHUPYEMbIE KaHAJIbI;
MHOIIaBKOBBIX BBIKIIIOYATEIIEH ° HEMMOCPCACTBCHHO IO AKJTHOYACTCA KO BXoay

M3MEPUTENIBHOTO MTpeoOpa3zoBaTes, He TpeOyeT JONOJHUTEIbHBIX CPEICTB CONPSIKEHUS;

*  KOMMyTupyemoe  HampsbkeHue  250B  mepeMeHHOro/moCTOSIHHOIO  TOKa,
KOMMYTHpYeMbIii Tok 110 3A (1A);

» yron cpabateiBanus+18+6°(BepxHss ToUKa), +5+3°(HMKHSAS TOYKA) OTHOCHTEIHHO
TOPU30HTAJIBHOM MJIOCKOCTH.

3. MHUKpPOBBIKIIIOYATEb, WCIOJB3YIONINI KUAKHN Meramnudeckuil craB Galinstan
(puc. 4 B):



* koMMyTupyemoe Hamnpspkenue 250B mepemennoro toka (150B mocrosiHHOTO TOKA),
KOMMYTHPYEMBIH TOK J10 4A;

* TUII BBIXO/1a — KOMMYTUPYEMBbIE KOHTAKTHI;

* MOJAKJIIOYAETCS HEMOCPEICTBEHHO KO BXOJly M3MEPHUTEIBHOTO MpeoOpa3oBaTess, He
TpeOyeT TOMOTHUTEIBHBIX CPEICTB COMPSIKEHMS,;

* yroJi cpabaTeIBaHus: +5° OTHOCUTEIBHO TOPU30HTAIBHOM MIIOCKOCTH.

B kaudecTBe MOIIAaBKOB MPUMEHSIOT NPEMMYILIECTBEHHO IIOJIbIE IIAPOBHUIHBIE WIIU
cepOLMINHIPUYECKHIE TeJla, BHIIIOJHEHHBIE U3 MOJUIPOINIICHA, YCTOHYUBOTO K BO3/EHCTBUIO
HEKOHIIEHTPUPOBAHHBIX KUCIOT M LIesouei, OOJBIIMHCTBA PAaCTBOPUTENIEH, CIUpTa, OEH3MHA,
BOJbl, KOHCHCTEHTHBIX CMa30K M Maceld. JlaT4uku MMEIT BBIXOJHBIE KOHTAKThl C
KOMMYTHpYyeMbIM HanpsikeHueM 20...264 B nepemMenHoro Toka wii 6...60 B noctossHHOro TOKA.

[TpucoenuuuTenbHble Kabenu H3roTaBiuBaroTcs u3 nojuBuHmiIxiaopuna (PVC) mis
IPUMEHEHHUH B BOJHOM cpejie, BKIIOYas CTOYHYIO BOJY, U B C1a00arpecCUBHBIX JKUIKOCTAX; U3
noymyperana (PUR), ycToiunBOro k roprode cMa3ouHbIM MaTepHajaM, HarpeTbIM MaciaMm H
KHUJIKOCTSIM, COJIEpKalllUM Maclia; u3 xjuopcyibpupoBanHoro noimdtuwieHa (CSM, Hypalon),
YCTOMUYMBOTO K BO3JCHCTBUIO KHUCIOT, IIeNo4Yeil M MHOTMX pactBoputenei. Jlnuna xabens
cocrasiser 3, 5 unu 10 metpos. [lomnaBok 3akperuiseTcs: Win 3a O0KOBbIE BBICTYIIBI pe3epByapa
yepe3 KaOeNbHBIM YIUIOTHUTENb C pe3b00i, WM MOCPEACTBOM JOMOJHHUTENbHON Macchl WM
CTeprKHEH, 3aMKCUPOBAHHBIX B BEPXHEH 4acTH pezepByapa. M3rub xabemnst 10mycKaeTcst TOJIbKO
B TFOPU30HTAIBHOM MJIOCKOCTH. MHUHMMaibHas JUIMHA KaOeis MEXIy TOUKON 3aKperyieHUs U
MOTIJIABKOM 3aBHCUT OT MaTepuala KabeJs.

- " . [To 3aka3y mocTaBiseTCsl peryiupyemMoe KOMOWHUPOBaHHOE
YCTPOMCTBO M3 TMOIJIABKOBBIX BBIKJIIOYAaTeNe (1o S5 JaTyukos),
MO3BOJISAIONIEE M3MEHATh YPOBHU CpabaThIBaHUS BBIKIIIOYATENEH, €CIH
3TOrO MOTPEOYIOT HOBBbIE 3KCIUTyaTallMOHHbIE ycioBus. [Ipu moctaBke
JAHHOTO YCTPOMCTBA INOIIAaBKM HACTPaWBalOTCS IO KOHIy HECYIIeH
mranru. [loacTpoiika 1o ypoBHSM cpabaThiBaHUS IPOU3BOAUTCS
II0JIb30BATEIEM Ha MECTE€ IPUMEHEHMS IIOCPEICTBOM IEPEMELICHUS
YCTaHOBOYHBIX (PMKCHPYIOLIUX KoJel (puc. 5).

OO0mme TexHNYeCKHE JAHHBIE NMOIVIABKOBBIX BBIKJIIOYATEJIeH
% TouHOCTB: 3aBHCHUT OT yriia cpabareiBanus (5...25°) u
JUIMHBL Ka0es.
Temnepatypa koHTpospyemoil cpeasl: 1o 120°C.
PaGouee naBnenue: 1o 16 Oap.
= IInotHOCTH M3Mepsiemoro BemiecTBa: He MeHee 0,6 r/em’
kit ' (w1 obecnieyeHust HeOOXOOMMOM  TUIaBydectd  (hopma

e MIOIUIABKA BBIKIIIOUYATENS OIPEACIAETCA 110 MUHUMAIBLHOMY

3HA4YEeHHUIO TUIOTHOCTH U3MEPSIEMOTO BELIECTBA).

Hecyuwas wianra

THHCHEYILLER KOMbUO
{3KAM)

Monn2ekonei
ELIKIHMATENE I:

L = 5000 {maxe.)

Nannzakope i
ELIKMOMATEN [

K/ K/ K/
L X X X4

Puc. 5. Perynupyemoe
YCTPOKUCTBO.

OcHoeHble 00CMOUHCmEa:
% TPOCTOTA;

* TPOYHOCTB;

% HEBBLICOKASI CTOMMOCTb.

Heoocmamku:

HEMPHUTOIHBI IS KIEUKUX KUAKOCTEH;
MPOOIEMBI C MIEIIYIIUMUCS KUAKOCTIMH;
IJIaBY4YECTh 3aBUCUT OT Pa3MEpPOB MOIUIABKa;

TOYKa Cpa6aTBIBaHI/I$I 3aBUCHUT OT U3BMECHECHUN (KOJ'IC6E[HPII>1) IJIOTHOCTH BCIICCTBA.

oF o

3

3

A

K/ K/ K/
L X X X4

BbyiikoBble cpeacTBa H3MEpeHUil yPOBHSH
B ocHoBy pa0oTbl OyHKOBBIX YPOBHEMEPOB TMOJOXKEHO (PU3HUECKOE SIBIICHHUE,
ONMCHIBAEMOE 3aKOHOM Apxumena. YyBCTBUTENBHBIM 2JIEMEHTOM B 3TUX YPOBHEMEpaxX SBIAETCS



MWIMHAPUYECKUX OyeK, M3TOTOBJICHHBIM W3 MaTepuaia C IJIOTHOCTHIO, OOJIBIIEH MIOTHOCTH
KUJIKOCTU. Byek HaXoIUTCA B BEPTUKAIBHOM MOJOKEHUU U YACTUYHO MOTPYXKEH B KUIAKOCTb.
[Ipn wu3MeHeHWHM YpPOBHS JKHUAKOCTH B ammapare macca Oyika B KHAKOCTH HW3MEHsETCS
MPOTMOPIIMOHAIBHO W3MEHEHHUI0 ypoBHs. [Ipeobpa3zoBanue Beca Oyiika B CUTHAI U3MEPHUTEIHHOM
uH(OPMALIUK OCYIIECTBISETCS C MOMOIIBI0 YHU(DUIIMPOBAHHBIX MpeoOpa3oBaTenell «cuia —
JABJICHUE» U «CUJIa — TOK». B COOTBETCTBHM C BUIOM HCIOJIB3YEMOTO MPEOOpa3oBaTens CHUIIbI
pa3IU4al0T MHEBMATUYECKUE U AIEKTpUUYECKUE OYIHKOBBIE YPOBHEMEPHI.

Cxema OyHKOBOTO MTHEBMATHYECKOTO YpOBHEMepa IpUBeieHa Ha puc. 6, a. YpoBHEMEp
pabotaer cnexyromuMm obpazom. Koraa
YPOBEHb >KMAKOCTH B alllapare paBeH
HavyanpHOMY /p (B 4YacTHOM ciy4ae /g
MOXXeT ObITh paBeH (), U3MEPHUTENbHBIH
ppluar 2 HaxXOJQUTCS B PABHOBECHH, TakK
Kak MOMEHT M; co371aBaeMblii BECOM
Oyiika G, ypaBHOBEIIMBAETCS MOMEHTOM
M,, co3naBaeMbIM IPOTUBOBECOM N.

Korma  ypoBenb  XKUIKOCTH
CTaHOBHUTCA Oomblie /j), dYacTh Oyiika
Morpykaercs B KUIKOCTb. [losTomMy Bec
Oyiika yMEHbIIIAeTCs, a CIEeI0BaTEIbHO, YMEHBIIAETCI U MOMEHT M, co3aBaeMblii OyiikoM Ha
peruare 2. Tak kak M, cTaHoBuTcsi 6ombiie M;, peruar 2 moBopauuBaeTcs BOKpyr Touku O 1o
4acOBOM CTpeJIKe W IMPHUKPBIBAET 3aciIoHKOM 7 comua 8. IlosroMy paBneHue B JIMHUM COIUIA
YBEIMYMUBAETCS. DTO JAaBJICHHUE MOCTYNAET B MHEBMAaTUUYECKUM ycunuTensb 10, BBIXOIHON CUTHAI
KOTOPOTO SIBJSIETCS BBIXOJHBIM CHUTHAJIOM YpOBHEMEpa. OTOT K€ CHUTHal OJHOBPEMEHHO
MochUIaeTcs B CUIb(OH OTpUllaTedbHOU oOpaTtHOW cBs3u 5. Ilpu geiicTBum naBieHHs Ppyy
BO3HHUKAeT cwia R, MoMeHT M3 KOTOpOW COBHaiaeT Mo HampaBIEHHIO ¢ MOMEHTOM M, T.e.
neiictBue cuiabl R HampaBieHO Ha BOCCTAHOBJIEHHWE paBHOBecUs pbluara 2. JIBHkeHHE
M3MEpPUTENBHON CHCTEMBI MpeoOpa3oBaTelis MPOUCXOIUT 10 TeX MOp, MOKa CyMMa MOMEHTOB
BCEX CHJI, IEUCTBYIOIIMX Ha pblyar 2, He CTaHeT paBHOM 0.

BbIX0HOM cUrHANI MTHEBMATUUYECKUX OYWKOBBIX YPOBHEMEPOB U3MEHSETCS B IUAIIa30HE
0,02—0,1 MIla npu HM3MEHEHHH YPOBHS OT HyJId 0 MaKCHUMajlbHOro 3HadeHus. HauanbHoe
3HaueHue BhIXoaHOTO curHana (0,02 MIla) 3amaercs mpyxkuHoit 6 (cMm. puc. 6, a). Husa
MPEeIOTBPAILIEHUS] aBTOKOJIeOaHUH M3MEPUTETHHOW CUCTEMBl ypOBHEMEpa CIYKUT aemiidep 4.
['epmeTn3anust TEXHOJIOTMYECKOTO anmnapara npu YCTAHOBKE B HEM UYBCTBUTEJIBHOTO 3JIEMEHTA
JOCTUTAETCSl YIUIIOTHUTEeNbHOU wmeMOpanoir 3. Ilpum HeoOxoaumocTH OyeKk MOXKET ObITh
VYcraHoBiIEH B BBIHOCHOW KaMmepe, pacrojiaraeMoil BHE TEXHOJOTMYECKOIo —arrapara.
MuHuMallbHBIA BEpXHUN Tpenen U3MEPEeHHl NHeBMaThuueckux ypoBHemepoB — 0,02 w,
MaKCUMaJlbHbII — 16 M.

Kpome paccmoTpenHON MOAM(UKAIMN MTHEBMATHUYECKUX YPOBHEMEPOB BBHIMTYCKAIOTCS
ypOBHEMEPHI, OCHAICHHBIE YHUMUIIMPOBAHHBIM TpeoOpa3oBaTeieM «CuUjla — JIaBIICHUE.
Cxema coenuHeHus Oyiika ¢ yHU(UIMPOBaHHBIM MpeoOpa3oBaTesieM MpUBEIeHa Ha puc. 6, O.
3neck | — rpy3, ypaBHOBEIIHMBAIOIIHIA Bec Oyiika; 2 — T- 0Opa3Hblii ppryar yHU(PUIIMPOBAHHOTO
npeobpa3zoBarens 3.

Jlns npeoOpa3oBaHusl YpOBHsS B YHU(DHUIIMPOBAHHBIM TOKOBBIM CHUTHAN pa3pabOTaHbI
OyIKOBBIE AIEKTPUYECKUE YPOBHEMEPHI, OCHAIIEHHbIE YHU(DUIIMPOBAHHBIM MpeoOpa3oBaTesieM
«una — Tok». [logkmrouenune Oyika K  YHU(PHUIMPOBAHHOMY TpeoOpa3oBaTemio
OCYILIECTBIISICTCS IO CXeMe, aHaJIOTUYHOW cXeMe, MIPUBEACHHON Ha puc. 6, 6. BepxHue mpenenbl
U3MEpEeHUul ypoBHeMepa C YHHU(DHUIMPOBAHHBIM JJICKTPUYECKUM CHUTHAIIOM OTPAHHYCHBI
3HaueHusamu 0,02—16 m.

ByiikoBble cpelncTBa M3MEpEeHUN YpPOBHS MPUMEHSIOTCS MPU TeMmIeparype padboueit
cpeasl ot —40 o + 400°C u nmaBnenun pabouer cpeast o 16 Mlla. Kiacesl TouHOCTH
OyiikoBbIX ypoBHemepoB 1,0 u 1,5.

Puc. 6. Cxembl THEBMaTHYECKUX OyHKOBBIX YPOBHEMEPOB



MarnuTHbIe IOTPYKHbIE 30H/IbI MIPeAeIbLHOT0 YPOBHS

MarHuTHbIe MOTPYXKHBIE 30H[BI MpenenbHOro ypoBHs cepuu LML paspaGoranbr st
WCIIOJIb30BAHUS B OUMILEHHBIX JKUJIKOCTSIX, TAKMX KaK BOJIa, PACTBOPUTEINH, Macia, pa3IMuHbIe
BHU/Ibl TOIUIMBA. B 3aBUCHMOCTH OT BHJIa KOHTPOJIHUPYEMOM >KHAKOCTH BO3MOXKHBI Pa3IMUHbIE
WCIIOJTHEHUS 30H/I0B:

* [UIACTUKOBBIE JIJISl arPECCUBHBIX KUCIOT U LIEIOUEH;

* 13 HEP)KABEIOLIEH CTaIu AJIsl BOJbL, Macem U T.I1.;

* U3 HEPXKaBEWILEW CTalu BO B3PHIBO3AIIMIIEHHOM HWCIOJIHEHUH JI1 TOPIOYUX
AKHUJKOCTEH, TAKUX KaK TOIJIMBO, PACTBOPUTENH, CIIUPTHI.

OTU AaTYMKU PabOTAIOT CIEAYIOMIMM OO0pa3oM: MOIUIABOK, HAMPABISAEMBIH TPYOKOM
30HJ1a, MJIaBa€T HAa MOBEPXHOCTU >KUJAKOCTH; TOPOMUJAJIBHBIM MAarHUT, CMOHTHPOBAHHBIA Ha
MOIUIaBKE, B COOTBETCTBYIOIIEM IOJIOKEHUHM 3aMBIKAE€T SI3bIYKOBBIE TI'€PMETU3UPOBAHHBIE
KOHTAKThI, YCTAaHOBJICHHBIC HAa HATIPABJISIONICH TpyOKe, MOCPEICTBOM MAarHUTHOTO TOJIS.

[TocTaBnsArOTCS MOJENN C YACIOM KOHTAKTOB OT 1 10 3. [lepekitouarenyt BHIONHSIIOTCA
pa3MbIKalolMe, 3aMblKalOUMe W Nepekiovaronue. TOYHOCTh U3MEpPEHUs] HE 3aBUCHUT OT
JABJICHUS, IJIOTHOCTHU U AJIEKTPUUECKUX CBOUCTB KUJIKOCTH.

OO0ume TexHUYeCKHe JAHHbIE MATHUTHBIX MOTPYKHBIX 30H/I0B

Temneparypa xkoHTpomupyemoit kuakoctu: -20...+70°C. Pabouas MIOTHOCTh
KOHTPOJIMPYEMOTO BelecTsa: He Meree 0,7 r/cm’. PaGouee naBieHue:

% 110 3 Oap (UCMOJIHEHHE U3 TTACTHKA);

% 110 25 6ap (MCTIOJTHEHUE W3 HEPXKABEIOIICH CTaJIH).
OcHognvle 0ocmouncmea:

% MPOCTOW MPHUHIUI JCHCTBUS;

% HECJIOXHBIH MOHTAX;

HECJIOKHOE TEXHUYECKOE 00CTy)KUBAHUE;

He TpeOyeTcs peryanupoBKa B MECTE YCTAaHOBKHU.
Heoocmamku:

* IUIAaBYYECTh 3aBUCHUT OT pa3Mepa MOIUIaBKa;

TOYKHU MEPEKITIOUEHHUS 3aBUCST OT TUIOTHOCTHU CPE/IbI;
MaKCcHUMalbHas JJIUHA TPYOKH 30H]a OKOJIO 6 M;
MHHHMAJIBHO JOMyCTHMAs! INIOTHOCTh KOHTPOJIMPYEMOTo BelecTa paHa 0,7 r/cv’.
MOXHO MCMOJIb30BATh TOJIbKO B OUMILEHHBIX KUIKOCTSAX.

*

R/
*

*

R/
*

*

<

K/ K/ K/
L X X X4

3

A

I'mapocraTnyeckue cpeacTrsa u3MepeHuil ypoBHs

JlaHHBIM METOJ M3MEpPEHUs YpPOBHS OCHOBAaH Ha OIPEIEICHUU THIPOCTATUYECKOIrO
J@BJICHUSA, OKa3bIBAEMOI'O JKMJIKOCTBIO Ha JHO pe3epByapa. BemmumHa TruapocTaTUyecKoro
JIaBJICHUs Ha JHO pe3epByapa ( p ) 3aBUCHUT OT BBICOTHI CTOJI0A JKUIKOCTH HAJl U3MEPHUTEIbHBIM

npuGopoM (h) ¥ OT IUIOTHOCTH KUAKOCTH (P ): p= pgh, COOTBETCTBEHHO h= p/pg, Tie

g=9.81 M/c” (3TO CIIPABETHBO TOIBKO JUTS HEIOABHYKHBIX JKHUIAKOCTEH).
N3mepenune ruapocTaTHueCcKOTo JaBIICHHUS OCYILIECTBISETCS:
% MaHOMETPOM, TMOJKIIYaeMbIM Ha BBICOTE, COOTBETCTBYIOICH HUKHEMY
MpeeTbHOMY 3HAUCHUIO YPOBHS;

% nuddepeHIMaTbHBIM MaHOMETPOM, MOJKIYaeMbIM K pPE3epByapy Ha BBICOTE,
COOTBETCTBYIOIIECH HIDKHEMY TMpeleTbHOMY 3HAYCHHIO YPOBHS, M K Ta30BOMY
MPOCTPAHCTBY HAJl )KUAKOCTHIO;

% H3MEpEeHHEM JaBJICHUS Ta3a (BO3lyxa), IPOKauYuBaeMOro Mo TpyOKe, OMYIICHHON B
3aMOJHSIONIYIO Pe3epBYap KUIKOCTh Ha ((PUKCHPOBAHHOE PACCTOSHUE.

Ha puc. 7, a mpuBeneHa cxema M3MEpEHUsl YPOBHS MaHOMETpoM. [IpumeHsieMblil ams

TUX meneil mMaHnoMerp | MokeT ObITh JIOOOT0 THIA C COOTBETCTBYIOIIMMHU TpeeliaMu
U3MEpEHUH, OmpeNeNsIeMbIMA 3aBUCUMOCTBIO p = pgh. U3MepeHune T'HAPOCTATUYECKOTO

K/

AABJICHUA MAaHOMCTPOM MOIKCT OBITH OCYIICCTBJICHO U IO CXCMC, HpHBCHCHHOﬁ Ha pwuc. 7, 0.
CornacHo JaHHOM CXeM€ O 3Ha4YCHUH HU3MEPACMOTO YPOBHA CYHAT IO AABJICHUIO BO3/yXa,
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3aM0JIHAIOIIETO MAHOMETPUYECKYIO CUCTEMY.

B HmxHEW 4YacTH MaHOMETPUYECKOU
CUCTEMBI PpAaCIOJIO)KEH KOJIOKON 2, OTBEPCTUE
KOTOPOTO IEPEKPBITO TOHKOU 3JaCTUYHOU
MeMOpaHoit 1, a B BepxHeli — MaHOMeTp 3.
[IpuMeHeHne 3MacTUYHOW MeMOpaHbl HCKIIOYaeT
pacTBOpEHUE BO3yXa B KUIAKOCTU, OJHAKO BBOIUT
IOIPEIIHOCTL B OINPENCIICHUE YPOBHA  M3-3a
yrnpyroctd memOpansl. [IpenmyiiecTtBoM JaHHOM
CXEMBbl M3MEpPEHUs THIPOCTATUYECKOIO [aBICHUS
SBJISICTCSL HE3aBUCUMOCTD IIOKA3aHUN MAaHOMETpa OT

Puc. 7. CxeMbI H3MEPCHHS YPOBHS €ro pacIonoxeHus OTHOCHUTECIIbHO YPOBH:
TUIPOCTATUYECKUMU YPOBHEMEPAMMU KUIKOCTH B pe3epByape.

IIpn u3MepeHUH ypOBHsS IO PACCMOTPEHHBIM CXEMaM HMMEKT MECTO IOTPELIHOCTH
U3MEPEHUS, OIpPEHEIsAEMble KIIACCOM TOYHOCTM MAaHOMETPOB M HU3MEHEHUsSMH IUIOTHOCTH
KUJKOCTH.

W3mepeHne TUAPOCTATHUECKOTO  JIABJICHUS  MaHOMETpaMH  IIeJecoo0pa3Ho B
pe3epByapax, paboTamomux Mpu aTMOC(HEpHOM AABICHUMU. B MPOTHBHOM ciydae, MOKa3aHUs
MaHOMETpa CKJIAJbIBAIOTCS U3 TUAPOCTATHYECKOTO M U30BITOUHOTO JaBJICHHM.

Jlist u3MepeHus ypOBHS JKMAKOCTH B TEXHOJIOTMYECKUX armaparax, HaxoIAIUXCs M0/
JaBJICHUEM, IIHPOKOE MPHUMEHEHHe NOoIydnin auddepeHranbable MaHOMEeTpbl. C MOMOIIBIO
middepeHnanbHbBIX MAHOMETPOB BO3MOXKHO TaK)Ke U3MEpPEHHE YPOBHS JKUAKOCTH B OTKPBITHIX
pe3epByapax, ypoBHs paszena (a3 u ypoBHS pazjena >KUIKOCTEH.

W3mepeHne ypoBHS B OTKPBITBIX pe3epByapax, HaXOAALIUXCS MOJ aTMOc(hepHbIM
JIaBJIEHHEM, OCYILIECTBIISICTCS 110 CXEMe, MpeJICTaBlIeHHON Ha puc. 7, B. Audmanomerp 1 uepes
UMIYJIbCHBIE TPYOKM 2 COEQMHEH C pEe3epByapoOM U YpPaBHHUTEIbHBIM COCyIOM 3.
YpaBHUTEIBHBIN COCYJ IPUMEHAETCS UIsl KOMIICHCALIMY CTaTUYECKOTO JaBJICHUSA, CO34aBaeMOr0
cTo00M KHUIKOCTH hi B UMIynbcHOM TpyOke. B mporiecce m3mepeHust ypoBeHb KHIKOCTH B
YPaBHHUTEIBHOM COCYZE JOJDKEH OBITh MOCTOSHHBIM. BeHTWIIb 4 CIyXKHUT Ui MOIJEpKaHUS
IIOCTOSIHHOTO ypoBHS B cocyne 3. Ilpu paBeHCTBE MIIOTHOCTEM JKUIKOCTEH, 3aNOJHSIOLINX
UMIYJIbCHBIE TPYOKH M pe3epByap, M NpU YCIOBHU Ay = h, mepenaja AaBlICHUs, U3MEPsIeMbIi
T(pMaHOMETPOM,

AP=p,.gh (2)

IIpn m3mepeHuH ypoBHA B allaparax, HaXOAAMIMXCS IOJ JABICHUEM, NPUMEHSIOT
CXeMy, IPUBEJECHHYIO Ha pUC. 7, 2. YPaBHUTENBHBIN cOCyll 3 B 3TOM Clly4ae yCTaHaBIMBAIOT Ha
BBICOTY, COOTBETCTBYIOLIYI0 MaKCUMAaJIbHOMY 3HAYEHHIO YPOBHSA, M COEJMHSIOT C allapaToM.
Cratuyeckoe nasneHue P B anmapare noctymaer B 00€ HMMIIYJIbCHBIE TPYOKH, IO3TOMY
U3MepseMblii nepenas gaBjaeHuss AP MOKHO IIPEICTaBUTh B BUJIE

AP = ps . 8hax — Py 8h - 3)

IMpu h =0 AP = APy, anpu h=hy,, AP=0.

Kak cnenyer u3 ypaBHeHus (3), IIKaja M3MEPUTENBHOIO NpHOOpa ypoBHEMepa OyneT
oOpamieHHOH. B paccMOTpeHHBIX cXeMaxX MOTYT ObITh MCHOJb30BaHBl JU(PMAaHOMETPBI C
yHH(DUIIMPOBAaHHBIM TOKOBBIM MJIM ITHEBMATHYECKUM CHI'HAJIOM.

Ecan  skuakocTb, 3amloJHAIOIIAS — pe3epByap, arpeccMBHa, TO  IOAKIIOYEHHE
Au(MaHOMETPA K PE3EPBYapy OCYLIECTBIISAETCS YePE3 Pa3AeIUTENbHBIE COCY/IBI.

VYpoBHEMEDBI, B KOTOPBIX M3MEPEHHE TMJPOCTATHYECKOTO JABJICHUS OCYIIECTBIAETCA
OyTeM M3MEpeHMs JaBlIeHHMsA TIa3a, IPOKAauuBaeMOro 1o TpyOKe, NOrpY)KEHHOW Ha
(UKCHUpOBaHHYIO  TIyOMHY B  JKMJAKOCTb,  3allOJHSIONIYIO  pE3epByap,  Ha3bIBAIOT
nvesomempuyeckumu. CxemMa IbE30METPUUECKOTO YpPOBHEMEpa IIpHUBEIEHa Ha puc. 7, O.
ITbe3oMeTpruyeckas TpyOka 1 pasmeriaercss B anmapare, B KOTOPOM H3MepsieTcsi ypoBeHb. I'a3
IOCTyIaeT B TPYOKy uepe3 Apoccenb 2, COyKalluid Uil orpaHudeHus pacxona. Jljis nsmepenus



pacxona rasza CIy)KUT CTaKaH4UuK 3 (pacxoj ¢ NOMOIIBIO CTAKaHUMKA ONPEAEIAETCS IO YUCTY
My3bIPHKOB, MPOOYIHKUBAIOIINX Yepe3 3alOJHSIONIYI0 €ro JKUIKOCTh B €AMHUILY BPEMEHH), a
JaBJIeHUE IMOAJICPKHUBACTCSA MOCTOSHHBIM C MOMOIIBIO cTabunu3aropa AasieHus 4. JlaBneHue
rasa rociie poccessi u3MepseTcst TMPMaHOMETPOM 5 U CIYKHUT MEpOi YpOBHS.

[Ipu nmonaue ra3a gaBjieHUE B IbE30METPUUECKON TPYOKE MOCTENEHHO MOBBIIIACTCS /10
TeX IMOp, NOKa yKa3aHHOE JaBJICHHE HE CTAHET PaBHBIM JABJICHHIO CTOJIOA JKUKOCTH BBICOTOM /.
Korna paBnenue B TpyOke CTaHET paBHBIM THAPOCTATHYECKOMY JIABJICHUIO, U3 HMXKHETO
OTKPBITOTO KOHIA TPYOKM HAayMHAeT BBIXOAUTH ra3. Pacxon moaduparoT Takoi, yToObl ras
MOKHUIa TPYOKY B BHJI€ OTAEIBHBIX My3bIPHKOB (IPUMEPHO OJIMH ITy3BIPEK B CEKYHIY).

[Ipu OomblieM pacxoae JAaBiCHUE, H3MEpsieMOoe ITU(PMAHOMETPOM, MOXKET OBITh
HECKOJIBKO OOJIBIIMM, YeM TUAPOCTATHYECKOE, H3-3a JIOTOJHUTEIBHOIO MaJCHUs JaBJICHUS,
BO3HHUKAIOIIETO 3a CYET TPEHUs Ia3a O CTEHKHU TPYOKH NpH ero ABwkeHuH. Ilpu oueHb manom
pacxoje raza yBEJIWYMBAETCS WHEPUUMOHHOCTHh HM3MepeHHs. O6a QakTopa MOTYT YBEIHYHUTDH
IIOTPEIIHOCTh U3MEPEHUS YPOBHSI.

B mbpezomerpuueckux ypoBHeMepax MpU OONBIIMX U3MEHEHHUAX YPOBHS Pacxoj rasa
MOXKET CYIIECTBEHHO HM3MEHHUTBCS, YTO, B CBOKO OYEpEIb, MOKET BbI3BaTh IOINOJHUTEIBHYIO
MOTPEIIHOCTh U3MEPEHUS.

s cTa0MIn3anuu pacxona rasa B
IIbE30METPUUECKUX YPOBHEMEPAX IIPOMBIIIIEHHOCTHIO
23 BBIIyCKaeTcss MeMOpaHHBIM cTabuiau3aTop pacxoja, cxema

" ¥ mesvemu-  KOTOPOTO IOKA3aHa Ha puc. 8.
SECKOT mpytice 2
¢ : HeiicTBue crabuinuzaropa OCHOBAHO Ha
" aBTOMAaTHYECKOM PpETYJIMPOBAaHUM IOCTOSHHOIO Iepenaja
i JaBlieHUsT Ha jApoccene 1, KOTOpbIA  0OOyCIOBIMBaeT
Prc 8 Mo gi) :H;H I; CT:6I/IJII/I3aT0p IIOCTOSIHCTBO pacxoja uepe3 Hero. [l PeryIMpOBaHUs 3TOro
pacxosa nepenaza  MUCMHOJb3yeTcsl  CTaTHUECKUH  MeMOpaHHBIN
pEryNnATOp, KOTOPBIM COCTOMT M3 Kopmyca 6 M KpBIKH 3,
MEXJy KOTOPbIMH YCTaHOBJEHAa pE3MHOTKaHEBass MeMOpaHa 5 C MKECTKMM ILIEHTpoM 4.
ITocnennuit onupaercs Ha Tonkatensb 10, a cBepXy Ha Hero Bo3aeicTByeT npyxusa 2. [lapuk 9,
Ha KOTOpbIM BO3JEHCTBYeT MpyxuHa §, oOpa3yeT BMecTe C OTBEpCTHEM 7 B KOpIIyce
ynpasisemMblil kinanad. Poramerp 11 ciayxur ams u3MepeHHs pacxoja rasa, IoJaBaeMoro K
npe3oMeTpuueckoi TpyoOke. [lpoccenb 1 BBIIOSHEH MEPEMEHHBIM, YTO MO3BOJISIET 3a]aBaTh
peryiupyeMoe 3Ha4eHHe pacxoa.

Crabunuszatop pacxoma pabortaer ciexyooumum obpazom. Ecnu mo kakum-ian6o
IIPUYMHAM PacXoJl ra3a MU3MEHSETCs, HAllPUMEP YMEHBIIAETCS, COOTBETCTBEHHO YMEHBILAETCS
nepenaja JaBiieHHs Ha Jpoccene 1. B pesynbrare geiicTByromias Ha MeMOpany cuina Fy,
oOycCIIOBIICHHAs TEpernajioM JaBJIeHUs Ha MeMOpaHe, TaKkke yMeHblaercs. M3-3a Toro 4to cuia
F,, pa3BuBaemas NpyKHHON 2, MOCTOSIHHA, yMEHbIIEHWE CHJbl Fi BBI30BET mepeMmellcHue
MeMmOpanbl BHU3. [Ipu 3TOM TONKarenb 10 HECKOJIBKO YBEIMYUT 3a30p MEXKIY HIAPUKOM 9 U
OTBEPCTHEM 7, YTO YBEJIMUYUBACT MOJjauy ra3a noj MeMOpaHy 5, a clieJJoBaTeIbHO, U JaBJICHUE B
IPOCTPAaHCTBE IMOJ HEH M Ha BXxoje japoccens |. YBenuueHuwe 5TOro JAaBieHHs OyIer
MPOUCXOJUTH 70 T€X HOP, MOKa C TOYHOCTBIO JIO CTATHYECKOW OIMIMOKM He OyJIeT BOCCTaHOBIICH
nepenaj JaBJlIeHUs Ha Apoccelie 1, a cienoBarenbHo, U pacxol. B cocTosiHuM paBHOBECUS CHUIIBI
Fi u F,, neiictBytomie Ha MeMOpaHy, paBHBI.

IIpe30MeTpHrUecKHe YPOBHEMEPHI MO3BOJIAIOT U3MEPATH YPOBEHb B IIMPOKHUX IpEAesiax
(OT HECKOJIBKUX JIECATKOB CAaHTUMETPOB 10 10— 15 M), U npu UCIONB30BAHUU TSI U3MEPEHUS
JaBlIEHUs] B IbE30METPUUECKOM TpyOke audmaHomerpa ¢ YHUDHUIMPOBAHHBIM BBIXOIHBIM
CUTHAJIOM UMEIOT OTHOCUTENbHYIO PUBEACHHYIO norpemHocts +(1,0—1,5) %.

I'mapocraTnyeckue u3geans u3MepeHnsi ypoBHsI 3apyOeskHbIX pupm.
[Ibe30pe3uCTUBHBIN TEH30JaTUUK (MJIM EMKOCTHBIM KEPaMUYECKUU H3MEPUTENIbHBIN
nmpeoOpa3oBarenb, KOTOPBIA HE 3allOJIHEH YCPEOHSIIONIMM JaBlIEHHE BEIIECTBOM) CBSI3aH C



H3MEpSEMOil JKUKOCTHIO YePE3 N30IUPYIOLTYI0 MEMOpaHy U3 HEPIKABEIOIICH CTall U BEIECTBO,
yCcpeaHsitoniee JaBieHne. BoIXOHOW CUTHAN TeH30JaTuyuka mpeodpasyercst popmMupoBarTeneM B
CUTHaJI, COOTBETCTBYIOIINI YPOBHIO KUJIKOCTH.

[lena, oTnOXeHUS, U3MEHEHHSI DTIEKTPHUUECKUX CBOMCTB KUIKOCTH U (hopma pezepByapa

HE OKa3bIBAIOT BIUSHUS HA PE3YJIbTaT U3MEPEHUS [IPU pealiu3alii THIPOCTATUUECKOTO METO1a.

OcHoeHble 00cmouncmea 2udpocmamuiecko2o0 Memooa:
% TOYHOCTE;

MIPUMEHUM JUJIS 3arpsI3HEHHBIX KUIKOCTEH;

peanu3alus MeTo/1a He IPEANOoaraeT uCIoab30BaHUs TOIBHKHBIX MEXaHU3MOB;

COOTBETCTBYIOIIEE OOOpYyAOBaHHE HE HYXKAACTCI B CIOXKHOM TEXHHYECKOM

00CITy’)KUBaHUHU.

Heoocmamku:

% JIBKCHHE KMJKOCTU BBI3bIBACT M3MCHCHHUC NABJICHUS W TMPUBOJUT K OMIMOKAM
u3MepeHus (JaBjI€HUE OTHOCHUTENIbHO IUIOCKOCTH OTCUETAa 3aBUCUT OT CKOPOCTHU
MOTOKA XKUAKOCTHU CJIEJICTBUE 3aKoHa bepHym);
aTMocdepHoe aBJIeHHE JOHKHO OBITh CKOMIICHCHPOBAHO;

% HM3MCHEHUE IJIOTHOCTH JKUIKOCTH MOKET ObITh IPUYUHON ONTUOKH U3MEPCHUSI.

PaccMoTpuM ruapocTaTHUECKHE CpPEACTBA KOHTPOJS YPOBHSA Ha MpuMepe H3Aenuil (Gpupmsl

Pepperl+Fuchs, koTopas B HacTosiee Bpems npemiaraetT usmepurenabHbie 300161 cepun LGC u

PSiA JATYUKOB THAPOCTATUYECKOTO JaBJCHHs Moja o0mieil ToproBoii Mapkoii Barcon (PPC-M20,

LHC-M20, PPC-M10, LHC-M40).

L)

K/ K/ K/
L X X X4
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*

I'mapocraTnyeckne 30HAb1 11 n3Mepenns yposust LGC

3ouaer ypoBHs cepun LGC (puc. 9) sBASOTCS TaTYMKAMU
TUIPOCTATUYECKOTO JABJIECHUS Ul U3MEPEHUS YPOBHS IIPECHON BOJIBL,
IIUTBEBOM BOJBI M CTOYHBIX BOA. Mozaenu cO BCTPOEHHBIM
TepMonpeoOpa3oBaTesieM CONPOTUBICHUS U3 TUIATUHOBOM MPOBOJIOKH
P1100 ogHOBpEMEHHO ONPENENAIOT TEMIIEPATYPY B MECTE YCTaHOBKHU
natuuka. CooTBeTcTByOIMil  mpeoOpasoBarens  (MOCTABISAETCA
OTJIEIbHO 1o 3aKazy) TpaHchopMupyer CUTHAJ
i TepMonpeoOpa3oBaresis  CONPOTUBICHUS B  YHU(UIIMPOBAHHBIH
| TOKOBBIN curHai 4...20 MA.

Kepamuueckuil M3MEpPUTENIBHBIM DJIEMEHT 30HJA SBISAETCS

Puc. 9. fugpocrarmaecrme souas cepun L6C  (CYXHMM», TO €CTh JaBJIICHHE BO3JEHCTBYET HEMOCPEICTBEHHO Ha
NPOYHYIO KEepaMHYecKylo auadparMy JaTuMKa W BBI3BIBACT €€ INepeMelleHHMe MaKCUMyM Ha
0,005 mm. BnusHue armocdepHOro naBiieHHs, NEHCTBYIOIIErO Ha MOBEPXHOCTb JKUAKOCTH,
YCTpaHseTCsl MOCPEICTBOM €ro NMPHIIOKEHHUS depe3 CHEelMalIbHYI0 TPYOKY Ul KOMIIEHCAIMH
JaBIeHUsT K 3aJHeil cTopoHe Kepamuyeckod nuadparmsel (puc. 10). M3menenus &émkoctw,
BbI3BaHHbIC MEepeMelIeHHeM auadparMbl Mo ACHCTBUEM [aBJICHUS, BBIABISET KepaMHUYECKHM
M3MEPUTENIbHBIM JIEMEHT. DJEKTPOHHAs 4YacTh JaTyhKa MpeoOpa3oBbIBA€T UX B CHUTHAIBI,
IIPONOPLMOHAIBHBIE  TEKYLIMM  3HA4Y€HMSIM  JIaBJI€HUS, KOTOpPOE  CBSI3aHO  JIMHEHHOU
3aBUCHUMOCTBIO C BEJIMUYNHON YPOBHS U3MEPSAEMON CPEBI.

Ha puc. 11 npencraBieH npuMep MOHTaka T'MAPOCTATHUUYECKOrO 30HJA YPOBHS CEPUU

LHC.
Heo0x01uM0 OTMETUTH CIIETYIOLINE MOMEHTBI:
% OOKOBOE IepeMeleHne KaOeias 30HJa MOXKET BBI3BATh OIIMOKM HM3MEPEHHS,
MO3TOMY 30HJ HEOOXOJMMO YCTaHABJIMBATH B MECTE, IZie OTCYTCTBYIOT JIBUXKECHUE
KHUJIKOCTH U TypOyNeHTHbIE MOTOKH, WM NPUMEHATh HANpaBIAIOLUIyl0 TpyOy ¢
BHYTPEHHUM JMaMeTpoM Oosiee 23 MM;
% KOHeIll Kabens JOJDKEH pa3MeIIaThCs B CyXOM IMOMEIICHUH WIIM COOTBETCTBYIOIICH
pacrpenenuTeNIbHOM 000JI0UKe;
% 3aIIMTHBIA KOJMA4YOK TMpEJHAa3HAa4eH Ui TPEAYNPEkKACHHS MEXaHUYECKHX



HOBpe)K,[[eHI/Iﬁ HU3MCPUTCIILHOT'O DJICMCHTA.

Kepamu4ecsiin
WAMEPHTENEHE
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YenoeHele 0G03HAYEHUA: I — BRICOTA YPOOHA BHIKOCTH; P — 00Ee fRENaHHE [IMLPOCTATHYEC KOE + 1=
MociepROE); [ — MAOTHOLTE H3IMEPREMOR CPEH; 0 — YCKOPEH HE cEODOANOND NANSHAR] Piydr — THA-
POCTATHYRCHDR QABNEHAE; D, — STMOCHEDHOE B3 ENEHHE,

Puc. 0. Drznvecine NpHHIMNE GyHKMOHBPOEIHHA TMAPOCTATHYECHOM HIMEPHTENLHOH CHCTEMBE

Pacnpependransian kopobia (LGC-Z11)

Hadernsuan MOHTANHER JAITTYLIKE

Pagurys namia jorked Snims Goned 1230 v

ye

o - Mowrasimn pakchrop (LGCZ10)

= T Onwvna satsm mo 300 m

) Hanpagrmmuuas TRyda [EHyTREHHAR
e T RBMETH OMKEH GeaTh GO 23 M)

1

l|I Aaup ypoens LEC
T
. I DanonHimensHed rpys (LEC-Z12) —
| BEAOMOrATENLHOS OSapyionanne
[ -

BARATIEIA KO a0
Prc. 17, MpeMep YCTAHOBKH MMAPOCTATHYECKOND 20H/E YPOEHA

JaTyuky ruApocTaTuyecKoro AasjaeHus Barcon
Kak ormeuanoch paHee, Hpu YIOPaBIECHUU TEXHOJOTUUYECKUMH IpOLlECCaMU B
pe3epByapax-XpaHWIHIIAX MPEANPUIATANA XUMUYECKON, He(hTEXUMUUYECKOH, hapMalieBTUUECKO
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WIKM THUILIEBOM OTpacneﬁ NONPOMBINIJICHHOCTU B TPHUMCHCHUAX, CBA3AHHBIX C OXpElHOfI
oxpymaromeﬁ CpCabl, YPOBCHb JKHUJIKOCTEH MIIM B3Becel onpeaAcC/sICTCA 10 JaBJICHUIO,
OKa3bIBACMOMY MMHU Ha HepBI/I“IHHﬁ I/IBMepI/ITeJIBHHﬁ HpeO6paBOBaTeJ'IL.

Hapamimstnni raMepuTansHLR MeTanmmEcki HaMepHTENLHLIR
ANAMEHT METYARDE ANEMENT [ATHHRON
PPC-M20, X PPC-M10, L

LHG-M20 HC-840

—— K apRamee oo | Maseparanshian
OCHOBRHNE AT ;
CONPOTHRNBHWA

= BT L gwlmm::huw

Puc.12, Memipannwie npeofpazosarenn patuskos Barcon

[[Inpoko ucnoap3yeMble B IMEPEUUCICHHBIX OTPACISIX AATYMKU THIPOCTATUYECKOIO
JABJIEHUs cepuM Barcon Mo3BOJISIOT CTPOUTH HAEKHBIE U HENOPOTHE U3MEPUTENBHBIE CUCTEMBI,
OTJIMYAIOIINECS PAa3HOOOPAa3HBIMU THOKUMH BO3MOXKHOCTSAMHU. OCHOBHBIM 3JIEMEHTOM 3THUX
JATYMKOB SIBJISIETCS TEPBUYHBIA HM3MEpUTENbHBIM TmpeoOpazoBaTens. Kepamudeckue WU
MeTajuInyeckne MeMOpaHHble npeoOpazoBaTenu (puc. 12), pasHooOpas3Hble CIOCOOBI MOHTaXa
Ha pe3epByapbl, MHOTOUNCIICHHBIE BAPUAHTBI KOHCTPYKIIMHA KOPILYCOB JaTYUKOB, BBIMOJTHEHHBIX
U3 pa3HbIX MaTepuasnoB, oOecreurnBaloT MHOrooOpasue usnenui cepuu Barcon. Jlnst naHHBIX
YCTPOMCTB MOTYT OBITh PEANM30BaHBbl PA3IMUYHBIE CHOCOOBI BJIEKTPUUYECKUX IMOIKIIOYCHHMH, B
ToM uymciae Ha Oasze cereBbiX NpoTokosnoB PROFIBUS-PA win HART. Beé sto mosBosisier
CO3/1aBaTh CIIELUANIbHBIE U3MEPUTENbHBIE TPUOOPHI AJIS PEIICHNs] KOHKPETHBIX 3a/1a4 3aKa34MKa.
BapuanTsl ycTaHOBKM JaTunKoB ruapocrarndeckoro nasineHus LHC nokasansl Ha puc. 13.

£, HmA

METAHODKA JATYMKA HA BHeWNER CTOpOHE Hamepenne cyMMapHars qasnenns
pelepayapa (nnocxas guadiparmal M JARASHHA HAJ NORSPXHOCTRID HHAKOCTH
DEYME ATUMEAMMN, YETAHOBNEHHBIMK
Ha BHEWHER CTOPOHE PEISPIYaPa.
Hosmponnap aHaauznpyet ofa chrHana,
H BEYHCNASTCA PAIHHLA BABNAHHA

DaTinK Ha TPOCE CEEUNBARTCA C KPHIIKH JATHuE CTEpHHEBOR YCTAHABNHEISTCR He-
pelepoyapa PO3 KPIEKY PEIEDOYVARA

Puc. 13, MpuMepsl BAPHAHTOR YCTAHORKM AATYHHOE MMLPOLTATHYECKOND AaBNEHMA cepum LHC
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O0mme TexHN4YeCKHe JaHHBIE JaTYUKOB cepuu Barcon

Lamuuku ¢ kepamuueckum usmMepumenbHulM J1eMEeHMOM:

KepaMHUYEeCKH EMKOCTHBIHM NMEPBUUHBIA H3MEPUTEIbHBIN IPEO0Opa30BaTEb;
nuama3oH usmepenuit ot 100 mOap mo 40 Gap;

repMETU3HPOBaHbI C 3aIIUTOMN OT IEPErPY3KH;

COOTBETCTBYIOT BBICOKUM CAHUTAPHO-TMTHEHUYECKUM TPEOOBAHUSAM;
MOTYT paboTaTh B KOPPO3HOHHBIX U a0pa3UBHBIX CpEAax.

amyuKu ¢ MEMAIIUYecKuM U3MEPUMeENbHbIM I1EeMEHMOM.

CBapHOM MbE30PE3UCTUBHBIN METAIITMUECKHUI TpeoOpa3oBarTeb;

nuamna3zoH uaMepenuit ot 1 go 400 Gap;

3anuTa ot neperpysku o 600 6ap.

Tounocmv usmepenus:

He Xyxke 0,2% ycTaHOBIEHHOIO TMana3oHa;

BO3MOXXHOCTb YCTAaHOBKHM JMana3oHa H3MEPEHUs C JMalla30HOM H3MEHEHHs B
cootHomeHuM 10:1;

¢ JoJIroBpeMeHHas HectaOuinbHOCTh MeHee 0,3% nuamnas3oHa 3a ro.

e

A

K/ K/ K/ K/
LIS XX X iR X 4

N

K/ K/ K/
L X X X4

e

A

R/
L X4

>

JIeKTpHYeCKHe CpecTBAa H3MEpPEeHNl YPOBHS

Ilo BHAOY YyBCTBUTEIBHOIO 3JEMEHTA JJIEKTPUUECKUE CPEICTBA HM3MEPEHUN YPOBHS
MOAPA3JENIAI0T HA EMKOCTHBIE U KOHIYKTOMETPHUYECKHUE.

EmxocTHBIe ypoBHeMepbl. B ypoBHEMepax 3TOro THIIa HCIOJIB3YETCS 3aBUCHMOCTH
IEKTPUYECKOM  €MKOCTHM  YYBCTBUTEIBHOIO  DJIEMEHTA IEPBUYHOIO  U3MEPHUTEIBHOTO
npeoOpa3oBareist OT YPOBHS JKUAKOCTH. KOHCTPYKTMBHO €MKOCTHBIE UYBCTBUTEJIbHBIC
AJIEMEHTHI BBIIOJIHAIOT B BUJI€ KOAKCUAIBHO PACTIONIOKEHHBIX LIMIMHAPUUECKHUX 3JIEKTPOI0B WIH
[apaJUIEJIbHO PACIIOJIOKEHHBIX IIJIOCKMX IEKTPOAOB. B HOMEHKIATypy CpencTB HM3MEpPEHUN
ypoBHs I'CII BXOIAT €MKOCTHBIE YPOBHEMEPHI ¢ KOAKCHAJIBHO PACIOJIOXKEHHBIMU 3JIEKTPOJIaMHU.
KoHCTpyKIIMsT €MKOCTHOTO YyBCTBUTEJIBHOIO 3JEMEHTA € KOAKCHAJIbHO pPaclOJIOKEHHBIMU
ANIEKTPOJaMU  ompejessercs  (U3UKO-XMMHMYECKMMM  CBOMicTBaMu  skuakoctu.  Jnd
HEDJICKTPOIPOBOIHBIX (AMANEKTPUUECKUX) JKUIKOCTEH — >KUIKOCTEH, MMEIOUIUX YIETbHYIO
3MEKTPOIpOBOAHOCT:  MeHee 10°  CM/M, NPHMEHSIOT — YpOBHEMEpHI, OCHAIICHHBIC
YyBCTBUTEIIbHBIM JIEMEHTOM, CXEMBI KOTOPOTO MPEACTABIEHBI Ha puc. 14.

YyBcTBUTENbHBIHN 2eMeHT (puc. 14, a) cocTout
U3 JIByX KOAKCHaJIbHO PACIOJIOKEHHBIX JIEKTPOAOB 1 u
2, 4YaCTUYHO IOTPYXKEHHBIX B XUAKOCTb. OJIEKTPOMbI
o0pa3ytoT LUIVHAPUYECKUN KOHJIEHCATOD,
MEX3JIEKTPOTHOE MPOCTPAHCTBO KOTOPOTO /10 BBICOTHI /1
3all0JIHEHO JKUJKOCTBIO, a MpOCTpaHcTBO H - h —
naporazoBoil cmecbro. s (puUKCHpOBaHMS B3aUMHOIO
PacmoJIOKEHUs IEKTPOIOB IPELYCMOTPEH U30JIATOD 3.

B oOmem Buae osnekTpuyeckas €MKOCTb
LWIMHAPUYECKOTO KOHAEHCATOPa ONPEAEIAETCS YpaBHEHUEM

C =2meeH [[In(D/d)), (4)
A€ € — OTHOCHUTENbHAs MAMDJIEKTPUYECKAs IPOHUIAEMOCTb BEILIECTBA, 3alOJIHSIOIIETO
MEXAJIEKTPOIHOE NPOCTPAHCTBO;
£() — AMDJIEKTPUYECKAs IPOHULAEMOCTh BAKYyMa;

Puc. 14. EMKOCTHBIE YPOBHEMEPHI.

H — BrICcOTA QJICKTPOJAOB;
D, d— AUaMCTPbl COOTBETCTBCHHO HAPYKHOI'O U BHYTPCHHETO 2JICKTPOJAOB.
Z[J'ISI MUJIMHAPUYCCKOI0 KOHACHCATOPA, MCKIJICKTPOAHOC MPOCTPAHCTBO KOTOPOIO

3aIlOJIHACTCA BCIICCTBaMU, O6JIaILaIOIJ_II/IMI/I pasiinIHbIMU AUSJICKTPUICCKUMU
IMPOHUIACMOCTAMH, KaK I[IOKA3aHO Ha pUC. 9, a, IoJIHas1t EMKOCTH CH OIPEACIIACTCA BIPA)KCHUCM:
CH:C0+C1+C2, (5)

rac Co — EMKOCTBb IIPOXOAHOI'O U30JIATOPA,
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C] — EMKOCTb MCKIJICKTPOAHOI'O MPOCTPAHCTBA, 3aAIIOJIHCHHOT'O JKUJAKOCTBIO,
C2 — EMKOCTb MCKIJICKTPOAHOT'O MPOCTPAHCTBA, 3aAIIOJIHCHHOTI'O napora30130171 CMCECHIO.
C Y4E€TOM YpPaBHCHUSA (4) MOJIHYKO EMKOCTb YYBCTBUTCJIILHOT'O 3JICMCHTA NPCACTABUM B
BHUJC
2negeLch  2meger (H —h)
In(D/d) In(D/d)

Cp=Co+ , (6)

Tak kak I MapoB >KUAKOCTHM U ra3oB &p ~1, a Cy—BenuuunHa MOCTOSHHASI,
ypaBHeHUE (6) MOXKHO MPeoOpa3oBaTh CIASAYIOIIUM 00pa3oM:

_ ., 2mEgh A
CH—C0+1n(D/d)H[1+(89,C 1)H}, (7)

VYpaBuenue (7) mnpencTaBisieT coOOM CTaTUYECKYIO XapaKTEPUCTUKY EMKOCTHOTO
YYBCTBUTEIBHOIO DJIEMEHTa JJIsi HEIEKTPOIPOBOAHBIX cpeA. Bemuunmna &€,,. sABIsAeTcA

¢byHkuueit Temmeparypsl, mo3toMmy JIs MCKIIOYEHMS BIUSHHS TEMIIEPATypbl KHJIKOCTH Ha
pe3yinbTaT  M3MEPEHHs NPHUMEHSIIOT KOMIIEHCAlMOHHBIM  KOoHAeHcatop (puc. 9, 6.
KoMneHcanmoHHblii koHAeHcaTop | pa3memaercs HM)XKE EMKOCTHOTO YYBCTBUTEIBHOIO
2JIEMEHTA 2 W IOJIHOCTBIO MOTPYXEH B >KUIKOCTb. B HEKOTOpBIX CiydasX MpU IMOCTOSHCTBE
COCTaBa XHUAKOCTH €TI0 3aMEHSIOT KOHAEHCATOPOM MOCTOSIHHON €MKOCTH.

JUis u3MepeHus YpOBHsSI JIEKTPONPOBOIHBIX KUIKOCTENH — XKUAKOCTEH € YAEIbHOUI
npoBoUMOCTEI0  Gosee 10™ CM/M NpPUMEHSIOT ypOBHEMEpHI, OCHAIICHHBIC EMKOCTHBIM
YYBCTBUTEIbHBIM 3JIEMEHTOM, M300paXeHHbIM Ha puc. 14, 6. UyBCTBUTENBHBIH 3JIEMEHT
IpeJCTaBiseT co00M MeTauIMYeCKUH eKTpoa 1, MOKPBITHINA (TOPOIUIACTOBOM M3osALuel 2.
DJEeKTPOl YaCTUYHO MOTPYKEH B )KUJKOCTh. B KauecTBe BTOPOTO 3JEKTPOJIa UCIIOIB3YeTCs JINOO
CTEHKa pe3epByapa, €CIM OHa MeTaJTMYecKasi, JJMOO CIelUaNbHBIA METAaNTMYEeCKUN JIEKTPO/I,
€CJIM CTEHKa pe3epByapa BBINOJHEHA W3 OUAJIEKTpUKa. [loaHas €MKOCTh YyBCTBUTEIBHOIO
3NIEMEHTa, N300pAKEHHOTO Ha pUC. 9, 6, onpeemseTcs ypaBHEHUEM:

Cpy=Co+1C2 (8)
Cl +C 2
rac Co — EMKOCTb IIPOXOAHOI'O U30JIATOPA,
C] — CMKOCTb KOHACHCATOPA4, O6pa3OBaHHOTO QJICKTPOAOM lu MOBEPXHOCTHIO KUAKOCTHU
Ha rpaHule C U30JIATOPOM;
Cz — CEMKOCTb KOHIACHCATOpa, O6pa3OBaHHOFO MOBCPXHOCTBIO KUAKOCTU HA I'PpaHUIC C

M30JIITOPOM U CTEHKaMu pe3epByapa.

[IpeoOpa3oBaHKe SIEKTPUYECKON EMKOCTH UYBCTBUTENBHBIX JJIEMEHTOB B CHTHAI
MU3MEpUTENBbHON HWH(OPMALIMKU OCYHIECTBISIETCS PE30HAHCHBIM, UMIYIHCHBIM METOJOM HIIU C
MOMOIIIBI0 MOCTOB MEPEMEHHOIO TOKA C CAMOYPAaBHOBEIIMBAHUEM.

B TouHOM ompeneneHn ypoBHS pELIAIOIYIO POJb UTPAIOT KOHCTPYKIUS, U30JSLUS U
MpaBWJIbHOE pa3MelleHrne EMKOCTHOro 30H1a. [losTomy HEOOXOOMMO YYHUTHIBATH CIEIYIOIINE
dakTophl: M3OIAIMIO 30HAa, GopMy pe3epByapa, HaBICHHE B pe3epByape, TeMIEpaTypy
KOHTPOJUPYEMOTr0 MaTepuala, ero 3epHUCTOCTh, aOpa3uBHOCTh, XMMHUYECKYIO arpeCCHBHOCTb,
BSI3KOCTh, BO3MOXXHOCTb 00pa30BaHUs KOH/IEHCATa WITU TICHBI.

W3mepuTenbHBIl 30HI B 3aBUCUMOCTH OT TpeOyemMo#l [UIMHBI BBITIOJHSIOT W3
MIPOBOJIOYHOTO TPOCHKA, METAIITMYECKOTO CTEPKHS HIIU TPYOKH.

B emkocTHBIX ypoBHeMmepax, Bxonasamux B HomeHkiarypy ['CII, mpeoOpazoBanue
€MKOCTH OCYILIECTBIIAECTCS HMMIYJIbCHBIM METOJOM, B peau3alil KOTOPOTO HCIOJIb3YIOTCS
MEepPEXOHbIE MPOLECChl, MNPOTEKAIOIIME B YYBCTBUTEIBHOM JIIEMEHTE, MEPUOAMYECKH
MOJKITI0YAEMOM K HCTOYHUKY MOCTOSIHHOTO HAMPSKEHUS.

EMKocTHBIE ypOoBHEMEpHI BbIIIyCKaroTcsi KiaccoB Tounoctu 0,5; 1,0; 2,5, Ux
MUHHMMAaJbHBIN AHana3oH udmepenuit cocrapisier 0—0,4 M, makcuManbHbiii 0—20 M; naBieHue
paboueii cpenpl 2,5—10 MIla; Temneparypa or —60 10 +100°C unu ot 100 no 250° C. Ha 6aze
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PacCMOTPEHHBIX EMKOCTHBIX YYBCTBHUTENBHBIX 3JIEMEHTOB pa3pabOTaHbl B3phIBOOE30IACHBIE
CUTHAJIN3AaTOPBl YPOBHS pa3JieNa *KHUAKOCTeH «HePTenpoayKT— BOJAa» U JAPYTUX KUIKOCTEH C
pa3IMYHBIMU 3HAYEHUSMU OTHOCUTENIBHOM JUAJIEKTpUYECKOW mnpoHunaeMmoctd. Ilpu nmune
NOTPY)KEHHOW YacTH YyBCTBHTEIbHOro »3ieMeHTa 0,25 M MOrpemnrHocTh cpabaTbiBaHUS
curHanuzaropa +£10 mm.

EMKOCTHBIE CpencTBa KOHTPOJI MIPENEIBHOIO YPOBHS IIPEJICTABIEHb B HOMEHKIIAType
¢upmel Pepperl+Fuchs konneBsiMu Boikiouarensmu cepun LCL.

EMKOCTHBIE cHrHAJIN3aTOPBI NIpeebHoro yposus LCL

HoBass cepusi €MKOCTHBIX KOHLEBbIX Bblkimtouatenedi LCL mnpeanasHadeHa [uist
OTIpe/IeIeHUs] YPOBHS KaK *KMJIKOCTEH, TaK U ChIIyYUX MaTepHasioB B OyHKepax M XpaHWJIHUILAX.
TUNUYHBIMY CBHITYYMMH MaTepUaAIaMH SBIISIOTCS TUIIC, IEMEHT, IECOK, U3BECTh, YTOJIbHAs MbLIb,
CTUPAJIbHBINA MOPOIIOK, KPYIbI, CMELIaHHbII (ypak, Myka HIU cyxoe MoJioko. [locTaBmstoTcs
JATYUKH B KOMITAKTHOM HMCIIOJTHEHUH C JUIMHOM 30HAa Bcero 140 MM 1 MoJienu ¢ JUTMHOM Kabens
30812 6000 MM. EMKOCTHBIE BBIKITIOUATENH JIETKO BBOJATCA B SKCILTyaTaluio (TexHosorus plug-
and-play), akTUBHAs1 KOMIIEHCALHSI BIUSHUS pacKauMBaHUs 30H]1a U KOHCTPYKTHBHAS IPOYHOCTh
SBJIIOTCS UX JIONOJIHUTENIBHBIMH IOCTOMHCTBAMM.

EmkocTHble Boikmodatend LCL HOCTaBIAIOTCS B CleYIOMUX BAPUAHTAX MCTIOTHEHHS:

* pEJIEHHBIN BBIXOJI, MUTAHUE OT CETEW NEPEMEHHOTO U MIOCTOSIHHOTO TOKA;

* PNP-BBIX0O1, TpEXNIPOBOIHAS CXEMA MUTaHMs HANPSHKEHUEM ITOCTOSIHHOTO TOKA.

Puc. 10 u 11 moka3biBaloT TpeOOBaHUS K YCTaHOBKE EMKOCTHBIX naTunkoB LCL1 u
LCL2 ¢ xa0enbHbIM 30HI0M.

Ecnu creHka pesepByapa BBINOJIHEHA W3 3JIEKTPOINPOBOJAIIETO Marepuana, To €€
HEOOXO/JMMO COEIUHUTh C 3eMIIEH; €clIM pe3epByap H3rOTOBJIEH W3 HEMETaIMYECKOro
MaTepuana, TO CJEAyeT CHaOAUTh OSJIEKTPOAbl  JIOTOJHUTEIBHBIM  IPOTHUBOMOIOKHBIM
ANIEKTPOJOM (MM METAJUTMYECKON JIGHTON) U COEIMHUTH €0 C 3eMJIEH.

Ocnosnvie 0ocmouncmea:

% TPOCTOTa YCTAaHOBKH M SKCILTyaTalluH;

* MHOTO()YHKIIMOHATBHOCTh IPUMEHEHHUS;

* BO3MOYKHOCTb MCIIOJIb30BaHUS C KIEUKUMHU BEILIECTBAMU;
* AaKTHBHAsl KOMIIEHCAIUs BJIMSHUS PacKauMBaHUS 30HJA.
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KonaykTromeTrpnueckue CHTHAIU3ATOPbI YPOBHS.

OTOT METOJ] OCHOBaH Ha W3MEHEHHMHM CuiIbl Toka. IIpm mycrom pesepByape
COINPOTHUBIIEHUE MEXIY IBYMS SJIEKTPOJaMU OCCKOHEYHO BEJHMKO; MPHU IMOTPY)KEHUH KOHIIOB
3JIEKTPOJIOB B MPOBOJIAIILYIO CPEY COMPOTHBIICHHUE YMEHBIIAETCS COOTBETCTBEHHO BEIMUUHE €€
npoBoauMocTH. O0MacTh NPUMEHEHHS METO/Ia PACIPOCTPAHAETCS UCKIIIOUUTEIBHO HAa KOHTPOJIb
YPOBHSI MPOBOAALINX >kuAKOCTeH. Clie0BaTENbHO, YPOBEHD CBHITYYMX WIH BA3KHUX MaTepHalioB
U3MEpPSTh YKa3aHHBIM METOJIOM Henb3s. HeoOxoauMo Hanmudue y KOHTPOJIMPYEMOTO BELECTBa
onpenenéHHOW MUHUMAaIbHOM npoBoguMocTH (6osiee 1 MkC/cM), 4TOOBI TPU U3MEPEHUH YPOBHS
KOHJAYKTOMETPUYECKHM METOZIOM MOXHO OBLIIO MOJYYUTh Pa3IMYUMbIM CUTHAT U3MEHEHHS TOKa.

Hacrosimuit MeTos NPUMEHSAIOT TJIaBHBIM 00pa3oM sl W3MEPEHHUs MPeAeibHOTO
YPOBHsI B LIMCTEpHAX, 0akax M MapoBBIX KOTIax. BocriameHsromuecs >KUIKOCTH, TaKHE Kak
pa3nuyHble BBl TOIIMBA, Macia MU PacTBOPUTENH, SBISAIOTCS IUAJICKTPUKAMH, MMO3TOMY JUIS
HUX 3TOT METOJl HEIIPUMEHUM B OTJIMYHME OT KUCIIOT, IIeJI04Yel U pacTBOPOB, COJEPKAIIUX BOLY
U SIBJISIFOIIMXCS TPOBOJIHUKAMU. YPOBEHb arpeCCUBHBIX JKUJKOCTEH orpeernseTcs 0e3 mpobiem,
MyTEM HMCIIOJIb30BAHMSI AIEKTPOJIOB, BBIMOJIHEHHBIX U3 BEICOKOTIPOYHBIX MaTEpHAJIOB.

[Ipu peanuzanuy KOHIYKTOMETPHUECKOTO METO/A JBa AJIEKTPOAA YCTaHABIUBAIOTCS
BbIILIE TOBEPXHOCTU MPOBOJSAIIEH KHJIKOCTH, YPOBEHb KOTOpOH KOHTpojupyercs. Korma
KHUJIKOCTb JOCTHUTAaeT TOW TOYKH, IJe 00a DIEKTpoAa KOHTAKTUPYIOT C SKHIKOCTBIO,
ANIEKTPUYECKHI TOK BbI3bIBaeT cpabareiBaHue pene. Ecnu TpeGyeTcss BBIBUTH HECKOJIBKO
3HAYeHUH YPOBHS, HUCIOJIB3YETCS COOTBETCTBYIOIIEE KPATHOE YHUCIO 3JIeKTpojaoB. [ng Toro
YTOObI UCKIIOYUTH Takue 3(PQEKTh, KaK 3JIEKTPOJIU3 KUAKOCTH WU B3PBIB, HMPUMEHSIOTCS
MOCTOSIHHBIHM TOK JIOCTaTOYHO MaJIOW BEJIMYMHBI U IIEPEMEHHBIH TOK.

Ha ocHoBe naHHOTO MeToJa MOXET OBbIThb JIETKO M 3KOHOMHYHO pealn30BaHO
OlpesielieHne He TOJIbKO MPEIeNbHOro, HO M MeX(a3HOro YpOBHS; HalpuMep, J0CTaTOYHO
IIPOCTO BBISBJISIETCS TPaHMIA MEXKJY BOJOM M HEMPOBOIAIIMMH KUAKOCTSIMH B pazIelUTENsIX
(cemapaTopax) Macia uin OeH31Ha.

: YpoBHEMeEpBl 3TOTO BUAA MpeIHAa3HAUCHBl JAJS CUTHAJIW3AIUH
YPOBHSI 3JIEKTPONPOBOISANIMX KUIKUX CPEll U CBHITYYHX Cpell C yAEIbHON
nposoguMocTeio Gomee 107 Cwm/mM. Ha puc. 17, mpuBeneHa cxema
CUTHAJIM3aTOpa  BEPXHEro  MpEeNeNbHOTO  YpOBHS  JKUAKOCTH. B
COOTBETCTBUM CO CXE€MOM TMpH JOCTHKEHUHM YPOBHEM 3HAa4YeHUS h
3aMbIKaeTCsl AJIEKTpUYEcKas LEeNmb MEXAy 53JeKTpoaoM 1 u Kopmycom
Puc. 17. VpoBuemep ~ TEXHOJIOTHUECKOTo ammapata. I[Ipu 3Tom cpabaTbiBaeT pese 2, KOHTAKThI
KOHJIyKTOMETPHYECKHH  KOTOPOTO BKJIFOYEHBI B CXEMY CUTHAJIM3ALHH.

ONeKTpoJbl, NPUMEHSEMble B KOHAYKTOMETPHUYECKUX CHUTHAIM3aTOpax ypOBHI,
M3rOTaBIMBAIOT W3 CTAJM CHEUUANbHBIX MapoK WU yrias. IlpuyeM yrojbHbIE 3JIEKTPO/BI
UCTOJIb3YIOTCS TOJIBKO MIPU U3MEPEHUH YPOBHS KHUJIKUX CPEl.

KonaykTromeTrpnueckue KOHIEBble BBIKJIOYATEIHM €  OJHO-CTeP:KHEBbIMH
saexTpoaamu HR-6001 ¢pupmer Pepperl+Fuchs

Ota cepusi BKJIIOYACT MOJIENU C DJIEKTPOAOM JuamerpoM 4 wuimn 6 mm. JnuHa
3NIEKTPOJOB IUaMeTpoM 6 MM gocturaer 1,5 M. /[ U3roToBIEHUS 3IEKTPOJOB HPUMEHSIOTCS
pa3nuuyHble Marepuanbl: HepkaBeromas cranb, Hastelloy B (NiMo28), Hastelloy C
(NiMol6Crl6Ti), TuTaH, TaHTad, a TaKKe IMOKPHITHE W3 MOJIUTETPadTOPITUIICHA; MaTepuall
pe3bOOBBIX COEIMHUTENCH: Hep)KaBerollass CTajlb, MOJUTETpaPTOpITHIEH (YCTOMYUB K
BO3/ICHCTBUIO MHOTHUX XUMHKATOB), MOJUIPONUICH (YCTOMYMB K BO3JEHCTBUSAM KHCIOT,
I1eJ04ei, CMa30K, Macesl U pacTBOpUTENEH).

[TpuHIMO AEHCTBUS BBIKIIOYATENS C OJHO-CTEPKHEBBIMH 3JIEKTPOJAMH JIOCTATOYHO
IIPOCT: pelie 3IEKTPoia BeIpabaThIBaeT U3MEPUTEIBHOE HAIPSDKEHUE MEPEMEHHOT0 TOKA; KOTAa
IIPOBOJIAIIAS Cpe/la YCTaHABIMBAET KOHTAKT C IEKTPOJIOM, U3MEPUTENbHAS LIETb 3aMbIKAeTCs U
pene anekTpojga (GopMHpYyeT NEepeKIIoYaTeNbHbI CUTHAI B COOTBETCTBHUHM C BBIOPAHHBIM
MOPOTOM UYBCTBUTEIBHOCTH.

KonaykTromeTrpnyeckue KOHIEBble BBIKJIYATEM € MHOI0 CTep:KHEBBIMH
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saexTpoaamu HR-6051 ¢pupmer Pepperl+Fuchs
Cepus HR-6051 BkirouaeT MoAENIU € YUCIIOM 3JIEKTPOJIOB OT 1 10 4.
OO0mue TeXHNYECKHE TaHHbIE KOHTYKTOMETPHYECKHX BBIK/II0YaTe el
% Tounocth: 4 MM.
* Temneparypa koHTpoirpyeMoro Beniectsa: 10 150°C.
% Pabouee nasnenwue: no 30 Gap.
OcHoeHble 00CMOUHCMEa:
MPOCTOTA U IPOYHOCTE;
OTCYTCTBHE JBHKYIINXCS MEXaHUYECKUX YaCTeH;
HEYYBCTBUTEIBHBI K TYpOYJICHTHOCTH;
TEXHOJIOTHYECKHIM IMPOIIECCOM JOMYCKAIOTCS BBICOKAsl TEMIIEpATypa U IaBICHUE;
MpocTas PeryInupoBKa U 00CTyKUBAHUE.
Heoocmamku:
% HEIPHUTOJIHBI JJIs KIICHKUX BEUICCTB U JIUAICKTPHUKOB;
¢ MacJIsIHBIE BEIIECTBA MOTYT BBI3bIBATh HAJIMIIAHUE HA AJICKTPOIbl TOHKOTO CJIOS
HEMPOBOSIIETO MOKPBITHUS, YTO MOXKET OBITh TPUIMHON OTKA3a.

DO

3

3

A

K/ K/ K/ K/
LSRR X QI X4

KoHueBble BBIK/IIOYATEIH HA OCHOBE MeTO0/1a U3MepPeHHUsl 3J1eKTPHYeCKOro moJisi

B3aumopelicTBie OBYX SJEKTPOAHBIX CTEpKHEH (MM 3JEKTpoJa M METaNTH4ecKoi
CTEHKHU pe3epByapa) Co CXeMOU reHepaTtopa koyiebanuil mpeoOpa3oBaTesisi HPUBOIUT K CO3JaHUIO
NEPEMEHHOT0 3JIeKTprueckoro nojs. I[lo Mepe Toro kak ypoBeHb BELIECTBAa YBEIMUYUBACTCS U
KOHTPOJIUPYEMOE BEILECTBO BXOAUT B KOHTAaKT C 3JIEKTPOJAMHM, KOJIEOATENbHbIH KOHTYD
neMiupyercs. JleTekTop ¢ peryimupyeMblM MOpPOroM (PUKCUPYEeT U3MEHEHUE JIEKTPHUECKOTO
noJist 1 GopMUpPYET COOTBETCTBYIOLIUI CUTHAIL.

OTOT METOA ONpeAeieHUs NPEIeTbHOIO YPOBHA MOXET OBITh peaqu30BaH C
UCIOJb30BAHUEM CTAHJAPTHBIX 3JEKTPOJIOB, MPUMEHSEMBIX M KOHAYKTOMETPUYECKOTO WM
€MKOCTHOT'O METOJIOB, M UCHOJIb3YEeTCs MPAKTUYECKH JUIs JTF000TO BEIeCTBA:

* )KUJIKOCTEH WJIM 3€PHUCTHIX MAaTEPUAIIOB;

* BEIIECTB C Pa3IMYHBIM XapaKTEePOM 3JIEKTPUUECKON MPOBOAMMOCTHU (U AMIIEKTPHUKH,

Y TIPOBOJHHKH);

* MaTepHaJIOB, CIOCOOHBIX HAJIMIATh HA CTEPIKHU DIIEKTPOJIOB.

Metoa HaxoauT HauboJee MUPOKOe MPUMEHEHUE TIPU ONPEAETICHUN TPAHULL pa3/iena B
MAaCJISHBIX UM OCH3MHOBBIX CerapaTropax U OTCTOMHUKAX.

B kauectBe mnpumepa paccMOTPUM KOHIIEBOM BBIKJIIOYATENh C OJHO-CTEP>KHEBBIM
anekrponoM cepur HR-6011. DT1oT matunk umeeTt 31eKTpoasl [uaMeTpoM 4 MM WiId 6 MM, TOUKa
cpabaThIBaHMs JJIs1 Pa3HBIX BEIIECTB MOXET PEryIMpOBaTbCcsi B COOTBETCTBUH C JUIMHOM
ANIEKTPOa. DIEKTPOHHAs cxeMa IMpeoOpa3oBaress 0OHApY)KMBAET UCKAXKEHUS JIEKTPHUUECKOTO
10JIs, BBI3BaHHbIE M3MEHEHHUEM YPOBHS KOHTPOJUPYEMOTO BeIIeCcTBA, M IpeolOpasyeT HX B
COOTBETCTBYIOIIleE M3MEHEHHE TOKa. ECiIM CHUrHaim COOTBETCTBYET IPEBBILICHUIO 3HAYCHUS
YCTaHOBJICHHOTO TPEAEIbHOIO YPOBHSI, BEIXOIHOM TOK AMCKPETHO YBEJIWYMBAETCS A0 Oojee yem
2,2 MA u Gapbep ¢ TpaHCHOPMATOPHOM H30JALMEN KOMMYTHPYET BBIXOJHBIE KOHTAKThl. DTOT
Oapbep Takke OOHApYKUBACT HEUCIPABHOCTU MpeoOpazoBaTenss M IMOABOAALIMX IPOBOJIOB
MIOCPEICTBOM MIPOBEPKH 3HAYECHUS TOTPEOIIIEMOTO TOKA.

Kpome ommcaHHOro, TOCTaBISIOTCS  YCTpOWCTBA C  JABYMsI  3JIEKTpPOJaMH,
BBIMIOJIHEHHBIMU M3 PA3JIMYHBIX MaTepHalioB: HepkaBeromas craib, Hastelloy B (NiMo28),
Hastelloy C (NiMol6Crl6Ti), TanTan — u HOKpHITBIMH HoJUTETpadTOpITHICHOM. OCHOBHBIE
TEXHUYECKUE XapaKTepUCTUKH TUX U3Jenui 10100HBI XapaKTepUCTUKaM
KOHJIYKTOMETPUYECKHX YCTPOMCTB.

Jarunku Pulscon, peaausyromme MeTOJ HANPABJICHHOI0 3JIEKTPOMATHHUTHOIO

H3JIy4YeHUs
JlaTduky HelaBHO MpeiokeHHON cepun Pulscon paboTaroT Ha OCHOBE H3MEpPEHUS
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KOB(b(I)I/II_[I/IeHTa OTpAXXCHUA MCTOAOM COBMCHICHUSA IPSAMOI0 U OTpa)KéHHOTO HUCIBITATCIIbHBIX
CUTHAJIOB W ONPCACIICHHA BPCMCHU MNPOXOKIACHUA U3JTYUCHHOI'O HUMITYJIbCAa 0 IMOBCPXHOCTU

KOHTPOJIUPYEMOM cpeibl (BPEMEHHOTO CABMra OTpPaKEHHOro curHamza — puc. 18).
Smcpacsinne IToBTOpstOLIMECH UMIYIBCHl  HAHOCEKYHIHOTO
o Jyana3soHa JUINTENBHOCTEN U3Jy4aroTCs C
-> uHTepBasiom 1 Mkc. IlpuHimun — m3MepeHus
R iy HAIlOMUHAET yIbTPA3BYKOBOW METOJ ONpPEICICHUS
ooty | ypoBHi. Tombko B cuCTeMe C HaIlpaBIECHHBIM
JIEKTPOMAarHUTHBIM U3IIy4YEHUEM HMITYJIbCBI
iepaen paclpoCTpaHsAIOTCS HE PaBHOMEPHO B Ipejenax
To Orpamtsee I'paHulL JyarpaMMbl HaIPaBJIEHHOCTH, a
JIOKAJIM30BaHbI BJOJIb CTEP)KHSI WM Tpoca JaTUMKa,

e i UTPAIOLLIET0 POJIb BOJTHOBOJA.
“1T + JlanHblii MeToJ Oa3zupyercs Ha HOBEWIIMX
— il TEXHOJOTUAX W  JOMOJHsSET CcOo0OM  CIHCOK
KOHTAKTHBIX METOJI0B U3MEPEHMUSL. H3-3a
Fiec. 13, MpHALANM WIMEDEHMA METOROM HANPIBNEANOF YpE3BbIYAHO HU3KOM MOIIHOCTU U HAIPAaBICHHOCTU
BRI, U3ITYYCHUSI UMITYJIbCOB MHKPOBOJTHBI He

pacceMBalOTCsl B IMPOCTPAHCTBE, IO3TOMY NPHUMEHEHHME J3THUX YCTPOMCTB He TpedyeT
COIJIACOBAaHMH C KOMHTETAaMH [0 pajauoyacToTaM. biarojgapss HM3KOMY 3HEpPronorpeOIeHuIo
JOCTaTOYHO JABYXIIPOBOJHOM CHCTEMBI IMOJKIIOYEHUS MUKPOBOJHOBOIO JAaTYMKa C MUTAHUEM
yepe3 MH(OpMAnMOHHBIA KaHan. B cuimy 93TOM K€ NpPUYMHBI  JAATYMKHU  SBJSIIOTCA
B3pPBIBOOE30MIaCHBIMH, YTO MO3BOJISIET YCTAHABIMBATh MX BO B3PHIBOOMACHBIX 30HAX BIUIOTH JI0
30H Kiacca 0.

Jns obecrieyeHUs] 3NEKTPOMArHUTHOW COBMECTHMMOCTH MHKPOBOJHOBBIX JIaTYUKOB
NPE/UIOKEH CHEIHUATIbHBI METOJ CO CKayKooOpa3HOW MepecTpOHKOM YacTOThl, KOTOPBIH
MO3BOJISICT OOHAPYKUBATh AJIEKTPOMArHUTHbIE MOMEXH M MAacCKUPOBaTh WX B JMHAMHYECKOM
pexuMme.

Peanmuszyemblii B peXMMe MEHIO IOJb30BATEIbCKUM HHTEpdEic ¢  MpOCTBIM
ylpaBlieHUeM KHomnkamMu U mnoanepxkusaeMas IIK mpoueaypa 3amaHus mnapameTpoB uepes
HART-npoTOKON SBASIOTCS CTaHIAPTHBIMU ISl JATYMKOB 3TOro THma. [Ipm 3TOM MOXKHO
YCTAaHOBUTH Takue (DYHKIIMH, KAK MAaCKMPOBaHHE MOMEX WIJIM 3alIOMHHAHUE XaPaKTEPUCTUK JUIS
JMHeapu3aluyd pesepByapa. Mi3MepurenbHbII OJOK MOXHO NPEAyCTaHOBHUTH, MCIOJb3YS
«CYXYI0» KaJMOpPOBKY, pealu3yeMylo MO TeXHOJOoruu plug-an-play HECKONBKMMM Ha)KaTHUSMU
KHOTNOK. Pe3ynbTrarel MHOTOJIETHEH HCCIEI0OBATENbCKOW pPabOThI M MHOTOYHMCIIEHHBIX
HKCIIEPUMEHTOB Ha 6aze merona tames domain reflectometry mo uaeHTH(GUKALNN OTPaXKEHHOTO
CHUTH&JIA C MEJbI0 ONpPEICNCHUsS IOJOXKEHUS KOHTPOJIUPYEMOI'O YPOBHS JIETJU B OCHOBY
nporpammHoro odecneuenust PulseMaster®.

[TpocToit mpuHLHKI 1eHCTBUS, THOKOCTh YCTAHOBKH COOTBETCTBYIOILEIO 000PYA0BaHUS
U OTCYTCTBUE HEOOXOJAUMOCTH B €0 0OCITYKMBAHUH, & TAK)KE OTHOCUTENIFHO HU3Kasi CTOMMOCTb
ABIIIOTCS BaXHBIMH (aKTOpaMM B TMOJb3y LIMPOKOro mpuMeHeHuss Mmerona. Cymmupys
NpUBEIEHHBIE JaHHBIE, MOKHO C(QOPMYIUPOBAaTH W Jpyrue JOCTOMHCTBA U INPEHMYIIECTBA
METO/1a HalPaBJIEHHOTO JIEKTPOMArHUTHOTO U3TY4YEHUSI.

OchosHble 00CMOUHCMBa Memooa HanpasieHHo20 NEeKMPOMASHUMHO20 U3 YEHUSL:

% yIpaBJICHWE MUKPOBOJHOBBIMH JATYMKAMHU MOCPEICTBOM MEHIO U HMX KalMOpOBKa

Ha 3Tare U3roTOBJIEHHU 00eCIeUnBalOT MPOCTOM BBOJ] B SKCILTyaTalHIO;

% Han&KHOE WM3MEpEHHE IOPOIIKOOOPAa3HBIX MaTepHajoB Jake B Mpolecce
HaroJHEHUs! EMKOCTH;

U3MEpEHUEe YPOBHS >KUIKOCTEH NMpU 0Opa30BaHMU MEHbBI B YCIOBMAX IMOBBILICHHS
JIaBIICHMUS;

Ha/I&KHOE U TOYHOE U3MepeHHe B 0OBOIHBIX U PACIIMPUTEIbHBIX TPYOax;
BO3MO’KHOCTh 3()()EKTUBHOTO YCTPAHEHMs MOMEX OTPaKEHHs OT apMaTyphl (Oanok,

e

A

K/
L X4

e

A
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YKOCHMH H Jp.) U CTPYKTYPHBIX 3JIEMEHTOB CTEHOK (Hampumep roppupOBaHHBIX
JTUCTOB), PE3EPBYaPOB WJIH Y3KUX CHIOCHBIX OYHKEPOB;
% HE3aBHCHMOCTH METOJA OT
e BHJa MaTepuana (KUIAKUI/CHITyduit),
IJIOTHOCTH,
3HAYEHUS AUIICKTPUUYECKOM MOCTOSIHHOM,
XUMHYECKON arpeCCUBHOCTHU CPEIbl,
MIPOBOIMMOCTH,
® 3MEHEHHs CBOMCTB MaTepuasa, BEI3BAHHBIX MTPOLIECCOM KOMKOBAHUS;
% alCoJoTHas  HE3aBHCUMOCTh  METOJa OT  BIUSHHHA  TakuX  (HakTopoB
TEXHOJIOTHYECKOTO Mpoliecca, KakK
e JIaBJECHHE.
e TeMIeparypa,
® HaJM4Ue MOJBIKHBIX IOBEPXHOCTEH,
® [ICHA/TyMaH/IbLTb.
Heoocmamku:
% KJICHKHE BEIEeCTBA MOTYT BbI3BaTh OTKA3bl,

L)

X8 AUBJICKTPUYICCKAd IMOCTOAHHAA U3MCPACMOI'0 BCIICCTBA JOJIKHA OBITH OOJIBIIIE 1,6

MarautHble norpys:kubie 30HAbl cepuun LMC st HenmpepbIBHOIO H3MeEpeHHs
YPOBHSI

OCHOBHbIE MPUHILHUIBI METOJIOB HEMPEPHIBHOTO M3MEPEHHUs YPOBHS, OCHOBAHHBIX Ha
WCIOJIb30BAHUM MArHUTHBIX TMOTPYXKHBIX 30HIOB, PACCMOTPUM Ha Tpumepe paboTh
umMepcronHoro 3ou1a LMC8S3 G6S 1 Ex (puc. 19).

[TocTOsIHHBIN MAarHUT, CMOHTHUPOBAHHBIM Ha

:_ ~ Eopnyo COSppHHTans
| MOTIIIABKE 30H/a, BBI3BIBACT cpabaTbIBaHUE
=Y repMETHU3UPOBAHHBIX MAarHUTOYIPABISIEMBIX KOHTAKTOB,
i YCTaHOBIICHHBIX Ha Hampasisrouied Ttpyde. [lpu
G1%A
> cpaOaTbIBAaHWM OTH KOHTAKThl BKIIIOYAIOTCS MEXIY
Kpaiioe sapsion MOCJIEIOBATEIbHO BKIIOYEHHBIMU PE3UCTOPAMU BHYTPH
FONCHCSEE FONMsC o
! Hampapisiomeil  TpyObl;  TakuM  00pa3oM  IpH
nepeMeIeHusIX MOTIJIaBKa oOrmiee 3HaYeHHUe
| T CONPOTHUBIIEHUSI H3MEHSETCS  KBAa3MHENPEPHIBHO, B
: 3aBHCUMOCTH OT pa3pelaroeid CrnocoOHOCTH 30HAA.
f i ToyHoCTh M3MEpEHUS HE 3aBUCUT OT DBJIEKTPUUYECKUX
| y warirom CBOMCTB Cpefibl, a TaKXKe OT JaBJICHMs, TEMIIEPATypbl U
] Sl |
m | [JIOTHOCTH.
*PEIMCp &R 30kLsE
o “Paaeam orpascs [MocraBnsitorcss  MoguduKanuu  30HIA B
KOpIlycax M3 IUIaCTUKA WM HEP)KaBEIOIIeW CTald, BO
e T JERCEOBIE FEEDEDE AN MTNOS B3PBIBO3ALIUIIEHHOM UCTIOJTHEHUH (MapKupoBKa

MorpyMHon 3o4ga
B3pbeiBo3amuThl EEX la I1C T6), ¢ mapoBuIHBIMU WITH

LWIMHAPUYECKUMU TTOTUIaBKaMU. MakcuMasbHas JUIMHA HaIlpaBlIsoie TpyObl JOCTUraeT 3 M.
Brixon yerpoiictBa — 2-poBOHOM TOKOBBIH (4...20 MA) mnu 3-ipoBOAHOM IS TOKITIOYECHUS
k noreHuuomerpy (40 kOm). B mecte pe3p0OBOro COEAMHEHHUS MCHOJIB3YIOTCS TaKHe
MaTepualibl, Kak Hep)KaBerollas cTaldb WM TOJUIPONMICH, WM TMOJUBUHUIMACH(OTOPUA
(4upe3BBIYAIHO YCTOMUYUB K BO3ACHCTBHUIO MACeIl, CMa30K, KUCIIOT, IIeJI0YeH U pacTBOPUTETICH).

OO01ue TeXHNYECKUE TaHHbIe MATHUTHBIX MOTPYKHBIX 30H10B

Paspemmaromast cmioco6HOCTh: OT 8 MM (12MM, 16 MMm).

JlonyctuMas temiieparypa KoHTpoaupyeMon sxuakoctu: —20...+120°C.

Pabouee naBnenue: 1o 3 Gap (mnactukoBas mMoaudukanus), 1o 16 6ap (Moaupukanus
U3 HepXKaBerollel cTann).

[110THOCT H3MepsAEMOro BellecTra: He Menee 0,6 r/cm.
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OcHoeéHble 00CHOUHCMEA:

% TMPOCTOU MPHUHIUI CHCTBUS;

HECI0KHBIA MOHTAXK;

HE HYX/IAIOTCS B CKOJIb-HU-0Y/Ib 3HAYUTEIILHOM TEXHUYECKOM 00CTYKUBaHUU;
He TpeOyeTcs peryanupoBKa B MECTE YCTAaHOBKHU.

Heoocmamku:

nobEMHAs CUJla 3aBUCUT OT pa3Mepa MOIUIaBKa;

(bakTHYecKoe TOJI0KEHUE YPOBHS, COOTBETCTBYIOIIEE TOUKE CpadaThIBaHUs, pa3HOE
JUISl BELIECTB C PA3JIMYHOMN MJIOTHOCTHIO;

MaKcHUMalbHas JJIUHA HaMpaBJsIonie Tpyosl He Oosee 3 M;

MUHUMAaJbHAS MJIOTHOCTh U3MepseMoii cpeabl paBHa 0,6 r/em’;

MO>KHO MCIOJB30BaTh TOJBKO B OUMILICHHBIX JKUJIKOCTSX.

K/ K/
LI X4

K/
L X4

K/
L X4

K/
L X4

K/ K/ K/
LCEIR X X4

AKyCTHYeCKHe CPeICTBa H3MepPeHHil YPOBHA

B HacTosiiee BpeMs MPEAIOKEHBl Pa3IMyUHble NPUHLIUIBI TOCTPOEHUS aKyCTHUYECKHUX
YPOBHEMEPOB, U3 KOTOPBIX IIUPOKOE PACIIPOCTPAHEHUE MOJIYUUIT IPUHIUI JIOKALMH.

B cooTrBercTBUUM € 3TUM NPUHLHUIIOM HU3MEPEHUE YPOBHS OCYLIECTBIISIOT 110 BPEMEHU
IPOXOXKJCHHS YIbTPAa3BYKOBBIMHU KOJEOAHHSIMHM PACCTOSIHUS OT M3JIy4yaresias [0 TI'paHHIIbI
paszzena IByX cpell 1 00paTHO 10 NpUeMHMKA U3ydeHus. JIoKaus rpaHulisl pa3zenia JByX cpel
OCYILECTBIISIETCSI IMOO CO CTOPOHBI rasa, JIMOO CO CTOPOHBI paboueil cpelbl (KUIKOCTU WIH
CBIIIy4ero MaTepuayia). YpPOBHEMEpbl, B KOTOPHIX JIOKAlMs TpaHMIBI pas3jiena JBYX Cpen
OCYILIECTBIISIETCSI YEpe3 Ia3, HA3bIBAIOT AKYCTUYECKMMH, a YPOBHEMEDHI C JIOKALUEH TpaHULIbI
paszena IByX cpen uepes clioil paboueit cpesibl — yIbTpa3ByKOBBIMHU.

[IpenmyiiecTBOM aKyCTUYECKMX YPOBHEMEPOB SIBIISIETCS HE3aBUCUMOCTh UX NOKa3aHUMN
0T (PU3MKO-XMMHUUYECKUX CBOMCTB M cocTaBa paboueil cpelbl. DTO MO3BOJSET UCHOJIB30BATH UX
IUIE U3MEPEHHsT YPOBHS HEOJHOPOAHBIX KPHUCTAJUIM3UPYIOIIMXCS M BBHINAJAIOLIMX B OCAIOK
xuakocred. K HejmocraTkaM ciaeAyeT OTHECTM BIMSHUE Ha IIOKa3aHUs YpPOBHEMEDPOB
TEMIIEpaTyphbl, JaBJIECHUSA U COCTaBa rasa.

Kak mpaBuio, akycTHYeCKHe YpPOBHEMEpbI IMpPEJCTAaBISAIOT COOOH coueTaHue
IIEPBUYHOIO, NPOMEXYTOYHOIO, a B HEKOTOPBIX CIydasiX M MEPEIAroLIer0o HU3MEPUTENbHBIX
npeobpazoBareneid. IlosTomy, cTporo roBOps, aKyCTHUYECKHE YPOBHEMEpHI  CIIEAyeT
paccMaTtpuBaTh KaK YacTb HM3MEPUTEIBHOM CUCTEMBI C aKyCTHUECKMMU HW3MEPHUTEIIbHBIMHU
= peoOpa3oBaTesIMU.

- Ha puc. 20. mpuBemeHa cxema

' | aKyCTHMUECKOI'O YpPOBHEMEDPA XKUIKUX CpPEN.
YpoBHEMEp COCTOUT W3 IepBUYHOrO [ u
npomexxyrounoro  II  mpeoOpa3oBarerneii.
[TepBuuHbIil TpeoOpa3oBaTeNb MPeICTaBISET
coboit IIbE30JIEMEHT, BBITIOJIHAIOLIHM
OJTHOBPEMEHHO  (DYHKIIMM HCTOYHHKA H
IPUEMHUKA YIbTPAa3BYKOBBIX KOJIEOAHUH.
Puc. 20. CxeMa akyCTHUECKOTO ypOBHEMEDA. IIpu  u3mepenun  reHeparop 9 ¢

ONpENIeNIeHHOW  4YacTOTOW  BbIpaOaThIBAeT
3NIeKTpUYEeCKre UMMYJbChl, KoTopsle mpeoOpa3yroTcsi Mbe303IeMEHTOM | B yIbTpa3BYKOBBIE
uMmiynscel. [locnennue pacnpocTpaHsOTCS BIOJIb AKyCTUYECKOTO TPAKTa, OTPa)XKarTCs OT
IPaHULBl pa3zena >KUAKOCTb — Ta3 M BOCIPUHUMAIOTCA TEM K€ IbE30JIEMEHTOM,
npeoOpa3youM UX B AJIeKTpuueckre uMmnynbebl. [locne ycunenus ycTpoidcTBOM 1 MMITYNbChI
MOJIAIOTCSl Ha CXEMY M3MEpeHHs 2 BPEMEHM OTPAXEHHUs CHTHANa, TJe OHU NpeoOpasyroTcs B
IPSIMOYTOJIbHBIE  UMITYJIbChl  OINPENEICHHOM JUIMTENbHOCTH. B sueiike cpaBHeHHs 3
OCYILIECTBIISIETCS] CPABHEHUE UMITYJIbCA, T0JABAEMOTO CO CXEMBI 2, C AJIUTEIBHOCTHIO UMITYJIbCA,
[I0JIaBa€MOT0 C D3JeMEHTa OOpaTHOM CBSI3M 5, KOTOPbIM mpeoOpasyeT yHUHUIMPOBAHHBIHI
TOKOBBIM CHTH&JI B TNPAMOYIOJBHBIM MMIIYJIbC OINpPENEICHHOM JUIMTENbHOCTH. Ecim
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JUINTEIBHOCTh UMITYJbCA CXEMBl MU3MEPEHHUS 2 OTIIMYAETCS OT JUINTEIBHOCTH MMITYJIbCA LIENU
oOpaTHOM CBSI3U, TO HAa BBIXOJE SYEHKHU CpaBHEHHs 3 MOSBISETCS CUTHAN paz0asiaHca, KOTOPBIH
YCUJIMTENBHO-TIPEOOPa3yIOUM  YCTPOUCTBOM 4 U3MEHSET BBIXOJAHON YHU(PHIIMPOBAHHBIN
TOKOBBIM CUI'HAJI 10 T€X IMOp, MOKa He OyJeT JOCTUTHYTO PAaBEHCTBO JJIUTEIBHOCTEH UMITYIIBCOB.
Jlnsi  yMEHbLIEHHMS BIMSHUS TEMIepaTypbl Ha CHUTHaI HW3MEPUTENIbHOW  HMH(OpMALUH
peaycMOTpeH OJIoK TemreparypHoil komneHcanuu 8. KoHTpousib 32 paboToil 3neKTpruecKoi
CXEMBI OCYILECTBIISICTCS OJIOKOM KOHTpoJist 7. MckiltoueHne BAMSHUS Pa3IMYHOrO poJa MomMex Ha
paboTy NPOMEKYTOUHOTO NpeoOpa3oBaTeisi JOCTUTAETCS C MOMOIIBIO ITOMEXO03aIUTHOTO
ycTpoiicTsa 6.

Paccrosinue Mexy MepBHYHBIM M IMPOMEXYTOUHBIM IpeoOpasoBareasiMu— He Ooliee
25 m. [Inanazonsl udmepenuit ypoua 0—1; 0—2; O—3 m. Knacc Tounoctu 2,5. Temneparypa
KoHTposmpyemoit cpeanl 10—S50 °C, naBieHue B TexHoJgoruyeckom ammapare 10 4 Mlla.

AKyCTHYECKHE YPOBHEMEPHI CHIIYYMX CPEJA 10 NPHUHLMIY JIEHCTBUS U YCTPOUCTBY
aHAJIOTMYHBI aKyCTUYECKUM YPOBHEMEpAM KUAKUX cped. AKyCTUUECKHE YPOBHEMEPHI CBHITYUUX
cpea BXoaAT B HoMeHKIarypy npudopoB I'CII u umeroT yHU(PHUIUPOBAHHBIA TOKOBBIM CHUTHAIL.
OHM MOTYT OBITh OJTHOTOUYEYHBIMH M MHOTOTOYEUHBIMU. MHOTOTOYEYHBIE YPOBHEMEPHI COCTOSIT
u3 HeckoIbkuX (10 30) mepBUYHBIX M3MEPHUTEIBHBIX MpeoOpa3oBaTesiell akyCTUYECKOrO THIIA,
KOKIOBIH M3 KOTOPBIX pa3MEIIAETCs HAa OTAEIbHOM TEXHOJIOIMYECKOM ammapare M dYepes
KOMMYTAaTop MOAKIIOYAIOTCSA K IMPOMEXYTOUYHOMY H3MEPHUTEIbHOMY IpeoOpa3zoBaTelio.
VYpoBHEMEpHI BBIITYCKAIOTCS BO B3pbIBOOE3omacHOM ucnosHeHuu. Kmacesl Tounoctu 1,05 1,5.
MunumanbHblil quana3zoH usMepeHuid 0—2,5 M, Mmakcumanbhbiii 0—30 m. Kontposmpyemas
cpena — rpasyisl guaMerpom 2—200 M.

KoHueBble BBIK/IIOYATEH ¢ BAOPUPYIOIIMM YYBCTBHTEIbHBIM 3J1€eMEHTOM

B kauyectBe BHOpPAaLlMOHHBIX KOHIIEBBIX BBIKIIOUATENCH NPUMEHSIOT YCTPOWCTBA C
PE30HATOPOM KaMEPTOHHOTO TUMa (M3-32 GOPMBI €r0 YaCTO HA3bIBAIOT KOJIEOATEIbHON BUIIKOM),
B KOTOPBIX ITbE303JIEKTPUUECKUM CIIOCOOOM BO30YKIAIOTCS CUIIbHBIE MEXaHUYECKUE KOoJIeOaHHs
B JMala3oHE pE30HAHCHBIX YacTOT. brjarojapss BBICOKMM MEXaHMYECKUM KadyecTBaM
BUOpUpYIOIIEH CHUCTEMBl BIOJHE JOCTaTOYHA BEChbMa Majass MOILIHOCTb BO30YXKJIEHHS.
Pa3melieHne 4yBCTBUTEIBHOTO 3JIEMEHTA BHYTPU KOHTPOJIMPYEMOM CpEIbl BBI3BIBAET PE3KOE
YMEHBIICHUE aMIUIUTY/bl KojeOaHWi BIUIOTH 10 MX MOJIHOrO rameHus. CMeHa COCTOSHUS
KoJIe0aHHs COCTOSIHUEM IOKOSI MJIM HaoOOpOT B BUJE UIEKTPUUECKOTO CHUTHAJA IMPEJEIbHOTO
YPOBHsI TOCTyMaeT Ha HHAUKaTop. llpm 3TOM (yHKIMOHMpPOBAHHWE JAHHBIX YCTPOWCTB HE
3aBUCUT OT (QIIyKTyaluu (PU3NYECKUX CBOUCTB KOHTPOJIUPYEMOTO BEIIECTBA.

BubpanuonHbsle KOHIIEBbIE BBIKIIOUATENM MOYKHO HCIOJb30BaTh ISl OIpeesIeHUs
IIPEEIBHOTO YPOBHS IIPAKTUYECKH BCEX JKUJIKOCTEN U CBHIITYYNX MaTEpUaIOB.

B  Homenkmarype ¢upmel  Pepperl+Fuchs mnpencraBnena mmpokas ramma
BUOPAIIMOHHBIX KOHLEBBIX BBIKJIIOYATENEH TIOJ TOProBo Mapkoi Vibracon B pa3HBIX
KOHCTPYKTUBHBIX HCIIOJIHEHUSX, C PA3IMYHBIMU TEXHUYECKHUMH XapaKTEePUCTUKAMHU.

OO0mme TexHNYeCKHe JaHHbICe BHOPAIMOHHBIX KOHIEBBIX BBIK/II0OYaTe el

% Tounocts: 1o 10 mm. Temneparypa KoHTpoIMpyeMoii cpeasl: 1o 150°C.

% Pabouee naBnenue: 1o 64 6ap.

% TII0THOCTb H3MEPAEMOro BelecTBa: He MeHee 0,6 r/cm’

Ocnosnvie 0ocmouncmea:

IIPOCTOTA;

He TpeOyeTcs peryimpoBKa B MECTE YCTAaHOBKH;

OTCYTCTBYIOT JBUXKYIIUECS YACTH;

HEYYBCTBUTENbHBI K TYpOYJIEHTHOCTH, 00pa30BaHUIO TIEHbI U BHEIIHEH BUOpaIuy;
JOIYCKAIOT JII0O0YI0 MPOCTPAHCTBEHHYIO OPHEHTAIINIO;

HEYYBCTBUTENIbHBI K OOJBUIMHCTBY (DU3MYECKHX CBOMCTB M3MEPSIEMOIO BEIECTBa
(MCKITIOYeHNEe — IIJIOTHOCTH P);

¢ mnpoBepka GYHKIMOHUPOBAHUSI MOXKET MPOBOJUTHCS HA MECTE MOHTaXa.

L)

3

3

A

K/ K/ K/ K/ K/
RIS X IR X I X I X4

>
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Heoocmamku:

¢ KJICWKHE BEINECTBA U TBEPBIC YACTHUIIBI B KUAKOCTSIX MOTYT CIY)KUTh MPUUUHOM
OTKa30B;

¢ TBEPbBIC YACTHUIIBI MOTYT 3aKJIMHUBATH KOJICOATEIIbHYIO BUJIKY.

BuOpannonnsie koHIeBbIe BbIKJIOYaTeau Vibracon Mini LVL-A1

Bubpannonnsie KoHIEBbIe BhIKIIOUaTenn Vibracon Mini LVL-Al nmpumenstoTcs mist
OTIpeJieNIeHUs] YPOBHS KUAKOCTEH TaM, T/Ie paHee UCIOIb30BaINCh MOMJIABKOBbIE BBIKIIIOUATEIH,
KOHJIYKTOMETpHUYECKHEe, EMKOCTHBIE M ONTHYECKHE NATYUKU, HO OKA3aIUCh MAJIOTPUTOTHBIMU
M3-32 OJNEKTPONPOBOJAMMOCTH WM HAJUIAHUAA HW3MEPSEMOr0o  BEIIEeCTBA, MPOSBICHUS
TypOyJIEHTHOCTH B KUAKOCTH, OOpa30BaHMs BCIUIECKOB WJIM BO3AYIIHBIX ITY3bIPHKOB.
BuOpannoHHbie BBIKIIIOYATENIM MPUMEHSIOTCS B OYHUCTHBIX W (DUIBTPYIOIIMX CHUCTEMaX,
pe3epByapax cO CMa30YHBIMH MaT€pUalaMHU M TEIJIOHOCUTENIIMH C HU3KOW TeMIepaTypoii,
TpyOONIpOBO/IAaX, a TaKKe MOTYT OBITh HCIOJB30BaHBI JJS 3alIUTHl HacocoB. Ho riaBHOi
007acThIO MX IPUMEHEHHUS OCTAIOTCS PE3EPBYAPHI, COJIEPKAIIIE KUIKOCTH.

Vibracon Mini LVL-A1 MoxeT ObITh YCTaHOBJICH B JIIOOOM IMOJIOKEHHH B pe3epByape
Wik TpyoormpoBoje nuameTpoMm 10 40 MM, Tak Kak JJIMHA CAMOTO JAaTYMKa COCTABJISET BCErO
148,5 MM (puc. 21). O6pa3zoBaHue NEHbI HE YXYALIAET €ro (yHKIIMOHUPOBAHUE.

OTU [aTYUKH TPUMEHHMBI JUISL JTFOOBIX JKUIKOCTEH, KOTOpBIE TOCTE HW3BICUCHHS
KoJeOaTeTbHOW BWJIKHM W3 KOHTPOJIHPYEMOW Cpedbl CTEKalT ¢ He€ W He MPemsITCTBYIOT
cBOOOAHON BUOpanuu. B KHIKOCTH JOMycKaeTcs coAepKaHHe YacTHIl C pa3MepaMH MEHbIIE 5
MM.

ZHWATA OT NEQEIHES
LICR IR HIH B
L] MaKcHManEHOTD YRoeKa

y  SEUGHTA HACOCOR OT BA0GTH
| B DEAKMISE «CyO0rd K is

OnpeneneHre HEARETD YROBHA

MM ZALEMTE 0T “Cy NG X0 NpagnasHo HenpaenneHo
Puc. 21, prseHeniR BHODEYHOHHOTD KOHLBEDTD ELIKASMATERA Puc.22, Moutam garausoe Vibracon Mini LYL-A1 ¢ yuSrom caoiicTa
Vibracon Mimi LVL-A1 HOHTPONHPYEMOH Epeabl

[Ipu ycraHOBKE B 3aMKHYTBIX 00BEMAX WIM NMPH KOHTAKTE C BSI3KHUMH JKUIKOCTIMHU
KosiebaTenbHas BHJIKA MOXKET MOJHOCThIO HE OCBOOOXKIATHCS OT KOHTPOJIUPYEMOTO BEIIECTBa,
YTO MPUBOJUT K JIOKHOMY CpabaThIBaHUIO AaT4yuKa (pHc. 22).

LVLI-Al moxeT ObITh BKJIIOYEH B JIBYX pabouux pexumax. BHe 3aBucMMOCTH OT
BBIOPAaHHOTO peXHMa paboThl JaTYUK OE€30MacHO BBIKIIOUUTCS JaXKe B CIydae aBapHH
(HarmpuMep 1pH 0OpBIBE JIMHUK CETH JIEKTPOITUTAHNUSA ).

Pexxum MAX — Oe3aBapuiiHbI PEKUM INPU OMNPEICTCHUH MaKCUMAJIBHOTO YPOBHS:
LVL-Al coxpaHseT 3JI€KTpOHHBIN KIIOY B 3aMKHYTOM COCTOSIHMM, IOKAa YPOBEHb >KHIKOCTH
HAXOJIUTCSl HUXKE YPOBHS KojeOaTeabHOM BMIIKM (CBETUTCS TOJBKO 3€JIEHBIM CBETOIHOIHBIN
MH/IMKATOP); IPUMEHEHUE — 3aIlUTA OT MEePETIOTHEHUS.

Pexxum MIN — Oe3aBapuifHbIil peXUM MpU OINpeNeIeHUM MHHHUMAJIBHOTO YPOBHS:
LVL-A1 coxpaHsieT 371eKTPOHHBIN KJII0Y B 3aMKHYTOM COCTOSIHMHM, TIOKa KoJieOaTenbHasi BUJIKA
MOTPY)KEHa B JKUAKOCTh (CBETHTCS TOJIbKO 3€JEHBIM CBETOAMOIHBIA MHIMKATOP); MPUMEHEHHE
— 3alUTa HACOCOB OT «CYXOT'0» PeXUMa PabOTHI.

OJNEKTPOHHBIA K04 PAa30MKHETCS, €CIM YPOBEHb JKUIKOCTH JOCTUTHET IPENesa, UiIu
€CITU CIYYUTCS aBapusi, WIIM €CJIM BOZHUKHET 1epe0oii B ANIEKTPOIUTAHUH.

Jlns  mpoBepkd pabOTOCIIOCOOHOCTH BHOPALMOHHOTO KOHIIEBOTO — BBIKJIIOYATEIS
Vibracon Mini LVL-Al npumensiercs TecrtoBblii MarHUT. I[lpn mpuOmmkeHHH MarHuta K
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KOHTPOJIbHOM TOYKE JAaT4MKa TEKYIIE€ COCTOSIHME €ro BBIXOJHOIO KacKaJa U3MEHSeTCs Ha
IIPOTUBOIOJIOKHOE.

Buopannonnbie KoHIeBbIe BhIKIO4YaTe 1 Vibracon LVL1-A2

Bubpaunonnsie  Boikmiodatenu cepun  LVL-A2  Takke mnpeaHasHaueHbl IS
ONpeNeNeHUsT YpOBHA XKUAKOCTEH. BpIMycKaroTCs MOJENIM B KOMIIAKTHOM M YIJIMHEHHOM
ucnonHeHuu. KommnakTHas Mojens uMmeeT AnuHy kopryca 110 MM u anuHy KosiebatenbHOM
BUIKHU 127 MM; y/JUIMHEHHBIE MOJIEIM MOTYT UMETh YJIMHUTEIbHYIO TpYOKY mnuHoi 220...3000
MM.

Jlnst KECTKMX YCIIOBMM 3KCIUTyaTallud MpeajiaraeTcsi MoJellb € KOPIyCOM W3
HepkaBerwlIle cranu. [[ns npuMeHeHWil B MUINEBOW MPOMBILIJIEHHOCTH HMEETCS MOJENb C
MOJIMPOBAHHOM KojebarenbHON BHIKOW. JInisi ompeneneHus ypOBHS arpeCCHUBHBIX KUAKOCTEU
BBIMTYCKAIOTCST JAaTYUKH, KOJIeOATeNbHBIE BUJIKH KOTOPBIX TMOKPBHITHI TEPMOILIACTHYHBIM
¢Toporutactom (Halar). HeobxommMo OTMETHTH cliefyromiee OOCTOATENbCTBO: MOJETH C
BUJIKAMHU, TOKPBITBIMA TEPMOIUIACTUYHBIM (DTOPOILIACTOM, HMEIOT HCIOJHEHUE TOJBKO C
Kpené&xHbIMU (QuiaHIlaMu (He pe3pO00BOE COEOUHEHHE), TaK Kak B IpoLecce pe3bOoBOro
COCIMHEHHUSI CO CTEHKAMH pe3epByapa MOKPHITUE MOXKET HAPYLIUTHCS M 3alllUTHBIE CBOMCTBA
yTpaTATCA.

Buopannonnbie KoHIeBbIe BhIKJIO4YaTeu Vibracon LVL-ES

Bubpanuonnsie Boikimouatenu LVL-ES ucnons3yrorcs i onpeneneHus YpoBHS Kak
XKHUJKOCTEH, TaK U CHIIMYYUX MATEPUATIOB; MPEUIAraloTCs U3EIUsl B KOMIAKTHOM U YAJIMHEHHOM
ucnonHenuu (mmuHa TpyOkm 220..3000 mMm). BceTpoeHHBIE cpelncTBa CaMOAMArHOCTUKH
oOecreunBarOT TMPOBEPKY JaTdyuka OT KoJeOaTenbHOH BHIKH OO0 CXeMbl 00pabOTKu;
KOMMYTAllMUOHHBI BBIXOJI HACTPAMBAE€TCs KaK HOPMAJbHO OTKPBITHIA WM HOPMaIbHO
3aKpBITHIN; UMEETCS BO3MOKHOCTh BBIOOpa BPEMEHH 33/ICPKKU BKIIOYCHHSI (B 3aBUCUMOCTHU OT
pexxuma padotel — 0,2/1/5 ¢). @yHkuus oToOpaskeHUs] U3MEHEHHUs KOHCHUCTEHLMH MaTepHualia
(’KMIIKOCTB/CBITYYUH MaTepHall) y JaTYUKOB J3TOM CEepHH aHAJIOTMYHA MOJAO0OHON (QyHKIMU Y
m3nenuii cepu LVL-N u Taxke MOeT OBbITh HCIOJb30BaHA MAJS CHUTHAJIU3UPOBAHUA 00
W3MEHEHUU KOHTPOJUPYEMOW Cpelbl, O KOPPO3MM WM O HaJUNAaHUU MOPOAYKTa Ha

KoJIe0aTeNbHYIO BUIIKY.

Cocrosinue JaT4nKa 0TOOpaxaroT YeTbIpe

CBETOJUO/IHbIE UHIUKATOPA.

BuOpaunonnbie KoHIeBbIe BbIKJIWYaTen Vibracon
I T/S

BubpannonHsie KOHIIEBBIE BBIKITIOYaTenu cepuii LVL-
T1 u LVL-S1 npenna3zHaueHsl aisi onpeneneHus: mpeaeabHbIX
YpOBHEH KHIKOCTEH B HEOONBIIMX pe3epByapax U Oakax co
cmecurensMu. Kopryca nzienuil BbINMOJHEHBI U3 HEPKABEIOIIEH
CTalu, a Kopmyca BbIKiItouatened cepun LVL-S1, kpome Toro,

| m )
= OTIIOJIMPOBAHEI, 4qTo IIO3BOJIACT MNPUMCHATH ux B

=
\j i T—/ TCXHOJIOTMYCCKUX nmponeccax IMpOU3BOACTBA IMAIICBBIX
‘ HCF I

IPOAYKTOB U (papMaKoJIOrHUeCKOM MPOMBIIUIEHHOCTH. JlaTunku

_ LVL-T1 wumeroT  JIBYXHPOBOAHOM  BBIXOJ,  CIIOCOOHBIN

KOMMYTHpPOBaTh Lenu C  HampsokeHusmu  19..253 B

MEePEeMEHHOTO TOoKa, U 3-mpoBoHOi Bbixon (PNP), cocoOHbIi

Puc. 23, Npumeps! yeranoekw suipaunonksix  KOMMYTHPOBATh Lienu ¢ HampspkeHusaMu 10...55 B nmocrosiHHOTO

BeHniodaTenen cepui Vibracon T/5 TOKA.
IIprMepsl yCTaHOBKH BBIKJIIOUATENIEH JaHHBIX CEPHI MOKa3aHbl Ha puc. 23.
BuOpanmnonnbie KOHIEBbIEe BhIKJIO4YaTe a1 Vibracon M

Bubpanuonnsle KOHLEBBIE BBIKIIOYATENH cepur Vibracon M mpenHasHaueHsl IS

MIPUMEHEHHUS Ha OPENIPUATHAX ~ XMUMHUYECKOH, (bapMakoJIOTHYECKOii, MULIEBON

IPOMBIIIJIEHHOCTH. OTH  JATYUKA BO  B3PHIBO3ALIMIIEHHOM HUCIOJHEHUMM C BHUAAMH

B3pPBIBO3ALINTEL  «HCKpOOe30omacHasi »SJeKTpUYecKas Lenb» M «B3phIBOHEIPOHUIIAEMAs
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000J104Ka» MOKHO YCTaHABIUBATH BO B3PHIBOOTIACHBIX 30HAX.

Oco0OeHHOCTH KOHCTPYKTMBHOTO HCIOJNHEHUS M 3allWTa OT TMOMNaJaHus BHYTPb
000JI0YKM TBEPABIX MOCTOPOHHHUX TEN M BOJBI MO3BOJISIIOT AKCIUTYaTHPOBATh JATUYUKHU CEPUU
Vibracon M B yCIOBHSX MOBBIIIEHHOTO U OHIKEHHOTO JIABJICHUS, B IIMPOKOM TEMIIEPATyYpPHOM
JMamna3oHe, TMOJBEpPraTh WX BO3JICHCTBUIO AC3MH(DUIMPYIOMIUX PACTBOPOB U CTEPUITH3AIUHU.
JlaHHbIE NAaTYUKU MOKHO MPUMEHATH Uil CUTHAIM3UPOBAHUSL O TNPENEIbHBIX 3HAUCHHSIX
abpa3uBHBIX BEIIECTB, XUAKOCTEH C BKIIOUEHUSMHU TBEPABIX MaTepHaloB, s PaOOTHl B
YCIOBUSX TYpOYJICHTHOCTH U HAUIIAHUS TPOIYKTA.

OCHOBHBIMH ~ JOCTOMHCTBAMH BHOPAIIMOHHBIX KOHIIEBBIX BBIKIIOUATENECH CEpHU
Vibracon M sBasitoTCS:

** MpOCTOI BBOJ B MPOMBIILICHHYIO SKCILTyaTaluIo;

¥ MIULTUMETPOBAsi TOYHOCTh U MIOCTOSIHHBIN YPOBEHb CpabaThIBaHUS;

% OTCYTCTBHE HEOOXOIUMOCTH TEXHUYECKOTO OOCITYKMBAHHsI U TIOBBILIEHHBIN Pecypc;

** BO3MOXKHOCTh pPAa3JIMYHOTO WCIIOJHEHHUS KOPIYCOB (IIPOYHBIN aTFOMHHUCBBIN
KOPITYC, MJIACTUKOBBIM KOPIYC, KOPITYC U3 HEPIKABEIOIICH CTalH);

** pa3JIMYHbIE TUIIBI BBIXOJHBIX KackanoB (PNP mist koMMyTaiuu meneil mocTostHHOTO
TOKa, JABYXIPOBOJHBIE  JJsi KOMMYTAllMM LEMEeld MEpPeMEHHOro TOKa, peje
MEPEMEHHOTO U MOCTOSTHHOTO Toka, NAMUR);

% pa3Mmep yUIMHUTENBHOU TPYOKH, K KOTOPOM KpemuTcsi KoliebarenpHas Buika, oT 40
MM 10 3 M;

% JIOMyCKAIOTCS Pa3sHOOOpa3HbIe BBl MOHTAXA.

MeTtoanb! onpenesieHust YPOBHS 110 BpeMEHH IIPOXO0KICHUS CHTHAJIA

MeTo1pl, OCHOBaHHbIE HAa M3MEPEHUM BPEMEHM INPOXOXKIEHUS CUTHANA, MCIOJIb3YIOT
IOPUHLUI 3X0JI0TAa U MOJPA3JENAIOTCS Ha JBE OCHOBHBIE Ipynmbl: yinbTpa3BykoBbie (Y3K) u
METOJbl HAIPABJIEHHOIO AJIEKTPOMAarHUTHOrO M3nydyeHud. Ilpm wW3BEeCTHOM CKOpPOCTH
pacnpoCTpaHEHUs HUMIyJdbCa M M3MEPEHHOM BPEMEHHOM MHTEPBAJIE MOXHO BBIYHCIUTH
paccTosiHMe, TNPOUJEHHOE HUMIYJIbcoM. HeoOXoauMo y4WTBHIBaTh, YTO HUMITYJIBC IMPOXOJUT
paccTOsiHHE MEXJIy H3JIydaTelleM U IOBEPXHOCTHbIO KOHTPOJUPYEMOM cpenbl ABaxisl. B
Tabmuie | mnpuBeAeHBl 3HAYCHHMS BPEMEHM IPOXOXKAEHUS YIbTPAa3BYKOBBIM CHUTHAJIOM U
JIEKTPOMAarHUTHOM BOJIHOM HEKOTOPBIX PACCTOSHUN B BO3AYLIHOM Cpele NpU HOPMAaJbHBIX
YCIOBHAX (IBOMHOE pacCTOSHUE YK€ YUTEHO); 3TU JaHHBIE MOMOTal0T Y4eCTb MHEPLMOHHOCTb
V3K - MeTo/1a B HEKOTOPBIX IPUMEHEHUSIX.

Tabmuma 1.
Bpemst npoxoxeHus
Paccrosiaue, m =
VY bpTpa3ByKOBOW cUrHaN | DJIEKTPOMArHUTHasi BOJIHA

0.1 0.6 mc 0.7 uc

0.2 1.2 mc 1.3 HC

0.5 3 Mc 3.3 HC

1 6 Mc 6.6 HC

2 12 mc 13.3 HC

5 30 mc 33.3 HC

10 60 mc 66.6 HC

YabpTpa3sByKoOBbI€ JaTYUKH YPOBHSA

B mpocreitfmem u Hambonee pacmpocTpaHEHHOM ciydae, korma Y3K - marumk
PacCIIOJIOKEH B BEPXHEH TOYKE PE3epByapa, YPOBEHb CPEJbl BBIUUCIACTCA KaK Pa3HOCTb MEXKIY
BBICOTOH pe3epByapa M PACCTOSHUEM MEXIYy NAaTYMKOM M IMOBEPXHOCTBIO Cpelbl (B 00IIeM
cllyyae HEOOXOJMMO BHOCUTH MONPABKY, YUUTHIBAIOIIYIO PA3HOCTh MEXIY peajbHON BBICOTON
YCTaHOBKM JaT4MKa M BBICOTOM pe3epByapa). DTO pacCTOSIHUE BBIYUCISIETCS MO U3MEPSEMOMY
BPEMEHHU, KOTOpOE€ HEOOXOIMMO YIbTPa3BYKOBOMY HUMIYIbCY sl MPOXOKICHUS IyTH OT
JaT4YrKa JI0 MOBEPXHOCTH KOHTPOJIMPYEMOH cpelibl U 00paTHO (pHc. 24).
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h = htOt _1/2vst .

CE ])) 3nech Vg — CKOPOCTh pacrpocTpaHeHus
yJIbTPA3BYKOBOT'O CUTHAJA B IaHHOU Cpeje.
- Xumuueckue W (QU3NYECKHE CBOWCTBA Cpeabl HE

BIUAIOT Ha pe3ylnbTaT U3MEpeHMs, noiaydeHHsld Y3K -
METOJIOM, TO3TOMY 0e3 MpoOIeM MOXKET U3MEPATHCS YPOBEHBb
arpecCUBHBIX, a0pa3MBHBIX, BS3KMX M KICHKUX BEIIECTB.

e e e OnHako  HEOOXOAMMO  MOMHMTb, YTO Ha  CKOpPOCTh

o=t — 15:‘-! (1~ exppocme poenpoem pruias pacnpoCTpaHCHUA YIbTPAa3BYyKa OKa3bIBACT BJIMAHUC
FAMTASYEINA20 CrLes o dnmmod cpede |
TEMIICpaTypa BO31yXa B CPCAC €TI0 PACIIPOCTPAHCHUA.
Prc, 24, NpHHUHA PEANHIILME YALTPASBYHOB O KpOMe TOFO, 6y,[[yLH/I CHUJIBHO 3aBI/ICI/IMOﬁ OoT
METOA3 DNPefEneHiA YROBHA TEMIICPATypPhbl, CKOPOCTH YJIbTPA3BYKa 3aBUCUT OT HaBJICHUA

BO3/lyXa: OHA YBEJIMYMBAETCA C POCTOM JaBieHHs. CBsi3aHHBIE ¢ MU3MEHEHWSIMH [aBJICHHS B
HOpMaJIbHOW  aTMocepe OTHOCHUTENbHbIE M3MEHEHUS CKOPOCTH 3ByKa  COCTaBIISIIOT
npubin3uTenbHo 5%. CKOpocTh ynbTpa3ByKa TakyKe 3aBUCUT OT COCTaBa BO3/1yXa, HAIPUMED, OT
npoueHTHoro cogepxkanuss CO, M BIaXHOCTU. BiusHHE OTHOCHTENBHON BIAXKHOCTH Ha
CKOPOCTb YJIbTPa3ByKa SIBJISIETCS MEHBIIMM 110 CPaBHEHUIO C BIIMSHHEM, OKa3bIBAEMBbIM
TEMIIEpaTypoll W JaBJICHHUEM: JOIOJHUTEIbHAS Pa3HULA CKOPOCTH B CyXOM M HACBIIIEHHOM
BJIaroi BO3/yX€ COCTABIIAET OKOJIO 2%.

Ocnognvie oocmouncmea Y3K - memooa:
* OECKOHTAKTHBIN;
MIPUMEHUM JUISl 3arpSA3SHEHHBIX KUAKOCTEH;
peanu3aiys MeToJa He MPEABABISCT BBICOKMX TPEOOBaHMN K M3HOCOCTOMKOCTH U
MIPOYHOCTU 00OPYOBAHUS;
%* HE3aBUCHMOCTH OT IUIOTHOCTH KOHTPOJIUPYEMOW CPEJIBI.
Heoocmamku:
% 0O0JIBIIIOE PACXOKICHNE KOHYCA U3ITYUCHHS;
* OTP@XEHUS OT HECTALMOHAPHBIX MPENATCTBHA (HAampuUMep MEIIAJOK) MOTYT
BbI3BATh OIINOKU U3MEPEHHUS;
MPUMEHHUM TOJIBKO B pe3epByapax ¢ HOPMaJbHbIM aTMOC(EPHBIM JIaBICHUEM;
% Ha CUTHAJI OKa3bIBAIOT BIUSHUE MbUIb, 1A, TA30BBIE CMECH U IIEHA.

YabsTpasBykoBblie fatuuku cepun LUC4

V3K - maruuku cepun LUC4 cneumanbHO pa3zpaOoTaHbl AJsl U3MEPEHUsT YPOBHS Kak
KHUJIKOCTEH, TaK U CHIIyYMX MaTepHajoB. TedIOHOBOE MOKPHITHE KOpIyca JaTuMKa MO3BOJSET
IPUMEHSATh JaTYUK C KOPPO3UOHHBIMHU KHUJIKOCTSIMU. MacKMpOBaHUE CTAllMOHAPHBIX OOBEKTOB
a€T BO3MOXKHOCTb YCTAHABIMBATh JAaTYMK B MECTaX, € MOANOPKU WU JPYTHE DIEMEHTHI
BHYTPEHHEI KOHCTPYKIMM pe3epByapa NONaJaoT B 30HY U3MEPEHHUS.

JlaTunk TakXke OCHaUéH CpEeACTBAMM Ul KOMIIGHCALMM BIIMSHUA W3MEHEHUN
TeMieparypbl. Kpome TOro, MOXKHO YCTAaHOBUTb BHELIHHME 30HJbI, KOTOPHIE KOHTPOJHPYIOT
TEMIIEpaTypy U3MEPSIEMON MOBEPXHOCTH HE3aBHCUMO OT YCIOBUN B MECTE MOHTaKa JaT4MKa,
YTO MUHUMHU3UPYET HOTPELUIHOCTH, BbI3BAaHHbIE TEMIIEpAaTYPHBIMU KOJIEOaHUSAMHU.

YabstpassykoBsbie fatuuku cepun LUC-T

Komnaktaeie Y3K - matumku cepun LUC-T npennazHaueHbl i OECKOHTAKTHOTO
M3MEpEHHUsl YPOBHS KHUIKOCTeH U HachIMHBIX TBEPABIX cpea. Cepusi LUC-T Bximouaer B cebds
TPU THUIA JATYUKOB C PA3JIMYHBIMU BHUJAMHU 3JIEKTPUUECKUX BBIXOJOB (2- wim 4-IpoBOJHOE
MOJIKJIIOUYEHUE) U JAMaNa30HaMU M3MEpEHHsl pacCTOSHUSA 10 YPOBHS pasjeia Cpel, HauMHas C
0,25 m.
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LUC-Txx-x5: B cinyyae 4-IpOBOJHOIO NOJKIIOYEHMS] IPU MU3MEPEHMH C pa3MepaMu
CTPYKTYPHBIX KOMIIOHEHTOB Marepuana oT 4 MM TapaHTHUPOBAHHBIM JUara3oH H3MEpEeHHs
COCTaBJISIET 0 2 M, IPU U3MEPEHUH YPOBHS KUAKOCTEH — 10 5 M (2-IPOBOJHOE MOJKIIOUYEHNE
C MUTaHUEeM 4epe3 UHPOPMALIMOHHBIA KaHaATl — J10 4 M).
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LUC-Txx-x6: B ciiyuae 4-11poBOJHOTO MOJKIKOYEHHUS IPU U3MEPEHUH YPOBHS CBIITYUNX
MaTepuasIoB C pa3MepaMu CTPYKTYPHBIX KOMIIOHEHTOB Marepuajna OT 4 MM TrapaHTUPOBAHHBII
JMana3oH U3MEPEHUsl COCTaBISAET A0 3,5 M, MPU U3MEPEHUH YPOBHS KUAKOCTEH — 110 8 M (2-
MIPOBOTHOE TOJIKIIOYEHHE C MUTaHUEM Yepe3 HHPOPMAIIMOHHBIN KaHal — /10 7 M).

LUC-T30 (Ttonmpko 4-mpOBOJHOE TMOJKIIOYEHHE): TapaHTUPOBAHHBIM JHMana3oH
M3MEPEHUs] TpU ONPENEICHUU YPOBHS CBHINYYUMX MATEPUATIOB C pa3MepamMH CTPYKTYPHBIX
KOMIIOHEHTOB MaTepuaia oT 4 MM COCTaBIIsIeT 10 7 M, IIPU U3MEPEHUH YPOBHS KUIAKOCTEH — 10
15 m.

Bce pgaTunmky MMEIOT BCTPOCHHYIO CHUCTEMY KOMIIEHCALMU BIIUSHUS TEMIIEpaTypHBIX
KoJieOaHuil Ha pe3yNbTaThl U3MEPEHUH.

PanapHbie cucTeMbl KOHTPOJISI yPOBHA

Cy1ecTByeT MHOKECTBO CaMbIX Pa3IMYHbBIX METOIOB KOHTPOJIS YPOBHS, O3BOJISIFOIINX
noJiydatb MH(MOPMAIMIO KaK O MPEeNbHBIX €ro 3HA4YeHUSX, TaK U O TEKYyLIeM 3HaueHHH.
I'opazno meHblllee UMCIIO METOA0B PEaIM30BaHO B MPOMBIIIIEHHBIX cucTtemax. Hekoropsie u3
pEaM30BaHHBIX METOJAOB SABJIAIOTCS YHMK&JIBHBIMH, M CIydadl HMX MPUMEHEHHS MOKHO
NepecunTaTh MO ManbliaM OJHOW PYKH, APYyrHe — ropaszio OoJjiee YHUBEPCAIbHBI M IOTOMY
IIMPOKO HUCHOJB3YIOTCS B CEPUMHBIX cucTeMax. Ho ecTh M MeTo/ibl, yJauHO codeTaromue B cede
U YHUKaJIbHOCTb, M YHHUBEpPCAIBHOCTb. B mepByro ouepenb, K HHM MOXXHO OTHECTH
MUKPOBOJIHOBBIM OECKOHTAKTHBI METOJA, B MPOCTOPEYUH HEOE30CHOBATEIbHO HMEHYEMBIH
pamapHblM. OTOT METOJA, C OJHOW CTOPOHBI, 00eCHneuYnBaeT MUHUMAIbHBIH KOHTAKT
U3MEPUTENIBHOTO YCTPOMCTBA C KOHTPOJIMPYEMOM CPelloH, a ¢ IpYroi CTOPOHBI — IPAKTUYECKH
MIOJIHOCTbI0 HEYYBCTBUTEIEH K HW3MEHEHHIO €€ TeMmIeparypbl W JaBieHusd. llpuuem wu
TEeMIIepaTypa, U JaBJICHHE MOTYT MMEThb 3HAUY€HUs, HEJONYCTUMBbIE I NPUMEHEHUS APYTrux
METOJIOB, B IIEPBYIO OYEpellb, KOHTAKTHBIX. bBE3yCIIOBHO, YHHMKAJIbHOCTb BO3MOXHOCTEH HE
MOJKET HE CKa3bIBaThCs Ha IieHe npubopoB. Ho mporpecc B 3T0i 001acTH HACTOJIBKO BENUK, a
IIPEUMYILECTBA METOJAa CTOJb OYEBHUJHBI, YTO MOYKHO JOCTATOYHO YBEPEHHO MPOTHO3UPOBATH
OUYEHb IIMPOKOE PpACHPOCTPAHEHUE pAJAPHBIX CHCTEM KOHTPOJII YPOBHS YK€ B CaMOM
HEJaNeKOM OYayIeM.

IIpu Bcex CyIIECTBYIOIIUX pa3IMyUsAX OOLIMM OCTaeTcs MPUHLUN JACHCTBUS:
n3ny4€HHblii CBY - curnan otpakaercs OT KOHTPOJIMPYEMOTo 00bEKTa, IPUHUMAETCSI 0OpaTHO
U COOTBETCTBYIOIIMM 0Opa3oM oOpabarbiBaercs. Pe3ynbraToM 0OpabOTKM SIBISIETCS 3HAUEHUE
TOT0 WJIM MHOTO IapamMeTpa 00beKTa: NalbHOCTb, CKOPOCTh, HAIIPABICHNUE ABWKCHUS U T.]1.

PaguonokaTopel IIMPOKO HCHOJB3YIOTCS B METEOPOJIOTMH, B  KOCMHYECKHX
HCCIIEIOBAaHUAX /ISl TUCTAaHLIMOHHOTO 30HAMpOBaHus miaHer u 1.10. U BoT B 1976 rony dupma
SAAB nepBoii B MUpe IpUMEHsIET palapHyI0 TEXHOJOTHIO sl KOHTPOJISI YPOBHS ChIpON HE(TH,
nepeBo3uMoii cyneprankepamu. K Tomy MOMEHTY 7151 TOJOOHOH IeNTH IUPOKO UCHOIb30BATUCH
MOTJIaBKOBBIE, OyiiKOBbIe M Au(. - MaHOMETpUYEeCKHE (Pa3HOBHIHOCTh T'HMAPOCTATUYECKHX)
MU3MEPUTENIbHBIE CHUCTEMbI, OCHOBHOH HEJOCTaTOK KOTOPBIX 3aKiioyayicsi B  OOJIBIION
3aBHCUMOCTU TOYHOCTH U3MEPEHUS OT TaKUX (PU3MUECKUX IapaMeTPOB KOHTPOJIUPYEMOM Cpeibl,
KaK TeMIlepaTypa, JaBJ€HHE U IUIOTHOCTh. Kpome Toro, s 3THUX CHUCTEM TpeboBaloCh
JIOBOJIBHO YaCTO€ TEXHUYECKOEe OOCIY)KHBAHUE 3TUX CHUCTEM, CBSI3aHHOE C HEOOXOAMMOCTBHIO
yIaJI€HHUs] DPA3NMYHOTO poJia OTJIOKEHMH M 3arpsA3HEHUM, IOCKOJbKY BCE IEPEUHUCICHHBIE
CUCTEMBI SIBIISIOTCS KOHTAaKTHBIMM [0 CBOE€M MNpHUpOAE. YPOBHEMEpHI K€, OCHOBAaHHBIE Ha
pazapHOM METOJ€ HW3MEPEHHUs, OKAa3aJIuCh MPAKTUYECKH CBOOOJHBIMH OT BCEX O3TUX
HEI0CTaTKOB. IMEHHO 3TO 0OCTOSITENHCTBO M O0ECIIEUMIIO MX IIMPOKOE MPUMEHEHHE B CaMbIX
Pa3IUYHBIX OTPACIISIX IPOMBIIIJIEHHOCTH.

B mHacrosmee BpemMs B paJapHbIX CHCTEMax KOHTPOJS YPOBHS IPUMEHSIOTCS
IIPEUMYILIECTBEHHO JIBE€ TEXHOJIOTHH: C HETIPEPHIBHBIM YaCTOTHO-MOYIMPOBAHHBIM M3Iy4€HUEM
(FMCW — frequency modulated continuous wave) 1 UMIYJIbCHBIM W3JYy4€HUEM CUTHAJIA.

Texnonornss FMCW eme ¢ 30-x rogoB MpoLUIOr0 BEKa IIMPOKO MPUMEHSIACH B
paZvoOBBICOTOMEPAX BOEHHBIX M TIPaXXIAHCKMX caMoseToB. OHa e IOCie COOTBETCTBYIOILEH
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amanrtanuu ObUla MCMIOJBb30BaHAa B TEPBBIX palapHbIX ypoBHeMepax ¢upmbr SAAB. Orta
TEXHOJIOTUSl PEaJu3yeT KOCBEHHBIM METOJ M3MEPEHHsI pacCTOSHUA. YPOBHEMEDP H3IydaeT
MHUKPOBOJIHOBBIM CHTHAJ, 4aCTOTAa KOTOPOTO M3MEHSETCS HEMPEPBHIBHO MO JMHEHHOMY 3aKOHY
Mexay aBymsa 3HaueHusmu f; u f, (puc. 25). OTpaskeHHBIH OT MOBEPXHOCTU KOHTPOIUPYEMOU
cpensl (KUAKOCTb, CBHIMTyYUd MaTepuand M T.II.)
. CUTHal TPUHUMAETCS TOW JKE€ aHTEHHOW U
vd obpabateiBaeTcst. Ero gactora cpaBHHBaeTcs ¢
YacTOTOW CHUTHanma, W3Iy4aeMoro B JIaHHBIH
wwan  MOMEHT BpPEMEHH. 3HAYeHHE PA3HOCTH YacTOT
(fy) mpsIMO MPOMOPLIMOHATIBHO PACCTOSIHUIO 0
noBepxHoctH (/). [IpuHIMI OYeHb MPOCT, HO Ha
MyTH ero MPaKTUYECKOW  peanu3aiuu
CYHIECTBYET  MHOXXECTBO  TEXHHUYECKHX U
' TEXHOJIOTHYECKUX  mpobimem.  OpHolt w3
BOKHEMIIINX, HEMOCPEACTBEHHO BIMSIOUIUX Ha
TOYHOCTh HU3MEpPEHUs, fABISETCA obecreueHue
BBICOKOM JIMHEHHOCTH M3MEHEHHUS YacTOThI
CUTHaJIa U 0OCOOCHHO €€ TeMIIepaTypHOH CTaOMIBHOCTH, IOCKOJIBKY YPOBHEMEPHI, KaK MPaBUJIO,
MpeAHa3HaYEeHbI JJIs1 SKCIUTyaTallii B OYE€Hb IIMPOKOM TEMIIEPATYPHOM JIUAINA30HE.
WUneansupiMu 111 ypoBHemepa FMCW  gBisifOTCS  yCIOBHS, KOrJa IOBEPXHOCTD
KOHTPOJHUPYEMOH Cpellbl UMEET JOCTATOYHO OOJBIIYIO IJIOIIAah, HA HEH OTCYTCTBYIOT KaKHe-
au00 BO3MYILEHHUS, a caM pe3epByap IMOJHOCTbIO CBOOOJEH OT KaKMX-TMOO BHYTPEHHUX
KOHCTPYKTUBHBIX 3J€MEHTOB. (OJHAaKO pealbHble YCIOBUS PA3UTEIbHO OTIUYAIOTCA OT
UJcalbHBIX U MPUBHOCST JOTIOJHUTENbHBIC MPOOIEMbI, CBSA3aHHBIE C 00pa30BaHUEM OOJIBIIOTO
YHUCJa MApPa3UTHBIX 3XO-CUTHAJIOB OT 3JIEMEHTOB KOHCTPYKLIMH, HEPOBHOCTEH MOBEPXHOCTH
(0cOOEHHO TpU KOHTPOJE CHIMyYUX MaTepuanoB) u T.m. (puc. 26). Kpome Toro, mpuém u
nepefaya CHUTHalla OCYILECTBIISIIOTCS OJHOBpeMEHHO. B pe3ymbrare Ha BXoAe NpUEMHHUKA
YpOBHEMEpa MPUCYTCTBYET CJOXHas CMEChb CUTHAJIOB C OYEHb OOJBIIUM pa3zdpocoM IO
amruTyne. s BbIAENEHUS YacTOT 3XO-CUTHAJIOB NMPUMEHSIETCS alrOPUTM, OCHOBAaHHBIM Ha
MeToqe ObicTporo mpeodOpasoBanuss dypwe. g ero peanuzanuu TpeOyrOTCS 3HAUUTENbHBIC
BBIYUCIIUTENIbHBIE PECYPChl M OTHOCUTEIBHO TMPOJOJDKUTEIbHOE Bpems. PesynbraTom
peoOpa3oBaHMsl SBJISETCS YaCTOTHBIN CIEKTP MPUHSATOTO CHTHANa, B KOTOPOM OTHOCHUTEIbHAS
aMIUIMTYyIa KXo 9acToTHOU coctamstomieil (U) mponopiimoHansHa MOIIHOCTH KOHKPETHOTO
9X0-CUTHaNA, a BEJIMYMHA YaCTOTHOTO CIABUTa MPOMOPIHUOHAIbHA PACCTOSIHUIO UCTOYHUKA 3TOTO
9XO-CHTHaia OT wu3nydatens (puc. 27). BplaensTh MOJE3HBIM 3XO-CUTHAI W HTHOPUPOBATH
OCTaJIbHBIE MMO3BOJISIET CIIELUAIBHOE TPOrpaMMHOE 00ecTIedeHre, YCTAaHOBICHHOE HAa CEPBUCHOM
KOMITBIOTEpPE WJIM BCTPOEHHOE B ypoBHemep. [11aBHas mpobOiiemMa 3aKkiodaeTcss B TOM, YTO
Ka)KJIOMY 3XO-CUTHAJIy B YACTOTHOM CIEKTPE COOTBETCTBYET HE OJMHOYHAS YaCTOTa, @ UHTEPBAJ
94acTOT, OTPAaHUYEHHBIN HEKOTOPOU Orubdaromieil. 3T0 BHOCUT JOMOTHUTEIBHYIO TIOTPEIIHOCTh B
OTIPEECIIEHUE PACCTOSIHUSL.
{

PHC, 25 NIpHHYMN HIMEPEHHA PACCTOAHMA (L) C HCNONBIDBEAHHEN
TexHonori FHCW

13

MAMTYYSHMLIA CUHLN |

= NONEIHBIR IXC-CIRIHAN i e s e e - -

= MDA TS JXD=-CHNHRN b

Puc.26,MapainTHele oTPAMEHHA NPH HCNOALIVBAHKK TexHonormn FMCW Pwe. 27, YacToTHBIA CNEKTP 3X0-CHIHAaNA
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B pamapax uMMOynbCHOIO THUIIA HCIOJB3YETCSI METOJ OINPEACIEHUS PACCTOSHMS,
OCHOBAHHBIM Ha HEMOCPEICTBEHHOM M3MEPEHUU BpeMeHU npoxoxzacHus CBY - mMmmynsca or
U3Iydarens 10 KOHTPOJIUPYEeMOMl MOBEPXHOCTHM M 0OpaTHO. B pesymbraTe A OTPa)kKEHHOTO
CHTHaJIa MpHMEHEHHE Npoleaypsl ObicTporo npeodpaszoBanus dypse He Tpedyercsa. OaHako
BpeMs IPOXOXKAECHUS CUTHAJIOM AUCTAHLIUUA B HECKOJIBKO METPOB COCTAaBJISET BCETO €IUHUIIBI
HaHocekyH[. [loaTomy mist obecrieueHus: U3MEPEHUsl CTOJNb MaibIX 3HA4eHUH C TpeOyemoii
TOYHOCTBIO BCE-TaKU TpeOyeTcs MpUMEHEHHE CIeHallbHBIX METOJIOB 00paboTku curHana. s
3TOro OOBIYHO HCHONb3yeTcs mpeoOpasoBanue CBY - curHama B CUTHalI HpPOMEXKYTOUHOM
4acTOThl YJAbTPa3BYKOBOI'O Juamna3oHa. Tak, Hampumep, B paZapHbIX ypOBHEMEpax (GUPMBI
EndresstHauser ¢ necymeil wacrotoit 6,3 I'Ti mpomexyrouyHas yactota paBHa 70 k', a
yacToTa IOBTOpeHUs uMiyiascoB ¢ 3,6 MI'n ymensmaercs no 44 I'm. Ilocie Ttakoro
npeoOpa3oBaHus K 00pabOTKe CUTHAIOB PaJapHOrO YpOBHEMEPA MOTYT OBITh JIETKO IMPUMEHHUMBI
METO/Ibl ¥ AJITOPUTMBI, UCIIOJIb3yeMbI€ B YIbTPa3BYKOBBIX IPUOOpaxX KOHTPOJIS YPOBHSL.

PagapHble ypoBHEMEpbl MMITYyJIbCHOTO THIA OONagai0T PsAOM HPEUMYIIECTB Mepes
ycTpoiicTBamMM, HcnoJb3yromumMu  TexHosornro FMCW. Bo-mepBblX, NPUHMMAaEeMbIE 3XO-
CUTHAJIbl BHE 3aBUCHMOCTH OT MPHUPOABI MX HMCTOYHMKA PAa3HECEHBl BO BPEMEHM, 4YTO
obecrieunBaeT ux Oosiee MPOCTOEe paszeneHue. Bo-BTOpbIX, cpeqHee 3HEpronorpediacHue
UMITYJIbCHBIX YPOBHEMEPOB COCTABISET €AMHULIBI MKBT (IMKOBas MOILIHOCTH IPU H3Iy4E€HUU
CBY-umnynbca coctaBisieT okojio 1 MBT), 4TO M03BOJII€T UCHOIB30BATh JUIS UX MOAKIIOYESHHUS
IBYXIIPOBOJHYIO CXEMY C INHUTAHUEM OT H3MEPHUTEIBHOM LENH CO CTAaHAAPTHBIM TOKOBBIM
curHaiom 4-20 MA; B mpubopax, pabdortatromux no texHoigorun FMCW, sHepronotpebieHue
CYLUIECTBEHHO BBIILIE H3-3a HENPEPBIBHOTO XapakTepa U3JIy4eHHUs, a TakkKe I0CTOSIHHO
BBITMIOJIHAEMON MaTreMaTHYecko o0paboTKu sXxo-curHana. M, B-TpeTbUX, B HMITYJIbCHBIX
YpOBHEMEpax 3JEKTPOHMKA Il BBIIIOJHEHUS MEPBUYHOI 00pabOTKHM CHUTHAja Mpolle, a cama
00paboTKa BBIMOJIHACTCS UCKIIOUUTENIFHO alllapaTHBIMKU CPEJICTBAMM; B pe3yibTaTe Onarojaps
MEHbBILEMY YHUCITY KOMITIEKTYIOMMX HAJAEKHOCTh IPpUOOpa MOIy4aeTcs MOTEHIMAIbHO BBIIIE.

OpHMM M3 caMbIX BaXXHBIX 3JEMEHTOB PaJlapHOrO YPOBHEMEDA SIBIISIETCS] €M0 aHTEHHAast
cucreMa. VIMEHHO OT aHTEHHbl 3aBUCHUT, Kakas 4YacTb M3JIy4EHHOIO CHUTHAja JOCTUTHET
MOBEPXHOCTH KOHTPOJIMPYEMOI'O MaTrepuana M Kakas 4acTb OTPaKEHHOTO CHUTHaia Oyner
IPUHATA U [IEpeaHa Ha BXOJ[ 3JIEKTPOHHOTO 0JI0Ka JUIs Mocienyone oo0padboTKu.

B pagapHbIX cuctemMax KOHTPOJISI YPOBHS MPEUMYLIECTBEHHO HCIOJb3YIOTCS aHTEHHBI
IIITU TUIIOB:

* pynopHasd,

* CTEp)KHEBAS;

* TpyOuaras;

* mapabosryecKas;

* [IJIaHapHasl.

Pynopnast u crepxHeBasi aHTeHHBI (puc. 28) Hamboiee
IIMPOKO HCIIOJIb3YIOTCSA B COCTaBe MPUOOPOB, MpeIHA3HAYEHHBIX
IUIA  KOHTpOJS YPOBHS B  TEXHOJOIMYECKHX YCTaHOBKaXx.
TpyOuareie aHTeHHBI (puc. 29) NPUMEHSIOTCS B TeX CIydasx,
KOI/Ia BBINOJIHEHUE HW3MEPEHHUs IOCPEICTBOM PYIOPHOM WIH
CTEP)KHEBOI aHTEHHBI CBS3aHO C OYEHb OOJBIIMMHU TPYTHOCTIMHU
WIM IPOCTO HEBO3MOXXHO, HAlpUMEpP IMpPHU HAIWYUKM IIEHBI,
CHJIBHOTO  WCHAapeHWss WM  BBICOKOM  TypOyJIEHTHOCTH
KOHTposupyeMoil >kuakoct. Ilapabonuueckue M mIaHapHbIE
aHTeHHsb! (puc. 30, 31) HCMONB3YIOTCA UCKIIOUUTENBLHO B COCTaBe
CHCTEM KOMMEPUYECKOTO y4eTa HeTEeIpO yKTOB.

IIpy KOHTpOnE ypOBHS B 3aKPBITBIX E€MKOCTSX, a 3TO

Puc, 28,Papapheie yposHemeps Siemens
Milltronics c pynopHof W CTepMHER0RA HanboJIee YacToe MNPUMCHCHUC palapHBIX YPOBHEMCPOB, dHTCHHA,

R Haxo/sICb BHYTPH pe3epByapa, IOJABEPraeTcsi BO3ACHCTBHUIO BCEX

He6JlaTOHpI/I$ITHBIX (b&KTOpOB, KOTOPBIC TaM TOJIbKO MOT'YT IPUCYTCTBOBATD. K HuM oTHOCATCS B
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BBICOKOE JaBJICHME, W BBICOKas TeMIEparypa, |
arpeccUBHBbIE UCIAPEHHUs, U NbLIb, U T.A. be3ycioBHO,
KOHCTPYKLIMSI QHTEHHBl U MaTepHalibl, UCHOJIb3yEeMbIe
Il €€ U3FOTOBIIEHUS, JOJDKHBI BCEMY 3TOMY YCIIEIIHO
IIPOTUBOCTOATH. Kpome TOro, KOHCTPYKLHMS CaMUX
pe3epByapoB OTIMYAETCS OTPOMHBIM pa3zHOOOpasHeM U
' NOTOMY CHOCOOHa co3JaThb Maccy HpoOieM Ipu

H‘ yCTaHOBKE ypoBHeMmepa. Bor mouemy y Begymmx
- ~.~'-’ MHUPOBBIX IIPOM3BOJUTENEH paJapHbIX YPOBHEMEPOB B

s

BAapMAHTOB MCIIOJHEHUS O00OpYIOBaHMSA, U OCOOCHHO
AHTEHHBIX CUCTEM.

DNeKTpOHHBIM OJOK pajapHOro ypoBHeMepa
Puc. 30.Papgapuelit yposHeMep COCTaBJILIET C€AUHOEC ILCJI0E€ C AHTEHHOM CHCTEMOU
Endress+Hauser BCJIEJICTBHE OCOOCHHOCTEH HCIOJIb3YEeMOI0 MpPUHIIMIA
cmapaGonuueckoi autenol  nejicTgyg.  JlaHHBIM  OJOK  OTBEYaeT  Kak  3a
' o ¢dbopMupoBaHME 30HAMPYIOIIETO CHTHajla, TaK M 3a
| 00paboOTKy NPUHATOTO 3XO-CUrHana. V3mepurenbHas
uHpopmanusa (paccTosiHMe, YpOBEHb, 00bEM U T.II.)
MOXET JINOO HPOCTO OTOOpakaTbCs HA BCTPOECHHOM
_ MHAMKATOpe, JIMOO BBHIJABATHCS BOBHE C IOMOINBIO
Ul - pa3IMYHBIX aHAJIOTOBBIX U LU(POBBIX MHTEpdelicoB. B
Pyc.29. Pagapsii r F‘F'I 3 IIPOCTEHIIEM  ClIydyae NpHUMEHsETCd  CTaHAapTHas
yposwesep Siemens  Puc.31.Pagapueiii yposwemep  TokOBas netiig 4-20 MA ¢ 2- unu 3-poBOJIHOM CXeMOU
srnied | EndressHausercanauaphol 1o nkmiouenus. B mocnenHee BpeMs B TakMX HpuOopax
C TPYGYATOR AHTEHHOW  AHTEHHO R

oObiyHO  mMeeTcst mojuepkka  HART-mporokona,
KOTOPBIM HMCIOJB3YeTCs, B YaCTHOCTH, JJIS YNAJICHHOW HACTPOWKH M3MEPHUTEIBHOW CHCTEMBI.
JInst 3TOM ke LesNu IMPOU3BOIUTENN 00O0pYNOBaHMs NMpEAaraloT ClEeHUalbHbIe MPOrpaMMHbIE
IPOIYKTHI, (PYHKIIMOHUPYIOIINE HA CEPBUCHOM KOMIIbIOTEpE U oOecreynBaromue B yI100HOH U
HarjasiHOM (GopMe HACcTpOWKy, KaJMOpPOBKY W JMAarHOCTUKY ypoBHeMepoB. OmHON u3
BOXHEWINMX (PYHKIMI TaKuX MPOrpaMM SBIISETCS MOCTpOEHHE MPOQHIIS OTPAKEHHOTO CUrHAJA
10 BCEH Tpacce U3MEPEHUs U OTCTPOIKA OT MApPA3UTHBIX 3X0-CUTHAJIOB.

BHe 3aBucumMocTH OT MHCHOJNB3YEMOIO MPUHLIMIA B paJapHbIX YypOBHEMepax
npumensitorcss CBY - curnanel ¢ Hecylie 4acToTon, Jexanied B auanasose ot 5,8 1o 26 I'Tu. K
COJKaJICHUIO, HE CYILECTBYET KAKOW-TO OJHOM ONTHUMAJIBHOM YacTOTBHI I BCEX BO3MOXKHBIX
CllyyaeB NMPUMEHEHHs paJlapHbIX CUCTEM KOHTPOJIS YPOBHS: JIH000E€ MPEUMYIIECTBO B OJHOM
cllydae MOXKET OKa3aTbCsl CYIIECTBEHHBIM HENOCTaTKkoOM B JpyroM. C 3Toil MNO3MLMH H
paccMOTPUM OCOOEHHOCTH HU3KOYACTOTHBIX U BBICOKOYACTOTHBIX PaapHbIX YPOBHEMEPOB.

B BBICOKOUACTOTHBIX MpHUOOpax aHTEHHA HWMEET MEHbIIHWE pa3Mepbl U IPU PABHBIX
pasMepax ¢ aHTEHHOM HHM3KOUYacCTOTHOTO Mpubopa obecreuuBaeT Oosiee Y3KYHO IUarpaMmy
HAIPaBJIIEHHOCTH. JTO MO3BOJISET HCIOJIB30BaTh A YCTaHOBKM YpPOBHEMEpPA OTBEPCTUS B
pe3epByape ropasio MEHBIIMX Pa3MEpPOB, YTO B HEKOTOPBIX CIy4assX MOXKET UMETh PELIAoLIee
3HaueHue. CpaBHUTE: PyNOpHasl aHTEHHA paJlapHOro ypoBHeMepa nauanasoHna 26 ['T'n quamerpom
40 MM UMeeT quarpaMMy HallpaBJIEHHOCTH MPUOIU3UTENLHO TaKOH )K€ IIMPUHBI, YTO U aHTEHHA
ypoBHeMepa nuana3zoHa 6 I'Tn nuamerpom 150 mm. Bosee y3kas nquarpamma HanpaBJIEHHOCTH
OYEHb BaXKHA JJIS TOJyYEHUS IXO-CUTHAJIa C HAUMEHBIINM YHMCIIOM MApa3UTHBIX OTPaKEHUH OT
pa3saUYHBIX BHYTPEHHHUX KOHCTPYKTHUBHBIX D3JEMEHTOB pe3€pByapa, TaKUX KakK UIBBHI,
nedaexTopsl, Memankd U T.A. I BBICOKOYACTOTHBIX YPOBHEMEPOB CHUTYAIUSl OCIIOKHACTCS
TEM, 4TO Hu3-3a 0oJee KOPOTKOM JIMHBI BOJIHBI M3JyYeHMs IMapasUTHBIE 3XO-CHUTHAIbI OyIyT
dopmupoBatbcss 0T 0Ooyiee MEJIKMX OOBEKTOB, KOTOpPbIE JUIl HHU3KOYACTOTHBIX YPOBHEMEPOB
OyIyT IPOCTO HE3aMETHBI.

[To »TO# ’Xe mNpUYMHE BBICOKOYACTOTHBIE YPOBHEMEpHI 00jiee UYYyBCTBUTENBHBI K

s HporpaMme€ INOCTAaBOK HMCCTCHA OOJIBIIIOE KOJIMYECTBO
|

-
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HJIMYMIO PA3HOTO POJIa HEPOBHOCTEH HAa KOHTPOJIUPYEMOI MOBEPXHOCTH, KOTOPHIE BBI3BIBAIOT
MOBBIIIEHHOE PAacCeMBAaHUE 30HIUPYIOIIETO HM3JIyYeHHUs] M, KaK CIEACTBUE, CHUXKAIOT YPOBEHb
MIOJIE3HOTO 3XO-CUrHajla. BOT modyeMy HHM3KOYaCTOTHBIE YPOBHEMEPHI Jy4Ille MPUCIOCOOIECHBI
U1 KOHTPOJISL YPOBHS JKUAKOCTEH ¢ HECTTIOKOWHOM MOBEPXHOCTHIO U CHIITYYUX MaTepUAJIOB.

BricokodacToTHBIE YpOBHEMEpHI 0o0Jiee YYBCTBUTEIbHBI K HAJIMYMIO KOHAEHCATa M
OTJIOXKEHUSM MaTepHaja Ha MOBEPXHOCTH aHTEHHBI, IOCKOJILKY ATH (haKTOPHI BBI3BIBAIOT OoJjiee
CHJIbHOE Ocia0JeHne UMEHHO BBICOKOYAaCTOTHOTrO curHana. Kpome Toro, 0JJMHaKOBbIH ypOBEHb
OTJIOKEHUH WJIM KOHJIEHCaTa CHJIbHEE CKas3blBaeTcs Ha 3()(EeKTUBHOCTH pabOThl AHTEHH C
MEHBIIUMH pazMepaMu. B To ke Bpemsi, Hanpumep, pylnopHasi aHTeHHa JUaMeTpoM 6 JI0HMOB
s auanasona 5,8 T mpakTHdeckd HEUyBCTBUTENbHA K KOHJIEHCATy M ropasno Ooljee
YCTOMUYMBA K OTJIOKEHUSAM MaTepraia Ha €€ IOBEPXHOCTH.

JU1st KOHTPOJISL YPOBHS MPH HAJIMYUH BBICOKOTO YPOBHS MbUIK (LIEMEHT) UM MCTIApEeHUI
(mapoBoil KOTENT) HU3KOYACTOTHBIE YPOBHEMEPHI UMEIOT IMPEUMYIIECTBO OJaroaapst MEHbLIEMY
0cna0JIeHUIO CUTHAJIA, BBI3bIBAEMOMY YKa3aHHBIMU (DAaKTOPaMHU.

BnusiHue meHsl Ha pe3ynbTaT U3MEPEHUs ONpeeNnseTcs TaKUMU e€ rmapaMeTpamu, Kak
IUIOTHOCTb, TUAIIEKTPUYECKask MPOHUIIAEMOCTb U NMPOBOAUMOCTh. Cyxas MeHa JJOCTaTOYHO JIETKO
nponunaema musi CBY - usnydenus. B To ke Bpems, MOKpas I€Ha, HpPUCYTCTBYIOIIAsd,
HanpuMmep, B OpOAMIIbHBIX YaHAX, MPEJICTABISACT AJIS HEr0 TPYJHOIIPEOA0IUMOE NpensTcTBUe. B
o0111eM ke ciTydyae HU3KOYAaCTOTHBIE YPOBHEMEPHI TOKA3bIBAIOT JIYUILIUE PE3YIbTaThl PA0OTHI IIPH
HIMYUK TIEHBl Ha MOBEPXHOCTH KOHTPOJUPYEMOTO BellecTBa. Tak, Hampumep, TOHKUN CIIOH
MIEHBI MOIOIIETO CPE/ICTBA HA MOBEPXHOCTH BOJIbI HEMPEOA0JIUM JJIsl CUTHAJIA BBICOKOYaCTOTHOTO
ypOBHEMEpa, B TO BpeMs Kak ypoBHemep nauamasoHa 5,8 I'T'n mo3Bossier mpou3BOIUTH
M3MEPEHUs TpU TONIIUHE c0s MeHbl 10 150 MM U gaxe Bble. 37ech CleqyeT UMETh B BUAY,
YTO TOJICTBIM CJIOM TeHbl CMOCOOEH BHOCHUTH HEOOJBLIYIO JOMOJHUTENIBHYIO MOTPEIIHOCTh B
pe3yabTaT U3MEPEHUs U3-3a pa3Iuyus CKOpocTH pacnpoctpanenus CBY - curnana B BO3IyIIHOM
cpelie U IEHe.

Jlnsi BBICOKOYACTOTHBIX YPOBHEMEPOB XapaKTEpHbI ropa3/i0 MEHbIINE pa3Mephbl 30HbBI
HEYYBCTBUTEIBHOCTH 10 CPaBHEHUIO C HHU3KOYACTOTHBIMH, TIO9TOMY OHH  HMEIOT
JIOTIOJTHUTEIBHOE MPEUMYIIECTBO MpPHU MCIOJB30BAaHUM B pPE3EpByapax M YCIOKOUTEIbHBIX
TpyOax HeOOIBIIOro pa3mepa.

Mexay pagapHbIMH — yYpOBHEMEpPAMH HUMITYJbCHOTO THUIA U  ypOBHEMEpaMH,
ucrnonb3youmu  TexHonoruto FMCW, He cymiecTByeT NPUHLIUIMAIBHOTO pPA3IU4Us 10
JOCTUTaeMOi TOYHOCTH U3MEPEHUS.

[TpuGopsl, ucnoab3yeMble Ui KOHTPOJS YPOBHS B TEXHOJIOTMYECKUX YCTaHOBKaXx,
001aJaI0T TOYHOCTHIO MOPsAKA HECKOJIBKUX MUJITUMETPOB. PeanbHo e JocTuraemasi TOUHOCTb
M3MEPEHUs OTpeAessieTcss U TAKUMHU (PaKTOpaMH, KaKk KOHKPETHbBIE YCIOBUS MPUMEHEHUs, THUI U
KOHCTPYKTUBHOE HCIOJHEHUE AHTEHHBI, KAYECTBO 3JIEKTPOHHBIX KOMIIOHEHTOB, BO3MOXXHOCTH
IIPOrpaMMHOTO obecrieueHus1 00pabOTKH 3X0-CUTHATIA.

CymectByer 0coOBIif  KJacC paJapHbIX YpPOBHEMEPOB, MPEAHA3HAYEHHBIX UL
UCIOJb30BaHUSI B CHUCTEMax KOMMeEpUYecKoro ydera HedrenmpoaykToB. s 3TuX npuOopos
rapaHTUPOBAaHHAS TOYHOCTh M3MEpEHHs JOoJKHA ObITh He Xyxke +1 mm. [l ee oOecnieueHus
OpEINpUHUMAETCs psl  CHElHUaJbHBIX Mep. B dYacTHOCTH, UCHONB3YIOTCS aHTEHHBI
napaboIMYecKoro WM IUIAHAPHOTO THUMA JJIS IMOJIyYeHHS MaKCUMAJIbHO Y3KOW IuarpaMMbl
HaNpaBJICHHOCTU U3JIyYeHHs, a B aJlTOPUTM OOpPaOOTKU 3XO-CUTHAIA JOMOJHUTEIBHO BBOJIUTCS
oleHka ¢asbl curHana. Kpome Toro, HecMOTpsi Ha OYEHb MaJyIO 3aBUCUMOCTh OT TeMIIepaTyphl
U JIaBJICHUS, B PE3yJbTaT U3MEPEHUs TAK)KE BBOJUTCS IMOMNPABKa Ha M3MEHEHHE 3HAUEHUS 3TUX
apaMeTpoB B KOHTPOJIMPYEMOM pe3epByape.

bnaromapst cBOMM  YHHMKaJbHBIM  BO3MOXKHOCTSIM  paJapHbleé  YpPOBHEMEpHI,
HCTOJb3YIOUIMEe MUKPOBOJHOBBI OECKOHTAKTHBIA METOJ H3MEpPEHUs, CIIOCOOHBI 00eCHeuuTh
JOCTOBEPHON MHPOPMAaLIE 0 KOHTPOJIMPYEMOM MapaMeTpe B CaMbIX Pa3HOOOPA3HBIX YCIOBUSX
npuMeHeHus. be3yclioBHO, HEKOTOPHIM CAEPKUBAIOIIKUM (DAaKTOpPOM SBISIETCS OTHOCHUTEIIBHO
BBICOKasi CTOMMOCTb oOopynoBaHusa. OJHAKO cleayeT HUMeTb B BHIY, 4YTO IIpU €ro
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MCTOJIb30BAHUH A0S SKCITyaTallMOHHBIX PacXoJ0B B OOLICH CTPYKType 3aTpaT CYLIECTBEHHO
HIOKE 10 CPaBHEHMIO C TPAAMLIMOHHBIMM CpelacTBaMu u3MepeHus. Kpome Toro,
HaOJIONAIOUINIICS 3HAUNTENBHBIA MPOrpecc B 3TOW OOJIACTH TEXHUKH B COUYETAHMM C JKECTKOM
KOHKYpPEHLIMEH MEXIy NMPOU3BOIUTENIMU HEU30€KHO BEIET K MOCTOSHHOMY CHUKEHHUIO IIEH.
[ToaTomy Oyny1iee pagapHbIX YPOBHEMEPOB BUIUTCS BIIOJIHE ONTUMUCTHYHBIM.

BMmecte ¢ Tem Henb3s paccMaTpuBaTh 3TOT KJacC OOOPYAOBAaHUS KaK CPEACTBO IS
peleHust Bcex 3ajad M3MepeHus ypoBHsS. TOJIBKO Y4YMTHIBAs OCOOCHHOCTH MCIIOJIB3YEMOTO
METOJa, TPAaMOTHO OCYIIECTBIsi BBIOOp KOH(UIypalluu ypOBHEMEpa, CKpYIyJIe3HO
npopabarbiBasi Coco0 M MECTO MOHTaXa, a 3aTeM TaKXKe CKPYIYJIE3HO €ro OCYyLIeCTBISS H,
HAKOHEL, TIIATEJIbHO BBINOJHAS HACTPOMKY BCEH CHCTEMBI, MOXXHO TMOJIYYHUTH OKHMJIAEMBIH
pe3ynbTar.

3AK/IIOYEHHUE

Uro KacaeTcsl NPEACTABIECHHBIX METOJOB KOHTPOJS YPOBHS, TO IO JaHHBIM psja
HUCTOYHUKOB CTENEHb HX PACHPOCTPAHEHUS OLCHUBAECTCS B IPOLIEHTHOM OTHOLIEHUH
NPUOJIM3UTENBHO CIEAYIOIMMH NOKa3aTeIsIMH: TOIUIaBKOBBI — 24%, BuOparronHsii — 21%,
ruapocrarnyeckuii — 20%, xonayktomerpuueckuii — 5%, €MkocTHbli— 15%, Ha ocHOBe
U3MEpPEHUsl BPEMEHU NPOX0XkAeHUA curHana — 15%. [IpumeuaTenbHo, 4TO yalle NpUXOAUTCA
U3MEpATh YPOBEHb JKHUIKHX MarepuanoB: 82% ciydaeB NpPUMEHEHMs, a ocTaiubHble 18%
IIPUXOAATCSA Ha CBIy4YHE MaTE€pUalIbl; P 3TOM B IMOCIEAHHME TOAbl HAPACTAIOIIMMU TEMIIAMHU
YBEJIMYMBAETCS J10JI1 MCIOJIb30BAHUS METOJOB M3MEPEHHS BPEMEHM IPOXOXKIECHUS CHUTHAJIOB
(YbTpa3ByKOBOTO U HAPABIEHHOTO MUKPOBOJIHOBOTO M3JTy4ECHHUs).
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