OCHOBHI IPUHIMITA KIJIBKICHOT'O AHAJII3Y
3ABJAHHA CYYACHOI AHANTITUYHOI XIMIi

AHanTUYHA XiMisl TICHO 3B'sI3aHa 3 PI3HUMU raidy3sMHU HayKd 1 BUPOOHHIITBA.
KinbkicHUI1 aHai3 3aCTOCOBYIOThH JJI1 KOHTPOJIIO SIKOCTI CHPOBHHHM, HamiB(aOpuKaTiB
1 roroBoi mpoaykuii. KoxHa ramxy3p Haykd 1 BUPOOHHIITBA CTaBUThH MEpe] aHATITHY-
HOIO XIMi€r0 CBOi crieru(iuHi 3aBnanHs. Tak, y MeIUIIMHI BEJIUKE 3HAUYCHHS Ma€ BUSB-
JICHHS 1 KIJIbKICHE BU3HAYEHHS OKPEMHUX €JIEMEHTIB, 10 BXOJATh JI0 CKIAJy TKAaHUH
KUBHUX OPTraHi3MiB 1 00YMOBIIIOIOTH iX HOPMaJbHY ()i310J0TIUHY TiSIBHICTb.

CanitapHa cinyx0a BUMarae BiJl XiMiKa-aHAJIITHKA OL[IHKHA SKOCT1 MUTHOI BOJIH,
NPOJYKTIB XapuyBaHHS, YACTOTH MOBITPS TOLLO.

VY (dapmarrii He0OXiTHO KOHTPOIIOBATH SKICTh CHPOBHHH Ta TOTOBHX JIKApPCh-
kux ¢opM. s cy10BOTO €KCIepTa BaYKIIMBO YCTAHOBUTH XapakTep OTPYTH, sIKa MPH-
3BeJIa 10 CMEPTI JIFOJAUHHU TOIIIO.

OCOBJIMBOCTI KUTbKICHUX AHATITUYHNX BU3HAYEHD

Bci kinbKiCHI aHAITUYHI BU3HAUYEHHS 3aCHOBaHI Ha (PYHKIIOHAIBHIN 3aJIeKHO-
CTI aHAJIITUYHUX BJIACTUBOCTEH PEYOBHUH BIJ IXHBbOI CTPYKTYpH 1 KOHIIEHTpalli, a Ta-
KOXX Ha €KBIBAJICHTHOCTI B3a€MOJIii PEYOBUH Yy XIMIYHMX peakiisx. Mo)kHa BUAUIUTH
TPHU OCHOBHUX MPHUHILIUIN KIJIbKICHUX BU3HAYCHbD.
2%  BumiproBanHs (i3MYHHX BJIACTHBOCTEHl BM3HAUYBaHOi PEYOBMHM 200 MPOIyK-
TIB XIMIYHOI peaKIlii 3 BIAMOBIIHUM PEareHTOM.
2%  BumiproBaHHS KiIBKOCTI IPOLYKTy PeaKilii peY4OBUHU 3 AKMM-HEOYIb pearcH-
TOM (110 Maci ocajy, 00'eMy Ta3y TOIIIO).
2%  BuwmiproBanus 06'eMy pearenty (rasy abo po34uHy peakTHBY ), BATPA4E€HOIO Ha
XIMIYHY B3a€EMOJIIIO 3 BU3HAUYBAHOKO PEUOBHUHOIO.

3 (GI3MYHUX BIACTUBOCTEH BUKOPUCTOBYIOTH T'YCTHHY, IHTEHCUBHICTH 3a0apBJICH-
HSl, €JIEKTPUYHY MPOBIIHICTh PO3YHHIB PEYOBHH TOIIO. [HTEHCUBHICTH (hi3MUHOI Biac-
TUBOCTI IOBMHHA OyTH MPONOPLIHHOIO KUIBKOCTI (KOHIEHTpallii) pedoBUHU. Mipsitoun
IHTEHCUBHICTh MOTP1OHOT BIACTUBOCTI, MOKHA MPOBECTH KUIbKICHE BU3HAYECHHS PEUO-
BUHU.

BukopucToByroun 3aKOH €KBIBAJICHTIB, 3a KUIBKICTIO pEareHTy Y MPOAYKTY pea-
KIIi1 MOYKHa PO3PaxoBYBaTH KUIbKICTh (KOHIICHTpAIIil0 a00 Macy) BU3HAYyBaHOI peyo-
BUHU.

Bumiproroun 06’eM po34urHYy BiANOBIIHOTO PEAreHTy, KU J0JAl0Th HEBEIUKU-
MU TOPULISIMH, BCTAHOBIIOIOTH TOYKY €KBIBAJIEHTHOCTI ( KIHELb XIMIYHOI peakxiii).
3Halouu KOHLIEHTpaAIlil0 i 00'eM peareHTy, 3a 3aKOHOM E€KBIBAJICHTIB PO3PaXOBYIOTh
KUTBKICTh (KOHILIEHTpAIli10 a00 Macy) BU3HAUYyBaHOi PEYOBHHHU.

METO/IX KIVIBKICHOI'O AHAJII3Y
OCHOBHI BUSHAYEHHA

VY3araqbHEHO BC1 METOAM KIJIbKICHOTO aHaTi3y MOAUISIIOTh Ha JIB1 TPYTIH:
0 ximiuHi MeTOAM KiTBKICHOTO aHAMi3Yy;
L incTpyMeHTaIbHI METOAM KITBKICHOTO aHai3y.
VY XIMIYHHUX METOAaX MPOBOAATH XIMIUHY PEAKIIIIO0 1 BUMIPIOIOTh
ab0 Macy OTPUMAaHOI0 MPOAYKTY (rpaBiMeTPHUUYHi METOIH ),
a00 o0'eM peareHTy, BUTpAuCHHUI HAa B3a€EMOJIIIO 3 aHATI30BAaHOK PEYOBHHOIO (BO-
JIIOMOMETPHYHI METOIH).




I'pasimempuuni MeTOAU 32 CIIOCOOOM OJEPKAHHS MPOAYKTY peakiiii Mmoiis-

I0Th Ha TaKl TPYIIN:

?  ximiorpasiMerpuuni (BUMIpIOIOTH Macy NPOAYKTY XiMi4HOI peakilii);

?  enexrporpaBiMeTpuuHi (BUMIPIOIOTE Macy IPOAYKTY €IEKTPOXIMI4HOT peaKLii);
? repmorpasiMeTpuuHi (BUMIpIOIOTH Macy 3pa3Ka Iicis TEPMidHOi 0OpOOKH).

OcHoBHa ormeparlisi TpaBIMETPUYHOTO aHalli3y — 3Ba)KyBaHHS Ha aHAITUYHUX

Tepe3ax.
Bontomomempuuni MeToau y 3aJ€XKHOCTI BiJl arperaTHOro CTaHy MOAUISIOTH Ha:
© ra3oBOJIOMOMETPHUYHI (BUMIPIOIOTH 00'€M Ta3y);
O 1iKBIIOBOJIOMOMETPUYHI, a00 TUTPUMETPUYHI (BUMIPIOIOTH 00'€M piaKoro peare-
HTY, BATPAYCHOTO Ha B3a€EMO/III0 3 BU3HAUYBAHOIO PEUOBHHOIO).

Tepmin “TUTpUMETpUYHMI OJEp>KaB Ha3BY BiJ ClOBa mump, 1O TO3HAYAE
BMICT peuoBUHHU (y rpaMax) B 1 MiI po34uHy.

Po3unHM peakTuBiB i3 TOYHOIO KOHIIEHTPALI€I0, BAKOPUCTOBYBAHI B TUTPUMET-
PUYHOMY aHalli3l, Ha3UBaKOTh POOOUYMMHU PO3UMHAMU a00 mumpanmamu. KoHueHTpa-
[0 TUTPAHTIB YCTAHOBIIOIOTH 32 JOMOMOTOI0 CHEIllalbHUX PEYOBUH, SIKI MAlOTh He-
00xiaH1 XiMiuH1 BiacTUBOCTI. LI peyoBMHU HA3UBAIOTH BUXIOHUMU peyosuHamu abo
cmanoapmamu.

Bu3HaueHHS TOYKM €KBIBAJIGHTHOCTI B TUTPUMETPUYHOMY aHalli3i MPOBOMASTH
npu  mumpyseanHi (IOCTYNOBOMY JI0/IaBaHHI TUTPaHTa A0 pO3uuHy aHamirty). [lpu
I[bOMY TOYKY €KBIBaJICHTHOCTI BH3HAYAIOTh 3a JIOTIOMOTOI0 iHOuxamopie abo 1HCTpy-
MEHTAJIBHAMH METOaMHU.

MeTou TUTPUMETPUYHOTO aHaJI3y 3aCHOBAH1 Ha PeaKIlisX

% HeliTpanizallii (KHCIIOTHO-OCHOBHHUX PEaKIIisX ),
¥ ocaKeHHs,

¥ OKHUCIICHHS — BiTHOBJICHHS,

¥ KOMIUIEKCOYTBOPEHHS TOIIIO.

TuTtpyBaHHS MOXKHA BUKOHYBATH PI3HUM IUIIXOM. PO3pi3HSIOTH
L mpsime TUTpyBaHHS,
3BOPOTHE TUTPYBaHHS,

3aMiCHE TUTPYBaHHSI.

[Ipu npamomy mumpyeanni 1o po3drHy BH3HAYYBAHOI PEUYOBHHH JOHAIOTH
HEBEJIMKUMHU MOPIISIMH TUTPAHT (pobouuii po3uuH). [HoAI poOIATH HaBNAKH: PO3YH-
HOM BU3HA4yBaHOI PEUOBUHU TUTPYIOTh TOUHUN 00'€M TUTpPAHTA.

[Ipu 360pomnomy mumpyeanni BUKOPUCTOBYIOTh JiBa TUTpaHTa. CroyaTKy 110
aHaJ130BaHOT0 PO3YHMHY J0Aal0Th HaAMuIoK tutpanta I. Tutpant I, mo He mpopea-
TyBaB, BIATUTPOBYIOTH IHIIUM TUTpaHTOM II. KinbkicTs THTpaHTa I, sika Oyia BUTpa-
YeHa Ha B3a€EMO/III0 3 BU3HAYYBAHOK PEYOBHHOKO PO3PAXOBYIOThH MO PI3HHUIN MIXK JO-
JTAHOIO KUTBKICTIO TUTpaHTa I 1 KUIBKICTIO TUTpaHTa I, 110 BUTPATUBCS HAa PEakiiio 3
tutpantoM I1. Hanpuknazn, NaCl y po3urHi MOKHa BU3HAYUTH 3BOPOTHUM TUTPYBaH-
HsM, nonasid 10 po3unHy NaCl Hagmumok po3unny AgNO; (tutpant I) 1 BIATUTPY-
BaBIM 3anuiok AgNQOs;, mo He npopearyBas, po3unHoM NH4SCN (tutpant I1).

3amicne mumpysanna 3aCTOCOBYIOTh y THX BUIIAJKaX, KOJIH mpsime abo 3BOpo-
THE TUTPYBaHHS PEUYOBHHH 31MCHUTH HEMOXXJIUBO a0o0 € meBHI TpyaHoui. [lo pedo-
BUHU JIOJAI0Th Y HAJUIMIIKY BIATMOBIIHUNA peareHT, KUl KIJIbKICHO pearye 3 BU3Hauy-
BaHOIO PEUYOBMHOIO, YTBOPIOIOUM €KBIBAJICHTHY KUIBKICTh MPOIYKTY peakiii. Y TBope-
HUW MPOIYKT TaKOi peakiii TUTPYIOTh npumatHuMm tutpantom. Hampuknan, K,Cr,O
MOKHA BU3HAYUTH Tak. CrovyaTky 0 po3uuHy aHamiTy noaarth po3unnu Kl 1 H,SO,.
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VY pe3ynbTati peakiii BUAUISIETbCS BUIbHUIM I, KUTBKICTB SIKOTO €KBIBaJIEHTHA KUTBKOC-
Ti BU3HAUyBaHOI PEYOBUHU KU TUTPYIOTh poO0UYnM po3unHOM Na,S,0s.
Incmpymenmanvhi MeTOAH KUIbKICHOTO aHAJII3Y MTOJAUISIIOTH HA
® (GI3UYHI METOH,
»  (P13UKO-XIMIYHI METO/IH.

@Di3MYHUMHU METO/IaMU MPOBOJSTH BUZHAYEHHS PEUOBUH 32 (P13MYHUMU BIIACTH-
BOCTSIMU.

VY }i13uK0o-XIMIYHMX METOAax CHOYaTKy MPOBOJATH XIMIYHY PEAKI[II0 MEBHOTO
peareHTy 3 BH3HAUyBaHOK PEYOBHHOIO. KiTbKICTh pEUOBUHM BH3HA4YalOTh 3a (Pi3uu-
HUMU BIIACTUBOCTSIMHU MPOIYKTY peakiii. Y (i3uKo-XiMIYHMX METOJaX TaKoX 3a JI0-
noMororo ¢i3uyHOT iHAMKAIlIl BU3HAYAIOTh TOUYKY €KBIBaJICHTHOCTI (KiHEIlb peaKilii).

OCHOBHI YMOBHU NPOBEJIEHHSA KIVIBKICHOI'O AHA-
JI3Y

100 pe3ynbTaTé KUTBKICHOTO aHaiizy OyJlM TOYHMMH 1 MPaBUIBHUMH, HEOO-
X1THO JOTPUMYBATH Psy YMOB.

¥ Tpeba miaidpatu NpuAaTHY aHAJIITHUHY peakuio ado (i3MYHy BIACTHBICThH pe-
YOBUHU, MPABWJIBHO BUKOHATH BCl aHAJIITUYHI MPOLEAYpPH, 3aCTOCYBaTH JOCUTh Ha-
TiiiHI crIocOOHM BUMIPIOBAaHHS PE3yJIbTATIB aHAI3Y.

d Jlo peaxiiiii, siki 3aCTOCOBYIOTh Y KUIbKICHOMY aHalli31, P IBISIOTh TaKl BUMO-
TH:

1. Peakuist moBuHHA OyTH CTEXIOMETPHUYHOIO, 1 Pe3yJbTaT peakiii MOBHU-
HEH 3aJIeKaTH JIMILE B1Jl KUIbKOCTI BU3HAYYBaHO1 PEYOBUHHU.

2. AHamiTHYHA peaKilis MOBHHHA MAaTH BUPAKECHUM 1 CTIMKUM aHATITHIHUMA
eeKT.

3. 3akiHYeHHS peaKIlii TIOBUHHO BU3HAYATHUCS JIETKO 1 JJOCUTh TOYHO.

@ Ilpu mpoBeneHHI TUTPUMETPUYHOIO aHaNI3y 3aCTOCOBYIOTh po0OOYl PO3UMHU
(pO3UMHM PEaKTHUBIB 13 TOYHO BIOMOIO KOHIIEHTPAIIIEIO).

¥ Bcl nporenypu KiNbKICHOTO aHaJi3y CIiJ MPOBOJUTH 3 OCOOJIIMBOIO TOYHICTIO M
aKypaTHICTIO.

@ Ilepen nmpoBeaeHHSIM BUMIPIB y MIpHOMY TMOCY/Il, HA aHANITUYHUX Npuiaaax (Te-
pe3ax, (OTOKOIOpUMETpPaX, criekTpooToMerpax, pH-meTpax ToIo) croyaTky HeoO-
X1IHO poBecTH KaniOpyBaHHS MipHOTO MOCY/y 1 HACTPOIOBAHHS MPUIIAIIB.

 Ilpu BUKOHaHHI IHCTPYMEHTAJILHOTO aHAJI3y BUKOPUCTOBYIOTh JOCUTH 1HTEHCH-
BHI BJIACTUBOCTI PEYOBHH, 10 JI03BOJISIE 3HU3UTU MOMUIIKY, a00 3aCTOCOBYIOTh peak-
1111, 110 TPUBOJIATH 70 OJICPKAHHS MPOAYKTIB 3 IHTEHCUBHUMU BIIACTUBOCTSIMHU.

d Pe3ynpTaTé KUIBKICHOTO BHM3HAYEHHS IMMIJJJAaI0Th MaTeMaTU4YHIM o0poOili, po3pa-
XOBYIOTh BIITBOPIOBAHICTh 1 MPABUIIBHICTh aHAJI3Y.

OCHOBHU I'PABIMETPUYHOTI' O AHAJII3Y

[Ipu rpaBiMeTpuuHOMY (Bif JIaT. gravitas - Bara) aHaii3i 3 HAaBOKKH PECUOBHHHU
ab0 Marepiairy OAEepXKYyIOTh 0call ad0 3aIHIIOK, KU 3BaXYyIOTh. | paBiMeTpuyHi Me-
TOJIM 3aCHOBAHI1 Ha 3aKOHax 30€peXeHHs] MacH 1 CTaJOCTI CKJIaay pedoBHH. I'paBiMeT-
pUYHUIN aHaJl13 Ma€ TOCUTh BUCOKY TOUHICTh 1 TapHY BIATBOPIOBAHICTb.

Meronu rpaBiMETpPUYHOTO aHaNi3y B 3aJI€)KHOCTI BiJl MPOIIECIB, BUKOPUCTOBY-
BaHUX MPH I'PaBIMETPUYHOMY BH3HAYEHHI, MAPO3AUISIOTH HA TPH BEIUKI TPYTIHU:

1) MeTou BiATOHKY;
2) METOJIM BHJILJICHHSI;



3) MeTOIU OCaIKEHHS.

MeToau BiArOHKM
Metonu BiITOHKHU 3aCTOCOBYIOTH y JIEKLUIBKOX BapiaHTaxX:

¥  a) BU3HauyBaHy pPEUOBHMHY BiTaHSIOTH i3 CyMillIi, BiAriH 30UparoTh i 3Ba-
KYIOTh;

%  0) BU3HAuyBaHy PCUOBHHY BiAraHIIOTH, MOIJIHHAIOTH SKUM-HEOYIb MOTJIH-
HayeM (PO3UYMHOM PEaKTHUBY, aJICOPOSHTOM), 3BaXKYIOTh MOTJIMHAY JO 1 MiCIs 3aKiH-
YEHHS MPOIIECy. 3a 30UIbIICHHSIM MacH TMOTJIMHAYa PO3PaXxOBYIOTh Macy BiJITOHY;

%  B) BU3HAauYyBaHy PCUOBHHY BIiATaHSIOTH 13 TOYHOI HABAXKH, IICIIS 3aKiHYCH-
HSl BIJIFOHKH MPOOY 3HOBY 3BAXKYIOTH 1 32 PI3HUIICI0 MAacH BHU3HAYAIOTh KIJIBKICTH pe-
YOBHUHM, Ky BU3HAYAIOTh. METOJIOM BiITOHKW YaCTO BU3HAYAIOTH BOJIOTICTh PEUOBHH.

MeToan BUAiNeHHs

[ToTpiOHY pedyoBUHY 3 aHa130BaHOI CyMIIll BUIALIAIOTH 1 3BaXKYIOTh Ha aHAJIITHY-
HUX Tepe3ax. Llum meTooMm, HampHKIIa, MPOBOJATH BU3HAYEHHS BMICTY 30U Y JIi-
KapchbKkux mnpemnapatax. [IpoOy aHanizoBaHOi peYOBHMHHU 3BAKYIOTh Ha aHATITUYHUX Te-
pe3ax, MpoXKaprolTh Y NOPLEISIHOBOMY THUTJII (PEYOBHHA PO3KIAIAETHCS, BUIASIOTh-
Csl OpraHiyHi Ta 1HII JIeTKi pedoBuHHU). Te, 1m0 3amumuioch (30J1a), MICIs 0XOJIO-
JDKEHHS 3BXYIOTh Ha aHATITHYHUX Tepe3aX. MeTo oM BUIUICHHS TaK0K BU3HAYAIOTh
B JIIKAPCHKUX MpernapaTax 30y, U0 HE PO3UUHSETHCA B COISHIN KUCIIOTI 1 Cylb(haTHy
3071y.

MeToan ocamKeHHA

Jli€ro BiMOBIAHOTO peareHTy MepPeTBOPIOIOTH BU3HAUYBAHMI KOMIIOHEHT y He-
po3unHHy pedoBuHY. Ocaa BiTOKPEMIIOIOTh, POMHBAIOTh, BHCYIIYIOTh, MPOXKaPIO-
I0Th (SIKIIO MOTPIOHO) 1 3BaXKYIOTh. 3a MAacOI0 OCaay PO3paxoOBYIOTh Macy abo Kijib-
KICTh BU3HAUYBaHOI PEUOBUHH.

Mpukaaa. Buict Ca™ y comsx MoXHa BU3HAYHTH METOOM OCADKCHHS, BUKO-
PHUCTOBYIOYH OKCAJIaT aMOHIIO SIK PeareHT-0CcaKyBay:

CaClz + (NH4)2C204 = CaC204l + 2NH4C1

Ocan CaC,04 mpoMHBaIOTh, BUCYIIYIOTH 1 MPOXKapIO0Th. [Ipu oMy okcanar

KaJIBI[IO TIEPETBOPIOETHCS B OKCHJ KAIIBIIIIO:
CaC,04 = CaO +CO,1+CO7

Oxcup Kanpliio, M0 YTBOPUBCS, 3BAXKYIOTh 1 32 MOTO Macol PO3paxOBYIOThH
YMICT KaJbI[lI0 B aHAT130BaH1l PEUOBHUHI.

barato ocaniB mpu nmporxaproBaHH1 3MIHIOIOTh CBiil CKJIaj, TOMY PO3PI3HSIOTH:

L ocamxysany Gopmy;
L BaroBy (rpaBiMeTpuuny) hopmy.

VY mpuxnazal 3 BU3HAYEHHSIM KaJbLiI0 CIIOYAaTKy Oylia OTpMMaHa OcaJKyBaHa
dopma CaC,0,. Ocan npu mpoxkaproBaHHI MepeiInoB y rpaBimerpuuny ¢opmy CaO.

VY psai BunaakiB xiMigHa opMyiia ocaKyBaHol GpopmHu 1 rpaBiMeTpuuHOi (o-
pMH He BifpizHAeTscs. Hampukmazn mpu ocamkeHHI Ba® cipyaHOI0 KHCIOTOI0 yTBO-
proetbest BaSOy,. OcamxyBani 1 TpaBiMeTpudHi GOpPMHU IS ACSIKUX €JIEMEHTIB HaBe-
nedl B Tadmun 1.

3a TUIIOM METOY, SIKUH 3aCTOCOBYIOTH JJIsl OJIEP>KaHHS OCaay, PO3PI3HSIIOTh:
O ximiuHi rpaBiMeTpUYHI MeTOIM; 0Ca] OJCPKYIOTH 32 JIOIIOMOT'OI0 XiMIYHOI pea-
KL



O ejgexkTporpaBiMeTpuM4Hi METOIH;, BUKOPHCTOBYIOTH EICKTPOOCAKECHHS MEBHOT
PEYOBHMHHM Ha EJICKTPO/Ii, SIKY 3Ba)KYIOTh Pa30M 3 €JICKTPOIOM;

O TepMorpaBiMeTpHMYHI METOAM; PEECTPYIOTh 3MIHM MacH 3pa3Ka IpH WOro Harpi-
BaHHI.

Tabnuus 1
Ion |Pearent nns ocamxenns| OcamkyBana Gpopma ['paBimeTpuyHa
dbopma

K" HC10O, KC10, KC10,

Ba™ H,SO, BaSO, BaSO,
Zn> (NH,),S ZnS Zn0O

Cd* (NH.),S CdS CdS

Al NH; Al(OH), A1,05
Pb”’ H,SO, PbSO, PbSO,
PO, MgCl,, NH, MgNH,PO, Mg,P,0,
Bi' HCI, H,0 BiOCl BiOCl

Br~ AgNO; AgBr AgBr

Ni*" | Inauernngiokcum JlnaneTunaiokcumar JlnaneTunaiokcumar

HIKEITFO HIKEJTFO

I'paBiMeTpryHuMii aHAJII3 IPOBOAATH Y TaKiil MOCJiI0BHOCTI:
¥ BiOMPArOTh CepeIHIO MPOOY;
¥ OcpyTh HaBaXKY (SIK MPABUIIO. HA AHATITUYHUX TEepe3ax);
¥ pO3UMHSIOTh HABAXKY;
¥ oca/pKyIOTh Tak 3BaHy OCaKyBaHy (pOpMy BU3HAYYBaHOI pEUOBUHH;
¥ BiJIOKPEMITIOIOTH 0CaJI BiJl pifkoi (a3u GiTbTpyBaHHM,;
¥ npoMUBaIOThH OCa;
¥ BHCYIIYIOTB, IIPOXKAPIOIOTH 1 3BAKYIOTH 0caj (TpaBiMETpUIHY GOpMY);
¥ 004HCITIOITH pe3ybTar.

NMPUKNAON TPABIMETPUYHNX BU3HAYEHb

['paBiMeTpuyHMII aHANI3 3aCTOCOBYIOTH ISl BU3HAUYEHHS PSly XIMIYHUX PEYOBHH
1 MiKapchbkux mpemnapariB. HaBenemo npukiaaym BU3HAYEHb TPaBIMETPUYHUM METO-
JIOM:
Y BusHaueHHs cysb(dar-aHioHIB a00 10HIB Oapiro;
Y BH3HAauYEeHHS 10HIB 3aI1i3a;
Y BHM3HAYeHHS i10HIB MarHio;
Y BU3HAYCHHS XJIOPUIIB, OPOMIiB, HOAMIIB a00 10HIB cpibia.
Busnauenns cynbdar-aHioHiB ab0 10HIB 0apit0 MPOBOAATH OCAHKYIOUH CY-
aedar Gapiro:
Ba®" + SO,” = BaSO,|
Jlis oca/pkeHHsl 3aCTOCOBYIOTh CipyaHy KHCIOTY a0o cyibdar amoHito. Oca-
JDKYBaHOIO (pOpMOIO 1 rpaBiMETpUUHOIO (OPMOIO Micias npoxaproBanusa Oyae BaSOy.
Ocan cynbdary Oapir0 Mae KpUCTATIYHUN XapakTep. BusHaueHHIO 3aBa)kaloTh 10HU
Ca”’, Sr*’, Pb™",

Busnauennsi ioHiB 3aji3a mpoOBOJSATH NUISXOM OCAKEHHS TiAPOKCHUIY 3aii3a.
st ocamxenHs rigpokcuay 3aiiza (I11) BukopuctoByroTs po3unH amiaky. OcamaxyBa-
HOto (popmoro Oyae amopdumit ocan Fe(OH);:

Fe’" + 3NH; + 3H,0 = Fe(OH); |+ 3NH,"
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Barosoto (rpaBimeTpuuHO0) popMoro B mpomy aHamizi € okcua 3amiza (III),
10 YTBOPIOETHCS Mpu npoxkaproBanHi Fe(OH);s:

2FG(OH)3 = Fezog + 3H20
: 2+ 3+ . .
Busnadennro 3aBaxaroth ionu Zn~ , Al’', siki HEOOX1THO BUAAJISATH TEepe] aHa-
JI130M.

Marsiii kutbKicHO ocaKytoTh y Burisigi MgNH,PO, (ocamxyBana dopma). s
OCa/PKCHHSI BUKOPUCTOBYIOTh PO3UHH, 110 MICTUTH TiapodocdaT amoHito i amiak:
MgCl, + (NH4),HPO, + NH; = MgNH,PO,| + 2NH,CI
Ocan MgNH4PO, npu nposkaproBaHHI EPETBOPIOETHCSA B MipodocdaT Maruiro
Mg,P,0; (rpaBimeTpuuHa dpopma):
2MgNH,PO, = Mg,P,0; + 2NH;1+ H,01
OcamxyBana gopma — kpucramiuauiit MgNH4PO,, Barosa (rpaBimerpuuna) popma
— mipodocdar marairo (Mg,P,0). BuzHaueHH0 3aBaxaroTh Mn*", Cd**, Zn*", Co™,
YTBOPIOIOY1 aHAJIOTI4HI 0CaIH.

Xnopuau, Opomiau, iioauau abo ioHH cpidaa MOXKHA BU3HAUUTH TPaBIMETPUY-
HUM criocobom, ocamxyroun AgCl, AgBr, Agl:
Ag+ + ClI"= AgCl|
Ag +Br = AgBr|
Ag +1"=Agl|

OcamxyBana ¢opma 1 rpaBiMeTpu4Ha (GopMa TYyT MaKOTh OJHAKOBHH CKJaf
AgCl, AgBruu Agl.

TEXHIKA TPABIMETPUYHOI' O AHAI3Y

1. Bin0ip npo6. 3a npaBuiaMu, ONMUCAaHUMU paHilie, 6epyTh nepsunty, abo ce-
HepanvHy npody. 1o npoly moapiOHIOITh Y CTYII, TEPEMIITYIOTh 1 METOJ0OM KBap-
TyBaHHsI 3MEHIIYIOTh J0 MacH JiabopamopHoi abo nacnopmuoi npoou, He0OX1THOT s
MPOBEJICHHS IIIJIKOM BChOTO aHANI3y. AHanimuuny npobdy BiIOUPAIOTH Bij abopaTop-
HOT JIJIS1 IPOBEJICHHS OJTMHUYHOTO BU3HAYCHHS 1 3BAXKYIOTh.

2. 3BaxyBaHHsl. PoOnsATh HAa aHATITHYHHX Tepe3ax. 3 MPAKTUYHOTO JIOCBIIY
IPaBIMETPUYHOTO aHAJI3y BiOMO, [0 ONTHUMAalIbHAa Maca rpaBiMeTprYHOl GopMuU st
KPUCTAIIYHUX OcajiB moBuHHA Oytu ~ 0,51, a s amopduux ocaniB — ~ 0,1r. Uepes
Te, 110 OCaXKyBaHa (popMa BiJIPIZHAETHCSA 32 MACOIO BiJ BUX1JHOI HABaXKKH, HEOOX1I-
HO POOWTH PO3paxyHOK HAaBAXKH aHATI30BaHOTO marepiany. Po3paxyHOK BeayTh 3a
PIBHSIHHSIM pEaKIIii:

Ba(NO3)2 + HzSO4 = BaSO4 l, + 2HNO3
6U3HAUY8aAHA peazenm eazoea popma [HWI npodyKmu
peuosuna peaxuyii

VY BUMaznKy KOJIW CKJIaJ OCaKyBaHOi (JOpMHU 1 rpaBIMETPUIHOT POPMH Bizpi3-
HSIOTBCS, PO3PAaXYHOK BEIYTh 32 CXEMOIO ITEPETBOPEHHS, HAPUKIAI:

2FCSO4 —> Fez(SO4)3 — 2FC(OH)3 l, F6203
6U3Hauyeana ocaoscyeana eazoea hopma
peuosuna dopma

VY BuUnaaKy BUKOHAHHS cepii OJHOTUIIHUX aHai31B BUKOPUCTOBYIOTh aHAIITHY-
HUI (pakTOp — BITHOUICHHS MOJIIPHUX Mac BU3HAUYyBaHOI PEUOBMHHM 1 BaroBoi opmu
(13 ypaxyBaHHSIM KOE€(ILIEHTIB y PIBHSIHHI peakllii Uu CXeMi EpPETBOPEHHS):



Fe 2-M(FeSOy,)
M(F6203) ’
3a macoro rpaBiMeTpuyHoi dpopmu m(Fe,O3;) MoxkHA 00UYMCIUTH Macy aHaIi30BaHOL
pedyoBuan m(FeSO,):
m(FeSO4) = F'm(FeQO3)
s amopdHUX ocajiB Maca BU3Ha4yBaHO1 peuoBuHM m(Bu3H.) = 0,1F.
Jlnst kpuctaniuanx ocaniB m(susH.) = 0,5-F.

CnoyaTky Ha TEXHIYHHMX Te€pe3ax BIABaXXYIOThb HEOOXIAHY Macy peyOBUHH 3 TO-
yHicTIO £0,01T, IKY TOTIM YyTOYHIOIOTH HAa aHAJITUYHUX Tepe3ax.

Hpukaaan. HeoOximHO 0OYMCIMTH ONTUMAIbHY HABAXXKU KPUCTAIOTIApPATY
FeSO,47H,0, sikmo ocamxyBanoro ¢opmoro Oyane amopduuii ocag Fe(OH);, a Baro-
BOIO popMmoro Oye mpoxkapenuit ocaa Fe,Os.

AHani3 OyIyTh BECTH Yy TaKii MOCIIJOBHOCTI:

% a) naBaxxxy FeSO4 7H,0 po3unHSAIOTH Y MiAKUCIICHIH CipYaHOI KHCIOTOK BO/I;
% 0) 710 miAKUCIIEHOTo CipYaHOIO KKcaoTor po3unHy FeSO,4 nogarots H,O, ms oku-
CJIeHHsI BU3Ha4uyBaHoi pedoBUHU 10 Fey(SOy)s:
2FeSO4 + HzOz +stO4 = FCQ(SO4)3 =+ 2H20
¥ B) nmiero po3unny NH; ocamkyrots Fe(OH)s:
Fez(SO4)3 + 6NH3 + 6H20 = 2FC(OH)3l + 3(NH4)2SO4
¥ ) ocaj BIIOKPEMITIOIOTH BijJl pO3YMHY Ha (UIBTPI, MPOMHBAIOTH, BUCYIIYIOTH 1
POKAPIOIOTh:
2F€(OH)3 = F€203 + 3H20
¥ 1) nmpoxxapenuit ocan Fe,O; 3BakyroTh Ha aHATITHYHHUX Tepe3ax (Maca ocamay Io-
BuHHA OyTn = 0,11).
3a piBHSHHSAMHU MPUBEJICHUX BHUILE pEaKkliid CKIaJal0Th CXEMY IEpETBOPEHHS,
BpPaxOBYIOYH YHCJIO aTOMIB 3a1i3a:
2FeS0,-7H,0 —  2FeSO, —  FexSOy); —»  2Fe(OH); —  Fe,0;
2MOJIb Imonb
Otxe 13 2 monb FeSO4 7H,0 ytBoproetses 1 moinb Fe,0s.

O06UUCTIOITH AHATIITUYHUHN (PaKTOp — BIAHOLICHHS MOJIIPHUX Mac:

B 2-M(FeSO4-7TH,0O) 2-278,01
1-M(Fe,03) 159,69

Orxe, s oxepxkanns 0,1r Fe,O; (BpaxoByrouu te, mo Fe(OH); amopdnwmii

ocaja) HeoOXiaHO B3ATH Taky HaBaxkKy FeSO, 7H,0:
m(FeSO,-7H,0) = F-0,1 = 3,4819-0,1 = 0,3482r =~ 0,35t

Po3uunenHst HaBaxkku. HaBaxky MOMIIIAalOTh y XIMIYHUN CTaKaH 1 PO3UYUHSIOTH
y AUCTUJILOBaHIN BOAI. Y AesKUX BUMAJKax (IpH MOBUILHOMY PO3YMHEHH1) CTaKaH Ii-
JITpiBalOTh Ha a30ecTOBIN CITIIl a00 Ha BOASHIN OaHi. SKIIO pedyoBHWHA HE PO3UMHS-
€THCS y BOJI1, 3aCTOCOBYIOTH 1HIIII PO3YMHHUKHU a00 MPOBOJISATH CIUIABICHHS 3 JIyTaMH 1
HACTyITHE PO3YMHEHHA Y BOJl. B oTpuMaHOoMy po3urHI OCaKyIOTh PEYOBHHH, SIKi 3a-
BaXXAIOTh aHami3y, 1 BiAPiIbTpoBYy0Th. OcCag MPpOMUBAIOTH BOJIOIO /10 TTOBHOTO BUMH-
BaHHS BU3HA4yBaHOI peuoBUHU. DinbTpaT 00'€IHYIOTS.

Ocamxenns. Hacamnepen minOuparoTh peareHT ocakyBad, sIKHH 3a0e3mneuye
HaWO1IRII TOBHE oca/keHHs. [Ipu BuOMpaHH1 ocapKyBava Ciijl BpaxoBYBaTH, 110 J10-
OYTOK PO3UYMHHOCTI JJis OCajy, IO YTBOPIOETHCS, Mae OYTH TakuM, 1100 Maca pedo-
BUHU, 110 3aJIMIIAETHCS B PO3YMHI MICIIsI OCA/HKEHHSI 1 MPOMUBAHHSA 0Caly, HE TTIOBHHHA
nepesuinyBatu 0,1mr. Yacrimme ychbOoro 3acTOCOBYIOTh PEAKTHBH, IO JO3BOJISIOTH

=3,4819
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OJIepP>KyBaTH TiAPOKCHIN, KapOoHaTH, cynbhaTh, cynbdinu, okcanaTte, pocdaTn mera-
JIB TOLLO.

[Tpu BuOOpPI ocamKyBaua BPaxoOBYIOTh CIIPOMOXHICTh PEareHTy /10 BUIIApyBaH-
HS, 1100 BiH MPHU HEMOBHOMY IPOMHBAHHI OCaJy JETKO BIAJIETIB MPH MPOXKAPIOBAHHI.
YacTo 1151 ocaPKeHHsI BUKOPHUCTOBYIOTh aMiak, COJIi aMOHii0 (KapOoHaT, OKcasaT To-
110), 110 3BITPIOIOTHCS (BUMAPOBYIOTHCS) MPU MPOKAPIOBAHHI.

JIJisi TIOBHOTH OCa/PKEHHST HEOOXiTHO J0JaBaTH HAJIUIIOK OCa/KyBada. 3BU-
YyailHO J0Jal0Th OCAJKyBay y MIBTOpa pa3u Oulbll, HOXK Tpeba. Benukuil Hammmox
0CaJKyBauya MO>KE€ BUKJIMKATH PO3YMHEHHS OCajy BHACTIAOK YTBOPEHHS KOMILJIEKCIB,
TOMY HAJIJTUIIOK OcakKyBaua (y MIBTOpA pa3u) HEOOXITHO PO3paxyBaTH 3a PIBHSIHHIM
peaxilii ocaKeHHS.

OcamkeHHs JOIUTHFHO MTPOBOAMTH 3 MIAIrPITUX po3uuHiB. [Ipu nmpomy BinOyBa-
€THCS KOATYJISIISl KOJIOIMHUX YacTOK, YKPYITHIOIOTHCS YaCTKH KOJIOTAHUX ocadiB. Kpu-
CTaJIIYHI 0Caii YTBOPIOIOTH OLIBIIT KPUCTATIHKH.

OcakeHHs KPUCTATIYHUX OCaJliB HEOOXITHO BECTH 3 PO3BEACHUX PO3UUHIB,
0caJid B IbOMY BUMAAKY YKPYMHIOIOTECA. OcaKyBau HEOOX1IHO JOJaBaTH MOBUIBHO,
MEPEMINIYIOYH PO3UUH CKIITHOIO Manudkoro. I1icis ocamxeHHs: He0OX1HO MepEBIPUTH
MOBHOTY OCAJKCHHSI, JTOJIA0UM TIICJIsI BIJICTOIOBAHHS OCajy IO CTiHII cTakaHa | -2
KparJii po34rHy peareHTy. BiICyTHICTh TOMYTHIHHS B MICIli, KyJIU JOJAJIH pPEarcHT,
yKa3y€e Ha MOBHOTY ocaJkeHHs. KpucraniuHi ocaau 3alMIIaloTh HAa SIKUWCH 4Yac NSt
JI03piBaHHs, PU SIKOMY BiAOyBa€TbCs YKpPYNHEHHS KpUCTamiB. J{o3pinuit ocax nerie
BII(UIBTPYBATH 1 TPOMUTH.

AmopdHI ocaay 0caKyIOTh 13 KOHIIEHTPOBAHUX PO3YMHIB, IIPHU IIbOMY Bi0OYy-
BA€THCS YIIUTLHEHHS OCA/liB.

Amop¢Hi ocagy BiaAIIBTPOBYIOTh 1 MPOMUBAIOTH BiApa3y MICIsS OCAIKEHHS.
[[To6 monermmT GiNbTPpyBaHHS, MICIS OCAKEHHS J10JaI0Th BOY a00 PO3YUH €JIeKT-
POJITY, SIKHH MICTUTh OJHOWMEHHI 10HU (JUIsl 3MEHIIIEHHS! PO3UYUHHOCTI 0Cajy) 1 JIETKO
BUJIAJSIETHCSI TIPY TIPOXKAPIOBAHHI.

[lepen ginbTpyBaHHSAM PO3YMH 3 OCAIOM OXOJIOKYIOTH JIJISl 3MEHILEHHS PO3-
YUHHOCTI ocaay. Bigirpae posb Takox NIBUJKICTh OCAIKCHHS:
amop(dHi ocaau Tpeda ocaJKyBaTH IIBUJKO;

KpUCTaJIIYH1 Ocaau Tpeda 0capKyBaTH MOBLIBHO JJISI YKPYITHEHHSI KPUCTATIB.
®dinsTpyBanHs. Ocaau BiAGIIFTPOBYIOTh Yepe3 CKISHI abo mamepoBi 6€330-
apH1 QinbTpu. CKIsHI QUIBTPU 3aCTOCOBYIOTH MpU (GUIBTPYBAaHHI KPYIMHOKPUCTAIIIY-
HUX OCaJiB, ManepoBi — Npu QuUIbTpyBaHHI APIOHOKPHUCTATIYHUX 1 aMOPHHUX OCAIIB.
be3305bH1 QPUIBTPU PO3PI3HSIOTH
3a miameTpoMm (6¢M, 7cm, 9em 1 11cem),
?  3a mrineHICTIO.

Haiimenmn minbpHi QibTpu MatoTh Ha OOTOPTII YOpHY a00 YEpBOHY CTPIUKY,
CepeaHbO1 MIIBHOCTI — OUTY CTPIUKY, IIUIbHI — CHHIO CTPIUKY.

AMopdHi ocagu GiIIBTPYIOTH Yepe3 PUIBTPU 3 MAJIOKO MILTBHICTIO, KPUCTAIIYHI
— uepe3 QUIbTPH cepelHbOi 1 BETUKOI UIUTbHOCTI. I MPUCKOPEHHS POoIIecy Crovar-
Ky IIPOITyCKalOTh Yepe3 QuIbTP MPO30py PIAUHY, NOTIM y CTaKaHl IPOMUBAIOTh OCA/,
JIEKaHTYIOTh TPOMHUBHI BOJIH. 32 JIOMIOMOTOI0 CKJISTHOT MaJTUYKU 3 TYMOBUM HaKOHEY-
HHUKOM 0CaJ IIIJIKOM IEPEHOCATh Ha PLIBTP.

IIpomuBanHsi. Majgopo34rHHI 0Caau TPOMUBAIOThH TapSYO0 AUCTHILOBAHOIO
BOJI010. SIKIIO Ocajl YaCTKOBO PO3YMHHHUMN, TO JJIS 3HMKEHHS PO3YMHHOCTI MOTO MpO-
MUBaOTh | - 3%-HUM pO3YMHOM OCaJKyBada (SIKIIO BiH JIETIOUMiI) a00 pPEYOBHHH 3



onHONMeHHUMU 10oHaMHu. [IpomuBarOTh ocaj crovaTky (AEKaHTYIOTh IPOMUBHI BOJIM)
y CTakaHi, a MoTIM JieKiJIbka pa3iB Ha ¢iunbTpl. HempoMutuii ocan Ha (inbTpi 3amuiia-
TH He MOXkHA. [IpomuBanHs ocany poOusTh 3 — 4 pa3u. AmopdHi ocaay, mo0 YHUKHY-
TU TenTu3aii (PO3YMHEHHS), TPOMUBAIOTE 2 — 3%-HUM PO3YMHOM HITpaTy aMOHIO,
KWW SIK CJICKTPOJIT Tepenikopkae nmenTusaiii. Hanpukinil npoMuBaHHS MPOMUBHI
BOJIM TIEPEBIPSIOTH HA MMOBHOTY BUAAJICHHS 10HIB, SIKI MOXYTbh 3aBa)KaTU I'paBIMETpUY-
HOMY BU3HAYCHHIO.

IlepeBenennst ocany B rpaBiMerpu4uHny ¢gopmy. IIpomutuii ocan BUCYIIyIOTH
1, IKII0 HEOOX1THO, 0030IIOI0TH 1 TIPOXKAPIOIOTh. Y MOBH TEPEBEICHHS B TPaBIMETPUY-
Hy (opMy 3ajexaTh Bijl BIACTUBOCTEH OTPUMAHOTO Ocaay 1 Horo crabinbHOCTI. [HOMI
3aCTOCOBYIOTh BUCYIIyBaHHS 0O€3 HarpiBaHHS IIJISXOM IIOCIIIOBHOTO MPOMHBAHHS
ocajly BoJoto, criupToM 1 edpipoM. Crinn edipy BUAAISIOTh MPOAYBAHHSAM CYXOTO IO-
BiTpsA. Takum crmocob6oM BHUCYIIYIOTh OCaJd, IO JIETKO PO3KJIaAar0ThCsl MPU HArpiBaH-
ui, Hanpuknaa, NaZn(UO,);(CH;COO), npu Bu3zHaueHHi Na' rpaBiMETpUUHHM CIIO-
cobom. BucymryBanust B cymmibHid mradi npu 100 - 120°C BHKOPHUCTOBYIOTH ISt
0Ca/iB, K1 MPHU OLIBII BUCOKUX TeMIIEpaTypax po3KIaaaloThCs 3 YTBOPEHHSIM TBEPI0-
ro MPOAYKTy 3MiHHOTO ckmaiay. Hampukman, npu BusHaueHHi Ni' ofepxyioTh ocaj
JaleTUIII0KCUMATy HIKEIIo, [0 Ma€ BEIUKY MOJISIPHY Macy, 1 BUCYIIYIOTh HOTO Ipu
100°C. Iloganblie HarpiBaHHs 0Caay NPUBOIAMTE 10 PO3KIANaHHS JialleTHIIIOKCHMa-
Ty, 110 3HW)KY€ TOYHICTh BU3HAUECHb.

O06305€eHHS 1 TPOKAPIOBAHHS 3aCTOCOBYIOTh IIPU OJEpXKaHHI a00 CTaOUIBHUX Y
XIMIYHOMY BiJTHOIIEHHI OCaiB (Cynb(aru, XJOPUAX TOIIO), a00 IPU yTBOPEHHI cTa0i-
JBHUX TPaBIMETPUYHUX (POPM, HAMIPUKIIAJT OKCHUJIIB METAIB.

TexHika BUCYLIIYBaHHS 1 MPOXKapIOBaHHs Mae€ psii ocobmuBocteld. BucyryBan-
HsI OCaJIiB 3MCHIOTH y CymiwibHii madi npu 105 - 120°C. Jlidiky 3 ¢inbTpom i oca-
oM Ha 5 - 10 XBUIIMH KJIayTh y CYIIUJIBHY IIady.

PeuoBuHH, K1 MIATAIOTHCS BUCYITYBAaHHIO JI0 TTOCTIHHOT MacH (HaNpUKIIaI, IpU
BHU3HAYEHHI BOJIOTOCTi), CyIIaTh y OOKCax TPUBAIMM 4ac, MEPIOAUYHO 3BAKYIOUYH
ocan. Ilepen 3BakyBaHHSM OIOKC 13 PEUOBHMHOIO OXOJOKYIOTh Y €KCHKATOPl MPOTS-
rom 30 - 50 xB. CnantoBaHHs 1 IPOXKAPIOBaHHS OCAJIB 31MCHIOIOTh Y THUTJISAX, TOTe-
PEIHBO PETEeNIbHO BUMMTHUX, MPOKAPEHUX, OXOJOKEHUX B €KCHKATOpl 1 3BAKEHUX.
[IposkaproBaHHS 1 3Ba)KyBaHHS TUTJISI TOBTOPIOIOTH JICKIbKA Pa3iB 10 MOCTIHHOT MacH.
VY 3BaxkeHUM TUTEIh 00EPEKHO MOMIMIAIOTE (PUILTP 3 0CAIOM.

®iapTp y TUIII HarpiBalOTh HaJ MOJYM'SM Ta30BOTr0 TNajdbHUKA, Tak, 00 BiH
NOBUILHO OOBYTJIIOBABCs, ajie HEe rOpiB, 00 YHUKHYTH BTpaT ocaay. Turens 3 ocagom
NOMIIIAIOTh Y My(debHy Mid 1 MPOKaproloTh MpH MoTpiOHIM Temnepatypi 30 - 40 xB.
Turenp 3 ocagoM MiCHs MPOKAPIOBAHHS OXOJOKYIOTh B €KCHUKATOPl 1 3BaXKYIOTh.
[Ipouenypy nposkaproBaHHS 1 3BaKyBaHHSI MOBTOPIOIOTH O MOCTIHHOI Macu. SIKiio
ocaJpKyBaHa 1 rpaBiMeTpu4Ha (JOPMHU MAIOTh OAHAKOBY XiMIUHY (pOpMyITy, TO IpOXKa-
proBanHs BeayTh mpu 300 - 600°C. ko Tpeba mepeTBOPUTH OCaHKyBaHy (GOpMy B
rpaBiMETpUUHY, TO TEMIIEpATypy HiaBuILyoTh 10 900 - 1100°C.

Orxe, 1100 pe3yibTaTd rpaBIMETPUYHOrO aHai3y OyJM JOCTAaTHbO TOUYHUMH,
0cajy, O/Iep>KyBaH1 Py MPOBEICHH] aHaJIi3y, TOBUHHI BIAMOBIAATH PSITy BUMOT:

¥ MaTu OCTIMHUN XIMIYHUN CKIa;

¥ Matu CTPYyKTYpy, IO JO3BOJISIE MPOBECTU O€3 BTPAT yci omeparlii aHaizy:

GinbTpyBaHHS, IPOMHUBAHHS, IEPETBOPEHHS B TPaBIMETPUUHY (OPMY.

% OyTu NMPakTUYHO HEPO3ZYMHHHMH Y BOJI (PO3UYMHHICTH HE IIOBUHHA ITEPCBH-

IIyBaTH 1-107 MOJIL/ILM3);



3ACTOCYBAHHA TPABIMETPUYHOI O AHANI3Y

['paBiMeTpUYHI METOJIM 3aCTOCOBYIOTH NP aHaMi31 Oaratbox (apmMareBTHUHUX
npenapatiB. s ¢apManieBTUUHUX MpenapariB rpaBiIMETPUYHUMU METOJAaMU BU3HA-
YalOTh KUTBKICTH JIETIOUMX PEYOBHH 1 BOJH, a TAKOXK 30JIbHICTH MPENapariB.

KinpKicTh JETIOUMX PEYOBHH 1 BOAM BH3HAYAIOTH BHCYIIYBAaHHSIM PEUOBHHH 10
MOCTIHHOI Macu MpU TEMIIepaTypi, sika BKa3yeThcs y papMaKkoNelHUX CTATTAX Ha Ji-
KapChKi Ipenapaty 4u AepKaBHUX CTaH HA PEYOBUHU 1 CHpOBHHY. HaBakky pedoBUHU
MOMIMIAIOTh y 3BaYKEHHH OFOKC i BUCYIIYIOTh y CynmmibHii madi mpu 105-110°C mpo-
TAroM Bu3HaueHoro 4yacy (1 — 1,5 roa.). Brokc 13 HaBaXKOO OXOJIOJKYIOTh B €KCHUKa-
TOPi 1 3HOBY 3BaXKYIOTh. SIKIIO Pi3HUI Macu OIOKCY MK 3Ba)KYBaHHSIMH HE IEpPEBU-
mrye 0,0005r, BBaXkarOTh, 110 TIpemapaT BUCYIIEHUH 10 MOCTIHHOI MacH. SIKIIO pi3HU-
s B Maci nepesutrye 0,0005T, BUCYIIIyBaHHS TOBTOPIOIOTD.

[Ipy BU3HAYEHHI KpHUCTATI3AINHOT BOJAM HABAXKYy PEUOBHMHU IMPOXKAPIOIOTH y
mydenphiit edi 30 - 40 xBuwmua mpu 300 - 400°C, micis Y0ro OXOJOMKYIOTh B CKCH-
KaTopi 1 3BaXKYIOTh.

KpiMm BosOroCTI 1 JIETIOUMX PEYOBUH OaraTto peyoBHWH, MpenapaTt, JiKapchKi
POCIMHU aHAI3YIOTh Ha BMICT PI3HUX THUIIIB 30J1M. 3BUYAfHO BU3HAYAIOTh:
6 KIIBKICTH 3arajbHOI 30JIH;
3 KUTBKICTh 30J1M, HE PO3YMHHOI B COJISIHOT KUCJIOTH (COJIi Cpibiia, CHITIKATH);
3 KUTBKICTh cysb(daTHOT 30711 (coJti 6apiro, KaJbIlit0, CTPOHIIIF, CUITIKATH).

KinbkicTh 3arajibHOT 30JI1 BU3HAYAIOTH, CHATIOIOYH 1 MIPOXKAPIOIOYU B THUTIII JI0
NOCTIMHOI Macu HaBaXKy 3 - 5T peuoBUHU. SIKII0 HEOOX1HO BU3HAYUTH 3011y, HEPO3-
YUHHY B COJISIHIA KHCJIOTI, TO IO 3aJIMIIKY B THUTJI TICIS MPOKAPIOBAHHS J10JA0Th
2 - 3MJ1 pO34YMHY COJSTHOT KHCIIOTH, 3aKpUBAaIOTh TOJMHHUKOBUM CKJIOM THTeJb 1 Ha-
rpiBalOTh Ha BOJsAHIN Gani mpoTsrom 10xB. J[o BMiCTy THIIS AOAAIOTh SMIT rapsdoi
BOJIY, OCAJ1 BIJOKPEMITIOIOTH Ha (DUIBTPI1 1 MPOMUBAIOTH TapsSY0I0 BOJIOIO /10 3HUKHEHHS
peakuii Ha ioHu Cl”. ®inbTp 3 0CaOM BHUCYILIYIOTh, CHAIIOIOTH, TPOXKAPIOIOTH 1 3Ba-
KytoTb. [Ipy Bu3HadyeHHi Cynb(}haTHOI 301 HABaXXKy IMpernapary B TUTIII 00pOOJISIOTH
0,5 - 11 pozunnom H,SO,. Hagnuiiok cipyaHoi KMCIOTH BUAANSAIOTH MPU HarpiBaHHI
TUTJIS Ha CITIl a0o mimmanii 6anHi. Turens 3 ocaioM MPOKAPIOIOTH 10 MOCTIMHOT MacH.

Mpuxkaan. KinbkicHuit BMICT cynibdary HaTpio y ¢papMalieBTUIHOMY Tpernapa-
Ti BU3HAYAIOTh HACTYMHUM criocoOoM. Touny HaBaxky (O6ust 0.25 T) BUCYIIEHOTO Cy-
ap(aTy HATPil0 PO3UMHSIOTH Y HEBENHKIN KiTbKOCTI Boau (25mi1), TOBOISATH 00’e€M
po3uuny a0 200mi, nogaroth 1M 8%-noi HC1 1 HarpiBaroTh 10 kumiHHA. J{o migirpi-
TOTO PO3UMHY A0Aar0Th 10Ma rapsdoro 5%-HOro po3unHy XJIOpuay Oapiio, HarpiBa-
I0Th CyMIlI Ha BOAAHIN OaHi 30 XBUIIMH U1 103p1BaHHA OCady, OXOJIOIKYIOTh PO3UYMH
3 ocazoM 1 GUIBTPYIOTH Yepe3 IMUIbHUKN (CHHs cTpiuka) 0e330mbpHuM GiabTp. Ocaa Ha
Gb1IBTPI MPOMUBAIOTH TapsiuOI0 BOJAOKO JO HETaTUBHOI PEakKIlii MPOMUBHUX BOJ| Ha
xyopuau (mpoda 3 pozunHoM AgNQO;). OUIBTP 3 0CaOM MEPEHOCITh Y 3BAKEHUUN TH-
relfb, BUCYIYIOTh Y cymibHiA madi mpu 100 - 110°C. CrnamoroTs QireTp HAI MOTY-
M'SIM Ta30BOT'0 MaJIbHUKA (CIIAKYIOUH, 100 (IIBTP MOCTYNOBO OOBYTIIIOBABCS), MOTIM
npoxaproioTh y mydensHii neui npu 600°C. Ilicas 0XONOMHKeHHS 3aUIIOK Y THIIIL
3MOYYIOTh JIEKIIbBKOMA KpaIUIIMU KOHIIEHTPOBAHOI ClpYaHOi KUCIOTH 1 3HOBY IMpOKa-
PIOIOTH 710 TOCTIHHOI MacH. [IpokapeHuid ocaa y THIJIl OXOJIOKYIOTh Y €KCUKaTopl 1
3BAXKYIOTb.

['paBiMeTpuyHIM CIOCOOOM MPOBOJIATH BUSHAYEHHSI KIJIbKICHOTO BMICTY TaKUX
PEYOBHH, SIK Cynb(aT XiHiHY, TIAPOXIOPU] XiHIHY, TApoOpoMis TiaMiHy, Ccyiab(daT Ha-
Tpito y papMalnieBTUUHUX Mpenaparax.
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['paBiMETpUYHMI aHaII3 HIMPOKO 3aCTOCOBYETHCSA TAKOXK AK apOITpakKHUM Me-
TOJ aHaITI3y, SIKIIO 1HIII METOAM aHaJli3y Jal0Th CyMHIBHI pe3yJIbTAaTH.
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TUTPUMETPUYHUIA AHAJII3
3AT'AJIBHI TIOJIOKEHHA TUTPUMETPUYHOI'O AHAJII3Y

CyTe MeTOnRY

TutpumMeTpu4HUN aHaII3 € PO3ALIOM KUIBKICHOTO aHalli3y, sSIKWi 3a CYTTIO 1 Me-
TOJAMKOIO pOOOTH 3HAYHO BiJIPI3HSIETHCS B/l FPABIMETPUYHOrO aHAII3Y.

VY rpaBiMETpUYHOMY aHaIIi31 BUMIPIOIOTh (3BXKYIOTh) Macy MPOAYKTY peakilii,
a KOHIEHTpAIlis 1 KUTbKICTh PO3YMHY BBEJEHOTO PEaKTHBY-OCA/XKyBadya Mae€ JIPyro-
psiIHE 3HAYCHHS.

Y TUTpUMETPUYHOMY aHaji31 BUMIPIOIOTH 00'em poOOYOro po3dyuHY (PO3UHHY
pPEaKTUBY BIZIOMOI1 KOHIIEHTpAIlil), SIKH BUTPAYEHO HA B3a€EMOJII0 3 PO3YMHOM BH-
3HAa4YyBaHOI PEYOBHUHHU. 32 00’€MOM 1 TOYHOIO KOHIICHTpAIli€l0 poOOYOro pO3UHHY
PO3paxoOBYIOTh KIJIBKICTh 200 Macy peUOBUHHU, SIKY BUZHAYAIOTb.

PeuoBuHy, siKy BU3HA4YarOTh, HA3MBAIOTh "aHAMIT", @ PO3YMH PEAKTUBY BIJIOMOT
KOHIIEHTpAIlii, SIKH BUKOPUCTOBYIOTH NJISi TUTPYBaHHS, HA3UBAETHCS poOOuUM, ab6o
mumpoeanum, pozuunom. llponec nogaBaHHs poOOYOro (TUTPOBAHOTO) POZUUHY IO
PO34YMHY BU3HAYYBAaHOI PEUYOBUHU HA3UBAETHCA mMumpy8aHHuam. TUTPYIOTh 10 TOTO
MOMEHTY, TIOKHU OyJie TOCSATHYTa moyKa exgigareHmuocmi (KIHEIb PeaKirii).

TouKy €KBIBAJICHTHOCT] 3BUYAfHO BCTAHOBIIIOIOTh, BBOJISTYM B PO3YMH BiJIOBI-
JTHUW 1HIUKATOP.

Crni Ha3BaTH 1€ OJHY OCOOJUBICTH METOAIB TUTPUMETPUYHOTO aHAII3y MOPi-
BHSIHO 3 TPaBIMETPUYHUM aHAI30M. SIKII0 Y rpaBIMETPUYHOMY aHaJi31 3aCTOCOBYETh-
Csl JIMIIE OJWH TUM XIMIYHHMX peakiliid — peakuii 0CapKeHHs, TO B THTPUMETPUIHOMY
aHaJi31 3aCTOCOBYIOTHCS TAKOXK

6 peakiii HelTpamizaiii,
# peaxiiii OKUCIICHHS-BITHOBJICHHS,
38 peakirii KOMILICKCOYTBOPEHHS.

3aJIe)KHO BiJ TUITY XIMIYHOI peakilli METOAU TUTPUMETPUYHOTO aHATI3y MOIl-
JISIOTHCS Ha Taki FPyIu:

METOJIM HEeUTpasizamii (KUCIOTHO-OCHOBHOTO TUTPYBAHHS );

METOJIM OCAIKyBaJIbHOT'O TUTPYBAHHS,

METO/IM KOMILIEKCOYTBOPEHHS;

METO/IA OKUCJICHHSI-BITHOBIICHHS.

KoxHa 3 1iux rpym METO/TiB BKJIFOYAE IIIe KiTbKa MiArPpyT, PO SKi OyJIe CKa3aHo Jali.

BukopucTtanHs pi3HOMaHITHUX THIIIB XIMIYHUX PEaKIliil € BEIMKOIO TIEPEBAror0
TUTPUMETPUYHOTO METOJY aHalli3y MOPIBHSIHO 3 TPaBIMETPUYHUM METOJOM. THUTpu-
METPUYHHNA aHaTi3 € OUTBII YHIBEPCATIbHUM METOJIOM, BiH A€ MOXIJIMBICTh aHAIi3yBa-
TH 3HAYHO OUIbIIE Yuciao 00'ekTiB. KpiM Toro, BU3HauYeHHS TUTPUMETPUIHUMHU METO-
JaMU 3aiiMaroTh 3HAYHO MEHIIIE Yacy, HIX MPU IPaBIMETPUYHOMY aHai31.

HIBUAKICTH Ta yHIBEpCAIbHICTh METOJIB TUTPUMETPUYHOTO aHAJI3y € MpHYH-
HaMU iX IIMPOKOro 3aCTOCYBaHHS MPH aHaJi31 pI3HOMaHITHUX MmatepiaiiB. [Ipore, He
BC1 XIMI4HI peaKi(ii MO)KHa BUKOPUCTATH JIJII TATPUMETPUIHUX METOIIB.

XiMiuHI peakilii B TUTPUMETPUYHOMY aHaji3l MOBUHHI BIAMOBIIATH TEBHUM
BUMOTaM, a came:

% 1. Peakii moBHHHI IPOXOJNUTH CTEXIOMETPUYHO, TOOTO 3TiAHO 3 PIBHIHHIM peak-

mii.
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¥ 2. PoOouwmii po34rH peakTUBY MOBHHEH PearyBaTH TUIBKHU 3 TIEK0 PEYOBUHOIO, SIKY
Tpeba BU3HAYMTH ( Ha MIOBUHHO OyTH MOOIYHUX pPEaKIliif).

¥ 3. Peakuis Mk poOOYMM PO3UYMHOM 1 POZYMHOM BH3HAUYBAHOI PEYOBHHU MOBUHHA
NPOXOANTH IBUAKO. L[ ymMOBa B GiIBIIOCTI BUNIAIKIB BUKOHYETHCS, TOMY IO B THT-
PUMETPUYHOMY aHai31 BUKOPHUCTOBYIOTHCS TOJOBHMM YMHOM 10HHI pEaKIlii, MIBUI-
KICTh SIKMX JIOCUTbh 3HauHa. [HOJ1 BCe-Taku TPaIuIsIEThCs, IO MEBHA PEYOBUHA MOBLIb-
HO pearye 3 poOoYuM pO3YyMHOM. SIKIIO X € MoTpeda y BU3HAUCHHI, 3 BAKOPUCTAHHSAM
MOBUIBHOI Peakiliii, TO 3aCTOCOBYIOTh 3BOPOTHE TUTPYBaHHS.

OIMHMIII KOHIEHTPALIM Y TUTPUMETPUYHOMY AHAJIIBI

Y TUTpUMETPUYHOMY aHadi31 Jyisi poOOYMX PO3UYMHIB BUKOPHUCTOBYIOTH TaKi
OJIMHUITI KOHIICHTpAIIii:
2% monspHa koHnenTpanis c(X);

\

2%  MonsgpHa KOHLEHTpALlisl eKBiBaleHTa (5 X)

2% turp T.

] MomastpHa KoHIEHTpallis y 6aratboxX MiAPyYHHKAaX HA3UBAECTHCS ""MOJISAPHICTE" i
Mo3Hava€eThes JiTeporo M, Hanpukian, 0,1M po3unn abo JEUMOISPHUN POZUHH.

L) MonsipHa KOHICHTpAIlisI CKBiBaJeHTa y 0araThboX MiAPYYHUKAX HA3UBAETHCS
"HOpMalbHICTB" 1 MO3Ha4YaeThes JiTeporo N abo H, Hanpukiaa, 0,11 po3unn, abo N
= 0,1H, a00 AEMHOPMATBHUN PO3YHH.

Ha nepmmx ertanmax po3BUTKY TUTPHUMETPHUYHOTO aHAJI3y SK OJMHUITIO KOHIICH-
Tpatlii po60YnX pO3UNHIB BUKOPUCTOBYBAJIM TUTP, TOOTO KUIBKICTh IpaMiB pEUYOBHUHU
B 1M1 po3unny. Jlerko mo6aunTy, Mo MiXK TUTPOM 1 HOPMAJIBHICTIO PO3UUHY (MOJIS-
PHOIO KOHIIEHTPALIEI0 EKBIBAJIEHTA) ICHY€E MPOCTA 3aJIEKHICTh!

(5 X) M(;X)
- 1000

Tenep TUTp piaKO 3aCTOCOBYIOTH Ul TIO3HAYEHHS KOHIICHTpAIlii poOoYnx po3-
YUHIB, TOMY 110 BECTH PO3PAaXyHKH YEPE3 MOJISIPHY KOHLEHTpALIII0 €KBIBaJleHTa (HOp-
MaJIbHICTh) TIpocTimie. Aje y dhapMaleBTHUHIN MPaKTHUIll, 1€ BUKOHYEThCS 0arato o-
HOTUITHUX aHaJli31B, BUKOPUCTOBYIOTh TUTP pOO0OYOro pOo3uMHY 3a BU3HAUYBAHOIO pe-
YOBHMHOIO ( CKUTBKM I'paMiB BU3HAYYBaHOI PEYOBHMHHU BiamoBimae 1 mu poGoyoro pos-

auny). Hpuxman: Tycy/Na,CoO, -
Jns oOuMCIeHHs: MacH BU3HAYYyBaHOI 3a pe3yJbTaTaMd TUTPYBAHHA PEYOBHHM

Tpeda MOMHOXKHUTH TUTP Ha 00'eM poOOYOTrO PO3UMHY, BUTPAUYCHOTO HA THUTPYBAHHS,
HaIIPUKJIAL:

m(NayCO3) = Tycy/Na,co, - V(p—Hy HCI)

[IpuroTyBaHHA PO6GOYMX POSUMHIE

[TpurotyBaHHs poOOUMX (TUTPOBAHMX) PO3UMHIB € OJHIEIO 3 HAWBIANOBIIATb-
HIIUX Omepaliidi TUTpUMETpuuHOro aHamizy. [IpaBuibHE MPUTOTYBaHHS 1 BCTaHOB-
JIeHHS KOHILIEHTpalii IUX PO34YMHIB € HEOOXIJHOI YMOBOIO JIsi OJEpXKaHHS TOYHHX
pe3yJIbTaTiB aHaNi3y.

HalinpocTimmm 1 HaWTOYHIIIMM CIOCOOOM MPUTOTYBAaHHS PO3YMHIB B1JIOMOL
KOHIICHTpAIII] € 3Ba)KyBaHHs MOTPIOHOT KUIBKOCTI MpernapaTy 1 pO3UMHEHHS B3ATOi Ha-
BaXXKHU B NMEBHOMY 00'emi. Aje OUIBLIICTh PEUOBHUH, SIKI BUKOPHUCTOBYIOTH JUIS TIPUTO-
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TyBaHHS POOOYHMX PO3YMHIB MICTSTHh JOMIIIKH, YACTKOBO PO3KIAMAIOTHCS a00 OKHC-
JIOIOTHCA Y po3uuHi. Tak, HampuKIaa, XJOPUJ HATPIIO YACTO MICTUTh JOMIIIKH XJIO-
puay Kaniro 1 cynbdaTy HaTpito. ['IIpoKCHI HATPIIO Ay*ke TIrPOCKOMIYHUN 1 3aBXKIU
MIiCTUTh Boay. HaBiTh min Yac 3BaKyBaHHS Ha aHAJIITUYHHUX Tepe3axX BiH HACTLIBKU
EHEepriiHO MOTJMHAE BOAY, L0 BHU3HAYUTU TOYHY MacCy 3BaKyBaHHSIM HEMOKIIUBO.
Jlesiki pe4OBHHU B PO3UMHEHOMY CTaHI YAaCTKOBO OKHCIIOIOTHCS KUCHEM IOBITPS; Ha-
NPUKIIAJ, PO3UYMHU TiOCYIb(haTy HATPit0. PO3YMHM IHIIMX PEYOBHH, TAKUX, SK MEPMaH-
raHaT KaJio, 3JaTHI PO3KIAJaTUCS IiJl BIULIMBOM CBITJIa, OPTaHIYHUX JOMIIIOK TOIIIO.
Tomy TOUYHY KOHIIEHTpalllf0 poOOYMX PO3UMHIB y OUIBIIOCTI BUMAJKIB BU3HAYAIOTH
METOJIOM TUTPYBaHHS 6UXIOHUX peuoeun abO PO3UYMHIB, 110 MAIOTh TOYHO BIJIOMY
KOHIEHTPAIIIFO.

BuxinHi pedyoBMHM.

Jlaneko He BCi MpemapaTd MOXKYyTh BUKOPHUCTOBYBATHCH SK BUXIJHI PEYOBHHHU.
PosrasinemMo qoKkIaaHO BUMOTH, IKUM MTOBUHHI BIJMIOBIIATH BUX1/IHI PEYOBUHHU.

2% Tlepmoro i HallGIIBII BAaXKIIMBOIO BUMOTIOIO € 8iONOGIOHICIb PeanbHO20 CKIAOY
pevosunU il XiMiuHil hopmyi.

2% Jlpyra BaxivBa BUMOTA JI0 BUXiJHUX PEYOBUH IIOJISATAE B TOMY, IO iX PO3UMHH
MOBUHHI OyTH cmitikumu 1 KOHIEHTpAIlisl TAKMX PO3YMHIB HE TTOBUHHA 3MIHIOBATHCH
npu 30epiraHHi.

2% BuxigHa pedoBHMHA IIOBMHHA MOBHICTIO PearyBaTH 3 POOOYMM PO3UMHOM Y Bij-
MOBIJIHOCTI 3 PIBHSIHHSAM PEaKIIii.

2% Hapemri, 6a:xano, 06 BUXiHI PEUOBHMHH MAJU GeIUKY MOIAPHY MACY eKGisa-
neHma. Y 1IbOMY BHUIMAJIKy JTIOBOAUTHCA OpaTH JOCHUTH BEIMKY HAaBAXKKY IMpernapary,
BHACJIIZIOK YOT0 3MECHINYETHCS BiTHOCHA TOXMOKA, MOB's3aHa 3 HETOUYHICTIO 3BaXY-
BaHHS.

Bionogionicms cxnady peuoeunu ii Ximiuniti ¢popmyni MOXKe TOPYIIyBaTHUCh
BHACJIIJIOK MPUCYTHOCTI B Ipemapari pi3HUX JOMIMIOK 1 3a0pynHeHb. ToMy Garato Xi-
MIYHHUX CIIOJIYK MOXYTbh OyTH BUKOPHUCTaHI SIK BUXIJHI PEYOBUHU JIMILIE MICHS iX IMO-
NEePEeIHbOr0 OUMIICHHS. Y HaBEJIEHUX BUIIE MPUKIAAAX XJIOPU]l HATPIIO JIETKO OYHUC-
TUTHU TIepeKpucTaiizaiiero. [1icas Takoro OYMINEHHS IIi CIONYKH MOXHa BUKOPHUCTO-
BYBAaTH JUIsl IPUTOTYBAaHHS PO3YMHIB TOYHOI KOHILIEHTpAIll 0€3M0CEPETHBO 3 HABAXKKH.
[IpHYNHOO HEBiAMOBIAHOCTI JIHCHOTO CKJIaxy PEYOBMHH li XiMiuHiil opMyITi Takox
MOKe OyTH sIBUIIE ciepockoniyHocmi. ToMy TITpOCKOMIYHI XIMIYHI CIIOJYKH HE BHKO-
PUCTOBYIOTHCSI SIK BUX1THI pEYOBHHH.

bararo XiMIYHUX CHOJNYK MICTSATh Kpucmanizayitiny 6ody. lls BIacTUBICTh
CTBOPIOE TIE€BHI TPYIHOII B TUX BHUIAJIKaX, KOJU CLIb MOXE KpPUCTaIi3yBaTHCS 3 pi3-
HOIO KUJIBKICTIO MOJIEKYJ BoJu. O4eBHUIHO, MEepel 3aCTOCYBAHHSAM TaKUX PEUOBHUH JJIS
IPUTrOTYBaHHS poOOYMX PO3YMHIB TpeOa MPOBOAUTH MEPEKPUCTAIZALIIIO, TOAEPKYIO-
YU IIJIKOM MEBHUX YMOB, 1100 JICTaTH Ipemnapar 3 BiIOMUM BMiIcTOM Boau. Hespyu-
HICTh TOJIATAE TAKOX Y TOMY, III0 KpHUCTali3alliifHa BOJia 3 4aCOM MOCTYIIOBO BUBITPIO-
€ThbCS 1 XIMIUHUH CKJIaJ] penapaTy MepecTae BiMOBIAaTH MEeBHIM XiMiuHIA (HopMyIIi.
PeyoBuHM, 110 MICTATH KpHUCTai3alliiiHy BOIY,— KPHUCTAJOTIAPATH 3aCTOCOBYIOTHCS
1HKOJIM SIK BUXIJHI PEUYOBUHHM; ajie BOHM MEHII 3py4YHi, HK BIAMOBIAHI O€3BOJIHI CITO-
JTYKH.

IcHye mopiBHSAHO HEBEIMKA KUIBKICTh XIMIYHUX CIIOJIYK, SIKi TIOBHICTIO BIJIIOBI-
JAI0Th YCIM MepeliueHuM BHIEe BUMOram. J[o HUX HaylexaTh, HAMPUKIAA, TaKl peyuo-
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BUHU, SIK TUXpOMAT Kajilo, OKcanar Kajiio Ta JesAKl 1HII, K1 BKa3ylThCS y HACTYII-
HUX PO3JIIax.
YcraHoOB/ICHHSI KOHIEHTPAalil po00YnX PO3YHHIB 32 PO3YHHAMM
BHUXiITHNX PEYOBHH.

Le#t cioci6 HaitbiIbm mommpeHuii. Bin mosnsrae B ToMmy, 1110 BUOUPAIOThH
BUXIJHY PEYOBHHY, fIKa 3[aTHAa pearyBaTH 3 poOOYUM pPO3YMHOM, 1 O0€3MOCepeaHbO 3
HaBa)XKH, y34TOI Ha aHAIITUYHHUX Tepe3ax, FOTyIOTh PO3YMH BUXIAHOI PEUYOBHHH, 110
Ma€ TOYHO B1ZIOMY KOHIIEHTpalito. A poOouYuil po3uMH rOTYIOTh 3 MPUOIUZHOIO KOH-
neHrpaiiieo. HaBaxky pedoBUHH Ui MPUTOTYyBaHHS poOOYOro po3unMHy OepyTh Ha
TeXHIYHUX Tepe3ax, He 3BepTalouud 0COOJMBOI yBaru Ha TOYHICTh 3BaKyBaHHS, 1 PO3-
YUHSIOTh Y TOTPIOHOMY 00'eMi BOJAHM, SIKY BIAMIPIOIOTH Tako mpuoOin3Ho. [ToTim 3a
JIOTIOMOT'OI0 TIMETKH BIAMIPAIOTh TOYHHA 00'€M PO3YMHY BUXITHOI PEYOBHHHU 1 THT-
pYIOTh or0 poOOYMM PO3YMHOM. 3a JAaHUMU TUTPYBAHHS, OOUMUCIIOIOTH TOYHY KOH-
IEHTpaIliio pododoro po3urHy. Lleli MeTon He Takuii TOYHHM, SIK METOJl TUTPYBaHHS
OKpeMO1 HaBa)KKHM BUX1JJHOI pEUOBUHH, 0O TYyT Ha MOMUJIKY 3Ba>KyBaHHS HaKJIQJAA€ThCS
MOMMJIKa BUMIPIOBaHHA 00'eMy PO3UMHY BUX1JIHOI PEUOBMHU. AJle TPU BUKOHAHHI BCIX
YMOB TUTPYBaHHS 11eH cmoci0 gae 100pi pe3yabTaTH.

Y cTaHOBJIEHHSI KOHIIEHTpallli poOOYHX PO3YHHIB 3@ 1HITUMHU

poOoYMMHU po3YMHAMHU.
PoGoumnii po3unH, KOHLIEHTpALlisl IKOTO BCTAHOBJICHA 3@ PO3YMHOM BHXI-
JTHOT PEUOBHMHHU, MOKHA B CBOIO Uepry BUKOPHUCTATH JJIsl BCTAHOBJIEHHS KOHIIEHTpALil
IHIIIOr0 poO0Yoro po3unHy. Tak, HAIPHUKIIAJ, KOHIEHTPALII0 PO3UYHHY COJISIHOI KHCIIO-
TH 3BUYAHHO 3HAXOASTh, KOPUCTYIOUUCH po3uuHOM Oypu Na,B,0, -10H,O sika € 106-

POIO BUX1THOIO PEUYOBUHOIO:

[Ticist 1bOrO KOHIIEHTPALII0 PO3YMHY JYTy MO>KHa TOYHO BCTAHOBHTHU
TUTPYBaHHIM PO3YUHY COJSTHOT KucnoTu. Criff 3a3HaYUTH, M0 TPU TaKOMY CTHOco0i
MOMUJIKA 3pOcTae, 00 TyT JOBOJIUTHCS JIBIYl BUMIPIOBATH 00'€MH pO3UHHIB.

Cmanoapm-mumpu (¢ixcananu)

B anamiTUyHUX 1 3aBOACHKUX J1a0OPATOPISIX AyKe MOLIMPEHI TaK 3BaHi
CTaHJAPT-TUTPHU, a00 (PikcaHaIM, TpU3HAYEH] IJIs MBUAKOTO MPHUTOTYBaHHS POOOYMX
PO3YMHIB MOTPIOHOT KOHIIEHTpAIIi].

CranmapT-TUTp — 1€ 3amasHa y CKJISHY aMITyJly TOYHAa HaBa)KKa CyXoi
pedyoBHHH (200 TOYHO BIAMIPSHUN 00’€M po3uuHy peuoBUHM). CTaHIapT-TUTPU BUTO-
TOBJISIIOTH y CHEIladbHUX JabopaTopisx. ICHyrTh ¢ikcaHanm 6aratbox peyoBHH, Ha-
OpUKIaa JIyTy, TioCyib(dary HaTpito, WOAY, CipyaHOi KUCJIOTH, IIABIEBOI KHUCIOTH,
TpwioHy b Tomio. /{7 BUrOTOBIEHHS po3uMHY 3 (iKcaHally Tpeba po30UTH aMIlyy 1
KUIBKICHO TIEPEHECTH PEYOBHHY, SIKa MICTUTHCS B HiM, Y MIpHY KOJOY MICTKICTIO 11.
[Ticns po34MHEHHSI peYOBUHU PO3UMH Y KOJIO1 pO3BOAATH BOJOIO TOYHO /10 1. Takum
Croco0oM, SIK TPaBHUIIO, TOTYIOTh PO3YHHH 3 MOJISIPHOIO KOHIICHTPAIIIEIO €KBiBaJeHTA
0,1Monb/n (nenuHOpMaibHI po3urMHM). AMITysa 3BM4ailHo MicTuTh 0,1MOJIb exBiBase-
HTa PEYOBMHU. 3HAUHO PIIIE BUTOTOBIAIOTH (Ppikcanamu 3 0,01 Monb ekBiBaJieHTa
PEUOBHUHH.

Touka eKBiBaJIeHTHOCT1
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[Tporiec TUTpYBaHHS MONSATAE B TOMY, IO POOOYHNI PO3YMH PEaKTUBY MOCTYTIO-
BO J00aBJISIOTh 10 pO3YMHY BHU3HAYyBaHOI PEYOBHHHM, NMOKHU Oyje IOCSATHYTO €KBiBa-
JICHTHE CITIBBIJIHOIICHHS pearylo4yux pedoBuH. Lleii MOMEHT TUTpyBaHHS HA3UBAIOTh
mouKow exsieanenmuocmi. IlpaBuibHe BU3HAYCHHSI TOUYKH €KBIBaJICHTHOCTI MA€ BU-
piagbHe 3HAYCHHS JJI MPAaBIWIILHOCTI pe3yJIbTAaTIB aHATI3Y.

Tpeba Bizmpa3y 3acTepertu NpoTH HEMPABUIBLHOTO PO3YMIHHS TOYKU €KBIBaJICH-
THOCTI, IK TAKOTO MOMEHTY TUTPYBaHHs, KOJIM KOHLUEHTPALS 8U3HAUYBAHOI peUoBUHU
JIOPIBHIOE HYJIIO0. YCl1 peakiiii, 0 3aCTOCOBYIOTHCSI B TUTPUMETPUYHOMY aHami3i, €
00OpPOTHUMH pEakilisiMU, TOOTO TaKUMH, IO BIAOYBAIOTHCS SK Yy MPAMOMY, TakK 1y
3BOPOTHOMY HampsiMi. TOMy KOHIIEHTpAIlisl 8U3HAYYB8AHOI peyO8UHU B HKOJTHUNA MOMEHT
TUTPYBaHHsS HE JOPIBHIOE HYIIIO; II€ CTOCYEThCS 1 KOHIEHTpamii pearenty. [Ipogykr
peaxIlii, BHACIiIOK MPOTIKaHHS 3BOPOTHOT peaKilii, yTBOPIOE 3HOBY BUX1/IHI pEUYOBHHU.

Touky eKBIBaJEHTHOCTI HE MOKHA TAKOX XapaKTePU3YyBaTH K TaAKUH MOMEHT
TUTPYBaHHs, KOJIM 3aKIHYMIIACh PEAKIIIs 6U3HAUY8aHOi peuosunu 3 pearenToM. HaiTh
TOJ1, KOJM MK KUIBKOCTSIMU 8UZHAYYBAHOI pedosuHY 1 PEareHTy ICHY€ €KBIBAJICHTHE
CITIBBIJTHOIIICHHS, PeaKilisi BeCh yac BiIOyBaeThbcsl B 000X HampsiMax. Y TOdlll €KBiBa-
JICHTHOCTI, SIK 1 B KOXHHUI 1HIIMI MOMEHT TUTPYBaHHS, MK KOMIIOHEHTAMHU PEeaKIlii
ICHy€ IMHAMIYHA PIBHOBAra i peaxiiisi IpoJA0BXKYye€ iTH B 000X HampsAMax.

MipHuM nocyn

Y TUTpUMETPUYHOMY aHai31 BaXXJIUBE 3HAYCHHS MalOTh CIIOCOOM TOYHOTO BHU-

MipIOBaHHS 00'eMiB po3unHiB. HaBiTh 32 yMOBU MPaBUILHOTO BUTOTOBJICHHS POOOUNX
PO3YMHIB 1 TPABHJILHOTO BCTAHOBJICHHSI TOYKH €KBIBAJICHTHOCTI y BU3HAUEHHI MOXKE
OyTH BeJMKa MOMMUJIIKA, SKIIO HE TOACPKYBaTH NEBHUX MPAaBWII MPU BUMIPIOBaHHI 00'-
emiB. JlJi1 TOUHOTO BUMIPIOBaHHS 00'€MIB PO3YMHIB Y TUTPUMETPUUHOMY aHalli3l BU-
KOPHUCTOBYIOTh MipHI1 KOOU, mineTku 1 Oropetku. KokHuil 3 mUX BUIIB MOCYIy Mae
IIJTKOM TICBHE TIPU3HAYCHHS.
% Mipni konbéu — 1ie KoJOM 3 BYy3bKUMU MMOJOBXKCHUMH IHMikamMu. Ha mipHIi# k0101
MO3HAYAIOTh MICTKICTh y MUIUTITpaxX 1 TEMIEPATYPY, MPH SAKIM HATUTUNA 10 PUCKU PO3-
YUH 3aiiMae 3a3HaueHUN 00'eM, a Ha IIMIAII KOJIOM € KilbIleBa Mo3Hauka (pucka). Sk
paBuiio, Koaou kaniopyroTs npu temnepatypi 20°C. Lle o3Hauae, 1mo 00'eMm po3dyuny,
HAJIMUTOTO B KOJIOY JI0 PUCKH, BIMOBIAAE 3a3HaueHOMY 00'emy Tinbku mpu 20°C. [pu
BUIIIIH TemrepaTypi 00'eM KOIOM BHACHIJOK TEPMIYHOTO PO3IIUPEHHS CKJIA CTA€ TPO-
XH OUIBIIMM B1J1 3a3HaYEHOT0. 3MIHA TeMIlepaTypu NMoBIiTps B Mexkax 3 —4°C B Tol uu
1HIIMK OIK MaJio BIUIMBAE HA 3MiHY 00'eéMy KOJIOH, TOMY MPH 3BUYAWHUX BU3HAUYCHHSIX
II€I0 TOMUJIKOIO MOKHA HexXTyBaTh. Hanro TouHi Bu3HaueHHs Tpeba poOuTH Tak, o0
TeMIiepaTypa pobodoro po3unHy B kouoi mopisaroBana 20°C abo BHOCUTH B pO3paxy-
HOK BIIMOBIAHY MOIpPaBKY.
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MipHi ko101

MipHi kon6u Benukoi mictkocTi (500 — 1000 M) mpu3HayeHi TOJIOBHUM YHHOM
JUTSl TIPUTOTYBAHHS PO3UMHIB 3 TOYHOIO HABAXXKOIO peuoBUH. HaBakky pedoBHHHU Iie-
PEHOCATh Y KOJIOY uepe3 JiiKy 3 MUPOKOI MHiKor. JIifiKy cTapaHHO MPOMUBAIOTH
BOJIOI0, HAJIMBAIOTh Y KOJIOY BOJY MPUOJIM3HO 0 1i MOJOBUHU 1 IEPEMIIITYIOTh PO3UUH
JI0 TIOBHOTO PO3UMHEHHS pedyoBUHH. Tpeba mMaTH Ha yBa3i, 10 POZYMHEHHS 4acTo Cy-
IPOBOJIKYETHCSI OXOJIOKEHHSIM a00 HarpiBaHHSAM pO34MHY. Y IUX BHUMAJIKax Tpeda
MOoYEKaTH, MOKU TEMIEpaTypa PO3UMHY 3pIBHAETHCA 3 TeMIiepaTyporo nositps. Ilicmus
IIOTO B KOJIOY OJIMBAIOTH BOAY Maibke 10 pucku. OcTaHHI Kparui Bojau Tpeba noba-
BIISITU JIy’K€ 00Epe’KHO, TOKU HWKHIA MEHICK PIAMHU B KOJIOI TOCSTHE KIJIBIIEBO1 pHUC-
KM Ha 11 mumini. s mporo 3py4HO KOPHUCTYBATHUCh MIMETKOIO a00 KparelbHULEIO.
[Ipu coctepexeHH1 piBHSA MEHICKA OKO CriocTepirada MOBUHHO OyTH B OJHINA TOPHU30-
HTaJbHIA TUIOIIWHI 3 PUCKOI Koa0um. Ha mmuiini xonbu BuIle BiJg PUCKHA HE TTOBHUHHI
3aTPUMYBaTHCh OKpeMi KparulmHu Boju. [loBiBIIKM 00'€eM pO3UMHY 10 PUCKH, KOJOY
3aKpHUBAIOTh MPOOKOIO 1 CTAPAHHO MEPEMILIYIOTh PO3UHMH.

Mipuumu Kon6amu MeHIoi MicTKOCTi (200—250 mut) Takok MOXKHa KOPUCTYBa-
TUCh JUIS TPUTOTYBaHHS POOOYMX PO3UYMHIB. AJie iX YacTilie BUKOPUCTOBYIOTH JIJIs
PO3UMHEHHS aHaJI30BaHOI PEYOBHUHU. 3 KOJIOM BiAOMPAIOTH JJIsl TUTPYBAHHS TEBHUN
00’€M pO34HHY, 110 A€ MOXKJIMBICTh 3pOOUTH KiJIbKa MapajelbHUX TUTPYBaHb, KOPU-
CTYIOUHUCH OJIHIE€I0 HABAXKKOIO.

MipHi ko001 MarOTh Ha MU B OUTBIIIOCTI BUMAJIKIB OHY PUCKY. Taki konbu ka-

JT10poBaH1 Ha BIMBaHHA, TOOTO 00'€M HAJIUTOTO B KOJOY PO3UMHY BIAMOBIJAE 11 HOMI-
HaJbHOMY 00'eMy. AJle BIIMTHI 3 KOJIOU pO3UYMH MaTUME TPOXH MEHIINHN 00'eM, TOMY
10 YaCTHHA PO3YMHY 3MOYY€E CTIHKHU 1 3aHIIa€ThCs B KoyiO1. Konbu 3 aBoma puckamu
Ha MUHII KamiOpoBaHi HA BIMBAaHHS Ta Ha BWiMBaHHI. O0'€eM pO3uMHY, HAIUTOTO B
KOJIOY 710 BEpXHBOI PUCKH, TPOXH OLIBIIUN 32 HOMIHAJIBHUN, aje KOJU IIeH PO3UMH
BUJIUTH 3 KOJIOU, TO 00'€eM piJIUHU, KU BUTEYE 3 MIPHOT KOJIOU, TOUHO JOPIBHIOBATH-
M€ HOMIHAJILHOMY 00'eMy. 3a3Ha4€HOMY Ha KOJIOi.
% Ilinemku tipu3HaveHi U1 BigOMpaHHS TEBHOTO 00’eMy posuuny. IlimeTkn kaiio-
pOBaHi Ha BWIMBAaHHS; 00'€M BHJIMTOTO PO3YHMHY JOPIBHIOE HOMIHAJIBbHIN MICTKOCTI TIi-
neTkd. B aHamiTHuHIA mpakTUill OUIBII MOMIMPEH] MIMETKH 3 PO3LMIUPEHHSIM, SKI Ma-
I0Th Ha TOHKIM MMM JIMlie oAHY pucKy. HaliO1ibi nomumpeni mineTku MiCTKICTIO 5,
10, 20, 25 1 50 mu. [Tinetku Ha 1, 3, 100 1 250 M 3acTOCOBYIOTH piamie. Y Jadoparop-
Hi{ IPaKTHUIl BUKOPUCTOBYIOTh TAaKOX IMIIHAPUYHI MINETKU 3 TOILJIKaMU MOIOHO 10
OIOpETKH.

[lineTky nepea BUKOPUCTAHHAM Tpeba 100pe BUMUTH. KpuTepieM YUCTOTH MINeT-
KM € pIBHOMIpHE 3MOYyBaHHsI BOJOIO 1i BHYTPIIIHBOI MOBEPXHI 1 IOBHE CTIKAHHS BOIU
Y1 PO3YMHY 13 CTIHOK. He MOKHa KOpUCTYBATUCh MIMETKAMU, Ha CTIHKAX SKUX 3aTpHU-
MYIOTBCSI OKpEMi KPAIIMHH, TOMY III0 PO3YMH Y IEOMY BHUITAKy BiIMipIOBAaTUMETHCS
HETOYHO. 3a0pyAHEHY MINETKY HalKpalle OYHWCTUTH, 3aHYPUBIIU i1 Y BUCOKHH LHU-
JIHJp, HAIOBHEHUH XPOMOBOIO cymimio. Yepe3 neskuil yac MINEeTKy BUHMAIOTh 1
n00pe IPOMHUBAIOThH CIIOYATKy BOAOIPOBITHOIO, @ MOTIM JUCTUIHLOBAHOIO BOJOIO, BU-
TUPAIOTh 3BEPXY HACYXO 1 pO3MIILYIOTh BEPTUKAIBHO y ILITATUBI.

[Tpu kopucTyBaHHI mineTkamu Tpeba ToAepKyBaTH NeBHUX mpasui. llpu Ha-
NOBHEHHI MINETKH ii KIHYMK BECh 4ac MOBHHEH OyTH 3aHYpPEHMI y PO3UMH, 1HAKILIE B
Hel MOK€ MPOHUKHYTH MOBITPs. [licas 1boro BKa3iBHUM MajbleM 3aKpUBAIOTh OTBID,
BUMMAIOTh 3 PO3YMHY MIMETKY 1 3aiBUIl pO3UUH BUITYCKaIOTh, 00EPEKHO BIJCYBAIOUU
BOIK masienb. HmkHIM MEHICK po3uMHYy MOBHMHEH OyTH Ha OJHOMY pPiBHI 3 PHUCKOIO.
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[Tpu oMy Tpeba 3BepTaTH yBary Ha Te, MO0 mineTka 0yJjia y BEpTUKATBHOMY TMOJIO-
JKEHHI, a OKO CIIOCTepiraya — Ha OJH1/ TOPU30HTANIbHIHN TUIOIIKHI 3 TI PUCKOIO.
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[Timetku
Crnix MaTH Ha yBasi, 10 JJI NPAaBUIHLHOTO BIAMIPIOBAHHS MEBHOTO 00’ €My pO3-
YUHY MINETKOI ICTOTHE 3HAYCHHS Ma€ IIBUIKICTh BUTIKAHHS PIAUHU 3 MINeTKU. [Ipu
BEJIMKIN MIBUJIKOCTI BUTIKAHHS YAaCTUHA PO3UMHY HE BCTUTAE BUJIIUTHCH 1 3AJIUIIAETHCS
Ha cTiHkax. HaliTouHimmMm BuivBaHHS OyBa€ TONI, KOJU WGUOKICb UMIKAHHA 6
CEeKYHOAxX YuceibHo 00PiGHIOE MICMKOCHI ninemku 8 mininimpax. Tak, po3uuH 3 Mi-
METKH MICTKICTIO 25 MJI TOBMHEH BUTIKATH MPUONM3HO 25 cexkyHa. HuwxHil oTBIp mi-
METKU 3BHYAHO Ma€ came TaKWid OTBIp, MO0 JOJIEPKyBaJoCh yKa3aHe BUIIE CITIBBi-
HOIICHHSI M1 00’€MOM MINETKH 1 4aCOM BUTIKaHHS PO34MHY. SIKIIO IBOTO HEMAE, TO
Tpeba CIOBIIBLHIOBATH BUTIKAHHS PO3YMHY, 3aKpPHBAIOYM BEPXHINA OTBIp MIMETKH BKa-
3iBHUM mnaiblieM. [Ipy BHIIMBaHHI KIHUMK MINETKH MOBUHEH TOTOPKATUCS JO CTIHOK
MOCYJIUHU, 00 PO3YMH HE PO3OPU3KYBaBCS. 3BUYANHO IMICIIs BIJIMBAHHS B KIHYUKY
MINETKU 3aJIMIIAETHCS TPOXH po3unHy. He ¢ BuayBaTu 11ei 3aUIoK PiauHU.
% bBropemku pU3HAYCHI I TUTPYBaHHSA, TOOTO JIJIsi TIOBUIBHOTO JI0JIaBaHHS po0O-
4Oro pO34YMHY JI0 PO3UMHY BHU3HAUYBaHOI peUOBWHU. bropeTka siBisie cOOOI0 IMITIHII-
pUYHY TpyOKY 3 HAHECEHUMH I10 BCiil JOBXXKHMHI MOBEPXHI BEJIMKUMHU Ta MAIUMH MOJI-
axkamu. Benuki MoKy MpoOHYMEpPOBaHi 3BepXy BHHU3; 00'€M pO3UHMHY MIXK JBOMa Be-
JUKAMH CYCITHIMU TOJIIKaMu JopiBHIOE 1 Mil. BiacTanb MK BETUKUMU TOIITKAMH
[oJIlJIEHAa MAJIMMU ITOAIJIKAMH III€ Ha JIECSATHh YaCTHUH, OTXKE, IIHA KOKHOI MaJjoi MO1jI-
ku jopiBHioe 0,1mi. Tpeba, nmpote, 3a3HaYUTH, IO OIOPETKOK MOKHAa BUMIPIOBATH
00'emu 3 TouHicTiO 10 0,02 — 0,03 MJ1, OIIHIOIOYM HA OKO TMOJIOKEHHSI MEHICKa PiIUHU
MDK JBOMa MaJIUMHU HOALIKAMH.
bropetku naiuacrtimie MatoTh MicTKiCcTh 50 1 25 mi. bropetkamu Ha 10 M kopuc-
TYIOThCS piako. Halfuacriie y HIKHIN 9acTHHI Or0peTKa Mae TyMOBY TpPYOKy 13 3aTH-
ckadeMm. Y JpYyTHid KiHEIb TYMOBO1 TPYOKH BCTABJISIFOTh CKIISIHY TPYOOUKY 3 BIATSTHY-
TUM KiHIleM. Po34rH 3 OIOPETKH BUITYCKalOTh, HATUCKAIOYH JIBOMA MMAJBISIMU HA 3aTH-
cKay. Y HWXKHIN yacTUHI OropeTka Mo)ke OyTH NMpuuuTipOBaHUM CKISSHMMA KpaH (IUB.
MaJIFOHOK), MPU3HAYEHUH JJIs TIOBIILHOTO BUMyCKaHHs po3unHy. lllmid kpana tpeba
3MalllyBaTH TOHKUM IIApOM Ba3eiiHy, 1€ MOJETIIY€e HOro MOBEPTAHHS 1 YCYBa€ MOXK-
JIMBICTh YTBOPEHHS IUTIBKM CyXHMX COJIe Ha MOBEPXHI IUIi(pa BHACTIAOK BHUIIAPOBY-
BaHHS po3uuHy. [[1iBKa coyieil 4acTo HACTIIBKMU MIIHO 3aTHUCKA€ B OTBOP1 KpaH, IO
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HOTO AyXKe BaXXKO BiJIKPUTH, OCOOJIMBO ITICIISl TOTO, SIK OIOPETKOIO 3 PO3UYNHOM JICSKUH
yac He KopucTyBanucs. Lle HaluacTiie crocTepiraerbcs, KOJu B OIOPETI € PO3YHH
ayry. Y Takux BUNAQJKaX Kpaiie KOPUCTYBATHCh OIOPETKOIO 3 TYMOBOIO TPYOKOIO 1 3a-
THUCKAUEeM.
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broperku

bropetky mepen xopuctyBaHHsSM Tpeba no6pe BumuTH. lle Haiineriie
3pOoOUTH 3a JOMOMOI'OI0 TaK 3BaHOTO «iopxkay. Kpurtepiem 4yucToTH, SIK 1 B momnepe-
JHIX BUNAJKaX, € MOBHE 3MOYYBAaHHS PIIMHOIO MOBEPXHI BHYTPILIHIX CTIHOK OIOpET-
k. BuMuty OrOpeTKy CHOIICKYIOTh CIIOYATKy AMCTHJIBOBAHOKO BOJOIO, a TOTIM 2 — 3
pa3u HEBEJMKUMHU MOPLISIMA TOrO poOOYOro pO3UMHY, IKUH HAIUBATUMEThCS B OrOpe-
TKy. PoOounii po3unH HanmMBaiOTh y OOpPETKY 3a qoromororo Jikiku. Komu Groperka
HANlOBHUTBCS PO3UYMHOM, JIHKY OOOB'A3KOBO TpebOa 3HATU. Tpeba CTEeXKUTH 3a THUM,
1100 KIHYMK OFOPETKH HIDKUYE CKIISTHOTO KpaHa abo T'yMOBOTO 3aTBopa OyB 3alTOBHEHUM
PO3YHMHOM, 1 11100 y I[bOMY KIHUMKY HE 3aJUIIUIOCS MOBITPs. [HAKIIE MMiJ 4ac TUTPY-
BaHHs OyJbOAIIKK MOBITPSI MOKYTh OyTH BUTHUCHYTI 3 KIHUMKA CTPYMEHEM PO3UHHY,
o BUTIKae 3 OropeTku. Lle mpuBene 10 MOMWIKK Yy BU3HAYEHHI 00'eMy pO3YWHY, BH-
TPayeHOIro Ha TUTPYBaHHS.

TouHicTh BUMipIOBaHHS 00'€éMy PO3UHHY OIOPETKOIO 3aJICKHUTH BiJ JOACPKAHHS
NEBHUX MPABUJI CIIOCTEPEKEHHS 3a PIBHEM MEHICKa PiAMHMU. Y OLIBIIOCTI BUIAIKIB
BIIIIK POOJIATH 3a HIXKHIM MEHICKOM. BHUHSTKOM € TUTpyBaHHS IHTCHCHUBHO 3a0apB-
JIEHUMHU pO3YMHAaMU, HAIPUKJIAJ MOy YM TlepMaHraHaTy Kaliio, KOJIM HUXKHIN MEHICK
BAXXKO MOOAayuTH. Y LIMX BHIMAJKAX BIAJIK pOOJATH 3a BEPXHIM MEHICKOM. MeHick
HalKkpaille BUJHO Ha (PoH1 OLI0TO marnepy 3 YOpHOI CMYTO¥O.

PiBeHb po3unHy nepea TUTPYBAHHSM YCTaHOBIIIOIOTh Ha HYJIbOBIM MOALIII Ot0-
perku. IloTiM mig GIOpeTKy MiICTaBIAIOTh KOHIUHY KOJIOY 3 po3unHoM. KonOy Tpu-
MaloTh 3a HIMIKY MPaBOIO0 PYKOIO 1 MEPEMINIYIOTh PO34YMH, o0epTarouu KoJjoy. JIiBoto
PYKOIO HAJaBJIIOIOTh OOEPEKHO Ha 3aTHUCKad a00 BIJKPHUBAIOTh KpaH 1 PETyJIIOIOTh
HIBUJIKICTh BUTIKaHHS poOodoro po3uuHy. Ilepiie TUTpyBaHHS BBa)XarOThb OpPIEHTOB-
HUM, 1 TOMY TyT MOKHa L0pa3y BHUIycKaTH 3 OropeTku mno 2—3 mul po3unHy. Komau
MepIIMM TUTPYBaHHAM OyJie BCTAHOBJIEHO MPUOIM3HUA 00’€M pO34MHY, MOTPIOHOTO
JUIS BU3HAUEHHS, Y YUCTY KOJIOY HAJMBAIOTH 1€ CTUIBKH K JOCIHIHKYBAaHOTO PO3YUHY
1 MOBTOPIOIOTH TUTpyBaHHs. Hexaill, Hanpukiaja, mepiie OpieHTOBHE TUTPYBAHHS J1aJI0
TaKl HACHIJKU: MICs AOJaBaHHA 16 MJI poOOYOro pO3YMHY 1HAMKATOP II€ HE 3MIHUB
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CBOTO KOJBOPY, & JOJUBAHHS 1€ 2 MJI PO3YMHY COPUYMHHIIIO 3MiHY 3a0apBJICHHS iH-
nukatopa. [[pyre moBTOopHE TUTPYBaHHS TOJ1 poOATh Tak. [lepmri 16 M po3unHy BU-
JIMBAIOTH 3 OIOPETKHU MIBHUJIIEC, HDK MPU MEPIIOMY THUTPYBaHHI, a MOTIM MOYMHAIOThH
J0JaBaTH MO0 OKPEMUMH KpaIUIMHAMU, BECh 4ac CTEKauM 3a 3a0apBJICHHSAM 1HAMKA-
Topa B KoJ0i. [Ticist mocsATHEHHS KIHIIEBOI TOUKH TUTPYBaHHS YeKarOTh | — 2XB, MOKH
PO3YMH MOBHICTIO CTeYe 13 CTIHOK OIOPETKH, a TOA1 OOUUCTIOITh 00’€M BUTPAUCHOTO
Ha TUTPyBaHHs po3uuHy 3 TouHicTiO 10 0,02 — 0,01m. Hikonu He MoxkHA 0OMexyBa-
TUCh JIMIIIE OJTHAM TUTPYBaHHAM. TpebOa MOBTOPUTH TUTPYBAHHS 3 TAKUMHU CaMUMHU
ob0'eMamMu JOCTITKYBAaHOTO po34yMHYy Iie | —2 pa3u. BusHaueHHS MOKHA BBaXKaTH
MPABWIBHUM, SIKIIO PO3XO/KEHHS B 00'€éMi pO3UMHY, BUTPAUEHOTO HA TUTPYBAHHS, HE
nepesuinye 0,1 — 0,2 mr.

VY 3aBOJCHKHUX 1 HAYKOBO-AOCIITHUX JTa00OpaTopisix, ¢ BUKOHYIOTh Oara-
TO aHaji3iB, OIOPETKY CHOJYYalOTh 13 CKIISIHKOIO, 3alIOBHEHOI0 pOOOYUM PO3YMHOM. €
NpWIagyd Ta pi3HOMaHITHE OOJIaAHAHHS IS MOJICTHICHHS POOOTH YM aBTOMAaTH3aIlii
MPOLIECIB TUTPYBAHHS.

METO4 KNUCJIOTHO-OCHOBHOIO TUTPYBAHHA

(METONI HEMTPAJIIBAIIT)

VY metoni HeHTpanizaiii s TUTPYyBaHHS BUKOPUCTOBYIOTH po0OoUi po3-
YHHHA CHJIBHUX KUCIIOT 200 CMIbHMX OCHOB. [IpM TUTpyBaHHI 10 PO3UMHY aHAJITY J10-
Jal0Th POOOYUI PO3UMH, TIOKU Oy/Ie NOCATHYTa TOYKA €KBIBAJIGHTHOCTI (KOJIM KUJIBKO-
CTl aHaJITy 1 pEUYOBHMHHU 3 pOOOUOT0o po3unHy OyAyTh €KBiBaJeHTHUMHU). Ha mpakTuii
Maibke HEeMOXKJIMBO 3aKIHUWTH TUTPYBAaHHS B TOUIl €KBiBaJICHTHOCTI. ToMmy, KpiM IO-
HATTS "TOYKA €KBIBAJIEHTHOCTI", y TUTPUMETPUYHOMY aHali3l BUKOPUCTOBYIOTH IO-
HATTS, 1110 HA3UBAETHCS "KIHIIEBA TOUKA TUTPYBaHHA" a0 "Touka KiHIS TUTPYBaHHS".

KinmeBa Touka TUTpYBaHHS JOCUTH YacCTO BIAPI3HIETHCS BiJ TOUKH €K-
BiBaJICHTHOCTI. YuM Ouble i TOYKK PI3HATHCA MK CO0OI0, THM OLTbIIa TOMMUIIKA
TUTpyBaHHs. [IpakTHyHO Maii’ke HEMOKJIMBO MiAIOpaTH 1HIMKATOP, IKUH MOKa3aB Ou
KIHEI[b TUTPYBAHHS B TOYIll €KBIBAJICHTHOCTI.

|H,CI,I/IKaTOpI/I MeToay KNC/TIOTHO-OCHOBHOIO TUTPYBAHHA
(MmeToLy HenTpasnizauir)
InTepBan nepexony iHxmMkKarTopa.

Konip inankaTopa 3aexuTh BiJl KOHLIEHTpALll y PO3UMHI BOJHEBUX 10HIB BOJHIO.
[naukaTopu MeToay HeWTpatizaiii € caOKMMH OPraHIYHUMH KHCJIOTaMH a00 OCHOBa-
MU, MOJIEKYJIsIpHa (popma sKMX Mae iHIIe 3a0apBieHHs, Hik 10HHA. [HAMKaTOpU MeTo-
Ny HelTpami3aiii OyBaroTh OJHOKOMIPHI 1 TBOKOJIIPHI.

PosrnsiHemo iHauKaTop, AKui € ci1abKor OPraHivyHO KUCI0TO. CIpoIrieHo Mo-
JIeKyJIy 1HAUKaTopa MokHa mo3HaunTH Tak: HInd. Y po3uuni iHaukaTop aucoIlitoe:

HInd = H' + Ind~

MonekynsipHa ¢opMma iHIMKATOpa Mae 3a0apBIICHHS, SKE BIAPIZHAETHCS BiJ
10HHOT (hopMU 1HIUKATOpA. 3 PIBHSIHHS JUCOIALl 1HAUKATOPA BUIHO, IO CTaH PIBHO-
Baru MiXK MOJICKYJIIPHOIO Ta 10HHOIO (JOpMaMU 1HIMKATOpa 3aJIEKUTh BiJl KOHIIEHTpa-
uii ionis H' y po3uuni:

a) TIpU 3MEHIIEeHHI KOHIeHTpaii ionis H' piBHOBara 3MimmyeTscs Tak, mmo 3poc-
Ta€ KOHIIEHTpAIlis 10HIB 1HAMKATOPA 1 3MEHIITYETHCS KOHIICHTPAIISl MOJEKYJ 1HIUKa-
TOpa;

6) mpu 36inbIIeHH] KOHIEHTpalii ioniB H' 3pocTae KOHIEHTpaIlis MOIEKyT iH-
JIMKATOPa 1 3MEHILYETHCSI KOHIIEHTpALlsl 10HIB 1HIUKATOpPA.
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ExcrieppuMeHTalIbHO BCTaHOBJIEHO, IO JIFOJCHKE OKO MOMIYa€e 3MIHY 3a-
OapBJICHHS PO3YHMHY IHIUKATOpa JHUIIEC B TOMY BUMAJKY, KOJH KOHIICHTpAIil MOJICKY-
JsipHOi PopMU 1HAUKATOpA Ta 10HHOI (POPMU 1HIMKATOpPA BIAPIZHSIIOTHCA MK COOOIO
meHine, Hk y 10 pasiB. To6To 3mina 3a0apBiieHHS IHAUKATOPA CIIOCTEPIraeThCs, KON
CIIBBIJTHOIIICHHSI KOHIIEHTpAIlld 10HHOI (OpMHU 1HAMKATOPA 1 MOJEKYJSAPHOI (opMH
1HAMKATOpA 3HAXOJIUTHCS B MEXKaX TaKOro IHTEPBAIY:
1 Ind ] 10
1 Mnd ]_10
10 [HInd] 1
KinbkicHOIO XapaKTepUCTUKOIO AUCOIIaIii IHIUKATOpa € HOTO KOHCTaHTa JUCOIIAIii:
+ — —
H"]-[Ind Ind
LA DU N 1L
[HInd] [HInd]
[Ind ]
[HInd]

3 KOHCTAHTH AUCOINAIli 1HIUKATOpa MOXKHA OOYUCIUTH MeXi1 pH, B IKMX 3MIHIOBATH-
MeThbCsl Horo 3abapBiieHHS B po3unHi. JlorapudmyeMo By 1 MpaBy YaCTUHY PIBHSHHS

Busenemo dopmyiy, sika mokasye 3B’ 130K MK pH 1 CIiBBITHOIIICHHSIM

Ind ] [Ind ]
Ky =[H" [ : K =lg[H" ]+1 .
1= ) = lel I e g
. Ind ]
Swimar: — Ig[H" ] = ~1g Ky + g
Binku: —1g[H" ] =—-1gKp +1g rHind]
: + : [Ind ]
Binomo, mo: —Ig[H"] = pH, —IgKy =pK. Toni: pH =pK+Ig
[HInd]
Skio [Ind ]=E,Tolg[Ind ]=1,apH:pK+1.
[HInd] 1 [HInd]
Skio [Ind ] =i,To lg[Ind ] =-l,a pH=pK-1.
[HInd] 10 [HInd]

OTtxe, inTepBan pH po3unHy, B Mexax SKOT0 BiI0OYBa€ThCs MOMITHA IS JIFOI-
CHKOT'O OKa 3MiHa 3a0apBIEHHS 1HANKATOPA, BUBHAYAETHCSH (POPMYIIOHO:

pH=pK*1

[leii inTepBas pH Ha3uBarThH 1HTEpPBAIOM MepexoAy iHAUKaTopa. s mepesa-
KHOI OUTBIIOCTI 1HAUKATOPIB IHTEPBAJ MEPEXOTY JIGKHUTh Y MEXax JBOX OIWHUIL pH.
[Tpote TpeOa 3a3HAYNTH, 1O BEJIMYMHA IHTEPBAILY IEPEXOAY A0 AESKOI MIPU 3aJI€KUTh
TaKOXX BiJ 1HAWBIAyaJbHUX OCOOJMBOCTEH 1HIWKATOPIB, 30KpeMa BiJ] KOJbOPY Ta 1H-
TEHCUBHOCTI 3a0apBIIEHHS MOJICKYJISIPHOT Ta 10HHOT (hopM 1HAMKATOpA.
Tabnuusa 2. KNCNOTHO-OCHOBHI iHAMKaTOPW

3abapneHHs GopM iH-
[aaukaTop JUKaTopa, 1HTepBaj pT
EPEXOoy
Kpucraniunuii pionerosuii (I mepexin) K O0-1,0 3 0,5
Kpucraniunuii dionerosuii (I1 nmepexin) 310-2,6 @ 1,8
Tumomnosuii cuniit (I mepexin) q12-28 XK 2,0
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Tponeomnin 00 J14-26 XK 2,0
MeTunoBuii ;)KOBTHH Y 29-40 XK 3,2
MeTunoBui )KOBTOrapsAuInil U 31-44 XK 4,0
bpomdenonoBuii cuniit K 3,0-46 C 4,1
BpoMKpe30J10BUH 3€1€eHUI K 38-54C 4,9
MetuioBuii YepBOHUN U 48-6,0 XK 5,0
X1op¢heHOJIOBHI YepPBOHUIMA XK 5,0-6,6 U 6,25
bpoMKpe30s10BUH TypHIypHUN K 52-6,8 11 6,4
DEHOJIOBUI YEPBOHUM XK 64-804 7,0
bpoMTrMOI0BUH CHHIM XK 6,0-76 C 7,3
Tumomnosuii cuniit (11 nepexin) XK 80-9,6 C 8,0
denondranein b 82-10,0 4 9,0
Tumondranein b 94-10,6 C 10,0
Jlakmyc (cymim OapBHUKIB POCIHMHHOTO Y 50-8,0 C 7,0
TTOXOJIYKEHHS)

[Tpumitka. Y — depBonwmii; K — xoBtuii; C — cuniif; [1 — mypnypawmii; 3 — 3e-
nenuii; b — 6e30apBHmii; ® — dioneToBUN.

[Toxa3HUK TUTPYBaHHS 1HIUKATOPA.

VY Mexax 1HTepBally Iepexoay 1HAuKaTopa € 3HaueHHa pH, mpu sikomy
CIIOCTEPITAEThCSI HAMOLIBINT MOMITHA JJIS JTFOJCHKOTO OKa 3MiHA KOJhOPY 1HAMKATOpA.
e 3nauenHs pH Ha3uBaOTh MOKA3HUKOM TUTPYBaHHS 1HAMKATOpa 1 MO3HA4a0Th pT.

Pi3ka 3MiHa KOJIBOPY BiIOYBa€ThCS, K MPABUIIO, B TOH MOMEHT, KOJIA
KOHIIEHTpAIlll 10HHOT 1 MOJIEKYJISIpHOi (OpM 1HAMKATOpPA CTAIOTh OJHAKOBUMU; TOMY
MOKA3HHUK TUTPYBAHHS 37€01IbIIOT0 30iraeThest 3 BenumunHoto pK (Bia’eMHUM Jorapu-
$bMOM KOHCTaHTH aucoliamii iHaukaTopa). [Ipote crnenudiyHi BIaCTUBOCTI OKPEMHX
1HAMKATOPIB MOXYTh MPU3BOAUTHU JI0 TIeBHOT po30ixkHOCTI BeinuuH pT 1 pK. ¥V tabnu-
i 2 HaBeZeHO 3a0apBieHHsS (OPM IHIMKATOPIB, IHTEPBAT MEpeXoAy Ta 3HaueHHS pT
JESKUX 1HAUKATOPIB.

KpuBi KNCNOTHO-OCHOBHOIO TUTPYBaHHA

Ta6nuua 3. 3miHa pH po34MHYy Npu TUTPYBaHHI PO3UYNHY
CONSAHOI KUCITOTU PO3YNHOM NYTy

oaaHo ayry, y % Bi +
EiJIiKOCTi}II(IZCJI}:)TI/I g [H] pH
0 0,1 1
10 0,09 1,05
20 0,08 1,10
30 0,07 1,15
40 0,06 1,22
50 0,05 1,30
60 0,04 1,40
70 0,03 1,53
80 0,02 1,70
90 0,01 2,00
99 1:10° 3,00
99.9 1-10™ 4,00
99,99 1:10” 5,00
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100,00 1-10” 7,00
100,01 1-107 9,00
100,1 1-107"° 10,00
101 1-107" 11,00
110 1-107" 12,00

[Ipy mpoBeneHHI TUTPYBaHHS BUHHUKA€E HEOOXITHICTh BHUPIMIEHHS HACTYyIHHUX
IUTAHb:
205 1. Yn MOKIHMBO NMPOBECTH KiNbKICHE BU3HAYEHHS MOTPIOHOI PEYOBUHH METO-
JIOM KMCJIOTHO-OCHOBHOI'O TUTPYBAaHHS?
208 2. SIKIO MOKJIMBO, TO KMl IHAMKATOP MiAXOAMTh I BU3HAYECHHS TOYKHU €K-
BIBQJICHTHOCTI TUTPYBaHHS?
3a I0MOMOrol0 KpPUBHUX KHCIOTHO-OCHOBHOTO TUTPYBaHHS MOXHa 3HAMTH BijI-
noBiAb Ha 11 nuTaHHSA. KpuBl TUTpyBaHHS SIBISIIOTH cO00I0 rpadiuHe 300pakeHHs
3miHu pH po3unHy B mpoueci TutpyBaHHs. [lepen TuMm, sk HAaKpECIUTH KPUBY TUTPY-
BaHH:, Tpeba 3po0ouTH po3paxyHok pH cepenoBuiia po3uuHy, 0 TUTPYETHCS, 1 CKIIa-

CTH TAOJIHUIIIO 3 BIANOBIIHUMH YHCIOBUMH 3HAYEHHSIMU.

TUuTpyBaHHSA CHJIBLHOI KUCJIOTH CHJIILHOK0 OCHOBOIO.

[Tpu B3aemMoJli CHIIBHOI KUCJIOTH 1 JYTy YTBOPIOETHCS Cillb, PO3UMH SIKOI Mae
HenTpanbpHy peakiito (pH = 7). Ins po3paxynky pH y mporieci TUTpyBaHHS, TOKH HE
JOCSITHYTO TOYKU €KBIBAJIGHTHOCTI, Tpeba BpaXOBYBAaTHU KOHIICHTPAI[II0 PO3UYMUHY HEBI-
JOTUTPOBAHOT CUIILHOT KUCIIOTH,  MICIsl TOYKM €KBIBAJICHTHOCTI — KOHIIGHTPAITIIO PO3-
YUHY CUJIBHOI OCHOBH, SIKY J00aBIEHO B HA/UIMINKYy. B Tabnuii 3 mogaHO 3HAYCHHS
pH po3uuny npu TUTpyBaHHI CUIIBHOI KUCIIOTH JTyTOM.

pH
4 c¢(X) =0,1momp/n

18T c¢(X) = 0,01mnb/n
124

1t
10}
o1
8+
-

i
T

- N W bh OO

% NaOH

'Y L . 1 L

0 40 80 120

160
Puc.1. KpuBa TUTpyBaHHS PO3YMHY COJISIHOI KUCJIOTH PO3YMHOM JIYTY.

3a nqaHumu Tabnuil Mooy 0BaHO KpUBY TUTpyBaHHs (puc. 1). 3 pucyHnka 1 Bu-
JTHO, 110 TIPU TUTPYBAHHI CUIIbHOI KUCJIOTH CHJILHOIO OCHOBOIO OUJISI TOUKU €KBiBaJICH-
THOCTI criocTepiraetscs pizka 3mina pH po3zunny. Crpubkononiona 3mina pH no0iauzy
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TOYKHM CKBIBAJCHTHOCTI, KOJH BIJIXHJICHHS B1J TOYKH EKBIBAJICHTHOCTI CTaHOBHUTH
+0,1%, Ha3uBalOTh "CTPUOOK TUTPYBaHHS".

3 nanux Tabauil 3 i pucyHka 1 BUIIHO, 110 CTPUOOK TUTPYBAHHS 3HAXOIUTHCS B
iaTepBani pH Big 4 no 10. ¥ upomy BUMAgKy Juis BU3HAYEHHS KiHISI TUTPYBAHHA 3
MTOMUJIKOIO He OubInoro, HiX £ 0,1% , MokHa Opatu Oyab-SKUil 1HIUKATOP, ISl IKOTO
1HTEpBaJl TIEPEXOy 3HAXOAUTHCA B Mexkax Bif 4 no 10, Hampukiaa, METUIOBHMA yep-
BOHUI (iHTEepBan nepexony 4,8 — 6,0), benondranein (inTepsan nepexoxny 8,2 — 10,0).

OTXe pH TUTPYBaHHI CHIILHOT KHCIIOTH CHJIBHOIO OCHOBOIO MOXHa KOPHCTYBATH-
cs IHIUKATOpaMH, JIJIsl IKMX 1HTEPBaJI MEPEeX0ay 3HAXOAUThCA B Mexax Big 4 1o 10.

TUTPYyBaHHSA CJIABKOl KMUCJIOTM JIYT'OM.
[Tpu B3aemoii cabkoi KUCIOTH 3 JTYTOM y TOYIll €KBIBaJIEHTHOCTI YTBOPIOETh-
sl CUTb C1a0KO1 KMCIIOTH 1 CUJIbHOT OCHOBH, HAITPUKJIAJ,

CH3COOH + NaOH = CH3COONa + H,0

CH3COOH+OH =CH3COO +H50.
Tabnuusa 4. TTpyBaHHA PO34YMHY OLITOBOT KMCAOTU PO34YMHOM Nyry

VAR
Il.o,uaHo wry. ¥ /0 BiI pH ®opmyna mig oouncieHHs pH
KUIbKOCT1 KMCJIOTH PO3UUHY
| 1
0 2,87 H=—pK-=-1gC
p 5 p 5 g Lk
10 3,8
20 4,15 A
30 4,37
40 4,57
50 4,75 C
60 4,93 > pH=pK+1g =
70 5,12 K
80 5,35
90 5,70
99,0 6,75
99,9 7,75
1 1
100 8,87 pH:7+5pK+ElgCC
100,1 10,0
101 11,0 } pH=14-pOH=14+1gC,
110 12,0

Jlo TOYKM €KBIBAJIGHTHOCT1 B PO3YHMHI € CyMiIll CIa0KOi KUCIOTH 1 COJIl 1Ii€1 Ku-
cinotH, T00T0 OydepHa cymim. ToMmy 10 TOUKH €KBIBAJIEHTHOCTI Tpeba BUKOPHCTOBY-
BaTH Qopmyiy st oduncienns pH OydepHoi cymimri:

C
pH=pK+l1lg—=
CK
VY Toull eKBIBAJIEHTHOCTI 004YMCIIOITh, pH po3uMHYy COJII CHIIBHOI OCHOBH 1
CJ1a0KO1 KUCIIOTH:
1 1
pH=7+—-pK+—1gC,
2 2
[Ipu nomaBaHHI YTy MICHS TOYKH €KBIBAJIEHTHOCTI B PO34MHI OyJe HaUIMIIOK
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ayry. Y 1bOMY BUMAAKY 0OUMCITIOITH pH po3unHy 3a KOHIICHTPAIIIE€I0 HAUTHIIKY JTIy-
ry:
pH=14-pOH =14+ Ig C..
VY Tabnumi 4 nonano 3HaueHHs pH po3unHy B mpolieci TUTpyBaHHS CIa0KO1 Ku-
CJIOTH CHJIBHOIO OCHOBOIO.
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Tabnuus 5. Bsaemogii ouToBOI KUCNOTK 3 PO3YNMHOM amiaky

Honano po3unny | pH po3uuny | ®opmyna ans obuucnenns pH
NH;, y % Bing Kiib-
kocti CH;COOH
| 1
0 2,87 H=—pK-—1gC
p 5 p 5 g Lx
10 3.8 N
20 4,15
30 4,37
40 4,57 c
50 4,75 pH = pK +1g =€
60 4,93 Cy
70 5,12
80 535
90 5,70
99.0 6,75
1 1
100 7,0 pH=7+EpKK _EPKO
101 7,25 Cy
110 7,25 pH =14—pK, +lg-==
120 8,65 K
144
A
]
12+ lr_ 124
' 10¢
81 |
______ |
1 |
° l
I
a1 |
|
|
2t |
l
e — > F . $ . I —
0O 40 80 120 160 O 20 40 60 80 100 120
Puc. 2. KpuBa TuTpyBaHHs pO34HHY OITOBOI Puc. 3. KpuBa THTpyBaHHS pPO3UYHHY OIITOBOL
kucnotu ¢(CH;COOH) = 0,1Monb/1 po3un- kucnotu ¢(CH;COOH) = 0,1monb, po3unHOM

HOM JIyTy (CYLiJIbHA JiHis); TyHKTUPHA JTiHisA NH;-H,O (NH4OH).
— TeX caMme, ajie KOHLIEHTpallii 3MEeHIIeHI
B10 pasiB .

3a ganumu Tabauill 4 moOynoBaHa KpuBa TUTpyBaHHS (puc. 2). [aHi 3 Tabmuii,
a TaKOX XapakTep KPpUBO1 TUTPYBAHHS HA pUC. 2 MOKA3yIOTh, 110 CTPUOOK TUTPYBAHHS
3HaxoauThes B iHTepBaii pH Bix 7,75 mo 10,0. OTxe, 11t mpoOBEACHHS TUTPYBAHHS 3
noxuokoro, sika He nepepuiye +0,1%, noTpiOHO OpaTH 1IHAUKATOPU 3 IHTEPBAJIOM Iie-
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pexony B Mexkax Binx 7,75 go 10,0. Po30ikHicTh Mik pH po3unHy TOUKH €KBIBAJICHT-
HocTi 1 pT iHAMKaTOpa MOBMHHA OYTH MIHIMAJILHOIO.

BsaeMogmis cnabkol kmciaoTM 31 cnabkxorw OCHOEO.

VY mporieci B3aeMoii c1abkoi KUCIOTH 13 CJIA0KOK OCHOBOIO YTBOPIOEThCS Oyde-
pHa cymimt. /o TOukM eKBiBaJeHTHOCTI Oy(depHa CyMmill CKIaJaeThes 13 CIabKOi KHC-
JIOTH 1 1i COJI1, a IMCJIA TOYKU €KBIBAJICHTHOCTI — 13 ¢J1a0K01 OCHOBH 1 Ti coul. Y Tabimin
5 HaBeNIEHO pe3yJibTaTu oOuYuCiIeHHs 3MiHM pH y mporieci B3aeMo/Iii po34nHy OLTOBOI
KHUCIIOTH 3. PO3YMHOM aMiaky (T1APOKCUIY aMOHIIO).

Jani Tabnuii HaHneceHi Ha Tpadik (puc 3). Jani 3 TabmuIl, a TaKoX XapakTep Kpu-
BOi TUTPYBaHHS MOKA3YIOTh, II0 MPHU B3a€MO/I11 C1a0KO1 KMUCIOTH 31 CJT1A0KOI0 OCHOBOIO
cTpuOKa TUTPYBAHHS MPAKTUYHO Hemae. TakuM YMHOM, BIATUTPYBATH CIAOKy KHUCIIO-
Ty ¢1a0KOI0 OCHOBOIO MPAKTUYHO HEMOXKITUBO.

KpuBi TutpyBaHHS MOXHA OFEpKYBaTH HE TUTBKH PO3PAaXyYHKOBUM IUIIXOM, aie i
eKCTIEpIMEHTAIFHO, BUKOPHCTOBYIOUM MpHIaau Ais BuMipy pH — moreHmiomerpu
(pH-metpu). ExcriepuMeHTalbHO OJiep>KaHl KPUBI TUTPYBAaHHS BUKOPUCTOBYIOThH JUIS
BUOOPY 1HIMKATOPIB 1 BUBHAYEHHS MOXJIMBOCTI TUTPYBAHHS MPHU PO3POOIIl HOBUX Me-
TOJUK aHaJI3Yy.

Bubip inouxamopie npu mumpyeauni Kuciomamu ma 0CHO8AMU

YMOBOIO IPaBIIILHOTO BUOOPY 1HAMKATOpA € Te, MO0 IHIAUKATOP MOMITHO IS
OKa 3MIHIOBAB 3a0apBJICHHS Y MeXaxX CTpUOKA TUTPYBaHHS, a Pi3HUILS 3Ha4YeHb pT 1H-
nukaropa i pH po3unHy B TOUIll €KBiBaJIeHTHOCTI Oyya MiHIMaibHOWO. [ToKa3HUK THUT-
pYBaHHS 1HIMKATOpa 3HAXOATH 3 AOBITHHUKA, a pH po3unHy B TOUI €KBIBAJIEHTHOCTI
0OYMCIIOIOTH 32 PIBHAHHAM pEeaKIii.

Buie Oyno ckazaHo, 110 TUTPYBaTH MO>KHA CHJIbHY OCHOBY CHJIBHOIO KHCIIO-
TOI0, CJIA0KY OCHOBY CHUJIBHOIO KHCIJIOTOIO 1 CJIA0KY KHCIIOTY CHJIBHOKO OCHOBOIO. Kpim
TOT0, MOKHA TaKOX TUTPYBATH COJII CIA0OKHUX KHUCIOT 1 CHJIBHUX OCHOB Ta COJIi Cllad-
KHX OCHOB 1 CHJIbHUX KHCJIOT. Po3riisiHeMo npaBwiia BUOOpPY 1HAUKATOPIB y PI3HUX BH-
najIkax KUCIOTHO-OCHOBHOTO TUTPYBaHHS.

TuTpyBaHHS CHJIBHUX OCHOB CHJIBHMMH Kucjaotamu. [Ipu tutpyBanHi cu-
JLHOT OCHOBU CHJIBHOIO KHUCIIOTOIO B TOYI[l €KBIBAJICHTHOCT1 YTBOPIOETHCA PO3UYMH CO-
JIi CUJILHOT OCHOBH 1 CUJIBHOT KUCIIOTH, SIKMM Ma€e HeUTpanbHy peakiito (pH =7).

Haiikpamnmm iHIUKaTOpOM y IIbOMY BUMAAKY Oynae iHAUKATOp, I skoro pT =
7. Kpim Toro, BpaxoBytoun Te, mo iHtepBan pH crpubka tutpyBanus Big 4 mo 10,
MOHa OpaTu 1HAMKATOPH, III0 MAIOTh 1HTEPBAJ MEPEX0ay B MeXaxX 1HTEepBaly CTPUO-
Ka TUTPYBaHHSI.

TuTpyBaHHs €JIa0KHUX OCHOB CHJILHUMH KHCJI0TaMH. BHacniok TUTpyBaH-
Hs CJIa0KO1 OCHOBU CHJIBHOIO KHCJIOTOK YTBOPIOETHCS CUIb CJIa0KOi OCHOBU 1 CHIIBHOL
KUCJIOTU. Taki coJil y BOJHUX PO3YMHAX 3a3HAIOTH T1IPOIII3Y, 1 peakilis po3uuHy Oye
cnabokuciow (pH < 7). Takum 4MHOM, NpU TUTPYBaHHI CIAOKUX OCHOB CHJIBHHUMH
KHCIOTaMH Tpeba BUKOPUCTOBYBATH 1HIMKATOpH, 1o MaioTh pT <7. Illo6 BubOparu
IHIUKATOp 3 MOTPiOHOI BenmmuuHO PT, oOuncaoTs pH po3unHy y TOYIl €KBiBaie-
HTHOCTI, OepyTh TOW 1HAUKATOP, JIs sikoro pT mMakcuMaabHO HAOIMXKAETHCA JI0 3HA-
yeHHsa pH y Toulli eKBiBaJIEHTHOCTI.

TuTpyBaHHs c1a0KUX KHCJI0T CWIBHUMHU 0cHOBaMM. [Ipu B3aemoii ciabkoi
KHCJIOTH 1 CHJIbHOI OCHOBHM YTBOPIOETHCS CUIb CHJIBHOI OCHOBHM 1 CIA0KOi KHCJIOTH.
Bnacnigok rigponizy Takoi coii peakxiiis po3uuHy Oyzae crnabomysxknoro pH > 7. Ilpu
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TUTPYBaHHI B [bOMY BUNAJKy Tpeba BUKOPHCTOBYBATH iHAMKATOPH, 110 MatoTh pT >
7. dns TouHoro BUOOPY 1HAMKATOpa OOYKCITIOTH pH po3unHy B TOYIl €KBIBaJICHTHO-
CTi, OepyTh TOM 1HAUKATOP, I SKOro pT MakCMMaabHO HAOIMKAETHCS 10 3HAUYCHHS
pH y ToUI1Ii €KBIBaJIEHTHOCTI.
TutpyBaHHs cojiel c1a0KHX KHCJIO0T i CHIIBHUX OCHOB. BHacigok B3aemomii
TaKO1 COJIl 3 CWJIBHOIO KHCJIOTOK YTBOPIOEThCA BUIbHA cilabka KucioTta. ToMy B Toull
eKBIBAJICHTHOCTI peaKIlisi po3unny Oyne cinadokuciorw: pH < 7.V npomy BUNIAIKy IS
TUTPYBaHHs Tpeba Opatu iHAUKATOp, o Mae pT < 7. Jlas TouHoro BUOOpy 1HIMKATO-
pa Tpeba obuuciauTu pH po3unHy B TOYIll €KBiBajleHTHOCTI. bepyTh Toil 1HaUKATOP,
st sikoro pT MakcuManbHO HaOIMXKaeThes 10 3Ha4eHHsI pH y TodIll eKBIBaJIEHTHOCTI
TurpyBanHsi 6araToOCHOBHUX KHCJOT. baraToOCHOBHI KHUCIOTH 31€0UIBIIO-
ro TUTPYIOTh 10 Kucaux colieit. Tak, pochopHy KHCIOTY MOKHA TUTPYBATH 10
3% 0JIHO3aMIIIEHOI COJIi;
% IBO3aMIIIEHOI COIl.
PiBHSIHHS peakii s NepIIoro BUNAAKY:
H,PO, 4 NaOH = H,0 + NaH,PO,.
VY nupoMy Bumaaky pH y Todili eKBiBaJI€HTHOCTI 3HaXOAUMO 3a (hOPMYJIOIO

pK; + pK, 2,147,2
2 T2

3 Tabnumi pT iHAUKATOPIB MOKHA BUOpPATH HAMOLIBII MPUJATHUN METUIIOBHI 4epBO-

Huii (pT = 5) abo metunopanx (pT = 4).

®ocdopHy KHCIOTY MOKHA TUTPYBATH 1 10 IBO3aMiILIEHOTO docdaTy:

HgPO, 4 2NaOH = 2H,0 -+ Na,HPO,.

3naxoaumo pH po3unHy B TOUILIl €KBIBaJEHTHOCTI:

PK,; + pK3s 7,24 12,3
2 - 2

pH = = 4,65.

= 9,75.

pH =

3 tabmuni pT iHAMKATOPIB B IIbOMY BHITAKy MOXHA BHOPATH 1IHAMKATOP TUMOJI(TAIIE-
i (pT = 10).
TurpyBaHHs cojieil 6araTo0CHOBHUX KHCJIOT MOXKHA BECTH:
€ 10 yTBOPEHHS KUCIIUX COJICH;
€ /10 yTBOpEHHSI BUTbHOT KUCIIOTH.
Tak, Hanpukiaa, kKapOOHAT HATPIIO MOKHA TUTPYBATH JO TiapokapOOHATy Ha-
TpItO:
Na,CO, -+ HCI = NaHCO, -+ NaCl.
VY Toumi ekBiBanieHTHOCTI pH po3uuHy HOpiBHIOBaTUME:
y_ PKitpK,  65+102
S
Jlnst TuTpyBaHHs Hakkpaiie 3acrocoByBatu penondranein (pT =9).
Kap6onat HaTpiro MOXKHA BIITUTPYBATH TAaKOX 1 A0 BYTUIHHOI KUCIOTH:
Na,CO, + 2HCl = H,CO, -+ 2NaCl.
3a dhopmynoro obunciaeHds pH cmabkoi kuciioTu 3HaxoauMo pH po3unHy B TOUII €K-
BiBasieHTHOCTI (17151 0,05 M po3uuny H,COs):
1 ]

1 1
H=—pK——I1gCy = — - 6,5 ——1g0,05= 3,25+ 0,65 = 3,90
p 5 pK 5 18 Cx 3 5 e +

VY npoMy Bumaaky tpeda 6patu metunopanx (pT = 4).

= 8,35.

28



IIOMWJIKM TUTPYBAHHA

OCHOBHMMHM NPUYMHAMHU TOMWIOK TPU TUTPYBaHHI € MOXMOKH BUMIPIOBaHHS
00’emiB, BigxwieHHs pT iHaukaropa Big pH TOYkM €KBIBaJIEHTHOCTI, a TaAKOX HE JI0-
CHUTH pi3Ka 3MiHa KOJhOPY 1HAUKATOpa 01715 TOUKU €KBIBaJIGHTHOCTI.

JUis TUTPUMETPUYHUX BU3HAUEHb BUKOPHCTOBYIOTH poOOYl PO3UYMHHU CHIIBHUX
KUCJOT 1 CUJIbHUX OCHOB. [IOMWIIKH TIpy TUTpYBaHHI B OJHUX BHUITAKaX 3aJI€KaTh BiJl
TOTO, IO 3MiHA KOJBOPY 1HAMKATOPA CIOCTEPIra€ThCs, KONH 3aTPATHIIN JCSIKHA Hal-
JMIIOK CWJIBHOI KMCJIOTH a0o0 Jyry. B 1HIIMX BUMaakax MOMUIJIKM TUTPYBaHHS IOB'S-
3aHi 3 THUM, IO 3MiHA KOJIBbOPY 1HAMKATOPA CIIOCTEPIraeThCs 1€ 0 MOBHOTO BIITUTPO-
ByBaHHS.

Mo>kJIMB1 MTOMWJIKH TP TUTPYBAaHHI y METO/II HEUTpasi3allli Mo>KHa PO3IITUTH
Ha TaKi rpymnu:

[J momuiku BUMipy o0'emy;
[J 1HAMKATOPHI NOMMJIKH.

Homunku eumipy 06'emy pO3UWHIB BUHHKAIOTH YHACTIJIOK HETOYHOCTI BiaMi-
proBaHHS 00’€MiB pO3UMHIB BU3HAUYBAHOT PEUOBHHHM 1 TUTpaHTa. BOHU CKIaiaroThes 3
06'eMy ogmiei kparuti (~0,05 ¢M’), KOTPOIO 3BHYAHHO MEPETHTPOBYIOTH PO3YHH, i IO-
XUOKHU KalOpyBaHHSA MIPHOTO Mocyny (OHOpeTKH, MINETKH, MIPHOI KOJOH), Ui SIKUX
nomyckarThesl BiaxwieHHs +0,02mi1. Bignocna momwmika tutpyBanHsa (BIIT) 3ane-
KUTh BiJl 00'eMy PO3YMHY, IO TUTPYETHCS, 1 BATPAYEHOT0 00'eMy pO3YMHY TUTpaHTA 1
JTIOPIBHIOE

BIIT =+AV-100%

ne: AV — cymapHa aOCOIOTHA MOXUOKa BUMIPIOBaHHS 00'eMy (BIIXHJICHHS Yy BUMIPIO-
BaHHI 00'emy Oropetku (0,02 M) + BiaxuieHHs y BuMiptoBaHHi 00'emy minetku (0,02
M) + 06'em kparwi (0,05 mon) = 0,09Mm0),

V — 00'eM po3uunHy, 1110 TUTPYETHCS, 00 00'€M pO3UHMHY TUTpPaAHTA, MIIL.

Binnocna momunka tutpyBanHsa (BIIT) 3a paxyHOK NMOMUJIKA BUMIPHOBaHHS
00’eMy MOke OyTH 3HAYHOIO, SIKIO ISl TUTPYBaHHS OepyTh My’ke MaleHbKUN 00’ €M
anamiry. Hanpuknan, npu tutpyBanHi 1Ma po3uuny, sikmo AV = 0,09mn (yci Biaxu-
JIEHHS Y BUMIPIOBaHH1 00'e€MiB):

BT 4+ 0:09M1:100% _
Imn

ToMy ofHi€I0 3 YMOB TUTPUMETPHUYHOTO aHAJI3y € TUTPYBAHHS IO MOXJIUBOCTI
OUIBIIOr0 00’€My PO3UYMHY BH3HAYyBaHOI peUOBUHH. Tak, Hampukiama, A 00’emy 20
— 25mu1 mommIika BUMIpy 3HUXKY€EThCs 710 0,45 — 0,36 %. Jlns BiAnoBigapbHUX aHATI31B
MPOBOJISITh KOHTPOJIbHE TUTPYBAHHSI B TUX € yMOBaX CTaHJAPTHOTO 3pa3ka 3 BiJo-
MHUM YMIiCTOM pe4doBHWHH. [loMMIIKa KOHTPOJBHOTO THUTPYBaHHS Oyje JOPIBHIOBATH
MOMUJIII TTPOBEACHOTO aHATI3Y.

[HaMKATOPHI TOMUIIKM MOYXHA TOJUIUTH HA TaKi TPYIIU:

& nporonHa (BOJHEBA) IIOMHJIKA;
TAPOKCUIIbHA TOMUJIKA;
KHUCIIOTHA TTOMUJIKA;
OCHOBHA ITOMUJIKA;
COJTbOBA TTOMHUJIKA.

9 %.

[\I/ [\I/ [\I/ N/ [\I/
7INZINZIN 2N
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[HAMKATOPHI HOMMIIKM MOXKYTh OyTH IIPH BIAMIHHOCTI TOUYKH KIHUS TUTPYBaHHS
(pT 1HOUKaTOpA) 1 TOUKU €KBIBAJIGHTHOCTI.

3 1i€l NpUYMHA TIPU HEJAOTUTPYBaHHI KUCIOT ab0 MEepeTUTPYBaHHI OCHOB BH-
HUKAE npomoHua (BOIHEBA) MOMWIIKA, TOMY IO B PO3YHHI MICS 3aKiHUCHHS THTPY-
BaHHS 3HAXOJAUTHCS JSAKUI HAJIUIIIOK MPOTOHIB (10HIB BOJHIO).

[Tpu HEAOTUTPOBYBAHHI JIYTiB 1 IEPETUTPOBYBAHHI KUCIOT HAIPUKIHIII TUTPY-
BaHHS B PO3YMHI 3'ABIISE€THCS HATUIIOK T1IPOKCHU] 10HIB 1 GUHUKAE T1POKCUITLHA T10-
MUJIKa

[Ipu HEMOTUTPOBYBaHHI CIAOKUX KHUCJIOT Y PO3YMHI 3QJIMINAETHCS JesKa Kijlb-
KICTh KHCJIOTH B MOJIEKYJISIpHIM (POpMi 1 BUHUKAE KUCIOMHA TIOMUJIKA.

SIKII0 HE JTOTUTPOBYETHCS cilabka OCHOBA, TO HANPHUKIHII THUTPYBaHHS B PO3-
YUHI 3aJIMIIAE€THCS HAUTUILIOK OCHOBH 1 3'SIBISIETHCS, OCHOBHA TIOMUIIKA

J1o 1HAUKATOPHUX BapTO BIAHECTH IMOMMUIIKH, 3B'I13aH1 3 KUIBKICTIO JOJIAHOTO 1H-
JMKATOpa 1 3MiHaMU HOTO MOKa3HWKA TUTpyBaHHs. [loka3HUK TUTpyBaHHS 1HAMKATOpPA
MO>K€ 3MIHUTHUCS MIPHU 3MiHI [OHHOI cuIu PO3UYHHY, 5IKa 3pDOCTAE B MPUCYTHOCTI MPOIYK-
TiB TUTPYBaHHS 1 MOHWXKY€E aKTUBHICTH 10HIB 1HAMKaTOpa. Lle mpuBOAUTE 10 3MIlIIEHHS

. + —_ .
piBHoBaru: HInd = H' + Ind™ 1 BUHMKHEHHIO CO.160680i TTOMUJIKH.

Po06o4i po3unHu MeTOAY KHCJIOTHO-OCHOBHOIO TUTPYBAaHHS
PoGounMu po3umHaMu y METOMAI KHUCIOTHO-OCHOBHOTO THTPYBAHHS € PO3YMHH
KHUCIIOT 1 OcHOB. Haifuacriiie BUKOPUCTOBYIOTh PO3YMHM COJISTHOI, CIPYAHOi 1 a30THOI
KHCJIOT, a TAKOK PO3YMHH T1APOKCHUIIB HATPIIO, Kajito, Oapiro.

Jlst BUTOTOBJIEHHS pOOOYMX PO3YMHIB KUCIOT O€pyTh KOHLIEHTPOBAHI
HCI uun H,SO,. KonnentpoBaHa cojsiHa KHUCIOTa JIETKO BTpadae XJIOPOBOJIEHb Y BH-
risal razy. KoHueHTpoBaHa cipyaHa KUCIIOTa MOTJIMHAE BOASHY Mapy 3 MOBITPs, KOH-
HEHTpAIlisl KUCIOTU MPHU LbOMY 3MIHIOEThCS. JIyru aye BaKKO AICTaTH B YHCTOMY
BUIJISIIL; MIPU 1X BUTOTOBJIEHHI (a2 0COOIMBO MpU 30€piraHHi) 3aBXk/AU YTBOPIOETHCS Te-
BHA KUIBKICTh COAM B PE3yJbTaTl MOTJIMHAHHS BYTJIEKUCIIOTO Ta3y 3 moBitps. Kpim to-
T0, JIyTY MICTSTh BOAY ¥ 1HIII JOMIIIKH.

OTxe, MPUTOTYBAaTH PO3YMHH KUCIOTH YH JIYTY 3 TOYHO BiJJOMOIO MOJISI-
PHOIO KOHIIGHTPAIIEI0 €KBIBAJICHTA, BUXOAYM 3 TOUHOI HABaXKH, HE MOkHA. ToMmy B
METO/II HeWTpasi3alli Cro4yaTky roTyloTh PO3YMHH 3 TMPUOIM3HOK KOHIIEHTpAI€0, a
NOTIM YCTaHOBIIOIOTh TOYHY MOJIIPHY KOHIIEHTPAI[IIO €KBiBaJIEHTA IIMX PO3YMHIB (HO-
PMabHICTh) 32 IONOMOIOK0 BUX1THUX PEYOBHUH.

JIns BCTaHOBIIGHHSI TOYHOI MOJISIPHOI KOHIIEHTpaIlii eKBiBaJIeHTa (HOP-
MaJIbHOCT1) poO0OYMX PO3YMHIB CUIBHUX KHCIOT HaiyacTille BUKOPUCTOBYIOTh BUXI1JI-
Hy pedoBuny 6ypy Nap,B407 -10H,O, a nms BcTaHOBIEHHS HOPMANIbHOCTI PO3UH-
HiB 1yry — wasnegy kuciomy HrCrOy4 -2H,O.

Ilepexpucmanizayis 6ypu i wasenesoi kucromu. bypa 1 nmasieBa KucioTa
KPUCTAN3YIOThCS 3 BOAO. [Ipu 30epiranHi BOHM MOXYTh BTpadyaTH MEBHY KUIbKICTb
Boau. Tomy 111 peuoBMHU Tpebda MepeKpUCTaNi30BYBaTH HaBITh TOAl, KOJIM 3a YHUCTO-
TOIO Mpernapar IIJIKOM MPUAATHUHN sl pOOOTH.

Jlnis mepekpucTanizauii Oypu npenapaTr po3uMHSAIOTh O HACHUEHHS pU
temnepatypi 55 — 60°C (mpu 60°C B 50 M BOIM pO3UHUHSAETHCS MPUOIU3HO 23 T
Na;B407 -10H,O). Ilepexpucranizaris npu BHUILii TeMIepaTypi HEAOMYCTUMA,
TOMY IIIO TIPH BUCOKIM TeMIepaTypi 3 pO3UUHY BHAUIATUMETHCS CYMIII JECATUBOIHO-
ro kpucranorigpary Na,B40~ -10H,O 3 n'stuBognuM kpucTanorigparom
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Na,B407 - 5H,O1 npenapar ne matume nesHoro cknaxy. Hacuuenuit mpu 55 —

60°C po3uuH QUIBTPYIOTH 1 OXOJIOMKYIOTh. [ MPUCKOPEHHS KpUCTali3allii po3uuH
MEPEMIIIYIOTh CKIISTHOIO OTUIABIIEHOIO MaNHUKo0. [Ipu 11boMy BUIUISIOTECS ApiOHI
KpHUCTaH (MOBUIbHA KPUCTATI3allisl IPU3BOAUTH IO BUIUICHHS BEIUKUX KPUCTAMTIB, SKi
3aBX/IM MICTATh MaTOYHUN PO3UHH).
Kpucranu 6ypu BiadiabTpOBYIOTh, TPOMHUBAIOTH 2 - 3 pa3l XOJIOJHOIO

BOJIOI0, BI/DKUMAIOTh MK apKyIiaMu (hUTbTPYBAJILHOTO MAanepy 1 BUCYIIYIOTh Ha MOBi-
Tpl. BucyuryBaHHsI BBa)Ka€ThCSl 3aKIHUEHHUM, SIKILIO MPU MEpeMilllyBaHHI JpiOHI Kpuc-
Tajau HE MPHUCTAIOTh /10 MOBEPXHI CKIAHOI manudyku. Cyxui mpemapar 30epiraroTh y
CKJISIHKaX 3 MPUTEPTUMHU ITPOOKAMH.

1106 omepxatu uncty masneBy kuciory (H,C»Oy4 -2H,O), rotytors ii Hacu-

YeHWI PO3YMH y Tapsdid BoAi. Po3umH QinbTpyroTh, i QiIETpAT MIBUAKO OXOIOIKY-
10Th. BuaineHi kpuctanu BiAQiIbTPOBYIOTh, MPOMUBAIOTH 1 — 2 pa3u XOJIOJHOIO BO-
JIOI0 1 BI[DKUMAIOTh MK apKyliamu (UIbTpyBaJIbHOTO marnepy. Bomoruit moporok
PO3MIIYIOTh TOHKMM IIAPOM Ha apKyIli (QuUIbTPyBaJbHOTO Mamnepy i BUCYIIYIOTh Ha
noBiTpi. [Ipenapar 30epiratoTh y CKISHKax 3 IPUTEPTUMHU MPOOKAMH.

IIpuroryBanHsi po00Y0ro po34MHy COJISIHOI KMCJIOTH. 3 KOHLIEHTPO-
BaHO1 coystHOT kucnotu ToTyioTh po3uuH 3 ¢(HCI) = 0,1mone/n (0,18 po3uun). s
npuroTyBadss 1 1 0,1 H. po34MHY COJISIHOI KMCIIOTH Tpeba B3SITH Takuil 00'eM KOHIEH-
TPOBAHO1 KUCIIOTH, B IKOMY MICTUTBCS 3,65 T XJI0poBOHIO. 3 Tabmuill, ska € B Oara-
THOX JIOBIJIHMKAX, 3HaXOJUMO, 110 KOHIIEHTPOBaHa COJIsIHA KHCIoTa 3 ryctuHowo 1,19
r/eM’ MicTuTh 37,2% XIOPOBOIHIO. 3HAXOAMUMO, CKIIBKH IPaMiB TAKOTO PO3UHHY Tpe-
0a B35TH, 11100 BMICT XJIOPOBOJHIO CTAaHOBUB 3,65 T

m(HCI) - 100% _ 3,65r -100%

m(p —HY) = =9,811r
(p=my) =" Hl) 37.2%
3Hal04Yu TYCTUHY COJISTHOT KUCIIOTH, 3HaX01uMo ii 00'em (V):
V(p—ny) = mp-8y) _ S8 g

p(p—ny) 1,19-T
M1

BinMmipsitoTs nmmiaIpoM 8,2MJ1 KOHIICHTPOBAHOT COJIIHOT KHCJIOTH, PO3BOJSTH
npuOJIU3HO A0 171 BOJOIO 1 PO3UMH MEPEeMIlIyI0Th. TOUHY KOHIIEHTPAIIIO IILOTO PO3-
YMHY BCTAHOBJIIOIOTH 3a Oyporo Na,B407 -10H,O. PiBHsAHHS peakuii B3aemoii OypH 3

COJIAHOIO KHCJIOTOIO:

Na,B,0, - 2HC] + 5H,0 = 4H,BO, + 2NaCl.

. . . . . 1
3ritHO 3 UM PiBHSHHSIM (HaKTOP CKBIBAICHTHOCTI OYpH TOPIBHIOE .

JJi1 BCTAaHOBJIEHHSI TOYHOT MOJIAPHOI KOHILIEHTpallli €KBiBaJIEHTa (HOpMaJbHOC-
Ti) poOOYOr0 PO3UMHY COJSHOI KHCIOTHU TOCUTh MpUrotyBatu 250mi 0,1H. po3uunHy
Oypu. HaBaxky Oypu Na,B407-10H,O a1 npuUroTyBaHHsS TaKOro po3uMHYy oOuuc-

JIIOIOTH 32 TaKOr (hOPMYJIOHO:
m(Na,B407 -10H,0) = c(] NapB407 - 10H,0) - V(p — Hy) - M(3 NayB407 - 10H,0);
m(Na,B407 -10H,0) = 0,1moa6/11:0,251-190,8661/™M07B = 4,771 7T.

Ha anamiTnaamMX Tepe3ax 3BaxyroTh 4,7717r Oypu, IEpeHOCATH 11 y MipHY KOJI-

Oy Ha 250Mi1 1 po3unHSIOTh Y BoAl. [1oTiM po3BOASITH BOJOIO IO PUCKH 1 J0Ope mepe-
MmimryioTe. Tpeba nam'statu, mo 6ypa AOCUTH MOTAaHO PO3UMHSETHCS B XOJIOIHIN BOII,
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TOMY Kpallle IEpEHECTH HAaBaXXKy B CTAKaH 1 PO3YMHUTH B rapsidiid BoJil, pO34UMH Mepe-
HECTH y MipHY KoJiOy Ha 250MJ1, 100pe MPOMHUTH CTaKaH 1 I[t0 BOAY 3JIUTH Y MIpHY KO-
70y. Po3uun y MipHii K0JIO1 PO3BOASTH, OXOJOMKYIOTh 10 KIMHATHOI TeMIIepaTypH,
JOBOSATH O PUCKH BOJOIO 1 MepeMilnytoTh. [lpuroroBnenuit po3unH Oypu BHKOPHUC-
TOBYIOTh JUIsl BCTAHOBJICHHSI TOYHOI MOJISIPHOT KOHIIEHTpAIlli eKBiBajieHTa (HOpMaJlb-
HOCT1) poO0YOro po3unHy COISTHOI KUCIOTH. J1Jig 11boro 6epyTh TpU KOHIYHI KOJIOU Ha
150—200M11 1 B KOXKHY 3 HHUX MINETKOI BIAMIPSIOTH MO 25MJI MPUTOTOBICHOTO PO3-
yuHy OypH 1 A0Ja0Th 0 1—2 Kparuii IHAUKAaTopa — METUIIOBOIO YEPBOHOTO ab0 Me-
TUJIOpaHXy. PO3UnH TUTPYIOTh MPUTOTOBIECHUM POOOUMM PO3YMHOM COJSTHOI KUCIO-
TU. 3 TPHOX PE3YJIBTATIB OEPYTh CEPENHIM, SKIIO Il PE3yJIbTaTU BIAPIZHIIOTHCS MK
co6oro He Oubm HiX Ha 0,1M7. Y mpOTUBHOMY pa3l TUTPYBaHHS OypH COJISTHOIO KHC-
JIOTOIO MTOBTOPIOIOTh.

I[IpuroryBaHHs i BCTAHOBJICHHSI TOYHOI MOJIIPHOI KOHIEHTpauil eKBiBa-
JIeHTa (HOPMaJIbHOCTI) po004oro po3uuHy Jyry. ['iipokcu HaTpito 1 TAPOKCHU Ka-
JI0 3aBXJIW MICTSTh JOMIIIKKA BOJAW W KapOOHATy, KUIBKICTh SKUX 3aJ€KHUTh TOJIO-
BHHMM YMHOM BiJl yMOB BUTOTOBJICHHS 1 30epiraHHs mpemnapariB. ToMy, BUXOJI4H 3 Ha-
BaXKKU, HE MOKHA MIPUTOTYBATH PO3YHH JIYTy TOYHOI KOHIIEHTpAIIii.

Jlyis BCTaHOBJIEHHA TOYHOI MOJISIPHOI KOHIIGHTpaIlii eKBiBaJieHTa (HOPMAaJIbHOCTI)
po0O0YOro po3uHHY JIyI'y BUKOPUCTOBYIOTH IIABJIEBY KUCIIOTY, KA B3AEMOJIE 3 JIyTOM:
H2C204 +2NaOH = N3.2C204 + 2H20 .
3 1bOTO PIBHAHHS BUJHO, 110 ()aKTOP €KBIBAJIEHTHOCTI I11aBJIEBOI KUCIOTH JOPIBHIOE

N[ —

[IlaBneBa KUCIOTA HAJIEKUTH 10 CIA0KUX KUCIOT, TOMY HAlPUKIHII TUTPYBaH-
HSl PO3YMH MaTUMe JyXHYy peakuito. [l THTpyBaHHs HalKpale B3ATH (eHoadTanein
(pT=9).

JUJi1 BCTAaHOBJICHHSI TOYHOT MOJIAPHOI KOHIIEHTpallii eKBiBaJeHTa (HOpMaJIbHOC-
Ti) JyTY MOXHA TaKOX BHKOPUCTATH TUTPOBAHUI PO3UMH COJITHOI KUCIOTH. Y LBOMY
BUIAJIKy HOPMAJIBHICTh PO3UMHY OyJi€ BCTAHOBJICHO 3 MEHIIIOI TOYHICTIO, 00 MpH po-
00TI MOXYTbh CKJIACTHCh IOMHJIKH, JTOMYIIEHI NPH BCTAHOBJIEHHI HOPMaJbHOCTI KHUC-
JIOTH 1 JIYTY.

Bumie Oyno nokasaHo, 110 IPU TUTPYBaHHI CHJIBHOI KUCJIOTH CHUJIBHOK OCHOBOIO

MO’KHa BUKOPUCTOBYBATH 1HIUKATOpPH, 110 MaioTh pT B Mexkax IHTepBally cTpuOKa
tuTpyBaHHs (Big 4 10 10), HanpuKiaa, METHIOBHIM YepBOHUI uu peHON(TaNIeTH.

KUCJTIOTHO-OCHOBHE TUTPYBAHHSA Y HEBOAHOMY CE-
PEJOBHUILI

KuciaoTHO-OCHOBHE TUTPYBAaHHS y BOJI Mae OOMEXEHI MOXKIMBOCTI. 30Kpema,
OaraTo KHCIOT 1 OCHOB Yy BOJAI HE PO3ZYHHSIOTHCS, MAOTh Mally CHIIy
(pK > 6) 1 He TuTpytoThea. [IpakTHYHO HEMOKIMBE BUSHAUYEHHS IXHIX CyMIIIEH, SIKIIO
pi3HuIA y BenuunHax pK menma Big 4. Y 3B's13Ky 3 UM Yy MPAKTHIl aHAJI3y 4acTo He-
0OX1THO PEeryiroBaTh PO3YMHHICTh 1 CHITy KUCJIOT 1 OCHOB. [[J1s1 IIbOTO BUKOPHCTOBY-
I0Th BOJHO-OPTaHIYHI CyMillli Ta HEBOAHI PO3YMHHUKH. BOHM 371aTHI 3MIHIOBATH CUITY
KHUCJIOT 1 OCHOB, MalOTh T'apHY CHPOMO’KHICTh PO3YMHSTH Pi3HI PEUOBUHU, OCOOIUBO
opraHiuHi cnonyku. Hanpukmian, 6eH30iiHA KUCTIOTa HE PO3YMHHA Y BOJI, 11 HEMOKIIHU-
BO BIATUTPYBATH y BOJHOMY CEPEIOBHILI. AJe TaKe TUTPYBAHHS MPOBOISATH, 3aCTOCY-
BaBILIM €TUJIOBUI CIIUPT, Y AIKOMY O€H30lHa KHCI0Ta 100pe po3unHHa. YacTiiie ycbo-
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ro JJs MOJIMIIEHHS PO3YMHHOCTI BUKOPUCTOBYIOTh CyMINIl CIIUPTY W alleTOHY 3 BO-

11010 a00 K MPOBOJIATH TUTPYBAHHA B cepeAoBHILI 96 %-HOTO eTaHoy.

Oco0siMBO BeNUKE 3HAUYEHHSI HEBOJHI PO3UMHHUKU NPUAOAIH SIK PETYJIATOPH CHU-

J¥ KUCIOT 1 ocHOB. [IpH 1bOMyY BiJI3HAYarOThCS TaKi 3arajibHi 3aKOHOMIPHOCTI.

2% 1. Kucnorsi posunnnauku (CH;COOH, HCOOH) sik cUiIbHI JOHOPH IPOTOHIB
HiJABUILYIOTh CHUIIy OCHOB. Hampuknan, y MypalluHii KUCIOTI 3pOCTa€ OCHOBHICTh
animny (pK B H,O) =9,42; pK 8 HCOOH = 0,44), xodeiny (pK 8 H,O = 13,4; pK B
HCOOH = 0,78).

2% 2. KucnoTHi pO3YMHHUKM 3HHKYIOTH CHJIy KHMCIOT, YHACHTIZOK PO3BHHEHHX
KOHKYPEHTHHX MPOTOHHO-TOHOpHUX BiactuBocteil. Hanpuknan, HCIL, H,SO,4, HNO;
y BOJIl € CUJIBHUMH KUCIIOTAMH, a B OL[TOBIM KUCIIOTI BOHU MPOSIBIISIOTH BIACTUBOCTI

cnabkux kucnoT (pK(HCI) = 8,55; PK (H,SO,4) = 7,24; pK (HNO;) = 9,38).

2% 3. OcHOBHI po3unHHUKM (mipuauH, GopMamin, IUMeTHI(GOPMaMia) K CHIIbHI
aKIENTOPH MPOTOHIB 3HMUKYIOTh CHIIy OCHOB (KOHKYPEHIIISI OCHOBH 1 PO3YMHHUKA).
Hanpuknaa, nis tpumerunaminy y Boai pK = 4,8, y numerundopmamini pK =9,2.
s amiaky y Bogi pK = 4,2, y numetundopmamiai pK = 9,4,

2% 4. Cuna KHCJIOT B OCHOBHUX PO3YMHHUKAX i3 BEJIUKOIO JiEJEKTPUUHOK HPOHHU-
KHICTIO 3BUYAHO 3MIHIOETHCS HE3HAYHO.

2% 5. AMGINpOTOHHI PO3UMHHUKU (CIIUPTH) MAaIOTh Mally AieJeKTPUYHY MPOHUK-
HICTb 1 3HWXKYIOTh KUCJIOTHICTh 1 OCHOBHICTH PEYOBHH.

3acTocyBaHHS HEBOJHUX PO3YMHHHKIB IMiIBUIIY€E MOXKIUBOCTI TUTPYBAHHS CyMiIlIi

JEKUIBKOX CIAa0KUX KHUCIOT abo cyMiln AeKiIbKoX ocHOB. Hampuknaza, cymiin 6eH30-

HWHOT 1 camiIMIOBOi KUCIIOT HE MOKHA TUTPYBATH y BOJ1 BHACHIAOK OJIM3BKOCTI 3Ha-

4yeHb pK, a B alleTOH1 TaKy CyMIilll MO>KHA MPOAHAJI3yBaTH, TOMY 110 B HhOMY JJis1 O€H-

3oiHO1 kucnotu pK = 20,7, a ansa caminunoBoi kucioT pK = 16,7. Taka BiAMIHHICTh
3HavyeHb pK 1711 G€H30MHOT 1 CamiIUIOBOT KMCIOT JOCTATHS JUIsl IPOBEACHHS TUTPY-

BaHHS CyMillll IIUX KUCIOT. HeBogHE TUTpYBaHHS YacTillle YCbOTro MPOBOJAATh y METa-

HOJIi, €TAaHOJI1, OLTOBIN KUCIIOTI, alleTOHI, IIOKCaH1 a00 B iXHIX cyMiIax.

Memanon CH;0H 1 emanon C,HsOH 3pyuHi nns npoBelEHHS KHCIOTHO-
OCHOBHOT'O TUTPYBaHHS, TOMY IIO B HUX PO3YMHSETHCS OAraTo opraHiyHUX 1 Heopra-
HIYHUX KUCJIOT 1 OCHOB, SIKI MIOTaHO pO34MHHI Y BoJ1. CIIUPTU BIAHOCATHCA 10 ampin-
POTOHHUX PO3YMHHUKIB. KHCIOTHICTH 1 OCHOBHICTh PEUOBHH y METAHONII 1 €TaHOJI
3MEHIIYEThCS B MOPIBHSAHHI 3 BOJIOI0 BHACIIIOK 3MEHIICHHS IWCOIliallii, 110 MPUBO-
TUTH 10 nudepeHIitoBaHHs KUCIOT 1 OCHOB MO CHJI 1 JO3BOJISE€ BIATUTPYBATH iX MPHU
CHibHIN npucyTHOCTI. ExciepumenTansHO 3HaineHo, mo pK KuCIoT 1 OCHOB y MeTa-
HOJII Ta €TaHOJI 3MIHIOIOTHCS Ha TIEBHY BEIUYHHY, SKa 3aJIC)KUTh BiJl TUITY KHCIOTH
a0 OCHOBH.

ETanon 1 Mmetanos oco0auBo eeKTUBHI pU TUTPYBaHHI Kuciot tury HA, s
SAKUX CIOCTEpIratoThecsi 0cobauBo Benuki 3MiHM pK. Turpantamu y mMeTaHosl 4u eTa-
HOJII BUKOPHCTOBYIOTh METaHOJIbHI a0 eTaHosbHl po3zunHu HC1 ab6o HCIO,, mera-
HOJBHI abo etanosbHI po3umHu CH;0K, CH3;0ONa, C,HsOK, C,HsONa (po34yunu oc-
HOB). KpuBi THTpYBaHHS CIIAaOKUX KUCIIOT 1 OCHOB y METAHOII 1 €TaHOJII MalOTh BUpPA-
KEHUH CTPUOOK TUTPYBAHHSI.

Jumemungpopmamio (AMP) (CH;3),NCHO mae Taky cTpykTypHY hopmyIy:

H,C //o
N—-C
/ N\
H,C H
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Jlumetnindopmamin Mae TOCUTH BEJIWKY I€IEKTPUIHY MPOHUKHICTE (€ = 36,7) 1 Mamy
KOHCTaHTy aBTonpoToizy (pK = 18). lle cripuse mopiBHSIHO BUCOKIM 10H13aI[ii KUCIOT
1 ocHOB 1 posmuproe Mexi mkanu pK mist kucnot 1 ocHoB. [IM® mae npotodisibHi
BJIACTHBOCTI 1 Ma€ OCHOBHHIA XapaKTep.

Po6ounmu pozunnamu y [IM® MoxyTh OyTH PO3YMHHU XJIOPHOI KHUCIOTH, MiK-
PUHOBOI KMCJIOTU. TUTpaHTaMU 3 OCHOBHUMH BiacTHBOCTAMH Yy JIM® € rigpokcuau
TeTpaankinaMmoHito (rimpokcup terpaetmiamoHito (C,Hs);NOH a6o rigpokcun TeTpa-
metunamonio (CH3),NOH).

Oymosa xkucnoma CH;COOH mae HU3BKY [i€NEKTPUYHY TPOHUKHICTH (& =
6,3), Mae BUpa)K€H1 NMPOTOr€HH] BJIACTUBOCTI. BOHAa BUKIMKa€e MiJBUILEHHS CHUIU OC-
HOB. Cumila KUCIIOT B OLITOBIN KMCJIOTI 3MEHIIYEThCS BHACIIAOK KOHKYPEHTHHUX IIPOTO-
TE€HHUX BJIACTUBOCTEN PO3UMHHHKA.

OuToBY KHCIIOTY 3aCTOCOBYIOTH MPU aHANI31 CIIA0KUX OpraHIYHUX OCHOB (TIPUJIUH,
X1HOJIIH, OCHOBH aJIKQJIOi/IIB).

Po004i po3unHn y MeTO1aX HEBOTHOTO TUTPYBAHHSI.
VY dapmariii 3acTOCOBYIOTh PI3HOMAHITHI TUTPAHTH. PEYOBHMHM OCHOBHOTO Xapak-
TEPY TUTPYIOTh:
T posunnamu HC10,, y 6e3BoaHI# onTOBI# KUCIOTI (200 JIi0KCcaH1);
T pozunHamu HCl y cymitmi nponieHrIikoto 3 XJI0pohopMoM.
[Tpu TUTpYBaHHI pEYOBUH KUCIOTHOTO XapaKTepy 3aCTOCOBYIOThH Takl poOoul
PO3YMHMU:
[J wmetunat HaTpito CH3;0Na a6o metunar kanito CH;OK y cymimni 6eH3ony 3 meTa-
HOJIOM;
[J po3umn NaOH a6o KOH y meranomi;
[J posumH rigpokcuny Terpaermiamoniro (C,Hs);NOH y cniupri.
JIns iHauKarii TOYKW €KBIBAJCHTHOCTI NMPH TUTPYBaHHI B HEBOJHUX CEPEIOBHIINAX
HaANOUIbII YaCTO BUKOPUCTOBYIOTh TaKl KUCIOTHO-OCHOBHI 1HAUKATOPU:
[J Tpomeomin 00,
(] THMOJIOBUI CHHIH,
[J meTwsioBuUil )KOBTOraps4Yui,
[J kpucramigyauii pioneToBHiA.
BrnactuBoCTi 1HAWKATOPIB Y HEBOJHUX PO3YMHHUKAX 3MIHIOIOTHCS BHA-
CHIZIOK 3MIHU iXHIX KOHCTAHT 10Hi3alii. Y Tabnuii npuBeaeHi pK iHAMKaTOPIB, SKi BH-
KOPHUCTOBYIOTh y JICIKUX PO3YHMHHHKAX.
VY mpakTuill XIMIYHOTO aHali3y 4acToO MPU TUTPYBaHHI B HEBOAHOMY CEPEIO-
BUIII BUKOPUCTOBYIOTh IHCTPYMEHTAJIbHI METO/I 1HUKAIlIl TOYKH €KBIBaJIEHTHOCTI:
X> noTeHIioMeTpUYHI METOIH,
X> amniepoMeTpUYHI METO/IH,
X> KOH/TyKTOMETPHUYHI METO.TU TOIIIO.

3ACTOCYBAHHSA KUCJIOTHO-OCHOBHOI'O THUT-
PYBAHHAA

MeTooM KUCIOTHO-OCHOBHOTO THUTPYBAaHHS MPOBOJISTH aHAJI3 BEIUKOI KiJlb-
KOCTI XIMIYHHMX CIOJYK 1 (papMarieBTUYHUX TpenaparTiB K OpraHivyHOi, TaKk 1 Heopra-
HIYHOT IPUPOIH.

3 HEOpraHIYHUX PEUOBHUH ITUM METOJIOM BH3HAYAIOTh CUJIbHI KUCIOTH 1 OCHOBH,
cnabKi KUCIOTH Ta OCHOBH (13 pK < 5 — 6), KuC1 i OCHOBHOI COJIi, COJII CITAOKUX KHC-
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JIOT 1 OCHOB, OKCHJI TOMIO. [Ipy IbOMy BHKOPHUCTOBYIOTH MpPSIME i 3BOPOTHE TUTPY-
BaHHSL.

KucnoTHO-OCHOBHUM METOJI0OM MOKHA BU3HAYATH PEUYOBHUHH, 110 HE BOJIOIIOTH
BUPAXCHUMH KUCJIIOTHO-OCHOBHUMH BJIACTUBOCTSMHU. Y IIMX BHITAJIKaX 3aCTOCOBYIOTH
3amicHe TUTPYBaHHS. [IJIs IBOTO CITOYATKY MPOBOATH XIMIYHY PEAKIi0 3 PEYOBHHOIO,
Ky aHaJ3YI0Th, PU [IbOMY YTBOPIOETHCS €KBIBAJICHTHA KIJIbKICTh KUCJIOTH 200 JIyTy.
TIpHKIaIOM € aHasTi3 GOPHOI KHCIOTH, sKa € Ayxke crabkoro kucmororo (K = 6:10"),
HE MOJKE TUTPYBATHUCh PO3UYMHOM JIyTY. TOMY IPOBOASATH PEAKIIiIO0 3 TIIIIEPUHOM:

CHyOH  HOQ (|?Hz-0\ /O-HzC\
2cH.oH T B—OH ——> (|?H-O—B— O-H(\J +H
cuon O CH,-OH CH,-OH
I'niyepun  bopna kucnoma I'niyepooopna kucnoma

OnepxyrTh TilepoOOpHy KHCIOTY (KOMIUIEKCHY CIIOJYKY aHIOHHOTO THITY).
['nminepebopHa KUCIIOTa ABJISE COOOI0 JOCUTh CHIIbHY KUCIOTY 1 TUTPYETHCS poOOUNM
pozunnom NaOH y npucytHocTi penondraneiny.

[Ipu TuTpyBaHHi OGaraThOX OpraHIYHUX MpeNapariB g MOJIMIIEHHS IXHBOI
PO3YMHHOCTI 3aCTOCOBYIOTH Y SIKOCTI PO3YMHHHMKA CIIMPTOBO-BOJHI CyMIlIl, & TaKOXK
OpraHivyHI PO3YMHHUKH, HATTPUKIIA, T0JAI0Th 10 BOJHOTO PO3YMHY Ipemnapaty edip.

[[Inpoke momupeHHs B aHami3l 0araTb0X CMONYyK 1 (hapMalleBTUYHHUX TMpernapa-
TIB OJIEpKAII0 HeBoOHe mumpyeants. HeBOTHUM TUTPYBaHHSM BHU3HAUYAIOTh Mpenapa-
1 (pTanmazon, rigpoxiopua MopdiHy, aMiTOMIpHH 1 iH.), IO MPEICTABIAIOTH COOOI0
cnabKi OCHOBH, cla0Ki KMCIOTH abo coJii, BukoprcTaHHs HEBOJHMX PO3UMHHHKIB J10-
3BOJISIE TIOJIIMIIUTH PO3UYUHHICTD MpernapaTy, yMOBU TUTPYBAaHHS 1 OUIBII YiTKO BU3HA-
YUTH TOYKY €KBIBaJICHTHOCTI. METOJAOM KHCIOTHO-OCHOBHOTO TUTPYBaHHs BH3Haya-
I0Th (DYHKI[IOHAJIbHI TPYNH OPraHIYHUX CHOJYK, 10 BOJOIOTh KUCIOTHUM 200 OCHO-
BHUM XapaKTepOM.
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MpuKnaam 3acTocyBaHHSA MeToAy HerTpasizauii
BuzHauyeHHs1 OUTOBOI KMCJOTH. Peakiliss Mk pOo34MHAMHU OIITOBOI KUCJIOTH 1
JyTy BiIOYBAETHCS 32 TAKMM PIBHSIHHSIM:
CH,COOH +NaOH=H,0+CH;COONa.

OTxe, y TOYIll €KBIBAJICHTHOCTI B pO34MHI OyJie CUIb CHJIbHOI OCHOBH 1 ciabKoi Kuc-
n0Ti. BHACTI0K T1APOMI3y 1I€T COMTl pO3UUH MATUME JIY>KHY PEaKIiio:

CH,COO™ 4- HOH = CH,;COOH +- OH™.
3naueHHs pH B TOYIl €KBIBAJICHTHOCTI OOYHCITIOIOTH 33 (hOPMYJIO0

1 1
PH=7—|——2-PK+'§—1ch~

[TpumycTumo, 0 Mpy TUTPYBaHHI KOHIIEHTpAIlisl COJII B KIiHI[I TUTPYBaHHS CTaHOBH-
tume npudausHo 0,05 mone/n. s onroBoi kuciotu pK = 4,75. OTxe,

1 1
PH =7 — - 4,75+ —1g 0,06 =7+ 2,38 — 0,65 = 8,78.

3 Tabnuil IHAUKATOPIB 3HAXOAMMO, IO AJISl TATPYBAHHS OL[TOBOI KUCIOTH JIyTOM Haii-
oinmpire miaxoauts Gperondranein (pT = 9).

Buznauennsi kapOoHaTHOI TBepaocTi Boau. TBepaAicTh BOJIU 3yMOBJICHA Ha-
SIBHICTIO B Hill PO3UMHHUX COJIEH KalbIlilo 1 MarHito. Po3pi3HAIOTH 1Ba BUIU TBEPIO-
CTi: kKapboHamuy (TUMUYACOBY) Ta Hekapbonamuy (moctiiiHy). KapboHnaTtHa TBepAiCTh
3aJIEKUTh B1Jl HASIBHOCTI y BOJI TiIpoKapOOHATIB Kalbllito 1 MarHiro. Bona maitxke no-
BHICTIO yCYBa€TbCA MpU HarpiBaHHi Boau 10 kumiHHA. [Ipu npomy rimpoxapOoHaT
KaJIBI[I}0 PO3KIIATAETHCS 1 BUIAIa€ 0cajl KapOOHATY KaJbIIifO:

Ca (HCO3)2 = CaCO3 + C02 + H20.

INigpokapboHAT MarHiro Npu BOMY TAaKOX PO3KIANAETHCS, aje KapOOHAT mar-
HiIO, III0 YTBOPIOETHCA, MMOMITHO PO3YMHSETHCA Yy BoAl. HekapOoHaTHa TBEpAICTH 3y-
MOBJIEHA HAsBHICTIO XJIOPHUIIB 1 Cyib(aTiB KaJbI[i0 Ta MarHito, sIKi MPU KU STIHHI
3aJIMIIAIOTHCS B PO3UHHI.
3azanvna meepdicms — 1€ 3arajibHU BMICT PO3YMHHUX COJICH KaJbI[IO 1 Mar-
HIIO.
TBepaicTh BOAM BU3HAYAIOTh y MUICPaM-€KBIBAJIEHTaX PO3YMHHUX COJIEH
KaJIBI[I}0 1 MAarHit0 B OJJHOMY JIITP1 BOJH.
BusHaueHHs kapOOHATHOT TBEPAOCTI NPOBOASATH TUTPYBAHHSM MEBHOTO 00'eMy
BOJIM POOOYMM PO3YMHOM COJISIHOI KMCJIOTH IPU HasiBHOCTI MeTmwiiopanxky. [Ipu npomy
BiZIOYBAIOTHCS PEaAKIIii:
Ca (HCO,), 4 2HC] = CaCl, + 2CO, + 2H,0;
Mg (HCO,), + 2HCI = MgCl, 4 2CO, -+ 2H,0.

Metop TpyHTYETbCS Ha MPHITYIICHHI, IO BOJA HE MICTUTH TigpoKapOOHATiB
IHITUX METaIB, HAIPUKJIIAJ T1ApOKapOOHATy HATPIFO.

JIns BU3HAYEHHS BIIOMPAIOTH MINETKO a00 MipHUM IaiHapoM 100 M gociti-
JDKYBaHOI BOJIH, 100ABISIOTH 2 - 3 KparIi METHJIOPAHXKY 1 TUTPYIOTh POOOYUM PO3YH-
HOM COJISIHOI KHMCJIOTH JO 3MIHU 3a0apBJEHHS 1HIUKATOpa 3 KOBTOTO HA OpPaHKEBE.
JIns BU3HaueHHs KapOOHATHOT TBEPIOCTI Y MUTIrpaM-eKBIBaJICHTax B 1 J1 BOJu o04ucC-
JIEHHS BEYThb 32 TaKOIO (POPMYJIOIO:
¢(HCI)- V(HC1)-1000

V(Boan )

T =
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OnucaHi NpUKJIaaAN CKIAAI0Th TUIbKY HE3HAYHY YAaCTUHY MOXJIMBOCTEH 3aCTO-
CyBaHHSI KUCJIOTHO-OCHOBHOTO TUTPYBaHHS, K1 30UIBIIYIOTHCS MPU BUKOPUCTAHHI He-
BOJHHMX PO3YMHHHKIB Ta THCTPYMEHTAIBHUX METOIB 1HIUKAIlll TOUKH €KBIBAJIEHTHOC-
TI.

37



KOMITJIEKCOHOMETPNYHE TUTPYBAHHASA
3arajbHa XxapakTepucTHKA.

Peakriii yTBOpeHHS KOMIUIEKCHUX 1 MaJOJUCOIIHOBAaHUX CIOJIYK € OCHOBOIO
METO/1IB BU3HAUYEHHS pALy 10HIB. Benuke 3Hau€HHSA B TUTPUMETPUYHOMY aHai31 Mae€
KOMILIEKCOYTBOPEHHSI 10HIB METAIIB 13 TPYMOI0 MOJIIaMiHOKapOOHOBUX KHCJIOT, IO
00'eTHYIOTHCS 3arajbHOI0 HA3BOIO «KOMITJICKCOHI.

[Tpu TUTpyBaHHI 10HM METaldy ¥ aHIOHW THUTPAHTA YTBOPIOIOTH JETKOPO3UHMHHI
KOMIUICKCH1 CIIOJYKH, SKI 3aJIUINAIOThCS B pO3uuHi. JIuile B OKpeMHUX BUIAIKaX BH-
3HAYEHHS YTBOPIOIOTHCS MAIOPO3UMHHI CIIOJTYKH, 110 BUTIAJAIOTh B OCA/I.

JIyisi BCTAHOBJICHHSI TOYKH €KBIBAJIGHTHOCTI 3aCTOCOBYIOTh HaWyacTillie Ba
crocoou:

2% 1. Y po3umH yBOIATH PEUOBHHY, 10 € IHIMKATOPOM HA OJMH 3 pearylouux io-
HIB, 1 YTBOPIOE 3 HUM 3a0apBiieHy a00 MaJOPO3UYMHHY CIIOJIYKY. [HAMKaTop migou-
paroTh Tak, 100 3adapBieHHs a00 oca]l BUHUKAIX (200 3HUKAIU) TIJIBKH MICIS TOTO,
SIK IPAKTUYHO yC1 BU3HAUYBaH1 10HU OyayTh 3B'sS3aHi BIAMOBIIHUMH 10HAMHU pPOOOYO-
IO PO3YMHY B KOMILIEKCHY CIIOJIYKY;

20& 2. BusHauyBaHy ped4OBMHY BH3HAYAIOTh 3a KiIbKicTIO ioHiB H', fKi yTBOpUIHCH
y pe3yabTaTi peakiii KOMIUIEKCOYTBOPEHHS PO3UMHY. Y IIbOMY BUTIAJKY JJISl BU3HA-
YEHHSI TOYKH E€KBIBaJEHTHOCTI 3aCTOCOBYIOTHh 3BHYalHI KHCIOTHO-OCHOBHI 1H/JIHMKA-
TOpH.

KomMmnnekcoHoMerTpis.
Jlesiki mosiaMiHOKapOOHOBI KUCTOTH (KOMIUIEKCOHU) YTBOPIOIOTH 13 KaTlIOHAMH
METaJIiB CTIiKI KOMIUIEKCHI CIIOJTYKH. 3aCTOCOBYIOTh TaKi KOMITJIEKCOHHU:
[J xomruiekcoH I, (HITpUIOTPHOLTOBA KUCIOTA);
[J xommiekcod II, (eTrmiieHAMaMIHTETPAOITOBA KUCIIOTA);
[ xomruiekcoH I, (nuHaTpieBa Ciih €TUICHANAMIHTETPAOIITOBOI KHCIIOTH.
Haii0inp11e 3aCTOCOBYEThCS TUHATPIEBA CUIh €THJICHAMAMIHTETPAOITOBOI KHC-
notu (ckopodeHo — EJITA), mo Bimoma Takox 3a Ha3Bow "TpuiioH b":

O\ //O
_ . ~C=CH, H H Hy_C—-C_
Na—O N é é N/ O—Na
//C—CHZ H H 2C—C\\
o) O

CxemMaTU4YHO MO3HAaYarTh MOJIeKyny Tpuiiony b — Na,H,Y.

EATA — xucnora, 1o MIiCTUTh 4 IPOTOHH, Y PO3YMHI JAUCOIIOE TI0 4 cTamisx. 3a
NEepUIMMH JBOMA CTaAIsIMM JAUCOIIaLisd IpoXoauTh y 3HauHii Mipi (pK,; = 2,07, pK; =
2,75). Ilo tperiii 1 uerBeprtiit ctamisim EJTA nucoritoe nabarato menie (pKs; = 6,24,
pKy = 10,34). Tomy EJITA B kucnomy cepenoBuii (pH 4 - 5) 4acTkoBO IUCOIIIIOE 1
3HAXOMHTBCA y cTaui ioniB H,Y*". V cmabkomyxuomy cepeosumi (pH 8 - 9) HyY*
nepexomnth y HY", a B cumsHOmyxuOMy (pH > 12) EJITA 3HAXOMMTHCS B CTaHi io-
HiB Y.

Tpunon b pearye B po3umHax i3 KaTiOHaMH MiJll, BICMYTYy, CBHHIIIO, KaJIMIO,
3ajriza, HiKelo, KoOAlIbTy, MapraHillo, IUHKY, TOPI0, TaNiI0, 1HII0, KaIbIi0, CTPOH-
1it0, 0apito, MarHio 1 JESIKUX 1HIIUX METaiB. Y TBOPIOIOTHCS CTIHKI KOMIUIEKCHI CIO-
ayku. CTIMKICTh KOMIUIEKCHUX crioryk metamiB 13 EJITA pi3Ha, 3aeXuTh Bif 3apsi-
HOCT1 ¥ eleKTpOHHOI KOoH(Irypartiii i0Ha MeTaly 1 3MIHIOEThCS B 3aJiexHOCTI Big pH
cepenoBuiia. Haiounbm criiiki komruiekcu EJITA 3 GararozapsaHumu ioHaMu p- 1 d-
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ejleMeHmié MOXKYTh YTBOPIOBATHUCSA HaBITh y KHUCIOMY cepeaoBuilil. Jlo HMX BiiHO-
CATHCS KOMILUIEKCH 3 Bi3+, Fe“, Cr’" Tomo. MeHm CTiliKi KOMIUIEKCH 3 EATA yTtBO-
PIOIOTH 10HH s-eremenmis (Mg, Ca®", Ba®" Tomo).

CripoMOKHICTh TPUJIOHY b pearyBaTu 3 TaKOrO BEIHMKOIO KITBKICTIO KaTiOHIB 00y-
MOBJIIOETHCS IPUCYTHICTIO B OTO MOJIEKYJIl OJJHOYACHO JEKITBKOX COJICYTBOPIOIOUNX
KapOOKCWJIBHUX TPYI, a TaKOX aTOMIB a30Ty, SIKI MPOSBISAIOTH €JIEKTPOHOJOHOPHI
KOMILIEKCOYTBOPIOIOY1 BJIACTHUBOCTI. Y TPUIJIOHATAaX KaTIOH METaly 3'€HAHUU 3 aTo-
MaMU KHUCHIO KapOOKCHJIBHUX IPYyI, a TAaKOX YTBOPIOE KOOPJAMHALIWHI 3B'I3KH 3 aTO-
MaMH a3oTy.

Tpunon b (Ta iHIII KOMIUIEKCOHH, 110 TYT HE PO3IJIAAAIOTHCS) € AyXKe IIIHHUM pe-
aKTUBOM [Tl THATPUMETPUYHOTO aHATII3Y.

B ycix Bumagkax He 3aJe€XHO BiJl 3apsAay KaTioHa metany Imouab Tpujiony b
3aB:kaM pearye 3 1MoJb MeTany. OTxe, IIPU peakilii He YTBOPIOIOTHCS HisIKI TPOMi-
HI 1 MOO1YH1 TPOAYKTH, MPUCYTHICTH SIKUX YCKJIAIHIOE BUZHAYCHHS B IHIINX METOJaxX
TUTPUMETPUUYECKOTO aHAI3Y.

CrnenudiuHoro 0coOIUBICTIO TPHIOHY b € Takok Horo 37aTHICTh BCTYIAaTH B pea-
KLIO

T 3 KaTiOHaMH MarHiro

T 3 KaTiOHaMH JIy’KHO3EMEJIbHUX METaJIIB — KaJIbI[IEM, CTPOHIIIEM, OapieMm.

Jlist KaTioHIB IUX METaliB KOMIUIEKCOYTBOPEHHS 3 1HIIMMH JITaHJaMu Maibke He
nposiBisieTbess. Cuia CropiIHEHOCTI TPUIOHY b 70 X 10HIB HACTUIBKH BENWKA, II0
HaBITh 0caJl cyab(aTy 0apit0 PO3UMHAETHCA B PO3UMHI TPWIOHY b (10 1poro cynbdat
Oapir0 BBa)KaJdu THUIIOBOIO HEPO3UMHHOIO CIOJYKOIO, JJIs SIKOi HEMae PO3YMHHUKA).
B3aemonist Tpunony b 3 ioHaMu J1y’KHO3EMENbHUX METaliB BUKOPUCTOBYETHCS IS X
TUTPUMETPUIHOTO KIJTbKICHOTO BU3HAUCHHS.

Peakiiis Mk TpusioHoMm b 1 kaTioHaMu Pi3HHX METATIB MPOTIKAE B PI3HUX YMO-
Bax KUCJIOTHOCTI. Tak, HarpuKiaj, MOBHE 3B'SI3yBaHHs JIy>KHO3EMEJIbHUX METAJIB BiJI-
OyBa€eThCs JIUIIE B JTY>)KHOMY CEPEIIOBUIII, TOJI SK JACSIKI TPUBAJIEHTHI METAJU IIIKOM
pearyroTh 13 TpUJIOHOM b B KHCIIOMY cepeloBUUIl HaBiTh MPH JOCUTh HU3BKUX 3HA-
yeHHsaX pH po3uuny. lle nae MOXJIMBICT, BU3HAYATH OJIHI METAJM y MPUCYTHOCTI 1H-
IIMX, 3MIHIOIOYH KHCJIOTHICTh PO34YHHY .

€ 1Ba OCHOBHMX BapiaHTHU TPUIOHOMETPUYHOTO TUTPYBaHHS, SKI BUKOPUCTO-
BYIOTh Pi3HI CIIOCOOM BCTAHOBJICHHS TOYKU €KBIBAJICHTHOCTI.

[J V nepimomy BapiaHTi KiHEI[b TUTPYBAHHSI BCTAHOBIIIOIOTH 32 JIOMOMOT'OK) METaiH-
JUKATOPIB 1 PEYOBUH, 110 YTBOPIOIOTH 13 KaTIOHAMU METaiB 3a0apBieHI KOMIUIEKCHI
CTIOTYKH.

[J V¥V napyroMmy BapiaHTI TPHUIOHOMETPUYHUX BHU3HAUCHb TOYKY €KBIBAJECHTHOCTI
BCTaHOBJIIOIOTh, BUXOJSYM 31 3MIHU KHUCIIOTHO-OCHOBHUX BJIACTMBOCTEH CHUCTEMH i
gac TuTpyBaHHsA. J[0 po3umHy cOJli MeTally AOAA0Th HAUIMIIOK POOOYOTr0 PO3UMHY
TpuiIOHY b:

Me*" + H,Y" = MeY* + 2H'

Karionn metairy BHUTICHSIOTH €KBIBAJICHTHY KUIBKICTH 10HIB BOJHIO (YyTBOpIO-
€THhCS KUCIOTA). BU3HAUeHHS 3aKiHUYIOTh TUTPYBAHHAM KHCIOTH POOOYNM PO3ZUYUHOM
JYTy, BUKOPUCTOBYIOUH JJIs BCTAHOBJICHHS TOUKH €KBIBaJCHTHOCTI 3BHMYaiiH1 KHUCIIOT-
HO-OCHOBHI 1HIUKATOPH. Y NPaKTULIl TPHIOHOMETPUYHUX BU3HAUEHb OCTaHHINA METOJ
Mae oOMeXeHe 3HaYeHHS; HallOUIbllle MOMMPEHUH CrOCiO TUTPYBaHHS 3 METaJIlHANKA-
TOpaMH.
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IHIMKATOPY Y KOMIUIEKCOHOMETPII

Y KOMIIJIEKCOHOMETPii 3aCTOCOBYIOTh METAJIHAWKATOPH, SIKi 3/7aTHI YTBOPIOBATU
3a0apBJICHI CIIONYKH 3 KaTIOHAMU BU3HAUYBaHMX METANIB 1 HE pearyoTh 3 10HaMHu po-
604oro po3urHy. Y OLIBIIOCTI 1HIIMX METOJIB TUTPUMETPUYHOTO aHAII3Y 1HIUKATOP
JTa€ KOJLOPOBY PEaKIli0 3 PEYOBUHOIO POOOYOr0o PO3YHMHY MICHS JOJaBaHHS Xo4a O
OJIHI€1 HAJUIUIIKOBOI Kparuii pododoro po3unHy. MeTaniHIUKaTOpu MaroTh CBO€E Bila-
cHe 3a0apBIICHHS; K€ BIAPI3HAETHCS BiJ 3a0apBJiCHHS CIIOIYKH 3 KaTIOHAMU METaiy.
Tomy B TOUIll €KBIBAJCHTHOCTI 3HUKAE 3a0apBICHHS] KOMIUIEKCHOI CIIONYKH 1HIUKATO-
pa 3 KaTIOHOM MeTally, i BUHUKAa€ 3a0apBICHHS YUCTOTO 1HIMKATOPA.

OmHuM 13 HaO1IbIIIE TOMUPEHUX METAIHIUKATOPIB € KUCIOMHUI XPOM YOPHUIL
cneyianvHhuit, abo epioxpom uopnuii T.

XimiyHa dopmyiia epioxpomy yopHoro T:

NaO3S N=N

NO,

[To3znaunmo cxemartuuno Gopmyiy epioxpomy dopnoro T uepe3 NaH,In. Cran
PIBHOBaru Mi’K pi3HUMHU 10HAMH 1HJUKAaTOpa B PO3UMHI XapaKTEPU3YEThCSI TAKUM PiB-
HSIHHSIM:

NaH,In — Na" + HyIn™
H,In~ = HIn*" = In*-
Bunno-uepsonuti Cuniu Kosmoezapsuuti
pH<6 pH=6-12 pH> 12

BinblicTh TPUIIOHOMETPUYHUX BHU3HAYEHDb 13 UM IHIUKATOPOM IMPOBOJIUTHCS B
cnabkomyxHux poszunHax (pH = 10 — 12), ne mepeBakae KUIbKICTh 1HAMKATOpPA, IO
3HAXOIHMTBCA B CTaHi 3a6apBIeHNX y cHHiil kKomip anionis HIn>". IIpu monaBanHi HeBe-
JUKOI KUTBKOCTI 1HAMKATOpa A0 PO3YMHY COJIi METaly BECh 1HAMKATODP MEPEXOIUTh Y
3a0apBiieHy KOMIUIEKCHY CTIOJIYKY 3 KaTIOHOM METaly, HaIPUKIAI;
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HIn"+Me*" = Meln +H'
Cuniu Bunno-uepsonuii

[Ipu TuTpyBanHi po3unHOM TpujoHy b BimOyBaeThCsl B mepiry 4epry 3B'sA3y-
BaHHS BUIBHUX 10HIB METaTy B KOMIUIEKC 3 TPHIIOHOM:

Me®" + H,Y>" =MeY™ +2H"

[Ipu poMy KOJip pO3YMHY 3alUINAETHCS BUHHO-4epBOHHUM. llicns Toro, sk
TpwiIoH b 3B’spke B MII[HY KOMIUIEKCHY CIOJIYKY YCl BUIbHI 10HM METaily, HacTyIlHa
NOp1is A0JaHOTO PO3uMHYy TpuiIoHY b Oyzae 3abuparu ioHM MeTally Bij 3a0apBiieHOT y
BUHHO-YepBOHMI Koutip crioiayku Meln™. Po3unn crae cunim.

Meln™ + H,Y> = MeY> + HIn*"
Bunno- Cumniti
uepB8oHUU

OTxe, TOYKa EKBIBAJICHTHOCTI XapaKTEPU3YEThCA 3MIHOK BHUHHO-YEPBOHOTO
KOJIbOPY PO3UMHY (3a0apBiIeHHS 10HIB CIIONYKU 1HIUWKaTopa 3 MeTasoMm Meln™) Ha cu-
Hiit KoIip (3aGapBiIeHHs i0HiB BibHOTO iHHKaTOpa HIn™).

Y KOMITJIEKCOHOMETPIii 3aCTOCOBYIOTH # 1HII MeTamiHANKaTOpu. BimomocTi mpo

JIesIK1 13 HUX MPUBEICHI HIXKYE.

w Kcunenonosuii scosmozapsauuti. Y TBOPIOE CTIHKI B KUCIOMY 1 CTa0OOKHCIIOMY Ce-
pEIOBUII 3a0apBIICHI KOMIUICKCH 3 Fe'', Bi*", A", zn*", Cd*", Cu™, Hg2+ Ta 1HIIH-
MU 10HaMH. Y BUIBHOMY CTaHi B PO3UMHAX 1HAMKATOpP 3a0apBICHHUM y KOBTUH KOJIIp
(mpu pH < 6,4) ab6o uepBonuit komip (pH > 6,4). KoMinekcHi ciofyku 3 KaTloHaMU
METaiB MalOTh YEPBOHUHN KOJIp. 3aCTOCOBYIOTh KCHUJICHOJOBHI KOBTOTapSIUUN y BU-
risigi 0,1%-HOTo CIUPTOBOTO PO3UUHY.

» Ilipoxamexinosutl ¢hionemosuii. Y TBOPIOE€ KOMILJIEKCH CUHBOTO KOJIbOPY. [HAMKA-
TOp 3aCTOCOBYIOTH uIsl BusHauenns Bi*", Ti'" (mpu pH = 2 - 4); Cu*", Fe*', Pb*" (pu
pH =5-6); Cd*", Co*", Mg>", Mn*", Ni**, Zn*" (ipu pH = 9 — 10).

m Mypexcuo (aMOHiiHa C1JIb MyPIypOBOI KUCIOTH). MypeKcua yTBOPIOE€ KOMIUIEKCH
3 Cu’’, Ni*", Ca®, Co®", sii criiiki B HeliTpanbHOMY Ta JIy)KHOMY CepelOBHIL. Y
HEUTpAIbHOMY  CEpeIOBHUIIl pPO3UYMHM 1HJMKAaTOpa 3a0apBiieHI B YEPBOHO-
¢ioneroBuii komip. [Ipu pH = 9,2 — 10,3 inaukarop mae ¢ionetoBe 3adapBieHHS, a
npu pH > 10,3 — cunpo-¢iorerose. Kommuexcn mMypekcnay Maioth xoBTaii (Ni*)),
sxoBrorapstauit (Cu’") a6o uepBonuii komip (Ca’").

SACTOCYBAHHA KOMIUIEKCOHOMETPUYHOI'O TUTPYBAHHA

VY mpotieci TUTpYBaHHs 10HIB METaJliB pOOOYUM PO3UUHOM TpuioHYy b Bumins-
I0ThCS 10HM BOAHIO (3MiHIOEThCs pH). 3mina pH BrumBae Ha KoJip JeSKUX METaIiHIU-
KaTopiB, @ TAKOX Ha MILHICTh KOMIUIEKCIB, 5Kl yTBOpro€e TpuioH b. Tomy g miarpu-
MKH HEOOX1THOTro 3Ha4ueHHS pH y po3umH, 10 TUTPYETHCA, A0JAI0Th BIAMOBIAHUHN OY-
depuuii posunn. Bydepni cymimi 38'a3y1oth ionn H', sKki BUAINAIOTBCA NP TUTPY-
BaHHI. YacTo 3aCTOCOBYIOTH Taki OyepHi pO3UrHHU:

[J amoniiamii Oydepuuii pozunn (NH4CI + NH;, pH = 9,5 — 10)

[J ©oparuuii 0yepuuii po3unn (Na,B,0; + HC1, pH =7,6 —9,2)

[ ¢ocdaramii 6ydepuuii po3unn (NaH,PO, + Na,HPO,, pH = 5,4 — 8)

PoGounmu po3unHaMu KOMIUICKCOHOMETPUYHOTO TUTPYBAHHS MOXYTh OyTH
po3unHM TpuioHy b, a mpu TUTpyBaHHI HAAJIMIIKY TPWIOHY b — po3uunu cynbdary
MarHiro abo po3unHu cyibdary nuHky. Pobounii po3unH TpuiioHy b rotyrooTs 3a Tou-
HOIO0 HABAXXKOIO XIMIYHO YHCTOTO PEaKTUBY Ha JUCTHIIOBaHINA BOJi, BUTBHIN BiJ CO-
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neit Ca™" i Mg%. Tutp po3unHy TpUIOHY b Takok MOKHA YCTaHOBIIFOBATH IO CTaHAA-
pTax METaJIlvHOro IUHKY, CyJb(aTy [UHKY, CyJIb(aTy MarHiro, KapOoHATy KaJbIliio.

VY (dapmartii ans BU3HAYEHHS] TOUHOT KOHIIEHTpAIll poO0YOTro pO3UUHY TPUIIOHY
b 3acToCOBYIOTH METaNIYHUN LIMHK, TOYHY HABAXKY SKOTO PO3UMHSIOTH Y PO3BEACHIN
cipuaniit kucioti (30mi), 10BOAATHE 00’€M po3duHy BoAow a0 1i. IlimeTkoro BigOH-
paroTh AIKBOTHY YaCTUHY PO3YHMHY 1 TUTPYIOTh PO3YHMHOM TpuioHy b. Po3unnu tpu-
aony b cTiiiki mpotarom Tpbox MicsiiB. TuTp po3unHiB cynbdary UUHKY 1 CyTIbdaTy
MarHil0 BCTaHOBJIIOIOTh a00 32 TOYHOI HABAXKKOIO METAIIYHOIO LIMHKY YMd MAarHiio,
a0o0 3a CTaHJapTHUM PO3UYMHOM TpuJioHy b. Po3unnu cynbdaty muHKy 1 cyiabdaty ma-
THIIO CTIHKI MPOTSITOM IIECTHU MICSIIIB.

[Ipu mpoBeneHHI TUTPYBaHHS IS TMOJIMIICHHS YITKOCTI MEPEXOAy KOIbOPY
1HO/II BUKOPUCTOBYIOTh CYMIIIl METaJIOXPOMHOTO 1HAMKATOpa 3 1HAN(PEPEHTHUM OapB-
HUKOM, KU I'pa€ poyib BHYTPIIIHBOTO CBiTIOM1IbTpa. YacTimie ychboro BUKOPHUCTO-
BYIOTh TaKi CyMillIi:

[J epioxpom yopHuii T + METUIIOBUIA )KOBTHUI;
[J MeTHUIoBUU TUMOJIOBUHN CHHIN + METUIIOBUHN KOBTOTAPSUNI;
[J mypekcun + HadTONOBUMN 3€TIEHUH 1 T.1I.
3acTOCOBYIOTH JIEKUJIbKA BUAIB KOMIZIEKCOHOMETPUYHOTO TUTPYBAHHS:
X> npsiMme TUTPYBaHHS,
[X> 3BOpOTHE TUTPYBAHHS,
[X> 3amicHe TUTpYBaHHSI.

[Ipu npamomy mumpyeanni po3uuH aHATI30BAHOI COJII METAITY TUTPYIOTh PO3-
YUHOM TpUJIOHY b y mpuCyTHOCTI BIAMOBIAHOTO iHAMKaTOpa. Hampukian, npsMum TH-
TPYBaHHSIM BU3HAYAIOTh XJOPHUJ Kaubllito. J[0 aHaMi30BaHOTO PO3YMHY JTOJAI0Th SMIT
amoHiiiHoro OydepHoro pozunny, 0,1r cymimi iHguKaropa epioxpomy dopHoro T 3
NaCl (1:500) abo 7 xparenb po34uHy IHAMKATOpa B CIHUPTI 1 TUTPYIOTh PO3UYMHOM
TpwioHy b 10 cuHbO-(hioneToBOrO 3a0apBieHHS.

360pomne mumpysanHns 3aCTOCOBYIOTh, SIKIO JJIS COJII METAITy 1HAUKATOP HE TIi-
niGpanmii. Jlo posdmHy amamizoBamoi comi (Hampukmam, Al') momaroTe HammMImOK
0,05M pozuuny Tpuiiony b, a Takox iHaukatop epioxpom yopuuit T. Tpumon b , 1o
HE TIpopearyBaB, TATPYIOTh JIPYTUM POOOUYMM PO3UMHOM METONY — CyIb(aTOM MarHito
a0o0 cynb(aToM IIUHKY 0 EPEXOy 3a0apBiICHHS BiJ CUHBOTO JI0 YepBOHOTO. Pe3yiib-
TaT PO3pPaxOBYIOTh 32 POpPMYJIaMH IS 3BOPOTHOTO TUTPYBAHHS.

3amicne mumpysannsa 3aCTOCOBYIOTb, HAIPUKJIIAM, JUIsl BU3HAUCHHS COJIEH MeTa-
JiB, /U1 KOTPUX BaXKo MiAiOpatu inaukarop. Jlo po3unHy aHalli30BaHOI COJIl METalIy
(HanpukIam, Ba2+) JO/IaI0Th HAJIMIIOK 1HIIOT KOMIUIEKCHOI coJil TpuiioHy b ¢ men-
III0F0 KOHCTAHTOK CTIMKOCTI (Hampukiaa, cuib HUHKY Nay[ZnY]). lonu Gapito, yTBO-
PIOIOTH OLTBI MIITHUM KOMILIEKC 13 TPUIOHOM b, HI>K IIUHK, BUTICHSIOTh €KBIBAJICHTHY
KUIBKICTD 10HIB IUHKY:

Ba> + [ZnY]* = [BaY]" + Zn®'
BinbH1 10HM IUHKY TUTPYIOTh PO3YMHOM TpUiioHy b.

MeTtoa KOMIUIEKCOHOMETPUYHOTO TUTPYBaHHS Ma€ BHUCOKY YyTJIMBICTH (10
10~ Mou1B/11), BUKOHY€ETBCS MIBUAKO i IPOCTO, MA€ BUCOKY BUOIPHICTB, IIUPOKO 3aCTO-
COBYETHCS B MPAKTHI[ XIMIYHOTO aHaJI3Yy.

VY ¢apmarnii KOMIJIEKCOHOMETPUYHE TUTPYBaHHS BUKOPUCTOBYIOTH Ul BU3HA-
YEeHHS XJIOPHUIY KaJbIlilo, TIIOKOHATY 1 JIAKTaTy KaJbI[if0; OKCUAY 1 CyIb(aTy LHUHKY;
CyJib(haTy MarHiro; OCHOBHOT'O HITpaTy BICMYTY TOILO.
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[IInpoko 3acTOCOBYIOTh KOMILIEKCOHOMETPIIO JIJIs1 BU3HAUEHHS TBEPAOCTI BOIU.
MeTtoaoM KOMIUIEKCOHOMETPIT MOKHA BU3HAUUTH K 3arajibHy TBEPAICTh, TaK 1 TBEP-
JICTh, OOYMOBJIEHY HPUCYTHICTIO TUIBKM 10HIB KaybLi0. {151 BU3HAYeHHs 3arajibHOi
TBEPJOCTI BOJM TUTPYBaHHs BEAYyTh y CEPEIOBHILI aMOHIIHOTO Oydepa, 3aCTOCOBYIO-
Yy 1HAUKATOp epioxpoM YopHuii T. Ilpu BH3HauYeHHI TIIBKH COJEH KaJbIlII0 TUTPY-
BaHHS POOOYMM PO3UMHOM TPUIIOHY b BeyTh y CHIIBHO JIy>KHOMY CE€PEIOBHIL, 3aCTO-
CYBAaBILIM 1HAUKATOP MYPEKCHUIL.

KommuiekcoHOMeTpryHEe TUTPYBaHHS J03BOJISIE€ 3 BUCOKOIO TOYHICTIO TIPOBOIHU-
TH aHalli3 PI3HUX CIUIaBiB, MiHepamiB. [Ipyu 1IbOMy MOXJIMBO BH3HA4YeHHs 0araTbox
€JIEMEHTIB NP CHUIbHIN X IPUCYTHOCTI.

METO/U OKUCHO-BIJHOBHOI'O TUTPYBAHHS

(OKCUJIUMETPIS)
TEOPETHUYHI OCHOBU

B 0OKuCHO-BIIHOBHOMY THUTpyBaHHI (OKCHIMMETPIi) 3aCTOCOBYIOTH OKHCHO-
BiHOBHI peakuii. [Ipu fioro mpoBeaeHHI pedOBHHA, 1[0 TUTPYETHCS, BCTYNA€ B OKHC-
HO-BIJTHOBHY PEaKIIitO 3 TUTPAHTOM. J[JIs1 KIJIbKICHOTO aHaji3y MAXOASATh TITLKH Ti pe-
aKIi, AK1:

a) MPOTIKAIOTh MIBUAKO 1 10 KIHIIA (€ MPaKTUIHO HEOOOPOTHUMH );

0) YTBOPIOIOTH MPOTYKTH MEBHOTO CKIIALY;

B) HE BCTYMAIOTh Y MOOIYHI peaKiii;

T') I03BOJIAIOTH (DIKCYBAaTH TOYKY €KBIBaJIE€HTHOCTI.
[Tpu TUTpyBaHHI OKMCHHUKIB 200 BiJIHOBHUKIB 3MIHIOETHCSI OKMCHO-BITHOBHUI MMOTEH-
ian cucTeMu. XapakrTep i€l 3MiHM Ma€ BEJIMKE 3HAYEHHS IS BCTAHOBJICHHS TOYKH
€KBIBaJICHTHOCTI MOTEHIIIOMETPUUYHUM METOIOM, JJISI TPaBUILHOTO BUOOPY MOTPIOHO-
ro igaukaropa. I'padiune 300pakeHHs 3MIHM MOTEHINIAy CUCTEMH Y 3aJI€KHOCTI Bif
00'eMy po00YOT0 PO3UMHY OKHCHHKA a00 BiTHOBHHMKA HA3UBAETHCS KPUBOIO MUMPY-
6anHsA(IUB. MaJl. HA HACTYMHIN CTOPIHIT).

Heo06ximHOI0 yMOBOIO MPUIAATHOCTI peakilli € MOXKJIMBICTh BU3HAYCHHS TOUKH
eKBIBaJIEHTHOCTI. JIJis 1IbOTO PI3HUIISA €IEKTPOJHUX MOTEHIIaliB OKUCHUKA 1 BiTHOB-
HUKa MOBUHHA OyTH HEe MeHIIo10, HiX 0,4 - 0,5B (sku10 6epyTh iHAUKATOP). A TIpU BU-
3HAYEHHI TOYKHU €KBIBAJIEHTHOCT! 1HCTPYMEHTAJIbHUMHU METOJIaMU L PI3HUIIS TOTEH-
1iaaiB moBMHHA OyTH He MeHIoro, Hix 0,2B. [Hakie peakilis He TPOXOIUTH A0 KIHII,
a0o Tpu TUTPYBaHHI BIACYTHIHM BIAMOBIAHMIA Pi3KH cTpHOOK MOTEHIiaATy TOOJIN3Y TO-
YKU €KBIBAJICHTHOCTI. [HIUKAIlIA KIHIA TUTPYBAHHS CTA€ MPAKTUYHO HEMOXKITUBOIO.

TuTpantamMu B METOJaX OKCHUIMMETPIi MOXYTh OyTH PO3UYHMHU SK OKHUCHHKIB,
TakK 1 BI/IHOBHUKIB. JIOCHUTh 4acTo y 3aJI€KHOCTI BiJ] YMOB BOHU MOXKYTh BCTYMaTH B Pi-
3HI peakiii, y SKux 6epe yJacTh pi3Ha KUIbKICTh €JIEKTPOHIB. TOMY TUTPaHTH MOXYTb
MaTu pI3HUN (akTop €eKBiBaJeHTHOCTI. Hampuknan, y KUCIOMY cepeloBHILI 10H

+7 ... .
MnOy4~ (Mn )IpuegHy€e 5 €IeKTPOHIB 1 BIAHOBIIOETHCS JI0 Mn** (dbakTop exBiBaJIEHT-

1
z

iiMae 3 eNeKTPOHH i BiTHOBMOEThCSA 10 MnO, (, =1 ), @ B CHIIBHO JIy’)KHOMY CEpeJio-

1 _1 s . . _
HOCTI =), y HEHTpanbHOMy ab0 Cinabko syxkHOMy cepenoBumli ioH MnO,~ mpu-

BHII MpHiiMae TiTBKH | TeKTPOH i BiXHOBMOETHCS 10 MnO,* (;=1).

Y Meroaax OKCUIUMETPIi B SKOCTI TUTPAHTIB YACTIIIE BUKOPUCTOBYIOTh OKHC-
HUKHU Y 3B'A3KY 3 THUM, 10 BOHU OUTBII CTIKI B PO3YMHEHOMY CTaH1, HI>K BIJIHOBHUKH,
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K1 JIETKO OKHUCIISIOTHCS KUCHEM TOBITps. Tak, HalpuKIa, BiIOMUI HayKOBHH (pakT,
10 po3unH okucHuka K,Cr,O; 30epiraBcst He3MiHHUM 24 pOKH.
E

Ilomenyian

_—

V(pooouozo p-Hy) i

KpuBa TutpyBanus

B 0KHCHO-BIIHOBHOMY TUTPYBaHHI € MOKJIMBOCTI PEryJIIOBaHHS MOTEHLIAJIB TUT-
paHTa 1 peYOBHHH, SIKy BU3HA4arOTh. JlJI1 bOTO BUKOPUCTOBYIOTH 3MiHYy pH ceperno-
BUIIIA, KOMIUIEKCOYTBOPIOIOY1 J0OaBKH, 30UIbIIEHHS TEMIIEpaTypH TOLIO. 3aBAsKH Be-
JUKOMY HAaOOpOBI TUTPAHTIB 1 MOXKJIMBOCTI PETYJIOBAHHSA MPOILECY TUTPYBAHHS, Me-
TOJaMH OKCUJIUMETPIi aHaJI3YI0Th 0araTo pi3HOMaHITHUX PEYOBHH.

Po3po6neno monas 50 METOIiB OKMCHO-BiJHOBHOTO THTPYBAHHs. IX HAa3UBAIOTH 3a
TUIIOM 3aCTOCOBYBAHOTO THUTpaHTa. Haiibinbie 3acTocyBaHHS OJIepKaJld TaKi METOIU
OKHCHO-BIJTHOBHOTO TUTPYBaHHS:

25  nepMaHraHaTOMETPUYHE TUTPYBAHHS, TUTPAHT — po3urH KMnOy;
HooMeTpUYHEe TUTPYBAHHS, TUTPAHTU — po3uuHHU |, 1 Na,S,05;
OpoMaToOMeTpUYHE TUTPYBAHHA, TUTPAHT — po3unH KBrO;;
IUXPOMaTOMETpUYHE TUTPYBaHHS, TUTPAHT — po3uuH K,Cr,O7;
LEpUMETPUYHE TUTPYBaHH:, TUTPAHT — po3uuH Ce(SOy),,

Pinxo 3acTOCOBYIOTH THTPYBAaHHS: aCKOpPOIHOMETpUYHE — TUTPAHT PO3YUH ac-
KOpOI1HOBO1 KUCJIOTH; TUTAaHOMETpUYHE — TUTPAHT po3unH TiCl;; HoaxiaopomeTpuuHe
— tutpadT po3uuH IC1 Tomo.

Jlesiki THTPaHTH, a TAKOX iX CTAHAAPTHI OKMCHO-BixHOBHI motenmianu (E’) Ha-
BeJEH1 B TaOmui 6.

BuKopHUCTOBYIOTH JEK1JIbKA BUJIIB OKUCHO-BITHOBHOT'O TUTPYBaHHSI:

@ TpsMe TUTPYBaHHS,
d 3BOPOTHE TUTPYBaHHI,
¥ 3aMiCHE TUTPYBaHHS (TUTPYBaHHS METOAOM 3aMIIICHHS).

Ilpsime mumpysanus TPOBOAATH, SKIIO PI3HUIA EICKTPOJHMX IOTEHIIIAJIB
OKHMCHHMKa 1 BiiHOBHUKA niepeBuinye 0,4B. Lle 3a0e3neuye HeoOXiAHY MOBHOTY 1 IIBHU-
JKICTh TpoTikaHHS peakuii. [Ipu mpsMomy TUTpyBaHHI IO aHANI30BAHOTO PO3YUHY
HOCTYNOBO JIOAI0Th POOOYMM PO3UHUH.

36opomne mumpyeanHs BUKOPUCTOBYETHCS IPU OKUCHO-BITHOBHUX PEAKIISX ,
IO MPOTIKalTh MOBUILHO. [Ipu 11bOMY 1O po3uMHY, SIKHH TUTPYIOTh, AOJAIOTH HAj-
JIMIIOK TUTPaHTa 1 BUTPUMYIOTh MEBHUW Yac JJIsl TOro, U100 peakiis mpouiuia rnpak-
TAYHO N0 KiHIA. [IoTIM HaAMWIIOK IILOTO THUTPAHTA BIATUTPOBYIOTH IHIIUM TUTpPaH-
toMm. Takuii crocid 3acTOCOBYIOTh, HANIPHUKIA, MPU BU3HAYEHHI cynbdimiB. Jlo po3-

7
N

\S
4

{\|, [\I/ [\I/ {\I/
7IN ZIN 2N 2N
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YUHY Cyab(1ay HATPIIO J0Jal0Th HAUIUIIOK TUTpaHTa (po3uuHy I,), 3anumiok I, noTim

TUTPYIOTh 1HIIUM TUTPAHTOM (po3unHOM Na ,S,05).

Tabnuuys 6. [lesiki TMTPaHTU OKUCHO-BIAHOBHOIO TUTPYBaHHS

Tutpant HamniBpeaxiiist E’, B

MnO, +8H"+5¢ — Mn* +H,0 +1,51
KMnO, MnO,+4H +3e¢” — MnO,+2H,0 +1,67

MnO,+e¢ — MnO,> +0,61
;" (K[L]) I, +2e— 3I° +0,54
KBrO; BrO;+6H +6¢” —Br+3H,0 +1,44
Br, Br,+2e —2Br~ +1,09
NaNO, NO, +2H"+e'— NO+H,0 +1,20
Ce(SO.), Ce''+e—Ce’” +1,44
K;[Fe(CN)] [Fe(CN)s]*™+ e — [Fe(CN)6]" +0,48
FeCl, Fe' +e — Fe’ +0,77
CrSO, Cr'-e > Cr’ -0,412
SnCl, Sn"-2¢ — Sn" -0,15
VSO, Ve 5V -0,255
Fipasin N,H, — N,+4H +4¢” +0,23

N,H,+40H — N,+H,0+4¢” -1,16

3amicne mumpyeants NPOBOAATh, TUTPYIOUYH 3aMICHUK, TOOTO pEYOBUHY, sIKa
YTBOPHJIACh B EKBIBAJIEHTHIM KUIBKOCTI MPH B3AEMOIl BHU3HAUYBAHOI PEYOBUHU 3
SAKUM-HEOyb peakTuBoM. Hampukiaza, npu KibKiCHOMY BH3HA4€HHI aKTUBHOIO XJIO-
Py B XJIOPHOMY BaIHi JI0 CyCI€H31i XJOpHOro BamHa noaarTh Haammok Kl , a ion ,
1110 BUAUIUBCS, TUTPYIOTh pO34MHOM Na ,S,0;.

IHOIMKATOPM METOINIB OKMCJIEHHA-BIJIHOBJIEHHA

Touky eKkBiBaJIGHTHOCTI TMpH THUTPYBaHHI OKHCHHKaMH a00 BiTHOBHHKAMH

BCTaHOBJIIOIOTh
%/ IHCTPYMEHTAIbHUMH METOJAMHU;
3/ 3a IOTIOMOTOIO0 1HIUKATOPIB.

3 IHCTPYMEHTaJbHUX METOJIB LIMPOKE 3aCTOCYBaHHS 3HAWIUIM MOTEHLIOMET-
pUYHE i1 aMIIepOMETPUYHE TUTPYBaHHS.

[HnukaTopom iHOMI MOXKe OyTH camMuii poOOUHIA PO3YUH TUTPAHTA, IO Ma€ iH-
TEHCUBHE 3a0apBiieHHs, Hanpukinal, KMnO,. IlepmaHranar kaiito Mae 4epBOHO-
¢bio7eTOBUH KOJIp, TOMY IIPU TUTPYBaHHI PO3YMHOM TIEpPMaHTaHATy Kalil0 TOUYKY €K-
BIBAJICHTHOCTI JIETKO YCTAHOBUTH 32 POXKEBUM 3a0apBIIEHHSM, 10 BUHUKA€E B PO3UMHI
MICJISl TOTO, SIK BECh BITHOBHUK OKHCIICHUM, 1 B PO3YMH JIOJIa]I OJHY KparuIo HaIJIu-
HIKY IIepMaHraHaTy kaiito. Tpeba MaTu Ha yBa3i, 110 PO3YMH 3MIHIOE KOJIpP YXKe MICHs
JIOCSITHEHHSI TOYKHU €KBIBAJECHTHOCTI, TOOTO TOMl, KOJU PO3YHH TPOXH MEPETUTPOBA-
HUI. AJle TOMMJIKAa TUTPYBAaHHS TYT HEBEJIWKa 1 HEIO MPH 3BUYAWHUX BU3HAYCHHSX
MOXHa 3HeXTyBaTH. PoxeBe 3a0apBiEHHSI CIIOCTEPITAETHCA BKE JOCUTH YITKO, SIKIIO
10 25 — 30mn po3unny goaano 0,02 - 0,03Ma poOoYoro po3urHy MEpMaHraHaTy Ka-
Jito.

B ingukaTopHEX crioco0ax BUKOPUCTOBYIOTh:

45



» crenudivyHi iIHAUKATOPH, SIKi 3MIHIOIOTH CBii KOJIIP TUTBKH y TOMY BUMAJKY,
KOJIM Y PO3YMHI 3'IBUTHCSI TUTPAHT, a00 MPHU 3HUKHEHHI BU3HAYYBAHOI peyo-
BUHU;

» OKHCHO-BIJTHOBHI I1HIUKATOPH (PEIOKC-IHIAUKATOPH), IO 3MIHIOIOTH KOJIp
P 3MiH1 OKMCHO-BITHOBHOT'O MOTEHINATY CHCTEMH.

Cneuugiunum iHOuKamMopom moxe OyTH CHONIyKa, 0 Aa€ crenudiu-
HY KOJIbOPOBY PEAKIIiI0 3 poOOYHM PO3YMHOM pe4OBUHU. OHUM 13 TAKUX 1HIMKATOPIB
€ KpOXMaJlb, SIKUM YTBOPIOE 3 MOJICKYJIaMHU HOAy aacopOliiiHy CHOJyKYy 1HTECHCHBHO-
CUHBOTO KOJIbOPY. Kpoxmansb € crenudiyHuM 1HANKATOPOM Ha HoA. 3 1HIIMMHU OKHUC-
HUKaMHU KpOXMaJlb HE YTBOPIOE 3a0apBlIeHUX CIIONyK. BiH € 000pOTHUM 1HAMKATOPOM;
CHHE 3a0apBIICHHS 3HUKAE, SKIIO B PO3UHMHI HEMAE MOJIEKYJI |5, 1 3HOBY BUHHUKAE, SIKIIO
B PO34HHI 3'SIBUTHCS BITLHUM HOJT.

PeyoBuHa, 1m0 3MiHIOE€ CBili KOJIp y 3al€KHOCTI BiJl BEIMYMHU OKHCHO-
BIJIHOBHOT'O TMOTEHIIATy CUCTEMH, MOXe OyTH 1HIUKATOpoM. Taki 1HAMKATOPH Ha3H-
BAIOTHCSI OKMCHO-BIIHOBHUMM iHAMKaTOopamu (penokc-inaukaropu). Cepen pe-
JIOKC-1HIUKATOPIB BIJOMI:

[X> 060pOTHI peaOKC-IHAUKATOPH, 10 0OOPOTHO 3MIHIOIOTH CBIH KOJIp MpHU

3MiHI TOTEHIIIATy CUCTEMHU;
[X> HeoOOPOTHI PETOKC-IHAMKATOPH, MO MiATAI0ThCS HEOOOPOTHOMY OKHCJICH-
HIO 200 BIJHOBJIEHHIO, Y Pe3yJbTaTi 4Oro KOJIp IHAWKATOpa 3MIHIOETHCS
HEOOOPOTHO;

[X> mOMIHECIICHTHI 1HAUKATOPH, Y PO3YMHAX SIKUX MPH BiAMOBIIHOMY MMOTEHIII-
i 3'IBISIETHCS JIFOMIHECIIEHITiS (CBITIHHS PO3UUHY).

[HmukaTopom Moke OyTH 3ab0apBieHa OpraHiyHa PeYOBUHA, M0 PYUHYETHCS i
BIUTUBOM HAJUIMIIKY BBEJACHOIO OKMCHHMKA. Taki 1HAMKATOPU HA3UBAIOTHCS HE0Oopo-
muumu inoukamopamu. [HIUKaTOPU LBOTO THUILY 3aCTOCOBYIOTH, FOJJOBHUM UYHMHOM,
IpU TUTPYBaHHI PO3UYMHOM Opomary Kaiiro; AJs IbOr0 3BMYAHO BHUKOPHUCTOBYIOTH
METUJIOpaHK ab0 MEeTWJIOBUM uepBoHMM. HenonmikoMm 1uxX 1HAUKATOPIB € T€, 110 Ha-
JIMIIOK OKUCHHUKA B OKPEMHUX MICISIX PO3UMHY, IO YTBOPIOETHCS MPU TUTPYBaHHI, MO~
CTYNOBO PYWHY€ 1HIUKATOp, 1 3a0apBlIEHHS PO3YMHY MOYMHAE cialmaru abo HaBiTh
30BCIM 3HHUKAE€ 1€ O TOYKU €KBIBAJIEHTHOCTI. TOMy uepe3 JIesKHil yac y MmpoLeci TUT-
pyBaHHsI IOBOAUTHLCS 3HOBY J0JIaBaTH HEBEJMKI MOPIIii iHAMKATOpA 1 CIIOCTEpIraTH 3a
3MIHOIO KOJIbOPY po3uuHy. Kpim Toro, mepexis 3adapsieHHs € HeoOopoTHUM. Bin no-
JTABaHHS BiJIHOBHHKA JI0 TIEPETUTPOBAHOTO PO3UYMHY TOIEpenHE 3a0apBICHHS HE Bij-
HOBIIOEThCS. OTKe, pobOTa 3 TaKUMU HEOOOPOTHUMH I1HAMKATOPAMU BHUMArae Bij
aHaJIITHKa BEJIMKOI yBard 1 MpakKTUYHOTO JTOCBITY.

IcHye Garato opraHidHMX PEUYOBMH PI3HUX KJIACiB, SIKI B OKUCIEHIN dopmi i
BIJTHOBJICHIM (pOpMI1 MarOTh Pi3HUNA KOJIp, IPUUOMY MEpexia OKUCIEHOI (pOopMHU 1HIU-
KaTtopa y BifiHOBIIeHY ¢opmy € obopotHuMm. [Ipu qomaBaHH1 10 OKHCIEHOT GOpPMU 1H-
JUKATOpa CUJIBHOTO BIJIHOBHHKA 1HIMKATOP MEPEXOJIUTh Y BITHOBIECHY (OpMy, 3Mi-
HIOIOYM CBO€ 3a0apmieHHsA. HaBmaku, mij BIUIMBOM pPO3YMHY OKHCHHKA BiJHOBJIEHA
dbopma 1HIUKATOpa 3HOBY MEPETBOPIOETHCA B OKHUCIICHY (POpMY 1 BIAMOBITHO 3MIiHIO-
€ThCs 3a0apBiIeHHS. PeloKC-1HIUKATOPH ICHYIOTh Y IBOX (hopmMax:

¢ B oxucieHiii dopmi: [nd,,

¢ y BinHOBNeHiH dopmi: [ndy;y, -

MiX HUMH BCTaHOBJIIOETHCS TMHAMIYHA piIBHOBAra:
Indoctne- == Indgimm.
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3a piBHAHHAM [lerepca M OKMCHO-BiIHOBHUM noteHuiagoMm (E) y po3uuHi,
0 TUTPYETHCS, 1 CMIBBIAHOMIEHHSIM KOHIIEHTpAIlld OKHCIeHO1 ¢hopMHu 1HAMKATOpa i
BIJTHOBJICHOI (DOPMH 1HIMKATOPA ICHY€ TaKUH B3a€MO3B'SI30K:

E _EY, L 0’059-lg [Ind ]

n [Ind

Komnip oxniei popmu inankaropa Bigpi3HIAETHCSA BiJ KOJIBOPY 1HIIOT popMH iH-
nuKaTopa. 3MiHa 3a0apBJICHHS PO3YMHY BIIOYBAETHCS MPHU MEBHOMY CHIBBIAHOIICHHI
KOHIIEHTpAIi ABOX (OpM iHAMKATOpA 1 JIGKUTh y MeXKaX BIAHOUIEHb KOHIIEHTpAIIii
000x ¢opm inmukatopa Bix 1/10 mo 10/1. HaiiGinpm uiTka 3MiHa 3a0apBIEHHS CIIO-
CTEpIra€ThCs MPHU PIBHOCTI KOHLIEHTPALIH OKUCIIEHOI 1 BIAHOBIIEHOT (DOPM 1HAMKATOpA.
Hpu [Indox ] == [Indgin, ] oxkucHO-BinHOBHUI noTeHwian (E) n0piBHIOE HOPMaIb-

BIJH. ]

HOMY OKHCHO-BiIHOBHOMY MOTEHIIIATY E(I)nd

[Ipu 11bOMy TIOJIOBMHA MOJIEKYJ 1HAMKATOPA iICHY€E B OKUCIEHIN (popmi, a moso-
BUHA — Y BiTHOBIEHIH ¢opmi. [HTepBan nepexony inaukaropa (IM), y skoMy BinOyBa-
€THCS MIOMITHE JUIsl OYel 3MiHa 3a0apBJEHHS PO3YMHY, JEXKUTh Y MEKax BiJIHOIICHb
KOHIIEHTpalii 060X popm inaukatopa Big 1/10 mo 10/1 1 qopiBHIOE:

Tpn [Ind ,, ] :i; E=E°+ 0,059 1g10™ = E° 0,059 :
[Ind ;. 1 10 n n

pH (Ind ., ] :Q; E=E’+ 0,059lg101 _ B0y 0,059;
[Il’ld Bizu-x.] 1 n n

Otxe iHTEepBaN nepexony(II) pea-okc iIHANKATOpa 3HAXOAUTHCS y MEkaxX 3Ha-
YeHb OKHCHO-BITHOBHOTO MOTEHIIATY PO3UUHY, SIKHH MOKHA PO3paxyBaTH 3a GopMy-
JI010:
0,059

p

[aTepBan mepexony pemoKc-1HAWKATOPIB My>Ke HEBEIMKWW Ha BIAMIHY Bia 1H-
TepBaly MEpPexoay KUCIOTHO-OCHOBHUX 1HAMKATOpIB. MOXKHA miiOpaTu Takuil 1HIU-
KaTop, o0 3MiHa Horo 3abapBiIeHHS MPOXOIUIO MOOIU3Y TOYKH €KBIBAJIEHTHOCTI.

n=g"+

3 000pPOTHUX PETOKC-IHAMKATOPIB YacTO 3aCTOCOBYIOTh, HAINPHUKIAA, AUQEHI-
JamiH.

. . SIK 1HIMKATOP 3aCTOCOBYIOTH Y BUIJISAl PO3UUH
Hudeninamin QT@ A P Y Y AP y
H

B KOHIIEHTPOBAHIH cipyaHiil KUCIOTI.

[lin BMJIMBOM KOHIICHTPOBAHOI CipyaHOi KHUCIOTH BiIOYBA€THCA HEOOOPOTHE
oKucleHHs nudeHiaminy (Biamada 2e 1BoMa MoJieKyJamu nudeHiiaMminy) 3 yTBO-
peHHsIM 0e30apBHOTO MU(EHITOCH3NANHY :
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an
/

; | -2¢e
N—H + N—H ——>» +2H"

.

nudeHIaMmia nudeHinoeH3nIuH
oe3zbapeni

T
\
Z

[Totim mudeninOeH3UIMH 00OPOTHO OKHUCIISETHCS 3 YTBOPEHHSIM MPOAYKTIB (i-
0JIETOBO-CHHBOTO KOJILOPY - IUXIHOHAUAMIHY .

a
/
z@

—_— +2H"

Q—z

BiTHOBJIEHA (hopma okucieHna popma
(mudeninéen3uaun), (IMX1HOHIUAMIH),
GesbapaHui Gionemoso-curiii Kouip

Peakiiss 000poTHa B CWJIBHO KHCJIOMY cepefoBwini. HopMaiabHUII OKHCHO-
BIJIHOBHUI TIOTEHIal CUCTeMU JUPEHINOCH3UIUH - JTUXIHOHAWAMIH JOPIBHIOE
+0,77B, T00TO Npu 11iif BETUYNHI TOTEHIIATy CUCTEMH KOHIIEHTpallii OKHCIIEHOT 1 BiJI-
HOBJIeHOT (popM iHIMKaTOopa ogHAKOBI. JueHimaMin 3aCTOCOBYIOTh SIK 1HAUKATOP NpU
TuTpyBaHHi 3aii3a (II) pozunHoM AMXpoMarty Kaiito, a TAaKOX Yy psJil 1HIIUX BUIAKIB.
Jlns BU3HaueHHs Tpeba OpaTH qy’ke HEeBEJMKY KUIBKICTh 1HAWKATOpa, TOMY 1o aude-
HUTOCH3UANH YTBOPIOE 3 JUXIHOHIMAMIHOM BaXKKO PO3YMHHY MOJIEKYJISIPHY CIHOIYKY
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3eJICHOr0 KoJibopy. Llst 0coOMUBICTh yCKIAAHIOE TIEpeXia 1HIAUKATOpPA 3 BIAHOBJICHOL
dbopmu B okucieny Ghopmy.
[HOM1 Kpamy pe3ynbTaTd J1a€ 3aCTOCYBaHHS MOXITHOI CHONYKU MudeHiIaMiny:
QeHinanmparinosoi xuciomu, Mo Mae TaKy GopMyy:
H

N

éo

OH

HopmanbsHuii OKHUCHO-BIAHOBHHI MOTEHIIIaN (DEHITAHTPAHIIOBOT KHCIOTH A0Pi-
BHIoe +1,08B. MexaHi3M mepeTBopeHb (PEHITAHTPAHIIOBOI KHCIOTH AaHAJOTIYHHAN
OomucaHOMYy BHIIE U1 AudeHiIaMiny. Y BIIHOBIICHIN dopmi iHauKaTOp Oe30apBHMUIA, a
B OKHUCJICHIN QopMi IHANKATOP MaE 4epPBOHO-(D10JIETOBUN KOMIp. 3aCTOCOBYIOTh Y BU-
risaai 0,005M po3uuHy HaTpieBOi coui (heHITaHTPAHITOBOI KMCIIOTH Y BOJII.

NMNEPMAHIrAHATOMETPIA

SaranepHa xapakTepmMcCTHKA.

llepmaneanamomempis - METOJ TUTPUMETPUYHOTO aHATI3Y, B SIKOMY POOOUYUM
PO3YMHOM € PO3YHMH MEePMAHTAHATY Kajito. TUTpyBaHHS PO3UMHOM IEpMaHTAHATY 3a-
CTOCOBYIOTH JIJIsl BU3HAUeHHs1 OaraThox BigHOBHUKIB: 3ami3a (II), onosa (II), Banazito
(IV), ypany (IV), mapranito (I1) Ta in. Jlesiki peuoBUHM OPraHIYHOTO MOXOKEHHS Ta-
KOXX 3/1aTHI OKUCISITHCS PO3YMHOM TepMaHTaHaTy Kajito. J[o HuX BimHOCATHCS, Ha-
MPUKJIAJ, CIIUPTH, OKCUKUCIIOTH, aJIbJIET1IU, HEHACUYEHI KUCIIOTH Ta 1H. Y 3aJeXKHOCTI
BiJl YMOB TI€pMaHTaHAT Kalito BIIHOBIIOEThCS a0 Mapradio (I1) abo mapranio (IV).
VY KkucnoMmy cepeioBHII peakilisi MPOTIKa€e 3a TAKUM PIBHSIHHSIM:

MnO;” -+ 8HT + 5e = Mn®T + 4H,0
[Ipn HeBenuKiil KOHIIEHTpAIlli BOJHEBUX 10HIB y CIAaOOKHCIMX po3drMHax abo

JTY>KHUX PO3YMHAX MEpPMaHTaHAT Kali0 BIIHOBIIOETHCS 10 HEPOZUMHHOTO OKCHIY Ma-
prauio (IV):

MnO;™ 4 4HT 4- 3e = MnO, + 2H,0.

Ocan oxcuay Mmapranifro (IV) ycknaaHioe CoCTepe:KeHHs] TOYKH €KBIBaJEHT-
HOCTi. TOMy YacTilie yChoro TUTPYyBaHHS BiIHOBHUKIB BEAYTh Y KUCIOMY CEPEIOBUIII
(nmepie piBHSHHS). TUTpyBaHHS B CIa0OKHCIOMY a00 JTy»KHOMY PO3YHHI 3aCTOCOBY-
I0Th TUTBKU Ji71s1 BU3HaueHHs maprasio (II) 1 B geskux iHIMX cherialbHUX BUMAIKaX,
AK1 TYT HE PO3TJISIIAI0ThCS.

[lepmaHranat Kamil0 € CHJIBHMM OKHCHUKOM: MHOro HOpMajbHUN OKHUCHO-
BIJIHOBHMI MOTEHIIian npu BigHOBIEHH] 10 Mapradio (II) nqopisaioe +1,52B. Lle nae
MO>KJIUBICTh BU3HAUATH 32 JIONIOMOIOI0 TUTPYBAaHHS NMEPMAHTAHATOM KaJlil0 HE TUIbKH
CWIbHI BiTHOBHUKHU, Hanpukiaj, ionu 3amisa (II), onosa (II) abo Turany (III), a Takox
cnabki BigHOBHHKHK. HeoOXimHO mam'sTaTH, 1m0 IJis CTBOPEHHS KHCIIOTO CEPeIOBUIIA
Py TUTPYBAHHI MIEPMaHTaHATOM KaJlif0 HE MOKHA BUKOPHCTOBYBATH COJISTHY KHUCIIOTY,
100 YHUKHYTH 100149HOT peakiiii - okuciaenHs HCl mepmanranaTtom i3 BUAUICHHSIM Bi-
JILHOTO XJIOPY.

[TepmaHraHat kaiito HE Ma€ BIACTHBOCTEH BUXIAHOI PEUOBWHU; TIperiapaT 3aB-
KU Ma€ OuIbIny abo MEHINY KITBKICTh JOMIIMIOK okcuay mapranipo (IV), Big saxux
BaXXKO 1mMo30yTucs. KpiM TOro, KoHIIEHTpaIlisl pO3YMHY MEPMaHTaHATy KaJlil0 3MiHIO-
€TbCS TIpH 30€epiraHHi Mij] BILIABOM CBITJIa, HEBEIUKUX KUIBKOCTEH OpraHiuHUX Peyo-
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BUH, IO MOTPAIUISIOTH Y PO3YHH. 3 WX MPUYMH PO3YHHH TIEPMAHTaHATY KaJIIF0 TOYHO
B1JIOMOi KOHIICHTpAIlil HE MOKHA TMPUTOTYBAaTU 0E3MOCEPEIHbO 3 HaBaXKH, B3SITOI HA
aHamTuuHUX Tepesax. [1oTpiOHy KiIBKICTh MpemnapaTy BiIBAKYIOTh HA TEXHIYHUX Te-
pe3ax 1 TOTYIOTh PO3YMH NMPUONM3HOI KOHLEHTpalii. TOYHy KOHIIEHTPALII0 PO3YUHY
BCTaHOBJIIOIOTH 32 iHIIMMHU BUXiTHUMH PEUOBUHAMH.

JIist KUTBbKICHUX BU3HAY€Hb YacTillleé BCHOTO BUKOPUCTOBYIOTH JEIIUHOPMAJIh-
HUI po3unH nepMaHrasaty kaiiro (c(: KMnO,) = 0,1mounb/n). binem po3seneH: po3-

YMHU, HANPHUKIAJ, CAaHTUHOpMabHUI po3unH (c(:KMnO,) = 0,01momb/11) HecTiliki,

iX TOTYIOTh Mepea BUKOPUCTAHHSM 13 OUTBII KOHIEHTPOBAHUX PO3YHHIB.

[Tpu TUTpyBaHHI PO3YMHOM IE€PMAHIrAHATy Kalll0 3BUYAlHO HE 3aCTOCOBYIOTh
HISIKUX CIElaJIbHUX 1HAMKATOpiB. TOUYKY €KBIBaJIGHTHOCTI BCTAHOBIIIOIOTH 33 POXKE-
BUM 3a0apBJICHHSM, [0 BUHHUKAE BiJ HEBEIMKOTO HAIJIMILIKY JOJAHOTO DPO3YUHY
KMnO,. ITomuniky TUTpyBaHHS, 110 BUHUKAE MTPU TAKOMY CHOCOO1 TUTPYBaHHS, JIETKO
BU3HAYUTHU 32 JOIIOMOI'O0 XOJIOCTOI IPOOH.

[IpUroTyBaHHS POBYMHY [IepMaHI'aHaTy KaJjio.

I1{06 mpurotyBatu 11 posunay KMnOy, (c(:KMnO ,) = 0,1momns/1), Tpeba

BIJIBAKUTH Ha TEXHIYHUX Tepe3ax mpubausHo 3,2 r npenapaTy. HaBaxky nepeHoCsTh
y MipHY KOJIOYy 1 3aJIMBalOTh MPHUOJU3HO HAIMOJOBUHY JAWCTHIHOBAHOI BOJIOIO, MICIIS
YOro CTapaHHO MEPEeMILIYIOTh 10 MOBHOro po3unHeHHs KpuctaniB KMnO,. L1 kpuc-
TaJId PO3YUHSIIOTHCS JOCUTH MOBUIBHO; KIHEIb PO3YMHEHHS BaKKO BCTAHOBUTHU TOMY,
10 pO34YuH 3a0apBJi€HUI B IHTEHCUBHUN 4epBOHO-(10J€TOBUN KoJip. ToMy 3aBxAU
Tpeba MepeBIpATH, YA HE 3AJIUIIUIUCA Ha JHI KOJOM KPUCTAJIIMKHU MEepMaHraHaTy Ka-
Ji10.

BcranoBmoBaty TOYHY MOJISIPHY KOHIICHTPAIIIO €KBiBaJIeHTa (HOPMAJIbHICTB)
pO3UMHY MepMaHraHaTy KaJlifo 10 BHXI1JIHIM peduoBHHI AOLUIBHO uepe3 10 - 12 qHiB mi-
CJIsl TIPUTOTYBaHHA. Y meplri JIHI KOHIEHTpAllis PO3YUHY MOMITHO 3MIHIOEThCS BHa-
CIIIJTOK BiJTHOBJECHHS MEPMaHTaHATy Kallil0 JOMIIIKaMU OPTaHIYHUX PEYOBHH, SIKI TO-
TPAIUIAIOTh Y JUCTUIBOBAHY BOJY 3 MOBITPs. BUIbII CTIMKI pO3YMHU MOKHA MIPUTOTY-
BaTH, SIKIO JJs1 PO3YMHEHHS HAaBAaXKHU 3aCTOCYBAaTH CBIKO MEpPErHaHy IUCTHILOBAHY
Bony. Po3unn nmepmanranary tpe0a 3aXMIIaTH BiJ] CBiTIIa, OCOOJMBO BiJ MPSIMUX CO-
HSYHUX TPOMEHIB, TOMY LIO MiJ AI€I0 CBITIA B10YBAETHCS CaMOJOBUIbHE PO3KIIaJaH-
Ha KMnO, 3 BuauienHsm ocaxy MnQO,. [{g pedoBuHa KaTaliTUYHO MPUCKOPIOE PO3-
KJIaJlaHHSl TIepMaHIraHaTy KaJlito MpH Jii cBiTia. ToMy HNpUTOTOBIEHUI po3uuH Tpeda
30epirat B MOCY/ll 3 TEMHOTO CKJIa, 3aKPUTHUM CKJISTHOIO TIPoOKot0. KopkoBoro mpo6-
KOIO Kpallle He KopucTyBaTucs. JpiOHI HIMAaTOYKU KOPKOBOI MPOOKK MOXKYTh OTpan-
JISITU B PO3YMH 1, IK OpraHiuHa pedoBHHA, pearyBaTH 3 IepMaHraHaTOM KaJliio.

[lepen ycranoBiaeHnsM HopMmanbHOCTI po3unHy KMnO,4 ocax MnO,, mo moxe
YTBOPUTHUCH MIPU PO3KIIAJaHHI MepMaHraHaTy KaJlilo, HEOOXITHO BIAOKPEMHUTHU JECKaH-
Tariero abo GUIBTPYBaHHAM uYepe3 CKISIHUN (IIbTp Y IPUMIIIEHHI, BITBHOMY BIJ TTH-
JIOKH.

BuxinHl pedYoBMHM MeTOHLY IepMaHIr'aHaToMeTpil

[IIo6 ycTaHOBUTH TOYHY MOJISIPHY KOHIICHTPAIIiI0 €KBiBajIeHTa (HOPMAIBHICTH)
PO34YHMHY [EpMaHraHaTy MOYKHA BUKOPHUCTOBYBATH TaKl BUXIJHI PEUOBUHHU:
% masnesa xucnora H,C,0, ;

% oxcanar narpiro Na,C,0, ;
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% cine MopaNH Fe(SO,), -6H,0 ;
% okcun mum'sky (II1) As,O,

Yacrime ycboro 0epyTh LIaBlI€BY KHCIOTY a00 OKcajaT HATpIkO.
ll]asnesa Kucnoma OKHUCISETHCS PO3UMHOM IMEPMAHTAHATY 332 TaKUM PiBHSH-
HSIM:

5 H,C,04 —2e=2C0, +2H"
2|  MnO3™ +8H' +5¢=Mn?* +4H,0
10

3 piBHSHHSI BUJIHO, 1110 TIPH OKHUCIJIEHHI Mojekyna H,C,O, Biagae aBa €leKT-
poHu; 0TxKe, GakTop eKBIBAIEHTHOCTI IABIEBOT KHCIIOTH JIOPIBHIOE ]

Ll]asnesa kucroma KpUCTANI3Y€ThCS 3 TBOMA MOJIEKyJIaMU BOIH; ii ¢opmyia
H,C,0, - 2H,0. KpucranizaiiiiHa Boja 3 4aCOM MOCTYIOBO BUBITPIOETHCS, TOMY II1a-
BJIEBOIO KHCJIOTOIO, 110 30epiranacs TpUBAJIMM Yac, HE MOXHa O€3MOoCepPeTHhO KOPHC-
TyBaTHUCS JJI1 BCTAHOBJICHHS HOpMaJbHOCTI nepmanranary. [llaBneBy kuciory Tpeba
CHOYaTKy NepeKkpucTaiizyBaTh. s mporo 0epyTh TaKy HaBaXKy IIaBIEBOI KHCIIOTH,
sKa TOTPIOHA AJIS MPUTOTYBAaHHS TapsdOT0 HACHMUYEHOTO PO3UYMHY, PO3YUHSIOTH ii B
KUIUISTY1M TUCTUIIROBAHIN BOJI 1 MPU (PUIBTPYBAHHI Tapsyoro po3uruHy Mo30yBatOThCs
BiJl HEPO3UMHHUX JOMIIIOK. ["apsumii GimpTpaT MBUIKO OXOJIOIKYIOTH BOI0T0. [IpiOHi
KPHUCTAJIM IIABJIEBOI KUCIOTU BIJOKPEMITIOIOTH (PUIBTPYBAHHIM, BIIKUMAIOTh MIXK JIH-
CcTKaMH (PUTHTPYBAJIBHOTO TIATIEPY 1 BUCYIIYIOTh Ha TIOBITP1, PO3CUIIAI0YM TOHKUM IIa-
POM 1 IEPEMIIIIYIOUYH Yac BiJ Yacy CKIISTHOIO Nannykoro. Koimu okpemi KpucTaiuku re-
pEeCTaHyTh MPWIHIATH J0 TATWYKH (O3HAKa MOCTaTHHOTO BHCYIIyBaHHSI), Mpemapar
3CUNAIOTh Y CKJSHKY 1 IIUTPHO 3aKPUBaIOTh MPoOKor. HaBaxkky IIaBiIeBOi KUCIOTH
mMacoro 1,5600r BiIBaXXyIOTh Ha aHAITUYHUX TEPE3ax, MEPEHOCITh HABAXKKY B MIpHY
kos10y Ha 250MJ1, pO3UHMHSIIOTH i1 B TUCTUIHOBAHIN BOI 1 TOBOASITH BOAOKO 1O KiJbIle-
BO1 IIO3HAYKH, MICIIS YOT0 PO3YHMH y KOJIOI CTAPAHHO NEPEMIIYIOTb.

Oxcanam nHampiro. XiMI4HA peakilis, MPU B3a€MOJIi PO3YUHY OKcajaTy
HATPII0 3 PO3UYMHOM MEPMaAHTaHATy Kajlilo B KHCIOMY CEpEIOBHUIII Taka X, K 1y BU-
naaky B3aemoxii KMnQOy 13 maBneBoro kucinoTtoro (auB. Hux4Ye). [lepeBara okcanary
HaTpII0 TEpe] MIABJICBOK KUCIOTOK B TOMY, IO BiH KPUCTAII3YEThCS OE3BOJHHUM, Y
CyXOMY CTaH1 He 3MIHIOEThCSI 1 MOXKE JIOBIO 30epiratucs.

BcTanoB/ieHHSI MOJISPHOI KOHIIEHTPaLil eKBiBajieHTa
(HOPMAaJILHOCTI) PO3YMHY IEPMAHIAHATY 32 OKCAJATOM HATpIiI0 ado 3a
11aBJI€BOI0 KHCJIOTOIO.
Peakiiisi Mi>k mepMaHraHaTOM KaJjilo i OKCanaToM HATPitO BiOYBAa€ThCA 32 TAKUM
PIBHSHHSIM:

2| MnO;~ 4- 8H™ - 5e = Mn?* 4 4H,0;
5| C,05™ = 2e 4 2CO,;

2MnO;” + 5C,02~ -+ 16HT = 2Mn?T 1- 10CO, + 8H,0,
a00 B MOJICKYJIAPHOMY BHUTJISII
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2KMnO , +5Na,C,0, +8H,S0, =K,SO, +5Na,SO0, +2MnSO , +10CO, +8H,0

PiBHSIHHS peakIlii 3 IIaBJIE€BOIO KUCIOTOIO:
2KMnO, + 5H,C,0, -+ 3H,S0, = K,SO, 4- 2MnSO, - 10CO, 4} 8H,0.

[TpuBeneni Buie piBHAHHS BiIOOpakatroTh CyMapHHiA niporiec. HacmpaBai peakitis
3HAYHO CKJIQ/HIIIA, BOHA Ma€ Psi MPOMDKHUX cTaaii. Ile BugHO 3 TOro, 110 TIpH 10/a-
BaHHI MEPIIUX Kpareib PO3YMHY MEePMaHTaHaTy M0 MiJKUCIEHOTO CIpYaHOK KHCIIO-
TOI0 PO3YMHY OKCAJIAaTy HATPI0 a0 IIABJIEBOI KUCIOTH PEAKIisl BiOYBa€ThCS HE BiJi-
pasy. Po3uuH TpuBanuii yac 3anuiaeTbes 3a0apBICHUM y pokeBUid komip. HarpiBan-
HS IPUCKOPIOE PEAKIIio, ajie ¥ y LIbOMY BHUIIaJKy 3HEOApBICHHS NEPIIMX Kparelb I1e-
pMaHraHaty KaJlilo HacTymae uepe3 AOCUTh JoBruil yac. Hactymni mopiii po6oyoro
pPO3UYMHY pearyroTh IIBUIIIE, 1 3T0JI0M MIBUJKICTh PEakilii 30UIbIIYETHCS HACTUIBKH,
110 HaBiTh 3HAYHI KUTBKOCTI po3uuHy KMnO , BiTHOBIIOIOTHCA Ty’Ke MIBUIKO. Jlocimi-
JOKSHHSI TIOKA3aJIH, 10 KaTalli3aTopoM Y IMiH peakiii € ionu mapranio(Il).

BusHaueHHsI [NEePOKCUIY BOIHIO

3arajbHa XapakTepUCTHKA i mpuHmun meroay. llepokcun BomHIO —
1[e CIOJIyKa, 110 Ma€ OJHOYACHO BJIACTHMBOCTI SIK OKUCHHKA, TaK 1 BIJHOBHUKA. BiH
3IaTHUN OKHUCIATH CWIbHI BiTHOBHHKH. [Ipu 1isomy H,O, BIJHOBIIOETHCS IO BOJIU.

[Tpuknanom Takoi peakiii Moxke OyTu B3aemoiig Mik H,O,1 po3UMHOM CIpYUCTOI KU-
CIIOTH:
H,0, + H,SO; = H,SO, + H,0.
CuibHI OKWICHHMKH, HABIIAKHM, PEArylO4M 3 MEPOKCHUIOM BOIHIO, BHUILIIS-

I0Th BUTBHUM KUCEHb. [[puurHa Takoi CBOEPIIHOT MOBEAIHKY I[I€]1 CIIOJYKH B TOMY, IO
KkuceHb y H,O, Mae NpoOMIKHUI CTYIIHb OKUCIEHHS -1 1 31aTHUN HE TIIbKU MPUEIHY-

BaTH, aJie 1 BIJJAaBaTH €JNEKTPOHHU. Y MEPIIOMY BHUMAJKY BiOYBAa€ThCS BiIHOBICHHS
KHCHIO 32 TaKOIO CXEMOIO:

+ -
H,O, +2H" +2¢ =2H,0
HaBnakwu, Biiiatoun enekTpoHu, KuceHb 3 H,O, OKUCISIETbCS 1 IEPETBOPIOETh-
Csl B MOJIEKYJISIPHUM KHCEHb:

- +
H202 -2e = 02 +2H

Metoau KinbKicHOro BusHa4eHHs H,0,MOXKyTh 6a3yBaTHCS Ha HOro OKHCHHX

abo BIJIHOBHHX BJIACTHBOCTSX. METOJ| NEpMaHraHATOMETPUYHOTO BU3HadeHHs H,0,

Ma€ 3HAUEHHS /s KOHTPOJIO SIKOCTI Tpenapary 1 BH3HAUEHHS MAacoBOI YaCTKU
H,0,y BOAHUX PO3YHMHAaX.

PosrnsiHemMo nepMaHraHaTOMETPUYHE BH3HAYECHHSI TEPOKCUAY BOJHIO, MPH
skomy H,O, BHSBIS€ CBOI BIIHOBHI BiacTUBOCTI. Ilepokcuj BOAHIO HAaIXOIUTh Y

npojax y Burisiai 30%-ro po3uuny (oro Ha3uBaroTh "mepriapois’) abo 3%-ro Boa-
HOro po3urHy. KoHIleHTpallisi NepoKCUy BOAHIO Y BOJHUX PO3UYMHAX 13 4ACOM 3MEH-
IIY€THCS BHACIIJOK CaMOJIOBIIBHOTO PO3KIIAJIAHHS IIi€1 CIIONYKH 3 BUIIJICHHSIM BiJlb-
HOI'0 KHCHIO:

2H,0, = 2H,0 + O,.
Posknaganns H,0O, 3a MpHUBENEHOIO BUIIE CXEMOIO CIIOBUIBHIOETHCS Y
MPUCYTHOCT1 ACSIKUX PEUOBUH (cmabinizamopis). Taky ctabimizyrouy Iit0 MpPOSBIISE,
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HanpuKiIaa, gocopHa KUCIOTA, SKY 3BUYAWHO JTOJA0Th Y HEBEIIMKUX KUTBKOCTSX IO
po3unHis H,0,.

B3aemoiis Mi>k MEpOKCUAOM BOJHIO 1 MEPMAHTaHATOM Kallito BiOyBa€eThCs 3a
TaKUM PIBHSIHHSIM:

2 | MnOj +8H" +5¢” = Mn** +4H,0
10

2MnO; +6H" +5H,0, = 2Mn** + 50, +8H,0

a00 B MOJICKYJISIPHOMY BUTJISIII:
2KMnO , +5H,0, +3H,80, =K,SO, +2MnSO , +50, +8H,0 .

3 piBHSHHS BHUJHO, IO KOXXHA MOJIEKYJIa NEPOKCUAY BOJHIO BIAJA€ MPHU OKUCIIEHHI
nBa enekTponu. OTxe, pakTop exBiBanieHTHOCTI Atd H,0, 10piBHIOE 5 .

[Ipu mpoBezeHHI TUTPYBaHHS 1O PO3YHHY, 10 MicTUTh H,O,, M0ONalOTh A

CTBOPEHHSI KHUCJIOTO CEpPEIOBHUINA PO3BEIACHY CipYaHy KHCIOTY 1 TUTPYIOTh poOOYnM
PO3YMHOM TI€pMaHTaHaTy Kajito 10 OJ110-pOKEBOTr0 3a0apBICHHS.

MOOOMETPISA

3arajibHa XapaKTePpUCTHKA METO1y

Momgomerpist — MeTO[ TUTPUMETPHYHOTO aHATI3y, KU BHKOPHCTOBYE OKHCHO-
BIJTHOBH1 peaxilii BIIHOBHUKIB 3 MOJIEKYJISIPHUM HOJOM, KPIM TOIO MO>KHa BUKOPHUCTO-
BYBAaTH B3a€MOJIII0 OKUCHUKIB 3 PO3UMHOM Hoauay Kajito. OCHOBHA PEaKIlisi METOY:

I, +2e =21"

I peaxitiss o00poTHA. Y 3alIe’KHOCTI BiJl YMOB BOHA MOKE MPOXOJIUTH B MPSIMOMY
Ta y 3BOPOTHOMY HAlpsMKax. M0/l € OKHCHUKOM CepeHbOI CUIIN: HOPMAIbHHIT OKHC-
HO-BIIHOBHUI ToTeHmian nopiBHioe +0,54B. Tomy CuibHI BiJIHOBHUKH JIETKO OKHC-
JS0ThCA BUIBHUM HoaoM. Ilpukmanom moxe OyTH OKHCIIEHHS HOAOM acKOpOiHOBOT
KHUCIIOTH:

HO OH 0 0
—( "
0 C—cion T T Oﬁé—CHzOH”HI
(l)H 0 (l)H

(¢

AckopOiHOBa KHCJIOTa

[{ro peaxiiifo 3aCTOCOBYIOTHh JJIsI MWOJOMETPHYHOI'O BU3HAYCHHS aCKOPOIHOBOT
KHCJIOTH.

CwibHI OKHMCHUKH BUAUISAIOTH BUTBHUM WO 13 po3unHiB HoaudiB. Tak BigOyBa-
€THCS B3AEMOJIiS MK HOAMIOM KaJlifo 1 TUXPOMATOM Kajito abo MepMaHraHaTOM Ka-
aito, abo comsamu 3amiza (III) tomro. Peakuiss Mk HoauaoMm Kaiito ¥ 10HaMH 3aiii3a
(I1I):

OFe3t 21~ = oFe? T - 1,
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3aCTOCOBYETHCS /7Sl BU3HAYCHHS 3aJ1i3a.

OTxe, HOTOMETPit0 MOYKHA BUKOPHUCTOBYBATH /715l BU3SHAYCHHS SIK BiJHOBHHKIB,
TaK 1 OKHCHUKIB. Y MEPIIOMY BHUIAJKY JUIsl TATPYBaHHS 3aCTOCOBYIOTh pOOOUUil po3-
4YHH oay. B npyromy Bunaaky 3acTOCOBYIOTH poOOUMi PO3YMH TiOCYJIb(aTy HATPIIO,
110 pearye 3 HO0M 3a TaKUM PiBHSIHHSAM:

2N8252O3 + 12 - N325406 "‘l" 2Nal.

3 piBHAHb BHJIHO, IO peakuli B cucteMi I, /21 BigOyBaroThcsl O€3 ydacTi BOJ-

HEBUX 10HIB. TOMYy OKMCHO-BIIHOBHUM MOTEHIan cucTeMH I, /21" He 3aleKuTh BiA

KOHIEHTpALlli BOJHEBUX 10HIB Y po3unHi MoaoMeTpuuHe TUTpYBaHHS MOKHA IPOBO-
IuTH y mupokomy iHTepBaii pH. Ile qae MoxnuBiCTh miaOUpaTH B KOKHOMY OKPEMO-
My BUNAJKY MOTpiOHI 3HaueHHs pH 15 BU3HAUEHHS OKMCHUKIB UM BIJIHOBHHUKIB.

MonoMeTpuyHmii METON MOXKHA 3aCTOCOBYBATH Il BU3HAYECHHS OLIBIIOTO YH-
cjla pEYOBHMH, HIXK B 1HIIUX METOJIaX TUTPUMETPUYHOrO aHamizy. Lls ocobnuBicTh Ho-
JOMETPUYHOTO METOAYy OOYMOBIIIOE€ HOTO IIUPOKE 3aCTOCYBaHHS MPU aHali3l pi3HO-
MaHITHUX PEUOBHH. [CHYIOTH J0Ope po3poOieHi 1 TOUHI METOIU HOJAOMETPUUHOTO BU-
3HA4YEeHHS M, 0JI0Ba, MUII'SIKY, CYpPMHU, CIPKU, XpOMY, MapraHIllo, 3ai3a, [epito, Ba-
HaJito 1 0araTb0X 1HIIMX €JIEMEHTIB Ta CIOJIYK.

Jpyroro BaxJIMBOIO 0COOJIMBICTIO HOIOMETPIi € BUCOKA TOUHICTh BU3HAYCHHS TOY-
KM €KBIBAJIEHTHOCTI, 1[0 MOSICHIOETHCSI HASIBHICTIO YyTJIMBOTO CIENU(IYHOTO 1HIUKA-
Topa. [HIUKaTOpPOM y METOI1 HOIOMETPIi € PO3YMH KPOXMAIIIO, SIKUM YTBOPIOE HABITH 3
HAaWMEHIIMMH KUIBKOCTSIMM MOJIEKYJIIPHOTO HOAy 3abapBlieHy B IHTEHCHUBHO-CHHIH
KOJIIp aJCOpOIiiHY CIIOIYKY.

€ 71Ba OCHOBHUX JDKEpeIia TOMIJIOK ITPH HOJOMETPUYHUX BU3HAYCHHSX

¢ JIETKICTB HOMY;
¢ OKHCJICHHS PO3YMHIB HOIUAY KaTiF0 KHCHEM IMOBITPAI.

Won i itoro PO3YUHU JOCUTH JIETKI, TOMY ISl 3MEHILICHHS] TIOMUJIKU Yepe3 JIETKICTh
Hony, yci poboTu Tpebda, Mo MOXKIUBOCTI, BUKOHYBATH B 3aKPUTUX CKIISIHKax a0o KOJ-
6ax. Uepes neTKICTh HOMY 1 HAATO Maly PO3YMHHICTh MOTO Y BOJIL JIJIsi THTPYBaHHS BH-
KOPHUCTOBYIOTh PO3YMHHM MOAY B KOHIIEHTPOBAHOMY PO3uMHI Homumy kaumito. [Ipu Bu-
3HAQY€HH1 OKMCHUKIB Y PO3YMHI CTBOPIOIOTH BEJIMKUIN HAUIMIIOK HOIUIY Kajito, 1100
MePEBECTH MO/, III0 BUILISETHCS MPU PeaKIlli, y po3UMHHY KOMILIeKCHY crionyky K[I5]
1 3MEHIIIUTH JICTKICTh HOY.

Jpyroto npyUUMHOIO MOMUJIOK € OKUCJICHHS PO3UMHIB MOIUIY KaJlil0 KHCHEM TOBI-
Tpsi. Peakiis mpoXoauTh 3a TAKUM PiBHIHHSIM:

41~ 4 4HT 4- 0, = 21, + 2H,0.

[IBUAKICTH IIi€T peakIlil 3aMeXuTh BiJ pi3HUX (aKTOpiB. Y HEUTpAIbHUX PO3-
YHHAX Peaklis BiIOYBa€ThCs ay>Ke MOBUIbHO. BricOka KOHIIEHTpaIlisi BOJHEBUX 10HIB Y
KUCIIUX PO3YMHAX 30UIbLIy€ MIBUAKICTH OKHCIEHHSA. ToMy He BapTO 3ajMIlaTH Ha
TPUBAIMI Yac Ha MOBITP1 MIAKUCICH] PO3UMHU Hoauay kamiro. [IIBUAKICTh OKUCIECHHS
3pOCTa€ TaKOX IiJl BILTABOM MPSIMUX COHSYHUX MPOMEHIB. Jeski peyoBHHU KaTaiTH-
yHO TIpUCKOPIOOTH peakiito Mix Kl it O,. [Jo HuUX HanmexaTh, HaPUKIAI, COJIl Miji
(IT), okcuam a3oTy TOMIO.

XapakTepucTnka poboumMx POBUYUMHIE Ta iHOMKATOPiB
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Hon (I,) moraso po34nHsAETHCS Y BOJI, aie HOro PO3YMHHICTh 3HAYHO 3POCTAE B
NPUCYTHOCTI HOAUAY Kallio, 110 YTBOPIOE 3 MOJIEKYJIaMU HOAY PO3UMHHY KOMILJIEKCHY
cronyky K[Is]:

KI + I, = K[I;]

JouineHo Opatu 3 — 4-KpaTHUM HAJIUIIOK Honumay Kajito. Takwil HaTUIIOK
NOTPIOHUH U1l TOTO, 1100 30UIBIINTH PO3YMHHICTH Hony. KpiM Toro, JeTKicTh oAy B
pO3UYMHAX 13 BUCOKOIO KOHIIEHTpAII€0 MOIUIY Kl 3HAYHO MEHIE, HiK JIETKICTh
KPUCTAIIYHOTO MOy .

[Ipenapar Hoxy, 1o 3BUYaiiHO OyBa€ B MpOJaxi, HE BiAMOBIIa€ BUMOTaM, IO
npea'aBIAIOTHCS 10 BUXITHUX pedoBHH. Kpuctaniuauii 1o MICTUTh BOJIOTY, JOMIILIKH
XJIOpy, OpoMy 1 JeSIKUX IHIIUX pedyoBUH. Takuil Hoa HENpPUAATHUNA ISl TOTYBaHHS
pPO3UMHY TOYHO BiIOMOi KOHIIEHTpalii Oe3nocepeHb0 3 HaBaKKH. TOYHY MOJISIPHY
KOHIIEHTpALIII0 €KBIBaJeHTa (HOPMAaJIbHICTh) PO3YMHY HOAY BCTAHOBIIOIOTH METOJIOM
TUTPYBaHHS. 3BUYAHO IJI IIbOTO 3aCTOCOBYIOTh PO3YUH TIOCYJb(}aTy HATPiIO, TOUHY
KOHIIEHTPAIIII0 SKOTO CIIOYaTKy BCTAHOBIIIOIOTH 32 1HIIOIO BUXIJIHOK PEUOBUHOIO, Ha-
npukian K,Cr,0,.

KoHueHTpaiiiss po3unHiB HoAdy, 10 30€piraroTh Mpu JCHHOMY OCBITJICHHI, IMO-
CTYIIOBO 30UIBIIYETHCS TOMY, IO HOMUI KaJlito, SIKUWA 3HAXOAUTHCA B PO3UMHI, OKHC-
JIS€THCS KUCHEM TIOBITPS 3 BUAUICHHSIM BUIBHOTO Hoay. ToMy Tpeba 3axuiaTd TUTPO-
BaH1 PO3YMHU MOy BiJ] CBITJIA, TPUMAIOUH iX y CKJISHKAX 13 TEMHOTO CKJIa.

Tiocynogpam nampiio Na ,S,0; (1HoAl TiOCyJIb(aT HATPIIO HENPABUIBHO HA3U-
BAIOTh TINOCYNH(ITOM) KPUCTANI3YEThCS 3 IM'ATbMa MoOJIeKynamu Boau. [Ipm 30epe-
YKEHH1 KpUCTaii3alliiiHa BoJia MOCTYyIOBO BUBITPIOEThCA. Uepes aKkuiich yac CKaj coui
nepecTae BIAMOBIAATH 11 XiMiuHik popmym Na,S,0; -5H,O . KoHueHTpailisi po3urHiB
TiocynbdaTy HaATPi0 HE € cTabiIbHOI0, TpH 30epiranHi. [IpuunHamMu Takoi 3MiHU MO-
KYyTb OyTH:

% B3aemomis 3 CO, ;
% B3aemofis 3 O, i3 MOBITPS;
%  nmis TioOakTepiit.

Po3unnenuii y Boni CO, B3aemonie Na,S,0;:

Na,S,05; +CO, +H,0 =NaHSO ; +S+NaHCO ;.

[I106 3amo6irtu wiit peakuii, TiIoCyab(}ar HATPI0O HEOOXIAHO POZUYUHATH Y BOAI,
13 SIKO1 BUAAJICHUN (KUI'SATIHHAM) BYIJIEKUCIMN ra3. Takok MOXKHA JA0JaTH B PO3YMH
Tiocynb(aTy HATPi0 HEBEIUKY KIIBKICTh KapOoOHATy HaATpit0. Y LbOMY BHIIQJKy OK-
cun Byraero (IV) CO, pearye ronoBHuUM ynHOM 13 Na ,CO5 :

Na,CO; + CO, -+ H,0 = 2NaHCO,,
Jlpyroro xapakTepHOI OCOOJIMBICTIO PO3YHMHIB Tiocynb(aTy HATPil0 € 37aT-
HICTh OKHUCJISITHCS] KUCHEM TIOBITPS:
2Na,S,0, + O, = 2S + 2Na,SO,.

Po3uunu Tiocynbdary HaTpit0 3MIHIOIOTH KOHIIEHTPAILIIIO MPH il MIKpOOpraHi-
3MiB — TI00aKTepiH, K1 13 MOBITPSI MOTPAIUIAIOTH Y po3unH. Tio0akTepii BUTATAIOTH 13
Tiocynbdary HaTpito cipky. [Ipu mpomy BiIOYBA€ETHCS BUAUICHHS CIPKH, IIOMYTHIHHS
po3unHy. TakuM MyTHUM PO3YMHOM Kpalle He KOPUCTYBATUCS Ul HOJOMETpUYHHUX
BU3Ha4YeHb. HeoOX11HO B3STH CBIXKUH PO3YHH TIOCYNIb(aTy HATPIIO.
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3a3HaueHi BUIIE OCOOIUBOCTI POOJISATH HEIOIILHUM TOTYBAaHHS TOYHUX PO3-
YUHIB Tiocyib(pary Oe3mocepeHh0 3 HaBaXKH. Po3unH Tiocynbdary HaTpitO 3BUYAi-
HO TOTYIOTh MPHUOIU3HO BiAOMO1 KOHIIEHTpallli. TouHy MOJSIpHY KOHIICHTPAIlIIO €KBi-
BaJICHTa (HOPMAJIbHICTh) PO3YMHY TiOCYJIb(aTy HATPiI0 BCTAHOBIIOIOTH METOJIOM THT-
pyBaHHSI pO3YMHY BUX1JIHOI pedoBHHH. Haltuacriie /711 1bOro BUKOPUCTOBYIOTh PO3-
yuH auxpomary kaniro K,Cr,0; .

[Tpenapar K,Cr,0, Jerko ojepxaTu y YUCTOMY CTaHi MEpPEeKpUCTAII3aLI€0 13

BOJIHOTO PO3YMHY 1 BUCYIIyBaHHAM Npu Temnepatypi 150—-180°C . Cinb HE MICTUTh
KpHUCTaNI3aiiHOT BOJU 1 HE 3MIHIOE CBOTO CKIady mpu 30epiranHi. BogHi po3unHu
JUXPOMATy KaJlii0 BiAPI3HSAIOTHCS BEJIMKOIO CTIMKICTIO; TXHS KOHUEHTpAIlisl TPUBAIHUNA
yac 3aJIMIIAETHCS HE3MIHHOMO. [Ipy BCTaHOBIIEHHI TOYHOI MOJISIPHOT KOHILIEHTpALii eK-
BiBaJICHTa (HOPMaJbHOCTI) poOOUYOro po34nHy Tiocyib(paTy HATPIIO 3a TUXPOMATOM
KaJIio MPOTIKAIOTh TaKi PeakKIlii:
K,Cr,0; + 6KI 4 7H,SO, = 4K,SO, +- Cr, (SO,)g -}- 31, - 7H,0;
I, + 2Na,S,04 = 2Nal 4 Na,S,0,.

3 1uX piBHSHB BUJHO, IO KIJIBKICTh MOy €KBIBAJICHTHA KITLKOCTI B3STOTO -
XpoMaTy Kaiito. A MK KUIBKICTIO BUAUIEHOTO MOy 1 KIJIBKICTIO BUTPAYE€HOI'O HA TUT-
pyBaHHsI TiocyJb(aTy HATPiO ICHYIOTh TAKOX €KBIBAJICHTHI CHiBBigHOIMICHHS. OTXKe,
32 HOPMaJIBbHICTIO M 00'€MOM y35TOr0 po3uMHy AUXpOMATy Kajito i 00'eMoM BUTpaue-
HOI'0 Ha TUTPYBAHHS PO3UMHY TIOCYJIb(paTy HATPIIO MOXKHA OOYUCIUTH TOUHY KOHIEH-
TpaIlio pO3UHHY TIOCYJIb(aTy HATPIIO:
¢l K,Cr,0, )-v(K ,Cr,0,)

V(Na 25,03 )

Kpoxmans yTBOPIOE 3 PO3YMHOM HOAY aaCOPOIiHY CHOJIYKY 1HTCHCHUBHO-
CHUHBOTO KOJbOPY. UyTIHUBICTh peakiii HOAy 3 KpoXMajeM 3aJIeKHUTh BiJ O0aratbox (a-
KTOPIB:

¢(Na,$,0;)=

© MPHCYTHOCTI 10HIB HOy,
© CcrocoOy MPUTrOTyBaHHS 1 30epiraHHs PO3UUHY KPOXMAJTIO,
©  TeMIepaTypH i TOIIO

lonu ¥omy cHpusitOTh YTBOPEHHIO CHHBOI CIOJYKHM MOJIEKYJISIPHOTO WOy 3
KpoxmasieM. UyTiMBICTh peakilii 3MEeHIITY€eThCs P 30UTbIIeHHI Temneparypu. OTxe,
TOYHICTh YCTAHOBJIEHHS! TOYKH €KBIBAJEHTHOCTI IPHU TUTPYBAaHHI XOJOJHUX PO3UYHHIB
3HAYHO O1bIIA, HIXK TIPU TUTPYBAaHHI TapsunuXx PO3UYMHIB.

UyTnuBICTh 3aJI€KUTh TaKOXK BiJ cocoOy MPUroTyBaHHs iHAMKaropa. [IpaBu-
JHHO MPUTOTOBJICHI PO3YMHHI KPOXMAJIIO MOBUHHI 3a0apBIIIOBATUCH B YHCTO CHHIN KO-
nip Bix ponaBaHHs ofHiel kpamii 0,01H. po3unny Hony. HenpaBuibHO NpUroTOBIIEH1
PO3YMHHU 1HAUKATOpa a00 PO3UYMHH, 110 30epirajiucs TPUBAIUN Yac, YTBOPIOIOTH 13 HO-
JIOM CHOJYKH (Di0JI€TOBOr0 KOMbOpy. Taki po3unHU KPOXMAJIO Mallo MPHUAATHI, TOMY
110 YyTJIMBICT PeaKilii B {bOMY BUMAIKy 3HAYHO 3MEHIITYETHCS.

[Tpu HomomMeTpuUYHOMY BHU3HAYEHHI OKHCHHUKIB MO>KE€ BUHUKHYTH 3HAa4yHa IO-
MUWJIKAa BHACIIIOK OKMCIIEHHS KpOXMallto HomoM. Peakiist mpoXoauTh TOCUTH MOBLIb-
HO, ajie MpH TPUBAIIN i1 BUCOKOI KOHIIEHTpalii oAy Ha KpOXMajb 3HAYHA YacTHHA
Ho/ly BUTPAYa€eThCsl Ha 110 MOOIYHY PEAKII0, 1 pe3yibTaTH TAaKOro TUTpyBaHHS Oy-
IyTh HEMPaBUIBHUMU. KpiM TOTO, y KUCITIOMY PO3YMHI KPOXMaJIb MTOCTYTOBO T1APOTi-
3y€, 10 TaKOX MOXE MPUBECTH J0 NMEBHOI MOMWIKH BHU3HA4YeHHSA. ToMy Ha movatky
TUTPYBaHHS MOy TIOCYJb()AaTOM HATPIIO HE JOAAOTH 1HAUKATOP. PO3unH Kpoxmanto
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JOJIal0Th y KIHUEBIA CTajll TUTPYBaHHS, KOJM PO3YMH, 110 TUTPYETbCS, Mae OIifo-
YKOBTUH KOIip. TakuM YMHOM 3MEHIIYIOTh Yac, MPOTIATOM SKOTO KpOXMaJjb 1 BUIbHHM
H0J1 3HAXOAATHCA Pa30M B OJTHOMY PO3UHHI.

IIpuroryBanHsi po3unHy KpoxMmaiaw. Sk ingukatop Oepyts 0,2%-Huii pos-
yuH Kpoxmanto. HarpiBatoTs y k0161 10 kumiHHS S00MI IUCTUIILOBAHOI BOJH, TIOTIM
300BTYIOTh y MpOOIpIi a0 B MaJIEeHbKOMY CTaKaHYMKY IT PO3YMHHOTO KPOXMAIO 3
10M1 X0J101HOT BO/IM 1 BUWJIMBAIOTh YTBOPEHY CYCIIEH31I0 B KUILIS4Y Boay. Kum'atinus
IPOJOBXKYIOTH 1€ 1 — 2XB. PO34MH KpOXMaio OXOJIOKYIOTh 1 3aKpUBalOTh KOJIOY Ba-
THUM TaMIoOHOM. [IpaBUJIbHO MPUTOTOBIICHUN PO3YMH KPOXMAJIO Ma€ OyTH IPO30PUM
1 He MICTUTU OKpEMHUX TPYJIOUYOK TBEPAOrO KPOXMAJIO. 3 4aCOM PO3YUH KPOXMAIIIO
KOaryJioe 1 Ipu 1poMy KanamyTHie. Takuil crapuii po3unH KPOXMaio0 HENpUIATHUN
JUTsl HOIOMETPUYHUX BU3HAaYeHb. PO3unH KpoxmMaio Tpeba 3axXuIlaTy BiJi NPOHUKHEH-
HSl MIKPOOPTraHi3MiB, IO MCYIOTh 1HAUKATOpP. MoOXKHA cTepuili3yBaTH HOTro, JOAaBIIH
HEeBEJUKY KUIbKICTh (5 - 10mr) fioguay pryTi(Il) un xmopuay umuky. Taki cTrepuimizo-
BaHI PO3YMHHU 30€piratloThCsi TpUBAIM yac. /{151 KO)KHOTO TUTPYBaHHS BUTPAYarOTh 2
— 3MJ1 pO3YMHY 1HIUKATOpA.

VonoMeTpruHe THTPYBAaHHS IIMPOKO 3aCTOCOBYEThCS B XiMiUHOMY aHawi3i. 3
HEOPTaHIYHUX PEUOBHMH UM MeToaoM aHami3yioTh I, KMnO, Naz;AsO, Hg,Cl,,
CuSOQO, 1 6arato opra"iyHuX JIKapChKUX MpernapaTiB: (popMaiiH, akpuxiH, aHTUITIPHH,
aHaJbIiH, KOPa30J, aCKOPOIHOBY KHCIIOTY, MEHIIWIIH TOIIO. 3aCTOCOBYIOTH JIEKiJIbKa
BapiaHTIB METONY:

npsiMe TUTPYBaHHS;

AN ¥4

3BOPOTHE TUTPYBAHHS;

\l7

> 3aMiCHE TUTPYBaHHSI.

[IpsiMe TUTpyBaHHS PO3YMHOM KOy 3aCTOCOBYIOThH MPHU aHaTI31 BIIHOBHHKIB,
SIK1 JIETKO BiJHOBIIIOFOTHCS 1 IOCUTh IMIBUIKO pearyroTh 3 I, Hampukiam, ackopOiHOBa
KHCJIOTA, aHAJIBT1H, Na,S,0;.

3BOpOTHE TUTPYBAaHHS BHUKOPHUCTOBYIOTH mpu aHami3i Hg,Cl,, dopmansaeriny,
AQHTUMIPUHY Ta AEIKUX 1HIIUX PEYOBHH.

3aMiCHUM TUTPYBAHHSIM BH3HAYAOTh Taki OKUCHUKH, K KMnQO,, Na3;AsOy,
CuSO,. Hanmpuknaa, KMnO,4 aHani3ytoTh, pO3UUHAIOYH Or0 TOYHY HaBaXXKy Yy BO/II B
MipHi#l kKon6i. JIo aliKBOTHOI YaCTUHU OTPUMAHOTO PO3YUHY N0aat0Th 20%-HUil po3-
g KI 1 micas 1ecITUXBUIMHHOTO CTOSHHS CyMiIn HOJ , 10 BUAUIMBCS, TUTPYIOTD
pobounM po3zunHoM Na,S,0;:

2KMnO, + 10KI + 8H,SO4 — 2MnSO, + 6K,SO, + 51, + 8H,0

MonoMeTpiyHe THTPYBAHHS TAKOX BHKOPHCTOBYETHCS B AHANI3i OPraHidHUX CIIO-
JyK JJI BU3HAUEHHS KUTBKICHOTO BMICTY (DYHKLIOHAJIBHUX TPYM (aIKOKCHIIbHI TPYTIH
R—O—R, sxi npucytHi y cknagaux edipax R-CO-OR; kap6onosi kuciott RCOOH;
rigpazuau R—NH — NH,.

BPOMATOMETPUYHE 1 BPOMOMETPUYHE TUTPYBAHHA
(BPOMATOMETPISA, BPOMOMETPI)

[Ipu GpomaToMeTPpUYHOMY THUTPYBaHHI BiI0yBa€ThCA BIAHOBJICHHS OpOMaT-10HIB
y KUCJIOMY CEepEeIOBHIII O OPOMIJT 10HIB:

BrO;~+ 6H + 6¢” — Br + 3H,0

57



OKHCHO-BiIHOBHUH TIOTEHIian cucTeMu Ef o 5 =+144B. Tutpantom MeTomy

ciy)uth pobounii pozunH KBrO;. bpoMar kanito B KUCIIOMY CEpEIOBUIIIL € OJHUM i3
CUJIbHUX OKHCHUKIB 1 3JJaTHUN B3a€EMOJISITH 3 PEYOBMHAMH, OKUCHHUM MOTEHIIAN SKUX
MeHmui npuHariMil Ha 0,4B, Hixk 1,44B. V peakii BinHoBieHHs ioHIB BrOs; g0 Br™
Opomat-ioH npuiiMae 6 eleKTpoHiB, ToMy (akTop ekBiBasieHTHOCTI Anst KBrO; nopis-

HIOE % Tutp po3unny KBrO; ycTaHOBIIOIOTh HOJOMETPUUYHUM METOJOM, OAABIIN

Hajyuinok KI 1 HC1 Ipu upomy KBrO; B3aemosie 3 KI, Buminstoun ekBiBaJeHTHY Ki-
JBKICTB I5:

KBrO; + 6KI+ 6HC1 — KBr + 31, + 6KC1 + 3H,0

Won, mo BUAIMMBCS, THTPYIOTH pobouMM po3umHoM Na,S,0; y NpUCYTHOCTI
KpOXMallto 710 3HeOapBieHHs po3unHy. [Ipy OpomMaToMeTpMYHOMY THUTpPYBaHHI Y
po3uuH aHalTy AoAaroTh KBr 1 3aCTOCOBYIOTH 1HIMKAaTOpU: METHIIOBHUI KOBTOrapsi-
4yuif, MeTUI0BIi yepBoHuid. LI iHauKaTOpH 3HEOAPBIIOIOTHCS MICIS TOUYKHU €KBIBAJICH-
THOCTI OpOMOM, SIKMIl yTBOPIOETbCS IpPH B3aeMOAli HamuuiKy TuTpanta KBrOj i3
KBr.

KBrOs; + 5KBr + 6HC1— 3Br, + 6KC1 + 3H,0

BpoMaToMeTpuyHe TUTPYBaHHS 3aCTOCOBYIOTH AJISI aHAJI3y PEYOBHUH 1 JIKap-
CBKHX IPENapaTiB, 110 MICTATh MULI'SIK:

#& wmumr’ sskoBucThit anriapus (oxeu apceny(11l)),
3 HoBapceHo,

38 miapceHon,

¢ ocapcou.

Hanpuknan, HaBaxky As;O; po3unsstors y 2—3 mu 10%-Horo po3uuny
NaOH, nomarooth Bogy, KOHIIEHTpOBaHy cipuyany kucinoTy 1 KBr. Po3unn nHarpiBarothb
710 KUMIHHSA 1 TUTPYIOTh pobounM po3unHoM KBrOj;. Ilpu upomy As,O; okucaseTbest
a0 A8205

3ASzO3 + 2KBFO3 +H2$O4 — 3A5205+ KzSO4 + 2HBr

[HnuKaTop — METWIOBUU YepBOHHMM. TUTpyBaHHS BEAyTh A0 3HEOAPBICHHA
PO3YHHY.

VY OpoMOMeTpPHYHOMY TUTPYBaHHI TUTPAHTOM Mae OyTH po3uuH Opomy Br,. Ase
4yepe3 Te, 0 PO3YMH OpOMYy HECTIMKWU 1 TOKCUYHUIA, TO 3BUYAIHO BUKOPHUCTOBYIOTh
Opom, kil yTBOproeThes npu B3aemonii KBrO; 3 najymmmkom KBr y kucnomy cepe-
JOBHIIIL:

KBI‘O3+5KBI‘+ 3H2$O4—> 3BI‘2 + 3Kst4 + 3H20

VY po3unH BU3HAUyBaHOI PEYOBHHU BBOJATH KUCIOTY, Hanpukian H,SOy, 1 KBr, a B
SKOCTI poOOYOro poO3uMHYy BeIyTh TUTpyBaHHA po3unHoM KBrOs;, nns sxoro Bimoma
TOYHA KOHLIEHTpauis. MoJjekyaspHuil OpoMm, KM MPU LIbOMY YTBOPIOETHCS, BIIpaszy
K pearye 3 BU3HaUyBaHOIO PEUOBUHOIO, HAMIPUKIIAJ, 3 (DEHOJIOM:

OH OH

Br Br

+3Br, +3HBr

Br
Br,t2e —2Br E 0 =+1,087B

Bry | Br~
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[Tpu iboMy BimOyBaeThCsi OpOMyBaHHS OaraThOX OPraHIYHUX CIOIYK, 0COOIH-
BO Ipymnu (HEeHOIB: (GeHOoTy, PE30PIUHY, TUMOJY, CAIIMIOBOI KUCJIOTH TOIIIO.

[Ipu GpoMOMETPHUYHOMY THUTPYBAHHI HAaBaXKy PEYOBMHHU PO3ZYHHAIOTH Y BOJI, JO-
natoth po3unH KBr 1 HC1. Otpumany cymim tutpytoTh 0,1 H. KBrO; y mpucytHocTi
METHJIOBOI'O KOBTOTaps4oro.

3aCTOCOBYIOTh Yy OpOMOMETpii TakKOXK 3aMiCHE TUTpyBaHHA. [lum cmocobom 3a
JepxaBHoro DapMaKoIeero aHaNI3YIOTh Pe30pLUH 1 (PeHOJI, J0AAI0UN 10 PO3UMHY BH-
3HaYyBaHO! pe4OBMHU TMeBHUN 00'eM pozuuHy KBrO;, a Takox 3HaYHHI HaAIUIIOK
KBr i HC1. Cywmim 3anmumarots Ha 10 xBui. 3a 11eif yac BigOyBaeThes peaxiiisi Opomy-
BaHHS PEYOBMHU BUIBHUM Opomowm, 1o BuaumuBcsa npu peakiii KBrO; 3 KBr. Han-
auIoK Opomy, 110 HE MpOopearyBaB, BU3HAYAIOTh, J1OJAI0YM A0 cyMimn po3unH KI.
Bpom kinbkicHo Burichse iox i3 KI. Mox, 1o BHAIIMBCS, THTPYIOTh PO3YHHOM
Na28203.

HITPUTOMETPUYHE TUTPYBAHHA
HitpuTn MaroTh BIaCTUBOCTI OKUCHUKA 1 BUKOPUCTOBYIOTHCS ISl KIJIbKICHOTO BHU-
3HaueHHs BinHOBHHKIB Sn°’, Fe*, As,0 tomo. IIpi 1pOMy HITPUTH BiIHOBIIOIOTHCS
10 okcupy asoty. ( E| ., =+1208)

S/ NO

2N3,NOZ + ZFGSO4 + 2H2SO4 — F€2(SO4)3 + 2NO (F) + Na2SO4 + 2H20
Kpim Toro, NaNO, Bctymnae (y KHUCIOMY CEpEIOBHII) Y PEaKIlio 3 OpraHiuyHu-
MU apOMAaTHUMH aMiHaMH, YTBOPIOIOUH /11a30CIONYKH:

R-NH, + NaNO, + 2HCl — [R-N"=N]CI" + 2H,0 + NaCl
Peakiiis mia30TyBaHHs OpPraHIYHHMX CIOJYK MPOXOAUTH KIIBKICHO 1 IIHMPOKO
BUKOPHCTOBY€ETHCS B aHaJi31 OpPraHiYHUX CHOJYK 1 JIKapChKHUX IpernapaTis, 10 Ma-
I0Th aMIHOTPYIIy: CTPENTONHIY, CYIb(auiy, HOpCyib(}ha3omy Tomo. Y KHCIoMy ce-
penoBuii NaNO, Takox 3JaTHUM KUTbKICHO BCTYMAaTH B PEaKIliI0 HITPO3yBaHHS BTO-
PUHHUX aMiHiB, YTBOPIOIOYH HITPO30CIIONYKH:

RzNH + HNOQ — RQ—N—N:O + HQO

Hitpo3oaMinu moTiM MOKyTh OyTH BITHOBJICHI BOJHEM JO aMiHiB a0 riapa-
3UHIB, BI/IITHAHI 1 TOTIM BIATUTPOBaH1 kuciioToro ado KIO;.

Tutpantamu B Metoni Hitputrometpii € 0,5 1 0,1 M po3uunu NaNO,. Tutp po3uuny
NaNO, yCTaHOBIIOIOTh 32 BUXIIHOI PEUYOBHUHOIO: XIMIUHO YHCTOIO CYJIb(aHIIOBOIO
KHCJIOTOI0, BUCYIIIEHOIO TMOTEPEAHbO 0 MOCTiiHOT Macu. [Ipu mpomy BimOyBaeThes
TaKa peaKiris:

+ _
NH, N=N-Cl
+ NaNO, + 2HCl — © +NaCl + 2H,0
SO;H SO;H

HaBaxxky cynb¢haHIOBOT KHCIOTH PO3YMHAIOTH y BoAl B mpucyTHOCTi NaHCO;
(YTBOPIOETBHCSI BOJOPO3UYMHHA CLIb CyJlb(daHuIoBoi kuciotu), noaarts HCI1, KBr 1
TUTPYIOTh poOouuM po3unHoM NaNQO,. IIIBUAKICTh TUTPYBAaHHS MOBUHHA OyTH yTO-
BUIBHEHOIO: CIOYAaTKy 2MJ 3a | XBWIMHY, HanpukiHii TuTpyBanHa — 0,05mi 3a 1
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XBUJUHY. {15 mpucKOpeHHs B3aeMoOJil BU3HauyBaHOi peuoBuHH 3 NaNO, 10 peak-
iHoI cymimni qoaaroTsh KBr. JIjis BU3HaUYe€HHS TOYHOI KOHIICHTpAIlii poO0odoro pos-
yuHy NaNO,; MOkHa Tak0X BUKOPUCTATH TUTPOBaHUM po3unH KMnOy:

5N3N02 + 2KM1’104 +3H2804 — 5N3N03 + 2MHSO4 + 3H20 + KzSO4

VY HITpUTOMETPIi 3aCTOCOBYIOTH 30BHIIIHI Ta BHYTPIIIHI iHAUKaTOpU. B sKOCTI
308HIUWHB0O20 [HOUKAMOPA BUKOPUCTOBYIOTh MOAKPOXMAIbHUM mamip, sSIKUd HaroToB-
JIOIOTH 13 GUIBTPYBAJILHOTO Marnepy, npocoueHoro pozunHoMm Kl 1 po3unnom kpoxma-
mo. MoaxpoXMansHuii namip — 30BHIlIHIH iHIMKATOpP, Y PO3YHH, IO THTPYEThCS, HOTO
3aHyprOBaTd HEe MOXkHA. [licas TOUKM €KBIBaJIEHTHOCTI B PO3YMHI 3'SIBISETHCA HAJJTHU-
mok NaNOQO,, skuil y kucioMy cepeaoBuiili B3aemoie 3 Kl, 1o MicTUTbCs B HOIKpOX-
MaJIbHOMY Hamnepi, 13 BUAUICHHM I,:

2NaNO,+2KI+4HCl— 2NaCl+2KCI+1,+2NO + 2H,0
Won, mo BuainmBes, 3a6apBiIioe HOOKPOXMaIbHUI Hamip y cuHiit komip. Hampukinii
TUTPYBaHH MICJIs 10/1aBaHHs KOXHOI nopuii pododoro po3unHy NaNO, HaHOCATH Ha
HOIKpOXMAIIbHUH Marip 3a TOTIOMOTOI0 CKIISTHOI MaTMYKH KPAIuiio PO3YHHY, SIKUHA TH-
TPYIOTh. ¥ TOYIll €KBIBAJICHTHOCTI narmip cuHie. [lapaneabHo mpoBOASITH KOHTPOJIBHUI
JOCIHII.

VY sSKOCT1 6HympiwHix iHOUKamopié y METOAl HITPUTOMETPIi MOXKYTh OyTH BU-
KOPHCTaH1 pefoKc-1HaAuKatopu — Tponeoiid 00, abo cymim tporneosiny 00 3 merume-
HOBUM cuHIM. [Ipu 3actocyBanHi1 Tpomneoniny 00 3a0apBieHHS PO3UYMHY 3MIHIOETHCS
BiJl YEPBOHOTO JI0 >KOBTOTO, a MIPH 3aCTOCyBaHH1 cymimii Tporeoniny 00 3 MeTHIeHO-
BUM CHHIM 3a0apBIIEHHS PO3YHHY 3MIHIOETHCS Bl MAJIMHOBOTO IO CHHBOTO.

Kinenp TUTpyBaHHS MpH BUKOPHUCTAHHI HITPUTOMETPIi MOXHA BHU3HAYATH TaKOXK
HNOTEHL[IOMETPUYHUM METO/IOM 3a JionoMoroto pH-merpa abo ioHOMepa.

LHEPUMETPUYHE TUTPYBAHHA
[epumetpisa BriatoueHa B Jlep:kaBHy dapMakomnero 1 3aCTOCOBYEThCS ISl K1JTb-
KICHOT'O BH3HAYEHHS As3+, Fez+, Sb3+, Sn2+, [Fe(CN)6]4‘, I”, opra"iyaux KuUcioT, ¢e-
HOJIIB, aMiHIB, aMiHOKHCIIOT, BYTJICBOMIB. Y HEPUMETPUYHOMY TUTPYBAHHI BUKOPHUC-
TOBYIOTHCSI OKMCHI BIaCTUBOCTI 10H1B 11epito(1V) Ce(SO4),

Ce*'+e = Ce™”

AHami3 NepuMEeTPUYHUM METOJIOM MPOBOJSTH Y KUCIOMY CEpeoBUII. Y 3ale-
YKHOCTI BiJ] TUITY KUCJIOTH 3MIHIOETHCSI CTAaHAAPTHUHN MOTEHINaJl OKUCHO-BIJHOBHOI I1a-
pu Ce*/Ce™" -

¥ B cepenosumi HC1 E’= + 1,28 B;
¥ B cepenosu H,SO, E' =+ 1,45 B;
¥ B cepenosury HNO; E =+ 1,60 B.

PoGounii poszumH cynbdaty 1uepito(lV), c(Ce(SOy),) = O0,Imons/nm abo
c(Ce(S04),) = 0,01MO0aB/1 TOTYIOTh, PO3UMHAIOUU CYJIb(AT LEPIt0 MPH JETKOMY ifi-
rpiBaHHi y Boai, mo mictuth H,SOy4 (25 mi/m). Tutp Ce(SO4), yCTaHOBIIOIOTH HOIO-
METPUYHUM MeTOAOM. J[Jis 1[bOro A0 TOYHO BiAMIpsSHOTO 00’eMy po3uuny Ce(SOy),
n01a10Th po3eeneny (20 %) cipuany kucnoty, Boay i 10%-uuii posunn KI. Mox, mo
BUJIIMBCS, TUTPYIOTh TioCcysb(aroM HaTpito. TUTPAHT MOKHA TAKOXXK TOTYBAaTH PO3-
guHeHHsM 'y H,SO,  xommutekcHoi  com  Tpucyibgarornepary(IV) amorniro
(NH4)2[Ce(SO4)s].
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[anukaropu mMeromy uepumerpii — ¢epoiH, o-peHanTpomiH Ta iH. BukopucroBy-
I0Th TaKOX 1HAUKATOPHI BIACTUBOCTI TUTPAHTA, 110 MA€ XOBTUU KoJip (TIPH TUTPY-
BaHHI 0e30apBHUX PO3YMHIB), 1 IHCTpyMeHTaIbH1 Metoau. Hanpukian, FeSO, BuzHa-
Yar0Th, PO3YMHAIOUM TOYHY HaBAXKKY mpemnapary B po3seneHit H,SO,. Tutpyiots po-
6ounM po3unHoM Ce(SQ,4), y TPUCYTHOCTI 1HAUKaTOpa (HepoiHy 10 mepexoay 3adbap-
BJICHHS PO3YMHY 3 YEPBOHOTO Yy CHHE.

METOA4N OCAA)KYBAJIbHOIO TUTPYBAHHAS
TEOPETHYHI OCHOBH METO/IB OCAI’KYBAJIbHOI'O TUTPYBAHHSI

MeTtoau TUTPUMETPUYECKOIO aHalli3y, B IKUX 3aCTOCOBYIOTh peakiii yTBOPEH-
Hs ocajiB, Hanpukiaa AgCl, 13 Bu3HauyBaHUMHU PEYOBMHAMU HA3HMBAIOTHCS METO/IaMU
0CaJKyBaJIbHOT'O TUTPYBAHHS

OCHOBHI BUMOTH [0 peakuliid yTBOPEHHs OCajiB, Kl 3aCTOCOBYIOTH JUIsl Oca-
JOKYBAJIbHOTO TUTPYBaHHS:

€ Pcakiiis ocapkeHHs (YTBOPEHHS OCaly) MOBUHHA MPOXOAUTH 3 BEJIIMKOIO MIBUAKIC-
TIO.

€ Ocaau NOBUHHI OyTH MPAKTHYHO HE PO3YMHHI (JOOYTOK PO3YMHHOCTI i OiHAp-
. . -10 2 2
HOT'O €JIEKTPOJIITY MOBHHEH OyTH MeHIire, Hix 1-107 Mo~ /17).

& /{151 peakiii oca/pKEHHS MOBUHHI OYTH BiZOMi CIIOCOOM BH3HAYCHHS KiHIISI TUTPY-
BaHHS.
JIns BU3HAUEHHSI TOYKM €KBIBaJIGHTHOCTI (KIHIISI TUTPYBaHHS) BUKOPUCTOBY-
IOTh!

T IHAMKATOPH, SKi OKA3yIOTh MOSBY B PO3UMHI HEBEIIMKOTO HAJIUIIKY THT-
paHTa ab0 MPaKTUYHO MOBHE BUAAJICHHS BU3HAUYBAaHOI pEYOBHHU 3 PO3UYHHY, IO TUT-
pyeThCS;

7 BHUMIpPIOBaHHA y mnpoueci TUTPYBaHHA (i3HKO-XiMiYHOI BJIACTHBOCTI
PO34YMHY, 110 PI3KO 3MIHIOETHCS (€JIEKTPONPOBIIHOCTI, OKMCHO-BIJTHOBHUX MOTEHI{Ia-
7y, ONITUYHOT TYCTUHHU, PO3CIFOBAHHS CBITJIa YaCTKAMU OCaJy TOIIO).

Haii6inbiie 3acTocyBaHHs 3HANIIUINA TaKi BUIA OCA/IXKYBAIbHOT'O TUTPYBAHHS:

# ApPreHTOMETPUYHE TUTPYBAHHS, TUTPAHT — po3urH AgNO;;

# TIOIIaHATOMETPUYHE (POJIAHOMETPUYHE) TUTPYBAaHHS, TUTPAHT — PO3UMH

pomaniny amoniro NH4;SCN;

# MEpKypOMETpPHYHE TUTPYBaHHA, TUTPAHT — po3urH Hgy(NOs),;

£ cynbhaToMeTpUYHe TUTPyBaHHs, TUTpaHT — po3unH BaCl, abo pozunn

H,S0,.

ApreHroMeTpuyHe TI/IprBaHH;I 3aCTOCOBYIOTh JIJISl aHAITI3Y TAKUX COJICH:
xnopuzis, JIP(AgCl) = 1,8-107"7;
6pominis, JIP(AgBr)=4,9-10" 1.
iiomuais, JIP(Agl) = 1-107°;
mianiznis, JIP(AgCN) =7-10";

Tioriaaris (poganizis), JIP(AgSCN) = 1-107"

MetoaoMm TioliaHATOMETPUYHOTO TUTPYBAaHHS BU3SHAYAIOTh COJII CpibIa.

Pinmie 3acTOCOBYIOTh MEPKYpOMETPUYHE TUTPYBAHHS — OCAJKEHHS TaJIOT€HIJIIB Y
BUIIAM Manoposunmnunx comeit pryti (I): Hg,Cl, (JIP = 1,3-107%) i Hg,I, (JIP =
4,5:10%") i cynpaToMeTpHUHE TUTPYBAHHS — OCAKEHHS Coeil 6apito a6o cymbdartis
y Bursiai ocaxy BaSO, (JIP = 1,08 107'°).

& & & & &
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[HINKATOPU OCAJIKYBAJIbBHOI'O TUTPYBAHHS
Jns MeTony ocaKyBaJbHOTO THTPYBAaHHS HEMa€ 3arajlbHUX I1HAMKATOPIB, SKI

MO>kHa OyJi0 0 3aCTOCOBYBATH MpU TUTPYBAHHI PI3HUX 10HIB. [HAMKATOpP BUOHPAIOTH Y

3aJIeKHOCTI BiJl YMOB 1 MOPAIKY TUTPYBaHHA. [HAMKaTOpaMu MOXYTh OyTH PEUOBHHH,

K1 O1J1s1 TOUKH €KBIBaJIEHTHOCT! yTBOPIOIOTh

2% 3abappieHi Hepo3umHHI cnonyku (Hampukiaan, Ag,CrO, — uermmcro-
YepBOHUH Ocan),

2% posunnHi 3a6apeieni cnonyku (Hanpukiax, [FeSCN]* — uepBomuit pos-
YUH),

0% amcopOuiiini 3a0apBieHi conyku (Hanmpukiaz, GIH0OpPeCcLein)

2%  3a0apBieHi KOMIUIEKCHI CIIOJyKM KaTiOHIiB i3 MeTaliHIMKaTOpamu (Ha-
MIpUKIIaJ, 3a0apBicHl y (ioJeToBUN KOJIp KOMIUJIEKCHI CIIOJIYKH 10HIB Oapiro 3
METaTIHAUKATOpaMU HITXpOMaszo).

JlokimamHe 3acTOCyBaHHS 1HAMKATOPIB BUKJIAJCHO B KOXXHOMY METOJI OCAIKY-

BAJIBHOI'O TUTPYBAHHS.
Homunku ocaoarncyeanvnozo mumpyeanHa

[Tpu TUTpYBaHHI IHAUKATOP 3MIHIOE 3a0apBIIEHHS B OUIBIIOCTI BUITAJIKIB MIiCIIS
JI0JIaBaHHS HAUTUIIIKOBOT Kparuti pododoro po3unHy. Lle mpuBoauTh 10 30UTBIICHHS
MOMUJIKA KIJIBKICHOTO BU3HaueHHs. [lomuika 3poctae mpu 3MEHIIEHHI KOHIIEHTpaIlii
iHAnKaTopa. ToMy HEe peKOMEHye€ThbCs TIPU TUTPYBAHHI BUKOPUCTOBYBATH Majll Kijlb-
KOCT1 1HauKaTopiB. HeoOXiqHO TOYHO AOTpUMYBATHCA PO3POOICHUX METOAUK IMPOBE-
JICHHS aHAJTI31B METO/IaMH OCa/KyBaJIbHOTO TUTPYBaHHS.

APFEHTOMETPUYHE TUTPYBAHHS
(APTEHTOMETPIS)

B aprentomMerpii poO0YMM pO3YMHOM CIIYy>KHTh pO34UH HITpary cpidna AgNO;.
BukopucToByroTh po0OYl PO3UYMHHU 3 MOJIAPHOIO KOHIIGHTpAIlI€l0 HITpaTy cpibia
0,1moub/11, 0,05momb/11, 0,02mo1b/71 1 0,01Momnb/1. Tutp po3zunny AgNO; ycTaHOBIIO-
I0Th 32 HABAXXKOIO MEPEKPUCTATI30BAHOIO 1 BUCYyIIEHOTro 10 nocTiitHoi Macu NaCl abo
KCI1.

[Ipu BU3HAYeHHI Ag BUKOPUCTOBYIOTH poboumii pozunn KC1 a6o NaCl, ski
TOTYIOTh 32 TOYHOIO HABAXKKOIO XJIOPHUAY Kajito abo XJIOpHULy HATPIIO.

3aCcTOCOBYIOTH JIBa BapiaHTH METO/Iy apT€HTOMETPUIHOTO TUTPYBAHHS:
€ Meroa Mopa (iHIZUKaTOp XpoMaT Kallito),

& mveton Pasirca (iHaMKaTOp (uroopeciiein ado e03uH).
Meton Mopa npusHaueHud as BU3HAYEHHS XJIOpUAiB 1 OpominiB. [HamkaTop
(Xxpomart Kkaiiro) 3 HITpaToM cpibiia yTBOPIOE LETIASHO-YEPBOHMM 0caa XpomaTy cpibia
Ag2CI'04

7

KzCI‘O4 + 2AgNO3 —> AngrO4l =+ 21<NO3

[naukatop 3acToCOBYIOTH y BUTIIAL 5%-HOTO po3unHy. [Ipu TuTpyBaHH1 XJI0-
puaiB 1 6pomiaiB yTBoproeTbes Outmit ocan AgCl abo >xoBTyBaTo-01muit ocan AgBr. V
NPUCYTHOCTI TajoreHin-ioniB ocag Ag,CrO, He yTBOPIOETHCS, TOMY II0 HOTO PO3YHH-
micte (1:10™monb/n) Ginbima, Hix posumanicts AgCl (1,25-10°mons/n) i AgBr
(7,94:10 "Mo1b/11). OTKe 3 PO3UMHIB IIPU THTPYBAHHI, HACAMIIEPE]], BUMANAIOTH OCAIH
rasioreHiaiB cpidna. Ilicna npaktuuno noBHoro ocamkenns AgCl abo AgBr y po3uunni
3'sBisieTbest HamumUImok AgNO;, mo B3aemogie 3 K,CrO, 1 yTBOpPIOE NETIISIHO-
yepBoHnii Ag,CrO,. Ocanu rajioreHimiB cpidia 3a0apBIIOIOTHCS TIPH IILOMY B POXKE-
BUiA Komip. MeTon Mopa MOXKHa BUKOPUCTOBYBATH TUIbKU B HEHTpaibHOMY ab0 cial-
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koiyxkHoMmy cepenosuil (pH =7 — 10). ¥V kucnomy cepenosunii K,CrO, nepersopro-
erses B K,Cr,O7:
2Cr0,” +2H" = Cr,0,” + H,0.
A K,Cr,07 HEe Ma€ iHANKATOPHUX BIACTUBOCTEH BHACIIIOK BUCOKOT PO3UMHHO-
cti Ag,CryO7. Y CUIBHO JIy)KHOMY CEpEeIOBHIII HITpaT cpibiia MEepPEeTBOPIOETHCS B
AgOH, mo posknanaetsest Ha Ag,O 1 H,0:
AgNO; + NaOH = NaNO; + AgOH|;
2AgOH = Ag20l + H20
Bu3HAYCHHIO XJIOPUIIB i 6poMiziB 3a MeTogoM Mopa 3aBaxaroTh Karioun Ba’’,
Bi’*" TOIIO, K1 yTBOPIOIOTH ocaau 3 K,CrOy, a Takox 3aBaxkae NHj, sikuii 1ae xomruie-
KCHI CITOJIYKH 13 coisiMu cpibia. Busznagatu merogom Mopa fionuau 1 TioliaHaTH He
MoxHa, Tomy o ocaau Agl 1 AgSCN 3matHi aacopOyBaTH 1HIUKATOp — XpoMaT Ka-
nito K,CrOy 13 po3unny. Tomy poskeBe 3a0apBlIeHHS 3'SBISETHCS 10 TOUYKUA €KBIBaJICH-
THOCTI, 1[0 IPUBOANTH JI0 TIOMUIIKOBUX PE3YJIbTATIB.

[Tpu BUKOHAHHI aHATI3y 32 MeTOJA0M Mopa /10 aHAIII30BAHOTO PO3YHHY JI0JIAI0Th SIK
iaukarop 0,5mn 5%-noro pozunny K,CrOy4 1 TUTpy10TH poO0ounM po3unHoM AgNO;.
[naukaTop 3a0apBito€e PO3UMH, 110 TUTPYETHCS, y KOBTHI Kouip. [Ipu nocsaruenHi to-
YKW €KBIBAJICHTHOCTI PO3YHMH HaJ 0CAJIOM 1 0cajl HaOyBalOTh POKEBOTO KOJILOPY. Me-
ToaoM Mopa anamnizyroTh Taki Jikapcebki npenapatu: KC1, KBr, NaCl, NaBr Tomo.

YV metoai ®asinca 3aCTOCOBYIOTH aJICOPOIiHHI 1HAMKATOPH (Iroopeciiein abo eo-
3uH (Terpabpomdroopectiein). Metomom dasiHca BU3HAYAIOTH YACTIIE YChOTO HOHU-
nu: KI, Nal Toro, siki HEMOXJIMBO MpoaHaIi3yBaTu MeTo1oM Mopa, a TaK0X XJIOPUIN

1 OpomiIu.
[::;:]\\COOH
COOH
C /
T II
o)
o o OH

JIFOOPECLIETH
Puroopec €03UH (TeTpa6p0M¢)moopecuelH)

dnroopeciein — JKOBTYBAaTO-YEPBOHUI TMOPOILIOK, PO3YMHHUN B OpraHIgyHUX
po3unHHHUKaX 1y BogHoMy po3unHi NaOH. 3actocoByroTh (roopeciein y BUIIIsII
0,1 — 0,2%-H0Tr0 PO3UMHY B CIIUPTI IpHU TUTPYBaHHI XJopuiB pozunHamu AgNO;. Ha
MOYaTKy TUTPYBaHHS PO3YHMH Ma€ >KOBTO-3€JIeHE 3a0apBJIEHHs, Y TOUIll €KBIBaJIEHTHO-
cti ocan AgCl HaOyBae SCKpaBO-pOKEBOTO KOJIbOPY BHACIHIIOK aACOPOIi MOJEKYT
dnroopectieiny.

Eo3un 3acTOCOBYIOTH y BUIJISIII €03WHATY HATPIKO — YEPBOHOTO KPUCTAIIUYHOTO
MOPOIIKY, PO3YMHHOTO y BOJi. {7151 BU3HAUYEHHS TOYKHU €KBIBAJIEHTHOCTI MPH TUTPY-
BaHH1 OpomifiB 1 HonuaiB pozunHoM AgNOj; 3acTocoByIOTH 0,5%-H1iIT BOJHMI pO3UnH
iHaUKaTopa. Y TOYIl €KBIBAJICHTHOCTI 3a0apBIICHHS OCAIy 3 dKOBTOTO CTA€ POKCBUM.

®droopectiein Ta €03UH SABISAIOTH CO00I0 KUCIOTU. [lo3HaunmMo ymMoBHO ¢op-

myiy dmroopecueiny un eosuny tak: Hind. [Ipu qucomiamii Mosexynu po3nagaroThb-
cs Ha ionm H' i Ind™:
HInd 5 H' + Ind".
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[Ipu TutpyBanHi, Hanpukiaaa, opomiaiB pozunHoM AgNO; yTBOproeThest ocan AgBr,
AKUK ancopOye 3 po3unHy OJM3bKI 3a BJIACTHMBOCTSAMHU 10HM (BIAMOBITHO JO MpaBHIa
[Tanera — ®asinca). Jlo TOUKM €KBIBAJIGHTHOCTI YaCTHHKHU ocanxy AgBr ancopOyroTs 13
po3uuHy 10HU Br™, 110 3HaX0A4ThCS B pO34MHI, 1 HA0YBaIOTh HETATHBHOTO 3apsay. lon
Ind™, maroun Takox HETaTUBHUH 3apsji, BIAIITOBXYIOThCS BiJ YaCTHHOK ocanxy AgBr,
10 MalTh HeraTWMBHUM 3apsia. [Ipu IOCSATHEHHI TOYKH E€KBIBAJIEHTHOCTI MPAKTUYHO
Bci 10HM Br™ mepexoasaTs B ocan AgBr, a nmpu qonaBaHHI HAUIMIIKOBOI Kparuii pobo-
goro pozunHy AgNO; y posunmmi 3'sBusioTses ioru Ag . YacTuHku ocaxy AgBr 3a
npasuioM Ilanera — ®astHca agcopOyOTh i0HH Ag' i HAOYBAIOTh MO3UTHBHOTO 3aps-
ny. [1o3uTUBHO 3apsiKeHl YaCTUHKHM ocaay AgBr NmpuTAryrOTh HETATUBHO 3apsKEH1
aHioHM iHAUKaTOopa Ind™ 1 3a0apBIIOIOTHCS Y POKEBUH KOJTIP.

Eo3uH HE MOKHA 3aCTOCOBYBATH B SKOCT1 aJCOPOIIHHOTO 1HAUKATOPA MPU TUT-
pyBaHH1 XJIOPUIB TOMY, III0 aHIOHU €03UHY a/IcOpOYIOThCs Ha yacTHHKaxX ocaxy AgCl
pa3om 3 ionamu C17, i 3 mOYaTKy TUTpyBaHHs Ocaj Biapa3zy HaOyBae poKEBOTO KOJIbO-
py. EO3MH BHUKOpPUCTOBYIOTH y SIKOCTI aJCOpOLINHOrO IHAMKATOpA IPH TUTPYBaHHI
TUTBKU OpOMIJIIB, HOJIUIIB 1 TIOI[IaHATIB, /I€ TaKe SABUIIE HE BiI0OyBaeThbcs. TUTpyBaHHS
no meroay PasHca NPOBOJATh y HEHTpanbHOMY a00 CIIa0OKHCIOMY CepeloBHILL. Y
JTyKHOMY CEpeIOBHIII BECTH aHaJi3 HE MOKHA BHACHIIOK YTBOpeHHs Ag,0.

[Ipy BuKOHAHHI TUTpyBaHHA 1Mo MeTony DasHCca 0 aHAII30BAaHOTO PO3YUHY
(KI, Nal, KBr i T.11.) nogaroth 1 - 2mi1 po3BeIeHOT OLITOBOT KUCIIOTH, 5 kpamnens 0,1%-
HOTO PO3YMHY €03WHATY HATPIIO 1 TATPYIOTH poOounM pozunHoM AgNOj; 10 poskeBOTO
3a0apBJICHHS OCaTy.

METO/L ®OJIbIr'APOA
(TIOLITAHATOMETPIA)
VY metoni ®onbrapaa (TiomianaromMeTpii) y SIKOCTi poO0YOro po3yrHy BUKOPHUC-
ToBYI0Th po3unH NH,SCN. Tutp pozunny NH4SCN ycTaHOBIIOIOTH 32 CTaHAAPTHUM
po3unHoM AgNOj;. IIpu TUTPYBaHHI IPOXOAUTH PEAKIIIS:

AgNO3 + NH4SCN = AgSCNi + NH4N03

InpukaTopom y meroai Dosbrapza ciiykKUTb HACUYEHU PO3UMH 3aJ1130aMOHINHO-
ro ranyny (NHy)Fe(SO,),-12H,0 abo inmoi comi 3amiza (I1I), nanpuknan, Fe(NO;)s.
Jlnia 3amoGiranss rigponizy po3uuH coui 3amiza(lll) migkucioTs a30THOIO KHUCIIO-
toto. [Ipu TutpyBanni AgNO; pozunnom NH,4SCN y npucyTHOCTI iHAMKaTOpa crioya-
TKy 3'sBisieTbest Oumnid ocan AgSCN. Ilicist TOUkM €KBIBaJIEHTHOCTI TUIBKHU 3'SIBUTHCS
Haamuiok NH;4SCN, po3unH 3a0apBiito€ThCsl B YEPBOHUN KOJIIP BHACHIOK YTBOPEHHS
KOMIUTeKCHHUX 10HiB [Fe(SCN)]*™:

Fe' +SCN™ = [Fe(SCN)]**

Yepponuii xomip [Fe(SCN)]*" momitauit HaBiTh mpn KoHueHTpauii 6,410
*MoTB/1I.

TutpyBanusa B metoni @onprapaa Ha BiAMIHY BiJl apr€HTOMETPUYHOTO THUTPY-
BaHHS MO>KHA MPOBOJUTU B KUCIOMY CEpelIOBHUII (CTIHKICTh 3a0apBICHOI0 KOMILICK-
cy [Fe(SCN)]*). TuTpyBaHHIO He 3aBakae mpHCYyTHicTb ioHiB Ba® Bi’", Pb>" Ta in.,
AK1 He pearyroTh 3 ioHamMu SCN™. B aHamiTH4HIN MpakTUKa [IMM METOJIOM MPOBOJSATH
KiZbKiCHE BU3HA4eHHs ioHiB Ag . Kpim Toro, Metonom dombrapsa TakoK BU3HAYAIOTH
raJIOTeHiM 1 TioliaHaT. Y 1[bOMY BUMAJIKy BUKOPUCTOBYIOTh 3BOPOTHE TUTPYBAHHS:

HaBaxKy pedyoBuHU (Hanpukiaza, NaCl) po3unnstors y Boai (~20 mit); 101al0Th
touHui 00’eM (40 — 50min) pozunny AgNO; 3 TOYHO BiJIOMOIO MOJIIPHOIO KOHIIEHTpa-
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LI€I0 1 2MJI pO3YMHY 1HAMKATOpa (HACMYEHUH PO3YMH 3aJ1130aMOHIMHOTO ranyHy). [Ipu
oMy Bii0yBaeThes peakiiss Mk NaCl 1 AgNOs:
AgNO; + NaCl = AgCl| + NaNOs.
Yactuna AgNO; BUTpadaeThCsl Ha II0 PEAKIIIO0, a PellTa 3aIMIIA€THCSA B HAJI-

JUIIKY, IKHH TUTPYIOTh pobounmM pozunHoM NH,SCN

Ag" + SCN™= AgSCN|
710 TIOSIBH Y€PBOHOTO 3a0apBICHHS:

Fe’" + SCN™ = [Fe(SCN)]*

[Topsimox monmaBanHst po3unHiB AgNQO;3 1 HACHYEHOTO PO3UMHY 3aT130aMOHIHHOTO
raJlyHy HEOOX1JIHO YITKO BUKOHYBAaTH MpPU BU3HAUYECHHI MOAUAIB: IHOAUKATOP J1OAAIOTh
nicas noaaBanHs po3unHy AgNO; 1 moBHOTO ocamxkeHHs 10HIB [7. IIpucyTHICTh y po3-
4yuHI 10HIB [~ MOKe nepemKkoakaTi TOYHOMY BHU3HAUEHHIO KIHIISI TUTPYBAHHS 4epe3
BUJIUIEHHS MOJIEKYNISpHOTO oy I, IKuii yTBOPIOEThCA MpH B3aemodii Fe’' 3 ioHamu
I":

2Fe’" + 61" = 2Fe”" + 31,

VY dapmaneruuniii npaktuii Meton donprapaa 3acToCOBYIOTh I KITbKICHO-
ro Bu3HaueHHs AgNO;. TouHy HaBaxKy npenapary po3uuHs0Th y BoAl (~20 mu),
J0JIal0Th HEBEJMKY KUIBKICTh PO3BEACHOI a30THOI KUCJIOTH, 2 MJI HACUUYEHOTO PO3YH-
HY 3aJ1130aMOHIMHOTO TallyHYy 1 TUTPYIOTh pobounm pozunHom NH,SCN 1o nosiBu
YepBOHOTO 3a0apBICHHS.

MEPKYPOMETPNYHE TUTPYBAHHA
(MEPKYPOMETPIA)
MepkypoMeTprUUHHUI METOJT 3aCHOBAaHMIM Ha TUTPYBaHHI PO3YHMHIB XJIOPHUAIB 1
HoauaiB podbounm pozunHoM Hitpary pryTi(l) Hg,(NOs),:

2CI+Hg,”" = Hg,Cl,|; JAP(Hg,Cl,) =1,3-10"

MepkypoMeTpist EKOHOMIYHO BUT1JIHIIIA B TIOPIBHSAHHI 3 apreHTOMETpI€l0, a Ta-
KOXK Ma€ OLIbIITy Yy TIUBICTb.
[HaukaTopu MeTodgy — po3uuH ponaniny (Tiomianary) 3amiza (III) abo po3uunn nu-

deninkapbazony.
H H O

Jlugpeninkapoazon

Tiomianar 3amiza (III) ogepxyroTs 6€3mocepeIHO B PO3UMHI TAJIOTEHITY, 110 THUT-
pyetbes, noaaroun A0 Hporo Imi 0,05 5. NH4SCN 1 2 M1 KOHIIEHTPOBAHOTO PO3UHHY
Fe(NOs);. 3'aBnsieTbecst uepBOHE 3a0apBJICHHS BHACHIIOK YTBOPEHHS KOMILJIEKCHOTO
. 2+ .
ioHa [Fe(SCN)]"~". UepBoHe 3a0apBiieHHS pO3YMHY HE 3HHUKA€ IiJ] 4ac TUTPYBaHHS,
MOKM B HbOMY 3HaXOJIMUThCS HAJUIMILIOK 10H1B ranoreHiay. [Ipu noBHOMy iXHbOMY 3B's-
3yBaHHI MICJISI TOYKH EKBIBAJICHTHOCTI B PO3YMHI 3'SBISIETbCS HAJIMIIOK TUTpaHTa

. . . . 2+
Hg,(NO3),. Po3unn 3He0apBIIOETHCS BHACTIIOK ocamxeHHs 10HIB SCN™ ionamu Hg,
y BUTJISA1 OUTBII MIITHOT CTIOTYKH:

Hg,”"+ 2[Fe(SCN)]*" = 2Fe*" + Hg,(SCN),|

[Tpu TUTpyBaHHI NPOBOASTH KOHTPOJBHUN JOCTIJ 1 BIAHIMAIOTh Bl pe3yJibTa-
TIB TUTPYBaHHS 00'€eM TUTpaHTa, BUTPAYEHOI'O HA B3a€MOJIIIO 3 IHAUKATOPOM. [HaMKa-
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Top mudenHinkapb6azon (2 — 3 kpart 1 — 2%-HOro CIUPTOBOTO PO3YUHY) AOJAIOTH JI0
pPO3UYMHY TajoreHily, 0 TUTPYEThCS, Mepe/] 3aKIHUCHHSIM TUTPYBaHHS. Y TOUIll €KBi-
BAJIEHTHOCTI 3'ABJIIETHCS OCaJl IHTEHCUBHO-CUHBOT'O KOJILOPY.

Judeninkap6a3oH BBakaroTh afacopOuiiHum inaukaropom. Judeniakapbazon
JI03BOJIsI€ TIPOBECTH BU3HAUEHHS TaJOTEHIAIB, a TakoX coneit pryTi (I) y cuinbHOKHC-
JIOMY CEpEelOBHIL, @ TAKOXK y MYyTHHX 13a0apBJICHUX PO3UHUHAX.

VY gkocTi po60Yoro po3unHy B METOII 3acTOCOBYIOTh po3unH Hg,(NOs), 13 Mo-
JSIPHOIO KOHIIEHTpami€eo ekBiBasienTta 0,1Momb/, sikuit ToTyr0Th 13 HiTpary pryTi (I),
po3unHsa4u Horo B po3unHi HNOj 13 monsipHoto koHueHTpainiero HNO;3 0,2monb/1.
VY wnitpati pryTi (I) Moxke 3naxoautucs gomimka Hitpary pryti (II). s BinHOBIEHHS
Hg®" 101ar0Th TPOXU MeTaNliuHOi pTyTi, 300BTYIOTH i 3aMMMA0Th Ha 100y. [Ipu mboMy
fine peakuis Mix ionamu Hg”' i MeTasniuHOO pTyTTIO:

Hg*" + Hg = Hg,™".

Tutp npurotosneHoro pozunny Hg,(NO;), ycTaHOBIIOIOTH 32 pO3YHMHOM XiMi-
YHO YUCTOTO XJIOpUAy Hatpiro. [Ipn 3acTocyBaHHI MEPKYpOMETPHYHOTO THTPYBAaHHS
HEOOX1JIHO JOTPUMYBATH 00EPEKHOCT1, TOMY IO €Ol pmymi ompyiiHi.

CYJ/Ib®OATOMETPNYHE TUTPYBAHHA
(CYJb®ATOMETPISA)

CynbhaToMeTpito 3aCTOCOBYIOTh JJIsI aHANI3y CoJieil Oapito, TUTPYIOUH iX po3-
anrom H,SO,. ITpn oMy yTBOproetsest ocax BaSO, (JIP = 1,08 107'%). Moxusnii i
3BOPOTHUM BapiaHT: BUBHAUCHHS CyJb(aTiB TUTPYBAHHSAM PO3YMHOM coJii Oapito. Po-
6ounmu pozunHamMu metoay € po3unHu H,SO,, Ba(NOs); a6o BaCl,. Tutp po3unny
H,S0O, ycranoBniooTh 3a crangaptaumu po3urHamu Na,CO; abo Na,B,0; meTonamu,
OPUMHATUMH B KUCJIOTHO-OCHOBHOMY TUTpPYBaHHI. TUTp po34MHY couii Oapio BCTaHO-
BITIOIOTH 3a po3unHoM H,SO, BioMoi MOJISIpHOT KOHIIEHTpallli €KBiBaJICHTA.

VY meroni cynb(haTOMETPUIHOTO TUTPYBAHHS 3aCTOCOBYIOTh METAJIOXPOMHI 1HIH-
KaTopu HiTXpomazo, opranuioBuil C (cynbdonazo III) ta iHumI iHaUKAaTOpHU AJ BU-
3HAYCHHS 10HIB 0apiio:

SO,H HO ;S

HO OH
]
x
HO;S SO;H
Himxpomaso
SO;H HO ;S
HO OH
N—/N ‘ ‘ N=N
HO ;S I SO;H

Opmaninosuii C (cynvghonazo I111)
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OOuzaBa 1HIMKATOPH y BUIBHOMY CTaHI MarOTh POXKEBUU KOJIp 1 yTBO-
PIOIOTH 3 ioHamu Ba®" komruiekcHi crionyku  (hioneToBoro Kompopy. SIKIIO po3d4rHOM
coJii 6apilo TUTPYIOTh CyJb(haTH, TO B TOYIll €KBIBAJIEHTHOCTI 3a0apBIIEHHS PO3UUHY
3MIHIOETBHCS 3 POKEBOTO Ha (ionerose. [Ipu 3BOpoTHOMY THUTpPYBaHHI — 13 (D10IE€TOBO-
ro B poxeBe. TUTpyBaHHS BEAyThb y KHCIOMY cepeaoBuii, npu pH 4 — 5. [{ns 3men-
IICHHS] PO3YMHHOCTI CyJib(aTy O6apito B pO3UMH, 110 TUTPYETHCSA, 101AI0Th €TAHOJ J0
oaepxkanns ©(C,HsOH) = 50% .

CynbdaromeTpudne TUTPYBAHHS JO3BOJISIE 3aMIHUTH TPYAOMICTKY Tpa-
BIMETPIIO MPU BU3HAYCHHI CyIb(aTiB 1 coiel Oapiro Ha MPOCTHH 1 MBUIAKUA TUTPUME-
TPUYHHUUI METOJL.

([T
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