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Hacrosiee npakTuyeckoe pykoBoACTBO “M3mepuTenbHble TexHonorv pH" 6bi1o CO3faHo B OTBET
Ha 3anpochbl HALLKX NOCTOSHHbIX KIMEHTOB.

Komnatus Testo ony6nnkosasa faHHOE PYKOBOACTBO [Jist TOFO, YT06bl MPELOCTABUTL HOBLIM
no/b30BaTeNsIM NPOZYKLMK KpaTkuii 0630p MHGOPMALMKM O MPUHLMNAX U METOfaxX u3mMepeHus pH
akTopa. [l1sl OMbITHBIX CrIELManm1CToB faHHas paboTa CTaHeT LieHHbIM CrPaBOYHUKOM, MOMHO
NOMe3HbIX COBETOB, NOACKA30K 1 PEKOMEHAALMIA.

MbI C panoCTbIO PacCCMOTPUM BCE BaLLM UAeN 1 noxenanus. NpocTo HanuwmTe Ham no
3NIEKTPOHHOI NouTe Ha azpec info@testo.ru unu nocetute Haw MHTepHET-caiT www.testo.ru.
HoBble naev v npeanoxeHns HailayT CBOe OCTOHOE MECTO B CEYIOLLEM W3[aHUN.
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1. OOwwme nonoxeHus

1.1 Yro Takoe pH 3HayeHne?
1.1.1 BBepeHue

Hapsiny co 3Ha4eHrem Temnepartypsl, pH ¢aktop SBASETCS OAHMM U3 CaMblX BaXHbIX
napameTpoB B XUMIUYECKON 1 hapMaLieBTUYECKON NPOMBILLIEHHOCTH, @ TakxXe B CEKTOpe
OXpaHbl OKpyXaioLLel cpeabl. 3Hayenne pH SBNSeTCs BaXHEALUM UHANKATOPOM BO MHOTUX
XMMUYECKUX 1 GUOXMMUYECKUX peakumsX. Bnarofaps yCoBEPLLIEHCTBOBAHMIO U3MEPUTENBHBIX
TEXHONOTUIA, HOBOMY UHXEHEPHOMY peLLeHuio fis pH 30HAa 1 Gonee KOMNAKTHOMY AU3aiiHy,
M3MepeHue 3HadeHns pH npeBpaTnnoch U3 CNOXHON NPOLEAYPbI, JOCTYMHON TONKO
CcrneuvanmcTam, B 1erkoe 1 ynobHoe U3MepeHue fiist BCEX W Kaxaoro.

— lMpumep: Mnwa

3HaueHue pH cbipbst ¥ NULLEBLIX MPOAYKTOB BASIETCS HAMBKHENLUNM GaKTOPOM B
06ecrneyeHnm kayecTBa KOHEYHOro NpoAyKTa. l/lamepeume pH NPUMEHAETCA B CEKTOPax
TPAHCMOPTUPOBKM 1 NOCTABKM MSICA, CO3PEBaHMS Msica 1 konbac, MapuHaZIOB 1 CONEHMIA,
PYKTOBBLIX COKOB 11 FOTOBbIX MPOAYKTOB.

— Npumep: ManeBaHonnacTvka/3akanka

Co3paHue KOPPEKTHOro 3Ha4eHus pH B ranbBaHU4ECKMX BaHHAX SBNSIETCS KIKOYEBbIM YCOBUEM
NPV OKOHYATENBbHOM ra/lbBaHUYECKOM MOKPbITUM MeTanna. iamepenue pH npumenseTcs Takke
MY O4UCTKE 3arPSI3HEHHBIX ra/IbBAHNYECKIX 1 33KaNI0YHbIX YCTAHOBOK, ONTUMaIbHas
3(PEKTUBHOCTb KOTOPbIX JOCTUrAETCS NPU O4EHb Y3KOM AnanasoHe pH.

— lMpumep: 3awmta okpyxaroLei cpesbl (MTbeBasi BOAA U CTOYHbIE BOAbI)

3HayeHre pH Ha NPOTSHXEHMM [LONTOrO BPEMEHM SIBNSIETCS 00513aTeNbHbIM NapaMeTpoM npu
MOHWUTOPUHTE YCTIOBMIA OKPYXaloLLIei cpenbl. [pn npoBepke ka4yecTBa NOBEPXHOCTHBIX,
TPYHTOBbIX, CTO4HbIX, @ TaKkXe [OXAEBbIX BOA, (akTop pH yka3biBaeT Ha arpeccuBHOCTL CPefb!
1, CNefioBaTesbHo, Ha 61ONONMYECKOe COOTBETCTBIE BOfbI HOPME.

— lpumep: lpecHas Boaa (Ans pbiObl)
®akTop pH onpepenser, HanpuMep, HACKONLKO BOJA B TOM W MHOM BOJI0EME MPUroaHa

15t 06MTaHmMs pbibbl. [laHHOE OnpeneneHre MOXeT ObiTb NpeacTaBneHo B GanaHce
aMMOHUI/aMMuak, KOTOPbIi HaxoamTCs B GOMbLIOIA 3aBUCUMOCTM OT 3HaueHus pH.

Ammmak (NH;) - BewwecTBo BLHICOKOTOKCUYHOE NIel Pbibbi, B OTAM4Me OT aMmonns (NH4+),
KOTOpbIi cpaBHUTENbHO Ge3BpeneH. Mpu paktope pH 6, NpaKTUYECKM MPUCYTCTBYET TONKO
aMMOHUIA 6e3 CoflepXaHust ONacHOr0 aMMuaka, B T Bpemsi kak npi pH 9 KoHLEHTpauums
ammuaka gocTuraet yxe 25%.
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1.1.2 Onpepenenue 3Hayenus pH

pH - 310 ab6peBMaTypa NPOMCXOAMT OT BLIPAXEHMS HA NATUHCKOM SI3bIKe, 03HAYAIOLLEM
"pondus hydrogenii” (pondus = pasnenue, hydrogenium = sogopoa). Mamepetme pH - ato
M3MepeHIe KOHLIEHTPaLMK MOHOB BOAOPOLA B Kakoi-nnbo cpene. [laHHash KOHLEeHTpauus
HanpsiMylo CBsi3aHa C XapakTepOM Cpefibl, B KOTOPOW OHA M3MEPSIETCS: KUCTIOTHOIA,
HEATPANbHO WA LLENOYHOIA.

Tabnuua (1) oToBpaxaeT To, YTO C YBENMYEHUEM KOHLIEHTPALMM MOHOB BOAOPOAA (MOAbEM
LuKanbl), 3HaueHne pH yMeHbLLAeTes, a Cpefia 3MepeHus CTaHOBUTCS Bonee KUCNOTHOM.

[anasoH pH H+ KoHLeHTpauws (Monb/n)
0 100 1
1 10+ 0.1
2 102 0.01
KVCTIOTHBIiA 3 10+ 0.001
4 10+ 0.0001
5 10 0.00001
6 10 0.000001
HENTPaNbHBIi 7 107 0.0000001
8 10+ 0.00000001
9 10+ 0.000000001
10 10-0 0.0000000001
LLIEN0YHOM 1 101 0.00000000001
12 102 0.000000000001
13 10+ 0.0000000000001
14 10 0.00000000000001

Tabnuua 1: pH wkana
[insi Toro, 4T0GbI CAENATH BEMYMHY NEPEMEHHOI “KOHLIEHTpaLwK” Bonee ynoGHoIA fis
onepuposanus, B 1909 CopeHceH NpemyioXun BBECTM B 060POT "3KCNOHEHT BOfopoaa” B
KayecTBe norapudma ¢ ocHoBaHMeM 10, COOTBETCTBYIOLLErO KOHLIEHTPALMM MOHOB BOLOPOAA
(T.e. OTPMUATENLHBIA 0rapUdM KOHLIEHTPaLMK MOHOB Bopopoaa) [1]:

pH=-lg(CH+). (1) C = KOHLEeHTpaums

OTpuLaTENbHBINA 3KCNOHEHT B Tabamue 1 COOTBETCTBYET 3HauEHMIO pH.

IMpumep: HT KOHUeHTpaums = 1 04 monb/n - -> pH 3Havexne = 4

——
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B Hawwm [HM 3HayeHus wkansl pH onpenensiotes cepueii CTaHaapTM3NPOBaHHbIX GydepHbIx
pactBopos [1-4]. BydepHbie pacTBOPbI - 3TO PACTBOPbI C TOYHO ONPEAENEHHBIMU 3HAYEHNSMM
pH, KoTOpble MOTYT BbiTb TEOPETUYECKM PACCHUTAHBI U3 COCTABA PACTBOPA.

B BbICOKOKOHLIEHTPUPOBAHHbIX KCIOTAX MM LLEN0Yax BO3MOXHO U3MepUTb 3HaueHne pH Huxe
0 v Bolwe 14. [lpyrumu cnoBamm, KOHLEHTPAUMM H* B faHHbIX Cyyasix Bbilwe, YeM 1 Monb/n
(pH <0) wm menee 10714 monb/n (3Hauenme pH >14).

PucyHok (1) otobpaxaer pasnuuHble npumepsl pH 3HauyeHwii Ans pacnpoCTPaHEHHbIX
pacTBOPOB.

KMCNOTd————————  HeiTpasibHas Cpefla —————————Lerotb
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

KpacHbIA XENTo-3eneHblin CUHWIA
m — — O m =
XKenyaouHblit npocrc|JKBau1a KonoagaHas 0.1m
COK © ) BOAA
fiorypr NaOH
it 13BECTKOBAS
JIMMOHHBIIA COK HEMOHV3UpPO- ) sona
BaHHas BoAa MblJIbHbIN
pacTeop

Puc 1: wkana pH ¢ TMIM4YHBIMM NpUMeEpamMn pacTBOPOB

1.2  Mertoap! onpepenexus 3Havenus pH
1.2.1 Pacuer pH

CamblM JpeBHAM METOAOM OMpenesnieHnsi KUCIOTHOCTY BELLeCTBA WKW PacTBopa sBNSETCS
YenoBeyeckM BKyc. Mpu aeryctaumm BeLecTB ¢ pasHbiM YpoBHEM pH, HEPBHbIE OKOHYaHMS
A3blka NPMHUMAIOT HA CE6S1 PasHble BKYCOBLIE UMMY/IbChI, ONPEAENseMble kak "KUCAbIiA BKYC"
WM "MbINbHBIA BKYC". TeM He MeHee, AaHHbIA METOf, ONPELENeHUs KMUCIOTHOCTU OYEHb
HETOYEH M MPUHOCUT OFPOMHBLI/ BPEZ 3[0POBbIO: MpeAcTaBbTe, kak Bul Gyaete onpenensitb
CONSIHYI0 KMCNOTY Ha BKyc. [pyrve cnocobbl onpeeneHns gaktopa pH HAMHOTO TOYHee W
6e3onacHee.

——
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06LMe NoNoXeHus

Mcnonb3oBaHue nakmycooit Gymaru (pH MHAMKATOPHbIE NONOCKM) UMEET CMBICH, TaK Kak Ha
HEKOTOpbIE XMMUYECKue peakLvu BaseT 3xaderrne pH [1]. CreumanbHble COCTaBASIOLME 3TUX
MHANKATOPOB CMOCOOHbI BbIAENSATb WAW NMPUHMMATL MOHbI BOAOPOAA - MPOTOHbI - W,
CnefioBaTenbHo, N3MEHSTb CBOV LiBET. /I3MEHeHIe MHTEHCUBHOCTM M TWNa LIBETa MOXET ObiTb
OnpefeneHo, Hanpumep, C NOMOLLBIO CPABHUTENBHOI LKanbl. LiBeT onpeaenseT yposeb pH B
cpesie u3MepeHnsi. HecMOTpst Ha TO, YTO OMMCAHHbI METOZ, JOBOMLHO NEroK W yaobeH, OH
cnocobeH Aatb Wb NpubansuTenbHoe 3HayeHne pH B JanHoi cpepe. [orpelwHocTb
COCTaBAISIET HECKONbKO AECHTBIX €AVHULBI N3MepeHns pH. M3Mepenns [OMXHbI NPoBOAUTLCS
NP1 KOMHATHOI TeMnepaType B pacTBopax ¢ 00LLeii aNeKTPONPOBOAHOCTLIO Bhilue, Yem 100
uCwm/cm.

doTomeTpbl TakxXe paboTalOT MO MPUHLMMY pAcro3HaBaHWs M3MeHeHus LBeta. OHu
KOHBEPTUPYIOT 3Ha4eHNe TekyLLeid MHTEHCUBHOCTM LiBeTa B pH (akTop Ha 0CHOBE KannbpoBky
OTHOCWTESIbHO CEpuUM MpeabifyLMX CTaHAAPTHbIX W3MEpeHMii. PacTBOpbl C W3BECTHbIM
ypoeHeM pH (-> GydepHble pacTBOpbl) ClyxaT B KayecTBe STaNoHHblX. Kak u B cnyyae ¢
JIaKMyCOBOW Bymaroii, TOYHOCTb (DOTOMETPOB HEBbICOKA, @ [vana3oH M3MEPEHMii OYeHb
OrpaHnyeH.

YueHble AOCTUINM HanOONbLIEro MPOrpecca B Pa3BUTMW MOTEHLMOMETPUYECKOTO MeToAa
n3mepenus pH.

1.2.2 MMoTeHuMoOMeTpMYECKOE U3MepPEeHUe
(Hanpumep, Testo pH anekTpogom)

B HacToswee Bpemst MeTog, onpeaenenns pH daktopa CTeKNSHHLIM 3NEKTPOAOM LUMPOKO
pacnpocTpaHeH. CTeKNSHHbIN 3NeKTPOA NepeaaeT 3HaueHne HanpsKeHWs, KOTOpoe
nponopLmoHanbHo daktopy pH. Beuay Toro, 4To 3NeKTPOA MOXET nepeaasatb TONbKO 04eHb
HW3KOE 3HAYEHWe HanpSXeHUs (3KCNepTbl Ha3bIBAIOT 3TO 04EHb BLICOKUM BHYTPEHHUM
3NIEKTPUYECKIM COMPOTUBNEHNEM), STANIOHOM CIYXUT MOTEHLMOMETPUYECKOE U3MEPEHNE C
3NIEKTPOXMMUYECKUM CEHCOPOM.

ANEKTPOXUMUYECKME CEHCOPbI MEPeaaloT HanpsXeHue, 3HaYeHUe KOTOPOro HanpsiMyto
3aBUCUT OT KOHLIEHTpaLMn MOHOB BOAOPOAA B ,uaHHOI7I cpepe. B 3aBucKUMOCTM OT TUNa
CEHCOopa 1 kayecTBa kasmbpoBKY, YPOBEHb MOTPELUHOCTM MOXET ObiTb HUXE, YeM + 0.03
eauNHULL

CreknsHHbIA pH anekTpoz, 061a36T LWNPOKAM U3MEPUTENBHBIM IMANa3oHOM, BbICOKO
TOYHOCTBIO, OH YHWUBEPCANIEH U NIETOK B NPUMEHEHUN. CyLLECTBYIOT U AAPYrue 3NeKTPopbl,
BKJTIOYAIOLLME BOOPOL, XUHMMAPOH, CYpbMY 1 BUCMYT, @ Takke pH CEHCOpbI C TeXHONormeit
nonynpoBoaHKoB (ISFET) [5]. OaHako curHanbl OT Takix CEHCOPOB HE MOTYT ObiTb
NpOaHaNN31POBaHbI CTAHAAPTHBIMM PH-MeTpamy.
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2. TexHonorus U3mMepeHus pH B Aetanax

2.1 KoHdurypaums usmeputenbHoOi CUCTEMBI

B 3aB1CMMOCTM OT NOCTABAEHHOI M3MEPUTENBHOI 33241 MOXHO MCNOAb30BATL Pa3HbIe TUMbI
pH-meTpoB. B cdhepe nopraTvBHbIX M3MEPEHMIA CTOUT BbIGOP MEXY KOMNaKTHbIMM pH-
MeTpamm (Hanp., testo 206), B KOTOPOM 30HL, M ANEKTPOHMKA COBMELLIAETCS B OHOM KOpryce
(Puc. 2) n npubopamm co cMeHHbIMM pH-30HAaMM Takumu, kak testo 230 u testo 206 pH-3.

Puc. 2: KapmanHble pH-MeTpbl s onpeseneruns 3Hadeqns pH n Temnepartypsl (testo 206-pH 1,
testo 206-pH2).

B cnyyae komMnakTHbIX pH-METPOB 30H, CTALMOHAPHO MOACOEANHEH K NPUGOpPY, NO3TOMY B
kabenbHOM COBIMHEHM MEXY 30HZOM W NPUBOPOM HET HEOOXOAMMOCTH. [laHHble NpubopbI,
KaK MpaBuio, UCTIONb3YIOTCS [1 MHOTOKPATHBIX, MOBTOPSIOLLMXCS U3MEPEHUIA U ECTIN
HeoOxomMa GbiCTpast U ya06Has TPaHCTIOPTMPOBKA. B KayecTBe anbTepHaTUBLI CyLECTBYIOT
U3MEPHTENbHbIE CUCTEMbI, B KOTOPbIX 30HMbI OTAENEHbI OT M3MEPUTENBHOMO UHCTPYMEHTA.

——
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Puc. 3: Mpumep pH 13MepuUTeNbHbIX CUCTEM C MOACOEANHIEMbIMUA M3MEPUTENBHBIMU 30HAAMM
(testo 230 ¢ pH-30HA0M 1 TEMNEPATYPHbIM 30HAOM U3 HepXaBeloLueii cTanm, testo 206-pH3).

VHCTPYMEHTBI CO CMEHHbIMW 30HAAMM UMEIOT NPEVUMYLLECTBO B TOM, YTO LUMPOKWUIA BbIBOP
30HA0B ANS NOAKIIOYEHNS K HUM aJanTUpoBaH K Mto6oi cdepe npumeHeHns. [laHHble
MHCTPYMEHTBbI UCMIONb3YIOTCS, B OCHOBHOM, B 1a60PATOPUsX WK NS BLINOMHEHWS
M3MEpUTENbHBIX 337334 HA MPON3BOACTBE, B B ChEpe OXpaHbl OKpyXatoLLelt cpebl.

2.2  pHanekrpon

V3mepeHne pH pakTopa 03HayaeT KOHBEPTUPOBAHME 3HAYEHWIA KOHLIEHTPALMM MOHOB
BOJ0PO/A B 3N1EKTPUYECKOE HAaNpskeHue. [1ns Toro YTobbl 310 caenatb, B 19 seke Obian
MPOBELEHbI AKCIEPUMEHTbI C MONMPOBAHHBIMY MNIATUHOBLIMU MIACTUHAMM W
3MEKTPONUTYECKIM MOCTUKOM (COMEBOIi pacTeop). Mocrie aToro Anst nony4eHns cTabubHbIX 1
TOYHbIX NOKa3aHUi B 06MXOf BOLLA 2-X ANEKTPOAHAs CXeMa,B KOTOPOIA 2 anekTpoaa
MOrpyXeHbl B 3EKTPOANT, @ 3HAYEHWE, NONYYEHHOE U3MEPUTENbHBIM 3NEKTPOAOM,
CPABHUBAETCA C 3TA/IOHOM (3NEKTPOL, CpaBHEHHs!). TakuM 06pa3oM, cxema anisi uiamepenus pH
npeacTaBnsieT coboii ranbBaHYECKUIA ANEMEHT, B KOTOPOM BoamukaeT JJIC (HanpsixeHue),
NPONOPLMOHANbHOE 3Ha4eHMI0 pH.
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BbICOKOOMHbI
BOJILTMETP

Anextpoa
Vi3amepuTenbHbilii CPaBHEHUS:

MEKTPOA

Puc. 4: pH n3amepurenbHas cuctema COCTOUT U3 3NEKTPOfA M3MEPEHNS W 3NIEKTPOAA CPaBHEHMS.

ONeKTPOZ, CPaBHEHMS OTOGPAXAET STAOHHOE HAMPAXEHUE CUCTEMBI. SHaueHue pH
NPeACTaBNseT CobOM HANPSXEHUE MEXMy N3MEPUTESbHBIM NEKTPOLOM 1 SMIEKTPOLOM
CpaBHEHMs.

brarogapst TeXHNYECKOMY MPOrpeccy CTaso BO3MOXHbIM (Ansi 1abopaTopHbIX MPUMEHEHNIA)
VHTErpMpOBaTh LieNK [IBYX 3NEKTPOI0B B OfIMH KOPMYC, U3BECTHbIN NOZ Ha3BaHUEM
KOMOMHMPOBAHHbIA ANEKTPOZ,. B Halm iHM B 3MEPEHNSIX UCTIONB3YIOTCS TONBKO
KOMOMHMPOBaHHbIEe PH anekTpobl.

VamepuTenbHbiii nextpon
3NeKTpOA CpaBHEHWs!

\/

pH KOMOMHMPOBAHHBI
AnexTpoa

Puc. 5: pH KOMGUHMPOBaHHbII 3NEKTPOL, COCTOMT 13 pH anekTpozia M3MepeHus 1 anekTpoaa
12 CpaBHeHUS.
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INEKTPUYECKOE HAMPSXEHNE MOXET ObITb M3MEPEHO MEXTY ABYMS M3MEPUTENbHBIMU TOUKAMM.
Kaxpasi Touka n3mepeHns MMeet cneLmduyeckuii anekTpuyeckuit noteHuman. Takum 06pasom,
M3MEPEHHOE HaNPSIXeHe COOTBETCTBYET PA3HOCTY NEKTPUYECKUX NOTEHLINANOB.

M3mepeHue pH dakTopa ¢ NOMOLLBIO SNEKTPOA M3MEPEHUS U SNEKTPOAA CPABHEHNSI MOXET
ObITb MCTONKOBAHO TEM XE CambiM CrIOCOOOM. I'Imeuuuan BO3HWKAET B UISMEPUTESIbHOM
3N1eKTPO/E B KaYECTBE yHKLIMM KOHLIEHTPALWM MOHOB BOAOPOAA (PH dakTop) B AaHHON cpepe.
ToTeHuman anekTpoaa CPaBHEHUS JONXEH ObiTb U3BECTEH.

WTor: BLIXOAHOE HANPSIXEHNE KOMOUHUPOBAHHOTO ANEKTPO/A, U3MEPEHHOrO B eAMHMLIAX PH,
N0Y4aeTCA M3 PA3HOCTY SNEKTPUYECKUX MOTEHLMATIOB MEXY NEKTPOLOM U3MEPEHNS 1
3NEKTPOIOM CPaBHEHMS.

2.2.1  U3amepuTenbHbIii aNEKTPOL,

3 Bcex BO3MOXHbIX CEHCOPOB (cp. MMaga 1.2.3) cTekngHHblii anextpop, (Puc. 6) nmeer,
6€3yCNOBHO, NyyLLME TEXHWYECKIE XapaKTEPUCTUKN ANs N3MepeHns. B fononHenme k nerkocti
11 yno6CTBY B MCTONb30BAHIM, OH 0GECTIEYMBAET MAKCUMAJIBHYIO TOYHOCTb. SNEKTPOZ, MeeT
YHVBEPCAIHOE MPUMEHEHME 1 04EHb CTOEK K BHELLHIM $aKTopaM Cpefibl, Hanp., LBETY,
BSA3KOCTM 1 XUMUYECKOMY COCTaBY PacTBopa.

pH kabenb

HakoHeyHmk
anexTpoaa

CrexnsHHas TpybKa anektpopa
SauwwHas obonoyka

BHyTpeHHMit NpoBOAHMKOBBIA anekTpop, (Ag/AgCl)

BryTpennmii bypep + KCI (pH 7)

pH-

Puc. 6: KOHCTPYKUMS M3MEPUTENBHONO 3N1eKTPOaa
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LleHTpanbHoii COCTaBASIOLLIEN JAHHOO N3MEPUTENBHOTO 3N1EKTPOAA SBASIETCS 04EHb TOHKAs
CcTeknsiHHas Membpana (pH MembpaHa), N3roToBneHHas U3 CENeKTUBHOTO K oHaM H+ cTekna.
[laHHOE CTEKNO MMEET CrocoBHOCTb B3aMMOZECTBOBATb C BOZOI TakuM 06pa3oM, YTo Ha
TNOBEPXHOCTM CTEKNA 06Pa3yeTCs 04EHb TOHKUI, HEBUAUMBIN BOASHUCTIA “BHELLHMIA CNOIA”.
JTOT BHELLHWIA reneBblii CNoi AelCTBYET B KAYECTBE CENEKTUBHOMO 6apbepa, KOTOpbIii
haKTUyecky NPUHUMAET ToMbKO H + MOHBI U3 pacTBopa Ans M3mepeHus. Mprem Apyrux MOHOB

6nokupyercs.

BHyTpeHHss
CTEKNSIHHAsA CTEeHKa

BHeLuHuit cnoit (reneobpasHbiii)

pH-cTekno

Puc. 7: Cxematnyeckas cTpyktypa pH membpaHbl

Mpumep: B xome n3MepeHuns u3 KUCNOro pacTeopa, ¢ 60MbLIMM KoNM4ecTBoM H + MOHOB,
TNONOXUTENBHO 3aPSKEHHBIE YaCTULBI POHUKAIOT BO BHELLHMIA CIOW. ONEKTpUYeCKvii 3apsig -
T.€. noTeHuman - pH Mem6paHbl yBenuymBaetcs. pH Membpata nepeaaeT nonoxuTeNnsHoe
HanpsikeHve. 310 HanpsxeHre aHanuavpyetcst pH-MeTpoM 1 oTobpaxaetcs B kayecTse pH
cdakTopa.

2.2.2 OneKTpop cpaBHEHUSs

ANeKTPOL, CPABHEHMS - BTOPOiA HEOBXOAUMBIA 115 U3MEPEeHUs anexTpof. Ha ero notexuman
He BAMSIOT 0COBEHHOCTY PacTBOpa M3MepeHus. Tak Kak MOTEHLMAN 3eMIN He MOCTOSHHBIN,
3a1a4a 3/1eKTPOA CPABHEHMS COCTOUT B TOM, 4YTOObI 0BECTIeuMBaTL M3MEPEHIE C
NOCTOAHHBIM TANIOHHbIM MOTEHLIMANIOM.

Mpyn paboTe ¢ HeCKoNbKMMM pacTBopamu, pH KOTOPbIX U3MEPSIETCS, B NEKTPOAE CPABHEHUS
MoxeT Bbinagatb AgCI, 4To BEAET K 3aCOPEHMI0 (KepaMu4eckoil) avadparmbl. Moatomy Gonee
COBPEMEHHbIE 31EKTPOZbI CPaBHEHMS Obl CHABXEHD! "KOHTEltHEpOM" B CCTEME Aist TOrO,
4T06b! yiepxatb AgCl. B 3TOM Chyyae, BbICOKOKNACCHBIA 3TANOHHbIN SNEKTPOUT JOMKEH
6biTb cBOGOAHBIM OT AgCl.
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pH kabenb

HakoHeyHmk ANeKTpoaa
CreknsHHasi TpyOka anekTpoza
OtBepcTie 1 3an0NHEHs

BHyTpeHHsq aTanoHHas cuctema

3-x MonsipHbii KCI

[vadparma

Puc. 8: KoHCTpyKLust anekTpopia CpaBHeHus

Kaxablit aneKTpoz, CpaBHEHWUst COCTOUT W3 3TAIOHHOTO 3MIEMEHTA B ONPEeAENeHHOM pacTBoOpe
3NeKTpONUTa. JTOT ANEKTPONNUT JONXEH ObITh B KOHTAKTE CO CPELOii 3MepeHus. B cnyyae
CTaHAAPTHOrO 3NEKTPOAA CPABHEHNS, 3TOT KOHTAKT BO3HMKAET NOCPEACTBOM "Anadparmbl”.
9T1a KOHPUrypaLys rapaHTUPYET NPaBUIbHOE MPOXOXEHNE ANEKTPUYECKOrO TOKA.

ToTeHuman anekTpofa CpaBHEHNS ONPELENSETCH STAIOHHBIM 3NEKTPOSIMTOM 1 3TANOHHBIM
aneMeHToM. OBbIYHO, B KaYECTBE STANIOHHOIO 3NEKTPONUTA UCTIONB3YETCS PacTBOp 3-X
MonsipHoro xnopupaa kanusi (KCl). B aTom cnyyae, 3TanoHHblii aneMeHT ByfeT cocTosiTb U3
X/I0pMPOBAHHOTO cepebpsiHOro NpoBoAa. [ins anekTpoxuMmyeckoro Ganatca xnopuz, cepebpa
(AgCl) monxeH Takxe ObITb PACTBOPEH B STAIOHHOM 3EKTPOAUTE.

CyLLECTBYET HECKONBKO TUMOB vadparmbl, HAMPUMEP, KYCOYEK IPEBECUHbI, MOPUCTas
Kepamuyeckas Lnunbka, ManeHbkoe 0TBepCTUe, Avadparma us MaTooro CTekna, 3a3op umm
CBSI3Ka BOJIOKOH; [/1st APYrUX npumepos cM. Mnasy 3.2.3.

BbI60p MCMONb3yeMoro TUMna 3aBuCUT OT HEOOXOANMBIX YCOBMIA U3MEPEHNS U 3a4aCTYI0 OT
BHYTPEHHUX MPUHLMNOB PaboThl M NOAXOA0B 3aBOA-M3roToBUTENS anekTposa. LLinpoko
1cnonb3yemas kepamudeckasi ivadparmMa MOXET BbI3BaTb NPOBAEMbI B KPUTUHECKUX
YCNOBMSIX M3MepeHIst bnaroaaps ee NopucToii, “rybkonofobHoi” cTpykType. OHa CKIOHHA K
33COPEHMIO TaK, YTO B pe3ynbTaTe nokasaHus M3MepeHusi GyayT HecTabuibHbI.
CnepoBartenbHo, Ans crieumanbHbIx TDeBOBaHMI U3MepeHUs B 0c0BO YMCTOi Bofe
1cnonb3yloTcs pH anekTpoasl ¢ anadparMamn U3 MaToBOrO CTEKNA.
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Kak npaswnio, Ans 60NbLUMHCTBA M3MEPEHWiA, "Nerkas B 1CMONb30BaHUN" kepamuyeckas
[madparma ncnonb3yeTcs NPy KaXAOAHEBHOM PELIEHUN U3MEPUTENBHBIX 3aa4, B TO BpEMS
KaK CTOVKas K 3arpsi3HSIOLM YacTuLiaM nonast auadparma UCnonb3ayetcsi C renem-

ANEKTPOSIUTOM.

Tun anexTpoga
Testo

Tun 01,
02, 04

Tun 05

Tun 03

CneuvanbHbii
aneKTpon,

Tun
nvadparml

Kepamuyeckuin

TMopucTbiin/
KanuansipHbIA

TMornble npoHuKaloLLme
ANEKTPOAb!

Martogoe cTekno

[lepeBsiHHas WNOHKA
BonokHUCTBIiA

Mertannnyeckune
npoBofa

lMpnmererne

06pasLipl C HU3KUM YPOBHEM YacTuLL, NPU UCNONL30BAHUN
STA/IOHHbIX ANEKTPONUTOB, HaCbiLLEHHbIX AgCI, He as
pacTBOPOB, coaepxalmx S, Br, J B CTaHAAPTHbIX SNEKTPOAAX

06pasLibl C BLICOKMM YPOBHEM YaCTuLL,
CTOYHbIE BOAbI, AMYNbCUM, CYCMIEH3NM, BOJA C HU3KUAM
VMOHHbIM COLEPXaHUEM, KOHLIEHTpaTbI

B KOMOMHALMM C TBEPAbIMM SNIEKTPONMTAMM,
19 M3MEPEHIA Ha TakuX TBEp/bIX NPOJyKTaX, kak
MSICO, ChIp M MacTax

B BOIE C HM3KIM COLEPXaHNEM UOHOB, B 3aBUCUMOCTH
OT TUNa STAJIOHHOMO B/IEKTPO/IA B YACTUYHO BOAHBIX
/HEBOfIHbIX PACTBOPAX, CTOYHbIX BOAAX,

3MYNbCHSIX, KOHLIEHTPATAX, U151 TOYHbIX M3MEPEHMIA

CreumanbHo ans CTOYHbIX BOJ,
Takoe e, kak [fisi kepamMnyeckkoii anadparmbl

B He CUIIbHO OKUCIEHHBIX 1 BOCCTAHOB/IEHHBIX
pacTBopax

Tabmuua 2: Tunbl Anadparm 1 COOTBETCTBYIOLUME MPUMEHEHMS

2.2.3 KomOGMHMPOBaHHBLIIA 3NEKTPOS

OTAeMbHbIE U3MEPUTENbHBIE 3NIEKTPO/bI 1 ANEKTPO/LLI CPABHEHMSI IMEET CMBICI IPUMEHSITb,
TONMbKO €CTIV OHM UMEIOT PaaHble CPOKY CIyXOLI. Ha npakTuke, KOMOMHUPOBAHHIN 3NEKTPOL,
YXe JaBHO 3aHsi1 MECTO 2-X OT/IENbHbIX ANEKTPOZOB, NOTOMY YTO €0 JIETYe UCM0/b30BaTb, YEM
KOHMrypaLyio OTAENbHbIX 3NEKTPOAOB.

B KOMOMHMPOBAHHOM 3NIEKTPOLLE, U3MEPUTENbHBIN SNEKTPOS, U SNEKTPOS, CPaBHEHMS
00bEAVHEHDI B EINHYI0 KOHCTPYKLMIO (Puc. 9).
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Tenepb ons namepenns pH dakTopa LOCTaTO4HO OFHOTO M3MEPUTENBHOTO CEHCOPA, Tak Kak
KOMOWHWUPOBaHHBIV ANEKTPOZ, OCHALLIEH A0NONHUTENIbHBIM TEMMEPATyPHbIM AATYNKOM.

pH kabenb

HakoHe4HuK anexTpoaa
CreknsHHas Tpybka anekTpoga
OtBepcTie Ans 3anonHeHus

3-x monsipHblit KCI

JranoHHas cuctema

BHyTpeHHuii npoBoaHMKoBbIit 3nekTpog, (Ag/AgCl)

BrytpenHuit ydep + KCI (pH 7)

[vadparma %

PpH-u4yBCTBUTENbHAS CTEKNAHHAs MeMOpaHa

Puc. 9: KOHCTpYKLWst KOMOMHVPOBAHHOTO 3NEKTPOAA

ONeKTPOZ, CPaBHEHUS C PacTBOPOM 3-x MonsipHoro xnopuaa kanus (KCI) noctyneH B xuakoit
opme B [JaHHOIN KOHCTPYKLM 3nekTpoaa. [laHHblit GydepHblii pacTBOp MOXET ObiTb CHOBA
3anoMHeH Yepe3 0TBEPCTUE AN 3aMONHEHNs. YkadaHHbIE TUMbl 30HA0B UMEIOT AUTENbHbIN
CpOK CNyXObl C TEM HELOCTATKOM, 4TO Gydep C pacTBOPOM 3NEKTPONMTA OMKEH PETYNSIPHO
3aMONHATLCS. ECAIN 3TanoHHbIi SNeKTpONUT 3aMeHsIeTCs reneM, TO Toraa Npu M3MepeHnn
HEo6X0AMMO CChiNaThCs Ha reNeBbIil ANEKTPONNT.

pH kabenb

CreknsHHas Tpybka anekTpoaa,

YCUNEHHas! MIIaCTUKOBLIM PyKaBOM

3-x MonsipHblii KCI

HACBILLEHHbIA 3NEKTPONUT B hOpMe renst

BHyTpeHHss 3TanoHHas cuctema

BHyTperHMiA NPOBO/HUKOBLI 3NEKTPOS,

(Ag/AgCl)

BryTpenuit Gydep + KCI (pH 7)
[vadparma pH-uyBCTBUTENbHAS CTEKNAHHAS MeMOpaHa

Puc. 10: KoHCTpyKLmst KOMOUHUPOBAHHOMO 3MEKTPOAA C FeNeBbIM AMEKTPONNTOM
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2.2.4 pH anektpopbl Testo ¢ NONMMEPHBIM IEKTPONIUTOM

3anarexToBaHHble pH anekTpozibl Testo BKIOYAIOT B CE6S1 ANEKTPOAbI C MHTETPUPOBAHHBIM
TEMMEepaTypHbIM 30HAOM. Takim 06pa3oM, OAHOBPEMEHHOE U3MEPEHIE TEMMEPATYPbI TAKXE,
KaK 11 onpegaenexme 3Ha4yenns pH BO3MOXHbI NP NCMONb30BaHUM MPOHMKAIOLLMX 3/1EKTPO0B.
TMonumepHbIii renb BLICTYNAET B KaYECTBE ANEKTPOAUTA. Bauay Hanuums 6onbLuoro
NPOCTPAHCTBA BHYTPM 37eKTPOAA (06bEM 3aM0NHEHWSI), ANEKTPOL, MMEET 6onee AnTeNbHbI
CpOK CyX6bl, YeM APYrie CONOCTaBUMBIE ANEKTPOAbI.

Mpo6nemy NOBPEXAEHNS W MONOMKY CTeKNa SNIEKTPOZA, 0COGEHHO MY NPUMEHEHI B
TULLEBOM CEKTOPE, PELLAET CTEKNSIHHbINA ANEKTPOL, U3MEPEHUS], MONHOCTbIO OKPYXEHHbIN
M71aCTMACCOBbIM KOXYXOM. TOJIbKO HAKOHEYHMK 30HA HA HECKOJIbKO MUSMMETPOB BICTYNAET
13 KOXyXa TaK, 4T06bl BHELLHMIA CNOI UMEN KOHTAKT C 0ObEKTOM U3MepeHus.. MomecTus
MasIEHbKYIO CTEKNSHHYIO TPYOKY OnpeaeneHHbIM 06pa3oM, MOXHO 0CTUYb MOAXOASILLErO
YPOBHS rMOKOCTY NPY N3MEPEHIM B TBEP/bIX MaTEpPUaNax, YTo MPUBOAMT K 60Iee ANUTENbHOMY
CPOKY CNyXObl IAXe NPU CTIONb30BAHUM B XECTKUX YCIOBUSIX.

JTasOHHbIiA ANEKTPONT (reNb) ONeKTPOA CpaBHeHNs TemnepaTypHbii 30H,

___— pHcrexno

N

Dvadparma

[nacTukoBbIit KOXyX ViamepuTensHbiii
ANEKTPOz

Puc. 11: Mpodunb 3anateHTOBaHHOrO anekTpofa Testo ¢ renem.

[ipyrum npeumMyLLEeCTBOM Takux 3NEKTPOLOB SBASETCS cneuuanbHas avadparma. Manexbkoro
CBSI3YIOLLEr0 OTBEPCTUS MEXAY SNEKTPONMTOM W CPESOi M3MepeHUs JOCTaTo4Ho Bnarogaps
TeNeBoMy XapakTepy atanoHa (He xuakoro). B 3oHaax Testo nonasi anadparma umeet aga
MarieHbK1X OTBEPCTUSI, KOTOPbIe 0BecnedmBatoT 06MeH anekTpoHamu. nasHoe
NPEeUMYLLECTBO MO0 Anacdparmbl COCTOUT B TOM, YTO NOYTU HE 0BPA3YeTCs HUKAKOro
3acopa. 910 MMeeT 0COOEHHOE 3HaueHWe At XVPHLIX PACTBOPOB, a TAKXe NS NMULLEBOrO
CEKTOpa U CTOYHbIX BOA.
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2.3 TMoproTtoBka M UCXOAHbLIE AAHHbIE U3MEPEHUS
2.3.1 KanuGposka

B meTponorum, 3 TepMuHa, NpeAcTaBneHHbIe HUXE, Pas3nnyatoTcs No CMbICHY:

— Kanubposka
— Hacrpoiika
— lMoBepka

"Kannbposka" 03HauaeT NpoLECC MOHUTOPUHTA U IOKYMEHTUPOBAHMS JIOBOro OTKIOHEHMS B
n3mepeHun. Vlsmepeﬂﬂoe 3Ha4eHue CPaBHUBAETCS C YCTAHOB/IEHHLIM 3HAYeHneMm, n
OTK/IOHEHe duKeupyeTcs. Mpu 3TOM MHCTPYMEHT NPOAO0XAET 0ToOpaxarTh “"HenpasuibHoe"
3Ha4yeHune, XOTs ero OTKJIOHeH!e OT YCTaHOBJIEHHOIO 3HA4YEHN CTano U3BECTHbLIM.

"HacTpoiika" - NpoLecc 0CTUPOBKM (Hanaaku) U3MEpUTEbHOTO NpuBopa ¢ yYeToM
OTKIIOHEHWS!, 3aUKCUPOBAHHOIO MU kanubpoBke. MHCTPYMEHT Tenepb oTobpaxaet
"NpaBuUbHOE" 3HAYEHNE U3MEPEHNS.

"Mosepka" - oduumManbHas NPoBepPKa, NPOBOANMAS HALMOHABHBIM WU PEMVIOHANbHBIM
METPOJIOrNYECKMM OPraHOM AN YCTaHOBIIEHNS (aKTa, YTO MHCTPYMEHTLI M3MEPSIOT B pamKax
MOrPELLUHOCTEN, YCTAHOBNEHHbIX B 3aKOHOAATENbHON METPOOTMK.

CTporo roBopsi, METPOJIOrMYECKNiA TEPMIH "KanbpoBKa” He BKIIOYaeT B cebs NoHsTve
npoLiecca HaCTPOIiKK (Hanapku) MHCTpymenTa. OfHaKo, 3a4acTylo TEpMUH "KannbpoBka'”
MOHNMAETCs PaCLUMPUTENBHO, KaK COYETaHNe COBCTBEHHO KanMBPOBKM C HACTPOIKOA
npubopa. Takum 06pa3oM, B HACTOSILLEM PYKOBOACTBE Mbl BYiEM UCMONb30BATH CIOBO
“kanubpoBka”, BKIIOYAIOLLAACS B CEOS 2 MOHSTUS: KanubPOBKM W HACTPOIKM.

3aqem HyxHa kannbposka?

BHyTpeHHsi KOHCTPYKLMS pH 3neKTpoAia YCTPOeHa Tak, 4Tobbl aNeKTPOA Nofasan
anekTpuyeckoe Hanpsxexne 0 MB npu pH dakTope 7.0. [laHHas Touka onucaHa kak Hynesas
TOYKa KOMOUHUPOBAHHOTO 3neKTposia. OAHaKO, HA NPaKTUKE, peanbHas HyNeBasi Touka
KOMOMHMPOBAHHOIO 3NIEKTPO/IA OTKNOHSIETCS OT 3TOr0 MAEANBHOMO HYNS. SNEKTPOZ, NoAaeT
HanpskeHue, KOTopoe cnerka oTknoHsietcs ot 0 MB npu pH dakTope 7.0 (Hanp., +5 MB).

TpUYMHBI ANS OTKNOHEHWI - HaNPUMEP, PaboTa Pa3nMYHBIMY NAPTUSIMIA NPOZYKLMW U
un3Hawwmeanve pH anextpoga. CnefioatenbHo, B TeYeHME KaMOPOBKI BINONHSIETCS
"KOPPEKLMS Hyns" AN MCIPABAEHNS HyNeBOiA TOYKM. HanpsikeHue HyneBoil To4ku
(HeiATpanbHOe HanpsixeHre) pH aNeKTPoAA YacTo TakxKe Ha3blBaIOT r0 aCUMMETPUYHBIM
MOTEHLIMANIOM, XOTs 3TOT TEPMUH HE COBCEM KOPPEKTHBIiA C TOHKM 3PEHNS NEKTPOXUMMN.

HeobxoaMmMo paccMoTpeThb Takxe pYroii acnekT Bonpoca. Kak Mbl yxe roBopunu B riase
2.2, pH anekTpopbl nogatot Hanpsixexue B MB. Mpn Temnepartype 25°C, naHHoe pH-
3aBUCMMOE Hanpsixerue pasHo 59 MB/pH (MunnusonbT Ha pH daktop). Hanpumep, ecnn pH



pH fibelNEW.gxd 18.04.2008 17:03 P 21

u3mepsiemMoro BewecTsa uamensietcst ot pH 4.00 o pH 5.00, HanpsxeHue, noaasaemoe
3nexTponoM, 6yneT naMeHsTbCs Ha 59 MB. 3T0 OTHOLLEHWE 0TOBPAaXEeHO B YpaBHEHUN
Heptcra [1].

3MeHeHe 3HaueHns HanpsixeHus, koraa uamensietcst pH dakTop Ha 0aHy eauHuLy,
Ha3bIBAETCS HAKIOHOM XapakTepucTuki pH anekTpoaa. [laHHbii HaKIOH Takke 3aBUCUT OT
TEXHUYECKMX 1 SKCTITyaTaLMOHHbIX XapakTepuCTUK anektpoga pH daktopa (Cpok cnyxobl,
Harpyska 1 T.4.). pH 3anexTpop, ONXEeH perynspHo kannbpoBatbes, Tak Kak ero Hynesas
TOYKA W HAKNOH XapaKTEPUCTUKM MOTYT GbiTb U3MEHEHBI BHELIHUMM M3MEPUTENBHBIMI
akTopamu 1 eCTECTBEHHbIM NPOLIECCOM M3HOCA.

Wror: Bo Bpems kanvGpoBKu ONpeaensieTcst U COXpaHsIeTcs HETPabHOE HaNPSIXEHUE 1
HaK/OH XapakTepucTuky pH aNekTposa B U3MEPUTENbHOI eauHULIE. TONbKO NOCTE 3TOr0
Kax[joe M3MepeHHOe 3HayeHue HanpsKeHus GyAeT TOYHO COOTBETCTBOBATL PH dakTopy.

3aqem HyxHa kanmbposka?

CregyloLLiee OnvcaHue NPUrofHo 1Sl COBPEMEHHbIX PH-MeTpax, ynpaBnsembix
MUKPOMPOLIECCOPOM. [ 3TvX NPpuBOPOB, B OTAMYME OT PH METPOB C POTALMOHHBIMM
MOTEHLMOMETPAMM U T.4., NOCNEA0BATENbHOCTL UCMONb3yeMblX OYdEpHbIX PACcTBOPOB He
MMEET HUKAKOTO 3HAYEH!SI.

Mpovecc kanbpoBkW, KaK OMMCAHO BbiLLE, JOMXEH ONPEAENNTb GYHKLMIO MEXZY BbIXOAHbIM
HanpshkeHVeM ANEKTPOJA W COOTBETCTBYIOLLMM 3HaueHnem pH. Mpu 2-x To4eyHoi
KannbpoBKe OTHOLLEHVE Mexay pH GakTOpOM 1 HanpsiXeHNeM - HeitHoe. oatomy,
OTHOLLIEHWE HanpsbkeHne/pH NPeACTaBneHo B BuAe NPSIMON IMHUN.

[ins Toro 4To6bI ONPEAENUTHL HYNEBYIO TOYKY U HAKMOH XapaKTepUCTUKI 3NEKTPOAa,
HEOoBX0AMMO M3MEpPHTb HAaNPSXEHIE ANEKTPOAA B ABYX TOYKAX, T.€. NMPU 2-X U3BECTHbIX pH
akTopax - 0TCi0Aa M TEPMUH "2-X TOYEYHas Kanmbposka'”.

[ins Toro 4To6bI ONPEAENUTHL MHIM YPaBHEHNS, TPEOYIOTCS Napbl 3Ha4eHwii (pH/MB;) n
(pHo/MB,). [iBa 3Hauerus pHy 1 pHy onpenensioTcs npu ncnonb3osaxni GydepHbix
pacTBopoB ¢ 13BeCTHbIM pH dakTopom, Takux kak pH 4.00 v pH 7.00. Morpyxas pH anektpos
B 71Ba OydepHbIX PaCTBOPA, M3MEPUTENbHBIN MHCTPYMEHT MOCTEN0BATENBHO U3MEpPSIET
cooteeTcTBylouiee Hanpsxerue Uy n Us.

20
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Puc 12: 2-x ToyeyHas kannbposka pH anekTpoga

M3MepuTENbHBII MHCTPYMEHT PaCcCYMTLIBAET 0OLEAMHEHHYIO KPUBYIO KannbpOBKM U3 ABYX Nap
3Hauenmit (pH1/Uy) u (pHy/Up). C NOMOLLBIO JAHHOTO METOA BBIMOMHAETCA KOPPEKLMS Hynst
(Pvc. 13) v pacueT HaknoHa xapakTepucTiku anektpopa S (Puc. 14).

u(mv) o

Puc. 13: Koppexuwsi Hyns pH anextposa

Temnepatypa Takke Oka3biBaeT CylleCcTBeHHoe BausHue Ha pH daktop. pH daktop
M3MEHSIETCS MU konebaHusix Temnepartypbl (cM. Mnagy 2.3.3), NOTOMY 4YTO aKTUBHOCTb MOHOB
1 CTeneHb AMCCouMauMmM (KOHCTaHTA AMCCOLMALMM) KOMMOHEHTOB BOAHOIO PacTeopa
M3MEHSIETCS C TemMnepaTypoit. [laHHbIA $akT Takxe npuMeHsieTcs K bydepHbIM pacTBopam pH,
1CMONb3yEeMbIM MK KanOpOBKe.

——
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Puc. 14: Onpegenenue HaknoHa xapaktepuctuki S pH anektoaa

Heobxoammo y3HaTb U COXPaHUTb B U3MEPUTENbHOM MHCTPYMEHTE TOYHYIO TeMMepaTypHyio
XapakTepucTuky, ucronbdyemblx pH GydepHbix pacTtBopos. Kpome TOro, vameputenbHbIn
npubop fonXeH 06nagaTb JaHHBIMK O Tekyllel Temnepatype. 9TU AaHHble MOryT ObiTb
noNyyeHbl aBTOMATMYECKU C MOMOLLI0 TEMMEPATYPHOrO CEHCOpa WAM BBEAEHbI BPYYHYIO,
3apaHee U3MEPEHHBIE MM PACCUMTaHHBIE.

Korga Heobxoanma kannbposka?

Kanubposky HEoGXOmMMO MPOBOAMTL, KAk TOMbKO 3HAYEHWE M3MEpEHMs, MPOBEPEHHOe
CTaHZapTHLIM pH PacTBOpOM, He COBManaeT co 3HayeHnem BydepHoro pactsopa. Tpebyemas
TOYHOCTb U3MEPEHMS [OMXHA ObiTh MPUHATA BO BHAMAHNE BO BPEMS KanMOPOBKIA.

2.3.2 bydepHbie pacTBOpbI

BydepHble pacTBopbl HEOOX0AMMbI ANS NPOBEPKM 1 kanubpoBki pH M3MepUTENbHOI
cucTembl. OHn HasbiBatoTcs pH BydepHble pacTBOPbI, Tak Kak COXPaHSIOT 3HaveHne pH
CTabunbHbIM, T.€. MOryT 3ddexTUBHO "Oydepn3npoBatb” (COXpaHsTb) 3HaueHus 6e3
M3MEHEHWI.

CneumanucTbl Bbiensiot 3 Tuna bypepHbix pacTBOPOB:

— DIN 6ydepHble pacTBopbl cornacHo ctaHaapty DIN 19266
— TexHnyeckue 6ydepHble pacTBOpbI

— CneuuanbHble 6ydepHbie pacTBop

——
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DIN 6ydepHbie pacTBopbl cornacHo ctaHgapty DIN 19266

DIN 19266 pekomMeHzyeT CTaHAAPTHLIE PacTBOPLI ANS KAIMOPOBKM, COOTBETCTBYIOLME
CTaHfapTaM TOYHOro u3mepenms [6]. "CranpaptHble” GydepHble pacTBopb! Gblin 0TOOPaHbI
HaumoHanbHbim Bropo Cranpaptos (NBS, Tenepb NIST, CLLIA), notomy 4T0 OHU nerku B
M3roTOBNIEHWM, MMEIOT [LONTUIA CPOK cryXObl, xopoLume GydepHble XapakTepucTuku 1
BOCNPOV3BOANMOCTb. OnpepeneHHas norpelwHocTs pH daktopa "craHaapTHbIX" 6ydepHbix
pacteopoB - Makc. 0.005 pH B TemneparypHom ananasone ot 0 °C fo 60 °C u makc. 0.008
pH ot 60 °C oo 95 °C.

BhbICOKME 3HaYeHNS NOrpeLLHOCTeli TPeGYIOT ¢ 0CTOPOXHOCTBIO NPOBOAUTL paboune
npoweaypbl kKanbpoBku. 310 TpeboBaHNe NPUMEHSIETCS K 0OCTYXVBAHIIO M3MEPUTENBHON
CMCTEMbI 1 HEMOCPEACTBEHHO K MPOLIECCY KanMbpoBku. LONOAHUTENbHYIO MHGOPMALMIO
MOXHO HaiiTvt B nase 2.3.1.

TexHuueckue OydepHbie pacTBOpbI

B otnume ot BydepHbix pacTBopos, cootBeTcTByowmx cTaraapty DIN 19266, Texnuyeckue
6ycepHble pacTBOpbI, KoTopble BKIOYaOT GydepHbie pacTBopbl Testo, pa3paboTaHbl,
rNaBHbIM 06Pa3oM, 11 eXENHEBHOTO UCMONb30BaHus. ECTb pasHoo6pasine METooB st UX
npoussogcTea [1].

Tpe6oBaHus TOYHOCTY it 3TUX BydepHbix pacTBOpOB Oonee COOTBETCTBYIOT 1S €XEAHEBHOTO
1CONb30BaHNSt; OTKIOHEHWE 0BbI4HO cocTasnsieT 3HadeHue mexay 0.01 v 0.05 pH.

9 BydepHble pacTBOPbI MOTYT Peann3oBLIBATLCS MO Gonee HU3KOI LieHe, YeM GydepHbie
pacTeopbl DIN 19266, n3-3a HemHoro Gonee HW3Koi TOYHOCTU. Kpome TOro, TexHuyeckue
6ycdepHble pacTBOpbl 4YacTo uMeloT Gonee BbICOKYIO GydepHyio cnocobHocTb, T.e. ux pH
bakTop ocTaeTcs ycToinumBeIM Gonee [nTeNbHbIA cpok [1]. s Toro YTo6bl NpesoTBpaTUTL
own6oK B BbIOOPE, 3Tv BydepHble PaCcTBOPbI YaCTO NOCTABASIOTCS OKPALUEHHBIMM B Pa3NNyHbIe
LiBeTa.

[lpyroii BapuaHT TexHuyeckux OydepHbix pacTBOpOB 06ECMEYMBAET TOYHOCTb B COOTBETCTBIM
co cTanmaptom DIN 19267 [7].

23
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TexHonorva namepenns pH B petansx

DIN 6ydepHble pacTBopb Testo 6y¢e;*Hb|e pacTBOPbI

C 1.685 4.006 6.865 9.180  2.00 400 7.00 10.00
10 1.670 4.000 6.923 9332 200 400 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 9.225 200 400 7.02 10.06
25 1.679 4.006 6.865 9.180  2.00 400 7.00 10.00
30 1.683 4.012 6.853 9.139  1.98 401 699 995
35 1.688 4.021 6.844 9.102  1.99 402 698 991
38 1.691 4.027 6.840 9.081
40 1.694 4,031 6.838 9.068  2.00 403 697 9.85
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 1.99 408 696 9.75

Tabnuua 3: CpasrutensHas Tabmmua DIN GydepHbix pactBopos 1 Testo GydepHbix pacTBOpoB

Tabnuua 3 otobpaxaeT TeMnepaTypHble xapakTepucTuku padnniHbix DIN [6] n 6ydepHbix
pacTeopo Testo. CneayeT 0TMeTUTb, 4To pH BydepHoro pacTBopa COOTBETCTBYET 3HAYEHMIO
Ha NeYaTHOM CTVKEPE TONbKO NPK onpeaeneHHol Temnepartype. Hanpumep, pH 7.00
6ydepHoro pacteopa umeeT 3HaueHne pH 7.00 npu 25 °C. Mpu 15 °C 10T Xe camblil pacTBOp
nmeet pH ¢akTtop 7.04.

CneumanbHbie GydepHbie pacTBOpbI

Mpu creumanbHbIX NPUMEHEHMSIX, TEOPETUYECKN N6 PacTBOP C U3BECTHBIM PH dakTopoM
¥ NpY OnpezeneHHoi TeMnepatype MOXET UCTONb30BaThCs B KaYecTBe KaMbpPOBOYHOTO
pactBopa. Kpome Toro, B 610n10riM, HanpuMep, CyLLECTBYET HECKOMBKO CreLMabHbIX
6ydepHbix pacTBopos. Camble U3BECTHbIE - pacTBOPbI TRIS. VX NpeumyLLecTBOM sBNseTCs
T0, YTO NO/Ib30BATENb MMEET BO3MOXHOCTb BBECTU 3HaueHust pH aTux bypepHbIX pacTBOpOB B
M3MEPUTENbHBIA MHCTPYMEHT, CIIN HEBO3MOXHO NPOBECTY KanMOPOBKY.

JlononHuresnibHas nHopMaLWs 1 COBETI 110 MCO/b30BaHMIO OYPEDHbIX
pactBopoB pH

Q6bluHble OydepHble PacTBOPLI MEHee YCTOWYMBLI MPU WCMONb30BAHWM HA BO3MYXE, YEM
KMUCNOTHbIE BydepHble pacTBopbl, MOTOMY 4TO UX PH (akTOp CHUXEH KUCNOTHbIM 3ddeKToM
peakuum ¢ yrnekvcnbiM ra3om. CnefosarensHo, ¢pnakotbl ¢ pH bydpepHbIM pacTBOPOM LONXEH
ObITb rEPMETUYHO 3aKPBIT NOCAE MCMONb30BAHMS.

Eyq)eprle PacTBOPbI AO/KHbI ObITb UCMONB30BAHBI TONLKO OAVH pas. Hvu(orna He BblnnBaiiTe
6ydepHbIit pacTBOp 06paTHO BO hakoH, UHade OH ByaeT UCTOpYeEH.

——
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2.3.3 BnugHue kone6aHus TeMneparypbl

Temneparypa SBNSETCS OfHUM M3 CaMblX BXHbIX NapaMeTPOB, KOTOPbIA AOMXEH ObiTb MPUHSAT
BO BHMMaHue npu u3mepeHun pH daktopa. Bce xummyeckue npouecchl Mo CBOei Cytn
TemnepaTypHO-3aBuCUMble Peakuvn pasHoBecus. [Moatomy, u pH daktop u3mepsiemoro
pacTBopa, W OTBETHbIA CUrHan pH M3MEpUTENbHON CUCTEMBI 3aBMCAT OT TEMMepaTypbl.
TemneparypHasi xapaktepuctuka pH OydepHoro pactBopa obcyxaanach B NpefbinyLiem
naparpade.

Hacrosiwwmit  naparpad MOCBSILLEH WCKMIOYNTENbHO TEMNepaTypHO  XapakTepucTuke
HenocpenCTBeHHOro pH anexTpopa.

Hanpsixetue anektpoaa (MB)

100°C

W3onoTeHumanbHas Touka

3Hauene pH

Puc. 15: 3asucumocTb pH anekTpoaa ot Temneparyphbl

XapakTepucTukamu KOMOMHMPOBAHHOrO 3MEKTPOAA SBASIOTCS W30MOTEHLMaNbHas Touka W
HaKnoH TemnepaTypHoi xapaktepuctukn. Obe nepemeHHble ONpeaensioTcs BO Bpems
KanmbpoBky 1 oTobpaxaiotcst pH namMepuTenbHbIM MHCTPYMeHTOM (Inaga 2.3.1).

MpuHMMasi BO BHUMAHWE, 4TO M30MOTEHLMANbHAS TOYKA KaYECTBEHbIX ANIEKTPOAOB MOCTOSHHA,
Ha OTKINOHeHWe pH anekTpopa BAWsET Temnepatypa. Hanpumep, npu nameHeHuu curtana pH
anekTpoga npumepHo Ha 59 MB Ha emunuuy pH npu +25 °C, otknoHenwe npu +10 °C -
npumepHo 56 MB/pH, Bo3pacTas o 66 mMB/pH npu 60 °C. MoaTomy, TOT Xe Camblil 3nexTpos, B
06pasLie ¢ nocTosiHHbIM hakTopom pH 4.0 nopacT Hanpsixedue npubanautensHo 168 MB npu
10 °C, 177 mB npu +25 °C u 198 mB npu +60 °C, nmoc 3HayeHWe HanpsXeHus,
COOTBETCTBYIOLLEE M30MOTEHLIMANBHOI TOYKE.

pH-MeTp y4uTbIBAET [IaHHOE BAVUSHWE TEMMEepaTypbl: NoCne KannbpoBKM BCEra NPUHMMAETCS
BO BHIMAHVE peasibHbili HAKIIOH TEMMEPATYPHOI XapakTePUCTUKW 1 3HayeHne pH BbLIBOAMTCS C
€ro y4eToM, NpUBEAEHHOE K CTaH#apTHON Temneparype +25 °C.

25
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Heo6xomnmo yTouHuTb, 4T Npu n3mepeHnn pH daktopa, npoBepsieTcs TemnepaTypHas
XapaKTepucT1Ka aN1eKTpoaa, a He obpasua. pH dakTop v Temneparypa BCera CoCTaBnsioT
€[MHOE LIeNIoe NPW yKa3aHW1 pPesynbTaTos u3MepeHms. Tonbko 3HaueHns pH, nonyyeHHble
npy Toi Xe camoii Temnepatype MOryT ObiTb CPaBHEHbI YT C APYroMm.

CoBpeMeHHble pH-METPbI ¢ 2-X CTPOYHBIM AUCINIEEM [ OIHOBPEMEHHOTO OTOBPaXeHMs
[IBYX M3MEPEHHbIX nepeMeHHbIX U pH 3neKTpofibl CO BCTPOEHHBIM TEMMEpaTyPHbIM CEHCOPOM
obreryatoT nonb3oBaTenio BbLIMONHEHNE U3MEPUTENLHON 3aauu.

2.3.4 bydepHble pacTBopbl Testo ¢ KanMOPOBOYHbLIM KOHTEIHEPOM

OyeHb BaXHO 04MLLATH 30HA, [10 NPOBEAEHMS KannbpOBKM, 4T0BbI M36eXaThb 3arpsiHeHNs
6ydepHoro pacteopa. OfHako, ManeHbkIe KOMYECTBa U3MEPSIeMOro PaCcTBOpa WK BELLECTBA,
Meskve TBepAble YacTULbl BCErfia NonaaaioT B bydepHblit pacTeop. Moatomy, kanubposka
[0/1XHa BCEr/a BIMONHSTLCS B NOAXOASLEM KOHTEIHEPE (Hanp., B MEH3ypke), a GydepHblii
PacTBOp 0MXeH ObiTb UCNONL30BaH TOMBKO 0AMH pa3. HoBble dnakoHkl pH 6ydepHoro
pactBopa Testo ¢ kanMbpoBO4HbIM KOHTERHEPOM 04EHb YPOLLAIOT MPOLIECC U3MEPEHUS,
coxpaHsis 6ydepHblit pacTBop.

Kann6poBo4HbIE KOHTENHEPBI PACTIONOXEHb! B OCHOBHOM CEKLMM hakoHOB Ha 250 M.
KoHTeliHep 3anoHseTcs Haxatem Ha ¢pnakoH. PacTeop asist kannbpoBKM B KOHTEHEpe
BbIIMBAETCS NPY 3aBEPLLEHNM KAIMOPOBKM; OCTAIOLLAACS XMAKOCTb OCTAETCS BO BriakoHe; 3T0
rapaHTUpYeT, 4TO HOBbIV GydepHbIii pacTBOp He Bynet 3arpsiHeH. bydepHbie pacTBopsl pH
Kkomnanvu Testo fOCTYNHbI Co 3HaYeHnsamu pH daktopa 4.01;7.00 1 10.01.

Puc. 16: BbicTpas 1 fierkas KanmGpoBKa C UCTI0Nb30BAHUEM KaJIMOPOBOYHOIO KOHTEiHEPa
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2.4 Wsmepenune

Mepen BBOJOM pH-MeTpa B 3KCMAyaTaumio, NpUbOp U ANEKTPOAbI [OMXHbI CHavana ObiTb
BM3YaJIbHO OCMOTPEHbI 151 TOro, YTOBbl rapaHTUPOBATL WX UCMPaBHOE COCTOsHME. B cnyyae
HeoOXOAMMOCTH, M3MepuTeNbHas cucTemMa [OMKHA ObiTb OTKanMOpoBaHa B COOTBETCTBUM C
PEKOMeHAALMSIMN 3aBOJA-N3rOTOBUTENS.

3areM cnenyiTe HUXeyKasaHHbIM PEKOMEHAALMAM:

a. BbibepuTe 3neKTPOL, U U3MEPUTENbHBIA UHCTPYMEHT B COOTBETCTBUM C TUMIOM
M3MepUTENbHON 3aaaum (cM. [naga 4.2).

6.  [poBepbTe aneKTPOA, (YPOBEHD XMAKOCTH, LIENOCTHOCTb CTEKNSIHHOMO NOKPBITHS).
Mepen, n3mepeHrem OTKPOIATE 3aryLUKy.

B. MopcoenunuTe anektpog k pH-metpy.

r. MPOMOVATE 3NEKTPOL, B BOAE U BLITPUTE HACYX0. HET HeOGXOAMMOCTY CHITLHO TEPETb,
TaK KaK MOXET 06pa30BaTLCsl ANEKTPUYECKWIA 3apsf, HA CTEKNSHHOM MeMOpaHe, Tem
CaMbIM, 3a[1ePXIBasA NPOLIECC M3MEPEHMS.

I lorpy3uTe 3neKTPoz, B pacTBOP M3MEPEHUS U HEMHOTO NOMELLaiiTe. 3akoHuMTe
MewaTb. YOeauTech, YTo 3NEKTPOZL NOrPYXeH J0CTATO4HO ry6oko, T.e. anadparma
norpyxexa B pacTeop. BoamoxHo, 6yayT otobpaxeHsl pasHble pH pakTopbl B
nepeMeLLMBaeMOM 1 HETPOHYTOM pacTeopax. Boobuie, pH daktop "crokoiiHoro”
pactBopa 6onee To4eH. B cnyyae MCMonb30BaHMs 30HA0B C 3ALLUMTHBIM KOXYXOM,
YAOCTOBEPLTECD, YTO HET HUKAKWUX BO3MYLLUHbIX MY3bIDbKOB OKOI0 CTEKNSHHON
Mem6paHbl Win auadparmbl.

e. Monoxaure, noka U3MepsieMoe 3HaYeHNe CTAHET CTabUMbHBIM (Hamp. C MOMOLLbIO
asTomatnyeckon dyHkumm "hold"), npoBepebTe, pacneyaraiTe, COXpaHUTe U
nepepaiTe gaHHble Ha K.

X. lpomoiiTe 3neKTpog, BOLONPOBOAHON BOAOW W XpaHuUTe B COOTBETCTBIN CO
creuvuKaunamMm 3aBofa-13roToBUTENS.

3. 3HayeHue Temneparypbl PacTBOPa A0MKHO ObiTb 3adMKCMPOBAHO COBMECTHO CO
3HayeHnem pH. [laHHoe ycnosue oTHOCUTCS KO BceM pH namepermnsm u Bcem pH
M3MEPUTENbHBIM CUCTEMAM.

He Tpebyetcs npukpennsitb aneKTpoz K npubopam ¢ MOCTOSIHHO MOAKIIOYEHHBIM 3NIEKTPOLOM.
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3. Mpaktuyeckune acnektbl pH namepeHus

3.1  Yxopwu ob6cnyxusanue pH anektpoaa
3.1.1  Ycnosus xpaHeHus

OpiHo BaxHoe NPaBu0 OTHOCUTCA K XPaHEHWIO:

KomMBMHMpOBaHHbIA 3NEKTPOL, OMKEH BCErA XPaHUTLCS B PACTBOPE, UCMONb3yEMOM B
3TaNOHHON cucTeme. MpuynHOI 3TOMY SBNSETCS TO, YTO 3TANOHHBII PACTBOP U PacTBop i
XpaHeHus 6yayT MMETb OANHAKOBYIO KOHLIEHTPALWMIO O, @ €CMW NEKTPOL, XPaHUTCS B
[LMCTUNMPOBAHHON Bozie M BydepHOM pacTBOpe, TO KOHLHTpauus GyaeT pasHoii. B
CNnyyae XpaHeHus B GypepHOM pacTBOpe, MOHbI MOTYT NepeMeLLaThes, 8 BOAa MOXET
PacrpoCTPaHNUTLCS U3 PAcTBOpA [yisl XpaHEHWs Yepes auacparmy B anekTpoy, pasbasnss
3TaNOHHBIN PACcTBOP.

B pesynbTate, NpoLecc N3MepeHns BYAET MeAIEHHBIM, @ JaHHbIE HETOYHBIMM.

OpiHako, B KPUTUYECKMX CUTYaLMsIX, XpaHeHue B ydepHOM pacTBope (eciv BO3MOXHO ¢ pH
hakTopom 4) npeanoyTUTENbHEE CYXOMY XpaHeHuto. Cyxoe XpaHeHue paspyLuaeT BHELHWIA
CroV CTEKNSIHHOM MeMOpaHbI, & TakKe BbICYLUIMBAET STaslOHHYIo cuctemy. Mocne Toro, kak pH
MembpaHa uccoxna, pH anekTpos fOMKeH ObiTb BOCCTAHOBNIEH B TEYEHNE HECKOMbKMX YacoB
B MCTUNNIMPOBAHHON BOLE NEPE], CREAYIoWMM u3MeperreM. U B AanbHeIemM anekTpos
[DONXeH ObiTb COXpaHEH B COOTBETCTBYIOLLEM PACTBOPE 151 XPaHEHMS.

OBbIYHO, 3TANOHHBIN PACTBOP, UCMONb3yeMblii B pH 3neKTpoaax - PacTBOp C 04eHb BbICOKOI
KOHLIEHTpaLmeit conu. PacTBop A/ist XpaHeHWst Takke AOMKEH UMETb 04€Hb BbICOKYIO
KOHLIEHTPALWMIO COMM, TaK KaK 3TasloHHbIi i PACTBOP W PacTBOP /1S XPaHEHUS AOMKHbI UMETH
O[IMHAKOBYIO KOHLIEHTpaumio. Ha npakTuke Yacto 06pasyioTcst KpUCTaibl Conu.

[laHHbIe KPUCTAbLI MOTYT BbITh NIETKO OMO3HaHb! GOPMMPOBAHUEM HEN0r0 MOKPHLITUS Ha
TPyOKe 3MEKTPOLA 1 CHAPYXU HA KONayke. 310 NOKpbITUe 6e30MAacHO IS ANekTpoaa, Bbi
MOXETE NErko CMbITb €ro BOAOIA, @ Ka4YeCTBO U3MepeHUsi He GyLeT COXpaHeHo. XpaHeHue
3MEKTPOZOB B CTOSHEM NOMOXEHUM YMEHBLIAET KDUCTAIIM3ALMIO.

28
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3.1.2  Yucrka anexTpona
AnekTpobl AOMKHBI ObiTh OYMLLEHBI:

— nepes kanvbpoBKoi (nepes norpyxeHuem B byhepHbilii pacTeop),
— nepeq N3MEPEHNEM,
— 10cse U3MEpPEHNS.

Yuctka Heobxoauma, 4Tobbl yoeauThCS,

— 410 GydepHble PacTBOPbI HE 3arps3HeHbl (M3MeHeHue B pH),
— YTO U3MepsieMble 00bEKTbI HE 3arpsi3HEHbI,
— YTO QNIEKTPOZ, FOTOB K CNEAlyIOLLEMY 3MEPEHMIO.

AneKTpozibl HeobX0AMMO OnonackmeaTb (Tennoii) Bogot. B cnyyae HeobxogumocTy,
NM03BO/bTE BOAE CTEYb C 3NEKTPOAA UN aKKYPaTHO MPOTPUTE MSITKUM ByMaXHbIM
nonoTeHLEeM. Bo3MOXHOCTM BOCCTAHOBIEHNS! 3NIEKTPOAOB ONMCaHbl B Mase 3.2.3. CunbHoe
TpeHre pH MeMOpaHbl MOXET NPUBECTU K BO3HUKHOBEHMIO SNIEKTPUYECKOrO 3apsiaa Ha
CTEKNAHHOI MeMOpaHe, Bbi3blBasi 3HAYMTENbHYIO 33LIEPXKY B OTOOPKEHUN JaHHbBIX
M3MepeHus.

Mpy NpOBEAEHNM U3MEPEHUIA B 04EHD BASKVX WA JIMKUX CPEAX, ANEKTPOL [OMKEH ObiTo
OuMLLIEH B (TEMJI0iA) BOAE HEME/JIEHHO MOC/e M3MEPEHHS, T.e. MPEX.E, Yem BELIECTBO
3aCOXHET Ha ANEKTPOZE.

[Lnsi 3TX 1 [PYrX KUTUYECKUX CPEL, U3MEPEHMSI MOTYT UCTIONb30BATLCS CreLVasbHbIE
3MEKTPOfLbI HA OCHOBE PEKOMEHAALMIA 3rOTOBUTENEN.

3.1.3 [poBepka MHCTPyMEHTa
Camas npocTas npoBepka pH anekTpona - Bu3yasnbHas. [TpoepbTe CreaytoLee:

IpoBepka YcTpaHeHue npobnembl
Cyxoil 1 pa3bem NUTaHUs! MHCTPYMEHTa? Buicywmte dheHom
B nopsinke nu kabenb anextpona? 3amenuTe (15 aNeKTPOaoB

C Pa3beMHbIM COBAMHEHNEM)
Cyxoit v pasbem 1 aNeKTPOAa U COBANHUTENBHOMO
Kabens? Bbicywwmte dbeHom
Het i1 MexaHn4eckix AedeKToB anekTposa
(TpecHyna cTeknsiHHasi Membpata) 3amenuTe anekTpos,
B nopsiake nv aTanoHHbIA aneKTponuT
(ypoBeHb, TvM, LBET U T.4. ...)? 3anonnutb
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[MpakTnyeckme acnekTol pH namepeHus

30

[pyrve nposepku:

MpocTas u GbicTPas NpoBepka MHCTPYMEHTA W ANEeKTPOAa - u3Meperve B BydepHom
pactBope. B aTom cnyyae, nocne kannbpoBK1, MHCTPYMEHT JOKEH NoKasaTb 3HaueHne pH
BydepHoro pactsopa. JlonycTimas owwvbka 3aBUCUT OT TOYHOCTH 3HaueHus GydepHoro
pacTBOpa, UCMONL3YEMOro 3NEKTPOAA U NpoLedypbl NpeabayLel kannbposku. Cneayet
0TMETUTb, 4T0 PH dakTop Gydepa AoMXeH ObiTb OTOOPAXeH Npu ONpPeLeNeHHoI
Temneparypsl uamepenus, Hanpumep pH daktop 7.07 npu 10 °C. To xe camoe 3HaueHne
TIOIKHO Takke ObITb 0TOGPAXEHO MHCTPYMEHTOM B PEXMME U3MEPEHMNS.

Bonee TouHas nposepka pH anexkTpoaa 06ecneynBaeTcs NOBTOPHOM KanubpoBKOW (HyNeBoi
TONKW U rpapvenTa). Heo6XoaMmo NpuHsTb BO BHUMaHWUE cneumdukaLmm 3aBofia-
M3roTOBUTENS, TaK Kak OHW TaKXEe COAEPXaT JaHHbIE O BO3MOXHbIX OTKIIOHEHMSIX.
CoBpemeHHblIit pH-MEeTp CO0BLLAET O BOHMKHOBEHWM OLLMOKN N3MepPeRnst pH 3nekTpofoMm.
Kpome T0ro, iaHHble 06 U3HOCE ANEKTPOAA MOXHO MONYYMTb M3 [IaHHBIX O KaIMOGPOBKM
(HyneBas TO4Ka M OTKNIOHEHME 3NeKTPoAa). 3a [ONONHUTENbHOI MHGOopPMaLMei
pexoMeHayeTcs 06paTuThes K crieurdukaumsam 3aBofa-13roToBUTeNs.

3.2 Uctounuku owmbok
3.2.1  Xumunyeckvie pakTopsl

XuMuyeckumu hakTopamu, Kak Npasuio, HasblBaIOT, BCE 3arpsi3HEHMS, KOTOPbIE BAMSIOT Ha
pabory anektpoga (cM. Puc. 17).

Mpueenem npumep uamepennst pH daktopa B pacTBope GTOPUCTOBOAOPOAHOI KUCAOTHI.
Kucnota Bo3peiicTyeT Ha cTekino pH-MeTpa 1 MOXET paspylunTb ero. [ing Takoii cpebl
CNefyeT UCTONb30BAaTh CIELVIANBHYIO CTEKNAHHYI0 MEMOPaHY.

OcobeHHo B cnabbix BydepHbix pacTBopax, HEOBXOAUMO C OCTOPOXHOCTHIO M3MEPSITH
3HauyeHue pH TONbKO B 3aKPbITbIX, BECMY3bIPbKOBLIX KOHTEHEPaxX (cM. [nasy 3.2.5).
3mepeHust fONXHbI NPOBOAUTLCS HA MECTE, Tak Kak TPAHCMOPTUPOBKA BAMSIET HA
TEMMepaTypHylo XapakTepucTuky obpastia.

[ipyrum UCTOYHUKOM OLLMOKM, HaNp., ANs 06Pa3LIOB U3 PYHTOBON BOALI MM CIPOI BOABI 13
BOAONPOBOAA, BnseTcs CO, B BO3AYXE, Tak kak OH 0becneymnBaeT 00pasosaHie
YINepoAVCTOii KucnoThl B 06pasLie nameperus. B TeueHue iHs 3HaueHne pH daktopa Moxet
NoHU3MTLCS Bonblue Yem Ha 0.1 pH no aToii npuymHe.

3.2.2  ®uanyeckvie dakTopbl

OCHOBHbIM H3n4eCKMM HAKTOPOM SBNSETCS MEXAHWUYECKOE NOBPEXAEHIE PH CTEKNSHHOI
Mem6paHb! (cM. Puc 17). CoBpemeHHble pH anekTpozbl CO CTEKNsSHHOI MeMBpaHoit
3aLUYLLEHBI MIACTUKOBBIM KOXYXOM, EC/M NO3BONSIET KOHCTPYKLWS.
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B cnyyae nonomKky Uiy BO3HUKHOBEHS MENKIX TPELLMH pH cTekna, anekTpoz, Heo6Xxoaumo
3aMEHUT, Tak Kak TOYHOE M3MEPEHUE YXE HE FrapaHTUPOBAHHO.

3.2.3  WU3Hoc anektposa 1 owwmbku namepeHuit

pH anexTpozbl NpeACTaBAsioT CoBO0ii ANEKTPOXMMMYECKME CeHCOpI. "KpuBas XusHu"
3NEKTPO/A HAYMHAETCS NPAKTUYECKM C NPON3BOACTBA. C 3TOr0 MOMEHTa, XUMUYECKMe
NPOLIECCHI HEMPEPLIBHO NPOXOAST BO BCEM anekTpoze. Hanpumep, GpopmupyeTcs u
13HaLLMBAETCS BHELUHMIA cnoii pH MemBpaHbl. Bce xyumuyeckve npoLieccsl, IPOMCXOASLLME B
3NeKTPOAE, - OfHA U3 NPUYMH, MOYEMY 3NEKTPOZ, U3HALLNBAETCS.

TMponomXMTENBHOCTb CPOKA CYXObI KOMOMHUPOBAHHOTO 3n1ekTpoaa - 1-3 ropa. 3710, rMaBHbIM
06pa3soM, onpeaeneHo aTaNoHHON CUCTEMOI 1 YCTIOBUSIMI M3MEPEHMS 1 XPaHEHIS ANeKTPOZA.

3KCTpeMarnbHbIe HAarpy3ky Takue, kak 04eHb BbICOKOE 3HauyeHe pH pakTopa, BbICoKMe
TEMNepaTypbl 1/vnn 6oNbLLNE MEXaHUYECKME HArPY3KK1, YMEHBLIAIOT NPOAOIXMUTENBHOCTD
CpoKa cnyX6bl 10 HECKOMbKUX MECALIEB UM AXe HECKONbKO HeAenb. B CuibHOM LenoyHon
cpepe (pH > 13) pH cTexsno noagepraeTcsi BO3AEICTBMIO BLICOKMX TeMnepatypax. B otimume ot
LLENI0YHON Cpefbl, iaXe 04eHb CunbHble knenoTsl (pH daktop <1) Boo6LLE He BAUSIIOT HA CPOK
cnyx6bl pH anextpoaa (cm. Masa 3.2.4).

lMpakTnyeckoe HabnoneHve:
YBenuyeHue Temnepartypbl Ha 10°C HanosoBUHY COKpaLLIAeT Cpok cyx6bl pH anekTpoaa.

AdeT N3HOCA MOXET NOAAEPXMUBATHCS B PA3yMHbIX NPEENax ¢ NOMOLLBO KanMOPOBKY.
AnekTpoz, AOXEH ObiTb 3aMEHEH, KOrfia ero oTKJIoHeHNe Huxe -52 MB/pH npyn 25°C. 9tn
cneuvmdukaum 0THocsTCs Ko Bcem pH-meTpam Testo.

Kak pacrosHarb npuaHaky ustoca pH anektpopa:

YBeNMuMBaETCA OLICTPOAEICTBIE ANEKTPOAA,

YBenuuusaetcs YYBCTBUTENIbHOCTb CTEKNAHHON MeMﬁpaHbl K TPEHUIO
(anexTpocTaTnyeckmii 3 dexT),

YBENMYNBAETCS NEPEKPECTHASA HYBCTBUTEbHOCTb SMIEKTPOIA, HAnp., K MOHaM HaTpus,

YBENN4MBAETCS OTKIOHEHME,

KonebaHue HeATPasibHoro HanpsixeHust
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Kak MoxHo BoccTaHoBUTL pH MemOpany?

pH MeMBpaHy MOXHO YaCTU4HO BOCCTAHOBMTB C MOMOLLbIO Pa3baBnieHHoi
(TOPUCTOBOAOPOAHOI KMCAOTBI.

CrefiyiiTe CRefyioLyM MHCTPYKLMAM:

— Torpyaute pH cTeknaHHyio MembpaHy Ha 1 MUHYTY B pacTBop dhTopuaa Hatpus (¢ = 1
MOJIb/N) 1 CONSIHOM KMUCAOTBI (C = 2 MONb/N)

— TorpyauTe anekTpop, Ha 1 MUHYTY B CONSIHYIO KUCNOTY (C = 2 MONb/N)

— HakoHeL, 0CTOPOXHO NPOMOITE ANEKTPOA B BOLE 1 OCTaBbTe Ha 1 ieHb B
[WVICTUNNMPOBAHHON BOAE. 3aTeM XpaHuTe NEKTPO/ B CELMaNbHOM PaCcTBOPE 1St XPaHEHMS.

[laHHbIii TN BOCCTAHOBMNEHMS MOXHO MCMO/b30BATb TOMbKO 2-3 pasa.

BHumanme:
BynbTe 0CTOPOXHbI NPy 06paLLeHnn ¢ kucnotamu!

Bbl Takxe MoxeTe nonpoboBaTh BOCCTaHOBUTL MeMOpaHy 4% pactopom NaOH n 4%
pacteopom HCI, norpyxasi aneKTpoA B Kax/blil PaCTBOP Ha 5 MUHYT. ITOT CNOCOO HECKOBKO
Msirye [IefiCTBYET Ha CTEKNSHHYIO MeMOPaHy 1 MOXET ObiTb MOBTOPEH, NPK HEOBXOAMMOCTH,
HECKOMbKO pas.

B TOM Cryyae ecnu BbillieykasaHHbIe Mepbl He OKaXYT HUKAKOTO BIMSHNSA, TO 9NIEKTPOL,
HEoBX0AMMO 3aMEHUT.

Ha pH cuctemy v aTanoHHyto cucTeMy, Ha pesybTaTbl U3MEPEHHS YaCTo BAUSIOT BHELLHME

dakTopbl.
Tpy6ka
anekTpopa Xumuyeckoe Bo3peiicTene
- ¢propuctoBogopoaHas kucnota (HF):
pH<5
- ropsiume wenokv: NaOH, KOH
* (XpOMO) CepHasi kucnota
* OpraHuyeckme CocTaBAsiolIve:
aLeToH, 6ex3on, cnupTbl
pH MemGp i
- 06pa3oBaHme TpeLmH
* Ynapel, Wsi, faBneHne
Makoc - ABpasViBHbie BELLECTBA:
Haner * Kputuyeckue 3nasenms pH TpeHue, HacTuub!
- Benok, Xvpsi + Kputuyeckue Temneparypl
- NaBecTb, rnc - [ipyrvie aKcTpEMasbHble
- Tpsiab ycnosust
+ B3BELLEHHbIE YacTuLibl

Puc. 17: Bausivne BHewwHux dakTopos Ha pH Membpaty 32
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Moyt 80% BCeX M3MEPUTENbHBIX TPYAHOCTEN CBS3aHO C 3TaNoHHOI cucTeMoi pH anexkTpoza.

B03MOXHbIE NPUYMHBI owmbok M3MEPEHNS, OTHOCSILLMXCS K 3TNIOHHOM CUCTEME:

VicnapeHuie aTanoHHOro pacTBopa,

TPOHUKHOBEHME U3MEPUTENBHOMO PACTBOpA,

TMoBpexaeHHas uin 3arpsiHeHHas anadparma,
— TloBpeXaeHHbIA MW HENOAXOASLLMIA STANOHHBIV SNEKTPOANT (419 3aN0NHSEMbIX 3NEKTPOAOB),

— HekoppekTHoe coxpaHeHue.

SranonHas Apyrue pakTopbl
cucrema B - MoBpexaeHve rens
dopme « YTeyKa 3TaNlOHHOrO NEKTPONMTA, COEMHEHNE C
KapTpumka HU3KOMPOBOAVMbIMI BELLIECTBAMM
- BONbluast PAsHYLA B KOHLIEHTPALWM COMW STA/IOHHOTO
SMEKTPOAUTA 1 M3MEPEMOTO BELLECTBA
Aunadparma 3arpsizHeHue anadparmbl
- KomnoHeHTbI cepebpa
+ AnbOYMUH, NpOTENH
=~ + 3acbixaHme
+ Opra
3apaxeHue -0 Haneta ot
+ MoKpblit un BNiaxHblit kabens BELECTB
 Cynbpupei UM pasbem "
Aul'"_:""“” + 3aMmbiKaHue Ha 3eMI0
HTb! BOCCTAHOB/IEHAS + HexoppekTHoe coeuHere

Puc. 18: Biusive BHeLHMX GakTOpOB Ha 3TANOHHYI0 CUCTEMY

Jinsi 3ameHbl HeoBX0MMO BbIGPaTL NoAXoAsLLYIo Aracdparmy v NoAXoAsLLMi pH anekTpop,
(cm. Tnaga4.2.1).
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Huxe npuseneHo Aga npuMepa, UAMOCTPUPYIOLLME NPaBUIbHLINA BLIGOP Anadparmbi.

— pumep: Vsmepenve B cTo4YHO BOje:

B cTOuHbIX BOAAX, 06blYHast kepaMuyeckas avacbparma oueHs GbICTPO 3arpssHseTcs. 1o
3aCOpEHIe BbI3BaHO, HaNpPUMEp, CynbGuAoM cepedpa, Tak kak Mosekyibl cepebpa u3
3TaNOHHOTO 3/IEKTPOANTA PEArupPYIOT C Cy/bhWIOM N3MEPAEMOro PacTBopa. STOT NPOLECC
MOXHO Hab/It0aTb NP UCTIONb30BaHUN YEPHOI Avacdparmbl. HeKOpPEKTHBIE N3MEpeHUs
BO3HUKAIOT 13-32 OTCYTCTBMS WV HEXBATKY NOTOKA ANEKTPOHOB .

Mpobnema MOXeT ObITb peLleHa Npu MCMONb30BAHUM CMELMANbHON Anadparmbl B
KOMOMHALWM C STNIOHHBIM 3NeKTPoAMTOM 6e3 Monexyn cepebpa. B atom cnyyae, Gonbluas
nvadparma ¢ ofHoiA 6oMbLLO NOpoit He ByAeT 3acopeHa, a M3MepEHHe OCTaHOBNEHO, B
OT/MYME OT Ayadparmbl Takow, kak Kepamuyeckasi, ¢ MHOTOUUCIEHHBIMY MaJIEHBKAMM
nopamu. Yaanexue monekyn cepebpa 13 TaoHHOro NeKTPOMUTA B STAIOHHOM KOHTEHepe
Takke NpenoTepaLLaeT 06pa3oBaHI1e LOMONHUTENBHOMO CyNbguaa cepebpa. Inektpop, Tun 05
komnaHum Testo C OAHOI NOpOIi B AvadparmMe MOXET UCMONb30BATLCS [ YKa3aHHOrO
u3meperus unu npubop testo 206 pH 1 n 206 pH 3 B kombuHauwum ¢ anextponom Tun 05.

— pumep: smeperve pH MsCHbIX n3pesmi

OBbl4HbIE NPOHMKaOLLME PH ANEKTPOABI C KepaMUYECKMM AvadparMami 3aCOpsoTCs 04eHb
6bicTpo. Kepamuyeckas avadparma nogo6Ho rydke MMeeT 60/bLIOE KONMYECTBO MANEHbKIX
OTBEPCTHIA, KOTOPbIE 3aCOPSIOTCS GEMKOBLIMYI KOMMOHEHTaMu. YacTo Ha anadparme
00pa30BbIBAETCS TOHKaS, E1Ba 3aMETHas MIEHKA XVpa. ITO MPUBOAUT K 3HAYUTENLHOMY
YMEHbLUEHMIO BbICTPOAEICTBIS, KOTOPOE, B CBOIO 04epesb, PUBOAUT K OTOOPAXEHMIO OFHOTO
nToro xe pH pakropa.

Mcnonb3ys crieumanbHyto nonyio auadparmy B KOMGUHALMM C reieBbIM MEKTPONIUTOM, MOXHO
3HAYUTENBHO YMEHBLUMTb YPOBEHb 3arPSI3HEHMS 3NEKTPOAIA, BbI3BAHHOMO BENKOBLIMK
KOMMOHeHTaMK. [apaHTupyeTcs BbICTPoe U3MepeHue 1 Gonee AnUTenbHbIA CPOK CyXObl.
pH-meTp testo 205 ¢ nonoit amadparmoit unw testo 230 ¢ pH 3oHaoM Tun 13, KoTOPBIi MMeET
TOT € Camblil i3aiiH aadparmbl, PEKOMEHAYIOTCS 15l ;aHHOTO TvNa uamepenus. 06a 3oHaa
MIMEIOT NPeNMYLLECTBO B CBEPXMPOYHOCTY 3-3a MAJIOrO KO/IMHECTBA CTekNa.

—u
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3.2.4  KucnoTHble U LWENoYHbIe olwmnoKu

“KUCNOTHbIE U LENOYHbIE OLIMOKW” N3MEPEHHS - OLIMOKM, KOTOPLIE NPOMUCXOASAT NpK
oTobpaxeHnm 3Hayenns pH Huxe 1 win Bollwe 12 COOTBETCTBEHHO. ST OLIMOKM MOTYT ObiTh
0OMO3HaHbI C MOMOLLBIO HENMHEITHOM XapaKTEPUCTUKI SNIEKTPOAA B laHHbIX A1anasoHax

(Puc. 19).

3HaveHus pH dakTopa Boilue 12, 0c068HHO NPU U3MEPEHUSIX CTaHAAPTHBIMM pH
9NEKTPOAAMM, HA3bIBAIOT "HATPMEBLIMY U LLENOYHBIMI OLLNOKaMK". PacTBOPbI C 04eHb
BbICOKUMM 3HaueHnsaMn pH dakTopa Takxe COLepXaT BbICOKYH0 KOHLIEHTPALWIO LENOYHBIX
noHoB (Na +, K+, n 1.n.). LLienoynyio owmbky pH anektpoaa MoXHO $akTuyeckin 06bICHUTD
NepexpecTHON YyBCTBUTENBHOCTBIO PH MeMOpaHbl K MoHam Lwenouu. [ipyrimu cnosamu, pH
CTeKNSHHas MembpaHa Takxe U3MepSIET KOHLIEHTPALMIO (aKTUBHOCTb) MOHOB LLENOYM.

OTpuuarensHoe BuIXOAHOE HanpskeHre pH aneKTpoAa B LLeNoYHOM AuanasoHe
MEePEMELLAETCS B NOMOXMTENLHOM HAMPAB/EHUM, N03TOMY oToGpaxaemoe 3Hayetue pH Gyaer
CIALIKOM HU3KUM.

9T0T HexenaTeNbHbil APHEKT MOXET ObITb YMEHBLLEH MPU UCTIONB30BAHUN CrIELMATbHbIX
CTEKNSHHbIX MEMOpaH. Takxe pekoMeHZyeTcst NPOBECTM JIONONHUTENbHYIO KanMBPOBKY C
1cnonb3oBaHuem bydepa ¢ BuicokuM pH daktopom. B aTom cnyyae ucnonsayiotes
creLvanbHble 3NeKTPOfbI.

Te e camble ONMCaHUS OTHOCATCS M K "KMCNOTHBIM OLIMOKam”, T.e. OLUMbKam 13MepeHns B
pacTBopax C BbICOKOIA KOHLieHTpauvelt kuenotsl (pH < 1). OpHako, AanHbIi apdekT He nmeet
CTOMb BAXHOTO 3Ha4eHus ans metponorum [1].

Hanpsixerve anektpopa (MB)

500
400 —
300
200
100

KucnotHas owmbka

pH 3Havenme
-100
-200 —
-300 —
-400 —

LLlenoyHas owmbka

Puc.19: LLienoyHble v kucnoTHble 3HaueHusi pH anextpopa 35
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[MpakTnyeckme acnekTol pH namepeHus
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3.2.5 CnabovoHHas cpefa

Cpepia U3MepeHusi CYUTaAETCS CNaboMOHHOIA, ECIIM UMEET HU3KOE COAEPXaHUe CONu
(KOHLiEHTPaLMs CONM) B AManasoHe MMONb/M (MUNIUMONb Ha IUTP). PesynbTatom AaHHOrO
HU3KOrO COepXaHNs CONM SBNSETCS Hi3kash anekTponposoaumocTb (<100 pCm/cm).
9neKTPONpOBOAMMOCTb MOXET ObiTb ONpe/ieNieHa ¢ NOMOLLbIO Npubopa M3MepeHus
pH/anekrponpoBoaumocTy testo 240. Kpome Toro, HU3koe CofiepxaHue conu yBennymBaeT
COMPOTUBNEHNE Anadparmbl. ITO CONPOTUBIEHIE BO3HUKIIO U3-32 TOTO, YTO STANIOHHbIiA
3NEKTPONUT ObiN CAMLIKOM CUBHO pa3baBneH B avadparme CnabonoHHON M3MEPUTENbHOI
cpenon.

CKOpOCTb MOCTYMJIEHMS STANIOHHOIO ANIEKTPOJNTA 3HAYUTENBHO YMEHbLUAETCS. pH anekTpop,
0TBEYAET HAMHOO MeJJIEHHee Ha M3MEHEHUS B 3HaveHnn pH.

B KPUTUHECKUX Cyyasnx oLumMbKM MOIYT COCTaBUTb HECKOJIbKO €AMHUL, 3HA4YEHNA pH.

Mpu cnonb30BaHUK crieLmanbHbIX Avadparm (auadparma ¢ 0fHON NOpoi unn anadparma u3
MaTOoBOrO CTekna) Npobnema CoeAvHEHNs MOXET ObiTb NPEAOTBPALLEHA B 3HAYUTENBHOI
cTenexu.

[lobaBneHue HEGONBLLIOTO KOMYECTBA COJW BLICOKOW YMCTOTHI C HeliTpanbHbiM pH dakTopom
(x0pUA Kanus) K U3MepsieMoMy PacTBOPY 4YacTo PEKOMEHAYETCS Kak CPeACTBO,
YBEMYMBAIOLLEE CUITY MOHOB. JTa Mepa yBenuumeaeT GbicTpogeiicteue pH anexTpopa.
OpnHako 1o6aBneHre CoMM TakKe U3MEHSIET COANTAHCUPOBAHHYIO KOHLIEHTPALWIO B
13MEepSIeMOM PaCTBOPE, a 3T0 U3MEHEHIE OKa3blBaeT BiusiHMe Ha pH dakTop. O6Lywx npasun
M3MEPEHMIA HE CYLLECTBYET, NO3TOMY NM0/b30BATENb JOMIXEH AE/CTBOBATb B 3aBUCMMOCTM OT
KOHKPETHOTO Ci1yyas.

Camblid sipkuii npumep cnabouoHHoI cpeppl -,663 COMHEHIS!, BOAA BbICOKOI 04MCTKM. B 3TOM
cnyyae, Bbl JomkHbI BCETIa MCMONb30BaTb TONBKO Avadparmy 13 MatoBoro CTekna 1
M3MepUTENbHbIE S4ENKV NOTOKOBOrO TUMa, U3rOTOBMEHHbIE U3 cnabonoHHoro cTekna. He
pekomeHzyeTCst 06aBNSTb HETpasbHyIo COMb B JaHHOM cryyae. Kpome Toro, npu
M3MEPEHUN B YUCTOI BOAE, 0COOEHHOE BHUMaHWE He0OX0AMMO 06PaTUTL Ha SNEKTPUYECKOE
3KPaHUPOBAHHE W 3a3eMIIEHNE B TeYeHe U3Mepenms (cM. Mnasy 3.2.6).

3.2.6 KomnnekcHas cuctema

Hacrosiuas rnasa ocBelLaeT paboTy BCeit U3MEPUTENbHON CUCTEMBI M CUCTEMHOI Cpeabl npu
n3mepenun pH daktopa. BonbLUMHCTBO OLWMGOK BO3HWKNO, B OCHOBHOM, BBUZY BbICOKOTO
MemOpaHHOro conpoTuBneHus pH anekTpoza.

KoMGUHWUPOBaHHIV 3NeKTPOA, Kak OnucaHo B [nase 2.2, NPeACTABNSET BbICOKOOMHbIiA
VCTOYHUK 3NEKTPUYECKOrO HAnpsixeHust. Ero BbIXOAHOE HanpsixeHue 3asueuT ot pH daktopa u
HaxoaMTCs B MUNIMBONLTOBOM Aiana3oHe (mpumepHo ot -400 MB ao +400 MB). Kak
npaBuno, cTaHaapTHble pH anekTpozpl UMeeT MeMOpaHHbie conpoTuBnenus Mexay 5 v 1000
MOm (ot 5x108 go 1x109 Owm).
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lMpakTnyeckme acnekTol pH namepeHus

Kpome Toro, BXoaHo# curtan uamepenus pH-meTpa gomkeH umets npumepHo 8 1000 pa3
6Gonblue, YeM BXOAHOE COMPOTUBIIEHNE, TaK Kak MCTOYHMK HaNpsixeHns pH anekTposia Moxet
TONBKO 06ECTEYMTb 04EHb MANYIO CUNY TOKA. 3TO rapaHTUPYeT KOPPEKTHOE U3MEpPEHMe.
91oMy TpebOBaHMIO OTBEYAIOT TONKO CrieLabHO pa3paboTaHHbIe U3MepuTesbHbie NPUOOpbI
(pH-MeTpbl) ¢ BX0AHEIM CONpoTUBReHreM 6onbiue, Yem 1012 Om.

W3amepenue pH dakTopa HUKora He JOMKHO NPOBOANTLCS CTaHAAPTHBIM BONLTMETPOM, Tak
KaK 3TV MHCTPYMEHTBI MMEIOT BXOAHOE CONpOTUBAeHMe npubauautensHo fo 20 MOm. 3to
03HAYaEeT, YTO CUrHASbI 04EHb BOCTIPUAMYMBEI K 3EKTPOMArHUTHOMY BMELLIATENbCTBY,
Hanpumep, 13-3a CONEHOMAHBIX BbIKIIIOYaTENeiA, HaXoAALUMXCS 6NIM3KO K cUCTEME WK
3NEKTPOCTATUYECKMM 3apsifiaM NloAei, Hanpumep 13-3a NNACTUKOBLIX MOJOB B 3aHMSX
(xvumuyeckue nabopatopum).

CoepmHuTeNbHbINA Kabenb Mexay anekTpoaoM 1 pH-MeTpoM LOMXeH ObiTb kak MOXHO 6onee
KOPOTKMM M 3aLLMLLEHHBIM. [Insi 3aLLmTbl MCMIONb3YIOTCS CrieLmanbHbie kabenm ¢
[I0NONHUTENbHBIMW BHYTPEHHUMM 3KPaHaMU 1 C 3aLUMTHOI ANEKTPUYECKN NPOBOASLLIETH
BHELLHel onneTkoii. HapyLueHue 3awmTHoro akpaHa B Mio6oii Touke Mexay pH anekTposom n
pH-MEeTpOM NpMBOAWT K Tak Ha3blBaeMOMY "4yBCTBUTENILHOMY K pyke” addekTy: oTobpaxeHue
3HayeHust pH pakTopa CTaHOBUTCS HECTABMNBHBIM 1 U3MEHSIETCS NPU [IBUXEHUM OnepaTopa.

MakcumanbHo onycTuMas JyimHa kabens - 5 MeTpoB. ins 60nee AAMHHBIX PACCTOSHMIA
mexay pH anekTpofom 1 pH-MeTpoM pekoMeHYeTCs UCMoNb30BaTh JOMONHUTENbHBIE
yeunuTenu (TpaHchopmaTopbl CONPOTUBNEHNIA). TU yCUANTENM 0BbIYHO COBAMHSIOTCS
HenocpenCcTBEHHO yepea pasbeMbl pH anekTpoaa. CylecTsyowwmii kabenb MOXHO
MCNoNb30BaTb MHOTOKPATHO.

Camu pH-MeTpbl MOTYT ObiTb 3aLUMLLEHB], HAMPUMEP, METASMYECKIM MOKPLITUEM MO BOKam
Kopnyca, TLaTesbHbIM BbIGOPOM 3MIEKTPOHHBIX KOMMOHEHTOB U CrieLasbHbIMM
NPesoCTOPOXHOCTAMY MU CO3LAHUM NEYATHOI CXEMBI.

B cneumanbHbIx cyyasix (Hanp., BOAA BbICOKOA OYMCTKM AN OPraHn4eckie pactBopuTeni)
M3MepUTENbHAs Kamepa MOXET ObiTb BKIIIOYEHA B 3alLMTHBIV 3kpaH. B aTom cnyyae, Mbl
roBopuM 006 u3mepeHusx B knetke Gapapes.

OpPeKTbl INEKTPUYECKUX UM MArHUTHBIX NONENA N3MEPUTENbHBIX CUCTEM OMUCaHbI MOJ,
06LLMM TEPMUHOM "3neKTpoMarHuTHas cosMectumocTb” (EMC). Hemevkue 1
MeX[yHapoaHble CTaHAApTbl CO3AaHbI, PErynnpys AaHHbIA addekT [9].

Heobxoaumoe BbICOKOE CONPOTUBIIEHUE, ONMCAHHOE BbILLE, AN U3MEPEHNS MOXET ObiTb
NOTEPSIHO 13-3a TOKOBOIA YTEYKY B CIly4ae BNaXHbIX KOHHEKTOPOB MW pasbeMoB pH-MeTpa.
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[MpakTnyeckme acnekTol pH namepeHus

CnefoBaTenbHO, BHYTPEHHWE YaCTW Pa3bemOoB W/Mnu rHe3, 0MKHbI BCEra XPaHUTLCS
COBEPLLEHHO Cyxumu. JTio6ast BNiara MOXET ObITb OCTOPOXHO yAaneHa ropsiyiM BO3NYXOM
(dbeHa). Ytobbl ynanstb TBEpbIe OTAOXEHUS (COMM, W T.A.), Pa3beMbl U/ rHe3MA JOMKHbI
TOrfia GbITb OCTOPOXHO BBITEPTbI MSATKOM CyXO0i TKaHbIO.

Pa3nnyHble U3MepUTENbHBIE CUCTEMBI BOLOHENPOHULIaEMbI. CrieLmabHbIe KNAcChl 3aLThI
(IP54, IP65 1nu IP66) 06bI4HO OTHOCUTCS K MONHOCTBIO COBANHEHHOI CUCTEME, T.€. BCE
KOMOHEHTbI B3aUMOCOeVHEHbI. Jlaxe pH-MeTpbl ¢ pasbemMamu, 3aLmLeHHbIMMI OT
NPOHUKHOBEHMS! BOfLbI, HEOGXOAMMO CYLUIMTb, KaK OMMCAHO BbiLLIE.

— KoHTypbl 323emnennsi

B 0cobeHHOCTH, HE0BX0MMO C OCTOPOXHOCTBIO MCTIONB30BATH CHCTEMbI U3MEPEHUS,
pabortaioLume OT CeTH, 4T0BbI 36EXaTh KOHTYPOB 3a3emneHist. KOHTYpbl 3a3eMieHus
06pa3yloTcs, ecnv BONbLUE YEM OfIH KOMMOHEHT CUCTEMBI (PACTBOP M3MEPEHMS,
n3MepuTenbHas kamepa, pH-MeTp, STanoHHbIA ANEKTPOL, BHELUHMA NPUHTED, BHELLHWIA
pekoprep, 610K NuTaHMs, NOACTaBKa, MELLIAKa, aHasIoroBbIe BbIXOAb!, MHTepdeick MK T.4.)
KOHTAaKTUPYIOT C 3emeii O/HOBPEMEHHO B f1BYX TO4KaX. [IBe pa3Nn4HbIE TOHKW 03HAYaIOT,
Hanpumep, obLLee 3a3eMIIEHIE CETU U CAyHaiiHbIi KOHTAKT C 3eMIeii 0AHOro 13
BblLLIEYKa3aHHbIX KOMMOHEHTOB.

Monyyarowasic 3aMkHyTas Lienb (11 TOK B JAHHON LIENK) MOXET Bbi3BaTb CyLLECTBEHHbIE
VICKXEHS U3MEPEHNS, HECTaOMIbHBIE 0TOBPAXEHNS AaHHBIX M JAXe Pa3pyLUEHIe 3TaIOHHON
CUCTEMBI. ITW KOHTYPbI 3a3EMIIEHNS HENErKO Pacrio3HaThb, Tak kak 3a3eMIEHNE KOMMOHEHTOB
CUCTEMbI 4acTo ObIBAET HENPEAHAMEPEHHBIM 1 IO3TOMY U3MEHSIETCS CO BPEMEHEM.
OnmcaHHble UCKXEHS B UIBMEPEHHBIX 3HAYEHMSIX HE BCETIA MOXHO 0BHApYXUTb. TONbKO
cucTematnyeckie paboyne METOLbI MOTYT PELLNTb 3Ty NPoBnemy (CM. HUXe).

OHUM 13 CPEACTB SIBNSETCS METOAUYHOE 3a3eMIIEHIE KaXO0ro KOMMOHEHTA B OIHON TOYKE
(3a3eMrieHIe COBAMHEHISI C CETbIO UM BOAHOM TPyObI). Koraa AononHutensHoe 060pyaosaHie
Takoe, kak npuHTep unn uktepdeiic MK, nobasnsetcs k pH-meTpy, HE0HX0AMMO 06ECNEYUTL
3NIEKTPUYECKYIO U3onsLmio. C 3anacHbIMM YacTsIMM Bbl MOXETE 03HaKOMMTLCS B CTIUCKE
npuHaanexHocreii Testo.

B Hatum iHu 0CTOPOXHOE 0BpaLLieHie ¢ CUCTEMON UCKIIoYaeT oLwmbkm B pabote pH-MeTpos.
CoBpeMmeHHble pH-MeTpbl NPy BKITIOYEHM MPOXOAAT aBTOMATUYECKYI0 CaMOMPOBEPKY BCEX
BaXHEMLINX KOMMOHEHTOB. JTioOble OLIJI/I6KI/1, 06Hapyx<eHHb|e B Te4eHne CaMonpoBePKN N B
TeYeHue NocnesyloLLMX onepaLyii, aBBTOMATUYECKM COOOLLAIOTCS C NOMOLLbIO CO0BLLEHMIT 06
oLumbKax.
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4. Tpumepbl NpUMEHEHUI U KpUTEpUK BbiGopa

4.1 MNMpumepsl NPUMEHEHNI
4.1.1  XnebobynouyHoe NPoN3BOACTBO

W3amepenue pH daktopa, HanpuMep, UCNONb3yeTCs B NEKAPHSIX AN KOHTPONS npu
M3roToBNeHuu TecTa. Boicokue 3Hayerust pH dakTopa npu 3amelLnBaHum Tecta NpUBOJAT K
notepe 06bema 1 HeNpUSITHO TBEPAOCTM UCTIEYEHHbIX NPOAYKTOB. BUCKBUTLI paspyLLaioTes,
ecnu pH dakTop camiukom Huskuid. pH dakTtop 7 - 8 cuntaetcs uaeanbHbiM. MoruTopuHr pH
baKTopa MoMoraeT KOHTPONMPOBATL KAYECTBO MPOM3BOLAVIMON NPOLYKLIMK.

PekomeHpyetcs:: testo 206 pH-2 ¢ NPOHMKAIOLMM 3N1EKTPOAOM [ MSIFKWUX MaTepuasioB Unm
testo 230 ¢ pH anexrpogom Tuna 03.

41.2 MsicHoe npon3BoaCcTBO

Puc. 20: U3mepenne pH
B Msiconepepaba-

2 ThiBAIOLLE
TPOMBILLTIEHHOCTH

3HaueHve uamepenmns pH daktopa s MaconepepabaTbiBatoLLeit NPOMbILLNEHHOCTH
NepeoLieHnTb Henb3s. g Msica 1 ApYrix NPOROBONLCTBEHHBIX TOBAPOB U3MepeHue pH
akTopa IBNSIETCS 04eHb BAXHbIM MHCTPYMEHTOM B OLIEHKe kayecTBa nonydabpukaros 1
roTOBbIX NPOAYKTOB. OCOBEHHO CO3peBaloLLee MACO B GOMbLLIOI CTEMEHN 3aBUCHUT OT
3Hauenns pH dakropa.
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3HaueHue pH dakTopa Bcex MACHbIX MPOAYKTOB [OMXHO HAXOAUTLCS B MPeAenax AnanasoHa
ot pH 4.5 fo pH 8. Kpome Toro, pasnuume 3aBUCHT OT TPEX Pa3fIMyHLIX TUMOB Msica:

DFD m$co (TEMHOE-XeCTKOe-CyXoe)
HopmanbHoe Msico
PSE wmsico (611enH0e-MsIrkoe-BoAsHUCTOE)

Cnepylolias avarpamma otobpaxaet pH kpuBble pa3nnyHbIX TUMOB Msica nocie yoosi

XWBOTHOr 0.
pH 3Hauenue

pH7.0
DFD
HOpMa

PSE
pH5.5 Yacel
1 24

Puc. 21: pH kpuBble pasnnyHbix BUAOB Msica

Heobxoammo otmeTuTh, 410 pH aktop DFD Msica CHUXAeTCs 04eHb MEAIEHHO, B TO BPEMS
kak pH cakTop PSE Msica CHUXaEeTCst OTHOCUTENbHO ObICTPO. CkopocTb naaetns pH daktopa
MOXET yka3aTb Ha NPUroaHOCTb Msica K onpeaeneHHomMy Tuny obpabotku. Msco ¢
npu3xakamu PSE n3-3a Hu3knx pH 1 BOJOCBS3bIBAIOLLEN CIOCOBHOCTM SBNSETCS
HENPUroAHbIM A1si NIPOU3BOLCTBA ChIPOIA BETYMHBI, BAPEHbIX KONGAC, CbIPOKOMYEHbIX
OKOPOKOB, TaK Kak Npy 3TOM YXy/LIAIOTCSi OPraHoNenTuYeckue XapakTepucT KM roToBbIX
u3nenuit (cBeTnas okpacka, KUCNOoBaTblii NPUBKYC, XeCTKast KOHCUCTEHLNS, MOHUXEHHas
COYHOCTB).

PpH 3nexTpoz s BAHHOTO MPUMEHEHNSI LONXEH ObiTb HEYYBCTBUTENBHBIM K GENKOBBIM
3arpsi3HEHNsIM, MHaue CPOK ero cyXObl COKPATUTCS, @ BPEMs! PeakLyu yMeHbLLuTes. Kpome
TOro, U3MEPEeHIe, He3aBICUMOE OT NONOXeHUs PH 3NeKTPOAA MO OTHOLLEHWIO K TyLUE,
SBNSETCS 04€Hb BAXHBIM, NOTOMY YTO TOYKM M3MEPEHWS, HANPUMEP, B Pa3HbiX MONOBUHAX
CBUHOM TyLUM HAXOASITCS HA PA3HON BLICOTE. B 3TOM Cyyae pekoMeHayeTCs renesbii
9N1eKTPOA.
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Mprmepbl NPUMEHEHNIA U KPUTEPUM BbIOOpa

PekomeHpyetcst: pH-meTp testo 205 A1 MSCHO NPOMBILLIEHHOCTH,
testo 206-pH 2 unm testo 230 ¢ pH anextpomom Tun 13.

Puc. 22: pH namepenve B npoLiecce copesannsi konbackl

413 pH n3MepeHus B CEKTOpE OKpyXaloLien cpenbl

BoaoHenpoHMLaeMble MHCTPYMEHTBI C KOMMAKTHbIM AVI3aiiHOM 1aeanbHbl g uamepenmii pH
NUTBEBOI BOAbI, CTOYHBIX BOZ WA NPU HEUTPANM3ALMN KOHAEHCATA B OTOMUTENbHBIX
cucTeMax (KOHAEHCALMOHHbIE KOTAbI). [ing NUTbeBOIA BOAbI YCTAHOBNEHA HOpMa pH dakTopa -
ot 6.5 10 9.5 - COrnacHO HOPMATMBHOMY JIOKYMEHTY O MUTLEBOIA BOJE.

MuTbesas Bopa ¢ pH daktopom Huxe 6.5 ykasbiBalOT HA COAEPXaHNe CBUHLA, MEAM W LiHKa
13 BofonpoBoza. Heobxoanmo perynsipHo uamepsitb pH dakTop B Bofe AN MUHUMU3ALIMMN
COfepXaHus MeTannos. B cnyyae u3MepeHus B CTOYHbIX BOAAX, BUONOrMyeckme peakumm B
"6bromarepuanax” UMeIoT MECTO TONbKO B ONPELENeHHOM AuanasoHe 3HaueHmii pH.
MonuTopuHr yBennyenns pH dakTopa 0CYLLECTBNSETCS B ONPEAENEHHDbI Nepros, BPEMEHM.

PekoMeHp0BaHHblE MHCTPYMeHTHI: testo 206-pH 1 unm testo 230 ¢ 3oHaom Tun 04 pH.

Puc. 23: Onpepenexvs pH Ha Guonorinyeckom atane 06paboTkv CTOYHBIX BOJ,

——
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4.1.4  ®ortorpadus

N3meperne pH dakTopa B pacTBOpax NposiBEHNS, 3aKPEMNEHNs U ApyriAX pacTBopax npu
M3roTOBNIEHUM 1 06paboTke hoTorpaduyeckinx CHUIMKOB OMPEeaEnseT KayecTBO rOTOBOI
dotorpaduu. MposiBuTeNb LBETHOM NNEHKN AoMKeH UMeTb pH dakTop npumepHo 12.4.
PexomenpyeTcs 6patb 06pasLibl (HanpuMep, MeH3ypKoii) 13 GONbLLKX MPOSIBOYHBIX MaLLIMH.

Pekomenpaums: testo 206 pH 1 unm testo 206 pH 3 ¢ 3oHaom Tuna 04 nnm testo 230 ¢
30Ha0M Tuna 04.

Puc. 24: Wamepenne pH 3HaueHs nposisuTenst B 60nbLuoi dpoTonabopatopum

415  pH n3mepeHve B NPOMBILLIEHHOCTI

MpumeHeHne pH-METPOB B NPOMBILLEHHOCTY - KOMMNIEKCHOE, @ Ha BbIOOP 30HAOB BIUSIET,
INaBHbIM 06PA30M, TUMbI 3NIEKTPOAOB, KOTOPbIE NOAXOAST NS 3mepeHnst pH B pacTBopax.
OﬁbHHO, BbICOKOKJIACCHbIE CTEKJIIHHbIE SNIEKTPOAbI UK 3NEKTPOAbI C renem u nonoi
[nvadparMoit peKOMEHLYIOTCS ANt IPUMEHEHS B MPOMBILUNIEHHOCTY.

Puc. 25: Onpenenerue pH 3Ha4eHnst CMasku 1 OXJIAXAAIOLLIEro €Ot Ha TOKAPHOM CTaHKe

——
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Mprmepbl NPUMEHEHNIA U KPUTEPUM BbIOOpa

W3ameperue pH daktopa CMas0ouHbIX MATEPUANOB MCTOb3YETCS AN TOKAPHOMO 1
(pe3epoBOYHOT0 CEKTOPOB MeTannoobpabarbiBalolLeit NPOMbILLIEHHOCTW. [o4TI BCe
CMa304Hble MaTepuabl COCTOSIT M3 OfMHAKOBbIX KOMMOHEHTOB. OfHako ux pH dakTop He
[nonxeH npesbiwats 9.0, uHave, GyaeT HEBOIMOXHO AOMXHbIM 00pa3oM 3akpenuTh

KOMMOHEHTLI B KYNa4KOBOM MATPOHE CTaHKa. Bonee Toro, NpW KOHTAKTE C KOXEN HauMHaeTcs

3yAl. Mockonbky cMa3ka NoJaAeTes LIMPKYNSpHO Ha pabouue YacTu (MOBTOPHOE
1cnonb3oBaxue), pH daktop ysennumsaetcsi ¢ 7.5 fo 9 eauuuu. Heobxoamumo 1o6aButh

CBEXYIO CMa3Ky M1 NONHOCTbIO 3aMeHuTb ee. Pekomerayercs: testo 206-pH 1 unm testo 230

¢ 3oHa0M Tun 04,

41.6 Cnucok npumepoB npumeHeHns pH-meTpa

Cenbckoe X03s1CTBO
Bakrepuonorus

Mpoun3BoaCTBO BE3aKOr0MIbHbIX HAMUTKOB

lnBoBapenve

06paboTka Boab!
Ipon3BoACTBO KOBPOB
Ipon3BOACTBO LieMeHTa
Kepamuka

MpuroTosnenye cbipa
TexHonorum o4ncTkm
Konpvtepckoe npon3BoacTBo
Kocmetuka

MonoyHasi NPOMBILLNEHHOCTb
Cromaronorus

KpacunbHble paboTbl
ITvuesoacTeo

Mpoveccbl 6poxerus
Yno6peHus

PasseneHuie pbibbl
JluTeiiHas NPOMBILLIEHHOCTD
[pon3BoaCTBO XenatnHa
Ipon3BoaCTBO Kiies
3npaBooxpaHenme

Xeneso u cTanenureiiHoe NPoM3BOACTBO
Ipoun3BoaCTBO KEMOB
MpayeyHoe obcnyxmBaH1e
06pabotka Koxm
lpon3BoaCTBO KpacuTeneii
KoHcepeaums Msica 1 pbibbl
MeauumHa

MeTannoobpaborka

OuuieHve Metanna

lpoueccsl HeliTpanu3aumm
Mpo6bl Macen
LiennionoaHo-6ymaxHoe npou3BoACTBO
Hedtb

@apmaviesTuka

Ipon3BOACTBO /1akoB M KPacok
KoHTponb kayectsa

BacceiiHbl

TekcTunbHas MPOMBILLIEHHOCTb
TabayHas NPOMBILLIEHHOCTb
OBOLLEBOACTBO

lpoBepka Boab!

Ipou3BoacTBo iiorypTa
3oonorus
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4.2 MpaBunbHbIiA BEIBOP 3NEKTPOAA U MHCTPYMEHTA

MpencTaBnexHble Huxe Tabnmupl obecneumsaiot Bac 0630prIMM JaHHbIMW O NPUroAHOCTU
TeX WM UHBIX ANEKTPOAOB 1 MHCTPYMEHTOB [/191 BbINOHEHNS! KOHKPETHOI M3MEPUTENBHOI

3agaun.
s 8
] =X}
g 5 g ==
,\5 {7“8@.;5 z g8
3 E§s>: § vV
2§ 5 ssisz i s s 5 EZZ .
£ 5 ¢z 2 5558 22 & § £ 8.2
§8 g5 5:55588:8F ¢ g:5 4838
x @ 835055338258 £ SS o [
33 585252888, 888 S 38 $£%o
E3 Seddistesiigss §o8f sfiniiiii
ISgFa S588sz e g8 £383c .00
335558028838 852585 S5e S28SessekES
SESJS88FsEEE §§s<‘gzw 2885585888
555657555 HIHHHHIHHHHT
§85E88553S8855855888238538538333¢8
YhusepcanbHbiit anektpon Tun 01 pH +++0--0000---0----— 0000+00--0-0-0 pH
NabopatopHbiit anektpog Tun02pH 0 + + 0 - - 000 +--00000-0+00++00--00+00 pH
YHuBepcanbHoii anekrpor Tun 04 pH B[ [0 = =0 OO0 (=] =|=|O|=[=|0=]=| 0|00 [+ 00| =|=|0[=|= =@ pH/C
CneuyanbHbiii anektpog, Tun 05 pH ++0+-0++++--0+--0--00++++++-00--0 pH/C
Mporukaiowwit anextpog Tun 03 pH 0000+++++-++-0-+-++-+-+0++++00 - - - pH/C
Mporukaiowwit anextpoa Tun 13 pH O 3 LON (0N S Bt B [0 (0N 10N 653 B B 18 {08 B3 (O St 3 i3 ) 6 (O] (O [0 KO8 S B 108 B B B B pH/C
TMorpyxHoii anextpop, Tun 04 T 0+000++++-—-—---—— S (08 100 521 108 B (08 B (00 i B 100 Bt B S B O] ‘C
TMorpyxHoit anextpos Tun 15T SC1 S R ) R 1O Y S N S ) ) ) s IS AL s KO R ) e ) ) 6 ST S S IO ) S 6 B B C
MpoHvKaouit anextpoa Tun 25 T B i T S S S e T A R e e S i e | ©
+++0--00+----+-=---000+++0+0-+0+0 - mB

AnexTpoa, peaoke notexumana Tun 06 mB

Tabnuua 4: Bbibop 3n1eKTpoaa 1 MHCTPYMeHTa

+ COOTBETCTBYET
0 COOTBETCTBYET B OrPaHU4EHHOM 4UCHe Cyyaes

— He COOTBETCTBYET
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Tpebosanue testo testo testo
230 205 206

pH namepetme X X X

MB u3mepeHue X

°C uamepeHue (¢ nomoLbto pH anexTpoaos) X X X

MCM/CM 13mepenie

1-To4eyHas kannbposka X X
2-X TO4e4Has kanubposka X X X
3-x ToYeyHasi kanubposka X X
ABTOMaTUYECKas TEMnepaTypHast komnexcaums pH X X X
®nakoHbl ¢ 03VPOBAHHbBIMU KOHTERHEpPaMM X X
3aWmTHbIA KONNAYOK C reneBbIM HanoHUTENEM X X
IP 54 3aWmTHBIA KNacc X

IP 68 3awWmTHBIN Knacc X X
OtaenbHblit NTC TemnepatypHbii 30HA, X

OTobpaxeHue KanmbpOBOYHbIX aHHBIX X X X

Tabmuua 5: Kputepum BbiI60pa MHCTPYMeHTa
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5. Cnucok Mcnonb30BaHHOI NUTEpaTypbi

—

[1] H. Galster; pH-Messung; Grundlagen, Methoden, Anwendungen, Gerate; VCH Weinheim,

(1990)
[2] DIN 19266; pH-Messung - Standardpufferlusungen, (10/1971)

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

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

(1991)

[6] Grundwassermefigerate; DVWK Schriften Band 107, Wirtschafts-
und Verlagsgesellschaft Gas und Wasser mbH, (1994)

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

[8] DIN 19261, pH-Messung - Begriffe for MeSverfahren mit Verwendung galvanischer
Zellen, (3/1971)

[9] pr-EN 50082, Teil 2 sowie pr-EN 50081, Teil 2; Elektro-Magnetische Vertraglichkeit
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[pe3eHTaums u3mepuTenbHbIX Nprbopos Testo

6. MpeseHTtauus nameputenbHbix npudopoe Testo

KomnaHus

KomnaHus Testo 6bina ocHoBaHa B
1957 rogy 1 B HacTosiLee Bpemst
ABNSIETCS OAHMM W3 BEAYLUMX
MWPOBbIX NPOU3BOANTENEI
MOPTATMBHbIX S/IEKTPOHHbIX
U3MEpUTENbHBIX NPUOOPOB ANg . ..

- Konpuumonuposanue Bo3ayxa / XonoaunbHbie CUCTEMbI
3aMepeHme Temneparyphl, B@XHOCTI 1 CKOPOCTM MOTOKA BO3AYXA AN NOAIEPXKM
3[10POBOTO OKPYXAIOLLEro KMMaTa 1 CO3AaHust MagasbHbIX YCIIOBII 1 MPOU3BOACTEA U
XPaHEHUS YYBCTBUTENbHLIX MPOLYKTOB.

+ OTOonUTENbHbIE CUCTEMBI
Onpenenenue aHeproahdeKTUBHOCTY 06ECNEYNBAET KOHOMMUIO 3HEPTUX. VI3MepeHus npu
NYCKO-HaNaZIKe 1 06CNYXMBAHUN CUCTEM MPEAOTBPATUT NMONYYEHME TPABM M
NOBPEX[EHMIA CUCTEM (ra30Bble OTOMUTENBHBIE CUCTEMbI).

- KavectBo nuwym
TOCTOSHHBIN TEMMEPATYPHbIA MOHUTOPUHI MULLIEBBIX NPOLYKTOB NPeAoTBpaLLaeT
Pa3MHOXEHNe MUKPOOPraH3MOB (Hanp., CalbMOHENNa).

- KoHTponb BbIGpOCOB
KoHTponb BLIGPOCOB NpoLecca CropaHns 651aroTBOPHO BAMSIET HA COCTOSIHUE OKPYXaloLLen
Ccpenbl 1 3KOHOMUT pecypebl. MapaHTUs kayecTsa NpogykTa 6naroaaps NPoBepku
KIIOYEBbIX MapaMeTpoB 06paboTku.

+ MpombineHHocTh
M3mepuTenbHble TEXHONOMM /1S KOHTPOAS kayecTBa B MPOLIECCE MPOV3BOACTBA.
Kone6aHusi Temnepatyp B NPOLIECCE NPOM3BOACTBA OKA3bIBAIOT BAUSHUE HA KaYeCTBO
npoayKToB. B n1abopaTopHbIX YCNOBUSIX XMMUYECKOiA 1 (apMaLeBTUHECKO
NPOMBILLNIEHHOCTU CrieLMan1cTaM HeoBXOAMMO UMETb TOYHbIE iaHHbIE, KOTOPbIE MOryT
6biTb 06paboTaHbl Ha MK. M3aMepuTenbHble MHCTPYMEHTI Testo 0TBEYAIOT AaHHBIM
Tpe6oBaHUSM.

Cneuunanucrbl

Bonee 1,100 cneumanuctos (570 13 Hux B JleHUKMpXe) NPOM3BOAST, Pa3BUBAIOT, peanuayior,
00CNYXMBAIOT W KaMOpPYIOT U3MepUTENbHbIE MPUbopbI B cootBetcTaum ¢ DIN EN ISO
9001:2000.

——
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Mpe3eHTauus u3mepuTeNbHbIx Nprubopos Testo

certl

e

TpeHuHru

ExeroaHo Testo NpOBOAWT TPEHUHIYW B MPOMBILLAEHHOM, KOMMEDPYECKOM W TEXHUYECKOM
OTAENEHNsX KOMNaHUM. Mbl Takxe npefiaraem Ans CTYAEHTOB MOMTEXHUYECKUX UHCTUTYTOB
MPOATM CTaXMPOBKY Y HAC B KOMMAHNM.

Komnanus Testo Takxe npeanaraet npoiit 06y4eHmne y KOMMEDPYECKUX 1 TEXHUYECKUX
cneuuanuctos komnakuu. C 1979 ropa Testo ycnetwHo nogrotoBuna bonee 135
CreLvanmncToB.

Koucyanau,Mu KJINEHTOB
Mbl 0becneyrBaem BO3MOXHOCTb [/1st KXAOrO KIMEHTa MOMy4uTb KOHCY/bTALMM U OTBETHI HA
VHTEPECYIOLME BOMPOCHI, KaK Y OMbITHBIX CMIELMANMCTOB, Tak W'y ObULMATbHBIX JINL,

W3 JleHukupxa Ha Becb MUp

Komnanms Testo, npou3soauTenb BbICOKOTOUHbIX MPUOOPOB HA OCHOBE BLICOKMX TEXHONOMMA,
€0 LwTab-kBapTUpOii B JleHLKupxe akcnopTupyeT noytn 60 % Bcex M3MepUTENbHbIX
npubopos. Testo npeacTaBneHa Bo BCEX Yroskax 3eMHOro Lwapa 25 gpunvanamu u 50
npenCcTaBUTENbCTBAMM.

Moceawas cebs Gyaywemy

MpubnnautensHo 70 13 570 cneuvanicToB 3aHUMAIOTCS UCCNIEA0BaHUSIMU, PA3BUTUEM W
MapKeTUHIOM. Mbl MeeM TBEPAOE XenaHue UCCNefoBaTh. [MaBHas Lesb COCTOUT B TOM,
4T06bI NPEANOXUTH elLle 60ee HOBEMLUME TEXHONOMMN [1Sl PELLEHNS U3MEPUTENbHBIX 3334
HalLWX KIMEHTOB.

W3meputenbHbie MHCTPYMEHTbI AN 3aLUTbl OKPYXaloLWwein cpeabl
Testo Npou3BoAMT 1 Pa3BMBAET NOPTATUBHLIE aHANM3ATOPbI bIMOBbIX FA30B NS 3ALLMTHI
Hawweii okpyxatoeii cpeapl ¢ 1980 ropa.

KsanuduumposaHHbiii cepeuc
Testo ocTaetcs ¢ Bamu v nocne npuobpeTenus uHcTpymenTa. Komnanms obecneynsaet
ObICTPbIF KPYrNOCYTOUHbIV CEPBUC BO MHOTUX NPECTaBUTENbCTBAX.

Jlupep MMPOBOro pbiHKa

Bbicokoe kayectso npopykumu (DIN EN 1SO 9001 ceptudmkar), pasymHble LieHbl 1 BbicTpoe
1 KayecTBeHHoe obCyxmBaHue npespatun Testo B MMPOBOro Naepa no npovaBoaCTBY U
NpofiaXe MOPTATUBHBIX U3MEPUTENbHBIX MHCTPYMEHTOB.
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testo 205

Mpu6op testo 205 - koMnakTHbIi i pH-MeTP C aBTOMATUYECKOI TEMNEpaTYpHOiA
KOMMEHCAUMEN, AnS OHON PyKK, T.e. Mexay pH 30HAOM 1 3NEKTPOHUKON MHCTPYMEHTA HET
COEMHUTENBHOTO Kabensi. i3aMepuTenbHblii TeMNepaTypHblii HAKOHEYHUK BCTPOEH B
3anareHToBaHHblii pH 30HA Testo, noatomy Temneparypa uamepsieTcs 6e3 nofcoeaMHeHus
0TAEeNbHOro 30HAa. HakoHEYHWK 30HAA - CMEHHBIA (3anacHasi NPUHAANEXHOCTb). 30HA, MMeeT
JUMTENbHBIA CPOK CyXObl Gnarosaps nonoi avadparme v reneBomy aNeKTPOIUTY, a Takxe
BbICOKOMY ObICTPOLEACTBYIO. [TPOYHBII CMEHHBIV MPOHUKAIOLMIA HAKOHEYHWUK 30HAA He
NOABEPXEH BAMSIHUIO 3arpsidHeHnii (Hanp., 6enkosbiM). Takum 06pasom, testo 205 sensetcs
MAeabHBIM U3MEPUTENbHBIM MHCTPYMEHTOM A1l MNLLEBON NPOMBILLIEHHOCTM, 0COBEHHO A
msiconepepaboTki.

Puc. 26: M3mepeHue 3HayeHus pH Msica Bo Bpemsi 06Basku



pH fibelNEW.gxd 18.04.2008 17:08 P% 51

50

MpeseHTaums U3MepuTENbHBIX NPMBopoB Testo

TexHuyeckue paHHble testo 205

[Mapametp pH/C

CeHcop pH anextpog, / NTC

Yucno MaMepuTENbHBIX KaHaoB 2

[lvanasoH namepexuit ot 0 no 14 pH

Pa3pewenve: pH 0.01 pH

Pa3peweHve: Temneparypa 0.1°C

MorpetwHocTs: pH +0.02 pH

MMorpeLwHocTb: Temneparypa +04°C

TemnepatypHasi KoMneHcaumst AToMaTnyeckas

[Lucnneii XK, 2-x cTpoyHbiid, ot 0 fo 70°C

3oHp, Hakpyuusatowwecs pH / °C mopynu

LIMKnnyHOCTb M3Meperuit 2 13MepeHus B CeKyHay

Paboyas Temneparypa ot 0°C po +60°C

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

Tun 6arapev 4 nvvesbie barapeiiku LR44

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

Kopnyc ABS C MSrKvM KOXYXOM ANt YKOSITKN
SawwHbiii knacc IP 65

Pa3mepsb! 197 x 33 x 20 Mm

Bec 69r

Tabnuua 6: TexHuyeckue aaHHble testo 205

MpeumywiecTea npubopa

KomB1HMpOBaHHBIY NPOHMKAOLWIA HAKOHEYHWK PH C 30HROM TeMnepaTyphbl
CMeHHbII n3mMepuTeNbHbIA HAKOHEYHUK

ANEKTPOZ, C reneBbIM HanoHUTENEM, He TpebytoLLmin 0BCnyxuBaHUS
BcTpoeHHas noacBeTka aucnnes

AKYCTVYECKMIA CUTHAN NPU HAXAaTUN KHOMOK

2-X CTPOYHbIN aucnneii

ABTOMATUYECKOE PaCrO3HABAHWNE 3HAYEHNSI MONHOM LLKabI

BoamoxHa 1, 2-x 1 3-X To4eYHast KanbpoBka

——
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Mpe3eHTaums U3MepuTEsbHBIX MPBopoB Testo

testo 206-pH 1

Jluneitka npubopa testo 206 coctouT u3 3-x Mopenei.

KapmaHHbiii nprbop uamepenus yposHs pH 1 Temneparypel testo 206-pH 1 ocHatueH
HaKOHEYHMKOM 30HAa pH Ans M3MepeHus B XuakocTsx. pH ¢akTop 1 3Hayenre Temneparypbl
M3MEpSIIOTCS OIHOBPEMEHHO 1 OTOOPAXAOTCS HA 2-X CTPOYHOM aucnnee. VameputensHbiii
HAKOHEYHMK MOXET GbiTb 3aMeHeH Npu HeoBXOAMMOCTI CaMuM nonb3oBateneM. braropaps
TEXHONOruK, Testo 30HA - BbICOKONPOYHBIA, GbICTPOAEICTBEHHBIN 1 HEYYBCTBUTENbHBIA K
3arpsA3HEHNSIM, a TakKe UMEET AUTENbHbII CPOK CRyxObl. BoamoxHa 1, 2-x 1 3-x ToyeyHast
kanmbposka. Komnnext npubopa BKMOYaET KONMMA4oK C renem Jist XpaHeHus,
BOJOHENPOHMLIaeMblil Yexon TopSafe n fiepxarenb 15 PEMHS/CTEHBI.

Puc. 27: U3mepetye pH dakTopa B npoLecce Npoun3BoaCcTBa (ppyKTOBOrO COKa

Mpumenenus testo 206-pH 1

+ pH n3mepeHue B OKpyXatoLei cpeae (Boaa, CTOYHbIE BOAM, ...)

+ HeiiTpanu3auns KoHaeHcaTa (OTonuTesbHbIE CUCTEMbI/KOHAEHCALMOHHBIE KOTIIbI)

+ MamepeHue pH B NpoMbILLEHHOCTY (Hanp., pH CMa30yHbIX MaTepuaios)

+ MamepeHvie pH B nuLLEBOM NPOKU3BOACTBE (Hanp., NPOM3BOACTBO HPYKTOBOIO COKa)

- Obluee npumeHeHue: Xuakue pacTBopbl BO BCEX CEKTOPAX

51
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MpeseHTaums U3MepuTENbHBIX NPMBopoB Testo

Texnuueckue paHHble testo 206-pH 1

MapameTp

CeHcop

Yucno naMepuTeNbHbIX KaHaNoB
[lvanasoH namepenmit
Paspetuenve: pH
Paspeluenue: Temnepatypa
MorpewwHocTb: pH
MorpewwHocTb: Temneparypa
TemnepartypHasi KOMneHcauus
[ucnneit

3oHA

Liuknn4HoCTb M3meperuii
Paboyas Temneparypa
Temnepatypa xpaHexus

Tun Gatapen

Pecypc 6atapen

Kopnyc

Paamepel
Bec

pH/°C

pH anextpon / NTC

2

or 0o 14 pH

0.01 pH

0.1°C

+0.02 pH

+04°C

ABTOMaTHYECKAS

XK, 2-x cTpouHbid, ot 0 o 70°C
Hakpyuusatowmecs pH / °C mopynm
2 13MepeHnsl B CeKyHay

ot 0°C po +60°C

or -20°C po +70°C

1 Garapeitka CR2032

80 4 (A0 Bbikn. 10 MMH)

ABS c yexnom Top Safe
Sawwurhbiii knace IP 68

197 x 33 x 20 Mmm

69r

Tabnuua 7: TexHudeckue aaHHble ans testo 206-pH1
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testo 206-pH 2

KapmaHHbiit npubop uamepenust yposHs pH 1 Temnepatypbl paspabotaH s BbICTPbIX
13MepeHuii B nonyTeepabix cybcTaHumsx. pH-meTp testo 206-pH 2 npeaHasHayeH s
MULLEBbIX NPOZYKTOB, TakuX Kak Xene, KpeM, Msco, konbacsl, Cbip, GpyKTbl, Mope 1
KocMeTHueckme kpembl. Mprbop ocHalLeH BCTPOEHHBIM TeMNEPaTypHbIM 30HLOM Ans
ABTOMATMYECKOI TEMNEPATYPHOI KOMNeHcaunu. BoamoxHa 1, 2-, 3-x ToueyHas kannbposka.
B komnniexT BK/IOYEHbI 3aLMTHBIN KONNAYOK C renieM fist XpaHenus, yexon TopSafe
(MPOYHbIA, BOAOHENPOHULLAEMbIIA, TMIUEHNYHBIA, MOXHO MbITb B MOCYLOMOEYHON MallnHe
(IP68)) v nepxatenb Ans KPENneHus K PEMHIO/CTEHe.

Puc. 28: KoHTponb ka4ecTBa B npoLiecce NPON3BOACTBA KOCMETUYECKOrO Kpema

MpumeneHus testo 206-pH 2

+ KucnomonouHble npogykTbl (iorypr, cbip, ...)
+ MamepeHue 3HaveHmst pH cmec B NpoLiecce Npov3BOACTBA CIIMPTHBIX HAMUTKOB

+ N3mepenue 3Hayenns pH B NPOM3BOACTBE FOTOBbIX NPOAYKTOB
(Hanp., npunpassl k canary)

+ [lpumeHeHne B KOCMETUKE (MPOM3BOACTBO kpema)

- Mposepku pH B NpoLiecce NPoM3BOACTBA MACHBIX NPOAYKTOB

——
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MpeseHTaums U3MepuTENbHBIX NPMBopoB Testo

Texuuyeckve paHHble ans testo 206-pH 2

[apameTp pH/°C

CeHcop pH anextpog / NTC

Yueno n3MepuTENbHBIX KaHaoB 2

Jlnanason uamepeHui ot 0 o 14 pH

Paspetuenve: pH 0.01 pH

Paspeluenue: Temnepatypa 0.1°C

MorpewwHocTs: pH +0.02 pH

MorpewwHocTb: Temneparypa +04°C

TemnepartypHasi KOMMeHcauus ABTOMaTHYECKAS

[Iucnneit XK, 2-x cTpouHbiiA, ot 0 o 70°C

3oHa Hakpyuusatowwecs pH / °C mogynm

LIMKNMYHOCTL M3MepeHHii 2 U3MepeHus B CekyHay

Pabouas Temneparypa ot 0°C po +60°C

Temnepatypa xpaHexus ot -20°C o +70°C

Tun Gatapen 1 barapeiika CR2032

Pecypc 6atapen 80 4 (AsTo Bbikn. 10 MuH)

Kopnyc ABS ¢ yexsniom Top Safe
Bawwrhbiit knace IP 68

Pa3mepbl 197 x 33 x 20 Mm

Bec 69r

Tabnuua 8: TexHuyeckue gaHHbie ans testo 206-pH 2

&
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testo 206-pH 3

testo 206-pH 3 ocHateH BNC pa3bemom, No3BonsioLyM noacoeanHUTL BCe 30HAbl pH K
npu6opy. Mpy ucnonb3oBaHuM pH 30HAOB CO BCTPOEHHBIM CEHCOPOM TEMMEPATYPbI,
3HayeHne 0TOOPaXAETCs C aBTOMATUYECKOI KOMMEHCALMeli TeMnepaTypbl. 3HayeHure
TeMneparypbl MOXHO BBECTW BPYYHYIO. PH-METp uaeaneH Ans UCronb30BaHus BHe
NOMELLIEHMIA 1 B TAXENbIX YCIOBUSX NPON3BOACTBA Bnarofaps yexny TopSafe, Bxoaswiemy B
KomnnekT. BoamoxHa 1, 2-x, 3-x ToueyHast kanbpoBka. B KOMMIEKT BKIIOYEH 3aLLMTHbIN
KOJMAYOK C renem Jyisi XpaHeHusl, 3alMTHBIF BOJOHENpPoHULiaeMbii Yexon TopSafe u
[niepxatesb A/is KPenneHus K peMHio/cTeHe. [ing 3akasa AoCTynHO 2 6a30Bbix KOMMIEKTa,
oT/MyaloLmxcs onumeit Bbibopa pH 3oHa08 (Testo pH 30Ha Tun 01 6e3 unv Tun 04 ¢
TEMNEPATYPHBIM CEHCOPOM).

Puc. 29: NMposepka pH-dakTop B 1a6opaTopHbIX YCOBMSX

Mpumenems testo 206-pH 3

+ Bce 30HmbI MOXHO noak/ouMTh ¢ nomolubio BNC agantepa.
3oHabl Testo ¢ dyHKumel n3mepeHus Temnepatypbl 06eCreymBaloT aBToMaTUYECKYIo
TEMMePaTYPHYI0 KOMMEHCALMIO.

- VpeanbHblit npubop ans uamepenmii pH-gaktopa B naboparopum
+ MoHuTOpUHT pH B CEKTOpE OKpyXatoLLei Cpefibl (KaYecTBo Bofibl, 06pasLibl 3eMiu)

+ TMposepka pH B NPOMBILLAEHHOCTM (HANp., MPOSIBOYHbIE YCTAHOBKY)

——
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MpeseHTaums U3MepuTENbHBIX NPMBopoB Testo

Texuuyeckve paHHble ans testo 206-pH 3

Mapametp pH/C

CeHcop pH anextpoa / NTC

Yueno naMepuTENbHBIX KaHanoB 2

[lvanasoH namepenuii or 0 go 14 pH

PaspeLuenue: pH 0.01 pH

PaspelueHue: Temneparypa 0.1°C

MorpewwHocTb: pH +0.02 pH

MorpetuHocTsb: Temnepatypa +04°C

TemneparypHasi KOMMeHcauus ABTOMaTHYECKas

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

3oHn Hakpyuusatowmecs pH / °C mopynu

LIMKnnyHOCTb 3MepeHmii 2 V3MepeHs B CEKyHAY

Paboyas Temneparypa ot 0°C po +60°C

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

Tun 6atapen 1 Garapeitka CR2032

Pecypc 6atapeu 80 4 (A0 Bbikn. 10 MMH)

Kopnyc ABS c yexnom Top Safe
SawwuTHbii knace IP 68

Pa3mepb! 197 x 33 x 20 MM

Bec 69r

3a nHdopmavumeit o pH 1 TemneparypHoii
MOrpetLHoCTM 06paTUTECh K OMUCAHMIO
COOTBETCTBYIOLVX 30H[0B.

Tabmuua 9: TexHuyeckvie AaHHble ans testo 206-pH 3
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Mpe3eHTaums U3MepuTEsbHBIX MPBopoB Testo

testo 230

testo 230 - pH-MeTp ¢ OTAENbHBIM Pa3beMOM AN TEMNEPATYPHOTO 30HAA, YTO ABNSIETCS
SIBHBIM MPEVMYLLECTBOM, TaK Kak K Mpubopy MOXHO NOAKIIOYUTL BHELLHUA TEMNEpaTYpPHbIi
30Hp, Testo He0bX0AMMOro auanasoHa s OTAENLHOrO n3mepeHus. Mpubop "sa B OfHOM"
MCKJTI0YaeT HE0BX0AMMOCTb MOKYMKM ULWLHEro TepMoMeTpa. B otinume or testo 205 u testo
206, pH-meTp testo 230 obpabatbiaeT bydepHbie pacteopbl DIN/NBS 1 uMeet wmpokuii
BbI6OP 30HA0B ANS PA3NNYHBIX NPUMEHEHWIA.

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

[locTynHLI CneayioLme KOMGUHALMN KOMINIEKTOB:

Komnnexr pH-Set 1, YuuBepcanbHbiii:
testo 230, pH-meTp ¢ 2-Ms1 3axumamu s anekTponoB 1 Gatapeiikoit, bydepHble pacTBOPbI
Testo pH 4 1 7, 50 Mn kaxabliA, yHuBepcanbHbIi anektpon Tun 04 pH 1 nnacTukoBbIn Keiic.

Komnnexr pH-Set 2, Muwesoii:

testo 230, pH-MeTp ¢ 2-Ms 3axuMamu [iis 3neKTPoaoB 1 Gatapeiikoit, OydepHble pacTBOPbI
Testo pH 4 1 7, 50 mn kaxablit, npoHMKatoLLwii anextpon, Tun 03 pH, pacTeop Ans XpaHeHus
(50 mMn), coemmHMTENbHBINA Kabenb (1 M), NULLEBOI 30HA, U3 HEPXaBeloLLEeli CTann (Knacc
3awwmTbl [P 65) 1 nnacTukoBblii Keic.

Komnnexr pH-Set 3, Yn00HbIiA:
testo 230, pH-MmeTp ¢ 2-Ms 3axuMamu 1S anexTponoB 1 Gatapeiikoit, OydepHble pacTBOPbI
Testo pH 4 1 7, 50 Mn kaxgablii, yHuBepcanbHbli anektpog Tun 01 pH 1 nnacTukosbiii Kelic.

——
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58

MpeseHTaums U3MepuTENbHBIX NPMBopoB Testo

TexHuyeckue aaHHble ans testo 230

Vi3mepuTenbHble AvanasoHbl

PaspeLueHve

MorpelwHocTb
+1 3Hayenve

TemnepatypHasi KOMneHcauys

Pabouasi Temneparypa

Temnepatypa XpaHeHWs\\TPaHCTOPTUPOBKI
[vcnneit

CoepvHeHns

Pecypc 6arapeit
Bec
[lpyrvie ocobeHHoCT

Tabnuua 10: TexHudeckve aaHHbie os testo 230

Ocob6eHHocTy testo 230

ot 0 go 14 pH

ot -50 po +150°C

+ 1999 MB

0.01 pH

0.1C

1 mB

+0.01pH

+ 0.4°C (ot -50 po -25°C u o1 +75 o +99.9°C)
+0.2°C (o1 24.9 po +74.9°C)

+ 0.5 % ot u3m. 3Hau. (ot +100 ao +150°C)
+ 1 MB (ot 0 go 999 MB)

+ 2 MB (ot 1000 go 1999 mB)

pyyHas ot -10 go +150°C

asTo o1 -50 o +150°C

ot 0 go +40°C

ot -20 po +70°C

XK gvcnneid, 2-cTpokn

BNC pasbem

s 3oHAa pH wm ph/"C

Pa3abem mutmn DIN ais TemnepaTypHOro 30Haa
npumepHo 100 4

180 r (K. Gataperiky)

Knacc sawwrsl IP 54

paamepHocTb “C/°F

ABS kopnyc

DyHKLWS aBTOOTIIIOYEHMS

testo 230 coyertaet B cebe pH-METP 1 BbICOKOKNACCHBII TEPMOMETP B KOMMaKTHOM
BOZOHENPOHMLAEMOM KOpryce. PeloKC MOTEHLMaAN MOXET ObiTb ONPEAeNeH C NOMOLLbIO
NOAK/IIYAEMOr0 BOCCTAHOBUTENBHOIO anekTpopa Tun 06.

WNHCTPYMEHT OCHALLEH aBTOMATUYECKOI TEMMEPATYPHOIA KOMMEHCALMEN 1 MOXET ObiTb
0TKanMbpoBaH B AuanasoHe pH ¢ nomoLubio cTaHaapTHbIX 1 DIN GydepHbix pacTBOpoB.

——
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testo 240

B koMnakTHOM BOfOHENPOHULIaeMoM kopriyce testo 240 codeTatoTcst Npubop ans 3mMepeHus
3N1EKTPONPOBOAHOCTI PACTBOPOB U BLICOKOKIACCHBI TepMOMETP. C NOMOLLbIO 4-X
3NIEKTPOAHOI TEXHONOMW MOJb30BaTENb M30eraeT OLWMOOK M3MEPEHIS U OTTIOKEHNIA Ha
noBepxHocTy anextpoaos. Conesoii 6anaHc (NaCl) B BOAHbIX PACTBOPaX MOXET
ONpenensTbCs HanpsMyIo.

Puc. 31: VamepeHue aneKTponpoBOAHOCTI B PAcCOne MU NPOU3BOACTBE BETYMHI

OcobGeHHocTH testo 240

[LnuTenbHbii CPOK CyXObl M3MEPUTENBHOI fueliku 6raronaps 4-x aNeKTPOHHOM
TEXHONOTMN U3MEpPeHs

LLnpokuii arana3oH M3MEPEHNIA BCETO C OfHOI M3MEPUTENBHOI SYEiKoi
Jlerkoe u 6biCTPOE ynpasneHue

N3mepenue conesoro 6anaqca (NaCl)
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MpeseHTaums U3MepuTENbHBIX NPMBopoB Testo

TexHuyeckue aaHHble ans testo 240

Tun 3oHaa NamepuTenbHas sueiika Cexcop NTC PacyeTHasi nepemeHHast
37IEKTPONPOBOAHOCTH

Wam. auan. ot 0 no +2000 mCm/cm o -50 o +150°C ot +1 o +200000 mr/n NaCl

MorpewHocts 1 % ot u3m. 3Hay. = 0.5 % ot M3m. 3Hau. + 1.2 % OT M3M. 3Hay.

+ 1 3Hay. (ot 0 o +2000 MCwm/cm) (ot +100 o +150°C) (ot +1 mo +200000 mr/n NaCl)

+0.2°C (o1 -25 pio +74.9°C)
+0.4°C (o1 -50 o +25.1°C)
+0.4°C (o7 -75 no +99.9°C)
Paspeluerve 0.1°C (o7 -50 go +150°C) 0.1 mr/n NaCl
(ot +1 go +200000 mr/n NaCl)

[cnneii XK 2- X CTPO4HbIN
Paboyas Temneparypa or 0 go +40°C
Temneparypa xpaHeHus ot -20 po +70°C
Tun 6atapen 6noyHas, 9 B
Pecypc 60y

[abaputbl 168 x 72 x 27 Mm
Bec 1701

apanTis 2 ropa

Paspeluenve - Makc. 0.1 pCm/cm

ABTOMATIYECKAR TEMMEPATYPHAsH KOMMEHCALWS

TemnepatypHblit k0adduumeHT: ot 0 10 5 %/C, nuHeiiHbIA

KomneHcauusi B COOTBETCTBIM C HENMHEIHON QyHKLmEN

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

ABTOMATIYECKOE MepekioyeHne M3MEPUTENBHOMO AvianasoHa (3neKTPOnpOBOAHOCTb)
DyHkums Auto-OFF

PaamepHocTb “C/F

Tabnuua 11: TexHuyeckue fAaHHble ans testo 240
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Konna4ok ansi xpaHeHus C 3aLMTO OT yTEUKU

PH 30HAbI AOMKHBI XPAHUTBLCS BO BNAXHBIX YCAOBUSX A1 TOFO, YTOBbI M3BEXaTh 3achixaHus
BHELLHEro ¢1ost Membpansl. Testo papabotana konnadok Ans XpaHeHUs C 3aLUMTON OT YTeuKu
s Hobix pH-meTpoB testo 205 and testo 206. enb cOOTBETCTBYET 3-X MONSIPHOMY XJI0pUAY
Kanmst. YTe4KM He MPOMCXOAMT 13-3a TOTO, YTO reNeBblii HAMOMHUTEND UMEET TYCTYIO NPUPOAY.
OyeHb BaXHO TLLATENBHO OYUCTUTb ANEKTPOL, NEpPeN, TeM, Kak NOrpy3uTb ero B refb s
XpaHeHus. MpoyHblii nnacTukobiid konnadok ¢ KCI renem npukpensisieTcs k Aepxarento fns
PEMHSI/CTEHbI MM HANPSIMYIO K MHCTPYMEHTY. 3anacHble KOMNayky JOCTYMHbI B KaYecTBe
OTAENbHBIX MPUHAANEXHOCTE UK B komnnekTe Ne 3.

Puc. 32: awwmTHbiii konnayok ans pH 3oHpoB ¢ KCL reneBbiM HanonHuTenem
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