Turpumerpuyeckuii anaiaus. Peakumu KHCJI0THO-OCHOBHOI'O
B3aMMO/EHCTBUSA B KOJIHYECTBEHHOM aHAaJIn3e.
AUMau - AJIKAJTUMETPHUA.

Meouko-ouonozuueckoe 3nauenue. TUTPUMETPUUECKUN aHAIU3 SBIISIETCS
OJHUM M3 TPOCTBIX M JIOCTYHHBIX CHOCOOOB TOJYyYEHUS XMMHYECKOM
uHpopMaruu. OH IPUMEHSETCS B KITMHUYECKON OMOXUMUH Il JUATHOCTUKY Psiia
MATOJIOTHYECKUX COCTOSIHMM. B OMoXuMudeckux, pU3NOIOTUYECKUX, CAHUTAPHO-
TUTUEHUYECKUX U JIp. Jab0opaTopusix AJisi ONpeAeNieHUs] XUMUYECKOTO0 COCTaBa M
KOJIMYECTBEHHOTO COJEPKAHMS OTHECIbHBIX KOMIIOHEHTOB OpPraHOB M TKAaHEW,
U3y4eHUs OOMEHa BELIECTB, META00IU3Ma JIEKapCTB, ONPEIEICHHS] COCTaBa BOJBI,
IIOYBBI, BO3yXa M T.I. IIMPOKO HMCHOJIB3YIOTCSI METOAbl AHAIUTUYECKOW XUMHH.
JlnarHoctvka OOJBIIMHCTBA 3a00J€BAaHUK BKJIIOYAET HW3YYEHUE KIMHUYECKHX
aHAJIM30B, BBINOJHAEMBIX C MCIOJb30BAHUEM METONOB KOJWYECTBEHHOIO U
KAaueCTBEHHOT'O aHAJIN3A.

B Meanko-01Moa0ru4eckux UCCIeA0BaHUAX IUPOKO UCIIOJIb3YIOTCS METOIbI
KHCJIOTHO-OCHOBHOT'O THUTPOBAHMS, OHHM IO3BOJLSIIOT pEIIaTh MHOTHE 3aJadH,
BO3HUKAIOIIME MPU XUMUYECKOM aHaINU3€ OMOJOTHYECKHX >KUIKOCTEM Kak mpu
IIOCTAaHOBKE JIMAarHO3a, TaK W TMpH J€UYeHUU OOJIbHBIX (IUIsI OINpeAesieHUs
KHUCJIOTHOCTH KEIYJOYHOTO COAEPKUMOTO, HIEJIOUHOTO Pe3epBa KPOBHU U IIIIA3MBbl).
B CaHWTApHO-TUTMEHWYECKOW  NPAKTUKE  METOAbl  KHCIOTHO-OCHOBHOI'O
TUTPOBAHMS NO3BOJISIIOT OLIEHUTH KAUECTBO PA3JIMYHBIX IMHIIEBBIX MPOLYKTOB.

YpesBbplualiHO BakHa JaboOpaTOpHas 4YacTh 3aHATHI MO JTAHHOM TeMme, Tak
KaKk B rmporecce BbinojgHeHus YHMPC QopMupyroTcss NpakTUYECKHE HaBBIKU
paboThI C aHATTUTUYECKON MOCY/101, TEXHUKHU BBIITOJIHEHHUS] 00bEMHOI0 aHaJIN3a Ha
IIPUMEPE METOJA KUCIIOTHO-OCHOBHOT'O TUTPOBAHUSI.

Tumpoeanue — 310 1006aBIEHUE K U386CMHOMY 00beMy PacTBOpPa BEIIECTBA
C HEU3BECTHOW KOHIICHTPALMEH - aHAIU3UpyemMo2o pacTBopa HEOOJIbIIUX MOPUUN
pacTBOpa C mouHO u38ecmuol KOHIIEHTpAIUel - pabouezo pacTBOpa (mumpanma,).
B mpouecce TUTpoBaHMSA JOCTUTAeTCd TOYKA JIKBMBAJIEHTHOCTH (T.3.), T.C.
MOMEHT, KOIJa KOJMYECTBA PEArupyrollux BeEIIECTB B CMECH CTaHOBATCA
HKBUBAJIECHTHBIMU. [[J1s1 onpeneneHus T.3. IPUMEHSIOT HHANKATOPbI — BEIIECTBA,
U3MEHAIOLIME OKPACKY B MOMEHT SKBUBAJICHTHOCTH.

TuTpoBaHne  ucnonb3yercs  JJs  ONPENENEHUs  KOIUYECmBEeHHO20
coJiep KaHMs BEUIECTBA B U3y4aeMOM O0BEKTE (pacTBope).

B 0CHOBE KOIMYECTBEHHBIX PACUETOB JIE)KUT 3aKOH YKBHBAJICHTOB:

V-G =V, Gy,
rne Vi, V, — 00beM (B muTpax),
Cy, C, — MonsgpHas KOHIIGHTpaIlMs SKBHUBAJCHTA BeIlIecTBa (MOJIB/M)
UCCIIEMyeMOTO U pabovero pacTBopa COOTBETCTBEHHO.

C,-V,

Ortcrona: C, =
pit 1 v,



CymHoOCTh ¥ METO/IbI KHCJIOTHO-OCHOBHOTO TUTPOBAHMSA

MeToabl KUCIOTHO-OCHOBHOTO THUTPOBAHMSI OCHOBAHBI HA MCIOJIb30BAHUU
peakiy HeUTpaau3alud MKy KUCIOTaMU U OCHOBaHUSIMU:

H;0" + OH — 2H,0, ynpomeno H" + OH « H,0.

B 3aBucMMOCTH OT TUTpaHTa pPa3jIM4arOT METOJbl AUUIUMETPUYECKOTO U
ATKATMMETPUYECKOTO THTPOBaHWA. B amuauMmeTpum B KadyecTBE THUTpaHTa
UCIIONB3YIOT pacTBOphl cwibHBIX Kuciaotel HCIl, H,SO,. B amkamumerpun
TUTpaHTaMu sBJsIFOTCS pacTBopshl menoueit NaOH, KOH, Ba(OH),.

ALMAUMETPUIO UCHOJIB3YIOT NJI aHaJiu3a pacTBOPOB IIEJIOYEH U COJeH,
JAIONINX MPU TUAPOJIN3E HICTOUHYIO PEaKUUI0 AJKATUMETPUIO UCIONb3YIOT IS
OTIpE/IENICHUS] KUCIIOT, COJICH, MAIOIMUX MPHU TUAPOIH3E KUCIYIO0 cpery. Paboune
pacTBOpbl CHJIBHBIX KHUCIOT W OCHOBAHMM TOYHOW KOHILIEHTPALIUU HEJb3S
MPUTOTOBUTH cpa3y mo TouHod HaBecke. NaOH rurpockornuueH u COAEpPKUT
npumecu NayCOs;, consiHas KUCIOTa — COJEPKUT TMEPEMEHHbIE KOJMYECTBA
xJiopoBojiopoaa. I[loaToMy cHauyama TOTOBAT PacTBOPHI  MPHUOIUZUTEIILHON
KOHIICGHTpAIUH, a 3aTEM UX CTaHJIapTU3YIOT.

B kayecTBe MPUBBIYHBIX CTaHAAPTOB JUIsI PACTBOPOB KHUCIOT HCIOJIB3YIOT
oypy — Na,B4O7 - 10H,0, xap6onat natpus Na,CO3z uiau Na,COs3 - 10H,0

B ocHOBe cTanmapTH3aIuy JIexKaT CIEAYIONUE PEaKIIUu:

NagB407 + 2HCI + 5H20 = 4H3803 + 2NaCl

Na,CO3; + 2HCI = 2NaCl + H,0 + CO..

B kauecTBe WHOMKAaTOpa UCHONB3YIOT MeTuiopamwk. CraHgapTHU3alnio
pacTBOPOB WIEJIOYEH MNPOBOAAT IO AUTUApATY IiaBesieBoM KUciaoThl HoC,04
2H,0. TutpoBaHue NpoBOAAT B IPUCYTCTBUU (peHOIpTaNenHa:

H,C,0,4 + 2NaOH = Na,C,0, + 2H,0.

[Io pesynpTaTam THUTPOBAaHUSA PACCUUTHIBAIOT TUTP U HOPMAIBHOCTH
MPUTOTOBJICHHOTO paboyero pacTBopa.

HNuaukaTopbl MeTO1a HEUTPAIN3AUU

Touyka >KBHBAJICHTHOCTH B METOJAaX AlUIH-aJKAJIUMETPUMU OINPEACITAIOTCS
no usmeHeHuro pH pactBopa. B xome tutpoBanus pH pactBopa mocrturaer
ONPEAECICHHON BEJIWYMHBI, COOTBETCTBYIOIIEW TOUKM SKBUBAJICHTHOCTU. Jlid
ONpPEACICHUS] TOYKA OSKBUBAICHTHOCTA MPUMEHSIOT  KHUCJIOTHO-OCHOBHBIE
WHJIUKATOPbl — BEILECTBA, SIBJIAIONIMECS CJIA0BIMU KHUCJIOTAaMHU W OCHOBAHMSIMU,
KOTOpbIE€ U3MEHSIOT OKPACKY B 3aBUCUMOCTH OT pactBopa pH.

Nunukatopsl ObIBAIOT OJHOLBETHBIMU W JBYIBETHBIMH. Y OJIHOIIBETHBIX
WHIUKATOPOB HEAUCCOIMUPOBAHHBIE MOJIEKYJIbI OCCIIBETHBI, @ HOHBI OKpPAIICHBI. Y
JBYLIBETHBIX HUHIUKATOPOB MOJIEKYJIbI OKPAILICHbI B OJIMH LIBET, & HOHBI B IPYTOM.
[Tpumep ogHOIBETHOTO MHANKATOPA — (heHOIPTATCHH, IBYIIBETHOTO — METHUIIOBBIN
opaHxeBblii. B 00beMHOM aHammM3e dYamie BCEro HWCIOIL3YIOT HWHAUKATOPHI,
SBJISIIOIIHAECS CIa0BIMM OpPraHWYeCKUMH KHCIOTaMH. B uX pacTBope mmeeTcs
paBHoBecue: HInd «» H” + Ind".



Eciu x pacTtBOpy, coaepxalieMy HWHINKATOp, MPUOAaBUTh KHUCIOTY, TO
KOHIIeHTpaluss HMoHoB H' yBenumuuBaeTcs M paBHOBECHE, CMECTUTCS BIIEBO, B
CTOpOHY oOpa3oBanus MoJiekyibl ¢opmbl HI. Eciau k pactBopy, conepxkaiiemy
WHIUKATOp MPUOABUTH I1I€JI0Ub, TO IMOSBISIOMIMECS B PACTBOPE TUIPOKCHUA MOHBI
OH  ceasbiBaromue uoHbl H' wuHamkatopa B Mosekynsl H,O, paBHOBecHe
CMECTHUTCSl BIPABO, T.€. B CTOPOHY YBEJIMYEHHsS B pacTBope | u mnpu HeOOIbIIOM
n30bITKE IIEJOYM OKpacka pacTtBopa Oyner oO0ycloBjJ€Ha I[BETOM HOHOB
uHankaTopa. Takum o0pa3oMm, mepeMeHa OKpacKd HWHIUKAaTopa CBs3aHa C
m3meHenneM pH pactBopa. IIpomexyTtok mexny aByms 3HadeHusmu pH, B
KOTOPOM NPOUCXOAUT MOCTENEHHOE U3MEHEHNE OKPACKU MHAUKATOPA HA3bIBACTCS
WHTEPBAJIOM IlepexoAa OKpacku. g KaKI0ro MHIMKATOpa MOKHO OIpPEAEIUTh
3HayeHne pH, mpu KOTOpPOM MPOUCXOIUT Haubojiee OTYETIMBOE H3MEHEHHE
OKpacku. J1o 3HaueHue pH Ha3bIBAIOT nokazamenem mumpoganusi UHOUKamopa.

KUCHOTHO-OCHOBHBIE =~ MHIUKATOPBl  XapakTEPU3YIOTCS  Pa3IUYHBIMU
MOKa3aTesIMU  TUTPOBaHMsS.  [[I  NpaBUIBHOTO  OMNpENENEHUS  TOYKHU
HKBUBAJICHTHOCTH HYKHO B KaXJOM OTJAEIBHOM cllydae BBIOMpATh TaKoOU
WHUKATOP, YTOOBI ero mokasarens TutpoBanus (pK,) 6pu1 Haubonee 6au3ok Kk pH
pacTBOpa B TOYKE 3KBHUBAJIEHTHOCTH.

Kpussblie THTpOBaHuA

B mpouecce KHCIOTHO-OCHOBHOTO THUTPOBAaHUSA MPOUCXOJUT H3MEHEHHE
koHuentpauuu H' u pH pactsopa. I'paduueckoe n3obpaskenue 3apucumoctd pH
0T o0bema A00aBIEHHOTO paboYero pacTBOpa Ha3bIBAETCS KPUBOM TUTPOBAHUSL.
PaccMOTpUM HEKOTOpBIE YaCTO BCTPEUAIOIIMECS TUIIBI KPUBBIX TUHTPOBAHUS:

1. KpuBasi TUTpOBaHMSI PacTBOPA CUIIBHON KHUCIOTHI PACTBOPOM CHIIBHOTO
ocHOBaHMs. [Ipu TUTpOBaHMM CHUIBHON KHUCIOTHI CHUJIBHBIM OCHOBAHHEM TOYKA
SKBUBAJICHTHOCTH COBNAJAET ¢ TOUKOM HeWTpanbHOocTH (pH = 7) U BeTBH KpUBOU
TUTPOBAHMSI CHMMETPUYHBl OTHOCUTENBHO JIMHUM HEUTpalnbHOCTH. Pe3koe
u3MeHeHue pH pacTBopa OKOJIO TOYKM SKBUBAJIEHTHOCTH, BBI3BAHHOE
noOaBJIeHUEM OJHOM Kamim paboyero pacTBOpa, HA3bIBAETCS  CKauKOM
TUTPOBAHHSI.

2. KpuBasg TuTpoBaHUsI pacTBOpa cIabOW KHCIOTHI PACTBOPOM IIEIOYHU
CH3COOH. Touka SKBHUBaJEHTHOCTHM CMEUIAETCA C JIMHUEH HEUTPaIbHOCTH B
HIEJIOYHYI0 00JIaCTh M3-3a THAPOJIM3a 00pa3yrouieics B TOUKE SKBUBAJICHTHOCTH
coiu. CKadyoK TUTPOBAHHUS YMEHbIIAETCd W OyIeT TeM MeEHbIle, 4eM cladee
TUTpYyeMasi KUCIIOTA.

3. KpuBas tutrpoBanusi pactBopa ciaboro ocHoanuss NH,OH pactBopom
cuwipHOU KucioTel HCI. Tlpu TuTpoBaHuM €1ab0TO0 OCHOBAHUS CHIIBHOW KHCIIOTHI
TOYKA HKBHBAJICHTHOCTU CMEIIAETCSs B KHUCIYIO 001acTh, T.K. B pe3yJbTare
peaxkiuu 00pa3yeTcs COJb, TUAPOJIN3YIOLIASCS 10 KATHOHY.

IIpu B3auMOJECHCTBUU CIA00M KHUCIOTHI U CIa00TO OCHOBAaHHUS H3MCHCHHE
pH mnpoucxoauT moctemeHHo, o0macTh ckauyka pH Ha KpuBOW TUTpOBaHUS
OTCYTCTBYET M TOYHO ONPEAEIUTh MOMEHT SKBUBAJEHTHOCTH HEBO3MOXKHO.
[ToaTomy pacTBOpHI cIabbIX KUCIOT M OCHOBAHUN HE MCHOJB3YIOTCS B KauecCTBE
TUTPAHTOB MPU KUCIOTHO-OCHOBHOM THUTPOBAHUHU.



3Has XxapakTep KPUBOW TUTPOBAHUS, MOKHO O0Jiee parlmOHAIBHO BHIOUPATH
VHJIMKATOP, IOJB3YsCh MPABUIIOM: IOKa3aTelb TUTPOBAHUS MHAMKATOpPA IOJDKEH
HaXOJUTCs B Ipeneiax ckayka pH rpu tTutpoBanuu.

Metoabpl KUCIOTHO-OCHOBHOI'O TUTPOBAaHUS MCIOJB3YIOT B MEIUKO-
OMOJIOTUYECKUX MCCIICIOBAHUAX, MPU MPOBEICHUU KIMHUYECKUX aHAIU30B IO
ONPEEICHUIO OO0IIe KHCIOTHOCTHM U COJEP)KaHUSI COJITHOM KHUCJIOTHI B
KEIyJOYHOM COKE; B CAHUTAPHO-TUTMEHUYECKOM KOHTPOJIE MUIIEBBIX ITPOAYKTOB,
BO/IBL.

PABOTA C MEPHOM XUMHWYECKOMH IMOCYJIOH

YMeHne nmnpaBuibHO paboTaTh C XHUMHYECKOM MEpPHOM  IOCYIOM,
npuoOpeTaeMoe Ha Ja0OPATOPHO-TIPAKTUYECKUX 3aHATHUAX TI0 OOIIeH XUMUU
apigercss ©Oazoi jus  opranu3auun YWPC npu  wu3ydeHuu crenMalibHbBIX
JTUCLMIUIMH, CBA3aHHBIX C BBIMNOJHEHHEM aHainu3a (OMOJOoruyeckas XUMHS,
KJIMHUYECKasl JlabopaTopHas JAMAarHOCTUKA, OOILasi TMTMeHa M JKOJIorusl) U B
JaJbHENIIEM — TIPU BBITIOJTHEHUH Hay4YHO-HCCIIEI0BaTENbCKON PadOThI.

MepHass XxumHuueckas Iocyda MpUMEHsSETCs JUIsl H3MEpeHus obvema
KUJAKOCTA. DTO MEpHbIE MWIMHAPHI, MEH3YpPKH, IMUIETKU, OIOPETKH, MEpHbIE
KOJIOBI | JIp.

Mepubie yuauHopvr — OSTO CTEKISHHBIE TOJCTOCTEHHBIE COCYABlI C
HAHECEHHbIMU Ha HApPY)KHOW CTEHKE JCJICHUSIMH, YKa3bIBAIOIIUMU OOBEM B
MuTuuTpax (mi) (puc. 1). OHu ObIBatOT pa3HO0Opa3HON eMKOCTH: OT 5-10 M A0
1 1 1 Gonbie.

Memn3zypku (puc. 2) — 3T0 cOCyAbl KOHUYECKOU (hOPMBI, HA CTEHKaX KOTOPBIX
uMeroTes fenenus. OHu o4eHb yAOOHBI AJi OTCTauBaHUS MYTHBIX KUJKOCTEM,
KOI'/Ia 0CaJ0K COOMpAaeTCsl B HUKHEH, CYyKEHOM 4acTh MEH3YpKH.
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Puc. 1. MepHnsiit Puc. 2. Mensypka Puc. 3. [Iunerkn
UWJIMHAP a — npocrtad (nunetka Mopa)
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MepHble UWIMHIAPHL W MEH3YPKH YIOTPEOISIFOTCS JUIsi OTMEpPUBAHUS
KHUJIKOCTEH, KOTJ]a TOYHOCTh HE UMEET OOJIBIIOTO 3HAYCHHSI.

Jl7is oTMEpHUBaHUS HYXKHOTO 00BheMa KUIKOCTH IIMIIMHIPOM WJITH MEH3YpPKOM
HEO0XOIMMO:

- BBIOpaTh MWIMHAP (MEH3YPKY) HEOOXOAMMOM €MKOCTH;

- KHUJKOCTh HAJIMBATh B MEPHYIO TIOCYAY JI0 TeX TOP, TOKa MEHUCK JKUIKOCTH
HE JIOCTUTHET YPOBHSI HYJ#CHO20 IeleHusl (YPOBEHb >XKUIKOCTH NPO3PAYHLIX
pPacTBOPOB YCTaHABJIMBAIOT MO HUJNCHEMY MEHUCKY, a HEMpO3PayHBIX- IO
BEPXHEMY ).
llpu ommepusanuu Heobx00UMO20 00bEMA HCUOKOCMU MEPHOU NOCYOOU

21a3 001HCeH HAX00UMbCsl 8 0OHOU NAOCKOCHIU C YPOBHEM HCUOKOCHIU:
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Mepubie nunemku Ciayxar I MOYHO20 OTMEPUBAHUS OIPEACIIEHHOIO
o0beMa KUIKOCTU U TIEpEeHOca €ro B APYrou cocyl.

Pa3HOBMAHOCTH MTUTIETOK MTOKa3aHbI HA PUCYHKE 3.

[Iunerku OBIBAIOT pa3inyHOM eMKOocTH. B BepxHell yactu numnerok Mopa
uMeeTcs Mmemka (pucka), 10 KOTOpOMl HaOupaercs >kuakocTb. Ha HapyxHOU
CTEHKE TpaJyUPOBAHHBIX TMHUIETOK HAHECEHBI JeJeHus. [ 'pagyupoBaHHOM
MUTIETKOW MOXKHO OTOMpaTh HE TOJIBKO O0OUH OIPEACIICHHBIH 00beM >KUIKOCTU
(kax nunemxamu Mopa), Ho 060l 6 npedenax ee emxocmu. Ilepen paboToii ¢
IIATIETKON HAJO:

- BBIOpaTh MHUMETKY HY>KHON €MKOCTH;

OTIPEJICITUTh IICHY JCJIICHUS TUTETKH.

st HAamoJIHEHUA MUNETKM:

® HIDKHUI KOHEIl TUTIETKH OMyCTHUTh 21Y00KO B JKUIKOCTB;

® BTATHBATh JKHJIKOCTh TPHU IOMOINM TPYIIH, IJIOTHO TPUCTABICHHOW K
BEPXHEMY KOHIIY MUMNETKH, UM PTOM (HE JKEJIaTeJIbHO);

® KUIKOCTh HAOMPAIOT TaK, YTOOBI OHA MOHSIACH HA 2-3 CM BBIIIE HYJIS;

e OBICTPO 3aKPBHIBAIOT BEPXHEE OTBEPCTUE YKA3AMENbHbIM TAIBLUEM HPABOLL
PYKH, IPHICPKUBAS B TO K€ BPEMsI IUTICTKY OOIbUUM U CPEOHUM TIaTbIIaMHU.
OdeHb MOJIE3HO YKa3aTeIbHBIA Majel] CJIeTKa YBIaKHUTD, TaK KaK BIIa)KHBIN
nayer 6oJiee MIOTHO 3aKPBIBACT MUTIETKY,

e OCnabnsOT HAXUM yKa3aTeJIhbHOTO Maiblla, B Pe3yjibTaTe Yero >XUAKOCTb
OyZeT MEJICHHO BBITEKATh U3 MUIETKH,

® KaK TOJIbKO MEHHUCK YXKHUJKOCTH OKaXETCS Ha OJHOM ypoBHE ¢ «0», mamers
CHOBA TPYKUMAFOT.



Jl1sl mepeHoca OTMEPEHHOTO 00beMa KUAKOCTU B APYToil cOCyT HEOOXOUMO:
" BBECTHU IUIIETKY BHYTPb COCYyJZla, KacasCh KOHIIOM IHIIETKH €ro CTEHKHU
(puc.4);
" OTHATH YyKa3aTeJbHbIM Majel] U JaTb mpedyemomy ob6vemy >KUJIKOCTU
CBOOOJTHO CTEKaTh MO0 CTEHKE COCY/Ia;
" KOTIJa >KMJIKOCTb BBUIBETCSI, HY>KHO MOJIOKJATh 5 CEKYH/ U BBIHYTh MUIETKY
U3 cocyna.
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Puc. 4. BeutnBaHnue )XKUIKOCTH U3 ITUIICTKH.

[Ipu oOpamieHun €O BCEeMH BHJAMU IHIETOK HYXKHO 00s3aTeIbHO

MPUACPKUBATHCS CICAYIOMIMNX MTPaBUIT:

1. Tlunetka npu ombope dHncuokocmu JOJKHA HAXOTUTHCA B 6epMUKATLHOM
HONOJHCEHUU.

2. Ilpu ycraHOBKE MEHHMCKA Ha ypOBHE METKU TJia3 HaOMrofaTeNs JOJKEH OBbITh
PaCIOJIOKEH B OOHOU MJIOCKOCMU C METKOW (METKM Ha TepeaHed W 3ajaHel
CTEHKAaX JIOJDKHBI TTPH 3TOM CIIMBATHCS B OHY).

3. KameabKy KHAKOCTH, OCTABIIYIOCSI B KOHYHMKE NHINETKH, He CJeayeT
BbIIYBaTh, TaK KaK OHa ObUIa MPUHATa BO BHHUMAaHHWE TPU KaJTUOpOBAHWUU
MTUTICTKH.

bropemxku — 510 rpagyupoBaHHbIe CTEKIsIHHBIE TPYOKH (1ieHa aenenus 0,01-
0,1 MIT) C OTTSIHYTBIM HH>KHUM KOHITOM.

bropemku ciyxatr ajii OTMEPHMBAHUSI MOYHbLIX OOBEMOB PAaCTBOPOB U
N00aBICHUS KX HEOOJIBIIIMMU TOPIUSIMA U OTJICIIbHBIMU KAIUTAMU (THTPOBAHUS).

bropetkn ObIBalOT ABYX THUIIOB: C HMPUTEPTHIM KPAHOM U OECKPaHOBBIE C
OTTSHYTHIM KOHIIOM, K KOTOPOMY ITOCPEICTBOM PE3UHOBOU TPYOKH MPUCOEAUHSIOT
CTEKJISIHHYIO TPYOKY (HOCHK OropeTku). J{ist 3aTBOpa )KUIKOCTH BHYTPh PE3MHOBOM
TpyOKH OECKpaHOBBIX OIOPETOK 3aKJIaABIBAIOT CTEKIISTHHYIO OycHuHY (puc. 5).

IIpu padore ¢ 0Or0peTKOi:
1. BbiOuparoT OrOpeTKy B COOTBETCTBMU C OOBEMOM PacTBOpPA, MPUMEHSIEMOrO B
aHanuse.
BropeTky yKpersitoT 6epmuxaibHo Ha J1adOpaTOPHOM IITATUBE.
3. Bropetky 3anoiHsIoT KUAKOCTHIO Yepe3 BOPOHKY C KOPOTKUM KOHIIOM.
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4. OTKpBIBAIOT KpaH WU 3aKUM, YTOOBI 3alOJIHUTh PACTBOPOM 4YacTh OIOPETKH,
PaCIOJIOKEHHYIO HUYKE KpaHa WM 3aKUMa (3TO HYXKHO MpoJenaTh THIATEIbHO,
4YTOOBI B OTBOJIHOM YacTH OIOPETKU HE OCTaBaJIOCh My3bIPHKOB BO3/1yXa, TaK Kak
B €r0 MPUCYTCTBUHU O0BEM KUAKOCTH OYAET OMpe/iesieH HEelPaBUIBHO).
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Puc. 5.

bropetka ¢ pe3nHOBOI HacaaKoi U OyCHHOM

[Ty3sIpek Bo3ayxa yoasifoT TaK:
- 3aru0aroT HOCUK OIOPETKU 88epX U 8 CHMOpOH) OT PabOTAIOIIETO U €ro
coceJieH;
-  HAXWMAIOT HA MIAPUK B PE3MHOBON TPyOKEe M BBITECHSIOT PAacTBOPOM
BECh BO3/yX (M3 HOCUKA HAYHET BHITEKATh KUJIKOCTH).

5. bropeTrky ciemyeTr 3amofiHATH TakK, YTOOBI B Hayaje YPOBEHb XKUIAKOCTH ObLI
HECKOJIBKO BBIIIE€ HYJIEBOIO JejeHus mKaibl (10 3-4 cm). 3aTeM, OCTOPOKHO
HAXCUMAsi Ha Wapux B Pe3UHOBOMN TpyOKe, yCTaHABIUBAIOT YPOBEHb KUJIKOCTH
Ha HyJleBoe JeneHue (YpOBEHb JKUIKOCTH TMPO3pPauHbIX PacTBOPOB
YCTaHABJIMBAIOT [0 HUKHEMY MEHHUCKY, a HEIIPO3PAaYHbIX - IO BEPXHEMY).

[Ipu otcuere mo OropeTke ria3 HaOMOAATeNs TOJDKEH HaXOJIUThCS TOYHO B
OJIHOM TTIOCKOCTH C YPOBHEM KUJKOCTH. OTCUET JEJICHHI BeAYT CBEPXy BHH3.

MepHnbie K0n6bl — 3TO TUIOCKOJIOHHBIC KOJIOBI C JUTMHHBIM Y3KHM TOPJIOM, Ha
KOTOPOM HAHOCHUTCA Kosbyesas memxa (puc. 6). Ha konbe ykazan oobem (25, 50
MJI ¥ Jp.), KOTOPBIN 3alOHAETCS MPU HAIMOJHCHHWH JKHJIKOCTBIO 10 METKH TpH

20°C.
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Puc. 6.
MepHnas konba

MepHbie K0IOBI TpeaHA3HAYEHBI ISl MPUTOTOBJICHUS PACTBOPOB MOYHO
3A0aHHOU KOHIICHTPAIUH.
Bosay u 1p. )KHAKOCTh HAIMBAIOT B MEPHYIO KOJIOY JIO TEX MOP, IOKa MEHHUCK
HE JOCTHUTHET YpPOBHS MeETKH. Hamuth HyXHBIH 00BEM JKHIKOCTH Cpa3y
3aTPYIHUTEIIBHO, TIOATOMY:
- HAJIMBAIOT XKHJIKOCTH IPUMEPHO Ha 1 CM HUXKE METKH;
- JIOBOIAT 00BEM O METKHU, T10OABIIAS KUIKOCTh U3 IMUIIETKU MO KaILISM.

MeToauKAa BBINIOJIHEHUS TUTPUMETPHUICCKOI'O aHaJIHu3a

Obopydosanue: MTATUB JJIsI OIOPETKHU, OIOPETKA, BOPOHKA, MUIETKH, KOJIObI
TUTSI TATPOBAHUS.

Peaxmuevl: Boma IUCTWINIMPOBAaHHAs, HCCIEAYEMBIM pacTBOp, paboumii
pacTBOp, UHIAUKATOP.

1. HanosiHeHne 010peTKH pad04uM pacTBOpPOM:

- OIOpETKY OMOJIACKMBAIOT TUCTUIIMPOBAHHON BOJIOMN;

- HAJIMBAKOT dYepe3 BOPOHKY pabouyuil pacTBOp HEMHOTO BBIIMIC HYJIEBOTO
JICTICHUS;

- MY3BIPEK BO3JyXa U3 HOCHKA OIOPETKH BBITOHSIOT, OTOTHYB CJIETKa HOCHK BBEPX
Y Ha)KUMas IpU 3TOM Ha IIAPUK B PE3MHOBOM IILJIAHTE;

- BBIHUMAIOT BOPOHKY M, HOXKMMas Ha IIaApUK, MEIJICHHO BBIMYCKAIOT PAcTBOP U3
OIOpeTKH J0 TeX MOp, MOKa HIKHUN Kpail MEHHCKa pacTBOpa HE OKAKETCS Ha
YpPOBHE HYJEBOro JejeHus (OTcueT ACNCHUN MPOU3BOASAT TaK, UTOOBI 21a3
HaOII01aTeNsd U MEeHUCK HAXOIUITUCh Ha OJTHON 20pU30HmMAIbHOU JIMHUN).

2.I1puroroBJjieHUE UCCJIEAYyEMOr0 pacTBOPA 1Ji1 TUTPOBAHMS
a) Ecnu ananuzupyemulii 00beKm — meepooe euecmeo, mo:
- HaBECKY €T0 PACTBOPSAIOT B MEPHOM KOJIOE;
- TOBOJISIT BOJIOM /10 METKH U TIEPEMEIINBAIOT;
- W3 MEpPHOW KOJIOBI OTMEpPUBAIOT THUIETKOW TpeOyeMblli 00bEeM pacTBopa H
MIEPEHOCST B KOJIOBI JIJIsl TATPOBAHUS.
0) Ecnu onpedensiemoe eujecmeo HAX00Umcs 8 pacmeope, mo.
- TOYHBIH O00BEM €ro TMEPeHOCAT B  MEPHYH  KOJOy, J100aBISIOT
JTUCTUJUTAPOBAHHOM BOJIBI 10 METKH U TIEPEMEIIHBAIOT;



- OTOMPAIOT MPOOBI B KOJIOBI SISl TATPOBAHUS.

3. OTMepuBaHHMe PacTBOPA NUIIETKAMM:

[Ipy TUTpOBaHMM aHAJM3HUPYEMBIA PACTBOP OTMEPUBAIOT NUINETKOW. s
3TOTO:

- MIUIIETKY OIYCKAIOT B CKJISTHKY C PAaCTBOPOM MOYTH JI0 THA U HaOUParOT pacTBOP
HEMHOTO BBIIIE METKHU;

- BEpXHUU KOHEIl TUTIETKA OBICTPO 3aKUMAIOT YKA3aTCIbHBIM MaTbIIEM;

- 0CJIa0JIsIsl HAKUM Taiblla, JAl0T U30BITKY PAaCTBOpPA BBITEKATH IO KAIUISAM, YTOOBI
MEHHCK YCTaHOBHUJICS TOYHO HAa YPOBHE METKHU;

- OCTOpPOXHO (YTOOBI pacTBOpP HE Kamaj) MOAHOCIT THUIETKY K Koibe s
TUTPOBAHUS, B KOTOPYIO HY>)KHO TIEPEHECTH 3aJaHHBIA 00bEM pacTBOPa;

- OTKPBIBAIOT BEPXHHUI KOHEI] MMUITIETKH, YTOOBI PACTBOP CBOOOTHO IMEepeIrBajCs B
ko0y. Korma u3 munetku B KoJIOy Tepenbercs mpebdyemsiii 06vem_pacmeopa,
BHOBb 3aKMMAIOT IIHUIIETKY CBEpPXY YKa3aTeIbHBIM TMalblleM UM OCTaBIIUMNCS
pacTBOp B MUIMETKE (€CJIU OH OCTAJICs) BBUIMBAIOT B APYTYIO KOJIOY.

Pacmeop, noonesxcawuti mumposarnuio, 0ondxcen cooepicams UHOUKAMOD U
Yyacmo KOMHOHEHMbl, KOMopble CO30ai0m ONnpeoeieHHyro cpedy 0Jisi NPOMeKaHus
peakyuu Ui peasupyiom ¢ onpeoesieHHbIM 8euleCmeom, nepesoos e2o 8 hopmy,
Heobxooumyto 0nisi mumposanus. Pacmeopvl smux romnonenmos max oice
ommepusarom 8 Kooy 0Jisk mumpo8aHusl.

4.IlpoBeeHre TUTPOBAHUSA:

» BIOpeTKy YKPEIUISIOT BEPTUKAIBHO.

» Konudeckyro Koja0y ¢ HCCIAEAYyEeMBIM pPacTBOPOM, NPHUTOTOBIICHHBIM IS
TUTPOBaHMS, TOMEIIAIOT Ha JKCTe 0eoil OyMarn Ha OCHOBaHUE IITaTHBA C
OropeTKoil (KOHYMK HOCHKAa OIOPETKH JOJKEH HaXOJUThCS Ha YPOBHE
TOPJIBIIIKA KOJIOBI).

» OrrsruBast 6o1bwum M yKazamenvbHbiM TIANbIIAMU €80l PYKH PE3WHOBBIN
[UIAHT OT IIapuKa OIOPETKH, JOOABIAIOT TUTPAHT B KOJOy Heborvuuumu
nopyusmu (HEeNb3sl CKUMaTh NUIAHT HUKE HOCHKA OIOPETKH, TaK KakK MOCIe
ATOTO B HOCHK TOIAAeT BO3TYX).

» OmHOBpEeMEHHO ¢ J00aBJICHUEM THTPAHTA MPaABOl PYKOH OCTOPOIKHO
MEPEMEITUBAIOT KPY208bIMU O8UNCEHUAMU TUTPYEMBIA PACTBOP B KOJIOE.

» BOnM3uW TOYKM SKBHUBAJCHTHOCTH PAcTBOP B MeECTE IIOMAaHUs KaIulH
TUTPAaHTa HAa KOPOTKOE BpeMsl MPHUOOpETaeT OKPACKY, XapaKTepHYIO IJis
TOYKH OJKBHBAJICHTHOCTH. OJTO CIY)KHT IPU3HAKOM TPHUOIMIKAOIICTOCS
KOHIIa TUTPOBaHUA. TOrna TUTPAHT HAYMHAIOT J00ABISATH 1O OOHOU Karuie,
XOPOIIIO MepEeMEIrBast pacTBOP B KOJIOE.

» Kak tompko 3adpukcupyercs croiikoe (30 CexkyHI) HM3MEHEHHE OKpacKh
TUTPYEMOTO PACTBOPA, TUTPOBAHUE MPEKPAIIAIOT W 3aMUCHIBAIOT MMOKA3aHUS
OropeTkn  (MepBO€  TUTPOBAHHME  CIOYXKUT I  OPUEHTUPOBOUYHOTO
YCTaHOBJICHHSI 00BEMa M €T0 pe3yIbTaT MPH pacdeTax He UCIIOJIBb3YIOT).

» IlpoBomsAT THTpOBaHHE eille HE MeHee mpex pa3. [Ipum dToM Kaxaplid pas
OTMEpPUBAIOT W3 OIOPETKH OO0BEM pacTBOpA, JIUIIL HEMHOTO MeHbUIUL



pe3yibmama TepBoro TUTpoBaHus. Ilocie 3TOro TOYHO TOTUTPOBBIBAIOT
PacTBOP MO KATJISAM.

» llony4ywB pe3ynbTaThl HECKOJIBKUX THUTPOBAHHWH, OIPEHCTSAIOT CpenHee
apu(pMeTHYECKOE, KOTOPOE U UCTIONB3YIOT B JAIIbHEHUIIIUX pacueTax.

Peakuum ¢ nepeHocoM 3JIeKTPOHOB B KOJIMYECTBEHHOM aHAJIU3e.
Oxcuagumerpus. Ilepmanranaromerpus.

Meouko-ouonocuueckoe 3nauenue. OKUCIUTEILHO-BOCCTAHOBUTEIIHHBIC
peakiMu IIUPOKO PaCIpPOCTPAaHEHbl B TMpUpoJE. BOJBIIMHCTBO XHUMUYECKHUX
pEaKUnii, JIKAIMMX B OCHOBE IMPOLECCOB KUHEIACITEIbHOCTH, SBISIOTCA
OKHCJIMTEIbHO-BOCCTAHOBUTENbHBIMU. [l0 OKHCIMTENHLHO-BOCCTAHOBUTEIBHOMY
MEXaHU3My pal0OTarOT MHOTOYMCIIEHHBIE (EPMEHTHI - LUTOXPOMBI, Karajasa,
IepOKCcUIas3a u ap.

B O6moxuMuyeckoM M KIMHMYECKOM aHaIN3€, MEIUIIMHCKUX U CaHUTapHO-
TUTUEHUYECKUX HCCIECIOBAHUIX IIUPOKO MPUMEHSIOTCS aHAJTUTUYECKUE METOBI,
OCHOBAHHBIE HA OKUCIIUTEIIbHO-BOCCTAHOBUTEIbHBIX PEAKIIMSIX.

MeTtoapl  KOJIMYECTBEHHOTO aHajlM3a B OCHOBE KOTOPBIX  JIEXKaT
OKHCIIUTEIIbHO-BOCCTAHOBUTEIBHBIE PEAKIIMY HA3bIBAKOTCA OKCUAUMETPUECH.

B kadecTBe pabouuMx pacTBOPOB B OKCUJIUMETPUM MPUMEHSIOT PaCTBOPHI
okuciureneir: KMnO,, 1, K,Cr,O; m np., BoccranoBureneit: Na,S,03;, SnCl,,
NaAsO; u np. MonsipHbIe MacChl 2KBUBAJICHTOB OKUCIIUTENICH W BOCCTAHOBUTEIICH
B OKCHAMMETPHH DPaBHBI MONSIPHOM Macce BEIECTBA IENEHHOH Ha YHCIO e,
KOTOPBIE OHO MTPUHUMAET WK OTJAET B peakiuu. Hanpumep:

5Na,S 0, + 2KMn*'0, + 3H,50, =5Na,S °0, + 2Mn*?S0, + K,SO, +3H,0

KMnO
) T 158 g6
KMnO4 5 5 T
M 126
2 =—=—=063.
Na2803 2 2

MeToapl OKCHUIMMETPUN KIACCU(PUIMPYIOT B 3aBUCUMOCTU OT OKHMCIUTENS
WIM BOCCTAaHOBUTENS, MpPHUMEHseMOro B paboueM pacTBope. MeTtoabl
OINpe/eNieHUs, CBsSI3aHHbIE C TPUMEHEHHMEM B KauyecTBE paboyero pacTBopa
[IepMaHraHara Kajaus Ha3blBaeTCsl — [IEPMAaHIaHATOMETPUEH, HOJ1a — HOJOMETPHUEN,
Ouxpomara Kajausi — XpomaToMmeTpuend. MeToabl OKCUIUMETPUH IIHPOKO
MPUMEHSIOTCS] B OMOJIOTrMYEeCKON XMMHUH U KIIMHUYECKOM aHaJu3e.

[lepmanranaToMeTpreil Ha3bIBAIOT METOJI OOBEMHOIO aHajau3a, IpH
KOTOPOM pabO4YuM pacTBOPOM CIIY>KUT pacTBop nepmanranara kaiauss KMnO,.

B npouecce THTpOBaHUS aHAIU3UPYEMOTO PACTBOpPa MAaJIMHOBO-(PHUOJIETOBAs
OKpacka pacTBopa nepmaHrasata obeciBeunBaercsa. OmHaKO MOCHE JOCTHKEHUS
TOYKM SKBHBAJICHTHOCTH TiepBas e u30bIToyHas karuig pactBopa KMnO,
OKpalIMBaeT TUTPYEMYIO KHUAKOCTb B OJI€THO-MaJIMHOBBIN 11BeT. HIuKaTopom B
JAHHOM  Cily4dae SBJIETCA caM [nepmaHraHar kamud. Ilostomy mpum



MIEPMAHTAHATOMETPUYECKUX  OMPEICICHUSIX TIMOCTOPOHHUE WHAMKATOPHl  HE
T00aBIIAIOT.

[lepmanraHaT Kaiaus NpOSBIISAET OKUCIUTENbHbBIE CBOMCTBA U B KUCIIOW, U B
IIeT0YHOM (WM HeHTpaabHOi) cpefe. IIpu THTPOBAHHH KHUCIBIX pacTBopoB Mn*,
Bxomammi B cocraB KMnO,, BoccTanaBiuBaeTcs 10 OSCIBETHBIX KATHOHOB Mn?*,
Hampumep:

10FeSO, + 2KMnO, + 8H,S0O, = 5F€2(SO4)3 + 2MnSQO, + K,SO, + 8H,0

MnO, +8H" +5¢ — Mn” +4H,0 |2 |1

Fe’* - ¢ — Fe™ 105

[Ipy TUTpOBaHMM B IIEJOYHOM WJIM HEWUTPAJIbHOM Cperne Mn*’
BOCCTAHABIMBACTCS TONBKO 10 MNn*, Hampumep, 1o quokcuna Maprauma:

Cr2(804)3 + 2KMn04 + 8KOH = 2Mn02l + 2K2Cf04 + 3K2804 + 4H20

Cr¥* + 80H - 3¢ — CrO,” +4H,0 |1

MnO4 +4H" + 3¢ — MnO, + 2H,0 |1

Oo6pazyrommuiics MnO, mipeacraBisieT coboit Oypblii 0CaoK, MPUCYTCTBUE
KOTOPOTO B PacTBOpE 3aTPYIHSET OIpe/esieHne TOYKU SKBUBAIEHTHOCTH. Kpome
TOTO, OKUCITUTENIbHAS aKTUBHOCTh NIEPMaHTaHaTa Kajus B KUCIOW cpeje ropaszo
BbIIIE, YeM B IIesoyHOM. [1o 3TUM cooOpakeHusiM TUTpPOBaHHUE MEPMaHTAHATOM
KaJIs Yyallle BCEro MPOU3BOJIAT B KUCIBIX pacTBOpaXx.

[lepMaHTHATOMETPHUIO HCIIONB3YIOT HE TOJBKO IS KOJUYSCTBEHHOTO
OTIpeJIeICHNS] BOCCTAaHOBHUTEIICH, HO M OKUCTIHTENeH. BoccTaHoBuTE M, 32 peAKUMUA
WCKITFOUCHHUSIMH, OTPEACISIIOT MTyTeM MPSIMOTO TUTPOBAaHHS PabOYMM PACTBOPOM
KMnO,. Ompenensisi  OKHCIWTEIH, TMONB3YIOTCSA  CIOCOOOM  0OpaTHOTO
TATAPOBAHUS, T.€. K aHAIM3UPYEMOMY pPAaCTBOPY OKHCIUTEIS MPUIHBAIOT
3aBEIOMBIN M30BITOK BCIIOMOTATEIHHOTO PACTBOPA BOCCTAHOBUTENS C M3BECTHBIM
TUTPOM; 3aT€M OCTAaTOK BOCCTAHOBUTEJS OTTUTPOBBIBAIOT pacTBopoM KMnO, u
JIearoT pacyer.

MeTtonoM miepMaHaraHaTOMETPUU OMPEICISIIOT  COJIEPKAaHUE MOUYEBOM
KHCIOTH B Moue, Ca®* B KPOBSIHOI CHIBOPOTKE, Caxapa B KPOBH.

OxcuaumeTpus (npoxostkenne). Hogomerpus.

Meouko-ouonocuueckoe 3nauenue. Meto MOIOMETPUU - PA3HOBUIHOCTD
OKCUJIUMETPUH, IIUPOKO MPUMEHSIETCS B MeIUIIMHE U Ouosioruu. JlaboparopHas
YacTh 3aHSATUS 3aKpeIvisieT HaBbIKK  OOBEMHO-aHAIMTHYECKUX OIPEICIICHUH,
3HAKOMHUT C HOBBIM METOJOM OKCHUIUMETPUU - HOJOMETPHUEH, KOTOPBIH
HCIIOJIB3YETCsl B OMOJIOTHYECKUX U CAHUTAPHO-TUTUEHUUECKUX UCCIIEAOBAHUSX.

CymHoOCTh MeT0/a MoAOMeTprH. ATOMBI HoAa, KaK U JIPYTUX rajoreHoB,
0o0Jaat0T CBOMCTBOM OTHUMAaTh DJIEKTPOHBI Y  BEIIECTB-BOCCTAHOBUTEIICH.
[ToaTOMYy 351€MEHTApHBIH 110]T 0OBIYHO BENIET CE0s B PEAKIUAX KaK OKUCIUTEIb:

|2 + 2; =2I

Annonsl [, HA00OPOT, JETKO OTHAAIOT CBOW JJIEKTPOHBI BEIECTBAM-

OKHUCIIUTEIISAM U, CIIEIOBATENIbHO, UTPAIOT B PEAKIUAX POJIb BOCCTAHOBUTEIEH:



21 - 2; = 2

DTH CBOICTBA 10J1a U €r0 HOHOB | JIe’KaT B OCHOBE MOJIOMETPHH.

N3BecTHO, 4TO CBOOOIHBINM MO/ OKpallluBaeT KpaxMall B CHHUH 1BeT. Eciu k
pacTBOpY Kakoro-HUOyJb BOCCTAaHOBHUTENS MPUOABUTh Kpaxmall U THUTPOBATH
HO/I0M, TO TOCJIE€ JTIOCTHKEHHUSI TOUYKU SKBUBAJCHTHOCTH M30BITOYHAs Karuis Hona
BBI30BET HE MCYE3AIOIIYI0 CHUHIOI OKpacKy. MOXHO MOCTYNUTh U HA000POT, T.€. K
pacTBopy Homa B IOPUCYTCTBHUM  Kpaxmaja IIOCTEIEHHO  IPUJINBATh
BOCCTAHOBUTEIb. B 3TOM cilydyae TOUYKYy SKBUBAJIEHTHOCTH OIPEIEIAIOT IO
00ecClIBeUNBAHUIO CHHEN OKPACKHU.

HNonomeTpudeckoe OnpeaesieHue BOCCTAHOBUTENEH MIMPOKO MPUMEHSIOT B
o0beMHOM aHanu3e. Hampumep, mpu OeiCTBUM HOAOM Ha THOCYIb(AT HATPHS
MPOUCXOIUT PEAKITUS

2Na,S,05 + |, = 2Nal + Na,S,0¢
28,05 -2¢ = S,08 |1
|2 + 2; — 2|_ 1

Mornekyna ifoga |, OTHEMAET [0 OJHOMY DJIEKTPOHY Y ABYX HOHOB S,03°
OKHCISIET WX 10 TerparHoHar-moHa S,0¢” (aHHOHA TETPATHOHOBOH KHCIOTHI
H,S,0¢). ATOoMBI iiofa BOCCTaHABIMBAIOTCS 3a CUET 3TOro A0 HMOHOB |. 3Has
MOJISIPHYIO KOHIEHTpAallMI0 SKBUBAJICHTA pacTBOpa HOJa W 3aTpadyeHHbIE Ha
TUTPOBaHUE OOBEMBI, BBIYUCIISIOT KOJIWYECTBO TUOCYJb(para HaTpus Na,S;0;3; B
aHanu3upyemon xkuakoctu. C momoibio pabodyero pactBopa Homa OMpeaessioT
TaKXe COJIepkKaHUE APYTUX BOCCTAHOBUTEJIEH: MBIIIBIKOBUCTOM, CEPHHUCTON U
CEpOBOZIOPOAHON KHCIIOT, MX cojiei, Xiaopuaa onosa (I1) SnCl, u ap.

[Ipr MOAOMETPUUECKOM OIPENCIICHUNA OKHCIUTENEH IMOCTynatoT uHaue. K
UCCJIEIyEMOMY pAacTBOPY MNPUOABISAIOT H30BITOK HOAUAA Kalusi, U3 KOTOPOTO
OKHUCJIUTENIb BBIACISET CTPOrO ASKBUBAJIEHTHOE KOJUYECTBO CBOOOAHOrO HOAA.
[TocneqHuit  OTTUTPOBBIBAIOT PACTBOPOM BOCCTAHOBUTENS B MPUCYTCTBUU
KpaxMalia ¥ BBIYUCISIOT COICP>KaHUE OKUCTUTES.

Ecim x moAKuMCIEHHOMY pacTBOPY IepMaHraHatra Kajiausi, T.€. CHJIBHOTO
OKHUCIUTENS, J00aBUTh HOJU KaIHsl, TO IPOU30UIET CEeNYIOLIas peaKus:

2KMnO, + 10Kl + 8H,S0O, =51, + 2MnSO, + 6K,S0O, + 8H,0
MnO, +8H" +5¢ — Mn”* +4H,0 |2 |1
e 10]5

B xone e€ nmepMaHraHat OKMCISE€T MOHBI |” 10 SKMBAJIEHTHOTO KOJMYECTBA
fioma l,. Mox MOXHO OTTHTPOBAaTh TAKMM BOCCTAHOBHTEIEM, KaK THOCYIbdat
HaTpus Na,S,03 v BRIYUCIUTH MOJIIPHYIO KOHIIEHTPAITMIO SKBUBAJIEHTA PacTBOPA
KMnO,. DTOT myTh UCMOJIB3YIOT TAKXKE U JUISL ONPENEICHUsI IPYTHUX OKUCITUTEINEH:
«aKTUBHOTO» XJIOpAa B XJOPHOW M3BECTH, OpomMa B MPHUPOAHBIX BOAAX, MEIU B €€
COJISIX, PyJlaX W CIJIaBaX, XpoMa B XpoMarax M JUXpoMaTax, Maprasia B €ro
COEIMHEHUSX U T.II.

Takum o0Opa3oM, TMpPU HOJOMETPUUYECKUX OIPEACICHUAX TMPUMEHSIOT
pabouwii pactBop Hoxaa |, Ay mpssMOro TUTPOBAHUSI BOCCTAHOBUTENICH U pabouunii
pactBop Thocyiab(dara Hatpus Na,S;0z s ompeneneHus OKUCTUTENCH (W IS
00paTHOTO TUTPOBAHUS BOCCTAHOBUTEIECH).

- 0
I'-e —>1




KocBenHblii cnocod HOAOMETPUYECKOTO ONpPENEICHUS OKUCIHUTENeH u
KHUCIIOT HAa3bIBAlOT MemOOOM 3ameujeHusi, TaK KakK IpU 3TOM BEIIeCTBa, HE
B3aMMOJICUCTBYIOIME C PAbOYMM PAcTBOPOM THOCYJIb(aTra HaTpUs, 3aMEHIAI0OT
SKBUBAJICHTHBIM KOJIMYECTBOM HOAA, KOTOPBIA U TUTPYIOT.

[IpenmyiecTBO HOIOMETPUUYECKUX ONPENEICHUN IEpe] APYTUMU COCTOUT B
OOJbIIe TOYHOCTH, KOTOpas OOYCIOBJ€HAa BBICOKOW YYyBCTBUTEIBHOCTBHIO
UCIIOJIB3yeMOro MHAMKaTopa (kpaxmana). OpHako HOAOMETpUS HMEEeT U
0COOEHHOCTH, OTPaHHYMBAIOIINE €€ TPUMEHEHHE.

N3BECTHO, YTO MpU MOBBILIEHUU TEMIIEPATypPbl WOJ YJIETYyYHBAETCS, CUHSA
OKpacka Kpaxmajia, oOyCIOBJIEHHas MPUCYTCTBHEM MoJekyn lp, mcyesaer npu
HarpeBaHuM pactBopa. [103TOMy HOJOMETpUYECKHE ONPENEICHUS BBITOJIHSIIOT
TOJIBKO Ha Xo0JioAy. ['opsiurie pacTBOPBI HEMPUTOAHBI ISl 3THX LIETIEH.

HenomyctuMo TUTpoBaHME MOJOM M CUJIBHOILEJIOYHBIX PAacTBOPOB.
B3aumopeiicTByst co mienoyamu (M KapOOHaTaMu IICJIIOYHBIX METAJIOB), OH
o0Opa3yeT CoeIMHEHUs], HE JICHCTBYIONINE Ha KpaxMat:

31, + 6NaOH = 5Nal + NalO3; + 3H,0

Kpome TOro, kpaxman ajncopOupyeT 3HAYUTENIbHbIE KOJIMYECTBA HoAa M
OYEHb MEIJIEHHO OTAAeT ux B pacTtBop. [loaToMy, uTOOBI M30€KaTh OMIUOKU MPH
TUTPOBAHUM HOJa THOCYJIb(pATOM, KpaxMasia MpuOaBIsIOT B CaMOM KOHIIE, KOTJia
fioJ1a B pacTBOpE OCTAaeTCs Majio U Oypast KHUAKOCTb CTAHOBUTCS OJIETHO-KEITOM

MeTton  HOOOMETpUM  HMCHOJB3YIOT TpU  ompeneiaeHud  (epMeHTa
NEpPOKCUAa3bl, AKTHUBHOIO XJIOpa B XJOPHOM M3BECTH M aHAJIM3€ MHOTHX
OpraHMYEeCKUX U HEOPraHMYECKUX JIEKAPCTBEHHBIX BEUIECTB: (pOpMajivHa,
BuTtamuHa C, Kajaus NepMaHraHara u fp.



