














































































































































































































































































































































































































































































































MHHECKHE TUTPUMETPUHECKHME METOALI aHaNU3a. KUCAOTHO-0CHOBHOR THTPOBAHME 165
XuuHEET —

{5. PacTBOp TMAPOKCHAA HATpHs odvemoMm 20 M ¢ KOHLUEHTpauue
0.1000 MOJIb/1 OTTHUTPOBATH CTaHAapTHBIM pacTBopoM HCI Takoii xe
COHLEHTPALIMH. PaccuuTaidTe 3Hauenue pH TuTtpyemoro pacTBopa npu
npubaBIcHHY 19.90; 19,99; 20,00; 20,01; 20,10 Mt TuTparTa. Omeem: 10.40:
9.40; 7,00: 4,60; 3,60.

16. PacTBOP CEPHOIM KHCAOTBI 06beMOM 20,00 M1 ¢ MOSIPHOI KOHLIeH-
rpaumnei (.0500 monb/n TWTPYIOT CTaHAApTHBIM PacTBOPOM TMAPOKCHAA
cajiA ¢ KOHUEHTpaLHeH 0,1000 monb/n. Onpenenute Beanunny pH pac-
gopa npy npudasaennn 19.90; 19,99 20,00; 20,01; 20,10 ma TuTpauTa.
Omeem: 3,60; 4.60: 7,00; 9,40; 10,40.

{7. PacTBOp MYpaBbMHON KHCAOTHI (pK, = 3,75) o6beMom 20 M1 ¢ KOH-
genrpauneit 0,1000 MOIL/T OTTUTPOBAH CTAHAAPTHLIM PACTBOPOM FMAPOK-
cnna Harpus ¢ Konuentpauuen 0.1000 mons/n. Paccuuraiite pH TuTpY-
emoro pacteopa npu npubasieHnn 19,90; 19,98; 20,00; 20,02; 20,10 ma
rurpanta. Omeem: 6,05: 6,75; 8,22 9,70; 10,40.

18. Pactsop ammuaka (pK, = 4,76) o6bemom 20 M ¢ KOHLEHTpaLHEIH
0.1000 MOJIb/A OTTUTPOBAJIU CTAHAAPTHBIM PACTBOPOM CEPHOM KHMCOThI
¢ monsiproi konuenTpauwmeit 0,0500 mons/a. PaccunTaiite pH Turpyemoro
pactopa npu npudasaennn 19,90; 19,98; 20,00; 20,02; 20,10 ma TuTpanTa.
Omeaem: 6,94; 6,24; 5,27, 4 30; 3,60.




























































































































































YMH4ECKNE TUTPUMETPUHECKUE METOABI aHanu3a. KMenoTHO-0CHOBHOE THTPOBaHME 117
A

kaK KMCI0THO-OCHOBHOTO WHAMKaTOpa nexuT B npeaenax pH ot 4,5 no 8.3;
pit 2TOM OKPACKa HIMEHACTCS M3 KpacHOl Ha cHHIolo. 3Havenue pT = 7,0.

Kaaccuukauus no cnocoby npumenenus. Buympennue unduxamopo:
nobaps10TCs HCMOCPCACTBEHHO B TUTPyeMbli pacTtsop. [lonasasiiomee
q1c0 KHCA0THO-OCHOBHBIX HHAWKATOPOB — BHYTPEHHME.

Buewnue uHOUKamopovt HAXONSATCs BHE TUTPYyeMOro pacteopa. IMpumepom
JOKET CNYAKMTb JIaKMyCOBast dymara (KpacHasi, HeliTpanbHasi, CHHSAS).
Tak. NpY YAAJCHHUH MapoB AMMHAaKa HarpeBaHUEM LLUEJIOYHOrO pacTBopa
cony AMMOHHSI BIAXKHYIO KPAaCHYI0 JlakMycoByio Gymary nepHOaAHM4ecKH
BHOCHT B NApbl HAal COCYI0OM, M3 KOTOPOro yaansercs aMmMmuak. B mapax
AMMHAKa BIAKHas KpacHast 1akMycoBasi Oymara cuHeeT. O noJiHOM yaane-
M AMMMAKA CYAST MO MPEKPALLEHNIO MOCMHEHUSA TOH OyMarHu.

K pHel HUM MHAMKATOPaAM OTHOCUTCS undukamophuasn 6ymaea, npeaHa-
siaueH Hast s npubAN3HTENbHOrO ornpeaeneHus 3naueHuit pH pacrsopa.
UuavkartopHast dyMara npeacrasiasiet codoi nonsocku dymaru, nponu-
ranHoil pa3inyHbBIMM MHAKMKATOPAMH (aIM3apHH, KOHTO KPAaCHbIH, CHHHH
i kpacHbii akmyc u ap.). Cyxyio nosocky HHAMKAaTOpHOH Oymarm cma-
UUBAIOT MCTTLITYEMBIM PACTBOPOM M HemedaeHHo NO OKpacKe bymaru cyasiT
o seanumnne pH pacrsopa. O6bIYHO KOMMNJIEGKT MHAMKATOPHOH Dymaru
cHabxaeTcs LUBCTHOM 1UKaJIONW C YKa3aHUEM TOro, Kakast OKpacka oymaru
OTBEYAET TOMY MJIM HHOMY 3HaueHHI0 pH MCMbITYEeMOro pacTBopa.

[pon3BoAATCS pa3aMyHBIC BUABLI MHANKATOPHON OyMaru, no3sons OLLICH
onpeneasaTh pa3anMuMs B 3HauYeHUsiX pH pacTBopa BrJIOTh 10 0,2-0,3 ean-
HuL pH.

MHAMKATOPHYIO OyMmary TpUMEHSIIOT npu KOMHAMHKOU memnepamype
ans onpeneneHusi pH pacTBopoB, HE coAepXaINX CHIAbHBIX OKHUCIUTENCH,
OpPraHMYecKMX pacTBOpPMTENECH M MPH HEBLICOKMX KOHUCHTPALHAX coJieH
B pacTBOpE.

Kpome NakMycoBoil ¥ HHAMKATOPHOM OymMard NPHMEHSAIOT TAKXE
KPacHy10 Oymaey Koneo (nepexoi OKpackH oT cuHe-(HOIETOBOI K KPacHOH
B unTepsane pH 3,0—5,2), XKeATYIO KypKymosyio Oymacy (nepexoa OKpPacKH
OT XenToii K Gypo-kpacHoii B nutepsane pH 74-9,2 u ot Bypo-KpacHO#H
B opaHxeBo-xentyto npu pH 10,2—11,8), benyio henoagpmaneunogyto bymazy
(nepexon okpacku ot 6enou 10 IPKO-PO30BO# B HHTEPBAJIC pH 8,2—10,0).

Kaaccugpurxanusn no cocmagy unouxamopos. MHauKaTopbl ObIBAIOT HHAH-
BUAYanbHbLIC M CMELLIAHHDIE.

Hnoueudyasvnvie unduxamopsi COCTOST 3 OAHOTO COCAMHEHIA-

Cmewannvie unduxamopst NpeacTapiasioT coboit cMech ABYX MHAMKATO-

POB MJIM HHAKMKATOPA U KPACHTEIIA.












































































































XHMHHECKHE TUTPUMETPUHECKUE METOb! aHanM3a. KUCROTHO-0CHGBHOR THTPOBaHUE 153
X

K0/1MYECTBO CTAHIAPTHOrO PacTBOpa rHAPOKCHAIA HaTpUsl U OCTOPOXHO
yarpesalor CMECH 110 NOJTHOTO yAaaeHHs ra3oobpa3Horo am MHaKa:

NH; + OH~ - NH} + H,0

OxOHYaHNC YAAJICHNS AaMMUAKa ONPeAesioT MO BAAXHOI 1aKMYCOBOI
pymare, BHOCS €¢ B MTapbl Hall HarpeBaeMoit Ko160# ¢ pacTBOPOM. KpacHas
nakMycoBasi bymMara repecTaeT CHHETh MO OKOHYAHMH YAANeHUS BCEro
aMMHAKd.

[Tocsic OXJTAKACHHUSA pACTBOPA 10 KOMHATHON TeMrnepaTtypsl M30BITOK
{enpopearMpoBaBLICTO MAPOKCHAA HATPHSI TUTPYIOT CTAHAAPTHBIM pac-
rsopom HCL

3nas koauuectso HCI, 3arpaueHHoit Ha TuTpoBaHue M3OBLITOYHOM
Wea0UH, M 0DLICE KOTHYCCTBO LEI0YH, BBEACHHON B pacTBOP, Paccy HThi-
BA10T KOJIMUCCTBO LICNOYN, BCTYNUBIICH B peakLMIO ¢ KATUOHAMH aMMO-
U, W COACPKAHME KATHOHOB AMMOHMSI M aMMMaKa B aHaJM3HPYEMON
cOJIN AMMOH 3L

Bropoi cnoco® — 370 (hbopMaibAErHaHbIii METON 3aMECTHTENBHOrO
KHCJIOTHO-OCHOBHOTO TUTPOBaHMSI. K aHaniu3npyeMoMy BOIHOMY pacTBo-
py COJIM aMMOH U s NPUOaBASIOT H30bITOK pacTBopa thopmansaernaa H,CO.
[Tpu 2TOM NPOTEKACT peakuus ¢ obpa3oBaHHEM YpOTPONHHa (reKcaMeTH-
nenteTpamuna) (CH,), N, n noHos Bonopona:

4NH; + 6H,CO — (CH,),N, + 4H" + 6H,0

MoHbl Bosopoaa (3amecTtuTesib) 00pa3yloTcsi B KOAMUECTBE, IKBHBA-
JeHTHOM KOJIMUECTBY KaTMOHOB aMMOHMSI. DTH HOHbI BOAOPOAA OTTHTPO-
BbIBAIOT CTAHAAPTHLIM PAacTBOPOM TUAPOKCHIAA HATPUS B MPUCYTCTBHH
(peHondpranenHa. 1o KOIMYECTBY rHAPOKCHIA HATPMSA, 3aTPAaYEHHOro Ha
THTpOBaHMEe 00pa30BaBLIMXCSI MOHOB BOAOPOAA, PACCYHUTHIBAIOT KOMHYE-
CTBO KATHOHOB aMMOH M sl B aHAJN3UPYEMOM PacTBOpE.

PactBopnl HCl yacTo ctTaHaapTH3YIOT M0 CTAHAAPTHOMY pacTBOpy Oypbl
Na,B,0, - 10H,0, KoTopbiii rOTOBUTCS M0 TOYHON HaBecKe. B BOXHOM pac-
TBOpe TeTpabopar HATPpH s TMAPOJIH3YETCH:

¢ 00pa3oBaHMEM 3KBHMBAJICHTHOrO KOJAMYECTBA LIENOYH. ITY UWICAOYD
OTTHTPOBLIBAIOT cTaHAapTHbIM pacTBopom HCI B npuCyTCTBHH WHAMKA-
TOpa METHJIOBOrO OpPaHXEBOIO 10 U3MEHCHM S OKPACKH pacTBopa OT Xe1-

TOH B 3010THCTO-0PaHXEBYIO.
CyMMapHoO peak 11110 MOXHO MpeaCcTaBUTh B BUAE

Na,B,0, + 2HCI + 5H,0 = 2NaCl + 4H,BO.



































































































































































































































































































































































































































































































































































































































































































































































































[Tpoghuns XpoMamozpamm — COBOKYMHOCTb IAHHBIX O YHcpe, OThog,
Te/ILHOM Pacno/ioKCHHH, WHTEHCHBHOCTH M “(|10pme MUKOB, BDC"DHHH‘
vaeMast Kak eaHHbIH obpas, xapaKTCPHL‘Y*?UlH“ npupony, HDDchOH{ﬂEHut
1 0COBEHHOCTH COCTABa aHAJIM3NPYEMOI MHOTOKOMMOHEHTHoj; CME{;:
[Tpoguib xpoMaTorpaMmbl Moay4aloT Mnpu MPOBCACHUU TONbKe “ﬂHon_;,
AHA/M3a, BCE BEUICCTBA xpoMaTorpapupyloTCs B MACHTHY Hpx VCTOBig
4TO MO3BOJSCT OLEHNTH COACPKAHMC Kax/0ro KOMTOHEHTA. *

B kauecTBe nmpuHmepa Ha pHC. 9.7 npUBEACHDI XDOMHTurpa(h”‘iECKHc
cTeponIHbIe pognan MoUH 310pOBOTO (a) u DonbHOTO (6) 4€710BeKa, Iy,
npoguan pasiuiHbl.

Mo xapakTepy Npoduast MOKHO CYANTH 00 0CODEHHOCTHX 1 I dekryp.
HOCTH JleueH sl TOTO WM HHOTO 3abosieBaHms.

XpomaTorpapuieckmue npouan MOryT ObITL MCNOJAb30BaNY g
sakioueHMit o cneunduke Win aHajaornu pasiniHbiX odbLekTop, cozep.
KALLMX 60/ bLIOE YMCI0 COCTABHBIX KOMITOHEHTOB.

9.3. BbICOKOIDDEKTUBHAA XMUAKOCTHASA
XPOMATOIPA®UA

HecmoTpst Ha GoJiblie 10cTOMHETBA MeTONOB ['2K X, OHM HenpuMeny-
MBI JUISI pa3zieIeHNsl U ONPEACAeH WS BELLECTB ¢ BLICOKOH MOJSIPHOI Mac-
coii (6onbwie —300), HeAETYUNX, TEPMUYECKH HECTOMKHX, MOHOTEHHBIX
COCAMHCHHUIH. DTN HENOCTATKH OTCYTCTBYIOT B METO/1E BbICOKO3((heKTHB-
HOM XKHAKOCTHOI XpoMaTorpapun — BIKX.

a 6
Puc. 9.7. Xpomarorpaduyeckuii CTEPOMAHBIHA Npodhusb MOYH 310poBOTO (@) H bont-
HOro (6) yenoseka
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s /5.=0,360. ITo noayueHHbIM AaHHDIM MOCTPOHTE rpanyupoge
L * rs

r;;q;;;g B KOOpAMHATaX S, /S — m/m, HAHIUTE 110 rpaduky

weHue mg, /m, ¥ paccunTanTe Maccy /. [To TeM Xe naHHpy Haiig,

cT X : -

Te cpeaHee 3HAYEHHC nonpasoyHoro kosbduuuenta k p Y PaBHeyy,

S._/S=km./m cTAHNAPTHOE OTKJOHEHWE § CPEAHEro (ripy 0By
cT ’ - ;

BEEOpKe, paBHOM J, 1 nopepuTenbHoi BeposiTHocTH 0,95). C MCnongyg.
eM MornpaBovyHOro k03 Py LMEHTA PACCUNTANTE OTHOLLEH e s
BAHHECN ‘ U/ml
i Maccy m, a-Tokodepuauerara b AHAJIU3UPYEMOM PACTBODE. Opigeyy,.

> — = M

k = 0,854, s = 0,0192, m,, /m, = 0,422, m = 23,7 M.

8. Mpu [KX-anann3e npenapatd Aesnt — 107%-HOTO MacnsHorg pye.

TBOpa CMECH BUTAMMHOB A u E — Ha xpoMmartorpamme 33("”"‘“”130511;1;1

6 MUKOB CO CACAYIOLINMH XapaKTEPUCTHKAMH (BbICOTA MUKa & u ero nony-
LIMPHHA d,,, BBIPAXCHDI B OMHAKOBbIX eAMHMULIAX U3MEPECHMSI):

TH by
OTHg.

NeNe nuka l 2 3 4 5 P3|
h 78 4 5 10 3 37
a,, 2,5 4 2 2 2 25 3

Muku | u 6 oTHOCATCS K BUTAMUHAM A M E COOTBETCTBEHHO, Muky
2—5 — k npuMmecsiM. PaccuntaiTe METOLOM BHYTPEHHEHN HOpMaJu3auun
MACCOBYIO 10110 (B MpOLEHTaX) BUTAMMHOB A H E, a TakXe CyMMBbI MpH-
meceii B npenapare, ecnd 90% macchbl rpenaparta COCTaBsIeT MaciasHas
ocHoBa. a 10% macchl — cyMMa 0DOMX BUTAMWHOB W rpumeceit. Omeen:
putaMud A — 3.31%, sutamuu E — 5,81%, cymma npumecein — 0,88%.














































































552 —

AHaM3HDYEMBblAl acTBOP COLCPKMUT KPOME OHPEAXTSIEMOTo ey
TAKXKe MH auddepeHTHBIH — donosblil — INEKTPOANT (hoH), HoH KoTopo,
ro He pa3pakaloTes Ha 3MeKTpoaax b yC/OBHAX "pOBcﬂe“”l” MONSPOrpagyy,.
yeCKOro aHajn3a, a cilyxar B Ka4yecTBE TOKOMPOBOIS LLNX : IaCTHL‘l‘ 1518 noy.
fAepKaHHS onpe/eeHHOH BEJAHYHHBI 3IICI(TDHLI(EC‘KOT0 TOKa B sAeiike, Koz
onpeessieMoe BELECTBO elle He BOCCTAHABJIMBACTCS Ha xlm KPOKaToze.

[ycTh OnpefesieMoe BEwecTBo — 310 KaTMoHbl M"™", PUCYTCTRY,.
{ye B aHaJH3UPYCMOM pacTBOpC. ‘ *

Ha puc. 10.4 noka3aHo HBM{:HCI-IHE“3ﬂCKTpI1'{CLKDTO TOKa i, npoxopg.
LIero Yepe3 noasporpaduiecKyio AUCHKY, KaK (DYHKLIHHN BO3pacTaiower,
noteHuuana E, npuI0XKCHHOIO Ha PTYTHOM KarmnaloleM MUKpoKartoge.
TaK Ha3biBacMas MOAAPU3ALMOHHAs, UM BONLT-aMTICPHAsE, KpuBas, [py
[oCTeNneHHOM MOBBILICHHH MPHIJIOKCHHOTO MOTCHLIMANA BHAYANE InekTpy.
gecKHil TOK, 00YCIOBAEHHbIA MPUCYTCTBHEM HOHOB (hpoHOBOTO AEKTPO-
JHTA, PACTBOPEHHOrO KHCAOPO/IA M BOCCTAHABINBAIOLUIMXCS BOIMOXKHbix
npuUMeceit, BO3pacTaeT 0UCHb MEMICHHO — OCTACTCS MOUTH NOCTONHHBIM.
D10 — TAK Ha3bIBaCMbli ocmamo4Hbiu Mmok. [Tpn HEKOTOPOM 3HauCHMK
[oTeHLMana, Ha3biBacMOro nomeHyuaom goidenenusn, TOK B siMCIKE pesko
poapacraeT (¢papadeesckuit moK) UNpH CpaBHNTCILHOL €00 bLLIOM AanbHei-
{1eM MOBBILIEHNH TIOTEHLIMaNa A0CTUraeT MaKCHMAJILHOTO, BO3MOXHOro
B IAHHBIX YCIOBHSIX 3HAYEHHSI, MOCIIE YETO CHOBA M3MCHACTCS MaJio. 3710 —

/
4 -

Mukpoamnepei

0 | ) l |

-062 -072 E,, -082 -092 EB

Puc. 10.4. Moanporpamma soaxoro wenoysoro 0,0005 monn/n pacTBopd HUTPATa
ceuHua npu 25 °C (i — 1ok, £ — notenumnan):

] — ocTaTouHbIl TOK, 2 — npeaenbHbIi TOK. 3HaueHusi NoTeHLHMana naHbl omoﬂl:
TEJIbHO HACBILIEHHOTO KANOME/IbHOIO 2JIEKTPOAA; i) — ﬂuqld)}f:iHGHHbtﬂ 10K, £y
MOTEHUMAN MOJTYBOJNIHDI
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aTh PACTBOPbI AHANTUTHYECK e
X

6. FoToBHTb 1 cTaHAAapTH30B
7. PaGoTaTb € oCHOBHBIMH THMAMH TIDH 60pOB, UCTION B3 Pearey;
ae (MHKPDGKOHH, dmmancmpoxonopn MeTpbl, Ghayopu M}’EM BIX B aHana.
cpownerpu. no*renuﬂome'rpm; yCTAHOBKH IS KYJIOHON CTPBI, c"ﬂmﬂ e
rpadbl ¥ ap.)- 1ETPUM, Xpoy, Po-

8. OchopMAATD pOTOKO/bI aHA] H30B. Maro.

nonyteHHbIE 3HAHMS LIS aHanu3a nex
apcTp
CH

rHyeCKH AKTUBHBIX BELLECTB Hbi
. X

9, [IpHMEHATD
cpeacTs v ApYTHX )
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