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Ha 3anpochl HaLMX MOCTOAHHBIX KIMEHTOB.
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06LwLye nonoxeHus

1.  OOwwme nonoxeHus

1.1 Yro takoe pH 3HayeHune?
1.1.1 Beepenue

Hapsigy co 3Hayenrem Temnepatypbl, pH GpakTop SBASETCS OAHAM U3 CaMblX BaXHbIX
MapameTpoB B XMMWYECKOI W papMaLLEBTYECKON NMPOMBILLIEHHOCTH, a Takke B CEKTOpe
OXpaHbl OKpYXatoLLei cpeabl. 3HaueHre pH SBnSeTCs BaXHEMWMM MHANKATOPOM BO MHOTVX
XMMMYECKMX 1 GUOXUMIUYECKUX peakuysx. braronaps yCoBEPLUEHCTBOBAHMIO M3MEPUTENbHBIX
TEXHOMNOrA, HOBOMY MHXEHepHOMY peLuenmio s pH 30Haa 1 6onee KOMNAKTHOMY Au3aiiHy,
“3MepeHme 3HayeHns pH NpeBpaTaoCh U3 CROXHON MPOLEyPbl, AOCTYNHOI TONKO
crneuvannucTam, B N1erkoe 1 yaobHoe 3MepeHne Ans BCex W Kaxaoro.

— lpumep: Mniya

3HaueHue pH Cbipbs M MNLLEBLIX MPOAYKTOB SBASIETCA HAMBAXHENLLMM GaKTOPOM B
obecreyeHn kauecTa KOHEYHOr0 NpoaykTa. MamepeHue pH npumeHsieTcs B cekTopax
TPaHCMOPTUPOBKY 1 MOCTABKM MsICA, CO3PEBAHIS MsiCa W kONbac, MapuHaZIOB U CONEHMIA,
(PYKTOBBIX COKOB 11 FOTOBbIX MPOJYKTOB.

— lNpumep: ManeBaHonnacTika/3akanka

Co3apaHue KOpPeKTHOro 3HaueHst pH B raflbBaHYECKIX BaHHAX IBNSIETCS KIIOYEBLIM YCOBUEM
NpY OKOHYATENbHOM ra/lbBaHMYECKOM MOKPLITUM MeTanna. Miameperue pH npumeHsieTcs Takke
NPV 04YNCTKE 3arpsiBHEHHBIX ra/lbBAHUYECKMX W 3aKAIO4YHBIX YCTAHOBOK, ONTUMaJIbHas
3PHEKTUBHOCTb KOTOPbIX JOCTUrAETCS MPM 04EHb Y3KOM Anana3oHe pH.

— lMpumep: 3amTa okpyxaroLei coesbl (MTbeBas BOAA M CTOYHbIE BO/bI)

3HayeHre pH Ha NpOTSIXEHUN [ONTOro BPEMEHM SBNseTCs 06513aTeNbHbIM NapaMeTpoM npu
MOHMTOPUHIE YCNOBMIA OKpYXaloLLeii cpeapl. [py npoBepke kayecTBa NOBEPXHOCTHBIX,
TPYHTOBbIX, CTOYHbIX, @ TaKKe [OXAEBbIX BoA GakTop pH ykasbiBaeT Ha arpecCUBHOCTbL Cpefbl
W, CNefioBaTeNbHO, Ha B1ONOrNYeckoe COOTBETCTBUE BOMbI HOPME.

— lNpumep: lNpecHas Boaa (A1 pbibbl)

dakTop pH onpenensiet, Hanpumep, HaCKObKO BOAA B TOM WM MHOM BOLOEME NMPUroAHa
s 0butaHus poibbl. [JaHHOE onpefeneHne MOXET ObiTb NPeACTaBNEHO B banaHce
aMMOHMIA/aMMuMaK, KOTOpbIA HaXOAUTCS B GOMbLLOI 3aBUCUMOCTY OT 3HaueHus pH.

Ammmak (NH) - BeweCTBO BLICOKOTOKCMYHOE 191 pbibbi, B OT/N4ME OT aMMoHus (NH4+),
KOTOPbIi cpaBHUTENbHO Be3BpeaeH. Mpu daktope pH 6, NpakTUYECKM NPUCYTCTBYET TONLKO
aMMOHuIA 6e3 coaepXaHiisi ONacHoro ammuaka, B To Bpems kak npu pH 9 KoHUeHTpaLms
ammuaka fiocTuraet yxe 25%.
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1.1.2 Onpepenexue 3HayeHus pH

pH - aT0 ab6peBKaTypa NPOMUCXOAMT OT BbIPAXEHUS HA NTATUHCKOM $I3blKE, 03HAYAIOLLEM
"pondus hydrogenii" (pondus = aaenexue, hydrogenium = Bogopog). Mameperue pH - ato
13MEpeHNe KOHLEHTPALMN MOHOB BOLOPOLA B Kakoii-nnbo cpepe. [laHHas KOHLEHTpaums
HanpsIMyIo CBsi3aHa C XapakTepoM CPefbl, B KOTOPOI OHa M3MEPSIETCS: KUCNOTHOM,
HEMTPAIbHOM UK LLENOYHON.

Tabnuua (1) 0ToOpaxaet To, YTO C YBENMYEHUEM KOHLIEHTPALMI UOHOB BOAOPOAA (MOMLEM
LKanbl), 3HayeHue pH yMeHblLUAeTes, a cpeaa U3MEpeHUs CTaHOBUTCS GONee KIUCTOTHOIA.

[nanasoH pH H+ koHUeHTpauwus (Monb/n)
0 100 1
1 10+ 0.1
2 1072 0.01
KUCTIOTHBIIA 3 102 0.001
4 10+ 0.0001
5 10 0.00001
6 106 0.000001
HEATPAbHbIi 7 107 0.0000001
8 10 0.00000001
9 10¢ 0.000000001
10 10+ 0.0000000001
LLENOYHOM 11 10+ 0.00000000001
12 10-12 0.000000000001
13 1013 0.0000000000001
14 104 0.00000000000001

Tabnvua 1: pH wkana
[ng Toro, 4ToBbl CAENaTh BEMMYMHY NEPEMEHHO “KOHLIEHTpaLVK” Bonee ynobHoi ans
onepupoBarus, B 1909 CopeHceH Npeaioxiun BBECTU B 060POT “3KCTOHEHT BOAOpofa” B
kauecTBe norapudma ¢ ocHoaHmeM 10, COOTBETCTBYIOLLEMO KOHLIEHTPALIWI UOHOB BOLOPOLA
(T.e. OTpULIATENbHBIV IorapudM KOHLIEHTPaLWMM MOHOB Bogoposa) [1]:

pH=-Ig(CH+). (1) C = KOHUEHTpauys

OTpuuatenbHblit 9KCMOHEHT B Tabnuue 1 cooTBETCTBYET 3HaueHmio pH.

MMpumep: H* KOHLEHTpaumsa = 104 Mmonb/n - -> pH 3Havenne = 4
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B Haww nHu 3HaveHus wkansl pH onpenensiotcs cepueii CTaHAAPTM3NPOBaHHbIX BydepHbIX
pacTsopos [1-4]. BydepHble pacTBopb! - 3T0 PACTBOPLI C TOYHO ONPEAENEeHHbIMI 3HAYEHNSIMM
pH, koTopble MOryT GbITh TEOPETUYECKM PACCUUTaHbI U3 COCTaBa PacTBOpa.

B BbICOKOKOHLIEHTPUPOBAHHBIX KUCOTAX MK LLEN0YaX BO3MOXHO 13MEPUTb 3HadeHmne pH Hixe
0 v Boiwe 14. [IpyruMi CROBaMM, KOHLEHTpaLMM HT™ B JaHHbIX Clyuasix BhiLLe, YeM 1 MOMb/
(pH <0) 1 menee 10714 monb/n (3ravenue pH >14).

PucyHok (1) oTobpaxaeT pasnuuHble npumepbl pH 3HaueHwii Ans pacnpoCTpaHEHHbIX
pacTBOpOB.

KUCnoTa: HeiiTpasnbHas cpefja ————————LUenoyb
0 1t 2 3 4 5 6 7 8 9 10 11 12 13 14

KpacHbIiA XENTo-3eNeHbli CUHWNIA
 m — — O = m
KenynouHbiii 0 ocn|>|<BaLua KonoaesHas 0.1m
COK poc ) BOJA NaOH
iiorypt
¥ N3BECTKOBAsA
JIMMOHHbII COK HEMOHV3UpPO- ) soma
BaHHas BOAa MblJIbHbIN
pacTBop

Puc 1: wkana pH ¢ TMNW4HLIMK NPUMEpPaMM pacTBOPOB

1.2  MeToppl onpepeneHus 3Havyenmns pH
1.2.1 Pacyet pH

CambiM [IDEBHUM METOIOM OMPELENEHNs KUCMOTHOCTM BELLECTBA WM PacTBOpa SBNSETCS
YenoBeyeckuM Bkyc. Mpu aerycraumm BeWecTB ¢ pasHbiM YpoBHEM pH, HEPBHbIE OKOHYaHMS
A3blka MPUHMMAIOT Ha ce6sl pasHble BKYCOBLIE MMMYILChI, ONpeAensieMble Kak "KMCblii BKyC"
W "MbIbHBIA BKYC'. TeM He MeHee, [aHHbIi METOA ONpemeneHns KMCNOTHOCTW OYeHb
HETOYEH M MPUHOCUT OTPOMHBIF BPeZ 3[0POBbIO: MPenCTaBbTe, kak Bbl Gynete onpenenstb
CONSIHYIO KMCMOTY Ha BKyc. [lpyrvie cnocobbl onpeaenexus daktopa pH HaMHOrO TouHee u
Ge3onacHee.
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06LLpme nonoxeHusa

Mcnonb3oBaHue nakmycoBoii ymaru (pH MHAMKATOpHbIE MONMOCKM) MMEET CMbICH, TaK Kak Ha
HEKOTOPbIE XMMUYECKUE peakLmm BivseT 3HaueHue pH [1]. CneumanbHble COCTaBNSIOLLIME 3TUX
VHAMKATOPOB CMOCOOHbI BbIAENSTb WAWM MPUHMMATb WMOHbI BOAOPOAA - MPOTOHBI - W,
CNeI0BaTeNbHO, U3MEHSITb CBOWA LIBET. VI3MEHEHWe MHTEHCUBHOCTM M TUMa LIBETA MOXET ObiTb
OMpezeneHo, Hanprumep, ¢ NMOMOLLbIO CPABHUTENbHON Lukanbl. LIBeT onpenensieT ypoBeHb pH B
cpee “3mepeHns. HecMoTpst Ha TO, YTO OMMCaHHLIA METOL, A0BOJILHO NEroK M yao6eH, oH
crocobeH fdatb Nmwb npubnuauTenHoe 3vaueHue pH B pgaHHoi cpeme. [orpeluHocTb
COCTaBNISIET HECKOMBKO ECATHIX eAnHULbI M3MepeHus pH. 3MepeHunst LOMKHLI NPOBOAMTHLCS
MpX KOMHATHOI Temnepatype B pacTBopax ¢ 00LLUei 3/1eKTponpoOBOAHOCTLIO Bhille, YeM 100
pCwm/cm.

@oToMeTpbl TakXe PpaboTaloT No MpUHLMNY Pacno3HaBaHusi M3meHeHus uBeta. OHu
KOHBEPTUPYIOT 3HaueHe TeKyLLel MHTEHCUBHOCTY LigeTa B pH ¢akTop Ha OCHOBE KannbpoBky
OTHOCUTENBHO Cepun NpeabiayLyxX CTaHAAPTHLIX M3MEPEHWIA. PacTeopbl C M3BECTHbIM
ypoBHeM pH (-> GydepHble pacTBOPbI) CNyXaT B KayecTBe 3TanoHHbIX. Kak u B cnyyae ¢
NakMyCcOBOW 6ymaroii, TOYHOCTb (OTOMETPOB HEBLICOKA, @ AMANa30H M3MEPEHWUA O4eHb
OrpaHuyeH.

YyeHble [JOCTUIIM HauBONbLIEro Nporpecca B pasBUTUM MOTEHLMOMETPUYECKOTO MeToAa
n3mepenus pH.

1.2.2 MoTteHuynomeTpuyeckoe namepeHme
(nanpumep, Testo pH anekTpopom)

B HacTosiLee Bpems meTop, onpeaeneqns pH ¢akTopa CTEKNSHHBIM 3EKTPOAOM LUNMPOKO
pacnpocTpaHeH. CTekNsHHbIA SNEKTPOL, NepefaeT 3HaueHNe HaNPsKEHKs, KOTOPOe
nponopumoHansHo daktopy pH. Beuay TOro, YTO 3aNeKTPOS, MOXET Nepeaasath TObKO O4eHb
HWU3KOE 3HAYEHWEe HaNPSXEHUS (3KCMEPTbI HA3bIBAIOT 3TO OYEHb BLICOKUM BHYTPEHHUM
3NIEKTPUYECKUM COMPOTUBIIEHWEM), STANIOHOM CITYXMT NOTEHLIMOMETPUYECKOE U3MEPEHIE C
3IEKTPOXUMUYECKM CEHCOPOM.

ONEeKTPOXMMMYECKME CEHCOPBI NEPEAAIOT HAMPSXEHNE, 3HAYEHINE KOTOPOro HANpsaMyto
3aBUCHT OT KOHLIEHTPaLMK MOHOB BOAOPOAA B AaHHO cpefie. B 3aBucuMocTy T TUna
CeHcopa 1 KayecTsa KanMbpoBKM, YPOBEHb MOTPELLHOCTA MOXET ObiTb HuxXe, yem + 0.03
€IVHNLL.

CrexnsHHbIii pH 3nexTpoz 06n1afaeT WMPOKUM U3MEPUTENbHBIM Vana3oHoM, BbICOKOI
TOYHOCTbIO, OH YHUBEPCANEH 1 NIETOK B NpuMeHeHnm. CyLecTBYIOT U ipyrie aneKTpozbl,
BKJ/IH04AIOLLME BOLJOPOL, XUHIWAPOH, CYpbMy M BUCMYT, @ Takke pH CEHCOpbI C TEXHONOrnei
nonynpoBopHukoB (ISFET) [5]. OfHAKo curHasbl OT Takix CEHCOPOB HE MOTYT ObiTb
MpoaHaNM3npPOBaHbl CTaHaapTHLIMK pH-MeTpamu.
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2. TexHonorus uamepeHus pH B getansix

2.1 KoHdurypauus namepurenbHoOl CUCTEMBI

B 3aBMCMOCTM OT NOCTABNEHHOI N3MEPUTENBHOM 3a1124W MOXHO UCMO/b30BATb Pa3HbIe TUMbI
pH-meTpoB. B cepe nopTatmeHbIx M3MEPEHNIA CTOUT BLIOOP MeXay KOMMakTHbIMM pH-
meTpamu (Hanp., testo 206), B KOTOPOM 30HE, W ANEKTPOHMKA COBMELLIAETCS B OHOM KOpryce
(Pvic. 2) v npubopamu co cMeHHbIMK pH-30Haamu Takumu, kak testo 230 u testo 206 pH-3.

Puc. 2: Kapmantble pH-meTpbl Ans onpefenexus 3HaveHnst pH n Temnepatypel (testo 206-pH 1,
testo 206-pH2).

B crnyyae komMnakTHbIX pH-MeTPOB 30HA CTALUMOHAPHO MOACOEAMHEH K Mpubopy, NO3TOMY B
kabenbHOM COeAVHEHUM MeXay 30HA0M M NPUBOPOM HET HeobxoaMMOCTU. [laHHble npubopbl,
KaK NPaBWiI0, UCMONb3YIOTCS AN MHOMOKPATHbIX, MOBTOPSIOLUMXCS M3MEPEHUIA 1 eCIu
HeobxofMMa ObICTpast 1 ynobHas TpaHCNOPTUPOBKA. B kauecTse anbTepHaTUBbI CyLLECTBYIOT
U3MEPUTESIbHBIE CUCTEMbI, B KOTOPbIX 30HbI OTAENEHbI OT U3MEPUTESBHOTO MHCTPYMEHTA.
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Puc. 3: Mpumep pH 13mepuTenbHbIX CUCTEM C MOACOEAVHSEMbIMU M3MEPUTENbHBIMU 30HAAMM
(testo 230 ¢ pH-30HROM 1 TEMNEPATYPHBIM 30HAOM M3 HepxaBeloLweil cTanu, testo 206-pH3).

MHCTPYMEHTBI CO CMEHHBIMI 30HAMM UMEIOT MPEVMYLLECTBO B TOM, YTO LUMPOKMIA BbIGOP
30HOB ANS MOAKIIOYEHNS! K HUM 3[aNTMPOBaH K Nt06oit chepe NpuMeHeHus. [laHHble
MHCTPYMEHTbI UCMOMb3YIOTCS, B OCHOBHOM, B A00PATOPUSIX UM NS BbINOSHEHMS
13MepUTENbHbIX 337134 Ha NPOU3BOACTBE, B B CEpe 0XpaHbl OKPYXaloLLel cpefp.

2.2  pHanektpop

M3meperme pH dakTopa 03HayaeT KOHBEPTUPOBAHME 3HAYEHNI KOHLEHTPALMMN MOHOB
BOZIOPOZA B ANEKTPUYECKOE HanpsiXeHue. [11s1 Toro 4Tobbl 310 caenarb, B 19 Beke Obuin
NPOBEAEHbI IKCMEPUMEHTBI C MOAMPOBAHHBIMY NIATUHOBBLIMI NAACTUHAMM 1
3NEKTPONMUTUYECKAM MOCTUKOM (CONEBOI pacTBop). Mocne 3Toro Ans nonyyeHus CTabunbHbIX 1
TOYHbIX NOKa3aHMi B 06MXO0L, BOLLA 2-X ANEKTPOLHAs Cxema,B KOTOPON 2 aneKTpoaa
MOrPYXeHb! B 3NEKTPONUT, @ 3HAYEHME, NONYYEHHOE M3MEPUTESbHBIM 3N1EKTPOAOM,
CPaBHMBAETCS C 3TA/IOHOM (3NEKTPOL CpaBHeHHs!). Takum 06pa3oM, cxema s uameperms pH
npefcTaBnseT cob0M rasbBaHUYECKMiA 3NEMEHT, B KOTOPOM Bo3MukaeT S[IC (HanpsixeHue),
MPONOPLMOHANIBHOE 3Ha4ermio pH.
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BbICOKOOMHbIA
BONLTMETP
_ Kondurypaums

| 9meKTRomd T gnecmop
VamepuTenbHblit CpaBHEHWS
3NEKTPOL,

Puc. 4: pH nameputenbHas cuctema CoCTOMT U3 ANEKTPOAA UBMEPEHMUS 1 SNEKTPOLA CPaBHEHNS.

OnexTpoz, CpaBHEHHsl 0TOOPaXaET STANIOHHOE HaNpsiXeHue cucTeMbl. 3HaueHne pH
NPELCTABNSET COBOM HANPSIXEHNE MEXAY U3MEPUTENBHBIM SNEKTPOAOM U NIEKTPOLOM
CPaBHEHMS.

Braroaps TeXHM4ECKOMY MPOrPECCy CTaN0 BOMOXHbIM ([151 TaG0PaTOPHbIX NPUMEHEHMIA)
MHTErpypOoBaTh LIENN 1BYX 3NIEKTPOAOB B OfMH KOPMYC, U3BECTHbIN N0/ HA3BaHMEM
KOMGMHMPOBAHHBI 3NEKTPOA. B HaLLW AHM B M3MEPEHUSIX UCTIONB3YIOTCS TONBKO
KOMGMHMPOBaHHbIE PH 3NEXTPOAbI.

WamepuTenbHbiii 3AnexTpon
anekTpop | CpaBHEHUS

\/

pH KOMBMHNPOBaHHIi
3NeKTPos,

Puc. 5: pH koMOGUHNPOBAHHbIN 3NEKTPOZ COCTOMT M3 PH anekTpoaa U3MepeHus 1 anekTpoda
12 CpaBHeHus.
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SﬂeKTqueCKoe HanpsxeHne MoXet ObiTb U3MEPEHO Mexay AByMA N3MepPUTESIbHbIMU TOHYKaAMK.
Kaxpas Touka n3mMepeHna nmeet cneuud)mecmﬁ 3J19KTpIr1'-IeCKMVI noTeHuman. Takum 06p330M,
M3MepeHHOe HanpsXxeHne COOTBETCTBYET PA3HOCTU INEKTPUHECKUX NOTEHLIUANOB.

M3meperue pH dakTopa ¢ NoMOLLb0 3NeKTPoaa U3MEPEHMS 1 ANEKTPOA CPABHEHNSI MOXET
ObITb CTONKOBAHO TEM X€ CaMbIM CrIOCOOOM. ﬂOTeHLlMaﬂ BO3HMKAET B M3MepuTeSibHOM
3NIEKTPOAAE B KA4eCTBE (YHKLMM KOHLIEHTPALIMW MOHOB BOAOPOza (pH pakTop) B JaHHOM cpege.
lMoTeHuman anekTpoaa CPaBHEHS IOMKEH ObiTb U3BECTEH.

WTor: BbIXOAHOE HaNPsKeHUe KOMOUHUPOBAHHOTO NEKTPOAA, MBMEPEHHOTO B euHuLIaxX pH,
MOTY4aeTCA U3 PaHOCTY ANEKTPUYECKMX MOTEHLIMANIOB MEX1y SNEKTPOAOM U3MEPEHNS 1
3NEKTPOOM CPaBHEHMS.

2.2.1 U3mepuTenbHbIiA ANEKTPOA,

113 BCex BO3MOXHBbIX CEHCOPOB (Cp. [Maga 1.2.3) cTeknsHHbIN anekTpop, (Puc. 6) umeer,
©e3yCNOBHO, NYHLLME TEXHUYECKIE XapaKTEPUCTUKI /1St U3MepeHus. B iononHeHue K Nerkocty
1 yno6CTBY B MCNONb30BaHWM, OH 0GECTIEYMBAET MAKCUMATbHYIO TOYHOCTb. INEKTPOA UMEET
YHWUBEPCAbHOE NPYMEHEHE U 04eHb CTOEK K BHELLIHMM hakTopam Cpefbl, Hamp. , LBETY,
BA3KOCTM W XMMUYECKOMY COCTaBY PacTBOpa.

pH kabenb

Hakoneunmk
3NeKTPosa

___ CrexnsHHas Tpy6Kka anektposa

3awwmTHas obonoyka

BHyTpeHHuit npoBoaHMKoBbIi anextpop, (Ag/AgCl)
ByTpeHnmit 6ydep + KCI (pH 7)
l i pH-uyBCTBUTENbHAS CTEKNHHAs MeMOpaHa

Puc. 6: KOHCTpyKLWMs M3MepUTENbHOMO anekTpoaa
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LleHTpanbHoit COCTaBNSIOLLEN JaHHOrO M3MEPUTENLHOIO SNEKTPOLLA SBNSIETCS OYEHb TOHKAs
cTeknsHHas MembpaHa (pH MembpaHa), U3roToBNeHHasi U3 CeNeKTMBHOO K MOHaM H+ cTekna.
[laHHOe CTeK/0 UMeeT CrocoBHOCTL B3aUMOAECTBOBATL C BOAON TakuM 06pasoM, 4To Ha
NOBEPXHOCTM CTek/a 06Pa3yeTcs 04eHb TOHKMIA, HEBUAMMbIA BOASHUCTbIA “BHELLHWIA CNOiA”.
9TOT BHELUHNIA reneBbIil CNoii AeNCTBYET B KAYECTBE CENEKTUBHOIO Hapbepa, KOTOpbIi
}aKTMYeCKV NPUHUMAET TONbKO H + MOHBI M3 pacTBOpa A/is U3MepeHus. [prem Apyrx MOHOB
Gnokupyetcs.

BHYTpeHHss
CTEeK/SIHHas CTeHKa

BHewwHmii cnoii (reneobpasHbiii)

pH-cTeko

Puc. 7: Cxematnyeckas cTpyktypa pH MembpaHbi

Mpumep: B xoae namepeHus U3 K1CIOro pacTBopa, ¢ 6onblLMM Kom4ecTBoM H + MOHOB,
MONOXMUTENBHO 3aPSXKEHHbIE YaCTULIbI MPOHUKAIOT BO BHELLIHWIA COIA. dneKTpuyeckuii 3apsy, -
T.€. noTeHuman - pH membpaxbl yenuunsaetcs. pH MembpaHa nepefiaeT NONOXMTENbHOE
HanpsbkeHue. 3T0 HanpsixeHue aHanmaupyetcs pH-MeTpom 1 oTobpaxaetcs B kavectse pH

akTopa.

2.2.2 OnekTpop cpaBHEHUS

OneKTPOA, CPaBHEHMs! - BTOPOiA HE0OX0AMMBIN 151 U3MEpPeHUs anekTpop,. Ha ero noteHuman
He BMSIIOT 0COOEHHOCTM PacTBOPa U3MepPeHUs. Tak Kak NOTEHLMAN 3eMIN He NOCTOSHHbIIA,
3a/1a4a ANEeKTPOAA CPaBHEHNS COCTOUT B TOM, 4TODbI 06eCreumBaTh U3MEpEHIe ¢
MOCTOSIHHBIM 3TANIOHHBIM MOTEHLMANIOM.

Mpu pabote ¢ HeckonbkMMM pacTBopami, pH KOTOPbIX U3MEpSIETCS, B ANEKTPOAE CPABHEHMS
MoxeT Bbinaaatb AgCl, 4To BEAET K 3aCOpeHHI0 (KepaMuyeckoii) auadparmsl. Moatomy Gonee
COBPEMEHHbIE ANEKTPO/Ibl CPaBHEHUS OblN CHABXEHb! "KOHTEIiHEPOM B CUCTEME [1Sl TOTO,
4T0Gb!I yaepxatb AgCl. B 3TOM crnyyae, BbICOKOKACCHBI STaNOHHbII SNEKTPONNT AOMKEH
6biTb CBOOOAHBIM 0T AgCl.
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pH kabenb

HakoHeyHuk anektpoga
CrexnsiHHas Tpybka anexTpoaa
OTBEpCTME ANS 3aN0NHEHMS

BHyTpeHHsist aTanoHHas cuctema

3-x Monsiphblit KCI

[vadparma

Puc. 8: KOHCTpyKLuS 3neKTpoaa CpaBHeHus

Kaxpplit aneKTpof, CPaBHEHUS COCTOMT 13 TANIOHHOTO 3NIEMEHTA B ONPELENEHHOM PacTBOpe
3NeKTPONNTA. JTOT ANEKTPONUT [ONMKEH ObiTb B KOHTAKTE CO CPeaoi namepeHus. B cnyyae
CTaHAAPTHOrO 3M1EKTPOLA CPABHEHMS!, 3TOT KOHTAKT BO3HWUKAET NOCPELCTBOM "Anadparmbl”.
9T1a KoHdUrypauns rapaHTMpYeT NpaBuUbHOE NPOXOX/EHNE NEKTPUYECKOrO TOKA.

MoTeHuman anekTpoaa CpaBHEHNs ONPeaenseTcs STANOHHbLIM 3NIEKTPOIUTOM U STANIOHHBIM
anemeHToM. OBbI4HO, B Ka4ECTBE STANOHHOMO 3NIEKTPONNTA UCMONL3YETC PacTBOP 3-X
monsipHoro xnopuaa kanus (KCI). B atom cnyyae, aTanoHHblil aneMeHT byaet cocTosiTb 13
X/I0PUPOBaHHOTO CepeBpsiHOro NpoBoa. [lst aNeKTPOXMMIYECKOro HanaHca Xnopug cepebpa
(AgCl) monxeH Takxke 6GbiTb PACTBOPEH B 3TANIOHHOM 3NIEKTPONNTE.

CyLLecTBYET HECKOMBKO TUMOB AnadparmMbl, HaNpuMep, KyCouek ApeBECHHbI, NopHcTas
Kepamuyeckast Lnuibka, MasieHbkoe 0TBepcTye, Avadparma U3 MaToBOro CTeksa, 3a30p Wi
CBSI3Ka BOJIOKOH; 151 APYrUX NpUMepoB cM. [nasy 3.2.3.

Bbi6op MCnonb3yemoro Tuna 3aBucuT OT HEOBXOAUMBIX YCOBYIA M3MEPEHNS U 334acTyI0 OT
BHYTPEHHWX NPMHLMMOB PaboTbl 1 NOAXOAOB 3aB0AA-M3rOTOBMTENS anekTposa. LLinpoko
1Cnosb3yemas kepamuyeckas auadparmMa MOXeT Bbi3BaTb MPOONEMbI B KDUTUHECKMX
yCnoBusiX M3MepeHust bnarofaps ee nopucToi, “rybkonofobHoi” cTpykType. OHa CKOHHA K
3aCOPEHMIO TaK, 4TO B Pe3ynbTare NnokasaHus N3MepeHns ByayT HeCTabubHI.
CneposatenbHo, Ans CrieLvanbHbix TpeboBaHmiA U3MepeHns B 0co60 YMcToi Bope
ucnonb3ytotest pH anekTpoabl ¢ anadparmMamm 13 MatoBOrO CTEKNA.
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Kak npasuno, ans 60nbLIMHCTBA U3MEPEHMUIA, "Nerkasi B MCNONb30BaHUM" Kepamuyeckast
Jvadparma ucnonb3yeTcst Npy KXA0LHEBHOM PELLEHNN U3MEPUTENbHBIX 3344, B TO Bpemsi
KaK CTOMKas K 3arpsiHsItoLLIMM YacTuLiam nonas auadparma UCronb3yeTcs C renem-

3NEKTPOJIUTOM.

Tun anexTpoga
Testo

Tun 01,
02, 04

Tun 05

Tun 03

CneupanbHblii
3NeKTPos,

Tun
nvadparmbl

Kepamuyeckuii

MopucTblii/
KanuNsipHbIin

IMonbie npoHuKaloLme
3NeKTPOAb!

MaroBoe cTekno

ﬂ,epeBﬂHHaﬂ LUMOHKa
BonokHUCTbII

MeTtannuyeckue
npoBoga

[Mpumerenne

06pa3Libl C HU3KIM YPOBHEM YaCTULL, MPKU UCMONb30BAHUM
3TaIOHHbIX 3M1EKTPONMTOB, HacblleHHbIX AgCl, He ans
pacTBOpOB, conepxawmx S,, Br, J B cTaHAAPTHBIX aneKTpoaax

06pasLibl C BLICOKIM YPOBHEM YacTuL,
CTOYHbIE BObI, 3MYNCUM, CYCTIEH3WM, BOAA C HUSKUM
VIOHHbIM COAEPXaHNEM, KOHLIEHTPATbI

B komMOMHaLMKW C TBEPABIMU SNEKTPOMTaMK,
[151 UIBMEPEHWIA HA Takux TBEPLbIX NPOAYKTaX, Kak
MS$ICO, CbIp M NacTax

B Boge C HU3kum CoAepXaHWeM 1OHOB, B 3aBUCUMOCTHU
OT TUna 3TaJIOHHOIO 3/1eKTPoAa B YaCTUHHO BOAHBIX
/HeBO,EI,HbIX PacTBopax, CTOYHbIX BOAAX,

3MYJIbCUSAX, KOHLIEHTPpATaX, AJI TO4HbIX M3MEPEHMI

CreuuanbHo Ans CTOYHbIX BOJ,
Takoe xe, kak i KepaMuyeckkoi anadparmbl

B HE CU/IbHO OKUCTIEHHbIX M BOCCTAHOBJIEHHBIX
pacTeopax

Tabnuua 2: Tunbl Avadparm 1 COOTBETCTBYIOLME MPUMEHEHWS

2.2.3 KomOGuHMpOBaHHbINi 3NeKTPOL,

OT/ieNbHble U3MepUTENbHbIE SNEKTPO/bI M 3NIEKTPO/IbI CPABHEHMSI UMEET CMbIC NPUMEHSITD,
TONbKO EC/I OHW UMEIOT PasHbie CPOKY CyXObl. Ha npakTuke, KOMGUHUPOBAHHBIiA ANEKTPOA,
YX€ ABHO 3aHS1 MECTO 2-X OTAENbHbIX ANEKTPOZOB, OTOMY YTO €r0 JIErye MCMoJb30BaTh, YEM
KOHOUIypaLmio OTAENbHbIX 3NEKTPO/OB.

B KOMOWHMPOBAHHOM 3MEKTPOAIE, U3MEPUTENbHBI ANEKTPOL, U NEKTPOL, CPABHEHMS
006bEAMHEHbI B €AUHYI0 KOHCTPYKLWIO (Puc. 9).
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Tenepb 09 u3mepeHus pH dakTopa A0CTATOYHO OAHOMO M3MEPUTENLHOMO CEHCOpa, Tak Kak
KOMOMHMPOBAHHbII SNEKTPOL, OCHALLIEH I0MONHUTENbHBIM TEMMEPATYPHBIM AATYMKOM.

pH kabenb
HakoHeyHuk anektpopa
CreknsHHas Tpybka anekTpoga
OtBepcTvie 415t 3anonHeHus
3-x monsiphblit KCI
ITanoHHas cuctema
BHyTpeHHWit NpoBoAHNKOBbIN anekTpop, (Ag/AgCl)
BHyTpennmii 6ydep + KCI (pH 7)
[Jvadparma pH-4yBCTBUTENbHAR CTEKNSHHAs MeMOpaHa

Puc. 9: KOHCTpyKLyst KOMOMHMPOBAHHOTO 3NIEKTPOAA

OnexTpop, cpaBHeHWst C pacTBOPOM 3-x MonsipHoro xnopuaa kanus (KCI) pocTyneH B Xupkoit
opMme B )aHHOI KOHCTPYKLMK anekTposa. JanHblii GydepHblit pacTBOp MOXET ObiTb CHOBA
3an0/HeH Yepes 0TBepCTUE 1S 3ar0NHeHNs. YkasaHHbIe TMbl 30HA0B UMEIOT AUTENbHBIA
CPOK CAyXObl C TEM HE[OCTATKOM, YTO Bydep C paCTBOPOM INEKTPONUTA AOMIKEH PEryAipHO
3an0MHATLCA. ECNv 3TanoHHbIA 3NeKTPONT 3aMeHSIETCS reieM, TO TOrAa npy M3MepeHnn
HEOBXOANMO CChINATLCS Ha renesbli ANEKTPONT.

pH kabenb

CreknsHHas TpyOka anekTposa,

YCUIEHHas MACTMKOBLIM PyKaBOM

3-x monsiphblit KCI

HaCbILLEHHBIA ANeKTPOIUT B GOpMe renst

BHYTPEHHsIS STaNlOHHas cucTema

BHYTpeHHMIt NPOBOAHNKOBbII BNIEKTPOA,

(Ag/AgCl)

BryTpernmit 6ydep + KCI (pH 7)
[vadparma pH-uyBCTBUTENbHAS CTEKNHHAs MeMOpaHa

Puc. 10: KoHCTpykumst KOMOGUHMPOBAHHOIO 3NIEKTPOAA C TeNIEBbIM 3NIEKTPOIUTOM




- Www.testo-spb.ru

2.2.4 pH anextpoap! Testo c nonuMepHLIM 3NEKTPONNTOM

3anareHToBaHHbIe pH anexTpopibl Testo BKNOYAIOT B ce651 aNeKTPOLbI C MHTErPUPOBAHHBIM
TEMMepaTypHbIM 30HAO0M. Takim 06pa3oM, 0AHOBPEMEHHOE U3MEPEHIE TEMMEPATYPbI TAKXE,
kak 1 onpepeneHme 3xadeHns pH BO3MOXHbI NPy MCMONb30BaHUN NMPOHMUKAIOLLMX 3NEKTPOLOB.
TMonumepHbIii reNlb BLICTYNAET B KAYECTBE ANEKTponuTa. Buay Hannums 60MbLLoro
NPOCTPAHCTBA BHYTPM aNeKTPoaa (06beM 3anonHeHWs ), ANEKTPOL UMeeT Bonee JTeNbHbIN
CPOK CNyX0bl, Y4eM ApYrie CONOCTaBUMbIE ANEKTPOLbI.

Mpo6nemy NoBpeXAeHUs K NONOMKM CTEKNA ANEKTPOAA, 0COOEHHO NPYU NPUMEHEHUM B
MULLEBOM CEKTOPE, PELLIAET CTEKNSIHHbIA ANEKTPOL, U3MEPEHWS, MOMHOCTBIO OKPYXEHHbIi
MaCcTMacCOBbIM KOXYXOM. TONbKO HAKOHEYHMK 30HAA HA HECKObKO MUNIMMETPOB BbICTyMaeT
113 KOXyXa TaK, YT0Obl BHELLIHWIA CJO MIMEN KOHTaKT C 00beKTOM namepeHus. NMomecTus
MaUIeHbKYIO CTEKISIHHYIO TPYOKY onpeeneHHbIM 06pa3oM, MOXHO A0CTUYb NOAXOASLLErO
YPOBHSI FMOKOCTY NPY M3MEPeHNM B TBEPAbIX MaTepuasiax, YTo NPUBOANT K Bonee AnnTenbHOMY
CPOKY CNyXObl 1aXe Npy UCNONb30BaHNM B XECTKVX YCIIOBUSIX.

OTaNIOHHbIi# ANEKTPONNT (reflb) ANeKTPOA CpaBHeHMs TemnepaTypHbiil 307,

pH crexno

/

[nacTukoBbIi KOXyX W3mepuTenbHblit
3neKTpoz,

[vadparma

Puc. 11: Mpodunb 3anateHToBaHHOTO anekTpoaa Testo ¢ renem.

[pyrum NpenMyLLECTBOM Takux 3NEKTPOAOB SBNSIETCS crieunanbHas avadparma. ManeHbkoro
CBSA3YIOLLIEr0 OTBEPCTUS MEXLY SNEKTPONIMTOM U CPEeoi M3MePeHUs 0CTaTouHO Braroaaps
reneBoMy xapakTepy aTanoHa (He xmakoro). B 3oHaax Testo nonas avadparma umeet fga
MasieHbKIX OTBEPCTHS, KOTOpble 06eCreuMBaloT 0OMeH anekTpoHamu. nasHoe
MPEVMYLLIECTBO NMONOiA AvacdparmMbl COCTOUT B TOM, YTO NOYTU He 00pa3yeTcst HUKAKoro
3acopa. 310 MMeeT 0COBEHHOE 3HAYEHNE AN XMPHbIX PACTBOPOB, @ TAKXE ANS MULLEBOrO
CeKTopa W CTOYHbIX BOL,.
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2.3 ToprotoBka U UCXOAHbIE AAHHbIE UBMEPEHUs
2.3.1 Kanubpoeka

B meTponorun, 3 TepMuHa, NPEACTaBEHHbIE HIXE, PAasNuualoTes Mo CMbICY:

— Kanubpogka
— Hacrpoiika
— lNosepka

"Kannbposka" 03Ha4aeT NPOLIECC MOHUTOPMHIA U JOKYMEHTMPOBAHUS M06Oro OTKINOHEHMS B
n3mepeHumn. 3amepeHHoe 3HaYeHre CPaBHUBAETCS C YCTAHOBJIEHHBIM 3HAYEHUEM, U
OTKINOHeHMe dukenpyeTcsi. Mpu 3TOM MHCTPYMEHT NPOAOMXAET 0Tobpaxarb "HenpasuibHoe"
3HayeHue, X0TS ero OTK/IOHEHWE OT YCTAHOBJIEHHOTO 3HAYEHUS CTaNI0 U3BECTHBIM.

"HacTpoiika" - NpOLIECC ICTUPOBKM (Hanaaku) U3MEPUTENBHOTO NpUbopa ¢ Y4eTOM
OTK/OHEHWs!, 3apUKCMPOBAHHOMO NpK KannbpoBke. MHCTPYMEHT Tenepb oTobpaxaet
"NpaBubHOE" 3HAYEHNe U3MEPEHMSI.

"Mosepka" - opuLmanbHas NPoBepKa, MPOBOAVMAS HALMOHABHBIM WITN PErVOHANBHBIM
METPOJIOrNYeCKMM OPraHoM 1St YCTaHOBNEHWst akTa, YTO MHCTPYMEHTbI U3MEPSIOT B paMkax
MOrPeLUHOCTEN, YCTaHOBNEHHBIX B 3aKOHOAATENbHON METPONOTUN.

CTporo roBopsi, METPOOrMHECKUiA TEPMUH "KanMOpOBKa" He BKITKOYAET B ce0st MoHsTME
MPOLIECCa HACTPOIIKW (Hanaaku) MHCTpymMeHTa. OfHaKO, 3a4acTyio TepMUH “KannbpoBka”
MOHMMAETCS PaCLUMPUTENBHO, Kak COYETaHNe COBCTBEHHO KanmBPOBKY C HACTPONKON
npubopa. Takum 06pasom, B HACTOSLLEM PYKOBOLACTBE Mbl OyaeM UCnonb3osaTh CNOBO
“kanmbpoBKa”, BKMIOYAIOLLAACS B CeOs 2 NOHITMS: KanMOPOBKW 1 HACTPOIIKK.

3a4em HyxHa kanmbposka?

BHYTpeHHss KOHCTPYKLWS pH anekTpofia YCTpoeHa Tak, 4Tobbl aNeKTpoz, Nofasan
anekTpuyeckoe Hanpsixerre 0 MB npu pH daktope 7.0. [laHHas TOYKa ON1CaHa kak Hynesas
T04Ka KOMOVHWUPOBAHHOTO 3nekTpoa. OfHAKO, HA NPaKTUKE, PeaibHas HyNeBas TO4Ka
KOMOWHWUPOBAHHOTO 3NEKTPO/A OTKJIOHSIETCS OT 3TOTO MAEANBHOIO HYNS. ANEKTPOA NoaaeT
HanpsixeHue, koTopoe cnerka oTknoHsietcs ot 0 MB npu pH daktope 7.0 (Hanp., +5 MB).

Mpu4rHbI 1S OTKNIOHEHMIA - HANPUMEP, PaboTa PasN4HBLIMM NAPTUSIMIA NPOLYKLIAN U
u3HawwmBaHve pH anektpoaa. CnenosarenbHo, B TeYeHIe kabpOBKY BbINONHIETCS
"KoppeKums Hyna" [ UCNPaBIIEHUs HYNIEBOIA TOYKW. HanpsxeHue HyNeBoii TOUKY
(HeiATpanbHOe HanpsxeHue) pH anekTpoaa YacTo Takke Ha3biBaIOT ero aCUMMETPUYHBIM
MOTEHLMANOM, XOTS! 3TOT TEPMUH HE COBCEM KOPPEKTHBIA C TOYKM 3PEHNS ANEKTPOXUMMN.

Heobxommmo paccMoTpeThb Takxe Ipyroii acnekT Bonpoca. Kak Mbl yXe roBopunu B rnase
2.2, pH anexTpoabl nogaioT Hanpsixexne B MB. Mpu Temneparype 25°C, aaHHoe pH-
3aBMCMMOe HampsixeHne paBHo 59 MB/pH (MunnusonbT Ha pH dakTop). Hanpumep, ecnu pH
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u3mMepsiemoro Bellectsa uamensietcst ot pH 4.00 go pH 5.00, HanpsixeHue, noaaBaemoe
3neKTpoaoM, 6ynet nameHsTeCs Ha 59 MB. 310 OTHOLLEHWE OTOBPAXEHO B yPaBHEHUM
HepHcra [1].

/3MeHeHe 3HaYeHNs HanpsxeHus, Koraa uaMeHsetcs pH $akTop Ha OfHy eAnHULLY,
Ha3bIBAETCS HAKIIOHOM XapakTepucTuki pH anekTpoaa. [laHHbIA HAKOH TakXe 3aBUCHT OT
TEXHUYECKMX 1 BKCTIYaTaLMOHHBIX XapakTepucTuK anextpoaa pH daktopa (Cpok Cryxobl,
Harpyska v T.4.). pH aNeKTpofL 0MKeH PerynspHo kannbpoBaThes, Tak Kak ero Hynesas
TONKA M HaK/OH XapaKTepUCTUKN MOTYT ObiTb M3MEHEHbI BHELLHUMM U3MEPUTENbHBIMM
(aKkTOpamm 1 eCTECTBEHHbIM MPOLIECCOM M3HOCA.

Wtor: Bo Bpems kanunbpoBky onpenenseTcs U COXPaHAETCa HeUTPaIbHOE HANPSXXEHUE U
HaKJIOH XapakTepucTukv pH anekTpoaa B M3MEPUTENbHOM eanHuLe. Tonbko nocne 3Toro
KaXz0e M3MepPeHHoe 3HauyeHne HanpsixeHus Gynet TO4HO COOTBETCTBOBATL PH dakTopy.

3a4em HyxHa kaambposka?

CrenyioLiiee onucaHne NpuroaHo Ans CopeMeHHbIX pH-MeTpax, yrpasnseMbix
MMKPOMPOLIECCOPOM. [ingl aTMX NprGOpoB, B OT/MYME OT pH METPOB C POTALMOHHBIMU
MOTEHLMOMETPAMM U T.J1., NOCNEA0BATENbHOCTb MCTIONb3YeMbIX GydEpHbIX PACTBOPOB He
MIMEET HUKAKOrO 3Ha4YeHus.

MpoLecc kanbpoBkM, kak OMMCAHO BbILLE, LOMKEH ONPeaeIuUTb GYHKUMIO MEXY BbIXOAHBIM
HanpsXEeHWeM 3NeKTPOAA U COOTBETCTBYIOLLMM 3HayeHreM pH. Mpu 2-x To4eyHoi
kanmbpoBke OTHOLLEHWe Mexay pH GakTopoM 1 HanpsxeHUeMm - HeiiHoe. Moatomy,
OTHOLLEHWE HanpskeHne/pH NpeacTaBneHo B BUAE NPSAMONA IVHMN.

[insi Toro 4To6bl ONPEAENTL HYNEBYIO TOUKY M HAKIOH XapaKTepuUCTUKW ANeKTPOAa,
HEOBX0MMO M3MEPUTb HaNpPsHKEHNe ANEKTPOAA B ABYX TOYKAX, T.e. Npu 2-X U3BECTHbIX pH
dakTopax - 0TCIofa M TEPMUH "2-X TOYEYHas kanmbpoBka'”.

[inst TOro 4T06bl ONPEAENNTL MHUN YPaBHEHNS, TPEGYIOTCS Napbl 3HaueHmil (pHq/MB1) n
(pHy/MBy). [iBa 3Hauenmns pHy 1 pH, onpenensioTea npu 1Cnob30BaHM BydepHbIX
pacTBOpOB C u3BeCTHbIM pH dakTopom, Takux kak pH 4.00 u pH 7.00. Morpyxas pH anektpog,
B ABa OydepHbIX pacTBOpa, M3MEPUTENbHBIA MHCTPYMEHT NOCNENOBATENBHO M3MEPSIET
cooTBeTcTBytoLLee HanpsxeHue Uy u Uy.
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Puc 12: 2-x ToueuHas kannbposka pH anextpoaa

M3mepuTenbHbIiA MIHCTPYMEHT PaCcCuMTLIBAET 0GLEAVHEHHYIO KPUBYIO KaNMOPOBKY U3 ABYX Nap
3HaveHnii (pH4/U4) 1 (pHo/Uy). C NOMOLLBIO JAHHOTO METO/A BbIMONHAETCS KOPPEKLMS Hyns
(Puc. 13) n pacyeT HaksOHa xapakTepucTukv anektpoaa S (Puc. 14).

U (mv) A

Puc. 13: Koppekums Hynst pH anextpopa

TemnepaTypa Takke OKa3biBaeT CyLIeCTBEHHOe BnusHue Ha pH daktop. pH daktop
M3MEHSIETCS NpY konebaHusix Temnepatypbl (M. [nasy 2.3.3), NOTOMY 4TO aKTUBHOCTb MOHOB
W CTeneHb AMCCOUMAUMM (KOHCTaHTa AMCCOLMAuMM) KOMMOHEHTOB BOAHOTO PacTBopa
M3MEHSIETCS C TeMnepaTypoii. [aHHbiil GpakT Takxe npumMeHsieTcs k BydepHbiM pacTopam pH,
UCMONb3yeMbIM MpU KaMbpoBKe.

21
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umv) o

ideal

real

Puc. 14: Onpepenexue HaknoHa xapaktepuctikv S pH anektoga

Heobxoammo y3HaTb W COXpaHUTb B U3MEPUTENBHOM WHCTPYMEHTE TOYHYIO TeMMepaTypHYIio
XapakTepucTuky, ucrnonbayemblx pH GydepHbix pactBopoB. Kpome TOro, M3MepuTeNbHbli
npubop aonxeH obnagatb AaHHLIMM O Tekylieid Temneparype. 9TU JaHHble MOryT ObiTb
MoNyYeHbl aBTOMATUYECKW C MOMOLLBIO TEMMEPATYPHOrO0 CEHCOPa WM BBEEHbI BPYYHYIO,
3apaHee N3MepeHHbIE UM PacCYUTaHHbIE.

Korga Heobxoanma Kanmbposka?

KannbpoBky HEOOXOAMMO NPOBOAMTb, Kak TOJbKO 3HAYEHWE W3MEPEHMs, MPOBEPEHHOe
CTaHapTHLIM PH PacTBOpOM, He COBMaaaeT co 3HaueHnem BydepHoro pacteopa. Tpebyemas
TOYHOCTb U3MEPEHIs JO/XHA ObiTb NPUHSATA BO BHUMAHME BO BPEMS KaiMOPOBKM.

2.3.2 BydepHble pacTBOpbI

BydepHble pacTBOpbI HEOOXO4MMBI [i/ist IPOBEPKY 1 KannbpoBki pH namepuTenbHoi
cuctembl. OHn HasbiaioTcst pH GydepHble pacTBOpbI, Tak Kak COXpaHsIoT 3HaueHne pH
cTabunbHbIM, T.e. MoryT addekTuHO "BydepranpoBath” (CoxpaHsiTh) 3HaueHus 6e3
U3MEHEHNIA.

Cneupanuctbl Bbifensitot 3 Tuna 6ydepHbix pacTBOPOB:

— DIN 6ydepHble pacTBopbl corniacHo cranpapty DIN 19266
— TexHudeckvie 6ydepHble pacTBopbI

— CneumanbHble 6ydepHble pacTBopbI
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DIN 6ydepHbie pacTBopbl cornacHo craHgapty DIN 19266

DIN 19266 pekomeHfyeT CTaHAapTHbIE PaCcTBOPbI ANst KANMOPOBKM, COOTBETCTBYHOLLME
CTaHfapTaM TOYHOro u3meperus [6]. "CranpapTHble” BydepHble pacTBOpbI Obiv 0TOOPaHbI
Haumonanshbim Bropo Ctanpaptos (NBS, tenepb NIST, CLLIA), notomy 4T0 OHM nerku B
U3rOTOBIEHUM, UMEIOT JONMMIA CPOK CNyXObI, XOpoLUMe BydepHbie XapakTepucTUKi 1
BOCNPOM3BOANMOCTb. OnpenesnieHHasl norpelHocTb pH daktopa "CraHaapTHLIX" BydepHbIX
pacTBopoB - Makc. 0.005 pH B Temneparypom auanasoHe ot 0 °C o 60 °C u makc. 0.008
pH ot 60 °C mo 95 °C.

BbICOKME 3HAuYEHWs NOrPeLIHOCTel TPEBYIOT ¢ 0CTOPOXHOCTBIO MPOBOANTL paboume
npoLeaypbl KannbpoBku. 310 TpebOBaHNE NPUMEHSIETCS K 0BCNYXMBAHMIO N3MEPUTENBHOI
CUCTEMbI 11 HEMOCPEACTBEHHO K NPOLIECCY KannbpoBKku. [OnonHUTENbHYIO MHGOPMALIO
MOXHO HaiiTui B [nase 2.3.1.

TexHuyeckue GydepHbie pacTBOpbI

B oTnmume ot bydepHbix pacTBOpoB, COOTBETCTBYIOWMX cTanaapTy DIN 19266, TexHuyeckve
BydepHble pacTBopbl, KOTOPbIE BKOYaOT GydepHble pacTBopsl Testo, pa3paboTaHbl,
rNaBHbIM 06pa3oM, 191 eXeAHEBHOTO CMOb30BaHMS. ECTb pasHoobpasne MEeTOL0B s ux
npoussoacTea [1].

TpeboBaHMs TOYHOCTY [/1st 3TUX BYEPHBIX PACTBOPOB DOJIEE COOTBETCTBYIOT [1/1S1 €XEAHEBHOMO
1CMO/Ib30BaHMSI; OTKIIOHEHWE 00blYHO cocTaBnseT 3Hadenre Mexay 0.01 1 0.05 pH.

9Tn BydepHble pacTBOPbI MOTYT Peann30BbLIBATLCS N0 OONEe HU3KOM LieHe, YeM bydepHble
pacTeopbl DIN 19266, u3-3a HemHOro 6Gonee HWU3KOW TOYHOCTM. Kpome TOro, TeXHUueckue
GydepHble pacTBOpbl 4acTo MMetoT 6onee BbICOKYID OydepHyto crocobHocTb, T.e. ux pH
aKTop 0CTaeTCs YCTOMuMBLIM Bonee AnuTeNbHbI cpok [1]. s Toro 4Tobbl NPefoTBpaTUTL
0LwmboK B BbIOOPE, 3TN BydepHble paCTBOPLI YACTO NOCTABASIOTCS OKPALIEHHBIMU B Pa3NNYHbIE
LBeTa.

[lpyroit BapuaHT TexHmyeckux BydepHbix pacTBOPOB 0OECTeYMBAET TOYHOCTb B COOTBETCTBIN
co craHpaprom DIN 19267 [7].
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TexHonorus usmepexus pH B peranax

DIN 6ydepHble pacTBopbl Testo 6y¢e;le|e pacTeopbl

°C 1.685 4.006 6.865 9.180  2.00 400 7.00 10.00
10 1.670 4.000 6.923 9332  2.00 400 7.07 10.18
15 1.672 3.999 6.900 9.276  2.00 400 7.04 10.14
20 1.675 4.001 6.881 9.225  2.00 400 7.02 10.06
25 1.679 4.006 6.865 9.180  2.00 400 7.00 10.00
30 1.683 4012  6.853 9139 198 401 699 9.9
35 1.688 4.021 6.844 9.102 1.99 402 698 991
38 1.691 4027  6.840 9.081
40 1.694  4.031 6.838 9.068  2.00 403 697 985
45 1.700 4.043 6.834 9.038
50 1.707 4.057 6.833 9.011  1.99 405 696 9.78
55 1.715  4.071 6.834 8.985
60 1.723 4.087 6.836 8.962 1.9 408 696 9.75

Tabnuua 3: CpasrutensHas Tabnnua DIN GydepHbix pacTBopoB u Testo BydepHbIx pacTBOpoOB

Tabmua 3 oTobpaxaeT TemnepaTypHble xapaktepucTikv pasnnynbix DIN [6] v GydepHbix
pacTeopoB Testo. Cneayet oTMeTUTb, 4T0 pH BydepHOro pacTBOpa COOTBETCTBYET 3HAYEHNIO
Ha NeYyaTHOM CTMKepe TONbKO NPy OnpefeneHHoii Temnepatype. Hanpumep, pH 7.00
6ydepHoro pacteopa nmeet 3HaueHre pH 7.00 npu 25 °C. Mpu 15 °C 10T Xe camblii pacTBOp
umeeT pH daktop 7.04.

CneumanbHble GydepHbie pacTBOpbI

Mpu cneumanbHbIX NPUMEHEHNSX, TEOPETUYECKN N0OOI PacTBOpP C M3BECTHLIM PH dakTopom
¥ NPV ONpPefeneHHo TeMnepaType MOXET UCMONb30BaTLCS B KaYecTse KaMbpPOBOYHOrO
pactBopa. Kpome Toro, B 610n0rM, Hanpyumep, CyLLECTBYET HECKONBKO CrieuMabHbIX
6ydepHbix pacTBopoB. CaMble M3BECTHbIE - pacTBOpbI TRIS. WX npenmyLLecTBOM SBNSIETCS
TO, 4TO NMONb30BATENb UMEET BO3MOXHOCTb BBECTW 3HA4eHUst pH aTix BydepHbIX pacTBOPoB B
U3MepUTENbHBIA MHCTPYMEHT, ECIN HEBO3MOXHO NPOBECTM KannbpOBKY.

JononHuTenbHas uHpopMaLms 1 COBETHI 110 UCTOb30BaHUIO OYPEDHBIX
pacteopos pH

O6blyHble OydepHble pacTBOPbLI MEHEe YCTOMuMBLI MPU WCMONb30BAHWM HA BO3JyXe, Yem
KUCNIOTHblE GydepHble pacTBOPbI, NOTOMY 4TO MX pH aKTOp CHUXEH KUCNOTHBIM 3pdEKTOM
peakuum ¢ yrnekucnbiM ra3oM. CnefioBatenbHo, dhnakoHbl ¢ pH BydepHbIM pacTBOPOM JONXEH
ObiTb repMeTU4HO 3aKpbIT Noc/e UCnoJib30BaHUS.

BydepHble pacTBOpbI AOMXHbI ObITb MCMONB30BaHbI TONLKO OAVH pa3. Hukorpa He BbinvBaiiTe
6ydepHbiii pacTBop 06paTHO BO HakoH, MHAYe OH BYAET UCMOPYEH.
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2.3.3 BnusgHue koneGaHusg Temneparypbl

Temnepatypa SBNSETCS OAHUM M3 CaMblX BRXHbIX NAPAMeTPOB, KOTOPbIi 0MKEH ObiTb NPUHST
BO BHMMaHue npu uamepenum pH daktopa. Bce xvummuyeckue npouecchl mo CBOEH CyTu
TEeMNEepPaTypHO-3aBMCUMbIE  Peakumn paBHoBecusi. [oatomy, u pH daktop n3mepsemoro
pacTBOpa, W OTBETHbI CurHan pH M3MEpUTENbHONM CUCTEMbI 3aBUCST OT TEMMEPaTypbl.
TemnepatypHas xapaktepuctuka pH 6GydepHoro pactBopa obCyxmanach B Mpembimyliem
naparpade.

Hactoauwmii naparpad MOCBSILEH WCKNIOYUTENLHO TEMNEPATyPHOI  XapakTepucTuke
HenocpencTBeHHoro pH anekTpoaa.

Hanpsixenue anextpoga (MB)
0C

20C
50°C
100C

W3onoTeHumanbas Touka

3HayeHne pH

Puc. 15: 3aBucumocTb pH anekTpoga ot Temneparypbl

XapaktepuctukamMm KOMOMHMPOBAHHOTO 3NEKTPOAA SIBASIOTCS M30MOTEHUMANbHAS TOYKa W
HaKMOH TemnepaTypHoii xapaktepuctuku. OBe mepemeHHble ONpeaensiloTcs BO BpeMms
KanmbpoBkM 1 oTobpaxaioTcst pH M3MepPUTENbHBIM MHCTPYMEHTOM (Inasa 2.3.1).

MpuHUMas BO BHUMAHME, YTO U30MOTEHLMASIbHAS TOYKA KAYECTBEHbIX SNEKTPOLOB NOCTOSIHHA,
Ha OTKNOHeHWe pH anekTpoaa BAMSET Temnepatypa. Hanpumep, npu u3meHenun curkana pH
anekTpoja npumepHo Ha 59 mMB Ha emuHnuy pH npu +25 °C, otknoHenve npu +10 °C -
npumepHo 56 MB/pH, BoapacTas no 66 MB/pH npu 60 °C. Moatomy, TOT Xe camblii aneKTpoz, B
06pasuge ¢ nocTosiHHbIM daktopoM pH 4.0 nogacT Hanpsixexve npubnuautensHo 168 MB npm
10 °C, 177 mB npu +25 °C u 198 mMB npu +60 °C, nnioc 3HauyeHue HanpskeHus,
COOTBETCTBYIOLLEE U30NOTEHLMANBHON TOYKE.

pH-MeTp yunTLIBAET )aHHOE BMSIHME TEMMEepaTypbl: Mocne kanMbpoBKM BCEraa NPUHUMAETCS
BO BHUMaHME PeaibHbIV HAKIOH TEMMepaTypHOIA XapakTepuCTUKK W 3HayeHne pH BLIBOAUTCS C
€r0 Y4ETOM, NPUBELEHHOE K CTaHAAPTHOM Temnepartype +25 °C.
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Heobxonmmo yTouHuTb, 4TO Npu M3mepeHnn pH dakTopa, NpoBepsieTcs TemneparypHas
XapaKTepucTMKa aNeKTPoAa, a He obpasuia. pH dakTop 1 Temneparypa Bceraa CoCTaBnsioT
€[MHOe LienIoe Npu ykasaHuu pesynbTatos uamMepenus. Tonbko 3HaueHust pH, nonyyeHHble
npy TOW Xe camoil Temnepatype MoryT ObiTb CPaBHEHbI APYT C APYTOM.

CoBpeMeHHble pH-MeTpbl ¢ 2-X CTPOYHbIM AVICTIEEM [1si OBHOBPEMEHHOTO 0TOOPaXeHUs
[IBYX M3MEpEHHbIX NepemMenHbIX 1 pH 3neKTpoabl CO BCTPOEHHBIM TEMMEPaTypHbIM CEHCOPOM
06n1eryatoT nob30BaTeNio BbINONHEHME U3MEPUTENbHON 3374,

2.3.4 bydephbie pacTeopbl Testo ¢ KanMGPOBOYHbIM KOHTEIHEPOM

OyeHb BaXHO 04MLLATb 30HE, [0 NPOBEAEHMS KaNMOPOBKM, 4T0OLI M30EXaTb 3arpsiaHeHNs
6ydepHoro pacteopa. OaHako, MaeHbkIe KONMYECTBa M3MEPSIEMOr0 PACTBOPA MM BELLECTBA,
Menkuie TBEpAbIE YaCTULLbI BCEra nonapatot B 6ydepHblit pacTeop. Mo3Tomy, kanmbposka
[ONXHA BCEra BbINOMHSTLCS B MOAXOASLLEM KOHTEIHEPE (Hanp., B MeH3ypke), a OydepHbiit
pacTBOp J0XeH ObiTb MCMOAB30BAH TOMLKO OfMH pa3. HoBble pnakoHbl pH GydepHoro
pactBopa Testo ¢ kannbpOBOYHBIM KOHTEIHEPOM O4€Hb YPOLLIAIOT NPOLIECC U3MEPEHMS,
CoxpaHss bydepHblii pacTBop.

KannubpoBoYHbIE KOHTEHEPbI PACNONOXEHbI B OCHOBHOM CEKLM (pNakoHOB Ha 250 mi.
KoHTeiiHep 3anonHseTcs HaxaTem Ha ¢nakoH. PacTBop ans kanubpoBki B KOHTENHEPE
BbUIMBAETCS MPU 3aBEPLLIEHNN KNMOPOBKY; OCTAIOLLASCS XWAKOCTb OCTAETCS BO (IaKOHe; 3T0
rapaHTUPYET, YTO HOBBIV BydepHbIit pacTBOP He OyaeT 3arpsiHeH. bydepHsbie pacTeopsl pH
KoMnaHum Testo AocTynHbI co 3HaueHnsMu pH daktopa 4.01;7.00m 10.01.

Puc. 16: BbicTpas 1 nierkast kanMbpoeka ¢ 1CMob30BaHUeM KaMOPOBOYHOMO KOHTEHEpa
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2.4

U3amepenue

Mepen BBOAOM PH-MeTpa B aKcmnyatauwio, Mpubop U anekTpoabl AOMKHbI CHayana ObiTb
BU3Ya/IbHO OCMOTPEHbI ANS TOrO, YTOBbI rApaHTUPOBATL MX UCMPABHOE COCTOsHUE. B cryyae
HEOoOXOAMMOCTH, M3MEpUTENbHAS CUCTEMA LONXHA ObiTb OTKAMOPOBaHA B COOTBETCTBUM C
peKOMEeHIALMAMI 3aB0[1a-WU3rOTOBUTENS.

3atem crefyiiTe HUXeYKa3aHHbIM PEKOMEHAALMSIM:

a.

BuibepuTe anekTpoz, 1 n3MepuTeNbHbIA MHCTPYMEHT B COOTBETCTBUM C TUMOM
“3MepuTENbHOIA 3aa4m (cM. Mnaga 4.2).

[MpoBepbTe AneKTpos, (YPOBEHb XMUAKOCTU, LIENOCTHOCTb CTEKNSIHHOMO MOKPbITS).
lepes n3mepeHreM OTKPOIATE 3arnyLLKy.

MoacoennHute anekTpog Kk pH-meTpy.

[pomoiiTe anekTpoz, B BOAE U BLITPUTE Hacyxo. HeT HeobXxoaMMOCTH CUIbHO TEpETb,
TaK Kak MOXET 06pa30BaTbCs ANEKTPUYECKIA 3aPSZL HA CTEKNSIHHOW MemMOpaHe, Tem
caMblM, 33ePX1Basi NPOLIECC N3MEPEHMS.

MorpyauTe anekTpoz B pacTBOp U3MEPEHUS U HEMHOTO NOMeLLaiiTe. 3aKoHYUTe
MeLaTb. YoeamuTech, YTo aNeKTPOZ NOrpyXeH J0CTaTo4HO rny6oko, T.e. avadparma
norpyxeHa B pacteop. BoamoxHo, bymyT oTobpaxeHbl pastble pH akTopbl B
nepemMeLLMBaemMoM M HETPOHYTOM pacTeopax. Boobiwe, pH dakTop “crokoiiHoro"
pacteopa Gonee ToueH. B cyyae MCnonb3oBaHms 30HA0B C 3aLUMTHBIM KOXYXOM,
YAOCTOBEPLTECH, YTO HET HUKAKWX BO3MYLUHBIX MY3bIPbKOB OKOJIO CTEKNSHHOM
MeMOpaHbl U vadparmbl.

MopoxauTe, noka N3MepsAeMoe 3HaueHe CTaHET CTabKUIbHBIM (HaNP. C MOMOLLbIO
aBTOMaTnyeckoii gpyHkumm "hold"), npoBepbTe, pacneyaraiite, COXpaHUTe Unm
nepepaiite aaHHble Ha MK

[pomoiiTe anekTpoz, BOAOMPOBOAHOI BOLOW W XPaHUTE B COOTBETCTBUM CO
creuvdukaLmsaMm 3aB0aa-13roToOBUTENS.

3HaueHWe TemnepaTypbl PacTBOpa AOMKHO ObiTb 3adUKCMPOBAHO COBMECTHO CO
3HayeHnem pH. [laHHoe ycnoBue oTHOCKTCS KO BceM pH namepennsm n Bcem pH
M3MEpUTENbHLIM CUCTEMaM.

He TpebyeTcs npukpennsTb 3NeKTPoz, K Npubopam ¢ NOCTOSIHHO NOAKIIOYEHHBIM 3NIEKTPOLOM.
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3. Mpakruyeckue acnextsbl pH usmepenuns

3.1  Yxom u obcnyxusanue pH anektpopa
3.1.1  Ycnosws xpaHeHus
OJJ.HO BaXHOE NPaBuJI0 OTHOCUTCH K XPaHEHWIO:

KoMO1HMpPOBaHHbIA 3NeKTPOp, LOMKEH BCErAa XPaHUTLCS B PACTBOPE, UCMONb3YEMOM B
3TaNOHHOI cucteme. MpUyMHON 3TOMy SIBASIETCS TO, YTO 3TaNOHHbIA PAacTBOP U PacTBOp ANs
XpaHeHusi 6ynyT MMETb OAMHAKOBYIO KOHLIEHTPALMIO COMK, @ €CNIN SNEKTPOL XPaHUTCS B
IMCTUNNNPOBAHHOI Boae win BypepHoM pacTBope, TO KOHLIEHTpauus byaeT pasHoil. B
Ccrny4ae xpaHeHus B 6ydepHOM pacTBOpe, MOHbI MOTYT NEPeMELLATLCS, @ BOAA MOXET
pacnpoCTPaHUTLCS U3 PacTBOPa AN XPaHeHUs Yepe3 auadparmy B anekTpos, pasdasnss
3TaOHHBIIA PacTBOP.

B pesynbTate, NpoLecc u3Mepenus 6yaeT MEeLIEHHbIM,  JaHHbIE HETOYHBIMM.

OpHaKo, B KDUTUYECKMX CUTYaLMsIX, XpaHeHe B BydhepHOM pacTBope (ecnv Bo3MOXHO ¢ pH
dakTopom 4) npeanouTUTENbHEE CYXOMY XpaHeHuto. Cyxoe XpaHeHue paspyLuaeT BHELIHWN
/IO CTEKNSIHHON MeMOpaHbI, a Takke BbICYLUMBAET 3TasloHHyI0 cuctemy. Mocne Toro, kak pH
membpaHa uccoxna, pH anekTpoz, OMKeH ObiTb BOCCTAHOBIIEH B TEYEHNE HECKOJbKMX YacoB
B MCTWINMPOBAHHOI BOZe Neper, CReayioLmM u3MepeHuem. U B panbHeiLueM anexTpos,
NOSXEH ObITb COXPAHEH B COOTBETCTBYIOLIEM PACTBOPE [1st XPaHEHuS.

O6bI4HO, STANOHHBIN PACTBOP, MCTONb3yeMblii B pH 3N1eKTpoaax - pacTBop C 04eHb BbICOKOI
KOHLIEHTpaLueli conu. PacTBOp Anst XpaHeH!s! Takke [I0NXEH UMETb 04EHb BbICOKYIO
KOHLLEHTPALWMIO CONM, TaK KaK STaNOHHbIA PACTBOP 1 PacTBOP /NS XPaHEHs! AONXHLI UMETh
0JMHAKOBYIO KOHLIEHTPALWMIO. Ha NpakTIke 4acTo 06pasyloTcst KpUCTAIbI COMNA.

[laHHble KPUCTaNILI MOTYT BbiTb SIETKO OMO3HaHb! HOPMUPOBAHMEM GEIOr0 NOKPLITUS Ha
TpyOKe 3NeKTPOaA M CHApYXV Ha Koamayke. JT0 MoKpbITve 6e3onacHo s anekTpoaa, Bol
MOXETE Nerko CMbITb €ro BOJOIA, a Ka4YeCTBO U3MEPEeHUs He GyaeT COXpaHeHo. XpaHeHue
MEKTPOZOB B CTOAYEM MOSIOXEHUM YMEHBLIAET KPUCTAIM3ALMIO.
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lpakTnyeckue acnekTsl pH u3mepeHus

3.1.2  Yucrka anektpoaa
AneKTpoAbl AOMXHBI ObITb OUMLLEHBI:

— nepeq kKanubpoBKoii (Nepep, morpyxeHuem B OydepHbiii pacTeop),
— niepeq N3MepeHeM,
— 10CNe U3MEPEHNS.

YucTka Heobxommma, 4Tobbl yoeauTbes,

— 410 ByepHbIE PACTBOPLI HE 3arpsi3HEHb! (M3MeHeHwe B pH),
— 4TO 3MePsiEMble 0OBLEKTbI HE 3arpsi3HEHbI,
— 4TO 3NEKTPOA FOTOB K CEAYIOLLEMY M3MEPEHWIO.

AnekTpoabl HeobxoaMMO OnonackmBaTh (Tennoi) Boaoil. B cnyyae HeobxoaumocTy,
103BOJIbTE BOAE CTEYb C 3NEKTPOAA UM akKypaTHO NPOTPUTE MArKUM BYMaxXHbIM
nonoTeHueM. Bo3MOXHOCTV BOCCTaHOBNEHUS SNEKTPOLOB onucaHbl B [nase 3.2.3. CunbHoe
Tpenne pH MemBpaHbl MOXET NPUBECTY K BO3HUKHOBEHWIO SNIEKTPUYECKOrO 3apsaa Ha
CTEKNSHHOI MeMOpaHe, Bbi3blBas 3HAYMTESbHYIO 3aEPXKY B OTOOPAKEHWM AaHHbBIX
13MepeHus.

Mpy NPOBELEHN M3MEPEHWIA B 04EHD BI3KUX MW IMMKUX CPEAaX, SNEKTPOA A0MKEH ObiTb
OYMLLEH B (TENNON) BOAE HEMEJIEHHO NOCTE U3MEPEHUS, T.e. NPEXe, YeM BELLECTBO
33COXHET Ha 3/1eKTPOJE.

[ng aTux v ApYrux KPUTUYECKMX CPEed, UMEPEHUS MOTYT UCTONb30BaThCs CrieLUMabHbIE
3NEKTPOAbI HA OCHOBE PEKOMEHMALINIA M3roTOBUTENEN.

3.13 lMpoBepka MHCTpyMeHTa
Camas npocTasi npoBepka pH anekTpoaa - Bu3yasnbHasi. [poBepbTe creayoLlee:

[poBepka YcTpaHeHue npobnembl
Cyxoii i pa3bem NUTaHUS UHCTPYMeHTa? Beicywmte dbeHom
B nopsiake n1 kabenb anektpopa? 3ameHuTe (ons aNneKTpomIoB

C Pa3beMHbIM COBAVHEHNEM)
Cyxoii i pasbeM A/1s ANeKTPOAA U COEAVHUTENBHOTO
kabens? Bbicywumte dpeHom

Het 1 MexaHnyeckux edekTos anekTpoaa
(Tpectyna creknsHHas MembpaHa) 3ameHuTe anekTpop,

B nopsiake nv 3TanoHHbIA 3neKTponuT
(ypoBeHb, TvM, LUBET N T.4, ...)? 3anonHuTL
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lpakTnyeckune acnekTsl pH u3mepeHus

[pyrue nposepku:

MpocTas u GbicTpasi NPOBEPKa MHCTPYMEHTA U 3NEKTPOAA - U3MePeHUe B BydepHoM
pacTeope. B aTom cnyyae, nocne kanubpoBKM, HCTPYMEHT IOMKEH NOKa3aTb 3HaueHue pH
6ydepHoro pacteopa. ZlonyctMas olwmbKa 3aBUCKT OT TOYHOCTM 3HaueHUs BydepHoro
pacTBOpa, MCMONb3YEMOro NEKTPOAA W NpoLeaypsl NpeapiayLeii kanbposku. Cnenyet
0TMETUTb, 4TO pH dakTop bydepa aomxeH ObiTb OTOOPAKEH NPK ONPEAENEHHO
Temneparypbl u3mepehusi, Hanpumep pH daktop 7.07 npu 10 °C. To xe camoe 3HayeHne
JOMXHO Takxe 6biTb 0TOOPKEHO MHCTPYMEHTOM B PEXIME U3MEPEHMS.

Bonee ToyHasi npoBepka pH anekTpopia obecne4mBaeTcs NOBTOPHOIA KanMbpoBKOiA (Hynesoit
TOYKM 1 rpaameHTa). Heobxommmo npuHsTh BO BHAMaHWE crieumdukaLmum 3aBofa-
WN3roTOBMTENS, Tak KaK OHM TaKXe COAEPXAT JaHHbIE O BOSMOXHBIX OTKIIOHEHNSX.
CoBpemeHHblii pH-MeTp coo6LLaeT 0 BO3HMKHOBEHUN OLLNOKN 13MepeHnst pH anekTponoMm.
Kpome Toro, faHHble 06 M3HOCE aNeKTPOaa MOXHO MONYYUTb M3 IaHHbIX O KanMbpOoBKM
(HyneBast TOYKa 1 OTKNOHEHWE 3NEKTPOAA). 3a AOMONHUTENBHOI MHpOPMaLVEN
peKkoMeHAyeTCs 00paTUTLCS K creumdukaumsm 3aBoaa-u3rotoButens.

3.2  WUcTouHukm owmboK
3.2.1  Xumuyeckue dakTopbl

XuMmnyeckumm dhakTopamu, kak NpaBuno, HasbIBAIOT, BCE 3arpsi3HEHMs, KOTOPbIE BAMSIOT Ha
paboty anektpona (cM. Puc. 17).

lMpneeaem npumep namepenuns pH daktopa B pacTBope GTOPUCTOBOAOPOAHOM KUCHOThI.
KucnoTa Bo3neiicTByeT Ha CTekno pH-MeTpa 1 MOXET pa3pyLunTb ero. s Takoi cpefbl
CrefyeT UCronb30BaTh CELMaNbHYIO CTEKNIHHYI0 MeMOpaHy.

OcobeHHo B cnabbix OydepHbIX pacTBOPax, HEOOXOAMMO C OCTOPOXHOCTBIO M3MEPSTh
3HauyeHne pH TOMbKO B 3aKPbITbIX, GECTY3bIPbKOBLIX KOHTEHEpax (cM. Mnasy 3.2.5).
3mepeHns [oNmXHbI NPOBOAMTLCS Ha MECTe, Tak Kak TPaHCMOPTUPOBKA BAVSIET HA
TEMNEPATYPHYIO XapakTepucTIKy obpasLia.

[ipyriM UCTOYHUKOM OLIMOKM, HANp., s 06pa3LOB M3 PYHTOBOI BOALI UK CbIPOI BOAbI M3
BOAONpOBOAa, sensetcs CO, B BO3AYXE, Tak Kak OH 06ecrneumBaeT 06pa3oBaHme
YrNepoANCToi KUCNOTLI B 00pasLie nameperns. B TeueHue fHs 3HaueHne pH daktopa MoxeT
noHM3NTLCS 6onbLue Yem Ha 0.1 pH no aToii npuymnHe.

3.2.2  Qduamnyeckune dakTopsl

OcHoBHbIM du3n4ecknmM GakTopoM SBNKETCS MEXaHNYECKoe NoBpexaeHue pH CTekNsHHOMN
Mem6paHbl (cM. Puc 17). CoBpemeHHble pH anekTpogibl Co CTeKNSHHOW MemMBpaHoii
3aLLMLLEHDI NIACTUKOBBIM KOXYXOM, EC/W NO3BONISIET KOHCTPYKLINS.
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B CJly4ae noJIOMKK Unn BO3HUKHOBEHWUA MENKUX TPELLUH pH CTeKna, anekTpoa Heobx0aMMo
3aMEHUTb, Tak KakK TO4HOE U3MEPEHME YXE HE rapaHTUPOBAHHO.

3.2.3  W3HoC anekTpopaa v oLwmOKy M3MepeHuii

pH anekTpoabl NpeAcTaBAstoT co60i ANEKTPOXMMMYECKNE CEHCOPLI. "KpuBasi XM3HM"
3/IEKTPO/IA HAYMHAETCS NPaKTUYECKM C NPOM3BOACTBA. C 3TOr0 MOMEHTA, XMMUYECKUE
NPOLLECCHI HEMPEPLIBHO NMPOXOAST BO BCEM anekTpoze. Hanpumep, gpopmupyetcs 1
U3HALLINBAETCS BHELLHMIA Cnoii pH MemOpaHbl. Bee xumuyeckue NpoLecChl, NpOUCXoasiLme B
3IEKTPOAE, - Of1HA U3 NPUYMH, MOYEMY SMEKTPOS, M3HALLIMBAETCS.

MpOAONXMTENBHOCTb CPOKA CNYXObl KOMOMHUPOBAHHOIO ANEKTPOAA - 1-3 rofa. 10, IMaBHLIM
06pa3soM, ONpeaeneHo ATaNoHHON CUCTEMOI 1 YCOBUSMI U3MEPEHNS 1 XPaHEHWS SNeKTPOA.

OKCTpeMaibHbIe Harpy3ku Takue, Kak 04eHb BbICOKOE 3HaueHue pH dakTopa, Beicokue
TeMnepaTypbl 1/unm 60/bLIME MEXaHUYECKIE HArPY3KH, YMEHBLUAIOT NMPOAOIXUTENbHOCTD
CpOKa CAyxObl 10 HECKOMbKMX MECSILIEB MU AXE HECKOJbKO HEfeNb. B CUNbHO LenoyHoi
cpene (pH > 13) pH cTekno noasepraeTcs BO3AENCTBIIO BLICOKMX TemnepaTtypax. B otamuve ot
LLEeNOYHOM cpefbl, AaXe 04eHb CimbHbIE kuenoTsl (pH daktop <1) BooOLLE He BANSIIOT Ha CPOK
cnyx6bl pH anektpopa (cM. Mmaga 3.2.4).

MpakTuyeckoe HabnioaeHwe:
YeenuyeHue Temnepatypbl Ha 10°C HanonoBMHY CoKpaLLaeT cpok cyx6bl pH anekTpoaa.

AddeKT M3HOCa MOXET NOAAEPXMBATLCS B Pa3yMHbIX NPefesax ¢ MOMOLLbIO KanMbpoBKy.
AnexTpoz, A0XeH ObITb 3aMEHEH, Koraa ero oTkioHeHue Hxe -52 MB/pH npu 25°C. 3tn
cneundukaLmm 0THOCITCS Ko Bcem pH-meTpam Testo.

Kak pacnoaHarb npuaHaki n3Hoca pH anektpoga:
— YBenuuuBaetcs ObICTPOAENCTBIE ANEKTPOA,

—  YBeNMYMBAETCS YyBCTBUTENBHOCTb CTEKNSIHHOM MEMOPaHDI K TPEHUIO
(anekTpocTatnyeckmin adpdekT),

— YBenmumMBaeTcs nepekpecTHas YyBCTBUTENBHOCTb AIEKTPO/A, Hamp., K MOHAM HaTpus,
—  YBenMuMBaEeTCs OTKNIOHEHNE,

—  KonebGaHue HeiATpasnbHOro HanpsxeHus

31
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Kak MoxHo BoccTaHoBUTb pH MembpaHy?

pH MemGpaHy MOXHO YaCTUYHO BOCCTAHOBHTH C MOMOLLbIO pa3baBieHHOM
(HTOPUCTOBOOPOAIHOIA KUCIOTBI.

CrenyiiTe CnegyiowyM MHCTPYKLMAM:

— MorpysauTe pH cTeknsHHyto Membpaty Ha 1 MuHYTY B pacTop dpropuaa Hatpus (¢ = 1
MOJ1b/N) ¥ CONSIHOI KUCNOTbI (C = 2 MOMb/N)

— MMorpyawTe anekTpoz Ha 1 MUHYTY B CONSIHYIO KMCNOTY (C = 2 MOAb/N)

— HakoHeL, 0CTOPOXHO NPOMOiTE 3MEKTPOL, B BOLE M OCTaBbTe HA 1 ieHb B
[LVCTUNNNPOBAHHON BOfie. 3aTeM XpaHUTE ANEKTPOA, B CrieLMaibHOM PACTBOPE 151 XPaHEHMSI.

[laHHbIi TN BOCCTAHOBIIEHNS MOXHO MCTO/b30BATh TOMLKO 2-3 pasa.

BHumaHve:
ByzibTe 0cTOPOXHbI NPy 06paLLeHnm ¢ kucnotamm!

Bbl Takxe MoxeTe nonpobosatb BOCCTaHOBUTL MemMbpaHy 4% pacteopom NaOH n 4%
pacTeopom HCI, norpyxas anekTpop, B kax/ablit pacTBOP Ha 5 MUHYT. STOT COCO6 HECKObKO
Msrye AeiCTBYeT Ha CTEKNSHHYI0 MeMOpaHy 1 MOXET ObiTb MOBTOPEH, NPY HEOBXOAMMOCTH,
HECKOJIbKO pa3.

B TOM Clyyae eciv BblLLieyKas3aHHbIE MEPbI HE OKaXYT HUKAKOrO BAUSHIA, TO S1eKTPO.,
HEeobX0aMMO 3aMEHUTB.

Ha pH cucTemy 1 aTanoHHyio cucTeMy, Ha pesybTaTbl UI3MEPEHUS YaCcTO BAMSIOT BHELLHME
dakTopsl.

T

sﬂﬂsm Xumuyeckoe Bo3peicTBUE

+ dpropuctoBogopoaHas kucnota (HF):

pH<5

- ropsiuve enoku: NaOH, KOH

* (Xpomo) cepHasi kucnora

* OPraHiyecKkme COCTaBNSIoLLIVe:
aueToH, 6eHson, cnupTbl

pH memGpA Mexa ficTene
. - 06pa3oBaHye TPELmH
- Ypapel, BUOpauvs, AaBnexune
Wawoc - AGpasvBHble BELLECTBA:
Haner - Kputieckue sHauerus pH TPeHUe, YacTULb!
- BenoK, Xupbl + Kpunyeckuie Temneparypol
- U3BeCTb, runc - [ipyrvie aKCTpeManbHbIe
« [psiab ycnosus
- B3BELUEHHbIE YaCTULLbI

Puc. 17: Bnusue BHewwHux daktopos Ha pH membpany 32
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Moyt 80% BCex n3mMepuTENbHBIX TPYAHOCTEN CB3AHO C 3TNOHHOM cucTeMoil pH anexTpoaa.

Bo3moxHble NPUYUHBI owmbok U3MEPEHNS, OTHOCALLIUXCA K 3TAIOHHO CUCTEME:

Vcnapexue aTanoHHoro pacTaopa,

TMPOHMKHOBEHME M3MEPUTENLHOMO PACTBOpA,

[MoBpexaeHHas unm 3arpsisHeHHas avwadparma,

[MOBPEXAEHHBIA NN HEMOAXOAALLMIA STANOHHBIVA 3NEKTPONUT (ANS 3aN0NHIEMbIX SNEKTPOAOB),

HekoppekTHoe CoxpaHeHue.

JranoxHas Apyrue paktopbl
cucrema B - MoBpexaexue rens
¢bopwme + YTeuKa 3TaNloHHOr0 3NeKTPONMTA, CORAMHEHNE C
KapTpumka HU3KONPOBOAUMBIMIA BELLECTBAMM
- BofbLLAs PA3HMLA B KOHLIEHTPALWMN CONM STASIOHHOTO
IEKTPONNTA M U3MEPSIEMOTO BELLECTBA
Puadpparma 3arpsizHeHne anadparmbl
} . + KomnoHeHTbl cepebpa
/ \ + AnbGYMUH, NpoTenH
= + 3acbixaue
OPMaLms STANOHHOI
Aegopmay + OpraHuyeckue KOMMOHEHTbI
3apaxeHue - 06pa3oBaHye Haneta oT M3MepsIeMbIX
+ MoKplit unn BnaxHbii kabenb
- Cynsdrasl pi BELLECTB
WK pasbem
+ Lnanmnapl
A + 3amblkanue Ha 3emio
‘€HTbl BOCCTAHOBJIEHUS! - HEKOPEKTHO CORTHHEHHE

Puc. 18: BnusHve BHeWHWX GaKTOPOB HA STAIOHHYIO CUCTEMY

[ing 3ameHbl HeoBXoMMO BbIGPaTH NOAXOASLLYIO AvadparMy v noaxoaswmii pH anekTpog,
(cm.Tnaa4.2.1).
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lpakTnyeckune acnekTsl pH u3mepeHus

Huxe npuBeieHo Aga NpUMepa, IKCTPUPYIOLLME NPaBUAbHLIA BbIGOP Avadparmbi.

— lNpumep: Vsmeperue B CTOYHON BOAE:

B cTo4HbIX BOAax, 06blyHasi kepamuyeckas avadparma 04eHb ObICTPO 3arpsi3HsieTcs. 310
33COPEHVe BbI3BaHO, Hanpumep, Cynbduaom cepedpa, Tak kak Monekys cepebpa 13
3TAJIOHHOrO ANEKTPONUTA PearvpyIoT ¢ CyNbhraoM M3MEPSIEMOr0 pacTBopa. ITOT NPOLECC
MOXHO HabMI0AaTb NPY MCTONB30BAHUK YEPHOIE Aradparmbl. HEKOPPEKTHbIE M3MEPEHUs
BO3HWKAIOT 13-32 OTCYTCTBUS NI HEXBATKY MOTOKA SNEKTPOHOB .

Mpo6nema MOXeT ObiTb peLieHa npu UCMosb30BaHUN CrieumanbHoi auadparMbl B
KOMOMHaLMN C 3TaNOHHBIM 3NeKTPONMTOM Be3 Monekyn cepebpa. B atom ciyyae, 6onbluas
avadparMa ¢ 0fHoO BoNbLLOI NOpoit He GyeT 3acopeHa, a U3MEepEeHUe OCTAHOBIIEHO, B
0T/4Me OT AnacdparMbl TakoiA, Kak Kepamuyeckasi, C MHOTOUMCIEHHbIMI MaleHbKUMK
nopamu. YaaneHue Monekyn cepebpa u3 aTafoHHOro 3M1eKTPOUTa B 3TANIOHHOM KOHTeHepe
Takke NpeaoTBPaLLAeT 06pa3oBaHne AOMOSHUATENBHOTO CyNbduaa cepebpa. dnektpog Tun 05
komnaHuu Testo ¢ 0fHOV NOpoi B Anadparme MOXET MCMONb30BATLCS A/1S YKa3aHHOro
u3meperms unm npubop testo 206 pH 1 1 206 pH 3 B kombUHauwMK ¢ anektpogom Tun 05.

— lpumep: Usmeperve pH MAcHbIX usnenmi

O6blyHble MPOHMKaloLLMe PH 3NneKTpoabl C KepamMnUyeckuMn auadparmamm 3acopsitoTcst 04eHb
6bicTpo. Kepamuyeckast ayuacdparma nofo6Ho ryoke MMeeT 60/1bLLIOE KOMIMYECTBO MaSIEHbKMX
OTBEPCTUIA, KOTOPbIE 3aCOPSIOTCS BENKOBLIMM KOMMOHEHTaMK. HacTo Ha inadparme
006pa30BbIBAETCS TOHKAs!, €/1Ba 3aMeTHast NyieHKa X1pa. IT0 MPUBOAMT K 3HAUMTENbHOMY
YMEHbLUEHNIO ObICTPOAEICTBIS, KOTOPOE, B CBOIO 04EPE/b, NPUBOAMT K 0TOOPaXEHMIO OAHOMO
1 T0ro e pH daktopa.

Mcnonb3ys cneuvansHyio nonyio anadparmy B KOMOUHALMY C FeNEBbIM NIEKTPOIMTOM, MOXHO
3HAUNTENbHO YMEHbLLWUTb YPOBEHb 3arpsi3HEHNS ANEKTPOAA, BbI3BAHHOMO OENKOBbLIMM
KoMroHeHTamu. [apaHT1pyeTcs BbICTPOE U3MepeHue U Bonee AnTeNbHbIA CPOK CTyXObl.
pH-meTp testo 205 ¢ nonoit auadparmoit unm testo 230 ¢ pH 3oHgom Tun 13, KOTOpbIA MMeeT
TOT e CaMblii Au3aiiH avadparMbl, PEKOMEHIYIOTCS 1S IaHHOrO T1na uamepeHus. 06a 30Haa
VIMEIOT NPEeMMYLLECTBO B CBEPXMPOYHOCTY M3-3a MAJIOro KONMYECTBA CTEKNA.
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3.2.4  KucnoTHbIE U LLIENOYHBIE OLLMOKM

“KUCNOTHBIE 1 LWENOYHbIE OLLMOKM” U3MEPEHMS - OLLIMOKM, KOTOPbIE MPOMCXOAST NpK
oTobpaxeHuu 3HaueHust pH Huxe 1 nm Bbiwe 12 COOTBETCTBEHHO. AT OLIMOKM MOTYT ObiTh
0MO3HaHb! C MOMOLLIO HENWHEIHON XapaKTEPUCTUKM ANEKTPOAA B JaHHBIX Avana3oHax

(Puc. 19).

3Hauenus pH dakTopa Bbiwe 12, 0c06EHHO NPy U3MEPEHUSIX CTaHAAPTHLIMK pH
3/IEKTPOAAMMU, HA3bIBAIOT "HATPMEBBIMM MW LLENOYHBIMI OLLMOKaMK'". PacTBOPLI C 04eHb
BbICOKMMU 3HauyeHMsIMM PH GakTopa Takxke COLEePXarT BbICOKYI0 KOHLEHTPALMIO LLENOYHBIX
noHoB (Na +, K +, u 7.n.). LLenouHyto owwmbky pH anextpona MoxHo dakTuyecku 06bICHUTL
NepPeKPEeCTHOI YyBCTBUTENLHOCTLIO PH MeMOPaHb! K MoHaM Lwenouu. [pyrumu cnosamu, pH
CTeKNsHHas MemMbpaHa Takke M3MePSIET KOHLIEHTPALMIO (aKTUBHOCTb) MOHOB LLEMOYM.

OTpuuatenbHoe BbIXOLHOE HanpsixeHne pH anekTpoaa B LWENOYHOM AvanasoHe
NepemeLLAETCS B MONOXUTENBHOM HanpaBieHnu, No3ToMy otobpaxaemoe 3HaueHne pH bynet
CNLLKOM HU3KWM.

3T10T HexenatenbHbIn 3GdEKT MOXET ObiTb YMEHbLLEH NMPU UCMOb30BAHNUM CrIELMAbHBIX
CTEeKNSHHbIX MeMbpaH. Takke pekoMeHaYeTCs MPOBECTM AOMONHUTENbHYIO KanMBPOBKY C
1cnosnb3oBaHueM bydepa ¢ BoicokuM pH dakTopom. B atom ciyyae ucnonbayiotcs
CrieupanbHbIe AeKTPObI.

Te Xe caMble On1CaHNsi OTHOCSTCS U K "KMUCNOTHBIM OLIMOKaM", T.e. OLInOKam U3MepeHus B
pacTBOpax C BbICOKOM KOHLEHTpaumen kucnoTbl (pH < 1). OnHako, aaHHbIA 3GQEKT He MeeT
CTO/b BOKHOIO 3Ha4eHns ans metponoruv [1].

Hanpsixenve anektpoga (MB)

500 —
400 —
300 —
200 —
100 —

KucnotHasi owmbka

pH 3Hayenne
100 12345678 91121914
-200
-300

-400 —

LLlenoyHas owmbka

Puc.19: LLlenoyHble n kucnoTHble 3Havenus pH anextpoga 35



www.testo-spb.ru

lpakTnyeckune acnekTsl pH u3mepeHus

3.2.5 CnabovoHHas cpena

Cpepia M3MepeHust CHMTaeTcst CnabonMoHHOIA, ECIIM IMEET HU3KOE CORepXaHue Conu
(KOHLEHTpaLWs conv) B Anana3oHe MMOJb/N (MAIMMONb Ha IMTP). Pe3ynbTatom AaHHOMO
HU3KOrO COAEepXaHusi CONM SBNSIETCS HU3Kast ANeKTponpoBoanMocTb (<100 pCm/cwm).
OnexTponNpOBOAMMOCTb MOXET ObiTb ONpeieNneHa C NoMOLLbI0 NPUBopa N3mepeHms
pH/anekTponposoaumocTu testo 240. Kpome Toro, HU3KOE COLEPXaH1e COMW YBENNYMBAET
CONpOTUBAEHME avadparmbl. ITO CONPOTUBNEHME BO3HUKIIO W3-32 TOTO, YTO STANOHHBIN
3NEeKTPONNT OblN CANLLIKOM CUNbHO pa3basneH B anadparme cnabomoHHON N3MepUTENbHO
Cpepoi.

CKOpOCTb NOCTYNNEHUA 3TAIOHHOI0 3NIEKTPOSIUTA 3HAYUTENIBHO YMEHbLLIAETCA. pH anekTpog,
OTBEYAET HAMHOTO ME[LIEHHEE HA U3MEHEHMS B 3HAYeHUM pH.

B kputnyeckux Chny4anx OLLMOKY MOryT COCTaBUTb HECKOJIbKO €ANHUL, 3HA4YEHNA pH.

Mpu ncnonb3oBanum creumanbHbX Anadparm (avadparma ¢ OAHOI Nopoi uin auadparma us
MaToBOro CTeksa) npobnema CoefnHeHUs MOXET ObiTb NPEAOTBPALLEHA B 3HAYUTENBHON
CTeneHu.

[lob6aBneHne HebOMbLIOMO KONMYECTBA CONM BLICOKOM YMCTOTHI C HEATPasbHbIM pH dhakTopom
(xnopu kanusi) K 13MEepSIEMOMY PacTBOPY 4aCTO PEKOMEHAYETCS Kak CPeaCTBo,
YBE/IMYMBAIOLLIEE CUTY MOHOB. ITa Mepa yBenniMBaeT bbicTpoaeiicTane pH anekTpoaa.
OnHako f06aBneHre Conm Takxe 13MeHsIeT coanaHCUpPOBaHHYIO KOHLIEHTPaLMIO B
13MepSIEMOM PacTBOpe, a 3T0 N3MEHEeHMe 0ka3biBaeT BusiHME HA pH dakTop. ObLwmx npasun
W3MEpEHWii He CYLLECTBYET, NO3TOMY MONb30BATENb [0MXEH [ECTBOBATL B 3aBUCMMOCTY OT
KOHKPETHOro cny4vas.

Cawmblin sipkuii npumep CnabonoHHOM cpefpl -,0e3 COMHeHMS, BOfa BbICOKOI 0YUCTKM. B 3TOM
cnyyae, Bbl JoMKHbI BCEraa 1Cnonb30BaTh TOMbKO Anacdparmy U3 MaToBoro CTekna 1
U3MEPUTENbHLIE A4eiKN NOTOKOBOr0 TUNa, N3rotoBNEHHbLIE U3 cnabonoHHoro crekna. He
pekoMeHzyeTcs 106aBNATb HEATPAIbHYIO COMb B JAHHOM Cny4ae. Kpome Toro, npu
U3MEpeHUM B YNCTOI Bofie, 0COOEHHOE BHUMAHME HEOOX0AMMO 0OPaTUTL Ha ANEKTPUYEcKoe
3KpaHMUPOBaHWE 1 3a3eMiIeHNe B TeueHue u3mepeHus (cM. Masy 3.2.6).

3.2.6  KomnnekcHas cuctema

HacTosiwas rnaea ocseLaet paboty BCeit U3MEpUTENbHON CUCTEMBI Y CUCTEMHOI Cpefbl Npu
namepeHun pH daktopa. BonbLIMHCTBO OLNOOK BO3HMKNO, B OCHOBHOM, BBIY BbICOKOTO
MeMOpaHHOro CONpoTUBREHMs pH anekTpoza.

KomB1HMPOBaHHBIV 3NEKTPOL, Kak OnucaHo B [MaBe 2.2, NPeCTaBNSIET BbICOKOOMHbIN
UCTOYHWK 3NIEKTPMYECKOrO HaNpsiXeHus. Ero BbIxoaHOe HanpsixeHue 3aBucuT oT pH daktopa u
Hax0AMTCs B MUNIMBONBLTOBOM AnanasoHe (mpumepHo ot -400 MB o +400 mB). Kak
npaswuso, CTaHaApTHbIE pH 3nekTpoabl MMeeT MembpaHHble conpoTrenerns mexay 5 1 1000
MOMm (ot 5x108 go 1x109 Om).
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lpakTnyeckue acnekTsl pH u3mepeHus

Kpome Toro, BxoaHoii curHan uamepeHus pH-metpa fomkeH umetb npumepHo B 1000 pa3
6oblLe, 4eM BXOHOE CONPOTUBIIEHIE, Tak Kak UCTOYHUK HanpsixeHus pH anektpoaa Moxet
TO/bKO 06ECIEYMTL 04EHb ManyIo Ciily TOKa. 3TO rapaHTUPYeT KOPPEKTHOE U3MEPEHHe.
9ToMy TPeHOBAHMIO OTBEYAIOT TOMLKO CMELMaIbHO pa3paboTaHHbe M3MEPUTESbHbIE NPUOOpbI
(pH-MeTpbl) ¢ BXoAHBIM CONpOTMBIEHNEM bonbLue, Yem 1012 Om.

N3mepetne pH dakTopa HuKoraa He [OMKHO NPOBOAMTLCS CTAHAAPTHBIM BOSILTMETPOM, Tak
KaK 3TV MHCTPYMEHTbI UMEIOT BXOAHOE COMpOTMBIIEHNe npubanautensHo Ao 20 MOm. 31o
03HAYaeT, YTO CUrHa/Ibl 04€Hb BOCTIPUAMYMBbI K 3NIEKTPOMArHUTHOMY BMELLATENbCTBY,
Hanp1Mep, 13-3a CONIEHOMAHbIX BIKIIOYATENEM, HAXOASLLMXCS GAIM3KO K CUCTEME U
3NEKTPOCTATUYECKIM 3apsiiaM JIOAEH, HanpUMep 13-3a NACTUKOBLIX MOMOB B 3AaHUSX
(xumMmyeckue nabopatopum).

CoennHuTENbHbIN Kabenb Mexay 3nekTpoaoM 1 pH-MeTpoM [omKeH ObiTb kak MOXHO bonee
KOPOTKWM ¥ 3aLUMLLEHHBIM. [1191 3aLLMTLI UCMIONB3YIOTCS CeLmanbHble kabenm ¢
[LIOMOSTHUTESNbHBIMW BHYTPEHHUMM 3KPaHaMM U C 3aLLMTHOIN 3NEKTPUYECKM NPOBOASLLEN
BHELLHeli onneTkoii. HapylweHne 3almuTHOro akpaHa B Nioboi Touke Mexay pH anekTpoiom u
pH-MeTpOM NPUBOAMT K Tak Ha3biBaEMOMY "YYBCTBUTENBLHOMY K pyke" addexTy: 0TobpaxeHue
3HayeHns pH hakTopa CTaHOBUTCS HECTAOMIBHLIM 1 UBMEHSIETCS NPU ABUXEHUM OnepaTopa.

MakcvManbHO 10NnyCTUMas [inHa kabens - 5 MeTpos. [ing 60/ee [IMHHBIX PACCTOSHMIA
mexy pH anekTpoom 1 pH-METPOM PEKOMEHYETCS MCTONb30BAaTh A0MNOMHUTENbHBIE
YCUNUTENM (TpaHCHOPMATOPbI CONPOTUBIEHMIA). STV YCUAUTENM 0ObINHO COEAMHAIOTCS
HenocpenCcTBEHHO Yepe3 pasbembl pH anextpona. CywiecTayioLmii kabenb MOXHO
CMO/1b30BaTh MHOTOKPATHO.

Camu pH-MeTpbl MOTYT ObiTh 3aLLMLLIEHBI, HANPAMED, METAIINYECKM NOKPbITEM N0 GOKam
KOpMyca, TLATeNbHbIM BHIGOPOM 3NIEKTPOHHBIX KOMMOHEHTOB U CrieLMabHbIMM
NPEAOCTOPOXHOCTSMM MPY CO3MAHNM NMEYATHOMN CXEMbI.

B cneuvanbHbix ciyyasx (Hanp., BOAA BICOKOM OYMCTKW MM OPraHUyecKue pacTBOPUTENM)
13MepuTesbHasi kamepa MOXET ObiTb BKIIIOYEHA B 3alLMTHbIN 9KpaH. B aTOM ciyyae, Mbl
roBopuM 06 13mepeHusix B kneTke Papapes.

IDDEKTbI ANEKTPUYECKMX UM MATHUTHBIX MONEN M3MEPUTENbHBIX CUCTEM OMKCaHbI NOA,
00LLWMM TEPMUHOM "3/IeKTpOMAarH1THasi coMecTuMocTb” (EMC). Hemelkue
MEX[yHapOAHbIe CTaHAAPTbI CO3MaHbI, Perynvpys AaHHbIn addekT [9].

Heobxommoe BbICOKOE COMPOTUBIIEHNE, OMMUCAHHOE BbILLE, A1 UBMEPEHUS MOXET ObiTb
MOTEPSIHO 13-32 TOKOBOW YTEYKM B CIy4ae BIaXHbIX KOHHEKTOPOB UM pasbeMoB pH-MeTpa.

37
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lpakTnyeckune acnekTsl pH u3mepeHus

CnepoBatenbHO, BHYTPEHHIE YaCTU Pa3beMOB /UM THE3, JOMKHBI BCETa XPaHUTLCS
COBEPLLEHHO cyxumu. JTtobasi Bnara MOXET ObITb OCTOPOXHO YZaneHa ropsiumm BO3ayXoM
(dpeHa). Htobb yransTb TBEPALIE OTNOXEHUS (CONM, U T.1.), PA3bEMbI /UK THE3NA JOMKHBI
TOrna 6bITb OCTOPOXHO BLITEPTHI MArKOV CYXOiA TKaHbIO.

PaznuyHble n3MepuTenbHbIE CUCTEMbI BOAOHENPOHULAEMbI. CrieumanbHbIe KIacChl 3aLMTbI
(IP54, 1P65 nnm IP66) 06bI4HO OTHOCHTCS K MONHOCTbIO COEANHEHHOI CHCTEME, T.8. BCe
KOMIMOHEHTbI B3aMMOCOEAVHEHBI. [laxe pH-MeTpbl ¢ pa3beMamu, 3aLmLLEHHbIMY OT
MPOHWUKHOBEHMS BObI, HEOOXOAMMO CYLUNTb, KaK OMKUCAHO BbILLE.

— KoHTypbI 323emMeHns

B 0c06eHHOCTM, HEOBXOLMMO C OCTOPOXHOCTLIO UCMOMBb30BATL CUCTEMbI UBMEPEHNS,
pabortaioLLye 0T CeTy, 4ToObI M30eXaTh KOHTYPOB 3a3eMueHns. KOHTYpbI 3a3emneHns
06pasyioTcst, eCNM OONbLLE YEM OIMH KOMIMOHEHT CUCTEMBI (PaCcTBOP M3MEPEHUS,
u3mepuTensHast kamepa, pH-MeTp, STanoHHbIi ANEKTPOS, BHELLIHWIA NPUHTED, BHELLHWIA
pexopzep, 610K NUTaHWs, NOCTABKA, MeLLAKa, aHaNOroBble BbIXOMbI, MHTEpdeichl MK n T.4.)
KOHTaKTMPYIOT C 3eMJ1el OBHOBPEMEHHO B ABYX TOUKAX. [BE Pa3nyHble TOHKW 03HAYAI0T,
HanpumMep, o0LLEe 3a3eMIEHNE CETU W ClyYaiiHbli KOHTAKT C 3eMJIei OIHOTO 13
BbILLIEYKA3aHHbIX KOMMOHEHTOB.

[MonyyaroLiascsa 3aMKHyTas LieMb (Mu TOK B AaHHOM LIENM) MOXET BbI3BaThb CYLLECTBEHHbIE
VCKaXEHMS U3MEPEHNsi, HecTabubHbIe 0TOOPAaXEHWs JAHHBIX M laXe Pa3pyLUeHIe STSIOHHON
CUCTEMbI. 3TV KOHTYPbI 3a3EMJIEHNS HENETKO Pacno3HaTh, Tak Kak 3a3eMIIEHIE KOMIMOHEHTOB
CUCTEMBI YaCTO ObIBAET HenpeaHaMepeHHbIM 1 NMO3TOMY U3MEHSETCA CO BDEMEHEM.
OnucaHHble UCKaXeHNs B M3MEPEHHbBIX 3Ha4EHUAX He BCeraa MOXHO 06Hapy)KI/ITb. Tonbko
cucTematnyeckue paboure METOLbI MOTYT PELLMTb 3Ty NPOBAEMY (CM. HUXE).

OnHYM 13 CPEeLCTB SBNSETCS METOAUYHOE 3a3EMIIEHME KaX/0ro KOMMOHEHTA B Of|HOM TOUKe
(3a3emneHve CoeMHERMS C CETbIO M BOLHON TPyOBI). Koraa aononHutensHoe 060pyaoBaxme
TaKoe, kak npuHTep unv uHtepdeiic MK, nobasnsetcs k pH-meTpy, Heobxoammo obecneymnTs
3NeKTPUYECKyto n30ngLmio. C 3anacHbIMM YacTsM1 Bbl MOXETE 03HaKOMUTLCS B CIUCKE
npuHagnexHocren Testo.

B Halum aHM 0CTOPOXHOE 00palLieHre C CUCTEMON UCKIIoYaeT olumbkm B pabote pH-MeTpoB.
CoBpemeHHble pH-MeTpbl NPy BKIIOYEHIUM NPOXOAST aBTOMATUYECKYIO CAMOMPOBEPKY BCEX
BaXHENLIMX KOMNOHEHTOB. JTio6ble OLMOKM, 0BHAPYXEHHbIE B TEYEHME CAMONPOBEPKM 1 B
TEYeHe NocneyIoLLVX onepaLyil, aBTOMATM4YECKM COOOLLAIOTCS C MOMOLLIO COOBLLIEHMIA 00
oLumbKax.
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4. Tpumepbl NPUMEHEHUI U KpUTEpUM BbiOOpa

4.1 Mpumepbl NPUMEHEHMI
4.1.1  XnebobynoyHoe Npon3BOACTBO

M3mepenue pH daktopa, HanpuMep, UCMONb3YETCs B NEKAPHSX ANst KOHTPONS Npn
M3rOTOBMEHNM TecTa. Bricokne 3HaueHns pH pakTopa npu 3amMeLumBaHny TeCTa NMPUBOAST K
noTepe 06bemMa W HENPUSTHON TBEPAOCTI MCMEYEHHbIX NPOAYKTOB. BUCKBUTLI paspyLuaioTes,
ecnu pH dakTop cnmwikom Hu3kuid. pH daktop 7 - 8 cumtaetcs naeanbHbiM. MoHuTopuHr pH
akTopa NoMoraeT KOHTPOAMPOBATbL KAYECTBO MPOU3BOANMON NPOLYKLIAM.

Pekomerpyetcs:: testo 206 pH-2 ¢ NpOHMKAKOLWMM 3N1EKTPOAOM [T MSTKUX MaTepUasioB Unu
testo 230 ¢ pH anektponom Tuna 03.

41.2 MscHoe npon3BoacTBO

¥ Puc. 20: Mamepenve pH
B Msiconepepaba-

A TLiBaloweii
TPOMBILLNEHHOCTY

3HayeHue uamepenns pH daktopa ans msiconepepabdaTbiBatoLLeil NPOMbILLIEHHOCTH
MePeOLIeHNTL HeNb3s. [ins Msica u Apyrix NPOAOBOILCTBEHHBIX TOBAPOB N3meperue pH
hakTopa SIBNSETCS 04EHb BAXHBIM MHCTPYMEHTOM B OLIEHKE kayecTsa nonydadpukatos 1
roToBbIX NpoaykToB. OcobeHHO co3peBatoLLee MSCO B 60JIbLLIOI CTEMEHW 3aBUCHT OT
3HaveHus pH dakTopa.

39
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40

3Hayenme pH dakTopa Bcex MCHbIX MPOAYKTOB LOMKHO HAXOAMTLCS B Npeaenax AnanasoHa
ot pH 4.5 no pH 8. Kpome Toro, pasnuuue 3aBuCHT OT TPEX PasNM4HbIX TUMOB MSICa:

DFD msico (TemMHOe-XecTkoe-Cyxoe)
HopmanbHoe Msico
PSE msico (bneaHoe-Msrkoe-BoasHUCTOe)

Cnepnytowas auarpamma otobpaxaeT pH KpuBble pasfiMyHbIxX TUMOB Msica nocne yoos
XUBOTHOTO.

pH 3Hauenmne
pH7.0
DFD
HOpMa
PSE
pH5.5 Yacbl
1 24

Puc. 21: pH kpuBble pasnnuHbIX BUAOB Msca

Heobxonmmo otMeTuTh, 4to pH daktop DFD Msica CHXAETCs! 04eHb ME[IEHHO, B TO BpeMS!
kak pH daktop PSE msica cHxaeTcst 0THOCUTENbHO BbICTpo. CkopocTb nameHust pH dakTopa
MOXET yka3aTb Ha MPUrOAHOCTb Msica K onpeneneHHomy Tuny 0bpaboTku. Msico ¢
npuaHakamu PSE n3-3a Huakux pH 1 BogocBS3bIBaioLLEl CrocOBHOCTY SBRSETCS
HENPUrOAHLIM NS NPOM3BOACTBA ChIPOVA BETYMHBI, BAPEHBIX KONOAC, ChIPOKOMYEHbIX
OKOPOKOB, Tak Kak Mpy 3TOM YXy/ALIAIOTCS OPraHONENTUYECKUE XapaKTEPUCTUKN FOTOBbIX
U3Lenuii (cBeTNast okpacka, KMCOBaTbIi NMPUBKYC, XECTKast KOHCUCTEHLINSI, MOHWKEHHAS
COYHOCTb).

pH anekTpop, NS [aHHOTO NPUMEHEHNS [LOMKEH ObiTb HEYYBCTBUTENbHBIM K GENKOBBIM
3arpsi3HEHMSIM, MHAYE CPOK ero CyxObl COKPaTUTCS, a BPEMS peakumy ymeHbLunTcs. Kpome
TOro, M3MEPEHIe, HE3aBMCUMOE OT MOAOXKeHMS pH 31eKTPOAA MO OTHOLLEHMIO K TyLUE,
SIBASIETCS 04€Hb BAXHbIM, NOTOMY YTO TOYKM U3MEPEHWS, HANPUMED, B Pa3HbIX MONOBUHAX
CBYUHOI TyLLIM HAXOLSATCS Ha Pa3HON BLICOTE. B 3TOM Ciyyae pekoMeHayeTcs renesbii
3NeKTPOA.
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Mprmepbl NPUMEHEHNI 1 KPUTEPUM BbIOOPA

Pexomenpyetcsi: pH-meTp testo 205 anst MACHOI MPOMBILLEHHOCTY,
testo 206-pH 2 wnm testo 230 ¢ pH anektpogom Tun 13.

Puc. 22: pH namepenme B npoLecce co3peBaHust konbachl

413 pH 13mepeHus B CEKTOPE OKPYXaloLLen cpespl

BonoHenpoHuLiaeMble MIHCTPYMEHTbI C KOMNAKTHBIM AU3aiiHOM MpeanbHbl 1S U3Mepermii pH
NUTLEBOI BOAbI, CTOYHBIX BOZ WAV MPU HENTPANM3aLMN KOHEHCATa B OTOMUTENbHBIX
cuctemax (KOHAEHCALMOHHbIE KOT/bl). [nsi MMTbEBOI BOALI yCTaHOBNEHa HopMma pH dakTopa -
o1 6.5 50 9.5 - cornacHo HOPMaTUBHOMY JOKYMEHTY O MUTLEBOI BOAE.

MuTbeBas Boga ¢ pH dakTopom Huxe 6.5 ykasbiBAIOT HA COLEPXaHMe CBUHLA, MEAN U LMHKA
13 BOAONpoBofa. Heobxoammo perynsipHo namepstb pH dakTop B BOAE ANs MUHMMU3ALM
COfepXaHus MeTaNoB. B cnyyae n3mepenms B CTOYHbIX BOAX, Gronoruyeckie peakumum B
"bromMatepuanax” MMEOT MECTO TOJIbKO B ONPeAeNeHHOM Ayana3oHe 3HaueHuii pH.
MonuTOpUHT yBenuueHns pH dakTopa oCyLLECTBASETCS B ONPEAENEHHbIA NEPUOA BPEMEHN.

PekomeHaoBaHHble MHCTPYMeHTHI: testo 206-pH 1 unm testo 230 ¢ 3oHmom Tun 04 pH.

Puc. 23: Onpegenexus pH Ha 6ronorieckom atane 06paboTky CTOUHBIX BOA,

4
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4.1.4 ®otorpadus

M3meperme pH dakTopa B pacTBOpax NpOSIBNEHMS, 3aKPenieHns 1 Apyrux pactopax npu
M3rOTOBNEHNM 1 06paboTke OTOrpadmyecKnx CHUMKOB OMPEAENsieT KayecTBO rOTOBOM
dotorpacdum. MposiBUTENb LIBETHOI NNEHKM AOMKEH MMeTb pH dakTop npumepHo 12.4.
PekomeHpayetcs 6patb 06pasLbl (Hanpumep, MEH3YPKOIA) U3 BONbLLKX MPOSIBOYHBIX MALLIMH.

Pexomerpauus: testo 206 pH 1 nnm testo 206 pH 3 ¢ 3oHmom Tuna 04 nnm testo 230 ¢
30HA0M Tuna 04.

s

Puc. 24: Viamepenue pH 3Hauenus nposisutens B 6onbLuoii poTonaboparopum

415 pH n3MepeHne B MPOMBILLIEHHOCTH

MpumeHerne pH-METPOB B MPOMBILLIEHHOCTY - KOMI/IEKCHOE, a Ha BbIOOp 30HLOB BMSET,
rnaBHbIM 06Pa30M, TUMbI SNIEKTPOLOB, KOTOPbIE MOAXOAST s M3MepeHusi pH B pacTBopax.
06bl‘iH0, BbICOKOKJTACCHbIE CTEKJIAHHbIE 3NEKTPOAb! NN 3NEKTPOAb! C renemM u nonom
p,macbparmoﬁ PEKOMEHAYIOTCA ANd NPUMEHEHUs B NPOMBILLIIEHHOCTH.

Puc. 25: Onpegenexve pH 3HaueHnst CMaski 1 OXaXLAOLLEro Cosi Ha TOKApHOM CTaHKe
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Mprmepbl NPUMEHEHNI 1 KPUTEPUM BbIOOPA

3mepenue pH dakTopa cMa3ouHbIX MaTePUaoB UCTONL3YETCS 1 TOKAPHOTO 1
(pe3epoBOYHOr0 CEKTOPOB MeTaoobpabarbiBatoLLeli NPOMbILLIEHHOCTU. [o4Th BCE
CMa30yHble MaTepuaibl COCTOSIT U3 OAMHAKOBLIX KOMMOHEHTOB. OaHako ux pH dakTop He
NoXeH npesbiwatb 9.0, MHaue, GyaeT HEBO3MOXHO LOMKHLIM 06Pa3oM 3aKPenuTh
KOMMOHEHTBI B KyNaykOBOM MaTpoHe CTaHka. bonee Toro, npu KOHTaKTe C KOXeii HaumHaeTcs
3yl Mockonbky cMaska nofaeTest LMPKYNSIpHO Ha paboune YacTu (MoBTOPHOE
ucnonb3osaHue), pH dakTop yeenuuueaetcs ¢ 7.5 oo 9 eamnu, Heobxommo n06aBuTh
CBEXYIO CMa3Ky UM NMOHOCTLIO 3aMeHnTb ee. Pekomenayetcs: testo 206-pH 1 unm testo 230

¢ 30HAOM Tun 04.

4.1.6 Cnucok npuMepoB NpumeHeHns pH-MeTpa

CenbCkoe X0351CTBO
BakTepuonorus
Mpon3BoAcTBO 6E3aKOro/bHbIX HAMKUTKOB
[vBoBapeHne

O6paboTka Bofpl
[pon3BOACTBO KOBPOB
[pon3BoACTBO LieMeHTa
Kepamuka

lpuroTosnenve coipa
TexHonorum o4ncTkn
KoHguTepckoe MpoM3BOACTBO
KocmeTuka

Moso4Hasi POMbILLNEHHOCTD
Cromaronorus

KpacunbHble paboTbl
[TTMueBoacTo

Mpoecchbl bpoxerms
Ynobperus

Passezenve poibbl
JluTeliHas NPOMBILLIEHHOCTb
lpon3BoACTBO XenaruHa
Mpon3BoacTeo knes
3npaBooxpaHeHne

Xeneso v cranenuTenHoe npon3BoaCTBO
lpon3soACTBO AXEMOB
MpayeyHoe obcnyxmBaHue
QO6paboTka Koxm
Ipoun3BoLCTBO Kpacutenei
KoHcepeauust Msica 1 pbiObl
MepuuuHa

MeTannoobpaborka

OumLeHve MeTanna

[Mpouecchl HerTpanusauum
Mpobbl Macen
Llenniono3Ho-6ymaxHoe Npon3BOACTBO
Hedtb

dapmalieBTuka

[poM3BOACTBO NAKOB U KPacok
KoHTponb kayectsa

BacceiiHbl

TekcTubHas NPOMBILLSIEHHOCTb
TabayHast NPOMBbILLIEHHOCTb
OBOLLIEBOACTBO

Mposepka BoAb!

lpoun3BoacTeo rorypra
3oonorus

)
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4.2 TpaBusbHbIA BbIGOP 3MEKTPOAA U MHCTPYMEHTA

MpencTaBneHHble Hke Tabnuupbl 0becneynBaioT Bac 0630pHbLIMYM JaHHBIMU O MPUTrOAHOCTY
TEX UM UHBIX 3NIEKTPOAO0B U MHCTPYMEHTOB [isl BIMONHEHUS: KOHKPETHOI M3MEpPHUTENbHOM

3afaqn.
YHuBepcanbHbii anektpog, Tun 01 pH +++0--0000---0----- 0000+00--0-0-20 pH
JlaboparopHbiii anextpog Tan02pH 0 + + 0 - - 000 + - -00000 -0 +00 ++00--00+00 pH
YHuBepcanbHbiii anextpog Tun 04 pH +++0--0000---0--0--000++00--0---0 pH/C
CrieumansHbiii anextpop, Tun 05 pH ++0+-0++++--0+--0--00++++++-00--0 pH/C
TpoHmKaloLwiA anextpon Tun 03 pH 0000 +++++—-—++-0-+-—++—+-—+0++++00- - - pH/C
TMpoHvKatowmii anektpog Tun 13 pH 0+00+++000++-00+0+++++0000++0+-- - pH/C
MorpyxHoit anektpoz Tun 04 T 0+000 ++++ - - - - - — — St 00 102 it (02 i 1O it 10 e Bt 1 it i e B 10 C
MorpyxHoi anektpog Tun 15T ++++-0++0+—--+++0+00++++++++0+ + + + + ©
TMporukaiowwii anektpoa Tun 25 T +++++++++—-++-=--+++++++++0+++++++0 ©
OnexTpon pefokc noteHuvana Tan06mMB + + + 0 - - 00 + - - - -+ - - - -000 +++0 +0 - +0 +0 — vB

Tabnuua 4: Beibop anekTpoaa u MHCTpyMeHTa

+  COOTBETCTBYET
0 COOTBETCTBYET B OrPaHUYEHHOM HMCAE Cly4aes
—  He COOTBETCTBYET
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Tpebosarune testo testo testo
230 205 206

pH namepenne X X X

MB n3mepenve X

°C u3mepeHue (¢ nomolwbio pH anekTpozos) X X X

MCwm/CM 13mepeHe

1-ToYeyHas kanmbpoBka X X
2-X TO4eYHas kannbposka X X X
3-X TO4eyHas KambpoBKa X X
ABTOMATUYECKas TEMMEPATYpHas KomneHcaums pH X X X
®nakoHbl ¢ LO3VPOBAHHBIMM KOHTEHEPaMM X X
3alWMTHBIN KOANAYOK C reNeBbIM HanoNHUTENEM X X
IP 54 3aWyTHBIN Knacc X

IP 68 3auwTHbIiA Knace X X
OtzenbHblii NTC TeMnepatypHbIid 30HA, X

OTo6paxeHme kanMbpoBOYHBIX [aHHbIX X X X

Tabnmua 5: Kputepum Bbibopa MHCTpyMeHTa
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5. Cn1cok Ucnonb30BaHHOM NUTEPaTypbI

46

—_

(1]

(2]
(3]

4]
5]

(6]

(8]

9

H. Galster; pH-Messung; Grundlagen, Methoden, Anwendungen, Gerate; VCH Weinheim,
(1990)

DIN 19266; pH-Messung - Standardpufferlusungen, (10/1971)

DIN 19267; pH-Messung - Technische Pufferlusungen vorzugsweise
zur Eichung von technischen pH-Messanlagen, (8/1978)

R. G. Bates; Determination of pH; John Wiley & Sons, (1973)
P. Gimmel; lonensensitive Ta,Og-Feldeffektiransistoren:
Aufbau, Optimierung und Einsatz in der Biosensorik; Dissertation, Universitat Tebingen,

(1991)

Grundwassermeflgerate; DVWK Schriften Band 107, Wirtschafts-
und Verlagsgesellschaft Gas und Wasser mbH, (1994)

DIN 19260; pH-Messung - Allgemeine Begriffe, (3/1971)

DIN 19261, pH-Messung - Begriffe for MeSiverfahren mit Verwendung galvanischer
Zellen, (3/1971)

pr-EN 50082, Teil 2 sowie pr-EN 50081, Teil 2; Elektro-Magnetische Vertraglichkeit
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Mpe3eHTauus uamepuTenbHbix Nprbopos Testo

6. MpeseHTauusa nameputenbHbix npudopos Testo

g Komnanus

Komnanus Testo 6bina ocHoBaHa B
1957 rogy v B HacTosiLLee Bpems
SBNSETCS OHAM U3 BEAYLLMX
MUPOBbIX MPOU3BOANTENE!
MOPTATUBHbIX 3NEKTPOHHbIX
M3MepUTENbHBIX NPUOOPOB 1S . . .

- Konguuuonuposanue Bo3ayxa / XonoaunbHbie CUCTEMbI
N3mepeHue Temnepartypbl, BAAXHOCTY U CKOPOCTM MOTOKA BO3MYXa NS MOALEPXKKN
3[10POBOTO OKPYXAIOLLEro KnuMata 1 Co3aaHNs MaeasbHbIX YCAOBIA s NPOU3BOLCTBA 1
XPaHEHWs YyBCTBUTENbHBIX MPOZYKTOB.

-+ OTonuTenbHbie CUCTEMBI
Onpepenexme aHeproaddEKTUBHOCTM 00ECNEYMBAET SKOHOMUIO 3Heprin. 3meperus npu
NnycKO-Hanaake 1 06CNyX1BaHUN CUCTEM NPEAOTBPATUT MOSyYEHNE TPABM
MOBPEXAEHNA CUCTEM (ra30Bble OTOMUTENbHbIE CUCTEMBI).

- KavecTtBo nuwym
MOCTOSHHbIA TEMNEPATYPHBII MOHUTOPUHT MULLEBLIX MPOAYKTOB MPEOTBpaLLaeT
Pa3MHOXEHME MUKPOOPraHW3MOB (Hamp., CalbMOHENa).

- KoHTponb BbiOpOCOB
KoHTponb BLIGPOCOB NpoLiecca CropaHus 611aroTBOPHO BAMSIET HA COCTOSIHUE OKPYXatoLLeit
cpefpbl 1 SKOHOMUT pecypebl. MapaHTus KauecTBa NpofykTa Gnaroaaps NPoBEepKu
KIIOYEBbIX NAPAMETPOB 06pabOTKY.

- MpoMbIwneHHoCTb
N3mepuTenbHble TEXHONOMM [/l KOHTPOAS KA4yecTBa B MPOLIECCe NPON3BOACTBA.
KonebaHus Temnepatyp B NpoLEcce NPOU3BOACTBA 0KA3bIBAIOT BAMSHUE Ha KAYECTBO
MPO/YKTOB. B 1abopaTopHbIX YCNIOBUSX XUMUYECKOM 1 (apMaLIEBTUYECKOI
MPOMBILLNEHHOCTY CrieLManMcTaM HeobXoaMMO UMETb TOYHbIE aHHbIE, KOTOPbIE MOTYT
6biTb 06paboTaHbl Ha MK. MameputenbHbie MHCTPYMEHTHI Testo 0TBEYaloT JaHHbIM
TpeboBaHNsM.

Cneuuanuctbl

Bonee 1,100 cneunanictos (570 13 HUX B JIEHUKMPXE) NPOU3BOAST, PA3BUBAIOT, PEANU3YIOT,
06CNyXuBaIoT W kanmopyloT u3MepuTenbHble npubopsl B cooteetcteum ¢ DIN EN ISO

9001:2000. i
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MpeseHTaumus uamepuTenbHbix Nprbopos Testo

TpeHuHru

E)Kero,qu Testo NPOBOAUT TPDEHUHIU B NPOMbILLIEHHOM, KOMMEPHYECKOM U TEXHUYECKOM
OTAEeNeHnax KOMnaHun. MblI Takxe npegnaraem anig CTyaeHToB NOJIMTEXHUYECKMX NHCTUTYTOB
I'|p0I7ITI/I CTaXMPOBKY Yy HAC B KOMMNaHUW.

Komnanus Testo Takxe npepnaraet I'IpOl7ITVI 06y'+eHMe Y KOMMEPYECKMX N TEXHNYECKMX
cneupanuctoB komnaHuy. C 1979 ropa Testo ycnetwHo noarotoeuna 6onee 135
CneunanncTos.

KOHcy.l'IbTaI.WIVI KJINeHTOB
M1 0becrieynBaeM BOIMOXHOCTb A1 K&XA0r0 KMEHTA NONYYMUTb KOHCYMbTALMN 11 OTBETHI Ha
WHTEPECYIOLLME BOMPOCHI, KAK Y OMbITHbIX CMELWMANNCTOB, TaK U Y OPULMANbHBIX WL,

W3 JleHukupxa Ha BeCb MUp

Komnanus Testo, Npon3BoauTeNb BHICOKOTOUHBIX MPUOOPOB HA OCHOBE BbICOKMX TEXHOMOTUIA,
CO LWTa6-KBAPTUPOIA B JIeHLIKMPXe 3KCnopTupyeT oyt 60 % BCex U3MepuTenbHbIX
npubopos. Testo npeacTaBneHa BO BCEX Yrofkax 3eMHOro Liapa 25 dunuanamu u 50
NpeACTaBUTENbCTBAMM.

Mocesuwias ceda oyaywemy

MpubnuautensHo 70 n3 570 cneuyranicToB 3aHUMAIOTCS UCCNIEA0BaHUSIMU, PA3BUTUEM W
MapkeTHroM. Mbl MIMeeM TBEPZIOE XeflaHue 1CCneaoBaTb. [NaBHas Lieb COCTOUT B TOM,
4706l NPEANOXUTL eLLe 6onee HOBEILLIME TEXHONOTN 1Sl PELLEHUS U3MEPUTENbHBIX 3afaY
HalLUKX KIUEeHTOB.

U3meputenbHbie MHCTPYMEHTbI ANS 3aLUTbl OKPYXaIOLLEeid cpeabl
Testo Npou3BOAUT W Pa3BMBAET NOPTATUBHbIE aHANM3ATOPbI JLIMOBbIX 1308 1S 3aLMTHI
Halweii okpyxatolLei cpeabl ¢ 1980 ropa.

KsanuéuumposaHHblit cepsuc
Testo octaetca ¢ Bamu n nocne npuobpetenns MHCTpymMeHTa. KomnaHus obecneunsaet
ObICTPbII KPYrNOCYTOYHbIA CEPBUC BO MHOMAX MPENCTABUTENLCTBAX.

Jinpep MMpPOBOro pbiHKa

Bricokoe kayectso npoaykuym (DIN EN ISO 9001 cepTudukar), pasymHble LieHbl U BbICTpOE
1 KayecTBEHHOe 06CNyXuBaHMe npespativ Testo B MUPOBOIO NIMAEPA MO MPOM3BOACTBY U
MPOLAXe NOPTATUBHLIX N3MEPUTESbHBIX MHCTPYMEHTOB.
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testo 205

Mpubop testo 205 - kOMNaKTHbI pH-METP ¢ aBTOMATUHECKOI TeMMepaTypHOM
KOMMEHCAUWen, Ans OfHOI PyKK, T.e. Mexay pH 30HAOM W ANEKTPOHUKOWA MHCTPYMEHTA HET
COEAVHUTENBHOTO Kabensi. 3mepuTenbHbIi TeMnepaTypHbIi HAKOHEYHUK BCTPOEH B
3anareHToBaHHbli pH 30HA Testo, noaTomy Temnepatypa uamepsieTcs 6e3 noacoeanHeHmus
0TAENbHOro 30HAA. HaKOHEUHMK 30HAA - CMEHHBIA (3anacHas NPUHALANEXHOCTb). 30H, MMeeT
IuTenbHbIA Cpok cnyx6bl Gniarofaps nonoii AvadparMe 1 reneBoMy aNeKTPONUTY, a Takke
BbICOKOMY 6bICTPOAENCTBMIO. TMPOYHLIA CMEHHBI NPOHMKAIOLLVIA HAKOHEYHUK 30HAA He
MOABEPXEH BAMSHUIO 3arpsiaHenmii (Hanp., 6enkobiM). Takum 0bpasom, testo 205 aBnsercs
UAEeabHBIM U3MEPUTENBHBIM UHCTPYMEHTOM [U1S1 NULLEBOIA NPOMBILLNEHHOCTU, 0COBEHHO NS
msiconepepaboTku.

Puc. 26: VamepeHue 3HaveHust pH Msica Bo Bpemsi 06Basku
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MpeseHTaumus uamepuTenbHbix Nprbopos Testo

TexHuyeckue gaHHble testo 205

Mapametp pH/C

CeHcop pH anextpoa / NTC

Yucno namepuTenbHbIX KaHasoB 2

[Jvanason nameperuit ot 0 no 14 pH

PaspelueHue: pH 0.01 pH

Pa3peluerue: Temnepatypa 0.1°C

MorpewHocTb: pH +0.02 pH

MorpetwHocTb: Temneparypa +04°C

TemneparypHas KOMMeHcauvs AsTomarnyeckas

[Lucnneit XK, 2-x cTpoutbiid, ot 0 no 70°C

3oHa Hakpyunsatowmecs pH / °C mopynn

LIknn4HOCTb M3MEpeHuin 2 U3MepeHNs B CeKyHay

Paboyas Temneparypa o1 0°C no +60°C

Temnepatypa xpaHeHus o1 -20°C po +70°C

Tun 6atapeu 4 nutneBble batapeiiku LR44

Pecypc 6atapen 80 y (AsT0 Bbikn. 10 MuH)

Kopnyc ABS C MSTKIM KOXYXOM A1t PYKOSITKY
3aumTHbli knace IP 65

Pa3smepel 197 x 33 x 20 Mm

Bec 69r

Tabnmua 6: TexHnyeckue paHHble testo 205

Mpeumywecrea npubopa

+ KoM6MHMPOBaHHbIA NPOHUKAIOLMIA HAKOHEYHIK PH C 30HLOM TeMnepartyp
+ CMEHHbII M3MEPUTENbHBIIA HAKOHEYHMK

+ OneKTPOL, C reneBbiM HANoNHUTENEM, He TPeOYIoLMI 0BCYXMBaHMS

+ BcTpoeHHas noacseTka aucnnes

+ AkyCTnyeckuit CUrHan nNpu HaxaTtn KHOMOK

+ 2-X CTPOYHbII aycnneit

+ ABTOMaTM4ECKOE PaCro3HaBaHWE 3HAYEHNS MOHON LUKabI

- BoamoxHa 1, 2-x 1 3-x To4eyHas kanmbposka
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Mpe3eHTauus uamepuTenbHbix Nprbopos Testo

testo 206-pH 1

JInneiika npnbopa testo 206 coctouT U3 3-x Mopieneii.

KapmaHHbiii npubop uamepenust yposHst pH 1 Temnepatypsl testo 206-pH 1 ocHatweH
HAKOHEYHWMKOM 30HAA PH Ans M3MepeHus B XUAKOCTsX. pH GakTop 1 3HaueHre Temneparypbl
13MEpSIOTCS OIHOBPEMEHHO M OTOOPAXAIOTCS HA 2-X CTPOYHOM Awcnnee. M3mepuTenbHblii
HaKOHEYHWMK MOXET ObITb 3aMeHeH Nnpu HeOOXOAMMOCTI CaMUM nonb3oBateneM. bnarogaps
TexHonoruu, Testo 30HA, - BLICOKONPOYHbIA, ObICTPOLEACTBEHHBIN 1 HEYYBCTBUTENbBHBIN K
3arpAsHEHMAIM, a TaKKe UMEET J/IMTENbHBIA CPOK CyxXObl. BoamoxHa 1, 2-x 1 3-x ToyeyHas
kanmbposka. KomnnekT npubopa BKIIOYaeT KONMAYOK C renem Ans XpaHeus,
BOLLOHENPOHMLIaeMbIii yexon TopSafe u aepxatenb st PEMHS/CTEHbI.

Puc. 27: Wamepenue pH dakTopa B npoLiecce npousBoacTsa GppykTOBOro Coka

Mpumenenns testo 206-pH 1

+ pH n3mepeHne B OKpyxaloLLei cpeae (Boaa, CTOYHbIE BOBI, ...)

+ Heiitpann3aums koHpeHcara (OTONUTENbHbIE CUCTEMbI/KOHAEHCALMOHHbIE KOT/bI)

+ W3mepenue pH B npombiLLNeHHOCTH (Hanp., pH CMa30yHbIX MaTepuanos)

+ V3mepenue pH B NuLLeBOM NPON3BOACTBE (HaMp., NPON3BOACTBO HPYKTOBOrO COKa)

- 06uee npumeHerme: Xuakue pacTBopbl BO BCEX CEKTOPaX
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MpeseHTaumus uamepuTenbHbix Nprbopos Testo

TexHuueckue gaHHble testo 206-pH 1

IMapametp

CeHcop

Yucno mamepuTeNbHbIX KaHAIOB
[lvanasoH uamepeHuit
PaspelueHue: pH
Paspeluerue: Temneparypa
TMorpewHocTb: pH
IMorpeLwHocTb: Temneparypa
TemnepatypHasi KoMneHcaums
[vcnneit

3oHp

LinknnyHOCTb M3Mepermit
Paboyasi Temneparypa
Temneparypa xpaHeHus

Tun 6arapen

Pecypc 6atapeu

Kopnyc

Pa3amepbl
Bec

pH/C

pH anextpoa / NTC

2

or 0 no 14 pH

0.01 pH

0.1°C

+0.02 pH

+04°C

ABTOMATUYECKAs

XK, 2-x cTpouHbiid, ot 0 o 70°C
HakpyumBatowmecs pH /°C mopynu
2 3MepeHus B CekyHay

or 0°C po +60°C

or -20°C po +70°C

1 barapeiika CR2032

80 y (ABTO Bbikn. 10 MuH)

ABS ¢ yexiom Top Safe
3awmTHbii knacc [P 68

197 x 33 x 20 MM

69r

Tabnuua 7: TexHnyeckve aaqHble ans testo 206-pH1
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testo 206-pH 2

KapmaHHbiii npubop namepeHust ypoBHst pH 1 Temnepatypbl pa3pabotaH s GbICTpbIX
13MepeHnin B nonyTeepabix cybctaHumsx. pH-meTp testo 206-pH 2 npeaHasHadeH ans
MULLEBLIX NPOJYKTOB, TakMX KaK Xene, Kpem, Msico, konbachl, cbip, GpyKTbl, Miope 1
KOCMETHYECKEe KpeMbl. [prbop OCHALLEH BCTPOEHHBIM TEMMEPATYPHLIM 30HAOM 15
aBTOMATWUYECKON TEMNEPATYPHOIA KoMNeHcaumuu. BoamoxHa 1, 2-x, 3-x ToueyHas kannbposka.
B koMnneKT BKIIOYEHbI 3aLUMTHBIA KOAMAYOK C reieM Afis xpaHeHusi, yexon TopSafe
(NPOYHbIiA, BOAOHENPOHWLIAEMBIiA, TUMYEHUYHBIA, MOXHO MbITb B MOCYZAOMOEYHOI MaLlnHE
(IP68)) n pepxatenb Ans KPenneHns K PEMHIO/CTEHe.

Puc. 28: KoHTponb kayecTsa B NpoLIECCe NPOM3BOACTBA KOCMETMYECKOTO Kpema

MpumeHenns testo 206-pH 2

+ KucnomonoyHble nposyKThb (0rypT, Chip, ...)
+ W3mepenme 3HaveHns pH cMecu B NpoLecce NPOM3BOLACTBA CIMPTHBIX HAMUTKOB

* W3mepenme 3HaveHns pH B NpOM3BOACTBE FOTOBbIX NMPOJYKTOB
(Hanp., npunpaesbl Kk canary)

- [lpuMeHeHve B KOCMETMKe (MPOM3BOACTBO Kpema)
+ TMposepkyn pH B Npouecce NPOM3BOACTBA MSICHbIX NPOLYKTOB
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MpeseHTaumus uamepuTenbHbix Nprbopos Testo

TexHuueckue gaHHble ans testo 206-pH 2

MNapameTp pH/°C

CeHcop pH anektpog / NTC

Yucno namepuTenbHbIX KaHasos 2

[vanasoH u3mepeHuit ot 0 go 14 pH

Paspewenwe: pH 0.01 pH

PaspetueHve: Temneparypa 0.1°C

MorpewHoctb: pH +0.02 pH

MorpelwHocTb: Temneparypa +0.4°C

TemneparypHasi koMneHcauus AsTOMaTIYECKas

[Lwvcnneii XK, 2-x cTpouHsiii, ot 0 go 70°C

30HA, Hakpyumsatowwmecs pH / °C mopynm

LMknnyHoCTb n3mepeHuii 2 ©3mepenus B cekyHay

Paboyas Temneparypa ot 0°C po +60°C

Temnepatypa xpaHeHus ot -20°C po +70°C

Tun 6atapeu 1 6arapeitka CR2032

Pecypc 6atapen 80 y (ABTO Bbiki1. 10 MuH)

Kopnyc ABS c yexnom Top Safe
3awwmTHbii knacc IP 68

Pa3amepsl 197 x 33 x 20 Mm

Bec 69r

Tabnuua 8: TexHuueckue faHHble ans testo 206-pH 2
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testo 206-pH 3

testo 206-pH 3 ocHateH BNC pasbemoM, no3BonsioLLMM NOACOEAUHUTD BCe 30HAbI pH K
npubopy. Mpu ncnonbaosaHun pH 30HKOB CO BCTPOEHHBIM CEHCOPOM TEMMEPaTypbl,
3HayeHue 0TOOPAXAETCS C aBTOMATMYECKON KOMNEHCaLmel TeMnepaTypbl. 3HavyeHre
TEMnepaTypbl MOXHO BBECTW BPYYHYI0. pH-MeTP naganeH Ans ucnonb3oaHus BHE
MOMELLEHWIA 1 B TAXENbIX YCNIOBUSIX NPON3BoacTBa Hnaroaaps yexny TopSafe, Bxoggsuiemy B
KoMmnnekT. BoamoxHa 1, 2-X, 3-X ToueyHas kanbpoBka. B KOMMNEKT BKIIOYEH 3aLMTHbIN
KONAYOK C refieM NS XpaHeHus, 3alMTHbIF BOAOHENPOHMLaeMblii yexon TopSafe u
[nepxarenb Anst KpenieHus Kk peMHio/cTeHe. [ins 3akasa JoCTYNHO 2 6a30Bbix KOMM/IEKTa,
oTnyatoLLmxest onuven Buibopa pH 30Ha0B (Testo pH 3oHa Tun 01 6e3 unmn Tun 04 ¢
TeMnepaTypHbIM CEHCOPOM).

Puc. 29: Mposepka pH-dakTop B NabopaTopHbIX YCIOBUSIX

Mpumenenns testo 206-pH 3

- Bce 30HAbI MOXHO NoaKio4MTb ¢ noMolubio BNC apantepa.
3oHabl Testo ¢ GpyHKUMe 3MepeHs TeMnepaTypbl 06eCreynBaIoT aBTOMATUYECKYIO
TEMMEPATYPHYI0 KOMMEHCALMIO.

+ WneanbHbiit npubop ans namepermii pH-paktopa B naboparopum
+ MoHuTopuHr pH B cekTope OkpyXatoLueii cpefbl (Ka4ecTBO BOAbI, 06pasLibl 3emii)

+ TNposepka pH B NPOMBILLNEHHOCTH (Hanp., MPOSIBOYHBIE YCTAHOBKM)
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MpeseHTaumus uamepuTenbHbix Nprbopos Testo

TexHuueckue gaHHble ang testo 206-pH 3

Mapametp pH/C

CeHcop pH anextpoa / NTC

Yncno M3MepuTeNbHbIX KaHaNoB 2

[Jvanason usmeperuit ot 0 go 14 pH

PaspelueHue: pH 0.01 pH

PaspetueHue: Temnepatypa 0.1°C

MorpewHoctb: pH +0.02 pH

MorpetwHocTb: Temneparypa +04°C

TemneparypHasi KOMMeHcauvs AsTomariyeckas

[Lncnneit XK, 2-x cTpoyHiii, ot 0 go 70°C

30HA Hakpyumsaiowmecs pH / °C mogynu

LivknnyHOCTb M3Mepenmii 2 U3MepeHIs B CeKyHay

Paboyas Temneparypa ot 0°C no +60°C

Temnepatypa XpaHeHus ot -20°C po +70°C

Tun 6atapen 1 6arapeitka CR2032

Pecypc 6atapen 80 u (AsTo Bbikn. 10 MuH)

Kopnyc ABS ¢ yexniom Top Safe
3awmtHbli knacc IP 68

Pa3smepel 197 x 33 x 20 mm

Bec 69r

3a uxdopmaumeii o pH 1 TemneparypHoii
MOrpeLLHOCTY 06paTUTECh K OMUCAHHIO
COOTBETCTBYIOLLYX 30HA0B.

Tabnuua 9: TexHuyeckue faHHble ais testo 206-pH 3
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Mpe3eHTauus uamepuTenbHbix Nprbopos Testo

testo 230

testo 230 - pH-meTp C OTAENbHBIM Pa3beMOM 151 TEMNEPATYPHOO 30HAA, YTO SBNSETCS
SIBHBIM MPEMMYLLECTBOM, TaK Kak K pubopy MOXHO MOAKIIOYUTL BHELLUHMA TEMNepaTypHbIi
30HA Testo HeobxoaMMOro ananasoHa s 0TaenbHoro namepenus. Mpubop "[ga B OgHoM"
UCKII04aeT HEOOXOAMMOCTb MOKYMKW IMLIHEro TepmMoMeTpa. B otanuve oT testo 205 u testo
206, pH-meTp testo 230 obpabatbisaet GydpepHbie pactsopbl DIN/NBS 1 umeet wmpokuii
BbIGOP 30HA0B 151 PA3NNYHbIX NPUMEHEHNIA.

Puc. 30: testo 230 — KomnnekT pH-Set 2

[ocTynHel cneyioLuve KOMOMHALMU KOMMJIEKTOB:

Komnnekr pH-Set 1, YHuBepcanbHblii:
testo 230, pH-meTp ¢ 2-Mms1 3axumamm ans anexTpooB 1 barapeiikoii, OydepHble pacTBopbI
Testo pH 4 1 7, 50 mn kaxzpiii, yHMBepcanbHbiii 3nekTpog Tun 04 pH 1 nnacTukoBblii Keiic.

Komnnekr pH-Set 2, Muwepoii:

testo 230, pH-MeTp ¢ 2-Ms 3ax1Mamu s ANEKTPOLoB U 6atapeiikoit, bydepHble pacTBOPLI
Testo pH 4 1 7, 50 Mn kaxablit, npoHukatowwmid anektpog, Tun 03 pH, pacTeop ang xpaxeHus
(50 mn), coemmHMTENbHBIA Kabenb (1 M), MULLEBOI 30HA, U3 HEPXaBEIOLLEH CTam (Knace
3awmThl IP 65) 1 NNacTUKOBbINA KeVic.

Komnnekr pH-Set 3, Yn00HbIiA:
testo 230, pH-MeTp ¢ 2-Ms 3ax1Mamu U151 ANEKTPOLOB 1 GaTtapeiikoi, bydepHbie pacTBOPI
Testo pH 4 n 7, 50 Mn kaxabii, yHuBepcabHbIi anektpog Tun 01 pH 1 NnacTMKoBbIA Keiic.
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MpeseHTaumus uamepuTenbHbix Nprbopos Testo

TexHuyeckue gaHHble ans testo 230

M3mepuTenbHble AnanasoHbl

Paspeluerne

MorpewwHocTb
+1 3HayeHne

TemnepatypHasi KOMneHcaums

Paboyas Temneparypa

Temneparypa XpaHeHusi\TpaHCTIOPTMPOBKM
[ncnneit

CoenuHeHvs

Pecypc 6atapeii
Bec
[pyrvie 0cobeHHOCTH

Tabnmua 10: TexHuyeckue aaqHbe ang testo 230

Ocob6eHHocTH testo 230

ot 0 1o 14 pH

ot -50 go +150°C

+ 1999 MB

0.01 pH

0.1°C

1 MB

+0.01pH

+ 0.4°C (ot -50 fo -25°C n ot +75 o +99.9°C)
+0.2°C (ot 24.9 po +74.9°C)

+ 0.5 % ot u3m. 3Hau. (ot +100 no +150°C)
+ 1 mB (o1 0 o 999 mB)

+ 2 MB (ot 1000 go 1999 mB)

pyyHast ot -10 po +150°C

aB10 ot -50 10 +150°C

ot 0 po +40°C

ot -20 o +70°C

XK nucnneid, 2-cTpoku

BNC pa3bem

nng 3oHaa pH wnm ph/°C

Pa3bem muHm DIN anst TemneparypHoro 3oHaa
npumepHo 100 4

180 r (BKn. Gatapeiiky)

Knacc 3auwmTsl [P 54

paamepHocTb °C/°F

ABS kopnyc

DyHKLMS aBTOOTIIOYEHMS

testo 230 coyetaer B cebe pH-MeTP 1 BbICOKOKIIACCHBII TEPMOMETP B KOMMAKTHOM
BOZIOHENPOHMLIAEMOM Kopryce. Pefioke NoTeHLMan MOXET ObiTb ONpefeneH ¢ MOMOLLbI0
MoAK/04aeMOro BOCCTaHOBUTENLHOTO anekTpoaa Tun 06.

MHCTPYMEHT OCHaLLIEH aBTOMATUYECKOi TeMMEpaTypHOIi KOMMNEHcaUueii 1 MOXeT ObiTb
0TKaNMOPOBaH B AuanasoHe pH ¢ NomoLLbio cTaHaapTHbIX 1 DIN GydepHbix pacTBOpOB.
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testo 240

B komnakTHOM BOpOHENpoHMLiaeMoM kopriyce testo 240 couetatotest nprubop s M3MepeHuns
3MEKTPONPOBOAHOCTY PACTBOPOB U BLICOKOKNIACCHBIA TEPMOMETP. C MOMOLLbIO 4-X
3NEKTPOAHOI TEXHONOrMM MOJb30BATE b U3BEraeT OLMBOK U3MEPEHNS 1 OTIIOXEHUI Ha
noBepxHocTH anekTpoaos. Conesoit 6anaHc (NaCl) B BOAHbIX pacTBOpax MOXET
ONPeAensTLCs HANPSAMYIO.

Puc. 31: N3mepeHme anekTponpoBOAHOCTY B PAcCoe NMpu NPOM3BOACTBE BETYMHbI

Ocob6eHHocTH testo 240

+ [lnuTenbHbIin CPOK CNyXObl M3MEpUTENbHOI fueiikn Bnarofaps 4-x aNeKTPOHHOM
TEXHONOTN U3MEPEHUS
+ LLmpokuit anana3oH M3MEPEHNiA BCEro C OHO M3MEPUTENbHOI S4ENKOi

- Jlerkoe n BbICTPOE YnpaBneHme

- W3mepenme conesoro bananca (NaCl)
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MpeseHTaumus uamepuTenbHbix Nprbopos Testo

TexHuyeckue gaHHble ans testo 240

Tun 30HaA N3meputenbHas sueiika Cecop NTC PacyeTHasi nepemenHas
3NIEKTPONPOBOAHOCTY

Wam. aman. ot 0 go +2000 mCm/cm ot -50 o +150°C ot +1 go +200000 mr/n NaCl

MorpewHocts £ 1% oT u3m. 3Hay. £ 0.5 % OT u3Mm. 3Hay. + 1.2 % 0T M3M. 3Hay.

+ 1 3Hay. (o7 0 o +2000 mCm/cm) (o1 +100 go +150°C) (ot +1 go +200000 mr/n NaCl)

+0.2°C (ot -25 po +74.9°C)
+0.4°C (ot -50 po +25.1°C)
+0.4°C (ot -75 o +99.9°C)
Pa3peLueHve 0.1°C (ot -50 po +150°C) 0.1 mr/n NaCl
(ot +1 po +200000 mr/n NaCl)

[ucnneii XK, 2- x CTPOUHbIi
Paboyasi Temneparypa ot 0 no +40°C
Temneparypa xpaHeHus ot -20 po +70°C
Tun 6atapeu 6noyvasa, 9 B
Pecypc 60y

TabapuTbl 168 x 72 x 27 Mm
Bec 1701

apaHTus 2 ropa

Paspewenme - makc. 0.1 uCm/cm

ABTOMaTIYECKas TEMNEPATYPHas KOMMEHcaLys

TemnepatypHbiit koadduumeHT: ot 0 10 5 %/°C, NHEeHbII

KomneHcaLums B COOTBETCTBIM C HENMHEIHOI pyHKLMei

MpupoaHas Bopa cornacHo ¢ DIN 38404 ot 0 go +50°C

ABTOMATMYECKOE NEPEKITIOYEHINE M3MEPUTENBHOTO A1anasoHa (3NEKTPONPOBOAHOCTb)
®yHkums Auto-OFF

PasmepHocTb ‘C/F

Tabmmua 11: TexHuueckue faHHble ans testo 240
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Konnayok pns XpaHeHus C 3awwmTom ot YTEUYKHN

pH 30HAbI AOMXHBI XPAHWTLCS BO BNIXHBIX YCOBUSX AJ1sl TOFO, YTOObI M30eXaTh 3achixaHust
BHELLHEro c/1osi MeMbpaHbl. Testo paspaboTana konnajok [ XpaHeHWs C 3aLMTON OT YTeuKM
s HoBbIx pH-meTpoB testo 205 and testo 206. enb cooTBETCTBYET 3-X MONSIPHOMY XJI0pUAY
Kannst. YTeYKM He NPOUCXOAMUT U3-32 TOr0, YTO reNeBblii HAMOHUTENL UMEET MyCTY0 NPUpOLY.
OyeHb BaXHO TILATENLHO OYMCTUTL SMEKTPOS, NEPeL TeM, Kak NorpyauTh ero B refib Ais
xpaHeHusi. MpoyHbIi nnacTukosbii konnadok ¢ KCI renem npukpennsercs K jepxatento ans
PEMHSI/CTEHbI UMK HANPSIMYIO K MHCTPYMEHTY. 3anacHble Konnaykyu JOCTYMHbI B Ka4eCTBe
OTAENbHbIX NPUHAZIEXHOCTEN unn B komnnekTe Ne 3.

Puc. 32: 3awmTHbiit konnayok ans pH 301a08 ¢ KCL renesbiM HanonHuTenem
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