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(54) BIMATOMEP
(57) Pecpepar:

TexHNYecKoe pelleHUE OTHOCUTCS K U3MEPUTEMbHON TEXHUKE M MOXET ObITb MCMOMb30BaHO AN M3MEPEHUSI BNAXHOCTU
pasnnYHbIX MaTepuarios B MPOMbILEHHBIX YCroBUsAX. OCHOBHOE HasdHa4yeHue - KOHTPOSb COAepXKaHus BOAbl B OETOHHOM
CMeCu HenocpeacTBeHHO B GeToHocMecuTene. Bnaromep coaepxut MeTannumueckuidi Kopryc, 3akpermneHHyl Ha Kopryce
JON3NEKT PUYECKYIO MNACTUHY U U3MEPUT eNbHbI KOHAEHCAT Op. ONeKT poabl U3SMEPUTENbHOro KOHAeHcaTopa 06pa3oB aHbl ABYMS
KPbILLKaMK, YCTaHOBMEHHBbIMU Ha MOBEPXHOCTM AUINEKTPUYECKOW NNacTWHbI, MPUYEM KPbILKW BbINOMHEHbI M3 MeTanna,
CTOMKOro K uctupanuio. lNepBas KpbllLka pacnonoXxeHa B OTBEPCTUW, BbINOMHEHHOM BO BTOPOW KpbILLKE, MPU 3TOM MeXay
TopLaMM MeEPB O KPbILLKU 1 KpasiMu OTBEPCTUS BO BTOPOW KpbilLke 06pa3oBaH 3a30p, LMpuHa KOTOporo BblbpaHa 13 yCroBus,
4yTOObl B 3TOT 3a30p He MPOXOAUMM KpynHble dipakLMM KOHTPONMPYEMOro martepvana. B amanekTpuyeckoin nnactuHe nog
NepB O KPbILLKOW BbINOMHEHO OTBEPCTME, Yepe3 KOTOpPOe MEPBLIN 3NEKTPOL USMEPUTENbHOTO KOHAEHCATOopa MOAKMYEH K
3MEKTPOHHOMY YCTPOWCTBY, YCTaHOBMEHHOMY BHYTPM Kopryca. Yepe3 yka3aHHOe OTBEPCTME MepBasi KpbilKa KPenurcsa K
OV3NEKTPUYECKOA NMacTvHe C MOMOLLBK MPWKUMHOM NNAaCTUHbI, YCTAHOBIIEHHOW C BHYTPEHHEN CTOPOHbI Kopryca.
TexHn4Yecknm pesynbTaToM SBMSETCS YBENMYEHNE YYB CTBUTENBHOCTU U NOB bILLEHNE MEXAHUYECKOA MPOYHOCT W, CTOMKOCTH K
yaapam. 3 3.n. g-nbl, 2 un.

file:/lIF:/_%20%D0%92%D 0%9B%D 0%90%D 0%93%D 0%9E%D 0%9C %D 0%95%D 0%A0%20%D 0%9D %D 0%90%D0%A8/_%D0%97%D0%B0%D1%...  1/7



10.08.2015 INonesHas mogenb Ne150395

Onu1caHme TEXHUYECKOro peLLeHnst TEXHUYECKOE PELLEHINE OTHOCUTCS K M3MEPUTENbHON TEXHUKE U MOXXET ObITb UCMOMb30B aHo
ANt M3MEPEHUS1 BIIXKHOCTU PasfiMyHbIX MaTepuaroB B MPOMbILIIEHHLIX ycrioBusix. OCHOBHOE HasHayeHue - KOHTPOSib
cojepxaHuss Boabl B GETOHHOW CMEeCuM HEemnocpeAcTBEeHHO B GeToHocMmecuTene. TeXHUYECKOE pelLeHWe peanusyeT
AN3MbKOMET PUYECKUIA CNOCOD M3MEPEHMUS BaXKHOCTU U MOXET BbITb MPUMEHEHO TakKe AN KOHTPOMs U APYrvX dm3ndYecKux
napameTpoB, BMSIIOLLYX Ha AUATIEKTPUYECKYIO MPOHMLIAEMOCTb, HaNpUMEp, 4519 M3MEPEHMS COCTaBa CMECHU BELLECTB.

M 3BeCcTHbI BriaroMmepsbl, Npov3B oanMbIE PSAOM pM:

1) «M-Sens 2» dwmpmbl «SWR engineering» (http://iwww .swrsystems.ru/msens2.htmi);

2) «Hydro-Mix Vil» gwmpmbl «Hydronix Ltd» (http://iww w .hydronix.ru/hydromixVIl.html);

3) «Microw ave Moisture Probe» gmpmbl «Franz Ludwig GmbH» (http:/fludw ig.com/w echselkopf/).

[aHHble BraroMepbl cofepXaT MeTarnM4Yeckuin Kopryc, 3aKpenmneHHylo Ha KOpryce AMANEeKTPUYECKYH NnacTuHy W3
Kepamu4ecKkoro Matepuarna, BHELLHsISi TOBEPXHOCTb KOTOpPOW obpalleHa B CTOPOHY KOHTPONMMPYEMOro MaTtepuarna, CEHCOop -
YYBCTBUTEMbHbIA 3NIEMEHT, YCTAHOBMEHHbIA BHYTPU KOpNyca M CO3AalOLLMIA 3MEKT POMarHUTHOE nore, KOTOpoe NPOHUKAET B
KOHT POSIMpYyeMblii MaTepuar Yepes AUaNneKT PUHECKYIO NNAcTWHY, 3N1EKTPOHHOE YCTPOWCTB O, MOAKIIIOYEHHOE K CEHCOPY.

HenocTaTkoM M3BECTHbIX BMAaroMEpPOB SIBMSIETCS HU3Kasi YyBCTBUTENbHOCTb U HM3Kas MEXaHU4eckasi MPOYHOCTb. B JaHHbIX
Braromepax Au3IIeKTpUYECcKas MracTyiHa HEMOCPEACTBEHHO COMPUKACAETCs C KOHTPONMpYEeMbIM MaTepuariom 1 OTAensieT
CEHCOp OT KOHTPONMpyemoro matepuana. CunoBble TNMHWAM 35IEKTPOMArHUTHOTO TOMsl, CO34aBaeMOro CEHCOPOM  [Aris
30HAVPOB aHUS KOHTPONMPYEMOro MaTepuana, NPoXoAsAT Yepe3 AUINIEKTPUYECKYHD NMacTUHy, KOHLIEHTPUPYOTCA B Hel. [Ons
NpefoTBPALLEHUST UCTUPaHUSE AM3NEKTPUMECKYI0 NMacTUHY BhIMOMHSIOT M3 M3HOCOCTOWMKOTO Kepamuyeckoro marepuana,
Hanprvep, Ha OCHOBE OKCWAA aroMuHUSA. A TaK Kak Kepamuka VMEET BbICOKYH AU3MEKTPUYECKYI0 MPOHULIAEMOCTb, TO 3TO
ewe Oorblie yBENMUMBAET KOHLIEHTPALMIO 3NIEKTPOMArHUTHOMO MONis B AWANEKTPUYECKOM nrnacTvHe. B pesynbTate B
KOHTPONMpYeMblii MaTepuan MpOXOAMT Manasi 4aCTb 3HEepruM CO34aBaeMOro CEHCOPOM 3MEeKTPOMAarHWTHOro nons. 370
o6ycnaB B aeT HU3KYHO YYB CTBUTENbHOCTb [aHHbIX BIIAaroMepoB.

Kepamuka - Xpynkuil matepuarn, Kepamuyeckas nrnacTuHa MNpu yaapax paspyliaeTcs. Bnaromepbl AaHHOM KOHCTPYKLMM,
YyCTaHOBIIEHHble B OeToHOCMecuTene, Mpu MonajaHuyM KpynHbIX dopakumii LebHA Mexay nonaTkamu U MOBEePXHOCTbIo
AV3NEKTPUYECKON MMACTMHLI BLIXOAAT M3 CTPOSA M3-3a paspyLUeHVss Kepamuku. Mo Tol e MpUYMHE AaHHble BraroMepbl He
MOrYT ObITb UCMOMb30B aHbl AN U3MEPEHUI B NMOTOKeE LWEe6HS, rpaBus, pyabl.

Haunbonee 6rnm3kMm No TEXHWUYECKOW CYLLHOCTU K npeanaraemomMy Briaromepy ssnsetcsa sraromep «Litronic FMS Iy dupmbl
«Liebherr Mischteechnik GmbH» (nateHT US 5969243 (A) - 1999-10-19), coaepxaLmii METaNIMYECKUn KOpnyc, 3aKpensieHHyo
Ha KOpnyCce ANANEKT PUYECKYIO MNacTyHY M3 KepaMU4EeCKOro MaTepvana Ha OCHOBE OKCuAA anoMUHUS, BHELLHSAS NMOBEPXHOCTb
KOTOpOV obpalleHa B CTOPOHY KOHTpPONMPyemMoro maTtepuana, U3MepuTenbHbIA KOHAEHCATOp, CO3AAOLLMIA SNIEKT POMArHUTHOE
nose, KOTOpoe MPOHUKAET B KOHTPONMPYEMbI MaTepuan yepes AVSNEKTPUYECKYIO MNacTuHY, NP 3TOM MEPBbLIA 3NEKTPOS,
M3MEpPUTENbHOr0 KoHAeHcaTopa obpa3oBaH MPOBOAALMM 3NEMEHTOM, KOTOPbIA pasMelleH Ha BHYTPEHHEN MOBEPXHOCTU
ONANEeKTPUYECKOM NNAacTVHbl, a BTOPOW 3MEKTPOA M3MEPUTENbHOrO KoHAeHcaTopa obpa3oBaH METannMyeckyuM KOopnyCcoMm,
nepBbLIi N BTOPOM 3MEKTPOALI U3MEPUTENBHOTO KOHAEHCATOPa MOAKIOYEHbI K YCTaHOBJIEHHOMY B KOPMYCE 35EKTPOHHOMY
YyCTpPOICTBY, 00ecneyvmB aroLemMy npeodpasos aHNe EMKOCT M M3MEPUT ENIbHOIO KOHAEHCATOopa B 3N1EKT PUYECKMWIA CUrHar.

[JaHHbI BlaroMep Tak Xe, Kak U pacCMOTPEHHbIE paHee aHaroru, 1 rno TeM e npuynHam nmeeT HU3KYIO YYBCTBUTENbHOCTb U
HU3KYKD MeEeXaHM4eCKyld MpPOYHOCTb. Kepamuyeckasa nnacTuHa, HaxOAsWRAACH B HENOCPeACTBEHHOM KOHTaKTe ¢
KOHTPONMMPpYyEMbIM MatTepuanam W pacnosiokeHHasa MeXay KOHTponupyemMmbiM MatepuanomMm U npoBoAdAlLyM  INIEMEHTOM,
KOHLEHTPUpyeT B cebe aneKTpomMarHUTHOE Mnorne M3MePUTENBHOro KoHAeHcaTopa. 3TOT adxpekT yCUNMB aeTCcs 13-3a BbICOKOW
[AV3NEeKT PUYECKON MPOHNLIAEMOCT U KepaMukn, B pesyrbTaTe BriaroMep UMEET HU3KYH YyBCTBUTENbHOCTb. N3-3a XPYNKOCTHU
KEpaMUYECKOM MNacTMHbI BriaroMep He MOXET ObITb MPUMEHEH AN KOHTPOons LeGHS, PyAbl B NOTOKE.

Llenblo npeanaraeMoro TEXHUYECKOro peLLeHUs SIBMSIETCS YBEenMueHne 4YyBCTBUTENbHOCTM U MOBbILLEHWE MeXaHW4eCKOn
MPOYHOCTU, CTONKOCTU K yaapam.

lMocTaeneHHas Lenb AOCTUraeTCsl TEM, YTO BO BriaroMepe, CoaepKalleM METarnnMyYeckuii KOpryc, 3aKpenneHHyo Ha Kopryce
OVANEKTPUYECKYIO MMacTUHY, BHELHAS MOBEPXHOCTb KOTOPOM oOpalleHa B CTOPOHY KOHTPOMMPYEMOoro Marepuana,
M3MEPUT ENbHbIN KOHAEHCAT 0P, COCTOSALLMI 13 NMEPB Oro U BTOPOro 3MEKTPOAOB 1 CO3AalOLLYAM 3MEKT POMArHUTHOE Mnorie, KOTopoe
NpOHMKAET B KOHTPONMPYEMbIA MaTepuan, mpu 3TOM NepBblil 3NeKTPOA WM3MEpUTEnbHOro KoHaeHcaTopa o00pas3oBaH
NPOBOASALWMM 3fIEMEHTOM, KOTOPbLIA pasMELLEH Ha AWMANEKTPUYECKOM MracTUHE, a BTOPOM 3NEKTPOA W3MEPUTENBHOMO
KOHAeHcaTopa o6pasoBaH MeTannMyeckMM KOprycoM, MEpBbIA W BTOPOW 3MEKTPOAbl WM3MEPUTENbHOrO KOHAeHcaTopa
MOAKMIOYEHbI K YCTAHOBMEHHOMY B KOPMycCe 3NIEKTPOHHOMY YCTPOWCTBY, obecreuvBalolemMy npeoGpasoBaHne eMKOCTM
M3MEPUTENBHOTO KOHAEHCaTopa B 3NMEKTPUYECKUIA CUTHarM, COrMiacHO MpeAraraeMoMy TEXHUYECKOMY PELUEHUIO, Ha BHELHEN
MOBEPXHOCTU AUANEKT PUYECKON MMAaCTUHbI YCTaHOBIIEHb! ABE KPbILLKK, BLIMNOMHEHHLIE M3 METanmna, CTOMKOro K UCTUPaHUIo,
nepBast KpbilLka PacronoXeHa B OTBEPCTMWM, BbINOMHEHHOM BO BTOPOW KPLILLKE, MPY 3TOM MeXAy TOpLiaMu NEPB Ol KPbILLKA 1
KpasiMy OTBEPCTMS BO BTOPOI KPbILLKE 0OpasoBaH 3a30p, NEPBast KPbILLKa SIBISETCA NPOBOAALYMM 3JIEMEHTOM U CIYXUT
NepBbIM 3NEKTPOAOM U3MEPUTENBHOTO KOHAEHCATOopa, B AUANEKTPUYECKOW MracTUHE Mog MEepBON KPbILLKOWM BbINOMHEHO
OTBEPCTUE, Yepes KOTOPOEe NepBbiii ANEeKTPOA MOAKMIOYEH K 3MIEKTPOHHOMY YCTPOWCTBY M Yepes KOTOpoe MNepBast KpbilKa
KPEnuTCca K AMANEeKTPUYECKOM MNacTMHE C MOMOLLbIO MPWKUMHOW MAacTWHbl, YCTaHOBIIEHHOM C BHYTPEHHER CTOPOHbI
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JV3MEKT pUYECKOM MNacT MHbI, BTOPas KpbILLKa 3akpernsieHa Ha MEeTanfmyeckoM Koprnyce Takum obpasom, 4To Mexzay YKkasaHHON
KPBILLKOW 1 KOPNyCOM 06pa3oBaH 3MeKT PUYECKUIA KOHTaKT .

MocTaBneHHas Liernb JOCTUraeTCsl Takke U TEM, YTO LLMPUHA 3a30pa MEXy TopLiaMy NMepB ol KPbILLKK U KpasiMyi OTBEPCTUS! BO
BTOpOI KpbILLKE BbiOpaHa TaKoii, YToObl B 3TOT 3a30p HE MPOXOAUINM KPYMHbIE (hpaKLMK KOHT PONMPYEMOro MaTtepuana.

MocTaBneHHast Lenb AOCTUFAeTCsl Takke U TeM, YTO BHYTPUM METanmMYeckoro Kopryca YCTaHOBIEH [OMOMHUTENbHbIiA
KOHAEHCATOP, BKIMOYEHHBI MOCNEAOBATENbHO C  M3MEPWUTENbHbIM  KOHAEHCAaTOpOM MEXAY MEPBbIM  3MEKTPOAOM
M3MEpPUTENbHOrO KOHAEHCATOPA W 3MEKTPOHHLIM YCTPONCTBOM, EMKOCTb JOMONHUTENMBHOTO KOHAEHCATOopa BbiOpaHa NpUMepPHO
paBHOW EMKOCTY M3MEPUTENbHOMO KOHAEHCATOopa NpY €ro 3arnofHEHNUY KOHT PONMPYEeMbIM MaTepUarnom.

MocTaBneHHast Uenb [AOCTUraeTCsl Takke W TeM, YTO BHYTPU MeTarnnMyeckoro Kopryca yCTaHOBMeHa KaTylka
VHAYKTUBHOCTM, KOTOpPasi NMOAKIIoYeHa napanmnenbHO M3MepUTEeNbHOMY KOHAEHCATOopY K ero NEPBOMY Y BTOPOMY 31eKTPOAaM.

CNLL[HOCTb npeanaraemMoro TeEXHUM4YECKOro peLleHna NoACHAETCA Ha ¢MF. 1un2.

Ha dwmr. 1. nokasaHa KOHCTPYKUMsi Braromepa, y KOTOpOro BHYTpW KOpryca YCTaHOBIIEH AOMOMHUTEMNbHBIA KOHAEHCATop B
COOTBETCTBWU C M. 3 POpMYbl.

Ha dwmr. 2 nokasaHa KOHCTPYKUMS Braromepa, y KOTOPOro BHYTpW Kopriyca yCTaHOBJIeHa KaTylka WHAYKTUBHOCTWU B
COOTBETCTBWU C M. 4 OPMY bl

Brnaromep coaepXXuT mMeTannmM4eckuin Kopryc 1 n AVanekT pudeckyto NiacTuHy 2, 3aKperrieHHylo Ha ykasaHHoM Kopryce 1. Ha
BHELLHEW NOBEPXHOCTN 3 NNacTuHbl 2, 0OpaLLEHHOM B CTOPOHY KOHTPONMPYEMOro MaTepuana, yCTaHOBMEHbI ABE KPbILLKM 4 1
5, BbIMOSHEHHbIE U3 MeTasnna, CTOMKOro K MCTUPaHWIO, HanpuMep, n3 ctamm mapok 30X13, 40X13, 65 uim 13 cnnaeBa Ha
OCHOBE TUTaHa.

Mepsas Kpblllka 4 pacnonoxeHa B OTBEPCTUU, BbIMNONMHEHHOM BO BTOPOW KpbILLKEe 5, Npu 3TOM MeXay TopLamu nepsown
KPbILLKM 4 1 KpasiMy OTBEPCTMSA BO BTOPOM KpbilLke 5 o6pa3osaH 3a3op. LLpuHa 8 3a3opa mexay TopLamm Neps O KPbILLKK 4 1
KpasiMy OTBEpPCTVS BO BTOPOW Kpbillke 5 BblbpaHa TakoW, 4TOObl B 3TOT 3a30p HE MNPOXOAUIM KpynHble pakumm
KOHTpONMMpYyeMoro Martepuana, Hanpumep, KpynHble dpakumm LWebHsA, rpaBus MpuM  WUCMONb30OBaHWKM BrRaromepa B
GeToHoCMecuTerne.

BTtopas kpbllLka 5 3akpenneHa Ha MeTannmyeckom Kopryce 1 Takum o6pasom, YTO MeXAy YKasaHHOW KpbILLKOR 5 1 koprnycom 1
MMEETCS 3MNEeKTPUYECKUA KOHTakKT. [NepBas Kpbllka 4 sSIBNSETCA MPOBOASALMM 311EMEHTOM U BMECTE CO BTOPON KpbILLKOW 5
00pasyloT M3MepuUTernbHbIN KOHAEHCATOop, NpUYeM, nepBasi Kpbilka 4 CIy>XWUT NepBbIM 3MeKTPoAOM KoHAeHcaTopa, a BTopasi
KpbILLKa 5, 9NeKTpUYECKN COEAMHEHHAs C KOpnycoMm 1, CRAyXWT BTOPbIM 3MEKTPOAOM W3MEPUTENBHOrO KOHAEHcaTopa.
OneKkTpoMarHMTHoe nosie U3MEPUTENbHOr0 KOHAEHcaTopa HEMNOCPEACTBEHHO NPOXOAUT B KOHTPONMPYEMbIA Matepuarn,
conpukacaloLMcs C MOBEPXHOCTbIO Kpbillek 4 u 5. [loBEPXHOCTb 3 AM3NEKTPUYECKOW MNacTuHbl 2 3aupleHa oT
MEXaHNYeCKOoro B0O3AENCTBMA METaryIM4eCcKMMm KpbilLkamu 4 1 5. MNepB bl 3NeKTpoa 4 1 BTOPOW 3NeKTpos 5 nsmeputenbHoro
KOHZAEHcaTopa MOAKMOYEHbl K YCTAHOBMEHHOMY B Kopriyce 1 3neKTPOHHOMY YCTpPOWCTBY 6, obecneyvBarowemy
npeobpasoB aHne eMKOCTU USMEPUTENLHOrO KOHAEHCATOPa B 3MEKT PUMECKUIA CUrHar.

B avanekTprnyeckonm nnacTuHe 2 Mo MNepBOW KPbILKOW 4 BbINOMHEHO OTBEpPCTUE, Yepes3 KOTOpoe MNepBbi anekTpos 4
NOAKMIOYEH K 3NEKTPOHHOMY YCTPONCTBY 6 U Yepe3 KOTOopoe nepBasi Kpbilka 4 KPEnUTCS K AMINEKT PUYECKON NracTuHe 2 ¢
NOMOLLIO MPYKUMHOWM NNACTWHbI 7, YCTAHOB NIEHHOW C BHYTPEHHEN CTOPOHbI AU3NEKT PUHECKON NMACTUHbLI 2.

B cootBeTcTBMM C N. 3 (opMyribl BHYTPU METannMYEeCcKoro koprnyca 1 yCcTaHOBIIeH AOMOMHUTENbHBLIN KOHAEeHcaTop 8,
BKIMIOYEHHBIN NOCneoBaTenbHO C U3MEPUTENbHBIM KOHAEHCATOPOM MEXAY €ro fnepBbiM 3MEKTPOAOM 4 U 3NEKTPOHHBLIM
YCTPOMUCTBOM 6. BEVKOCTb AOMOMHWUTENbHOTO KOHAEeHcaTopa 8 BblbpaHa MPUMMEPHO PaBHONW EMKOCTWU W3MEepUTEeNbHOro
KOHZeHcaT opa Mpu ero 3arnosIHEHNN KOHT ponnpyemMbiM MaTepuarnom.

B cooTBeTcTBUM C N. 4 pOpMyribl BHYTPU METanmmyeckoro kopriyca 1 ycraHoBneHa katyuka 9 MHAYKTMBHOCTM, KOTOpas
NoAKmMoYeHa naparnesnibHoO K U3MEPUTENbHOMY KOHZAEHCATOpY K ero nepsoMy 3reKTpoay 4 1 BTOPOMY 3rekTpoay 5.

MH,CI,yKTVIB HOCTb KaTyLLKn 9 BbIOpaHa Takow, YTobbl B AuanasoHe paboymx 4acToT BraroMepa ee peakTMBHOE COMNpOTUB NeHne
©ObINo NPYMEPHO paBHO Mo MOAY IO peakTBHOMY COMPOTUB JIEHNO USMEPUTESIbHOIO KOHAEHCaT opa.

B cocTaB Bnaromepa MOXeT TaKkKe BXOAWUTb AaTyuk TemnepaTypbl KOHTPONMPYEMOro matepuana, KoTopblid 3aKpennseTca
BHYTpU Kopnyca 1. Jatymk TeMnepatypbl MOXET ObITb YCTaHOBJIEH N BHE Kopnyca Briaromepa, HO Taknm o6pa3oM, 4TobbI OH
obecneyvs an nsmepeHue TemMneparypbl KOHTpoNMpyeMoro matepuana.

Brnaromep paGoTaeT crneayiouym o00pa3om. 3nekTpoHHOEe YCTPOUCTBO 6 hopMUpYET TrapMOHMYECKUIA CUrHam BbICOKON
4acTOoTbl, KOTOPbLIV NMOAAETCS Ha NEPBbIA U BTOPOW 3NEKTPOALI 4 1 5 N3MEPUTENbHOTO KOHAEHCATopa. ONEKT pOMarHUTHOE rnorne
KOHAEeHcaTopa pacnpeaerieHo B Tpex obnacTsix NnpocTpaHcTBa:

(a) - B KOHTpONMpyemMom matepuare;
(6) - BHYTpM KOpnyca 1 noa AWMaNeKT pU4ECKO NnacTMHOM 2;
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(B) - B AVANEKT PUYECKON NNacTuHe 2.

CymmapHas emMKoCTb CCYMM M3MepUTesbHOro KoHaeHcaTopa onpegensaeTcsa coctasnaowmmm C 4, Cg, Gy, COOTBETCTBYHOLLMMUA
TPeM ykasaHHbIM 0b6nacTsaM, U paBHa

Ceym=C a*C6*Cs.

CocTasnatowaa Ca onpefenseTca  ANINEKTPUYECKON MPOHULEAEMOCTbIO  KOHTPONMpPyemMoro marepuvana. Benuny NHY

cocTaBnsioen C; MOXHO NpPeAcTaBUTb B BUAE CYMMbI:

Ca=Cao*f\ Ca,

rae C, - COCTaBnsAoLAs CyMMapHO EMKOCTU M3MEPUTENMbHOrO KOHAEHCATopa, COOTBETCTBYIOLLASA 06/1acTy KOHT ponMpyemMoro

marepuana;

C,0 - COCTaBIsOLLAS CYMMapHOi eMKOCTW M3MEepUTENbHOro KOHAEHCaTopa, COOTBETCTBYIOLAs 0BracTu KOHTponMpyemMoro
MaTepvana, Korga KOHT ponMpyemblii MaTepumarn - B03ayXx;

ﬂ Ca - BennuynHa nSMeHeHnsa eMKOCTU USMepUTEsibHOro KoHAeHcaTopa npu 3anoyIHEHUM €ro KOHTponMpyemMbiM MaTepuanom.

PaGoTa Briaromepa 0CHOBaHa Ha U3MEPEHN eMKOCTU C ¢y yyy MBMEPUTENBHOTO KOHAEHCATOPA U BbIAENEHN 3 CYMMAPHOTO
3HauyeHus1 BennuuHbl C,, MO KOTOPOWM CyAST O BEMWYMHE AMSNIEKTPUYECKON MPOHULAEMOCTM KOHTPOINMPYEMOro Martepuana.

[Janee, no BENMYMHE AN3NEKT PUYECKON MPOHULIAEMOCTW MaTepuana n ero TeMmneparype onpeaendior BJaXHOCTb MaTepuana.
Takum obpasom, Ans onpefeneHuss BraxHOCTun KOHTponupyemoro martepuana HeobX0AMMO BbIAENUTb COCTaB ALY 10 C,

00yCnoB NEHHYI0 Nofem B KOHTPOMMpyeMom Martepuane. Yem Gonblue oTHolleHre BenniuHbl Cy, k BennunHam C g n Gy, Tem

Bblllie YYBCTBUTENBbHOCTb Bllaromepa n TodHee nsmMmepeHue.

Brnaropapss ycTaHoBKE Ha BHELLHEN MOBEPXHOCTM 3 AUANEKTPUHECKOM NracTuHbl 2 Kpbillek 4 u 5 3Ta nnactuHa 2 He
NnoABepKeHa UCTUPaHWIO, YTO NO3BONAET BbIMOSHUTL MMACTUHY 2 U3 Martepuarna ¢ HU3KOM AN3NEKT PUYECKON MPOHMLIAEMOCTbIO
(Hanpumep, 13 groponnacTa). Takoe BbIMONHEHUe NnacTuHbl 2 00ycnaBMBaeT peskoe yMeHblleHne cocTasnsowen Cy, 4To

camo o cebe obecneumBaeT yBenMyeHue YyB CTBUTENLHOCTY Briaromepa. CocTasnsiowwas Cg cama no ce6e He Benuka, T.K.
npeacTaBnaeT CoBON KOHAEHCATOPHYIO CTPYKTYpy C BO3AYUHbIM 3anonHenvem. Takum obpasom, emkocTb C oy

M3MEPUTENbHOIO KOHAEHCATOPA B JAHHON KOHCTPYKLMW B 3HAYUTENbHO OONbLLUEN CTEMNEHU ONPeAENnseTCa ANINEKT PUYECKUMU
napameTpamMu KOHTPONMpyemoro marepuana, Yyem B npotoTune. HeGormbume W3MEHEHWS BRaKHOCTM KOHTPONMpyemMoro
Matepuana npuMBOAAT K HECPaBHEHHO OOMbLMM W3MEHEHVUAM €eMKOCTU W3MEpPUTENIbHOro KOHAeHcaTopa, KoTopasi
npeobpasyeTcs 31eKT POHHbIM YCTPONCTBOM 6 B 351EKT pU4ECKUA curHar.

JocTuraembinn achpexT yBENnM4eHna 4yBCTBUTENbHOCTU TakKXe MOXHO 0OBLACHUTL C NOMOLLBIO aHanM3a 3NeKT POMarHUTHbIX
nonen, cosfaBaeMblX W3MEPUTENbHbIM KOHAEHCATOpPOM. HOCKOﬂbe KOHTpONMpyembIA  Marepuan HenocpeacTBeHHO
conpukacaeTca C nepebiM U BTOPbIM 3nekTpojamu 4, 5 M3MepuTenbHOro KoHaeHcaTopa, TO Oonblas YacTb 3Hepruu
ANEKTPOMAarHUTHOro nond Mu3MepuTernbHOro KOHAEeHCaTopa CocpeaoTovYeHa B KOHTponuvpyemom Martepuane. |-|03TOMy
BNaXHOCTb W, COOTBETCTBEHHO, AUINEKTpPMHECKAA NPOHULAEMOCTb, KOHTPONMMpyeMoro martepuana HecpaBHEHHO CUnbHee
BNUAKOT Ha MNapaMeTpbl WU3MEPUTENIbHOro KOHAEHCaTtopa, 4YeM B npotoTune, 4To O6YCJ'IaB.I'IVIBaeT BbICOKYIO
YyBCTBUTEJTbHOCTb. [ns cpaBHeHWA: B NpoToTUNE BonbLUad YacTb 3HEPTUN U3MEPUTENbHOrO KOHAEHCAaTopa COCPeaoT O4eEHa B
JOV3NEKT PUYECKON MacTUHE U B KOHT PONUpyeMbI MaTtepuan nonagaeT nuilb Manas 4acTb 30HAUPYIOLLEro curHana.

Brarogapst ToMy, Y4TO AMSMEKTPUUECKas MracTuHa 2 3aKpbiTa MEeTanIMYecKUMM KpbilLkaMu 4, 5, OHa 3alyLLeHa oT yAapoB U
MCTUPaHUA KOHTPOMMPYEMbIM MaTepuanom. [ M3MepeHust MaTepumaros, COAepKalmx KpynHble dpakuym (webeHb, pyaa,
rpaBui) LMpUHA 3a30pa Mexay TopLamu MepBoil KPbILKW 4 U KpasiMii OTBEPCTUS BO BTOPOM KPLILLKE 5 BbIMOMHEHa TaKow,
4TOGbl B 9TOT 3230p HE MPOXOAWMM KPYMHblE dpaKLMM KOHTPONMPYEMOro Matepuana. 3To TakKe MOBbILAET MeXaHUYECcKyo
MPOYHOCTL BriaromMepa, CTOMKOCTb K yaapam.

[1nst KOHTpONs MaTepranos C BbICOKOM MPOB OAMMOCTbIO (C B bICOKUM TAHTEHCOM AUANEKT PUYECKNX MOTEPL) YTOObI UCKIMIOYUTb
LLYHTUPYIOLLEE BIMSIHVE 3TOM MPOBOAMMOCTM BO BriaroMepe nocrefoBaTeribHO C U3MEPUTENbHBIM KOHAEHCATOPOM BKIMIOYEH
JOMOMNHUTENbHBLI KoHAeHcaTop 8. KoHaeHcaTtop 8 oTcekaeT TOK MPOBOAMMOCTW Ha BXOAe YcTpoicTBa 6. BEwvkocTb
KOHZeHcaTopa 8 BbIOMpalOT MNPUMEPHO pPaBHOM EMKOCTU M3MEPUTENbHOIO KOHAEHcaTtopa npu €ro  3anosiHEHUM
KOHTpOMMpyeMbIM  MaTepuanoMm, 9TO 3HayeHne $SBNAeTCA OnTuManbHbiM.  CrAuWKOM  Marble  3Ha4yeHust emMKOCTU
JOMOMNHUTeNbHOro KoHAeHcaTopa 8 NpvBeayT K NoTepe YyBCTBUTENbHOCTM Briaromepa. KoHaeHcaTop 8 co cnukomM GonbLLUoi
EMKOCTbI0 He MpeaoTBpaTuUT  LWYHTUPOBAHWE EMKOCTM M3MEPUTENLHOrO KOHAEHcAaTopa akTMBHBIM - COMPOTWUBEHNEM,
00y CroB NMEHHBLIM TOKaMu NPOB OANMOCT W.

MoBbllLEHVE YYBCTBUTEMLHOCTU BriaroMepa AOCTWUraeTcst Takke Onarogapsi BKMOYEHWIO MapanmnenbHO W3MEPUTENbHOMY
KOHAEHCATOpPY KaTYLLKU MHAYKTUBHOCTU 9. MHAYKTMBHOCTb KaTyLLKW 9 BbIGUPAKOT Takoi, YTobbl B AuanasoHe paboumx 4yacTtoT
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BflaroMepa €e peakTVBHOe COMpoTMBMEHUe Oblfio NPUMEPHO paBHO Mo MOAYINI0 peakTMBHOMY CONPOTMUBJIEHUIO
U3MEPUTENbHOIro KOHAEHCaTopa.

Ecrv u3mepeHVst BbIMOMHSIOTCA Ha (MKCMPOBAHHOM 4YacToTe, TO ONTMMarkbHOE 3HAYeHWE WHAYKTMBHOCTM KaTyuku 9
OnpejenseTca CreayloumMM YCIIOBUEM: PEaKTVBHOE COMPOTMBIIEHUE KaTyuku 9 paBHO MO MOAYMO PeakTUBHOMY
COMPOTVBIIEHNIO U3MEPUTENBbHOrO KOHAEHCATOpa MpW €ro 3aronHeHWM BO3AyXOM. B 3Tom cryyae HavarbHasi eMKOCTb
M3MEpUTENbHOrO KoHAeHcaTtopa OyaeT MOnHOCTbIO CKOMMEHCMpoBaHa. CvrHanm C BbIXO4a@ SIIEKTPOHHOTO YCTpoMCTBa 6,
oGecrneyrB aroLLEro Npeobpa3oB aHMe eMKOCTU U3MEPUTENBHOTO KOHAEHCATOpa B 3MeKTpudeckuit curHan, GyaeT onpeaensTbest

TOnbKo cocTaBnsitoen 4 C,, 0ByCrnoBneHHON KOHTponmpyemMbiM MaTepuarniom. To ecTb cocTasnsioume Cyg, Cg C; OyayT

CKOMMEHCHPOBaHbl M, COOTBETCTBEHHO, 3TO OOECNEYMT MOBbLILLEHWE YYyBCTBUTENBHOCTU BraromMepa, Tak Kak BbIXOAHOW
curHan yctponctBa 6 OyaeT onpeaensTbCA TOMbKO BEMWYMHON AWSNEKTPUYECKON MPOHMLAEMOCTU KOHTPONMpyEMOro
maTepuarna.

BkrnoueHve kaTyuky 9 napannencHo K M3MepUTENbHOMY KOHAEHCATOpPY MPUBOAMT K LLYHTMPOBAHUIO TOKOB MPOBOAVMMOCTM
KOHTPONMpYEeMOro Martepuana. Yro Takke obecneyvBaeT MOBLILLEHVIO YyBCTBUTENbHOCTM BraromMepa npu pabote Ha
mMaTepuvanax ¢ BbICOKAM TaHreHCOM AMANIEKT PUYECKUX NOTEPb.

HeobXx0AMMO OTMETUTb, YTO NMPUMEHEHNE BO BIlaroMepe AOMOSHUTENbHOro KOHAEHcaTopa 8 M KaTyLKW WHAYKTMBHOCTM 9
MOXET ObITb pa3aesibHbIM, HO 06a 3TW peLleHust MoryT BbITb UCMOSb30B aHbl U COBMECTHO, OLHOB PEMEHHO.

OneKkTpoHHOoe yCTPOWCTBO 6 obecneynBaeT npeobpasoBaHWe E€MKOCTW U3MEPUTENBHOrO KOHAEHCaTopa B 3NIEKTPUYECKUN
CUrHan Ha BbICOKOW YacToTe.

Croco®, peann3oBaHHbIN B yCcTpoucTBe 6, TO ecTb cnocob N3MEPEHNS EMKOCTU U3MEPUTENBHOIO KOHAEHCATOPa Ha BbICOKOWA
YacToTe MOXeET ObITb NMoOON M3 N3BECTHbIX, U TaKUX CMOCOB0OB MHOrO.

B npakTuyeckoii peanvsauum 4aHHOTO BliaroMepa UCMomnb30BaH Cnocod M3MepeHns EMKOCTY U3MEPUTENBHOrO KOHAEeHcaTopa,
OCHOB aHHBbIii Ha U3MEPEHUM PE3OHAHCHON YacTOTbl CTPYKTYpbI, 00pa30oB aHHOM U3MEPUTENbHBLIM KOHAEHCATOpOM BraromMepa u
JOMOMNHUTENbHON KaTyLLKOM WHAYKTUBHOCTW. [lOMOMHWTENbHas KaTyllka WHOYKTMBHOCTW YCTaHOBMeHa B kopryce 1
Braromepa, a ee NogkmnoyeHvie Gbino BbIMONHEHO B ABYX BapuaHTax:

- [OONOMHUTEmNbHAas KaTylkKa WHOYKTMBHOCTWU BKIIOMEHA MNOCreAoBaTteflibHo C U3MEpPUTESNbHbIM KOHAEHCATOpOM  Mexay
3MeKTPoaoM 4 M BXOAOM YCTPOMCTBA 6, a Npy HanM4Mm JOMNOSHUTENbHOro KoHAeHcaTopa 8, BKMYeHa rnocreaosartensHo ¢
yKa3aHHbIM KOHAEHCAT OpoM;

- JOMOMHUTESNbHasA KaTyLlkKa MHAYKTUBHOCTU BKIHOYEHA MapannesisHo BxodaM yCTpoucTBa 6, TO eCTb Tak, Kak nokasaHo Ha

dwr. 2.

B nocnegHem cny4yae BblGOp 3HaYeHus WHAYKTUBHOCTU KaTyLLKN 9 onpegenseTcs cnegyroumm ycrnoBuem: peakTuBHoe
CONpOTUBNNEHME KaTyLLKN 9 [OMKHO BbITb paBHO MO MOAYJNO peakTUBHOMY COMPOTUBJIEHNIO U3MEPUTENBbHOIO KOHAEHCaTopa
npy¥ €ero 3arofiHEHUW KOHTPONMMPyeMbiM MarepuaroMm Ha OfHOW U3 4acToT paboyero AmanasoHa 4acToOT Braromepa.
CoOTBETCTBEHHO, peanM3oBaHHbIi B JAHHOM TEXHUYECKOM pELLEHMM Cnocob 3akmioyaeTcs B U3MepeHun ABYX 3Ha4yeHun
4acTOT pe3oHaHca CTPYKTYpbl U3MEPUTESbHBIN KOHAEHCATOP-KaTyLLKa UHAYKTUBHOCT U

- NpU 3anoJSIHEHUN N3MEPUTENbHOIo KOHAEHCATOopPa KOHT ponMpyemMbIiM MaTepuanom;
- Npu 3anofHEHNN N3MEPUT ENbHOro KOHAEHCAaTopa B 034y X0M.

Mo pa3HOCTM W/MNW OTHOLLEHWIO YKa3aHHbIX PE30HAHCHBIX YaCTOT OMPEAENSIOT AM3NEKT PUMECKYIO MPOHULIAEMOCTb MaTepuana,
a C y4yeToM TemnepaTypbl KOHTPONMPYEMOro MaTepuana OnpeiernsiioT ero BIaXHOCTb. [lpoueccop, obecnevusaroumi
BbIYMCIEHVE BNAXHOCTU MO BEMNMYMHE EMKOCTU U3MEPUTENbHOIO KOHAEHCaTopa U TeMnepaType MaTepuana, MOXeT BXOAUTb
B COCTaB 3EKTPOHHOMO YCTPOMCTBA 6, @ MOXET ObiTb BLINOMHEH B BUAE CAMOCTOSITENLHOMO 3NEKTPOHHOMO Brioka, Ha BXOA
KOTOpPOrO MOAAETCsl CMrHam C ycTpoiicTBa Ouc patuuka Temnepatypbl. [Mpuyem, aatuuk Temnepatypbl MOXET ObiTb
YCTaHOBIEH KaK BHYTpu Kopryca 1 Briaromepa, Tak 1 BHe kopnyca 1.

lMpoBeaeHHbIE UCMbITAHUS U3rOTOBJIEHHBIX OMNbITHLIX 00pasLUoB Braromepa MOATBEPAWMNM 3(PPEKTUBHOCTbL Npeanaraemoro
TEXHWUYECKOro peleHusi. Bo Bnaromepax, peanusoBaHHbIX no AAHHOMY TEXHUYECKOMY pELLEeHUIO, Anana3oH paboymx yacTtot

coctaBnseTr 40 500MIL, 4yBCTBUTENLHOCTb K USMEHEHMIO AU3NEKT PUHECKON NPOHULIBEMOCTM - He Xyxe 0,1%.

BbINONHEHbI CpaBHUTENbHBLIE WCMBLITAHUA M3roTOBIEHHLIX O0pasLoB M BRaroMepos, YKa3aHHbIX B Ka4YeCTB€ aHanoros.
MpoBeaeHHbIE NCMbITaHNA NMOATBEPAUNN 3HAYUTENBHO Gornee BbICOKY0 HyBCTBUTENbHOCTbL BJIaroMepoB, U3rotTOBJIEHHbIX MO
npeanaraémomMy TeXHUYECKOMY PELLEHUIO, MO CpaBHEHUIO C YKa3aHHbIMW aHarnoramu.

PesyrnbTaTbl 3KChiyaTaumMsi WM3rOTOBIIEHHbIX 0OOpAasLOB BIlaroMepoB B 6GETOHOCMECUTENAX MOATBEPAWNM CTOMKOCTb K
MCTUPaHMIO 1 K yaapam.

Obpasubl BraroMepa, W3rOTOBJIEHHbIE MO AAHHOMY TEXHUYECKOMY pPELLEHUIO, MPOBEPSIU TakkKe Ha KEene3opyaHOM
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KOHLEHTpaTe. ﬂOﬂy‘-IEHHbIe pesynbTaTbl NOATBEPAUNMN BO3MOXHOCTb KOHTPONS BII@XHOCTWU MaTepuanoB C BbICOKOM
MPOB 0ANMOCTbIO U BbICOKOW MarHUTHOM NPOHULIBEMOCT bIO.

dopmyrna nonesHon moaenu

1. Bnaromep, cogepxawunm MeTannn4yeckuin KOprnyc, 3akpenfieHHyl Ha  Kopnyce
AVNANEKTPUYECKYI0O MMacTUHY, BHELHAS MNOBEPXHOCTb KOTOponW obpaweHa B  CTOPOHY
KOHTPONMPYEMOro Martepuana, U3SMepuTernbHbIA KOHAEHCATOp, COCTOALUMIA N3 NMEepBOro U BTOPOro
3NeKTpoAoB, nMNpuM 3TOM [MEPBbIN  3NEKTPOA U3MEPUTENBHOrO KoHAeHcaTtopa obpasosaH
NPOBOAALLMM 3MEMEHTOM, KOTOPbIA pasMEeLeH Ha [USNEKTPUYECKOM nMnacTuHe, a BTOPOW
3NeKTpoa W3MepuUTENbLHOro KoHaeHcaTopa obpasoBaH MeTannuyeckum KoprycoM, MNepBbid U
BTOPOW 3MeKTpoAbl M3MEPUTENbHOIO KOHAEHcaTopa MOAKIMIYEHbl K YCTaHOBNEHHOMY B Kopnyce
3MNEKTPOHHOMY YCTPOWCTBY,

OTNNYaKLWMIACA TEM, YTO HA BHELUHEN NMOBEPXHOCTU AUNINEKTPUYECKON NNACTUHbLI YCTaHOBMEHbI
[BE KPbILKWX, BbINOMHEHHbIE N3 MEeTanna, CTOMKOro K UCTUpPaHuio, nepsas KpbillKka pacrnosoXeHa B
OTBEPCTUMU, BbINOSITHEHHOM BO BTOPOW KPbILIKE, MPU 3TOM MEXAYy TopuamMu MepBON KPbIWKA W
Kpasimm OTBEPCTMS BO BTOPOW KpbllKke 0Opa3oBaH 3a30p, NepBas Kpbilka SBNAETCS NPOBOAALLMM
3MEMEHTOM W CINYXMWT MepBbIM 3MEKTPOAOM U3MEPUTENBHOIO KOHAEHcaTopa, B AN3NEKTPpUYEeCKOon
nnactuHe noA MepPBON KPbILKOW BbIMNOMHEHO OTBEPCTUE, 4Yepe3 KOTOPOE MeEPBLbIA 3NeKTpos
MOAKIMIOYEH K 3INEKTPOHHOMY YCTPOWCTBY M Yepes3 KOTOpOoe MepBas KpbllKa KpPenutcsa K
AN3NEKTPUYECKON MNracTUHE C MOMOLLbI0O MPWXUMHOW MNACTUHbI, YCTAaHOBMEHHOW C BHYTPEHHEN
CTOPOHbI AU3NEKTPUYECKON MNAaCTUHbLI, BTOpAsA KpbilKa 3akpenneHa Ha MeTannm4yeckom Kopnyce
Takum obpasom, YTO Mexay yKasaHHOW KPbILLKOW M KOPNyCOM 0Opa3oBaH 3MeKTPUYECKUA KOHTAKT.

2. Bnaromep no n. 1, oTnuyalwWwmMncsa TeM, YTO LUMPMHA 3a3opa Mexay Topuamu nepsow
KPbILUKW W KpasiMn OTBEPCTUA BO BTOPOW KpbIlke BblOpaHa Takon, 4TOObl B 3TOT 3a30p He
NPOXoANNN KpynHble pakunum KOHTPONMPYEMOro Matepuana.

3. Bnaromep no n. 1 unuM 2, OTNUYawLWMNCA TEM, YTO BHYTPW MeETarnnMyeckoro Kopnyca
YCTaHOBIEH AO0MNOMHUTENbHbIA KOHAEHCATOP, BKIIOYEHHbIN

nocrneaosaTenbHO C  W3MEPUTENbHBIM  KOHAEHCAaTOPOM  MeXAy MepBbiM  3NEKTPOAOM
N3MEepUTENbHOr0 KOHAEHcaTopa W 3NMEeKTPOHHbIM YCTPOMCTBOM, €MKOCTb [JOMOSHUTENbHOIO
KoHAeHcaTopa BblOpaHa MpUMEPHO pPaBHOW €MKOCTU M3MEPUTENbHOro KOHAEeHcaTopa npu ero
3anoNHEHUU KOHTPONIMPYEMbIM MaTepuarnom.

4. Bnaromep no n. 1 vnn 2, oTNMYalOLLMIACA TEM, YTO BHYTPM MeETanInM4eckoro Kopmnyca
yCTaHOBMEHA KaTyluka WHAYKTUBHOCTW, KOTOpasd MNOAKMYEeHa napannenbHO U3MepUTerbHOMY
KOHAEeHcaTopy K ero nepsomy " BTOPOMY anekTpoaam.

3 4 5 5
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DAKCUMWITbHOE M3OBEPAXKEHUE
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