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Pasgen 1. CnekTpockonuyeckne metoabl
aHanu3a

CHeKTpOCKONMUYECKHE METOAbl MCCIECNOBAHUS SIBIISIIOTCS HamOO-
Jee BaXHBIMU M PACHPOCTPAHEHHBIMH B MPAKTUKE XUMHUYECKOTO
aHalin3a CaMbIX Pa3HOOOpa3HBIX 00BbEKTOB. OHM OCHOBAHBI Ha CIIO-
COOHOCTH aTOMOB M MOJIEKYJI BEIIECTBAa UCITyCKaTh, MOIJIOMIATh WIH
pacceuBaTh 3JIEKTPOMArHUTHOE M3JIyYeHUE. DTUMU METOJaMU pelia-
I0OTCS  3aJa4yd  aTOMHOTO, MOJEKYJSIPHOTO, (PYHKIIMOHAJIBHOTO
(cTpykTypHO-TpynmnoBoro) u ¢a3oBoro asanusza. MeTolbl CHEKTpO-
CKOIMU MOKHO KJIaCCU(UIIMPOBATH MO Py MPU3HAKOB.

l.Tlo Tumy ONTHUYECKUX SBICHUN PA3IUYaIOT CHEKTPOCKOIHUIO
UCITyCKaHUsI, morjiomieHuss u paccessHus. CHEKTPOCKOMHUI0 HCIYC-
KaHUs MOJIPa3ACIsIIOT HA YMUCCUOHHYIO U JIIOMUHECIIEHTHYIO.

2. B cooTBeTCTBUM C AMANIa30HAMU SHEPTUU JIEKTPOMATHUTHOTO
U3JIy4YEeHHS] CIIEKTPOCKOIMIO Pa3AC/ISIIOT Ha CICAYIONIME OCHOBHBIC
BUJIbI: Y-CIIEKTPOCKOIHIO, PEHTIE€HOBCKYIO CIEKTPOCKOIHUIO, OITH-
YECKYI0 CIEKTpocKonuto (cnekTpockonus B Y® u Buaumoit obdnac-
TsX), a Takke MK-crekTpockonuio, paanocieKTPOCKOIHIO.

3. Ilo u3ydyaeMbIM OOBEKTaM CHEKTPOCKOMUIO MOJPA3ACISIIOT Ha
AJICPHYI0, aTOMHYI0O U MOJIEKYJsipHY10. K siepHO#l CIEKTpPOCKONUU
OTHOCHUTCS aHAJUTHUYECKass MeccOayIpOBCKasi CIEKTPOCKOIHSI, K aTOM-
HOW — aTOMHO-3MHUCCHUOHHAsl, aTOMHO-(JIyOpECIIEHTHAs, AaTOMHO-
a0bcopOnmonHas, penrreHoduyopecientas, IIIP u AMP-cnekTpo-
ckorusi. K MOJeKyIsipHOM CHEKTPOCKONMU OTHOCSATCS DJICKTPOHHAS,
MOJICKYJIsIpHAs a0COpPOIMOHHAS CIEKTPOCKOMNHUS (CIEKTPOCKOIHUS B
Y® u Buaumon obmactsax cnekrtpa), MK-cnekrpockonus, CHEeKTpo-
ckomusi kKoMmOuHanmoHHoro paccesHuss (KP), mroMuHecnieHTHas
CIIEKTPOCKOIIHSI.

MonekynsgpHoe TOIJIONIEHUE TOAUYMHSETCS 3akoHy bepa, crpa-
BEJINBOMY [IJII MOHOXPOMAaTHYECKOro cBeTa. 3akoH bepa mis
abcop6uuu (A) npeacrapisieT coO0N ypaBHEHHUE MIPSIMOM, BHIXOISIIIEH
U3 HyJS B KoopauHaTax «A — Cx:

A=¢lC,

A — abcopOIus BEIleCcTBa (onTHYecKas IJIOTHOCTH ),
Oe3pa3MepHas BeJIMUMHA, U3MEHSIETCSI OT HYJIS 10 OECKOHEUHOCTH;, & —
MOJISIpHBIN  KO3(pduieHT mnoriomeHuss csera (1/Moiab cm); I-—
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TOJIIIMHA CJIOSl PacTBOpa, Morjoiaronero cBer (cm); C — MomsipHas
KOHIICHTpAIUs pacTBOpa (MOJIB/I[M3).
Ocnogenbvle xapaxmepucmuKu
INEKMPOMAZHUMHO20 U3TYUEeHUA

DIEKTPOMArHUTHOE HM3Ty4YEHUE MMEET JBOWCTBEHHYIO NMPUPOIY:
OHO 00JaJjaeT BOJHOBBIMHU UM KOPIYCKYJSIPHBIMU cBoiicTBamu. K
BOJIHOBBIM XapaKTEPUCTUKAM OTHOCSTCA 4YacTOTa KOJ€OaHUM, JJIMHA
BOJIHBI U BOJIHOBOE YHUCJIO, K KBAHTOBBIM — SHEPI'UsI KBAHTOB.

YacroTa xonedaHuii (V) — 4UCIIO KOJeOaHUN B €IMHUILY BPEMEHH.
Ennanneit gacrorsr cuyxurt repr (I'm) mwim ¢ (1 T =1 xone6anue B
CEKYH/Y).

JlnuHa BOJIHBI (A) €CTh PacCTOSIHUE MEXKIY COCETHUMHU MaKCUMY-
Mami. J[iHa BosHBI B MexayHapoaHoit cucteme equnui] (CH1) uzme-
paeTca B MeTpax (M) U X JOJISIX — CAHTUMETpax (CM), MUJUTUMETpax
(vm), Hanomerpax (1aM=10" m), arrcrpemax (1A=10""m).

Eme onHoil BecbMma yAOOHOW BEIWYMHOM SIBJISIETCS BOJHOBOE
qucio (v):

v=1/\ (em™).

BoJiHOBO€ 4HMCIIO MOKAa3bIBAET, CKOJIBKO JJIMH BOJIH JAHHOTO W3-
JdydeHusi ykianabiBaercss B lcm. Ilo ciokuBiiecss Tpaauluu U3ITY-
YeHue B MH(PpaKpacHOW 001aCTU ONPEEISIOT B BOJIHOBBIX YHCIIAX.

ChnekTp »JEKTPOMArHUTHBIX KoyieOaHuN yA0OHO pa3OuTh Ha
HECKOJIbKO oOjactei (Tabin. 1). Jlenenue cnekTpa Ha 00JIaCTH Ba)KHO
IIOTOMY, YTO B3aUMOJCUCTBUE U3JIYUYEHUS C U3y4aeMOW CUCTEMOU B
KOKJI0OM M3 HHUX NPOTEKAET MO Pa3IMYHBIM MEXaHU3MaM M JlaeT
pa3Hyro HHGPOPMALIHIO.

Tabmura 1
Cnekmp IIEKMPOMACHUMHbBbLX Konieoanui
Obnacmob cnekmpa Humepsan onun éonn (1)
PaanoBonHbl >1wMm
MuKpOBOJIHBI 10°-1 M
UndpakpacHoe u3iyueHue 750—10° M wmm 7,5-107 =107 m
Bunnmblii cBet 400-750 um wn 4-10 '=7,5-10 "™
VYipTpadroneToBoe U3Iy4eHHe 10—400 am wm 102 = 4107 m
PeHTreHoBCcKOE U3I1yYEHHE 102210 v umm 107210 M
Y-A3JIy4CHUC 10°-0,1 am mwrm 10°-107"" M
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Kaxnass 00yacTh 2JIEKTPOMAarHUTHBIX KOJICOAHHWM OXBaThIBACT
OTNpEACICHHbIN  WHTEpBaJ JJIMH BOJH MW  XapaKTEepU3yeTCs
ONpEJCICHHBIM YPOBHEM DJHEPruu. ODHEPTHUs DJICKTPOMArHUTHOTO
U3JIy4YEHHUs onpeeseTcs cooTHomeHneM bopa:

AE=h-v,
rae h — nocrosiunas I1nanka, papHas 6,62 107 JIx-c.
Kak u3BecTHO W3 Teopuu KoJjieOaHW, JIJWHA BOJHBI CBS3aHA C
4aCTOTOM U CKOPOCTBIO pACIPOCTPAHEHHS BOJTHBI COOTHOIICHUEM:

v =c/\,
IJIe ¢ — CKOPOCTB CBeTa B Bakyyme (c=3-10° m/c).
Torma momygaeM cIeayIONIYIO CBSI3b MEXKIY BEIUYNHAMMU:

AE=h-v=h-c/A =h-c-v.

KosnuecTBO NmOTIIOMaeMO 3 HEPTUU MOKET UMETH TOJIBKO CTPOTO
OTpeJIeTICHHbIC 3HAUYEHHUS, T. €. MOIJIOIAETCS U3IyUYeHHE TOJIbKO OIpe-
JeJeHHOW 4YacToThl. lloriomieHne wu3nydeHusi, a CleAOBaTEIbHO, U
SHEPrUU MPOUCXOJUT B TOM Cilydyae, €Clid KBaHT U3Jy4YCHUSI COOTBET-
CTBYeT Pa3HOCTH MEXIy JBYMS DHEPreTUYECKHUMH YPOBHSIMU
00JTydyaeMoro BellecTBa.

B oprannueckoid XMMUU JJIsi UCCIEAOBAHUSI CTPOECHUSI MOJIEKYJI
yalie BCEro HCMOJB3YIOT CIEAYyIoUMe 00JIacTH, pa3iuyaroiuecs
SHEPruer KBaHTOB:

— HauOoJbIIasi HEPTUsi TPeOyeTCss sl BO30YKACHUS SIEKTPO-
HOB; 3Ta DHEPTHUS COOTBETCTBYET M3IYUCHHUIO B YJIbTPadUOIECTOBOU U
BUJIMMOM 00JIaCTH (3JIEKTPOHHAS CIIEKTPOCKOTIIHS );

— MEHBIIUE 3aTPAThl SHEPTUU HEOOXOJIUMBI ISl U3MEHEHHUS KOJe-
OaTeNbHBIX YPOBHEHN MOJICKYJIbI, CBSI3aHHBIX C U3MEHEHUEM JTUH CBSI3EH
Y YIJI0B B HH(paKpacHoOi 00actu (koiedaTenbHas ClieKTPOCKOIHS);

— €€ MEHbIIasi SHEeprus HeoOXoAuMa IS TEepPEeOpUEHTAUU
CIIMHOB SIJIepP, KOTOpasi MOXKET BBI3bIBATHCS KBAaHTAMHM PaguO4YacTOT-
HOT'O U3JTy4€HUs (CIIEKTPOCKOMNUS AIEPHOT0 MAarHUTHOTO PE30HAHCA).



AriIeKmpoOHHasi CeKmpOoCKOnus
(Y® u eudumasi obnacmu)

1.1. CneKkTpockonua B BUAUMOMN obrnactu

Jlabopamopuas paboma 1. Onpeodenenue xpoma
ougenunkapoazuoHvbIM Memooom

Oobopyoosanue u  peakmugvl:  (POTOPIEKTPOKOIOPUMETP
FOHUKO-2801 (K®K-2), pabouuii pactBop Ouxpomara Kajaus C
KoHIeHTpanueit 6,8x10” moms/n (0,02 Mr/mi); pacTBop HH(EHMI-
kap6aszuaa (0,002 r/mi1); KIOBEThI; MEPHBIM ITUIUHIP; MEPHBIC KOIOBI
Ha 50 mut; pacTBOp SM CepHOM KUCIIOTHI;, TUCTULIUPOBAHHAS BOJA.

[IpuHIMDT ompeAesieHuss OCHOBaH Ha TOM, YTO OMXpoMaT KaJius,
uMeroIuid HU3KuK KodduimeHnt ocmadiaenus (e=500), OKUCTIECT B
KHUCJION cpene audeHmnkapOa3u, mpeBpaiiasi €ro B JUa30KPaACUTEIIb C
ko3 dunreHToM ocaabienns okoxo 10,

Judennnkapbazu, sIBIASIONMNACSI peareHTOM Ha XpoM, TpeOyeTcs
OpaTh B H30BITKE I1I0 OTHOIICHUIO K OUXpOMAaTy, TMOCKOIbKY
HEOOX0IUMO, 4YTOOBI BO B3ATOM MpoOe Becb OuUXpomaTr MOpo-
B3aMMO/JICCTBOBA C peareHTOM. A30KpacuTelb UMeEeT (PUoJIeTOBO-
KPAaCHYIO0 OKPAacKy, €ro MaKCUMaJbHOE MOTJIONIEHHUE JIEKUT B 3€JICHOU
00JIaCTH CHEKTpa, YTO OMpeesIeT BHIOOP 3€JI€HOr0 CBETO(DMILTPA.

N H K,Cr,O N=N
- 27 —
0—< o)
N—N N=N
mudennnkapoazu OMC-a30KpaCUTEITh

Bvinoanenue pabomut

PactBop mudenunkapbasuga TOTOBIAT TIepel YMNOTpeOJeHHUEM,
pactBopss 0,1 T pearenra B 15 mi1 anieToHa B MepHO# kosibe Ha 50 mui,
U TOBOJSAT BOJOM JO METKH.



JIst mocTpoeHus: KATMOPOBOYHOW KPUBOW OTOUPAIOT U3 OIOPETKU
1, 2, 3, 4 u 5 ma pacTBopa OMxpoMara KaJusl C KOHIICHTpaIrueu
6,8%10” moms/n (0,02 Mr/mi) B KONGOUKH Ha 50 MJI, JOGABISIOT B
KKIYI0 110 2 MJI pacTBopa audenuikapoazuaa u no 2 mu SM cepHoi
KHUCJIOTHI.

PacTBOpBl paz0aBisfiOT AUCTWIIMPOBAHHON BOJOM, TOBOIST 10
METKH, TIIATEIBHO MNEPEMEIIUBAIOT U U3MEPSIOT abcopOumio. Pe3yiib-
TaTbl M3MEpeHus: abcopOlUMHM 3aHOCAT B TAaOMWIly, TAC YKa3bIBAIOT
PACCUUTAHHYIO KOHIEHTPAIMIO OMXpoMaTa Kajaus B KaXJI0W Mmpooe, a
3aTEM CTPOSIT KaJIuOpOBOUYHYIO KpuUBYIO. [lonydaroT aHanuzupyemyto
npoOy B MepHOM Koi0e Ha 50 mul, 100aBISAIOT, KaK MPEXKAE, CEPHYIO
KHUCJIOTY, PEAareHT, JOBOAST KOJOY BOJOW 1O METKHM U H3MEPSIOT
abcopOuuo pactBopa. KoHIEHTpaluio aHaIu3UpyeMou MpoObl
HaxoJAT MO KaJuOpOBOUYHOW KpUBOW. PacueTr KOHIIEHTpaIuu Mpou3-
BOJIAT 1O (popmyiJie:

CK = C6 V6 / VK’
rae C,, Cs — MOJIsIpHBIC KOHIIEHTpaluy (MOJIb/1) B K0JIOE U OIOpETKeE,
COOTBETCTBEHHO; V5— 00BEM pacTBOopa, OTOOPAHHOTO M3 OIOPETKHU;
V, — 00beM KOJIOEL.

Jlabopamopuas paboma 2. Onpeodenenue 2,4-ounumpoghenona
no oopazoeanuio e2o auu-gopmul

ObopynoBanue u peaktunbl: dotornekTpokonopumerp FOHUKO-
2801 (K®K-2), cranmapthsiii pactBop 2,4-nuHutpodeHonia (yaa) c
koH1eHTpanueit 0,1 mr/mi, 5%-i pacTBop eakoro HaTpa (X4).

Merton ocHOBaH Ha mepeBoje 2,4-nuHUTPOGEeHOAa TIPU ACHCTBUHU
niesioueit B auu-Gpopmy, UMEIOIIYI0 KEITYI0 OKPACKY:

O,N

2

HO NO, + NaOH

Nutepan pH mepexona 2,4-gunutpodeHona B anu-Gopmy co-
craBisier 2,64,6. Ilonoca mnornomienus anu-popmsl (A=407 HM)
oOyCJIOBJIEHa 3JICKTPOHHBIMU TMEpPEX0JaMu C TEPEHOCOM 3apsifa C
anekTpoHogoHopHoro  3amectutenss (-OH) Ha  anexkTpoHOak-
uentopubii (-NO,). B 1mienouHoit cpene moiasipusyroliee BIMSHUE
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AIEKTPOHOAOHOPHOIO 3aMECTUTENS YCUIIMBACTCS BCJIEIACTBUE €TO0
MOHU3AINY, YTO TPUBOAUT K YTIYOJICHUIO OKPACKU: COJIb alli-(DOPMBI
OKpalllcHa B UHTEHCUBHBIN JKEITHIM BET. B mepeHoce 3apsijia MOXKET
y4aCTBOBATh TOJBKO OJIHA HUTPOTPYIIA, BTOpPas HUTPOTPyMIa HE
OKa3bIBAECT CYILIECTBEHHOI'O BJIUSHUS HA IIBET COCAUHECHUS.

BcenenctBue Oonbliel cTaOUIBHOCTH napa-xuHouoHou (HOpMbl B
pacTBOpE MNPEUMMYIIECTBEHHO HAXOIUTCS COCIUHEHUE 3TOTO CTpOe-
HUs. NHTEHCUBHOCTh OKPACKHU JIOBOJBHO BBICOKAs, MOJIAPHBIA KO3(-
(UIIMEHT TOTJIOUIECHUS € = 1,2x10". Bonbloe 3HaUCHHE € 00ycJI0oB-
JMBAET JOCTATOYHO HU3KUU MpeJiesl 00HAPYKEHUS.

Peakuus mpoTekaeT BO BPEMEHHM M CYLIECTBEHHO 3aBUCHUT OT pH
cpenpl: ¢ yMeHblieHMeM pH pactBopa Hapsigy C alnu-HUTPOCOE-
JTUHEHUEM B Tapa-XUHOUIHOU OopMe MOTYT CYIIECTBOBATh €r0 OpmO-
xunouoHnas ¢popma, 2,4-muaurpodenon u apyrue. [loaTomy mpu mo-
BBIIICHUNA KOHLEHTPALMK ONPEACIIEMOr0 BEIIECTBA BO3MOXHBI
OTKJIOHEHHUsI OT 3akoHa byrepa — JlamOepTta — bepa. OTkinoHeHuUs OT
3aKOHa MOTYT OBITh CBSI3aHBI TaKXX€ C HEJOCTATOYHONW MOHO-
XPOMATUYHOCTBIO JIYYHCTOTO IOTOKA, YTO Yallle BCETO XAPAKTEPHO
JUJISL )KEIITBIX PACTBOPOB.

Bvinoanenue pabomut

IIpucomosnenue cmandapmuulx pacmeopos

BapuanT 1. ['0TOBAT AT CTaHAAPTHBIX pacTBOPOB. I 3TOTO B
MEpHBbIE KOJIOBI BMECTUMOCTBIO 50 MIJI mepeHocAT pabouuii pacTBOP
2,4-nuautpodenona, coaepxammid 0,25; 0,5; 1,0; 1,5 u 2,0 mr 3Toro
BellecTBa, A00aBsaoT no 20 mu 5%-ro pacTBopa €aKOro Harpa u
JTOBOJAT 00BEM pacTBOpPoB A0 50 M AUCTUIIIMPOBAHHOW BOIOM.
PacTBOop cCcpaBHEHHS COIEPKUT NPEIYCMOTPEHHBIE METOAUKOU
KOJMYECTBA  BCEX  KOMIIOHEHTOB, 3a  HCKJIIOUYeHueM  2.,4-
TUHUTpO(EHOMA.

Bapuanr 2. [0TOBAT NATH CTAaHIAPTHBIX PACTBOPOB 2.4-1H-
HutpodeHona ¢ koHueHrpamuenn 0,1 wmonw/n, 0,05 wmoub/m,
0,025 mounsw/n, 0,0125 monw/a, 0,00625 mMoiw/i.

Bvibop  ceemogurvmpa.  PactBOp, wmMeronmmui  Hambolee
WHTCHCUBHYIO OKpacKy, (POTOMETPUPYIOT OTHOCUTEIIBHO pacTBOpa
CpaBHEHHSI CO BCeMHU CBeToQUIbTpaMu  moouepenHo. Jus
JNajgbHEWIen padoThl BBIOUPAIOT CBETOMHWIBTP, COOTBETCTBYIOIIUMA



HauOOJbIIEMY TMOTJIOMIEHUIO HCCIEAyeMOro pactBopa. Mi3mepeHnus
MPOBOJISIT B KIOBETAX C TOJIIMHOW MOTJIOMIAOIIETO ¢JIos 20 MM.

Ilocmpoenue epadyuposanno2o epaghuxa

C BbIOpaHHBIM CBETOPUILTPOM (POTOMETPUPYIOT BCE PACTBOPHI
OTHOCUTEJBLHO pacTBopa cpaBHEHMs. J[JIsI Ka)KI0ro pacTBOpa M3Mepe-
HUE TMOBTOPSIIOT Tpu paza. [lo cpegHUM BeIMYMHAM MOTJIONICHUS
CTPOSIT TPagyupOBOYHBIN TpaduKk B KOOpPJIAMHATAX «IIOTJIOUIEHHUE —
cojepxxanue 2,4-TUHUTPO¢EHOIa B PACTBOPEY.

Onpeodenenue 2,4-ounumpoghenona 6 pacmeope

K ananuszupyemomy pactBopy, coaepxamemMy 2,4-TuHUTpode-
HoM, nmobOaBisaoT 20 mu 5%-ro pacTBOpa €AKOro HaTpa W JOBOJAT
o0beM pactBopa 10 S0 MJI AUCTUIIMPOBAHHOUN BoAoM. [IpurorosieH-
HBII pacTBOp (POTOMETPUPYIOT OTHOCUTEIBLHO PACTBOPA CPABHEHUS C
BBIOpaHHBIM CcBeTOPuiIbTpoM. M3MepeHus: moBTopsitoT Tpu pasza. Ilo
CpeAHEMY 3HAUYEHUIO TMOTJIOMICHUS, TMOJb3YSCh TIPaTyUPOBOUYHBIM
rpauKoM, HaxXoJsT cojepxanne 2,4-TuHATpo(EeHOIa B aHAIU3UPYE-
MOM PacTBOPE.

Jlabopamopuas paboma 3. Onpedenenue KoHueHmpauuu
nepmanzanama kanusa (npozpamma L-Micro)

Oobopyoosanue u peakmugvl: KOMIIBIOTED C HU3MEPUTEIbHBIM
OJIOKOM; JIMHEWKa CBETOJMOAOB; MaTYUK abcopOuuu (ONTUYECKOM
IJIOTHOCTH); KIOBEThI; MEPHBIM MUIMHAP, MepHble Ko0a0b1; 0,01M
pacTBOp NMEepMaHraHara Kajaus, JUCTUIJIMPOBaHHAs BOJIa.

Oceoenue ceemoouoOHOU TUHEUKU

CBeToMoHas JIMHEMKA MpeIHa3HaueHa I BU3YaJbHOU OIICHKU
CIIEKTPOB TIOTJIOIIECHUS PACTBOPOB M CIYXHUT IS IMOJ00pa OITH-
MaJbHOTO JaTyuka abcopOimu. CoCcTOUT U3 KopIlyca ¢ MAThIO CBETO-
nrojamu. [l mogbopa ONTUMAIBHOIO JAaT4YMKa aOCOpPOIUM CeayeT
HAWTH JUIMHY BOJIHBI, KOTOPasi MAKCHUMAJIbHO TIOTJIONIACTCS HCCIIeIye-
MBIM PacTBOpPOM (CaMbIM KOHIIEHTPUPOBAaHHBIM). I 3TOro wucce-
JyeMBI pacTBOp HAJMBAIOT B KIOBeTy. KiOBEeTy CTaBsT Imepej CBETO-
JUOJHOW JIMHEUKOM, JIMHEUKY MOJKIIOYAIOT K YIIPABJISAIOMIEMY pPa3be-
My (pazbeMy Ne3 Ha KOMIBIOTEPHOM HM3MEPUTEIHLHOM OJIOKE).
CMOTpST uepe3 KIOBETY C PaCTBOPOM Ha CBETOJMOJIBI M HA TJIa3 Ompe-
JIEJSII0T, MHTEHCUBHOCTh CBETA KAaKOTO JUOJAa YMEHBINACTCS CUIIbHEE



Bcero. /[ cpaBHEHHMS MOXKHO HOJHATH JIMHEHKY W IIOCMOTPETh Ha
TUOIBI 0€3 KIOBETEL.

Pabooma na oamuuke aocopoyuu

JlaTuuk mpeHa3HavYeH NIt U3MEpPeHusi a0COpOLUKU PacTBOPOB MpHU
OIpEIENICHHON JJIMHE BOJIHBL. B KOMITJIEKT BXOAST AaT4UKUA abcopOuu
npu 400 uM (uonetoBslit), 475 HM (cunMil), 525 HM (3eneHbid) U 595
HM (KenThii). JlaTuMK MPUCOEAUHSIOT K KIOBETE, K KOTOpPOMl oOpalieH
HUCTOYHUK CBETa, M3IYYECHHE OT HEro IMPOXOAUT Yepe3 KIOBETy H
NoMNaJaeT Ha YYyBCTBUTEIbHBIM 31eMeHT. HampsokeHue Ha 4yBCTBU-
TEIHHOM 3JIEMEHTE MPSIMO 3aBUCUT OT MHTEHCHUBHOCTH TOMABIIET0 Ha
Hero cBeta. [[s MCrosnb30BaHUs JaTYMKA €ro HYXKHO TMOAKIIOYUTH K
U3MEpPUTETLHOMY OJIOKY B COOTBETCTBUU C MPOrPAMMHBIM CIIEHAPHUEM.
JI7ist mpocTOro M3MepeHust abCOpOIMU AATUMK MOAKIIOYAIOT K IEPBOMY
pazbeMy U3MEPUTETHLHOTO 0JIOKA U 3aITyCKa0T MPOTPaMMHBIN ClIEHApUi
B mnporpamme «L-Microy»: «Jlatuuku», «AOcopOuus (onrtuyeckas
IIJIOTHOCTD )».

Ilposedenue kanuodposKku u HacmpoiKka 0amuuKka

['oToBEMM pacTBOpPHI NEpMAaHTraHaTa Kaiaus MOCIENOBATEIbHBIM
pazbapienuem ctanaaptHoro 0,01M pactBopa KMnO4. B 5Ba pasa
(0,005 momnp/m), B uverwipe paza (0,0025 monw/n), B 10 pa3 (0,001
MOJb/T), B aBaamath pa3 (0,0005 moinbw/m), B copok pas (0,00025
MOJIB/JT). Jl7si mpoBeneHusT KaJMOpOBKH OepeM JUCTHIIMPOBAHHYIO
BOJZly WJIM PAaCTBOP CAMOM MaJIOM KOHUEHTPALMH, HAJIMBAEM PACTBOP B
kioBeTy. HakpbiBaeM KIOBETY C pacTBOpPOM 4YEpHOW Oymarodt wiu
YEpHBIM MENIKOM, T.K. MpU pabOTe JaTyuKka Ha HEro HE JOJIKHBI
MONaJaTh NPSIMBbIE COJTHEYHBIC JIYUH, a TAK)KE NPSIMOM CBET SPKUX JIaMII
HakanuBaHus. KianeM cBepHYTyr0 OyMaxKy MEXIy CBETO(DUILTPOM U
kroBeTor. Brirowaem pexxum «Hactpoiika obopynoBanus». [IpoBogum
m3mepenus, Haxumas «/JAJIEE» 2 paza. 3areM npoBoauMm JBa
u3MepeHust 6€3 OyMakKKu MEXTy CBETO(DWILTPOM U KIOBETOM, HaXKUMast
«IAJIEE» 2 pa3a. Ha skpaHe TOJDKEH MOSABUTBHCS «HYJIb». Haxxnmaem
pexum «BbIXO/l». KamubpoBka npoBeiaeHa. MOKHO TPHUCTYNaTh K
V3MEPEHUSM.

Buvinonnenue pavomot

N3Mmepenuss mpoBOAST Ha JAaTuvke adcopOuuu. OmnpeneneHue
HAYMHAIOT C PacTBOpa CaMOM Majol KOHIICHTPAIIMH U MPOBOIAT Oe3
OyMaru MexJ1y CBeTO(QUIBTPOM U KIOBETOM.
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1. Bxoaum B nporpammy «L-Microy.

2. Haxumaem kHomku: «IIYCK. BBIBOP. BBOJI KOHIIEH-
TPALIMIN».

3. U3mepsieM aOcopOIKMi0 BTOPOTO PacTBOpa, KOHIIEHTPAIIMs
kotoporo Oonbiie. Haxumaem kHomnky «BbIBOP» Amnanoruuyno
u3MepsieM abCOpOILMI0 BCEX MPUTOTOBJIEHHBIX PACTBOPOB, BKIIOYAs
pacTBOp C HEW3BECTHOM KOHIEHTpAIMECH. 3amnuchblBaeM 3HAYCHUS
abcopOruu.

4.B nporpamme «L-Micro» Haxumaem kHomku «CTOIL
APXUB». CoxpansieM paiin B «MOU TOKYMEHTDBI».

5. Ilepexoqum B mnporpammy «Exel». Komupyem wu3 «Mowux
TOKYMEHTOB» B nporpammy «Exel». BoigensieBce nojiyueHHbIE 3HaUe-
HUS U1l TIOJyYEHUsI KaniuOpoBo4yHOro rpaduka. HaxxnuMaem KHOIKH
«Mactep auarpammy», «I'paduk», «Toueunas», «['otoBo». Ha sxpane
MOSIBJISIETCA KaTMOPOBOYHBIA Tpauk 3aBUCUMOCTH aOCOpOUUU OT
KoHIleHTpauuu. [loacraBisieM B HEro 3HaueHWe Ay JJiS pacTBOpa C
HEU3BECTHOM KOHIIEHTpaluu u onpeaensieMm C, u3 GopMyIibL:

A,=aCi+ Db,
rae A, — abcopOuMs HEM3BECTHOTO PacTBOPA,

a, b — K03 PUIMEHTHI, TOTYUYECHHBIE U3 KaTUOPOBOYHOTO Irpaduka.

Audpepenuuanbuas goromerpus

Meton cpaBHEHUS HMHTEHCUBHOCTEW CBETOBBIX MOTOKOB YacCTO
Ha3bIBAIOT JBYCTOPOHHEN nuddepeHunanbHon poToMeTpureH.

A

Puc. 1. I'panyupoBounas kpuas Metona AuddepeHunaibHon (GoToMeTpun

['panynpoBouHas 3aBUCUMOCTH (puc. 1) mepecekaeT och adCIuce
B TOYKE, COOTBETCTBYIOIIEH KOHIICHTpAIlMHW STAJIOHHOTO pacTBOpPa
cpaBHeHHMS. AOCOpPOIMH CBSI3aHbl COOTHOIIICHUEM:
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Aucm.= Aomn. — Ao,

rie  Aucm.— abcopOIUs aHAIM3UPYEMOIo pacTBopa; AomH.—
a0bcopOIMs aHATM3UPYEMOTO PaCTBOPA MO OTHOIICHUIO K 3TAJIOHHOMY
pacTBOpY cpaBHEHHUA (MOKa3aHUs IIKaiabl pudopa); Ao — adbcopOIus
pacTBopa cpaBHeHUs; C — KOHIIEHTpAIUS aHAJTU3UPYEMOT0 BEIIEeCTBA;
Co — KOHIICHTpaIMs aHAJIU3UPYEeMOI'O BEIIECTBA B ATAJIOHHOM
pacTBOpe CpaBHEHMUSI.

Jlabopamopnas paboma 4. /lugpghepenyuanvno-gpomomempuueckoe
onpeoenenue jxcene3a 6 6u0e KOMNIEKCA ¢ MUOWUOHAMOM

Oobopyoosanue u peaxmuewt:. hotodnnekrpoxonopumerp KOHNUKO-
2801 (K®K-2); oroperku Ha 50 cM’ — 2 INT.; OUneTKa Ha | Mit; KoJob!
MepHble Ha 50 cM — 8 W CTaHAapTHBIA pacTBop xene3a (1) —
0,1 mr/min; ponanun ammonus wiu kamust — 10% pacTBop; asoTHas
kuciaoTa (cootHomenue HNO; : H,O=1:1).

HNonwr xene3za (III) ¢ wnonamu SCN™ 00pa3yroT KOMILIEKC
kpacHoro 1Bera. HMonwl »xeneza (II) momoOHOro KoMIuiekca He
00pa3yroT, MOATOMY JIJISI OJTHOTO OKuclieHus xenesa (II) mobapnsroT
a30THYI0 kucioTy. OKpacka KOMIIJIEKCa MaJIOyCTOHYMBA, U3-3a ATOTO
pacTBOp poOJlaHKHAa aMMOHHSI JOOABJAIOT HEMOCPEACTBEHHO TNEpe/
u3MepeHueM abcopoIuu.

Bvinoanenue pabomut

B pabore HE0oOXoauM BBIOOp ONTUMAIBHOTO 3HA4YeHUs A,
n3ydeHue  auddepeHunanbHO-POTOMETPUYECKOTO  MeTojJa U
KOJIMYECTBEHHBIN aHAJIN3 jKelie3a B Mpooe.

Buvibop ceemogunempa. JIjist 3T0r0 U3MeEps0T adCOpOIMI0 pac-
TBOpa jKeje3a MpU Pa3IMyHbIX JJIMHAX BOJH (CBeTOPMIbTpHI OT 315
no 540 wum). Jna paboTsl BhIOMpaeTcs Ta JJIMHA  BOJIHBI
(cBeTOUIBTP), IPU KOTOPOUH abcopOIIHs HAaUOOJIbIIasl.

Onpeoenenue ocene3a. B mepHble KoaObl eMmkocThio 50 cm
BHOCSAT pacTtBop xkene3a (0,5; 1,0; 1,5; 2,0; 3,0; 4,0 u 5,0 miu). 3atem
N00aBIAIOT B HUX MO | M a30THOM KuCHIOTHI (paz0asienue 1:1) u—
HEMOCPEACTBEHHO Mepes n3mepenueM abcopoiuu — mo 5 mut 10%-ro
pacTBopa poAaHUIa aMMOHMS, IOCJE YEro JOBOJSAT PACTBOPHI 10
METKHU JUCTUILUIMPOBAHHOM BOJIOM.
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N3MmepsaroT abCcopOIMI0 MPUTOTOBICHHBIX 3TATOHHBIX PACTBOPOB
npu BbIOpaHHOM cBeTOGUIBbTpe. B KadecTBe pacTBOopa CpaBHEHUS
UCIIOJB3YIOT PAacTBOpP, COJIEpKAIMM 2 MJI CTaHJIApPTHOTO PacTBOpPa
xKene3a. AOcopOuuro mnepBbix Tpex pactBopoB (0,5; 1,0; 1,5 mu
CTaHJIAPTHOT'O pacTBOpa Fe’ ") m3mMepsrOT TakuM o6pazom. CBETOPO-
MyCKaHUE 3TUX PacTBOPOB cUUTAIOT paBHBIM 100% (BBIBOAST CTPEIIKY
npubopa Ha «0»), a MokazaHus, COOTBETCTBYIOIIIUE ITAJIOHHOMY pac-
TBOPY (2 MJI CTAaHJIAPTHOTO), 3aMUCHIBAIOT CO 3HAKOM «—». B KauecTBe
pacTBOpa CpaBHEHUS JJIA MOCJIEAHUX TPEX ITAJTOHHBIX PacTBOPOB (3,
4 u 5 M pactBopa Fe'' u 3a7]a4i) MCIIOJB3YETCsl PacTBOpP, COJEp-
YKaIlWi 2 MJI CTAaHJIApTHOTO pacTBOpa xene3a. [1o 3TuM TaHHBIM CTpo-
AT TPaJlyMpOBOYHBIN rpaduK U ONPEACIISIIOT MacCy JKelie3a B 3a/1aue;
00'bEM CTaHIAPTHOTO PACTBOPA, MIT, KOHIEeHTparmio Fe ', Mr/miL.

Jlabopamopnas paboma 5. Onpedenenue meou
8 8UOEe AMMUAKAMA MEMOOOM OUppepeHyuanvHoil hpomomempuu

Oobopyoosanue u peaxkmuewt: porornexrpokoaopumerp KOHUKO-
2801 (K®K-2), pabounit pactBop comu meaun CuSO4x SH,O (x4) ¢
cojaepxkanueM Menu 1 mr/mit; 5%-i pacTBOp aMMHUaKa; KIOBEThI, MEp-
HBII TUJIWH]P; MEPHBIE KOJIOBI Ha S0 MJT; TUCTUIIMPOBAHHAS BOJA.

Y CcTOMYUBOCTh 00pa3yIOMMUXCsl KOMILJIEKCOB pa3inyaeTcs Majo,
MOATOMY B pacTBOpe OYyJIET HAXOJUTHCA CMECh PA3JIUYHBIX aMMHUaKa-
TOB Meau. VX KOJMYECTBEHHOE COOTHOIICHHUE 3aBUCHUT OT KOHIICH-
TpalluM aMMHaka B pacTBope. JlJisi aHaTUTUUECKUX IieJied HeoOXo-
JUMO BBIOpaTh TaKyl0 KOHIEHTpPALMI0 aMMHaka, MpU KOTOpPOH B
pacTtBope OyJaeT npeodiaaaTh OJIMH U3 KOMILJIEKCOB.

Bvinoanenue pabomut

['OTOBAT CTaHIAPTHBIA PACTBOP COJHU MEIHM C THTPOM, PaBHBIM
T=0,003998 r/mxa (HaBecky 3,998 r CuSO4x5H,0 (x4) pacTBOPSIOT B
1 1 TUCTUITUPOBAHHOM BOBI).

IIpuecomoenenue cmanoapmusix pacmeopos

['OTOBAT MIECTh CTAaHAAPTHBIX PACTBOPOB. [ 3TOro B MepHBIC
KOJIOBI BMECTUMOCTBIO 50 MJI IEpEeHOCSAT pabouuii pacTBOP COJIM MEJIH
cnenayrommx oowsemoB: 3; 5,0; 10; 15, 20 u 25 mu; mo0aBisiOT B
Kakayo koiaoy 10 mi 5%-ro pactBopa aMmuaka (M3 KOHIICHTPHU-
POBaHHOI'O pacTBOpa TUIAPOKCHJA aMMOHHS 1:3) M J10BOJAT OOBEMBI
pacTBOpa BO Bcex KkojOoax 0 50 M AUCTHILIMPOBAHHOW BOJIOH.
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Bri6upatoT cBeTOQUIBTP, COOTBETCTBYIOIINI HAUOOIbIIIEMY 3HAYECHHUIO
MOTJIOUICHUS KCCIIEYEMOTO paTBOpa.

Ilocmpoenue cpadyuposannozo zpaguxa u onpeoenenue
CO0EPIHCAHU MeOU 8 pacmeope

C BbIOpaHHBIM CBETOPUIBTPOM MMOOYEPETHO (HOTOMETPUPYIOT
CTaHJApTHBIC PACTBOPHI OTHOCUTEIHLHO PACTBOPA CPAaBHEHUHI.

[Tonp3ysick TpagyrpOBOYHBIM TpaPUKOM, HAXOASAT COJEpIKAHUE
MEIN B aHAJIM3UPYEMOM PACTBOPE M KOHIIEHTPAIMIO OIMPEAeIIeMOro
pacTBopa.

1.2. YnbTpacmonetroBasa cnekrpockonus

Jlabopamopnas paboma 6. Onpedenenue KOHUEeHmMpayuu
AMUHOKUCTIOM CREeKMPOphomomempuuecKkum memooom

Oobopyoosanue, peaxkmuevl: CIEKTPOHOTOMETP; KBapPIICBbIC
KIOBETHI (2 IIT.); BOOHBIA pacTBOp Tupo3uHa, C=2,92 10 moub/1;
BOZHBIH pacTBop Tpunrodana, C =6,07 10™ Moms/m.

Buvinonnenue paoomul

KroBeTy 3amoHs0T pacTBOPOM aMHUHOKHUCIIOTHI (B KIOBETY CpaB-
HEHHSI HAJIUTh JUCTHIUIMPOBAHHYIO BOJY). 3alUCBIBAIOT CHEKTP IO-
IJIOIMICHUST aMUHOKHUCIOTHI B oOnact 200-350 HM U ompenensiorT
pacroyio’)keHrne MakcuMyMa morjoiieHus. Pa30aBisis ucXoaHbIN pac-
TBOP aMUHOKHUCJIOTBI COOTBETCTBEHHO B 2, 4, 6, 8 u 10 pa3, usmepsior
a0COpOILIMIO TOIYUYEHHBIX PACTBOPOB IMPU MAKCUMYME MOTJIOIICHUS.
CTposAT KpHBYIO 3aBHCUMOCTH aOCOpOIHMH pPacTBOpPOB (MpU Mak-
CUMYyM€ MOTJIOLIEHHS) OT KOHIEHTpauuu. [loaydaror aHanmu3upyemyto
npo0y aMHUHOKHCIOTHI M HU3MEPAIT a0COpOLMI0 TPU MAKCUMYyMeE
noryomieHusi. KoHueHTpanuio aHaIM3upyeMol MmpoObl HaXOIAT IO
KanOpoBouHOU KpuBoid. [IpoBepsitoT, coOmoaaeTcs Jin 3akoH bepa.

Bonpocel k omuemy no meme «1eKmpoHHAA CNEKMPOCKONUA
(YD u euouman oonacmu))

1. Cnektp 3eKTpOMarHuTHeIX Koiedanui. [Ilpumenenue paznuy-
HBIX 00JlacTel CIEKTpa B XUMHUHU U OMOJIOTHH. J[JIMHA BOJIHBI, YaCTOTa
Y BOJIHOBOE YHCIIO, CBA3b UX APYr C APYroM. ENWHHUIEI U3MEpEeHUs
JTUX BEJIUYUH.
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2. 3akoH norjolieHus ceeta. CeTonponyckanue, abcopOIus Be-
mectBa. BeiBoa 3akoHa bepa. OTkiioHEHUs OT 3aKoHa bepa.

3. OnpeneneHrue KOHILEHTPAIUM PACTBOPEHHOTO BEIIECTBA II0
BEJIMUUHE «A» (METOJ KaJIMOPOBOYHBIX KPUBBIX). 3aBUCUMOCTbH UyB-
CTBUTEJIIBHOCTH MeToJa OT Koddduimenta ociaabiaeHuss pacTBo-
PEeHHOTO BelecTBa. MeToj1 peareHTa (100aBOK).

4. TTpaBusio BeIOOpa CBETOPUILTPA U JJIUHBI KIOBETHI.

5. Cnextpsl norjoienus. OnpeaeneHue KodppuurenTa 3KCTUH-
1y (ociaabseHusl) Mo CIEKTPaM MOTJIOMIECHHUS.

6. MexaHu3M TIOIJIONIEHUS BHUAUMBIX W YJIbTPa(pUOJIECTOBBIX
JTyYEN.

7. Konmn4uecTBEHHBIA M KAYECTBEHHBIN aHAIN3 110 Y O-CrieKTpam.

8. UCTOUYHHMKHA, MOHOXPOMATOPbI, MPUEMHUKHA HM3JIyYEHHUs, MaTe-
puaj ONTHUKHU B BUAUMOU U yIbTpaduosIeToBOM 00J1aCTH.

1.3. UHbpakpacHasn (konebaTenbHasi) CneKTpocKonus

Jlabopamopuas paboma 7. Onpedenenue cmpoenus
apomamuyecKux cO0eOUHeHUl o UHPPAKPACHBIM CnEeKmpam

Ilenvy padomet — 3HAKOMCTBO C YCTPOMCTBOM HH(PpPaKpacHOTO
cnekrpodoromerpa «Spectrum 65» U METOAUKON 3alicu UH(PpaKpac-
HBIX CIEKTPOB; pacminppoBKa HHPPAKPACHBIX CIEKTPOB COCAMHEHUH,
3aMMCaHHBIX Ha crekTpodoroMerpe «Spectrum 65» WM BBIIAHHBIX
IIPENOIABATEIEM.

Bvinoanenue padbomut

Oo6paszupr st MK-cnekTpockonmuu M3roTaBIMBAaIOT B BHJIC
CYCIIEH3UHM B Ba3€JIMHOBOM MAaclieé WJIM PACTBOPOB B PAaCTBOPUTEIIAX,
npo3paubix s MK-nydeii. Cnenyer y9uThIBaTh IPH U3TOTOBJICHUU
00pa3IoB BHICOKYIO TUTPOCKOMTUMYHOCTH COJIEBOM onTuku. Bece pacTBo-
PUTENH TOJHKHBI OBITH THIATEIHHO BBICYIIICHBI.

PacmindpoBky criekTpa MOKHO HaYMHATH TOJBKO IMOCIE TOAPOO-
HOTO O3HAKOMJICHHUS C MIPUHIIUIIAMHU UH(PAKPACHOW CIIEKTPOCKOMUH U
pPEKOMEHIAIMAMU, TTPUBEICHHBIMUA B JuTepaType. OTHECEHUE MO0JIOC
MOTJIONIEHUSI CJIEyeT MPOBOJIUTH COTJIACHO HMEIOIIMMCS JIUTEpa-
TYpHBIM JaHHBIM (TaOJIMIIBI XapaKTEPUCTHUECKUX YacTOT). BHauane
HE0O0X0aUMO 00paTuTh BHUMaHWE Ha oOmmil Buj crnektpa. OOpa-
masch K KOPPEJSIITUOHHBIM JuarpaMmMamM, a 3aTeM K TaOiuiam
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XapaKTEPUCTUUECKUX BOJIHOBBIX 4YHCEJ, HAWTU 00JIaCTH, Xapak-
TEPU3YIOIIUE 3aMelleHre B OCH30JIbHOM KOJIBIIE; TOJOCHI, COOTBET-
CTBYIOIIME KOJICOAHUSAM CaMoro siipa U Jpyrux (yHKIHOHAJIBHBIX
rpynm. Creayer yd4ecTb BO3MOXXHOCTM MHOTO3HAYHBIX PEIICHUN
HEKOTOPBIX 33/1a4 U 000CHOBATh MPABWIHHBIN BHIOOP CTPYKTYPHI.

Bonpocwt Kk omuemy no meme «Hngppaxpacnasa cnekmpockonusny

1. CpaBHHATE MEXaHU3MBI MOTJIOUIEHUS BUIUMBIX, YIbTpauo-
JETOBBIX U MH(ppakpacHbIX Jyueil. JlaliTe 000CHOBaHME BO3MOXKHOCTH
OIpEJIETICHUS CTPOEHUS BEIIECTBA MO UH(PAKPACHBIM CIEKTPAM.

2. BanenTHele u nepopMalMOHHbBIE KOJIEOaHHUSI aTOMOB B MOJIEKY-
nax. IlposiBieHue pas3iIMyHBIX BHUJIOB KOJeOaHUN B WH(paKpacHBIX
CHEKTpaXx.

3. KonebareabHblE CIEKTPHI.

4. PacumdpoBka HHPPAKPACHBIX CIIEKTPOB MO KOPPEISITUOHHBIM
auarpamMmam U Ta0iauuaM XapakTepUCTUYECKUX YacToT.

5. KonnuectBennbin ananus no MK-crnekrpam.

6. CnocoOsbI BBenienus Bemectsa B UK-cnekrpomertp.

7. ICTOYHUKHN, MOHOXpOMAToOpbl M MPUEMHUKU H3JIYYCHHS B
uH(PpakpacHOU 00JaCTH.

8. OCOOEHHOCTH COJIEBOM ONTHUKHU.

1.4. PoTomMeTpus nnameHn (nnNamMeHHass 3MUCCUOHHas
CMeKTpOoCcKonus)

[losiBeHne cHeIUaTN3UPOBAHHBIX TIJIAMEHHBIX 3MHUCCHOHHBIX
CHEKTPOMETPOB MPUBEJIO K HEKOTOpPOMY 000co0JieHHI0 MeTona ¢o-
TOMETPHUH MJIAMEHU U MPUAAHUIO €My U3BECTHOM CaMOCTOSATEIbHOCTH,
XO0Ts, KOHEYHO, ()OTOMETpHUS IJIAMEHU OCTajach OJHUM U3 METOJOB
YMUCCHUOHHOTO CIIEKTPAIbHOTO aHAIU3A.

Kak u mro6oit apyroit mpuOop SMHUCCHOHHOW CHEKTPOCKOIHH,
dotomeTp st GOTOMETPUU TUIAMEHH UMEET MCTOUYHUK BO30YKICHUS
(TutamMeHHasi Topesika), NUCHEPrUPYOUIUd 3JeMEHT (OOBIYHO CBETO-
buILTp) ¥ MPUEMHUK CBETa — 0OBIYHO QoTodIeMeHT. B cnekrpodoTo-
METpax Ui IJIaMEHU BMECTO CBETOQUIBTPOB MPUMEHSIOT MPU3MBI U
IuGpaKMOHHBIE PEHIeTKU. AHAJIU3UPYEMbIl pacTBOp B IUIaMsi
rOpeJKU BBOJUTCS B BUJIE a3po3oJis. [Ipu 3ToM pacTBOpUTens ucnapsi-
€TCsl, @ COJIU METAJNIOB JTUCCOIMUPYIOT Ha aTOMBbI, KOTOPBIE MPHU OIpe-
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JIEJICHHOW TeMImepaType Bo30yxaaroTcsa. Bo30ykaeHHbIE aTOMBI, Te-
pexois B HOpMaJIbHOE COCTOSHHUE, M3IyYaroT CBET XapaKTEepHOM Yac-
TOTBI, KOTOPBIA BBIJICIISIETCS C IOMOIIBIO CBETOMUIBTPOB, U €TI0
UHTEHCUBHOCTh U3MeEpAETCS (DOTORTIEMEHTOM.

KonuuecTBeHHBIE OMpeeeHUs] MPOBOASIT METOJOM T'pagyupo-
BOYHOTo rpaduka. Metoapl GOTOMETPUH TJIAMEHH XapaKTEepU3yIOTCS
HU3KUM TipenesioM ooHapyxeHus (1o 0,001 Mxr/mi s 1meI0oYHBIX
MetaimioB U 0,1 MKr gns apyrux) npu norpemHoctd 1-3%. Otum
MeToioM MOryT ObITh onpenenieHsl Li, Na, K, Rb, Cs, Sr, Ba, Ca, In,
Ag u apyrue sneMeHTbl. OJJHUM M3 JOCTOMHCTB MeToAa (DOTOMETPUH
TIJIAMEHHM SIBJISIETCS TaKXKE BBICOKAS IPOU3BOIUTEIHHOCTb.

CrekTpsl, MojiydaeMble B IUIAMEHH, 00JIe€ TTPOCThI, YEM JTYTOBbHIC
WJIM MCKPOBBIC, TaK KaK TeMIlepaTypa IJIAMEHHU HHMKE, YEM B DJICKTPHU-
YECKUX UCTOYHUKAX BO3OYXKJICHUS. DTO 00JieryaeT aHaau3, HO Cy>KaeT
BO3MOKHOCTH METOJa B OTHOIIEHUM YHCJIa OIpeaessieMbIX
AJIEMEHTOB.

Jlabopamopnas paboma 8. Onpeodenenue uie104HbIX
U We/104HO3eMEeTbHbIX MEMAnoe
MEmMOO0OM NIAMEHHOU homomempuu

Ha puc. 2 npencraBieHa NpUHLIMUNHUATIBLHAS CXeMa TJIaMEHHOTO
dboromerpa. Boznyx npu naBinenun 0,8 aTM MOCTymaeT B pacHbLIM-
Tenb (8), KOTOpPBIM 3acachlBa€T pacTBOp H3 crakaHuuka (9) wu
pacnbuisieT ero B kamepe (7). KpyrnHbie kaneiabku pacTBOpa, OCEBIITUE
Ha CTEHKaX, CTEeKarT yepe3 BojsiHoM 3atBOp (10) B cocyn. BoasHou
3aTBOP HEOOXOJUM JJIA TOTO, YTOOBI MPEJOTBPATUTH YTEUKY BO3AyXa
U Ta3a yepe3 paclbUIMTEILHYIO KaMepy.

Bo3nyx, oOorameHHbld MEIKUMHU KalellbkaMu pacTBopa —
a’po30Jisi, COJIEPIKAIETO aHaJU3UpyeMoe BEIeCTBO, MOoMajgacT B
cMecuTtenb (6) U cMeImMBaeTcsl C MOTOKOM rasa. M3 cMmecutens cMmech
raza, BO3[yXa W HCCIEIyeMOoro BemiectBa mnonaaercs B mams (1),
daken KoToporo pacmosiokeH mnepes cBetopusbtpoMm (2). CBerto-
bunbTp npornyckaer Ha GOTOIIEMEHT TOJBKO JIyUd, PACTIOJIOKEHHbBIC
B Y3KOM YYacTKE CHEKTpa, B KOTOPOM HAXOJMUTCS XapaKTepHas IJis
JAHHOTO BJIEMEHTa YacToTa W3Jy4YEHUS W COOTBETCTBYIOIIAS €M
cnekTpanbHas nunus. Juadparmoir (3) B ciiydyae HEOOXOAUMOCTHU
MO>XHO OTPAaHUYUTh WHTEHCUBHOCTH CBETOBOTO MOTOKA U MOA00paTh
TaKUM 00pa3oM HEOOXOJUMYI0 YYyBCTBUTEIBLHOCTH mpuoopa. CBeTo-
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BOM MOTOK majgaeT Ha ¢dorodaeMeHT (4), a ToK (OTOIIEMEHTA
OTKJIOHSIET CTpeiKy raibBaHoMeTrpa (5). Uem Oosbine BemecTBa
BHECEHO B IJIaMsl, TEM MHTCHCUBHEE CIIEKTP UCITYCKaHUS, TEM OOJIbIIe
OTKJIOHEHUE CTPEJIKUA rajlbBaHOMETPA.
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Puc. 2. IlpuanunmansHas cxeMa miaMmeHHOro oToMeTpa

1 — mnams, 2 — cBetodunbTp, 3 — nuadparma, 4 — GoTOIIEMEHT,
5 — raibBaHOMETp, 6 — CMECUTENb, 7 — pacHbUIUTENIbHAS KaMepa,
8 — pacnbUIUTEIb, 9 — CTAKAHYHK C UCCIIEAYEMbIM BELIECTBOM,
10 — BoasiHOM 3aTBOpP

[Ipubop umeer Tpu (QoTOMETpUUYECKUE TOJIOBKH C (oTode-
MEHTaMH U CBETO(UIbTPAMHU, MIPUCIIOCOOICHHBIMU JIJIsI ONIPEACIICHUS
K', Na', Ca®". OxHOBpeMeHHOE HPICYTCTBHE BCEX TPEX WIH JPYTHX
MOCTOPOHHUX HMOHOB HE MEIIAET OMPEJCICHUIO0 KaXKJIOro, TaK Kak
xapakTtepuctiaeckue muann K, Na', Ca®" gocraro4no yIAJIEHbI IpYT
oT Apyra (TadJ1. 2) U XOpOoIIo pa3AeisSOTCsS CBETO(OMIbTPAMM.

Tab6mauma 2

Xapaxmepucmuuecxue JUHUU U mun qbomoamemenma

Onpedensiemoiii uon | Maxcumym ceemonponyckanusi | Tun gpomosnemenma
ceemodurbmpa, Hm

Na' 589 CeJieHOBBIN
K* 768 CepHuCTO-CepeOpsHbIT
Ca*" 620 CeJieHOBBIN
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Buvinoanenue paoomol

Jlmd kaxaoro MOHa TOTOBAT CMECH U3 4—6 CTaHHApPTHBIX pac-
TBOpOB. Ucxoaubie pactBopsl ¢ coaepxkanuem C(KCl1)=0,013 mounb/i;
C(NaCl)= 0,022 mons/n, C(CaCl,)=0,125 Monb/n oTOHUparT B HEOO-
XOJIUMBIX KOJUYECTBAaX U3 OIOPETKH B MEpHbIE KOJOOUKU Ha 50 M U
JIOBOJISIT IO METKU JUCTUUIMPOBAHHOM BOJOM, TINATEIIBHO IEpeMe-
muBatoT. [locne mpuroToBiaeHUs 3TUX PaACTBOPOB OepyT KOJIOOUKY Ha
50 M ¢ aHaANMM3UPYEMOM (HEU3BECTHOM KOHIICHTPAILIMH) KUIKOCTHIO,
pacTBOp paz0aBIISIIOT AMCTUINIMPOBAHHOM BOJIOM, IOBOJIS JJO METKH.

3aTeM BKIIIOYAIOT COOTBETCTBYIOIIYIO (POTOMETPUUYECKYIO T'OJIOB-
Ky M CHUMAIOT TOKa3aHHsS TajilbBAHOMETpA JJIsl BCEX KOHIIEHTpAIUU
MIPUTOTOBJIICHHBIX PAaCcTBOPOB, COJAEPXKAIIUX AHAIU3UPYEMBIA HOH.
[Iponyckast uepe3 npudOp JUCTUIIMPOBAHHYIO BOJY, YCTAHABIUBAIOT
10 BOJIE CTPEJIKY TaJbBaHOMETpa Ha HYJb, MOJb3YSACh PYUYKOW yCTa-
HOBKH HYJIsI. 3aTeM OepyT CTaHAapTHBINA pacTBOP ¢ HauOOJbIIEH KOH-
LHECHTPALUEH, HAIMBAKOT €r0 B CTAKAHYUK U ONPEICIAIOT OTKIIOHEHUE
ragpBaHoMeTpa. [TOBTOpAIOT M3MEpEeHHs IJid APYTUX KOHIIEHTpAIUn
TOI'0 K€ MOHA Y aHAJIM3UPyEMOU cMecH. [1ociie kaxaoro onpeneaeHus
npuOOp MPOMBIBAIOT JUCTWLIMPOBAHHOM BOJIOM 10 TE€X IMOp, IMOKa
CTpeJiKa TaJbBaHOMETpa HE BEpHETCs Ha HyJb. [Ipu cHATMM mTOKa-
3aHUN JAaBJICHHE BO3/lyXa B CHUCTEME, PAcXO]l Ta3a U PEXUM PadOThI
pacnbUIUTeNs JOJDKHBI OCTaBAThCA HEW3MEHHBIMH, IMOCKOJBKY, Kak
MOKAa3aHO BBIIIE, MHTEHCUBHOCThH MCITYCKa€MOTO CBETA 3aBUCUT KaK OT
KOHIUEHTPAlUW AHAJIM3UPYEMOTO BENIECTBA B IUIAMEHM, TaK U OT TEM-
neparypsl miaMeHu. B CBOKO ouepenb, 3TH BEIMYUHBI 3aBUCIT OT
Moja4yu ra3za v Bo3/lyxa B mpuodop.

Pe3ynbTaThl 3aHOCAT B Ta0JIUIY, CTPOSAT KaJTUOPOBOUYHYIO KPUBYIO
JJIL ONPENCNICHUsT KOHIUECHTPAllUM AaHAJW3UPYEMOTrO HMOHA B CMECH.
[Tociie 3TOro aHAMU3UPYIOT APYTHE HMOHBI CMECH, IEpeKIrovas
COOTBETCTBYIOIIUM 00pa3oM (HOTOMETpUYECKUE TO0JIOBKUA. Eciu B
3a/IaHUM YKa3aHa CMECh TPEeX HOHOB, CTPOAT TPU KaJIUMOPOBOUHBIC
KPUBBIC U TIO HUM ONPEJECIAIOT COIEPKAHUE BCEX TPEX MOHOB.

Pacuer KOHIIEHTpalK TPOU3BOIUTCS 110 hopmyJie:

CK = C6 V6 / VK’
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rae C., Cg— MOJsIpHBIE KOHIIEHTpAIluKU (MOJIb/JI) B KOJIOE U OrOpeTKe
COOTBETCTBEHHO; V5— 00BEM pacTBopa, OTOOPAHHOTO M3 OIOPETKHU;
Vi — 00beM ko0sI (50 mi).

Bonpocwvt Kk omuemy no meme «llnamennasn pomomempusny

1. KakoBsl hu3nyeckrne 0OCHOBBI SMUCCHUOHHOM CTIEKTPOCKOIINN?
2. Ha yeM OCHOBaH Ka4e€CTBECHHBIN CIIEKTPAIbHBIN aHaIU3?

3. OT 4ero 3aBUCUT UHTEHCUBHOCTh CIIEKTPAIbHbBIX JTUHUN?

4. JlaTh 0OIIYIO XapaKTEPUCTUKY METOAa (DOTOMETPHUH TIJIaMEHH.
5. IlpuHuMnanbpHas cxeMa rmiaMeHHoro (hoTomerpa.

Pasgen 2. AnekTpoxmmMmmn4yeckme metoabl
aHanu3a

W3MepeHne 3JIEeKTPUYECKUX BEIIMYMH JJISI ONPENEIICHUsI COCTaBa
BEILIECTB SIBISCTCS OJHUM M3 BaXKHEUIIUX MPUEMOB AHAIUTUYECKOU
xumun. Kiaccudukaius 3MeKTpOXUMHUECKUX METOJI0B OCHOBAaHA Ha
TOM, NPOTEKAET JIU B XOJAE aHAIN3A YEPE3 TUYEHUKY IIEKTPUUECKUI TOK
win Het. lloTeHMoMeTpuyeckue METOAbl OCHOBAHBI Ha U3MEPEHUU
HaIpPSOKEHUS Ha JJIEKTPOJax STYEHKU B OTCYTCTBUE TOKa. Kak u Jiro0bie
JIpYTHUE DJECKTPOXUMHUYECKUE METOJbI, OHU ACNATCA Ha mpsimbie (pH-
METpHsI) U KOCBEHHBIE (TOTEHIIMOMETPUUYECKOE TUTPOBAHHUE).

Ecnau xe uepe3 siuelKy NPOTEKAET AJIEKTPUUECKUM TOK (Mpouc-
XOJUT MPOLECC 3JEKTPOJIN3a), TO I XUMHUYECKOTO aHAIN3a MOKHO
UCIIOJIb30BaTh 3aBUCHUMOCTh CHJIBI TOKa OT HampsbkeHus. CooTBeT-
CTBYIOIIME METOJbI HA3BIBAIOT BOJIHTAMIIEPOMETPUUECKUMU. METOBI,
OCHOBAHHbBIC HA U3MEPEHUU HAIPSDOKCHUS TP MOCTOSHHOM CHUIIE TOKA,
Ha3bIBAIOT BOJIbTAMIIEPOMETPUUYECKUMH, & HA U3MEPEHHHU CHJIbI TOKA
IIPU TOCTOSIHHOM HAIPSKEHUU — aMIIEPOMETPUUYECKUMU.

KonaykToMeTpuueckuii MeTOJ aHajiu3a OCHOBAaH Ha M3MEPECHUU
YACIBHON 3JIEKTPONPOBOJHOCTH aHAIM3UPYEMOIrO0 pacTBOpa (mpsimast
KOHJIYKTOMETPHS) U Ha 3aBUCUMOCTH YJIeIbHOM 3JIEKTPONPOBOIHOCTH
aHAJIM3UPYEMOTO PacTBOpPA OT 0ObeMa MPUIMBAEMOT0 TUTPAHTA (KOH-
OYKTOMETPUYECKOE  TUTpoBaHue). s  KOHAYKTOMETPUYECKOIrO
TUTPOBAHUSI TPUTOJHBI KHUCJIOTHO-OCHOBHBIE WJIM OCAJIUTEIIbHBIC
peaKIiu, COMPOBOXKIAIOIIUECS 3aMETHBIM U3MEHEHHEM 3JIEKTPOIPO-
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BOJHOCTH BCIEJACTBHE OOpa30BaHUs MAaJIOJUCCOLMUPYIOUIUX WU
MaJIOPACTBOPUMBIX COEAUHEHUN.

2.1. NoTeHUMOMETPUYECKMM MeTO4 aHanu3a

[ToTeHIIMOMETPUYECKOE TUTPOBAHUE MPUMEHSIOT ISl peakiuil
HEUTpanu3aluu, OCAKICHUS, KOMIIJIEKCOOOPa30BaHUS U OKUCIUTEIb-
HO-BOCCTAHOBUTEIBHBIX. BO BCcEX cilydyasix MHIAMKATOPHBIN 3JIEKTPOA
JOJKEH ObITh OOpaTUMBIM MO OTHOIIECHHIO K HOHaM BOJOpOJa B
pacTBope JMOO MO OTHOIICHUIO K HOHAM, 00Pa3yIOIUM KOMIUIEKCHOE
WU TPYJHO PAacTBOPUMOE COSIMHEHUE, BBIMAIAI0IIEe B OCAOK.

HHnouxkamopnvwlil 31eKkmpo0 — DJIEKTPOJ, KOTOPBIM CIIY>KUT s
OTpeICIICHUSI TOYKH YKBUBAIICHTHOCTH MPU TUTPOBAHUH.

[ToTeHITMOMETPHUYECKOE TUTPOBAHUE HIMPOKO HMCIOIB3YETCS IS
ONpe/ieICHUsI KOHIEHTPAIIMU KUCJIOT, OCHOBAaHUM M MX cMmeceu (s
OKpaIlleHHBIX WJIM MYTHBIX PAacCTBOPOB, KOTJa MPUMEHECHUE WHIUKA-
TOpOB 3arpyHEHO). CyIIHOCTh €ro COCTOMT B TOM, 4YTO TOYKaA
SKBUBAJICHTHOCTU HAXOJIUTCS HE IO MEPEX0/ly OKPACKUA UHAUKATOPA, a
M0 PE3KOMY U3MEHEHHIO MOTEHIMaIa UHANKATOPHOTO JIEKTPOIa.

[IpakTHyecKku MOTEHIIMOMETPUUECKOE TUTPOBAHUE KHCJIOT OCY-
HIECTBIISIETCA CJIEAYIOIUM O0pa3oM: COCTABJISIOT TalIbBAHUYECKUM
AJIEMEHT, Y KOTOPOTO OJIUH JJICKTPOJ WUHAUKATOPHBINA, IPYrou —
AJIEKTPOJ CpaBHEHUS (XJIOpCEepeOPSHbIN, KaloMeNbHbIN). [ aKcme-
pUMEHTaJIbHOrO omnpenaeneHuss pH Moryt ObITh KMCHOJIB30BaHBI pa3-
JUYHBIE HWHJMKATOPHBIC DJCKTPOJbL: BOJOPOJHBIN, CTEKIISHHBIM,
XUHTUIPOHHBIN U Jp. Haubombliee npakThyeckoe MPUMEHEHUE B
MOCJIEAHEE BpEMsl HAIIENI CTEKISHHBIA 3JIEKTPOJ, UCIOJIb3yEMbId B
IIUPOKOM UHTEpBaJie pH U B IPUCYTCTBUU OKUCIUTENCH.

B wu3BecTHBII 00bEM THUTPYEMOro pacTBOpa NpPHUOABISIOT He-
OOJBITUMU TIOPLMSAMU MPU MTOCTOSTHHOM MEPEMEIIMBAHUM TUTPAHT U
Kaxapli pa3 usMepstor IJC snementa. s HaxXO0XIEHUS TOYKHU
HSKBUBAJIEHTHOCTA CTPOAT KPUBYIO THUTPOBAHUS, HAHOCS IO OCH
opaunat 3/]C rajibBaHUYECKOI0 AJeMEHTa (pUC. 3a) WK MOTCHIIUAJIbI
HMHJIMKATOPHOTO 31eKTpoaa (puc. 30), a mo ocu adbCIrcC — KOJIUYECTBO
pearenta (Mi). Ckadyok MOTEHIMANa OTBEYAET YKBUBAJICHTHON TOYKE
(T.2.). Turpyromuii pactBOp (TUTPAHT) JOJKEH OBITH MPUMEPHO B
10 pa3 6oJiee KOHIIEHTPUPOBAHHBIM, YEM TUTPYEMBIH.
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p=pH)

S NEO6D, wa V(NaOH), 1

(a) (0)
Puc. 3. KpuBbie NOTEHIIMOMETPUUECKOTO TUTPOBAHUS

Kak BUAHO, B X0JI¢ TUTPOBAHUS MPOUCXOAUT yMeHbleHue DJIC
raJlbBAHMYECKOTO 3JIEMEHTAa WM PE3KOE YBEIWYECHUE MOTEHIHUAJIA
WHIUKATOPHOTO 3JekTpoja. [lo KpUBBIM TUTPOBaHMS MOKHO OIpe-
JEIUTh TOYKY OJKBUBAJICHTHOCTU: CTPOAT KacaTelbHbIE K TpeM
y4acTKaM KPHUBOW TUTPOBAHUS, HAXOJIAT CEPEIHMHY OTpe3Ka, OIyCKa-
I0T MEPIEeHIUKYJSIp Ha OCh a0CHMCC M ONPENesiOT YHMCIO MUJ-
JUIUTPOB MPUOABIAEMOr0 TUTpaHTA. 3Hass 00bEM TUTpAHTA, MU3pac-
XOJIOBAaHHOTO Ha TUTPOBAHHUE O TOYKHU SKBHUBAJICHTHOCTHU, KOHIICH-
Tpallli0 TUTPAHTA, MOKHO PACCUUTATh COJCP)KaHUE aHATM3UPYEMOTO
BEIIIECTBA BO B3ATOM MpoOe.

[ToTeHITMOMETPHUYECKOE TUTPOBAHHE MOXKET IPUMEHSTHCS HE
TOJIBKO IS OMNPEACJIICHUS OJHOTO0 KOMIIOHEHTa, HO U A
nuhepeHIIMPOBAHHOTO TUTPOBAHUS CMECH KHUCIOT W OCHOBaHMWIA.
[ToTeHITMOMETPHUYECKUN METO]T TTO3BOJISIET MPOBECTU KOJIMUYECTBEHHOE
OTpe/eICHUEe KOMIIOHEHTOB B CMECH KHCJIOT, €CJIM KOHCTaHTHI
JTUCCOLIMAIMU B BOJIE PA3JIMYAOTCS HE MEHEE YEM HA YEThIPE MOPSIKA.
Eciau KoHCTaHTBI ABYX KHCJIOT B BOJE OTJIMYAIOTCSA Ha 2—3 TOpsjKa,
TO OHU HE MOTYT OBITh pa3ieibHO OTTUTPOBAHBI B BOJHOU cpene. Ha
KpPUBOM TUTPOBAHUS MMEET MECTO OJWH CKAYOK MOTEHIMANIa, KOTAa
00€ KHUCIIOThI OTTUTPOBAHBI COBMECTHO.

Cy1iecTByeT rpyIia pacTBoOpuTeie (HeBOAHBIE), KOTOPhIE 00Ja-
naoT auddepeHIupyommuM aeicTBUeM. Tak, eclii KOHCTAHTHI JIBYX
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KUCJIOT B BOJHOM pacTtBope OJM3KkH, TO B cpeae AuddepeHn-
PYIOLIEro PacTBOPUTEINS Pa3IMuKMe B BEJIMUMHAX KOHCTAHT JIUCCOIIMA-
UMW YBEJIWYUBACTCS: KOHCTaHTa JUCCOUMALUMUU CJIa00NH KHUCIOTHI
yMeHblIaeTcs B OoJpluel creneHu. Hanpumep, onpeneneHue coaep-
XKaHUS COJISTHOM U MOHOXJIOPYKCYCHOM KHCJIOT B CMECH TUTPOBAHUEM
BOJHOTO PacTBOpA ABJISIETCS CIIOKHOM 3a/1aued B CBSI3U C TPYIHOCTBIO
OOHapy>KEeHUS IBYX CKAYKOB TUTpOBaHus. [Ipu TUTpOBaHUY B alleTOHE
0o0a CKayka BBIPAXKEHBI JOCTATOYHO YETKO M COJEPKAHUE KaXKIOU
KUCJIOTBl B CMECHU MOXKET ObITh paccunTaHo. HekoTopwie ABYX-
OCHOBHBIC KHCJOTBHl HE YJA€TCsl CTYNEHYaTO OTTUTPOBATh B BOJE,
TOT/Ia Kak B Cpejic KETOHOB Ha KPUBBIX TUTPOBAHUS HAOIIOAaeTCs JIBa
ckauka. B obmeMm ciyuae nuddepeHuupyromniee IeUCTBUE SBISETCS
pe3yJIbTaTOM KOMIUIEKCHOTO BJIMSIHUSI CBOMCTB PAaCTBOPUTENS Ha
KOHCTaHThl JIMCCOIIMAIIMM M OTHOIICHWE KOHCTAHT JIUCCOIUAIINU
ANEKTPOJIUTOB. B Kax0M OTIEIBHOM Cllydyae MOXET IpeodiaaaTh TO
WIM HWHOE JCHUCTBUE PACTBOPUTENS HA JJIEKTPOJIUT: BEIUYMHA
TUAJIEKTPUYECKOM TMPOHUIIAEMOCTH (€), COJIbBATUpPYIOIIas CHOCO0-
HOCTb, KHCIIOTHO-OCHOBHBIC cBoMcTBa. Hampumep, auddepeniu-
pyroliee IelCTBUE alleTOHAa OOBACHIETCS OYEHb HU3KUMHU KHUCIOTHO-
OCHOBHBIMH CBOWCTBAMU.

Jlabopamopnas paboma 9. Ananuz Kuciom
U OMOEIbHBIX KOMHOHEHM 08 UX CMeCU
MEmoOOM NOMEHUUOMEMPUUECKO20 MUMPOBAHUS

Henv pabomvt — onpenenuTh COACPKAHUE OJHOM WIIM HECKOJIb-
KX KHCIOT B HCCJIEAYEMOM pPacTBOPE METOJOM MNOTEHIIUOMETPHU-
YECKOI'0 TUTPOBAHUA.

3aganume 1. PaboTa BBINOJHAETCS C HCIOJb30BaHUEM YHHUBEP-
callbHOr0 HOHOMepa DB-74.

Oobopyoosanue: oHOMEp YyHUBEpCalbHbI OB-74 — mpenBapu-
TE€JIbHO HEOOXOJUMO O3HAKOMHTBHCA C PYKOBOJCTBOM IO 3KCILTyaTa-
1My mpudopa.

Peaxmuewnt: 1. benzoiinas kucinora CdHsCOOH (x. 4.).

2. AueTtoH (X. 4.).

3. PactBop eakoro Hatpa NaOH (x. 4.), 1 M:

40 r NaOH pactBopsAIOT B IUCTWZIMPOBAHHOW BOJIE B MEPHOM
KoJiOe Ha 1 1 ¥ JOBOAST O METKH.

4. PactBop ykcycHoi kuciotel CH;COOH (x. 4.), 0,1 M:
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5,6 MJT IeITHOM YKCYCHOM KUCIOTHI pa30aBIIsiOT JUCTUILIMPOBAaH-
HOM BOJIOM 710 1 11 B MepHOI1 KOJI0E€.

5. PactBop consinoit kuciotsl HCI (x.4.), 0,1 M:

8,3 MJI coJIsTHOM KHUCHOTHI (IIOTHOCTH 1,19) pazbaBisitor Boaoi
1o 1 1 B MmepHOi1 Ko10€.

6. PactBop cepHoit kuciotsel H,SOy4 (X. 4.), 0,05 M:

3 MJI KOHLIIEHTPUPOBAHHOW CEPHOM KUCIOTHI (TIJIOTHOCTH 1,84) 1o-
OaBJISAIOT B JUCTUIUIMPOBAHHYIO BOJY U JOBOJAST O0OBEM B MEPHOM
koj0e 1o 1 1.

7. PactBop MmypaBsuHoit kuciaotel HCOOH (x. 4.), 0,1 M:

3,7 M1 KOHIIEHTPUPOBAHHON MYpaBbUHOW KHUCJIOTHI (IJIOTHOCTH
1,2) pa30aBisiOT OUCTWUIMPOBAHHOW BOJOW W JOBOJAT OOBEM B
MepHo# koJioe 110 1 1.

IHopsaook pabomot

1. ITpuroToBiieHNME TUTPAHTA.

2. IToaroToBka mpoObI K padoTe.

3. Onpenenenre KOHUECHTPALIMU TUTPAHTA.

4. CHITUE KPUBBIX MOTEHIHMOMETPUYECKOTO TUTPOBAHUS KHUCIOT
(M0 yKa3aHUIO MPEnogaBaTes).

5. TutpoBaHue OAHOW U3 CIEAYIOIIUX CMECEHM KHUCIOT MO
YKa3aHUIO TpernojaBaTeNss B BOJHOW Cpele, a 3aTeéM, €CIH 3TO
HE00X0UMO, B CPEIE HEBOAHOTO PACTBOPUTEIA:

a) YKCyCHasi KUCJIOTa + COJIsiHAsl KUCIO0Ta,

0) MypaBbHUHAsl KUCJIOTa + COJISIHAsI KUCJIOTA,

B) C€pHas KHCJIOTa + MypaBbUHas KUCJIOTA.

6. [loctpoenue rpaduka B koopauHarax 3HaueHuss pH (DC
rajlbBAHMYECKOTO 3JIEMEHTA) — MPHUOABIECHHBIM 00BbEM TUTpaHTa (M)
U pacyer 1Mo KPUBBIM TUTPOBAHUS KOJIUUECTBA TUTPYEMbBIX KHUCIOT Kak
10 OTJEIBLHOCTH, TaK U B CMECH.

Xo00 pabomul

1. B mepnayto kosi0y emkocthio 100 mi otOupator nunetkou 10
M ucxogHoro pactsopa NaOH (1M). 3arem B kos0y m00aBIsIOT
10 M1 TUCTHILTUPOBAHHOW BOABI M 00BbEM JOBOJSAT IO METKH BOAOU
WIK alleTOHOM [0 YKa3aHWIo MpernojaBaTens. PacTBop TmiaTeiabHO
nepeMenmuBaroT. KOHIIEHTpalHio MOMy4eHHOTO PaCTBOPa OMPEIEISIOT
1o OCH30MHOM KUCIIOTE (CM. HUXKE).
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2.Cyxou crakaH s  TUTPOBaHUS  B3BEIIMBAIOT  HA
AHAJIMTUYECKUX BECAxX, 3aTEM MOBTOPSIOT B3BEIIMBAHUE C HABECKOU
oenzoitnoi kuciothl (0,05-0,07 r), pacCUUTHIBAIOT TOUYHYIO HABECKY.

3. HaBecky pactBopsitoT B 20 mi anetoHa. B crakan mjist TUTpO-
BaHMUS aKKypaTHO ONMYCKAIOT MEIIAIKY M MOTPYKalT 3JICKTPOJbl B
pacTBOp Tak, 4YTOOBI MIAPUK CTEKJSIHHOTO 3JIEKTPOJa HAXOAWJICS Ha
PACCTOSIHUM HE MEHEE 5 MM OT MELIAIKU. ECIU mpu 3TOM HOKPBITO
MEHEE IIOJOBHUHBI CTEKJISTHHOTO IIapuka, TO CileAyeT JA00aBUTHh B
CTaKaH BOJIbl, YTOOBI OTPY3UTh IIAPUK.

4. oHomep yHUBEpCaAIbHBIN DB-74 BKIIFOYNTH B CETh.

5. OnosiocHyTh OIOpPETKY AUCTUIIIMPOBAHHOW BOJON, CMa3aTh
KpaH TOHKUM CJIOEM CMa3KH. 3aTeM OIOPETKY OMOJIOCHYTh PACTBOPOM
TUTPAHTa U MOPOBEPUTH HANEKHOCTh KpaHa. [locie storo Oroperky
3aMOJIHUTh TUTPAHTOM JI0 HYJIEBOTO JICJICHUS TIPU 3all0JJTHEHHOM KOH-
YHKe OIOPETKH.

6. B nporiecce TuTpoBaHus OEH30MHOM KUCIOTHI TUTPAHT J00aB-
as10T BHavasue no 0,5 mui, a 3arem — 0,1. [locne ckauka moTeHuana B
TOYKE 3KBUBAJICHTHOCTU HEOOXOAMMO cienaTh eule 6—7 3amepoB pH,
no6asinsast tutpant no 0,1 mu. Ilose3eH mpenBapuUTENbHBIN pacdeT
qyucjaa MJI TUTPAHTA, TPEOyEeMbIX JJIsI HEUTpau3aiuy B3sTOM HABECKU
OEH30MHOM KHUCIIOTHI.

Ecnu g — naBecka OeH30MHON KUCIOTHI (T); M — MomsipHas mMacca
oen3oitHou kuciaoThl (122,12 r/monw; C(B) — npubiauxeHHass MOJISIp-
Hasl KOHIEHTpalus TuTpaHTa (Mojw/n), Harpumep 0,1; Vi — ucKoMBbIi
0o0beM TUTpaHTa (MJ1), TO

Vg =g x 1000/ M x C(B) =g x 1000/ 122,12 x 0,1.

[IpenBapuTenbHBI pacyeT MO3BOJSET 0ojiee palioOHAIBHO IMPO-
BOJIUTh TUTPOBaHUE: MpubaBieHue tutpanta no 0,1 mu ciaexyer Ha-
YUHATh 33 2 MJI JI0 HACTYIUICHHS JKBUBAJICHTHOM TOYKH. [lome3Ho
OJIHOBPEMEHHO C TUTPOBAHMEM HAHOCHUTh TOYKH Ha TpaduK; IMOCIE
BBIXOJa HA TOPU3OHTAIBHBIA YYaCTOK MPUJIUTH €II€ HECKOIbKO
nopiuii u30sITKa TUTpaHTa. [10 TaHHBIM TUTPOBAHMS CTPOST rpaduK B
koopauHartax 3HadueHus: pH (3/1C rajipbBaHMYECKOT0 3J€MEHTa) — MpH-
OaBIEHHBIM 00BEM TUTPAHTA (MJ1) U PACCUUTHIBAIOT TOUHOE 3HAYEHUE
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mi NaOH, nomeamee Ha TuTpoBaHue. KOHIEHTpaiuio THUTpaHTA
PaCCUUTHIBAIOT U3 COOTHOLIEHHS:

C(B)=g x 1000 / M x V5.

7. B crakaH aJisi TUTPOBaHHUS OTOUPAIOT OMPEACIICHHBI 00beM
(5 mu1) KaxzoW U3 ucclenyeMmbix Kucior. K pacTBopy 100aBIisOT
20 mu1 BOJBI WK alleTOHA (IO YKA3aHUIO MPEINOAABATENS ), IPOBEPSIOT
MPaBWIBHOCTh PACIOJO0KEHUS AJIEKTPOJIOB U MPOBOASAT TUTPOBAHUE
pacTtBopa, 1o0apisas Tutpant mo 0,1 m.

8. To4HO TaK ke aHATM3UPYIOT CMECh KHUCIIOT.

9.1lo naHHBIM TUTPOBAHUA CTPOAT rpadUK B KOOPJAWHATAX 3HA-
yenus pH (OJAC ranpBaHUYECKOTO 3JIEMEHTA)— MpUOABICHHBIN
oobem tutpadTa (V, MJI) U ONPEACISAIOT YHUCIO MJI IIEJIOYH,
MOIIE/IIIee HA TUTPOBAHUE KaXI0M KUCIOTHI (Vp).

3aTeM pacCUUTHIBAIOT KOHILEHTPAIMIO KaXJ0M KUCIOTHI BO BCEX
npobax mo gopmyiie:

C(A) = C(B) X VB/ Va,

rae C(A)— wousipHasi KOHIUEHTpAIUsl MCCIEAYEeMOro pacTBOpa,
Moib/n; C(B) — MonsipHas KOHIEHTpAILMsl TUTPAHTA, MOJIb/JI; Vg —
00bEeM TUTpPaHTa, COOTBETCTBYIOIINN SKBUBAJICHTHONU TOYKE, MII; V4 _
00bEeM aJIMKBOTHOM (KpaTHOW) YacTU PacTBOPA, B3SITHIM JIJIT TUTPOBA-
HUS, MIL

3ananue 2. PaGorta BhImosHseTCS B MeHIO mporpammbl «L-Xu-
musi — npaktukym» Ha PMC «pH-metpus» nnmu YPMC. Bo3mMoxnO
Takke BhInojHeHue padotsl Ha PMC «Konopumerpus». Ilepen Bbl-
MOJIHEHUEM J3TOW paboThl ClielyeT O3HAKOMHUTBCA C pa3ieiiamMu:
«MeHto u okHa», «PexuMmbl BBOJa JaHHBIX», «CoXpaHeHUeE
pe3ynabTaToBy, «M3mMepuTenbHbIi 0710K», «pH-31eKTpOI».

Oobopyoosanue u peaxmugot: 1aT4uk pH, KOMIObIOTEP C U3MEPHU-
TEJIbHBIM OJOKOM, MarHUTHasi Mellajika, MepHasi nurneTka Ha 10 mi,
ctakaH Ha 50 My, OrOpeTKa, INTAaTUB XUMHYECKHI, PAaCTBOP KHUCIIOTHI C
koHueHtpanueit 0,01-0,2 M, 0,1M pacteop NaOH.
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Buvinoanenue paoomol

Tutpytor kucinory menousto, 3amepssi pH. Crposar kpusyro pH-
METPUUECKOr0 TUTpoBaHuUs (3aBucuMocTh pH pacTBopa oT 00BeMa
TUTPAHTA).

Iloozomoexka k padome. CobuparoT ycTaHOBKY s pH-Metpu-
YECKOro TUTpoBaHus. B MeHI0 nporpammbl «L-XUMHS — MPAKTUKYM»
BbIOMparoT cireHapuili «TutpoBanue»: «llapametrp— pH», nanee
«Py4HOI1 BBOJI I1aray, nepexoasT B pekuM «OKHO H3MEPEHUIN».

[lepen MCMONIB30BAHUEM BJIEKTPOJ OMOJACKUBAIOT JTUCTUILIMPO-
BaHHOU BOJI0M. B cTakan Ha 50 mu orOuparot nunetkoit 10 mit npoOwI,
N00ABJISIOT TUCTUILTMPOBAHHOM BOJBI 0 50 MJI, BKIIOUAIOT MepeMe-
IIMBAaHUE. 3alyCKAalOT PEXUM H3MEPEHUs C TMOMOUIBIO 3KPAHHOU
wiaBumn «Ilyck». 3areM HaXXUMarOT Ha SKpaHHYIO KiaBuily «Bbi-
oop», B okHe «BBojx mara» HabuparT «0,5» (MOXHO paboTaTh U C
JIPYTUM IIIarOM WU JIa’)k€ MEHSATh €ro B xoje padotsl). JloOaBistoT
0,5 mn NaOH (0,1M). BHOBb HaXUMarOT Ha 3KPAHHYIO KJIaBHUIILY
«Bpi0op» u knaBumen «Enter» BBoaAT 3Hauenwe pH mpu manHom
oobeme. 1 Tak no tex mop, noka 3HadeHue pH He npesbicut 11.
OcTaHaBIMBAIOT U3MEPEHUE HAXKATUEM dKPAHHOU Ki1aBulin «CTOM» U
COXPAHSIOT Pe3yJIbTaThl HAXKATHUEM PKPAHHOMN KIJIABUIIN «APXUBY.

Eciau ckadok Ha KpUBOM TUTPOBAHUSL BBIPAXKEH CJIa00, MOYXHO
noCTpouTh IU(depeHnanbHy0 KpuByl0 pH-MeTpuueckoro TUTpO-
BaHus — 3aBUucuMocth dpH/dV ot oObema Turpanra.

Oopaoomka pezynomamos. 110 OKOHUAHUM H3MEPEHUS IIEpe-
xonat B mporpammy «Excel» W OTKpbIBalOT B HEW TMOJy4YEHHbIE
daiinbl. [lepBas rpada — o6eM NaOH, BTopast — 3nauenust pH. Ctpo-
at rpaduk 3aBucumMoctd pH oT mo0aBieHHOro oObema MIEJIOYH.
OO0BeM, Mpu KOTOPOM MPOUCXOAUT CKadyoK pH, COOTBETCTBYET TOUKE
SKBUBAJICHTHOCTU. Ha MaTeMaTudeckoMm sI3bIKE€ 3TO O3HAYaeT, 4TO
npousBoaHas pH nmo o0wemy V, kotopas o6o3naudaercs kak dpH/dV,
MakcuMasibHa. TeopeTuuecku, 4TOObl OMPEACIUTh TOT 00bEM, HYKHO
cTpouth auddepeHImanbay0 KpuByo pH-merpuueckoro TUTpoO-
BaHus — 3aBucuMocTh dpH/dV oT o6bema TuTpanTa. OgHaKo HA MpaK-
THUKE KpUBas TUTPOBAHUS MOCTPOCHA COCAMHEHUEM KOHEUHOTO YHCIa
TOYEK, NMO3TOMY B3ATh MPOU3BOAHYIO a0COJIOTHO KOPPEKTHO HEBO3-
MOxHO. [IpousBoaHy0 OepyT NpUOIU3UTENHHO, KaK OTHOIICHUE pa3-
HOCTU 3HaueHuUW pPH BOKpPYr MaHHON TOYKM K PAa3HOCTH OOBEMOB
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Bokpyr Hee (dpH/dV), u cTposiT KpUBYI0 3aBUCUMOCTH 3TOTO Mapa-
MeTpa oT oObeMa gobOaBiaeHHOrO peareHta. Ero ompenenstoT rpadu-
yecku (IMoCcTpouB Ha rpaduKe 4acTyI0 CETKY MO OCH a0CIUCC).

Ecnu 3HaTh 00BeM MPOOBI KUCIOTHI, 00BEM pacTBOpa IICIOUH,
MOLICAIIMA HA WX HEUTPAIM3ALMI0, U KOHIEHTPAIMIO pPacTBOpa
IIEJI0YH, MOKHO BBIYMCIIUTH KOHIIEHTPAILIMIO KUCIOTHI IO YPABHEHHUIO:

C(H") xV(H") = C(OH)xV(OH),

rae C — MossipHasi KOHIIEHTpaius, V — 00beM.

Omuem. B oTueTe NpUBECTU KPUBBIE TUTPOBAHUSI, yKa3aTh 00be-
MBI B TOYKE SKBUBAJICHTHOCTHU. B BBIBOJIE IPUBECTH KOHIIEHTPAIIUIO.

Bo3moocnvie sapuayuu. AHAIOTUYHBIM 00pa3oM MOHO OMpe-
JeUTh KOHIICHTPAIlMI0 OCHOBaHHUA. B 3ToM ciydae B KadyecTBE TH-
TpanTa ucnoJib3yrt 0,1 M pactsop HCI.

3ananmue 3. Pabota BeinonHseTcsa Ha YJIK «Xumusy.

Oobopyoosanue u peakmueni:

1. VJIIK  «Xumusi»  (LIEHTpadbHBId  KOHTPOJUIEP, MOIYJIb
«OnexkTpoxumus» Wik « TepMocTaTy, CTEKISIHHBIN 3JIEKTPOJ, XJIopce-
peOPSHBIN AJEKTPO/I, CTakaH Ha 50 oM ).

2. PacTtBOop ruapokcuaa Kaius WJIM HATpPUsi C KOHIIEHTpaluei
0,01 M.

3. Cunsnbie (HCI, HNO;) u cia6sie (CH;COOH, HCOOH) kwuc-
JIOTHI JIJIs1 PUTOTOBJICHUS] aHAJIM3UPYEMOT'O pacTBOpa.

4. BropeTka Ha 25 cM’.

5. Tumerku Ha 10 1 20 cm.

6. JJabopatopHas nocya.

7. JluctunnvpoBaHHas BOJA.

Buvinoanenue pabomut

. BKitouuTh KOHTPOJUIEP U 3aMYCTUTh MPOrPAMMY YIIPABICHUS
VIJIK. Tloaxkiro4yuTh CTEKIISIHHBIA JJIEKTPOJ K COOTBETCTBYIOLIEMY
pazbemy Moayist (Ne 4 winm Ne 5 B moayie «2iektpoxumus» uiau Ne 3
B moaylie «TepmocTtaT») U XJOpCcepeOpsiHBINA BIEKTPOA K OOIIeMy
KOHTakTy (+/—). B oOkHe mnporpaMmbl yImpaBi€HUS AaKTUBUPOBATH
COOTBETCTBYIOIIMI KaHal uamepenus IJIC.

2. IIpoBecTr TUTPOBAHUE CHIIBHOW KHCJIOTHI MIENO0UYbI0. J[JIs1 3TOTO
B crakaH Ha 50 cM’ HauuTh mumeTkoid 20 cm’ AHAIIM3UPYEMOTO
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pacTBOpa CHWJIBHOM KHUCJIOTBI M ONYCTUTh B CTaKaH »>ICKTPOJBbI.
Yo6eauThes, 4To 3MEKTPOABI MOTHOCTHIO OTPY>KEHBI B PACTBOP, HO HE
Kacarorcsa mewmanku. Bxitounts nepememnBanue. B okne «Ilapamer-
bl U3BMEPEHUS» OTKIIOYUTh « ABTOMAaTUUECKUN PEKUM», YCTAHOBUTD
napametpsl: «MHTEpBAN M3Mepenuin» — 10 ¢, «YcpeaHeHne» — BKIIO-
4eHO, B nosie «Bapbeupyemslii mapamerp» BBeCcTH 3HaueHue «0». IIpo-
BecTn m3MepeHrne J/IC COCTaBIEHHOrO TajJbBaHUYECKOTO 3JIEMEHTA
MyTE€M Ha)KaTus COOTBETCTBYIOIIECH KHOMKHU. 3aTE€M MOCJIEI0BATEIBHO
NpuOaBISITh U3 OIOPETKM K aAHAIU3UPYEMOMY PAaCTBOPY MOPLHHU
tutpanta oobemom 0,5 mu. Ilocne kaxmoro mpuOaBiieHUS B TOJIE
«Bappupyemblii mapaMeTp» CIeQyeT BBECTH 3HaueHHE oObema
no0aBieHHOro TUTpaHTa U u3mMeputh IJC (Bce u3MepeHus mpoBo-
JIWTh B IIpeJieslax OAHOI0 sKcrepumeHTtal). B obmactu oxkugaemMoro
CKauKa TUTPOBAHUS OOBEM MOPIUI TUTpPaHTa PEKOMEHIYETCS YMEHb-
UTh. TUTpOBaHKWE MPOBOJUTH O TEX IMOP, MOKA IMOCIIE PE3KOT0 U3ME-
HeHus (ckauka) 3/[C He OyaeT nojiydyeHo MoJpsl 5S—8 He3HAYUTEIbHO
n3MeHstomuxcs 3HaueHu JJIC.

3. ITocTpouts rpaduk 3apucumoct IJIC oT BapbUpyeMOro mnapa-
MeTpa (KOHIEHTpauuu). MeToJoM TpeX KacaTelbHBIX OMNpEeeIUTh
TOYKY SKBUBAJICHTHOCTH. [[151 3TOTO C UCMOJIBb30BaHUEM UHCTPYMEHTA
«JIuHMS» MPOBECTU KacaTeIbHbIC K HAYATbHOMY M KOHEYHOMY Y4acT-
KaM KpPUBOW TUTPOBAHMS, a TAKXKE K YYaCTKY KPHUBOU B 00JIACTH CKay-
ka OJIC. PaccunmtaTh cojaep:kaHHE CHUJIBHOM KHUCIOTHI B aHaJU3U-
PyEMOM PacTBOPE.

4. AnanornyHo 1. 2—3 OpOBECTU TUTPOBAHUE CIA0ON KHUCIOTHI
neao4bio. M3MepeHusi mpoBOJUThL B paMKaX HOBOT'O 3KCIEPHUMEHTA.
Ckauok DJIC npu 5ToM OyJIeT HUXKE, YEM B IIEPBOM CiIydae.

5. AHamornyHo M. 2—3 OpoBECTH TUTPOBAHUE CMECH CUIIBHON U
caboi KUCIOT IIenoubio. M3mMepeHus mpoBOAUTh B paMKax HOBOTO
sKciepuMeHTa. B 3ToM ciydae cHadana OyJeT OTTUTPOBBIBATHCS
CUJIbHAsI KUCJIOTa, a 3aTeM — cjiabasi KUCIIOTa, MO3TOMY KpUBasi TUTPO-
BaHUs OyJET UMETh JBa COOTBETCTBYIOIIUX CKAYKa.

B BbIBOJIax 1m0 paboTe MPOBECTH aHAIM3 KPUBBIX THUTPOBAHUS H
COOTBETCTBUS UX TEOPETUUECCKUM MPEACTABICHUSIM.

Ilucomennwiit omuem o padome NOJKEH COAEPKaTh: Ha3BaHHUE,
1eJb padoThl, 000PYIOBAHUE U PEAKTUBBI, CXEMY YCTAHOBKH JJIsI TIPO-
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BEJICHUSI DKCIIEPUMEHTA, TPapUKU KPUBBIX TUTPOBAHUSA, PACUETHI
COAEPKAHUSA aHATU3UPYEMBIX BELIECTB, BBIBOJBI.

BOI’IpOCbl K omuemy no meme
«Homenuuomempultecmtﬁ Memoo aHanu3ay

1. Ha yemM ocHOBaHBI TOTEHIIMOMETPUUECKHUE METO/Ibl aHaIU3a?

2. Yto Takoe rampBaHuueckuil ’nemeHT? YUYrto HazwiBaercsa DC
rajJbBaHUYECKOTO JIEMEHTA?

3. UTto Takoe 3JIeKTpOAHbIN NoTeHuan? Y pasuenue Hepuera s
AIEKTPOAHOTO noTeHnuana. CTaHAapTHBIN AJIEKTPOIHBI HOTEHIIUAT.

4. Tunwl snextponoB (I-poxa, Il-pona, razoBbie, OKUCIUTEIBLHO-
BOCCTAaHOBUTEIIbHBIE).

5. duddy3uonnbpiii noreHnuan. ConeBol MOCTUK M €ro HazHaye-
HUE.

6. Kakue (QyHKIIUM BBITIOTHSAIOT HHAUKATOPHBIC JJIEKTPOJBI H
KaKHUE — JIEKTPOJIbl CPABHEHUS ?

7. DNEKTpOAbl CPABHEHUS: BOJOPOAHBIN, KAIOMEIBHBIN, XIJIOPCE-
pPEOPSIHBIIA.

8. B dem CymHOCTh MOTEHIHMOMETPHUUECKOTO ompenencHuss pH
pactBopa? Kakue MHIUKATOPHBIE 3JIEKTPOJbI MOTYT OBITh HMCIIOJb-
30BaHbl 11 onpeaeneHus pH?

9. Kak yCTpO€H CTEKJISIHHBIN 3JCKTPOoA? YKa3aTh JOCTOUHCTBA U
HEJIOCTAaTKU CTEKIITHHOTO AJIEKTPOJIA.

10. MoHOCENIEKTUBHBIE NEKTPOIBI.

11. Yka3zaTp HOCTOMHCTBA, HEJOCTATKW M O0JACTU NMPUMEHEHUS
METO/Ia MPSAMOM NMTOTCHIIMOMETPHH.

12. Yo Takoe pH? B kakux npeaenax MoOxKeT u3MeHsaTbes pH?

13. KpuBbie MOTEHIHOMETPUUECKOTO TUTPOBAHMUS.

14. Ha3zBaTh 1OCTOMHCTBA U OO0JACTU NPUMEHEHUS MOTEHIHO-
METPUYECKOT0 TUTPOBAHUS B HEBOJIHBIX CpeIax.

2.2. KoHAYKTOMETpMYECKUN MeTo aHanu3a

Konoykmomempusn — MeToJl ONpeAeieHUs Pa3INYHbIX (PUIUKO-
XUMHUYECKUX BEJIMYMH, OCHOBAHHBIM HA U3MEPEHUM DJICKTPOIPOBO/I-
HOCTH.

[IpakTueckoe 3HAYEHHE HMMEET KOHIYKTOMETPUUYECKOE THUTPO-
BaHHE, MO3BOJISIONIEE ONPENEIUTh KOHIEHTPAIMIO BELIECTBA B pac-
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TBOpPE IYTEM U3MEPEHUs HJIEKTPONPOBOJHOCTH MPU TUTPOBAHUMU.
Meton ocoOeHHO ymoOeH Ipu aHaIM3e€ MYTHBIX WJW CHUJIBHO OKpa-
IIEHHBIX PAaCTBOPOB, KOTJa HEIb3sl HCMHOJIb30BaTh OOBIYHBIE WH]IH-
KaTOpbl. DTOT METOJI JAeT 00JIe€ BHICOKYIO TOUYHOCTD.
A. Tumpupoeanue cunvHo KUci0mol CUIbHOU wiea04bio (puc. 4)
Hanwumiem peakiuio B MOHHOM BUJIE:

H +Cl'+Na"+ OH — Na" + Cl + H,O

X

T.2. \ NaOH, Mn

Puc. 4. KpuBast KOHIYKTOMETPUYECKOIO TUTPOBAHUS CUIIBHOU KUCIIOTBI
CUJIbHBIM OCHOBAaHHEM

DJIEKTPONPOBOAHOCTh 3aBHCHUT OT KOHIIEHTpPAIlMU HOHOB M IO-
IBIKHOCTH (B oOmeM cinydae). Jlo mnpuOaBieHHs IEI0YH
ANEKTPOIIPOBOIHOCTD OMpEIEIsIach MOABMKHOCTHIO HOHOB H u CI.
Jlo Touku 3kBUBajeHTHOCTH (T3) KOHIIEHTpaIlMs HOHOB HE H3Me-
HSETCS, HO TMPOUCXOJWUT 3aMEHa IOJBMXHOTO HOHA H™ Ha MeHee
MTOIBMKHBIN MOoH Na' (3MIEKTPOIIPOBOAHOCTD TAJIa€T 3a CYET YMEHb-
IIIEHMS TTOJIBUKHOCTH ). B MOMEHT MOJIHOW HEUTpaau3aluu B pacTBOPE
ocTaroTcs Toybko Houbl Na' u CI'. TTomBmkuHOCTs MoHa Na' 3Hauu-
TeJbHO MeHbIne moaBmkHocTd H'. TTocie TOYKH SKBHBAJIEHTHOCTH
HaYMHAETCS MOJABbEM AJICKTPOIPOBOIHOCTH, TaK KaK B pacTBoOpe OyJeT
HApacTaTh KOHILICHTPALUsI MOHOB Na' u OH. Onnako BO3pACTaHUE
Oynmer Oojee MOJOTMM, TaK Kak MOJABMXKHOCTh moHa OH ™ moutu B
2 pa3a MeHbIIIe MOJIBUKHOCTH HOHA BOJOPOAA.

b. Tumpupoeanue cnabdoii Kuciomul cuibHOU wiea04vio (puc. S)

CH;COOH + NaOH — CH3;COONa + H,0O
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Ecnu kucnora cnabas, TO 31€KTPONPOBOJIHOCTh UCXOJIHOTO pac-
TBOpa Mana, Tak kak noHoB H' maino. ITo Mepe 106aBIeHNs pacTBOpa
CUJIBHOT'O OCHOBAHUSA JIEKTPOIPOBOJHOCTh, B OTJIUYUE OT MPEIBIIY-
HIero ciy4das, cpasy e YBEIMYMBACTCA H3-3a HAKOIUIEHHWS WOHOB
COJIM, TaK KAaK COJIb JUCCOLMUPYET IMOJHOCTHIO. Ilocie moctmxeHnus
TOYKH 3KBUBAJIECHTHOCTH JJIEKTPOIPOBOIHOCTh PACTET 34 CUET YBEJIHU-
YeHNs KOHIEHTpamuu #oHoB Na' u wmoHoB OH™ ¢ BBICOKOI
ITOJIBUKHOCTBIO.

T.O.
VNaoH, M

Puc. 5. KpuBast KOHIyKTOMETPUUYECKOTO TUTPOBAHUS CIa00M KHCIOThI
CUJIbHBIM OCHOBaHUEM

B. Tumpupoeanue cmecu Kuciom

[Ipy TUTpOBAaHUM CMECH CHJIBHONW M CJa00HW KHCJIOT CHIIbHBIM
OCHOBAaHHUEM B IEPBYIO0 OUEpPEAb OTTUTPOBBIBAECTCSA CHJIbHAS KHUCIIOTA,
TaK KaK JHUCCOLMALMSA CIa00M KHUCIOTHI MOAAaBJICHA MPUCYTCTBHEM
cuibHOU. Ilpu nanpHeimeM mnpuUOaBICHUM WIEIOYM MPOUCXOJUT
TUTpPOBaHUE cnaboi kuciaotsl. Kpusas tutpoBanus (puc. 6) umeer aBa
M3JI0Ma, COOTBETCTBYIOIIUE JIBYM TOYKAM SKBUBAJIEHTHOCTH: IEPBAs
MOKa3bIBAET OOBEM IIEJIOUYM, MOIICANICH Ha TUTPOBAHUE CUIIBHOU
KHUCJIOTBI, & BTOpasi JAaeT OOl 00bEeM IIEI0UH, U3PACXOJOBAHHBIM
Ha TUTPOBAHUE 00EUX KUCIIOT.
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¢
T.3.1 T.3.2 VNaOH; Mn

Puc. 6. KpuBast KOHIyKTOMETPUYECKOTO TUTPOBAHUS CMECH
CWJIBHOM Y CJ1a00M KHUCIIOT

CrnenyeT y4uThIBaTh, YTO B XOJI€¢ TUTPOBAHUS HCXOJHBIA O00BEM
JOJDKEH OCTaBaThCs MPAKTHYECKU TMOCTOSIHHBIM. JIJIs1 MOTydeHus mpsi-
MBIX JUHUM HEOO0XO0JAMMO, YTOOBI 00BbEeM MPHUOABIIEMOr0 TUTPAHTA B
HKBUBAJICHTHOM TOUYKe HE mpeBbiman 2% oT 00bemMa aHAIU3UPYEMOTO
o0bema. DTO JlocTUraeTcsi pa30aBiICHUEM UCXOJAHOTO pacTBopa B 15—
20 pa3, nu00 KOHIIEHTpAIMs TUTPAaHTA JOJDKHA OBITh Ha TOPSIOK
BBIIIIC KOHIICHTPAIIMHA aHAIM3UPYEMOTO pacTBOpa.

Jlabopamopuas paboma 10. Ananusz Kuciom u omoeabHblxX
KOMNOHEHMO8 UX CMeCu Memooom
KOHOYKMOMEMPUUEeCK020 mumpoeaHus

Ilenv padomsr — onpeAEnUTh CONECPKAHUE OJTHOU WM HECKOJIb-
KMX KHUCJIOT B HCCIEAYEMOM pPacTBOpPE METOJOM KOHIYKTOMETPH-
YECKOTO TUTPOBAHUA.

3amanue 1. PaboTra BBIMOJHAETCS HAa KOHAYKTOMETpE «AHUOH
4100».

Oobopyoosanue: xounykroMeTp «AHUOH 4100», npenBapUTEILHO
HEOOXOIMMO O3HAKOMHUTBHCSI C PYKOBOJICTBOM MO JKCIUTyaTaluu
npuodopa.

Peaxkmuewt: 1. PactBop HCI (x. 4.), 0,1 M: uamepuTeabHbIM 1IH-
muajapom otMmepuBaroT 8,2 miu HCI, moBomsar mo 1 1 auctwiiu-
POBaHHOM BOJI0I B MEPHOI1 KoJIOE.

2. PactBop CH3COOH (x. 4.), 0,1 M: 5,6 M neasitHOM yKCyCHOMN
KUCJIOTBI pa30aBisitoT A0 | 1 TUCTUUIMPOBAHHOW BOJOM B MEpPHOM
KoJ0e.
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3. PactBop NaOH (x. 4.), 0,1 M: 4,0 r NaOH parBopsitor B 1 1
JTUCTUIIMPOBAHHOM BOJBI B MEPHOU KOJIOE€.

Buvinonnenue paoomut

B uM3MeEpUTENbHYIO SYEUKY 3IMBAIOT 5 MJI UCCIEIYEMOU KHUCIIO-
Thl WM CMECH KHUCIOT. KuCIoThl pa30aBiiOT IUCTWILIMPOBAHHOMN
BOJIOM Tak, 4TOObI YpPOBEHb >KUIKOCTH HAJ 3JEKTPOJIaMu ObLI HE
Menee 10 mM. TutpanT mpuauBaroT B Ipoliecce padoTsl U3 OIOPETKU
noprusamu 1o 0,2 mut. Ilpu moGaBieHMM KaXaoul MOPIMU TUTPAHTA
COEPKUMOE XOPOLIO NEPEMEIMIMBAIOT U HU3MEPSAIOT €ro JJIEKTPO-
npoBOAHOCTh. CTposIT rpaduK 3aBUCUMOCTU YJIEJIbHOW 3JIEKTPOIPO-
BOJITHOCTH OT 00beMa TUTPAHTA.

AoOciucca nepecedyeHus npsMbIX COOTBETCTBYET 00bEMY TUTpaTa
B DKBUBAJICHTHOU TOYKE. ONpenennB SKBUBAICHTHYIO TOUKY, PaCCUU-
THIBAIOT KOHIIEHTPALIMIO UCCIIEYEMOr0 pacTBopa 1o ¢popmyJie:

Ca=Cp X Vp/ Vq,

rae Cp — MOJIsIpHass KOHUEHTpaUusl UCCIEIyEMOI0 pacTBOPa, MOJIb/JI;
Cg — MoJsisipHas KOHLIEHTpAallMsl TUTPaHTa, MOJIb/JI; Vg — 00BEM TH-
TpaHTa, COOTBETCTBYIOIIUI SKBUBAJEHTHOM TOUYKe, MJ; V,_ 00BeM
AJTMKBOTHOM (KpaTHOM) 4acTH pacTBOPA, B3SATHIN JJIsl TUTPOBAHUS, MIL.

3ananue 2. PaboTta BBIONHSETCS B MEHIO POTPAMMBI
«L-Xumus — npaktukym» Ha PMC «Konnykromerpus» unu YPMC.
[lepen BbIIOTHEHHEM BTOW PAOOTHI CIEAYET O3HAKOMUTHCS C
pazaenamu: «Anmnpokcumanun», «MeH U OkHay, «PexuMbl BBOJIA
naHHbIX», «CoxpaHeHUE pe3ynbTaToB», «l3MepuTenbHbId OJI0KY,
«JlaT4uK 3IEKTPONTPOBOTHOCTI.

Ooopyoosanue u peakmugpl: IATUYUK BJIECKTPOINPOBOJHOCTH,
KOMIBIOTEP C M3MEPUTEIBLHBIM OJIOKOM, MAarHuTHas Melajka,
MepHbIA TuauHIp Wik kosuda Ha 100 mui, crakan Ha 100 mi, OropeTka
Ha 25 MJl, IITaTUB XUMUYECKUH, PACTBOP KUCIOTHI C KOHLEHTpAIMEH
0,002—-0,01 M, 0,1M pactBop NaOH.

Inan padomer. 1loiy4aroT 3aBUCHUMOCTH BJIEKTPONPOBOIHOCTH
pacTBOpa OT OoObeMa J100aBIEHHOIO THUTpPAaHTA (KPUBYIO KOHIYKTO-
MeTpuueckoro tutpoBanus). [lepernd kKpuBOi TUTPOBAHUSA COOTBET-
CTBYET TOYKE SKBHUBaJIEHTHOCTU. [Io 00bemMy TUTpaHTa B HEH ompeje-
JSIOT KOHIIEHTPAIMIO KUCIIOTHI B MPOOE.
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Iloozomoexka k padome. CoOuparoT ycTaHoBKy. K mnepBomy
pa3beMy U3MEPUTENIBHOTO OJIOKa TMOAKIIYAIOT JaTYUK DJIEKTPO-
MPOBOJHOCTH, MEPEKIIOUUB €ro Ha auamna3oH 0,5-5 mCwm/cM. 3anmycka-
10T cueHapuil «TutpoBanuey: mnapameTp «IJIEKTPONPOBOJIHOCTH —
0,5-5 mCwm/cmy, 3aTeM pexxum «PydHOo# BBOJ 00BEeMa TUTPAHTAY.

Buvinonnenue pabomot

B crakan nunuaapom otouparot 100 M ananuzupyemoit npoOsl,
CTaBiIT HAa  MAarHUTHYH  MEWAaJKy, [OrpyXalwT  JIaT4HK
AJIEKTPONPOBOHOCTU. 3anmoiHsAOT OtopeTrky tutpantom (0,1 M
pactBop NaOH). Haxaruem Ha »3kpanHyto kiaBumy «Ilyck»
3aIyCKaloT MPOIECC M3MEPEHHS M SKpaHHOU kiaBuied «Bbrioop»
BBOJISIT 3HAYCHHUE BJICKTPONPOBOJHOCTH MCXOAHOTO pacTBopa. Jlanee
n3 Owperku jgobOasisaoT 0,2—0,5 mn tutpanta. Haxartnem Ha
SKpaHHYIO KiaBuilly «BbIOOp» CHOBA BBOAST B KOMITBIOTED 3HAUCHUE
YACNBHON 3EKTPONpPOBOJHOCTH. M Tak 70 TeX MOp, MOKa yjAeibHas
AJIEKTPOINPOBOITHOCTh HE OYJIET YCTOWYMBO (B T€UCHHUE KAaK MUHUMYM
IATH SKCIEPUMEHTAIBHBIX TOYEK) pacTu. OCTaHABIMBAIOT U3MEPEHNUE
Ha)KaTHUEM SKpaHHOU KiIaBUIIA «CTOM» M COXPAHSIOT PE3YIbTATHI C
MIOMOIIBIO YKPAHHOU KJIABUIIN «APXUBY.

[IpoBeneHHOE TepBOE TUTPOBAHME SIBJSIETCA MPUKUAOYHBIM. Ha
OCHOBAaHHMM €r0 Pe3yJIbTATOB ONTUMU3UPYIOT YCIIOBUSI TUTPOBAHUS U
MpPOBOJSAT TOYHOE TUTpoBaHWE. Ero He 00s3aTe€NbHO MPOBOAUTH C
camoro Havana. llerecoobpa3HO TOYHO TpOMHUCATh KPUBYIO
TUTPOBAHUSI BOKPYI TOYKHU SKBUBAJICHTHOCTH U WUTHOPUPOBATH €€
Y4aCTKH BJAJIU OT TOYKHM DKBUBAJIEHTHOCTHU. [lo3TOMY MOXHO cpa3zy
n100aBUTH B MpoOy 00beM TUTpaHTa HA 1—2 MJI MEHBIIHH, 4eM 00beM
B TOYKE SKBHUBAJEHTHOCTH, IOCJIE€ YEro MPOBOJUTh TUTPOBAHUE C
marom 0,1-0,2 mi, no0aBuB oOmMi 00BeM TUTpaHTa Ha 1-2 i
OoJibllle, 4YeM B TOYKE OSKBHUBAJEHTHOCTH. TOUYHOE THUTPOBAHUE
OpOBOJAT OO TPEX CXOIAIIMXCS pe3ysbTaTOB, T.€. IOKa TPH
pe3yJsibTaTa MojpsAa He OyAyT OTIMYaThCs APYT OT Apyra MEHEe 4eM
Ha 0,2 M.

Oopaoomka pezynomamos. 110 OKOHUAHUM H3MEPEHUS IIiepe-
xondat B mporpammy «Excel» W OTKpbIBalOT B HEW MOJy4YEHHbIE
daiinel. [lepBas rpada — oO0beM THUTpaHTa, BTOpas — DIEKTPOIPO-
BOJIHOCTBH IpHU 3TOM o0beme. CTposT rpaduk 3aBUCHMOCTH DJIEKTPO-
MPOBOJHOCTH OT J00aBiIeHHOr0 oObeMa TuTpanta. OObeMm, mpu
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KOTOPOM HaOJIIOJ]aeTCsl MEepPesioM 3TOM 3aBUCHUMOCTH, COOTBETCTBYET
TOYKE 3KBUBAJICHTHOCTH.

OTOT 00BEM MOXKHO ONPEAETUTDH rpapUUECKU WU aHATUTHYECKHU.
['paduuecku npoaeBat0T anMpOKCUMUPYIOIIKUE MPsMbIe Ha rpaduke
10 ux nepecedeHus (B nporpamme «Excel» — «CBoWCTBa IMHUY TPEH-
na»). Ha ocu abcuuce CTposT 4acTylo CETKY M MO CETKE ONMpeestoT
00beM, MPHU KOTOPOM MPOUCXOAUT IepecedeHre. Haiias oObeMm B
TOYKE SKBHUBAJICHTHOCTH, PACCUYUTHIBAIOT KOHIIEHTPAIINIO KUCIIOTHI.

Omuem. B otdere nomkHA ObITh yKa3aHa KOHIIEHTpALUsSl TH-
TpaHTa U 00beM MpOObI. JIOMKHBI OBITH NPUBEICHBI KPUBBIC TUTPO-
BaHUS W OTMEUCHBI 3HAYEHMS OoObeMa THUTpPAHTA B TOYKaX HKBHBa-
JIEHTHOCTH. B BBIBOJIE MPUBECTHU CPEAHIOI KOHIIEHTPALINIO KUCIOTHI.

Bo3moorcnvie eapuayuu. BozamoxxHa 3ajaya OnpeeleHUs] KOH-
IEHTpalu ocHoBaHusA. OHa pelraeTcs aHaJOTUYHO, MMyTeM TUTPOBa-
HUS OCHOBaHMSI KUCIOTOM. Toraa KOHIIEHTpalMs OCHOBaHUS JOJIKHA
owITh 0,002-0,01 M, a KucI0TH (ONTUMAJIBHO — coyisiHOM) — 0,1 M.

3amanue 3. Pa6ota BeinonHsaeTcs Ha YJIK «Xumusy.

Oobopyoosanue u peakmueni:

1. VJIK «Xumusi» (UEHTpalbHBIM KOHTPOJUIEP, MOIYIb «DIIEK-
Tpoxumus» win «TepmocTar», KOHIYKTOMETPUYECKHN JaT4HK,
craka Ha 50 cM).

2. PactBOop ruapokcuaa Kajiusg WJIM HATpUsl C KOHIIEHTpaluei
0,01 M.

3. Cunpnbie (HCI, HNOs) u cnadsie (CH;COOH, HCOOH)
KHUCJIOTHI JJIsl IPUTOTOBJICHUS aHATIU3UPYEMOTO pacTBOpA.

4. bropeTtka Ha 25 oM

5. IMumerkn Ha 10 1 20 cM™

6. JJabopaTopnas mocyja.

7. JluctunnvpoBaHHas BOJA.

Buvinoanenue paoomut

1. BKIto4nTh KOHTPOJUIEP M 3alyCTUTh MPOrpaMMy YIIPABICHUS
VIJIK. TloakmtouuTh KOHIYKTOMETPHUYECKHM HATYMK K COOTBETCT-
BYIOIIIMM pazbeMaM MOAYJS «IDneKTpoxumus» uinu «Tepmocrtary. B
OKHE TMpPOrpaMMbl YINPaBJICHUS aKTUBUPOBATh KaHAl H3MEPEHUS
«ITpoBOIMMOCTE», BKJIIOUUTH MEIIAJIKY M HCTOYHUK IEPEMEHHOTO
HaNPsHKEHHUS.
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2. IIpoBecTr TUTPOBAHUE CHIIBHOW KHCIIOTHI IEJIOYbI0. [ 3TOTO
B cTakaH Ha 50 CM’ HAINTH IUNETKOH 20 oM AHAUTM3UPYEMOTO pac-
TBOpA CWIbHOW KHUCIIOTHI, OMYCTUTh B CTaKaH JaTYUK U yOEAUTHCH,
YTO OH MOJIHOCTBIO MOTPYKEH B pacTBOp. B okHe «llapamerpsl nsme-
pPEHUS»  OTKJIIOUHTh «ABTOMAaTUYECKUWA PEKHM», YCTAaHOBUTH
napametpel:  «HMHTEepBan wu3Mmepenuin» — 10 ¢, «YcpenHeHue» —
«BriroueHo», B noje «BapbupyeMmblil mmapamMeTp» BBECTU 3HAYECHUE
«0». IIpoBecTn H3MEpPEHHE IIEKTPOIPOBOJHOCTH pPaACTBOpA IyTEM
Ha)XXAaTUd COOTBETCTBYIOIIEHM KHONKH. 3aTreM MOCJIEI0BATEIbHO
npuOaBISITh W3 OIOPETKM K aAHAIMU3UPYEMOMY PAaCTBOPY MOPLHHU
tuTpanta oobemom 0,5 mi. Ilocne kaxmoro mpuOaBieHHS B TOJIE
«Bappupyembiii mapameTp» clielyeT BBECTH 3HA4Y€HUE OO0beMa
N00aBIEHHOTO TUTPAHTA W H3MEPUTh BJIEKTPONPOBOJHOCTH MOJY-
YEHHOTO pacTBopa (BCE€ M3MEPEHUs IMPOBOJAUTL B Ipejesiax OJHOTO
skcnepuMenTal). TurpoBaHue MPOBOJIUTH JI0 TEX MOp, MOKa HE OyJeT
NOJIYYCHO TOoApsiA S5—8 3HAYMATENIBHO BO3PACTAOIIMX 3HAYEHUU
IIPOBOJIMMOCTH.

3. Iloctpouts rpaduk 3aBUCUMOCTH TMPOBOJMUMOCTH OT BapbH-
pyeMoro mnapamerpa (koHueHTpanuu). C HCHOJIb30BAaHUEM HHCTPY-
MeHTa «JIMHUS» NPOBECTH NPSAMBIE, MPOXOASAIIME YEPE3 TOUKU JBYX
YYaCTKOB KpUBOW TUTPOBaHUA. ONPENENNTh TOUYKY SKBUBAJICHTHOCTH
KaKk TOYKY IMEpeceueHus MBYyX NOpsMbIX. PaccuuraTe cojnep:kaHue
CUJIbHOW KUCJIOTHI B aHAJIM3UPYEMOM PaCTBOPE.

4. AHanoruyHo 1. 2—3 MPOBECTH TUTPOBAHHUE CJIA0OW KHUCIOTHI
menoubto. I3Mepenns mpoBOAUTh B paMKax HOBOTO 3KCHEPUMEHTA. B
TOM clly4ae dJEKTPONPOBOAHOCTh CHaudajia OyleT yBEIWYUBATHCS
HE3HAYUTEIBHO, a TMOCJIE TOYKU SKBUBAJICHTHOCTH HAYHET PE3KO BO-
3pacTaTk.

5. AHanoru4Ho M. 2—3 MNpoOBECTM TUTPOBAHUE CMECH CHIIBHOW H
C1a00i KHUCIOT 1Iienoublo. M3mMepeHus mpoBOAUTh B paMKax HOBOIO
JKCIIEpUMeHTa. B 3ToM ciiydae cHadana OyAeT OTTUTPOBBIBATHCS CHIIb-
Hasi KHUCJIOTa, a 3aTeM — cjabas kucnota. KpuBass TuTpoBaHusi Oyner
KOMOMHHPOBATh KPUBBIE TUTPOBAHHUSA JIBYX MPEABIIYIINX CITy4YaeB.

Iucomennwiit omuem o padbome NOIKEH COAECPKaTh: HA3BaHHE,
1eab paboThl, 00OPYOBAaHUE U PEAKTUBBI, CXEMYy YCTAaHOBKHU IS
MPOBEACHUS IKCIIEPUMEHTA, TpadUK KPUBBIX TUTPOBAHUS, PacueThl
COZEPMKAaHUS aHATTU3UPYEMBIX BEIIECTB, BHIBO/IBI.

37



Jlabopamopuas paboma 11. Onpedenenue KOHUeHmMpauyuu Xjaopuo-
UOHO8 MEMOOOM KOHOYKMOMEMPUYECKO20 MUMPOBAHUS

Pabora Beinonusercs Ha PMC «Konaykromerpus» win YPMC.
Ilepen BbIOTHEHHWEM OTOM paldOTHl CJleayeT O3HAKOMUTBCS C
pazaenaMu: «Anmnpokcumanumny, «MeHio U okHa», «PeXumbl BBOJA
NaHHbIX», «CoXpaHeHue pe3ynabTatoBy, «M3MepuTenbHbId OJOKY,
«JlaTumK 37EKTPONPOBOTHOCTH.

B pabote HE0OXOAWMO OMNpEneauTh KOHIICHTPAIIUIO XJIOPH/I-
HMOHOB B KOHTPOJIBHOM PaCcTBOPE WJIM BOJAOTPOBOAHOM BOJIE.

Oobopyoosanue u peakmu@bl: KOMIIBIOTEP C H3MEPUTEIIHLHBIM
0JIOKOM, JTaT4YUK DJICKTPOMPOBOJHOCTH, OIOpETKAa Ha 25 MJI, MarHMT-
Hasi MEIIAIKA, MEPHBIA [UIMHAP WM nuneTka Ha 100 mui, crakaH Ha
100 mn, mmpuubsl Ha 3 u 10 M, MWTAaTUB XUMHYECKHM, PacTBOP
xjopunaa Hatpus (koHreHtpauus xjgopugaoB 0,0001-0,001 M) wim
BojonpoBoaHas Boja; 0,01M pactBop AgNOs.

Ecau k pactBOpy, coaepiKalieMy XJIOpHA-WUOHBI, J100aBIISITh
pacTBOp HHUTpaTa cepedpa, TO MEXIy HHMHU OyIeT MHPOUCXOJUTH
peakus:

Ag + CI'= AgCl.

B pacTBOpe XJIOpUI-UOHBI OYyIyT 3aMelaTbCcs OIU3KUMU 10
MOJABUKHOCTH HUTpAT-uoHaMH. [lorTOMYy MoOKa Bce XJIOPUI-HOHBI HE
U3PacXoayIoTCsl (COOTBETCTBYIOIIMA MOMEHT Ha3bIBACTCA TOYKOM
SKBUBAJICHTHOCTH), JIEKTPOIPOBOAHOCTh OYJET COXPAHATHCA MOUTH
nocTossHHOM (puc. 7). Kak TOIpKO BCE XJIOPUIBI H3PACXOAYIOTCA,
MOHBI cepedpa 13 J00aBIIeMOro pacTBOpa NEPECTAHYT CBA3BIBATHCS U
AJIEKTPONPOBOJHOCT, HAaYHET pacTu. B 3TOT MOMEHT KOJIMYECTBO
XJIOPUJOB B HCXOAHOM mpoOe OyaeT paBHO KOJIMYECTBY HOHOB
cepedpa, WK (UCXO0/1s U3 ONPEIeICHUS] MOJISIPHOM KOHIEHTPAIINH):

C(Ag")xV(Ag") = C(CI)xV(CI),

rae C — MoJisipHas KoHIeHTpanus, V — o0beM.

Ecau 3HaTh 00BEM MPOOBI XJIOPUIOB, 00BEM pacTBOpa HUTpaTa
cepeOpa, MOUICIIINN Ha UX OCAXKIACHUE, U KOHILEHTPAIMIO pacTBOpa
HUTpaTa cepedpa, MOKHO BBIUMCIIUTh KOHIISHTPAIIUIO XJIOPHUI-HOHOB.
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Ilhan paéomer. llomydaroT 3aBUCHUMOCTH 3JEKTPOIPOBOJAHOCTH
pactBopa oT oObema  A00aBJIEHHOrO  TUTpaHTa  (KpuBas
KOHJTyKTOMETPHUYECKOTO TUTPOBaHUS, pUC. 7).

ANEeKTPONnpPoBOAHOCTb

Too

0bbeM MTpaHTa

Puc. 7. KpuBasi KOHIYKTOMETPUYECKOT'O TUTPOBAHUS
XJIOPHUJIOB HUTPATOM cepedpa

Iloozomoexka k padome. CoOUparOT YCTaHOBKY (KOMIIBIOTED,
u3MepuUTeNbHbIN 0510K). K mepBomMy pazbemy HM3MEpUTENBHOTO OJIOKa
MOJAKJIIOYAIOT JAaTYUK AJIEKTPONPOBOJHOCTH, MEPEKIIOYMB €ro Ha
muanazoHn  0-1 wmCwm/cm. B wmenwo nporpammbl — «L-Xumus —
NpPaKTUKYM» BbIOMpAOT cleHapuil «TutpoBaHue»: mapameTp —
«9nextponpoBoaHocTh 0—1 MCMm/cm», 3atem «PydHoe omperaencHue
o0beMa TUTPAHTA», JIaJie€ BBIXOJAT B peXUM «OKHO U3MEPEHUIN».

Buvinonnenue pabomut

B crakan mwimaapom otoupator 100 mi mpoObl, cTaBAT Ha
MAarHuTHYI0 MEIIAJIKy, MOTPYKarT JaTYUK 3JIEKTPONPOBOJHOCTH.
3anoaHstot 0ropetrky Ha 25 mut TutpanToMm (0,01M pactBop AgNO3).

C nomoupto 3kpaHHoM knaBumm «Ilyck» 3amyckaroT mpouecc
U3MEPEHUS, HAXKATHEM Ha HKPAHHYI KiaBully «BbiOOp» BBOAST
3HAUYEHHE DJIEKTPOMPOBOJHOCTH MCXOJHOr0 pactBopa. Jlanee wu3
oropetku nob6asisaoT 0,2—0,5 mi TuTpanTa. Haxkatrem Ha SKpaHHYIO
KJ1aBuIly «BbiOOp» CHOBa BBOJIAT B KOMIIBIOTEpP 3HAYEHUE YAECIBHOM
NEKTPONpPOBOJHOCTH. W Tak 10 Tex Tmop, TOKa yjAelbHas
JIEKTPONPOBOHOCTh HE OYyJIeT yCTOMYMBO (B TEUCHHE KAaK MUHUMYM
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IATH SKCIIEPUMEHTAIBHBIX TOUYEK) pacTu. [losyueHHBIE pe3yJbTaThl
COXPaHAIOT, HAKaB YKPAHHYIO KJIABUIIY «APXHUBY.

[IpoBeneHHOE TIEpBOE€ TUTPOBAHME SIBJISIETCS NMPUKUAOYHBIM. Ha
OCHOBAaHHMM €T0 PE3yJbTATOB ONTUMHU3UPYIOT YCIOBUS TUTPOBAHUS U
MPOBOJSAT TOYHOE TUTpOBaHHUE. [Ipu 3TOM OmMMCaHHYIO BBIIIE MPOIIC-
Iypy TOBTOPSIOT CO CIEAyIOMMMU U3MeHeHusiMU. LlenecooOpas3Ho
TOYHO TPONUCATh KPUBYIO TUTPOBAHUS BOKPYI TOYKHU DKBH-
BAJICHTHOCTH M WTHOPHUPOBATH €€ yYAaCTKH BJAJIM OT 3TOM TOYKH.
[TosToMy MOKHO cpa3y 100aBUTH B MPoOy 00beM TUTpaHTa HA 1—2 mi
MEHBIIINH, YeM O00bEM B TOUKE SKBUBAJICHTHOCTH, IOCJIE YEro Mpo-
BOJIUTh TUTpoBaHue ¢ 1marom 0,1-0,2 mu. Korga 6ynet npoiiaeHa Tod-
Ka 3KBUBAJICHTHOCTH, J00ABISIOT TAKUMU K€ MOPUUSIMU e1ie 1-2 miu
TUTPaHTa, MOCJE€ YEero TUTPOBaHUE MpekpamarT. OcTaHaBIUBaIOT
U3MEpPEHUE Ha)XaTHUeM SKpaHHOW KJaBUIIU «CTOM» W COXPAHSIOT
pEe3YyJIbTaThl C HOMOIIBIO SKPAHHOW KJIaBUIIH «APXUBY.

Oopaoomka  pe3yabmamog. 110 OKOHYAHUH  U3MEPECHUS
nepexoasaT B mporpammy «Excel» W OTKpbIBaloT B HE#l MOJIyYeHHbIC
¢aiinbl. [lepBas rpadga B HUX — 00bEM THUTpPAHTA, BTOPAsk — JIEKTPO-
OpPOBOJHOCTh MpH 3ToM o00beMe. CTposiT rpaduk 3aBUCUMOCTH
AJIEKTPOIIPOBOIHOCTU OT no0aBieHHOro oobeMa AgNO;. O0bem, npu
KOTOPOM HaOJIIOJJaeTCsl MEePEesioM 3TOM 3aBUCHUMOCTH, COOTBETCTBYET
TOYKE SKBUBAJICHTHOCTH.

YtoOBl TOYHO OMNpENeIuTh OO0BEM, COOTBETCTBYIOIIMNA TOUYKE
SKBUBAJICHTHOCTU, TPYIILYy TOUYEK JO TMEpeaoMa anmnpoOKCUMHUPYIOT
IPSIMOU, KakK Ha puc. 7. To ke camoe AearT ¢ IPYIION TOYEK MOCIe
nepenoma. Touka nepecedeHus dTUX JIBYX MPSIMBIX U COOTBETCTBYET
00bEMYy B TOUKE 3KBUBAJICHTHOCTU. DTOT 00BEM MOXKHO ONpPEIECITUTH
rpaguyecku Win aHaIuTHYecKd. ['paduyecku mpoJieBarOT anmpok-
CUMHUPYIOIIUE MpsIMbIE Ha TpaduKe 10 UX MepeceueHus (B mporpamme
«Excel» — «CpoiictBa nuHuM TpeHAa»). Ha ocu abcuucc cTposT
YaCTyl0 CETKYy W TI0 CEeTKE OMNpeAeNsioT 00beM, MPU KOTOPOM
MIPOUCXOUT TIEPECCUCHHUE.

Haiins o0o0beM B TOYKE DKBHUBAJCHTHOCTH, PACCUUTHIBAIOT
KOHIICHTPAIIUIO XJIOPUIOB MO0 YPABHEHHUIO:

C(Ag") xV(Ag") = C(CI) x V(CI).
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Omuem. B otdere J0bKHa OBITH YyKa3aHa KOHIICHTpaIUs
TUTpaHTa U 00beM MpoObl. JlOMKHBI OBITH MPUBEACHBI KPHUBBIC
TUTPOBAHUA M OTMEUEHBl 3HAaYCHHS OOBEMa TUTpPAHTa B TOYKAX
SKBUBAJICHTHOCTU. B BBIBOJIE MPUBECTU CPEAHION KOHIEHTPAIIUIO
XJIOPUJI-UOHOB C JIOBEPUTEILHBIM HHTEPBAJIOM.

Bozmooscnvie eapuayuu. 1. MOXHO yBEINYUTh KOHUECHTPALUIO
tautpanTta A0 0,1 M, a KOHIEHTpalui ONPEAEISIEMOTO HMOHA — J0
0,005 M. MoXHO YyBEJIMYHUTh KOHIICHTpAITUU €Ille OOoJbIle, HO TOTIa
cienyet padborars B quanazone 0,5-5 MmCwm/cm.

2. OTUM ke cnocoOOM MOKHO ONPEAEIsATh KOHIIEHTPAIIMU UOHOB
Br, I, SCN B TeX k€ KOHIIEHTpAIUX.

3. Bo3MOXHO ornpeieseHne XJIOpUaI0B U UOJUJIOB MPU COBMECT-
HOM TIIPHUCYTCTBUH.

Jl1s1 aTOrO MPOOY CHauYaia TUTPYIOT HUTPATOM cepedpa, Kak OIu-
CaHO BbIIIE, MOJy4Yass CYMMapHYyl KOHIEHTPAIMIO XJIOPUIOB U
MOAU0B. 3aTeM MPOBOJAT TUTPOBAHUE, J00aBIsAsl B MPOOYy pacTBOp
aMMHuaka Tak, 4ToObl ero KouueHTpauus Owbuia 0,1 M. Ilpu sTOoMm
xjopuj cepedpa oOpa3dyeT aMMHUAYHbIH KOMIUIEKC M HE BBINAJIACT B
ocaZioK, a uoauj cepedpa BeImagaeT. To €CTh KOHAYKTOMETPUUYECKHU
OTTUTPOBBIBAETCS TOJIBKO HOJIU/I.

Bonpocvl k omuemy no meme
«Konoykmomempuueckuii memoo aHaiu3a»

1. YUTo Ha3pIBaeTCs 3JIECKTPOIPOBOJHOCTHIO, KAKOBAa €€ pa3Mep-
HOCTh? B 4eM COCTOWT NpUHIUN METOAA OIPEICIICHUS 3JIEKTPO-
MIPOBOJTHOCTH ?

2. Yto Ha3bIBAETCA YACIBLHOW 3JEKTPOIPOBOJIHOCTHIO, KAKOBA €€
pasMepHOCTh? Kak 3aBUCHUT yJelbHAsA 3JIEKTPONPOBOAHOCTh OT KOH-
LEHTPAIllUX UOHOB U UX MOJBUXHOCTH?

3. UTo Takoe MOCTOSTHHAS COCY/Ia U KaKOW CMBICIT OHA UMEET?

4. Yto Ha3bIBAC€TCS MOJISIPHOM 3JIEKTPOIPOBOJIHOCTHIO, KAKOBA €€
pazMepHocTh? Kak 3aBUCHT MOJISIpHAsA 3JIEKTPOMPOBOJIHOCTh OT KOH-
LEHTPallU UOHOB?

5. Kak Bmusier Temreparypa Ha 3JEKTPONPOBOIHOCTH? B uem
MPUYUHA 3aBUCUMOCTH 3JICKTPOIIPOBOJHOCTH OT TEMIIEPATYPHhI?

6. [ToueMy HeEnb3s TPOBOJUTH MU3MEPEHHUE BICKTPOIPOBOJTHOCTH
pacTBOpPA, €CIIH JNEKTPOABI HE TTOTHOCTHIO MOTPYKEHBI B ) KUIAKOCTH ?
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7.B 4YemM COCTOUT CYUIHOCTb METOJAa KOHJIYKTOMETPUYECKOIO
TUTPOBAHUS?

8. 0T d4ero 3aBUCUT XOJ KpPHUBBIX KOHJAYKTOMETPUUECKOIO
TUTPOBaHUSA?

9.B Kakux cly4asXx HMEET MECTO OTKJIOHEHHE KPUBBIX OT
JIMHEWHOTO Xoaa?

10.B 4Wem CcOCTOMT OPEUMYIIECTBO METOAA KOHIYKTO-
METPUUYECKOT0 TUTPOBAHUS TIEPE APYTUMHU OObEMHBIMU METO1aMu ?

2.3. NlHBepCcnOHHas BofibTaMnepomMeTpus

Boavmamnepomempusa — 510 31EKTPOXUMUYECKUNA METOJ, OCHO-
BaHHBIM HA M3YYEHUU BOJbTaMIEPOrpamMM, MOIYUYEHHBIX C JHOOBIM
WHJIUKATOPHBIM 3JIEKTPOAOM (BpPAlArOIIUICA WM CTAalHOHAPHBIN
IJIATUHOBBIM W TpadUTOBBIM, CTAMOHAPHBIM WM CTATUYECKUM
PTYTHBII), KpOME Kalarollero pTyTHOTO 3JEKTPoaa.

Meron MHBEPCMOHHOM BOJBTAMIIEDOMETPUM OCHOBAH Ha IpPE-
BAPUTEIBHOM aJCOPOLIMOHHOM KOHUEHTPUPOBAHUU OIPEAEIISIEMOTO
KOMIIOHEHTa Ha MOBEPXHOCTH JJIEKTPOAA M IIOCIEAYIOLIEH peru-
CTpalMy BOJIbTAMIIEpPOrpaMMBbl IIOJIYYEHHOTO NpOoAyKTa. B wnHBep-
CHOHHOU BOJIbTAMIIEPOMETPUHU NIPUMEHSIOT JUCKOBBIM BPAILLAIOIIUNCS
ANEKTPOJ (BpAIIAOIIMICS TUIATUHOBBIA MM MHUKPOAJEKTPOJ U3 Ipa-
¢uta, nuporpapuTa UM CTEKIOYTJIEPOJa) U TUICHOUHBIE PTYTHBIE
JIEKTPOABI Ha MOJIOKKE U3 CTEKIoyriepoaa. MIHBepcuOHHAs BOJIBT-
aMIIEPOMETPHUS IPUTOAHA U1 ONPEACICHUS MHOTUX HEOPraHUYECKUX
U OpPraHWYECKHX BelecTB. HBEpCHOHHAs BOJIbTAMIIEPOMETPUS —
CaMbIl BBICOKOYYBCTBUTEIBHBIM BOJIBTAMIIEPOMETPUUECKUN METO/,.

Jlabopamopuas paboma 12. H3mepenue maccogoii KOHUeHmpauuu
UOHO8 KAOMUA, CBUHUA, MEOU U YUHKA 8 NPOOE MemOoOoM
UHBEPCUOHHOIL 80JIbMAMNEPOMEMPUL

Oobopyoosanue u peakmugvl: aHAIN3ATOP BOJIbTAMIIEPOMETPH-
yeckui «9KotecT-BA», yCTaHOBKa, 3IEKTPOJA IHMCKOBBIM Bpalllaro-
IIUICS, DJIEKTPOJ XJIOPCEPEOPSHBINA, CTEKIOYTJIEPOIHBIN CTaKaHUMK,
BEChI Ja0OpaTOpHbIC OOIIEro Ha3HAYCHMS, IUIMTKA JJEKTpHUUYecKas ¢
3aKPBHITON CIUPaIbIO, (GaphOpPOBBIN TUTIIb JIJIsl BHITAPUBAHUS, MEPHBIN
nmurHAp uin koinoa Ha 100 Mo, ctakan Ha 50 mut, mo3atop Ha 1 M,
ITaTUB XUMHUYECKHM, KUCJIOTa a30THasi KOHIEHTpupoBaHHas, 0,1 M
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pactBop HCI, kanuit xsnopucteiid, pryTh (II) a30THOKHKCHAS (OHOBO/I-
Has), TUXpoMaT Kajus, CepHas KHUCJIOTa KOHIEHTPUPOBAHHAs, BOJA
OMAUCTUIUIMPOBAHHAS, «XPOMOBAsi CMECHY» JIJISl MbIThsSI J1a0OPATOPHOU
MOCY/Ibl, TOCYJIapCTBEHHbIC CTaHJIAPTHBIE 00pa3ilbl COCTaBa PaCTBO-
poB noHoB kammus (I'CO 5222), csunma (I'CO 6077), meau (I'CO
6073), uuaka (I'CO 6064).

Meton OCHOBaH Ha 3IEKTPOXMMHUYECKOM KOHIIEHTPUPOBAHUU
KaJMUs, MEIW, CBHUHIIA, IIMHKA Ha TMOBEPXHOCTH HM3MEPUTEIHLHOIO
YTIJIECUTAJIOBOIO D3JIEKTPOAA U TMOCIEAYIONIEM 3JIEKTPOXUMHUYECKOM
PacTBOPEHUU MPHU 3aJJAaHHOM MOTEHIIMAJIE C PErUCTPallUeil BOJIbTaMIIe-
porpammel. Jlnana3zoHbl U3MEPEHUSI MACCOBOM KOHIICHTPAIIUM MOHOB B
npooOe, nmoarotopiaeHHo k uzmepenusm: Cd, Pb, Cu— ot 0,001 no
1,0 mr/om’, Zn — ot 0,010 10 1,0 Mr/mm .

ConepxaHue pacTBOPEHHBIX (POpM ompeAessitoT B (PuiIbTpOBaH-
HOM mpoOe, cymMMapHOe€ cojiep)kaHhe B HehUIbTPOBaHHON Ipooe,
COOTBETCTBEHHO COJICPKAHUE HEPACTBOPEHHBIX (JOPM PACCUUTHIBAIOT
10 Pa3HOCTH HAWJICHHBIX 3HAYCHUN.

3HaYeHUs] MAaCCOBOM KOHIIEHTpAllUM MOHOB KaJaMUsl, MEJIU, CBUH-
1a, IMHKa B Mpo0ax MOpOAYKIUU OMPEACISIOT METOJA0M J100aBOK:
CpaBHCHHEM BEJIWYUH AHATUTHUYECKUX CHUTHAJIOB, MOJYYEHHBIX IS
pPacTBOpPOB MPOO U TeX ke MpoO mocie MpuOaBiIeHUS CTAaHIAPTHBIX
PacTBOPOB C U3BECTHOU KOHLEHTPALMEN aHATIU3UPYEMBIX HOHOB.

Iloozomoexa k nposedenuro usmepenuil

[Ipy moAroTOBKE U3MEPEHUI JTOJKHBI OBITh BBINOJIHEHBI CJIEAYIO-
nme padoThl: MOJATOTOBKA TMOCY/bl, NPUTOTOBJICHUE PEAKTUBOB,
HacTpoika mpubopa (IpeaBapuTeIbHO HEOOXOAUMO O3HAKOMHUTBHCS C
PYKOBOJICTBOM M0 3KCIUTyaTalluu Ipruodopa).

HoByto 1 3arps3HeHHYIO0 MOCYAy JIsl aHAJIM30B IIPOMBITH B pac-
TBOPE «XPOMOBOH CMECH», 3aT€M MHOT'OKPATHO OIOJIOCHYTh BOJIO-
IPOBOJIHOM BOJOM, TIIATEIILHO MPOMBITh JUCTAJLUIMPOBAHHOU BOJIOU U
TPUXKJBI OMOJOCHYTh OMIAMCTUIUTUPOBAHHOU BOJI0M. HemocpeacTBen-
HO TIepe]] MCTIOJIb30BaHUEM MOCY 1y MPOMBITH 1 M pacTBOpoM a30THOM
KHUCJIOTHI U TIIATEILHO OMOJIOCHYTh OMJINCTUIUIMPOBAHHOW BOJIOM.
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Hpuzomoeﬂen ue ecnomozcameilbHulX pacmeopos

Kucnora xnopucroBogopoanas (1 M pactBop): 82,5 CM® KOHI[CH-
TPUPOBAHHON XJOPUCTOBOJOPOJHONM KHUCIOTHl BHECTH B MEPHYIO
k0s16y (1000 cM’) ¥ JOBECTH 0 METKH OMINCTHILIMPOBAHHON BOJIOMN.

Pryts (II) a3otHOKHMCHAs (0,01M pactBOp): HaBecky coau 0,343 r
pactBoputh B 50 e 0,1M pacTBopa a30THOW KHCIJOTBI, PACTBOP
KOJIMYECTBEHHO MIEPEHECTH B MEPHYIO KOJIOY BMecTHMOCTBIO 100 oM
¥ JJOBECTH 10 METKH OMIUCTUITMPOBAHHOU BOJOM.

PactBop (OHOBOro 3JIEKTPOJIMTA: B MEPHYK KOJIOy BMECTH-
mocTbio 1000 cm’ Hamuts 50 em® 1M pacTBOpa XJIOPUCTOBOOPOIHOM
xuciots, 10 em® 0,01M pacTBOpa a30THOKHUCIJION PTYTH U JOBECTH 10
METKH OMIUCTUILIMPOBAHHON BOOM.

Iloozomoeka npoo k ananu3sy

N3mepenus MacCoBOM KOHIIEHTpAllMM MOHOB MEJIM, CBUHIIA, Ka/l-
MHUS W IIMHKA BBINIOJHSIIOTCA B OJHON 1mpoOe. Ilpu mnpoBeneHuu
aHAJIM30B OJJHOBPEMEHHO T'OTOBST JBE MapaJIeIbHbIE MPOOHI.

[Ipo6y aHanm3upyeMoro obpasia Boxsl obbeMoM 100 oM’ mepe-
HECTH B BBIIAPUTENBHYI0 YAIIKY, JOOABHT 1—2 CM® KOHIICHTPH-
POBAHHOM a30THOM KUCIOTHI. COJECPKUMOE YalllKHA YIIAPUTh A0 MOIY-
YeHUsl «BJIAXHBIX cojei». B ciyyae oOpa3oBaHHsS TEMHOTO OCTaTKa
KHUCJIOTHYIO0 00paOOTKYy MOBTOPUTH /10 €ro ocBeTieHusa. Ecinu octaTok
HE OCBETJISACTCS, MPOOy YMAPUTH JI0CYXa U MPOKAIUTH B MYy(eTbHOU
€YU [PHU 450°C B Teuerne 30 MuH.

B wamky c¢ 3o0m10i1 no6aButh 1 e 1M pacTBopa XJOPHUCTO-
BOJOPOHOM KUCJIOTBI U 3 oM pactBopa (poHOBOrO AIeKTpouTa. Eciu
30J1a TUIOXO PAacTBOPSIETCS, YAIIKY IMOJOTPETh HAa BOJISIHOM OaHe.

PacTBOp, MOJIydeHHBIM B pe3yabTaTe MOJHOW MHUHEpPAIU3ALUU
poOBI, OXJTaAUTh U KOJTMYECTBEHHO MEPEHECTH B MEPHYIO MPOOUPKY
BMECTHMOCTBIO 20 cM’ 4epe3 OYMaKHbIH (GHIBTp, YBIAKHEHHbI pac-
TBOPOM (DOHOBOTO HJEKTpoiuTa. PacTBOp OBECTH 10 METKH (o-
HOBBIM 3JIEKTPOJIUTOM.

PacTBOp KOHTPOJIBHON «XOJIOCTOW» MPOOBI MOATOTOBUTH K BHI-
MOJTHEHUIO M3MEPEHUN aHAJIOTMYHO aHAJU3UPYEMbIM MpoOaM BOJIbI,
UCIIOJIB3YST BMECTO TTPOOBI OMIUCTHIIMPOBAHHYIO BOY.
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Ilpogedenue usmepenuii

1. YcTaHOBUTH MOTEHIMAN SJEKTPOXUMUUYECKOM OYUCTKH pado-
4ero MeKTpoaa — «0 BOIbT» U MPOU3BECTU €r0 3JIEKTPOXUMUYECKYIO
OYUCTKY B T€YeHHE He MeHee 60 ¢, He perucTpupysi BOJbTaMIIEPO-
rpammy.

2. YCTaHOBUTH MapameTphl Npudopa (MOTEHIMAT HAKOIUICHHS,
aMIUTATYJly Ppa3BEPTKH, JAMANAa30H TOKAa M BpPEMs HAKOIUICHUSA).
BximrounTh  A4Ye€iiKy, MPOBECTHM PETUCTPALMIO BOJIBTAMIIEPOTPAMM,
3aTEM BBIKJIIOUUTH STYEHKY.

B ciydasx uszMepeHusi B mpoOax BOJbI MAacCOBOM KOHIIGHTpallUU
HWOHOB MEJM, CBHUHIIA M KaaMus (0e3 IMHKA) YCTAaHOBUTH IMOTEHIIHAJ Ha-
korieHust (-0,9 B) u cooTBeTCTBEHHO aMIUIMTyy pa3Beptku 1,05-1,1
B. B cnydasx usmepeHus B npo0Oax BOJAbI MAacCCOBOW KOHIICHTPALUU
WOHOB MEJH, CBUHIIA, KaMUs U IIMHKA YCTAHOBUTH MOTEHIIMAT HAKOII-
nenust (-1,3 B) u coorBeTcTBEHHO aMIuiuTyay pa3septku 1,35-1,4 B.

3. B anekTponusep suerku momectuts 20 cM pacTBopa «Xo-
JOCTOW» MPOOKI (perucTpaius BOJIbTaMIIEpOTPaMM PaCTBOPaA «XOJIOC-
TOI» TIPOOBI).

4. B snekrposnzep suerkn nomectuth 20 oM pacTtBopa mpoObI
(peructparius BoJbTaMIIEpOrpaMM pacTBOpa MpoOkl).

5. B anextponuzep sueiku ¢ pacTBopoM mIpoObl 100aBuThH 0,5—
1 ma I'CO noHOB KaaMusi, CBUHIIA, MEJIH, ITMHKA (PETUCTpaIIUs BOJIbT-
amreporpaMMm pactBopa IMpoObl ¢ go6aBkamu). OObeM H KOH-
HEHTpalusl J100aBJIsIEMbIX B SA4YEMKY pacTBOPOB YCTAHABIMWBAECTCS
SKCIEPUMEHTAIBHO [IJIi KaXJOW MpoObl TakuM 0Opa3oM, YTOOBI
BBICOTA aHAJUTUYECKOr0 MHUKAa U3MEPSEMOr0 MOHA MPHU PETUCTPALUH
BOJIbTAMIIEPOTPAMM pacTBOpa MPoObI ¢ JOOABKOM yBeanuuaach B 1,5—
3 pasa npu 3HaYCHUSIX MAPaMeTPOB MpUOOpa, YCTAHOBICHHBIX MPHU pe-
TUCTpalMM BOJIbTaMIIEporpaMM pacTBopa mpoosl. CymMmapHbIi 00beM
BCEX pacTBOPOB J00aBOK HE Ao0JKeH mpeBbimath 10% ot oObema
pacTBOpa IpoOkI B AJIEKTPOJIU3EPE.

Ounctka anektponoB. [locie npoBeaeHUs: cepu aHAIU30B WJIU B
KOHIIE Pa00ThI STYEHKY U SJEKTPO/Ibl TIIATEIBHO MPOMBITH OMIUCTUILIH-
pOBaHHOM BOJOM. Paboune 3yeKTpobl MEXaHUYECKH OYUILAIOT CYXOu
bunbTpoBaNibHOM Oymaroii, 3ateM Oymaroil, CMOYEHHOW 3TAHOJIOM.
BcenoMorarenbHblil  (XJIOpCEpeOpsiHbI) 3IEKTPOJ  OIMOJIOCHYTh pac-
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TBOPOM XJIOPUCTOBOJIOPOJHON KHUCJIOTHI, MPOMBITh OWUUCTUILIIUPOBAH-
HOM BOJIOW U TIOMECTUTH B HACBIIIIEHHBIA PACTBOP XJIOPUCTOTO KaJIUS.
PacyeT KOHIIEHTpAIIMU UCCIIEAYEMOro pacTBopa (€y) MPOBOISAT 1O

dhopmyiie:

Cx = Cer X Ix / (IX +CT—IX)9
T. K. IX / IX+CT: Cx / (Cx +CCT)7

IJI€ C.,_ KOHIIEHTpaIus cTanaapTHoro pactsopa (I'CO),
I, — TOK HuccieayemMoro pacTBopa,
I +cr — CYMMapHBINA TOK UCCIIEAYEMOTO paCTBOPa U CTAHAAPTHOTO.

Bonpocwt Kk omuemy no meme
«Hneepcuonnasn eoibmamnepomempus)

1. CymHOCTh BOJBTAMIIEPOMETPUUECKOTO METOA.

2. Uto Takoe BoibTaMINEpHasi KpruBasi?

3. Ilonsporpadudeckuii GoH U €ro Ha3HAYCHHUE.

4. Inddy3noHHBIH TOK, €ro ONpEAeieHHe W CBs3b C
KOHIICHTPAIlUEN PACTBOPEHHOTO BENIECTBA.

5. IloTeHnuan noJyBOJIHBI, IPUMEHECHUE MOTEHIIMAJIA TTOJTYBOJIHBI
B KAYECTBEHHOM aHAJIU3E.

6. XpoHOaMIIEPOMETPHUS C IMHEWHON Pa3BEPTKOM MOTECHIHAA.

7. IHBepCUOHHAs BOJIbTaAMIIEPOMETPUSI.

8. [IpakTryeckoe MpUMEHEHUE BOJIBTAMIIEPOMETPHHU.

Pasgen 3. XpomaTtorpaduyeckue metoabl
aHanusa

Xpomartorpadgusi — 3TO AUHAMHYECKUN COPOIIMOHHBIA METO]
pa3JIeIeHUs] CMECEN BEIIECTB, OCHOBAHHBIM HA MHOTOKPAaTHOM pac-
MpeJIeJICHUd BEIIECTB MEXAy AByMs ¢da3zamMu, oiHa M3 KOTOPBIX
HENnoOoBUIICHAsA, a APYTas — HOOBUMCHAs, HETPEPHIBHO IepeMelaro-
mascsi BA0JIb HEMOABIKHOW (azel. B ponu moaBmxHOM ¢as3wl yaiie
BCEr0 BBICTYMAET Ta3 WM XUJKOCTh, a B Kauye€CTBE HEIOJIBMKHOMU
(ba3bl — JKUIAKOCTh WA TBEPAOE BEIIECTRO.
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3.1. ToHKocnonHaa xpomartorpacpus

Tonxocnoiinas xpomatorpadus 3aHUMaeT 0co00€ MECTO Cpelu
IPYTUX XpomaTorpauueckux MeTOoAO0B OJjarogaps MPOCTOTE METO-
JUKU U IOCTYITHOCTH 000PYA0BaHUsI, IIUPOKON 001aCTH MIPUMEHEHUS,
BBICOKOW 3KOHOMHYHOCTH, JOCTATOYHO BBICOKOW CEJIEKTUBHOCTH H
YyBCTBUTEIBHOCTH.

JIaHHBI METOJI YCHEIIHO MPUMEHSETCS JJIsl pa3/ieiCHUusT OYE€Hb
MaJbix konudects BeriecTB (10 0,1-0,005 mkr). BnepBbie Ha TOHKOM
cioe ObUIM pa3fiefieHbl aJKaJoOWIbl JEKApCTBEHHBIX pacTeHuil. B
OTJIMYHE OT KOJIOHOYHOM xpomartorpaduu npu TCX cmoii copOeHTa
HAHOCAT Ha TOPU3OHTAIBHYIO CTEKIISIHHYIO, METAJUTMYECKYI0 WU
mnactMaccoByro minacTUHkU (TCX ¢ He3aKpeIrwIeHHBIM CJIOEM) WU
NPUMEHSIIOT 3aKPEIUJICHUE CIIOS KpaxmajiaoMm, CyJb(aToM KalablUs U
JIPYTUMHU CBSI3bIBAIOIIMMHU areHTamMu. KpoMe Toro, MOXHO HCIOJIb-
30BaTh BBIMTYCKAE€MbI€ MPOMBIIUICHHOCTHIO TOTOBBIC TUIACTUHKHU JIJIS
TCX ¢ 3aKperuieHHBIM CI0€M CUJIMKAressl Ha alllOMUHUEBOU (POJIbTeE.

[Ipouenypa ananuza cmecu BemectB MerogoM TCX TtakoBa. Ha
pacctosHuu 1,5-2 cM OT KOPOTKOTO Kpas IJITACTUHKH TPOBOJSIT
MONEPEYHYIO JIMHUIO, SBISIONIYIOCS JIMHMEH CcTapTa, U Ha Hee
KanuuIsipaMy, MUKPOTUIIETKAMU MJIM MUKPOIITIPUIIAMHU B BUAE TOYKU
WM TIOJIOCKM HAHOCSAT aHaJu3UPyeMyl0 CMECh U CTaHJIapTHbHIC
BEILIECTBA («CBUIETENN»). B OJIHY TOUYKY MOKHO HAaHOCHUTH 50 MKT —
1 mr BemectBa. Ilocie HaHeceHUsT 00pa3IOB IUIACTUHKY MEPEHOCST B
FEPMETUYHYIO KaMmepy Uil XpoMartorpauyeckoro aHaiusza H
MOTPY’KAIOT B PACTBOPUTENL, KOTOPBIA BBIIOIHSAET POJIb MOABUKHOM
da3pl. PacTBopuTens (MM CMeCh pacTBOPUTENICH) 3alIMBAIOT 3apaHee
B Xpomarorpaduyeckyro Kamepy, 4YTOObl B HEH YyCTaHOBUJACh
paBHOBECHAsl yIpyrocTh NapoB. B MpoTUBHOM cilydae pacTBOPUTEIND,
MOJHUMASICh BBEPX MO IJIACTHUHKE, OYyJET MHTEHCUBHO HCHapSThCS,
YTO OTpa3uTCs Ha KadecTBe paszaeneHusa. [lpu norpyxeHun
MJIACTUHKH B PACTBOPUTEINb HY>KHO CJIEAUTH 32 TEM, UTOOBI CTapTOBAas
JuHUs  ObUTa BbINIE  ypoBHS pactBoputens. Ilox nelictBuem
KaMWUIIPHBIX CUJI paCTBOPUTENH JABUKETCS BIOJIb CIOsI COPOCHTA U C
pPa3HON CKOPOCTBIO MEPEHOCUT KOMIOHEHTHI CMECH, YTO MPHUBOAUT K
ux paznenenuto. [I[puHIUI pazaeneHus Takou *Ke, Kak B JPYTrux BUaAaX
xpomarorpaduu: HEOJAMHAKOBOE CPOJCTBO pa3ACiiIEeMbIX BEHIECTB K
MOABIKHOW >KMAKOW (a3ze W cramuoHapHOMYy copOeHTy. Ilocre
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JIOCTUXKEHUST PACTBOPUTENIEM JIMHUM (DPOHTA TIIIACTUHKY BBICYIIUBAIOT
U TPOBOAAT HWICHTUPUKAIMIO KOMIIOHEHTOB cMecu. MHorue
BEIIIECTBA HE OOHApPYXHUBAIOTCS B BUAUMON 00JacTH, U ISl HUX
ONpe/ICJICHUSI HEBUIUMbIEC 30HBI (TISITHA) MPOSIBIISIIOT ONMPHICKUBAHUEM
mactuabl TCX cnenuaneHbiMM peareHTamu. HeokpaiieHHble Be-
NIECTBA WMHOTJA BBIABISAIOT TAKXE C TOMOIIBIO BBIACPKUBAHUS
IJIJACTUHKM B TEYCHUE HECKOJIBKUX MHUHYT B Iapax Woaa, WIH €€
oOnydaroT Y@®-yyaMyd WM TPOBOJAST TEPMHUUECKYIO IECTPYKIHUIO
pa3AesieMbIX BEIIECTB.

BaxHO! XapakTEpUCTUKOW CTEHEHU Pa3ICIICHUS OIpPEACIIEMbIX
COCMHEHUN SBJISETCS BEIWYMHA Ry— OTHOIIEHHWE pPACCTOSIHUS OT
LEHTpa MNATHA Ha IUIACTHMHKE N0 JIMHUM CTapTa K PacCTOSHUIO,
NPOWMIEHHOMY PacTBOPUTEIEM OT JMHUHU CTapTa 10 JIMHUU (PpPOHTA.
BennunHa Ry sABIgeTCS XapaKTEpUCTUKOW MPUPOABI OMPEACIISIEMOTO
COCMHECHHS.

[TockoabKy BenumurMHa Ry 3aBUCUT OT CBOMCTB COpOEHTa M pac-
TBOPUTEJNS, UCIIOJIB3YEMBIX ISl pa3/iesieHUsl, HEOOXOJAUMO CpaBHEHUE
BEJIMUMH R; HccienyemMoro Bemecrsa ¢o CTaHAAPTHBIM BEIIECTBOM —
«CBHJICTEIIEM», HAHOCHUMBIM Ha Ty X€ IUIACTHUHKY. «CBUIETEIEM)»
CIIY)KUT TMpPEAIojiaraéMoe 4YHCTO€ BellecTBo. MaeHTudukanuio
BEIIECTB (KaYE€CTBEHHBIN aHaM3) MOXHO MPOBOAUTH IO PABEHCTBY
3Ha4YCHMI RyaHanu3npyemoro BeulecTBa U cTaHgapTa («CBHAETEIIS).

Koimm4ecTBEHHBIN aHANU3 OCYILECTBIAOT WA HEMOCPEACTBEHHO
Ha Xpomarorpamme, WIH aHAJIU3UPYEMOE BEIIECTBO BBIMBIBAIOT W3
ciog cOpOEHTa M TOJIYYEHHBI PacTBOp aHAIU3UPYIOT C MOMOIIBIO
CIIEKTPAJIbHBIX U PAIMOMETPUYECKUX METOJO0B. {151 KOJIMYECTBEHHBIX
onpeneneand B TCX MHUPOKO HCHONB3YIOTCA JAEHCUTOMETPBI,
KOTOPbIE M3MEPSIIOT UHTEHCUBHOCTD IOTJIOMIEHUS 3JIEKTPOMArHuTHO-
ro U3JIy4YEeHUs NMPU CKAHUPOBAHUU XpOMATOrpaUIeCcKOn MIACTUHKH.

B mocnenaue roger Mmeton TCX moiydwsi HOBBIM UMIYJIBC IS
pa3BuTUsL U HaOJIOAAeTCs BO3pacTaHUE €ro pPojud B XpoOMarTorpa-
buyecKux MeToJax. ITO CBS3aHO C MEHBIIEH CTOMMOCTHIO 000pYI0-
Banus st TCX, pa3paboTkoi ABYMEPHOrO M pajdalibHOrO BapUaH-
TOB pa3AeJICHUs, BHEAPEHHEM IUIACTUH ISl BBICOKOA(P(PEKTUBHOMN
xpoMarorpaguu, MOSIBIEHUEM CUCTEM aBTOMATU3UPOBAHHOI'O MHOTO-
KpatHoro xpomarorpaguueckoro nposisiieaus (AMXII). B nBymep-
HOIl XpoMmarorpaguu MmpoOy HAHOCAT B BHUJI€ OTAECIBHOTO MATHA B
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HIDKHUWA yTOJI TJTACTUHKU U MPOBOAAT Pa3/ICICHUE B OJHOM Hampas-
JEHUH. 3aT€EM IUIACTUHKY BBIHUMAKOT W3 KaMeEpbl, BBICYIIMBAIOT H
IPOBOJAT pa3AejCHUE B APYrOM CUCTEME PACTBOPUTEIICH B HAIPAB-
JICHUU, IEPIICHIUKYJISIPHOM NepBoMYy. B paanansHoi xpomarorpaduu
pacTBOPUTEIIb C PETYJIUPYEMOM CKOPOCTHIO TIOJAIOT B IEHTP
MJIACTUHKU, 3aCTaBJISAs 30HBI MEPEMENIATHCS OT LEHTPA K MepupUpuUn.
DTO MO3BOJISIET CYIMIECTBEHHO YCKOPUTH MPOLECC PA3ICIICHUS.

OcobeHHo mepcrneKkTuBHOM siBisieTcs MeToanka AMXII. Ona
ya00Ha JJIsl ONpe/IeNICHUsI IECTULIMAOB U MPOJAYKTOB UX META00IN3Ma
B MOYBaX, I'PSA3EBBIX IIAMax, a TakKe B MUTHEBOW BOJIE M BOJAAX
MUHEPAIbHBIX UCTOYHUKOB. XpomaTorpaduueckoe pasiesiecHUue Ipo-
BoJAT B AMXII-cucreme, pabota KOTOpOW YNPABISETCS U KOHTPO-
JUPYeTCs MOpu MOMOIIM KommbioTepa. [IpoBoISIT MHOTOKpaTHOE
xpomaTorpapuueckoe MposBicHUE (MporoH pactBoputens). Ilpu
TaKUX MHOTOCTYNEHYATHIX MNPOSIBICHUSIX (0 25 mIaroB) BO3MOXKHO
pazaenenue 10 40 BemeCTB Ha Pa3AEIUTEIIBHOM MOJIOCE NIMHOM § CM.

Bbonbilioe 3HaueHHE MMEET Pa3BUTHUE BBHICOKOI(P(HEKTUBHON TOH-
kociorHou xpomatorpapuu (BOTCX). 3a cueT co3ganusi npuHyau-
TEIBbHOTO JBMXKEHUS MOABUKHOU (Da3bl ¢ pEryIupyeMor CKOPOCTHIO,
YMEHBIIIEHUS pa3Mepa 4acTul] copOeHTa (10 5S—7 MKM) U HACBIIICHUS
IpPOCTPAaHCTBA HAJ IUIACTUHOW mMapaMud pacTBOPUTENS yAAeTCA
CYIIECTBEHHO YCKOPHUTBH IIPOLIECC U MOBBICUTHh YETKOCTD PA3/ICICHUS.

Kak ormeuanoch, B HacTosiiee BpEMsl IIUPOKO HCHOIB3YETCA
couetanne TCX ¢ BbICOKOA((PEKTUBHOMN KUIKOCTHOM XpomaTorpa-
¢ueii. [Ipu 3TOM mepBOHAYAILHO aHAIM3UPYEMBIM oOpaser; pasfie-
as10T Ha KoJioHkax BOXKX. Tlocne aToro otaensHbie Gpakiiuv HaHO-
caT Ha iacTUHKU TCX U MpoBOJST pa3elieHUE C UCIOJIb30BAHUEM
Metoauku AMXII. TakuMm o0pa3oM B aHaIM3UPYEMOH CMECH pasjie-
asiercst 1o 30 otnenbHbIX dpakiuid. B kaxaol u3 atux (ppaxuuii, B
CBOIO ouepenp, Ha miactuke TCX onpenensiercs 1o 10 coenuHeHUn.
B oTnenbHBIX ciiydasix B oOpaslax CTOYHBIX BOJ| OOHApY>KUBAJIU JO
300 BemecTB. Takoi mpueM npoAeMOHCTPUPOBaT A3(HPEKTUBHOCTh CO-
BMECTHOI'O UCIIOJIb30BaHMS JIBYX METOAOB IPH ONPEIACICHUU BEIIECTB
B IMANIa30HE KOHIICHTPAIMK OT HAHOTPaMMOB JI0 TUKOTPAMMOB.
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Jlabopamopuas paboma 13. Pazodenenue amunoOKucionm memooom
MOHKOCIOUHOU Xpomamozpaghuu

Oobopyoosanue u peakmug@bl: >TAHOJIbHBIE PACTBOPHI AMUHO-
kucaoT (0,12 Mr/min), moaBukHas (asza n300yTaHOI — W3OIMPOITAHO —
BoJla — yKcycHas kucinora (5:4:3:0,2), 1%-i pacTBOp HUHTHAPHUHA B
stunoBoM crnupte. [Inactunku Copodun [ITCX-AD-B-YD, kamepa
st TCX, mnynbBepuzaTtop il ONPBICKUBAHUS XPOMATOTPaAMM,
Mukpotmpuil Ha 10 Mk, ¢en misa cymku mactud ais TCX, Buaeo-
nencutomeTp «Copoduimy.

Pa3znenenrne aMMHOKUCIIOT SIBJIISIETCS BaXKHOW W PACIPOCTPAHECH-
HOM 3ajayeil, pemaeMol METOJO0M TOHKOCIOWHOM Xpomarorpaduu.
Pa3neneHre aMMHOKHCIOT MOKHO HCCIIEIOBaTh Ha MPUMEPE pasje-
JICHUsI apTMHWHA, aJlaHWHA, BajduHa W Tpunrtodana, GopMyibl KOTO-
pBIX MIPUBEICHBI B Ta0J. 3.

Tabnuua 3
H3yllaeMble AMUHOKUC/IONn bl
Amunoxucioma: Dopmyna:
ApruHuH (NH)(NH,)CNHCH,CH,(NH,)COOH
AnaHuH CH;CH(NH,)COOH
Banun (CH3),CHCH(NH,)COOH
Tpunrtodan (CsH,N)CH,CH(NH,)COOH
Buvinonnenue pabomot

['oToBAT pazbaBiieHMEM CTaHAAPTHBIX PACTBOPOB UYETHIPE CEPUHU
ATAHOJIbHBIX PACTBOPOB AMUHOKHUCIOT ¢ conepxkanuem 0,025; 0,05;
0,075; u 0,10 mr/mn. Ha niacTuHKe KapaHJIalioM IIPOBOJST JIMHUIO
cTapTa Ha PacCTOSAHUU 1,5 CM OT Kpas U 3aKpeIuIsIOT IacTUHKY. C
MTOMOIIEI0 MUKPOIIMPHIIA HAHOCIT MPOOBI CTAaHAAPTHBIX 3TAHOJIBHBIX
PAacTBOPOB AMUHOKHUCIIOT U KOHTPOJIBbHOM cMecH 1o 2 MKJ. [limacTuHKy
C HaHECEHHBIMM IpOoO0aMH IMOMEIIAIT B T€PMETHUYHYIO XpoMaTorpa-
dbudeckyo kaMepy, KyJa mpeaBapuTeIbHO HanuBaroT 10 MJI TOaBMXK-
HOU (ha3pl. [lmacTUHKY BBIIEPKUBAIOT B KaMepe OKOJIO Yaca, Tak
4TO0OBI (PPOHT pacTBOpUTENS NoAHsIICS Ha 7—10 cMm. 3aTeM MIacCTUHKY
BBIHUMAIOT W3 KaMmepbl, BbICYHMIMBAIOT (eHoM. [l oOHapykeHus
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AMHUHOKHUCJIOT TUIACTUHKY OIPBICKMBAIOT PACTBOPOM HUHTHJIPUHA U3
nyiabBepu3aTtopa U HarpearoT 10—15 MuH B cymmmibHOM miKady npu
TeMIieparype 100°C o mosBneHus OKpalleHHbIX MsaTeH. [IposBieH-
HbIC UTACTUHKHA MOMEIIAIT B KAMEPY JICHCUTOMETPA.

OnpenensioT paccTosIHUE OT CTapTOBOM JIMHUM 1O LIEHTPOB
okpamieHHbIX TsiTeH (R;). Mcnonb3yst cripaBoYHbIC JaHHbBIE, UICHTU-
GUIIMPYIOT UCCIIeyeMble aMUHOKHUCIIOTHI.

Bonpocwt Kk omuemy no meme «Tonkocnounaa xpomamozpagpua»

1. Ha yem ocHOBaHO pa3jeieHHue BEIIECTB METO0M aJCOPOIIHOH-
HOM xpomaTorpaduu? 3akoH pacrnpenenenus Hepuera.

2. KakoBBI OCHOBHEIE JTaIllbl aHalin3a CMECHU BEIIECTB METOIOM
TOHKOCJIOMHOM XpomaTtorpaduu?

3. Uto Takoe Ry -MHIIEKC, OT YE€ro OH 3aBUCUT M KAaK PacCUUTaTh
BeJIMYMHY RyHa Xxpomarorpammax?

4. KakoBbl METOJbl KOJMYECTBEHHOTO OMNPEJCIICHUS BEIIECTB C
MOMOIIBI0 TOHKOCJIOWHOW Xpomartorpaduu?

5. KakoBa poib TOHKOCIOMHOM XpomaTorpadhuu U KaKOBbI Cepsl
€€ MPUMEHEHUS?

3.2. bymaxHasa xpomartorpadua

B xpomatorpaduu Ha Oymare HCHOJB3YIOT CBOMCTBO XpPOMATO-
rpaduyeckoi Oymaru morjomaTk BOay U3 aTMOC(epsl U 3aIep>KUBAThH
ee MEX]y IEJUII0JIO3HBIMU BOJIOKHaMU. Boay MOKHO paccMaTpuBaTh
MO3TOMY Kak OJIMH W3 pacTBOpPUTENEH, OHA MpPEACTaBIseT COOOM
HenoABKHY0 (a3y. [lpm nBwkeHun mo Oymare moja JeHCTBHUEM
KaMWUIAPHBIX CHJI HEBOJHOTO pacTBopuTens (moaBmxkHas (dasa)
MOJIEKYJIbl BEIIECTBA PACHIPEACISIIOTCS MEXY ABYMs (hazaMu B COOT-
BETCTBUU C WX Kod(puimeHToM pacnpenencHus. Uem Bbllie pacTBO-
PUMOCTH BEIIECTBA B IMOJBIKHOU (Da3e, TeM Jajbllie OHO IPOJIBH-
HeTcs Mo Oymare BCJie]] 3a paCTBOpUTENIeM, U HA00O0POT.

YacTto noasmxHas (aza npeacTaBiIseT cOO00N CMENTUBAIOIIUANCS C
BOJIOM pacTBOpuTEenb (Hampumep, OytaHous). Kazamock Obl, B Takux
CllydasiX pasJeieHus He JOJDKHO MPOWCXOANTh, TaK KaK HMEETCS
TOJIbKO oaHa (paza. OIHAKO KOMIUIEKC BOJABI C IEJUIIOI030H XpoMa-
Torpaduueckoil OymMaru IO CBOMCTBaM HAIIOMHWHAET KOHIIEHTPHU-
pOBaHHBIC BOJHBIE pacTBOPHI NojmcaxapuioB. OHU HE CMENIMBAIOTCS
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C OPTaHUYECKUMHU PACTBOPUTEISIMHU, B TOM YHUCJIE U C TEMH, KOTOPHIC
CMEIINBAIOTCS C BOJOMH.

CKOpOCTh JIBUKEHHUSI BEIIECTB OMPEACISIETCS BEIMYUHON KO3(]-
duleHTa CKOPOCTU JBWXKEHUS Ry BelIMYMHA KOTOPOTO 3aBUCHUT OT
CBOMCTB OyMaru, TeM-NepaTyphl, CTENIEHU YUCTOTHI PaCTBOPHUTENCH,
OJTHOTUITHOCTH MPOLEAYP U armapaTypsl.

Jns mpoBeneHust xpomarorpaduueckoro pasiesiieHus HUCIONb-
3yIOT MOJIOCKH XpoMarorpaduieckoit Oymaru. CyuiecTByer Tpu copTa
3TON OyMaru, OTJIMYAIOIIMECS PA3JIMYHOW TOJIIMHOW W BIMTHIBAIO-
el CrnocoOHOCThIO (MemIeHHas!, cpeliHss, ObicTpas). OgHOMEPHYIO
xpomaTtorpaduro ciaeayeT IPOBOAUTH MO HAMPABICHUIO BOJOKOH.

[IpyHIMIT HAaHECEHHUsI BEIIECTB HA OyMa)KHbIE XPOMATOIPAMMBI
TOT ke, uTo U B TCX. [{nsa pa3aeneHuss 0ObIYHO NMPUMEHSIOT PacTBO-
pel ¢ koHueHtpauuenn 0,5—-1 mr BemectBa B 1 mu. Ilocne moxacy-
IIMBAHUSI XPOMATOTPAMMBbI ITOMEIIAIOT B KAMEPY C MOJIBUKHOM (a3oii
Tak, YToObl Oymara He Kacajlach CTEHOK KaMephl U pPacTBOPUTEIDL HE
JIOXOJIWJI JIO CTapTOBOM JIMHUU. XpoMatorpaduyeckas kaMmepa JT0IxK-
Ha XOPOILO 3aKpPbIBAThCSA, YTOOBI UCKJIIOYUTH BO3MOXKHOCThH HcCHape-
HUS KOMIIOHEHTOB MOJBMXKHOU (pa3pl. XpomaTrorpamMMmy BBIHUMAIOT,
Korja GpoHT pacTBOPUTENS MPUOIU3UTCS K BEpXHEH KpoMKe OyMaru.
[Tociie BBICYIIMBAHUA U COOTBETCTBYIOIIETO MPOSIBIICHUS ONPEACIIAIOT
KOMITOHEHThI. B 3aBHCMMOCTM OT HampaBJIeHUS PaCIpPOCTPAHCHUS
AIIOCHTa Ha XPOMAaTOrpaMMeE Pa3INyaroT BOCXOJSIIYI0O U HUCXOJS-
Y10 XpoMaTorpaduu.

[Ipu Bocxopsmiet xpomatorpadhun OYMaKHYIO TOJIOCKY TOTPY-
AT HI)KHUM KOHIIOM B pacTBOpuTelb. [lo Mepe mnpojBuxkeHus
PacTBOPUTEIS MO NEUCTBUEM KaNMJUISIPHBIX CUJI BEPTUKAIBHO BBEPX
MPOUCXOAUT paznenieHue BemecTB. [Ipu Hucxoasen xpomarorpahuu
BEpXHUM KOHEIl OymMaru ¢ 00pa3loM 3aKpeIuIsIOT B «JIOJ0YKE» C
PacTBOPHUTENIEM, HAXOIALIEHCA B BEPXHEW YAaCTU KaMEpbl, 4 HUKHUMN
KOHEI] OyMaru OIyCKalOT BHU3 TaK, YTOObl OH HE COMPUKACAICS C
HaAJIUTBIM HA JHO pacTBOpuTesieM. PoJib HAaIUTOro Ha JHO KaMepbl
PaCTBOPHUTEIIS 3aKIIOYAETCS B MOAACPKAHUNA PABHOBECHOM YIIPYTOCTH
apoB pactBoputensa B kamepe. [loa nercTBueM KanmuuIsIpHBIX CUJT U
CUJIBI TSIKECTU PACTBOPUTEIh HAUYMHAET JBUTATHCS BHU3 MO OyMak-
HOW TI0JIOCE, B XOJ€ YEro W MPOUCXOAUT pasacicHue. Bocxopsias
xpomatorpadus Oosiee mpocta B padOTe U MPUMEHSETCS 4Yalle, HO
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CKOPOCTb JIBUXKECHHSI PACTBOPUTEIISI TPU HUCXOIAIIEH XpoMaTorpaduu
ropaszio BBILIE, YEM NPU BOCXOIAIIECH.

J{nst mydiero pa3AeneHus BEIIECTB UCTIOJb3YIOT TOBTOPHOE XPO-
MarorpadupoBaHUe€ B TOW WJIM JAPYroil CHUCTEME pPacCTBOPUTEIICH.
Xopo1iee pas3aeiiCeHUE CIOXKHBIX CMECEW BEUIECTB JOCTUTACTCS IIPH
JIBYXMEpHOU XxpoMoTorpaduu. B 3Tom ciydyae MOBTOPHOE pa3JieliCHHUE
MPOBOJST B HANPABICHUU, NEPICHAUKYISIPHOM NEPBOHAYAIBHOMY, U
B JIPYIOM PacTBOPUTENE WJIM MPHU COUYETaHUU 3JeKTpodopesza ¢ Xpo-
Marorpadueil BO B3aUMHO MEPIECHAUKYISIPHOM HaIpaBieHUU (METOA
«MENTUHBIX KapT» WU «OTIEYaTKa MajblieB»). MeToJ NmenThaHbIX
KapT MPUMEHSIOT Yallle BCEro MPH CPAaBHUTEILHOM U3YyYEHUU OJIM3KHUX
0 XUMUYECKOMY CTPOECHUIO OEIIKOB.

J{nst onpeneneHns MECTOIOI0KEHHUS IS TEH XpOMaTOrpaMMBbl IIPO-
CMaTpUBAIOT B  yJIbTPa(PUOJIETOBOM CBETE€ WU OINPHICKUBAIOT
ClelHaIbHBIMUA pacTBOpamu. Mcmonb3oBaHue OyMa)XHOW XpomaTo-
rpaduu B IpenapaTUBHBIX IEISX OrpaHUYeHO. B Tex ciydasx, koraa
TaKko€ pa3JCjICHUE BCE K€ MPOM3BOJMUTCSA, YYACTKH XPOMATOrpPaMM,
COZIEpKAIME MHTEPECYIOIIEE BELIECTBO, BBIPE3AIOT, d 3aTEM JJIIO-
UPYIOT MaTepuall ¢ MOMOIIBLK COOTBETCTBYIOIINX PACTBOPUTEIICH.

Meton xpomatorpaduu Ha OyMare HIMPOKO HCIIOJIB3YETCS B
Ovonoruyu A pa3AeNCHUs aMHUHOKHUCIIOT, MENTHAOB, YIJICBOJOB,
IMATMEHTOB, OPraHUYECKUX KHCJIOT W JPYIUX BEIIECTB. bymaxkHas
xpomaTtorpadus NPUMEHSIETCS U B KaU€CTBE aHATUTUUYECKOTO METO/a
ONPENECTICHUS CMECEM.

Jlabopamopnas paboma 14. Konuuecmeennoe onpeoenenue
AMUHOKUCTIOM MEMOOOM Xpomamozpaduu nHa dymaze

OOopyaoBaHHe M peaKTHUBBI: Xpomatorpaduueckass Oymara;
xpomaTtorpaduueckas kamepa; (HOTOITEKTPOKOIOPUMETP; HOKHHUIIHI;
MJIACTUHKU CTEKJIsIHHBIC (3%32 ¢M) — 3 1IT.; AepKaTesb i1 XpoMaTo-
rpaMM; CYIIUIBHBIN IIKad; MUKPOTUIIETKH; TPOOUPKH C MPUTEPTHIMU
npoOkaMu; OropeTka Ha 25 MII; CTaHJapTHas CMECh aMHHOKHCIIOT;
UCIIBITYEeMasi CMECh aMUHOKHUCIIOT; OyTaHOJ, YKCYCHasl KUCJIOTa, BOJa
B cooTHoweHuu 15:3:7; 1%-i pactBop HUHruapuna B 95%-om amero-
He; 3TWIOBBIN ciupT (75%-11), HACHIIIIEHHBI MEAHBIM KYTIOPOCOM.
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Buvinoanenue paoomol

bepyT muct xpomaTtorpadudeckoi Oymaru pazmepom 18x28 cm u
Ha pPAacCTOSSHUH 3 CM OT €ro KOPOTKOTrO Kpasi HNPOBOJAT IMPOCTHIM
KapaHIalloOM TOPU30HTAIBHYIO JIMHUAKO. 3aTE€M €€ JIeNAT HA HEPABHbIC
OTPE3KU B COOTBETCTBUU C MPUIATAEMOM CXEMOMW U BBIJEISIOT CTPEII-
KaMU TpPaHULbl HAHECEHUsS CTAHJAPTHOM U HUCHBITYEMOM CMECEU U
JENAI0T COOTBETCTBYIOIIME HAAIIUCHU MTPOCTHIM KAPAHJAIIIOM.

bymary yKpemisitoT HaJl TOBEPXHOCTBIO CTOJA U Ha JIMHUIO CTap-
Ta, OTPAHUYCHHYIO CTPEIIKAMU, HAHOCSIT CHayajla CTAaHJAAPTHYIO CMECH
IPU TIOMOIIM CIEHUAIIBHOM MUKPOIMIIETKA TOHKOW JIMHUEW, IOKa
BECh PACTBOP M3 MUKPOMHUIIETKHU HE OyJeT MEPEeHEeCEeH Ha CTapTOBYIO
JUHUIO (MUKPOIUIETKY 3aMOoJHAI0T Ha 2—3 cM). M3MepsitoT Maccy Ha-
HECEHHOT'O PacTBOPA, I YETO B3BEIIMBAIOT IUIMETKY, 3ANOJTHEHHYIO
CTAaHJAPTHOM CMEChIO (10 HaHECEeHHsS pacTBOpa), M MyCTyH (IMocie
HaHeceHus pactBopa). Ha Oymary o0bryno HanocsT 0,02—0,03 r cran-
JAPTHOTO PACTBOPA. 3aTEM 3AMOJHSAIOT YUCTYIO MTUMNETKY UCHBITYEMOU
CMEChI0O aMHUHOKHUCIOT (BBIJAHHOW TMIpernojaBaTesieM [Jisi MCCIEN0-
BaHMS), B3BEIIMBAIOT €€ M HAHOCIT CMECh Ha JIMHUIO CTapTa C COOT-
BETCTBYIOLLIEN ITOMETKON.

[IpuroToBIEHHYIO XpOMAaTOrpaMMy TTOMEIIAIOT B XpoMaTorpadu-
YECKYI KaMepy C IIPEABAPUTEIIBHO HAJWTOM B HEE CHUCTEMOU
pacTBOpPUTENIEN [UIA Pa3lCJEHUs] CMECH AMHHOKHUCIIOT, HAIPUMED
cMecHu OyTaHoOJa, YKCYCHOM KHUCJIOTBI M BOJIbI B COOTHOIIeHUU 15:3:7.
Paznenenne BeayT METOAOM BOCXOMSIIEH Xpomarorpaduu, IOKa
nuHUsA QpoHTa HE JOMAET Ha 2—3 CM JI0 BEPXHEro Kpas XxpomaTorpa-
buueckort Oymaru (nmuuus ¢unuima). I[locie 3Toro xpoMmarorpamMmmy
BBIHUMAIOT U3 KaMEpPhl, BEpXHUI KOHEIL OyMaru HEMEIJIEHHO BCTaB-
JSAOT B JEpXKATENb, CACITAHHBIM M3 TPEX CKPEIUICHHBIX PE3UHOBBIM
KOJIBIIOM CTEKJISIHHBIX MAJIOYEK, U MTOMENAIOT Ha 20 MUH B BBITSHKHOU
mKad s yaaneHus u3 Oymaru pacTBOPHUTENICH.

Bricymennyro xpoMarorpaMmy oomakuBarot B 1%-i1 pacTBOp HUH-
TUJIpYHA B alleTOHE JUIsl OOHAPY>KEHUSI Ha HEW MOJIOKEHUSI MSTEH aMu-
HOKHCJIOT. 3aT€M XpOoMaTorpaMMmy MnoMemaroT Ha 10 MUH B BBITSKHOU
mkad A yaajdeHHs alleToOHa W MEPEeHOCST B CYIIMJIBHBIN 1iKad, rae
ocTtaBisArOT ee Ha 15 mMuH mpu 70°C. AMMHOKHCIIOTHI CTAHAAPTHOU U
UCTIBITYEMOW CMeceil 0OHapy>KMBAIOT B BUJI€ CHHE-(PHOJETOBBIX IATEH,
PACIIONIOKEHHBIX IIEMOYKOM MO HAIMPABICHUIO JBUXCHUS CHUCTEMBI
PacTBOpPHUTENEH OT JIMHUM CTapTa K BEPXHEMY KPaKO XPOMATOTPAMMBI.
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Puc. 8. Cxema pacnoyioxKeHrss aMUHOKHUCIIOT Ha XpOMaTorpaMMe:
A — TOYKa HAHECEHHS CMECH aMMHOKHMCJIOT; 1 — IMCTUH M [IUCTCHH;
2 — nu3uH; 3 — TUCTUJIUH; 4 — apTUHUH; 5 — acliaparuHOBasi KUCIIOTA,
CEpHH U TJIHINH; 6 — TTTyTAMHUHOBAs KUCIIOTA U TPEOHHH; 7 — aJlaHUH;

b

8 — mponuH; 9 — Tuposu; 10 — BanuH U MeTuoHuH; 11 — Tpuntodan;
12 — penunananuy; 13 — nelvH U N30JIEHIIUH

NnenTudukannio aMUHOKHUCIIOT, COJAEPIKAIIMXCSA B HCHBITYEMOM
CMECH, BEAYT IO COBIAJICHUIO HA XpOMATOTpaMMeE MO3UIINM, 3aHUMAae-
MBIX aMHUHOKHUCJIOTaMHU CTaHJAPTHOM U UCTIBITyeMOM cMeceit (puc. 8).

s onpeneneHrs KOJIMYECTBEHHOTO COJEPKAHUSA aMUHOKUCIIOT B
HCTIBITYEMBIX CMECSIX XPOMATOTPaMMy PacyepPUMBAIOT MPOCTHIM KapaH-
JAIIOM TakK, YTOOBI JIeKAalllie Ha OJTHOM YPOBHE OKpallleHHbIE 30HbI, CO-
OTBETCTBYIOIIUE OJHOM U TOU K€ AMUHOKHUCIIOTE, OKA3AJIUCh 3aKIIIO-
YEHHBIMHU BHYTPU IPUMEPHO OJIMHAKOBBIX MTPSIMOYTOJIBHUKOB (puc. 9).

1 1A%

I
<P

28

. F

~

Puc. 9. Cxema pacnoyioxeHusi aMUHOKHCIIOT Ha XpOMaTOTpaMMe:
I — cmech Ne 1; IT — emech Ne 2; IV — cmech Ne 3;
IIT — crapgapTHas cMeCb aMUHOKHUCIIOT
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OuyepueHHbIE y4acTKM OyMara BBIPE3alOT UM MOMEIIAIT B Mpo-
OWpKHU, HOMEpPA KOTOPBIX JOJKHBI COOTBETCTBOBATH HOMEpaM IMSTECH
Ha XpoMarorpammax. B kaxyro mpoOUpKy HAJIUBAIOT U3 OIOPETKHU MO
10 mn 75%-ro0 pacTBOpa 3TUIIOBOTO CIHPTA, HACHIIICHHOTO CYJIb-
darom Memu (k 500 mi stuimoBoro cnupta goo6asisitor 0,2 M Ha-
IIEHHOT'0 pacTBopa cyibdara Mean). [[poOupKky 3akpbIBaloT MPOOKOI
U, MNEPUOJAUYECKH IepeMelInBasi, J0OUBAIOTCS IOJHOTO Tepexonaa
KUPIUYHO-KPACHOM OKpacku (MEIHOM CoJIh CHHE-(UOJIETOBOTO
Pysmana) ¢ 6ymaru B pactBop. Ha 3to yxoaut 15-20 mun. A6cop0-
M0 (ONTHUYECKasl INIOTHOCTh) CTAHJAPTHOTO U UCIBITYEMOTO PacTBO-
POB U3MEPSIOT Ha (POTOIICKTPOKATIOPUMETPE C 3€JECHBIM CBETOPUIIBLT-
poM (540 uM). B moTOK CpaBHEHUsI YCTaHABIMUBAIOT KIOBETY C 75%-bIM
pPacTBOPOM 3THIJIOBOTO CIIUPTA C CYJIb(PAaTOM MEIH.

KonuuecTBeHHOE COJEepKAaHUE AMHUHOKHCIOT B HCCIEIYyEMOM
pacTBOpE PACCUMUTHIBAIOT MO COOTHOIIEHUIO 3KCTHUHKIIMN HCCIeaye-
MOM Y CTaHAAPTHOM MpoO.

Ilpumep pacuema. JlonyctuM, 4TO B CTAaHAAPTHON CMECH COJIEp-
xurcs 1,8 mMr rimnuHa B 1 Mit, Ha cTapTOBYIO 1ToJ10cy HaHeceHo 0,02 T
3TOTO CTaHAAPTHOTO pactBopa. CieaoBaTesibHO, HA XPOMATOTPAMMY
noctynuio (1,8<0,02) = 0,036Mr rimiuHa. YciaoBUMCA Jajiee, 4To
abcopOIrs OKpalleHHBIX pacTBOpPoB coctaBmia 0,288 mis ctaHmapTa
n 0,336 nnsa Heu3BECTHOM cMecu. Torma coaepKaHue TJIMIOWHA B
UCCIIElyeMOM CMECH, HAHECEHHOW Ha XpOMaTOrpamMmy, COCTaBUT
(36x0,336): 0,288=42 mkr. Ecnu panee npuHAThH, YTO HCCIEayeMast
CMECh HAHECEHAa Ha XpoMarorpaMMy B KOJIMYECTBE, HaIpUMeEp,
0,0250 T, To conmepkaHue TIMIMHA B 1 MJ HCCIEAyEMOro pacTBOpa
coctaBut (42:0,0250) = 1680 mxr, unu 1,68 mr/m.

OdopmuTe pe3yabTaThl COOCTBEHHOTO 3KCIIEPUMEHTA, CACIanTe
110 HUM BBIBOJIBI.

3+ 2+ . 2+
Jlabopamopnas paboma 15. Pazdenenue uonos Fe’ ', Co ~', Ni
MemoOoOM OyMaxscHou xpomamozpaguu

Ilenv pabomer — pazfeneHne MOHOB Xkeje3a, KoOanbTa U HUKES
U onpeneneHue Re-uHaeKcos.

Peaxkmuewvt u mamepuanw: 1. [lonpuxuas daza: cmech H-OyTH-
JIOBOTO CIMPTa, aleToHa, koHreHTpupoBanHoit HCl u Boabr (coot-
HomieHue 4:3:2:1).
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2. ITposiBUTENIM: a) HACKIIIICHHBIN alleTOHOBBIN pacTBOP poAaHUIA
amMmoHnusi; 0) 1%-i1 pactBop maumerunrianokcuma B 10%-oM BogHOM
pacTBOpe aMMHAKa.

3. AHanmu3upyembIii  pacTBOp, MPEIACTABIAIOIIMN COOOM CMeECh
coJyieit Fe3+, Co 2+, Ni*" u cojaepkarui 9,5 Mr/cm’ Ka)k0ro MOHA.

4. Xpomatorpadpuueckas Oymara, yamku llerpu, Mukpommnpuil —
10 mki1; mynbBEpU3aTOpP, MUHIET, HOKHULIBIL.

Pa3nenenre mOHOB OCHOBaHO Ha MX CIOCOOHOCTH 00pa30BHIBATH
pa3Hble M0 YCTONYMBOCTH KOMIUIEKCHBIE HOHBI C XJIOPHUI-MOHAMH U Ha
pa3HOM MOJABM)KHOCTH 3THUX HOHOB B CHCTEME «IIOJIBMKHas (aza —
HETIOIBUKHBIN PACTBOPUTEIIbY.

[Ipu xpomartorpadgupoBanu Ha Oymare 30Ha KOMILUIEKCHBIX
noHop keneza [FeCly] mepememnaercs NOpakTHYECKH BMECTE C
(GbpOHTOM pacTBOPHUTENA. 3a HEW pacioyiaracTcs 30Ha HOHOB KOOaabTa
Y TIOTOM 30Ha MOHOB HUKEJIS.

Buvinonnenue pabomuot

Ha cramgaptHoM  jmcTte  XxpomMarorpadudeckoi  Oymaru
(11x11 cm) BbIpE3aroT OT Kpasi K UEHTPY MOJIOCKY IIMPUHON HE OoJiee
1 cm («xBoCTHK») U yKOpauuBaroT ero Ha 1,5 cm (puc. 10).

[Ipoby uccnemyeMoro pactBopa B 2—3 mpueMa HaHOCST B IIEHTP
JUCTAa y OCHOBAHMS «XBOCTHKAa» C MOMOIIBIO MUKpoimnpuia. [locue
Ka)X/10T0 HaHECEHUsI TPOObI MATHY JAIOT MOACOXHYTh. JluaMmeTp nsiTHa
Ha JINCTE€ HE JOJOKEH mnpeBblmiath 3 MM. Ha ano wamku Iletpu
HanuBatoT 10—15 cM° IOABHIKHOTO pacTBOpPUTEIIS, JINCT XpOMATOrpa-
¢uueckoit Oymaru ¢ HaHECEHHOM MpoOoOUl kinaxyT Ha yvamky Ilerpwu,
OTIIYCTUB «XBOCTHK» (HE meperudas €ero) B paCTBOPUTEINb, U HAKPbI-
BAIOT JIMCT TaKOU K€ yallkou Ilerpu.

PacTBOpuTEH 10 «XBOCTHUKY» MOJHUMAETCS HA JIUCT U MEPEIBU-
raeTcsi mo Oymare paavalibHO. JIBHYKEHHE 30H pa3/ieliieMbIX BEIIECTB
TaKXe€ MPOUCXOJIUT PAUAIIbHO, TIPU 3TOM 30HBI MPUOOPETAIOT hopMy
pacmmpenHsix Ayr. Korga pactBoputens npoiaer mo oymare 2/3 my-
TH 10 CTEHOK 4amiku Iletpu, xpomarorpadupoBanue mMpruOCTaHABIIH-
BAIOT, XPOMAaTOTpaMMy BBIHUMAIOT U BBICYIIMBAIOT B BBITSXKHOM
mkady. st mposiBICHHUST XpOMAaTOTPaMMBbI €€ OKPAIIMBAIOT U3 MYJIb-
BEpU3aTOpPa HACKIIICHHBIM aIll€TOHOBBIM PACTBOPOM POJIaHHAA aMMO-
Hud. [Ipu stom 30Ha xene3za (III) okpammBaeTcs B KpacHO-Oypblid
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nBer, a kobampra (II)— B romxyo6oit nser. Ilocie moacymnBaHus
XpOMAaTOrpaMMBbl U3MEPSIOT Ry -MHACKCHI /TS JKelle3a U KoOajbTa.

—_
A

Puc. 10. Kpyroas xpomarorpadus Ha Oymare:
a, 0, B — 30HBI Pa3JICJICHHBIX KOMIIOHEHTOB CMECH
(a—Fe3+, 6 — Co 2+, B— Ni 2+); 1 — kBaapart xpomaTorpaduieckoi Oymaru;
2 — BBIpe3aHHas MOJIOCKA («XBOCTHUKY), CITyCKaeMas B IMOJIBIXKHYIO (a3y;
3 — mpoba pazaensiemoit cmecu; 4 — vamika [letpu

Jlanee ¢ MOMOIIBI0O KUCTOYKM CMAayMBAaIOT aMMHA4YHBIM PacTBO-
POM IUMETHUIITIIMOKCHMA YYaCTOK Oymaru Mexay 30Hou kobanbsTa (I1)
U CTapTOBOU JUHHEH (OMrke K 30HE KoOanbTa, CTapasch HE 3aJeTh
ero cuHiow 30HY). [IposiBisiercs 3ona Hukens (II), okpamieHHas B
MQJIMHOBBIA LBET. XpOMATOTpaMMy IOJCYIIUBAIOT U U3MEPSIOT Ry -
nHAeKC 11 Ni 2+

Pacuem pe3yiomamoe anaiuia

Pe3ynbTaThl W3MEPEHUN BBICOTHI MOJHATUS IIEHTPa XpPOMATO-
rpauyeckoi 30HbI (MATHA) JAHHOTO KOMIIOHEHTA, BHICOTHI TTOJAHATHUS
(dbpoHTa pacTBOPUTEIISI 3aHOCSIT B TAOJIMILY, PACCUMTHIBAIOT BEIUYMHbI
R¢ -MHJIEKCOB aHANM3UPYEMBIX BEIIECTB M MPOBEPSIOT MOJTYUYCHHBIC
JaHHBIC Y TIpernoaBaTens (J1abopaHTa).

Bonpocwt Kk omuemy no meme «bymaxcnan xpomamozpagus

1. Ha uemM ocHOBaHO pa3ziefieHue BEIIeCTB METOJIOM XpOMaTorpa-
¢bun Ha Oymare?
2. Kakue cymiecTByrOT BUABI OyMakHO#M XpomaTorpaduu?
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3. KakoBBI »Tambl KauyecTBEHHOT'O aHAlIW3a aMHHOKHCIOT METO-
I0M XpomaTtorpaduu Ha Oymare?

4. KakoBa METOIMKA KOJUYECTBEHHOTO OMPEICICHUS AMUHOKHUC-
JIOT C TIOMOIIIBI0 XpoMaTorpaduu Ha Oymare?

3.3. loHoOOMeHHana xpomaTorpadcus

HNonoobmennas xpomartorpadus (MX) npeacrapisier coboil me-
TOJl PAa3JCIICHUS CMECEH, OCHOBAHHBIM HA PACHPEICICHUH KOMIIO-
HEHTOB MEXIy JBYMs KOHTaKTUpYHOUIUMHU ¢da3zaMu— pacTBOPOM
AEKTpoJiuTa (COM) W  HOHOOOMEHHUKOM (HoHMTOM). HMoOHO-
OOMEHHUKH TOIJIOIAI0T M3 PacTBOpa IOJIOKUTEIBHO WIH OTPH-
ATEJIbHO 3apsHKEHHBIE MOHBI B OOMEH Ha SKBUBAJICHTHOE KOJIMYECTBO
MOHOB C 3apsiioM TOro ke 3Haka. MloHooOMeHHasi xpomarorpadus
OCHOBaHa Ha OOpPaTUMOM CTEXHOMETPUUYECKOM OOMEHE MOHOB, HAXO-
JSIIIUXCSL B paCTBOPE, HA MOHBI, BXOASIINE B COCTAaB HIOHOOOMEHHUKA.

['maBHBIM aHaNIUTUYECKUM NOpuMeHeHueM WX B OLEHKe Co-
CTOSTHUSI OKPY’KAIOIIEeW Cpelbl SBIISIETCS aHAJIN3 BOJHBIX OOBEKTOB,
MOCKOJIbKY MHOTHE 3arpsi3HUTENIM XOPOIIO PAaCTBOPUMBI B BOJAEC H
MPUCYTCTBYIOT B HEM B BUJIE MOHOB.

C nomonipto X MOXHO OOHapyXuTh (MICHTHU(PUUIUPOBATH) U
KOJIMYECTBEHHO OIpPEJSIUTh B BOJAEC TSDKENbIe METaUIbl (B BHJE
MOHOB), HEOPraHWYECKHWE AHHOHBI M CHOCOOHBIE K OOpa30BaHUIO
HMOHOB IMPU B3aMMOJCHCTBUH C BOJIOM OPraHUYECKUE COSTUHECHUS.

CHUHTETHYECKU HMOHOOOMEHHHUK IMPEJCTABIsAECT COO0O0M BBICOKO-
MOJIEKYJIIPHBIA TOJUMEpP, HanpuMep MNONEPEYHO CIIUTHIA MOJIH-
CTUPOJI, COJACPXKAIINN pa3IudHbie (PYHKIIMOHAIBHBIE TPYMIbI, KOTO-
phIe U ONpeNeNaoT HauboJiee XapakTepHble CBOMCTBA cMoJl. M3BecT-
HbI TAK)K€ CUHTETUYECKUE HEOPTAHUYECKUE MOHUTHI, HATPUMEP aKTH-
BUPOBAHHBIN OKCHJ aJIFOMHHUS, T'€JIM Ha OCHOBE COCIMHEHMI Keye3a
WJIU IUPKOHMUS.

B 3aBrucuMocTH OT 3HaKa 3apsaa QyHKIIMOHAIBHBIX TPYIIT HOHO-
OOMEHHBIC CMOJIbl SIBJISIFOTCSI KAaTHOHUTAMU WJIM aHUOHUTAMH.
KatnoHuTsl conepxaTr KUCIOTHbIC (YHKIIMOHAIBHBIC TPYIITIHI (—SO42';
-COOH-; — PO43'), MIOATOMY KapKac KaTHOHHUTA, HECYIIUH (PUKCH-
POBAaHHBIE OTPULIATENBHBIE 3aPsJIbl, 3apKEH OTpULATENbHO. OTpHIa-
TEIbHBIC 3apsiibl KapKaca KOMIICGHCUPYIOTCA TMOJO0XKUTEIbHBIMU
3apsiiaMyd MPOTMBOMOHOB, TaK YTO B II€JIOM KAaTHOHUT OCTAaEeTCs
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AJEKTPOHEUTpaTbHBIM. OJHAKO IPOTUBOMOHBI, B JAHHOM ClIy4ae
KaTHOHBI, B OTJIWYKE OT (PyHKIIMOHAJIBHBIX TPYIIN KapKaca, 001agaroT
MOJIBUKHOCTBIO W MOTYT IIEpEXOJIMTh B pPacTBOP B OOMEH Ha
AKBUBAJICHTHOE KOJIMYECTBO HOHOB M3 PACTBOPA.

Hanbonee pacnpocTpaHEHHBIMH KAaTHOHUTAMH SIBIISIFOTCS CYJIb-
(GhOKHCIIOTHI, 00pa3oBaHHbBIC CYIH(OUPOBAHHBIMU MTPOIYKTAMU COIIOJIH-
MEpH3aIlui CTUPOJa U AUBUHWIOCH30J1a. DYHKIMOHAIBHBIMUA TPYII-
aMH KapKaca aHHOHHTOB SBJIAIOTCS deTBepTHUHBIE — NR;', Tpernu-
HBIC — NR2H+ WIN TIEPBUYHBIC — NH3+ aMMOHMEBBIE, TTUPUIUHOBHIC
WA ApPyTUe€ OCHOBAHMS, a B KauyeCTBE IMOJABHXXHBIX MPOTUBOMOHOB
BBICTYIIAIOT aHUOHBI. AMQOTEpPHBIE HOHUTHI WJIM aM(OJUTHI CIHO-
COOHBI OCYIIECTBISATh OJJTHOBPEMEHHBIN 0OMEH KaTHOHOB M aHHUOHOB.

Jlabopamopuas paboma 16. Onpedenenue cooepicanus HUMpPamoes
8 AHATUSUPYEMOM PACHEOPeE

Oobopyoosanue u peakmuewl: O0topetka ¢ H-xkatuonutom (KVY-2,
KV-1 umu KVY-23), pactBop HUTpara HATpusl, Kajausi WIM aMMOHUS
0,1M, pactBop ruapokcuaa Hatpus 0,1 M, 4 M pacTBop XJIOPOBOJI0-
POIHOMN KUCIOThI, METUJIOPAHIXK.

HMoHooOMeHHOE oIpeiesieHe KOHIIEHTPaIlUM COJIel OCHOBAHO Ha
MPOIYCKaHUU AaHAJIU3UPYEMOrO pacCTBOpa udepe3 KOJOHKY H-katuo-
HUTA C MOCJIECIYIOIIMM TPOMBIBAHHEM BOJON U TUTPOBAHUEM KHCIIOTO
dbunbpTpaTa pactBopoM mienour. OHO Hambosee Ienecooopa3Ho IpHU
ONpPEJEICHUN TaKUX AHUOHOB, COJIEP’KAHUE KOTOPBIX TPYIHO OIpe-
NeauTh  ApPYrdMU  MeTojaMu.  Hampumep,  peKOMEHIOBAHO
MOHOOOMEHHOE ONpEECICHUEe HUTPATOB B CEIUTpPaxX (HATPUEBOM,
KaJWMHOM, KaJIbIIMEBON 1 aMMOHUMHOMN).

[Ipu nponmyckaHuu pacTBOpa HUTpaTa udepe3 KOJOHKY H-kartmo-
HUTAa MOHBI MeTajyla OOMEHHBAIOTCS HAa SKBUBAJCHTHOE KOJUYECTBO
MOHOB BOJIOPOJa, HAIPUMED:

RH + NaNO; = RNa + HNO; niu
RH+Na"=RNa+H".

KosnuecTBO a30THOM KHUCIOTHI B (PuibTpaTe MOCIE KaTUOHU-
pOBaHUs CTPOrO SKBUBAJICHTHO KOJMYECTBY HUTpaTa. lloaTomy,
OTTUTPOBAB PACTBOP IIECJIOYbI0, MOKHO BBIUYUCIUTH COJIEPKAHUE B
HEM a30THOM KHCJOTHI, a CIEJ0BATEIbHO, U HUTPATA TOTO WU UHOTO
MeTaiia. MeTo1 MpUMEHUM JIJI aHaIu3a YUCTHIX COJIEH.
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Buvinoanenue paoomol

[lomyuyuTe y mpenogaBaTeisi B MEPHYIO KOJIOY BMECTHUMOCTBIO
100 mu, pacTBOpBI HUTpaTa HATPUA, KalAsl, aMMOHUS MWW KaJbIIUSL.
JoBenutre oObEeM pacTBOpa B KOJOE BOJOH 10O METKH, XOPOIIO
MepeMEIIANTE.

BospMmure numnerkoit 20 MiT pacTBOpa U MPOITYCTUTE YEPE3 KOJIOHKY
H-xatuonura (KVY-2, KY-1 wim KVY-23); BbicoTa cios cmomnbl 10 cwm,
BHYTPEHHHUI JauaMeTp KoJoHKH | cM. C mOMOIIpI0 KpaHa MOAJEp-
KUBAWUTE CKOPOCTh (PUIILTPOBAHUSI PACTBOPA OKOJIO 2 MJI B MUH. BbITe-
KAIOIMI U3 KOJOHKUA (UIBTpAT cOOMpalTe B KOHUYECKYIO KOJIOY Jist
TUTPOBAHUS. 3aT€M TPH pa3a MPOMOMNTE KOJIOHKY MOPLHSIMU BOABI TT0 10
MJ1, PUCOEAUHSISI IPOMBIBHBIE TIOPIIUUA K OCHOBHOMY (PUIIBTPATY.

A30THOKHCIIBIM pacTBOpP, MOJTYUYEHHBIN TMOCIE MPOMYCKAHUS HU-
TpaTa yepe3 KaTuOHUT, TuTpyite 0,1 M pacTBopoM rugpokcuaa Hat-
pHYs B IPUCYTCTBUU METUIIOBOTO OPaHkKEBOT0 (MJIM METUIIOBOTO Kpac-
Horo). Maccy (mr) mutpara (NaNQO;, KNO;, Ca(NO3), niu NH4NOs3)
B 100 M1 ICXOTHOTO PacTBOpa BBIUUCIUTE O (hopMyIIe:

m=C X M,;xVX5,

rae C— MozsipHas KOHIIEHTpalMs pacTBOpa TUIAPOKCHIA HATPUS;
M, — MossipHass Macca HuTpara Hatpus NaNOs;, KNO;, wim
NH4NO;, nwmn Ca(NOs3),; V— o6bem pactBopa NaOH, uzpacxoo-
BaHHBIN HAa TUTPOBaHHE (PUIbTpaTa MoOCie KaTHOHUPOBaHMS 1/5 yactu
UCXOJHOTO pacTBOpa HUTpaTa; 5 — KOADPUIUEHT Al TepecyeTa Ha
BECh 00BEM MCXOHOI0 PacTBOpA.

[ToBTOpUTE ONpeneneHrne 2—3 pa3a U BEIYUCIUTE CPEIHEE COJEP-
xanne Hutpata B 100 mu pactBopa. Ilocne xaxmoro ynorpediaeHus
KOJIOHKY MO>XHO PEreHepupoBaTh, T. €. CHOBA MEPEBECTH KAaTHOHUT B
H-dbopmy. s storo mpomyctute uepe3 Hero 40 mu 4M xiopo-
BOJIOPOJHOM KHUCJIOTHI U IIPOMOUTE BOAOM 10 HEUTPAILHOU PEAKLINU.

. 2+
Jlabopamopnas paboma 17. Onpedenenue nukens (Ni *")
6 pacmeope mMemooom UOHOOOMEHHOU Xpomamozpaguu

Ilenv pabomer — ornipesiesieHre MacCOBOTO COJIepX aHuUs Cyib(ara
HUKEJIS B aHAJTU3UPYEMOM PacTBODE.

Peaxkmuevt u mamepuanvl: aHaTU3UPYEMBIA PAaCTBOP COJTH HUKE-
st (Ni1SQy); pactBop cousistHOM kucnotel, C(HCI)=2 wmomnb/n; cras-
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napTHbIN pactBop rugpokcuaa Hatpusa, C(NaOH) = 0,1 monw/n; unau-
KaTOp — METUJIOBBIM OpPaH)XEBBIN; KOJOHKAa ¢ MOHOOOMEHHUKOM B H-
dbopme (katmonutr KVY-2); OropeTka a1 TUTPOBAHMS;, KOHHYECKAas
KoJIOa Jijis1 TUTpoBaHus Ha 250 CM3; MepHas kosba Ha 100 CM3; M-
METKU; TOTEHIUOMETP.

Ompenenernne Hukens (Ni°') B pacTBOpe OCHOBAaHO HA IIPOBE-
JIEHUHU peaklinu oOMeHa Ha kaTHoHoOMeHHuKe B H-dopwme:

2RH + Ni*" & R,Ni + 2H",

U TIOCIEIYIOUIEM TUTPOBAHWUU BBIACIUBIIEHCS B HSKBUBAJICHTHOM
KOJIMYECTBE KHUCIIOTHI IIEJNOYbI0, IPUMEHSAS WHIAUKATOPHBIA WJIU
WHCTPYMEHTAIbHBIA METOJ] (PUKCUPOBAHUS TOYKHU SKBUBAJIECHTHOCTH
(HOTEHIIMOMETPUYECKOE TUTPOBAHUE).

2H" + 2NaOH < 2H,0 + 2Na".
Bvinoanenue pabomut

1. ITepeBoa katnonooOMennuka KY-2 B H-popmy.

Uepe3 KOJOHKY, 3aIlOJHEHHYI0 KaTHOHUTOM KVY-2, mpomyckaror
200 cm’ pactBopa HCl MOMSIPHON KOHLEHTPALHH 2 MOJIB/I CO CKOPO-
cThto 1-2 kamu B cekyHay. Kucnory BimBaroT nopuusmu 1o 10—
15 . CKOpOCTh BBITEKAHUS PETYJIHUPYETCS BUHTOM-3KUMOM. 3aTEM
KATHOHOOMEHHUK OTMBIBAIOT OT KHCIOTHI 200-250 cm’ TUCTUJLIU-
POBAaHHOU BOJbI (CKOPOCTh MPOMYCKaHUs 2—3 Kamjik B CEKYHAY) 0
HEUTPAJbHOW PEAKIUU [0 METWIOBOMY oOpaHxxeBoMy. Ilpu sTOM
MEePUOJNYECKH OTOMPAIOT Ha BECOBOE CTEKJIO (MU B TPOOHPKY)
HECKOJIbKO Kallellb pacTBOPa, BBITEKAIOIIEr0 W3 KOJOHKHU, U TpO-
BepsitoT pH cpenbl ¢ MOMOIIbI0 UHAUKATOPA METUIIOBOTO OPAHXKEBOTO.
[IpoMbIBaHHE TIPOBOAAT IO IOJYUYEHHUS KEITOU OKPACKA METUIOBOTO
opaHxeBoro. OTMBITBIN OT KUCJIOTHl KATHOHUT FOTOB K padoTe.

Heo0OxomauMo ciiequTh 3a TeM, YTOOBI HAaJl CJIOEM KaTHOHOOMEH-
HUKA BCE BpEeMS HaXOJIWJIach KUIKOCTh. B ciydae MOSIBICHHUS B
KOJIOHKE MYy3bIPHKOB BO3JyXa KATUOHOOMEHHUK B3PBIXJISIIOT CTEKJISH-
HOW NAJIOYKOU.

2. IIpoBenieHrie HOHHOTO OOMEHa.

Anammsupyembiii pactBop (NiSO,) mosywaroT y sabopaHta B
MEpHYIO KOOy BMecTHMOCThI0 100 cM’, 10BOIST 06BEM pacTBOpa 0
METKM JHCTUJUIMPOBAHHOW BOJOM M THIATEIBHO MEPEMENINBAIOT.
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Ot1OuparoT NMUMNETKOM YKa3aHHBIN J1abopaHTOM OOBEM aHaJU3Upye-
MOI'0 pacTBOpa M MPOIYCKAIOT 4Y€pe3 KOJOHKY CO CKOPOCThIO 1—
3 Karm/c, peryiaupysi CKOpOCTh HUCTEUEHHS KUJKOCTH C MOMOIIbIO
kpanuka. [lepean BHECEHHMEM aHAIM3UPYEMOTO PAacTBOpPa B KOJIOHKY
CJIOM BOJIBI HAJ[ MOBEPXHOCTHIO KATMOHHUTA B KOJOHKE JOJDKEH OBIThH
1-2 cm, a KpaHUK KOJIOHKH JIOJKEH OBITh 3aKPBIT. DJt0aT COOMPAIOT B
KOHUYECKYI0 KOJIOy st TuTpoBanus. Ilocie Toro kak ypoBEHb
KUJKOCTH B KOJOHKE OyneT Ha 1-2 cM BbIlI€ YPOBHS KaTUOHWTA,
KOJIOHKY HAQ4YMHAKOT IPOMBIBATh JAUCTUIUIMPOBAHHOW BoOAOM. s
MOJIHOTO BBIMBIBAHHS BBIJICIUBIIEHCS KHUCJIOTBI 4epe3 KOJOHKY
nponyckarT 150 oM TUCTUUTMPOBAHHOM BOJIBI MOpUMSAMH 1m0 10—
15 eM’, cobupast amoar B Ty ke Kooy (pH IpOBepsIOT 10 METHIIO-
BOMY OpaHkeBoMYy). IIpoMbIBaHME NPOAOJDKAIOT 10 HEUTpaIbHOM
peaKkury M0 METUJIOBOMY OPaHKEBOMY, ITOKa Karulsl MPOMBIBHOM KU -
KOCTM HE TIEPEeCTaHEeT OKpAIIMBATBCS B KpacHbI LBET MpH
00aBIECHUN METUIIOPAHXKA.

3. TurpoBaHue BBIAECIUBLICHCS KUCIOTHI (MHAUKATOPHOE, OTEH-
IUOMETPUUECKOE, BBLICOKOYaCTOTHOE).

B cilyyae MHAMKATOPHOTO TUTPOBAHMS MOCJE MPOBEICHUS HOH-
HOTO OOMEHa K COJEPKHMMOMY KOHHUYECKOW KOJOBI moOaBisiorT 1-—
2 Karid METUJIOpaHka U TUTPYIOT CTAHJIAPTHBIM PACTBOPOM IIEIOUH
(C(NaOH) = 0,1 monb/m) 1o nepexoaa po30BOi OKpACKH B JKEJTYIO.

Pacuem pe3ynrvmamoe ananusa

@ukcupys 00beM IIET0YH, MOUICANINIA Ha TUTPOBaHUE, PaCCUU-
THIBAIOT CPEeIHUN 00beM (ompe/iesieHue MPOBOAT TPU pa3a) U BhIUHC-
JSI0T MacCy aHAIM3UPYEMOTO BeIIeCcTBa 1Mo Gopmyrie:

m (NISO4) = 1/1000 x C(NaOH) XVCp(NaOH) X M(I/Z NISO4) X (VK /VH)

[Tpy mpuMeHEHHN METOoJIa MMOTEHIIMOMETPUIECKOTO MU BBICOKO-
JaCTOTHOTO THUTPOBAHUS CTPOST KPUBYIO THUTPOBAHUM, HAXOMIAT TIO
Hel 00beM TUTPaAHTA, COOTBETCTBYIOIIUN TOYKE SKBUBAJICHTHOCTH, U
10 MPUBEACHHOUN (OpMYyJie PACCUUTHIBAIOT COJEPKAaHUE COJIM HUKEIS
B MEPHOM KoJI0€.

BOI’lpOCbl Komuemy no meme «Honooomennasn xpomamozpaqbuﬂ»

1. ITpuniunsl 1 007aCTU MPUMEHEHUS MIOHOOOMEHHOU Y MOHHOM
xpomarorpaduu.
2. Kakue Tumbsl HFOHOOOMEHHUKOB BaM M3BECTHBI?
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3. O0ObsicCHUTE MEXaHW3M pa3JieJIcHUs] B HMOHOOOMEHHOW Xpo-
Martorpadum.

4. Kak mpoBOJSIT KAYECTBEHHBIM W KOJMYECTBEHHBIM aHAIN3 B
HOHOOOMEHHOU XpomaTtorpadun?

3.4. Na3oxuaKkocTHas Xxpomatorpadua

[TonBrxHOM (hazoil B ra3oBoit xpomaTorpaduu SBISECTCS ra3 uin
nap. B 3aBUCHUMOCTH OT COCTOSTHUSI HEMOABMIKHOU (Da3bl ra3oBasi Xpo-
MaTorpadusi mojpasaenseTcss Ha ra30-aJcopOIMOHHYI0, KOTAa HEeTo-
JBW>KHOM (ha3oil sSBNISIETCS TBEPbIA aICOPOCHT, U ra30->KUJIKOCTHYIO,
KOTJla HETOJBM)XHOM (ha30il SBISAETCS KUIKOCTh, a TOYHEE IUICHKA
KUJKOCTH Ha TOBEPXHOCTHU YacTUll TBepAoro copOenrta. Ilpuniun
paseNnieHuss — HEOJUHAKOBOE CPOJCTBO OPraHMYECKHX BEMIECTB K
JeTy4el OABMKHOM (ha3e U cTallMOHAPHOM (ha3e B KOJOHKE.

B mepBoM ciydae MpPOUCXOAUT HENPEPBIBHOE PACIPEICIICHUE
KOMIIOHEHTOB CMECH MEXJy JBWXKYIIECS ra30Bod  (¢asoil,
Ha3bIBAEMOM T'a30M-HOCUTEJIEM, U TBEPABIM aicopOEHTOM, 00YyCJIOB-
JIEHHOE YepeIOBaHUEM IPOIIECCOB cOpOIMu U aecopoiuu. Yem xyxke
BEIIIECTBO COPOUPYETCS, TEM PAHBIIIE OHO BBIXOJUT U3 KOJIOHKH.

Bo BTOpOM cllydae MpOUCXOAUT YepeIOBAHUE PACTBOPEHUS KOM-
MOHEHTA B TUICHKE KUJIKOW (ha3bl, HAHECEHHOW Ha TBEPbIil HOCUTEIIb,
C oOpaTHBIM BBIJEJIEHHEM B Ta3oByw (¢azy, T.€. B IOTOK rasa-
HOocUTeNA. TBEpABIM HOCUTENb, IPUMEHSAEMBIA B Ta30BOM XpOMATO-
rpaduu, T0JKEH UMETh OOJIBIIYIO TIIOIIAAb TOBEPXHOCTH U OJTHOPO/I-
HbI pa3Mmep 4acTull. OOBIYHO HMCHOJB3YIOTCA YaCTHUIBI pazMepoM
0,25-0,35 mM.

B To Bpems kak B ra3zo-ajacopOIimoHHON XpoMarorpaduu copOeH-
TaMH CIIy’aT aKTUBHbBIE aJICOPOEHTHI (AKTUBUPOBAHHBIN YrOjb, CUIU-
Karejib, MOJIEKYJISIPHBIE CHUTa), B Ta30-)KUAKOCTHOM Xxpomartorpaduu
MPUMEHSIIOTCSL TBEpJbIE HHEPTHBIE HOCUTEJIM THUIIA JUATOMMUTA,
ucrnosb3zyercsa Takxke ¢dapdop, crekno, miactmaccel. MeroTcsa pas-
JUYHBIE TUTIBI TBEPABIX HOCUTEJIEH MPOMBIILICHHOTO U3TOTOBJICHUS.

KonuuectBo TBepabIx (a3 Bce k€ OTpaHUUYCHO, MOATOMY TTOBEPX-
HOCTb TBEPJIOI'O0 HOCUTEIISI YACTO MOKPHIBAIOT TOHKUM CIIOEM KHUJKOC-
TH (HenoaBmkHas (aza). OOBIUHO MIPUMEHSIOTCS KUJKOCTH C HU3KOM
YOPYTrOCThIO MAapOB, XUMHUYECKH HMHEPTHBHIE MO OTHOILICHUIO KO BCEM
KOMITOHEHTaM cMmecu. Yucmo kunkux ¢as, MPUroHbIX IJis XpOMaTo-
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rpa¢uu, BO MHOTO pa3 MPEBBIIIAET YHUCIO aJCOPOEHTOB, YTO IMO3BO-
JsSeT B KaXJIOM OTIEIBHOM Ccllydae IMojao0paTs Hambojee 3ddek-
TUBHYIO KUJKOCTb. IlociemHsisi MOXXET OBbITh TBEPJON NMPHU HUZKOM
TeMIepaType, HO 00s13aTeNIbHO JIOJKHA OBITh KUAKOW U MPaKTUYECKU
HeJleTydel TMpu TeMrepaTypax, oOOeCIeYMBAIONIUX pa3feicHue
KOMITOHEHTOB CMECH.

OCHOBHOU XapaKTEPUCTUKOW KUAKOM (ha3bl SIBISECTCA CTEIEHb €€
noJispHOCTH. [Ipy MpoumMx OJWHAKOBBIX YCJOBHUSX 00Jiee TOJISAPHBIC
da3bl garor Jydiiee pasaeneHue. Henosspueie ¢asbl, Kak MpaBUio,
UMEIOT OOJBIIUN MOJEKYJISIPHBIA BEC W YCTOMYMBBI TPU BBICOKUX
temneparypax. llomspHbie ¢a3pl 007a7al0T BBICOKOW H30MpaTEIIb-
HOCTBIO, OJHAKO OHM MEHEE YCTOWYHMBBI IPU TMOBBIIIEHHBIX TEMIIE-
parypax, pasiarasch, MOTYT HapyllaTh mporecc pasnaencHus. Komu-
YEeCTBO >KUJIKOM (ha3bl B MPOIIEHTAX K TBEPJOMY HOCUTEIIO BapbUPYET B
mmpokux npenpenax ot 1 mo 30-50%, 4ro 3a4acTyro MO3BOJISIET BIUATH
Ha OBICTPOTY M Ka4yeCTBO pazjenieHus cMmecend. [Ipumepom HenmonsipHOM
KUAKON a3pl CIyKUT BazequHOBOE Macyio. K MOJSpHBIM KUIKUM
dazamM OTHOCATCA MOJUTIMKONW, Noauddupbl. OOBIMHO JIs aHaIu3a
OMOJOTUYECKUX O0BEKTOB UCIOIb3YIOT CUIIMKOHOBBIE MPOU3BOIHEIE.

[Ipu BbIOOpE XKUIAKOW (Da3bl MOJIE3HBIM SBISETCS CTapoe Ipa-
BUJIO — «MOJIOOHOE pacTBOPSETCS B MOJO0OHOM». B COOTBETCTBUU C
TUM MOPABUIIOM JJI Pa3JEICHUS] CMECH ABYX BEIIECTB BBIOMPAIOT
KUKy a3y, ONM3KYH MO XUMHYECKOW TMPUPOJE OJHOMY U3
KOMIIOHEHTOB. OD(P(EKTUBHBIM OKa3aJOCh MPUMEHEHHE KOJOHOK,
COJIepKaITUX HECKOJIbKO HETOBIKHBIX (ha3 W CIIOKHBIE COPOCHTHI.

KOMITIOHEHTBI CMECH CENEKTUBHO YJIECPKUBAKOTCS HEIMOJIBUKHOU
¢azoif, a 3aTeM BBIXOJAT U3 KOJIOHKH U PETUCTPUPYIOTCS JETEKTOPOM.
Curnanel I€TEKTOpa 3aMUCHIBAIOTCA B BUJIE XPOMATOTPAMMBI aBTOMA-
TUYECKUM TOTEHIIMOMETPOM (CaMOIMCIIEM) WIIA K€ PETUCTPUPYIOTCS
Ha dKpaHe KOMIBIOTEPA.

Jlabopamopuas paboma 18. Ananuz MHO20KOMNOHEHMHOU cCMeCU
Y2/1€6000P0008 MEMOOOM 2A30HCUOKOCHHOU XpoMmamozpaghuu

Oobopyoosanue u peakmugwpt: Xxpomarorpad; MEAUIIMHCKUE IITPH-
16l Ha 1CM’; KOJIOBI ¢ IPUTEPTHIME POOKaMu 00bemMoM 10 Mit; TOTyols;
KCHUJIOJ; alleTOH; U30MPONMIIOEH30JT; TUKIJIOTEKCaH; ATUIIAIETAT.

3aganme 1. AHaAIM3 CMECU KOMIIOHEHTOB METOJOM HOPMHUPOBKH
C KaIMOPOBOYHBIMH KO3 PHUIIEHTAMMU.
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Buvinoanenue paoomol

M3 KOMIIOHEHTOB, BXOJAIIUX B COCTaB aHAIMU3UPYEMOU MPOOHI,
TOTOBSIT HUCKYCCTBEHHBbIE (KaJUOPOBOYHBIE) CMECH HM3BECTHOTO
MPOIEHTHOTO COJIEpkKaHusl (Hampumep, CMEIINBAIOT TOIYOJI, KCUJIOM,
ITUJIAIIETAT W U30MPONMUIOEeH301 B 00beMHBIX COOTHOmEeHUAX 1:1:1:1
U T. 11.). CMecH COCTaBIISIIOT B KOJIOOYKAX C MPUTEPTHIMU MTPOOKAMHU C
MOMOIIBIO MUMNETOK, HAOUpas KUJIKOCTH rpyiieit. [[ns xkaxmon xui-
KOCTH HEO0OXOJMMO HMMETh CHelUUalibHYyl0 numneTky. Hembsst 3arpss-
HSATh YMCTBHIE BEIIECTBA, MCIOIb3Ysl OJHY MUIETKY JJIsl HECKOIbKHUX
KUJIKOCTEN 03 TIIATeNbHOW MPOCYIIKH. AHAIU3UPYEMYIO CMECh
MOJTy4aroT y JlabopaHra.

Jlnst onpesienieHusl BpEMEHU YAEPKUBAHUS KOMIIOHEHTOB, BXO/Is-
IMX B COCTaB CMECH, HEOOXOJMMO CHayajga 3amucaTh XpomaTo-
rpaMMbl YHUCTBIX KOMIOHEHTOB. YMCTbIe KOMIOHEHTHI, HCKYCCT-
BEHHBIE CMECH M aHAIM3UPYEMYI0 NpoOy BBOJST B HCHAPUTEIb
xpomatorpada nociegonaresibHo B konudectBe 0,05 mit. [lepen kax-
I6IM OTOOpPOM MPOO IIMPHUIL CIEAYET NPOCYHIUTh ISl YAAJICHUS Clie-
JOB TMpenbiayiiei mpoosl. Ciaeayromlyto npoOy BBOJSAT B UCIAPUTEID
TOJILKO MOCJI€ 3alMCU BCEX MUKOB Mpeablaymiel npoowl. Eciu mpobda
BBeJIcHa Heyaa4yHo (Korja mpoba mana, MUKW MOJy4aroTCsl HU3KHUMH,
BEJIMKA — TyMOJIEp 3allIKaJIUBAET), aHAIU3 MPOOKI CIEAYET NOBTOPUTH
MocJ€ BbIXOJAa BCEX KOMIIOHEHTOB. Ha XpomarorpamMmmax HYKHO
CIEJaTh COOTBETCTBYIOIINE TOMETKH.

Kauecmeennwlii anaiu3z OCHOBAaH HA CpPAaBHEHWH BPEMEHU
YAEP>KUBAHUSI U3BECTHBIX YHCTHIX KOMIIOHEHTOB CO BPEMEHEM YIAEp-
KMBaHUS BEIIECTB, BXOAAIIUX B COCTAB aHAIU3UPYEMOM MPOOHI.

Konuuecmeennwiii ananus. Conepxanue OTIACIbHBIX KOMIIOHEH-
TOB PACCUUTHIBAIOT IO TIUIOMIAJSIM TIOJYYEHHBIX TIMKOB. 3amep
IUIOLIAAM OTAEIBHOIO MUKAa OCYIIECTBIAECTCS CIEAYIOIIMM 00pa3oMm:
U3MEPSIIOT BBICOTY h 0T 0a30B0i1 (HyJIEBOI) TMHUM 10 BEPIIMHBI MTHKA,
JENAT €€ TOIoJaM W Ha PACCTOSHUW, PABHOM IIOJIOBUHE BBICOTHI,
3aMEPSAIOT OTPE30K Ol — OTPE30K MPSIMOM, MApPAJUIEIbHBIN HYJIEBOU
JMHUYU Ha BBICOTE 72 h. OTpe30K 3aMepsItoT Wi MO CepeIMHE MUPUHBI
JUHUU, BBIYEPUCHHON MEPOM CAMOMUCIA, WM OT BHEUIHEW CTOPOHBI
OJHOU JIMHUHU 10 BHYTPEHHEW CTOPOHBI apyrou. I[lnomans xpomaro-
rpauyeckoro TMHUKa BBIUMUCIAIOT KakK IUIONIaAb TPEyTrOJbHHUKA!
S=(h/2)-a (puc. 11).
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Puc. 11. ITapameTpsl xpoMaTorpapuueckoro nuka

KoHlieHTpanum KOMIOHEHTOB B aHAIM3UPYEMOM CMECH PacCUU-
THIBA€TCSI METOJOM HOPMHUPOBKHM C KaJTMOPOBOYHBIMH KOA(DbHUIMEH-
Tamu 110 popmyie:

% = (Si-Ki/2.S;K)-100.

lIpumeuanue: JaHHBIA METOJI pacyeTa MPOLEHTHOTO COAEPKAHUS
KOMIIOHEHTOB B CMECH MOXKET OBbITh HCIMOJIb30BAH TOJIBKO B TOM
Cllydae, €CJIM BCE KOMIIOHEHThl CMECH JalT XOPOIIO 3alMCaHHbBIC
xpomarorpadpuyeckue TNUKM U HUMEIOT pa3jdyHble BpeMeHa
YIAEPKUBAHUSL.

3aganue 2. AHanu3 CMECH METOJOM BHYTPEHHETO CTaHAAPTA.

[IpenMyIiecTBO METO/Ia BHYTPEHHETO CTaHJApTa 3aKJIIOYACTCA B
TOM, YTO B OTJIMYKE OT MPEABIIYIIEr0 METOJa HET HEOOXOJIUMOCTH
UJIECHTU(ULIMPOBATh BCE MHUKH XPOMATOrpaMM: JIOCTAaTOYHO OIpe-
JeIUTh HEOOXOJAuMMbIe THUKW. MeToJ OCHOBaH Ha J00aBJICHUM B
AHAIM3UPYEMYI0 CMECh M3BECTHOTO KOJWYECTBA OMPENCICHHOTO BE-
1IECTBA, Ha3bIBAEMOT0 BHYTPEHHHUM CTaHAapTOM. [Ipu 3TOM cTaHmapt
HE JIOJDKEH pearupoBaTh ¢ KOMIIOHEHTamu cMmecu. Hanpumep, npu
aHaJM3€ CMECHU TOMOJIOTOB CTaHJAPT MOJAKEH ObITh YJIEHOM 3TOr0
TOMOJIOTUYECKOTO psxa. Bpemsa yaepkuBaHWs CTaHAapTa HOJDKHO
OBITh PABHO CPEHEMY BPEMEHHU YJIEPKUBAHUSI KOMIIOHEHTOB CMECH.

Buvinonnenue pabomui

[Tocne xpomarorpadupoBaHus HUCKYCCTBEHHBIX CMECEU u3Mepsi-
IOT TTapaMETPhI MUKOB aHATU3UPYEMBIX KOMIIOHEHTOB U CTaHIAPTHOTO
BEILIECTBA U CTPOAT KAIIMOpPOBOUYHbIE KpuBhbIe. [0 ocu opauHaT OTKIIA-
JBIBAIOT OTHOIICHUE TJIONIAJC MUKOB OIMPEAEISEMOTO BEIIECTBA U
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BHYTPEHHETO CTaHJapTa, a Mo OCH aOCIMCC — OTHOIICHHUE 0ObEMHBIX
WJIM BECOBBIX MPOIIEHTHBIX COJIep)KaHuN 000X BemiecTB (puc. 12).

Si/Scm

~ Ci/Ccm

Puc. 12. KanuOGpoBouHble KPUBBIE JIJIs1 OTIPEIEICHHS COCTaBa CMECH

3aTeM ModydaroT y JJabopaHTa aHAIM3UPYEMYIO CMECh, COJIEpHkKa-
IyI0 KOMIOHEHTHI, JIJIT KOTOPHIX ObUIM MOCTPOCHBI KAITMOPOBOYHBIC
kpuBble. JI0OaBIAIOT K ATON MpoOe OmpeeeHHOe KOJIMYECTBO BHYT-
PEHHEro cTanjaapTa (HampuMep, TOJIyoJjia) B TaKOM KOJIMYECTBE, YTOOBI
KOHIICHTpAIlUsl CTaHAapTa COOTBETCTBOBAIA CPETHEMY €€ 3HAUYCHUIO B
HCKYCCTBEHHBIX CMECSIX. XpoMaTorpa@upyroT aHATU3UPYEMYIO0 CMECh
U ONpEJesa0T OTHOIICHUE ILIONIAe KOMIOHEHTOB S;/S., M Bcex
KOMIIOHEHTOB.

[Tonp3ysich KamuOPOBOYHBIMU KPUBBIMU (pHc. 12), HAXOAAT OTHO-
meHue (Ci/Ce;) JUI1 BCEX KOMIIOHEHTOB M PACCUUTHIBAIOT HX KOH-
HeHTpanuio. Ecim uaeHTuGUIUPYIOTCS U OMPEACIISIIOTCS BCE KOMIIO-
HEHTBI CMECH, TO MOKHO TPOBEPUTH MOJYUYEHHBIM PE3yIbTaT: CyMMa
BCEX KOHIIEHTpAMi 10JKHA cocTaBisATh 100%.

BO”pOCbl Komuyemy no meme

«lazoxncudkocmnasn xpomamozpagusy

I.B yeM COCTOAT TEOPETUUECKHE OCHOBBI Ta305KUJIKOCTHOMU
xpomaTtorpabun?

2. Ilpunniun BbIOOpa Ta3a-HOCUTEINSI, >KUAKOW (pa3bl, TBEPAOTO
HOCHUTEIIS.

3. HenossipHbie U onsipHbIE KUaKUE (Has3bl.

4. KaueCTBEHHBIM aHAIN3. 3aBUCUMOCTh BPEMEHU YICPKUBAHUSA
OT pa3IUYHBIX PAKTOPOB.

5. Cnoco0bl KOJIMYECTBEHHOT'0 00CYeTa XpOMaTOTPaMM.

6. biiok-cxema ra3zoxxuaKkocTHOro xpomarorpada.
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7. YCTPOUCTBO U MPUHLIUIIBI JCUCTBUS IETEKTOPA KaTapoOMETpa U
IJIJAMEHHO-HOHU3ALMOHHOTO JIETEKTOPA.
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