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XUMHNUYECKHUE METO/bI AHAJIN3A

1. TPABUMETPUYECKHWHA U DJEKTPOTPABUMETPUYECKHAI
AHAJIN3

1.1. Kparkue TeopeTnyeckune CBeJIeHUs!

B MeTomax ocaxkaeHus ompeneiiseMblii KOMIIOHEHT BBIICISIOT B BHUJC
MaJopacTBOPUMOTO COSAWHEHUs (MHOTIa B BHUIE CaMOTO JJIEMEHTa). 3areM
0CaJIoK (UIBTPYIOT, MPOMBIBAIOT, BHICYIITUBAIOT (MPOKAIUBAIOT) W B3BEIIHBAOT.
[To mMacce MOTYYEHHOTO COEIWHEHUS! BBIYUCIISIOT COJIEPIKaHUE OMPECIIIEMOro
KOMITOHEHTA.

CoenuHenue, B BHAC KOTOPOTO OMPEACIAEMbI KOMIIOHEHT OCa)KIaloT,
Ha3bIBAIOT (POPMOM OCaKICHUSI.

Pa3mepsl dactuir ocanka u ux (opma 3aBUCAT OT YCJIOBHH, B KOTOPBIX
MIPOUCXOIUIIO OCAXKJICHHE, U OT WHIWBUIYaJbHBIX CBOMCTB Ocaaka. BenwunHy
YacTUI[ OCaJKa B 3HAYMTEIBHONH CTENICHH OIpeaesieT OTHOCHTEIhHOE
niepeckiienue pactsopa (O.I1.):

on=5,
S
rae Q — KOHIEHTpays OCaKIaeMOr0 BELIECTBA;
S — paCTBOPUMOCTB 3TOTO BELIECTBA.

Ecim O.II. mamo, B pactBope 00pa3yroTCs CpPaBHUTEIBHO Majlo LIEHTPOB
KpUCTaUIM3alMi. B Takux yclIOBUSX MOXHO OXXHMJATh MOJyYEHHUs OOJBIINX U
npaBuwibHbIX KpucTaiioB. Eciu O.11. Benunko, B pacTBope OyneT MHOTO LIEHTPOB
KpUCTaJUIA3ALHH, 0CaJloK obpasyercs OBICTPO U II0JIy4aeTcs
MEJIKOKPUCTAINTNYECKUM.

Jns ymenbmienuss O.I1. cnenyer ymeHbINTh Q U yBEIWYUTH S, TO €CTh
OCaXKZICHHE HAJ0 BECTU U3 pa30aBICHHBIX pacTBOPOB (Manas BenuuuHa Q), a
peareHT—ocaJuTenb A00aBIsATh MEJJIEHHO, HE NMPUMEHAsS OONbIIOTO U30bITKA
€ro, Npu UHTEHCUBHOM MEPEMENIMBAHUM pACTBOpA. JJI1 yBEIMUEHHUs 3HAYCHUS
S ocaxieHue HEOoOXOAMMO BECTH IIPH BBICOKOW TemrmepaType ¢ J00aBICHHEM
IIOCTOPOHHUX COJIEH.

OOpazoBaHue 0cagKa CONMPOBOXKAAETCS MPOLECCAMU aICOPOIMH, OKKIIO3UU
Y IPYTMMH, BBI3BIBAIOIMMHU 3arpsi3HEHUE OCATKOB.

AncopOiusi yMeHbIIaeTcsl MpU MOBBIIMIEHUH TEMIIEpaTyphl pacTBOpa M
MTOHWKEHNH KOHIIEHTPALUU OCAAUTENS U APYTUX DJIEKTPOIUTOB.

bonpuiyto posib B MOJYy4EHHMM YHUCTBIX OCAJKOB UIPAET MPOLECC
HacTauBaHUs, KOTOPBIA COCTOMT B TOM, YTO OCAJOK Ha HEKOTOPOE BpeMs
OCTaBJISIFOT B CONPUKOCHOBEHUHU € pacTBOpoM. [Ipym HacTamBaHUM NPOUCXOAUT
pOCT  KpUCTA/NIOB, TaK KaK MeEJKHE KpUCTAUIbl HUMEIOT  OOJbIIYIO
PacTBOPUMOCTh, YEM KPYIIHBIE, U IO3TOMY PACTBOPSIOTCS, & KPYNHBIE 3a CUET
3TOTr'O PacTyT.

B ciydae o4eHb 3arpsA3HEHHBIX OCAJKOB IPOU3BOMASAT IEPEOCAXKICHUE, T.€.
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MOJIYYEHHBI 0CalOK (UIBTPYIOT, MPOMBIBAIOT W MEPEBOASIT B PacTBOP.
BropuuHoe ocaxeHHe NPOUCXOAUT YK€ MpPU MHUHUMAIbHOW KOHILIEHTpaluu
MOCTOPOHHUX MOHOB, 3aXBAYEHHBIX OCAJIKOM IIPHU MEPBOM OCAXKICHUH.

Wtak, 11 mNOJNydeHUS KPYMHOKPUCTAIUIMYECKUX OCAJKOB OCAKICHUE
HEOOXOIMMO BECTH W3 HarpeThiX, pa30aBlI€HHBIX PACTBOPOB B IPHUCYTCTBUU
MOCTOPOHHUX COJIe, MEIJIEHHO A00aBisis OCAaaUTENb MPH IMEepEeMENINBAaHUU.
3aTeM Ha/l0 MPOBECTU HACTAWBAHHUE OCAJKA.

Ocanok mociie HacTauBaHHUs (DWIBTPYIOT 4Yepe3 0e330JbHBIN OyMaKHBIM
WIA TIOPUCTBIA CTEKISTHHBIA (UIBTP M MPOMBIBAIOT MOIXOMASIICH MPOMBIBHON
KUJKOCTBIO JIJIS yAAJIEHUs IPUMeEced U3 ocajka.

Amop@dHbIe OCaJKu clieqyeT MoJiydaTh B JAPYrux ycloBusix. OcaxkaeHue
aMOp(HBIX 0CAIKOB IPOBOAAT MPHU YHEPTUYHOM TEPEMEIINBAHUY U HAIPEBAHUU
U3  KOHILIGHTPUPOBAHHBIX  PAacTBOPOB, KOHIIEHTPUPOBAHHBIM  PACTBOPOM
ocanurens. Ilepen ocaxaeHnem amop(dHOro ocajka B pacTBOp T00ABISIOT
ANEKTPONUT (OOBIYHO COJM AaMMOHHMS), BbI3bIBaOUMi koarymanuio. [lo
OKOHYAHUHU OCAXJICHUS OCAJKU HEMEIJIEHHO (PUIBTPYIOT U MPOMBIBAIOT.

[IpoMbIThIe OCaakK (KPUCTAIUIMYECKUE WM aMOpP(HBIE) MEepPEeBOASIT B
IpaBUMETPUYECKYIO (HOPMY.

['paBumeTpuyeckas ¢opma — 3TO COEIMHEHHE, B BHAE KOTOPOTO
OTpeJIeNsIeMblii 3JIEMEHT B3BEILIUBAIOT.

['paBuMeTpuyeckyto (popmy mnoiay4yaroT U3 (GOPMBI OCaXKICHUS JIHOO
BBICYIIMBAHUEM OCaJKa JIO0 MOCTOSHHONW Macchl Ha (DUIBTPE C MOPUCTHIM JTHOM,
100 MPOKATMBAaHUEM OCAJKa JIO MOCTOSTHHOM Macchl B papPpopoBoM TUTIIE (WU
TUTJIE U3 IPYTrOro MaTepuasa, eciu 3T0 OTOBOPEHO B IIPOIUCH).

ITpumep: dopma ocaxIeHus I'paBumeTpuyeckas
dbopma
BaSO4 BaSO4
AI(OH)3 'XH20 A1203
MgNH4PO4 Mg2P207

K rpaBumerpuueckoii popme npeabaBiIsSiOTCs Cleaylonme TpeOoBaHus:

1) rpaBumerpuueckass ¢opma AOHKHA HMMETh COCTaB, TOYHO OTBEYAIOIIMMA
XUMU4eckon popmyie;

2) rpaBuMeTpuueckas  Qopma  JOJDKHA ~ MOJy4aTbCcs MpPU  HEBBICOKOH
temneparype (800-900°C) u OBITH yCTOWUMBOH B IIMPOKOM HHTEpBAJIE
TeMIIepaTyp;

3) mpakTUYECKU HE pearupoBaTh C KOMIOHEHTaMH aTMOC(hephI;

4) conep:kaHue OIpPEAeNIIEMOro 3JIEMEHTa B TPaBUMETPUUECKON popMe TOIKHO
OBITH MaJIbIM.

3aKII0YUTENIbHOM CTaluel aHamu3a SIBISIETCS pacyeT pe3yIbTaToB.

Ecnu, Hanpumep, npu OnpeAeIeHud Maruus MoJIy4Yrid TPaBUMETPUUYECKYIO
bopmy Mg,P,0; maccoii m(Mg,P,O7), To pesynbrar aHain3a MOXET OBITH
paccuMTaH U3 NPONOPLHUU:



M(MgP,07) - 2M(Mg)
m(Mg,P,07) - m(Mg)

2M(Mg)
m(Mg)=m(Mg,P,0;,) ,
M(Mg,P,0,)
rae M(Mg,P,07) u M(Mg) — monsipusie maccsl Mg,P,0O; 1 Mg cooTBETCTBEHHO.
o 2MMg)
THOIIEHHE  MOJEKYJISPHBIX  Macc = Ha3bIBaETCA
P M(Mg,P,0,)

(dakTopoM mepecuera WM rpaBuMeTpudeckuM Qakropom. Kak BugHO, 4MCIO
aTOMOB OIPEAENIAEMOI0 JJEMEHTAa B YHCIMTEIE M 3HaMeHaTele (axkTopa
JIOJKHO OBITh OJAMHAKOBBIM. YucieHHble 3HaueHHUs (HAKTOPOB IepecyeTa
MIPUBOSATCSA B COPABOYHHKE 110 AHAJTUTUYECKOW XUMUHU.

1.2. IloaroroBka mocyabl JAJ51 aHAJIN3A

[Ipu BBHITIOJIHEHUU TPABUMETPUUYECKOIO aHaIM3a TpeOyeTcsl Cleayrolast
XUMUYECKasl TOCY/1a: CTEKISTHHBIN OIOKC (BECOBOM CTaKaHYMK) JIJISI B3BEIITMBAHUSI
TBEPJIbIX U KUJKHUX BeliecTB; (GapopoBbie TUTIIM NJIs 030JeHUS (PUIBTPOB U
MIPOKAJIMBAaHMS OCAJIKOB; TOHKOCTEHHbIC XHMHUYECKHE CTaKaHbl BMECTUMOCTBIO
100; 200 u 400 mMn mist OCakJE€HUS, PACTBOPEHUS BEIIECTB W T.J.; YaCOBBIC
CTEKJIa;, CTCKJISTHHBIE MAJOUYKU C PE3MHOBBIMM HAKOHEYHUKAMHU U 0€3 HUX — IS
bunbTpoBaHUsA, TMEPEMEIINBaHUs, COOMpPAaHHMS YacCTHI[ OCaJKka CO CTEHOK
CTakaHa; MPOMBIBAJIKA; BOPOHKA JJis1 (GUIBTPOBAHUS OCAJKOB M IKCUKATOP JJISI
OXJIQXKICHUS U XPAaHEHUS OCAJIKOB.

CrexnsiHHasE TocyJa JOJDKHA OBITh TIIATEIBHO BBIMBITA, TaK Kak OT
YUCTOTHl €€ B 3HAYUTEIHHON CTENEHU 3aBUCSIT pe3ysbTarhl aHanu3a. CHauama
MOCY/ly TPOMBIBAIOT BOJOIPOBOJAHOM BOJON 1O TeX IOp, MOKa HE OyayT
yJIaJIeHbl BCE MEXaHWYECKHUE 3arpsi3HeHus. [Ipu Hanu4uu HECMBIBAEMBIX BOJOM
HAJIETOB PEKOMEHJIYETCS IOCOBETOBATHCS C MPENojaBaTesieM O CIocobe HX
XUMUYECKOTO YaICHUS.

3aTeM BHYTPEHHHE CTEHKH IOCYAbl 00paldaThIBalOT JJIsi 00€3KUPUBAHUS
TOpSYMM HaCHIMIEHHBIM pacTtBOopoM coabl (Na,COs), pu 3TOM pacTBOP COJIbI
BO3BpAIIIAIOT B COCY/I, N3 KOTOPOT'O OH OBLT B3SIT.

ITocne oOpabGoTku comoit mocyna He MeHee 10 pa3 omojgackuBaeTcs
BOJIOMIPOBOJTHON BOJIOM, a 3areM 3 pa3a MajbiM (OKOJOo 5 1) oO0beMoM
JTUCTUJUTUPOBAHHOM BOJIBI.

[Tocyna MOXeT CUMTAThCSl YUCTOM, €CJIM HAa BHYTPEHHHUX CTEHKaX HE OyaeT
HaOJII0/1aThCsl 3aBUCAIOIIMX Kameilb, U Boja OyJaeT cTekaTh POBHBIM clioeM. B
ClIy4yae eCiii MoCy/ia He YJOBJIETBOPSIET ITOMY YCJIOBHIO, €€ MOIOT IIOBTOPHO.

®dapdopoBbie TUTIIM TIEpe] 030J€HHEM B HUX (UIBTPOB C OCAJKAMHU
MPOKAJMBAIOT HECKOJBKO pa3 [0 TOCTOSIHHOM MaccChl, OMpeaessieMoit
B3BEIIMBAaHMEM Ha aHAIUTHUECKHX BecaxX ¢ TouHocThio £0,0001r. Pacxoxnenue



JBYX TIOCJIEAHUX B3BEIIMBAaHUI HE TOKHO mpeBbimath +0,0003r.

1.3. KanuOpoBanue MepHOM NMOCYyAbI

JlelicTBUTENIbHAS BMECTUMOCTb MEPHOM TOCYIbl MOXKET HECKOJIBKO
OTIUYAThCsl OT HOMHMHAJIBbHOM BenuuuHbl. [loaToMy mnepen ynorpeGieHuem
MEpHOM KOJOBl W THUIETKA CJIEeAyeT YCTAaHOBUTh HX JIEWCTBUTEIBHYIO
BMECTUMOCTb.

Kanu6posanue MEpHOM KOJIObI MIPOU3BOJAT B3BCILINBAHUEM
BMEIIAONIEerocsi B HeW KoiudecTBa Bojbl. Konly THiaTtelbHO MOIOT U
BBICYIIIMBAIOT CHayajia B CYHIWJIBHOM IIKady, a 3aTeM MpH MOMOIIN PE3MHOBOMN
rpymn. OXJIaXACHHYI0 CyXyI0 KOOy B3BEHIMBAIOT HAa aHAJIUTHUYECKUX Becax.
3anonaHAI0T KOJOY A0 METKH JUCTHIUIMPOBAHHOW, HMMEIOLIEH TeMIeparypy
OKpY’Kalollero BO3/ayXa, M cHoBa B3BemuBaioT. Komba nomkHa OBITH cyxas
CHapyXl M HE UMETh Kalejab BOAbl HA BHYTPEHHEN MOBEPXHOCTHU BBIIIE METKH.
Pa3zHocTh Mex 1y Maccoil KoiObl ¢ BOAOW U Maccoil Cyxoi Koa0bl COOTBETCTBYET
Macce BOJbI, KOTOPYIO BMeEIIaeT Koyida mpu JaHHOM Temmepatype. Pazgenus
Maccy BOJIbl, KOTOPYIO BMEIIAET K0j0a, Ha ee MIOTHOCTh, HAXOsT BMECTUMOCTh
KoiObl Vi mpu Temmepatype wusMmepeHus. I[I10THOCTH BOABI MpU JTAHHOMN
temrneparype npuBoautcs B Tabiumax (cm. FO.IO. Jlypse, CrnpaBoyHUK IO
aHaTuTU4YeCKOW xumuu, 1986r., c1p.162). Bi3BemmBanue KoJObI ¢ BOAOM
MIPOU3BOJAT HECKOJIBKO a3, OTIIMBAs KaXK/bI pa3 HEOObIIOE KOJIUYECTBO BOJIbI
U3 KOJIOBbI, W3MEpsisi TeMIlepaTypy BOJBI B HEH, U CHOBA 3aloJHsS KOJOY [0
MeTkd. Temmeparypy BoOAbl II€1eCOO0pa3HO HM3MEPATh Mepel] KaKIbIM
B3BCIIMBAHUEM. PacxoJIeHHe MEXKIy MapajuleIbHbIMU  B3BELIMBAHUSIMU HE
noiokHo  mpeBbimate  0,03r.  Pe3ynbTaThl  B3BEIIMBAHUA W U3MEPEHHUS
TeMIlepaTyphl 3alIUCHIBAIOTCS B Tabmnuily 1.

Ta6muma 1
KanubpoBanre MepHOI KOJIObI
Ne Pe3yabTaThl B3BEeIIMBAHUSA, T Temneparypa | ILnotHocts | O0BeM KOJIOBI
BO/JIbI, BOJAbI, I'/MJI Vi M
‘c
Macca k0.J10b1,
HAIIOJIHEHHOM 10 139,4507 99,7592
MEeTKH BOJAOM 0,9969
1. Macca cyxoi 39,6915 21,6 0,9969 =100,07
K0JI0bI
Macca Boabl B 99,7592
o0beMe KOJI0bI
Macca k0.J10b1,
HAIIOJIHEHHOM 10 139,4768 99,7853
MEeTKH BOJAOM 0,9968
2. Macca cyxoii 39,6915 21,8 0,9968 =100,11
K0JI0bI
Macca Boabl B 99,7853
o0beMe KOJI0bI

che)lHee=1 00,09 MJ
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Kanu6GpoBanue muneTkd NpOU3BOJAT B3BEIIMBAHMEM BBUIMBAEMOW U3 MHUIETKU
BoAbl. Konuueckyo koiOy BmectumocTbio 100 i, 3aKkpbITyi0 TpOOKOH,
B3BEIIMBAIOT Ha aHAJIUTUYECKUX Becax. JUCTUIUIMPOBAaHHYIO BOJYy HaOHMpaIoOT B
MUIETKY 0 METKH U MEPEHOCHT BO B3BEIIEHHYIO KOJOY, KOTOPYIO 3aKPBIBAIOT
npoOKOM M B3BEIIMBAIOT. Pa3HOCTh mociieqHed Macchl W Mpeablaylied aaeT
Maccy BOJIbl B 00beMe MUTETKH.

Tabmuma 2
KanubpoBanue nuneTku
Ne Pe3yabTaTsl B3BEeIIMBAHUSA, T Temneparypa | IlnoTHOCTH Oo0bem
BO/bI, BOJBI, I/'MJI | KOJOBI V,,
°'C MJI
Macca k0J10b1
nocJjie BjauBanms I 56,8236 20,0268
NUNETKH BOAbI 0,9968
1. Macca cyxoii 21,5 0,9968 =20,09
K0JI0bI 10 36,7948
BJINBAHUS BOJIbI
Macca Boabl B 20,0268
o0beMe MUNETKH
Macca k0J10b1
nocJjie BauBanus I1 76,8385 20,0149
NUNETKH BOAbI 0,9968
2. | Macca KoJ0OBI 10 21,5 0,9968 =20,08
BauBanusa 11 56,8236
NUNETKH BOAbI
Macca Boabl B 20,0149
o0beMe MUNETKH
V epenee=20,09 Mt

BnuBator B Ty e KoJIOy BTOpPYIO TMOPIIMIO BOJbI M3 IMUIETKA W BHOBb
B3BEIIIMBAIOT.

TemnepaTypy BOABI HM3MEPSIOT MEPE] KaKJIbIM B3BEIIMBAHUEM B TOM
cocylie, U3 KOTOpOro Boja HaOupaercss B MUINETKY. Pe3ynbrarhl M3MepeHuit
3amuChIBalOT B Tabnuiyy 2. Eciu  pacxoxiaeHue MEXIy OTACIbHBIMHU
B3BeImMBaHusAIMU He mnpesbimaoT 0,01-0,02r, To U3 MNOJy4YEHHBIX 3HAYCHUU
OepyT CpeHIO BEIUYMHY. BMECTUMOCTh MUIMETKU V| BBIUUCIAIOT TaKXKe, KaK
BBIYUCIISUTH BMECTUMOCTH MEPHOM KOJIOHI.

1.4. IIpakTnuyeckue padoThI

Pao6ora 1.4.1. Onpenejaenue cyjabpar—MoHOB

CymHocTh paboThl. OnpesiesieHue OCHOBAaHO Ha OCAXKICHUHU SO42’ — MOHOB
pactBopom BaCl,:

SO,> + Ba’" =Ba SO, 4
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Cynbdar Oapus sBiseTcss (HOPMOH OCAKICHUS M TPaBHMETPUUYCCKOMN
dhopmoii.

Peaxmuewvl, nocyoa:
Xnopug 6apus BaCl, — pactBop ¢ maccoBoit noneit 10%.
XnopoBogopoanas kuciaota HCI — paz6asnennsiii (1:1) pacTBop.
Xnopun ammonust NH4Cl — pactBop ¢ maccoBoii noneit 10%.
Hutpat cepedbpa AgNO; — pacTBop ¢ MaccoBoi foieit 1%.
Konba mepnas Bmectumoctbio 100 mit.
[TuneTka BMECTUMOCTHIO 20 M.
Hunuaap mepHsbiii BMecTuMOcThio 300—400 mut.
Crakan BMmecTuMOcThiO 100 M.
CrexiiHHAs TAJI0YKA C PE3UHOBBIM HAKOHEUHUKOM.
BopoHnka.
QunbTp CUHASA JICHTA.

Brinonnenue paboTsl

AHanu3upyeMblii pacTBop, conepxaniuii He Oonee 0,57 cynb(paT—HOHOB,
MoOMEmaT B KoJ0y BMecTUMOCThIO 100 M3 W JIOBOAST 10 METKH
JTACTUIUIMPOBAHHOW BOJOM.

Jlist aHanu3a MUMNEeTKOM OTOMpaloOT aJuKBOTY pacTBopa oObeMoM 20 mi u
nepeHocaT B crtakaH BmecTtuMmocTbio 300—400 miu. Ilepen otGopom mpoObI
MUIETKY CJIEYET MPOMBITH UCCIETYEMBIM PACTBOPOM.

PactBop B cTakane paz6asistor Bogoi 10 150-200 mu, noakucistor 0,5 M
(10-12 xanens) xonrentpupoanHoit HCI u npubasmsror 10-15 mi pactBopa
NH4CI ¢ maccoBoit goneit 10%. B apyrom crakane (BmectuMocThio 100 M)
rOTOBAT pacTBop ocaautens (7—8 Mil pacTBopa Xjopuja Oapus ¢ MacCcOBOH
noneit 10% paz6asistor 20 M1 BOJbI). AHAJIM3UPYEMBIM PacTBOpP U PacTBOP
OCaJUTEeNsl HAarpeBaloT MOYTHU 0 KUIEHHS Ha acOEecTOBOM cCeTke Haj ra3oBOM
TOPEJIKOM WM Ha AJIEKTPOIUIMTKE C TepMoperyiasTopoM. CHUMAIOT CTakaH U
MEJUICHHO MPOMU3BOASAT OCAXKICHHE, MPUIMBas MO CTEKISHHOW MajloyuKe
OTJEIbHBIMU KAaIUISIMU PACTBOP OCAAMUTENS MPHU MOCTOSHHOM MepeMEelIBAHUU
pactBopa; 1-2 M pacTBopa ocaguTesss HEOOXOIUMO COXPAaHUTH JJIsI TPOBEPKHU
MOJIHOTHl OCaXAeHUs. PacTBOpBI OCTaBISAIOT CTOSATH, IMOKA >KUIKOCTh Haj
OCaJIKOM HE CTaHeT mnpo3payHol. JIis TpoOBEpKH TMOJHOTHI OCAXKICHHS
MPUCTABIISIOT K CTEHKE CTaKaHa MajoyKy Tak, 4TOObI HUKHUM KOHEIl ee Kacacs
CTEHKM CTaKkaHa HEMHOTO BBIIIE€ YPOBHS >KHJIKOCTU, U MPUIMBAIOT HECKOIBKO
Karejlb OCTaBILIErocsl OCaJAMUTENs, Cliefid 3a TeM, He OyAeT JIM NOMYTHEHHUS B
MIPO3PAaYHOM CJIO€ JKUJIKOCTH HaJl ocaakoM. Eciau nomyTHeHue He HalogaeTcs,
TO OCa@XJEHHE 3aKOHYEHO. B MpOTHBHOM cilydae AOMOJHUTEIBHO MO KarllsM
BBOJISIT OCA/IUTENh, MPOAOJIKAsl HArPEBATh U BCE BpeMs IEepeMEIInBas pacTBOP.

Ocagky pgaloT OTCTOATCA HE MEHee JBYX YacOoB MpPU KOMHATHOM
temriepatype. [locie atoro GpunbTpyror yepe3 GUIbTp ¢ CUHEN JTEHTOM.

Ocagok mnpOMBIBAIOT HAa (UIBTPE HECKOJIbKO pa3 AUCTHIMPOBAHHOMN
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BOJIOW, COCpPENOTOYMB €ro B KOHyce (UIbTpa, W 3aTeM JeiarT npody Ha
MOJIHOTY OTMBIBaHHUS OT XJOPUA-HMOHOB (Karuig (QuibTpara He AOJDKHA
MOKa3blBaTh TIOMYTHEHHS C pPacTBOPOM HHUTpaTa cepedpa, MOJKUCICHHBIM
azoTHoM kucioTou, wim ¢ Hgy(NO;),).

BopoHKy 3akpbiBaioT 4McTOM Oymaroi (CTOJIOMK BOJIbI M3 HOCHKA HYXKHO
yJlaJuTh) U CTABAT B CYIIMJIbHBIN mKkad Ha 15-20 MUHYT.

BricymieHHbIi GUIABTP € OCaAKOM OCTOPOKHO BBIHUMAIOT U3 BOPOHKH,
3arubasi kpas GuiabTpa Tak, YTOOBI OCaJOK OKazalcsi CO BCEX CTOPOH
OKpY’)KEHHbIM OyMaroil M MOMEHIAIOT B MPEIBAPUTENBHO MPOKAJICHHBIA [0
MOCTOSIHHOM MacChl TUTE€JIb.

OWIbTp CXKUTAIOT TPU BO3MOKHO HHU3KOM Temmeparype, He IOIMycKas
BociuiameHeHusi. [loBopaumBasi Turens B ¢GaphopoBOM  TpEyroybHHKE,
JOCTUTAIOT TIOJHOTO YJAJEeHHsl YIJepoJla CO CTEHOK THIJSA, IIOCie Yero
YCWJIMBAIOT IUTaMsl M, KOTJla Macca Ocajka CTaHeT OeNoil WM clierka Cepow,
TUTEJIb C OCAJKOM OXJIaxkaaroT B dkcukaTtope 30—40 MUHYT W B3BEUIMBAIOT Ha
aHANMMTUYECKUX Becax. I[IpokanuBaHue TUTJIS C OCAJAKOM TMOBTOPSIOT [0
MOCTOSIHHOM MAacChl (JIOMYCKAaeTCsl PAacXOXKIEHUE TpU IOCIeI0BaTEIbHBIX
B3BelIMBaHUAX He Oosiee, uem Ha 0,0002r). Hapsimy ¢ ra3oBoil ropenkoit mjis
MPOKAIUBAHUS TUTJISl C OCAIKOM MCTIOJIB3YIOT MY(PEIbHYIO MeYb.

Macca SO;” B rpaMMax B aHaJU3UPYEMOM pPAaCTBOPE PACCUHUTHIBAIOT IO

dbopmyie:

b

m(SO; )=m(BaSQO,)-F- X
M(SOy)

rae m(BaSO,) — macca ocanka; F—dakrop nepecuera; F= ————+ 7
( 4) axrop mep M(BaSO,)

K» o

00BEMBI KOJIOBI 1 ITHUIICTKHU, COOTBCTCTBCHHO.

PabGora 1.4.2. OTaeseHue kejae3a 0T MArHUSA W ONIpeaeJeHue JKejae3a

CymHocts pabotbl. OtneneHue keje3a OT MarHus OCHOBAHO Ha
yCTaHOBJICHUM ompeaenaeHHoro 3HaueHusi pH pactBopa (pH~5), mpu koTopom
’KEJIe30 KOJIMYECTBEHHO OCaX/IaeTCsl B BUAE THIPOKCHUIA:

Fe** + 3NH; + 3H,0 = Fe(OH);4 + 3NH,",
a MarHuii octaeTcsi B pacTBOpeE.
®dopma ocaxnenus - Fe(OH);xH,O0.
['paBumeTpuyeckas popma - Fe,Os.

Peaxmuewl, nocyoa:
Ammuak NHj; — pactBop ¢ maccoBoit goieit 10%.
MeTunoBbIi OpaHKEBBIA — pacTBOp ¢ MaccoBoil goieit 0,1%.
Hurpatr ammonnst NH4NO; — pactBop ¢ MaccoBoii noseit 2%.



Konba mepnas Bmectumoctbio 100 mit.

[TuneTka BMeCTUMOCTHIO 20 M.

Crakan BMectuMocTbio 300400 mut.

Crakan BMmecTuMOcThiO 100 M.

CrexiiHHAs TAJI0YKA C PE3UHOBBIM HAKOHEUHUKOM.
BopoHnka.

QunbTp CUHASA JICHTA.

Brimonnenue paboTsl

AnanusupyeMsblii pacTBop, cojepxkamuii He 6oinee 0,4r xene3a, B MEpHOU
kos10e BMecTuMocThio 100 mi1 pa30aBisiiOT BOJOM 10 METKHU, MEPEMEIINBAIOT U
MUINETKON oTOupatoT nmpody B crakaH BMecTUMOocThio 300—400 mu. PactBop
OCTOPOXKHO HarpeBaloT, HE JlaBas KUIeTh XUAKOCTH. K ropsiuemy pacTBopy
npuOABIIAIOT MPHU MEPEMENIMBAHUN PACTBOP aMMuaka ¢ MaccoBoi noiner 10%,
MPUIKBAs €0 MO KaIusiM /10 ¢1aboro 3amnaxa.

Kamnis MeTusiaoBoro opaH»keBOro, BBEJAEHHAss B PacTBOpP HaJ OCAJIKOM, B
KOHIIE OCaXJCHHs JOJIKHA OKpPAacUThCS B >KeNThi 1BeT. CofepKkuMoe cTakaHa
pazbapisitor 100 mi ropsiueit BObl, MEPEMENINBAIOT U OCTABIISIIOT CTOATh Ha 3—5
MUHYT Ha ropsiueidl BOASIHOW OaHe JJig KoaryJisiliuUd OcajJKa THAPOKCUIA jKele3a
(IIT), 3atem ObICTPO GUIBTPYIOT Yepe3 PUIBTP C KPACHOU JICHTOM.

OuIbTp HA BOPOHKE MPEIBAPUTENHHO MPOrPEeBAIOT CMAYMBAHUEM Tropsiyeit
Bojoil. [locne 3Toro mpo3payvHblil pacTBOP CIMBAIOT MO Majdoyke Ha (GUIBTP, HE
B3MYy4YUBas OCaJKa. 3aTeéM KOJMYECTBEHHO IMEPEHOCAT OCaa0K Ha (QHUIbTp;
MPUCTABIINE K CTaKaHy M MaJOYKe YaCTUIIBI CHUMAIOT KYyCOYKOM 0€330JbHOTrO
¢unbTpa (MMOMECTUTH €ro 3aTeM BHYTPb (QWIbTpa C OCAAKOM) U OOMBIBAIOT
CTEHKHU U JTHO CTaKaHa ropsiued BOJIOU.

3ateM 0caJiok Ha (QUIbTPE MPOMBIBAIOT PACTBOPOM HUTpAaTa aMMOHHS C
MaccoBou nonen 2%, coaepxkanuMm 3 kamiau ammuaka Ha 100 M pactBopa, 10
MOJIHOTO yJaJeHUs] XJOPUA-MOHA, YTO YCTAaHABIMBAIOT NPOOO € HUTpATOM
cepeOpa. DIEKTPOIUT—KOATYJIATOP BBOAST B MPOMBIBHYIO KHIKOCTb, YTOOBI HE
JOMYCTUTh NENTU3ALUU 0CaJKa; J00aBKa aMMUaKa CIIY>KUT JIJIsl yBenuueHus pH,
MpeaoTBpaliasl pacTBOPUMOCTb ocaika. [IpoMBITHI OCaJOK BBICYIIUBAIOT B
cymmneHOM mKady mpu Temmeparype okomo 100°C B Tedyenme waca (He
BbIHMMas (PUIIbTpa U3 BOPOHKH). 3aT€M NMOMEUIAIOT CBEPHYTHIN (DUIBTP B TUTEIh
Y IPOKAJIMBAIOT HA TOPENIKE UK B My(eIbHOU MeYH 10 MOCTOSHHON MaCCHhI.

Maccy xene3a pacCUMTHIBAIOT 10 (hopMyIie:

2M(F
m(Fe) = m(Fe,0,) - F- Ve o _2M(Fe)
V.’ M(Fe,0,)

ol

Paoora 1.4.3. OTaes1eHne KAJIBIMA OT MATHUS U ONIpeaeJIeHue KAJbLIIN
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CymHocTh — paboTel. OTaeneHue KalblUs OT MarHus IPOU3BOJAT
JIercTBEM M30BITKA pacTBOpa OKcajaTa aMMOHHS, KOTOPBIM TOJHOCTBHIO
OCaXJAaeT HWOHBI KaJbIlMsA, HO HE OCAXJaeT HOHBI MarHus, oOpa3yoIlHue C
nonamu C,0,4> KOMIUIEKCHOE COEMHEHHE:

1\/[g2+ + C20427 = Mg(C204)227
B ocHoOBe onpeneneHus KaabIus JEKUT PEaKiis OCaKICHUS:
Ca*" + C,04* + H,0 = CaC,04H,0
®opma ocaxaenus CaC,04H,0. Ilockompky ocamoxk CaC,04H,O 006b1yHO
OBIBaET 3arpsi3HEH OKCAJIATOM MarHusl, IPOU3BOAAT NIEPEOCAKICHUE.
['paBumeTpuueckas opma CaSO,.

Peaxmusvl, nocyoa:
Oxkcamar ammonust (NH4),C,04 — pactBop ¢ MaccoBoii noneit 4,5% wu
0,1%.
XnopoBogopoaHas kuciaota HCI — koHLleHTpupoBaHHasL.
Ammuak NHj3 — pactBop ¢ maccoBoit goieit 2,5%.
MeTunoBbIi OpaHKEBBIA — pacTBOp ¢ MaccoBoil goueit 0,1%.
HuTtpar cepedbpa AgNO; — pacTBop ¢ MaccoBoii noneit 1%.
Cepnas kucnora H;SO4 — KOHLIEHTpUPOBaHHAS.
Hurpatr ammonnst NH4NO; — pactBop ¢ MaccoBoit noseit 2%.
Konba mepnas Bmectumoctbio 100 mit.
ITunerka BMecTUMOCTBIO 20 MII.
Crakan BMecTUMOCThIO0 300—400 M.
Crakan BMecTUMOCTBHIO 100 M.
CrexisiHHas MaJoYKa ¢ pe3NHOBBIM HAKOHEUHHUKOM.
AcOecToBas ceTKa.
BopoHnka.
OuiibTp Oenas JeHTa.

Brimonnenue paboTsl

AnanusupyeMsblil pacTBop, coaepkauiuii He Oonee 0,2r KanbIus, B MEPHOH
kos10e BMecTUMOCThIO 100 MJT pa3z0aBisioT 0 METKH BOJIOM U NIEPEMEIIUBALOT.

AnukBOoTy pactBopa nuneTtkod Ha 20 M MEpEeHOoCAT B CTakaH
BMecTuMocThio 300 mui, pazbasisior Bomod no 150-200 mu, mpubasisor 1
KaIUIF0 METWJIOBOTO OPAHXEBOI0, 5 MJI KOHIIEHTPUPOBAHHOW COJISTHOM KHUCJIOTBI
n 50 Mi pacTBOpa okcajata aMMOHHMS ¢ maccoBou noner 4,5%. Harpesaror
MOYTH JIO KUIEHUS U MEIJIEHHO, MO KarulsiM, NPy MepeMelIuBaHun 100aBISIOT
pacTBOp aMMHMaka ¢ maccoBoil gosieit 2,5% no0 mepexojia po30BOM OKpAacku B
xentyto. CTakaH C OCaJKOM MOMEIIAIOT B COCyA JUisl OaHW, HAIMOJHEHHBIN
XOJIOJIHOM BOJIOH (BOJY B COCY/I€ MEHSIOT HECKOIBKO pa3).

Ilocne 4acoBOro CTOAHMS JEKAHTUPYIOT MPO3PAYHYIO0 KUJIKOCTh Yepes3
¢bunbTp ¢ Oenoit neHTol. 3aTeM 2-3 pas3a MPOMBIBAIOT OCAJOK METOJOM

J€KaHTaluu Ha (QUIbTPE U MPOMBIBAIOT HA PUIbTpe 2—3 pa3 TeM e PacTBOPOM
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OKcajlaTa aMMOHUS JI0 OTPHUIATEIBLHON peakIMu Ha XJOpUI-uoH (mpobda ¢
HUTPATOM cepedpa, MOJIKUCICHHBIM a30THOM KUCJIOTOM).

[Tonyuennsiit ocanok CaC,04-H,O mepeocaxnaror. st 3TOro mpOMBITHIN
ocasok pacTtBopsroT B 50 Mi ropsiueit pazoasiaenHoit (1:100) coystHOM KUCIIOTHI;
pactBop pazdapisitor 10 200 Mut 1 100aBISIIOT K HEMY | T okcajaTa aMMOHHS,
PacTBOPEHHOTO B HEOOJIBIIOM O0OBEME ropsiueil BOABI, CMECh HarpeBarOT MOUTH
0 KHUIIEHWs] W CHOBAa OCAXJAIOT KaJIbIMi, HEUTpalu3ys KHUCIBIA pPacTBOP
aMMHMaKOM, KaKk ¥ B MepBOM ocaxjaeHuu. OcaloK TIIATEIBHO MPOMBIBAIOT
pactBopoMm (NH4),C,04 ¢ maccoBoli goneii 0,1% u BbICYIIMBAIOT, 3aT€M BMECTE
¢ GUIBTPOM MOMEIIAOT B TUTEJNIb U TOCJE 030JeHUs (PIIbTpa MIPOKATUBAIOT J0
MOJIHOTO yJIaJIeHUs yriepoja.

K ocanky, cocrosmemy n3z CaCO; u CaO, mocne OXJaxIeHUs THUTJIA
n00aBIsAOT 2—3 Kamiaud BOAbl M S5—7 Kameiab KOHIIEHTPUPOBAHHOM CEpHOMN
KUCJIOTHI. Boiy M KUCIIOTY NMPWIMBAIOT K OCaaKy MEJIEHHO MO CTEHKE THIJIA,
yIEep)KUBasi €ro B HAKJIOHHOM TIOJIOXKEHUHU, BBIKHUIAs HEKOTOPOE BPEMs IOCIE
NpuOaBiIeHUS KaXJIOW Karulkd, IIOKa THUTeJb HE OCTBIHET. 3aTeM THUrelb
yCTaHaBIUBAIOT Ha (GaphopoBOM TPEYroibHUKE, YKPEIUVICHHOM Ha HEKOTOPOM
paccTossHMM Haja acOectoBod cerkoil. [lojg ceTky mMOABOIAT TOpEnKy U
OCTOPO’KHO HArpeBaroT J0 IMOJIHOTO MPEKPAICHHUS BBIJICJICHUS MMapOB CEPHOM
kuciotel. (Ilox Tsaroit!). Tlocne aToro ceTky youparoT U IpOKaJIMBaIOT TUTENh C
CaSQy4 10 MOCTOSTHHON MAaCChl Ha OTKPBITOM IUIAMEHU TOPEIIKH.

Maccy CaO paccuuTbIBaloT 1o ¢popmyiie:

v
m(Ca0)=m(CaS0,)-F-—*, - M)
' M(CaSO ,)

Pao6ora 1.4.4. PaznejieHue U onpeaeJJeHue Meau 1 HUKeJIs MeTOI0M
JIEKTPOrPABUMETPUH

CVH_IHOCTB Da6OTBI. PaSIICJICHI/IC " IIOCJICAOBATCIIBHOC OIIPCACIICHUC MCIIU U
HHUKCJIA B pACTBOPC OCHOBAHO HaA PAa3/IMUMU B IIOTCHIHUAJIIAX BBIACJICHHUA 3TUX
MCTaJJIOB. HpI/I HaIIPpAKCHUN ~2B MCIOb ITIOJHOCTBIO OCAXKIACTCA U3 KHCJIBIX
PAaCTBOPOB; OCAKIACHUC HUKCIIL B 9THUX YCIIOBUAX HC IMPOUCXOIUT. I[JISI IIOJIHOT'O
BBIACJIICHUA HUKEIA HW3 PpacTBOpa, OCTABHICTOCA IIOCJIC BBIACICHUA MCIH,
HCO6XOIII/IMO IMOBBICUTL HAIIPSIKCHUC 0 3-4B nun CymICCTBCHHO IIOHU3UTH
KOHIOCHTPAIUKO HOHOB BOJOPOJAa IIO6aBJICHI/ICM amMmmuaka. B aTmx YCIIOBHUAX
HOHBI BOJAOpPOIdA HC PpPa3psKAOTCId H HES MCIIANOT OIPCACICHUIO HUKCIII Ha
KaToAcC.

Peaxmuewvl, nocyoa:
VYcraHoBKa JJIs1 2JIEKTPOOCAKIACHHUS.
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Crakan BMmecTuMOCTBIO 300 M.

A3zotHag kuciora HNO; — 2M pactsop.

Azotnas kuciota HNO; — paz6asnenssiii pactBop (1:1).

Cepnas xucnora H,SO,4 — pa3z6aBnennbiit pactBop (1:4).

Otunoseiil ciupt C,HsOH.

Aunerat Hatpust CH;COONa — 0,025M pactBop.

I'excanmanodeppar kanusa K4Fe(CN)g — pactBop ¢ MaccoBoit noseit 0,1%.
Ammuak NHj; — pactBop ¢ MaccoBoit nonei 25%.

Konba mepnas Bmectumoctbio 100 mit.

[TuneTka BMECTUMOCTHIO 20 M.

Brimonnenue paboTsl

B crakan BMectumocThio 300 MJI MEPEHOCIT aHATU3UPYEMBIH pacTBOD,
cojaepxkamuii He 6osee yem no 0,1 r Meau U HUKeNs, npwimBaioT 14—16 mu 2M
pacTBopa a30THOM KHUCIOTBI M 6 M paszbamienHoro (1:1) pactBopa cepHoi
kucioThl. CTakaH ¢ pacCTBOPOM IMOMEIIAIOT Ha KOJBIO IITaTHBA U MOTPYKAIOT B
HETO0 JICKTPOJIBI. DIICKTPOIbI MPEABAPUTEIHHO OYHUIIAIOT U BHICYIIIMBAIOT; KATO/
B3BCIINBAIOT HA aHAIMTUYCCKUX Becax.

CeTuaTblii KaTOJl 3aKpEIUIAIOT TaK, YTOOBI OH HE Kacalicsl JHA, U CTEHOK
CTakaHa U HAXOJIWJICS Ha OJIMHAKOBOM PACCTOSIHUU OT HUX. AHOJI 3aKpEIUISIOT B
IIEHTpe ceTyaToro karoaa (puc.l).

Puc. 1.YcTanoBka uist 37€KTpOrpaBUMETPUYECKOTO aHAIM3A!
1- naTuHOBas ceTka (KaToj); 2- IIaTHHOBAs CIMpalb (aHON); 3- peocTarT;
4- amnepmertp; S- BOJBTMETP.

Uccnenyemspiii pacTBOp pa30aBisiOT TaKUM OOBEMOM JUCTHIUTUPOBAHHOM
BOJIbI, YTOOBI YpPOBEHb XHUJKOCTH B CTakaHe MNPUOJIM3UTENIHPHO Ha 1 cM He
JOXOAWJI JIO BEpXHEro Kpas IulaTUHOBOM ceTku. C TMOMOIIbI0 peocTaTa
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YCTaHABIMBAIOT HamnpspkeHue 2B. DnexkTponu3 mpoaoipKaioT 10 MOJHOTO
oOeclBeuUrMBaHMs pacTBopa (Ha 4ro Tpedyercsa okosno | dyaca), mociie 4Yero
JeNaoT npoly Ha MOJHOTY OocaxaeHus Meau. s 3Toro 100aBisioT B CTakaH
CTOJIBKO JUCTUJUIMPOBAHHOW BOJIbI, YTOOBI YPOBEHb JKUJKOCTH MOAHSIICS Ha 2—3
MM, U cHOBa mpubiauszurensHo 10 MUH mpomoskaioT siektpoiu3. Eciau npu
TOM Ha BHOBb MOrPYKEHHOW YacTH 3JIEKTPOJA HE MOSBIAETCS 30J0THCTHIN
HaJeT MeTaJuIMYeckoil Meau, OepyT Kalllo MCCIEIyeMOro pacTBOpa Ha
KareJbHYyI0 MJIACTUHKY U, 100aBUB K Hell 2—3 KaIiu pacTBOpa aleraTa HaTpus,
nevictBytor kared pactBopa KyFe(CN)g. OcaxneHue MeIu MOXKHO CUYUTATh
MPAKTUYECKH TOJHBIM, €CJIM KpacHOBaTo-Oypas OKpacka pacTBopa He
MOSIBIISIETCSI.

B npotuBHOM ciyyae B cTakaH J0OaBISIOT €lle JUCTHILTUPOBAHHON BOJIbI
U TPOJOJIKAIOT JIEKTPOJIM3 0 TEX MOp, MOKa Mpobda Ha MOJTHOTY OCAXKIACHHS
MEJIM HE 1ACT OTPULATEIBHOTO PE3ysbTaTa.

JIOOMBIIMCh TIOJHOTO OCAXACHUS MEAH, NPUCTYHNAIOT K MPOMBIBAHUIO
anekTpoAoB. [lpu 3TOM BBIKIIIOYATH MCTOYHHMK TOKA HEJb3s, TaK KaK HHaYe
BbIJICJICHHAs HA KaTOJIe MeJlb HAUYHET PACTBOPSTHCS.

[IpoMbIBaHUE 3JEKTPO/a MPOBOMASAT CIEAYIOMIMM O0O0pa3oM: MOAHUMAIOT
TOPU30HTANBHBINA CTEP)KEHb IITATHBA, HECYIIMH KJIEMMbI C YKPEIUIEHHBIMU Ha
HUX OJJIEKTPOJaMH, BBIHUMAIOT M3 IITAaTUBA CTaKaH C pPacTBOPOM, OBICTPO
3aMEHSIOT JPYIMM CTaKaHOM M ceidac K€ TIIATEIbHO MPOMBIBAIOT AJIEKTPOA
CTpyell IMCTUIUTMPOBAHHOM BOJION U3 MPOMBIBAJIKH.

[locnie Toro kak MPOMbBIBAHWE 3aKOHYEHO, BBIKIIOYAIOT TOK M BBIHUMAIOT
ANEKTPOABI U3 KieMMbl. KaTon moMemaroT Ha JIMCTOK (PUIIbTpoBalibHON Oymaru,
YTOOBI C HEro CTEeKJa BOJA, 3aTeM MPOMBIBAIOT KAaTOJ| CIIUPTOM, BBICYLIUBAIOT U
B3BEIINBAIOT.

PasHocTh Macc kaToma mociie JJIEKTpPoJiM3a W 10 HEr0 paBHAa Macce
BBIJICJICHHON MEJIH.

OcraBumiicss mocje BbBIJEICHUS MEIU pacTBOP BMECTe C MOpIUEH
MPOMBIBHBIX BOJI BBINAPHUBAIOT Ui YAAJCHHs] a30THOW KHUCJIOTHI HA MECUYaHON
OaHe B BBHITSDKHOM Ikady 10 nosBieHus 6enoro «apiMa» SOsz. C 3Toi 11ebio
pacTBOp mepenuBaloT B (papdopoByro UallKy, OMOJACKUBas CTEHKH CTaKaHa
JUCTHILTUPOBAHHOM BOJIOM, M HarpeBaroT Tak, YTOOBI pacTBOP UCHApPsUICS, HO HE
KHIIEJI, TaK KaK IPU 3TOM HEU30€kKHO pa3OpbI3TUBaHUeE.

[locne BbImapuBaHUS MPAKTUYECKHM JIOCyXa COJEPKHMOE  YalllKu
OXJIaXJIal0T, OCTOPOKHO PacTBOPSAIOT B 25—40 M IUCTUIUIMPOBAHHOW BOJBI U
HArpeBaroT JI0 MOJHOTO PacTBOPEHHUs Bcex cojiel. PacTBop mepeHocsT B cTakaH
IUISL DJIEKTPOJIM3a, OIojackuBas vamky 2-3 pa3za 10 mi BOApl, KOTOPYIO
cOoOHpAIOT B TOT K€ CTaKaH.

PacTBOp B CTakaHe HEUTPAIM3YIOT PACTBOPOM aMMHUAKa C MAacCCOBOM J0JIEU
25%, npubaBisis €ro 10 mepexojia 3eJeHOM OKpacKu pacTBOpa B CHUHIOIO (MOHBI
Ni(NH;),”>" umeroT cumii 1uBer). 3ateM no6aBisior eme 20 MI aMMHAKa U
pa30aBisoT pacTBOp 10 150 M1 AMCTUIIIMPOBAHHON BOJIOH.

[Mpuctynass K 3JIEKTPOTrPaBUMETPHUUYECKOMY BBIACICHHIO HHUKEIS U3
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pacTBOpa, BHOBb TOTOBSIT 3JIEKTPO/bl, 00padaTbiBas Ux ropsiuei, pa30aBieHHON
a30THOW KHCJIOTOM, TNpPOMBIBasi, BBICYIIMBAasT M B3BEIIMBas HX Kak IpH
OTIpEJICTICHUH MEJIH.

CoOpaB yCTaHOBKY, TMOJAlOT Ha OSJEKTpOAbl HampspkeHue 3,5+4B u
MPOBOIAT AJIEKTPOJIN3 KaK OOBIUHO.

OcTaBisaTh 4YacTh KaToAa BBILIIE YPOBHS JKUJIKOCTH B 3TOM Cllydyae He
CJIEIyeT, TaK KaK BBIACISIOMMNCSA HUKEIh O BHEUTHEMY BUIY MAJIO OTIUYAETCS
OT TUIATUHBI W TPOBEPSATh MOJHOTY OCAXACHHS, KaK 3TO JeNiajJoch IpH
OTpeJICTICHUH MEJIU, 3[1eCh HE yJaeTcs. 3a OKOHYaHUEM 3JIEKTPOJIN3a CIEAST IO
oOecuBeunBanuio pactBopa. Ilocine monHOro oOeclBEeYMBAHUS PpacTBOpa
AIEKTPOJIU3 MPOAODKAIOT €lle 5 MUHYT, 3aTeM OepyT Ha KamelbHYIO IJIACTUHKY
KaIli0 pacTBOpa M JIEWCTBYIOT Ha Hee Karied pacTtBopa cyjibpuaa aMMOHUS.
Eciu mnoOypenusi, BbI3BaHHOTO oOpa3zoBaHueM NiS, HE NPOUCXOIUT, TO
ANEKTPOIU3 MPOJOJIKAIOT €IIe 5 MUHYT, MOCJIE YEro AJIEKTPOJ MPOMBIBAIOT U
B3BEIIMBAIOT.

VYBenuuuBaTh NPOAOJIKUTEIILHOCTh AJIEKTPOJIN3a HE CIEAYeT, TaK Kak Mpu
TOM MOKET HauyaThbCid PACTBOPEHHUE IJIATUHOBOIO aHOJa, a Mepelienuas B
pacTBOp IUIATUHA OCAXAAETCS Ha KaToje, BCIAEACTBUE YEro pe3ysbTaT aHaiu3a
OKa)KEeTCsI 3aBBIIIICHHBIM.

[lo okoHYaHUM OIpeAesieHus OCaXICHHBIA Ha KaTOJIeé HUKEIb PACTBOPSIOT
IpU KUISYEHUU B TeueHue 15 muHyT B pazbaBieHHoM (1:1) pacTBope a30THOMI
KHCIIOTBHI.

Ecnu mpu pacTBOpEHHMH OCaXKIEHHOTO Ha KaToJle MeETaljla B pacTBOpe
a30THOM KHCJIOTHI MOSBISIOTCS YEPHBIE XJIOMbS, 3TO YKa3bIBA€T HAa BBIJCICHHE
BMECT€ C HHUKEJIEM IUIaTUHBI B pe3yjibTaT€ YaCTUYHOIO PACTBOPECHHUS
IUIATUHOBOTO aHojAa. B Takom ciydae omnpejaeiieHHe MNPUXOAUTCS CUUTATh
HEYyJIaBIIUMCSI U HEOOXOJUMO €T0 MOBTOPUTH, CIAEAS 3a TEM, YTOOBI 3JIEKTPOJIN3
MpoJI0JKajCs He Oojiee, 4eM cleayer.

Maccy Meau u HHKENIs B HCCIEIyeMOM pPAacTBOPE BBIUUCISAIOT 10
bopmynam:

m. =m Ve
Cu ~— Cu V ;
I
m. =m V“
NNy
II
rac mey, — Macca MCIH, BBIJICJIPIBI.HCfICSI Ha KaToIcC,
mMyN; — MacCa HHKCIIA, BBIACIHMBIICIOCSA Ha KaToAfC HpI/I HpOIIOJI)KeHI/II/I

QJICKTPOJIN3a B aMMMaYHOM cpeac.

2. TATPUMETPUYECKHI AHAJIN3
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2.1. KpaTkue TeopeTu4ecKkue CBeIeHUA

Turpumerpuueckuii aHaau3 OCHOBAaH HAa TOYHOM HM3MEpPEHUU 0Obema
CTaHJApPTHOTO pacTBopa (TUTpaHTa), H3pPacXOJOBAaHHOIO HA PEAKLHI0 C
OIIpEIENSIEMBIM BEIIECTBOM.

Peakunn, mnpumeHsiemMble B TUTPUMETPHM, JOJDKHBI YIOBIETBOPSATH
CJIEYIOLIUM OCHOBHBIM TPEOOBaHUSIM.

1. Peakumss noKHa NPOTEKAaTh KOJWYECTBEHHO, TO €CTh KOHCTaHTa
paBHOBECHS JJOJIKHA OBITh JOCTATOYHO BEJIHKA.

2. Peakuus 1oJKHA TPOTEKATH ¢ OOJIBIION CKOPOCTBIO.

3. Peakuus He [OJDKHAa OCJIOXHSTBCA MPOTEKAaHUEM MOOOYHBIX
IIPOLIECCOB, TPEOYIOIINX JOMOIHUTENBHOTO pacxoa CTaHJapTHOrO pacTBOpa.

4. JloKeH CyILecTBOBATh CIOCOO OIpENeiIeHHUs] OKOHYAaHUS PEAKLHUU
(MHIMKAIMS TOYKU SKBUBAJICHTHOCTH).

Ecnu peakius He yJOBIETBOPSIET 3TUM TPEOOBAHUSIM, OHA HE MOXKET ObITh
UCII0JI30BaHA B TUTPUMETPUYECKOM AHAIIN3E.

PactBop  turpanta  gomkeH  ObITh  craHmaptusupoBaH.  Ilox
CTaHJApTU3aLMEN pacTBOpa TUTPAHTA UMEIOT B BUAY YCTAHOBIICHHE €r0 TOYHOU
KOHIEHTPALMKU C OTHOCUTENIbHOM MOrPEIIHOCTHIO, OOBIYHO HE MPEBBIIIAONIEH
+ 0,1%.

OcHOBHOIl ~ omepauued  TUTPUMETPUYECKOTO  aHalu3a  SBIIACTCS
TUTPOBAHUE.

YcranoBieHHE obbema TUTpaHTa TAHHOU KOHILICHTPALINH,
COOTBETCTBYIOIIETO 3KBUBAJICHTHOMY KOJIMYECTBY OIPEIEISIEMOr0 BEIECTBA,
IPOU3BOAMTCA C IIOMOLIbIO HMHAuKaTopa. /[l oOocHOBaHHOrO BBIOOpA
WHIUKATOpa CTPOSIT KPHUBBIE TUTPOBAHHUSA, MOKa3bIBAIOLIUME TPAPUUECKYIO
3aBUCUMOCTb JiorapupMa paBHOBECHOW KOHIIEHTPALMU OJHOTO M3 YYACTHHUKOB
peaklud TUTPOBaHUS (OMpENEIEeMOro BelllecTBa WM TUTPaHTa) OT o0bema
N00aBIEHHOIO CTAaHAAPTHOTO PACTBOpa (MM CTENEHH OTTUTPOBAaHHOCTH). B
clly4ae  peakuuu OKHCIJICHUS-BOCCTAHOBJIEHUSI ~ BMECTO  Jiorapugma
KOHILICHTpAallMM HA OpAWHATE OTKJIAABIBAIOT BEJIMYMHY OKHUCIUTEIBHO-
BOCCTAHOBHUTEJIBHOIO TOTEHIMAJIA CUCTEMBI.

B o0nacT TOUKM 3KBUBaJIEHTHOCTH HA KPUBOW TUTPOBAHUS HAOIOAAETCS
«CKAaYOK THUTPOBAHUS», OTPAXKAIOIMM pe3Koe HU3MEHEHHE (Ha HECKOJBKO
MOPSAJIKOB) ~ KOHIIGHTpAllMM BeLIeCTBA B AToM oOmactu. Pe3koe u3MmeHeHHe
KOHIEHTpALMK WM MOTEHIMaJIa BbI3bIBAET BU3yallbHO HabonaeMblil 3pdexT
WHJWKAlUU — TOSBJICHUE, U3MEHEHUE WJIM HCUYE3HOBEHHE OKPACKH pacTBOpa,
oOpa3zoBaHue ocajaka U T.a. BronHe MOHATHO, YTO WHIUKATOP pearupyer Ha
M3MEHEHHE KOHLEHTPAUUH HE3aBUCUMO OT TOro, JOCTUTHYTa WIH HE
JOCTUTHYTAa TOYKA SKBUBAJIEHTHOCTU. 3ajaya aHaJUTHKa COCTOMT B Moadope
TAKOro WHAMKATOpa, KOTOPBIM AaBan Obl BU3yallbHO HaOm0gaeMblil 3 dext
WHIUKAUA B O00JIACTM TOYKM SKBUBAJICHTHOCTU. Tak, Hampumep, IMpHU
MPOBEICHUH KHCIIOTHO-OCHOBHOT'O TUTPOBAaHUS HEOOXOAMMO, YTOOBI MHTEpBAJ
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nepexojia uHAMKaTopa (obnacth 3HaueHWi pH, rae WHAMKATOpP MEHSET CBOM
I[BET) MOJTHOCTHIO MM YACTUYHO COBMAJJ CO CKAYKOM TUTPOBAHUS.

Pacyer pe3ysnbTaTOB TUTPUMETPUUECKOIO aHAIN3a OCHOBAH HA HPUHUUNE
IK6UBAJIEHMHOCHIU, B COOTBETCTBUU C KOTOPBIM BEIIECTBA PEATUPYIOT MEXKIY
c0001i B 9KBUBAJICHTHBIX KOJIUYECTBAX.

Ecnu uzBectHa, Hanpumep, MoJsipHas KoHueHTpanus menoun ¢(NaOH) u
oobem pactBopa  NaOH V(NaOH), wuspacxomoBaHHBII Ha THUTPOBaHHE
OCH30IIHOM KHUCJIOTHI, TO KOJMYECTBO IIEJIOYM B MOJSAX, 3aTpauye€HHOE Ha
peakiuio, Oy/eT paBHO:

n(NaOH) = c¢(NaOH) - V(NaOH) .
1000
B Touke »KBMBaJEHTHOCTH YMCIIO MOJIb IIEJIOYU, M3PACXOJIOBAHHOE Ha
peakiuio, OyJeT TOYHO PAaBHO YUCIY MOJIb OCH30MHON KHCJIOTHI (T.K. (DaKTOpbI
DKBUBAJICHTHOCTH  OOOMX  pEarupyromux BEIIECTB  pPaBHBI  CAUHUIIE),
CJIEI0BATENBHO:
n(NaOH) = n(CcHsCOOH).
Orcropa:
c¢(NaOH) - V(NaOH)
1000

n(C4H5COOH) =

Macca C¢HsCOOH B aHanu3upyeMOM pacTBOPE PaCCUUTHIBAETCS IO
dbopmyie:

1’1’1(C6H5COOH) =1n (C6H5COOH)M(C6H5COOH) =
- C(NaOHI)(;;(/)(NaOH) "M(CsHsCOOH).

AHanoru4aso PACCUHUTBIBAIOTCA  PC3YJIbTAThI aHajimda B MCTOOax
OKHUCJIIUTCIIBHO — BOCCTAHOBUTCIIBHOT'O THTPOBAHU. HaHpI/IMep, KCJIC30 4acCToO
OoNpCACIIAIOT ICPMAHTAHATOMETPHUICCKH B COOTBCTCTBUU C YPABHCHUCM PCAKIIUHU
TUTPOBAHUS:

5Fe*" + MnO, + 8H' = 5F¢e*" + Mn*" + 4H,0.

Komnuectso KMnOy , M3pacxospoBaHHOE Ha TUTPOBAaHHUE, OYAET PaBHO:
n(1/SKMnO,) = c(1/5KMnO,) - V(KMnO,)

1000
raie  c¢(1/5KMnQO,4) — wMonspHas kouueHtpanus 1/SKMnO, (HOpManbHas
koHueHTpanus KMnOy (£ =1/5), V(KMnOy) — 06bem KMnO4

b

B cooTBeTCTBHH ¢ 3aKoHOM 3KkBHBanenTHocTH Nn(Fe?) = n(1/5Mn0Oy)
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", CJICAOBATCIbHO, MACCa KCJIC3d B dHAJIMBUPYCMOM PACTBOPC PACCUHUTBIBACTCA
10 YPABHEHUIO:
¢(1/5KMnO,) - V(KMnO,)

m(Fe) = 1000

-‘M(Fe).

B wmeromax mpamoz20 _mumposanus _ ONPENEISIEMOE  BEILIECTBO
HETOCPEJACTBEHHO pearupyer ¢ TUTpaHTOM. JlJIsi mpoBEeAEHUs aHaIu3a 3THUM
METOJOM JOCTATOYHO OJHOI'O CTaHAAPTHOT'O PacTBOPA.

Tak, m©OpW KHUCIOTHO-OCHOBHOM THUTPOBAaHUU YKCYCHOM  KHCJIOTBI
pe3yNbTaThl aHAJIM3a PACCUYUTHIBAIOTCS MO MPOCTON (hopmyIie:

c¢(NaOH) - V(NaOH)
1000

m(CH;COOH) = ‘M(CH;COOH).

B Meronax ofpammnozo mumpoganus (Wid TUTPOBAHUS MO OCTATKY)
HCTIOJIB3YIOTCS JIBa CTAHAAPTHBIX PACTBOPA — OCHOBHOM M BCIIOMOTATEIIbHBIM.

MetogoM 0OpaTHOTO TUTPOBAHUS OMPEACISIOT, HAIIPUMEP, COJIEPKAHUE
dbopmanpaeruaa B necrunuae. K HaBecke mecTuiuaa J00aBISIOT 3aBEIOMBIM
M30BITOK TUTpOBaHHOTO pacTBopa Ienoun NaOH (ocHOBHOHM cTaHIapTHBIN
pactBop). [Ipu HarpeBaHUM MTPOUCXOAUT PEAKITUS:

HCHO + OH + H202 = HCOO™ + 2H20

[lo oxnaxkJieHHH pacTBOpa HE BCTYNMBIIEE B PEAKIMIO H30BITOUHOE
KOJIMYECTBO IIEJIOYM OTTUTPOBBIBAIOT PabOYMM PacTBOPOM XJIOPOBOJOPOIHOM
KHUCJIOTHI (BCIIOMOTATENbHBINA CTAaHAAPTHBIN pacTBOD).

Takum o6pa3om, pacuer B METOJIe OOpPaTHOrO TUTPOBAHHUS OCHOBAH Ha
MCIOJIb30BAHUH COOTHOLIEHUS:

n(HCHO) = n(NaOH) — n(HCI) ,

rae n(HCHO) — uucno Mok 3kBUBaJICHTOB onpenensiemoro Bemnecrsa HCHO,;
n(NaOH) u n(HCI) — gucio Mok SKBUBaJIEHTOB MIEPBOT'O U BTOPOTO
ctangapTHbIX pactBopoB NaOH n HCl, cooTBeTcTBEHHO.

B Metone mumposanua no zameuwieHuro K ONpPEACIISIEMOMY BEIIECTBY
N00aBISAIOT M30BITOK CIEIHUATBHOTO pEeareHTa, BCTYMAIOIIETO B PEAKIUI0 C
ompenenseMbiM BemecTBoM. OAWMH W3 TPOAYKTOB pPEaKIUU, KOJIUYECTBO
KOTOPOTO HKBUBAJICHTHO KOJIUYECTBY OTPEeNIEeTIIEMOTO BEIIIECTRA,
OTTUTPOBBIBAIOT 3aTE€M CTaHJAAPTHBIM PACTBOPOM.

Tak, nns onpeneneHus OeH3almblerHaa MO METONY 3aMEIICHUS HAaBECKY
ero oOpabaThIBAlOT PACTBOPOM COJITHOKHUCIIOTO THUApOKcuiaamMuHa. [lpu sTom
MIPOUCXOUT PEAKIIMS:
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CHsc ~H
6 sC\O + NH,OH HCl= C6H5C\\ +HCl+H,0
NOH

Beiaenusiyrocs XJIOPOBOJIOPOJIHYIO KHUCIJIOTY OTTUTPOBBIBAIOT
CTaHJAPTHBIM PACTBOPOM LIEJIOYH.

Takum o0pa3oM, B METOAE 3aMELIECHUS B OCHOBY PACUETOB IIOJIOKEHO
COOTHOILICHHUE:

H
n (C6H5C/\

O)=n(HCD=n(NﬂHD

2.2. IlpuroroBjieHre U CTAHAAPTU3AIUS PACTBOPOB TUTPAHTOB

CymiecTByIOT J1Ba OCHOBHBIX CIOCO0Aa TPUTOTOBICHUS TUTPOBAHHBIX
pPacTBOPOB.

1. Ilo mepBoMy cnoco0y TOYHYIO HaBECKY CTaHJApTHOrO BelleCTBa
MOMEIIAIOT B MEPHYIO KOJIOY M MOCIE paCTBOPEHUS JOBOSAT PacTBOP B Koii0e 110
METKH, (PUKCUPYS TaKUM 00pa3oM TOYHBIA 00BbEM MONy4eHHOro pactopa. [lo
BTOPOMY CIIOCOOY TOYHYIO KOHIIEHTPALIMIO PACTBOpA YCTaHABIMBAIOT ITyTEM €T0
TUTPOBAHMS CTaHAAPTHHIM pACTBOPOM TOYHO HW3BECTHON KOHIICHTPAIIHH.
[IpakTHyecku MOCTyHalwT CcleAylomuM obpa3zom. s moxydeHus pacTtBopa
3aJJaHHOW KOHIICHTpanuu (MEPBUYHOTO CTaHIapTa) TOYHYIO HABECKY BEIECTBA
U3 BECOBOI'O CTaKaHuMKa (0I0Kca) KOJTUYECTBEHHO MEPEHOCAT B MEPHYIO KOJIOY.
C o5Toll 1enbl0 B3BEIIEHHOE BEIIECTBO OCTOPOKHO MEPECHINAIOT YEPe3 CyXYIo
BOPOHKY B KOJIOy; MHOTOKpPAaTHO IMPOMBIBAIOT CTEHKH OFOKCa HaJ BOPOHKOMN
CTpyel BOABI U3 MPOMBIBAJIKHA, HAKOHEI, OOMBIBAIOT JUCTUILTUPOBAHHOW BOIOMN
BOpOHKY. HanmBaroT pacTBoputenb B KOOy 10 OJHOW TPETH WM TOJOBUHBI €€
o0bemMa U, HE 3aKpbiBas MPOOKOH, TEPEMENIMBAIOT PACTBOP A0 IOJHOTO
pPacTBOPEHHS HAaBECKU KPYrooOpa3HBIMU JBIKEHHSIMH. 3aTeM KOO0y J0 METKU
HANIONMHSIOT  BOJOW  (pacTBopuTeneM). Takue  pacTBOpHI  HA3BIBAIOTCS
npU2OM 06/1IEHHBIMU.

CranmapTHbIE BEIIECTBA, KOTOPHIE HCIONB3YIOTCSA JI MPHUTOTOBICHUS
MEPBUYHOTO CTaHAAPTA, JOJDKHBI YAOBICTBOPSTH CIEIYIOIIUM TpeOoBaHUusAM: 1)
OBITh XUMHUYECKH YHUCTHIMH; 2) HMETh COCTaB, OTBEUAIONIMA XHUMHYECKON
dopmyne; 3) ObITh yCTOMYMBBIMH TIPH XpaHEHHWH W B TBEPAOM BHUJAE, U B
pactBope; 4) 061aaaTh OOJIBIION MOJISIPHOM MaccOi IKBUBAJICHTA.

2. llpu TPUTOTOBJICHUHM BTOPHYHBIX CTAHAAPTOB (WM YCHIAHOGIEHHbIX
pacmeopoes) HeT HeoOXOIMMOCTH OpaTh TOUHYIO HaBECKY BellecTBa. BeriecTBo
B3BCIIMBAIOT HAa TEXHMUYECKUX Becax (WIM OTMEPSIOT MEPHBIM IHIMHIPOM),
PacTBOPAIOT U pa30aBIISIIOT A0 OMpeaesIeHHOTo 00beMa. TOUHYI0 KOHIEHTPALIUIO
pacTBOpa YCTaHABIMBAIOT THTPOBAHHEM C TIOMOIIBIO pacTBOpa MEPBUYHOTO
cTaHaapra. TUTpOBaHME 3aKJIIOUYaeTCs B IOCTENIEHHOM J100aBJICHUU u3
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OIOpEeTKM OJIHOTO pacTBOpa (TUTpaHTa) K JPYromMy, HaxXxOIsAlIEMyCs B
KOHMYECKOU KoJI0€, 10 M3MEHEHUsI OKPAaCKU MHANKATOPA.

[Ipu cTangapTU3alMi PacTBOPOB HUCMONB3YIOTCS: 1) Memod omoenvHblx
HABeCOK; 2) Memoo RUNemupoBaHus.

Memod _omoenvHublx Hagecok. PaccuMThHIBAIOT HABECKY CTaHIAPTHOTO
BeIIEeCTBA (Mcrayy) TMPU YCIOBHM, UYTO PAcXOj THUTPAHTAa HA €€ THUTPOBAHHE
coctaBuT 18-20 min. Ha aHamuTHYecKMX Becax  «METOJOM OTCHITTAHUS»
B3BEIIIMBAIOT TPHU HABECKH, KOTOPHIE MOTYT OTJIUYAThCS OT PACCUMTAHHOW Ha +
10%.

C oTOM 1eNbl0 CHauaja Ha TEXHUYECKHX BecaxX B3BEIIMBAIOT YHUCTHIM,
CyXO# BECOBOM cTakaH4YMK (OIOKC) C TaKUM KOJUYECTBOM BEIIECTBA, KOTOPOTO
JOCTAaTOYHO JJIsi TPEX HABECOK. 3aTeM OIOKC CO CTaHJAapTHBIM BEIIECTBOM
B3BCIIMBAIOT Ha AaHAIMTHYECKUX BecaxX. 3alucaB MacCy CTaKaHYHMKa C
BEILIECTBOM B JIaOOPATOPHBIN KypHaJI, CHUMAIOT €ro ¢ YalllKi BECOB U JIETKUM
MMOCTYKUBAHHEM YKa3aTeJIbHBIM IMaJIblIeM IPaBOM PYKH OTCHINAIOT MPUMEPHO
TPETHIO YaCTh COJIEPKUMOI'0 CTAKaHYMKA B KOHMYECKYIO KOOy, CTakaHUYUK MpHU
ATOM pacIoyiaraeTcsi HaJl IIEHTPOM TOopJIbllliKa Koa0bl. Bo3BpalaioT cTakaHYuK B
BEPTUKAIBHOE TIOJIOKEHHE, HE JOIMycKas TMOoTeph BEIIeCTBa, W BHOBH
B3BCIIMBAIOT. Pa3HOCTh TMEpPBOrO W BTOPOTO B3BEIIMBAHUM HE JIOJHKHA
OTJIMYATBCA OT Mgpay, OOJNBIIe, yeM Ha + 10%. B cnyuae, ecim HaBecka
OKa)XETCS MEHBIIE Merayy , TOBTOPHBIM OTCBHIMTAHUEM JOOMBAIOTCS, YTOOBI OHA
OKazajlaCh B YKa3aHHbIX Tpeaenax. Hapecka, Oosbllie pacCUMTaHHOM,
otOpacheiBaeTcs, Koji0a MOETCS W HaBecka Oepercst 3aHOBO. Pe3ynbrathl Bcex
B3BEIIIMBAHUH JOJKHBI OBITh 3aHECEHBI B TA0OPATOPHBIH KypHAaI.

B  kaxnyio konlOy mnpunuBaioT — npubausutenbHo  no 20 ma
TUCTUJUTMPOBAHHOM  BOJBI, IEPEMEIIMBAIOT JO IOJHOTO  PacTBOPEHHUS
CTaHJApPTHOTO BEIECTBA, BBOIAT 1-2 Karum HWHAWKATOpa W TUTPYyIOT. I[lo
OIOpeTKe JenaroT OTCYET 00bhEMa CTaHAAPTU3UPYEMOTO PACTBOPA U 3aITUCHIBAIOT
B JKypHAJL.

PaccuuthiBaloT MOJSPHYIO KOHIIGHTPALIMIO TUTpaHTa JUIS KakJIou
HAaBECKHU CTAHJAPTHOIO BelIeCcTBAa. PaccuuThIBalOT pacxoxaeHue (B %) Mexmy
HauOOJNBIIMM M HAWMEHBIIMMHU pe3yibTaTaMu. Eciaum pacxoxieHue He
npesbimaer 0,2 — 0,3% , To OepyT cpeaHee 3HAUYCHUE U3 BCEX TPEX
pe3yiabTaToB. B cnydae Oosblliero  pacxXokACHUS B3BEIIMBAIOT €IIE OJHY
HABECKY CTaHJIapTHOTO BEIIECTBA, TUTPYIOT €€, HAXOAT YEeTBEPTHIN Pe3ynbTaT U
CHOBA IMPOBEPSIOT CXOAUMOCTh 3HAUCHUM MOJISPHOW KOHIICHTPAIIHH.

Memod _nunemupoeanusn. llpu crangapTu3alid pacTBOPOB ITUM
METOJIOM PACCUUTHIBAIOT HABECKY CTAaHJAPTHOTO BEIIECTBA, HEOOXOIUMYIO IS
MPUTOTOBJICHUS 3aJaHHOTO o00BEéMa pacTBOpa MEPBUYHOrO CTaHIApTa C
KOHIICHTpAIIMEH, KaK MpaBWiIo, OJU3KON K MOJIIPHOW KOHIICHTPAIIUU TUTPaHTA.
B3BelieHHyl0 Ha aHAJIMTHYECKUX BecaX HABECKy TBEPAOro BEIIECTBA
KOJIMYECTBEHHO MEPEHOCIT B MEPHYIO KOJIOY 4epe3 BOPOHKY, CMbIBasi HABECKY
W3 CTaKaHYMKa CTPYEH BOJBI M3 TMPOMBIBAIKU. [l0 OKOHUAaHUM pPacTBOPEHUS
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CTaHJApPTHOTO  BEIECTBA pacTBOp B  KOJOE  JOBOJAT 1O  METKHU
IUCTWIJIMPOBAHHOM  BOJAOW W THIATENIbHO  NEPEMEIIUBAIOT.  AJIMKBOTY
IIOJy4YEHHOI'O pacTBOpa OTOMPAIOT MUIETKOW, MPEIBAPUTEIBHO ONOJOCHYTON
STUM pacTBOPOM, B KOHUYECKYIO KOJOy JUIsi TUTPOBAaHUS M THUTPYIOT
CTaHAApTU3UpPyEeMbIM pacTBopoM. [Ipu cTanmapTuzanuu pacTBOpa TUTPOBAHHE
MpOBOJAT He MeHee TpEx pa3. Eciam o0bEMBI, 3aTpayeHHbIE HA TUTPOBAHUE,
CoBMaaar0T Mexay cobor B mpenenax 0,2-0,3%, To OepyT M3 HUX CpeaHee
3HAUEHHWE M PACCUUTHIBAIOT MOJISIPHYIO KOHIIGHTpalMi0 TUTpaHTa. B ciydae
OOJIBIIETO PACXOKEHHUS TPOBOSAT MOBTOPHBIE TUTPOBAHMS.

JUisi TpUTOTOBJIEHUS CTAHJIAPTHBIX PACTBOPOB TAKXKE HCIONb3YIOT
«(pukcaHanbl» (cTaHAAPT-TUTPBI). «PUKCAHAI» IPEACTABIAET COOOH 3aMasHHYIO
CTEKJIIHHYIO aMIIylly, COAEpIKallyl0 TOYHYIO HaBECKY CTaHAAPTHOI'O TBEPIOTO
BEIIECTBA WM OINpEAENICHHbIH 00bEM TUTPOBAHHOIO PacTBOpa, HEOOXOAMMOIO
s npurotoBiaenus 1a touno 0,1000 H.  pactBOpa. IlpuroroBiieHue
CTaHJApPTHOTO pacTBopa M3 (UKcaHajga 3aKIO4YaeTcsi B TOM, 4YTOOBI
KOJIMYECTBEHHO IEPEHECTH  COJIEPKUMOE aMIyjldbl B MEpPHYIO  KOJIOYy
BMECTUMOCTBIO 1 J1 W  JIOBECTM TOJIYYEHHBIH pacTBOp 10  METKHU
AUCTUIUIMPOBAHHOM BooH. C 3TOM 1IeNIbI0 B TOPJIO MEPHOM KOJOBI BCTABISAIOT
BOPOHKY, CHA0XE€HHYIO CHEIHAIbHBIM «IIUIOM» (OOMKOM), C IOMOIIbBIO
KOTOPOI'O «IPOKAJIBIBAIOT» TOHKOCTEHHOE IHO aMIysbl. 3aTéM C IIOMOIIbIO
OCTPOM CTEKJISTHHOM Naloykd MNpOOMBAIOT CTEHKY aMmyjidbl B HEOOJbLIOM
yriyoneHun B BepxHel e€ yactu. Yepes oOpa3oBaBieecss OTBEPCTHE OOMBIBAIOT
BHYTPEHHIOIO TOBEPXHOCTh AaMIMyJbl CTPYEH AMCTUIUIMPOBAHHOM BOJBI U3
MPOMBIBAJIKA. BOpOHKY Takyke MHOTOKPATHO OIOJIACKUBAIOT BOJIOW U YAQJISIOT
u3 KoJObl. [lomyyeHHbI pacTBOpP HOBOAST 10 METKH JUCTHILIMPOBAHHON BOJIOM
W TIIATEIbHO TmepememuBaioT. llpuroroBieHue pacTtBopoB U3 (ukcaHana
WITIOCTPUPYET puc.2.

Puc.2. [Ipurorosnenue pactBopa u3 ¢pukcaHama.
3. KUCJIOTHO-OCHOBHOE TUTPOBAHMUE
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3.1. lIpuroroBaenue u crangapruzanus 0,1M pacTBopa XJ10poBOIOPOIHOI
KHCJIOTBI

PaccuntbiBatoT 00HEM KOHIICHTPUPOBAHHOU XJIOPOBOJIOPOIHON KHUCIOTHI
ynenbHoro Beca 1,17, wHeoOxomumbiii nmsi mpurotosieHus 500 ma 0,1M
pactBopa. Paccuntanubliit 00bEM KUCIOTHI (~ 4,5-4,6 MJT1 ) IEPEHOCAT B MEPHYIO
KoJ0y BMecTUMOCThIO 500 MJI, OMOJIACKMBAIOT MEpPHBIA IWIMHAP 2-3 pasa
JTUCTUJUTUPOBAHHOM BOJIOM, CIMBasi MPOMBIBHYIO >KHIKOCTH B Ty € KOJOY.
Pa30aBistoT pacTBOp BOJOM 10 METKH U THIATENIHO NIEPEMEIIUBAOT.

Jns  onpeneneHus TOYHOM KOHUEHTPALIMM  KHUCIOTHI  MCIOJB3YIOT
terpabopar Hatpusi  Na,B407-10H,O (Oypy), xapOoHaT HaTpus U Jpyrue
BEILIECTBA.

TutpoBanue pactBopa TeTpabopaTa HATpUs KHCJIOTOM BBITIONHSIETCA B
MPUCYTCTBUU METUJIOBOTO OPaH>KEBOTO U OCHOBAHO HA PEAKIIHNMU:

Na2B4O7- 10H20 + 2HCI = 5H20 + 2NaCl + 4H3BO3
MOJISIpHaH MaccCa 3KBUBAJICHTA 6ypBI paBHa:

M(1/2 Na,B407-10H,0) = 381,38/2 = 190,69

3.1.1.Cragmaprusanus pacTBOpa KUCJIOTHI IO Oype

1. MeTon OTAENbHBIX HABECOK.
Pacuer HaBecku Oypbl Ha OJIHO TUTPOBaHHE (PAacXOJ]l KUCIOTHI ~ 20 M)
MIPOBOJIMTCS MO YPABHEHUIO:

0,1-20

_ o(HCI) - V(HC)

-M(1/2Na,B,0; - 10H,0) =
B 1000 ( 2247 2 )

-190,69 = 0,38r.

Ha aHanuTudeckux Becax METOJIOM OTCHINIAHUS B3BEIIMBAIOT TPU HABECKU
Oypbl Tak, dYTOOBI pPACXOXXICHHE MEXAy BBIUMCICHHBIM U B3BEIICHHBIM
KOJMYECTBOM He npesbimano + 0,04 r.

B  kaxnyro konlOy mnpunuBaioT  npubausutenbHo  no - 20 ma
JUCTUILTUPOBAHHON BOJIbI, IEPEMEIINBAIOT JJO PACTBOPEHUS BCEX KPUCTAJUIMKOB
Oypbl 1 BBOJAT 1-2 KaIjim MHAMKATOPA METUIOBOI'O OPAHKEBOTO.

Bropetky omnonackuBaoT 2-3 pa3a HECKOJbKMMH MUJUTMIUTPaMH (2-3 mi)
MPUTOTOBIIEHHOTO pPAacTBOpa KHUCJIOTHI, 3alOJHSAIOT W, YCTaHOBUB YpPOBEHb
KHCIIOTBI B OIOPETKE Ha HyJe, IPUCTYNAIOT K TUTPOBaHUIO. KHCIOTY MpUIIMBAIOT
cHavana ObicTpo (Mo 15 M), BcE BpeMs mepemelnBas BpallaTeIbHbIMU
JIBUKEHUSIMU COJEPKUMOE KOJIOBI, a 3aT€M MO KaIulsiM 10 MePeXo/1a OKPACKU OT
KENTOW K OpaHkeBoM. [lemaroT orcdyer 00bEMA KUCIOTHI, 3aTPAYeHHOIO Ha
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TUTPOBAHHUE (C TOYHOCTHIO JIO COTBHIX JOJIeH MHJUTHJIMTPA) W 3alUCBHIBAIOT B
KypHaUI.

JIIss TUTpOBaHMS BTOPOM HABECKH OYphl CHOBa JIOJIMBAIOT KHCIIOTY B
OIOpETKY, YCTaHABIMBAIOT YPOBCHb PACTBOpA HA HYJICBOM JICIICHUU M THUTPYIOT
BTOPYIO HaBEeCKy, a 3arTeéM - HW TpeTblo. PaccunThIBaIOT MOJSPHYIO
KOHIICHTPAIIMIO PacTBOpPa XJIOPOBOJOPOTHON KHCIOTHI JJIs1 KaXJI0H HABECKHU TI0
dhopmyie:

m, -1000

M(1/2Na,B,0, -10H,0)-V(HCI) "

c(HCI) =

Ecnu pacxoxaeHre MexJy OTACIbHBIMU ONpPEIEICHUSIMU HE MPEBHIIIACT
0,2 - 0,3% , To OepyT cpeaHee 3HaueHue MoJisipHor koHIeHTpanuu HCI u3 Bcex
TpEX pe3yJIbTaTOB.

2. Meroa nuneTUpoBaHus.

[Ipy ycTaHOBIEHUM MOJIAPHOM KOHUEHTPALMM pacTBOpAa CHIIbHON
MUHEpAIbHOW KHCIOTHI 3TUM METOJOM pACCUUTBHIBAIOT HAaBECKy Oypbl,
HeoOxonumyto miig npurotosienus 100 mu 0,05 M (0,11.) pactBopa Na,B4O.
B3BemieHHylo Ha aHaJIMTUYECKHX Becax HABECKy Oypbl KOJIUYECTBEHHO
MEePEHOCAT B MEpHYyI KoJi0y BMectuMmocThio 100 My yepe3 Boponky. Ilo
OKOHYAHUU PACTBOPEHHUS KPHUCTAIIIOB OYyphl (MOAOTpeBaTh PacTBOp B KojoOe
MOXHO TOJBKO Ha BOJASHOW OaHe H3-3a OMACHOCTHU PAa3JOXKEHUs Oypbl MpHU
BBICOKOM Temmeparype) 00bEM MOIYYeHHOIO0 pacTBOpa JOBOJAT 1O METKHU
IUCTHILTUpOBaHHOM Boaou. [Ipm 3TOM TemmepaTypa pacTtBopa AOKHA OBITh
0JIM3KOM K KOMHATHOM (10 Mepe HeoOXOIMMOCTH PacTBOp B MEpPHOI Kojbe,
3aKpBITOM MPOOKOW, OXJAXKIAIOT MOJ CTPYEM XOJOIHON BOJIBI). AJIMKBOTY
MOJIYYEHHOTO pacTBOpa Oypbl MUIETKOW BMECTUMOCTBIO 20 MJ HEPEHOCAT B
KoinOy s tutpoBaHus. [lpunuBaroT 1 kamio WHAUKATOpa METHUIIOBOTO
opaHxkeBoro u TUTpyroT pactBopoM HCI no mepexoma okpacku U3 KeNTOH B
OpaHXEBYIO.

3.2.11puroroBaenue u crangaprusanusa 0,1 M pacrBopa menouu

I'mapokcua HaTpus HE ABISETCS NMEPBUYHBIM CTAHAAPTOM, TaK Kak IpHU
XpaHEHUM Ha BO3JyXE€ BCETIAa COAEPKUT HEKOTOPOE KOJWYECTBO BOJBI M
kapOoHnarta Hatpus. [ns Toro, 4ToObI ucnonb3oBath pactBop NaOH B kauectse
TUTPaAHTA, U3 HETO MPEBAPUTEIHLHO YIAISIOT KapOOHaT.

C 3TOi1 ENBIO TOTOBSAT MOYTH HACBIIIEHHBINA PACTBOP TUJIPOKCUA HATPHUS.
KapOonat HaTpus BCJIEACTBHE MaJOl PacTBOPUMOCTH B KOHIICHTPUPOBAHHOM
pactBope NaOH Bemanaer B ocanok. Ilocie orctanBaHus pacTBopa YHCTHIN
CIOM I KUJKOCTU HaJ OCAJKOM TIIATEIBHO JACKAHTHPYIOT U Pa30aBIsSIOT
TUCTUJUTMPOBaHHOW  BojmoW, He coaepxkamein CO,, 10 Heobxoaumoit
KOHIIEHTpAIIUH.
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[To npyromy meTony kapOoHat-uoH U3 pactBopa NaOH ocaxmaroT B BUje
BaCOs;, nobaBmnsisi K pacTBOpY MIENIOYM PACCUYUTAHHOE KOJIUYECTBO PacTBOpa
xJjopuaa 6apus.

PacTtBop THIOpokcHaa HaTpus, HE coaep)Kalmuii KapOOHAaTa, MOXKHO
MPUTOTOBUTH PACTBOPEHHEM B BOJIE OYMIICHHOTO METAIMYECKOTO HaTpHS.
Opnako, 3TOT cmoco0 Hebe30MmaceH n3-3a BOZMOKHOCTH BO3TOPAHUS U B3PHIBA.

be3kapOoHATHBI pacTBOp TUAPOKCHAA HATPUS MOXKHO MPHUTOTOBUTH
TaK)KE PAaCTBOPEHUEM €ro B HEOOIJBIIIOM KOJIWYECTBE OE3BOAHOTO ITHUIIOBOTO
cnupta. [locme oraenmeHust ocagka kapOoHaTa HATpHUs, HEPACTBOPHMOIO B
cnupte, pactBop NaOH pa30aBisitoT HEOOXOIUMBIM KOJHYECTBOM BOJBI,
cBobogHoit or CO,. Bo uzbexaHun oOpazoBaHUs KapOOHaTa MPHU XPAHCHHUH
pacTBOPHI TUAPOKCUAA HATPHUS 3AMIMIAIOT OT aTMOC(HEPHOTr0 YIIIEKUCIIOro rasa.
Cocyapl cHAOXaOT CIEIUANTBHBIME TOTJIOTUTEIBHBIMU TPYOKaMH ¢ HATPOHHOUN
W3BECTHIO (ACKAPUTOM).

OnuuM w3 ykKazaHHBIX crnocoboB rotoBaT 250 man 0,1 M pactBopa
THJIPOKCH]IA HATPHSI.

3.2.1.CTtanaapTu3ainusa pacTBopa meJ04y o THTPOBAHHOMY
PACTBOPYV XJOPOBOAOPOTHOM KHCJIOTHI

[IpenBapuTeabHO BBHIMBITYIO OIOPETKY OMOJACKUBAIOT 2 — 3 pa3a MaJlbIMU
nopuusaMu (3-5 mi) npuroroBieHHoro pactBopa NaOH. 3anonusitor GropeTky
pacTBOpOM IIEJOYM U 3aKpbIBalOT €€ MpOOKOH, CHAaOXKEHHOW TpyOKoil c
HaTPOHHOW U3BECTHIO.

OTtbuparor anukBoTy (20 MJI) CTaHAAPTHOI'O PacTBOpPa XJIOPOBOIOPOIHOM
KHCJIOTBl B KOHUYECKYIO KOOy JUIsl TUTpOBaHUs BMecTUMOCTbIO 250-300 M u
MPUIMBAIOT 1-2 KaIjd METUIIOBOIO OPAaHKEBOr0. TUTPYIOT pacTBOPOM ILIEJIOUYU
cHavasia OBICTPO, a MOJ KOHEI — MO KaIulsiM JI0 Iepexo/ia po30BOM OKpacKku B
xentyro. Ilpu TUTpOBaHMU C METWJIOBBIM OpaHXEBBIM YIOOHO MOJIb30BATHCS
cBuzeTeneM. JJi1 ero mpUroToBIIEHUS B KOHUYECKYIO KOJIOY MJisi TUTPOBAHMS
BHOCSIT C TIOMOUIbI0 MepHOro nuianHapa 40 M TUCTUIUIMPOBAHHONW BOABI, OJTHY
Kalullo  METWJIOBOro  opamkeBoro u  1-2kammu 0,1 M pacTtBopa
XJIOPOBOIOPOTHOM KUCTOTHI.

MoisipHyt0  KOHLIGHTpAIlMI0 pacTBOpa IIEJIOYM PACCUUTHIBAIOT IO
dhopmyie:
c(HCI) - V(HCI)

V(NaOH)
rie V(HCl) — o0BéM mnumeTku, KOTOPOW J03MpOBajiach XJIOPOBOAOPOIHAS
kuciora; V(NaOH) — 00bEM mienoun, momeaui Ha TATPOBAHNUE KUCIIOTHI.

Ecnn 3HaueHuss mossspHoM koHueHTpauuu NaOH mo pesynbratam TpEX
TUTPOBAHUU pa3nuyaroTcs He Oosnbiie, yeM Ha 0,2 — 0,3% , To OepyT B KauecTBe

c¢(NaOH) =

b

24



HauOosee BEPOSTHOIO 3HAUeHUs cpenHee apupmerumdeckoe. [Ipu OosbmImx
PacX0XkKICHUSIX TPOBOST TOBTOPHOE TUTPOBAHHUE.

3.2.2.CTaHaapTU3aiusg pacTBopa IeJ04YH M0 IABEJeBON KHCJI0TE
(H,C,0,4-2H,0)

1. MeToa OTAeNbHBIX HABECOK.

PaccunThiBaroT HaBeCKy IIaBEIEBON KHUCIIOTHI, YTOOBI Ha €€ TUTPOBAHHE
pacxonoBanock 18-20 mn 0,1 M pactBopa mienoun. Ha aHanuTHuecKkux Becax
METOJIOM OTCHITIAaHWs B3BEIIMBAIOT TPH HABECKU. PacTBOPSIOT HaBECKy
IaBEJIEBO KUCIOTHI MPUMEPHO B 20 MJI TUCTHIITUPOBAHHON BOJIBI, CBOOOTHOM
or CO,. [lpubasnsoT B kaxayo u3 koibd no 3-4 xamnu QeHondranenHa u
TUTPYIOT PACTBOp IIIaBEJIEBOM KHCIOTHI PAcTBOPOM IIEIOYH. THTpoBaHHE
3aKaHYMBAIOT, KOTJa OKpacka pacTBOpa CTAHOBHUTCS MAJMHOBOW M COXPaHSETCS
B TeueHune mpuMepHO 30 cexkyHI. PacCUMTHIBAIOT MOJSPHYIO KOHIICHTPAIUIO
pacTBoOpa MIENOYH JUTSI KaKIOW U3 B3ATHIX HABECOK MO opmyIie:

M(1/2H,C,0, - 2H,0) - V(NaOH) ’

c¢(NaOH) =

rae m(H,C,042H,0) — wMacca  HaBeCKH  IIaBEJICBOM  KHCJIOTHI,
M(1/2H,C,04-2H,0) - MonsipHass Macca SKBUBAJICHTa IIABEJICBON KHUCIIOTHI;
V(NaOH) - o06meM pactBopa mmienoud. Eciam pacxoxxjaeHue B BeJIMYHMHAX
c(NaOH) mns Ttpéx TutpoBanuit He mnpeBwimaetr 0,2% , To OepyT cpenHee
3HAYEHHUE U3 BCEX PE3YJIbTATOB.

2.MeTtoa NTUNETUPOBAHUS.

[Ipu ycTaHOBJIEHHH MOJIIPHOM KOHUEHTPALMU PAacTBOpPA 3TUM METOJOM
pPacCUMTHIBAIOT ~ HABECKY [IaBEJIEBOM  KHUCJIOTHI, HEOOXOAUMYIO  JUIs
npurorosienuss 100 ma 0,05 M (0,11.) pactBopa H,C,O4. B3pemennyio Ha
aHAIMTUYECKHUX BecaxX HaBECKY LIABEJIEBOM KUCIIOTHI KOJIMYECTBEHHO MEPEHOCST
B MepHyl0 Koj0y BmectumocThbio 100 mi uepe3 BopoHky. I[lo okoHuyaHuu
pPacTBOPEHHUS KPHUCTAIJIOB IIABEJIEBOW KUCIOTHI PACTBOP B KOJIOE TOBOJSAT /10
METKH JUCTUUIMPOBAHHOM BOJOW M alMKBOTY MOJYYEHHOTO pacTBOpa
[[aBEJIEBOM KUCIOTHI MUIMETKON BMECTUMOCThIO 20 MJI MEPEHOCIT B KOJOY s
tutpoBanus. [lpunuBaior 3-4 kamim QeHondTanenHa U TUTPYIOT PacTBOPOM
NaOH no mosiBneHusi MaIMHOBOM OKPAaCKH, YCTOWYUBOM NMPUMEPHO B TEUEHUE
30 cexyH.

MonspHyr0 KOHIIEHTPALMI0 pPacTBOpa IIEJIOYH PACCUUTHIBAIOT IO
bopmyie:

m(H,C,0, -2H,0)-1000-V_
M(1/2H,C,0, -2H,0)-V, - V(NaOH) ’
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u OepyT cpeaHee apuMeTUUECKOE 3HaUYECHUE U3 CXOASIMMXCs B npenenax * 0,2
—0,3% pe3ybTaTOB TUTPOBAHUS.

3.3.0npeaesieHue PyHKIMOHAIBHBIX IPYIII OPraHMYeCKUX COeIMHEHUI
MeT0JaMM KHCJIO0THO-OCHOBHOTO TUTPOBAHMSA

KapGokcuibHas u cynbhorpynna
-3T0 HamOoyiee OOBIYHBIE (DYHKIIMOHAJIBHBIC TPYIIBI, OOYCIIaBIMBAIOIIHIC
KHCIJIOTHBIE CBOMCTBA OPraHUYECKUX COCTMHCHUIA.

BonbIIMHCTBO KapOOHOBBIX KHUCIOT MMEIOT KOHCTaHTBI aucconuanuu K*
nopsiaka 10°. B CBA3M ¢ TUM OHHM JIETKO THTPYIOTCS CTAaHAAPTHBIM PACTBOPOM
IICJIOYM ¢ WHIWKATOPOM, WMHTEPBAI Iepexoja KOTOPOIro JICKHUT B INEITOYHOMN
obnactu (Harpumep, ¢ GpeHopTarecuHoM).

ManopacTBopuMble B BOAC KapOOHOBBIC KHCIIOTHI HEIb3SI OTTHUTPOBATH
HEIOCPEICTBEHHO B BOJIHBIX pacTBOpax. B MOMOOHBIX CITydasX KUCIOTY OOBIYHO
pacTBOPSIOT B JTAHOJE U THUTPYIOT CTaHAAPTHBIM PAcTBOPOM  IIEJIOYH.
Bo3moykeH u qpyroii BapuaHT: aHATU3UPYEMYIO KHCIIOTY PACTBOPSIOT B M30BITKE
CTaHIApPTHOTO  pPacTBOpa IMIEJOYHM, a HEMpOpearupoBaBIIyI  IIEJI0Yb
OTTUTPOBBIBAIOT CTAHJAPTHBIM PACTBOPOM MHUHEPATLHON KUCIOTHI.

CynbQOKHUCIOTEI ~ SBISIOTCS  OOBIYHO  CHJIBHBIMH  KHCIIOTAMH  H
OTIPEICTSIOTCS ANKATUMETPHUYECKH.

MeTonbl KUCIIOTHO-OCHOBHOTO THUTPOBAaHHUS NPHMCHSIOTCS TaKXKE IS
ONpECICHUSI OSKBUBAJICHTHBIX MAacC OYMINCHHBIX OPTaHMYECKHX KHCIIOT
(uneHTU(UKALUS KUCIIOT).

AMUHBI
AnudaTudeckue aMHHBI UIMEIOT KOHCTAHTBI OCHOBHOCTH K* mopsiaka 107,
MOATOMY HEMOCPEJICTBEHHO TUTPYIOTCS CTaHIAPTHBIM PACTBOPOM CHUIIBLHOM
KHCJIOTEL.
ApOMAaTHYECKHE aMUHBI, HAOpUMEp AaHWJIMH U €ro MPOU3BOJHBIE,

cumkoM ciabeie ocHoBarus (K ~ 107° ) i ux Hemb3s OTTUTPOBATH B BOIHOI
cpene. OTO OTHOCHUTCS M K HUKJIMYECKUM aMUHAM apoOMaTUYECKOr0 XapakTepa —
MAPUIUHY U €TO IPOU3BOIHBIM.

AMUHBI, KOTOPBIE HEIB351 ONMPENEIUTH C MOMOUIBI0 KUCIOTHO-OCHOBHOI'O
TATPOBaHUSA B BOJHON CpeAe, JIETKO TUTPYIOTCS B HEBOJHOM pacTBOPUTEIE,
YCWIMBAIOIIUM UX OCHOBHOCTb.

CroxHbIE YDUPBI
Jlst onipesiesieHus CI0XKHBIX d(DUPOB MPUMEHSIOT PEAKIIUI0 OMBUICHUS UX
W3BECTHBIM M30BITKOM CTaHAAPTHOT'O PACcCTBOPA IIETIOYUH:
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R;COOR; + OH ;s = RCOO™ + HOR;,
N30BITOK 1I€7I0YM TUTPYIOT 3aT€M CTaHJAPTHBIM PACTBOPOM KUCIOTHI.

KaD6OHI/IJIBHBIe T'PYIIITBI
AJIBJICFI/IIIBI U _KCTOHLI MOYKHO OIIPCACIINTL II0 PCAaKIHH C PACTBOPOM
COJIITHOKHUCJIOTO TUAPOKCUITAMHHA

Rl\ Rl
C=0+NH,0H HCI= >C=O+ HC1+H,0
s

R, R>

OO0pazoBaBUIYIOCS COJSHYIO KUCJIOTY TUTPYIOT CTaHAApTHBIM PacTBOPOM
I1EJI0YN.
3.4.IlpakTyeckue padoTbl

Pao6ora 3.4.1. OnpenejeHue coabl U MIEJ0YH MPH UX COBMECTHOM
NPUCYTCTBUH

CymHocth pab6orel. OmnpeneneHUe OCHOBAaHO HA TUTPOBAHMM CMECU
NaOH u Na,CO; craHgapTHbIM pacTBOPOM XJIOPOBOJOPOJHOM KHCIOTHI €
IBYMs HHIUKATopamMu — (eHoN(TaJeuHOM W METHJIOBBIM OpPaHXKEBbIM,
MPUMEHSEMBIM TOCIIEIOBATENBHO.

[Ipu  TUTpOBaHMM  pacTBOpa,  COAEpKAUIEro  O3TH  BEUIECTBA,
XJIOPOBOJOPOJIHON KHUCJIOTOW B MPUCYTCTBUM (eHoN(TaenHa MPOUCXOASIT
peaKIuu:

NaOH + HC1 = NaCl + H,O
Na2CO3 + HCl = NaHCO3 + NaCl

ObecupeunBanue (QeHonTarenHa yKa3blBa€T Ha TO, YTO 00€ peakuuu
MOJIHOCTBIO 3aBEPLIMJINCh U BMECTO MCXOJHBIX BEIIECTB B PAaCTBOPE MMEIOTCS
NaCl u NaHCOs;. becupeTHblif pacTBOp, coAepKaluii rupokapOOHaT, UMEET
CJIa0OIIENOYHY0 PEaKlMI0, MpU J00aBIEHUM METUIOBOIO OPAHKEBOTO OH
OKpAILIMBAETCS B JKENATHIA IBET U, €CIHU MPOJOJDKUTH TUTPOBAHUE KHUCIOTOM,
OyJeT NPOUCXOAUTH PEaAKIIHS:

NaHCO3 + HCl = NaCl + H20 + C02

V3MeHeHHe KENTOW OKpAaCKM Ha OPAaH)KEBYI0 YKaKeT Ha TO, YTO PEaKIus
MOJHOCTBIO 3aKOHYMIIACH.

PasHocTh 00beMoB comstHoi kucaotsl (VM — V) sarpauennsix Ha
TUTPOBAaHHE CMECH C MCTHJIOBBIM OpamXeBbIM M (PEHOI(PTATICHHOM,
COOTBETCTBYIOT ITOJIOBUHE KOJUYECTBA KapOOHATa HATPHs, MPUCYTCTBYIOMIETO B
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pacTBope. YBauBasi 3Ty Pa3HOCTb, MOJIy4alOT 00bEM KUCIOTHI, SKBUBAJICHTHBIN
KOJIMYECTBY Bcero kapOoHarta. Berumras pasnocts (VP — V) u3 mepporo
oobema V®®, m3pacxomoBanHoro Ha tutpoamue cmecn NaOH u Na,COj; ¢
beHondTasienHoM, HaxoIAT O0BEM KHUCIOTHI, HKBUBAJICHTHON KOJIMYECTBY
TUAPOKCUAA HATPHUSL.

Peaxmuewvl, nocyoa:
XnopoBogopoanas kuciora HCl — 0,1 M pacTtBop (cTanmapruzaius
pactBopa —m.3.1.).
®denHonraseny — CIUPTOBON pacTBOp ¢ MaccoBoil noieit 0,1%.
MeTuoBBIi OpaHKEBBIA — PacTBOp ¢ MaccoBoil goieit 0,1%.
Konba mepnas Bmectumoctbio 100 mit.
[TuneTka BMeCTUMOCTHIO 20 MII.
Bbropetka BMECTUMOCTBIO 25 M.
Kon6a konnueckas BMmectuMocTbio 250-300 mut.
Crakan.

Brinonnenue paboTsl

AHnanusupyeMblii pacTBOp B MepHOW Kojbe BmecTtuMocThio 100 M
pa30aBisAOT O METKH CBEXENPOKUIITYEHHON W OXJIAKIEHHOM MOJ KpaHOM
IUCTWIUIMpOBaHHOW Bomou. [lumetky BMectumocthto 20 M 2-3  pasa
OMOJACKMBAIOT ATHUM PAcCTBOPOM, IIOCIE€ Yero JO3UPYIOT aJIMKBOTY B
KOHUYECKyI0 KoJ0y BmecTUMOCThiO 250-300 mi, moOaBisioT 5-8 Kamesb
pactBopa ¢eHondranenna c¢ wmaccoBod pgonei 0,1% wu OBICTPO TUTPYIOT
KHCIIOTOM, 4YTOObI M30€XaTh 3aMETHOrO MOIJIONIEHUS YIIEKUCIOro ra3a u3
Bozayxa. Jlo 15-20 wmi  TUTpoBaHME MPOBOJAT OBICTPO, OCTOPOKHO
nepeMeninBasi pacTBOp, MOJ KOHEL TUTPAHT A00aBISIOT IO KamiaM [0
obecIBe4HBaHNs. 3aMUCHIBAIOT OTcUeT o 6roperke (V?), mpubasisior B konby
1-2 KamiM METHJIOBOTO OPaHXXEBOTO0 W MPOJAOJIKAIOT TUTPOBATH 10 Mepexoaa
OKPAaCKHU U3 JKENTOW B opaHxkeByi0. [Ipon3BoasT BTOpoi oTcuer mo Oroperke (
VP,

Maccy kaxaoro u3 KOMIIOHEHTOB aHAIU3UPYEMON CMECH pacCUUTHIBAIOT
o ¢hopmyire:

c(HCH[V™® — (V" — V)] \Y
m(NaOH)= -M(NaOH) —=
(NaOH) 1000 (NaOH} V.’
c(HCD)-2(V'™® -y ) 1 \Y
m CO,) = -M(—Na,CO,) - —=
(Na,CO,) 1000 (2 €0 V
c(HCI)- VP \Y
m(NaOH). = -M(NaOH) —=

I

riae m(NaOH)yg, — 006miast menounocts pactBopa; M(NaOH) u M(1/2 Na,COs)
— monsipaas macca skBuBaneHTa NaOH u Na,CO3, COOTBETCTBEHHO.
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Paoora 3.4.2. OnpenejseHue aMMHuaKa B COJISIX AaMMOHUS METOIOM
00pPATHOI0 TUTPOBAHUS

Cy1HoCTD Da6OTBI. OHpCIICJICHI/IC OCHOBAHO Ha TOM, 4YTO K paCTBOPY COJIA
AMMOHMUA JIO6aBJISIIOT TOYHO OTMCpeHHBIﬁ, HO 3aB€OAOMO M30BITOYHBIH O00BEM
TUTPOBAHHOT'O PACTBOpAa MICJI0OYU H HAIpPCBAKOT CMCCh OO0 ITOJHOI'O YAAJICHHA
aMMHMaKa:

NH,Cl + NaOH = NaCl + H,0 +NH; T

3aTeM  ocTaBUIylOCA  WIENOYb  TUTPYIOT  CTaHAAPTHBIM  PacTBOPOM
XJIOPOBOJIOPOJTHOM KUCJIOTHI B IPUCYTCTBUU METHIIOBOTO OPaHKEBOTO.

Peaxmuewvl, nocyoa:
XnopoBogopoanas kuciora HCl — 0,1 M pacTtBop (cTanmapruzaius
pactBopa —m.3.1.).
I'mapokcun vatpus NaOH — 0,1 M pactBop (cTaHmapTuzaius pacTBopa —
m.3.2.).
MeTunoBbIi OpaHkEBBIA — pacTBOp ¢ MaccoBoil goueit 0,1%.
HuTtpar cepedbpa AgNO; — 0,025 M pactBop.
Cynbdat mapranua MnSO4 — 0,18 M pactsop.
YkcycHOkuCHbIM OeH3uauH — HaceimeHHbld pactBop B CH3;COOH ¢
MaccoBoit noneit 30%.
Konba mepnas Bmectumoctbio 100 mit.
[TuneTka BMeCTUMOCTHIO 20 MII.
[MuneTtka BMecTUMOCTBIO 50 ML
BbropeTka BMECTUMOCTBIO 25 M.
Kon6a konnueckas BMmectTuMocTbio 250-300 mut.
Cetka acOecToBasl.

Brinonnenue paboTsl

AHnanusupyeMblii pacTBOp B MepHOM konbe BmecTtuMOcTbhio 100 M
pa30aBisAIOT TUCTUIUIMPOBAHHOM BOJION A0 METKH U TIIATEIBHO MEPEMEIINBAIOT.
ANMKBOTY aHaJIM3UpyeMoro pactBopa o00béMoM 20 MJI  MepeHOCIT B
KOHMYECKYI0 KOJOYy JIJisi TUTpOBaHHs. 3aTeM A00aBisAIOT numeTkor 50 M
TUTPOBAHHOTrO pacTtBopa Iménound. KonOy craBiIT Ha acOECTOBYIO CETKy U
HarpeBaroT, HE JJOBOJIS PACTBOP 10 KUIEHHUA, TOKa 00BEM >KHUJIKOCTU B KOJI0€ He
cokparurca 10 1/5 HadampHOro 00BEMA. IIpoBepsIOT MOJHOTY pa3OKEHHS
amMoHuiiHoM comn (NH;  + OH = NH;T + H,0), moMmecTuB Haja OTBEpPCTHUEM
K0JI0bl (UIBTPOBaJbHYIO Oymary, cmoueHHyto pactBopamu AgNOs; u MnSO,.
[louepHenue Oymaru yka3bIBaeT Ha MPUCYTCTBHE aMMHUaKa; MPU CMayHMBaHUU
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OyMaru pacTBOpPOM YKCYCHOKHCIOro OeH3uauHa MNATHO cuHeeT. Harpesanue

MPOJOJDKAIOT /10 OTpHUIlaTesibHOM mpoObl Ha mnpucyrctBue NH; B mapax.

CopepxxuMoe KOJIObI OXJIAXKIAIOT BOJOM TOJ KPAaHOM M OTTUTPOBBIBAIOT

OCTAaBUIYIOCS IIENOYb KUCIOTON B MPUCYTCTBUM METHIIOBOTO OPAHKEBOTO.
Macca NH; paccuutsiBaetcs o ¢opmyire:

[c(NaOH) - V(NaOH) — ¢(HCI) - V(HCI)]
1000

\Y
m(NH;) = -M(NH;)- V—k ,

I

rie M(NH;) — monsipaast macca ammuaka; ¢(NaOH) - MonsipHasi KOHLIEHTpaLUsI
tutpoBanHoro pactsopa NaOH; V(NaOH) - o0béM TUTPOBAaHHOIO pacTBopa
NaOH, BBeneHHbIil B u30bITKEe B aHanu3upyeMbiii pactsop; c(HCI) - monsipHas
KOHIIEHTpanusi TutpoBaHHoro pactBopa HCI, mnomenmero Ha THUTpOBaHHE
n30bITKA 1e04H; Vi /V - COOTHOIIEHHE 00BEMOB KOJIOBI U MHUIIETKH.

Paoora 3.4.3. OnpenejseHue aMMHuaKka B COJISIX AaMMOHUS METOIOM
3aMellleHUus

CymHocts pab6otel. OmnpeneneHne OCHOBAaHO Ha TOM, YTO TIpH
100aBJIEHNHU K COJTM aMMOHHMS (POpMaITbIETHIa POUCXOAUT PEAKIINS:

4NH4+ +6 CHQO = (CH2)6N4 + 4H+ + 6H20 )

B pe3yJpTaTe€ KOTOPOW BBIIEIAIOTCA HOHBI BOAOpPOJA B  KOJHMYECTBE,
SKBUBAJECHTHOM COJII aMMOHMS. BplienuBIIMECS HOHBI BOAOPOAA TUTPYIOT
CTaHJApTHBIM PACTBOPOM IIEIOYU B IPUCYTCTBUU (EeHONPTAICHHA.

Peaxmuewvl, nocyoa:

I'uapokcun Hatpus NaOH — 0,1 M pactBop (cTaHmapTuzaius pacTBopa —

m.3.2.).

denondTanrens — CHUPTOBOM pacTBOp ¢ MaccoBoit noneit 0,1%.

®opmansaerun CH,O — pactBop ¢ MaccoBoit qoneit 20%.

Kon6a mepHast BMectumocThio 100 M.

[TuneTka BMeCTUMOCTHIO 20 M.

Bbropetka BMECTUMOCTBIO 25 M.

Konba xonnueckas BMecTUMOCThI0 250-300 mit.

Hunuaap mepHsblii BMecTUMOCThEO 10-20 Mut.

Brinonnenue paboTsl

B konunyeckyto kon0y BMectumocthio 250-300 mut BBOAST 5 Mil pacTBOpa
dbopmanpaeruaa (MEpHBIM IMIMHIPOM), pa30aBistoT (IATHIO) 5 M BOJBI,
npuOaBiAOT 2-3 KA pacTBopa QpeHosTanenHa U OCTOPOKHO HEUTPATU3YIOT
0,1 M pacTBOpOM THUIpPOKCHAA HATpHs, MNpPUOABIss €ro Mo KaruisiM [0
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MOSIBJICHUS] Hewcue3aroulell OJeaHO-MaJMHOBOW OKpAacKu. JTa omepaius
MPOBOJUTCS Il HEUTpaIu3alid MYPAaBBUHOW KHCJIOTHI, MPUCYTCTBYIOIIEH B
dbopmanpaeruae; oObEM MIENOYM, M3PACXOJOBAHHBIA HaA 3Ty pEAKIUI0, B
pacueTrax HE YUYUTHIBACTCA. B HEUTpalbHBIN pacTBOpP BBOJAAT MUIETKOM 20 M
aHAIM3UPYEMOTO  pacTBOpa aMMOHUHHOM  COJNM, COJEPKHUMOE  KOJIOBI
MEPEMENINBAIOT W 4Yepe3 OJHY MHUHYTY THUTPYIOT BBIACIMUBIIYIOCS KHUCJIOTY
CTaHJIAPTHBIM PACTBOPOM TMJPOKCHUAA HATPUSI JO MOSIBICHUS PO30BOM OKPACKH.
Maccy NH; paccuuthiBatot 1o popmyiie:

c(NaOH)- V(NaOH)
1000

AV,
m(NH;) = -M(NH;)- V—k ,

I

riae M(NH;) — MonsipHast Macca aMMHaKa.

Paoora 3.4.4. UneuTudurkanusg opraHundecKux KUCJI0T

CymHocTts pa6otbl. TOYHYI0 HaBECKY OpraHUYEeCKON KUCIOTHI THUTPYIOT
CTaHJAPTHBIM  pPAacTBOPOM IMIEJOYM C HMHAUKATOPOM  (PeHOI(DTaTICHHOM.
PaccuntanHoe 1o pe3yiabpraraM TUTPOBAaHUA 3HAYEHUE MOJIIPHOM MaccChl
HKBUBAJICHTA OIpPEAENIIEMOr0  BELIECTBA IO3BOJSET  MJIEHTU(DUIMPOBATH
KHCJIIOTY.

Peaxmueuvl, nocyoa
I'mapokcun vatpus NaOH — 0,1 M pactBop (cTaHmapTuzaius pacTBopa —
m.3.2.)
Opranuueckasi KUCJIOTa, K
®denondranens — COUPTOBOM pacTBOp ¢ MaccoBoit noneit 0,1%
bropeTka BMECTUMOCTBIO 25 M
Kon6a konnueckas BMectTuMocThio 250-300 Mt
BecoBoit crakaHuuk

Brimonnenue paboTsl
Ha ananutndecknx Becax METOIOM OTCHINIAHUS B3BEUIMBAIOT TPU HABECKU
aHAIU3UPYEMOM OpraHuyeckor kuciaorsl Mmaccort 0,12+0,01 r. xaxnas.
PactBopsitoT HaBecku B KOHHUYECKOM Kkoyioe B 20-25 Myl AUCTWIIIMPOBAHHOMN
BO/bl, cBOOONHON oT CO,. IlpubaBnsior B Kaxaylo W3 koiad mo 3-4 kariu
beHondTasienHa U TUTPYIOT TMOJYYEHHBIH PacTBOP CTaHAAPTHBIM PACTBOPOM
nienoun. TUTpoOBaHME 3aKaHUYMBAKOT, KOTJAa OKpPAacKa pacTBOpa CTAHOBUTCS
MaJIMHOBOM M coxpaHsercss B TeueHue npuMepHo 30 cexyna. PaccumrtsiBaror

MOJISIPHYIO MacCy 3KBUBAJIEHTa KUCIOTHI 1O (hopmyJie:

m(X)-1000
¢(NaOH) - V(NaOH) ’
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rae m(X) — mMacca HaBECKH OpraHudeckod KUcIoThl; M(fys (x)X) - MoisipHas
Macca skBuBanieHTa kucioTsl; c(NaOH), V(NaOH) - monsipHast KOHUEHTpaLus 1
00BEM IEN0YH, MOUIEANIeH Ha TUTPOBAHUE KUCIIOTHI.

[lo BenuuMHE MOJIIPHOM MacCChl YKBUBAJIIEHTA KHUCJOTHI JIEJAlOT BBIBOJ,
Kakasi U3 TpexX KHCIIOT: MOJIOUHas, OCH30lHas WK L1aBesieBas — Obula BbIIaHA Ha
aHaJIN3.

PabGora 3.4.5. OnpeneseHue coaepKaAHUA COJIH OPraHNYeCKON KHCJIOTHI C
MOMOIILI0 HOHOOOMEHHOM XpoMaTorpaduu

CymHocTh pabotel. [lpu B3auMonelcTBUU COJIM ¢ KaTHOHUTOM B H-
(dbopmMe MpoTeKaeT peakius 3aMeIeHUS

RH,, + MX =MRH,,; + HX

KonnuecTBo BbIfenuBIIelcs opraHudeckord KuciaoTel HX sKBHUBaJICHTHO
conepxkanuto conu. E€ conmepikaHue paccUMTHIBAIOT O 00BEMY CTaHIAPTHOTO
pacTBopa MIEN0YH, 3aTPaueHHOMY Ha TUTPOBAHUE BBIJCIUBIICHCS KUCIOTHI.

Peaxmuewvl, nocyoa:
Xnoposonopoanas kuciora HCI — 2M pactBop (111 mepeBojia KaTHOHUTA
B H-bopmy).
I'mapokcua Hatpus NaOH — 0,1 M pactBop (cTaHmapTuzaius pacTBopa —
m.3.2.).
MeTunoBbIi OpaHKEBBIA — PpacTBOp ¢ MaccoBoil goueit 0,1%.
I'excarmmanodeppat (II) xanmus K4Fe(CN)g — pacTtBop ¢ mMaccoBoi monei
0,1%.
Katnonur KY-2.
Konba mepnas Bmectumoctbio 100 mit.
[TuneTka BMeCTUMOCTHIO 20 M.
BbropeTka BMECTUMOCTBIO 25 M.
Kon6a konnueckas BMmectTuMocTbio 250-300 mut.
Hunuuap mepHbIii BMeCTUMOCTBEO 200 M.
[Tanmouka crekisiHHas AuHOM S0 cM.
Crexo yacoBoe.

BrinonHenue padoThl
IloaroToBKa KaTHOHHUTA K paboTe
ITomemaror B crakad 10 T Bo3aymHo-cyxoro katnonuta KY-2, 3anuBaior
JTUCTUJUTUPOBAHHOM BOJIOM M OCTaBIsAOT Ha 30 MUHYT aJjig HaOyxaHus. 3aTem
KaTUOHUT OTMBIBAIOT OT TMBUIM JIEKAaHTallMeW JUCTWUIMPOBAHHOM BOJIOM.
HaOyxmuii KaTHOHUT TMEPEeHOCAT B CTEKISIHHYIO  KOJIOHKY  (OIOpeTky
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BMECTUMOCTBIO 25 MJI CO CTEKJISHHBIM KpPaHOM), Ha JHO KOTOPOH IMOMEIIeHa
CTeKJIsIHHAsi BaTa (BbICOTa cjosi 1 cM) WM HalWTa NUCTWUIMPOBaHHAs BOJAa Ha
OJIHy TpEeTh BBICOTHI OrOpeTku. B ciyuyae momanaHus B KOJIOHKY ITy3bIPbKOB
BO3/1yXa KATUOHUT HAJ0 B3PBIXJIUTh CTEKISIHHON NaT0YKOM.

Jlns nepeBeneHusi katnoHuTa B H-popMy uepe3 KOJIOHKY MPOMYyCKAarOT
2 M HCL Ha 10 r xatuonuta mocraroydo mpomyctuts 200 mi pactBopa 2 M
HCI. Kartuonutsl o6wsiuHo comepxkar uonsl Fe (III), mostomy okoHyaHue
MIPOMBIBaHUS KOJOHKHM ycTaHaBiauBaioT 1o orcyrctBuio Fe (III) B BeITekatomieit
U3 KOJIOHKHA >KUAKOCTH. JJi1 KOHTpOJii OTOMpPAaOT Ha CTEKIO 2 Karljiu
BBITEKAIOIEr0 M3 KOJOHKH pacTBOpa M A00ABISIOT K HUM 2 Kaluld pacTBOpa
K4Fe(CN)g. B mpucyrcrsuu Fe (I1I) pactBop okpammuBaercs B CHHUIA LIBET.

Kucnoty cnegyer npomyckarb yepe3 KAaTHOHHUT CO CKOPOCThIO 10 mMir/MuH.
(mpumepHo 4-5 kamenb B cekyHay). Ilocne okoHYaHUS MPONMYCKaHUS KUCIOTHI
KUJKOCTh B KOJOHKE OITyCKalOT JO BEPXHErO CJOSI KATHOHUTA M IPOMBIBAKOT
KAaTUOHHUT JUCTUJUIMPOBAHHOM BOAOU JO HEWTPAIbHON PEAKIIMU 10 METUIOBOMY
opawxkeBoMmy. Ha »10 pacxomyercs npumepHo 200 mu Boasl. CKOpOCTb
npoMbiBanus 10 mMi1/MuH.

[IpuroToBieHHbI TakuM 00pa3oM KaTHOHUT HaxoauTcs B H-popme u
UCIIOJIb3YeTC  JUIsi  TPOBENEHUs  XpoMarorpaduyeckux pas3ielieHud U
ONPEICIICHUN.

OnpeneneHue coiepx aHus COJIM OPraHUuYECKON KUCIOThI

HaBecky conu pacTBOpSIIOT B S5 MIJI CBEXKENPOKUIISTYEHHON BOJBI U
MEPEeHOCAT B KOJOHKY C KaTMOHUTOM , HaxojsmuMmcs B H-popme. PactBop
MPOITYCKAIOT 4Yepe3 KOJOHKY ¢ KaTMOHHUTOM CO CKopocThio 1,5 — 2.5 mi/muH.
(1 xamIs B CEKyHY).

BriTekaromuii ©3 KOJIOHKM PacTBOpP COOMPAIOT B KOHUYECKYIO KOJOY
BMECTUMOCTBIO 250 mu1. 3areM 4epe3 KATHOHHT C TOW JK€ CKOPOCTBIO
nponyckatoT 20-30 M JTUCTUUIMPOBAHHOW BOJbI, HaMBasg €€ OTIEJIbHBIMU
nopuusaMu 1o 5-10 M. HoByro nmopuuio HalIMBarOT MOCIIE TOr0, KakK >KMJIKOCTh B
KOJIOHKE JIOCTUTHET MOBEPXHOCTH KATUOHMTA.

3aTeM 4Yepe3 KOJOHKY [MpOIMyCKAaloT e€meE  OKOJO 70-80 wMn
JTUCTUJUTUPOBAHHOM BOJIBI CO CKOPOCTHIO 8-10 Mi/MuUH. (4-5 Kamneab B CEKYHY).

[TonHOTY BBIMBIBaHHMS KHUCJOTHI, BbIAETUBIICHCS 10 peakiuu (1),
MPOBEPSAIOT MO METUIOBOMY OpPAaH)KEBOMY, OTOMpasi Ha YacoOBOE CTEKJIO
HECKOJIbKO Kallejb BhITEKAIOUIeH M3 KOJOHKH >KUJKOCTU U J00aBiss 1-2 xarau
uHaukaropa. JKenras okpacka METHUIOBOIO OpPAHXKEBOTO CBUAETEIBCTBYET O
MTOJTHOM BBIMBIBAHWUU KUCJIOTHI.

Bcé comepkumMoe KOHMYECKOW KOJOBI OTTUTPOBBIBAIOT CTaHAAPTHBIM
0,1 M NaOH , B xauecTBe HHAMKATOPA UCIIOIb3YETCSI METUIIOBBIA OPAHIKEBBIN.

Xpomarorpaduueckoe oIpejeneHre NpoBOAST He MeHee Tpéx pa3. B
MIPOMEKYTKaX MEXIY ONpENETCHUSIMU KOJIOHKY pereHepupyror. [ns storo
KOJIOHKY ¢ KaTuoHuToM mponyckalor 200 mn 2 M HCl gns usBneueHus
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IIOIVIOIIEHHBIX  KATHOHOB, 3aT€éM  OTMBIBAIOT KATHOHUT OT  KHUCJIOTHI
JUCTUWUIMPOBAHHOM BOJIOM, KAaK YKa3aHO BHILIE.
Kononka, 3anosiHeHHass AUCTUUIMPOBAHHOW BOAOW, COXpaHAETCS s
IIOBTOPHBIX ONpeaeseHu. JlormycTiMa MHOTOKpaTHasl pereHepanus KOJIOHKH.
Pacyet MaccoBoli 40K OpraHUYECKON COJIM MPOBOJAT IO (hopMyJIe:

¢(NaOH) - V(NaOH) M(X) - 100 ’
1000 m

®(%) =

rjae m — Macca HaBecku aHanmsupyemoro BemiectBa; ¢(NaOH), V(NaOH) -
MOJISIpHasi KOHIIEHTPALUs U 00BEM CTaHJAPTHOTO pacTBOpa IIETOUH.

Paoora 3.4.6. OnpenejgeHue MMOKCHIHBIX TPV B CMOJIAX

CymHocth pabotsl. OnpeneneHue OCHOBaHO HAa TOM, YTO CMOJY IOCIHE
pacTBOpEHHUs B alleToHe 00pabaThiBaloT U30BITKOM cTaHAapTHOro pactopa HCl
B AlIETOHE

R—CH—CH, + HCl = R—CH—-CH,

O OH Cl
a OCTAaTOK XJIOPOBOJOPOAHOMN KHMCIOTHI TUTPYIOT pabOUUM pacTBOPOM LIENOYH B
MPUCYTCTBUU (heHONPTaICHHA.

Peaxmusbl, nocyoa:
I'mapokcun vatpus NaOH — 0,1 M pactBop (cTaHmapTuzaius pacTBopa —
m.3.2.).
Xnoposonopoanasi kucinora HCl — 0,7 M pactBop B anerone (2,9 mn
koHueHTpupoBanHoit HCl ¢ d = 1,17 pacTBopstoT B 47 M1 alieToHa).
Aneton (CH;),CO.
®denomnranenuy — CMUPTOBON pacTBOp ¢ MaccoBoil noieit 0,1%.
BbropeTka BMECTUMOCTBIO 25 M.
Konba xonnueckas BMecTUMOCThI0 250-300 mit.
[unuHap MEPHBIM BMECTUMOCTBIO 25 ML

Brinonnenue paboTsl

B koHuueckyro koj0y BMecTUMOCThIO 300 MJ MOMEIIAIOT TOYHYIO
HaBecky cmouibl maccod 0,2-0,3 r., HammuBaroT 20 MJI aleTOHA, 3aKPBIBAIOT
npoOKoit 1 BeiAepxkuBaioT pu 30°C (B BOAsAHOM OaHe) 10 MOJHOTO PaCTBOPEHUS
CMOJIBI.

Konby oxnaxnaior, n1o06aBistor u3 6topetku TouHo 5 mi pactBopa HCI B
alleTOHe, ITUIOTHO 3aKpbIBAIOT MPOOKOM U BBIAEPKUBAIOT NpPH KOMHATHOM
temriepatype 30 MuH. 3areM H30BITOK XJIOPOBOJOPOIHOM KHCIOTHI TUTPYIOT
0,IM pactBopoM menoun ¢ (enondranennom (3-4 xarmm) 10 TOSBICHUS
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pO30BOM OKpacku, He wucuesawomeil B TedeHue 30 cekyHna. OmnpeneneHue
MIOBTOPSIIOT HE MEHEE TPEX Pas.
[TpoBoASIT TUTPOBAHKE C TEMU K€ PEaKTUBAMU, HO O€3 HABECKU CMOJIBI.
MaccoByto om0 (%) SIMOKCHIHBIX TPYMNI B CMOJIE PACCUUTHIBAIOT IO

dbopmyie:

NaOH)-(V, -V 100
%5(—CyH,0) = O Vo = V) cop,0) 1%
1000 m
rie Vo, u Vi — 00béMBI cTanmaptHoro pactBopa NaOH, mnomemmero Ha

TUTPOBAHUC PACTBOpPA COJISTHOM KHCJIOTHI B OIILITE B OTCYTCTBHUU CMOJIBI U ITOCJIC
BSaHMOHCﬁCTBHH CcO CMOHOﬁ, COOTBC€TCTBCHHO, M — MaCCa CMOJIBI, T.

Mepbl OpeiocTOpoKHOCTU. Pabomy caedyem nposooums noo Mmscou.
Omxo0bl pacmeopos ¢ ayemoHOM BbLIUBAIOM 8 CNEeYUANbHYI0 OYMblilb, HO HE 8
pakosuny!

Paoora 3.4.7. OnpenejeHue yporponuHa (CTAHIAPTHLIA METO)

CymHocTts pabotel. OrnpezesieHne ypOoTpONMHA OCHOBAHO HA pEaKIMU
KHCIIOTHOTO THUAPOJIN3a €ro Mmoj ACHCTBUEM HU30bITKAa CTaHAAPTHOTO pacTBOpa
CEpHOU KUCIIOTHI:

(CH2)6N4 +2 HQSO4 +6 HQO = 6CH20 +2 (NH4)2SO4.

OcTaToK CepHOM KHCIOTHl TUTPYIOT pabOYuM pacTBOPOM IIEJOYM B
MIPUCYTCTBUU MHAUKATOPA METHIIOBOT'O OPaHKEBOTO.

Peaxmuewvl, nocyoa:
Cepnas xucnora H,SO4— 0,1 M pactBop (cTanmgapTuszaius pactBopa — II.
3.1.).
I'unpoxcupn Hatpus NaOH — 0,2 M pactBop (crannaptuzauus — 1. 3.2).
MeTunoBsbIi OpaHKEBBIA — pacTBOP ¢ MaccoBoil goueit 0,1%.
Konba mepnas BmectumocTbio 250 mit.
Konba mepnas Bmectumoctbio 500 mit.
[Munerka BMecTUMOCTBIO 50 ML
BbropeTka BMECTUMOCTBIO 25 M.
Konba xonnueckas BMecTUMOCThI0 250-300 mit.
Becosoli crakaH4uK.

Brinonnenue paboTsl
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Ha ananmuthuyeckux Becax METOJOM OTCHINIAHUS OEpyT TpU HABECKHU
yporpornHa maccoi 0,20+0,02 r. Kaxayro HaBeCKy pacTBOPSIFOT B KOHMYECKOM
konoe B 50 mi 0,1 M pactBopa cepHOM KHCIOTBL. PacTBOp cepHOIl KHCIOTHI
n00aBIsAIOT KanuOpoBaHHOW mnureTkol. [lomyueHHBIM pacTBOp HarpeBaroT Ha
KUIISIIIEeH BOJSHOM OaHe /0 HWCYE3HOBEHHUs 3amaxa (opmanbaeruia,
BBIJICJIAIONIETOCS B pe3yibTaTe peakiuu ruapoiaunsa. Peakius npogomxaercs 5-6
yacoB. OxJajuB pacTBOpP HM30BITOK KHUCIOTHl OTTUTPOBBIBAIOT CTaHAAPTHBIM
pacTBOPOM THUIPOKCHAA HATPHsl MO METHIOBOMY OpaHXEBOMY JI0 Iepexoja
PO30BOI OKPACKH B JKENTYIO.

Maccosyto no:to (%) ypoTpornrHa pacCUUTHIBAIOT 10 hopmyIie:

1/2H,S0,)-V(H,S0,)—c(NaOH)-V H
lo1/24,50,) o) oR) TRe W vssacr,y, w2
m

(%) =

r7Ie M —Macca HaBECKU aHAJIM3HPYEMOro BELIECTBA, COAEPMKAIIETO YPOTPOMHH;
c(1/2H,S0O,) - HopMaIbHAsT KOHILICHTPAIIHs YKBUBAJIECHTa TUTPOBAHHOTO PacTBOpa
H,SO4; V(H,SO4) - 00BéM TuUTpOBaHHOTO pactBopa H,SO,4 noOaBieHHBIN B
n30bITKE K onpenenseMoMy BemecTBy; ¢(NaOH) - mossipHas KOHIEHTparus
ctangapTHoro pactBopa NaOH, moienmero Ha TUTpoBaHUE U30bITKA KUCIIOTHI;
V(NaOH) - 06Bém crannaptaoro pactsopa NaOH (oTcuet mo GropeTtke).

Pabora 3.4.8. Onpenejenue dYTHIALETATA

CymHocth pabotel. OmpezeneHne OCHOBAaHO Ha TOM, YTO JTHJIAIETAT
00pabaTbIBalOT U30BITKOM CTAaHJAPTHOI'O PACTBOPA FMAPOKCH/IA HATPHS
CH3COOC2H5 + NaOH = CH3COONa + CszOH )
a OCTaTOK MIENOYH THUTPYIOT pabOYMM PacTBOPOM XJIOPOBOJOPOIHON KHUCIOTHI B
NpUCYTCTBUU (eHOoN(PTaNIeHHA.

Peaxmuewvl, nocyoa:
XnopoBogopoanas kuciaora HClI — 0,1 M pactBop (cTanmapruzaius
pactBopa —m.3.1.).
I'uapokcua vatpust NaOH — 0,5 M criupToBoit pacTBop (CTaHIapTU3AIUs
pactBopa —1.3.2.).
®denondranens - COUPTOBOM pacTBOp ¢ MaccoBoit noneit 0,1 %.
[MuneTka BMECTUMOCTBIO 25 ML
HuddepenunanbHas nuneTka BMECTUMOCTBIO 5,0 MIT.
Bbropetka BMECTUMOCTBIO 25 M.
Kon6a koHnueckass BMECTUMOCTBIO C IPUTEPTOH TTpoOKoit 250-300mu1.

BrinonHenue paboThl.
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B xoHMYecKyr0 KOOy JJIsl TATPOBAHHS BHOCAT KAIMOPOBAHHOMW MUTIETKOM
25mn 0,5M THUTPOBaHHOTO CHHPTOBOTO pPAacTBOpa THIPOKCHIA HATpHs,
3aKpbIBAIOT  MPOOKOW M B3BEUIMBAIOT. 3aTeM B 3Ty K€  Kouly
muddepeHnaIbHON MUIETKOW MepeHocAT | MII  ATWianeraTta, 3aKpbIBAIOT
poOKOM, OCTOPOKHO TNepemennBaoT. CMecHu narT noctosaTh 2,5 vaca. Ilocre
ATOTO CMECh B3BEIIMBAIOT W IO PA3HOCTH OIPEACISIOT BEIUYHHY B3SITON
HaBecku. [IpubaBisior 2 karum pactBopa ¢geHoyranenHa U TUTPYIOT U30BITOK
menour B pactBope 0,5 M craHmapTHBIM pPacTBOPOM  XJIOPOBOJAOPOJIHOM
KHUCIIOTBI 10 00ECIIBEYMBAHUS PacTBOpA.

Maccosyto nomto (%) sTunanerara pacCUYUTBHIBAIOT 10 (HopMyIie:

(%)(CH,COOC,H,) = [C(N aOH) -V (NaOH ) — c(HCI) - V(HCI)} 100

M (CH,COOC,H;)-—,
1000 (CH, M) —

rJIe m — Macca HaBECKU aHAJU3UPYEMOIo BEIECTBa, COJAEPKAIIeTro dTHIIAIICTAT;
c(NaOH)- monspuas konueHtpainus pactBopa NaOH; V(NaOH) - o0bém
TuTpoBaHHOTO pactBopa NaOH, noGaBieHHOro B M30BITKE K OINpeAeIsieMOMY
BemectBy; c(HCI), V(HCI) - monsipHast KoHIEHTpalus U 00bEM CTaHAApPTHOTO
pactBopa HCI, 3aTpadueHHOro Ha TUTpPOBaHHUE H30BITKA IMIETOYHM, OCTABIICHCS
MOCJI€ PEAKIIUU OMBIICHUS.

Pao6ora 3.4.9. Onpeneaenue hopMaanaernaia cvibOUTHLIM MEeTOIOM

CymHoctbs pabotsl. OnpeneseHue 0OCHOBaHO Ha TOM, 4TO (hopMalibJIeru
nocJie pa30aBieHus: BOAOW 00padaThIBaIOT PACTBOPOM CYIb(pUTA HATPUS:

HCOH + SO;* + H,0 = CH,(OH)SO5 + OH"

OOpasoBaBiivecss B pe3yjdbTaTe  peakUMd  HMOHBI  THJIPOKCHIA
OTTUTPOBBIBAIOT CTAaHAAPTHBIM PACTBOPOM XJIOPOBOJAOPOAHOM KHCIOTHI B
MPUCYTCTBUU UHANKATOPA TUMOJI(PTAICHUHA.

Peaxmusvl, nocyoa:
XnopoBonopoanass kuciora HCl — 1 M pactBop (cTanmapTuzanus
pactBopa —m.3.1.).
Cynbdut natpus Na,SO; — pactBop ¢ MaccoBoil goned 25% (mocie
MIPUTOTOBJIEHUS PACTBOP HEOOXOAUMO OTPUILTPOBATH!).
Tumondranenn — cnupToBOM pacTBOp ¢ MaccoBoit nouei 0,1%.
Hunuaap BMecTUMOCTHIO 50 MIT.
Bbropetka BMECTUMOCTBIO 25 M.
Konba xonnueckass BMecTUMOCThIO 250-300 mit.
brokc.
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BrlinonHenue paboThl.

HaBecky maccoit 3,0 + 3,51 ¢opmanuHa B3BEHIMBAIOT B OIOKCE Ha
aHAJIMTUYECKUX Becax, KOJMYECTBEHHO IMEPEHOCAT B KOHUYECKYIO KOJOY IS
TUTPOBAHUS U pa30aBIsAIOT HEOOIBIINM OOBEMOM NUCTUILTUPOBAHHOW BOABI. B
KoJ0y mpuinBaroT 50 M1 pacTBopa Cysb(puTa HaTpus ¢ MaccoBou noiei 25%,
NpeIBapuUTEeIbHO  HEHTPaIM30BaHHOTO B TPUCYTCTBUU  HMHIUKATOpa
tumondTanenHa A0  cmabo-romy6oit  okpacku 0,1 M pactBOpom
XJIOPOBOJIOPOTHOM KHCIIOTHI.

BeimenuBmrytocss 1o peakuud mEnodb TUTPYIOT 1 M pacTBOpoM
XJIOPOBOJIOPOTHOM KUCIIOTHI 10 OOECI[BEUHBAHHS.

MaccoByto gomo (%) dopManpiaeruia B aHATU3UPYEMOM PacTBOpE
PacCUUTHIBAIOT 1O popMmyrie:

c(HCI) -V (HCI) 100

o (%)CHOH = -M(CHOH) - —,
1000 m

rje m — Macca aHajausupyemoro pactsopa dopmanuna; M(CHOH) - monspHast
Macca 9kBuBaieHTa (Qopmanbaeruna; c(HCl), V(HCl) - wmomnsapHas
KOHIEeHTpaust M o0beM crtanaaptHoro pactBopa HCI, 3aTpauenHoro Ha
TUTPOBAHUE.

PabGora 3.4.10. OnpenejieHne VKCYCHOTO aJbLAETHIA

CyI1HoCTD Da6OTBI. OHpCIICJICHI/IC OCHOBAHO Ha pPCaKNHHu 3aMCIICHHA C
COJIITHOKHUCJIBIM T'HAPOKCHUIIAMUHOM:

0 H
CH3C<H+ NH,OH-HCI = CH3C<NOH+ H,O + HCl

OOpazoBaBiIylocss O PEAKIUH XJIOPOBOJOPOIHYIO KHCIOTY THTPYIOT
CTaHJApTHBIM PAcTBOPOM THIPOKCHIA HATPHs B MPHCYTCTBUU HHIWKATOPA
OpoMQEeHO0IOBOTO CHHETO.

Peaxmuewvl, nocyoa:
Consinokucinbit ruapokcunamua NH,OH-HCI — 1 M pactBop.
I'mapokcun narpus NaOH — 1 M pactBop (cTaHmapTu3amus pacTBopa —
m.3.2.).
BpomdeHnonoBrIii cuHMi - CIUPTOBOM pacTBOp ¢ MaccoBoit gonei 0,1 %.
[Tunetka BMECTUMOCTBIO 50 MuI.
HuddepenunanbHas nTuneTka BMECTUMOCTBIO 5,0 MIT.
BropeTka BMECTUMOCTBIO 25 MII.
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Konba koHnueckass BMECTUMOCTBIO C IPUTEPTOH TTpoOKoit 250 mut.

BrinonHeHue paboThl.

B konuueckyro konlOy c mnputeprod mnpoOkoi BmuBatoT 50 Ma 1M
pacTBopa COJITHOKHCJIOTO TUAPOKCUIIAMUHA, MIPEABAPUTEIBHO
HedTpanuzoBanHoro 0,1 M pacTBopoMm Mmi€noun B MPUCYTCTBUM OpompeHona
CUHETO, J100aBJsAI0T eni€ 4 Karik TOTO K€ MHIMKATOpa U B3BEIIMBAIOT. BHOCAT
MPUMEPHO 2T aHAJIUM3UPYEMOTO BEMIECTBA, MEPEMEIINBAIOT, 3aKPBIBAKOT
npoOKoi W cHOBa B3BemMBalOT. [lo pa3HOCTH OMpeNeNnsioT Maccy HaBECKU
BEILIECTBA, B3SITOTO HA aHAJIU3.

BoelaenuBinytocs XJIOPOBOJOPOJIHYIO KHCIOTY TUTpYXOT 1M pacTBOpoM
ménoyn. 3aTeM CMECH JAr0T MOCTOATh 15 MHH. M B cilydae HE0OXOJIHMMOCTH
KHCJIOTY JOTHUTPOBBIBatOT. OKpacka pacTBOpa IPH 3TOM JOJDKHA MEPEUTH U3
’KEJITO-3€JIEHON B CUHE-(DHOJIETOBYIO.

MaccoByto 1010 (%) yKCycHOTo allbJieriia pacCUYUTBIBAIOT MO (hopMyJIe:

c(NaOH ) -V (NaOH) 100

o(%)CH ,COH = M(CH,COH)-— |
1000 m

rJIc m — Macca HaBecku TexHuueckoro peaktuBa, M(CH3;COH) — mMomspHas
Macca JKBHBajieHTa ykcycHoro anpiaeruna; ¢(NaOH), V(NaOH) — momnspHas
KOHIIEHTpamus: W 00BbEM craHmapTHoro pactBopa NaOH, 3arpaueHHOro Ha
TUTPOBAHHE.

3.5. HeBonHOe TUTPOBaHHE

PabGora 3.5.1. Onpenesenue cJ1adLIX OCHOBAHMI B cpeae JeasTHOn
VKCVCHOH KHCJIOTHI

CymHocth pabotel. OmnpeneneHUe OCHOBAHO Ha TUTPOBAHUU CJIAOOTO
OCHOBaHMS CTaHJAPTHBIM PACTBOPOM XJIOPHOW KHCIIOTHI B cpene Oe3BOJHOM
YKCYCHOM KHUCJIOTBI B MPHUCYTCTBUM HMHAMKATOpAa — KPUCTAILUIMYECKOTO
¢buoneroBoro.

Peaxmuewvl, nocyoa:

Xnopnas kuciora HCIO4— pactBop ¢ MaccoBoii noneit 57%.
VYkeycnsiii anruapun (CH;CO),0.
VYkcycnas kucinora CH;COOH, nensanasi.
Iuapodranar kamus KHCgH,O4, k.
Kap6onar narpus Na,COs, k.
Hudbenmiryanuaun Ci3Hi3N;3, k.
Kpucrannuueckuit  GpuoseToBelidi — pacTBOP B YKCYCHOM KHCIOTE C
MaccoBoi goiei 0,1%.
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Konba mepnast BMectumocTbio 50 M.
[Tunetka BMecTUMOCTBIO 10 M.

[HunuHap MEPHBIN BMECTUMOCTBIO 25 ML
MukpobropeTka BMECTUMOCTBIO 5-10 mit.
Konba xonnueckas BMectuMocThio 100 mur.

Brinonnenue paboTsl
IIpuecomosnenue 0,1 M pacmeopa xnopHoti kuciomsi 6 6€3600HOU YKCYCHOU
Kuciome

B konbe BMectumocthio 100 M pacTBOPSAIOT MPUOIU3ZUTENBHO 1 M
XJIODHOM KHUCIOTHI ¢ MaccoBoil gonedt 57% B 50 mu 06e3BOJHON YKCYCHOM
KHUCIIOTHl U HEOONBIIUMH MOPUUSMU MPHU MOCTOSIHHOM OXJIAXJACHUH pacTBOpa
npuOABIIAIOT OKOJIO 4,2 MJI YKCYCHOTO aHTUIpHIA JIJIsl CBA3BbIBaHMS BoJbl. KonOy
3aKpbIBAIOT MPOOKON M OCTABIIAIOT HA CYTKH B TEMHOM MECTE, 3aTe€M JICJHON
YKCYCHOM KHUCTOTOM A0BOJAT 00BEM pacTBopa 10 100 mit.

Kareropuuecku 3ampeniaercsi 3acacblBaTh PTOM B IMHUIETKY JIEASHYIO
yKcycHyto kucinoty! Jins orGopa TpeOyeMoro KojaudecTBa JIEASHON YKCYCHOM
KHUCIIOTBl ~ HEOOXOJUMO  MOJIb30BAThCSl  CIELMATIbHOM  MeMOpaHoil — Wi
CTEKJITHHBIM KallWJUIAPOM C Kay4yKOBBIM HAKOHEUHUKOM.

Cmanoapmu3zayus pacmeopa XJ10pHOU KUCIOMbL NO 2uopoghmanamy
Kaaus

Haecky ruapodranara xamust okoio 0,4 r (B3sATyl0 Ha aHAIUTUYECKHUX
Becax ¢ ToyHocThto = 0,0002 r), BeicymenHoro npu 110°C 1o mocTosiHHOM
Macchl, PAacTBOPSIOT MPU HAarpeBaHUU B HEOOJBIIOM KOJIMYECTBE O€3BOJIHOMN
YKCYCHOM KHCIJIOTBI, OXJaXJalT pacTBOp [0 KOMHATHOM TEMIIEpaTyphl,
KOJIMYECTBEHHO MEPEHOCIT B MEPHYIO KOJOY BMECTUMOCTbIO 50 MII U TOBOAST
0 METKH JICASTHOM YKCYCHOW KHCJIOTOH. AJIMKBOTY pacTBopa OTOMPAIOT
MUTETKON C MOMOIIBI0 PE3UHOBOM T'PYILU, IEPEHOCAT B KOJOY AJIsi TUTPOBAHUS,
n00aBisa0oT 20 M YKCYCHOM KHCIOTHI M 1-2 Kamim pacTBopa HHIUKATOpa
Kpuctajudeckoro (QuoneroBoro ¢ maccoBoit noneit 0,1%. CranmapTHbIi
pacTBOp XJIOPHOM KHUCJIOTHl 3aJIUBalOT B MHUKpOOIOpeTKy. TutpoBaHue
3aKaHYMBAIOT IIPU IIEPEXOJIe CHHENM OKpPacKM pacTBOpa B CHHE-3EJIEHYIO.
Peaknus runpodranara Kaiusg € XJIOPHOW KHCIOTOW MPOTEKAET COTJIACHO
YPaBHEHUIO:

HOOC - C¢H;— COOK + HCIO; = HOOC — C¢H; — COOH + KCIO4
B xonoctoMm ombITe onpenenstor 00bEM CTaHAAPTHOTO PacTBOPA XJIOPHOM

KUCIIOTHI (V onp.), TIOENNIEN HA TUTpOBaHKE 20 MJI paCTBOPHTENS, - 0€3BOIHOM
YKCYCHOM KHCIIOTBI U BHOCSIT IONPABKY B Pacyer.
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MonsipHasi KOHIIEHTpaIusi XJOPHOM KHCJIOTBI PACCUUTHIBACTCS IO
bopmyie:
m(KHC H ,0,)-1000
M(KHC8H4O4) ’ (VHCIO4 Vo)

nonp.

c(HCIO,) =

b

VI’Z
VK
rae M(KHCgH40,4) — MmonsipHas macca rugpodTanara Kaausl.

Cmanoapmu3sayus pacmeopa XJ10pHOU KUCIOMbL N0 KapOOHamy Hampus

Hagecky oxomo 0,25 r kapOoHara Hatpus, BeicyiieHHOro npu 270-300°C,
nomemarT B GapdopoByro Yaliky, MpUOABISIIOT HECKOJIBKO Kamelb 0e3BOJIHOMN
YKCYCHOM KHCJIOTHI JJIs PEBpalleHus] KapOoHaTa B alleTaT, BBIMAPUBAIOT TOCyXa
Ha BOJSHOW OaHe, OCTaTOK pacTBOPSAIOT, IMEPEHOCIT B MEPHYIO KOJIOY
BMECTUMOCTBI0O 50 MJI M JIOBOASAT 10 METKU. ANUKBOTY pactBopa (10,0 mm)
NEpPEeHOCAT B KOJOY s TUTPOBaHM, N00aBisstoT 20 Mul JeAstHOW YKCYCHOM
KHCJIOTBI U TUTPYIOT JO WU3MEHEHUsI OKPACKU HHAMKATOpPA KPUCTALINYECKOTO
¢buoneroBoro.

MoJisipHyI0 KOHUEHTPALMIO PAacTBOpa XJIOPHOM KHUCIOTHI pPacCUUTHIBAIOT
o ¢hopmyire:

m(Na,CO;)-1000
M@1/2Na,CO;s) - (Vycio, = Vonp.)

nonp.

c(HCIO,) =

Vn
V.~
rae M(1/2 Na,COs3 ) — momnsipuas Mmacca skBuBaiienTa Na,COs .
[Ipu ycTaHOBIEHWU MOJSPHOM KOHIIEHTPAIlMM PAcCTBOpa XJIOPHOMU

KHCJIOTHI HEOOXOAMMO MPOBOAMUTH XOJIOCTOE TUTpoBaHUE 20 M pacTBOPUTENS U
BHOCHUTBH COOTBETCTBYIOIYIO IONPABKY B pacueT (Vonp.).

Cmanoapmu3zayusi pacmeopa XJ0PHOU KUCIOMbL N0 OUGeHUN2Y AHUOUH)

[Iponaxueiii mpenapar gudenunryanuauHa CjsHi3N; mapku  “9”
npeaBapuTeabHo o4uiarT. C 3TOW LEIbl0 K COJISTHOKHCIOMY PacTBOpPY €ro
no0aBisatoT pactBop NHj ; BeimaBmumii ocagok JudeHUAryaHuaAuHa OTASISIOT OT
MAaTOYHOIO pacTtBopa (uiIbTpoBaHHEM (C TOMOIIBIO BOpPOHKU broxhHepa),
NPOMBIBAIOT M BBICYIIMBAIOT CHa4alia Ha BO3ayxe, a 3areM npu 105°C moBomst
J10 TTIOCTOSIHHOW MacCCBl.

Ha ananutuueckux Becax B3BELIMBAIOT TPU HABECKU AUGEHUITYaHUAUHA
o 0,10 r (c Tounocteio Ao 0,0002 r). Kaxknyio HaBecky pactBopsitoT B 20 M
0e3BOAHON YKCYCHOW KHUCIOTBI M TUTPYIOT CTaHJAPTHBIM PacTBOPOM XJIOPHOM
KHUCJIOTBI IO U3MEHEHHUsI OKPACKU MHIUKATOPA KPUCTAIUTMYECKOTO (PHUOJIETOBOTO.

Peakmus audeHnnryaHuinHa ¢ XJIOPHOU KUCIIOTON B JIEASHON YKCYCHOM
KHCJIOTE MPOTEKAET COTIaCHO YPAaBHEHHUIO:
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CsHsNH — C — HNC¢Hs + HCIO4 = CcHsNH — C -NHC¢Hs - HCIO4

I I
NH NH

HCO6XOIII/IMO IMPOBCACHUC XOJIOCTOI'O OIIbITA.
MOJISIpHaH KOHIOCHTpAIUsA paCcTBOpPaA XJIOpHOﬁ KHCJIOTBI BBIYUCIIACTCA IIO

dhopmyie:

m(C,,H,;N;)-1000
M(C13H13N3)'(VHC104_V )’

nonp.

c(HCIO,) =

rae M(Cy3H;3N3) — MonsipHast Mmacca 3KkBUBaJieHTa AU EHUITYaHUAMHA.
Pacxoxnenue mexnay napamienbHbiMu onpeaeneHusmu ¢(HCIO4) He momkHO
npesbimath 0,2%

2. OnpenesieHne aHuInHA

Hagecky BemiectBa, coaepxairyto okono 0,05-0,1 r anuinHa, momMemarT
B KOJIOY JIJIsi TUTpOBaHMs, 100aBistoT 20 M JICASTHOM YKCYCHOM KHCJIOTHI, 1-2
KaIuli pacTBOpa KpUCTALITMYECKOro ¢huoiaeToBoro ¢ maccooit gonei 0,2% wu
TUTPYIOT CTaHAAPTHBIM PACTBOPOM XJIOPHOW KHUCJIOTHI 10 TIEpeX0Jia OKPacCKH OT
CUHEM K CHUHE-3CJIEHOM.

B3anmMopelicTBiue aHUIMHA U XJIOPHON KUCJIOTHI C PAaCTBOPUTEIEM MOXKHO
OMHCaTh CIACAYIOINIMMHU YPaBHEHUSAMMU:

C6H5NH2 + CH3COOH = C6H5NH3+ + CH3COO_
HC104 + CH3COOH = CH3COOH2+ + C104_
CH;COOH," + CH3COO" =2 CH;COOH

TutrpoBaHue aHWIMHA XJIOPHOM KUCIOTON B O€3BOAHON YKCYCHOW KHCIIOTE
IIPOTEKAET COIVIACHO CXEME:

CsHsNH;" + ClO4 = C¢HsNH, - HCIO,
Torma cymMmMapHoOe ypaBHEHHE PEaKITUH 3aITUIIETCS TaK:
C¢HsNH; + HCIO,4 = C¢HsNH, - HCIO4
Maccoyto nonto (%) aHWIMHA B KaXIOM U3 B3ATHIX HABECOK

pPacCUUTHIBAIOT 1O popmyrie:
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c(HCIlO,)-(V, -V
(D(%)I ( 4) ( HCIO, nonp.).M(C6H5NH2).@ ’
1000 m

rae Vienp, — onpenensercsa B xonocroM omneite; M(CsHsNH,) - monspnas macca
DKBHUBAJICHTa aHWJINHA.

3. OnpenesieHue TPUATAHOJIAMMHA

Ha ananutrueckux Becax B3BELIMBAIOT HaBecKy, coaepxaiiryro 0,03-0,05
I' TpUATaHOJIAMHHA. XOJI KOJIUYECTBEHHOTO OMpEACICHUsI TPUITAHOJIAMUHA B
cpelne JIeAsSHOM YKCYCHOM KHCIOTBHl aHaJOTWYEH ONpENeICHUI0 aHWUINHA.
Heo6xoauMo oTMETHTh, YTO TOYHOCTh (DPUKCUPOBAHMS TOUKH IKBHUBAJICHTHOCTH
MpU TUTPOBAHMM TPUATAHOJIAMUHA BBIINIE, IIOCKOJBKY €ro KOHCTaHTa
JUCCOLMAIIMK OOJIbllIe, YeM Y aHUJIMHA.

Pao6ora 3.5.2. OnpenejgeHne HHINBUIYAJIbLHBLIX AMUHOKHUCJI0T

CyIHOCTb paboThl. AMHUHOKUCIOTHI B BOJHOM pAacTBOPE CYLIECTBYIOT
MPEUMYIIECTBEHHO B BHJI€ OWIOJSPHBIX HMOHOB, SIBJISIOLIMXCS HEJIOCTATOYHO
CWJIbHBIMU KHCIIOTAMU WJIM OCHOBaHUSIMU, YTOOBI UX MOKHO OBLIIO OTTUTPOBATh.

B nensiHOW YKCYCHOM KHCJIOTE IHUCCOLMAlUs KapOOKCWIBHOM T'PYIIbI
MIPAKTUYECKU MOJTHOCTBIO MOAABISETCS, YTO MMO3BOJISIET TATPOBATH AMUHOTPYIIITY
XJIOPHOM KUCIIOTOM.

Peaxmuewvl, nocyoa:
Xnopuas kucnmora HCIO4— pactBop ¢ maccoBoit noneit  57%
(crannmapTuzauus KUcioTel — 1m.3.5.1.).
VYkcycHas kuciora CH;COOH, nensanas.
Tponeosnnn 00 — pacTBOp B yKCYCHOM KucCIoTe ¢ MaccoBou nonei 0,1%.
Konba mepnast BMectumMocTbio 50 M.
[TuneTka BMecTUMOCTHIO 10 M1
[HunuHap MEPHBIN BMECTUMOCTBIO 25 ML
MukpobropeTka BMECTUMOCTBIO 5-10 mi1.
Konba xonnueckass BMectTuMocThbio 100 mut.

BrinonHenue paboThl.

Haecky amuHokHcnoThl 0K0JI0 0,4 T (B3STYIO Ha aHATMTUYECKUX BEcax ¢
TouHOCThIO + 0,0002 T) pacTBOPSIOT MPU HAIPEBAHUH B HEOOJBIIIOM KOJIUYECTBE
0€3BOJIHOM  YKCYCHOM  KHUCIIOTBI, OXJIQXJAIOT pPacTBOp /O KOMHATHOM
TEeMIEPaTyphl, KOJUUYECTBEHHO MEPEHOCAT B KaJTMOPOBAHHYIO MEPHYIO KOJIOY
BMECTUMOCTHIO 50 MJI M JOBOJAST 10 METKU JIEASHOW YKCYCHOM KHCIIOTOM
(cenmanbHOM MUMIETKOM).
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B konOy st TuTpoBaHMsT OTOMPAIOT MUIETKON (C MOMOIIBIO PE3MHOBOMN
rpymu ) anukBOTHYIO YacTh pactBopa (10,0 M), mobasmnsitoT 20 M1 yKCyCHOM
KUCJIOTBI M 1-2 Kamiam pacTBopa uMHAMKaropa - TporeoiauHa 00 ¢ maccoBoit
noneit 0,1% . PacTBop MHIUKaTOpa rOTOBUTCS TaKXe B O€3BOJHON YKCYCHOM
KHCIIOTE.

TutpoBaHue cTaHAAPTHBIM PACTBOPOM XJIOPHOM KHCIOTHI 3aKaHUYUBAETCS
IpU Mepexoje KENTOW OKpacku pacTBopa B (puoseToByro. B xomoctoMm ormbiTe
OIPENEIAIOT BEMHIUHY V ponp.

TurpoBaHue aMUHOKHUCIOTHI XJIOPHOW KUCIOTOM B O€3BOJHOM YKCYCHOM

KHUCJIOTC IIPOTCKACT COIIACHO CXEMC:
R R

| |
H— C — COOH + CH;COOH," = H—C—COOH + CH;COOH
| |
NH, NH;"
MaccoByro nomto (%) aMUHOKHCIOTHI B HAaBECKE, B3SATOH IS aHAIM3a,
pacCUuTHIBAIOT MO popMmyrie:

(%) = c(HCIO,)- (VHCIO4 - Vnonp.) M (an)- V. @
1000 Vv, m’
rac M(aM) — MOJIpHad MacCa aMHUHOKHCIOTBI, m - MaAcCCa HABCCKHU
AMHWHOKHUCIIOTHI.
B Ta6HI/IHe MMPUBOIATCA MOJICKYJIIPHBIC MACCHI psAda aMHUHOKHUCIIOT

R

|
H—C— COOH
|

NH,
HaszBanue R MonekyisipHas
AMHHOKHUCIIOTEI Macca
I'mumn H 75,07
AnaHuH CH; 89,09
Banuu CH(CHs), 188,30
Cepun CH,OH 105,09
AcnaparuHoBas CH,COOH 133,10
KHCIIOTa
ITponun
Q COOH 115,13
H
®ennnananna | CH2CeHs 165,19

Pabora 3.5.3. Onpenejsenune cMecH AMUHOKHCJIOT
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HaBecky cmecu amuuokucinor (~ 0,4 1), cocrosiied W3 ajllaHWHA U
(deHunanaHvHa, B3BEUIMBAIOT HA AaHAJIMTUYECKUX BecaxX, pPACTBOPSIOT IIpU
HarpeBaHUM B HEOOJBIIOM KOJUYECTBE OE3BOJHOM YKCYCHOM KHCIOTHI,
MEPEHOCAT B MEPHYIO KoJIOY Ha 50 MJI U JJOBOAST 10 METKH JICISTHOM YKCYCHOM
KUCJIOTON. TUTpoBaHME AIMKBOTHOM YacTH mojydeHHoro pactopa (10,0 mu )
MPOBOJST B CpEAE JIEAAHOW YKCYCHOM KHCIJIOTBl CTAaHAAPTHBIM PacTBOPOM
XJIOPHOM KUCJIOTBI ¢ HHIUKATOPOM - TporeoauHoM 00.

MaccoByto 10110 KOMITIOHEHTOB CMECH PaCCUUTBIBAIOT MO (hopMmyJIe:

c(HCIO,)) - Vycio, =Viewp) . m,, - x .\ m,, (100-x) ¥,

1000 :(IOO-MM. 100-M,,, V.-

K

rae My, 1 Mgy, — MOJISIDHBIE MacChl DKBMBAJICHTOB aJlaHMHA U (DEHUIIAIaHUHA,
COOTBETCTBEHHO, paBHble 89,08 u 165,19; X — maccoBas 40Jis allaHMHA B CMECH;
M, - Macca HaBECKU CMECH aMUHOKHUCIIOT.

PabGora 3.5.4. Onpenesgenue cojei cJadbIX OPraHuvYecKux KHCJI0T

1.OnpenesieHne CanTUIUMIOBOKUCIOTO HATPUS
HaBecky canuuioBOKUCIOro HaTpusl, cojepxkainyto okono 0,8 r NaHSal,
B3BEIIMBAIOT HA AHAJUTHUYECKUX BecaX, MOMEIIAIOT B KOJOY JUIsl TUTPOBaHUS,
noOapisilor 20 MuI JIeASHOM YKCYCHOW KHCIOTBI, 1-2 Kamiaum pacTtBopa
tponeosnHa 00 ¢ maccoBoi nonei 0,1% u TUTPYIOT CTaHIAPTHBIM PacTBOPOM
XJIOPHOM KHCIIOTBI B JIEASHOM YKCYCHOM KHUCJIOTE. B KOHEYHOW TOuKe
TUTPOBAHUS OKpPACKa M3MEHUTCS OT KENTOU K puoneToBoi. B xonocTtom onbiTe
HaxoAMTCs MonpaBKa (Vo ), KaK U B IPEABITYIIAX Pa3eax.
Peakuus camumunara HaTpus C XJOPHOM KHUCIOTOM B CpeAe JIEASHOU
YKCYCHOU KHCIIOTBI IPOTEKAET COIIACHO YPABHEHUIO:

NaHSal + HCIO, = H,Sal + NaClO,4
Maccosyto nomto NaHSal paccuutsiBatot no popmyiie :

C(HCZO4) ) (I/HCIO4 o Vnonp‘) . . 100

o (%)NaHSal =
1000

2.01peieIeHue TapTpara Kajaus.
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Ha ananuTmuyeckux Becax B3BEIIMBAIOT HaBeCKy, cojepxkamyw 0,3-0,5r
TapTpata Kaimusa. XOJ KOJWYECTBEHHOTO ONpEACIICHHS TapTpara Kajaus
aHAJIOTUYEH ONpPEIeNICHUIO CauIUIaTa HaTpusl.

Pa6ora 3.5.5. AHAJIN3 JeKaPCTBEHHLIX PenapaToB

1.0npeneneHre aMuIOIIMPUHA

(CH3) CHj3

—L NCHj
CeHs

HaBecky okono 0,251t mpenapata pactBopsitor B 10 M Oe3BojHOM
YKCYCHOM KHCIIOTBI, NPUOABIAIOT 25 MJI 4YETBIPEXXJIOPUCTOTO yriiepoAa H
TUTPYIOT CTaHJAPTHBIM PACTBOPOM XJIODHOM KHCJIOTHI B MPUCYTCTBUU
tponieosinHa 00 10 spKO-(PHOJIETOBOTO OKpAIIUBAHUS.

Maccosyto pomto amugonupuHa (Ci3H7N50) B mpenaparte BIYUCISIOT MO

dhopmyie:

c(HCIO,))-(V -V
— ( $) HCIO, nonp')'M(C13H17N30)'@
1000 m

(%)

b

raie M(C;3H7N3O)- monspHas macca SKBHBAJIEHTa aMHJIONUPHHA, paBHAs
231,30.

Pabora 3.5.6. Onpenesaenue cBOOOTHOM MIEJ0YH B IPUCYTCTBUH COJIeH
OPraHUYECKUX KUCJIOT

CymHocTh paboTel.  OmpeneneHue OCHOBAaHO Ha THUTPOBAHHH CMECH
NaOH wu CH3COONa crannaptHsiM riukosieBsiM pactBopoM HClO4 ¢ nByms
WHIUKATOpaMH — GEHOIPTAIEHHOM U METHJIOBBIM OPAHKEBBIM, TPHUMEHICMBIMHU
MOCTIEIOBATEIbHO. AHANU3 TPOBOAUTCS B Cpele TIMKOJIEBOH CMECH —
STUWICHTJIUKOJIE M u3ompornuioBoro crupra 1: 1 (mo o0véMy). OOBEM
crangaptHoro pacteopa HClO; (V??), nomemmmuii Ha TuTpoBaHHE
aHAIM3UPYEeMOl CMecH K MOMEHTY HW3MEHEHHS OKpacku QeHondTanerHa,
COOTBETCTBYET  COJCp)KaHWIO Iesoud. Pa3HOCTP 00BEMOB  THUTpAHTA,
3aTpaueHHBIX HAa TUTPOBAaHHME CMECH C METHJIOBBIM OpPaHXEBBIM U
denondranennom (V. " — V) coorBercTBYeT CcONEpKAHMIO COMH —
CH;COONa.
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Peaxmuewvl, nocyoa:
Xnopnas kuciora HCIO,4 — pactBop ¢ MaccoBoii noneit 72%.
0,1 M rnukoneBslil pacTBOp (CTaHAApTU3AIMS pacTBopa 1.2 ).
Mzonponunossiii ciupt CH;CHOHCH;,
Orunenrimukoiasr CH,OHCH,OH.
Iuapodranar kamus KHCgH4Oy, k.
®enondranens — pacTBop ¢ MaccoBoit noieit 0,1%.
MeTunoBbIi OpaHkEBbIA — PacTBOP ¢ MaccoBoil goieit 0,1%.
Konba mepnast BMectumMocTbio 50 M.
[Tunetka BMeCTUMOCTBIO 5-10 M.
HunuHap MEPHBIN BMECTUMOCTBIO 25 MIL
MukpobropeTka BMECTUMOCTBIO 5-10 mi1.
Konba xonnueckas BMectuMocThbio 100 mur.

Brimonnenue paboTsl

1. IIpuroronenue 0,1 M ramkonaeBoro pacTeopa XJIOPHOW KUCIOTHI

[Tpubnu3urensHo 4,3 MJI XJIOPHOW KHUCJIOTBHI C MaccoBoil poineir 72%
pactBopsaloT B 500 M3 TJIMKOJIEBOM CMeCH, THIATEIIbHO MEpeMEIINBaloT,
3aKpBIBAIOT MPOOKOM U OCTABJISIOT CTOSTh B TeueHUE 3-4 CyTOK.

2. Cranpaprtusanus pacTBOpa XJIOPHOM KHUCIOTHI

B kadecTBe CTaHIApTHBIX BEIIECTB MCMOIB3YIOT TuUapodTanat Kajius,
KapOOHAT HaTpus WIM AUPEHWITyaHUIAUH. TUTpOBaHHE NPOBOASIT B Cpeie
rivkojeBoil cmecu. Ilpu cranmapTuzanuu  pacTBOpa XJOPHOW KHUCIOTHI
HEOOXOIUMO TMPOBOJUTH XOJIOCTOE THUTPOBAHUE PACTBOPUTENE U B Ciydae
HEO0OXOIUMOCTH BBOAUTH MOIPABKY.

3. Anamm3 cmecu NaOH n CH3;COONa

Cwmech NaOH u CH3;COONa mnomemniaroTr B MEpPHYIO KoJOy
BMECTUMOCTBI0O 50 MJI W JIOBOAST JO METKH CMELIAHHBIM PacTBOPUTENIEM
(3TUJICHTIIMKOIbL W M3ONPONWIOBBIA CHUPT) C TOMOIIbIO Kamwuisipa cC
Kay4yKOBbIM HAaKOHEYHUKOM. B KonOy sl TUTpOBaHHUS OTOUPAIOT ATMKBOTY
(5,0 M) momyyeHHOro pactBopa, H00aBiA0T 20 MJI TJIMKOJEBOM CMecH H
HECKOJIbKO Kamenb (eHondTanenHa. AHAIU3UPYEMYIO CMEChb THUTPYIOT
cranaaptHeiM 0,1 M rnukoneBsiM pactBopoMm HCIO4 10 ncue3HoBeHUs: po30Boii
okpacku. K OecrBeTHOMYy pacTBOpY A0OaBISIOT OJHY KaIUll0 METHJIOBOTO
OpPaHXEBOTO U TMPOJOKAIOT TUTPOBAHUE JO IMEpeXoja OKPACKU U3 KENTOW B
OpaHXEBYIO.

Maccy kaxaoro u3 KOMIIOHEHTOB aHAIU3UPYEMOM CMECH pacCUUTHIBAIOT
o ¢hopmyire:

Hi 00
(HCI0) VoV
1000 V.’

n

m(NaOH) =
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C(HCIO,)- (V"™ V)
1000

Vk’
b
n

m(CH,COONa) =

. M(CH,COONa)-

rie M (NaOH) u M(CH3COONa) — momnsapHbie Macchl 3kBuBajieHTOB NaOH u
CH;COONa .

4. OCAAUTEJIIBHOE TUPOBAHUE
Mepkypomerpust

4.1. IlpuroroB/jeHue ¥ CTAHAAPTUH3ALUA PadoUyero pacTeopa HUTPATA PTYTH

@

PaccuuthiBator  HaBecky  Hgy(NOs),2H,O,  HeobOxogumyro st
npurotosnienus 1 1 0,05M (1/2 Hgy(NOs),) pactBopa nutpata prytu (I).

HaBecky mpenapara Hgy,(NOs),'2H,O wmapku “X.4.” B3BEHIMBAIOT Ha
TEXHUYECKHUX Becax, pacTBOpsAOT B 300—500 mu1 Tersioil BOAbI, MPEIBAPUTEIBHO
noakucieHHon 10 Mi KOHUEHTpUpOBaHHOM a3oTHOM kucinotoit (d=1,40). Tlocne
pacTBOpPEHHUs COJIM O0BEM JTOBOAAT 70 | 1 M THIATENbHO NepeMenmuBaroT. s
BOCCTaHOBIIEHHs MOHOB Hg”" B GyTBIUIb C MOMY4EHHBIM PACTBOPOM A0OABISIOT
HEMHOTO METANTMYECKON PTYTH, XOPOIIO B30ANTHIBAIOT U OCTABJISAIOT CTOSATH HE
MEHee CyTOK.

B kauecTBe yCTaHOBOYHOI'O BEUIECTBA IJisi CTaHAAPTU3ALMH PacTBOpa
Hutpata pTyTH (I) UCTIOMB3YIOT XJIOPU HATPHUS MAPKHU «X.U.).

I'otoBsT 0,05M pactBop NaCl (nepBuuHbI pacTBOp) MyTEM PACTBOPEHUS
HAaBECKM XJopuaa HaTtpusi B koinbOe BMectuMocThio 100 ma (cMm. m. 2.2).
AJMKBOTY MOJy4E€HHOT0 pacTBopa (20 Mi1) mepeHoCsIT B KOJIOY NIk TUTPOBAHMS,
npubaBmsiror 5 mu 0,01M pactBopa KCNS u 2 mn pactBopa Fe(NOs); ¢
Maccopoir  gmoneit  5%. Cwmech TtuTpyror pactBopoM  Hgry(NOj), 1o
oOecupeunBanus. [Ipu pacuere momsipHoit koHueHtpamuu (1/2 Hgy(NO;),)
TUTpAHTa CJeAyeT BHOCUTh TMOMNpPaBKy Ha pacxon Hutpara pryru (I) Ha
TUTpOBaHUEe uHAMKaTopa. s storo u3z oowvema Hgy(NOs),, momenmero Ha
tutpoBanue pacteopa NaCl u nHaUuKaTOpa, BHIYUTAIOT 00bEM pacTBOpa HUTpaTa
prytu (1), U3pacxoq0BaHHOrO Ha pa3pylIeHUE OKPACKH KENe30-THOLMAHATHOTO
KOMILIEKCa. DTOT 00bEeM OIpEAeNAioT TUTPOBAHUEM pacTBopa MHAUKaTopa (5
M 0,01M pactBopa KCNS u 2 mi pactBopa Fe(NOs); ¢ maccoBoii gosneit 5% B
40-50 ma Bozbl). OOBIYHO MOMPABKa HE MPEBBIIIAET OJJHOTO MUJUIAIIUTPA.

Monspayto konuentpanuto 1/2 Hg,(NOs), paccuuThiBarot 1o hopmyiie:

¢(1/2Hg, (NO,),) = m(NaCl)-1000-V, |
M(NaCl)- V, '(VHg2 (NOy); Vnonp.)
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4.2. llpakT4yeckue padoTbl

Paoora 4.2.1. OnpenejgeHue rajoreHuI0B

CymHoCcTh paboThl. MepKypoMETpUYEeCKOe ONpe/ieJIeHue TrajJoreHu 0B
COCTOUT B TUTPOBAHUM PACTBOPA TAIOTCHUA CTAaHAAPTHBIM PACTBOPOM HUTpATa

prytu (1):

Hg,*" +2X =HgX, 4
B kadecTBe MHIMKaTOpa MPUMEHSETCS THOIMAHAT JKejie3a, MOJIYYCHHBIH
npu J00aBlIeHUH K aHaiauzupyemomy pactBopy pactBopoB KCNS u Fe(NOs)s.
[Ipu moaHOM OCa)I€HUH rajJoreHuia KpacHasi OKpacka pacTBOpa McUe3aerT.

Peaxmuevl, nocyoa:

Hutpar prymu (I) Hg(NO3), — 0,05M (1/2 Hgy(NOs3),) pactBop
(crangapTu3anus pacteopa 1. 4.1.).

Hurtpat xenesa (II1) Fe(NO3); — pacTtBOop ¢ MaccoBoit gosieit 5%.

Tuonuanat kanmmss KSCN — 0,01M pactsop.

Xnopun Hatpus NaCl, k.

Kon6a BmectumocTsio 100 mu.

[TuneTka BMECTUMOCTHIO 20 M.

BbropeTka BMECTUMOCTBIO 25 M.

HunuHap MEpHBINM BMECTUMOCTBIO 20 ML

Kon6a konnueckas BMmecTuMocThio 250—-300 mut.

CrakaH4uk BecoBOH (OIOKC).

BopoHka creknsHHas.

BrinonHenue paboThl.

AnanusupyeMblii pacTBOp B MepHOH konbe BmecTtuMocTbio 100 M
JAOBOASAT O METKH BOJOH. AJIMKBOTY PacTBOpa MEPEHOCIT MUIETKOW B KOJOY
IUIsl TATpOoBaHus, npubasistor uaaukatop (5 mu 0,01M pactBopa KCNS u 2 M
pactBopa Fe(NOs3); ¢ MmaccoBoit gonet 5%) u tutpyrot pactBopom Hgr(NO3), o
WCYE3HOBEHUSI KPAaCHOW OKPACKH pacTBOpa.

Maccy ranoreHna pacCuMTHIBAIOT C YY€TOM TOMPAaBKH HA WHIUKATOP IO

dhopmyie:

n(X) = c(1/2Hg,(NO;)5) - (Viag, v0,), = Viowp) M(X) . Vv,
1000 V.
Aprenromerpus

4.3. IIpuroroB/jaeHue U CTAHAAPTU3ALUA PA00YNX PAaCTBOPOB
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OcHOBHBIM pabouyuMM pacTBOPOM MeETOAa SBISETCS HUTpAT cepedpa.
Cranpgaptuzanuio pactBopa AgNO; IpoBOAAT MO «X.4.» xjopuny Hartpus. [Ipu
TUOIIMAaHATOMETPUYECKUX OINpEJEeNICHUsIX B KadecTBe pabdodero pacTBopa
UCIIOJIb3YIOT TaK)Ke THOLIMAaHAaT aMMOHUS. KOHIIEHTpaluio ero ycTaHaBIIUBAIOT
M0 CTaHJIapTHOMY PacTBOPY HUTpaTa cepeodpa.

IIpucomoenenue u cmanoapmuzayus 0,01 M pacmeopa numpama cepebpa.

PaccuuthiBator HaBecky AgNO;, HeoOXoauMmyro IJisi mpurotosiieHus 250
M 0,01M pactBopa. HaBecky HuTpaTa cepedpa, B3BEIICHHYIO HA TEXHUYECKHUX
Becax, MEpPEeHOCAT B MEpHylo KoilOy Ha 250 M, pacTBOPSIIOT M JOBOAST [0
METKH.

[Ipu crannaptuzauuu pactBopa AgNO;3 UCIIONB3YIOT CTaHAPTHBIA PACcTBOP
XJIOpUJa HaTpuUs, MPUTOTOBIICHHBIN 1O TOYHOU HaBecke (cM. M. 2.2.). AJIMKBOTY
0,1M pactBopa NaCl nepeHocar B koj0y AJii TUTPOBaHUs, NpuOaBisioT 1 mi
pactBopa K,CrO, ¢ maccoBoit poneit 5% u TuTpyloT pabodyuM pacTBOPOM
AgNQO;3; npu 3HEPrHYHOM MEPEMEIINBAHUM PAcTBOpa C OCaAKOM. THUTpOBaHHUE
3aKaHYMBAIOT, KOI/Ia YHMCTO KEITHIM LBET JKUJIKOCTH CO B3MYYEHHBIM B HEM
0CaJIKOM MPUOOpETaeT IPSA3HOBATHIN KPaCHO-OYphIii OTTEHOK.

CogepxxuMoe  KOJOBI TOCNE€ OKOHYaHUS TUTPOBAHMSI CIMBAIOT B
CIEUUAIIBHO MTPEAHA3HAYEHHBIN I 3TOr0 COCYA.

Mounsphayto koHueHTpannio AgNO; paccuuThIBaloT o Gopmyie:

m(NaCl)-1000- V.
M(NaCl)-V, -V, o,

c(AgNO;) =

IIpueomosnenue u cmanoapmuzayus 0, IM pacmeopa NH,SCN.

PaccuuThiBaloT HaBeCKy THOLIMAHATa AMMOHHS, HEOOXOAUMYIO JUJIS
npurotoBienus 250 ma 0,1M pactBopa NH4SCN. HaBecky NH4SCN, B3siTyI0
Ha TEXHUYECKUX Becax, Yepe3 BOPOHKY IMEPEHOCAT B MEPHYIO KOJOy
BMECTUMOCTBIO 250 MJI ¥ IOBOASAT 10 METKU JUCTUILUIMPOBAHHON BOOM.

[IpuroToBneHHblil TakuM oOpa3om mnpubnusutensHo 0,1M  pacTtBop
NH;SCN nomemator B OropeTky ¥ TUTPYIOT UM anukBoty 0,1M pactBopa
AgNO; (20 mi), npeaBapurensHo pa3dasuB a0 100 mu Bojgoit u npubaBus 2—3
MJI pacTBOpa HMHAMKATOpa — HACHIIIEHHOTO pacTBOpa >KeIe30aMMOHHUIHBIX
KkBacloB. TUTpoBaHue MPOBOAAT PU SHEPTUYHOM MEPEMEIIUBAHUH PACTBOPA 110
MOSIBJICHUS] HEMCYE3alolell KpaCHOBAaTOM OKPAaCKH pacTBOPA.

MossipHyI0 KOHUEHTpALMI0 THOLIMAHATa AaMMOHHUS PACCUUTHIBAIOT 10

dhopmyiie:
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c(AgNO;)- V(AgNO;)
V(NH,SCN) '

¢(NH,SCN) =

4.4. IlpakTyeckue padoTbl

Paoora 4.4.1. OnpenejeHue XJJ0pUI-HOHOB B CTOYHBLIX BOJAAX METOJI0M
Doabrapaa

CymHocTb paboTsl. OnpeneneHue XJI0prua0B B OKPAIIEHHBIX OPraHUYECKUX
BEIIIECTBAX, CUJIBHO 3arpsA3HEHHBIX CTOYHBIX BOJAX MPOBOAST  IOCHE
MpeIBapUTEIHLHOTO BbIIAPUBAHUS TAaKUX BOJ B IIEJIOYHOM Cpejae Jocyxa.
OcraTok mocine BbIIapUBaHUS ClerKa MPOKaJUBAIOT, PACTBOPAIOT B TOpsUei
BOJIE U OINPEAEIAIOT COJIepKaHue XJI0puaoB MetogoM PDosbrapaa.

K ananuszupyemomy pacTtBopy [00aBiSIOT M30BITOK CTaHAAPTHOTO
pacTBOpa HUTpaTta cepedpa:

Agus + ClI = AgCN

Ocagnok xyopuna cepedpa OTAENAIOT GUIBTPOBAHUEM, a OCTATOK HUTpaTa
cepebpa TUTPYIOT paboOYuM pacTBOPOM THUOIIMAHATA AMMOHHMS B MPUCYTCTBUH
KEJIE30aMMOHHMIHBIX KBACIIOB B KAU€CTBE MHIUKATOPA.

Ag"+ SCN = AgSCNY
Fe’" + nSCN™ = Fe (SCN), ™™

Peaxmuewvl, nocyoa:
Hutpat cepebpa AgNO; — 0,01M pactBop (cTanmapTu3amus pacTBopa Ii.

4.3.).

Tuounanar ammonuss NH4SCN — 0,01M pactBop (cTanmapTuzanus
pactBopa 1. 4.3.).

Keneszoammonuiiaeie kBacibl  NHyFe(SOy4),-12H,O —  HachIeHHBINH

pacTBOp, COAEPKAIINMN a30THYIO KHCIIOTY JJIs MMOJABICHUS THAPOJIN3A.
®denHondrangeny — CIUPTOBOM PacTBOp ¢ MaccoBoil noneit 1%.
Kap6onar Hatpus Na,COs3, k. (IpoBEpUTH HA OTCYTCTBHE XJIOPUJIOB).
Azotnas kuciora HNO; — 6M pactsop.
[MuneTka BMECTUMOCTBIO 25 ML
[Tunetka BMecTUMOCTHIO 10 M1
Bbropetka BMECTUMOCTBIO 25 M.
HunuHap MepHbI BMECTUMOCTBEO 10 ML
Hunuuap mepHbiii BMecTUMOCTBEO 100 M.
Konba xonnueckass BMecTUMOCThIO 250—-300 mit.
Yamka dpapdoponas.
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CTeKJI0 4aCoBOE.

BrinonHenue paboThl.

B dapdopoyro wyamky mnomemaror 100 My aHanM3upyemMoil BOJIBI,
comepkamen ~15 Mr XIopua-uoHa/l, TPUOABISIOT HECKOIBKO Karelb
beHondTanenHa, HacbmaloT O€3BOJHBIM KapOOHAT HATPUs B KOJUYECTBE
HECKOJIbKO ~ OojpIlieM, YeM TpeOyercss Jisl HeWTpaiu3alud BOJBI IO
beHondTasienHy W BBIIAPUBAIOT PACTBOP Ha BOJSHOM OaHe nocyxa. 3aTem
OCTOPO’KHO MPOKAIMBAIOT CYXOH OCTAaTOK JI0 CTOpaHUsi OPTaHUYECKUX BEIECTB,
OXJIQX/IAIOT YalllKy, HAJIMBAIOT B Hee OKOJIO 50 MJI AMUCTUIUIMPOBAHHOW BOABI U
MePEeMEeITBAIOT.

[locne pacTBOpeHHUsI BCEX PACTBOPUMBIX COJIEH TMPUKPHIBAIOT YAIIKY
YaCOBBIM CTEKJIOM, MOJBOS KOHEIl KalyUIsApa MO YaCOBOE CTEKJIO, HAMBAIOT
B Yalky 5 mul 6M a30THON KUCIOTH W TpuOaBisaoT numnerkor 25 miu 0,01M
pacTBopa HUTparta cepeodpa.

BoeinenuBimuniicst ocanok xyiopuga cepedbpa OThUIBTPOBBIBAIOT, COOMpast
buIBTpaT B KOHMYECKYIO KOJIOY M TIIATEIHHO MPOMBIBAIOT (paphopoByIO YallIKYy,
4acoBOE CTEKJIO U 0caJloK Ha ¢uibTpe pazbarieHHOM (1:9) a30THON KHUCIOTOMH,
MPUCOEANHSS POMBIBHBIC BOJBI K QUIBTPATy. 3aTeM MPWINBAIOT K (QUIBTPATY
-2 Mn xene3oaMMOHMIHBIX KBAacloB U TUTPYIOT 0,01M pactBopom NH4SCN
710 TIOSIBJICHUSI KPAaCHOBATOW OKPAacKH pacTBOpa.

KonnenTpanuio X10pua—1MOoHOB B MI/J BBIYUCIISIOT 1O GopMmyIie:

Cq =[C(AgNO,)- V(AgNO,)— C(NH,SCN) - V(NH,SCN)]M(CI) 1909

BOJIBI

I'ekcaumanogepparomerpus

4.5. IlpuroroBjieHue U CTAHAAPTH3AIMA padodyero pacreopa
rekcauuanogeppara Kajaus

PaccuutpiBator  HaBecky — KyFe(CN)¢-3H,O,  HeoOxomumyro  miis
npurorosienus 250 ma 0,2M (1/3 K4Fe(CN)g¢) pactBopa rekcarmanodeppara
(IT) xamus.

HaBecky mpemnaparta B3BEIIMBAIOT HAa TEXHHMYECKHX Becax M IMEPEHOCIT B
MepHYI0 K00y BMecTUMOCThIO Ha 250 mu. Ilocne momHoro pacTBOpeHus COIu
pacTBOpP OBOJAT 10 METKH BOJIOHW M TIIATEIHHO MEPEMEIITHUBAIOT.

Hns cranmaptuzanuu pactBopa KyFe(CN)g mpuMeHSoT MeTalTn4ecKuid
IUHK. TOYHYI0O HaBECKy METAJUTMYEeCKOr0 IIMHKA, HEOOXOIUMYIO st
npurotoBienus 100 mu 0,2M (1/2 ZnSO,4) pacTBopa MEPEHOCAT B MEPHYIO
ko0y BMmecTuMoOcTbiO 100 Ma u pactBopsitoT B 10 mMi1 CepHOM KHUCIOTHI C
MaccoBoir noineit 20% (konby mpoOkoit He 3akpeiBaTh!). [locie mosHOrO
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pacTBOpPEHUsI LMHKA pacTBOpP OXJAXKIAIOT W JOBOJAT N0 METKA Boaou. B
KOHHUYECKYI0 KOJIOY Il TUTPOBaHUS OTOMPAIOT MUMETKON (BMECTUMOCThIO 20
MJI) aJJMKBOTY MOJIYYEHHOT'O pacTBOpa COJIM IIMHKA, 100aBistoT 20 Ml pacTBOpa
CEepHOM KHUCIOTHI C MaccoBoil moneit 20%, 2r KpUCTaUIMUYECKOTo cyibdara
aMmMoHust, 50 MJI BoABI U 3 Karuik pacTBopa AudeHuIaMruHa ¢ MacCOBOM J0JIeH
1% B KOHLICHTPUPOBAHHOW CEPHOM KHCIJIOTE. B pacTBOp BBOIAT TakXke 3 Karuix
BogHOTO pactBopa K;3Fe(CN)g ¢ maccoBoit moneit 1% u TUTPYIOT TOJIYYCHHYIO
cmech ctanaaptHbiM pactBopoM K4Fe(CN)g mo mepexona okpacku pacTBOpa U3
CHUHEU B HKEIITO-3EJIEHYIO.
Monspayro konnentpanuto 1/3 K4Fe(CN)g paccunthiBaroT o Gpopmysie:

m(Zn)-1000- V.
M(1/2Zn)-V, - V(K ,Fe(CN),) -

c(1/3K,Fe(CN),) =

4.6. IlpakTyeckue padoTbl

Paoora 4.6.1. OnpenejeHue NMMHKA B PACTBOpe

CVH_IHOCTB Da6OTBI. OHpCIICJICHI/IC OCHOBAHO Ha OCaXJICHHHU HOHA IIMHKA B
CJ1a00KHCIIOM pPacTBOPC CTAHAAPTHBIM PACTBOPOM FCKC&I.II/IaHO(l)eppaTa KaJIus.
3Zn*" + 2K" + 2[Fe (CN)s* ] = KoZns[Fe(CN)g]

I[JISI (1)I/IKCI/IpOBaHI/I$I TOYKH 3SKBHBAJICHTHOCTHU HCIIOJIB3YCTCA WHIAHUKATOP
III/I(l)CHI/IJIaMI/IH. TI/ITpOBaHI/Ie IpoBOOAUTCA B IIPHUCYTCTBHUH HEOOIBIIIOTO
KOJIMYCCTBA paCTBOpPA I‘CKC&HI/IaHO(beppI/IaTa KaJIus.

Peaxmuewvl, nocyoa:

I'excanmmanodeppar kamuss K Fe(CN)s — 0,2M (1/3 Ky4Fe(CN)g) pactBop
(cTangapTu3anus pacteopa 1. 4.5.).

Cepnas kucnora H;SO,4 — pactBop ¢ MaccoBoit nonei 20%.

Cynbdat ammonust (NHy),SOy, k.

I'excanmanodeppuar kanusa Ks;Fe(CN)g — pactBop ¢ maccoBoit noneit 1%.

Hudenmnamun  (CgHs),NH — pactBop ¢ maccoBoit noneit 1% B
KOHIICHTPUPOBAHHOW CEPHOMN KHUCIIOTE.

Kon6a mepHast BMectumocThio 100 M.

[TuneTka BMeCTUMOCTHIO 20 M.

BbropeTka BMECTUMOCTBIO 25 M.

HunuHap MepHBI BMECTUMOCTBIO 50 ML

Kon6a konnueckas BMmecTuMocThio 250—-300 mut.

BrinonHenue paboThl.

AnanusupyeMblii pacTBOp B MepHOH konbe BmecTtuMocTbio 100 M

JTOBOJST 10 METKHU. AJIMKBOTY pacTBOpa IMEPEHOCAT MHUIETKOW B KOJIOY IS
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TUTpOBaHUs, A00aBisA0T 20 MJI pacTBOpa CEpHOM KUCIOTHI C MAacCOBOM JoJei
20%, 2 r cynbdaTta ammonusi, S0 M1 BoJIbI U 3 Karuid pacTBopa AUGEHUIaMUHA.
3atem BBOAAT 3 Karu BojHOTO pactBopa KiFe(CN)g ¢ maccoBoit noneit 1% u
TUTPYIOT CTaHAAPTHBIM pacTBopoM rekcanuanHodepparta kanusa KqFe(CN)s no
nepexo/1a OKPACKH U3 CUHEHN B HKEJITO-3EJIEHYIO.

Maccy IMHKa pacCUMTHIBAIOT 1O GopmyIie:

C(/3K,Fe(CN)o)- VI, FE(CN)) 111071y Ve
1000 v

I

m(Zn) =

bapumerpus

4.7. IlpuroroBjaeHue U CTAHAAPTU3ALUA PadoUyero pacTeopa XJaopuiaa
O0apus

PaGounm pactBOpoM MeTona siBisieTcss xyuopuna Oapusi. PaccuuTeiBaror
HaBecky BaCl,:2H,0, neoOxomumyro misi mpurortosienus 250 ma 0,005M
pacTBopa xjopuaa Oapus. HaBecky mpenapaTa B3BEHIMBAIOT Ha TEXHMUYECKHX
BECax M KOJMYECTBEHHO MEPEHOCIT B MEPHYIO KOJIOY BMECTUMOCTHIO Ha 250 M,
pPacTBOPAIOT B BOJIE U JOBOJSAT PACTBOP A0 METKH.

B kauecTBe yCTaHOBOYHOI'O BEUIECTBA IJisi CTaHAAPTU3ALMH PacTBOpa
xJiopuja 6apusi UCTOIB3YIOT Cylab(paT HaTpus Mapku «X.4.». 'otossaTt 0,005M
pactBop cyibdara HaTpus (IEpBUYHBIA CTAaHAAPT) TYyTEM pPacTBOPEHUS
paccuMTaHHOM HaBeCKH Cyib(daTa HaTpus B Koibe BMecTuMocThio 100 M (cwm.
m. 2.2.). AnmukBoTy moJiydueHHOro pactBopa (10 mi1) mepeHocsT B KOOy AJis
TUTpOBaHUs, A00aBs0T 30 MII alleTOHAa U HECKOJIbKO Kareidb WHAUKATOpa —
opanxeBoro K (unm anazapunoBoro kpacHoro C). CMmech TUTPYIOT pacTBOPOM
xJjiopuja 6apust 10 mepexoja OKpacku u3 cuHe-(puonaeTodoi B CBETIO-TOIy0yIo
(M U3 KEeNTOM B PO30BYIO B Clydae MCIOJIb30BAHUS alla3apUHOBOTO KPacHOTO
C).

MouisipHy10 KOHIIEHTPALMIO XJI0puaa 0apusi pacCUUTHIBAIOT 10 (GopMyIie:

¢(BaCl,) = m(Na,SO,)-1000-V_ .
M(Na,SO,)-V, -V(BaC(Cl,)

4.8. IIpakTyeckue padoTbl

Pabora 4.8.1. Onpenesenue cyabdaT-nHOHOB B PACTBOpE
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CVH_IHOCTB Da6OTBI. BapI/IMeTpI/I‘IeCKoe OIIPCACIICHUC Cy.IIB(I)aT—I/IOHOB
COCTOMT B TUTPOBAHMM HEUTPATBHOIO WJIM CIAOOKHCIOro pacTBopa cyibdaTa
CTaHJApTHBIM PaCTBOPOM XJIOpHJIa OapHusi:

Ba?" + SO, = BaSO4{

B KadycCTBC I/IHIII/IKaTOpOB I/ICHOJIBSYIOT OpTaHI/IJIOBHﬁ K, pOIII/IBOHaT

HaTpusl, ala30pUHOBBIN KpacHbld C U ap.

Peaxmuewvl, nocyoa:
Xnopun Oapust BaCl,,2H,0 — 0,005M BaCl, pactBop (cTanmapTh3ainius
pactBopa 1. 4.7.).
Cynbdar Hatpus Na,SO,, k.
Ana3zopuHoBbIi KpacHbl C — BOJIHBIN pacTBOp ¢ MaccoBoi noiei 0,1%.
Opnutunosslii K — Boanslil pactBop ¢ MaccoBoi noneit 0,1%.
Konba mepnas Bmectumoctbio 100 mit.
[TuneTka BMecTUMOCTHIO 10 M1
BbropeTka BMECTUMOCTBIO 25 M.
HunuHap MEpHBINM BMECTUMOCTBIO 50 ML
Konba xonnueckas BMecTuMOCThI0 250—-300 mit.
CrakaH4uk BecoBOH (OIOKC).
Boponka crekisHHas.

BrinonHenue paboThl.

AnanusupyeMmblii pactBop, coxepxamuid 0,04-0,1r SO;, nomemaror B
MEpHYIO K0JIOy BMeCTUMOCTBIO 100 MJI M JOBOJSAT 1O METKU AUCTHILIMPOBAHHOMN
Bojoi. [Tumerkoii orOuparotr anukBoTy — 10 M1 — pacTBopa, 106aBsA0T 30 M
alleTOHa M TUTPYIOT CTAaHJAPTHBIM PACTBOPOM XJopuJa Oapusi ¢ OJHUM U3
yKa3aHHBIX UHJIUKATOPOB (CM. 1I. 4.7.).

PaccuuthiBatoT cogepxkanne SO3; B aHATM3UPYEMOM PaCTBOPE.

5. KOMIUVIEKCOMETPUYECKOE TUTPOBAHHUE

Mepkypumerpus

5.1. IlpuroroByieHne U CTAaHAAPTH3aUUs pacTBopa HuTpara prytu (II)

PaccuutpiBator HaBecky Hg(NO;3), 2 H,0, HeoOxomumyro s
npurotosiienus 250 ma 0,05M (2 Hg(NOs),) pactBopa nutpata prytu (II).
HaBecky mnpemnapaTta B3BEHIMBAIOT Ha TEXHUYECKHUX BECaX, MEPEHOCIT B
MEpHYIO K0JIOY BMeCTUMOCThIO 250 M1, 100aBiisitoT 0,5 M1 KOHIIEHTPUPOBAHHOM
a3otHOM kucaotbl, 100-150 mn auctmimpoBaHHoi Bonbl. [locie momHOrO
pacTBOPEHHUS COJM, pPAcTBOpP JOBOJAST JO METKH BOJAOW H THIATENBHO
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nepeMenInBaloT.

B kadecTBe CTaHIApTHOrO BEUIECTBA HCIOJB3YIOT XJIOPHUJA HATpHS.
PaccuuThiBalOT KOJMYECTBO XMMHUYECKM YHUCTOTO XJIOpUAA HATpus IS
npurotoBienuss 100 mm  0,05M  pactBopa. HaBecky xjopuaa Hartpus,
B3BEIICHHYI0O Ha AaHAJIMTUYECKUX BecaxX, IMEPEHOCIT B MEpPHYI KOJOy
BMecTUMOCThI0O 100 MJI, pacTBOpSIIOT, PacTBOP JAOBOAST 1O METKH BOJOH.
AmnukBoty pactBopa (20 MJT) IepEeHOCAT B KOHUYECKYIO KOJIOY JJISI TATPOBAHUS U
MOJKUCIISIIOT OJHOM Karyied KOHUEHTPUPOBAHHOM a30THOM KHCIOTHL. 3aTem
npubaBisioT 8-10 kanenb pactBopa HuUTpornpyccuaa Hatpus Nay[Fe(CN)sNO] ¢
MaccoBo poneir 10% © MEMIEHHO THUTPYIOT, TUIATENBHO HEPEMENINBAs
pactBop. Ilocie npubasnenus 15 mn pactBopa Hutpata prytu (1) TuTpyror eme
MeJJIeHHee, MepeMeNnBasi pacTBop 2-3 CEeKyHIbl IMociie J00aBiIeHUS KaKIO0h
kar. TutpoBaHue MPOJOIKAIOT 0 HEMCUE3alOUIero, OTYETIMBO BUIHOTO Ha
TEMHOM (hOHE OcaJIKa HUTPONpPyCCUaa PTYTH:

Hg”" + [Fe (CN)sNO]* = Hg[Fe(CN):NO¥
Monspnayro konuentpanuto 2 Hg(NO;), paccunthiBatoT o Gopmysie:

m(NaCl)-1000- V_
M(NaCl)- V. - V(Hg(NO,),)

¢(1/2Hg(NO,), =

5.2. lIpakTH4eckue padoThI

Pao6ora 5.2.1. OnpenejeHue XJJ0puia-, OpoMua- 1 THOIMAHAT-HOHOB B
pacTBope

CVH_IHOCTB Da6OTBI. MepKypOMeTpI/IquKoe OIIPCACICHUC I'aJIOTCHUI-UOHOB
COCTOUT B TUTPOBAHHUH PACTBOPA IraJIOrCHU A CTAHAAPTHBIM paCTBOPOM HHUTpATA

prytu (II):

Hg”" + 2X = HgX,\

B  kauectBe  uWHAMKAaTOpa NPUMEHEHUE  TMPUMEHSETCS  PacTBOP
HUTPONpYCCHUAA HaTpus, oOpasyrommii ¢ wmoHamu Hg®® Gemelii  ocamok
Hg[Fe(CN)¢NO]-H,O wunu nudenunkap6a3oH, KOTOPBIM ¢ H30OBITKOM HOHOB
pPTYTH 00pa3yeT KOMIUIEKCHbIE COEAMHEHUS, OKpAllleHHbIE B CUHE-(DHOIETOBBIN
BET.

Peaxmuewvl, nocyoa:
Hutpar pryrm (II) Hg(NOs), - 0,05M (2 Hg(NOs);) pactBOp
(cranmgapTu3anus pactBopa 1. 5.1.).
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Keneszoammonuiiapie kBacubl NHyFe(SO,), -12H,O — HachIIeHHBINA
pacTBop.
Hutponpyccun narpus Nay[Fe(CN)sNO] — pactBop ¢ MaccoBoit goJieit
10%.
AzotHas kuciota HNOj3 — KoHIIEHTpUpOBaHHAsI
Hudenmnkap6azon O=C-NH-NHC¢H5
\
N=NC6H5.
(ctupTOBOI pacTBOp ¢ MaccoBoi moneit 1%).
Azotnas kuciora HNO; — 2M pactsop.
Xnopua Hatpus NaCl, k.
Kon6a BmectumocTrio 100 mu.
[Tunerka BMeCTUMOCTBIO 20 MJI.
bropeTka BMECTUMOCTBIO 25 M.
Kon6a konnueckas BMmecTuMocThio 250-300 mut.

BrinonHenue paboThl.

Ananusupyembiii pactBop, conepxkamuii ClI, Br wim SCN™ — wow,
JIOBOJAT 1O METKH B MepHOMl koynde BMectumocThio 100 Mi. AJMKBOTY
NEpPeHOCAT TMUIETKOW B KOJOYy Mii TUTPOBaHUA, NPUOABIAIOT 5 Kamesb
CIUPTOBOTO pacTBOpa HHAUKaTopa — AudeHunkapbazoHa u 5 kanenb 2M
pacTBOpa a30THOM KHUCIOTHL. TUTpyIoT cTanaapTHeiM pacTtBopoM Hg(NO;3), no
MOSIBJICHUS] CUHE-(PUOJIETOBOM OKPACKH.

[Ipu omnpeneneHun XJOpUI- W OPOMHA-UOHOB MEPKYPUMETPUUYECKUM
METOJIOM C HUTPOIPYCCHUJIOM HATPUSl B KaUECTBE MHIMKATOpA aHAIU3UPYEMBbII
pPacTBOp TUTPYIOT TaK K€, KaK U MPHU YCTAHOBJICHUH MOJSIPHON KOHLUEHTPAIUH 72
Hg(NOs); (cm. 1. 5.1.).

[Ipu ompeneneHUH TUOIMAHAT-UOHA MPHUOABIAIOT 2-3 MJ HACBIIIEHHOTO
pacTBOpa >KEJI€30aMMOHUIHBIX KBAaCIIOB B KAaueCTBE HHAMKATOpPAa U TUTPYIOT
aHAJIM3UPYEMBbIil pacTBOP /10 00ECIIBEUNBAHMS.

Kommuiekconomerpust

5.3. IlpuroroBiieHre U CTAHAAPTU3ALUS PAaCcTBOPA
dTWIeHAMaMuHTeTpaanerara Harpus (31TA)

PaccuuthiBatoT HaBecKy JSTWieHIuamuHTeTpaanerata Hatpus (Na,H,Y-2
H,0) M.m. 372,25) nna npurotosnenust 250 mu 0,01 M pactBopa. HaBecky
B3BCIIMBAIOT B BECOBOM CTAaKaHYMKE Ha TEXHHUYECKUX Becax (OHA MOXKET
oTiInyaThes OT paccuntanHo Ha 10 %). HaBecky Na,H,Y-2 H,O nepenocsr u3
CTaKaHYMKa B MEPHYI KoJIOy uepe3 BOPOHKY, CMBIBAIOT HECKOJIBKO pa3
CTaKaHYMK JUCTUUIMPOBAHHOW BOJION. PacTBOpSIOT HaBecKy, MO pacTBOPEHUH
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JOBOAST PACTBOP [0 METKM JUCTWUIMPOBAHHOW BOJOM UM THIATEIBHO
MEPEMEIINBALOT.

Jns crangaptuzauuu  pactBopa O/TA DpPUMEHAIOT NPUTOTOBICHHBIN
TUTPOBAHHBIN pacTBOp cyibdara nuHka. B MepHyto kon0y BMectumocThio 100
MJ HQJIMBAIOT M3 OIOPETKM HAa TUTPOBAIBHON YCTaHOBKE HEOOXOIUMOE
KOJIMYECTBO TUTPOBAHHOTO pPAacTBOpa COJM IIMHKA, Pa30aBISIIOT pacTBOp [0
METKH JUCTHJLIMPOBAHHOM BOJOM M mepememuBaroT. s TuTpoBaHus OepyT
TpHU MpOObI MUIETKONH BMecTUMOCThbIO 20 mui, pazbasistoT Bogon (70-80 miu) u
HEUTPATM3YIOT U30BITOYHYIO KHCIOTHOCTH IO KAaIUISIM PacTBOPOM aMMHakKa C
MaccoBoil noneit 2% Mo MHAMKATOPY METUIOBOMY KpacHOMY 0 Mepexojaa
OKpPACKH U3 PO30BOH B keyTyto (moutu OecusetHyto). [locne storo nmpubasisioT
5 mn amMoHUitHOro 0y(depHOro pacTBopa, HECKOJIbKO KPYHNMHOK WHIMKATOpa
spuoxpoMm uepHoro T 10 BUHHO-KpacHOM okpacku U tutpyror IATA no
MOSIBJICHUSI ~ CMHEHM  OKpackh  pacTBopa.  PaccuuTheIBaloT  MOJSPHYIO
KoHIIeHTpa1uio pactBopa I TA no dopmyre:

¢(ZnS0,) -k - V(ZnS0O,) - V.
V. - V(DJITA)

c(DNTA) =

rae ¢(DTA), V(BATA) — monspHas koHueHTpamus u o0bém DJITA;
c(ZnSOQ4), k, V(ZnSO,) - M™MomnspHas KOHIIEHTpAIus, IOMPABOYHBIM
kod(ppunueHT u 0066EM TUTpOoBaHHOTO pacTBOpa ZnSOy; Vi,V - 00BEMBI KOJIOBI
U TIHAIICTKY.

5.4. IlpakTu4eckue padoThI
Paoora 5.4.1. OnpeaejieHne HUKeJIS

CymHocth paboTel. OmpeseneHne OCHOBAaHO Ha THTPOBAHHWU PAacTBOpA
COJIM HHKENS CTaHIapTHBIM pacTBopoM DJITA ¢ MHIUKATOPOM—MYpPEKCHIOM B
cpene aMMoHUHOTO Oydepa.

Peaxmusvl, nocyoa:

OTwieHAuaMUHTeTpaaleTaT HaTpusi aByxzamemneHHbid Na,H,CoH;,OsN,
Na,H,Y — 0,01M pactBop (cTtangapTtuzamus pactBopa . 5.3.) (BATA).

Mypexkcu (aMMOHHEBAsE COJTb TyPUHOBOW KUCJIOTHI), K.

Ammuak NHj3 — pactBop ¢ maccoBoit goieit 10%.

Kon6a sBmectumocTtisio 100 M.

ITuneTka BMecTUMOCTBIO 20 MII.

bropeTka BMECTUMOCTBIO 25 M.

Kon6a xonnueckass BMeCTUMOCTEIO 250-300 mut.

Kanumisip ¢ kaydykoBbIM HAKOHEYHUKOM.

58



BrinonHenue paboThl.

AHanu3upyeMblil pacTBOp, COJAEpXKAIUNA HUKEIb, B KOJIOE BMECTUMOCTHIO
100 Mn moBomAT 10 METKM M mepememuBaroT. lIunerkoi mepenocar 20 mu
pacTBOpa B KOHHMYECKYIO KOJOYy [Jisi TUTpoBaHUsA, mnpubaBisioT 70-80 mi
TUCTUIUIMPOBAHHOM BOJbI, 10 M pacTBOopa ammuaka ¢ MmaccoBo goner 10% u
HECKOJIbKO KPUCTAJJIOB MHAMKATOPAa MypEKCUAa J0 KEATOH OKpacku. TUTpyrOT
0,01M pactBopom OJOJITA 1o mnepexoma 3KEATOM OKpackKu B CHPEHEBO-
¢uoneroByto. PaccunThiBalOT Maccy HUKENS B pacTBOpE:

C(DATAYV (DATA) M(Me) v,
1000 v

I

m(Me) =

Pabora 5.4.2. Onpenejgenue Ko00aJIbLTa

CymHocTts pabotel. OrmpejienieHre OCHOBAaHO Ha THUTPOBAaHUHM PacTBOpa
cosiu koOanbTa cranaapTHeIM pactBopoM D/ITA B cpene amMmoHuiiHoro Oydepa
B MIPUCYTCTBUU UHJIUKATOPA MYPEKCH/IA.

Peaxmusvl, nocyoa:
OTwieHAuaMUHTeTpaaleTaT HaTpusi aByxzamemneHHbid Na,H,CoH;,OsN,
Na,H,Y — 0,01M pactBop (cTranmaptuzauus pactsopa 1. 5.3.) (3ATA).
Mypexkcu (aMMOHHEBAsE COJTb TyPUHOBOW KUCIIOTHI), K.
Ammuak NHj; — pactBop ¢ maccoBoit goieit 2%.
Kon6a sBmectumocTtiio 100 M.
ITuneTka BMecTUMOCTEIO 20 MII.
BbropeTka BMECTUMOCTBIO 25 M.
Hunuuap mepHbiii BMecTUMOCTBEO 100 M.
Kon6a xonnueckass BMeCTUMOCTEIO 250-300 mut.
Kanumisip ¢ kaydykoBbIM HAKOHEYHUKOM.

BrinonHenue paboThl.

AnanusupyeMbiii pactBop B Koibe BMmecTUMOcThiO 100 Ma moBoAsT 10
METKH, THIATEJIbHO IEPEMEIIUBALOT.

Yro6bsl n30exaTh BO3ZMOXKHOrO okucieHusi koOanpta (II) B ammuaunoi
cpene 1o Co’" tutpyror cHauama ofHy mpoby. ITocie TOro, Kak THTPOBAHHE
nepBod MpoObl 3aKOHYEHO, OTOMPAIOT U TUTPYIOT BTOpyl U T.O. OTOMparoT
nunetko 20 M1 pacTBOpa B KOHHYECKYI KoyiOy, mpuOaBisioT 70-80 M
JUCTWLTUPOBAHHOM BOJBI M HECKOJIBKO KPUCTAIJIOB Mypekcunaa. MHaukatop
MYpEKCHJI B KUCJIOW cpelie MMeeT PO30BYIO0 OKpacky. HellTpamusyioT pactBop
aMMHAKOM C MaccoBOHM noneit 2% 110 MOSBIEHUS JKENTOM OKPACKU U TUTPYIOT
0,01M pactBopom D/ITA. Eciu B mpoliiecce TUTPOBAHUS MOABISETCS PO30Bas
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OKpacka pacTBOpa, TO AO0OABIAIOT emle 1-2 Kamiv aMMHaka 0 BO3BpAlllCHHS
KEITOW OKPAaCKH pacTBOpa. Ty ONEPALMIO IMOBTOPSIOT B IPOLECCE BCETO
TUTPOBAHUA. 3aKaHYMBAIOT TUTPOBAHUE MPU MOSBICHUM YCTOMYMBOW KpacHO-
(hHOJIETOBOM OKpacKu pacTBOpa, HE Mcue3arolle mpu qodasieHun 1-2 kamenb
pacTBopa aMMHaka ¢ maccoBoi noinieid 2%. PaccuuThiBaloT Maccy kobayibTa B
pacTtBope.

Pabora 5.4.3. OnpenejeHue BUCMYTA

CymHocTts paboTel. OrmpejienieHre OCHOBAHO Ha THUTPOBAHUHM PacTBOpa
BUCMYTa B KHUCJOW cpene cTraHaapTHbIM pactBopoM O/TA B mpucyrcTBUH
MUPOKATEXUHOBOTO (PUOJIETOBOTO.

Peaxmusvl, nocyoa:

OTwieHAuaMUHTeTpaaleTaT HaTpusi aByxzamemneHHbid Na,H,CoH;,OsN,
Na,H,Y — 0,01M pactBop (cTtangaptuzamus pactBopa m. 5.3.) (BATA).

[TupokaTexuHoBBIN (PrOTIETOBBIN — pacTBOp ¢ MaccoBoi goei 0,1%.
Azotnas kuciora HNO; — 3M pactsop.
Kon6a BmectumocTsio 100 mu.
[Tunerka BMeCTUMOCTBIO 20 MJI.
bropeTka BMECTUMOCTBIO 25 M.
HunuHap MepHbI BMECTUMOCTBEO 10 ML
Kon6a konnueckas BMmecTuMocThio 250—-300 mut.

BrinonHenue paboThl.

K ananuzupyeMomy pacTtBopy, HaxosueMycs B Kojaoe BMecTuMocThio 100
MJI, AOOABISAIOT MEPHBIM IWIMHAPOM 5 MiI 3M a30THOM KHUCIOTHI M JTOBOJAST
pacTBOp BOAOW O METKH. TIIaTenbHO NMEpPEeMEIIMBAIOT U OTOUPAIOT AJIMKBOTY
pacTBOpa TMUIETKOM BMeCTUMOCThI0O 20 MJI B KOHHMYECKYIO KOOy JJIst
TUTPOBaHUS. AHAIU3UPYEMBIH pacTBOp pa3daBisoT 50 M AUCTHILIMPOBAHHON
BOJIbI M IPUOABIAIOT 3-4 KaIrjiu UHAUKATOPA MUPOKATEXMHOBOT'O (PUOJIETOBOTO C
maccoBoit goieit 0,1%. PacTBop n0KeH MMETh MHTEHCUBHYIO CHHIOKO OKPAcKy.
duoneToBas OKpacka pacTBOpa yKa3bIBA€T Ha CIMILIKOM OOJIBIITYIO KUCIOTHOCTb.
B srom ciydyae u30BITOK KHUCIOTHI HEUTpanu3yloT mo kKamisiM 10%—HbeiM
pacTBOpPOM aMMHaKa J0 MOSBIECHUS CUHETO OKpAIlMBaHUSA, YTO yKa3bIBaeT Ha
JNOCTHKEeHUE BelnunHbl pH 2-3.

AHanu3upyeMblii pacTBOp TUTPYIOT pactBopoM D/ TA no mepexona cuHen
OKpPACKHU pacTBOpa B JMMOHHO-KeINTY10. [lepesl KOHIIOM TUTPOBaHUS MOSBIISETCS
nepexoaHas ¢puosieToBas okpacka. PaccunTeiBatoT Maccy BUCMyTa B Ipooe.

PabGora 5.4.4. Onpenejenye CBUMHIA
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CymHocTts paboTel. OrmpejienieHre OCHOBAaHO HAa THUTPOBAHUHM PacTBOpa
COJIM CBHMHIIA cTaHjIapTHBIM pactBopoM DJITA B cpene aneratHoro Oydepa B
MPUCYTCTBUU KCUIIEHOJIOBOTO OPAHKEBOTO

Peaxmusvl, nocyoa:
OTwieHAuaMUHTeTpaaleTaT HaTpusi aByxzamemeHHbid Na,H,CoH;,OsN,
Na,H,Y — 0,01M pactBop (cTtangaptuzamus pactBopa . 5.3.) (BATA).
KcunenooBblil OpaHKeBbIid, K.
AueraTHbiii 6ydep.
Kon6a sBmectumocTtrio 100 M.
ITunerka BMecTUMOCTBIO 20 MII.
BbropeTka BMECTUMOCTBIO 25 M.
Kon6a xonnueckass BMeCTUMOCTEIO 250-300 mut.
HunuHap MepHbI BMECTUMOCTBEO 10 ML

BrlinonHenue paboThl.

AHanu3upyeMblil pacTBOp COJIM CBUHIA pa30aBisiOT AUCTHILIMPOBAHHOMN
BOJIOM 70 MeTKM B Koi0e BMecTuMOCThi0O 100 mu. OTOuparoT s aHaiu3a
MUIETKON aJTuKBOTY pacTtBopa (20 Mi1) B KOHMYECKYIO KOJIOY JJIsl TUTpoBaHus. B
KOJIOY MPUJIMBAIOT MEPHBIM IIMHAPOM 20 M1 arietaTHOTO Oydepa, pa30aBisiOT
pactBop Boaod g0 100 Mia W mpuOaBISAIOT MHIMKATOP KCHIJIEHOJIOBBIN
OpaHXEBbI1 Ha KOHYMKE Iumarens. PacTBOp AOKEH HMMETh HHTEHCHBHYIO
MaJIMHOBYIO OKpacky. TutpoBanue pactBopom JOJTA mpoBomiaT no mepexona
MaJMHOBOW OKpackd B JIMMOHHO-XENTYI0. PaccUMTBIBalOT Maccy CBHMHIA B
UCCJIeyeEMOM PacTBOPE.

PabGora 5.4.5. Onpenesenue xejae3a

CymHocTh paboThl. OmnpenesieHne 0OCHOBaHO Ha TuTpoBaHuM sxenesza (III)
cTaHgapTHeiM  pactBopom DJITA B kuciIod cpene B MNPUCYTCTBUH
CyIb(HOCATUIINIIOBON KUCTOTHI.

Peaxmusvl, nocyoa:

OTwieHAuaMUHTeTpaaleTaT HaTpusi aByxzamemneHHbid Na,H,CoH;,OsN,
Na,H,Y — 0,01M pactBop (cTranmaptuzauus pactsopa 1. 5.3.) (3ATA).

CynbsdocamununoBas kuciorta CgH3(OH)(COOH)SO;H— pactBop ¢
MaccoBoi goJieit 25%.

Xnoposonopoanas kucinora HCl — 2M pactBop

BbyMara uHnukaTopHas «KOHTO».

Kon6a sBmectumocTtrio 100 M.

ITuneTka BMecTUMOCTBIO 20 MII.

BbropeTka BMECTUMOCTBIO 25 M.

Kon6a xonnueckass BMeCTUMOCTEIO 250-300 mut.
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HunuHap MEpHBIM BMECTUMOCTBEO 5—10 M.

BrinonHenue paboThl.

AHanusupyeMblii pacTBOp B MepHOH konbe BmecTtuMocThio 100 M
pa30aBisioT BojoM A0 MeTku. [lumetkoit otOupator 20 M HCCIeLyeMOTO
pacTBOpa B KOHHUYECKYIO KOJOYy majisi TUTpoBaHUs. OCTOPOXKHO MO KarulsiM
HEUTPAIM3YIOT paCTBOPOM aMMHUaka ¢ MmaccoBou nosnei 10% mno mHauKkatopHon
OyMaXkKke «KOHTO» 0 ee moOypeHms (kycouek Oymaru 1 cm® GpocaioT B
aHanu3upyemblii pactBop). HelTpanmuzamuio pacTBopa aMMHaKOM MOKHO
MIPOBOJINTH TAKXKE JO TMOSBJICHUS HEHCYE3aIIeH MpU NMepeMelIuBaHUU MYTH,
KOTOPYIO 3aT€M PacTBOPAIOT 1-2 KarisaMu XJI0poBOAOpoaHOM kucioTel (1:1). B
HEUTpaIM30BaHHYIO MpoOy BBOIAT 2 M 2M pacTBOpa XJIOPOBOAOPOIHOMN
KUCJIOTHI 111 coznanus pH 1,0-1,5, paz0aBisitoT AUCTUIUIMPOBAHHON BOAOM 10
oobemMa 40 M ¢ y4yeToM BceX MPEABIAYIIMX pa30aBlieHUN, HarpeBarorT,
100aBISAIOT 4 KaIulk pacTBOpa CyIb(OCATUIIMIOBON KUCIOTHI C MaCCOBOM a0Jei
25% u tutpytor 0,01M pactBopom DJITA no mepexoma KpacHO-(HHOIETOBOI
OKpacku cylb(dacaiuuunaTa jxejie3a B CBETIO-KEITYIO, XapaKTEpHYIO IS
KOMIUJIEKCOHAaTa >kefe3a. B OMu3M TOYKM 3KBUBAJIEHTHOCTH MpUOaBICHHUE
pactBopa 3/ITA npous3BOIAT MEIJEHHO.

TutrpoBaHue MOBTOPSAIOT HE MEHee 3-X pa3, HaXoIAT cpeaHuil o0beM W3
cxoasmuxcst pe3yiabTaToB (£0,3 MIT) U pacCUMTHIBAIOT MacCy Kejie3a BO B3SITOM
npobe.

Pabora 5.4.6. Onpenejaenue aJiOMUHUSA

CyiHocTh paboTel. OnpeiesieHrne OCHOBAaHO Ha TOM, YTO K PacTBOPY COJIH
amomunus (III) mpubasnstor u30kITOK padouero pactopa I/ATA, coznaror pH
4,2 W1 HarpeBalOT IMOYTH M0 KuneHus; octatok IJTA OTTUTpOBBIBAIOT
cTaHgapTHRIM pacTBopoM coiu meau (II) B mpucyrctBum munukatopa [TAH —
(2—mupuaunazo)— HapTOI—2.

Peaxmusvl, nocyoa:

OTwieHAuaMUHTeTpaaleTaT HaTpusi aByxzamemneHHbid Na,H,CoH;,OsN,
Na,H,Y — 0,01M pactBop (ctangapTtuzamus pactBopa . 5.3.) (BATA).

Cynbdar meau — 0,01 M pactBop (cTangapTuzamnus pactsopa 5.4.6. m.1).

AueraTHbiii Oydep.

I[TAH — (2-mupununazo)-HadTton—2 — COUPTOBOH PacTBOP C MAaCCOBOM
noiei 0,1%.

Kon6a BmectumocTsio 100 mu.

[Tunerka BMeCTUMOCTBIO 20 MJI.

bropeTka BMECTUMOCTBIO 25 M.
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Konba xonnueckas BMecTuMOCThi0 250-300 mit.
Hunuuap mepHsbIii BMecTUMOCTBEO 100 M.
Konba mepnas BmectumocTbio 250 mit.

1. Ilpucomosnenue 0,01M pacmeopa CuSO, u eco cmanoapmuszayusi.

PaccunThiBaloT HaBECKy MEIHOTO  KYyNopoca, HEOOXOJuMyro IS
npurotoienus 250 mi 0,01M pacTtBopa cynbdara meau.

Hasecky mnpenapata CuSO45H,O B3BelIMBalOT Ha TEXHUYECKUX Becax,
MEPEHOCAT B MEPHYIO KOJIOY, paCTBOPSIOT B TUCTUIIMPOBAHHOM BOJIE, TOBOAST
10 METKH, THIATENbHO nepemeniuBaioT. CTaHAapTU3AlMI0 pacTBopa cyibdaTa
MEIHU TIPOBOMST TUTPOBAHUEM cTaHaapTHOro pactBopa JDJTA pacTtBOpoMm
cynbdaTta Menu B cpejie aneratHoro Oydepa B npucyrcTBuu unaukaropa [TAH
710 Tepexoia 3eJI€HOM OKPacKu B (PUOJIETOBYIO.

BrinonHenue paboThl.

AHanu3upyeMblil pacTBOp, CoOJAEpXkallMi allOMUHUI, pa30aBIgIOT 110
METKHU BOJIOW B MepHOM Koj0e BMecTuMocThio 100 mi. AnukBoty pactBopa (20
MJI) MUIMETKON MEPEHOCAT B KOHUYECKYIO KOJIOY /Uil TUTPOBAHUS. 3aTe€M BBOJST
n30bITOK crangaptHoro pacrBopa DJTA nunerkoit Ha 50 Ma u pa30aBiIgOT
pactBop 110 o6bema 100 mu. PacTBop HarpeBaroT a0 KUMEHHUS U KUMSATIT 5—10
MHHYT;, 3aT€M OXJaxJalT, BBOAAT 10 Mn anerata amMmmoHuss uinu 10 M
aneratHoro O0ydepa, npubasnsaoT 10-12 kanens unaukaropa [TAH u tutpyrot
0,01M crangapTHBIM pacTBOPOM Cyib(hara Meau 10 epexo/ia 3eJIeHON OKpacKu
B (10JIeTOBY10, ycTONUMBYIO B TeueHue 30 cex. Maccy amoMHuHMS B pacTBOpe
pPacCUUTHIBAIOT MO popMmyrie:

[C(SﬂTA)-V(SﬂTzﬂ—c(CuSQ)-V(CuSQ)].A(Al).VK
1000 V>’

n

m(Al) =

rne ¢ (OATA), V(BATA) — wMonspHas KOHUEHTpaluss U O0BbEM
cTtanmaptHoro pactsopa J/TA;

c(CuS0Oy,), V(CuSO4) — MomsipHas KOHIICHTpAIUsl U 00BEM CTaHIAPTHOTO
pacTtBopa cyibdara menu;

A (Al) — aromHas Macca amOMHHUS;

Vi 1V, — 00beMbl KOJIObI M MUMETKU COOTBETCTBEHHO.

PabGora 5.4.7 Onpenesienue cyiabpar-nona

CymHocts pabotel. OnpeneneHne OCHOBAHO Ha TOM, YTO CyJib(aT-uoH
OCAXJAETCS pacTBOPOM XJjopuaa Oapus, B3ATbIM B H30BITKE; OCTAaTOK He
BOLIEJIIET0 B peakUuio XJopuaa Oapust OTTUTPOBBIBAIOT CTaHAAPTHBIM
pactBopom JO/ITA B mpucyrctBuu 3pHOXpoM uepHoro T. UeTkuil mepexon
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OKpaCK{ MPOUCXOJUT MPU HAIMYUK B PACTBOpE MOHOB MarHusi. C 3TOM LEbIO B
OCaUTENh CYIb()AT-UOHOB - XJIOPHT Oaprsi BBOAUTCS COJIb MarHusl.

Peaxmusvl, nocyoa:

OTwieHAuaMUHTeTpaaleTaT HaTpusi aByxzamemneHHbid Na,H,CoH;,OsN,
Na,H,Y — 0,01M pactBop (cTtangaptuzamus pactBopa . 5.3.) (BATA).

Xnopun Oapus BaCl, — pacTBOp, coaepKaluii XJIOpuUJ MarHusl.
(PactBopstor 0,51 BaCl,-2H,0 u 0,1r MgCl,-6H,0 B 250 M1 BobI).

AMMOHMIHBINA Oydep.

XnopoBogopoanas kuciaota HCI — koHLleHTpupoBaHHasL.

Opuoxpom uepHbid T KpHUCTAUIMUECKUH WJIM CMECh HHAUKATOpHAs —
spuoxpom dYepHbii T kpuctammmyeckuid u NaCl B cootHomenun 1:100 (1o
Macce).

bymara nHnukaTopHasi, JJAKMyCOBasl.

Kon6a sBmectumocTtrio 100 M.

ITunerka BMecTUMOCTBIO 20 MII.

BbropeTka BMECTUMOCTBIO 25 M.

Kon6a xonnueckass BMeCTUMOCTBIO 250-300 mut.

Hunuuap mepHsblii BMecTUMOCTBEO 100 M.

BrlinonHenue paboThl.

AHanu3upyeMblii pacTBOp pa3z0aBisIOT JUCTHIUIMPOBAHHOW BOJAOW 10
MeTKH B Koiibe BMecTuMoOCThio 100 mu. B konly nanst TUTpoBaHUST OTOUPAIOT
nuneTkor 20 M1 aHANM3UPYEMOTO pacTBopa, 106aBistoT 80 M1 BoJbI U 3 Kariu
XJIOPOBOJAOPOJHON KucaoThl (mwioTHocTh 1,17 1/mit). HarpeBaroT pactBop 10
KUIICHUSI, KUTIATAT 2-3 MUHYTHI AJIs1 yAaleHusl JUOKCUA yriiepona, 100aBiIsioT
nunetkod 20 w1 pactBopa Xxjopuaa Oapusi U mnepemMeninBaioT. PactBop
oxnaxaarot. Jlo0apsoT nunuHApoM 10 M amMoHuitHOrO OydhepHOro pacTBopa
M Ha KOHYMKE IIMATeNsl MHAUKATOpA ISl MOJyYeHHs MHTEHCHUBHOW KpacHO-
¢dbuoneToBOM OKpacku pactBopa. TuTpyroT u3 Oropetku pactBopoM DJTA mo
nepexoia OKpacku 13 KpacHO-(proaeToBoi B yuCTo cuHiow (V).

JI1s1 mpoBeJIeHHsT XOJIOCTOTO OIbITa B KOHUYECKYIO0 KOOy BHOCAT 100 mut
JUCTWILTUPOBAHHOM BOJbI, 3 KaIllld XJIOPOBOJOPOJHON KHUCIOTHI (IJIOTHOCTh
1,17 r/min). HarpeBaioT pacTBOp 10 KUIMEHUSA, KUMIATAT 2-3 MUHYThI JOOABISIOT
Toi ke munetrkoi 20 mi pacTBOpa Xjopuaa O6apus U nepeMemnBatoT. PactBop
oxnaxnat. Jlob6asnstor 10 ma  amMmoHuiiHOro Oydepa M CTOJNBKO XKe
MHIUKATOpa, Kak U B mepBoM ombiTe. OTTuTpoBbIBaloT pactsopoM DJTA no
nepexoja OKpackd M3 KpacHO-(UOJETOBOM B 4YHUCTO CHHIOW. OmpeaensioT
o0BveM V; .

Paznocts 06beMoB DJITA (V, — V) 3KBUBaJICHTHA COJIEPKAHUIO CYJIb(aT-
HMOHOB BO B35ITOH TIpooe.

Maccy cynbdhaT-MOHOB B MEpecUeTe Ha TPUOKCHUJ CEpPhl PACCUUTHIBAIOT I10

dhopmyie:
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TA) - —
1000 v,

rae ¢(DJATA) - MmonspHast KOHIEHTpalus cTtaHgapTHoro pactBopa DJITA;
V, u V| — 06bembl pactBopa DJITA, momeaiue Ha TUTPOBAHUE MOHOB Oapus B
XOJIOCTOM OIBITE M B pPacTBOpPE C aHaluM3upyeMou mpoboi; M( SO; ) -
MOJIEKYJISIpHAs: Macca TPUOKCHAA cepbl; Vi U V| - 00beMbI KOJIOBI U MUTETKH.

Pabora 5.4.8. OnpenejeHue Kajabliyss M MATHUS NIPH COBMECTHOM
NPUCYTCTBMH B PACTBOPE

CymHocth pabotel. OnpeneneHue OCHOBAaHO Ha TUTPOBAHUU PACTBOPA,
COZIEpPIKAILlETO HOHBl KaJbLIMSI M MarHus cTaHgapTHeIM pactBopoM O TA
(xommuiekcona III) ¢ aBymMs HHOUKAaTOpamMu - OHPHOXpOM 4YepHbIM T
MypekcusioM. C spuoxpom udepHbIM T TUTpyeTcs cymMMa KaJbLiMsi U MarHus;
3aTeéM C MYPEKCHJIOM B LIEIOYHOM Cpelle - TOJbKO Kalbluil. Pa3HOCTh 00bEMOB,
3aTpa4eHHBbIX HA TUTPOBAHUE CMECU C PAa3HBIMU MHIAMKATOPaAMHU, COOTBETCTBYET
COJIEP)KaHUIO MarHus B pacTBOPE.

Peaxmusvl, nocyoa:

OTwieHAuaMUHTeTpaaleTaT HaTpusi aByxzamemneHHbid Na,H,CoH;,OsN,
Na,H,Y — 0,01M pactBop (cTranmaptuzauus pactsopa 1. 5.3.) (3ATA).

AMMOHMIHBINA Oydep.

I'mapokcun Hatpust NaOH — pactBop ¢ maccoBoit noneit 20%.

Opuoxpom yepHslid T, K.

Mypekcun, K.

Cmech wuHAMKATOpHasT — Mypekcua kpuctaumueckuii u  NaCl B
cootHomenuu 1:100 (mo macce).

Kon6a BmectumocTsio 100 mu.

[Tunerka BMeCTUMOCTBIO 20 MJI.

BbropeTka BMECTUMOCTBIO 25 M.

Kon6a konnueckas BMmectTuMocThio 250-300 mut.

Hunuuap mepHsblii BMecTUMOCTBEO 100 M.

BrinonHenue paboThl.

AHanusupyeMblii pacTBOp B MepHOM konbe BmecTtuMocThio 100 M
paz0aBIAIOT BOJAOW JO METKH, NEPEMENIMBAIOT U OTOUPAIOT MUMETKor 20 M
pacTBoOpa JUIsl TATPOBAHUSI.

B mnepBoii konbe ompenensorT cymMMmy Kaiblus M MarHug. s atoro
paz0aBiIsAOT pacTBOp B KojiOe niist tutpoBanust 70-80 Ml AMCTHILUIUPOBAHHOMN
BozbI, HarpeBatroT 10 60-70°C  106aBIAIOT 5 M aMMOHMIHOTO 6ydepHOro
pacTBOpa U MHAMKATOpa 3puoXpoM depHoro T 1o oOpa3oBaHUs BUHHO-KPACHOMN
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okpacku. Ilocne storo memnenno tutpyrotr 0,01M pactBopom IITA no
M3MEHEHMsI OKPaCKHU U3 BUHHO-KPACHOU B CUHIOKO (V>).

K npyro#t mpobe npubasisior 70-80 mu Boawl, 2 mia pactBopa NaOH c
MaccoBoil goneit 20% u WHAMKATOpa MypeKcHuja 10 oOpa3oBaHUS KpacHOMN
okpacku. 3atem Tutpytot 0,01M pactBopom DATA no nosiBienus GpuosieToBoit
okpacku. 3atpaueHHbIi 00beM OJITA COOTBETCTBYET COAEPMKAHUIO KaJbIIMS
(V).

Maccy kanbliisi 1 Martusi B paCTBOpPE pacCUUTHIBAIOT MO (popmyam:

NTA)-V. V
m(Ca)zc( ?00(3 2 A(Ca) -
INTA)- Vv, -V, V.
m(Mg) = <A 12)0(0 )-A<Mg>-V ,

n

rae A(Ca) u A(Mg) - aToMHBbIE MacChl KJIBIIUS U MarHusi, COOTBETCTBEHHO.

PabGora 5.4.9. OnpenejeHue xejae3a 1 aJJIOMUAHUSA

CymHocts pabotel. OmpeneneHue OCHOBAaHO Ha TOM, 4YTO pPacTBOp,
conepxkammii noHbl kene3a (III) u amoMHHMS, TUTPYIOT CTaHAAPTHBIM
pactBopoM DJITA B mpuCyTCTBUH CyJbhocaauimioBoil kucioTsl npu pH 2. B
ATUX YCIOBUAX oOpasyercsi Toibko komiuiekcoHat Fe (III), amromunuii He
MeEIIaeT OINPENeNICHUIO keme3a. s onpeneneHus altoMUHUS K TOM Ke caMou
npobe pacTBopa J00aBIAIOT M3OBITOK cTaHgapTHOro pactBopa D/TA,
HarpeBarT 10 KuneHus, a ocrtatok JOJ[TA, HE BCTYNMBIIETO B PEAKIUIO C
MOHaMU AJIOMUHUSI,  OTTUTPOBBIBAIOT  CTAaHAAPTHBIM  PacTBOPOM
Kene30aMMOHUIHBIX KkBacuoB Inpu pH 5. Ilpu stom 3Hauenue pH panee
oOpazoBaBuuiica komruiekcoHat xene3a (III) He paspymiaercs, He MemaeT
OIIPEAECIICHUIO0 NOHOB AJIFOMUHUS.

Peaxmuewvl, nocyoa:
OTWwieHAuaMUHTeTpaaleTaT HaTpusi aByxzamemneHHbid Na,H,CoH;,OsN,
Na,H,Y — 0,01M pactBop (cTtangaptuzamus pactBopa . 5.3.) (BATA).
Kenezoammonuiinbie kBacubl NH Fe(SO4), 12H,O — 0,0IM pactBOp
(cranpgaptuzanus pactBopa — 5.4.9. m.1).
Xnoposonopoanas kucinora HCl — 2M pactsop.
Ammuak NHj3 — pactBop ¢ maccoBoit goieit 10%.
CynbsdocamununoBas kuciota CgH3(OH)(COOH)SO;H — pactBop ¢
mMaccoBoit noneit 10%.
AueraTHbiii 6ydep.
Konba mepnas Bmectumoctbio 100 mit.
Konba mepnas BmectumocTbio 250 mit.
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ITunetka BMecTUMOCTBIO 10 MII.

ITuneTka BMecTUMOCTEIO 20 MII.

BbropeTka BMECTUMOCTBIO 25 M.

Kon6a xonnueckass BMeCTUMOCTBIO 250-300 mut.
HunuHap MepHbI BMECTUMOCTBEO 10 ML

1. IlIpueomosnenue 0,01 M pacmeopa scene30ammMoOHULIHbIX KBACYO8 U €20
cmanoapmu3ayus

PaccuuThiBatoT HaBecKy, He0OXoaUMYIO i nmpuroroBiaeHus 250 miu 0,01M
pacTBOpa, B3BELIMBAIOT €€, IEPEHOCAT B MEPHYIO KOJIOY, pacTBOPSIOT B
JUCTWILTUPOBAHHOM Boje, npubaBuB 10 mia ximopoBogopoaHoi kuciotsl (1:1),
JOBOAST BOJOM JO METKHM, TINATEIbHO IepeMemnBaT. CTraHaapTU3aLUIo
pacTBoOpa JKeJIe30aMMOHUNHBIX KBACLOB MPOBOAST TUTPOBAHUEM CTaHIAPTHOTO
pactBopa OJITA pacTBOpoM IKEJI€30aMMOHHUWHBIX KBacllOB, IPUMEHSS B
KayecTBE HHAMKATOpa CyJb()OCAIULUIOBYIO KHUCIOTY, OO IEpexXojia CBETIO-
KEJITON OKPACKHU B 30JIOTUCTO-OPAHIKEBYIO.

BrinonHenue paboThl.

AHanu3upyeMblil pacTBOp, COAEP AN Keae30 U aNIOMUHUHN, TOMENaloT
B MEpHYI0 K0J0y BMecTUMOCThI0 100 MJ1 U TOBOASAT 10 METKH BooM. [TuneTkoit
orOupatoT anukBoty 20 MJI B KOHHMYECKYIO KOJOY Ui TUTPOBAaHUSA H
npUOABIIAIOT MO KarluIIM aMMHMAK JI0 MOSIBJICHUSI HEMCYE3aloleld MyTH, KOTOPYIO
3aTeM pacTBOPAIOT, 1o6aBisis o oaHou karwte HCI (1:1). JloGapnstoT emie 2 M
2M pacTBOpa XJIOPOBOAOPOAHON KUCIOTHI, BOABI 10 40-50 M u HarpeBaroT 10
60-70°C. B wHarpeTslii pactBOp mo6aBisIoT 10  Kamelmb HMHIMKATOpA
(cynbdocanuuunoBoid kucioTel) U TUTpytoT OATA 1o mnepexonma KpacHo-
¢duoneroBoil  okpacku cyibdacaivuuiaTa dKelie3a B CBETIIO-KEITYIO.
3anuceiBaoT o0beM DJITA, nomenmuii Ha TurpoBanue xeinesa (V(3ATA)).

Jlanee B Ty e KoiOy, B KOTOpPOM MpPOBOAMIOCH TUTPOBAHME IKEJe3a,
noOasisitoT uneTkoit 10 mi pacteopa SATA (V(3ATA)). HarpesatoT pactBop
710 KUTEHUs, MPUOaBIAIOT MEpHbIM LuiauHApoM 10 mu aneratHoro OydepHoOro
pactBopa u | mu uHaukaropa. Kumartat 2-3 MUHYTHI, OXJIQXIAOT U TUTPYIOT
PacTBOPOM >KEJI€30aMMOHUIHBIX KBACIIOB JI0 TIEPEX0/1a CBETIIO-KENTOM OKPACKU
B 30JIOTUCTO-OPAHXKEBYIO. 3alUCHIBAIOT 00beM KBacloB (Vs ), MOMIEAIINNA Ha
TUTPOBAHHUE.

Maccy xenesa (III) u amroMuHus B pacTBOPE PaCCUUTHIBAIOT 1O (hopMyIiam:

COUTA) VOATA) 4 Ve
1000 Vo

n

m(Fe) =
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[c(QATA) - V,(IATA) ~c,, -
1000

_ Vel A
m(Al) = A(AD) .

n

rae ¢(DJATA) — momsipras konnentparus IATA; V(OATA)-06bem DITA,
nomeAmui Ha TutpoBanue xkenesa; Vi(DIATA)- oovem DJITA, nobaBieHHBIH B
KOHMYECKYIO KOJIOY /IS CBSI3bIBAHUSI MOHOB QJIFOMUHUSI B KOMIUIEKCOHAT; Cyy U
Ve -MOJISIpHAsE KOHIICHTpAlUsi M O0BEM pacTBOpa KBAacCIOB, MOILICIIIANA Ha
tuTpoBanue u3oniTka D TA.

Paoora 5.4.10. OnpenejeHre cMeCH XeJie3a, MMHKA U KAJbIN

CymHocts pabotel. OmpeneneHue OCHOBAaHO Ha TOM, 4YTO pPacTBOp,
conepkammii  wonbl okene3a (III), mMHKa W Kanmpuus, cHavyaiga TUTPYIOT
cTanaapTHeIM pactBopoM D/ITA B npucyrcTBud Cyab()OCATUINIOBON KUCIOTHI
npu pH 2. B »Tux ycnoBusx oOpasyercs TOJbKO KOMIUIEKCOHAT >Kele3a U
CTAaHOBHUTCSI BO3MOJKHBIM CEJIEKTUBHOE TUTpoBaHue HoHOB xene3a (III). B
OTJEIbHON MpoOe pacTBopa MOCJE CBA3BIBAHUS HOHOB jKelie3a J100aBICHHEM
AKBUBAJIEHTHOIO KoyinuecTBa pacTBopa D/ TA TUTPYIOT MOHBI LIMHKA B CPEXE
aneraTHoro OydepHOro pactBopa ¢ MHAMKATOPOM KCHIJIEHOJIOBBIM OPaHKEBBIM.
Kanpruit  ompenensitor B menoudoir cpeae (pH 12, NaOH), no6aBus
MIPEABAPUTEILHO MACKHUPYIOUIUMN areHT—-TpUATaHOJIaMUH. B ImenodHoi cpene
’KEJIe30 U MHK 00pa3yloT MPOYHbIe KOMIUIEKCHI ¢ TpUaTaHonaMuHoM U ¢ D/ TA
HE B3aUMOJECUCTBYIOT.

Peaxmuewvl, nocyoa:

OTWwieHAuaMUHTETpaaleTaT HaTpusi aByxzamemneHHbid Na,H,CoH;,OsN,
Na,H,Y — 0,01M pactBop (ctangaptuzamus pactBopa . 5.3.) (BATA).

Xnoposonopoanas kuciota HCI — 2M pactBop u pa3baBieHHbIA pacTBOp
(1:1).

Ammuak NHj; — pactBop ¢ maccoBoit goieit 10%.

Auetat Hatpuss CH;COONa — 1M pactsop.

AueraTtHbili 6ydepHbIit pacTBOp.

Tpusranonamun (C,H4OH);N — pactBop ¢ maccoBoit goieit 30%.

I'mapokcuna Hatpust NaOH — pactBop ¢ maccoBoi noneit 20%.

CynbsdocamununoBas kuciota CgH3(OH)(COOH)SO;H — pactBop ¢
MaccoBoi noneit 25%.

Cmech wuHAMKATOpHasT — Mypekcua kpuctaumueckuii u  NaCl B
cootHomenuu 1:100 (mo macce).

KcunenonoBeiit opankeBswiid, K. (cMech ¢ HUTpaToM Kanwus 1:100).

MeTuinoBblil KpacHbIN — COUPTOBOM pacTBOp ¢ MaccoBoi noneit 0,2%.

Kon6a MepHast BMecTUMOCTHIO 250 M.

[TuneTka BMeCTUMOCTHIO 20 M.
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BbropeTka BMECTUMOCTBIO 25 M.
Konba xonnueckass BMecTUMOCThIO 250—-300 mit.
HunuHap MepHBI BMECTUMOCTBEO 10 ML

BrinonHenue paboThl.

AHanu3upyeMbiii pacTBop, coaepxkamuii kene3o (III), nmuHK U Kambuid,
MOMEIIAIOT B MEpPHYI0 KOJ0y BMeCTMMOCThbIO 250 MiI M AOBOJSAT A0 METKHU
BOJIOU. [[1s1 TUTpOBaHUS B KOHUYECKYIO KOJIOY OTOMPAIOT mUneTkoi 20 Mi1 3TOoro
pacTtBopa.

Onpenenenue xeneza. HeiTpanusyioT B3ATyl0 1poOy, A00ABISAIOT IO
KalUIsIM aMMHAK 10 HEHCYE3alIleil MyTH, KOTOPYIO 3aTéM pacTBOPSOT 1-2
karsima HCL (1:1). dns cozmanus pH 1,5 mobGasnsitor 2 M 2M pactBopa
XJIOPOBOIOPOIHOM KUCIOTHI M pa30aBisaioT npody a0 40 mir.

PactBOp HarpeBaror, noOapnsa0T  4-5 Kaneiab — MHAWKATopa
CyIb(OCATUIIMIIOBON KHUCIOTHl U TUTPYIOT CTaHAApTHBIM pactBopoM DJTA no
nepexo/jia KpacHo-(uoieToBoi okpacku B cBeTio-xkenryio V(Fe).

Ompenenenue muHka. K oroOpanHoit mpobde (20 Mi1), mOMEIIeHHON B
KOHMYECKYI0 KoJiOy, moOaisitoT u3 Owopetrku V(Fe) mu pactBopa DIATA mis
cesa3biBaHus kenesa (III). BBogsT omHy Kamio METHIIOBOTO KpacHOTO H
HEUTPaAM3YIOT PacTBOP, N00aBss no kKamsiM 1M aneraTt HaTpus, 10 nepexoaa
KpPacHOM OKpacKH B KENTYI0. 3aTeM MpUOaBISIOT MEPHBIM IMIIMHIpOM 10 M
aneTaTHoro OydepHOro pacrtBopa M TUTPYIOT IIMHK CTaHIAPTHBIM PAcCTBOPOM
OATA ¢ MHAMKATOPOM KCHJICHOJOBBIM OPAHKEBBIM JIO MEPEX0/a OKPACKU W3
OPaHKEBOU B KEIITYIO.

Onpenenenue kanblivsl. B koHMYecKyt0 K00y mOMeIaoT TUneTKon 20 M
aHAJM3UPYEMOTO PacTBOpa, JAOOABIISIIOT MEPHBIM IUIUHIApOM 70-80 MIT BOIBHI,
20 M3 pacTBOpa TpHUATAHOJIAMUHA W 2 MJ PacTBOpa THMAPOKCHAA HATPUS C
maccoBoi noneit 20%. TurpoBanue crangaptHeiM pactBopoM DJTA mpoBoasT
B IIPUCYTCTBUU MYPEKCHIA JI0 TIEPEX0/1a OKPACKU U3 KPacHOU B (PHOJIETOBYIO.

PaccuuthiBator Maccy keneza (III), muHKa W Kaublusg B HMCXOJIHOM
pacTBope.

Pabora 5.4.11. Onpenesenye MeaIu M IMHKA ¢ IPeIBAPUTEIbLHBIM
pa3aejJeHHeM HA KATHOHUTE

CymHocts  pabotbl.  OmpeznelieHHe  OCHOBAaHO  HAa  Pa3IMYHOMN
COpOUpPYEeMOCTH HMOHOB MEAM M IIMHKAa Ha KaTuoHuTe. [Ipu mpomyckaHuu
aHAJM3UPYEMOTO pacTBOpa 4epe3 KaTHOHUT B H-popme mpoucxoasT peakiuu:

RH,, + Cu*" = CuRH,,, + 2H"
RH,, + Zn*" = ZnRH,,, + 2H"

HpI/I IIPOMBIBAHUN KOJIOHKH pPaCTBOpPOM OKCajlaTa aMMOHHUS MCIb,
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obpasyromias 6oyee TMpouHbIA KoMIuIeKcHbIH HoH Cu(C,04),”, HepexomuT B
pacTBOp, a LMHK OCTaeTrcsd Ha KaTuoHuTe. KOMIUIEKC Meau pa3pylaroT
MIEPOKCHUJIOM BOJOPOJAa M ONPENEIAT MeIb THUTPOBAHUEM CTaHIAPTHBIM
pactBopoMm D/[TA B NpuCyTCTBUU MypPEKCHUA.

HNonubl 1MHKA J1€COPOUPYIOTCS COJITHOM KHUCIOTOM U ONPENeNsioT
KOMILIEKCOHOMETPUYECKH.

Peaxmuewvl, nocyoa:

OTwieHAuaMUHTeTpaaleTaT HaTpusi aByxzamemneHHbid Na,H,CoH;,OsN,
Na,H,Y — 0,01M pactBop (cTranmaptuzauus pactsopa 1. 5.3.) (3ATA).

AmMonuitnelii 6ydep (35 ma ammuaka ¢ maccoBod aponeit 25% wu 5,4r
XJIOPUCTOTO aMMOHUS pa36asisator 70 100 ma Bomoi).

Opuoxpom yepHslid T, K.

Mypekcun, K.

Katnonur KY-2.

Xnoposonopoanas kucinora HCl — 2M pactBop (a1 nepeBoja KaTHOHUTA
KVY-2 B H-popmy).

MeTunoBbIi OpaHkKEBBIA — PpacTBOP ¢ MaccoBoil goieit 0,1%.

Oxkcanat ammonus (NHy),C,04 — 1M pactBop.

ITepokcun Bogopoaa H,O, — pactBop ¢ MmaccoBoit noseit 6%.

Ammuak NHj; — pactBop ¢ maccoBoit goieit 2%.

Konba mepnas Bmectumoctbio 100 mit.

[TuneTka BMeCTUMOCTHIO 20 M.

BbropeTka BMECTUMOCTBIO 25 M.

Konba xonnueckass BMecTUMOCThIO 250—-300 mit.

Hunuuap mepHbIii BMeCTUMOCTBEO 200 M.

Hunuuap mepHsblil BMecTUMOCTBEO 100 M.

CrexnsHHasg nanoyka 1auHoi 50 cMm.

Yacosoe cTekio.

BrinonHenue paboThl.

1. TlonroroBka kaTHOHHUTA K padoTte (cMm. c. 33.).
2. AHanu3 Meau U IIMHKA.

[IpoGy ananuzupyemoro pactopa 06beMoM 20 MII IEPEHOCAT B KOJIOHKY C
katuonuToM KVY-2 B H-popme. BriTekaromuii U3 KOJOHKA PacTBOP COOMPAIOT B
KOHUYECKYIO KOJI0y U1 TUTPOBAHUS. Katnonut IIPOMBIBAIOT
JUCTUJUTMPOBAHHONW BOOW nopuusaMu 1o 10-15 M1 1o HENTpaJIbHOW peaKIuy 1o
METHJIOBOMY OpaHX’eBOMY, 3aTpaTuB 80 M. 3aTeM depe3 KOJIOHKY IPOIYCKAKOT
HeOonpmumu nopuusiMu 40-50 M 1M pactBopa okcanara ammonusi. CKOPOCTh
MIPOMYCKaHUsl pacTBOPOB COCTABIISAET 1-2 Karum B ceKyHAy. Bce BbITEKaronme us3
KOJIOHKHM PAacTBOPBI MPOAOKAIOT cOOUpaTh B Ty K€ KOJOY IJIsl TUTpoBaHus. B
pacTBOpe HAXOAMUTCA MEAb B BUJAE OKCAJIaTHOI'O KOMILIEKCA, KOTOpPBIM HeE
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tutpyercss OJTA. [Ing pa3pylieHHs OKCAJaTHOIO KOMIUIEKCA pPacTBOP
o0OpabaTbiBalOT 5-6 M1 pacTBOpa MEPOKCHIAa BOAOPOJA C MAacCOBOM noisei 6%
py HarpeBanuu B TeyeHue 10 MUHYT. 3aTeM pacTBOP OXJIAXKIAIOT U JOOABIISIOT
2-3 M1 pacTBOpa aMMHaka ¢ MaccoBod gonert 2% 10 00pazoBaHUs
MEJHOAMMHUAYHOI'0 KOMILIEKca (pacTBOp MpHOOpeTaeT CUHIO okpacky). [locie
n00aBJIeHUsI MYPEKCUIa pacTBOP OKpALIMBAETCSA B XKENThIM 1BeT. TurpoBaHue
ctaHgapTHeIM pactBopoM DJITA mpoBoasT A0 mepexoaa KEJITOH OKpPacku B
¢uoneroByto. Ilepen KOHIIOM TUTPOBaHUS PACTBOP OKPAIIMBAETCS B TEMHO-
KpacHbIW BET. PacCUMTHIBAIOT Maccy MEAU B aHAIIM3UPYEMOM PACTBOPE.

Ilocne oraeneHuss MeOW U3  KOJOHKM  BBITECHSIOT HUHK 3M
XJIOPOBOAOPOJAHOM KHUCIOTOU. [IpenBapuTesibHO KOJIOHKY IPOMBIBAIOT BOJOU
(50-60 ™) mng OTMBIBaHUSL OT HM30OBITOYHBIX OKcajaaT-uOHOB. [IpoMbIBHYIO
KHUJIKOCTh BHIOPACHIBAIOT.

JIJisi ONHOTO BBIENICHUS LUHKA TpeOyeTcsl MPOMYCTUTh Yepe3 KOJIOHKY
okosmo 50 mn 3M HCI. BeiTekaomuii U3 KOJOHKHM pacTBOp cOOHUpaioT B
KOHMYECKYIO KO0y /st TuTpoBaHus. K moixyueHHOMy pacTtBopy 100aBisitoT 30
MJI aMMOHUITHOTO Oydepa; TUTpOBaHUE BEAyT CTaHIApPTHBIM pacTBopoM DJITA
B MPUCYTCTBUU 3PUOXPOM YEPHOTO 10 NMEPEXO0JA OKPACKU W3 BUHHO-KPACHOU B
CUHIOK. PaccunThIBalOT Maccy HMHKA B aHAJIM3UPYEMOM PacTBOPE.

OKUCJ/IMTEJBHO-BOCCTAHOBUTEJBHOE TUTPOBAHUE

6. Uonomerpusn

Honmomerpust — METOJ TUTPUMETPUYECKOTO aHaAIM3a, OCHOBAHHBIA Ha
ONPENICIICHUN KOJIMYECTBA HOJA, KOTOPOE 3aTPAYMBACTCS HA OKHUCIICHUE
BOCCTAHOBUTEJIEM WM BBIACIACTCS TMPU B3aUMOJCUCTBUUA OKHUCIUTEIS C
pactBopoM uoauaa kKanua. OCHOBHas peakuusi METOJa OMNUCHIBACTCS
CJIEIYIOIIM YPAaBHEHUEM:

Iz +2e=2I"

Peakiius B cuctemMe MNpoUCXOAUT O€3 ydyacTuss HMOHOB BOJOPOJA.
OKHUCIUTENbHBIM HOTEHIMAI cUCTeEMBI [,/2I° He H3MeHseTCd MO BIUSIHUEM
KUCIIOTHOCTH; pH pacTBOpa MOKHO yCTaHABIMBATH TOJIBKO B 3aBUCHMOCTH OT
crienuPUIECKUX yCIOBUM MPOTEKAHUS PEAKIIHH.

OTa O0COOEHHOCTh HOJOMETPHUYECKOTO METOoJa OOYyCIaBIUBAET €ro
IIUPOKOE TIPUMEHEHHE TIPU ONPEACIICHUN CaMbIX PA3HOOOPA3HbIX OPraHUYECKUX
COCIUHCHUH.
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6.1. IlpuroroBiieHue U CTAHAAPTU3ANUA PACTBOPA HOAA

PactBop TroTOBAT 1O TOYHOM HAaBECKE KPUCTALNIMYECKOTO HOJa,
MpeIBapUTEIHLHO OYHUILIEHHOT'O BO3TOHKOM.

Ouuctka nojaa MPoOBOAMUTCS cleayronuM oopazom. Hasecky nona 1,0-1,5 1,
B3BEIICHHYI0O Ha TEXHMYECKHX Becax, IOMEHIA0T B KpUCTAUIU3aTOp, Ha
KOTOpBIM CTaBAT KPYIJIOJOHHYIO KOJIOY C XOJOJHOM BOJOW WM CHETOM.
Kpucramiszatop OCTOPOKHO MOJOTPEBAIOT Ha CETKEe HEOONBIIUM IUIAMEHEM
rOpesky, 4To0bl n30exkaTh noTeph Mojaa. Bo3orHaHHbIl MO CHUMAIOT C KOJIOBI
CTEKJITHHOM MajlouKOl Ha 4acoOBOE CTEKJIO UM B BECOBOM cTakaHUMK. CTEKIIO C
MOJIOM CTaBAT Ha CYTKM B DOKCHUKAaTOp C XJOPUCTHIM KaJlbLIMEM IS
BBICYIIIMBAHUS.

PaccuuThiBatoT HaBecKy Moja, HeoOXoauMyto Juisi mpurotosieHus 100 mi
0,02 1. I (fyxs, = 1/2) pacTBOpa. Paccuntannyio HaBeCKy Mo0/a B3BEIIMBAIOT HA
4acOBOM CTEKJIe Ha TEXHHYECKUX Becax. [ pacTBOpeHHMs HOJa B3BEIIUBAIOT
TaKK€ Ha TEXHMYECKMX Becax | I HMoAuAa Kalus, NEPEeHOCAT B BECOBOM
CTaKaH4YMK, MpubaBisitoT 1 mi BOoAbl (OCTOPOKHO, YTOOBI HE CMOYUTH MECTO
nuiida), 3aKpeIBalOT IJIOTHO KPBIMIKOW M TEPEHOCAT CTAKaHUYMK B BECOBYIO
KOMHATY, IIe BBIIEPKUBAIOT HE MEHEe IMoJIydaca 10 B3BEILIUBAHMS.

CrakaH4MK C PacTBOPOM HMOJMJA KaJlii B3BELIMBAIOT HA aHAIUTUYECKUX
BECax, 3aTe€M CHHUMAIOT C YalIKd BECOB U OBICTPO MPU MOMOIIM CTEKISHHON
MaJ0YKU MEPEHOCIT HABECKY MO0/1a B CTAKaHYMK, TNIOTHO 3aKPBIBAIOT KPBILIKON U
cHoBa B3BemmuBaioT. [locie pacTBOpeHHs HOIAa COAEPKUMOE CTaKaHYMKa
KOJIMYECTBEHHO TEPEHOCAT B MEpHYI0 Koi0y BMecTuMocThio 100 M dyepes
BOPOHKY, OBICTPO OOMBIBAIOT CTEHKHU CTaKaH4YMKa U BOPOHKY BOJIOHM, pacTBOp B
K0J10€ TOBOJASAT 10 METKHU, IJIOTHO 3aKPhIBAIOT KOJIOY MPOOKOH U MepeMelInBaoT
pacTBop.

MouisipHy10 KOHLIEHTpAIMIO SKBUBAJIEHTA pacTBOPA MOJa PACCUUTHIBAIOT 110

bopmyie:

(121, = 02) 1000
277 M(1/21,) -V,

rae M(1/2 1) — momsipHas macca skBuBajieHta l; m(l,) - Mmacca HaBecku
noja, r.
6.2. IlpuroroByieHre M CTAHAAPTU3AlUA PACTBOPa THOCYJJIbdaTa

HATPHUSA

PaccuutsiBarot HaBECKY Na,S,05-5H,0, HEO0OXOUMYIO T
npurotosiienus 250 ma 0,02 M pactBopa THOCYIb(haTa HATPHSL.

72



HaBecky Tuocynbdarta HaTpus B3BEIIMBAIOT HAa TEXHUYECKUX Becax,
MEPEHOCAT B MEPHYIO KOJIOY, paCTBOPSIOT B HEOOJBIIOM KOJIMYECTBE BOJBI; JJISI
cTabuiu3anuu pactBopa Tuocyibdara mobasmsaror 0,025 r kapboHaTa HATpUs.
JloBomsT pacTBOp 10 METKH  CBEXEIPOKHUIIAYEHOM M OXJAXKJICHHOU
JTUCTUJUIIMPOBAHHOW BOJIOW, TIIATENIBHO MEPEMEIINBAIOT. PaCTBOp BBIAECPKUBAIOT
10 nHeil B TEMHOTE B 3aKpBITOM CKJsIHKE. PacTBOp 3alMIAlOT OT JIEUCTBUS
ceeta u CO; Bo3yXa.

CranmapTuzaiyio pacTBopa THOCY/Ih(hara HATPUs MPOBOJAT TUTPOBAHUEM
CTAaHJApPTHOTO pacTBOpa HOJa PACTBOPOM THOCYNbpaTra WIH IO AUXPOMATY
Kanus.

YcraHoBiIeHHE MOJSIPHOM KOHIIGHTPAIIMM pacTBOpa TUOCYJIb(aTa HATpUs
M0 TUXPOMAaTy KaJaus OCHOBAHO HA PEAKLHUIX:

Cr,O " +6I+14H =2Cr"+3 1L +7H,0
L +2S,07 =21+ S,06

PaccunThiBaroOT HaBECKy JuXpoMaTa  Kajusd, HEOOXOAUMYKO IS
npurotoBienus 100 ma 0,02 H. pactBopa K,Cr,O; (fs. = 1/6). Haecky
B3BEIIMBAIOT HA aHAJUTHYCCKUX BECaX W KOJIMYECTBEHHO NEPEHOCAT B MEPHYIO
Kon0y BMmectuMocThbio 100 M1, pacTBOpPSIIOT W JIOBOJSAT JO  METKH
JTUCTHILTUPOBAHHON Boaol. OrOuparoT mumneTkoi 20 M1 pacTBopa auxpomarta
KaJIus B KOHWYECKYIO KOJIOY /ISl TATpOBaHUs, puoOaBisioT 15 M 1 M pactBopa
CEpHOM KHUCIOTHI, 1T WOAWJA Kajus, B3BEHICHHOTO B CTaKaHUYMKE Ha
TEXHHYECKMX BecaX W pacTBOpEHHOro B 1-2 mim Bomabl. KonOy 3akphiBaroT
CTEKJIOM U OCTaBJISIIOT CTOSITh B TEMHOM MecTe (B J1abopaToOpHbBIA cTOJ) 5-7
MHUHYT, TaK KaK peakiys MEXKIY JHUXPOMATOM U HMOJHJIOM Kallds MPOTEKAET BO
BpeMeHHU. [lo ucTeyeHMHM yKa3aHHOTO BPEMEHH BBIHUMAIOT KOJIOY, OOMBIBAIOT
CTCKJIO BOJOW W3 NPOMBIBAJIKHA M BBIICIUBIIAKCS HOJ THTPYIOT PacTBOPOM
THoCyNbdaTa, MpubaBisis ero cHaudajga ObICTPO (MOXKHO cpaszy no0aButh 10 mi
npu  JETKOM TICPEeMEIIMBAHHWK), 3aTeM MEJJICHHO, II0 KaluisaM, IpHu
MEepeMEIIMBAaHUU JI0 TIOJIYYCHUS CBETIOXKENTOH OKpackw pacTtBopa. Tak Kak
KpaxMaJl YacTUYHO pa3jaraeTcs B MPUCYTCTBUHM OOJBIIOTO H30BITKA HOJA,
puOaBIICHHE UHANKATOPA IMPOU3BOIAT MOCIIE TOT0, KAaK paCTBOP U3MEHHII CBOIO
OKpPacKy W3 KpacHOH B cBemIO-kenTyro. [Ipubammsror 2-3 M pactBopa
Kpaxmalia, IepeMeIIMBa0T U MPOJ0JKAIOT TUTPOBAHUE 110 KAIUISAM JIO TTepexoaa
CUHEH OKpacKH pacTBopa B OJICTHO-3€JIeHYIO (TIOUYTH OecIBeTHYI0). TutpoBaHue
MOBTOPSIIOT TPH paza M, €CIU PACXOKICHUE MEXAYy pe3yJbTaTaMu He
npesbimaet 0,2 %, 6epyT cpenHuit 00bEM.

MoJipHY 0 KOHIICHTPAIIMIO PacTBOPa THOCYNb(aTa HATPUS PACCUNTHIBAIOT
o ¢hopmyire:

m(K,Cr,0-)-1000- V,
M(1/6K,Cr,0,)-V, - V(Na,S,03)

C(N328203) =
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raie m(K,Cr,O7) — macca HaBecku mauxpomara kamus; M(1/6 K,Cr,O) -
MOJISIpHAsl Macca YKBUBAJICHTA JUXpOMaTa Kajusl.

6.3. OnpenesieHne OPraHN4YeCcKUX COeTUHEHUIN HOTOMETPUYECCKUM
MeTOI0M

B npeoOnanaronieM OOJIBIIMHCTBE CIIy4aeB pedb UAET 00 MCIOJIb30BaHUU
BOCCTaHOBUTEJILHBIX CBOMCTB OPIaHUYECKUX COCIMHEHUM, T.€. O THTPOBAHUU UX
pactBopamu uoza. Hekoropele oOpraHuyeckue COEAUHEHUS IPOSBIISIOT
OKHUCJIUTENbHBIE CBOMCTBA W MOTYT OBITh OIpPEACICHbl Ha OCHOBAaHUU HUX
B3aUMOJEUCTBUS C  pPAacTBOPOM  HMOAMJA  Kajlausd, COIPOBOXKIAIOLICIOCH
BBIJIEJIEHUEM CBOOOJHOTO HOJA.

OTnnunrensHON 0COOEHHOCTHIO TUTPOBAHUS OpraHU4eCKUX
BOCCTAHOBUTEJNEH SIBIETCA TO, YTO pPAcTBOp HoJAa JMOO HE pearupyer ¢
OpPraHMYEeCKUMHU BOCCTAHOBUTEISIMU B KHCIBIX PAacTBOpax, JHUOO peakluud UAYT
KpaiiHe MenneHHo. OObIYHBIA MPUEM 3aKIIOYAETCS B TOM, YTO PAcTBOp HOAA
NpUOABIIAIOT K HIEJIOYHOMY PAcTBOPY OPraHUYECKOTO COCAMHEHUS, BBIKHUIAIOT
HEKOTOpOE BpeMs, 3aTeM MOJKHUCISIIOT PacTBOp M TUTPYIOT H30BITOK He
BOILIE/IIET0 B PEaKIMIO MOAAa PacTBOPOM THOCYIb(ara HaTpusd. B menounom
pacTBOpe HOJ pearupyer co IIEI0UbI0 ¢ 00pa30BaHUEM IMIIONOINTA!

2NaOH + I, = NalO + Nal + H,O0.

[loaToMy OKHCIWUTENEM B IIETOYHOM PACTBOPE SBISETCS THUIIOUOAUT
HaTpusl.

HNopomeTpuueckuii MeTOA MNPUMEHHUM Ui ONPENEICHUS] COEIUHEHH,
coJiepKalnx KapOOHUIIbHBIE TPYIIIBI. Tak MOKHO ONpeAeuTh (hopManbIeTu/I:

HCHO + I, + 3 NaOH = HCOONa + 2 Nal + 2 H,0;
rmtoko3y RCHO |, rae R-CsH 105
RCHO + I; + 3 NaOH = RCOONa + 2 Nal + 2H,0 ,
pudeM 00pa3yrTCs COJIM COOTBETCTBYIONTUX KapOOHOBBIX KUCIIOT: MypaBbUHOMN
B IIEPBOM CJIy4a¢ M TJIFOKOHOBOM — BO BTOpOM. [Ipu OKHCIICHMH aleToHa
oOpazyetcst nogoopM U areTaT HaTPHs:

CH3COCH3 +3 Iz +4 NaOH = CHI3 + CH3COONa +3 Nal + 3 HQO

PHII CCpoCcoaCpKAIINX COCIII/IHeHI/Iﬁ TaKXKC€ KOJIHMYCCTBCHHO OKHCIISICTCA
Hnoa0M. TaK, THUOMOYCBHHA pCarupycT ¢ UOA0OM B COOTBCTCTBUU C YPABHCHUCM:
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CS(NH2)2 + 412 + 10NaOH = CO(NH2)2 + &Nal + Na2804 + 5H20

HCKOTOpBIC OKCHCOCIWMHCHUA TAKKC PpCarupyror ¢ HOAOM, IIPHUUYCM
HOCJICIIHI/Iﬁ 3aMelIacT BOAOPOAHBIC AaTOMBI B paaUKAJIC OPraHU4YCCKOro
COCAMUHCHUS. HpI/IMepOM ABJIACTCA I/IOIIOMeTpI/I‘IeCKI/Iﬁ MCTOA OIIPCACIICHUA
pPE€30pHHrHa, OCHOBAHHBIN Ha CJICJIYIOI_HCﬁ PCaAKIINH:

C6H4(OH)2 + 312 = C6HI3(OH)2 + 3HI

K PacTBOPY pE30pLHHHA HpI/I6aBJI$IIOT 6Y(1)CpHBIﬁ pacTBOp C pH = 5, 3aTCM
pacTBOp NoJda U N30BITOK MMOCJICAHCTO TUTPYIOT pACTBOPOM TI/IOCYJIB(I)aTa HaTpus
B IIPUCYTCTBHUU Kpaxmajia.

6.4. IlpakTuyeckue padoThI

PabGora 6.4.1. Onpenesenue Mmeaun

CVH_IHOCTB Da6OTBI. OHpCIICJICHI/IC OCHOBAHO Ha TOM, 4YTO pPaCTBOp,
conepmamnﬁ HMOHbI MCIH, IIOAKUCIIAOT H IIO6aBJISIIOT THUOHAHAT-NOINIHYIO
CMCCh.

2Cu*" +4I =1, + Culd
Cwl, + 2SCN™ = Cuy(SCN)4 + 21
I, + 28,052 =21 + S,04>"

BoeinenuBimuiicst #oa THUTPYIOT CTaHIAPTHBIM PacTBOPOM THOCYJb(daTa
HaTpusl.

Peaxmuewl, nocyoa:

Tuocynbsdar nHatpus Na,S,0; — 0,02M pacTBop (cTaHmapTU3aIvs pacTBOpa
m.6.2).

Huxpomat kanust K,Cr,O7 , k.

Cepnas kucnora H;SO4 — 2M pactsop.

HNonnn xamug K1, k.

Tuounonar—uoauanas cmech (33r THUoIMaHaTa aMMOHHUA + 4r uHoauaa
Kanus B 1 11 pacTBOpa).

Kpaxman — pactBop ¢ maccoBoit nonei 0,2%.

Konba mepnas Bmectumoctbio 100 mit.

Konba mepnas BmectumocTbio 250 mit.

[TuneTka BMeCTUMOCTHIO 20 M.

BbropeTka BMECTUMOCTBIO 25 M.

Konba xonnueckass BMecTuMOCThI0 250-300 mit.

[HunuHap MEpPHBIN BMECTUMOCTBIO 20 ML
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Brimonnenue paboTsl

AnanusupyeMblii pacTBOp B MepHOH konbe BmecTtuMocThio 100 M
pa30aBisAOT BOAOW A0 METKU M THIATENIbHO nepeMemuBaroT. [lunetky Ha 20 M
OOMBIBAIOT 3TUM PACTBOPOM U TMEPEHOCAT IMEPBYIO0 AIUKBOTY B KOJIOY IS
TUTpOBaHUs, mNpubaBisior 5 Ma 1M pactBopa cepHoil kuciaotel U 10 M
TUOIIMaHAT-UOAUAHOTO pacTtBopa. [Ipu 3ToM HabmogaeTcs Oypoe oKpalImBaHue
BCJICICTBUE BbIJENeHUs oma. CMech cpa3y ke turpyior 0,02M pactBopom
thocynbdara HaTpus. Korma ocHoBHas dacTh Hoja OyAeT OTTUTpOBaHA U
OKpacka pacTBOpa CTaHET CBeTiiee, MPUOABISIOT 2-3 MJT Kpaxmaia (MHAUKATOP).
Oxpacka pacTBOpa CTAaHOBHUTCS TIPSI3HO-CHHEW; TUTPOBAaHHUE MPOAOIKAIOT [0
nepexo/ia CHHEeW OKpacku B OJI€THO-TUIIOBYIO.

K ananu3zy BTOpOii mpoObl MPUCTYIAIOT MOCJE TOr0, Kak MPOBEAEHO MEePBOE
tuTpoBanue. HaxoasT cpennuit o0beM TuoOCyib(haTa U PACCUUTHIBAIOT Maccy
MEJIU B UCCJIETYEMOM PACTBOPE:

c(Na,S,0;)-V(Na,S,0;) M (Cu)- Ve

m(Cu) =
(Cu) 1000 |80

rae M (Cu) — MosisipHast Macca SKBUBaJIEHTa MEJIN.

Pao6ora 6.4.2. Onpeneaenue quxpomarta u kesaesa (I11) npu
COBMECTHOM MPUCYVTCTBHH B PACTBOPE

Cymsocts paboThl. OmpesesieHne MpoBOJAT B ABYX npobax. B mepsoit
npobe ompenensitor cymmy oboux okucnurened. C  3TOH  Lenpl0 K
aHAIM3UPYEMOMY pacTBOPY JOOABISAIOT KHUCIOTY W HOAMA Kanus, a
BBIJICJIUBIIMNCSA WO TUTPYIOT CTaHJAPTHBIM PAacTBOPOM THOCYJb(ara HATpHs B
MPUCYTCTBUU Kpaxmalia KaKk HHIUKATOpPA.

Cr,0% +6J + 14H" = 2C*" + 3], + 7TH,0
2Fe*" +2) = 2Fe* + I,
J, +2S,05% = 2] + S,04*

Bo BTopoii pobe cBsa3biBatoT xene3a (I11) B mupodochatHbiii KOMIUIEKC U
onpenenstoT oauH auxpoMar. O0beM TuUOCyib(haTta HATPHs, IKBUBAJICHTHBIM
conepxkanuto xkenesa (II1), HaxoaaT mo paz3HocTH 00BEMOB MEPBOrO U BTOPOTO
TUTPOBAHUS.

Peaxmuewvl, nocyoa:

Tuocynbsdar nHatpus Na,S,0; — 0,02M pacTtBop (cTanmapTU3aIys pacTBopa
m. 6.2).

XnopoBogopoanas kuciaora HCI — 2M pactsop.
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HNoann xamusg KJ, k.

[Mupodocdar narpus Na,P,0O7-10H,O — HachIeHHBIH pacTBOP.
Kpaxman — pactBop ¢ maccoBoit nonei 0,2%.

Konba mepnas Bmectumoctbio 100 mit.

[TuneTka BMECTUMOCTBIO 20 MUI.

BbropeTka BMECTUMOCTBIO 25 M.

Konba xonnueckass BMecTuMOCThIO 250—-300 mit.

HunuHap MEpHBINM BMECTUMOCTBIO 20 ML

Brinonnenue paboTsl

AHanusupyeMblii pacTBOp B MepHOH konOe BmecTtuMocThio 100 M
pa30aBisAOT O METKU BOJOM M TIIATEIBHO MEPEMENIMBAIOT. 3aTeM MUIETKON
BMECTUMOCThI0O 20 MJI TMEepeHOCAT pacTBOp B KOJIOYy JUisl THUTPOBaHUS,
npubaBiAoT 15 Ma 2M consiHo# KucnoThl U 1 T noaua Kanus, B3BEUIEHHOTO Ha
TEXHUYECKHX Becax B CTaKaHYMKE U pacTBopeHHOro B Bojae (1-2 mur). Konby
OBICTPO 3aKPBIBAIOT CTEKJIOM M OCTABIISAIOT CTOATH JIJISl 3aBEPILICHUS pEeaKIUu S-7
MUHYT B TeMHOM MecTe. OOMBIBAIOT YaCOBOE CTEKJIOM M BBIJCIMBIIHUICS HOA
TUTPYIOT PacTBOpPOM THOCYJb(dara HaTpus, NMpuOaBiss e€ro BHayayie OBICTPO
(MoxkHO cpazy nobGaButh 10 MiT), 3aTeM MEMJIEHHO, IO KaruisiM, JI0 CBETJIO-
KeNTON okpacku pactBopa. [locie yero npubasisior 2-3 Ml pacTBOpa Kpaxmania
U TPOAOJKAIOT TUTPOBAHHE IO KAIUISIM JI0 Mepexojia CUHEeW OKpacKku B OiieIHO-
JTUIOBYIO (MouTH OectBeTHYI0) (V).

Bo BTOpyt0 npoOy BHOCAT TOW € MUIETKON aHaIU3UpyeMblil pactBop, 30
MJI HACBIIIEHHOTO pacTBopa mnupodocdara HaTpus, 15 ma 2M pactBopa
COJISHOM KHCIIOTHI M 1T Moamuaa Kamusi, pacTBOpeHHOro B 1-2 mu Boabl. KonOy
3aKpBIBAIOT CTEKJIOM, OCTaBISIOT CTOATh S5-7 MUHYT B TEMHOM MECTe U
BBIJICJIUBIIMNCA HOJI TUTPYIOT PACTBOPOM THOCYJIb(aTa HaTpHs, KaK U B IEPBOM
ciyyae (V).

Maccy xeneza (III) u xpoma (III) B awamusupyeMoMm pacTBOpe
pPacCUYMTHIBAIOT 1O (opMyIam:

m(Cry= WLV 5y Ve
1000 Vo
000 Iy

rae M(1/3 Cr) u M(Fe) — MonsipHbIe Macchl SKBUBAJICHTOB XpOMa U KeJje3a
COOTBETCTBEHHO.
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PabGora 6.4.3. Onpenesenue coaepkanus popMajbLiaernia B

ShOQMaJ'II/IHe

CymHocts  pabotbl.  OmnpeneneHue  OCHOBAaHO  HAa  OKUCJICHUU
dbopmanbaeruia HOJ0M B IIETOYHOM cpefie:

HCHO + 1, +3 OH =HCOO + 2T +2 H,O
(cyMMapHO€ ypaBHEHHE PEaKIIUU)
[To okOHYaHWMM peakIMU PaCTBOP MOAKUCISIIOT M HENPOpPEearupoBaBLINMA
MO/ OTTUTPOBBIBAIOT CTAHIAPTHBIM PACTBOPOM THOCYIIb(aTa HATPHUS.

Peaxmuewvl, nocyoa:
Tuocynwsdar Hatpus Na,S,05; — 0,1 M pacTBop (cTaHaapTU3aIUs pacTBopa
—1m. 6.2.).
Honx 1, - 0,1 M (1/2 1,) pactBop (cTanmapTuzamus pactBopa — 1.5.1.).
I'mapokcuna Hatpuss NaOH — 2 M pactsop.
Kpaxman — pactBop ¢ maccoBoit noxnei 0,5%.
XJopoBoiopoaHas kuciota — 2 M pacTBop.
Konba mepnas Bmectumoctbio 100 mit.
[MuneTtka BMecTUMOCTBIO 50 ML
[TuneTka BMECTUMOCTBIO S MJT U 2 MIL.
BbropeTka BMECTUMOCTBIO 25 M.
Konba xonnueckas BMecTUMOCThIO 250-300 mit.
HunuHap MepHbI BMECTUMOCTBEO 10 ML

Brinonnenue paboTsl

B mepHoit konbe BMectTumocThio 100 M1 pa30aBisitoT BOJAOK A0 METKH 5 MJI
aHaNMM3UpyeMoro pactsopa ¢popmaiivHa. B koHUYeCcKyro KO0y sl TUTPOBAHMS
nepeHocaT 5 Mi (MUIEeTKOM) MOJy4eHHOTO pacTBopa, npubasisor 5 mu 2 M
pactBopa NaOH u 50 mn 0,1 H. pactBopa I, (fz=1/2). Ilonyuennytoo cmech
OCTaBIIAIOT CTOATH 10-15 MuHYT, 4TOOBI peakius OKUCIEHHUS (opMasibIeruaa
Ipolula TMOJHOCTBIO. 3aTeM NpUOaBISAIOT XJIOPOBOJAOPOJHYIO KHUCIOTY [0
kucion peakuuu. HenpopearwpoBaBmmii  wox  orrurpossiBator 0,1 M
CTaHJAPTHBIM pacTBOpOM THOCYJb(aTa HaTpusl. KonuenTpanuto
dbopmainberuia B HCCIETyEeMOM PAaCTBOPE PACCUUTHIBAIOT 1O (hopMyIie:

[c1/21,) V(1,) - c(NayS,0;) ¥ (Na,S,0;)] 1000 M(1/2HCHO)- Lk

c¢(HCHO) =
( ) 1000- VHPOEbI Vn

rae M (1/2 HCHO) — monsipHast Mmacca 3kBUBaJIeHTa hopMasbAaeTruia.
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Pabora 6.4.4. OnpenejeHye aeToHa

CymHocTtb pabotsl. [Ipn 1o6aBneHny K aleToHy U30bITKA pacTBOpa MOJa B
LIEJIOYHON Cpesie MPOTEKAIOT PEaKLUN:

Iz+2OH_=IO_+I_+H20
CH;COCH; + 3 10" = CHI; + CH;COO™ + 2 OH'.

B3aumopelicTBue alieToHa ¢ HOJJOM MOKHO OMKUCATh CYMMAapHOM peaKkIuei:
CH;COCH; +31, +4 OH =CHI; + CH;COO™ +3 H,O0+3T.

N306bITOK MO/Ta OTTUTPOBBIBAIOT PACTBOPOM THOCYIb(haTa HATPUS B KUCIOU
cpere.

Peaxmuewvl, nocyoa:
Tuocynedar wHatpuss Na,S,0; — 0,02 M pactBop (cTanmapruzaius
pactBopa — 1. 6.2.).
Non 1, - 0,02 1. pactBop (f= 1/2 I;)(cranmapruzanus pacteopa — m.5.1.).
I'mapokcuna Hatpust NaOH — pactBop ¢ maccoBoi noneit 20%.
Cepnas kucnora H;SO,4 — pactBop ¢ MaccoBoit qonei 20 %.
Kpaxman — pactBop ¢ maccoBoit nonei 0,2%.
Konba mepnas Bmectumoctbio 500 mit.
[TuneTka BMECTUMOCTHIO 20 M.
[MuneTtka BMecTUMOCTBIO 50 ML
BbropeTka BMECTUMOCTBIO 25 M.
Konba xonnueckas BMecTUMOCThIO 250-300 mit.
HunuHap MepHBI BMECTUMOCTBEO 50 ML

Brimonnenue paboTsl

HaBecky amerona wmaccodi ~ 0,21 mnepeHocIT B MEpHYI KOJOy
BMecTUMOCThI0O 500 M, pa30aBisiOT BOJAOM 10 METKH, TIIATEIbHO
nepeMemuBaoT. AJMKBOTY pactBopa (20 M) NMNETKOM MEepeHoCsAT B
KOHUYECKYI0 KOJOY JUIsi TUTPOBaHUS. 3acachlBaTb aHAJIM3UPYEMBIH pacTBOp B
IUIETKY CJIEYyeT ¢ TOMOIIbI0 pe3nHoBoM rpymu! B KoHuyeckyro Konly
npubaBiAOT MepHbIM IuHApoM 20 mu pactBopa NaOH ¢ maccoBoit poneit
20%, nunetkoit — 50 mu 0,02 H. I, (fxs. =1/2) , Xopolio mepeMenuBamT U
OCTaBIIIIOT CTOSITh B TEMHOTE B TeueHue 15 MuHyT. 3ateM J00aBIIsIOT MEPHBIM
uuuaapom 50 ma pacteopa H,SO4 ¢ MaccoBoit poseit 20% u tutpyrot 0,02 M
pacTBOpoM TUOCYyNb(haTa HATpUs A0 TMOJYyUYEHHUS CBETIIO-KEITOM OKpacKu.
Bomsar 2-3 Ma pacTBOopa KpaxMala M NPOAOJDKAIOT TUTPOBAHUE [0
MCYE3HOBEHHUsI CHHEW oOkpacku. Maccy aleroHa B aHaJIU3UpyeMoul mpode
pacCcUuTHIBAIOT MO popMmyrie:
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m(CH,COCH,) = 0/20) V(L) =eWNa5,00) VINay 5,00 iy s6cm cocn,). Ve

1000 v,

rae c(1/2 1), V(1) - koHueHTpanus 1 00bEM CTaHIapTHOTO pacTBOpa MOJa;

c(Na;S;0;), V(NaS,03) - koHIeHTpamuss U 00BEM CTaHJIAPTHOTO pPacTBOpa

tuocyibdpara Hatpusi; M(1/6CH;COCH;3;) - monsipHas Macca 3KBHUBaJIEHTa
arieToHa.

7. llepMaHraHaTOMeTpUA
7.1. IlpuroroBjieHre U CTAHAAPTU3AIUS PACTBOPA EPMAHIaHATA
KaJus

PaccunthiBaloT HaBEeCKy TMe€pMaHTaHaTa Kaius, HEOOXOAUMYIO IS
npuroroBienus 500 mi 0,1 5. KMnOy (£, = 1/5).

HaBecky mpemnapara B3BEIIMBAaIOT Ha TEXHUYECKUX Becax. OTMEpUBAIOT
MEpHBIM TUIUHApOM 500 MJI JTUCTWITUPOBAHHOM BOJBI ISl PacTBOPEHHUS
HaBeckd. YacTb OTMEPEHHOM BOJABI HArPEBAIOT /10 KUIEHUS M HEOOJBIIUMHU
nopuusaMu obpabateiBatoT HaBecky KMnO4 B crakane. OCTOPOXHO CIIMBAIOT
KUJKOCTh C KPUCTAJUIOB uYepe3 BOPOHKY B MepHyto KoilOy. Ilo oxoHuaHuu
PacTBOPEHHUS COJM U OXJIAKJICHHS PACTBOpPA JIOBOJSAT JO METKH M TIIATEIHbHO
nepeMemnuBaroT. PacTBop ocrtaBistoT cTosith 7-10 mHEW B TEMHOTE M 3aTeM
GUIBTPYIOT Yepe3 CTEKISHHBIA (UIBTP WM CU()OHOM CIMBAIOT KUIKOCTh Ha
ocagkoM MnO,.

B kadecTBe yCTaHOBOYHOI'O BeIIECTBA ISl CTaHAAPTU3AIMU PacTBOpPA
MCMOJIB3YIOT OKcajaT Hatpusi — NayC,04.

7.1.1. CtanaapTu3anuga pacTBopa NePMAHIraHATA KAaJIus
110 OKCAJIATY HATPUS

VYcraHoBieHHE TOYHOM KOHUEHTpauuu pactBopa KMnO, mo oxcamaty
HaTpHsi OCHOBAHO HA PEaKIUU:

5 C,0,7 +2 MnOy +16 H =10 CO, + 2 Mn*" + 8 H,O.

1. Meroxa oTIeNbHBIX HABECOK.

PaccunThiBalOT HaBECKy OKcajlaTa HaTpHs, HA TUTPOBAHHE KOTOpOW OyaeT
u3pacxonoano 20 mu 0,1 H. pactBopa KMnOy (f,;= 1/5). Ha ananutudeckux
Becax OepyT TpH HaBECKH OKcajlaTa HATpUs METOJOM OTCHITIAHUSI TaKUM
oOpa3oMm, 4YTOOBI pACXOXKJICHHE MEXIY BBIYUCICHHBIM U OTBEIICHHBIM
KonudecTBOM He mpeBblmanio = 0,02 r. HaBecky pacTBOpSIOT B KOHHYECKOM
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koi6e B 20-25 mu Boawl, mpubaBisaoT 15-20 mi1 pacTBopa CepHOMl KHUCIIOTHI C
maccoBori jgoneii 20% W HarpeBaroT Ha BoasHOW Oane g0 60-70° C.
VYcTaHaBiauBalOT ypoBeHb MEepMaHraHata B OIOpeTKE Ha HyJIb [0 BEpXHEH
IpaHUlIe pacTBOPA.

Harpertslil pacTBOp OkcanaTa HaTpus TUTPYIOT NEPMAHTaHATOM Kajus /10
0JIeTHO-PO30BOM OKpacKu, He Mcue3arolleil B TeueHue oJlHONM MUHYTHIL. [lepBbie
KaIld MIepMaHraHaTa Kajiusl pearupyroT O4eHb MEJJICHHO, IO3TOMY TUTPOBaHHE
BHayajie HaJl0 BECTU OCTOPOXKHO, MPUOABIISIS MepMaHTraHaT Kajlusl MO KaIuisiM o
Mepe 00eCLIBeUMBaHUS PacTBOPA.

KoHuenTtpamnuio pacTtBopa NepMaHTraHaTa Kajusl pacCUUTHIBAIOT IO
bopmyie:
m(Na,C,0,)-1000

M(1/2Na,C,0,)-V(KMnO,)’

c(1/5KMnO,) =

rae M(1/2Na,C,04) — MossipHas Macca SKBUBaJIEHTa OKcaJlaTa HaTpHUs.

2.  Metoa MUNEeTUPOBAHMSL.

PaccuuThiBaloT HaBeCKy  OKcajara  HaTpus, HEOOXOIUMYIO ISt
npurotoBienuss 100 mu 0,1 H. Na,C,04 (f,:=1/2). Ha ananutnueckux Becax
B3BEIIMBAIOT HABECKY MPUOJM3UTENBHO paBHYIO0 BbiuuciaeHHo (£ 0,05 ).
HaBecky KOJNIMUYECTBEHHO MEPEHOCAT B MEPHYIO KOJIOYy BMecTUMOCThIO 100 M,
pPacTBOPAIOT B HEOOJIBIIOM KOJIMYECTBE BOJBI U O0BEM pacTBOpa OBOMASAT J10
Metku. Otbuparor nunetrkoir (20 mi) mpoOy pacTBopa okcajaTa HaTpus B
KOHUYECKYIO KOOy JI1 TUTPOBAHUS, MPUOABIAIOT 15 —20 M1 cepHOI KUCIOTHI C
MaccoBoi gojeit 20 % u HarpeBaroT Ha BojAsHOW Oane g0 60-70°C. HarpeBath
pacTBOp /0 KHUIIEHUSA HE CJEeAyeT, TaK KaK MOXKET MPOU30HUTH YacCTUYHOE
pasnokeHue IaBeneBo KucnoTel. Harpetyio mpoOy TUTPYIOT EepMaHTaHATOM
Kanus 10 OJ1eTHO-PO30BOM OKPACKH.

KoHueHTpamnuio pacTtBopa NepMaHTraHaTa Kajusl pacCUUTHIBAIOT IO

bopmyie:

m(Na,C,0,)-V, -1000

c(1/5KMnO,) = .
M(1/2Na,C,0,)-V. - V(KMnO,)

7.2. Onpenenenue GQyHKIMOHAIBHBIX TPy OPraHU4YeCKUX
coeUHEeHHI1 ePMAHTAaHATOMETPUYECKHUM MeTOI0M

OpraHuyeckne KMCJIOThl
OnpeneneHue OpPraHUYECKUX KHUCIOT OCHOBAaHO HA OKHUCJIEHHUH HX
nepmanranarom kamuss A0 CO, u H,O. Hekotopele KHUCIOTHI, Hampumep,
1IaBEJIEBasl KHUCJIOTA TUTPYIOTCA HEMOCPEACTBEHHO IEPMAHTaHATOM Kaliusl B
Kkuciaoil cpene. OKHUCIEHHWE OPraHUYECKUX KHUCIOT TAKUX KaK MYpaBbUHAas,
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BUHHAS, TUMOHHAsS MOHO MPOBOJUTH B IMIEIOYHOM cpeae n30biTkoM KMnQO,.
Ilo OKOHYaHMM peakUUU PacTBOP MOJAKHUCISIIOT M TUTPYIOT octatok KMnO4
pactBopoM sxeine3a (I1) uam Apyroro moaAxXoAsiiero BOCCTAHOBUTEIIS.

OkcucoenMHEHUS
Takue coenuHeHMs, KaK CHUPTHI (METHJIOBBIN, 3TUJIOBBIN), MOJUCITUPTHI
(rmuuepuH) U pEHOJIbI OKUCISIOTCA MePMAaHTaHATOM Kallis B IIEJIOYHON cpefe
no CO, wnu kap6onara. 3atem u30biTok KMnO4 TUTPYIOT B KUCJOW cpene
JOOBIM MOIXOASIINM BOCCTAHOBUTEIIEM.

7.3. IlpakTH4eckue padoThI

Pabora 7.3.1. Onpenesenne xeqaeza (111)

CymHocth pabotbl. OmnpeneneHue OCHOBAaHO Ha  IIPEBApUTEIBLHOM
Bocctanosienun Fe (III) nmo Fe (II) ¢ momouipio BUCMYTOBOrO penykTropa u
TUTPOBAHUM HMOHOB JKE€Ji€3a JIBYXBAJEHTHOTO CTaHIApPTHBIM  PacTBOPOM
nepMaHraHaTa Kajuusl.

Peaxmuewvl, nocyoa:

[lepmanranar kamus KMnO, - 0,1M  (1/5 KMnO,) pacTtBOp
(cranmaptu3zanus pactBopa 1.7.1).

Okcanat Hatpust Na,Cy0y, K.

Cepnas kucnora H,SO4 - pactBop ¢ MaccoBoit nonei 20%.

Xnoposonopoanas kuciora HCI - 2M pactsop.

"3ammuTHas cmech" (PactBopsitor 671 kpuctrammudeckoro MnSO47H,O B
500-600 ma Boabl, npubasisroT 139 mun H;PO,4 (d=1,7) u 130 M H,SO4 (d=1,8)
U pa30aBisaoT BoAou 10 1 ).

Konba mepnas Bmectumoctbio 500 mit.

[TuneTka BMECTUMOCTBIO 20MJI.

Konba mepnas Bmectumoctbio 100 mit.

Konba xonnueckas BMecTuMOCThI0 500 ML

HunuHap MepHBI BMECTUMOCTBIO 10 ML

PenyxTop BUCMyTOBBIH (CM. puc. 3.).

BbropeTka BMECTUMOCTBIO 25 M.

BrlinonHenue paboThl.
1. Iloocomoska sucmymosozo pedykmopa K pabome.
Kosnonka-penykTopa 3amojiHA€TCS 3€pHAMU  METATMYECKOTO BHCMYTa
nuameTpoM 1-2 MM (2), TOKPBITOTO CJIOEM pPacTBOpa XJIOPOBOIOPOIHOM
kucioThl (1). BeicoTa cinost MeTamia B KOJIOHKE JOJKHA OBITh HE MeHee 7-8 cM,
KOJIOHKA JIOJDKHA OBITh 3amojHeHa KuAakocThio - 2M HCI BbIie ypoBHS cios
Metaiia Ha 1-1,5 cMm. [Ipu 3amoHeHNH KOJIOHKH YacTHIIAMU MeTajllla KOJIOHKY
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CHayvaJjia 3aJIMBalOT BOJOM, a 3aTeM 3acChINalOT 3epHa METANIMYECKOTO BUCMYTA.
OT0 nenaercs s TOTO, YTOOBI MEXK]ly YaCTULIAMU MeTalljla He ObLJIO My3bIPbKOB
BOo3ayXa. M30BITOK >KMAKOCTH BBITEKAET 4Yepe3 CIMUBHYIO TPYOKY KOJOHKH U
YPOBEHb €€ B KOJIOHKE OIpEENsieTCs MOJ0KEHUEM KOHYMKA CIUBHOM TpYyOKH.
[Ipu paboTe C KOJOHKOM pacTBOp BBOJMUTCS 4Yepe3 BEpXHEe OTBEPCTHE U
coOupaetrcsi B koj0y BMecTUMOCThIO 500 MJI, MOJCTaBICHHYIO MMOJ CIUBHYIO
TpyOKy. HyXHO cieauth 3a Tem, 4ToObI B CJIOM MeTajla He Monajl BO3/yX, TaK
KaK OH MpPEMsITCTBYEeT BOCCTAHOBJICHMIO *kene3a. B ciydae momananus Bo3gyxa
BEpXHEE OTBEpCTHE KOJOHKM  3aKpbIBaeTcs poOKOH, KOJIOHKa
MEepPEeBOPAYMBAETCS HECKOJIBKO pa3 A0 (OPMUPOBAHUS CIIOSI BUCMYTOBBIX 3€pEH
0e3 BKIIIOUEHHUS BO3/1yXa.

[Ipuctynas k paboTe, BRBIHUMAIOT MPOOKY, 3aKpbIBAIOT BEpPXHEE OTBEPCTUE
KOJIOHKH-PEAYKTOpa, CHUMAIOT PE3WHOBBIA KOJIMAYOK, HAAEThIi Ha KOHYUK
CIIMBHOW TPYOKH M MOJCTAaBJISIOT IMOJA KOHYMK TPYOKHM MYCTYyI0 KOHUYECKYIO
k0s10y BMecTuMocThio 500 M. Tak Kak KOJOHKa MOTJIa OBITh B YIIOTPEOJICHUN U
HEU3BECTHO, yJIaJI€Hbl JIU U3 HEe MOJIHOCThIO MOHBI JKele3a, ee MPOMBIBaIoT 4-5
pa3 2M pacTBOpOM XJIOPOBOJOPOJHON KHCIOTBI, PacxoAys Ha IPOMBIBAaHUE
npumepHo 50 M Harpetoro 1o 40°C pactBopa. OuepeaHyIo HOPIHUIO KHCIOTHI
BHOCSIT TOJIBKO MO MPEKPAIleHUH BBITEKAHUS >KUJIKOCTU U3 KOJOHKH. KonoHka
roroBa K pabore. IloAcTaBistOT NOJ KOHYMK CIMBHOM TPYyOKH YHCTYIO
KOHHUYECKYI0 KOJIOY BMecTUMOCTBIO 500 MJT Tak, YTOOBI KOHUMK TPYOKH Kacaycs
CTEHKHM KOJIObI BO H30ekaHWe pa3OpbhI3TMBaHUS PAcTBOPA, KOTOPBIA OyaeT
BBITEKATh U3 KOJOHKHU.

Puc. 3. YcTpoiicTBO BUCMYTOBOI'O peAYKTOpA:
1 - cioii XJI0OpOBOIOPOHON KHUCIIOTHI, 2 - CTUBHAsA TpyOKa peaykropa, 3 - 3epHa
METAJUIMYECKOTO0 BUCMYTa, 4 - CTEKJISIHHBI pPEAYKTOp; S5 - TaMIOH U3
CTEKJITHHOM BaThl, 6 - OMOPHBIM IITATUB peaykTopa, 7 - konba ajid mpuema
pactBopa xene3a (II).

2. Onpeoenenue cooepaxcanus uonos dxcenesa (1) 6 pacmesope.
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AHanusupyeMblii pacTBOp B MepHOM konbe BmecTtuMocThio 100 M
pa30aBIsAIOT BOJOM 10 METKU U TIIATEJIbHO MEPEeMEIINBAOT.

[TuneTky BMecTUMOCTBIO 20 MJT OTOJIACKHUBAIOT UCCIIEYEMbIM PACTBOPOM U
C TMOMOIIBIO 3TOM MHUIETKH MEPEHOCAT aJUKBOTY MCCIEIYyeMOro pacTBOpa B
KOJIOHKY. CTekaromuii U3 CIMBHOM TPyOKM pacTBOp ABYXBAJIEHTHOIO >Kele3a
OKpailleH B OneaHo-3eneHblil 1BeT. (Ecnu u3 cnuBHOM TpyOKH CTEKaeT >KEJThIM
pacTBOp, ATO CBHUJAETEILCTBYET O HEMOJIHOM BOCCTAHOBJEHUHU jkeye3a. OmbIT
cuntaerca HeyaaBmumcs). [lo mpekpallieHnu UCTeYeHUs KUIKOCTH YPOBEHD €e
B KOJIOHKE JIOJDKEH OCTaBaThCs BhIlIe ciiosi metaiuia Ha 1,0-1,5 cm. Tocne storo
peaykrop mnpombiBatoT 2M HCI ¢ uenbio KOJIMYECTBEHHOTO YIAlICHHUS U3
KoJoHKM HOHOB kene3a (II). I[IpoMbIiBaHME TMOBTOPSIIOT YETHIpE-NSATH pas,
pacxoaysa Ha kaxnaoe npombiBanue 5 ma 2M HCL Kaxnyio HOByIo mopiiuio
XJIOPOBOIOPOJIHOM KUCIOTHI BHOCST TOJIBKO MOCJE MPEKpALICHUsI UCTEUCHUS U3
KOJIOHKH-PEAYKTOPA KUJIKOCTU OT MPEAbIYIIEH MPOMBIBKH.

Bce npombiBHBIE BOABI COOMPAIOT B TOHM K€ KOJOE, YTO U HCCIEAYEMBbII
pacTBop.

[lo oxoOHYaHUM TPOMBIBAHUSL KOJIOHKHA B KOJOY K MOJYYEHHOMY pacTBOPY
nobasmstor 100 M1 aucTwuMpoBaHHOW Bojbl, 10 mur "3ammTHOM cmecu" u
TUTPYIOT Ha XOJIOJy PacTBOPOM IMEepMaHraHata Kajausi A0 OJieIHO-pPO30BOTO
OKpAILIMBAHMSI OT MOCJIEIHEN KaIllJli TUTPAHTA.

OneiT moBTOpsitoT 3-4 pasza, OepyT cpeAHH 00BEM U3 CXOIALIUXCS
PE3YJIbTATOB M PACCUUTHIBAIOT MACCy *eje3a B Mmpooe:

c(1/5KMn0O ) -V (KMnO ,)-M (Fe) V.
1000 v,

n

m(Fe) =

Pabora 7.3.2. OnpenejeHne THOKCHIA MAPTraHIA B MAPOJIIO3UTE

CyIHoCTb Da6OTBI. OHpCIICJICHI/IC OCHOBAHO Ha BOCCTAHOBJICHUHN JHUOKCHIOA
MapraHmga pa60q1/1M pacTBOpPOM IIABEJICBOM KHUCJIOTBI C MMoCJICAYIOIIUM
OTTUTPOBBIBAHUCM N30BITKA IIaBEJICBOM KHMCIOThI CTaHAAapPTHBIM PACTBOPOM
IepMaHraHaTa KaJius:

MnO, + H,C,0,4 + 2H" = Mn*+ + 2CO, + 2H,0
5H,C,0, +2MnO, + 6H' = 10CO, + 2Mn*" + 8H,0.

Peaxmuewvl, nocyoa:

[lepmanranar kamus KMnO, - 0,1M  (1/5 KMnO,) pactBOp
(cranmgaptu3zanus pactBopa 1m.7.1).
[IlaBeneBass kucinora H,C,O0, - 0,IM (1/2 H,C,04) pacTtBOp

(cranpaptu3zanus pactBopa cm.7.2.2.m.1).
Cepnas kucnora H,SO4 - pactBop ¢ MaccoBoit gonei 20%.
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Konba mepHas BmectumMocTbio 250 mit.
[Tunetka BMecTUMOCTBIO 10 M.

[MuneTtka BMecTUMOCTBIO 50 ML

BbropeTka BMECTUMOCTBIO 25 M.

Konba xonnueckass BMecTUMOCThI0 250-300 mit.
Hunuuap mepHsbiii BMecTUMOCTBEO 100 M.

1. Ilpueomosnenue u cmanoapmuzayusi pacmeopa Waeeneoll KUCI0mbl.

PaccuutsiBaror HaBecky H,C,042H,0, HeoOXoauMyto 111 IPUTOTOBIICHUSI
250 ma 0,1M (1/2 H,C,04) pacTBOpa 111aBEJICBOMN KUCIOTHI.

HaBecky mnpemnapara B3BEIIMBAaIOT HAa TEXHUYECKUX BecaxX, MEPEHOCST B
MEpHYIO KOJOy, PacTBOPSIIOT B HEOOJBIIOM KOJUYECTBE BOABI, JOBOIST IO
METKH, TIIATEIbHO NepemMemunBatoT. CTaHaapTU3aldi0 MOJYYeHHOTO pacTBOpa
IIaBEJIEBOM  KHUCJIOTHI TPOBOMAST TUTPOBAaHUEM CTaHIAPTHBIM PaCTBOPOM
MepMaHraHara Kajusl.

[Munetkoit wHa 20 wMia oTOMpAIOT pacTBOpP UIABEJIEBOM KHUCIOTHI B
KOHUYECKYI0 KOJIOY NIl TUTpOBaHMs, mpuOaBisatoT 15-20 Mi pacTBopa cepHOM
KMCJIOTBI C MaccoBoii moneii 20%, HarpeBaloT Ha BoAAHOH Gane 10 60-70°C u
TUTPYIOT IEPMAHTAaHATOM KaJIusl 10 OJIeTHO-PO30BOM OKPACKH.

BrinonHenue padoThl

Ha ananuTmyeckux Becax B3BEUIMBAIOT TPU HABECKU MHUPOJIO3UTA B
KOHMYECKHUE KOJIOBI IJII TUTPOBAHUS METOAOM OTchimaHusi. HaBecku Gepyres u3
pacueta cojiepKaHUs B HHUX TaKOro KOJWYECTBAa MHPOJIO3UTa, 4YTOOBI Ha
BOCCTaHOBJIEHHE JMOKCHJIa Maprasia pacxojioBaioch okojio 30 mu pactBopa
[IABEJIEBON KUCIIOTHI.

[TpuGaBnsAIOT MUMETKON B KaKayro koJiOy mo 50 MJ pacTBopa IIaBesIeBOM
KUCIOThI, 20 MJI pacTBOpa CEpHOM KHUCIOThI ¢ MaccoBod noneid 20% wu
HarpeBarT Ha BOJSHOW OaHE JO MOJHOTO PAaCTBOPEHHUs MUpOIto3uTa. M30bI1TOK
BOCCTAHOBUTENA  (II[aBeJIeBOM  KHCJIOThI)  OTTHUTPOBBIBAIOT  PacTBOPOM
MepMaHraHaTa Kajusl.

Maccosyto nomio (%) MnO, B UpOJIFO3UTE PACCUUTHIBAIOT MO PopMmyrie:

[c(1/2H,C,0,)- V(H,C,0,)—c(1/ SKMnQ) - V(KMnQ)]
1000

YoMnQ =

M/ 20 Q)R
m

rjae m-Macca HaBecku mnupoiosuta; M(1/2 MnQO;)-monspHas Macca
skBuBajeHTa MnO»,.

PabGora 7.3.3. Onpenesenne KAILINAA B PACTBOpeE

CymHocTh _pabotel. OmpenesieHHe OCHOBAaHO Ha TOM, YTO KaJlbLIUM
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BbIJIENAOT B Buae ocainka CaC,0O4, KOTOpPBIM 3aT€M PACTBOPSIOT B CEPHOM
KHCIIOTE.

OO6pa3yromlytocss Ipy 3TOM LIABEJIEBYIO KHUCIOTY TUTPYIOT CTaHAAPTHBIM
pacTBOPOM IIEpMaHraHaTa Kajusl.

Ca*" + C,0,% = CaC,0,
CaC204 + HQSO4 = CaSO4 + H2C204
5H,C,0, + 2MnO4 + 6H" = 10CO, + 2Mn*" + 8H,0.

Peaxmuewvl, nocyoa:

[lepmanranar xamus KMnO, - 0,1M  (1/5 KMnO,) pactBOp
(crannmapTu3zauus pactBopa 1m.7.1.).

[ITaBeneBas kucnora H,C,O4 - pacTBOp ¢ MaccoBol nonei 5%.

Ammuak NHj - pactBop ¢ maccoBoit goineit 2,5%.

XnopoBogopoanas kuciaora HCI - konuentpupoBanHnas (d=1,17).

MeTunoBbIi OpaHKEBBIN - pacTBOP ¢ MaccoBoit goieit 0,1%.

Cepnas kucnora H,SO4 - pactBop ¢ MaccoBoit gonei 10%.

Konba mepnas Bmectumoctbio 100 mit.

[TuneTka BMeCTUMOCTHIO 20 M.

Crakan BMecTuMocThI0 300-400 M.

Boponka crekisaHHas.

OuibTp OyMaxHsblil "Oenas nexTa'.

Hunuuap mepHsbiii BMecTUMOCTBEO 100 M.

BbropeTka BMECTUMOCTBIO 25 M.

Hutpat cepedbpa AgNO; - 0,025M pactBop.

Brimonnenue paboTsl

AHanusupyeMblii pacTBOp B MepHOM konbe BmecTtuMocThio 100 M
paz0aBIIAIOT BOJOM 10 METKH. AJTUKBOTY pacTtBopa (20 Mi1) IEPeHOCAT B CTaKaH
BMecTuMOocThio 300 mut, mpubasistor 0,5 mi konuentpuposannoit HCI, 100-120
MJI Boabl, 10 M1 pacTBOpa IIaBEIEBOM KUCIOTHI ¢ MaccoBoil goned 5% u 1-2
KATTH METHIIOBOTO OpaHkeBoro. JKmmkocTs HarpeparoT a0 70-80°C m
MEJJIEHHO, M0 KaruiiM, MpU TOCTOSHHOM IEepEeMEUIMBAaHUU, HEUTpPaIU3yroT
pacTBOpOM amMMHaka ¢ MaccoBod goned 2,5% 110 MCUE3HOBEHUS PO30BOM
okpacku pactBopa. CTakaH NMEpPEHOCAT Ha IMECUaHYI WIH BOASHYIO OaHIO U
OCaJIKy JIal0T OTCTOSITHCS; PACTBOP HAJl OCAJAKOM JOJKEH OBITh MPO3PAYHBIM.
OxnaguB pacTBOp 1O KOMHATHOW TEMIIEpaTyphl, MEPEHOCIT OCAT0K U3 CTaKaHa
Ha ¢uneTp (Oemas gnenrta). CrakaH HeCKOlIbko pa3 (3-4) HOPOMBIBAIOT
JUCTWITUPOBAHHOM BOJOM, ciuBas ee uepe3 ¢uubTp. Ocamok Ha (uibTpe
MPOMBIBAIOT XOJIOAHOW JUCTUIUIMPOBAHHOM BOJIOM J0 OTPHUILIATENLHON peakiuu
Ha OKCaJaT-UOHBI TPU HUCHBITAHUM A30THOKHUCIBIM cepedbpom. IlepeHocuTh
HalleJI0 OCaJ0K M3 CTakaHa Ha (UIBTP HE HYXHO, TaK Kak IMOCIeIyrollee
pacTBOpEHHE oOcajJka MPOU3BOAUTCS B TOM ke crakaHe. [lo okoHYaHUU
MIPOMBIBaHUU (UIIBTP C OCAJKOM Pa3BEpPTHIBAIOT HA CTEHKE CTaKaHa, B KOTOPOM
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npoBomwiIock ocaxaeHue. Ocalok cMbIBaloT ¢ (QuibTpa B cTakaH 50 M
pacTBopa cepHOM KHCJIOThI ¢ MaccoBoil moneit 10%. PactBop pazbamistoT 110
100 Mn Bogoii, HarpesatoT A0 70-80°C W THTPYIOT pacTBOpPOM MepMaHraHATa
KaJusi 10 po30Boii okpacku. COpackiBatOT PUIBTP B pacTBOP U, €CIU MPHU STOM
pacTBOp 00€CLBETUIICS, TIPOJOJIKAIOT TUTPOBAHUE /10 OJIETHO-PO30BOM OKPACKHU
pacTBopa, HE UCYE3AOUIEN B TEUEHHE | MUHYTHI.

Maccy kanpuuss B pacTBope B Iepecuere Ha (CaO pacCUMTHIBAIOT IO

dhopmyie:
c(1/5KMnO,) - V(KMnO,)

m(Ca0) = 1000

AMM@@%,

n

rae M(1/2 CaO) — monspHas macca s3xkBuBasieHTa CaO.

Pao6ora 7.3.4. OnpenejgeHue HUTPUT-HOHOB

Cy1HoCTD Da6OTBI. OHpCIICJICHI/IC HHUTPUTOB OCHOBAHO HA PCAKIIHUU:

5NO, +2MnO, + 6H' = 5NO; + 2Mn*" + 3H,0

Bo n30exanue pas3iiokeHUss HUTPUTA B KUCIION Cpele, MPOTEKAIOUIEro Mo
YPaBHEHUIO

2NO, +2H" = 2HNO, = NO + NO, + H,0,

KHCJIBIIA pacTBOp MEPMAaHraHaTa Kajus TUTPYIOT HEUTpPaJIbHBIM PAaCTBOPOM
HUTPUTA.

Peaxmuewvl, nocyoa:

[lepmanranar kamus KMnO, - 0,1M  (1/5 KMnO,) pactBOp
(crangapTu3anus pactBopa cm.m.7.1.).

Cepnas kucnora H,SO4 - pactBop ¢ MaccoBoit gonei 20%.

Konba mepnas Bmectumoctbio 100 mit.

BbropeTka BMECTUMOCTBIO 25 M.

[TuneTka BMECTUMOCTHIO 20 M.

Kon6a koHnueckas BMECTUMOCTBIO 250 mil.

CrakaHUYUWK J1J1 B3BEIIIMBAHUSI.

HunuHap MEpHBIN BMECTUMOCTBIO 20 ML

Brinonnenue paboTsl
Ha ananuTmueckux Becax B3BEUIMBAIOT HABECKY aHAIU3UPYEMOTO
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BEIIECTBA, COJNEPXKAIIETO HUTPHUT-UOH. HaBecKy M3 BECOBOTO CTaKaHYMKa
KOJIMYECTBEHHO MEPEHOCIT B MEpHyI0 Koj0y BMectuMocTthio 100 mi (Vy),
PacTBOPSIIOT, Pa30aBISAIOT BOJOM O METKH U TIIATEIHHO MEPEMEIINBAIOT. DTUM
pPacTBOPOM 3aIOJHSIOT OIOPETKY.

B xonOy st tutpoBanusa nomernator 20 mi (V) cTaHgapTHOrO pacTBopa
nepMaHraHara kanusi, npuOaBisior 15-20 M cepHOM KHUCIOTHI C MacCOBOH
noneit 20%, cMmech cierka MoAOrPeBaOT M THUTPYIOT PACTBOPOM HHUTPHUTA IO
oOecupeunBanus. [lo OropeTke (GUKCHUPYIOT pacxo] pacTBOpa HHUTpUTA Ha
tutpoBanue (V).

Maccosyto noto0 (%) HUTpUTa PaCCUYUTHIBAIOT 1O (hopMyJIe:

1/5KMn0O,)-V. -V )
a 19DV, Ve arasano, )19
1000V, m

o (%)NO, =

rac m-mMacCa HaAaBCCKU dHAJIM3UPYCMOTO BCIICCTBA, COACPKAIICTO HUTPHUT-
HOH.

Pabora 7.3.5. Onpenesaenne mapranna (11)

CymHocTh padoTtel. OnpenesieHrne 0CHOBaHO Ha okucieHuu Mapranua (II)
MEpPMAHTaHATOM Kajus B HEUTPAJIIbHOM CpeJie:

3Mn*" + 2MnO, + 2H,0 = 5MnO, + 4H"

Jlns HeWTpanu3anuu o0pa3yroIieics B Mpollecce TUTPOBAHMS KUCIOTHI B
pacTBOp BBOIAT HEOOMBIIOE KoIu4uecTBO ZnO.

Peaxmuewvl, nocyoa:
[lepmanranar kamus KMnO, - 0,1IM  (1/5 KMnO,) pactBOp
(crangapTu3anus pactBopa cm.m.7.1.).
Oxcup nuaka ZnO.
Konba mepnas Bmectumoctbio 100 mit.
Kon6a konnueckas BMmectumMoctbio 600-700 mut.
[Tunerka BMeCTUMOCTBIO 20 MJI.
bropeTka BMECTUMOCTBIO 25 M.

Brinonnenue paboTsl
AHanusupyeMblii pacTBOp B MepHOH konbe BmecTtuMocThio 100 M
pa30aBisAIOT TUCTUUIMPOBAHHOM BOJION A0 METKH M TIATEIBHO MEPEMEIINBAIOT.
Otbuparor nunerkoid 20 M pacTBOpa B KOHMYECKYIO KOJIOY BMECTUMOCTBHIO
600-700 mu, no6asmusitor 400 M ropsiuelt TUCTUIUIMPOBAHHOW BOJIbI, HATPEBAIOT
10 KureHud. ['opsiumii pacTBOp HEUTPATM3YIOT OKCHIOM IIMHKA, J00aBIIss
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HeOOJbIION H30BITOK €ro (pacTBOp Mpu B30ANTHIBAHUM MOJIy4aeTCd MYTHO-
OeJibIM; MPU OTCTaMBaHUU Ha JIHE KOJIObI ZnO cobupaeTcs B BUae O€Ooro msaTHa
nuameTpoM He Oosee 1-2 cM. bonbmioit n30eiTok ZnO BpeaeH - OH 3aMeJUIsIeT
KOaryJisiLuIo ocajaka okcuaa mapraiua). Conepkumoe KojObl ObICTPO TUTPYIOT
NepMaHraHaTOM Kajusi A0 MOsBJIEHUS YycToiunBod B TeueHue 50 cekyHA
po30BOl OKpacku pactBopa. (OOpa3oBaBLIMIICS OCaAOK OKCHIA Mapraua
coOupaeTcss Ha JHE KOJObI B BHUJE TEeMHO-Oypbix xiyonbkeB. [lpu xoporueit
KOaryJsiiud  OH  MPaKkTUYECKU HE  MEMIAeT  ONPEACIICHUIO  TOYKHU
HKBUBAJIEHTHOCTH.
Oco6oe BHUMaHUE cieyeT oOpaTUTh Ha KOAryJsiuio ocajaka. B xozne

TUTPOBAHUSA MOXET 00pa30BaThCS KOJUJIOWIHBIM pacTBOp (KENThIM, OYyphIH,
KpacHO-OyphIil), KOTOpBIA pa3pymiaercs TMpPU CHIBHOM HarpeBaHUU U
WHTEHCUBHOM TiepeMemrBaHuu. [loaToMy B Xoae TUTpoBaHUS MpoOy TpHU
HE0OXOIMMOCTH TOJIOIPEBAIOT.

[Ipu TUTpOBaHMU TEPBOUM MPOOBI OMPEACIAIOT OPUEHTUPOBOUYHBIM 00BEM
MepMaHraHata Kajus, TOmEeAmNUA Ha TuTpoBaHue. Ilpu TUTpoOBaHUU
MOCEAYIOMKUX Npo0 TepMaHraHaT Kajus, OBICTPO MJO00aBISIOT K IOYTH
KHUIISIIEMY pacTBopy, HO Ha 0,5 My MeHbIIe o0beMa, MOIYYEHHOTO TIpH
TUTPOBAHUU TIEPBOU MPOOBI. [[OTUTPOBBIBaHNE TTIEPMAHTAHATOM KaJIUsl MPOBOAST
0 KaruIsiM.

Maccy mapranna (II) B amamusupyemMom pacTBope (I) BBIYHCISIOT IO

dhopmyiie:

c(1/3KMn0O,) -V (KMnO,)
1000

m(Mn) = -M(1/2Mn0,) %

n

HeobOxomuMo 0o0paTuTh BHHMaHHE Ha TO, YTO CTaHAApTHU3AIUS pacTBopa
MepMaHranatra Kajius mnpoBoamwiack B kuciod cpene (fi, KMnO4, = 1/5), a
OTpeNIeNICHHE COJIepKaHus Maprasia - B HedTpanpHOU (f,; KMnO4 = 1/3). B
CBSI3U C DTUM

c(1/3 KMnO,) =3/5 c(1/5 KMnO,).

PabGora 7.3.6. Onpenejaenue OKUCJIAEMOCTH BOIBI

Cymuoctb pabotel. ITog OKHCISIEMOCTBIO BOJBI ITOHUMAKOT CIIOCOOHOCTH
BEIIIECTB, COJEPXKAIIUXCS B BOJIE, pearupoBaTh ¢ OokuciauTensamu. KoimdecTBo
KHCJIOpO/a, TpeOyemMoe Ha  OKHCJICHHE  OpPraHMYeCKUX  BEIIECTB U
BOCCTaHOBUTEJIEN (Fez+, NO;, H,S u np.), naer Benuuuny XIIK - xumudeckoro
noTpeOIeHHs] KUCIIOPO/Ia.

XIIK BbIpaxaroT KOJMYECTBOM MWUIMTPAMMOB KHCJIOPOJia, KOTOpPOE
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HEOOXOAMMO ISl OKHCIICHHSI BEIIECTB, COJEpKAIIMXCs B 1 J1 HccaeyeMon BOIBI
(mr O/m).

Metonuka onpenenenusi XIIK 3aBUCHT OT KOHIIEHTpPAIIUU XJIOPH] —HMOHOB
B Boje. Eciu conepxkanne Cl —uonoB menee 100 mr/n, XIIK ompenensior B
kucion cpene (meron Kyo6ens). [Ipu 3HaunTEIHHOM COAEPIKAHUU XJIOPHUI HOHOB
ucnoisb3ytot MeroA llyneia (okuciieHrue B EeI0YHOM cpene).

Boccranosnenne KMnO, B Kucioi cpeie NpoTeKaeT o ypaBHEHHUIO:

MnO4 + 8H' + 5¢ = Mn*" + 4H,0,
d B H.ICJIO‘IHOﬁ cpene 10 ypaBHeHI/IIO:
MnO47+ 2H20 +3e = MI'IOQ +40H .

N306bITOK BBEIEHHOTO CTAHIAPTHOTO pacTBOpa IMEpMaHTaHaTa Kaiaus B
000uX Cyyasix TUTPYIOT PACTBOPOM IIIABEJIEBOM KHCIIOTHI:

2MnO4 + 5H,C,0, + 6H' = 2Mn*" + 10CO, + 8H,0.
BBIHaBIJ_II/Iﬁ 0CaaAO0K OKCHIa MapraHua TAKXKEC HpI/I 9TOM BOCCTAHABIINBACTCA.
MnO, + H,C,0,4 + 2H" = Mn*" + 2CO, + 2H,0.

Bony, npennaznHauennyro s onpenenenus XIIK, mnpenBaputenbHO
GUIBTPYIOT uepe3 OyMakHbIM (DUIIBTP, MPOMBITHIN FOpsUYe TUCTUIUTUPOBAHHOM
BOJIOM.

1. Kauecmeennoe obnapysicenue u npubaudicennoe onpeoeieHue
KOHYEeHmMpayuu XJ10puo-uoHos.
K 5 mn uccnenyemoil Boabsl mpuOaBIsAIOT TpU KaIlld pacTBOpa HUTpaTa
cepeOpa U Mo 00pa30BaBIIEMYCs OCAAKYy WU MYTH OPUEHTUPOBOYHO CYIST O
KOJIMYECTBE XJIOPUA-UOHA, COAEPHKALIETOCS B UCCIEYEMOM BOJIE.

Xapakrep ocajJika CopeprxaHue XJIOpUJI-UOHOB,
MI/T
OmnanecueHnus, ciadas MyTh ot 1 1010
CuiibHast MyTh ot 10 no 50
XJombst 00pa3yroTcs, HO HE ot 50 no 100
cpa3y oceaaroT
benbiil 00BeMHBIN 0caoK 6onee 100

Ecnu conepkanue XJI0puA MOHOB MO NPUOIMKEHHOMY ONPEIEICHUIO HE
npesbimaet 100 mr/m, st KOTUYECTBEHHOTO ompeaesieHus cieayeT opars 100
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mi Bogsl. Eciu coneprkanue xnopua-uoHoB 6osiee 100 Mr/m, To cienyer 6paTh
50 MJ1 BOZIBI M MEHEE.

2. Onpeoenenue XIIK no memoody Kybens.

Peaxmuewvl, nocyoa:

[lepmanranar kamu KMnO, - 0,01M (1/5 KMnO,4) pacTtBOp
(crangaptu3zanus pactBopa m.7.1.).
[MlaBeneBass kucmora H,C,O, - 0,0Im (1/2 H,C,0O4) pacTBOp

(crangapTu3anus pacteopa m.2.2.).
Cepnas kucnora H;SO4 - 4M pactsop.
Kon6a konnueckas BMmectTuMocTbio 250-300 mut.
Hunuuap mepHsbiii BMecTUMOCTBEO 100 M.
[Tunerka BMecTUMOCTBIO 10 MiI.
BbropeTka BMECTUMOCTBIO 25 M.
BopoHnka.
CrexyisHHbIE OYCUHKH.

BrimonHnenue paboTsl

B xonunyeckyro koi0y BMecTUMOCTHIO 250-300 MJI OTMEpPHBAIOT MTUIIETKOM
100 mn uccnenyemoit Boawl, mpudasisitoT 10 mi pactBopa HSO4 1 3 OropeTku
- 15 mn cranmapTHOro pacTBOopa MepMaHraHata Kaius. J{OJDKHa MOSBUTHCS
MHTEHCUBHAsA po3oBas okpacka. Konly 3akpbIBalOT MaJe€HbKOH BOPOHKOM,
BBOJIAT HECKOJBKO CTEKJISIHHBIX OYCHMHOK, HAarpeBalOT JO KUIICHUS] U KUISTAT B
teyeHue 10 MuHyT, HAOIIO/ast 32 OKPACKOMW: €CIM OKpacKa MKUIAKOCTH BO BpeMs
KUIIEHUSI CHJIBHO ciabeeT, TO MNpHUOABIAIOT €lle HECKOIbKO MULIMIUTPOB
pacTBopa MepMaHraHaTa Kajiausi ¥ CHOBa KUIATAT. Heo0xoqumMo 100UThCS TaKOTO
MOJIOKEHUSI, YTOOBI MPHU KUIIAYEHUU COXPAHsIach pO30Basi OKpacka pacTBOpa.
OUKCUPYIOT CyMMapHO€ KOJUYECTBO MPUOABICHHOIO IepMaHraHaTa Kajus
(V).

3aTeM pacTBOp CHUMAIOT C IUIUTKH U K ropsyedl >KUJIKOCTH OCTOPOXKHO
MpUOaBIAOT MUMNETKOW 10 MJI CTaHAAPTHOTO PAcTBOpA IIABEJIEBOM KHUCIIOTHI;
NepeMeNnnBaloT 10 TeX IMop, MOoKa pacTBop He obecueTutcs. WM30bITOK
puOaBJIIEHHON LIABEJIEBON KUCIOTHI B TOPSIYEM PACTBOPE OTTUTPOBBIBAIOT TEM
e pacTBOpPOM nepManranata kaiaus (V,).

Pacuer XIIK npoBoasT o ¢opmyire:

XIIK =[C(1/5KMnO,)-(V, -V,)-C(1/ 2H,C,0,)-V(H,C,0,)]-10° MAd720)

6000l

Paoora 7.3.7. OnpenejgeHue MMHKA B IMHKOBOM MOPOIIKE
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CymHocts pabotel. OrmnpeeneHne OCHOBAHO Ha  B3aUMOJACHCTBUU
MEJIKOJIUCTIEPCHOTO TOPOIIKA IIUHKA ¢ KUCIBIM PACTBOPOM KEJI€30aMMOHHUIHBIX
KBAacCI[OB:

2Fe* + Zn = 2Fe* + Zn**
Nownwl xenesa (II) TuTpyror 3atem cTaHIAPTHBIM PACTBOPOM IMEpMaHTaHaTa
KaJIus.

Peaxmuewl, nocyoa:

[lepmanranar kamus KMnO, - 0,1M (1/5 KMnO,) pactBOp
(crannmapTu3zanus pactsopa cm.im.7.1.).
CenexkTUBHBIA ~ PacTBOPUTENIL  METAJUIMYECKOTO nuaka  (400r

KEJIe30aMMOHHUIHBIX KBACI[OB PAacTBOPSIOT B Boje, npubasisior 150r anerara
HATpUsl, MOCJIE PaCTBOPEHUS pa3z0aBIsAIOT BOAOK 110 1 1 1 PuiIbTpyIoT).
Cepnas xucnorta H,SO, - paz6aBnennsiit pactsop (1:20).
®docdopnas kucinora H;PO,4 - koHIIEHTpUpOBaHHAS.
Konba mepnas Bmectumoctbio 100 mit.
Konba mepnas BmectumMocTbio 250 mit.
BbropeTka BMECTUMOCTBIO 25 M.
[MuneTka BMECTUMOCTBIO 25 ML
Konba xonnueckas BMectuMocThio 250 u 500 mut.
Hunuuap mepHsblii BMecTUMOCTBEO 100 M.
MexaHu4eckuil poraTop.

BeimonHeHnne paboTsl

MeTo/10M OTCHITTAaHUS B3BEIIMBAIOT TOYHYIO HABECKY ITMHKOBOTO IOPOIIIKA
(0,50+£0,05 r) B KOHMYECKYIO KOJOy BMECTHUMOCTBHIO 250 M, MpUOaBISIOT
MEPHBIM IIMIMHAPOM 50 MIT CEIEKTUBHOTO PaCcTBOPHUTEIIS, 3aKPHIBAIOT MPOOKOM
U TIOMCINAIOT B MEXaHWYECKWH porartop. HemnmpepslBHO BCTPSIXHUBAIOT
coJiep)kuMoe Konobl B TeueHue 40 MUHYT, MOCIE Yero, 0OMbIBasi CTEHKH KOJIOBI,
OPUIUBAIOT eme 35 MJI  CeJeKTHBHOTO pACTBOPUTENS W  TPOJOIDKAIOT
nepememuBaTh eme 20 MUHYT. 3aTe€M pacTBOP KOJHMYECTBEHHO TEPEHOCST B
MEPHYIO KOJIOY BMECTUMOCTBIO 250 MJT ¥ IOBOJAT O METKU BOJIOM.

Jlns TUTpoBaHUS OTOMPAIOT MHUIIETKOW 25 MJI TMOJYy4eHHOTO pPacTBOpa B
KOHMYeCcKyo KosulOy BmectuMocThio 500 wmu, mpuiuBaroT 250 M cepHOM
kuciotel  (1:20), 5 wmin  dochopHOl KHUCIOTBI W THUTPYIOT PacTBOPOM
nepMaHraHata Kaimus 10 OriexHo-po3oBoit okpacku (V). OmHOBpeMEHHO
MIPOBOJSAT KOHTPOJIBHBIA OIBIT C TEMH JK€ pPEaKTHBAMH, 3a HMCKIIOYCHHEM
IIMHKOBOTO TIopotika (V).

Maccosyto nomo (%) UHKa pacCYUTHIBAIOT 1O (hopMyJIe:

c(l/5KMnO,)-(V, =V))
1000

100

v
@ (%) = -M(%Zn)-V—"

n
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rac m-mMacCa HaBECKH IMHKOBOTO IMOPOIIKaA.

Pao6ora 7.3.8. Onpenejsenue MypaBbHHON KHCJIOThI

CymHocts pabotel. [IpoBOAAT OKHCIEHHME MYpPaBbUHON KHUCIOTHI B
HEWUTPaAJIBHOM Cpe/ie IEPMAHTaHATOM KAJIUS IO pEaKLUU:

2 HCOOH + Na,COs3; =2 HCOONa + CO; + H,O
3 HCOONa + 2 KMnO4 + H,O =3 CO;, + 2 MnO, + 3 NaOH + 2 KOH.

N306pITOK TepMaHTaHaTa KaJidsl OMPENCISIOT IMyTeM B3aUMOACHCTBUS C
pacTBOpoM cosii Mopa 1o ypaBHEHHIO:

2 KMI’IO4 +10 (NH4)2FC(SO4)2 + 8HQSO4 =
=2 MI’ISO4 + KQSO4 + 5FCQ(SO4)3 +10 (NH4)2SO4 + 8 HQO

Peaxmuewl, nocyoa:

[Tepmanranar kamust KMnOy — 0,1 H. pactBop (fis. =1/5) (cTangapTuzanus
pactBopa — 1. 7.1.).

Conp Mopa (NH4),Fe(SO,), -6H,O — pactBop ¢ maccoBoit noneit 5% (25 r
CONMM pacTBOPUTH B HEOONBIIOM KOJHYECTBE JAUCTHIUIMPOBAHHOW BOJBI,
n06aBuTh 50 MJI KOHIIEHTPUPOBAHHOW CEPHOM KHCIOTHI U JOBECTH 0 METKH B
MepHOi kojioe BMecTUMOCThI0 500 mut).

KapGonar natpus (kampuuHupoBaHHas coaa) Na,CO; — pacTBOp ¢
MaccoBoi oneit 5%.

BbropeTka BMECTUMOCTBIO 25 M.

Konba xonnueckass BMecTUMOCThIO 250-300 mit.

brokc.

HunuHap MepHbI BMECTUMOCTBEO 10 ML

Brimonnenue paboTsl

Ha ananutmyeckux Becax B3BEIIMBAIOT B OIOKCE HABECKY MYpPaBbUHOMN
kucioTel Maccoi 0,05+0,002 r u nepeHocsT €€ B KOHMUECKYHo Koaoy ¢ 15-20 miu
JUCTWILTUPOBAHHOM BOJbI. B konOy mo0apisitor 2-3 mul (MEpHBIM LUJIUHAPOM)
pactBopa Na,CO; nisa HeWTpanuzanuyu KUCJIOTHI, a U3 OIpeTKu To4yHO 50 M
KMnO,. PactBop B K0j10€ HarpeBaroT Ha KUISLIEH BOAsSHOW OaHe B TeueHUe 5
MUHYT; OBICTPO OXJAXAAIOT MOJ CTPYEH XOJNOAHOW BOJIbI, MOOABIAIOT U3
otopetku 40 mu pactBopa conu Mopa. PactBop mpuobperaer CBETIO-KENTYIO
OKpPACKy, MOCJIE Yero €ro TUTPYIOT pacTBOPOM MEepMaHraHarta Kajius 110 ciabo-
PO30BOr0 OKpalMBaHus. TUTpOBaHUE MIPOBOJAT HE MEHEE TPEX pas.

[lapamienbHO TPOBOIAT KOHTPOJIBHBIM ONBIT, HO BMECTO MYPaBbHUHOMU
KUCIOTHI 6epyT 20 MJI TUCTUIIIUPOBAHHON BOJIBI.

Maccosyto 1010 (%) MypaBbUHON KHCJIOTHI paCCUUTHIBAIOT 10 hopMmyIie:

93



c(l/5KMnO4)- (Vi = V) 14 /0mcoom) -1
1000 m

o(%) =

rae Vi — 00bEM CTaHIapTHOTO pacTBOpA MEpMaHraHaTa Kajusi, IOIIEIIEero
Ha TUTPOBAHUE AHATU3ZHPYEMOH KHUCIOTHI;V, — 00bEM CTaHAAPTHOTO pacTBopa
MepMaHraHata Kajivs, MOIIEAUIEr0 Ha TUTPOBAHUE PACTBOpPA B KOHTPOJIHHOM
onbiTe;M(1/2HCOOH) - monsipHas mMacca 3KBUBaJI€HTa MYPaBbUHOW KHUCJIOTHI;
m - Macca HaBECKH MYPaBbUHOW KUCIIOTHI, B3ITOM HA aHAJIU3.

PabGora 7.3.9. Onpenejaenue riiunepuHa

CymHocTb paboThl. Onpesenenne riuiepruHa OCHOBAHO Ha PeaKLUu:

3 H8C303 + 14 MI'IO4_ + 14 H+ =9 C02 + 14 MI'IOz\L + 19 HQO

[lockonbKy peakuus OKHCICHUS TJIUIEpPUHA TMPOTEKAaeT MEIJIEHHO U
COMpPOBOXKJAETCs oOpazoBaHueM ocaaka MnQO,, 1ernecooOpa3HO HCIOJIb30BATh
METOJ1 0OPAaTHOTO TUTPOBAHUS.

K ananmsupyemomy pacTtBopy [I00aBISIOT M30BITOK CTaHAAPTHOTO
pacTBopa TmnepmaHranara kaiusg. PactBop HarpeBator. I[locne 3aBeprieHus
peakluyd OKHCIICHUS TIUIEpPUHA N00aBISIOT M30BITOK OKcanara HaTpusi, 4TO
OPUBOJUT K PACTBOPEHHUIO JIMOKCHJA MapraHia U  BOCCTaHOBJICHHIO
NepMaHraHaTa Kajuus, He BCTYIUBUIETO B PEAKIUIO C TIIUIEPUHOM:

MnOy + C,0,% + 4 H = Mn*" + 2 CO, + 2 H,0O
5 C,0,7 +2MnOy + 16 H =10 CO, + 2 Mn*" + 8 H,O

N306bITOK CTaHAAPTHOTO PAcTBOpA OKcajaTa HAaTPUs OTTUTPOBBIBAIOT TEM
K€ pacTBOPOM MEepMaHraHaTa Kajusl.

Peaxmuewl, nocyoa:

[Tepmanranar kamust KMnOy — 0,1 H. pactBop (fis. =1/5) (cTangapTuzanus
pactBopa — 1. 7.1.).

Okcamnat Hatpus Na,C,04 — 0,1 H. pactBop (fis. =1/2) (pacTBOp rOTOBUTCS
110 TOYHOH HABECKE).

Cepnas kucnora H;SO4 — pactBop ¢ MaccoBoit nonei 20%.

Konba mepnas Bmectumoctbio 100 mit.

Konba xonnueckas BMecTUMOCThIO 250-300 mit.

BbropeTka BMECTUMOCTBIO 25 M.

[TuneTka BMeCTUMOCTHIO 20 M.

HunuHap MEpHBIN BMECTUMOCTBEO 50 ML
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Brimonnenue paboTsl
PactBop rimiuepuHa B MepHOM KosOe BMecTUMOCThio 100 M 10BOIAT 110
METKH JUCTUJUTMPOBAHHOMN BOAOW M TIIATEIBHO MEpEMEIINBAIOT. B KOHUYECKYIO
KO0y I TUTPOBaHUSI MOMEIIAIOT NMUMETKoM 20 MJI MOJy4eHHOI'0 pacTBOpa
riviepuHa, 20 M CTaHAApTHOTO pacTBOpa MepMaHraHarta kKainusi (M3 OIOpeTKH)
u 30 ma (UMIMHAPOM) pacTBOpa CEPHOM KHUCIOTHI ¢ MaccoBoi noneit 20%.
Cmech nonorpeBatoT 10-15 MUHYT W BBINABIIMN OCaJ0K PacTBOPSIOT, J0OABUB
nuneTkor 20 MJI CTaHAAPTHOTO pacTBOpa okcaynarta Hatpud. [Ipu aTom pacTtBOp
o0eclIBeUnBaeTCs, TaK KaK BOCCTAHABIMBAETCA U MEepMaHraHat kanus. M30bITok
OKcajaTra HaTpusi OTTUTPOBBIBAIOT CTAHJAPTHBIM PACTBOPOM IE€pMaHraHaTa
KaJIus.
Maccy raurepuHa pacCUMThIBAIOT 10 hopMyIie:

- c(1/5KMnO,)-V(KMnO,)-c(1/2Na,C,0,)-V(Na,C,0,)
- 1000

1 V.
M HCL00) 5

n

raie V(KMnO,) = (V1+V,) — cymMapHbIii 00bEM pacTBOpa MepMaHraHaTa
KaJus, CKIaabIBatonuiicss u3 V; — o0béMa, 100aBIEHHOTO Ha TIEPBOM JTare K
pacTBOpy TIHUIEpUHa, UV, — 00bEMa, 3aTpaueHHOT0 Ha TUTPOBaHHE OKcajara
HATpPHSL.

8. IMXPOMATOMETPUA

8.1. IIpuroroByieHre U CTAHAAPTU3ALUS PACTBOPA IMXPOMATA KAJIHUS

PactBop aumxpomara Kajaus TOTOBAT IO TOYHOW HAaBECKE XHUMHYCCKHU
YUCTOTO  Mpemnapara. PacCUMTHIBAIOT  KOJMYECTBO  JMXpoMaTra  Kajwus,
Heooxoaumoe s npurorosienust 100 mia 0,1 1. K,CrO7 (£ = 1/6). HaBecky
B3BCIIMBAIOT HA AaHAJIWTUYECKUX BeCaXx M KOJMYECTBEHHO IMEPEHOCAT U3
CTaKaHYMKa Yepe3 BOPOHKY B MeEpHYIO Kojiby Bmectumocthio 100 wmu,
pPacTBOPSIIOT B HEOONBIIOM KOJUYECTBE BOJIBI, TOBOAT 10 METKH M TIIATEIHHO
MePEeMEeITBAIOT.

Monspayto kouuentpanuo 1/6 K,Cr,O; paccuuthiBarot 1o hopmyiie:

m(K,Cr,0,)-1000

¢(1/6K,Cr,0,) = :
M(1/6K,Cr,0,) -V,

rae m( K,Cr,0O7) — macca quxpomara kanus; M(1/6 K,Cr,O7) — monsipHas
Macca SKBUBAJICHTA IUXpoMaTa Kajusl.
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8.2. [IpakTHyeckue padoThI

Pao6ora 8.2.1. OnpenejseHue OKMCJIAEMOCTH BOIbI

Cy1HoCTb Da6OTBI. OHpCIICJICHI/IC OCHOBAHO Ha OKHCJICHHUHU OPraHUYCCKUX
BCIICCTB, COACPKAIMUXCA B BOAC, CCpHO-XpOMOBOﬁ CMCCBIO:

2K2CI'207 + 8HQSO4 +3C= 2KQSO4 + 2CI'2(SO4)3 + 3C02 + 8H20

JIJIsT HOCTHYKEHUS TTOTHOTHI OKUCIICHHUS BBOJIUTCS KaTaym3aTop Ag,SO4 nmu
Hg,SO4. Kpome KaTamuTH4ecKOoro MACHCTBUS, OTH COCIMHCHHS CBS3BIBAIOT
XJIOPU/I-MOHBI, UMCIOIIIHECS B BOJIE, B MAJIOPACTBOPUMBIC COSTUHEHUS: XJIOPHIBI
cepebpa u prytu (I), 4ro TpemoTBpaliaeT MOOOYHYIO PEAKIUI0 OKUCICHUS
XJIOPU/I-NOHA.

N30BITOK CEPHO-XPOMOBOW CMECH OTTHUTPOBBIBAIOT PAacTBOPOM coiii Mopa
¢ nMQCHMIAMUHOM B KauecTBe MHAMKaTopa. Jlis cBA3bBaHHS MOHOB Fe’ B
OECIBETHBIN KOMIUIEKC T00aBISAIOT GOChHOPHYIO KUCIIOTY.

Peaxmuevl, nocyoa:

CepHo-xpomoBasi cMech (pacTBOpsoT 20 T' KPUCTALTUYECKOTO JuXpomaTa
kamus B 1 1 cepHoii kucnoThl (1:1) 1 KUMATAT B TeUEHUE S5 MUHYT).

Cons Mopa (NHy4),Fe(S04),-:6H,0 — 0,2M pactBop.

Hudenmnamun  (CgHs),NH — pactBop ¢ wmaccoBoit ponerr 0,5% B
KOHIEHTPUPOBAHHOM CEpPHOMN KUCTIOTE.

®docdopnas kucnora H;PO4 — xont. (d=1,8 r/mn).

Cynbdat prytu (I) Hg,SO4 — k.

docdopnas yamika BMecTUMOCTBI0 200 M.

Konba xonnueckas BMecTuMOCThi0 500 M.

Brimonnenue paboTsl

B dapdopoByro wyamky mnomemairor 100 My aHanmU3UpyeMoOW BOJBI
(UMIMHIPOM) W BBIAPUBAIOT JO0CyXa Ha BoJgHOM OaHe. K cyxomy ocrtaTky
NpUIKMBalOT U3 OropeTku 10 MJI pacTBOpa CEpHO-XpPOMOBOW CMECU U JOOABIISIOT
100 mr Hg,SO4. OcTopokHO mepeMeliaB, MEPEHOCSIT COIACPKUMOE YallKh B
KOHHUYECKyI0 Koi0y BMecTUMOCThIO 500 Mil, CMBIBaIOT OCTaTOK B YalllKe
HEOOJIBIIUM KOJMYECTBOM JUCTUIUIMPOBAHHOW BOJAbl.. B Kkoi0y BCTaBIAIOT
BOPOHKY U KHUIIATAT COAEPKUMOE KOJIOBI B T€YEHUE 5 MUHYT, CUUTas C MOMEHTA
MOSIBJICHUS TEPBbIX IMy3bIpbKOB. OXJaXJal0T pacTBOp, yOUpalOT BOPOHKY,
OOMBIB €€ BOJIOH, U pa30aBIIAIOT BOAOK /10 ¥4 oObeMa konobl. [Ipubasistor 2 mi
bochopHON KUCHOTHL, 7 Kamnenb AU(PEHUIaMUHA U TUTPYIOT PACTBOPOM COJIH
Mopa no nepexona cuHe-(hUOIECTOBOM OKPACKU B TPA3HO-KENTYI0. OTACIbHBIM
OTBITOM YCTAHABJIMBAIOT COOTHOILIEHHE MEXAY CEPHO-XPOMOBOW CMECBIO H
conbto Mopa. s storo 10 mMia cepHO-XpOMOBOW CMECH MOMENIAIOT B
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KOHUYECKYI0 KOOy BMeCTUMOCTbIO 500 M1, pa30aBisiOT BOJOW U TUTPYIOT Tak
e, KaK yKa3aHo BbIIIIE.

Oba omnblTa NPOBOJAT JABA-TPU pa3a M OepyT cpeAHee 3HAauCHHE U3
MOJIYYEHHBIX PE3YJIbTATOB.

OKHCIIIeMOCTh BOJIBI PACCUUTHIBAIOT IO PopMyIie:

X=[(V; = Vo) G(NH,), Fe(S0,), ] -+ M(1120),

BO/JIbI

rae V, — o6bem pactBopa coiu Mopa, 3aTpadeHHbI Ha TuTpoBanue 10 mu
CEpHO-XpOMOBOM cmecu, MJI; V, — o00BeM pacTtBopa coiau Mopa,
u3pacxodoBaHHbII Ha TUTpoBaHue mpoosl Boabl, C((NHy),Fe(SO4),) —
KOHIICHTpalMs pacTtBopa coiu Mopa, MOnb/I; Vo — 00bEM ucciemyemoit
BOJbI, B3ATOM Ha aHamm3, Mia; M(1/20) — momspHas macca 3KBHBaJICHTa
KHCJIOpOJIa.

Paoora 8.2.2. OnpenejieHne riyipoOXuHOHA

Cy1HoCTD Da6OTBI. OHpCIICJICHI/IC T'MAPOXMHOHA OCHOBAHO Ha PCAKIINHU:

3 C¢H4(OH), + Cr,07* =3 C(H40,+ 2 Cr*" + 7 H,0

['MAPOXMHOH TUTPYIOT CTaHAAPTHBIM PACTBOPOM JAUXpOMAaTa Kaiaus B
MPUCYTCTBUU AU(EHUTIAMUHA.

Peaxmuewvl, nocyoa:

Huxpomar kanmusa K,Cr,O; — 0,1 H. pactBop (fye = 1/6). CrangapTHbIit
pacTBOp JMXpoMara Kajus TOTOBUTCA MO ToyHOW HaBecke. (CranmapTuszainus
pactBopa 1. 8.1.).

Cepnas kucnora H;SO,4 — pactBop ¢ MaccoBoit gonei 20 %.

Hudenmnamun (CgHs),NH — pactBop ¢ maccoBoii noneit 0,1 %.

Konba mepnas Bmectumoctbio 100 mit.

Konba mepnas BmectumocTbio 250 mit.

[MuneTka BMECTUMOCTBIO 25 ML

Konba xonnueckass BMecTUMOCThIO 250-300 mit.

Brimonnenue paboTsl
HaBecky runpoxumHona maccoir ~ 0,1 r B3BEIIMBAaIOT HAa aHATUTHYECKHX
BECax M KOJUYECTBEHHO MEPEHOCST M3 BECOBOI0 CTAaKaHYMKA B MEPHYIO KOJIOY
BMectumocThio 100 mi1, nobasisior 70-80 mur Boawl, HarpearoT a0 40-60°C B
TeyeHue 5-8§ MUHYT [0 TOJIHOTO pPAacTBOpPEHHUsI HaBecku. PacTBop B Koiibe
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OXJIAKJAIOT 1O KOMHATHOW TeMIlepaTyphl, pa30aBisiiOT BOAOW 1O METKH H
THIATEJIbHO TIEPEMEIIUBALOT.

[Munetkoit orOuparoT 25 MIJI aHAIM3UPYEMOIO PAacTBOpa THIPOXHMHOHA B
KOHUYECKYI0 KOJIOY NIl TUTpOBaHMs, mpuOaBisaoT 15-20 mMi pacTBopa cepHOi
KHCJIOTHI ¢ MaccoBoi noneit 20% u 3 kamu pactBopa nudenunamuna. Konby
HarpeBaloT B TeueHue 8-10 muuyT mpu temmeparype 40-60°C u TUTpYROT
CTaHJApTHBIM PaCTBOPOM JUXpOMAaTa Kajusl.

B navane TUTpOBaHUS pPacTBOpP HMEET KEITYI0 OKpacKy, a K KOHILY
TUTPOBAHUS - BOJM3UM TOYKM HKBUBAJIEHTHOCTH — THUTPYEMbIH pPacTBOP
CTaHOBHTCSI TPA3HO-3€JICHBIM, BCIIEJCTBUE HAUYMs B pACTBOPE CMECU XMHOHA U
coueit xpoma (III).

MaccoByto n0mt0 (%) ruaApOXHMHOHA B aHAJTU3UPYEMOM PAcTBOPE HAXOJAT
o ¢hopmyre:

1
M(1/2C,H,(OH),) - 2= 12
V. m

n

c(1/6K,Cr,0,)-V(K,Cr,0,)
1000

(%) =

rJie m — Macca HaBecku aHanuzupyemoro BemiectBa; M(1/2 C¢Hy(OH),) -
MOJISIpHAsi Macca YKBUBAJICHTA THAPOXUHOHA.

OrnpeJieseHue CIIUPTOB

HonomMeTpudeckoe OIpEAcIICHHE COJEpKaHUs CIHUPTOB OCHOBAaHO Ha
peakiusax OkucieHusa. KonndecTBEHHOE ONpeNeICHUE CIUPTOB BO3MOYKHO
TOJIBKO TIpH OTCYTCTBUM B aAHAJIM3UPYEMOM pPacTBOpPE IOCTOPOHHHUX
BOCCTaHOBUTEJIEH. TOJIBKO MOCIE UX yIAJICHUS MOXKHO ONPEIENIATh CONEpKAHUE
cnupra. Yame Bcero B Ka4eCTBE OKUCIHTENSA HCIIONB3YIOT PACTBOP AUXpomara
kasmst K,Cr,O7, pexe - mepMaHranar Kaiausl.

OTUJIOBBIN COUPT OKHUCHSETCA 10 YKCYCHOM KHCJIOTBI, METUJIOBBIM — 10
MYpPaBBUHOI'O albJETH/IA WIM OO MYpPaBbUHON KHCIIOThl. BTOpHYHBIE CIUPTHI,
HaIrpuMep U30MPOIUIIOBBIN CIUPT, MEPEXOAAT B KETOHBI.

W3 MHOTrOaroOMHBIX CHOUPTOB TJIMLEPUH KOJIMYECTBEHHO OIPEAEIAETCS
OKHCJIEHHEM JUXPOMATOM Kalausl J0 IIOJIHOTO CrOpaHds OpPraHUYECKOIro
BEIIECTBA, T.€. JO JUOKCUA YIIIepoJa. DTUICHIIIUKOIb OKACISAIOT IEPUOJATOM
HaTpusi 10 MYPaBbUHOIO albJECTHAA WM AUXPOMATOM Kalvsg 10 IHOKCUAA
yrnepona. Bce 3Tu  cmocoObl  KOJIMYECTBEHHOI'O OIpPENETIEHHsS] CIHUPTOB
OTHOCSITCSL K METOJLy OOpaTHOTO TUTPOBAHUSI.

PabGora 8.2.3. Onpenesenue n30nponujaoBoro CnupTa

CVH_IHOCTB Da6OTBI. OHpCIICJICHI/IC OCHOBAHO Ha pPCAKIIUHU OKHUCICHUA
BTOPHUYHBIX CIIMPTOB JO KCTOHOB (B HYaCTHOCTHU H?;OHpOHPIJIOBBIﬁ CIIUpPT
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OKHUCJIIACTCA OO0 aI_IeTOHa). B kadecTBe OKMCIUTEIS HUCIIOJIB3YIOT pPaCTBOP
AUXpoMarta Kajiusd B KHUCJION cpeac:

C\H3 2- + Q_I?’
3 /CHOH + CpO7 + 8H = 3 /c =0 +2Cr’'+ 7H,0
CH; CH;

[TockonbKy peakiusi OKHCJIEHHUS H3O0MPONUIOBOTO CHUPTA MPOTEKAET
MEJJIEHHO, HMCIOJB3YIOT METOJ oOpaTtHoro tutpoBaHus. K aHanmmszupyemomy
pacTBOpy 100aBISIOT M30BITOK AuXpoMara kanusi. PactBop Harpesarot. Ilocrne
3aBEpIICHUsI  PEeaKUWyh  OKHUCJICHHMsS  M3OMPONWIOBOTO  CHUpPTAa  PacTBOP
OXJIAKJAI0T, U30BITOK IMXpOMATa Kajiis OTTUTPOBBIBAIOT MOJIOMETPUUECKHU:

Cr,O " +6I+14H =2Cr"+3 1L +7H,0
L +2S,07=2T+S,06.

Peaxmuevl, nocyoa:

Tuocynwsdar Hatpus Na,S,05; — 0,1 M pacTBop (cTaHIapTU3aIMs pacTBOpa
—1m. 6.2.).

Huxpomar kamusi K,Cr,O; —1 H. pactBop (fis. = 1/6). CramgapTHblit
pacTBOp AMXpoMara Kajus TOTOBUTCA MO ToyHOM HaBecke. (Cranmaprusainus
pactBopa 1. 8.1.).

Nonun xanusa KI - pactBop ¢ maccoBoii nonei 10%.

Cepnas kucnora H;SO4 — pactBop ¢ MaccoBoit nonei 45 %.

Kpaxman — pactBop ¢ MmaccoBoit gonei 0,5%.

Konba mepnas Bmectumoctbio 100 mit.

[MuneTka BMECTUMOCTBIO 15 MuL.

Bbropetka BMECTUMOCTBIO 25 M.

Konba xonnueckass BMecTUMOCThIO 250-300 mit.

[unuHap MEPHBIM BMECTUMOCTBIO 25 ML

Brinonnenue paboTsl

Hagecky cnimpta maccoit 0,2 - 0,3 T B3BEIIMBAIOT HA aHAIMTUYECKUX Becax
B MepHOU koyibe BMecTuMOcThiO 100 My, Kyna NpeABapUTENbHO HAJIUBAIOT
MEPHBIM IWIMHAPOM 20 MJI pacTBOpa CEPHOM KHCIIOTHI ¢ MaccoBOM fnoneit 45%.
3arem MemsieHHO B TeueHue 10 MUHYT U3 OIOpETKH MPUIUBAIOT B KOJIOY 20 M
1 1. pactBopa K,Cr,0O7 (fixs. = 1/6), mocTeneHHo nepemeninBasi cMech. PacTBop
BbIIepKUBalOT 30 MUHYT U JOBOJAAT BOJOM N0 MeTKU. [TuneTtkoit or6uparot 15
MJI TIOJTyY€HHOTO PAacTBOpa, MEPEHOCAT B KOHUYECKYIO KOOy, coaepkauryo 20
MJI BOJbI, IPUIIMBAIOT 15 M pacTBopa moauaa kanus ¢ MmaccoBou goneit 10 %.
Konby 3akpeiBatoT npobkodt u garot ctosth 10 MuHyT. BhiaenuBiuiics nuon
ortutpoBbiBaloT 0,1 M pacTBopoMm THOCYNb(]aTa HaTpus. B koHIle TUTpOBaHMUS,
KOTI'/Ia pacTBOP OKPACUTCS B Ca00-KENTHIN 1BET, 100aBIAIOT 1-2 M1 Kpaxmasa ¢
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MaccoBoil goneit 0,5% W mpoAoJKarT TUTPOBATh 10 HCUYE3HOBEHMS CHHEN
okpacku. MaccoByto 1010 (%) cnupra pacCUMTHIBAIOT IO (hopMyJIe:

o - [COL6K.Cri0) V(K,Cri0,) ¥,  e(Na,§,0,) V(Na,S§,00)
° 1000 v 1000
%
M a/2c,m,0) 20 D
m V

n

PabGora 8.2.4. Onpenejaenue riiunepuHa

CyIHoCTb Da6OTBI. OHpCIICJICHI/IC rmmoepruHa OCHOBAHO Ha OKHUCJICHHUH
rmmnoepuHa AINXpoMaToOM KaJIusd B KHUCJION cpeac.

3 C3H5(OH)3 + 7 KQCI'207 +28 HQSO4 =9 C02 +7 KQSO4 +7 CI'Q(SO4)3 +
40 H,O

K anammsupyemomy pacTBOpy TJIMIIEpUHA  JIOOABISIOT  HU30BITOK
craugaptHoro pactBopa K,Cr,O;. M3owsiTok  K,Cr,O;  OTTUTPOBBIBAIOT
HMOJOMETPUUECKUM METOJIOM.

Cr,O " +6I+14H =2Cr"+3 1L +7H,0
L +2S,07=2T+S,06.

Peaxmuewvl, nocyoa:

Tuocynedar wHatpuss Na,S,0; — 0,02 M pactBop (cTanmaptuzaius
pactBopa — 1. 6.2.).

Huxpomar kanmusa K,Cr,O; — 0,2 H. pactBop (fye = 1/6). CrangapTHblit
pacTBOp JMXpoMara Kajus TOTOBUTCA MO ToyHOM HaBecke. (Cranmapruszanus
pactBopa 1. 8.1.).

Nonun xkamusa KI - pactBop ¢ maccoBoit nomnei 10%.

Cepnas kucnora H;SO,4 — pactBop ¢ MaccoBoit gonei 20 %.

Kpaxman — pactBop ¢ MmaccoBoit nonei 0,5%.

Konba mepnas Bmectumoctbio 100 mit.

Konba mepnas BmectumocTbio 250 mit.

[MuneTka BMECTUMOCTBIO 15 MuL.

[TuneTka BMeCTUMOCTHIO 20 M.

bropeTka BMECTUMOCTBIO 25 M.

Konba xonnueckas BMecTUMOCThI0 250-300 mit.

[HunuHap MEPHBIN BMECTUMOCTBIO 25 MIL

Brimonnenue paboTsl
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AHanu3upyeMblil pacTBOp IUIMIIEpUMHA pa30aBIsiOT BOJOH 1O METKH B
MepHoit konoe Ha 100 mu. AnukBoTy 20 MJI MOTYYEHHOTO PacTBOpPa MUIETKON
NEepPeHoCAT B MEpHYI Koyi0y BMecTUMOCTbio 250 wmui, mpubasistor 30 M
(munetkort BMectuMocThio 15 Mt ) 0,2 H. K;,CrO7 (£, = 1/6) u 50 M cepHoit
KHCJIOTHI ¢ MaccoBoil noseit 20% . Cmech HarpeBarOT Ha BOJSHON OaHe 2 Jaca.
[Tocne oxnaxaeHus: JOBOJAT 10 METKU JTUCTUINIMPOBAHHON BOJ0M. B K00y muist
TUTpOoBaHUs nepeHocAT 20 M (MUMETKOM) MOTy4eHHOr0 pacTBOpa, 100aBISIOT
MEpHBIM IUIMHApPOM 10 MI1 pacTBopa moauaa Kaiausi ¢ MaccoBor goner 10% u
15 mn pacTBOpa cepHOWM KHCIOTHI ¢ MaccoBod pgoneit 20%. Uepe3d 5 MuHyT
OTTUTPOBBIBAIOT BBIJEIMBIIUICS O THOCYIb(PATOM HATPUSI.

Maccy raurepuHa pacCUMThIBAIOT 10 hopMyIie:

c(1/6K,Cr,0,)-V(K,Cr,0,) 20 c¢(Na,S,0;5)-V(Na,S,0;)
m = . — .
1000 250 1000

V

n

M(1/14C,H(OH),)-

PabGora 8.2.5. OnpeneseHue YTHICHIJIUKOJISI

CyI1HoCTh Da6OTBI. OHpeIIeJICHI/Ie OCHOBAHO Ha pPCAKIIUHU OKHUCICHUA
OTUJICHIJIMKOJIA JUXPOMATOM KaJIUA B KHUCJION cpeac:

3CH20H-CH20H + 5K2CI'207 + 20stO4 = 5K2804 + 5CI'2(SO4)3 +
29H,0 + 6CO, *.

* - B 3aBHCMMOCTH OT KHMCJIOTHOCTH Cpcabl (1)aKTOp SKBHUBAJICHTHOCTHU
OTHICHITIMKOJISA MCHACTCA.

I/I36BITOK III/IXpOMaTa KaJIusi OHpeIIeJISIIOT I/IOIIOMeTpI/I‘IeCKI/I
Cr,0-> + 61"+ 14H" = 31, + 2Cr*" + 7H,0
I, + 2S,05% = 2" + S,0¢%.

Peaxmuewl, nocyoa:

Tuocynwsdar natpus Na,S,0; — 0,1 M pactBop (cTaHmapTuzaius pacTBopa
—1m. 6.2.).

Huxpomar kamusi K,Cr,O; — 0,2 H. pactBop (fis, = 1/6). CrangapTHblit
pacTBOp AMXpoMara Kajus TOTOBUTCA MO ToyHOM HaBecke. (Cranmapruszanus
pactBopa 1.8.1.).

Nonun xkamusa KI - pactBop ¢ maccoBoit nomnei 10%.

Cepnas kucnora H;SO,4 — pactBop ¢ MaccoBoit gonei 20 %.

Kpaxman — pactBop ¢ MmaccoBoit nonei 0,5%.

Konba mepnas BmectumocTbio 250 mit.
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[IureTka BMECTUMOCTBIO 25 MII.

BropeTka BMECTUMOCTBIO 25 MII.

Konba xonnueckas BMecTUMOCThI0 250-300 mit.
HunuHap MEPHBIN BMECTUMOCTBIO 25 MII .

Brinonnenue paboTsl

Hapecky stuiienriukonss maccoi 0,2 T B3BEHIMBAIOT HAa AHATIUTHUYECKHUX
BECax U MEPEHOCIT B MEPHYIO KOJIOY BMECTUMOCTHIO 250 MJI, JOBOAST BOAOH 110
MeTku. PacTtBop TmiaTenbHO mnepeMemnBaioT. [lunetkoit orbuparor 25 M
MOJIYYEHHOT'O PacTBOpa M IMEPEHOCSAT B KOHUYECKYIO KOJOY IJisi TUTPOBaHUS,
cozepkalyro 25 mi (muneTkoil) pacTBopa nuxpomara kanus u S0 mMi1 pactBopa
cepHOil KucinoTel ¢ MaccoBoil noned 20%. Cmecer Ha | yac morpyxaroT B
KUISIIIYIO BOJSIHYIO OaHI0. 3aTeM pacTBOP OXJIAXKIAIOT U K MOJYYEHHON cMecu
nobasmstor 10 My pacTtBopa moauaa kanus ¢ MaccoBout mosiet 10%. KonOy
3aKpbIBAIOT CTEKJIOM W BBIAEPKUBAIOT 5-7 MuHYT B TemHore. [locnme dero
pacTBOp pa3z0aBisAOT BOJAOM A0 250 M M BBIAECIUBIIMNCS WOJA OTTUTPOBBIBAIOT
0,1 M pactBOopoM TuocyibdarTa HaTpusi. B koHiue TutpoBaHus (OJeqHO-KENTAs
OKpacka pacTBopa) a00aBisioT 1 Ml pacTBopa Kpaxmana C MacCOBOM Jloyei
0,5% 1 TUTPYIOT 10 MCUE3HOBEHUsI CUHEN OKpacku (BbiaepxkuBaioT 30 cek).

MaccoByto 1010 (%) STUIECHTIIMKOJISI pACCUUTHIBAIOT IO hopmyIie:

(%) = (c(1/6K2C1’207) -V (K,Cr,0,) — c(Na,S,0,) - V(Na25203)j MQ/10C,H,0,) V. 100
1000 V. m
9. BPOMATOMETPUS

9.1. IlpuroroBjieHNEe U CTAHAAPTU3ALUS PacTBOpPa OpoMaTa KaJaus
BbpomaromeTpusi OCHOBaHa Ha PEAKITUH:
BrO; + 6 H + 6e = Br + 3 H,0.
N36s1Tok KBrO; okucnsier Br ¢ oOpazoBanueM cBoOOHOTO Gpoma:
BrO; + 5 Br +6 H = 3 Br, + 3 H,0.

PaGouuii pactBop GpoMaromeTpun — OpoMaT Kajausi — OOBIYHO TOTOBST I10
TOYHOW HaBECKE €ro KpucTajnueckoi coiu. [IpenapaT nomydaercss 40CTaTOYHO
YUCTBIM TIOCJIE TEePEeKpUCTAUIM3AUMU W3 BOABI M BbICylIMBaHus mpu 150 —
180°C. Boxubie pacTBOpbl OpoMaTa KaJidsi yCTOWYHMBEI. B MpakTHKE HUCIOJIB3YIOT
Takke OpomaT-OpoMHUAHBIE HEUTpajdbHbIE PACTBOPHI, CoJEpKaliue Opomar
KaJlisl TOYHO HM3BECTHOM KOHIIEHTPALMU M MPUMEPHO MSATUKPATHBIA H30BITOK
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Oopomupa kanus. [Ipu moaKuCIEHUHN TaKOM pacTBOP BbIAEAET CBOOOAHBIA OpoM
B KOJIMYECTBE, SKBUBAJICHTHOM B35 TOMY KOJIMYECTBY OpomaTa Kajusl.

9.2. OnpenesneHue OPraHMYeCKUX COeIMHEHUIT OPOMATOMETPHYECKUM
MeTOo/I0M

B OpomaToMeTpHuecKHX ONpPENENEHUAX MCIONb3YIOT CIOCOOHOCTD
CBOOOJHOrO OpoMa BCTYNAaTh B PEAKIMIO C OPTaHUYECKHUMH COEIMHEHHUSIMU 10
TOYHOMY CTE€XMOMETPUYECKOMY YpaBHEHHI0. MOXKHO OTMETUTh HECKOJIBKO
TUIIOB PEAKIUI C OPraHMYECKUMU COCITMHEHUSAMH:

1. Peakiuu npucoeuHeHUs:

0 O
7
CH;-CH= 1\( + Bro—> CH; - CHBr - NBr
OoH “oH

—» CH;3; - CHBr - NO, + HBr

Takum crocoboM  ompenenstoTcsi, B  OCHOBHOM, HEHACBHIIICHHBIC
YTIEBOAOPOBI.

2. Peakuuun, mnpoTekaromMe 3a CYET 3aMEUIEHUs AaTOMOB BOJOPOJA.
Haubonee mupoko 3TH peakiuu MPUMEHSIOTCS IS onpenesieHus: GeHOJIOB U
apoOMaTUYECKUX aMUHOB.

I
@@ + 2Br, —> @ + 2Br-+ 2H+
AN
N Br
OH

N
OH

3. Peakiuu oKHUcCIeHUA.

HO@OH + Br, —»oOo + 2HBr

OTU peakuu MPUMEHSIOTCS JJIsl ONpeNeNeHUs TMOJMOKCUCOEIUHECHUM
(TUIPOXUHOH, TIHUIIEPUH), albAeTUIOB ((dopmanbaerua), aMuaoB (kapdbamun),
AMHHOKHCIIOT (TJIUIIHH).

9.3. IIpakTH4eckue padoThI

Paborta 9.3.1. Onpenenenne denoaa

CyIHOoCTD Da6OTBI. OHpCIICJICHI/IC OCHOBAHO Ha  TOM, qTo B
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aHAJU3UPYEMBbI PAcTBOpP BBOAUTCS W30BITOK OpomaT-OpOMHUIHON CMecCH,
KOTOpasi B KUCJION cpejie BhIAEIseT CBOOOIHBIN OpoM:

BI'O3_ + 5 Br +6 H+ =3 Brz +3 HQO
O6pasyromuiicst OpoM pearupyer ¢ PeHOIOM:
C6H50H +3 BI'2 = C6H2BI'3OH + 3 HBr.

[Ipu noGaBiaeHUM K STOMY pacTBOpPY MOJAUIA Kajus HEIpopearupoBaBLINN
c (¢eHomoM OpOM OKHCISET HOAMJ Kalus A0 HOJa, KOTOPBIA THUTPYIOT
CTaHJApTHBIM PACTBOPOM THOCYJb(aTa HATPUS:

BI'2 +21'=2Br + Iz
L +2S,05=2T+S,06.

OTU peakuu TPUMEHSIOTCA IS OINpeAeNieHHUs] MOJIMOKCUCOSIUHEHUN
(TUOIPOXUHOH, TIULEPHUH), albAeruaoB (popManbpaerun), aMuaoB (kapbamun),
AMUHOKHCJIOT (TJIULIMH).

Peaxmuewvl, nocyoa:

Tuocynbdar natpus Na,S,0; — 0,02 M pactBop (cTaHgapTU3alUs
pactBopa —m. 6.2.).

bpomat-6pomuanas cmech (0,334r KBrO; u 1,2t KBr pactBopsitor B
JUCTHILTUPOBAHHOM BOJI€ U JIOBOAST /10 METKM B MEPHOM KOJIO€ BMECTUMOCTHIO
500 M ).

Cepnas kucnora H;SO4 —1 M pactsop.

Kpaxman —pactBop ¢ maccoBoii nonei 0,5%.

Hoaun xamus K1, k.

Konba mepnas Bmectumoctbio 500 mit.

Konba mepHas BmectumocTbio 250 mit.

[TuneTka BMeCTUMOCTHIO 20 M.

[MuneTka BMECTUMOCTBIO 25 ML

Konba xonnueckass BMecTUMOCThIO 250-300 mit.

BbropeTka BMECTUMOCTBIO 25 M.

HunuHap MEpHBIN BMECTUMOCTBIO 20 ML

Brinonnenue paboTsl
HaBecky ¢enona wmaccoit ~ 0,1 T mnepeHocAT B MEpHYI KOJOy
BMEeCTUMOCTBI0O 250 mut. Jlns aHanmu3a OTOMpArOT aluKBOTY pactBopa 20 mi
(numeTkoil) B KOHWYECKYH0 KouOy nans TuTpoBanus. [lpubammstor 25 mu
(munetkoif) Opomat-OpomuaHoi cmecu, 10min 1M cepHOHM KHCHOTHI,
3aKpBIBAIOT MPOOKOM U ocTaBisAtoT Ha 30 MuHyT. 3atem npubasisator 1 r noguaa
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KaJIisi, B3BEIIEHHOT'O HAa TEXHMYECKHWX BECaxX, M CHOBA 3aKPBIBAIOT MPOOKOMH.
Uepez 5 MUHYT TUTPYIOT BBIICIUBIIMICS HOJ CTaHAAPTHBIM PacTBOPOM
THOCYJIb(aTa HATPHUS 10 CBETJIO-KENTOM OKPACKH, T00ABISIOT 2-3 MJI pacTBopa
Kpaxmayia. TUTpOBaHHME TMPOAOKAIOT 10 OOeClHBEUYMBAHMS CHUHEH OKpacKu
pactBopa. IIpoBoAsST TpU TUTPOBAHHUS M PACCUUTHIBAIOT CPEAHUN O00BEM U3
cxoasmuxcs pe3yiabraToB (£ 0,03 M) (V).

Omnpenenenue o0IIero KojJuyecTBa Opoma, BbLAENIHUBIIErocs M3 Opomart-
OpOMUIHOM CMECH, BBITIOIHSIOT CJIEIYIOIIMM 00pa3oM.

B xonuueckyro kon0y HamuBatoT 20 My JIHCTHWLIMPOBAHHOW BOJIBI,
npuoOaBIsAOT 25 Mi Opomar-OpomuaHoi cMecu, 10 M 1M cepHOl KHCIIOTHI,
3aKpBIBAIOT MIPOOKOH, BhIIEPKUBAOT 30 MUHYT, IPUOABISAIOT | T MoK KaJIUSI
U yepe3 5 MUHYT OTTUTPOBBIBAIOT BBIJICIUBIIUICS WO THOCYIb(aToOM HATpPHS.
TuTtpoBaHue MOBTOPSIOT TPH pa3a, PaCCUUTHIBAIOT CpeaHUN pe3yabTaT (V>).

PaccuuThiBatoT MaccoBylo 1010 eHoia 1o ¢popmyie:

100

m

¢(NayS,03)-(V, - Vp)
1000

b

(%) = . M(1/6CH;OH)- X— :

rae M(1/6 C¢HsOH) — MonsipHast Macca skBuBajieHTa (peHoa.

PabGora 9.3.2. Onpenejaenue pe3opuvHa

CymHoCcTh _paboThl. B aHaNIM3Wpyemblii pacTBOpP BBOJAUTCS HW30BITOK
OpomaT-OpoMHUIHON CMeCH, KOTOpas B KHCJIOW Cpele BBIACISET CBOOOMHBIN
OpoM:

BI'O3_ +5Br +6 H+ =3 Brz +3 HQO
O6paSOBaBmHﬁCH 6pOM pearupyet ¢ pC30puruHOM:
C6H4(OH)2 +3 BI'2 = C6HBI'3(OH)2 + 3 HBr.

N36pITOK cBOOOAHOIO OpoMa ONpEeneNsoT HoaoMeTpuuecku. s 3Toro B
PEAKIMOHHYIO CMECh IIOCJE 3aBEPIICHUs peakUuu OpOMHPOBAHMS 100ABIIAIOT
noauja Kaius. bpoM oOkucnseT moauAa Kalvsd 10 Hoja. BelmenuBminiics mon
TUTPYIOT CTAaHAAPTHBIM PacTBOPOM THOCYJIb(haTa HATPHS.

Peaxmusvl, nocyoa:
Tuocynbdar natpus Na,S,0; — 0,02 M pactBop (cTaHgapTU3aLUs
pactBopa —m. 6.2.).
Bbpomart-6pomunnas cmecr (0,1400 + 0,0002 r KBrO; u 1,2 r KBr
pPacTBOPAIOT B JTUCTUIIMPOBAHHOW BOJIE W JOBOJAST J0 METKH B MEPHOM KOJIOe
BMECTUMOCTBIO 250 MIT ).
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Xnoposonopoanas kucinora HCl -2 M pactsop.

Monubaat ammonus (NHy),MoO4 — pacTBOp ¢ MaccoBoi goseit 5%.

Kpaxman —pactBop ¢ MmaccoBoit nonei 0,5%.

Hoaun xamus K1, k.

Konba mepnast BMmecTumMocTbio 250 Mit .

[TuneTka BMECTUMOCTBIO 20 MIT .

[MuneTtka BMecTUMOCTBIO 50 ML

Konba xonnueckas BMecTUMOCThI0 250-300 mit.

BbropeTka BMECTUMOCTBIO 25 M.

HunuHap MEpHBIN BMECTUMOCTBIO 20 ML

Brimonnenue paboTsl

HaBecky pesopuuna (0,27 — 0,32) r pactBopsitor B 20 MJ BOJBI U
MEPEHOCAT KOJIMYECTBEHHO B MEPHYIO KOJOy BMecTUMOCThbIO 500 MII, 1OBOAST
pacTBOp A0 METKH BOAOW. AJIMKBOTY MOJy4€HHOTO pacTBopa 20 MII IEPEHOCAT B
KOHUYECKYI0 K00y, mpubasisaioT 50 mu (muneTkoit) OpomMaT-0poMHIHON cMecH,
noakucisaoT 5-8 mu 2 M HCI, npubasnstor 3-4 kamiau pacTBopa MojauOaaTa
aMMOHUSs (kaTaynnzaTop). CMeCh OCTaBISIOT CTOSATH B TeueHue 30 MUHYT, mocie
yero npubapisior k Her 0,2-0,5 T moauaa Kajius, 3aKpbIBalOT KOJOY 4aCOBBIM
CTEKJIOM U CTaBAT B TEMHOE MecTO. Hepe3 5 MUHYT BBIACIMBIIMNCA HOJ
TUTPYIOT CTaHAAPTHBIM PACTBOPOM THOCYJb(aTa HaTpus. B KoHle TUTpOBaHUS,
KOTJla OKpacka TUTPYEMOW CMECH CTaHET CBETJIO-KENTOW, MpUOABIISIIOT 2-3 M
pacTBOpa Kpaxmaya U TUTPYIOT 0 0OeCIBEeUMBaHUS CUHENH OKpPAacKU pacTBOpa.

MaccoByto 10110 pe30pLKHA PACCUUTHIBAIOT 110 GOpMYyIIE:

c(1/ 6KBrO,) -V (KBr0O;) - c(Na,S$,05) -V (Na,S,0;)
1000

-M(1/6C6H4(OH)2)-£-@.
V. m

n

o (%) =

rae ¢(1/6KBrO;) — koHleHTpanus OpoMara Kajus, pacCUuTaHHas ¢ Y4ETOM
B3SITOM HABECKU MPH MPUTOTOBICHHH Opomar-Opomuianor cmecu; V(KBrO;) —
00béM mpubaBieHHON OpomMaT-OpomuaHOM cMmecH; c(Na,S,03) — KOHIIEHTpaLus
CTaHJapTHOTO pacTBopa THocynbdara Hatpus, V(Na,S,03;) — 00BEM pacTBOpa
THocyibdara HaTpus, 3arpadyeHHbli Ha TUTpoBaHue; M(1/6C4H4(OH),) —
MOJISIpHAsi Macca SKBHBAJICHTA PE30PIIMHA; M — Macca HABECKH PEe30pIIHa, T.

Pao6ora 9.3.3. Onpeneaenue kapoamMuaa (MoOYeBUHbI)

CymHocTh pabotel. B aHanmm3upyembiii pacTBOp MOYEBHUHBI BBOIUTCS
M30BITOK OpOM — OpOMUTHON CMECH B KHCJION cpeie:

BI'O3_+ 5Br+6 H+= 3 Brz +3 HQO
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[Tpu noGapieHNU B pacTBOP MIEIOYH 00pa3yeTcsi TMIIOOPOMMUT:
Br, +4 0H -2e = 2 BrO + 2 H;0,

KOTOpBIﬁ OKHCJIACT MOUCBUHY I10 PCAKIIUHA:
CO(NH2)2 +3 BrO = C02 + N2 +3Br +2 HQO

N30bITOK  cBOOOAHOTO OpoMa ONpenessitoT HOAOMETPUYECKHM B KHCIION
cpexne.

Peaxmuewvl, nocyoa:

Tuocynwsdar Hatpust Na,S,03; — 0,1 M pacTBop (cTanmapTusaius pacTBopa
—m 6.2.).

bpomar kamust KBrO; — 0,1 H. pactBop (fis, = 1/6) (koHIIEHTpaIuio
pacTBOpa paccUMTHIBAIOT 10 TOYHOU HaBecke KBrOs).

bpomuza xaimms KBr, k.

Cepnas kucnora H;SO4 —1 M pactsop.

I'mapokcupa Hatpus NaOH — 1M pactsop.

Kpaxman —pactBop ¢ maccoBoit nonei 0,5%.

Hoaun xamus KI k.

Konba mepnas BmectumocTbio 250 mit.

Konba xonnueckas BMecTUMOCThI0 250-300 mit.

Bbropetka BMECTUMOCTBIO 25 M.

HunuHap MepHBIM BMECTUMOCTBIO 50 ML

Brinonnenue paboTsl

Haecky moueBunbl Maccoit ~ 0,05 r mepeHOCSAT B KOHUYECKYIO KOJIOY IS
tuTpoBanus. Jyisa pactBopenust MoueBUHbI TpudaBsitoT 30 M (u3 6topetkn) 0,1
H. pactBopa KBrO; (f,;, = 1/6). 3atem nobasmstor 2 T KBr u 2,5Mn 1 M
pacTtBopa CepHOM KHUCIOTHL. BbimepxkuatoT cMech 20 mMunyTt mpu 40°C mpu
nepeMemnBanuu. JloGapnsaroT 2 T noauaa kanus u 25 mui 1 M pactBopa cepHoit
kucnoTel. Yepe3 15 munyt tutpytor 0,1 M pactBopoMm TuocynbdpaTa HaTpus B
MPUCYTCTBUU Kpaxmaina. [IpoBOJAT TpU TUTPOBAHUS U PACCUUTHIBAIOT CPEIHUMN
00béM (V).

B xonunueckyro kon0y nomerniarot 30 mi 0,1 . KBrO; (f, = 1/6), 2 r KBr,
25mn 1M pactBopa cepHoil KucaoTel. Yepes 15 MHHYT THUTPYIOT
BBIJICJIUBIIMNCSA MOJ] PACTBOPOM THOCYJb(aTa HaTpusi. TUTpOBaHUE MOBTOPSIOT
TPH pasa, paCCUUTHIBAIOT cpeHUN 00BEM (V)).

MaccoByio 10110 MOYEBHHBI BEIYUCISIOT 110 GOpMyIie:
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c(1/6KBrO,) -V (KBr0,) - ¢(Na,S,0,)-(V, -V, )] .
1000

M(1/6CONH,),) -2,
m

(%) z(

rjae ¢ (KBrO;) — monsipuas koHneHnTpanus skBuBasieHTa KBrOs; ¢(Na,S,0;)
- MOJISIpHas KOHUEHTpalus pacTBopa THocyinb(aTa HaTpus; Vi - 00bEM
pacTBopa TUOCYyJb(haTa HATPUS, MOMIIEANIEr0 HA TUTPOBAHUE aHAIU3UPYEMOTO
pactBopa; V, - 00BéM pacTBOpa THOCyNbhaTa HATpPHUs, MOMICAMINNA Ha
TUTPOBaHHUE pacTBopa B KOHTpoibHOM ombiTe; M(1/6 CO(NH,),) - monsipHas
Macca SKBUBAJIEHTa MOYEBUHBI.

PabGora 9.3.4. OnpenejieHne aHWJINHA

CymHocTh paboTel. B ocHOBe ompeneneHuss aHWIMHA JIEKUT pPEaKIus
oOpa3zoBaHus TPUOPOMaHUIIUHA!

NH, NH,
+ 3Br; = + 3HBr
Br Br

N30b1TOK 6p0Ma OTTHTPOBBLIBAOT HOAOMCTPHUYCCKHU:

Br2+2I'=2Br'+12
L +2 S0 =21+ S406

Peaxmuewvl, nocyoa:
Tuocynwsdar natpus Na,S,05; — 0,1 M pacTBop (cTanmapTuzaius pacTBopa
-m6.2.).

Bbpomar-6pomuanas cmecy (0,7000 = 0,0002 r KBrO; u 3,5 r KBr
PacTBOPSIIOT B IUCTHIIMPOBAHHON BOJIE M JOBOJST JO METKU B MEPHOH KOJOe
BMECTUMOCTBIO 250 MIT ).

XnopoBogopoaHas kuciaota HCl — koHIIeHTpUpOBaHHBIN PacTBOP.

Cepnas kucnora H;SO4 —pactBop ¢ MaccoBoit gonei 50 %.

Kpaxman — pactBop ¢ MmaccoBoit nonei 0,5%.

Hoaun xamus K1, k.

Konba mepnas Bmectumoctbio 100 mit.

[TureTka BMECTUMOCTBIO 25 MII.

Kon6a konnueckas BMmectTuMocTbio 250-300 mut.

BbropeTka BMECTUMOCTBIO 25 M.

[HunuHap MEPHBIN BMECTUMOCTBIO 25 ML
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Brimonnenue paboTsl

Haecky anununa ~ 0,2 T moMemarmT B MEpHYIO K0JIOY BMECTUMOCTHIO 100
MJ U PacTBOPSAIOT B 3 MJI KOHIIEHTPUPOBAHHOW XJIOPOBOJOPOJHOM KHUCIOTHI.
3ateM 00BEM pacTBOpa JOBOIAT JO METKH JUCTUIUIMPOBAHHOW BOJIOM.
ITonyunBIIMICS COJSHOKHUCIBIA aHWIMH XOpOIIO pacTBopsieTcs B Bouxe. Ha
ompenesieHne aHwiIMHa otOuparoT 25,0 M (NUIETKOM) MNPUTOTOBICHHOTO
pacTBopa, MepeHOCAT B KoJOy mis TutpoBaHus. [lpunuBaror 40 M (U3
OtopeTku) Opomar-6poMuHON cmecu u 10 M pacTBopa CEepHOW KHUCIOTHI C
MaccoBoit goisieir 50%. KonOy 3akpeiBaloT mpoOKOW, cMech B30alThIBAIOT U
natoT crosth B Teuenne 30 wMuHYT. BblgenseTcss kenaTeli  ocajok
TpuOpomaHwiInHa. 3areM mnpubaBisitoT K pactBopy 2 1 Kl ocTopoxHO
NEepPeMENINBAIOT M BBLACPKUBAIOT 5 MUHYT. BblaenuBmuiics HOA TUTPYIOT
pacTBOPOM THOCYJIb(aTa HATPUS B IPUCYTCTBUU Kpaxmalia.

PacueT maccoBoii 10J11 aHUJIMHA TPOBOASAT 1O (hopmyJie:

c¢(1/6KBrO,) -V (KBrO,) — c(Na,S,0,) - V(Na,S,0;)
(%) = .
1000
MQ/6C,HNH,)- Y. 190,
V, m
rie  c(1/6KBrO;) — wmonspHas koHueHTpauusi d3kBuBajeHTa KBrO;

(paccuutbiBaetcs no TouHoi HaBecke KBrOs); M(1/6 C¢HsNH;) - momnsapHas
Macca SKBUBAJICHTA aHUJIMHA.
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