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METOJIMKA OITPE JIEJIEHUS COIEPXKAHUA XJIOPU/IOB
B EJIE30BETOHHBIX KOHCTPYKLIMAX MOCTOBbIX
COOPYKEHUIA

Meroauka pazpaboTaHa no 3aka3sy JlenaprameHnra SkCIuTyarauuu
M COXPAHHOCTH aBTOMOOMIIBHBIX Aopor I'ocynapcTBEHHOHN CllyKOBI
NOpOXKHOro Xo3sWcTBa MuHucTepcTBa TpaHcnopra Poccuitckont
deaepalud.

Pazpabotynk: MOCKOBCKHHA roCylapCTBEHHBIH YHHBCPCHUTET
nyted coobmenus (MHUHNT), kadenpa «MocTh» (kaHA. TEXH. HAyK
B.K.Martsees, unx. H0.b. Xapebaga).

Mertoavka npeaHa3zHayeHa i CreuMaIMCTOB OpraHu3alivid,
3aHUMAIOIUXCA 00CIeJOBAHUAMH XKeJ1E300€TOHHBIX ABTOLOPOXKHBIX
MOCTOB, KOHTPOJIEM KauecTBa OeTOHHBIX paboT, a Takxe AJid
UCCNIEA0BATEBCKHUX OPraHU3alltii.

Meroanka ocHOBaHA Ha ONpeACIEHUH COIEPKAHUA XJIOPUI-UOHA
B BOAHOM BBITSKKE U3 OETOHHOro MOpPOIUIKa METOLOM HpAMOU
NOTEHLUHUOMETPHUH C TTOMOLIBIO KOMOMHUPOBAHHOIO HOHOCEJIEKTHBHOIO

ICKTPOAA.




1. IPEJIACJIOBHE

JlonroBe4HOCTh Xe1e300€ TOHHBIX MOCTOB BO MHOT'OM 3aBHUCHT OT
COCTOSSHHA NMAacCCHUBHUPYHOIUX CBOMCTB O€TOHA MO OTHOIUCHHIO K
apMmatype. [IaccuBupylouye cBoiicTBa 6€TOHa ONpEeAS/IAIOTCA B IEPBYIO
ouepeab COAEp)KaHHEM XJIOPHUAOB, a TaKXe HEeHTpaiu3zauuewn
(kapOoHuzanuen) 6eTtoHa. OnpeaeseHUE CTENEHU U TITYOHUHBI
KapOOHH3allMKH OETOHA HA TNPAKTHKE HE BbI3bIBAET 3aTPYAHCHUH.
KonudecTBeHHOE onpee/ieHUe COAEPKAHUS XJOPUAOB B OETOHE
ABAETCA O0JIee CITIOKHOM 3a/1aUeH.

JIas aBTONOPOKHBLIX MOCTOB JaHHAas npobjieMa ABNIETCS
AKTYaJIbHOH B CBS3HM C T€M, YTO Ha aBTOMOOWIBHBIX JOPOrax HIKPOKO
NPUMCHAKTCHS AHTHUTOJOJAE€AHBIE XJIOPHIACOAEPXKALIUE CMECH.
HakannuBaromuecs ¢ TCUEHHEM BPEMEHU XJIOPUAbI OKA3bIBAKOT
arpecCHBHOE BO3/IEHCTBHE HA OETOH M apMaTypy.

B MI'VIIC (MHUHUT) ¢ 1998 r. BHIMONHAETCA ONPEAC/ICHUE
CONEPXKAHUA XJIOPUNOB B OETOHE MOCTOBBIX COOPYXEHUU Ha
AaBTOMOOUIIBHBIX OPOrax METOAOM MPAMOU MOTEHUMHOMETPHUH C
HCIIOJIb30BAHUEM HMOHOCEAEKTHBHBIX 3JIEKTPOAOB. Metox npsaMou
MOTEHLIMOMETPHH TIPH NMPOCTOTE M BHICOKOM IKCMPECCHOCTH 001aJaeT
BBICOKOM HaJEXHOCTBIO, TaK KaK IMPH KaXIOH CEpHHU HU3MEPEHUMH
BBINIOJIHAETCA KaOpoBaHye 1o oOpa3zLiaM C U3BECTHOM KOHLICHTPALIUEN.

MeTtoa npUMEHHUM KaK B 1a0OpaTOPHBIX, TaK U B NOJIEBHIX
ycnosuax. IlpuMensemoe o6bopyaoBaHMe KOMIIAKTHO, HE Tpedyer
JHEProcHabKEeHHd M CNCUHAJIU3HUPOBAHHOIO TMNOMELIEHHUA.
Hcnonb3yeMbie peakTUBBl HE MPEACTABIAIOT Bpeda A 300pOBbI H

OKPY>KalOLIECH CPEIEL.

2. TEPMHUHOJIO0OI'A

HonocenekruBubli 3jexkTpon (MCD) — u3MepHTENbHBIA
MEKTPO/, YYBCTBUTEJILHBIHA K OIIpeAC/ICHHBIM HOHAaM, COAEpKaIUMCH
B pactBope. MCDO ocHamieH H3MEpUTEINbHOH MeMOpaHOM,
POITYCKAIOLLIEN HOHBI KOHKPETHOTO THIIA.

bypepnniii peryasTop obmeit nonnon cniabi (BPOHUC) -
pacTBOP ¢ BLICOKOM HOHHOM CUJION, 100aBJIAEMbIH B paBHOH IIPONOPLIMH
KaK K KAJTMOpPOBOYHOMY, TaK U K HCCIIEIYEMOMY PaCcTBOpaM JUIsl CO31aHUS
OJMHAKOBOW HOHHOW CHJIBI BO BCE€X pacTBopax. MUHUMHUIUDYET
MOrpEHOCTH UBMEPEHUH H3-3a PA3HUILIbI B HOHHOH CHJIE pacTBOPOB.

KomOunuposannnii MCI — u3MEpUTENbHBIA 3JIEKTPOU,
COBMELIAKOIINUNA UHAUKATOPHBIN 3IEKTPOA H IJIEKTPOA CpaBHEHUS B
€HHOM KOPITyCE.




Xaopua-daektpoa — UCI, cennexTUBHBIA K MOHaM XJ10pa.

HoHoMep - cneuMaiUu3UpOBaHHBIH MUIJIUBOJIBTMETP,
CHaOKEHHBIA MHKPOIPOUECCOPOM, ITPEIHA3HAYCHHBIN A1 UBMEPEHUS
AIEKTPHUECKUX TMOTEHIUATIOB MEXY M3MEPHUTEIbHBIM JJIEKTPOAOM H
BIEKTPOAOM.

OTpaBiieHHE NVIEKTPOAA — XUMHU4CCKAA PEAKLUA Ha TIOBEPXHOCTH
MEMOpaHBI, B pe3yJjbTaTeé KOTOPOM CHHXKAeTCA 4yBCTBUTEJIBHOCTH
31eKTposa. Bo MHOrMx ciyyasx HeHTpaau3yeTcs uiaru(pOBaHUEM
[IOBEPXHOCTH MeMOpaHbl HWIH 00paboTKON KOHAHULHOHHPYIOIUMH
COCTaBaMH, PEKOMEHIOBAHHLIMU ITPOU3BOAUTEIAMM JJIEKTPOAOB.

Kanunbdposounnii rpadpnk — rpadpuk, NnoCTPOEHHBIH MO
W3MEPEHHAM, BBIIOJIHEHHBIM 719 Ha0Opa 3TaJIoOHHBIX pacTBOpoB. 1o ocu
Op/AMHAT OTKJIAAbIBAETCS KOHUECHTPALIUA HOHA B % B TIOrapu(pMHUYECKOM
Mmaclitadbe, Mo ocu abcumcc — Bejad4yuHa noreHumana. [lo rpaduxy c
NMOMOUIbIO HHTEPHOIALHH ONPENEISETCA KOHIICHTPALUs ONPEAECIICMOro
MOHa B HCCJIEAYEMOM pacTBOpE.

IlpaMas MOTEHUHOMETPHSI — METOA H3MEPEHHH C MOMOIUIBIO
HNCD. DnexkTpon morpyxaercad B UCCACAYEMbIM pacTBOp, CHUMAIOTCA
II0Ka3aHMsd B MUWUIMBOJIbTAX. KOHLIEHTpalus HOHA B HUCCJIEAYEMOM
pacTBOpE HANpPAMYIO MO 3HAYEHHUIO MOTECHLMANA OnNpeaensercs 1o
Ka,JIHOpOBOYHOMY rpadukxy.

BoagopacTBopuMBId (cBOOOAHBIN) XJ10pHA — XJOPUA, HE
CBA3aHHbIM B YCTOMUYMBBIC XUMHYECKHE COCAUHECHHUS.

3. OBIHUE IMONTOXEHUSA

Hacrodumas MeToaMkKka MOXET OBITh HMCIIOJb30BaHa MJIA
ONPENCICHUSA CoAepXaHusd cBoDoaHOro xyjopuja B OeToHe TpH
BBITIOJIHEHUM pa0OT M0 AMArHOCTHUKE, NPECAPEMOHTHBIX U CTIELIHAIbHBIX
obcriefOBaHUAX, TIPU KOHTPOJIE KaYeCTBA PEMOHTaA XKeJle300€TOHHBIX
aBTOJIOPOXHBIX MOCTOB, TP BEIMOJIHEHUH HAYYHO-HCCJIEAOBATEILCKHUX
pa0or.

JlaHHas MeToayMKa NO3BOAET ONPEAETUTh COASPKAHKE XJIOPHIOR
B MPOUEHTaX OT Macchl HeMeHTa. OnpeaesieHUI0 NOANEXKHUT
BOJAOPACTBOPUMBIN (XMMHYECKHU HECBA3AHHBINA) XJIOPHJ, B OCHOBHOM,
WHULIUMPYIOIIHHA KOPPO3HUIO apMaTyphl.

JU1s BBITIOJIHEHUA H3MEPEHUM HaBecka O€TOHA B BHUJIE MOPOILKA,
MOJIYYEHHOI'O0 YAAPHbLIM CBEpJICHHUEM, ApOoOJIeHHEeM B CTYNKe H T.A.,
pa3BONUTCS B AMCTHJUTMPOBAHHOM Bode. [locne Bpiaep kKK, noCTaTOYHOM
IJISE IOYTH IMOJIHOIO PaCTBOPEHUA CBOOOAHOIrO XJIOPKHAa, BHITIOHAETCS
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OnpeaeneHUe KOHUSHTPAUUU XJAOPHUI-HOHE C WCIONB30BaAHUEM
KaauopoBouHOro rpacduka. KoHueHTpanus 3TajoHHBIX 00pa3LoB,
ACTIOJIb3YEMBIX [/ NOCTPOEHUSA KatMbpoBouHOro rpadguka, noroOpaHa
TaK, YTOObI HEMOCPEACTBEHHO ONPEAE/IUTL KOHUEHTPALMIO XJIOPUIOB B
npobe OeroHa. 1 onpeneneHus KOHUCHTpAIUM XJI0pHIa OT MAcChl
LIEMEHTa HeOOXOAUMBI IMOKAa3aTelIn M0 pacxoay UEeMEHTa Ha JaHHBIA
betoH. Pacxon uemeHTa onpeaeiseTcs U3 HCNONHUTEIBHOH
NOKYMEHTAIIMK, NO 3KCIEPUMEHTAIbHBIM AaHHbIM. [IpH oTCcyTCTBHH
NOKYMEHTAJbHBIX U 3KCINICPUMEHTAJbHBIX JAaHHBIX MPHHUMAETCS
[pHOIMOKEHHBIH KO3 PUUHENHT nepexogak ,  =6,5.

Jlnana3oH onpenenseMbIX KOHUEHTPAIUA CBOOOAHOrO XJIOpuaa
Haxoautcs B npenenax 0,005-0,5 % ot macce O6eTOHa.

4. CPEACTBA USMEPEHNS
4.1. ObopynoBaHHE U PEAKTUBBI 1)1 aHAIKU3a

Jing onpenencHusd COACPKauus XJIOpUaoB B OeTOHEe HEOOX0INM
CIICTYFOIUH MHHHMAJIBHBINA HAa0Op 000pyA0BaHHUS U PEAKTHUBOB:

1. [lepdoparop ¢ nobegutorsiMu Oypamu d=10, 12, 14, 16,
18 MMm.

2. [{oAn>TUIIEHOBLIC MAKETHI C 3aMKaMu JU1a cOopa 1 XpaHeHHUSA
OETOHHOTO MOpPOHIKA (IO KOTHYECTBY Mpod).

3. UsMepuTEeNbHBIA HOHOCEICKTHUBHBINA 3E€KTPOJ (XJTOPHI-
3JIEKTPOA ) KOMOMHUPOBAHHOI'Q THIA C KPUCTAUTMYECKON MeMOpaHoH B
KOMILIEKTE ¢ pabOYMMH pEAKTHBAMMU, IOCTABIISEMBIMH IIPOU3BOIHTENIEM
IEKTPOJA.

4. UsmeputenbHbiit ipubop (uMdpoBOd MUIHBOABTMETP C
BEICOKMM BXOIHBIM COIIPOTHRIEHUEM, pH-METP, HOHOMEP) C pa3bEMOM,
COBMECTHUMBIM C pa3beMOM HUCIIOIL3YEMOT0 IEKTPOA.

5. ®Owisrpsl OyMakusie 06e33oneHHbIe 1o ['OCT 12026-76.

6. Becsl naboparopHpie obmiero HazHadeHHsa 4-ro kjacca
TOYHOCTH ¢ JIONYCKAaeMOH NOrPEeIHOCTBHIO B3BEUIMBAHUASL 20 MTI 1o
[TOCT 24104-88.

7. Bona qmuctwinupoBaHHad 1o FOCT 6709-72.

8. Harpuii xnopucrteiii, kBanndukauus x.4., no ['OCT 4237-77.

9. Konbsl MepHble HaluBHBIE 2-TO KJacca TOYHOCTH
BMecTHMOCThIO 50, 100 u 500 cM’ no T'OCT 1770-74.

10. IIyneTky rpafiyupOBaHHbIE BMECTHMOCTBIO 25 cM’ Mo
[TOCT 29227-91.



11. ®dnaxoHsl (¢ 3aKpbIBaIOILIECHCH KPHILIKOH) BMECTUMOCTBIO HE
MeHee 30 mi (1o KOMHYeCTBY Npob).

4.2. U3MepuUTeibHbIC JIEKTPOIbI

JIia uaMepeHu UCMOJb3YeTCs XJOPHA-3JIEKTPOIA (3NEKTPOoa,
CEJICKTUBHBIHA K HOHAM XJ10pa) ¢ KpUCTaIHUeCKoi MemOpaHoH. [laHHas
METOAMKA OpPHEHTHPOBAHA HAa MPUMEHEHHE JJIEKTPOLOB
KOMOUHHPOBAHHOTO THIIA, KOTOPBIE HE TPEOYIOT JIEKTPOia CPAaBHEHNS,
4TO 3HAYMTENBHO YIIpoUlaeT rpolecc HamepeHUi. JJaHHBIM TpeOOBaHUAM
OTBEYalOT KOMOMHUpPOBaHHbIE 3eKTpoAbl pupMbl « Thermo Orion
Research» (CLLIA), xoa anektpoaa 9617B unu apyrue aHajgoruvHbie.
DNEKTPOL AOMAKEH ObITH CHA0XKEH pa3beMOM, COBMECTHMBIM C Pa3beMOM
Ha U3MEPUTEIBHOM MPUOOPpE.

TexHHueckue XapaKTepUCTHKH SNEKTPO/IA JOJDKHBI OBITh HE HHUXKE
CIEAYFOLIUX:

JInHeAHbIN qUana3oH

OTpeAeICHHU AKTUBHOCTH XJIOP-HOHA ..... Or13,55 103350 Mr/n

INEKTPUYECKOE COMTPOTUBIICHUE

ANEKTPOAHON CUCTEMBI

IPH 20°C .o . He 6onee 1,0 Mom
TTormyctrmpId quana3oH pH
AHATH3HPYEMOTO PACTBOPA .....ocovvenernnnne, Ot 3 no 10

4.3. M3smepuTebHble OJIOKU

J s M3MepeHUss NOTEHLHMAJIOB UCIOJB3YIOTCA LUHU(POBHIE
MHUJIJIABOJIBTMETPHl C BBICOKHM BXOAHBIM CONPOTHBICHHEM.
[IpeanouTuresibHO UCHONBL30BAHUE CNIELIMATM3UPOBAHHbIX ITPHOOPOB —
HOHOMEPOB WK pH-MeTpoB ¢ BO3MOXHOCTbIO u3Mepenusa J1C (B MB).
[IpumenseMbie TPUOOPHI TOKHBI UMETh Pa3beMbl, COBMECTHUMBIE C
pa3beMaMM HCIIOJIb3YEeMbIX MEKTPOAOB. Mcnonbiyemblie npUOOpH]
NOJKHBI 00/1a1aTh TEXHUYECKHUMH XapPaKTEPHCTHKAMH HE HHXKeE

W} (F11%0)11170.&
JIvana3oH U3MEPEHHH ................ +1000 mB
Llena HaumeHsbllero paspsjia
(AACKPETHOCTD) ....covevvenn... He menee | MB
BxoaHoe CONpOTUBIIEHHE ......... He menee 10'2Om
TOYHOCTH U3MEPEHHUH ............... He menee 1 MB

CneayeT OTAABAThH NpeANoOUYTeHUE NMpUudbopaM, UMEIOIIUM
OUCKPETHOCTh u3MepeHus 0,1 MB, 31o no3posiger 6onee yao0HO CleauThb
3a cTa0WIN3aLMen MoKa3aHUM.
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4.4. O6cyxuBaHue o0opyaoBaHMS

Hamepurenstbie npuOOPHI U HIMEPUTENBHDBIC INCKTPONBL! JOJDKHBI
XPaHUTBCA U OOCIYKHBATHCSH B COOTBETCTBHH ¢ TPEOOBAHHAMHU,
YCTAHOBJICHHBIMH [TPOU3BOAUTENIEM.

[ToBepka u3MepHUTEIbHBIX OJOKOB JOJIXKHA BBINOJHATHCA B
YCTaHOBJICHHBIE CPOKH.

KanubpoBoYHbI€ pacTBOPHI CICAYET XPaHUTh B F€PMETUYHO
3aKPbIBAIOIIMXCS TTOTHITUIICHOBBIX (PJIAKOHAX B CYXOM TEMHOM MECTE.
[Ipu BBEINOJHEHUM KaNUOPOBKH cneayeT UCKIIOYUTh 3arpsa3HEHHE
KaJdHOpOBOUYHBIX pacTBOpPOB. s 3TOro nepen norpyxXeHuem
U3MEPUTELHOIO JJICKTPoAa B KaJTUOPOBOYHbBIE PaCTBOPHI CleayeT
TIHATEILHO NPOMBIBATH €10 AUCTWUIMPOBAHHON BOIOHW M MPOCYLIUBATD
YHCTOH (PUJIBTPOBAJILHOM OyMarom.

5. BBIHNOJTHEHUE USMEPEHU

5.1. Coop u xpaHeHue npod OeToHa

OnTuMaibHBIM CrTocoOOM 0TOOpa NpoO OeToHa ABIAETCH YIAPHOE
CBep/iIeHHE C NOMOLIBIO NepPopaTopoB. YIapHOE CBEPJIEHUE TO3BONAET
NONYYHUTh I[MOPOHIOK [AOCTATOYHOH CTEMEHU U3MENBUECHHUS.
ConpoBOXAAKOUINI YIaAPHOE CBEpJICHHE HArpeB NMpOCYLIUBAET Mpooy,
[103TOMY IpHU XpaHEHUM NOpodObl B repMETHYHOH YIMaKOBKE
NOMNONTHUTENBHOTO MPOCYIHHBAHUSA HE NOTpeOyeTCA.

Ins nonydeHus oAHOPOAHOW MpoOObI CiaeayeT BBHINOJAHATH
CBEPJICHHUE HE MEHEE YeM B TPEX TOUKAX, PACTIONIOKEHHBIX PALOM APYT C
APYroM Ha KBajapate co ¢cropoHaMu 5x5 cM. Ilpu ucnonszosanun Oypos
nuaMeTpoM 18 MM 1 bonee MOXKHO OrpaHUYHMTBCH OHOM TOUKOH 0TOOpA.
O6BeM oToOpaHHOH NPoOb! IOKEH COCTaRIATH HE MeHee 10 1.

Jlna cbopa U XpaHeHHs IIPOO CiaeayeT UCTIONb30BaTh OAHOPA30BLIE
NOJSIMYTWICHOBBIE NTAKEThI, CHAOKeHHbIe 3aMKOM. Ha nakeTt 10mKHbI OBITD
HaHeCEeHbI HASHTU(UKAIUOHHbIE JaHHbIE O Npode (00BEKT, Jara, MECTO
otbopa, mydbuHa ordbopa U T.4.).

[IpenBapuTeabHO CIEAYET OUMCTHTH MOBEPXHOCTH OETOHA OT
3aLIMTHBIX ITIOKPBITHH, 3arpA3HEHMH, Hiesyiamerocd 6erona. 30Ha, Ha
KOTOpOM otbupaercs npoba, He JOJDKHA OBITEH 3arpsa3HeHa MaciaiaMH WiH
UHBIMHM OpPraHM4€CKHMHM XHUIAKOCTAMH. B Mecte otbopa npob 6eToH He
JOJKEH COAEpPKaTh CJAy4YaHHbI€ HETUIMUYHBIE BKIKUYEHHUS (KYCKH
NPEBECUHBI, KOMKH IJIMHBI, OpraHHYeCKHUe OCTaTKM H T.4.). llpu
nonajgaH|uy TaKHX 3arpa3HuTeicH Npoda 10/ KHA ObITh OTOPAKOBaHA.



JInsa onpenesieHHs pacrpelesieHHs CONEepPXKaHUs XJIOPUIOB MO
rnyouHe xene300eTOHHOH KOHCTPYKUHH oTOop npob ciepyer
Ipou3BoAUTH cTyneHAMHM. Hlar crynenedt AoMmKeH BHIOHPATHCA TaKk,
4yTo0OBI 00ECIICUHUTL HEOOXOIUMOE KOTHUYECTBO OeTOHHOrO nopouka. I'lpu
3TOM HEOOXOIMMO UCKTIOYHTE [EpEMELLIMBAHUE IMPOO C Pa3HOM IITyOMHEL.
Jnd 3roro nepen CBEpJICHHEM KaXXIOH HOBOH CTYIEHH CIEAYET
TINATENbHO MPOAYTH OTBEPCTHE PE3UHOBOHM rpyuied. Kpome toro, no
Mepe 3anTy0eHHa B OeTOH, depe3 kaxasie 40-50 MM pekoMeHayeTCs
YMEHBIIaTh TUAMETP UCIIONb3YeMbIX OYPOB Ha 2 MM.

Bo3moxxeH orbop npob Kyckamu WM KepHaMH. B 3TOoM ciydae
U3MEJIbBYEHHE MOKET BBITOJIHATECA BPYYHYIO B J1aDOpaTOPHOH CTYIIKE
MO0 BBICBEPIMBAHUEM.

5.2. Jlo3upoBaHue HaBECKH

PekomengyeMas Macca HaBeCKHM JOJDKHA COCTaBrnaATh 2 I Jlng
DOCTHXXEHUS HauOOJThIIEH TOYHOCTH H3MEPEHHH JO3HPOBaHHE HABECKH
IOMKHO BBITIOJHATHECA Ha J1a0OpaTOpHBIX BECax.

B HaBecKke He JOJDKHO COAEPXKATBCA KYCKOB U KPYNUHOK
nuamerpoMm bonee 0,5 mm. [lpu no3upoBaHUM HABECKH CIIEAYET
HUCKJIFOUHTh KOHTAKT o0pasua ¢ pykaMH BO U30€KaHHE 3arpA3HeHUA
NpOoOKL.

5.3. IlpuroroBicHue BOAHON BHITAXKKH

OTMepeHHYIO NpoOy ClieAyeT 3achllaTh B 3aBHHYMBAIOUIUHACH
(b7TaKOH, TEPMETHUYHO 3aKPbIBAIOIIUHCS KpbILIKOH, ¢ 20 M 3KCcTpa-
TUPYIOILETO pacTBOpa. JKCTPArupyrOuMi pacTBOpP COCTOUT M3
AUCTWLIMPOBAHHOU BOABI ¢ 100aBKOH OydepHOro peryasaropa HOHHOU
cunsl (BPOHC). CocraB u konuuectBo ucnonbdyemoro BPOUC
yCTaHaBAMBAKOTCA NPOU3BOAUTENEM 3yeKTpoaa. s ynobcrTBa
PEKOMEH/TYeTCS UCIIONB30BaTh MOJIMITHIIEHOBBIE OHOPa30BbI€ (DIIaKOHbI
C 3aBUHYHMBAIOUICHCA KPBILIKOH C 3apaHee OTA03UPOBAHHBIM 00BEMOM
IKCTpArupyoero pactgopa. CoOOTHOLICHUE MEXAY BECOM OETOHHOIO
MOPOLIKA ¥ BECOM IKCTPArMPYIOLUEro pacTBOpa JO/DKHO COCTABIATH
1:10.

PnakoH 3aBUHYMBAECTCS U PABHOMEPHO BCTPAXHUBACTCS B TEUEHHE
10 MuH. B TeueHue HaHHOTO BPEMEHU pacTBOpAETCHS OKOJIO 95%
cozepXxawuxcs B rpode xjopugoB. Ilocne OKOHYaHUSA BCTPSXHBAHMUA
CneayeT AaTh Npode OTCTOATHCA /I8 OCAKJIEHUA 0CaAKa, NPOLEKHUBATh
BBITAXKKY HE 00sA3arenbHO. [locae ocaxaenus B3Becu Ha AHO quiakoHa

npoda roTosa K aHaJIu3Yy.
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>.4. [TogroroBka 3nexrpoaa K padore

[loarorasnuBate U3MEPUTEIIBLHBIH JJIEKTPOT K paboTe clleayeT B
COOTBETCTBHH C MHCTPYKUMAMU MPOU3BOAHTENA. M3MepUTENbHbIH
IEKTPOA 3anoJIHUTh paboyUM pacTBOPOM, NOCTABJIAEMBIM
[IPOU3BOIUTENIEM JIEKTPOAA, 4O YPOBHA 3a/IMBHOIO OTBEpCTUSA. HanaBuTh
Ha BEpXHHI KOHE1l JJIEKTPO/a JU1s TOr0, YToObI YacTh paboyero pacTeopa
CTWIACh U3 HIDKHEH YacTH 2JIEKTpOJa M YBIAXKHHIA MeMOpaHy, 3aTeM
AoMUThL pabouuii pacTBOp B 371eKTpoa. B pabouem pacTBope BHyTpH
3JIEKTPOAA HE NOJIKHO OBITH My3BIPbKOB BO37AyXa. Eciu My3bIpbKH
00pa3oBanuch, yIaIUTh UX MOCTYKHBAHUAMM MadbLEM IO KOPITYCY
EKTPOAA.

[locne 3anpaBku anexkTpona paboyuM pacTBOPOM CHPBICHYTH
MeMOpaHy M HIDKHIOKO YacCTh ICKTPOJAa AUCTHILIMPOBAHHOW BOJIOM,
3aTeM NPOCYIIMTH UX YUCTON PUIBTPOBaNILHOM Oymaroi. [ToBepxHoCcTh
MeMOpaHbl He clielyeT NPOTUPATh, TOIBKO OCTOPOXKHO NPOCYIIINTD.

HoaknouyuTe NOATOTOBJIEHHBIH JJEKTPOA K BXOAY
n3MepuTenbHoro 61oka, BkyioudTb npudop. Ilocne sToro cnenyer
NPUCTYMHUTH K KAJTHOPOBKE 3/1EKTpOa.

5.5. IlpuroroBnenue KanMOpOBOUYHBIX PaCTBOPOB

JUTs nIpUroTORNEHUS KAIMOPOBOYHBIX PACTBOPOB MCNOJBb3YETCA
XJIOPUCTBbIM HATPpHUH, BHICYIUECHHBIN NMPH TeMmneparype 110°C no
[IOCTOAHCTBA MAcChl, U AUCTHJUIMPOBaAHHAA BoJa. Jlomyckaerca Takke
NPUTOTOBJICHUE KAJIHOPOBOYHBIX pacTBOpOB U3 [OCynapcTBEHHBIX
CTaHAApPTHBIX 00pa3iiOB COCTaBa BOAHOIO pacTBOpa XJIOPHA-HOHOB
(ranpumep, ['CO Ne7813-2000, DA CIl-10) paszbaBneHueM
JUCTUIUPOBAHHOH BOJIOM.

[ Ipurorosnenye pacTBOPOB CJIEAYET OCYILECCTBIATH B IOMELICHUM
ITPH [TOJIOKUTEIBHOU TEMIIEpaTypeE.

/s NpUroToBACHHA MCXOAHOTO pacTBOpa ¢ MacCOBOW
KoHLeHTpauuen xnopua-uoda 5000 mr/n 4,12 r HaTpHA XJIOPUCTOIO
pa3BoOAAT AUCTHIIMPOBAHHON BOAOH B MEPHOM K0J10€ BMECTHMOCTLIO
500 cm’. Tlocne monHOro pacTBOpPEHUs HATPHUA XJIOPUCTOrO, JOJTMBASA
AUCTHUUIHPOBAHHYIO BOAY, H0oBoAAT 06BbeM pacTBopa A0 500 cm’.

a) KanubpoBouHbiii pacTtBop 500 Mr/m (COOTBETCTBYET
cCoAepKaHUIO xnop-HoHa 0,5% or maccest OetoHa). /s npuroroBieHns




pacTBopa ¢ kKoHuentpauued 500 Mr/n HCXOAHBIH PacTBOP ¢
koHueHTpauned 5000 Mr/a odbbemoM 50 cM’ BbUIMBAETCS B MYCTYIO
MEPHYIO K010y BMeCTUMOCTBIO 500 c™’. JlonuBas qUCTHIJIMPOBAHHYIO
BOLY, JOBOISAT 00beM pacTBopa no yposHsa 500 cM?.

6) KamOpoBouHbti pacTBop S0 Mr/11 (COOTBETCTBYET COAEPKAHMIO
xaop-uoHa 0,05% ot maccel OeTtoHa). M3 npuroToBaeHHOro no m.a)
KaJIMOpPOBOYHOIr0 pacTBopa ¢ koHueHrpauuend 500 mr/n orOupaercs
o6neM 50 cm? 1 nobasgeTcs B MyCTyI0 MEPHYIO KOJIOY BMECTHMOCTBIO
500 cm’. JlonuBas JMCTWUTHPOBAHHYO BOY, IOBOAAT 00bEM pacTBOpa
10 ypoBHs 500 cm’.

B) KanubpoBouHbIN pacTBOp 5 MI/J1 (COOTBETCTBYET COAEPHKAHUIO
xja0op-HoHa 0,005% ot maccet 6eroHa). M3 npuroroBaeHHOTO 110 1M.0)
KajaHOpoBOYHOrO pacTBopa ¢ koHueHTpanued 500 mr/n orbupaercs
06nem 50 cM® U fobaBnsSeTCA B IIYCTYIO MEPHYIO KOJIOY BMECTHMOCTBIO
500 cm’. JlomBas AUCTUITHPOBAHHYIO BOLY, 1OBOAAT 00BEM pacTBOpa
1o ypoBHsa 500 cm’.

Ko BceM kanHOpOBOYHBIM pacTBOpaM J00aBifgeTcs peryasarop
HonHodl cunet (bPOMC). KonuuectBo um cocta bBPOHUC
YCTaHaB/IMBAIOTCA MPOU3BOAUTENEM INEKTPOAOB. g kanubpoBOUHBIX
u 3kcTparupyronmx pactsopos bPOUC nobasisercs B ONMHAKOBOM
HPOIOPLIMH.

[TpuroropneHHbie KaTUOPOBOUYHBIE PACTBOPHI Pa3IMBAaIOTCA B
FePMETHYHO 3aKPBIBAIOIIHECS (PTAKOHBI U3 MONUITHIIEHa BMECTHMOCTBIO
50-75 cM’ U MAapKUpYIOTCA B COOTBETCTBHHU ¢ COAEPIKAHHUEM XJIOPH]I-
HOHa OT Macchl 6eToHa. KanubpoBouHbIE pacTROPHI XpaHATCS B TEMHOM
CYXOM MECTE.

He pexe yeM onuH pa3 B 3 Meciila CIEAYEeT NpoBepaTh paboumnid
Habop kKaNMMOPOBOYHEIX PaCTBOPOB. 115 3TOr0 CpaBHUBAKOT PE3YIILTATH]
H3MEPEHH no pabdoyeMy M pe3epBHOMY HaOOpy KaJIHOPOBOYHBIX
pPacTBOPOB.

[Ipu HeOOXOAUMOCTH MPOBEACHUA aHajiM3a ¢ MOBBIIIECHHOMN
HAJIEXKHOCTHIO PEKOMEHIYETCS BBIIOMHATL KaTUOPOBKY Ha oOpasuax,
NPUTOTOBJIEHHBIX B ICHb [IPOBEACHHS aHAJIU30B.

5.6. Kanubposanue anekrpoja

KanubpoBka 3aKkIHO4YaeTcss B MOCTPOECHUAM KaJHMOPOBOYHOIO
rpaduka 110 3 roukam. I1py kanubpoBaHuu 31EKTPOI NOCIEAOBATENBHO
OITYyCKAETCA BO (pJTAKOHBL, COAEPIKALINE BOAHBIE PACTBOPHI C H3BECTHOIA
KOHLUEHTpauyein xnopua-uona. [{ns xanuOpoBKH HCTIONb3YIOTCS

3 kanubpoBOUHBIX oOpa3la ¢ KOHUEHTpauuen xnopua-uoHa 5; 50;

10



500 mr/n, npuroropnseMbie comiacHo M. 5.5. Ilpy ycraHoB/IEeHHOM B
N. 5.3 COOTHOLIEHUM MACChl HABECKHU Y PACTBOPUTESA KaJTUOPOBOUYHDIC
0Opa3upl OyIyT COOTBETCTBOBATH COAEPXKAHHIO XJIOPHA-HOHOB OT MACChl
OeToHa, coorBeTcTBeHHO, 0,005; 0,05 1 0,50%.

KanubpoBKky a3nekTpoaa cieayeT NpOU3BOAUTHL A0 M MOCHE
BBITIOJIHEHUA U3MepeHHH. | IpuueM kanubpoBKy Bcerja CiieayeT HaYMHaTh
¢ Haubosiee pazbaBneHHOrO pacTBopa. 1S OKOHYATEILHOrO pacyeTa
HCTIOJIB3YIOTCH OCPEAHEHHbIE 3HAaYSCHU KaJIMOPOBOK.

llepen kaxapiM U3MEPEHHEM HHMXKHAS 4aCTh JJIEKTPOAA
NPOMbIBACTCA AUCTHWUINPOBAHHONA BOJOH U3 IMYJILBEPHU3ATOPA, 3aATEM
MPOCYLIMBACTCA YUCTOH (uabTpoBaibHOM Oymaroin. Ilocne rako¥
OOpaboTKH 31eKTPOA MOrpy»kaercs B KUIMOPOBOYHBEIH pacTBOp. Jlns
YCKOPE€HHMA CTAaO0UIM3alMM OTCUETOB IPH NOTPYKEHUM JICKTPOAA B
pPacTBOp CiieAYET COBEPUIUTH JIETKUE pa3sMELIHBAIOUIUE JABUKEHHS.
I'mybuna norpyxeHus 3MeKTpojAa B pacTBOpP AO/DKHA OBITH HE MEHEe
15 mM. [Ing npenoTBpailieHUs NMOBPEXACHUA MEMOPAHEI MEKTPOA HE
JIOJDKEH KacaThes JHa ¢riakoHa.

[Tpu npoBeaeHHMH H3MEpPEHHUHH DIJEKTPOA HOJXKEH OBIThH
HEeTOABUKEH, BUOpaLMU ¥ TOTYKHK OyayT MEHATH oKa3aHus. He cnenyer
MPUKACATHCA K 3JICKTPOAY Y [POBOJAM IPH BBHINMOJIHEHUHU U3MEPEHHH,
CA€AYET AePKATh HIMEPAEMYIO CUCTEMY Ha PACCTOAHHH OT UCTOYHHKOB
CTAaTUYECKOrO 3ICKTPUYECTBA. PEKOMEHIYETC UCTIONB30BaTh IUTATUB
JUISA 3JIEKTPOJIOB.

[locne ctabunuzauuy NMOKa3aHUM CHHUMAETCH OTCYET B
MMHJIJIMBOJILTAX, COOTBETCTBYIOLIMHA JaHHOM KOHLICHTPALMH XJIOPH]I-
noHa, U pukcupyerca B Tabnuue IIporokona (nmpunoxkenue 3). [locie
CHATHS OTCYETA IJIEKTPOA NPOMBIBAETCA JUCTUWLUIMPOBAHHOM BOLOH H
NpocyluuBaeTcs (hUWILTPOBAILHOM OyMarou, nocsie 4ero rnepexomsr K
CJIeAYIOLIEMY KaTHOPOBOYHOMY OOpasLly.

He cnenyer oCTaBasTh 3JCKTPOA B KAJIMOPOBOUHBIX pacTBOpax
Ha 3HAYUTE/IbHOE BPEMS, TaK KaK BBbIJE/IAIOLIUICA CKBO3b MeMOpaHy
pabounii pacTBop OyAeT 3arpsa3HATL 0OpazeL.

5.7. U3mepenus

ITocne BpIMONHEHHA KaAHMOPOBKHM OCYLIECTBAAETCA CECPHS
M3MEPEHUH B MOAroTOBEHHbLIX Mpodax. Tak Kak TeMnieparypa pacTBopa
OKa3bIBAE€T BJAHMAHHUE HA MOKA3aHUA HU3MEPUTEABHONH CUCTEMBI,

KaJIMOPOBKY M H3MEPEHHA CJICAYET MPOBOAUTHL B OJU3KMX TeMmepa-
TYPHbIX YCIIOBHSX.
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Ilepea 1 mociie Kaxaoro U3MepeHHs HeOOXOOMMO IIPOMBITH
AEKTPOA JUCTHLTMPOBAHHON BOAOH M3 ITYJILBEPH3ATOPA M THIATEILHO
[IPOCYLIMTEL YHCTOU PUIBTPOBAJIBHON OyMaroH.

JU1s yckopeHHs cTabuin3aldd OTCUETOB CJICAYET COBEPIIATH
IUIaBHBIE Pa3MELIMBAIOLIHE ABKXKEHHUA NOCIE OITYCKAaHUA 3JIEKTPO/Aa B
npoOy. Jlna npenorBpalleHus MOBPEXKACHUS MeMOpaHbl 3JIEKTPOH HE
NOJDKEH KacaTbCs OCajdKa WKW AHA ¢uakoHa. lns 3toro cieayer
[10J1b30BATHCA CIIELMATIBHBIM LITATHBOM )14 3JICKTPOAOB WY HaA€BaTh
Ha OJ3JIEKTPOJ OrpaHH4YUTENb B BUAE PE3MHOBOrO0 KOJbLA,
OrpaHHUYMBAKOIUHA ITTYOMHY MOTPY>KEHHS TIEKTPOAA BO IaKoOH.

Bo BpeMs BBINOJIHEHHA HU3MEPEHMM 3UIEKTPOJA AOJKEH OBITh
HEIOJBMXKEH, HE CIIEAYET KacaTbCs JIEMEHTOB U3MEPHUTEIIEHOH CUCTEMBI
PYKaMH.

CHATHE OoTCYEeTa ITPOU3BOAMTCA I1OC/Ie CTaDUITH3aLIMHY [TOKa3aHUH.
B 3aBUCHMOCTH OT KauyecTBa NIEKTPOAA U KOHLEHTpPALlMKH pacTBOpa
cTabunu3aums NOKa3aHUH MOXET 3aHUMAThb OT HECKOJIbKUX CEKYHJ, A0
-2 MHH. OpUEeHTUPOBOYHO CTAOUIBHLIMU MOXKHO CHYUTATh NOKa3aHU1,
MEeHAIoIHeCd He Donee yeM Ha 1 MB/MuH.

5.8. Ob6paboTka M npeacTaBNeHHE PE3YIILTATOB U3MEPEHUH

1o pesyabraram BBIIIOJHEHHLIX MO 1. 5.5 M3MEPEHUM CTPOUTCH
KaJTHOPOBOUYHEBIHM rpadHK, 110 OCH OpJIMHAT OTKJIAABIBAIOTCS 3HAYCHHUS
KOHUEHTpAallHU XJOpP-UOHA OT MaccChl OETOHA IJiS KaJIHOPOBOYHBIX
pPacTBOPOB (OCh UMEET JIoOTapUPMHUECKUI MacITad), 1o ocH adCKUCC —
3HAYEHUA TOTEHLHAJIOB B MWUIHBOAbTAX (puc. 11. 2.1).

ITo xanuOpoBOoYHOMY rpaduKy U U3MEPEHHBIM 3HAYECHHUSIM
NOTEHLMANOB (11.5.6) A4 KaXA0H rMpoObl onpeaenieTcs KOHUEHTPaLus
XJI0pHa-HOHa oT Macchl beTona C, (puc. I1. 2.2).

Onpenenexuye coaepkaHus XJIOpHI-MOHA OT MacChl neMeHtaC

BBITIOJTHAETCA N0 (GOpMYIIE
Ccem= Cber - bet cem

[1o pe3ynbraram u3MepeHHii 3anoaasercs [ IpoTokon ucrbITaHuH,
B KOTOPOM JO/DKHO OBITH 3aIMCaHo:

1. J/lan#blie 00 HCKYCCTBEHHOM COOPYKEHUH.

2. HaumeHOBaHMe OpraHu3alluu U TeneoH.

3. daMunusa UCNIOTHHUTEA.

4. HaHHble 00 anexTpoae (TUIL, NPOU3BOANTENb, KOA).

5. Jlara ucneitaHui.

Gopma I1porokosnia ucnbITaHKM JaHa B IMTPHIOXKEHHUH 3.
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5.9. XpaHeHue obopyaoBaHHA

[ToaroroBKy aneKrpoaa K XpaHEHHIO BBINOIHATL B COOTBETCTBUH
C MHCTPYKUMAMH MpoussoauTessd. OObIYHO NOCHE OCYLIECTBIACHUSA
H3MepeHUH paGOYUil pacTBOp CAHMBAETCH M3 djleKTpona, MemOpaHa W
HH)KHAS 4acTb JJAEKTpOoJa NMPOMBIBAKOTCS AWUCTHIIHPOBAHHOHW BONOM,
3IEKTPOJ NMPOCYIIMBACTCS YUCTOW QUIBTPOBANBbHOW Oymaroi, Ha
MEKTPOJ HAAEBAETCA PE3UHOBBIN 3aLIUTHBIN KOJIMAYOK.

Hcrnonp3yeMele NIpU U3MEPEHHIX PEAKTHBBI HE TOKCHYHBI H HE
TPeOYIOT CNIEHATIBHBIX MEP IPU XPAHEHUH.

5.10. BozaMoxHbIe mpodsiemMpl Ipy H3MEPEHHUAX

3HauuTtenbHOE (£10 MB) OTKJIOHEHHE H3MEPEHHBIX NPH KaJIH-
6poBke 3HaueHWH OT OOBLIYHBIX BETHYHH MOXKET CITY)KHTh MPH3HAKOM
HEMCIIPABHOCTH YIEKTPOAA WIHU 3arpA3HEHHS KaTMOpOBOYHBIX 00pa3LIoB.

CHauajia HeoOXOAMMO NPOBEPUTH COCTOAHHE 00pa3uoOB,
HCTIOJIb3YEMBIX JUIS KannuOpoBKU. Jlst 3TOro cneayetr HMeTh pe3epBHbIi
HabOop KaTHOPOBOYHBIX 00PA3LIOB, C KOTOPHIM CPABHUBAIOTCA PE3YIILTATHI
KanuOPOBKH, BI3bIBAIOLLIEH COMHEHHS.

Ecnu kaauOpoBoYHBIe 00pa3ibli HAXOAATCHA B YAOBIETBOPH-
TEJIBHOM COCTOSHHUH, TIPUYAHA OTKJIOHEHUH KaJTUOPOBKH B 3JIEKTPOJIE.
[Tpn3HakoM HernoJanoOK ¢ BIEKTPOAOM ABJILETCS TaKXKe 3aMeasicHHas
crabuiu3agus WiH HEYCTOHMYMBOCTD NMOKa3aHui. [ IpuunHOu Henmonaaok
MOXXET OBITH OTPABJIEHHE 3JIeKTpoaa. /I BOCCTAHOBJIEHHA XapaKTe-
PUCTHK 3JIEKTPONA [TOMECTHTE €ro Ha CYTKHM B PEKOMEHIOBAHHBIH
NPOU3BOAUTENEM KOHAULIMOHUPYIOIIHH pacTBOP. ECIH 3TO HE OMOIJIO,
ocmoTpuTe MeMOpaHy anekrpona. IlopepxHocts MeMOpaHbl qoKHA
OBITh D14 AKOM, 0€3 uapanuH. I Ipy HaTMuMK HaneTa WM MEIKHWX LlaparuH
clielyeT BOCCTAaHOBUTH MeMOpaHy B COOTBETCTBHHM C MHCTPYKLHMAMU
MPOH3BOAMTEISA MIEKTPOAA (MOAUPOBAHHUE U T.1.).

Eciiu naHHbI¢ Mepbl He MMOMOIAH, 3NEKTPOA NOKEH OBITH
3abpakoBaH Jinbo HeoOXoAMMa KOHCYJAbTaUUS ¢ MPOU3BOAUTENIEM

MEKTPOAA.

5.11. TpeboBanms K KBaIMPUKALIUM UCNIOTHUTEIS

O160p # MOATOTOBKY NMPOO MOXKET HPOU3BOAUTS HEDKEHED, TEXHHK
WK 1a00paHT cO CPEAHUM CIIELIHATBHBIM HIIH BBICIIMM 00pa3OBaHHUEM,
NpOomeAIINI HHCTPYKTAX MO TEXHUKE 0€30MacHOCTH IpU padote ¢

PYYHBIM 3JIEKTPOHHCTPYMEHTOM.
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BrinomHeHue aHaMU30B MOXET NPOU3BOUTE UHXKECHEDP, TEXHUK
HJIH 1a00PaHT CO CPEAHHM CITEUHATbHBIM WIH BRICLIUM O0Opa30BaHHEM,
MMEIOLLMH HaBBIKH paboThl WK NpoLIe M HHCTPYKTaX Mo pabote ¢
HOHOCETEKTUBHBIMH JIEKTPOAAMH.

6. TEXHUKA BE3OITACHOCTH

[Ipu orbope ¥ noaAroroBke npod ciaeayeT NMPUMEHATH
HHAWBHUAYAJIBHBIE CPEACTBA 3aLUTHI OPTAHOB ABbIXaHMA H 3PEHHA OT
nonanaHus 6etoHHon nelUM. [Ipu padote ¢ nepdoparopaMu caexyer
3alMLIATh OPIraHbl C/IyXa HayIITHHKAMH.

[Ipu pabote ¢ 3neKTpOHHBIMH OJIOKAMH, MUTAKOLUMHUCA OT CETH
IIEPEMEHHOI0 TOKa, UCTIOTHUATEIM A0KHEI ObITh TPOUBCTPYKTHPOBAHE

O npaBuiax paboThl ¢ NIEKTPOYCTAHOBKAMH.

ITpu pabore ¢ XMMHUYECKMMH PEAKTUBAMH CIEAYET COOM0AaTh
TpeboBaHUdA, MNpeaycMOTpeHHble «(OCHOBHBIMM MpPaBHJIAMH
6e30macHOCTH paboTHI B XUMHYECKOH 1abopaTopumy.

Hcnojp3yeMbie peakTUBBl H MaTepUasibl HE TPEOYIOT NPUHATHA
0COOBIX Mep NPeaOCTOPOXKHOCTH MPH XPaHEHHH.
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