TurpaTop aBromatudeckuii ATII-02

B coBpeMeHHO# KeCTKOW KOHKYPEHTHOW Cpe/ie KaueCTBEHHOE 000pYy/IOBaHME MIPAET KIIOYEBYIO
POJIb B OBBIIIEHUH 3(p(HEKTUBHOCTH pabouux mporeccoB. YToObl OBICTPO MOTyYaTh BEHICOKOTOUHBIE
pe3ysbTaThl, MPaBUJIbHO HCIOJIb30BaTh HABBIKM I[EPCOHANA M COOJIIOJATh BCE HOPMATUBHBIE
TpeOOBaHUs, HEOOXOIUM TUTPATOP, KOTOPBIA OyJeT HaAEKHBIM U BEPHBIM ITOMOIIHUKOM IpH
pemennn J00bIX 3amad. Turparop ATII-02 3TO cCOBpeMEHHBI WHHOBAIMOHHBIA WHCTPYMEHT,
YIOBJIETBOPSAIOLIMMA MOTPEOHOCTSAM C€aMOIro BBICOKOTO YpOBHs. TpeOoBaHMs, NpeabsBIsieMble B
OTHOILICHUU Ja00paTOpuil U MPEANPUATHI MOTYT MEHSATBHCS J0CTaToyHO ObicTpo. C TUTpaTOpamu
ATII-02 sT0 HE cTaHeT mpoOJIeMOM, CUCTEMa THOKO aJanTHPYeTCs M K TEKYIIMM M K OYIyIIHi
TpeOOBaHUSIM.

ATII-02 — aBTOMATUYECKUI BBICOKOTOYHBIH
MOTEHIIMOMETpUYecKUuid TuTpaTop. [Iprbop orBeyaer BceM
TpeOOBaHUSAM, TMPEABABISAEMBIM K JTaHHOMY KJjaccy
0o0Opy/IOBaHUs: HENpEephIBHAS W JWCKPETHAas Iojada
tutpanTa (quano3oH ot 0,1 mo 36 mu/MuH — ipu 00BEME
no3upyromiero ycrpoiicrsa 20 mur; u ot 0,25 1o 90 mur/mMuH —
npu o0béMe Jo3upyromero ycrpoiictea 50  mm),
ABTOMATUYECKOEC W3MEHEHHE CKOPOCTH IMOJAaYd IO Mepe
MpUOMIDKEHNUS K TOYKE SKBUBAJICHTHOCTH WM 3aJaHHON
TOYKE U T.JI.

[TpuGop mO3BONSAET MPOBONUTH TUTPOBAHHE, HCIIONB3YS
CJIEYIOIIAE METO/BL:

» 001K METO] MOTEHIMOMETPUUECKOTIO TUTPOBAHUS;
* KHUCJIOTHO-OCHOBHOE TUTPOBAHMUE;
. TUTPOBAHUE IO METOLY OCAXKICHUS;

. TUTPOBAHUC 110 METOAY KOMHJ'IeKCOO6pa3OBaHI/I}I " ap.

Bonee moapoOHO MO3HAKOMUTHCSI ¢ YCTPOHCTBOM M mMpUHIHIAMH padboTsl Tutparopa ATIT-02 Ber
MOXETe, 3arpy3uB PyKOBOJCTBO C HAIlETO caifTa. B 3ToM pykoBoACTBe Tak ke cofepKarcs oomue
PEKOMEHIALMH 110 BBIOOPY KOMILIEKTALlMU TUTPATOpA.

TexHuveckue XxapaKTepUCTUKH

BwmectumocTs Oropetkn, cmM3 20; 50

JIMCKpETHOCTh OTCUETA TIPU JO3UPOBAHUH, MIT 0,001

Jnana3oH n3mepeHus:

MOJISIPHOM KOHIICHTPAILIMHU BEIECTB, MOJIb/IM3 ot 10°® 10 0,1
MacCOBOM KOHIIEHTPALUH BEMIECTB, MI/aM3 ot 0,001 no 10°
MacCOBOM 10Ju BelecTs, % ot 0,0001 mo 100
BenmanHbl pH, en. pH or 0 o 14

2J1C, MmB oT -2000 no
temriepatypsbl,°C +2000

or -50 o +150

[Ipenensl nomyckaeMol OTHOCUTEIBHON HOTPEIIHOCTHA U3MEPEHHUIA:

MOJISIPHOW KOHIIEHTpanuu, % 12

MAacCOBOM JOJIM BelecTs, %0 )

Benuunbl pH, en. pH +0,03
[Ipenen nomyckaeMoro 3Ha4€HUsI OTHOCUTEIIBHOTO CPEAHETO 1,0

KBaJPaTUYECKOr0 OTKJIIOHEHUs CIy4allHON COCTABJISIOLIEH
norpentHoctu, %




[Torpebnsemas mourHoCcTh (6€3 1K), He 6onee, BA 40

Onextponuranue, B/I' 220+22/50
["abaputHble pa3zMepsl (AJIMHA X HIMPUHA X BBICOTA), MM 210x220x310
Macca, He 6ojee, KT 5

JomosHnTeabHAs MHpOPMALTUS
YmpaBieHHe TUTPaTOPOM OCYIIECTBISCTCS C IMOMOIUBIO ggge .« « = - & o »
pOrpaMMHOro Komriekca Titrate, KOTOPBIA ITOCTABISAETCS |- Ss==

BO MHOTMX BHJAaX KOMIUIEKTAlUi, HMCIOIIMX PAa3HBIN | =
YPOBEHb (DYHKIIMOHATBHBIX BO3MOKHOCTEH:

[porpamMmublii  komruteke — Titrate —  COBpeMEHHBIH - |
IPOrpaMMHBIM MPOAYKT € OOJBIIMMHU AHATUTHYECKUMHU
BO3MOXKHOCTSIMU " yIOOHBIM, JPY>KECTBEHHBIM
uHTepdeiicom, HOCTPOECHHBIM o HOPUHLUITY
UHTYUTUBHOCTH. C TIOMOIIbIO JAHHOW NpPOTpamMMbl i . . =~ -
OCYILECTBIISICTCS [TOJHOE yIIpaBlieHHe NpUOOpOM B I ===
mporecce W3MEPEHHUH, MPOBOIUTCS OO0pabOTKa ITaHHBIX, PACCUUTBHIBAIOTCS METPOJIOTHYECKHE
XapaKTePUCTUKH TIOJIyUYeHHBIX pPe3yJbTaTOB, peaU3yeTcs XpaHeHWe HWHQPOpPMAalUU M IeYarb
IIPOTOKOJIOB U3MEPEHUH.

B 3aBucmmocTH OT pemiaeMoi 3ajadd W KBaTU(UKAIMU oreparopa mporpamma Titrate Moxker
paboTaTh B IByX pexxumax - "Ananuzarop" u "Hccnenosarens".

Pexxum "Ananuzatop" peanusyeT NpoBeACHUE U3MEPEHHUI B TOYHOM COOTBETCTBHM C METOJUKOU U
HOPMaTUBHBIM JOKYMEHTOM IPH TOJIHOM aBTOMAaTH3aluu Ipolecca NojiydeHus pesynbTata. llo
komanjie "Ilyck" aBToOMaTHYECKH TPOUCXOJINT:

. u3MepeHue 1 00paboTKa TaHHBIX;

. MIOCTPOEHHE OTYETA;

. COXpaHEeHHE MPOTOKOJIa U3MEPEHHS B Oa3e JaHHBIX;

. neyvaTh MPOTOKOJIAa U3MEPEHUS B COOTBETCTBUH C TPEOOBAHUSIMH HOPMATUBHOT'O IOKYMEHTA.

OTOT pexuM Hanbosee MPOAYKTUBHO MPUMEHSETCS MPH €KEIHEBHBIX U3MEPEHMSIX U TO3BOJISET
MUHHUMHU3HUPOBATh MOTPEITHOCTH U OIIMOKH, BHOCHMBIE oniepatopoM. [Iporpamma Bener oneparopa
M0 BCEH METOJUKE, MPU HEOOXOAMMOCTH BBIBOJUT HEOOXOJMMBIEC MOJCKA3KH, MWHOOPMHUPYET O
BO3MOXXHBIX OIIMOKaxX. B 3TOM pexnMe Takke BO3MOXKHO HCIOJIB30BAHUE IEIEBBIX MPOTPAMM,
BXOJISIIAX B COCTAB KOMILIEKCA.

B pPEKUMEC "HCCJ’ICI{OB&TGJ’IB" OTKPBIBAIOTCA BCC OIPOMHBIC BO3SMOKXHOCTU MPOrpaMMBbl, TAKHUC KaK:

. CO3/1aHUs COOCTBEHHBIX METOMK BBHITIOJTHEHHS H3MEPEHUN;

. KOPPEKTUPOBKA YK€ CYIIECTBYIOIINX METOIUK;

. pa3paboTKa HOBBIX U U3MEHEHHUE CYIIECTBYIONINX MEXAaHU3MOB 00pa0OTKH PE3yIhTaTOB
U3MEPECHU;

. M3MEHEHHUS PacueTHBhIX MEXaHU3MOB U UHTEP(EHCOB MOIb30BaTENS;

. KauOpOBKa U BBOJI [TAPAaMETPOB HOBBIX AJIEKTPOJIOB;

. pa3paboTKa HOBBIX U KOPPEKTUPOBKA CYLIECTBYIOIIUX MPOTOKOJIOB U MEYATHBIX (POPM;
. peayn3anus Bcex UCCIeA0BaTeIbCKUX (PYHKIIMNA KOMITJIEKCA.

Meroasl W MeETOAMKH, pa3paboTaHHbie B pexume '"HcciemoBarens", MOTYT B JalbHEHUIIEM
HCII0JIb30BaThCs B pexkuMme "AHanuzaTop'.

HexoTtopblie KoMIUIEKTaI[MK TPOrpaMMHOT0 KoMrutekca Titrate:



1 IIporpammubiii komiuieke "Titrate Base" - 6azoBasi KOMIJIEKTALMS; ©

bazoBas komriekrarus "Titrate Base" Bcerna nmocrasnsercs B coctaBe turparopa ATII-02. 3akynka
tutpatopa ATII-02 aBromarudecku mpeaomnpencsier NpuoOpeTeHre MPOTrpaMMHOTO KOMILIEKCa
"Titrate Base". ba3zoBas kommekranus "Titrate Base" peamusyer na ATII-02:

Tpu Metona TuTpoBaHud: * MeToj NpsAMOro TUTPOBaHUS; * MeToa TUTPOBAHUS 10 3aJJaHHON TOYKU
B pH; * MeToa TuTpoBaHus 10 3a1aHHOM TOYKHU B MB;

2. Iporpammubiii komiiekc ""Titrate DeL.uxe" - cpegnsia koMmJieKTanus; ®

Cpennsis komruiektanust "Titrate DeLuxe" mocTtaBisieTcs OTAENBbHO OT 0a30BOM KOMILICKTAIIMH
"Titrate Base". [Ipuo6perenue nporpammuaoro kommiekca "Titrate DeLuxe" nenaercs mo »enaHuio
3aKa3unka MpuoOpecTH MpOrpaMMHBIN KOMIUIEKC, uMeronlero no cpaBHeHuto ¢ "Titrate Base",
6onbiie Bo3MokHocTel. Cpennsis kommiekTtanus "Titrate DeLuxe" peanusyer Ha ATII-02:

YeTslpe MeTOZIa TUTPOBaHUS: * MeToa npssMoro TUTpoBaHus; * Meroa obpatHoro tutpoBanus (DL);
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3. IIporpammubiii koMmiuieke Titrate Xuopuabl" - cneuxkommnexkrauusi. HW3mepenue
xjopuaoB B HepTenpoaykrax no 'OCT 21534-76(A), CTCIB 2879-87, USA ASTM D6470- 99;
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[Tporpammusnii komruteke "Titrate Xmopuapl" mpenHazHaueH A U3MEpPEHHH, 00eCreunBaIOIINX
orpezeNieHue KOHIIEHTPAIUi XJIOpUCTHIi coneii B HedTu u Hedrenpoaykrax mo 'OCT 21534- 76(A),
CTCOB 2879-87, USA ASTM D6470-99. IIporpammusiii komrieke "Titrate Xmopuasl" cogepx ut
BEeCh MHCTpyMEHTapuil mnporpamMmHoro komiuiekca "Titrate Deluxe" m Momayns CTaHIapTH3aIMH
tutpanta. Ilopsnok pabGoTbl M CIHCOK BO3MOXKHOCTEH JaHHOTO MPOrPaMMHOrO MpOJIyKTa
anasiornueH "Titrate Deluxe" B wactu cranmaptusanuu tuTpaHTa. OCOOCHHOCTHIO HACTOSIIETO
MPOrPaMMHOTO TPOAYKTa SIBIsIETCs JKecTkas Hactpoiika [II1 Ha BbImonaHEHHWE TpPeOOBAHUH IO
npoBeneHuto mmepenuit o 'OCT 21534-76(A), CTCOB 2879-87, USA ASTM D6470-99.
[Tonp3oBaremnto moTpedyeTcss MUHUMAJIBHOE KOJUYECTBO OIepaluii, YTo0bl NOTYYUTh MPaBUIIbHBINA
pe3ysbTaT U3MEpPEHUN

4. IIporpammubiii  kommiekce Titrate Cepa " - cnenxkommiaexkranmsa. H3mepenue
CepPOBOIOPO/IHOI U MepKaNTaHOBOIi cepbl B HepTenpoaykax no 'OCT 17323, CTCIB 756-77,
USA ASTM D 3227-00;



4 Mporpawwa Titrate-5.0 Cepa’ (+edre) Mocksa 2005-2014 rr. [1wws_1ubmm»m ‘ [E=SEEE
®aiin Vcpyment  MeToa u anHsie Crpaska  ATII-02
>
Ecro bon  Hoswii 3akpems 3amice Orkpems Meroguka Konctpykrop Crucok 3nextpoq Cnpaeka Aranisarop
Cepovc > |DR S W E A A 66 6]
curenttde  180408_1824 MASTERA-3TDC |
é x
@ Tspauerpn Program "Titrate-5.0 Cepa” for Windows 2000/2000NT/XP/Vista/7" i
€ navepeie .
S MpoTokon U3amMepeHum omen
" = #aitn npoToxona uzMepemtn: "180408_1824-MASTERA-3.TDC™.
Ry Tpynna u MeTon @ "Ocammenus”, "lpamoe mTposamMe”.
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75] 557
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¢ /] X
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4. MapameTpbl U3MepeHns
Baspamue napaerpos usmepems Emma | Suaversm
Te.04.2008
Hedrs
Ag (NH3) 2N03 Asor
- 0.500
s Ag (NH3) 2803 setom/n | 10,012 b
Moo v daiina : D:APAIPAEOTKANTPOTPAMMEIN2S ATITRATE-D7-24_11_2015\BASE_PRABASE\BASE_S_NEFT\180408 1824 MASTERA-3TDC

[Iporpammubiii kommiekce "Titrate Cepa" npenHasHaueH A U3MEPEHHUH, 00eCIeYyuBaIOLIUX
orpeJiesieHUue KOHIICHTPALUI CepOBOIOPOTHON U MEPKAIITAHOBOU cephl B HEPTH U HeDTEnpoayKTax
o 'OCT 17823-71, CTCOB 756-77, USA ASTM D3227-00, IP 399.

[Mporpammusbrii  komruieke "Titrate Cepa" comepXHT BeCh WHCTPYMEHTApUH MPOrPaMMHOTO
komruiekca "Titrate Deluxe" m mMomyns cranmaptusanuu TuTpanTta. [lopsagok paboOThI M CIIMCOK
BO3MOKHOCTEH JITaHHOTO HporpaMMHOro mnponykra axamormdyeH "Titrate Deluxe" B uactu
CTaHJapTH3alMu TUTpaHTa. OCOOEHHOCTHIO HACTOSILErO IMPOrpaMMHOIO MpPOAYKTa SBISETCS
xectkas HacTpoiika I1I1 Ha BeimosHeHKe TpeboBaHMii o mpoBeaeHuto usmepenuii mo 'OCT 17823-
71, CTCOB 2756-77, USA ASTM D3227-00, IP 399. ITonp3oBaremnto noTpedyeTcs MUHUMAIbHOE
KOJIMYECTBO ONEpaLiid, YTOOBI MOIYYUTh NMPABUIbHBINA PE3YyIbTaT U3MEPEHUIN

5. lIporpammublii komiiekc "TitrateYpan " - cnenkommiexkranusi. U3mepenue maccoBoi
J0JIM ypaHa B pyAaX BaHAJaTHBIM MeTO/I0M.

6. Iporpammublii kommiaekc' Titrate lllenoun-112 " - cnenkomniexkramnusi. U3mepenue
oomrero mesounoro unciaa 2 mo 'OCT 11362-96, UCO 6619-88;
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ITporpammusiii kommuieke "Titrate [lenous-11{2" npennaznaueH 1i1st U3MepeHHid, 00eCTIEYMBAIOIINX
ompeeaeHue oomiero menodHoro yncia Hegrenpoaykrax mo 'OCT 11362-96, ICO 6619-88.

[Tporpammusiit komreke "Titrate [enous-112" comepXUT BECh MHCTPYMEHTAPUN MTPOTPAMMHOTO
komruiekca "Titrate Deluxe" m mMonynb crangaptuzammu TuTpaHTa. [lopsaok paboOThl U CIIUCOK
BO3MOYKHOCTEH JIaHHOTO mporpaMMHOro mnpoaykra axamormueH '"Titrate Deluxe" B wactm
cTanfapTu3anuu TUTpaHTa. OCOOEHHOCTHIO HACTOSIIErO IMPOrPAaMMHOIO MPOAYKTA SIBISETCS

xecTkas Hactpoiika [1I1 Ha BeimotHeHHe TpedoBanuii o npoBeaeHuto u3mepenuit mo 'OCT 11362-
96, NCO 6619-88.

7. Tlporpammubiii komiuiekc''Titrate Moaoko-K" - cnenxkommiexkranmusa. W3mepenue

KHCJOTHOCTH MOJIOKA M MOJIOYHBIX NMPOAYKTOB NMOTeHHuoMerpuyeckum meroaom mo 'OCT
3624-92; «

[Tporpammusiii komriekc "Titrate Mosoko-K" nmpenHazHaueH i U3MEpeHUH, 00eCTeunBaIOINX
OTpeJieIeHUue KUCIOTHOCTH MOJIOKA i MOJIOUHBIX MPpoayKToB 1o 'OCT 3624-92.

[Tporpammusiii komruieke "Titrate Mosoko-K" comepuT HEoOXOAWMBIA WHCTPYMEHTAPHHA U3
nporpaMmHoro komrimiekca "Titrate Deluxe". OcoOeHHOCTBIO HACTOSIIETO MPOTPAMMHOTO TIPOAYKTa

aBisieTcsa xkectkas Hactpoiika III1 Ha BeimonHeHue TpeGOBaHUI MO MPOBEICHUIO M3MEPEHHUH IO
I'OCT 3624-92.

8. IHporpammusbiii  kommiekc'Titrate T'A3" - cnenkommiekranusi. H3Mepenue
CEepPOBO/IOPO/IHOII W MEpPKaNTAHOBO  ceppl B NPHPOJHOM  TIOpHYeM  rase

noreHunoMerpudeckum Metoaom o 'OCT 22387.2-97; »

[IporpammubIil komiuiekc "Titrate I'a3" cogepKUT Bech HHCTPYMEHTapHi IPOTPaMMHOT0 KOMILIEKCa
"Titrate Deluxe". ITopsnok pabOThl M CIIUCOK BO3MOXHOCTEH JAaHHOTO MPOTPAaMMHOTO MPOAYKTa
ananoruueH "Titrate Deluxe". OcoOeHHOCTBIO HACTOSIErO MPOTPAMMHOTO TMPOJYKTa SIBISETCS
xectkass Hactpoiika [II1 Ha BeImomHeHHMe TpeGoBaHuiM 1O mpoBeaeHuto uzMepenuit mo I'OCT

22387.2-97.

9. Ilporpammublii komiuieke "Titrate XaopOpranuka" - cnenkommiekrauusi. M3mepenue
XJIOPOPraHUYeCKUX COeIMHeHUH B He()TH noTeHuuoMerpuueckum meroaom no 'OCT P 52247-
2004, ACTM [1 4929-99;
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[Iporpammusbiii  kommekc "Titrate  XmopOpranuka" COAEp)XUT BECh  HHCTPYMEHTapHA
nporpaMmHoro komrmiekca "Titrate Deluxe". OcoOeHHOCTBIO HACTOSIIIETO MPOTPAMMHOTO TIPOAYKTa
SBIISICTCS )KECTKAsl HACTPOIKa MPOrpaMMbl Ha BHITIOJTHEHHE TPEOOBAaHHH 110 MPOBEICHUIO U3MEPEHUI

no 'OCT P 52247-2004, ACTM [1 4929-99.

10. TIporpammubiii komiuieke ''Titrate Kopma" - cmeuxkommiaektanusi. HW3mepeHwe,
onpeaeJisiloniee CoAepKaHNe HATPUSA M XJIOPHIA HATPUSL B KOMOMKOPMAX U KOMOMKOPMOBOM
coipbe o 'OCT 13496.1-98; »
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ITporpamma "Titrate Kopma" >keCTKO HacTpOe€H Ha BBINOJIHEHHE TPeOOBaHUN MO TMPOBEICHUIO
M3MEPEHUH B 00pabOTKH Pe3yIbTaTOB U3MEPEHUN COTIIACHO TOCTa.

11. TMlporpammubiii kommiaekc "Titrate Kanmma" - cmenkommiektanusi. W3mepeHue,
onpenejienue Ymumcaa Kanma, BbIpakawmas creneHb MnpoBapa (IeJUrHupUKaANNN)
HeOeJIeHHBIX M MOoJIy0eJIeHbIX HeJUTI0J103 1 moJyiesirao3 no 'OCT 10070-74 (MCO 302- 81);
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12. Mporpammuslii kommieke ""Titrate JECXUM-K" - cneukommiexkranus. U3mepennue,
onpenenenue Kuciaornoro YNCJIA necoxumuyeckoii npoaykuuu no 'OCT 17823.1-72; «
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[Tporpamma "Titrate TJECXMM-K" npeana3znaueHa 1yist U3BMEpeHHA, 00ECTICYMBAIOIINX ONIPEICTICHUE
K - xucnornoro YNCJIA, nokaspiBaroniee KOJIMYECTBO MHJUIMTpaMMOB Tuapookucu kanus KOH,
HE00X0AUMOE ISl HEUTpaIu3alii CBOOOIHBIX KHCIIOT, colepKauxcsa B 1 T



npoaykra (kaHu(oIu, CKUMUAApa, APEBECHBIX Macel, PaCTBOPUTENCH, APEBECHBIX CMOJI U APYTHX
necoxumudeckux nmpoaykror) mo 'OCT 17823.1-72

13. TIporpammubiii kommieke "Titrate HEOTEINPOAYKTDBI-K-KU" - cnenkomMnjiekramusi.
N3mepenue, onpenesenne Kuciaornocrn u Kucinornoro YNCJIA cBeTiibIX HeTeNPOAYKTOB 110
I'OCT 5985-79;
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[Iporpamma "Titrate HE®OTEITPOAYKThBI-K-KY" NpeJHa3HayeHa Ui WU3MEPEHHUI,
obecneunBaromux omnpeneienne K-kucnoranoctu, Kl- xucnornoro UMCIIA mo 'OCT 5985-79
cBeTIbIX HerenpoaykTos. [Iporpamma peanusyer TUTPOBAaHUE KUCIIBIX COETUHEHUN UCTIBITYEMOTO
IIPOJAYKTa CHUPTOBBIM PAacTBOPOM TMAPOOKHMCH Kajus B NPUCYTCTBUM IBETHOTO HMHIMKATOpa U
OTIpeIeNICHUN ISl CBETJIBIX HE(PTENPOIyKTOB KUCIOTHOCTH, BbipaxkeHHONH B Mr KOH/100 cM3, s
MaceJl ¥ CMa30K - KUCJIIOTHOTO 4Kcia, BeipakeHHoro B mr KOH/r

14. TIporpammusbiii komiuieke ""Titrate Kucinornocts-K1'" - cnenkommiexkrauus. Usmepenue,
onpenejsenue Kucaornoro YACJIA B Hedrenpoaykrax nmo 'OCT 11362-96, UCO 6619-88 u
cranaaptuzanus Tutpanta (KOH) cormacno 'OCT 25794.1-83;

[Iporpamma "Titrate KwucmotHocts-K1" mnpennasnadeHa s W3MepeHUM, OOECIICUMBAIONINX
omnpenenenue O6mero kuciotHoro yncia Kl (cymmapHoe KHUCIOTHOE YHMCIO CHJIBHBIX M CIaObIX
KHCJIOT) B HepTenpoIyKTax ¥ cMa304HbIX MaTepuaiax coracHo ['OCT 11362-96(M1CO 6619-88).

15. lIporpammublii komiuiekce "Titrate BOJA-Xnopuabl" - cnenkommiiexkranus. U3mepenue,
onpenenerue coaep:xkanus xjopuaoB Cl- B mutbeBoii BOJIE mo T'OCT 4245-72; ¢

[Iporpamma "Titrate BOJIA Xmopunbl" mnpemHasHadueHa s W3MEPEHHM, 00eCreYrnBaOINX
orpejenieHue coqepkanus xiaop-uoHa B mutbeBoit BOJIE cormacuo TOCT 4542-72 . MeTton ocHOBaH
Ha OCAXJICHUU XJIOP-MOHA B HEUTPAILHOUN MM CIa0O0IIeI0uHON cpeie a30THOKUCITBIM cepedpoM B
MIPUCYTCTBUU XPOMOBOKHUCIIOTO Kalvsl B KauecTBe HHAUKaTopa. [locne ocaxknenus xmopuaa cepedpa
B TOYKE SKBUBAJICHTHOCTH OOpa3yeTcsi XPOMOBOKHCIOE Ccepedpo, MpH STOM JKeNTas OKpacka
pacTBOpa MEPEXOIUT B OPAHKEBO-KEIITYIO.



16. Iporpammubiii komiuieke 'Titrate T'uapoxkapGoHaThl" - CHENKOMILIEKTAIUS.
N3mepenue, onpenesieHne MacCOBOl KOHIEHTPALMHM T'HAPOKAPOOHATOB B MP0OAX NPUPOAHBIX
BO/ no ITH/T ® 14.2.99-97;

n

[Mporpamma "Titrate I'mapoxapOOHATHI MpenHa3HaueHa JUisi U3MEpPEHUH, 00eCIeunBaIONIUX
OTIpe/ieNieHUe MAacCOBOW KOHIIGHTPAIMU THIPOKapOOHaTOB B mpobax mpupoansix BOJ[ cormacHo
[MHIA & 14.2.99-97 Hacrosmuii HOpPMATHUBHBIA  JOKYMEHT  YCTaHABJIMUBAET  METOJUKY
KOJMYECTBEHHOT0 XMMHUYECKOTO aHaIM3a Mpo0 MPUPOAHBIX BOJ ISl ONPEAENCHUSI B HUIX MacCOBOM
KOHIICHTpalluu TUApokapOoHaToB B Auana3zoHe ot 10 go 500 Mr/amM3 mpu MOTEHIHOMETPUIECKOM

TUTPOBaHUU (BapuaHT 1)

17. Tlporpammubiii komiuiekc ''Titrate BOIA-Cyabpatbl" - crnenkoMijieKTanus.
HN3mepenue, onpenesieHue coaepxkanus cyabparoB SO- B nutbeBoilt BOJAE no 'OCT 4389- 72;
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[Iporpamma "Titrate BOJA Cynsdarel" npenHasHadeHa IS H3MEPEHUN, 0O0eCTeYrBaIOIINX
onpeneneHue conepxkanust cyiabdaroB B muthBoii BOJIE cormacmo I'OCT 4389-72 . Meton

M3MEpPEHUs] OCHOBAH Ha OCaX/IEHUU MOHOB SO “xy10pucThIM GapreM. OcaloK CEpHOKHCIIOTO Gapus
pPacTBOPSIOT B TUTPOBAHHOM pacTBOpe TpuiioHa b, M30BITOK KOTOPOTO ONPEACNISIIOT TUTPOBAHUEM
pacTBOopoM xJyiopuctoro marHus. KonmdectBo TpuiioHa b, m3pacxoloBaHHOE Ha pacTBOpEHHE
CEepHOKHCIIOT0 OapHsi, PKBUBAIIEHTHO KOJIMYECTBY CYJIb(haT HOHOB BO B3SITOM 00BEME BOIBI.

18. IIporpammublii komiuiekce "Titrate Kucnornocers-K2'" - cnenxommiexkranus. U3mepenue,
onpenenenue Kuciaornoro YUCJIA cuiabHbIX Kuca0T B Herenpoaykrax no 'OCT 11362-96,
HCO 6619-88 u crannapruzanus tutpanta (KOH) cornacao 'OCT 25794.1-83;
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IMporpamma "Titrate KwucmotHocTh-K2" mnpennasHaueHa it W3MEPEHHH, OOECTICUMBAIOIINX

OTIpeJIeNIeHUe KHCIOTHOTO YMCIIa CHIIBHBIX KUCIOT K2 B HehTenpoyKTax 1 CMa304HBIX MaTepraiax
corimacao ['OCT 11362-96 (MCO 6619-88).



TeopeTHUyeCcKMe OCHOBbI TUTPOBaHMUA

TepMMHbI U onpeaeneHns

TuTpoBaHMe — Npouecc, B KOTOPOM OMNpeAensoT KONMYeCTBO M3pacxoA0BaHHOrO CTaHAApPTHOIO peareH-
Ta.

OnpepensieMoe BeLECTBO — BELWECTBO, COAep)KaHNe KOTOPOro B Npobe Hy)KHO onpeaennTb B XOA4e aHa-
nu3a.

TuTpyemMoe BelecTBO — BELLECTBO, KOJIMYECTBO KOTOPOro onpeaensieTcs HenocpeacTBEHHO B Npolecce
TUTpPOBaHMS.

TuUTpaHT — BELWEeCTBO, BCTyNatoLlee B peakumnio ¢ TUTPyeMbIM BelwecTBOM. KOoHUeHTpauus cTaHaapTHOro
pacTBopa TUTpaHTa Ao/MkHa ObITb onpedeneHa 3apaHee, nepej HavasioM aHanu3a, C TOYHOCTbIO He MeHee
Tpex 3Havawmnx undp.

AnuKBoTa — 06beM pacTBopa, TOYHO OTMEPEHHbIN MPKU NMOMOLLMN KannbpoBaHHOW MUMETKMU.

KpuBasa TMTpoBaHMa — rpacvK 3aBUCMMOCTM HabnoaaeMoro pusnko-xMMmMYeckoro CBocTBa oT obbemMa
A06aBnNeHHOro TUTpaHTa.

CKaYyoK TUTPOBAHMUA — YYACTOK KPUBOW TUTPOBAHUS, Ha KOTOPOM MPOUCXOAUT PE3KOE U3MEHEHUE Ha-
6/1104aEMOro CBOWCTBA CUCTEMBI.

TouKa 3KBUBAZIEHTHOCTHM — TOUKA, B KOTOPOW YMCII0 SKBUBAJIEHTOB TUTPaHTa PaBHO YMC/Ty SKBMBAJIEHTOB
TUTPYEMOrO BELLECTBA.

KoHeuyHas TouKa TUTpoBaHMA (K.T.T.) — TOYKA Ha KPMBOW TUTPOBAHWS, B KOTOPOW PErMCTPUPYETCS pe3Koe
M3MeHeHue HabnaaemMoro CBOMCTBa (HanpuMep, MEHSETCS LIBET MHAMKATOPA).

OwmnbKa TUTPOBAHUA — PA3HOCTb OGLEMOB TUTPaAHTa B TOUKE SKBMBAJIEHTHOCTM U B KOHEUYHOMN TOYKE TUT-
pOBaHMS.

DKBMBA/JIEHTHbIMO 06bEM — 06bEM TUTPAHTA B TOUKE SKBUBASIEHTHOCTH.

MHpMKaTop — AONONHUTENBHOE BELECTBO, N3MEHSIIOLEEe CBOKO OKPacKy BOHAN3M TOUKN SKBMBANEHTHOCTY.

Knaccmbmxau,ma MeToa0B TUTPOBAHUA

B coBpeMeHHON NabopaTopHON MpaKTUKE HACUUTLIBAETCS MHOIO pa3HOO6pa3HbIX METOAOB TUTPOBAHMS.
[nsa onpeaeneHvs MecTta, KOTOpOE 3aHUMMaeT MOTEHLMOMETpUYECKOe TUTPOBaHME cpean Mpoyux MeTOAOB,
NofIe3HO pacCMOTPETb CXeMY, NPUBEAEHHYIO Ha puc.1.

Mo npupoae TUTpaHTa MeTOAbl TUTPOBAHMS MOXHO pa3fennMTb Ha 0O6beMHbIE (TUTPaHTOM CIYXUT pacTBop,
uesnb TUTPOBAHMNS — YCTaHOBUTb 06bEM pacTBOpa, NOWeALWNIA Ha TUTPOBAHUE) U KyNOHOMeTpuyeckme (B AaH-
HOM Cnyyae TUTPaHTOM SBASETCA BELWECTBO, FEeHepupyemMoe MNpOoTEKaloWNM 31eKTPUYECKMM TOKOM Heno-
CpeacTBEHHO B pacTBope (ero Kosim4ecTBoO MOXHO onpeaenuTb No 3akoHy Gapaaes).

O6beMHbIN aHann3 (MU TUTPUMETPUS) HapsSay C BECOBbIM aHanu3oM (rpaBUMETPUEI) ABNSETCS OOHUM U3
CTapemnwwmnx n caMblX HaAEXHbIX METOAOB KOJIMYECTBEHHOIO XMMUYECKOro aHanusa. OH BO3HMK eLle B cepeau-
He XVIII Beka 1 C TeX Nop BOLIEN B MOBCEAHEBHYIO NPAKTUKY aHaNMTMUYECKUX nabopaTopuii Bcex 6e3 ncknode-
HWUSI OTpac/ien NPOMbILIIEHHOCTN 6aroaaps CBoel NPoCcToTe, BbICTPOTE BLINOIHEHWUS aHaNM3a U HAAEXHOCTH
noslydaemblx pesynbtaToB. [onynsapHoCcTb MeToda obycnoBfeHa elle n TeM, YTO OH He TpebyeT npeasapwu-
TeNbHOW FpaayMpoBKM Npubopos.

TuTpuMeTpusi Hanbonee LIMPOKO MPUMEHSIETCS MpPU ONpPeAeneHUM BbICOKUX U CPpedHUX KOHLEHTpauui
BellecTs B pacteopax (Ao 1-10* monb/n unu go 10 Mr/n). Ans onpeaeneHus 60nee HU3KUX KOHLEHTpaLuii
BELLECTB NMPUMEHATb TUTPUMETPUIO HelenecoobpasHo, Tak Kak 3To TpebyeT npeasBapuUTeNbHOro KOHLEHTPU -
poBaHWs, YTO 3aMETHO YANIMHAET aHanu3 U YBENNUYMBAET MOrpelHOCTbL U3MepeHus. B cpegHeM oTHoCUTENb -
Hasl oWKnbKa TUTPUMETPUYECKUX U3MEPEHUN He npeBblwaeT 2% MW onpefensieTcs KnaccoM WUCMosib3yemMon
MepHOI nocyapl.

C noMoLbio TUTPUMETPUYECKOrO aHanM3a MOXHO OnpeaenvTb KOHLEHTPpaUUIo npakTndeckn ntoboro He-
OPraHU4yecKkoro WM HU3KOMOMEKYNSIPHOrO OpraHMyeckoro eellectsa. HeobxoanMbIM yCnoBMEM YCMELHOro
TUTPOBAHMUSA SIBASIETCA HA/IMUME NOAXOAALLEN 06BEMHON XMMUYECKOW peakumm, NpoTeKatoLwen 6biCTpo, NOHO
N CTEXMOMETPUYHO M NPUBOASALLEN K 3aMETHLIM U3MEHEHUAM KaKMX-NNM6o DU3NKO-XMMUYECKMX CBOMCTB CUC-
TeMbl (UBETa, BENMYMHBI pH, OKMCANTENbHO-BOCCTAHOBUTENBHOMO NOTEHUMana n T.4.).

KynoHoMeTpuyeckme MeToapbl No CpaBHEHWMIO C 06beMHbIMK 6onee ToUHble (MO3BONSAIOT AOCTUYbL OTHOCU -
TenbHOW owmnbkn TuTpoBaHus 0,1%), TpebytoT bonee cepbe3HOro annapaTypHOro ogopmneHusi. Kpome Toro,
Kpyr oripefenseMblX BELWeCTB AN 3TUX METOAOB He OYeHb LWMPOK. B HacTosweM pykoBOACTBE 3TU METOAbI
paccMaTpmBaTbCs He byayT.
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O6beMHble METOAbI, B CBOKO OYepeab, MOXHO PasaenuTb Mo cnocoby perncTpaumm KOHEYHON TOYKM TUTPO-
BaHMs Ha HOTOMETpUYECKNE, TYPOUAMMETPUUECKME, NOTEHLMOMETPUYECKME, aMINEPOMETPUYECKME U KOHAYK-
TOMETpPUYECKMeE.

DOoTOMETPUUECKUIA U TYPOUAUMETPUYECKUI METObI TPAAULIMOHHO Hanbonee LNPOKO NMPUMEHSIOTCS B Na-
6opaTopusax. O6a MeTola B KaYecTBe PErncCTpuUpYyHOLLEro YCTPOMCTBA UCMOMb3YIOT YETOBEYECKMI a3, KoTo-
pblii OTMEYAET U3MEHEHNE OKpacku pacTeopa (poToMeTpuyeckuini MeEToa Unn MeToa UHANKATOPHOMO TUTPOBa-
HWS1) UK NosiBNeHMe ocaaka (TypbuaMMeTpuyeckmini MeToa). B TakoM BapuaHTe Ans TUTPOBAHMS HYXKEH TOMbKO
KOMMEKT abopaTopHOM NOCYAbl M peaKkTVBbl. B COOTBETCTBYIOLIMX TUTPATOPAX B KAYECTBE PErMCTPUPYIOLLErO
YCTPOMCTBA UCMO/b3YHOT (POTOINIEMEHT.

AMnepoMeTpuyeckoe TUTPOBAHUE, B OT/IMYME OT NOTEHLIMOMETPUYUECKOrO, He TpebyeT yCTaHOBNEHUS paB-
HoBecusi B pacTBope. OHO OCHOBAHO Ha U3MEHEHWUM CWU/bl TOKA, NPOTEKAOLWWEro Yepes pacTBop, Mo Mepe TUT-
poBaHus. MeToa TpebyeT annapaTypHoro opopMeHns, NO3BONIAIOLIErO M3MEPATb CUITY TOKA.

KoHAYyKTOMETpUYECKOE TUTPOBAHME OCHOBAHO Ha M3MEHEHUWN 37IEKTPONPOBOAHOCTU PAacTBOPOB B MpoLeC-
ce TUTpoBaHus. MeToa TpebyeT XopoLlero annapaTypHoro ocdopmeHust. LLIMpoko npuMeHsieTcs ans onpeae-
neHuns cnabblX KUCNOT M OCHOBAHWUIA B BOAHbLIX pacTBOpax, A/ OnpeaesnieHns KOHLUEHTPALUUN NIaBUKOBOWM Ku-
CNoThI.

CnenyeTt nNoa4YepKHYTb, YTO ANA onpeaeneHns OfIHOro M TOro e BELIECTBA MOXET 6bITb NPEANOXKEHO He-
CKOMbKO METOAOB TUTPOBaHUS. Kakoi U3 HUX 6yaeT BbibpaH, 3aBUCUT OT TpebyeMol TOYHOCTU U 6bICTPOThI
aHanu3a, uMerolllerocs o60pynoBaHna U TpeboBaHWA HOPMATUBHbIX IOKYMEHTOB.

Buabl TMTPpOBaHMA

Bce 06beMHblE TUTPOBaAHMSA MOXHO pa3AeNivTb Ha YeTbipe Bua no TUMy peakumu, nexallei B X OCHOBE:
KMCNTOTHO-OCHOBHOE, 0CAZINTENBHOE, OKUC/TUTENBHO-BOCCTAHOBUTESILHOE U KOMIMJIEKCOMETPUYECKOE.

KuncnoTHo-oCHOBHOE TUTpPOBaHWe

KMCNoTHO-OCHOBHOE TUTPOBAHWE OCHOBAHO Ha peakuMn HerlTpanu3aumu:
H"+ OH = H,0
OH + H"'=HO0

DTO caMblli pacnpoCTPaHEHHbIN BUA TUTPOBaAHUS. [N AETEKTUPOBAHNS KOHEUYHOM TOYKWU MPUMEHSIIOT KM -
C/TOTHO-OCHOBHbIE MHAMKATOPbLI, pH-MeTpudeckne anekTpoabl, KOHAYKTOMETPUIO.

DTUM METOAOM ONpeaensitoT KOHUEHTPALMIO KUCNOT U OCHOBaHWUN, a TakXXe cofien cnabblx KUCNOT U OCHO-
BaHWW, KUCNOTHbIE M LWENOYHbIE YMCA, YNCNIO HEWTPanu3aumm, KMCIOTHOCTb, LWETOYHOCTb.

KpoMe Toro, B coveTaHumn € pasnnyHbiMm cnocobamm npobonoaroToBKM KMCNOTHO-OCHOBHOE TUTPOBaHue
MOXET ObITb NPUMEHEHO AN ONpeaesieHnsl MapaMeTpoB AaNneKknx, Ha nepsbliit B3NS4, OT KUCIOTHO-OCHOBHBIX
CBOMCTB BellecTB. [puBeaeM aAa NogobHbIX NpuMepa.

OnpeneneHve cBs3aHHOMO asoTa no KbenbAanio. AHann3Mpyemblit 06paseL OKUCASIIOT ropsiuelt KOHLIEH -
TPMPOBaHHON CEPHOM KWUCIOTOW; B MPOLIECCE OKWUCIIEHWUSI CBA3A@HHbLIM 30T NpeBpaLlaeTcsl B MOH aMMOHMUS.
3ateM pacTBop 06pabaTbiBalOT M36LITKOM CUJIBHOMO OCHOBAHWSI, W BbIAE/IMBLUMACA B pe3ynbTaTe OTrOHKM
aMMKUaK TUTPYIOT CTaHAAPTHLIM PacTBOPOM KUCNOTHI.

OnpepeneHune cepbl B opraHnyecknx n buonormyeckmx Mmatepmanax. Obpasew OkuratoT B TOKE KMCIopoaa.
O6pa3zoBasLlumecs okcmnabl cepbl (IV) n (VI) nornowatot pasbaeneHHbIM pacTBOPOM nepekncn Bogopoga: SO, +
H,O, = H,S0O,. CepHyt0 KUCNOTY TUTPYIOT CTaHAAPTHbLIM PAaCTBOPOM LLENOYM.

OcaguTenbHoe TUTPOBaHME

OcaguTenbHoe TUTPOBaHME OCHOBaHO Ha peakummn ocaxkaeHus. CaMblil pacnpocTpaHeHHbIV Cly4Yai ocaau-
TeNbHOro TUTPOBAHUS — apreHTOMeTpuyeckoe TUTPOBaHUE, B XOAe KOTOPOro onpeaenstoT KOHUEHTpauuio
aHuoHoB (Hal, CN', PO, CrO ,” v ap.), 06pasytoLmnx ManopacTBOpUMble COEAMHEHNSI U YCTOMUMBBLIE KOM-
nnekcbl ¢ noHamm Ag™:

Ag*+ CI'= AgCI¥

KoHeuHyo TOYKy onpeaenstoT rno nosiBAeHU0 MyTU B PacTBOpe, C MOMOLLbIO aACOPOLUMOHHBIX MHANKATO-

pOB, MOTEHLNOMETPUYECKN.

OKMCIUTENIbHO-BOCCTAaHOBUTE/IbHOE TUTPOBaHME

B ocHOBe TUTPOBAHMS NEXWUT paBHOBECHas 06bEMHas OKUCIUTENIbHO-BOCCTaHOBUTENbHAA peakuus. Ko-
HEUHYIO TOYKY TUTPOBAHUSI OMPEAENstoT C MOMOLIbIO OKUCIUTENIbHO-BOCCTAHOBUTENbHbIX MHAMKATOPOB MO
NosiBNIEHNIO (MCUYE3HOBEHMIO) COBCTBEHHOMN OKPaCcKM TUTpaHTa, TUTPYEMOrO BELLECTBA UM NPOAYKTOB PeaKLNM
(boTOMETpMYUECKM, NOTEHLIMOMETPUYECKM, aMMNEPOMETPUYECKH, KYJIOHOMETPUYECKM.



TUTPOBAHME

OBBbEMHOE KYJTOHOMETPU-
YHECKOE
OOTOMETPU- TYPBUOUMET- MNOTEHLNO- AMIMEPOMETPU- KOHAYKTO-
YECKOE PUYECKOE METPUYECKOE YECKOE METPUYECKOE (no
(No n3MeHeHno (no n3mMeHeHuto (no n3MeHeHuto (no n3MeHeHuto N3MEHEHUIO
LBeTa MHAMKaTopa unn MYTHOCTU noteHumana 3MEKTPUYECKOrO 3M1EKTPONpPOBOA-
CaMoro pacrsopa) pacTtBopa) 3/1eKTPOoaA) TOKa) HOCTW pacTBopa)

Puc. 1. Knaccudmkaums MeTOA0B TUTPOBAHUS



MepmaHraHatoMeTpusa. NepMaHraHaT kanus — oauH u3 Hanbonee WNPOKO NPUMEHSEMbIX CTaHAAPTHbIX
okucnutenen. PasHoobpasne BO3MOXHbIX MPOAYKTOB peakuun MOXET MHOrAa NMpuMBOAWTbL K HEOMpPeAeneHHO-
CTV CTEXMOMETPUM OKUCTIEHMS NMepMaHraHaToM. K TOMy e ero pacTBOpbl HE O4Y€Hb YCTOMUMBSI, pa3fioXeHne
pacTBOPOB YCKOPSIETCA Ha CBETY, NPV HarpeBaHuK, Noj AeNCTBUEM KUCIOT, OCHOBaHMIN MOHOB MapraHua(ll) u
AMoKCcMAaa MapraHua. B cBA3M € 3TMM 4acTo MCMOb3yloT obpaTHOe TUTPOBaHWE C MepMaHraHaT-MOHOM.
MepMaHraHaTOMETPUIO MPUMEHSIIOT A5 ONpeaeNiEHNs LUIMPOKOro Kpyra BOCCTAHOBUTENIEN HEOPraHMYECKOro U
OpraHn4yecKoro NPoOUCXoXXAeHUS.

AnxpomatoMmeTpua (6UXpPOMaTOMETPUS, XPOMATOMETPUS) — TUTPUMETPUYECKUIA METOJ OnpeaeneHus
BOCCTaHOBMUTENEN, @ TakXe KaTMOHOB MeTassioB, obpasylowmnx ManopacTBopuMble XpoMaTtbl. OCHOBaHa Ha
NMPUMEHeHUn B KaveCcTBe TUTPaHTa cTaHaapTHoro pacteopa K,Cr,0,. KOHeuHyo TouKy TUTPOBaHUS YCTaHaBN-
BAalOT C MOMOLWbIO BHYTPEHHUX OKWUC/INTENIbHO-BOCCTAHOBUTESIbHBLIX WMHAMKATOPOB, pexe — C MOMOLbIO
BHeWHMX uHAaukaTtopoB, Hanpumep, AgNO,, K,[Fe(CN),], obpasylomx OKpalleHHble OCaAKu C MU36bITKOM
WM st T VY, 60 7 Fe(C )QK%S%HH"MEEEKMQﬁé&%’é?é‘%“ﬂﬁ&ﬁmSé’.ﬁ”%”él?; e oy

BpomMaToMeTpuAa — TUTPUMETPUYECKMI METOZ ONpeAeneHus BOCCTAHOBUTENEN, a TakXKe OpraHNYeckmx
COeAVHEHMI, BCTyNatowmx ¢ 6poMoOM B peakuun NpUcoeanHeEHNs unu 3amelleHnsi. OCHoBaHa Ha NMpUMEHEHNM
B KayecTBe TUTpaHTa consHokucrioro pacrsopa KBrO,. KoHeyHylo TOYKy TUTPOBaHUSA YCTaHaB/IMBAKOT C
MOMOLLbIO  OKUCIIUTENIbHO-BOCCTAHOBUTENbHBIX WMHAMKATOPOB MO TMOSIBJIEHWUIO JKENTOW OKpacku 6poma,
obpasytoLlerocs npu B3ammoaencTenmn n3bbitka BrO | ¢ Br, a Takke NOTEHLUMOMETPUYECKM M (hOTOMETPU-
Yecku.

BpomHoe uncno — Macca 6poma (B rpammax), npucoeauHsiowerocs kK 100 r opraHMyeckoro BelecTsa.
XapaKTepusyeT cTerneHb HEHAChILLEHHOCTM OpPraHUYEeCKUX COEANHEHWI.

MogomeTpua — TUTPUMETPUYUECKNIA METOA ONPEaeSIEHUSt OKUC/TIMTENEN U BOCCTAHOBUTENEN, OCHOBaHHbIN
Ha peakumu: I+ 2e = 3I. MoH ] "obpasyetcsa npu pacteopeHun noaa B sBoae B npucytcreum KI. BoccraHosu-
Tenn onpeaensioT MpsMbiIM TUTpPOBaHMEM pacTBopoM I, B mpucyTtctBum m3bbitka KI (3TOT MeToa 4acTo
Ha3blBalOT MOAUMETPUEN), OKUCIIUTENIM — KOCBEHHLIM METOAOM MO KOMMYECTBY MoAa, 06pa3oBaBLLErocs Nnpwu
nx B3aumogeincteum ¢ KI. Mop oTTMTPOBLIBAKOT, Kak npaswuno, pactBopoM Na,S,0,. KoHeuHyilo Touky
TUTPOBaHUA OBHapPYXWBAIOT BU3YasibHO MO MOSBEHUIO UNU MCYE3HOBEHUIO OKpacku moaa (MHorga B croe
OpraHN4yecKoro pacTBopuTens) C NOMOLLbIO MHAMKATOPOB, a TaKXe NOTEHUMOMETPUYECKU, aMnepoMeTpuye-
CKW WK ApYrMMKU MeToAaMMu.

KoMnnekcoMeTpuyeckoe TUTpoBaHUue
B ocHOBe TMTpOBaHMS NEXUT peakuusi KOMMIekcoobpa3oBaHusi, B pe3ynbTaTe KOTOpoil obpasyetcs
[OCTaTOYHO YCTOMUMBLIA KOMMiekc. Hambonee pacnpocTpaHeHHbIM Cry4ai KOMM/IeKCOMETPUYECKOro

TUTPOBAHUSA — 3TO KOMIMIEKCQHOMETPUYECKOE TVITpOBaHVIe (TuTpoBaHue ¢ TpUNOHOM b - AMHaTpUeBON conbio
aTUNeHAMaMUHTEeTpaykcycHon kucnotel Na H Y-2H O):

Ca”*+ H Y = CaH Y
Mg®* + |-sz = CaHzY
KOHeHHy}O TOYKY TUTPOBaAHUA onpeaensaloT C NOMOLbIO METa/VNTOMHANKATOPOB UJIN MOTEHLUNOMETPUYECKHN
COOTBeTCTBYIOLLWIM NOHCeNnekKTuBHbIM 3ﬂ€KTpOﬂOM.

KpuBaa TutpoBaHuA

Knaccuyeckunin BUA KpUBOKM KMCNOTHO-OCHOBHOIO TUTPOBaHWUS NpuBeAEH Ha puc. 2a. Mo ocu X oTknaabiBa-
eTca obbeM pobaBneHHOro TUTpaHTa B MUAAMAUTPax, a nNo ocn Y — BenuumHa pH pactBopa. KpuBas
TUTPOBAHMUSA UMEET XapaKTEPHYIO S-06pa3Hyto hopMy C pe3KnM CkaukoM pH B6M3M TOUKM IKBMBANEHTHOCTW.

Mpn anddepeHUMpoBaHnn Kpuso TUTpoBaHMs (N0 ocu Y OTKMaAblBAeTCS BeMUMHA MPOM3BOAHOMN)
nosny4yaeTcsl KpuBas MMKoBoOW opMbl (puc. 26) ¢ MakcMMyMoM (UM MMHUMYMOM) B TOUYKE 3KBUBAJIEHTHOCTH.

O6bEeMHbIN aHann3 OCHOBaH Ha 3akOHE 3KBWBANIEHTOB, M MO3TOMY BCE TUTPUMETPUYECKUE PaCUETbI
BEAYTCSl C YYETOM HOpPMasibHbIX KOHLEHTpaLMi BeLWeCcTs B pacTBOpax.

DKBMBANEHT — 3TO KOMIMYECTBO BELLECTBA, KOTOPOE B3aMMOAENCTBYET C 1 MONEM aTOMOB BOAopoAa Mnu
3MEKTPOHOB WM BblaenseT 1 Monb aTOMOB BOAOPOAA WM 3/IEKTPOHOB B XMMUYECKUX peaKkLusiX. DKBMBANEHT
MOXEeT NPUHMMaTb cneaylowme 3Havenms: 1, 1/2, 1/3, 1/4, 1/5, 1/6 v T.4. CnegyeT NOMHUTb, YTO SKBMBANEHT
HW NpU Kaknx 06CTosATeNbCTBaxX He MOXeT HbITb 60sbLLe eanHULI.



a) KpuBas TUTPOBAHUSA
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Puc.2. Kpusasi TuTpoBaHus (@) 1 rpacmk nepBoii Npon3BoAHOM KpuBoL TUTpoBaHust (6)
TuTtpyemoe BewecTtBo - NaOH, TutpaHT - HCI
MapkepaMu OTMeYeHbl 3KCNepPUMEHTanbHble TOUKK



HopmanbHas koHueHTpauus (N) — 3To UMCNo SKBMBANIEHTOB BELLECTBA, coaepkalleecs B 1 MTpe pacTBo-
pa. PaccunTbiBaeTcs AENEHMEM MOMSPHOW KOHLEHTPALUMKW Ha 3KBUBAJSIEHT, NIM60 YMHOXEHUEM MONSPHOMN
KOHLEHTpaLuM BeLLECTBa Ha ero KUCI0THOCTb (OCHOBHOCTb) B C/ly4Yae KMCII0THO-OCHOBHOIO TUTPOBAHMUS U
Ha YMCII0 3/TIEKTPOHOB, OTAAHHbBIX (MPUHSTLIX) B XOZ€ OKUC/TUTENIbHO-BOCCTAHOBUTESIbHOM peaKLmu.

3aKOH 3KBMBAJIEHTOB — BELLECTBA PearnpyloT Apyr C APYroM B KOMMYECTBAX, MPOMOPLMOHANbHbIX MX
3KBUBAJIEHTAM.

Llenblo TUTPOBaHMS ABNSIETCS YCTAHOB/IEHWE 3KBMBAJIEHTHOro 06beMa TUTPAHTA, TO CTb Takoro 06bEMa,
B KOTOPOM COAEPXXUTCS CTOJbKO >X€ SKBUBANEHTOB TUTPAHTA, CKOJIbKO 3KBMBAJIEHTOB TUTPYEMOrO BELLECTBA
NpUCYyTCTBYET B Npobe.

COOTBETCTBYIOLLINI 3TON TOUKE 06bEM TUTPaHTa V.U €CTb UCKOMasi BENUUMHA. 10 3aKOHY 3KBUBAJIEHTOB:

N .\T/T - I!B.'VT.B.
roe N, — HopMasbHasi KOHLEHTPaUMs TUTPaHTa,
V,— 3KBMBANEHTHbIN OBGLEMTUTPAHTA,

N, . — HOpManbHas KOHUEHTpaUus TUTPyEMOro BELLECTBa,
V., — 0b6beM TUTPYEMOIro BeLlecTBa.
OTCIOLla MOXXHO BbIpa3nTb MCKOMYIKO KOHLUEHTPALUUIO TUTPYEMOIo BELLECTBA:

NV,
T.B. V

T.B.

N

DkBMBaneHTbl Hanbonee LUMPOKO paCnpoCTpaHEHHbIX peareHToB, NCNoJ1b3yeMbIX B KWC/TOTHO-OCHOBHOM U
OKMCNNTENBbHO-BOCCTAHOBUTENIbBHOM TUTPOBAHUAX, NPUBEAEHDI B Tabnmuax 1 m 2.

Ta6m4u,a 1. DKBMBaJIEHTbI HeKOTOpPbIX KMCJIOT U OCHOBaHMM

BewectBo OCHOBHOCTb/KUCNOTHOCTb SKBMBANEHT
HCI 1 1
HCIO, 1 1
CH,COOH 1 1
H,SO, 2 1/2
NaOH 1 1

KOH 1 1
NH,OH 1 1
Ba(OH), 2 1/2

Tabnuua 2. KBMBaNEHTbl HEKOTOPbIX OKMCAMTENEN U BOCCTAaHOBUTEIEN

Yncno anekTpoHOB, OT-
BewectBo MpeBpalueHne AiaHRoS (anHﬂToeu) on- DKBMBaNEHT
HOM MOneKynoW
BeLlecTBa

MnO, + 5 —» Mn™ 5 1/5
KMnO, MnO, + 3e — 1/2Mn0O, 3 1/3

MnO, + € > MnO,~ 1 1

Crm-3e— 1/2Cr0 ~ 3 1/3
Crdl, CFPresTe 1 1
K,Cr,0O, Cr,0 “+ 6e — 2Cr™ 6 1/6
KI I'-e—1/2I, 1 1
L T+2e 520 2 12
Na,S,0, SO0/7-e—-1/250,” 1 1
H,C,0, C,0,7- 2e - 2CQ, 2 1/2
(NH,),Fe(S0,), Fe** + e —» Fe™* 1 1




Mpamoe u o6paTHoe TUTpOBaHUe

CywectByeT aBa cnocoba TMTpPOBaHUSA — NpsiMoe n obpaTHoe. B ciyyae npsiMoro TMTpoBaHus onpeae-
NseMoe BeLWecTBO HernocpeaCTBEHHO BCTYNAaeT B peakumilo C TUTPAHTOM, T.e. SBNASETCS TUTPYeMbIM
BelwecTBOM. [laHHas peakumsi AO/MKHA MNpOTeKaTb CTEXMOMETPUYHO, AOCTAaTOMHO ObICTPO, CENEKTUBHO U
nonHoctbio (B peakuumn yyactesyet 100% onpeaensieMoro BewecTsa).

Ecnn Takaa peakums OTCYTCTBYET, NpOBOAAT 06bpaTHOE TUTpOBaHME: K onpeaenseMomy BewecTsy Aobas-
nseTcs n3bblTOK peareHTa, HernpopearnpoBasLuUasi YacTb KOTOPOro OTTUTPOBbLIBAETCS MNOAXOASAWMM TUTPAHTOM
(B 3TOM Cnyyae TUTPYEMbIM BELLECTBOM ABSIETCA A06aBNEHHbIN peareHT). KonnyectBo onpeaenseMoro
BeLleCTBa ULLYT No pa3HOCTM 06beMoB A06aBfEHHOro M OTTUTPOBAHHOMO peareHTa.

Ta6amua 3. PazsiMumsa npAMoro 1 o6paTtHoro TUTpoBaHMA

MNpamMoe TUTpoBaHue ObpaTHOe TUTpoBaHune
1) A + B(M36HTDK) = C
Peakuus A+B=C 2) B, ,+D=E
Hen3pacxoaoBaHHbI
OnpegensieMoe BeLeCcTBO A A
TuTpyemoe BeLecTBo A B
TuTpaHT B D
BenunuunHa, onpeaensemas Vv Y
Nno KpMBOW TUTPOBaHUSI B P
N, -V,
\e= D' VD
®o 1)
pMyna ans pacyerta NIRY/ B
_'B YB
KOHLIeHTpaLmu N = Vv 2)
onpeaensieMoro BelecTsa A
PeA H N :NB'VB_ND Vb
A VA
PacTBopsbl, nognexawyme B B
cTaHAapTu3aunu D

Cnoco6bl onpeageneHuA KOHEYHOM TOYKMU TUTPOBAHUA

KOHeuUHy10 TOUKY TUTPOBAHMS ONPeAENsoT pas3/iMuyHbIMKA CnocobamMm, HanpuMep BU3yasnbHO, Habnoaas 3a
M3MEHEHMEM OKpacku pacTBopa (TUTpOBaHWE C WHAMKATOPOM), 3a MOSIBIEHMEM ocafka (ocaauTenbHoe
TUTPOBaHWE) UMK U3MepASt NOTEHLMAN MHANKATOPHOMO 3/1EKTPOAA.

OnucaHue yCTaHOBKM ANATUTPOBaHUSA

Knaccuyeckasi TUTpoBasnibHasi YCTaHOBKa COCTOUT M3 ABYX OCHOBHbIX YacTel: cocyaa Ansi TUTPOBaHMA U
6ropeTku.

Mpy TUTPOBaHMM C MHAMKATOPOM B KAuecTBE COCyAa MCMONb3YOT Konby dprieHMerepa (LLUMPOKOropnyto
KOHWYECKylo konby), B KOTOpPON yAoBbHO BEecTM MNepeMellvBaHWEe pacTBopa Mocie NpubaBieHUs Kaxxaomn
nopumMmn TUTPaHTa AN1s1 CKOPENMLLIEro YCTaHOB/IEHUS] paBHOBECHUS.

Ecnu ans perncrpaumm KpMBON TUTPOBAHWUSI UCMONb3YIOTCS 3/1EKTPOAbI, KONBY 3aMeHsIOT CTakaHOM, M B
3TOM C/lyYyae nepeMellnBaHne pacTBopa BEAETCS C MOMOLLbIO MarHUTHOW MeLLAKu.

BlopeTka npeacTaBnsieT cobon rpaayMpoBaHHYIO CTEKSISHHYIO TPYOKy C 3anupaloMM YCTPOMCTBOM Ha
HUXKHEM KOHLIE — KPaHOM W/IM BYCUMHOW, KOTOPOE NPeaoTBpaLlaeT CaMoNpoOU3BO/IbHOE BbITEKAHNE TUTPAHTA U
No3BOJISIET 106aBNSTb €ro B TUTPOBAJIbHbIN COCYA MabiMU MOPLUMAMU U AaXe No KanssiMm.



Tabnuuya 4. Cnoco6bl perucTpaumMm KOHEeYHOM TOYKM TUTPOBaHMA
Bua TuTpoBaHus Cnocob perncTpaumm KOHEYHON TOYKM TUTPOBAHUS
KnucnoTtHo-ocHoBHOE o [10 U3MEHeHMto LUBeTa KUCIOTHO-OCHOBHOIO MHAMKATOpa
e pH-MeTpus
Mo nosiBNEHUIO MyTH
o n3mMeHeHu1Io UBETa NHANKaTopa
MoTEeHLMOMETPUS C MOHCENEKTMBHBIM 31EKTPOAOM
AMnepomeTpus
doToMeTpus
Typbuanmetpus
OkncnntTenbHo- e [lo n3mMeHeHMto UBeTa pacTBopa (NepMaHraHaToMeTpus, Noao-
BOCCTaHOBUTESIbHOE MeTpus)
¢ [lo n3MeHeHMIO UBETa OKNCINTENIbHO-BOCCTaHOBUTENLHOIO MH-
avkaTopa
o [lOTEeHUMOMETPUS C UHEPTHBIM 31IEKTPOAOM
o ®doToMeTpus
AMnepomeTpus
KynoHomeTpus
Mo n3mMeHeHu o uBeTa MeTaNNIONHAMKATOPA
MoTEHLMOMETPMUS C MOHCENEKTMBHBIM 31EKTPOAOM

OcaaunTtenbHoe

KomMnnekcomeTpuyeckoe

TexHMKa py4yHOro TUTpPOBaHMSA

MNepen HavyanoMm aHanusa 6lO0peTKy MpOMbIBAIOT PacTBOPOM TUTPaHTa, 3aMNOSHAKT U BbIFOHAIOT BCE BO3-
AyLIHbIe Ny3blpK, KOTOpble 06bIYHO 06pasyoTca B HOCUKe BropeTku. JTa npoueaypa O4YeHb BaXKHa, Tak Kak
OCTaBJIEHHbIE My3bIpU MOTYT BbIMTU CaMOMNPOU3BOJIbHO B NMpoLecce TUTPOBaHMS, 06beM TUTpaHTa B 6lopeTke
YMEHbLUNTCSA Ha HEU3BECTHYIO BETMUMHY, U Pe3ynbTaT aHann3a OKaXeTcs HEKOPPEKTHbIM.

B cocya ana TUTpoBaHWS BHOCAT afUKBOTY pacTBopa OnNpefensieMoro BelwecTsa, 06blYHO C MOMOLLbIO
nuneTtkn Mopa (nuneTka c oAHON OTMETKOW, kannbpoBaHHas Ha 5, 10, 15, 20, 25, 50 unn 100 mn).

Ecnn anukBoTa Mana, u paboTtaTtb C TakuMm 06beMOM pacTBopa HeyAobHO, B TUTPOBasbHbIN COCYA MOXHO
[06aBUTL HEKOTOPOE KOMMYECTBO MOAXOoAsALlero pacTBopuTens (AUCTUANMPOBaHHasi Boga, OydepHbin
pacTBOp, HEBOAHbLIV pacTBOpUTENb U T.4.). Ha KOHEYHbI pe3ynbTaT 3To pa3baBnieHne HUKaK He MOBAUSIET, Tak
KaK B Xofe aHannsa onpeaenseTcs Y1Cno 3KBUBANEHTOB TUTPYEMOro BeLLecTBa, KOTOpOe 3aTeM OTHOCUTCS K
06beMyY anMKBOTbI, @ HE K KOHEYHOMY 06bEMY, NOyYeHHOMY noce pa3basnieHns.

CTaHaapTM3aumMa pacTBOpoOB

B nio6boM M3 BWAOB TUTPOBAHMS WCMOJMb3YIOT CTaHAApTHbLIA pacTBOP TUTpaHTa. TOYHOCTb, C KOTOPOMW
M3BECTHa €ro KOHLEHTPAUMs, OrpaHNYMBaET TOYHOCTb METOAA B LIESIOM, MO3TOMY NPUIroTOBNEHWUIO CTaHAApT-
HbIX PaCTBOPOB yaenseTcs 0coboe BHUMAHME.

KOHLEHTpaUMIO CTAHAAPTHOrO pacTBopa onpeaensiT Mbo npsMo (ecnM caMo BELECTBO SBNSETCSH
NepBMYHbIM CTAHAAPTOM), M60 KOCBEHHO, €C/N BELECTBO He yAOBMETBOpSeT TpeboBaHUSM, NpeabsBise-
MbIM K NMEpBUYHbIM CTaHZapTaM. B nepBoM cny4yae 6epyT TwWaTeslbHO B3BELUEHHOE KOJIMYECTBO BELECTBa U
pa36aBnsioT A0 TOYHO W3BECTHOrO obbeMa. Bo BTOpPOM cnyyae pacTBOp, COAEPXKAWMWA TLLATESNBHO
B3BELUEHHOE KOMMYECTBO BELLECTBA, TUTPYIOT PacTBOPOM MEPBMYHOMO CTaHAApTa.

BellecTBa, KOTOpble MOryT paccMaTpMBaTbCA Kak XOPOLUIME MEepBUYHbIE CTAHAAPTbI, AOSKHbLI 06nagaTb
PAOOM BaXKHbIX CBOMCTB: UMETb BbICOKYIO CTEMEHb YMCTOThI, 6biThb YCTOMYMBBIMU K aTMOC(EPHBIM BO3AENCT -
BMSIM, UMETb HU3KYIO MMIPOCKOMUYHOCTb U HU3KYHD CK/IOHHOCTb K BbIBETPMBAHWIO, 6biTb JIEFKOAOCTYMHbLIMY,
MMETb [OCTAaTOYHO BbICOKYIO 3KBMBANEHTHYIO Maccy. JIWWb HEMHOrve BeLecTBa YAOBMETBOPSIOT 3TUM
TpeboBaHUSIM, MO3TOMY YMC/IO NEPBUYHbLIX CTAHAAPTOB BECbMA OrpaHUYEHO.



Ta6auua 5. NepBHMYHbIE CTaHAAPTbI A8 pa3HbIX BUL0B TUTPOBaHMUA

TuTpaHT | MepBUYHbIA CTaHAapT
KnCnoTHO-OCHOBHOE TUTPOBAHUE
Kucnota (HCl, H,S0,) KapboHat HaTtpus Na,CO,

Tetpabopat Hatpusa Na,B,O,-10H O
Tpuc-okcnmetTun-ammHometaH (HOCH,),CNH,

OcHoBaHue (NaOH, KOH, Ba(OH),) BudTanat kanua KHC,H,O,
LLlaBenesas kucnota H C 0O,-2H O

BeHzonHasa kucnota C,H.COOH
Bunogat kanusa KH(IO,),
OcapuTtenbHoe TUTpoBaHue

Hutpat cepebpa AgNO, He TpebyeTcs’
Poaanng kanmsa KSCN He Tpebyetcs
OKMUCIUTENBbHO-BOCCTAHOBUTE/IbHOE TUTPOBaHMWE
MepmaHraHaT kanus KMnO, Okcanat Hatpus Na,C,0,
Woana kanus KI

BuxpomaTt kanus K,Cr,0, He TpebyeTca

Bpomat kanusa KBrO, He TpebyeTca

NopaT kanua KIO, He Tpebyetcs

Tuocynbdat HaTpus Na,S,0,-5H,0 WNopat kanus KIO,

Buxpomat kanusa K,Cr,0O,
KoMnnekcoMeTpuyeckoe TUTpoBaHMe

[vnHaTpreBas Conb 3TUNEHAMAMUHTETPAYK-

cycHol kncnotsl (TpunoH b) Na,C,H,.N,O,

He Tpebyetcs

* Mocne Ha,unemau.leﬁ OYUCTKUM M BbICYLLMBAHNA BELLECTBO CaMO MOXET ABNATbLCA NEpPBUYHbIM CTaHAAPTOM

®uKcaHanbl (CTaHAapT-TUTPbI, NEePBUYHbIE CTaHZAAapPThbl) — BELWECTBA B CTPOro ornpeaesneHHOM Konu-
yecTBe, 06bI4HO 0,1 3KBMBANEHT, COAepXaLLMecs B CTEKNSAHHbIX aMnynax. dukcaHasnbl npegHa3HaveHbl 455
NPUroTOB/IEHNSI CTAHAAPTHbLIX PacTBOPOB. pun 3TOM amMnyny pa3buBatoT creLmanbHbIM 60MKOM B BOPOHKE,
coAepX1UMoe NepeHoOCAT KOSIMYECTBEHHO B MepHYlo Konby n pa3basnsaioT Ao onpeaeneHHoro obbema.
Mony4YeHHbI pacTBOP YacTo UCMOML3YIOT B TUTPUMETPUN KaK TUTPAHT, MB0 ANsl onpefeneHmns KOHUEHTpaumm
Apyroro TutpaHTa. B kadecTtse dumkcaHanos npumMeHsaoT, Hanpumep, KMnO,, K,Cr,0,, NaCl, wasenesyto
KMCNOTY, consHyto kucnoty, AgNO,. CoeanHeHus, ucnonb3lyemble Kak dukcaHanbl, 4OMKHbI ObITb NpeaenbHO
YNCTBIMK, YCTOMUMBBIMK NPU KOMHATHOW TeMnepaType, He A0/KHbI aacopbrpoBaTb BOAY W YINEKUCTIbIV ra3 13
BO3AyXxa.

TutpaTopsl

Mpn npoBegeHMN MacCoBbIX OAHOTMMHbLIX AHANM30B YAOOHO M 3KOHOMMYECKW BbIrOAHO MCMOMb30BaTb
TUTPATOPbl — NPUBOPBLI, NpeAHa3Ha4YeHHbIe AN YaCTUYHO MM NOTHOCTbIO @aBTOMATU3NPOBAHHOMO NpOBeAEHUS
N3MEepEHUN.

MonyaBTOMaTU4eckue TUTpaTopbl 06cCnyxmnBatoTcs nabopaHToM. JlabopaHT, Kak U B Ciy4ae pydHOro
TUTPOBaHMUSA, MopumaMmn AobaBnsieT TUTPAHT B TUTPOBAJIbHLIN CTakaH. [lpuM 3TOM TUTpaTOp perncTpupyet
BENINYMHY U3MEpPSAEMOro hrU3nMKo-XMMUYECKOr0 CBOMCTBA U hOpMUPYET Tabnuuy M3MepeHuit B BUae: «06beMm
NMoJaHHOro TUTpaHTa/BenuuMHa CcBolcTBa». [lporpaMMHoe obecnedeHue, MNpuiaraeMoe K TUTpaTopy,
NO3BOJISIET aBTOMaTUYECKN MO NOSTYYEHHBLIM AAHHBLIM NOCTPOUTL KPUBYIO TUTPOBAHUS, OMpPeaennTb KOHEYHYHO
TOYKY TUTPOBAHMS U paccumMTaTh KOHLEHTpaLMIO UCCnegyemMoro pacteopa.

ABTOMaTU4Yeckune TUTpaTopbl paboTaloT No 3agaHHOM nporpamMMe 6e3 yyactusi nabopaHTa. PasnuuatoT
NPOMBbILLIEHHbIE U NabopaTopHble BapnaHTbl aBTOMaTUYECKMX TUTPATOPOB.

MpoMmbliwneHHble Npubopbl BCTPauMBalOTCS B TEXHONOrMYecKuMe JIMHUU MpeanpuaTuid u cHabxxatoTcs
nNpo600T6opHbLIMK yCcTpoicTBaMn. OHM 3anporpaMMUpPOBaHbl Ha NPOBEAEHWE KOHKPETHLIX aHann3oB 4yepes
onpefeneHHble NPOMEXYTKM BpeMeHu. [lofnyyeHHble AaHHble MOCTYNaloT K TEXHOMOorMyeckum cnyxbam,
KOTOpble Ha WX OCHOBaHWM KOPPEKTUPYIOT MapaMeTpbl TEKyLero TEeXHOMOrMYeckoro npouecca wunm
KOHTPONUPYIOT KaueCTBO CTOYHbIX BOA.
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JNa6opaTopHble aBTOTUTPATOPbI NpeAHa3HauYeHbl 418 NPOBEAEHNsI MHOrOYMCIEHHbIX OAHOTUMHbLIX aHANK-
30B B KOHTPOJIbHbIX NlabopaTopusix. Ans nosbillieHUs 3hhEeKTUBHOCTU paboThl OHM 3a4acTylo OCHALLAOTCS
aBTOCaMMN/iepaMn — yCTPOMCTBaMM aBTOMATUYECKOW nogaun npobbl, pacCUMTAHHBbIMM O6bIYHO Ha HECKOMbKO

aecaTkos 06pa3uos.
MoTEHUMOMETPUYUECKMIA TUTPATOP COCTOUT U3 ABYX3NEKTPOAHOM SUENKM U YCTPOMCTBA ANs NpeobpasoBa-

HWS ee 3AC B BbIXOAHOM CrHas. B KauecTBe MHAMKATOPHLIX NMPUMEHSIIOT 31eKTPOAbI NepBoro (cepebpsiHbiii) 1
BTOpOro (xnopcepebpsHbiii) poaa, WHeEpTHble (MNATUHOBLIM, 30/510TOM) M MeMbpaHHble (CTEKNSHHbIE,

MOHOCENEKTUBH ble) SNEKTpOAbI.

ABTOMaTHMYECKUM NOTEHUUOMETPUYECKUMU TuTpaTop ATM-02

YCTPOMCTBO U NPUHLMN PaGOTbi

ABTOMATUYECKUI NOTEHUMOMETpUYEckUiA TutpaTop ATM-02 npeaHa3HayeH ANS NpOBEAEHUS MOTEHLMO-
METPMYECKOrO TUTPOBAHNS B BOAHbIX pacTBOpax U B psAe HEBOAHbLIX PacTBOPUTESNEN.

TutpaTtop ATIM-02 paboTaeT noa ynpasfieHNeM NepCOHANIbHOrO KOMMbOTEPaA C NMOMOLLbI MPOrpaMMHOro
obecneveHuns “Titrate” B cpeae WindowsXP.

MexaHn4yeckas 4acTb TUTpaTopa NPOU3BOAMTCS HEMeLIKOM kKoMnaHmen SCHOTT, ynpasnsiowas 31eKkTpo-
HWMKa M NporpaMMHoe obecrneyeHne — poccuinckoin komnanver AKBUJIOH.

O6wwii BUA TUTpaTopa NpeacTaBeH Ha pucyHke 3. TUTpaTop COCToMT U3 6510ka TUTpoBaHus (1), 6iopeTku
(2), »xunakocTtHoro TpakTa (3), KOMOUMHMpPOBAHHOrO anekTpoda ans pH-meTpumn (4), TepMOMETpa conpoTuse-
Husa (5), MarHuTHon Mewanku (6), sikopsi MarHUTHoN Mewanku (7) v wTatuea (8). nekTpoa, TEPMOMETP U
HOCMK XXMAKOCTHOMO TpakTa (9) norpy>xeHbl B CTakaH ¢ npoboit (10). TuTpaHT Haxoautcs B 6yToim (11).

2

1 1 6

Puc.3. ABTOMaTMYECKMiA MOTEHLUMOMETpUYECKuiA Tutpatop ATIM-02
1 — 6nok TUTpoBaHus, 2 — 6lopeTka, 3 — XWUAKOCTHON TPaKT, 4 — KOMOMHUPOBaHHbIN anekTpoa Ans pH-meTpun, 5 —

TEPMOMETpP COMPOTUB/IEHUS,, 6 — MarHUMTHasi Mewanka, 7 — SIKOPb MarHUTHOW Mewanku, 8 — wTtaTtMe, 9 — HOCKK
YKUAKOCTHOrO TpakTa, 10 — cTakaH ¢ npoboil, 11 — 6yTbiNlb C TUTPAHTOM
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MuHuUManbHas nopumsa TUTpaHTa, koTopas MoXeT 6biTb gobaBneHa B pacTBop, coctasnseT 0,02 mn.
To4HOCTb OoTCcYeTa ob6beMa TUTpaHTa Npu TUTpoBaHum coctaenset 0,001 mn.

Mepea HayanoM U3MepPeHUst TUTPATOP MPOMbIBAIOT PAaCTBOPOM TUTPaHTa. [ 3TOro akTMBUPYIOT OMNUUIO
«MpoMbiBKa» B nporpamMme «Titrate». Mocne Toro kak 61opeTKa 1 XXUAKOCTHOM TPaKT NPOMbITbI, 0CBO6OXAE-
Hbl OT NMY3bIPbKOB BO34YyXa M 3aMN0JIHEHbI PaCTBOPOM TUTPAHTa, NpMbop roToB K paboTe.

B paspene «MccnepoBaTtenb» OpMUPYETCS METOAMKA M3MEPeHUs], rae noapobHO 3aAatoTcs BCe napa-
METpbl U3MEepEeHNs:

e  Cnocob TTpoBaHUs — NpsiMoe uUnn obpaTHoe.

e PexuM nogaum TuTpaHTa (C NOCTOSIHHON CKOPOCTbIO UM C YMEHBLIEHNEM CKOPOCTU MO MEpe Npw-
6nMXKEeHNs K TOUKEe 3KBMBAJIEHTHOCTU, HEMpepbiBHAs nogada TUTPaHTa MAM nogada TUTPaHTa NnopumusiMm C
33/[1EPXKKOV BO BPEMEHU MOCSIE NOAAYM KaXkaol nopuun).

o CkopocTb nogaum tTutpaHTa (1 — 36 Mn/mMuH gnsa 6iopetkn o6vemom 20 mn n 1 — 90 Ma/mMuH ans
6topeTkun o6bemom 50 mn).

e  Cnocob HaxoXAeHUsl KOHEYHON TOYKM TUTpoBaHMs (MO TOuke 3KCTPeMyMa Ha rpaduke nepsoi
NMPON3BOAHOM KPUBOW TUTPOBAHMS IMB0 MO AOCTMXKEHUWM 3a4aHHOMO 3HayeHus pH uam 3agaHHOro NoTeH-
uuana).

o KonnuyecTBo CKa4ykoB TUTPOBaHUS, KOTopble 6yayT obpabaTbiBaThes (0T 1 4o 5).

e  dQopmMyna ans pacyeTa KOHLUEHTpaUmMm onpeaensemMoro BelecTsa.

Koraa metoamka rotoBa, Mosib3oBaTeSlb akTUBUPYET NpoLecc nsMmepeHus. Mo OKOHYaHWM TUTPOBaHMS
nporpaMMa aBTOMaTUYECKM MOXKET BhIMNOMHATL Clieaylowne AencTBus:

) O6paboTka KpMBOWM TUTPOBaHWUS (CrnaxueaHue Wyma, anddepeHuMpoBaHue).

e [lOMCK TOYEK 3KBMBANIEHTHOCTMU.

PacuyeT KOHLEHTpaUMM onpeaensieMoro BelecTsa B npobe.
3anncb NpOTOKOMA U3MEPEHMS B MAMSATb KOMMbIOTEPa.
PacneyaTka npoToKOna U3MepeHuUsl.

dopMmnpoBaHMe CBOAHOIO NPOTOKO/Ia U3MEpEeHUs 3a cMeHny (B cpeae MS Excel).
3anonHeHne 61opeTKU TUTPaHTOM.

MpoTOKON U3MEPEHUS COAEPXUT Creaylolume pasaensl.

o padmk KpUBON TUTPOBAHMS.

Mpacduk NnepBoi NPON3BOAHON KPUBOW TUTPOBAHMS.
DKBMBANEHTHbI 06bEM TUTPAHTA.

KoHLeHTpauus onpeaensiemMoro BewecTsa.

MNapaMeTpbl n3MepeHus.

Bbi6op aneKkTpogos

BakHENLLINM 371EMEHTOM NOTEHLUMOMETPUYECKOIO TUTPATOpPa ABNIAETCA VIH,CI,VIKaTODHbe/'I SNEeKTpoA. Mo-
TeHuman uHankatopHoro snekTtpoga (E,.,.) sBnseTca dyHKUMEN KOHLUEHTpauuu aHanu3npyemoro MoHa B
pacteope (C). N MMEHHO YyBCTBUTEIbHOCTb 3/1eKTPOAA K U3MEHEHMIO KOHLEHTPaLMN MOHOB CO34aeT OCHOBY
Ans NPOBeAEHNS aHanM3a AaHHbIM CocoboMm:

E,.. = f(C).

Hannune MHAOMKATOPHOIO 3/71EKTPOAA ABMIAETCA HGOGXO,EWIMbIM, HO HE AOCTAaTO4YHbIM YCNOBUEM ANA MPO-
BeaAeHna NOTEHLUMOMETPUYHECKOIO TUTPOBaHUA, TaK KaK Yy HaC HET d)VI3VIl-IeCKOl\/'I BO3MOXHOCTU U3MEPUTb
noTteHuMan OTAEeNbHO B3STOro 3nekTpoaa. OAHaKo BO3MOXHO M3MEpPUTb PA3HOCTb MOTEHUMAnoB ABYX
3NeKTpoaoB. Ons Toro Ytobbl pa3HOCTb NOTEHLIMANOB TakXke 6bifa hyHKUNEN KOHLEHTPaUUKN aHanusnpye-
MOro MoHa, HeobxoamMo, 4Tobbl NOTeHUMan BTOPOro 3/eKTpoAa B TeYEHWe aHanmM3a OCTaBasiCsl HEU3MEH -
HbIM. TaKkoW 3/1EKTPOA NPUHATO Ha3blBaTb 3/IEKTPOAOM CPaBHEHUS:

AE =E|§"‘ “F 4 f(C).
WHA. cp.

Taknm o6pa30M, TONbKO MPU HaM4ynn napbl 37IEKTPOAOB MOXXHO KOPPEKTHO OonpeaennTb USMeEHEHNE
noTeHuMana MHAWKATOPHOrO 3MeKTpoAa, O6YyCNOBMEHHOE M3MEHEHWEM KOHLEHTPauuu aHanuM3upyeMmoro
MOHa B pacTBope.

B coBpeMeHHOI nabopaTopHON MpaKTUKE LUMPOKO MCMOJb3YIOTCS KOMOMHMPOBAHHbIE 3N1EKTPOAbI, KOTO-
pble NpeacTaBnsioT cobol HWM YTO MHOE, KakK Mapy 3MeKTpoaoB (MHAMKATOPHLIA 3/1EKTPOA W 3NeKTpoa
CpaBHeHus1), 06beanHEHHbIX B 0gHOM kopnyce (CM. puc. 4).

B Tabnuue 6 ykasaHbl TUMbl MHAMKATOPHbIX 3/1EKTPOAOB, MPUMEHSEMbIX A1 Pa3/IM4HbIX BUAOB TUTPOBa-
HUS.
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Puc.4. SnekTpoabl ansi pH-MeTpun: a) M3MepUTENbHbIN CTEKIISIHHBIN 3/IEKTPOA U XJI0pcepebpsiHbIv 3NEKTPOS CpaBHE-
HUS; 6) KOMBUHMPOBAHHbIN 3NeKTpoa

Ta6auua 6. Bbi6op 3/1€KTpO4OB A8 Pa3/IMYHbIX BUL0B TUTPOBAHMA.
B cko6Kax npuBegeHbl HanGoiee pacnpocTpaHeHHbIe CayyYaun

Bua Mapa ;’;ZK}:TF:)%?E‘OB KoM6MHMpOoBaHHbIN

TUTPOBAHUSA NHANKATOPHbIN CpaBHeHms 3NeKTPoa

KncnoTHo- ocHoBHoe | CTeKNsHHbIN XnopcepebpsiHbiii CTeknsHHbIN\XIopcepebpsaHbIi

OcaputenbHoe MoHcenekTuBHBIN | XnopcepebpsiHblit* MOHCENEKTUBHbIN/CTEKNSIHHBIN**
(Ag/AgCl, WNN CTEKNSAHHBIA** (Ag/AgCl /CTEKNAHHBIN***)
Ag/Ag,S)

OkucnurensHo- NHepTHbIN XnopcepebpsiHblil nn | UHepTHbIN/xnopcepebpsiHbili

BOCCTAHOBMUTENbHOE (Pt, Au) NHEPTHBIA**** (Pt/ xnopcepebpsiHbiit)

Komnnekco- MoHcenekTuBHbIN | XnopcepebpsiHbiit MoHcenekTuBHbIN/xnopcepebpsiHbIit

METpUYECKoe (ecTb ANst HEKOTOPbIX MOHOB — NP-BO

Hanna Instruments)

* npu onpegeneHun ranoreHna-MoHOB 3/1EeKTPOA 3aMONHAT pacTBOPOM HUTpaTa Kanus

** NpUMEHSIoT TOSIbKO B YCNIOBUAX NOCTOSAHCTBA pH cpeabl

*** NpUMEHSI0T NpY onpeaeneHun OpraHNYecKnx XIopuaos B HepTU B YCNOBUSX NocTosiHcTea pH
*¥*¥* NPUMEHSOT NpY TUTPOBAHWMM MapraHua B pyaax

BO3MOXXHOCTH U OrpaHMYEeHMA

C nomoupbto ATI-02 MOXHO BbIMOMHUTbL NPaKTUYeckn Ntoboe KMCAOTHO-OCHOBHOE, OKUCUTENbHO-
BOCCTaHOBUTE/IbHOE U OCaAuUTeNbHOE TUTPOBAHUE.

Kpome Toro, ATI-02 no3BonseT peannsoBaTb AOBOJSIbHO 60JblLOE KOIMYECTBO METOANK KOMIMEKCO-
MeTpuyeckoro (B TOM Yncne, U KOMMIEKCOHOMETPUYECKOr0) TUTPOBaHMS.

Hwxe nepeuncneH psg cnyyaes, koraa Tutpatop ATIM-02 He MOXeT 6bITb NpUMeHeH Ans paboThbl.

o OTcyTCTBYET MOAXOASAWMIA 3neKTpoa. Yalle Bcero peyb MAeT 06 OTCYTCTBMM HYXXKHOTO WOH-
CENEKTUBHOr0 3/1eKTpoAa.

o Hu3kas 4yBCTBUTENLHOCTb 3nekTpoda. Hanpumep, npu TUTpPOBaHUKM BOAHbLIX pacTBOPOB Crabbix
KWUCNOT noTeHuman pH-MeTpMYecKoro 3M1eKTpoAa MEHSIETCH He3HauuTeNbHO, MO3TOMY B 3TOM Ciydae
npeanoYTUTEeNbHEE NCNOJb30BaTb KOHAYKTOMETPUYECKOE AETEKTUPOBAHNE KOHEYHOM TOUKU TUTPOBaHUS.

e  Hwu3kasa cenekTMBHOCTb 371eKTpoAa. B pacTBope MPUCYTCTBYIOT MOCTOPOHHUE MOHbI B TaKUX KOH-
LeHTpauusax, KOTopble MellaloT HaAeXHOMY onpefesieHuUio aHanm3npyemMoro uoHa. Cnucok Melarowwmx
MOHOB N KO3 DULMEHTLI CENEKTUBHOCTU 0ObIYHO YKa3aHbl B MACMOpPTe K 3N1eKTpoay.

e YcnoBus onpedeneHns MoHa He coBnafaloT C YC/IOBUMAMM 3KCryaTaumun anekTpoaa. Hanpumep,
ANs onpeaeneHvs noHos Mg™ B npucyTcTeum noHos Ca’* HeobxoamMMo noaaepxmeaTb pH Ha yposHe 12-13,
a MarHuUi-ceneKkTUBHbIN 3NeKTPoa MOXET paboTaTb ToNbko B UHTepBane pH 4,5-9,5. Takum obpasoMm, B
[aHHOM Cflyyae Henb3s MpPOBOAUTL OMnpefeseHne WMOHOB MarHus MEeTOAOM MOTEHLMOMETPUYECKOro
TUTPOBaHUA.
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e  KOMMOHEHTbI aHaNM3MpPyeEMOro pacTBopa arpPeccMBHbI MO OTHOLLIEHUIO K MaTepuany >XXWUAKOCTHOro
TpakTa M 3nekTpodoB. Hanpumep, npu paboTe CO CTEKNISIHHbIMU 3N1EKTPOAAMM HENb3si UCMONb30BaThb
pacTBOpbl, coaepalume GTOpUA-UOHbBI, a TaKXKe BellecTBa, obpasytoLime nieHkn Ha MeMbpaHe 3neKkTpoaa.
B HEBOAHbIX pacTBOPUTENSX HEMb3S MCMOMb30BaTb 3/IEKTPOALI B NIAaCTMAacCOBOM KOPMYCE U 3NeKTpoabl C
nnacTuduUMpoBaHHbIMM MEMEpaHaMK, Tak Kak OHM pacTBOPSIIOTCS.

e  TutpaTtop ATI-02 He NpeAHa3Ha4yeH ANs KYJIOHOMETPUYECKOrO OnpeaeneHus Boasl no Kapny du-
wepy.

O6wme peKkoMeHaauum No KomnaeKktaumm tutpatopa ATM-02
BbasoBbitt KomnaekT ATM-02

BazoBbi koMnnekT ATM-02 npeaHasHayveH ANs NPOBeAEHUs] KUCIOTHO-OCHOBHOMO TUTPOBaHUS B BOA-
HbIX pacTBopax B uHTepsane pH 0—12 npu TemnepaType 0—40°C. OH BKJIIOYaeT B cebsi creaytoLme KoMmo-
HEHTbI:

e  Bnok TntpoBaHus

e bilopeTka o6bemoM 20 mn

e  MarHuTHas Melasnka

e SKOpb ANt MarHUTHOM MeLLasIKK

e JKuakocTHoM TpakT (3 kanunnispa u HOCKK)

e KOMBWHMpOBaHHEIN anekTpoa ans pH-mMeTpun ans paboTel B MHTepBane pH 0 — 12 npu TemnepaTy-
pe pactsopos 0—-40°C

e  TepMOMeTp CONpPOTMBIIEHNS
WTaTtus
MporpammHoe obecneveHune “Titrate” ans pabotel B cpeage WindowsXP
Kabenb ans noakntoyeHns K komnbioTepy (nopt RS232)

[OwnckeTa c dainom perucrpaumm 6510ka TUTPOBaHUS

M3meHeHMe 6a30BOro KOMNaeKTa

B 3aBMCMMOCTM OT UCNOMNb3YEMOI METOANKUN B CTaHAAPTHbIM KOMMAIEKT MOTyT 6bITh BHECEHbI CYLLECT-
BEHHblE U3MEHEHUS:

e  3aMeHa KOMBUHMPOBAHHOIrO 3nekTpoAda Ans pH-meTpuu Ha apyrue anekTpoabl (pekoMeHaaumm no
noabopy anekTpoaos CM. B pa3gene «CTaHAapTHble KOMMNeKTaumm»).

e  3aMeHa KOMBMHMPOBAHHOIO 3MeKTpoAa AN pH-MeTpuu Ha napy 31eKTpoAoB — B CllyYae KUMCNoT-
HO-OCHOBHOIO TUTPOBaHUS B HEBOAHbLIX pacTBOpUTensx (aHanu3 HedpTenpoayKToB, Macen, CMa3ok).

e  3aMeHa 6topeTku ¢ 20 Ha 50 MN — ecnn 3KBMBANIEHTHbIN 06bEM TUTpaHTa cocTaBnsieT 20 - 50 Mn u
6onee nnv HopMaTMBHbIE AOKYMEHTbI TPebyIoT npuMeHeHus 6topeTku Ha 50 M.

[ns KOppekTHON KoMMeKTaumm npnbopa yaobHO NOy4YnTb OT K/IMEHTA OTBET Ha 4 Bonpoca (CM. cxe-
My). KpoMe Toro, »enaTenbHO MMEeTb NoAPO6HOE OnucaHue MEeTOAMKU WUAN HOPMAaTUBHbLIA AOKYMEHT, Mo
KOTOpOMY paboTaeT KIMEHT. DTO AaeT BO3MOXHOCTb MPaMOTHO NPeANOXUTb AONONHUTENbHbIE NPUHAANEX-
HOCTW, O CYLLEeCTBOBaHMM KOTOPbIX KIMEHT, KaK NpaBusio, He NoAo3peBaeT.

Kpome TOro, BO MHOrmMx HOpMaTUBHbLIX AOKYMEHTaX HeT YNOMWHaHMA O BO3MOXHOCTWU MOUCKA TOUKM
SKBMBAJIEHTHOCTN MOTEHUMOMETPUYECKMM METOAOM. [T03TOMY KIMEHTY HeobXoAMMO pas3bsACHUTL (NpeaBa-
pUTenbHO B 3TOM YbeaAuBLUUCE), YTO ero MeToaMka MOXeT bbiTb peanusoBaHa ¢ nomoulbio ATM-02. K Tomy
)K€ TOYHOCTb pe3ynbTaToB 6yAeT nydlle, YeM Nnpu TUTPOBAHMM C MHAMKATOPAMK, Tak Kak owmbka TUTpoBa-
Hus y ATI-02 3HauMTeNbHO HUXe (3a CYEeT TOro, YTO NOyYaeTCs BCS KpuBasi, KoTopasi NoToM anddepeHum-
pyeTtcs).
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Kakasi peakumsi NnexxuT B
OCHOBE TUTPOBaHuS? / \ Bbi6op
ME— 3/1eKTPOA0B

_______________

\ 4

B kakoM pactesopuTene
n OMCXOLI,I/E)T TVITpraHVIe? KoppekTuposka
P ’ BblbOpa 3neKkTpo-
AoB
A 4
KakoBbl yCNnoBusi TUTPOBa-
Hus ( IX| TeMmnepa : a ‘ A KOppeKkTvpoBKa
’ \
PT, patyp i y___—» Bblbopa anekTpo-
pacTBopa, Hann4iue apy- \ ; 1108
MMX KOMMOHEHTOB B pac- N 2
TBOpE)?

\ 4

KakoB3KBMBaNeHTHbIN 1-19mn }—»{ bropetka 20 mMn
o6beM TuTpaHTa?
19-50 mn (M6oneeD—> BiopeTka 50 mn

Puc.4. Cxema Bbibopa 3n1ekTpoaoB n o6beMa bropeTku

N N oY Y

JonosHunTeNnbHble NPUHAANEKHOCTH

e  CMeHHble 610peTKN U XXMAKOCTHbIE TPaKTbl — AN paboTbl C HECKONbKUMU TUTPAHTaMMU Ha OAHOM
TUTpaTope.

. ByTblnb Ang TuTpaHTa o6bemMoM 1 nnmn 2 nutpa. Ans hoToXMMMYECKN HECTOMKMX TUTPaHTOB (Ha-
npvMep, 4Ns pacTBOPOB NepMaHraHaTa Kanus) HyXHbl 6yTbiIv U3 TEMHOIO CTEKNa.

e  CrakaHbl XMMMYecKne — 06 bEM M KOJTMYECTBO 3aBUCAT OT TPEOOBaHWUIA METOANKM.

e [lucneHcepbl «AKBacTen» — Ana A03MpPOBaHMsA COMYTCTBYIOWMX pacTBOpPOB (Hanpumep, Ans seeae-
Hus B Npoby 6ydepHoro pacteopa unu anst pasbasneHns Npobbl BOAOKW A0 3aAaHHOro obbeMma).

e [lvneT-po3aTopbl —B3aMeH NuNeTkM Mopa ans 0Tbopa anNMKBOTLI aHaIM3nPyeMoro pacTeopa.

e  CraHgapT-TUTpbl — ANS NPUroTOB/IEHUS CTaHAAPTHLIX PacTBOPOB, B TOM uucne 6ydepos ans pH-
MeTpun (cM. Tabnuuy).

e [lpoMbiBanka nonnatuneHosas — o6bemMom 500 M ANS NPOMBIBKM 3/1EKTPOAOB, TEPMOMETPA U
HOCMKa XXWAKOCTHOMO TpakTa.

e Skops ANs MarHMTHOM MeLlanku.

e MarHutHas /IoByLUKa ANS AKOpEN.
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Ta6bnmua 6. ACCOPpTUMEHT CTaHA4apT-TUTPOB

N2 | HaumeHoBaHue N2 HaumeHoBaHue

1 Habop ans onpepeneHunst XecTkocTu 22 MarHuit cepHokucnblid 0,1N
BOAbI

2 A3zoTHas kncnota 0,1N 23 HaTtpuit rugpookucs 0,1N
3 AMMOHUI poaaHncTbii 0,1N 24 HaTtpui aByyrnekucnbivi 0,1N
4 AMMOHMI xnopucTbiii 0,1N 25 HaTtpuit cepHoBaTucTokmcnbiit 0,1N
5 AMMOHMI WaBeneBokmcnbili 0,1N 26 HaTpuit TeTpabopHokucnbiin 0,1N
6 Bapwuit xnopuctbin 0,1N 27 HaTtpuit yrnekucnoiit 0,1N
7 Habop ans pH-meTpun 28 HaTtpui xnopwctbiid 0,1N
8 Mop 0,1N 29 HaTtpuit wasenesokucnbin 0,1N
9 Kanwuit 6pomma-6pomat 0,1N 30 pH-meTpusa, Tun 1 (pH = 1,65)
10 Kanwuit 6pomuctbiii 0,1N 31 pH-meTpusa, Tmn 2 (pH = 3,56)
11 Kanuin 6pomHoBaTokucblin 0,1N 32 pH-meTpusa, Tun 3 (pH = 4,01)
12 Kanuit ruapookuck 0,1N 33 pH-meTpusa, Tun 4 (pH = 6,86)
13 Kanuit aByxpomoBokucbiid 0,1N 34 pH-meTpusa, Tun 5 (pH = 9,18)
14 Kanui xxenesocuHepoauncTbiii 0,1N 35 pH-meTpus, Tun 6 (pH = 12,45)
15 Kanui noguctoiii 0,1N 36 CepHas kucnota 0,1N
16 Kanuit nogHosaTokucnbin 0,1N 37 Conb Mopa 0,1N
17 Kanuit MapraHuoBokucnbiii 0,1N 38 ConsHaga kucnota 0,1N
18 Kanuit poaaHuctsiit 0,1N 39 TpunoH B 0,1N
19 Kanuit xnopuctbiin 0,1N 40 YkcycHas kucnota 0,1N
20 Kanuit xpomoBokuchblin 0,1N 41 LLlaBenesas kucnota 0,1N
21 Kanuin wasenesokucnbiit 0,1N 42 duTapHasa kucnota 0,1N

ABTOMaTM3MpOBaHHaﬂ YCTAHOBKa <« Kanna»

ABTOMaTU3NPOBaAHHas yctaHoBka “Kanna” npeaHasHaveHa ans onpegeneHuns dumcna Kanna B npobax
uennonossl u nonyuennionossl no NOCT 10070-74 (MCO 302-81).

Yncno Kanna xapaktepusyeT cTeneHb npoeapa (aenvrimdukauumn) uennionos u nonyuennonos. Metog
OCHOBaH Ha OKUCIIEHWU JIMTHMHA NepMaHraHaToM Kanus v nocneayowmnM NogOMETPUYECKOM onpeaeneHum
€ro pacxopa.

B xofe aHanu3a ogHa HaBecka Lennionosbl AMCNeprupyeTcs B BOAE C NOMOLbIO Mewanku. TutpaTtop N9
[O3UpYeT B NONy4YeHHYIo npoby cepHylo KuUCnoTy, Tutpatop NP — pacTBop nepMmaHraHata kanus. CMmecb
BbIAEPXXMBAIOT B TedeHne 10 MUHYT ANs OKUCNeHUs NrHnHa. 3aTteM Tutpatop ao3mnpyeTt pacTtBop noamaa
Kanus, nocne yero TuTpaTtop MR OTTUTPOBBLIBAET BbIAENMBLUMIACA MOA PacTBOPOM TUOCyNbdaTta HaTpusl.
MapannensHO BO BTOPOW HaBecKe Lesiofio3bl onpeaensioT BAaXHOCTb. 10 OKOHYaHWM 06ovx aHann3oB
nporpaMMa paccunTbiBaeT cogepxaHne nurdnHa (umncno Kanna) B cyxow uenntonose.

YcraHoBka «Kanna» cocTouT u3 YyeTbipex 610Kk0B TUTPOBAHWUS U aHanu3aTopa BAAXHOCTU, NOAK/OYEH-
HbIX K MepCOHanbHOMY KOMMbIOTEPY, U YNPaBAsSETCS C MOMOLLbIO NporpaMMHoOro kommnnekca “Kappa-1.0" B
cpepe WindowsXP.

ba30Bbli KOMMIEKT YCTaHOBKMU «Kanna» BK/alovaeT B ceb6s cnegywume KOMNOHEHTbI:

Bnok TuTpoBaHusa — 4 wr.

AHanusatop BnaxHocTtu AB-50

Mewanka

MepcoHanbHbIl KOMMbIOTEP C NMPUHTEPOM

Pacwmputens COM-nopTtos

MporpamMMHbI komnnekc “Kappa-1.0” ans pabotbl B cpeae WindowsXP
OvckeTa c dhannom peructpaumm 6noka TMTPOBaHUS

SneKTpoa NMaTUHOBLIN

DneKkTpoa XnopcepebpsiHbiii
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CtaHpgapTHble kKoMnnektauum ATI-02

Onpepense- Peakuma SNIEKTPOARI o
O6nactb o Bup, ’ (MHAMKaTOPHbIU/ Tpe6oBaHusA HopmaTtuBHbIe
NnpMMeHeHUA MbIu TUTPOBAHMA iexatyan B ocHoge 3/IeKTpOj CpaBHe- K 3/IeKTpogam LOKYMEHTbI
napameTp TUTPOBAHUA HUA)
1 2 3 4 5 6 7
JKonorus. KOMBUHNPOBaHHbI
Boabl nuTbe- KncnoTHo-oCHoOBHOE anekTpon nubo napa
Bble, NpMpoa- KUCTOTHOCTD TUTpOBaHue A0 3a- H'+OH=HO CTeKNAHHbIN/ 3 3M1EeKTPOAOB.
Hble, CTOYHbIE AaHHOMo 3Ha4YeHus 2 xnopcepebpsiHbin MOXHO MCMNOMb30BaTb
pH 3M1eKTpoabl B naacTmac-
COBOM Koprnyce
KoM61HMPOBaHHbIi NHO © 14.1:2.242-07
KncnoTHo-ocHOBHOe anekTpopa nmbo napa
LLleNouHOCTS TUTpOBaHWe A0 3a- OH + H = HO CTeKNAHHbIN/ 3 3M1EeKTPOAOB.
AaHHOMO 3Ha4yeHus xnopcepebpsiHbin MOXHO MCMNOMb30BaTb
pH 3NeKTpoAbl B nsacrMac-
COBOM Koprnyce
KoMOWHMpPOBaHHbI FOCT P52407-2005
anekTpopa n1Mbo napa TUTpOBaHMe
06 ] KOMM1eKCOHO- Ca® + HY* = CaH Y KanbLnii- 3NEKTPOAOB. C UHAMKATOPOM
Lwas »ect 5 , o dnekTpoa Ha obulyto
KOCTb METPUtieckoe Mg™ + HY*"=CaHy | Conexmenbi/ XECTKOCTb MMEET MeHb-
TUTpOBaHue 2 2 xnopcepebpsiHbIn
LY YyBCTBUTENBHOCTD,
yeM KanbLuun-
CENEKTUBHbLIN 3/1eKTpoa
nHO ® 14.1:2.19-95 —
XMK OkucnuTenoHo- CrO %+ 6Fe” + 14H" = . KOoMBUHMPOBaHHbI NOTEHUMOMETPUHE-
(BuxpomaTtHas BOCCT@HOBUTENbHOE e+ 20r% fnaruHoBbIN/ o anekTpopa nmbo napa CKOE TUTPOBAHWE,
OKMCSIEMOCTb) TUTpOBaHue oFe”+ 2Cr+ 7H20 XNOpCepeopsHbLIl 3NeKTpoaoB MHA @ 14.1:2.100-37
TUTpPOBaHMe CMHANKA-
TOpPOM
MNepmaHraHaT- OkucnuTensHo- 5CZO4Z'+ 2MnO," + o KoM61HMpOBaHHbIN NHA ® 14.2:4.154-99
Hasi OKUC/Isie- BOCCTaHoBuTENbHOe | 16H"= 2Mn*" + 10CO T Mnaturosbi/ 3MeKTpoA Nnbo napa TUTpOBaHWe
MOCTb TUTpOBaHWe + 8H,0 XNOpCepeopsiHbLIl 3NEeKTpoa0B C MHAVUKaTOpPOM
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2 3 4 5 6 7
o nHO ©
OkuncnuTensHo- MnaTUHOBbIN/ KoM6WHMpOBaHHbIN 14.1:2:3:4.123-97
BrNK BoccTaHoBuTenbHoe | L+ 25,0, = 2I'+ §0° o anekrtpoA nnbo napa | _ T -
TUTDOBaHME xnopcepebpsiHbin SNEKTPOLIOB TUTpOBaHMe
P P C UHANKATOPOM
CopepxxaHune . NnHO © 14.1:2.101-97
aCTBOPEHHOIO OkucnurensHo- 2 » | MnatuHoBbIN/ KoMbuHIpoBaHHb/ TUTpoOBaHue
Emcno o1 1o BOCCTaHoBuTeNbHoe | L+ 2S,0,7=2I'+ SO~ XI10DCEDEBDSHBI anekTpos nnbo napa
POA TUTpOBaHMWe pCepebp 3M1EKTPOAOB C IHANKATOPOM
BuHknepy
. KoM6UHMPOBaHHbIii NMHO ® 14.1:2.206-04
CopepxxaHue KMCNOTHO-OCHOBHOE | O+ H*= H O CTeknaHHbIN/ 6
obuiero a3oTa TUTpPOBaHue 2 XnopcepebpsiHbIi SNIEKTPOA b0 Napa
3N1EeKTPOA0B
KoM61HMPOBaHHbIi FOCT 4245-72,
anekTpog nmbo napa NHO ® 14.1:2.96-97
CoagepxaHue OcagutencHoe Ol + Ag" = AaClL CepebpsiHblit/ 3/1eKTPOAOB. TUTpOBaHue
X10puaos TUTpOBaHME 9 =A9 xnopcepebpsiHbii DNeKTpoA CpaBHeHMs C UHANKATOPOM
3anN0JHAKOT pacTBOpPOM
HUTpaTa Kanus
KncnoTHo-ocHoBHOE . NMHO ®©14.2.99-97
CoaeprxaHne HCO *+ H'=CO T + o KoMb1HMpOBaHHbIN
TUTpOBaHWe A0 3a- s 5 CTeknsHHbIN/
rApokapboHa- AHHOro 3HayeHus H.O XnopcepebpsiHbiv 3MEKTPOA N0 napa
TOB gH 2 PCEpELP 3N1eKTpoaoB
CopaepxaHue KOMBGWHNPOBaHHbIM
cepoBogopoda, | OkucnutenbHo- T anekTpopa n1Mbo napa
rmapocynbu- BoccTaHoBuTenbHoe | L+250. 7 =2I'+50° ODCEDEBDAHL 3NEeKTPOJ0B
[0B U cynbdu- TUTpOBaHue PCEPEDP
[0B
CopepxxaHune OkncnnTenbHo- ) . - | NnatuHoBsIii/ KoMOUHMpPOBaHHbI MHO © 14.1:2:4.163-
cynbduT- 1 TMo- | BoccTaHoBuTenbHoe | 250 +1=50"+21 CTODCEDEBDAHLI anekTpoa nmbo napa 2000 TUTpOBaHMWe
cynb@aT-MoHOB | TUTPOBaHMWe PCEpEDP 3/1eKTPOA0B C UHANKATOPOM
KoM6UHMPOBaHHbIA rOCT 18190-72
OkucnuTensHo- o !
CopepxxaHune BOCCTaHOBUTeNbHOE | L+ 252032.= o + Ssoz MnatuHoBbLIN/ } anekTpoa nMbo napa NnHAO ® 14.1:2.113-97
aKTUBHOro Xnopa xnopcepebpsiHbIn 3N1eKTpoaoB TUTpOBaHWE
TUTpOBaHue C MHANKATOpPOM
CopepxxaHune OkucnuTensHo- MnaTuHoBbIA/ KOMBGUHNPOBaHHbI FOCT 18301-72
OCTaTO4HOro BoccTaHoBuTenbHoe | L+ 25,07 =2+ §0O” XI1ODCEDEBDSIHbI anekTpog nnbo napa TUTPOBaAHWE C NHANKA-
030Ha TUTpOBaHue PCEPELP 3NeKTpoaoB TOPOM
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1 2 3 4 5 6 7
CBuHeu- KOMBGUHNPOBaHHbI P 52.24.453-95
Eoﬁ:qggf:swe ?:f Slivine SO, +Pb"=PbSO | | cenextusHbiii/ 31eKTpoA M60 napa
Y P XnopcepebpsiHbIl 3N1EeKTPOJOB
konorus. CopepxkaHue KUCIOTHO-OCHOBHO® 5 FOCT 26424-85
MouBbl NMOHOB KapboHa- TUTDOBAHME 110 3a- - Cre 7/ KoM6WHMpOBaHHbIN
Ta 1 bukapboka- aHzoro 3Hafl|e|-m9| OR+H=HO x;oKngggMﬂHbm SN1EKTPOA 76O Napa
Ta B BOAHOMW Bbl- .uH PCEPELP 3M1eKTpoaoB
TSHKKE P
KoM61HMPOBaHHbIi FOCT 26425-85
Conepsanme anektpog nmbo napa
moﬂapxno wna B OcaputensHoe Cl+ Ag* = AaCIL CepebpsiHblii/ 3N1eKTpPOAOB.
BOGHOI BElTﬂ)KKe TUTpOBaHue 9 =19 XnopcepebpsiHbii DneKTpoa CpaBHeHMUS
3aN0JHAKOT pacTBOPOM
HUTpaTa Kaaus
2konorusl. KncnoTtHo-0CHOBHOE KOMBUHUDOBAHHbIH nHa ©
Teepable u LLlenouHOCTb TUTpPOBaHWe A0 3a- OH+H'=HO CTeKNAHHbIN/ 3ne|<TponpnM60 napa 16.2.2:2.3:3.31-02
XXNAKNE oTXoapbl AAHHOro 3HayeHus 2 XnopcepebpsiHbiv SNEKTPOAOB
Npov3BOACTBA U pH P
notpebnenus, KOMBGWHNPOBaHHbI nHO ©
ocajku, wna- anektpog nubo napa 16.2.2:2.3:3.28-02
Mbl, aKTUBHbIN CogepxaHue OcagutenbHoe 2CI + Hg* = HgCl 4 CepebpsiHblii/ 3/1EKTPOAOB. TUTpPOBaHMe
Wn, AOHHBIE OT- | xnopnaos TUTpoBaHue 2 xnopcepebpsiHbIi DNeKTpoA CpaBHEHMS C MHONKATOPOM
NnoxeHwns 3anoHAT pacTBOPOM
HUTpaTa Kanus
CopepxaHue OKNCTTENBHO- KoMOUHMPOBaHHbI MHAO © 16.1:2.2:3.16-
MbllUbsIKa B BOCCTaHOBMTENbHOE | 2507+ 1=2I+S0O* MnaTuHOBBLIN/ 5 anekTpog nmbo napa 98 TuTpoBaHue
TBEPAbIX Cbiny- 23 2 46 xnopcepebpsiHbIn 3N1eKTpoaoB C MHAMKATOPOM
TUTpOBaHue
4Ynx MaTepuanax
2Konorwusl. CopepxxaHune nHA ©13.1.52-06

ATMocdepHbIi
BO34YX W BO34YX
pabouei 30HbI

eaKuX Lenoyen
n kapboHaToB
(cymmapHO) B
ra3oBbIX Bbl6poO-
cax

KncnoTHO-0CHOBHOE
TUTpOBaHMe

OH+H'=HO

CTeKNAHHbIN/
XnopcepebpsiHbii

KoM6UHMPOBaHHbIA
anektpog nubo napa
3NeKTpoaoB
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2 3 4 5 6 7
CopepxxaHune MHA® 13.1.34-02
ceposoopoja u i o
MeTuaMepKan- OcaguntencHoe TUT- Cyneduncepedps KOMBMHUPOBAHHLIM

TaHa Bnapora-
30BbIX Bblbpocax

poBaHue

S"+ 2Ag* = Agzsi

HbI/
XnopcepebpsiHbIi

anekTpoa nubo napa
3N1EeKTPOAOB

npeanpusTUin

CopnepxkaHune MYK 4.1.593-96

aMUHOMEHUNYK- K ) ) C i/ KOMBUHNPOBaHHbI

CYCHO KUCNOTBI WCNOTHO-OCHOBHOE | H* 4 OH = HO TEKNAHHBIA/ anekTpoa nnbo napa

B aTMOCEPHOM TUTpOBaHME XnopcepebpsiHbIv ANEKTPO/IOB

BO3AyXe.
MYK no TutpumeTpu-
YeCKOMy M3MepeHUIO
KOHLIEHTPaUMI LUMaHa-

CoagepxaHue ) KOMBMHUPOBAHHBII Ta HaTpus B BO3AyXxe

uMaHaTa HaTpus | KUCNOTHO-OCHOBHOE | OH + H'= H O CTeKNsIHHbIN/ aNeKTPOR NNBO Napa paboyen 30HbI

B BO3AyXe pabo- | TuTpoBaHue 2 XnopcepebpsiHbii 3NEKTPO/I0B MNpuka3 MasHoro

yen 30HbI. rocyaapCTBEHHOI0
CaHWTApHOro Bpaya
CCCP o1 10.10.1991 N
6019-91
MYK no namepeHuio
KOHLIeHTpauuit 6po-
Muaa Kanus NoTeH-

KoMOWHMPOBaHHbI HMOMETPUHECKUM
CopepxkaHue Bpomua- anekTpog nmbo napa TUTPOBAHWEM € VOH-
6pomupaa kanus | OcagutensHoe . . CENEKTUBHbIN 3MeK- | 3/IEKTPOAOB. CENEKTMBHbIM SNIEK-
Br + Ag* = AgBrl TPOAOM B BO3ayxe
B BO3Ayxe pabo- | TutposaHue Tpoa/ DNeKTpoA CpaBHEHMS

yen 30HHbI.

xnopcepebpsHblii

3anosiHSI0T pacTBOPOM
HWUTpaTa Kanus

paboyei 30HbI.

MNpuka3s naBHOro
rocyaapCTBEHHOro
CaHUTapHOro Bpaya
CCCP 01 12.12.1988 N
4901-88




1 2 3 4 5 6 7
KOMBGWHNPOBaHHbI MYK 4.1.0.396-96
anekTpoa nnbo napa

Conepxarine 3N1EeKTPOAOB.
rnApoxnopnaa Henb3s npuMeHaTb
Tpu(okcnumeTtun) | OcaguTensbHoe . N CepebpsiHbiii/
Cl'+ Ag* = AgCl o 3M1EKTPOAbI B niacTMac-
aMVHOMEeTaHa B | TUTpOBaHUe xnopcepebpsiHbIn
COBOM Kopnyce.
BO3ayxe pabo- 5
el 30HbL. NeKTPoA CpaBHEHUS
3anonHaT 1M
(NH,),SO,
Muwesas npo- KoM6MHMpPOBaHHbIN FOCT 3624-92
MbILLJIEHHOCTb KncnoTtHocTb KncnoTHo-ocHOBHOe anekTpog nmbo napa
MOJIOKa U MO- TUTpPOBaHue A0 3a- H'+OH=HO CTeKNsHHbIN/ 3NEeKTPOoJoB.
2

NOYHBIX NpOAyK-
TOB

JAaHHOro 3HayeHus
pH

XnopcepebpsiHbii

Henb3a npuMeHaTb
3/1eKTPOAbI B niacTMac-
COBOM Kopnyce

KOMB6UHNPOBaHHbIM
anekTpoa nMbo napa

FOCT 3627-81
TUTpOBaHMe

OcagutencHoe Ag'+ SCN = AgSCN{ CepebpsHbin/ 5/1eKTPOAOB. C UHANKATOPOM
CopepxxaHue TUTpOBaHne Cl'+ Ag* = AgCl xnopcepebpsiHbIi DNeKTpos CpaBHEHUs
XJIOpUCTOro Ha- 3anN0JHAIOT pacTBOpPOM
Tp1s B MOSIOY- HUTpaTa Kanus
HbIX MPOAYKTax KnucnotHo-ocHoBHOE o FOCT 3627-81
o KoM61HMpOBaHHbIN
TUTpPOBaHMeE A0 3a- H'+OH=HO CreknaHHbIn/
X N anektpog nubo napa
AAHHOro 3HayeHus xnopcepebpsiHbIn
pH 3M1eKTPOAOB.
CopepxkaHune KOMBGWHNPOBaHHbIM FOCT 23327-98
obuiero azoTa KncnoTHo-oCHOBHOE anekTpoa nmbo napa
no Keenbganion | TMTPOBaHWe A0 3a- OH+H'=HO CTeKNSIHHbIN/ 3/1eKTPOAOB.
6enka B MOJIOKE | AAHHOMO 3Ha4YeHus 2 XnopcepebpsiHbii Henb3s npuMeHsiTb
N MOOYHbIX pH 3N1eKTpoabl B naacTmac-
npoAyKTax COBOM Kopnyce
KoM6UHMPOBaHHbIA OCT 25179-90
KncnoTHo-0CHOBHOE anekTpoa nubo napa
CopepxaHue TUTpOBaHWeE [0 3a- H'+OH=HO CTeKNsHHbIN/ 3/1eKTPOAOB.
2

6enka B MoJsioke

[JaHHOro 3HayeHus
pH

xnopcepebpsHblii

Henb3a npuMeHaTb
3M1eKTpoabl B naacrMmac-
COBOM Koprnyce
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2 3 4 5 6 7
KOMBGWHNPOBaHHbI FOCT 30637-99
[lBa KMCNOTHO- I anekTpoa nmbo napa
PackucneHue OCHOBHbIX TTpoBa- | OH+H =HO CTeKNSHHbII/ 3MeKTPOAOB.
MoJIoKa HWA 10 3a1aHHOrO H+OH=HO xriopcepebpsHbiii Henb3s NpuMeHsTb
3HayeHus pH 3MEeKTpoAbl B nnacTmac-
COBOM Koprnyce
KucnoTtHo-ocHoBHOE o FOCT 24065-80
CopnepxkaHue TUTpOBaHMe A0 3a- + - CTeKNAHHbIN/ KoMEHHUPOBaHHLIM
H"+OH=HO . anekTpoa nmbo napa
coAbl B MOJIOKe [AAHHOro 3HaYeHust XnopcepebpsiHbIi
pH 3N1EeKTpoaoB
KoM6UHMPOBaHHbIi MOCT P51331-99,
KncnoTHo-oCcHoBHOE anektpog nmbo napa FOCT 51455-99
TuTpyemas Ku- "
CHOTHOCT Fi0- TUTpPOBaHue A0 3a- H'+OH=HO CreknsiHHbIN/ 5 3N1EeKTPOAO0B.
VDTOB [AHHOro 3HaYeHus 2 xnopcepebpsiHbIi Henb3s npuMeHsTb
P pH 3NeKTpoAbl B NnacTmac-
COBOM Kopryce
KUCTIOTHOCTE KOMB6UHNPOBaHHbIM FOCT 30305.3-95
KNcnoTHO-0CHOBHOE anekTpoa nmbo napa
MOTIOHHBIX Cry= TUTPOBaHME A0 3a- - - CTeKNsIHHbIN/ 3NEeKTPOAOB.
LEHHbIX KOHCEp- H'+OH'=HO

BOB M MOJIOYHbIX
CyXVX MPOAYKTOB

JaHHOro 3HayeHus
pH

xnopcepebpsiHbIi

Henb3a npuMeHaTb
3/1eKTpoAbl B niacrMac-
COBOM Kopnyce

CopepxxaHue
caxapoB B MoO-
NTOYHbIX KOHCEP-
Bax

OkncnuTenbHo-
BOCCTAHOBUTE/IbHOE
TUTpPOBaHue

L+2S,07=2I+S0"

MnaTtuHoBbIN/
XnopcepebpsiHbil

KoMOUHMpPOBaHHbI
anekTpog nubo napa
3MEeKTPOAOB

FOCT 29248-91
TUTPOBaHWe
C MHANKATOPOM

KoM6UMHMPOBaHHbIi

OCT 30648.4-99

KncnotHocTb KncnoTHo-ocHoBHOE anektpog nubo napa
MOJIOYHbIX MPO- TUTpOBaHME [0 3a- H'+OH=HO CTeKNsAHHbIN/ 3NeKTPOoAOB.
AYKTOB ANs AeT- | AaHHOro 3HayeHus 2 xnopcepebpsiHbIi Henb3s npuMeHaTb
CKOro nnuTaHus pH 3MEeKTpoAbl B njacTMac-
COBOM Kopnyce
CopepxaHue KOMBWHMPOBaHHbI 3n1ek- FOCT 30648.2-99
o6Luero 6enka B KncnoTHO-OCHOBHOE y Tpoa nMbo napa 3neKTpo-
MOMOYHBIX MPO- TUTPOBaHMe A0 3a- OH+ H* = H2 0 CreknsHHbIN/ J10B.

AyKTax anagert-
CKOro NnTaHus

[aHHOro 3Ha4yeHus
pH

xnopcepebpsHblii

Henb3a npuMeHsTb 3neK-
Tpoabl B MacTMaccoBOM
Kopnyce
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2 3 4 5 6 7
CopepxaHue ca- KOMBUHNPOBaHHbI FOCT 30648.7-99
Xapo3bl B MONo4- | OKMUCIIUTESIbHO- MnaTUHOBbI/ anekTpoa nmbo napa TUTpoOBaHue
HbIX NPOAYKTax | BoccTaHoBuTenbHoe | L+ 25,0."=2I+S§0” KIODCEDEB Db 3NeKTpoAoB C MHAMKATOPOM
ANS AETCKOro nu- | TUTpoBaHue pcepebp

TaHU4d

CBoboaHas Ku-

K1UCNoTHO-OCHOBHOE

CTeKNAHHbIN/

KOM6UHMPOBaHHbIii

MOCT P 51468-99

CIOTHOCTb Kasewu- LQLE%??)HP’M;&ZH?Q H"+ OH = HO Xn0pcepepsHblii anekTpog nubo napa

HOB pH 3NeKTpoaoB

CopepxaHue 6enka| KncnoTHO-oCHOBHOE N CTeKNSIHHBI/ KoM61HWpoBaHHbIi FOCT P 51470-99

B Ka3euHax W ka- | TuTpoBsanue Ao 3apaH- | OH+H =HO . anekTpog nubo napa

3eMHaTax HOTO 3HaueHms pH XnopcepedpaHbIi 371EKTPOLOB

KncnoTtHocTb 1 Tonbko napa FOCT P 52110-2003,
KUCMOTHO® YMCo |\ o o oBHOE . ) CTeKASHHbIi/ 3/1eKTPOAOB. FOCT P 50457-92,
XXWBOTHbIX U pac- H+OH=HO Henb3s npuMeHsTb FOCT 8285-91,

TUTENbHbIX XXNPOB
n Macen

TUTpPOBaHue

XnopcepebpsiHbIi

3MeKTpoabl B niactMac-
COBOM Kopryce

FOCT 5476-80

MopHoe uncno OKUCAUTENbHO- n . KOMBMHMPOBaHHbIN FOCT 5475-69
pacTUTenbHbIX BoccTaHoBuTenbHoe | L+ 25,0, = 2I'+ §0° X;:TZ':OBQ W/ o 3neKTpoA nmbo napa TUTpOBaHWe
Macen TUTpOBaHue PCEPEOPAHEIN 3N1EKTPOAOB C MHAUKaTOpPOM
KOMBGWHUPOBaHHbI M OCT 26593-85,
Es%zg;:(éi::bi( OKUCNUTENbHO- MnaTHHOBbI/ anekTpog nubo napa FOCT P51487-99,
Maces M XXUBOT- BOCCTaHoBUTENbHOR | I, + 252032_: 20+ 5602' xnopcepebpsiHbIi 3NeKTpoaos FOCT 8285-91
TUTpOBaHME TUTpOBaHMe

HbIX XXNPOB

C MHANKaTOpPOM

Yucno ombineHus
pacTuUTesnbHbIX

KncnoTHO-0CHOBHOE

CTeKNAHHbIN/

TornbKO napasnekTpo-
[0B.
TeMmnepaTypa pacTBopa

FOCT 5478-90

Maces 1 Hary- TUTpOBaHWe O+ H=HO XnopcepebpsiHbii 90-95°C.
panbHbIX XUPHbIX Henb3a npuMeHaTb
Kncnot 3NEeKTpoAbl B niacrmac-
COBOM kopnyce
Tonbko Napa 371eKTPoAOB. FOCT 5480-59
Conep>kaHue Mbi- . TemnepaTtypa pacTtBopa A0
naﬁ; EaCTMTeJ'Ib- KnMCnoTHO-0CHOBHOE | o4+ H* = H2 0 CTeknsiHHbIN/ 90°C.

HbIX MacCaX

TUTPOBaHMe

XnopcepebpsiHbil

Henb3s npuMeHaTbL anek-
TpoAbl B M1acTMacCcoBOM
Kopnyce
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KucnotHo-ocHoBHOE Tonbko napa
KucnoTtHocTb TUTPOBaHWE 10 3a- + . CTeKnsHHbIN/ 3/IEKTPOAOS. rOCT P52179-2003,
p A H'+OH=HO . Henb3s NpyMeHsITb rOCT 976-81
MaprapvHa [AHHOro 3HaveHus 2 xnopcepebpsiHbIv SNeKTPOab! B MAaCTMac-
pH COBOM Kopnyce
KOMBGWHNPOBaHHbIM FOCT P52179-2003,
anekTpoa nMbo napa OCT 976-81
3N1eKTpoAoB. pn TUTPO- | TUTpoBaHWe
CopepxaHue . BaHuu no Codex Stan C UHANKATODOM
noBapeHHON Co- Ocapurenboe Cl+ Ag'= AgCll Cepe6pﬂi?m/ M 32-1981 Tonbko napa A P
71 B MaprapuHe TUTpOBaHue xnopcepebpsiHbin 31EKTPO/IOB.
DNeKTpoA4 CpaBHEHUS
3anoJHAKOT pacTBOpPOM
HUTpaTa Kaaus
CopepxaHue FOCT P52179-2003
KOHCEPBAHTOB
(6eH301iHOM KK- Tonbko napa
cnotbl, 6eH30aTa Kucnorho-ocHosHoe H'+OH=HO o 3N1EeKTPOAOB.
varoun, copou | TP tose | BTG | e | Honon mouverss
HOBOW KMCNOTHI, gH 2 pcepebp 3NeKTpoAabl B nnacTmac-
copbara ka- COBOM Koprnyce
nusa(Hatpus)) B
MaprapviHe
KncnotHoCTb KOMBGWUHNPOBaHHbI FOCT 26971-86,
3epHa, Kpynbl, anekTpopa n1Mbo napa FOCT 27493-87,
MyKu, oTpyben, KucnotHo-ocHosHoe y 3ﬂeKTEOﬂOB P FOCT 26312.6-84,
TOJIOKHA; KOMbM- TTPOBaHNe Ao 3a- H"+ OH = HO CreknsinHbIA/ o FOCT 13496.12-98
KOPMOB 1 KOM- ﬂiﬁHOFO3HaHeHMH xnopcepebpsiHbIv
6MKOpPMOBOIo P
Cblpbsi
CoageprxaHne KucnotHo-ocHoBHOE KoM6UHMPOBaHHbIA MOCT 10846-91
6enka B 3epHe U | TUTPOBaHWE A0 33~ | O + H'= H O CTeKnsaHHbIN/ anekTpoa nubo napa
2

npoaykKTax ero
nepepaboTkn

JaHHOro 3HaveHus
pH

xnopcepebpsHblii

3/1EeKTPOA0B
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06wwasn K1UcnoT- KoM6buHmpoBaHHbIi 3nek-| FTOCT 15113.5-77
HOCTb MULLEBBIX KncnoTtHo-0CHOBHOE Tpoa nméo napaanexkTpo-
KOHLIEHTPATOB U TUTpOBaHMWE 0 3a- H'+OH=HO CTeKﬂﬂHHbIVI/ [10B
2

CyXMXMpoAyKTax
AETCKOro U ANeTU-
YECKOro nNuTaHus

[aHHOro 3Ha4yeHus
pH

xnopcepebpsiHbIit

CopepxxaHune

KOMBUHNPOBaHHbIN 3neK-

MOoCT 15113.6-77

caxaposbl B nu- Sgg‘;gige;”b%rw o6 5Fez*+ Mn9; +8H"= | MpatuHoBbIN/ Tpoa b0 napasnekTpo-| TUTpoBaHue
UEBbIX KOHLEH- | " SFe™+ Mn™ + 4H O xnopcepebpsaHbIii [0B C MHAMKATOPOM
TpaTax P
CopaepxaHue KoM6buHMpoBaHHbI anek-| TOCT 15113.7-77,
NMoBapeHHON Co- Tpoa nnbo napaanekTtpo-| MOCT 5698-51
NN B NULLEBLIX OcannTEnbHOE CepeBpsHblil/ [0B. TUTpOBaHWe
KOHLIeHTpaTax, - ﬂosaHme Cl'+ Ag" = AgCll xng cg CBDSHbII SNeKTpoA CpaBHEHWS 3a-| C MHAMKATOPOM
xnebe n xnebo- P pCepebp NOJTHSAIOT PacTBOPOM HUT-
6ynoyHbIx nsge- paTa Kanus
nnax
KnucnotHocTb KoM6uHupoBaHHbIl anek-| NTOCT P51865-2002,
MaKapOHHbIX, KucnotHo-ocrosHoe o Tpoa nnbo napaanekTtpo-| FTOCTP52377-2005,
Xne606ynoUHbIX TUTPOBAHWE 210 3a- H'+OH=HO CrexnsHHbIn/ [0B rOCT 5670-96
2 i 4
M KOHOUTEPCKUX gla_|HHoro 3SHa"EHnA XNOPCEPEBPsHbIN FOCT 5898-87
nsgenuin
LLlenouHOCTb KncnoTHo-0CHOBHOE KoM6buHMpoBaHHbIM anek-| FTOCT 5898-87
TUTpoOBaHWe A0 3a- L H = CTeKnsHHbIN Tpoa nnbo napaanekTpo-
KOHAMTEPCKMX OH+H =HO y
o [AAHHOro 3Ha4YeHus 2 xnopcepebpsiHbiv f0B
nsgenuu pH
Egggg”ﬁa;;e TonbKo napasneKkTpozaoB. FOCT 30364.1-97
A KncnoTHo-ocHOBHOE | L+ o = H O CTeKnsHHbIN/ Henb3a npuMeHaTb snek-
XXUPHBIX KNCOT B = "
TUTpoBaHme 2 xnopcepebpsiHbin TpoAbl B N1acTMacCcoBOM
AWYHBIX NPOAYK- Kopryce
Tax
KncnotHo-ocHOBHOE KoMbuHunpoBaHHbIi anek-| FTOCT 30004.2-93-2
KncnoTtHocTb TUTpOBaHue A0 3a- OH+H'=HO CTeKNsIHHbIN/ Tpoa Nnbo napasanekTpo-
MailoHe30B [AAHHOro 3HaYeHus 2 XnopcepebpsiHbii [10B
pH
ConepmaHme Oca o 0e C 6 V/ KOgIﬁI/IHMpOBaHHbIl‘/'I 3NeKTpoa FOCT 30004.2-93-2
. aAnTenbH . +_ epeodpAaHbIn nmbo napa 31eKTpoAoB. Jnek- TUTDOBaHME
MoBapeHHow co- | i oo o Cl'+ Ag" = AgCll XOPCepeBpSHbI TPOR CpaBHEHIS 3ANONHIOT p

N B ManoHese

PacTBOPOM HUTPaTa Kanna

C MHANKATOpPOM
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KncnoTHo-oCHOBHOE KoMOUHNPOBaAHHbIA FOCT 23392-78
CBexecTb Msica | |/ TPOBaHne 0 33~ | H 'y OH'=HO CreknsHHbIA/ anekTpoA mbo napa
[AHHOro 3Ha4yeHus 2 xnopcepebpsiHbIn 3/1eKTPOA0B
pH
HedTterazopno- Tonbko napa FOCT 30050-93
6biBatoLLas o 3/1eKTPOAOB. (UCO 3771-77)
MPOMbILLJIEH- O6|_|_lee wenoy- CTeKﬂﬂHHbM/u Heobxoamm ConeBoi
HOCTb _ | KNCNOTHO-0CHOBHOE | O+ H*'= H O KasioMenbHbIN
HOE 4MCrIo Hed TUTpOBaHue 2 (wnwn xnopcepebps- MocTmK
TenpoayKToB HbIif) Henb3sa npuMeHaTb
31eKTpoabl B niacrMmac-
COBOM Kopnyce.
LLlenioyHble vnc- Tonbko napa roCT 11362'76,
na HedTenpo- KUCTIOTHO-OCHOBHOE - CTEKNAHHbI/ 3/1eKTPOAJOB. OCT 11362-96
AYKTOB, npuca- TTpOBaHMe OH+ H'= H 0] XNOPCepeBpsHbI Henb3s npuMeHsTb (NCO 6619-88)
[AOK 1 CMa304- 3n1eKTpoabl B naacTmac-
HbIX MaTepuanos COBOM Kopnyce.
KncnoTHble unc- Tonbko napa FOCT 11362-76,
na v K1ucnoT- 3N1eKTPoaoB. MOCT 11362-96
HOCTb HedTe- KMCnoTHO-O0CHOBHOE | 4+ 4+ OH'= H O CreknaHHbIn/ Henb3s npuMeHsaTb (NCO 6619-88)
NPOAYKTOB, NMPpU- | TUTPOBaHUE 2 xnopcepe6pﬂHb|17| 3MeKTpoabl B nnacrMac-
CafoK U CMa3oy- COBOM Kopryce.
HbIX MaTepu1anos
KoM6UHMPOBaHHbI FOCT 21534-76,
anekTpoa nubo napa ASTM D4929-04
3/1eKTPOAO0B.
CepebpsiHbiit B kauecTBe 3neKTpoaa
g;?ael-? :iiﬁﬁx OcaaunTenbHoe ) . (nOKpbLITbIiA CPaBHEHUS VICMONb3yoT
XNOPWAOE B Cbi- | TUTPOBaHME Cl'+ Ag" = AgCll X/10pnaom CTEKNSAHHBIN 371eKTPOA,
DOV HedTh cepebpa)/ Tak Kak BenuMyuHa pH

CTEK/IAHHbIN

pacTtBOpa B XoAe TUTPO-
BaHNA HE U3MEHAETCA, U
noTEHUMaN anekTpoaa
OCTA€ETCA NOCTOAHHbIM.
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NopHble uncna un
coaepxaHue He- )
npeaenbHbIX yr- OkmcnmTenbHo- DA » | MnaTuHoBbIN/ Tonbko napa rocT 2070-82

BoccTaHoButenbHoe | L+ 25,0,"=2I+S0 o TUTpOBaHWe
NeBOAOPOAOB B TMTPOBaHNE xnopcepebpsiHbii 3NeKTPoaoB C MHANKATOPOM
CBETNbIX HedTe-
npoaykTax
CopepxxaHue Tonbko napa FOCT 22387.2-97,
MepKanTaHOBOM 3NEKTPO/IOB. FOCT 22985-90,
n cepoeoaopoa- . Henb3s npuMeHsTb rOCT 17323-71,
HOI1 cepbl B Npu- OcapnTensHoe RSH + 2Ag” = Ag,S| + | Cynbdmacepe6ps- snekTpoabl B nnactmac- | FOCT P52030-2003
POAHBIX rOPIOUNX R*+ H* HbIN/ COBOM Kopnyce
rasax, Okwken- | 1/TPOBaHue S*+2Ag = AgZS~L xnopcepebpsHbIii
HbIX ra3ax 1 Ton-
nvBe Ans aBwra-
Tenem
5 OokucnnTenbHo- n o T
POMHOE UMCio | e TenbHOE L4+2S0%=20+50° NaTUHOBBIN/ 5 0NbKO Mapa ASTM UOP 304-90

yrnesoAopoaos | - pOBaHVE xnopcepebpsiHbIl 3MEKTPOAOB

LlenntonosHo-
6ymarkHas npo-
MbILLJIEHHOCTb

CocTaB Wenokos

KncnoTHO-OCHOBHOE
TUTPOBaHMe A0 Tpex
3aflaHHbIX 3HaYeHu
pH

OH+H'=HO
S“+H = HS
CO, +H"=HCO,
HS + H"=H ST

HCO+ H'=HO +
co, T

CTeKknsaHHbIN/
XnopcepebpsiHbIi

KoM6UHMPOBaHHbIi
anektpog nubo napa
3M1eKTPOAOB.

Henb3sa npuMeHsaTb
3neKTpoabl B naacTmac-
COBOM Kopnyce

MeToauka
Mapwuiickoro cdunuana
BHUUB
BHIMNO6yMmnpomMa

Yncno Kanna
(cTeneHb npoBa-
pa) Uensono3sbl
M Nonyuensono-
3bl

OKkucnnTenbHo-
BOCCTAaHOBUTENIbHOE
TUTpOBaHue

L+25,0,=2I+S0”

MnaTtnHoBbIN/
xnopcepebpsiHbIit

KoM6UHMPOBaHHbI
anektpog nubo napa
3NeKTpoaoB

FOCT 10070-74

OcTaToyHas Lwe-
JIOYHOCTb B
CTOYHbIX BOAAX

KncnotHo-ocHOBHOE
TUTpPOBaHMe Ao 3a-
AaHHOro 3Ha4yeHus
pH

OH+H'=HO

CTeKNAHHbIN/
XnopcepebpsiHbIit

KOMB6WHNPOBaHHbI M
anektpog nubo napa
3/1eKTPOAOB.

Henb3s npuMeHsTb
3N1eKTpoabl B naacTmac-
COBOM Kopnyce

MeToauka Mapuiicko-
ro ¢dmnuana BHUNB
BHMO6ymnpoma
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TonnueHo- KOMBGWHNPOBaHHbI Otpacnesoit HA
3HepreTuye- KucnoTtHo-ocHoBHOE anekTpoa nmbo napa
cKKmZ KOMMIEKC. LLleNouHOCTb TUTpOBaHue A0 3a- OH+H =HO CTeKNsIHHbIN/ 5 3/1EeKTPOAOB.

OHTpPOJIb BOA AaHHOMo 3HayeHus 2 xnopcepebpsiHbIn MOXHO MCNOMb30BaTb
Ha 3/71eKTpo- pH 31eKTpoabl B niacrMmac-
CTaHUMSX COBOM Kopnyce
KOMBUHNPOBaHHbI OTpacnesoit HA
KncnoTHo-oCcHoBHOE anekTpog nmbo napa
KUCTIOTHOCTb TUTpPOBaHWe 10 3a- H*+ OH = H2 0 CTeKNsHHbIN/ 5 3N1EeKTPOAO0B.
AaHHOMO 3Ha4yeHus xnopcepebpsiHbin MOXHO MCMNOMb30BaTb
pH 3/1eKTpoabl B niacrMmac-
COBOM Kopnyce
KncnoTHo-oCHOBHOE KOMBGWHNPOBaHHbI Otpacnesoit HA
CoagepxaHue TUTpOBaHWe A0 3a- OH+H'=HO CTeKNsiHHbIN/ anektpog nmbo napa
2

oblero asoTa

JAaHHOro 3HayeHus
pH

XnopcepebpsiHbIi

3MEKTPoAoB

OkncnnTenbHo- CrZO >4 6Fe’ + 14H" = MnaTUHOBbIIA/ KoMb1HMpoBaHHbLIN OTpacnesoun H
XMNK BOCCTAHOBUTE/IbHOE 6Fe§+ +2CP*+7HO N anekTpos nnbo napa TUTPOBaHWe
, xnopcepebpsiHbIn
TUTpOBaHUE 2/1eKTpoaoB C MHANKaTOpPOM
CoaepxxaHue OkucnuTenbHo- T KOMBGUHNPOBaHHbI OTpacnesoit HA
Kucnopoaa no BocCTaHoBuTenbHoe | L+ 25,07 =2+ §0” XI1ODCEDEBDSHBI anekTpoA nmbo napa TUTPOBaHWe
BuHknepy TUTpPOBaHNE pcepebp 3NEKTPOAOB C MHANKATOPOM
KoMOBUHMPOBaHHbI 31eKTPoz, OTpacnesoit HA
v nmbo napa 31eKTpoaoB.
»KaHU OcagutencHoe - 24 _ AHbIN
Conepxatne A 2CI'+ Hg™ = HgCl 2»1« Cepebp 6 / N DNeKTpoa CpaBHEHMUs! 3anos- TUTPOBaH1E
XN0opua-NoHOB TUTpOBaHue xnopcepebpsiHbIn HSIIOT PaCTBOPOM HUTpaTa Ha- | C MHAMKATOpOM
TpUs
KoMOUHMpPOBaHHbI OTtpacnesoit HJ]
anekTpoa nmbo napa TUTPOBaHME C UHAMKA-
o 5/1eKTPOAO0B.
KoMnnekcoHo- Ca*+HY* " =CaHY Kanbuun- poa TOpoM
0= 5 " dnekTpog Ha obulyto
XecTtkocTb MeTpuyeckoe Ma> + H Y*™ = CaH Y CenekTUBHbIN/
g ,0 = tan, . XKECTKOCTb MMEET MEeHb-
TUTpoBaHue xnopcepebpsiHbIn

LLYIO YYBCTBUTENBLHOCTb,
yeM KasnbLuit-
CENEKTUBHbLIW 3N1EKTPOJ
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KOMMNEKCOHO- N . Keneso- KOMBGWHNPOBaHHbI Otpacnesoit HA
ConepxxaHue Fe”+ HY" = FeHY + y anekTpoa nmbo napa TUTpOBaHMe
Kenesa MeTpuyeckoe . CENEKTUBHbIN/ 5 SNEKTPOMOB € MHANKATOPOM
TUTPOBaHME H xnopcepebpsiHblii P
Metannyprude- | CogepxkaHue KOMBGUHNPOBaHHbI rOCT 16882.1-71,
CKasi NpOMblLU- cepebpa B anekTpoa nmMbo napa 16883.1-71,
NEHHOCTb cepebpsiHo- 0 o 3M1EeKTPOAOB. 16321.1-70
caguTesnbHoe N . CepebpsaHbin/ !
MeaHbIX U nan- +Cl'= . -
A TUTpOBaHMe Ag”+ CI'= AgCl XNOPCEpEBPSHbIT 3NeKTpoa CpaBHEHMA 12561.1-78
naauneBo- 3anoHAT pacTBOPOM
cepebpsiHo- HUTpaTa Kanus
MefHbIX CriaBax
CoagepxaHune KOM6WHNPOBaHHbI NOCT 16883.2-71
Meam B ceped- OkucnurensHo- 2 > | MnatnHoBbIN/ anekTpoA nnbo napa TUTPOBaHME
BOCCTaHOBUTENbHOe | L+ 25,07 = 2I' + §0* y P
pPAHO-MEAHbIX TUTPOBaHME xnopcepebpsiHbin 3JIEKTpOAOB C UHOANKATOPOM
cnnaBax
KoM61HMPOBaHHbIi MeToaunka Konn4yecr-
Coneprae | oo | TOTDoR o apa | Senoro eiriecor
30710Ta B crna- BOCCTQHOBUTENIbHOE oAU 3C5H 501: 2Aul MnaTnHoBbIA/ PoA OCHOBE 30/10Ta MeTo-
BaX Ha OCHOBE +3CHO + 6H xsiopcepebpsHblii
TUTpOBaHWe 642 [OM MOTEeHLMOMETPU-
30/10Ta
YECKOro TUTPOBaHuA
MKXA-02.04-04
FopHoAo6bI- CopaepxaHue n i/ MO>XHO MCNOb30BaTh FOCT 22772.2-77,
BatoLas npo- MapraHua B Map- NaTuHoBBIN/ ntoboe coveTaHue anek- | 21876.1-76,
MbILWNEHHOCTb | raHUEBbIX pyaax | OKWCAMTEnbHO- 4Mn*" + MnO‘;+ gH'+ | BOnbdpamMoBbii TPOAOB B BMAE Napbl 16591/3-94
W KOHLEHTpaTax, | BocctaHoBuTenbHoe | 15HP O nnaTuHoBbIN/ o 3NeKTPoAoB NGO KOM- | (UCO 4159-78)
dbeppomMapraH- ’ TUTpOBaHue 5Mn(H PO ) +4HO X/10pCePEOPsiHIN B6VHNPOBAHHOIO 3MeK-
i Geppocan el | o
KOMapraHue
CopaepkaHue 50+ 2MnO,"+ KOMBWHMPOBaHHbIN FOCT 22772.3-77
ABYOKUCK Map- | OKUCIUTENbHO- 16H" = 2Mn* + 10CO T T anekTpoa 6o napa TUTpOBaHUe
raHua B MapraH- | BocCTaHoBuTenbHoe | + 8H,0, . 3N1EKTPOAOB C MHAUKaTOpPOM
LeBbIX pyAaxu TUTpOBaHUe 6Fe* + Cr 0%+ 14H" = XNopcepedpsHbIi
KOHLIeHTpaTax 6Fe™ + 2Cr°" + 7H 0
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CoaeprxaHue KOMBGWHNPOBaHHbI FOCT 22772.4-77
obwero xxenesa | OkucnuTenbHoO- 6Fe” + Cr 0>+ 14H' = | MnatvhoBbIii / anekTpoa nmbo napa TUTpPOBaHue
B MapraHueBbIX BOCCTGHOBUTENbHOE | cro3+ o 2C2r3+7 +7HO XnOpCepeBpsHbIil 3N1EeKTPOA0B C MHAUKaTOpPOM
pyAax MKOHLUEH- | TUTpOBaHue 2
TpaTax
CopnepxkaHue rOCT 22772.7-77,
cepbl B B Map- OokncnnTenbHo- SO*+L+20H=S50%+ | MnatuHosbi/ KoM6WHMpOBaHHbIN 218876.3-76
raHUeBbIX pyAax | BOCCTAHOBUTENbHOE | 51 i H XOpCEPEBPSHBI anekTpoa nMbo napa TUTPOBaHMe
N KOHUEHTpaTax, | TUTpoBaHUe 2 3JIEKTpOAOB C MHAUKATOPOM
deppomMapraHue
Conepxanme OkucnutensHo- \ ] , MnaTUHOBbIN/ KoM61HMPOBaHHbIi MeTtoamka BHUUXT

aﬂHs 5 ovpax | BoccTaosutenshoe | UTH VO, =UO "+ VO CTODCEDEEOHbi anekTpoa nmbo napa TUTpOBaHwe
yp PYA TUTpOBaHue PCEPELD 3N1eKTPOA0B C UHANKATOPOM
CrpoutenbHas KOMBMHMPOBaHHbIN 3nek- FOCT 22688-77
MPOMBbILLIEH- Tpoa nMbo napa 3nekTpo-
HOCTb CyMMapHoe [I0B.
opepxaHne CaO | KUCNOTHO-OCHOBHOE | o'+ H = H O CTeKNsIHHbIN/ [vana3oH pH 0-14, Temne-
n MgO B kanb- TUTpPOBaHue 2 xXnopcepebpsiHbIi ||?|aTypa pactsopa 95°C.
LMeBOn U3BECTU €/1b34 NPUMEHSATb 3/1eK-
TpoAbl B NMNJlaCTMaCCoOBOM
Kopnyce
XuMunueckas CopepxkaHune FOCT 29313-92
o KncnoTtHo-oCHOBHOE o
NPOMBbILUEH- aMMOHMWIHOIO 3 - C 7/ KoM6MHMpOBaHHbGIN
HOCTb asoTa B MUHe- TMITpoBaHne A0 3a OH+H =HO TEKNARHBIW/ anekTpoa nmbo napa
AAHHOro 3HayeHus 2 xnopcepebpsiHbIn
panbHbIX ya06- H 3/1eKTPOA0B
peHnsIX P
CopepxxaHune KncnoTHo-oCcHOBHOE KOMBUHUDOBAHHbI FOCT 30181-94
obllero a3ota B | TUTpPOBaHUE A0 3a- OH+H'=HO CTeKNsAHHbIN/ 3J'IeKTpOL|,pJ'IVI6O napa
MWHepanbHbIX [aHHOro 3HayeHus 2 xnopcepe6bpsiHbIi 31EKTDONOB
yAOBPEeHMsIX pH POA
Tonbko napa FOCT 20851.2-75
CopepxxaHune KncnoTHo-oCcHOBHOE 3NEKTPOAOB
¢dochatoB B MU- | TUTPOBaHUE A0 3a- OH+H'=HO CTeKNAHHbIN/ Henb32| o VI;VIeHﬂTb
HepanbHbIX AAHHOro 3HayeHus 2 XnopcepebpsiHbIi P )
yAOBPEHUSIX pH 3N1eKTpoabl B niacTtMac

COBOM Kopryce
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KncnoTtHo-ocHoBHOE Iﬁgffgozzﬁa rOCT 208513793
TUTPOBAHME A0 33~ | 1+ 1 O = H O CreknaHHbIN/ Henb3s l‘lpVI;VleHﬂTb

CopnepxkaHune
Kanusa B MUHe-
panbHbIX yao6-

[aHHOro 3Ha4yeHus
pH

XnopcepebpsiHbIi

2N1eKTpoabl B NiactMac-

COBOM Kopnyce

KOMBUHNPOBaHHbI
anektpog nmbo napa

PeHAX OcaauTenbHoe K"+ [B(CH %,T = Kamuit- / 3M1eKTPO/IOB.
e wopcepeprns | S TP
HUTpaTa Hanpvm i
acﬁﬂsz);E:gso Kucnorho-ocHosHoe KOMBUHMPOBaHHIif rOCT 26716°85

a3oTa B opraHu- TVTPOBAHWUE A0 33~ | oH 4 H' = HO CTeKnAHHbIn/ anekTpoAa nnbo napa
deckiX ynobpe- ,anHoro 3HaYEeHNs XnopcepebpsaHbIil SNEKTPOAOB
HUAX P
- o FOCT 26715-

ggﬁl,i?(;(aaggia B TK:fgg;:SMZngBag?e - + CTeKNsiHHbIN/ KOMOMHMPOBaHHbIN OFT 20715785

OH+H'=HO ” 3NneKTpoA NMbo napa
OpraHNYecKux [AaHHOrO 3HayeHus 2 XnopcepebpsaHbIil NEKTPOOB
yaobpeHusx pH
CogeprxaHue FOCT 27980-88
opraHuyeckoro | OKUCIMTENbHO- 2MnO '+ 5C O * + y KOMBUHMPOBaHHIif TUTpOBaHue
BelecTsa B BOCCTaHOBUTeNbHoe | 16H"= 2Mn*"+ 10CO T n”aT”HOBgM/ . anekTpoa nn6o napa C MIHAMKATOPOM
OpraHnyecKkmnx TUTpOBaHUE + 8H,0 XNOPCEPELPSHLIN 3M1eKTpoaoB
ynobpeHusix
Conmepxane KnUcnoTHo-oCcHOBHOE 5 KOMBMHUPOBaHHBITA OCT 2081-92
asoTa B kapba- | [TPOBAHWE I0 38~ |y 4 OH = HO CTeKm'HHg'”/ . anekTpoa nnbo napa
e ,S|a_|HHOF0 3HAYEHNS XnopcepebpsaHbIii SNEKTPOAOB

- ) FOCT 2081-92

Comepmae [ Wromosommee | ooy Kotomovan | 10T 20813

OH+H =HO . anekTpoa nnbo napa
aMMMaKa B Kap- | [aHHOro 3HauyeHus 2 XniopcepebpsaHbIil SNIEKTPOIOB
6amunpe pH
CopepxxaHue KUCTIOTHO-OCHOBHOE 5 rOCT 857-95
XMIOPUCTOTO BO~ | 1o e 16 sa- . _ CrernsHHbIT/ KOM6VHMPOBaHHBbIIA
[0poAa B CUHTe- H"+OH=HO snekTpoa nmbo napa

TUYEecKon cong-
HOW KMcnote

JaHHOro 3HaveHus
pH

XnopcepebpsiHbil

3MEeKTPoAoB
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s | encoommmree e
P T P A H'+ OH=HO TEKNAHHBIV/ anekTpog Nmbo napa
B TEXHNYECKOM AAHHOro 3HayeHus 2 xnopcepebpsiHbIn
o 3N1eKTpoaoB
cepHon kucnote | pH
CopnepxkaHue FOCT 2184-77
cBobogHOro KnMcnoTHo-ocHOBHOE KoM6 o
CEPHOro aHrna- | TUTpoOBaHWe A0 3a- H'+OH=HO CTeKNsHHbIN/ OMOUHNPOBAHHbIV
puaa B TEXHUYe- | AaHHOro3Ha4YeHus 2 XnopcepebpsiHbIv gﬂ:gpgﬂolwﬁo napa
CKOW cepHoM pH poAa
Kucnote
KoMOUHMPOBaAHHbI FOCT 2263-79
Conepxanme 3ne|<Tponan|60 napa
rmapokcuaa KncnoTHo-ocHOBHOE aNEKTPOM0B
HaTpusa n yrne- TUTPOBaHWE AOABYX | oy 4 H'=H O CTeKNAHHbIN/ . TIManasoH H 0-14
3aAaHHbIX 3Ha4YeHW 2 xnopcepebpsiHbIn P )

KWC/IOro HaTpus
B TEXHNYECKOM
€/IKOM HaTpe

pH

Henb3a npuMeHaTb
3/1eKTPOAbI B NniacTMac-
COBOM Koprnyce

KoM6UHMPOBaHHbIi

FOCT 2263-79

ConepxaHue
xngpmpcmro anektpog nubo napa TUTpoBaHue
OcaaunTtenbHoe - " NIEeKT B. C UHANKATOPOM
HATp5 B TEXHN- ™T ﬂosaHMe 2CI + Hg™ = HgCl Zi CEPEGnggIM/ " ;neeKTp?)noc aBHEHUS 8 P
4ECKOM €0KOM p xnopcepebpsiHbin poa cp
HaTDe 3anosIHAKT pacTBOPOM
P HUTpaTa HaTpus
KoM6UHMPOBaHHbI OCT 2263-79
anekTpoa Nnbo napa TUTPOBAHME
CymMapHoe co- 3neKTpoﬂos P c VII-F:.QVIKaTODOM
AepxaHue kanb- | KoMnnekcoHo- Ca¥*+ HY* = CaH Y Kanbumni- 3ne|<Tp on Hé o6LLYIo
LUMa U MarHms B MeTpuyeckoe 2 1By 2 CeneKkTUBHbIN/ P Y
Mg+ HY" =CaHY o YKECTKOCTb UMEET MeHb-
TEXHNUYECKOM TUTpOBaHue 2 2 xnopcepebpsiHbin
LWYIO YYBCTBUTENBHOCTD,
€QKOM HaTpe o
yeM Kanbumn-
CENEKTUBHbIN 3NeKTPoA
CoaeprxaHune KOMB6WHNPOBaHHbI M FOCT 2263-79
XNIOPHOBATOKUC- | OKUCNIUTENBHO- o anektpog nubo napa TUTpPOBaHMe
2 . - | MnatnHoBbIN/
noro HaTpua B BocCTaHoBuTeNnbHoe | L+ 2S,0,7"=2T+ S0 XT1ODCEDEEDSI b 3/1eKTpoa0B C UHAMKATOpPOM
TEXHUYECKOM TUTpOBaHue PCEpEDP

€4KOM HaTpe
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ConepxaHme KOMBUHNPOBaHHbI MOCT 5100-85
YrNEeKNCIoro KuncnoTHo-oCHOBHOE 3NeKTpoA nubo napa
HaTpus BTEXHW- | TUTPOBaHWeE A0 3a- OH + H'=HO CTeKNAHHbIN/ ) ZJLZKJ:;:)TEH 0-14
YecKoil KaslbLin- | AAHHOTO 3HaYeHMs 2 XrnopcepebpsiHbIi Henbas I'IpMMeHFITb.

HMpoBaHHoOW co- | pH

ae

3MeKTpoabl B nnacTMac-
COBOM Kopnyce

CoagepxaHue
X/I0pUAOB B TEX-
HUYECKOWN Kaslb-

OcagnTtenbHoe TUT-
poBaHue

2CI + Hg* = HgCl ¥

CepebpsiHblii/
XnopcepebpsiHbIi

KoM6UHMPOBaHHbIi
anektpog nmbo napa
3NEeKTPOAOB.
DNEeKTpos CpaBHEHUS

FOCT 5100-85
TUTpOBaHMe
C MHAUKATOPOM

LUMHNPOBaHHOM
cone 3anosHSIOT PacTBOPOM
HUTpaTa HaTpwsi
CopepxaHve KW1CNOTHO-OCHOBHOE Tonbko napa FOCT 2768-84

CTeKNAHHbIN/

3M1EeKTPO/OB.

aLeToHa BTeX- | TUTPOBaHMeE /10 3a- . -
seciom aue- | panmorosadermn | 1+ OH = MO opcepeSpHi | HENS mpuvenaTe
ToHe PH COBOM Kopryce
FOCT 2768-84
Conep>xaHue KMC”OTHO'OCHOBH?e . ;FJ?QII::SOZ?)T
KMCNIOT B TexHu- | 1 1POBaHne 1o sa H'+OH=HO CrexnsnHbIn/ Henb3s npuMeHsTL

4YeCKOM aleToHe

JIaHHOro 3HayeHus
pH

xnopcepebpsiHbii

3NEeKTPo/ibl B NiacTMac-
COBOM Kopryce

CopepxxaHune
OCTaTO4HOro BU-

KoM6UHMPOBaHHbIi
anektpog nubo napa

FOCT 18992-80
TUTpOBaHwue

HunaueTaTa B OkmcnmTenbHo- CH.O,+ Br,= MnaTuHoBbIN/ 3NeKTpoaoB C UHOANMKaATOPOM
nonvBuHUNaLUe- BOCCTAHOBUTE/IbHOE C“HGO2 Br 2 XnopcepebpsiHbIi
TaTHOI aucnep- | 'TPOBaHME v
cnu
BpoMHoe uuncno KoM6UHMPOBaHHbIA FOCT 18992-80
nonvBMHUNaue- OkucnmrenHo- 2 - » | MnaTuHoBbIN/ anekTpoa nubo napa
TaTHOW aucnep- BOCCTAHOBUTENbHOE | 1, +25,0,7= 21+ 30 XnopcepebpsiHbIi 3/1EKTPOAOB
TUTpOBaHWe

cnum

CopepxxaHune
KUCNOT B
3TUNEHrIMKoNe

KncnoTHo-oCcHOBHOE
TUTPOBaHWE [0 3a-
J[l@aHHOMo 3HauYeHus
pH

H"+ OH = HO

CTeKNAHHbIN/
XnopcepebpsiHbIi

TonbKo napa 3neKTpo-
A0B. Henb3s npuMeHsTb
3M1eKTPOAbI B nJsiacTMac-
COBOM Koprnyce

OCT 19710-83
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CopepxxaHue KoMb1HMpOBaHHLIN FOCT 26996-86
Xnopa B Nnosu- anekTpoa nmMbo napa

OcapvtenbHoe - . CepebpsiHblii/ 3NEeKTpoAoB
nponuneHe m - Cl+ Ag'= AgCI¢ 6 y 3 .
cononuMepax POBaHUE X/IopcepedpsiHbIi NEKTPOA CPaBHEHUS!
3amMOoNHSIOT PacTBOPOM
nponuneHa
HUTpaTa Kanus
KncnoTtHoe uunc- ) o Mapa anekTpoaos FOCT 17823.3-80
110 NecoX1MMYe- KncnotHo-ocHoBHOE | 14+, o = HO CTeKNSHHbII/

CKUX NPOAYKTOB

TUTpPOBaHue

XnopcepebpsiHbIi

** Na,H,Y-2H,0 — TpunoH b, anHaTpueBas Cosb 3TUEHAUAMUHTETPAYKCYCHOW KUCOThI




