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PP HHCHOBLTE

IYieaciie OTAeJAbHOrO NPakKTHKyMa 10 (QHU3HYeCKHUM M (PU3HKO-XHMH-
MeCKIM MCTOMAM aHaJiH3a B KypC aHAJHTHYECKOH XHMHH AJf CTY-
ACITOR-TCXIIOJOT0B  HOAUYEPKUBaeT BeAyLIyI0 DOJb 3THX METOIOB
W mLHTHUeckoll xumuy, Bee 6oJblllee uucJO BO3MOXKHBIX NPHHIHA-
Now AlaJu3a Peaju3yeTcss B HHCTPYMEHTa/JbHBIX METOAAX, MOsABJA-
I0TCH y3KO CHeNHaJH3HpOBaHHble NPUOOPH JJis aHa/lH3a TOro WJH
MO0 KOHKPETHOTO NPOAYKTa, a TakXke NPHOOPH 15 aBTOMAaTHYE-
¢KOro KOHTPOJIS XMMHKO-TEXHOJIOTHUECKHX MPOLECCOB. YBeJHUHBALT-
¢sl wuesao NPHGOPOB, NpefHA3HAUEHHEIX JUil aHanu3a KOMOMHHDO-
BanHBIMH METOAAaMHM, HAPHMED B Ta30BHIX H XKHUJIKOCTHBIX XpOMaTO-
rpadax IPHUMEHSIOTCA NATUHKH, AEHCTBHE KOTOPBIX OCHOBAHO Ha
caMBbIX pasHOOGpa3HBIX (H3HUECKHX H (PH3UKO-XHMHUYECKHX METOAdaX.
Bce 3TO YCJOXKHHIO BHOGOD METONAOB aHa/ u3a I NPaKTHKyMa H
MOCTaBUJA0 npoOJemMy palMOHaJbHOH MOC/IEAOBATEJNbHOCTH MOAAYH
mMaTepuana.

B nanHoM npakTHKyMme BhOpaHa cjleiylomlas CHCTeMa H3J0XKe-
nusi, B mepBoii riaBe AaHB CHEKTPOCKOMHYECKHE METOABl — 3TO TH-
IIHUHble (hH3MYECKHE METOJE; ONHMCAHBI aTOMHble M MOJEKYJIAPHLIE
CTIEKTPOCKOMHYECKHe MeTObl. Bo BTOpO# riiaBe NpeACTaBJEHB! 3J€K-
TPOXMMHYECKHE MeTOJbl — METO/bl, OCHOBAaHHblE Ha KOHTpOJe (-
3MUecKuX sBJelldil, CONPOBOKAAIIMIUX XHMHIECKHe peakunn. TpeTbs
rJiaBa TOCBsilleHa XpoMaTtorpaduueckKHM MeTONaM aHalH3a, B TOM
ypc/e ¥ KOMGHHUPOBAHHBLIM C PA3JHYHBIMH DH3NUECKMMH M (pH3HKO-
XHMHUYECKHMH METOLAMH.

[pu BHGOpe KOHKPETHHIX METOZHMK aBTOPHl YYHMTHIBAJH, UTO A
XHMHKOB-TE€XHOJOrOB 00BEKTaMH aHajau3a MOTyT ObiTh Kak Heopra-
HUYeCKHe, TAK M OpPraHHYecKHe O0ObeKTHI.

B Kaxao#l rnaBe NPHUBOJAMTCA HeGONMbILIOE TCOPETHUECKOE BBE-
JeHHe, HO MpeInoJgaraeTcs, 4To napasjelbHO C MPaKTHKyMOM CTy-
JeHTH OyAyT NOJb30BAThCSl yIeOGHMKOM HJIH MOHOrpaduer, nocss-
HIEHHON COOTBETCTBYIOLleMY METOMy aHaju3a. .

ITpakTHKYM IOATOTOBJEH KOJJIEKTHBOM IpeNOJaBaTeseH kaden-
pu amanutHueckoit xumun MXTU mm. 1. H. Menpeneesa. a1
«CnexkTpajbpHLie MeTONb aHainsza» Hamncasa E. A. Kyuxapeswm,
B. B. Kysuenosmm, H. §I. Typenxum, O. JI. CamopykoBo#,
I'. T. CBHpIIEBCKO, IMl. 2 «DJeKTPOXHUMHYECKHe METOAbl aHaJlH-
sa» — C. JI. Poratunckoii, JI. B. Oranecsin, A. ®. )KykoBbiM H
ri1. 3 «Xpomarorpaduueckie MeTojin ananusa» — H. . Kounoco-
Boft, M. B. Orapesoii u H. JI. Pymanuesoi. i

ABTOpH TpHM3HATENbHBl KOJJEKTHBAM KagelAp AaHaJHTHIECKOH
xuMuH JIeHHHTPaJCKOTO TOCYAaPCTBEHHOrO yHuBepcHTeTa n Kasal-
CKOTO XHMHKO-TEXHOJIOTHYECKOTO HMHCTHTYTA 3a PELCH3HpOBaHHE DY-
KOIMHCH. :

Bce 3ameuanus GyayT OPHHATH ¢ 6/1arofapHOCTHIO.

I'VTABA 1
CNEKTPAJIbHBIE METOZ bl AHAJIM3A

CnexTpa/jbHbie METOAH aHAJH33a OCHOBAHH HAa HCIOJb3OBAHUH
AIRVIEHHIT HCIYCKAHHA 3JeKTPOMArHUTHOrO M3JYUEHHS aTOMaMH HJH
MOJIEKYJIAMH OIIpe/le/i1eMOro BellecTBa MJIM B3aHMOJECHCTBHSI 3TOrO
HiJyyeHHs] ¢ HUM (Yallle BCEro NMOTVIOLIEHHS H3JYYeHHS).

HMsayuenye unm morJiomeHue KBaHTOB aHANH3MPYeMOll cHCTEMOM
MOXHO paccMaTPUBATL KaK NPOLECC BO3HUKHOBEHHs XapaKTepPHCTH-
YeCKHX CHTHAJIOB, HeCYyIUHX HHAQOPMAaUHIO O KAUeCTBEHHOM H KOJHUEe-
CTBEHHOM cOCTaBe HcciaedyeMoro BemectBa. Yacrora (annHa BOJ-
Hbl) M3JIyYEeHHsS] ONpPeeNsieTCs COCTABOM BelllecTBa. MIHTeHCHBHOCTD
HNAJIMTHYECKOTO0 <CHTHANa MPONOPLHOHAJbHA KOJHUYECTBY YACTHIIL,
BHI3BABIIMX €ro NOsABJEHHE, T. €. KOJUUYECTBY ONPENE/IeMOro Belle-
CTBA WJIH KOMIIOHEHTa CMeECH.

CnekTpanbHele MeTOAB AAlOT LINDOKHE BO3MOMKHOCTH IJs Ha-
Oal0jleHHs U MCCIENOBAHHS COOTBETCTBYIOIIHX aHAJMTHUECKHX CHT-
HAJIOB B PA3/IMUHBIX 00JACTAX CHEKTPA 3JEKTPOMATHHTHOIO H3JY-
NeHHA — 3TO y-JIYUH, PEHTTEHOBCKOE H3JYy4eHHe, yabTpaduoeToBoe
(Y), onruueckoe u uHGpakpacHoe u3/IydYeHHe, a TAKXKE MHKDOBOJI-
10BOe U DPaAMOBOJHOBOE. DHEPrHsl KBAHTOB MNEPEUMCJCHHBIX BHIOB
IWJIyYeHHs OXBaThIBA€T OYeHb INHPOKHH aAuanason or 108 go
10 % 3B, cooTBeTcTByOIMUA AHanasony yactor ot 102° mo 106 I'm.

[Tpupona B3aumoneficTBHS CTOJNb DPA3JHYAOMAXCH 1O 3SHEPrHH
KiBiIITOB ¢ BeleCTBOM NPHHIMNIKAJIBHO HeOAWHAKoBa. Taxk, H3Jjyye-
e y-KBaHTOB CBA3AHO ¢ AJEPHBIMU IDOLECCAMH, H3/yYeHHEe KBaH-
TOIL B PEHTT€HOBCKOM JHaNiazoHe 00yCJOBJIEHO 3JIeKTPOHHBIMH Iepe-
XOJIAMH BO BHYTDCHHHX 3JIEKTPOHHEIX CJOSIX aToMa, HCIyCKaHHe
KBanToB Y®- W BHAUMOIO H3JYYEHHS HJIM B3aHMOIENHCTBHE Belle-
CTBa ¢ HUMH— CJI@ICTBHE IIePeX0Ja BHEUIHHX BAJEHTHBIX 3JEKTPO-
HoB (chepa ONTHUECKHX MeETOAOB aHajusa), noraoucuve HMK- u
MHIKpoBOS AX KBAHTOB CBSI3ANO ¢ HCPEXOJOM MCHKLY KoJsebareb-
HLIMI 1 BPANGITCLILIMIE YPOBISIMIL MOJICKYJI, 8 M3JyYeHHe B pa-
JMHOBOJIHOBOM JHana3ole o0YycJOBIEHO NEepPeXOfaMH C H3MEHEHHeM
OpHEHTAlMH CIHHOB 3JEKTPOHOB WJH siep aToMOB. Iis peluenus
pasHoo0pasHbIX 3ajau HauboJibliiee 3HAUEHHE HMEIOT CIIEKTPaJjibHbIe
METOJIBl aHaJIH3a, ONepUPYIollNe ¢ U3JYUEHHEM DEHTTeHOBCKOIO, OIl-
taueckoro, K- u pannoBosHOBOro nuamnasonos. B pmannoM npakTu-
HYeCKOM pPYKOBOACTBe MO (H3HKO-XMMHUECKHM METOJAAM aHajau3a
paccMaTpPHBAIOTCS OITHYECKHE METOJBI, KOTODhle TpPaIHIHOHHO Hae-
JIATCSL Ha ONTHYECKYI0 dTOMHYID H OINTHHECKYID MOJIEKYJSPHYIO
CIEKTPOCKONMIO. B mepBOM ciyvyae aHaJHTUHECKHE CHCHAJh B 06-
Jdactu cnekrpa or 100 mo 800 HM sABASAIOTCA CJIeACTBHEM 3JIE€KTPOH-
HHX Iepexof0B B aTOMaX, BO BTOPOM — B MOJIEKyJax,




1.1. ATOMHAS CIEKTPOCKOIIH

Ecan anaausupyemoll cucreme coobllaTh AOCTATOYHYIO 3SHEPrHIO,
TO 3/JeKTPOHH 4TOMOB IepexoAsAT B BO3OyXKIeHHOe COCTOSIHME H
npumepHo yepes 10~% ¢ CNOHTAHHO BO3BPAIAIOTCA HA HHXKEJIEXKaA-
LlHe SHepreTHUECKHe OpPOHTANH C SMHCCHell M3OHITOUHOA 3SHEPTHH
B BH/JE JHCKDETHHIX M XapaKTePHCTHUECKHX JJIS KaXKAOro BUAa aro-
MOB 3JIEKTPOMArHHTHHIX KOJeGaHHA B BHIHMOH, yabTpadHoNeTOBOH
WM DEHTreHOBCKofi 06sacTsix cmekTpa. IIpu 3TOM COEKTPHl HOCAT
aunefiuateiii xapakrtep. Ilpu BO36yKjeHWHM BaJeHTHHIX (ONTHYE-
CKHX) 3JeKTPOHOB CBOOOJHBHIX aTOMOB H3Jydaemble JHHHH DPacno-
JOMENL B BHAMMOR H yabTpaduomerToBoli obaactsax cnekrpa. Ilpu
BO36YJICICHIN 3JEKTPOHOB BHYTPeHHHX opOurazeit aTomMa H3Jyya-
10TCsl KBalTLl ¢ 0oJice »KCCTKOM 3Heprueil (PeHTreHOBCKOe H3Jyue-
nue). JlunefiuaThle PEHTIEHOBCKHE CIEKTPH MOTYT ObITh NOJyYeHb!
npu oGJyueHHH aHAJU3HPYEMOLO BellleCTBa 3JIEKTPOHAMHU (pentre-
HOCIEKTPaJbHBIH METOJ aHaju3a miau GoJiee KECTKUMH, 4eM H3Jy-
yaeMmble, PEHTIEHOBCKHMH KBaHTaMHU (peHTreHo(dIyOpeCHeHTHbLH
MeTOJ aHaJHu3a).

Tlo TexHHUKe SKCIOEpHMeHTa W annaparype K METOAAM 3MHCCHOH-
HOTO CIIEKTPaJbHOro aHain3a G/H3Ka aTOMHO-abCOPOLHOHHAS CIeK-
TpodoTOMeTpHs, OXHAKO (H3MUECKHM SIBJIECHHEM, JieKalluM B €€
OCHOBe, ABJAETCS He W3JyueHHe, a IOrJOIEHHe Pe30HAHCHOTO 3JeK-
TPOMATHHTHOTO M3Jy4eHHs B BUAMMOM HJIH yJbTPa(HOJETOBOM AHa-
[1a30HE ATOMAMH 3JEeMEeHTOB, HAXOAALIHMHCS B OCHOBHOM (HEBO3-
GyXIeHHOM) COCTOSHHH.

XapakTepUCTHYHOCTh JHHEHUATHX CIEKTPOB JIEXKHUT B OCHOBE Ka-
YeCTBEHHOTO SMHCCHOHHOT'O CHEKTPAJbHOTO aHanu3a, a (YHKIHO-
HaJbHAS 3aBHCHMOCTb MEX/y KOHIEHTpalHell sjemeHTa B IpoGe H
HHTEHCHBHOCTBIO €ro CHEKTPaJbHHIX JIMHUH I0JI0OXKeHa B OCHOBY KO-
JIMUEeCTBEHHOTO aHauusa. JJisi X OCYIIeCTBJIEHHs BemecTBo npoCH
epeBONAT B COCTOSIHHE IIA3MBl, B KOTOPOM 3JIeMeHTHl YaCTHYHO HAa-
XOMATCS B BHAE aTOMHOIO «lapa», H ee H3JyueHHe pasJjaraercs B
cleKTpaJbHOM [puGOpe B CcHeKTp. 3aTeM CHEKTpaJbHble JHHHH
HAeHTHOHIHPYIOT (KAYEeCTBEHHBIH aHA/H3) W M3MEPAIT HX HHTEH-
CHBHOCTb (KOJIMYECTBEHHBIH aHaMH3).

Kak W3BecTHO, 5HEpPrHss aToMa MOXeT HMeTb psAX JHCKPeTHHIX
3HAYEeHHH, 0 KOTOPHIX FOBOPSIT KaK 00 HEPreTHYeCKHX YPOBHAX KJIH
tepmax. Ilepexod 3JeKTpOHa MeXk/1y BEPXHHM H HHXKHHM TEPMOM
CONPOBOMK/AETCS H3JyuellHeM KBaHTa C OIpelesleHHOl sHepruet,
T. €. B CIEKTpe 3JeMEeHTa BO3HHKAeT JIHHMS, COOTBETCTBYIOIlAs 3TO-
My mepexoAy. 3HaueHHe 3HEPLUH YPOBHS XapaKTepU3yercs Habo-
poM KBAHTOBBIX HYHCEJ: A — [JlaBHOe KBaHTOBOE YHCJIO, [ — opbu-
TaJlbHOE KBAHTOBOE WYHCJO, MM — MarHHTHOE KBAHTOBOE YHC]O,
S — CIMHOBOe KBaHTOBOe umcao. IlosoxkeHue yposHell (TepMOB) B
MHOTO3JIEKTPOHHOM aToMe, B OOIeM cJiydae, ONpelesdAercs Kak
SHauGHHEM 7, TaK ¥ 3HaYeHHeM [OJHOro OpPOHTaJbHOTO MOMEHTA

- = -~ — — -
L(L=3!;) u noanoro cnuaa S(S=2s;), a TaKxKe BEJHUMHOH MOJ-
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HOro MQMeHTa KOJHuecTBa ABHKeHHs1 [=L-4S. JIlnsg o60osHaueHus
TepMOB C ONpeJieleHHBIMY 3HaueHHAMH L # S oOHYHO HCHOJNB3YIOT
fulviaBHble OykBHl JatuHckoro anacdasuta (L=0 3710 S-TepMm,
L—1—P-tepm, L=2—D-tepm u T. A.). Ilpu s3aganuex Lu S mo-
ment I moxer npuHuMath (2S-1) 3uauenue, T. e. TepM pacluens-
erca Ha (2S+1) pasamunbix komnonenrtos. Yucno (2S--1) Hasw-
BAIOT MYJbTHINIETHOCTBIO TepMa., LEcau MyJbTHIUIETHOCTb TepMa
puBHa 1, TO TepM Ha3BIBAOT CHHIVIETHBIM, 2 — RyGJIETHBIM, 3—
TPUNJIETHBIM, 4 — KBapTeTHBIM H T. A. [loaHoe o603HayeHne TepMa
umeer Bupa n2S+L; OOGuHYHO yKasbBalOT 06a TepMa, NEPeX0o] MeX-
Ay KOTODHIMH NPHMBOJHT K IIOSIBJEHHIO CNEKTPaJIbHOH JIHHHH, NPH-
feM HMXHHA TepM YKa3bBaloT HepBHIM. Tak, B CIEKTDe HATpHUs 3a-
perucTpupoBaHbl ABe OJH3KO pPacno/OXeHHble CIEKTpajbHbIE JH-
Huu: A=589,0 um m A=0589,6 um. as aroma HaTpHs, HUMEWIIETO
OAHH BaJeHTHHH 3JEKTPOH, MYJbTHIUIETHOCTH TePMOB paBHa M=

1
Iw.M +1=2. ITosromy BO3Oy:KIAeHHBI Tepm 3P pacumensercs Ha

ABa momyposHs 32Pyp u 3%°Pys ¢ NnIlWHIw - NMHIWHW.

[lepexon MexAy OCHOBHEIM TEPMOM aToMa HaTpHA 3°Syp U 3THMH
KOMIIOHEHTaMH HPHBOAHT K TNOSIBJEHMIO B CIEKTPe ABYX JHHHI
Ah%ahmﬂmv” wwm_\mlwwﬁw\m A?"mmw.o —.:Sv, WNMM\mlwmwu\m A?H\u
~-589,6 HmM). Oas aToMOB, HMECIOIIUX JABa BAaJEHTHHX 3JEKTPOHA
(nampuMep, aTOMa KaJsbliMsl) XapaKTEPHO CYLIECTBOBAHHE CHHIVIET-
HLX H TPUIJIETHBIX TE€PMOB, MOCKOJLKY CIIHHHL ABYX 3JIEKTPOHOB MO-
ryr aubo cxkaanmBatbes (S=1, M=3), aubo BeuuTaThCA (S=0,
M=1), Ilepexox MeXAy CHHIVIETHHIM TepMoM 4'Py ¥ OCHOBHHIM
repMoM 4!S, oTBeuaer CHNEKTPa/JbHOH JIMHHH C JJIHHOHA  BOJHEI
422,77 M. :

DIeKTPOHHBIE MePeXOAbl C BhILIEJEKAIMX TePMOB Ha OCHOBHOH
11a3bIBAIOT PE3OHAHCHLIMH, NpUYEM DE30OHAHCHHIH mepexox ¢ Gaus-
Jlexalero Bo3GykKAEeHHOTO yPOBHS COOTBETCTBYeT Haubosee spKOH
» GOJBLIMHCTBE CJAyYaeB JHHUH B CIeKTpe. BO3MOXHOCTb TeX HJH
HIBLIX 3JIEKTPOHHBIX HepeXOJ0B ONpeAe/sieTcsi KBaHTOBOMEXaHHUeC-
KOMIL npasuaamu ot6opa. Paspemenn nepexopnt ¢ AL=x1 n
¢ A0, -1 Banpemennt Bepexoj ¢ HiMelcHyeM CIHHa, T. €.
AS npu nepexope posokio Outy pasuo Hyqw. KosnmdectBo paspe-
IUEHHBIX 3JEKTPOHHHIX I€PEX0L0B ONpeAe/seT YHCJO JIHHHA B CIeK-
Tpe 3JeMeHTa H, CJe/l0BaTe/IbHO, ero CJIOXKHOCTb, YTO, B CBOIO Oue-
pellb, OKa3biBaeT CYIIECTBEHHOE BJIMSIHAE HA JIETKOCTb BBINOJIHEHHA
KaueCTBEHHOTO 5MHCCHOHHOTO CIIEKTPAJbHOIO aHAaJNH3a.

CJ0XHOCTb CIEKTPAa 32BHCHT OT YHCJa BaJEHTHBIX 3JIEKTPOHOB
B aToMe 3JIeMEHTa, CTPOEHHS 3JEKTPOHHBHIX o06ojoueK (s-, p- H
d-s7eMeHTH) M TeMIlepaTypHl N/asMbl. UeM MeHbIle UHCIO BaJeHT-
HBIX 9JEKTPOHOB, IIpolle 3JeKTPOHHasA 000JOuUKa H HUXe TeMmIepa-
Typa paspsiia, TeM MpoIile CIEeKTD 3JeMEeHTa. Tax, CIeKTpH HieJ0Y-
HBIX Merajos B obJjacta or 200 no 800 HM HacuMTHBAIOT BCETO
HECKOJNbKO JECSITKOB JIHHHH, B TO BPeMsl Kak CHeKTpH d- u [-dJe-
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MEHTOB HACYHTHIBAIOT MX HECKOJbKO Thicsad. IlosBiieHne B cmexrpe
JUHWA HOHOB NDUBOILHT K elle GOJbUIEMY €r0 YCJHOXKHECHHUIO.

B meTojgax 3MHCCHOHHOH CIIEKTPOCKOHMH H aTOMHO-abcopOuLOH-
HOH clleXTpOhOTOMETPUH BELIECTBO NEePEeBOAUTCS B COCTOSHHE aTOM-
{IOro «lmapay, uTo INPAaKTHYECKH Deaju3yeTcs B IIJa3Me DPas3JHYHHIX
supoB. [lsasma — kBasMHeATpAJIbHBIA 3JeKTPOIIPOBOAHBIN ras, cO-
cTOAMWMA U3 CBOGOAHBIX 3JEKTPOHOB, 4 TaKKe aTOMOB, HOHOB, paiH-
KaJIOB H MOJIEKYJ B OCHOBHBEIX H Pa3JIMYHBIX BO30YXKJEHHBEIX 3Hep-
reTHUeCKHX COCTOSIHHSX. KpoMme CHEKTDaJbHLIX JHHHH B ee CIEKTpe
HabaI0AaI0TCst CHCTEMBl  3JIEKTPOHHO-KOJMe6aTe bHO-BpallaTe/bHbIX
110JI0C MOJIGKYJl M paiukanoB H cumjomnoll ¢oH. [liasma npu pas-
JeHusix, 6JH3KHX K atMochepHOMY, HAXOLUTCS B COCTOSIHMH TePMO-
JHHAMHUUCCKOTO PaBHOBECHS, IPH KOTODOM CpEIHsisT KHHEeTHYecKast

sueprusi [ ee uwacTuin (cBOGOAHBIX aTOMOB, HOHOB, 3JIEKTPOHOB)
IPUMEPHO OAHHAKOBA W ONpejenseTcs TemnepaTtypol T:

3

mn.lwl kT,

rae k — KoHcTauTa DoJbliMana.

B cocrossnum HO@ZOHwaEEn@ONOﬁO paBHOBECHA wow@%vthmmgm
aTOMBI ,vmomwmhmbmseom 110 3HEPreTHYeCKUM YpPOBHAM B COOTBETCT-
BHH C 3aKOHOM mo.uuu:,gmmm“

—E,/kT
Ni=No(gigne V", (1.1)

rie N;— KOHUEHTPAIHsI aTOMOB B BO3GYXKIEHHOM COCTOSIHHM f{; No-— KOHIEHTpa-
IHS aTOMOB B OCHOBHOM COCTOSIHHM; go M gi — CTaTHCTHYeCKHe Beca OCHOBHOTO H
BO36YHAEHHOTO YpOBHeH; L; — sHeprus Bo30yxkaeHua yposHaA i, 3B; T — abco-
JIOTHAsI TEMIiepatTypa. ,

Ipu u3BecTHO!N KOHIEHTpaluK BO30YKIEHHBIX aTOMOB (N;) 3Jje-
MEHTa B IIJ1asMe, HaXOASIIUXCs Ha BO30OYXKAEHHOM ypDOBHE [, HHTEH-
CHBHOCTb CHEKTPaJbHOH JIMHHH, COOTBETCTBYWOINeH nepexony i—O0,
ONACHIBAETCA CJAeNYIOIHM BLIPaXKeHHEM:

Nme" 2?&3\23, :mv

rae [io — HHTEHCHBHOCTH CHEKTPANbHON JMHHH; Aj;o — BEPOATHOCTb  CIIOHTAHHOTO
mepexojia JeKTpOHa ¢ ypoBHs { Ha ypoBeHb O (koapduiueHT DinmTe#ina); h—
nocrosnHas [lnauka; v — gacrora HaJydeHHs, ¢~ L

BansiHue TeMmepatypsl Ha WHTEHCHBHOCTbL CIIEKTPAJbHOH JIMHHH
NpOsiBJAsieTCs Mo pasHoMmMy: npu E;>>kT HHTEHCHBHOCTb CTPEMHTCH
K Hyqo, korga k7> FE;, nokasarejb 3KCIOHEHTH CTA4HOBHTCA OJIH3-
KHM K HYJI0O M HHTEHCHBHOCTb ¢Jiab0o 3aBHCHT OT TeMIepaTypHL.
Poct TeMmeparypel IJIasMbl NIPHBOAMT, KpOMe TOrO, K HOHH3aLMH
HefiTpasbHBIX aTOMOB 3J€MeHTa, WX KOHIeHTpallusl yMeHbIIaeTcs,
M03TOMY AJja TOH o6jacTH 3aBHCHMOCTH, Koraa kRT>E; peasbHO
IPOHCXOJHT YMEHbLIEHNEe HHTEeHCHBHOCTH CHEKTPaJbHOH JIHHHH.
CreneHr HOHH3ALMHU 3JEMEHTa B MJa3Me B 3aBHCHMOCTH OT €€ TeM-
NepaTyps H KOHLUEHTPalHH 3JEKTPOHOB W NPH COCTOSIHHH TEPMOIH-
HaMHYeCcKOro paBHOBECHs onuchBaercs ¢opmynof Caxa:

—E, /T
£

Mo/Ny= (A/N.) (KT)?? e (1.3)
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rae My, No u N, — KOHIEHTpPALHH HOHOB, HEATPAJbHHIX aTOMOB H 3JICKTPOHOB;
h ~— KQHCTAHTAQ, ms. — [IOTE€HUHaJ HOHH3allui.

[MoTenuuan uoHHM3anuy OpPeACTaBJsieT cOGOH 3HEPrHIO, HeoGXo-
AHMYIO ISl OTPHIBA OJHOTO 3JEKTPOHa OT atroMa uaH noHa. [lo mep-
BOMY OOTEHLHAJNy HOHM3ALUH 3JeMeHTa MOMKHO OHEHHTh ONTHMAaJL-
HYIO TeMIlepaTypy IJasMBbl, IPH KOTOPOH HOHM3allMs ero HeHTpaib-
HbIX aTOMOB ellle He GyIeT NPOSBJAATHCS, a PE30OHAHCHbIE CHEKTpPaJib-
Hble Juauu OyAyT MMETh MaKCHMaJbHYIO HHTeHCHBHOCTb. IIpn BO3-
6y>KIeHHH JIETKOHOHH3HPYEMEIX 3JIeMEHTOB (ILleJOYHbie K HIeJOYHO-
seMeJbHBIE METaJlJIbl) HMCHOJIb3YIOT HH3KOTEeMIepaTypHble MiaMeHa,
IR CPeJHEHOHU3HPYEMEIX 3J1EMEHTOB (OCTajbHBIE MeTaJsuibl) — AYy-
FOBOM paspsi HAM BHICOKOTEMIEpAaTypHble INIaMeHa M, HaKOHeN,
AJsl HEMETaJJIOB — UCKPOBOH paspsan. s 10AaBJEHHS HOHH3ALMH
H NOAAep:KaHHsA [OCTOSIHHOH TeMmepaTyphl HJIa3sMbl B TEUEHHE JKC-
MO3MUUKM TIPH 3MHCCHOHHOM CIEKTPa/jbHOM aHaJjuse npob pasany-
HOro cocTaBa B HHX BBOAAT Oy(epHble KOMIOHEHTHI, COAepKallue
9JeMEeHTH ¢ MOAXOASIIHMH NOTEHUHAJaMH HOHH3AIKH.

MHTeHCHBHOCTL CHEKTpPaJbHO# JHHHM BO3pacTaerT N[PONOPUHO-
HAJMBHO KOHLEHTPAlW¥ HEeBO3OYKAEHHBIX aTOMOB B Muaszme No, a
¢J1eJIOBATENIbHO H KOHIEHTDALMH 3JeMeHTa B npobe TOJbLKO IIPH
MiJbIX 3HAUeHHsiX 3THX BeaunuuH. [Ipu Gojiee BHICOKMX KOHLEHTpa-
ILHSIX aTOMOB 34BHCHMOCTH MHTEHCHBHOCTH 0T N, ocnabJsercs
nedeacTeue 3b¢gexTa MNOrVIOWeHHsT MIa3MOf H3JydeHHBIX (OTOHOB
(camomoryiolienue). BuusHue camonorsouleduss Haubosiee BhIpa-
WCHO A/ PE3OHAHCHBIX JIMHUHM, TaK Kak B 3TOM cjyuae (OTOHHI
HOMNIOLLAKTCS ATOMaMH, HAXONSIIHMUCA B OCHOBHOM COCTOSHMH,
1. ¢. npeobaajammuMu B NasMe. IIpn odeHb BBHICOKHX KOHILEHTPa-
ILISIX 9JMeMeHTa H, COOTBETCTBEHHO, BLICOKOM CaMOIIOIJIOIIEHHH HUH-
TCIICHBHOCTD CIHEKTPaJbHON JIHHMH [LOCTHraeT MakcuMyMma, He 3a-
WMICHT OT KOHLEHTPAIMH M PaBHA WHTEHCUBHOCTH H3JyueHus abco-
JIOTHO 4YePHOro Tesa [Js AAHHOH TemMnepaTyphl B J(AHHOM CIeK-
TPANLHOM HHTepBaJe JJHH BOJH.

PocT HHTEHCUBHOCTH CONPOBOXKAAETCA YBeJUUeHHeM IIHPHHH
cuexrpadbhoft sunuun. lnpuna crnexTpasdbHOH JIMHUU ONpenesseT-
¢35 TAKKe PaloM (AKTOPOB — €CTECTBEHHOE YINMpeHie; JONiIepoB-
CKOC VINIpenne, cepsasanioe ¢ yueroMm ABHzcenied dTOMA; YUWHpeHne
[eAcTIe wnstise sackrpnueckoro nodast  (a¢dexr drapra) u
BOJACACTBHE BJAHsIHUsE MarunTnoro noas (addext 3eemana). Ha wu-
pHIly JIHHHM BJMSIeT KOHHEHTpalluss aTOMOB Ha HHXKHEM YDOBHE H
xapakTepucTuka npu6opa (ammapaTypHas WIHDHHA).

JIjisi ZOCTAaTOYHO UIMPOKOrO HMHTEpPBaNa KOHLEHTPALHH 3JeMeH-
T4 ¢, 3aBHCHMOCTb HHTEHCHBHOCTH CIIEKTPaJIbHOH JIHHHH OT ¢ MO-
»eT GHITh OnucaHa BhIDAXKEHHEM:

I = ach, . (1.4)

rie a— Ko3hdUIMEHT, 3aBACAMMA OT CBOMCTB HCTOUHHKA H3JYUeHHs H NPOOH;
b — ko3 PUUKEHT, XapAKTEPUIYIOUHA CaMONOIIOIEH e,

Pa3noxKeHye H3AydeHHsl B CIEKTP H DerHcTpanus MOHOXpoMaTHuye-
CKOT'O HM3JyueHHsi OCYLLeCTBJSETCSi B CIEKTPANbHBIX mpubopax, AHc-
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NepruapyolliEMH 5JeMeHTaMH KOTOPHX SBJSITCA JHOO IIPU3MBL H3
Npo3pauHHX B NaHHOH 06JacTH CIEKTpa MaTepHajoB (CTEKJo,
KBapl), au60 NHGPPAKUHOHHEE PELIeTKH. B 3aBHCHMOCTH OT CIIO-
co6a: perucTpaluuy H3JyyeHHsd B IMHCCHOHHOM CHEKTPaJbHOM aHa-
Ji3e BHLAEJSIIOT TPH I'DYNNB METOAOB, Pas/HUalomiyecs Mo almnapa-
Type W TeXHHKe 5KCIEePHUMEHTa: BH3YaJbHBIA (CHEKTPOCKONE!, CTHJIO-
CKOIIBI, CTHJIOMETpPH), (ororpaduyeckuil (cmextporpadsl) u ¢GoTo-

2JIEKTPHYECKHH SMHCCHOHHEIH CHEKTPaJbHLIA aHa/JH3 (CIEKTPOMET-

PBl, KBAHTOMETDH ). DMHUCCHOHHAS CIIEKTPOCKOIHS KaK MEeTOoj] aHa-
JiM3a MMeeT OnpejesieHHBie AOCTOMHCTBA. Tak, mpefesabl oGHapyxKe-
HUsl JJisi OOJLIUHHCTBA 3JeMeHToB cocrtapasiior 10-3—10—49,

B psage cayuaen 1075—10"7%. IIpu ¢orosnekTpHUECKON pErHCTPE-
IIMH BOCHIPOU3BOAHMOCTH cocTaBasier 1—2%, a Bpems aHasaH3a He-
cKOJbKO MuHyT. PoTorpadHueckuii MeroA SABJASAETCH OTHOCHTENBHO
LJUTeNbHBIM ([0 1—2 u) u uMeeT HEBHICOKYIO BOCHPOH3BOAMMOCTH
(5—15%), onHako HPOAONKAET COXPaHAThL A0 HACTOSNLETO BpeMe-
HH TPAKTHUECKOE 3HAYEHHE, TAaK KakK II03BOJISIET BHIIOJNHATD NMOJHBIHA
2JIEMEHTHBI KaueCTBEHHHH W KOJIHUECTBEHHHII aHaju3 BellecTBa
U3 OfHOMH NpOGH.

Bce Gosiee mmpokoe pacnpocTpaHeHHe IIOJNydaloT KOMOHHHDOBaH-
Hble, TaK HasblBaeMble XHUMHUKO-CIIEKTDPAJIbHBIE METOABI, KOTOphIE
BKJIIOYAIOT SKCTPAKUUIO, THCTHIJSIIIIO UJAH COOCaXkKAeHHe AJs mpel-
BAPHUTENbHOTO alCONIOTHOTO H OTHOCHTEJNBHOI'O KOHIEHTPHPOBAHHS
OMpele/sieMblX 3JEMEHTOB € ITOCJAeAYIOUIMM CICKTPaJbHEIM aHaJH-
30M KOHIIEHTpaTa. XUMHUKO-CHEeKTpaJbHbIE METOJbl IO3BOJSIOT I[0-
JIYUHThL OTHOCHTeJbHBIE npefennl oOOHapyXKeHHUA 3JEeMEHTOB 10
1078—107°Y% u npumeHSIOTCA NpH aHaJH3e 0cO00 UUCTHIX BELIECTB.

1.1.1, BusyanbHblii aTOMHO-9MHCCHOHHBIH CHEKTPAJbHbIH aHAJNH3

MeToJ OCHOBAH Ha BH3yaJbHOM H3YUEHHH CIIEKTpPa aHaJIH3HPyeMO-
ro BelllecTBa, HaGMIOLAaeMOr0 yepe3 OKyJAP CHEKTPaJbHOro HpuboO-
pa (#anbosiee pacnpocTpaHeHH CTHJIOCKONB H cTuaoMerpr), Maen-
THOULHPYS JUHWH B CHEKTPE, IPOBOAAT KayeCTBEHHBII aHaJHU3, &
OLleHHBAsi WX OTHOCHTEJNbHBEIE HHTEHCHUBHOCTH, — IOJYKOJHYECTBEH-
HBI ¥ KOJIMYECTBEHHBIH aHa/u3. Bu3yanbHBIH CIEKTPaJbHBIH aHa-
JIH3 OTJIMYaeTCsd NPOCTOTOH TeXHUKH HKCIEPHMEHTA, SKCIPECCHOCTHIO
H HarJsiHOCTBIO, a Tak:Ke HEBBLICOKOH CTOHMOCTBIO amnmapaTypH.
K HemocTaTkam BH3yaJbHOrO MeToja CJeAyeT OTHECTH Cy6beKTHB-
HBIH X&apakTep OLEHKH CIEKTDPA, BBLICOKHE Mpejeabl OOHAPYXKeHUs
9JIEMEHTOB, 3a HCKJIUEeHHeM IIEeJOYHLIX H LIeJOYHO3CMeNbHHX Me-
TAJJIOB, M HH3KYIO BOCIPOH3BOAUMOCTb ONpeseseHHH.

OTHollleHHe MaKCUMaJbHOH SPKOCTH, HabJ0daeMoil TIJasoM,
K MUHHMAJIBHOH, HaXOAsllelcd Ha IOpPOre YyBCTBHTEJBHOCTH, HO-
cruraer n-10%, OnHaKO NpaBHJAbHOE BOCHPHSATHE H3JYYeHHA pas-
JHYHOH SIPKOCTH B IIMDOKOM JHAla3oHe BO3MOXKHO TOJBKO OJaro-
Japsi COBOKYIHOCTH NPOLLECCOB, NIPOHCXOMASIUIHX B 3DHUTEJbHOM alma-
paTe, DT0 cBOHCTBO I1a3a Ha3LIBAIOT ajanTauxed. 3pUTebHOE BOC-
NpusiTHe KBaHTOB CBETa € PA3JHYHOH 3Hepruedl B BUAMMOM JHana-
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Puc, 1.1. Cxema YCTaHOBKH JJISI BH3YaJbHOr0 3MHCCHOHHOTO CIEKTpPajJbHOrO aHa-
JIH3a:

1 — remepartop; 2 — HPOTHBO3JIEKTPON; 3 — Hckpa; 4 — byasrypatop; 5§ — o6BbeKTHB CTHAOMET-
pa; 6 — cruaomerp; 7 — OKyJdp CTUAOMETPa

a0He CIeKTpa Jaer OHlyIieHue IlBera. HM3nyueHue 3a npenenamu
Ananazona 390—700 HM ryia3oM He oOMyIaercs, HO W B Npefeliax
DUAMMOrO y4acTKa CIeKTPa YYBCTBHUTEJBHOCTDb IJI23a K PAa3JHYHBIM
JJHHAM BOJIH HEOJHMHakKoBa. MaxkcaMyMm ee HaxoautTcss B obiacrty
oxoso 570 um. Haubonee sipkue cHexkTpajibHble JHHHH psna 3Je-
MEHTOB PacHOJIOXKeHH B 06JacTAX CIeKTpa, Tie a3 HMeeT IJIOXYIo
WYBCTBUTEJNBHOCTb, H HX HaOJIOAeHHe CJeLyeT 3aKaHYUBaTb I[OCHE
II0IHO# ajanTallud, T. €. TOJIbKO IIoCJAe TOTO, Kax YAacTcs pasiu-
UWTh Apyrue OJH3NexallHe CIeKTpaJabHule auEHu., Cxema yCTaHOB-
KM AJISi BU3YaJBHOTO aHaJau3a npubefeHa Ha puc. 1.1. Tlpu nmomomn
renepatopa I mexkay mnpoTuBoasexTpomoM 2 u dyasryparopom 4
nozbyxpaercss HCKpoBo#l paspsan 3. IlosmxpomHoe wu3nyueHue I0-
nagaer B o6beKTHB 5 CeKTpasbHOro npubopa 6, koTopsill npeobpa-
dyeT ero B crexkTp Osmarogaps cucreme npuaM. Cnextp HabJ0La0T
B okyasip 7. B xauecTBe cnexkTpaJsbHOro npubopa HCHOMB3YIOT CTH-
gockonsl (CJI-11A) uau crunomerpsr (CT-7).

Hceneayemsli pacTBop noMewalT B cocyx I ¢ynabryparopa
(puc. 1.2). Daekrpon 2 ¢ kaHajJaMu AJ51 NOCTYIJIEHHS pacTBopa Ha
¢0 1IOBEPXHOCTh I'epMETHUHO 3aKPemnJfeTcss NpPH HOMOLIH Pe3HHO-
Bo#i mpokaanky J. BusyaJabHEIE METOJ XapaKTePH3YeTCsl JOCTATOYHO
JUIHTEJIBHHIM BpeMmeHeM HaOJIOfeHHS CIEeKTpPa, NO3TOMY HCTOYHES
M3JIYUEHUS JOJXKEeH HMeTh MWHUMAaJbHYIO TEIJIOBYI0O MOIIHOCTD,
ec/y aHAJHU3UPYIOT pactBOp. TeMmmepaTypa pacTBopa B Ipolecce
9KCNOIHIHE AOJKHA H3MEHSThCS He3HauyHTesJbHO, uTo0nl COXPaHATH

yeaoBIsl HOCTYIIEHHST alasli3iupycemMoro Be-

Heersa Bopaspsi nocrosinnbiMu. Heseico- N1 T
KOH TeIIoBOH MOIIHOCTbIO 06/1afnaioT HeKO- - = —
TOpBIE PeXHMB Pas3psAfa KoHieHcuposan- [— - NM—=—hH ,
1O# HCKPHl HJM BBHICOKOUACTOTHAas MCKpa. [——IN¥—"H 5
JIyroBEle HCTOYHHKH cBeTa Ans 3Toll meau | —-ERNE=
HENPHTOAHHL.

UcTouHUKOM KOHIEHCHPOBAHHOH HCKpPH
fiBJgercs KoJgaebaTenpHBIH KOHTYD, COCTOSI-
Ml U3 KoHAeHcaropa C, KaTyWKn HHIYK-

Pac. 1.2. ®yabrypatop:

1— cocyn dyasrypaTopa; 2 — 3JeKTpOJA; 3 — NpPOKJIafKa i



T Puc. 1.3. TIlpunnunuasbHas cxema

HCTOYHHKA Nomhmmozvowmmmow
HCKDHI:

.ﬁ C — KOHAeHcaTOp; L — KaTymika HHAYK-
L C= . r h THBHOCTH; [ — aHaJHTHYeCKHH paspsan-
2 %) HbIH NPOMEXKYTOK; [y~ BCIHOMOraTeabRbIN
~— paspanHbLIE  NpoMexXyToK; R — peoctat

epBAYHON  OOMOTKH Tpanchopmaropa;
AAAA &

Tp — TpaHchOpMaTop; r — GajaaacTHoe

CONPOTHBJIEHHE
THBHOCTH L W pa3panHblx npoMexyTtkoB I; u I, (puc. 1.3). Ilas
BO30OYK/€elHs paspsila KOHAEGHCHPOBAHHOH HCKDH HCIOJB3YIOT re-
gepartoper MI'-2, UI'-3 u sip. TMocne BKJIOUEHHS] reHepaTOpa B ero
3JIEKTPHUCCKOH CXCMC, TOAKJIIOUEHHOH KO BTOPHYHOH OOMOTKE
TpancopmaTopa, BO3HMKAeT KojebGaTe/pHE paspsa. On  moay-
JaeTcs 3a CueT paspsiia KoHieHcatopa C uepes BCIOMOraTeJbHEIR
NPOMEXKYTOK I3 W 3aTeM uepe3 aHAJIUTHUECKHH mpomexyTok ;. Ka-
TYUIK2 HHAYKTHBHOCTH L, BK/IOUEHHAsl B CXEMY KOHTypa, NpPUAAET
paspsiny konebGartenbHmi xapakrep. [Tocne paspsakm KoHmeHcarto-
pa oH CHOBA 3apsiKaercsd W BeCh Npoliecc MOBTopseTcs. Temmepa-
Typa nJja3Mbl KOHIEHCHPOBAHHOH MCKPH 3aBHCHT OT HHAYKTHBHOCTH
"B Uenmu KoJie6aTeabHOTO KOHTYpa. [IpH MaJjmIX ee 3HAUeHHsX TeM-
nepatypa nuaa3mbl pocruraer 10000—12000 K u B Helt Bo3Gyxaa-
I0TCSA 3JIEMEHTBI, HMeIOllHe BHICOKHE NOTeHIUAaIbl HOHH3AUHMH: (oc-
¢op, cepa, rajoreHnl, MBUILAK U AP. YBEJIHUABAs CAMOMHIYKIIHIO,
MOXHO MNPUG/IH3HTL TeMIepaTypy maasMsl K Ayrosoil (5000—
7000 K). 97oT nmanason Temmeparyp GJarOnpHATEH A BO3GYIK-
JeHUs] aTOMHBIX CIEKTPOB OOJIBLIIHHCTBA MeTaJIoB. B cBeueHun
paspsia KOHAEHCHPOBAHHOH HCKDHl MOXKHO BHIIEJUTh JABE CTAMUH;
craguio npo6osi, BO BpeMs KOTOpO#l HaB/iofaercss cBeYeHHE KaHa-
712, 06pa3oBaHHOTO HOHH30BAHHOH aTMOCHEPON MEK3/JEKTPOLHOTO
HpOMeXyTKa (CNeKTp ra3oB BOSAYXa) I CTAJHIO KOJe6arejbHOTo
paspsna, BO BpeMsi KOTOPOH C IOBEDPXHOCTH 3JEeKTPola ¢ npoboi
BhIGpachiBatoTes Baxessl. [ToaHXpoMHOe H3nydenne Tpo6H pa3siara-
ercd B cuektp B cruiaomerpe CT-7 u BusyaspHo Habuionaercs ue-

. vmwmaoowwamn.u\monmmmmm
‘@ r/H 0 ONITHYeCKas cxeMa 3Toro mpubo-
-2 _MW I>

@m:@zmmhmmmmm@mo.u.%xw-
Jiy4YeHHe OT HCTOUHHKA cBera I
s> _/,Aw
2]
4 =

uepe3 3alllUTHOE CTeKJ0 2 ¥ JIHMH-
3y J TMPOXONHT uepes uwienanb 4.
[lpuama 5 usmensier xom Jyueh

Puc. 1.4. Ynpoulennas ontHueckas cxe-
ma crunomerpa CT-7:

> 7 ml MCTOYHHK CBeTd; 2 — 3aIUHTHOE CTEKJO}

T — JHH3a; 4 — ulenab; 5 — NOBOpOTHAA MPH3~
/\ =717 g, p p
6

Ma; 6 — 06BEKTUB KOJJHMaTOpa; 7—9 — CH-
<3 CTeéMa JHCNePrHPYIOMMUX npH3aM; [0 — noBo-

POTHasi 1npH3Ma; /! — OGBEKTHB 3pHTEJbHOR
TPYGbi; 12 — HoTOMEeTpHYECKNe KAHHBA; [3 —
OKYJIIp .
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Puc. 1.5. MamepeHne noJOXKEHHS JIHHEH B CIEKTpe:
@ — HCXOJHOEe MNOJOXKEHHEe JIHHHH,; 6 — MoJOXKeHWe JHHWH ~— OPH OTCUYETe

na 90°, Hanmpaeasis MX Ha OOBEKTHB KoJJMMaTopa 6 W 3arTeM Ha
JHCIeprupyomue npusMbl 7—9. Pas/ioKeHHOe B CIEKTP Jaaytenne
HCKpOBOTO paspsifia nosopaunBaerca npusmoit 10 na 180° u o6bek-
THBOM 3pHTE/bHOK TPy6nl [l Hampasjsercs 4depe3 GOTOMETpHUEC-
Kue KiuEbsg 12 B OKyJasp 13, B moJe 3peHHsl KOTOPOTO HalJ/iojaer-
¢t cnekrp. QoToMeTpHYECKHE KiIMHbS [2 HCIOJB3YIOT HpH KOJHUe-
cTBeHHLIX onpenesneHnsx. IIpubop cHabGkeH CTEKJISAHHOM OITHKON
I nossoJsieT Habsopath cnektp B obsactu 400—700 HMm.

[Ipu BEINOJHEHMH KAaueCTBEHHOTO CIEKTPAJDLIOro anannsa Heol-
XOAMMO ONMpENENHTh AJHHL BOJH CIHEKTPAJbHLIX JHHHH, Habmoxae-
MBIX B CIIEKTpe HcecJenyemoro BemectBa. [Ljis 3TOro H3MepsioT OT-
HOCHTeJIbHOe HOJIOXKEHHe CIIEKTPaJbHBIX JIMHHI B CHEKTpe, a AJIHHDBI
BOJIH HAXOAST II0 AHCIEPCHOHHOH KPHBOH CIEKTpajbHOTO mpubopa.
Ha cruiomerpe CT-7 mogoKeHHe JHHHH B CHeKTpe (PUKCHPYETCs
orcueToM 1O mKaJje Gapa6aHa MHKPOMETPHYECKOro BHHTA, MO-
BOPAYMBAIOLIEr0 JAMCIEPIHPYIOMYIO TIDHIMY H mmwmzmmmmSEQ,w
Bech CIEKTD B IOJe 3peHHs oKyasipa. Hynesoit m@ozmwmo:v ueproi
Npu 3TOM CUHTAETCS JIEBBIA Kpail NPAMOYrOJbHOH PaMKH, BRIPE3AIo-
mui HeGoJablION yuacTok B HabJaiofaeMon onamoaz CHeKTpa
(puc. 1.5). Cmexrp B paMKe HMeeT HECKOJbKO GOJbIIHe Da3Mepst
o BBICOTE H MOXKeT ObITh NepeMellleH BIPAaBO HJIH BJEBO CNelHalb-
miv OGapabamom crusiomerpa. [Ipm 3ToM ocraercss TeMHBIH BBHIPE3
B ocTaibHOM cnexktpe. OLHAKO NIPH ONPEeAE/]EHHH NOJOXKEHHS CIeK-
TpaJibHO# JMHUE B CHEKTpe, T. €. IIPM KaueCTBEHHOM aHajuse, paM-
Kd [0Ji3KHA TOUYHO BIHCHIBATHCS B BBHIPE3, a sIPKOCTb CIEKTPa B HeH
JLOJKHA OBITh HECKOJBKO yMeHbleHa NPH NOMOMHM ORHOro u3 ¢o-
TomerpHyeckux Kaunbes 12 (cM. puc. 1.4). Ilpu usmepennn BoiGpan-
HY10 CTeKTPaJbHYI JHHHI NOBOPOTOM MHKPOMETPHUIECKOrO BHMHTA
HPHIMLE TOUHO yCTauanInBalor mna JIeBOI rpaniie paMKu H wm—ﬂwz.m
GepyT OTCHCT 110 ero WKaJde ¢ TOMIOCTLIO A0 1—2 HecATHX JAOJeH
sesenusi. Mamepenuss nosropsiior 3—4 pasa, 3anucCeiBas Cpeanee
3HayeHHe OTcueTa. B TeMHO-KpacHOH M ¢uoneToBOH 006JaCTAX
cneKkTpa, B KOTODHIX IJia3 ¢ TPYAOM pasnuyaer cBeueHHe (oHa,
CHEKTPaJbHYIO JIHHHUIO BHIBOAAT B OTCUETHOE IOJOXKeHHe 10 yMEHb-
IWeHns BABOE ee HAOMII01aeMOH IHDHHEL

Pabora 1. Hocrpoenue ducnepcuonnol kpusoli cruaomerpa CT-7

Paspemamomiyo CIOCOGHOCTh CIEKTPaJbHOro npuéopa XapakTepH-
syloT amcnepcueil. B mpusmenHom npubope BHIAGJAOT caelyloline
ee BUAB: 1) AMCHepCHs MaTepHaia MPH3Mbl; 2) MHCIEpPCHs KOH-

15



KPeTHOH npusmbl; 3) aucnepcHs npubopa B LeJOM. BHIeASIOT Tak-
Xe JuHelnyto dl/d\ n yraoByio aucnepcuu. JlncnepcuonHas KpHBasd
BHIpAXKaeT 3aBHCHMOCTb JIHHEHHOH AMCIEPCHH OT JUIMHE BOJIHHL H3-
JyueHHs:

dljdh = AlAN = (dO/dh) (f/sin &),

rie Al — pacCTOfiHHe MEXAY ABYMS CHEKTPAJbHEIMH JUHHAME B ¢oxanbHOH myOC-
KOCTH OGBEKTHBA SDHTENLHON TPYSH C COOTBETCTBYIOIIHMH DASHOCTAMH  [JIHH
BoaH AR; d0/d) — yraosas pucnepcus matepuana npHsMel; f — boKycHOe paccTos-
HHEe OOBEKTHBA 3PHTENBHOA TPYGH; & — yroa HaKJIOHA n306paxKeHHs CHEKTpa K
ONTHYECKOH OCH 3PHTENbHON TPYGHL

Yraosas Aucnepcuss v matepuaJa NIPHU3MEI ONpelneJisieTcss BHIpa-
KeHueM:

v =d0/d\h = da/dh\,

TAC a — noKasarell, NPEJOMJIEHHsI MaTepHata IpH3MH; df — yriosoe paccrosune
MEXIY JyYaMH ABYX AJMH BOJH.

Hucnepcnonnas kpuasi MHAMBHAyaJbHA IS KaXKIOTO npubopa u
BLIpAXKaeT 3aBMUCHMOCTb MEXJy OTcueToM Ha GapabaHe MHUKpOMeET-
PHUYECKOro BHHTA 71, PABHOMEPHO NepPeMellalollero cnexTp B ¢o-
KaJIbHOM NJIOCKOCTH OKYJISipa, W NJMHOH BOJIHEI CHNEKTPAJbHON JH-
HHH, HaXOAAIEeHCA B OTCYETHOM IIOJIOKEHHH:

n= \Ay.vo

Has nocTpoemnst aucnepcuoRHOM KpHBOM CTHJIOMEeTPa B paspsn
KOHJICHCHDOBAHHOH HCKPHl BBOASAT PACTBOP, COAEPKAaUIHil COMb H3-
BECTHOTO 3JieMeHTa. B HabiiolaeMOM CIEKTpe H3MepsIOT MOJIOMKe-
HHE CNeKTPaJbHBIX JIHHHH C TOYHOCTBIO 4O HECATHIX JOJel AeJeHHus
wKaje GapaGaHa. 3aTeM BBOLAT B Paspsif AHCTHIIHPOBAHHYIO BO-
Ay M M3MEPSIOT NOJIOKeHHe CHEKTPAJbHEIX JHHHA B ee cleKTpe (XO-
JocTas npo6a). MaeHTHQHIEPYIOT CleKTpaJbHble JUHHE B CIEKTPe
H3BECTHOTO 3JIEMEHTAa, HCIOJb3ysl IIPH 3TOM AaHHBe Ta6a. 1 u wme-
KJIOUHB IPEIBAPHTEJNBHO CIIeKTpPaJbHHe JAHHHH, HabgiomaeMble B
CIIEKTPe «X0J/10CTOi» MPOGH. VmentHdukanus obrerdaercss rpymnmu-
POBKOJi CHeKTPaJbHBIX JHHHH (cuHIJeT, ayG/eT, TPUILIET H T. I.),
HX OTHOCHTEJbHOH SPKOCTbIO, 1BeTOM. [ToKasaHHs M3MepHTENBHOTO
6apaGaHa ¥ AJHHE BOJH HACHTHOHUHPOBAHHEIX CIIEKTDaJbHBIX JIH-
HUH 3aNUCHIBAIOT B BHAE TaOJHIH.

IMpuGoput N peakTyuen

Cruaomerp CT-7.

Teneparop HI-3.

LITarus.

. DaexTpod RS CIEKTPaJbHOTO aHAJH3a pacrBopos (pyJwryparop).
Pacrsope conei meranaos, 1%-uule.

Buinonnenne paorei, [l nocTpoeHHs ZHCIIEPCHOHHON KPUBOH
TI0C/I€I0BAaTE/NbHO BHIIOJHSIOT Clefylollue ONepauud: 1) H3roTas-
JIHBAIOT 3JIEKTPOAR H COOHPAIOT QyabrypaTop; 2) 3anoJHAT (yJb-
TypaTop HCC/elyeMbiM DacTBOPOM M YCTaHABJMBAIOT 3JEKTPOAH B
AepxaTesie IITaTHBA; 3) BO3GYXKAAlOT Paspsj KOHAEHCHPOBAHHON
HCKPEI H yCTaHaBJHBAIOT B paboyee NOJOXKeHHe CIIEKTP B OKyJsipe

16

AUHUU 3NEMEHTO8

Tabauya 1.1. Xapaxrepusie cnekrpassvusie

ITepBrifl no- ,
Baement NMMMM%M%F bam:vﬁmﬂa. XapaKTepHCTHKA JNHHAHH
3B
L 5,39 670,8 TeMuo-KpacHas
610,4 Opanxesas
Na 5,14 MWMHW V Ny6neT opaHkeBHX JAHHHK
wmwum v Ily6aeT xKeaThix JHHHA
w#wuw v Hy6aeT IpKHX 3€JeHBIX JHHHH
Mwwww v Jy6aer CHHHX JHHUN
589,6 Ily6aer namGosee SIPKHX KENATHIX JH-
589,0 HUE
K 4,34 mww”w v Iy6aeT TeMHO-KPacHBIX JHHHH
583,2
wmw“m — I'pynna xenatwx Jaduit
578,3
536,0
534,3 V [pynna senennix aunuit
532,4
My 7,64 552,9 JKenras
518,4
517,3 V Tpunser ApKUX 3eNeHLIX JHHHA
516,7
470,3 Cunss
s 6.11 671,8 TemHo-KpacHas
& ’ 585,8 Spkas xenras
58,9 sIpras nedaenas
4227 bHovcTOBasA, HaH(oJiee QYBCT-
BHTEJbHAS
- sIpkasi KpacHas
S 5,69 me.w SIpxas cHHe-3eseHast
Amouq mmwwm CHHAA, mmxm.o.:mo TYBCTBHTEAb~
430.6 Spkas ¢uoaeToBasA
421.6 sIpkas proserosas
B3a 5,21 mm,w %wwwwxwwwmm_ pesKasi opaHxeBas
/| 5853.5 SIpKas peskas xeiras
551,9 Kearas
493,4 3e/leHOBATO-CHHSASA
490,0 Cunsas  _ A

e g 00



I1podosxcenue taba. 1.1.

IlepBBIff NIO-
dseMeHT :MMMW%MMF hﬁ:mﬂ_.mmw%a. XapaxkTepHCTHKA JHHHH
sB
472,7 CHHsst
455,4 SIpkast auddysHas duoaeroBas
440,3
435,0 I'pynna $pHoNeTOBHX JUHAN
4283
Al . 5,98 :m.»~ v Opaiixkennle
(uzckposon (23,2
MEeTO/L)
484 .2 Cunss
466,3 Spxas cuHasn
559,3 Kenras
n 9,39 636,2 Sipkast kpachas
481,0 Cunsa (memaer Cr)
472,2 Cunsis (memaer Bi)
468,0 Cuusist
Ag , 7,57 5471 Senenas
546,5 3eneHas
520.9 meammm, HanGojiee spkasg  (MeIIaeT
r
Pb 7,41 600,2 Opanxesas
5896 JKearo-sesnenas
560.9 Kenro-senenas
5379 3enenas auddysuas
4949 ®uoserosas uddysnas
Cl 12,96 481,9
(sckpoBok 481.0 Tpunaer cuHAX JHHHA
pexuM) 4794
S . 10,36 545,5 pynna 3emeHbIX JUHHE
(HCKPOBO# 543,3 (quumst 545,5 HauGo/Mee ApKAs)
pexuM) 542.9
532 0 SIpkasa 3eneHas
P 10,98 604,3 .
(ckpoBoh 6034 Tpunser KpacHbX JHHHH
pexnm) 602,4
Br 11,84 478,5 Slpkast cHHAA
(ncxpoBoit 481,7 CuHSA
peKHM) 518,2 3eneHas
533,2 JKeanaras
F 17,42 685,6 TemHoO-RpacHas
(ucrpoBoil
pexnM)
18 7. .

hbo@o§§§§ raba. 1.1.

IlepBBIfi O~
SaeMenT :MMMWFMMMF hﬁ:%.m:ﬂva. XapaKTepHCTHKa JHHHE
3B
I 10,44 546,5
A:nwvovmom : 516,1 V SIpKue 3eseHbie JIHHHH
PEXHM
Mn 7,43 534,1 3enenaa (memwaer Co)
482,3
482,3
476,7 pynna spKUX CUHHX JIMHAA
476,3
476,4
MMWW v DHOJCTOBLIE JIHITHH
- 87 548,4 SIpkan xenTo-3eneHas
Co 7 535,2 JKento-3enenas
534,4 3esenas (memaer Mn)
526,7 3eneHas
521,3 3eneHas
MMMHM I'pynna sipkux cuze-seeHbX JHHHE
481,4
mew v SIpkne ¢uoieToBHE JUHHH
Ni 7.63 547,7 Slpkas senenas
’ 508, 3 SIpxasi 3enenas
485,6
478,6 I'pynna cunux nunni
471,5
Hg 10,43 MWW,W JKenras sipkas
, Kearast
546,1 3esieHast O4eHb sIpKas
435,9 ®uoserosas sipras
Bi 8 0h5,2 3esenas
520,9 3enenas
514,4 3enenas
< 7 38 MMW“W Cunss sprast (Mmeuraer Zn)
Sn 3 7
. 563,1 M%mﬂow%wgmmmm
452,4
. , SIpko-crHsa (Mewaer Be)
S 8,64 613 :
(nckpoBoit ' 607,9 Mwmmmmm M.M_MMMM
pexum) 600,4—600,5| Opanxesasn cpedHe-sipKas
As 9,81 565, 1
(uckpoBoit 555,8 WMMMMM
pexum) 549,8 Kearas
: 533,1 JKenras
o
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Hpodorxenue raba. 1.1.

MepBhiit O~
dnement ﬁMMMWMMMs. hamxvm,» m.ww.:. XapakTepHCTHKA JMHHH
sB
Cr " 6,76 440,1 SIpkasi ¢uoseroBas JHHHSA
499,0 T .
4975 v pHILIET SIPKUX (HOJETOBHIX JHHHA
49255
441,3 duoserosas cpeaHds
435,1 | duoseroas
434,5 duoseToBast
465,2 Cuusas
464,6 Cunsas
541,0 Sesienas ApKas
534,9 3enenas
520,9 IOy6ier ApKHX 3e/eHbIX JHHAA (Me-
520,5 maer Ag)
561,5 JKenras
Fe 7,86 558,6 JKenaraa
538,3 3eneHas
526,9 Senenasn
495,7 CuHe-3eseHas -
492,0 CuHe-3eseHas
440,4
438,3
432,5 ['pyuna sIpKEX (PHOJIETOBHIX JIHHHA
430,7
427,1
Cu 7,72 578,2 Kenras
522,0 3esenas OYeHb ysKas
515,3 3eseHas sgpkas
510,6 3enenas apkas
465, 1 Cune-¢dHoseToBass cpefiHe-ApKas
Cd 8,99 643,9 Kpachast cpegne-apKag
508,6 3enenas spkas
480,0 Cuusis sfipKasi
467,6 Cune-duoneroBas spKas
CTHJIOMETDA; 4) H3MepsioT MOJIOXKeHHe CIIeKTPaNbHbIX JIMHHHA

B CIOEKTPE XOJOCTOH NpPOGH; 5) H3MEpSIIOT NOJOXKEHHE CIEeKTPalb-
HEIX JHHHH B CIEKTPaX BCeX YKa3aHHHIX NpenofaBaTeleM 3JjeMeH-
T0B; 6) CTPOAT ZUCNEPCHOHHYIO KPHBYIO.

UsrorTosnenne yCTAaHOBKA 3J€eKTpOJIO0B. JJek-
TPOJE! H3rOTABJHBAIOT H3 CNEKTPAJILHO THCTHIX rpaUTOBHIX CTEPXK-
Heli nuamerpom 6 mm. Bepxuuit snektpon umeer piauHy 50—60 mwm,
pabGouuii KoHel 3aTaYyHBAaIOT HA YCeUeHHHH KOHyC ¢ AHAMETPOM
naomanka 2 mM. Huxuuft snekrpon (cm..puc. 1.2) ¢ mpocsepien-
HBIMHM KaHajiamH nuaMerpoMm 1,0 MM BCTaBJSIIOT B NOJHITH/IEHOBYIO
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Yalllky Tak, 4TOOBl OH BBICTYNAaJ Haj NOBEPXHOCTBID ee KpaeB Ha
2 mM. 3arTeM HaJ{BalOT H3 HPOGHPKH PacTBOD H3BECTHON COJIH B
qyawky ¢QyJabprypaTopa L0 YPOBHS €€ KpaeB W 3aNOJHSIOT IIPH MO-
MOLLY IHIETKH KaHaa 3jektponra. OyabprypaTop ¢ pacTBOpoM ycTa-
H4BJIMBAIOT B JepxKaTeje IITATHBA COOCHO C BEPXHHM 3JIEKTPOJOM.
Paspanupii npoMexyrok 2,0 Mm ycraHaBaupalor no mabaony. He-
KPOBOH pa3psall ROJXKeH HaxXOAUThCA B (QOKyce 0OBEKTUBA CTHJIOMET-
pa. HOana Tounoli dbukcallmy NOJNOKEHHs 3JEKTPOJOB HX MEHAIOT Ha
HOBLIE NOOYEPERHO.

BosbOyxnenne cnekTpa, Jdas Bo3OYyXKIeHHS MCKPOBOrO
paspsifa UCMOJB3YIOT CASAYIOUIHH pexkum paboThl reHepatopa MI-3:
uHAykTUBHOCTL 0,55 MI'H, emrocts 0,006 Mx®P, cuaa toka 1,5 A.
Hab6nonas cnextp yepes okyJasip cruioMerpa, 1O0OGUBAIOTCS Y4ETKOrO
nsobpaxkenusi. Ecay oCBeIeHHOCTh ClEKTpa Maoxad, TO HeoOXOHH-
MO B IIePBYIO. OYepeAb NPOBEpPUTH IIOJOXKeHUe GapabaHOB, MEHSIO-
UIHX OCBELEHHOCTb CIIEKTPa M paMKH. Ecam u nocje 3TOro ocse-
HIeHHOCTb CHeKTpa ciaabasi, HepAaBHOMEpPHAs MJIM CIEKTp BooOllle He
HabJ/ar0aercs, TO paspsif cMellleH OTHOCHTeJNbHO (okyca oOheKTHBA
crunomerpa. Ilpum 2TOM BO3MOXKHEI TpH cJayuas: 1) moJe 3peHHsT
ocBellleHo cnab0, HO HHXKHSS 4acTb sipde — HeoOXOJUMO CMECTHThb
paspsifHBI NPOMEXYTOK HecKOJIbKO BBepX; 2) moje 3peHHs OCBe-
meHo cnabo, HO BepXHds YacTb spuye — HeoOXOAMMO CMECTHTb pas-
pPALHBIE NPOMEXYTOK BHH3; 3) HOJIe 3peHHs He OCBEIeHO — IIOJIHOe
HapylleHHe KOPPEKTHPOBKH 3JeKTPoAoB. KODpPEKTHPOBKY 3JEKTpPO-
JOB IIPOBOJASIT HPU NOJHOCTBIO OTKJIIOYEHHOM OT 3JEKTPHUECKO# ce-
TH npubope.

HUnearndurkanusag CcOeKTpPaJbHBX JHHHH  H3-
BecTHOro sJngemenTta. C noMomplo JaHHEX Tabua. 1 uaeH-
TUQHIHAPYIOT HOOYEPERHO BCE CHEKTPaJbHble JHHHH BBOJHMOIO
B paspsii 3JeMeHTa H PEerHCTPHPYIOT HX I0JIOXKeHHe B CIEKTpe MO
mkaJjge oTcyeTHoro Gapabana. 3aTeM OTKJIOUAIOT NPHGOpD OT CeTH,
Moo4YepefHo 3aMeHs0T 00a 3JeKTpPoja Ha HOBHE H NPOBOAAT HJEH-
THGHUKALYIO M H3MePEeHHEe MOJO0XKEHHS CHeKTPaNbHBIX JHHUH B CIEKT-
pe CJIeoyIOIero HM3BECTHOIO 3JEMeHTa.

[TocTpoeHHe OQUCHEPCHOHHOH KPHBOH CTHIO-
MeTpa. [lo cpelHuM 3HaYeHHsM, NMOJYUYEHHBIM 110 OTCYETHOMY Ga-
pabally jisl HCCKOJILKIIX 3JeMCHTOB, X4PAKTEPU3YIOLIHX IIOJIOXKEHHE
CIEeKTPaJIbHBIX JHHUH B CIEKTpe M HMX JJMHAM BOJH, B3SITHIM H3
Tabi1. 1, CTPOSIT 3aBUCUMOCTD 7n==f (A), HCNOJb3ysl AJs 3TOTO MHJLIH-
MeTpoByio Oymary. Macmta6 3aBHCHMOCTH JOJIK€H COOTBETCTBO-
BaTh TOUYHOCTH H3MEpeHHH:

Pabora 2. Hoenrupurayus xaruoros 111 u IV
AHAAUTUYECKUX epynn 8 pacreopax ux coaet

TpuGopu 1 peaKTHBLI

ITpu6opH — cM. vmaoew 1.

Pacreopur coaeit xaruonos Il u IV anaauruseckux epynn, Z\c-mzm

Boinosinenue vN@OHE. @Nﬁﬂw.ov Nw%amQZOS COJIM ITIOMEIIaoT B (CO-
cyn dyasryparopa, Bo3byxaalOT COEKTp, HCNOJIb3YS AJSl 3TOTO pas-
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PN KOHAEHCHPOBAHHOH HCKpH (cM. pabory 1), u uM3MepsAOT NOJO-
KeHHe CIeKTPaJbHHX JHHUH B CIEKTPe, KaK YKa3aHO BHIe. JIHHHR
CIeKTpa X0J0cToH npobn uckirouanoT. Ilo Tabauue, 8 KOTOpO# yKa-
3aHEl OTCYeTHl MO lIkajge OapafaHa MHKDOMETPHUYECKOIO BHHTa
CNEKTPaJbHBIX JIMHHA 2/7€MEHTOB W KOTOPYIO COCTABJIAIOT WHAUBU-
AyalbHO AJs Kaxjoro npubopa ammovmeowxx HaxogAT AJUHDL
BOJIH H3MEPEHHBIX CIeKTPaJbHBIX JUHUH AOpOOH. DjeMeHT NPHCYT-
CTBYET, €CIH WACHTHOHIHPOBAHBI TPH WJIH YEThHIPE €ro CIeKTPatib-
HBIX JHHHH. PesyabraThl skcnepumenta oQopMJsfiOT B BHAe Tabau-
IBl; NPHUCYTCTBHe HJIH OTCYTCTBHe 3JeMeHTa OTMeualoTr B rpade
«BriBOI»:

JIAMHA BOAUBL, 1M

KauecTBeHHBI# aHa/nn3 MOMKET ObITh BHIIOJHEH H B 0GpaTHOM
nopsake. ITo tabanue (gHcnepcHoHHOM KpHBOH mpHGOpa) HAXOAST
OTCUETHl [0 WIKaJe MHKPOMETDHYCCKOTO BMHTA NDH3MbI IS Tpex
HJIH 4eThipeX CHeKTPAaJbHBIX JHHHH HAEHTHOHUIUPYEMOTO 3JeMeHTa.
[TpucyrcTBHe KaKROH JIMHHH B CIEKTpe POBEPSIOT SKCHEPHMEH-
TaJbHO: yCTAaHABJHBAIOT MUKDOMETPUUYECKHI BHHT B OTCUETHOE IIO-
JIOXKEeHHe M 3aTeM, HA0JI01as CIEKTP uepes OKYJsp, OTMEUaloT IpHU-
CYTCTBHE HJIM OTCYTCTBHe JIMHHH Ha JEeBOM kpaio paMku. Ecau cnex-
TpaJibHasl JHHHS HMeeT HeGOJIBLIYIO SIPKOCTh H ee IPHCYTCTBHE BHI-
3LiBaeT COMHEHHEe, TO MHUKDOMETDHUECKMM BHHTOM HECKOJIbKO CMe-
AT CHeKTP BJeBO, HaGJIONAIOT JIHHHIO B CIEKTPE H CHOBA ycTa-
HaBJHBAIOT ee B OTCYETHOE IOJIOXKEeHHe. 3aTeM CBEPSIOT MNOJydyeH-
Hbllf OTcueT ¢ TaGauYHLIM. PacxoxieHHe He HOJKHO NpEBHIIATH
1—2 pecarwx Aenenus IIKajdb. IIpn KauecTBeHHOM aHa/iM3e pac-
TBOPa, COAEPKAILIEero HEeCKOJbKO KATHOHOB, HEOGXOJMUMO yUYMTHIBATH
BO3MOXXHOCTb B3aHMHOTO HAJIOXKEHHSl B CHEKTpPE JHHHH pasHbIX sJe-
MEHTOB.

ITpumeuanne (ap-
KOCThL JIMHHH, ee
LBeT, Pe3KOCTh Brisoz

HT. A.)

Haentudbunupyemoit
3JIeMEeHT

TaGanynas nafiiesHas

Pabora 5. Buzyasrsnoe aTOMHO-IMUCCUCHHOE OnpedeseHue medu

HHTeHCHBHOCTL CHEKTPAJBHBIX JHHUE NPONMOPUHOHAJbHA KOHIEHT-
pauuu sjneMmeHta B npobe. Ilist yCTaHOBJIEHHSI KOHKDPETHOH 3aBH-
CHMOCTH B KaXJOM KOHKDETHOM CJydYae MOJb3YIOTCs (GOopMYyJIoi
Jlomakuua — IlaiiGe:

I, = ach
u1u B Jorapudmudeckoit gopme:
. lgi,=1ga+0blge, , (1.5)

rae I, — HHTEHCHBHOCTh CMEKTPaJbHOH JHHAH; @, b — NOCTOSIHHLIE, HE 3aBHCAILHE
OT KOHLEHTPAaUKH; ¢ — KOHUEHTPALUs JeMeHTa B npobe.
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Ananus Moxer OBITH BHIIOJHEH CAeAYIOIIHM 006pasoM: rOTOBSAT
cepuo 00pa3LoB CpaBHEHHS, U3MePSIOT HHTEHCHBHOCThL aHaJHTHYe-
CKOfl CMeKTPaJbHOH JIHHUU AJs KaXKAOr'0 U3 HHUX, CTPOAT rpaisyHpo-
BouHbiil rpaduk B KoopjamHatax lgl, — lgc, H3Mepsr0T HHTEHCHB-
HOCTb 2HAJUTHYECKOH CHEKTPAJbHOH JIMHHH IJIsl HPOOHI; ¢ MOMOIBIO
rpaguxa, KOTOPHH, KaK 3TO BULHO W3 IPHBEAEHHOH 3aBHCHMOCTH,
npeacrasiaser co6oi MPSMYIO, ONPENEsIOT KOHUEHTPALHIO dJeMeH-
Ta B mnpobe. OgHako, KpoMe KOHIEHTPallWH, Ha HMHTEHCHBHOCTb
CIEeKTPAJIbHON JIMHEH CHJAbHOE BJIHSHUE OKa3hIBAIOT TeMIlepaTypa
nJ1a3Mel, CKOPOCTb HCIapeHusi B Hell BelllecTBa OPOGH, CTeNeHb ero
4TOMHU3AIHH U T. X., T. €. HaKTOPE, KOTOpBle He MOTYT GHLITL HAEH-
THYHBIMH JAJS CTaHEAPTHHIX 00pa3loB H Evom BCJIEICTBHE DPa3Jid-
YU HX COCTaBa ¥ (PH3MKO-XHMHUYECKHX CBOHCTB H H3MEHSIOTCS
B KaxAoMm 3KkcnepHMeHTe. IlorpeliHocTs onpejeneHHil yMeHLIIAeT-
Csl, €CJIH H3MCPSITh OTHOCHTEJBHYIO HHTEHCHBHOCTb ABYX CIEKTDAaJb-
ULIX JIHHHH (Tak Has3blsaemast rOMOJIOTHUECKasi 11apa), ojHa H3 KO-
TOPBIX [IPHHALJIEXKHT aHAJH3UPYyeMOMY 3JeMelTy, a Apyras — sJe-
MeHTy CpDaBHeHHs, BBOJUMOMY B 3TaJIOHH M HpOOH C OANHaKOBOMH
KoHUeHTpaunell, OTHOCHTeNbHAs HHTEHCUBHOCThL TI'OMOJOTHYECKOH
napel CIeKTPaJbHBIX JHHUA 3aBHCHT TOJBKO OT KOHIEHTpallyu aHa-
JM3UPYEMOro 3JIeMeHTa:

Ig/lep= n%\?u wm g (lg/lep) =b"lgc{1ga’, (1.6)
rae [cp — HHTEHCHBHOCTL JIMHHH CPaBHEHHS; @’ H b’ — moCTOsIHHBIE.

D/leMeHT CPaBHEHHSI JOJKeH OHThb GJH30K K aHAJHU3HDPYEMOMY MO
[IOTeHIIHAJy HOHH3aLWM U (PU3IUKO-XMMHYECKUM CBOHCTBAM, a JHHHA
cpaBHeHHdA OJIM3Ka 10 NOTeHNUAJy BO3OYKAEHHS, AJAWHE BOJHB H
HHTEHCHBHOCTH C JUHHEH ONpelNessieMOro 3JeMeHTa TOMOJOrHYeCKOH
NAapHL.

Crunomerp CT-7 paer BO3MOKHOCTD NPOBOJHMTL KOJIMIECTBEHHbIE
OnpeAe/eHus] NYyTeM YDaBHHUBaHUA SIPKOCTEH TI'OMOJIOTHUECKOH maphl
crneKTpafbHbX JuHHHA. OH cHaOXeH JAByMs (POTOMETPHUECKHMHU
KauHbsAMu (cM. puc., 1.4), ¢ NOMOIILI0 KOTOPHX MOXKHO HE3aBHUCHMO
MEHSITb MHTEHCHBHOCTb KaKIOH CHEeKTPaJbHOH JMHHH TOMOJIOrHYe-
ckoil mapel. YesnoBeueckuil ryias cnocofeH TOYHO YCTAHABJIHBATH CO-
CTOSHIIHC papelcTBa UM HepanpeHcTRa HIITCHCHBIHOCTEH CBETOBBIX IIO-
Tokos, lipn pasencrse nurencusiocTell AByX CpaBHHBaeMbIX JHHHH
OTCYeT NPOBOAST IO LIKajaMm Ipubopa, CBA3AHHBIM ¢ poTOMeTpuye-
CKHMH KJIHHbAMH. B 3TOM ciayyae PasHOCTb OTCUETOB Ha MIKaJjax
CTHJIOMETpA NMPONOPLHOHAIbHA JIOTapH(My OTHOIUIEHHS HHTEHCHBHO-
crefl, OTKyAa

1g Io/lep =KAl =V’ lgc +1ga’, (1.7)
rae K — nocrosiiHas K/IHHbeB; Al — pa3HOCTb OTCYETOB 1O HIKaJdaM.

T'panyupoBounnit rpaduk cTposT B KoopAuHatax Al—Igec.
CnekTpaJbHOe ONpefesieHHe MeAH B pacTBOpe HpoBOAAT, (oTo-
MeTPHpYSt aHanuTHuecKyio napy auHui Cu 515,32 — Mg 516,73 uM.
DTy JHHHH TOMOJIOTHYHBI, TaK Kak Meib ¥ MarHuil uMeloT O.IH3KHe
NMOTeHHHaJ bl MOHHM3ALWH, COOTBeTCcTBenHo 7,72 3B u 7,64 3B, BH-
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~ OpaHHHe CIHeKTPaJbHble JHHAHX OJH3KH IO AJHHAM BOJH U NOTEH-
HHajgaM Bo3OyxpeHus: 6,2 3B u 5,1 3B cooTBeTcTBeHHO.

TIpnGopsl U peakTHBH

IpuGopu — cm. pabory 1.

Pacreop CuSO,-5H;0, 1%-mmi@i nmo Cu. Pacteopsior 3,92 T coam X. 9. B
50 ma HySO, (1:20), mepeHocsiT B MepHyI® KoaGy BMecTHMocThio 100 Ma #
HOBOAAT 00beM pactBopa A0 100 MJI AHCTHIIMPOBAHHOH BOXOM.

Pacreop saemenra cpasnenus MgSO,-7H,0, 0,5%-ubit 10 Mg. Pacrsopsor
5,07 comn x. u. B 50 mMa HpSO, (l:20), mepeHocAT B MepHYIO KOJGY BMECTHMO-
creio 100 Ma u A0BOAAT o6beM pacTBopa Ao 100 MJ AMCTHAMHPOBaHHON BOAOM.

Boimosnenne paGorsl. [IpuroToBJeHHe CTAaHAapPTHHX
pacTtBOopoB. [0OTOBAT 4 CTaHZAPTHLIX pacTBOPa, COAEPKAIIHX
0,01; 0,02; 0,05; 0,10% Cu u no 0,05% wmarnus.. dast aToro B 4 Mep-
Hble KOJIOn BMecTHMOcTbIo 100 ma BBoasTt no 10,00 ma pactBopa
cyabdata Mariusi u coorserctBenso 1,00; 2,00; 5,00 u 10,00 ma
CTaHIapTHOrO pacTBopa cyibgara menn. O6beM KaxKAOro pactsopa
AOBOJAT A0 METKH AHCTHJJIHPOBAHHOH BOJOH M TIIATENBHO IepeMe-
LIHBAIOT.

[TocTtpoenne rpagmyuposounoro rpaduxa. Ilog-
rotoBky crusiomerpa CT-7, reneparopa WI-3, siektpomos, a Tak-
e YCTaHOBKy 3/EKTDOJOB NPOBOAAT Kak YyKasaHo B paGore [.
Br/104aloT paspsA) KOHAEHCHDOBaHHOM HCKpH: Hampsikehne 220 B,
eMxocTb 0,005 mMx®P, unaykrussocts 0,55 MKI, cuia Toka THTaHHS
Tpancdopmaropa 1,0 A (cmoxnasi cxema). TIpu HCIONB3OBAHUH BBHI-
COKOYaCTOTHOH HCKpPbl — MEX3JEKTPOAHBIN HPOMEXRYyTOK 1,0 MM,
Cujia TOKa NnuTanus Tpancpopmaropa 0,6 A. YcraHaBaHBaIOT LIKPH-
Hy menn crunomerpa 0,08 mm. IIpoBepsIOT MOMHOTY OCBEIEHHOCTH
HOJA 3PeHHSl OKYyJsipa, KOPPEKTHPYIOT PE3KOCTh CHeKTPa W HaXOAST
‘CMIEKTPaJIbHBle JIWHHH IOMOJIOTHYECKOH Maphl. ¥ CTaHABJHBAIOT CHEK-
TPaJbHYI0 JIHHHIO MarHus BHYTPH DaMKH, y ee JEBOTO Kpast
(puc. 1.6, a), mepeMmerasi cneKTp MHKDPOMETPHUECKHM BHHTOM NpH3-
Mbl. PaMka npu 3TOM, KaK u CIHEKTP, KOJKHA GBITH MOJHOCTBIO OC-
BEelleHa ¥ HAXONHTBCS B UCXOJHOM TOJIOXKEHHH. 3aTeM DaMKy ¢ JH-
HHell CPaBHeHHs NePeMeINalOT BJIEBO K JHMHHH MEAH TaK, 4TOOLE
MeXIy HMUMH OCTaBa/OCh PacCTOstHHEe B 2-—3 WIMPHHBI CHEKTPalib-
Holt suHuu (pHc. 1.6,6). Ha mecre pamku ocraercs TeMmHBHIiI BHpeS.

DoTomMeTpHPOBAHHE 3aKJIIOYAETCS B YPAaBHUBAHHH WHHTEHCHBHO-
CTeH CIeKTPaJbHBIX JMHHE aHAJUTHYECKOH Mapsl Npu momomyu ¢GoTo-
METPHYECKHX KJHHbeB. [l 3TOro 3amHCHIBAIOT NOKA3aHUS IUKAJbI
($OTOMETPHYECKOTO KJAHHA I/t MeHee sSIPKOH JIMHHH, [OCTABHB LIKA-
Jy Ha OamxKafmuii okpyrienHsii orcuer (nanpumep 30), u ocras-

7
Culsi5,32 Mglsi673 culsfsaz Mgl516,73
)

a

Puc. 1.6. ®oToMeTpupoBaHHEe FOMOJIOTHYECKOA NAPH CIEKTPaJbHEX JHHAN:

al:gohnomnoaoiommmEmnnavmzﬁ.wn:ax._.um“mlvnoonmo=oaoio=umanmw3m=§v_x
AHHHA H paMK¥ OpH GOTOMETPHPOBANHH )
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JAI0T ee HeNOJABH:KHOH. Bpamas ppyroit 6apabaH, yMeHbINAIOT HH-
TEHCHBHOCTb 6OJiee SIpKON JIHHHH H IIPOXOASIT uepe3 NOJIOXKeHHe pa-
BEeHCTBa Nmﬂmmosmmoqﬂmw. Taxkue nepexonsl IOBTOPAIOT HECKOJIbKO
pas, ymeHblIas NOCTelNeHHO KoJseGaHHs OTCUETOB, M HAXOAAT HaM-
Gosiee BepOSITHOE MOJIOXKEHHE PaBEHCTBA HHTEHCHBHOCTEH. 3allkCHI-
BAaIOT NOKa3aHHUs WIKajJ CTujaoMerpa. [lis Kaxkjaoro pactsopa noJjy-
valor 10 Takux pesy/braros uamepeHuit. PoromerpupoBaHue mpo-
BOJAT JOCTAaTO4HO GHICTPO, YTOOH yJ0XHThCsA B 2—3 muH. Ilo cpexn-
HHM 3HaYeHMsIM OTCUETOB NOABHKHON IWIKaJbl Haxodst Al cTaH-
JapTHEIX PaCTBOPOB H CTPOST TPaAyHPOBOUHHIH rpaduk. .

Onpenenenne coaepXaHWsg MeAH B aHATH3HU-
pyemMoMm pacTBoOpe. POTOMETPUPYIOT KaK yKa3aHO Bhbllle aHa-
JU3HPYEMBI PACTBOP H MO TPAaLyHPOBOYHOMY rpaduky HaXOAAT B
HeM KOHIEHTPallHIO Melu B Npouentax. QoTOMeTpupoBaHHe NpOOH
NPOBOASAT HATH pas, MeHsist SJEKTPOJAB Ha HOBbIe MNOCJe KaXaoH
IKCNMO3HILHH. \D,_:: ,:mm_hm::Ex pPe3yabTaTon ONpCACJCHHN HaxXOAAT
hommvxeobvm_&& HHTEPBAJ H OTIHOCHTCJ/LIIOE craipgapriioe OTKJIOHE-
HHe.

1.1.2. @ororpaduyeckuii aTOMHO-9IMUCCHOHHDIH
CHEeKTPaJbHBIA aHAIU3

MeTo1, OCHOBAaH Ha TOJYYeHHH 3MHCCHOHHHIX CIIEKTPOB aHa-
JH3UPYeMOro BemlecTBa Ha ¢ororpaduyeckoil IJacTHHKE, MOMe-
meHHofi B (QOKANBHOM MJOCKOCTH KaMepHOro o0DbekTHBa CHEXT-
pasbHOro mpubopa (cnexrporpads paznuuHeix THNOB). CeKTpalib-
HEHe JIHHHH SJeMeHTOB (KaueCTBEHHEIH aHaau3) B MNOJYYEHHOM
CIeKTpe HAEHTHQHUHPYIOT OTHOCHTEJNBHO CIIEKTPa H3BECTHON'O 3Jje-
MeHTa (oObluHO xese3a), GoTOrpaupyeMoro psaaoM CO CIEKTPOM
aHaJMM3HPYeMOro BemlectBa. B crmenHanbHBIX aT/acax CHEKTPalib-
HBIX JHHHA OpHBeAeHBl (OTOrpaduu CHEKTPOB XKejesa, I'ae OTHO-
CHTEJIBPHO CIEKTPAJBHBIX JIHHHH XKeJjle3a YKa3aHO INOJIOKEHHe CHeK-
TpaJbHBIX JIHHUH BCeX 3JEMEHTOB ¢ HX JJIHHAMH BoJH. Jlas npose-
JeHUs] KAUeCTBEHHOrO aHaJii3a HUCIIOJb3YIOT CIIEKTPONPOCKTODH HJH
H3MepHTeJbHbie MHKPOCKONB. KoJsnuecTBeHHBII aHa/M3 IPOBOAAT
IO pe3ysibTaTaM H3MEPeHHs OTHOCHTeJbHBIX NMOYEePHEHHH CIEeKTPasb-
HBIX JUHAHA TOMOJIOTHUECKOH Mapel M HX CPaBHeHHEM C COOTBETCT-
BYIOUIMMH BeJIWUHHAMH CTaHAApPTHHIX o6pasion. Iloyepuenns crek-
TPAJDLILIX JHIHA H3MEPSIOT NPH loMolly MHKpodoToMeTpoB (oro-
SJEKTPHUECKUM crnocoboM.

3HayuTEIPHEIM NpeHMyliecTBOM (oTorpaduueckoro MeTroia ss-
JIsleTCsl €r0 LOKYMeHTaJAbHOCTh, TaK Kak (doTorpaduueckas naacTHH-
Ka CO CNeKTPOM MOXeT ObiTb cOXpaHeHa. Kpome Toro merox oTiii-
YaeTcsi BBICOKOH aOCOJIOTHOH YYBCTBHTENBHOCTBIO H JOCTAaTCYHOH
IpY ONpeAeeHHY HU3KUX KOHIEHTPALHH BOCIPOH3BOAHMOCTBIO. Po-
torpadHueckas >MyJbCHS . (QOTOMJIACTHHKH HHTETPUPYET 3MUCCHIO
HCTOUHHKZ H3JYYeHHs W ycpelHser ee HecrabuabHocTh. s mo-
JyueHHs u GororpadupoBaHUs CIEKTPOB B IIHPOKOM HHTEpBaJie
IAJMH BOJH 2KeJaTeJbHO NPHUMEHSITh NMOJHXPOMATOpPH OOJbIIOH AHC-
NepCcHH, YTO IMO3BOJSET Jerue OTHAEIHTb HCC/AELyeMble CINEKTPasib-
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Puc. 1.7. OntHueckas cxema cuexTpo-
rpaga HMCII-30:

I — menb; 2 -~ KOJTHMATOPHBIA OGBEKTHB:
3 — RHCNEPTHpYIOMasi NpH3Ma; 4 - KaMepHDLE
06'beKTHB; 5 — 3€PKaJjo; 6 ~ HOTOMAACTHHKA

Hble JIMHHM OT ¢OHA uJIM MoJe-
KYJSIDHBIX IIOJIOC, & TaKXe Mo-
‘BEICUTb YYBCTBHTEJbHOCTb OHpe-
ngeneHu#. las paGoTel B yabTpa-
¢duosneroBoit o6JacTH  CIEKTpa,
B KOTOpOH HaxoAuTCA GOJBLIMH-
cTBo HamboJsee SIPKHX CICKTPaJdbHBIX JUHUH 3/1€MEHTOB, HCIHOJb3Y-
for cnekrporpadut ¢ krapuesoit onruxkon (MCIT-30, 1PC-8), B BH-
JuMOH W uHppakpaclold — cnekTporpadgbl ¢o CTEKJISTHHOR ONTHKOM
(MCII-51, 0®C-8).

Huns ananusa Hcnoabsylor cnektporpad HCII-30 (pue. 1.7).
IlonuxpomaTnyeckoe H3/yueHHe IIa3Mbl, IPOXOAs dyepes IuedAb I,
nonajaer Ha 3ePKaJbHHIH KOJJIHUMAaTODHBI OOBeKTHB 2, KOTOPHIH
HoBOpayuBaeT Jyun u obeclHeydBaeT pPaBHOMEPHOE OCBellleHHE
npu3MH 3. PasioxeHHH N0 AJHHAM BOJH cBeT coGHpaeTcs Kamep-
HHM OOBeKTHBOM 4 B ero (POKaJbHOH IJIOCKOCTH, OTPAXKAaeTCcs 3ep-
KajioM 5 u nonazaer Ha ¢ororpaduyeckyo miacTuiky 6. OnuHaKoO-
BOe TNOYepPHEHHe CHEeKTPaJbHOH JHHHH IO BHICOTE SIBJAsETCA Heo0XO-
AHMBIM YCJIOBHEM KOJHYECTBEHHLIX H3MEDEHHH U IOJYyYaeTcs TOJb-
KO NPH PaBHOMEPHOM OCBELIEHWH IIeJH CHEKTporpada HCTOYHHKOM
uaayuenus. HauGoJiee coBepllleHHA B 3TOM CJydae TPEXJIMH30Bas
OCBeTHTeNbHasA cucrema (puc. 1.8). JIuH3a 2 naeT HecKoJbKO yBe-
Jayu4eHHoe n3obpaXkeHHe HCTOYHHKaA CBeTa | Ha NPOMEXYTOUHOH AH-
adparmMe 3, KoTopasi NMO3BOJISIET BHIPE3aTh PAa3JHYHEIE 30HBI CBEUE-
HHSl MCTOYHNKA 3MHUCCHH, a TaK¥kKe 3KPAaHHPOBATb pacKaJsieHHble KOH-
HBl 3JIEKTPOJOB U MEHSATh HHTEHCHBHOCTH CBETOBOro noroka. Kol-
JeHcop 4, pacmosioXeHHEIH 3a nHadparmolt 3, npoeunmnpyer usobpa-
XeHHe JHH3Bl 2 Ha IeJb cnekrporpada B BUAe PABHOMEDPHO OCBe-
meHHOro kKpyra. JIuHsa 5 maer yBesqnyeHHOe H300paikeHHe BHIpe3a
AuadparMel 3 Ha o6bekTuBe 7 KoqiauMaropa. Takum o6pa3om, KOH-
JAeHcopHl 2, 4 U 5 MrpaloT pPoJb BTOPHYHBIX IIOJHXPOMATHUECKUX HC-
TOYHHKOB CBETA,

Cnekrporpad HCII-30 craGxen nuacdparmoit I'aptmana, xoTO-
PYIO HCIOJIB3YIOT AJIA NMOJY4YeHHs H300paKeHu# CIIGKTPOB pPa3Jny-
HOH BLICOTH Ha (OTONJNACTHHKE HJIN AJS CbeMKH pPacHoJOXKeHHBIX

1 '3 p

Puc. 1.8. Tpex/iHH30Bas cHCTeMa OCBelLIEHHs IieJH cIeKTporpada: -

hluo...onm:xnwmam“u.a.mlwomhmmnouv:‘mluvozoﬁﬁoammuEE&EERo.IEmaI
7 — KOJIAKMATOPHKIH OOBEeKTHB chekTporpada i
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Puc. 1.9. Inadparma 'aprmana

BIJIOTHYI0 M 0e3 TOPH30HTAJBHOTO CMEINeHHS CIEKTPOB XKejesa H
npo6 (puc. 1.9). Jleras wactp 60JbIIOro (UrypHOro BHIpE3a CHy-
KHT AJ5 OCPaHHUeHHs] BHICOTH! IIeJH [0 KPasM M NOJyYeHHA CIEKT-
POB Pa3JHYHOM BHICOTH, €ro IpaBas 4acTb — JJIs NOJYYeHHs JBYX
CIIEKTPOB B BepPXHeM H HHKHeM KoHUax menn. Iloabsysch ¢uryp-
HBIM BBIPE30M, MOMKHO IOJYUHTH CIEKTP NpoObl M [(Ba CIEKTpa XKe-
Jlesa — ojlull cHu3y, JApyroii ceepxy. @urypHHH BhIpe3 B LEHTpE
avadparMbl CJAYXKHT JJIs [OJYUCHHST CIICKTPOB UENTPAJILIOH YacTH
wenn. HakoHnel, neBATh OAHHAKOBEIX IO BbLICOTE HPSIMOYTOJbLHBIX
BLIPE30OB B NpaBoil uactu AuadparMhel cJayXKar [Jsi NOJNydYeHHs HIiec-
TH CHEeKTPOB NPo6 ¥ Tpex CHeKTPOB XKeJe3a, Paclo/oKeHHbX BIJIOT-
HYIO OAHH K JPYrOMY, IPH OLHOKDATHOH SKCHO3HIHMH Kejesa. Ycra-
HOBKY BLIP€30B Ha IeJu NPOBOAAT No Ikajnam puadparmer ['apT-
MaHa, JeJeHHs KOTODHIX JOJKHBEl COOTBETCTBOBATH Kpal KOpPIyca
wenn. Jas satoro agHadparMmy BCTaBJASIOT B Hacalky mepen IHenblo,
rie ona MoxerT nepememartnbcst. Crnekrtporpad TakxKe cHaOXKeH CTY-
neHyaTelM ocjabuTesieM, NpefHa3HaueHHBIM Ui IIOCTPOCHHA Xa-
paKTepHCTHUECKOl KpHBO¥ QoTonsacTunkd. OH IPeACTaBJAseT CO-
6ot KBapUEBYI0 WM CTEKJIAHHYIO IJIACTHHKY, Ha KOTOPYIO HaHece-
HBl OJHH Haj JAPYTHM TOHKHE CJIOH IJIATHHBI PA3JMYHOH [JIOTHOCTH.
B nessitucTynmeHuaToM ocsaabuTese nepBas U IOCJEJHAS CTyNEHE
He 3a4epHEHH M NPONYCKAIT CBeT ¢ MHTEHCHBHOCTbIO [o. Ocrab-
Hble CTYIeHM NPONMYCKAKOT ocaabieHHHe cBeToBEe MoTOkH. Hx mpo-
nyckanne T (%) cocrasiser: ,

T = Ijl,,
rae I, — MHTeHCHBHOCTh CBETOBOI'O NOTOKAa, NPOIIEANIEro 4Yepe3 AAHHYIO CTYNeHb.

3natenis nponmycKaunilt cryneHcit ocaabutess 0OLIYHO NPHBeAEHH!
B Cro nacnopre.

B cnekrporpade LpHEMHHKOM H3JyueHHs sABJsercs ¢oTomnaac-
THHKA. [IpH MOCTOSTHHOHN BBHIAEPKKE MEXAy HHTEHCHBHOCTBIO CBETO-
BOro NMOTOKa I; M NJIOTHOCTBIO HOYepHeHHsT S (OTOIIACTUHKH CyHie-
CTBYeT 3aBHCHMOCTb, pejicTaBienHas Ha puc. 1.10 u nashBaemas
XapaKTePUCTHYECKOH KPHUBOH (OTONJIACTHHKH. YTOJ HAKJIOHA @ IIpsi-
MOJIMHEHOTO YYacTKa XapaKTepHCTHYecKoH XpuBo#t k ocu lgl
Ha3HBAIOT KOHTPACTHOCTHIO; (DaKTOP KOHTPACTHOCTH Yy COOTBETCTBY-
er tg a. C noBBILIEHHEM YYBCTBHTENBHOCTH (POTONACTHHKH €€ KOHT-
pacTHocTh 06BIUHO Najaer. B xoaM4ecTBEHHOM aHaJ/IH3e HCMOJb3YIOT
(oTomnacTHEKH ¢ GOJBIIOH KOHTPACTHOCTHIO 3MYJbCHH. Xapakre-
pHCTHUECKAas KpHBas BKJ/OUaeT TPH ydyacTka: 06jacTh HeLOAep-
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x)ek CA, obnacTh HOpMasbHBIX mouepHeHH# AB, o6nacts nepeznep-
xek B/[. [louepHenre CIEKTPa/bHEIX JHHHH U3MEPSIOT Ha Muxpodo-
TOMEeTpe, a COOTBETCTBYIOIIHEe HM JIOrapHGMBl MPONYyCKaHHSA KaXKIOk
cTynend GepyT M3 HacCHOPTa CTYHEHYATOro OCAaGHTEMs.
Cnexrponpoekrop I1C-18 npexnasHauen i M3yYeHHS CIEKTPO-

rpamm n ux pacmudposku. Ha skpane cnekrpompoekTopa mosyuda-

10T peskoe H300paXKeHHe CHATHIX Ha (POTOIIACTHHKE CNEKTPOB. 3a-
Te€M HaXOAAT MJAHIIET aTjaca CNeKTPaJbHHX JHHHHA, COOTBETCTBYIO-
mui HyXHOA 006JacTH CNEKTPa, W COBMEIIAIOT CIIEKTPH JKeaesa Ha
u306paxenuy (OTOMIACTHHKE M Ha Iulanwere. Ilpn sTom doro-
IIaCTHHKY TOMeNlaloT la NPeAMETHHH CTOJMK, a IJaHMIeF Ha
3KpaH cueKTponpoekropa. Ha naanuwere niuHHBEIMA WTpHXaMM yKa-
3aHBl INOJIOXKEHHS CHEKTPAJILHLIX JIUIHA 3JeMEeHTOB OTHOCHUTEJBHO
CIEKTPa XeJe3a H HX AJjiipl BOJIL. Ilpn coBMelleHNU cieRTpoOB xe-
Je3a B arjace M Ha IJIACTHHKE HCKOMAas CHEKTpalbHas JHHHST
B CIeKTpe NpPOGH [OJXKHA HAXOAUTbCS TOYHO IMOA IITPHXOM Ha
niaHuere. AHaJOTHYHO MAEHTHOHIUPYIOT emle 2—3 Hanbosee uyB-
CTBUTENbHBlE JIMHHH 3JeMEeHTa M TOJbKO II0CJIe 3TOro JejaloT BhI-
BOJ O ero NPUCYTCTBUH B IIpobe.

Mukpogoromerpsl, nanpumep tuna M®-2, cayxar s n3mepe-
HHA IUIOTHOCTH NodyepHenu#t S. OHM cHaGKeHH JnHeHHOH (MMJIIH-
MeTpoBOi) m JorapudMuueckoit HMkanamu. JIuHefiHas Iukajga HMe-
€T QuanasoH jaeseHn# or Hyas po 1000. Tak xak

S=lglyl, (1.8}

rae Iy u I — cooTBeTCTBEHHO HHTEHCHBHOCTH CBe€Ta, Najarollero Ha OjaacTHHY B
fipomreJiiero 4epes Hee,

TO AJist JTHHEHHOH IMIKaJbl
S =lgag/a,

TAE Qo H a— IIOKAa3aHUA rajbBaHOMeTpa IJis He3aY€pHeHHOr0 yYacTKa eo._,ouhwl
CTHHKH H AJd Onmwﬂwmhvmom JIHHHH.

Ecnu ao=1000, T0
S = 1g(1000/a) = 3— Iga.

Jlorapudmuueckasn wxasa. nosyueHa myTeM NepecueTa NOKA3aHHM
JIMHEHHOA WKagel B BeJuuuHel 100 S M uMeeT AuanasoH 3HaueHHH
OT GeCKOHEUHOCTH 10 HYJIsl. .

Onrnueckas cxema MHKPO(OTOMETpa NpHBeleHA Ha puc. 1.11,
Ceer samnu / B MHKpPoOTOMETpe pas3feNsieTCsi Ha 1Ba CBETOBHLIX

&
B
D Puc. 1.10. XapakTepucTuueckasi Kpuast oTomia-
CTHHKH:
AC — o6nacty Hepozepxek; AB — o6JacTh HOPMATBHBIX
nouepuenul; BJ — ob6nacth mnepenepxex; H, — nopor
YYBCTBHTENbHOCTH (OTOMJACTHHKH; [ — uHepuHs HOTO+
NJIaCTHHKH
V4
I
.\w.on ! ! 1
Hy J 7 L 2ur
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Puc. 1.11 Ontuueckas cxemMa mMukpodoromerpa M®-2:

! — ocBeTdTeNbHAaA Jamna; 2, 10 — kKompencopsl; 3, 7, 13 — NMOBODOTHEIE NPU3MEL; 4, 6, 14 -
06 beKTHBH; 5 — (HOTONNAaCTHHKA; § — Wiesab; 9 — doTO3eMenT; [/ — MHKpomlKasa; 12 —ranib-
BaHOMeTp ¢ 3epKaJoM; I5 — 3zepkano;, 16 — mMaTOBEIR 3KpaH; I7 — doTOMeTpHYecCKHH KJAHH

noroka, IlpaBbiii mPOXOAMT Yepe3 3auepHeHHLIH Y4acTOK Ha mwoqo-
MUIaCTHHKE O, Npeobpasyercst GOTOJNeMEHTOM 9 B TOK, KOTODPHIH BHI-
3blBaeT [OBODPOT 3epkaJja ranpBaHoMerpa [2. JleBwi#i cBeTOBOH IO-
TOK, OTpaxasch OT 3TOr0 3epKaja, JaeT BO3MOXKHOCTb U3MEPUTH
OTKJIOHEHHe 3epKaJjia OT HYJeBOro HoJoxKeHHsi Ha mkaiae 1. Ilpm
t¢oToMeTpHpPOBaHHH CHEKTPOrPAMMy C OTMEYEHHHMH JJd 3TOro
CNeKTPa/NBHLIMH JIHHASIMH TOMEHIAIoT Ha CTOJUK MHKpodoTOMETpa
CTPOro ropu3oHTaJbHO (oToamysabcueln Beepx. MsobpaxkeHnne Bcex
CHEKTPOB JOJXKHO OHITb MaKCHMaJbHO DPE3KHM. YCTaHaBJIHBAIOT HY-
JIeBOH OTCUeT MO JorapudMuuecKol Mxaje NPH BHEKJIUYEHHOM do-
TO3JIeMeHTe, 3aTeM BKJIO4aloT (OTO3JEeMeHT M YCTaHaBJIUBAIOT HA
wean 8 HesauepHeHHOe MecTO (OTONMNACTHHKH MOA H3YYaeMbiM
cnekrpoM. [lpu 3tom Ha Mkane /] ycTaHaB/JMBAaeTCs HEKOTOPHIH
oTcYeT MJIOTHOCTH HouepHeHHs. [lepeMelneHHeM ONTHYECKOTO KJH-
Ha I7 CHOBa YyCTAaHABJHWBAIOT HyJb MO JorapubMuuecKof IIKaJje
(1000 — no numefinoit). 3aTeM ycTaHaBAMBAIOT H300paXkeHue HC-
caenyeMo#l CHeKTpaJbHON JIMHHM NapaJjJelbHO co IIeJabio 8 pALOM
¢ Heil (WIMpHHA HIeJH AOJNKHA COCTABJATH %/3 WIMPHHHL CIEKTPaJb-
HOH suHuM). IIpu TMOMOIM MHKPOMETPHUECKOrO BHHTA ME/JIEHHO
nepeMellanT CTOJHK Tak, yTOOb M306paXKeHHe HCCAeAYeMOR CIIEeKT-
padanioit s noJanocethio npouno yepes medas. [lpun atom noKa-
Batusl oucplennil Ha Wxade NPOXOJAT yepe3 MAKCHMyM, KOTOPHIA
COOTBETCTBYET MOYEPHEHHIO CHEKTPaJbHOH JHHHH. 3aTeM NepeMe-
AT H300paXKeHHe JIHHHHE Yepe3 Liedb B 00paTHOM HanpaBJeHHH H
CHOBa orTmeualoT MakcHMyMm. MsmepeHHsi NpPOBOAST He MeHee Tpex
pas, NpH HTOM pPacXOXKAeHHA De3yJbTAaTOB H3MEDEHHH He ROJIKHEL
npesnimates 0,01 no sorapudmMuyeckos mxalge.

Pabora 1. KauecTseHHblil aHAAU3 CTAAL

KavecTBenHnii ¢ororpaduueckuii cneKTpajbHbLIA aHaJlH3 NO3BOJSAET
CYAHTb O HAJIMUHH B aHAJH3MPyeMOM BellleCTBe IPHMecei MHOTHX
MeTaJJIOB H MHOTHX HeMeTa/lIOB IIPH HMX cojepxaHuu 1072—10—4%.
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Pabora pkitouaer QororpadupoBaHue CHeKTPa aHAJH3UPYEMOTO
BelleCcTBa, NPOsBJACHHE H %Nwosvowmm&m GOHOE&N,OHNENS“ ﬁNOE.&%-
POBKY CIIEKTpa.

MpuGopn

Ksapuyesoui cnexrpozpagpy HCII-30.

Teneparop dyeu nepemennozo Toxa.

Ilrarus.

Crexrpoepauieckue (OTONAACTURKY BHCOKOR TyBCTBHTENBHOCTH, THO 1.

Crepicru crandapTueix 06pas3yos craau.

IIpoasurens.
Durcaxr.

Boimosnenne pa6orsl. B doTokomMHATe npu KeaTo-KPacHOM oc-
BelleHHH 3apsIKAIOT GOTONNACTHHKY B Kaccery crekrporpada. Has
3TOr0 OTKPLIBAIOT KPLILWIKY KACCeThl M NOMeLaloT B Hee Goromiac-
THHKY 3MyJibCHell BHH3 (CTOpPOHa (POTONJIACTHHKH, Ha KOTOPYIO Ha-
HeceHa (OTOIMYJIBCHS, HMeeT MaToBHIH oT6jeck). PoTomIacTHHKA
JoJiKHAa CBOOOJHO MNOMeNaThCsl B I1a3aX KAaCCeTH. 3aKPHIBAIOT
KPHIIIKY KacCeThl. YCTaHABJIMBAIOT KacceTy B CIekTporpade u 3a-
KPemJSioT ee OPH IIOMOINM BHHTOBREIX 3aXKHMOB. YCTAHABJHBAIOT
KacceTy B HayaJbHOM IIOJIOXeHHH (16 MM mo ImKajae KacCeTHORH
PaMKH), HaxuMas KHOIKY Ha IMyJibTe CleKTporpada, mnpeisapH-
TEJNbHO MOAKJIOYEHHOIO K ceTH. OTKDHBAIOT 3aCHOHKY KacCeTh H
dororpadupyror MuIIUMeTpOBYI WiKajdy. Jlas 3TOro mMoBOpauHBa-
10T PYKOSITKY IIKaJbl B pafodee NOJOKEHHE H BKJIKUAIOT JIAMIIOUKY,
OCBELIAOUYIO 1UKaay. DKCHo3uuus 15 c.
~ Bosspamalor mkasny B HCXOAHOe MOJIOXKeHHe M IepeMelialoT
Kaccery Ha 10 pesenufi, HaxXumast KHONKY Ha IyJibTe cliekTporpada.
YcranasauBaloT WHpHHY Wiesu crektporpada 0,008 MM, BCTABJAAIOT
mepea Ileabo cnekrporpada auadparmy Iaprmana (cM. puc. 1.9)
Tak, 4ToOBl IUTPUX IUKaJBl nepel Uuppamu 2, b, 8 HaxomuACsa NPO-
THB Kpasi HacalKu IIeJd, a UUQPH - IIKaJbl HAXOAHJIHMCh B HOp-
MaJbHOM (He MePeBEPHYTOM) NOJIOXKeHHH. B aTOM ciayuae 3a oxHY
9KCIO3HLHIO Ha POTOIJIACTHHKE OYAYT NOJYUEHB! CIEKTPHI JKeJje3a,
OKPYyKalolliHe CNeKTPH npo6. YCTaHABAUBAIOT 3JEKTPOAB U3 CHEKT-
pPaibHO HHCTOrO XKesle3a B JePRKATeNAX WITATHBA C MEKIJIEKTPOM-
HHIM NpoMexyTkoM 2,0 MM [IpHM NOMOLIH CHelHaJbHOro mab/oHa.
3aKprIBalOT JBeplUbl IITATHBA M YCTAHABNHBAIOT KDHIUIKY Ha Ha-
cajke Hiesu. -

BosbyxaaioT Ayry HepeMeHHOrOo TOKa, BKiawouas TymGJiepsl Ha
aabopaTopHOM LiUTe M NyJbTe reHeparopa AI'-2, ycranasauBalor
Hanpsxenue Ha tpanchopmarope —220 B m Tox nHTaHHS AyrH—
5 A. IosoxkeHust IPyrux pykositok TpaHcopMaTopa yCTaHOBJIEHH
3apaHee W He H3MEHSIIOTCS IPU BHIIOJHeHHH paborel. IlpoBepsioT
IPaBHJABHOCTb YCTAHOBKH TPEXJMH30BOH CHCTEMBI OCBEINEHUS IIEJH.
B aToM ciyuae cBeTOBOe IISITHO CBETOBOTO IIOTOKA OT paspsaaa AYrH
JIOMXKHO IOJNHOCTBIO BIIHCHLIBATBLCS B INIPOCTPAHCTBO, OrpaHHYeHHOE
OKDYKHOCTBIO HAa KpHIIKe ILIeJH, M 3an0JHATL ero. Ha mnpome-
XKYTOYHOH amadparMe HOJKHO OBIThL pe3Koe H300paxkeHHe JEKTPO-
IOB U Ayrosoro paspspa, OTBepcTHe MPOMeXYyTOYHOH AHadparMu
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HBOJIXXKHO OBITh Takum, 4TOGE 5KPaHHPOBAThL 3JEKTPOAH. Ecan H30-
OpakeHHe AyrH Ha IPOMEXYTOYHOA AuadparMe CMelleHO, TO pery-
JHPOBKY NPOBOAAT NpPH IOMOIIH COOTBETCTBYIOIIUX DYKOSITOK IITA-
THBA. ‘

CHHMAIOT KPHILIKY INEJH CnekTporpacda, OTKPLIBAIOT 3aTBOP Ie-
JIM, HaxXaB TymMOJep Ha OyJAbTe yNpaBJeHHS H BKJIIOYHB OLHOBpe-
MEHHO CeKyHIOMep, SKCIOHHDYIOT cnekTp xeqae3a 30 c. Bukiouaor -
reHeparop, nepeasuranor auHadparmy [apTmMana B moJoxkeHHe «9»
H MEHSIOT 3JeKTPOAH], YCTaHABJHBAsS [OOUEPeNHO CTEPIKHM HCCTIe-
AyeMOli CTaJud BMECTO 3KeJE3HHIX 3JIeKTPOAOB. Bkiouaior paspsn.
AYTH ¥ 3KCIOHHUPYIOT cnekTp crasud 30 ¢. AHaJOTHYHO SKCHOHHDY-
IOT CNeKTPbl APyrux o6pa3loB, MeHss [OJOXKeHHe JHabparMbk
Faprmana.

BuIK/II0YAIOT paspsil AYTH, 3aKPHBAIOT 3aJBHKKY KAacCETHl C
tdoTonnacTHHKOA M BHIHHMAIOT KacceTy M3 cnekrporpada. Ilpossiae-
HHe BBLINOJHSIOT IIPH TEMHO-KDACHOM OCBeIleHHH B (DPOTOKOMHATE.
Hnist aTOr0 morpyarmTt GOTONNACTHHKY 3MYJbCHEH BBEPX B KIOBETY
¢ NpOsIBHTesNeM M NposiBAAIOT ee 3—4 muH npu 18—20°C. Bo Bpe-
Ms NPOSiBJIeHHS HeoOXOAUMO CJerka NOKayHBaTh KIOBETy. BHHHMa-
10T QOTONNACTHHKY H3 NPOSIBUTEJS, MPOMEIBawOT ee 10—15 ¢ cTpyeir
BOJONDPOBOJAHON BOABI, NEPEHOCAT B KIOBETY ¢ (PHKCAaXKeM H ZepiKaT
TaMm [0 NOJIHOI'O HCYE3HOBEHHS MATOBOTO CJIOS, 4TO JIEFKO 3aMeTHThb
NPH TeMHO-KPACHOM OCBelleHWH M 3aTeM BLIAEPKHBAIOT LONOJHU-
TeqbHO 2—3 MuH. 3aTeM NJacTHHKY NpoMbBalor 15—20 mMuH BORXO-
[IPOBOJHON BOAOH M CyLIAT B CIIELHAJbHOM IUTATHUBE.

Cnextp craju pacliudpOBHBAIOT MPH HOMOIIH CIIEKTPOIPOEKTO-
pa IIC-18. Jlna astoro HeoO6XOAMMO IpOJeNaThb CJAEAYIOIHe Ofle-
panuu.

1. Ilo TabanuaM CHEKTPAaNbHBIX JHHUH YCTAHOBUTH JJIHHY BOJI-
Hbl HauboJee YYBCTBHUTE/IBHON CIEKTPAJBHOH JHHUM HCKOMOro 3J€-
MeHTa M IJIaHIIeT aTjaca, Tie OHa HaXOJuTcs.

2. Ilo nucnepcHoHHOH XKpHBO# crHekTporpada ycraHosuTh 06-
JIaCTh OTCYETOB MUJJIMMETPOBON MIKAJAH (DOTONJNIACTHHKH, KOTOpas
BKJIOYaeT AJIMHY BOJIHBI HAEHTHQUIUPYEMOH JHHHH,

3. ITomecTurh OTOMNACTHHKY Ha CTOJNHK CHEKTPOINPOEKTOB H
IpH TIOMOUIM DPYYEK YNpPABJEHHS BBHIBECTH NPUMEPHO JIO CEPeHHEI
CBOTOROrO NsTHA Ha 3KpaHe 06JacTh HaliIeHNLIX OTCUETOB MHJJIH-
METPOBOTT HTKAJIL.

4. Iloayunth peskoe u300paKeHHe CIEKTPOB HA 3KpaHE CIEKTPO-
NpoeKTOopAa.

5. COBMeCTHTh CIeKTpaJ/ibHbE JHWHHM JKeje3a Ha IJIaHIIeTe, BH-
OpaHHOM M3 aTJaca, ¢ JHHHUSAMH CIEKTpa Kejesa (OTOMIAaCTHHKH.

OJIHOe COBMeIleHHe MOXKHO HaG6JII0ATh TOJBKO B ILeHTPaJbHOH
YacTH 3KpaHa JJIHHON mpuMepHO 6 cM.

6. YCTaHOBUTb INPHUCYTCTBHE CIIEKTPAJbHOH JIHHHM HCKOMOTO
ssieMenTa B cmekTpe crajd. OHa MOJXKHA COBNAAaTh C YKa3aTeJb-
HbBIM [ITPHXOM, HaHeCeHHBHIM Ha IJIaHIIeTe Bhle CNEKTPa XKeJesa.

7. Hocrynas anajoruyHbiM 06pasoM, WAEHTU(HIHPOBATH JABE-
TPH APYrHe CNEKTPajibHHE JIHHHH 3JIe€MEeHTa.
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8. 3anucats B 1aGOPaTOPHOM 3KypHaJje pe3yJbTaThl KauyeCTBeH-
#HOr0 aHaJH3a CTaJH B BUAe TabJHuIbL:

Homep
CeKTpa

O6BexT
aHaiusa -

Jnuabl BonH O6HADYKEHHKIX
CINEKTPaNbHBLIX AHHHHA

| | |

9. Yka3arb B NIpuUMeyaHMH NPHMEPHYI0O HHTEHCHBHOCTb INOCJEn-
HHX CIEKTPaJIbHEIX JIUHHH, HCIOJNB3YS ciefylolllue Tpajaluu: OYeHb
MHTEHCHBHASI, MHTeHCHBHAs, CpeaHss, ciabasi, oueHp caabas.

10. Vi3yuuTh cnexkTp KeJjesa W 3apucoBaTh HanboJee Xapakrep-
HBle M JIerko 3aloMHuHaloliuecs Tpynnbl OJM3KO PaclioNIOKEeHHBIX
CNeKTPAJbHBIX JHHUH (penepHble JHHUM CIEKTPa), y4YHThiBass HX
B3aMMHOE PacCHOJIOKEeHHe M OTHOCUTEJbHYIO HHTEHCHBHOCTb. Pemep-
Hble TPYINH JHHHA ¥KeJe3a HO3BOJSIOT JIETKO OPUEHTHPOBATLCS B
ero cnektpe 6€3 MUJIJIMMETPOBOH IIKAaJbl, YTO MOCJE HEKOTOPOro Ha-
BBIKA I103BOJIsIET OBICTPO BHINOJHSTH KauyeCTBeHHHIH aHaJIH3.

IIpumeuanusa BriBoz

Pa6ora 2. Onpedesenue KpemHus 8 CTALU
no merody Tpex 3TAAOKOB

KonuuectBennslit ¢ororpaduueckuil ClIeKTpajbHLIH aHAJIH3 OCHOBAH
Ha H3MePeHHH OTHOCHTEJbHHIX IIOYepHEHMH CIeKTPaJbHEIX JIHHU
TOMOJIOTHUECKOH Hapsl M HAXOXKAEHHM HEH3BECTHOH KOHIEHTPalUH
IO TpaiyHpoBOYHOMY TrpadHKy, INOCTPOEHHOMY B KOOpAHHATax
1g I4/Ip — 1g ¢ mo o6pasiam cpaBHeHHs (MHHMMYM TpH). B o6pas-
Lax cpaBHEHHsS KOHUEHTpalus ONPeJe/sieMOro 3jieMeHTa H3MeHseT-
cs, a KOHIEHTDAllMsi 3JeMeHTa CPaBHEHHs OCTaeTcsi IOCTOSHHOM.
CnexkTpalbHEe JHHHAH MOJIKHE GOHTh romoJoruunbiM, Ilepexoxn
OT MoyepHeHHHA K HHTEHCHBHOCTSM OCYILECTBJISIETCA IPH MOMOILH
XapaKTepuCTHuecKol KpuBoi ¢oromnactuaka (cM. puc. 1.10). Has
NPAMOJHHEHHOTO y4acTKa XapaKTePHCTHYECKOH KPHUBOH:

ASjy=1gIy/Icp, (1.9)

rze AS — pasHOCTb TOUEpHEHHH CHEKTPaJbHHX JHHHA; y=1g ¢ — daxTop KOHT-
pacTHOCTH OTONNACTHHKH. :

OxoHuaTeJbHasi 3aBUCHMOCTh MeXAY No‘mﬁmmdﬁmpﬁow 3JIeMeHTa H
Pa3HOCTLIO EOGQ@EWESN npencrasJjeHa B ClHeAyIOIleM BHIE!

AS=vyblgc+vlga

Takum o6pa3oM, Ha M[OJIOXKeHHe TPalyHPOBOYHOro rpaduka paxrop
KOHTPAcTHOCTH OyAeT OKa3eBaTb CYIIeCTBEHHOe BJIMSHHE.

[pu onpenenenny npuMeceil B KauecTse JIMHUA CPaBHEHHS MOXK-
HO HCIOJb30BaTh CIIEKTPasbHEE JHHHH OCHOBHHIX 3JI€MEHTOB IpO-
6bl, TaK KaK NP BEICOKHX KOHIEHTPALHSAX 3JIeMeHTa €ro MalouH-
TeHCHBHBIE JIMHHM He HCILITHIBAIOT BJHAHHS KOHIIEHTDAIHOHHHX KO-
nAe6anmuft B npepesax gosedl npouenra, Hampumep, mpu ananuse

(1.10)
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¢raJjefl Menecoo6pasHO HCIOJAb30BATh B KauecTBe JIMHHH CpaBHEHHUA
CNeKTpaJibHBle JUHUHK Keje3a. KpemHuil OTHOCHTCS K TPYAHOBO30y-
AHMEIM 3jiemenTam (E=8,15 B), oAHako npH HCHOOJb30BaHHH. AY-
rosoro Bo3GY:KAEHHS €ro MocjefHHe JHHUH 061aaiT JOCTAaTOYHO
BLICOKOli 4yBCTBUTENbHOCTBIO — n-10~% — 1-1073%. Idas xosmuecT-
BEeHHBEIX ONpeAeseHHI KPeMHHs B CTaJsX MOXKHO HCIOJb30BATH cJie-
Aylollne aHaJuTHYecKHe napnt JueHii Si 251,61 — Fe 251,81 HwM;
Si 288,16 — Fe 288,08 M mnpu ayroBom BO36Gy:xIAeHHH u Si
250,69 — Fe 250,78 uM npu HCKPOBOM BO30YXKIEHHH CIEKTpaA.

MpuGopw 1 peakrTueb

Ksapuyesuoii cnexrpozpagp HCIT-30 ¢ TpexJHH30BOH OCBETHTEJNBLHOH CHCTEMOH.

Teneparop AT-2 uau HI-3.

Cnexrponpoexrop I1C-18.

Muxpogporomerp MP-2.

Hesarucrynenuareil ocaaburens.

Cexyndomep.

Komnaexr crandaprroix o6pasyos craau.

CnekTpasbuble HOTOMAACTHHKH, THn I1.

Il porusoasexTpods. — rpadurosbie CTepIKHH,
KOHYC.

IKeaeznsie anexrpodet.

Ipossurens.

Duxcax, KACIbIA,

3aroyetunie Ha %nmammmzw

Buinoanenne paGorbl. YCTAaHABJIMBAIOT LIMPHHY LIEJH CIEKTPO-
rpada 0,012 mm, noMemiaioT KenesHbBle JIKTPOAB B AepXKarelb
WITaTHBA, BO3OYXKMAIOT Paspsl W IPOBEPAIOT NPaBHJIBHOCTL yCTa-
HOBKM TPEXJIMH30BOH CHCTEMBI OCBELIEHHS WieJiM clekrporpada mno
H300paKeHHIO paspsila Ha NPOMEXYTouHOH AuadparMe M NO Che-
TOBOMY NSITHY Ha KpHIIIKe Ineau. VICTOYHMK BO3OYXKAEHHS CIeKT-
pa —redeparop HOI'-2, Tox nyru 3—4 A, AyroBo#i mNpOMeXyTOK
1,6 mm. Ilpu ¢ororpacdupoBanun COeKTPOB CTAHAAPTHHX 00pasiloB
H Npo6 10 3KCIO3HUHH INPOBOLAT OOMHI 3JEKTPOJOB B TeueHHE
10 c. B 3aBHCUMOCTH OT YYyBCTBHTEJNBHOCTH (POTOIIACTHHKH S5KCIIO-
3uuua Mensercs or 10 mo 20 c. Ilpu mckpoBoM BO3OyXKIeHHu HuC-
nonb3yioT reHepatop MI'-3, BKJAOUEHHHI 10 CJAOXKHOH CXeMme: HH-
ayrrueHocts 0,05 Mk, emxocts 0,01 Mx®, Tox uckpu 2 A, Bpems
obbickpuBaHus (o6:xkura) 60 ¢, sxcnosuuus 60 c.

Haunee noctynaior caenyomuM obpasoM.

I. 3apskaior (GOTONNACTHHKY B KacCeTy, YCTAHABJIHBAIOT Kac-
cery B cnekrporpad u QortorpadHpyloT MHAJIUMETPOBYIO IIKaJy,
KaK ykasaHo B pafoTe 1, ycTaHaBJHBAIOT KaCCeTy B IOJOXEHHH
«30 penenuil>» m puadparmy I'apTmMaHa B NOJOKEHHH <«9».

2. YcTaHaBJHBAOT 3JIEKTPOJAB B JAepiKaTeje WITATHBA: HHXKHHH
»/JIeKTPOJ — IIepBHIll CTaHAapTHHI o6pasel cTajH, BepXHHH — rpa-
()uTOBHI, BO30yXKJalOT paspsl H IPOBOAAT OOXKHI, He CcHHUMAaSA
KDBHIIIKH LUEJH cHeKTporpada.

3. CHsB KpHIUKY WeJdu npu6opa, NPOBOASAT ChHEMKY CIIEKTpa.
DKCNMOHHPYIOT fIONOGHEIM 00pa30M CHOEKTPH IEPYDMX CTaHAADPTHBHIX
ofpasioB H npob, cmemas KaXAwi# pa3 auadparMmy laprMmana B
nosoxenus 7, 6, 4, 3 u 1 u NPOU3BOAS KaXKJHI pa3 CMeHY 3JIeK-
TPOIOB [P BHIKJIOYEHHOM reHepaTope.
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4. Ycranasausaior auadpparmy apTmMana B mosoxeHme 2, 8, 5,
KeJie3Hble JIEKTPOAB B AepxaTessix IITaTHBa H (dororpadupyrnr
COeKTp Kejesza. dkcmosunua 15 ¢ (ayra) mw 60 c (uckpa).

5. Bunumator puadparmy I'apTMana u3 HacaAkd LeJAH CcheK-
Tporpada U BCTaBJSIOT Ha ee MecTo J-cTymeHuaTelfi ocaabuTeNb.
YcTaHaBAUBAIOT KacCeTy B nojioxeHue «60 meneHHH».

6. Potorpadupyior cuekTp xKejesa uepes 9-cTyleHYaTHH ocna-
6utenp (KaK yKaszaHo B IYHKTe 4).

7. 3aKkpHIBAIOT 33IBUKKY KaCCeThl, BEIHAMAIOT KacceTy U3 CIEKT-
porpada, MpOSIBJAAIOT U cyllaT (GOTONJIACTHHKY.

8. Mpentnduuupyror npu nomomu crnexrponpoekropa I1C-18
aHaNMUTHYECKHE MNapbl CNEKTPAJbHBIX JHHHH, a TakKe HECKOJbKO
Guanexalux JHHUN Kejle3a W MeTAT HX.

9. ®oTonnacTHHKY CO CIEKTPOrpaMMoll MNOMEIUalT Ha CTOJHK
MHKpOdoTOMEeTpa H (HDOTOMETPUPYIOT CIEKTpaJbHble JHHHH XKeJje3a
PasHON MHTEHCHBHOCTH, MOJIyueHHHIe uepe3 9-cTymeHuaTHll ociabu-
TeJbh NO BCEM CTYHEHSM, 3aMUCHIBAIOT BeJHUUHHl MOYCPHEHHH U CO-
OTBETCTBYIOILHE UM JorapudMbl NpPONyCKaHU CTyNeHeK oCaabUTeIsE
(g T) u cTposAT Ha MHJNJIMMETPOBOH O6ymare 3aBHCHMOCTH S=
=f(lgT) mAs KaXAOH CHEKTPaJbHOH JIMHHM B OJHHAKOBOM Mac-
wrabe BeJMUUH MOYEPHeHHH W Jjorapumos mpomyckanus. [lomyua-
10T HECKOJbKO IapajiieibHbIX KpHBHIX. IlyreM ropusontasbHOro
mepeHoca TOYEK Ha OAHY H3 KDHBBIX NOJY4alioT NOJNHYIO Xapakre-
PHCTHUYECKYI0 KDHBYIO (POTOIIACTHHKH JJIsi BCEro JHamasoHa mo-
yepHenunit 0,05—2,00.

10. PoTOMETPUPYIOT aHAJTHTHUECKHE NMapHl CNEKTPaibHbIX JHHEA
BCEX CTAaHAAPTHHIX 06pasmos u npo6 He MeHee TpeX Pa3 KaxAyI
M HaXOJASAT CPeJHHME 3HAUEHHS MOUepPHEHHI.

11. o xapakTepucTHuecKol KpHUBOHA (OTOMIACTHHKM ONPEAEs-
I0T JorapudMsl HHTEHCHBHOCTEH, COOTBETCTBYIOLHE MOYEePHEeHHIM
KaxXJo# CHeKTpaJibHON JIMHUH.

12. PaccyHTHIBAIOT PA3HOCTH JOTapH(PMOB HHTEHCHBHOCTEH CIleK-
TpaJbHBHIX JHHHH TOMOJIOTMYeCKOH maphl AJs CTaHAapTHHX 06pas-
OB M cTposT rpaduk B koopauHaTax l1g(l./lp)—I1gc, Hcmomb3ys
MeTOJ HaHMEHBIIHX KBaJpaToB AJs pacueTa KO3(QQPHLUHEHTOB rpa-
JYHPOBOUYHOH NPSAMOH.

13. Tlo BeqHYMHAM OTHOCHTENbHHIX HHTeHCHBHOCTEH aHaJHTHYe-
CKHX Nap CMeKTPaJbHBIX JHHHI Npo6 omperensiorT no rpadury Jjo-
rapudMbl KOHLIEHTpaUu# KPeMHHsI B CTaJX.

14. HaxoasT noBepHTeNbHBIH HMHTEPBAJ pe3y/JbTATOB aHaNIH3a&
U OTHOCHTEJbHOE CTaHAapTHOE OTKJIOHEHHE,

PeayabraThl TpeX M3MepeHH{l H BeJHUMHB KOHIEHTPAUHH 3aHO-
cAT B J1a60pPaTOPHEIN XKypHAJ B BHAE caeAylonleld TaCaHLB:

Homep cramrjapTHOro

IgI lgle;
o6pasia H cnekTpa 8lpe | '8lgi

Spe | Ssi e/l ge)

o]

: E.mmm 3 %
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1.1.3. AToMHO-9MHUCCHOHHAS POTOMETPHSA MIAMEHH

MoromeTpuss NaMeHH — BHJ 3MHCCHOHHOTO CIIEKTPaJbHOro aHaljH-
ad, B KOTOPOM HCTOUHHKAMH BO30Y:KAEHMs CIEKTPOB SABJIAIOTCS IIA-
MeHa pasJuuYHBIX BUIOB: AalleTUJEH — BO3AyX, alleTHJIEH — KHCJA0-
pol, npomaH — BO3AyX, IPONAH — KHMCJIOPOX, BOAOPOA — BO3AYX
u Jip. BeaencrBue HeBHICOKOH TeMIlepaTypel B IlJlaMeHax H3JydaloT
Aer'k0 ¥ CPeJHEHOHM3YIOLUecs 3JeMEHTH: IeoYHble M IL1eJOYHO-
JeMesibHBIE MeTaJqlInl, raJjiiuil, MHAuH, MarHufi, Maprasel, xKo0aJbT,
MeJlh, cepebpo M psAnL APYyrux, IpHUYeM HX YHCJO pACTeT ¢ yBesaunye-
HileM reMIepaTypel Iuamenu. B Hambojee «XOJOAHHIX» IJlaMeHax,
rakiX Kak, HalpuMep, INponaH — BO3AYX, .CBETH/JIbHHIA Tras — BO3-
AYX W3JIy4aloT TOJABKO aTOMBI ILIeJOYHBIX M ILEJOYHO3EMEJbHLIX Me-
Tajsos. BejaencTBHe HEBBICOKOH TeMOepatypHl - COeKTPhl, H3Jyuae-
MBLIC IAMCHAME, COCTOSIT U3 HEeGOJIBIIOrO YUcJja CIEKTPaJbHLIX JH-
» M OOPAZOM PE30HAHCHBIX, YTO NO3BOJSIET BHACIATh Xa-
ICCROC Y ICHIEe 9JICMCHTOB [IPIT TOMOLULH CBETOQHJIbT-
BAOWETDH HPOCTLIC 1T UMCIONLIC HCBLICOKYK  CTOHMOCTD
»npubopul — niaMennbie poromerpbl.  Kpome artom-
8 CHURTPAJNBLULIX JIHHHA B CHEKTpax IJlaMeH IPHCYTCTBYIOT IIO-

-~

o IV OCHOBIOM JIBYXaTOMHBIX MOJIEKYJ H panukajioB Co,
Cucl, CaOll woap. Tekoropole U3 HHX HCHOJB3YIOT B aHaJUTHYE-
aux. Tak, 3 cayuae 371eMeHTOB, 006pasyoIIUX TepMHUYECKH

Bl OKCIJLB, KOTOpBble NMPAKTHYECKH He JHCCOLMHDYIOT B

iwranenx ¢ oGpasosBanieM CBOGOJHBIX — aTOMOB, - MOJIEKYJSIPHEIE
PHERTPH SHOTCH CANICTBCHHBIM — MCTOYHHKOM  aHAJHTHYECKOTO
FHUCCKI HC d4TOMU3HDYIOTCS B HH3KOTeMIEPaTyPHBIX
A% OKCHJL CKanjuist, TnTala, JaHtTaia U ApYruX 3JeMeHTOB,
O NCBLICOKIIC 1IOTeNIHaAb HoHu3auny., Hau-
IO [JIAMCHI NIPHMEHSAIOT AJs onpeleseHus

OMBBEY HOHEEHOTHO3CMOI LHBIX MEeTaJdlJ0B.
peneramisier co6oil OJ(Hy U3 PAa3HOBUAHOCTEH HHU3KOTEM-
IHLMIE 11 BeerJld COLEPIKHT HEKOTOpOoe KOJIHUECTBO

YOCIHIE IEAMCHI TIpejt-
o eMecn ¢
YROM, BLGRE ppe

Bapieinuo o
Hoor Taag o |

ie TEMI ORI CrO yua-
ction, Qo cocl Anyx obJacrei:
BUY FpeiHell poceTanosiTeapHod 1 BHeIl-
el okoneareannofi. Bo  BHyTpeHHef
HPOTCKAIOT NCPBHIHDIE PeaKlHd TepMH-

teckofl  juiccoiyralidiy o CrOpaHus KOM-
HOHEHTOR CMeCH, TIPOUMCXOAALINE NPU He-

w112, CTpyKTypa naamenu:

[ \WMTENbHASL 30HA; 2 — BHYTDEHHHA KOHYC;
4 oudvhAdtesibHAA 30Ha; 4 — BHEIHHA KOHYC
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noctatke okucautens ¢ obpasosanuem CO, Cp; u Hy. Bo BHemseld
OPOTEKAalOT pPeaKUHH MOJHOrO OKHCJEHHA 3THX COeNHHEHHi ¢ obpa-
sopannem CO, u H:0.

BHyTpeHHsIs1 BOCCTAHOBHTE/bHASE 00JaCTh OTAEJEHA OT BHELIHEH
OKHCJIHTEJIbHOH peaKLHOHHOA 30HOH — BHYTPEHHHM KOHYCOM, B KO-
TOPOM DeaslbHO H IIPOTEKAIOT peaKIUH HOJHOro OKHcieHHs. Peak-
IHOHHasi 30Ha OKpalleHa B 3eJeHOBaTO-rofy6oH IBeT, BCJEACTBHE
H3JIy4YeHHs MOJEKYJIsPHBIX mojoc pagukaia C, Kpome TOro, B Heil
NPHCYTCTBYIOT MOJIeKyJH Ng, Os, CO u npyrue. Hx usiyuenne npak-
THUECKH [EPEKPBIBAET BECh CIEKTpP, HO3TOMY BHYTPEHHSs BOCCTAHO-
BHTeJbHasi 06J1acTh He MOXKeT ObITh MCIONB30BaHa AJs aHaJHTHYE-
CKHUX UeJell. BHemHss oGaacTb NMJIaMeHH COREPXKHUT HarpeThie AC
BHICOKOH TeMNepaTyphnl NPOAYKTH IOJHOTO CropaHusa YIJIeBOAOPO-
OB, ras3sl BO3/yXxa, paAuKajbl H BCJIEACTBHE PaBHOBECHOCTH peakK-
nui Takxe Hekotopoie Koaxuectsa CO, H, O. Ona HHTeHCHBHO
H3JiyuaeT B HH(GpakpacHo# 06aacTH clieKTpa W MaJo H3JydyaeT B BH-
IUMOH H yJabTpaduojeToBofl 06/1acTax, 4TO AesaeT ee yAOOHEIM HC-
TOYHHKOM 3MHCCHH aTOMHEIX CIIEKTPOB 3JIEMEHTOB.

IIpu mocTOsSIHHOM COCTaBe roplouell cMecH M NOCTOSIHCTBE CKOPO-
CTH ee BBIXOJa H3 OTBEPCTHI TOpesKH NoJauu MJjaMs HMeeT 4eTKO
BHIPaXKEeHHYI0 CTa0HIbLHYIO CTPYKTYpy. DTO OOBACHAETCA TeM, 4TO
CKOPOCTh BHIXOZa TOprOYeil cMecH YyDaBHOBEIIMBAETCH CKOPOCTBHIO
IBHXKeHHusi (GpoHTA IUiaMeHH, IepeMellaloiierocss Hascrpeuy. Iloay-
gyaemasi B pesyJbraTe ycToliuupas miasma o0yc/aBaHBaeT XOPOIIYIO
BOCIIPOH3BOAKMOCTE A5 [JaMEHHO(DOTOMETPHYECKHX ONpelesieHH:
o6biyH0 2—49%, a uHorga 0,5—1,0%. B taba. 1.2 npuBeneHs npu-
Mepnl HanOoJiee LIHPOKO NPHMEHSEMBIX Ha NPAaKTHKe IOPIOYHX CMe-
cefl ¥ cpelHHe TeMIepaTyphl MX IIaMeH.

OnpenensieMple 3JeMeHTH MOCTYNAlOT B IJIa3My B BHIe asposoid,
HOJy4aeMoro Ipu pachblJieHHH pPacTBOpa NPOGHl CKATHIM OKHCJHTE-
JeMm (Boanyx, kucjaopod). C MOMEHTa pachbljieHHs pacTBopa L0 MO-
MEHTa H3JyueHHs BO30YXKIEHHEIMH aTOMaMH IPOHCXOJAT CJOKHEE
nponeccel. O6pasyeMHlll NpH pacHBIJIEHHH a3P030Jb XXKHAKOCTh — ra3
nocjie HCIapeHus PacTBODHTeNS HpeBpalllaeTcs B a3po30jb TBepJOe
TEJO — r'a3. 3aTeM MOPOHCXONMT HCHAaDEHHe TBEPABIX YacCTHIL COJIH
H JHCCOLMAIHS ce MOJIEKYJ, IpHUeM BTODOH Ipollecc MOKEeT Ipouc-
XOUTh B HEKOTOPBIX CJAyyasix OJHOBPeMeHHO c HepBHM. [Ipolecce
9TOH Tpynnel SBJSIOTCS Heo6paTHMBIMH. ATOMBI ONpeeJsieMOro

Tabauya 1.2. Cpednue Temneparypol HEKOTOPbLX NAAMEH

Topiouas cMech Aoww_.ﬁwm@. Toplouast cmech .How%wwm._,w.
I'as ropoackoft 1700-—1840 || I'a3 ropoackoit 2730
CeTH — BO3LYX- CETH — KHCJIOPOX
Ilponan — Bo3AyX 1925 AneTHAeH-KHCJAOPOJ, 3100—3137
Auernnes — BO3AyX 2125—2397 || Auernnen — OKCHE  a30Ta 3200
Boaopox — Bo3ayx 2000—2045 | (N:0) ,
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Puc. 1.13. 3aBHCHMOCTb HHTEHCHBHOCTH H3/YUYEHHS I
ATOMHON CNIEKTPAJbHOMA JIMHAM OT KOHUEHTPALHH 3Jje-
MeHTa: ,

{ -~ #oHa BJIHAHMS HORHM3auuM; /I — soma npamofi mponop-
iiowannuocTy; /1] — 30Ha BIAHSIHAA CAaMONIOIJOLLEHHS

49/ICMCHTA B JaJbHeHALIeM MOTYT B3aHMOAeH-
CIBOBATh ¢ pajuKanaMH THApPOKCHJA, aTo-
MBMH KHCJOpOZa, aTOMaMu [aJOreHOB HJH
nonnsuposareca. O6pasylomuecss -paiuka-
Jibl, cojlepXkalide aTOMbl MEeTajJa, B CBOIO
udepellb, MOTYT  M3JydaTh  IoJocaTHe
cnextpel. Bo3byxnenue cBOGOJHBIX aTOMOB
MeTaJIJI0B MOXKeT NPOUCXOAUTh B pe3yJbTa-
TE HX CTONKIIOBCHHSA ¢ BO30OYKAEHHBIMH MO-
JAeRYJAaMIit 1 paninKaJaaMit iria3mol naaMeHn 4
ol eperTa cooT-

AN 1 HTHX  1POICCCOB  NMpOoTeKaer

LA KOJHUCCTBY BBEJEHHHIX B MJaMsl aTOMOB 3JIEMEH-
faon RonnenTpani coJu Metajjga B aHaJH3HPyeMOM pacTBoOpe.
(ko 3 peanbibplX CAyyasx 3Ta 3aBHCHMOCTb MOXKeT HapyMIaThCs
BeaAeictiine 1POTEKAHHsl B IJIaMeHH IIPOLECCOB CaMOIOIVIOIMEHH S,
nommannn 1 o6pa3oBaHyusl TEPMHUYECKH YCTOHYHBREIX COEAMHEHHM.
Ha pue. 1,13 npepcrannena 3aBUCHMOCTb HHTE@HCHBHOCTH CIEKTPaJb-
oft sinnim 0T KOHUeHTpauHH 3JeMeHTa B pactsope. IIpu cpemuux
COHePIKAIIX ONpele]seMOro 3JeMeHTa B pacTsope 3Ta 3aBHCH-
soctn aiieltna. Jaa 60aplIMX cofepXaHHH CKasbiBaeTcs BJAHAHHE
CAMONOIIOILCH S D9MHECCHH aTOMOB B IIJlasMe M B 3TOM CJydae HH-
TENCHIOCTL  IEWIYUenus CIeKTpasJbHOH JIMHHHM [PONOCPUHOHAJNBHA
KOPHIO KRQJAPATHOMY M3 KOHIEHTpauuu sjaeMeHTa B pacrtsope. Ilpn
O4elh HHBKHX KOHUEHTPAlHAX 3JeMeHTa W BBICOKOH TeMIiepartype
[JInsMBL 11POSIBJISIeTCSt IIPOLIECC MOHU3AaIUH €r0 aTOMOB H WHTEHCHB-
HOCTL H3JNydeHHs CNeKTPaNbHON JHHHH NPONOPUHOHAAbHA KBaAPATY
konientpaunn. B obonx caydasix rpajyupoBOYHbIA rpadUK HCKPHB-
asieresi. Kpome npolieccos, ykasanuuix Bbille, Ha xo0X rpacduka
wiusleT pajx APyrux paxkTopos, N03TOMY OlpeleseHHe 3JIeMEHTOB B
Merojle GOTOMETPHH IJIaMeHH NPOBOAAT C HCIOJb30BaHyueM CEPHH
pacrsopoB cpaBHeHuss. OHH JOJKHEI COLEPIKaTh BCe BellleCcTBa, BXO-
ANLIHE B COCTAB HCCJIEAyeMOro pacTBopa, H (HOTOMETPHPOBATLCS B
UJIIAKOBHIX C HUM YCJOBHSX.

Pe3aynbrathl niaMeHHOQOTOMETPUUECKHX ONpeJeseHul 3aBHCAT
0T MHOXecTBa (GaKTOPOB pa3/JHYHOH NPHUPOJH!, H3MeHEHHe KOTOPHIX
MUIKOT NPHBOJUTD K CYIlECTBEHHBIM norpeiisocTsM. ITo MexaHH3my
HANNIHS BX MOXKHO Dasje/HTb Ha TPH TPynme: 1) BA3KOCTb, IO-
nepXHOCTHOe HaTAXKeHHe M TeMIlepaTypa aHaAH3UPyeMOro pacTso-
pu; 2) HOHM3aUYs aTOMOB, CAMOIOIVIOIEHHe pe30HAHCHOro H3Jjyie-
HHs B NnJaMeHH HeBO3OYXKJeHHHIMH aTOMaM# 3JeMeHTa, 06pasoBa-
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HHe B NIJJaMeHH TePMHUYECKH YCTOMUMBHIX COeIMHeHHH; 3) B3aHMHOe
HaJOKEeHHEe H3TYYEeHHs CIEKTPAaJbHHIX JIHHHA U MOJIEKYJSIPHBIX 1710~
Joc, HaloXeHWe H3JaydeHHs (oHA NJaMeHH Ha CIeKTPaJbHYIO JIH-
Huo, [Ipn pacnblieHMH pacTBOpa Ha BOCHPOH3BOAHMOCTb DPe3YJib-
TaToB HauboJiee CYLHIECTBEHHO BJHSIOT BSI3KOCTb H IIOBEPXHOCTHOE
HaTsXKeHHe aHaJM3HPyeMOro pacTBOpa, OIpejiesiseMbie €ro cocra-
BOM M TeMIlepaTypoli. ¥YBeiHueHHe TeMIepaTypsl aHAJH3HPYEMOTO
pacrsopa Ha 10—20 °C npuBOAMT K POCTY MHTE€HCHBHOCTH H3JIyUEHUS
npuMepHo Ha 49, BcJexcTBHe YMeHbIUEHHS BHA3KOCTH pacTBOpa.
Ilpu yMeHblUeHMH NOBEPXHOCTHOTO HaTsiKeHHs ofpasyercs Oosee
BBICOKOJHCIEPCHBI a3P030Jib M HMHTEHCHBHOCTb CIEKTPAJIbHBIX JIH-
HHUil yBesuuuBaercs. BA3KOCTb U NMOBEPXHOCTHOE HATSIXKEHHE MO2KHO
YMEHbIIUTh, BBOAsS B AHAJIU3UPyeMblH pacTBOp AOGABKH CIHPTOB
(sTaHoJI, mpoONAHOJ M AP.) MJIH KETOHOB (alleTOH), H CHU3UTH TAKHM
nyteM mnpejesn OOHApyXKeHHs 3/eMeHTOB B 2—3 pasa. Buusnue
FOHH3allHH MOXHO YCTPaHHUThb IyTeM BBeJeHHsI B aHAJH3HPYyeMbIH
pacTBop CIEKTPOCKONHYecKoro Gydepa, KOTOPHIH COLEPKHT AOCTA-
TOYHO JIETKO MOHU3YIOLIHACS 9JEMEHT.

B nuaMeHs NpPOTEKAIOT PAaBHOBECHBIE NPOUECCH, B pe3yJ/bTaTe
KOTOpBIX 06pa3yloTca MOJIEKYJB M PaAHKaJel, COAepXKallue olnpeie-
AsieMblli anement, Hanpumep MO, MCl, MH u nxp. YcroHY4HBOCTDb
3THX COeIHMHEHHH ONpejiesiercsi CTeNeHbl0 THUCCOUMALNU IIPH TCM-
nepatype miamend. K Han6osee TepMHYECKH YCTOHUMBBIM CO€JHHE-
HHSM B YCJOBHSX NJaMeH OTHOCAT OKCHIB LIeJOYHO3EMEJDbHBIX 3Je-
MEHTOB, ypaHa, JlaHTaHa, 60pa, THTaHa M HEKOTODPHIX APYTHX 3Je-
MeHTOB. B HEKOTOPHIX Cydasix B CHEKTpe INIaMEHH MOXHO HabJio-
AaTh TOJBKO MOJeKyJAsipHble moJocsl da1ementa. Hanpumep, crenmenb
nucconnanun CaO B miaMeHH alleTHJIEH — BO3AYX COCTABJIAET BCE-
1o 4,7%. VIHTeHCHBHOCTh H3JIyUeHHS METAJIOB OYeHb UyBCTBHUTE/b-
Ha K HM3MEHEHHI0 aHHOHHOro COCTaBa PacTBOPOB, MPHYEM B NOJAAB-
JsiomeM GoJbUIKHCTBE C/lydaeB (MCK/IIOYas OpPraHuYecKHe aHHOHHI)
NPOMCXOAHT YMEHbIHEHHe HHTEHCHBHOCTH — «aHHOHHBIH st derT>.
HaunGosiee pe3sko yMeHbIIAIOT H3JyueHHe METa/JIOB aHHOHbLI tdocda-
Ta u cyabgara. ITo-BuaHMOMY, NPH BBHICOKOH KOHUEHTpAUWH aHHO-
HOB B pacTBOpe 3aTPYyAHSETCs uCIapeHHe MeTajJiOB M3 TBEPIbIX
yaCTHI a3pO30Jisi, YTO NPHBOJMT K CHHKEHHIO KOHUEHTDAUMM HX
HefiTpa/NbHHIX ATOMOB B IJ1a3Me IVIaMeHH. DTOT JKe pesy/bTaT MO-
JKeT OBITh CJAEJICTBHEM IOABJEHHSA HOBHIX DABHOBECHH B IlasMe NpH
BBEAEHMH AHHOHOB H cMellenus cTapux. Tak, coﬁ:éme- u ¢ocdar-
HOHBl 06pa3yloT B IJIaMEeHH C KajbitHeM YCTOHYMBBIE MajoJerydne
coequHeHHs, B yacTHocTH, PochaT-HOH B NUIaMEHH CBETH/IbHOTO ra-
3a o6pasyer COeJMHEHHs] C KaJbliHeM B OTHOLICHHH 2:3, uro COOT-
BerctByeT coanu Cas(POs)e. Tacsimee BaMsiHMe Ha H3JyYeHHe Lie-
JIOUHO3eMeJbHEIX MeTa/J0B MOTYT OKa3HBATh H KAaTHOHBL. AJIIOMH-
HUil TACHT H3JydYeHHe KaJbLHUA H CTPOHIHS BCJIEACTBHE o6GpasoBa-
aust amomuaatos Ca(AlOz); u Sr(AlOg)s. AHasOrHYHO BJIHSIOT TH-
TaH, UMPKOHHH, MOJHOAEH, IIPH 3TOM obpasytorcsi CaTiOs, CaZrO;,,
CaMoO,.

VcTpaHeHHe MeIIAIOero BJAHSIHUSL aHHOHOB H KAaTHOHOB Ha pe-
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FATHE AGMEIHOpOTOMCTPHISCKHX  ONPeNesNeHull SBJseTC [0-

o rpyanodlt npoGaemoii. Hanpumep, upn onpenesesun Kaib-

W w puernopax, copeprantix omunndt, gocdar- wau cyandar-
HOHBL, 0 THKMEKE B PACTBOPAX, HMEIOWHX CJOXHBIA U HeH3BECTHBIH

COCTAR, Kk
HAaeMBbie +0

11111 0caxal0T B BHAE 0KCaJaTa HJIU BBOAAT TaK HA3bi-
Ooauonie» aredtol. Ilocsaendue CBS3BIBAIOT afdlo-

A it n yeroivimne KOMIVIEKCH H MellalomHe TPYAHOJeTyuHe CO-
edienin e obpasyioresi, OcBo60KAAIOMUMHE aMeHTaAMH SIBJSIOTCS
Rownposensunomn uw DJITA. Hakonew aHHOHHBIE 3hdexT MOKer
AL, 10ANHOCTLIO yCTPAlleH TPH NMePeXOie K BHICOKOTEMIEPaTypPHBIM
HAAMBIAM, ‘
Hanbosee nmupokoe pacnpocrpaHeHne B aHAJHTHYECKOH Npak-

1mtameninie  oroMeTpel ¢ HHTep(hepPeHIIHOHHBIMH
mu. Hpuunuaganias ontuueckas cxema Takoro ¢o-
sena ua puc. 1.14. AHasnusupyembiii pacTBop pac-

HOHA CLelay pacnnpaerens o yaansiorcs uepes cauB 3. Ycroituu-

BEA 1 Meakomnenepenndfi 49po3odh yBIeKaeTcs B IJaMsi, npelBapH-
TeLHO cMentisien ¢ roploanm razoMm, CyMmapHoe H3JydeHHe Mia-
MEHH, lipuMoe 11 orpkenioe peduiektopom 4 uepes nuadparmy 6
H ronnen AR AT et erepdepennnonnntlii - ¢peTo-
huanip Y 0 Biacacioe oM nuynenie cobHpacTest  KOHIEHCOo-
poM 10 s csonaiitafics nyvox w, npofi samurioe crekao 11, nomna-
Aner na woton Qorowiementn i GoroymHoxurens 12, diaektpu-
Herkinfi CHENAA TTocie yeiuiTedst 13 OTKJIOHSIET CTPEJIKY MHKPOaM-
nepmerpn 4. 13 Gaoke nuranus 15 HaxoaATcs aBTOKOMIEHCAIMOH-
Hide crabuinsartoput o npeobpasoBaTesb HaNPsIKEHUSA.

Itlnpokoe 11puMeHenHe HAaXOZAT CHEKTPOGOTOMETDH, CHAGKeH-
Hile KOMIILIOTEPAMH, UTO NO3BOJISIET YCKOPDHTh W aBTOMAaTH3HPOBAThb
Bhlilodnenre aHanuza. PaspaGoTaHbl W HCIOJB3YIOTCH TakKXkKe MHO-
tokalinibibie GOTOMETPH, HMEIOUIHe HECKOJNbKO (OTO3JeMEHTOB H
¢HelolALTPOB, HJAM MHOTOKaHaJbHBIE CIEKTPOPOTOMETPH. ITH
piBopul NO3BOJAIOT NPOBOJHTh OLHOBPEMEHHOE ONpEeeJeHHe He-
CROABKHX 3/1eMeHTOB. POTOMETPH €O CBETO(DUIBTPAMH 3HAYUTEJHHO
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MeHee CR/ICKTHBHBI, 4eM CIEKTPOGOTOMETpH, B _KOTODhIX HM3JyucHHE
BHJeJ/IieTCs 1IeIbI0 MOHOXPOMATOPA, TaK KaK OHM NpPONyCKaT u3-
JiyyeHHe GJHSKO PaCNOJIOXKEHHBIX JHHHA MIH MOJAOC APYTHX 3J]e-
MeHToB. Hanpumep, onpenesnenne kajpliusi mo mojdoce 622 HM 3a-
TPYAHEHO B INPHCYTCTBHH HATPHs, H3Jy4alOHIEro SIPKHA AyGJaer
CHeKTPaJNbHHX JHHHA 589—590 um. ITpu HcnOMb30BAaHHH CHEKTPO-
¢oromerpos 6LBaer HeoGxoauM yuer dhoHa NIAMEHH H cBeTa, pac-
CESHHOI0 MOHOXPOMAaTOpPOM. B kauecTBe MepHl CEJEKTHBHOCTH OObIU-
HO HCnosb3yloT (akrop cnenuduyHOCTH F, KOTOPHI NOKasHIBAeT,
BO CKOJIBKO pa3 KOHUEHTPalUs MeIIAUIero 3JeMeHTa B aHaJM3H-
pyemoM pacTBope NOJIXKHA ObiTh GoJiblie, uTOGH BHI3BATHL TAaKOHR JKe
‘OTCYET Ha rajbBaHOMeTPe AaHHOro mpu6Gopa. Ecam KoHueHTpamnus
‘OTIpEeNIeNIIEMOr0 3JIeMeHTa B PAacTBOPe ¢, a KOHIEHTpAlus Mellalo-
ero saementa ci, T0 F=c¢/c. [Inamennsie ¢oroMeTp OGHUHO
‘CHa0KeHEl HHTeD(hepeHI HOHHBIMH CBETOMHABTPAMH, MOHOXPOMATHY-
HOCTb KOTOPBIX XapaKTepPH3yeTCs NOAYIIHPHHON NOJOCH MPOMycKa-
807 AA 1o +£5 M. DaxTopn crnenuGHIHOCTH A/ HUX KOAEGIOTCH
. OT €AMHAN 10 HECKOJBKHX COTEeH B 3aBHCHMOCTH OT paccMaTpHBae-
MOH Tapsl 3/1eMEHTOB, NJIs CHEKTPOPOTOMETPOB OHH OGLIYHO paBHH
HECKOJIbKHM THICSIYaM. . .

Ipenenom ofHapyeHHS B mJAaMeHHOMH ¢oTOMETPHH CUHTAIOT
MHAHHMAJIBHYIO KOHIEHTDPAIMIO 3JIeMeHTa, KOTOPYIO MOXKHO 3a(HKCH-
POBaThb ¢ HagexHoCThio P=0,95.

Pabora 1. Onpedenenue xarus merodom
2padyuposounoezo epapura

B Hu3KOTEMIlepaTypHOM NJIaMeHH CBETHJLHBIH ras — BO3/lyX aTOM-
Hble JIMHUH H3JYyYaloT LIeJIOYHble MeTaJsJbl: JHTHH, HaTpPuH, Kajani,
pyGunuii, nesuit. [l onpenelieHHs Kanus HCIOJB3YIOT H3JyueHHE
pesoHaHcHoro ay6aera 766,5 u 769,9 um (42S/2—42P% /s, 3/), pac-
NIOJIOKEHHOrO Ha I'paHHlle BHAHMON M MHbpakpacHOH gacrell CIEKT-
pa. IloTeHunan Bo3GYKJeHHS STHX CHEKTPAAbHBIX JHHHA (Ep) —
1,62 3B. ®axropn cneUHGHYHOCTH MHTeP(EPEHIHOHHMX (HIBTPOB
Ka/Jus 1o OTHOWIEHHIO K M3JYYalOIHM B 3THX YCJOBHSIX 3JEeMEHTaM

AOCTaTOYHO BHICOKH H JMOCTHraioT HECKOJIbKHX ThHiCAY. Biausuue co- -

CTaBa aHaJH3HPYEMOr0 PaCTBOPAa Ha HHTEHCHBHOCTb M3JIyYeHHS Ka-
Just B GOJIBIIOH CTeNMEeHH 3aBHCHT OT €ro KOHLEHTPALMH H TeMIepa-
TYphl IIaMeHH. B mnjaMeHH CBeTHJbHBI ra3 — BO3AyX HOHH3aIlMsi
4TOMOB KaJiUsl He3HAYNTEJNbHO IPOSABJSETCS JHUIIb HPH €ro HH3KHX
KOHIIEHTPallusIX B pacrBope 'mnopsiaka 1—2 Mkr//ma. Ilpucyrcreue
2—4 MKr/MJa HaTpPHS B pacTBOpe, COAepKalieM MeHee 2 MKr/MJ Ka-
JIAsi, YBeJIHYHBAeT HHTEHCHBHOCTb H3Jy4YeHHs kanausa. [lpm Goaee
BHICOKHX KOHUEHTPaUHAX KaJHs B PacTBOpe BJHSHHEM JIETKO HOHH-
3ylomuxcsa npuMecefi MoXHO mnpeHeGpeub. KuCIOTHL W aHHOHHE
YMEHBIIAI0T HHTEHCHBHOCTb CIEKTPAJbHEIX JIMHHH KaJaHs, IpHYEM
HauboJiblllee BJHAHHe OKasnBalOT (ocdar-uonnl. IIpesesn o6Hapy-
*xeHua Kanaus cocrasaser 0,05 mxr/ma.
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aamennoii poromnerp OILI, A, TIOM u np.
Kounpeccop.

Herounux 8036ysdenun: naams CBETHABHHH ra3 — BO3AYX.

- Pacreop xaopuda xaaus ¢ KoHuenrpaumed kKaius 100 wxr/ma. Haeecky xu
KCl 0,0191 r (F=Mxgc/Axk=1,907) BHOCAT B MepHYIO KOJ6Y BMECTHMOCTBIO
100 a1, 10BOAST PACTBOP A0 METKH AHCTHLIMPOBAHHOM BOAOH M TIATEABHO nepe-
MeIIHBAIOT.

IpuroroeneHue CTanpapTHHX pactBopos. M3 HCXOZHOrO pacTBOpa rOTOBAT

6 craHpapTHLHIX PAcTBOPOB ¢ KoHueHTpauuelt kamus 1,0; 2,0; 4,0; 6,0; 8,0;

10,0 mkr/ma. Has sroro 1,0; 2,0; 4,0; 6,0; 80 u 10,0 Ma ucxoanoro pacrBopa
XJOpHAA KasMHsl BBOAAT B MepHBHe KOJOB BMECTHMOCTRIO 100 MJ, JOBOAAT 06beM
Kaxpore pactsopa Ao 100 Ma AHCTHAHPOBAHHOK BOACH W TLIATeJhHO HepeMe-
HIKBAIOT.

Buinonnenue paGorsi. [TocTpoeHHe TPafyHPOBOUYHOTO
rpacduka. Brawouaoor npu6op u nOAroTaBAHBAIOT €r0 K H3MeEpe-
HusM. Tlpu npaBH/IBLIIOM COOTHOIIEHHH MOZAYH ropouero rasa “
OKHCJIHTeJNIs] BOCCTAHOBUTE/IbHbIE KOHyca MJIaMEHH DPE3KO OYepueHH,
HMEIOT MHMHHMaJIbHYIO BBICOTY M OKpallleHBl B 3eJeHOBAaTO-roJy6oil
IIBeT. YCTaHAB/IHBAIOT CBETO(QHJILTD Ha Kaniuil. BeBoAAT Ha HyJb
CTpe/IKy MHKpoamnepMmerpa npubopa HO LHCTHIJHPOBAHHOH BoOZe;
pacnblIiOT PAacTBOP CPABHEHHSA C MaKCHMAaJbHOH KOHLEHTpauuel
KaJusg ¥, H3MEHss YCH/EHUE AHAJIHTHYECKOTO CHrHaJd, yCTaHABJIH-
BalOT CTpenKy MHKpoamnepmerpa Ha orcyeT 95. CHOBa pacHBLISIOT
AUCTH/IJINPOBAHHYIO BOAY [0 BO3BPAllCHHSI CTPEJKH B HyJesoe IO-
JIOXKEHHe, MPpH HeOGXOAUMOCTH KOPPEKTHPYS €ro PyKOSTKOH <«ycTa-
HOBKa Hyssi». JloGHBalOTCS BOCIHPOM3BOAHMOCTH KPaiHHX 3HadYeHu#
paGoyero AmanasoHa LIKaJbl MHKPOAMIIEPMETPa, MOOYEPENHO pac-
OBLIASS PaCTBOP CPAaBHEHUs C MAKCHMAaJIbHOH KOHIEHTpalMeH KaJus
H JHCTHJJIHPOBAHHYI0O BOAY. 3aTeM (OTOMETPHUDPYIOT CTaHAAPTHEHIE
PacTBOpH, HayMHas C PacTBoOpa ¢ HaHMeHbIIEH KOHLeEHTpaiuef.
Ilocne kaxnoro pacTsopa MPOMHBAIOT CHCTEMY AHCTH/JIHPOBAHHOM
BOJOH 0 BO3BPALLEHHs! CTPEJKH MHKpOaMIepMeTpa Ha HyJb. ['pa-
RYHPOBOUHBIA rpadHK CTPOAT B KOPOAHHATAX: MOKA3AHHS MHKPOaM-
HepMeTpa — KOHIEHTpauus KaJausi (MKIr/MJ).

Onpenenenne coOpepXaHHS KaJHUs B aHAMAU3H-
pyemom pactBope. lopoaar o6beM aHaIH3UPyeMOro pacTBo-
pa B MepHOo# koibe xo 100 MJ AHCTHINHDOBAHHON BOXOH M TIIA-
TeJbHO IepeMelnBaoT. POoToMETPHPYIOT PacTBOP 5 pa3 W HAXOAAT
KOHIEHTPAUHIO KaJHf B PacTBOpe IO IPaiyHPOBOYHOMY Tpaduxy.
PaccuutniBaior copepkanue xanua (B Mkr/100 mu).

Pabora 2. Onpedenetue natpus 8 pacreope merodom
02PARULUBAIOUUX PACTBOPOS

Merton ocHOBaH Ha (oTOMeTpHpOBaHHM Hy6JeTa CHEKTPaAbHAEIX
JUHHH mmdtxm 589,6 u 589,0. M Awmw_\wlwmwﬁ:\m, m\wmwuw.u wmv,
H3/IyuaeMblX €ro aTOMaMH B IUIAMEHH CBETHJbHBIN ras — Bosayx:
@akTOpH CHENUPHIHOCTH MPH ONPeLeJeHHH HATPUS B NPHCYTCTBHH
KaJiHs, JHTHA M KaJbliHs COCTABJAIOT COOTBETCTBEHHO n-102, n-10}
u n-10°. Ilpenen o6napyxenus HaTpus 1-10-7%. Merox orpanuuu-

; ~

hm -



BaIOIHX DAacTBOPOB TO3BOJSAET NOJAy3aTh GoJiee TOUHBE De3yJbTa-
TH ONpele/ieHHl, YeM MEeTOJ I'PajiyHPOBOYHOrO rpaduka, U 3aKAI0-
yaercs B (OTOMETPHPOBAaHHM pAacTBOPa ¢ HEH3BECTHOH KOHIEHTDPA-
uuell (cx) OOpeNeNsieMOro 3JeMeHTa M ABYX ero CTaHAapTHHX pac-
TBOPOB, OZMH H3 KOTODHIX HMeeT GOJbliyl0 (Cs 2), a APYrofi MeHb~
IIyI0 KOHUEHTPAmMIO (C» 1), T. €. Cs 1<<Cx<Cs 2. YeMm Oumke HO
OCH KOHUEHTPAUMH BEJNHYHHBL Cs, 1, Cx H Cs, 2, TEM TOYHEE PE€3yJbTa-
Thl. COCTaBLl CTAHZAPTHEIX M AHAJH3HPYEMOTrO pPacTBOPOB AOJIAKHBI
6biTh G1u3ky. KOHIEHTpPAUHIO ¢r PACCUMTHIBAIOT 1O (opMmye:

Cx=103,1 -+ Anw.n| C5.1) Ux— Nw.b\wa — ~w.~v. (L.E1)

rae Iy 1, Iy, 2 0 [y — OTcyeTH no nmpuGopy AJfA CTAHAAPTHHIX H aHANH3HPYeMOTD
pacTBOpPOB COOTBETCTBEHHO.

IMpuGoput U peaxTUBLI

TIpu6opsl — cm. pabora 1. .

Pacreop xaopuda HaTpus ¢ KouuewTpanued matpus 100 MKr/MJ, HaBeckKy X.d.
NaCl 0,0254 r (F=Mnac/ANa=2,542) BHOCAT B MepHYI0 KOJOY BMECTHMOCTBIO
100 M4, pacTBOPAIOT, AOBOAAT A0 METKH AMCTHIIHPOBAHHOA BOAOH H TILATEALHO
fiepeMellnBaloT.

Beinoauenue paGorn. IIpuroToBaeHMe CcTaAaHAAPTHHX
pacTBOpoOB. B MepHhx koa16ax BMecTHMOCTbIO 100 MJ TOTOBAT
yeTHpe CTaHAAPTHHIX pacrBopa, cofepxamux 1,0; 2,0; 4,0;
8,0 Mxr/Ma Harpus pas6Gasienuem 1,0; 2,0; 4,0 u 8,0 Ma1 HCXOZHOIO
pacteopa 1o 100 MJI ZUCTHIIMPOBAHHOH BOAOH.

~Onpenenenue cOAEpXKaHUA HATPHS B aHalM
s3upyemMoMm pacTBope. [loBoaar obbem aHaJU3UPyeMOro pac-
TBOpa B MepHOiH Kos16e 1o 100 Ma AMCTHANHPOBAHHOA BOLOH M TIIA-
TeJbHO NepeMellHBalOT. YCTaHaBJIUBAIOT CBETODHJILTP Ha HaTpHi.
TloaroTaBauBaloT NPUGOP K H3MEDEHHAM, Kak B paboTe 1, nosywaior
orcuer 95 AeJeHHH AN CTAHJAPTHOrO PacTBOPa C MAKCHMANLHBLIM
cojiepKaHueM HAaTPHS M HYJIEBOH OTCUeT MO AMCTH/NIMPOBAHHOH BO-
ae. PoTOMETPHPYIOT CTaHAaPTHBIE H aHAJH3HPYEMBIH pacTBOp B cae-
AylolleM HOpsJKe: cHavaJja CTaHAAPTHHH PacTBOP HATPUS C MHHH-
MaJbHOH KOHIEHTpauuel, nocje HPOMBIBAHHA CHCTEMBl paclbliCeHHS
JHMCTHAJIMPOBAHHON BOJMOH — aHaJH3HPyeMHIH pPacTBOp M Hocae npo-
. MBIBAaHHS CHCTEMBl AMCTH/IJIMPOBAHHOH BOJOH — CTaHIapTHHE pac-
TBOP C MAaKCHMAJbHOH KOHIEHTpalned. 3amuChiBAalOT IOKa3aHHA
npubopa A Kaxjaoro pactsopa. 3areM (GOTOMETPHPYIOT OCTadlb-
HHe CTaHAapTHHle PAcTBOPH W BHIGHPAIOT TakHe M3 HUX, KOTOphHIe
uMeIoT oTCueThl HamGoJee GAM3KHE K OTCYeTaM JJis aHaJu3Hpye-
Moro. pactsopa. Ecsiu oTcueTsl [Js CTaHAApPTHHIX DacTBOPOB OTCTO-
T JOCTATOYHO JaJieKO OT OTCYeTa AaHaJH3HPYyeMOro pacrBopa, TO
CTaHJapTHHE PacTBOPH Pa36aBJsAIOT H CHOBA NPOBOAAT GOTOMETPH-
poBaHHe. PaccuMTBIBAIOT COJEpXKAHHE HATPHsl B aHAJH3HPYEeMOM
pacrsope (B Mkr/100 mu) : ,

Pabora 3. Onpedesenue Kanroyus merodom asn:mpﬁeza& dobasoxk

B HH3KOTEMIEpaTypHOM fi1aMeHH CBEeTHJbHBIH ras-— BO3AYyX CBO-
GofHbe aTOMHE KaJibliHsi NPaKTHYECKH He IPHCYTCTBYIOT, HabJioAa-
eTcs u3/JyueHHe TepMHuecKH ycrofumBmix paiukanos CaOH s Bune
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HHTEHCHBHHIX MOJIEKYJSPHBIX MOJOC ¢ MakcuMymoM npu 622 HM
¢ npenesiom o6HapyxeHus kaibiusa 0,1 Mkr/ma. B mpucyrcrBum Har-
PHs, HanpuMep NPH aHaJju3e BOA, Ha HaayueHHe nojocs CaOH nua-
KJaJblBaeTcsi M3JyueHHe pe3OHaH¢Horo AayOsera Harpusa 589,0—
589,6 HM, 4TO HCKa)KaeT AHAJUTHUECKHH CHIHAJ KaJblHs M 3&BHI-
llaeT pe3yJbTaTH ero onpepeseHusi. IluaMenHsle GoToMerpH, cHab-
JKE€HHble HHTep(hepeHIHOHHBIMH CBETO(QHIBLTPAMH, HMEIOT HH3KHE
¢Gakropnl cnenudpHYHOCTH Kaabuusi mo Harpuio (10—600). Kpome
toro, amuccuss CaOH sasHCHT OT XHMHYECKOro cocTaBa npolul. Tak,
B mpucytctsuu Ald+, PO, TilV, Zr!Y u~apyrux MOHOB OHa DE3KO
yMeHbLIaeTCs.

[Tpu anajiuse pacTBOPOB HEH3BECTHOTO COCTaBa HCHOJB3YIOT Me-
Toj pmoGapok. OH 3akjioyaercs B H3MePeHHH aHAJHUTHYECKHX CUTHA-
JIOB cepuH NPo6 OXMHAKOBOTO 00beMa, COJAepXKAallUX aJHKBOTHEIE
YacTH aHAJH3HPYEMOTO PAacTBOpa W J0GAaBKM HM3BECTHBIX KOJHUYECTB
omnpenensiemoro ajaemenra. Ilepsas npoGa cepuu He COLEpPKHUT HO-
G6aBku. PacTBopsl B MepHHX K0J6ax AOBOAAT A0 METKH AHCTHJJIH-
pOBAHHOH BOXOH M TINATeJbHO NepeMellnBalOT. Pasmep no6aBkH
noabupaloT TakoH, uToGbl aHAJIUTHYECKMH CHTHaJ YJABaHBAJCA IO
CPaBHEHHMIO C CHTHAJIOM NpeAbaylleli npobsl cepun. Ecau cepus co-
CTOHT HM3. ABYX Npo06, TO pPe3y/]bTaThl aHa/lH3a DPacCUYUTHIBAIOT IO
dopmyae: ;

Cx= Cyly/(Tys1— 1), (1.12)
Iie Cx— HCKOMasi KOHUEHTpalus Kajblusg B npoGe 6e3 A0GABKH, MKI/MJ; € —
KOHIEHTpAlua Kajblus B npobe ¢ K0GaBKOH, MKr/MJ; [ — OTCUET MO MHKPOAM-

nepMeTpy AJs npoGu Ge3 K06aBKH; Ix41 — OTCYET MO MHKpPOaMIepMerpy AJsi mpo-
6H ¢ R0GaBKOH.

B Merome aByx mo6aBok (cepust u3 Tpex npob) pacuer NPOBOAAT IO
caenywomeit dopmyne, ecnu . Bropas jno6aBka B JABa pasa Gosblie
nepBoH:

o =[ey Uxss— Ixa)/Uxss — I /iy — 1)) (1. _mv

HeussecTHyI0 KOHIEHTpaLui0 KaJjblua B npobGe 6e3 no6aBku
MOXHO HalTH M rpaduueckuM nyrem (puc. 1.15). Has storo ctpodT
3aBMCHMOCTb OTCUETOB [0 MHKPOAMIIEPMETPy OT KOHLEHTPAalUWH HO-
6aBku B mpobe W TMPOLOJKAIT NPAMYIO JIHHHIO [0 IepecedeHHs C
ockio afcuucc. 3HaueHHe ¢y
PaBHO pPACCTOSIHHIO OT TOYKH - T 7 -
nepeceyeHus A0 Hadanaa Koop-
auaar, OpHako wuHOTJAA JH-

HeflHasl 3aBHCHMOCTb OTCYTCT- A
BYET, BCJEACTBHE H3MEHEHHA c,
OTHOUIeHHs B 1po6ax KOH- Ly
HEeHTpAaUuH KaJablusg K KOH- I
IEeHTPAlMH Mellaloulero Kom-

Puc. 1.15. T'pacdmueckuii BapuaHT
MeTola 106aBOK , y
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FOHEHTa, MPHCYTCTBYIOLIErO B aHaJu3upyemoM pacrtBope. Jlocra-
TOYHO ‘4aCTO B TAKHX CJAYyYasX 3aBHCHMOCTb MHTEHCHBHOCTH 3MHC-
cud [ OT KOHUEHTPAUHH 3JeMeHTa B NPo6e MOXKHO OmMCaTh (YHK-
LHei: ;

{ = Kc,",
rae K u m — nocTostHHBIE.
B sorapudmuueckosr dpopme:
_.mNH mlge4-1gk,
Fhe m — TaHTeHC yraa HakaoHa npsmofi K ocu Ig c.

B 3TOM CJiydae Swgm_um:OH dHAJJUTHYECKHEe CHT'HAaJIbI 4YeThipex @N,n-
TBOPOB: pacTBOpa ¢ HEM3BECTHOH KOHUeHTpauued x—I, u Tpex
pacrBopos, conepxamux no6asku I, 2JL u 40, — liin, leion n

Ictap, rae Il — KoHUeHTpalus 3jeMeHTa, BHeCeHHas ¢ J06aBKOM. .

3areM DaCCUHTHIBAIOT 3HaueHus Tpex GyHrumit A;, A, u A, xoTO-
pble 3aBUCST TOJILKO OT OTHOMIEeHHS x// mo dopMyJnam:

Ay=(lgl,n—1g1)/(gin—1g1,);
A, =(lg \»hul g I,)/(1g In—Ilgly);
As=(glypg—lgi)/lgl,n—1g1).

Crposit rpaduru 3aBucumoctu A;, A, u As or xjJ H3MeHsas 3Ha-
ueHusi J. Ilo mosyyeHHbIM I'pajyHpOBOUHBIM rpadHkaM M pacCyH-
TaHHbIM 3HaueHHsAIM A, Ay u A; Haxopar x/J u, 3Has 3HaueHus J,
HaXORAT x. JTOT BapHaHT MeTOAa N0GAaBOK NO3BOJISIET YYHTHIBAThH
HaJlOXeHHe U3JydeHHs] MeWlalomyX CHeKTPaJbHLIX JHHHE HJIH MOJe-
KyJsDHBIX NOJIOC, a TaKxKe racsiliee BJAHSHHE aHHOHOB Ha 3MHCCHIO
LIEJMOYHBIX H ILeJOYHO3eMeJbHBIX /JIEMEHTOB, faXe B CJayuae obpa-
30BAHHS TEPMOCTOMKHX COMHHEHHH.

MpuGopsl U peakTHBLI

- [IprGops — cM. paGoty 1.

Pacreop coau xaavyus c KonueHTpaunefi Kadpiuss 100 mkr/ma. Hasecky xu
CaCO; 0,0250 r (F=Mcacog /Aca=2,500) pacTBOpsIOT B cTakKaHe B HeGOMBIIOM

ofbeme 2 M HCI, mepeRocsAT pacTBOp B MepHYI0 KOJGY BMECTHMOCTBIO 100 M,
HOBOAAT IO METKH RHCTH/IHPOBAHHOA BOLON H TINATENLHO NEPeMEelIHBaloT.

Buinoanenue paborsl. Omnpejesenme coJepxRauusa’
KaJblIHs B NHTbLeBOR BoOJXe Ilpoby ananusupyemoft BOABI
pa3baBaAnwT AMCTHIJIHPOBAHHOH BOAOH TaK, YTOGH OHa COAepiKaja
npumepHo 100 mxr xansuug B 10 Ma. B Tpu mepHBle K0Ji6H BMECTH-
moctbio 100 Ma nepesocar no 10 My pas6aBieHHON aHATH3HPyeMOR
BOAB K n00aBJsOT BO BTOPYIO W TPEThbIO KOJOH cooTBercTBeHHO 10
m 20 ma pactsopa cosn kKajblus. ILoBomsT o6bemsl B Koabax A0
MeTOK JHCTHJJIHDOBAHHOH BOJAOH M TilaTesbHO Nepemewnsalor. Po-
TOMETPHPYIOT TOJyYeHHBle PACTBOPH, KaK YKa3aHO BHIUE, W 3a0H-
CHBAIOT pe3ynbTaThl B dopMe TabJIHIBL: -

[

~
o- O6nem pas6asyen- | O6mem pac- Konnentpanus Ro-
mcﬂ_m%vw»n HOM »mm.mmu:v%ozom TBOpa N0- 6aBKM B npoGe, Orcuer, MKA
’ BOABI, MJ GaBKH, MJ MRI/MI ‘
1 10,00 — —
2 10,00 10,00 10,00
3 10,00 20,00 20,00

OnpelensoT HEH3BECTHYIO KOHUEHTPAIHIO C; IPadHIecKuM HJIM pac-
YETHHIM METOJOM H HaXONAT KOHIEHTpauuio Kajplus C (B. MKI/MJ)
B IHTHEBOR BOAe IO GopMmyJne

- C = Vmn/Vp,

cne Vm — BMECTHMOCTb MepHO#H KOJGH; V,— 06beM alHKBOTHOHA YacTH aHANH3H-'
pyeMoii BOAM (BOAR TMOcie pas3baBieHHs); f— CTelleHb Pa3Gabienus NHTbLEBOR
BOLHL.

Ecnu rpadwmk 3aBHCHMOCTH [ OT ¢ He NPSMOJMHEEH, TO NpHMe-
HSIOT JorapH(MHYECKHA BapHAHT MeTO]a.

Pabora 4. OnpedeseHue Kaius u AUTUS 8 pACTBOpe

MeTon OCHOBaH Ha mocJenoBaTeJbHOM (oroMerpHpoBaHHMH AyOJe-
TOB CHEKTPAJbHHIX JHHHH Kadus 42S12—42P° s, 3/> 769,9, 766,5 um
(Es=1,62 3B) u autua 22S12—22P%s, 3/2 670,8 uM (E»=1,85 .wwv,..
H3JyyaeMblXx AaTOMAaMH KaJdHA H JHUTHA B NJIaMeHH CBETHJbHBIH
ra3 — B03AyX. Pakropsl CHeUHPHYHOCTH HHTeP(PepeHIHOHHBIX CBe-
TO(UILTPOB MPH ONpejeJeHHH KaJjys B NPUCYTCTBUH JIMTHA, HATPHA
¥ Kajblus cocrapifior 103, a JHTHA B NPHCYTCTBHM KaJjius W HaT-
pusi — 102—103, ‘yT0 0O6yCHOBJAMBAET XOpOILyI0 H36HpaTeNLHOCTD
aHaJip3a CMecH KaJusd u JHTHd METOAOM %OHOE@H@SS dbwgmmm.
fIpenen o6napyxenus kajuus u JuTa — 5-1076%.

Tlpubopul u PeaKkTHBH

I ramennoul oromerp IIAXK ¢ komnpeccopon.

Hcerounux 8036yxoenus — naaMs CBETHJbHEIA ra3 — BO3AYX.

Pacteoper coseldl KaAus U AUTUS C KOHUEHTDAlKER KAJHA B JHTHA 100 Mxr/ma.
Haseckr KCl 0,0191 't (F=Mgci/Ax=1907) »n LiI.3H,0 02722 r (F=.
=Mur su,0/AL1=27,22) BHOCAT B MepHsIe KonGu BMectumoctsio 100 mJ, poso-

AAT RO MEeTKH AUCTH/WIHDOBAHHOH BOJOH H TLIATEJbHO NEPeMeIlHBAIOT.
IpurorosaeHue CTAHAAPTHRIX PAcTBOPOB. ['OTOBAT MATH CTAaHAAPTHHIX PacTBO-
poB, cofepxamux 1, 2,5, 7 u 10 MKT/MJI KaJusi ¥ JIHTHS H3 pacTBOpOB HX coJedt.

Buinoanenne pabortnl. [locTpoenHue rpafAyHpPOBOUHHX
rpadukos. IlogroraBiusalor npHOOpP K H3MEDEHHAM, yCTaHaB-
JHBAIOT CBeTOQUABTD Ha Kaauih H (QOTOMETPHPYIOT CTAHLaPTHHIE
pacTBOPH, HAuYHHAsi C CaMOro pasGaBjleHHOrO. 3aTeMm yCTaHaBJIHBA-
10T CBeTOQHABLTP Ha JMTHH M (QOTOMETDHPYIOT Te XKe CTAaHAAPTHHIE
pactBopsl. Ilo pesysnbratam H3MepeHHMH CTPOSIT LBa IpaAyHpOBOY-
HHIX TpaduKa B KOODAHHATaX: NOKasaHHs NpuHOOpa — KOHUEHTpa-
UUs 37eMeHTa (B MKI/MJ). ,

OnpeneieHne cOAEPXKAHHSA KaJHUA H JHTHA B
pacTBOpe. AHalH3HDyeMHHl pacTBOp B Koj6e BMECTHMOCTHIO




100 M1 MOBOAAT KO METKH AHCTHJLIHDOBAHHOH BOAOH M TIIATE/HHO
nepemeltuparor. [lajee mociaenoBaTesbHO HOTOMETPHPYIOT DPAacTBOP:
0O KaJIHX0 W 3aTeM N0 JHUTHIO, BBHIMOJHSS AJ KaXKAOro 3JeMeHTa
5 m3mepenufl. ITo rpagynpoBouHbIM rpaHKaM HAXOAAT KOHIEHT-
panyuu KalHus W JUTHS H PACCUHTHIBAIOT COJAEPIKaHHe KaXKJOro sJje-

MeHnTa B 100 ma pactBopa. Haxoasit noBepHTesbHBI HHTepBaJ K
OTHOCHTEJIbHOE CTaHAapTHOe OTKJOHEHHe.

Pabora 5. Kocsennoe sKcTpaKkyuoHHO-ATOMHO-3 MUCCUORROR
naamernogoTomerpuieckoe onpederenue Kadmus

Monp kaamus 06pasyloT HpouHble KOMILIEKCH C HOXHI-HOHAMHS
CdI*, Cdl,, Cdl3~ u Cdl~. Meruauso6yTuikeron (MUBK)
u30-CH4HoCOCH,;, skcTparupyer OXHOBpeMEHHO M3 BOXHOMN baser
Cdl; u comp ImesoyHOro Merajsna HOAHAKAAMHEBOH  KHCJOTHE
M,Cdl,. Skerpakuus cosefi MeTaLJIOKUCIOT XapaKTePH3YeTCs YA0B-
JIETBOPDHTENBHOH CEJIEKTHBHOCTBIO W 3aBHCHT OT IPOYHOCTH KOMII-
JIEKCHOTO COENMHEHHs, AHIJIeKTPHYECKON MPOHHIaeMOCTH 3KCTPa-
reHTa, OCHOBHOCTH H CTEDHYECKOH NOCTYNHOCTH €ro 3JEeKTPOHOXO-
HODHBIX (GYHKUHOHAJBHBIX Ipynn  Apyrux ¢akropos. Kpome Cdl,
MUBK skerparupyer Hg!, Cu!, Pb!, Ag!, Aulll, Billl Shul y I,
T. €. HOHH H MOJEKyJbl, o6pa3yolide NpPOUHLle aHUOHHB e HOLHI-
Hble KOMIUIEKCH. PaccMaTpuBaeMble 3J€eMEHTH HMMEIOT CpeiHHe H
BBICOKHE IIOTeHIHa/bl BO30YKAGHHS, HX aTOMB B HH3KOTeMIlepa-
TYPHBIX IJlaMeHaX, HanpuMep B INIaMeHH NPONaH — BO3AYX, He BO3-
6yKaal0TCH. _

KocpenHoe 3KCTpakIHOHHO-NIaMeHHODOTOMETPHUECKOE ONpeie~
JIeHHe KaJMHs OCHOBaHO Ha 3kcTpakunn MUWBK couau menounoro.
MeTraJsja HOAHAKaAMHEeBOH KHCJIOTH, PACHblIEHHH 3KCTPAKTA B HHU3-
KOTeMIepaTypHoe miaMsi ¥ (POTOMETPHPOBAHHMHM H3JIyueHHs LIEN0U~
HOTO MeTaJjia. B kKadecTBe KOMIIEKCOO6pasyiollero peareHTa IpH
ONpeleleHUH KaJAMHS UCIONb3YIOT HONHA JHTHS, HMEIOUIHH HHU3KYIO:
COOCTBEHHYIO DacCTBOPDUMOCTb B OpPraHHueckOl ¢ase MaHHOH 3KCT~
PAKIMOHHOH CHCTEMBI H, XOTs ero KOHIleHTpallusi B BOAHOH ase:
BeJIMKAa BJMSHHEM DeareHTa Ha aHaJHTHYECKH# CHrCHaJd NpH Om-
pelle/leHHn MHKDPOTDaMMOBHIX KOHUEHTDaLH# KaJMHSI MOXKHO Iipe-
HeOpeub. KpoMe Toro uHTepdepeHUHOHHBIE (UIBTPH MJIaMEHHBIX

(DOTOMETPOB HMMEIOT BBICOKHe (DAKTOPH CHEHH(PHYHOCTH HAa JHUTHH.

MHTEHCHBHOCT H3/1ydYeHHs! L1EJOYHOrO MeTajja JMHefHO Hpomop-
LMOHaJbHA KOHIEHTPAllHH KaJAMHs B BOAHOH ¢ase. I'paxynposou-
HHA rpadHk CTPOST B KOOpJAMHATAX: NOKa3aHHSA NPHGOpa — KOH-
IeHTpalus KaJMHsi B CTaHAapTHHX pacTBopax. [Ipemen oGuapyxe-
HuA Kaamusa 1 Mxr/ma. Bocnpoussonumocts 3% (orH.).
DKCTPaKIHUOHHO-N1aMEeHHO(POTOMETPUUECKHIA METOJ SIBJASETCS MHO:
CylecTBy ru6pPHIAHBIM MeTONOM aHaJH3a, TaK Kak oGbeAHHSET B
eflHHOe LieJloe CeJeKTHBHOE OT/Ae/eHHe 3JEeMEHTOB H HX MOC/HeAYIo-
mee onpejesnenne. OH CylIeCTBEHHO PacIIHPSET BO3MOXHOCTH IIa-
MeHHO(POTOMETPHUECKHX ONpefeeHH ¢ HCNOAb30BAaHHEM JOCTYI=
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HHIX HUSKOTEMIIEPAaTypHHX IJ1aMeH M IPOCTHIX CHEKTPajbHHX MpH-
60pOB HEBBICOKOH CTOHMOCTH.

TIpuGopsl ¥ peakTHBH

I aamennvii oronerp ITAK, TIOM ¢ xommpeccopoM.

Hcroynux 8036yscdenus — nAaMsA — CBeTHJIbHBIN Ta3 — BO3AYX.

Morop ¢ nosustusenosoil mewarkoil.

Asrorpancpopmarop. -
IHosustuasenogoul KanuAssp ILJid BBEIEHHS 3KCTPAKTa B PACIBIIATENb.
Meruarusobyruakeron, una.

Pacreop uoduda autus c xonuenrtpaunuedt jutus 0,10 M u pH=3. Pactso-

: psior 18,79 r Lil-3H;0 B 5-10~* M pacreope H,SO4 B Kosi6e BMECTHMOCTBIO 1 JI.

Pacreop coau xadmus = ¢ KOHUeHTpauded Kapmusa 1000 wmrr/ma (F=
H\Suaawenmmno\m\_oaﬂw,mmmv. Hasecky 3CdSO,-8H;O 0,2282 r pHocAT B Mep-
HyI0 Kosi6y BMecTuMocThio 100 mJ, RoBOAAT Ao MeTku 5-10—* M pacTBOpOM cep-
HOH KHCJOTH H TIATEJNHbHO NepeMelIHBaioT.

Pabouuii pacreéop coau xadmus c xkoHuenTpauuenr Kaiumus 100 mxr/ma. Ile-
perocaT 10 Ma pacTBOopa COJIH KaJMHS B MepHYI0O Koa6y BMectumoctbio 100 mu,
pasbasasioT A0 MeTkH 5-10-* M pacTBOpOM CepHOH KHCJOTH H TIHATEJIHHO TNe-
PEMEIHBAIOT.

TlpuroTosnenne CTaHAapTHHX PacTBopoB. ['OTOBAT NATL CTaHAApPTHHX pac-
TBOPOB, cojepxawux 4, 8, 10, 15 u 20 Mkr/Ma xagmus, u3 paGouero pacTBopa.
Jlnasa 3Toro B MepHble KOJGH BMeCTHMOCThIO 100 MJ mepeHOCST COOTBETCTBEHHO
4, 8, 10, 15 u 20 mMa pa6ouero pacTsopa coJM¥ KaAMHus, AOBOAAT OGBbeMH JO MeT-
ki 5-10-4 M pacTBOpoM cepHOM KHCJOTH M TIaTeNbHO IepememupaioT. s mo-
JIyueHHs SKCTPAaKTOB B ISITb KBapUEBHIX CTAKaHOB BMeCTHMOCTbi0 100 MJa mome-
20T N0 5 MJI CTaHJAPTHEIX PAcTBOPOB COOTBETCTBYIOIIHX  KOHUIEHTPAHHM, mo
5 mn 0,1 M pacrBopa Lil u mo 5 ma MeTunuzo6yTuiaxetora. [IpoBoAST SKCTpak-
UHIO noouepeano. Il 3TOro morpykaioT B 3KCTPAKIHOHHYIO CHCTEMY HOJHSTH-
JIEHOBYIO MellaJIKy, COeIMHEHHYI0 C MOTOPOM, TaK 4TO0nl ee KOHel[ HaXOAHJCS Ha
rpanuue asyx ¢as. [lnaBHo nmoBopaunBas pyuky aBToTpanchOpMaTopa, yBEJHIH-
BAIOT YHCJO 0GOPOTOB MEIUaJKH A0 CKODOCTH,.IIPH KOTOPOH 06pa3yercs SMYJbCHS,
HO pa36pmaruBaHds NpoOs He MPOHCXONUT. BpeMsa skcrpakumn — 3 wmuH. Ilepe-
JIHBAIOT 3MYJBLCHIO B NPOGHPKY H JalOT 3KCTPaKUHOHHON CHCTeMe pacc/JOHThCH.
O16upaloT npospauHbIl SKCTPaKT (2—3 MJ) NUNETKOR W QHILTPYIOT Yepe3 Oy-
MaXHHA QHUIBTP (CCHHAS JIGHTA») B CTEKJSHHbIE CTAKAHHL

Buinosanenue paGorsl. IToCTpoeHHe rpaAyHpPOBOYHH X
rpa¢pukoB. HacrpauBaior npu6op Tak XKe, Kak W NpH aHaJH3e
BOJHBIX PACTBOPOB, YCTAHABJIHUBAIOT ¢BeTOQHIbTD Ha JHTHH H (OTO-
MeTPHPYIOT CTaHJapTHBHE SKCTPAKTH, HAUHHAs C CaMOro pasbaBJieH-
yoro. Hysap MuHKpoaMmepMmeTrpa yCTaHaBJIHBAIOT [0 METHAH306YTHI-
Kerony. [Tocsie KaxXa0ro H3aMepeHHsT PaCHBIIUTENbHYIO CHCTEMY IPO-
MBIB2IOT METHJIH300YTHIKETOHOM O BO3BPAlleHHsl CTPEJNKH B HyJe-
Boe noJioKeHHe. I'paayupoBouHEIl TpaduK CTPOST B KOOpAHHATAX:
TI0Ka3aHHsI MHKpOaMIlepMeTpa — KOHLIEHTpPalysl KaJMHS B OIHOM
CTaHLAaPTHOM pacrBope.

OnpelneneHnne cOLepXKAaHHY KaJAMHf B pPacrBo-
pe. AHaJM3HpyeMBI pacTBOp B MEpHOH KoJ6e BMECTHMOCTBIO
100 Ma" 1OBOAAT MO METKH pacTBOpOM 5.10~* M cepHOH KHCJIOTH
U TUlaTeJbHO TepeMewnBaloT. [lepeHocAT B KBapueBHH CTaKaH BMe-
ctuMoctbio 100 Ma 5 Mo aHaznu3upyemoro pacrtBopa, 5 ma 0,1 M
pactBopa Lil u 5 Ma MeTHAH306yTHIKETOHA. DKCTPAKIHIO KaJAMHUS
H GOTOMEeTPHPOBaHHe NPOBOAAT TaK e, KAK U B Cjlyyae CTaHAapT-
HHEIX BOJHBIX pacTBOpoB. Ilosyyalor He MeHee Tpex pe3yJbTAaTOB H
110 TPaJlyHPOBOYHOMY rpauKy HaXOAST KOHIEHTPALHI0 KaAMHs.
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1.1.4. Atomno-aGcopGuuonnas cnekrpodoToMeTpHsi

ATOMHO-a6COPGUHOHHEIA METOl, OCHOBAH HA PE3OHAHCHOM TOTVIOILE-

HHH XapaKTeDHCTHUECKOrQ H3JyUYeHHs 3JIEMEHTa ero HeBO30Y:KAeH-
HBIMM aTOMaMH, HaXOASAUWUMHCS B CBOGOIHOM COCTOSIHHH, T. €. B CO-
CTOsIHMHM aTOMHOro «mnapa». B pesysbraTe NOIJIOLEHUs] KBAHT4 CBe-
Ta BaJIEHTHHH 3JIEKTPOH aToMa BO30yXKAaeTcs M NepexoiuT Ha G-
Xafllllyfi paspellleHHHI SHEPreTHYeCKHH yPOBEHb, a DPEe30HAHCHOE
H3/JIy4YeHue, NpoxoAsilee depe3 mjaasmy, ocaabasercsa. OcnabaeHue
PE30HAaHCHOTO H3JIyUeHHs 3JieMeHTa, najalollero Ha IJasMy C HH-
TEHCHUBHOCTBLIO [o, 10 MHTeHCHBHOCTH [ [Jisi BBIXOASILIErO CBETOBOTO
NIOTOKA NPOHCXOAHT IO SKCIOHEHIHAJbHOMY 3aKOHY, KOTODHIH HAEH-
THYEH 3akony Byrepa — Jlam6epra — Bepa:

[=1,¢ (1.14)

rze K — Ko3()pHUKEHT NOrJIOIeHUs, PACCYHTAHHKA HA MOJb SAEMEHTA JJIt LEeHT-
Pa IUHHH NOIVIOWEHHs; | — TOJIHHA NOTAOMAIUIEro CJAOS IJIa3MW: ¢ ~— KOHIEHT-
pauHs forJolaloUIHX aTOMOB,

IMocne. norapudmupoBaHust »TOro BHpaXkeHHs M Iepexojia OF
HaTypa/JbHBIX K JAE€CATHYHBLIM Jiorapupmam NONYdYAIOT 3aBHCHMOCTD:

A=lglyl = klc, (1.15)

rae A — a6cop6uus MOIJIOMIAIIET0 CJIOS NJAA3MBL, % — aTOMHbIM Kospdunuent
abcopbuum.

IIpn nmocTosiHHON To/IIMHe NOIJIOWIAKIIErO €108 IPaayHpPOBOYHBIIL
rpaduK, NOCTPOEHHHI B KOOpAMHaTax A—c, npexcrasasier coGoi
IpsMY10, NPOXOAALLYIO Yepe3 HyJeByl0o TOukKy. Tak kak NMOZaBJsA0-
mee GOJNBLWIHHCTBO. CBOGOAHBIX aTOMOB HAXOAMTCA B OCHOBHOM CO-
CTOSIHHH, TO 3HAYEHHA ATOMHBIX Ko3(duuHentoB abcopbuum 175
3JIEMEHTOB OuUeHb BBICOKH H jocturaior n-10%, uto npuMepHo Ha
TpH NOPSAJKa BHIIE MOJSIPHHIX KO3((UIHEHTOB MOIJIOLIEHHS CBETO-
BOr'0 H3JIyYeHHs, [OJyYeHHBX AJs pacTBopoB (e=n-10%). D10 B H3-
BECTHOH cTeneHH oOycCJOBJAHBaeT HU3KHe aOCOJIOTHEIE W OTHOCH-
TeJIbHBle NpefeJul OOHAPYyXKeHHS 9JeMeHTOB aTOMHO-alcopGIiHOH-
HEIM MeTOAOM: mepsHle cocTasisiior 10~12—10-'*" r, BropHe
—10-5—10-8%. a5 aToMH3alMu BellecTBa B aTOMHO-aGcopOLHOH-
HOH CNeKTPOPOTOMETPHH HCHNOJB3YIOT IJlaMeHa Pa3jiHYHHIX THIIOB H
3JIeKTpOoTepMHUUecKHe aTomusaTophl. Ilociennye ocHOBaHE Ha nmoJy-
YEHHH IIOIVIOLIAIOIIEro CJ0S CBOGOMHEIX aTOMOB 3JIeMEHTa IyTeM
HMIYJbCHOTO TepMUYECKOr0 HCHapeHHs BellecTBa: Kiopera JIbBOBa,
rpaduTOBHI TPpy6uaTHi aTOMH3ATOp, Ja3epHHI UCIapUTeNb H AP.
INnaMennas aTomusalus. BellecTBa MOJyuHaa OoJibllIoe pacnpocT-
paHeHHe B aHAJMTHYECKOH NpakTHKe, TaKk Kak oHa obecleuHBaer
JOCTaTOYHO HH3KHe MpeleJbl oOHapyxeHHA 3jeMeHTOB (10— 6—
10-7%) u xopollyl0 BOCNPOH3BOAMMOCTb pe3yJbTATOB aHAaJH3a
- (1—2%) npm AOCTaTOYHO BHICOKOH CKOPOCTH ONpENeNeHHH H He-
Goabioit TpymroeMkoctd. as HanGosee AGCTYNHBIX HH3KOTEMIEpa-
- TYPHHX IUIaMeH UHCJIO SJEMEHTOB, ONPefelIieMEIX METOLOM aToM-
HO-26cOopOIHOHHOH CNeKTPOMOTOMETPHH, 3HAYHTEJABHO G0JbHIe, 4eM
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MeTofoM (OTOMETPHH IIAMEHH,. TAK KaK POJib IIa3Mbl OFPaHHUEHZ
TOJBKO aTOMH3alueld BBOAMMBIX B Hee BellecTB. [lo TexHuke sKc-
nepuMeHTa o6a meToAa OJH3KH: aHAJH3NPyeMOe BEILECTBO ePeBO-
AST B PacTBOP, KOTOPHIH 3aTeM PAacHBLIAIOT B mJjaMs. AHaJOrHYHEE
H [OMeXH, HMeKIlHe (H3HYEeCKYI0 H (PH3HKO-XUMHYECKYIO NDHPOLY
(cm. pasn. 1.1.3). CnekrTpasbHble OMeXH B aTOMHO-a6copGIHOHHOR
CNEeKTPO(OTOMETPHH NPAKTHUECKH OTCYTCTBYIOT, TaK KaK JHHHH IO-
TVIOILEeHHs] MMEIOT HeGOJbLIYIO INMPHHY, a PaspsifiHble JaMIBl C IO-
JIBIM_KaTOJAOM He H3Jy4aloT MOJEKYJSIPHBIX I10JI0C.

CrnexkTp aTOMHOrO NOIJIOUIEHHS 3JIeMeHTa NpOLie 3MHUCCHOHHOTO,.
TaK KaK COCTOHT TOJIbKO M3 CIIEKTPaJIbHEIX JHHHA DE30HAHCHOH ce-
puu. B T0 Xe BpeMst cpeln JHHHI DE3OHAHCHOR CEPHH MMEIOTCH Ta-
KHe, KOTOpHE B CHEKTPe 3MHCCHH OTCYTCTBYIOT BCJIEACTBHE BHICOKHX
NOTeHNHaJoB HX BO30Oyxkaenusi. IlocsieHue CHeKTpajbHLIE JIAHHIE
HekOoTOphIX aseMeHToB (Co, Cr) cMelleHn B crekTpe aGcopbuun B
GoJlee KOPOTKOBOJIHOBYIO 06J1aCTh NO CPABHEHHIO ¢ HanGojee SPKOL
3MHCCHOHHOMH CNeKTpaJbHOil JunHel.

KoHuenTpanusi cBOGOAHbHIX aTOMOB 3JeMeHTa 3aBHCHT He TOJIBKG
OT ero KOHLEHTPAllHK B aHAJIM3HPyeMOM DPacTBOpPe, HO M OT CTelleHH
AnCCOllHaluy MOJIEKYJ, B BHJe KOTOPDHX OH BBOAMTCH B NJaMs HJIH
e 00pasylolluXcs B pesyJbTaTe XHMHYECKUX PeakKmmi, OpPOTeKalo-
mux B miasMe. BeneacTsue atoro npu aTomMHo-a6copGUHOHHOM OIN-

. PeAeJIEHHH 3JIeMEHTOB, AalOIHX TePMHUYECKH v\.oeomﬂ:\:wzm OKCHIHI,

HalpuMep asOMHHHS, KPEeMHHs,, HHOOHS, UHPDKOHHSA U APYTHX, Tpe-
6yI0TCst BLICOKOTEMNepaTypHEIE IVIaMeHa, HampHMep alleTHJIeH — OK-
cun asora (N2O). Tem He MeHee B HH3KOTEMIIEPATYPHHIX IJIAMEHAX
(mnams npomaH — BO3AyX) aTOMH3HPYeTCs GOJbLIMHCTBO MeTaJlIoB,
He H3/Jy4YaloIUX B 3THX YCJIOBHSX BCJEACTBHe BHICOKMX MOTEHIHA-
JIOB BO30OYKIeHHS MX De30HAHCHHIX JIMHHI: Melb, CBHHEN, KajiMUii,
cepe6po u Ap. Beero meronom ayomuo#t aGcopbuun onpenensiior 6o-
Jee 70 pasHUHBIX 3JIEMEHTOB B BeleCTBAX DA3JHYHON NPHPOMKI:
MeTaJ/ljlax, CljlaBaxX, TOPHEIX IIOPOAAX M PyAaX, TEXHHYECKHX Mare-
puanax, Hedrenpoaykrax, oco60 UHCTHIX BewiectBax H Ap. Han6on-
lllee IPHUMEHEHHE METOJ HaXOMHT NIPH ONpPeAeJeHHH NpUMeceil 1 MUK-
ponpuMeced, OfHAKO ero HCMOJb3YIOT U AJsl ONpefeNeHHs BBHICOKHX
KOHLUEHTpAUMH 3JIEMEHTOB B Pas3JHYHBIX 00bekTax. K HeZOCTATKAM
aTOMHO-a6COpOIHOHHON CNeKTPOYOTOMETPHH CJedyeT OTHeCTH BHI-
COKYI0 CTOMMOCTb NPHGOPOB, OJHO3JEMEHTHOCTb U CJOXKHOCTH 06O-
PYZOBaHHUS. .

Onpenenenne 51eMeHTOB B aTOMHO-a6CcOpPOLHOHHOM MeTOZe 3a-
KJII0YaeTcsi B H3MeDEHHH OTHOCHTENbHOM HHTEHCHBHOCTH ABYX CBe-
TOBHIX NOTOKOB. ONHH H3 HUX MPOXOAHT Yepe3 MJIasMy C BBeIEeHHHIM
B Hee aHAJHU3HDYEMBIM BEIIECTBOM, APYroil ABJISETCS KOHTPOJIbLHLIM.
OxoHuaTeJbHHH AHATHTHIECKH]I CHTHAJI MOXKET OBITh MOJydYeH ABY-
Msa cnoco6amu. IlocienoBaresbHoe BO BPeMEHM H3MepeHHe HHTEH-
CHBHOCTH OJ{HOTO CBETOBOTO NOTOKA, NPOIUEALIEr0 Yepe3 NOIJIOULAl0-
Wy caodl 6e3 aHAJIH3HPYEMOro BEIIECTBA M 3aTeM H3MEpeHHe HH-
TEHCHBHOCTH CBETOBOrO HOTOKA, NpOIIeAIIero uepes IJIams C aHa-
JM3HPYEMLIM BELIECTBOM, NPOBOAAT, HCMO/b3YS OAHOJIyUeBHle MpH-
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Puc. 1.16. TlpuuuunnanbHas
cXemMa JBYJYy4eBOro aTOMHO-
a6copO6UMOHHOrO  cnekTpodo-
TOMETpA:

8 ! — naMna ¢ NoJibiM KaToaoM; 2 —
MOAYJATOP; 3 — 3epKaJsa; 4 — mie-
JeBasi ropeaka; §— njams; 6 —
TOHKAaf TJACTHHKA, 0GecnedyHBalo-
Liasi HaJIOXKeHue ABYX Jydued; 7 —
BXOJHA® lieJb MOHOXpoMaTopa;
8 — nuddpaknHOHHAA  pPEHIETK3;

10 9 — BhIXOAHas meab; 10— goro-

YMHOXHTEJb, 11 — YCHJIHTENb,;
12 — u3aMepuTEAbHbIN GIOK -

N
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Dopoi. TIpumeHeHHe OAHOJYYeBBHIX MPHGOPOB BO3MONKHO TOJIBKO NPH
‘BBICOKO# €Ta6UJbHOCTH aTOMH3aTOPa W HCTOYHHKA MOHOXpOMaTHde-
.CKOro uaayuenus. OJHOBpeMeHHOe H3MePeHHe HHTEHCHBHOCTH ABYX
.CBETOBHIX NOTOKOB, OJMH M3 KOTOPHIX IPOXOAUT yepe3 IJaMs ¢ aHa-
JIN3MPyEMBEIM BeIleCTBOM, a APYrod HeT, NPOBOAAT C ABYJy4eBHMH
aTOMHO-a6cOp6uHOHHEIME clekTpodoToMerpamMu. [lpunIHNHKaNIbHAS
cXeMa Takoro npu6opa ¢ mJjaMeHHON aToMHU3aluell aHaJM3UPYeMOro
BelllecTBa NpeAcTaBieHa Ha puc. 1.16.

OnHa gacThb MOHOXPOMATHYECKOTO H3JyueHHs 3JeMeHTa OT JIaM-
TIBl C TOJIBIM KaTOJOM NPOXOAHMT uepe3 Iiams & H Qoxycupyercs Ha
‘BXOJIHOH IIeJqH 7 MOHOxpoMartopa. Jlpyras 4actb CBETOBOrO NOTOKA
MHHYET IVIaMsi H 3aTeM COBMeMlaeTcsi C epBOil C MOMOLBIO TOHKOH
TJACTHHKH 6. BoeneHHOe MOHOXpOMAaTHYeCKOe H3JydueHHe Nonana-
T Ha (oToyMHOxHTeNb HaH doToanement 10. Tok ycunnBaercs
8 6s0Ke /] W permcrpupyercss usmepureJpHhM npuGopom 2. Pac-
“TBOp TNIOCTyNaeT B I1aMs depe3 ropeiky (atromusatop) 4. Baxueit-
_dlleli mpoG/eMoil B aTOMHOH aAcopOLHH SBJsETCS OTAeNEeHHe pe3o-
‘HAHCHOT'O M3JYYeHHs 3JeMeHTa B IJlaMeHM NP NaHHOH J/IHHEe BOJI-
‘HB OT aHaJHTHYecKoro cHrHaja. [as sToro mnanaillee Ha MOIJO-
ANAIOMIMY CJOH M KOHTPOJbHOe (He NMPOXOAslllee yepes Miams) H3-
JIyueHHe MOAYJNHPYIOT HJAH C NOMOLIbIO Bpallaiollerocs AHCKa 2
¢ OTBEPCTHSIMH, WJIH IyTeM NHTAHHs JAMIH C NOJBLIM KaTOIOM Iie-
peMeHHbHIM HJI¥ HMIYJbCHHM TOKOM. YcuauTenib /I nHMeeT MakcH-
MaJibHHIA KO3(Q(HUMEHT yCHJIeHHS A TOH XKe YacCTOTH, ¢ KOTODOH
'MOAYJHpPYyeTCsl M3Jy4eHHe NOJOr0 KaToAa. JIaMIBl ¢ MOJIBIM KaTOAOM
OGBIYHO OJHO3JIeMEHTHH H YTOGH ONpeJeJHTh APYTOi JeMEHT, HyXK-
HO CMEHHTb JaMIly, YTO YBeJHYMBAeT BPeMsi aHa/ju3a. MHorosue-
MEHTHbIe JaMIbl, KOTOpHE HCIOJAb3YIOT B aTOMHO-aGcopOiUHOHHBIX
" MHOTOKaHAaNbHEIX CHEKTPOQOTOMETpax, IO3BOJSIOT OJLHOBDEMEHHO
ONpeesiTh HECKOJbKO 3JEMEHTOB. ATOMHO-a6COPGUHOHHBIH MeTO.,
MOXKeT OBITb IOJHOCTHIO aBTOMATH3HPOBAH, HauuWHas OT NOAAYH
po6 mo 06paGoTku pesyibratos H3Mepenmit. Ilpu sToM npousso-
IHTENbHOCTh METOfa COCTAaBJSET JO COTeH ompeieneHH#t B 1 u.

Vamoaa 1. Onpedesenue medu 8 pacreope

‘MeTo[ OCHOBaH Ha IOIJIOIEHHH aTOMaMH MEJH B IJIaMeHH IIpoNaH —
.6yTaH — BO3AyX PE3OHAHCHOTO H3JYYEHMs CIEKTPaJbHOH JIHHHH
'324,7 M (42S1/3—42P2), MOMy4aeMOro OT JaMNbl C MOJBIM - KaTO-
AOM. : ,

%

x

TlpuGopul B peakTHBLI

Aromno-abeopbyuonneii cnexrpogoromerp AAS-1 ¢ meneBoil ropeJkof.

Aromusarop: njiams nponad — GyTaH — BO3AYX.

Jlamna ¢ noasim Karodon.

Pacreop coati medu CuSO,-5H,0 ¢ xoHuentpauueir mexn 1000 mkr/mia. Ha—
Becky CuS0O,:5H,0 x4y 1,965 r (F=Mcuso, sm,0/Acu=3,929) pacreopsior B=
50 ma HpSO, (1:20), nepeHocsT B MepHyw koafy BMecTuMoctbio 500 MJ H H0--
BOJAT oa&o& pacTBopa A0 METKH AHCTHJJIHPOBAHHON BOIOM.

Pabouud pacreop coru medu c xomueHtpauueii menn 100 mxr/ma. Ilepenocar-
10 M7 HCXOAHOrO pacTBOpa B MEpHYI0 KOGy eMKocThio 100 M H ZOBOAAT 0Gb-
€M pPacTBOpa M0 METKH JHCTH/IHPOBAHHOH BOAOH. .

IlpuroTosaenue cTaHpapTHBIX PACTEOPOB. [OTOBAT ueTHipe CTaBAAPTHHIX pac-
.TBOpPA, COJEpXKAUIHX COOTBEeTCTBeHHO I, 2, 4 W 8 MKr/ma memu. IJasa 3Toro B.-
MepHEIe KoJ16H BMmecTHMOCTbIO 100 MJ. mepenocaT cootsercrsenHo 1,00; 2,00; 4,00«
n 8,00 Max paGouero pacTopa CONH MeAH, AOBOAAT OGLEM pacTBOpa A0 MeTKH.
JUCTHTUPOBAHHOR BOJOH H TINATENBbHO HEPEMENIHBAIOT,

Boimonnenne paGors. [TocTpoeHHe TPAaLyHPOBOYHO-
ro rpaduxa. Bkmouaior npubop, ycraHapiuBaloT B paboyee mO--
JOXEHHe JaMIy C TMONbLIM KaTOLOM Ha Melb M AAlOT NPOrperncs
9JEKTPOHHOH cucTeMe B TedeHue 15—30 mun. Josoadr paspsanHbIii
TOK JIaMIIbl IO 3HAYEHHUS, YKA3aHHOTO B HHCTPYKUHH. YCTaHaBJHBA-
I0T HeOOXOJAMMHbe YCHJEHHs, HaNPSAKeHHs A9 (GOTOYMHOKHTENS
H NOCTOSHHOH BpeMeHH. BHIBOAAT Ha Luesb MOHOXPOMATOpPA aHAaJH-
THYECKYIO JIMHHIO MeAH 324,7 HM HO MaKCHMAaJbHOMY OTKJIOHEHHIO-
CTPEJIKH M3MEPHTEJbHOro NpHGopa. YCTaHABIMBAIOT H3MEPUTENbHYIO-
crpeaky Ha «100» no mkasne nponyckauus T, uiau Ha «O0» mo mikage-
noryiomenus A, usMensst mupury mend. lupuna mean He J0/XKHA
npeseimath 0,1 Mm. B npoTHBHOM Clydyae yBeJHYHBAIOT Hampsike--
HHE TOKa AJ1 (POTOYMHOXKHTENS HJH CTelleHb YCHJEHHs. YCTaHaB--
JHBAIOT 1O pOTaMeTpaM BHadajJe HYXXHBIH pacXol BO3LyXa
(480 n1/4), 3aTeM mponaH-GyTaHOBOH CMeCH H MOJIKHIAIOT IJIaMS..
[loxzkur HauHHAIOT HECKOJIBKO paHbllie, 4eM MOJady rOpIoYero rasa..
E@ommwmmoa paboTy pacHblIHTeNsT M CTaGUIBHOCTb IJIaMeHH. BHyT-
PeHHHH KOHYC IVIaMEHH HOJIKeH HMeTb MHHHMAJBHYIO BHICOTY NPH.
COXpaHEeHHH 3€JIeHOBAaTO-TOJyGol okpack#. KoppekTHPYOT HYJb-
npubopa nOpy pacHBUIEHHH B IJIaMsl JUCTHJIMPOBAHHOH BOMHL.

- Moouepenno GoToMeTpUPYIOT CTAHAAPTHBE PACTBOPHL He MeHee TpeX

pas KaxAbli, HauuHass ¢ HaHMeHee KOHIUeHTpupoBauuoro. ITocie-
KaXJ0ro CTaHAApTHOTO DPacTBOpa YCTAHABJIHBAIOT HYyJEBOE IMOTJIO--
menHe NpHOOpa mo AMCTHIIHPoBaHHOH Bofe. ITo pesyabratam wus-
MepeHHA a6copOLHH CTAHNAPTHEIX PACTBOPOB CTPOSAT IPaiyHpPOBOY--
HHH rpa¢uk B KOOpAHHATaxX aGCoOpOLHSA — KOHUEHTPALHS MeIH:
(B Mkr/ma). )

Onpenenenue conmepX)aHHUs MELH B pacTBOpE.-
Ananusupyemniil pacteop B Kosi6e BMECTHMOCTbI0 100 MJ NOBOZST
JI0 MeTKH NUCTHJIHDOBAHHOH BOMOH W TIHATEJbHO NMEPEeMellHBAIOT..
®OoTOMETPHPYIOT aHANH3HPYEMHIH DaCTBOP TAaK iKe, KAK H 3TAJOH-
Hble, IPEIBAPHTEJILHO [IPOBEPHB NOJIOXKeHHe HyJs NPHGOpPa Mo ;Hc-
THJINPOBAHHOR BOJe, He MeHee 5 pas. PaccuurhiBaloT copepxkaHue
Menn B 100 ma pacTBOpa, HAXOAAT KOBEPHTEJbHHIA HHTEPBAJ H OT-

HOCHTEJILHOE CTaHAapTHOe OTKJOHEHHE.
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Pabora 2. Onpedesenue caunya 6 pacreope

LSQHOP OCHOBaH Ha NOIVIOHWIeHHMH aToMaMH CBHHI& B IJIaMEHH I1pO-
Alaj — O6yTaH — BO3[yX Pe30HAHCHOI'O H3Jy9YeHHS CHEKTPaJbHOH JIH-
amn 283,3 um (6°Py—73P%), nosyyaeMoro OT JaMibl € MOJNBIM Ka-
“TOLOM.

TpuGopnt ¥ PeaKTHBH

FpuGopst — cm. paboty 1.

Pacreop coau csunya ¢ Kouuentpaumedrt 1000 mkr/ma. Hapecky Pb(NOs)s
%9 1,599 r (F=MpnNoy),/ Apr=1,599) pacTeopsior B JHCTHJINPOBAHHOR BoJe C

Jlo6aBaenneM 1 MJ KOHUEGHTPHPOBAHHON a30THOH KHC/OTH, NepPeHOocAT B MEPHYIO

®Kcoaby BmecTumocthio 1000 M ¥ g0BOAAT 06bEM DacTBOpa A0 METKH AHCTHJIIH-

pOBaHHOK BOAOM.

Pabouuil pacreop coau C8UAYE ¢ KOHUeHTpaluel cBHHUa 100 mxr/ma. [lepe-
gocaT 10 MJ WCXOAHOTO pacTBOpa B MepHYI KoJa6y BMecrumocTtbio 100 Ma u go-
BOAST 06BEM PAacTBOpPa A0 METKH AHCTHIMPOBAHHOH BOJOM.

IlpuroTopieHne CTaHAAPTHRIX pacTBOPOB. I'OTOBAT NATH CTAHAAPTHHX pac-
TBOPOB, COJAEPXKAUUX cOOTBercTBeHHO 5, 10, 15, 20 m 25 Mxr/ma cemaua, [das
:9TOrO B MEDHble KOJ6H BMecTHMOCTBIO 100 Ma mepeHocaT cooTserctBenno 5,00;
10,00; 15,00; 20,00 u 25,00 ma paGodero pacTBopa COJIH CBHHIA, AOBOAAT 00b-
@MH [0 MeTKH AHCTHJJIHDOBAHHOA BOAOM H TILATEJbHO IepPEeMEUIHBAIOT.

BuinosiHenue paGorul. [IocTpOoeHHe rPaAYHPOBOYHOTO

rpaduka. QoroMeTpUPYIOT CTAaHAApTHbHIE PACTBOPH, KaK yKa3aHO

8 pa6ore 1, u cTposT rpaiyupOBOUYHLI rpaduk B KoopAHHATax ab-
«€OpOIHs — KOHIEHTPAUHUs CBUHIA (B MKI/MJ).

Ounpenenenne coOnepXaHHA CBHHNA B pPacTBO-
p e. AnasnusupyeMblit pacTBop B Kosu6e BMecTHMOCTbIO 100 MJa 110BO-
JST IO MeTKH JMHCTH/IJIHPOBAaHHOH BOJOH M TILATeJbHO NepeMeliH-
@DoTOMETPHPYIOT aHAJU3NPYEeMHH pacTBOpP Tak¥XKe, KakK
CTaHAAPTHBIE He MeHee 6 pas, IpeABapHTEJbHO HNPOBEDHB IIOJIOXKE-

" Hue HyJas npubopa no AUCTHANMpOBaHHON Boje. ITo rpaaynpoBod-

oMy TpaduKy HaxXoIAT KOHIEHTPALMIO CBHHIA B aHAJU3HPyeMOM
pacTBope M PACCUHTHIBAIOT €ro cojepxaxue B rpammax. Haxoasar
JIOBepHUTENbHEIE HHTePBAJ H OTHOCHTEJNbHOE CTaHAApPTHOE OTKJOHEe-
HHe. , ) .

1.2. MOJIEKYJIIPHAS CHEKTPOCKONINA

B amanuThyeckofl onTHYecKOf MOJEKYJSPHOH CHEKTPOCKONHH Ha-
BII0AAI0T ¥ HCCAEAYIOT aHaJHTHYECKHe cHrHasie B obmactn 100—
800 uM, BHI3BaHHBIE 3JIEKTPOHHBIMH NePeXOAaMM BHEIUHUX BaJIeHT-
HHIX 3JeKTpoHOB. Ilorsomenne usaydenuss B K- 1 MHKpPOBOJIHOBOH
-06aacTH, CBS3aHHOE C H3MEHEeHHeM BpallleHHss H KoJeGaHus MoJe-
KyJ, 4acTo HCIOJB3YIOT B LeJISAX HAEHTH(HKAUUM Pa3jJHYHBIX CO-
eHHeHHil. MeToAN aHAJAUTHYECKOH ONTHUECKOH MOJeKyJ/spHOM
CHOEKTPOCKONHH YAOOHH JJisi pelleéHHss NPakTHYECKHX 3ajau WHpPO-
‘Koro mpodmis u uMeioT HauGoblllee 3HAaUeHHe B AHAJIHTHYECKOH
XHUMHH. !

1.2.1. ®oromerpus -

éoaogmavxnoeﬁ&w_ METOJA KOJHYECTBEHHOro aHaJjJu3a OCHOBaH Ha
‘OHOOOQE.OOA.N onpenesisieMOro BeUleCTBa, KOMIOHEHTa CMECH HJIH Hx
OKpPalleHHHNX aHaJHTHYCCKHX GOUE DOTJIOWIATh JACKTPOMAarHdTHOE

ey

1

H3JIydeHue ONTHYECKOro AManasoHa. KoHHEHTpalUHIO NOIJIOLIAOIero
BEINECTBa ONpee/sA0T, H3Mepas noryomenye. [lornomenne npu on-
DelesIcHHOM IJIMHe BOJIHH SIBJISI€TCS, TAKHM 06pasoM, mMaTepHalb-
HbIM BOIUVIOLIEHHeM HH(OPMAUUK O KayecTBe M KOJHUYECTBe ONpeje-
JISIEMOro BELIeCTBA H COCTABJseT AHAJHTHUECKHHA CHIHAJ.

B ¢oromerpuueckom aHasuse HCNOMBL3YIOT MOIVIOLICHHE 3JEKTPO-
MarsuTHOro uaiy4exus B Y ®-, puaumoii u HMK-o6aacrax crmexrpa.
HanGosbiuee pacnpocrpanenne mosyuman (poTOMETpHUECKHE METO-
Abl aHa/ik3a, OCHOBaHHble Ha MHOIVIOIIEHHM B BUAMMOH o6JacTe
CIEeKTpa, T. €. B HHTepBaje AJUH BOJAH 400—780 nM. DTo 06DbicC-
HSETCsI BO3MOXKHOCTBIO MOJYYeHHs MHOXECTBa HHTEHCHBHO OKpa-
II€HHBIX OPraHUYeCKHX M HEeOPraHHYECKHX COeIHHEHHH, TPHIORHBIX
JJIsE BX GOTOMETPHYECKOrO OnpeesieHHsl B BULHMON 06/1aCTH CHEKT-
pa ¢ NoMOWbI0 JOCTATOYHO HECJOKHBIX U OTHOCHTEJIbHO HeNOPOrHX
pubopos.

XHMUYECKHe PeakUMH, HCIOAb3yeMble B (POTOMETPHUECKOM aHa-
JH3€, HECMOTPS Ha pas3iHyHe B HX XHMU3Me, JOJXKHE 065S3aTeIbHO
COMpPOBOXKAATHCH BO3HUKHOBEHMEM, H3MeHeHHeM mJiau ocJabiaeHueM
CBETOMOTVIOWeHHs pacTBopa. Kak M KaxkJas peakius, HCIOJb3ye-
Masi B KOJMYECTBEHHOM aHa/lM3e, UBeTHAs peaklHs NOJKHA MNpo-
TEKaTb H30UPATeJbHO, GBHICTPO, NMOJHOCTBIO H BOCHPOH3BOLUMO. Kpo-
Me TOro, OKpacka ofpasymomefics aHAJIHUTHYECKOH (HOPMBI NONKHA
ObITL YCTOHYMBONA BO BpeMEHH ¥ K XeHCTBHIO CBETa, a MOTJOMEeHHe
pacteopa, Hecynlee HH(ODMALHIO O KOHUEHTDAUMM IOIVIOULAMOLLEro
BEIIECTBA, AOJKHO NMOAYMHATHCH (H3UYECKHM 3aKOHAM, CBSI3BIBAIO-
KM NOTJIONIeHHe H KOHLUEHTPAUHIO, KOHKPETHO — 3aKOHy Byrepa —
Jlam6bepra — Bepa.

B HeopramnueckoM (OTOMETPHYECKOM aHa/JH3e HauboJee 4acTo
HUCIOJIb3YIOT PEAKIHH KOMIIEKCOOOpasoBaHuA HOHOB ONpEAeNseMEIX
SJ/ICMEHTOB ¢ HEOPraHHYeCKHMHM H OCOGEHHO ¢ OPraHHYeCKHMH pea-
TEHTAMH, DeXe peaKUHMH OKHCJACHHSI-BOCCTAHOBJIEHHS, CHHTe3a H
Apyrux THNOB. B oprannueckom ¢(oTOMETpHYECKOM aHalu3e yalie
TIDUMEHSIOT PeaKUHH CHHTe3a OKPalleHHBIX COeIHHEHHH, KOTOPHIMH
MOryT OBITb a30COEJAMHEHWs, MOJHMETHHOBHE H XHHOHHMHHOBBIE
kpacurenn, auugopmbl HUTpocoeRuHeHuH 1 ap. MHoraa ucnoJb3yor
COGCTBEHHYIO OKPACKy BEIIECTB.

O6masi cxema BHINOJNHEHHS (POTOMETPHYECKOTO OMNpeXeseHHs
€lMHa H BKJIOYaeT CJAeAYIOUlHe CTaiuH.

1. TloaroroBka npoGsl u NMepeBefieHHe ONpPeNesieMOro BellecTBa
UM KOMIIOHEHTa B PacTBOP, KOHKDETHO, B PeaKLHOHHOCIOCOOHYIO,
8 3aBHCHMOCTH OT XHMH3Ma aHa/MTHYECKOH peakuud, hopmy.

2. [lonyuenne okpalleHHOH aHAJHTHHECKON (GOPMH ONpexessie-
MOro BellecTBa B De3yJbTaTe [POBEEHHS LBETHOH DeakUHH MNPH
ONTHMAJIbHBIX YCJIOBHSAX, 00eCneyHBalOUmHX ee H36HPaTeNbHOCTb H
YyBCTBHTEJBHOCTD. :

3. MaMepeHnne cBETONOIVIOMEHHS PAacTBOPA aHAJHTHUECKORH ¢dop-
MH, T. €. PErHCTPalHs aHAJUTHYECKOTO CHIHANa NPH ONpejeseHHBIX
YCJOBHAX, OTBEYAIOUIHX €ro JOKaJH3alHH ¥ HauGoJblledl HHTEHCHB-
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4. IIpoBepka pe3y/ibTaTa aHaJH3a, OlleHKAa ero BOCHPOU3BOAHMO-
CTH M BblJaya OKOHYATENBLHOrO pe3ysbTaTa € MeTPOJIOTHUECKOH
OLEHKOH.

Il OCMBIC/JIEHHOTO BHINMOJHEHHS MPAaKTHUECKHX 3ajauy HeoOXo-
JIHMO BCIIOMHHMTb HEKOTOpDble BaxKHeilllle BONPOCH TEOPHH METOAA.

DJeKTPOHHbIE TMEPEXOAbl U CNeKTPhl noraouleHus. [lorsomenne
KBAaHTOB 3JEKTPOMATHUTHOTO H3JIyYeHHS ONTHYECKOro AManasgHa
MOJIEKYJIOH HJIH HOHOM OGYCJIOBJIEHO IEPEXOjaMH 3JeKTPOHOB MeX-
Ny 3JeKTPOHHBIMH YDOBHSIMH M3 OCHOBHOTO B BO30y KIeHHOe COCTOSI-
Hue. Uepes &~ 10~° ¢ yacTHUa, MOIJIOTHBLIAS KBAHT, NEPEXOLUT 06-
paTHO B OCHOBHOE COCTOsiMe H BHOBb OKa3bBaeTcs CNOCOGHO# mo-
raomars GOTOHBI. DHeprus, BHACJAIONIAACS NpPH 3TOM I[EPEXOae,
pacceuBaeTcs B OKpykaioluell cpeie B Buie rtemia. Mosekynb He-
KOTOPBHIX BELIECTB MOIYT TePATb 3HEPTHIO MOIVIOUIEHHBIX KBAHTOB
B BHIe (OTOHOB, KOTAa peasinsyercs siBieHHe (POTOJIOMHHECLEHUHH
(cMm. pasa. 1.2.5). -

KaK/oMy 3/JeKTPOHHOMY COCTOSIHHIO COOTBETCTBYeT Halop KO-
ne6aTeNbHEX [OAYPOBHE, TO3TOMY B CIEKTpe MOIVIOeHHs HabJIio-
JaeTcs CHCTeMa NOJOC IOTVIOIEHHs, COOTBETCTBYIOIIHX 3JIEKTPOH-
HHIM I€pexofiaM Mexy NOAyPOBHSMH OCHOBHOTO H BO36YXXJIEHHOTO
cocTosiHuii, B cdoTomMerpuueckOM aHa/iM3e NOIJoOIaminee BEMIECTBO
o6bIuHO HaXOAUTCH B PACTBOpE, NIOITOMY MEKMOJIEKYJ/spHOe B3aH-
MozeficCTBYe HOIJIOLIAIONIEro BelllecTBa W PACTBODPHUTEJNsI 3HAUHTEJb-
HO YBeJIHUHBAeT LIMPUHY NOJIOCH morJouenus. st KaXkA0ro norao-
AK0IIero BellecTBA HMeeTcs ONpeflesieHHOe pacnpeje/ieHde HHTEH-
CHBHOCTH NOIJIONIEHHs Mo AjuHam BOJH. IIpx 3TOM Ha XpHBO# nO-
* [JIOLIEHHS], HA3BIBA€MOH CMEKTPOM, HMeeTCss OJHH HJIH HECKOJbKO
MaKCHMYMOB. .

OAHMM H3 YCJIOBUH BO3MOXKHOCTH TNOIVIOIIEHHS MOJIEKYJOH AaH-
HOTO KBaHTa SIBJISETCS OTJHUMe OT HyJas MOMeHTa Ilepexona Roi,
Wi 1O KpaiiHe#l Mepe ONHOTO M3 €ro KOMIOHEHTOB (Roux cxoé‘
Roiz). Tlpu 3TOM BepOATHOCTH NOTVIOLIEHHS M CBS3aHHAs € HEH HH-
TeHCHBHOCTh MOIVIONIEHHS NpPONOPUHOHANbHBl BenwuuHe |Roi|?.
B MHOroaTOMHBIX MOJIEKyJaX paspelleHbl IePexXOibl MeXAy 3JeK-
TPOHHBIMH YPOBHSIMH, COOTBETCTBYIOLLMMHU 3JCKTPOHHBIM COCTOS~
HHSIM C PasjiMuHON cHMMeTpuell pacnpejiesieHus 3apaia, H Nepexonbt
6es M3MEHEHHs CyMMapHOrO CIHHa CHCTeMbl (CHHIJIT-CHHIVIETHEIE
nepexofsl). MM B cnekTpe dalle BCErO COOTBETCTBYIOT NOJIOCH HH-
TeHCHBHOTO IOIVIOIIeHHs, B oT/nyYue OT HHX 3JEKTPOHHbie mepe-
XO/bl ¢ M3MeHEHHeM CIHHA (HANPUMEp, CHHIVIET-TPHIUVIETHBIE) 3a-
mpemens. B doToMeTpHyecKOM aHanuse 3a NOMIOULEHHe AHAJIMTH-
yecKHX (OPM OTBETCTBEHHH HMEHHO Iepexojipi 0e3 H3MeHEeHHS
cnuHa. TeopeTHueckoe PacCMOTPeHHE CIEKTPOB MOIVIOMEHHS CJIOXK-
HO M He BCerfa OCYILEeCTBHMO, IO3TOMY IIPM XHMHKO-aHaJHTHYE-
CKOM HCIIOJIB30BAaHHS 2JIEKTPOHHBIX CHEKTPOB, KaK NPaBHIO0, HCXOAAT
U3 SMIOHPHUECKU MOJY4UEHHOTOo MaTepHana.

1lBeTHOCTh KaK CIIOCOGHOCTb K [MOIVIOUIEHHIO ONpele/eHHbIX
‘KBaHTOB 3JEKTPOMArHUTHOrO H3JyYeHHsl ONTHYECKOro JHanasoHa
onpefenseTcs JIeKTPOHHBIM CTPOGHHEM  MOJIEKYJIH. O6biuHO ee

CBA3BIBAIOT € HaJMUMEM B MOJIEKyJe TaK Has3HBaeMhlx xpoModop-
HBIX TPYIN, K KOTOPHIM OTHOCAT T'PYNIMHPOBKH aTOMOB, OOYCJOBJH-
BawUlHe IMOIVIOIIEHHE 3JIeKTPOMArHUTHOI'O H3Jy4YeHHS BeILECTBOM
B Buaumoli u Y®P-obnactax cnekrpa. KoHKpeTHele XxpoModopHHE
Tpynnsl O0YCJIOBJIHBAIOT BO3MOXKHOCTH OCYLIECTBJIEHHS ONpefeseH-
HBIX 3JIeKTPOHHHEIX NMEePeXOAOR.

3a ¢opmupoBaHHe aHAJUTHYECKOTO CHTHAjJa OTBETCTBCHHBIMH
ABAAKOTCH d-—>d¥ INepexoibl, TNepexoibl, ¢ MepeHocoM 3apsaa
d—>n*, g—>d* u n—rn*-nepexops.d—d*-Ilepexons xapakrep-
HBl JJIs1 aKBa-HOHOB M HEKOTODPHIX KOMILJIEKCOB cOeiuHeHuil d-aJe-
MEHTOB C HEIOJHOCTHIO 3aNONHEHHHIMH d-OpOHTaNsAMH, KOTJa BO3-
MOKHOCTb OCYLIECTBJIEHHS] TIepeXOJOB BO3HHKAaeT BCJeJCTBHe Ha-
PylUIeHus1 CHMMETDPHM paclpelesieHHs] 3JIeKTPOHHOH INIOTHOCTH H
paciiienyieHusi OCHOBHOI'O 3JIEKTPOHHOTO COCTOSIHHS HOHa MeTaJuiia
B noJse auragpa. [lepexoasl ¢ mepeHocoM 3apsifia BO3MOXKHBEI IIpU
HaJIUYHH B MOJIeKyJle WJIM CJOXHOM HOHe JIOHOPOB H AKIIENTOPOB
JIEKTPOHOB, KOTJa HMEeT MeCTO 3JIEKTPOHHBIH nepexojg ¢ opOHTaJH,
JIOKa/IH30BaHHON Ha aTOMe aklenTopa, Ha opOHUTa/H, JOKaJH30BaH-
HBle Ha aTOMe JOHOpPA HWJH, pexe, Haobopor, 4TO, Hampumep, 06b-
SICHSIeT MHT@HCHBHYIO OKpacKy TuonmaHara xesesa (III), rerepomo-
JINCOeAHHeHUl, CJI0XKHBIX HOoHOB THna MnQ,~, CrO4?—, KOMILJIEKCOB
d-371eMeHTOB ¢ OGecUBETHHIMH OPraHHYECKHMH peareHTaMH, HalpH-
Mep, HHKeJs ¢ JHMEeTHArJHOKCHMOM, Xene3a ¢ 1,10-penanTposu-
HOM H MOJIEKyJ OPraHH4ecKHX COeJMHeHHH, Korjia B HHX OJHOBpe-
MEHHO BXOAAT 3JIEKTPOHOJNOHODHLIE H 3JIEKTPOHOAKLENTOPHEIE 3aMe-
CTHTeJIH.

n—-n*-Ilepexonsl CBOACTBEHHHI MOJIEKYJaM OPraHHYECKHX CO-
€nuHenuii ¢ conpsxKeHHbBIMH C—C-CBS3SMH, KOT/Ja BBHLY AeJNOKaJH-
3allHH — 0600IIecTBIEHHS] — 7-3J1eKTPOHOB 3HEPrusi X BO30YxKIe-
HUfl CHHXKAETCS H CTAHOBHUTCH PaBHOH 3HEPTHH KBAHTOB 3JIEKTpPOMaAr-
HHTHOIO H3JIy4eHHs] ONTHYECKOro JuanasoHa. mn—rn*-Ilepexonn
00yCJIOBJAHBAIOT OKPACKy MHOTHX OpPraHHYeCKHX COeZHHEHHiH, ¥c-
1I0/Ib3yeMBIX B OpraHnueckoM (OTOMETPHYECKOM aHajih3e B KauecT-
Be aHaJUTHYeCKHX (opM ONpeAe/sieMblX BeIecTB, HampuMmep, aso-
COeHHeHHf, MOJHUMETHHOBbIX, XHHOHHMHHOBHIX, TpH(pEHHJIMETaHO-
BeIX u Ap. Ecin mMosekysna OpraHMuecKOro COeAHHEHHs BCJAEACTBHE
HaJMYAsl KOMIIeKkcoo6pasylouux rpynnm cnoco6Ha o6pa3oBHIBATb
KOMILJIEKCHl ¢ HOHAMH MeTaJ/IJ10B, TO IIPOUCXOAsLIEe NPH 3TOM H3Me-
HeHHEe SHEPTHH 7-3JeKTPOHOB M, CJIELOBATEIbHO, J—>t*-Iepexoia
BHI3bIBaeT MOsBJEHHE HJIH M3MEeHEeHHE OKPacKH KOMILJIeKca IO cpaB-
HEeHHIO C UCXONHBIM coelHHeHHeM Npu jJaHHOM pH pacrsopa 3a cuer
H3MeHeHHs MX CNekTpoB. Takoe OpraHHuecKoe COeJIHHEHHe HAa3bIBa-
0T OPraHHYECKHM aHaJHTHYECKUM peareHTOM, a TPYNIHPOBKY aTo-
MOB, 006ecneunBalOMyI0 B3aHMOAEHCTBHEe 3TOTO peareHTa ¢ HOHAMH
MeTaJJI0B — (PyHKIHOHAJLHO-aHAJHTHYecKOH rpynmnol. CaoficTBa
TaKHX KOMIUIEKCOOOpa3yIOIIHX PeareHTOB ILIHPOKO HCHONB3YIOT Ha
npakruke. K uX 4HC/y OTHOCAT, HanpHMep, TaKHe IIHPOKOPACIPOCT-
paHeHHBle peareHTH, KaK apceHaso III, spuoxpomoBmifi yepHwil T, -
"KCHJICHOJIOBBIH OpaHKEBHIH, JINTH30OH H MHOTHE ApYTHE.
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A : 7
Hcnosbsopanne HauGosee MHTEHCHBHHIX MNOJIOC IOIJIONICHHS B
CIIEKTpe aHaJHTHUYeCKOH ¢opMHl obeclneunBaeT HaHMeHBIIHH Hpelelk
oGHapyxenus. IHTEHCHBHOCTb MOT/IOLIEHHS] MOXKET GHThL 0XapakTe-
PH30BaHa HHTErpaJbHHIM MOJSPHBIM KO3(p(PHUHEHTOM moraoige-
HHsl & HJIH ONpeleJiieMblM 3XKCIEeDHMEHTAJbHO CPeJlHHM MOJISPHBIM:

KO3 (QHUIHEHTOM IOr/IOMEeHHsi & M KO3()QHUIUEHTOM MOIJIOLIEHHS
B MakCHMyMe IOJIOCHl HOTVIOIIEHHSI €pmakc WM NPH AAHHOH AJIHHE
BOJIHH &,.

OcHoBHoO# 3aKoH moraomeHusi. JIpH NpPOXOXAEHUH MOTOKA H3-
JIydeHHs] Yepe3 4aCTHYHO IIOIVIOUIAIOIYI0 CPely HHTEHCHBHOCTb HPO-
lmeamero noroka [/ corsacHo 3akoHy Dyrepa — JlamGepra — Bepa
paBHa
tylc

?

I=1,10 (1.16)

TAe Jo-— HHTEHCHBHOCTb MAJAIOLIEr0 NOTOKA; &)— MOJAPHHHE Ko>(OHUHEHT IO-
IJIOWeHUs] HPH [aHHOW AJHHE BOJHBI; [— TOJILHHA NOIJOUIAIOUIEr0 CJOf; ¢ —
KOHUEHTPAUUS NOIVIOILAIOUIEro BEIeCTBA, MOJIb/J.

WK B Jorapucmudeckoit dopme:

g/ =1gl,—¢,lc lgUo/l) = A=sgylc. (1.17)

Bemuuuny Ig(Io/I) B (1.17) xapakTepusyouyio NOIIOMATENLHYIO
CIHOCOOHOCTh BELIeCTBA B PAcTBOPe, HA3LIBAIOT ONTHYECKOH MJIOTHO-
CThi0. B aHa/MHTHYECKOH NpAaKTHKe, CTPEMACH MOAUEPKHYTh CyLl-
_HOCTb Iponecca, Jexamlero B OCHOBe (DOTOMETPUUECKOro Ompee-
JieHHsd, a HMeHHO MHOIVIOIleHHe KBAHTOB 3JeKTPOMAarHHTHOIO H3Jy-
HeHHs ONTHYECKOrO AManasoHa aHaJUTHUeCKOH (opMOH, 3Ty Besu-

YHHY Ha3hIBAlOT MOIVIOIEHHEM HJH CBETONOIMOIEeHHEeM H 0603HaYal0T -

Gyksoi A. Jlnsd pacTBOpa NOIJIOWIAKOLIEr0 BeLIeCTBa [PH - MO-
CTOAHHHX KOHHEHTDAUMH M TOJILHHe NOrJIOmAwllero cios A 3aBH-
CHT OT IJHHBI BOJIHHL. .

cOmnEo aHaNIMTHYECKHX ONpPeJeeHUil BHINOJHAT NP NOCTOSH-
HOH TOJILIHHE HOTJIOMLAIOUIErO CJOS. e

3HaueHHe nOrJomeHuss A MOXKeT GbIThb CYMTAHO HENMOCPECTBEH-
HO co WKaas npu6opa. OgHAKO HEKOTOPble NPUGOPEH HMEIOT TOJMbKO
wmxanay nponyckanus T (%):

T = (I/1) 100.

Iosromy noxasanus Takux NpHGOPOB MPH BHNOJHEHHH (GOTOMETDH-

YeCKHX OnpefesieHHil HeoOXOIHMO IEePecYHTHBAThb Ha MOIVIOLIEHHE

no dopmyae: .
A=1g(/T)100=2—1gT. (1.18)

~ Ha npaxtuke 3aBHcuMOcTb A OT KOHUEHTPALHH ONPENEAsTEMOTrO
BelllecTBa IPH IIOCTOSHHOH [ H KOHKDPETHBIX YCJOBHSIX aHaJHTHUe-
CKOTO onpejiesieHUst H300paXawT B BUJe I'PaAyHPOBOYHOro rpaduxa.
Ipu stom MONAPHEIL  KOID(HUHEHT NOIVIOIIEHHS, ONpefessio- -
KA npenen oOGHapyskeHMss MeToja, GyneT paBeH TaHreHCy yria
HaKJIOHa I'PajlyHMPOBOYHON NpPsMOR K ocH abCuUMCC, eciu ROHUEHTpa-

* IlHA BHPaXeHa B MOJb/J. Ecau KOHUEHTpAaUHa BhHIpaXKeHa B Macco-

BHIX eJHHHLAX, TOTAa YrJI0oBO#d Ko3(duiHenT cocraBur kKo3ddu-
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uwWenT norJyomeHusi k. Uem 6oJbllle HAKJIOH I'PaayHPOBOYHOrO rpa-
«<$uKa K OCH KOHUeHTpaluH, Tem GoJiee YUYyBCTBHTEJNBHEIM SfBJSETCA
HMaHHBIH (oTOMETpHUUeCKHH MeTO..

TeopeTHueckoe 3HaueHHe MOJIAPHOTO KO3(GHIHEHTa IOrJolLe-
Hua cocTaBisier &;~n-10%. Jins Hanbosee HHTEHCHBHO OKpallleH-
HHIX COEJHHeHHHi 3Ta BeJMUHHA OGBYHO cocTaBaser =~n-10* H
haxe (1—2)-10%. Toraa, noan3ysice ypaBHeHHeM 3akoHa byrepa —
Jlam6epra — Bepa (1.17), MOXHO ONpeJesNHTb HHKHIOI TIDaHHLIY
JAManasoHa ONpPeAeNsieMBIX COAEPKAHHH BeIleCTBA Cumx 1O (OP-
MyJe:

Cuan = Ayun/erl,

monarag l=1 cM H Aue=0,005, NOAYYUM Cumua=0,005/(10%-1)=
=5.10"7 mouab/a. Ecau Heob6xomumo elle 6GoJiee NOHH3UTHL Npened
0o6HapyXKeHUus, MOXKHO YBEeJHYUTh TOJHLUHHY MNOIJIOWAIOIero CcJaos
MJIM CKOHLEHTPHPOBAThL BeLIECTBO, HaNpHMep NyTeM SKCTPaKMHH.
3axon Byrepa — JlamGepra — bBepa cTporo crnpapelus JHIIb
JJ18 pas6aBlieHHBIX PACTBOPOB IIPM ONpefeseHHHX ycaosuax. Ilpu-
MEHHTEJIbHO K aHAJHTHYECKHM LEJIM YCJAOBHS TAKOBBI: IOCTOSTHCTBO
€OCTaBa ¥ HEH3MEeHHOCTh NOIVIOIAIOIHX YACTHIL B pPacTBOpe, OIpe-
JelsieMbBle XMMHU3MOM BEIODaHHOH aHAJIUTHYECKOH peakuud H yCilo-
BHSIMH ee IIPOBeJeHHs; MOHOXPOMAaTHYHOCTb MOPOXOAAINEro yepes
11po6y JY4HCTOro NMOTOKA, €ro OrpaHHYeHHass HHTEHCHBHOCTh H Na-
‘panJIeNbHOCTh, ONpelesfieMbie B OCHOBHOM KOHCTPYKTHBHBIMH OCO-
OeHHOCTAMH (DOTOMETpPHUECKOro NpHGOpa, B YACTHOCTH, CHOCOGOM
MOHOXPOMAaTH3AUHH H3JYUYEHHMS; NTOCTOSHCTBO TEMIEpPaTyphl.

Eciu pactBOop aHaJHMTHUeCKOH (GODMBI He NOAYHHSETCS 32aKOHY
Dyrepa — JlamGepra — Bepa, To 3TO NPUBOAMT K IOSBJIEHHIO CH-
CTEMaTHYECKHX IOTpeIlHOCTeH NPH OnpelesieHHH KOHLUEHTPAallHH Be-
IeCTBa B PacTBOpe IO NPSIMOJMHHEHHOMY IPaldyHPOBOUHOMY Tpadu-
Ky. Cienyer OTMETHTb, YTO NPH YCTOAYHMBO BOCIPOU3BOAMMON He-
JHHeHOCTH TpaAyHpOBOUHOro rpa¢uka TaKXKe BO3MOXKHO MOJydYe-
HHMe JOCTATOYHO TOYHBIX DPe3yJbTaToB aHaausa. OJHAaKO NOAUMHE-
HHe pacTBOpa aHaJHMTHUECKOH (opMbl 3akoHy Byrepa — JlamGep--
Ta — Depa B o6mem cilydae Bce Ke OCTAeTCs OCHOBHBIM YyCJOBHEM
€ro MCMHOJb30BAHUS B ()OTOMETPHUECKOM AHAaJH3e.

[Ipuunnamu HecoBaioaeHHs 3akonia Dyrepa — Jlambepra — be-
pa MOryT ObITh XHMHUYECKHe M MHCTPyMEHTaJbHble (GakTophl. XuMiu-
AeCKHe IPHYHHB OGYCJOBJEHE YY4acTHeM IIOTVIOIIAOLIEro BellecTBa
B PeaKUHAX, KOHKYDHUPYIONIUX ¢ aHaluTHYecKoHd. Cxema, npuBejen-
Has Ha pHc: 1.17, nJs THNIOTETHYECKOTO CJydas ONpelesleHHs HOEA
serajia M ¢ peareitom H,R naer ofmee npeacraBieHne o Bax-
HeHHX 13 3THX No6ouHHX peaxuuil. Crel0BaTeJbHO, HCKIIOUHTE]b-
HO BaXKHOe 3HaueHHe uMeeT ofeclleyeHHe IpPOTEKaHHA OCHOBHOH
AHAJUTHYECKOH peakiuu M MNOJaBjeHHe NOOOUYHEBIX, YTO BO3MOMKHO
TOJbKO IPH 3HaHMH XHMH3Ma OCYLIECTBJAEMOH aHaJHTHYECKOH
Peaxknny ¢ Hefbl0 YIDaBJEHHS HM B KeJaTeJbHOM HalPaBJACHUH.
AlIpu ompeneneHHH HOHOB METAJJIOB € HCIIOJb30BaHMEM HEKOTODPHIX
KOMIIEKCOOGPa3yoUIX PEareHTOB MOXKHO HaHTH ONTHMAaJbHbIE yC-
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Puc. 1.17. BoaMoxHbIE XHMHUECKHE NPHUMHEL OTKJIOHEHHS OT 3aKoHa bByrepa —
Jlambepra — Bepa npu ¢oToMeTpHuecKoM onpejiejieHHH HOHa MeTaana M7+ ¢ op-
raHHueckum pearentom HuR:

I — rHaposn3 HOHAa MeraJjna; 2 — NPOTOHHPOBANHE pearenta; J -— TAYTOMETpHs peareHrta; 4 —
HOHH3AIINA KOMIJieKca; .m‘.:Oh:.SGC:@.mF:! KOMIaeKea, mIOQUNwOWNm:@ KOMIJieKca Apyro-
ro cocrama; 7 — KOHKYpHpYylouee _AOZ:BGWOOOOUNwowNEEm HOHa MeTaasa ¢ NOoCTOPOHHHM JH-
TaHAOM -
JIOBHSI PEaKIHH H pacueTHhIM NyTeM. Kak NpaBHJIO, PEKOMEHJyeMble
yCJ0BHA (POTOMETPHUECKOro ONpejeJeHHs] ONTHUMH3HPOBaHH, H IO-
TOMY INPH BHIIOJHEHHH oOlpejeseHH#i HeoGXomuMo cTporo cobJio-
IaTh H3JI0XKEHHHHl B MeToAHKe criocob pabGoTH.

HucrpymenTanbibie (akTophl, OGYC/JIOBAHBAaIOUIHE OTKJIOHEHUS
or 3akoHa Byrepa — JlamGepra — Bepa, cBfizaHE ¢ HeAOCTAaTOUHOMH
MOHOXPOMAaTHYHOCTBIO JYYHCTOrO NMOTOKa H NPOABJSIIOTCA dallle BCe-
ronipu paboTe Ha POTONEKTPOKOJOPUMETPaX. DTO 0GbACHAETCA TEM,
49TO <«MOHOXPOMATH3alHsA» B 3THX Npubopax HOCTHraeTcs ¢ fo-
MOLILI0 CBeTO(GHJAbTPOB, NPONYCKAIOWHX H3JIydeHHe B OINpeJe/eH-
HBIX MHTepBajax AJauH BoJH. IIpu paGore ¢ OGHIUHBIMH CBeTO(HIb-
TpaMH, OPONYCKAIOIIHMH H3JyueHHe B JOCTATOYHO LIHPOKOM HHTEp-
BaJjle AJHH BOJIH, Pe3yJbTaTOM H3MEepPeHHs sBJSIeTCS HHTerpajbHOe
norjomense, ITo mMepe yBeaHueHHs KOHIEHTPAUWH IOIVIOLLAIOIHETO
BelllecTBa MOXKeT H3MEHHTBCH KOHTYD HOJIOCH IOTJIOUIEHHS HJIH Ka-
KOTO-TO y4acTKa cnektpa. ITosromy norsouieHue, H3MepeHHOe B HH-
TepBaJie AJHH BOJIH, COOTBETCTBYIOIIEM 3TOMY y4acTky, OyZeT BO3-
pacTaTb He BNOJIHe CHMOATHO YBeJHYeHHI0 KOHUeHTpauuu. Ilpm
STOM NPAMONPONOPIHOHAIbHAS 32aBHCHMOCTh MEXKAY HHTErpalbHBIM
NOIVIONEHHeM H KOHLEHTpanyel NOIJIOWIAOLIEero BelleCcTBa Hapy-
‘nraercs. 9T0 fABJAeHHe HabJloJaercsd yalle BCero AJA PacTBOPOB
KeJTOro LBeTa H npH pabore Ha nmpubopax crapeix Mopenei. IIpu
HCIIOJIb30BAHHH CBEeTOMHJIBTPOB ¢ MeHbUIEH NOJOCOH TPONMYCKaHHS,
HanpuMep HHTep(dEpEHUHOHHBIX, a TaKXe Npu pabote Ha Gojiee €o-
BepUIeHHEIX NPHOOpax — clIeKTpodoToMeTpax 3TOT 3PGEKT CHALHO
YMeHbIIaeTcs1 HIH YCTPaHSIeTCS BOBCE,

Ecau B pacTBope HMEETCsi HECKOJbKO OKpallleHHBIX BEHIeCTB, HE .

B3aHMOIEHACTBYIOLIUX MeXAy co60i, To KaXJoe U3 HHUX IIOIJICUIdEeT
He3aBHCHMO OT Apyrux. IlosTomy cymmapHoe morJionieHue Nmpu AaH-
HOH JJHHe BOJNHH A3 6yleT PaBHO CyMMe IIOMVIOLIEHHE OTAEbHBIX
KOMIIOHEHTOB IIPH TOH e AJIHHE BOJIHH:

,\;nM\:ustei

58

Tlpunuun agAATHBHOCTH MOXeT OHTH [OJOXEH B OCHOBY aHajaH3a
cMecell OKkpalleHHEIX BellecTB. Tak, HU3Mepsis INOrJOLIEHHE CMECH
JBYX OKpalleHHBIX BeLIeCTs NPH ABYX Pa3jIHUHBIX JJIHHAX BOJH H
3Haf WX MOJSpHBE KO3 GhHIUEHTH HOIVIOHMIEHHS NPH 3THX JJIHHAX
BOJIH, MOXKHO COCTABUTH [Ba YPABHEHHS C JABYMsl HEU3BECTHHIMH —
KOHLIEHTPALUSIMH TOTJIOIAIOMMX BellecTB. Pelllenne cHCTEMB ypaB-
HEHHH M[O03BOJISIET HAHTH KOHLEHTPAalHu OOOHX BEILEeCTB.

YcaoBusg GOTOMETPHYECKOTO ompegeseHuss W KX ONTHMH3aUHsA.
DoTOMETpHYECKOE ONpeAeNeHNe BBHIIOJHAKT IPH ONTHMAJbHBIX yC-
JIOBHSX, OGecreyuBaiomyX I[OJHOTY 0GpasoBaHHA aHAJHTHYECKOH
($OpME B PacTBOpe M OTCYTCTBHE HJM MHHHMH3AIMIO OTKJIOHEHHH
0T 3akoHa Dyrepa — JlambGepra — bepa. Baxne#mue u3 HuX!
ontuMmanbHoe 3Hauenne pH pacrBopa, AocTaTouHBIH H3OGHITOK pea-

TEeHTa, obecneueHHas :w@ﬁtmﬂmbvmo,oav aHaJUTHUECKOH peakKluu H

BBHIOOD HAMJIYUYMIHX YCJOBHH H3MepEHHS IOTVIOMIEHHS.

Hast Bei6opa ONTHMaJbHOrO 3HaueHust pH NIpU MOCTOSHHBIX KOH-
TEHTPAHHUsIX ONpeleNsieMOro BellleCTBa I peareHTa H3yualOT BJIHS-
Hue pH Ha HMHTEHCHBHOCTH OKDAacKH DacTBOpa NpH ONpejeseHHOH
JJHHEe BOJIHE, OPHEHTHPYSCh Ha 00J1acTh HaUGOJBLIEro MOIJOMIEHHS
B cayuae GecuseTHoro pearedta. Jlia OkpalleHHHIX PacTBOPOB OIl--
THMYM COOTBETCTBYyeT HauOO/blleMy Pa3jIMYHIO B NOIVIOUIEHHH aHa-
JIUTHYECKO (GOPMB M uCXOAHBIX pearenToB. HauGosee Giaronmpusit-
Hasi CHTyallus CKJAJBIBA€TCH TOTJa, KOrZa HeOOoJblliHe H3MEHEHUS
pH npakTHuecku He BJHAIT Ha CBETONOIJIOLLEHHe pacTBOpa IIDH
YCJAOBHH, 4TO c€aMmo IOIVIOLIeHHe IO BO3MOXKHOCTH MAaKCHMAJbHO.
C xuMHuYecKOl TOUKH 3peHus BausiHnue pH ckasbiBaeTcs Ha HOHHOM
COCTOSIHHH -ONPelesISIeMOro 5JeMEHTa HJHM BelllecTBa U HCXOJMHBIX
peareHTOB, paBHOBECHH aHA/JIMTHYECKOH U NOOGOUHOH PeaKIMH, BBIXO-
Jle H KHHETHYEeCKON YCTOHYMBOCTH aHAJuTHYeCcKOH ¢opMmbl. IlocTosH-
Hoe 3HaueHne pH B hoToMeTpHPYEMOM  PacTBOPE MOANEPKHUBAIOT
cooTBeTcTBYOUnMH Oy(depHEIMy . pacTBOpaMyu MK JNOCTAaTOYHBIMH
KOJMYECTBAMH KHCJOT HJIH IeJIoUeH.

AnanurHueckuit peareHT HOJIKeH OHITh BBeJeH B KOJHYECTBE,
JOCTaTOYHOM [LJisi NpeBpallleHHs] BCero OIpelesaseMoro BelllecTBa
(B ompeje/icHHOM HHTEpBaJe KOHLIEHTpanui) B aHATHTHUECKYIO
¢opmy. Uz npusenensoil Ha puc. 1.18 cxeMsl BUAHO, YTO ONTHMAJb-
Hasl KOHUEHTpAallHsi peareHTa COOTBETCTBYET NPAKTHUECKH INOJHOMY
TIepeBeeHHI0 ONpPeAEasieMOro BelllecTBa Ha BePXHeH rpaHuue jHa-
11a30Ha OlpejeJsieMBIX COLEp:KaHHA B aHaJHTHYecKyio ¢opmy. ITO

AT ;

Puc. 1.18. BriGop onTHMaabHOH KOH-
LHEeHTPallHU peareHTa INpH (POTOMET-
PHYECKOM ONpeHe/CHHN:

I — npu 06pa3oBaEAH YCTORUHBOrO KOMI-

Jekca; 2 — npH O6Gpa3OBaHEHM MaJIOyCTOR-
YUBOrO KOMIJIEKCa

HR
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Puc. 1.19. Mpruuun Bu6Opa ONTHMAJIBLHON AJIMHH BOMHE npd (HOTOMETPHYECKONS
onpejpeneHHu: -
1 — goraiouterHe HCXOAHOTO peareuTa; 2 — MOTJIOMEHHEe AaHAMUTHIECKOR GopMH

NPOABJAAETCA B TOM, YTO JajbHefillee npubaBjeHHe peareHTa yKe
He H3MEHSeT BBIXOJ NPOAYKTa PEaKUHH M CBETONOIVIOUIEHHsS pac-
TBOpA. .

DoTOMETPHPYeMBIl PACTBOP AOJMKEH OCTABAThCS HCTHHHEIM BO
BCeM Jyanas3oHe HCClelyeMHX KoHUeHTpauuii. Eciu 3170 ycioBue He
co6itofaerca, Heo6X0AUMO Nepelitn B 06JacTb GoJiee HA3KHX KOH-
UEHTpaluii, UIH NPHMEHSATH 3aLUUTHbIE KOJJIOMAH, IIPENATCTBYIOUIHE
006pa3oBaHHI0 TBEPHOI (hasbl, HIH H3MEHHTb CXEMy BCEro OIpejeJie-
Hus. Hepacrsopumiie B Boje aHasnTHUecKHe GOPME LOBOJILHO HaC-
TO MOXHO H306MpaTe/bHO H3BJEKATb M3 BOLHON ¢azel B opraHuye-
CKyl0 myTeM SKcTpakuuu. O6bYHO 06beM 3IKCTPaKTa MeHblie 06b-
€Ma BOZHOH (aswl, MO3TOMY NPH IKCTPAKLHH OCyILIEeCTBJASIETECS TaK-
Ke eme H aGCOJIOTHOE KOHLUEHTPUPOBAHHE ONpELeSeMOro Belle-
CTBA, 4TO IO3BOJISET CHH3HTb Npeles 0GHApPYKEHHUsI.

B moGom BaphaHTe (OTOMETPHUECKOro aHajgH3a IOIOMIEHHE
aHAJHTHYECKOH (GODMHI ONPEReJSIOT NpPH ONTHMAJNBHON [JHHe BOJ-
HH, ec/d paboTaloT Ha CNEKTPOGOTOMETPe, HAH B ONTHMAJbHOM HH-
TépBaje IJIHH BOJIH, OfecneuynBaeMoM CBeTOQHJIbTPOM IpH paore
Ha ¢orosaekTpokonopumerpe. IIpn 3TOM OpHEHTHPYIOTCS Ha. HaH-
GoJbliee pasiHyhe B IOIMOWEHHH AHAJHTHIECKOH bopmMb ¥ mC-
XOLHbIX pearenToB. Heo6X0auMo yYHTHIBATL B MX CHEKTPAax YHCJIO
MaKCHMYMOB TOIVIOLUEHHS, HX BBICOTY, GoOpMy KOHTYypa NOJIOCH HO-
riomenust (puc. 1.19), 4yBCTBHTEJBHOCTH (OTOMETPHUECKOIO npu-
6opa B 1aHHOH CHEKTPaJbHOH 06J1acTH. :

PasHocTh MeXxly MakcUMyMaMu NOJIOC MOIVIOIIEHHS aHaJHTHUe-
CKOH (OPMBI M HCXOIHOTO peareHTa B (POTOMETPHUECKOM aHAJH3e
Ha3LIBAIOT KOHTPACTHOCTBHIO UBeTHOH peakiuH. Yem O6oJbllle KOHT-
"pacTHOCTD, TeM yaoGHee LaHHas peakuus A/ POTOMETPHH.

[lornowenune pacteopa amaiuTHueckoil (OpPME Bceria H3Mepsi-
IOT OTHOCHTEJIbHO PACTBODA CPaBHEHH, MOIMIOMEHHe KOTOPOTO HpH-
HHMAIOT 32 ONTHYECKHA HYyJb. PacTBop cpaBHeHHs COZEPKHT Bece
HCXOJHBIe BEHIECTBA 32 HCKJIOUEHHEM ONPeAe/sieMOoro.

Ha npakTuke onpenensieMoMy BelnecTBy Miu 3JIEMEHTY BCErAa

CONNyTCTBYIOT APYIHe€ KOMIIOHEHTHI CMECH, BJHSIHHe KOTOpPBIX Ha aHa- .

JIHTHYECKYIO PeaKHHI0 MOXKET HCKAa3HTh Pe3yJbTaThl ONpefeeHHs.
Has obecneuenns HeoGXOXHMOMA H3GHPATEIBHOCTH HCIIOJAb3YIOT pas-
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JMyude B (DM3MUECKHX M XHMHYECKHX CBOACTBax ONpele/sieMHIX Be-
IIECTB, UX aHaJHTHYECKHX (OPM, aHAJNHTHUECKHX DeakiHil onpene-
JIIEMOr0 H CONYTCTBYIOIIMX KOMIOHeHTOB. OG6Iiue NnpueMbl NOCTH-—
XKeHHs1 H30MpaTeJbHOCTH COCTOAT B HOJYYEHHHM XapakTepHOH oKpac-
KH aHaJuTHueckOi (GOpPMEHI, OT/nYalOUlelics OT OKpacky MOGOYHHX
APOAYKTOB, B HCIOJb30BAHHH MAaCKHPYIOIIUX PeareHToB, CBA3BIBAIO-
HINX MOHEI MEII4OINMX 3JIEMEHTOB B MAaJOJAHCCOLHMHPYIOIIHEe KOMII--
JIEKCH, B NPOBEJleHHH peakKLHH, ONTHMAJbHHIX TOJNLKO AJS Olipeie-
JISIEMOT0 KOMIIOHEHTa CMECH, B MCIIOJb30OBAHHH Pa3JIHUHS PACTBOPH--
MOCTH aHaJHTHYeCKHX (OPM OIpeleNseMOr0 M CONYTCTBYIOUIErs-
KOMHOOHEHTOB B BOJe H B OPraHHYeCKHX PacCTBODHUTENAX M APYrue:
[IPHEMHI,

B saBucuMOCTH OT XapaKrepa pellaeMOii NPaKTHYECKOH 3afauk:
¢boTomerpHuecKOe OIpefe/eHHe MOXKHO BBINOJHHTb COGCTBEHHO ¢ho-
TOMETPHYECKHM HJH CHEKTPODOTOMETPUYECKHM METOJOM, H3Mepsisy
CBETONOIJIOIIEHHe pacTBOpa Ha npubope ¢ HH3KOH HJIH BHICOKOH cTe-
NeHbI0 MOHOXPOMAaTH3aLHUM, T. €. Ha (OTO3JEKTPOKOJOPHMETPE HIH
Ha crnektpodoromerpe. Tak Kak XapakTepH3YIOIIHH UYYBCTBHTE]b-
HOCTb ()OTOMETPHYECKOro oNpefesieHHs MOJSIPHHHA K03 buIHenT 10~
IJIOLIEHUS B MaKCHMyMe IIOJIOCH MOTJIOIIEHHS g . OOJIbllle cpen-

Makc

Hero e, TO CNEKTPOMPOTOMETPHYECKHA MeTOJ JAaeT BLIHFPHII B YYB-
CTBHTEJABHOCTH M TOYHOCTH OINIPeNEJEeHHS U IO3BOJISET I0ITOMY Ol
peneNsTh MeHbIIHe KOJUYECTBA BEUleCTBA.

TMorpemnocTn $HOTOMETPHUECKOrO ONPEAENEHHSI CKJIAALIBAIOTCS:
H3 OOlIMX INOrpelIHOCTeH, CBOHCTBEHHBIX XHMHKO-aHAJHTHYECKUM:
paBoram, H KpoMe TOro H3 cneuH}pHUUECKHX NOTpeIIHocTell MeTOoxa,.
BO3HHKAIOWINX BCJAEACTBHE HENPABHJIBLHOLO IIPOBEJEHHS XHMHUECKOH
peakLUMH, HCMNOJNb3OBAHHS TPSA3HBIX KIOBET, HEBOCIPOH3BOAHMOCTEH:
yCTaHOBKH KiOBeT B (POTOMeTpHuecKOM npH6GOpe M HETOYHOH Ha-
CTPOMKH ero Ha ONTHYECKHHA HYJb, HeCTAOUJIBHOCTH PabGOTH HCIOJb~
3yeMoro B npubope HCTOYHHMKA CIJIOIIHOTO H3JYyYeHHS M (DYHKLHO--
HUPOBaHUsI (POTOMETPHYECKOH CXeMEl, a TaKXe 3a Cyer NOrpeIlHO--
cTefl NIpH IOCTPOCHHH TIpaAyupoBouyHoro rpaduka. EcrecrsenHo,
YTO 3TH NOTPEINHOCTH MOTYT ObIThb CBEJEHH K MHHUMYMY TIIaTe/b-
HOH M akKKypaTHOH pa6oToi.

O6bekTHBHEE NOI'PEIIHOCTH (OTOMETPHM BHITEKAIOT H3 CYLIHO-
CTH 32KOHOB NOVIOMEHHs. IIpH OTCYTCTBHM CHCTEMAaTHYECKHX II0-
rpelyHocTefl, T. €. NPH NPOXOXKAEHHH TpPaLyHPOBOUHOro rpaduxa
yepes HauaJo KOOPJMHAT, OTHOCHTe/bHas MNOIPEIIHOCTb Ompeaese-
HHSI KOHILEHTPALHUH Sc/C COCTABJALT: \

sc/c = (sa/A) + (se/e) + (si/1) - (1.19y
3HaueHHe g OGBLIUHO BEJHKO, a OTHOIUEHHE S¢/e MaJo, CTONb Ke-
MaJo 3HauyeHue S/, mosToMy HaMOOJBLIMH BKJIAJ B CyMMapHYIO
MIOTPEMWHOCTh ONpejesieHnss KoHueHTpauud (1.19) BHocuT morpem- .
HOCTh M3MepeHHS NOTJIOUIEHHUS], T. €. Sa/4 = S¢/C.

3aBHCHMOCTb NOTPEINHOCTH ONpPEAeNeHHsl KOHIUEeHTpauuu Ac/c oT

NPONyCKaHMS ONHCHIBAETCS BHIPAMKEHHEM

Acje=dT/2,3T IgT. : (1.20)-
v o
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"Puc. 1.20. 3aBHCHMOCTb NOTPELIHOCTH ONpeJeseHns] KOHUEHTPAalUHH OT MOIVIOLIEHUst

"Puc. 1.21. Cxema, 06bACHAIONIAS BHIMTPHII B BOCIPOU3BOJHUMOCTH B METOAE aud-
-thepeHIlHaNbHOH (OTOMETPUH

Tlockonpky A=2—I1gT, 10 Ac/c sBnsetca ¢dynkuneir A (puc. 1.20).
Haz puc. 1.20 BuaHO, yTo B 06JacTH GOJBIIHX M MaJHX NOIJIOLiE-
‘HHI NOTPeIIHOCTb H3MepeHHs Beauka. Munumym bynkuua (1.20)
«coorBercTByeT A=0,435, 1. e. T=36,6%. C NOrpeuHocThIO BABOE
~OoJiplilell MUHUMAJILHOR TEOPETHUECKOH MOXKHO H3MEpPSThb INOIVIOILe-
.HHe B uHTepBate 0,12—1,0, uTo no3BoJsAeT ONpene/siTh KOHIUEHTpa-
LIMIQ  aHAJHTHYECKOH (OPMHE B pacTBOpe € BOCHPOH3BOAHMOCTBHIO
“He xyxke 5% (orH.). :

© Nuddepennuanpnas doromerpus. M3 puc. 1.20 caepyer, uto
TIpH ONpejie/leHHH MOIJIOLUIeHHS HHTEHCHBHO OKpalIeHHBIX PacTBO-
pOB aHanuTH4ecKOH (opMbl ¢ mponyckanunem <<10% (A>1), co-
+OTBETCTBYIOIIHX BHICOKOMY COZEDIKAHHIO OIPENeNsieMOro BellecT-
:Ba B pacTBOpe, NOrPENIHOCTb ONpeJeseHHs KOHIEHTpauuu Gyner
HeAONYyCTHMO BeJHKa. Ee MOXKHO yMeHbHINTb, HCHOJB3YS METOS
.AuddeperunanpHoii poromerpuu. B oranune or o6buHOM PoTOMET-
‘PHH HOTJIOIIEHHME MCCJeNLyeMOro H CTaHJapTHOTO PacTBOPOB H3Me-
PSIOT OTHOCHTENBHO PacTBOpPA CPaBHEHHS, COAEpPXKaIlero TOYHO
H3BECTHOE KOJHYECTBO OINPEeAesseMOr0 BellecTBa, IePEBEEHHOTO B
-aHasuTHYecKylo ¢opmy. IIpH 3TOM KOHUEHTpauHs NOIJIOIIAMOLIEro
BEIIECTBA B pacTBOpe CpaBHEHUS G6JH3KAa K €ro KOHIEHTpaUuH B
~()OTOMETpUpPyeMOM pacTBOpE. ,

B nuddepenunanpHoii GOTOMETPHH  HCIOJB3YIOT pasjHuHbE
npueMel paboThl. Yame HCMOJB3YIOT METOJ «OTpeiesenns 6oablInx
KOHUeHTpauufi». B cooTBercTBHH ¢ TexHHKOH AHDdepeHumaIbHON
pOTOMETPHH B 3TOM MeTOoJe ONTHYeCKHH HYyJb (OTOMETPUUECKOro
npubopa no wxaJje noraoweHuii (A=0, T=100%) ycranaBiuBa-
0T IO pacTBOPY CpaBHEHH$, cOfAepxKallleMy aHaJuTHYecKylo dop-
My omnpejensiemoro BemecrBa. O6HYHO TaKHM pacTBOPOM cCpaBHe-
HHs SIBJIS€TCS OJHMH M3 pPacTBOPOB CTaHAapTHOro pspa. Toraa, BH-
TIOJIHAS M3MePeHHe CBETOIOIVIOIEeHHS! (JOTOMETPHPYEMOTO pacTBOpa
OTHOCHTE@JIBHO 3TOT0 CTAaHAAPTHOTO pacTBOPa, MOXKET OBITb JOCTHI-
‘HYyTO pacuiupeHHe (GOTOMETPHUECKOH IIKaJhl H, CJAel0BaTe/IbHO,
yMeHbINeHHe TOTPEIHOCTH H3MEepeHHs NPOIYCKAHHS WM MOIVIOLIE-

- Hus. Kak BupHo M3 puc. 1.21, spderr «pacumupenus» $poromerpu--
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yeckofl 1IKaJbi H JaeT yJydlleHHe BOCIPOH3BOAMMOCTH pe3yJbTara:
nH¢depeHnnasbHOrO (GOTOMETPHUECKOTO OIpelesieH|sl, KOTOPHH B.
3TOM Me€TOJe XapaKTepHayeTrcss morpellHocteio =~ 1% (oTH.) mo
cpaBHeHHIO ¢ 5% (0TH.) B 06BIUHOH GOTOMETPHH.

" Tax xak COOTHOLIEHHe IOIVIOIIEHHH PacTBOPOB CpaBHeHHd H (o-
TOMeTpHpyeMoro B AHdepeHLHaJpHOH (OTOMETPHH MOMKET OHITh.
u 6o.bllle M MeHblle eIMHHUB, NpH pabore yao6HO HCIOJbL30BATH
Merold JABycTOpoHHeHd — AuddepennnansHofl (oTOMETpHH: ecaH
A>Acp, NCTIONB3YIOT NPSMOH MOPSALOK H3MEpeHHs, ecan A<<Acp —
o6paTHHA NOPALOK H3MEDEHHH, T. €. H3MEpSIOT MOIJIOIEHHE PacT-
BOpAa CpaBHEHHS OTHOCHTENIBHO (OTOMETPUPYEMOIO H IOLJIOIIEHHE:
3aNKCHBAIOT CO 3HakoM MHHyc. Ilpu 3TOM rpaayupoBouHHE rpaduk
He NPOXOLHT Yepe3 HayaJo KOOPJAHHAT, HO NEPECeKaeT OCh KOH-
LeHTPaUHA B TOYKE, COOTBETCTBYIONIEH KOHLEHTpAlHH ONpejeJsie-
MOro BelLlecTBa B pacTBOPe cPaBHeHHA. Pe3ynbTarT onpeiejeHHs:
MOXeT OBITb HalleH TakXe H 1o GopMy.Je:

cx= AF -+ c,. (1.21)

Ananutuueckuit dpakrop F paccuutsiBaior mo dopmyie:
F = (ci41— ¢)/[(Ajsy — Ap),

rae Aity, Ai—nNOriolleHHe KaKHX-JHGO ABYX CTaHAAPTHHX pacTBOPOB € KOH-
LeHTPALHAMH ONpeJe/sieMOro BeIECTBA City H Ci.

Annaparypa. PerucTpauus aHaJHTHYECKHX CHTHaJ0B B (oTO-
METPHYECKOM aHaJIH3€¢ OCYIIEeCTBJSeTCS] H3MEPEHHEM CBETOIOr/IO~
IeHHS pacTBOpa aHaJHuTHYecKOH dopMbl. OOIMME NpHHUUI H3Mepe-
HHSl COCTOHT B NOOYEDPEJHOM CPaBHEHHH HHTEHCHBHOCTEH CBETOBHIX
TIOTOKOB, MPOXOAAILIHX YePe3 PacTBOD CPaBHEHHA H (OTOMETpHUpye-
Mbiii pactBop. Ilorvomenne awajH3HpyeMOro pacTBopa H3MEPSIOT
OTHOCHTEJIbHO MOTJIOIEHHsT PacTBOPa CPaBHEHHs (HOcCJejHee MOPH-
HUMAIOT 32 ONTHYECKHH HyJab). MIHT€HCHBHOCTH CBETOBHX MOTOKOB.
H3MEPSIOT TOJNLKO (POTOIMEKTPHUIECKHM cnocoboM mocJe rpeobpaso-
BaHHA HM3JYYEHHs B 3JIeKTPHUECKHII CHrHAJ.

[TpuGopl, npuMeHseMble AJSi H3MEPEHHs MOIJOLIEHHS PacTBO-:

~ POB, MOXKHO KJIacCHOHUHPOBATD CAEAYIOUEM 06pa3oM.

1. Tlo cmocofy MOHOXPOMAaTH3ALMK JIYYHCTOrO NOTOKA: NPUGOPHL
¢ NPHU3MEHHHBIM HJIH DPelUeTOYHBIM MOHOXPOMAaTOPOM, MO3BOJSIONIHE
JAOCTHIaTh BLICOKOH CTeNeHH MOHOXPOMAaTH3anHH paboyero Hajayue-
HHsl, Ha3HIBAIOT CneKTpopoTOMETpaMH; NPHOOPH, B KOTOPLHIX MOHO-
XpoMaTH3aUMs JOCTHIaeTCAd ¢ NOMOIIBIO CBeTOGHILTPOB, HA3HIBAIOT
$OTO3/1EKTPOKOIOPHMETPAMH.

2. Ilo cnoco6y u3MepeHHS: OJHOJYUeBHle C NMPSIMOH cXeMOil H3-
MepeHHs (IpAMONOKA3bIBaIOLINE), ABYXJyYeBhie C KOMIIEHCAIHOH-
HOH CXeMOH.

3. Tlo crnoco6y perucrpanun H3MepeHHi:
HePeruCTpPHpYOUINE; :

Cxema QoTomeTpHyecKoro OAHOJNyYeBOro npubopa NpHUBEJCHZ
Ha puc. 1.22.

perHeTpupylomue
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®uc. 1.22. TlpuHuMnAasbHas cxema (hOTOMETPHYECKOro OLHOJYUeBOro mpuGopa ¢
YIPSIMBIM CIIOCOGOM H3MEpEeHHS:

1 — HCTOYBHK cBeTa; 2-— JMH3a; 3 — CBEeTOOUALTP; 4, 4 — KIOBeThl C PACTBOP3MH CpPaBHEHHA
# GOTOMETPHPYEMBIM, COOTBETCTBEHHO; 5 — (DOTOSJEMEHT; 6 — YCHJIMTe/b; 7 — [OKa3biBaIOUWHA
FIpH6Op

[Tepen BHIIONHEHHEM H3MepeHHH B NpuOope yCTaHABJHBAIOT
Tpebyomuiics cBetoduaAbTp 3. 3aTeM HPOBEPSIOT HACTPOFKY INpH-
6opa Ha 3JEeKTPHUECKHH HyJb. B CBEeTOBOH MOTOK yCTaHABJHBAIOT
KIOBETY ¢ pacTBapom cpaBHeHHs 4. IIpu sToMm cTpeska NOKasHBaio-
mero npubopa 7 GyAeT HaXoAWTbcs B Npejenax mikaan. C mo-
MOIIbI0 BCOOMOraTeNbHOH JaHadparMel HJH, PEryJHpys YycHJEHHE
<pOTOTOKA 3JIEKTPOHHBLIM YCHJHTEJeM 6, CTPelKy NOKa3hiBaKoUero
npubopa ycraHaBiuBalT Ha otmerky 100%-Horo npomyckaHus,
COOTBETCTBYIOLIEr0 ONTHYECKOMY HYJI0 B JaHHOH cHcTeMe. 3aTeM
B CBETOBOH NYyYOK BMECTO KIOBETH C pacTBOpoM cpapHenus 4 ycra-
HaBJMBAICT KIOBETY ¢ (oroMeTpupyeMbiM pactBopoM 4. B sToM
cJiyuae CBETOBOH IOTOK, NMpOHIeAIHH Yepe3 KIOBeTy C MOIrJOLLAo-
{II¥M BEllEeCTBOM, YMeHbIIAeTcsl NPONOPHHOHAJNBHO €ro KOHUEHTPa-
iAMH B COOTBETCTBHH ¢ 3aKOHOM bByrepa — JlamGepra — Bepa. Ilo-
9TOMY CTpeJKa IOKashBalomero npuéopa 7 OCTaHOBHTCS Ha OT-
MeTKe, COOTBETCTBYIOIEH NPONYCKAHHIO HcCeLyeMOro pacTBopa.

Ha mxanax takux npuGopoB Hapsay ¢ pPABHOMepHOH WIKaJsof
TPONyCKaHHA HaHeceHa H JorapudmHyecKas IIKaJa ONTHYECKHX
noTHoeTed  (moryiomeHus). Ilpym Heo6XOJHMOCTH NOKasaHHA INpH-
fopa mo IiKaje TPONYCKAHUS MEPECYUTHIBAIOT HA MOrJIOHIEHHE II0
topmyae (1.18). ,

Cxema JByxJy4eBoro (oTO3JeKTPOKOJOPHMEeTpa HNpHBEAEHa Ha
puc. 1.23. Cravana npubop HacTpaHBalOT Ha 3JeKTPHYeCKHH HY/b
COTJIACHO HHCTPYKIMH, H B 06a CBETOBHIX IOTOKa BBOJASAT Tpebyio-
muecs ceeroduantpu. Ilkany mnpasoro orcuerHoro GapabaHa 6/

YCTAHABJUBAIOT Ha HYJEBYIO OTMETKy. 3aTeM B JieBHIH CBETOBOH

TI0TOK YCTAHABJAUBAIOT KIOBETY C PAacTBOPOM CpaBHeHHs 5§, a B mpa-
BHIfl ¢ hoToMeTpUpyeMEIM 5’. BesencTBHe morJomeHus ceera $orto-
METPHPYEMHIM DAacTBODOM HHTEHCHBHOCTb CBETOBOTO MNOTOKA, ma-
Jla10Mero Ha npasuifl ¢oToaneMeHT 7’ Gyler MeHnblle, — GOTOMETPH-
yeckoe paBHOBecwe Gyjper HapyweHo. [lpn Bpaimensu seBoro KoM-
TieHcalHOHHOro 6GapabaHa 6 WWIHpHHA INEJH B HEM YMEHBHIHTCH H
CTpesKa HyJb-HHAMKaTOpa 9 B MOMEHT KOMINEHCAIWH BCTaHET Ha
MHyJIb. 3aTeM B NpaBHH CBeTOBOH MOTOK BBOAAT KIOBETY C PacTBO-
pom cpasrenus 5. Ilpu aTOM ¢oTOMeTpHUECKOe PaBHOBECHe BHOBb
&4

~ . 4

i

Puc. 1.23. IlpunnunuaneHas cxe- Q1
Ma (HOTOMETPHUECKOTO [BYJYyue- »
BOro mpHOOpa € KOMIIEHCALHOH-
HbIM crioco6oM H3MepeHHs:

1 — HCTOYHHK cBeTa, 2 — cBeTOo- . u
¢unbTp; 3 — nuH3a; 4, 4’ — 3epkaja; S
5, 5 — KI0BeThl ¢ pacTBOpaMH CpaBHe-
HHS H (OTOMETPHPYEeMbIM, COOTBET- ‘
CTBeHHO; 6, 6’ — mleseBnle pHadpar-

)
Mbi; 7, 7' — HOTO3IEMEeHThI; 8§ — yCH- .
NHTSND, 9 — M%hr-:!huaﬂbﬂcv _Hu ﬂu
HapyulaeTcsl, TaK Kak yBe- 5 : 8 -
JUYUBAETCA CBETOBOH IIO- _H__Mmﬁ =R : g@m@

aoa.nthSEsmmmavmmEm
¢doroanemenr 7’. Bpaine- 7 7
8
1 E .
m

HHEM DYKOATKH TIPaBOTO
orcuerHoro 6Gapabana 6,
yMeHbHIAIOWEero  IUHPUHY
meny,  ¢$oToMeTpHyeckoe
paBHoBecue OyJdeT BHOBb
BOCCTAHOBJEHO, O  ueM .
MOXKHO GyJer CyAuTb O NPUBENEHHIO CTPENKH HYJ/b-HHAHKATODA 9
K Hyaio. [lorJionieHne B 3TOT MOMEHT CYHTHIBAIOT N0 MIKaje MpaBo-
ro 6apabaHa 6’.

O6o6IIeHHas cXeMa OJAHOJIyY€BOrO HEPErHCTPHPYIOUIETO CIEKT-
podoTomerpa mpuBefena Ha puc. 1.24. Cpauana pykosiTHOH Gapa-
Gana [JUH BOJH, CBSI3aHHOH ¢ mpu3Mo#l 6, yCTaHABJHBAIOT Heo0xo0-
AEMYIO JJHHY BOJHEL 3aTeM BKJIIOWAIOT MPpuOGOp M mocje ero mpo-
rpeBa NpH 3aKpLITOH IITOpPKe-Nepek/iouaTesne H, Cel10BaTelbHO,
NpH HEOCBELIeHHOM (OTOdJEeMeHTe YCTaHABJIMBAIT 3JEKTPUIECKHH
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Puc. 1.24. [IpuHUMOKANBHAS CXeMa OLHOJMYYEBOIO CIEKTPOPOTOMETPA C KOMIIEHCA-
IHOHHEIM CHOCOGOM H3MEpeHHs:

| — MCTOYHHEK cBera; 2, 5 — cdhepHUecKHe 3epKaja; 3 — IUVIOCKOe 3epKaJso; 4 -— BXOAHAs H BHI-
XONEas LieJb; 6 — MPH3MA; 7 — KOPPEKTHPYIOIIHe CBeTOMHJLTPH; 8, 8 — KIOBETH ¢ DPacTBO-
paMH CpaBHeHHS H (OTOMETDHDPYEMLIMH, COOTBETCTBEHHO; 9 — doTo3jaeMeHT; [0 ~— YCHAHTENb;
11 — gynb-HHAMKATOp; 12 — GJOK NHTAHHA H HCTOYHHK KOMNEHCHDYIOMEIO HAMNpSKeHHs
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HyJIb IPH6OPA, KOMIIGHCHPYS «TeMHOBOH TOK» ychauTeast 10 morten-
LIHOMETPOM TEMHOBOIO TOK4, BHIBOAST HA HYJb CTPEJIKY HYJb-HH-
mukartopa I1. Jlasee Ha myTH MOHOXPOMATHYECKOrO JIy4a yCTaHaB-
JIHBAIOT KIOBETY C PAaCTBOPOM CDABHEHHA § H OTKPHIBAIOT LITOPKY
¢orosnementa 9. Bosuukawoluuil B Hem (GOTOTOK YCHIHBaeTCs H Ne-
penaerca Ha HyJb-HHAUKATOp I1, cTpesKa KOTOPOrO OTKJIOHSETCA
oT Hyss. M3MeHeHHeM IHDUHLI WeJH 4 YCTAHABIHBAIOT ONTHUECKHI
Hyab NIpHOOPA, NPHBOAS CTPENKY HYJb-HHAMKATOpa K Hyaio. Ha-
MEHEHHEM IIHPHHB IeNH 4 yCTaHABJMBAIOT ONTHYECKUA HY/b NpH-
60pa, NPUBOAS CTPEJIKY HYJb-HHIAMKATOPA K HYJIO. 3aTeM Ha OyTH
MOHOXDOMAaTHYECKOIO Jyua yCTaHABJMBAIOT KIOBETY ¢ ¢OTOMET-
pupyeMbiM pactBopoMm 8’. BBHAy mnor/omeHHs MHTEHCHBHOCTb CBe-
TOBOrO IIOTOKa, Najalomero Ha ¢(oTosneMeHT 9, yMEHLIIHTCH H
CTpeJka HyJb-HHAMKATOpa I OTKJOHHTCA OT HyJsi. Bpamas pyko-
ATKY OTCYETHOrO NOTEHIHOMETPAa, BO3BPAULAIOT CTPEJKY B HYJeBOe
TI0JI0KEHHE, NIPH 3TOM Ha BXOJL YCHJIHTE]s IORAeTCs 3.4.C., PaBHAaA
¢0T0-3.1.C., HO NPOTHBOMNOJIOXKHON TOJSAPHOCTH, T. €. usMepsT do-
TO0-3.1.C. KOMIEHCAUHOHHEIM MeToaoM. Io oTrpaayuposanHoil mKa-
Ji¢ OTCHETHOI'O NOTEHLUHOMETPa CHHMAIT 3HAUEHHE MOIJIOWEHHS,

Pabora 1. Onpedenenue gpocgopa ( oprogocparos) e sude
gpocoprosanaduesomnorubdenosoll zerTeponosuKUCcAOTL

MeTox OCHOBaH Ha MHepeBeleHHH ONpeNeNsTeMBIX oprodocharos B
dochoprnomonnbaeHoBananueByio reTePOmOJHKHCAOTY, obJagalo-
Y0 HHTEHCHBHOH KEJTOH OKpacKoi:

HgPO, - 11(NHy),M00O4 + NH VO, + 23HNO, ==
=== Hy[PMo;;VOy] + 23NH,NO, 4 11H,0.

OG6pasoBanne ¢ocpopHOMONHOIEHOBaHAAHEBOI TeTePONOTHKHUC-
JIOTH SABJAETCS CJOXHBIM IPOLECCOM, NPHYeM BO3MOXHO 06paso-
BaHMe NBYX MOAHOHUKAauM# o- U B-HopM, NPHPOAA KOTOPHX OKOH-
4aTeJpHO He BHISICHEHA. Pemaomum ¢akTopoM, BJAMAIOMMM Ha 06-
pasoBaHne STHX (OpM, ABJSeTC CTeNeHb NOJHMEDH3aINUH HCXO-
HOro Mouu6narta. B o6pasyiomefici reTeponoJHKHCIOTE MOJbHEE
COOTHOWIEHHs ¢ocdopa, BaHaaust U moaubaesa P:V:Mo=1:1:11.

BrXon aHa/uTHYECKOH (OPME 3aBHCHT OT KHCIOTHOCTH pactso-
Pa, KOHUEHTPAallUH HCIOJb3yeMBIX DEeareHTOB H BPEMEHHM NpPOTeKa-
Hus peakunu. ONTHMaJlbHEE YCJAOBHS CAEAYIOLIME: KHCJIOTHOCTD
pactBopa 0,5—1,0 M no HNO;, kouuentpauun moaubpena 0,02—
0,06 M, Banagusa 1,0—4,0 M. .

Onpenenerne docdopa B Buse GocopHOMOIKELEHOBAHAAHEBOI
F€TEPONONHKHCAOTHL HMEET Psifi MPEHMYLIECTB IO CPaBHEHHIO C LIH-
POKO pacnpoCTpaHEHHBIM METOJOM ompejenenus ¢ocdopa B BHIe
tdochopHoMONUGIEHOBOH reTePONONHKHCAOTH cocTaBa
H3[PM0,3040]- nH.0. Hanbosee BaKHEM H3 HHX sBJASeTcs JocTa-
TOYHAs IPOYHOCTH H YCTOMYHMBOCTh B 6ojiee LIMPOKOM AHANa30He
KHCJIOTHOCTH DacTBOPa H IIOCTOSIHCTBO HHTEHCHBHOCTH OKDACKH B
TE€YeHHE JJIHMTeNbHOro BpeMeHH. Okpacky ¢ochopHoMOINOIeHOBA-
HaJMeBOi I'eTePONOJHKHCIOTH OGBSCHAIOT 3JIEKTPOHHHM Iepexo-
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AOM c mepeHocoM 3apsifa, Makcumym mnosochl NOTJIOIEHHSt HaXo-
AHTCA B YyJabTpagHoseToBOH 06/1acTH crnekTpa. Monspusiét koaddu-
OUeHT morjouteHuss npu A=375 HM cocraeasier 2-10% B suaumoit
o6siactu npu A=400 uM =2,5-10%, npu sTOM npenen o6HapyxKenus
BHIIIE, 4eM B yJAbTpadroaeToBO#R 061aCTH.

Crnoco6HOCTE K 06pa3oBaHHI0 TPOHHEIX KOMIJIEKCOB BCTpPeYaeT-
C y OrDaHMYEHHOTO YHC/a 3/IEMEHTOB, 4TO CHOCOGCTBYET yJyulie-
HHIO u36HpaTenbHOCTH AaHuoll peakuun. HauGoaee yacto dpochopy
B NPHPOAHHIX O0BLEKTaX CONYTCTBYIOT KDEMHHH M MBIIBSK, TaKke
o6pasyioline TreTeponoJHKECAOTH. OIHAKG TreTepoNOJHKHCIOTH
3THX 3JIEMEHTOB 00pasyloTCs NPH Pa3JHYHOA KHUCAOTHOCTH CpeiHl
H B pa3HBIX MOAM¢uKauusx. Hanpumep, MHIIbAKOBas reTepoIoJu-
Kuc/0Ta obpasyerca B 0,6—0,9 M pactBope MHHEpaJbHOH KHCJIO-
TBl, KDEMHEBAsy TeTEPOIOJHKHCI0Ta — B CJAa60KHCJIOM pacTBope
(PH=1,5—2,0 1 pH=3,0—4,0). Monu6renoBas reTepoNOJHKHC.IO-
Ta Bceria oGpasyercs B a-popme, kotopast npu pH=1,0 nepexoaur
B Gosee ycroiumByio B-popmy. B ciayuae KpeMHHS peakKiHOHHO-
CnocoGHOH ABNSETCA TOJNBKO €ro MOHOMepHas (opMa CHJIHMKAT-
HOHBI. PasinuHyro ycTOMYHBOCTb TIeTepONOJHKHCIOT HIHPOKO HC-
MOJb3YIOT NPH ONpPEAEJEHHH 3THX 3J€MEHTOB B cMecd. [ist pasne-
JIEHHA H KOHUEHTPHPOBAHHS TeTEPONOJHKHCAOT INPHUMEHSIOT 3KCT-
PaKUHI0 MX OPraHHYeCKHMH DaCTBODHUTEJNSMH, MOJEKYJbl KOTOPHIX
HMEIOT 3JICKTPOHOJLOHODHEIE aTOMBI a30Ta HJH KHCJa0Opoaa (Xero-
HBl, CIHUPTH, AMHHBI), YTO MO3BOJSET ONpelde/fsTb MEHbUIMEe, ueM B
o6bIuHOH (oTOMeTpHH, KoJHYecTBa dochopa.

MeTox WHPOKO HCIOMB3YIOT AJs onpelelenns dpocdhopa B JerH-
POBAHHBIX CTAJSAX, META/IAX, CHIMKATHBIX MOPOLAX H APYTHX MaTe-
pHaAax.

IpuGopnt M peakTUBLI v

Dorossextporosopumerp PIK-M, PIK-56M.

Pabouuii pacrsop coau gocopa, conepxamuit 0,1 mr tdocdopa B 1 ma. Ha-
secky 0,439 r xu KH,PO, momewator B mepnyo koafy BMmecTHMOCTbIO ! 4 B Ao-
BOIAT 06beM 10 | 1 QUCTHIMPOBAHHOH BOAOH.

Asotras xucaora x4, 1,25 M pactsop.

Meraganadar ammonus, 0,25%-upit pactsop. Hapecky 1,25 r xu NH,VO;
pacteopsitoT B 250 Mg ropsuefi Boaw, goGasiasior 10 Ma KOHUEHTPHPOBAHHOM
a30THOM KHCJOTBl M JOBOIAAT o6bem pacrsopa X0 500 Mu AUCTHIIIHPOBAHHOMA
BOJOM.

Moaub6dar ammonusn, 10%-unii pactsop. Hasecky 5 r xu (NH4)sMo0;044-4H,0

' PacTBOPSIOT B AHCTH/NIHDOBAHHOH BOAE H LOBOIAT OGDBEM pactsopa mo 500 ma

JHCTHANHPOBAHHON BOJOM.

Npurorosnenne cranmapTuLix pacrsopos. 'oTOBAT nATh CTaHAAPTHBEIX pac-
TBOpPOB, copepxamux 0,2; 04; 0,6; 0,8 u 1,0 Mr dochopa B 50 ma. Hdas storo
B MepHHe KOJOH BMECTHMOCTRIO 50 MJa BHOCSIT pa6oyumil pacTsop, cojlepxallui
02; 0,4; 06; 08 u 1,0 Mmr docpopa. B Kaxayw Kojaby pobamasior 10 Mma
1,25 M a3sorthoit xucaors, 10 ma 0,25%-Horo pacTBopa MeTaBaHajaTa aMMOHHS
H 10 Ma 10% -Horo pacTBopa MOMHGAATA aMMOHHS, NepeMelluBas pacTBOpH mocie
Kaxnaoro no6asteHusi pearenta. O6beM KakILOro pacrteopa HoBOAAT RO 50 Ma
MHCTHINAPOBAHHOR BOJOH H nepeMewrnBaioT. [IOIVIOIIEHHEe NPHTOTOBJEHHHIX DAc-
TBOPOB H3MEDAIOT HE MeHee, 4eM 4epes 30 MHH HOCJE HX NPHUTOTOBJEHHS.

Pacreop cpasnenus coRepXHT NpelycMOTPEHHEE METOXHKON KOMHYECTBA BCEX
Mozuommmaow 3a HCKJIOYEHHEM CTaHAApPTHOrO PAacTBOpa COJH, cofiepxalued Qoc-

op. :
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Buinonnenne paGorel. Bni6op cBeTodbuabTpa. Pacrsop,
HMEIOUHH caMyl0 HHTEHCHBHYIO OKpacky, ¢OTOMETPHPYIOT OTHOCH-
TEJBHO DacTBOPa CpPaBHEHHS CO BCeMH CBeTOQHUJABTPAMH IOOUEDen-
HO, 3alHCHIBAS Pe3yJbTaThl BCEX H3MepeHHI B BuAe Tabaunbl. das
AajpHedlled paGoThl BHOMPAIOT CBETOMHIBTP, COOTBETCTBYIOLIHIH
Han60oJbIIEMY CBETONOTVIOLIEHHIO HCCIELYEMOrO PACTBOpa.

ITocTtpoenune rpapayupoBouHoro rpadpuka. C Bu-
6paHHBHIM CBETOOHJIBTPOM (OTOMETPHPYIOT BCE CTaHAAPTHHIE pacT-
BODH OTHOCHTEJBHO pacTBopa cpaBHeHusl. Kaxjoe MaMepeHHe MOB-
TOPSAIOT TPH pasa. PesyabTaTel H3MepeHH# 3amHCHIBAIOT B Tabjuly,
IO CpeJHHM BeJHYHHaAM B KoopiuHatax A — comepxanue docdopa
B PacTBOpE CTPOSAT I'PaJyHPOBOUHLIH IrpadHuK.

Onpemenenune ¢dochopa s pactBope. K ananusupye-
MOMY pacTBopy, coiepxKamemy optodocdar, pobasasior 10 ma
1,25 M asorno#t kucaorsl, 10 ma 0,259%-Horo pactsopa meraBaHa-
jJata amMonuda, 10 ma 10%-woro pacrtsopa Mmouan6maTa aMMOHHA,
nosoisAT ob6wveM pactBopa g0 50 MJI IHCTHIJIMPOBAHHOH BOJOH M
TIaTeabHO nepeMeiinsaioT. Uepes 30 MUH NPHTOTOBJEHHHI pact-
BOp (OTOMETPHPYIOT OTHOCHTENBHO pacTBopa cpaBHeHus. Hamepe-
HHS TOBTOPAIOT NATH Pa3 H, NOJAb3YICh I'PAaLyMPOBOYHEIM rpadu-
KOM, HaxoIAT colepxkaHue ¢dochopa B aHAIH3UPYEMOM pacTBope.
MeTosl0M HaHMEHBUIHX KBaApaTOB HAXOIAAT NOBEPHTE/JLHBIH HH-
TepBaJ pe3y/abTaTa U CTaHIapTHOE OTKJIOHEHHE.

Pabora 2. Onpedesenue medu 8 sude ammuarkara
Ougpppeperyuarbro-poTomeTputeckum meTodom

Metoa ocHOBaH Ha 06pasoBaHHH KOMIIIEKCHOI'O COEIHHEHHS HOHOB
Melu ¢ aMMHMakoM, 006J1afalollero HHTEHCHBHOR cHHe-(HOJeTOBOM
OKPacKoOH.

IIpouecc B3aumoselicTBHA HOHOB MeIH C AMMHAKOM HOCHT CTy-
neHYaTH# XapakTep:

Cu?*+ -} NHy === [Cu(NHy)}]2+,
Cu?t + 2NH; == [Cu(NH,),]>+,
Cu?+ - 3NH; == [Cu(NH,),}?*,
Cu?* 4- 4NH; === [Cu(NH,),]2+.

Tak kKak ycroHuHBoCTb 06pPa3yOIIUXCH KOMILIEKCOB pasJjHya-
ercsa mMano (lgP:1=3,99, 1gP.=7,33; lgPs=10,16; lgp,=12,03),
TO B pactBope OyheT HaXOJHUTbCS CMeCh HECKOJbKHX aMMHAKaTOB
MEJH, KOJHYECTBEHHOE COOTHOILIEHHe KOTOPHIX 3aBHCHT OT KOH-
HEHTPAlMH aMMHaKa, NPHCYTCTBYIOIIEro B PAacTBOpPE, 4TO MJJIOCT-
pHpyeTcs LaHHBIMH AHarpaMMHl Ha puc. 1.25.

Ins anmanutHyeckux uesefl HeOGXOXHMO BHIGPAaTh TAKYI KOH-
LEHTPAlMIO aMMHaKa, IIPH KOoTopol B pacTBope Gyner mpeoGJiagath
ofuH W3 koMmyekcoB. Kak BuaHo u3 puc. 1.25, 370 BO3MOXKHO HpH
1g[NH;}=1.

Oxkpacka amMuakata MelH o6ycaoBieHa d—d*-nepexonaMu
BCJIENCTBHE DAaCIUENJIeHUS OCHOBHOTO 3JIEKTPOHHOTO COCTOSHHS
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Puc. 1.25. [luarpaMma pacnpefeneHus aMMHAKATOB MEJH:
1 — Cu%; 2 — [Cu(NH3)]1%; 3 — [Cu(NHs),]2+; 4 — [Cu(NH3)s]%; 5 — [Cu(NHs) 2+

HOHOB MeJH B HoJe Jurasfos. MoaspHelfi KoadduiuedT norJoiue-
HUSl TeTpaaMMHakaTa Meix npu A=640 M pasen 1.102. Huskoe
3HaueHHe & [03BOJSET ONpPelessATh JOCTATOUHO BHICOKHE KOHIIEHT-
pauuu HOHOB Meau. [lis NOBHIIEHHS BOCHPOH3BOAMMOCTH Olpene-
JIGHHs1 HCHOJAB3YIOT MeTol AnddepeHLHaNbHOH (oToMeTpuH, Koraa
PacTBOp CPaBHEHHA COJAEDPIKHT Olpeje/eHHOe TOUHO H3BECTHOE KO-
JMYECTBO MOHOB MeJM B BHJE aMMHAaKarTa.

Onpenellennio aMMHaKaTa MeAH MEINai0T HOHB MeETaJJioB, 06-
pasymoIlHe OKpalleHHblE aMMHAaKaTH, HaopuMmep, Ko6ajbT M HH-
KeJjlb, HJIH TPYLHOPACTBODHMEIE THADOKCHIH JKeje3a, CBHHIA, aJii0-
munus. [l1s yCTpaHeHHs] MeIIAloIero AeHCTBHS 3/JE€MEHTOB IpHUMe-
HAIOT MacKHPYIOLIHe KOMIJIEKCOOOpa3oBaTeHu.,

MpuGopt u peaxkTHBH

Dorosaexrpoxoropumerp PIK-M, IK-56.

Pabouuil pacreop coau medu, copepxaumuit 1 mr mMeau B 1 Ma.
Hasécky 3,931 r xu CuSO,-5H;O pacteopsior B 25 ma 2 M pactBopa

. Hz80,, nosoxar o6bem pactsopa 1o | A AHCTHIVIHPOBAHHOK BOIOM.

Ammuax, 5%-Buit pactBop.

NMpurorosaenne CTaHAapPTHHX PacTBOPOB. ['OTOBAT LIECThb CTaHNAAPTHHX pac-
TBOPOB, coxepxawnx 2,5; 5,0; 7,5; 10; 12,56 u 15 Mr menu B 50 ma. Jas atoro
B MepHBIe KOJOH BMECTHMOCTHIO 50 MJ MepeHOCHT pafoumil pPacTBOp COJIH Me.H,
coftepxkamuit 2,5; 5,0; 7,5; 10; 12,5 1 15 Mr MefH, 106aBASIOT B Kaxayw xonaby
10 M 5%-Horo pacTBOpa aMMHaKa H JOBOAAT OGBEM KaXIOTO pacTsopa Jo
50 ma mHcTHATHpOBaHHOM BOAOW. Uepes 10 MHH HpHCTYNAIOT K H3MEpeHUusAM.

Buinoanenune paGotei. Bri6op cBeToduabTpa. Pacrsop,
HMeloIn#A HauboJiee HHTEHCHBHYIO OKPAcKy, (DOTOMETPHPYIOT OTHO-
CHTEJbHO DacTBOpa CpaBHEHMs (BOAHI), CO BCEMM CBeTO(MHJbLTPA-
MH MOOYepenHO, 3aMHUChIBAs Pe3y/IbTAaThl 3THX H3MEpEeHHH B BHIE
Tabauusl. Onsa nanbueifimielt paGoTe BHIGHPAIOT CBETO(HJILTP, CO-
OTBETCTBYIOINHA HAaHOOMbLUIEMY 3HAYEHHIO IOTJIOWIEHHsI HCCJAENye-
MOT'O pacTBOpa.

I[TocTpoenne rpafAyupoBOYHOro rpacduka C BH-
GpaHHEIM CBETODHJILTPOM IOOYEPEAHO (DOTOMETPHPYIOT CTAHAAPT-
Hble PacTBOPHI OTHOCHTENbHO pPacTBOPAa CPaBHEHHS, COAEPIKALIEro
5 Mr meau. Ecan conepikanue MeAn B GOTOMETPHPYEMOM pacTBOpe
MeHbllle, YeM B PacTBOpPe CPaBHEHHS, NPHMEHSIOT OGpAaTHBIA MOps-
AOK H3MepeHHi: (OTOMETPUPYeMBIH DacTBOD YCIOBHO NPHHEMAIOT
3a <«HYJI€BOH» PAcCTBOD CPAaBHEHHS, YCTAaHABJMBAIOT IO HEMY OMNTH-
YeCKHH Hy/ab npu6opa H NO OTHOMIEHHIO K HEMy H3MepSIOT CBETO-
norJaollenke HccaenyeMoro pacrsopa. Haliiennoe snauense morJo-
LeHHs] GepyT co sHaKoM «MHHyc». CoueraHHe npaAMOro (Co>>Cx)
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v o0paTHOrO (Co<<C:) MOPSIAKOB H3MepeHHH B AuddepeHuHaTbHOM
MeTOJle Ha3BBaIOT ABYCTOPOHHHM AH(DQepeHInpOoBaHHEM.
Onpenenenne conepxanug menu(ll) s pactBODe.
K amanusupyemomy pactBopy, comepxaiemy coib mean(Il), mpu-
auBaioT 10 M 5% -HOro pacTsopa aMMHaka H J0BOIST 06beM pacT-
Bopa Ao 50 MJI AMCTHIIHPOBAaHHOH BOAOH. [IpUroTOBJEHHHIH pact-
Bop uepes 10 MHH (OTOMETPHUDYIOT ¢ BHIGPAHHBIM CBETOGHILTPOM
OTHOCHTEJIPHO pacTBOpa CpPaBHeHHS, cojepxkamero 5,0 Mr Mmenn,
HCNONIb3Ysl NMPH HEOOXOLMMOCTH IPHEMBl ABYCTODOHHEro auddepen-
unpoBanusi. MsMepenus MOBTOPAIOT NATH pas, H, NOJB3YsACh Ipa-
JAYHDPOBOYHBIM rpaHKOM, HAXOAAT COAepKaHWe MeAM B aHaJH3H-
pyeMoM pacrBope. MeTOJOM HauMEHbUIHX KBaJAPaTOB HaXOAAT HO-
BEDUTEJbHEIH HHTEPBAJ pe3yJabTaTa M CTAHAAPTHOE OTKJOHEHHE.

Pabora 3. Onpedesenue aereza(lll) c cyrsgpocaruyurosoi
Kucaoroi

Meton ocHOBaH Ha 06Da30BaHHM OKDAaLIEHHOTO KOMILIEKCA HOHOB
xenesa ¢ cyabpocanuuuiosoii Kucaoroil. B saBucumoctu or pH
pacTBopa BO3MOXKHO 00pasoBaHHE TPeX KOMILIEKCOB pasjiMYHOro
€OCTaBa, MMEIOLWUX PAa3JHYHYI0O YCTOHYHBOCTH M OKPAaCKy: MOHO —
¢HOJIETOBHIA, IH— KPacHHH, TPH — XkeaTsili. Komniekcoo6pasopa-
HHE NPOTEKaeT 3a CYeT O-THAPOKCH-0'-KapOOKCH- (YHKIHOHAJBHO-
aHaMUTHYECKOH TPYNNB, CYJIb(pO-TpYyNNa ABJASETCS aHaJHTHKO-aK-
THBHOI rpynnoil. CooTBeTCTBYIOIINE PeaklUHH KOMIIEKCOOGpas3oBa-
HHS MOXHO NpPeJCTaBHTh C/AEAYIOLIMMH YCJOBHHIMH CXeMaMH:
0sS\_s~._~COCH PH 1,8—2,5
_ - Fes+
N-"\0H
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Puc. 1.26. 3aBucuMocTh BHXOfa KoMIiekcos B cucteme Fel'l—SSal pH pacrsopa:
1 — [FeSSal]+; 2 — [FeSSalg}—; 3 — [FeSSals]*~
Puc. 1.27. CrnekTp norJolienus MoHocyabgocasnuuaara xenesa

VeToHuUHBOCTD 3THX KOMIJIEKCOB AOCTATOYHA [JIA X HCNOJNL3O-
BaHHs B aHanuse: 1g f1=14,4; 1g ,=25,2; 1g p3=32,3. OnHaxo BH-
X0 KoMmiekcoB o 3asucut ot pH pacrBopa. Kak Buaxo u3
puc. 1.26, peakuuio cjielyer NMPOBOAMTL NpH 3Hauenusx pH, coor-
BETCTBYIOIMIHX MAaKCHMaJbHOMY BHIXOLY KOMILJIEKCA.

JKeneso(I11) kak d-sneMeHT ¢ HENOJHOCTBIO 3ANOJHEHHBIM
d-yposueM o6janaer XpoMOGOPMHBIM NEHCTBHEM, MO3TOMY A €ro
onpelesieHHs] MOXKHO HCIOJb30BaTh HEOKPAUICHHbIE peareHTH, K
YHCJAY KOTOPHIX OTHOCHTCS cyJbdocanuiuioBast kuciora. Okpacka
cynb(pocanunuiaTa xejneza o6ycloBieHAa INeEPeXONOM 3JEKTPOHOB
c opburanel, JOKaNIH30BaHHHIX Ha JIMraie, Ha opOHTanH, JOKa-
JM30BaHHEIE HA aToMe MeTalJa.

MaxkcuMyM mOrJomieHust MoHocyabdocanunuiata xenesa (111)
Haxoautcsa npu 510 um (puc. 1.27), a monspuuf Ko3pduuHeHT TO0-
rjomenus pased 1,8-103. Ompegenennio noHos xenesa (111) s Bune
cyJab(OCaJHIHIATHOTO KOMILIEKGa He MellaloT 3JeMeHTH, 06pasyo-
e GecuBeTHHE KOMILIEKCH, Hampumep: Bi(D, In(ID =~ GaUlh,
Zr(v)y, Hf@V) ThV), ecau, xoHeuHO, noGaBieH 6oJbIIOH H3OHITOK
pearenta. CynabdocaluluIaTHHe KOMIJIEKCE: MEAH H aJIOMHHHS B
KHCJION cpelle MeHee yCTOHWUHBH, ueM KOMIVIeKcH xxenesa(III), mo-
3TOMY OHH He MeINaloT ompefenenHuio. JlaHHBIE MeTOA MO3BOJSET

-onpenensith xeneso(II11) B mpucyrcTBHE ameratos, GopaTtos, poaa-

HHUIOB H docharoB, TaK KaK KOMILJIEKCH XKeJeda ¢ IepedCaeHHBIMH
BHllle¢ AHHOHAMH MeHee YCTONYHBHEl, UYeM CYJb(dOCaJHIHIATHHIE
KoMmIIekcH. Morb ¢ropa memator onpenenenuio xenesa(lll) B su-
Ie MoHocyJbdocanHluIaTa; B LieJoYyHOH cpefe, rae obpasyercd
OY€Hb YCTOHUMBHIHA TPHCYAb(OCANKIHUIAT, HOHH HE MEIIAIoT.

MpuGopsl H peaKTHBD

Dorosaexrporkoropumerp P3IK-M, PIK-56.

Pabouuii pacreop Fe(NH,) (SO4)2-12H,0 x4, ¢ koruenrpauneit xenesa (I1I)
0,1 mr/ma. Hasecky 0,4838 r Fe(NH,) (SO,) -12H,0 xu pacrsopsior B 25 Ma2M
H,SO4 u poBoasT o6beM pactTBopa Ao 1 J1 AMCTH/IMDPOBAHHOH BOAOH.

Cyasgpocaruyunosan xucsora x4, 0,01 M pactsop.

Auyerarnoeul 6ypepnoui pacrsop, pH=4,0.

Ipuroropnenye CcTaHRapTHBIX pacTBOPOB. ['OTOBAT NATH CTAHAAPTHHIX pac-
TBODOB, .cofepxkamux 10; 20; 30; 40; 50 Mkr xeaesa B 50 ma. Jas storo B
MepHHEe KOJGH BMecTuMOCTbio 50 MJ nepeHocAT paGouHH pacTBOpP COJNH XKeje-
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sa(Ill), comepmamusi 10; 20; 30; 40 MKT, no6apasior mo 30 ma 0,01M pacrsopa
Cy/Ib(OCATHIHAOBOA KHCJIOTH H 5 MJI aneTaTHOro Gydepuoro pactsopa. O6nem
Kax[Ioro pacTsopa HOBOAAT KO 50 MJ AHCTHNIMPOBAHHON BOAOH H gepe3 10 MHH
NPHCTYNAOT K H3MEPEHHSM,

ﬁahﬂwoﬁ CpasHenus COLEPXKUT ﬂ@mﬁ%ﬁsoavmmmzm METOJHKOMN KOJIH9eCcTBa BCex
KOMIIOHEHTOB 3a HCKJIOYeHHeM onpeaeaAeMoro sjeMeHra.

Buimonnenne pa6ornl. Brni6o P cBeroduabTpa. Pacreop,
HMEIOIHA HauboJiee HHTEHCHBHYIO OKpacKy, GpOTOMETPHPYIOT OTHO-
CHTEILHO pacTBOpA CPABHEHHS CO BCEMH CBETOGHJBTPAMH MOOYe-
PEANO, 3aMHCHBAs Pe3y/bTaThl H3MEPEHHH B BHIE TAGJIHILL Has
AanbHefiiedl paGoTH BHIGUPAIOT CBETOMUIBTD, COOTBETCTBYIOWHI
Hai6o/bLIeMY CBETONOIIOLIEHHIO HCCJIEAyEeMOro pacTBopa. :

ITocTtpoenne rpanyupoBounoro rpadpuka. C Bu-
GpaHHEIM CBETODHABTPOM (boToMeTpHPYIOT BCe PacTBOPHEl OTHOCH-
TCIbHO pacTBOpa cpaBHeHHs. Kaxloe uaMepeHue HOBTOPSAIOT TPH
Pasa H IO CpeAHHM 3HAYEHHAM B KOOPAHHATAX IOTMOMIEHUE — CO
Aepxanne xenesa(Ill) crposr rpagynpoBounbii rpadux. ,

Onpenenenue corepxanusa xexnesa(lll) B pacrt-
Bope. K anammsupyemomy PacTBOpy, COAepXKalleMy cOJb Keje-
sa(IIl), npunmsaror 30 ma 0,01 M pacTBopa cyandocasHLHI0BOH
KHCJIOTBI, 5 MJI alleTaTHOro 6ydepHOro pacTBopa M NOBOAAT 06beM
pactsopa no 50 My IHCTHIIHPOBAHHOX BOMOM. Ipurorosnennni
pacTsop uepes 10 mum QoTomerpupyoT ¢ BHIGPAHHBIM CBETO(HJb-
EPOM OTHOCHTE/IbHO DacTBOpa cpaBHeHHs. HaMepeHus HOBTOPSIOT
HATb Pas H 10 CPeIHHM 3HAYEHHSIM NOIVIOLIEHHUS, [oJL3ysich Tpa-
AYHDOBOUHBIM IPa)HKOM, HaXOIAT COAepXKaHHe xkenesa(IIT) B ana-
JH3HPYEMOM pacTBope. MeTOOM HaWMeHBbIIHX KBaJ[DAaTOB HAXOMAAT
AOBEPUTENIbHHI HHTEPBaJ pPe3ysabTaTa H CTaHAAPTHOE OTKJIOHEeHUe,

Pabora 4. Onpedesenue 2,4-0unurpogenora no 06pa3osanuso
€20 ayu-ghopmet

Meton ocHOBaH Ha mepeBegeHun onpene/nseMoro 2,4-THHUTPOGEeHO-
J1a B auu-(popMy, HMEIOIYIO KeATyIo OKDacky:

O,N o,N
- o
OH~ — Val
\—/  * “m¥ \—" \oH

Hutepsan mepexoma pH 2,4-nunuTpodenona B anu-¢popmy co-
crasnser 2,6—4,6, nosoca norsiomenus anu-¢popmel 06ycioBaeHa
SMEKTPOHHBIMH TEPeXOJaMH C NEePEeHOCOM 3apsiaa c 3JIEKTPOHOO-
HopHoro (—OH) =xa SJIC€KTpoHOAKUeNTOPHHHA (—NO;) 3amecrtu-
Telb. B InesouHOR cpeme mpoucxoaut YCHJICHHE II0JIsIPH3YIONIEro
BINAHHA 5/1€KTPOHONOHODHOTO 3aMECTHTeJIS, BCAEACTBHE €r0 HOHH-
SallHM, YTO NPHBOAHMT K yriy6JeHHIO okpacku. O6pasyercst coub
auH-(popMBbl, OKpalleHHAs B HHTEeHCHBHO-XKeJTHH 1Ber:

O,N O,N
— A0

-/ \_ — o= - i
HO—( »—NO, + NaOH o=( )= o | Ne¥ HHO
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ITockoabky B mepeHoce 3apsiia OLHOBDEMEHHO MOXKET Y4ACTBO-
BAaTb TOJBKO OJHA HHTPOrPynna, HaJHuHe BTOPOH HHTPOTPYNIH He
OKa3blBaeT CyLIeCTBEHHOTO BJIHSHHUA Ha LBET COENHHEHHS:

: 0:~ HOHal O: O: ,O:
m:u m\ © A_u m\\o | m\\:
NP /&uu hv A NQ;- hv NO:-
A 7 .
: O: ‘ 0:~
|2 | /©
TN .. NG .. + 2/:
NG:- NG:- 5:
opmo- XuRouHas 2,4- Iunurpo- napa-XuHouaHas
auu-¢opma (1) denoanT anu-gopma (I1)
(>xearas) (xenras) (xenas)

Bceaencrsue Gosbuwiedt  crabuiabHOCTH napa-xuHOHIHOH GOpMH B
pacTBope NpenMylecTBeHHO HAaXOQUTCS coefrbenne 11,

HHTeHCHBHOCTL OKPAacKH AOCTATOUHO BBICOKAS (en =407 um=1,2-
-10%), uTo 06yc/OBIHBAET JOCTATOYHO HU3KHI npejes obHapyxe-
HHS.

Peakuus nporekaer Bo BDEMEHH H CYIeCTBEHHO 3aBHCHUT oT pH
cpeipr: ¢ ymeHollennem pH pacrsopa, HapAly ¢ alHHHTPOCOENH-
HEHHEM B 1apa-XMHOHAHOH (hopMe, MOIYT CyLIECTBOBATH €ro opro-
XHHOHuJHas dopma, 2,4-pHHATPOGEHON H Apyrue, 4TO NpPH NOBHILIE-
HHM KOHLEHTPAUHH ONpele/sIeMOro BellleCTBA NPHBOAHT K OTKJIOHE-
HHSIM OT 3aKOHa DByrepa — JlamGepra — Bepa. OTkinonenns or 3a-
KOHa MOTYT OHITb CBSI3aHBI TaKXke C HeN0CTAaTOUHOM MOHOXpOMAaTUYq-
HOCTBIO JYYHCTOTO IOTOKA, YTO BO3MOXKHO Yallle BCEr0 B JKEITHIX
pacTBopax.

Npu6oput u peakTHEM

Dorosaexrpororopunerp DIK-M, DIK-56M.

Pabouuti pacreop 2,4-dunurpopénosa, upa c KOHLeHTpauue# 2,4-IuHuTpode-
HoHa 0,1 mr/ma.

Edxuil narp x4, 5%-uoi pacTsop.

Nipurorosaenne crangaprubix pacreopos. T'OTOBAT mATH CTaHAapTHHX pac-
TBOpOB, coxepxamux 0,25; 0,5; 1,0; 1,5 1 2,0 mr 2,4-punutpodenona B 50 muL
Hnst atoro B MepHbie K0AGH BMECTHMOCTBIO 50 M TIePEHOCAT CTaHAAPTHHIE pac-
TBOp 2,4-AUHHTpO(eEHONA, coxepxamuii 0,25; 0,5; 1,0; 1,5 u 2,0 mMr sToro merme-
CTBa, A0GaBafioT mo 20 mx 5%-HOro pacTOpa eaxoro HaTpa H HOBOAAT OODBEM
PacTsopoB 0 50 MJ AHCTHIIHPOBAHHON BOAOI. Yepes 10 mun npuerynaor x
H3MepEeHHsIM.

Pacteop cpasnenua copepKHT NpefycCMOTPEHHbIE METOAMKON KOJHYECTBA BCEX
KOMIIOHEHTOB 32 HCKJiOUeHHeM 2,4-AHHHTpOdeHOMa.

Buinoanenwe paGorn. Bui6op cBeropuabTpa. PacTsop,
UMeIIKf Hauboee HHTEHCHBHYIO OKPacKy, (OTOMETPHPYIOT OTHO-
CHTEJIbHO pacTBOpa CPaBHEHHS, CO BCEMH CBETOOHIbTPAMH NOOUe-
PelHO, 3aNHCBIBASI PE3Y/bTAThl H3MEPEHHH B BHIE TabHIB.

Insg nanpuefimiedt pa6ots BBHIGHPAIOT CBETODUILTP, COOTBETCT-
BYIOLIIHA HaubO/IbLIEMY MNOIVIOLIEHHIO ucejaenyemoro pacrsopa. Hs-
MEPEHHSA NPOBOIAT B KIOBETaX C TOJIIHHON [orJaolaoHero cjaos
50 mM.

Mocrpoenne rpagyupoBouHoro rpapuka. C BuG-
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paHHBIM CBeTOGHUABTPOM (GOTOMETPHPYIOT BCE PacCTBOPHI OTHOCH-
TeJbHO KIOBETHI, 3alOJHEHHOH pacTBopoM cpaBHeHus. Kaxpoe u3-
MepeHHe NOBTOPSIIOT TPH Pasa H M0 CPELAHHM 3HAUEHHSAM B KOODLH-
gaTax norjomenne A —comepxanue 2,4-guautpoderosa B pacTso-
pe CTpOSIT TPaiyHpPOBOUHBIH rpaduk. ‘

Onpenenenne 24-auHutpodenona B pacTBoOpe.
'K aHasusHpyeMOMy pacTBopy, cojepxkamemy 2,4-AWHHTPOGEHO,
no6asasior 20 ma 59%-Horo pacrBopa e€IKOro HaTpa H JOBOASAT
o6beM pactBopa 0 50 MJ AHCTH/IHPOBaHHOH BojoH. IIpuroros-
NeHHHH pacTBOP (OTOMETPHPYIOT OTHOCHTENbHO PacTBOpa CpaBHe-
HUsl ¢ BEIGDAHHBIM CcBeTOoGMJIbTPOM. M3mepeHus MOBTOPSIOT NATH
pas M IO CPeAHeMy 3HAYeHHIO MOTrJIOIEHHS, MOJB3YsCh I'PaLyHPO-
BOUHHIM IpadHKOM, HaxoAAT cojepxanHe 2,4-IMHUTPOdeHONA B
aHa/JH3HPYEeMOM PAacTBODE.

Pabora 5. Onpedeserue nuKPUROB0L KILCAOTbL

MeToL OCHOBAaH HAa BOCCTAHOBJIEHHH [THKDaT-HOHOB ~IVIIOKO30H B
HeJouHO# cpefe ¢ 06pasoBaHHEM HATPHEBOH COMM MHUKPAMHHOBOH
KHCJIOTH, HMeloulefl KpacHO-KOPHYHEBYIO OKPaCKy:

OH o-
o,N. _/ NO, . ONg, _/ NH,
__ o |
|
Yo NO

JKenras okpacka MHKPUHOBOH KHCIOTH (A=360 HM) 06ycsoB-
JieHa CMeHIeHHeM fi-3JIEKTPOHHOH IJIOTHOCTH B 3aMKHYTOH CHCTEMeE
€ONpsAXKEHHBX ABOHHHX CBfi3ell NMOJ BJIHMSHHEM CyMMapHOrO AeHCT-
BHs TpeX 5JaeKTpoHoakuenTopHhx (—NO;z) M 3/1€KTPOHOLOHOPHOrO
(—OH) samecrutenefi. 3aMeHa OIHOTO 3JIEKTPOHOAKIENTOPHOI'O
3aMecTHTeJsl Ha ajaekTpoHomoHopuuii (—NH;) (Monekyna nukpa-
MHHOBOH KHCJIOTHI) BBI3bIBA€T OATOXPOMHBIA CABHI IIOJOCH MOTJIO-
meHus, T. e. yrayb/enue usera pacrsopa. MIHTEHCHBHOCTb OKPacKH
BO3pacTaeT B IIEJOYHOH Cpefie 3a CUET HOHH3AIMH 3JIEKTPOHOLO-

nopHoro (—OH——0:7) samecturess, A NMMKpaMHHATa HATPHA
& r—155 nu=8,5-103. \

MpuGopsl U peaKTHBLI .

doroanekrporosopumerp PIK-M, PIK-56M u 1. 1.

Pabouuil pacrsop nUKPUHOBOL KUCAOTbl, ¢ KOHUeHTpauuell kucaoter 0,01 mr/ma
qna.
I'aoxo3a, 1%-HBIA pacTBOp.

Edxud narp, 10%-umit pacTBop. . ,
TipuroToBiiende CTAHAAPTHHIX pacTBOPOB. ['OTOBAT MNsITh CTARAAPTHBIX pac-
TBOpOB, coiepxkamux 0,02; 0,04; 0,06; 0,08; 0,1 Mr mEKpHHOBOH KHCJOTH B
10 ma1. lnst aTOr0 B rpafyHpoBaHHbIe TPOGHPKH BMECTHMOCTBIO 10 5 MJI moMelIaloT
pacTBOp RHKPHHOBOR KHCJOTH C YKa3aHHHMH COJePXKaHHSMH, 3a/HBAIOT JHCTHJ-
JHPOBaHHYIO BOZY o 10 MJ, npubaBAsioT 3 Kamjk pacTBOpa €JKOro HaTpa,
0,5 Ma pacTBOpa IMIOKO3H H HarpeBalOT Ha KHNsmeR BojsHoH Gane 5 Muu. Ilo
OXJIaXKJCHHH PacTBOPH INEPEHOCAT B KIOBeTH (OTO3jEeKTpoKoJopuMeTpa H (o-
TOMETPHPYIOT.
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N.unﬁn.meﬁ cpasHenuss COLEPKHT RPEAyCMOTpDEHHhHE METOAHKOA KOJHUECTBA
BCeX KOMIIOHEHTOB, 3a HCKJIOUEHHEM OIpellelisieMoro  BellecTsa, NPHTOTOBJICHUE -
€r0 aHaJOTHYHO NPHTOTOBJECHHIO 3TAJOHHBIX PacTBOPOB.

Buinonnenne padorn. Boi6op cBeToduabTpa. Pacrsop,
HMelomyid HaubGosiee HHTEHCHBHYIO OKPAaCKy, (OTOMETPHDYIOT OTHO-
CHTEJBHO PAcTBOpPa CPaBHEHHs CO BCEMH CBeTOGHJIbTPAMH IOOYe-
pelHO, 3aNMCHIBAs Pe3yJabTATH H3MepeHHH B Bujae TaGJHLH.

IOas panpHefuiefl pa6oTel BEIGHpAKOT CBETO(PUILTP, COOTBETCT-
BYIOIIMA HauGoMblIEMY [OIOMEHHIO HccieayeMoro pacrsopa. Hs-
MepeHHs IPOBOAAT B KIOBeTe C TOJILIHHOH MOIVIOILAIOWero cJod
20 mM.

IToctpoenne rpagyupoBounoro rpadpuka. C Bu-
6paHHHM CBeTOGUIALTPOM (OTOMETPHPYIOT BCE -CTAHAAPTHHE pacT-
BOPH OTHOCHMTEJILHO pPacTBopa cpaBHeHus. Kaxpoe u3mepeHHe Mos-
TOPSIOT TPH pasa. PesysbTaTel H3MepeHHH 3aNHCHIBAIOT B BHAE Tal-
JHI H 1O CPefHMM 3HauYeHHSIM B KOODAMHATax Morjomenue A —
colepKaHie MHKPHHOBOIT KMCJIOTH B PacTBOpe CTPOAT TPajayHpo-
BOUYHBIHA IpadHK.

Onpenenenne coOfepXaHHS NHKPHUHOBOHU KHCJO-
TH B PacTBoOpe. AHaauzupyeMui pacTBop, COAepXKaIHi MHKPU-
HOBYIO KHCJOTY, IIOMELAIOT B IpajyHpPOBAaHHYIO NPOGHPKY, pasbas-
JSI0T JUCTHAJHPOBaHHOK Bofod no 10 mJj, mpubasisiorT 3 Kamjau
pactBopa eakoro Hatpa, 0,5 MJ pacTBopa IVIIOKO3bl H HarpeBaioT
Ha Kunsmed BoAsHoH Game 5 muH. ITo ox/axieHHH pacTBOp nepe-
HOCAT B KIOBETY (DOTO3JIEKTPOKOJOPHMETpa H (OTOMETPHPYIOT OT-
HOCHTEeJHHO pacTBopa cpaBHeHHS. M3MepeHHs MOBTODPSAIOT HATH Pas
H, TOJB3YSCh I'PafAYUPOBOYHEIM TIpadHKOM, HAXOAAT COAepKaHue
NUKPHHOBOH KHCJOTH B aHAJU3HPYEMOM DacTBOpE.

Pabora 6. 3xcrpakyuonno-poromeTpueckoe onpedesenue
AHUOHHBLX NOBEPXHOCTHO-aKTUsHbLX seujects (ITAB)

Meroa ocHOBaH Ha B3aUMOECTBHM KaTHOHOB OCHOBHOI'O KpacHTe-
JISl — METHJEHOBOTO CHHEr0 ¢ AaHHOHAMU IOBEPXHOCTHO-aKTHBHOIO
2HHOHHOTO BellleCTBa — ajJKuAapuiacyabponara —c¢ obpasoBaHHeM
PacTBOPHMBIX B XJOpodopMe HOHHHIX aCCOLMATOB, MMEIOUIMX CH-
HIOI0 OKpacKy. Okpacka HOHHBIX acCOIMAaTOB B JAaHHOM CJyyae On-
penessieTcsi OKpacKOH KaTHOHa kpacuress. JLisi MeTHJIEHOBOro CH-
Hero xapakTepPHO HaJHuHe THAa30HHeBOTO KaTHOHA ¢ BHIPABHEHHBIMH
CBA3AMH (3apsj] pacnpefie/ieH MeXIy aTOMaMH Cephl H a30Ta), ueM
H o6yCJIOBJIeHa ero OKpacka:

- N -
AN AN
: | Cl- 4 RC,H;S0; Na+ ——
A YN =
_(CHy),N $ "N(CHy);

z -

AN NS
— PPN _ SO,CgH,R - NaCi
_(CHy),N &7 SNCH)), |

-
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HonHble accoUMAaTH 3J€KTPOHEATPANLHH H, CJI€J0BATEALHO, Me-
-Hiee THAPATHPOBAHH, 4eM ofpasywomue ux voHH. [TosToMy oHm Xo-
poulo sKerparupyrorcs. s skcTpakuuH o6HYHO IPUMEHSIOT anpo-
TOHHHIE€ PAacCTBODHTENH, B KOTODHIX aCCONHATH INPAKTHYECKH HE
HOHH3HPOBaHBL. JKcrpakiuio anuoHoB ITAB npoBoasar npu pH Boa-
HOM ¢hasnl 3,8, IPH KOTOPOM pearupyioulMe BellecTBa HaXORITCS B
HOHH3HPOBAHHOM COCTOssHHH. MeTuneHoBHH CHHME XJI0podopMoM
He 3KCTparupyercs, M cJaeJOBaTeNbHO, He MellaeT (oTOMEeTpHye-

ckoMy onpefenennio ITAB. Bricokasi HHTEHCHBHOCTE OKPACKH HMOH-

HBEIX aCCONHATOB € j—6s50 un=2,2-10% 06yc/nOBIMBAET JOCTATOYHO HH3-
KU npejesn o6HapyXKeHHUS.

IpuGopw U peakTHBH

Porossexrpororopumerp PIK-M, PIK-56M u 1. n.

Pabouuit pacrsop ITAB (nanpumep, cyabdaHosa), xoHueHTpauueii ITAB
0,01 mr/ma.

Ayeratnoui 6ypepnoiud pacreop. K 421,5 mm 1 M pactBopa ykCycHoO#l Kuc-
JqoTH nprGasasior 50,0 ma 1 M pacrBopa efKOro HaTpa H pa3faBASIOT AHCTHJ-
JHPOBaHHO# Bogok no 0,5 a1

Xaopoghopm una,

Merunenosoid cunud. PactBopsiior 0,35 T METHIGHOBOrO CHHETO B HEGOJB-
HIOM KOJIMYecTBe AHUCTH/JIHDOBAHHOM BOAW H JOBOAAT O0beM pacTBoOpa AHCTHI-
auposannoft Bojoft o 1 a.

B 1enuTeqpHYI0 BOPOHKY BMeCTHMOCTBIO 250 MJ BHocAT 50 MJA AHCTHIANH-
poBanBO# BOAH, 10 MJa ameratHoro Gydepsoro pacrsopa B 10 Ma pacrBopa Me-
THJEGHOBOT'O cuHero, mpubGasasior 10 Ma xmopodopma, BerpsaxusaioT 30 ¢ ¥ ZalOT
dasam pacciaoutscd. Ca¥BalOT XJ0pOGOPMHEIA CJAOH H ONOJACKHBAIOT BOXHBIN
ciaofi 2—3 wma xjdopodopma, NOBTOPSIOT SKCTPAKHUHUIO AC TeX HNOp, NMOKa CJaof
OpTaHHYECKOT0 PacTBOPHTENS He IepecTaHeT OKpallHBaThcA. IIDH 3KCTpakUHU He-
06XOLHMO CJEJHTh, YTOOH HOCHK BODOHKH HE CMAuYHBAJICS BORHBIM CJIOEM.

lpuroToBaenye cTaHaapTHBIX PacTBOPOB. B ouMileHHBE, KAK YKA3aHO BHILIE,
pacTBOPH METHJIEHOBOIO CHHEFO B HATH AEAUTENLHBIX BODOHKAaX BMECTHMOCTBIO
250 ma BHocAT no 100 MJ BOZHOTO pacTBOpa, CONEPXKANIEr0, COOTBETCTBEHHO,
-2,5; 5,0; 10,0; 15,0 u 20,0 mn paGoyero pactBopa IIAB, npuimsaioT no 15 ma
xJ0podopMa H OCTOPOXKHO BCTpAxHBalT 1 muH (30—40 pas, xenarensHO B ro-
PH30OHTANBHOM MNOJOXKeHHH). Jlal0T BO3MOXKHOCTh (Pa3aM XOpOIIO pPa3AeNHThCA H
¢JHBAIOT XJ0podOPMHHIA CJOA Hepe3 BOPOHKY € BaTofl, NMpoMuITOH B XJopodop-
Me, B MepHble KOJOb BMeCTHMOCThI0O 50 MJ. DKCTPaKUHIO NMOBTOPSIOT elle pas,
cnuBasg XJaopoopMHBHIE cioff B Te ke MepHHe KoJOH. PacTBophl B Kosabax mo0-
BOAAT XJ0poOpMOM [0 METKH, NepeMellidBaloT H (OTOMETPHDYIOT.

Pacreop cpaerenus — KUCTHIIHPOBAHHAS BOJA.

Buinoanenne paGornl. Bri6op cBeToduAbTDa. Pactsop,
HMeoIuil HanboJsee HUHTEHCHBHYIO OKPAacKy, (POTOMETPHPYIOT OTHO-
CHTENLHO PacTBOpPA CPaBHEHHMS CO BCEMH CBETO(PHABTPAMH HOOYe-
pelHo, 3aNHCHIBasi Pe3yJbTaTH H3MepeHH# B BHAe TaGJHLHL

Hnsi manpHefimefi paGoTe BHOHPAIOT CBETOPHABTP, COOTBETCT-
Bylouuil HanGosbllieMy NOIVIOLIEHHIO HccledyeMmoro pacreopa. Ma-
MEpeHHS IPOBOAAT B KIOBeT€ C TOJIIMHOH IOTJIOLIAIOWLEro CJIOS
30 MM.

IlocTpoenue rpajgyupoBousoro rpaduka. C BH-
6paHHEM cBeTOQUABTPOM (POTOMETPHPYIOT BCe CTaHLAapTHHE pacT-
BOPH OTHOCHTENBHO pacTBOpa cpaBHeHusi. Kaxkjoe u3MepeHHE IIOB-
TOPSIOT TPH pa3a H IO CPeJHHM 3HAYEHHMSAM B KOOPAHHATAX MOIJO-
menne A — comepxanne I[TAB B pacTBOpe CTPOAT rpaiyHpOBOYHHIH
rpaQHK.

76

.

;;/ L N LF . 7 R
i
Onpepnenenue [TAB B pacTBOpE OuuieHHBIH PacTBOP
METHJ/IEHOBOTO CHHEro BHOCAT B JEJIHUTEJbHYIO BODOHKY BMECTH-
MoCTBIO 250 mJ, HaausaloT 100 MJ BOAHOrO aHaJH3MpyeMoro pacr-
Bopa, cofiepxauiero ITAB, u Jajee NOCTYNAIOT aHAJOrWUHO HPHIO-
TOBJICHMIO CTaHAapTHHX pacTBopoB. IIpHroTOBNEHHEIN pacTBOP to-
TOMETPHPYIOT OTHOCHTENBHO PacTBopa CpaBHEHHA C BHGpaHHBIM
cBeTOGUIbTPOM. M3MepeHHsi NOBTOPAIOT MATb pas M MO CPELHHM
SHAUGHHSM NOIJIOEHHS, NOJMB3YSiCh TPaLyHPOBOUHHM TpadHKOM,
saxonar conepxanne ITAB B anajnusnpyemom pacrBope. Metoaom
HAHMEHBUIMX KBAJADATOB HAXOAAT J[OBEPHTC/]bHBIA HHTEPBAJ H
cTaHAapTHOE OTKJIOHEHHE.

1.2.2. CnexrpodoToMeTpus

B crexTpodOTOMETPHIECKOM aHAJH3€ MOrJIOUICHHE mmmasesamnxow
¢$OpME H3MepHIOT NPH ONTHMAJbHOA JJMHE BOJHBEL IIPH Jayuquief,
geM B (OTOMETPHH, MOHOXPOMATH3ALUH pabouero uanydyenus. s
3TOfl LeJH HCHOMb3YIOT Gosiee coBEpLIEHHBIE MPHOOPH — CHEKTPO-
$OTOMETpH, KOTOPHE [al0T BO3MOXHOCTb CHH3HTD NpPELE obHapy-
JKeHHs, YJAY4IIHTb BOCIPOM3BOJAMMOCTb M HHOrIa H36UpaTeNbHOCTD.
O6mue MoJ0XKeHHs (POTOMETPHYECKOrO aHaJjin3a eCTeCTBEHHO chpa-
BeJJINBH H JJisi CIeKTPOPOTOMETPHH.

Pa6ora 1. Onpedeserue AQHTAHA C PeazenTOM apCceRas’o I

MeTon OCHOBaH Ha 0Gpa30BaHHHM OKPALIEHHOr0 KOMILIEKCHOrO COe-
IUHEHHS OPraHWYECKOro aHAJMTHYECKOIrO peareHra apceHaso I ¢
WonaMy JaHTaHa. Monsl JaHTaHa He 06Jafal0T XPOMOGOPMHBEIM
JleficTBUEM, OITOMY JAJS TOJyYeHHs aHAJHTHUECKOH (OpMH HeoO-
XOJHMO NPHUMEHSTb OKDaIleHHBIA peareHT, B JAAHHOM ciydae H3
Kknacca OHCA30NPOM3BONHBIX XPOMOTPONMOBOH KHCJOTHL — apceta-
30 I11. Komnaekcoa6pa3oBaHue HIET 3a CUET O-OKCH-O -apcOH0a30-
GYHKIHOHAIbHO-aHATATHYECKO! IPYINHPOBKH:

AsOH- ~HO4As
OH OH vl/
/' N\_N= | | _N=N— Last —»
Eanesuhl
0,57 N~ SO,”
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Hornwe pasHoBecHs B pacTBope apceraszo III aaBucsar or pH
pacTBOpa H-.OT KHMCJIOTHOCTH B CpejJe KOHIEHTDHPOBAHHBIX KHCJIOT,
Oxpacka apcenaso Il B mwenounofi cpefe, KOrxa HOHH3OBAHA olHa
H3 OKCHTPynn HaQTaJHHOBOTO sApa, — CHHsAS, B KOHLeHTPHPOBAH-
HOM CCPHOM KHCJOTE, KOIZa a30rpynna NPHCOEIHHSET IPOTOH, —
3e/1eHas. B KHCABIX PacTBOPax AMCCONMALMS HAET B OCHOBHOM IO
cyaedorpynnam, a npu Beicokux pH wactnuno JHCCOUMHDYIOT ap-
COHOTpYHNbl. ITH NPOINeECcCH He HAapyMaKoT KPAacHO-(pHOJIETOBYIO OK-
packy pearenta. B cnaGokucibix pacrsopax apcenaso 1l maxopur-
€ B TayTOMEPHOM DaBHOBECHH MeXAYy a30HIHOH M XHHOHTHApa-
30HHOH (OpMaMH, NPHYEM DABHOBECHE 3HAUYMTEHHO CABHHYTO B
CTOPOHY a30HAHOH (GOPMBEI:

AsO,H, H,0,As

OH OH V

L
= X
0,57 NN \s0,-

AsOgH, H,0,As

\]A/ O OH o
== { \|zmlz/_ \___Mm/ N=N \I/
0,57 Z N80,

[Ipn komniexcoo6pasoBanuu apcenaso IIl ¢ uomamu Jantana B
CHEKTPE KOMILIEKCa — II0 CPaBHEHHIO O CBAGOAHLIM pPeareHTOM —
BO3HHKA€T HOBas moJoca morsiomenus (puc. 1.28). Okpacka xena-
Ta 3aBHCHT or pH pacrsopa, Temnmeparypw, npuponm pacTBopure-
Js H OyIeT MPOMEeXYTOYHOH MeXAY OKPacKoH HEHOHH3OBAHHON H
TIO/IHOCTBIO MOHH30BAHHOM IO OKCHIPynnaM (OpMaMH peareHTa.

@oamwwam apcenaso IIl mapaay ¢ ¢dyHkuMOHaNbHO-aHaNHTHUE-
CKOH TDYNNHPOBKOH, obecneynBalomeli PeakUHOHHYIO CIOCOBHOCT
peareHra no OTHOIIGHHIO K HOHAM MeTa/lla (MaHTaHA), HMeeT H
AHAJNUTHKO-aKTHBHYI0  (THAPOdUIBHYIO cyasdorpynny — SOzH),
KOTOpast NPAKTHYECKH HE BJHSET HA MEXaHH3M PEaKLHH, HO 06yc-
JIOBJHBAET PaCTBOPHMOCTb peareHTa H KOMILJIeKCa B BOJe.

Ha nporexanne aHanHTHUECKOH peaKLHH 3HAYHTENLHOE BJHSHHE
OKa3bIBA€T COCTOAHME HOHOB JIaHTaHa B pacTBope. B peakumo c
apcenaso 111 Bctynaer runpaTHpoBaHHbLA HOH JaHTaHa [La (Hz0) o2t
CorziacHo rumorese .aHaJOrHi 3Ta PeakKiHs HAYMHAETCS IPHMEPHO
npu Tex ke pH, npn KOTOpHIX HauHHAeTCS T'MADOJH3 HOHOB JaHTA-
Ha, T. €. B cnabokucaolt cpexe (pH=3). Hounn IPYIHX 3/ieMEeHTOB
B3AHMOJIEHCTBYIOT C PeareHToM IIpH APYrofl KHCJOTHOCTH PacTBOpa,
[I05STOMY H3MEHss ee MOXKHO B ONpeNe/]eHHOH CTeNeHH YIPaBJAThb
H30MPATeNBHOCTBIO peakiuyu apceHaso II1. Hanpumep, apcenaso 111
pearupyeT ¢ HOHaMH KaJblHf B MIEJOYHOH cpele. B kucao# cpeme
STa peakuus NOAABJAETCS, O3TOMY MOXKHO ONpEeNe/]sTb JAHTaH B
npucyrcTBud kanbuusa. Msbuparteashocts apcenaso III memocraTou-
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Puc. 1.28. Chektpnl norsoileHsss apcenaso III (f)
¥ ero KOMIJIeKca ¢ HOHaMH JaHTaHa (2)

#o Bbicoka. OnpezeseHHIO MEILAIOT BCE
penkoseMesnbHEE 3JE€MEHTH, TOpHH, ypaH,
BHCMYT, MeIb, I¥Kene3o, Oapuil, ckKanaui
y ap. Hns nossieEna u3bupaTeNbHOCTH
Jyyile NPUMEHSiTb MAacCKHPYIOHIHE peareH-
Te: DJTA, Taprpath, okcanaartsl, $TOpUIAE U HEKOTOpHIE ApYrHe.

BrICOKasl 4yBCTBHTEJBHOCTh IBETHOR peakluH OODACHIETCS HH-
TEHCHBHOH OKDAacKOH aHAJHTHYECKOH POPMBI ep=e0 mm=4,5-10%, uTO
B CBOIO odepefb OOycCJOBAMBAaeT HHU3KHHA mnpeldes OOHapyXKeHHs
n-1077 r/m. .

400 560 600 Anum

TlpuGopul U peakTusnl

Cnexrpogoromerpor CP-4, CP-5, CP-16, CP-26, Cnexrpomon-361 u T. m.

Pacreop nurpara AAHTaHG X4 ¢ KoHueHTpauuedl La 100 Mkr/mi.

Pabouuii pacréop ¢ KoHuentpauueii La 10 MKr/Ma roroBaT pasbaBiieHHEM
HUCXOHOTO PacTBOpaA.
" Apcenaso 11l upna, 0,015% -Hbif pacTBop.
Xaopuas kucaora upna, 0,08 M pacrsop.
TIpuroToB/eHne CTaHAAPTHBIX PAcTBOPOB. I'OTOBAT NATH CTAHAAPTHHX pac-
TBOPOB, cofepxamux 10; 20; 30; 40 u 50 Mkr onpejenseMoro sjemesTa B 50 MJL
Jas sToro 8 mepHhle KOJGH BMeCTHMOCTbIO 50 MJ mepeHocfT paGoyuil pacTsop,
copepxamuit 10, 20, 30, 40 u 50 mxr janrana(lll), npuiuBalOT B KakAYIO KOJ-
6y 12 ma 0,015%-soro pacTBopa apcenaso III u 2 ma 0,08 M pacrBopa xJopHO#
gHcaoTe. O6beM KaXAOTO PacTBopa AOBOAAT Ao 50 MJ AHCTHANHPOBaHHOH BOXOH
¥ uepes 10 MHH NPHCTYNAIOT K H3MEPEHUAM.

Pacreop cpasuenus cONepKHT NPEAYCMOTPEHHEIE METOJHKON KOJUYECTBA BCEX
KOMIOHEHTOB 33 HCKJIIOUeHHEM OIIpe/elsieMoro.

Boinonnende paGorbl; BriOGOp aHANMUTHUECKONH AJNUHH
BOJ HB. Ha chnekrpodoromerpe CHUMAWT CHEKTp pacTBOpa CpaB-
HeHus: B obaactu 500—700 HM c MHTepBajJOM 5 HM OTHOCHTEJIBHO
JUCTHJITUPOBAHHOH BOJBI, HCIOJB3ysl KIOBETH € TOJIIHHOH IOTJIO-
mamwomero cjos 10 mM. 3arem aHaJoruuHeIM 006pa3oM CHHMAIOT
CIEKTpP pacTBOpa, cojepxkamero koMiuviekc Jsantasa(III) ¢ apce-
Hazo III. JIns npuroToBJEHHsi 3TOrG PacTBoOpa B MepHYW Koaby
BMmectuMocTei0 50 Ma mpuiuBawr 12 ma 0,015%-noro pacreopa
apcenaso II1, ucxoaHwelli pacTBOp COJMM JaHTaHA, COAEpPKalIui
400 mkr saemenra, 2,0 mu 0,08 M xJIOPHOH KHCJIOTHl H AHMCTHJJIH-
poBaHHyl0 Boly Ao o6wvema 50 ma. [Io TOydeHHHIM KaHHHIM
CTPOAT KDHBHE MOIVIOLLEHHMS peareHTa H KOMILJIEKCA H, ODHEHTH-
pysch Ha HauOoJiblllee pasJjHYue IOTJIOMEHHS KOMIJIEKCA U peareH-
Ta, HaX0JAT ONTHMAJBLHYI0 aHAJHTHYECKYIO IJHUHY BOJIHEHL.

[TocTtpoenne rpajgyupoBouHOro rpadpuka. Ilpu BH-
OpaHHOH JAJHHE BOJHB (OTOMETPHPYIOT BCE CTAaHAAPTHBIE PACTBO-
PHL OTHOCHTEJNBHO DacTBOPa cpaBHeHus. Kaxpaoe maMepeHHe IOBTO-
PsAIOT TPH pasa. Pe3synbTaTel M3MepeHHH 3aNMHCHBAIOT B BULE Tal-
JHUBl H NO CPeJHUM 3HAUEHHSM B KOOPAMHATax morJjomenre A—
coliepXKaHHe JlaHTaHa B pAacTBOpe CTPOAT TIPaiyHPOBOUBHIEA rpa-

¢HxK.
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Onpenenennecoaepxanusa La"spacrsope. K ana-
JIUBHPYEMOMY DacTBopy, collepxkameMy P33, noGasasior 12 Ma
0,015%-noro pacreopa apcenaso I11, 2,0 mx 0,08 M pacrsopa xn0p-
HOH KHCJIOTH H JOBOZAT 00beM pactBopa A0 50 MJ AHCTHAJIHPO-
BaHHOHA BOJOH. Uepes 10 MHMH NPHTOTOBJEHHHIH PacTBOP ewaozoa.,
PHUPYIOT OTHOCHTEIBHO PAaCTBOPA CPAaBHEHHs NpPH BHOPaHHOH AJHHE
BOJIHEL. M3MepeHHS NOBTOPAIOT HATH pas M, MOJAb3YsCh TPajyHpo-
BOYHBIM FpadMKOM, HaXOIAT COJEDPKaHHe JAaHTAHA B aHaJH3HMpye-
MOM pacTBope. MeToioM HaMMEHBIIMX KBaJpaTOB HAXOAST [OBe-
PHTENbHBI MHTEPBAJ M CTaHAAPTHOE OTKJOHEHHEe pe3yJbTaTra ompe-
JeJIeHus.

Pabora 2. Onpedesenue 4-nurpoanuruna no o6pazosanuro
asoxpacutess

Meron ocHOBaH Ha HpeBpaIeHHH ONPENeNseMOro 4-HHTPOAHH/HHA
B' HHTEHCHBHO OKpallleHHHH KPacCHO-OPaHXKEBhIl a30KPaCHTENb.
Peakuus nporekaer B ABe cTafuu: 1) nuasoTHpoBaHHe 4-HHTPOAHH-
JHHa ¢ 06pa3oBaHHeM GeCUBETHOro 4-HHTPOQEHHAAHA30HHS; 2) a30-
coyeraHue 4-HUTPOGEHUIAHA30HHS € CAJHLUIAT-HOHOM — IOJIyYe-
HHEe @aHAJHTHYECKOH ¢opMbl (4-HHTPOGEH30a30-4-cajMIUIaTa HAT-
pus). . . :
HduasotupoBaHHe 4-HUTPOAHMJMHA  OCYIIECTBJSIOT AeHCTBHEM
HHUTPHTA HaTpus B npucyrcrBun HCI:

0,N— N_NH, + NaNO, 4 2HCI — >

\—=/

s O,N— N—N=NCI + NaCl + + 21,0

CserJ0-KenTast OKpacka HCXOAHOTO 4-HHTPOAHHJIHMHA O6YC/OB-
JIEHA CMElIeHHEeM 7-3JIeKTPOHOB apOMAaTHUECKOr'O KOJbIla ITOJ BJIHS-
HHEM CyMMapHOro MeHCTBHS 3JeKTpoHOAoHOpHoro (—NH;) u
aJsexktponoakuentopuoro (—NO;) samecrurenei. .
CKOpOCTb peakuuH JHA30THPOBAHHS 3aBHCHT OT KOHIEHTpalUMil
4-unrpoanununa, murpura Hatpusa, HCl (pH), temmeparypm u
APYrax (akTopoB, NOSTOMY a30COCTABJSIOILYIO CJefyeT BBOAHTDH
yepes ompe/leleHHHH NPOMEXYTOK BPEMEHH IT0c/e BBEJIEHHS HHUTpa-
Ta HaTpHa (15—20 MuH).

Asocoueranne 4-HUTPOGEHHIAHASOHHS C CANHIMUIAT-HOHOM NIPO-
BOJAT B INEJOYHOH cpelle (B NPHCYTCTBHH KapGoHATa HaTpHs):

7 Nfanct- 1 N—oH + 2N2,00, —»

ON—¢ N—N=
HnooJ

— o»zl©lzuzl\\ N0~ 4 NaCl + 2NaHCO, - Na*

HOOO‘

i

Oxkpacka o6pasoBaBuierocss coefHHEHHS obycaoBneHa g—>n™
nepexojaMHu B CHCTEME CONPSAKEHHHX ABOMHHX cBasefl. Habonae-
Masi okpacka 3aBucuT or pH pacrsopa. Tak, npn pH=6,8 o6pasy-
€TCsl COelMHeHHEe XKeJToro uBera, mpu pH=8,8 — xkenro-opamxe-
BOro. HIHTEHCHBHOCTb OKPaCKH 3HAYHTENLHO BO3PAcTaeT B IIEJOu-
HOH cpefle, 6;1ar0fapst HOHH3ALHH 5JEKTPOHOLOHODHOTO 3aMECTHTe-

Jidg ’O:|1vr|o. BCJI€ACTBHE YCHUJICHUA AEJOKaJHN3aluuH T-3JIEKTPO~

HOB. 31O conpoBozKaaercd Qmﬂoxﬁogng CABHTOM IIOJIOCH! IIOTJIO-
wenns. Jlaa  4-autpoGensonaso-4-caqnuuaata HAaTPHA €p=—490 nm =
=7,8-10% uro 06yc/OBJHBAaET JOCTATOYHO HUBKHIl npefen ‘o6rapy-
JKEHHUs. )

Ot pH 3aBrcAT CKOpOCTH peakmHH a30COUETAHHA H NOGOUHBIX
Peakuui: passoKeHHs AHA30COeIUHEHHS (ckopocTs pasnoxkeHuse
yBE/IHUHBaeTCA NpH yBeauueHun pH), mpeBpamenns auasocoenu-
HeHHsl B HEAaKTHBHYIO (OpMy (aHTHAMA30TAT) B CHJBHOLLEIOYHOE
Cpelle, pas/oKeHHsi asocoeuHenus npu ymerowennd pH u np. Ipu
[MOBHIEHUH KOHUECHTpaluu A-EEH@ONES&SEN 9TH INpOUECCHl MPHBO-
A4T K OTKJIOHEHHIO OT 3akoHa Byrepa — JlamGepra — Bepa.

TpuGopst U peakTHBBI

Cnexrpogoromerp CP-4A, CP-16, CD-26, cnexrpomom-361 u T. m.

Pabouuii pacreop 4-wurpoanusuna upa, ¢ KOHUeHTpalue#i 0,1 Mr/ma B Boge
¢ noGassenuem 1 M pacrsopa HCl mo pH 1—2.

Hurpur narpus x4, 0,5%-auit pactsop.

Harpuesas coas caruyurosod xucaorss una, 0,1 M pacTsop.

Kapbonar narpus xu, 0,3 M pactBop.

Ipurorosaenne cranpapTHLIX pacrBopoB. 'OTOBAT mATH CTAHRAPTHHX pac-
TBOPOB, colepxawux 20, 40, 60, 80 u 100 mkr 4-HaTpoaHwaMHA B 50 M. Hase
STOT0 B MepHLle KOJGH BMECTHMOCTbIO 50 My BHOCAT pacTBOp 4-HATPOAHM/IHHA,.
conepxamuit 20, 40, 60, 80 u 100 Mxr sToro-sellecTBa. 3aTeM B Kaxaylo Koady
npuauBaior 5 Ma 0,5%-Horo pactBopa HETpaTa HaTpHs, TIMATENbHO HepeMell-
BaloT # 4Yepes 20 MuH poGamjsoT 2 Ma 0,1 M pacTBopa CajMUMNaTa HaTpHS.
O6vem xaxA0ro pacreopa AOBOAAT A0 50 M 0,3 M pactBopom kap6oHara Hart-
pHa. Hepes 20 MUH MPHCTYNAIOT K H3MEDPEHHSM.

Pacreop cpasnenus conepHT TMpeNyCMOTpEHHHE METONHKOR  KOMHIECTBA:
BCeX KOMIOHEHTOB 3a HCKJIOUEHHEM ONpeAe/seMOro BellecTBa.

Buimonnenne paGorel. Bri6op amanuTHUeCKOd IJHH B
BoaHB. Ha cnekrpodoromerpe B o6mactn 380—600 umM c HHTEp-
BAJOM 5 HM B KIOBeTe C TOJMIMHOM MOIVIOMIAIOIIEro cios 10 MM
CHHMAIT CIIEKTD pacTBopa aHaJHTHUYECKOH %Om;\:ur HMeInero:
HauboJiee HHTEHCHUBHYIO OKpacCKy, OTHOCHUTEJIbHO pacTBopa cpaBHe-
Hust. Ilo mosyueHHBIM AaHHBIM CTpOST KPHUBYIO INOIVIOLIEHHS, HO KO-
TOPOA HAaXOMAT ONTHMAJbHYIO AHAJUTHYECKYIO JJHHY BOJHHL.

I[Toctpoenne rpaayupoBouHOTrO rpaduxka. Ilpw
BHIODAHHOH MJIHHE BOJHE doTomerpHpyIOT Bee CTaHIAapTHHIE pacT-
BOPBl OTHOCHTEJIBHO pacTBOpa cpaBHeHHS. Kaxkjgoe H3MepeHHe NoB-
TOPSAIOT TPH pasa. PesyjbraThl H3MepeHHH 3amHCHBAIOT B BHIE
GNQ.E\:.H H II0 CPpEeJHHUM 3HAaYyeHHSIM B KQOpAHHATAX MOTJIolleHHe A—
COlepKaHHe 4-HHTPOAHWIMHA B DACTBOPE CTPOSIT TPaAYyHPOBOY-
HBIH rpaduxk.

Onpenenenue comepxanus 4-HHTPOaHHJHHA B
pactBope K anaausupyemomy pacrsopy, cojepxameMy 4-HuT-

6—404 . 8e



poannaun, nobasasor5Mi1 0,05%-Horo pacTBOpa HMTPHTAa HATPHUS
H TIaTenpHO nepememuBaioor. UYepes 20 MHH NPHJIHBAOT 2 MI
0,1 M pacrBopa caJUIHIaTa HaTPHst H JOBOAAT o06beM pacTeopa
a0 50 ma 0,3 M pactBopoM kap6oHata Hatpus. Hepes 20 MHH npu-
FOTOBJIEHHHH pacTBOp (OTOMETPHPYIOT OTHOCHTEILHO PAacTBOpa
cpaBHeHHs. Mi3aMepeHHs NMOBTOPAIT NAThL pas H, NMOJAb3YSACh Ipajyu-
pPOBOUHBIM rpadHKOM, HaXOIAT coleplKaHHe 4-HUTPOAHUJIHHA B aHa-
JM3HPyeMOM pacTBope. MeTOJlOM HaMMEHbIUMX KBAaAPATOB HAXOAAT
JIOBEPUTENbHEI MHTEPBaJ pe3yJbTaTa H CTaHAApPTHOE OTKJIOHEHHE.

1.2.3. ®oTomeTpuuecKoe TUTPOBAHHE

doTOMETpUYECKOe TUTPOBAHHE OCHOBAHO Ha pPErHCTPanWH H3MeHe-
HHS TOLJIOMEHHs (MJH NPONYCKaHWs) aHaJH3HPYeMOro pacTBopa
no mepe mpubaBjeHusi THTpaHTa. [lo-pesynbraTaM 3THX H3MEPEHHH
B xoopaunarax A,=f(Vs), rie Vs— o6beM A06aBJEHHOrO THTPaH-
Ta, CTPOSIT KPHBYIO THTPOBAHHSA H IO H3JIOMY Ha HEH HJIH 1O CKa4Ky
HaXOJSIT KOHEYHYIO TOUKY THTPOBaHHfA. 3Hasi pPacxoj] THTPaHTa,
COOTBETCTBYIOUIMH 3TOMY MOMEHTY, HAaXOJAT COAepXKaHHe ompene-
JISIeMOTO BELIECTBa B THTPYEeMOM pacTBOpe Io OOBIUHHM (dopMyJaMm
TUTPHMETPHYECKOrC aHaJ/H3a, OCHOBBIBAsChb Ha TOM, YTO B MOMEHT
SKBHBAJIEHTHOCTH YHCJO MoJiefl 3KBHBAJEHTOB ONpPe/e/ieMOro Be-
1ieCTBa s B o6beMe THTpyeMoOll mpo6ul (T. €. B aJMKBOTHOH YacTH
AHAJM3HUPYEMOr0 pacTBopa) paBHO YHCJAY MOJb-3KBUBAJIEHTOB
THUTPaHTa

np==ng,
OTKyZAa qa = npfsMpa = cpfsVpMa/1000, (1.22)

rie fs— dakTop sKkeHBajJeHTHOCTH B B peakmun ¢ A; M, — MoJjexkyJaapHas Mac-
ca A; Cp — KOHUEHTpAalMsi THTPAHTa, MOAb/H; Vg — pacxoj THTpaHTa, MJL

Peakuuu, UCnoJib3yeMble B THTPUMETPHH, AOJKHH OHITh CTEXHO-
METPUYHHIMH, OBICTPHIMHM, HMeTb AOCTATOYHO OOJBIIYI0 KOHCTaHTY
paBHOBecHs M yHOOHHE —B NaHHOM ciydae (HOTOMETpPHIECKHH —
cnoco6 HHIUKANHH KOHeuHOH ToukH. [IpenmymecTBoM MeTOZa ABAA-
eTcsd BO3MOXKHOCTb HCIOJIb30BAHHS DeaklHuil, He 3aKaHUYHBAIOIIHXCH
B TOUKe 9KBHBaJieHTHocTH (puc. 1.29, kpusnle 2, 4). :

B doromerpuueckoM THTPOBAaHHH MOTyT OHITh HCIO/JIb30BaHH
BCe XHMHUECKHE PeakluH, NPUMeHseMEe B THTPHMETPHH — KHCJOT-
HO-OCHOBHOe B3aHMoJeficTBHe, peakKUHH OKHCJIeHHA-BOCCTaHOBJIE-
HHSl, OCaXKAeHHs, KOMIIeKcoo6pasosanus. IIpn onpese/eHHH HOHOB
MeTaJJioB HambGosee WIHPOKO HCIOJB3YIOT PeakUWH KOMILIEKCO00-
pasoBanusi. O6o6uieHHe GOJMBIIONO KOJIMYECTBA 3IKCIEPHMEHTaJbHO-
ro MarepHaja 10 (OTOMETPHYECKOMY THTPOBAaHMIO IOKAa3aJl0, YTO
OHO BO3MOXKHO, -eclH Cap>10? (ca — KOHUEHTpaUHs TUTPYEMOro
BelecTBa B NpoGe). UyBcTBHTeNbHOCTE (DOTOMETpPHUECKOro Npubo-
pa ZOCTATOYHO BHICOKA M crnocoOHa obGecneuuTb pPErHCTPHPOBAHHE
Jaxe MaJblX H3MeHeHHH IOIJIOIEHHS, NMO3TOMY (OTOMETpHUIEeCKOe
THTPOBaHHE OTHOCAT K AOCTATOYHO UYyBCTBUTENLHHIM METOJAM aHa-
" JIH34.
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Puc. 1.29. Tunm XpusHX (oToMerpHue- 7
CKOrO THTPOBARHS

~—

2

Tak Kak coiepxaHue ompe- nu\ _
HACAAEMOr0  BelllecTBa B Inpobe / N\
B (OTOMETDHYECKOM THTPOBAHUH o

Haxo[AT He IO NOIVIOIIEHMIO, a
IO PAacxOAy THTPaHTa, KOTOPHIH
MOXeT OHTb H3MepeH ¢ G60Jb-

(o]

hs

[~

METPHH Jyullled BOCHPOH3BOIH- : X
MOCTBIO HOJYYaeMblX pesyJ/bTa- ; 5 5
HEHTOB CMECH OJHHUM THTPOBA- \
HHEM, KOrla Ha KPHBOH THTPO- 7

€C/IH XOTSl OBl ONHO M3 YNOMSIHYTHX BeIecTB 06JafaeT cOGCTBEH-
HBIM TNOTJIOLICHHEM MNPH YCJOBHAX THTPOBAHHA. B 3aBHCHMOCTH OT
BaHHEM BBOAAT MHAMKATOpP, 006pa3ymoluil oKpallleHHOe COoeAMHeHHe
C onpenenseMbiM BewecTBOM [nd+A——>Ind A uid ¢ H3GBITKOM

T0B. Kpome Toro, merox doro- \
\\\
BaHUS MOJIyYaeTcs COOTBETCTBY-
Iolllee YHCJIO KOHEUHBIX TOUeK,
OTBEUYAIOIIHX MOCJEA0BATeNbHO-
MY OTTHTPOBHIBAHHIO KOMIOHEH-
TOB CMeCH,
ONTHYECKHX cBOkicTB A, B, C, BO3MOXHA PerucTpamusi pasiuuHOTO:
THTpaHTa Ind+B—>IndB. B MOMeHT 5KBHBAJEHTHOCTH BCJIEICTBHE

IWeH, yeM [OIJIOLIEHHe, TOUHO-
CTbI0, TO (OTOMETPHUECKOE THT-
poBaHHe oTiHyaerca OT ¢oTo-
METPHUECKOTO THUTPOBAHHS MO3-
BOJISIeT aHAJH3HPOBATH CMECH
BEILECTB, HalPHMep, ONPENeNATh
COlepKaHHe IBYX-TpPeX KOMIIO-

Peaknus turtposamus ompe- Vi
lejisieMoro pemecrsa A ¢ THT- ?
panToM B, compoBokpawmascs o6pasoBaHneM OPOJLYKTa peak-
unu C, Moxer GHIThb OCYLIECTBJEHA B Ge3blHIMKATOPHOM BapHaHTe,
THI2 JIHHEHHBIX KPHBBIX THTpOBaHHs (puc. 1.29).

Ecan naprHepn anasuTHYeckoit peakuuHu He 006gamanoT cobCT-
BEHHBIM MOTJIOLIEHNEM HJH OHO OYeHb MaJjoO, BBHUIOJHSIOT HHAHKA-
TopHOe THTpOBaHue. [Ipu aTom B THTpyeMBIil pacTBOp nepex THTPO-
DPOTEKAHHS aHAMHTHYECKOHA PEAKUUH MPOHCXOLUT Pe3KOe yMeHblIe-
HUE€ KOHLEHTPAaUHH A HIH pe3koe yBe/HueHHe KOHLeHTpauuu B u
NPOTEKAIOT CACAYIOIIHE PEaKIHH:

IndA4B —> C+ Ind}

HJH -
Ind4-B ——> IndB,

CONPOBOKAIOKECST H3MEHEHHEM COCTOSHHS HHAMKATOpa H, CJefo-
BaTeJbHO, NOIJIOUIEHHA THTPYeMOro pacrtsopa. IlosTomy dotomer-
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pHuecKHi NPHOOP NO3BOJSET PETHCTPHPOBAThL KPHBYIO TUTPOBAHHA
CO CKauKOM aHAJOTMYHHIM IpHBefeHHOMY Ha puc. 1.29. KoneyHyio
TOYKY HA TAKHX KDHBHIX HaXOfAT 1O Touke mepern6a Guiorapud-
MHYECKON KPHBOH THTPOBAHUS.

AHnanuTHUeCKHE peakluu B MeTofie (OTOMETPHYECKOro THTPOBA-
HUS [IPOBONAT NMPH ONTHMAJBHHIX YCJIOBHSAX, CHOCOGCTBYIOIHX HauU-
GoJibllleMy BHIXOLY aHAJHTHYeCKOH (OpMbI, NPH JJIHHE BOJHBL, CO-
OTBeTCTBYIOLIEH HaHGoJblIeMy IOIVIOUIEHHIO TOTrO NapTHepa, mo OK-
packe KOTOPOTrO (HJIH €ro COeAUHEHHsI C HHIMKATOPOM MNpH HHJH-
KAaTODHOM THTPOB2HHH) PeTHCTPHPYIOT NPOTEKAHHE PEaAKUHH THTPO-
Banusi. [Ipn BIGOpe MHAMKATOPA M KOHKDPETHOrO ciydas ¢oto-
METPHUECKOro THTDOBAHHS, €CTECTBEHHO, CIpaBelJHBH ofIiHe npa-
BHJIa, cOPMyNHPOBaHHBIE B THTPHMETPHYECKHX METOJaxX aHanusa,
COTJIacHO KOTOPBIM MOMEHT HM3MeHeHHs OKPAacKH HHAHKaTopa HoJ-
JeH COOTBETCTBOBATh DE3KOMY H3MEHEHHIO KOHLEHTpauwd A HIH
B, B 3aBHCHMOCTH OT M36paHHOro crnoco6a pericTpamnH KOHEeuHOH
TOYKH. ECJH KOHCTAaHTH pAaBHOBECHS HECKOJbKHX aHaJUTHYECKHX
peaxuufi, yame BCero ABYX, OMpeje/sieMbIX BEIIeCTB HEOJXHHAKOBH
M PAa3NHYAOTCS B AOCTATOUHON CTENeHH, TO Ha KPHBOH THTPOBa-
HHMSI MOXHO 3a(UKCHPOBATb JBE KOHEYHbleé TOYKH H BHINOJHHTD
aHaJIi3 CMECH OJLHHM THTPOBAHHEM.

Pa6ora 1. Turposanue yunxa(Ill) pacreopon
srurenduamunrerpayscycroil kucaorst (3JATA) ¢ unduraropom
apuoxpomogsin yeproim T

MeTox OCHOBAH Ha HMHIMKATOPHOM (POTOMETPHUECKOM THTPOBAHHH
woHOB nmuka pactBopoM IJTA ¢ HHIMKATOPOM 3PHOXPOMOBHIM
yepanM T.

Zn2+ - H, Y2~ === ZnY?- -} 2H*.

Bsaumoneiicteue uoHoB nuika ¢ SJATA mpusoauT k 06pasoBa-
HHIO %bﬂom:SmOhQ xejara:
H,C—CH,

/ N _
-00CCH,—N N—CH,C00

AN
YRR \
1,dC00 —Zn—O00CCH,

VeroftunocTh 06pasyiolnerocs KOMIJIEKCOHATa  MOKeT ORITH

OlpejeeHa yepes yCJIOBHYIO KOHCTAHTY YCTOAYMBOCTH
pyeizayz— = Bzny?—/0tzn(NHg) %Y(H)>
THe Ozn(NH g Gyq) — KO3b@UuHenTH NOGOYHHX peakuud HOHOB  MeTalia H
BDAOTA.
Dra KoHCTaHTa yuuThiBaer Biusuue pH pacrtsopa u no6oufbie

peaxiun HOHOB MeTaJlia ¢ AMTA, u3 KOTOPHX HauOGoJblIee 3HAYE-
HHe MMeIOT peakuuH o6pa3oBaHMs aMMHAKaTOB HOHAMH IHMHKA H

npoToHHpOBaHHe pearenTa. THTpOBaHHE HPOBOAAT B Cpeje aMMHAd- .
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yon.
S\w\ém-
18 €
) Zn
N\ -
7 2-10*
10} Mg
an%
6L 110
2 ] I { |
a 7 . I4pH 500 600 700 R,Hm

wxn.H.wo.wmmxoszosvwgommzxxomoamme%o._.om_EwoS:xoznamwoomuaomE\E-
Ka u marHua or pH pacrsopa .

Puc. 1.31. CnekTps mOINMIOmEHAsS 3PHOXPOMOBOro depHoro T (I) H ero Kommmex-
COB ¢ HoHamHu, marHua (2) m nuHKa (3)

Horo Oydeproro pacrBopa mpu pH=9, Tak Kak B 3THX ycJIOBHAX
JocTHraercd HauGo/bIlasg YCTOHYHBOCTH KOMIJIEKCOHATA IMHKA, 4TO
uiloctpupyercs: AaHHuiMH pue. 1.30. B KauvecTBe MeTasJIOMHIM-
Karopa Ha HOHB IIMHKA HCIONB3YIOT 3PHOXPOMOBEIH uepubiit T, mpo-
ABAAIOUHA KHCJAOTHO-OCHOBHEIE CBOHCTBA, 3a CUYeT HOHH3AIlUH
KOMIJIekco06pasyonmux rpyn.

BaaumopeficTBHe HOHOB UHHKA ¢ 3PHOXPOMOBHIM
IPOHCXOHT MO 0-OKCH-0’-OKCHA30TPYNIHPOBKE

O0—Zn—-—0
|

Sette e
= SN P

NO,

Y IPHBOAMT K 00pa3soBaHHIO KOMILJIEKC3a, MeHee YCTOMYHMBOro uem
KOMIVIEKCOHAT HHHKA, YTO IOATBEPKAAEeTCS INPHBEIECHHHIM HHXKE
PacueToM YCJOBHEIX KOHCTAHT YCTOMYHBOCTH KOMIIJIEKCOHATA LHHKA
H KOMIIJIEKCA I[HHKA C METAJJIOUHAYKATOPOM:

1g Bzny?— = 1g Kzny?~— 1g aizn(NH,), = 16,5 —4,2 =12,3,
IgBzn ma =18 Kzn jna—1g %AZn(NHy),, = 12,9—4,2=8,7.

gyepHbIM T

HounHoe cocrosinne 3pHOXPOMOBOrO 4epHOro T CHJBHO MOJABEp-
xeHo BausiHUI0 pH pacrBopa. 3HauHTe/NbHOE pasinuKe B YCJIOBHBIX
KOHCTaHTaX YCTOAYHBOCTH KOMIUleKcoB uuHka ¢ DATA u ¢ apuo-
XpOMOBHIM 4yepHEIM T, a TakkKe NOCTATOYHAs KOHTPACTHOCTH IBeT-
HOH peakuuu (puc. 1.31) mMO3BOJAIOT HCNMOMB30BaThL €€ A (POTO-
METPHYECKON MHAMKAlIMH KOHEUHOH TOUKH THTDOBAHHS. ’

YuuTHBasA CIOXKHOCTD PAaBHOBECHH B pacTBOpe, ONTHMAaJbHOMN
Aasi (pOTOMETPHYECKOrO THTPOBAHHS HOHOB LuHKA OyAeT cpeaa
coaepxamas 0,1 M NHz (pH=9). doromerpuueckomy a:amowmmms,
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HOHOB nMHKa pactBopom OIJITA me MemaiorT nomn Ba(h, Calh,
Mgh, SrD 1ax gak y HEX lg pmy<<10. Ecau pasauune B yCTOH-
YHBOCTH KOMIIEKCOB OKA3HBAETCS HENOCTAaTOYHHIM, TO Aas obec-
neyenHss H30HpaTEJbHOCTH NPHMEHSIOT MACKHPOBaHHE M pasjiene-
HHe.

HpuGopsl ¥ peakTHBbE

Abcopbyuomep JIMD-69, JIMP-72 ¢ opaHXKeBHM CBETO(HIABTPOM.

Pabouuil pacreop cyasdata muuka ZnSO,-7H,0 x4, ¢ KOHUeHTpalued UHMHKA
6,54 mr/ma, 0,056 M.

Pacreop 3TA ana, 0,056 M.

Pacreop xaopuda ammuaxa NH,CI xu 0,1 M.

Pacreop ammuara x4, 0,1 M.

Pacreop apuoxpomosoeo 4eprozo T, 0,1% -mulii.

Ycranoeka tHTpa IATA no umnky. B crakan AJs1 QOTOMETpHYECKOrO THAT-
poBaHHsl NOMEINAoT | MJ CTAaHAAPTHOrO pacTBopa ZnS0,-7H;0, 5 Ma pactOpa
NH,Cl, 25 ma pactsopa ammuaka, 0,5 MJ pacTBopa 3pHOXpPOMOBOIO HY€PHOTO T
# 10 ma aucTuanupoBanHod BOAb. CTakad C NMPHFOTOBJIEHHHM DacTBOPOM mOMe-
maior B npubop M THTpylT pactBopom DJITA, cHHMas NOKa3aHHA npubopa mnoc-
ne npuGapsends kaxzaoR 0,1 My TuTpaHTa (BOAH3H TOUKH SKBHBAJIEHTHOCTH IO
0,05 ma). Tlo pesyabraTaM THTPOBaHMs CTPOAT rpaduk I'= f(V). Tutpyior He Me-
Hee Tpex mpob, HAXOAAT cpelHee 3HaueHHe oGbeMa THUTPAHTA M PacCUMTHBAIOT
tatp JATA:

Tantajzn = Tzn (Vzo/Vanra)-

BuinosHenne paGothl. K aHainusupyeMoMy pacTBOpY A00aBAsioT
5 ma pacrsopa NH,Cl, 25 ma pacTBopa ammHaka, 0,5 M 3pHOXPO-
mosoro uepHoro T, 10 Ma JAHCTHJIHPOBAHHOHW BOABI H THTPYIOT
pactBopom DJTA (ue menee Tpex TurpoBanuil). Ilo pesyabratam
CTPOSAT KPHBEIE THTPOBaHHs H HaxomaT Vopra. Ilo cpennemy snade-
HHIO PaCcCYHTHIBAKT COJAEPXKaHHe HHHKA B PacTBOpE. MeropoM HaH-
MeHbIIHX KBaJAPaTOB HAXOAAT JOBEPUTENbHbIH HHTEpBaJ M CTaH-
JlapTHOE OTKJIOHEHHE.

Pabora 2. Turposanue cmecu yunka u maznus 3ATA
¢ unduxaropom 3puoxpomossim 4eproim T

MeTo OCHOBAH Ha IOCHENOBATEJbHOM ~OTTHTPOBHIBAHHH HOHOB
uunKa u maraus pacrsopom DJTA ¢ spHoxpoMoBHM uepHnM T B
KayecTBe HHAMKATOpa:

Zn®+ -+ H,Y2~ —> ZnY?-,

Mgt+ ++ H, Y2~ —> MgY?-.

OnTHMaJbHEIMH YCJIOBHSIMM JJISi THTPOBAHHS HOHOB MAarHus Tak
Je, kak W uuHKa (cM. pabory 1), asiserca pH=9 (ammuaynas
6ydepnas cmecn). ITosbimenwe pH pacrsopa po 12 mpusomuT X
BLITIAJICHNI0 THAPOKCHAA MaTHHf, KOTOPHI MOXeT aacop6HpoBaTh
Ha CBOeH MOBEPXHOCTH HOHH LHHKA, YTO HPHBOAHT K YBeNTHYEHHIO
[IOrPELTHOCTH OIpe/le/IeHus, . ,

BO3MOMHOCTb NMOCJAEAOBATENBHOFO OTTHTPOBHIBAHHS HOHOB IHH-
Ka H MarHHsl Ip¥ HX COBMECTHOM HPHCYTCTBHU ONpeJielIseTcd 3Ha-
YEeHHSIMH YCJIOBHHIX KOHCTAHT YCTOMYHMBOCTH H HOrJomaiouied cro-
COGHOCTBIO 06Pa3yIOMIUXCS KOMIJIEKCOB. B cucreMe onpefessieMoe

86

A

Ea T b

Bel[eCTBO — HHAMKATOP — THTPAHT Ha6Juofaercd paf CJAOKHHX
PaBHOBECHH, IIDH DacCMOTPEHHH KOTOPHX HAaA0 YYMTHBATh 1060O4-
Hble peaklHH BCEX COCTABMSIOIIHX.

3HayeHHd YCJOBHHIX KOHCTAHT YCTOHYMBOCTH KOMILJIEKCOMETPH-
YECKOro THTPOBAHHS HOHOB MarHHsg M LHHKA (cM. paboty 1), a
TaKXKe KOMILIEKCOB HOHOB 3THX METaJJIOB ¢ HHAHKATOPOM

lg m3m<ml = _N.NAZN‘&NII lg AMg(NHg), == 8,7—1,9=6,8,
1g Bmg jna = 18 KMg fna— 18 oMg(NH,), =7,0—1,9=5,1,

OOBACHAIOT MOCJAeL0BATEAbHOCTD OTTHTPOBLIBAHHS HOHOB METAJJIOB
# JIOCTATOYHYIO PE3KOCTb H3MEHEeHHs OKPAaCKH HHIHKATOpa B TOYKE
3KBHBAJIEHTHOCTH.

IIpu tuTpoBaHMM MOHOB HMHKa pactBopom DJTA B npucyrtcr-
BHH 3PHOXPOMOBOro yepHoro T, H3MeHeHHe OKpDacKH HHAHKATOpa
yKasmiBaer Ha npespamenne Zn Ind B Ind~. B npucyTCTBHH HOHOB
MarHus, HalIIUX MeHee yCTOHWMBHIA Kommaekc ¢ DJTA, uem
LHHK, OCBOOOXK/JEHHbIH HHIMKATOD pearupyer ¢ HOHAMH MarHusd,
obpasyss MgInd. B stom cayuae Zn/Ind npespamaercs B Mg Ind,
a npu jpanpHedweMm poGasnennn DIATA mnpoucxoaur paspyllenue
xommiekca Mg Ind, BricBo6oxxaeTcst ¢cBOGOXHEIN HHAMKATOP H (QHK-
CHPyeTCSl H3MEHEeHHE CBETONOIMIOUIEHHS.

NMpuGopui u peaxTusn

ITpuboper u peaxtugs. — cM. padoty 1.

Pabowuii pacreop cyrvpara macnus MgSO,-TH,0
maruus 2,43 mr/ma, 0,05 M.

Yeranoska Turpa AJLTA no maramio. Ycranosky THTpa pactsopa SITA mo
Marauio NpPOBOAAT aHAJOTHYHO ycraunoske THTpa DJTA no uMHKY (CM. mpembimy-
wyio pa6ory). Ilo pesyabrataM THTPOBaHHS PaCCIHTHBAIOT ﬂwh._..»\zm

X4, ¢ KOHUEHTpaunueH

Bunoanenne paGotel. K aHanusupyeMoMmy pacTBopy, comepiKa-
LeMy HHHK H MarHu#l, 100aBJSIOT YKa3aHHBE [IPH YCTAHOBKE THT-
pa pacreopa JATA no UMHKY peakTHBH H THUTPYIOT pacTBopoM
OHTA (ue menee tpex pas). Ilo pesyabraTam CTpoAT KPHBHIE
THTPOBAHHS, MO KOTOPBIM HaxoIAT V’agra B V”snra, cooTBeTCTBYIO-
mue 1-0ff ¥ 2-0/i KOHEUHBIM TOYKAM THTPOBAHHS, M HX CPefHee 3Ha-
yenne. Ilo cpennum sHauenmsm V/snra B V73nr1a PACCUHTHIBAIOT

COepXaHHe IHHKA M MarHus B aHAJIH3HPYEMOM DACTBOpe:

8zn = Tonta/zn V'anra; gmg = Tontamg (V'amra —V'anTa),

MerofoM HauMeHbUIMX KBAaJAPaTOB HAXOMNAT AOBEPHTEJNbHBIH
HHTEpBaJ pe3yJbTaTa H CTAHAAPTHOE OTKJIOHEHHE.

1.2.4. ®orToTypGUaNMETPHSA H HededoMeTpHS

Hns ocymecTsnennust TYpGHANMETPHIECKOTO M HedelOMeTPHIECKO-
TO METOJ0B aHa/H3a HOHEI ONPENeJAEMOro 5JeMeHTa WJIH Olpefe-
JsieMoe BELIeCTBO MEPEBOASAT B MaJOPACTBOPHMOE COELHHEHHE, CIO-
co6HOe 06Da3oBHIBATL OTHOCHTENBHO YCTOAYHBYIO AHCIEPCHYIO CH-
CTE€My B Haua/JbHHH NEPHOA (GOPMHDOBAHHS OCaiKa. DTHM YCJIO-
BHSIM  y0BJeTBOPstIOT peakuud SO~ ¢ Ba%t, Cl- ¢ Agt, C,02~ ¢
Ca?t u npyrue.
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Ocazgok ofpasyercs B TOM cJydae, Korja HCXOAHHHA pacfsBop
CTaHOBHTCSl TePeCHINEHHBM 110 OTHOIIEHHIO K HOBOH TBepaoil dase,
T. €. BHIIOJHSIETCS YCJIOBHE:

[M*][AT] > I1Pya,

rge [M*], [A-] —KoHmeHnTpamus HOHOB B pactBope; IIPma — npousseienue
PacTBOPHMOCTH,

Jnsa aHaJMTHUeCKHX leJjel yaoOHH HaHMeHee PACTBOPUMEIE B
Bofe ocaikd. PopMHpPOBaHHe ocalxa, YEOOHOTO LJs KOJHYECTBEH-
HOTO OINpeJeseHUsl, B 3HAUMUTEJ]bHOH CTENeHU 3aBHCHT OT YCJIOBHMH
ero OocaxKJeHHSA: TeMIepaTyph, KOHLUEHTpAUUH pearupywuux Be-
mectB, pH, ckopoctu noGaBieHus peakTusa u AP.

Ilponeccs  KpUCTaJJIH3aNUH COMNPOBOXKAANTCH HHAYKIHOHHBIM
NepHOAOM — BpeMeHeM OT MOMEHTa CMELIHBAHWSl PEareHTOB A0 NO-
sIBJICHHST BHIMMOro ocaika. V3BeCTHO sMmupHuecKoe ypaBHEHHe,
CBsI3bIBalOlee MHAYKIHOHHBIA NepHOJ C HayaJbHOH KOHIEeHTpauueit
peareHToB:

ticg® =k,

FAe !; — MHAYKIMOHHHIA NEepHON; ¢, — HayalbHasd KOHLEHTpalus Cpasy HOCJe cMe-
WHBAHAS; N H R — 5MIUPUYECKHE KOHCTAHTHL.

dﬁohoﬁvﬂm,ﬂmhv—.moaﬂv HHAYKIOHOHHOIO I€pHoja 3aBHCUT OT CHNO-
coba cMmenIMBaHUA p€areHToB, UX YUCTOTHI, CTENECHHU MNEPECHINECHHSE
U He 3aBHCHUT OT MeToAa HabJIodeHHs. mAUEHEJmONmm CTE€IIeHb Mepe-
CBhILICHHA 1 opeaesaeTCsd OTHOIIEHHEM:

1 = ap—apm+/TIAmp =~ [A7] [MH]/[TPpma,
rae [TAma — npousBefieHHe aKTHBHOCTEM,

Kak wu3BecTHO, NMPH KpPHCTAJJIH3aLHH B CHCTEME CHayaja BO3-
HHKAIOT MeJbyaillde 4acTHLH HOBOH TBepAOoH (pasel — 3apoimillH,
3aTeM NPOHCXOAHT POCT KpHCTaJ/0B. COIVIaCHO COBpEMEHHOH Tep-
MOJHHaMHUeCKOH TeopuH 06pasoBaHHA KPHCTAJJIHUYECKHUX 3apOlbl-
Iued H30JHPOBaHHasA cHcTeMa abCoOMIOTHO ycToHuuBa (cTabuabHA),
ecqH Jji060e KOHEYHOe M3MEHEeHHe ee COCTOSIHHS (IIPH NOCTOSHCTBE
9HEPTHH) OCTaBJSET HEH3MEHHOH (UM yMEHbLIIAET) ee SHTPOIMHIO.
CucreMa OTHOCHTEJBHO ycTOofuMBa (MeracTabuiibHA), €CAH NPH He-
KOTOPHX KOHEYHHIX H3MEHEeHHSX ee COCTOSHHs SHTPOMHS BO3pac-
taer. [IpumMepoM MeracraGuJbHOH CHCTEMBl SIBJISIETCS IepecHIIeH-
HBIl PacTBOpP, SHTPONMS KOTODPOrO Bo3pacraeT Ha KOHEYHOe 3Hade-
HHe NIpH KpHcTandnuszauud. B jgabunbHOll (pe3ko nepechieHHOH)
006/1acTH TIPOUCXOJIHT CHOHTaHHOe 3apojsimeobpaszosande. B Typ-
6unnmeTpuu Heo6xoAMMa arperaTHBHasi YCTOHYHBOCTb AMCIIEPCHOMH
cucreMbl. [loj ycTOAYMBOCTBLIO AHMCHEPCHOH CHCTEMB IIOHHMAKOT
HOCTOSHCTBO €e CBOHCTB BO BPEMEHH, B IepBYI0 Ouepelb JHCHEpC-
HOCTH H paclpefeseHus 4yacTHL no o6beMy, YCTOMYHBOCTH K OTIe-
JIEHHIO PAacTBOPa OT 0CaJKa, K MeXKYacTHYHOMY B3aHMOJefcTBHIO.

B peasbHHX YCJIOBHAX arperaTHBHAsi VCTOHYHBOCTb CHCTEME!
onpefeasiercs (akTOpaMH He TOJIbKO TEPMOJHHAMHUYECKQrO, HO H

- KHHETHYeCKOro XapakTepa (CTOJNIKHOBeHHe uacTuy, auddysus,
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BJIEKTPOCTATHYECKOE B3aHMOJeHCTBUE, BO3HHKHOBeHHe ABOAHOTO
3JIEKTPHUECKOTO CJIOsi Ha MmexkdasHod rpanuue u ap.). Ha mpakra-
Ke MeX(asHoe B3aMMOJeHCTBHE YCTPAHSIOT BBeJeHHEM B HCXOLHBIE
PacCTBOPH peareHTOB CHJILHOTO 3JEKTPOJHUTA, CKOPOCThb KOATYJISUHH
CHHXKAIOT YBeJHYECHHEM BS3KOCTH CPEe[IH.

Ilpn mpoxokneHHH cBeTa yepe3 AHCHIEPCHYIO FeTEPOreHHYK CH-
CTeMy, KaKO# sIBJsieTCS B3BeCh MaJOPaCTBOPHMOIO BellleCTBA B MO-
MEeHT 00pa3oBaHHsA, IPOHCXOAMT OcJabjieHHE CBETOBOTO NOTOKA B
pesy/ibTaTe pacceMBAaHHs H NOIVIOIIEHHS €ro YacTHUAaMH AHCIepCHOMH
(hasmi: §

Io=In+Ip+ 1,

rae lo, Iu, Ip, ] — HHTEHCHBHOCTH NAJAIOWET0, NOIVIONIZEMOr0, PACCEAHHOrO K
npolleAUlIero CBeTOBLIX IOTOKOB, COOTBETCTBEHHO.

STo fABJeHHE HCIOJL30BAHO B TypOUIHMEeTPHYECKHX H Hedeso-
METPDHYECKHX MeTOJaxX I/l KAayeCTBeHHOH U KOJHYECTBeHHOH OleH-
KH MaJIODACTBOPHMBIX COeJTHHEHUH.

Typbuaumerpust OCHOBAHA Ha M3MePEHHH HHTEHCHBHOCTH CBETO-
BOTO IIOTOKA, NpOINeAulero yepes aucmepcHyio cucremy I. Ecau
NPUHATH PACCeSHHBIA CBET 32 (PMKTHBHO MOTJIOIEHHHIH, TO MOXHO
TMOJTyYUTh COOTHOLIEHHe, aHAJIOrHYHOE 3aKOoHy Dyrepa — Jlam6ep-
Ta— Bepa (1.17) nnis norsomenus ceeta pacTBopamu

D=1gly/I =tl=klc,

rie D — ontHieckas MIIOTHOCT PacTsopa; ¢ — KOs HLHEHT MYTHOCTH; [ — TOJNI-
HIHHA CJI0%L; k& ~— SMIHPHTIECKAs KOHCTAHTA; € — KOHUEHTD ALK,

‘Tak Kak morJioweHHs cBeTa B JAHHOM Ciyuae IPaKTHUECKH He npo-
HCXOLHT, B OTJIMIHE OT CBETONOIMVIOIlEHHS A, HCHOJMb3YIOT IOHSATHE
ONTHYECKOH mioTHOCTH D, KoTOpast MoXer GHITb H3MepeHa Ha tdoro-
anekTpokosopumerpe. Kospduuuenr myrsocrs B namnom ypasme-
HHH aHAJOTHYeH KO>(pdHUUeHTy B 3akoHe Byrepa — Jlambepra —
Bepa. 9to Benwumna, o6paTHas TOMMMHE TAaKOro MONIOMIAIOMIEr0
€J104, KOTOpAsi yMEHbUIAe€T HHTEHCHBHOCTL MafaloIlero CBETOBOTO
notoka B 10 pas, usmepsiercs B cM~—1.

Hegenomerpus ocHoBaHa Ha H3MepeHHH HHTEHCHBHOCTH cBera,
paccesHHOro aucnepcHoi cucremof /p. CnocoGHOCTh 4acTHI, K pac-
CEsIHHIO IJIM OTPaXKEHHIO CBETa ONpelesseTcsi PasMepoM YacTHI[ H
JJIHHOH BOJIHBI Najalollero cBera. MHTEHCHBHOCTh CBETOBONO IOTO-
ka, PacCeHBaeMOro NHCNEPCHBIMH YaCTHUAMH, OMpPELessieTcss ypas-
HenHeMm Pages ,

Ip = I, [F (NV2/MR?) (1 - cos §)],

rie F— GyHKuna ot moxasaTenef: npenomienust; N — obmee umeso yactuy, V —

00beM 4acTHU; A — JAJHHA BOJHE MalaiOllero cBETa; R — paccrosiune oT nerek-
Topa; 6 — yroa paccesnus.

32KOHOMEDHOCTb [I€PECTAeT BBIMOJHATLCS, eCIU pasMepH yacTHI
NPHG/IHKAIOTCA K AJMHHE BOJHB NALAIOLIET0 CBETA.

Ecau He06XOAHMO OIIPEACSHUTH TOJABKO pasMep 4yacTHIl ¥ HX KOH-
ﬂnmﬂbm:m:o‘ TO HOCTAaTOYHO H3MEpHTh HHTEHCHBHOCTL paccesdHHoOro
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cBeTa NOJ OJHHM YrioM. B atom cayuae ypaBHeHHe Pajes MOXHO
NPeNCTABHThL B BHIeE:
Ip = IokcV.

B HedenroMeTpHYECKOM MeToje TPaAyHPOBOUHHIA rpadHk MOXKer
6LITL IIOCTPOEH B KoopauHaTax Ip—c. Bosee BHICOKAs 4yBCTBHTEJb-
HOCTb M€TOJla MO CPaBHEHMIO ¢ TypOuauMeTpHeH OOBACHAETCA Nps-
MEIM H3MEpeHHeM aHAJHTHYECKOTO CHIHAJa, 4TO I03BOJISIET Ompe-
IeJsTh He TOJIbKO KOHIIEHTpallHM H pasMep uyacTHL B 30J5X, HO H
HX dopMy, XapakTep B3auMOJAeHCTBHSA H APyrHe CBOHCTBA.

B coorBercTBHM ¢ ypaBHeHHeM Pajiess MyTHOCTb, HCIIOJb3YEMYIO
B TypOHAHMETDHUECKOM aHAJH3e, MOXKHO BHIDA3HTh KaK

t= K'NV?/A,

rie k' — 3MIHpHUecKash KOHCTAaHTa
HIan .
. D = KNV,
Takum o6paszom, ecsu B3SiTh OTHOLIEHHE ONTHYECKHX IJIOTHOCTEH
IJs JABYX OHCIOEPCHBIX CHCTEM MaJjOpacTBOPHMHIX BEINECTB C OJH-
HAaKOBHIM pasMepoM 4acTHH, OHO 6yJeT paBHO OTHOLICHHIO KOH-
HeHTpanuil, a OpH OJHOH H TOH Xe KOHIEHTPAIMH OTHOLICHHE OI-
THYECKHX IUIOTHOCTEH NPONOPLHOHANILHO pasMepaM uactul. Pas-
Mep yacTHl B TYpGHAHMETPHUECKOM aHaJH3e He MMEET TAKOro 3Ha-
geHus, Kak B HedemoMerpur. OnHago, eclH AMCIepCHas cHCTeMa
copepxut wactuusl Gojee 0,1 A, MOABAAIOTCA OTKJIOHEHHS OT 3aKO-
Ha Pajest, uTo NMPUBOAMT K HApYIIEHHIO JHHEHHOCTH T'PaiyHPOBOY-
Horo rpaduka. BocopoHsBOAMMOCTE Pe3yJbTATOB NPH ONpeAeJeHHH
BElIECTB TypGHIHNMETPHUECKHM METOAO0M cocTaBisieT 5%.

PopmHpOBaHHe JUCNEPCHONH CHCTEMH NPOHCXOAMT BO BPEMEHH,
CKOpOCTh ee 06pa3oBaHMsi 3aBHCHT OT KOHIEHTPalHH HOHOB, 06pa-
3YIOLHX MaJopacTBOPUMOE coelHHeHHe. MeToA, HCNONb3yeMBld s
H3MEPEeHHs1 W3MEHEHHSI MYTHOCTH BO BpEeMEHH, NOJYYHJ Ha3BaHHe
TypOHAUMETPHYECKOrd KUHeTHUeckoro. OH mo3BOJSET PaCIIHPHTH
BO3MOXKHOCTH 06buHOro Merofa. Ilpu kuHeTHuecKOM MeToje MJst
onpejiesieHHs] KOMIIOHEHTAa H3MEPSIOT CKOpPoCcTh peakuun (dx/dt),
KOTOpas B HauaJbHBIH MOMEHT IPOTEKaHHs €€ ONHCHBaeTcs ypas-
HEHHeM:

dxjdv = K ([Blo) [clos ©(1.23)

rae K —KOHCTaHTa cKopocTH peakuun; [clo, [B}o — HauaibHHe KOHUEHTpALHA
aHaJH3UPYeMOro BelllecTBA ¥ PEareHTa; X — KOHHEHTPAlHs NPOMEXyTOYHOro Be-
IIecTBa WIH NPOAYKTA PeaklHy, 0 KOTOPOMY ONpelesifioT CKOPOCTh PeaklUuH.

O6BIYHO H3MEPSIIOT CKOPOCTb peaKUMH B HavajbHHHA MOMeEHT
NPOTEKAHUsI ee, KOTAA KOHIEHTpalHsi o6pasyromerocss NPoAyKTa X
Maja, uTO HHBEJHPYET NpoTeKaHue 06paTHOH peaklHH; MHHHMAaJlb-
Hbl NOGOYHEIE PeaKiHH; KOHHEHTPaUHs aHaJH3HPYyeMOro KOMIIOHEH-
Ta ¢y U pearenta B, 3aMeTHO He MeHsIOTCs. ClefoBaTe/bHO, B 3THX
YCJIOBHSIX peaKLHsi NPOTeKaeT KaK peaKLHs I[CeBJOHYJEBOro Io-
psanka. IIpu x&cg ypaBuenue (1.23) npuHHMaeT BHJ

dx/dv = K [B, [clo- (1.24)
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HaganbHyo cKopocTb peakiHMH OOBIYHO ONpPENeNsiioT, NPUMEeHss
MeToA (DUKCHPOBAHMS BPEMEHH MJH MeToJ (HKCHPOBAHHOH KOH-
genrpanud. ITpuHUKMN MeToZa (QHKCHPOBaHHOH KOHIEHTpauuH (Me-
TOJ BapbHPOBAHUS BPEMEHH) 3aKJIOUaeTCs B H3MEPEHHH BPEeMEeHH
(t nam Av), HeOGXOAHMOrO AJsl KOCTHXKEHHs (UKCHDOBAHHOrO H3-
MmeHeHHs coctaBa (Ax). Murerpupysa ypasuenue (1.24), moayunm

1/At = K [c], [B]o/Ax.

3nayenne 1/Av NMPONMOPUHOHAJIBPHO KOHUEHTPALMH aHAJH3UpYye-

moro kommonenta {c}y npu nmocrosmmmx K, [B], u Ax AEWM_QAAH&?
Ax — npejleibHO MaJlo).
Ilpeo6pasyem 3tTo ypaBHenue

; Ax = K [c], [BloAT.

Vsmepsis morsiomeHne pacTBOpa, CBS3aHHOE MPOINOPUHOHAJBHOI

3aBHCHMOCTHIO C KOHLEHTpallhied, onpe/lesioT CO/AepxKaHue aHasu-
3HpyeMoro komnoHeHrta. OGBIYHO NPOLECC OCAXK/JEHHS B HAYaJbHOM
.~ ~ CTaJu¥ peakUMH He OCJOXHeH NOGOYHHIMH SBJEHMAMH (coocaxk-
g neune u mp.). Ilostomy ¢ukcupoBanne ckopocTd o6pasoBaHus
ocajlika, Kak QyHKOHH OT KOHLEHTDPAIUH ONpeNeasieMOr0 KOMIIOHEH-
Ta, Ha JaHHOH CTafHMH PeaKLUU SIBJASETCS ONTHMAJbHBIM.
Takum 006pa3oM, KHHETHYECKHE METOAbl aHAaJH3a, OCHOBAHHHIE
~ Ha HCMOJIb30BAHMH pPEaKUH OCaXKJeHHS, HMeIT NPEeHMyLIecTBO
nepex HepenoOMeTPHUECKHM H TYpPOHIHMETPHUYECKHM METOLaMH, TaK
KaK [J1s HUX He MMEeT 3HaueHHs [OJIHOTA IPOTEKAHHS DEaKIHH,
[TosTomy peakumio MOKHO IPOBOAUTH B PACTBOPAX CHJBHBIX 3JIEKT-
POJIMTOB M KHCJIOT, YTO IIO3BOJISIET TaKXe HHBEIHPOBATL BJ/HSHHE
MellaloUHX HOHOB. . :

Pabora 1. Onpedeaenue cyasparos 8 pacrsope

B pa6ore HCHO/B3YIOT peaKIHIO 06PA30BAHUS JHCIEPCHOH CHCTEMBL
MaJjopacTBOPHMOr0 B KHCJABIX  pacTBopax cyJbdara OGapus
(ITP=1,1.10"10)

S04~ - Ba?* — BaSO,].

\ Hast obecneuenuss u36HPaTeNbHOCTH ONpefeseHHs cyabdaToOB OTHO-
g CHTeJbHO KapOoHaToB, (hoc)aToB, XpOMATOB pPEaKUHIO NPOBOAAT
B KHCJIOH cpeje.

MpuGopsl u peakTuBH )

Poroarexrpoxoropunerp PIK-M, PIK-56M.

Xnopup 6apust BaCly-H,O 109%-uuiét pactsop u 7. 1.

Pacreop saexrposura NaCl+HCL 240 r xy NaCl+20,5 wma x¢ HCl mo
1,17 r/em® B 1000 ma pactsopa. “

Pacreop cyaspara narpus c kouuentpanmesi NapSO, 0,2 mr/ma (0,8872 r
npokasentoro x4 Na,;SO, pactBopsior 8 1000 mMa pacTsopa).

PaGounft pacrsop cynbdara narpass, cofepxamuii 10 mkr B 1000 ma, ro-
TOBAT pa3baBJieHHEM MOJyYeHHOro. pacTsopa B 20 pas.

Buinoanenne paGorw. [TocTpoeHne rpaiyHPOBOYHOT O
rpadpuka. B mepHue xon6n BMectuMocTbio 100 Ma BHoCAT 2;
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4; 8; 12; 20 ma paGouero pacTBopa cy/abaTa HaTPHs, UTO COOTBET-
creyer 20; 40; 80; 120, 200 Mkr Na,SO4 B kaxayio xoaly mpuiH-
BaloT no 20 MJ pacTBOpa 3JEKTPOJHTAa H CcooTBercTBeHHO 38, 36,
32, 28, 20 MJ AMCTHJIJIUPOBAHHOH BOALI, NEPEMEMIHBAIOT KPYTOBHIM
BpameHueM KoJGH. 3aTem MpHJHBaloT 15 MJa pacrBopa xJopuna
6apusi, IepeMelNBaIOT, JOBOAAT 06BEM pacTBOpa A0 METKH H CHOBA
TIIATeAbHO NepeMmelminBaioT. Uepes b MHH H3MEPSAIOT ONTHYECKYIO
NJIOTHOCTb CTAaHJAPTHHIX PacTBOPOB MO OTHOIUNEHHIO K DPAaCTBOPY
CPaBHEeHHs B NOpsJKe NOHHXKEHHs KOHLUEHTPalUUH B KIOBETax ¢ TOJ-
HMMHOHN Torsionaniero ciosi 50 mm ¢ cHHuM cBeToduabTpOM. Pacr-
BOD CPaBHEHHsS FOTOBSIT aHAJOTHYHO CTAHZAPTHEIM B KOJI6€ BMeCTH-
mocTbio 100 Ma1 6e3 cyabdara uatpus. CTpPosT IpalyHpoBOUHBIR
rpadux D=f(Cso,2~ mr/mu).

Onpenenenune copepxanuns SO2 B pacrtsope. Ilpo-
Gy aHaJM3HPYEMOrO PacTBOPa NOBOJAT A0 METKH AHCTH/IHPOBAH-
Holt BoJOHA B MepHO#l KonGe BMectumocTsio 100 ma. M3 mosmyuen-
HOrO pacTBOpa OTGHPAIOT TPH AJHMKBOTHHE yacTH 1o 10 ma B mep-
HBle KOJOB H I'OTOBAT, KaK YKAa3aHO BHILE, CYCICH3WH, 4 3aTeM H3-

MepSIOT ONTHYECKYIO IJIOTHOCTb. 1o cpelHeMy 3HaueHHIO D, MOJb- .

3yfcb IPafiyMPOBOYHLIM IPadMKOM, HAXOAAT KOHUeHTpauui SO~ -
HOHOB B HCCJEIYyEeMOM pacTBOpe, YUHTHIBas (aKkTOPH Iepecuera.

Pa6ora 2. Onpedesenue xaopudos 8 pacrsope

B pa6oTe HCHONB3YIOT DPeakUHI0 06pa3soBaHHS TOHKOAMCHEPCHOMH
CHCTEMBI MaJJOpaCTBODHMOrO B a30THOKHCJHIX pacTBOpax XJopuaa
cepe6pa ([1P=1,78.10"19)

Cl- 4 Agr —> AgCl}.

Jdna obecnedennss H3GHPaTENbHOCTH DEaKIHIO
pH<<1. Kowmnnekcoo6pasoBaTesd MNpPeNsiTCTBYIOT
Oocajka U IOTOMY MeWaloT onpelesneHHIo. .

[To rpagynpoBouHOMYy rpaduKy 3aBHCHMOCTH ONTHYECKOH ILJIOT-
HOCTH OT KOHLEHTDALMH XJIOPHA-MOHOB, NOCTPOEHHOMY HJsi CTaH-
ZapTHHX PacTBOPOB, HaxOJAT cojepxKaHHMe BellecTBa B HCXOJHOM
npobe.

OPOBOJSAT MHPH
06pa30BaHHIO

MNpuGopsl 1 peaKkTHBH

dorosrexrpoxoropumerp PIK-M, ®IK-56M u 1. n.

Pacrsop xaopuda kaaus, cofepxamut 0,1 Mr/ma.

Pabowuii pacreop xaopuda Kaaus, cOZepXKailHi
pas6asaenuem pacrBopa KCI.

Asotxas xucaora, 25%-HEE pacTBOp.

Pacreop nutpara cepebpa, 0,1 M.

0,01 mr/ma Cl—, rorosar

Buinonnenne paGorel. [TocTpoeHHe rpaiyHpPOBOYHOTO
rpaduxa. B meprsie konbu BMecTHMOCTbIO 100 Ma BHOCAT 2; 5;
10; 15; 20 ma1 pa6ouero pacTBOpa XJIOPHIA KaJHsl, YTO COOTBETCTBYET
0,02; 0,05; 0,1; 0,15; 0,20 Mr xjopun-uoHa., B xkaxayio koiby npH-
aupawtr no 2 ma pacreopa HNO; u aucTHANHPOBAaHHYIO BOAY MO
o6bema 80 mJu. 3arTeM NPHUIAHBAIOT no 1 MJ pacTBopa HHTpara ce-
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pe6pa, mepeMelIHBAlOT KPYrOBHIM BpalleHHEM KOJOHI, [OBOAST

o06beM pacTBOpa AUCTHJAJNHPOBAHHOH BOAOH M0 METKH, TILATEJBHO
nepeMeIlHBaOT ¥ OCTABJAIOT B TeMHOM MecTe Ha 20 mun. Mawmeps-
I0T ONTHYECKYIO IJIOTHOCTb CTAHAAPTHHIX PACTBOPOB IO OTHOIICHHIO
K PacTBOpy CpaBHeHHS (B NOPsJKe BO3pacTaHusi KOHNEHTpaluil) B
KIOBETax €O cjoeM TOJMIMHOH 50 MM ¢ CHHHM CBETO(GHJIBTPOM.
CrposiT rpaAyHpOBOUHBIH rpaduxk.

Onpenenenune conepxanus Cl- B pactBopax. Us
NpoOH aHaJM3HPYEeMOro pPacTBOpPa B MEPHOH KOJGE€ BMECTHMOCTBHIO
100 M1 roTOBAT, KaK yKa3aHO BHILIE, CYCAEH3MIO H TPHXKIH H3Me-
PAIOT ee ONTHYECKYIO NAOTHOCTH. [lo cpenmum sHauenuam D, nons-
3ysCb IPajiyHPOBOYHHIM rpaduKoM, HaxoAsT KoHueHtpauuio Cl- B
HCCTelyeMOM pacTBope.

Pabora 3. Onpedeaenue cyarvharos KuneTuseckum
TYpOUOUMETPULECKUM MeTOOOM

Meton ocHOBaH Ha TOM, Y4TO MEXAY KOHLeHTpamueil cyindaToB C
B CHJIBHOKHCJIOM PacTBOPe M BPeMeHeM T, uepe3 KOTOPOe HOCTHra-
€TCA 3aJaHHasl OITHYeCKas HNJAOTHOCTHL CYCII€EH3HH MaJiopaCTBOpH-
Moro cyab¢ata OapHs, CYIIEeCTBYeT NPOHOPUHOHAJbHAS 3aBHCH-
MOCTh, T. €. 32aBHCHMOCTb MEXKAy Nomﬂmmewm,ﬂ,mm& o%hw%m—,ﬂnsomow_
H CKOPOCTBIO HX Ombmmomwmxm.

NpuGopnt ¥ peakTHBH

Dorossexrporosopumerp SIK-M ¢ cunnm ceerodusTpos.

Cexyudomep.

Xaopud 6apus BaCly-2H,0, 30%-unii pacteop B 0,1 M HCI.

Xaoposodopodnas kucaora, 1,19 r/em®.

Pacreop cyaspara narpus NaySO,, 0,1 M rorossar us ¢ukcanana, 1 ma co-
AepxHT 4,8 Mr SO2-.

Pabouutll pacreop cysvpara satpus, comepmamnfi 047 mr SO2- B | MJI,
roTOBAT pasbasJienuem pacrsopa Na,SO, B 10 pas.

Buimoanenne paGoth. ITocTpoeHne rPpafyHPOBOYHOTL O
rpacduka. B mepHnie Koa6bl BMecTHMOCTbIO 100 MJI BHOCSIT 6; 8;
10; 12; 14; 15 ma paGouero pacreopa Nay,SOj;, uto COOTBETCTBYET
2,9; 3,8; 4,8; 58; 6,7; 7,2 mr SO, noBasnsor 50 ma 4 M HCl,
pa3baBJaslioT 10 METKH AHCTHJ/IHPOBAHHON BOLOH M nepeMellnBaloT.
B NepBbll CBETOBOH MydoK (OTO3/IEKTPOKOJIODUMETPA IIOMENIAIOT
KIOBeTy C aHAJHUSHPYeMBIM PacTBOPOM, HAJHTHIM TOYHO 10 DPHCKH,
B JIeBBHIH—— KIOBETY ¢ AHCTHJVIHPOBAaHHOK. BoAoH. C TOMOIIBIO ONTH-
YECKOro  KJMHMHA YCTAHABJIHBAIOT ONTHYECKOE DABHOBECHE IMPH
bnco,o Ha npaBoM GapabaHe, 3aTeM NePEBOAST 3HAUECHHE ONTHUE-
CKOH IIIOTHOCTH Ha D=0,3 u B NpaByi0 KIOBeTy H3 NHIETKH 106as-
AT 3 M xjaopuia Gapusi. ONHOBPEMEHHO BRJIOYAIOT CeKyHJ0-
Mep. Koraa crpenka rambBanomeTpa pocturaer HYJIEBOTO HOJIOXKeE-
HUS, CEKYHIOMED BHIK/IIOYAIOT H 3aMHCHIBAIOT BpPeMs MPOTEKAHMS
peaknuy 1. Tlo monyyeHHHM NaHHBIM CTDOSIT rpanyupOBOYHBIH
rpaguk, oTKJIaAbBas Mo ocH abcummce KoHIeHTpanu SO.2~ B wmr,
IO OCH OpIHHAT —— COOTBETCTBYIOLIEE 3HAUEHHE CKOPOCTH 06pa3oBa-
HHs cyabata Gapua B 0,3/r (c-1).

93




Onpenenenuneconepxanusa SO2 s pactBope. [Ipo-
Oy aHaJHM3HDyeMOro PacTBOpa MEePEeHOCAT B MEPHYI0 KOJIGy BMeCTH-
MocTeio 100 ma, npuausator 50 ma 4 M HCI, nosoasat go meTkm
JUCTHANHPOBAHHOH BOMOH M TIIATENLHO MepEeMEHIHBAiOT. 3aTeM
JeHCTBYIOT TaK e, KaK OMNHCAHO NPH MOCTPOEHHH I'pafyHPOBOYHO-
ro rpatuka. Kosugecrso SO,2~ B aHANH3HPYEMOM pacTBOpe Haxo-
JAT 1o IPajgyHpOBOYHOMY rpaduky.

1.2.5. dayopumerpus

dayopuMeTpHUECKHHl METOA aHaJH3a OCHOBAH Ha BO3GYXIEHHH
3JeKTPOHHBIX CIEKTPOB HCIOYCKaHHS MOJEKYJ OTpeesseMoro Be-
mecTBa npH BHelnHeM Y P-06/yueHHH U H3MEPEHHH HHTEHCHBHOCTH
X (oToNOMHHecHeHUMH. [l BO3HHKHOBEHMS SIBJIEHHS JIOMHHEC-
LleHOHH MOJIEKYJIE BemlecTBa HeOGXO0IMMO NEPEBECTH H3 OCHOBHOrO
COCTOSIHMSA B BO30YyXKJAEHHOE ¢ AJHTENbHOCTHIO €0 CYLIEeCTBOBAHHUS,
JOCTaTOYHOH MM OCYIIECTBJEHHS H3Jy4aTeNbHOr0 3JeKTPOHHOTO
1epexofa M3 B03OY:KIEHHOTO COCTOSHHS B OCHOBHOE. DTO BO3MOXK-
HO IJIS MOJIeKyJ ¢ OTHOCHTEJbHO YCTOHUYHBHIM BO36YXKIEHHBIM CO-
CTOSIHHEM.

JlloMuHecnenuuio, BeI3BHIBaeMyl0 ¥ P-uanyueHneM, Ha3hIBAIOT
¢ayopecuennuei. @iayopecueHUHS — CBeUeHHUe, IpeKpallawlleecs
yepes oueHb MaJjoe BpeMs nocse ero BosOyxaenus. docdopecueH-
uMg — CBeuyeHHe, IIPOJOJIKaloOMeecss HEKOTOpoe BpeMs H Iocie
fipeKpallelus ero Bo30yxRAeHHs:, DTH ABJIeHUS OOBACHSIOTCS HEOAH-
HAaKOBHIM MEXAaHH3MOM BO3BpaIlleHHs1 BO36YKAEHHOH MOJIEKYJH B
OCHOBHOE COCTOSIHHE. :

HeBo36y:kAeHHOE COCTOSIHHE MOJEKYJ OpraHUYeCKHX COeLHHe-
#Hi — cuHrieTHoe. OHO XapakTepH3yeTrcsd MHHHMYMOM 3HEPTHH H
OTCYTCTBHEM HecnapeHHhX 3JeKTpoHOB. Ilpu BoabyxieHuu wMoJe-
KyJBH, KaK 3T0 BHAHO M3 pHc. 1.32, ocylecTBiisieTcsl 3/7eKTPOHHO-
KoJne6GaTeNbHEHl CHHIVIET-CHHTJIETHHH mepexox S;—>S,Vr. H30wrmok
KoneGaTeqbHOH 3SHepPruH Ha Bo3OyXKIeHHOM ypoBHe S;Vn MOXeT
ObiTb yTpaueH 3a cueT (e3nl3NyyaTenbHOTO MPOLEcca BHYTPeHHel
kouBepcHH (BK) S;Yn—>S,%o. [Ipu nepexofie aleKTpoHA C HHKHe-
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Puc. 1.32. Cxema SHEPreTHYeCKOoR AMarpaMmul (ayopecueHuun u docdopeceHIHH

94

)
S
wu,
R

#

ro BO30yXJEHHOTO  KOJNeGaTeNBHOrO YPOBHS  Ha
S1Yo—>S¢Yo H3JyuaeTcss KBaHT BJayopecleHIuH.

Ecnu Bo3OyxaeHHOe COCTOSHHE OTHOCHTENBHO YCTONUHBO, TO
SJIEKTPOH, HaXOASNHACA Ha BO3OYXKIEHHOM CHHIVIETHOM YPOBHE
S1Vn, MOXET OCYIeCTBHTb HeperJaMeHTHDOBAHHHLH NPaBHJIAMHU OT-
Gopa uHTepkoMOuHaUHOHHHI nepexon (MKII) S;Ve—sT\Y: u mo-
NacTe Ha TPHUIJIETHHIH YpPOBeHb BO3OYXKAEHHOTrO cocTosHHs T,V,,.
Bpems xusn# BO36yXKIEHHOrO TPHILIETHOTO COCTOSIHHSI BEJNUKO — OT
10~* 1o HecKONBKHX CEKYHJ, BEDOSTHOCTb 3alPeMeHHOIO TPUILIET-
CHHIVIETHOTO Ilepexoja Masia: Habmiojnaerca siBienue dacdopec-
LEeHIIVH,

YuactHe kosebaTelbHBIX NOAYPOBHEH B MeXaHH3ME JIOMHHEC-
LeHUUH NPHBOJAHT K MOSABJEeHHIO IHPOXKHX 100—200 HM noJoc us-
JIy4eHHus.

OCHOBHOMN

O PerTHBHOCTL IPeo6pa3oBaAHHS 3HEPLHH B036yxnenus E, B
SHEPruI0 H3jny4yeHHs Ly XapakTepH3YIOT 3HEPreTHUeCKHM @y I
KBAHTOBEIM (TaK kak E=hvN) @ Bbx0z0M dhiyopecueHunn Qon =
=E¢/Ex 0 gxa=Ng/Ny, rne Ny, Ny — uncio H3JIyYEHHBIX H IIOIJIO-
HIeHHBIX KBAHTOB. ,

YUem Goablle KBAHTOBHIH BEIXOM, TEM HHTEHCHBHee tdayopecnen-
uusa. K CHHKEHHIO @,n NPHBOMUT sSIBJEHHE TyUIEHHS (YOPecLeHIHY
3a cyeT Ae3aKTHBALHH BO30YXKIAEHHOIO COCTOSHHS.

BesnunHa @on 3aBHCHT OT JIMHB BOJHEI BO3GYXKAAKOMLEro H37ay-
YeHHs (3akoH BapuioBa). OfHAKO CIEKTD JIIOMHHECLEHUHH CJI0MK-
HBIX MOJIEKYJl B KOHIEHCHDOBaHHOH (ase He 3aBHCHT OT AJHHEL
BOJIHB BO30YKNAIOUIET0 H3JNYYeHHs, OTOMY UTO H3JyueHHe KBaH-
TOB (IYODECUEeHIHH OCYLIECTBJISETCS TOJbKO ¢ ONHOrO YPOBH#
(SiVo, cM. pue. 1.32). Tak kak HaGawomaercs OJHOBPEMEHHOE H He-
33aBHCHMOE ADYT OT JApyra CBedYeHHE OueHbL GOJBINOrO YHCJja MoJe-
KyJ, CyMMapHO€ H3JyueHHe HEKOT€PeHTHO. IHEPrus H3JyUeHHBIX
KBAHTOB MEHbUIE SHEPIHH MOMIOWEHHEX, [03TOMY MaKCHMYM
CIEKTPa (JIYOPECUEeHINH CABHHYT B CTOPOHY IJIMHHBIX BOJH IO OT-
HONIEHHIO K MAaKCHMYMy CIIeKTPa MNOTJIOLIEHHSI 3TOrO XK€ CoelHHe-
Hus (npasBuno Crekca — Jlommens).

Heoprannyeckue coeiunenus, y KOTOPHX BO3MOKeH nepexon
BO30YXK/IEHHBIX 3/J€KTPOHOB Ha OCHOBHOH yPOBEHb TOJBKO C onpe-
ACJCHHLIX SHEPreTHYECKHX YPOBHeH, obiajaior ¢uyopecueHmHeil.
OTHM TPeGOBAHHIM YHOBJETBOPSIOT COELMHEHUS penKO3eMeJIbHBIX
sneMeHTOB W ypana (III, 1V, VI). ®ayopecuennus croiicteenna, B
OCHOBHOM, OpraHHYeckKuM coeluHeHusM. ITostomy B amaanse Heop-
Ta4HHYECKHX BELIECTB HCNOAL3YIOT (JYOPOTEHHEIE OPraHHYyecKHe
aHAJUTHYECKHE DeareHTl, obpasyiomue ¢Jyopecuupyomue KoMi-
JIEKCEl ¢ HOHAMH MeTa/uIoB. UeM cH/IbHEe NOIJIOHIAET OPraHMYecKoe
COe/lMHeHNe B yJIbTPa(uONeTOBOH 06JaCTH CIeKTPa, TeM HHTEHCHUB-
Hell ero ¢uyopecueHuusi. TOMY YCIOBHIO YIOBJETBOPAOT ajuda-
THYECKHE, HACBILEHHbIE LHKJIHYECKHE COCIMHEHHS, COCIAMHEHHS C
CHCTEMOH CONPAXKEHHHX ABOHHBIX CBfI3€H, U B MeHbHIeH CTeleHH
apoMatHyeckue COeLHHEHHs C rerepoaToMamu. BBezenne asiekTpo-
HONOHOPHBIX 3aMECTHTeJeH B MOJEKY/1y OPTaHHYeCKOTO COEIHHEHHS °
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ycunuBaer QuyopecLeHLHI0, 3JIeKTPOHOAKIUENTOPHEIX — TYIUIAT ee.
3amecTHTesH, cab0 B3aHMOAEHCTBYIOIIHE C f-3JIGKTPOHHOH CHCTe-
mo#t Moaekynsl (CHz—, —SO;H...), He Bausior Ha ¢Jayopecien-
1HIO.
diyopecHeHIHs IOYTH BCeria OTCYTCTBYET, eClH BO3MOXKHO
BpallleHHe OTJE/JbHBIX YacTell MOJIEKYJB OTHOCHTENBHO APYT APYTa,
TaK Kak B 3TOM cJjyuae 3Heprusi Bo3OyKJAeHHUs pacTpauMBaeTcs Ha
B3aMMHOe INpeBpalleHHe KOH(GOpPMAUHOHHHX H3oMmepoB. Hanpumep,
‘CaJHLUIaB-0-aMHHOMEHON He (payopecuupyer \oz

OH HO olﬂ/o
_
@A:ule\ /v A\ /méznzl\\ A\
a ero xenat ¢ Al3t obGnapaer spko-zeneHol ¢dayopecueHLHedl, Tax
kak uoH Al*t ¢uxcupyer mosioKeHHe OTAENBHBIX yacTell MOJIEKYJH
pearenTa.
Ilpn HH3KHX KOHLEHTpauuax (JyoporeHa HHTEHCHBHOCTB (Jyo-

pecueduu Iy TPONOPIUOHATILHA YHCAY H3JYYEHHHIX KBaHTOB Ng

: Iy = kpNgy = kpPysNy, (1 .vmmv
rie kg — Ko3bbUILHEHT NPONOPUHOHANBHOCTH. :

Yucao HOTVIOHMIEHHBIX KBAHTOB Ny OpoNnoOpPIUUOHAABHO MNOTVIOIEH-
HOMY Bo3OyxkpawomeMy HanyueHno (lp—I):

Na= by (Tg— Iy = by (lg— 15-107°3) = oty (1 — 107525) | (1.26)
rae Io, ] — HHTEHCHBHOCTH Najalolllero W mpowenmero Y®-noTokoB; kg — K03¢-
«puIlHEHT MPONOPLHOHAMLHOCTH.

W3 stux ypasnenuit (1.25) u (1.26) moayuum:
Iy = Fkuexm; A_ - ~o.|my.§v .

Tak Kak KOHIEHTpauus ¢GJyopecUUpYIOIIero BeleCcTBA B pacT-
BOpe MaJa, morviouleHne Bo3byxpaiomero ¥ P-usiayueHus HesHadH-
TeJILHO, CJAeNOBATENbHO

Iy = b&@:é:w;mic = ke.

TakuMm 006pa3oM, HHTEHCHBHOCTb (JIyOpeCLeHIHH HPONMOPIHO-
Ha/lbHa KOHUEHTPALHH ¢JyopecUHpYIOUlero BelllecTBa, OMHAKO B
I 06J1acTH OTHOCHTENBHO BHICOKHX KOH-
? / neHrpauuii Habjionaercs sBJeHHE KOH-
7 LEHTPAUHOHHOrO TYILIeHHs, IPOHCXOAS-
lee NpH yBeJHuYeHuH AoJM Oe3ni3ayda-
TeJBHBIX NEPEeXON0B, H JHHelHas 3aBHU-
cUMOCTb MexXAy Ip M ¢ Hapylaercs
(puc. 1.33).

V

S

- Puc. 1.33. OxcnepHMeHTaNbHO CHATas 3aBHCH-
MOCTb HHTEHCHBHOCTH (JIyOPECUeHIHH OT KOH-
geHTpanuy (GIyopecHUpPYIOLIEro BellecTBa

A
j

T O

Puc 1,34, TlpuHnunnajibHas CcxeMa

¢bnyopumerpa:

] — ucrougHK Y ®-Hanyuenuda; 2 — nepBHU-
4Bft  cBeTodHABTP; 3 — KioBera c TpoGofR;
4 — BTODHUHBIA CBeTOGHABTDP; 5 — OTOIIR-
MeHT; 6 -~ 3JeKTPOHHBIA YCHAHTENb; 7 — MHJ-
JAMaMOepMerp

KonnentpauuonHoe TylleHHe oOyCJOBJAMBAaeT BEPXHHH ‘mpenesn
AHaasoHa ONpeleNsieMblX KOHLEHTpauui npubansutenapao 10~* M.
BricOKasi HHTEHCHBHOCTL (hJIyODecleHHHH OObsCHAET HHSKHH IIpe-
AeJ1 oOHapyXeHus METOAa, cocTaBisomui 10-8%.

IMpuHuunuanbHas cxeMa THIOBOro (pyopHMeTpa IOKaszaHa Ha
puc. 1.34. Manyuenue ucTounuka I, BHIEJIEHHOE NEPBHYHBIM CBETO-
¢uabTpoM 2, momajaer Ha xlosery c npoGol 3. Bosnukawouiee Hs-
JyyeHHe (ayopecueHIUH [, uepe3 BTOPUUHBIA CBETOQHALTP 4 NO-
najaer Ha GOTO3JeMeHT MM (HOTOYMHOXKHTENb §, Iie OHO Hpeol-
pasyercs B 3JEKTPHUYECKHH CHTHAJ, NMPONOPUHOHAJbHHIA HHTEHCHB-
HOCTH (JIyOpPeCUEeHIHH, KOTOPHIH yCHINBAeTCs 3JeKTPOHHBIM yCHJIH-
teneM 6 U H3Mepsercss MusasanamnepmerpoM. IIpH HCIONB30BaHHH
JHHEHHOTO y4acTKa IPajyHpOBOYHOro rpaduka BOCIOPOHU3BOAUMOCTb
GAyOpPHMETPHUYECKHX ONpefeleHH#l cocTaBifeT NPHOJIH3HTEIbHO
5%. MeToj NPHMEHSIOT AJsI YYBCTBHTENBHOTO OIpPEAeJeHHsl OUeHb
MaJlBIX KOJIHYECTB 3JIeMEHTOB HPH aHa/H3¢ OPraHM4ecKMX BELecTs,
IpPH ONpeJe/NEeHHH MaJjblX KOJHYeCTB BHTAMHHOB, TOPMOHOB, aHTH-
6HOTHKOB, KaHUEPOTEHHHIX COeAMHEeHHH, Hed@TeNpPOAYKTOB H AP.

KoMGuHUpOBaHHe (JIYOPHMETPHH C MeTOJAaMH KOHUEHTPHPOBa-
HUs, HATIpEMEp C SKCTpakKuued, MO3BOJsSET NMOHM3HThL Hpejes] OOHa-
pyxenns. Ucnonb3ys xe ¢uyopecueHTHbE HHAMKATOPH, MOKHO
OCYILLECTBJISAITh YYBCTBHTEJbHBIE THTPHMETPHUECKHE ONpeeNeHHs
Jaxke B MyTHHIX H OKpallleHHEIX PacTBOPax.

Pabora 1. Onpedesenue ypana no C8E4eHUIO
YPAHUNDPOCHATHOIX KOMNAEKCOB

XapakTep M MHTEHCHBHOCTb (hJiyopeCleHIHH COeIHHEHHH ypaHa 3a-
BHCAT OT COCTaBa COeJMHEHHs, CBOHCTB DPacTBOPHTEJS, BHEHIHHX
tdakropoB. [nst coeauHeHHH ypaHHJa XapaKTepHO MeMJeHHOe Ha-
pacTaHHe KOHNEHTDAIHOHHOIO TYIUEHHUS.

B ¢octhopHOKHCARX pacTBOpax ypaHuJa obpasyer psj KOMIJEK-
COB -

[UO,(H,PO)*—[UO,(H,POy)s] ", [UO,(H,POy)HzPO ]+ —[UO, (H5PO,),]*,
dIyopecHUpPYIOIUX XKeATO-3eMeHHM cBeToM. Kakofi H3 KOMIJIEKCOB
Gyner npeobiajaTe, 3aBHCHT OT KOHIeHTpauuH QocdopHoil KHCIO-

Tol, pH pacTBOpa, NPHPOAB M KOHLEHTPAUHMH IOCTOPOHHHX 3JEKT-
poauToB. MakcHMaJbHAasi HHTEHCHBHOCTb (JyOpeCUEeHUMH XOCTHra-
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ercs npu 5%-noft konuentpaunn HsPO, Hau6osee cuibHHMH Ty~
HIUTeIAMH ABJAIOTCS HOAMIH, HOHH cepe6pa, IMIHIEpHH.

Mpubopsl H peakTuBH

Payopumerp 3P-3MA.

Pabouuid pacrsop wurpara ypanusa, 2,1095 r UOQO;(NOs), pacrsopsiior B 1 &1
pacrtsopa.

Docopras kucaora, 50%-uull pacteop.

Buinoanenne paGorw. ITocTpoenne TPagyHPOBOYHOTO
avmecsxm. B 6 Meprmx kon6 BMecTHMOocThI0 100 MJT BBOAST ITH-
netko#t 0 (pacteop ¢ona), 2, 4, 6, 8, 10 ma paGouero pacTBopa HH-
TpaTta ypaHH/JI2 H MEDHEIM HHJIHHIAPOM MO 5 Ma pacTBopa docdop-
HOH KHCJIOTH. OGbeMBl PacTBOPOB JOBOAAT JHUCTHJJIHPOBAHHON BO-
A0 1o MeTKH U nepemelnsawot. Kiosery ¢uayopumerpa onmosaacku-
BAlOT COOTBETCTBYIOIIHM 3TAJOHHHIM DPAaCTBOPOM, 3aTeM HAJHBAKOT
€ro B KIOBETY M M3MEpPSIOT HHTEHCHBHOCTb (DJIyOpeCUeHUHH 3—
5 pas. B kauecTBe mepBHYHOro HCNoMb3yKT cBeToduibTp PK-1, B
KauecTse BTOPUUHOTO— B-2 (A=400—580 um). Ilo cpexnum sHa-
UCHHAM HHTEHCHBHOCTE#l CTPOSIT rPalyHPOBOYHHINA rpaduk B Koop-
AHHATAX HHTEHCHBHOCTb (ayopecueHUUH [y -— KOHUEHTpaUUs ypa-
Ha ¢

OnpeneneHne KOHLEHTpPaU UK YypaHa B aHAJH3H-
pPyemowM pacrBope. M3 aiuxsoTHOH wacTH aHanH3MpyeMoOro
pacTsopa roTOBAT PacTBOP aHAJIOTHYHO CTAHZAPTHHM H H3MEpSIOT
3—5 pas HHTeHCHBHOCTD ero ¢uyopecuenuuu. Ilo ee cpelHeMy 3Ha-
HUEHHIO [0 IPAaAyHPOBOYHOMY rpaduKy HaXONAT KOHLEHTPANHIO ypa-
Ha M DACCUHMTEIBAIOT €ro COJepKaHHE B PACTBOPE AHAMHIHPYEMOTO.
ob6pasua. m.oaw IIpH IOCTPOCHMH TPaJlyHPOBOYHOrO rpadura H3-3a
HENOCTaTOYHOH BOCNPOM3BOAHMOCTH HabmiofaeTcsi pasbpoc TOuek,
=moaxon=zw METOAOM HaMMEHbUIHX KBaJPaTOB PacCYATATh ypaBHe-
HHe NpSMOHM H KOHLEHTPALHIO ypaHa ONpefe/HThL 10 Hell,

Pabora 2. Onpedesenue 2-nagpron-6,8-ducysvghorucrorst
no cée4eHuUI0 ee anUONA

Honu 2-sadran-6,8-gucynnpokucaors B pactsope npu pH=9—10,
BO36yKJEHHHE Y/IbTPadhHOJIETOBEM HsJayueHueMm, Quayopecuupyior
:CHHHM CBETOM

m_om:
A OH
! » -+ 3NaOH ——
HO,S~ N\
R
—_— N -+ 3H,0 - 3Na+
at,
- N O+

TpuGopu u peakTHBH
Dayopumerp w%.w\sm HJH APYrofi KOHCTPYKIAH.
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Pacreop dsynarpuesoi coau 2-Ra(roa-6,8-0ucysboKUCAOTE. KOHUCHTDAE~
uun 1 Mr/ma.
Tudépoxcud narpus, 0,1 M pactsop.

Brinoanenne pabornl, [IocTpoeHHe rPaJyHPOBOUYHOTO
rpa¢uka. B 6 mepHsx kKoa6 BMectHMOCTbIO 100 MJ BBOAAT IH-
netkoit 0 (pacteop ¢ona), 2, 4, 6, 8, 10 max paGouero pacTsopa ABY-
HatpueBoli comu 2-Hadron-6,8-MUCYNbYOKHCIOTEl H MEPHBIM IH-
aurapoM no 4 ma pactBopa NaOH. OGbeMel pacTBOpPOB HLOBOJSAT
BOJOH JO METKM H epeMellHBaloT. KroeTy
¢dbayopumeTpa OMNOJACKHBAIOT COOTBETCTBYIOIIMM  CTAHAAPTHHIM
PACTBOPOM, 3aTeM HAJMBAIOT €r0 B KIOBETY H M3MEPSIOT HHTEHCHB-
HOCTb (aryopecueHuHH 3—5 pas. B kauecTBe NepBHYHOrO HCHOJb-
syioT cBeroduasTp B-1, B Kauectse Bropuunoro — ®K-2. Ilo cpen-

- HAM 3HAYEHHSIM HHTEHCHBHOCTEHl CTPOST IPafyHPOBOYHBIA rpaduk

B KOODAMHATaX HHTEHCHBHOCTb (payopecueHiuu [¢ — KOHUEHTpalud
2-HadpTON-6,8-1HCYyNbGOKHCIOTH Cx.

Onpenenenne KOHLeHTpaunu 2-HadToa-68-xu-
cyabhOKHCAOTH B aHaJu3upyeMoM pacTBope. Ha
aJMKBOTHOM YaCTH aHAJHM3HPYeMOro pacTBOpa TOTOBAT PacTBOP
AHAJOTHYHO CTAHJAPTHEIM H H3MepsloT 3—5 Da3 HHTEHCHBHOCTb
ero ¢ayopecuernuun. ITo ee cpeineMy 3HAUEHHIO IO FpaayHpoBOd-
HOMY TrpaduKy HaXOAST KOHIUEHTPAUMIO KHCJAOTH H PACCUHTHIBAIOT
ee cojepkaHHe B pacTBOpe aHaJH3HpyeMoro o6pasua.

Pabora 3. Onpedesenue arOMURUL NO CBEHEHUIO €20 KOMNAEKCA
¢ 2-oxcu-3-nagrotinod Kucaorol

Houn anoMunus ¢ 2-okcu-3-HadTofiHofi kucaorofi o06pasywT B
pacrsope npu pH=3 xommnuexc, ¢hiyopecuupyOmuil APKO-TONYOHM
ceeroM. CocraB kommiaekca npu pH=>5,81—Al : kucaora=1:1, p=
=2,37.10% Pearent npu pH>2 dayopecuupyer seseHHM CBETOM.

4 Al == Al | 4 2H*.
COOH X /

(o{0]0)

Tpubopsl ¥ peaxTusnl

Dayopumerp FP-SMA uaun Apyrofi KOHCTPYKILHH.

Pacreop narpuesod coau 2-oxcu-3-nagrodnod rucaors, 10—+ M.

Pabouuii pacrsop astomunus, coaepxkamuii 5 Mxr/ma Al
KAI(SOy)2-12H 0 B 1 & pactBOpa.

Ayeratnoul  Cypepuoui  pacreop, pH=58. K 107,56 mn 1 M pacrsopa
CH;COOH zo6asasior 100 ma 1 M pactBopa NaOH u pa36aBisioT ARCTHIAAR+
poBanHoii Bojo#t o 1 a.

23720 1

BuinoaHenne paGorbl. [IocTpoeHHe rpalyHpPOBOYHOTD
rpaduka. B 6 mepunx Konl BHOCAT nuneTkodt mo 10 My anaxm-
3UPyEeMOro pacTBOpa H MepPHHM UWIHHApoM mo 10 ma pacrsopa
aneratHoro OydepHoro pacrBopa, nmo 10 mu pactBopa HaTpHeBOE
conu 2-okcu-3-gadTOHHON KHCAOTH, H3 Ooperku pobasasior 0, 2,
5, 10, 15, 20 ma pabouero pactBopa ajiomMuuusi. OGBeMH pacTBO-
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POB JIOBOJSAT NMCTH/IIHPOBAHHOA BOJOH /10 METKH H II€pPeMEINHBAOT.
Uepes 1 4 U3MepsOT HHTEHCHBHOCTb (hJIYOPECLEHIHH NPHUTOTOBJIEH-
HHX pacTBOpoB 3—5 pas. B kauecTBe MEPBHYHOrO HCIOJL3YIOT CBe-
TopuabTp B-1 A=320—390 HM, B KauecTBe BTOpHYHOTO — B-2
A=400—520 nuM. Ilo cpennuM 3HaYeHHSM HHTEHCHBHOCTEH CTPOST
TPayHPOBOYHEIH IpaduK B KOODAMHATAX MHTEHCHBHOCTb (yopec-
HEHIMH — KOHUEHTpalMs ajdlOMHHHA Cal. Ilo cpelHeMy 3HaYyeHHIO
HHTEHCHBHOCTH (JIyOpPeCUEHUHH 1O IPajyHPOBOYHOMY rpadHKy Ha-
XOJAAT KOHIEHTPALMIO JIOMHHHA H DacCCUHTHIBAIOT €0 COAEp:KaHHe
B aHAJIH3HPYeMOM DacTBOpE.

Pab6ora 4. Onpedenenue cyropud-uonos no tyuienuo
ryopecyenyuu TeTpaneprypayeTardiyopecyeuna

CyJbOuA-HOHEI TYLIAT KEJTO-3eJeHYyI0 (BJYOPECHEHIHIO eI0uHOro
pacTBopa TeTpaMepkypaueratpayopecuenna CqoHsO5 (HgOOCCH;),
B pesyiabrate obpasoBauus cyabduna pryrtu(l), npusomsmero K
PAa3pyuIeHnIo GayopecunpyIoIero coefHHeHH "

C,oHgO5(HgOOCCHy)q - 25%~ ——> 2Hg,S -+ 4CH,;CO0™ - C,0H, 0.

Maxkcumym dayopecueniun HaGiogaercst npu A=530 mM, mpomop-
UHOHAJbHOCTD MEXAY TYLWIEHHEM M KOHUEHTpauued CcyabGbuI-HOHA
coxpansercs B npenenax 0,001—0,02 Mxr/mn S npH KoHIEHTpauHH
TeTpaMepkypauneratduyopecuensa 0,8 Mkr/ma. Bocnpoussogu-
MOCTb onpelesennst okoqio 10%. Tymurensamu ¢ayopecueHuny Tak-
e SABJIAIOTCA THOAUetaMuI, Hmowmtmmgxhn CO€HHEeHHuA, colepxa-
aue SH-rpynne, 1=, Br—, SO32—, CN-.

Hpn6opu u peakTHBM

Payopumerp 3P-3MA uau gpyrofl KOHCTPYKUHH.

Tudpoxcud xasus una, 1%-uuif pactBop.

Pacrsop rerpameprypayerarpayopecyeuna (TMA®D).

Pacreopsior 0,02 r TMA® B 100 Ma 0,01 M pacreopa KOH. -

Pabouud pacreop rotosT pasGasiennem 0,01 M pactBopom KOH & 100 paz

B JeHb anannsa, pactBop TMAQ xpauar B TeMHOA CKJASHKE He GoOJee ABYX Me-
CHIEB.

Pabouusl pacreéop cynbhuaa HATPHS KOHNEHTpANHH 2,5 MK/ MJL. Pacteops-
o1 0,0187 r xu Gessomnoro Na;S B MeprOA KoaGe BMecThMoctbio 1000 Ma B
0,01 M pacrBope KOH.

Buinosnenne paGorel. [TocTpoeHHE rPaAyHPOBOYHOTO
rpadpuka. B 4 mepuie KOJNGH MEDHHIM LHAHHAPOM HaJHBAIOT
no 20 ma 1%-noro pacreopa KOH wm n3 6ioperkn no 20 ma pabo-
aero pacrsopa TMA®, us mukpoGroperkn BBOAAT: 0 (pacTsop ¢o-
#a), 0,2; 0,3; 0,4 My crangapTHoro pactBopa Na,S. O6bem pacTBo-
POB NOBOAAT 10 MeTKH 1%-HbiM pacTBopom KOH ¥ mepememuBaior.
Hsmepsror nHTEHCHBHOCTL (uayopecueHunH 3—5 pa3. B kauectBe
NEePBHYROrO HCNOJb3YIOT cBeTopHAbTp B-1, B kauectse BTOpHYHO-
ro—B-2. I[lo cpennum 3HaueHHSIM HHTEHCHBHOCTEH CTPOSIT rpaayH-
POBOYHHIH rpaHK B KOOPAMHATAX HHTEHCHBHOCTD tbayopecueHnun
1 — xonuentpauus cyabbua-HoHa cs. _

OnpeneneHne KOHLEHTpPALHH CynbpHIA-MOHA B
dHaNH3ApyeMOM pacTBODe. V3 afiuKBOTHON uacTH aHaNH3H-
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pyeMoro pacTBOpa IOTOBAT PacTBOP aHaJOrHYHO CTaHAAPTHEIM H
H3MepSAI0T 3—5 pa3s HHTEHCHBHOCTb ero (iyOpECUEHIHH, @O ee
cpelHEMy 3HAUEHHIO [0 FPajyMPOBOUHOMY rpanKy HAXOASAT KOH-
LeHTPAlHIO CyNbOHUI-HOHA H DAaCCUUTHBAIOT €ro COAEpXKaHue B

pacTBOpe aHajsu3upyemoro obpasua.
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T'JIABA 2
SJEKTPOXUMHYECKHE METOJIbl AHAJIN3A

DJIeKTPOXHMHYECKHEe METOAB aHajlu3a OCHOBAaHHl Ha HCIOJb30Ba-
HHH 3JICKTPOXHMHUYECKHX NPOLECCOB, NMPOHUCXOASHINX B 3JEKTPOJIH-
THYEeCKOH suefike (raJbBaHHYECKOM 3JIEMEHTE, LEMH). DJIEKTPOJIH-
THYecKas fAyefika npeicTanasier co0OH 3J1eKTPOXHMHYECKYIO CHCTe-
MY, COCTOAINYIO H3 3JEKTPOAOB H 3JIEKTPOJHTOB, KOHTAKTHPYIOIUIHX
Mexay coboil. Ha rparune pasgena ¢a3z MOXKeT NPOHCXOAHTh 3JI€K-

_ TPOZHAasl peakLHss MeXAy KOMIOHEHTaMH 3THX (a3, B pesyiabrate

KOTOPOH 3JIEKTPHUECKHH 3aps] NMepPeXOAHT M3 OAHOH ¢assl B APY-
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rylo, H Ha MeX¢da3Hofi TrpaHHIe yCTAHABJAHBAETCA IOTEHIIHAJ.
B orcyrcreue snekrpHueckoro toka (/=0) B 3aMKHyTO# rajbBaHH-
Yeckoifl Lenu Ha MexX¢pas3HOH IPaHHIE yCTAHABJIHBAETCS RaBHOBECHE
M NOTEeHIHaJ AOCTHraeT PaBHOBECHOTro 3HaueHHs. Ecau yepes sigefi-
Ky NPOXOJHT 3JIeKTPHUeCKUH Tok ([+-0), Ha MexdasHOH rpanuie
paBHOBeCHe He JOCTHI'AeTCsl H B pesyJbTaTe 3JeKTPOLHOTO Ipolec-
Ca 3JIeKTPOHH NEPEXOASAT H3 INEKTPOAA B PacTBOpP (HJH MOJOXKH-
TeJIbHHA 3apsAA B 0OPaTHOM HANPABJIEHHH).

B cocras siekTponMTHUECKOH suefKH BXOAT 1Ba. WM TPH
3JEKTPOAA, OAHH H3 KOTOPHIX — HHAMKATODHHIH HJH paGouuil, BTO-
pOft — 2JIeKTPOA CDaBHEHHS M TPETHH — BCIOMOraTesbHBIH, DJeKT-

POA, AeACTBYIOIMHA KaK JAaTYHK, pearupyss Ha (aktop Bo30yxae-

HHS H Ha COCTaB PacTBOpa (He OKasLBas BJHSHHS Ha COCTAB pPacT-
BOpa 3a BpeMsi U3MEDEHHs), SBASETCS HHAMKATOPHEIM. EcaH mop
AeHCTBHEM TOKAa, NPOTEKAIOIEro uyepes siueliKy, NPOHCXOAUT 3HAUU-
TeJIbHOe H3MEeHEHHe COCTaBa PacTBOpPa, 3JeKTPOX — pabouuil. Diek-
TPOA CPaBHEHHS CHYXHT JJs CO3ZaHHSI M3MEDPHUTEIbHOH LEeNH H
NOAAEPXKAHHS ' NOCTOSIHHOTO 3HAYEHHA MOTeHLIHasa HHIHKATOPHOI'O
(pabouero) snekTpona. Mcnonbsyemulil B TpeXaJeKTPOLHOH sueiike
BCIOMOTaTe/IbHBIA 3JI€KTPOJ (IPOTHBO3JIEKTPOL) BMecTe ¢ pabounm
3/JIEKTPOAOM BKJIIOUEH B [ellb, Yepe3 KOTOPYIO NMPOXOLHUT 3JEeKTpHue-
CKHH TOK. B cocTas asieKTpo/HTHYECKON SuefiKM MOIYT BXOAHTbH ABA
HICHTHYHBIX 3JIEKTPOJA4, BHINOJHSIOMHUX OAMHAKOBYI) (YHKIHIO.
DJIEKTPOXMMHYECKHE METOAH AaHAJM3a OCHOBAHH HAa HCIOJB30-
BaHWH 33BHCHMOCTH 3/JI€KTPHYECKHX NapaMeTPOB OT KOHIEHTPALMH,
IIPHPOALI U CTPYKTYDH BELIECTBA, YHaCTBYIOLIErO B 3JEKTPORHOM
(371€KTPOXHMHYECKOA) peakIMH HJIH B 3JIEKTPOXHMHYECKOM MPO-
iecce nepeHoca 3apsaoB MexAy s/ekTpogaMH. CorsacHo pexoMeH-
nauuaM HIOTTIAK* snekTpoxumuueckme MeTOXBI aHAMH3a MOXKHO
KnacCHHUMPOBATL cleaylomuM o6pasom: 1) merons Ges nporexa-
HHS 3JIEKTPOJHOH pPeaklluH, B KOTOPHIX CTPOeHHe IBONHOLO 3JEKT-
PHYECKOro CJIOS B pacyeT He NPHHHMaeTcs (KOHAYKTOMETDHS IpH
HH3KHX H BHICOKHX YaCTOTax); 2) METOAH, OCHOBAHHHE HAa 3JIEKT-
POAHHIX pEaKUMAX B OTCYTCTBHE TOKA (IOTEHIHOMETPHs) HJIH NOJ
TOKOM (BOJIbTAMIIEPOMETPHS, KYyJOHOMETpHS, 3JIeKTPOrpaBHMET-
pus). :
* DJIeKTPHUeCKHe NapaMeTpH (CHJa TOKa, HanpsXKeHue, COmpo-
THBJIEHHE) MOTYT CJYXHTb aHAJHTHUECKHMH CHIHAJaMH, eClH OHH
H3MEPEHBl C JIOCTAaTOYHOH TOYHOCTBIO. DJIEKTPOXUMHUECKHE METOMbI
4HA/IH3a HCHOJIB3YIOT JUGO HJIi NPSAMBIX H3MEPEHHH, OCHOBAaHHBIX
Ha 3aBHCHMOCTH «aHAJIUTHYECKHH CHTHaJ — COCTaB», JHGO LIS HH-
AHKALHH KOHEYHOH TOYKHM THTPOBAHHA B THTPHMETPHH. DJIEKTPOXH-
MHUYECKHE METOAR! aHAJNH3a MO3BOJIAIOT ONpEleATh KOHIEHTDAIHIO
BCIleCTBAa B IIMPOKOM HHTepBade (1--10° mosn/n) ¢ mocTaTounod
TOYHOCTBIO M BOCHPOH3BOAHMMOCTBIO, MOTYT OBITb JIETKO aBTOMATH-

SHPOBAHH H HCIOJbL30BAHH B aBTOMAaTHYECKHX NPpOH3BOACTBECHHBIX
LHUKJIAaX,

* JKAX, 1978, T. 33, Me 8, C. 1647—1677. .
102 . -

2.1. KOHAYKTOMETPHS

KoHAyKTOMETPHYECKHH MeTOJ aHajJH3a OCHOBAH Ha M3yYeHHH 3aBH-
CHMOCTH MEXKJy MPOBOAHMOCTHIO PACTBOPa H KOHIEHTpalued HOHOB
B 5TOM pacrBope. DJeKTpHUecKas NPOBOAMMOCTb — 3JIEKTPONPOBOJ-
HOCTb PacTBOpA 3JEKTPOJIHTA — SBJSETCA DPE3yJbTaTOM AMCCOLHA-
IIHH PaCTBOPEHHOro BEINECTBA H MHTPAlMH HOHOB IOJ NEHACTBHEM
BHELIHEr0 HMCTOYHHKA HanpsKeHHsA. B moje 3/7eKTpHUECKOro TOKa
JABHXYILIHECS B PacTBOpE HOHH HCIHTHBAOT TOPMO3sllee NedCTBHE
CO CTOPOHBHl MOJIEKYJ DPacTBOPHTeNsi H OKPYXKAIOIHX NPOTHBOMNO-
JIOXKHO 3apsXEHHHX HOHOB. DTO TAK Ha3bBaeMHE PeJaKCaHHOHHBIH
1 anektpodopernueckuii 3dpdexTn. PesyabraToM Taxoro Topmossi-
uiero AeficTBHA SBJSETCH CONPOTHBJACHHE DacTBOPA NPOXOXKIEHHIO
3JIEKTPHYECKOTO TOKA. DJIEKTPONPOBOAHOCTb PacTBOPa ONpejenser-
csl, B OCHOBHOM, YHCJIOM, CKODOCTbIO (IIOJBHKHOCTBIO) MHIPHpYIO-
X HOHOB, KOJIHYECTBOM IEePEeHOCHMBIX HMMH 3apsloB H 3aBHCHUT
OT TeMIepaTypHl U NPUPOJE PACTBOPHTES.

PazinuaoT yAEJbHYIO % U 9KBHBAJEHTHYIO A 3JEeKTPONpPOBOJ-
HOCTb pacTBOpa. YjhedbHas sjaekTponpoBogHocTs (CM-cm~! miam
OMm~1.cM™!) —3T0 3JeKTpONPOBOJHOCTL | cM® pacTBOpa, Haxond-
LIerocss MeXIy 3JeKTPOAaMH miomaznbio 1 cM? kaxkJeH, paccTos-
HHe MeXJy KOTODHIMH paBHO 1 cM.

%= acF (z;uy + 2z 1), (2.1)

TAe O — CTeNeHb AHCCONMAUMH SJEKTPOJNHTA; C - KOHIEHTPAUHS  3JEKTPOJHTA,
akB/cM3; F—uucio ®apagest; uy, u—, 24+, 2— — CKOPOCTh JABHXKeHuS (M/c) H 3a-
pAl KaTHOHOB H aHHOHOB COOTBETCTBEHHO NPH HANPSIKEHHOCTH SJIEKTPHYECKOro
moast 1 Bjem.

DkBHBaJeHTHAs 3JeKTponpoBogHocTh (CM-cMm2-3kB~!) — 310 3JIEKT-
PONPOBOJHOCTb PAcTBOpPA, cojepKamero 1 SKBHBAJEHT 3JEKTPOJIH-
Ta, H3MepeHHAas NIPH PAacCTOSHHH MEXAy sJekTpoiamu 1 cM. Yiesn-
Has H 3KBUBaJIeHTHas 3JEKTPOIPOBOAHOCTb CBSI3aHBI MeXAy co6oii
yDaBHEHHEM:

A = (1000/c) %. (2.2)

B KOHAYKTOMETPHUECKOM MeTojJe aHajH3a HU3MepsieMHM aHaJjH-
THYECKHM CHTHAJOM sBJSIeTCS 3JeKTPONPOBOAHOCTb pacrBopa. 3a-
BHCHMOCTb 3TOr0 NapaMeTpa OT KOHHEHTPAaUWH NpeJCTaBJeHA Ha
puc. 2.1. TTo mepe yBeJHYeHHs KOHUEHTPALUH PACTBOPEHHOTO 3JIEKT-
POJIUTa YBEJIMYHUBAETCS KOJHYECTBO HOHOB-NEPEHOCUHKOB 3apsiia,
T. €. pacTer yjeJbHas 3JeKTPonpoBoAHOCTh. OMHAKO MOCJIE JNOCTH-
JKEHHsT ONpE/eNeHHOTO MAaKCHMAaJIbHOIO 3HA4YeHHS! yIesNbHas 3JeKT-
PONPOBOAHOCTD HAYHHAET YMEHBMIATLCS, IOCKOJBKY MJs CHJIbHBIX
3JIEKTPOJNUTOB YCHJIHBAKITCS PEJaKCAallHOHHHA H 3JeKTpodopeTHye-
CKHH 3 (DeKTH, a A cAa6hX 3JIEKTPOJIUTOB yMEHbIIAETCS CTeNeHb
HX JUCCOUHAUMH. DJIEKTPONPOBOAHOCTh GECKOHEUHO Pa3GaBJEHHOro
pacTBopa Aw ONpefenssercas NOABHKHOCTBI0O HOHOB B OTCYTCTBHE

TOPMO3SAWHX 3PHEKTOB Ao, H Acon

Mo = hegy F Ao (2.3)
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Puc, 2.1. 3aBucumocTs yzeapHOM (@) M SKBHBaNeHTHOH (6) 3/eKTPONPOBOAHOCTH
PacTBOPOB HEKOTOPHIX 3/]1EKTPOJHTOB OT KOHUEHTPALHH

Puc. 2.2. KpuBee KOHAYKTOMETPHIECKOrO THTPOBAHHSA KHCJAOT pactBopom NaOH:
{ —- cHJBHAS KHCJAOTA; 2 — caabas KHCHOTA; 3 — cMech CHABHOA W caaGoli KHCAOT

C pPOCTOM KOHUCHTpAUHH 3KBHBaJEHTHaAA SJECKTPOIPOBOJAHOCTD
pacTBopa yMeHblllaercsi, AJsl CHJIBHOTO 1—1 BaJIeHTHOTO 3JIEKTPO-
JIHTa OHA MOXeT OHITb paccuuTaHa o ypaBHEHHIO:

A=Ay — (A4 Brg) V™ (2.4)
rie A K B -- BeJIHUHHH, 3aBHCAIIHE OT TEMNeEPATypH, BA3KOCTH PacTBOpPa H JH-
whoxﬁvsﬂmnwom NPOHHUAEeMOCTH DACTBOPHTEA.

Meron Moxer GHITb peasM30BaH B BapHAHTE NPAMOI KOHLYKTO-
METPHH HJIM KOHAYKTOMETPHYECKOTO THTPOoBaHHS. IIpsaMyio KOHAyK-
TOMETDHIO HCIOJb3YIOT AJS ONPEede/]EHHs] KOHIEHTPAalHH PacTBOPOB
CPaBHUTEJNbHO PEAKO, MOCKOJbKY DErHCTPHPYEMHH aHaJHTHYECKHH
CHrHa/J He H36HMpaTe/ieH: 3JeKTPONPOBOXHOCTb PacTBOPA — BEJIHUH-
Ha alJMTHBHAasA, OompelesseMas Ha/JMYHeM BCeX HOHOB B PAaCTBOpE.
ITpsamble KOHAYKTOMETPHYECKHE H3MEDEHHsi YCIEUIHO HCIOMb3YIOT,
HanpuMep, N5l OLEeHKH YHCTOTHl PacTBOPHTeNS, ONpeAeseHHs oble-
IO COJIEBOTO COCTaBa MOPCKHX, PEYHHIX H MHHEDAJIbHHX BOJ, & Tak-
Xe AJs ONpele/ieHHs TAKHX BaXXKHHX JJS aHAJHTHYECKOH XHMHHU
BEJHUNH, KaK KOHCTAHTH JHCCOUHAUHH 3JEKTPOJHTOB, COCTAB H
KOHCTAHTHl YCTOAYHBOCTH KOMILIEKCHHIX COEXMHEHHH, PacTBOPHMO-
CTH MaJIopacTBOPHMBIX 3JIEKTPOJATOB. ;

OJIEKTPONPOBOXHOCTb PACTBOPOB MOXHO H3MEPATh € BHICOKOM
TOYHOCTBIO TOJILKO B pa3GaBjeHHHX pacTBopax. B stom cayuae
BHIIOJIHSIIOTCS TPeGOBAHHS TEODHH MEXHOHHOTO B3aHMOJEHCTBHS
He6as — I'lokkens — OHsarepa ¥ 3aBHCHMOCTb A—}c JauHefHA Las
l—1-BanenTHOro 3JexTpojHTa (B TO BpeMs KaK 3aBHCHMOCTb
A—c — He suHefiHa —cM. puc. 2.1). OTkJIOHeHHe OT JHHEHHOH 3a-
BHCHMOCTH A—Jc CBHIeTeNbCcTBYeT 06 06pasoBaHHH acCOLHATOB,
HOHHHX mnap. Ha npakTHke /nuHeliHas 3aBHCHMOCTL peajH3yercs
TOJIBKO IJISl PAcTBOPOB 3JIEKTPOJHTOB B OTCYTCTBHE IIpUMecCed HOH-
HOro xapakrepa. B cHay 3THX NpHUMH, KaK yKasHBaJOch paHee,
ClefyeT OTA2BaTbh IPEANOYTEHHE MEeTOAY KOHAYKTOMETPHYECKOro
THTPOBAHH, a HE NPSIMOH KOHAYKTOMETPHH. :

Bosbliee pacnpocTpaHeHHe B aHAJIHTHYECKOA NPaKTHKE MOMy-
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Ui MeTOA KOHAYKTOMETPHYECKOrO THTPOBAHHS, OCHOBAHHHH HAa
HCIONbSOBAHMM XHMHUYECKONR peakiuy, B pesyJbTaTe KOTOPOH Ipo-
HCXOINT 3aMe€THOEe H3MeHeHHe 3JIeKTPONPOBOJHOCTH pPacTBOpPA. Tlpu
KOHJAyKTOMETDHYECKOM THTPOBAHHM MOFYT OBITH HCIOJB30BAHDI XH-
MUYECKHe PeaKUUH BCeX THIOB. Tak KakK 3/MeKTPONPOBOAHOCTD SABJIA-
ercss (QyHKIHMeH KOHUEHTPALHH, TO SJEKTPONPOBOAHOCTH AO/IKHA H3-
MEHSIThC 1O XOAy THTposamus. Ha puc. 2.2 mpejcTaBJeHH KpH-
Bble KOHAYKTOMETDHYECKOTO THTPOBAHHS KHCJOT DPas3JHYHOM CHJIEI
H HX CMecH pacTBOpoM cuibpHoro ocsosanus. Ilo nanomy Ha KpHBOH
MOXHO ONpEeAeNHTh TOUKY 3KBHBAJEHTHOCTH.

TIpu npoBeIeHHH KOHAYKTOMETPHYECKOrO THTPOBAHHS Jyif NOJY-
yeHHS PE3KOro H3J0Ma Ha KPHBHIX THTPOBAHHS HeoOXoAuMO Y4H-
THBaTh 5(QekT pasbapieHns. DbdexT pasbaBieHHss MOXKHO CBECTH
K MHHHMYMy, THTpys GoJsiblIof 06bem pa3baBJEeHHOrO pacTBopa B
sigefike KOHIEHTPHPOBAHHBIM PAacTBOPOM H3 MHKPOGIOPETKH.

Il moJyyeHHsi HaJeXKHBIX Pe3y/bTAaTOB NPH KOHAYKTOMETpHHUE-
CKOM THTPOBAHHH CJeJyeT HMeTb B BHIY, YTO yHeJbHAs 3JEKTPO-
MPOBOLHOCTb, H3MEHSIOMAACH B MNPOLeEcce XHMHYECKOH Deakuui,
ABJIETCS aHAJUTHYECKHM CHTHAJIOM, 3aBHCSALIMM OT MHOTHX (paKTo-
POB, KOTOPHIE HaJ0 YUHTHIBATb: KOHCTaHT 0GpasoBaHHA (muccouna-
IMH) BCEX y4aCTHHKOB XMMHYECKOH DeakIMH, KOHCTaHTBH aBTONPO-
TOMM32 PACTBOPHUTEJS, NMOJABHKHOCTH HOHOB, HOHHOH CHJH DacTBO-
pa ¥ np. Mcnoab3oBanue HEBOAHBIX OPraHHYECKHX PacTBOPUTENEH
3HAYHTENbHO PACHIMpSieT BO3MOKHOCTH KOHAYKTOMETPHYECKOro Me-
TOJa aHAJH3a.

[IpaBuibHEIM NOAGOPOM THTPAHTA H PACTBOPHTENS CO3AAIOT
6aaronpHUsiTHHIE YCJOBHA /ISl THTPOBAHHS, IPH KOTOPHIX mOJyda-
eTcsl KpHBasi THTPOBAHHS C PE3KHM HM3JIOMOM M MOTPEUIHOCTh OfNpe-
JIeJIeHHs] KOHEUHON TOYKH THTPOBaHHs HeBesnuka. [IpucyTcTBHe mO-
CTOPOHHHX 3JIEKTPOJHTOB CO 3HAUHTEJbHOH 3JIEKTPONPOBOLHOCTBHIO
MeIIaeT ONpEeNeJEeHHI0, TAK KaK <«(QOHOBHIH» CHIHAJ CTaHOBHUTCA
CTOJIb 3HAYMMBIM, YTO He YAAaeTcsl 3aperucTPHpPOBaTh H3MeHEHHEe
3JIEKTPONPOBOJAHOCTH B XOJ€ THTPOBAHHS. :

KoHAykTOMETpHUECKOE THTPOBaHHE 0013/ aeT PAAOM AOCTOHHCTB:
BO3MOXHO AuddepeHIHPOBAHHOE THTPOBAHME CMecel psila KHCIOT
HJH OCHOBAHWH, THTPOBAHHE MYTHHIX, OKpAallleHEHIX DacTBOPOB, &
TaKKe BO3MOKHO THTPOBaHHE NPH 06Pa30BaHHH THAPOJHIYIOIIHXCS
coaefi. Huxnuil npenes onpenesisieMbix KoHnesrpauuii 10~ moun/a,
NOrpemHocTb onpeneneHuit 2%.

DJIeKTPONPOBOJHOCTL PACTBOPa (MJIH €ro COMPOTHBJIEHHE) H3Me-
PAIOT B COOTBETCTBYIOWIEH 3JIEKTPOJMTHYECKOH fAuefike, IPeLCTaB-
Jastiomedt co6oft cTekNAHHBIA COCYl ¢ BMOHTHPOBAHHBIMH 3JIEKTPOJA-
mu. KoHcTpykuusa siyefiKM M KOHJIYKTOMETDHUECKHX H3MepeHHH
JOJIKHA COOTBETCTBOBATh HHTEPBAJdy H3MEDSEMEIX CONPOTHBJIEHHH
H KOHCTAaHTa SiYeHKHM NpPH 3THX H3MEPEHHSX JOJIKHA OCTaBaThCs
nocrosnuoil. Korcranta gueiiku (A cm™!) onpeneisercs nioliajnbio
anekTposoB (S, cM?), paccTosiHueM MexXAy HuMH (L, cM) H 3aBHCHT
oT GopMH cocyaa u o6bemMa pacTBopa

A=1L/S.
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Puc. 2.3. daextponutuueckue suedi-
KH I/ H3MEPEHHS 3JEKTPONPOBOJ-
HOCTH DAacTBOpOB, INIOXO MPOBOJS-
WHX (a) 7 XOpOWO MPOBORAWUX (6)
9JIEKTPHYECKHHA TOK

[Tpsamoe uameperne XoHCTaH-
THL sIYeHKH HEBO3MOXHO, e€e
] ONpeAesOT, UCIIONb3Ys CTaH-

paptHele pactBophl KCl, pas

KOTODHIX H3BECTHHl 3HAUEHHS

yIAeJbHOH 2JIEKTPONPOBOAHO-
CTH NpPH pa3IMYHEIX TeMmepartypax. KamepuB conporuBieHHe R
Ayeiiky, s3anogHenHoft pacrsopom KCl, u Bocnosab3oBaBuiuch Ta6-
JIMYHEIM 3HAYEHHEM X, U3 COOTHOLIeHHA A=%R BHYHCJAAIOT KOH-
CTaHTy siuefiku A.

Kak npaBu/io, 3JeKTPOAB, H3rOTOBJEHHBIE H3 JHCTOBOH IaTH-
HHl, 3K€CTKO 3aKpelJIeHH, TaK YTO PAaCCTOSIHHE MeXKJ1y HHMH He H3-
MeHseTcs. PaccTosiHue MeKAy 3JeKTPOAaMM H HX NOBEPXHOCTb BHI-
6HpalOT B 3aBUCHMOCTH OT CONPOTHBJIEHHs] PacTBOpa: 4eM BHILIE H3-
MepsieMOe CONpOTHBJeHHe, TeM OoJsbile A0JMXKHA OHITe NJIOMIAAb
S7EKTPOLOB ¥ MeHbUIe paccTosiHne Mexay Humu. C yueroM 3rtoro
BHIGHpaIOT siueiiky (puc. 2.3).

KoHIlyKTOMETPHYIECKHE H3MEPEHUs MOXKHO INPOBOJAHTH INPH IO-
CTOSSHHOM MJH [epEMEHHOM TOKe C HCHOJb30BAaHHEM MOCTOBHIX HJIH
KOMINEHCAUMOHHHX H3MepHTeJbHHX cxeM. MaMepenus mpu mocrosH-
HOM TOKEe Ha NPaKTHKE NPOBOASAT PEAKO, MOCKOJbKY TOYHO 3a(HK-
CHPOBAaThb 3JEKTPOINPOBOAHOCTb B 3THX YCJOBHSX HeNb3s H3-3a MO-
JASpH3aUMH 3JeKTPoRoB. UYalle H3MepAKT 3JEeKTPONPOBOJHOCT
(conpoTuBJeHHe) pacTBOPOB ¢ IOMOLIbIO YCTAHOBOK H NpPHGODOB,
NPUHUMIMAJbHAS CXeMa KOTODHIX BKJIOUAaeT MOCT YHTCTOHA
(puc. 2.4) ¢ UCTOYHHKOM INepeMeHHOro Toka gactoTod 500—
5000 T'um. JderekTopoM TOKa (HYJb-HHAHKATOPOM) CJYXHT MHKDO-
aMIepMerp C BHIIPAMHUTEJEM HJH 3JeKTPOHHO-JY4€BOH OCIHJJIO-
rpad. B nieun Mocta BMOHTHDOBAHH CJELYIOIIHE CONPOTHBJIEHUS:
R; — conportuBienne suefiky, R — MarasuH conpoTHBJAeHHH, Ry H
R; — nepeMeHHHE CONPOTHBJEHHS — IIEYH NPOBOJOYHOrO PEOXop-
na. ConporusjieHne Ry JOMKHO OHITb OMH3KHM K ~CONPOTHBJIEHUIO
pacteopa. C NoMomb0 CKOJb3sIlero KoHrakra G monbupaior Ta-
KO€ COoTHoIIeHHe R; U Ro, 4TOOH B ZHAroHaJH MOCTa TOK OTCYTCT-
Bosas. Torja conporHBieHHe sfUEHKH JIETKO PaccYHTaTh:

Ra=R(RyRy).

OzHaKo, OCKOJbKY B CXeMYy MOCTa BXOAHT HCTOUHHK IepeMeH-
HOTQ TOKa, 0aJlaHCHPOBKA MOCTA OCJOXKHEHAa BJHAHHEM HHAYKTHB-
HocTeli M eMKocTell Bceli uend. EMKOCTb 3/1eKTPOJHTHYECKOH sgel-
KH H Ieod NPHUBOAHT K TOMY, 4TO Hapsjy C aKTHBHOH COCTaBJISIO-
mell COMpOTHBJEHHS H3MepseTcs peakTHBHas cocTaBjsiomas. BH-
Gupasi ONTHMajbHhe 3HAYEHHS YaCTOTH H IJOTHOCTH TOKA, KOH«
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Puc. 2.4, Moct RS M3MepeHHsl 3JeKT-
pOTIPOBOLHOCTH

LEHTPalMH JEKTPOJIHTA H AUeH-
Ky CIelHalbHOH KOHCTPYKIIHH,
MOXHO K36exXaTb OWHOKH B OMH-
pefle/ieHnd  3JeKTPONPOBOAHO-
CTH. )

OreuecTBeHHass NPOMBINLJIEH-
HOCTb BHIIYCKA€T DEOXOPAHEIE
moctet P-38, . P-556, P-577 u
IApyrue, KOTODHIE YCHELIHO HC-
I0JIb3YIOT [JISl KOHLYKTOMeTpuye-
ckuX H3MepeHui. KoHAaykTOMETD
«AMnyancy» NO3BOJSIET H3MeE-
PATh YAeNBHYIO 3JEKTPONPOBON-
HOCTb PacTBOPOB B nHTepBase 1+ 1078 Om—t.cMm.

Pabora 1. Onpedenerue caaboti KUCAOTSL U COAU
206020 OCHOBAHUS 8 UX CMECU

Tpu THTPOBAHHH CHJIBHHIM OCHOBAHHMEM CMeCeHl KHCJIOT ¢ COJNAMH
¢Ja6BX OCHOBAHUI BO3MOXKHBI CIEAYIONIHE PaBHOBECHS:

HA - OH- === H,0+ A",
K+4- OH- === KOH.

M3 pacuera TeOPEeTHYECKHX KPHMBHIX THTPOBaHHg CJeAyeT, 4TO
B 3aBucuMocTH oT 3Hadenusi (pKa.+pKs) mpouecc THTPOBAHHS CMe-
celt KHCJOT C COJSMH NpoTekaeT cJaefylomum obpasom: (pKat
+pKp) <12 —crayaja pearnpyeT KHCJOTa, 3aTeM BHTECHSETCH
ciaboe ocuoBanue u3 ero coiu; (pKa+pKs)>16— peakuusi BH-
TecHeHHs ¢jaboro OCHOBAaHHH H3 COJH IPEANECTBYET PEaKIHH
B3auMomelicTBua KucJIOTH ¢ THTpantoM; (pKa+pKs)=12-+16—
o6e peakluuH NPOTEKalOT NapasilenbHo, AMddepeHIHpPOBaHHOE TH-
TpPOBaHHEe HEBO3MOXKHO.

.HmE‘:SN Xe KPUTCpHAMH OnpenesieTcss BO3MOXKHOCTH TUTPOBAHHSA cMeceli oc-
HOBaHH# ¢ coJIMH cAabBIX KHCJIOT.

ﬂﬁx nom.EOhmmxx H3JOXKEHHBIX %nbom:m MeTOAOM KOHAYKTOMETDHUIECKOT0
TUTPOBAHUA BO3MOXHO C bonﬂmqoamom TOYHOCTBIO AHAJH3HPOBATh 6oJsIbIIOR KO-
JHYEeCTBO nz_momm“ colepiKauux KHCIOTH HJIH OCHOBAHHA bwwmom CHJILI H CONH
crabwx ocHoBaHuli wam Kucaor. Hanpumep, npu Tutpopannnm cmecn NaOH u
CH3;COONa (pK.=4,75) pactBopoM HCI Ha KpHBO# THTDPOBaHHS PETHCTPHPYIOTCS
ABa H3J0Ma, MEpPBHI M3 KOTOPHX COOTBeTcTBYer THTpoBamuio NaOH, eropoft —
Turposannio CH;COONa, nockoasky (pKa+pKs)<<12.

B nanuo#i paboTe mpeisiaraeTcs ONpeleNHTb colepxanue 6Gop-
Hoft kucaotTH (pK.=9,24) m ruapoxsopuAa THAPOKCHJIaMHHA
(pK»=8,3). INockoabky (pKa+pKs)=17, cHawana THTpyeTCs THI-
POKCHJIaMHH, 3aTeM 00OpHas KHCJIOTA4 — Ha KPHBOH THTPOBAHHS 4veT-
KO NpOSBJIAIOTCS ABa H3JOMa.
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TMpHGOpH H PEaKTHBH

Koudyxromerp <Hunyavcs, peoxopdroui mocT HAH Jo6as Apyras KOHIYKTO-
MeTpu4ecKas ycTaHOBKa.

Hueiixa ¢ NNATHHOBHIMH 3JIEKTPOLAMH.

Maznurnas mewasxa.

Meprasa koaba emectuMocTsio 100 ML

IMunerxa smecTamoctsio 10 MaL.

Bioperka BMecTHMOCTHIO 25 MJIL

Crandapraoul pacrsop NaOH, 0,1 M.

Anaausupyemoill .pacrsop: cMecb ~0,1 M pactsopos H;BO; u ruapoxio-
pHla rHApOKCH/IaMHHA.

Boinosinenne pa6orbl. AHaJH3UPYEeMEIH pacTBOP B MepHOM Koabe
BMectuMocThio 100 M pa3baBisfioT AHUCTHIJIHPOBAHHOH BOAOH RO
MeTKH H NepemewmuBalor. [Tunerkoil nepeHocaT 10 MJa NPUTOTOBJIEH-
HOTO pacTBOpa H3 MepHOH KOJOH B siueHKy AJs THTPOBaHHsS, IO-
JUBAOT JHCTHJJHPOBAHHON BOJAEI CTOMKO, 4TOOB yPOBEHb pPacTBO-
pa MOJIHOCTBIO NMOKPHI paGouylo 4acTb 3JeKTpofoB (40—50 ma) u
TuTpylor pacrBopom NaOH npn HempephBHOM INepeMelUHBaHMH:
THTPaHT NpPHJAHBAIOT nopuusMu no 0,5 mi. Perucrpupylor nokasa-
HHSl NpHOOpA — YAEJIBHYIO 3JEKTPONPOBOLHOCTD ¥ HJIH CONPOTHBJIE-
Hue R.

CTposAT KpuUBYI0 THTPOBaHHs B KoopAHHaTaXx %(R)—Vnaon,
NpeABapHTENbHO HCIPAaBHB NOKasaHua npubopa ¢ yueroM pasbas-
genus. Ilo m3noMy Ha KpHBOH ONpelessiOT KOHEUHYIO TOYKY THT-
POBaHHA H, MOJb3YyACh (GOpMyJaMH THTDHMETPHUYECKOrO aHaJju3a,

PacCUHTHIBAIOT cojepiKaHhe GOPHOM KHUCJIOTH H TMADOXJIOPHAA THA-
POKCHJIaMHHA.

Pabora 2. Onpedeaenue xaopudos u uodudos 8 ux cmecu

ITpu THTpOBaHHM cMecH XJOpHAOB H HoAuAoB pactsopoM AgNO;
B KHCJAOH H HeHATpPaJbHOM cpelax NPOHUCXOZHUT IMOCJeJOBATEIbHOE
ocaxaeHue Agl (ITPag1=8,3-10"'7), zarem AgCl (ITPagci=1,8X
X 10-19), Opnako, nockoabky mnoasuxuocTd Cl— m I~ 61u3ku
(Moo -=T76,4; roo ~=78,8), HA KPHBOH KOHIYKTOMETPHYECKOTO THT-
poBaHHs HabJI0AaeTcss TOJNBKO OJAMH H3JIOM,  COOTBETCTBYIOLIHH
CyMMapHOMY CONEPXKAHUI0  TFAJOTEHHIOB. B IPHCYTCTBHH
NH;3;-HyO npum  rturpoBanum  ofpasyercs  MeHee DacTBODH-
MH# ocanok Agl, a B H36EITKe THTPaHTAa — PACTBOPHMBIH KOMILJIEKC
[Ag (NH;),]Cl: Ha kpHBO# KOHAYKTOMETPHYECKOIO THTPOBaHHs (HK-
cHpyeTcss OJMH H3JOM, COOTBETCTBYIOUIHH THTPOBAaHHIO HOAHIOB.
ColepKaHue XJOPUIOB B CMECH DacCUHTHLIBAIOT MO Pa3HOCTH pe-
3yJAbTATOB THTPOBAHHS B HeHTpalbHOH M aMMHauHOH cpenax.

Mpu6Gopu M PeaKTHBH

Kondyxromerp «Hmnyaoc», peoxopOnvul MOCT #JIH KOHAYKTOMETpHYecKast
ycraHoBKa oGoro THma.

Aueldka ¢ NJIATHHOBHIMY 3JIEKTPOAAMH.

Maznurnan mewanxa.

Mepras koaba BmectuMocThio 100 MJIL

Hunerka sMecTEMOCTBIO 10 ML

Broperxa smectuMocTsio 25 ML

Ynusepcasvnas unduxaropran 6ynaza.

Pacreop NH;-H;0, xoHlenTpHpOBaHHHA.
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Crandapruaud pacreop AgNOs, 0,01 M.
Anaausupyemoui pacréop: cMech ~0,001 M pacreopos KC! 1 KIL

Boinossenne paGorbl. AHajaH3HPyeMbIl pPacTBOp pa3baBisiOT B
MepHO#i KojiGe AHCTH/JIMPOBAHHOH BOZOH A0 METKH H IlepeMellH-
BAIOT. B Aueliky /s THTPOBaHHs MHNETKOH nepeHocat 10 mu sroro
pacTBopa, MPHAMBAOT NpHMePHO 40 MJ AHCTHIIHPOBAHHOH BOAM
TaK, 4T06E YPOBEHb PacTBOPA NOJHOCTbIO MOKPHUL paboduyio MacTh
3J]eKTPOJOB M IPH HENPEPHIBHOM NepeMEelIHBAHHH THTPYIOT PacTBO-
pom AgNO;. PerucTpupyloT nokasaHusi npubopa nocie BBeJeHHS
KaxJ10#d NOpLUHH THTPAHTA.

CTPOST KPHBYIO THTPOBaHHS B KOODAHHATaX yJeabHas $J1eKTpo-
IPOBOAHOCTh (HMJIH conpoTHBieHHe) — o6bem pacrsopa AgNOs. Ilo
u3aomMy Kpusok HaxopaT oGbeM AgNO; (V), cooTBeTcTBYIOMHUA KO-
HEUHOH TOYKe THTPOBAHHS CYMMBI XJAOPHIOB H HOJH[OB.

B suefiky us MepHOH KoJa6n BHOCAT 10 MJI aHAJH3HPyeMOro
pacTBopa, 40 M/ AMCTHAIMPOBAHHON BOABI H MO KaMJIsiM A00aBJISIOT
BOAHMIN pactBop amMHuaka o pH=~9 (xkourposnupyroTr yHHBepcasb-
HOH HHIHKATOpHOH OyMmarofl) u THTpylT pactBopom AgNO; mpH
nepeMelIUBaHHH. PerucTpupyoT noxasanus npubopa.

CrposT KpHBYIO TUTpOBaHHs, Haxoaar obwem AgNO; (Vi), co-
OTBETCTBYIOIIHH KOHEYHOH TOUKe THTPOBAHMS HMOAHIOB. PasHOCTD
o6beMoB (V—V}) cooTBeTcTByeT coxepixKaHH0 Xja0pupos. Ilo dop-
MyJaM THTPHMETPHYECKOIO aHaJM3a PACCUUTHIBAIOT COAepPXKAHHE
XJOPUJAOB H HOAHMJOB B aHAJH3HPyeMOi BOJE.

Pabora 3. Onpedenenue uoros Ni*+ u Ca?t 6 ux cmecu

TIpu onpenenenun Ni2t u Ca?t Hcro/b3oBaHa peaklHsi KOMIJIEKCO-
obpasosanusi. IIpH KOHIYKTOMETPHYECKOM THTPOBAHMH, OCHOBaH-
HOM HA KOMIIEKCOOGDa30BaHUM, B KadyeCTBe THTPAHTA Yalle BCEro
BLIGHDAIOT PACTBOD ABYHATPHEBOH COJIM ITHJIEHAHAMHHTETPayKCYC-
Holt kucaoThl (DMATA, cokpamenHnas sanuck NaHyY). B saBucumo-
ctd oT pH cpeas IpH THTPOBAHHH MOTYT 00Pa3OBLIBATHCH CPEAHHE
¥ NPOTOHHPOBAHHBIE KOMIIEKCOHATH], a TaKXe PasJuyHbe NPOAYK-
TH AMCCONMALMH STHJEHIHAaMHHTETPayKCycHOH KucjaoTH. HecMor-
psi Ha CJOXHBIH COCTAB PAacTBOPa HA KPHBBIX THTpoBaHus B Oydep-
HOM DacTBOpe HJH B OTCYTCTBHE €ro HMEETCSl YeTKO BbIPAXKEHHHH
H3JI0M.

[pu Tutposanuu pactBopom DJITA coseii MeranioB B pacrso-
pax, He cofepxkalux OGypepHHIX cMecedl, Ha KPHBOW THTPOBaHHS:
UMeeTCsl MaKCHMYM, COOTBETCTBYIOIMHA TOUKE 3KBHBAJIEHTHOCTH, KO
TOUYKH 9KBHBAJEHTHOCTH 3JIEKTPOIPOBOAHOCTb PacTBOpa BO3pacraer
3a CyeT yBEJHUEHUs KOHLEHTpanuu Haubojiee NOABHKHEIX HOHOB
H+ B cOOTBETCTBHH ¢ peakluell, NpOHCXOAsllel, HampuMmep, ApE
pH=5: .

Mr+ o H Y2 == MY(-m)- | 91+,

ITocle TOYKH SKBHBAJEHTHOCTH 9JEKTPOIPOBOAHOCTb PACTBOpE
yMeHbIIaeTCA B pe3yabTaTe CBA3nBaHHA H' H3OHTKOM THTpaHTa
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B MaJIOJHCCOLHHPOBAHHYIO KUCJIOTY
H*+ H,Y?~ —= H,Y-,
H+4+ H,Y™ = H,Y.
Konayxkromerprueckoe THTpoBaHHe pactBopoB 5-1073 M ¢ wuc-

TOJb30BAHHEM KOMIIJIEKCOHA MOXHO NPOBOIAUTL B OTCYTCTBHE Qv?

<epHoro pacrBopa, ecau obpasyercss cpeflHHll KOMILIEKCOHAT BHICO-
Koi ycroifiuuBocTH (lg Pmy*—"—=16,4).

Ilpu THTPOBAaHHH C HCNOJb30BaHHeM OydepHHIX PacTBOPOB OIm-
THManbHOe 3HayeHne pH cpefsr ompenensieTcss  yCTOAYHBOCTBIO
KOMILIEKCHOTO COEJMHEHHS M 3TO 3HAUeHUe, Kak NPaBHJO, TEM HH-
Xe, ueM GoJee yCTOHYHB KOMIJIEKCOHAT (4eM GoJblle CTeNeHb
OKHCJIeHHs: Merajia, obpasywomero ero). Jlas NpPOTHO3HPOBaHHS
BO3MOXKHOCTH KOHAYKTOMETPHUYECKOT'O THTPOBAHHs KATHOHOB MeTaJ-
JaoB (uampumep, miast 5-10—% M) pacresopom DJATA peromeniayercs
HCIIOJb30BaTh CJAEAyIOIIMe AaHHBE (ff — KOHCTAHTA YCTOHYHBOCTH
KOMIlJIeKca coctaBa MYU—m-:

pH . . . . . 1+3 3-+4 4 445 8=10
gp . . . . 20 18+-19 16+16,5 1415 7+11

Bosee uerkui H3JOM Ha KPHBOf TUTPOBaHMs Habaonaercs B
orcyTcTBue GydepHrix cmeceii. IIpn THTpOBaHMH cMeced KaTHOHOB
HepBefl KOMIOHEHT, ob6pasyomuii 6ojsee yCTOHUMBHH KOMILJIEKC,
o6nuHo THTpyIOT Ge3 pobGaBneHug OydepHoro pacreopa, BTOPOR —
nocie nobapnenusi GydepHoro pacreopa. C momompr0  Takoro
npuema yjxaercs paslenbHO ONpefeNHTh colepxkanne HoHOB NiZt u
Ca?t: npn turpoBanuu pactBopom DITA B cnabokucioit cpere B
orcyTcrBue GydepHOro pactsopa THTPYIOT HMKeab (1gPnive—=18,62;
1g Bcay?~=10,70), 3aTem BBOAAT aMMuauHb OyQepHHH pacTBOp,
noanepxusaomuil pH=a9, 0 THTPYIOT HOHH KaJblHsA (KOMIJIEKCO-
HAT HHUKeJs He paspyllaeTcs B NPHCYTCTBHH aMMHaKa, TakK Kak
lg Bi(Nmg)e?* =7,5). KpuBasi TuTpoBaHus cmeck woHos Ni*t u Ca?t
npeincTaBiaeHa Ha puc. 2.5.

NMpubopu M peakTHBH

NAO&Q&R%Q&Q%EE:&GRQ& ycranosKka JoGoro Tumna.

Sqeldka ¢ nIaTUHOBHIMH SJIEKTPOXaMH.,

Maenurnan mewanxa,

Mepnasn koaba BMecTuMocThio 100 Ma1.

Nunerxa Bmectumoctoio 10 M

Broperka BMeCTHMOCTLIO 25 ML

Anmnuaunoii 6ygpepnoii pacreop, 1 M no NH,Cl u NHj-H,0.

Crandapruvil pacreop 3ATA, 0,056 M.

Anasusupyemsil pacrsop: cMecb ~0,05 M pacrBopoB NiCl; m CaCl,.

BuinosHeHne paGoTsl. AHaJU3HpyeMEIi pacTBOp B MepHOI KoJbe
pa3faBAgIOT O MeTKH NHCTHJJHPOBAHHOH BOAOH, mepeMelINBAalOT.
B suefixy or6upator nunetkoit 10 MJ moJayueHHOro pacTBopa, IpH-
6apyiaiorT 40 M JUCTHJ/IJIHPOBAHHOH BOAH H THTPYIOT pPacTBOPOM
DATA npu nepeMelINBaHHH, DETHCTPHPYS TNOKa3aHHA mnpubopa
nocie npubasienuss 0,5 M THTpaHTa. YAeabHast 3/€KTPONPOBOA-
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Puc. 2.5. Kpupasi KOHAYKTOMETDHUECKOTO
TUTPOBaHHsA cMecH noHOB Ni2+ u Ca*+ pac-
TBopoM IATA

HOCTb pacTBopa Ao TO ysejauuu-
Baercs, nocje TD HauuHaeT yMeHb-
marbed. [locsie JROCTHXKEHHMS Mak-
CHMaJIbHOIrO 3HAaueHHUs 3JIeKTPOINpo-
BOAHOCTH, B sUelKy J00aBJifIOT
20 mMa amMHavHOTO OydepHOro pac-
TBOpPA M NpPOJOJKAOT THTPOBaTh. IlosyueHHble 3HAYEHHs d1€pECHH-
THIBAIOT C yueroM pasfaBijeHus (o0bem pacTBOpa CYHIECTBEHHO W3-
MEHHJICSl nocse fo6aBieHusi Gy(epHOro pacTBopa) M CTPOSAT KpH-
BYIO THTPOBAHHsS B KOOpAHHATaX % — Vanra. [lepBoii u3noM Ha
KPHBOH COOTBETCTBYET OTTHTPOBbIBAHHIO HOHOB HHKEJs, BTOPOH—
kagapiud. Iloab3ysice (opMmy/JaMH THTPUMETPHUECKOro  aHaJsu3a,
PacCUMTHIBAIOT COJEpIKAaHHE HHKE/S H Kajblufd B HCXOIHOM pac-
TBOPE.
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2.2. BBICOKOYACTOTHOE TUTPOBAHUE

BEICOKOUACTOTHOE TUTPOBaHHE — BapHaHT OECKOHTAKTHONO KOHIYK~
TOMETPHYECKOrO MEeTOJa aHAJIH3d, B KOTOPOM aHaJIH3HPYeMHIll pacT-
BOD IOJBEPraloT AEfCTBHIO 3/JEKTPHUECKOTO MOJs BHICOKOH YacTOTH
(nopsiaka HeckoJbKMX Merarepu). Ilpn mOBBIINEHHH 9acTOTH BHEMI-
HEro 3JEKTPHYECKOTo IOJISI 3JEKTPONPOBOAHOCTD PACTBOPOB BJIEKT-
poautos yBeawunsaercsi (a¢dexr Jle6as— Panbkenrarena), Ino-
CKOJIbKY yMEHbILIAeTcsi aMIVIATYAa KoJeGaHus HOHOB B IOJIE Iepe-
MEHHOTO TOKa, MepHoJ KoJNeOaHHS HOHOB CTAHOBHTCS COM3MEPHM C
BpEMEHeM peJiakcauuH HOHHON aTMocdepn (IpHMeEpHO 10-% ¢ pas
pa3GaBleHHHX PAacTBOPOB), TOPMO3AMIHI PeJaKCAaUMOHHHEA 3 (eKT
cHuMaeTcd. [lojie BhHICOKOH gacTOTH JedOpMHPYeT MOJeKyly, Io-
nsapusys ee (AepopMalHOHHas NOJASPH3ALMS) M 3aCTaBIAseT MOJAP-
HYI0 MOJEKYJly OIpe/iefieHHEIM 006pasoM IlepeMemaThcs (OpHeHTa-
IHOHHAag NoJspusauusi). B pesyapTare TakHX NOJNSPH3ANHOHHHX
9¢(HeKTOB BO3HHKAIOT KPATKOBPEMEHHEIE TOKH, H3MEHSIOMIHE 3JIEKT-
PONPOBOLHOCTb, [HIJEKTPHUECKHE CBOMCTBA H MAarHMTHYIO MPOHH-
1aeMocTb pacTBopoB. Mamepsemas B 3THX YCJIOBHSX NOJIHAS 3JIEKT=
POTIPOBOJHOCTb BBHICOKOYACTOTHOH KOHAYKTOMETPHUECKOH syefikH A
CKJIaHBAeTCS M3 aKTHBHOH COCTaBJSOIEH Aaxr — HCTHHHOM NpO-
BOJMMOCTH PacTBOPa — M PEAKTHBHOH COCTaBJSIOMEH Apeaxr — MHH-
MOfl 5JeKTPOIpPOBOJAHOCTH, 3aBHCANIEH OT YACTOTH M THOA SYEKH:

A= Aaxr + V=T Apearr- (2.5)

e%mwﬁxommbwmwm 3aBHCHUMOCTb 3THX 3JEKTPOXHMHUECKHX IIapaMeT«
pOB OT cOCTaBa pacTsopa CJ0KHA H He MOXKeT ObTb HCHONb30BaHa
JUlg TIPSIMOr0 BEICOKOUYACTOTHOTO aHaJ/H3a.

EN@ONO& pacnpocTpaHeHde NoJy4YHJ METOL BBICOKOYACTOTHOI'G:
THTPOBAHHA C UCIOJLE30BAHHEM @mwmﬂ.ﬁﬂm KHCJIOTHO-OCHOBHOTI'O B3daH~
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Puc. 2.6. 3aBucumocTb (HOPMEI KPHBBHIX BHICOKOUACTOTHOTO THTPOBAHHS DacTBOPa
HCI pacrBopom NaOH ot koHuenTpaunu (@) u gactoTH ToKa (6):

a. 1 —cyc1=0,02 M, cyou=02 M; 2 —¢yy=0,002 M, cy,ou=002 M; 6. 1 —5 mlm; 2—
10 mMT'm; 3 — 20 MT'y )

MOIEACTBHS, OCaXKIEHHUs, KOMILIEKCOOODa30BaHMs, OKHCJACHHT —
BoccTaHoBsieHHd. KpuBag THUTpPOBaHUS B 3aBHCHMOCTH OT YaCTOTHE
HAaJIaraeMoro 3JIeKTPHUYECKOrO II0JIS1 M KOHIEHTPAUHH pacTsopa Mo-
- #eT ObTh pasnuuHol dopmu (puc. 2.6).

@®opMa KpuBO# BBHICOKOUACTOTHOTO THTPOBAHHS 3aBUCHT OT MHO-
rux ¢akTopoB, XapakTep BJAHAHHUS KOTOPBIX CJiEfyeT NpeaBapH-
TEJIbHO BBHISICHHTH, BAPBUPYS YAaCTOTy NEPEeMEHHOrOo TOKa, KOHLEHT-
panyio aHaJH3UPyeMOro pacTBOpa U THTpaHTa, THI suelkH. Touka
SKBUBAJIEHTHOCTH HA KPUBOH THTPOBAHHS [OJKHA HaXOAHMTbCS Ha
H3JI0Me KPHBOH, KOTODHIH HaXOJUTCH Ha NepeceueHHHd NPAMOJHHEH-
HBEIX Y4aCTKOB.

MeToa BBICOKOYACTOTHOTO THTPOBAHMS, TAK K€ KaK METOA HH3-
KOYaCTOTHOH KOHAYKTOMETDHUH Heu3bupaTesieH, [O3BOJSET IPOBO-
JUTh ONpefeseHHs, HHXHUHA npeien xoropux 108 M ¢ morpew-
gocTeio 2% . OCHOBHOE JOCTOHHCTBO METONA — BO3MOXKHOCTb aHaJH-
3HpPOBAaTh AarpecCHBHLIE PACTBOPH, NaCThl, 3MyJabCHH. IlockoabKy
meToJ OeCKOHTaKTHHIH, NPH THTPOBAHHH HCKJIOUEHH MOJSIPH3ALM
3JIEKTPOAOB, He KOHTAKTHDYIOIIHUX C aHAJIH3UPYEMLIM pacTBOPOM,
HX XHMHYECKOe B3aUMOJieHCTBHE ¢ KOMIOHEHTAMH pacTBOpa.

BrICOKOUACTOTHOE THTPOBaHHE IPOBOAAT B 3JEKTPOJHTHUECKHX
silyefilkax, B KOTOPHIX HCCAEAYyeMbIA 3JIeKTPOJHUT He HMeeT IPAMOro
KOHTAKTa C 3JeKTPOAaMH H CBA3aH ¢ H3MEPHTEJbHOH Lenbio HH-
JAYKTHBHO HJIH Yepe3 eMKOCTb. I103TOMYy 3J1eKTpoabl MOryT GHITH H3-
TOTOBJIEHH H3 J1060r0 MeTaJJa.

/
Puc. 2.7. EmMxocTHas (a) 4 HHAYKTHBHas

(6) suefikH AN BHICOKOYACTOTHOTO THTPO-
BaHHA
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Puc. 2.8. CxeMa YCTaHOBKH /15 BHICOKOUACTOT-
HOIO THTPOBAHHS:

I —renepaTop BhICOKOK 9TacTOThl, 2 — sgefika; 3 —
LOCTOSIHHOE  CONPOTHBJEHHE;, 4 — H3MEeDHTENbHBI
MOCT; § — BLINDAMHTEJbHLE OHOAB 6 — MHKpOaM-
nepMmerp

BeckoHTaKTHBIE 3/1€KTPOJHTHYECKHE
AYEHKH, HCNOJb3yeMHE JJs BHICOKO-
YaCTOTHOTO THTPOBAHHS, MOIYT GHITb
Asyx tunoB (puc. 2.7). EwmkocrHas
C-suefika, B KOTOPOH KOJIbIEBLIE, TpSi-
MOYTOJIbHBIE HJIM KPYTJIBE 3JIEKTPOIBI
KOHTAKTHPYIOT CO CTEHKaMH CTeKJSH-
HOro cocyJa, 3all0JIHEHHOTO aHaJHu3H-
PYeMBIM  PacTBOPOM. IJIEKTPOAH H
CJIOf 9JIEKTPOJIHTA, PACHONOKEHHbI CHMMETPHYHO 3JEKTPOLaM, CO-
CTaBJAIOT OGK/IajKu KOHIEHCATOPA, CTEHKH CTAKAaHA CJYXKaT [H-
9JIEKTPHKOM. B HHAyKTHBHOH L-siuelike COCYX M3 AH3JEKTPHKa, 3a-
TNOJIHEHHbIA 3/IEKTPOIMTOM, NMOMENIEH B MAarHUTHOE TNoJie KATYHIKH
HHIYKTHBHOCTH. B nposoasimem anaamsupyemom pactsope, He 06-
JlaflalollleM MarHeTH3MoM, 6YAYT HaBOZMTLCSH TOKH.

B saBrcuMocTH OT THIA syellKH peakTHBHAs COCTABJSIOMAS
3JIEKTPONPOBOLHOCTH NPH PaGoTe B BEICOKOUACTOTHOM pPEXHMeE siB-
asercs ¢pyHkuuel eMkoctTH C HAM MHAYKTHBHOCTH L:

P%mmz._. = oC; ?%.ow:._. = (l/w) L. (2.6)
EMKOCTHBIE fiuefiKM NPHMEHSIOT AJs aHa/Jiu3a PacTBOPOB C HH3-
KOH 3JIeKTPOIPOBOAHOCTBIO, HHAYKTHBHEE — C BBICOKOH. B BHICOKO-
YaCTOTHHIX H3MEPEHHAX HCIOMb3YIOT CXEMBl, BKJYAIIIUE B Kaue-
CTBE MCTOYHHKA TOKA BHICOKOYACTOTHHIE JIAMIOBHIE TeHEepaToOpH
(vacrora toka 0,1-—40 MI'y B 3aBHCHMOCTH OT THHAa cxeMu). Ha-
MEpsFEMBIM CHTHAJIOM MOXKET CJYXHTb 3JEeKTPONPOBOXHOCTb (HJH
CONPOTHB/IEHHE) BCed LenH, Ju6O CBA3AHHHIA ¢ HUMH NapaMeTp,
HanpuMmep aJeKTPHYeCKHH TOK. B xauecTBe  perucrpupyiomero
YCTPOACTBA HCIOJIB3YIOT MHKPOAaMIePMeTDPHl HJH KaJHOPOBaHHBIE
KOHJleHcaTOpsl. CXeMa yCTaHOBKH JJIsi BHICOKOYACTOTHOrO THTPOBA-
Hug u3o6pakeHa Ha puc. 2.8, ‘
B naGopaTopnoft npakTHKe X0Opowo ce6s 3apeKOMEHJOBAJH Bbi-
COKOYaCTOTHEIE THTPAaTOPhl Mapku TB-6J1 ¢ eMKocTHOH stuefikoi u
BEHrepCKHe OCUHJIJIOTHTPAaTopH cHcTeMu «IlyHrop» mapxu OK-301.

Pabora 1. Onpedenenue x40p08000podHoil KucioTs. U enora

Conepxanue XJOPOBOJOPOJHON KHCJIOTH ONpeNesioT THTPOBA-
HuneM pacrBopom NaOH. Kpusasg BEICOKOYAacTOTHOrO THTPOBAaHMS
HMeeT DEe3KHH H3JIOM, COOTBETCTBYIOMIHH IOJOXKEHHIO TOYKH S5KBH-
BaJIeHTHOCTH. OTTHTPOBaTh (heHOJ B aHAJIH3HPYEMOM pacTBOpe
HEeJIb3sl, IOCKOJIBKY OH ABJsieTCq cnaboi kucaorolt (pKy=1,0-10-10)
u npucyrcreie HCl nogasaser ero muccounauuio. Cofepxanne de-
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| : : Jusapye-
Ta OmpefessioT METOAOM 0o6paTHOre THTPOBAHHA: K aHa
%ﬂzw wmnemoa no6asasiior NaOH, sateM H30HITOK NOCJEAHErO
Yurpyror pacrsopom HCI. Ilpu sToM moc/efoBaTeJbHO NPOTEKAIOT
peakuHu: . ,
NaOH 4 HCl == NaCl + H,0,
C,HsONa + HCl === NaCl 4 C4H;OH.

KpuBast THTPOBaHHs HMeeT JBa UETKHX H3JIOMa, MEepBHH H3 KO-
TOPEIX COOTBETCTBYeT CBsi3hBaHHIO M36mTka NaOH, Bropoi#t —or-
TUTPOBHIBAHHIO (penodAra. :

MMpuGopsl M peakTHBH

Boicoko4acTOTHbUL TUTPATOP.

Maenurnas mewarsa. 50

Meprasa koaba BMeCTHMOCTBIO MJL

h:ﬂ«azz BMECTHMOCTBIO 5 U 1 MJI, cHaG:KeHHHe DE3SHHOBHIMH IpyIIaMH.

Broperku BMeCTHMOCTBIO 10 ML

Craxan 0as Turposanus BMectumoctoio 100 ma.

Pacreop NaOH, 0,1 u 1,0 M. Pacreop HC], 0,1 M.

Boinoanenne paGoThi. >mma:ws3mzzm pacTBOp B MEpHOH Kous0e
pa36aBJAOT IO METKH AHUCTH/IHPOBAHHOH BOJOH H NEpEMEUIHBAIOT.
B sueiiky (cTakan) At THTPOBAHHA IHIETKOH BHOCAT 5 wMax
{IPUTOTOBJIEHHEOrO PacTBOpa, NPH/IHBAIOT AHCTH/VIHDOBAHHOH BOJM

.CTOJIbKO, YTOOH ypOBeHb pacTBopa Obl Ha 3—95 MM BHILIE BEpX-

HEro 3JEKTPOAa, M INpPH HeNPepHIBHOM NepPEMEIIMBAHUM THTPYIOT
pacteopom NaOH, npunusas ero nopuuamu mno 0,2 mu. Perucrpu-
PYIOT NokasaHusi npuGopa B XOAe THTPOBAHHS. Oanomeﬂwcsm«@
THTPOBAHHsI B KOODJHHATAaX NOKa3aHHs mw:aovm|<z»o:., 0 H3JI0-
My Ha KPHBOH ONpEeeJSIOT IOJNOXeHHe TOYKH 3KBHBAJIEHTHOCTH H,
T0/1b3YACh (pOpMy/aMH THTPUMETDHYECKOrO aHaJu3a, PaCCYHTHI-
BaioT cogepxanune HCI. .

B suefiky (crakaH) [Js THTDOBaHHS H3 MEPHOH KOJGH :Jnmﬂ-
KOH NMEepeHOCHAT 5 MJ aHAJM3HPYeMOro pacTBOpa, NPHAHBAOT 1 MJ
1 M pacrBopa NaOH aucTU/I/IHpOBaHHYIO BOAY Ha 3—5 MM Bblile
‘BEDXHEro 3JIeKTPOAa H IPH HEeNpepHBHOM NepeMellHBaHHU ex%w_oa
pactBopom HCI, perucTpupys nokasaHus npubopa nocje npubar-
aenus 0,2 ma tutpaHta. Ilo pesyibTaTaM THTPOBAHHsI CTPOAT KPH-
BYIO M PACCYHTHIBAIOT COAepKaHue (eHosa.

Pabora 2. Onpedesenue uonog Fedt
Houn Fedt o0pasyior ycToH4YHBHE KOMIJIEKCHBIE COEJHHEHHA C
DOTA (NagH;Y) npu pH=2—3 (lgfBrev ' =14,33) u moryr OLITD
onpeaeseHb METOJOM BBICOKOYACTOTHOrO THTpoBaHuA. IIpH 3sToM
TIPOHCXOZAT CJEAYIOLIHE PeaKLHH:
Fed+ 4 H,Y~ =—> FeY~ 4 3H*,
VH* -+ HyY™ z==> H,Y (pKg; =1,0-1072).

Ha kpusofi TuTpoBaHusa HabJjwojaercs JBa mwaozm.l.:mvm:m
-COOTBETCTBYET KOJIHYECTBEHHOMY CBS3BIBAHHIO HOHOB Fe3t komiek-
COHOM, BTOpOfi — yKa3HBaeT Ha 3aBeplIeHHe KHCJIOTHO-OCHOBHOIO
B3aHMOJEHCTBHS. :
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TIpu6opu ¥ peaktuen

Boicoxouacrorneui Turparop.

Maznurnas mewaaxa.

Mepras xoaba BMecTuMocTbIO 50 MJL

Ilunerka BMeCTHMOCTBIO 5 MJL.

Broperxa sMecTumocTbio 25 M.

Crakan das Turposanus sMectuMocTsio 100 MJL
Pacreop 3/ITA, 0,1 M.

Pacraop HySO,, 1 M.

Buinoanenne pa6ortn. K AQHAJIUBHPYEMOMY DACTBOPY B MEpHOMH
KoJGe npubasasior 20 Ma 1 M pacrsopa H,SO,, 10 MeTkH AOJIHBAIOT
AHCTHJIJIMDOBAHHYIO BOAY H TINATEJbHO IepEeMEMIHBAIOT. B cTakal
AJsl TATPOBAHHsl OTOMPAIOT NMHNETKOH 5 MJI MPHIOTOBIEHHOTO pacr-

- BOpa, NOMHBAIOT IUCTHIJHPOBAHHYIO BOLY Ha 3—5 MM BHIlle- Bepx-

HEro 3]1€KTPOJa H NPH NepeMellHBAHHH THTPYIOT pactsopom DIITA,
PHJINBAA ero nopuuamu mo 0,1 M U perucTpHpys nokasaHHg npu-
Gopa. Ctposar kpuByio TuTpoBaHHd. Ilo NIePBOMY H3JIOMY Ha KDHUBOH
onpeneasior o6veM IDIATA, saTpaueHHblfi Ha TUTpOBaHHe HOHOB

Fe**. Tlonbsysick popmysamu THTPEMeETPHUECKOTO aHaJH3a, paccyH-
THIBAIOT COJEpPXKaHME Kejesa.

2.3. IOTEHLLHOMETPH S

IloTeHIHOMETPHYECKUA METOM, OCHOBAHHKHI HA H3MEPEHHH 3/1eKTPO-
ABHKYIIUX CHA (3.1.C.) OGPaTUMHIX TraJbBaHHYECKHX 3/eMEHTOB,
HCIIOJIL3YIOT [J1s1 ONpPENeJIeRHs CONePKAaHHUA BEIeCTB B PacTBOpe H
H3MEeDEHHsI Pa3NHYHLIX (PH3HKO-XMMHYECKHX BEJHUYHMH. B morTemmo-
METpHH OGLIYHO IPHMEHSIOT ra/bBaHHYECKHH 5/eMeHT, BKII0Ya OLH
ABa 3JIEKTPOMAA, KOTOPHE MOTYT GHTb MOTPYXKEHH B ONUH H TOT JKe
pacTBop (s;1eMeHT Ge3 mepeHOCa) MM B J[Ba PASMHUHBIX O COCTA-
By pacrbopa, HMEWIIAX MeXNy cO60H MHIKOCTHOH KOHTaKT (Lemb
C IIepeHocoM). 2

OJIeKTPOA, MOTEHIMAN KOTOPOTO 3aBHCHT OT AKTHBHOCTH (xoH-
UEHTPANHMH) ONpe/eNeHHEX HOHOB B DAacCTBOPe, HA3HBAETCH HHIU-
KaTODHBIM.

M uamepenus morennuana HHIHKATOPHOTO 3JEKTPoAa B pacT-
BOp TNIOrpyKaiOT BTOPOH 3JEKTPOM, IOTEHIMAJ KOTOPOrO He 3aBH-
CHT OT KOHLEHTPAaUHH Ompeje/seMbX HOHOB. Takoil 3MeKTpox Ha-
3BIBAETCS 3JIEKTPOAOM CPAaBHEHHS.

B norenunoMeTpHH HcnosB3YIOT [Ba OCHOBHHIX Kaacca HHIHKa-
TOPHEIX 3JIEKTPOJOB*,

1. DnekTponel, Ha MexdasHHX rpamHmax KOTODHIX HPOTEKAIOT
PEaKUuH ¢ yuacTHeM 3/MeKTPOHOB. Takue 3/1€KTDOJH HA3HBAIOT
SJIEKTPOHOOOMEHHEIMH.

2. dnexTponH, Ha MeXbasHHX TPAaHANAX KOTOPHX NPOTEKAaIoT
HOHOOOMeHHEIe pearuun. Takue SVIEKTPOJAH HA3BIBAIOT MeMGpaHHLI-
MH HJIH HOHOOGMEHHBIMH, HX Ha3HBAIOT TAKKE HOHCEJEKTHBHAIMH.

* B namnok riaBe paccMaTpuBarTes SNEKTPOJH, HauGosee 9acTO MCIOJB3Ye-
MH¢ B MOTEHIMOMETPHYECKOM METOAE aHaJH3a.
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HoHCe/eKTHBHBIE 3JeKTPOAR JeJNATCS Ha TPynne: 1) cTeksasH-
HEle 3JeKTPOAH; 2) TBepAHe 3JeKTPOAH ¢ TOMOrEHHOH HJH rere-
porenHoli MeMOpaHO#; 3) XXHIKOCTHHE 3JEKTPOAHI (ra ocHoBe
HOHHBIX ACCOLMATOB, XeJAaTOB MeTaJ/IJIOB HJH HeATpa/bHBIX JIHFdH-
10B); 4) ra3oBHe 3JEKTPOAH; D) JEKTPOJB A5 H3MEPEHHS aKTHB-
HOCTH (KOHL@HTPalHH) GHOJIOTMYECKHX BellecTs.

B ocHOBe MOTEHIMOMETPHYECKOr0o aHaJH3a JIEXKUT ypaBHEHHe
Hepncra:

E = const 4 (0,059/n) Ig a, - (2.7)
rie n— 3apajn NOTEHIHAJNONPEACAAIOIEr0 HOHA HJH YHCAO 3JEKTPOHOB, YYacTBY-
OINX B peaklluu, @ — aKTHBHOCTh MOTEHIHAJOonpele/dolIuX HOHOB A‘P.:m 3JIEKT-

POHOOOMEHHBLIX 3JIEKTPOLOB OTHOLIEHHE aKTHBHOCTel OKHCJEHHOH H BOCCTaHOB-
JeHHOA Gopum).

HoHCceNeKTHBHBIM 3JE€KTPOAAM CBOHCTBEHHA ONpele/ieHHas H3-
GupaTeabHOCTb U ypaBHeHHe 2.7 B 3TOM cayuae uMeeT BHA (ypaB-
nenne Huxosibckoro):

E = const & (0,059/n) Ig (a+ Kpy x ax™'7%), (2.8)

rie a — aKTHBHOCTb OIPEJENSAeMOTO HOHA; Ox — aKTHBHOCTb MeII3IOero HOHA;
Zx — 3apaj Memaiouero HoHa; Ku, x ~— K03 @HUIHEHT CeJIeKTHBHOCTH 3JEKTPOAa
[0 OTHOUIEHHIO K ompejejseMoMy HOHYy M Ha ¢oHe Memawomuero HoHa X.

[MoTeHUIHOMETPUUECKHl aHANH3 LIHMPOKO NPHUMEHSIOT JJISl Helo-
CpeJCTBEHHOTO ONpejelieHHs AaKTHBHOCTH HOHOB, HaxOAfIUXCA B
pacTBOpe (npsMasi NMOTEHUHOMETPHS — HOHOMETPHs), a TaKxke AJs
HHAHKALMHA TOUYKM SKBHBAJEHTHOCTH IIpH THTDOBaHHM; IO H3MeHe-
HHIO TNOTeHLHaJa HHIAHKATOPHOTO 3JIEKTPOJa B XOJe THTPOBAHHA
(noTeHuuoMerpHueckoe THTpoBaHue). IIpH MOTEHUHOMETPHUECKOM
THTPOBAHHM MOTYT OHITb HMCHOJb30BAHEl CJEAYIOU[HE THIB XHMHYe-
CKHX peakuuil, B X0Je KOTOPHIX H3MEHfETCH KOHLUEHTPalHs IOTeH-
IIHAJONPEASNSIONHX HOHOB: PeaKLHH KHCJIOTHO-OCHOBHOrO B3aHMO-
LEeHCTBHS, PEaKIUH OKHCJIEHHS -~ BOCCTAHOBJIEHHS, PeakiHH Ocax-
JeHHsT H KOMILIEKCOO6pa30BaHHus, .

PesyabraThl OmpefieleHHA METONOM  MOTEHLHOMETPHYECKOro
THTPOBaHHs Gosiee TOUHHI, YeM IPH HCIOJb30BAHHH NPSIMOH MOTEH-
IHOMETPHH, TaK KaK B 3TOM cjJydyae BOJH3H TOUKH SKBHBAJIEHTHO-
cTH HeGOJbIIOMY HM3MEHEHHIO KOHUEHTPAIMH COOTBETCTBYeT G60Jib-
uIoe H3MeHeHHe NOTEeHIHaja HHAMKATODHOro 3jekTpoia. B xone
THTPOBAHHS H3MEPSIIOT H 3alMHCHBAIOT 3.J.C. fYelikH nocie A0GaB-
JEHHS] KaxK[0of NOPUMH THTpaHTa. B Hawaje THTpPaHT AO0aBJIAIOT
HeGOJAbIUMMH IOPUMSAMH, NPU OPHOJHKEHHH K KOHEYHOH TOUKe
(peskoe M3MeHEHHe NOTEHIHaJa npu Ao6aBjeHHH HeGOJbLIOH MOP-
LMK peareHTa) NOPLUHH yMeHbmaloT. s onpeleneHHs KOHEYHOH
TOYKHM NMOTEHLHOMETPHYECKOTO THTPOBAHHS MOXHO HCIOJNb30BaTh
pasauunble cnocoGu. HanGosee mpoctofi €moco6 COCTOHT B HO-
CTPOEHHH KPHBOH THUTPOBAHHS — rpaduka 3aBHCHMOCTH MOTeHIHA-
Ja 3JeKTpoAa ot o6beMa THTpaHTa (pHc. 2.9, a).

Ipyroit cmoco6 cocTOHT B pacyeTe H3MEHEHHS noTeHNMala Ha

' e]MHHIY H3MeHeHHs oGbema pearentra AE/AV (puc. 2.9, 6). Kpu-
116

Puc. 2.9. Kpusre notenmuoMeTpuueckoro THTPO-
BaHus £, :g

.

Bast TUTPOB&HHUS, [IOCTPOEHHASA C HCIOJb-
30BaHHEM 3ITOr0 Napamerpa, 3aBHCHLIE- . a
ro ot o6beMa THTPAHTA, HMEET OCTPLIi
M3KCHMYM B KOHEUHOH TOYKe.

O6bem pearenta MOXHO 3aHKCHPO-
BaTh GoJjiee TOYHO, ONpEJeNHB TOUKY,
B KOTOPOH BTOpas NPOH3BOAHAS MOTEH- Vs * v
uuana no obveMmy A2E/AV? papHa nHy- o
Jaio (puc. 2.9, 8).

Paccmorpennbie cnoco6hl  OCHOBaHM
Ha NpPEANOJIOXKEHHMH, 4YTO KPHBAsA THT- 7
POBaHHA CHMMETPHUYHA  OTHOCHTEJbHO
TOUKHM IKBHUBAJIEHTHOCTH M Neperu6 Kpu-

BOH COOTBETCTBYET 3TOH TOuYKe. D10 Ho-
NyIeHne CHOpaBeJIHBO IPH YCJIOBHH,
YTO BELIeCTBA B3aHMOJAEHCTBYIOT B 3K-
BHMOJIEKYJ/IIDHBIX COOTHOIIEHHSAX H YTO A%
SJIEKTPOAHLIA NMPOLECC MOJHOCTBIO 06pa- a2

_ THM.

[naBHoe npeumyimecTso norenumo- 8
METPHYECKOIO METO/a, IO CPABHEHHIO C ,
ADYTMMH METOAAMH aHa/u3a — GHICTpPO-
Ta H NPOCTOTA NPOBEAEHHS H3MEPEHHI.
Bpems ycraHOBi€HHS paBHOBeCHOro mo- Voxt
TEHUHAJa HHAUKATODHBIX 3JIEKTPONOB 14
Mano, 4To YAOGHO AJs H3y4YeHHS KHHe-
THKH Deakilif H aBTOMAaTHYeCKOTO KOHT-
pOJ/isl TEXHOJIOTHYECKHX TMpoleccoB. He-
NOJIb3Ysl MHKPO3JIEKTPONLI, MOXKHO IIPO-
BOJHTh H3MepeHus: B mpobax o6beMoM ,
RO ReCATHX JNoJed Mu/uautpa. [Toren- :
LHOMETPHYECKHI METOA 1aeT BO3MOXKHOCTb IPOBOLHTD onpezeNeHUus
B MYTHLIX H OKDAUICHHLIX PacTBOPaX, BA3KMX IAcTaX, M NPH STOM
HCKJtouast onepanii GU/IbTPAllMH U NEPErOHKH. [lorenunomerpuue-
CKHE H3MEDEHHsT OTHOCHAT K Ipynme HepaspyWalomHX CHoco60B
KOHTPOJIAA H aHaJHSHPYEeMBHl DacTBOD MOXKeT GbiThb HCIOJb30OBAH
Aasl RafpHEAIINX HccaenoBaHuil. [lorpemHocTs ONpefeNeHAs Tpd
NpAMOM INOTEHIHOMETPHYECKOM H3MEePEHHH cocTaBiser 2—109,
NpH NPOBEJCHHH NOTEHIHOMETPHYECKOTO THTpoBaHus 0,5—1%. HH-
TEpBaJl ONpELeNeHHsl CONEPKAHUS KOMIOHEHTOB NOTEHIHOMETpHYe-
CKHM ~ METOLOM B Da3/HYHBHIX INPHPOAHHX M NPOMBILLJIEHHBIX
06'beKTaX HaXOAHTCA B Tpefenax or 0 no 14 pH ans creknsu-
HBIX 3JIEKTPOZOB, ¥ oT 10° no 105 (10~7) M ompeneasemoro uoHa
AJisl ADYTHX THIMOB HOHCEJEKTHBHHIX 3JIEKTPOJOB.

OnHuM u3 JOCTOHHCTB MeTona NOTEHUHOMETPHIECKOTO THTPO-
BAHHA SBJSETCS BO3MOXKHOCTb NOJHOH HJIM YaCTHYHON €ro aBTOMa-
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TH3anuH. ABTOMAaTH3HPOBATh MOXKHO NMOJauy THTPaHTa, 3alHCh KpH-
BOH THTPOBAHHS, OTKJIOUEHHe IOJAYH THTPAHTA B 3aJaHHHH Mo-
MEHT THTPOBAHHS, COOTBETCTBYIOUIMH TOUKE 3KBHBAJIEHTHOCTH.

~ ABTOMaTHuYecKoe THTPOBaHHe. B HacTofllee BpeMsAd HMEIOTCH
pasAHuHbiE aBTOMATHYECKHE THTPATOPH. JTH MNPHUOOPH HYaCTO He
naoT Gosiee TOYHHIX PE3Y/bTATOB, YeM IPH NMPOBENEHHH NMOTEHLHO-
METPHYECKOr0 THTPOBaHHS OOBIYHHIM CHOCOGOM, HO OHH COKPAIlaloT
MPOXOJIKHTENBHOCTb aHAJNH3a H HX YAOOHO HCNOAB30BATH NPH GOJIb-
HIOM YHCJIe CePHHHEIX aHaJIM30B.

TIpuMeHAOT aBTOMAaTHYECKHe THTPAaTOpH ABYX TuNOB. [IpuGoph
NepBOro THIA aBTOMATHYECKH 3aNHCHBAIOT KPUBYIO THTPOBAHHA B
KOOpAHHATAX NOTeHIHad — o6beM pearenta (AE/AV, AE[AV?).
B 5TOM cJiydyae KOHEUHYIO TOYKY THTPOBAHHS HAXOAAT 10 KPHBOML.
B npuGopax BTOPOrO THII2 THTPOBaHHE aBTOMATHYECKH NpeKpama-
eTcsl KaK TOJbKO NMOTEHIIHAJ CHCTEMEl 3JIEKTPOJOB HOCTHTHET 3aJaH-
HOTO 3HAUEHHS, COOTBETCTBYIOMIErO0 TOUKE JKBHBAJEHTHOCTH. ITO
3HaueHHE NOTeHIHaska OGBIYHO YCTAHABJIHBAIOT MNyTeM IpelBapH-
TEJbHOTO THTPOBAHHSI B HEABTOMATHUYECKOM DEXHME.

MMoayaBromaruyeckoe THTPOBaHHe. MeToj] IM0JyaBTOMAaTHYECKO-
IO MOTEHIHOMETPHYIECKOrO THTPOBAHHS OTJIHYAETCs OT OOLIYHOTO MO-
TEHHEOMETPHUECKOIO TeM, 4TO THTPAHT MOCTYyNaeT HENPEePHBHO C
MOCTOSHHOH CKOPOCTbIO, H HO3TOMY HET HEOOXOLHMOCTH H3MepATb
o6beM THTpaHTa, AOGaBiseMBIl B HCCIeLyeMBIH pacTBOp. DTy Be-
JINYHHY 3aMeHsieT IJIMHA AHArDAaMMHOH JIEHTH OT Hauaja THTpOBa-
HHsl 10 TOUKH SKBHBAJIEHTHOCTH, IIOCKOJbKY KPHBasi THTPOBaHHS 3a-
[IMCHIBAETCS ¢ HOMOIIBIO CAMONHCLA.

ITpu mosyaBTOMAaTHYECKOM HNOTEHHOMETPHYECKOM THTPOBAHHH
KOHEUHYI0 TOYKY THTPOBAHHS ONpPEAENIAIOT Ha OCHOBE 3aBHCHMOCTH
IJIMHB AHAarpaMMHOMN JIEHTH OT NOTeHLHana E npu nocTOsSHHOH cKo-
POCTH MOJAYH THTPAHTA B HCCJELyeMblii PAacTBOP H ABHKEHUSA AHA-
rPaMMHOM JIEHTHL,

OCHOBHEIM JOCTOHHCTBOM METOJa NOJYyaBTOMAaTHYECKOrOo IOTEH-
I[HOME@TPHUECKOr0 THTPOBAHHS SBJSETCS HCKJ/IIOYeHHe CTaHAapTH3a-
LMK THTPAHTA, T. K. HCIOJMb3YIOT METOJA CPABHEHHS CO CTAHAapTHHIM
BellecTBOM. IIpenBapuTespHO B OTPaGOTaHHOM pexHME (CKOPOCTb
NOJAuH THUTPAaHTA H CKOPOCTh MepeMelleHHs JHarpaMMHOH JIEHTH)

THTPYIOT PacTBOp CTaHZAPTHOTO BemlecTBa. KpuBas THTPOBAHHSA .

npuBefeHa Ha puc. 2.10. 3Has TOUHYIO HaBECKy BelleCTBa, MPHHATO-
ro 3a cTagaapT (g.r), W, U3MEPHB NJHHY AHArpPaMMHON JIEHTH Ha
KPHBO# THTpOBaHHs cTaLapTa (ler, MM), 10 popmyte Tum=g/ler
PACCUHTHBAKT «TUTP MHAAEMETPa» (Twu) — YCJIOBHYIO BEJHUHHY,
XapaKTepH3YIOILYI0 MacCy CTaHAAPTHOIO BElIecTBA, NPHXOAAIIErocs
Ha | MM AuarpaMMHON JIEHTH IIPH THTPOBAHHH. .
UnpuKaTopublie 3JeKTpoAM. B NOTEHUHOMETPHYECKOM METOL
aHANH3a HCIOJB3YIOT OGpaTHMHE 3JEKTPOAn. TOKH oOmeHa AJIA
O6paTHMEIX 3JEKTPOJOB JOCTHI2I0T HECKONbKHX JECATKOB H COTEH
MmA/cm2. TIoTeHIHAA y TaKUX 3JEKTPOJOB 3aBHCHT OT aKTHBHOCTH
KOMIIOHEHTOB 3JIEKTPOAHBIX pPeakUHi B COOTBETCTBHH C TePMOJAHHA-
MHEuecKHMH ypaBHenuamu. Ha 06paTHMBIX 3J€KTPOAaX GHCTPO ycTa-
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- BOCCTAHOBHUTEJILHBIX CHCTEMAX HoO-

Puc. 2.10. Kpusas mnomyaBToMatHueckoro

UOTCHIHOMETPHYECKOr0 THTPOBAHUA Naxx

HaBJIMBAETC paBHOBECHE, Xapak-

Tepu3ylollleecss PaBEHCTBOM CKOPO- /

CT€H NpPAMBIX H OOpaTHHIX peak- \ T9

uil.
B Heo6paTHMBEIX OKHMCAHTENBHO- /

TeHIHa T HHAHUKAaTODHOIO 3JIEKTPO- Fom
Aa yCTaHaBJHBAETCH MEJJICHHO, OH .
HEyCTOHYHB, II03TOMY B 3TOM CJYy- )
4ae NPUMEHAIOT NOTEHLIHOMETpHYe- £E,MB
CKO€ THTPOBAHHE C IOJISIPU30BAHHBIMH 3J€KTPOIaMU ?oamm:xoz.me-
putieckoe THTpoBaHHe NOX TokOM). Ilpn stom mns uHmMKauum Ko-
HEUHOHM TOYKM THTPOBAHHS MCIHOJBL3YIOT H3MEHEHHe MOTeHLIHaJnaa
SJIEKTPOA, TOJSIPU3OBAHHOIO MajlbiM TOKOM (10-6 A).

OnekTpoHOOGMeHHH € 971€KTpPOAH. B orkHCIHTENBHO-
BOCCTAHOBHTEJBHEIX PEAKUHAX B KAaU€CTBE HHAHKATOPHHX 3JEKTPO-
AOB HaCTO NMPHMEHSIOT MHEPTHEIE METAJIH, HaNPUMep, MIaTHHY, 30-
Joto. IloTennnas, BOSHUKAOMHUN HA [J1aTHHOBOM wamx%ohm 32BH-
CHT OT OTHOLUEHHS KOHLEHTPAUHil OKHCJEHHON M BOCCTAHOBJIEHHON
GopM OLHOTO HIIM HECKOJLKHX BEHIECTB B pactBope.

Eoﬁmaa:amogm HHANKATODHEIE JIEKTPOAH H3rOTAaBJHBAIOT H3
IVIOCKOH METaJIHYECKOH IVIACTHHKH, CKPYYEHHOA NPOBOJIOKH HJIH
METa/ITH3HPOBAHHOrO cTex/aa. OGHYHO NpH- MOrpyXKeHHH B PacTBOP
TaKOTO 3JIEKTPOAA GLICTPO yCTaHABJMBAaeTcss paBHOBecHe, Ouemp
BaXHO nepea paGoToii TINATENBHO OYHCTHTH IOBEPXHOCTh METaJJia’
XOpOIIMM METOAOM OYHCTKH SIBJSIETCS GBICTPOE MOTpPYy:KeHHEe SJ1eK-
TPOAd B KOHIEHTPHPOBAHHYIO 230THYI0 KHCJOTY M NOC/TeAyloLiee
MHOIOKpaTHOE NPOMBIBAHHE JHCTHJIHPOBAHHOH BOMOH. OTeuecTBEH-
wwwb_ﬂ%%%ﬂﬁ%_m%\moo? BBIIIYCKA€T TOHKOCJIOHHBLIA NMJIaTHHOBHE 3JI€K-

VoHCeneKTHBHLE 3J€KTpOAH. Cpelll HOHCEJIEKTHBHBIX
SJIEKTPOAOB HaHGOJIbINEE PACHPOCTPAHEHHE MOJYYMN CTEK/SHHbIH
SJIEKTPOL, IpefHa3HaAYeHHb 151 u3Mmepenus pH.

quammzzuhm 84KTP0od — 3TO HECKOJIbKO YCJOBHOE Ha3BaHHe He-
CJIOXKHOH CHCTEMB, BKJIOYaIOWEed HeGOJBLION cOcyd H3 H30JHPYIO-
INero CTexaa, K HHXHEH 4aCTH KOTOPOro NMPUNAsiH WIAPHK M3 CHELH-
aJIbHOTO 3JIEKTPOAHOrO CTeK/]a, 06Jajalollero 3aMeTHOR 3JeKTpo-
NIPOBOXHOCTLIO. BHYTps cocyma sanuBaloT crampmaprasii pacrBop
TaKOH 3JIEKTPOA CHAaGXeH TOKOOTBOAOM. B KauyecTse wmvs.@mmmo:w
CTaHAAPTHOrO ~ PacTBOPa B CTEK/ISHHOM 3JEKTPORE HCHOJB3YIOT
0,1 M pacTBOp X/I0pPOBOLOPOAHOM KHCIOTH OGHIYHO ¢ NOGABKOR XJIO-
pulla HAaTPUs HJH Kajud. MOXKHO HCIONB30BaTh TakXKe KakoH-an6o
6ydepHuit pacTBOp ¢ A06aBKOA XJOPHIOB HJIH 6pomunos. Tokoor-
BOJOM CJIyXXHT XJIOPCepEeOpSAHHA 3JIeKTPOA, NpeCTaBJASIOMHAR Co-
Gofi cepeOpsiHyI0 NPOBOJIOKY, NOKPHTYIO XJAOPHAOM cepeGpa. K 1o~
KOOTBOAY NPHNAMBAIOT H30JHPOBAHHHIA, 3KPaHHPOBAHHHA NPOBOL.
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CTek/sHHH 3/eKTPpoj], OGHYHO HCIOJML3YIOT B mape ¢ xjJopcepebpsi-
HBIM 3JIEKTPONOM cpaBHeHHS. [IpHMeHsieMyIO NpPH 3TOM 3JIEKTPOXH-
MHYECKYIO II€Nb MOMKHO 3alHCaTh CIeAYIOMUM 06pasoM.

Ag, AgCl|HCL(0,1M)| crerso || Mecaenyemnnt | KC1 | AgCl, Ag

Hac,
pacTBop

Xaopcepe6paHbiit
SJEKT[ O

TToTenIHaJ CTEKJISHHOrO 3JI€KTPOAa 06yCJ0BJIeH 0OMEHOM HOHOB

CTeKJAHHBI 3/E€KTPOL

mMEeJIOYHBIX MEeTaJIJIOB, HaXOASHIUXCSA B CTEKJE€ C HOHAaMH BOJOPOIA -

H3 pacTBOpa. DHEPreTHUYECKOe COCTOSIHHE HOHOB B CTEKJe H PacTBO-
pe pasiuuHO. DTO NPHBOAHT K TOMY, YTO HOHH BOZOpOAA TakK pac-
NPEAESIOTC MeXKAY CTEKJIOM H PAcTBOPOM, 4TO MOBEPXHOCTH 3THX
¢a3 nprHoGpeTaOT MPOTHBONOJIOXKHbIE 3aPSAL, MEXIY CTEKIOM H
pacTBOpOM BO3HHKAeT PasHOCTb IIOTEHIHAJIOB, 3HayYeHHe KOTODOH
aaBucuT ot pH pacrsopa. [Tofgpo6HO TeopeTHUECKHE OCHOBH PaGOTHE
CTEKJSAHHHX M JAPYTHX HOHCEJEKTHBHHIX 3JIEKTPOJOB ONHCAHH B CO-
OTBETCTBYIOLIHX MOHOrpadusx. XA STCKTPOH

BHnyckaeMmbie cepuifHO B HallleH CTpaHe CTEK
s swu“smwmmxm Ew (3CJI-11T-05, 3ICJI-41T-04, 3CJI-63-07,
ACJ1-43-07) npuropunl Ajst paborsl B uuTepBase pH or 0 mo 14.

TTOMHMO CTEKJSIHHBIX 3JIEKTPOJOB, NPeJIHA3HAUEHHBIX AJIA H3Me-
penus pH, BEIyCKalOTCS TakKKe CTEKJSHHBE 3JEKTPOAH AJs H3Me-
peHHs aKTHBHOCTH HIEJOYHbIX MerasnoB. OTeuecTBeHHas NPOMBILI-
JIEHHOCTb BEINYCKAET CTEKJISHHbIE 9JIEKTPOAL A/l H3MEDEHHS AKTHB-
HoctH HOHOB Na+(D3CNA-51-07) B muTtepsaze ot 10° mo 10~ M,
K+ (3CJ1-91-07) B untepBase ot 10° mo 10-35 M.

B naGopaTopHOi NMPakTHKe CTEKJSHHBE 3JEKTPOABl MPHMEHSIOT,
KakK npaBuio, aas uamepenusi pH. ITepen HauanoM paGoTH CTEK/AH-
Hble 3JIeKTPOJH CJIE€AyeT BhIEPXKATh HEKOTOPOE BpeMs B 0,1 Mpac-
TBOpE XJOPOBOJOPOAHOH KHCJIOTHI. }

Hu B KoeMm cjyuae Hesb3s BEITHPATb CTEKJISAHHBIH IIApHK, TakK
KaK 3TO MOXKET Pa3pYHIHTb TeJieByl NOBEPXHOCTb 3JekrTpoxa. Ka-
TEropHYECKH 3alpellaercs I[apanaTh [OBEPXHOCTh CTEKJISHHOIO
3JIEKTPOJa OCTPHIMH NpPeAMETaMH, TaK Kak TOJIIHHA CTEKJSHHOTO
IIapHuKa COCTaBJsieT NeCATHE AOJH MH/UIMMETpa H 3TO BhHBELET H3
¢TPOSi YYBCTBHTEJbHBIA 3JIEMEHT. .

Tsepdvie 3n1exTpodsi. B n1abopaTOpHOA NMpPAaKTHKE IMHPOKO NpH-
MEHSIIOT 3JEKTPOLB C FOMOTeHHhMH MeMOpaHamy, sw%mgvxommzm
Ha puc. 2.11, uyscrBurenbusie k Honam F=, Cl~ u Cu?+. B 3jekt-
PONHBIX CHCTEMaXx C TBepPALIMH MeMOpaHaMH B KauecTBe UyBCTBH-
TEJILHOTO 3J€MEHTA HCHOJb3YIOT COelMHeHHs, 06sanaioiue HOHHOH,
3JICKTPOHHOH HJIM CMeIIaHHOK waox%ommo-xommom\%owopmzonawmo
npu komHaTHOH Temneparype. OGHYHO B TaKHX COCJAHHEHHAX (LaF,,

AgCl—Ag,S, Cuy—S), YHCIO KOTOPHX KpaliHe HEBEIHKO, B Npouec-

ce mepeHoca 3apsja y4acCTBYIOT TOJIBKO OJHH M3 HOHOB KDHCTaJLIH-
qecKOH peIleTKH, HMElOI K, KaK NpaBHJo0, HAUMEHbUINH HOHHHI/ vm.,
IMyc M HauMmeHblIHfi 3apsAA. B aToM cayvae yHunosispHas NpOBOAH-
MOCTh OGecIeuHBaeT BHICOKYIO H3GHpaTenbHOCTb asekTpona. Ilepe-
HOC 3apsila B TAKHX COEJHHEHHSX NPOHCXOAHT 3@ CHET nedexToB
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Prc. 2.11. HoHce/leKTHBHEA 3JeKTPOR ¢ TBepAOH MeMOpaHo#i:
1 — MemGpaHa; 2—KOpPUyC 3SJeKTPOAa; 3 — BHYTPeHHHH pacTBOp
(0,1 M pacTBOpH OnpefelseMOro HOHA H XJIOpHAA KaJHd); 4 — BHYT-

pennnil Ag/AgCl monysieMeHnT; 5 — MeCTO UDHIOS; 6 — 9KpPaHHPOBAaH-
HBIA IPOBOA

KPHCTAJI/INYECKOH peulleTKH B COOTBETCTBHH C MeXa-
HH3MOM, DX KOTOPOM BaKaHCUH 3aHHMAIOTCH CBO-
GONHBIMH COCEJHHMH HOHAMH.

Ilopsinok paGoTel ¢ HOHCENEKTHBHHIMH TBEDJHI-
MH 3JIEKTPOJlaMH aHAJIOTHYEH NOPAAKY paboTH co
CTEKJASHHBIMH 32JeKTpoaaMu. Kateropuueckn 3a-
npewaercs TPoraTh HOBEPXHOCTb 3JEKTPOJOB OCT-
PbIMH TIPEJAMETaMH, 3TC BHIBOAHT H3 CTPOS MeM-
6pany. IlosiBUBUIMECH HA IIOBEPXHOCTH TBEPAbIX
3JCKTPOLOB LapalNHHbl yAaJsi0T TOHKOH HaXnau-
HOit GyMaroi, mocje 4ero NMOBEPXHOCTb MeMOpaHbl
NOJHUPYIOT MOAHPHTOM mau mactoit [OU,

Ha npakrtuxe ucnosssyior takxe TBepisle rere-
POreHHBEIE  3JIEKTPOABI, UYYBCTBHTEJbHBIH 5J€MEHT
KOTODEIX COCTOHT H3 aKTHBHOTO KOMIIOHEHTa (Te xKe {
COCNMHEHHS, YTO M B TOMOTEHHHX 3JEKTPOAAX) H
HHEPTHOrO CBS3YIOLIEro Marepuajta (IOJHITUJEH,

SMOKCHAHAA CMoJia),

Xudrocrroie a4eKkTpodsl. B KHIKOCTHEIX HOHCENEKTHBHHIX SJI€K-
TPORax BO3HHKHOBEHHe NIOTEHUHasNa Ha rpaHHile pasgena ¢as oby-
CJIOBJIEHO MOHHBIM OGMEHOM, CBSI3aHHBIM C Pa3JHYHEM KOHCTAHT
pacnpenesieHHsl HOHAa MeXAYy XKUAKOH H opranudeckoil ¢pasamu. Uon-
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-Hasi CeJIEKTHBHOCTb JOCTHraercsd 3a cyer pasinuuss B KOHCTaHTax

pacnpepesieHHsl, yCTOHYHBOCTH KOMIIJIEKCOB H Pa3JHYHON IOIBHIKHO-
CTH ONpEAe/sIeMOro H MeLIalollero HoHoB B (ase mMemGpaHu. B ka-
YECTBE 3JIEKTPOJHOAKTHBHOIO COENMHEHMS B IKHAKOCTHHIX MOHCe-
JIEKTHBHBIX 3JIEKTPOJAAX MOTYT OBITh HCIIOJIb30BAHH X€JaThl MeTaJ-
JIOB, HOHHbIE€ acCCOLHATH OPraHMYECKHX M METaJIOCOAepKalluX Ka-
THOHOB H aHHOHOB, KOMIJIEKCH C HeHTpaJIbHHIMH NePeHOCYHKAMH.
Bosbiroe pacmpocTpaneHye HONYYHIH IUIEHOUHBIE M1aCTHMHIHEDO-
BaHHBIE 3JIEKTPOALI, BLITYCKAEMBlE NMPOMEIILIECHHOCTbIO U HMEIOHIHE
COOTBETCTBYIOINYI0 ~ MapKUpOBKYy, HampuMmep, 3IM—CIO,~ 01,
OM—NO;™—01. UyBcTBHTeNBHBIH JEMEHT TaKHX 3JEKTPOLOB CO-
CTOHT H3 3JIEKTPOAHOAKTHUBHOIO KOMIOHEHTa, NMOJHBHHHJAXJOPHAA M
pactBopurenst (mnacrtuduxaropa). B smaGoparopro#t nmpakTuHke He-
I0/Ib3YIOT @HHOHCEJIEKTHBHbIE 3JIEKTPOJH, AJISi KOTODHX 3JeKTPOM-
HOAKTHBHbIM COEJNHHEHHEM SBJSIOTCS COJMH YeTBEPTHYHHIX aMMOHHe-
BBIX OCHOBaHKH.

KoHCTpykuus nyiacTHHUYPOBAHHBIX 3JEKTPOJIOB aHAJOrHYHA
KOHCTPYKLUHH TBEPAbIX MeMOpDaHHHIX 3JIEKTPOJOB, TOJbKO BMECTO
TBepAOH MeMOpaHH B KOPNyC 3JeKTPojJa BKJeeHa IVIaCTHOHIHpPO-
BaHHasi MeMOpaHa, a BHYTPb JEKTPOJAA 3aJUT PacTBOP CPABHEHHS.
B kauecTBe TOKOOTBOAA HCIOJB3YIOT XJOpCEpeGPSHHE mOMy3Je-
MeHT. BHyTpennnit pactsop. mpencrasiser co6oir 0,1 M pactsop

121



[T
LSRN

onhn
IR

Wi
J:
!

Puc. 2.12. YcTaHOBKa AMA NOTEHIHOMETPHYECKOrO THTPOBAHHA:

| — marguTHas Memiajka; 2 — suefika AJA aHaJMA3HPYEMOTO DacTBOPa; 3 —— HHHKaTOPHLIA
snekTpos; 4 — 6IOpeTka; & — HAaCHIMEHHBIH XJiOpcepeGpAHHIA 3JNEKTPOM CpaBHEHHS; 6 —=
pH-MeTp

Puc. 2.13. Cxema THIOBOTO NOTEHHHOMETpA:

A — agkkymyastop; Ri, R, R;— mabop conporusnennit; H. 3. — HOpMaJbHBIA 3JeMeRT; X —
HCNBITYeMElfl FaJbBaHUIecKH sJeMeHT; I' — rasbsanomeTp

xaopuna Kahua u 0,1 M pacTBop conM H3MepsieMOro HoHa (A7s
HHTPAT-CEJIEeKTHBHOTO 3J1€KTPOJa, HallpHMep, HUTpaT Kaaus). [lepen
paboTofl NJEHOUHBIE IJACTH(HIHPOBAHHBEIE 3JEKTPONb BHIMAUHBA-
10T B TEYeHHe CyTOK B aHau3upyeMom pacrsope. Mcnapenue niac-
THGHUKATOpPA C NMOBEPXHOCTH 3JEKTPOAA NPHBOLHT €r0 K BHIXOAY H3
crposi. I10BepXHOCTHEIE 3arpsisHEHHs C OTBEPKICHHHX IIacTHOH-
IIHPOBAHHEIX 3JEKTPOZOB MOXHO yHZaJHTh (GHILTPOBaJbLHOH Gyma-
roit. Ilpn Hanuuyun B pactBope ruapodo6HEIX COeJHHEHHA MIacTH-
G$HUUHPOBaHHEI 9JEKTPOJ MOXKHO NOrpyXaTh B aHAJHM3HPYEMEIR pac-
TBOP TOJILKO Ha OUeHb KOPOTKOEe BpeMsl.

AnexTpoanl cpasrennus. IIpy u3MepeHHH 3. . . 06PATHMHX raJb-
BAaHHYECKHX 3JEMEHTOB HeoOGXOAMM MOJIy3JEMEHT, IOTEHIHaJd KOTO-
poro On1 Gbl HM3BecTeH, NOCTOSHEH H HE SaBHCEN a:E OT COCTaBa
H3y4aeMoro pactsopa. DJIeKTPOJ, yJOBJETBOPSIOMHNHA STHM TpeboBa-
HHSIM, HA3LIBAIOT 3JEKTPOJOM CpaBHEHHS. ODJEKTPOJA CpaBHEHHs
JAOJXKeH GbiThb MPOCT B H3TOTOBJEHHH H COXPaHSTb. MPAKTHYECKH MO-
CTOSHHBIA M BOCIPOH3BOAMMHEA IOTEHUHAJ MpPH IPOXOXKAEHHH He-
60JbIIHX TOKOB. [1OCTOSHCTBO TOTEHUHaJa 3JEKTPOAa CpaBHEHHS
IOCTHraeTcd MOJAepKaHHEM B KOHTaKTHpYIOLleM BHYTpPEHHEM pac-
TBOpE NOCTOSIHHOH KOHUEHTPAlHH BeIIeCTB, Ha KOTODHIE pearnpyeT
saextpon. Haubosee pacnpocTpaHeH XJaopcepeGpsiHHIA —9JEKTPOK
cpaeuenus (Ag, AgCl/KCl), KOTOpHIfi H3rOTaBJHBAIOT NyTEM 3JIEK-
TPOJIATHYECKOr0 HaHECeHHs XJopuAaa cepebpa Ha cepeGpsiHyl0 Npo-
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BOJIOYKY. DJEKTPOJ NOTPykKaioT B PaCTBOP XNOPHAA KaJusi, KOTO-
Pblfil HAXOMUTCA B COCYJaX, CBA3AHHBLIX COJIEBHIM MOCTHKOM ¢ aHaJH-
SHpYeMEIM PacTBOPOM. Tak Kak B KOHIEHTPHPOBAHHHIX XJOPHIHEIX
pacTBopax XJOpHA cepeGpa pacTBopsercs ¢ o6pa3oBaHHEM XJoOpce-
PeGPSIHEIX KOMIUIEKCOB, DACTBOPH XJIOPHAA KaJus IIepe/l NOrPyKeHH-
€M B HHX 3JIEKTPOJOB OGHIYHO HACHIIIAIOT XJOPHIOM cepebpa. Ilpu
pabote c xJopcepeGpSIHBM 3JEKTPOJAOM HEOOXOAUMO CJAEAHTL 32
TeM, 9TOGHl BHYTPeHHHH cOCYA GhlJ 3a0/HEH HACHIIEHHHIM PacTBO-
pom KCI.

XuiopcepeGpsiHbie 3JIEKTPOMB BHIIYCKAeT —OTEUECTBEHHAS IIPO-
MbIlIeHHOCTh (DBJI-1M3, 9BJI-1M1). ,

Kpome xs0pcepe6psHOro sieKTpoja B KayecTBe 3JEKTPOJOB
CPaBHEHHS NPHMEHSIOT KaJOMEJbHHH H TaJaMHAHK 3JE€KTPOMHI.

- Cxema ycTaHOBKH [/l NOTEHIHOMETDHUECKHX H3MEPeHHH C HH-
JNMKAaTODHBIM 3JIEKTPOAOM H 3JIEKTDOJAOM CPaBHEHMS IpHBeJeHa Ha
puc. 2,12,

Hamepenne norenunana, MamepurenbHoe yerpoficTBO, NpHMEHsIe-
Moe 1Jisi H3MEpEeHHs MOTeHIHasa — MOTEHIHOMETP, NOoKas3aH Ha
puc. 2.13. Takue npu6ope 3aBOACKOTO THIa HasuBaloT pH-merpa-
MH, NIOCKOJIbKY OHH INpEIHa3HAYeHH MAJs H3MEPEHHUs NOTEHIHaJIOB
AueeK, coepxamux pH-uyBCTBHTEJBHHIA CTEKJSIHHBIA 3J€KTPOA C
BEICOKHM conporuBieHneM. Illkana stux npubopoB kaauGpyercs
KaK B MH/UIHBOJIBTAX, TaK M B eaununax pH. Takue npu6opu yno6-
HBl DM H3MEPEHHH NOTEHIHAJIOB A49€eK C HH3KHM H BEICOKHM COIIPO-
THUBJICHHEM. :

Ilpu nposenenuy J1aGopaTopHHX paGoOT MOXHO PEKOMEHEOBATH

pH-metpu pH-121, 9B-74 — yoHomep ¥ apyrue npuBGOpH OTEYeCT-

BEHHOI'O IIPOH3BOACTBA, a Takxke pH-merpnl HMIOpTHHIE, HampuMep,
OP-208, Radiometr u ap.,. Kpome Toro, cosgansl BOJLTMETPH JIJ5%
paboTel ¢ TaKAMH MaJuIMH TOKaMu (10~12—10-14 A), gTo noreHuuan
fiYefiKH, H3MEPEHHBbI 3THM NPHGOPOM, He H3MeHsieTCsl. Bunyckalores
BOJIbTMETPHI NPSIMOrO OTCYETa, CHAGXKEHHHE 3JEKTPOHHEIMH YCHJIH-
TENSMH 1JIS NOJIyYeHHs CHTHa/a, KOTOPHA MOMHO PErHCTPHPOBATH
C NOMOINBIO UH(PPOBOro cuerunka (OTEUECTBEHHHIE MHJJHBOJbLTMET-
per 11-1413, 11-4313, H-120) au60 ¢ NOMOWIBIO H3MEPUTETbLHOTO
yCTpO#CTBa, LIKaja KOTOPOro OTTpafyHpoBaHa B exunuuax pH u B
MIJIIMBOIbTAaX. DTH NPHGOPH NPHrOAHH Npu pabore ¢ suefiKaMu,
00/1a1aI0LHMH ¥ HH3KHM M BHICOKHM CONDOTHBJICHHEM, H TaKXe Ha-
suBatorcss pH-merpamu. pH-MeTph THna moTeHUHOMETPOB AaioOT 60-
Jiee BEICOKYIO TOYHOCTb H NPOIE B 3KCIJIyaTalHH, 4eM 6OJbIIHHCTBO
npuboOpOB IPAMOro OTCYETA.

pH-MeTpu yacTo HCIOMB3YIOT B KOMILJIEKTE C aBTOMAaTHIECKHMH
THTPATOPaMH, BKJIOYAIOIIMMU CHCTEMY GIODETOK C 3JEKTPOMArHHT-
HBHIMH KJallaHaMH JUISl KOHTDOJS IIOTOKa peareHTa MM LINpHIL,
IVIyHXKeP KOTOPOro NPHBOAHTCSI B paGouee COCTOSTHHE 3JIEKTPOJABH-
rartejieM, COeJHHEHHEIM C MHKpoMeTpoM. Bo uslexxanne nmepeTurpo-
BhIBaHHs B O0OHX CJyyasdX CKOPOCTb THTPOBAaHHSI JOJNXHA OHTb
Majna. MOXHO IPHMEHATD NPHCNOCOG/IEHHE, YMEHbLIANEee CKOPOCTh
R0GaBJIeHHs THTPAHTA N0 Mepe NPHOJHKEHHS K TOUKE SKBHBAJEHT-
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gocTu. Xopouo sapekoMeHxoBaian ce6st B paboTe aBTOMaTHUECKHe
THTPATOPHl OTeYeCTBeHHOro npouanoacrsa BAT-15.

Jlass npsAMBIX. IOTEHUHOMETPHYECKHX H3MEPEHHH, MpHMeHSs
CTEKJISTHHBII 3JIeKTPOX, HET HeoGXOJHMOCTH KaJuOpoBaTh MHPHOOP,
TaK Kak oH yXe oTkanu6poBaH B eiununax pH. IIpu ucmosesoBa-
HMH MOHOMEpa MOXKHO TaKxke INPOBOAMTL H3MEpeHHs B MIKaJe
pHon (pX).

- Tlpu paboTe ¢ HOHCENEKTHBHEIMH 3JI€KTPOJaMH HEOOXOLHUMO yUH-
THIBATH cjelylollee.

1. Usmepenne aGCOMIOTHHIX 3HaueHH# 3.1.c. ¢ Gosee BHICOKOH
tounocThio, ueM 0,01 exunuubl pHloH HeBO3MOKHO.

2. Ilpu TIpoBelNeHHH TINATEJbHBIX H3MEPEHHH C HOHCEJEKTHBHBHI-
MH 3JIeKTPOAAaMH HX HeOGXONMMO [OCTATOYHO YacTo KajuGpoBaTh.
HenpaBu/bHO NIPUrOTOBJIEHHBIE PACTBOPH AJsl KAJIUGPOBKH 3JIEKTPO-
JIOB MOTYT IPUBECTH K 3HAYHTEJbHOH OIHOKE NPH MPOBELEHHH NPs-
MBIX MOTEHIHOMETPHYECKHX H3MepeHHi.

3. PaBHOBecHe MeXIy MOBEPXHOCTbIO MeMODaHH M PacTBOPOM B
orcyrctBre Gydepa uau B pasbaBjieHHBIX PacTBOPaX yCTaHaBJHBA-
ercsi MeIJIenHo. [losTomy I H3MepeHHs HeOOXOAMMO AJIHUTENbHOE
BpeMsi, B IIPOTHBHOM Cjiyyae pe3yJabTaThl GyAyT OMHGOUHBIMH.

4. Tpu pa6oTe co cTekIsHHHMH 3JiekTpopamu npu pH<CO sHa-
genne pH HeckoabKO BHIIE HCTHHHONO. \

5. OGHLuHBI CTEKJASHHBIH 3JEKTPOL CTAHOBHTCS 10 HEKOTOpPOMR
CTelleHH YYBCTBUTEJEH K HOHAM LIEJOYHHX MeTannoB npu pH>9.

6. Ilepen u3MepeHHeM Iesneco00pasHO 3JIEKTPOAL NPOMBITH
JHCTHJIJTHPOBaHHON BOJOH.

Pabora 1. Onpedesenue HUTPATA 8 TeXHU4eCKOM 00pasye

Kak npasujio, onpejejieHne HHTpaTa B TeXHHYECKHX OOBbEKTax fB-
JISIeTCS CJOMKHON aHaJHTHUeCKON 3ajauel, Ha BHINOJHEHHE KOTOpOH
saTpaumBaercs GOJIbINOE KOJHUECTBO BpeMeHH. [Ipumenenue HoOHce-
JIGKTHBHHIX TJacTU(GUIHPOBAHHHX 9JIEKTPOJOB, UYYBCTBHTE/JIbHBIM
9J/IEMEHTOM KOTODHIX fBJsieTcsi MemOpaHa, cojepkauias HUTPAaTHYIO
COJIb 4EeTBEPTHYHOTO AMMOHHEBOTO OCHOBAHHMs, NO3BOJIET OLICTPO
PelInTb [IOCTaBJIEHHYIO 3a4a4y.

MpuGopbl 1 peakTHBH
pH-Merp pH-121 wnu uonomep 3B-74.
HurparceaexTugHolii nAACTUGUYUPOBAHAHIL I2eKTPOC.
Xaopcepebpansii 34eKTpod CpasHerus.
Maenurnan mewanxa.
Mepnoie xoabot BMecTumoctbio 100 ma.
Iunerxa BmecTHMOCTBIO 10 ML
Craxans. BMECTHMOCTBIO 50 MJL
~~Hurpar kaaus, ocd HIAH X4.
Cyaovgpar xaaus, 1 M pacrsop.
Texnuueckue obpasyvl cesuTpsl ¢ COfepxkanueM HuTpara no 60%.

Buinonxenne paGorbl. ITo TouHON HaBecKe MeToAOM pa3sbasie-
HHSl TOTOBAT CEPHI0 CTAHAAPTHHX pacTBOPOB HHTpPaTa KaJHA
(10'—10-5 M). Tax KaK HHTPaTCeJIEKTHBHHI 3JIEKTPOJ pearupyer
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Ha H3MEHEHHe AaKTHBHOCTH HOHOB HHTDAaTa, a He KOHUEHTPAIHH, TO
GoJiee NPaBHIBHO IOTOBHTH PACTBOPHI C IIOCTOSHHON HOHHOMN CHJIOH,
cosnaBaemoit 1 M pactsBopom cyabtdara xaausi. B atom cayuae
craHfapTHue pactBopsl KNOj; roroBar sa ¢ore 1 M pacrBopa
KySO,. Hccnenyemuiit pactBop Takke roroBaT Ha tdore cyandara
Kanns. ITorpyxaior 3/1eKTPOAB B aHANH3HDYeMEIM pacTBOp H pe-
TUCTPHPYIOT 32BHCHMOCTb 3. [.C. 3JIEMEHTA, COCTABJEHHOrO M3 HHT-
PaTCeNIeKTHBHOTO 3JIEKTPOJA H 3JIeKTPOZA CPABHEHMH, OT KOHIEH-
Tpauuu HuTpara Kajausg ¢. CTpoAT KalHGPOBOUHBIH rpaduK 3aBHCU-
moctH E=f(—Ilgc). Ilepex Hauanom wu3MepeHHH HEOGXOZHMO He-
CKOJIbKO pa3 TINATeJbHO NPOMBITH 3JEKTPOIB AHCTHJJIMPOBAHHOM
Bojto#t. IIpu nenonb3oBanuy CTaHAAPTHHIX PACTBOPOB H3MEPEHHS He-
00XO/UMO TPOBOAHTh, NEPEXOAs OT pa3baBJeHHHIX K KOHLIEHTPHPO-
BaHHBIM pacTBOpaM.

HaBecky Texmnueckoro o6pasua, B KOTOPOM HeOGXOLHMO onpe-
AenuTb colepxanue Hutparta (=0,1000 r), B3BelenHyw Ha aHaJIH-
THYECKHX Becax, [ePeHOCAT B MepHYIO K06y BMecTHMOCTbIo 100 mJa
H JOJNHBAIOT JO METKH AMCTHJJIMPOBAHHYIO BOLy. UamepsiorT 5. 1.c.
3JieMeHTa B HCCJeJyeMOM PacTBOpe.

Hcnonbsyst kananGpoBounsifi rpadux, OMpenensiT copepKaHue
HATpaTa B aHanu3upyeMoMm pactBope. CojepiKaHue HuTpaTa X
(8 %) B TexnuueckoM oOpasile PacCCUHTHIBAIOT MO dopmyae:

X= iszomn -100/1000g,

rxe ¢ —xoHuenrtpauua NO;=, ompenensiemas us rpaduka, Moas/i; V — BmecT-
MOCTb MepHO# KOJIGH; M — MOJeKyJspHash Macca HHTPaTa; g — HABECKA TeXHHue-
CKoro o6pasna, r.

Onncannass MeTofuka MOXeT GbiTb HCNONB3OBAHA AJs OMpele-
JIEHHs] COflepKaHust (PTOPHAOB H XJOPHIOB C IIOMOLIBIO (TOPHIA- H
XJIOPHACEJNEKTHBHBIX 3JIEKTPOJOB COOTBeTCTBeHHO. Mg cosmaunus
HOCTOSIHHOA MOHHOH CHJIBI 11€1€CO06Pa3HO HCHOJIb30BaTh AlETaTHLIH
Gydepuniit pactsop (mpH ompeseneHuu GTOpHA-HOHOB) mim 1 M
pacTBOp HHTpaTa Kajus (NpH OIpPeNeNeHHH XJOPHA-HOHOB).

Pabora 2. Onpederenue ¢ropud-uonos merodom dobasox

IIpu masom comepxaHuu QTODHA-HOHOB (B CTOYHBIX BOAAX HJIH B
BOLONMPOBOJHOH BOJE), T. €. comepxkanue ¢ropuia GIH3KO K Ipe-
Jeny o0Hapy»KeHusi, LlesecooGpasHee HCNONb30BATh METOL 106aBOK.

TNpubopu H peakTuBHI

pH-Merp pH-121 unu uonomep 3B-74.

Propudcesexrugnbil 34eKTPO0.

Xaopcepebpanoul aaexTpod cpasnenus.

Maenurnas mewanxa.

Mepnoie k04661 BMecTHMOCTBIO 50 MJIL

ITunerxu BMecTHMOCTBIO 5 H 1 MJL

Craxans: BMeCTHMOCTRIO 50 M.

dropud warpus, ocd WAH X1,

flpoba crounod eodst ¢ comepxanneM GbTOPHL-HOHOB of 10-3 xo 10-5 M.

Boinonnenue paGorel. Ilo TouHOM HaBecke rotoBst 0,1 M pac-

TBOD @HOUS‘PN HaTpHs H U3 HEro METOJAOM MHOCJAeNOBaTeJLHOrO pas-
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GaBJieHHs TOTOBAT CEPHIO CTAHAAapTHHX pPacTBOPOB B HHTEpBaje
KoHuenTpauuit 10~1-+10—5 M. Perucrpupylor 3aBHCHMOCTb 3. A.C.
3JIeMeHTa, COCTABJIEHHOrO H3 (TOPHICENEKTHBHOrO 3JEKTpPoa H
3JIEKTPOAA CPaBHEHHS, OT KOHIEHTPaluH (TOPHA-HOHOB H CTPOSAT
KaluOpoBounnf rpaguk saBucumoctd E=f(—lgc). Hamepenus
MIPOBOJAT OT pa3GaBJEHHHX PAacTBOPOB K KORIEHTPUPOBaHHHM. Om-
pellesIIOT YIIOBOH K03(dHUHEHT 3. 1. C. MOJyYeHHOH KpHBOH (a—
ko3 duuuent Hepuera).

" B crakaH njs u3MepeHuii nomemnalor 30 MJ HcclieAyeMoH CTOY-

HOfl BOAHI, H3MEPSAIOT 3HaueHue 3. 1. c. (E;). K anaausupyemomy pac-

TBOPY N06aBJASIOT 3 MJ CTaHAapPTHOro pactBopa (TOPHAA HATPHA C
KOHIeHTpauneit 10~2 M H BHOBb H3MEpAIOT 3HaUeHue 3. A. C. GTopHA-
ceJieKTHBHOrO ayekrpona (Esz).

Copepxanue (GTOPHA-HOHOB B CTOYHOH BOJe ONPENeNAT MO
dopmyae:

—AE/a

Acjc= 10 1,

rle ¢— KOHIEHTDAIHS ONpEeIEeJAeMOrc HOHA HO BBEJCHHS K0GaBkH; Ac — name-
HeHHe KOHUEHTPALHH ONpENe]sieMOr0 HOHa IOCTe BBEfeHUS RA0GaBKH; @ — yIJio-
8ol Koshuuuent 3. A, ¢; AE=E,—Ej.

Pabora 3. Onpedesenue KoagpuyuenTa ceseKTUBHOCTY
UOHCeNeKTUBHO20 3AEKTPOOA

OnHofi n3 BaXHEHIIHX XapaKTEPHUCTHK HOHCEJEKTHBHOTO 3JIEKTPOAA
sBJasieTcss Kod(@HuUHEHT ceneKTHBHOCTH Ky, x, NMOKasnBaloluf, Ha
Kakoe 3HaueHHe HaJ0 YMHOXHTb aKTHBHOCTb MeEIUAIOMUX HOHOB,
gTOGH NOJYYHTb Ha MHAMKATODHOM 3JIEKTPOJAE TaKoe Xe H3MEHEHHe
MOTEHIHANa, KAK H JJIS ONpe/ie/iieMHX HOHOB NDH DABHOH aKTHB-
HOCTH MelIalOmHUX H ONpelesisieMblX HOHOB. JipyruMu CJIOBaMH KO-
5 MHUIHEHT CENEKTHBHOCTH [I0KA3LIBAET BO3MOXHOCTb PaGOTH SJIeK-
TPOJa B MPHCYTCTBHH MEUIAIOMHX HOHOB. Yem MeHblle Koahpunu-
€HT CeJeKTHBHOCTH, TeM C GoJjibluel H36HpaTeNbHOCTbIO 1O OTHOLLIE-
HHIO K OnpejeJsieMbiM HOHAM B IPHCYTCTBHH MeLIAIOIHX HOHOB pa-
Goraer JaHHHIHA 3JEKTPOL. ‘
JIs H3Y4YEHHs! CEJEKTHBHOCTH 3JIEKTPOAA MCHONB3YIT METOR
pexomennoBanunii komuccueii I[UPAC. CorsacHo pexOMeHAyeMOMYy
MeTONy TOTOBSIT CEPHIO CTaHNapTHHX PpacTBOPOB OINpeAessieMOro
HoHa Ha (hOHE IOCTOSHHON KOHUEHTpauMH Memapmero Hona. as
HOHCEJeKTHBHEIX 3JIEKTPOJOB pas3/jiMUHbIX THIOB H3YYalOT BJHfAHHE
MellaoIIMX HOHOB, YKa3aHHBLIX NIPeNnojaBare/ieM. ’

NpuGopul ¥ peakTHBH — cM, paboty 1.

Buinoanenne paGorbl. Ilo Touno#t maBecke rorosar 0,1 M pac-
TBOP COJIH ONpEENsAeMOro HoHa Ha (JOHE Onpe/esIeHHOK KOHIeHTpa-
uuu Melnajomero HoHa (= 0,1 M). M3 npuroroBieHnoro pacrsopa
METOIOM IOCJeAOBaTeJbHOro pasfbasjleHHsds TIOTOBAT CTaHAapTHHE
pactsops 0,1+10-% M. Pas6GaBiienne B KaXJAOM Cjlydae NpOBORAT
pacTBOpoM ¢ ompeiesenHol konnenrtpanuedi (0,1 M) memaromero
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Puc. 2.14. Kanu6popounslii rpaduK A/ HUTPATCENEKTHBHOTO JIEKTPOAA

Hm mAﬁ:\:wNﬁ EOHOIFNOgmuﬁ_AGGO—AO (o] Hv:ﬁowm usa :@S C:Cﬁ:m €H M -
MNO. M . T H
JIEHHH KOMIIO

HOHA. PerHcTpUPYIOT 3aBHCHMOCTD 3. L. C. 3/1eMEHTa, COCTABJICHHONO
Mwmwmwmgmx;mmoﬁo 9/MIEKTPOAA U 3JIEKTPOJAA CPAaBHEHHS, OT KOH-~
HH OIIpefeIsieMoro i
Senmpanin o %HZIE 0 HOHA H CTPOAT wmama@owoﬁis rpacduk

KoshpuunenT cesleKTHBHOCTH HOHCEIEKTHBHOIO 3JIEKTpPOJia MO
OTHOIICHHIO K AAHHOMY MeEIIAIOLIEMY HOHY PAaCCUHTHIBAIOT KaK OT-
HOLUCHHE MHHHMAJbHOH KOHUEHTPAIHH OCHOBHOTO HOH4, NPH KOTO-
POit 5. J.C. He 3aBHCHT OT KOHUEHTPALMH MeWAIONMEro HOHA, K KOH-
LUEHTPalHi MellaloLero HoHa. ,

Npumep. [lns pacuera KosddHIHEHTA CeMeKTHBHOCTH HHTDAT-
CEJIEKTHBHOTO 3JIEKTPOJA IO OTHOWIEHHIO K CY/ibdaT-HOHAaM, FOTOBAT
CEpHIo CTaHLAPTHHIX PACTBOPOB HMTPaTa Kajus Ha (oHe 1M pac-
TB0pa K2SO,. Hamepsitor 3. 4.c. snemenra, oOoamwammmOnm U3 HHUT-
PATCE/IEKTHBHOTO 5/1€KTPOAA H 5JEKTPOAA CPABHEHHS B KaXKJOM pac-
TB0ope. CTPOAT Kanu6poBOuHH rpaduk (pHc. 2.14). Kospduuuent

CeJIEKTHBHOCTH PACCUHTHLIBAIOT 1O (opMyJIe
KNog~, $042 = N0 ;~/C50,2~-
1 npuBeAeHHOrO mpuMepa
KNog=, 504~ = 6+1078/10"2 = 6.10~4.

Pabora 4. Onpedesenue pH u werounoctu npupoduod eodel

[lorennnomerpudeckomy usmepennio pH Boam He MemaroT OKpacka,
MYTHOCTb, B3BECH, IDHCYTCTBHE CBOOOJHOTO XJIODa, OKHCJHTejell
HJIH BOCCTAHOBHTeJIEd HJ/IM e INOBHIIEHHOE COZEepXKaHHe cosell B
npoGe. :

EOheomEmm IeJIOYHOCTHIO BOAH MOHHMAIOT CYMMY COAEepPKaliHX-
¢s1 B Helt annoHoB HCOj3~, CO3%—, OH-,

OCHOBHBHIM KOMIIOHEHTOM LIENOYHOCTH NPHPOAHHIX BOJ, npu pH<<
<<83 sBasores amnonn HCOs;~, nmpr pH>8,3 kommonenTamu 06-
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el MeNOYHOCTH MOryT OhTb, B 3aBHCHMOCTH OT pH, aHnonn
HCO,;~, COs2—, OH~-. Haauune Bcex Tpex KOMNOHEHTOB OJHOBpe-
MEHHO HEBO3MOXKHO, IIOCKOJIbKY NpOTEKaeT PeaklHs KHCJIOTHO-OC-

HOBHOTO B3aUMOJEHCTBHS \
HCO,~ 4 OH- —— H,0 4 COz*.
3uauenue pH=_8,3, HalifieHHOe H3 ypaBHEHHs:
. pH = 1/2 (pKn,co, + PKHCOg™) = 1/2 (6,4 4-10,3) = 8,35,

SBJSETCS MUHHMAJbHBIM TPAaHMUHBIM JJIsl CONEpPXKaHHi CBOGOJHBIX

THAPOKCHJIbHEIX HOHOB. MHHHMaJbHOe TPaHHYHOE 3HAYEHHE pH nas

copepxanus uonoB HCOs;~ u COg?~ (u Tem Gojlee HOHOB OH-)

00yCJIOBJIEHO KOHIEHTPaLHel H,CO; u onpenensercss ypaBHEHHEM:
pH = 1/2 (pKn,c0,— 18 ¢H,cO9) -

Ias 10-2 M pactsopos, nanpumep pH=1/2(6,4+2) =4,2.

Mertoj onpezesieRus o6uled MIEJO0UHOCTH BOJABI U €€ KOMIIOHEHTOB
OCHOBAH Ha MOTeHIHOMeTpuuyeckoM TuTpoBanuH 0,1 M craHzapT-
ueM pactBopom HCl ¢ HMHAMKATOPHBIM CTEK/ISHHBIM 3JIE€KTPOJAOM H
XJI0pcepe6pAHBIM 3JeKTPOJOM CPABHeHHs C PerHCTpaluel Bcex BOS-
MoxHHX ckaukoB pH. Ilpu 3TOM MOryT NPOHCXOAHTh CJeAyiolMHe
peakuHuu:

‘ OH- 4+ H* — H,0; CO,2~ -+ H¥ ——> HCOy™;
HCO,~ 4 H* — H,CO4
B 3aBHCHMOCTH OT KOMIIOHEHTOB LIeJOYHOCTH BO3MOXKHH CJelylomue

BapHaHTH THTPOBaHHA (pHuc. 2.15).
1. Ha kpuBo#i TurpoBaHus 1 ckadok:

a) HayajabHOe 3HayeHMe pH>8,3 — KOMIOHEHTaMH IIEJOYHOCTH -

sapasoresa Houst OH—;

Puc. 2.16. CxeMa yCTaHOBKH JLJs NOJY-

\ A aBTOMAaTHYECKOro NOTEHUHOMEFPHYECKO-
U rO THTPOBAHHS:
= 1 — mosaTop TMTpaHTa; 2 — KpaH; 3 — COCYA
= nas cGopa THTPaHTa; 4 -— 3JEKTPOJMTHYE-
= = cKasi sideliKa; 5 - MarHHTHas Mellajka; 6 —
H3MEepHTEeAbHLH NpHGOD A%E.zm,_.vr 7—
2 3JIEKTPOHHBIA NHWYIHAE OpuGOD
3 4 6 7
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- 6) HauaspHOe 3HaueHHe pH<8,3 — KOMIOHEHTAMH ILIeJOYHOCTH
spasiorcss nousr HCO;™. ’

2. Ha xpuBOfi THTpOBAHHA 2 CKayKa:

a) V=V, — komnonenTamMy mesoqHocTH ABJSAIOTC HOHB CO32,
THTpyeMble cTynenyaro. g pacuera kapOOHAaTHOH LIEJOYHOCTH HC-
HOJB3YIOT 06beM

V,+V,=2V, =2V,,
6) Vi>V;— kommoHeHnTamMmu mejounocTH sBasorea OH- wu
OOw . .
[lepBHiil CKAYOK COOTBETCTBYET PEAaKIHUAM: '
OH- -} H* —> H,0 V)

CO42- 4 H+ —— HCO,~ 1
BTOPOH CKauOK:

HCO,™ + H* —— H,CO, (V).

IOns pacyera kapGoHAaTHOH LIEJOYHOCTH, MCHOJB3YOT 00meM 2V,
eJIoYHOCTH, 06yCcJIoBJIeHHOH colepxkanneM HoHoB OH—— o6bem
(Vi—Va). , :

B) Vi<<V;— KOMDOHeHTaMH IIeJOYHOCTH
HCO;~ u COz%-.

IlepBHift CKauOK COOTBETCTBYET peaKLHH:

CO~ - H* —> *HCO,~  (Va),

ABJAAIOTCA  HOHH

BTOPOH CKavO0K:

*HCO4~ 4+ HY —— H,CO;4 V)
HCOg~ + H¥ — H,CO, 2
Jasa pacuera MEJSOYHOCTH, 06yC/JIOBJIEHHOH NpHCYyTCTBHEM KapGoHa-
TOB, HCNOJb3yIOT o6beM 2V, ruppokapGonartHoi — (V,—V1). OG-
mMyIo ILIEJOYHOCTh BOAH paccyuThiBaiorT ¢ yderom (Vi+Vs).

INpubopbl u peakTHBH

YeranoeKka 0as nOTEHYUOMET PUHECKO20 TUTPOSAHUA.
Crexannnoih unourxaToproli 3aexTpod.
‘Hacouyennsill xaopcepebparnsiil 34eKTpod cCpasHenus.
Mepras xoaba BMectimocTbio 100 Ma.

Munerxa smecrumocTbio 10 ML

Crandapruoui pacreop HCI, 0,1 M.

© BumoJinenue paGotel. [Ipo6y BoaH 1Js onpejeenus pH nome-
ImaloT B fdelKy IJ5 NOTEHHHOMETPUUECKOrO THTPOBAHMS M  TIIA-
TeNbHO IIepeMelIMBAIOT C [OMOIIbI0 MarHuTHOH MemaJsku. Ilepex
HAyaJIOM H3MEDEHHs! 3JEKTPOAH IPOMBIBAIOT AHCTHUJJIHPOBAHHOM BO-
JOM H3 NPOMBLIBAJIKH, 3aT€M aHaJH3HPyeMO# BOAOH M NOrpy¥XKaioT B

-aHaausHpyemyio npo6y. OILHOBpEMEHHO ¢.3JeKTpoiaMH B mNpoby

MOrpyXaloT TEepMOMETD AJs ONpelesieHHA TeMnepaTypel BO BpeMs
u3mepenns. HMamepenuss npoeoiasT nmo mxane pH u nosropsior Ko
NOJIyueHHs] TPEX CXOASIUIMXCH Pe3yJbTaToOB (Pa3JHYalOUXCs He 60-
aee, gem na 0,1 pH). Ilo pesyibratam onpeneseHHs pacCUHTHIBAIOT
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KOHIIEHTPaIHI0 BOJOPOAHHX H THAPOKCH/IBHHX HOHOB (B MOJB/N):

, [H¥]= 107PH,

[OH] = 10°7 e,

Ilpo6y BoAM AJsl ompejesieHHs] IIEJOYHOCTH NOMEMIAIOT B Mep-
Hyl0 Kosi6y BMecTumocTbio 100 mJji, NONHUBAIOT A0 METKHM AHCTHJIH~
POBAHHYIO BOAY H THIaTeJbHO NepeMellHBaloT. B suefiky Ajas THTPO-
BAHAA BHOCAT MepHOH nHneTxod 10 MJ aHaau3HpyeMoro pacrsopa,
poGapiasior 40 MJA IHCTHAJIHPOBAHHOM BOJAEI, NOIPYXKAIOT 3JIEKTPO-

IBl, BKJIIOUAIOT MAaTHHTHYIO Mewanky u turpylor 0,1 M cranpapr-
ueim pactBopom HCI, po6asasis turpaut nopuusamu no 0,5 mi. IToc-

Je no0aBjeHHsT KaxAoH IIOpUMMY THUTPAHTA JAAIOT YCTAHOBHTHCSH ﬁo.‘

Ka3aHusM NPHGOPa M 3aMHCHIBAIOT pe3ysbTaThl M3MepeHus pH.

[To nocrmxkenunu mepBoro ckauka pH TuTpoBaHHE NMPOAOIKAIOT
J0 TIOJIyYEHHS BTOPOT'O CKaukKa H 3aTeM J0 HEe3HAUHTEeJbHOTrOo H3Me-
nenust pH. TuTpoBaHHe NMOBTOPSIOT AO NMOJYYEHHS TPEX CXOAAMIHXCH
pesysabTaToB. Il0 HaHHBIM THTPOBAHHSI CTPOAT KPHBLIE THTPOBAHHUS
B koopauHatax pH—V u ApH/AV—V. Ilo KpHUBEIM HAXOAAT TOUKH
SKBHBAJICHTHOCTH H ONpPEIENsIOT 06beMbl THTPAHTA, H3PaCXOAOBaH-
HOr0 Ha THTpPoBaHMe mno mnepsoMy ckauky pH(Vi) u no Bropomy
ckauky pH(Vs).

ITpoaHanusMpOBaB KPHUBHIE THTPOBAHHSA, AeJAIOT BHIBOA O COCTa-
Be (KaueCTBEHHOM H KOJIHYECTBEHHOM) KOMIIOHEHTOB LIEJOYHOCTH
aHaJIN3HPpYeMO# BOXHL.

lenounocts Boasl A (B MOJb/J1) paccUUTHBAIOT IO Hopmye:

A = Vycp cucy/10.

~Pabora 5. Anarus cmecu gocoproil Kuca0TbL

¢ dueudpogocparom Harpus

Ananus cmecu ¢ocdopHOR KHCIOTH ¢ AHrHApodochaTtoM HaTpHus
NPOBOAAT THTPOBaHHeM cTaHzapTHeM pactsopoM NaOH ¢ mHauka-
TODHBIM CTEKJISIHHBIM 3JIEKTPOAOM H XJOpcepeOpsHBIM 3JIEKTPOJIOM
CPaBHEHHA.

MerTo OCHOBaH Ha NocJjeloBaTesbHOR HeliTpanusanuu docdop-
HON KHCJOTH 1O ABYM CTYIEHSIM JHCCOLIHANHH (IBa CKauka MOTEH-
IMaJa Ha KPHBOH THTPOBaHHus), AUrEApodochaT HaTpUA HEHTpaJH-
ayeTcsi COBMECTHO ¢ NPOAYKTOM HeHTpajusaunuu ocdoproit Kucjo-
TH 1o nepBo#l crynenu (NaHoPO,*): o

HyPO, 4 NaOH —— NaH,PO,* 4 H,0 (1 ckauok)
NaH,PO,* 4 NaOH —— Na,HPO, + H,0
NaH,PO, +- NaOH —> Na,HPO, 4 H,0

Mpubopu ¥ peaKTHBH

IpuGops — cM. paboty 4. ;

Crandapraeud pacrsop NaOH, 0,1 M.

Anaausupyemuiss pacreop: cmech ~0,01 M pacrsopos H;PO, r NaH;PO..

Broinonnenne paGorbl. AHanusupyeMHiH pacTBOp MOMEIIAlOT B
MepHYyI0 Koa6y BMecTEMOcThIO 100 MI, 10/MBAIOT A0 METKH NHCTHA-
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JIHPOBAHHYIO BOJY H THIATEJbHO NepeMellHBaOT. B suefiky Aas TUT-
poBaHusl BHOcAT nunerkod 10 MJa ananuaupyemoro pacrBopa, HoO-
6aBasior 40 MJa AHCTHIIHPOBAHHOH BOJIBI, IOTPYKAIOT 3JEKTPONH,
BKJIOYAIOT Mewanky H THTpylor 0,1 M craHAapTHHIM pacTBOpOM
NaOH. ,

[Tepsoe TuTpOBaHHe sBAseTCSI OPHEHTHPOBOYHHIM. THTpPaHT Xo-
0aBJSI0T PaBHOMEDHBLIMH NOPHUAMH, OOBIUHO MO 1 MJI, AaT ycra-
HOBHTbCS [tOKa3aHHAM npubopa H 3alHCHIBAIOT Pe3yJbTATH H3Me-
Perus 3. 1. C. Nocje Kaxaoro xAobaBienus Tutpanra. [lajee npucry-
AT K TOYHOMY THTPOBAHHIO: THTPAHT A00ABASIOT NOPUHSAMH IO
0,5 M1 1o o6bema, Ha 1 MJ MeHBIIETO, YeM 3TO COOTBETCTBYET 00b-
€My TUTPaHTa B TOUKE SKBHUBAJEHTHOCTH IIPH HPOBEJEHHH OpHEHTH-
POBOYHOI'O THTPOBAHHSA, IOCJe Hero THTPAHT NPOAONKAIOT KoOaB-
Jiatb no 0,1 mu. Ilo mocTuxeHUWH mepBoro ckauka NOTEHIHANA THT-
pOBaHHe HPOAOJMKAIOT IO TOJYYEHHs] BTOPOTO CKayKa M 3aTeM J0
HE3HAYHTeJbHOrO M3MeHeHHs 3. 1.c. [To RaHHBEIM THTPOBAaHHS CTPO-
a7 auddeperunanbuyio Kpusyio turpopanust AE/AV=f(V). Makcu-
MYMH HA KPHBOI COOTBETCTBYIOT KOHEYHEIM TOYKAM TUTPOBAHHS
(2 MakcuMyMa). ,

Conep:xaHue pochopHOR KHCJIOTH B AUTHApOdoOchara HaTpHA
(B r) BHUHCAAIOT N0 OOLIYHBIM (OpMysiamM OGHLEMHOrO aHANH3a, NPH
pacuere cofep:xkanus dochopHON KHUCJIOTH HCNOAB3YIOT 06BeM 0,1 M
pactBopa NaOH, u3pacxonoBaHHOrO Ha THUTPOBaHHE [0 IEPBOMY
CKauKy KPHUBOH, NpH pacuere coAepiKaHus nuruipodocdara — pas-
HOCTH 00HEMOB MEXKAY BTOPHIM H IIEPBHIM CKaYKOM.

Pabora 6. Onpedesenue xceneza(ll) 8 npucyrcrsuu meaesa(lll)

Onpenenenne xenesa(ll) ocHOBaHO Ha XpPOMaTOMETPHYECKOM THT-
poBannu cranjapraeim 0,05 M pacrBopoM Guxpomarta KaJus B cep-
HOKMCJIOH cpefie ¢ HHAMKATOPHBIM IJIATHHOBBHIM 3JIEKTPOLOM H XJIOD-
cepeGpsIHBIM 3JIEKTPOJOM cpaBHeHHS (onpeneseHHe MOXKeT OHTH
NPOBEEHO TaKXKe C IpPHMEHeHHeM [BYX MeETaJJIHUeCKHX 3JIEKTDPO-
JOB — IVIATHHOBOTO H BOJb(GpaMoBoro). IIpu THTpOBaHMM NpPOTEKaeT
CJIeAYIOIas peaknus:

6FeSO, + K,Cr,0; 4 TH,S04 — 3Fe,(S04); + Cr,(SO4)5 - 7H,0 + K,80q,
Fe?t— ¢~ —— Fed+,
Cr,0,%= 4 [4H+ 4- 6e~ — 2Cr3+ - TH,0.

IMpuGopsl U peakTUBH

Ycranoska Oas NOTEHUUOMETPULECKOS0 TUTPOBAHUS.

Il ratunoseul undurxaroprelil 34exTpoo.

Hacowyennotil xaopcepebpansul 34eK1po0 CPABHEHUS.

{lunerka BmectumoctTbio 10 ML

Mepras xoaba BmectumocTsio 100 M.

Pacreop HaSO,, 1 M.

Crandaprueui pacreop KoCrsO7, 0,01 M.

Ananusupyemoul pacrsop: cMech: ~10-2 pacrBopoB FeSO, u FeCls.

Boimonnenue paGorbl. AHaNH3HPYEeMBHH PacTBOp MNOMEMIAIOT B
mepHuyio koJ6y BMecTHMOcTbio 100 MJI, NPHIHBAIOT MEPHHIM IH-
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AHHADPOM 10Ma I M pacTBopa cepHOfl KHCJOTH, AOJHBAIOT A0 MET~

KH JHCTH/UIHPOBAHHYIO BOAY H TLIATE€JbHO NMepeMelnHBaOT. B sued-
Ky AJig THTPOBAHMS BHOCAT NHIeTKo# 10 MJI aHaJIH3HPYEMOro pacTBo-
pa, xo6aBaaT 30 MJ AMCTHAJIHpOBaHHOH BOAHW H 10 Ma 1 M pac-
TBOpA CEPHOH KHCJOTH, IOTPYKaIOT 3JEKTPOAH, BKJIOYalOT MarHur-
Hylo MemaJky # turpyior 0,01 M crampapTtHeiM pacTBopoM Guxpo-
MaTa kaams. [lepBoe THTpOBaHME SBJSAETCA OPHEHTUPOBOUHHIM, THT-
paut Xo6aBJfIOT NOPUUSIMH IO | MJ, ZAIOT yCTAHOBHTHCS MOKasa-
HusiM nprbopa M 3aNHCHIBAIOT 3. [.C. nocjie Jo6GaBieHus Kaxjof
nopund THTpaHTa. [lajiee NpHCTYNAOT K TOYHOMY THTPOBAHUIO: THT-
panT no6aBasior nopuusamu no 0,5 Ma 1o o6rema Ha | MJI MeHbHIe-
ro, YeM 3TO COOTBETCTBYET 06heMYy THTPAaHTA B TOUKE SKBHBAJIEHTHO-
CTH IIPU NPOBENEHHH OPHEHTHPOBOYHOIO TUTPOBAHMS, NOCJIE YEro
TUTPAHT npoaoJxapT nobaBisats no 0,1 ma. [locse po6aBneHus
KaXXJofl NOPLUMHM TUTPAHTA HAIOT YCTAHOBHTHCS NOKa3aHHAM Npubo-
pa. Ilo pocTrxkeHuH ckayka INOTeHUHala THTPOBAHHE NPOLOJIKAIOT
0 Tex nop, moka He ybeasTcs B TOM, 4TO Rajee H3MeHeH®e 3. . C.
He3HaYHTEJbHO.

ITo paHHBIM THTpOBaHHS CTPOAT JAUGbGbEPEHUHANBEYIO KDPUBYID
THTPOBAHHA B KOODJIHHATaX AE/AV—V. meoszﬁs Ha ﬁusmom .co-
OTBETCTBYET KOHeuHOH Touke TurpoBanus. Ilo atoif kpuso#t ompe-
HeJIAI0T O0beM THTPAHTA B TOYKE 3KBHBAJEHTHOCTH H PacCUHTHIBA-

I0T conepxanue xenesa(ll) B rpammax, e

Pa6ora 7. Onpedenenue nenesa(lll) 8 pacreope

I. Metoxn ocHOBaH Ha BoccTaHOBJeHHH HOHOB Fed+ pacrsopom SnClp
B cpene HCI ¢ nocnenyromum anddepeHIUPOBaHHEIM NOTEHIIHOMET-
pHUECKHM THTPOBaHHeM cMecH HonoB Fe?t m  Sn?*t cranzapTHBIM

pacTBOpOM GuXpoMaTa KaJus:

9FeCly + SnCl, -+ 2HCl ——> 2FeCl, - H,[SnCl,],
38nCl, 4 K,Cr,0y < 20HCI —> 3H,[SnCl,] + 2CrCly + 2KCl 4 7H,0,
6FeCl, + K,Cr,0; + 14HCl —> 6FeCly + 2CrCly -+ 2KCl + 7H,0.

Hcxons u3 3HaueHHH CTaHAAPTHHIX OKHCJHTEJbHO-BOCCTAHOBH-
TeJNbHHX IOTEHUHANOB CHCTeM L'pe 3ty 2+=0,771 B u E°spt+ sn2+=

=0,15 B, mepBH# cKauok COOTBETCTBYET OKHCJICHHIO HOBOB Sn?t, .

BTOPO# — HOHOB Fe?t,

MpuGopw ¥ peakTHBH

Ycranosxa 0as NOTEHYUOMET PULECK020 TUTPOSAHUA.
Il ratunosuill unduxaropuoiil asexrpod.
Xaopcepebpanoul aaexTpod cpasHerus.

Mepras xoaba sMectumocTbio 100 ma.

ITunerxa smecrumoctso 10 M.

Craxas wzooqmgon?_o 100 M.

Pacrsop SnCly, 10%-unft pactsop B 1 M pacrBope EQ
Pacrsop HCI, 1 M.

nqazmanumui pacreop K;Cr,07, 0,01 M.
Anarusupyemoul pacreop FeClz~ 0,03 M.

Boinonnenue paborsl. AHaJM3HpyeMHHl PacTBOD INOMEIAIOT B
MepHylo kon6y BMecTHMOCTbIO 100 MJI, ZOMHBAIOT A0 METKH JHCTHA-
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axnowm:m<6 BOAY H TIIaTebHO nepeMelyBaloT. B sueliky Ans
THTPOBaHHsA BHOCAT nunetkoft 10 MJ aHasJH3MpyeMOro pacTBopa,
npuauBator 10 M1 1 M pacreopa HCI, :@mommaﬂoa N0 KallJisiM NIpH
nepeMelIMBaHNH MarHuTHo# memankoit 10%-umit pacrBop SnCly
B 1 M HCI no ncuesnoBeHus xeato#f okpacku HOHOB Fedt u 3arem
H36BITOK b KamneJib, U JOJHBAIOT THCTHIJIHPOBAHHYIO BOAY A0 METKH
(50 ma) (merka Ha crakaHuuke JAnas THUTpoBaHus). Ilorpyxator
9JIEKTPOALI, NAIOT YCTAHOBUTbCSH NOTEHUHANY CHCTEMH H THTDPYIOT
ananusupyeMuit pacrsop 0,01 M cranpaptaeiM pactBopom KoCrpO7
0 NOJIYeHHS ABYX IOCJTENOBATeNbHBIX CKauUKOB THTPOBaHHA, Tur-
poBaHHe NOBTOPSIOT He MeHee TpeX pas. ITo xpuBmM THYpoBamHs
paccuuTHBAOT colepxaHue HoHOB FedtBrpammax, Haxozartcpexn-
Hee 3HaueHHE H3 TPEX CXOISIHXCHA PesyJbTaTOB.

II. Conmepxanne xenesa(I11) MOXHO ONpEAENHTL TAKXKE KOMII-
JeKCOMeTpHUECKUM THTpoBaHueM pactBopom DJTA (mByHaTpueBas
COJIb 3THJICHJHAMHUHTETPAYKCYCHOH KHCJIOTH — Na,HsY). O6pasyio-
IIHHCS NIPH TUTPOBAHHM KOMIJIEKCOHAT IKeje3a XapakTepuayercd
KOHCTaHTOH yCTOHYHBOCTH Prey—= 10251,

" Mpubops 1 peaKTUsH

Yeranoska 0asn NOTEHUUOMETPULECKO20 TUTPOBAKUS,

Il aarunoseid undukaroprotl 34exTpoo.

Xaopcepebpanoul 34exTpod cpasrenus.

ITunerxa smectuMocTbio 1 ML

Pacreop CH3COOH, 50% -nwifi.

Crandaprusid pacreop 31TA, 0,056 M.
Ananusupyemoil pacrsop FeCl;, ~0,03 M.

Buinoanenue paGorel. PactBop conu xemesa(Ill) B saueiike nius
THTpoBaHuA pasbaBistor 100 MaA AUCTHANMpPOBaHHOHA BOAH, A06GAaB-
asor 1 ma 50%-voro pacrBopa CH3;COOH, norpyxaior B pacTsop
SJIEKTPOAN H H3MepAIoT 3. A.c. uenu. [Ipubasasior DATA us 6io-
peTKd nopuusiMu mo 1 mJj, usmepss 3. x.c. uenud. Ilo kpusofi E—V
ONIpefiesAI0T TOUKY SKBHBaJIeHTHOCTH. Cofepikanue xesesa wmoo_:\v
THBAKT 0 GopMysaM THTPHAMETPHUECKOTrO aHaJIH3a.

Pabora 8. Onpedenenue xa0p08000poldHol u 60pHOLL KilCAOT
8 ux cmecu

Bopuyio kucaory H3BOs, kKak ussecTHO, B BOAHOM pacTBOpe THTPO-
BaTh He/ib3d, TAK KaK KOHCTaHTa AHccouuauun ee mana (pKa =
=9,24). OZHaKO B NPHCYTCTBHU HEKOTOPHIX OPraHHUYECKHX BeEIleCTB
(MannuTa, riMnepuHa) KHCJOTHBHIE CBOlcTBAa GOPHON KHCJIOTH YCH-
JIHBAIOTCA 3a cueT o0pasoBaHusA 6oJee CHJAbHOH, Hanpumep G6GoOpo- .

" MAQHHHTOBOM KHCJOTHI

.mlo/ \oL_T

lwlom Eo/
—C—0/ /Olol.

'A_u|OE Ho” _

CHauasia cmech THTPYIOT Ge3 KoGaBJeHHs zmmmﬁm. OpPU 3TOM THT-
pyeTcs TOJbKO CHJbHAsA XJOPOBOAOpoAHas KHciora. Ilocae storo
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N06aBNAOT B PACTBOP MAaHHHT HJIM IJIHHEpHH H THTpyoT H3BO;
KaK OXHOOCHOBHYIO KHCJIOTY.

TipuGopH 1 peakTHBH

Yeranoexa Gas nOTERYUOMET PULECKO20 TUTPOBARUA.
Crexaannbili UHOUKATOPHOUE 54eKTPOD.
Xaopcepebpanoil 34exTpod cpasrenus.

Mepnas xosba BMecTEMOCTRIO 100 M

llunerxa BMecTEMOCTBIO 10 MaL, )

-Crakaner 048 TUTPOBAHUS BMecTHMOCTBIO 100 ML
Murxpobroperka BMECTHMOCTBIO 5 MJL.

T auyepun,

Crandapruai pacreop NaOH, 0,1 M.
Ananausupyemori pacreop: cmech =~0,1 M pactsopos HCl u HBOs.

Boinoanenue paGoTbl, AHAJU3HPYEMBIH PAcTBOP CMECH KHMCJOT B
MepHO#l KoJbe BMecTHMOCTbIO 100 Ms1 pasbaBasiioT A0 METKH JHC-
TUJJIUPOBaHHOK BomoH. Ilepenocst munerkoit 20 Ma B cTakaH AJg
THTPOBAHHS H, €C/IH HEOGXOAHMO, J06aBIAIOT AHCTHIIMPOBAHHYIO
BOAY TaK, YTOGH CTEKJSHHBIN 3JEKTPOX GELT IOTPYXKEH B PacTBOp.
ITpoBoasAT OpHEHTHPOBOUHOE THTPOBaHHE cMecH pactBopoM NaOH,
npubaBasas ero H3 MHKpoGperku mopuusMu no 0,2 mJa. 3anuceiBa-
ot nokasanus pH-merpa u o6vem NaOH. ITo OTK/IOHEHHIO CTPENKH
Ha wkaje pH-meTpa onpeneasior neperfi CKauoK MOTeHLMAasaa, OT-
BEYAXOIHA OTTHTPOBBIBAHUIO XJODOBOAOPOIHOIN KHCJIOTH. 3aTeM
npu6aBasioT 10 MJI TIMUEpUHA U IPOJONIKAIOT THTPOBaHHe 10 OGHA-
pyxenus BToporo ckauka. [Tocse atoro mpoogar Gosiee TOUHOE THT-
poBaHHe, CHOBA HaJHBalOT B cTakaH 20 MJ CMeCH KHCJOT H IOBTO-
pSIOT BCe onepauud. B o6nactH CKadykOB THTPOBaHHS pacrBOp

NaOH npunuBaoT mopuusmMu no 1—2 xamiu H BKJIIOYAIOT COOTBET-

CcTByoLiye npejenn H3Mepenuii pH c nomomblo nepeksaiouartens Ha
H3MepHTeNbHOM mpHOOpeE.

. Crposar nse KpuBHe: OIHY B koopauHatax pH—Vnaom, Apyryio
A pH/AV—VNaon. ITo a1uM KpuBBHIM HaxoAAT Vi — o6beM pacTBopa
NaOH, uspacxomoBanroro na turpoBanue HCl u V; —o6bem pac-
tBopa NaOH, nspacxonoBannoro Ha turpoBanne H3BOs. Paccunthi-
BaioT cofepxanne HCl u H;BO3 B mpo6e.

Pabora 9. Onpedeasenue uonos Ca?t u Cut* g ux cmecu

B03MOXHOCTE KOMIIJIEKCOHOMETPHYECKOIO THTPOBaHHS HoHoB Ca?t
# Cu?t B HX CMeCH OCHOBaHAa Ha NOC/ELOBATEJbHOM THTPOBAHHH HO-
HoB pactsopom IATA. Honn Ca?t u Cu?+ ¢ DATA B cpene aMMH-
ayHoro GydepHoOro pactsopa o6pasyioT XeJaThl pPas3JHYHON. yCTOAUH-
BOCTH H MOTYT GHITb OTTHTPOBAHH INOC/IefOBaTeabHO. [Ipy THTpOBa-
HUH DErHCTDHPYIOT ABA CKA4Ka, NepPBHIA M3 KOTOPHIX COOTBETCTBYET
CONlepKaHUIO HOHOB Melu B pactBope (lg fcuy?™ =18,8), BTOpoi —
vonoB Kanbuus (lg Bcay 2 =10,7). B orcyrcrBue nonos Cu®t B ana-
JIH3HPYEMOM pacTBOpe 3JekTpoh naer oTtkauk Ha DJTA sa cuer
‘cBsA3bIBanysl HOHOB Cu?t B MPH3JIEKTPOJHOM CJI0€ MEAbCENEKTHBHOTO
3JeKTpOoAA. )
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Hipn6opn u peakTunu

Ycranoska 048 nOTERYUOMET PULECKO20 TUTPOBAHUA.

Medbcesextusoili 34eK1po0.

Xaopcepebpsanoil 94eKTpod cpasHenus.

Mepnasn koaba BmectumocTrio 100 M.

ITunerxa BMecTuMOCTBIO 10 MJL

Crakan das TUTpOBAnUA BMecTHMOCTbIO 100 M.

Ammuaunoui 6ypeproid pacreop: 1 M pactsopst NH,OH u NHNOs.
Crandaprnoui pacteop DITA, 0,1 M.

Anarusupyemsi pacrsop: cmech 20,1 M pacteopos Ca(NO;); u Cu(NOs)s.

Buinosnnenne paGortel. AHaJM3HPYeMEIH BOIHBIH pacTBOp JOBO-
IAT N0 METKH JHCTHJJIMPOBAHHOH BOZOI B MepHO# Kojife BMecTH-
moctbio 100 ma. IlepeHocsat numerkofi 10 Ma1 pacTBopa B cTakaHw,
JdoGasaswr 10 Ma aMMHayHOro GydepHOro pacTBOpa, HOrPyXaloT
HOHCE/IEKTHBHEIA 3JIEKTPOJ M 3JEKTPOJ CPaBHEHHS M THTPYIOT pac-
tBopoM IJITA, perucTpupys H3MeHeHUs [OTEHILHAJa HHAHKATOPHO-
TO 3JeKTpoja.

[lo pesysbTaTaM THTPOBaHHS CTPOAT KPHBYIO THTPOBAHHSA B KO-
opaunatax E—V u AE/AV—V. Conepxanue uonos Cu?+ u Ca2t
paccuuTHBAT N0 (OpMyJaaM TUTPHUMETPHUECKOTO AHAJIH3A.

Pabora 10. Juppepenyuposanroe Turposanue cmects
caruyuaosoll u 6en3olnoli Kucior

KHc0THO-OCHOBHBIE peakuuy ¢ NOTEHIMOMETPHYECKON HHAMKAaIHe
TOYKH 3KBUBAJIEHTHOCTH 4acCTO HCHOJAB3YIOT IPH THTPOBAHHHU B Cpele
OpraHuyeckHx pactBoputesel. [Ipn 3ToM OTKpHIBAOTCA IOMOJHH-
TE€JbHBEIC BO3MOXKHOCTH aHaJu3a U HCCJAeHLOBaHHUsA HpOTOJNIUTOB, THUT-
poBaHHe KOTOPHIX B BOAHON Cpele HeBO3MOXKHO. 3Hauenne K, nas
CaJIMUUIOBOH M OeH30HHOH KHCJIOT paBHO cooTBercTBeHHo 1,1.-10-3
u 6,2-107° 1 mosToMy B BOAHHIX PACTBOpAX He NPEACTABJAETCS BO3-
MOXKHBIM JH(}(EepeHIHPOBAHHO THTPOBATb 3TH KHCJAOTH. [Ipumene-
HHe aMHUOPOTHOIO PACTBOPHTENS IIO3BOJAET PACUIUPHTL AHUANA30H
3HaueHus pKa.

[Ipumenenne HeBOAHEIX PACTBOPHTENEH OrPAHHYEHQ CONPOTHBJIE-
HHEM HCHNOJB3YyEMOI'O CTCKJSAHHOTO 3JIEKTpOAAa AwOwEOvaO HCIOJIb~
30BaHHE pacTBOpHTeNeH, Au3JIeKTPHUecKas NPOHHIAeMOCTb KOTOPHIX
>6).

IpuGopsl U peakTnsbl

Yeranoska 0asi NOTERYUOMETPULECKO2O TUTPOBAHUR.

Crexastinell UHOUKATOPHGIL BALKTPOO.

Xaopcepebpansui 34eKTpod CpasHenus, BaNOJHEHHHH HACHIEHHHIM CIOEPTO-
BuM pacrsopoM KCI.

broperka BMecTuMOCTBIO 20 MJL.

Craxan 028 Turposanus BMectuMocTthio 100 M.

Meruaaruakeron.

Tumonosoil cunul, 5%-uuii pacTsop. :

Crandaprusui cnuprosoti pacrsop KOH, 0,1 M.

Ananusupyemoiid pacrsop: cmecs0,1 M pacTBOpOB cafHUMIOBOA M GeH30RHON:
KHCJIOT. )

Buinonnenue paGorel. B cTakaH Ans THTPOBAHHS BMECTHMOCTDHIO

- 100 M1 ranuBaoT 30 MJI METHASTHIKETOHA, 2—3 KAIIH HHAMKATOPA
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THMOJIOBOTO CHHEr0 M TOYHO HeHTpa/u3yIOT CTaHAZApTHHIM PAaCTBO-
poM KOH conepxaiinecs B pacrtBope KHCJble NpHMECH. 3aTeM B
CTaKaH MOMEIaIOT HaBecky 0koJ0 0,2 T aHaJM3HPyeMON CMeCH KHC-
JIOT ¥ THTPYIOT NOTEHIHOMETPUUECKHM METOJOM CTaHAAPTHHIM CIHp-
toBuM pactBopoM KOH. ITosnyualor KpHByI0 THTPOBaHHSA C ABYMs
CKayKaMH, U3 KOTOPHIX NEPBHIH COOTBETCTBYET OTTHTPOBLIBAHHMIO Ca-
JIHOUJIOBON KHCJOTHE, a8 BTOPOH — OTTHTPOBBLIBAHUIO GeH30HHON KHC-
JIOTHI. . .
ConepixaHue KHCJIOT B o6pasie PACCYHTHIBAIOT 1O (opMyaaMm
THTPHMETPHUUECKOI0 aHaJH3a. :

Pabora 11. Iloayasromaruneckoe TUTpoOsaHue KUCAQT
U 0TOCNbHOIX KOMNOHEHRTO8 UX CMeCU

OuddepennnupoBanHoe onpejeseHne KHCIOT (MJIH OCHOBaHHH) B MX
cM€CH OcHOBaHO Ha pasnnunu BeanuuH pKa (pKs). Juddepenuupo-
BaHHO MOTYT OHTb OTTHTPOBAHH CMECH KHCJOT, €CJIH AJdd HHX
ApK,>4. Ilpumepom MoryT GHITH CMecH a30THOR H NPONHOHOBOH
kucnoT (pKcm ,cBgcoon=4,70), asornolt 1 ykcycHoi ( pKengcoon=

=4,87).

MpuGopul ¥ peakTHsH '

Ycranoeka 0as NOAYABTOMATUHECKO20 NOTEHUUOMETPLLECKOZO
(puc. 2.16).

Crexaannoul unGUKATOPHOLE 32eKTPOO.

Xaopcepebpanoily 34eKTPoG CPABHEHUSR.

Cexyrdomep.

IMunerxa BMeCTUMOCTBIO 5 ML

Crakanst BMECTHMOCTBIO 50 MiL

Mepras xoaba Bmectamoctbio 100 M.

Crandaprnoil pacreop CHsCOOH, 0,1 M.

Crandaprueid pacrgop NaOH, 0,1 M.

Angausupyenmoiil pacreop: cMecs ~ 0,1 M pacTBopoB KHCHOT.

TUTPOBAHUSA

Boinonsnenne paGorbl, [Tepen HauanoM THTPOBAHHA onpejense-
MOr'0 BEILECTBA YCTAHOBHTb «THTP MHJJIUMeTPa» Iyu, OTTHTPOBAB
CTaHZapTHOe BellecTBO He MeHee TpexX pa3. KpuBas THTPOBaHMA 3a-
AHCHIBAGTCH Ha AMATPAMMHYIO JIEHTY perucTpupylomero npubopa
(KCII-1). JIunarpaMMHas JieHTa IepeMellaeTcsi ¢ MOCTOAHHOA CKO-
POCTBIO, €CJIH NPH 3TOM CKOPOCTb IIOJIaYH THTPAHTA TaKXkKe MOCTOSH-
Ha, TO IepelBHKEHHe Tepa CaMOIHCLa COOTBETCTBYET H3MEHEHHIO
3.4.c. (unu pH pacrBopa) B Xxone THTPOBaHHUS.

CKOpOCTb NepefBHIKEHHs JIeHTH Perucrpupylomtero mpubopa u

CKOPOCTb NOAA4H THTPAHTAa B aHAJH3HPYEMBIli PacTBOp ompenessi-
I0TCA 3MOHpHYEcKU: uTOOH obecneunTb TpebyeMylo TOYHOCTb Ompe-
JeNleHus, NJHHA AMarpaMMHON JIEHTH, Ha KOTOPOR 3amHcaH NMOJHbLIA
NIPOLECC KHUCJIOTHO-OCHOBHOI'O B3aMMOJAEACTBHS, HNOJIKHA COCTABJATH
ne menee 50 mm. Hyxnas ckopocTh mojauu THTPAHTA yCTaHABJHBA-
eTcs MOZOGOPOM COOTBETCTBYIOLIEr0 KaMW/Jsipa Ha OTBOAHOH TpyOke
H03aTopa THTPAHTAa H PEryjupyercs CTeKNAHHHM KpaHoM. [lepexn
Haya/JoM THTPOBAHHS YCTaHaBJMBAIOT CKODOCTb MOAAYM THUTPAHTA,
co6upasi ero B ¢rnenuanbHufi cO0pHHK. CTaOHIBHOCTD CKOPOCTH
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npoBepsIOT C MOMOLIBIO CEKyHAOMEpa, M3Mepsisi CKOPOCTb KamaHHA
(npumepno 10 kanesns 3a 10 c¢), mocje uero HaYHHAIOT INpolECC
THTPOBAHHS.

OnHoBpeMeHHO ¢ NonajJaHHeM B HCCAelyeMHIHt pacTBop nepBofi
Kallll THTPaHTa BKJIOYAIOT Nuulyllee ycrpoiicro. Hanee mpouece
THTPOBaHHA NPOTEKaeT aBToMaTHueckH. [lojayy THTpaHTa mpekpa-
HIAI0T OLHOBPEMEHHO C OTKJIOYEHHeM X0Ja AHarpaMMHOI JIEHTH pe-
THCTPHpYIollero npuéopa mocie AOCTHXKEHHS CKayka THTPOBAHHS H
yCTaHOBJIEHHS NOCTOSIHHOTO 3HAauYeHHsl NIOTeHLHaJa.

Jlans onpelesneHHsT COLEPKAHHSA KHCJAOT HJIH OCHOBAHKH, Haxo-

. ASIIHUXCS B CMECH, aHAJU3HUPyeMHIH pacTBOp B MepHOH KOJaGe BMec-

tEMOCThi0 100 M JOBOAAT A0 METKH AUCTHAJUPOBAHHOM BOAOH H
TmatensHo nepememnBaior. Ot6upalor nunerkoft 5 Ma pacTBopa,
HOMEMIAIOT B CTAKaH J/I THTPOBAHHUSA, NPHINBAIOT ~25 MJ AUCTHI-
JIHPOBAHHOM BOABI M THTPYIOT, KaK omucaHo Bhiule..[To KpUBHM THT-
POBaHHS HAXOASIT TOUKH SKBHBAJEHTHOCTH.

Ha puc. 2.17 npexcraBieHa kpupasi THTPOBAHHSA CMeCH JBYX Of-
HOOCHOBHBIX KHCJIOT PasHOH CHJIHI.

ConepxanHe OmpenensieMoOro BemectBa X (B I') pacCYHTHBAIOT
no gopmy.Je:

Tymld

L= —m——
wq—. !

rae ! — pauHa h&mﬂ—uwgg—*om JIEHTH, MM; D, D¢y — SKBHBANEGHTH onpenessaeMorc
BEIIeCcTBA H CTaHAapTa.

Pab6ora 12. Ilorenyuomerpuneckoe TUTposanue cmecu
2a.a02erU0-UOHO08

Onpenesienne rajoreHHioB B MX CMECH OCHOBAHO Ha peaKIHH 06-
pas3oBaHus MalOpacTBOPUMEIX coJieli cepe6pa AgCl (ITP=1,7-10-10)
AgBr (IIP=5,0-10-13), Agl ([TP=8,1-10~'7). TloreHuuoMerpuye-
CKOe THTPOBAHHE NPOBOLAT C Cyab(uacepeGPAHEM HHAHKATOPHLIM H
xJopcepe0psiHbIM (cpaBHeHHs1) sJeKTpoAaMH. Ha kpuBoft mosnyuator

TpH CKavka, KaXAHH u3 KOTODBIX COOTBETCTBYET IIOCJENOBATEJLHO-

My 06pa3oBaHHIO OCAJKOB: CHayajla HauMeHee pacTBopuMoro Agl,
sateMm AgBr n AgCl. Onepanusi THTPOBaHHS MOXKeT GHITh ABTOMAaTH-
3upoBaHa ¢ noMompio BAT-15.

MpuGopu n peaxrusn

¥YcTano6Ka G4 ROTEHUUOMETPUECKOZ0 TUFPOBAHUR.
Cyaspudcepebpansil uoHOCeAeKTUBRbIUL 34eKTPOD.
Xaopcepebpanvil 3aekTpod cpasrenus.

Conesoldl mocrux, sanosmeHHH -HacHIUlenHoM pactsopoM KNOs.
Crakan 0as TUTPOBAHUS BMECTHMOCTbIO 100 ML

Broperxa BMecTHMOCTDBIO 25 ML

Crandaprroui pacteop AgNQ,, 0,1 M.

Anansusupyemsul pacreop: cmech pacrsopos KCI, KBr u KI.

Bhinonnenue vmquz. B cTrakan as1a TUTPOBaHHA HOMeUAIOT pac-
TBOp aHAJH3UDPYEMOH CMECH M ONYCKAIT HHAMKATOPHHA Cymbua-
cepeGpanbli 3/eKTPOA. Sluefiky COeRHHSIOT JIEKTPOJATHIECKHM

,; ., - . . M“EN
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Puc. 2.17. Kpusasi noayaBTOMAaTHYeCKOTO NOTEHLHOMETPUYECKOTO THTPOBAHHS CMes
CH JIBYX OJHOOCHOBHHIX KHCJIOT: .

Iy — OTPE30K AHATPAMMHON JIEHTHl, COOTBETCTBYIOMIMA OTTHTPOBBIBaHHIO Gojiee CHJALHOR KHC-
AOTHY; [ = OTPE3OK JEHTH, COOTBETCTBYIOMIMA OTTHTPOBHIBAHHIO 0oJee CNabOf KHCAOTH

Puc. 2.18. BossTamMnepuas Kpusad B npucyrcrBuu (I) um B orcyrcrshe (2) moas-
porpathuyeckn aKTHBHOTO COCRHHEHHS

KJAI0uoM (COJIEBEIM MOCTHKOM) ¢ XJOpcepeOpsiHBIM  3JE€KTPOAOM
cpaBuenust. Miamepsior norenuuan cyiab@uacepeOpsHOro 3JeKTPOAA
H IPHCTYNaT K THTpoBaHuio pactBopom AgNO;, npubasiss cHaya-
na mo 1 ma, 3atem no 0,1 M, TpubaAHKasACh K TOUKE 2KBHUBAJIEHTHO-
CTH — [0 OJHOH Kamjie THTPaHTa, HelpEepHBHO IepeMellHBas pac-
TBOp M H3Mepsis NOTeHLHaJ sjekTpopa. Ilocie mnepsoro peskoro
CKauKa NOTeHIHAMa MPOJOKAIOT THTPOBaHHEe OPOMHA-HOHOB, 3aTeM
.xJopuf-doHoB. ComepxkaHHe HOAMA-, ODOMHA- H XJOPHA-HOHOB B
aHa/M3HPYEeMOM pacTBOpDE PaCCUHTHIBAIOT IO (PopMyJiaM THTPUMET-
pHYECKOro aHaJu3a. .

2.4. BOJIbTAMIIEPOMETPHU A

BoJsibTaMIepoMeTpHuYeCKHl MeTOA aHalH3a OCHOBAH Ha HCHOJb30-
BaHHUH §BJEHHS NOJsSPU3ALUH MHKPOIJNEKTPOJA, IOJyYeHHH H HH-
TepIpeTalyy BOJbTAMIEPHHX (HOJNAPH3AalHOHHEIX) KPUBHX, OTpa-
JKAOIMX 3aBHCHMOCTb CHJEI TOKA OT IPHJIOXKEHHOrO HamnpsiXKeHHS.
B BOJIbTaMIIePOMETPUH HCHOJb3YIOT ABA 3JeKTpojia: pabouni noas-
pH3yeMBIfl 3JIEKTPOL C MaJiod NOBEPXHOCTBIO H HEMONSIPU3YeMHI/
5JeKTPON cpaBHenusi. Ecau B KauecTBe paGouero BEHIGDaH 3J1EKTPOX
¢ MOCTOSIHHO OGHOBJISAIONIeHics MNOBEPXHOCTbIO (Hampumep, PTYTHHH
Kanawlui 3JeKTPOA), TO METOJ aHa/lH3a Ha3HBAIOT moJasgporpadu-
YEeCKHM. , _
[Ipy npoxoxIeHHH TNOCTOSIHHOrO TOKAa 4epes 9JEKTPOJHTHYe-
CKyI0 flueliky Ipouecc XapaKTepH3yeTcst COOTHOILICHHEM:
E=FE;— Ec+IR, = _ (2.9)

rie E — NpHIIOXKEHHOE W3BHE HampsKeHHe; E, — mOTeHNuan anoAa; Eyx — HOTeH-
nman xatoia; | —TOK B LenH; R — CONpOTHBJEHHE SJEKTPHIECKOR suelKd.

Tpu BOJIbTaMIEPOMETPHIECKHX H3MeDEHHAX. aHaJH3HPYeMHlfk

pactBop cofepXHT HHAN(DGEePEeHTHHE 3JeKTPONHT GOMbIIOH KOHIEH-'
TpaluH, n03ToMy R~1 KOM H, TaK Kak TOK B BOJbTaMIIEPOMETPHH
He npesoimiaer 1078 A, mazeHuem HampsiKeHHs Ha suefike /R MOXK-
HO npeHebpeus. ;

ITockosbKy B BOJILTAMIIEPOMETPHH OJHH H3 3JEKTPOLOB He MOJIsi-
PH3YeTCS M IJISL Hero MOTEHIHAJ OCTAeTCsl HOCTOSIHHBIM, MOJaBaeMoe
Ha syeHKy Halps)KeHHe INPOSBJSETCS B H3MEHEHMH [IOTeHIHaJa
TOJbKO pabouero sjekrpona. Eciu noreHunan paboyero sJekTpoxa
H3MEPATh OTHOCHTEJLHO MOTEHIHAJa 3JeKTPOAa CPaBHEHHs, VCJIOB-
HO TPHMHAB NOCJAeJHNH 3a Hyab, To0 E=FE, gna paboyero MHKpOaHo-
Ja u E=—E, gna pabouero MuKpokartona. Takum ofpasom, pe-
THCTpHDyeMasi BoOJIbTaMIepHasd KpHBad (HoJasgporpamMma) OTpaxKaer
3JIEKTPOXHMHUECKHH Npolecc, MPOHCXOAAWINHA TOJBKO Ha OLHOM
snekrpoje. Ecim B pacTBope NpHCYTCTBYIOT BeELIECTBa, CIOCOGHEE
9JIEKTPOXHMHUECKH BOCCTAHABJHBATLCA HJH OKHCJATBCA, TO MpPH
HaJIOKeHHH Ha fueHKy JIHHEHHO H3MEHSIOULErocs HanpsiXKeHHs (CKO-
poctb He mpesnimaer 200 mB/Mun) kpusas /=f(E) umeer dopmy
BOJIHEl (B OTCYTCTBHE 3JIEKTPOXHMHUECKOH DeakiUHH 3Ta 3aBUCH-
MOCTb JIHHEHHA, KaK caeayeT u3 sakona Oma).

Ha puc. 2.18 npencraBiiena noasiporpaduueckas BonHa. [lpu
HH3KHX 3HayeHHSX NOTeHIuaJsa (y4acTok A), BeJIHUYHHA KOTOPOTO HE
JOCTAaTOYHa JAJs TOro, uTo0r Ha paboyeM MHUKPO3JEKTPOLE NPOHC-
XOAMJIA 37IEKTPOXHMHUECKasi peakLMs, uepe3 sueHKy NPOXOIUT
OueHb He3HAUMTENbHHIH OCTATOYHHIA TOK, OGYC/IOBJEHHHIHA, mpexie
BCEro, TOKOM 3apsiKeHHUs JBOMHOIO 3JEeKTPHUYECKOTO CJIOS M NPHCYT-
CTBHEM B PAaCTBOpE 3JEKTPOXHMHUEeCKH 0oJiee aKTHBHEIX, YeM aHa-
JHU3HpyeMoe BelllecTBO, mpumecefi. Ilpu yBennueHun mnoTeHuHaNa
3JIeKTPOXUMHYECKH aKTHBHOE BelllecTBO (HAa3blBaeMoe AeNoJisipH3a-
TOPOM) BCTyHmaeT B 3JIEKTPOXHMHUYECKYIO PEaKIHI0 Ha 3JIEKTPOAE H
TOK B pe3yJabTaTe 3TOTO Pe3KO Bo3pacraer (yuactox B). dTo Tak
Ha3nBaeMbll ¢apafeeBckuil ToOK. C pOCTOM NIOTeHLIHAsa TOK BO3pa-

. €TaeT A0 HEKOTOpOro IpelaesbHOr'o 3HayeHus, ocraBascCh 3aTe€M IIO-

crosHHHM (yuactok C). IlpemensHbii TOK 06yc/JOBJAEH TEM, YTO B
JaHHOA 06/1acTH NMOTEHLUHAaJ OB NIPAaKTHUECKH BEChb JENOJsSpH3aTOp H3
IIPH3JEKTPOLHOTO CJIOS HCUeplaH B pPe3yJbTaTe 3JeKTPOXHMHUECKOH
peakuun, a obefHeHHHE cJjoli oboramaercs 3a cuer Audbdysun gme-
noaspusatopa u3 obnema pactBopa. CkopocTh IHGQY3UH B 3THX
YCJIOBHAX KOHTPOJIUPYET CKOPOCTb 3JIEKTPOXUMHYECKOTO IIpolecca
B UesoM. TakOH TOK Ha3bLIBAIOT NpejenbHEIM AHGGY3HOHHHIM. Jlas
TOrO YTOOB HCKJ/IOWHTh 3JIEKTPOCTATHUECKOE TepeMelleHne Nenos-
pusatopa (MHTpalHIi0) B NOJe 3JeKTPOJOB H IOHH3HTb CONPOTHB-
JieHHe B siyeiiKe, H3MePEHHS NPOBOAAT B IPUCYTCTBHH GOJBHIOTO H3-
GbITKa CHJIBHOTO 3JIEKTDOJIHTA, HA3EIBaeMOro (GoHOM. SIBASISACH 3J€K-
TPOXMMHUYECKH HHAM(OEPEHTHHM, BelleCTBO (POHOBOTO PacTBOPA MO-
JKeT BCTYNaTbh B XUMHYECKHe PEaKIHH (4aCTO 3TO peakilud KOMILJIeK-
coo0pa3oBaHusl) C OmpeienaseMbiM BellectBoM. Kuorga ¢ounosuif
3JIEKTPOJIUT OJHOBPEMeHHO urpaer pouib 6ydepHoro pacrsopa. Ha-
npuMep, OpH noagporpaduueckoM ofpeneneHHud uoHoB Cd2+, Cu?¥,
Zn?*, Ni*+, Co* B kayecTBe ¢oHA HCHIOABL3YIOT aMMHAuHHA Gydep-
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HHE pacTBOpP, KOTOPHH BHINOJHSET OXHOBPEMEHHO BCe BHILenmepe-
YHCTEHHEE (PYHKIHH. > ,

BosnbraminiepHas KpuBasl onuchiBaeTcs ypaBHeHHeM [ eHpOBCKO-
ro— HMibkoBuua °

E = Eyj, £ (RTnF) In[l{(Ig— D], (2.10)
(sHaK «--» AnA aHOAHOTO, <«—» JJs KAaTOLHOTO IIPOLECCOB)
rae E u E\jp — noreHunas 8 moGOH TOUKe DOJAAporpadHMueckoil BOJHH M Ha HO-
JIOBHHE €€ BHICOTHl COOTBETCTBEHHO; 72— HHCJIO SJEKTPOHOB, YYacTBYIOWIHX B

SMEKTPOXHUMHYECKON peakuwH; [z W J— npefessHHA AubQYSHOHHLA TOK H TOK
JAns BrGpanHOro sHaueHust E.

Ilonsiporpamma cOMEpIKHT LEHHYIO aHANMTHYECKYIO HHGpOpMa-
M0 NOTEHLHA NOJYBONHL Ly siBJsETCA KauecTBEHHON XapakTe-
PHCTHKOU 1enoJsipusaTopa, B TO BPeMs Kak HpefebHbd auddysn-
"OHHBIY TOK JIHHEHHO CBf3aH C KOHIEHTpaluell ero B o6beMe PacTBO-
Ppa. 3aBHCHMOCTb 3Ta IIPH HCIOJB30BAHHH pPTYTHOTO Kamaiollero
MMKDPO3JieKTPoJla BHpaxaeTcs ypaBHennem Hibkosuua:

1, = 607nDY2p2/3c1 s¢, (2.11)
Uiy
. , z=Ke, (2.12)
rae D — xosbpdunment anbdysun ienoaspusatopa, cm?-c~l; m-—wMacca pTyTH,

BHITEKalollefl M3 Kamwiispa 3a CeKyHAY, F.c~'; T — BpeMsa XKHUSHH PTYTHOH kam-
JiH, ¢; ¢— o0beMHas KOHIEHTpaUHsl AEmOoJsipH3aTopa, MoJb- AL,

JLisi TBEPAOTO MHKPOSJIEKTPOJa B OTCYTCTBHE NPHHYAHUTEJIBHONO
nepeMelllMBaHHSI pacTBOpa ypaBHeHHe KOHIEGHTPALHOHHOA 3aBHCH-
MOCTH TOKa NPHHHMAaeT BHJ:

I = SnFDc/8, (2.13)
rae S - naomans MHKPO3JEKTPOAa, cM?; O — ToMmuEHa AHG(QY3HOHHOTG CJIOS, CM.

Bennynna Eijy C/yXKUT KaueCTBEHHOH XapaKTEPHCTHKOA MOMAAPO-
rpadHuecKH aKTHBHOTO BeLEeCTBA H MOXKeT OHITh Onpefelena rpadu-
qecKH, KaK NOKasaHo Ha puc. 2.19. Bosee Touyo snauenne Eij omn-
PeleNISIIOT PAacUeTHLIM [IyTeM, HCTOMb3Ys yPaBHEHHE noJsporpaguye-
ckoft Boarn Tefiposckoro — MibkoBrua (2.10). Ha yuacrtke noxns-
pOIPaMMBbl, COOTBETCTBYIOIEM O0pasOBaHHIO BOJHHL, JUIS PasHHIX

I
W=y I I
'3
- a 5 8
0 A
M§ E
7 — |

Puc. 2.19, OnpeaeneHue NOTeHNHANa HOJTYBONHH (a) B usMepeHHe BHICOTH BOJAHH

{6) u nuka (6) Ha moaRpOrpaMume

:."9 ‘

¥

suagennfi E onpelessiloT TOK,  H3MEPSAIOT 3HadyeHHe [peJelbHOIC
Mviddysnonnoro Toka [/, Beiyucasior otHowenue I/ (Ix—I). Ouesnn-
H0, uTo npu /=1I;/2 310 oTHOIIeHHe paBHO 1, a ero Jorapudm pa-
gen 0. Ctposrrpadpuk BKoopaunatax lg!/(Ix—I)—E, npeicrasis-
ot co60i NMPAMYIO JHHHIO, OTCEKAIOILYyI0 Ha OCH IOTEHIHAJIOB Be-
auuudy Eiy. Tasrenc yria HakaoHa stofi mpamofi n/0,059 onpene-
JSleTCst YHCJIOM  3JIEKTPOHOB, NPMHHMAIOIHX y4YacTHe B 3JIEKTPOXH-
MHYECKO#l peakIHH.

Hafinennoe takum o6pasoM 3HaueHue Eij, € yueToM HCIOJB3O-
BaHHOTO noAAporpaduyeckoro ¢GoHa MO3BOJSET HAa OCHOBAHHH Tab-
JIMUHBIX AAHHEBIX AAEHTH(QHUHPOBAThH Aemonspusartop. IIpu atom cie-
JAyeT HMeTb B BHAY, UTO BOCCTAHOBJIEHHe . (OKHCJIeHHe) MHOrosapsi-
HBEIX YacTHIl MOMET NPOHCXOOWUTbH - CTYNEHWaTO, JAaBafd HECKOJLKO
BOJH Ha mnoJsiporpamme. Kpome Ttoro, ecan Eiy PasJHYHEIX HOHOB
6.13Kku Mexsay coGolf, HX BOJHH Ha NOJSIPOrpamMme C/JIMBaIOTCH.

IMpu sarpyAHeHuaX paciiudpoOBKH MNOJSIPOTPAMM  NPHMEHSIOT
MeTOJ «CBULCTE]A»: IOC/E PEerHCTpPalHu HOJAPOrpaMMbl aHaJH3H-
pPyeMoro pactsopa, K 5TOMY PacTBOPY B 3JIEKTPOJNH3EP MOOYEPENHO
JOGaBJSIOT CTaHAapTHHIE PACTBOPH NPEANOJAraeMbX COCHHHEHHH.
Ecau npeanosoxenyue ObIJIO BePHBIM, YBEJHYHBAETCS BHICOTA HOJS-
porpaduueckoil BONHH (IIHKa), NPH HEBEDPHOM INPEeANOJOXKEHHH IO-
SIBUTCS JOMOJHKTENbHAS BOJHA NpH APYroM TNoTeHuHaje. 3aMmeHa
(OHOBOrO 3JEKTPOJNHTAa 4YacTO II03BOJISET YCTPaHUTH Mellaollee
BJHSIHHE IIOCTOPOHHHX KOMIIOHeHTOB, Haubosee 3((peKTHBHHIMH
OKA3BIBAIOTCH KOMIJIEKCYIOIIHE 3JIEKTPOJMTHL.

KonuuecTBeHHOH XapaKTePHCTHKOH aHaJIMSHPYEMOr0 COeIHHEHUS
B nossporpaduu siBAsSETCS BeJMYMHA NPENENbHOr0 An¢Py3HOHHOrO
TOKa HJAH BHICOTA BOJIHH (OHKa), KOTOpas B COOTBETCTBHH C ypaB-
nenneM Mabkosuua (2.11) sBasiercs JunefiHOR (yHKIMeH KOHLEH-
tpanuu. Mamepenue BHICOTH MOJApOrpaMyeckoil BOJMHBI HJIH NHKA
IIPOBOASAT KaK NoKasaHo Ha puc. 2.19.

OnpefenuTh KOHIEHTPAIMIO NENOJIIPH3ATOPa MOXKHO OLHHM H3
chefyomux MeronoB. (Bo Bcex ciydasix MCIOJNB3YIOT CTAHAApTHLIE
pACTBOPH, COCTaB KOTOPHIX AOJKEH OBITh MAKCHMAJbHO NPHG/IHKEH
K COCTaBy aHAJH3MPYEMOro PacTBOpa, yCJAOBHs NoJjsiporpadHposa-
HUSI CTaHAAPTHHX H AHANH3HPYEMOTO PAcTBOPOB MAOJIKHEL  OHITH
ONMHAKOBHIMH.) B MeTofe cTaHZapTOB NOJsPOrpaupyrOT pacrsop
HEH3BECTHON KOHIEHTpallMk M CrTaHAapTHuH pactBop. s oxHHX
¥ TeX Ke yCJOBHI aHanH3a ,

cx= Cexhx/her, (2-.14)

rlle Cx H Cor — KOHIEHTpAIlMSI  aHAJNM3HPYEMOTO H# CTAHJADPTHOTO  PACTBOPOB;
hx M Hex —BHICOTA BOJHEI Ha NMONSPOrpaMMax 9THX PacTBOPOB.

Mo merony rpajyupoBOouHOro rpaduka PEerHCTPHPYIOT IMOJNAPO-
TPaMMbl aHAJH3HPYEMOro PacTBopa M CEepHHM CTAaHAAPTHBIX pacTBO-
POB, CTPOSAT I'PaAyHPOBOYHHEIH rpaduk B KOOpAHHATAX h—c, 06 Ko-
TOpOMY AJIsl HafleHHOTO 3HAUEHHS /iy ONMPEJENSIOT Cx.

MeTo 106aBOK MOKeT OGhTh HCHOJb30BaH TOJBKO B HHTEPBase
KOHIEHTpaL Ui, AJIs KOTOPHX CTPOro cobaofaercst JuHefHas 3aBH-
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cumocts h—c. Ionsporpadupyor npoby anajH3HpyeMOro pacrTBO-
pa o6peMoM V., KOHHEHTpalus KOTOporo cx. Ha moxsiporpamme u3-
MepsIoT hy. 3aTeM B 3JIGKTPOJIH3Ep K aHAJH3HPYEMOMY pacTBOPY
H006aBJSI0T ONpefieNleHHEH 06beM Vep CTAHZAPTHOTO pacTBOpa KOH-
UEHTPAIHH Cep (IPEANOUTHTENBHO, UTOOH Vi >Ver B €x<lCcr). Ha-
MepSIOT Ha NoJsiporpaMMe BHICOTY BoJHH h. Hecsoxueie npeobpa-
30BaHHA ypaBHeHHS MibkoBHuUa NO3BOJSAIOT IO 3THM JaHHBIM pac-
CYUHTaTb KOHIEHTPAMHIO aHAJIH3HPYEMOro pacTBopa.

ao._,
% = ) [Ver T V) Verl— sl Ver)' (2.15)

Ynobuo Bubupath Vy=9 ma, Ver=1 ma, Toraa ¢opmyaa (2.15)
ynpolnaercs:

o.s
€= 0 (hlhy) —0° ; (2.16)

TTonsiporpaMMbl MoOryT OHITH HCKajXX€HH 3a cueT moJsiporpadu-
YeCKHX MaKCHMYMOB — DE3KOrO BO3DacTaHHs TOKa BhILIe MNpefefb-
HOTO 3HAYEHHs] ero ¢ HociaelyioluM crnajgoM. [IpuunHbE BO3HHKHOBE-
HHSI MaKCHMYMOB Da3JIHYHK, H MOTYT OHITb CBSI3aHH C HEPABHOMep-
HOH NOJNspH3alHed PTYTHOH Kal/JH W TaHT€HIHAJbHBIM JBUXEHHEM
ee MOBEPXHOCTH, YTO MPHBOAUT K JAOIOJHHTENBHOMY IepeMelInBa-
HHIO pacTBopa. Takoro poja MakCHUMyMbl MOXHO YCTPaHHTh BBede-
HueM B noJsiporpadupyemuit pacteop ITAB: kpacurenefi (mermio-
BhIfl KpacHh#, QYKCHH M Ip.), BHICOKOMOJIEKYJISIPHEIX —CcOeluHeHuR
(arap-arap, xenatun). [TAB agcop6upyioTca Ha MOBEPXHOCTH PTYT-
HOI Kalli{, H3MEHSIOT €€ IOBEPXHOCTHOE HATSKEeHHe, YCTPaHss He-
paBHOMEpHOE [BHIKEHHE IIPHIIOBEPXHOCTHHIX cioeB. Kpome Toro Ha
noJiiporpaMMax BO3HHKAIOT KHCJIOPOAHbIE MaKCHMYMH: pacTBOpDEH-
HbIl B aHaJH3HPYeMOM pacTBOPe KHCJODOZ BOCCTaHaBJ/IHBaeTCs Ha
PTYTHOM 3JIEKTPOZE B JB€ CTAHH:

" poe-oHt +2e~+2H*
0, —> H,0, —> 2H,0,

o6pasysl aBe BOJHE Ha IOJsSIpOrpaMMax COOTBeTcTBeHHO mpu —O0,1
u —0,9 B. MaTepnperanus no/iaporpaMMel, OCJA0XHEHHOH BOJHAMU
BOCCTAHOBJIEHHSI KHCJIODPOJA, 3aTPyAHHTeNbHA, MOITOMY Nepef Io-

hm%Oﬂ@wexﬁommmEmg U3 aHaJH3HUDYyeEMOro pacTBOpa KHCJIOPOA yRa-

asaw0T, npoayeas Np, Ar B IIesOYHEIX cpelaX MOXKHO HCIOJAb30BaTh
kpucrananuueckuii Na,SO;. Ilpu anaJinse BOAHBIX pacTBOPOB JOCTa-
To4yHa 5-—10-MHHYyTHasi Heaspalus, AJS OPraHWYECKHX pacTBOpUTe-
Jeft B Teuenne 25——30 mun. IlonsporpadupoBanne aHaNU3HPYEMOTro
pacTBopa cjelyeT IPOBOAHTL IOCJe aHaJjn3a (GOHOBOrO 3JEKTPOJIH-
Ta W yAaJeHHs M3 HEro KHCJOPOAa: Ha IOJsporpaMme JOJXKHHI OT-
CYyTCTBOBAaTb KaKHe-nu0O BOJNHEI BIJIOTb N0 NOTEHUHAJa Pasjoxe-
HUsST (POHOBOrO 3JEKTPOJIHTA. wmwmﬂsogscomwwmws B XOJe aAHAJH3a.
noJsporpamMmy paciiu¢pOBHBAIOT: Ha Hefl ONpele/siioT HOTeHHHaJ
nosyBosnHb Eij, MM MOTeHUHMAaJ nuka E, H BHICOTY BOJHH HIR
- mmaka h.
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Puc. 2.20. wgramzuogzm KDHBHIC METOAA C JH- 1
HeHHOR pa3BepTKOH Hanpskenusa (), mepeMeHHO-
‘ToKoBas (2) m uuBepcuoHHasn (3)

IToMHMO ONMHMCAHHOTO KJAACCHYECKOTo /

noJsporpaguueckOro MeTofa aHaJu3a \\ L
iIMPOKO HCHOJbL3YIOT JpYyrue pasHOBHI- _— S
HOCTH BOJIbTAMIEPOMETPHH, KOTOPHIX B —
Hacrosillee BpeMs HACUNTHIBAeTCA He- _.\ w

CKOJIbKO JI€CATKOB. PasBUTHE 3THX METO- £y
JOB aHajHu3a BH3BAHO TpeboBaHUAMU
NOBBIUIEHHS ~ CEJIEKTHBHOCTH, CHHXXEHHSA I3
npefena onpeleseHus, yJaydyileHHs BOC-

TPOU3BOANMOCTH,

Boabramiiepomerpust (noasiporpatun) ¢ auHeiiHOR paspepTKOf
noTeHinala — METOA aKHaau3a, NpPH KOTOPOM MHUKDPO3JIEKTPO/, MOJsi-
pU3yeTCs HalpsiKeHHeM, H3MeHsSIIoIuMcs ¢ 6oJbIof CKOpOCThIO (A0
100 B/c) mo oupeneneHHOMy 3aKOHy, M BOJbTaMNepHas KpHBas pe-
TUCTPUPYETCS 3JeKTPOHHO-NyyeBoll TpyOxo#t (ocuumanorpadom). 3Ha-
unTeAbHO 60/IbIINE, YeM B KJIACCHUECKOM METO/e CKOPOCTH H3MeEHe-
HHsl DOJSIPU3YIOILEro HaNpsKeHHsS NPUBOAST K H3MEHEHHIO (HOPME
BOJIbTAMIIEDHOH KPHBOH: BMECTO IJABHOH BoJHb HabJ0aercd KpH-
Basi C 4€TKO BBIPAXKEHHBIM MaKCUMyMOM — nukoM. Ilpuyuua srtoro
B TOM, 4TO IIPH YBeJHYEHHH HaKJaJbBIBAEMOTr0 HaNPSIXKEHHSI CKOPOCTh
auddysun penonspusatopa B NPHIJNEKTPOZHHEIA CJOH CTaHOBHTCS
MeHbIlle CKOPOCTH 3JIEKTDPOXHMHYECKOI'0 Mpoliecca — IPH3JIeKTPOA-
HBIA cj0fi Mcromlaercs, TOK yMeHbluaercss (puc. 2.20). Ilorennnasn
[IHKa CIYyXHT KaueCTBEHHON XapaKTEepHCTHKOH AENOJSpH3aTOpa, TOK
mHKa (BEHICOTA IIMKA) — KOJHYECTBEHHOH, 3aBHCsIIel TaKXKe OT CKO-
POCTH H3MEHEHHUS uoamwmwu\SEmao HaNpsiKeHus v:

= 2,72.10% n3/28DV2p1l2c, (2.17)

Eavozg:cqoaowmn BOJILTAMIEPOMETPHS Azoanvo%me_\:& OTJ1H-
gaeTcsl OT KJACCHYECKOfl (MOCTOSHHOTOKOBOM) T€M, 4TO Ha 3JI€KTPO-
ABl HapALy ¢ HOCTOSHHBIM HalpsXKeHHeM, MeJJeHHO H3MEeHSIOIHM-
Cs BO BPEMEHH, HaKJaJBBaeTcs NepeMeHHOe HaUpsxKeHHe He6OJb-
wod amnautyas (10 50 mB). IlepemenHoToKOBas BOJIbTamMIepHas
KpHBas, TaK K KaK KpHBas, NOJlyYelnas NpH JIHHeHHOK pasBepTKe
Hanpsikenus, uMeerT (OPMYy KPHBOH ¢ MaKcuMyMoM (cM. puc. 2.20)
H COIEPIKHT TaKyIO Xe aHaJuTHiecKylo uadopmanuio. KonnuecTBen-
Hasl 3aBHCHMOCTb MAKCHMaJbHOTO TOKAa Ha NepeMeHHOTOKOBOMH NOoJf-

, porpaMMe OT KOHUEHTPAaUUH AHAJHU3UDPYEMOTO BellecTBa omnpeness-

eTCcsl YpaBHEHHEM:
Tyae = (n*F2Scal/*DYPAE/4RT) sin [(of - (1/4)], (2-18)

rie © —Kpyrosas 9acToTa, pai-c~!; AE — aMniHTyZa NepeMeHHOTo Hampsixe-
HuA, B; f — BpeMs 5JeKTpOJIH3a, C.

, ::waﬁn_\uo::mn BOJBTAMNEPOMETPHSI OCHOBAHA Ha NpPEeABapPHTEJb-
HOM KOHIEHTPHPDOBAHHH ITyTeM 3JIEKTPOJH3a JeNoJsipHsaTopa H3
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pacrBopa B HeGOJIbLUIOM OGbeMe CTalHOHAPHOTO PTYTHOTO 3JEKTPO-
Ja WIH Ha OBEPXHOCTH TBEPJOTO 3/1eKTPOAA H MOCTeAyIoNleM aHOZA-
HOM DaCTBOPEHHH IOJYYEHHOrO Ha 9JEKTPOJAe COeJHHEHMS C Perucr-

/

panueii kpusokt I—E. KonnuecTBo BemecTBa, CKOHUEHTPHEPOBAHHOIO:

Ha BpalaolieMcs 3JIeKTPOoJe M Onpejesisionlero 3SHaueHHe TOK&
aHOJHOTO NHKA Ha moasporpamme (cM. puc. 2.20), 3aBHCHT OT KOH-
UeHTPALlHH JenoJasapusaTopa B o6peMe pacTBOpPa H BPeMEHH 3JIeKTPg-
J143a COIJIAaCHO YpaBHEHHIO: ,

I = const Vo ctv, (2.19)

rié © — 9acToTa BPAUIeHHs SJEKTPOAA NPH HAKOMJEHHH 06:C~!; [ — BpEMA 3JIEKT+
posM3a, ¢; U-— CKODOCTh H3MEHEHHS MOJIPH3YIOUIEro HampsxKeHns B-c—lL
AnajuTHyecKHe BO3MOXKHOCTH MeTOJAa BOJbTaMII€POMETPHUECKO-
ro aHaju3a OyeHb LIHPOKH. MeToJ HCIOJNB3YIOT A ONpelesaeHHs
HEOPraHMYeCKHX M OPraHHYeCKHX COeJHHEeHHH DPa3/MYHOTO COCTaBa.
Flpu aHanH3e OpraHHYeCKHMX COeXHHEHHH BCTPEYAIOTCHA ONpeleeH-
Hble 3aTPYAHEHHS, CBS3aHHBIE C TEM, UTO CPaBHHTEJbLHO HebGoJbIlast
yactb (npumepHo 10%) oprannueckux coeivMHeHMH 3Je€KTPOXHMHYE-
CKH akKTHBHa, TeM He MeHee, HCMOJb30BaHHE IIPEIBapHTENbHEIX XH-
MHUYECKHX peakinii (HaopuMmep OKHCJeHHS, HUTPOBaHHA, 6POMHpOBA-
HHsl) TIO3BOJIHJIO Pa3paboTaTth AOCTATOYHOE HYHCJIO METOAHK BOJIBT-
aMNepoMeTPHUYECKOr0 ONpefeleHHsl OPraHHYeCKHX BeIeCTB pas/iuy-
HEIX KJIACCOB, BBICOKOMOJIEKYJSpHHX coeaunenuli, [TIAB, ¢apmanes-
THUECKHX TPEenapaTos. -
BoJbTaMIepPOMETPHIO HCIOJABL3YIOT TaKxke [Jig aHaJu3a pacmia-
BOB 3JIEKTPOJIHTOB. .
Hurtepean onpesensieMux KoHuentpauuft 10-2—10-8 M, nuxnuk
npefiesl onpeneJeHHA B MeTOAE C JHHEHHOH pasBepTKOi Hampsxke-
HAS # B NepeMeHHOTOKOoBOH moJsporpadun pocruraer 10-8 u B um-
BepCHOHHON BoJbTaMnepoMerpun— 10~—° M, npu onpenejeHHH Ma-
JIBIX KOHIEHTpalmu#l nmorpemHocTs He npesuimaer 3%. Meroa pocra-
TOYHO CEJIEKTHBEH: paspelllalollasi CnOocOGHOCTb M0 INOTEHLHaJlaM
(moasiporpacguueckue BOJHE He CJAHBAIOTCS) B KJIAaCCHYECKOH MOJIsA-
porpaduu 100—150 MB, B nepeMeHHOTOKOBOH M B moasiporpatuu c
AuHeliHOM pasBepTkoil Hampsixenua — 30—50 mB. Paspemarnmasn
croco6GHOCTL MOXeT ObITh YBEJNHUEeHa, €C/IH PerHCTPHPOBATh KPHBYIO
AI/AE={(E). Ilpu stomM Ha noasporpamme npu E=E1, nabawoua-
eTCs MAKCHMYM, BHICOTA KOTOPOTrO NPONOPIHOHAJIbHA KOHILGHTPallHH.
JOMOMHHUTENBHOrO pasfiefieHusl noJsiporpadHYecKux BOJH MOXKHO
JOCTHYb, HCIOJAb3YS B KauecTBE (POHOBOrO 3JEKTPOJHTA KOMIIEKCO-
o6pasyiomuit pearent. Hanpumep, pasnesnbHoe onpeie/eHne HOHOB
Co?+ u Ni%+ B cmecu Ha ¢one 1 M pacrBopa KCl sarpyRHHTENBHO
(Ey, =—1,2 1 —1,1 B cooTBeTcTBEHHO), TOTAa KaK Ha ¢ome 1 M
pacrsopa KSCN 5T 3Hauenns usmensorcsa a0 —1,3 u —0,7 B. Me-
TOZ GBHICTD B MCIOJHEHHH: eIHHHYHHE H3MEDeHHs 3aHUMAKOT He-
CKOJBbKO MHHYT H MOTYyT OBITh NOBTODPEHH NJAS OIHOrO H TOTO XK€
pacTBopa MHOTOKPaTHO (NMPaKTHYECKH HCTOLIEHHE NENOJIipH3ATOpa
B pacrBope He npoucxoAut). OrpaHHueHus MeToAa foJasiporpacduie-
CKOro aHaJH3a CBfI3aHH C HCHOJAb3OBaHHEM PTYTHOTO SJIEKTPOAA.

,
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Prc. 2.23. Teepusbiit un-

Puc. 2.21. daekrpomn- Puc. 222, Pryrumit
IUKATOPHBIA 3JEKTPOL

THUeCKasd fuefika Kanawuui 3JeKTposL

Annapartypa. diekTponuTHUECKas sueiika (JaeKTpoJH3ep), HC-
noJib3yeMas B BOJbTaMIIEpOMETDHH, NpeacTasisier coboil cocya BMe-
CcTUMOCTBIO 1—50 MJ ¢ OTpyeHHBIMH B HETO Pa0OUYHM 3JIEKTPOLOM

'H 3JIEeKTPOAOM CpDaBHEHHSI. DJEKTPOJSHTHUECKHM COCYJIOM MOMKET

6BITH OOBIYHEIN XHMHYECKHH CTakaH HJIH COCYJl CIIeHuaJbHOH KOHCT-
pykuus (puc. 2.21), ecan on npexHasHayeH 1js pabore Ge3 KOHTAK-
Ta ¢ atmocdepoii. CHcTeMy 3JEKTPOJAOB AJSI BOJbTAMIEPOMETPHUE-
CKHX H3MepeHuli BLIGUPArT TakUM 006pa3oM, YTOOGHl MJIOTHOCTH TOKa
Ha 3THX 3JeKTPOJaxX CyIecTBEHHO pasjuyasiach: Ha paboueM 3JjeK-
TPOZe. IOTHOCTh TOKA [IOJIKHA OBITH BeJHKa, Ha 3JEKTPOAE CpaB-
HeHHs — HHUYTOXHO Mana. B stom ciayuae mnonasipmsoBathes OyHer
TOJBKO paGounil 2JEKTPOJ H, €CTECTBEHHO, TOJBKO HAa HEM BO3MOXK-
HEl 3/IEKTPOXHMHYECKHE IPOIECCH BOCCTAHOBJIECHHSA WM OKHCJEHHS
HOHOB M3 pacTBopa. Pabouuil 37eXTPOA, KAK NPABUJO, IMEET OUeHb
MAaJyi0 MOBEPXHOCTb IO CPABHEHHIO C [OBEPXHOCThIO 3JJIEKTPOIa
CPaBHEHHUS — 3TO MHKPOJIEKTPOJA, KOTOPHIH MOXKeT OHITh H3TOTOB-
JeH u3 TBepaoro marepuaja (Pt, Ag, Au, rpadur cnenunanbHoll 06-
paGoTKM ¥ AP.) WJIH B BHAe DPTYTHOH KallJ¥, BHITeKawmel u3 ka-
nuJIspa. o

Pryraeifl xanamomufi 3/JeKTPOA B KauecTBe pabouero MHKDPO3JIeK-
TPOJa HCHOJB3YIOT WIHPOKO MPH MHoJsiporpaduyeckoM aHajluse Be-
INecTB, BOCCTaHaBJHBAWImNXCa B obsactTH mnoreHuuano +0,2-+
=—1,9 B oTHOCHTENEHO HACHILEHHOTO KaJIOMEJBbHOTO 3JEKTPOAA.
W3 cTeknsiHHOrO pesepByapa 1o TMOKOMy IIJAHTY PTYTh NOCTyNaeTr
B CTEKJISHHHIA KamHJLIsAp, U3 KOTOPOTO CO CKOPOCTBIO, PeryIHpyeMod
BEICOTOH PTyTHOrO crosiGa W AmaMeTpoM Kanmaispa (1—10 kanmenan

“B.1c¢), nogaerca B aHaJH3HpyeMH#t pactBop (puc. 2.22). ITocrosuHo
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OGHOBJAIOMAsACH TIOBEPXHOCTh PTYTHOH KaIlJIM, 4 TakXe BHICOKOE
nepeHanpsaXKeHHe BHIJENEHHST BOAOPOAA, NO3BOJSIONIee 3JEKTPOXH- )
MHYECKH BOCCTAHABJMBATHL Ha TAKOM 3JIEKTPOJEe HOHH METaJJIOB
pacHoJiokKeHHHX B PAAY HanpsixeHHi JeBee BOAOpOAa, [eJalo
PTYTHHH Kalalomui 3/7eKTPoJ OLHHM H3 HauboJjiee IIHPOKO HCIOJB-
ayembix. OfHako pa6oTa C TaKHM 3JEeKTPOAOM TpebyeT TILaTeNbHO-
ro co6/oeHnsi BCeX Mep, IPEAYCMOTPEHHHX NMpaBUIaMH TEeXHHKH
6esonacHocTH NIPH paboTe CO PTYThIO: 3JEKTPOJNU3ED C PTYTHHIM Ka-
MAIOIHM 3JIEKTPOJOM HOJIKeH ORITb YCTAHOBJICH B 3MaJIHPOBAHHYIO
WM NJaCTMacCOBYIO KIOBeTy; BO BpeMsi paboTel MeTaIndecKast
PTYTh HOJKHA HAXOZUTbCS B IJIOTHO 3aKPHITBIX COCYAAaX WU NOJ
¢JIoeM BOJHOrO PacTBOpa, TaK KAaK Naphl PTYTH OUYEHb TOKCHYHEL,
npu ciay4yafiHOM pa3GpBI3THBAHMM KAlJH PTYTH CJEAyeT HeMeJJEeHHO
co6paTth aMajblaMHPOBAHHEIMH MEIHBIMH IIIACTHHKAMH, a 3arpss-
HEeHHyI0 HoBepxHOCTh nporepeTh 20%-npiM pactBopom FeCls, satem
CMBITh BOJOI; 0TpaGoTaHHYI0 PTYTh HeOOXOAHMO XPaHHTb B TOJCTO-
cTeHHHX 6GaHKaX;, KaTeropu4yecKH 3alpellaeTcss BHJHMBAThb PTYTh B
paxoBuHYy!

KOHCTPYKTHBHO TBep/Asle 3/1eKTPOAb Oojee ynoGHe u Oesomac-
HHI, 4eM PTYTEble, HO 00,1aCTh HX HCIIOJb30BaHMA orpanuyeHa. Tak,
NIATHHOBHIA 3JI€KTPOJ NPHIOAeH Ansi paGoTH npy Gosiee IOJOXKH-
TeJbHLIX 3HAUEHHAX NOTEHIHaJsa, 4eM DTYTHBIH, HO rpaHula oTpuua-
TeJbHLIX 3HAUeHMH IIOTEHIHaJa OIpefessieTcsl 3HAYHTEJNLHO MEHb-
muM 3HAUEHHEM NOTeHIUaJja BBIJesenysl BOJLOPOAAa H3 BOAHHIX pac-
tBopeB. TBepible 2JIEeKTPOAbl NPEACTABJsIOT OG0 MPOBOJIOYKH HIH
CTepIKHH, 3amasiiHble B CTeK/AsSHHHE TpyOku (pumc. 2.23). PaGouas
‘IOBEPXHOCTb TAKOrO 3JeKkTpofa npubausurensuo 0,2 cm?. Tepasie
3J1eKTPOALl BO BpeMsl paGOTH NPHBOASTCS BO BpallleHHE MOTOPOM.
"‘Kaxauit pas nepex HauajJoM paboThl TakOH 3/1€KTPOA C/eAyeT npo-
MuBaTh pactBopom HNO; (1:1), a 3aTeM MHOrOKpaTHO BOZOM.

DJIeKTPOLOM CPABHEHUsI MOXKeT OHITb CJIOK PTyTH ¢ GOJbLIOH mO-
BEPXHOCTbIO, KOTOPHIl HAXORHTCA HENOCPEACTBEHHO Ha AHE 3/JEKTPO-
JuTHYecKoro cocyia. Takol 3JeKTpol CpaBHEHMs Ha3biBalOT BHYT-
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Puc. 2.24. TlpuHuunnalipiasi cxeMa BOJIbTaMIePOMETPHYECKOH YCTaHOBKH:
. ] == MCTOYHHMK NOCTOSHHOFO TOKA; 2 -— DEOXOPHR; 3 — rasibBaHOMETP; ¢ — BOJIBLTMETD; 5 — 57K~
TpoJUTHYecKan fdefira

Puc. 2.25. TIpasuunaanbHAs cXeMa ocuu/LIorpaduIeckoro noasporpada:
1 — reHepaToOp TePEMEHHOTO HANPAKEHHHA; 2 — CONPOTHBJCHHE; 3 — 9NEKTPOHHOMYICBAs TpYG-
Xa; 4 — 37eKTPOXHMHIECKAA AgefKa

us | PR

Puc. 2.26. BonbTaMnepras KpHBasi METORA C JH- J
\Hefinoft (/) u TpeyrosbHOH (2) pasBepTKoil Ha-
YPAKeHHA .

penHuM. BHelnHu#t 3/1eKTpoA cpaBHeHUs
(KasoMenpHBIH, XJA0pcepebpaHBIl U Ip.)
9JIEKTPOJHTHUECKHM KJIOUOM COeNHHIET-
¢ ¢ a”HaJausupyeMeim pacrtsopom. [lo-
TEHLHaJ BHYTPEHHero 3JeKTpPoJa CpaB-
HEHHA TOJBEpPXKEeH BJHUSHHIO COCTaBa k
aHAJIH3HPYEMOTO pacTBopa, TOrga Kak
JJIs1 BHELIHEeTo 39JeKTPOZAa OH OCTaercs :
HEM3MEHHbIM, £

BosbTamMnepoMerpuyeckass YCTAHOBKA KpOME 3JIEKTPOJNHU3EPa
BKJIIOYA€T YCTPOHCTBO, MOJSAPHU3YIOLlee 3JIEKTPOAL NOCTOSIHHO H3Me-
HAIOIIHUMCH Hanpsi)KeHHeM, PerHcTPaTop KPHUBHLIX <«TOK — HamnpsKe-
HHMEe» HJIM JyBCTBHTEJbHHH rajpBaHoMerTp. [IpHHIMNHAJbLHAS CXeMa
BOJIbTaMIIEPOMETPHYECKOH yCTaHOBKH H300pazxkeHa Ha pHC. 2.24.

DJIEeKTPOJINTHYECKAs sueliKa, OJI0K MHTAHUA U GJIOK-pEerHcTpaTop
BOJIbTaMIIEpHOH KPHBOH ~— OCHOBHHE Y3Jbl noJsiporpada. B moaspo-
rpadax pasJHuHbLIX THIOB IIaBHO M3MEHsSIOLIeecs ¢ ONpeeseHHOMN
CKOPOCTBIO ([0 HECKOJBbKHX COTHIX BOJIbTA B | ¢) HampsikeHHe Io-
Jlaercsd Ha siuefKy OT MEeXaHH4YeCKOro JeJHTeNs HampsixkeHusi. Bos-
HHKAIOIIMH B figefiKke TOK NOCJe COOTBETCTBYIOUIHX NpeoOpa3oBaHHI
perucrpupyer crenuajbHoe ycTpoHicrBo. B moasiporpadax cospe-
meHunx mogeneit [IIIIT-1, ITy-1, LP-7, LII-7e (UCCP), OH-101,
OH-102, OH-104, OH-105 (BHP)| nmeercs 3amuceBaoliee ycTpoi-
CTBO— B XOJe aHa/lH3a NOJsApOrpaMMa 3alHCHIBAETCS IEepOM Ha
AuarpaMMHO# JieHTe, KOTOpasi mepeMeliaeTcs BEPTHKAJIbHO CHHXPOH-
HO ¢ mojaBaeMHIM HanpskeHHeM. OTKJIOHEHHe Tepa HO T'OPH3OHTA-
JIH NPONOPIHOHAJbLHO TOKYy fdeliku. B moasporpadax crapbix KOH-
crpykuuit (LP-60 u np.) peructpauust Toka Gbljia BH3YaJbHOM WK
¢dororpaduueckoi.

Ecnu ckOpOCTb M3MEHEHHsl HAaNpsKEHHs, NOJaBaeMOro Ha Auefi-
Ky, Belnuka ([0 HECKONBKHX JNECATKOB BOJBT B | ¢), BU3yaJjbHbE H
CaMONUIUYUIHE pPErucTPaTophi, B CHJAY HX HHEPIHOUHOCTH HeJb3si
HCIHO0J/1b30BaTb, BMECTO IIMX HIJHKATOPOM CJyXKaT 3JEKTPOHHO-IydYe-
Bole TpyOxu. Iloansiporpaduueckne nmpubOpH, B KOTOPHIX CKOPOCTb
H3MEHeHHs] HANpsiXKeHHsd BeJHKa M noasporpaduyeckas Kpusas pe-
THCTPHPYeTCA Ha 3KpaHe ocUHAJIOrpada, Ha3BBAIOT OCUMJIOTpadH-
geckuMH nossaporpadamu. Ha nonsgporpaduueckyio siuefixy Haxia-
JBIBaeTCA NOCTOSHHOE HaNpsiXKeHHe OT MOTeHIuoMeTpa noJasiporpada
H nepeMeHHOe HaIpsKEHHE OT IeHepaTopa, H3MeHsIoIleecsi BO Bpe-
MeHH JIMHeHHO, N0 (OpMe «IMJbI», TPEYroJbHHKa, Tpameuud. Ha-
npsiKeHue OT AYeHKH MOJaeTcs Ha IOPH3OHTAJIbHBIE MJIACTHHHE 3JIeK-
TPOHO-J1y4eBOR TPYOKH, IajleHHe HANpSKeHHS Ha CONPOTHBJEHHH 2
{puc. 2.25), nponopUHOHAJbHOE TOKY siuefiKH, — Ha BepTHKaJbHbIE
facTHHEL. Bo Bcex ciyuyafx Ha 3KpaHe PErHCTPHPYETCs BOJIbTaM-

~TepHas KpHBasi COOTBeTCTBYlomel ¢popMul (puc. 2.26).

. | | a7




\

. o 7
Tlpu HaNOXKEHHH JMHEHHO H3MEHFIOIIErocs MHJI006DA3HOrO Ha-
TIPAXKEHHs] PETHCTPHPYIOT TOJMBKO AHOAHYIO HJH KAaTOLHYIO BETBb.

I—E-kpuBo#, TOrNa KaK NPH HCIOJb30BAHHH TPEYrobHOrO | Tparme:
HeHAAJbHOrO HaNpSXKeHHS Ha OCHHJJIONOJsSPOrpaMMme — OXHOBpe-
‘MeHHO KaTORHHIH H aHoamslli muxku. Ocuuasnorpaprueckue NoJApoO-
rpads oTeyecTBeHHOro npoussoicrsa I10-5122 monenu 02 u 03 Ha-

ACXKHH B SKCIJIyaTalluH, CPABHHTEJNBHO IPOCTH, OTBEYaloT TpeGoBa--

HUAM, TPEABABISEMbIM K HHM B YCJOBHAX HaydHBIX HCCJIE0B aHUMH
H MaccOBOrO aHaJu3a. ,
ITepeMeHHO-TOKOBbIE NOJSIPOrPadEl PasJHYHEIX MOJIEH HMEIOT
MHOIO O6GIIero ¢ KJaCCHYeCKMMHM H OCHHJIJIOrPa(UYeCKHMU NOJAPO-
rpadamu. Ha 3J1eKkTpolr NojamT JHHEHHO H3MeHaolieecs Haupsd-

JKEHHEe H B 3TOT K€ KOHTYp — NEepEeMEHHOC HallpAXKeHHE C ITOCTOAH- .

HOll aMIJHTYZOH. . PerucTpHpyioT NEepEeMEHHBIH TOK, CBSI3AHHHIN €
H3MEHEHHEM HaNpsKenus. B IepeMeHHO-TOKOBBIX —moasporpadax
penrepckoro npoussoactsa (OH-104, OH-105) ncnoss3yoT npsMo-
yronpHoe HanpsieHHe Manoit ammiutyas (10—50 MmB). Tague no-
asiporpadsl HA3BBAIOT KBaJAPaTHO-BOJHOBHIMH. OTeyecTBeHHbE IO-
asporpadu IIIT-1, TIY-1 paboraior B pexuMe Kak NOCTOSHHOTO,
TaK H MepeMEHHOro TOKa. .

MeToauKa BHINOJHEHHS aHajH3a BOJbTAMIIEDOMETPHYSCKHM Me-
TOfOM Ha noasporpade J06GOro THIA CBOAUTCS K BHINOJIHEHHIO CJe-
AYIOIUX ollepanui.

1. TOTOBST CHCTEMY 3JEKTPOLOB: BHOHUPAKT COOTBETCTBYIOIIMH
5JEKTPOJ, CPaBHEHHS, OUHINAIOT HOBEPXHOCTh TBEPAOrO 3SJEeKTpola
WIH YCTAHABJMBAIOT PEXHM KalaHus PTYTHOrO KaNalOUIEro 3JeK-
_TpPOZa, PEeryJHpys BHICOTY CTON6a PTYTH Hal KaNH/JISPOM.
©7 2. DIEKTPOJUTHUECKYIO SiYeliKy 3allOJHAIOT aHAaJU3HPYEeMbIM pac-
TBOPOM, IIOIPYKaloT B Hero pabouuil MHKPOJIEKTPOA H  3JIEKTPOL
‘CPaBHEHHS. .

3. IlpoBoasT Reaspaluio aHANH3HPYEMOro PacTBOpa, HpoAyBad
a30T MJIH aproH. .

4. Co6uofiasi MOJSPHOCTDb, MOAKJIIOUAIOT 3JEKTPOALI K COOTBETCT-
~BYIOIIUM KjeMMaM Ha moJsporpade.

5. IMoaaporpa¢ BKAIOUAIOT B CeTb M MPOrpeBaioT COMVIACHO mac-
TIOPTHEIM yKa3aHHAM K npu6opy. : :

6. VcraHapJuBalOT Ha noasporpade HeoGXOAMMEIH peXuM pa-
GOTH: aMIUIATYAy Das3BepPTKH NONAPU3YIOLIEro HANpsKeHns, Ha-
ya/ibHOe HaNpsAXXeHHe, CKOPOCTb H3MEHEHHS NOJISPHU3YIOLIEro HANpsA-
3KeHHs!, YYBCTBHTENbHOCTb H APYrHe Napamerphl. QyBCTBATENBHOCTH
BHIGHPAIOT NPH [OTeHIHase, OOJbIIEM YeM Eij, va 0,2 B; Buicora
noasporpaduueckoil BOJHE AOTKHA ObITh ~25 cMm. ’

7. OTKOPPEKTHPYIOT YYBCTBHTE/NbHOCTb H NMOTEHLHAN Hadaja Ho-
JApH3AlHMH, A 3aTeM DErHCTPUPYIOT BONBLTAMIEPHYIO KPHBYIO. Cue-
ZyeT yuecTb, 4TO YHCJIO BOJH HA TOJApOrpaMue He JIOJXKHO ' OHITH
MeHblife, ueM NpEANOJaraeMoe YHC/IO NOJNSAPOrpadpudeckd aKTHBHEIX
KOMIIOHGHTOB B- aHAJH3HPYEMOM DacTBOPE, HO MOXeT GTh GOJbliue
83 CYET MHOTOCTYNEHUATOCTH 3JEKTPOXHMHUECKOTO mpoiecca. TTons-
porpaMmmy PEerHCTPHPYIOT HECKOJILKO Pas. - : g

‘

8. OTki109a10T 3J1€KTPONH3Ep OT moJsiporpada. BHIK/09I0T [I0-

Laigporpad, cobu0fas NocaeA0BaTe/IbHOCTb BHIKJIIOYEHHST TyM6JepoB

‘Ha HeM, YKa3aHHYIO B Iacnopte K NpHOOPY. DJEKTPONH3Ep MPOMHI-
BalOT H 33JHBAIOT JHCTHJJIHPOBAHHOK BOJOH. DJIEKTPOJ CPaBHEHHS
niorpyxaror B HaceeHun#t pactBop KCI, tBepanit anextpon BriCy-
IUBAIOT GHALTPOBAJLHOR Gymarofi, PTYTHBIA Kanalolui 3/eKTPOA
OCTaBJIAIOT B 3JIEKTPOJIH3EPE HJIH NOMEIIAIOT KAOW/AJISP B CTaKaH C
JBCTHIIUPOBaHHOR BOMOH. OnyckaloT COCYZ C PTYThbIO B HHIXKHee
HONMOXKeHHe IITaTHBA HJIM NEePEKPHIBAIOT COOTBETCTBYIOIUA KpaH,
npekpauias KanaHue PTYTH. ;

Hocne oxonuanus paGoTel HEOGXOZHMO TIATENLHO y6paTh pa-
Gouee MecTO.

Pabora 1. O6napymxcenue uonos Cut, Cd2+, Zn2+, Mn2+

Ha ¢one ammuaunoro GydepHoro pacrsopa mnoJasporpaduyeckue
BOJIHEL HOHOB, 06pasylOHX aMMHaKaThl, AOCTATOYHO UETKO BHIpa-
JKeHbl U E 1y, cyllecTBeHHO Pas3aUdalOTCH.

Npuboput

/ IToaspoepagh moGoli Mapku.

Srexrposusep.

Pryrueul xanarowuil 3aexrpod.

Hacouyennoul xaromesvnsil a4ekTpod.

Ouuyiennoul asor.

I'padyuposannsie nunersu smecTumocroio 10 ML -
Kpucraarauueckutl cyaohpar narpus.

Donosoutl saexTposur — aMmuaunnil 6ydepHsId pacTeop.

Crandaprroie pacreopor cysoharos xadmus, mapzanya, medu, yunxa, 10-3 M,
Anaausupyemoili pacreop cyavgaros coaedi, 10-2 M.

BeimosiHenne paGoThl. PerucTpupylOT NOJAPOrpaMMy (DOHOBOTO
saexTpoanta. das atoro B snextTponusep BHocAt 10 M aMMHagHOTO
OydepHoro pactBopa, HECKOJbLKO KPHCTaJsi0B NaySOs, mepemernn-
BAIOT, ONYCKAIOT 3JEKTPOAH, AueliKy MOAKJIIYAIOT K noJsiporpady
H PErHCTPHPYIOT NOJAPOrpaMMy IpH mOoTeHIHamax ~—0,2-+—1,8 B,

PerucTpupyor monsporpaMmy CTaHAAPTHEIX PACTBOPOB: B 3JIeK-
Tposu3ep BHOCAT 10 Ma ammuaunoro GygepHoro pacrsopa, 0,5 ma
cranfaprroro pacrtsopa CdSO4 u noasporpapupyor, Kak ykasaro
BHHIe. AHanoruyHo moasporpadupyoT pactsopm MnSO, CuSO,
NS,MO? - ’ i .v,
Hccnepyemble pacTBOPH aHaNH3HPYIOT, KakK CTaBAapTHHE pac-

" TBOpHL.

Honyuennbie nonsporpaMmsl 06pa6aTHBAOT rpadgHIECKH H ny-
TEM NOCTPOEHHS moJyJjorapu¢muyeckoro rpadura (cM. puc. 2.19)
paccunTHBaIOT Eij H YHCJIO 3/€KTPOHOB, yUaCTBYIOIHX B 3JEKTPO/-

.+ HOM mpouecce. 3Hayenus Ei, AN NONAPOrPaMMH  HEHIBECTHOTO

pacTBopa CpaBHHBAIOT C HaHJeHHHMH 3Havenusmu Ei, ansa cras-
AapTHBIX PacTBOPOB M TaOJHIHHIMH XaHHEIMH. [lealoT BHBOA O Ka-

.. UECTBEHHOM COCTaBe aHAJH3HPYEMOrO PacTBOpa.
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Pabora 2. O6rapyxcenue uonos Pb2t u TIF

B KHCAHX W HeATpajbHHIX pacTBOpax NOJAApOrpaduuecKue BOJHBE

BoccTaHoBJIeHHs HOHOB Pb%+ m Tlt mpakTuuecku cauBatooTca: B 1 M7
pacreope HCl Ei1,2=—0,44 B nas uonos cBuxua u Ei,,=—0,48 B
JUIsT HOHOB Tannus. B menounofi cpeae Ha InojsporpaMme CMecH
HOSABJAIOTCS JBe pasleibHbHe BOJHB: CBHHeL 06pasyeT THAPOKCO-
komniekc (PbO)OH—, koropmii BoccranaBnuBaercss npu —0,16 B,
HesakoMNJAeKcOBaHHHE HOHH Tl BoccranaBamBalorcs npu —0,49 B.

NpubGopbl U peakTHBHI

IIpuboper — cMm. paboty 1.

Pacrsop nurpara kaasus 0,1 M.

Cyxoil eudpokxcud Harpus.

Pacreop scenarunsy, 0,2% -Hbif.

Anaausupyemoud pacreop, ~10-*> M Pb(NOs); n TINOs.

BuinoaneHne paGornl. B saextpoausep BHocAT 10 Ma ¢oHOBOTO
pacteopa KNOs, 0,2 mMa aHanusupyemMoro pacreopa, 3 kKamng pac-
TBOpa KeJaTHHH. [IpoayBaloT a3oT 5 MHH H PerHCTPHUPYIOT HOJSIPO-
rpaMmy. 3aTeM B 3TOT 3Ke pacTBOp BHocaT mpumepro 0,5 r NaOH
K IocJie PacTBOPEHHS NPONYCKaloT a3oT 5 MuH., BHOBB peructpupy-
1oT noasiporpammy. IlonsiporpamMu o6pabaThHBaloT rpadHuuecKH H
JenaloT BRBOJ O KaueCTBEHHOM COCTaBe pPacTBOPA U BO3MOXKHOCTH
onpepenenus Pb?t u Tl+ 8 cmech.

Paobora 8. Onpedesenue uonos Cd*+ u Zn+

Mpoaykrom BoccranoBjenus Cd?+ m Zn?+ Ha PTYyTHOM Kanaiomem
BJIEKTPOZe fABJSAETCH amaJjbraMa 5THX MeTasyoB. IloTeHumMans IoO-
JyBOJIH Ha (oHe amMmuauHoro OydepHOro pacrtBopa pasJHYaIOTCH
GoJiee, yem Ha 0,5 B. Ilpenespunit auddy3noHHHE TOK onpeneis-
ercss ypaBHenneM HuibkoBmya (2.11), MO3TOMY KOHUEHTpAILHIO HO-
HOB METaJ/LIOB MOXKHO ONPENENHTh JIOGBIM METOJOM, HANpUMEp Me-
TOLOM CTaHAAPTOB.

' INpuGopu U peakTHBL

[IpuGopr H peakTHBH — CM. pabory 1.

Crandaprruie pacrsope. cyavparoe xadmus u yunka, 10-3 M.
Ananusupyemoul pacreop cysbgaros kadmus u yunka, ~ 10— M.

Boinoanenne paGornl. B MepHyio xon6y BMecTHMOCTBIO 50 M
BHOCAT NumeTko#l mo 2,5 mMa cranpgaptHOoro pacrteopa CdSO, w
ZnSO,, IOBOZAT PAcTBOP A0 METKH aMMHauyHHM OydepHEIM pacTBO-
pOM, MepeMeLIHBAlOT, HAJMBAIOT B 3JEKTPOJH3ep, NOOaBJISIOT He-
CKOJIBKO KpHCTanoB NapSOj; nepeMemIHBAlOT, ONYCKAalOT 3JEKTPO-
Ibl, MOAKJIOUAIOT AYElKy K noasporpady. Peructpupyror mnoxspo-
rpaMMy B o6Gaactu norennuanos —0,5+—1,8 B. O6paGaruBanoTr
nosisiporpammy, onpepenss ECdy,, EZny, u kG, hZng, coorBeT-
CTBYIOIIHE KOHIEHTpanusM cClcy H cZhgy.

B npyryio MepHyI10 K0J6y TaKOH K€ BMECTHMOCTH BHOCAT IHMET-
KO 2,5 MJ HCCIeZyeMoro pacTBOpa, HOBOJSIT PACTBOP HO METKH

aMMHauHEIM GyQepHHM DacTBOPOM, ITepeMeIINBAiOT, HAJHBAT B

,
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BJIEKTPOJNH3ED, ONYCKAIOT JIEKTPORBl H NOJSPOrpadupyioT TAK Ke,
KakK cTanfapTHee pactBopn. Ha moasporpamme ompenensior A u
4% mpu Tex ke 3HaueHHAX Eij, UTO M AJA CTaHAAPTHHIX PacTBOPOB,
H, yUHTbIBasi pa30aBJieHHe, PAaCCUHTHIBAIOT KOHIEHTPAlMI0 HOHOB
Cd?*t u Zn?+ no dopmyne:
= &4 (0% (vive); ol = oL (KPR 1K) (VivEnY,

X X

roe V — BMecTHMOCTh MepHOH KOJGH; VG4 y V7% — oGbeMBl HCXOMHBIX CTAHAAPT-
WMX PACTBOPOB.

t
Pab6ora 4. Onpedesenue Tuokapbamuda mero0om noApopapuu
6 AurelHol paseepTKol HANPANCEHUS

Ha knaccuueckux nosnsporpammax THOKapGaMHJ He JaeT KaTORHHIX
BoMH BoccTaHoBJenus. Ha noasporpammax c JnuHefiHOH pasBepTKoO#
HanpsiXKeHHsl B IIEJOYHHIX pacTBopaXx THOKapbamuia Habgalonaercs
KAQTOAHBII IHK, BHICOTAa KOTOPOIO ONpelessieTcss COAepKaHHeM THO-

-kapbamuja B pacTBOpE H 3aBHCHT OT NOTEHIHaJa Hauaja IOJSpH-

3aUuH PTYTHOT'O 3JEKTPOJa. JDJeKTPOJHHII mpouecc o0O0ycaoBJeH
B3auMOJelicTBHeM THOKap6aMulla ¢ HOHaMU PTyTH. KoHeuHn#l mpo-
Aykt B3aumopeficteus HgS mam HgS,?~ ckoHUeHTpHpOBaH Ha HO-
BePXHOCTH DTYTHOH KallIM YU IpH OOJBILIMX CKODPOCTSIX H3MEHEHHS
NOJIIPU3YIOWero HalpsKeHHsI BOCCTAHABJIHBAETCH B KAaTOLHOM LHK-
Jie COMVIaCHO YPaBHEHHIO;

HgS+ 2%~ —» Hg+ S*-.

B ycaoBusix rJjaccuueckoil mosasiporpaduu (UCHONb30OBaHHE He-
60JbIIHX ONO@OOHmm H3MEHEHHs] NOJAAPHUIYIOUIEro mmmﬁmvﬂmmxmv jae-
MONAPH3ATOP YHOCUTCSA C PTYTHOH KalljieH, He ychmeBasi BOCCTaHO-
BHUTHCA. :wxo%ﬂoew%spﬂxm B pacTBOpe KHCJOPOA HEe MEWaeT onpe-
JeJIEHHIO. ‘

MpuGopsl U peakTHBL

Ocyunnoepaduueckui noaspoepagp.

JaexTposusep.

Pryrueii xanaroujuii anexrpoo.

- Hacouyennoul kasomenrsnotl aaekTpod.

Mepnasn xoaba BMecTHMOCTBIO 50 MJL

TI'padyuposannas nunerka BMECTUMOCTBIO 10 MJL

Pacrsop eudporxcuda kasrus, 1 M.

Crandaprreui pacrsop tuokapbamuda, 10-2 M.

Anaausupyemoui pacreop tuokapbanuda, ~10-3 M.

Brinoanenne paborbl. B MepHyio KOJ6y BMecTHMOCTbIO V BHO-
car munetko#t 5 ma (V') mccaexyemoro pactsopa, 25 Ma ¢GoHOBOro
SJIEKTPOJIUTA, JOBOJAT A0 METKH AMCTHJJIHPOBaHHON BOXOH ¥ mepe-
memuBaor. Ilepenocsat nunerkoit B anexrpoausep 9 ma (V,) npu-

" FOTOBJIGHHOT'O DAacTBOPa H PETHCTPHPYIOT OCIHJIIONOJSIPOrPaMMY.

Hsmepsiior notennuan u BhicoTy nuka (hx). [Tunerkoit n106aBasioT B
anextposausep 1 ma (Ver) crangapTHOro pactsopa THOKap6aMuna,
fepeMelluBaloT, PerHCTPHPYIOT OCHHJIJIONOJSPOrPaMMY, H3MepsIoT
BHcoTy nuka (k). Konmentpauuio THOKap6aMHia B HCCIELYEMOM
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pactBope (C) BHIYHCASIOT 1o tdopmyae:
- Cer v eV
TE§+_\sv\sz\svlai_\&.s. Tcs\ilw.s.

OrnpezeneHne IOBTOPAIOT HECKOJBKO Pa3, H3MeHsAs o6bweMm Ho6aBJse-
MOTO CTaHAapTHOrO pacTBopa.

Pabora 5. Onpedearetiue cepebpa merodom uneepCUOHHOL
B0AbTAMNEPOMETP UL

Ilpu onpenenennu HOHOB cepeGpa B pa3GaBJeHHHIX pacTBOpax (Ao
10-5 M) cepe6po mpenBapuTeNbHO HAKaNJIMBAKOT Ha NMOBEPXHOCTH
rpaduTOBOrO 3J€KTPOAA B BHIAE MeTaJJa H 3aTeM aHOIHO PacTBOPI-
0T IPH H3MEHEHHH NOTeHnHaJa. MakcuMaJbHBIH TOK 3JeKTpopac-
TBOpeHHs cepebpa sBJsercd JHHEHHON ¢yHKUHe#l OOBEMHOH KOH-
HeHTpauuH uoHoB Agt. OmnpemeneHHIO He MEMIAIOT 3HAUHTEJbHEIE
koaudectBa Cu?t, mo3TOMy METOJ MOKHO NPHMEHATb JJIS ONpexnese-
HHA cepe6pa B MelM H MeJHHX chiaBax. IIpu noasiporpadupoBanuy
CJIelyeT HCIIOJb30BATh BHIHOCHOH KaJIOMeJbHHIH 2JeKTPOA BO H3Ge-
XKanue nonananus uoHos Cl~ B aHaJH3HPyeMHIH PacTBOP.

[IpuGopH 1 peaKTHBH . :

IToaspoepag moGoit Monen.

Maznutnas mewaaxa.

Saexrpoausep.

T'paguroseui saexrpod.

Hacouyennoui xaromerornvii saexrpod.

Ilpomesicyrounoul craxan W 3A4eKTPOAUTUMECKUI KAO4, 3aloiHeHHHe 1 M
pacrBopom KNOs,
Quuujennol asor.
Mepnan xorba BMecTHMOCTBIO 50 ML
ITunerxa BMecTuMOCTBI0 10 M.
Pacrsop nurpara xaaus, 1 M.
Crandapraoul pacteop nurpara cepebpa, 10—-3 M.
Ananusupyemoui pacreop rurpara cepebpa, ~10—4 M.

Brinonnenne paGothl. AHaJIH3HPYEMEIH PacTBOP B MepHOH Koabe
pasbaBasioT 40 METKH PacTBOPOM HHTpaTa Kaausi ((OHOBEIH 3JieK-
TPOJIMT) M TLIATeJbHO NepeMeluBaioT. [TuneTkol mepenocaT 9 ma
3TOr0 pacTBOPa B 3JMEKTPOJAH3ED, MOTPYKAIOT IPaUTOBHI HJIEKTPOL,
H 3JIEKTPOJIHTHYECKHA KJIOU, KOTOPHIH Yepes NPOMERYTOUHHE pac-
T80p KNOj3 oCylnecTB/seT KOHTaKT C 3J€KTPOLOM cpaBHeHHs. Ile-
a3pHpPYIOT pacTBOP 5—7 MUH TOKOM a30Ta M IPOBOISIT 5JEKTPOJIH3
IlepeMelIiBaeMoro pacrtsopa npH norenuxane 0,00+0,050 B B Tege-
Hue 10 muu. Ilpekpamaror nepememuBanue u uepes 20—50 ¢ peru-
CTPHPYIOT aHOAHYIO IIOJIAPOrpaMMy IPH HI3MEHEHHH NOTEHIHAala OT
3HaueHHs INOTeHUHa/jla HakolyeHus no -+0,4 B, dukcupys makcu-
‘MyM TOKa pacTBopeHHs cepeGpa npu +0,3 B.

ITIpoBOASAT 37€KTPOXHMHUECKYIO OUHCTKY NOBEDXHOCTH rpadyHTO-
BOTO 3/€KTPOAA, /IS YEro, He H3BJIeKas JMEKTPOJ H3 aHAJTHIHPYye-
MOTO pacTBOpa, yCTaHABAHBAIOT notednHaa 0,4 B u B Teuenne 2
3 MHH IDOBOAAT 3/IEKTPOPACTBOPeHHe cepebpa C MOBEPXHOCTH SJIeK-
‘Tpoia. IIpoBepsaior HOMHOTY OYHCTKH, 3a1aB aMIVIHTYAY H3MeHeHHS
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potenuuana 0,00-+0,40 B: orcyrcTBHEe aHOAHOIO NMHKA CBHAETENBLCT-
ByeT O NOJHOH OYHCTKEe rpagHTOBOrO SJEKTPOJa H INPUTOLHOCTH €ro
K JasbHeHwnM onpejenenuam. CojepxaHHe HOHOB Agt ompenens-
10T MeToJoM H06aBOK, 1JA Yero B 3JEKTPOJH3ep C aHaJH3HPYeMbIM
pacTBOpOM MNHNeTKOH BHocAT 1 MJa cranmaptHoro pacrBopa AgNO;
7 NOBTOPSAIOT CTaAMH HAKONJIEHHS W PaCTBODEHHS, CTPOro cobiionas
1lepeuHCJIeHHbIe YCIOBUS.

Coznep:xxanne cepefpa B HCXOJZHOM pacTBOpe C yuetoMm pasbas-
JICHHS PacCYHTHIBAIOT 10 ¢opMmyae (cM. paboTy 4 RaHHOTO pas-
Iena). ‘

2.5. AMIEPOMETPHYECKOE TUTPOBAEUE

{lonsiporpaduueckufi MeTon aHa/ju3a LWIHPOKO HCHOJBL3YIOT IJS HH-
JMKAIHH TOYKH 5KBUBAJEHTHOCTH npu tHTpoBaHuu. IlocKoJibky pe-
THCTPUPYEMBIM aHAJHTHUECKHM CHTHAJ/JOM IIDH 5TOM SIBJSETCA TOK,
TAKOe THUTPOBAHHE HA3LIBAIOT aMIleDOMETpHUecKUM. AMmepomeTpu-
YeCKOe THTPOBaHHe NPOBOAAT NPH NOTEHLHAJe, COOTBETCTBYIOILIEM
npenenbHoMy AHGY3HOHHOMY TOKY JeIOJspHU3aTOpa-— ORHOTO H3
VYaCTHHKOB XHMHUYECKOH PEakIHH, H PETHCTPUPYIOT H3MEHEHHE TOKA
B XOZe THTpoBaHUs. IT0 KPpHBOH 3aBUCHMOCTH TOK — 00bEM THTPaH-
Ta HaxOAAT TOYKY SKBHBAJEHTHOCTH. AMIIEPOMETPHUYECKOEe THTPOBa-
HHe BO3MOXKHO IPH HCIOJb30BAaHHH XMMHUECKOH peaKUHH, OTBEYalo-
el TpeGOBAHUAM THTPUMETPHH, B XOJe KOTOpo#l B o6beMe pacTBo-
pa H3MeHseTCs CORep:KaHHe MOoJAporpaduuecKd aKTHBHOI'O KOMIIO-
HEHTa, a4 CJEJOBATEJbHO, B COOTBETCTBHH C ypaBHeHHeM HJIbKOBH-
ga (2.11), npeaenbHHH TOK €ro 3JEKTPOXMMUUYECKOrO BOCCTAHOBJIe-
HHA KM OKHCJEHUs. B3amMocBA3b MeXIy BOJBTAMIIEPHBIMH KpPHBBI-
MH H KPHBOf 3aBHCHMOCTH NPE€AEJbHOTO TOKAa OT oObeMa INOoJspo-
rpadHuecKH aKTHBHOTO THTPaHTa NpejcTasjeHa Ha puc. 2.27. Kpu-
Bas aMIepOMETPUYECKOro THTpoBaHus (puc. 2.27) cOCTOHT M3 ABYX
JMHEAHBIX YUaCTKOB, IlepeceyeHHe KOTODBIX COOTBETCTBYET TOYKe
3KBHBaJeHTHOCTH. PopMa KPHUBOH 3aBHCHT OT TOrO, KAKOH H3 KOM-

' IOHEHTOB XMMHUECKOH peakluy fBJAsETCS NOJAsporpaduyecku akTHB-

HBIM (00 TOKY KAaKOrO KOMIIOHEHTa NPOBOJAHTCS HHAMKALHA TOUKH
skBuBajsienTocTh). Ha puc. 2.28 uzol6parkeHbl OCHOBHLIE THIBl KPH-
BEIX aMNepOMETPUYECKOro THTpoBanud, a B Tabua. 2.1 naHsl noscHe-
HHA U NPHUMEPHl THTPOBAHHIL

B npuBeaeHsHX B P .
Taba. 2.1 npumepax THTPO- -t
BaHHS HHIMKATODHEIM £B-
JseTcsl OXUH  3JeKTPOJ. e
Bo3smoxHOo ammnepomerpH-

Puc. 2.27. BoabramnepHele KpH-
BHe (0) u KpHBas aMInepoMeTpH-

YeCKOro THTPOBaHHSA . (6) 3JeKT-

POXHMHUECKH AKTHBHOIO ONPEAE- ) £ , v
AAEMOro BeIecTBa
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I a |1 611 6 | mepomerpuueckoro THTpOBa-
gus.  (moAcHeHHs CM. B
raba. 2.1) .

YecKkoe THUTPOBaHHE €
OBYMS MHIAHKATOPHBIMH
ry v T3 v 3 V' anexTpoZaMH: B aHaJH-
" 3UpyeMOM pacTBope Ha-
XOJATCS JBa OJHHAKO-
I By 3 11 , ¢ | BHIX 3JIEKTPOAA, MEXAY
, KOTOPBIMH C  IIOMOILBIO
!
/o i
| |
: I Hanuuue Toka B suefl-

BHELIHETO HCTOUHHKA TO-
\3 Vo s 3 / ke CB3AHO C 3JEKTPO-

xmnogmm%xmmmaommm-
GoJipias pasHoCTh MO-

. XMMHYECKHMH Npouecca-

MH Ha ABYX 3Jekrpopax. Tok u ¢opma KpHUBOH THTPOBAHHUSl 3aBH-
caT OT 06paTUMOCTH KAaTOLHOrO H aHOJHOrO NPOLECCOB, MPOTEKAlO-
IIMX Ha 5JeKTpofax. i MOJHOCTBIO OGPATHMON Maphbi, OKHCJIEH-
. Hasg $hopMa KOTOPOH MOXKET BOCCTaHaBJMBATLCA HA KaTOAE, a BOC-
CTaHOBJICHHAs] OKHCIATbC HA @HOJAE, MAKCHMAJBHBIM TOK Gyner
Ha6MONaThcAd NPH COOTHOUIEHMH KOHUEHTPAaIHH OKHCICHHOM H Hﬂoo.
craHoBJeHHOH (opM B oObeMe pacTBopa, paBHOM eAuHHLE. LlIpH
OJMHAKOBOM pasMepe M MaTepuaje 3/eKTPONOB «BKJaA» KaTOLHO-
ro ¥ aHOAHOTO MPOLECCOB B 3HAYEHHE TOKa OJMHAKOB: KpuBas THT-
poBaHMA CHMMETDHYHA, IO Hauala THTPOBAHHS M B TOUKE ISKBHBA-
JIEHTHOCTH TOK paBeH HYJI0. Ec/H OKHCJIHTENbHO-BOCCTAHOBUTE/b:
Hasl Tapa THTpaHTa Heo0paTuMma, Mocje TOUKH SKBHBAJCHTHOCTH
TOK OCTaeTcs paBHHIM HYJIO, eC/IH Napa THTpaHTra obpaTuma, TO
nocje TOYKM SKBUBAJEHTHOCTH TOK BO3pacraer 3a CUeT Y4YacTH#

Tabauya 2.1. Tun xpusod 8 3asucumocTd OT ycaosud AMNEPOMETpULecKozo

Puc. 2.28. TunH KPUBHX aM- v

tennuatos (10—50MB).

THn KpABOA
B COOTBETCT-~
BHH ¢ pHC. 2.27

XuMnyeckas peakuus

a Pb2++S0,2~—>PbSO,}
6 Ba?++CrO22~—>BaCrO4

6 Pb2++ CrO42~—»PbCrO,}

2 Fe?+4-VO3+—s-Fed+4VO2+

. AsO2- 421~ 2H*—>AsOg*~+ I+ H;0
e Als+4+6F-—>AlFg- (Ig p=19,84) u
Fe®++ 3F-—»FeFs (IgB=291)

B S/EKTPOLHOM MpoOIiecce MapH THTpaHTa (puc. 2.29). Hpumepom
PeaKknuu, B KOTOpOil obpaTumasi cHCTeMa THTpYeTcs Heo6paTHMOi,
AIBJIIETCA NepMaHraHaTOMETPHYECKoe onpeleleHHe coau Mopa:

5Fe?* 4 MnO,~ 4 8H+ — > ‘5Fes+ 4 Mn2+ - 4H,0.

" Ilpu nocrosiuHom Hanps:xenun, Hanpumep 50 MB, no Hawana tuTpo-

BAHHUS TOK B L(ENIH HE BO3HMKAET, OCKOJBKY JIJIs1 3J€KTPOXHMHYECKO-
ro oxucienns Fe?t Ha aHoZle HeOGXOHMMO 3HAUHTEJNLHO GOJblIee
Hanpskenne (nmpumepro 1,0 B). ITo mMepe rTuTpoBamms B pacrBope
HakannuBawoTcs Fe**, u nockonpky mapa Fed+/Fe?+ o6paruma (mo-
TEHIHaJ aHOAHOrO OkKuciaeHus Fe?t um karomHoro BoccTanoBJeHHS
Fed+ coBnajaor), 10CTATOYHO MHHHMaJbHOTO HaOpsiKeHus LJs Ipo-
XOXACHHS 3JIEKTPOJHOIO NpoLecca Ha KaToAe H aHOJe:

Fe3+ |- = — Fe?+ ma karoze,
Fe?t—. ¢ — > Fe3* na anope.

IIpu turpoBanuu TOK Gymer BO3pacTaTh H JOCTHCHET MAKCHMAJbHO-
TO 3HA4YEHHUA NpPH DPaBEHCTBE KOHUEHTpaluHuH OKHCJCHHOH H BOCCTa-
HOBJIEHHO! ¢opm Xesesa B pactBope (50% orturpoBuBanus). [lpu
AaJbHeHALIeM THTPOBAHHH coiepxanue Fe?t B pacTBope CTaHOBHTCS
3HAYUTEJbHO MeHblle, yemM Fedt— Tok B menu ymenpluaercs u jo-
CTHTa€T HYJ/IeBOr0 3HAauYeHHs B TOYKE SKBHBAJEHTHOCTH. [Ipu na/b-
HefilleM NPHOAB/IEHUM THTPAHTA TOK HE H3MEHSETCHl, HOCKOJIBKY
OKHCJINTEe/IbHO-BOCCTAHOBUTENIbHAS T1apa THTPAHTA HeoOpaTHMa.

Ha kpuBofi aMIepOMeTpHYECKOTO THTPOBAHHS BGJIH3H TOYKH K-
BHBAJIEHTHOCTH BMECTO PE€3KOro H3JIOMa HHOIAa HaGJlOfaeTcs IJiaB-
HBI{f IEPEXO/l OT OHOTO JIHHEHHOTO yuacTKa K Apyromy (puc. 2.30).
Onna us mpHUHH 3TOro SIBJEHHS — pasbaBiieHHe PacTBOpA IO Mepe
npubasiienuss THTPaHTa. UTOGH YCTPAHATH «PasMBIBAHHE» KDHBHIX
THTPOBaHHS BOJIM3H TOUKH SKBHBAJEHTHOCTH, CJAEAYeT NyTeM JONOJ-
HHUTEJPHBIX PacyeTOB KOPPEKTHPOBATh TOK, PEFHCTPHPYEMHLIH B KaiK-
RBIH MOMEHT THTpOBaHHA. JLJIsi TOrO 4TOGH He yCJIOMHATH THTPOBA-
HHe TakHM 00pasoM, KOHIEHTPALUsi PacTBOpa THTPAHTA JOJKHA

TUTpOBAKUA

\

DNeKTPOXUMHYECKAS. PeaKIUs YUacTHHK XHMHUCCKO[ DeaKI(Hi — JCHONSIPE3ATOD

Pb?++2e-=Pb

, OnpezensieMoe BeilecTBO Ph2+
CrO42~+3e~+8Ht==

Turpaut CrO2~

==Cré++4H,0

Pb2++2e-=Pb OnpenenseMoe BewecTBO Pb2+ u TuTpamt
CrO42-+3e—+8H+= CrO42-

==Cr3++44H,0

Fe?+—eg—=>Fed+
VO3t 4 e—=VO2+
I+2e—=2]-
Fet+ +e—==Fe?+

Onpegensiemoe BemecrBo Fe?t okucasercd,
tuTpanT VO3+ ‘BoccraHaBaHBaeTcs

[Tpoaykr I,

WnzuxaTtopueift non Fed+
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Pre. 2.29. KpuBnle aMmepoMeTpUuecKOro THTPOBAHHA ¢ pmwzmmmmh:w»eovmmzs
3JIEKTPONAMH:

1 — TuTpOBanHe o6partuMOfl cHCTeMBl 06paTHMON; 2 — THTpOBAHHE OGDATHMOR CHCTEMEI Hew-
o6paTHMOl ’

.

Puc. 2.30. Kpusas aMmepoMeTpHuecKoro THTPOBAaHHS, NOCTDOGHHAS 63 yueTa:
pasbasaeHns

ObiTb NPUMEPHO HAa NOPSAAOK GOJblle, 4eM PACTBOPA ONpeneaseMoro
KOMIIOHEHTa, IPH 9TOM HCHOJB3YIOT MuUKpoGooperky. [Ipuunnoft uc-
KaJKCHHSl KPHBHIX THTPOBaHHS MOKET TaKXe CJAYXKHTb HeJOCTaTOYHO:
Majiasg pacTBOPHMOCTb 06pasyiollerocs B XOA€ THTPOBAHHS OCAIKa
HJIH HEJOCTaTOYHO 6OJIbIIAS YCTOHYHBOCTL KOMILJIEKCHOTO COEIHHEe-
HUA. DTH SABJICHHSA JIErKO YCTPAHUME YACTHYHO HJIM TIOJHOCTHIO HOJ-
6OpOoM COOTBETCTBYIOIHX YCJOBHHl THTpoBaHus. Hanpumep, moHu-
3UTb pacTBOPHMOCTb ocajika PbSO,, obpasyiomerocs B Xxoxe amme-
POMETPHUECKOr0 THTPOBAHHUSA, MOXKHO BBEJEHHEM 3THJIOBOTO CHHPTA.
Ecnu Bce xe KpuBasi aMnepoMeTPHYECKOr0 THTPOBAHHS «CIyaXKeHay
B6JH3H TOUKH SKBHBAJIEHTHOCTH, NOCJEHIO HAXOAAT 3KCTPaNoJs-
upell ee MHHEAHHIX Yy4aCTKOB.

ITpu amMnepomeTpHYeCKOM THTPOBAHHHU CJefyeT 0c060e BHHMAaHHEe
yIenats Beibopy noJsporpaduueckoro ¢oHa, YUATHBAS BOIMOXKHHEE
noGoyHble XHMUUECKHE PeakluH, CBA3aHHHE C U3MEHEHHEM paBHOBE-

CHfl XMMHYECKOH peakHMM THTPOBaHHA M COCTOSHUS HOHOB OIpeje-
JISeMOrQ BellleCTBA H THTPAHTa B pacTBOPe.

Ilepen BHIMO/IHEHHEM aMIIEPOMETPHUECKOTO THTPOBAHHS HE06X0-
JHMO Ha aMIepOMETPHUYECKOH! yCTaHOBKE 3aperHCTPHPOBATH BOJILT-
aMIEpHYI0 KPHBYIO 3JIEKTPOXHMHUYECKH AaKTHBHOI'O KOMIOHeHTa. [lo
5TOH KpHBOH BHIOHpDAIOT MOTEHIHAJ AJS TUTPOBAaHUS, COOTBETCT-
BYIOIHHA yuacTKy HpefenbHOro AHGD(PY3HOHHOTO TOKaA.

+ AHaJHTHYeCKHe BO3MOXKHOCTH METOJa aMIepPOMETPHYECKOrO THT-
POBaHHA WMIUPOKH. DTHM METOAOM MOXKHO ONpPEARJATb NPAKTHIECKH
BCe 3J/IeMeHTH NE€PHOANYECKOHR CHCTeMH M 60JbllIOe YHCJO0 Opranuye-
CKHX COeJMHEHHH, HCIOJB3ys PeaklHH OCcaXKAeHHdA, KOMIJIeKcoobpa-
30BaHMs], OKHUCJIEHHT — BOCCTAHOBJIEHHS H KHCJOTHO-OCHOBHOTO B3aH-
mozefictBus. OCHOBHHM JAOCTOMHCTBOM METOJa SBJISETCHA BHCOKas
H36HpaTeNbHOCTh: NMOAGOPOM NOTEHIHAaJa AOCTHralOT YCJIOBMH, NpH
KOTOPHX B 3JIeKTDOXHMHUYECKOH peakUHH yuacTByeT TOJIbKO OXHO
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~BHTROR Memajku; 7 -— MHKpOGIOpeTHA

by

' BEIeCTBO H3 MHOTOKOMIIOHEHTHOH . CMECH — YYAaCTHHK XHMHUeCKOH
~ peakuuu. Huxunil mpeles onpejesnsieMblX KOHIEHTpauui

10-¢ M.
BocnpoH3BOAHMOCTb Pe3yJbTATOB 3HAUHUTE/IbHO Jyullle, 4eM B METO-
Je nosasporpadHYecKOro aHajin3a, NMOCKOJbKY DErHCTPHPYIOT H3Me-
HEHHe TOKa B XO0Ze THTpoBaHusA. [Io 3TOl e npHuMHe OTHajfaer He-
06X0AUMOCTb YAAJATh M3 PAacTBOPA KHCJOPOJ M NOAABJAATH NOASAPO-
rpaduueckie MaKCHMyMbL. MeTox NPOCT U He TpebyeT cNoXKHOA A0~
porocrosimeff anmapaTtypsl (THTPOBaHHE MOXKeT OHITb IPOBEIEHO Ha
JoGoli noasporpaduueckoil yCTaHOBKe).

IlpuHuEnHaNbHAS cXeMa aMIIePOMETPHUECKOH YCTaHOBKH Takas
Xe, Kak moasporpaduueckodl (cm. puc. 2.23), HO annaparypHoe
odopmyieHre ee MOXKET OHTb CYUIeCTBEHHO YIpPOILleHo. AMmepomer-
pHyecKas yCTaHOBKAa MoxeT OHTb co0paHa HeNOCPEACTBEHHO Ha
n460paTOPHOM CTOJie U3 JOCTYNHHIX H Hepoporux npubopos. B komn-
JIEKT YCTAHOBKH JOJIXKHHI BXOJZHTb: HCTOUYHHK NOCTOSIHHOTO Toxa (Cy-
XOf 3/IeMEHT, aKKYMYJATODP), BOJbTMETP NOCTOSTHHOrO TOKA, MUKPO-~
AMIEpMETP [OCTOSHHOrO TOKa YyBCTBHTeJbHOCTBIO 1078—10-% A/nme-
JieHHe, NOTEHIIHOMETP HJIM MarasyH I[epeMeHHOT0 CONPOTHBJEHHST
npuMepHo Ha 1 kOmM, MarauTHas MeHIaJKa HJIH 3JEKTPOMOTOD, Bpa-
IMAalMmuil HHAMKATOPHBIE 3JIEKTPOX, 3JEKTPOXHMMHUeckas suefika,
BRJOUAIOILAS COCYA AJSA TUTPOBAHHA (9TO MOXKeT OHITb XHMHYeCKHH
craxad HeGOJbIIOK BMECTHMOCTH), MHKPOGIODETKY H CHCTEMY 3JeK-
tponos. Takoro tuna ycranoBka usobpaxena Ha puc. 2.31. ;

B ycraHoBKax ¢ OJHHM TOJSPH30BAHHBIM 3JIEKTPOJAOM B KayecT-
B€ MHIHKATOPHOrO NPHMEHSIOT PTYTHHA KaNmamollHA MM TBEPAHH
Bpamatwowuiica Mugposaekrpod (Pt, Au; Ti, W, rpadur, yraecurana
u Ap.). PTyTHBI Kanalomuit 31eKTPOM NPHTOAeH /sl THTPOBAHHA IO
TOKY 2JIEKTPOXHMHYECKOTO BOCCTaHOBJIEHHS, TaK KaK €r0 MOXKHO HC-
10Jb30BaTh B HHTEpBaJse moreHnuanos +0,2+-—1,8 B. Ilna perucr-
palKH TOKOB aHOAHOTO OKHCJIEHHS B XOA€ THTPOBaHMs NPUMEHSIOT
TBepABIE 3JIEKTPOAH, PaGouMil HHTEPBaJL MOTEHIHAJOB KOTOPHIX
CABHHYT B 06sacTh GoJsiee NOJIOKHTENbHBIX NOTeHnMano0B. Ilpu Bpa-
IEHHH WM BHGpAlMH TAKOTO 3JIEKTPOJAa C IOCTOSIHHOH CKOPOCTHIO
yMeHbliaeTcsl ToJIUHA AN} YSHOHHOTO CJIOs, YTO NPHBOMAHT K BO3-
PacTaHHIO aHAJHTHYECKOrO CHTHAaJja, CJIE€A0BATENbHO K YBEJIHYEHHIO
YyBCTBHTENbHOCTH. KpoMe TOro, mepeMemiuBanue pacTBopa — Heol-
XOJHMasi orepalusa npu Jo6oM THTPOBAHNH.

DJeKTPOROM CPaBHEHHsS CJy-
KAT KaJOMeNbHHH, xJopcepeb-
PAHBIA 3JEKTPOIB HJH CJIOH PTy-
TH Ha JXHe aJekTponausepa. [lpu
THTPOBAHHH C ABYMS HHIHKATOD-
HBIMH 2JIEKTPOJAMH  HCHOJB3Y-

Puc. 2.31. Awmnepomerpuyeckass ycra- y
HOBKa:

I — HCTOYHHK  HAOmpsKeHHsA; 2 — PeOXOpna;
8 — BoabTMETD; 4 — MHKpOaMIepMerp; &5 —
BACKTPOXMMUYeCKasa sdYellka; 6 — AKOPL Mar-
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DY
40T B2 OAMHAKOBHIX (peXXe H3 PAa3HOFO MaTepHaJa) NOJAAPH3YEMBX
9JIeKTpoJa, paboyas NOBEPXHOCTh KOTOPHIX He perylaMeHTHPOBaHA
TaK CTPOro, Kak B nojasporpacdud, MaidbIMH pasMepaM#, HalpHMep,
MOryT GBITb MCIIOJNB30BAHBl IJIATHHOBble IVIACTHHKH MJIONIAJIbIO
-okoJo 1 cM2.

[Ipn aMmepoMeTpHYecKOM THTPOBAHHHU CJeAyeT OTAaBaThb Npen-
[IouTeHHe MUKPOOIOpeTKaMm, AJS TOro yToObl MOXHO ObIIO NpeHe-
Opeub pa3baBJjieHHEM pacTBOpa B XOJe THTPOBAHUA H He BHOCHTDb
COOTBETCTBYIOIHE NONPABKHU B 3HAUEHHE TOKA.

MertolKa BHITOJHEHHS aMIIEPOMETPHUECKOTrO THTPOBAHUA BKJIO-
yaeT CJeAyollue olepaluy.

1. ToroBaT anexTpoabl K paboTe, AJA 4ero TINATEJNbHO MPOMBI-
BalOT TBepible 3jeKTpoiabl pactBopoB HNO; (1:1) m MHOrokpar-
HO JHCTHJIIKPOBAHHON BOJOIM; sl PTYTHOrO Kamalolero 3JeKTpoxa
yCTaHaBIUBAIOT HEOGXOLHMYIO CKOPOCTb KalaHHus PTYTH.

2. Co6upaoT aMIepoOMeTPHUECKYI0 YCTAHOBKY HJIH, IIPH HCIOJb-
30BaHMH moJjsAporpada, MOAKIIOYAIOT 3JMEKTPOALl K COOTBETCTBYIO-
I0HM KIeMMaM, co6oas noJspHOCTD.

3. 3anonHsaT MAKPOGIOPETKY PAacTBOPOM THTDPAHTA.

4. BBopaT B COCy/ [AJst THTPOBAHHS aHaJH3HPYEMHH pacTBOp H
pacTBOp (HOHOBOTO 3JIEKTPOJIHTA, IOTPYKAIOT IMTEKTPOAHL.

5. YcTaHaBJAMBAIOT HEOGXOAMMEIE NPH BHINOJHEHHH paboOTH MHO-
TeHLHaJ (C MOMOIUBIO NMOTEHIHOMETpa MJIH peocTaTa) H 4acrory
BpallleHus] HEAMKATOPHOTO 3JeKTPoAa B npenenax 200—600 o6/muH.
TIpH HCMOMB30BAHUH PTYTHOTO KaNaKOIIEro 3JIEKTPOAA HJIH IBYX HH-
JUKATOPHBIX 3JE€KTPOJIOB NepeMellMBAHHE OCYLIeCTBIISIIOT sz.ﬁmom
MellaJKoH.

6. TurpoBaHne NPOBOAST, NpHOaBJSA - THTPAHT MNOPLUHAMH - IO
0,1 M1 u perHcTpupys IOKa3aHHs MHKpoamIepmerpa A0 TeX Nop,
II0Ka He [POHM30HAET pe3koe H3MeHeHHe NoKasanui. TurpoBaHHe No-
BTOPAIOT HECKOJIBKO pa3, N00apjsisi THTPAHT MEHBIIMMH NOPUHAMH
B6JM3H TOUKH 3KBHBAJEHTHOCTH. Co-

7. Tlo pesyJbTaTaM THTPOBAHHS CTPOST KPHBYIO B KOOpJAMHATaX -

I—V, 10 usjiomy Ha KpHBOH onpefensioT 06beM THTPAHTA, COOTBET-
CTBYIOIHA TOUKE SKBMBAJEHTHOCTH U DACCUMTHIBAIOT CONAEpKaHHE
.OTpeieNIsIeMOro BelllecTBa, YUHTHIBas pasbaBiieHHe pacTBOpa B Mep-
HOll KoJ6e nepel THTPOBaHHeM. Pacuyer NIPOBOAAT 10 OXHOH M3
-bOpMYJI, HCIIONB3YEMBIX B THTPHMETPHH. . _

8. OKOHYMB TUTDPOBaHHE, aMIEPOMETPHYECKYIO YCTaHOBKY Jle-
MOHTHPYVIOT: OTKJIIOUAIOT HCTOYHHK TOKA, NIPOMBIBAIOT 3JIEKTPOAB H
GIOPETKY NHCTHIIHPOBAHHOK BOAOH. DJIEKTPO] CPaBHEHHs IOMella-
o1 B HaceumeHHsl# pactBop KCl (mim xpyroi 3/eKTPONHT, KOTO-
PHM 3allOJIHEH 3JIEKTPOA); TBEPALle 3JEKTPOABl XPaHAT Ha BO3AY-
Xe, KanWiasp PTYTHOTO KaNaloIIero 3JIeKTPOAa —B AHCTHJLINDO-
BaHHOH BOJeE.

Jlns BeGopa MOTeHIHasNa nepej HauajloM THTPOBAHHA PErHCTPHU-
PYIOT BOJLTAMIIEPHYIO KDHBYIO 3JI€KTPOXUMHYECKH aKTHBHOIO CO-
e[HHEHHs, 0 TOKYy KOTOpOro OyaeT mposeieHo THTpoBanue. C aTof

LIEJBbIO B COCYJ JJif THTPOBAaHHS NOMEINAIOT pacTBOp 3TOro BEILCCT-
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Ba, BHOCAT (POHOBHIA 3JIEKTPOJIHT, NOTPYKAIOT JMEKTPOJH, YCTAHAB-
JIHBAIOT PeXHM llepeMellIMBaHHS M, H3MEHss C MOMOMNIBbIO peocTaTa
HanpsiKeHHe, N0JaBaeMoe Ha JeKTPOAB, PETHCTPHPYIOT COOTBETCT-
Bylolllee 3HaueHHe Toka. MamepeHus Toka IpoOBOAAT noc/ie H3MeHe-
Hus noTeHuuana Ha 100 vB B unrepBane +0,2+—1,8 B gaa pryr-
Horo u —0,3--1,5 B s TBepaoro anektpoaoB. CTPOAT 3aBHCHMOCTD
I=f(E), Bui6upaloT NOTEHIHAJ, COOTBETCTBYIOIHA NJOHIALKe Npe-
IneabHoro auddysnonHoro toka. O6runo ow wa 100—300 MB oran-
yaetca ot Eyy,.

- Pabora 1. Onpedesenue uonos Cd2+ u Zn2+

‘D.,.mm HEQ@O&NENM Noddhvw%se @mmwpm\:\m oCaxneHusl.
BCA2+ - 4K,4[Fe(CN)y] —> K,Cd;[Fe(CN);la} + 10K*,
3Zn+ 4 9K,[Fe(CN);] — K,Zn,[Fe(CN)gl,§ + 6K+

C bmﬂso,ﬂwmpxmm TOKa 3JIEKTPOXHUMHYECKOr0 OKHCJIEHHSl TUTpAliTa Ha
BpallawUieMCcAa IJIaTHHOBOM aHone:

[Fe(CN)g]*~ === [Fe(CN)4l*~ -+ ™.

B kauvectBe karona BHIGHPAIOT HACLIIEHHBIH KaJOMEJbHHE 3/eK-
TPOX. .

Tpnu6opsl U peakTHBH

Aunepomerpudeckan ycranoexa moGOro THIA.
Il aatunosoul spawniowuiica muxpossexTpoo.
Hacouyennoul karomensvroil 34e51p00.
Mepnas koaba sMecTEMOCTBIO 50 M.

. T'padyuposannas nunerka BMECTHMOCTBIO 5 M.
Mepnoul yuaundp. sBMecTUMOCTBIO 50 ML,
Mukpobroperca BMeCTHMOCTBIO 5 MJL.

Craxanb, BMECTHMOCTHIO 50 ML

Pacrsop cyasghara kaaus, 0,5 M. .

Pacrsop eexcayuanopeppara Il xaaus, 0,03 M.

Ananusupyemeul pacreop cyssara xkadmus (umHKa), ~10-3 M,

Beinoanenue pa6orsl. Ilepex TuTpoBaHHEM BHIGHPAIOT MOTEHIH-
an snexkTpoxumuueckoro oxucienus Ky[Fe(CN)g], nss uvero neo6-
XOAMMO 3aperuCTPHPOBaTh BOJbTAMMNEPHYIO KpuByH. OUHImIAOT Mo-
BEPXHOCTb IJIATHHOBOIO 3JI€KTPOJa NOTPYKEHHEM €r0 B pacTBOP
HNO; (1:1), satem neckosbko pas pa6ouylo MOBEPXHOCTD 3JIeKTPO-
Ha OOMBIBAIOT LUCTHJJIHPOBAHHOH BOAOH. BBOAAT B 3JeKTposausep
I ma pactBopa THTpanTa, A06aBasior 30 MI (GOHOBOTO 3JIEKTPOJIH-
Ta, 3aMBIKAIOT LieMb, BKIIOYAIOT 3JEKTPOMOTOP, Bpamammui pado-
YHH MHUKPO3JIEKTPOX, M IIOCTENEHHO H3MEHSsl BHELIHIOI 5.].C. B HH-
TepBasie 0+2,0 B uwepes xaxame 0,2 B, perdcTpupyiorT mokazaHus
MuKpoamnepmerpa. CTpoAT (YHKUHOHAJBHYI) 3aBHCHMOCTb [—F
H BHIOHPAIOT SHAUEHUE NOTEHIHANa, COOTBETCTBYIOMmEE NPeeNbHOMY
TOKy OkucaeHHst K4 [Fe(CN)s]. :

Anannsupyemuit pactBop CdSO4(ZnSO,) momemaror B MepHYyIO-
K0JIGy BMECTHMOCTBIO 50 MJI, pacTBOp pasGaB/AIOT AHCTH/IHPOBAH-
HOH BOJOA 1O METKH, NepPEMELIHBAIT, MHKDPOGIOPETKY 3aMOJHSIOT
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pacrBopoM K, [Fe(CN)¢]. B anexrponusep nmnerkof BHOCAT 5 M
3TOrO pacTsopa, 30 Ma pacTsopa (GOHOBOTO 371€KTPOJIHTA, NMOTPYKa-
10T SEKTPOJH, BKJIIOUAIOT SJIEKTPOMOTOP, YCTAHABIANBAIOT NOTEHLHU-
aJj, COOTBETCTBYIOHIHA NpeNeJbHOMY TOKY OKHCJAEHHS THTPAaHTa,
u turpyior pacrBopoMm K,[Fe(CN)e], npubasass ero mopuusmMu no
0,1 Ma u permcTpupys noxasaHus MHKpoamnepmerpa. TurpoBanue
NOBTOPSIOT HECKQAbKO pas. Ilo pesysibratam THTPOBaHHS Swomm
KDUBYIO B KoOpAHHAaTaX [—Vk,[Fe(cN),], 10 H3JIOMY Ha 3TOH KpHBO

onpeneasor o6vem pactBopa K, [Fe(CNs)], coorBercTsyromuit To4-
Ke 5KBHBaJIEeHTHOCTH H PaCCUHTHIBAIOT COAEp:KaHHE KaaMus (LHHKA)
B aHAJH3UPYEMOM pacTBOpe.

Pa6ora 2. Onpedeaenue uonos Ph+

Tlpu ucnosbsoBaHun B KauectBe TuTpaHTa pactsopa KyCr:O7 B xone

THTPOBAHHS B pacTBope ofpasyercsi MaJOpPacTBOPHMOE COeHHeHHe:

9Pb+ . Cr, 0.3 + H,0 ——> 2PbCrO,| -+ 2H*.

B 3aBHCHMOCTH OT mEmwmmmoH,o 3HauyeHusi noreHuuaJga Ha IJIaTHHO-
BOM  MHKPO3JEKTPOJE MOXKET OKHCAATHCA o:w.mhmammgom coeaunHe-
- HHe: ;
'Pb%* 4-2H,0 === PbO, 4 4H+}- 2"

HJIH BOCCTAHABJAUBATLCSA THTPAHT:
Cr, 0,2 - 14H* 4- 6~ == 2Cr3+ 4~ 7H,0.
IpuGopy H peaKkTHBH
TIpu6opu — cM. paGory 1.
Ayerarnoil Gygdeproiul pacreop.

Pacrsop KoCr04, 0,05 M.
Pacreop z:sumg ceunya Pb(NOs)e, = 10— M.

BuinosnHenne pa6otol. [ToTeHunas BHIGMPAIOT HA OCHOBAaHHU E@m.
THCTpAllud BOJbTAMIEPHOH KPHBOH onpepeisemoro BeulectBa. lle-
pen HauasoM paGOTH NOBEPXHOCTb IJIATHHOBOIO zxmwo.wamw%ohm
TIIATENLHO OYHLIAIOT, morpyxas ero B pacrsop HNO; (1 .g:. mmam%
SJ€KTPOA NPOMEIBAIOT HECKOJBKO Pas, JHCTH/IHPOBAHHOH BOJOH.
AHnanusupyemmuil pacTBOp B MepHOH KOJ0G€ NOBOAAT AO METKH HHC-
THJNIMPOBAHHON BOJOH, B S/IEKTPOJIN3ED BHOCAT 1 mJa sTOrO pacrso-
pa u 25 MJ aueraTHoro 6y¢depHoro pacTsopa. 3aMHKAOT nmuv wz-
nepOMETPHUECKOl YCTaHOBKH, BKJIOYAlOT MOTOP, Bpaliaiomui pado-
4Hi MHKDO3JIEKTPOJ, M NOCTENEHHO H3MeHss BHELIHIOW 3. A.C. B HH-
tepBaje 0,0+-2,0 B perucrpupyloT MNOKa3aHHs MHKpoaMmiepMmeTpa
yepes kaxisie 0,1’ B. Crposit rpaguk saBucumoctd /=f(E) u ompe-
JeNsIoT 3HaYeHue IMOTEHIHa/Ja Ha IJollajike Mpelle/IbHOro TOKa.

B aaexkTposnsep MHNETKON BHOCAT O MJI HCCJEAYyEMOro pacrsopa
u3 MepHOH xoa6m, 25 ma anerarHoro O6ydepHOro pacTeopa, Mo:%\.
KaIOT 3JeKTPOAH. MukpoGioperky 3anogusoT pactsopoM KqoCreO7.
BrJI04AIOT 5JEKTPOMOTOP, YCTAHABIHBAIOT NOTEHIHAN, SHAUCHHE KO-
TOPOr0 BHIGPAHO MO BOJLTAMIEPHOH KPHBOMH, THTPYIOT, PETHCTPHDYS
TIOKa3aHHS. MUKPOaMIepMeTpa HocJie KaX/OH MOpUuH Zo6aBJsieMo-
460 , , . !
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ro tutpanra (pacrsop K,Cr;0; npuauBaior nopunsamu no 0,05 ma).
Turpoanne nosropsior Heckonbko pas. Ilo pesyJabratam THTpoBa-
HHSL CTPOAT KPHUBYIO B KOOpAHHATAX \.I.Smpoawoq. HaxoxaT o6mnem

THTPAHTA, COOTBETCTBYIOIWIHH TOUKe SKBUBAJEHTHOCTH, H, HOJIB3YSACh
dopmysaMu THTpHMeTpHYECKOTO aHa/H3a, PaccuuTHIBAIOT cozxepKa-
HHE CBHHIIA B HCCJIEyeMOM PacTBope.

Pabora 3. Onpedenenue uonos Cu+

TurpoBanne npoBoAAT ¢ HCHOIB30BAHKEM IBYX HHIMKATOPHEIX 3JIeK-
TponoB. Onpenesnenne uoHoB Cu+ OCHOBAHO Ha XHMHYECKOH peax-
LLH¥ BOCCTAHOBJICHUS HX HOJHAOM KaJHs:

2Cu2+ + 417 ——> 1, + 2Culy.

BuipenuBmuiics I, Boccramas/uBaercsi Ha IUIaTHHOBOM 3JIEKTPOZE
(cucrema I,/2I~ o6patuma) u MoOXeT 6bITb OTTHTPOBAH DacTBOPOM
NayS;03 (cucrema S,042-/S,062~ HeoGpaTuMa).

IlpuGopu u peakTusw

Anmnepomerpuseckasn ycranoska mo6oro THma.

Ilratunossie saexrpode:, 2 mr.

Mepras koaba BmectuMocTsio 100 ML

Hunerka BMecTuMOCTbIO 20 MU,

Mukpobroperka BMecTHMOCTEIO 5 M.

Craxans. BMecTHMOCTBIO 50 MU,

Cepnas rucaora, 1 M pacrsop.
Hodud xaaus, cyxof.

Pacrsop Na,S,0s, 0,05 M.
Ananrusupyemoi pacreép CuSO,, ~10-3 M.

Buinonnenune paGorsi. Ananusupyemslit pacTBop B MepHO#H KoJa6e
pas6aByisiioT 10 MeTKH pactBopom H,SO,, nepemMeminBanT. [lTuner-
KOfl NIePEHOCAT B COCYA AJsi THTPOBaHHA 20 MJ 3TOro pactBopa, jo-
GaBaaoT npumeprno 1 r KI, pacTBopy AawT 3—5 MHH MOCTOSITD A4
34BEpIICHHS PEAKIMH, NOrPyXaloT B PACTBOP IVIATHHOBHIE 3JIeKTPO-
AHl, 3afaloT Hanpsixeraue 20 mB n THTPYIOT pacTtBOpoM NaS,0s,
PETHCTDHDPYSI NOKa3aHHSl TOKAa NOCJe NPHAHBAHHS KaKIoM HOPIHH
THTPaHTa (THTPaHT NpuGaBsiATh mo 0,1 Ma). [Mockonbky o6parumas
CHCTeMa THTpyeTcsi HeoOpaTHMOMN, 3HaueHHe TOKa CHayaJa 6yner
Bospacrarh, MPOHIET Yepe3 MAKCHMYM H B TOYKE SKBHBAJEHTHOCTH
AOCTHTHET NPaKTHYECKH HyJsl. THTPOBaHHE NOBTODSIOT HECKOJIbLKO
pas. Ilo pesysnbraTam THTpOBaHHS CTPOAT KPHBYIO B KOOPHHHATAX
—VNa,8,0,, Onpeneasior o6rem TUTPAHTa, COOTBETCTBYIOILHE TOY-

K€ 3KBHBAJIEHTHOCTH, H IO Gowg%hmg THTPHMETPHYECKOro aHaJu3a
PacCCUHUTHIBAKOT COACpIXKaAHUEe MeaH.

2.6. KYJIOHOMETPUS

HA%EOEOHSQH,@EM o6 beunserT METOABI aHaJNH3a, OCHOBAHHBIE HA H3-
MEDEHHH KOJIHYecTBa JJIGKTPHYECTBaA, 3aTpa4YeHHOro0 Ha SJEKTPOXH-
MHYECKYIO peakuHIo. zOomemmm NPHBOIHT K No.dﬁamoawmmmog%
OKHCJIEHHIO HJIH BOCCTAHOBJICHHIO onpejensieMoro BellecTBa HJIH Xe
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K NOJYYEHHIO NPOMEXYTOUHOTO peareHTa, KOTOPHIHA CTeXHOMETpHIe-
CKH pearmupyer ¢ onpejessieMbiM BelectBoM. OCHOBOR MeTOla KyJIO-
HOMETPHUECKOTO aHajqH3a fBaserca 3akoH {Papajes, yCTaHaBJH-
BAIOIHH CBS3b MEX/AY KOJHYECTBOM BElIECTBA, BHIENHBIIErocs Ha
3JEKTPOJie, H KOMHIECTBOM H3PaCXONOBAHHOIO MPH-HTOM 3JIEKTpHde-
cTBa:

P = MQ/nF, (2.20)

rie P —Macca 5JeKTPOXHMHUECKH NpEeBPAleHHOTO BeulecTBa, T; M — MOJKyJsp-

Hafg Macca; Q — KOJHMYeCTBO 3JIEKTPHYECTBA, Kia; n— 4HCJO 3JEKTPOHOB, y4acT-

BYIOIIHX B SVIEKTPOXHMHUECKOH DeaKiiHu; F —uncino Papapest, pastoe 96485 Ku,
Heo6X0AuMOE AJF 3AEKTPOXHMHUECKOTO NPEBDAIIeHHss OLHOTO SKBHBAJEHTa Be-
ImecTBa.

B 3aBHCHMOCTH OT MPOUCXOASIIUX B PAcTBOpe 3JEKTPOXHMHUYE-
CKHX TIPOIECCOB Pa3/HYaioT NPSAMYIO KYJOHOMETDPHIO H KOCBEHHYIO
(KytoHOMeTpHYecKoe THTPOBaHHE). ‘

KyJIOHOMETPHYECKH aHaJH3 MOKET OBITb BHINOJIHEH NPH [OCTO-
SIHHON BeJHUMHE TOKA (AMIIepOCTATHYECKasi KyJOHOMETDHS) HJIH IpH
KOHTPOJTHPYeMOM I[OTeHIKaJe (NOTEHIHOCTaTHIECKas KyJOHOMeT-
pusi). O6a MeTOla, MMEIHE OJHY H Ty Xe NPHHUAMNHAJBHYIO OCHO-
By, PasjHyYaloTCsA amnnapaTypHHM odopM/IeHHEM H TeXHHKOA ompe-
JLeJIeHHUS.

Heo6x0A¥MOe YCJOBHE WCIOJNb30BAHHS TOH HJIM MHOM 3/€KTpO-
XMMHUECKOH PeaknWu B KyJOHOMETDHYECKOM aHasiu3e COCTOMT B
TOM, uTOGH MPAaKTHUECKH BCE PACXOAyeMOe KOJIHYECTBO 3JIEKTpHUE-
CTBa 3aTpauMBajOCh HA NpeBpallleHHe TOJAbKO ONpeje/sieMoro Be-
mecTBa, T. €. NMOGOUYHHE 3JEKTPOXHMHUECKHE PeakUHH NOJKHE OT-
cyrerBoBaTh. MHaue roBopsi, SJEKTPOXHMHYECKOE NpeBpallleHne Be-
mecTsa JOJIKHO IPOTeKaTh CO 1009% -HBIM BHXOZOM [O TOKY (HJH
100% -Ho# 5¢)deKTHBHOCTBIO TOKA).

KynonomeTpuueckuii aHajqms objajaer PAAOM CYINECTBEHHHIX
JAOCTOHHCTB IO CPaBHEHHIO C APYTHMH (PH3HKO-XHMHUECKHMH METO-
aMH aHANM3a: HaJeXHOe OTpeJeNeHHe KaK MajhlX, TaK H GOJbIUHX
KOJIHIeCTB BEIIEeCTBA C BLICOKOH TOYHOCTHIO H BOCIPOH3BOAHMOCTBIO
(morpemnocts 0,05—0,01%), orcyrcTBHE NEPBHYHHX CTAHAAPTOB,
BOSMOKHOCTb HCIOJb3OBAHHA MaJOYCTOHUHBBIX pPeareHToB, GHCTPO-
ra. [oTeHnMoCTaTHIECKAsA KyJOHOMETPHS OTJHYaeTcs, Kpome TOro,
BHICOKOM CejleKTHBHOCTBIO. o

2.6.1. AMnepocTaTnyecKas KyJOHOMeTPHsL.
KyJonomeTpHuecKoe THTPOBaHUE

Ky/OHOMETpHYECKOe THTPOBAHHE OCHOBAHO HA SJEKTpOreHepaiuu
THTpaHTa, KOTOPHI pearHpyeT KOJHYECTBEHHO C ONpeAe/AEMLIM Be-
mectBoM. Tak KaK KyJOHOMETPHIECKOe THTPOBAHME NPOBOAST NpH
[IOCTOSIHHOM 3HA4eHHH TOKA, TO KOJHYECTBO 3JEKTPHYECTBA pacCuH-
THBAIOT [0 QopMyJie:

Q=1, (2.21)

rie {— BpeMs, 3aTPAYEHHOE Ha goﬁvonvm%wﬁommo, BEIIECTBA.
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B KyJOHOMETpHYECKOM THTPOBAHHHM H3-32 H3MEHEHHS NIOTeHHHa-
Jaa pabGouero ajeKkTpoja Hem3OeXKHB MOGOYHBIE 3JIEKTPOXHMHUYECKHE
npouecce. Jlasi mpeaoTBpallileHHs 3aTPaT JJEKTPHUECTBA HAa HHX B
HCIOEITYeMBIl pacTBOP BHOCAT 3JIEKTPOAKTHBHOE BelllecTBO (BCIIOMO-
raTeJbHBIH peareHT), KOTOPOE y4acCTBYeT B 3JIeKTPOXHMHUYECKOH pe-
aKIHH, 2 NPOAYKT 3TOH peakiuH (HPOMEXKYTOYHBIH peareHT) HOJI-
JKeH KOJHYECTBeHHO XHMHYECKH B3aHMOJEHCTBOBATbL C OINpexessie-
mbiM BemecTBoM. OnpenenisieMoe BelllecTBO A MOXKeT GHITb HedJseK-
TPOAKTHBHO, B 3TOM CJiyyae Ha T'eHEPAaTOPHOM 3JeKTpoje (HampH-
Mep, KaTOZe) BOCCTaHaBJAUBAETCSI TOJbKO BCIIOMOTATEJBHEIH pea-
TeHT Z JI0 IPOMEXKYTOYHOrO peareHra: ! .

Z4+e — D,

a B pacTBOpe HACT XHMHYECKAs PCAaKIL U

A+4+D —— AD.

Ecnu onpenae/asieMoe BELECTBO A 3JI€KTPOAKTHBHO, Ha reHepaTopHOM
whmﬁﬂvoﬁm Amwnvm\:sm@. NNHOPWV NPOHCXOAHUT BOCCTAHOBJIEHHE KakK
BCIIOMOT'AaTEJNLHOI'O pearecHra Z, TaK H oIpeae/aeMoro BelecTsa A:

Z4 e —> D; A4e —> B,

a B pacTBOpe NPOXOAHT XHUMHYECKAs] PeaKIus:
D+A —> B2

B KyJOHOMETPUYECKOM THTPOBAHHH TOK »3JieKTpoausa [, Gepyr
JOCTATOUHO OOJBIIOH IJIs1 COKpalleHUsl NPOJOJIKUTENbHOCTH aHaJH-
3a, NO3TOMY OH OKashiBaeTcss OOBIYHO 6oJiblie INpeNesNbHOTO TOKa
onpenensiemoro BemectBa /’yp. Ho TOK asekTposu3a mo/KeH OHITDH
MeHbllle = IPeNeJbHOTO TOKA BCIOMOraTenbHOro pearenta [”/mp
(puc. 2.32), Tak Kak HHaue HAYT NOOOYHEIE SJEKTPOXHMHUECKHE pe-
akiuy (HanpuMep, OKUCJEHHE WM BOCCTaHOBJIEHHE BOAHI) H, CJelo-
BaTeabHo, He fecturaercss 100%-nas sddekTHBHOCTL TOKa.

. O6uiyHO, 4TO6H 0Gecneyuthb 100% -HHA BHIXOX O TOKY BCIIOMO-
raTesbHblll pearent GepyT B 1000-kpaTHOM H3GhITKE MO OTHOLIEHHIO
K OmpejessieMOMy BelllecTBY. BcrnomoraTtesbHuifi DeareHT CJIyXKHT
CBOErd poja OKHCJIMTENbHO-BOCCTAHOBHTEbHEIM GydepoM, npenarct-
BYIOIHEM CMEIIEHHIO 3JIEKTPOLHOrO NOTEHNHANa [0 TAKHX 3HAUeHHH,
IPH KOTOPHIX BO3MOXHH ADPYyrHe HexKeJaTeJbHHE 3JIEKTPOXHMHYe-
CKYe IPOLECCHI.

B kauecTse XMMHUYECKOR peakuHH, T
KOTOopasi MPOTeKaeT MEeKAY NPOMexy-
TOUHEIM DEAareHTOM M ONpelc/sCMBIM
BEIECTBOM, MOXKET OBLITh HCNOJb30Ba-
Ha Jo6asg peakuusi, IpHMeHseMas
B THTPHMETPHH: OCAXK/ICHHS, KOMIIEK-
coo0pa3oBaHus, OKHCJIEHHsT — BOCCTa-
HOBJIEHHS, KHCJIOTHO-OCHOBHOTO B3aH-

Puc. 2.32. Tok 5/1eKTpoJM3a NPH KYIOHOMET-
PHYECKOM THTPOBZHHH
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~2208 o Puc. 2.33. Cxema ycraHOBKH s
_I |_ N%bomogmdww—amnwoﬁo THTpOBa-
HHA:

2 1 — HCTOYHHK NOCTOSIHHOIO TOKA; 2 — BBi-
COKOOMHOE COIIDOTHBJIEHHE; 3 — MHJJIHAM-
nepMeTp; 4 -— 9JIEKTPONIH3ep; 5§ — reHepa-

3 TOPHBIH 3JeKTPOA; 6 — BCHOMOraTelbHBIR
3JIEKTPOA,; 7 — MHIWKAaLHOHH bIK 610K,
8 — HHIHKaTOPHBIE 3JIEKTPOMIbI

mofefictBusl. [as ompenene-
HUA KOHEYHOH TOYKH THTpPO-
BaHNA NPHMEHSIOT KaK BU3Y-
aJbHBle (C IIOMOMIBIO HHJHKA-
TOpOB), TaK H- HHCTPYMeH-
TaJbHbe (TOTEHIHOMEeTPHS, aMNepOMeTpHs, GOTOMETPHS H Ap.) Me-
-tonnbl. IIpuHnuNnanbHas cXeMa YCTaHOBKH IJisi KYJOHOMETPHUYECKOTO
THTPOBAHHA, IpeJCcTaBJieHHass Ha pHC. 2.33, BkJuaeT jgBa 6J0Ka:
reHepallHOHHHH M MHAMKAIHOHHBIN (eciH HHAMKaUus KOHeYyHOH Tou-
KH THTPOBAaHHS BH3yaJbHasl, TO HHAMKALHMOHHEH 6JIOK OTCYTCTBYET).

B renepannoHHBIH 6JIOK BXOAAT BHEIIHHH HCTOYHHK NMOCTOSTHHOTO
TOKa ], BHCOKOOMHKIE CONPOTHBJEHHS 2 AJA NOJYYEHHS CTaOGHIBHO-
ro Tpe6yeMOro ToKa 3JIeKTPOJNH3a, MUJJIHAMIIepMeTp 3 [Js H3Mepe-
HHUSl TOKAQ, 3JEKTPOJH3ep 4, cOCTOSIIUNA H3 KaTONHOM M aHOAHOH Ka-
Mep, B KOTOphle IOMeIlaloTCs reHepaTOPHHIH 5 U BCIOMOraTe/bHEIH 6
3JIGKTPOJLHL. _

B KauecTBe HCTOYHHKA NMOCTOSTHHOTO TOKa MOXeT GHITh NPHMEHEH
yHHBepcanbHH Hcrounuk nuTanus: YUII-1 m YUII-2 nau noren-
nuocrar I1-5848 n I1-5827 M. )

nankanuonnsifi 6J0K B 3aBHCHMOCTH OT MCHOJIb3YEMOro HHCT-
PYMEHTaJbHOTO METOJa HHAMKALMH KOHEYHOH TOYKH THTPOBaHHSA
BKJ/II0Y3eT COOTBETCTBYIOHIYIO YCTaHOBKY 7. B ciaysae mnpumenenus
NOTEHIIMOMETPHH HJH aMIePOMETPHH MHAHKATOPHHIE 3JIEKTPOoIn &
BCTaBJIAIOT B FeHEPAllUOHHYIO KaMepy. ,

JINA KyJIOHOMETPHYECKOrO THTPOBAHHS B KayecTBE 3JEKTPOJIH3e-
pa npHMeHSIOT suedKy (pHc. 2.34), cocrosimlyio H3 JABYX H30JHPO-
BaHHHX KaMmep, a NpM WHCTPYMEHTAJbHOM MeTOJe HHAUKAUHH — H3
Tpex Kamep. OnHAa H3 HHX — reHepanHoHHas | — mpejcTraBiseT co-
601 cTekJAAHHBIA cocyl ¢ npumanGoBaHHOA KPHINKOH, B OTBEPCTHE
KOTOpOIl BCTABJSIOT 3JIEKTPOIH H OJMH KOHEl 3JeKTPOJHTHIECKOTO
" KJ0Ya (COeXHHHUTENbHBIH MOCTHK — U-06pasHasi cTekjasHHas Tpy6-
Ka, HalOJIHEHHAs COOTBETCTBYIOIIMM pacTBOPOM 3JIEKTPOJIHTA), KO-
TOpH# ofecrneurBaeT 3MEKTPHUUECKHA KOHTAKT MEXKAY AByMS Kame-
paMH. Bropas sjekTpoiHas Kamepa Il — o6niunmfl crakaH ¢ pac-
TBOPOM HMHAN(GEpPEeHTHOro 3JEeKTPOJHTA, B KOTOPHH NOMEmANT
BCIIOMOTaTeJIbHEIH 3JIEKTPOA M BTOPOH KOHel, COeAHHHTEJbHOTO MOC-
THKa. B Tperbio ajiekTponHyio kamepy IlI, 3anojHeHHyI0 HachilleH-
HuM pactBopom KCl, nomemalor ajiekTpox cpaBHeHHs. Ecin HeoG-
XOAMMO TPOBECTH aHAJW3 B HMHEPTHOH arMocdepe, uepes ucciaenye-
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MBI pacTBOp NpOAyBalOT HHEpTHHIH ras (asor). PactBop B fAuefike
rnepeMelIBaeTCst MarHUTHOH MelaJjKoH.
CoBpeMeHHEIe KYJOHOMETpHUYecKHe NPHOOPH BKJKOYAIOT BCe He-

06XOAHMBIE y3Jibl, IIO3BOJAIOINIHEe OPOBOAHTL aHAJHU3 KaK METOAOM

KYJIOHOMETPHYeCKOrO THTPOBAHHSA, TaK H METOJOM NOTeHIlHOCTaTHIe-
ckoil KyJoHoMerpuu. K Takum npubopam OTHOCUTCA XpOHOammepo-
merpuyeckasi cicrema CXA-1,1. B CXA BxojauT mporpaMMmHOe YCT-
policTBO, 3ajalolllee HampsgXeHHe Ha 3JEKTPOAAX, IOTEHIHOCTAT
AJIs TNOAJNEPIKAHHSI 3JEKTPHYECKHX PeXHMOB Ha 3JIEKTPOJaX, HHTE-
TPaTOp TOKa AJS H3MEpPEHHS KOJHYECTBA 3JEKTPHUECTBA H IOTEH-
HoMeTp AJsl (QUKCHPOBAHMSI KOHEYHOH TOUKH THTPOBaHHA!

BrinonHeHne paboT 10 KyJOHOMETPHUECKOMY THTPOBAHHIO C HO-
TeHILHOMETPHYeCKOH HHAMKAalHeH KOHeYHOH TOUKM THTPOBAHUS NPO-
BOJAT B CJAEAYIOLLEeM NOpsAKe.

. BRIOYHTL HCTOYHHK IOCTOSTHHOTO TOKa M noreHnuomerp. IIpo-
rpeTb NpHOOpH B TeyeHHe 20 MHUH.

2. Haauth B sAueliky HeoOXOZHMBble PacCTBOPHL M ONYCTHTb Mar-
HUTHHIH CTepXKeHb AJIs NepeMellHBaHus. 3aKphiTh AYeHKy KPHIIIKOH
C 3aKpenJieHHHIMH B Heil 2J1eKTPoJAaMH (reHepaTOPHEIM M HHIMKATOP-
HEIM) U MOCTaBHTb B HEHTP CTOJIHKA MaTCHHUTHOH MellaJIKH.

3. BcraButh B siueliky uepes OTBeDCTHsI B KPHILIKE 3JEKTPOJHUTH-
4eCcKU#l KJI04, BTOPOH KOHEL, KOTOPOI'0 ONYCTHTh B CTaKaH C pPacTBO-
poM uHAHGdEPEeHTHOro 3JeKTPOJNHTA, I'le HAXOLHUTCA BCOOMOTaTeNb-
HEIl 3JeKTPOA. BTOpPHIM 3/IeKTPOJHTHYECKHM KJIOUOM COCAHHHTh
sigellKy C HacCHIIEHHHIM XJOp-cepe6psIHBIM 3JEKTPOAOM CPaBHEHHA,
onyieHHHM B HachieHHuH pactBop KCl (cm. puc. 2.34).
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Puc. 2.34. DnekTpoxuMHyecKas fuelKa:

. ] = BCTIOMOFaTeNMbHBIR 3JEKTPOA; 2 — 3JEeKTPOJHTHUECKHe KJIOUM; 3 — renepaTopnblfi 3JeKT-

pon; 4 — HHIMKATOPHHA 5JEKTPON; 5 — 3JEKTPOL CPaBHERHSA; 6 — NAaTPYOKH AJa BXOAA H BH-
XOAa HHEPTHOrO rasa; 7 — AKOPb MATHHTHOHR MeIdaJiKH
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4. BKIIOYNTD MarHHTHYIO MeILIaJKy H 3allHCaTh yCTAHOBHBIUHACH
NOTEHLHAJ/ HHAMKATOPHOrO 3JeKTPOJa B OTCYTCTBHE TOKAa 3JIEKTPO-
Ju3a. ,

5. 3aMKHYTb LleNb 3JEKTPOJIH3a, OAHOBPEMEHHO NYCTHB B XO&
cekyHaoMep. MuasnamnepmeTp GHKCHPYET TOK 3JIEKTPOJIH3A.

6. Uepes xaxasle 30 ¢ 3aIHCHBAaTh MOKa3aHHS MNOTEHIHOMETPA.

BOnu3H TOYKH 3KBHUBAJEHTHOCTH HabJioqaeTcsd CKauoK noTeHuuaJia,

HocJIe 4ero 3anucaTth ellle TPH-YeThipe HOKa3aHUs, PA3OMKHYTH Lelb
9JIEKTPOJIH3A U BHIKJIOUHTh MELIAaJiKYy. } .

7. BHIHYTb H ONOJOCHYTb JIHCTHJJIHPOBaHHOM BOAOH 3JEKTPOJH-
THYeckHe kJIoud. CHATH suefiky €O CTOJHKA MeIla/IKH, BBIHYTh
KPBHIIKY € 3J€KTPOJaMH, IPOMBIThH HX AHCTHIJHPOBAHHOA BOXO%.
IloBTOPHTL KYJOHOMETPHUYECKOE THTPOBaHue 3—5 pas. .

8. Ilocnie okoHuaHHs paGoTHl Ha KyJOHOMETpHYECKOoil ycTaHoB-
Ke BBHIKJIOYHTH IPHGOPHL.

9. 3anucath B pabounil KypHAJ METOAHKY KYJOHOMETPHYECKOTO
TUTPOBaHHSA, ypaBHeHUst peaKuu#, pacuerHnle dopmysnl. [loayuen-
HElIe pe3yJbTaThl THTPOBAHHS BHECTH B CJEAYHIOINYI0 TaGaHILy:

Bpems rene- IToTennuas HHIHKATOPHOrO Pa3nocTh NOTEHLHAJ0B ABYX NOCAEAYIOUIEX
papuu #, ¢ snektpoxa E, MB usmepenut AE, MB

Isst 6oJiee TOYHOTO THTPOBAHHUSA HaAO NPOBOAHTL H3MEPEeHHS BOJIH3H

CcKauka IoTeHnuaJja yepes kaxaune 10—15 c.

10. N306pa3ute rpaduueckn KPHBYKO KYJOHOMETPHYECKOTO THT-
pOBaHHA B BHJE 3aBHCHMOCTH NOTEHIHAJa HHAHKATOPHOTO 3JEKTPO-
Aa (MB) or BpemeHH 3J€KTPONH3A (c), a Takxke pudpdepennuanb-
Hy10 KpHUBYI0 AE/Af{—t, M0 KOTOPOH HaXOAAT KOHEUHYIO TOYKY THT-
POBaHHUA.

BrinosiHeHne paGoT 1O KyJOHOMETPHUECKOMY THTPOBAHHIO C aM-
IIepOMETPHUECKOH HHAHKAIUeH KOHEUHOH TOYKH THTPOBAHHSA C IAByMS

NOJSPH30BAHHEIMHE NIaTHHOBHIMH
3/J1eKTPOJaMH TIPOBOIST B CJELYIOLIEM
HopsaKe.

1. BKJIIOUHTL MCTOYHHK MOCTOSIH-
HOro ToKa M noreHuuoMerp. Ilporpers
npubopel B TeueHne 20 MuH.

2. Hanute B Aueliky HeoGXOAHMEIE
pacTBOpPEl H OHYCTHTb MATHHTHHIR

Puc. 2.35. CxeMa HHAMKAUMOHHOH LENM NDH
aMIepoOMEeTPHYECKOM ONpPefeeHHH KOHEUHOMH
TOYKH THTPOBAHHA C ABYMSA HOJSAPH30BAHHBI-
MH 3JIEKTPOJAMH:

1 — HCTOYHHK TIOCTOAHHOIO TOKa (rajbBaHHYecKHE
SJNEMEHT); 2 — JeJHTeNb HANPSKEHHS; & — MHJJH-
BOABTMETP; 4 — MHKpOaMnepMerp; & -- HHIHKAaTOp-
HHE 3JeKTPOAN

i

CTCPKEeHb /IS TIepEMEIIHBAHHSA. 3aKPHTb SUefiKy KDBILIKOH ¢ 3a-
KPeIVIeHHBIMH B Hefl 9JIEKTPOAAMH (reHepaTOPHBIM U HHIHKATOP-
HBIMH) H TIOCTaBHTb B LEHTDP CTOJHKA MATHHTHOH MELIAJIKH.

3. BcraBuTb B siuefiky 4epes OTBepCTHE B KpHILIKe 3JIEKTPOJIH-
THYECKHH KJIOY, BTOPOH KOHELl KOTOPOTO ONYCTHTh B CTAKAHUHK C
pacTBOpoM HHAH(](HEPEHTHOro 3JeKTPOJHTa, I'Ie HaXOLUTCS BCIOMO-
ratesibHbH 3J1eKTPOJ.

4. Ilogatb Ha MHAHKATOPHEIE 3JEKTPOALI NONSIpU3YIOlLee Hampsi-
xeHve AE OT HCTOUHMKA IOCTOAHHOIO TOKA, 3aMKHYB HHAMKal HOH-
Hylo nenb. Hyxnoe snauenne AE ycTauaB/IHBAIOT ¢ NOMOUILIO JeJH-
Te/lf HaNpsMKEHHS M KOHTPOJHPYIOT MO MHJIIHBOJBTMETPY HHAHKA-
LIHOHHO¥ aMIIEPOMETPHYECKOH YCTAHOBKH, CXeMa KOTOPO# npejacTas-
JeHa Ha pue. 2.35.

5. 3aMKHYTb LeNb 3JeKTPOJNH3a, ONHOBPEMEHHO IyCTHB B XOJ
cekynaomep. Munnuamnepmerp (HKCHPyeT TOK 3JeKTPOJH3A.

6. Uepes kaxzasie 30 ¢ 3aNHCHIBATL NOKA3aHUS MHKpOaMmnepmer-
pa B HHAMKauHOHHOH uenu. [Tocne ToukM sxBuBadeHTHOCTH HaG6.lio-
AaeTcs peskoe BO3pacTaHHe TOKA. 3amucath ellle TPU-UeTHIpe [0Ka-
SaHud, pasOMKHYTh LEMb 3JEKTPOJIH3A H BEIKIIOUATb Memanky. da-
Jiee CM. IYHKTH 7—9 BHIIONHEHHS PaGOTHI IpH MOTEHIHOMETpHYe-
CKOH HHAMKALMH KOHEYHOH TOUKH THTPOBAHHS.

7. M306pasuth rpadHuecku KPHBYIO KY/TOHOMETPHYECKOrO THTPO-
BaHHs B BHAS 3aBHCHMOCTH TOKAa B MHAMKAUHOHHOH menmu (MkA) or
BpemeHu snekTpoausa (c). Touka mepern6a Ha KpHBOH COOTBETCT-
ByeT KOHEYHOH TOYKE THTPOBaHHS.

Pabora 1. Onpedenenue xucaor

Omnpenenenne KUCJIOT OCHOBAaHO Ha 3JIeKTporenepanun oo OH-
u3 H,O Ha nuiaTHHOBOM KaToze M mocieaymomeMm uX B3auMmoxeficT-
Buy ¢ nonamu HyOF. B nannom cayuae cam pacrsoputens siBiser-

" Cd BCIIOMOTATEJ/IbBHBIM PeareHTOM, NIpDH 3TOM INIPOTEKAIOT caenympoune

peaKkuuu:
2Hy0% 4 267 = H,} -} 21,0
2H,0 4 26~ == H,} - 20H"
OH~™ 4- H;0+ == 2H,0 B pacrsope.

Ha 3JIEKTPOAE,

Ilocne saBepiennst xumuueckolt peakuuu H36HTOK HomoB OH~
CO3l4eT B pacTBOpe WIE/IOUHYIO PEAaKLHIO, YTO O6HAPYKHBACTCS BH-
8YaJbHO IO H3MEHEHHIO OKDACKH KHCJIOTHO-OCHOBHOTO HHIHKATOpA
HJIH NMOTEHUHOMETpHueCKH (pH-meTpuueckn) co cTek/JAHHEM HHIH-
KaTODHHIM 3JEKTPOfOM. B nHccnenyembiif pactBop no6aBasior uH-
AHGQePEHTHRIH CHIIbHBIN 3JEKTPONHUT IJs MOBHIICHUS 3JIeKTPONpO-
BOJLHOCTH PACTBOPa. DTHM METOJOM ONPEAEJSIOT HEOPraHHUECKHE M
OpraHHYeCKHe KHCJOTH KaK CHIbHbIE, Tak H caabbe (ecan K,
=1077).

TipuGopu u peakTHBHLI

Kyaonomerpuseckas ycranoska c MOTEHLHOMETPHIECKOH HHEMKALHeNd KoHeT-
HOH TOYKH THTDPOBAHHA.
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Teneparopnsil naaTunogoul 34eKTpod — MI4CTHHH pasMepoM 1X1 cwm.
: Bcnomozareasvroul aaekTpod — cTaJbHOR CTepKeHb.

Crexannnoul urfuxaropuoil wu xaopcepebpanvii IAeKTPO0 CPABHEHUSR.

Mepras koa6a MmecTuMocTbio 100 ML

{Tunerka BMecTHMOCTBIO 10 M

Pacrsop cyasgpara xaaus, 10% -uoif.

Pacreop ¢penoaprasrcuna, 1% -uuiil.

Anaausupyemoiil pactaop Kucaors:, ~10-2 M.

Boimonuenne pabornl. ccieayemulii pactBop pa3baBjasiior JH-
CTHJJHPOBAHHO!N BOJOH B MepHOH KoJbe N0 METKH H NepeMellHBa-
1oT. ITepenocar nunmerkof 10 MJ pacTBOpa B THTPAaIlHOHHYIO siuefiKy,
ao6asasiior 10 ma 10% -uoro pacteopa KySOy4, cemb kanenb ¢eno-
draserHa M OIYCKAalOT INJATHHOBLIH TeHepaTOPHBIH 3JEKTPOX.
B anoanywo kamepy nanmpaioT 10%-unit pactBop K.SO,uomycka-
10T BCIIOMOTaTeJbHBIN 3JEKTPOX. DJIEKTPOAH AOJXKHB OBITH IOJ-
HOCTBIO IIOTPYKEHEI B PacTBOP. :

TurpoBaHue BeAyT NMPH ToKe 5 MA 10 NOSBJIEHHS PO30BOil OKpac-
KH. B MOMeHT H3MeHeHHs OKPaCKH HHIMKATOpa BBHIKJIOUAIOT CEKYH-
zomep. ITopsifok BrJOUeHHS NPUGOPOB M BHINOJHEHHS PaGOTH CM.
B pasjg. 2.6.1.

Jlisi MckJlOUeHHs] OMHOKH, CBA3aHHOH, B OCHOBHOM, C IIPHCYT-
ctBUeM B pactBope COy, NpoBOAAT TakxkKe NPEN3JNEKTPOJH3 (HOHO-
Boro pacrtBopa. [lis atoro B Auefiky BHOCAT pactBop ¢oHa U de-
#oadranenna, 1oBoAAT o6beM A0 20 MJ AUCTHAJHPOBAHHOH BOAOH
¥ TUTPYIOT HO HU3MEHEHHS OKDaCKH MHAMKATopa. I1OBTOPAIOT OMHT
C HOBBHIMH NOPUHAMH pacTBopa ()oHa HECKOJBbKO Pa3 M BHIUHCJASIOT
cpeJHee 3HaueHHe BpeMeHH npexasJektpoJunsa. Ilpu pacuere Bpems,
3aTpaueHHOe Ha NMPeA3JIeKTPOJN3 (OHA, BHUHTAIOT H3 BDEMEHH, 3a-
TPauyeHHOro Ha THTPOBaHHE KHCJOTH B 3ToM ¢oHe. [ToBTOpsitoT om-
peleieHHe C HOBLIMH aJIHKBOTHBIMH IIOPIUSIMH PacTBOpa, HCIOJb-
3ys NOTEHIHOMETPHYECKHH MeTOJA MHAMKAalHH KOHEYHOH TOUKH THT-
poBanus. IIpn 3TOM nocrynamoT COrJIacHO ONMHCaHHIO B pa3p. 2.6.1.

ConepxkaHne KHCJIOTH (B MI) PacCYHTHIBAIOT no QopmyJe:

g =0,01086/tMfV/Vy,

rae I — 10K, A; f{—Bpems reHepauul, ¢; M — MOJieKyJsipHas Macca KHCJIOTHI; *

foxs — GaKTOp SKBHBaJNEHTHOCTH; Vyx— BMECTHMOCTb MepHOH Koa6b; Vip—
BMECTHMOCTh IHUOETKH. : )

Pabora 2. Onpedeaenue nepmaneanara Kaius
uau 6uxpomara Kaius .

Onpenenenne KMnO, nnu KyCreO; ocHOBaHO Ha BOCCTaHOBJIEHHH
ux uonamu Fe?+, renepupoBanHbiMH H3 Fe®t, nmpu 31OM npoTexaiot
CieAyIolHe peaKIuH:
Fe8* . ¢~ = Fe?+,
MnO,~ + 8H* 4 B¢~ == Mn2++ 4H,0, wua smekTpoge
Cr,0,%~ + 14H* 4 6e~ == 2Cr%+ + 7H,0,
MnO,~ -+ BFe?+ 4 8H+ = Mn?+ + SFed+ + 4H,0, B pactsope
Cr,0,2~ + 6Fet+ 4 14H+ z=—> 2Cr3+ -} 6Fes+ + 7H,O.
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KoHeunyio TOuUKy THTPOBaHHS MOXHO OGHAapYXKHTb NOTEHIHOMETDPH-
9eCKHM HJIH aMIIEPOMETPHYECKHM METOHOM.

Mpu6opH H peakTHBH
. Kyaonomerpuweckas ycrawoexa ¢ HOTeHLIHOMETPHUECKOR HHAMKalHell KoHew-

HOMl TOYKH THTPOBaHHA.

Teneparopnsilh u uHGUKATOPHOUL NAGTUHOBbIE 3AEKTPOObI — MAACTHEEL pPazs
mepom 1X1 cm.

Bcnomozareavnsul 34eKTpod — CTANbHOR CTEPIKEHD.

Xaopcepebpansul aaekTpod cpasHenus.

Mepnas xoaba Bmectumoctsio 100 ma1. .

IHunerka Bmectumoctbo 10 M. ' !

Pacreop Fe(NH,) (SO4),-12H:0, 0,2 M 8 2 M pacteope H,SO, (Bcmonora-
TEJNbHH PeareHr).

Anaausupyemoi pacreop KMnO, umu KoCr:0;, & 10~2 M.

y

Boinoanenne paborsl. Ucenenyemmit pacrsop KMnO, wuin
K:Cr:07 B MepHO# kos6e pasbaBJsiiOT AHCTHIIHPOBAHHON BOAOIT KO
MeTKH M mnepememnBatoT. Ilepenocsat mumerko#t 10 Ma pactBopa B
KYJIOHOMETPHYECKYI0 sueliKy, npuauBaiT 10 MJ BCIOMOraTeJbHOrO
pearenTa M ONYyCKAalOT I'€HEPATOPHBIH M HHAMKATODHBIA 3JIEKTPOXH.
TurpoBanue BefyT NpH cuale Toka 5 MA. KoHeuHy0 TOUKY THTpOBa-
HHSl ONPEeAe]sAIOT NOTCHUHOMETPHYECKHM MeTOAOM. BHmosHeHne pa-
6oTHl cM. paboty | mawHOroO pasnesa.

[To pesysbraraM THTPOBAaHHSA CTPOAT KPHUBYIO KyJOHOMETpHYe-
CKOTO THTPOBAHUS M ONpPele/IsOT KOHeUHYI0 TOYKY THTpOBaHuA, Pac-
uer KonmdectBa KMnO, nan KyCroO; nmpoBozmsar no dopmyie, yka-
3aHHOH B pa6ote 1.

Pabora 3. Onpedenenue uornos Cu?+

Omnpenenenne Cu?+ ocHOBaHO -Ha OGPAaTHOM KYJOHOMETPHUECKOM
THTPOBAHHUH Ip, BHIENUBIIErOCS B pe3yJbTaTe CIeAyloulell peakuun:

2Cu?+ 4 41"<=—>= 2Cul 4+ 1, B pacTBOpE.

K Buzaeansmemycs I, no6aBaswor uaburtok NayS,;0; u nocie mpore-
KaHUsl peakllyu: :

I, + 25,042 == 21~ 4+ 5,0,2~ B pactBOpE

ocrasllufica B H3GBITKe THOCYJAbGAT HAaTpHS THTPYIOT Iy, ajexTpore-
mmvxwowmmmzz Ha IMJVIATHHOBOM aHoJde H3 BCIIOMOraTteJbHOI'o vmm-
renta Kl:

217 == 1,+ 2¢~ =Ha axekTpone.

KoHneuHylo TOYUKY THTPOBaHHS ONpEIENSIOT BH3YaJbHO [0 H3MEHe-
HHIO OKPacKH KpaxmaJsa (JH60 MHCTPYMEHTAJbHEIMH METOAaMHU: [0-
TEHIHOMETPHYECKH HJIH aMIePOMETPHUECKH C JABYMS IOJSPHU30BaH-
HHIMH NIJIaTHHOBBIMH 3JIEKTPOAAMH).

TpuGopul U peakTHBLI

Kynronomerpuueckas ycranosxa ¢ BH3YanpHOA (HJIH HHCTpYMeHTadpuOH) Hi-
AHKanuell KOHeYHOH TOUKH THTPOBAHHS.

Teneparopneni naatunosoul 3aexTpod — naacTHHH pasmepoM IX1 cm.

Bcnomoearensnoul 34eKTpo0 — CTaALHON CTEPKEHB.

Mepnas xoaba BvMectumoctbio 100 M.
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Jlunerxu BMecTHMOCTHIO 5 M1 1 10 ML,

Pacrsop KI, 0,2 M (BcnoMorarebusifi pearent).

Pacreop rtuocyavgpara narpus, 10-3 M.

Pacreop kpaxmansa, 1% -uuf.

Anarusupyemeiii pacreop CuSO,, ~10-2 M. B

Buinosnenue pa6orsi. IIpeasapurensho IPOBOAAT KYJOHOMETPH-
YECKOE THTPOBaHHMe pacTBOpa NapS,0; mas uwero 10 ma pactsopa
NEPEHOCAT B fYeHKy, NPUAMBAOT 10 MJI BCIOMOraTeNLHOrO peareH-
Ta, 7 Kalelb Kpaxmaja H ONyCKAalOT B siuefiKy reHepaTOpPHHIA dJek-
Tpox. THTpOBaHHe BeAyT NpHU CHJIE TOKa 5 MA [0 MOsBJIEHHS CHHeR
OKpacCKH Kpaxmaja. PuKCHDYIOT BpeMs renepanuu #;. UccneryeMmmii
pacrsop Cu?t f0BOJST B MepHOH Koabe IO METKH JHCTHJIIIHPOBAH-
‘HOH BOJOH, NMepeMellUBaloT, NEPEHOCAT NMHIETKOH 5 MJ B AYedKy H
apunuBaior 10 ma pactBopa KI. 3atem no6asasiior nunerkoit 10 ma
pactsopa Na,S;0; u 7 kanear kpaxmana. [lanee NPOBOXAT THTPO-
‘BaHHe TaK XK€, KaK IIPH ONpeJeNIeHHH THOCYJbpaTa HaTpusa. PuxcH-
{PYIOT BpeMs reHepauuH fo.

Pacuer xonmuecrsa Cu?t mposonsr no dopmyJe, ykasaHHON B
pabote 1, rae t=¢{—1,.

Pabora 4. Onpedenenue 8-2udpokcuxunosuna

Onpenenenne OCHOBaHO Ha GPOMHPOBAHMM 8-THIPOKCHXMHOJHHA
3JIEKTPOT€HEPHPOBAHHLIM Ha IJATHHOBOM aHoje Bry u3 Bcmomora-
TesNbHOrO pearenta KBr 1o caexyiomum peaxmuam:

2Br~ == Br, 42~ mua anexTpoge.

m_w_.
\ / .
+mw_.nuu _ +mm++wmnnwumﬁwowm.
v w/\
Awm OH .

Koneunyo TOuUKy THTDOBaHHSI yCTaHABJHBAIOT aMIEDOMeETpHUe-
CKHM METOAOM C ABYMs NOJISPH30BAHHBIMH IVIATHHOBLIMH 3JIE€KTPO-
AaMH. .

IpuGopu H peaxTHBM

Kyaonomerpuseckas ycrawosxka ¢ GuamnepoMeTpHuecKofl WHIMKAHHER KOHed-
HOH TOYKH THTPOBAHHSA,

Teneparopnoul u 0Osa uHOUKATOPHOIX NAATUHOBBLX 3AEKTPOOR — MIACTHHH
pasmepoM 11 cm. )

Bcenomozareasnoul 32exTpod — cTasbHOR CTEpIKEHb.

Mepuas xoaba-smectumoctoio 100 mJ.

ITunerxa BMecTuMoCTBIO 10 MJL

Pacreop KBr, 0,4 M (BciomoratenbHblfi pearent).

Anaausupyembid pacTéop 8-rHAPOKCHXHHOMHHE, =~ 10—~2 M.

Bhinonnenne pa6otel. HccaeXyeMmbli pacTBOp 8-FHAPOKCHXHHO-
JHHa pa30aBJAIOT AUCTHIIMPOBAHHOH BOXOH B MepHOA koiGe Ao
METKH U nepeMeinusalor. [lepenocsat nunerkofi 10 Ma B KyJoHOMET-
DHYECKYIO siueiiKy, #006aBaa0T 10 M/ BCIOMOraTe/NbHOrG peareHTa,
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-ONyCKAIOT réHepaTOPHBIA U ABa HHAMKATOPHHIX 3JEKTPOAA, HA KOTO-
‘Phié nojaercs noJspusyromee Hanpsxenue AE=200 mMB. TurpoBa-
HHE BEAyT NpH cH/Ie TOKa 5 MA. BeimonHerne cM. pa6ory 1 maHHOro
paszeda.

Ilo naHHEIM THTPOBaHHS CTPOST KPHBYIO 3aBHCHMOCTH CHJIHl TO-
Ka HHAMKAIMOHHOA HenH (MKA) OT BpeMeHH (C) H HaXOLAT KOHEY-
HYyIO TOUYKy THTpOBaHHus. Pacuer kosnnuectBa 8-rHAPOKCHXHHOJIHMHA
fIpoBOAAT O popmyJie, NpHBeAEHHOH B pabore 1.

‘Pabora 5. Onpedenenue uonos AL+

‘OnpenesieHde OCHOBaHO Ha ToM, uto Al3+ npu omnpeaenensom pH
pacrBopa o6pasyer ¢ 8-rHAPOKCHXMHONHMHOM KPHCTaJIHYECKHA 0Ca-
AOK, NIDH PacTBOPEHHH KOTOPOTO B KHCJIOTE BHIAEJSETCS CTEXHOMET-
pHYECKOE KOJIHYeCTBO 8-rHApOKcHxHHOMMHA. Ilocseguuit THTpyIOT
SJICKTPOT€HEPHPOBAHHBIM  GDOMOM M3 BCIOMOraTeNbHOTO peareH-
ta KBr.

Peakuunu, nporekaiomue Ha 3/1€KTPOLe H B pacTBope, Te Xe, uTO
H B npeanaymeii paGore.

Koneunyio Touky THTpOBamHS ycTaHaBIMBAIOT aMIlepoMeTpHye-

CKHM METOJOM C JABYMS IOJISIDH30BAHHBIMH NJaTHHOBBIMU JICKTpPO-
AaMH.

TIpu6opbt M peakTUBHI

ITpu6opar — cM. pabory 4.

Craxanst BMecTuMOCTBIO 100 M. .
Pacreop KBr, 04 M 8 0,1 M pactsope H,SO, (BcnomoratenbHHi pearent),

YKcycrokucavi uau 3TaHOAOGBL pacrgop 8-eudpokcuxunosuna, 1Y% -uuil.
Pacrsop HCI, 2 M.

Boparnoui 6ypepuoul pacreop, vmﬂm.m.
Ananrusupyemoui pacreop coau aromunusn, ~10-2 M.

Buinosninenue paGotsl. MccaenyeMsiii pactsop Al¥* pas6amasior
AHCTHIIMPOBAHHOH BOJOH B MepHOH Konbe O METKH M nepeMelIy-
Balot. Ilepenocsr numerkoit 10 ma pacTBopa B CTaKaH BMeECTH-
moctbio 100 M1, nobasasiior 5 mMa 6opartHOro Gydepunoro pacrBopa
H 2 MJ pacTBOpa 8-THAPOKCHXHHOJHHA. PactBop ¢ ocamkom Harpe-
BalOT 10 KHMEHHs H CTaBAT Ha BOASHYIO 6aHI0 Ha 20 MHH, OTQHIBT-
POBEIBAIOT OCa/loK yepe3 GymaxkKHHH (DHJBTDP, NPOMEIBAIOT CHAaYaJja
ropsAued, MOTOM XOJMOAHOH AHUCTH/JIHPOBAHHOH BOAOM. Pacrsopsior
ocajioxk Ha ¢uabTpe B 30 M ropsigero pacrsopa HCI, IIDOMEIBAIOT
GuIbTp ropAvell AHCTHIMPOBAHHON BONOIL. IMonyyennrt pacTBop
KOJIHYECTBEHHO NEPEHOCAT B MEPHYIO KOJIOy BMecTHMOCTbIO 100 M,

'Ppa36aBJsIIOT 0 METKH AHCTHINHPOBAHHON BOLOH H nepeMelInBaIoT.

ANIMKBOTHYIO NMODLMIO NOJYYEHHOrO pactBopa 10 Ma BHOCAT B
KyJIOHOMETPHYECKYI0 fuefiky, jobaBaswT 10 Ma pacrsopa KBr,
OIyCKAIOT '€HEPATOPHEIH W ABa MHAHKATODPHHIX 3JEKTPOAA, Ha KOTO-
-phle ToJlaeTcs noJspusyollee Hanpsikenne AE=200 mB. Turposa-

HHe BEAyT npu cuie Toka 5 MA. Bunonnenne — cm. pabory 1 naH-

ROro pasgena.
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Ilo manHEIM THTPOBaHHA CTPOAT ﬂ@NeNN 3aBHCHMOCTH TOKa HH~

JAHKauMoHHOM uenu (MkA) or Bpemenn (c). Touka umvmaxmm Ha KpH-
BOil COOTBETCTBYeT KOHEUHOH TOUKe THTPOBAHHS.
Conepxanne aqiOMHHHS (B MI') PacCYHTHIBAIOT IO (opmyJe:

g = 0,010367{Af5xp (Al) V2/ V2,
rae I —Tox, A; f—Bpems reHepauuy, c; A — aTOMHAsA Macca aMOMHHHS; V-
BMECTHMOCTD z_ovmom KOJIOH; Vy — BMECTHMOCTb MHIETKH.
Pabora 6. Onpedenenue TUO2AUKOACBOL KUCAOTbL

Omnpenenienne OCHOBAHO HAa OKHMCJEHHH THOTJIHKOJEBON KHCJOTH [0
JHCyAbhHUAa 3JEKTPOreHepHUPOBAHHEM [p HJH [0 CYJIb()OKUCIOTH —
3JIeKTporeHepupoBaHHeIM Bro. Ilpu sToM mporexaoT cieaywoliue pe-
aKIHH:
21" == I, + 2~ -na aaexTpope,
9HS—CH,—COOH + I, ==—>
=—> HOOC—CH,—S—S—CH,COOH 4 2HI B pacrsope,
wm  2Br™ == Br, } 2¢” Ha ajekTpoze,
HS—CH,—COOH -+ 3Br, -}- 3H,0 == HO,SCH,COOH - 6HBr B pacTsope.

KoHeuHy10 TOUKY THUTPOBaHHS YCTaHABJHBAIOT NOTEHLUOMETpHYE-

CKHM METOJOM.

[IpuGopu ¥ peakTHBLI

Kyaonomerpuueckas ycranoska ¢ NOTEHIHOMETDHUYECKOMH xmhsxmpsmn KO+
HEYHOH TOUYKH THTPOBAHHS.

Teneparopueii u unHOUKATOPHOBUE NAGTUHOBbLE m\&agomzlnawna:mz pasumes
pom I X1 cMm.

Bcnomoeareavroud m\&agom — CTaJIbHOM CTepIKeHb.

Xaopcepebpansiil 34eKTPo0 CPABHEHUR.

Mepnas xoaba BMecTHMOCTHIO 100 MJL

ITunerxa BmecTHMocCTbIO 10 MJL.

Pacrsop KI nau KBr, 0,1 M (BcnomorartesbHBIH peareHrt).

Anaausupyemsili pacTsop TUOLAUKOAEBOL KucaoTsl, =10-2 M.

Buinoanenune paGornl. Mcciaenyemslit pactBop pasbaBiasioT [IH-
CTHJLIMPOBAHHOH BONOH 1O MeTKH M mnepeMeluBalorT. IlepenocsaTt
numetko#i 10 MJ pacTBOpa B KyJOHOMETDHUYECKYIO fAueliky, NpuIn-
Balor 10 ma pactBopa KI (B ciywae TUTpPOBaHHS reHEPHpPOBaHHEIM
Is) nau 10 ma pacrsopa KBr (B cayuae THTpOBaHHS reHepHpPOBaH-
HeIM Brg) u omyckaioT reHepaTOpHHEIH H HHAMKATODHHIH 3JIEKTPOIH.
Tutrposanne BenyT npu 3uauyenuu toka 10 mA. Xon ananmza — cM.
pabory 1 narHOro pasjeJa.

Ilo pesyabTaTaM THTPOBAHHS CTPOAT KPHBYIO 3aBHCHMOCTH IIO-
TeHlluaja OT BPeMEeHH H ONpefeJsioT KOHEYHYIO TOUKY THTPOBaHHA.
CopnepixaHue THOIVIHKOJIEBOH KHCJOTH PaCCUHTHBAIOT IO ¢opmye,
npuBeJeHHOH B pabore 1.

Pabora 7. Onpedesenue 2arozenud-uonos

Omnpepenenre OCHOBAHO Ha PeaKIHH OCAaXKAEHHsS] HOHOB XJIOPHIa HJIR
6pOMHAA 5MEKTPOreHEPHPOBAHHHIMH HOHAMH . Ag®, .mosyuaeMHIMR
aHOJHHIM pacTBOpeHHeM cepebpsHoro aiexkrpoaa. [Ipu stom mpore-
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KaloT CJeLyIollHe peaKlnun:
Ag — Agt-} e =ma anexTpone,
ClI" 4 Ag* =—= AgCl

Br~ - Agt == AgBr
1"+ Agt == Agl

Hﬂommnm%s TOYKYy THTPOBAHHA YCTaHABJHBAOT MNOTEHIHOMETPpHYE-
CKHM MeETOIOM.

MpuGopsl N peakTHBH '

Kyaonomerpuneckan ycrarnosca ¢ TOTEHLMOMETPHYECKOA HHIMKalued KOHedu-
HOH TOYKHM THTPOBAHHSA.

Teneparopusiit u unduraropuoli cepebpatsie dAeKTpodst,

Bcnomozareasnotl 34eKTpo0 — CTAJBHON CTEPIKEHb,

Xaopcepebpatoll 34eKTpod CpagHerus.

Mepuas xoaba BMecTHMOCTBIO 100 ML

ITunerxa smecTumocTsio 10 mJa.

Pacreop NaNQ;, 0,4 M B 0,06 M pacrBope HCIO,.

AHanrusupyemeoiil pacreop zasocenuda, = 10-2 M.

B pacTBope.

Beimosngenne pa6otbl. MccaenyeMnbii pacTBOp pas3faBasdioT JH-
CTHANHPOBAaHHON BOXOH B MepHOH KoJbe A0 METKH W NepeMelinBa-
10T. Ilepenocsit nunerko#t 10 MJI B KyJIOHOMETPHUECKYIO fUeliKy, NO-
6asuasior 15 MJ pacTtBopa HHAHGDGHEPEHTHOTO 3JEKTPOJIHTA, OMyCKa-
10T TeHEePaTOPHBIH M WHAHKATODHHIH 3JE€KTPOAEL. TUTPOBaHHE BEeAyT
npu 3HaueHHH Toka 5 MA. Brnosanenne — cMm. pabory 1 pasHOrO
paszaedna.

Jlo naHHBEIM THTPOBAHUS CTPOST KPHBYIO 3aBUCHMOCTH IOTEHIIHA-
Ja OT BPEMEHH U HAXOAST KOHEUHYIO TOUKY TUTpoBaHus. Conxepika-
HHE raJIoreHHja Haxoiar mo dopmyJe, npuBejgeHHo# B pabote 1.

Pa6ora 8. Onpedenrenue uonos Zn+

OrnpeneneHre OCHOBAHO Ha PeakIHM OCaXKAeHHsS HOHOB LHHKA eK-
canunaHodeppar(Il)-nonamu, remepupyeMeIMH H3 TrekcanuaHodep-
par(IIl)-noHoB Ha NJIaTHHOBOM KaToAe B KHCJBIX pactBopax. [Ipm
3TOM IIPOTEKAIOT CJefyloHHe peakIlHH:

Fe(CN)g3~ - e == Fe(CN)s*~ Ha axaektpone,
3Zn2* -+ 2Fe(CN)¢t~ + 2K+ = K,Zny[Fe(CN)gl,{ » pacteope.

Koneunyio TOUKy THTPOBAHHS ONPeRessiOT NOTEHIHOMETPHUECKHM
HJH aMIIEPOMETPHUECKHM METOAOM C AByMs MOJIIPDH3OBAHHBIMHU IlJj1a-
THHOBHIMH 3JIEKTDOLAMH.

IpuGopsl M peakTUBbl

IIpuGopsr — cM. pabora 6.

Pacreop KsFe(CN)g, 0,2 M B GydepHo#t cmecu pH=1—3 (Bcnomorarens-

HBIfT peareHT).
Anaausupyemoul pacrgop coau yunka, =~ 10— M.

Beinoninenne paGotnl. Vccnenyembilt pacTsop pasfaBasior IH-
CTH/IMUPOBAHHON BOXOH B MepHOH koJ6e N0 METKH H NepeMellHBa-
1oT. Ilepenocsat nmunerko#t 10 MA B KyJOHOMETPHYECKYIO SUEHKY,
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7 Puc. 2.36. ‘Bu6op notemunana paGouero
3JMIeKTPOAa N0 MOJNAPH3ALHOHHOX KPHBOMH

AoGaBasitor 15 Ma pacteopa Bcro-
MOraTe/bHOIO peareHra, OMyCKaloT
TeHepaTOPHHI H HHAHKATOPHLIH
371eKTpoAsl. THTpOBaHHE BedyT mnpu
BeIMUHHEe TOKa 5 MA. Brunosinenue
paboTh cM. paGory 1 AaHHOrO pas-
nfedaa.

ITo naHHEIM THTPOBAHUS CTPOST KPHBYIO 3aBHCHMOCTH IOTEHIHA-
Jla OT BPeMEeHH IIpH NMOTEHLHOMETPHYECKOR HHAHKALMH HJIM TOKa OT
BPEeMEHH NPH aMIEPOMETPHYECKOH MHIMKAIHH M HAXOASAT KOHEYHYIO
TOYKY THTpoBaHus. ColepkaHHe UHMHKA PACCYHTHIBAIOT MO (HOpMy-
Je, npuBefeHHON B pabore 1.

|
I
|
|
i

m,vno.. +E

2.6.2. MoTteHnnocraTHuecKas KyJAOHOMETPHS

~
florenuunocraTHueckass KyJOHOMETDHS OCHOBAHA Ha H3MEPEHHH KO-
JIMYECTBA 3JIEKTPHYECTBA, 3aTPAyeHHOrO Ha 3JEKTPOXUMHUYECKOE
OKHCJ/IEHHEe HJIH BOCCTaHOBJIEHHE ONpeJeJsieMOro BellecTBa, NMpHYEM
TIpH 3JIEKTPOJIHM3€e TMOTEHUHAJ paboyero 3JeKTpoja MOAAepKHUBAETCS
fIOCTOSIHHBIM, K 3HaY€HHE €ro TaKOBO, YTO 3JIEKTPOXHMHUECKasl pe-
axknust npotekaer co 100%-Ho# 3¢ eKTHBHOCTBIO TOKA.

I mposeleHHus onpefiesieHHss Ha MOJSPH3ALUOHHOA KPHBOM
{TOK — noTeHUHaN) HAXOAAT 06JacTh MOTEHILHAJIOB, B KOTOPOH HO-
CTHraeTcs ApelesbHBIH TOK aHaJH3UPYeMOro Belecrsa. [loreHmuasa
pabouero syekTpoia BHIGHPAIOT Ha MJOIAJAKE NPENeJbLHOTO TOKA,
KaxK 3TO NMOkas3aHo Ha puc. 2.36. B atoM cayuae B yc/aoBHSX IOTEH-
UHOCTATHPOBAHHUSA TOK, NMPOTEKAIOWUH uyepe3 siueliKy, GyleT yMeHb-
iIaTbC O 3KCIOHEHLIHaJbHOMY 3akoHy (pHc. 2.37). Tox /: B jio-
6011 MOMEHT BpeMeHH ¢ onpejenseTcss ypaBHEHHEM:

L= le*=1,107%",  (2.22) k= 2,303k, (2.23)

tae It~ Tox B MOMeHT BpeMeHH !; Jo—TOK B MOMEHT Hauajna 3/eKTPOJH3A;

k unn k' — KOHCTaHTH, 3aBUCSILHE OT YCJIOBHHA 3JEKTPOJH3A.

OGmiee KONHYECTBO 3JEKTPHUECTBA Q, HEOOXOAUMOE AJS 3JEKT-
POXMMHYECKOro MNpeBpalleHHss HCCJeAyeMOro BellecTBa, ONpenelis-
£TCs1 ypaBHEHUEM:

Q=\ Lat. (2.24)
M |

YinTerpupoBaTh KPHBYIO TOK — BpPeMSl MOXKHO MEXaHHYECKHM HJIH
BJIEKTPOHHHIM HHTErPaTOPOM TOKA, BKJIOYAsl €0 B 3JIEKTPHYECKYIO
Zlenb (HENMOCPENCTBEHHO OTCYMTHIBAET UHCJO KYJIOHOB, HalpHMep,
B8 npubope CXA-1,1) 1160 XUMHYECKHM KYJOHOMETPOM, SIBJAAIOIIHM=
€5l 3JIEKTPOXHMHYECKOH siueHKof, B KOTOPOH NpOTEKaeT OmpeneseH-

Hasfl 3neKkTpoxuMHuueckas peaknus c 100%-sofi sdexTHBHOCTBIO

TOKa. )
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Maxk-Hesun u Befikep npeanoxunn pacueTnwii cmoco6 onpene-
JeHHa ofIIero KoJH4YecTBa 3JEKTPHYECTBa, He TPeGYIOIIHi IOJHOTrO
3aBepUIeHHs] 3JEeKTPOXUMHUECKOR peakuuu. ITOT cnocolb OCHOBaH
Ha HCMOJIb30BAHMH TIpadHuecKod 3aBHCHMOCTH JOTapHpM TOKa —
BpeMsa (puc. 2.38), npeActaBusiomesl co60f NpAMYIO JHHHIO, TOYKA
fiepeceyeHHs KOTOPOHA ¢ OChI0 OPJAMHAT COOTBETCTBYeT /o, a TaHreHC
yraa ee HakjoHa — k’. Jlorapu¢mupys Boipaxenue anas I;, moay-
YUM:

Ig (1o/1))
—

lgl;=1gl, —kt (2.25), Torma k' = ! (2.26)

IToncraBass sHauenune I; B GopMyay AJjsl pacuera KOJHYECTBA 3JEK-
TPHYECTBa, MOJYYHM:

Q= % Te~*t dt, (2.27)
0

OTKya @INO&N&OO.HwO 3JIEKTPpHUYECTBA, 3aTPayeHHOE€ HA 3JIEKTPO-
fIpeBpallleHHe aHaJH3HPYyEeMOro BelleCTBa, PaBHO:

Q = Io/k = I4/2,303%". (2.28)
CopepxaHue ONpelessseMOro BeIleCTBA HAaXOAAT mo ¢opmyne Pa-

panes (2.20). <

Annaparypa. B noreHnHocTaTHUecKOH KYJIOHOMETPHH N HOX-
JlepxKaHus I[OCTOSTHHOTO NOTeHIHaja pabouero 9JeKTpPOAa MOTYT
ORITb HCNOJB30BaHE moTeHuuocrarsl I1-5848, I1-5827M nam xpoHo-
amnepomerpuueckas cucreMa CXA-1,1. OcroBHO#l dyHKuMeH mOTeH-
1(HOCTaTa IPH aHaJsiH3e BellecTB SBJsSeTCs NOAJepPKaHHe MOTEHIHa-
Jla WIH NONSPH3YIOLIEF0 TOKa Ppabouero 3/eKTpoja Ha 3aJaHHOM
‘YPOBHE.

IIpu pabore c noTeHHHOCTAaTaMH MCIOJB3YIOT 3JEKTPOXHMHYE-
CKHe sf4eflKH, HMeIe OOBIYHO TPEeX3JEKTPOAHYIO CHCTEMY, COCTOS-
4y10 H3 pabGouero 3JeKTPOJAA, 3JEKTPOJAa CPAaBHEHHS H BCIOMOra-
TEJAbHOTO 3JeKTpPoZa, obpasyiowmiero ¢ paGoyHM 5JEKTPOAOM LElNb,
Yyepe3 KOTOPYI0 NMPOXOJAHT TOK noJaspusanuu. Ilorenuunocrar I1-5848

g7
9,

T

Prc. 2.37. 3aBUCHMOCTh TOK — BDPEMS B OTEHUHOCTATHIECKHX YCIOBHAX

“Puc, 2.38. 3apucumocTs Jorapudm TOKa — BpeMA B HQTEHOHOCTATHUECKHX YCIO-
BUAX - ,
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Puc. 2,39 CxeMa MOTeHIHOCTAaTHIECKOH KY/OHOMETPHIECKO YCTaHOBKR

COCTOHMT H3 4-X B3aUMOCBA3aHHHX 6JIOKOB, pa6OTaIONIUX B KOM I1eK-
Ce C 3JIeKTPOXHMHYECKOH sIYefiKOH, caMONnuUIyIuM NPpHEOPOM — [o-
TEHIMOMETPOM M MuJAnuamnepmerpom. Cxema npuBeleHa Ha
puc. 2.39. B3H —6s0x sanaomux Hanpsiukennit — BrpabaTsiBaeT
3ajaloline HayalbHEIE MOCTOSHHblE HAmpsXKeHHsd, BY — 6ox ycu-
JeHusl — obecrneunBaeT HeOGXOAMMOe HANpSIKEHHE H TOK noJaspusa-
uun paGouero snektpopa, BIT-1-25 — 6aok nutanns, BBB — 60k
BLICOKOOMHOTO BOJIbTMETPa — 06eCneynBaeT BO3MOKHOCTb PerHCTpa-
LMK MoTeHnHana paGoyero snexrpopa. KCII-4 — s1ekTpoHHEIN aB-
TOMAaTHYECKHH CaMOMHUIYMIWA NOTEHUHOMETD — NpejHa3HaYeH NI%
PETHCTPALHH TOKa NOJIADH3ALHA WJIH NOTEHUHAJa Pabouero 3Jjex-
TPOAA. DJIEKTPOMAarHHTHHIA CTaGU/IH3aTOP HaNpSKEHHs npepHasHa-
176

s

YeH ANd CTaOHIM3ALHA NUTAIOWET0 HANPSMKEeHHs NOTEHLHOCTATa.
{IpaBusa pa6orhl Ha NOTEHIHOCTATe H yKasaHHs 1O MepaM Gesomac-
HOCTH H3JIOXKEHH B MHCTPYKUHH, MIPHJIAraeMoll kK nmpuoopy.

Pabora 1. Onpedenenue uonos Fe+

Jns mposefieHusi onpefiesieHHs] METOAOM IOTEHIHOCTATHYECKOH K-
JIOHOMETPHH TNpPEABapHTEJbHO CHHMAIOT HOJSAPU3AIMOHHBIE KPHBHE
{3aBHCHMOCTb TOK — NIOT€HIHAJN) B PacTBOpE ()OHA B OTCYTCTBHE H
B NIPUCYTCTBHH aHanmsupyemoro Belectsa. Ilo noaspusannonnod
KpUBO#H HaxXoAAT 06sacTb IOTEHIHAJOB, B KOTOPOH [AOCTHraeTcs
IpefesibHbIH TOK onpefejseMoro BemectBa. Iloremumuan pabouero
BJIEKTpOAa cjelyeT BolGupaTh B 3TOH 06,1acTH, OGBIYHO Ha CepefuHe
fIIOINAAKH NPEeNeNbHOTO TOKA.

[Torenunocrarnueckoe onpenesienne Fet ocHOBaHO Ha ero 3Jjek-
TPOOKHC/ICHHH B KHCJABIX pactBopax Ao Fedt mpu koHTpoampyemom
II0TeHIHaJle MJIaTHHOBOro pabouero saekrpora (40,95 B orHocH-
TeJIbHO XJI0pCcepeGpSHOro 3J1eKTPOAa CPaBHEHHs):

Fe?+ —> Fe3+ | ¢~ Ha saexTpope.

Tipu6opu u peakTHBb!

IHorenyuocrar I1-5848.

Pabouud 3aexTpod — nJAaTHHOBAs TJACTHHA pasMepom 1X1 cM aas cHATHS
SI0JIAPU3AUMOHHOR KPHBOH H IJATHHOBAs CETKA AJsl NPOBEAEHHS IOTEHIHOCTATH-
SEeCKOr0 ONlpejeJ/IeHHs. )

Bcenomozareasnoul 24eKTp0d — CTAJIBHON CTEDKEHb.

Xaopcepebpansili aaekTpod cpagHerus.

Mepnrasn xoab6a BmecTumocTbIO 100 MJI.

Ilunerkxa BMeCTHMOCTBIO 2 MJI

Pacrsop HeSO4, 1 M.

Araauzupyesmoii pacreop coru J8yxeaisenTHO20 sceresa, = 10-2 M.

Boinosnenne paborbl. YCTaHOBKY BKJIIOYAIOT COTVIACHO HHCTPYK-
uun. Mccneayemblit pacTBOp B MepHOR KOJi6e NOBOAAT 1O METKH
JHCTHIJIMPOBAHHOH BOLOW M TIIAaTeNbHO NepeMelIUBAaOT. B suefiky
sBoaAT 40 ma pacrBopa HySO, m 2 Mo Hecsemyemoro pacrtsopa
Fe?*, norpyxaioT NJIATHHOBBIA 3/IEKTPOL H COEAHHSIOT AUeHKy 3JIeK-
TPOJHTHYECKHMH KJIIOUaMH C KaMePaMH BCIIOMOTaTeJ bHOIO 3JIEKTPO-
Jla ¥ 3JeKTPofa cpaBHeHHs. Bce a/1eKTpoabl MOACOEAHHSAIOT K COOT-
BETCTBYIOIUM KJEMMaM MOTEHIHOCTaTa KaK NOKa3aHo Ha pHc. 2.39.
CHUMaIOT aHOAHYIO TMOJSIPH3AIHOHHYI0 KPHBYIO, HAYMHAS 3aIHCh OT

{la4yaJIbHOTO PABHOBECHOI'O IIOTEHIHAJNA.

PapHoBecHBIi NOTeHNHAJ] H3MEPSIOT IO BEICOKOOMHOMY BOJbBT-
Merpy Gsoka BBB, ans uwero BKilOuwalorT siuefiky, npeaBapuTesbHO
YCTaHOBHB TyMOJIEpH «PETHCTPATODP» HA MPABOH CTEHKE [IOTEHLHOCTA-
Ta B NOJOXKEHHE «IIOTEHHHAJ®, «POL paboTei» Ha Gaoke BY B moso-
JKEeHHE «TOK» M «aMmJauTyna» Ha 6soke B3H B mosoxkenne 0. Ilo
noayueHHo# kpuBoi#i /=f(E) BHIOHMpPAIOT NOTeHIMAM paGOYero aJeKT-
pOla, IPH KOTOPOM JaJjiee NOTEHLHOCTATHYECKH onpelensiior Fe+,

IIpenBapurenbHo NPOBOAAT 3JEKTPONH3 (POHOBOro pactsopa. las
3TOr0 B 3JIEKTPOXMMHUECKYI0 siUeHKYy BHOCAT CTEpXKEHb MarHHTHON
semankn 1 40 ma pacrBopa HySO,. Paboun#t snekrpox norpyxa-
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10T B PacTBOP TaK, 4TOGbl OCTaBaJCs MHHHMAJBHEIH 3a30p MeXAYy
JHOM SIYeAKH U JIEKTPOAOM A1 CBOGOAHOTO nepememuBanus. [lox~
COeJHHSIOT 3JIEKTPOIBI, BKJIOYAIOT MATHHTHYIO MEHIAJKYy. v
; Ha ucrounuke nauaibHoro nanpsxenus 6iaoka B3H noremmmo-

CTaTa yCTaHaBJHBAIOT BEIGPaHHLIH NOTeHHHAJ pabouero 3JeKTpona
M BKJIIOYAIOT BBIXOJHOE HANpsiKeHHe, KaK YKa3aHO B MHCTPYKIIHH K
npuGopy. B Teuenne 15 MHH NpPOBOAAT 3JeKTpoH3 (oHA. 3aTem
OTKJIIOYAIOT s{4efiKy. BEICTPO BBOAAT nunerkoil B sueiiky 0,5 MJ aHa-
JIA3HPYEMOr0 pacTBOpA, BKJKYAKOT pETHCTPHPYIOLlEe YCTPOHCTBO
(6aok KCII-4) u svefiy. B teuenne 5—7 MHH H3MepsIOT TOK,
OCT2HaBJIHBAIOT AMArPaMMHYIO JEHTY H OTKJIIOUAIT AYEHKY.

IoBTopsiior onpenenenne Fe+ B HOBO mopuum (oHOBOro pac-
TBopa. Ilo okoHmuanuu paboTH OTKIOYHTH NPUGOP B MOPSAAKE, OMH-
CaHHOM B HHCTPYKIIHH.

. AKKypaTHO OTpe3aloT 4acCThb AMArPAMMHON JIEHTH C 3aNHChIO
KPHBBIX TOK —BpeMs. [lo mwHpuHe AHAarpaMMHOM JIEHTH PacHoJo-
XeHa OCb OpAMHAT, MO KOTOPOH OTKJaABIBAIOT CHJIY TOKa (B MKA).
IIpz 37OM WHpHHA JIEHTH COOTBETCTBYET TOKY, 3aMaHHOMY Ha 6.JO-
ke BY nuanasona toka. ITo ocu aGenmce oTk/IanBBalOT Bpems (B c)
B COOTBETCTBHH CO CKOPOCTBIO AHAarpaMMHOH JieHTH. Hagago ocef
KOOpAUHAT (HyJieBas TO4YKa) NOJIXKHO pacloJsiaraThCsi ¢ npasofi cTo-
POHH AHarpaMMHOM JIEHTH.

Pacuer konuyecTBa 3/e€KTpHUECTBA NPOBOAAT 1O crmocoby Mak-:

Hesuna u Beiikepa. Ilo rpaduky I:=f(¢{) uaxomar 3uauenus I,
COOTBeTCTByIolINe Bpemenu: 15, 30, 60 ¢ m nanee uepes kKaxkiue
60 ¢ (Bcero 8—10 Toyek). JlaHHBIEe 3aNHCHIBAIOT B Ta6JaHLY:

t, ¢ , 14, MKA g1,

ITo nosyueHHnM NaHHBIM CTPOAT rpaduk 3aBucHMOCTH lg Ii=f(t),

N0 KOTOPOMY HaxoAAT 3HaueHue [, (cm. puc. 2.38). 3aTem mas Tpex
NpPOH3BOJBHHEX TOYeK (f, I:) paccunThBaioT 3HaueHus &’ [cm. (2.26)]
u GepyT cpefHIOI0 BesmuuHy. Jlajee pacCYHTHBAOT KOJHYECTBO
aJIeKTPUYECTBA Q M colepkaHHe xkeae3a no ¢opmyae Dapanes.

Pabora 2. Onpedesenue Tuokapbamuda

ITorenunocraTHYeCKOe ONpeAeseHHe THOKapGaMujaa OCHOBAaHO Ha
€r0 3JEeKTPOOKHC/IEHHM B KHC/IBIX pacTBOpax [0 AHCYyAbdHIA NpH
KOHTPOJIUPYEMOM NOTEHLMaJe [JIaTHHOBOTO 3jaeKTpoia (-0,85 B oT-
HOCHTEJIbHO XJIOpcepeGpSIHOTO 3JIEKTPOAA CPaBHEHHS):
S NH, NH, .
mﬁ»Zl@l.Zm. == EZHﬁ_ulmlm|MuH2m+wE++wm- Ha 3JIeKTPOZeE.

TNpu6opul H peaxTHBH :
HpaGopu — cM. paboty-1. ko
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Pacrsop HySO,, 0,56 M. »
Pacreop K3SO4, 10% -uuift.
Anasusupyemvui pacrsop ruokapbamuda, ~10-2 M.

Bbinonnenne paGoTbl. YCTAaHOBKY BKJIOYAIOT COIVIACHO HHCTPYK-~
uuu. Hcenepyemuli pacTBop B MepHO#l ko0.16e HOBOASAT 10 MeTKE
AUCTH/IIHPOBAHHOH BOAOH H TIIATEJNBHO IEPeMeIlIHBAIOT.

B siueiiky BBOAST oHOBHIE pactBop (15 ma pactBopa KoSO, m
15 ma pactBopa HySO,) u 2 ma pacTBopa THOKapGamuia, norpy-
KT MIaTHHOBBIH 3/IEKTPOJ H COEIMHSIOT SIUEHKY 3JEKTPOJHTHUE-
CKHMH KJIOYaMH C KaMepaMH BCIOMOTraTeNbHOTO 3JEKTPOAA H 3JeK-
TpoAa cpaBHeHHA. CHHMAIOT aHOAHYIO MOJSIPU3ALMOHHYIO 'KPHBYIO;
HaunHAasl 3aMHCh OT PABHOBECHOTO MOTEHNHaJsa, KaK ONHCAHO B pa-
Gore 1 nannoro paspiesa. [To monyuennoit kpusoit I=f(E) BRIGHpa-
10T NMOTeHUHaJ paGoyero s/7exTpola, IPH KOTOPOM NPOBOAAT Aajee
MOTEHUHOCTATHYECKOE ONpeJiesieHne THOKapGaMua.

B anextpoxuMuyeckyio siuefiky BBOAST CTep:KeHb MAarHHTHON Me-
IWankH #H QOHOBHH pacTBOP, MOJCOEAHHSIIOT 3JEKTPOJAL K COOTBET-
CTBYIOLLMM KJIEMMaM IOTEHIMOCTAaTa, BKJIIOYAIOT MarHUTHYIO MelaJ-
ky. Ha ncrounuke HayasbHoro mampsxernst 6;10ka B3H morenumo-
CraTa yCTaHABJHBAIOT BEIGPAHHBIH NMOTeHIHa] pabouero 3JeKTpoLa;
NPOBOMAT NPEA3JNEKTPoJu3 (PoHOBOro pacTBopa 15 MuH u mpomoa-
XKaloT aHaJH3 KakK onucaHo B pabore 1. .

KosnuecrBo anexTpuuecTBa M colepkanue THOKapGaMmuia pac-
CUHTHIBAIOT, KaK OMHUCAHO B NpeAnAymel pa6ore.

2.7. 3JIEKTPOTPABUMETPHS

DJIeKTPOrPaBUMETPUsI OCHOBAHA HA HCIOJIb3OBAHHH IPOLECCA 3JIeK-
Tposu3a. Hasoxenne BHENIHEro HampsiKeHHS HA 3JIEKTPOIBI 3J€K-
TPOXHMHYECKON SUEHKH NPHUBOIHT K ONpPEJE]EHHBIM 3JeKTPOXHMHUe-
CKHM DeaKLUHsAM IPH HPOXoxXIeHHH ToKa. Ilpoxomsmufi Tox saumeii-
HO 3aBHCHT OT PA3HOCTH Eny—FE,; B nopuuusercs sakony Oma:

I = (Exu— E,n)/R, , (2.29)

rae Ezs—3 1. C. BHEIIHErO HCTOUHHKA TOKA; Esp=Es—Fx — 3. I.cC. 3JIeMeHTa,
P4BH2A DA3HOCTH NOTEHIHANOB aHOAa H Karoja; R — ofliee compoTHBJente
9JIEKTPOXHMHIECKOI'O 9JIEMEeHTa.

Ofiwee ypaBHeHHe NMpPH HAJOKEHHH BHEUIHETO HAMpSKEHUS IJst
J1I060ro peasbHOrO MPOLECCa 3J1EKTPOIH3a HMeeT BHA:

Epn= Ea— Eq + IR = E,; + IR, (2.30)

T. €. Egu JONXHO npeBumats E,; Ha Beawumny IR, uToGH npeono-
JIETh OMHYECKOEe MafieHHe HampsixKeHUus B suelike. B meficTBUTebHO-
CTH, HAJOXeHHOE BHEIIHee HalpsiKeHHe JOJKHO G6uITb GoJble Ha-
HPsiXKeHHs, HEOOXOAHMOTo A/ IPEOAOJEeHHS OMHUYECKOrOo NafeHHS
HaNpPsXEeHHs, TaK KaK CYIIeCTBYeT TPajiHeHT KOHUEHTPaUu# y mo-
BEDXHOCTH 3JICKTPOJOB, a NPOLECCH IIEPEHOCA JEKTPOHOB MpOTeKa-
IOT C KOHEUHO! CKOPOCTBIO H3-32 IHEPTETHYECKOro 6aphepa, KOTOPHIk
HY2XKHO NPEONOJIeTh NIPH NEPEHOCE JIeKTPOHA Ha INOBEPXHOCTb 3JEK-
TPOAa,
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L4
[Ipu saexTposuse cocraBJsoumue Ep; H3MEHSIOTCS BO BPEeMeHH..
Ecan Epy NOAAEPKUBATH MOCTOSTHHLIM, CONPOTHBJIEHHE SUEHKH B Te-

‘geHHe 3JIeKTPOoJu3a GyLeT yBeIHUMBATHCH, @ TOK YMEHBHIATHCS IO
Mepe pacxoja pearupyoliHx 4acTdl. [IpH 3TOM OMHYecKoe majie-
#ue HanpsixkeHus /R uaMeHsieTcs H, CIeNOBATEJbHO, H3MEHAIOTCS MO~
‘TeHIHaJB aHOAa M Katofa. Has Toro 4ToOH HOAAEPKHBATh TOK
TOCTOSIHHHM, HeOGXO0JUMO HENPEepPHIBHO YBEJHYHMBATh HAJIOXKEHHOe
HaNpsXeHHe 0 MeDe U3MEHEHHs CONDOTHBJIEHHA, HO NpH JK6OM
H3MeHEHHH HAJOXEHHOIO HAaNpPSKEHHsT H3MEHSIOTCS TaK)XKe aHOAHBIMA
M KATOAHBI MOTEHHHAJB. DJIEKTPOIHU3 NpH NOCTOSHHOM Egg obecre-
ynBaeT GOMBIIYIO CEJEeKTHBHOCTb, YeM 3JIEKTPOJIH3 MPH MOCTOSTHHOM
TOKe, TaK KakK Epy MOXKeET IOJJepKHBaThCs HOCTaTOUHO MaJsuM. On-
HAKO IPH TOM TOK 3JeKTpoJsu3a OyleT MaJ U BpeMsi 3JIeKTPOJH3a
©OKaxKeTcs NPOJOJIKHTEJIbHBIM. [IpHMeHenre 3/1eKTPOJIH3a C KOHTPO-
JIMPyeMBIM TOTeHUHaJoM pabouero 3nektpoja obecneyHBaeT He
“TOJIbKO CEeJeKTHBHOCTb, HO H HaHOGOJbHIHH BO3MOXKHBIH B YCJIOBHAX
JAHHOTO 3KCIEPUMEHTAa TOK 3JEKTPo/iH3a. IToCTOsAHHBIA MOTeHUHaNX
pabouero 3JexkTpoia NOAAEPKHBAKT C NMOMOIbIO INOTEHIHOCTATOB.

D/IeKTPOJIH3 HHOIAA MOXKHO OCYIIECTBUTb 0€3 HaslOXKeHHs BHell-
‘HETO HaNpsiKeHHs. DJIEKTPHYECKHH TOK B JaHHOM cjydyae BO3HHKa-
T 3a cYeT 3HEPTHH rajbBaHHYECKOrO 3JIEMEHTa, COCTOsLlero H3
IJIaTHHOBOTO KaTOAAa M aHOJA M3 MeTajlla, NOAOGPaHHOTO TaKuUM
006pa3oM, yTo6bl IPH NOTPYKEHHH B HCCJIELyeMBIH PacTBOP BO3HHKJIA
pasnocth motenuuasos. Hanpumep, ecau B pactBop CuSO, morpy-
3UTh HJATHHOBHIM M IIMHKOBBHIH 3JIGKTPOABI, TO NPH 3aMBIKaHHH ILie-
oM MeAb GyAeT BHAENAThCS HA IVIATHHOBOM KaTOXE, a LHHKOBHIH
AHOJ, — PacTBOPATbCA:

Zn 4 Cut —=> Zn?*+4- Cu.

Jlo ycraHoB/ieHusl PaBHOBECHS! MPAKTHYECKH BCS Melb GyleT KOJH-
YECTBEHHO BHIJeJEeHa H3 PacTBopa. DTOT METOA HasbiBalOT METOAOM
BHyTpeHHero 3jekTposinsa. OH NMPOCT B BHIIOJNHEHHH, TaK KaK He
‘Tpe6yeT BHELIHETO HCTOYHHMKA TOKA, H CEJIEKTHBEH.
DneKTporpaBUMeTPHYECKHA METO[ aHaju3a 3aKJIYaercd B BH-
JIeJleHHH ONpe/esisieMoro 3jeMeHTa B BHIAe Merajyia Ha NpeaBapu-
TeJIbHO B3BeIIeHHOM KaTOj€, [oCJe Yero 3JeKTPOJ ¢ OCalKoM B3Be-
IOMBAIOT H MO Pa3HOCTH MacCH HaXoAAT Maccy merauia. Hekoro-
pble BellleCcTBa MOTYT OKHCJATbCS HA IVIaATHHOBOM aHOAE ¢ o6paso-
BaHUEeM IIJIOTHOTO OCajfka OKcHia, Hanpumep Pb%+ no PbO,. diexk-
TPOJIH3 MOXKHO HCIIOJb30BATh TAKXKE AJs pas/eJieHHsl HOHOB. Merto-
bl aHaJIn3a, OCHOBAHHEIE HAa 3JIEKTPOOCAaXKIEHHH KaK H Jpyrue rpa-
BUMETPHUECKHE METOAH, JOJIKHbH YIOBJETBOPATb ONPEeAETCHHHM
TpeGOBaHHAM: ONpelesieMoe BEIIECTBO JOJ/IKHO BHAEIATLCS KOJH-
‘yECTBEHHO, NOJYUYeHHHIH OCafOK MOJKeH GHTh YHCTHIM (coOcaxie-
HHe TIpHMeceil 10/KHO GbiTh MHHHMAJIbHHIM), MEJIKO3CDHHCTHM H
NIJIOTHO CLEMJIEHHBIM C TOBEPXHOCTbIO 3JeKTpoAa (uToOH mocie-
Aylolilie ONEpalHH NPOMBIBAHHS, BHCYUIHBaHHS M B3BELIHBaHUS He
_BHI3BAJIM NOTEpH ocafka). [las nosyueHdss 0cajkos, yAOBJAETBOPSIO-
.IUX STHM TPeGOBaHHAM, HEOOXOAWMO peryJHpOBaTb ILIOTHOCTH

480 . : -

.

Puc. 2.40. CxeMa YCTaHOBKH LA 37€K- ~ 2208 -
TPOOCAXKIEHHS META/VIOB: [ 1
1 — BCTOYHHK HOCTOSIHHOTO TOKA; 2— peo-
¢TaT; 3 -— BOAbTMeTp; 4 -— amnepMmerp; 5 —
KaToh; 6 — amon !
2

TOKa, COCTaB H TeMIeparypy pa-
CTBOpA, NMOBEPXHOCTb H MaTepH-
_aJl 3JIeKTPoia, CKOPOCTh Ilepeme-
IIMBaHHS.

YcraHoBka  Jas 3JeKTPO-
OCaxKJIeHHs MeTaJ/JioB, CXeMa KO-
TODOH mnpeacTaBJeHa Ha pHC.
2.40, cOCTOHT H3 MCTOYHHKA IIO-
CTOSIHHOrO TOKa I, peocraTta 2,
MO3BOJIAIOIIET0 H3MEHAThL HaJja-
raeMoe HanpsikKeHHe, BOJbTMET-
pa 3 u amnepmerpa 4 A/ KOHTPOJMPOBAHHS HANpPSIKEHHHA M TOKa,
SJICKTPOJIH3epa. DJNEeKTPONU3ep mpeAcTaBisieTr coGoH crakaH, B KO-
TOPHI HAJHBAWOT HCCJAeJyeMBblli pacTBODP M ONyCKAaIOT JBa 3JeKTPO-
na: OOJBbIION KaTOJ B BHJAE MeTaJVIHYECKOH CeTKH § M MEeHbIIero
pa3Mepa aHOJ B BHJe IJIATHHOBOH ceTKH WiH cnupaau 6. Pacrsop
HeoOXOA¥MO JHEPTHYHO INepeMelIMBATh B Ipolecce 3JeKTpoJH3a
MAarCHHTHOH MeUIaJKOMH. ,

Pa6ora 1. PasOeaenue u onpedenerue meou u Yunxa

On@mbmbmmxw OCHOBAHO Ha 3JIEKTPOOCAXKIEHHH MeJH HaA KaTolde H3
A30THOKHCJIOr'O pacTtBopa:

Cu2t 4~ 2~ == Cu

¥ B3BellHBAaHHH NOJYYeHHOTO ocazaka. [locie oraenenust MeIH HOHH
IIHHKA ONpefesioT HOTEHIHOMETPHUYECKHM THTPOBAHHEM MCCIELye-
MOro pacTBopa craHAaprHeiM pactBopoM NaOH B BoxHO-aneroHO-
Bo#l cpene (1:2). Ilpu aroMm HaGuoparoTcsi IBa CKaYKa NMOTEHIIHA-
JIGB, TIEPBBHIH H3 KOTOPHX COOTBETCTBYET OTTUTPOBHIBAHHIO CHJIBLHOM
KHMCJIOTH, NPHCYTCTBYIOIIEH B pacTBOpe, a BTOPOH — OTTHTPOBHIBA-
HHIO IIVHKA:

HNO, - NaOH === NaNO, - H,0
Zn(NOy), -+ 2NaOH === Zn(OH), - 2NaNO,

NpuGopH 1 peakTHBH
Ycranoska 0an IAEKTPOOCANOEHUR METARA08.
ITorenyuomerp: pH-merp — MuamusonsT™Merp pH=121.
Maenurras mewasxa.
Anasutuueckue secol.
SaexTpods. Gas 34eKTPOAU3Q: KATOA W aHOX — IVIAaTHHOBHIE IMJHHIDHYECKHE
CETKH.
Crexannnoul unduxatopusili 3aexrpod,
Xaopcepebpanvil saexTpod cpasrenus.
Mepuas xoaba sMecTuMOCTBIO 250 MJI . -
Muxpobroperka BMECTHMOCTHIO 2 MJ.
© “Ilunerxu BmectuMocTbio 10 1 50 ma.
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Crakans: BMecTEMOCTBIO 100 M.

Pacreop HNO;, (1:1) v 2 M.

Pacrsop NaOH, 0,1 M u 25%-uui.

Sruroesul cnupt.

Ayeron.

Arasusupyemeul pacreop cMecH conell Menm H uMHKa, ~0,1 M.

, Buinonnenne paGorel, Onpenenenne mMenu IloBepXxHOoCTH
KaTolla M aHOJAa NpeABapHTEJbHO OYMILAIOT, NOTPyXKafd B PacTBOP

HNO; (1:1) (mom rteroft), mocje 4ero ux TIIATENbHO NPOMHBAIOT

JHCTHIAJIHpPOBaKHOA Bojo#. Karox omnosackHBalOT STHJOBHIM CITHP-
TOM, BHICYHIHBAIOT B cylluapHoM likagy npu 110 °C, oxaaxnaior B
3KCHKaTOpe M B3BELINBAIOT HA2 aHAJHUTHYECKHX BECax.

Karton ¥ aHOZX 3aKpemIsiiOT B 3JIEKTPOAEPIKATENSAX, IPHCOSTHHSS
K HCTOYHHKY TOKa COOTBETCTBEHHO MHoJilocaM. B anekTposusep mno-
MellaT aHaJH3HPpyeMBIHl pactBop, no6GasJisior 1 ma 2 M pacrBopa
HNOjs, norpy:xalor B Hero 3JeKTpoAH H pa3GaBJsioT HCCHeAyeMHH
pacTBOp TAKHM KOJHMYECTBOM IUCTHJJHPOBRHHON BOXHI, 4TOOH 4acTh.
Katofa (5—7 MM) BHICTynajsa HaJ NOBEPXHOCTBIO pacTBopa. ITO
HEeO6XOAHMO JAJS NpPOBEPKH B JajbHeHIUeM HOJHOTH OCAXKAEHHS Me-
OH. DJIeKTPOAB He JOJIKHEI KacaTbCs APYr ApPyra, a Takke AHA H
CTEHOK CTakKaHa. BKJIOYaiOT MAarHUTHYIO MEWIAJKy H PperyJupyior
nepemellHBaHUe pacTBopa. BkJIOYAOT TOK H NMPOBOAAT 3JEKTPOJH3
35-—40 MuH, KOHTpONHDYs HampsaxeHue (2—2,5B) maum 10K (1—
0,5 A) mo npu6opy. Ilo Mepe ocaxkaeHHs Me[H KaTOL OKpaIlHBAETCS
B N@momzm\m IBE€T, a pacTBOP IIOCTENEHHO OQmopwmaﬂwmmdom. 3ateMm
JJIsT IDOBEPKH IOJHOTH OCaXXAeHHS Meld NPHJIMUBAKIOT B 3JIEKTPOJH-
3ep 10—15 Mg puctunnupoBaHHOH BOAH. Ecnn uyepes 10 muu Ha
BHOBbL TNOTPYXKEHHOH NOBEPXHOCTH KaTOZa He HabJjofaercs Hajib-
Helilllero BHAEJEHHS MeIH, 3JIeKTPOJIH3 3aKaHYHBAIOT. B mpoTHBHOM
cjlyyae 3JIeKTPOJIH3 NpoAoJiKaioT eme 10—15 MuH.

ITo okoHYaHMH 3J€KTPOJH3a, HEe BHKJIIOYAs TOK, H3BJEKAKOT
3JIeKTPOAKl H3 pacTBopa, NOAHHMAas OCTOPOXKHO 3JEKTPOAoJepKa-
TeNb, ¥ NPOMBEIBAIOT JEKTPOAH CTPyeH JHCTHJJIHPOBAHHOH BOJAH
Hajl CTaKaHOM C HCcJefyeMbIM pactBopoM. ITpomuBaHme 3jexTpo-
JOB IIOA TOKOM He0oOGXOAMMO BO H36GexxaHue XMMHYECKOTO pacTBope-
HHA BbIeJIeHHOH Menu. BRIK/IIOUAIOT TOK, ONOJMACKHUBAIOT KATOMA 3TH-
JIOBHIM CHHPTOM, BHICYLIMBAIOT B CywHabHOM mKady npu 110°C
OXJIaXKAAIOT B 9KCHKATOpE H B3BEUIWBAIOT HAa aHAaJHTHYECKHX Becax.
ConeprxaHue MeIH B HCCJAELYEMOM pPAaCTBOPe ONpPeNesioT N0 Pa3Ho-
CTH MEXIY MaccoH KaToAa C 0CafKOM H MaccOoH UHCTOro Karoha.

OnpejgeneHde DHHKa METOLOM INOTEHIHOMETpH-
yeckoro TurpoBaunug. Ilocae saekrpoorsenenns Cu?+ pac-.
TBOP H3 3JIEKTPOJIH3€pa KOJIHUECTBEHHO NepeHOCAT B MEpHYI0 KOJa6y
BMeCTHMOCTBIO 250 MJI, JoBOAAT O6beM O METKH AMCTH/JIHDPOBAH-
HOH BOJOH H TIlaTenbHO mepemeniuBalor. OT6HPAIOT MUIETKOH aslHK-
BOTHYIO 4acTb NOJYYeHHOIO0 PacTBopa B CTaKaH JMJsf THTPOBaHHS,
npubaBasior 20 MJ aueToHa, ONYCKAalOT B PacTBOP HHAHKATOPHHHR
9JIEKTPOJ, U 3JEKTPOJ CpaBHEHHs, BKJIOYAIOT MATHHTHYIO MeUIAJIKy
u norenuuomerp. Turpyoor 0,1 M pacrsopom NaOH nopnusmu no
0,1 mJ1, 3anmnchiBasi IOKa3aHHs IOTEHHHOMeTPa NO HIKaJe NOTEHIIHA-
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JoB (MB). THTpoBaHHe NOBTOPSIOT L0 NOJYYEHHS TPEX CXOAAIIHXCS
pesyJbTaToB.

CTpoAT KpHBEIE NOTEHIHOMETPHYECKOTO THTPOBAHHS (HHTErpasb-
HyI0 H duddepeHuInaJpHyl0, cM. pasiA. 2.3), IO KOTOPHM HaXOAAT
KOHEeuHble TOYKH THTPOBAaHHMS a30THOH -kucaoth (V)) H cyMMH
HNO3;+Zn%*+(Vs). Pasnocts o6beMoB TuTpanra (Vs—V;) coorBer-
CTBYET COJEpKaHHI0O HOHOB IHHKA B HcciaelyeMoM pacrtBope. Cogpep-
KaHHe Zn?+ paccynTHIBAIOT NO dhopmyae:

8zn2+ = cNaoH (Vi — V) Azn?+faksznt+ Vi/1000Vy. .

OnpeneseHne ILIHHKAa HAa OJAaTHUHOBOM KaToOZe,
npeaBapHTeNbHO NMOKPHTOM Meabw. [locne oraencHus
MeJH 3JIeKTPOJH30M, KaK ONKHCAHO BHIIIE, PACTBOP IEPEHOCAT B Mep-
HYI0 K0JIGY BMeCTHMOCTBIO 250 MJ H AOJNBAIOT N0 METKH AHCTHIJIH-
poBannyo Boay. Ot6upator 50 MJ pacTBOpa B 3JeKTPOJH3ep, HO-
6apasior 25% -uetit pacrBop NaOH B konnuecTBe, Heo6x04uMOM IS
pACTBOpeHHSI TMAPOKCHAA LMHKA, H eme 5 MJ H30BHITKAa IIeJOUH.
OcaxjieHne NPOBOASIT Ha B3BelIeHHOM OMEXHEHHOM IIJIATHHOBOM Ka-
TOJE, TPOBEPSIOT HOJHOTY OCaXXJAeHHs H IPOMHEIBAIOT 3JEKTPOIH,
KaK ONHCaHO Bhile. KaTOX ONMOJIACKHBAIOT STHJOBHIM CIHPTOM, BHI-
cymuBaor npu 110 °C B cymuapHOM 1Kady, OXN1aXAal0T B IKCHKA-
TOpe H B3BELIHBAIOT HAa aHaJHTHuecKux Becax. ColepxkaHHe LHHKA
BHIUHCJAIOT IO ¢opMyJie:

gzn= (my— my) Vi/Vy.

Pabora 2. Pasdesenue u onpedesenue medu u HUKEAR

Pasaenenne MelH H HHKEJSI OCHOBAHO Ha 3JIEKTPOOCAXKJIECHHH MEIH
Ha KaTole H3 a30THOKHCJIOrO pacTBopa. B stux YCJAOBHAX HHKEJIL HE
MelIaer Odﬁmhmbmmss MeJH, TaK KaK HOHBl BOAOpOJA H HHTpATa
BOCCTAaHaBJHUBaloTCs Jierde MoHOB HuKeas. [locne oraenenus menn
HHKeJb 0CaxaalT H3 aMMHAUYUHOro pacTBopa Ha OMEAHEHHOM Karo-
Jle, HCIIOJb3OBAHHOM paHee Jist BHIACJICHHS MEIH. Ha xatone mo-
CJIeI0BATEJIbHO NIPOXOAAT PCAKIHU:

Cu?t 4- 26~ == Cu,
Ni(NHy)42t + 26~ === Ni + 6NH,.

Hpu6opm H PeaKTHBH

Ycranosxa 0As aAeKTPOOCANCIEHUR METANN0B.

Maecrurnas mewanrka.

Arasutyueckue secel.

BaexTpodei: KaTok — MejlHas UMAHHADHYECKas ceTKa, aHOA — IJIaTHHOBaf
HUJBEHAPHIECKAs CEeTKa.

Crakansi BMectuMocThio 100 1 200 mur.

Pacrsop HNO,, (1:1) 1 2 M.

Pacrsop HaSO4, 2 M.

Pacrsop NH;-Hy0, womnmm%:wowmmmzm

3Tusossiil cnupr.

Anaausupyemold pacTéop cMecH coleli MeXH H :ES.,E. ~0,1 M.




Buinonnenne pabore. Onpefesienne MeAH NPOBOAAT KaK ONHCAaHO
B npeanaymeit pabore. PacTBop ¥ NpOMEBIBHEIE BOABI COXPAHSAIOT 118
onpeze/ennuss B HEX HHKeJas. OMeIHEHHHH 3J1€KTPOJ HCIOJNb3YIOT B
JlaJbHeHIIEM [ OcaKIeHHus HHKeJ.

K pacTBOpy M NIPOMBIBHEIM BOMaM, COePIKAllHM HOHHI HHKEJS,
no6Gasasior 4 ma pacrBopa HySO4 u ynapusalor n0 BhifesieHus na-
poB. OX/1aXXaaoT, OCTOPOKHO NPHJIKBAIOT AUCTH/IIHPOBAHHYIO BOAY
10 o6bema pactBopa 100 Ma ¥ R06aBAAIOT 15 MJI KOHIEHTPUPOBAH-
noro pactBopa NHj;-HoO. BuaenasioT HHKenb Ha KaTole, UCMOJB30-
BAHHOM paHee JJISl BELAEJEHHA MeJH, COIJIaCHO YKa3aHHsM, JaHHBIM
B mpeisiaymieli paGote AA BhileneHuss Meld. B3BelIHBAIOT 3JeK-
TPOA C OCaJKOM MEIH M HHKeJsSI H MO PA3HOCTH MEXAY Maccod Ka-
TOAA C MEAbI0 M HHKEJIEM H Maccofl OMeJIHEHHOrO Karola HaXOAsAT
_copepXKaHHe HUKeJs B PacTBope. _
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FJIABA 3
XPOMATOIPA®HYECKUE METOJbI AHAJIM3A

Cpenn xuMHYeCKHX, (UBHUECKHX M (PH3HKO-XHUMHUECKHX METOLOB
4Ha/M3a, HCNOJb3yeMHIX JJisl pasfeseHHs, aHAJH3a, HCCJAeNOBaHUS
CBOHCTB HHAMBHAYya/JbHBHIX XHMHUECKHX COCJHHEHHH, BHIHOE MECTO
3aHUMAIOT XpOMaTorpa@HIecKye MeTOALbL.

LTupokoe pacnpocTpaHeHHe XpoMaTorpaduyecKie METORb MOJY-
YHIH 6aarofaps 3¢QpeKTHBHOCTH, IPOCTOTE SKCIEPHMEHTa, Cesek-
THBHOCTH, 3KCIPECCHOCTH, BO3MOXKHOCTH aBTOMATH3AallMM B cOUeTa-
HHH C APYTMMH (H3HKO-XHMHYECKHMH MerojaMu. OTJIHUHTeNbHOM
OCOGEHHOCTBIO XPOMATOrpaHIECKHX METOJOB ABJAETCS HX YHHBEp-
CaJbHOCTb, T. €. BO3MOXKHOCTh HCIOJb30BAHHS NJSI PasieNeHHs H
OmpejesieHust TBePAHX, XHAKHX H ra3006pasHHX HEOPraHH4ecKHX
H OPTaHHYECKHX COEAMHEHHH B IUHPOKOM HHTEPBaJje KOHIEHTPalMil.
Metoznsl 0COGEHHO IIeHHBI TeM, 4TO NMO3BOJAIT 3((HEKTHBHO HpoBO-
JIHTh pasjelieHHe coeJHHeHHH ¢ GJIH3KHMH CBOACTBaMM.

Xpomarorpadus RaeT BO3MOXHOCTL MPOBOAHTh KAaUECTBEHHHIH H
KOJM4eCTBEHHBI aHAJIH3 HCCeAyeMHX OGBeKTOB, H3y4aTh (PH3HKO-
XHMHYECKHe CBOHCTBa BelIEeCTB, OCYIECTBJSATb KOHTPOJb M aBTOMa-
THYECKOe peryJHpOBaHHe TEXHOJIOTHUECKHX NpolleccoB. B nocaennee
BpeMms XpomaTorpadusi — OAHH H3 OCHOBHHIX METONOB KOHTPOJS OK-
pyXaioulell cpenbl.

BosuukHOBeHne xpoMartorpadHH KaK HayuHOrO MeTOAa CBSI3aHO
¢ umenem M. C. Lsera (1872—1919), koropeiii B 1903 r. ocymecrt-
BUJI pasj/ieleHHe CMECH PACTHTEJNbHBIX ITMTMEHTOB H 3a/I0XKUJ Teope-
THYECKHEe OCHOBH XpoMaTorpaduu.

XpomaTorpaduyeckne MeTOAB pasfeJIeHHs BellecTB OCHOBAaHEI
Ha COpOUMOHHHIX Ipoleccax. 3Jech MOA copOuuell NMOHHMaeTcs O-
TVIOIeHHEe ra3oB, NAapOB HJIH PAaCTBOPEHHBIX BEIIECTB TBEPABLIMH HJH
XKHAKUMH norJjoTutensiMu (cop6enramu). OGpaTHH npouece Hashi-
Balot gecopbuuei. Copbuusi — obllee MOHATHE, BKJIOUamLiee B cebs
ajfcopbuuio (IOr/omMeHHe Ha MOBEPXHOCTH (askl) H  abcopbuHmio
(morJiomenune B o6beme Gass). .

Cop6unio MOKHO OCYIECTBHTb ABOSKO: B CTATHYECKHX HJM JHHA-
MHYeckux yciaoBusx. Craruueckas copbuus (cTatuka copbuum) —
COpOLHOHHBIA IpOIECC, MPOTEKAIOIHA IIPH OTHOCHTEJNLHOM IOKOE
oGerx (pa3 W 3aBepIIAIONIHIACSH YCTAHOBJEHHEM pPABHOBECHOTO pac-
npefenenus BemectBa Mexay dasamu. [dunamuveckas copOuus
(nuHamMuka copOiHn) — COPOMUOHHHIA NPOLECC, B KOTOPOM IIPOHC-
XOAMT HaNpaBJeHHOE IlepeMellleHre NOABHKHON (a3bl OTHOCHTEILHO
HENOABMKHON. §IBJIeHHS AMHAMHKH COpOUHH JeXaT B OCHOBE Xpo-
martorpaduyeckux MeToJ0B pasjesieHns cMmecell BemecTB. CylIHOCTh
BCeX XpomaTorpa)HuyecKHX MeTOLOB COCTOHT B TOM, YUTO pasjelse-
MEl€ BellleCTBa IepeMellaloTcs uepe3 cJ0H HemoJABHXKHOrO copbenra
(HenmoaBHKHOH (asH) BMecTe C NOABHXKHOH (Pa3ofi (KHAKOH HIH
rasoo0pasnoil) ¢ pasHOR CKOPOCTHIO BC/IEACTBHE Pa3JHUHON cOpOH-
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Tabauya 3.1. Kaaccuuxayus xpomarospaduseckux merodos

Bun xpomarorpadun Henoapuxkuas dasa

T'asoBas xpomarorpadus
rasoafcopGuEOHHAaA XpoMarorpadus | Teeproe Teno
rasoXHAKOCTHAs XpoMmarorpadus XKunkocts Ha Hocurene

Junkocraaa xpomatorpadus

TBEPAO-XKHAKOCTHAS Tsepaoe Teno
JKHAKO-KHAKOCTHAS JKunkocts Ha HOCHTeNE
HOHOOOMeHHas xpoMarorpadus Teepaoe Tteno
reJb-IPOHHKAIOMasn KuaxocTe B mopax rens
ocajo4Hass xpomarorpagus Teepaoe Teno

Ncgnhmﬂnooawumommamhvmwm KuakocTs Ha HOCHTENE

OKHCJIHTEJbHO-BOCCTAHOBUTENIbLHARA Hmm@hmm

~ Ilompmxnas dasa bozxm:%w\w*w_%%wwuz%xmm:wz TexHHKA BHINOJHEHHS aHANH3a
Tas Ancop6uus Kosonounas
1 » Pacmpenenenne  (pactBo-{ ~ »
peHue)
Knakocrs Ancop6uus »
» Pacnpenenenne Kononoynasi, n1ockograas
» O6men HOHOB To xe
» Juddysus Moiekyn »
» OGpasoBalHe  MaJopac- »
TBODHMBIX COeIHHEHH
» O6pasoBanne  KoMmmJjexc-| »
HBIX COeJHHeHHH
Kuakas Peaknus OKHCJIEHHS —|  »
BOCCTAHOBJIEHUS :

pyeMocTH. B oTiiHuHe OT HEKOTOPHIX APYTHX BHIOB pa3fesieHHs Xa-
paxTepHO# OCOGEHHOCTBIO XPOMATOrpaUUECKHX METOJ0B SIBJSETCS
MHOTOKPATHOCTb NMOBTOPEHHS NpOLecCcOB cOpOUUH H Aecopluyuu B
HOBHIX CJIOSIX cOpOeHTa, yTo ofecneurBaeT BHICOKYIO 3 HEKTHBHOCTh
pasnenenns. CieaoBaTesbHO, XpoMaTorpadusi — 3T0 JHHAMHUECKHH
COpOIHOHHHI crmoco6 pasfeseHus cmecell, OCHOBaHHHI Ha pacmpe-
IleJIeHHH BelllecTBA MeXAy JByMs ¢asaMmMiu, OAHa M3 KOTOPHIX IO-
IBHXKHa, a Apyras HENMOABHXKHA, H CBA3aHHHIN C MHOTOKPATHHIM IIO-
BTOpPEeHHEM COPOLIHOHHBIX U AeCOPGIHOHHHX aKTOB. .

ITpu xnaccudukanuu pasiHYHEIX XpoMaTorpadpuuecKHX METOLOB
clleAyeT YYHTHIBATbH NPHPOLY NOJABMKHOHN U HemoABHKHOR ¢as, Me-
XaHH3M B3auMOAEHCTBUA MeXIy (asofi ¥ pa3messeMHMHU BelleCTBa-
MH ¥ TeXHHKY SKcnepuMeHta (tabJ. 3.1).

JI1060ft cCOpOUUOHHBIN NpOLECC XapaKTepH3yeTcss KOHCTaHTOM pac-
npenesneHnst (Kpacnpex), KOTOpast npeacrasiser co6of OTHOLIEHHE
PaBHOBECHOH KOHLEHTPALHH BelleCTBa B OJHOR ompesesenHoR ¢op-
Me B HeNOABHXKHOH (ase (c;) M KOHIEHTpPAllHH BelllecTBA B TOH XKe
¢opme B noasukHON dase (cz):

Nﬂnwnuvmn = (;/C,.

B xpomartorpadun ompepensieMoe BEMECTBO MOXKET IPHCYTCTBO-
BaTh He TOJBKO B OJHOH ¢opme. B atoM cayuae nmpumeHsioT K03d-
¢uunuent pacnpenenenus Kp, orpaxaiomuii paBHOBECHOE pacnpese-
Jienue BemecTBa A: ,

Kp = Cagey/Can,

TA€ Caye, Ca ,— OOWlas aHaJMKTHYECKas KOHUEHTpalus (MaH KOJHIECTBO) BCeX

Hen' .
¢opM BemecTBa A COOTBETCTBEHHO B HENOJABHIKHOA M MOJBHXHON ¢a3ax.

Kos¢duunent pacnpeneneHHss 3aBHCHT OT NPHPOAH Onpejesse-
MOro BelllecTBa, NPHPOAN MNOABMXKHOA M HemoABHXKHOA (a3, Temie-
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partypsl, pH, kouuesTpanun u HoHHOR cuabl pacrBopa (B caydae
XHAKOCTHOH XpoMaTorpadun).

CxkopocTh IBMXKEHHS 30HB NaHHOTO BemlecTBa 06paTHO NMPONOp-
unonansHa Kp. Ilpu Gonbiux snauennsix Kp 66abluas yacTh Be-
ecTBa HaXOJHTCS B HeNOJABHXKHON ase H nepemelnaercss MelJeH-
#o. Ecnin Kp Mano, To BemecTBO GHCTPO MPOABHraeTcs IO KOJOHKE
¢ noxBHKHOH (asoit. [{Ba mo6rx BemectBa ¢ pasiuynniMu Kp 6y-
JAYyT NepeMeIaTbCsi ¢ PasHBIMH CKODOCTSIMH, UTO SIBJISIETCS ONpefe-
JISTIOILHM GaKTOPOM XpomaTorpaduieckoro pasjieseHHs.

Napamerpul xpomartorpammel. Ecin Ha Beixone u3 cjos copben-
Ta PErHCTPHPOBATL H3MEHEHHE BO BpeMeHH (HJIH o0bheMe MOABHXKHOMH
¢$asbl) Kakoro-aHG0 CBOHCTBA NOTOKA NMOABHAKHOM (askl, TO Ha JeH-
Te PErucTparopa sanuIIeTcs BHIXOAHAs XpoMarorpaduueckas KpH-
Basi — xpomartorpamma (puc. 3.1). Ilapamerpel BEHIXOZHOH KPHBOH,
HasnBaeMble MapaMeTpaMM yJAepKHBAHHS, MOTYT CJYKHTb CPEACT-
BOM BLID2XKEHHSI PE€3yJIbTATOB XPOMAaTOrpadH4ecKoro pasjeseHus
CMeCH BellecCTB.

Copbunornas cnoco6HOCTb HENOABHMKHOH a3kl MO OTHOIIEHHIO
K pasje/isieMbiM BeleCTBAM XapaKTepPH3yeTCs BPeMeHeM y/lepKHuBa-
HHSI {p. JTO— paccTOsHME HAa XpOMaTOrpaMme OT MOMEHTa BBeje-
HHs BelllecTBa B cJoH copbeHTa 1O MOMEHTA MOSIBJIEHHS HA BHIXOJE
M3_cJios copleHTa BellleCTBa B MAaKCUMAaJbHOH KOHUEHTPAlHH B IO-
TOKE NMOABHXKHOH (asbl. O6beM NOABHIKHON (as3bl, NPOLIeIIIHi IPH
9TOM 4Yepe3 cJioil copbGeHTa, Ha3HBalOT 06bEMOM YAepKHBAHHSA Vg:

Vg =tgu, © (3.1}
rie v — o6beMHas CKOPOCTb NMOABHIKHOMA (a3l :

CumBosnamu fz, (V) oGosnauaior BpeMs (06beM) yAepIKHBaHUS
HeCOpOHUPYIOIIErocsi KOMIIOHEHTa. o

Bricota BrIXofHOM KpHBOfi (MHKa) A — 3TO MEpPIEHAUKYJIAD, ONy-
IEHHBI I U3 MaKCHMyMa IIHKa Ha HyJeByw JuHuto. Hyaesas am-
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r Puc. 3.1. Nuddepennuansaasg
4 tg XPOMATOTpaMMa:
- . 1~ pyneBasi JHHHA; 2 — NDHEK He-
&h COPOGHPYIOILETOCSH KOMIIOHEHTA; &,
4 — OHKH oOnpejeaseMBX KOMIO-
HeHTOB

R{E

Hos HUS — 4acTb XpOMAaro-

rpaMMH, noJiyyeHHas

_ 4 IpH PETHCTPALUH CHTHa-

N % | J1a peTekTopa BO Bpems

PEl BHIX0[2 H3 KOJOHKH YH-

CTOH TOJABHXHOHK (a3l

y  upuna mnmka p — oT-

pe3oK, oOTceKaeMHil Ha

HyJIeBOH JIMHHM KacaTeJbHBIMH K KPHBOH B TOYKax neperu6a, Had

paccTosHHe MEeXAY TOYKAMH KOHTypa MNHKa Ha cepefHHe BHICO-
THl Ro,s.

dddexkTuBHOCTL XpomaTorpaduyeckoro pasaesnenus. B mpouecce

xpomatorpadupoBaHusa BellecTBO, NepeMemasnch BAOJNb CAOS COp-

6eHTa, pacnpejessieTcs MeXIy IOABHXKHOH H HemOABHXKHOH ¢asa-

mHu. IIpu aTom 30Ha BemecrBa pasMuBaerca. Uem GoJiblile pa3MuIBa-

HHE 30H JBYX COCEIHHX KOMIOHEHTOB, T€M TPYAHee HX Da3JejHTh.

Mepoit paamuBanus xpomatorpadHuueckoii 30Hb SIBJAsETCA BLHICO-

[l

/\ ﬂ
e

‘Ta, 3KBHBaJIeHTHAsi TeopeTuueckod rapenke (BITT wam H).

s konoHouHo#t xpomarorpaduu YHCJIO TEOPETHYECKHX Tape-
Jok N paccuuthiBaloT no dopmynam

N =15,54(tr/1,,,)* (3.2)
N = 16 (tg/p)* (3-3)

'B3TT paccunrusaor no gopmye
B3TT = L/N, (3.4)

rae L — pauHa KOJOHKH, MM.

Yem menbme BITT, Tem addextuBHee paboTaer KOJOHKA, TeM 6O-
Jiee Y3KHMH CTaHOBSITCS NIHKH Ha XPOMAaTOrpaMme. ,

KpHTepHH olieHKH pasaeneHust. [l KOJHYECTBEHHOH ONEHKH
XpoMmaTorpauaeckoro pasjiesieHHsl HCIOJb3YIOT KPHTEPHH, Xapak-
TEpH3YIOUIKe KayeCcTBO pasfelieHHs B 3aBHCHMOCTH OT NapaMerpoB
ONKTa — NPHPOAL COpOeHTa, TeMNlepaTypsl XpomaTorpadupoBaHHA
B T. A. K HHM OoTHOCAT crenenb (pakTop) pasfeleHHs a, KpPHTepUA
cesektusnoctH K., kpurepuil pasgenenus R. Crenenb pasielieHHd ¢
XapaKTepH3yeT OTHOCHTeJIbHOE yJAep:KHBaHHe KOMIIOHEHTOB pasje-
JieMOY CMECH M CeJIeKTHBHOCTb BHOpaHHOH HenoABHXKHOH (asH,
@ pacCUHTHBaIOT N0 dopmyJe )

a = (Vr, —Vr)/(VR,— Vry) = ({R,— tR)/(tR; —tR) = KD,/KDy+ (3.5)

Crenenb pasaeleHus g usmeHsiercs or,1 no oo.

Kpurepnit cenexrusuocTH K XapakrepHsyeT H30HPATeNbHOCTb
copGenTa, ero pacCUHTHBAIOT no Gopmyae:

Ke= (Ve,— V)(VR, + Vi) = (R,— R)/(tR, +1R)  (3.6)
188 , ‘

Kpurepuit K. usmenserca or 0 go 1. Ilpu K.=0,4 mpoucxomur
NOJIHOE pa3fiesieHHe KOMIIOHEHTOB, ,

Kpurepuii paspesenns R yuHTBIBaeT AeHCTBHe Ha NOJHOTY pas-
AenieHust 3 (PEKTHBHOCTH KOJOHKH H CeJEeKTHBHOCTH cop6enra. Ero
PacCYMTHIBAIOT IO opMyJIe

R=2Atg, /(b1 + 1) (3.7)

Kpurepuii pasjeseHnss R MOXeT NPUHHMATh 3HaueHHs oT 0 O oo,
IIpn R=1 DpOHCXOAHT HONHOE pasjieieHHe KOMIOHEHTOB.

3.1. TASOKUAKOCTHASl XPOMATOTPA®HUS (I'KX)

B rasoxuaxocTHO# XpoMaTorpadHn NOABUMXKHOH (a30i sBAfeTCH
ras WM nap, a HeNOABHIKHOM CHYXKHT CJOH MHUIAKOCTH, HaHEeCCHHRIH
Ha MHEPTHHIA TBEPABIH HOCHTENb. MeTOZ MO3BOJISIET aHAJH3HPOBATh
CMECH IasoB, HH3KO- H BBICOKOKHNSLIMX OPTraHHYECKHX H HEOpraHH-
YECKHX cMeced. DT0 MOryr OHITb YIJIEBOZOPOAH C YHCJAOM aTOMOB
yraepoxa B MoJjekyse 10 100, KOMIOHEHTHE MHIUEBHIX IPOLYKTOB,
CTOYHBIC BOJHI, MECTHHHAB. MeTOA rasoXHAKOCTHOH XpOMartorpa-
(bHH HCHOMB3YIOT [Jsi aHaJH3a HEJNEeTYYHX BELUECTB IyTeM Olpee-
JICHHA NPOAYKTOB MX NHPOJM3a MJIfA aHa/u3a cMecell H30MEpOB.

" Ilpu BbIGOpE ONTHMAJBHEIX YCJOBHH XpOMaTOrpa@HpOBaHHS Py-
KOBOJICTBYIOTCSl ONPeJeNeHHEMH TPeGOBAaHUSAMH K Iasy-HOCHTENI H
Xxpomarorpaduueckoii. cucreme. OJHMM U3 BaxKHeHLIHX NapaMeTpoB
XpoMarorpapupoBaHus ABJSIETCH CKOPOCTh IIOTOKA a3a-HOCHTEJS.

Ban-Jleemrep c cOTp. BhIBeN ypaBHEHHe, CBS3blBaiOliee BEHICOTY,
9KBUBAJNEHTHYIO TEOPETHYECKOH Tapeske H, cO CKOPOCTbIO rasa-HO-
CHTEJSA V! ‘

H = A+ Bjv+Cu,

rae A, B, C — sMnHpHiecKHe KOHCTAHTH, YUATHBAIOIIHE BJHSHHE Ha XpoMaro-
rpaguieckuii mpouecc BHXpeBOH H MoJdexyaspHol AudysHH @ cKOpoCTH Macco-
o6MeHa COOTBETCTBEHHO.

I'paduk saBucumoctu H oT v npejcraBjaeH Ha pHc, 3.2. O6aactb
ONTHMAJIbHHIX CKOPOCTEH MOTOKA rasa-HOCHTENISI COOTBETCTBYET MH-
HuUMaJpHOMY 3HaueHuio H. Ilpu s1oM Habuaiomaercs HauGoablIas
9(ppeKTHBHOCTE XpoMaTOorpaupoBaHHus.

TemnepaTypHbifi  pexMM XpoMaTorpaupoBaHHst OG6YCJOBJEH
TeMIepaTypaMH HCIapHuTels, TEPMOCTAaTa KOJOHOK H TepMocTaTa
derekropa. Temmeparypy tepmo- ¥
cTaTa HCHAPHTENS YCTaHABJUBAIOT
Ha 20—30°C Boille TeMmeparypH
KHIEHHS CaMOr0 BLICOKOKUISIIEro
BelecTBa B cMecH AJas obecneue-

HHfl MTHOBEHHOI'O HCNapeHHs 'BceX ' | g

Puc. 3.2. 3asucumocts BATT or ckopocTH
rasa-HoCHTeNs : >
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KOMIIOHeHTOB cMecH. OfHAaKO TeMnepaTtypa HCHapurTess He JOJKHA
BHI3LIBATb pasjoxenne obpasua. Temmnepatypy xpomarorpaduue-
CKOH KOJIOHKH MOJAEPXKHBAIOT NPUOJIH3HTE]bHO HANOJOBHHY HHXKe
TeMNepaTypsl CaMOrQ BBHICOKOKHNSIIErO BeleCcTBa B CMECH AJA
obGecriedeHusl akTOB copbuum u fecop6buuu. OmHaKo, ecaH ompeje-
JsieMble BEIeCTBA MMEIOT AOCTAaTOYHO IIHPOKHH HHTEPBaJ TeMmepa-
TyD KHIIeHHS, pa3fesieHHe KOMIIOHEHTOB IPOBOJST B yCJOBHSAX NpPO-
rpaMMHPOBaHHOrO HarpeBa TepMocTaTa KoOJOHOK. Temmepatypa
TepMocTaTa AeTeKTOpa BO H3bekaBHe KOHJAEHCaunMH. NpoOb B KaMe-
pax meTeKkropa JojkHa GHTb Ha 20 °C Bblllle TeMIepaTypH KHNEHHA
CaMOTO BEICOKOKHIISILIErO BellleCTBA B CMeCH.

KauectBeHHBIHi rasoxpomarorpadmueckuit aHajaus. B rasosoft
xpoMartorpauu InapaMeTpbl yAepXKHBaHHUS Kakoro-iubo coepuHe-
HHAS B CMeCH MPH ONpefesIeHHBIX YCJIOBHAX XapaKTepH3YIOT NPHPO-
Ly 3TOrO COeAMHEHMs, NOTOMY NAapaMeTpH yAePXKUBAHHUA MOTYT
OLITH HCNOJb30BAHH AJI Lesell HAEHTHOHKALHH.

B KauecTBe mapaMeTpoB [Js uenell HASHTH(MHKALMH Yallie BCETO
HCIIOJIb3YIOT BpeMsl yAepXKHBaHUA [r, YAepXKuBaeMblli o00beM Vi,
aorapudmuyeckuii uHAeKC yAepxkHuBanua [. Jlorapudpmuueckuit uH-
JeKC yIAepXKHBaHHA PaCCUHTHIBAIOT MO PopMyJe:

—mnh& ll_mnza

1= _oo_jn_l_oou. (3.8)

rae ??5: H ?atl BpeMeHa YAEpXKHBaHHA BellecTBa, HOPMAaJLHBIX NapaduHoB
C YHCJAOM YTJIEpOAHLIX aTOMOB B MOJIEKYJie 1 H n+1l.

Hec6xonumo, 4TOOH ?;AF ,A?;t

B npakTHKe KayecTBEHHOIoO rasoxpomartorpaduueckoro aHanausa
HCIOJb3YIOT CJIeAYIOIIHE CIOcOOH HAeHTH(QUKALHH KOMIIOHEHTOB:
1) cpaBHeHHe napaMeTpoB YAep:KHBAHHs HEH3BECTHOTO BellecTBa M
3TaJIOHHOTO COeIHHEeHHs IPH HAEHTHYHBHIX YCJAOBHAX XpoMmarorpacdu-
poBanus; 2) npumeHeHHe rpadHUECKUX HJM aHAJIHUTHYECKHX 3aBH-
CHMOCTEH MEXKIY XapaKTepHCTHKaMU YAepXKHUBAaHHA H (PHU3HKO-XH-
MHYECKNMH CBOHCTBAMH BellecTB (MOJIEKYJSpHOH Maccod, TeMme-
paTypofi KumeHHs, YHCJOM YIVIEPOJHEIX AaTOMOB HJIHM (PYHKIHO-
HaJbHHIX TPYOR H T. [.); 3) coueTaHHe ra3oBoil xpoMaTorpapuH ¢
' IPYTHMH MHCTPYMEHTaJbHLIMH MeTOAaMH; 4) IpHMEHEHHe CeJeK-
THBHBIX JE€TEKTOPOB.

KoauuecTBeHHbli nmwoxvozwqo%we:aan::: anaau3. Kouauuecr-
BeHHHH rasoxpomarorpaduuyecknii aHaJH3 OCHOBAH Ha JONYIIEHHH,
YTO MJIQUIAJH NMHKOB (HJH BHICOTH), COOTBETCTBYIOIME HHAHBHAY-
aJbHBIM COCIHHEHHAM Ha xvozmeo%mzzm, IPONOPIUOHAABHE HX
KOJIMYEeCTBY MJIH KOHIEeHTpauyH.

Ilromiazn nUKOB S Ha XpOMAaTOrpaMMe H3MepsAIOT Pa3aHYHEIMH

crnoco6aMH B 3aBHCHMOCTH OT pa3MepoB, CUMMETDHYHOCTH H II0JI-

HOTHl pa3fieieHHsl NMHKOB. Yalle BCero mJoLlafb NHKa ONpeNeNsioT
10 ClefyIOIHM popMyaaMm: .
S = (1/2) hp; (3.9)
S=hgs (3.10)
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MOXHO H3MEpHTb IJOWIaAb NMHKA IPH NMOMOWIM IIAHHMETpa,
B3BEUIMBAHMEM BLIPE3aHHBIX NHKOB, IPDH IOMOWIH HHTErPaTOPOB
NJIOI[AIM ITHKOB,

" Cnocob6n KOJHYECTBEHHOH OLEHKH XpoMmarTo-

rpamM. 1. MeTton a6conoTHOH KaJuOPOBKH: MO pe3yJbTaTaM ce-
PHH aHaJH30B CTPOAT rpaHK 3aBHCHMOCTH NlapameTpa nHka (mao-
IIaJHd HIH BHICOTH) OT COJEpXKaHHs BelleCTBa B npo6e g; (B r).

AGcomoTHBIT KO3D(UIHEHT YYBCTBHTEABHOCTH i-TOTO KOMIIO-
HeHta Kis=g;/S; rfcm? (Kiyn=gih; r/cM) HasbBaloT KajiubpoBOY-
HpIM Ko3bduuuentom. Comepxanne i-Toro komnonenra (8-%) pac-
CYHTBHIBAIOT MO dopMy.Je:

Xi =g 100/6; =
nau (B r/a)

(K;5S:/9;) 1005 = (Kinh;/0;) 100 (3-11)

= 1000g;/V; (3.12)
rae 0;— macca xpomartorpadupyemolt npobm, r; V;— o6bem xpoMaTorpadupye-
MOH mpoObl, ML

2. MeToJ BHYTPEHHEro CTaHAapTa: aHAJH3HPYIOT CMECh HEH3Be-
CTHOTO KOJHYECTBEHHOTO COCTaBa, B KOTODYIO BBEIEHO H3BECTHOE
KOJIMYECTBO HE COJep¥Kalierocs B Hell BelllecTBa — BHYTPEHHETO
cTaHfapTa. BHyTpenHuit cranaaprt AoJiKeH GBITh HHEPTEH II0 OTHO-
LIEHHIO K KOMIOHEHTaM aHa/JMS8HPyeMOH CMecH, CTaGHJABHEIM IIpH
TeMIepaType OnbiTa, (PU3UKO-XHMHUECKHE CBOICTBA €ro AOJXKHbI
GbiTh GJH3KH K CBOHCTBaM GOJIBIIHHCTBZ KOMIIOHEHTOB aHaJIH3HpYye-
MO CMecH.

Conepxanue i-roro KomnoseHta (B %) paccuutsiBaior no ¢op-
MyJe:

Xy = K;sS; 100r/(KerSer) 5 X = Kinhi 100r/(Kcxher), (3-13)
rae Ker, Ser, Acr —Kanu6poBouHuA Koo hHIKEHT, IVIONIaAb W BHCOTA IHKA CTaH-
AapTa; r-— OTHOUICHHE MAaccH BHYTpEHHEro CcraHjaapra K Macce aHaJIu3upyeMmoro
BelecTBa.

Metoanl a6cosOTHON KalHGPOBKH M BHYTPEHHEr0 CTaHAapTa
NPHMEHSAIT [/ ONpeAeJeHHA OTAeJbHHIX KOMIIOHEHTOB KaK MNpH
YCJIOBHHM PErHCTpalHM Ha XpOMaTorpaMMe BCeX KOMIIOHEHTOB, Tak
H B HE NOJHOCTLIO HACHTH(OUUUPOBAHHEIX CMECHX.

3. Meron HOPMHDOBKH OCHOBaH Ha TOM, 4TO CyMMY IJIOLlafel
(BHICOT) BCex NMHMKOB Ha XpoMaTorpaMme npuHHMawT 3a 100%.
Conepxanme i-roro KomnoHeHTa (B %) paccynteiBaioT 1o ¢op-

MyJe:
n={ n={
= 8;-100 M Sis X; = h;-100 Ms (3.14)
n=1 n=1
HJIH C YYeTOM KaJHOPOBOUHHIX KO3(PGHUHEHTOB:
n=i n=i
= K;5S;-100 M K;sSi;. Xy == Kiph;-100 M 5:5 (3.15)
n=1 n=1 :

Mertox BHYTpeHHei HOPMHPOBKH NDHMEHSIOT AJIS OUpeleeHHs
KOMIIOHEHTOB aHAJH3HPYEMOH CMECH TOJBKO NPH YCJIOBHH PErHCT-
panHH Ha XpoMaTorpaMMe BCeX KOMIIOHEHTOB.
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Kanu6posounne kosppuuments. JHaa yyera pas-
JMUHS B YYBCTBHTEJbHOCTH [ETE€KTOpa AJA KaXKJOr0 KOMMOHEHTa
HaxXoAAT KaJuGpoBouHnie Kod(duuuenth. KanubpoBKy HpOBOAAT
no pesyJabrataM xpomartorpadupoBaHHs GHHapHOH CMeCH, COCTaB-
JICHHOH M3 {-TOTO KOMIIOHEHTa H CTaHAapTa, KadHOPOBOUHEIH K03d-
dunHeHT KOTOpPOro mpuHuMaioT pasHuM 1. Kaau6poBouHme Ko3d-
(OUIMEHTH PacCYHTHBAIOT 10 GopMyaaMm:

Kyp = hexCifhicers Kis = Sc16i/SiCer-

AnnapaTypa. [IpusuunuaipHass cXeMa rasoBOro xpomaro-
rpatda mpeicTapieHa Ha puc. 3.3. [loaBuxHas dasa (ras-HOCHTEb)
HeNpepHBHO MofaeTcsi U3 GasoHa ] uepes PEAyKTOp 2 B XpOMaro-
rpapHuecKyi0 yCTaHOBKY. AHaausupyeMmylo mpoGy BBOAAT [03aTo-
poM 4 JH6O B NOTOK rasa-HOCHTeJst, JHOO yepes Pe3uHOBYIO MeMOG-
paHy B ucnapurteab 3. M3 mcnaputeas mpo6a mepeHOCHTCS raso-
BEIM NOTOKOM B XpoMmaTorpaduueckyio KoJoHKY 5. Msmenenue co-

CTaBa BHIXOAfILEH H3 KOJOHKH CMeCH (HKCHPYeTCs NETeKTOpOM 7

H 3amHchiBaeTcs Ha JeHre perucrparopa 9. Xpomarorpaduueckas
KOJIOHKa W JETEeKTOp NoMeleHol B TepMmocraThl 6 m 8. Jlosatop
_IpeXHa3HaueH A5l BBELEHHsl TOYHOrO KOJIHUeCTBa o6pasua mpoGhl
B xpomarorpad. B kauecTBe n03aTopa HCMOJB3YIOT CleUHaJbHOE
Jo3MpyioLiee ycTpoiicTBo wiIH MHKpomnpuu. O6beM BBOAHMOH mpo-
6: 0,1 Mxa— 0,1 Mo gas xuakux u 0,56—20 M 4715 razoo6pasHEX
npoo.

KoJ/IoHKH, IpHMeHsieMble B Ia30BO#i XxpoMaTorpaduu, MOryT OHTb
npsimeie, W-, U-o6pasnnie uid B opMe Cnupajy; CTeKISHHbE, Me-
TaJJIMuecKHe Wi miaactMaccoBue. O6HYHO IJIHHA KOJOHOK, 3amof-
HeHHHX TBEPAHM HOcHTeseM, cocraBaseT 1—10 M, nuamerp KoJoO-
HOK — 3—5 MM.

Iletrextop xpoMaTorpada — npu6op, MNOSBOJNAIOMWHANR (PHKCHPO-
BaThb KaKoe-i1H60 ()H3HKO-XHMMHYECKOe CBOHCTBO OHHapHOH cMecH
(ras-HOCHTE b — KOMIIOHEHT NMPOOH) AJsl ONpENeNeHH KOJHYecT-
BEHHLIX II0OKa3aTejlell C LEJNbI0 pacyera COCTaBa aHaJH3HPYyeMOH
cMecH ¥ obecrieueHHs MACHTH(HKALMH KOMNOHeHTOB. Bri6op nerexk-
TOpa .onpenensiercs CJAeAyIOMHMH OCHOBHBIMH TPeOOBAHUSIMH: BHICO-
KOM YYBCTBUTEJBHOCTBIO K XpOMAaTOrpadupyeMbIM KOMIIOHEHTaM, Ma-
J0# HHEPUUOHHOCTBIO, JIHHEHHOCTBIO 3aBHCHMOCTH CHTHaja OT KO-
JuyecTBa Npo6H, BOCHPOM3BOAMMOCTBIO H CTalUIBHOCTBIO MOKasa-
HH#, NPOCTOTOH ycTpoiicTBa, yAOGCTBOM HCIOJNb30OBAHHA, AOCTYNHO-
CTBIO.

B mpaxruke rasoBofi xpoMarorpaduu IIHPOKO HPHMEHSIOT He-
TEKTOp, OCHOBaHHBI/ Ha W3MeDEeHHH TemronposoxHocTd rasa (ATII),

5 6 7 8 s

[ \ / N

g Puc. 3.3. IlpunnunuanbHas cxe-
- {H Ma rasoBOro xpomarorpaga:’
1 6anaon c rasoM-gocHurenem; 2 —
peAYKTOp; 3 — HCHapHTeNh; 4 -— MHK-
pomnpuy; - § — XpoMartorpadHieckas
KOJMOHKA; 6, 8 — TepMOCTaTH; 7 — Ae-
._.om.w.ov“ 9 — perHcTpaTop (caMonm-
celn
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[a3-Hocu~ a3 -HocUMeNk
menh C fipodod

Puc. 3.4, CxeMa H3MEPHTENBHOTO MOCTa IETEKTOPa IO TelIONPOBOAHOCTH

Puc. 35. Cxema M1aMeHHO-HOHH3aLHOHHOI'O JETEKTOpa:
1 —ropesika; 2, 3 — 3JeKTPOAKL

U TJaMeHHO-noHH3anmuoBHHE aerekrop (AWIT). INpunnun paGorsi
JeTeKTopa 1O TEIJIONDPOBOJAHOCTH OCHOBaH Ha M3MEHEHHH 3JIeKTDH-
YeCcKOro CONPOTHBJIEHHS] IPOBOAHHKA B 3aBHCHMOCTH OT TeIJIONPO-
BOAHOCTH OKpyXatouell cpenbl. Ha puc. 3.4 mokasana cxeMma H3-
MepHTENbHOTO MOCTa AETEKTOpa IO TemionposoiHocTH. Ilaeyn Mo-
cTa, mpejcTaBjsiomue co6oii MeTalJHYECKHe HHUTH, H3rOTaBJHMBae-
MBle M3 MaTepHaja, 5JeKTPHYECKOe CONPOTHBJEHHE KOTOPOro 3Ha-
YHTEJbHO 3aBHCHT OT TeMIIepaTyphl, B CPaBHHTEJbHOH H paboueit
siuefiKax HarpeBaloTCs NOCTOSIHHBIM 3JI€KTPHUECKHM TOKOM oT 6aTa-

- peH. O71 HuTel NPOHCXOAHUT HHTEHCHBHAas TEIJIOOTAAaua rasy. Tewm-
-neparypa HHUTEH, a cJedOBaTeJbHO, H CONPOTHBJAEHHE 3aBHCAT OT .

npupoan rasa. Ecin yepes ofe fa4efiKH NPOXOAUT Ia3 OAHHAKOBOro
cocTaBa, TO BLIXOJHOH CHTHal Mocra paBeH Hyaio. [Ipy naMeHeHuH
cocTaBa NOTOKA Yepe3 OXHY H3 s4eeK MEHSIOTCS XapakKTep Temo-
OTAauu ¥ TeMnepaTypa COOTBETCTBYIOILEro mjeda, a c/lefoBaTeqbHO,
u conpoTuBieHHe. Hapymaerca sneKTpHYeCKOe paBHOBECHE, MEXKAY
TOYKAaMH @ H b BO3HHKaeT PasHOCTb NOTEHIHAJIOB, HE KOMIEHCHPY-
OI1ascs JONMOJHUTEJIbHEIM CONpOTHBJAeHHeM R. 9Ta pasHOCTb pe-
TUCTPHpPYeTCsl B BHJE CHTHaAa, KOTOPHIH yCHJIMBAETCS H 3alHCHIBA-
eTCsl PErHCTPATOPOM B BH/E NHKA.

CxeMa nJaMeHHO-MOHH3aUMOHHOIO JeTeKTopa IpHBeJeHa Ha
puc. 3.5. [a3-HocuTeJb CMEIIMBAIOT C BOJOPOXOM H MOAAIOT K COM-
ay ropesku I. K ropenke mOCTynaeT TaKKe OUHILEHHBIA BO3AYX HJIH

‘KHCIOpOA. TopeHHe NPOHCXOJIHT MeXAy ABYMs 3JeKTpoaamu 2, 3.

[Tox BO3jeficTBHEM IIaMeHH B rase o6pasyloTcd pajukaljbl H CBO-
6oxHbie 3JeKTPOHEL. [IpH momajaHHH B IlaMsi aHaJH3HPYeMOro Be-
HIeCTBa CKOPOCTb OGpa30BaHHS HOHOB CHJBHO YBEJIHYHBAETCs, MO-
siBAseTcs TOK CHIHaJa JeTeKTOpa, KOTOPHIH yCHJIMBAeTCs U MOAaeT-
¢l K perucTparopy. .

‘Jasi paGoTel OGHUHO NPHMEHSIOT XpoMaTorpas  CJaeAyIOUIHX
mapok: JIXM-8M]], JIXM-72, Liger-100, IIser-110.
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Pabora 1. Onpedenerue sudKux XA0pMETAHOB 8 UX CMECU

Bapuant 1

.zvowohma pasieqeHne H KOJHYCCTBCHHOE onpelenceHue AH-, TPH-
H TeTPaxJOPMETaHOB H CTAaTHCTHUECKYI0 00paboTKy pesyJabTaToB
aHaJun3a. :ﬁﬂ xUOENHOﬂ@N%E@OmemNE CMeCH KHIKHX XJOpMETaHOB
NEePBHIM H3 KOJOHKH BBIXOAHWT AHXJOpMETaH, BTOPLIM — TPHXJIOpME-
TaH, TPeTbHM — TE€TPAXJOPMETaH,

IIpnGopst u peakTHBH

Xpomaroepagh moboli Mapku ¢ perexTopoM no TemsdonposoxHoctH (OTIT).

Nuoknﬁ%n&:é%am KOAOHKa pIJuHOH 1 M, AHaMeTPpOM 4 MM.

TeepOovii nocureas — neaut 545 szepuenns 0,250—0,315 MMm; HenoABHXHAA
KHaKas ¢asa — noanopranopropcuiaokcan CKTOPT-50 (15% ot maccw TBepAoro
HOCHTEJIS) .

Muxpownpuy, BMeCTHMOCTBIO 1 MKJI.

Baason c-cKaThM FeJHeM.

Cexyrdomep.

Ilennoul pacxodomep ra3a-HOCHTENSA.

.- AHaausupyemsul pactTeop: cMech XKHIAKHX XJODMETaHOB.

BpinosneHne pa6orel. BkioyaoT npubop COrJacHO HHCTPYKIHH.
YcTaHaBAMBAOT TEMIEpPaTypy TepMocTaTta KoJaoHOK 50.°C, TeMnepa-
Typy TepMoctaTa aerektopa 110 °C, reMnepartypy ucnapureis 110 °C,
I'a3-HOCHTEJb IPONYCKAIOT Yepe3 KOJOHKY CO CKOPOCTbIO 45 MJI/MHH,
KOHTPOJMHUPYA €€ MeHHHM pacxonoMepoM. IlozaioT ToKOBy10 Harpys-
ky Ha JOTII 130 MA. ¥Yka3areab mIKaJb 4yBCTBHTE/AbHOCTH YCTaHAaB-
JuBaloT B nosoxeHue «1:4», Ilocne ycTaHOBJACGHHST Ha XpoMaro-
rpaMMe CTaGuJIbHON HYJEBOH JHHHH B HCIapHTeJb XpoMaTorpada
BBOAAT MHKpowmnpuuem 0,3 MkJa aHaiausupyemoro pacrtsopa. Ilpo-
BOAAT CeMb NapajsejbHHX aHalu3oB. ColepxaHHe Kax/I0ro H3
KOMIIOHEHTOB cMecH (X;) onpelensior N0 mJaomaiiM MHKOB 1o Gop-
myae (3.9) mam (3.10), MeToAOM HOPMHPOBKH —MO ¢dopmyre
(3.14). PesyabTaTH pacyeToB CeMH NapajVleJbHEIX aHaJH30B BHO-
cAT B Tabauuy. J1As OLEHKH HCNOJb3YyeMOro MeToja NPOBOJAT CTa-
THCTHYECKYIO 06paboTKy pe3y/bTaTOB aHAJIH3a:

M =u.oaz Xy d=X; = d?

ne=7

PaccuHTHBAIOT CPefHHI peayabTaT X =2X;/n U CTaHKAaPTHOE OT-

KJIOHEHHEe OTHEJNILHOrO pesyJibTaTa:

§= .—\M d¥/(n—1).

ITo mpaBm/iaM CTaTHCTHYECKOA 06PaGOTKH AOJIKHO COXPaHATBCHA
HepaBeHCTBO d<2S. PesyabTaTsl, He YAOBJETBOPAIOUIHE STOMY Tpe-
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GoBanui0, OTGPACHBAIOT H NPOBOASAT NOBTODHHIA pacuer X, d, a2 s.
Jlajiee paccUNTHBAIOT:

nucnepeuio V=s?,

CPEAHIOI0 apHPMeTHUEeCKYIO OMHOKY

AXp=2(Xi—X)/n,

CPE/HIOn KBaAPaTHYHYIO OMHOKY CEPHH H3 CeMH H3MepeHHi

sx=s/fn=y2d?/n(n—1), |

TOYHOCTb ONpEeJICHHs] CPEJHEro peaysibTaTa MpPH AOBEPHTE/b-
HOH BepOSTHOCTH

a=0,95-AXo,05 =Sx10,95, ¢

rie t s — Kpurepuit Croionenta — duilepa,

OTHOCHTEJILHYIO NMOTPEUIHOCTb CPENHEero pesyJabraTa C TOH Xe
HaJeKHOCTHIO

D»Xoa: ",Dvmobm. HOO\‘X

3uauenus kpurepusi Crpiojenta — Quuiepa fo,05 B 3aBHCHMOCTH
ot (n—1) caenywouiue:

n—1 . .. .2 3 4 5 6 7 8 9 10
foos . . . . 4,303 3,182 2,776 2,571 2,447 2,365 2,306 2,262 2,228

MHTeppa/s BO3MOXKHBIX HCTHHHBIX 3HAUECHHH M3MepsieMOH BeJIHIHHEBI
onpenensitotT Kak X==AXo,05.

Ha xpomaTorpaMmax 3alHChIBAalOT YCJIOBHA HPOBEJCHHS aHa/H-
3a, OTMEUaT COOTBETCTBHE KaXKIOro MHKA ONpele/eHHOMY KOMIO-
HEHTy ¥ NpUKJIEHBAIOT XPOMaTOrpaMMy B JalopaTOpHHI XKypHAJ.

BapuaHnTt 2

BLI6HpAIOT ONTHMAJbHbIE YCAOBHSA XpoMaTorpadupoBaHHsd XKHAKHX
XJIOPMETAaHOB, XpOMaTOrpaQupyOT CMECH KHAKHX XJOPMETaHOB
OpH Pa3NMYHBIX DPAacXOfax rasa-HOCHTENs, CTPOAT TrpadHK 3aBHCH-
MOCTH 3((EKTHBHOCTH pa3jeleHHsi OT CKOPOCTH rejHs, pacCUHThHI-
BAlOT KPHTEPHH Pasfe/eHHs COCEJHHX KOMIIOHEHTOB.

BbinojHenne pa6orbi. BriouaoT npubop CoriacHo HHCTPYKIHH.
YcnoBusi xpomaTorpadupoBaHust Te Xe, uTo B Bapuanre l. Ycra-
HaBJMBAIOT DACXOZ refHst 25 MJ/MHH, KOHTDOJHDYS €ro IEHHbIM
pacxooMepoM. YKasaTesb LIKajbl YyBCTBHTEJbHOCTH yCTaHABJINBA-
1oT B nojoxenue «l:4», ITocae ycTaHoBJeHHs Ha XpoMaTorpaMmme
cTa6uabHOM HyJeBOH JHHHH B HCIapHTeNb XpoMaTorpada BBOAAT
mukpomnpuueM 0,3 MK HPOGH CMECH XJODMETaHOB. 3aTeM ycTa-
HABJKBAIOT NOOYEPENHO pacxof rejust 35, 45, 55 u 65 ma/Mun u
Kax/ABH pa3 MocJe IOCTHXKEHHs Ha XpOMaTorpaMme CTaGHIBHOH -
nynesoii quunn (10—15 MHH) B HcnapuTenb xpoMarorpada nooue-
penso sBoaAT no 0,3 MK cmecH xjopmeranoB. [Ipn kaxnom pac-
XOJe TeJHs ONEIT MOBTOPAIOT TPH pasa.

[lo naHHBIM XpoMaTorpadMUecKOro aHa/lusa CTPOsAT Trpaduk
33BHCHMOCTH BHICOTHI, SKBHBAJIGHTHOH TEODETHUYECKOH TapeJke,
BATT, or pacxoaa reaus AJds Kaxporo Komnowesra. BITT
paccuntmBaioT 1o ¢opmynam  (3.2) HiH (3.3). Hs rpaduka

- 195



.\.

\\
’

OnpefessioT ONTHMAaJbHHN PacxXon resHs, COOTBETCTBYIOHIHA MH-
HHMaJbHOMY 3HaueHHi0 BOTT ans kaxporo kommonenta. Ilpu 3a-
JA2HHBIX BeJIHYMHAX PacXo[a TeJHs DAaCCYHTHBAIOT CTeNeHb pasje-
JeHHS @, KPHTEpDHH pasfeseHuil R, KpPHUTepHH ceJeKTHBHOCTH K.
mo gopmyaam (3.5), (3.6), (3.7). ComnocraBasis KaHHBEE rpaduKa
BOTT=f(v) u BenuunH a, R, K., onpefe/sior OnTHMa/bHHE YCIO0-
BHs xpoMaTtorpadupoBanus. [Ipy 3THX yCJ0BHSX IPOBOAAT TPH NHa-
pamjeNbHBIX XpoMaTorpaupoBaHus cMecH XJopMeraHoB. Copep-
JKaHHE KaX/0ro KOMHOHeHTa X; paCCYHTHIBAIOT H3 TpPeX Mapalielib-
HBEIX HM3MEpPEeHHH N0 IJomajAsdM NHKOB 10 ¢opmynam (3.9) uam
(3.10), meronoM HOpMHpPOBKH — 110 dopmyute (3.14).

Ha xpomaTorpaMMe 3amicBIBAIOT YCJAOBHs NPOBEAEHHS aHaJH3a,
OTMeYaloT COOTBETCTBHE KaXKJAOI'O MHKAa ONpedeNE€HHOMY KOMIIOHEH-
“TY W NPHKJIEHBAIOT XpOMATOrpaMmy B J1a6OPaTOPHBIA KypHaJI.

Pabora 2. Onpedeaenue 8006l 8 ayerone

Ilpn pabore ¢ HeBOAHHIMH pacTBODUTENSIMH (HaOpHMED, C aHeTo-
HOM) BO3HHKaeT HeO0OGXOAMMOCTb KOHTPOJIHPOBATb COIEpIKAHHE BO-
JAH Ha pasJHUYHHX CTaAMAX 00e3BOXKHBaHHS pacrBopureneil, Ilpu-
. MEHEeHHe B KauecTBe HemoOJBHKHOH ﬁNwE NOJHAITHJEHIJINKOJ el Mo3-
BOJIAET MOJIYUHTb XODOHIee pasjejieHue BOJAH H aleToHa.

MpuGopu ¥ peakTUBH

Xpomaroepag nmo6oit MapKu ¢ NETEKTOPOM II0 TENJONPOBOAHOCTH.

Xpomaroepaguueckan rkoaonka AnuHO# 1 M, gHamerpoM 4 MM.

Teepdvii nocureap — ueaur 545 sepunenusa (0,250—0,315 MM; HenmoABHMXKHas
¢rasza — nosnstuaenriuxoas I3 1600 (15% ot maccu TBepAoro HocHTeas).

Muxpownpuy, BMecTuUMOCTbI0 1 MK

Baason ¢ cxaThM resneM.

Hennoul pacxodomep raza-HOCHTENA.

Cexyndomep. -

Ananusupyemoul pacreop: HacHIieHHHH Bofofi ameron ¢ 1-—3% BoaH.

Boinosnnenue pa6orel. BriaouaiorT npHGOp COr1acHO MHCTPYKILHH,
YcTaHaBIHBAIOT TeMIepaTypy TepMocTaTa KoJoHOK 85°C, Temme-
patypy Tepmoctara Aerekropa 120°C, teMmepaTypy HcHOapHTeas
120 °C. Ta3-HocuTesNb NPONYCKAKOT Yepe3 KOJOHKY CO CKOPOCTBIO
60 MJa/MMH, KOHTPOJNIHDYSi ee NEHHEIM pacxojoMmepoMm. IlopaioT TO-
koBylo Harpysky Ha JTII 130 MA. Yxasarenb WKaJH GyBCTBUTEJb-
HOCTH YCTAHABJHBAIOT B nojoxeHnue «l:4s. ITocane ycrasoBienus

Ha xpoMaTtorpaMMe cTaGHJbHON HYJeBOH JHMHHH B HCIapHTEJNb XPO-

Martorpada MuxpoumnpuueM BBOZAT 1 MKJ (V.y) amerona. CHauaja
H3 KOJOHKH BRIXOIXMT alleTOH, 3aTeM — BoZa. AHaJ/JH3 MOBTOPAIOT
TpH pasa. Beaeacrsue 6oJbLIOro COAepxaHHA aleTOHA €ro IHK BH-
XOIHMT 33 Npefensl LIKaJEL.

Pacuer cozepkaHus Bjara B auetoHe (X;) NpoBOAAT O mJomia-
asiMm nakoB S mo ¢popmyde (3.10) unm (3.11) MetozoM aGcoawTHOMH
Kanu6poBru. [Jjsi 3TOro cTposAT rpadHK 3aBHCHMOCTH NJOLIadH
AK¥Ka BOAH OT xpomarorpadupyemoro o6remMa BoAH. Mukpommnpuu
TIIaTeJbHO NMPOMBIBAIOT BOJOH RO NOJIHOI'O Y/aJieHHs alleTOHa, 3a-
TeM BBOJAT B HCIapHTeJb xpoMarorpada noouepexno 0,2; 0,4; 0,6;
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0,8 1 1 Mga Bozsl. Kaxjoe onpene/ienue NOBTOPAIOT TPH pasa. Hs-

MepAIOT NAOUaAH NHKOB BOAH S; HaXOAAT cpeiHeapupMeTHUECKOE
3HaueHHe NAOMAAH S; AJs KaXIo# NpoGul BOAH, BBEIEHHON B XPO-
matorpad. CTpoaT rpaduk 3aBHCHMOCTH IJIOINAAH NHKAa BOABI OT
xpoMmatorpadmrpyemoit Macch ¢ uan obwema V Boas. Ilo rpaduky
HaXONAT CoAepkaHue BOAM B anetoHe (Vu,o, gu,o0), paccunTas
CPEJHIOI0 MJIOHIA[b IHKA BOJLL Ha XpOMaTorpaMMe HaCHILEHHOrO
Bomoft ameroHa. CopaepxkaHHe BOABI B aUeTOHEe DPacCUHTHIBAIOT MO
¢opmyaam (3.11) u (3.12). ‘

Ha xpomaTorpaMme 3amuchiBaloT yCJIOBHSA NPOBEACHHS aHaJH3a,
OTMeyalT COOTBETCTBHE KaXKAOTo NHKa ONpele/lecHHOMY KOMIIOHEH-
Ty ¥ IPHKJIEHBAIOT XpOMaTorpaMMy B JabOpaTODHHIA XKypHaJ.

Pabora 3. Onpedenenue cnupros 8 ux cmecu

Bauskue Mo CTpyKType COHPTH MOTYT OHITh pa3jiefieHH Ha NOJAD-
HOW HENOABHXKHON (pase — noJuaTHIeHIMHKoJIe. B pabore mposo-
JAT KauecTBEHHBIH H KOJHUSCTBEHHBIH aHAaJH3 CMECH CIIHPTOB HOP-
MaJbHOrO H H30CTPOEHHS.

puGopnl ¥ peakTHBH

Xpomaroepagp moGok MapKu C HETEKTODOM IO TeNJONPOBOXHOCTH.

Xpomaroepaguueckan xosonka fauHoR 1 M, AuamerpoM 4 MM,

Teepooul nocureab — neant 545 aeprenns 0,250—0,315 MM; HenmoxBHXKHAag
Jkuakas ¢asa — moaHsTHICHrAHKOAb 1500 (15% oOT Maccw TBepAOTO HOCHTEN).

Mukpownpuy, BMECTUMOCTBIO 1 MKJI.

Basson ¢ cKaTHIM TresHeM.

Iennoii pacxodomep rasa-HOCHTENS.

Cexyndomep.

Cnupréi: 5TaHOJ, H-IPONAHOJ, H3OMPONAHOJ, K-GyTaHOJ, H306yTaHOJ.

Anaausupyemoul pacrsop: cMecb CHHpTOB (3—4 cnHpTa H3 NEPEYHCACHHHIX).

BoinoaHenue pa6orhl. BKaogaoT npubop COIrMIaCHO HHCTPYKIHH.
¥cranaBnuBaloT TeMmepaTypy TepMmoctara kojaoHku 85 °C, TeMmme-
patypy tepMocrata gperekropa 130°C, teMnepatypy Hemapurens
130 °C. TIas-HOCHTeJ b NPONYCKAIOT Yepe3 KOJOHKY CO CKOPOCTBIO
60 MJI/MHH, KOHTPOJNHPYS ee NEeHHHM pacxogomepom. IToxawT TOKO-
Bylo Harpysky Ha JTII 130 MA. Ykasateap WIKaJH YyBCTBHTEAbHO-
CTH yCTaHAB/IMBAIOT B mosoxeHue «1:4». ITocae ycranobsedus Ha
XpoMmaTorpaMme cTalOHJbHON HYJeBOH JIHHHH B HCIIapHTEJb XpoMa-
Torpaca nmoouepesHO BBOAAT MHKpommpHueM no 0,3 MKJI KaXA0ro
cnupra. Kaxkpaoe xpomatorpadupoBanue mOBTOPSAIOT TPH pasa. Ha
XpoMaTorpaMMe H3MepsIOT fr LA KaXIOro CIHpTa. YCpemHss pe-
3yJbTaTH TpeX NapaJyieJbHHIX H3MepeHHH {r, pacCUHTHBAIOT Vg0
dopmyae (3.1). Has coupTOB HODMAJBHOTO CTPOEHHSI CTPOSAT rpa-
¢uku sasBucumoct 1gVr=f(nc, M, Txun), Ile Nc— YHCAO ATOMOB
yraepoga, M — MoJieKyaAsapHasa Macca, Ixun — TEMIepaTypa KuIle-
Hua. B ucnapurennr xpomarorpaga BBOAAT MHKpoumnprueMm 0,3 MKa
aHaIu3upyeMoro pactBopa. Mamepsior mo xpoMmatorpamme fp s
Kaxporo cnupra. PaccuntuBaioT Vg no popmyae (3.1). CpaBHuBas
Vg Kax0ro cnupra B CMeCH COHPTOB, HACHTHOHUMPYIOT KOMIOHEH-
TH Npo0H HEH3BECTHOIO cocTaBa, IIpaBHALHOCTD HACHTHOHKALUH
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TOATBEPKAAIOT rpaduueckumMu 3aBucuMmoctamu lgVr#f(nc, M,
N;E:._v.

Colep:KaHHsi KOMIIOHEHTOB CMeCH X; PacCYHTHIBAIOY IO IJOLIA-
AsM nHKoB S; mo ¢opmyae (3.9) mam (3.10), MeToaOM HOPMHPOB-
KH ¢ BBelleHHeM KaJaub6poBounbx Kosddunnenros K;— no dop-
myJe (3.15). das sranoana K=0,72, nas w-nponanoja K=0,71, aaa
n3onponanona K=0,78, ans x#-6yranona K=0,77, nnsa uzobyraHo-
aa K=0,76.

JanHwne A5 MOCTpPOeHHs rpauuecKHX 3aBHCHMOCTEN:

Komnonenr Dranon n-ITponanoa Emomwwam- H-ByTanon Hso6yranon
e o o o 4 e 2 3 3 4 4
M . ..., 46 60 60 74 74

Tixn, °C . . . 78,3 97,8 . 67,8 17,7 107,3

Ha xpomaTorpaMMe 3amHCHBAIOT yCJOBHS NPOBENEHHS aHAJAH3a,

OTMEUAaI0T COOTBCTCTBHE KaXXAOro NuKa ONpEACJCHHOMY KOMIOHEH- .

Ty W HPHKJEHBAIOT XpOMaTorpaMmy B JabopaTOpHBEIN XKypHaJ.

Pabora 4. Onpedencrue QumeTurpopmanuda u aTusQYETATA
8 cTounblx 8odax .

['asoxpomarorpaduueckuii MeTOX AaeT BO3MOMKHOCTb IIPOBECTH KO-
JIMYECTBEHHBI aHaJN3 CMeCH BOAH, AHMeTHI(pOpMaMuia H STHJI-
aneraTa B HIMPOKOM HHTEpBa/ie KOHUEHTpPAUMH MNPUCYTCTBYIOIHX
KOMIIOHEHTOB,

NpuGoput 1 peaKTHBH
Xpomaroepad moGok MapkH C AETEKTOPOM HO TEMJIONPOBOZHOCTH.
Xpomaroepaguueckans xoaoHKa KauHOK | M, AHameTpoM 4 MM.
) Teepdout nocuresb — uenur 545 seprenms 0,250—0,315 MM; HenmouBuxkuas
kuaxaa ¢asa — nonusruaenraukons 2000 (15% oT Maccel TBepAOro HOCHTENs).
Muxpownpuy BMeCTHMOCTBIO | MK
Baason ¢ cKaTHM rejiueM,
Iennsbill pacxodomep raza-nocurens.
Cexyndomep.
O6pa3zyst BOAKL, STHIANETATA H AUMETHAGOPMAMHAA.

Anasusupyemoul pacteop: npoGa BOAH, COfepxaulas AHMETHAGOPMAMHL K
STHNALETAT.

.

Buinoanenue pa6orsl. BKaoyaoT npuGop COraacHO MHCTPYKIHHU.
YcraHaBAHBaIOT TeMIepaTtypy Tepmocrara KosaoHkd 80 °C, temnepa-
TYPY TepmocTaTa ferekropa 160 °C, remneparypy mucmapurens 170 °C.
I'a3-HOCHTeIb MPONYCKAIOT Uepe3 KOJOHKY CO CKOPOCThIO 65 Mii/MuH,

KOHTPOJMIMPYS €e MeHHHM pacxojoMepoM. . [lomaioT TOKOByIO Ha- -

rpysky Ha JITIT 130 MA. Ykasarenb IUKaJbl YYBCTBUTEILHOCTH
ycTaHaBJAHBAIOT B mojioxkeHue «1:4», Ilocie ycraHOBNeHHS HA Xpo-
MaTorpamMme cTaGHJBHOH HyJeBOH JIHHMH B HCHapHTeNb XPOMaTo-
rpada BBOAST MHKPOIUNPHIEM aHaau3upyemyo npoby 0,5—1,0 mxa
(Vcw) B 3aBHCHMOCTH OT COZepXKaHHA KoMnoHeHToB. Ha xpomaro-
rpaMMe NOJAy4aloT TPH NHKa. XpoMmaTorpadupoBaHne NOBTOPSIOT
TPH pa3a. MaMepsiior fr A/ KaxJIOro KOMIOHEHTa Ha TpeX Xpo-
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MaTorpaMmax. YCpenHsisi pe3yJabTaThl TpeX NapajJeJbHLIX H3Me-
PeHH fr) PaCCUHTHIBAIOT Ve KaXa0ro KOMmoHeHTa 10 QopMmyae
(3.1). 3arém moouepenHo xpoMaTorpadupyloT 06pasubi BOAB, AH-
MeTHIDOPMAMHA H STHJIALETATA. ,

H3amepsaiot fz KaXIOro KOMIOHEHTa. 3aTeM PacCYHTHBANT Vg
no ¢opmyne (3.1) ans kaxpmoro obpasua. CpaBHuBas Ve KOMIO-
HEHTOB CMeCH € Vp HHAMBHAyaJbHBIX 0GpasIoB, HASHTHQHUHDYIOT
HNHUKH Ha XpOMAaTOrpaMMe CMecCH.

Pacuer KOJHYECTBEHHOrO COAEPXKAaHHs KOMIOHEHTOB cMecH X;
NPOBOAAT MO IJOLIaASIM NHKOB S; no ¢opmyne (3.9) uam (3.10)
METOJOM abCOoMIOTHON KaauGpoBKH. JJsi 3TOrO BBOLST NOOYEPEAHO
B Mcmaputenb xpoMatorpada mukpomnpuueM 0,2; 0,4; 0,6; 0,8 Mxa
BOAH, AMMeTHJAGOpPMaMuAa H 3THaaueTaTa. Kaxaoe xpomarorpa-
¢upoBanne NOBTOPAIOT TpH pasa. CTPOAT rpalyHpoBOYHHE rpadH-
KM 33aBHCHMOCTH ILIOmlaJefl NHKOB BOAB, AHMeTHJIGOpDMaMuAa H
sTHJanerata Ot xpomarorpadupyemoro koamdecrsa S=f(q). Bu-
YHCAAIT IJIOIAaAb NMHKA KaXIOTO KOMIOHEHTa Ha XpoMaTorpaMme
CMeCH KakK cpelHeapH(MeTHUeCKYyi0 H3 Tpex H3MepeHHH M 1O rpa-
duky S=f(g) HaxomAT Maccy KaXKAOro KOMIOHEHTa B XpOMaTorpa-
dupyemom koamuectBe cMmecH. ConepxaHHe KOMNOHEHTOB X; pac-
CcuHuTHBaIT no Gopmyaam (3.11) u (3.12).

Ha xpoMaTorpaMMax 3alHCHIBAIOT YCJOBHS NPOBEJCHHS aHaJH-
33, OTMEUAIOT COOTBETCTBHE KaXKJOIO IIHKA ONPeNeJeHHOMY KOMIIO-
HEHTY M MPUKJIEHBAIOT XpPOMAaTOrpaMMmy B JiaGOpaTOpHHI XypHaJ.

Pab6ora 5. Onpedescrue aTusrayerara 1 3TAHOAQ
8 CTO4HbLX 800AX

CTouHbIe BOAH OT NPOH3BOACTBa BHHHUJIAL€TATa COAEpXKaT sTHIAALE-
TaT H 3TAaHOJI. HAOE,—,UO.:V COACpXKaHHuA »STHJaleTaTa H 3TaHOJAa B
CTOYHBIX BOJaxX INMO3BOJIUT PCLIHUTbL dﬁoabmg% BO3BpaTa BOAB B T€X-
HOJIOTHYECKHH IHKI AJA pereHepanuuyn 3THJaNeTara ¥ 3TaHOJA.

TpnGopu M peakTHBHI

Xpomarozpagp mobok MApKH C AETEKTOPOM 1O TEnJONPOBOAHOCTH.

Xpomarozpaguieckan Koaonxka AAuHOH 1 M, AHameTpoM 4 MM,

Teepdoui Hocureas — Xpomocop6 W sepHeHns 0,250—0,315 wmM; HenoxpHXk-
Hasg KHAKas (ha3a — MOJHITHJIEHIIHKONbCYKIHHAT (156% oT Maccw TBepaoro Ho-
CHTEJIAA) .

Muxkpownputy, BMECTHMOCTBIO 1 MKIL

IMunersa BMECTHMOCTBIO 5 ML

Bioxc smecTuMmocThiO 15—20 M.

Baanron ¢ cxkaThM renueM.

Hennoid pacxodomep ra3a-HOCHTENA.

Cexyndonep.

n-Byrarwoa (BHYTpeHHHH CTAaHAApT). :

Anaausupyemoii pacreop: npo6a Boiw, cofepxamas [1—5% stunauerara u
sTaHOJA.

BunoaHenue pa6orsl. BKaouaoT npubop COINIACHO MHCTPYKIHH.
VcTanaBJIHBAIOT TEMIEPATypy TepMocTaTa KoJoHOK 60 °C, TeMmepa-
Typy TepmocraTta Aerekropa 120°C, temnepaTypy wucmapureas
120°C. T'as-HOCHTeNb IPONMYCKAIOT uepe3 KOJOHKY CO CKOPOCThIO

199



50 MJa/MuH, KOHTPOJHDYs e€e NMEHHHM pacxogomepoM. ITofawr TO-
KoBy10 Harpyskxy Ha JTII 130 mMA. Ykazareab LIKaJdbl YyPCTBHTENb-
HOCTH YCTaHaBJHBAalOT B mojoxenue «l:4». Ilocie ycyaHosmenus
Ha xpoMarorpaMme ctabH/IbHOH HYJAEBOH JHHHH B HCIZPHTENb Xpo-
MaTorpada BBOJAAT | MKJ aHaJU3HPYEMOH CMecH, Mp rOTOBJICHHOM
cleaylomuM 06pa30M: OTBELIHBAIOT - B GIOKC 5 M %maswswwmzom
cMecH, 3ateM 106aBasioT B Giokc 1 My w-OyTaHong (BHYTpeHHHH
CTaHAapT), B3BEMIMBAIOT H BHIYHCJSIOT Maccy aHaJU3UPyeMOH cMme-

CH H MaccCy BHYTPEHHEro Cranpapra. BsBemnBanue IIPOBOIAT HaA

aHaNHTHYECKHX Becax. XpomartorpadupOBaHHe OPHIOTOBJEHHOH
CMeCH NOBTOPAIOT ceMb-BOceMb pa3. Ha Kaxkpofi xpomaTorpamme
HOJY4aloT deThIpe NHKa: ] — aTuianerarta; 2 — 3TaHoJa; 3 — BOJH,
4—n-6yTaHoJa.

ConepxaHue 3TUJalieTaTa U 3TaHoJaa X; PacCUHTHIBAIOT IO ILJIO-
mwaxaM nukoB S; no dgopmyne (3.9) uam (3.10), meTromOM BHYT-
peHHero cTaHgapra — mo ¢opmyae (3.13).

[TonpaBounEle K03¢PHUMEHTH K NMJIOHIaAAM NHKOB paBHH: 0,79;
0,72; 0,77 nns stuaanmerata, 23TaHoJa H H-GyTaHoJa COOTBETCT-
BeHHO. PesysibraThl pacueToB ceMM HapaluIeJbHBIX —ONpeLeJeHHH
BHOCAT B TaOauny. Jis OleHKH HCOOJb3yeMOro MeTQLa IpOBOAAT
CTaTHCTHYECKYI0 00paboTKy pe3yJbTaTOB aHajm3a (cM. paboty 1).

Ha xpoMatorpammax 3anuCHIBalOT yCJIOBHS NPOBEJEHHS aHaJH-
3d, OTMEYAalOT COOTBETCTBHE KaXKJOro NHKA ONpeieJeHHOMY KOMIO-
HEeHTY M NPHKJIEHBAIOT XpPOMATOrpaMMy B J1aGOpaTOPHHIN XKypHad,

Padora 6. Onpedesenue usomepos xucaor C,HeCOOH 8 ux cmecu

Tasoxpomarorpaduueckufi MeTOJ HaeT BO3MOXKHOCTH OIEHHTH KO-
JIHUECTBEHHOE COJepKaHHe H30MEpOB KHCJOT B CMeCH NIPH HX CHH-
Tese, . ,

MprGOpH U PeaKTHBH )

Xpomaroepagp moGo#t MapkH ¢ AETEKTOPOM HO TEMJIONPOBOAHOCTH.

Xpomaroepauueckan KoaoHKA AJAHOKL 1 M, XHaMeTpoM 4 MM.

Teepdoiii Hocureab — nennt 545 sepuenus 0,250-—0,315 wmwm, HenmoxsHKHas
xKuaKkaa (asa — noJunponuienrankoabafunuaat (15% or MaccH TBepAoro HocH-
Teas).
" Muxpownpuy, BMECTHMOCTBIO 1 MKJ.

Baason ¢ cxaTuM rejseM.

ITennvul pacxodomep raza-HOCHTENH.

Cexyndomep.

O6pasyvi 8aAepuUAHOBOL U TPUMETUAYKCYCHOL KUCAOTbL. .

Ananusupyemoid pacrsop: cmech usomepos kucior C,HoCOOH (Banepuano-
BOfl M TPHMETHJYKCYCHOf).

Buinoanenue paborsl. BKio4aoT NpHGOp €OTIACHO HHCTPYKIIHH.
YceTanaBaHBAIOT TEMIepaTypy TepMocTaTa KOJAOHOK 140 °C, temme-
paTypy TepmocraTta jetekropa 190°C, teMmnepatypy wucmapatens
200 °C. T'a3-HOCHTeNb NMPOMYCKAIOT Yepe3 KOVIOHKY CO CKODOCTBIO
60 Mms/MHH, KOHTPONHDYS €e MEHHHM pacxolgomepoM. Iloxawor To-

koBylo Harpysky Ha I TII—130 MA. Ykasareab Ha HIKaje UyBCTBH- -

TEJbHOCTH YCTAHABJHBAIOT B MOJIOXKeHHE «1:4». [locae yCcTraHoBJe~
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HUs Ha XpoMartorpaMme CTaGuJIbHOH HYyJIeBOH JIMHHH B HCHapHTEb
Xpomatorpaga BBOAAT MHKpommpHueM 0,5 MKJI aHaJH3HPYyeMOro
obpa3sua Mmi. Ha xpomarorpamme ¢uxcupyor nsa nuka: [—
TPUMETHJAYKEYyCHAsl KHCJOTa; 2— BajJlepPHAHOBasi KuCjaoTa, XpoMa-
TorpadupoBagine MOBTOPSAIOT TPH pasa. PacueT KOJHYECTBEHHOIO:
COJlepKaHHA KHCIOT X; NPOBOAAT IO ILVIOL(aJAAM IHKOB METOLOM
abconoTHON Kanu6poBKH. [lJst 5TOro MHKpOWINpPHIEM BBOAAT B
HcmapuTeab xpoMarorpaga 0,2; 0,4; 0,6; 0,8 MKJI KaX/I0H KHCJIOTHI.
CTpoAT rpalyHpoBOuHEIE rpadUKH 3aBHCHMOCTH MJIOMIALEH NHKOB
nsomepoB kucior C,HyCOOH or Maccel  xpomartorpadypyemoroc
KoJnyectBa S=f(g). BHUHCIAIOT IJIOWAAH NHKOB H30MEPOB KHC-
a0t C4HyCOOH na xpomartorpamme cMecu u 1o rpaduky S=F(q)
HaxoJfIT Maccy Ba/JepHaHOBOH M TPHMETHJIYKCYCHOH KucaoT. Co-
AepXKaHus H30MePOB KHCJIOT X; B CMECH PAaCCUHTHIBAIOT MO (GopMy-
ae (3.14).

Ha xpomarorpamMMe 3amuCEIBAalOT yC/IOBMS NpOBEAEHHS aHAMU-
33, COOTBETCTBHE KaxJIOr0 MHKA ONpPEAENEHHOMY KOMIIOHEHTY H
NPHKJIEHBAIOT XPOMAaTOrpaMMy B JIaGODATOPHHIH KypHaJ.

Pabora 7. Onpedesenue kauecTeennozo cocTasa cmecy
no a02apupmuuecKum UHOeKcam yoeprusanus

Ilpy unenTHHKaNHH KOMNOHEHTOB MO HHAEKCAM  YAEpPXKHBAHHS
HeOGXOJIUMO ONpENEeNHTh YAepKHBaeMble OOGBeME KOMIOHEHTOB
KOHTPOJIbHO!l CME€CH M 3TaJOHHBIX NPEAENbHEIX YIJEBOAOPOAOB Ha
HemoJspHOA (amue3on L) u moaspHO# (mosMaTHIeHrIHKOAb 2000)
XKHIKHX ¢pa3sax.

IIpnGoput M peakTHBH

Xpomarozpah moGofi Mapku ¢ AETEKTOPOM IO TeNJIONPOBOAHOCTH.

Xpomaroepaghuseckan xosonxka InuHoft 1 M, AHaMeTpoM 4 MM.

Teepdoui nocureap — nenut 545 seprenns 0,250—0,315 MM; HenoABHKHHe
Xuakne (assl — NOAHSTHIEHIMHKOAL 2000 u ammesom L (15% oT MaccH HocH-
Teds),

Muxpownpuy, smecTumoctsio 1 MK

Banson ¢ cxkaTHIM a3oToM.

Ilennoui pacxodomep rasa-gocurens.

Cexyndomep.

Habop sraaronnbix’ npedensnsix yeae8086podos 1-Cs— -Cs. :

Anaausupyemoui pacTeop: cMech apoOMaTHUECKHX yTJIeBOXOPOAOB  (6eHso,
TOJYOJ, M- H O-KCHJOJH),

Buinosnenue paGorsl. BKiIOuwaloT npu6op COIMIACHO HHCTPYKLMH.
YcTaHaBAHBalOT TEMNEPAaTypy TepMocTaTa KoJoHOK 90 °C, Temme-
parypy nerekropa 160 °C, temmepatypy ucmaputenss 170°C. Tas-
HOCHTEJIb IPOIYCKAlOT Yepes KOJOHKY €O CKOpPocTbio 130 Mu/MuH,
KOHTDOJIUDYS ee NeHHbIM pacxojoMepoM. [lonaioT TOKOBYIO Harpys-
Ky Ha JITIT 140 MA. YkasaTenb mKadbl UyBCTBHTENLHOCTH ycTa-
HaB/JHBAOT B mosoxeHue «1:2» uam «1:4», ITocae ycraHoBieHHS
Ha xpomMatorpamme CTaGHJBHON HyAeBON JIHHHH B HCIapHTEIb
xpomarorpada BBOAAT MUKpouwnpHueM 0,8—1,0 Mka aHanH3HpYe-
MO CMeCH apOMAaTHYECKHX YIVIEBOLOPOAOB, 3aTeM B HCHAPHTEJb
xpoMatorpada BBOAST noouepeAHo no 0,2 MK 3TaJOHHBIX mnpe-
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JenbHBIX YTrJeBoJopoAoB. XpomaTorpadupoBanue MOBTOPAIT TPH
pasa. : ,

XpoMartorpadupoBaHne NMPOBOJSAT CHaYala C HCNMOJAb3DBaHHEM B
KayecTBe HEeNMOABHXKHOH (ashl anuesoHa L, saTeM MOJMASTHJIEHIVIH-
koast 2000. MsmepsiioT {p KOMIOHEHTOB Ha XPOMAaTOrpaMMax KOHT-
POJIbHOM CMeCH apOMaTHUYECKHX YTJIEBOAOPOLOB M ST@JIOHHBIX yrije-
BozopoznoB. PaccuuteiBatoT Vi no dopmyae (3.1) 1% KOMIOHEHTOB
KOHTPOJIBHO CMeCH apoMaTHYeCKHX YIJIEBOJOPONOB H 3TaJOHHBIX
yrieBofopoaoB. s 3TaJOHHBIX YIVIEBOJOPOAOB CTPOAT rpadukH
3aBucUMOCTH 1gVgr=f(I]), | —uHIeKC YAEPKHBAHHA ONPEALJIAIOT
kak 100, yMHOXXeHHOe Ha YMCJIO YIVIEPOAHHIX aTOMOB B MOJIEKyJe
yraeBopopoaa. Ilo rpajpukam Ha OCHOBaHMH BeauuunH 1gVgp KoM-
IOHEHTOB KOHTDPOJBHOH CMecH apOMaTHYEeCKHX YIJIEBOAODPOMAOB OIn-
penensiloT HHAEKCH YIepXKHBaHHS NOCJeIHHX. PaccuHTHBaOT HH-
JEKCH YAEPKHBaHUSA 1Jisi KOMIOHEHTOB (apOMaTHYECKHX YIVIEBOJAO-
ponOB) Ha amue3oHe L w mosaumstuienrauxose 2000 O ypaBHEHHIO
- ,Aw.mva.vozm TOrO, MOJb3YACh aJAUTHBHOH cxeMOH, pacCUMTHBAIOT HH-
JIEKCH yAepXKHMBaHHs BCEX aHAJH3HPYeMHIX apOMAaTHYECKHX YyrJe-
BOIOPOJAOB MO YPaBHEHHIO: :

1= Nom+M:x:?

rae Icp — UHZEKC YAEP:KHBAHHA YIJeBOJAOPOAA, HAONpHMED, ammwmhn“ ng — YHCAO
(YHKIHOHANBHEIX TPYNN; Jx — HHIEKC HHKDEMEHTAa CTPYKTYPHOH rpynmbl MoJe-
KYJIBL.

‘Hnnekc uakpementa —CH; onpezensiior Kak pasHOCTb H3Me-
PEHHHX HHIEKCOB yAepXKHBaHHA TONyoNa ¥ GeH3ona:

IcHy = IcgHyCHy— ICoH,-
PeayabTaTH H3MepeHHH H pacyeToB 3aHOCAT B TalJaHLy:

. wxozm_ﬂv:_smmﬂmhrmzm JaHHbIE T —
ble IO an-
i BemecTso %vwmﬂmw%hwm.o HalifleHHHe paccinTaH- mﬁ:amwmo&
ass pa3sa 2B-
xad & o rpadbHKy :Emmwmswmv cxeMe
Benson 691 -
Toayon 798
Arnneson L | x#-Kcuaon 904
o-Kcuon 930
Monustu- Ben3son 957
JIeHTJIH- Toayoxn 1042
KoJb 2000 s-Kcunaon 1131
: o-Kcunoan 1161 .

Ha XpoMaTorpaMMmax 3amHCHIBAIOT YCJHOBHS INPOBEACHHA aHa-

JH3a, OTMEYaIOT COOTBETCTBHE K&IKAOTO MHKA ONpEeAeNeHHOMY
'KOMIIOHEHTY H INPHKJIEHBAIOT XPOMaTorpaMMmy B JaGopaTopHHIH
XKypHal. : :
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3.2. BbICQKO3®PEKTUBHAS XXHUIAKOCTHASA XPOMATOrPA®USR

Oow@mzm:w,mm BBICOKO3()PEeKTHBHAS KHAKOCTHAas XpoMaTorpadus
B3)KX (xkmakocTHass xpomaTorpacdus BEICOKOTO JlaBJeHHs, CKOpPO-
CTHasl XHUAKOCTHAs XpoMarorpadHs) Hauana pa3BHBATbCH B Haua-
ae 70-x romos, PaspaGotka HOBOro Merona obycoBnuBamach, Bo-
IEPBEIX, HEOGXONHMOCTBIO. aHAAM3a  BHICOKOKHMSIIHX (>400 °C)
HIH HEYCTOHYMBHIX COENHHEHHH, KOTOpHE He pasieasioTcs MeTo-
AOM rasoBOii XpomaTorpaduu, BO-BTOPEX, HEOGXOAHNMOCThIO yBeJiH-
YHTb CKOPOCTb pa3fieJIeHHs! H MOBEICHTH 3¢ (eKTHBHOCTb METoia KO-
JIOHOYHOI XKHIKOCTHOH XpomaTorpaduu. s 3TOro npHMEHHIH KO-
JIOHKH C MaJILIM BHYTPeHHHM JHaMeTpoM (2—6 MM); mjs yckope-
HHS MaccooGMeHa YMEHbIIMIM [JHAMETD YAaCTHI copGeHTa (5—
50 MKM), 4TO, B CBOIO Ouepelb, NPHBEIO K HEOGXOAHMOCTH yBemu-
UUTH N1aBJICHHE HA BXOAe KOJOHKM 10 0,5—40 MITa. Buinyckaembie
IPOMBILIJIEHHOCTBIO KHAKOCTHEIE XPOMAaTOrpadsl CHaGKEHH BHICO-
KOUYBCTBHTEJbHBIMA JCTEKTOPAMH, HO3BOJISIIOLIHMH ONpERe/sTh A0
10-%—10-1° r BemecTBa. J[OCTATOYHO BEICOKAS CKOPOCTb aHaJH3a,
HU3KMH Tpefen O6HapyXeHHS, BEICOKas 3((EKTHBHOCTb KOJOHKH,
BO3MOXHOCTb ONpEAE/ATH JIOGbe BEleCTBa (KPOMe ras’oB) IpHBe-
JIH K GBICTPOMY pasBuTHIO BI)KX,

B B3)KX MoryT GHTh peajnsoBaHbl MOYTH BCe MeXaHH3MbL pas-
AeIeHnd, NpHMeHseMble B XpoMarorpadun (amcopbuus, pacmpese-
JIeHHE, HOHHHIH o6MeH H 1p.). HesaBucumo or mexanusMa pasjene-
HudA, NOABHXKHas ¢asa B BI)KX — muakoers. OcranoBuMcs Ha
KHUJIKOCTHO-aCOPOUHOHHOA ~ XpoMaTtorpadnn, Kotopas IIMPOKO
IpEACTaBIeHa B ABYX BAapHaHTaX: HOpMaabHO-(paszoBas (HOX) u

obpauenno-pazoBasg (OPX) —B 3aBHCHMOCTH OT NOJIAPHOCTH 1O~

ABYXXHOH H HENOABHKHOH ¢as.

B HOX wucnonpsyior nouspaeiit agcop6eHt (nanpuMep, cuinka-
redib), 3JI0€HT — HeNOAsAPHHIH (rexcan), pasnensieMble BeHIECTBA —
nonspusie, B O®X npumensior, kak npasuio, aaCOpPGEHT HemoJsp-
HHft (CHJMKareJb ¢ NPUBHTHMH Ha €r0 MOBEPXHOCTH aJKH/bHEIMHA
nenaMu (Ce—Cys), 3/MI0EHT NOJSAPHBIN (CIHPTH, BOJa) pasmense-
MHE€ BellecTsa — JioGhie. ‘

OcnoBHele xpoMarorpaduyeckue napamerpw (fm, Vg, N, BITT,
R) xapakrepun u m1a B3)KX. B Ba)KX HIHPOKO NPHUMEHSIOT (ak-

TOp eMKocTn k' (BMecTo KosdduuueHTa pacmpeeneHHs Kp), xo-
TOPHIH HE 3aBHCHT OT F€OMETPHH KOJIOHKH:

B = tR' [ty = (IR— to)/ty = KpVuen/Vn, (3.16y
rae Veen, Va-— 06beMb HENOABMMKHOA H NOABHKHON ¢$as cooTBeTCTBEHHO,

Jl1s mpaKTHUECKOro pasieseHust JOCTATOUHO, UTOGHI Hccaenye-
MOe BEWIECTBO yNAePKHBAIOCh B KOJMOHKe B 2—10 pa3 cHIbHEe, gem
HeyJep>KHBaeMOe BellecTBo.

Uuclio TEOpETHYECKAX TapeoK KOMOHKHU PaCCUHTHIBAIOT 1O ypaB-
HeHuio (3.3). Umcoo Teopernueckux Tapenok B BIJKX moxer Io-
crarath 10°, 9TO MPHBOAHT K BHICOKOH 3()(eKTHBHOCTH KOJOHOK.

ITpuanunuaneHas cxeMa XUAKOCTHOTO xpoMarorpagda Moxer

_GHITb npejcTaBieHa ceMblo GaokaMu (pHc. 3.6). Kaxnwit 640K
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Puc. 3.6. Biok-cxema XHMAKOCTHOTO xpomaTorpa-
(ha BEICOKOTO [aBJEHHA:

; ;g Be-
! — cocyA pns 3Jl0eHTa; 2 -— HAcoc; J3°— cHcTeMa B -
AenHs ofGpasuna (mosartop); 4 Ixoao:ﬂwn 5 — DeTeKTop;

rpaMMa Ha OyMare :

MOXKET COCTOSTb M3 MHOMKECTBA YCTPOHCTB, pPasJHYalOUIUXCA IO
CJI0KHOCTH M BO3MOXKHOCTSM. KpoMme TOro, BHIMBIBa€Mbleé H3 KOJIOH-
KH BelleCTBa MOTYT Ha BBHIXOJe H3 JIeTeKTOpa COoGHpaThCA B CIe-
1HanbHHE yCTpolicTBa (coGupalomas chHcTeMa) AJfA OOC/IeAylouled
eHTH(HKAaIHH.
i Noawmmspmo Bcex xpomarorpaax npeAcTaBIfioOT noa%= oam%w.
HYI0O TPyOKYy ¢ BHYTPEeHHHM anaMeTpoM 4—6 MM u anaunoir 100—
950 mM. IToBmmeHHOe JaBjeHHe Ha BXOAe B KOJOHKY BHIBHIBA€T
#e06X0JHMOCTh NPHMEHEHHS YKOPOUEHHBIX KOJOHOK IO CPaBHEHHIO
C KOJIOHKaMH, NPHMEHSIEMHIMH B rasoBHX Xpomartorpadax. O6pa-
BOASAT MHKPOINNPHLEM.

mophmmmoawEEw u,oowo::nemoz JKHUIKOCTHOH xpomartorpaduu sABjd-
€Tcsl TPaJMeHTHOE JIOHPOBaHHE — H3MEHEHHE COCTaBa 3JIOEHTA BO
BPEMEeHH, NO3BOJSIONIee Da3fe]fATb CMeCH DPa3JHYHOH MOJISAPHOCTH
3a cueT H3MeHeHHs Koadduuuenta pacnpeneneHus. I'paauentHoe
JIIONPOBaHHE MOKHO paccMaTPHBaThb KaK aHaJOr MpOrpaMMHpOBa-
- HHsl TEMIEpaTypH B ra3oBO# xpoMaTorpaduu.

CocraB 5J110aTa HENPepHIBHO KOHTPOJHPYIOT JeTeKTopom. [le-
TEKTOPHl B JKHAKOCTHHX XpoMaTtorpadax MOXHO OGbEAHHHTDb B Cle-
Ayolue rpynns: 1) onTHUeCKHe AeTEKTOPH, COCTABJAIOLIHE OKOJO
929% Bcex NpHMEHSAEMBIX NeTeKTOpOB (a6cOpOLMOHHEE, JIOMHHEC-
LleHTHHIe, pedpPaKTOMETPhl) ; 2) 3JMeKTPOXHMHUECKHE NeTeKTOpH (I1o-
TEHIHOMETPHUECKHE, MO 3JEeKTPONPOBOJHOCTH, aMIepOMETPHYECKHe
H Ap.); 3) Apyrue AeTeKTOpH (TPaHCNOPTHHIE, ra3OBHE, MHKpOal-
, HOHHHE).
oowmﬁwgamnmwzzm HHXKe JabopaTopHhe paboTel MOryT OLITh BHI-
MONHEHH Ha JI060M KHAKOCTHOM XpoMmartorpagde oTedecTBEHHOro
uau 3apy6exHOro IpOH3BOACTBA. XOpowo cebsi 3apeKOMEHIOBaJIH
KHUAKOCTHHE xpoMatorpadsl cepun <«L{Ber-300» aEwm._..wooov. BHI-
nyckaembie [zepxuHckuM ¢uanansom OKBA o6bennnenus «Xum-

TOMaTHKa».
”® WNasammsm xpomaTtorpada H BHIBOJA €ro Ha pPaGOuBf pexum
OCYLIECTBJISIOT COIVIACHO MHCTPYKLMH JUISl KOHKDETHOH MapKH HpH-
6opa. \

[puGop paGoraer caexnyomuM obpasoMm. Hacoc Bmcokoro aas-
JIEHHS CO3J4eT DETyJHpyeMBbfi NOTOK 3JI0€HTa 4epe3 KOJOHKY, NO-
MellleHHYlI0 B TepMocTaT. Yepes KpaH-703aTOp IWIMpPHUEM B NOTOK
5JI0€HTa BBOAMTCA AHAJH3HpyeMas 1poba, OpH 9TOM B MOMEHT
BBOZa npoObl MOTOK 3JI0€HTA NEPeKPHBalOT (MJIH He HepeKpBa-
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6§ — peructpaTop (caMomHcel]); 7 — TEPMOCTAT-XPOMATO-’

- . . s ;
/ o - ait

\

\
10T) B wm/xomzoog OT KOHCTPYKUHH npuGopa. ITocsie BBoxa npo6u

SJIIOEHT NOY AaBJEHHEM Ha BXOAE B KOJOHKY A0 12 MIla momaercs
B KOJIOHKY, TIle¢ CMeCb pasfesisieTcss Ha KOMIOHEHTH. I1oTok mocie
BHIXOJla H3 KOJNOHKH IOCTYNAeT B JETEKTOp, I/e perucTpupyercs
ONITHYECKAsT MVIOTHOCTh HJIM NOKAa3aTeJNb NPEJOMJEHHS KaXIOro
KOMIIOHEHTa CMecH. XpoMmaTorpaduuecKHe TIMKH 3aImMCHIBAIOTCS
SJICKTPOHHEIM aBTOMATHYECKHM NOTEHIHOMETPOM.

Pabora 1. Onpedenrenue Gensoara, Hurpobenzosa
U OeH30HUTPUAG 8 UX. CMecU

ITpu mponyckanun yepes KomoHKY ¢ HOJISIPHBIM COPGEHTOM CHJIMKA-
TeJleM pacTBOpa, COAepKallero GeH30J, HUTPOGEH30M H GEeH30HHT-
PHJ, pasanyalomuxcs NOJIAPHOCTHIO, B cJaydyae HCIOJAb30OBaHUSI B Ka-
YECTBE 3JIIOEHTA I'eKCcaHa B NEPBYIO oyepeab BBHIMBIBaeTcs Qmmth-
3aTeM GoJsiee MOJsIPHEIE HHTPOGEH30M M 6EH30HHTPHII.

KosnnuecTBennoe onpelneqeHne OJHOTO WJIH BCeX KOMIIOHEHTOB
CMECH NPOBOAAT METOAOM abCOMIOTHOH KaluGDPOBKH.

HpuGopsl u peaxTuss

XKuokocrnoit xpomaroepagp «Liper-304» ¢ Y ®-gerekTopom.

Kosonxa pnunon 100 mum, ¢ BHYTPEHHHM AHaMeTpoM 4 MM, 3aN0JHEHHAas CH-
JiuKareneM Mapku C-3, nuamerp wacThy 5—10 Mk,

Muxpownpuy BMectEMocTb0 10 MK

Murpobioperka BmecTHMOCTbIO | MKJIL.
Cexyndomep.

1lo0susneul pacreopurens (37110eHT) — rexcaH.

Pacreoper 6ensona, nurpobensora u OenaonuTpusa 6 seKcane ¢ coflepKaHHEM
(cootserctBenno) 10, 0,06 u 0,2 Mr/ma.

Anaausupyemoi pacreop: cmecn 2% 6ensona, 0,01% nurpoGensona u 0,05%
©OeH30HATpUJIA B pactsope CCl,.

CxopocTb ZHarpaMMHOR JeHTH 240 nan 720 mm/a.

Bemonnenne paGotbi. Ilepex BrmoueHHEM npubopa Heo6xomLu-
MO BHHMATE/NbHO NPOYMTATh HHCTPYKUMIO 1O SKCIHJYaTaUHH NpH-
Gopal :

Bxatouator npu6op, ycraHaBauBaoT pacxox 3JII0€HTa, paBHBIH
1,2 Ma/MuH, ¢ noMoubi0 MHKDOOGIODETKH, IEepPeKJI09IaTeNb «MHOMKH-
TeIb IIKAJBl» YCTaHABJIHBAIOT B moJoxeHue «40». Beoxar B nosa-
TOp 1 MKJ cMecu, Ha XpoMaTorpaMMe IOMYHAKOT YeTHIpe IHKa: mep-
BEIHl MK — HeyJlepXKMBaeMoe BEIeCTBO (TeTPaxJopHA yriaepoaa),
3aTeM I0C/IeLOBATe/NbHO — GeH30J, HHTPOGEH30J ¥ GEH3OHHTDHI.
Hsmepsior cexyHIOMepoM BpeMs BhHIXOZA KAaKHOTO KOMIOHEHTa f
(B ¢). Ananus nosropsoT 3 pasa.

Pacuer comepxkaHnus KOMIOHeHTa B cMecH IPOBOJAAT METOAOM
a6comoTHOH Kanu6posku. [Ipu Tex xe ycaoBusix xpomatorpadupy-
10T noouepeano 1, 2, 3 ' 4 MKJI pacTBopa HHTPOGEH30Ja. Crposr
rpadux h=f(css) U HaxomAT comepkaHHe HHTPOGEH30JIa ggs B CMe-
CH, B3SIB BBICOTY IHKa A Kak CpeiHee H3 Tpex H3MepeHHi,

AHaJIOTHUHO PACCUHTHIBAIOT COZEpKaHHe GeH30/a ZGoers B CMeECH,
IpeABapUTENbHO XpOMATOrpadupys pacrBop GeHsoda.

. Pesynbrath sanocat B tabauny.
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KOMIIOHEHT CMECH tH ta 13 cp h ha  h3 cp

HeynepxuBaemoe . Be-
11eCTBO

Bensoa

Hurpo6enson
BeH30HHTPHI

[Toab3ysick XpOMaTOrpaMMON aHANH3UPyEMOH CMeCH, DPaCCUHTHI-
BalOT xpoMmaTorpaduueckne napaMetps tr’, V&', k', R, NuH
(em. crp. 188, 189, 203):

KOMIIOHEHT CMecH s‘x <~x k! R N H £, Mr/ma

Heyzepxusaemoe Be-
{IeCTBO

Bensoxn

HutpoGenson
Benaonntpun

XpomaTtorpamMMmbl ¥ TPaiyHPOBOYHEIE TPa(HKH NPHKIEHBAKT B
JaGopaTopHBIH KypHAJI.

Pabora 2. Onpedesenue 0-, - U N-HUTPOGEH0L08
8 ux cmecu

BricokoapdexTuBHAsT KHUAKOCTHAs XpoMartorpadus B HOPMAJbHO-
¢azoBoM BaphanTe (NONSAPHHIA COPGEHT — HENONAPHBIA  JIOCHT)
peKOMenayeTcsl IJsi pasfesieHHs H30MepoB. Msomepnl HMelOT pas-
JHYHOEe BpeMs yAepXKHBaHHSl Ha CHJMKareje Osarojaps pasHOMY
PacHoJIOKEHHI0 NOMSPHHX rpynn. Maedtudukauuio mMHKOB Ha Xpo-
ZNHO%@NZS& npoBOAAT METOAOM hOQNwOﬂ HHAHBUAYAJbHBIX H30ME-
poB. KoJsnuecTBeHHOE ONpPEAENEHHE OJHOTO H3 H30MEePOB IPOBOAAT
MeToJ oM a6coMIoTHOH KaNuGpPOBKH. - :

Mpu6opbt H PeaKTHBH

JKudkoctrotd xpomaroepagd «llper-304» c YP-geTeKTOpPOM.

Kosonxa pmunoft 100 MM, puameTpoM 4 MM, 3aN0JHEHHAas CHJHKareneM Map-
xu C-3, ppakunsa 5—10 Mxm. -

Mukpownpuy, BMecTAMOCTEIO 10 MKJL

Muxkpobroperka 1jis onpeieseHHs Pacxoja JIOeHTa.

Cexyudomep.

-Modsuscnoili pacrsopuress: 4%-HHA PacTBOP H3ONPONHJIOBOTO CHHPTA B TeK-

“cane.

.

Pacreopet 0-, m- U n-rurpoghenosos (no 0,1%).
Cmecs™ u30MepO8 «HEW3BECTHOrO» 0OCTaBa B H3ONPONHJOBOM CIHPTE.
CKOpoCTh AHarpaMMHOHR JIeHTH camomHcHa 720 Mm/4.

BuinojHenne pa6ornl. Bxiioualor npu6op COrMACHO HHCTPYKLHH.
Pa6oTy npoBOZAT NPH KOMHaTHO# Temnepatype. [lepekmouarens
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Azmoﬁmﬂgm IIKaJbl» YyCTAHABJIHBAIOT B NojoxeHHe «40», pacxon
‘9JII0EHTa 'YyCTAHABJAHBAKT 1,2 MJI/MHH, KOHTDOJMPYS €ro Ha BEIXOZE
M3 Kanmuijiapa AeTekTopa MuKpoGoperkoil. Beoast B gosartop
-2 MKJ CMecH, He 3aKpHBas KpaH [403atopa, BBOAAT 2 MKJ TeTpa-
XJOpHAa yriepOAa B KadyecTBe HeyAep:KHBAeMOro BemiecTBa. Mswme-
DAIOT CEKyHIOMEDPOM BpeMsl BEIXOAA KaXkKIOTO KOMIOHEHTa. AHaJu3
MOBTOPAIOT TPH pa3a. EcaH HeoO6XOAHMO, MEPEeKJIIoUaloT «MHOMKH-
‘Te/b LIKAaJAbl» TaK, YTOGH BEICOTA IHKAa cocTaBisaa 50% or wmxka-
et KCII, )

Ha xpoMarorpamme noayuaior 4 nuka. Uto6bl HAEHTHOHUIHDO-
BaThb IHKH H30MepOB HHTPOGEHO/]a, MNPHMEHSIOT MeToJ A06aBOK.
Jas sToro B 103aTOp BBOAAT 2 MKJ CMECH H 1 MKJI pacTBopa Of-
HOTO M3 HM30MEpOB H XpOMAaTOrpaupyioT IPH TeX XKe YCIOBHSX.
Bricota oiHOro mHKa yBe/JHMYHBaeTcsl (MOXKeT 3amikajauThl). 3arem
MOBTOPSIOT XpoMaTorpauposanue cMecH ¢ JobaB/JeHHEM pacTBopa
ApYyroro u3oMepa H T. A.

NieHTHQUUUDPYIOT THKH 0-, M- M H-H30MEpPOB HHTPO(eHONa,
‘OGBACHAIOT NOPANOK BHXOJa H30MEPOB, DPACCUHTHIBAIOT BpeMeHa
yAepKHBaAHHUSA, IJIOILAAH NHKOB H 3aHOCAT Pe3yJbTaTh B TaOJHUY:

p S

Komnorent ,
51 t2 t3 ‘xnv ¥R Sy Sa S3 Sep

Heyaepxusae-
MO€e BeHiecTBO -
-o-Hurpodenon
x-Hurpoderoa
n-Hurpodenoa

Conepxanne OaHOTO (MJH BCEX) H30OMEPOB PACCYMTHBAIOT Me-
TOZOM aGCOMIIOTHOH KaauGpoBKH. XpoMaTorpadHpyioT mOOUepexHO
1, 2, 3 u 4 mxa pacTBOpa Kaxjoro usomepa. Jlo6usarwTcs BOCIpPO-
H3BeJleHHs De3yJ/bTaToB IJId KaXHOH mnpo6ul (He MeHee 3 pa3).
CTposiT rpaaynpoBouHEe rpaguKH S=f(Cs;) U OMPEAENASIOT COXEP-
JXXHMO€ H30MEepOB B CMecH g (B MKI/MKJ miau Mr/ma). PaccuuThiBa-
10T 06beMBl yAepXKHUBaHHsA, 3Has {r” U CKOPOCTb 3JjI0eHTa, £/, N, H, -
R, a [oTHOCUTENbHO O-HHMTpOOEHONA MO ypaBHeHHsM (3.3)—(3.5);
(3.7); (3.16)].

XpomarorpaMMbl M rpaQHKH IpPHKJIEHBAIOT B Ja6OPaTOPHHI
XypHan:

B KomnonrenT «tbnv [ a R N H £, MKr/MKna
o-Hutpodenon 1
M-Hurpodenon
n-Hurpodenon
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Pabora 3. Onpedesenue o-, M- U N-HUTPOAHUAUHOB
8 ux cmecu .

Hcnoassyior BI)KX B HOpMasibHO-(a30BOM BapHaHTe (HOJApHBIR
CcOpGeHT — HEeNoJsPHHMA 3J10¢HT). MsoMeps HHTPOAHMJIHHOB HMe-
10T pasjuyHOe BpeMsi yAepXKHBaHHA Ha CHJHKareae OJsaroxaps
Pa3IHYHOMY [pPOCTPAHCTBEHHOMY DAacMOJIOXKEHHIO MOJADHHIX TPYIIik
HHTpOaHHAHHA. M aeHTH(HKANHIO THKOB Ha XpOMATOrpaMMe IpOBO-

AAT MeTogoM Ho6aBOK HHAMBHAYAJBHEIX H30MEPOB, mAObNQmOHmmmn,

HOE ONpefeieHHe NPOBOAAT MEeTOAOM abCOJIOTHOR KalHOPOBKH.

NpuGopyl U peakTHBH

Judxocrrnoii xpomaroepagh «lier-304» ¢ YP-nerexkTopoM.

Koaonka pamuont 100 MM, guameTpoM 4 MM, 3anoJiHeHHAs CHJIHKarejeM Mapkp
C-3, ppakuua 5—10 MKM.

Mugpownpuy BMecTHMOCTBIO 10 MKJL

Muxkpobioperka Ajst onpefieNeHHsT PacXoAa 3JIOEHTA.

. Cexyrdonmep.

Modsuncnoui pactéopuress: H3ONPONHJOBHA CHHPT B rekcaHe, 4%-HuA pac-
TBOP.

Pacrsopei 0-, m- 1 :-zmgo&ngem (mo 0,1%).

Cmeco usomepos cueussecTnoeo» cocraga 8 usonponunrosom cnupre (0,2% -unk
pactBop).

CxopocTh AMarpaMMHOM JieHTH camonucua 240 Mm/y.

BuinoaHenue pa6oThl. BK/OYAIOT NPHOOP COTIACHO MHCTPYKIHH,
Pa6ory nmpoBoasaT nmpH KOMHaTHON Temmeparype. Ilepekaiouaresn
«MHOXKHTE/b IIKAJb» NPEABAPHTEILHO YCTAHABJIHBAIOT B IOJIOXKeE-
HHe «40», pacxoj 3JI0eHTa ycCTaHaBJHBAaKOT 1,2 MJ/MHH, H3MEpHB
€ro Ha BHIXOAE W3 KamWJJjsipa AeTeKTopa MHKpobGiopeTkoi. Broasr
B 03aTOP 2 MKJ CMeCH, He 3aKphiBas KpaH J03aTopa H BBOAAT
2 Mra CCl; B kauecTBe HeyZepxKHBaeMoro BeliectBa. Hsmepdior
BpeMs BHIXOa K4aXJOro KOMIOHEeHTa. AHa/iu3 IOBTOPSIOT TPH pa-
3a. Ecau Heo6XOAMMO, MepeKJI0YalOT «MHOXKHTEIb IIKaJH» Tak,
yto6H BHICOTA IHKa cocraBassa 50% ot wkaam KCII.

Ha xpomartorpaMme mosyuaior 4 nuka. Oasa ux nieHTHOHKALHK
IPHMEeHAIOT MeToA n06aBok. Jlaa 3TOoro B 103aTOpP BBOJAT 2 MKA
cMecH H 1 MKJ pacTBopa OZHOrO H3 H30MEpOB H XpoMartorpadupy-
IOT B T€X e YCJOBHAX. BricoTa 0fHOrO mHKa pPe3KO yBeJHYHBAETCH
(nuK Moxer 3awkanuTtb). [loBTOpsIOT XpoMarorpadupoBaHue cMe-
CH ¢ no6aBJeHneM pacTBOpa APYroro H3oMepa u T. A.

W neRTHOUIHPYIOT NHKH 0-, M- H N-HATPOAHWIHHOB, OOBACHAIOT
NOPSAOK BHXOAAa H30MepOB. PacCUMTHIBAIOT BpeMeHa ylepiKHBaHHA,
BHICOTH IIMKOB H 3aHOCAT IOJYYEHHBIE pe3ysabTaThl B Tabuauuy.

Pacuer conep:kaHHf OZHOrO (HJH BCeX) H30MepPOB IPOBOJAAT
MetogoM abconoTHOR KajanGpoBKH. XpoMaTorpadHpylOT NooYepen-
HO 1, 2, 3 1 4 MK pacTBOpa KaxJAOro H3oMepa. Jo6uBaloTes Boc-
NpOH3BEe/ileHHs Pe3yJbTaTOB AJA-Kaxlo#i npo6u (He Meree 3 pas),
CrposT rpaayupoBouHsie rpadukn A=f(cys) H ONpEeNeNAIOT CO-
AepKaHHe H30MepOB B cMecH «g» (B MrkK/MKa uam Mr/ma). Pac-
CUHTHBAIOT O0BEMHl YAep:KHBaHHA, 3Hasd {g’, © CKOPOCThH 3JIOEHTa,
k’, N, H, R, a (OTHOCHTEJbHO O-HHTPOQHHJHHA) MO uﬁmmmgsuz
(3. mv|a 5), (3.7), (3.16). -
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KoMmponeHnTt ’
) ty ts |Rep | 'R| M1 | M hs | Fep

Heynep:xusae- — — — — —
MO€ BelEeCTBO ’
o-Hutpoauuanu
s-Hatpoanuaun
n-Hurpoanunun

3anoaHsawT Tabauny, MOANHCHBAIOT XpPOMaTOrpaMMH H rpadu-
KU ¥ BKJEUBAIOT B JabopaTOpHLIil KypHAaJ:

Komnouent <\xov k' [¢2 R N H g, MKr/MKJ

o-Hurpoannanu 1
s-Hurpoanuiun
n-Hurpoanumun

Pabora 4. Onpedesenue 6en3osn, HAPTAAURA U PeRAHTPEHA
8 ux cmecu

Pasznenenue Oensosa, HadTaiuna U QeHAHTpeHAa METOJOM KHIKO-
CTHOR xpomaTorpauy — THOHUYHBLIH OPHMEp pas/e/eHus BLICOKOKH-
OAIMX OpPranv4YeCKHX BEILeCTB, TPYAHO paszenseMblX MeTOIOM ra-
30BO# xpomarorpadun. Paspenenne meronom BIJKX mpoxoaur 3a
5 MuH, BpeMsl yAepKUBaHHS BO3pacTaeT C yBeJHYEHHEM UHCJIa apo-
MaTHYECKHX KOJICIL. >©OENHE¢®ONN® BelecTBa XOpolluo hmﬂmxexwv\-
10Tcq npu A=254 HM.

NpnGopul ¥ peaKTHBbLE

Kudrxocrnoi xpomaroepag «llper-304» ¢ YO-gerexTopom.

Kosonxa paunoit 150 MM, BHyTpeHHuil AHameTp 6 MM, 3alOJIHEHHAs CHJHKA-
reneM Cuaacop6-600, nuamerp 4acTHI § MKM.

Murpownpuy, BMecTUMOCTBIO 10 MKJI.

Muxpobroperka BMECTHMOCTBIO 1 MKJI

Cexyndomep.

Sar0esT reKkcaH.

Anasusupyemoili pacreop: cmech GeH30Ja, m»eamammm H (eHaHTPEHa B TeT-
paxJiopuiie yriepoxa.

CxopocTs nuarpaMmHof JieHTH 240 MM/q.

Buinoadenne paGorhl. BKiouaoT npubop corJacHo HHCTPYKUHH.
Pacxop saweHTa ycTaHaBJAHBalOT | MJI/MHH, NOJOXKEHHE <MHOMKH-
T€Jb IIKaJbl» NOAOHpAIOT TakK, 4yTOOB NPH BBELEHHH He MeHee
1 MK1 eMecH aHAJU3HPYEMBIX BEIECTB BBICOTA IHKA COCTaBjsAa
40—60% mxaasr KCI1. Bogsar B mosatop | MKa cMecH aHaJH3H-
pyeMmeix BeulecTB. CeKyHIOMEpPOM W3MEpSIOT BpeMsl yAepXKHBaHHUSA

-Beex KoMmnoHeHTOB. IlepBHIi MHK Ha XpPOMaTorpaMme — HeyAepKH-
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" Baemoe BeirectBo CCly, TIpoBoasaT 7 mapanniesnbHHX aHaansos, Ono-

peAensAT BBICOTH NMHUKOB, PE3YJbTaThl 3aHOCSAT B ama&&ﬂ%”

Bensoa Hadraann denanTpeH

Ne ?O,O_ "

'R hg tr hy tp hy

focp ZRep ZRep tRep

3areM BHIUMCAAIOT XxpomaTorpaduuecKue napaMeTpH NO ypaB-
wenusam (3.3)—(3.5), (3.7), (3.16) u szamosHAT caeAyoouryo Tab-
JHLY: ,

AHanH3BpYeMLIR BN ’ Qo OTHOC.
KOMINOHEHT vR <. R L Genszona R N H
Benson 1
Hadrannu
QenanTpen

KosnuecTBeHHOE OmpeneseHne OQHOrO HJH BCEX KOMIOHEHTOB
NPOBOJAT IO YKa3aHUIO :@mnohmmweman MeToAOM abcoJIOTHOH Ka-
JHOPOBKH.

Xpowmarorpadupyior 1, 2, 3, 4 1 5 MKa pacTBopa OIHOrO U3
KOMITOHEHTOB CMECH, CTPOSIT I'PaiyupoOBOYHEIH rpaduk A=f(cxomn),
IO KOTOPOMY HaXOIST KOHIEHTpaUHH KOMIIOHEHTOB B CMeECH, COOT-
BETCTBYIOIINE H3MEPEHHKIM -BEICOTaM NHKOB A. IlpoBozasT cratuctu-
4yecKyl0 06pa6boTKy pe3y/bTaTOB KOJHUYECTBEHHOI'O ONpPEIENEHHs Of-
HOTO M3 KOMIIOHEHTOB. PesysbTaTal craTHcTHuYeckol o6paboTkn 3a-
HocaT B Tabmuuy (cM. ctp. 194). XpomarorpamMMel H rpaguKy npHu-
KJEHBAKIOT B J1a0OpPaTOPHHH XKypHaJ.

Pabora 5. Onpedeserue bensora u e20 20M0A0208
8 ux cmects

TFomonoru, Tt. e. BemecrBa, Jauyapomuecs Ha rpynny —CH,, oco-
GeHHO XOpOIIO PasAe/AIOTCs] METOAOM oOpameHHO-(pa3oBoil xpoMa-
tTorpatun. B o6pamenHo-baszoBom BapuaHre BO)KX B oTsiMune ot
HOPMaJIbHO-(pa30BOr0 MPHMEHSIOT HeNOJNSPHHEE COPGEHT, MOMAPHHA
SJIOEHT M HeNoJspHbie pasfieifeMHe BellecTBa. DBeHazou, Toayod,
STHJGEH30]1 H NPONHJIGEH30]1 HMEIOT pa3HHe BpeMeHa yAepXKHBa-
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HUA Ha CHJAUKAEreJe ¢ NPHBHTBIMH YIVIEBOAOPOAHBIMH LENSMH. YBe-
JHYeHHe IJHHE. aJKHJBHOH nenu y OeH3osa obycaaBiHBaeT MeHb-
Eu:o PacTBOPHMOCTbL MOJICKYJIBI B NOJIADHOM 3JIOCHTE, H OHa Jyu-
1ie yaepxuBaeTcst Ha copbenTe.

MpuGopsl u peakTHBH

JKudrkocrrnoti xpomaroepag) «liper-304» c YO-aerekTopom.

Koaonka naunoit 100 mM, BHyTpeHHHMH nnHamerp 6 MM, 3amoJHEHHAs CHJHKA-
rerem KCK-2 wian C-3 ¢ npupHTBIMH ankmipHeIMH HensiMH Cig, [HaMeTp YacTHIL
cunuKareasi 5-—10 MKM,

Murpownpuy BMectaMocThio 10 MK,

Muxpobroperka BMECTHMOCTBIO | MEJ AJIs ONpeAeJeHHs PacXoia 3yIOeHTa.

Cexyndomep.

Saroent: U30onpONHIOBHIE cnHpT B Boje, 35% -Huil pacTBoOp.

AHaausupyemold pacTéop: ajKHAGEH30Jb B H30MPONHIOBOM cmupTe, 1% -Hblf
pacTBOp.

Pacrsopot undusudyarsnoix aikusben30408.

CkopocTb auarpamMMHof JeHTsl 240 Mm/q.

Boinosnnenune paborul. Briouator npubop COriacHoO HHCTPYKLHH.
Tlepekniouarenb «MHOXKHTENDb LIKAJB», YCTAHABIMBAIOT B INOJOXKeE-
Hue «10», pacxoj 3Ji0eHTa yCTaHaBJAHBAKOT | MJI/MHH, U3MepsAs ero
Ha BHIXOJE W3 Kanwijsipa JeTeKTopa MHKpoGlopetkoil. HauanbpHas
TeMiepaTypa TepMmocrarta KoJoHOK 60 °C. BBoasT B no3atop 4 MK
cMecH. MiaMepsiloT CeKyHZOMepOM BpeMsl BHIXOJA KaXKAOTO BeLIECT-
Ba. UacTo B pacTBopHTese OhiBaeT HmpuMech 6oJjiee TMOJSIPHOTO Be-
11ecTBa, ueM GEH30J1, KOTOPhIfi MOXKET BHIXOAHTb MEPBHIM H3 KOJOH-
xu. [Tostomy muK OeH3os1a clefyeT HAEHTHOHIHPOBATH METOLOM
no6aBok, lana atoro B 103aTOp BBOAAT 4 MKJI cMecH M 1 MKX pac-
TBOpa GeH3oja. YBeJHUeHHE NHMKA CBHAETEJbCTBYET O NMPHHAAJIEXK-
HocTH ero GeHsouy. [Js pacuera nmpHBelEeHHBIX BpeMeH YIepxKu-
BaHHUA PaCCYMTHIBAIOT TEOPETHUYECKOe BPeMs BHIXOJA HeyZepiKHBae-

MOTO BeulecrBa:

to=1,2Vyon/2F = 1,2ntd?L/8F,

Tie Vion — BMECTHMOCTb KOJIOHKH, MJI; d — BHYTPEHHHH JHaMeTp KOJOHKH, CM;
L — nauna kogomkd, cMm; F—pacxop smoenra, wmJj/MuH; 1,2 — Kosddunuent,
YYUTHBAIOWKA BpeMsl BHIXOLAa HEYAEDKHBAEMOrO BEMIECTBA B OCTAJbHBIX KOMMY-

HHKALuAX npuéopa. '

M3 XpoMaTOrpaMMBbl PacCUMTHBAIOT XpoMmarorpaduueckue na-

paMeTpHl U 3aHOCAT HX B Hm@bsc,%“.

Komnorent nz n\z —Ek S k’ o R N H
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v:.o. 3.7. XpomaTorpamma Ha GyMare

Punuw

!
)
“ JenaoT BHBOL O CEJEKTHBHOCTH H
! 95 HeKTHBHOCTH KOJIOHKH.
i Conepxanne ankua6eH30JI0B onpeje-
| JAI0T MeTOROM a6CcoJIoTHOH Kanu6poB-
" ku. Xpomatorpadupyor 1, 2, 3, 4
M 5 MKJ pacTBopa aJjkuibeH3ojna, pac-
CYHTBIBAIOT IVIOLIaJH TNHKOB S H, 3Had
KOHIIEHTPAIHH PacTBOPa, CTPOAT TpafyH-
poBouHBIH rpaguk S=f (Canxunsens), MO
. KOTODOMY HAaXOAAT HEHU3BECTHYIO KOH-
HEHTPaUuIo - afKkuaGeH3ona (B Mr/Mia)
B CMECH. :
XpoMarorpaMMel K rpaduKHd INpH-
KJI€HBAIOT B J1a0OPATOPHHIA XKYpPHaJl.

3.3. PACTIPENEJINTEJIbHAS XPOMATOTPADUS

B pacmpenenurensHoif xpomartorpaduu Ha Gymare pasiesneHue Be-
INECTB NPOMCXOJHT BCJEJCTBHE Pa3JiHuMs B pacnpelefieHHH Mexny
ABYMS XHAKHMH (pa3saMH, OfHA H3 KOTODHIX NMOABHXKHA (KakK IpaBH-
JIO, CMeChb OpraHHYeCKHX pacTBOpHTeJell), a Apyras — HeNOABHXKHA
H npeacrapasier co6ofi BOAY, HaXOAAIIYIOCS B BOJOKHAX XpPOMaTo-
rpaduueckoii 6ymarsu.

..Onmommom XapaKTepPUCTHKON pasieJieHHs BELIeCTB, NOKa3blBalo-
LIe# TMOJIOKEHHe 30HH BelleCTBAa Ha MOJOCKe XpoMmaTtorpaduueckoit
6yMarH, aBiaserca ¢akrop Ry, ompeleisieMHll KaK OTHOLIEHHE CKO-
POCTH (HJIH DacCTOSHHMS) ABHKEHHUS (QPOHTOB NSATHA M DPacCTBOPHU-
TeNsA:

K Ry=1/L, (3.17)

rae [— paccTosiHre OT JIHHHH CTapTa 10 CepeldHH 30HH, cM; L — paccrosHue,
npOAJIEHHOE DACTBOPHTENEM OT JHHHH CTapTa 10 JHHHH (poHTa, CM.

Yneao TeoperHueckHx Tapesok (puc. 3.7) pacCYMTHBAIT MO

‘Gopmyure
N = 16 (x/y)2. (3.18)
Mepoit apPeKTHBHOCTH paspesieHHs Ha GyMmare SIBJISAETCS BeJH-
YHHA, 3KBUBAJEHTHas TeopeTHueckofi Tapeake, BAOTT: )

BATT = L/N = /16 (/)% = y*/16x. (3:19)
KpuTepuit pasfenenus pacCuHTHBAIOT N0 GopMyIe
R==2A%, 1/(yy + 2)- (3-20)
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XJIOPOBOJIOPOAHOM KHCJIOTHL.

‘poxusa(lll).

L

v

Pat6ora 1. Pazlesrenue cmecu MUKPOKOAULECTE aa\inmzi:w u
podua(lll) u xoauuecreennoe onpedenerue narradus(Il)

Pasjenende 3JIeMEHTOB TIPYNNH IMIaTHHH OCHOBAHO Ha HCHOJb30-
BaHHHM pPa3/JMYHHEX 3HauYeHHH KO3((HUMEHTOB pacnpeieleHHs HX
XJIODHIHBIX KOMILJIEKCOB MeXAy MOABHXKHON M HENMOJABHXKHOH ¢da-
3aMH.

OnpepensieMble 31eMeHTH 0GPasylOT MHOTOYHCJ/IEHHbIE CMeIlaH-
Hbl€ XJIOPHAHBE, THAPOKCOXJODHAHBE H aKBaruApOKCOXJOPHIHLIE
KOMILJIEKCHI, KOTODHIE MMEIOT Pa3HUHYI YCTOHUHMBOCTb M KOTODbIE
N0-Pa3HOMY MHTPHDYIOT mo Gymare. [HADOKCO- H aKBarwApoKco-
XJIOPHAHBIE KOMIUIEKCH JaloT TH(PPy3HbE, Pa3MEIThE 30HB H JHIIb:
kommiaekcnl [RhClg]®~ u [PdCly]?~ wMurpupyior B BHAE UYETKHX
KOMIIaKTHEIX 30H H XOPOIIO Pas/eNsaIoTCs.

Ycenmex xpomaTorpadmueckoro pasaenenus maanamus(ll) u po-
ausi(I11) onpenensieTcs B OCHOBHOM Te€M, B KakKoii Mepe NpeiBapH-
TenbHAs TMOATOTOBKA PaCTBOPOB OGecleynBaeT NOJyueHHe CTabuib-
HHX (OPM KOMIVIEKCHHIX COeJHHeHHH ojHoro cocrasa. [lis atoro
Heo6XOJMMO BHINOJHHTh PAJ YCJIOBHA: PacTBOD CMECH COJIei mepex
xpomartorpadupoBaHueM cjaexyer o6paboraTe B THIJIE KOHIEHTDH-
POBaHHO# XJIOPOBOJODORHON KHCJIOTOH; NpUMeHsATb Gymary, npei-
BapHTeNbHO O6paGoTanHylo 6%-HBIM pacTBOPOM XJIOpHAA JIHTHA,
KOTOPHI/i MrpaeT POJb BhHICAJHBATe/sl H «IOCTABLUIHKA» XJOPHI-HO-
HOB; 706aBHTh B IIOJBHXHEI{I paCTBOPHTENb XJOPOBOLOPOAHYIO KHC-
JIOTY. ‘
3nauenns R; B sTom caydae papHu: jaas Rh!'!0, Pd' 0,43.

MNaananuii (II) mocie nposiBJEHHS XPOMaTOrpaMMBsl JIIOHPYIOT
H3 30HH PacCTBOPHTEJEM H ONpEAe/SIOT €ro COAepKaHHe B PacTBoO-

pe poTOMETPHUECKH.

MpuGopu U PeaKTHBHI :
Xpomarozpaguueckas xamepa-axcuxarop AAaMeTpoM 13 cM, BHCOTOH 13 cm.

CTekAAHHaR CTOUKA. :

Bymaza Oaa xpomarospaguposarus (Mapka «C» JlennHrpaickoi (albpuxs:
M. Boaogapckoro, 20X5 cM).

Muxpownpuy, BmectTumocTbio 10 MKJL

Muxponunerxu Buectumoctsio 0,2 1 1,0 Mi.

Hyavsepusarop.

DOTO034KT POKOAOPUMETD.

Muxpo6ioperxa BMECTHMOCTBIO 5 MJL

Crexaannbie NAAOYKU-2PYSUKU.

Pacreop cosed podus u naaradus, cofepauluii mo 2 MC/MJ KakAOro ie-
MeHTa. : .

Ayerarnoiul 6ydepnoil pacreop.
Sranossioil pacreop n-nurposodumerusanusuna, 0,5%-muf pacrsop.

Modeuscrbil pacTeopuresb: CMeCh METHISTHJKETOHA M KOHUEHTPHPOBAHHOMN
Jpossuress: cmech 0,5%-HOTO STAHOJBHOTO  PACTBOPA N-HHTPO3OAHMETHI-
aHHJNHa ¥ alleTaTHOro 6ydepHoro pactsopa (2:1).

Anaausupyemsil pacTéop: cMech NAGTHHOBHX conefi 0,2 Ma pacTBopa (B CTeK-

JISTHHOM THTJIE),

BoinoaneHne paGoThl.
JeHHe CMECH MHUKDOKOJHUECTB

Xpomatorpadurueckoe paspe-
naaaagua(ll) n
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Puc. 3.8. 3akpenjense mosocku XpoMarorpadudeckoit Gy-
. Mard Ha CTeK/JITHHOH NOACTaBKe

CKOH Oymare MOXHO JIMIIb B MeCTaX, Tie Kpe-
NATCH CTEKJISHHBIE MaJOYKH-TPY3UKH.

Copmepxumoe turiasi— cmecs ponusi(I1I) u
najnanus (1) — pemapusawT ¢ 3 KanasMH KOH-
LEHTPHPOBAHHOH XJIOPOBOAOPOXHOH KHCJOTH HA
BOJASIHOH GaHe N0 NOJYYEHHS. BAAXKHHX coJefl.
(He mnepecymmBars!) O6pasosaBimmecss KOM-
NJIEKCHBIE XJIOPHABI IJIATHHOBHIX METaJJIOB pac-
TBOpAlOT B 0,2 Ma 2 M pacreopa HCI.

Ha nosocke xpomarorpaduueckosi 6ymaru Ha
paccTostHum 2,5 cM OT Kpasl [0 JIMIEBOH INOBepX-
HOCTH NPOBOJAT rpu¢de/bHHM (HO He XHMMYECKHM!) KapaHpalioMm
JIHHHIO CTapTa, B UEHTPe KOTOpoH B 2—3 mpHeMa HAHOCHAT TPOGY
aHAJHU3UPYEMOr0 pacTBOPAa MUKPOWINpPHIEM 4 MKJA, 6 MKJ HIX 8 MKA

{mo yxasammwo npenogasarens). OcTaBWIMHCA PAcTBOP B CTEKJfAH-

HOM Tur/Ie cRawor jgabopanry. Ilocne HaHeceHHSI ouepeAHOH NMPOGH
BJIAXHOE NATHO OCTOPOXHO NoicyuimBaior. Ciaensit 3a TeM, 4YTOGHI
nosockn Gymaru He HMenu nepern6oB W 3a/10MoB. Jluamerp HaHe-
CEHHOTO NATHA He JOJXKeH mnpeBwmarts 2—3 MM. UeM MeHbII
NIATHO, TeM JIy4llle pasfieseHHe. o
3aTeM ¢ 06eHxX CTOPOH NOJIOCKH IPOAEBAIOT CTEKJSHHHE Maod-
KH-TPY3HKH H MOJIOCKY BeWIAIOT Ha NOJCTaBKy BHH3 msitHoMm, [lof-
CTaBKy CTaBSIT B 3KCHKaTOp C NOJABHXKHHIM DacTBOPHTENEM TaKHM
06pa3oM, uTo6sl moJocka GEIIa ONyLeHa B pacTBOPHTENb He GoJee
uyem Ha 0,5—1 cm (puc. 3.8). .
PassuTue xpoMaTorpaMMbl OCTaHaBJAHMBAKT, KOTAa (POHT pac-
TBODHUTENS NMPOHAET 2/3 BEPTHKAJIBHOTO y4acTKa NOJOCKH. I10 OKOH-
YaHHH Pa3BHTHA XPOMAaTOrPaMMEl NOJOCKY BHIHHMAIOT H, He mepe-

rubasi, B NMOJBEIICHHOM COCTOSIHHH cywaT B Gokce mon Ttaroii. IToc--

Jie 9TOro MOJIOCKY ONPHLICKHBAIOT H3 NYJbBEPH3aTOPA TEIIEIM pac-
TBOPOM NposiBHTENsA. [locne BhICylIMBaHHS OTYET/IHBO BUAHEI OKPa-
LIeHHBE 30HH (NIATHA) TeMHO-KPacHOrO WBETa, yKa3bBalol(He Ha
TPHCYTCTBHE pPa3feeHHBIX HOHOB.

ITocsie moacymHBaHHs XpoMaTOrpaMMel AJs pas3fe/eHHEX HOHOB
onpexneasor Ry (puc. 3.9).

®oToMeTpHUYECKOEe oONpefeJeHHEe COREDNKAaHHUSH
naanapuda(ll) B 3one OxpalleHHy0 30HY COeAMHEHHS MaJia-
Rusi (II) BHIpesaloT, oTCTYnmHB OT msATHa Ha 3—5 MM. Bymary ¢ Bh-
pe3aHHHIM NSATHOM NOMELal0T B CTaKaH BMeCTHMOCTbIo 50 MJ, no-

6aBas0T 4 MJ aueTatHOro GydepHoro pacrsopa, 1—2 MJI IHCTHJI-.

AupoBaHHOR Boaw u 0,5 ma 0,5%-HOro pacrBopa n-HHTPO3OLHME-
THIaHHAKHA, CTaKaH HaKkpHIBAlOT YaCOBHM CTEKJIOM H HarpesaloT
1 u Ha BonaHO# GaHe (fsams=85°C). Cneaar 3a TeM, uto6H Boza
B Gane He KHmeja. 3aTeM IOJYYeHHHA SKCTPAKT MEPEHOCAT uepes
BOPDOHKY B MEDHYI0 KOJOYy BMeCTHMOCTbI0O 50 MJ, OnOJaCKHBAlOT
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Buumanue! IIpukacaTscsi K xpoMaTorpaduye-

pra

Pac. 3.9. Onpenenenne Ry

cTakaH 1—2 pasa JHCTH/JIMPOBaHHOM
BOfoH mopuusMu no 3—5 mJa. Bripesan-

Has 30Ha IPH 3TOM OCTaeTCs B CTaKaHe. i\
3areM B crakaH JH06aBasior 2—3 MJ | T
aneraTHoro 6ydepHoro pacTBopa, 0KOJO N

5 Ma1 msonmponuioBoro cnupta u 0,25 Ma Pd .
0,5% -HoTO pacrBopa n-HUTPO30JUMETHI- .
aHunnHa. CrakaH NPUKPHIBAIOT 4aCOBHIM -

CTEKJIOM M BHOBb HarpeBaloT Ha BOJSHOI
6ane 30 mun. PactBop mepenocaT B Ty

biig
Je MEpHYIO KoJfy, ONOoJiacKHBAlOT CTa- W
KaH 2—3 pasza TONEePeMEHHO BOJOH W -~
H3O0MPOIIHUJOBEIM CIIHPTOM. Pactrop T AT AT

B KoJ16¢ JOBOZAT BOXOH O METKH H TIlIa-
TeNbHO NepemewlIHBalOT. COOTHOIIEHHE BOAHOM M COHPTOBOH (pax-
nuit B koabe crpemsitcsd KoeecTH Ao 1: 1.

Tak xe roToBsiT pacTBOpP CPaBHEHHsI B MepHOH KOj6e BMeCTH-
moctelo 50 Mua: 6 Ma aueratHoro GydepHoro pactBopa, 0,75 M
0,6% -Horo pactBopa A-HHUTPO3OAUMETHAAHHAHHA, 20 MJI AHCTHJAH-
POBaHHO# BOAH M JO METKH JOJHBAIOT H30UPONHJIOBLIH CHHPT.

Onrtuueckyio NJIOTHOCTh NOJIYYEHHOTO pacTBopa-axcrpakra (Ax)
H3MepAT Ha (OTO3/EKTPOKOJODUMETPE IO OTHOLIEHHIO K IPHrO-
TOBJICHHOMY PacCTBOPY CPaBHEHHS; TOJNIIMHA KioBeT — 30 MM, cBe-
TopuIBTp — cHHUl (A=525 HM).

Hcnoabsys rpanynpoBouHHi rpaduK, N0 HallleHHOMY 3HauYeHHIo
A paccyuTHBalT cofepxkanue nannanus(I1) s3soue (B Mxr). B or-
yeTe NMPEACTABJSIOT Pe3yJbTaTH ABYX NapasljieNbHHEX ONpeleseHHit
Pd!! u ocraBumIyIOCS YacTh XPOMaTOTPaMMBL,

Pabora 2. Onpedenenue aMUHOKUCAOT 8 UX cMecu

Paspenenne Ha Gymare 6JH3KHX 110 CBOFICTBAM aMHHOKHCJIOT [B-de-
Hunananue (1), a-amanus (2), acmaparuHoBas Kucaora (3), ap-
THEME THApOxJIopHA (4) ]

oam.,..o:.%:noom :unmmooo: :oonn:w_n:noom
NH, NH, NH,
(1 (2) (3)
H,NCNH—(CH,);CHCOOH
[
NH %EN.mQ
4 :

OCHOBAHO ‘Ha Pa3JIHYHH HX KOI(D(PHIHEHTOB pacHpeleNeHUs MEXIY
NOABHXHON H HENOABHXKHOH ¢asamu. [Tocie pasBuTHS H NposBJe-
HUA XPOMATOIpaMMbl ONpPEAeNsOT R; aMHHOKHCJIOT-CBHAETENEH,
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YCTaHABAHBAIOT KAaUYeCTBEHHEI# COCTaB CMECH aMHHOKHCIOT. KoJu-
YeCTBEHHOEe COJepXKaHHue KaXAOH aMMHOKHCJIOTH HAaXOAAT C MOMO-
b0 JHHEHHOH 3aBHCHMOCTH

VS=algc+b,

rle S — miomanp NMATHA AMHHOKHCJOTH; C -~ COAEPKAHHE AMHHOKHCIOTH, @ H
b — sMnupHYeCKHe KOHCTAHTH, XapaKTepPU3YIOUIHEe KHUCIOTY.

Npu6opbi ¥ peakTHBH :

Pacreoper amunoxucaor (B-¢ennnajianmH, G-aNaHHH, acCHapardHOBas KHCHO-
T4, COJSHOKHCJINA aprHHHH), coflepxamue no 0,8—1 Mr/mMa aMHHOKHCJOT; COOT-
HOIIEHHE H3OUPOMHJ/IOBOTO CIIHPTA H BOAH 1:9,

Ilodsuxcnoul pacrsopureas: cmecs HyO—n-CHsOH—CH;COOH (5:4:1)
- BCTPAXHBAIOT B JAEJHTeJbHOR BOPOHKE H IIOCJE DAaCCAOEHHS HCHOJAB3YIOT B Kade-
CTBE MOLBHKHOIO DPACTBODPHTENS BEPXHHUH CJIOH CMECH.

IIpossuresb: HHUHTHADHH B BOXHOHACHILEHHOM H-GyTHJIOBOM cuupte, 0,25%-
HHHA pacTBOp.

pomaroepaguueckas Gymaza (Mapka «C» — KpyXKOK 'nuamerpom 12 cm).

Dunsrposassnan bymaza (8X8 cM). -

kcuxarop.

ITyassepusarop.

Murpownpuy Bvectumoctoio 10 MK

Iunyer.

T pancnoprup.

Kanyeanpcras 6yaaska.

Lla6aon.

Buimoanenue paborbl. Buumanue! Bece MaHUNYJASIHH ¢ XpOMaTo-
rpaguyeckoii O6ymarofi mpoJesbBalOT ¢ MOMOLUBIO MHHLETa, Byma-
ry caeayer 6paTb PyKaMH TOJbKO 32 BHELIHHH KPYT.

Ha xpyr xpomarorpaduuecko#t 6ymMaru HakJIaAblBalOT INaGJOH
C NATHIO CEeKTOPaMH H NPOCTHIM KapaHZaIlOM OUYEPUYHBAIOT JIMHHIO
¢ponta (Ha puc. 3.10 HaHeceHa MyHKTHpOM). B ueThipe cekropa ¢
NIOMOLIBIO MHKDOIINPHIA B 2—3 mpHeMa B OZHY H Ty K€ TOUKY Ha
JIHHHH cTapTa (Ha pHCYHKe 0603HAa4YeHO 3BE3JTOYKAMH) HAHOCAT MO
4 MKJ pacTBOpOB-CBHAeTesell ueTHipeX aMHHOKHCIOT. Ilocae Kaxmo-
ro HaHeceHHs NPOOH NATHY AalOT NOACOXHYTh. dnamerp nsTHa He
JIOJIXKeH HpPEeBHIINATh 3 MM U HH B KOEM CJIyiae HATHO HE JOJXKHO
KacaTbCsl TPaHHIL CEKTOPOB. UeM MeHbIIe NATHO, TEM Jydlle pas-
Jenenue. IlocnenoBaTesbHOCTh HaHECEHHS  PacTBOPOB-CBHAeETeNed
AMHHOKHCJIOT 3aNMCHBAIOT B TeTpaib. Ha craproByl JHHHIO nd-
TOr0 CEKTOpa MHKpOWIMpHUUOM (06beM Npo6h YKashiBaeT Mpenoaa-
BaTelb) HAHOCAT PacTBOp, COJAEP:KalIMil CMeCh aMHHOKHC/IOT He-
#3BECTHOTO COCTaBa.

M3 kBaaparta o6buHOH (DUIABTPOBaNbHONH GyMarn CBOpaYMBAIOT
KOHYC M C NMOMOUIBIO KaHUENIPCKOH OyJaaBKH CKpenasiioT ero. Bep-
UIHHY KOHyca BCTaBJSAIOT B oTBepcTHe Kpyra. IloaroroBieHHBIH
KDPYr AJISL Da3sBHTHS1 XpOMAaTOrpaMMBl HOMEIIAIOT B 3KCHKATOP CTPO-
TO TODH3OHTAJbHO TaKUM 06pasoM, uTOOH Kpall Kpyra Jiexasa Ha
BHYTpPEHHEM BLICTYIeE IKCHKaTOpa, a OCHOBaHHe KOHyca HDH 9TOM
‘OBJIO TOIDYXkKEHO B MOABHXKHHIA DACTBOPHTENb, MOMELICHHH Ha
IHO 3KcHKaTopa (puc. 3.11). JIBuiKeHHe pPacTBOpPHUTENs H 30H KOM-
TIOHEHTOB NPOHCXONMT OT LEHTPA K nepudepuu.
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Puc. 3.10. Xpomarorpaduaeckas 6ymara, mOATOTOBIEHHasA K paboTte

Puc. 3.11. OGuru BUA cocyAa ¢ XpoMaTorpaMmoit:

I — Kpyr xpoMaTorpaduueckoll Symard; 2 — koHyc H3 ¢uAbTpOBasbHOft Gymaru; 3 — Gynae-
Ka; 4 — dapdopoBas yamka ¢ NOJBUKHBIM pPacTBOPHTeJeM

PasButHe xpoMaTorpaMMH OCTaHAaBJUBAKT IPHMEPHO yepe3
30—40 muH, xorza (poHT pacTBOPHTENS AOCTHI'HET OYepueHHOH JH-
HEY (uHHmIa, XpoMaTOTpaMMy H3BJIEKAIOT M3 KCHKaTOpa NHHIE-
TOM H NOMeLaioT JJs BhHICymHBaHHS B 6okc moj Tsary. Cyxymo xpo-
MaTOrpaMMy OIPHCKHBAIOT H3 IyJibBepH3aropa HpPOSBHTEJEM H
CHOBa HoAcymHuBaioT. ONpPHICKHBATh CJAEAYeT TaK, YTOGEl XpoMaro-
rpaMMa CTaHOBHJach Jullp BiaaxkHo#. Hemomyctumo, urobet pac-
TBOp INPOSIBHTEJNsI CTeKaJ C XpOMaTorpaMMBl CTpyH#KamHu. 3atem
XpOMaTOrpaMMy OCTODOXHO HarpeBalOT HaJl 3aKPHITOH 3JIEKTPO-
IIHTKOH 10 NOSBJEHHS OKpallleHHHX NATEH B BHIAE YacTH KOJel.

O6pa3oBaHMe OKpaleHHOrO BelecTBa MpPH  B3aNMOJEHCTBHK
0-aMHHOKHCJIOT C HHHTHADHHOM ONHCHBAaeTCs yPaBHEHUSMMU:

o ‘
Il

\ n/ \o:

I X o0 e
A_,u NH,

"0

Huuruppus

o - 00—
OkpatieHHIl, TPOAYKT

Hsmepsior R; MHAMBHAyaJbHBIX aMHHOKHCJIOT H ONPEAeNsiioT

Ka4eCTBEHHBIH COCTaB CMECH,
1404
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Puc. 3.12. K pacuery mjomamu xpo-
marorpadHyecKoil 3OHH

IMaomans wactd  KoJbla
(mposiBieHHass xpoMarorpaduue-
cKas 30Ha) C HEHTpaJbHBIM yT-
Jom @ (B rpagycax) BHUHCASIOT
no ¢opmyJe:

8 = (nug/360) (12— r,?). (3.21y

Vros ¢ HaxoAAT ¢ MOMOUIBIY

TpaHcnopTHpa (puc. w.ﬂmv.c .
[To ycraHOB/EHHON JIHHEHHOK

3aBUCUMOCTH VS=algc+b
(rpaduk npunaraercs) HAXOMAT COAEPKAHHE ONHOH K3 AMUHOKHC-
- JoT. XpoMaTorpaMMy NPHKJIEHBAIOT B J1a60paTOPHBIA XKypHAI.

Pabora 3. Pasdeaenue uoros Fe?t, Co?t u Ni*F
u Koauuecreennoe onpedesenue Fed+

Paspenenne uonos xeqesa(111), ko6aupra (I1) u nukens (II) ocno-
BaHO HA WX CIOCOGHOCTH O6pa3oBHIBaTh PasHbE MO YCTOHYHBOCTIH
KOMIIJIEKCHble HOHBEI C XJOPHA-MOHAMH H Ha PasHOH NOJABHIKHOCTH
STHX MOHOB B CHCTEME MOJBHKHBIN — HENOABHXKHbIH PacTBOPHTENb.

Komnuekcurie HoHb xkesme3da [FeCly] mpoiBuraiorcs mpakTHue-
CKH BMeCTe C (pPOHTOM pacTBOpHTess. 3a HHMH DPacroiaranTcs
HOHB K06asbTa H 3aTeM HOHBI HHKEJS. :

30Hy Kese3a Ha XpoMaTorpaMMe BBIPE3alOT H MOCJe 3KCTpak-
LUMH ONpeAe]sloT e€ro cojep:xaHue (OTOMETPHUECKH B BHIE pona-
HHJa XeJe3a.

TMpu6Gopbl 1 peakTHBLI

Yawxu Ierpu.

Muxpownpuy, BMectumoctsio 10 MxJL.

ITyavsepusarop.

Xpomaroepagpuueckan 6ymaza (1111 cm) mapkn «Co.

Hunyer.
K Hoocnuyot.

DOTOIAEKT POKOAOPUMETP.

Crakan BMeCTHMOCTBIO 50 MJL

Mepnoie k04661 BMecTHMOCTBIO 50 ML

XaoposoBopodnas xucaora, 2 M pactsop.

Boponka.

Anasusupyemoui pacreop: cMech conei Fedt, Ni2t, Co?t, comepxamuit
9,5 Mr/MJa KaxJA0TO HOHA,

ITodsuxcrsul pacreopurers: H-GYyTaHON, aUETOH, KOHLEHTPHPOBaHHAsl XJOPO-
BOJOPOZAHAs KHCJ0oTa W Boja (4:3:2:1).

Ipossureau; 1) HacHIlleHHBII AalETOHOBHA pacrsop pOJAHHAA AaMMOHHSA,
2) nuMeTHaraHOKCHM - B 109 -HOM pacrsope THApPOKCHAa aMmoHns, 1%-umi
pacTBop. ;

Podanud ammonusn, 4 M pacrsop.

218

BoinosHeHne paGorbl. Baumanue! XpomartorpadHuueckylo Oyma-
Ty cjefyer 6paThb PyKaMH TOJBKO 32 yTOJIKH KBajpara.

"Ha cranpaprHOM sucte xpoMaTrorpaguueckoil Oymari BLipe3a-
10T HOJIOCKY LIMPHHOH He Gojee ! cM («XBOCTHK») H YKOPauHBAIOT
ero Ha 1,6 cMm (puc. 3.13). Ilpo6y wuccregyemoro pacreopa 8—
10 Mxa B 2—3 nmpueMa HaHOCSIT B LIEHTP JHCTA ¥ OCHOBAHHS <«XBO-
CTHKa», MOJb3ysicb MHUKpommnpHuoM. Ilocie kaxXkaoro HaHeceHHA
npo6bl NATHY JaioT NOACOXHYThb. JluaMerp maTHa HA JHCTe He J0J-
2KeH npeBumaTs 3 MM. Ha gHo wamku Ilerpu manusator 10—15 ma
HNOIBIKHOTO pacTBopuress. KBagpaTHBI JHCT XpoMaTorpaguue-
cKkofi Gymaru ¢ HaHeceHHOH mpoOoi KAaAyT Ha uamky llerpu, omy-
CTHB «XBOCTHK» (He meperubasi ero OCHOBaHHS) B pPacTBOPHTENb H
HaKpHLIBAlOT Takoi ke wanikoi [letpu.

PacTBopuTeNb N0 «XBOCTHKY» MOJHHMAETCs HA JHCT U NMEpejBH-
raercsi no Gymare paiuajbHO. [[BHXKeHHe 30H pasjiefseMbX Be-
HIeCTB TaKXKe NPOHCXOAHT pajuajbHO. 30HH mprobperaor dopmy
pacumapennnix Ayr. Koraa pacTBopHTennr mo Oymare mpoliger 2/s
IyTH A0 CTeHOK YaumkH [leTpH, pasBHTHe XpOMaTOrpaMMhbl OCTaHaB-
JHUBAIOT, XPOMaTOrpaMMy BHIHHMAIOT H BEICYIIHBAIOT B GOKCE MO
TAroff. JlJs NposBJEHHS XPOMAaTOrPaMMBl ee ONPLICKHBAIOT U3 MYJib-
BepH3aTOpa HACHIIEHHBIM ALETOHOBLIM PAacTBOPOM pOAAHHAA aM-
Monus. 3oHa xenesa(lll) oxpamuBaercs B KpacHO-Oyphil, a Ko-
Ganbta(Il) — B roay6oit nper. [locne moiacyuruBanus Xpomarto-
rpaMMel usMepsoT Ry paa Fedt u Co?t W ¢ mOMOIILIO KHCTOYKH
CMauHBalOT aMMHAYHBIM PAacTBOPOM JIUMETHJITJIHOKCHMA YYaCTOK
fymaru Mexay 30Hoil kobGanbTa(ll) m craproBofl nunueii (6Gauxke
K 30He KoDasbTa, cTapasch He 3aJeThb ero CuHw 30Hy). [lossas-
ercs 30Ha HEKead (I1), okpanreHHast B MaUHOBHIH 1IBET,

ITocsie moacylIMBaHHSL XPOMAaTOrpaMMBl ONpeletsiioT Ry g
Ni%+ no dopmyae (3.17).

Hist xonuuecTBEeHHOro ompejesneHuss uoHoB Fe’t oxpalnenHyio
soity xkeqesa(lll) akkypaTHO BBIpe3alOT HOXKHHIAMHM, OTCTYNHB OT
rpaHUIE NATHA Ha 3 MM. OcTaBliylocs 4acTb XpOMAaTOTPaMMEl IIPH-
KJIEHBAIOT B 1a60paTOPHBIH KypHaJ. BeIpe3aHHyI0 yacTh XpoMaro-
rpaMMB IIOMEILaI0T B CTaKaH BMeCcTHMOCTbIO 50 MJ, NPH/IHBAIOT

4

Puc. 3.13. Xpomartorpaduueckas GyMmara, noATOTOBJIeHHas K paGoTe:

I - xpoMaTtorpaduyeckas Gymara; 2 — yacTh Oymaru, onyckaeMas B PacTBOPHTeNb, 3 — Npo-
‘6a; 4 —vawku IleTpH

15* ) - ‘ 219




'KOHHeHTpanuu Fedt,

10 Ma auerona, 3 xamau 2 M pacrsopa HCl u ocraBasioT Ha 5—

10- Mur 10 ofecuBeynBaHus. ByMary naHmeToM BHIHHMAIOT H3 CTa-
KaHa, a pacTBOp C NMOMOIIbI0 BOPOHKH HEPEHOCAT B MEPHYIO KOJAGY
BMecTHMOCTbIO 50 MJI. 3aTeM Haj CTakaHOM, B KOTODOM NPOBOJHJIH
H3BJieyeHHe, GyMary JBaxKAbl NPOMBIBAIOT AHCTHJIJIHPOBaHHOH BO-
poit (mopuuu no 10 ma). IIpoMuIBHEIE BOAB BEUIHBAIOT B MEPHYIO
Koan6y, nobasasiior 5 Mx 4 M pacresopa NH,SCN, nosoasar pactsop
JAO METKH IHMCTH/VIMPOBAaHHOA BOZOH H TIIAaTeJbHO NEPEMEIIHBAIOT.
Hast poToMeTpupoBaHus B MepHOH KojGe BMecTHMOCTbIO 50 M

FOTOBSIT pacTBOp cpasHenusi: 10 mu amerona, 3 Kanam 2 M pactBo-

pa HCl, 5 max 4 M pacrsopa NH,SCN u pas6aBisiior IHCTHIIH-
POBaHHO! BOJOH 10 METKH.

OnTHYECKYI0 IJIOTHOCTh PAcTBOpa pojaHuia xenaesa (Ay) Hs-
MepsIIoT Ha (OTO3JIEKTPOKOJOPHMETPE MO OTHOHMIEHHIO K PacTBOPY
cpaBHeHHs B KioBeTax ¢ /=50 MM C HCNOJb30BAaHHEM CHHErO CBe-
Toduabrpa (A=480 Hm).

B untepBase xomnmmavass nouoB Fe*+ or 5 nmo 25 Mkr/50 Ma
HabgonaeTcs JuHE#Hasi 3aBHCHMOCTb ONTHYECKOH IJIOTHOCTH OT
Hcnoabsys rpaiyupoBouHbii rpadpuk A.=
=f{(cre8+), Onpeneasior cogepxanue xkenesa(IIl) B sone (B Mkr).

Pabora 4. Onpederenue 4-nurpoenora u 4-amuroperora
8 ux cmecu )

Ins pasieNenus [BYXKOMIOHEHTHOH cMecu 4-HHTpodenosa H

4-amuHOdeHONa NPH NMOMOLM OZHOMEpHOH xpomartorpapHH Ha Oy-

Mare B KauecTBe NOABHXKHOW ¢asm wucmoassyorT 0,5 M pacrsop
HCIl. IlposBasioT pasjeseHHbHE COGAHHEHHS Ha XpoMaTorpaMme
HaJl KOHLEHTPUPOBAZHHHIM PacTBOPOM aMMHAKa.

Conepxanne 4-uHuTpodeHoda B 4-amMuHOdeHOJE . ONPEALISIOT B
COOTBETCTBHH C JIHHEHHOH 3aBHCHMOCTBIO MeXAY MJIOIHaAbI0 30HH
uccaeayemoro Beulectsa (S) Ha xpoMarorpaMme H Jorapupmom
ero konuentpauus (1gc):

VS=algc+».
Eu:aov: M PEaKTHBH
uKpownpuy BMeCTHMOCTBIO 10 MKJI.
4-Hurpogheroa, pacTBop KOHUEHTpAUuH 1,5 MKI/MKJL
Hosocku xpomaroepaguueckoil 6ymazu ?BEE «C», pasmep 8X14 05
Kanmepoi-sxcuxarops: ¢ 0,5 M pactBopoM HCl u ¢ KOHIEHTDHPOBAHHHIM pac-
TBOPOM aMMHaKa.’

Bunoanenne paboru. Ha aByx mosockax xpomatorpaguueckoi
f6ymard Ha pacCTOAHHH 1,5 CM OT Kpas KapaHZallOM OCTOPOXKHO
OTMeualT craproBhie siMHHH. Ha cTapToBele -JHHHH C NOMOLIBLIO

MHKDPOIITpHLIA HAaHOCAT CTaHZAPTHHIA pacTBOp 4-HHUTpodeHONA: Ha
nepsyio -nojocky — 0,5; 1,5; 2,5; 3,5 MK, Ha BTOPYI0 NOJOCKY — I,
2,3 u 4 Mxa. Hanecennrie maTHa cl1erka noxcymnsaior. (Ilepecy-
IIMBATh NATHA HexOmycTHMo!) 3aTeM MOJOCKH XxpoMmaTtorpaduue-
CKO#i GyMarH ¢ MOMOHIbIO KAHUEJIADCKHX avéwwom YKpenasioT Ha
- HOJICTABKE. mwm? B\xmzw xpoMaTtorpadHUECKyIO | awzm_,w zoxEo

Jus 3a HepabGoOuyi0 4acTh MOJOCKH
~ €TapTOBOH JIMHHH KOHel). .

{loncraBky moMemaloT B KaMepy-3KCHKaTOp, Ha AHO KOTOPOro:
HaJuT pacTtBop KucaoTel. Cuensrt, YTOGH  YpPOBEHb KHCJIOTHI . OB
HHJK€ HaHECEHHBIX Ha CTAapTOBYK JIMHHIO NATEH XpoMatorpadu-

_'pyemoro coeaunenus. Uepes 20 MHH XpoMaTOrpaMMy BEIHHMAIOT H3
3KCHKATOpA, KapaHAalloM OTMeualoT (GPOHT PacCTBODHTENs U mepe-
HocAT Ha (apdopoBHIl BKIAAHII 3KCHKAaTOPa C KOHUEHTPHPOBAH-
HbIM pacTBOpOM aMMuaka. [lposiBnsilorcss maTHa 4- mmewoﬁmmo&mem
aMMOHHUS JHMOHHO-2K€JITOTO LIBeTa.

Ilepea noacyunBaHueM XpOMaTOrpaMMbl IIaPHKOBOH DYYKOfX
OTMeYaloT IMMPHHY (X) H BHICOTY (y) nsATeH 4-HUTPO(EHOJsTA aM-
monusi, Bosee TOYHO muomaAb NATEH MOXKHO OYEPTHTH NpPH 06Jayye-
HHH XpOMAaTOrpaMMBl évammesoagomzz_ CBETOM.

Irowans nsaTeH 3JAMNTHYECKOH (POPMBI PaCCUHTHIBAIOT 1O op-
MyJe

(3a MPOTHBOMONOXKHMI OT

S=unryr,,
(/- rhe r; H ry paBHH cooTBercTBeHHo 0,5x u 0,5y.

( Hcnonbsys HailileHHBE M3 XpOMaTOrpaMMBl 3HaUeHHs He06XO-
' . JAHMBIX NapaMeTpPOB, DAaCCUMTHBAIOT CONepxKaHHe 4-HHTpOo(eHoaa
7. . N0 YpaBHEHHIO

PesyabraTh pacuera 3aHoCAT B Tabauuy:

O6mBeMm pacrBOpa Koaunyecrso —_
4-purpodenona, | 4-uutpodeno- | Ig ¢ (lg c)2 S Vs VS-ige
MKJ na- ¢, MKI
_ . ‘ Slgcl2lg o | |ZY/FIEYF 1z 0)

3naveHust KO3(pQHUHEHTOB ¢ H b DPACCUHTHIBAIOT mO (opMyJaaM:
n (Y Slge)—Dlge ﬁ\,w.
n M (lg &.u| AM Ig nVu !

20 FYS—Nlge (Y S lge)
n ) (g nvn.l Cllge)? )

Ofipenenenue oohmw%mm:m 4-sutTpodpenona B
BOJLHOM pacTBOpe 4-aMHHO(eHOJa. Ha craprosyw au-
HHIO XpoMaTorpaguueckoii 6yMar# HaHOCAT 3 DpoGH aHaldM3HpYye-
Moro pactBopa ob6bemom 2 Mka. [Ilocie xvozmeo%memvommmmn
‘HaxOAiT CpejHee 3HAYEHHE IVIOUW(afH NATHA 4-HHTPO(eEHO/sTa aM-
mouusa. Iloan3ysch vwooamamom dopmyaofi u mmmﬁmmmzzx 3Haye-

a =

b=
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HUSMH @ U b, MO yCTaHOBJIEHHOH MJIOIMAaAH NATHA HAXOAAT KOJIH-
qyecTBO 4-HHTpPodeHosa B pactsope. Ilo naHHEIM Xxpomarorpadupo-
BaHHS PacCYUTHBAIOT R; Aas 4-HHTpOdeHosa, YHCIO TeOpETHYECKHX
Tapenok N u BITT npu pasjenenun 4-autpodeHosa MO ypaBHe-
“-gui0 3.18 1 3,19,

Pabora 5. Onpedesenue kpacuress KUcA0THO20 ¢uoserosozo C
8 ueprurax «Padyza-2»

Pasnenenue ¢uoneToBrix yepHHa «Pajayra-2s» Ha Kpacuteld KHC-
JIOTHHI SIPKO-KPACHBI M KUCJOTHHI ¢uoseToBui C OCHOBAaHO Ha
pasauunu MX Ko3(p(HUHEHTOB paclupeleseHHs MeX1y NOABHKHOH H
HenmoABUKHOA ¢asaMu. KucsiotHeifi ¢uoserosnili C mpoasuraercs
BMecTe ¢ QpoHTOM pacrBoputensd. llocjae BHICyLIMBaHHA XpOMaTo-
rpaMMbl 30HY KpacuTe/s KHCJIOTHOro ¢uosaeroBoro C BHpe3alor,
SKCTParupyoT H ONpPeAesOT ero coAepKaHue (POTOMETPHUECKH IO
" cob6cTBEHHOH OKpacke.

MpuGopsl U peakTHBLE

JKcukarop.

Mugpownpuy, BMecTEMOCTbIO 10 MKJI.

Iunyer.

Hlabaon.

Xpomaroepaguueckan 6ymaza mapru «CpelHss», KPYKOK AHameTpoM 12 cm.

dunsrposassras 6ymaza (8X8 eum).

DOTOIAEKTPOKOAOPUMETD.

Mepneie ko466, BMeCTHMOCTBIO 50 M.

Boponxa.

Craxan BMeCTHMOCTbIO 50 MJI.

Hodsuxcroui pacreopurens: #-6yTaHol], YKCyCHas KHcaoTa, Boja (5:5 :4).

Anaauaupyemoili pacrsop: ¢uosetoBrie yepnmiaa «Paayra-2», pactsop, pas-
6aBJeHHHA B cCOOTHOWeHHH 1 :3.

BuinonHenue paGorbl. Buumanue! Bymary ciaeayer 6paTth TOJMb-
KO 32 BHEIIHHH KpyT. . :

Ha xpyr xpomatorpaduueckofi 6yMmarsd HakJaAbBaloT ma6JoH
H OPOCTHIM KapaHZAUIOM OYePYHMBAIOT JHHHIO ¢uHuIIa. B nBa mpo-
THBONOJIOXKHBIX CEKTOpPAa € MOMOIIbI0 MHKpOLNpHuUa B 2—3 mpueMa
B ORHY H Ty e TOUKYy Ha JuHHM cTapra (cM. puc. 3.10) HaHOCAT
no 4 MxJa pactBopa uepHmJ. Ilocne KaXAoro HaHeCeHHs NPOGH
OATHY [aloT MOZCOXHYThb. JlmaMerp nATHa He AOJXKEH NPEBHIIATh
3 MM, U MATHO HH B KOeM cJjydae He JOJIXKHO KacaThCs [PaHHIL CEeK-
TopoB. UeM MeHbIIe NATHO, TeM Jyullle pasje/eHHe.

W3 kBazapata oGbYHOH (UABTPOBaJbHONH OyMarum CBOPAaYHBAIOT
KOHYC, ¢ NIOMOLIbIO KaHUEJsIPCKOH OyJaBKH CKPeIIAIOT €10 M POBHO
o6pe3aloT IWIHPOKYI0 YacTb KOHyca. BepliMHy KOHyca BCTaBJSIIOT
CHH3Y B LEHTpaJbHOe OTBepcTHe Kpyra. IloAroToBaeHHBI# Kpyr mno-
MelaloT B 9KCHKATOp TakHM oOpasoM, uTOOH Kpafi Kpyra Jexad
Ha BHYTPEHHEM BLICTYNE 3KCHKATOpa CTPOro rOPH3OHTaJNBHO, a OC-
HOBaHHEe KOHyCa IPH 5TOM OBUIO MOTPYKEHO B NOABHXKHMBI DacTBo-
pHTeJb, IOMEMIEHHEI Ha IHO 3KCHKaTOpa (cM. puc. 3.11).

JBuxkeHHe pacTBOPHTENS M B0H KOMIOHEHTOB '[POHCXOMHT OT
meHTpa K nepudepud. PasBuTHE XpOMarorpaMMbl OCTAaHABJIHBAIOT,

o

KOrja (pOHT PacTBOPHTENS NOCTHFHET OYeDYEHHOH JHHHH (DHHHLIA.
XpomaTtorpaMMy H3BJEKalOT H3 KCHKATOpAa NHHLETOM H mOMe-
WaloT JJs BEICYIIHBAHUA B GOKC HOX TATY.

] [Tocsie BHiCymIMBaHHS XPOMATOrpaMMbl ONPEAEISOT Ry s Kpa-

CHTeJIedl H PACCYNTHIBAIOT KDPHTEePHH pasjlieseHHss R; mo ¢opmyaam
(3.17) u (3.20).
| 30Hy KpacHuTessl KHCJIOTHOTO ¢uoseroBoro C M3 OZHOIO CEKTO-
pa aKKypaTHO BBIPE3aIOT HOXKHHIAMH, OTCTYIHB OT T'DaHULH NATHA
Ha 2 MM. BrlpesaHHylo uacTh XpoMaTOrpaMMhbl OMEIAlOT B CTaKaH
BMECTHMOCTbIO 50 MJI, NpuauBaioT 10 MJI KHNslied AUCTHINUPOBAH-
HOH BOJBI M HArpeBaloT Ha BOAsHOH Gane 10 Mun. Pactsop ¢ mo-
MOLLbIO BOPOHKH MEPEHOCAT B MEPHYIO KoJ0Yy BMeCcTHMOCThIO 50 M,
ocraBasisi OyMary B crakane. CHOBa of6pabaThiBaloT Gymary Kumns-
e BogOH M rpeoT Ha OaHe 10 MuH. 3aTeM GyMary B CTakaHe
JBax«Jbl NIPOMBIBAIOT TOpsiueil BOJOMH, BHIJIHBASI NMPOMBIBHEIE BOJH B
MepHYIO KOoa0y, H Mocje OXJaKAeHHs NOBOAAT J0 METKH AHCTHAJH-
pOBaHHOH BOAOH W TIIaTeJbHO IepeMeniuBator. [Ipouecc usBiaeue-
HHSl 34KaHUYHBAIOT, KOorja 6OyMara craHerT GECIBETHOH HJAH NOUYTH
GecuBeTHOH, Tak KaK KPacCHTeJb YaCTHYHO MOMKeT HeoO6paTHMO ai-
- COpOUPOBAThCA BOJNOKHAMH GyMard. ONTHYECKYIO IUIOTHOCTb pac-
| TBOPa KHCJOTHOroO ¢uoserosoro C (Ay) H3MepsIoT Ha (HOTOKOJOPH-
MeTpe IO OTHOIIEHHIO K BOJE C HCIOJb30BAHHEM KPAaCHOrO CBETO-
¢unpTpa B KwBeTax ¢ /=30 MM. Hcnoab3yst rpafiyupOBOUHKI Ipa-
GuK Ay=[(Cxpacur), ONPENENAIOT COAEPIKAHHE KPACHTENS B YEDPHH-
Jgax (B mxr). OcTaBUIYIOCS 4acTh XPOMAaTOTPaMMBI NIPHKJIEHBAIOT B
JabopaTopHBIH KypHAJ.

3.4. HOHOOBMEHHAA XPOMATOTPA®USA

Honoob6mennas xpomartorpadusi — cOpGUHOHHHN  AHHAMHYECKHUI
MeTOJ pasje/ieHHs cMeceil HOHOB Ha COPOEHTaX, Ha3hBAEMBIX HOHO-
obmennukamu. [Ipu npomyckaHun aHaJH3HPYyeMOro pacTBOpa 3JEKT-
poJiuTa Yyepe3 HOHOOOMEHHHK B pe3yJbTaTe TeTEPOreHHOl XHMHYe-
CKOll DEaKIHH NPOHCXOAMT OOpPaTHMEIH CTEXHOMETPHYECKHH 3KBH-
" BaJIeHTHHII O6MEeH HOHOB PacTBOPA HAa HOHH TOTO K€ 3HAKA, BXOIS-
e B cocTaB HOHOOOMeHHHKa., MoHOOGMEHHBIH WHKJI COCTOMT M3
CTaJuM TOTJIOUIEHHS HOHOB (copOIHMH) HOHOOOMEeHHHKOM (Hemo-
. ABHXKHOH (as3ofl) M cTaIMH H3BJeYeHHS HOHOB (Lecop6IiHH) H3 HO-
HOOOMEHHHKA PAacTBOPOM, KOTOPHIH NMPOXOAMT uepes copbeHT (Io-
IBHXKHas (pasa MJAH 3Ji0eHT). Paszesnenne HOHOB 0OYCIOBJIEHO HX
pPasJH4YHbHIM CPOACTBOM K HOHOOOMEHHHKY W HPOHCXOJUT 3a CUeT
pasyHuHs CKOpocTell lepeMelleHisi KOMIIOHEHTOB II0 KOJIOHKE B CO-
OTBETCTBHH € MX 3HAYCHHSMH KO3((HIHEHTOB pacupe/eseHHs.
HoH006MeHHUKH MOTYT GBITh HEOPraHHYECKOTO H OPraHHYECKOro
MPOHCXOXKIEHHUS, IPUPOAHBIMH M CHHTETHYECKHMH BelIeCTBaMH.
i . B HacTosulee BpeMs LIHPOKOe NPHMEHEHHE MOJYYHJIH CHHTETHUEC-
' |/ KHe OpraHHYeCKHe HOHOOGMEHHHKH Ha OCHOBE HCKYCCTBEHHBIX
i CMOJ; 5TH COpPGEHTH HEpPacTBOPUME B BOJE H OPraHHYECKHX pac-
-, .. TBOPUTeJAX, 00Mafal0T BHCOKOH HOHOOGMEHHO €MKOCTBbIO, CE/eK-
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' THBHOCTBIO, - XHMHYECKOH, TEPMHUECKOR H MeXaHHYECKOH IPOTHO-

cTbi0. OHOO6MEeHHHKH TIOAPa3neNAIOTCA HAa KaTHOHO- H aHHOHOOO-
MEHHHKH, CIOCOOHHEe K 06MeHy KaTHOHOB H aHHOHOB COOTBETCTBEH-
HO. YpaBHeHHe HOHHOTO oGMeHa A/l KaTHOHOOGMEHHHKa B 06lieM
BHJE MOXHO IPEACTaBUTh PeaKuHueil:

nRSO; H* + M+ z=—> (RSO,);M -+ nH*,
a A% aHHOHOOGMEeHHHKa

nRyN+OH~ . i —— Qﬂhz.rv:» +4-nOH",

rae RSOs— B RyN+ — BHCOKOMOJIEKYASPHE aHHOH H KATHOH. -

HsBectHn aM¢oTepHEe HOHOOOMEHHHKH (aM(OJHTH), KOTOphie

B 3aBHCHMOCTH OT YCJOBHH NpOBeJeHHs] HOHHOro o6MeHa MOryT 06- .

MEHHUBATb JUOO KATHOHBHI, JIHOO aHHOHHL.
CTpyKTypa HOHOOGMEHHHKOB NpPEACTaBJAAET CO60H BHCOKOMOJE-
KYJASAPHYIO MIPOCTPAHCTBEHHYIO CETKY YIVIEBOJOPOAHHX ueneH, B Ko-

'TOpofi 3aKpemJieHH XHMHYECKH aKTHBHHE HOHOreHHHE IPyNial KHC-

JOTHOTO HJM OCHOBHOTO Xapakxrepa, croco6HBEe K K HOHH3AlIHH H 06~

. MeHy HOHOB. XHMMpueckasi NPHPOJa HOHOTEHHHBIX TPYNIl OnmpexeisieT

CHOCOOHOCTh HOHOOOMEHHHKA K HOHH3aHMH, CJeJ0BaTe]bHO, K HOH-
‘HOMY Oo6MeHy B 3aBHcuMocTH# oT pH.

Ilo cTeneHn MOHH3AIHMH HOHOTEHHHIX T'PYNN KaTHOHOOOMEHHHKH

TOAPAa3NeNAIOT HA CHJIBHO- H CJa6GOKHCAOTHHE, aHHOHOOOMEHHHKH—
Ha CHJBHO- H CJa60OCHOBHBIE, BLICOKOMOHH3HPOBAHHEE ~ CHJBHO-
KHCJIOTHHE KaTHOHOOOMEHHHKH, COfepiKallHe, HamnpHMep, rpynmy
~=S03H, o6nanaor cnocoGHOCTbIO K OOMeHy HOHOB BOZOPOAa H3
HOH MeTajla B HHTepBaje H3MeHeHus pH or 0 mo 14. CnaGoxuc-
JOTHBEIE KATHOHOOOMEHHUKH ¢ MOHOreHHHMH rpynnamu —PO (OH),,
—COOH aenpoToHUpPYIOTCSH, a CJI€ZOBaTeJbHO, CIOCOGHEL K o6Me-

'HYy HOHOB BOZOpOJa B HeHTpaabHOH M mienouHOR cpexax. CHAbHO-

OCHOBHEI€ mmﬁomooagmmmmwﬁ coaepxKauiye YeTBEPTHYHHIC aMMO-

HueBble rpynnal =NTOH, o6MeHHBAIOT HOH THAPOKCHAA HAa HOHHI

TOro e 3Haka B unTepBane pH or 0 go 14. Ca6onoHH3HPOBaHEEE
CMOJIb, HH3Kas OCHOBHOCTb KOTOPHX O6YC/IOBJeHa pPas3JHYHHMH

- amuHHBIME rpynnamu (—NH;, =NH; =N), awmzoﬁ:oe B =am._,-

pabHEX H KHCJIHIX pacTBOpax.

CeoficTBO HOHOOGMEHHHKA HOIVIOLIATH o:wahgommom KOJTHYeCT-
BO HOHOB M3 PAacTBOPa XapaKTepH3yeTcst OGMeHHOH eMKoCTbio, O6-
MEHHYI0 €MKOCTb BBIPaXKalOT KOJHYECTBOM MOJb-3KBHBAJEHTOB 06-

. MEHHMBAOILIErocsi HOHA Ha €AWHHLY MAacChH HJIH o6peMa CMOJIb

(MOJIb 3KB/T HJAE MOJIb 3KB/MJI).

‘HonooGMennas xpomartorpadus, HMes CBOH OCOGEHHOCTH, TOA-
yuHseTca o6muM 3akoHaM cop6uun. Ha mpomecc HOHHOro o6MeHa
OKa3HBAIOT BJIHSHHE MPHpPOJa HOHOOGMEHHHKa H HOHOB DacTBoOpa,
a TakXe pAf 3KCHEPHMEHTAJAbHHX ()axTOPOB: MapaMeTPH KOJAOHKH,

" pasmep 3epeH HOHOOGMEHHHKa, CKOPOCTh NPONYCKAaHHA ﬁwnauomm

COCTaB NOABHXHON (a3, TeMuepaTypa H Ap.
B 3aBHCHMOCTH OT LeJH SKCHEpPHMEHTa NPHMEHAEMbil HOHOO-
MEHHHK 06paGaTHBaIOT PacTBOpaMH KHCJOT, mieJiouedt, coned AAs

‘ux conesbie ¢opmel RNa, RCl, RNH,). OtpaGoraunbiit
" MEHHHK pereHepHpYyIOT, BO3Bpaujasi €ro B HCXOJHOE COCTOSIHHE.

nepeBejieHus B onpeaenesnyio ¢opmy (Hanpumep, RH, ROH nan
HOHO06-

Tak, npu AecopOuMM KaTHOHOB pPacTBOPAMH  KHCJIOT MPOMCXOLHT
peresepanys HOHOOOMEHHHKA:

(RSO,)nM + nH+ == nRSOZH + M"+.

KoauuecTBeHHOE oOmpeneieHHe HOHOB IOCJHE HOHOOOMEHHOTO
pasjesieHus NPOBOAAT Pa3/HYHBIMH XHMHYECKHMH HJIH (H3HKO-XH-
MHYECKHMH METOAaMH,

OcCHOBHEIE HanpaBJIeHUs] aHAJIHTHYECKOTO M TEXHOJOrHYeCKOro
HCIONbh30BaHHSE HMOHOOOMEHHOH  XpoMaTorpauu  Cjelylolue:

1) pasgenenne GAM3KHX IO CBOACTBAM 3JEMEHTOB C NPHMEHEHHEM

KOMILIEKCOO6Da3yIOHX peareHTOB (HanpHMep, PeJKO3eMeJbHBIX H
TPAHCYPaHOBHIX 5/1€MEHTOB); 2) yJajeHHe MeLAloUX HOHOB,
3) KOHLIEHTPHUPOBaHHE LEHHBIX MHKDO3JEMEHTOB H3 MNPHPOAHBIX H
DPOMBIIVIEHHBEIX BOJA; 4) KOJHYeCTBEHHOE OIlpeJesieHHe CyMMapHO-
ro COJep:KaHHA cOoJeil B pacTBOPax; mv JeMHHepaJu3auus BOAHL;
6) mosyueHHe KHCJOT, OCHOBaHMH, cOJiedl; H3BJE€YEHHe pEIKHX H
paccesiHHBIX 3JeMeHTOB (ypaHa, 30J10Ta, omwoawm repMaHus H 1p.).

Pa6ora 1. Onpederenue OEWOOOE CH;3COONa
u NaCl 6 ux cmecu

Ilps nponyckaHuy aHAJH3MPYeMOIO pacTBOpa uyepe3 CHIbHOKHCIOT-
HBIH KaTHOHOOOMeHHHK B H-opMe B pesysbTarte peakuHH HOHHOIO
obmena
RH + NaCl -+ CH,COONa -+ [CH;COOH] ==
%== RNa -} HCl 4 CH4ZCOOH -} [CH,COOH]
noayyaercsi cmech kucaor HCl u CH3;COOH, conepxanue wmwﬁom
KHCJIOTER 3aTeM ONpeleJsioT NOTEHUHOMETPHYECKH, THTPYH 3J10aT

.pactBopoM wesoyn. Cozxepxanue cBobopsoit CH;COOH wnaxoasar

THTPOBAHHEM QUOQE HCXOAHOTO aHaJH3HuPyeMOro pactBopa.

MpuGopel ¥ peaKkTHBH
Xpomaroepagpuueckan koronka (xuamerp 15 mm, amusa 300 mm), comepxa-

. masn 10 r katronoo6Mennnka KY-2 B H-popme.

IloTenyuomerp co CTEKNSAHHHM M XJIOPCePeGPSHHM SJKTPOLAMA.

Maenugnan mewassa

Crakantt BMecTuMOCTBIO 150 B 200 M.

ITunerxa BmecruMocTbio 10 MiL.

Broperxa BMmecTaMocCTbIO 25 MIL.

Mepras xoaba smectEMocTbIo 100 MJL

Tudpoxcud narpus 0,1 M pacrsop. - -
- Anasusupyemoii pacreop: cmecs CHz;COOH, CH;COONa n NaCl ¢ koHueHT--

_ panmeit 1,0—3,0 Mr/MJ KaXA0r0 KOMIOHEHTA.

BhinoaHenue E&S,:. [TepeBefeHHe KaTHOHOOGMeH-
Huka B H-bpopwmy. lna nepesefeHuss KaTHOHOOOMEHHHKa B
H-dopmy uepes xoxouxy npomyckawot 200 Mma 2 M pactsopa HCl

- {mns_HpSO4) co nwovonﬂ&o 1—2 xanau/c. wmaaz KaTHOHOOGMEH-
*




HHK OTMBIBAIOT OT KHCJOTH 200—250 My JHCTHIIHDOBAaHHOH BOAHKE
(ckopocTs mponyckanusi 2—3 kamau/c). Ilepronnuecku OTGHpAIOT
Ha 4acoBOe CTEKJO HECKOJLKO Kalesb pacTBOpa, BLITEKAIOUIETO U3
KOJIOHKH, H IpoBepsoT pH cpean ¢ momoumblo HHAHKaropa MeTH-
JIOBOr0 opaHKeBoro. IIpoMbiBaHHe NPOBOJAAT N0 NMOJYYEHHA KeENTOH
OKPacKH MeTHJ0BOro opaHxkesoro. Hapn ciaoeM KaTuOHOOOMeHHHKa
Bce BpeMs JOJXKHA HaXOAHUThCS KHAKOCTb. B ciayuae oGpasoBaHud
B KOJIOHKEe Ny3BIPbKOB BO3JyXa KaTHOHOOOMEHHHK cJelyeT B3DHIX-
JHTb CTEK/JISHHOHU MaJOuKOH.

IlpoBenenne HOHHOTOo oGMeHAa ARaausupyemui
pacTBOp, NOMEIEHHHH B MepHyW KoJ0y BMecTuMocThio 100 Mu,
JIOBOAAT AO METKM IUCTHJJHMDPOBAHHONH BOAOI H TILATeNIbHO Iepe-
MmemmBatoT. OrbupanwT 10 M pacTBOpa U NPONYCKAKT uyepes KO-
JIOHKY CO CKOpOCThIO | Kamisi/c. BriTexaoluii U3 KOJIOHKA PacTBOD
(as110aT) cobupaloT B crakaH BMmecTHMocThio 150 mu. Haa moJsnoro
BHIMHLIBAHHA BhIZEJUBIIHXCA KucaoT (pH mposepsior mo MerniaoBo-
My OpaHXXeBOMY) uepe3 KOJOHKYy nponyckaiorT 60—100 ma guctuia-
JIHPOBAHHOH BOJAHl Mo 10—15 Mu, TimaTeabHO coOHpas sa10aT B TOT
JKe CTaKaH.

[loTeHuunoMeTpHUecKOe THTpOBaHHEe, B crakam ¢
3J1I0aTOM, COLEPXKALIKMM PacTBOPH KHCJOT, HOrPyXKaloT 3JEKTPOAH
(MHOHKATODHBIH — CTEKJAAHHHIH, 3J€KTPOJ CpaBHeHHsA — XJopcepes-
psaHbi), OlopeTky 3anonusT pactBopoM NaOH, Bkiiouator mar-
HUTHYIO MeINaJKy M NPHCTYNAalOT K THTPOBAHHIO. PesynbTaThl THT-
pOBaHHA 3aHOCAT B Tabauny:

O6nem NaOH, Ma pH (umm E, MB)

.

CHavyana TutpaHTt nobaBasior nopuusamu mo 0,5 mMa u nocrosH-
HO caefsT 3a uaMmenenueM pH (uam norennuasna E) aHanusupye-
Moii cucreMsl, Kak Toqibko uaMmenenune pH (uam AE) craseT 3amer-
HO OTJIHYaThCS OT NpPEABIAYLIMX 3HAueHHH (HacTymaer CKadok),
THTPaHT A0OGABJAIOT MEHbIIUMH MNOPUMSAMH NOo 2—3 KallJu.

[Tocsie mepBOro ckauka HOBble OJHHAKOBHIE NOPIYHU IpHOaBJsge-
MOTO THTpaHTa GyAyT BBI3LIBATH MOUTH OJHHAKOBBIE M3MeHeHHs pH
{unu moreHuuana) cucremul. Ha aTom sTane mpouecca He#ATpasiusa-
HHH THTPAHT CHOBA NpHiHBawT Nopuusamu mo 0,5 Ma go Tex mop,
TioKa ouepenHas nopuusi pactsopa NaOH He BHI30BeT pe3koro H3-
Menenus pH (unm norenuuasna) cucremsl. Bropoli ckayok Ha KpH-
BOji M3MepSIOT, NIPHWJINBAsd TUTPaHT nopuusmu no 2—3 xamiau. Iloc-
Jie BTOPOro CKaykKa THTpaHT mobGaBasioT mo 0,5 MJ 10 ycraHOBJe-
Husa nocrosuauoro sHaueHuss pH (uam E). IlepBoifi cKa4ok Ha KpH-
BOH NOTEHIHOMETPHYECKOTO THTPOBAHHA CMECH KHCJIOT COOTBETCT-
Byer Hefitpanusauuuy HCl (U, ma NaOH), Bropo#i ckKadox—
CH3COOH, (V, mn NaOH). (puc. 3.14). .

.~ geckoro TturpoBamua CHy,COOIIl u
- emecn HC1 u CH,COOH

‘tBopom NaOH. M3 kpusoit
MOTEHIIHOMETPHYECKOrO  THT-

-~ Ha turposanne CH3COOH.

Puc. 3.14. Kpusnie nOTCHILHOMETpH-

pH(E)

Last ompenesenust coaep-
kaHusa uncxoanoit CH;COOH
H3 MepHOH KoJi6bl OoTOHpAIOT
10 Ma aHaJ u3HpyeMOro pac-
TBOpa, NOMEIAKT B CTaKaH
pmecrumocteio 150 M, no-
6apasiior 50 MJ AHCTHIJIHPO-
BAHHOH BOABI U THUTPYIOT pac-

CH,COOH

CH,COOH

fe— V"

ﬂA|||‘Ml»||I'-

pOBaHHA OIpenessiioT ofbeM
NaOH (V wma), nomeani

Uto6bl TOUHEE ONpefesuThb
MOJIOKEHHe TOYKH SKBUBAJEHTHOCTH, LeJecoo6pa3sHo, HCHOJAb3Ys
pesyabTaThl THTPOBaHHS, NOCTPOUTHL BCHOMOraTe/nHHE rpaduk 3a-
sucumoctd ApH/AV (unu AE/AV) or Vnaonw Ma. Oas storo Ha
yuacTke KpuBoi mo ofe CTOPOHBI OT IpefnosaraeMoil TOYKH 3KBH-
BAJEHTHOCTH BHIGMpPAIOT MO 3—4 TOYKM M KOOPAMHATHL STUX TOYEK
o6pabaTeBalOT, KaK IOKa3aHO Ha pHCYHKe 3.15.

Conepxanne CH;COONa, CH3;COOH u NaCl (B r) BuuncHA-
10T 10 popMyJaaM:

&CH4COONa =
¢NaoHfsks NaoH (Va— Vi — V)NeoH Foxs cHycoONa McHgcoONa Vx|
= 1000 Vo '
NaoHfsks NaoH VNaoH fsxs cHzco0H McH,cooH Vk |
&CH3COOH = 1000 Vo

___cNaoHfsxs NaOH ViNaOH fsxs Nact MNac1 . Vx
8Nac1 = 1000 Ve

rne Vg, Vy—BmecTuMOCTL KOJAGH, MUMETKH.

Pabora 2. Onpederenue NapgHPO, u NaCl 8 ux cuecu
Ompeniesiende OCHOBaHO Ha NMPOBENEHHH PeaKUHH HOHHOTO o6MeHa
Ha KaTHOHooOMeHHHKe B H-dopme:
R—H 4 NaCl &=—> R—Na - HC!
2R—H + Na,HPO, === 2R—Na + H,PO,
H HOCJeAyIollleM pa3felbHOM HOTEHIHOMETPHYECKOM THUTPOBaHHU
‘CMecH BHIEJIHBIINXCS KHCHOT.

IpnGops ¥ peakTHBHI

Xpomaroepaguueckas roaonka (muamerp 15 mm, niuna 300 mm), coxepxa-
mas 10 r kaTHoHooGMennnka B H-dopme.

Ilorenyuonerp c XA0pcepeOPAHEIM M CTEKJISAHHEIM SJEKTPOLAMH.

Maznutnan mewasxa.
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Groperka BMecTHMOCTRIO 25 ML
Mepnas xoaba BMecTuMocThi0 100 M.
Tudporcud narpus, 0,1 M pactsop.
Aranusupyemoid pacreop: cMecs pactsopoe Na,HPO, (1,5—2,5 mr/ma) B
NaCl (4,0—6,0 mr/mx). )
' Bumoanenne paGorsl. [lepeBeeHne KaTHOHOOOMEHHHKa B
H-dpopmy (cM. paboty 1). [IpoBeneHne HOHHOTo OO6Me-
Ha.- B MepHyo KonGy BMecTHMOcThiO 100 My nmomen(aloT aHajlH3H-
pyemuii pacteop, coiepxamui Na,HPO, m NaCl, pas6asasior
JHCTHJIJIADOBaHHON BOJOH A0 METKH M TINATEeJbHO NepeMeIlHBaIioT.
IMunerkoit or6upator 10 Ma pacTsopa M NPOHYCKAIOT yepe3 KOJOH-

Ky C KATHOHOOOGMEHHHKOM CO CKOPOCTbIO | Kamisi/c. 3aTeM NPOMBI-

BalOT KOJOHKY 60—100 MJI QHCTHAIMPOBAHHOH BOABLI MOPIHAME NO
10—15 MJ, npoBepsisi MOJHOTY BHIMBIBAHHS KHCJOT IO HHAHKATOPY
METHJIOBOMY OpaHXkKeBoMy. PacTBOp, BHITEKAIOUIHA H3 KOJOHKH €
MOMEHTa nponyckauua 10 MJ aHaJH3HPYEMOro pacTBopa H A0 MOJ-
HOTO BHIMHIBAHHS H3 Hee CMeCH KHCJIOT (XkKeJTas OKpacKa MeTHJo-
4 BOr0 ODaHIKEBOro), COGHPAOT B CTaKaH BMECTHMOCTbIO 150 M.
) MoTeHmHOMETpPHYECKOEe THTpOBaHHe B crakan ¢
A TIOJIyYEHHHIM SJII0aTOM, COAEpPXKalIUM CMeCh HCI1 u H3PO,, onycka-
: JOT SJA€KTPOAH. (CTEKJSIHHBIA — HHAHKATOPHHM, XJ0pcepebpaHbIl —
Y SJIEKTPOJ, CPaBHEHHs), BKJIIOYAIOT MAarHUTHYIO MEIIAJIKy W ODHCTY-
MaloT K THTPOBAaHHIO. THTPOBAHHE NPOBOAAT JBaXAH, MPONMyCKad
- yepes KOJOHKY Kax/Ibi pa3 mo 10 MJ aHalH3MPyeMOro pacTBopa.
PesysbTaThl THTPOBAHUS BHOCAT B TabJauuy:

O6bem NaOH, ma .um {unu E, mB)

A IIpH npoBeleHHH NEPBOrO THTPOBaHHA _CTaHXApTHHH PacTBOp
menoun A06apasioT nopuusaMu mo 0,5 Ma. IIpu mosroproMm (Gonee
TOYHOM) THTPOBaHMH B 00JaCTH CKauyKOB THTPOBaHHs DpacTBoOp

pH(E) ‘ApHfav (aE/av)
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& Vyeow™ rs ¥ Naou ™

" Puc: 3.15. 3aBucuMOCTb ApH[AV ot ofbvema NaOH wis oacnngmmna ,eoa,_i SKBH- «

] .

NaOH creayer A00uamisTh  MCHBIIUMH  NOPUMAMH — MO 0,1 ma

. {2—3 xanan).

Tlo narneiM TutpoBanis crpost rpaduk pli=f(Vnaon Ma). [1pn
turposannu cMecn HCl 1 HoPO4 Ha KpHBOft IOTEHUHOMETPHNECKO-
ro THTpoBaHus HaGmojaiorcs ABa ckauka. [lepsuit  ckauok
" (Vinaon MJI) COQTBETCTBYET HEHTPA/JH3AUMH CyMMEpIOro KOJH4E-
.crBa HCl u nepsoit cryneny Heitrpannsauuu HsPOu. Bropo#t cka-
yok THTpoBaHHS (Vynaon M) COOTBETCTBYeT HCHTpaJIH3aUMH ¢oc-
¢opHOH KHCJIOTH O BTOPOH CTYNEeHH HOHU3ALHH.

Conepxanue coneit NaCl n Na,HPO, (B r) B aHaqH3KpyeMOM
pacTBOpE BRIYHCASIOT IO hopMyaaM:

ENsOH/sxs NaOH (2V; — Ve)NaoH foxn Nact MNacl- . W\w.. . -
&NaCl = — 1000 Vo
NaOH sxe NaoH 2(Va— V)NaOH foxs Na,HPO, MNa,PO, Vi
&Na,HPO, = 1000 14

Pabora 3. Onpedenenue NagSO, u NaCl 6 ux cmecu

Onpenenenne NaCl OCHOBaHO Ha NPSAMOM MOTEHUHOMETPHYCCKOM
¥3MEepPeHHH KOHUEHTPALWH XJOPHA-HOHOB C TIOMOIIbIO HOHOCEJIEK-
THBHOTO 3JeKTpoja*.

[locse mpoNMycKaHHsi aHAJH3HPYEMOTO pacTBOpa 4Yepes KaTHOHO-
o6MenHuk KY-2 NOTEHIHOMETDPHYECKHM THTPOBAaHHEM ONDPENEsIoT
B anoare cymmapHoe koamuectBo HCl u H,SO,, axBuHBanentnoe
cogepxanne NaCl u Na;SO,. Conepxanue Na,SQ, ompenenswoT
10 PasHOCTH,

Mpubopt H PEAKTHBH

Xpomarozpapuseckan Koaouka (RHEaMeTP 15 MM, aauda 300 MM), c KaTHOHO-
ofmennnkom KY-2 s H-popue.

[Torenyuonerp.

Mazrurnas meuarxa.

Cl—-ceaexrusnbiii 34eKTpoO.

Crexaannoiil 34eKTpo0.

Xaopcepebpanoil 34eKTPO0 CPABHEHUA.

Nunerxa BMecTEMOCTHIO 10 MiL

Bioperxa BMecTHMOCTHIO 25 ML

Mepribie K066t BMecTHMOCTBIO 100 MJL

Crakanst BMecTEMOCTBIO 50, 200 # 300 ML

Tudpoxcud narpus, 0,1' M pactsop.

Xaopud narpus, 0,1 M pacrsop. )

Anaausupyemoul pacrsop: cMmech cojefl, coiepxauias 7,00 mr/mMa NagSO,-
-10H,0 u 3,0 mr/ma NaCl. ,

Buinoanenue paGorul. ITepeBenenne KatHonura B H-popmy (cm.
pabory 1). AHanu3upyeMbiil pACTBOp, TMOMEIlleHHHH B MEpPHYIO KOJI-
6y, BmectumocTbio 100 MJI, NOBOAAT A0 METKH JAHCTH/JIHPOBAHHON

- BOJOH H TINATEJbHO MEePEMELIHBAIOT.

Kaan6poBky Cl—-CeJIeKTHBHOTO 3SJIEKTPOAA NMPOBOAAT METONOM

pocaenoBatessHoro paaGaeaenus 0,1 M crampapTHoro pacreopa
NaCl. [las atoro rotossT cepuio pactBopoB NaCl pasauyHofi KOH-

¢ TToApoGHO METORUKY ONpEAENCHHAA E.ovﬁ.som? cM. cTp. 125.
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senTpanun: 10-2 M, 10— M, 10~ M, 10~5 M. Crpost rpaduxk 3a-
- BucuMocTH E=f(—lgenaci) B mo rpaduky onpenensioT coaepxka-
e NaCl B aHanmu3MpyeMOM pacTBOpPe MeTOJAOM NpAMO# MOTEHIHO-

MeTpud, 3ateM 10 My aHaAJAH3UpPYyeMOro pacTBOpa INPOIYCKAIOT de-

pes katuoHoo6Menuuk B H-popme co ckopoctsio 1 kamias/c. Brrre-
KaloWHA H3 KOJOHKH 3J10aT COOHpAalT B CTaKaH BMECTHMOCTBIO
300 ma. [nsi BEIMBIBAHHS BBLAEAHBUINXCS KHCJOT uepe3 KOJOHKY
nponyckalorT 100—150 M AUCTHANHPOBAHHOH BOABI, THIATEJIHBHO
cofupasi 3Ja10aT B 3TOT Ke crTakaH. [IoMHOTY BEIMEIBAHHS KHCJOT
HIpPOBEPSIOT O XKeJTOH OKpacke HHIHKATOpa METHJIOBOIO OpaHxe-
BOTO.

B cTakaH ¢ 3J110aTOM ONYCKAIOT CTEKJISHHHH H XJopcepeOpsaHHi
3JIEKTPOAK H MPOBOAAT MOTEHUIHOMETPHYECKOEe THTPOBaHHe CTaH-
paptaeiM pactBopoM NaOH. CTpoaT KpHBYIO INOTEHIHOMETpHYE-
CKOTO THTPOBAHHMS H M3 KpHBOHl ompefeisior o6beM THTpaHTa
(Vnaon), H3pacxonOBaHHOTO Ha THTPOBaHHE CyMMapHOTO KOJHYe-
ctBa HCI u H,SO,.

Conepxanne Na,SO,; (B ) OnpexessioT IO Pa3HOCTH:

___CNaOH/ ks NaOH VNaOH
NZm»mOa = 1000 _

—[(gNac1/fsxs Nacl Mnac) (Vifsxa Na,s0, MNa,s50,/ V)l

Pab6ora 4. Onpedenenue uonos Fe** u Cu* 8 ux cmecu

Bapuanr |

Pasnenenne xatuounos Fed+ u Cu?t MeronoM HOHOOGMEHHOH Xpo-
MaTtorpaguy OCHOBAaHO Ha CIOCOGHOCTH 3THX HOHOB B aMMMauHOM
cpeie B NPHCYTCTBHH CyJab(OCATHUHMIOBOH KHCIOTH 06pPa30BHIBATH
KOMILIEKCHBIE HOHBI IPOTHBONIOJIOXHOTO 3HaKa — aHHOHBI TPHCYJIb-
¢ocanuuuaate Fe®t+ n katnons aMmmuakara Cu?™.

“13-

[Cu(NHg)g]?*.

Fe mwow.oamuA B

C—0—
f

- o) 3_
[lpu mpomyckaHHM uepe3 KOJOHKY C KATHOHOOGMEHHHKOM B
NH4-dbopme cMecH KOMIUIEKCHBIX HOHOB OTPHILaTe/IbHO 3apSiXKEHHBIH
HOH TpHCy/abdocasuuuIaTa Kejaesa He copbupyeTcss Ha KOJNOHKE,
a KOMIIIEKCHBIE KaTHOHB MeJH MOIJVIOLLAI0TCH KaTHOHOOOMEHHHKOM:

2RNH, + [Cu(NHg)J** === R,[Cu(NHz)] - 2NH,*.

Houm Cu?+ u3 KaTHOHOOGMEHHMKa H3BJeKaloT 2 M pacrtBopoM

HCl:
Ry[Cu(NHg),] + 6HCl === 2RH 4- CuCl, 4- 4NH,CI.

Copepxanue noHoB Fed+ ompenensior (poTOMETPHYECKHM MeETO-
7ZIOM, OCHOBaHHHIM Ha 06pa3sOBaHUMH B IIEJNOYHOH cpefe mpu pH=
=8—11 KOMIUIEKCHHIX aHHOHOB TPHCYyJbdocanuumiata Felll xen-
TOro 1Bera (Auaxc=416 HM). — . :
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‘C 1eJbl0 KOJHUeCTBEHHOro onpeaesneHus noHoB Cu’t uamepsior
#HTEHCHBHOCTb OKPACKH PacTBOPOB aMMHaKaTa MeIH BacH/JIbKOBOTO
uBeta (Auaxe =620 HM).

TipnGopui H peaKkTHBH

Xpomaroepaguueckas xoaronxa (auametp 15 mM, mamsa 300 MM), colepxa-
anag 10 r katuonoo6mennuka B H-dopme.

Iunerxu BMeCTHMOCTBIO 25 ML

Meproie K046 BMeCTEMOCTBIO 50 H 250 MJ.

Mepneie yuaundper BMectumoctsio 10, 25 1 100 M.

Crakanst BMectumoctbio 100 n 200 M.

DOT03AEKT POKOAOPUMETP.

Xaoposodopodnas kucaota, 2 M pacTBop.

Pacrsop ammuaxa, KOHUEHTPUPOBAHHBIN, 5 0 10% -Hbid.

Cyarbgpocanruyunosas xucaora, 10% -abifi pacTsop.

Cyaspar medu (CuSO,-5H.0), pactop, comepxamuit 2 mr Cu?t/mi

Xaopud scesesa FeCly-6HyO, pactsop, comepxamuii 0,1 mr Fed+ /M

Anaausupyemviti pacréop: cvech cojedl xenesa (0,01 mr/ma Feit) u meam
0,3 mr/ma Cu?t).

Boinoanenue pa6orhi. IlepeBefeHHe KaTHOHOOOMEH-
suka B H-popwmy (cMm. pabory 1). -

Haj caoeM KaTHOHOOOMEHHHKA Bceraa  JOJXKHA HAXOLUTbCHA
JKHUAKOCTB!

Jns mepeBenenus kaTnoHooGMenHHKa 3 H-popmbr 8 NHy-dop-
My uepe3 KaTHOHOOOMeHHHK mpomyckaioT 100 ma 5%-Horo pacTBo-.
pa ammuaka. J)KHIKOCTb B KOJOHKE CIYCKalOT 10 BEPXHEro CJos
KaTHOHOOOMEHHHKA. )

Pasjgesenne CMecH KaTHOHOB. B crakaH BMecTHMO-
Tbi0 100 MJ1, comepkauiuil aHAJAU3UPYEMbIH DacTBOP CMECH HOHOB
Fe3+ u Cu2+, nobasasior 30 Ma 10%-Horo pacrBopa cy/bdocasn-
LIMJIOBOM KHCJIOTH, I€PEMELIHBAIOT U NMPHIHBAIOT 20 MJI KOHLEHTPH-
poBaHHOTO pacTBOpa aMMuaka. ITojyuyeHHyI0 cMecb HPOMYCKaIOT
yepes katnonoo6MeHHuk KY-2 B NH,*-dopme co cropocthio 1—
2 Kamau/c.

Hast mosHOro BHIMBIBaHHMs HOHOB Fe®t uepes KOJIOHKY MOpLHHA-
Mu no 10—15 ma nponyckaoT okoso 200 MJI DPOMBIBHOH XKHIKOCTH
(cméch 20 Mot 109%-Horo pacrsBopa CyJb(OCaJHUUIOBOH KHCJIOTH,
20 MJI KOHIIEHTPUDOBAHHOTO pacTBopa aMMuaka um 160 ma nuCTHI-
JIMpOBaHHO# Boabl). CTakaH, B KOTOPOM HaXOAHJCS aHaJH3UPyeMBblil
pacTBOP, LBaKJbl OMNONACKHBAIOT NPOMBIBHOH XKHJIKOCTBIO M BBLIA-
BAIOT €e B KOJIOHKY. BHITeKaomuil H3 KOJOHKH 3JI0AaT ¢ MOMEHTa
BHECEHHS B Hee aHAJH3HPYeMOH CMeCH cOGHPAOT B MEPHYIO KOJOY
BMeCTHMOCTHIO 250 MJI JO METKM M THIATEJBHO IIepeMellHBAIOT
(pactBop 1). ITocsre u3BJeueHHs KOMIUIEKCHBIX aHHOHOB TPHCYJIb-
\hocaaununara kejesa KaTHOHOOOMeHHHMK npoMeiBaioT 100 Ma awuc-
THJIJHPOBAHHON BOJHI.

Hount Cu?t 3 KaTHOHOOOMEHHHMKa H3BJjeKaloT 2 M pacTBOpoM

- HCl (uau HySO,), mpomyckas okoso 250 MJI KHCJIOTH  HOPHHSMH

mo 10—15 ma. PacrBop, BHTeKaiOUH# H3 KOJIOHKH, COOHPAIOT B
MepHyI0 K016y BMecTHMOCTbIO 250 MJI O METKH H NepeMeHIHBalOT
(pactBop 2). KaTHoHOOGMEeHHHUK nociae u3Biedenns HoHOB Cu’* me-
pesefed B H-dpopMy H mocsie OTMBIBAHHS OT KHCJIOTH OH MOXET
ObITh HMCIIOIb30BAH 1Jis pabOTH.
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Onpenenenne xeuaesa. ColepkaHue xene3a onpeiess-
10T POTOMETPHYECKHM METOIOM, OCHOBAHHHM Ha 06pa3OBaHHH B Ie-
JIOYHOH Cpelie KOMIIEKCHBIX aHHOHOB TPHCYJIb(OCANHUHIATA KeTe-
3a. [IpenBapuTebHO CTPOAT rPaayHpoOBOUHbI IpaduK 3aBHCHMOCTH
ONTHYECKOH IJIOTHOCTH A OT KOHNeHTpauuu HoHOB Fe’+, B mepHhe
KOG BMecTaMOCTBIO 50 Ma BBogsat 0,10; 0,15; 0,20; 0,25 u 0,30 mr
HoHOB Fe®t (orbupalor coorsercrsenno 1,0; 1,5; 2,0; 2,5 u 3,0 ma
pacTBopa coaM xeisesa, cojaepxamero Fed+ 0,1 mr/ma, B xaxayio
K0JGy noGasasoT 5 ma 10%-Horo pactBopa  cy/n(oCcadHLUMAOBON
KHCJIOTH, 5 M 10%-HOro pacTBopa aMmuaka, pas6aBJsioT A0 MeT-
KH JHCTH/IJIHPOB2HHOH BOJOH M TUJaTeJbHO NMEpemelnBaioT. Mame-
PAIOT ONTHYECKYIO IJIOTHOCTb PACTBOPOB Ha (POTO3/IEKTPOKOJOPH-
MeTpe ¢ CHHHM cBeTouabTpoM (A=400 M) B KOBeTax ¢ TOJILIH-
HO# cJiost /=30 MM, HCHOJIB3YS NHCTHIIHPOBAHHYIO BOAY B KauecT-
Be pactsopa cpaBHeHus. CTpoAT rpadHK 3aBUCHMOCTH A=f(cp.3+
(B Mr). :

Has onpenenenus vonos Fed+ B anammampyeMmom pacTBOpe H3
MEDHON KOJIGbI, COAEpKauleM PacTBOP TPHCYJbGOCAJIHLHAATA HKe-

Jesa (pactBop 1), OTGHPAOT NHMETKOA 25 MJ M HePEHOCAT B Mep-

HYI0 KOJG6Y BMecTHMOCTbIO 50 MJI, JOJHBAIOT X0 METKH AHCTHJJIH-
POBaHHYIO BOAY H TINATEeJbHO nepeMemiHBaoT. MsMmepsior onTHue-
CKYI0 IJIOTHOCTb B YCJIOBHSAX, YKa3aHHHX IIPH IOCTPOEHHH IpaiyH-
poBouHoro rpaguka (A=400 uM, /=30 mm). IToabsysice rpadurom
3aBHCHMOCTH A =f(Cre?+, MI) IO H3MEPEHHOH ONTHYECKOH IJIOTHO-

CTH HaxOAAT cojepxkanue HOHOB Fed* B’ aHanusupyeMoit cmecH.

Onpenenenne Menn Coxepxanue MeIH ONpENENSIOT to-
TOMETPHYECKHM METOJOM, OCHOBAHHBIM Ha H3MEPEHHH HHTEHCHBHO-
CTH OKPaCKH aMMHaYHOTO KOMIJIEKCcHOro coeauneHnss [Cu(NHj),]2+,
HMEIOHIero MaKCHMyM NOIVIOLIeHHS B 06J1acTH AJHH BOJH A=620 HM.

Jist mocTpoeHus rpaayHpOBOYHOrO rpaduka fOTOBST NATh pac-
TBOPOB, cofiepxkamux 4, 6, 8, 10 u 12 mr nonos Cu?t, B MepHHX
K0J6ax BMECTHMOCTbIO 50 MJ (OTGHPAIOT COOTBETCTBEHHO 2, 3, 4,
5 u 6 Ma pacrsopa, coxepxantero Cu?*+ 2 mr/ma). IIpuausaior no
15 MJI KOHIEHTPHPOBAHHOTO PacTBOPAa aMMHAKa, NOBOAAT PacTBOP
A0 METKH AMCTH/JIHDOBAHHOH BOAON H TUIAaTeJbHO NEPEMEeINHBaIOT.
HMamepsiior onTHYecKHe MJIOTHOCTH PacTBOPOB Ha (OTO3JEKTPOKOJIO-
puMeTpe ¢ KpacHbIM cBeTOduabTpoM (A=610—620 uMm), B kioBeTax
C TOMMHON cios /=10 MM; pacTBOpPOM CpDaBHEHHsS CJIYXHT BOAa.
Crposar rpaduk sasucuMocTd A=f(cc.2+, MT).

Ias onpenenenns conepxanus MeNH H3 MepHOM KOJGH BMECTH-
mocTbio 250 My OTGHpaioT mumeTkol 25 MJI pacTBopa 2 M mepeHo-
CAT B MepPHYI0 KOOy BMecTHMOCTbIO 50 MJI, npuausaior 15 mMa KoH-

. UEHTPHPOBAHHOIO PACTBOPA. aMMHakKa M. pa36aBiSiOT A0 METKH
" AMCTHANMPOBaHHOH Bomofi. MI3MEPAIOT ONTHYECKYIO WJIOTHOCTD C
"KpacHHM cBeTopuabTpoM (A=620 HM) B KOBeTax ¢ TOJUHHOH
cnos1 I=10 mm. TTonbaysice rpadrkomM saBucaMoctd A =f(ccud+, Mr),
" MaXoAAT coaepxanue HowoB. Cu?t B aHasu3UpyeMoM pacrBope.

2 .Mmmn:mme 2
. CTDOST BHIXOIHYIO KDHBYIO,

HOKAa3bBAOUIYI0 32BHCHMOCTb KOH-
ueHTpauuu HoHoB Cu?t B OTAeNbHBIX QpaKUHUfX 3/a10aTa (Ccut, M)

oT o6beMa KHCIAOTH (Vuci), NpomyiieHHOH uepe3 KoaoHKY. Hasm
OLEHKH 3((PEKTHBHOCTH HOHOOOMEHHOTO pasjeseHHs pPacCUHTHIBA-
I0T 9nucio TeopeTHueckux tapeqok N u BOTT.

Boinosnenne paGorsl. [lorsomeHHsle KaTHOHOOOMEHHHKOM B
NH,-popme nonst Cu?t pgecop6upylor 2 M pacrsopom HCI, npo-
MyCKasi KUCJIOTYy yepe3 KOJNOHKY nopuusMu mo 10—15 ma.-Cobupa-
I0T 0ATh Gpakuuil 3/410aTa, BEITEKAIOUIET0 H3 KOJOHKH, B MepHLie
KOJ6H BMECTHMOCTBIO 50 MJ 10 METKH H TINATEJbHO NEpeMelIHBa-
1oT. Ompenensilor cojep:xanne noHos Cu?t B kKaxpoit ¢paxuuu,
MOJb3YysICh TPaLyHPOBOUHEIM rpadyKoM, ONHCaHHHM B Bapuante 1.
C 3T0# 1eJbI0 B MepHEIE KOJGH BMeCTHMOCTbIO 50 MJa OTOHpaIOT H3
1 n 2 ¢pakuuit no 10 Mg uccaegyeMoro pacTsopa, a M3 MepHHEIX:
KonG, cogepxkauwux 3, 4 u 5 dpaxuuii, —no 25 ma pacrsopa. Jo-
6aBasiOT B MepHBIE KOJOL NO 15 MJI KOHIEHTPHPOBAaHHOTO PacTBO-
pa amMMHaKa, pa30aB/fAIOT AHCTHIIMDOBAHHOM BOJOH N0 METKH, me-
pPEMELMBAIOT H ONpeNeNsioT cojepxkande HoHOB Cu?t B Kaxaoi
¢pakuuu. CTpoAT BEIXOAHYIO KPHBYIO M paccuHThBaioT N u BOTT.

Pabora 5. Onpedesenue uonos TiV u Zr'vV'
8 ux cmecu

Pasgenenne nonor Ti'Y u Zr!V meroioM HOHOOOMEHHOH XpoMaTo-
rpadguy OCHOBAHO HA DAas3JHUMM B COPOIHH yKa3aHHBIX HOHOB Ka-
tuoHoo6mMennukoM KY-2 B 1 M pacrsope HCL Ilpu stom uoHH
Zr'V cop6GupYyIOTCS KaTHOHOOOGMEHHHMKOM, a HOHB Ti'VY mosHOCTBIO
BHIMBIBalOTCsl M3 KOJOHKH. Moub Zr!V pecopGHPYIOTCS H3 KOJOHKH
4 M pactsopom HCl. KoanuecrsenHoe onpejiesieHHe YKa3aHHBIX HO-
HOB (OTOMETPHUYECKHM METOJOM OCHOBaHO Ha 06pa3oBaHHH Xesa-
toB TilV ¢ xpomorponosoit kucaotoll npu pH=2—3 kpacHoro nse-
Ta (Amaxc=470 uM), HoHOB Zr'V ¢ apcenaso I npu pH=1 cunero
uBera (Amaxc =580 HM).

MpuGopst H peaKTHBH L

Xpomaroepaguueckan koaonka (zuaMerp 15 mM, Bricora 100 MM) ¢ KaTHOHO-
o6mennnkoM KY-2 B H-dopme.

DoT03rEKTPOKOROPUMETP.

ITunerky BMECTHMOCTBIO 5 MJI. .

Mepnoie koa6v. BuecTamocTbio 100 u 25 man.

Mepusul yusundp BMecTuMOCThI0 50 M.

Craxkan BMecTHMOCTHIO 50 ML

Xaoposodopodnasn kucaora 1 u4 M PAcTBOPEL

Pacrsop ammuara, KOHUEHTPHPOBAHHBIN.

Xpomorponosasn kucaora, 2,5%-Hulfl pacTBOP.

Xeaaruna, 0,5%-Huiii pacTBOp. :

Apcenaso 1, 0,02% -abiit vmoaww%. - »

Crandaprrsl mﬁuwm%n x\von: a yupxonus 8 1 M XJI0POBOJIOPOHOA KHCAO™
Te, copepxamui ZnlV 0,01 mr/ma. R

’ ngmanszzm pacreop cyavtpara Turana B 0,5 M HySO,, cogepxamuisi TilV

0,01 mr/ma. ; o ) .

Ananrusupyemoili pacrgop: cmech pacrsopos Ti'V m ZrlV, comepxamux no-
- 1 MT/MJ KaXAOrO HOHA. . oo . ,




BeinoaHenne pa6ornl. Uepes KOJOHKY € KaTHOHOOOMEHHHKOM
KY-2 nponyckawoT 50 ma 1 M pacrsopa HCI co ckopocrsio 1—
2 Kamiau/c, ONYCKAlOT CJIOH KHCJOTH A0 BePXHErO yPOBHS €0 Ka-
“THOHOOOMEHHHKA H BHOCST aHaJH3HUPyeMBIHl pacTBOpP, NOJYYCHHHIH
‘B cTaKaHe BMecTHMOCTbl0 50 My. OJHOBpPEMEHHO INOX KpaH HOA-
CTaBJSIOT MepHyoo Kouaby BMmectuMmocTbio 100 ma. IIpombiBaIOT Ko-
.JoHKy 100 mMa 1 M pacrBopa HCI co ckopocteio 1 kamis/c, co6H-
past 3q10aT B MepHYIO K016y BMecTHMOCTbio 100 MJI 10 MeTKH (3J110-
ar 1 cogepxur wons TiV). Hons Zr'V gecop6upyior 100 ma 4 M
:;pactBopa HCI, co6upas smoar 2 10 MEeTKH B KOJOY BMECTHMOCTbHIO
100 ma.

Onpenenenve THTAaHA JJsi IOCTPOSHHA TIpaLyHPOBOY-

HOro rpaduka rotoBiT 5 pacTBopos, cogepxauux 0,01; 0,02; 0,03;
10,04; 1 0,05 mr TiV B 25 Ma. B MepHble KOO BMECTHMOCTBIO 25 MJI
:BBOAAT nuneTkoit 1, 2, 3, 4 u 5 MJ cTaHAAapPTHOrO pacTBopa cyJbda-
‘Ta THTaHa, pa36aBasfioT A0 15 MJ JUCTHJAJHDPOBAHHOH BOAOH, 3a-
“TeM B KaXIAYl0 MepHYIO KOJAOy A006aBJISIOT 10 KAalIAM KOHUEHTDH-
'pOBaHHBIH pacTBop amMuaxa go pH=2—3, 1 ma 2,5% -noro pacrso-
‘pa XPOMOTPONOBOH KHCJOTH H. JOJIHBAIOT A0 METKH AHCTHJJIHPO-
BaHHYI0 BOLy. M3MepsoT onTHyeckylo IVIOTHOCTb Ha (DOTOIIEKTPO-
'KOJIOPUMETPE C CHHHUM CBETODHABTPOM (Auakc=470 HM) B KioBeTax
.¢ ToMUHHOH caos [=10 mm. B kauecTBe pacTBopa CpaBHEHHS HC-
“[IONb3YIOT HHCTHAIUPOBaHHYIO BOAy. CTpoAT rpaduK 3aBHCHMOCTH
A= (¢rmi1v, MT) )
U3 mepHO# k0465 BMecTHMOCTbIO 100 MJ, coaepxkaiieii pacTBop
-tutaa B 1 M HCI (sawart 1), or6uparmoTr numeTkoii 5 MJA pacTso-
rpa, MEePeHOCAT B MEePHYI0 K0a0y BMECTHMOCTbIO 25 MJI, npubaBisi-
JOT TI0 KaIIiM KOHIEHTPHPOBAHHBIH DacTBOpP aMMHakKa Ao cuaabo-
-kucaofi peakuun (pH=2-—3), 1 ma 2,5%-Horo pactBopa Xpomo-
“TPOTIOBOH KHCJIOTH, JOBOJASIT OO6BeM A0 METKH AHCTU/IHPOBAHHON
BOJOH H TINATENbHO TepeMellinBaioT. MsMepsIioT ONTHUECKYIO MJIOT-
HOCTb = Ha (POTOJNEKTPOKOJOPDHMETPEe € CHHHM  CBETODHJILTPOM
(Amaxc=470 HM), TommuHa - chaos KioBeThl [=10 mM. PacrBopoM
-CPABHEHHS CJAYXKHUT RHCTHJANHpOBaHHasg BoAa. Ilosbsysch rpaayu-
pOBOUHBIM IpadHKOM, ONpeAelsioT colepxanue HoHoB Ti'Y B aHa-
_JIN3HPYEMOM DacTBOpe.

OnpeneneHue nHpKOHUSA Jlag mocrpoeHus rpaayupo-
BOYHOTO rpaduka roToBsT NSATh pacTBopoBs, copepxkamux 0,01; 0,02;
0,03; 0,05 u 0,07 mr Zr'V. B mepHble Konbsl BMecTuMOCTbio 100 Ma
BBOAAT nunerxoi 1, 2, 3, 5, 7 MJ craniapTHOro pacrsopa XJopuia
LMPKOHNA, AO6ABAAIOT B KaxAyio koaby 5 mia 0,5%-Horo pactsopa
xenatunel, 5 Mma 0,02%-uoro pacrBopa apceHas3o I, pasGaBasoT
N0 MeTKH AMCTH/JIMPOBAHHON BOAOH M TLIATeJbHO IEPEeMEIIHBaloT,
B xauecTBe pacTBOpa CpaBHeHHs Hcnoab3yloT 25 ma 4 M pactso-
pa HCIl u Bce peaKTHBH, yKa3aHHHIE BBIIUE, 32 HCK/IIOUEHHEM OImpe-
_IleN19eMOoro 3jieMeHTa, pa3baBiieHHBIE 10 METKH AHCTH/IJIHDPOBAHHOH
BOAOH B MepHOM KoJaGe BMecTHMocTbio 100 ma. MsmepsoT onruue-
.CKYI0 TJIOTHOCTb A PacTBOPOB Ha (POTO3/EKTPOKOJIOPHMETPE C KeJ-
TEIM CBETOPUIBTPOM _(Amaxc=580 HM), HCHOJNB3Ys KIOBETH C' TOJ-
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wHHoi caoa 50 mMm. Ctposit rpaduk 3aBucuMocTH A=f (¢z:1V,Mr).

Jlas ompenenenuss colepxaHusi HOHOB Zr!Y B aHaJH3HPYeMOH.
cMecH H3 MepHOH KoJOBI, copepxkauiell ajoar 2, oT6HpaOT 5 ML
U TIepeHOCsT B MepHYylo KoJb6y BMectuMocTbio 100 ma. [IpubaBasior
5 ma 0,5%-noro pactBopa 2xkesartubl, 5 Ma 0,02%-Horo pactBopa:
apceHaso | ¥ [HOJMBAIOT IO MeTKH AMCTHJJIHPOBaHHyIO Boay. Pac-
TBOp cpaBHeHus coxepxKuT 25 ma 4 M pacrsopa HCI u Bce npeny--
CMOTPEHHbIE METOAHKOH KOMMOHEHTLI, 3a HCKJIOYEHHeM onpeje-
JeMOTr0 3JeMeHTa, Ao0aBjieHHble B TOH Xe MOCJeJ0BATEJbHOCTH..
OnTHuecKylo IJIOTHOCTb PacTBOPa H3MepAT Ha (OTO3JEKTPOKOJO-
pumerpe (Auaxe=580 HM), TosNLIMHA cjosa KioBeT [=50 mM. IToab--
3ysCh TPaAyHPOBOUHBIM TpadHKOM, ONpPEJeNIoOT COAepiKaHHe LHUD-
KOHHS B HCCJIELYyeMOM pacTBOpe.

+

ey

Pabora 6. Konyenrpuposarnue uornos Cu?t u Mn?+

- C ueabi0 KoHUeHTpHpoBaHHA HOHOB Cu?* @ Mn?* u3 oueHp pas-
i 6aBJ€HHBIX PACTBOPOB HCXOAHHIH aHaJH3UPyEeMHH pacTBOp mpomyc-
KaloT Yepe3 CHJIbHOKHCJIOTHHH KaThHOHooOMeHHHK K¥-2 B H-dopme..
IIpouncxoauT copOuUs yKa3aHHHX HOHOB:

‘ 2RH 4 Cu?t(Mn?*) == R,Cu(Mn) - 2H*.
; HHCN nocjaeaypmeM IPpOMbIBaAHHH  KOJIOHKH  MaJjbiM O@qum,go,g.

pacTBopa cepHo#l KucaoTel HOoHE Cu?t m Mn?+ gecopOupyloTes H3:
KaTHOHOOOMEHHUKA:

R,Cu 4+ H,SO; == 2RH -} CuSOy.

B BHITeKalolleM 13 KOJOHKH PacTBOpe MOCTHTAaeTCsl NOBbILICHHE:
KOHIEHTpAIlMK MeJd M MapraHia IO CPaBHEHHIO C HX COJepKaHH-
€M B HCXOJLHOM pacTBOpe.

(3 TipuGopu 1 peakTuebl

Xponaroepaguueckan xosonka (nuamerp 15 mm, aammna 300 mm), coaepxka-
mas 10 r xkaruoHooGmennuka KY-2 B H-dpopme.

DoT03.4EKTPOKOAOPUMETD.

IaexTputeckas nauTka.

Mepnote koaber BMectaMocThio 50, 100 1 250 M.

Konuueckue koabb BMeCTHMOCTBIO 50 MJI.

Cyavpar mapeanya (MnSO,-4H;0), pacrsop, comepxamuit Mn?+ 0,02 mMr/ma.

Cyarogpar medu (CuSO,-5H,), pactBop, colepxkamufi Cu?+ 2 Mr/ma.

Cepnras xucaora, 1 M pactsop,

Pacreop ammuaxa, KOHUEHTPHPOBAHHHIM.

Hepcyasvpar xarusn, (KoS308), cyxas coub.

Peazenr-karaausarop, pacTBop, cojepxamuit 40 MA AHCTHIIHPOBAHHQH BOAMI,
7 r cyasdarta prytu(Il), 40 MA KOHHEHTPHPOBAHHOH a30THOH KuCJIOTH, 20 M
859%-noro pacrtBopa ¢ocdopuofi kucaors, 0,004 r HHTpara cepeGpa.

Anasusupyemeii  pacreop:  cojepxauuit  Mn2+ 0,002 wmr/ma m Cu?t
0,06 mMr/ma. )

Boimonnenue paborbl. Ananusupyemnit pactsop (1 ), comep-
XKamui MakponpuMecd noHoB Cu®+ u Mn2t, HaJKHBAIOT B JeJHUTE/b-
"HYIO BOPOHKY H NPOIyCKalOT uepe3 KOJOHKY ¢ KaTHOHOOOMEHHHKOM
K¥-2 B H-popMe co ckopoctsio 2 Kamau/c. Hns mecop6iun HOHOB
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Cu?+ u Mn?+ mpomyckaloT uepes KoJOHKy 250 ma I M pacrBopa
H,SO,4, cobupas BHTEKaIOIIHA H3 KOJOHKH PacTBOD A0 MeTKH B

‘MepHyl0 Koa6y BMecTHMOCTbIO 250 MJI, H TUIATENbHO TepeMellH-

8al0T.
-Qnpeanenenne Mapranna OnpereneHue MapraHua do-

TOMETPHUECKHM METOXOM OCHOBAHO Ha H3MEDEHHH HHTEHCHBHOCTH

okpackd HOHOB MnO,~ (Auakc=525 HM), 06pa3ylOMmuXcs OPH OKHC-

- sleBuH Mn?t nepcysb}aTtoM aMMOHMsS B IPHCYTCTBMH HOHOB cepeG-

pa, OKa3HBaIOUIUX KaTaJHTHYECKOEe NeHCTBHE:
. Agt
5K,S;0; -+ 2MnSO, + 8H,0 —> 2HMnO, + 10KHSO, + 2H,S0;.

Jlns moCTpOEHHs] TPajiyHpPOBOUHOrO rpaduka B 5 KOHHYECKHX
ko6 BMectuMocTblo 50 MJa BHOCAT 2, 3, 4, 5 H 6 MJ pacTBOpa Cyab-
¢una wmapranna, pasbaeasiorT Ao 20 M AHCTH/UIHPOBAHHOH BO-
fofi, nobapasior no 2,5 MJ peareHTa-KaTaJusatopa M NpuOAH3U-

reqpHO 10 0,5 T KoS90s. CMmech HarpeBaloT Ha 3aKPHTOR 3JEKTPO- -

JUIATKe H KUnaTaT He Gosee 2 muu!l. PacTBOp "OXJaXAaloT, KOJH-

4eCTBECHHO NEpPEeHOCAT B MEepHhIE KOJIGH BMECTHMOCThIO 50 MJi, H1OJAH- .

$aIOT A0 METKH AHCTHJJIHPOBAHHYIO BOAY, TIHaTeNbHO NepemelinBa-
#OT H H3MEpAIOT ONTHUECKYIO IVIOTHOCTb Ha (OTO3/EKTPOKOJOPHMET-
pe B KIOBETax C TOJLIHHOH CJIof [=10 MM c 3eJIeHBIM CBETO(QHJIbT-

"pOM (Auaxc=525 HM), HCOJIB3YS B KauecTBe PacTBOpa CPaBHEHHS

JIMCTHLIHpOBaHHylo  Body. Crpost rpaduk 3aBHcHMocTH A=
=f(cma?t, Mr). , _ )

U3 mepHO#l KOJIGH BMecTHMOCTbIO 25Q0 MJI, cofiepxkalled pacTBOP
KOHLEHTpaTa, OTGHPAIOT B KOHHYECKHE KOJGH aJHKBOTHHIE YacTH
pacrBopa— 25 nau 10 my. BHocAT B KONGH peareHTH B TeX xKe
KOJHYECTBaX M B TOH XKe mOC/JeJ0BATEJbHOCTH, KaK yKas3aHO NpH
TOCTPOEHHH I'PafyHPOBOYHOTO rpaduka. HaMepsioT ONTHYECKYIO
JIIOTHOCTb B KIOBETaX C TOJLIHHOM ciosi [=10 MM c 3ejleHBIM CBe-
topuabTpom. Ilonb3ysch TpaAyHPOBOUHHM rpadMkoM, HaXOAAT
cojiepKanue MapraHua B Kojibe BMECTHMOCTbIO 250 wmJ, cozepxka-
Juelt aHaJU3UPYEMHH PacTBOP. : ,

" Onpenxenenne Mennm B KOHueHTparte Coxepxkanue
Meln onpeneasiorT (OTOMETPHYECKH IO HHTEHCHBHOCTH OKPAaCKH
pactopa [Cu(NH3)4]?t (Amaxc=620 uM). J[las mocTpoeHus rpa-
IyHpOBOYHOro rpaduKa IJIst ONpeneNeHHs Men. B MepHuie KOJGH
BMecTEMOCThIO 50 M oT6upalor 2, 3, 4, 5 n 6 Ma pacTBopa Cyiib-
tara menu (II), npuinBaloT B Kaxaywo Koaly 10 ma KOHUEHTPUPO-
BaHHOrO PAcTBOpPa aMMHAaKa, AOBOAAT 40 METKH AHCTH/JIHPOBAHHOH
‘BOJOH ¥ TINaTeJbHO mepeMelnBaioT. MsmepsaiorT omrHuecKyio miaot-
HocTe (A) pacTBOpOB Ha ()OTOI/IEKTPOKOJIOPHMETPE C KPaCHHIM
cBeTOPUALTPOM (Muaxc=620 HM) B KiOBeTax ¢ TOJLIMHOHK cCJoOs
1=10 MM. B gauecTBe pacTBOopa CPaBHEHHS HCIOJIb3YIOT Wxﬁmna:-
poBanuyio Bony. CTposiT rpadux 3aBHCHMOCTH A=[(cca™, Mr).

s onpeieneHHs Mefu B HCCJAEAYEMOM pacTBOPe B MEPHYIO

‘. KO0y BMECTHMOCTBIO 50 MJ BBOAST 25 MJI aHAJNH3UPYEMOro pacTBo-

a KOHUeHTpaTa, A0GaBas0T 10 MA KOHUEHTPHPOBAHHOLO pacreopa ,,

‘:aMMHaka, pa36aBisIOT IMCTH/JIHDOBAHHOM BOXOH RO METKH H H3-
IMeDSIOT ONTHYECKYIO IJIOTHOCTh B KIOBeTax ToJaUIMHON 10 MM c Kpac-

peaensior OO.Pmﬁvam&m MeIH B @mo.nwovm NOIFQEH@NHN.
.3.5. TEJIb-XPOMATOTPA®HSA

Teab-xpomatorpadus (uam reib-mpoHHKawIas —XpoMaTorpadus)
HABJAAETCE OAHHM H3 BapHAHTOB XKHJIKOCTHOH XpoMmatorpaduH, B Ko-
‘TOPOM DACTBOPEHHOE BELIECTBO PacHpele/sieTcsi MeXKAy cBOGOXHBIM
pacTBOpHTEJEM, OKPYXKAIOUIMM TpaHyJH TeJsl, H PacTBODUTENEM,
‘HaxXOAAIIMMCA BHYTPH TpaHyJ reis. Tak Kak rejib IpeicTaBisieT
+«c060fi HabyXIUyl0o CTPYKTYPHPOBAHHYIO CHCTEMY, HMEIOIUYIO pasJHy-
‘HBI€ IO pa3MepaM IOpPH, TO pa3jie/ieHHe B JaHHOM BHIE XPOMAaTo-
iTPaUH 3aBHCHT OT COOTHOLIEHHS Pa3MePOB MOJIEKYJ pa3fleseMbiX
‘BEIIeCTB U pa3MepoB nop rejs. [loMmuMo pasMepoB MosiekyJ, KOTO-
pbieé MOXKHO NPHHATb NPONOPLUHMOHAJbHBIMH  MOJIEKYJASPHbBIM Mac-
«CaM, CYIIeCTBEHHYIO POJib JJA Telb-XpoMaTorpaduu urpaetr ¢opma
'Montekys. Oco6enHo Gosplloe 3HAueHHE 3TOT (DAKTOP, HMeeT MJIst
'PaCTBOPOB NOJIHMEPOB, B KOTOPHIX NIPH ONHOH H TOH K€ MOJIeKyJsap-
'HOH Macce MOJIEKYJIH MOTYT NIDHHHMAaTh PasJjuunylo dopmy (coe-
PHYECKYIO HJIM JADPYFYIO NPOH3BOJBHYIO) B COOTBETCTBHH C HX KOH-
«popManyeii u BCIEACTBHE 3TOTO NO-Pa3HOMY BECTH ceGsi B KOJOHKE.
Jlanvreiiue paccyXIeHHst COPAaBeNJHBH HJIs MOJEKYJ, HMEIOLIHX
<epHueckyo dopmy.

ITpn HpOXOXIEHHH uepe3 KOJOHKY C reJeM KOMIOHEHTH CMeCH
-PasfensioTess Ha GPakUMH B COOTBETCTBHH C HX MOJIEKYJSIPHBIMH
‘MaccaMM: MEPBHIMH BHIMBIBAIOTCS (3JIOHPYIOTCH) HauboJsee Kpym-
Hble MOJIeKYJIbl, OCOOEHHO TaKHe, y KOTODHIX pa3Mephl MOJeKyJ
NPEBLIIAIOT Pa3MepHl MOp reJis, TaK KAaK OHH He B COCTOSIHHH NpO-
HUKHYTb B IOPBI T'PaHYJ reJisi H OCTAlOTCHA TOJBKO B OKPYXKaIoUieM
HX cloe pacTBOpHTeNs (BHemlHeM o0beMe). IIpH NpOMHIBaHHH KO-
JIOHKH PacTBOPHUTEJEM 3TH MOJIEKYJAb HAYHHAIOT [BHTaThbCid B
TepByio odyepeib. Bosee menxkue MosekysnH OGyAyT NpPOHHKAaTh B
TPaHyJ/Ibl IeJisi TOJNHOCTHIO HJIM YACTHYHO, H BEChb NpOIleCC pasfese-
HHSL OyleT 3aBUCeTb OT Ko3dduumenta auddysun (D) pasgensie-

zzxzoamﬁs,xoaovzmoogmomo%wmwmmmssmmmEammmmommeo
TPONOPUHOHAJEH PANHYCy YACTHIL ! :

) D =RT/(6ryNy). -
THE 1 — BAKOCTb CPeAH; Na-— uncno Asoranpo. v :

- Jas renp-xpomaTtorpaduu NPHMEHSIOT B 3aBHCHMOCTH OT LeJed
ruapodHibHEE H rHAPOpOGHEE copGeHTH: B kauecTse ruapodmib-
HHIX COPGEHTOB NPHMEHSIOT KeKCTPAHOBHE TedH (cedafekch H MOJ-
CEJIEKTHl), MONHAKPHIaMHIAHBE FedH (GHOreNH), OKCHAaJKHJIMETaK-
punatHeie resu (cpeponn) u T. A. CedaljekcH nOMy4aroT H3 HeKCT-

‘paHa:

aC;,H,,0;; > (CeH1005)n -+ nCqH;,04
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JlexkcTpaH — pacTBOPDHMHIH NOJHCAaXapHd € MOJEKYJIpHOH Maccoi
Ao 10 maH., oyeHb THAPOQHIEH BCJAEACTBHE BHICOKOTO COAEPKAHHS
THAPOKCHABHBIX rpynn. IIpH yacTHYHOM THAPOJH3E B Pa36aBiEHHOH
KHCJOTE JEKCTpaH pacnajaercd Ha (ppakuuy, HMEWIHE PasJIMUHYIO
MOJIEKYJIsipHYI0 Maccy. Hicmoab3ys peaknuio AeKCTpaHa C SMUXJI0P-
THAPHHOM, NMOJYYalOT TPEXMepHHIH, HEPacTBOPHMBLIH B BOAE TIeJb,
Ha3BaHHHI cepaleKkcoM, BeIIyCKaeMbii B Buje rpanyi. CreneHb
HabyXxaHust ¥ pasMepsl NOp BO (QpakiuH cedpazeKkca 3aBHCHT TJIaB-
HeIM 06pasoM OT CTeleHH CLIMBKH JHHEHHOrO NojiuMepa JEKCTpaHa.
UemM Goabllle HabyxaemocTh B Bojge ¢pakuuil cedajsekca, reM 60Jib-
1e pasMepsl NMOp M TeM OOJblUHE N0 pasMepy MOJEKYJbl MOXKHO
pasnenaTh HAa JaHHOH (QpaKIMH.

Ceda/ieKChl NpPaKTHUECKH He OKa3blBalOT XMMHYECKOTO AeiCTBHA
Ha HCCelyeMble BEUICCTBA M HE H3MEHSIOT ~HX HPHPOLLL Onn
YCTORUMBB K OPTaHHYECKHM DacTBOPHTeJAM, K pasbaBieHHHIM pac-
TBOpaM KHCJOT H Iiesoueil B HHTEepBaJe vm 2—10.

PacTBopuTe/np B KOJIOHKe, 3alOJIHEHHOH rejieM, COCTOHT H3 He-
HNOABHXKHOK (assl (pacTBOpHTENb B IpaHyjax Fels) U NOABHIKHOM
¢das3n (pacTBOpHTeNb MeXJy TpaHysiaMu reas). OO6muii o6bem
cToJI6HKa rens (06beM KOMOHKH) Vi CKIaAbBaeTcsl H3 BHEIIHETO 06b-
eMa (o6beMa pacTBOpHTeNs MeXAy rpaHynaMu) Vo, BHYTpeHHEro
obbema (o6beMa pacTBOpPHUTENsl BHYTPH rpanya) V; u omwmzm cy-
XOro reJs Aomamzm zm%x:&c Ve

=Vo+ Vit V.

3nauenue Vo onpepensioT, NPONyCKas MO KOJOHKE BBICOKOMO-
JIeKyJISIpHOE BEIeCTBO, He Cnoco6HOe NMPOHHKATb B TPaHyJH reds
(T. e. pasMep MoJekyJ, KOTOpOro GoJblie pa3mepa nop reqa). O6b-
€M DACTBODHTEJIS], IPOLIEAINEro uepe3 KOJOHKY OT MOMeHTa BHece-
HHSl BEICOKOMOJIEKYJISIDHOTO BellleCTBA JO MOMEHTa INOSIBJEHHS Mak-
cUMyMa ero KOHUEHTDalHH B 3Ji0aTe Ha BHIXOZE KOJOHKH, TOYHO
COOTBeTCTBYeT BHellHeMy oGbeMy Vo. 3Hauerue V; ompegensioT no
dopmyJe:

Vi=ag,

rjge @ — Mmacca cyxoro reqas; g-—wmacca BOAH, NOTJIOINEHHON resieM.

Ecan pasMepnl MoOJeKyJ BelllecTBa 3HAaYHTEJNBHO MeHbIUE NOp
rpaHyJ rejisi U OHM GecrupensTCTBEHHO NPOHUKAIOT BHYTPb NHOD, TO
IJIsl TAKHX MOJieKyJ Koabduuuent pacnpenenenus Kp=1. Moaeky-
JIbl BeIeCTBa, [I0 CBOMM pa3MepaM 3aHHMAIOLlHe IPOMEXYTOYHOe
MOJIOXKEHHE, MOI'YT NPOHHKATh ‘B NOPHl OTPAaHHUYEHHO, T. €. AJA HHX
 IOCTYIHH He BCe INOPH H, CJel0BaTeJbHO, He BeCb BHYTPEHHHH
o6beM rpanya. as mux O<<Kp<<l. Ilpu paspeneHud Ha KaHHOM
reqe Kp fiBagercss KOHCTAHTOH BelleCTBA M 3aBHCHT TOJIbKO OT pas-
MepoB H KOH(pOpManyu MOJeKyJl JaHHOTO BellecTBa.

PasjeneHne BellecTB B redb- xcozmao%memx
OCHOBeE 00l1ero-3akoHa xpoMarorpadus:

- <z = <o + Nﬂb<m .
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Tabauya 3.2. Xapaxrepucruku rabyxuiux 6 60de cedadexcos
{us pacuera na 1 2 cyxozo zeas)

Haspague ¢paknuu V. Ma V., M1 EMameﬂww_ﬂv_mmz_wm.
cedasexca ¢ Vo, Mt i ¢ Gbﬁmmg ¢

G—10 2 0,8 1 Jo 700
G—15 3 1,1 1,5 Jo 1560
G—25 5 2 2,5 100—5000
:G—50 10 4 5 500—10000
G—75 13 5 7 1000—50 000
G—100 17 6 10 1000—100 000
:G—150 24 8 15 1000—150 000
G—200 ' 30 9 20 1000—200 000

s rony6oro aekcrpana (A) Ve=V,, nas semecrsa (B) (Bu-
“TaMuH Bp) Vep=V,+KpV,; naa BemectBa (C) (HHTpodeHON HIH
rawokosa) Ve=Vo4V..

3Hauenne Kp onpeleasiorT no dopmyJe: )

Kp= (VR —Vo)/V;. ©(3.22)

V3-3a HEueTKOCTH onpejeeHHs] o0beMa DacTBODHTEIS BHYTPH
‘TpaHyJa, T. e. BeluyuHs V;, BMecTo Kp WHOrAA HCHO/B3YIOT BeEJH-
‘quHy K,v — TaK Ha3plBaeMyio KOHCTaHTy jgocTynsoctd. Ot KpoHa
-OTJINYAETCST TE€M, UTO BMeCTO BHYTpeHHero o0bema V; O/ e€e BhI-
YHMCJIEHHST UCNOJMB30BaH oOmuil o6beM rejs. KoHCTaHTy AOCTYNHO-
CTH BHUHCJSIIOT 1o dopmyse (ZaHHbie JJs pacyera OepyT H3
Ta6a. 3.2 u puc. 3.16):

Koy = C\xul <oV\A5|. Vo).

Paszanune mexay Kp u Koy TeM MeHbLIE, ueM 6oJiee NOPHCTHIM
SIBJISIETCS PACCMaTPHBAEMEI refib.

Ilpu orcyTcTBUU B3auMOjeHCcTBHSI ¢ (PasoH reuas NAc u Kv us-
Mensworest or 0 qo 1. Eciy KOHCTaHTH NMPeBHINAIOT eAHHHIY, TO Ha
TeNb-PpHAbTPAIHI0 HAKJIAIBIBAIOTCS APYyTHe INpolecchl, B YaCTHOCTH
ancopbuus u pacnpejenenre B rejse. Ilostomy ofmee ypaBHenue,
ONHMCBHIBAIOIEe NIPOLECC Te/lb-XpoMaTorpaduH, HMeeT BHL:

Vie= Vo + KiVi + K;S + KV,

rae S — noBepxHocTh rpaHysa; Ki=Kp, Ky u K3 —cooTBeTcTBeHHO KOI(Q(HULHEHTE
aAcopOLHH H pacupelejeHHs.

B 3TOM ypaBHeHHM TepBHIH U BTOPOIl 4/IGHH ONHCHIBAIOT NPOHHK-
HOBeHHE B NOpH, TpeTHH uileH KoS — afcopbuyio BelllecTB Ha CKe-
JgeTe nosumepa, obpasymoouero reip (AJs caaboHabyxalouUiux), der-
BepTrift uied K3V, — pacupeleneHue Beumiecrsa B (ase reqas B Ime-
JIoM, uTO HabJoogaeTcs TOJAbKO JJS MaJjonepeceieHHBIX CHAbHOHA-
Gyxatouux reneit. s rakux reaefi Vi3>V, H NpHHEMAIOT, YTO He
CYNIECTBYIOT Pa3le]bHO NMOPH M MaTpHIa, a ecTb OJAHa CHCTeMa,
B KOTOpO{l H NMPOUCXOJHUT paclpejeleHHe MaKpPOMOJeKy.. SIBiaenus
amcop6uun H pacrpeleqeHHs B rejasx pPasledAnTb OuY€Hb TPYHAHO,

239




Puc. 3.16. Buixoasas Kpusasn
Ha cedagekce ana roayboro
Aexctpana (A), BHTaMHHA Byz
(8), rmokosut (C).

1 006bYHO o6a SIBJICHHS
paccMaTpUBalT BMeECTe.
Hanpumep, Huskomose-
KyJ/isipHHEe . apoMaTuuie-
CKHe H TreTepolHKJnYe-
CKHe coefuHeHHst (de-
HOJl W NHDPHAWH) CHJb-

N

rpaHyJax rejs, 4eM 3To
MOXHO OXHAATh BCJIEACTBHE auddysuu. B orcyrcrBue B3aumojel-
creust BemecTs ¢ Qasoit rens K.=0 u K3=0, u obuee ypasHeHue
npuo6peraer nepBOHaYaJbHBIH BU.

HOas onpenesenus 5¢¢$eKTHBHOCTH PaGOTH KOJOHKH HCIOJNb3Y-
" jotT ypaBHeHue (3.4). Kpurepuil cefeKTHBHOCTH R BBISHCASIOT MO
ypaBHEHHIO.

Tenp-xpomartorpaduio HCNMOAB3YIOT IJs ONpEEJNEHHsS MOJIEKY-
aspHbBix Macc (M) GeakoB, MOJHMEpPOB, yriesoioponos u ap. Ilpu
STOM HCIOJIb3YIOT JIHHEHHYIO 3aBHCHMOCTD 06bEMOB BHIXO/la Belle-
CTBa OT €r0 MOJICKYJSPHOH Macchi:

VRiVe=rklgM. -

Pabora 1. Onpedesenue apcenaso I zoaybozo dexcrpana
U RUTPOPEHOAA 8 UX CMECU

Pasnenenne kpacurens apcenasol (moJsekyaspHas Macca 592,3)
Hutpodenona (CsHs;O3N, Monexyaspuasa macca 139,1) Ha konoHke
¢' cedpanercom G-25 DPOHCXOAHUT BCJEACTBHE DA3IHUYHA HX MOJE-
KyaspHHX Macc. IlepBoIM BHIMBIBaeTcs apceHasol, Kax uMeromui
6OJbIIYI0 MOJIEKYJSPHYIO Maccy, a 3aTeM HHTpodeHnot. [las onpe-
JeNeHys BHEIIHEro o6beMa KOJOHKH B cMech A00aBJsiOT BHICOKOMO-
JEKyJSpHHH nosaxcaxapHf roayGof AeKCTpaH, HMEIOMMH MOJEKy-
JgpHylo Maccy 20 2 MJH. I'ony6o#i AekcTpaH BHIMEIBA€TCs H3 KO-
JIOHKH BO BHellIHeM oGbeMe.

KonnuecTBeHHOE onmpefesieHHe roJqyboro JekcTpaHa, apcenasol u
HUTPOdeHOIa NPOBOAAT (POTOMETPHUECKH MO COOCTBEHHOH OKpacke.

IIpn6Gopu u peaKTHBH

Ngtnqemgs:awnzma xononxka c cedamekcom G-25 pauHoM 45 cM, AHaMmer-
pom 2,5 cm. .

Hg@:uomnxzzw npobupKy BMeCTHMOCTBIO 5 Ml

Craxane: BMecTHMOCTbIO 100 Ma. ,

Hunerxu BMECTHMOCTRIO 1 Mo

AHanusupyemoidl pacrTéop; CMech PacTBOPOB rogyGoro nmwoac»mm mvam:»woa R
HATpOdEHoNa, nohmvimﬁao g0 1 E,\E_. nojkucAeHHas 2 KanaaMu m M
" -CHsCOOH.
7 DOTOIAEKTPOKOAOpUMET . ‘
ﬁ:%oanam HaTPUS, moo\o-uzn enﬁd@

HEC 3aJepXuBarwTCi B-

s !
Buinoanenne pa6orbl. Buumanue! He gomyckaTh npockoka Kui-

KOCTH HHXKe YPOBHA cedanekcal
Bony B kosoHKe omyckaloT 10 ypoBHs cedanekca. AHaausupye-

‘MBI PacTBOP O6BEMOM OKOJMO 2 MJ B OJHH IIPHEM OCTODPOMKHO IO

BHYTPEHHell CTCHKE KOJOHKH BJHBAlOT H3 GIOKca B KOJOHKY, CTapa-
ficb He BO3MYTHTb BepXxHHI cjoft cedanekca. OIHOBpeMeHHO MOA-
CTABJAT MO KPaH MepPHBIA UMJHHAP H OTKPHIBAOT KpaH. Brooxc
ABaxJbl ONOJAacKHBAIOT AUCTHIJIHPOBAHHOH BOAOH NMOPUHAMHU OKOJO
0,5 Ma1 (5—10 kamesnb) M mocje BNUTHIBAHHS PacTBOpa B CJOH Je€K-

'CTPaHa OCTOPOKHO NePEeHOCAT B KOJMOHKY. Takasi OCTOPOXKHOCTh He-

ob6xonuMa mis cHopMHpPOBaHHS UYETKOH, HEPa3MHITONH 30HH CMECH.
Iocne aToro 06beM BHOCHMOi BOAbI B BEPXHIOIS YaCTh KOJOHKH
#He MMeeT 3HaUeHHd, H BOAY JO0AaBJSIOT MO Mepe ee NPOTEKaHUs ye-.
Pe3 KOJIOHKY.
ITepBrie okpailleHHHe B roqyGoiH 1BET Kamiau roiay6oro aekcrpa-

- #a HayWHAT cOo0HpaTh B NPOGHPKU BMECTHMOCTbIO 5 MJ. 3amucH-

BaT 06beM 3jaioata (o6beM BOAH B HMJIMHApe, Ma). B 20 npo6u-
POK OTO6HPAIOT NPOGH 06bEMOM 1O 5 MJI.

Onpenenenue rony6oro AeKCTpaHa H apceHa-
30l. Toay6ofi nekcrpaH M apceHasol ompeensiior mo co6CTBEHHOMN
OKpacke, Ha ¢orosjekTpokosopuMmerpe. ConepxuMoe npoGHPKH
(5 mMJa) mepeHOCAT B KIOBeTy ¢ TOMIIHHON cios [=10 mM. Hsme-
peHue onrtuueckoil mIOTHOCTH (A) TPOBOAAT Ha (HOTOIMEKTPOKOJIO-
puMerpe c KpacHeiM cBeToduabTpoM (A=630 uM)} aas roay6oro
JeKcTpaHa H ¢ 3eJleHnM cBeToduabTpoM (A=>540 HM) aas apceHa-
30l, Hcrmonp3yss B KauecTBe pacTBOpPa CPaBHEHHS JHCTHJJIMPOBAH-
HYI0 BOZY.

Ilo rpanynpoBouHEIM rpadukaM HaxOAAT cojepiKaHHe OGOHX
KOMIIOHEHTOB (B Mr) B Kaxjoii npoGupke (c¢). CoxepxaHHe roJgy-
60ro AEGKCTpaHa H apceHasol mo OTAENBLHOCTH B HCXOAHOH 3ajaue
paBHO c=cC1+Co+C5+...

Onpenenenue m:avoeomoam Conepxanne HuTpode-
HOJa onpefensioT Takxe (POTOMETpHUECKH IO COGCTBEHHOH OKpac-
ke. K comepxumoMy npo6upku (5 ma) goGasasiior 1 ma 209% -noro
pactBopa NaOH, 3akpriBaioT npoGKO# H TIIaTeJbHO MepeMeLIHBa-
I0T. 3aTeM LIeJOYHOH pacTBOpP HHTpodeHosa NEPeHOCAT B KIOBETY
¢ ToqmMHO# ciost 3 mM. HM3MepeHne ontHueckoit maoTHOCTH (A)
NIPOBOJAT Ha (POTO3JEKTPOKOJODUMETPE C CHHHM CBETODUALTPOM
{A=2380 HM), HCONB3Ys B KayecTBe vmoawowm CpaBHEHHS JHCTHJI-
JIHPOBAHHYIO BOLY.

ITo rpanynpoBoYHOMY rpadHKy HaxXOAT colepxKaHHe HHUTpode-
HOJla (B Mr) B KaX[OH npoGHpKe, 3aTeM CYMMHDYIOT H HaXOIAT
obiiee cogepiXaHHe HATPOPEHONA B aHAJH3HPYEMOM DPacTBOpe.

o paHHBIM renb-xpomartorpaguu crpoar rpaduk c=f(V) wu
paccuHTHBaOT KO3(hOHUHEHT pacnpejeneHHs -Kp no ypaBHeHHIO
(3.22), uscao TeopeTHuecKHX TapeAoK N H KpHTepHil pasgeinenus R
ans apcenasol u muTpodenona — mno dopmyaam (3.3) u (3.7).

3anucuBaT obuiee copepxanne (B zz,v 35@03 JeKcTpaHa,
apeenasol u msewoemmoam
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Pabora 2. Onpedesenue 204y6020 GeKcTPara
U wasenesoll KUCAOTbL 8 UX CMECU

Pasnenenne roay6oro aeKCTpaHa U IaBeseBOH KHCJOTH Ha KOJIOH-
ke ¢ cedagekcoM G-15 TPOUCXOAUT BCJAEACTBHE DPASNHMUYHA HX MO-
JiekysisapHbX Macc. [onyGofi jekcTpaH — OKpallléHHOoe B roayGoi
LBET BELIECTBO THNA MOJHCAXaPHIOB C MOJIEKYJSIPHOfI Maccoit 60Jib-
we 2 man. laseneBass xkuciaota HyCoO4:-2H,O nmeer Moseryasip-
Hylo maccy 126. Brauane Bo BHellHeM OGbeéMe BBIMBIBA€TCs U3 KO-
JIOHKH TONyGo#t JeKcTpaH, a 3aTeM — IaBejeBas KHCAOTA.

HpuGopsl 1 peakTHBLE

Xpomaroepaguueckan xoaonka c cebalekcom G-15, nmusofi 44 em, fua-
merpom 1,5 cm.

T'padyuposannsie npobupKy BMECTUMOCTEIO 5 ML

Mepnoui yuaundp BMecTEMOCTBIO. 25 MJI

Konuueckue xoa6o. BMecTHMOCTBIO 100 MJI

MuxpobropeTka BMECTHMOCTBIO 5 MJL

Anaausupyemoil pacrteop: cMech liaBesesoil xucaotsl (8 Mr/ma) H roay6oro
Rexcrpana (2 mr/ma).

Xaopud narpus, 0,05%-HblH pacTBOp.

Hepmaneanar kaaus, 0,06 M pactop.

Cepuasn rucaora, 1 M pactsop.

Saexrponaurka, -

DOTOINCKTPOKOAODUMETD. o

Beinosnenne pa6orel. Buumanue! He monyckaTh npockoka Xui-
KOCTH HY2Ke YPOBHS ceagekcal

JKuaKoCTh B KOJIOHKE ONMYCKalT RO YpoBHs cedanekca. AHanu-

3UpyeMBIll PacTBOpP B OJHH IPHEM OCTODOXKHO, MO CTEHKe, mepeJsiu-
BawT K3 6I0KCa B BEPXHIOK 4acCTh KOJOHKH, CTapasch He BO3MYTHTb
BepxHH ca0i cedanmekca. OZHOBpPEMEHHO MOJ KPaH NOACTABJAIT
MepHBIH HUJIMHAP H OTKpHIBalOT KpaH. Ilocjie BOIHTHIBAHHA pacTBO-

pa B BepxHHH caoli cedagekca fobasiasiior gBaxawn no 0,5 ma (5— .

10 kanenb) npomeiBHOH xkuakocty (0,05%-Huit pactBop NaCl), uc-
NoJb3ys ee MAJsi omosjacKuBaHHs Guokca. Takas OCTOpOXKHOCTL He-
ob6xonuma Anas chOpMHUPOBaHUS UeTKOH, Hepa3MHITOil 30HH., Koraa
roay6asi 30Ha NPOABHHETC MO KOJOHKe Ha 1—2 cM, BepxHIoOIO
YacTb KOJOHKH MOJHOCThIO 3anmodHsioT 0,05% -HEIM pacTBOpOM XJO-
puaa HaTpus. IlepBrle OKpauleHHbIe B rofy6o#l LBET KamJHu 3Ji0aTa
HauyHHaloT co6HpaTh B NPOOGHPKH BMECTHMOCTBIO 5 Mi. O6beM 3.10-
aTa B UMJHHIpPE 3aMHCHIBAIOT.

Conepxanne roayboro JeKCTpaHa ONpeIensiioT HOTOMETpUUECKH
¢ KpacHeM cBertoduiabTpoM (A=630 HM) — cM. pabory 1. Ilocie
BhIXoZa ronyboro fekcTpaHa (NMpakTHYeCKH IOCJe NepBHX 5 MJ)
npojoJsikawT cobHpaTe 2m0aT ¢pakuuaMu nmo 2 mia. CoGupaior
- 12 dpaxknuii no 2 mi, B KOTOPEIX 3aTeM OIPEJeNSIOT COAepKaHue
111aBeJeBOH KHUCJOTHL.

IlaBesneByl0 KHCIOTY ONpEAENsiOT THTPOBAHHEM IepMaHraHaToOM
Kanus B CEDHOKHCJIOH cpee: :

: 1=70—80°C
- 2KMnOy +- 5H,C,04+3H,50, —— 2MnSO, + 10CO, + K,SO; -+ 8H,0.
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Aaoar 06beMoM 2 MJ M3 FPaiyHPOBAHHOH NPOOGHMPKH MEPEHOCHAT B
KOHHUECKYIO KOJIOy, IPOGHPKY ONOJAacKMBAIOT 2—3 pasa AUCTHJIIH-
POBAHHO} BOXOH H NPHCOEIHHAIOT NPOMBIBHEIE BOAHI K aaio0ary. o-
Gasaator 2 ma pactsopa HySO,, HarpeBaoT Ha IJAUTKE [0 NOSBJIC-
HUsl Ca0HX MapoB H MeIJIeHHO, MO KamisaM, TuTpyloT 0,05 M pac-
TBopoM KMnO, H3 MHKDPOGIOPETKH 10 MOsiBJeHHs G/eIHO-PO30BOM
OKPacKH.

B Tex e yCJOBHSIX NMPOBOASAT XOJOCTOH ONBIT, TUTPYs 2 MJ
3y10aTa, B3ATOrO #3 HNMIAMHADPA (Vimno,*®"). Pe3yJbTarsl BCeX THT-

pOBaHHUH BHOCAT B TaGJIHIY:

Ne. dpakpuy O6bvem KMnO,, ma Oohmvmﬁ»mmm H,C,04-2H,0, Mmr

oo N

CojepaKaHue IaBe1eBOH KHCJOTH B Kaxkao#l (pakuuu (B Mr)
paccuuTHBAOT 0 Gopmyse:
CRMnO, /50 KMnO, (VMno, — VEOTKMno,) foxn H,C,0,°2H,0 MH,C;0,°2H,0
£= 1000

B 1a6opaTopHHIil XKypHaJ 3alHCHBAIOT COJEpkKaHHEe LaBeJeBOH
KHCJIOTH H roJy6oro AexKcrpana,

[To naHHBIM TeJb-xpoMaTorpaduu CTPOAT rpaduk 3aBACUMOCTH
¢=f(V); paccuutniBaor Vo, Vs, 3Has maccy cyxoro cedajnexca B
KOJIOHKE, H, BOCIOJb30OBABUINCh AAaHHBIMH TabJa. 3.2, npuBeAeHHOH
BBIIIE, PAaCCUMTHIBAIOT YHCJAO TeopeTHuecKHx Tapesok N, BOTT u
Koy 104 1iaBeseBOil KHCAOTH To ypaBHeHusiM (3.2)—(3.4), (3.22).

Pabora 3. Onpedeserue 2emo2A00Una 1 2AUYUHA
8 ux cmecu :

Pasgenenue reMorjobuHa M IJIMIKMHA Ha KOJOHKE C cedafeKkcoM
G-25 mpOHCXOAMT BCJEJACTBHE PasjiuyMst UX MOJEKYJIAPHBIX Macc.
TeMorno6un npeicTaBisieT u3 ce6s 6eNOK, OKpPalleHHE] B KPacHO-
KOpHUHEBbIil IIBET, C MOJIEKyJIsipHOH Maccofi okomo 63 500, a rau-
uuH — amunokucaory NH,CH,COOH c¢ MosekyaspHoii maccoit 75.
Brauasne Bo BHelIHeM OGbeMe BLHIMEIBA€TCS M3 KOJOHKH TeMOIJIO-

OuH, a 3aTeM [VIHLUH.

MpuGopst 1 peakTHBH

Xpomaroepaguueckas Koaonka ¢ cebanekcom G-25.

TI'padyuposanssie npobupky BMECTHMOCTLIO 5 MI.

Mepnote yuaundper BmectuMocTbio 25 U 10 ML

Konuueckue koabol BMecTHMOCTBIO 50 ML

ITunetxu BMecTHMOCTBIO 1 B 5 ML

Xaopud narpus, 0,5%-Hbifl pacTBoOp.

Temoznobun pacteop B 0,05%-HOM pacTBOpe XJIOPHAA HATPH:A, KOHUEHTDAUHH
3 mMr/ma

243

'



Tauyun, cBeXenpHIOTOB/ACHHHA DAacTBOP, KOHHEHTpAluE 1 Mrimi.
Xa0pud xadmus, macumeHHbI BOXHEA PACTBOP.

Huneudpun, 2%-upfi aneToHoBHA pacTsop, coaepxkamuft 75 r CdCl, B 100 mum
pacreopa.

Byranoa.
Bodsanas 6ans.
DorosaeKTpokosopumerp.

Buinoanenne pa6orni. Buumanue! He nomyckaTh mpocKoKa HA--
KOCTH HHXKe ypoBHs cedagercal

XuaxocTs B KOJMOHKe ONYCKAalOT 10 YpOBHA cedapnekca. AHalH-
3HPYeMHIfi pacTBOp (0K0OJO 2 MJI) B OAHH NPHEM OCTOPOXKHO, IO
CTEHKe, BBUIMBAIOT H3 6IOKCa, CTapasch HE BOIMYTHTb BepPXHHIl CJIOH
cedpagerca. OZHOBPEMEHHO 10J KPaH MOACTABJAAIOT MEpHBIH IH-
JHHAD M OTKPHIBAIOT KpaH. Brokc onomnackuBaor 0,05%-HHM pac-
T80poM NaCl nopuusimu oxoso 0,5 ma (5—10 kanenap, HO He GOJb-
Iue), MPOMEIBHEIE BOJH II0C/€ BOHTHBAHHA PacTBOpa B CJIOH ceda-
‘A€KCa TaKXe OCTOPOXKHO NepeHOCAT B KOJOHHY. Omnepanuio ¢ npo-
MbIBHEIMH BOJAMH MOBTOPAIOT ABAX/JH NOCJE€ BIHTHIBAHHS NpEAH-
.aymux nopuud. Ilocse 3Toro mpoMbIBHON XHAKOCTBIO HANOJHAIOT
LeJTHKOM BEPXHIOIO YaCTh KOJOHKH. _

[lepBrie okpalleHHHe Kamau 3J]10aTa - HAUYHHAIOT .co6upaTh B
IPOGHPKH, BMECTHMOCTbIO 5 Ma. OGbeM 3J10aTa B LHJIHHADE 3alH-
CHBalT B XKypHaa. [Tocie BHxoxa reMorso6uHa (mepBHe TPH
¢pakuun mo 5 MJ) NPOAO/KAWOT COGHpATH 3/10aT B IPOGHPKH.
Innupn BHIMBIBaeTCA H3 KOJOHKH B 4—8 (bpakHuaX, B KOTOPHX 3a-
TEM ONPEAEISIOT er0 KOJHYECTBEHHO. ,

['eMOr/106MH KOMHYECTBEHHO ONpPeAENAIOT MO COGCTBEHHOM oKpac-
Ke Ha _ipoTosjekTpokosopuMerpe. Coxepxanue mpoGHPKH (5 ma)
NI€PEHOCAT B KIOBETY C TOJNIHHOA caos [=10 mMm. Onrtuyeckyio
NJOTHOCTh (A) H3MepsIOT ¢ (HONCTOBHIM CBETOPHILTPOM (A=
=450 M) ¢ XeaTnM cBeTOdUALTPOM (A =560 HM), HCIOJNB3ys B
KauecTBe pacTBOpa CpaBHeHHs AHCTWIIHPOBaHHYlo Bony. Ilo rpa-
AyHPOBOYHHM rpaHKaM HaXOUAT COlepKaHHe reMOrno6uHa (B Mr)
B Kaxno#i npoGupke (cn). Conepxanne remorno6HHa B HCXORHOI
‘'sazave paBHO C=C;+Cy+Cs.

B xonnueckyio Koa6y BMeCTHMOCTBIO 50 M noMemanTr 1 mxa
‘OpOGLI 3 ueTBepTOll MPOGHPKH, BO BTOPYIO KOHHYECKYI0 KOJ6y —
M3 NATOH NMPOGHPKHM H T. A. B KaxAyo Komuueckyio Kon6y moGas-
JAA10T 5 Ma OyraHona, 2 KaniH HACHIIEHHOIO pacteopa CdCl, n
1 Mn aneromoBoro pactsopa HHHrHApHHA. Koabu Harpesaror
10 Mun Ha kHMnAweld BoAsHON GaHe, OXJTaXNal0T, MEPEHOCAT B Mep-
HEI€ LHHJTHHADE BMECTHMOCTBIO 10 Ma M 10BOAST 06BEM 6yTaHOIOM
R0 6 MJ, OT6UPAIOT NMHMETKOH 3 MJ OKPaHIEHHOTO CJIOsl, NIEPEHOCHT
B KIOBETY C TOJMIIHHOH ca0s [=10 MM, ao6asasior 0,5 M 6yTranona
AJs paspylIeHHs] BOJHOH SMYJbCHH, NOCJIE Yero - tdoromerpupyior
nipu A=>515 M (seneHHilt cBeTopunbTp). B KauecTme pacTBopa
CPABHEHH: HCIOJIB3YIOT PacTBOp, COAEPKAMHA BCe KOMIOHEHTH,
KpPOMe IJIHIHHA.

A ,Ew awmhwmwowoamozw rpaduKy HaXOAAT COAepKaHHe [VIHIHHE C
B Mr/ma). o

s

N

ColepxaHue IViMIMHAa B OAHO# ¢pakuHH paBHO 5c, a colepxKa-
HHe TJHLUHMHZ B aHaJU3HDyeMOM pacTBope (B Mr) paBHO 5 (c4+

+c5+...4cs).

IMo naneHIM rejib-xpomarorpaduun crpost rpaduk c=f(V), pac-
cunteBaoT Vo, kosdpduunent pacnpenenenus Kp, Koy u uuciao
TEOPETHYECKHX TapesioK IJs IMJHIHHA. 3aluchiBalOT COAepXaHue
(B Mr) remorsio6¥Ha H IVIMIHHA B XYypHaJ.
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YueGHoe nocobue

Typeyruii Heopo Hrosaesuu
Kysneyos Baadumup Burarvesuy
Kysreyosa Jludus Bopucosna
Kyuxapes Eseenuil Axmedosuy
Camopyrosa Oavea Jleonudogha
Csupujeackan asuna I'eopeuesna
Koaocosa Hoes ®omunuuna
Oeapesa Mapzapura Bopucosua
Pymanyesa Hearu Janurosuna
Jyxoa Aaexcandp Dedoposuu
Ocanecan Jluaur Bepeesna
Poearunckas Cseraana Jleonudosua

NMPAKTHUKYM
Nno ®H3INKO-XUMHYECKHM
METOIAM AHAJIU3A -

Penakrop B. JI. A6pamosa
XynoxecrBenHn#i penakrop K. K. dedopos
Texuuuecku#t penakrop C. F0. Turosa
Koppekrop T. C. Bacuna

UB Ne 1747

Cnano B HaGop 11.07.86. INoamucano B neuats 01.10.86. dopmaTt
Oymarn 60X90'is. Bymara ku.-kypa. lapm. «JlHTepaTypsasm».
IMeyartp BhICOKas. Y¢ia. med. J. 15,5, Yoir. kp.-orr. 155, Yu.-
H3x. o, 17,39, Tupaxk 29000 sk3. 3akas 404. llema 90 xom.
Ysxa. Ne 2791, ;

Opjaena «3uak ITodera» U3NATENBCTBO «XHUMHA» .
107076, MockBa, ya. CTpoMBIHKa, A. 21, Kopm. 2.

Mockosckas THnorpadus Ne 11 Corosnonurpadmpoma npr 1ocy-
AapcrBeBHOM koMmHTeTe CCCP Ho Jenam H3BAaTENbCTB, MHOJH-
rpaduH ¥ KHHXKHO{ TOPrOBJH.

113105, Mocksa, HararHuckas yi., A. 1. —_

BHUMAHHWIO CNIELLHAJIUCTOB!

M3IOATEJIBCTBO «XHMHKSI» TOTOBUT K BBIIIYCKY
B 1987 I'OAY KHUIY:

dusznveckas xumusa. Teopernueckoe M TpaKTHYECKOe
PYKOBOACTBO: Yuel. nocobue njs Bysos/llox pen. akan.
b. 1. HUKOJbCKOI'O. — 2-e u3x., nepepab. u gomn. —
JI.: Xumus, 1987. — 55 1. — (B nep.): 2 p. 30 k.

OranuntespHass 0cO6eHHOCTh 3TOrO y4eOGHOTO NOocoGHs
no Kypcy ¢usnueckoit xumuu (l-e usg.—rt. [ — 1965 r.,
T, 2,— 1967 r.) —4eTKoe TeopeTHUecKoe O0BOCHOBaHHE
paccMaTpuBaeMBIX BONPOCOB, croOcoGCTBylomiee YTiy6-
JIEHHOMY NOHUMAaHHIO TaKHX BaKHeHIIMX pasjesoB, KaK
XHMHYeCKasd M CTaTHCTHUECKAash TepMOJMHAMHUKA, PaBHO-
BeCHe B TOMOTEHHBIX H IeTepOreHHBIX CHCTEMaX, 2JeKT-
pOIHBIE IDPOLECCH H AD.

IlpenHasHaueHO A1 CTYAEHTOB XHMHUECKHX (aKyib-
TETOB YHHMBEDCHTETOB H XHMHKO-TEXHOJOIHUECKHX CIie-
LHaJbHOCTEH BY30B.

Kruey moocno 6yder npuobpectu 80 8Cex KHUMCHBLY
MA203UHAX CTPAHbL, PACAPOCTPAHAIOUUX HAYUHO-TEXHI-
YeCKyro AUTEePATYPY, Q TAKIKE 8 KHUNCHbIX MA2A3UHAX —
ONOPHBIX NYHKTAX uzdaresecTsa, adpeca KOTOPbIX APU-
gedenbl 8 «AHHOTUPOBAHHOM TEMQATUYECKOM NAQHE 8bi-
nycka auteparypel uzdaresvcrea «Xumusy na 1987 200».

H3JATEJbCTBO «XHMHS »



