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Pasgen 1. CnekTpockonuyeckne metoabl
aHanu3a

CHeKTpOCKONMUYECKHE METOAbl MCCIENOBAHUS SIBJISIIOTCS HamuOo-
Jee BaXHBIMU M PACHPOCTPAHEHHBIMH B MPAKTUKE XUMHUYECKOTO
aHaJin3a CaMbIX Pa3HOOOpa3HBIX 00BbEKTOB. OHM OCHOBAaHLI Ha CIIO-
COOHOCTH aTOMOB M MOJIEKYJI BEIIECTBAa UCITYCKaTh, MOIJIONIATh WM
pacceuBaTh 3JIEKTPOMArHUTHOE M3JIy4eHUE. DTUMU METOJaMH pelia-
I0OTCS  3aJa4yud  aTOMHOTO, MOJEKYJSIPHOTO, (PYHKIIMOHAJIBHOTO
(cTpykTypHO-TpyHnoBoro) u ¢a3oBoro aHanusza. MeTolbl CHEKTpO-
CKOIMU MOKHO KJIaCCU(UIIMPOBATH MO Py MPU3HAKOB.

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

2. B cooTBeTCTBUM C AMANIa30HAMU SHEPTUU JICKTPOMATrHUTHOTO
U3JIy4YEeHHUS] CIIEKTPOCKOIMMIO Pa3AC/ISIIOT Ha CIEAYIOIIME OCHOBHBIC
BUJIbI: Y-CIIEKTPOCKOIHIO, PEHTIE€HOBCKYIO CIEKTPOCKOIHUIO, OITH-
YECKYI0 CIEKTpocKomnuto (cnekTpockonus B Y® u Buaumoit obnac-
TAX), a Takke MK-crekTpockomuio, paarocineKTPOCKOIIHIO.

3. Ilo u3ydyaeMbIM OOBEKTaM CHEKTPOCKOMUIO MOJPA3ACISIIOT Ha
AJICPHYI0, aTOMHYI0O U MOJIEKYJsipHY10. K siepHOl CHEKTpPOCKONUU
OTHOCHUTCS aHAJTUTHUYECKass MeccOayIpOBCKasi CIEKTPOCKOIHSI, K aTOM-
HOW — aTOMHO-3MHUCCHUOHHAsl, AaTOMHO-(IyOpECIEHTHAsi, AaTOMHO-
a0bcopOumonHas, peHrreHoduyopecuentras, IIIP u AMP-cnekTpo-
ckormusi. K MOJeKyIsipHOM CIEKTPOCKONMU OTHOCSATCSI DJICKTPOHHAS,
MOJICKYJIsIpHAs a0COpOIIMOHHAS CIEKTPOCKOMNHUS (CIEKTPOCKOIHUS B
Y® u Buaumon obmactsix cnekrtpa), MK-cnekrpockonus, CHeKTpo-
ckonmusi kKoMmOuHanuoHHoro paccesHuss (KP), mroMmuHecueHTHas
CIIEKTPOCKOIIHSI.

MonekynsspHoe TOIJIONIEHUE TOAUYMHSETCS 3akoHy bepa, crpa-
BEJIMBOMY [IJII MOHOXPOMAaTHYECKOro cBeTa. 3akoH bepa mis
abcop6uuu (A) npeacrapisieT coO0N ypaBHEHHUE MPSIMOM, BHIXOISIIIEH
U3 HyJS B KoopauHaTax «A4 — CO»:

A=¢lC,

A - abcopOIus BeIlecTBa (onTHYecKas IJIOTHOCTH ),
0e3pa3MepHas BEJIMYMHA, U3MEHSETCSI OT HYJIS 10 OECKOHEUHOCTH; & —
MOJIIpHBIN  Ko3(ddummeHT mnoriomeHus cBeta (1/Moiab cm); [—
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TOJIITUHA CJIOS pacTBOpa, moromiaroniero ceet (cm); C — MoysgpHas
KOHIICHTpPAIIMS pacTBOpa (MOJIB/I[M3).
OcHosnvle xapakmepucmuku
INEKMPOMAZHUMHO20 U3TYUEeHUA

DNEeKTPOMarHuTHOE M3JIyYEeHUE MMEET JIBOMCTBEHHYIO MPUPOY:
OHO 00JaJjaeT BOJHOBBIMHU UM KOPIYCKYJSIPHBIMU cBoiicTBamu. K
BOJIHOBBIM XapaKTEPUCTUKAM OTHOCSTCA 4YacTOTa KOJCOaHWM, JJIMHA
BOJIHBI U BOJITHOBOE YHUCJIO, K KBAHTOBBIM — SHEPI'UsI KBAHTOB.

Yacrora kojebaHuit (V) — 9YMCIIO KOJICOAHWIA B STUHUILY BPEMEHHU.
Enunuiieit yactotel ciyxut repiy (I'n) mwim ¢t (1 I'm =1 xonebanue B
CEKYH/Y).

JlnuHa BoJIHBI (A) €CTh pacCTOSSHUE MEXAY COCETHUMH MaKCUMY-
Mami. J[;iHa BosHBI B MexayHapoaHoit cucteme equnui] (CH1) uzme-
paeTca B MeTpax (M) U uMX JOJISIX — CAHTUMETpax (CM), MUJUTUMETpax
(vm), Hanomerpax (1aM=10" m), anrcrpemax (1A=10""m).

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

v=1/A (em™).

BoJiHOBO€ 4HMCIIO MOKAa3bIBAET, CKOJIBKO JJIMH BOJIH JAHHOTO W3-
JdyudeHusi ykianabiBaercss B lcm. [lo ciioxuBiiecss Tpaauluu H3ITy-
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
Obnacmb cnekmpa Humepsan onun eonn (A)
PaanoBonHbl >1wMm
MuKpOBOJIHBI 10°-1 m
WHdpakpacHOe U3IydeHne 750-10° am mmu 7,5-107 =102 m
Bunnmblii cBet 400-750 um wn 4-107-7,5-10" ™
VYipTpadroneToBoe U3Iy4eHHe 10—400 am wm 10 =410 m
PeHTreHoBCcKOE U3I1yYEHHE 102210 v umm 1010 M
Y-A3JIy4CHUC 10'4—0,1 v m 107°-1070 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 — nocrosinHas Ilnanka, paBHas 6,62- 1073 JIx-c.
Kak u3BecTHO W3 Teopuu KoJjieOaHW, IJWHA BOJHBI CBS3aHA C
4aCTOTOM U CKOPOCTBIO pACIPOCTPAHEHHS BOJTHBI COOTHOIICHUEM:

v =C/A,
IJIe ¢ — CKOPOCTH CBeTa B BakyyMme (c=3-10° m/c).
Torma momygaeM cIeayIONIYIO CBSI3b MEXKIY BEIUYNHAMMU:

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

KosnuecTBO NmOTIIOMaeMO 3 HEPTUU MOKET UMETH TOJIBKO CTPOTO
OTpeJIeJICHHbIE 3HAUYCHHUS, T. €. MOTJIOMAETCA U3TyUYE€HHUE TOJIBKO OIpe-
JeJeHHOW 4YacToThl. lloriomieHne wu3nydeHusi, a CleAOBaTEIbHO, U
SHEPrUU MPOUCXOJUT B TOM CiIyuyae, €Clid KBAaHT U3TyYEHUS COOTBET-
CTBYeT Pa3HOCTH MEXIy JBYMS DHEPreTUYECKHUMH YPOBHSIMU
00JTydyaeMoro BellecTBa.

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

— HauOonbIasg HEprusi Tpedyercst Uil BO3OYKIECHUSI BJIEKTPO-
HOB; 3Ta DHEPTHUS COOTBETCTBYET M3IYUCHHUIO B YJIbTPadUOIECTOBOU U
BUJIMMOM 00JIaCTH (3JIEKTPOHHAS CIIEKTPOCKOTIIHS );

— MEHBIIIME 3aTPaThl SHEPTHUH HEOOXOAUMBI ISl U3MEHEHUSI KOJie-
OaTeNbHBIX YPOBHEHN MOJICKYJIbI, CBSI3aHHBIX C U3MEHEHUEM JTUH CBSI3EH
Y YIJI0B B HH(paKpacHoOi 00actu (koiedaTenbHas ClieKTPOCKOIHS);

— elI€ MEHbIIasi SHEprus HeoO0xoauMma i MepPEeopUEHTAIUU
CIIMHOB SJIepP, KOTOpasi MOXKET BBI3bIBATHCS KBAaHTAMHM PaguO4acTOT-
HOT'O U3JTy4eHUs (CIIEKTPOCKOMNUS AIEPHOT0 MAarHUTHOTO PE30HAHCA).



ArieKmpoOHHasi CeKmpOCKonus
(Y® u eudumasi obnacmu)

1.1. CneKkTpockonua B BUAUMOMN obrnactu

Jlabopamopuas paboma 1. Onpeodenenue xpoma
ouenunkapoazuoHvbIM Memooom

Oobopyoosanue u  peakmugvl:  (POTOPIEKTPOKOIOPUMETP
IOHMKO-2801 (K®K-2), pabouwnii pacTBOp OMXpomara Kajuds C
KoHIeHTpanueil 6,8%10” 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.

[IpuHIMD ompeAesieHuss OCHOBaH Ha TOM, YTO OMXpoMaT KaJius,
uMeroIuid HU3KuK KodduimeHnt ocmadiaenus (e=500), OKUCTIECT B
KHUCJION cpene audeHmnkap0asu, mpeBpaiiasi €ro B JUa30KPaACUTEIIb C
KO3 HUILIMEHTOM OCNIa0JIEHUS OKOJIO 10%,

Judennnkapbazu, sIBIASIONUNACSI peareHTOM Ha XpoM, TpeOyeTcs
OpaTh B H30BITKE I1I0 OTHOIICHUIO K OUXpOMAaTy, TIOCKOIbKY
HEOOX0aUMO, 4YTOOBI BO B3ATOM TMpoOe Becb OuUXpomaTr MOpo-
B3aMMO/JICCTBOBA C peareHTOM. A30KpacuTellb UMeeT (PuoIeTOBO-
KPAaCHYI0 OKPacKy, €ro MaKCUMaJbHOE MOTJIONIEHHUE JIEKUT B 3€JICHOU
00JIaCTH CHEKTpa, YTO OMpeJeisIeT BHIOOP 3€JI€HOr0 CBETO(DMILTPA.

NN K,Cr,0 =
- 2Ly —
o—< 0
N—N N—N
mudennnkapoazu OMC-a30KpaCUTEIh

Bvinoanenue pabomut

PactBop mudenunkapbasuga TOTOBIAT TIepel YMNOTpeOJeHHUEM,
pactBopss 0,1 T pearenra B 15 mi1 anieToHa B MepHO# kosibe Ha 50 mui,
Y TOBOJSAT BOJOM OO 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 paz0aBifAOT AUCTWIIMPOBAHHON BOJOM, JTOBOISIT 10
METKH, TIIATEIbHO MEPEMEIIUBAIOT U U3MEPAIOT abcopOiuto. Pe3yib-
TaTbl M3MEpeHuss abcopOuUMHM 3aHOCAT B TAaOMWIly, TAC YKa3bIBAIOT
PACCUUTAHHYIO KOHIEHTPAIMIO OMXpoMaTa Kajaus B KaXJ0W Mmpooe, a
3aTEM CTPOSIT KaJIuOpOBOUYHYIO KpUBYIO. [lonmydaroT aHanmuzupyemyto
npoOy B MepHOM Koi0e Ha 50 mul, 100aBISAIOT, KaK MPEXKAE, CEPHYIO
KHUCJIOTY, PEAareHT, JAOBOAST KOJOY BOJOW O METKHM U H3MEPSIOT
abcopbuuo pactBopa. KOHIEHTpalMio aHaIU3UpPyeMOu MpoObl
HaxoJAT MO KaJuOpOBOYHOW KpUBOW. PacueTr KOHIIEHTpaIuu Mpou3-
BOJIAT 1O (popmyiJie:

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

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

OobopynoBanue U peaktunbl: GoTornekTpokonopumerp FOHUKO-
2801 (K®K-2), crammapTHbiii pacTBOp 2,4-muHHTpOdeHoNa (Y4ma) ¢
koHieHTpanueit 0,1 mr/mi, 5%-it pacTBOp eakoro Hatpa (X4).

Merton ocHOBaH Ha mepeBoje 2,4-nuHUTpOGEeHONA TIPU ACHCTBUHU
niesiouei B anu-GpopMy, UMEIOIIYIO JKEJITYI0 OKPACKY:

O,N

HO NO, + NaOH

Nurepan pH mepexona 2,4-gunutpodeHona B anu-Gopmy co-
craBisier 2,6—4,6. Ilonoca mnornomienus anu-popmsl (A=407 HM)
oOyCJIOBJIEHa 3JICKTPOHHBIMU TMEpPEX0JaMu C TEPEHOCOM 3apsifa C
anekTpoHogoHopHOro  3amectutenss (-OH) Ha  aiexkTpoHOak-
nentopHeiii (-NO,). B mienounoit cpene mossipu3yloiiee BIWSHHUE
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AIEKTPOHOAOHOPHOTO 3aMECTUTENS YCUJIMBACTCS BCJIEIACTBUE €TO0
MOHU3AINH, 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 MNPEUMYIIECCTBEHHO HAXOIUTCS COCAUHEHUE 3TOTO CTpOe-
HUs. NHTEHCUBHOCTh OKPAcCKHU JIOBOJBHO BBICOKAs, MOJIAPHBIA KOd(-
(UIIMEHT TOTJIOUIECHUS € = 1,2x10*. Boxsimoe 3HaueHue € 00yCIIOB-
JMBAET JOCTATOYHO HU3KUU MpeJiesl 00HAPYKEHUS.

Peakuus mpoTekaeT BO BPEMEHHM M CYLIECTBEHHO 3aBUCHUT OT pH
cpenpl: ¢ yMmeHblieHMeM pH pactBopa Hapsiay C anu-HUTPOCOE-
JTUHEHUEM B Mapa-XMHOUJIHOU (pOopME MOTYT CYIIECTBOBATh €TI0 Opmo-
xunouoHnas ¢popma, 2,4-muaurpodenon u apyrue. IloaTomy 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
BelecTBa, A00aBsaoT no 20 mu 5%-ro pacTtBopa €aKOro HaTpa u
JTOBOJAT 00BEM pacTBOpPoB A0 50 M AUCTUIIIMPOBAHHOW BOIOM.
PacTBOop cCcpaBHEHHS COIEPKUT NPEIYCMOTPEHHBIE METOAUKOU
KOJMYECTBA  BCEX  KOMIIOHEHTOB, 3a  HCKJIuYeHuem  2.4-
TUHUTpO(EHOMA.

Bapuanr 2. [0TOBAT mATH CTAaHAAPTHBIX PacTBOpPOB 2,4-1u-
HutpodeHona ¢ koHueHrpamuenr 0,1 wmonw/n, 0,05 wmoub/m,
0,025 mounsw/n, 0,0125 monw/a, 0,00625 mMoiw/i.

Bvibop  ceemogurompa.  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
OTHOCUTEIBLHO pacTBOpa cpaBHeHMs. J[JIs Ka)KI0ro pacTBOpa U3Mepe-
HUE TMOBTOPSIIOT Tpu paza. [lo cpegHuM BeIMYMHAM MOTJIONICHUS
CTPOSIT TPagyupOBOYHBIN TpaduKk B KOOpPJIAMHATAX «IIOTJIOUIEHHUE —
cojepxxanue 2,4-TUHUTPOEHOIa B PACTBOPEY.

Onpeodenenue 2,4-ounumpoghenona 6 pacmeope

K ananuszupyemomy pactBopy, coaepxkaimeMy 2,4-mTuHUTpode-
HOM, nmo0aBisaoT 20 mu 5%-ro pacTBOpa €AKOro HaTpa W JOBOJAT
o0beM pactBopa a0 S0 MII AUCTUIIMPOBAHHOUN BoAoM. [Ipurorosinen-
HBII pacTBOp (POTOMETPUPYIOT OTHOCUTEIHLHO PACTBOPA CPABHEHUS C
BBIOpaHHBIM CcBeTOPuiIbTpoM. M3MepeHus: moBTopsitoT Tpu pasza. Ilo
CpeAHEMY 3HAUYEHUIO TMOTJIOMICHUS, TMOJb3YSCh TIPaTyUPOBOUYHBIM
rpauKoM, HaxXoJsT cojepxkanue 2,4-ATMHUTPOo(EHOIa B aHATIU3UpYe-
MOM PacTBOPE.

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

Ooopyoosanue u peaxmugvl: KOMIBIOTEP C HW3MEPUTEIBHBIM
OJIOKOM; JIMHEWKa CBETOJMOAOB; MaTYUK abcopOuuu (ONTUYECKOM
IUIOTHOCTH); KIOBETBI; MEPHBIM HHIUHAP; MepHble Koyobr, 0,01M
pacTBOp MepMaHraHaTa Kajaus, TUCTUUINPOBAaHHAs BOJA.

OceoeHue ceemoouoOHOU TUHEUKU

CBeToMoHAs JIMHEMKA MpeIHa3HaueHa I BU3YaJIbHOW OIICHKU
CIEKTPOB TIOTJIOIICHUS PACTBOPOB M CIYKUT JUIA IOA00Opa ONTH-
MaJbHOTO JaTyuka adbcopOimu. CoCcTOUT U3 KopIlyca ¢ MAThIO CBETO-
nrojamu. i mogbopa ONTUMAIBHOIO JAaT4YMKa a0COpPOIUM CeayeT
HAWTH JUIMHY BOJIHBI, KOTOPasi MAKCHUMAJIbHO TIOTJIONIACTCS HCCIIeIye-
MBIM PacTBOpPOM (CaMbIM KOHIIEHTPUPOBAaHHBIM). [lJis 3TOro wuccie-
JyeMBI pacTBOp HAJMBAIOT B KIOBETy. KiOBeTy CTaBsT Imepej CBETO-
JUOJHOWN JIMHEUKOM, JIMHEUKY MOJKIIOYAIOT K YIIPABJISAIOMIEMY pa3be-
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 NI U3MEpPeHusi a0CopOLUKU PacTBOPOB MpHU
OIpEENICHHON 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, M3JIYYECHHE OT HEro IMPOXOAUT Yepe3 KIOBETYy H
NoMNaJaeT Ha YYyBCTBUTEIBHBIM 31eMeHT. HampsokeHue Ha 4yBCTBU-
TEIBHOM 3JIEMEHTE MPSIMO 3aBUCUT OT MHTEHCUBHOCTH TOMABIIET0 Ha
Hero cBeta. [[s McCrosnb30BaHUs JaTYMKA €ro HYXKHO TMOAKIIOYUThH K
U3MEpPUTETHLHOMY OJIOKY B COOTBETCTBUU C MPOrPAMMHBIM CIIEHAPHUEM.
JI71st mpocTOro M3MepeHust abCOpOIMU AATUMK MOAKIIOYAIOT K IEPBOMY
pazbeMy U3MEPUTETHLHOTO 0JIOKA U 3aITyCKaOT MPOTPAMMHBIN ClIEHApUi
B mporpamme «L-Microy: «/lataukm», «AOcopOms (onTudeckas
IUIOTHOCTB ).

Ilposedenue kanuodposKku u HacmpoiKka 0amuuKka

['oToBMM pacTBOpPHI NEpMAaHTraHaTa Kaiaus MOCIENOBATEIbHBIM
pazbaBinennem ctangaptHoro 0,01M pactBopa KMnO,. B aBa 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». KanmubpoBka npoBeaeHa. MoOKHO 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. Bxogum B porpammy «L-Microy.

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

3. Usmepsiem abcopOumio BTOPOTO pacTBOpa, KOHIICHTpAIUs
kotoporo Oonbiie. Haxumaem kHomnky «BbIBOP» Ananoruuyno
u3MepsieM abCOpOILMI0 BCEX MPUTOTOBJIEHHBIX PACTBOPOB, BKIIOYAs
pacTBOp C HEW3BECTHOM KOHIEHTpAIMECH. 3amnuchbiBaeM 3HAYCHUS
abcopOruu.

4.B mnporpamme «L-Micro» naxkmmaem kHomku «CTOIL.
APXUB». CoxpansieM paiin B «MOU TOKYMEHTDBI».

5. Ilepexogum B mnporpammy «EXxel». Kommpyem wu3 «Moux
JTOKYMEHTOB» B miporpammy «EXxel». BeienseBce mory4eHHbIC 3HAYE-
HUS ISl TIOJyYEHUsI KaauOpoBo4yHOro rpaduka. HaxknuMaem KHONKH
«Mactep auarpammy», «I'paduky», «Toueunas», «['otoBo». Ha sxpane
MOSIBIISIETCA KaTMOPOBOYHBIA Tpauk 3aBUCUMOCTH aOCoOpOUUU OT
KOHIleHTpauuu. [loacraBisieM B HEro 3HaueHWe Ay JJIS pacTBOpa C
HEU3BECTHOM KOHIIEHTpauu u onpeaensieMm Cy u3 GopMyIibL:

A,=aC,+D,
rae A, —abcopOuMs HEM3BECTHOTO PacTBOPA,

a, b — koadduIMEHTHI, TOTyYeHHBIC M3 KATMOPOBOYHOTO TpaduKa.

Audpepenuuanbuas goromerpus

Meton cpaBHEHUS HMHTEHCUBHOCTEW CBETOBBIX MOTOKOB YacCTO
Ha3bIBAIOT JBYCTOPOHHEN nuddepeHunanbHon poToMeTpureH.

A

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

I'pagynpoBouHas 3aBUCHMOCTb (pHc. 1) mepecekaeT och adCIHCC
B TOYKE, COOTBETCTBYIOIIEH KOHIICHTpAIlMHW STAJIOHHOTO pacTBOpPa
cpaBHeHHMS. AOCOPOIMH CBSI3aHbI COOTHOIIICHUEM:
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Aucm.= Aomn. — Ao,

rie  Aucm.— abcopOIUs aHAIM3UPYEMOIo pacTBopa; AomH.—
abcopOIHMs aHATM3UPYEMOTO PacTBOPA MO OTHOIICHUIO K 3TAJIOHHOMY
pacTBOpY CcpaBHEHHUA (MOKa3aHUs IIKaibl pudopa); Ao — adbcopOIus
pacTBopa cpaBHeHUs; C — KOHIIGHTpAIUS aHAJTM3UPYEMOT0 BEIIEeCTBA;
Co — KOHIICHTpaIMs aHAJIM3UPYEeMOI'O BEIIECTBA B ATAJIOHHOM
pacTBOpe CpaBHEHMUSI.

Jlabopamopnas paboma 4. /lugpghepenyuanvno-gpomomempuueckoe
onpeoenenue jxcene3a 6 6U0e KOMNIEKCA ¢ MUOWUOHAMOM

Oobopyoosanue u peaxmuewt:. hotodnnekrpoxonopumerp KOHNUKO-
2801 (KDK-2); Groperkn Ha 50 cM® — 2 1IT.; NUIeTKa Ha 1 Mi1; KOJIObI
MepHble Ha 50 eM®— 8 wr.; CTaHAapTHBIA pacTBop xenesa (1) —
0,1 mr/min; ponanun ammonus wuinu kanust — 10% pacTBop; azoTHas
kuciiota (cootnomenue HNO;z : 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 MaJIOyCTOWYNBA, 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. Jliist 3Toro u3Mepstor adbcopOLMio pac-
TBOpa jKeje3a MpU Pa3IMyHbIX JJIMHAX BOJH (CBeTOPMIbTpHI OT 315
no 540 wum). Jna paboTsl BhIOMpaeTcs Ta JJIMHA  BOJIHBI
(cBeTOUIBTP), IPU KOTOPOM abCcopOIIHst HAUOOJIbIIIas.

Onpeoenenue ocene3a. B mepHble KoaObl eMmkocThio 50 cm
BHOCAT pactBop xene3a (0,5; 1,0; 1,5; 2,0; 3,0; 4,0 u 5,0 mu). 3aTtem
00aBIAIOT B HUX MO | MJ a30THOM KUCIOTHI (pazdaBnenue 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 mn
CTaHJIAPTHOT'O pacTBOpa F63+) U3MEPSIIOT TakuM 00pazom. CeeTomnpo-
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 pacTtBopa Fe** u 3a7a4i) MCIIOJB3YETCsl pacTBOpP, COJEp-
YKaIlWi 2 MJI CTAaHJIApTHOTO pacTBOpa xene3a. [1o 3TuM TaHHBIM CTpo-
AT TPaJlydpOBOYHBIN rpaduK U ONpPEACISIIOT MacCy JKelie3a B 3a/1aue;
0GbEM CTAHJAPTHOTO PAacTBOPA, MII, KOHIeHTparuio Fe, Mr/mu.

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

Oobopyoosanue u peaxkmuewt: horosrnexrpokoaopumerp KOHNUKO-
2801 (K®K-2), padounii pactBop coau meau CuSOyx SH,O (xu) ¢
cojaepxkanueM Meau 1 mr/mit; 5%-i pacTBOp aMMHakKa; KIOBEThI, Mep-
HBII TUJIWH]P; MEPHBIE KOJIOBI Ha S0 MJT; TUCTUIIMPOBAHHAS BOJA.

Y CcTOMYUBOCTh 00pa3yIOMMUXCsl KOMILJIEKCOB pa3inyaeTcs Majo,
MOATOMY B pacTBOpe OYyJI€T HAXOJUTHCA CMECh PA3JIUYHBIX aMMHUaKa-
TOB Meau. X KOJMYECTBEHHOE COOTHOIICHHUE 3aBUCHUT OT KOHIICH-
TpalluM aMMHaka B pacTBope. JlJisi aHaTUTUUECKUX Iiesied 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/ma (HaBecky 3,998 r CuSO4x5H,0 (x4) pacTBOPSIOT B
1 71 IUCTUIMPOBAHHOMN BOJIBI).

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 miu;, no06aBisiOT B
Kakayto koiaoy 10 miu 5%-ro pactBopa amMmuaka (U3 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 KOHyeHmpayuu
AMUHOKUCTIOM CREeKMPOphomomempuuecKkum memooom

Oobopyoosanue, peaxkmuevl: CIEKTPOHOTOMETP; KBapPIICBbIC
KIOBETHI (2 IIT.); BOOHBIA pacTBOp Tupo3uHa, C=2,92 10* moub/1;
BOHBIIT pacTBOp TprnTodana, C =6,07 10™ Mob/1L.

Buvinonnenue paoomul

KroBeTy 3amoHs0T pacTBOPOM aMUHOKHUCIIOTHI (B KIOBETY CpaB-
HEHHSI HAJIUTh JUCTHIUIMPOBAHHYIO BOJY). 3alUCBIBAIOT CHEKTP IO-
IJIOIMICHUST aMUHOKHUCIOTHI B oOnact 200-350 HM U ompenensior
pacroyio’)keHre MakcuMyMa morjoineHus. Paz0aBiss ucxoaHbld pac-
TBOP aMUHOKHUCJIOTBI COOTBETCTBEHHO B 2, 4, 6, 8 u 10 pa3, usmepsior
a0COpOILIMIO TOIYUYEHHBIX PACTBOPOB IMPU MAKCUMYME MOTJIOIICHUS.
CTposAT KpHUBYIO 3aBHUCUMOCTH abcopOLIMHM pacTBOPOB (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 37eKTpOMarHuTHeIX Koiedanui. [Ipumenenue paznuy-
HBIX 00JlacTel CIEKTpa B XUMHUHU U OMOJIOTHH. J[JIHA 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. OnpeneneHre KOHILIEHTPAIUM PACTBOPEHHOTO BEIIECTBA II0
BEJIMUUHE «A» (METOJ KaIMOPOBOUYHBIX KPUBBIX). 3aBUCUMOCTH UYB-
CTBUTEJIIBHOCTH MeToJa OT Ko3(dduimenta ociaabieHus pacTBO-
PEeHHOTO BelecTBa. MeToj1 peareHTa (100aBOK).

4. TTpaBusio BeIOOpa CBETOPUILTPA U JJIUHBI KIOBETHI.

5. Cnextpsl norjoienus. Onpenenenue KodphuineHTa 3KCTUH-
uu (ocnabseHusl) Mo CHEKTPaM MOTJIOIECHHUS.

6. MexaHu3M TIOIJIONIEHUS BHUAUMBIX W YJIbTPa(pUOJIECTOBBIX
JTyYEN.

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

8. UCTOYHHMKHA, MOHOXPOMATOPbI, MPUEMHUKHA HU3JIyYEHHUs, MaTe-
puaj ONTHUKHU B BUIUMOU U YIbTpaduosIeToBOM 00J1aCTH.

1.3. UHbpakpacHasn (konebaTenbHasi) CeKTPOCKonus

Jlabopamopuas paboma (. Onpedenenue cmpoeHus
apomMamuuecKux coeOuHeHuil N0 UHGPAKPACHBIM CHEKMPAM

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

Bvinoanenue padbomut

Oo6pazupr st MUK-cnekTpockonmuu  W3roTaBIWMBAaIOT B BHJIC
CYCIIEH3UHM B Ba3€JIMHOBOM MAaclieé WJIM PACTBOPOB B PAaCTBOPUTEIIAX,
npo3paubx 11 MK-nydeii. Cnenyer yauThIBaTh IPU U3TOTOBJICHUU
00pa3IoB BBHICOKYIO TUTPOCKOMTUYHOCTH COJIEBOM onTuku. Bee pacTBo-
PUTENH TOJHKHBI OBITH THIATEIHHO BBICYIIICHBI.

PacmindpoBky criekTpa MOKHO HaYMHATH TOJBKO IOCIE TOAPOO-
HOTO O3HAKOMJICHHUS C MIPUHIIUIIAMHU UH(PAKPACHOW CIIEKTPOCKOMUH U
pPEKOMEHIAIMAMU, TTPUBEICHHBIMUA B JuTepaType. OTHECEHUE MO0JIOC
MOTJIONIEHUS CJIEyeT MPOBOJUTH COIVIACHO MMEIONIUMCS JIUTepa-
TYpHBIM JaHHBIM (TaOJIMIIBI XapaKTEPUCTHUECKUX YacTOT). BHauane
HE0O0X0aUMO 00paTuTh BHUMaHHWE Ha oOmmMi Buja crnekrpa. OOpa-
masch K KOPPEJSIITUOHHBIM JuarpaMmMamM, a 3aTeM K TaOiuiam
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XapaKTEPUCTUUECKUX BOJIHOBBIX 4YHCEJN, HAWTU 00JIacTH, Xapak-
TEePU3YIOIIHUE 3aMelleHne B OCH30JbHOM KOJIBIIE; TMOJIOCH, 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, YIbTpapuo-
JETOBBIX U MH(ppakpacHbIX Jyueil. JlaliTe 000CHOBaHME BO3MOXKHOCTH
OIPEJIETICHUS CTPOEHUS BEIIECTBA MO UH(PAKPACHBIM CHEKTPAM.

2. BanenTHsele 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 Ta0aunaM XapakTepUCTUYECKUX YacToT.

5. KonnuectBennbin ananus no MK-crnekrpam.

6. CnocoOsbI BBenienus Bemectsa B UK-cnexkrpometp.

7. UCTOYHUKHN, MOHOXpPOMAToOpbl M NPUEMHHUKU H3JIYyYCHHS B
uH(PpakpacHOU 00JaCTH.

8. OCOOEHHOCTH COJIEBOM ONTHUKH.

1.4. PoTomeTpua nnameHun (nrameHHas 3MUCCUOHHasA
CMeKTPOoCKonus)

[losiBeHne cHeUaTIN3UPOBAHHBIX TIJIAMEHHBIX DMHUCCHOHHBIX
CIEKTPOMETPOB TMPUBEJIO K HEKOTOpPOMY 000co0JieHHi0 MmeTona ¢o-
TOMETPUH MJIAMEHU U MPUAAHUIO €My U3BECTHON CaMOCTOSATEIbHOCTH,
XO0Ts, KOHEYHO, ()OTOMETpHUS IJIAMEHU OCTajach OJHUM U3 METOJOB
YMUCCUOHHOTO CIIEKTPAIbHOTO aHAIU3A.

Kak u mro6oit apyroit mpuOop SMUCCHOHHOW CIHEKTPOCKOIHH,
dotomerp st GOTOMETPUU TUIAMEHH UMEET MCTOUHUK BO30YKICHUS
(TutamMeHHasi Topesika), NUCHEPrUpYOUIUid 3JeMEeHT (OOBIYHO CBETO-
buIBTP) U MPUEMHUK CBETa — 0OBIYHO QoTodIeMeHT. B cnekrpodoTo-
METpax Ui IJIAMEHU BMECTO CBETOQUIBTPOB MPUMEHSIOT MPU3MBI U
IUGpaKIMOHHBIE PEHIETKU. AHAJIU3UPYEMbIl pacTBOp B IUIaMsi
rOpeNKU BBOJUTCS B B a3po3ois. [Ipu 3ToM pacTBOpUTEns UCHapsi-
€TCsl, @ COJIU METAJNIOB JTUCCOIMUPYIOT Ha aTOMBbI, KOTOPBIE MPU OIpe-
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JEJICHHOW TeMImepaType Bo30yxaatoTcsa. Bo30ykaeHHbIE aTOMBI, Ie-
pexois B HOpMaJIbHOE COCTOSHUE, W3IyYaroT CBET XapaKTepHOH yac-
TOTBI, KOTOPBIA BBIJICIISIETCS C IOMOIIBIO CBETOMUIBTPOB, U €TI0
UHTEHCUBHOCTH U3MEpAETCS (DOTORTIEMEHTOM.

KonuuecTBeHHBIE OMpeeaeHUs] 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
MeTonoM MoryT ObiTh onpenencHsl Li, Na, K, Rb, Cs, Sr, Ba, Ca, In,
Ag u npyrue sneMeHTbl. OJHUM K3 JOCTOMHCTB MeToAa (DOTOMETPUH
TIJIAMEHHM SIBJISIETCS TaKXKE BBICOKAS IPOU3BOIUTEIHHOCTb.

CnexTpsl, moJiydaeMbIe B IUIAMEHH, 00JIee TPOCTHI, YEM JyTOBBIC
WJIM UCKPOBBIC, TaK KaK TeMIIepaTypa IUIaMEHH HIDKE, YeM B DJICKTPH-
YECKUX UCTOYHUKAX BO3OYXKJICHUS. DTO 00JieryaeT aHaau3, HO Cy>KaeT
BO3MOKHOCTH METOJa B OTHOIIEHUM YHCJIa OIpeaesIsieMbIX
AJIEMEHTOB.

Jlabopamopnas paboma 8. Onpeodenenue uie04HbIX
U We/104HO3eMEeTbHbIX MEMAnoe
MEmMOO0OM NIAMEHHOU homomempuu

Ha puc. 2 npencraBieHa NpUHLIMUNHUATIBLHAS CXeMa TJIaMEHHOTO
dboromerpa. Bo3znyx npu naBinenuun 0,8 aTM MOCTYyMaeT B pacHbLIN-
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, oOorameHHblid MEIKMMHU KalellbkaMu pacTBopa —
a’po30Jisi, COJIEPIKAIETO aHaJU3UpPyeMOe BEIECTBO, MOMagacT B
cMecHuTelNb (6) U CMEIIMBACTCS C IMMOTOKOM rasa. M3 cMecHuTess cMech
raza, BO3[yXa W HCCIEIyeMOro BemiectBa mnonaaercs B mams (1),
daken KOTOporo pacmoyiokeH mnepes cBetopusbTpoMm (2). Cserto-
bunbTp npornyckaer Ha (OTOIIEMEHT TOJBKO JYyUd, PACIIOJIOKECHHbBIC
B Y3KOM YYacTKE CHEKTpa, B KOTOPOM HAXOJMUTCS XapaKTepHas IJis
JAHHOTO SJIEMEHTa YacToTa W3Jy4YEHUS W COOTBETCTBYIOIIAS €M
cnekTpanbHas nunHus. Juadparmoir (3) B ciiyyae HEOOXOAUMOCTHU
MO>XHO OTPAaHUYUTh WHTEHCUBHOCTH CBETOBOTO MOTOKA U MOA0OpaTh
TaKUM 00pa3oM HEOOXOJUMYIO YyBCTBUTEIBLHOCTH mpuoopa. CeTo-
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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.

Puc. 2. IlpuanunmansHas cxeMa miaMmeHHOro oToMeTpa

1 — mmams, 2 — cBetounbTp, 3 — Auadparma, 4 — GOTOIIEMEHT,
5 — rajabBaHOMETp, 6 — CMECUTEND, 7 — paclbUIMTEIbHAS KaMepa,
8 — pacnbUIUTEIb, 9 — CTAKAHUHK C UCCIIEIYEMbIM BELIECTBOM,
10 — BoasiHOM 3aTBOpP

[Ipubop umeer Tpu (QoTOMETpUUYECKUE TOJIOBKH C (oTode-
MEHTaMH U CBETO(UIbTPAMHU, MIPUCIIOCOOICHHBIMU JIJIsI ONIPEACIICHUS
K*, Na", Ca*". OnHOBpeMeHHOE NPUCYTCTBHE BCEX TPEX MM APYIUX
MOCTOPOHHUX HMOHOB HE MEIIAET OMPEJCICHUIO0 KaXKJIOro, TaK Kak
xapaktepuctuueckue muaun K, Na', Ca®" gocraro4no yAAJEHbI APYT
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 CeeHOBBIN
K* 768 CepHuCTO-CepeOpsHbIT
Ca** 620 CeneHOBBIN
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Buvinoanenue paoomol

JImd kaxaoro MOHa TOTOBAT CMECH U3 4—6 CTaHHApPTHBIX pac-
TBOpOB. Mcxomubie pactBophl ¢ coaepkannem C(KC1)=0,013 monb/i;
C(NaCl)= 0,022 mons/n, C(CaCl,)=0,125 Monn/1 oTOMpPAOT B HEOO-
XOJIUMBIX KOJUYECTBAaX U3 OIOPETKH B MEpHbIE KOJOOUKU Ha 50 M U
JIOBOJISIT 1O METKU JUCTUUIMPOBAHHOM BOJOM, TINATEIBHO IEpeMe-
muBatoT. [locne mpuroToBieHus 3TUX PaACTBOPOB OEpyT KOJIOOUKY Ha
50 M ¢ aHaANMM3UPYEMOM (HEM3BECTHOM KOHIICHTPAILIMH) KUIKOCTHIO,
pacTBOp paz0aBIISIIOT AUCTUIIMPOBAHHOM BOJIOM, IOBOJIS O METKH.

3aTeM BKJIIOYAIOT COOTBETCTBYIOIIYIO (POTOMETPUUYECKYIO T'OJIOB-
Ky M CHUMAIOT TOKa3aHHsS TajilbBAHOMETpA JJIsl BCEX KOHIIEHTpAIUU
MIPUTOTOBJICHHBIX PAacCTBOPOB, COJAEPXKAIIMX AHAIU3UPYEMBIA HOH.
[Iponyckast uepe3 npudOp JUCTUIIMPOBAHHYIO BOJY, YCTAHABIUBAIOT
10 BOJIE CTPEJIKY TaJbBaHOMETpa Ha HyJb, MOJb3YSACh PYUYKOW yCTa-
HOBKH HYJIsI. 3aTeM OepyT CTaHAapTHBINA pacTBOp ¢ HauOOJbIIEeH KOH-
LHECHTPALUEH, HAIMBAKOT €r0 B CTAKAHYUK U ONPEICIIAIOT OTKIIOHEHUE
ragpBaHoMeTpa. [TOBTOpAIOT M3MeEpeHus i APYTUX KOHIIEHTpAIUW
TOI'0 K€ MOHA Y aHAJIM3UPyeMOoU cMecH. [1ociie kaxaoro onpeneneHus
IpudOp MPOMBIBAIOT JUCTWLIMPOBAHHOM BOJIOM [0 TE€X IMOp, IMOKa
CTpeJiKa TaJbBaHOMETpa HE BepHETCsS Ha HyJb. [Ipu cHATMHM MOKa-
3aHUN JAaBJICHHE BO3/lyXa B CHUCTEME, pPAcXO]l Ta3a U PEXKUM PadOTHI
pacnbUIUTeNs JOJDKHBI OCTaBAThCA HEW3MEHHBIMH, IMOCKOJBKY, Kak
MIOKAa3aHO 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
MojJa4yu ra3a v BO3/lyxa B mpuodop.

Pe3ynbTaThl 3aHOCAT B Ta0JIUIY, CTPOSAT KaJTMOPOBOUYHYIO KPUBYIO
JJIL ONPENCIICHUsT KOHIUECHTPAllMM AaHAJW3UPYEMOTrO MOHA B CMECH.
[Tociie 3TOr0 aHAMU3UPYIOT APYTHE HMOHBI CMECH, IEpeKIrovas
COOTBETCTBYIOIIUM 00pa3oM (HoTOMETpUUYECKUe ToJIOBKUA. Eciu B
3aJIaHUM yKa3aHa CMECh TPEeX HOHOB, CTPOAT TPU KaJIUMOPOBOUYHBIC
KPUBBIC U TIO HUM ONPEJECIAIOT COIECPKAHUE 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;
V — 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. AneKkTpoxMmMmmyeckme Mmetoabl
aHanu3sa

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 DIECKTPOXUMHUYECKUE METOIbI, OHU JACNITCA Ha mpsimble (pH-
METpHsI) U KOCBEHHBIE (TOTEHIIMOMETPUUYECKOE TUTPOBAHHUE).

Ecnau xe uepe3 siuelKy NMPOTEKAET AJIEKTPUUECKUM TOK (Mpouc-
XOJUT MPOLECC 3JEKTPOJIN3a), TO I XUMHUYECKOTO aHAIN3a MOKHO
UCIIOJIb30BaTh 3aBUCHUMOCTh CHJIbI TOKa OT HampsbkeHus. CooTBeT-
CTBYIOIIME METO/bI HA3BIBAIOT BOJIHTAMIIEPOMETPUUECKUMU. METOBI,
OCHOBAHHbBIC HA U3MEPEHUU HAIPSOKCHUS MIPHU MMOCTOSHHOMN CHUIIE TOKA,
HA3bIBAIOT BOJIbTAMIIEPOMETPUUYECKUMH, & Ha U3MEPEHHUU CHJIbI TOKA
IpU TOCTOSIHHOM HAIPSKEHUU — aMIIEPOMETPUUYECKUMMU.

KonaykToMeTpuuecKkuii METOJ, aHajiu3a OCHOBAaH Ha M3MEPECHUU
YAEIBHON 3JIEKTPONPOBOJHOCTH aHAIM3UPYEMOIO0 pacTBOpa (mpsimast
KOHJIYKTOMETpPHS) 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 HU3MEHEHHEM 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-BOCCTaHOBHUTEIbHBIX. BO BceX cilyuyasx MHIAMKATOPHBIN 3JIEKTPO/I
JOJDKEH ObITh OOpaTUMBIM MO OTHOIICHHWIO K HOHaM BOJOpOJa B
pacTBope JMOO MO OTHOIICHHUIO K HOHAM, 00Pa3yIOIUM KOMIUIEKCHOE
WU TPYJHO PAacTBOPUMOE COSIMHEHUE, BBIMAIAI0IIEe B OCAOK.

Hnouxkamopnvwlil 31eKkmpo0 — JJEKTPOJ, KOTOPBIM CIYKUT s
OTpeICIICHUSI TOYKH YKBUBAIICHTHOCTH MPU TUTPOBAHUH.

[ToTeHITMOMETPHUYECKOE TUTPOBAHUE IIUPOKO HMCIOJIB3YETCS IS
OTIpe/ICIICHNUs] KOHIICHTPAIlMW KHUCIIOT, OCHOBAaHUN M MX cMecel (mys
OKpaIlIeHHBIX WJIM MYTHBIX PAacTBOPOB, KOTJa MPUMEHECHHE WHJHNKA-
TOpOB 3arpyaHeHo). CyIHOCTh €ro COCTOMT B TOM, 4YTO TOYKa
SKBUBAJICHTHOCTU HAXOJIUTCS HE IO MEPEX0ly OKPACKUA UHAUKATOPA, A
M0 PE3KOMY U3MEHEHHIO MOTEHIMAaIa UHANKATOPHOTO JIEKTPOIa.

[IpakTHyecKku MOTEHIIMOMETPUUECKOE TUTPOBAHUE KHCJIOT OCY-
HIECTBIISIETCA CJEAYIOIUM O0pa3oM: COCTABJISIOT TalIbBAHUYECKUM
AJIEMEHT, Y KOTOPOTO OJIUH JJICKTPOJ, WUHAUKATOPHBINA, IPYroul —
AJIEKTPOJ CpaBHEHUS (XJIOpCEepeOPsHbIN, KaloMeNbHbIN). [ aKcme-
pUMEHTaJIbHOrO omnpeaeneHuss pH MoryT ObITh KMCHOJIB30BaHBI pa3-
JUYHBIE HWHJUKATOPHBIC DJCKTPOJbL: BOJOPOJHBIN, CTEKJISHHBIM,
XUHTUJPOHHBIN U Jp. Haubonbliee npakThyeckoe MPUMEHEHUE B
MOCJIEAHEE BpPEMsl HAIIeNI CTEKIJISHHBINA 3JIEKTPOJ, UCIOJIb3yEMBIH 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
opauHat DJIC raapBaHMYECKOTO JIeMeHTa (pUc. 3a) WU MOTEHIUAIIBI
HMHJIMKATOPHOTO 3eKTpoaa (puc. 30), a mo ocu adbCIycc — 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
WHUKATOPHOTO 3iekTpoja. [lo KpUBBIM TUTPOBaHMS MOKHO OIpe-
JEIUTh TOYKY OJKBUBAJICHTHOCTU: CTPOAT KacaTelbHbIE K TpeM
y4acTKaM KPHUBOW TUTPOBAHUSA, HAXOJAT CEPEIMHY OTpe3Ka, OIycKa-
I0T TMEPHIEeHIUKYJSIp Ha OCh a0CIHCC W ONPENENsIOT YHUCIO MMII-
JUIUTPOB NMPUOABISAEMOr0 TUTpaHTa. 3Has 0O0bEM TUTpPAHTA, U3pac-
XOJIOBAaHHOTO Ha TUTPOBAHHUE O TOYKHU AKBHUBAJICHTHOCTHU, 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
JTUCCOLMAIMU B BOJE PA3JIMYAOTCS HE MEHEE YEM HA YEThIPE MOPSIKA.
Eciau KoHCTaHTBI ABYX KHUCJIOT 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 pacTBopuTesie (HeBOAHBIE), KOTOPhIE 00Ja-
naoT auddepeHIupyommuM aeicTBUeM. Tak, eclii KOHCTAHTHI JIBYX
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KUCJIOT B BOJHOM pacTtBope OJu3ku, TO B cpeae auddepeHiu-
PYIOILIEro PacCTBOPUTENS Pa3IMYKMe B BEJIMUMHAX KOHCTAHT JIUCCOLIMA-
UMW YBEJIMYMBACTCS: KOHCTaHTa JUCCOLMALUMUU CJIa00NH KHUCIOTHI
yMeHblaercs B Oonpluel crenenu. Hanpumep, onpenenenue couep-
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
00a CKayka BBIPAXKEHBI JOCTATOYHO YETKO M COJEPKAHUE KaXIOU
KUCJIOTBl B CMECH MOXET ObITh paccunTaHo. HekoTopwie ABYX-
OCHOBHBIEC KHCJIOTBHl HE YJA€TCsl CTYNEHYaTO OTTUTPOBATh B BOJE,
TOT/Ia KaK B Cpejic KETOHOB Ha KPUBBIX TUTPOBAHUS HAOIIOAeTCs 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 TPOHUIIAEMOCTH (€), COJIbBATUpPYIOIIas CHOCO0-
HOCTb, KHCIIOTHO-OCHOBHBIC cBoMcTBa. Hampumep, mauddepeniu-
pyroliee IelCTBUE alleTOHAa OOBACHIETCS OYEHb HU3KUMU KHUCIOTHO-
OCHOBHBIMH CBOWCTBAMU.

Jlabopamopnas paboma 9. Ananuz Kuciom
U OMOEIbHBIX KOMHOHEHM 08 UX CMeCU
MEmoOOM NOMEHYUOMEMPUUECKO20 MUMPOBAHUS

Ienv pabomvt — onpeneIuTh COACPKAHUE OJHOM WIIM HECKOJIb-
KX KHCJIOT B HCCJIEAYEMOM pPacTBOPE METOJOM MOTEHIIMOMETPU-
YECKOI'0 TUTPOBAHUA.

3aganume 1. Pabora BBINOJHSAETCS C HUCMOJB30BAHHUEM YHHUBEP-
callbHOr0 HOHOMepa DB-74.

Oobopyoosanue: vioHoMep yHUBeEpcalibHbI OB-74 — mnpenBapu-
TE€JIbHO HEOOXOJUMO O3HAKOMHTBLCA C PYKOBOJCTBOM IO IKCIUTyaTa-
1My mpudopa.

Peaxmuewt: 1. benzoiinas kucinora CsHsCOOH (x. 4.).

2. AuetoH (X. 4.).

3. PactBop enkoro narpa NaOH (x. 4.), 1 M:

40 T NaOH pactBopsitoT B IUCTUUTMPOBAHHOW BOJE B MEpPHOU
KoJiOe Ha 1 1 ¥ JOBOAST O METKH.

4. PactBop ykcycHoi kuciotel CH3COOH (x. 4.), 0,1 M:
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5,6 MJT IeTHOM YKCYCHOM KUCIOTHI pa30aBIsiOT JUCTUILIMPOBAaH-
HOM BOJIOM 710 1 11 B MepHOI1 KOJI0E€.

5. PactBop consinoit kucnotel 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,SO, (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 CPEIC HEBOJAHOTO PACTBOPUTEIIA:

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 BECAX, 3aTEM MOBTOPSIOT B3BEIIMBAHUE C HABECKOU
oenzoitnoi kucyothl (0,05-0,07 r), pacCUUTHIBAIOT TOYHYIO HABECKY.

3. HaBecky pactBopsitoT B 20 mu anerona. B crakan st 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. Nonomep yHUBEpCalbHbIN DB-74 BKIIFOYNUTH 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 3alOJTHEHHOM KOH-
YHKe OIOPETKH.

6. B nporiecce TuTpoBaHusI OCH30MHOW KUCIOTHI TUTPAHT H00OaB-
as10T BHavasue nmo 0,5 mui, a 3arem — 0,1. [locne ckauka moTeHnuana B
TOYKE 3KBUBAJICHTHOCTU HEOOXOAMMO cienaTh eule 6—7 3amepoB pH,
no6asmnsast tutpant no 0,1 mu. Ilose3eH mpenBapuUTENbHBIN pacdeT
qucja MJI TUTPAHTa, TPEOYyEeMbIX JJISI HEUTpau3aiuy B3sITOM HABECKU
OEH30MHOM KHUCIIOTHI.

Ecnu g — naBecka OeH30MHON KUCIOTHI (T); M — MoJsipHas mMacca
oenzoitHou kuciaoThl (122,12 r/mons; C(B) — nmpubnuxeHHass MOJIsIp-
Hasl KOHIEHTpalus TuTpaHTa (Mojw/n), Harpumep 0,1; Vi — HCKOMBIi
0o0beM TUTpaHTa (MJ1), TO

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

[IpenBapuTenbHBI pacyeT MO3BOJSET 0ojiee palioOHAIbHO IMPO-
BOJIUTh TUTpPOBaHUE: 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 MPHUJIUTH €II€ HECKOIbKO
nopiuii u30sITKa TUTpaHTa. [10 TaHHBIM TUTPOBAHMS CTPOST rpaduK B
koopauHarax 3HadueHus: pH (31C rajpBaHMYECKOT0 3J€MEHTa) — MpHU-
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) kKaxkmol M3 uccienyeMbix KuciaoT. K pacTBopy m00aBIISIOT
20 mu1 BOJBI WK alleTOHA (110 YKA3aHUIO MPEIMOAABATENS ), TPOBEPSIOT
MPaBWIBHOCTh PACIOJO0KEHUS AJIEKTPOJIOB U MPOBOASAT TUTPOBAHUE
pacTtBopa, 1o0apisas Tutpant mo 0,1 m.

8. To4HO TaK ke aHATM3UPYIOT CMECh KUCJIOT.

9.1lo naHHBIM TUTPOBAHUS CTPOAT rpaduK B KOOpJWHATAX 3HA-
yenus pH (OJC ranpbBaHUYECKOTO 3JIEMEHTA)— MpUOABICHHBIN
obbem tutpadTa (V, MJI) U ONPEACISAIOT YHUCIO MJI IIEJIOYH,
MOIIE/IIIee HA TUTPOBAHUE Kax 101 KUCIOTHI (Vp).

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

C(A) = C(B) x Vg / Va,

rae C(A)— wousipHasi KOHIEHTpAIUsl MCCIEAYEMOIro pacTBOpa,
Moib/in; C(B) — MojspHas KOHILEHTpalMs TUTpaHTa, MOJb/I; Vg —
00bEeM TUTpPaHTa, COOTBETCTBYIONIUI SKBUBAJICHTHOU TOUKE, MI; VA _
00bEeM aJIMKBOTHOM (KpaTHOW) YacTU PacTBOPA, B3SITHIM JIJIT TUTPOBA-
HUS, MIL

3ananue 2. PaGora BhIMosHsAETCS B MEHIO mporpammbl «L-Xu-
musi — npaktukym» Ha PMC «pH-merpus» nmu YPMC. Bo3mMoxnO
Takxe BhInojHeHue padorsl Ha PMC «Konopumerpus». Ilepen Bbl-
MOJIHEHUEM J3TOW paboThl ClIelyeT O3HAKOMHUTBCA C pa3ieiiamMu:
«MeHto u okHa», «Pexumbl BBOJa JaHHBIX», «CoXpaHeHUe
pe3ysbTaToBy, «M3mMeputenbHbIi 0J10K», «pH-371eKTpOI».

Oobopyoosanue u peaxmugwt: 1aT4uKk pH, KOMObIOTEP C U3MEPHU-
TEJIbHBIM OJOKOM, MarHUTHasi Mellajika, MepHasi nurneTka Ha 10 mi,
ctakaH Ha 50 My, OrOpeTKa, INTATUB XUMHYECKHUI, PACTBOP KHUCJIOTHI C
konrentpanueit 0,01-0,2 M, 0,1M pactBop 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 1isi pH-Merpu-
YECKOro TUTpOBaHus. B MeHI0 nporpaMmbl «L-Xumus — mpakTUKYM»
BbIOUparT creHapuili «TutpoBanue»: «llapametrp — pH», nanee
«Py4HOM1 BBOJI I1aray, nepexoasT B pekuM «OKHO H3MEPEHUIN».

[lepen MCHONIB30BAaHUEM BJIEKTPOJI OMOJIACKUBAIOT JUCTUILIAPO-
BaHHOU BOJI0M. B cTakan Ha 50 mu orOuparot nunetkoit 10 mit npoowI,
N00ABJISIOT TUCTHILTMPOBAHHOM BOJBI 0 S0 MJI, BKIIOUAIOT MepeMe-
IIMBaHUE. 3alyCKAalOT PEXUM HM3MEPEHUs C MOMOUIBI0 3KPAHHOU
wiaBumn «Ilyck». 3areM HaXXUMarOT Ha SKpaHHYIO KiaBuily «Bbi-
oop», B okHe «BBoja mara» HabuparT «0,5» (MOXHO paboTaTh U C
JIPYTUM IIarOM WK JIa’)k€ MEHSATh €ro B xoje pabotsl). JloOaBistoT
0,5 mn NaOH (0,1M). BHOBb HaOXKHMAOT Ha DKPaHHYIO KIIABHIITY
«Bpi0op» u kinaBumein «Enter» BBoaAT 3Hauenwe pH mpu manHom
oobeme. 1 Tak no tex mop, noka 3HadeHue pH He npesbicut 11.
OcTaHaBIMBAIOT U3MEPEHHUE HAXKATUEM dKPAHHOU Ki1aBulu «CTOM» U
COXPAHSIOT Pe3yJIbTaThl HAXKATHUEM DKPAHHOMN KJIABUIIN «APXUBY.

Eciau ckadok Ha KpUBOM TUTPOBAHUS BBIPAXKEH €JIa00, MOYXHO
noCTpouTh IU(depeHnanbHyI0 KpuByl0 pH-MeTpuueckoro TUTpO-
BaHUs — 3apucuMocTh ApH/dV oT 0ObeMa TuTpaHTa.

Oopaoomka pezynomamos. 110 OKOHUAHUM H3MEPEHUS IIEpe-
XOJAT B mporpammy «EXCel» ¥ OTKpBIBAlOT B HEHW MOIYYCHHBIC
daiinbl. [lepBas rpada — o6seM NaOH, Bropast — 3nauenus pH. Ctpo-
at rpaduxk 3aBucumMocTH pH oT moOaBieHHOro oObema IMIEJIOYH.
OO0BeM, Mpu KOTOPOM MPOUCXOAUT CKadyoK pH, COOTBETCTBYET TOUKE
SKBUBAJICHTHOCTU. Ha MaTeMaTudeckoMm sI3bIKE 3TO O3HAYaeT, 4TO
npousBoaHas pH mo o0wemy V, koTopas obo3Havaercs kak dpH/dV,
MakcuMasibHa. TeopeTuuecku, YTOObl OMPEACIUTh TOT 00bEM, HYKHO
cTpouTh auddepeHImanbay0 KpuByo pH-merpuueckoro TUTpoO-
BaHus — 3aBucuMocth dpH/dV ot o6bema TuTpanTa. OHAKO HA MpakK-
THUKE KpUBas TUTPOBAHUS MOCTPOCHA COCAMHEHUEM KOHEUHOTO YHCa
TOYEK, MO3TOMY B35Th MPOU3BOJAHYIO aOCOJIOTHO KOPPEKTHO HEBO3-
MOxHO. [IponsBoaHy0 OepyT MpUOIU3UTEIBHO, KAK OTHOIICHUE pa3-
HOCTU 3HaueHuUW pPH BOKpPYr MaHHON TOYKM K PAa3HOCTH OOBHEMOB

27



Bokpyr Hee (dpH/dV), u cTposIT KpUBYIO 3aBUCUMOCTH 3TOTO Tapa-
MeTpa oT oObeMa gobOaBiIeHHOrO peareHta. Ero ompeaenstoT rpadu-
yecku (IMoCcTpouB Ha rpaduKe 4acTyI0 CETKY MO OCH a0CIUCC).

Ecnu 3HaTh 00BeM MPOOBI KUCIOTHI, 00BEM pacTBOpa IICIOUH,
MOLICAIIMA HA WX HEUTPAIM3ALHMI0, U KOHIUEHTPAIMIO pPacTBOpa
IEJI0YH, MOKHO BBIYHCIUTH KOHIICHTPAIUIO KUCJIOTHI TT0 YPABHEHUIO:

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

rae C — MonsipHast KoHLleHTpaius, V — 00beM.

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

Bo3moocnvie sapuayuu. AHAIOTUYHBIM 00pa3oM MOXHO OIMpe-
JeUTh KOHIICHTPAIlMI0 OCHOBaHHUA. B 3ToMm ciydae B KadyecTBE TH-
TpaHTa ucnoyb3yrT 0,1 M pactop HCI.

3amanue 3. Pabota BeinonHsercs Ha YJIK «Xumus.

Oobopyoosanue u peakmueni:

1. VJIIK  «Xumusi»  (LIEHTpadbHBI  KOHTPOJUIEP, MOMIYJIb
«QnekTpoxumMus» Wik « TepMocTaTy, CTEKISIHHBIN 3JIEKTPOI, XJI0pce-
PEBPSIHBIIL IEKTPO, CTakaH Ha 50 cM®).

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

3. Cunsnbie (HCI, HNO3) u cra6sie (CH3COOH, HCOOH) kwuc-
JIOTHI JIJIs1 MPUTOTOBJICHUS] aHAJIM3UPYEMOT'O pacTBOpa.

4. bropetka Ha 25 o,

5. Tunerku Ha 10 1 20 M.

6. JJabopatopHas nocya.

7. JluctunnupoBaHHas 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 mnporpamMmbl yIpaBi€HUS AaKTUBUPOBATH
COOTBETCTBYIOIIMI KaHal uamepenus IJIC.

2. IIpoBecTr TUTPOBAHUE CHIIBHOW KHCJIOTHI IENO0UYbI0. J[JIs 3TOTO
B crakad Ha 50 cM® HanmuTe mumetkoil 20 cM® AHAIIM3UPYEMOTO
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pacTBOpa CHWJIBHOM KHUCJIOTBI M ONYCTUTh B CTaKaH »>ICKTPOJBbI.
Y06eauThCs, 4TO ANEKTPOAbl MOJTHOCTHIO MOTPYKEHBI B PaCTBOP, HO HE
Kacarorcsa mewmanku. Bxirounts nepememnBanue. B okne «Ilapamer-
bl U3BMEPEHUS» OTKIIOYUTh « ABTOMAaTUUECKUN PEKUM», YCTAHOBUTD
napameTpsl: «HTEpBaN M3Mepenuin» — 10 ¢, «YcpeaHeHne» — BKITO-
4eHO, B nosie «Bapbeupyemslii mapamerp» BBeCcTH 3HaueHue «0». IIpo-
BecTn m3MepeHrne J/]C COCTaBIEHHOrO TajJbBaHUYECKOTO 3JIEMEHTA
MyTEM Ha)KaTUs COOTBETCTBYIOLIECH KHOMKHU. 3aTE€M MOCJIEI0BATEIBHO
NpuOaBISITh U3 OIOPETKM K aAHAIMU3UPYEMOMY PAacCTBOPY MOPLHHU
tutpanta oobemom 0,5 mu. Ilocne kaxmoro mpuOaBlieHUST B TOJIE
«Bappupyemblii mapaMeTp» CIeQyeT BBECTH 3HaueHHE oObema
no0aBiIeHHOr0 TUTpaHTa U u3Meputh IJC (Bce M3MepeHus MmpoBO-
JIWTh B IIpeJieslax OAHOI0 sKcrepumeHTtal). B obmactu oxkugaemMoro
CKayKa TUTPOBAHMS OOBEM MOPIUI TUTPAHTAa PEKOMEHIYETCS YMEHb-
UTh. TUTpOBaHKWE MPOBOJUTH O TEX IMOP, MOKA MMOCIIE 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. [[J151 3TOTO C UCMOJIBb30BaHUEM UHCTPYMEHTA
«JIuHMS» MPOBECTU KacaTeIbHbIC K HAYATbHOMY M KOHEYHOMY Y4acT-
KaM KpUBOW TUTPOBAHMS, a TAKXKE K yYaCTKY KPHUBOU B 00JIACTH CKay-
ka OJIC. PaccunmtaTh cojaep:kaHHE€ CUJIBbHOM KHUCIOTHl 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 1. 2—3 OpoBECTH TUTPOBAHUE CMECH CUIIBHON U
caboi KUCIOT Iesoubto. M3mMepeHus mpoBOAUThL B paMKax HOBOTO
sKciepuMeHTa. B 3ToM ciydae cHadana OyJeT OTTUTPOBBIBATHCS
CUJIbHAsI KMCJIOTa, a 3aTeM — cjiabasi KUCIIO0Ta, MOITOMY KpUBasi TUTPO-
BaHUs OyJET UMETh JBa COOTBETCTBYIOIIUX CKAYKa.

B BbIBojax mno paboTe MPOBECTH aHAIW3 KPUBBIX TUTPOBAHUS U
COOTBETCTBUS UX TEOPETUUECCKUM MPEIACTABICHUSIM.

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 3JIeKTpOoAHbIN noTeHuan? Y pasuenue HepHera s
ANEKTPOJHOrO0 noteHuana. CTaHJapTHBIN 3JEKTPOIHBIA MOTEHIUAT.

4. Tunel amektpoaoB (I-pona, II-poma, ra3oBbie, OKHCIUTEIHHO-
BOCCTAaHOBUTEIIbHBIE).

5. quddy3uonnpiii noreHnuan. ConeBol MOCTUK M €ro HazHaye-
HUE.

6. Kakue (QyHKIIUM BBITIOTHSAIOT HHIAUKATOPHBIC JJIEKTPOJBI H
KaKHe — 3JIEKTPOJIbl CPABHEHUSI?

7. DNEKTPOABl CPABHEHUS: BOJOPOAHBIN, KAIOMEIbHBIN, XJIOpPCE-
pPEOPSIHBIIA.

8. B ueM CymniHOCTh MOTEHIHOMETPUYECKOro omnpenenenus: pH
pactBopa? Kakue WHIUKATOPHBIE 3JNEKTPOJbI MOTYT OBITh HMCIIOJb-
30BaHbl 111 onpeaeneHus pH?

9. Kak yCTpO€H CTEKJISIHHBIN 3JICKTpOoA? YKa3aTh JOCTOUHCTBA U
HEJIOCTATKU CTEKJISIHHOTO AJIEKTPO/IA.

10. MoHOCENIEKTUBHBIE NEKTPOIBI.

11. Yka3zaTp HOCTOMHCTBA, HEJOCTATKW M OOJACTU NMPUMEHEHUS
METO/1a MPAMOI MOTEHIIHOMETPUH.

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

13. KpuBbie TOTEHIIMOMETPUIECKOTO TUTPOBAHHUS.

14. Ha3zpaTh JOCTOMHCTBA M 00JaCTH IPHMEHECHHUS IOTEHITHO-
METPUUECKOT0 TUTPOBAHUS B HEBOJAHBIX CpeIax.

2.2. KoHAyKTOMETpMYECKUN MeTo aHanu3a

Konoykmomempusn — MeTOJl ONpeAENCHUs Pa3IMYHbIX (DU3UKO-
XUMHUUYECKUX BEJIMYMH, OCHOBAHHBIM HA U3MEPEHUU DIJICKTPOIPOBOJ-
HOCTH.

[IpakTHueckoe 3HAYEHHE HMMEET KOHIYKTOMETPUUYECKOE THUTPO-
BaHHE, MO3BOJISIIONIEE ONPEACIUTh KOHIIEHTPAIMI0 BEUIECTBA B pac-
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TBOpPE IYTEM U3MEPEHUs HJIEKTPONPOBOJHOCTH MPU TUTPOBAHUMU.
Meton ocoOeHHO ynoOeH Ipu aHalu3e MYTHBIX WA CHUJIBHO OKpa-
IIEHHBIX PACTBOPOB, KOTJla HEJIb3sl MCIOJIb30BaTh OOBIYHBIE WHJIU-
KaTOpbl. DTOT METOJI JAeT 00JIe€ BHICOKYIO TOUYHOCTD.
A. Tumpuposanue cuibHol KUciomol CUIbHOU wieoubto (puc. 4)
Hanwumiem peakiuio B MOHHOM BUJIE:

H*+Cl'+Na"'+ OH — Na’ + CI' + H,O

Puc. 4. KpuBast KOHZYKTOMETPUYECKOTO TUTPOBAHUS CUIIBHOU KUCIIOTBI
CUJIbHBIM OCHOBAaHHEM

DJIEKTPONPOBOAHOCTh 3aBHCHUT OT KOHIIEHTPAIlMU HOHOB M IO-
IBIKHOCTH (B oOmeM cinydae). Jlo mnpuOaBieHHs IEI0YH
AJIEKTPOIIPOBOHOCTDH ONPENEISIIACH MTOIBUKHOCTHIO NOHOB H u CI.
Jo touku skBuBajieHTHOCTH (TD) KOHIEHTpallvsi MOHOB HE H3Me-
HAETCA, HO MPOUCXOJUT 3aMEHa MOABH)KHOIO HOHA H® na Mmenee
moaBMKHBIH non Na’ (3JIEKTPONPOBOJHOCTh MAJAET 32 CUET YMEHb-
IIIEHMS TTOJIBUKHOCTH ). B MOMEHT MOJIHOW HEUTpaau3aluu B pacTBOPE
octarorcst Toinsko wousl Na* u Cl'. TToasmwkHOCTh Hona Na* 3Hauwm-
TeapbHO MeHbine moaBmwxaocTH H'. Tlocie TOYKHM SKBUBAICHTHOCTH
HaYMHAETCS MOJABbEM AJICKTPOIPOBOIHOCTH, TaK KaK B pacTBoOpe OyJeT
HApacTaTh KOHILICHTPALUsI MOHOB Na® u OH". Onmako BO3pACTaHUE
Oynmer Oojee MOJOTMM, TaK Kak MOJABMXKHOCTh MoHa OH™ mouTtu B
2 pa3a MeHbIIIe MOJIBUKHOCTH HOHA BOJOPOAA.

b. Tumpuposanue cnaboii Kuciomot CuibHoil wie0ubto (puc. 5)

CH3COOH + NaOH — CH3COONa + H,0
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Ecnu kucnora cnabas, ToO 3J€KTPOIPOBOJIHOCTh MCXOJHOIO pac-
TBOpa Maja, Tak kak nonos H' mamno. ITo Mepe n106aBieHus pacTBOpa
CUJILHOTO OCHOBAHUS 3JICKTPOMPOBOJHOCTh, B OTJIWYKE OT MPEIbIIY-
HIero ciiy4asi, cpa3y K€ YBEIWYMBAETCS H3-32 HAKOIUIEHUS HOHOB
COJIM, TaK KakK COJb JUCCOLMUPYET MOJHOCTHIO. [locie moctukeHus
TOYKH SKBUBAJIECHTHOCTH 3JIEKTPONPOBOJAHOCTh PACTET 3a CUET YBEJIU-
yeHNMs KoOHIEHTpamuud HoHoB Na' nm momoB OH™ ¢ BBICOKOI
MOJABUKHOCTBIO.

Puc. 5. KpuBasi KOHIyKTOMETPUUYECKOTO TUTPOBAHUS CIa00M KHCIOThI
CUJIbHBIM OCHOBaHUEM

B. Tumpupoeanue cmecu Kuciom

[Ipy TUTpOBAaHUM CMECH CHJIBHONW M CJa00HW KHCJIOT CHIIbHBIM
OCHOBAaHHUEM B IIEPBYIO0 OUEpPEb OTTUTPOBBIBACTCA CHJIbHAS KHUCJIOTA,
TaK KaK JHUCCOLMALMSA CIa00M KHUCIOTHI MOAAaBJICHA MPUCYTCTBHEM
cuibHOU. Ilpu nanpHeimeM mnpuUOaBICHUM WIEIOYM MPOUCXOJUT
TUTPOBAaHKE cl1a0oi KUCIOThI. KpuBas TutpoBanus (puc. 6) uMeeT 1Ba
M3JI0Ma, COOTBETCTBYIOIIUE JIBYM TOUYKAM SKBUBAJIEHTHOCTH: IEPBAS
MOKa3bIBAET OOBEM IIEJIOUYM, MOIICANICH Ha TUTPOBAHUE CUIIBHOU
KHUCJIOTBI, & BTOpasi JAaeT OOl 00bEeM IIEI0UH, U3PACXOJOBAHHBIM
Ha TUTPOBAHUE 00EUX KUCIIOT.
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Puc. 6. KpuBast KOHIYKTOMETPUYECKOTO TUTPOBAHUS CMECH
CWJIBHOM Y CJ1a00M KHUCIIOT

CrnenyeT y4uThIBaTh, YTO B XOJI€¢ TUTPOBAHUS HCXOJHBIA O00BEM
JOJDKEH OCTaBaThCs MPAKTHYECKU TOCTOSIHHBIM. JIJIsl MOJTydeHus mpsi-
MBIX JUHUM HEOO0XO0JAMMO, YTOOBI 00BbEeM MPHUOABIIEMOr0 TUTPAHTA B
HKBUBAJICHTHOM TOUYKe HE mpeBbiman 2% oT 00bemMa aHAIU3UPYEMOTO
o0bema. DTO JlocTUraeTcsi pa30aBIECHUEM UCXOJAHOTO pacTBopa B 15—
20 pa3, 1u0O0 KOHIIEHTpAlMsl TUTPAHTA JOJDKHA OBITh Ha TOPSIOK
BBIIIIC KOHIICHTPAIIMHA aHAIM3UPYEMOTO PacTBOpa.

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

Ilenv padomosr — 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 min HCI, moBomst mo 1 1 aucTuiiu-
POBaHHOM BOJI0I B MEPHOI1 KoJIOE.

2. PactBop CH3COOH (x. 4.), 0,1 M: 5,6 ma neasitHOM yKCyCHOMN
KUCJIOTBI pa30aBisitoT A0 | 71 TUCTUIUIMPOBAHHOW BOJON 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 SUYEUKY 3aJIMBAIOT 5 MJI UCCIEAYEMOU KUCIIO-
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
CONEP)KUMOE XOPOIIO NEPEMEIIMBAIOT U HU3MEPSIOT €r0 JIJIEKTPO-
npoBOAHOCTh. CTposIT rpaduK 3aBUCUMOCTH YJIEIBHON 3JIEKTPOIPO-
BOJITHOCTH OT 00beMa TUTPAHTA.

AoOciucca nepecedyeHus MpsMbIX COOTBETCTBYET 00bEMY TUTpaTa
B DKBUBAJICHTHOU TOYKE. OIpeIennuB SJKBUBAJICHTHYIO TOUKY, pacCUu-
THIBAIOT KOHIIEHTPALIMIO UCCIIEYEMOr0 pacTBopa 1o ¢popmyJie:

CA = CB X VB/ VA,

rae C, — MOJIsipHast KOHUEHTpaUusl MCCIETyEMOI0 pacTBOPa, MOJIb/JI;
Cg — MoisipHas KOHLIEHTpalMsl TUTpaHTa, MOJb/JI; Vg — 00beM TH-
TpaHTa, COOTBETCTBYIOIIUU SKBUBAJEHTHOM TOuke, MJI; Va_ 00BeM
AJTMKBOTHOM (KpaTHOM) 4acTH pacTBOPA, B3SATHIN JJIsl TUTPOBAHUS, MIL.

3ananue 2. PaboTta BBIONHSETCS B MEHIO POTPAMMBI
«L-Xumus — npaktukym» Ha PMC «Konnykromerpus» nnu YPMC.
[lepen BBIIOTHEHHEM BTOW PAOOTHI CIEAYET O3HAKOMUTBHCS C
pazaenamu: «Anmnpokcumanumn», «MeHo U OkHay, «PexuMbl BBOJIA
naHHbIX», «CoxpaHeHUE pe3ynbTaToBy», «lM3MepuTenbHbId OJI0KY,
«JlaT4uK 3MEKTPOITPOBOTHOCTI.

Ooopyoosanue u peakmugpl: IATYUK BIECKTPOINPOBOJHOCTH,
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 pactop NaOH.

Inan padomer. 1loiy4aroT 3aBUCHUMOCTH 3JIEKTPONPOBOIHOCTH
pacTBOpa OT OoObeMa J100aBIEHHOIO THUTpPaHTa (KPUBYIO KOHIYKTO-
MeTpuueckoro tutpoBanus). [lepernd kpuBOil TUTPOBAHUS COOTBET-
CTBYET TOUKE PKBUBaJIEHTHOCTU. [I0 00beMy TUTpaHTa B HEH ompee-
JISIIOT KOHIIEHTPAIUIO KUCJIOTHI B MPo0e.
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Iloozomoexka k padome. CoOuparoT ycTaHoBKy. K mnepBomy
pa3beMy U3MEPUTENHHOrO OJ0OKa MOAKIIOYAIOT JaTYUK 3JIEKTPO-
MPOBOJHOCTH, MEPEKIIOUUB €ro Ha auamna3oH 0,5-5 mCwm/cM. 3amycka-
10T cueHapuii «TurpoBanue»: mapameTp «IIEKTPOIPOBOIHOCTD —
0,5-5 mCwm/cmy, 3aTeM pexxum «PydHOo# BBOJ 00BEeMa TUTPAHTaAY.

Buvinonnenue pabomot

B crakan nunuaapom otouparot 100 M anHanuzupyemoi npoOsl,
CTaBAT HAa  MAarHUTHYIO  MEIIAJIKy,  MOTPYyXaloT  JaT4YuK
ANIEKTPONPOBOHOCTU. 3amoiHsAOT Otoperky tutpantom (0,1 M
pactBop NaOH). Haxatuem ©Ha »skpanHyro knaBumy «Ilyck»
3aIyCKaloT MPOIECC M3MEPEHHS M SKpaHHOU kiaBuied «Bbrioop»
BBOJISIT 3HAYCHHUE BJICKTPONPOBOJHOCTH MCXOAHOTO pacTBopa. Jlanee
n3 Owperku jgooOabmsaoT 0,2—0,5 mn tutpanta. HaxatnemM 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
MSATH SKCIIEPUMEHTAIBHBIX TOYEK) pacTu. OCTaHABIUBAIOT U3MEPEHUE
Ha)KaTHUEM SKpaHHOU KiaBUIIU «CTOM» M COXPAHSIOT PE3YIbTATHI C
MIOMOIIBIO YKPAHHOU KJIABUIIU «APXUBY.

[IpoBeneHHOE TEepBOE€ TUTPOBAHME SIBJSIETCS MPUKUAOYHBIM. Ha
OCHOBAaHHMM €r0 Pe3yJbTATOB ONTUMU3UPYIOT YCIOBUSI TUTPOBAHUS U
NpPOBOJSAT TOYHOE TUTpoBaHWE. Ero He 00s3aTE€IbHO MPOBOAUTH C
camoro Hadama. llerecoobpa3HO TOYHO TpPoMHUCATh KPUBYIO
TUTPOBAHUSI BOKPYI TOYKU SKBUBAJICHTHOCTH U WUTHOPUPOBATH €€
Y4aCTKH BJAJU OT TOYKHM 3KBUBAJICHTHOCTHU. [IloaTOMY MOXHO cpa3zy
n100aBUTH B MpoOy 00beM TUTpaHTa Ha 1—-2 MJI MEHBIIHH, 4YeM 00BbeM
B TOYKE SKBHUBAJEHTHOCTH, IOCJIE€ YEro MPOBOJUTh TUTPOBAHUE C
marom 0,1-0,2 my, moGaBuB oOmMi 00BeM TUTpaHTa Ha 1-2 i
OoJibllle, 4YeM B TOYKE OSKBHUBAJEHTHOCTH. TOYHOE 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 W3MEPEHUS IIiepe-
XOIAT B mporpammy «EXCel» M OTKpBIBAIOT B HEW IMOIYYCHHBIC
daiinel. [lepBas rpada— 00bEeM THUTpaHTA, BTOpAsi — IJIEKTPOIPO-
BOJIHOCTBH IIpU 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 anMpOKCUMUPYIOIIKNE MPsMbIe Ha rpaduke
10 MX nepecedeHus (B mporpamme «Excely — «CpoiicTBa JMHUM TPEH-
na»). Ha ocu abcuuce CTposT 4acTylo CETKY M MO CETKE OMpeestoT
00beM, MPHU KOTOPOM MPOUCXOAUT IepecedeHue. Haiias oObem B
TOYKE SKBUBAJICHTHOCTH, PACCUYUTHIBAIOT KOHIIEHTPAIINIO KUCIOTHI.

Omuem. B otdere nomkHA ObITh yKa3aHa KOHIIEHTpALUsl TH-
TpaHTa U 00beM MpOoObI. J[OMKHBI OBITh MPUBEICHBI KPUBBIE TUTPO-
BaHUS W OTMEUEHBI 3HAYEHMS OoObeMa THUTpPAHTA B TOYKaX HKBHBA-
JIEHTHOCTH. B BBIBOJIE MPUBECTHU CPEAHIOI KOHIIEHTPALINIO KUCIOTHI.

Bo3moocnvie eapuayuu. BozamoxxHa 3ajadya OINpeeleHUs] KOH-
IEeHTpaluu ocHoBaHusi. OHa pelraeTcs aHaJIOTHUYHO, MyTeM TUTPOBa-
HUS OCHOBaHMSI KUCIOTOM. Toraa KOHIIEHTpalusi OCHOBaHUS JOJIKHA
owITh 0,002-0,01 M, a KkucI0TH (ONTUMANIBHO — coyisiHOM) — 0,1 M.

3ananue 3. PaGota BeinonHsgeTcs Ha YJIK «Xumusy.

Oobopyoosanue u peakmueni:

1. VJIK «Xumusi» (LIE€HTpadbHbI KOHTPOJUIEP, MOIYJIb «JIEK-
Tpoxumus» win «TepmocTar»y, KOHIYKTOMETPUYECKUN JaTYUK,
crakaH Ha 50 CM3).

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

3. Cumpabie (HClL, HNO3) u cnabeie (CH3COOH, HCOOH)
KHUCJIOTHI JJIsl IPUTOTOBJICHUS aHATIU3UPYEMOTO PacTBOpA.

4. bropeTtka Ha 25 oM

5. Tunerku Ha 10 1 20 oM™

6. JJabopaTopnas mocyja.

7. JluctunnvpoBaHHas BOJA.

Buvinoanenue paoomut

1. BKIto4nTh KOHTPOJUIEP M 3alyCTUTh MPOrpaMMy YIIPABICHUS
VIJIK. Tloakmo4uuTh 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 MIEJIOYbI0. [ 3TOTO
B cTakaH Ha 50 cM° HaIuTh mHIeTKol 20 oM’ AHAUTM3UPYEMOTO pac-
TBOpA CWIBHOM KHUCIIOTHI, OMYCTUTh B CTaKaH JaTYUK U yOEAUTHCH,
YTO OH MOJIHOCTBIO MOTPYKEH B pacTBOp. B okHe «Ilapamerpsl uzme-
pPEHUS»  OTKJIIOUHTh «ABTOMAaTUYECKUWA PEKHM», YCTAaHOBUTH
napametpel:  «MHTEepBan wu3mepenuin» — 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 aAHAIU3UPYEMOMY PAaCTBOPY MOPLHHU
tuTpanta oobemom 0,5 mi. Ilocne kaxmoro mpuOaBiIeHHS B TOJIE
«Bappupyembiii mapameTp» clielyeT BBECTH 3HA4Y€HUE OO0beMa
N00AaBIEHHOTO TUTPAHTA W H3MEPUTh 3JEKTPONPOBOJHOCTH IMOJY-
YEHHOTO pacTBopa (BCE€ M3MEPEHUs IMPOBOJAUTL B Ipejesiax OJHOTO
skcnepuMenTal). TurpoBaHue MPOBOJIUTH JI0 TEX MOp, MOKa HE OyJeT
NOJIYYEHO TOoApsiA S5—8 3HAYMATENIBHO BO3PACTAOIIMX 3HAYEHUU
IIPOBOJIMMOCTH.

3. Iloctpoutsh rpaduk 3aBUCUMOCTH MPOBOJUMOCTH OT Bapbu-
pyeMoro mnapamerpa (koHueHTpanuu). C HCIOJIb30BAaHUEM 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. AnanoruyHo 1. 2—3 MPOBECTH TUTPOBAHHUE CJIA0OOW 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 n.2-3 MNpoBECTM TUTPOBAHUE CMECH CHIIBHOW H
C1a00i KHUCIOT 1Iienoublo. M3mMepeHus mpoBOAUTh B paMKax HOBOIO
JKCIIEpUMEHTa. B 3ToM ciiydae cHadana OyneT OTTUTPOBBIBATHCS CHJIb-
Hasi KHUCJIOTa, a 3aTeM — cjabas kucnora. KpuBass TtuTpoBaHusi 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.
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Jlabopamopnas paboma 11. Onpedenenue KOHUeHmMpauuu Xjaopuo-
UOHO8 MEMOOOM KOHOYKMOMEMPUYECKO20 MUMPOBAHUS

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

B pabote HE0OXOAWMO OINpEaeNuTh KOHIICHTPAIMIO XJIOPHU/I-
HMOHOB B KOHTPOJIBHOM PaCcTBOPE WJIM BOJAOTPOBOAHOM BOJIE.

Oobopyoosanue u peakmu@bl: KOMIIBIOTEP C H3MEPUTEIIHLHBIM
0JIOKOM, JTaT4YUK DJICKTPOMPOBOJHOCTH, OIOpETKAa Ha 25 MJI, MarHWT-
Hasi MEIIAIKA, MEPHBIA [UIMHAP WM nuneTka Ha 100 mui, crakaH Ha
100 mn, mmpuubsl Ha 3 u 10 M, MWTAaTUB XUMHYECKHM, PacTBOP
xjmopuaa Harpus (koHmeHtpanus xjgopuaoB 0,0001-0,001 M) wm
BojtonpoBoaHas Bojaa; 0,01 M pactsop AgNOs.

Ecaiu k pactBOpy, coaepiKalieMy XJIOpHA-HUOHBI, J100aBIISITh
pacTBOp HHUTpaTa cepedpa, TO MEXIy HHMHU OyIeT MHPOHUCXOJUTH
peakus:

Ag’ + CI' = AgCl.

B pacTBOpe XJIOpUI-UOHBI OYIyT 3aMellaTbCs OIU3KUMU 10
MOJABUKHOCTH HUTpaT-uoHaMH. [lorTOMYy moOKa Bce XJIOPUI-HOHBI HE
U3PacXoayroTcsl (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
AJIEKTPONPOBOJHOCTh HAYHET pacTh. 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 — MomsipHasi KOHIeHTpaIys, V — 00beM.

Ecau 3HaTh 00BEM MPOOBI XJIOPUIOB, 00BEM pacTBOpa HUTpaTa
cepebOpa, TomenIni Ha WX OCAXKJICHHWE, U KOHIICHTPAIMIO PacTBOpa
HUTpaTa cepedpa, MOKHO BBIYMCIIUTH KOHIISHTPAIIUIO XJIOPHUI-HOHOB.
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Ilhan paéomer. llomydaroT 3aBUCHUMOCTH 3JEKTPOIPOBOJAHOCTH
pactBopa oT oObema  A00aBJIEHHOrO  TUTpaHTa  (KpuBas
KOHJTyKTOMETPHUYECKOTO TUTPOBaHUS, PUC. 7).

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
muanazon  0-1 wmCm/cm. B wmeHwo nporpammbl  «L-Xumwus —
NpaKTUKYyM» BbIOMpAIOT cleHapuil «TutpoBaHue»: mapameTp —
«9nextponpoBoaHocTh 0-1 MCMm/cm», 3atem «PydHoe ompezencHue
o0beMa TUTPAHTA», JIaJie€ BBIXOJAT B peXUM «OKHO U3MEPEHUIN».

Buvinonnenue pabomut

B crakan mwimaapom otoupator 100 mi mpoObl, cTaBAT Ha
MAarHuTHYI0 MEIIAJIKy, MOTPYKarT JaTYUK 3JIEKTPONPOBOJHOCTH.
3anonHstor 6ropeTky Ha 25 mut tutpanToMm (0,01M pactBop AgNO:s).

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, HAXKaB AKPAHHYIO KJIABUIILY «APXUBY.

[IpoBeneHHOE TIEpBOE€ TUTPOBAHME SIBJISIETCS NMPUKUAOYHBIM. Ha
OCHOBAaHHMM €T0 PE3yJbTATOB ONTUMHU3UPYIOT YCIOBUS TUTPOBAHUS U
MPOBOJSAT TOYHOE TUTpOBaHHUE. [Ipu 3TOM OmMMCaHHYIO BBIIIE MPOIIE-
Iypy TOBTOPSIOT CO CIEAyIOMMMU U3MeHeHusiMU. LlenecooOpas3Ho
TOYHO TMPONHUCATh KPUBYIO TUTPOBAHUS BOKPYTI TOYKH DSKBU-
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 ¢ marom 0,1-0,2 mu. Korga 6ynet npoiiaeHa Tod-
Ka 3KBUBAJICHTHOCTH, J00ABISIOT TAKUMU K€ MOPUUSIMU eiie 1-2 miu
TUTPaHTa, MOCJE€ YEero TUTPOBaHUE MpekpamarT. OcTaHaBIUBaIOT
U3MEpPEHUE Ha)XaTHUeM SKpaHHOW KJaBUIIU «CTOM» W COXPAHSIOT
pEe3yJIbTaThl C HOMOIIBIO SKPAHHOW KJIaBUIIH «APXUBY.

Oopaoomka  pe3yabmamog. 110 OKOHYAHUH  U3MEPECHUS
nepexoasaT B mporpammy «EXcel» m oTKphIBarOT B HEl IOJyYCHHBIC
¢aiinbl. [lepBas rpadga B HUX — 00bEM THUTpPAHTA, BTOpask — JIEKTPO-
OpPOBOJHOCTh MpH 3ToM o00beMe. CTposiT rpaduk 3aBUCUMOCTH
AJIEKTPOIPOBOHOCTH OT nobapieHHOro ooremMa AgGNO3. O6bem, npu
KOTOPOM HaOJIIOJJaeTCsl MEePEesioM 3TOM 3aBUCHUMOCTH, COOTBETCTBYET
TOYKE SKBUBAJICHTHOCTH.

YtoOBl TOYHO OMNpENeIuTh OO0BEM, COOTBETCTBYIOIIMNA TOUYKE
SKBUBAJICHTHOCTU, TPYIILYy TOUYEK JO TMEpeaoMa anmnpoOKCUMHUPYIOT
IPSIMOU, Kak Ha puc. 7. To ke camoe AearT ¢ IPYIION TOYEK MOCIe
nepenoma. Touka nepecedeHus ITUX JIBYX MPSIMBIX U COOTBETCTBYET
00bEeMYy B TOUKE 3KBUBAJICHTHOCTU. DTOT 00BEM MOXXHO ONpPEIECIUTH
rpaguyecku Wid aHaIUTHYECKU. ['paduyecku mpojjieBarOT anmpok-
CUMHUPYIOIIIUE MPpsIMbIE Ha TpaduKe 10 UX MepeceueHus (B mporpamme
«Excely — «CpoiicTBa nuHHM TpeHAa»). Ha ocu abcumcc cTposT
JaCTyl0 CETKYy W TI0 CETKE OMNpeAcssioT 00beM, MPU KOTOPOM
MIPOUCXOJUT TIEPECCUCHHUE.

Haiins o00beM B TOYKE DJKBHUBAJCHTHOCTH, PACCUUTHIBAIOT
KOHIICHTPAIIUIO XJIOPUIOB MO YPABHEHHUIO:

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

Bozmooscnvie eapuayuu. 1. MOXHO yBEIHMYUTh KOHUEHTPALUIO
tutpanta 10 0,1 M, a KOHIEHTpalUiO OMNpEeNeIeMOr0 HMOHA — [0
0,005 M. MoXHO YBEJIMYHMTh KOHIICHTpAIIUU €Ile OOoJblle, HO TOTIa
cienyert padborarh B quanazone 0,59-5 MCwm/cM.

2. OTUM k€ cnocoOOM MOKHO ONPEAEIsATh KOHIIEHTPAIlMU UOHOB
Br, I', SCN B Tex k€ KOHIIEHTpAIUX.

3. Bo3MOXHO ornpeieseHne XJIOpua0B U UOJUJIOB MPU COBMECT-
HOM TIIPUCYTCTBUH.

Jl1s1 aTOr0 MpoOy CHadasia TUTPYIOT HUTPATOM cepedpa, Kak OIu-
CaHO BbIIIE, MOJy4Yass CYMMapHYyl KOHIEHTPAIMIO XJIOPUIOB U
MOAU0B. 3aTeM MPOBOJAT TUTPOBAHUE, J00aBIsAsl B MPOOYy pacTBOp
aMMHaka Tak, 4ToObl ero KoHueHTpauus Owbuia 0,1 M. Ilpu sToMm
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. YTo Ha3pIBaeTCs 3JIECKTPOIPOBOJHOCTHIO, KAKOBAa €€ pa3Mep-
HOCTh? B YeM COCTOWT NpUHIWN METOAA OIPEICIICHUS 3JIEKTPO-
MIPOBOJTHOCTH?

2. Yto Ha3bIBAETCA YACIBHOW 3JEKTPOIPOBOJHOCTHIO, KAKOBA €€
pasMepHOCTh? Kak 3aBUCUT yJelbHAsA 3JIEKTPONPOBOAHOCTh OT KOH-
LHEHTPAIlUX MOHOB U UX MOJBUXHOCTH?

3. UTo Takoe MOCTOSTHHAS COCY/Ia U KAaKOW 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 4WemM COCTOMT MNPEUMYIIECTBO 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 BOJBTAMIIEPOMETPUM OCHOBAH Ha Mpex-
BAPUTEIBHOM aJCOPOLIMOHHOM KOHUEHTPUPOBAHUU OIPEAEIISIEMOTO
KOMIIOHEHTa Ha MOBEPXHOCTU DJJEKTPOAa M IIOCIEAYIOLIEH peru-
CTpalMu BOJIbTAMIIEpPOTPaMMBbl IIOJIYYEHHOTO IIpoAaykra. B wuHBeEp-
CHOHHOU BOJIbTAMIIEPOMETPUHU NIPUMEHSIOT JUCKOBBIM BPAILLAIOIIUNCS
ANEKTPOJ (BpAIIAOIIMICS TUIATUHOBBIA MM MUKPOASJEKTPOJ U3 Ipa-
¢uta, nuporpapuTa UM CTEKIOYTJIEPOJa) U TUICHOUHBIE PTYTHBIE
DIEKTPOABI Ha IMOJJIOKKE U3 CTEKIoyriepoaa. MIHBepcruOHHas BOIBT-
aMIIEPOMETPHUS IPUTOAHA U1 ONPEACIICHUS MHOTUX HEOPTraHUYECKUX
U OpPraHWYECKHX BelecTB. HBEpCHUOHHAs BOJBTAMIIEPOMETPUS —
CaMbIl BBICOKOYYBCTBUTEIBHBIM BOJIBTAMIIEPOMETPUUECKUN METO/,.

Jlabopamopuas paboma 12. H3mepenue maccogoii KOHUeHmMpauyuu
UOHO8 KAOMUA, CBUHUA, MEOU U UUHKA 8 NPOOE MemOoOoOM
UHBEPCUOHHOIL 80JIbMAMNEPOMEMPUU

Oobopyoosanue u peakmugvl: aHAIN3ATOP BOJIbTAMIIEPOMETPH-
yeckui «9KotecT-BA», yCTaHOBKa, 3IEKTPOJA IHMCKOBBIM Bpalllaro-
IIUICS, DJIEKTPOJ XJIOPCEPEOPSHBINA, CTEKIOYIJIEPOIHBIN CTaKaHUYMK,
BECHI Ja0OopaTOpHbIC OOIIEro Ha3HAYCHMS, IUIMTKA 3JEKTpHUUYEcKas ¢
3aKPBHITON CIUPaIbIO, (GaphOpPOBBIN TUTIIb JIJIsl BHINTAPUBAHUS, MEPHBIN
nmunrHAp nin koinoa Ha 100 Mo, ctakan Ha 50 mut, mo3atop Ha 1 M,
IITaTUB XUMHUYECKHM, KUCJIOTa a30THasi KOHIEeHTpupoBaHHas, 0,1 M
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pactBop HCI, kanuii xmopucteiii, ptyth (II) a3oTHOKHMCHAs (0OTHOBO-
Hasl), TUXpoMaT Kajus, CEpHas KUCJIOTa KOHIICHTPHUPOBAHHAS, BOJA
OMAUCTUIUIMPOBAHHAS, «XPOMOBAsi CMECHY» JIJISl MbIThsSI J1a0OPATOPHOU
MOCY/Ibl, TOCYJIapCTBEHHbIC CTAHJIAPTHBIE 0Opa3ilbl 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
YTJIECUTAJIOBOIO D3JIEKTPOAA W TMOCIEAYIONIEM 3JIEKTPOXUMHUYECKOM
PacTBOPEHUU MPHU 33JJTAHHOM MOTEHIINAJE C PErUCTpalMeil BOJIbTaMIIE-
porpammel. Jlnana3zoHbl U3MEPEHUSI MACCOBOM KOHIICHTPAIIUM MOHOB B
npoOe, moarorosieHHor k usmepenusMm: Cd, Pb, Cu— ot 0,001 mo
1,0 MF/I[M3, Zn — ot 0,010 10 1,0 mr/am’ .

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

3HaYeHUsI MAaCCOBOM KOHIIEHTpAllU MOHOB KaJMUsl, MEJ1, 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 u 3arps3HeHHYIO MOCYAy JJisi aHAJU30B IMPOMBITH B pac-
TBOpPE «XPOMOBOH CMECH», 3aT€éM MHOTOKPAaTHO OIOJIOCHYTh BOJO-
IPOBOJIHOM BOJOM, TIIATEIILHO MPOMBITh JUCTAJLUIMPOBAHHOU BOJIOU U
TPUXKJBI OMOJIOCHYTh OUIUCTUIUTMPOBAHHONW BOojoM. HemocpeacTeen-
HO TIepe]] MCTIOJIb30BaHUEM MOCY 1y MPOMBITH 1 M pacTBOpoM a30THOM
KHUCJIOTHI U TIIATEILHO OMOJIOCHYTh OMJINCTUIUIMPOBAHHOW BOJIOM.

43



Hpuzomoeﬂen ue ecnomozcameilbHulX pacmeopos

Kuciora xnopucroogopoxtas (1 M pactop): 82,5 cM® KOHIICH-
TPUPOBAHHON XJOPUCTOBOJOPOJHON KHUCIOTHl BHECTH B MEPHYIO
k010y (1000 CMB) 1 JIOBECTHU JI0 METKHU OUJIUCTUIIIIMPOBAHHOM BOJIOM.

Pryte (II) a3otHOKMCHas (0,01M pactBop): HaBecky coau 0,343 T
pactBoputh B 50 e 0,1M pacTBopa a30THOW KHCIJOTBI, PACTBOP
KOJIMYECTBEHHO MEPEHECTH B MEPHYIO KOJIOY BMecTHMOCTBIO0 100 oM
¥ JJOBECTH 10 METKH OMIUCTUITMPOBAHHOU BOJOM.

PactBop (OHOBOro 3JIEKTpPOJIMTA: 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 cM® mepe-
HECTH B BBIIAPUTENBHYI0 YAIIKY, JOOABHT 1—2 CM® KOHIICHTDH-
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 XJIOPHUCTO-
BOJOPOHOM KUCJIOTBI U 3 oM pactBopa (poHOBOrO AIeKTpouTa. Eciu
30J1a TUIOXO PAacTBOPSIETCS, YAIIKY IMOJOTPETh HAa BOJISIHOM OaHe.

PacTBOp, MOJIydeHHBIM B pe3yabTaTe MOJHOW MHUHEpPAIU3ALUU
poOBI, OXJIAAUTh U KOJTMYECTBEHHO MEPEHECTH B MEPHYIO MPOOUPKY
BMecTUMOCTBI0 20 eM° yepe3 OyMaKHbIM (QHIIBTP, YBIAKHEHHBIN pac-
TBOpPOM (POHOBOTO HJIEKTpoiuTa. PacTBOp OBECTH 10 METKH (o-
HOBBIM 3JIEKTPOJIUTOM.

PacTBOp KOHTPOJIBHON «XO0JIOCTOW» MPOOBI MOATOTOBUTH K BHI-
MOJTHEHUIO U3MEPEHUN aHAJIOTMYHO aHAJU3UPYEMbIM MpoOaM BOJIbI,
UCIIOJIB3YSI BMECTO TTPOOBI OMIUCTHUIIMPOBAHHYIO BOAY.
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Ilpogedenue usmepenuii

1. YcTaHOBUTH MOTEHIMAN SJEKTPOXUMUUYECKOM OYUCTKH pado-
4ero MeKTpoaa — «0 BOJIbT» U MPOU3BECTU €r0 3JIEKTPOXUMHUYECKYIO
OYUCTKY B T€YeHHE He MeHee 60 ¢, HE perucTpupys BOJbTaMIIECPO-
rpammy.

2. YcTaHOBUTH MapaMeTpbl npudopa (mOoTeHUMad HaKOIUICHHUS,
aMIUTUTYly pa3BEepPTKH, AUANa30H TOKAa M BpPEeMs HAKOIUICHHS).
BxirounTh A4Ye€iiKy, MPOBECTHM PETUCTPALMIO BOJIBTAMIIEPOTPAMM,
3aTEM BBIKJIIOUUTH STYEHKY.

B cnyyasx uzMepeHuss B npoOax BOAbl MAacCOBOM KOHIIEHTpAIUU
HWOHOB MEJM, CBHMHIIA M KaaMus (0e3 IMHKA) YCTaHOBUTH IMOTEHIIHAJ Ha-
korieHust (-0,9 B) u cooTBeTCTBEHHO aMIUIMTYyy pa3Beptku 1,05-1,1
B. B cnydasx usmepeHus B npo0Oax BOJAbI MAacCCOBOW KOHIICHTPALUU
WOHOB MEJH, CBUHIIA, KaMUs U IIMHKA YCTAHOBUTH MOTEHIIMAT HAKOII-
nenwust (-1,3 B) u coorBeTcTBEHHO aMIuiuTyay pa3septku 1,35-1,4 B.

3. B anekrponusep suerku momectuts 20 oM pacTBopa «XO-
J0CTOW» MpOOKI (perucTpaius BOJIbTaMIIEPOTPaMM PACTBOPA «XOJIOC-
TOI» TIPOOBI).

4. B snektposuzep siuerkd nomectuth 20 oM pacTtBopa mpoObI
(peructparius BoJbTaMIIEpOrpaMM pacTBOpa MpoOkl).

5. B anextponuzep sueiku ¢ pacTBopoM MIpoObl 100aBuTh 0,5—
1 mn I'CO 1OHOB KajMusi, CBUHIIA, MEIH, IMHKA (perucTpaius BOJIbT-
amreporpaMMm pactBopa IMpooOsl ¢ gobaBkamu). OO0beM U KOH-
LHEHTpauus A00aBIIIEMBIX B SYEHKY pPACTBOPOB YCTaHABIMBAETCS
HSKCIEPUMEHTAIBHO [IJIi KaXJI0W MpoObl TakuM 0Opa3oM, UYTOOBI
BBICOTA AaHAJUTUYECKOr0 MHUKAa U3MEPSEMOr0 MOHA MPHU PETUCTPALUH
BOJIbTAMIIEPOTPaMM pacTBOpa MpoObl ¢ J0OaBKOW yBennuuiaach B 1,5—
3 pasa npu 3HaYCHUSIX MApaMeTPOB MpUOOpa, YCTAHOBICHHBIX MPHU pe-
TUCTpAIlMU BOJIbTAMIIEpOrpaMM pacTBopa mpoodsl. CymMMapHbIil 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 OUMIUCTUILIN-
pOBaHHOM BOJOM. Paboune 3yeKTpobl MEXaHUYECKH OYUILAIOT CYXOu
bunbTpoBaNibHOM Oymaroii, 3ateM Oymaroil, CMOYEHHOW 3TAHOJIOM.
BcenomMorarenbHblii  (XJIOpCepeOpsiHbI) AIEKTPO  OMOJOCHYTh pac-
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TBOPOM XJIOPUCTOBOJIOPOJIHOM KHUCJIOTHI, MPOMBITh OUMCTUIUIMPOBAH-
HOM BOJIOW U TIOMECTUTH B HACBIIIIEHHBIA PACTBOP XJIOPUCTOTO KaJIUS.
Pacder KOHIIEHTpAIMK HCCIEAYEMOTO pacTBopa (Cy) MPOBOIST TIO

dhopmyie:

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

I/ C.,_ KOHIIEHTpaIs cTanaapTHoro pactsopa (I'CO),
I, — TOK HuccieayemMoro pacTBopa,
I +cr — CYMMapHBINA TOK UCCIIEAYEMOTO pacCTBOPa 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 BOJIbTAMIIEPOMETPUSI.

8. [IpakTryeckoe MpUMEHEHUE BOJILTAMIIEPOMETPHHU.

Pasgen 3. XpomaTtorpaduyeckue metoabl
aHanusa

Xpomartorpadgusi — 3TO AUHAMHYECKUI COPOIIMOHHBIA METO]
pa3JIeIEHUs] CMECEN BEIIECTB, OCHOBAHHBIM HA MHOTOKPAaTHOM pac-
MpeJIeJICHUd BEIIeCTB MEXAy JAByMs ¢da3zamMu, oiHa M3 KOTOPBIX
HENnoOoBUIICHAsA, A APYTas — HOOBUNCHAs, HETPEPHIBHO IepeMelaro-
mascsi BA0JIb HEMOABIKHOW (azel. B ponu moaBmxHOM ¢as3wl yaiie
BCEr0 BBICTYMAET Ta3 WM XUJAKOCThb, a B Kauy€CTBE HEIOJIBM)KHOMU
(ba3bl — )KUJIKOCTh WA TBEPAOE BEIIECTRO.
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3.1. ToHKocnonHaa xpomartorpacpus

Tonxocnoiinas xpomatorpadus 3aHUMaeT 0co00€ MECTO Cpelu
IPYrux XpomaTorpauueckux MeToAO0B Ojaromaps 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, MOXKHO HCIOJIb-
30BaTh BBHIMTYCKAE€MbI€ MPOMBIIUICHHOCTHIO TOTOBBIC TUIACTUHKHU JIJIS
TCX ¢ 3aKperuieHHBIM CI0€M CUJIMKAressl Ha alllOMUHUEBOU (OJIbTE.

[Ipouenypa ananuza cmecu BemectB MerogoM TCX TtakoBa. Ha
pacctosHuu 1,5-2 cM OT KOPOTKOTO Kpas IIACTUHKH TPOBOJSIT
MONEPEYHYIO0 JIMHUIO, SBISIONIYIOCS JIMHMEH CcTapTa, U Ha Hee
KanuJuIsipaMy, MUKPOIUIIETKAMU MJIM MUKPOIITIPUIIAMU B BUAE TOYKU
WM TIOJIOCKM HAHOCSAT aHaJu3UPyeMyl0 CMECh U CTaHJIapTHbHIC
BEIlIECTBA («CBUIETENN»). B OJIHYy TOUKY MOKHO HAaHOCUTH 50 MKT —
1 mr BemecTBa. Ilocine HaHeceHUs 0OPa3IOB IJIACTUHKY 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. llpu mnorpyxeHun
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
pPa3HOM CKOPOCTBIO MEPEHOCUT KOMIIOHEHTHI CMECH, YTO MPHUBOAUT K
ux paznenenuto. [I[puHIUI pazaeneHus Takou *Ke, Kak B JPYTrux BUaAaX
xpomarorpaduu: HEOJAMHAKOBOE CPOJCTBO pa3eiiIEeMbIX BEIIECTB K
MOABIKHOW >KMAKOW (a3ze W cramuoHapHOMYy copOeHTy. Ilocre
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JTOCTH>KEHUSI paCTBOPUTEIEM JIMHUU (PPOHTA TIIACTUHKY BBICYILLIMBAIOT
U TPOBOAAT HWICHTUPUKAIMIO KOMIIOHEHTOB cMecu. MHorue
BEILIECTBA HE OOHAPYXKMUBAKOTCS B BUAUMOM OOJACTU, W I HUX
OINpEJIETICHUS HEBUAUMBIE 30HBI (IIATHA) MPOSBIAIOT ONPBICKUBAHUEM
mactuabl TCX cnenumaneHbiMM peareHTamu. HeokpaiieHHbie Be-
IIECTBA HHOTJA BBIABISIIOT TAakKE C TOMOIIBIO BBIACPKUBAHUS
IJIJACTUHKM B TEYCHUE HECKOJIBKUX MHUHYT B Iapax Woaa, WIH €€
oOnydaroT Y@®-yyaMyd WM TPOBOJAST TEPMHUUECKYIO IECTPYKIUIO
pas3aensaeMbIX BEIIECTB.

BaxHO! XapakTEpUCTUKOW CTEHEHU Pa3ICIICHUS OIpPEACIIEMbIX
COCMHEHHM SBIISIETCA BEIWYMHA Rf— OTHOIIEHWE paccTosiHUA OT
LEHTpa MNATHA Ha IUIACTHMHKE N0 JIMHUM CTapTa K PacCTOSHUIO,
NPOWMIEHHOMY PacTBOPUTEIEM OT JMHUHU CTapTa 10 JIMHUU (PpPOHTA.
Bennunna Ry sBIIsieTCS XapaKTEpUCTUKOW MPUPOJABI ONMPEAEIISIEMOTO
COCIMHEHUS.

[Tockonpky BenuunHa R; 3aBUCHUT OT CBOMCTB cOpOeHTa U pac-
TBOPUTEJNS, UCIIOJIB3YEMBIX JIJIsl pa3/iesieHUsl, HEOOXOAUMO CpaBHEHHUE
BEJIMYUH Rf McciienyeMoro BenIecTBa CO CTAHAAPTHBIM BEIIECTBOM —
«CBUJETEIIEM», HAHOCUMBIM Ha Ty € IUIacTHHKY. «CBuaeremem»
CIIY)KUT TMpPEAIojiaraéMoe 4YHCTO€ BellecTBo. MaeHTudukanuio
BEILECTB (KaYE€CTBEHHBIN aHaM3) MOXHO MPOBOAUTH IO PABEHCTBY
3HAYCHHI RfaHaIM3UpyeMOro BelecTBa U CTaHAapTa («CBUACTEIIN).

Kosmm4ecTBEHHBIM aHANU3 OCYILECTBIAOT WA HEMOCPEACTBEHHO
Ha Xpomarorpamme, WIH aHAJIU3UPYEMOE BEIIECTBO BBIMBIBAIOT M3
ciog cOpOEHTAa M TOJIYYEHHBI pPacTBOpP aHAIU3UPYIOT C MOMOIIBIO
CHEKTPAIbHBIX U PAAUOMETPUUYECKUX METONO0B. J[JIs1 KOJIMYECTBEHHBIX
onpenencand B TCX MHUPOKO HCHONB3YIOTCA JAECHCUTOMETPBI,
KOTOPBIE U3MEPSIOT UHTEHCUBHOCTH IMOTJIOMIECHUS 3JIEKTPOMATrHUTHO-
IO M3JIy4YEHUs MPU CKAaHUPOBAHUU XpoMaTorpaduyecKou MmIacTUHKU.

B mocnenaue roger Mmeton TCX moiydwsi HOBBIM UMIYJIBC IS
pa3BuTUsL U HaOJIIOAAETCS BO3pacTaHUE €ro pPojd B XpoMarorpa-
dbuYecKux MeToJax. ITO CBS3aHO C MEHBIIEH CTOMMOCTHIO 000pYI0-
Banus st TCX, pa3paboTkol ABYMEPHOTO M paJdalibHOTO BapHUaH-
TOB pa3AeJICHUs, BHEAPEHHEM IUIACTUH ISl BBICOKOA(P(PEKTUBHOMN
xpoMarorpapuu, MOSIBJICHUEM CUCTEM aBTOMAaTU3MPOBAHHOTO MHOTO-
KpatHoro xpomarorpaguueckoro mnposisiieaus (AMXII). B nBymep-
HOIl XpoMmarorpaguu MmpoOy HAHOCAT B BHUJI€ OTAECIBHOTO MATHA B

48



HIDKHUWA yTOJI TJTACTUHKU U MPOBOAAT Pa3/ICICHUE B OJHOM Hampas-
JEHUH. 3aT€EM IUIACTUHKY BBIHUMAKOT W3 KaMeEpbl, BBICYIIMBAIOT H
IPOBOJAT pa3ACjCHUE 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.

OcobeHnHo mepcrneKkTuBHOM siBisieTcs MeToanka AMXII. Ona
ya00Ha JJIsl ONpEeIeNICHUsI IECTULIMAOB U MPOAYKTOB UX META00IN3Ma
B MOYBaX, I'PSA3EBBIX IIAMaxX, a TakKKe B MUTHEBOM BOJIE M BOJAAX
MUHEPAIbHBIX UCTOYHUKOB. XpomaTorpaduueckoe pasjaeiieHue Ipo-
BoJAT B AMXII-cucreme, pabota KOTOpOW YINpPABISETCS U KOHTPO-
JUPYeTCs MOpu MOMOIIM KoMmmbioTepa. [IpoBoISIT MHOTOKpaTHOE
xpomaTorpapuueckoe MposBicHUE (MporoH pactBoputens). Ilpu
TaKUX MHOTOCTYNEHYATHIX MNPOSIBICHUSIX (0 25 mIaroB) BO3MOXKHO
pazaenenue 10 40 BemeCTB Ha Pa3AEIUTEIIBHOM MOJIOCE NIMHOM § CM.

bonbilioe 3HaueHHE MMEET Pa3BUTHUE BHICOKOI(P(HEKTUBHON TOH-
kociorHou xpomatorpapuu (BOTCX). 3a cueT co3ganusi npuHyau-
TEIBbHOTO JBMXKEHUS MOABUKHOU (Da3bl ¢ pEryIupyeMor CKOPOCTHIO,
YMEHBIIICHUS 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((PEKTUBHOM KUIKOCTHOM XpomaTorpa-
¢ueii. [Ipu 3TOM mepBOHAYATILHO aHAIM3UPYEMBIN oOpaser; pasfie-
ns10T Ha kKoJioHkax BOXKX. Tlocne aToro otaensHbie Gpakiiu HaAHO-
caT Ha iacTUHKU TCX U MpoBOJST pa3elieHUE C UCIOJIb30BAHUEM
Metoauku AMXII. Takum oOpa3om B aHaIU3UPYEeMOH CMECH pasie-
asiercst 1o 30 otnenvHbIX dpakiuid. B kaxaol u3 atux (ppaxuuii, B
CBOIO ouepenp, Ha mactuke TCX onpenensiercs 1o 10 coenuHeHun.
B oTnenbHBIX ciiydasix B oOpaslax CTOYHBIX BOJ| OOHApY>KUBAJIU JO
300 BemecTB. Takoi npueM npoaeMOHCTpHUpoBal 3(PGHEKTUBHOCTH CO-
BMECTHOI'O UCIIOJIb30BaHMS JIBYX METOAOB IPU ONPEACICHUU BEIIECTB
B IMANIa30HE KOHIICHTPAIMK OT HAHOTPaMMOB JI0 TUKOTPAMMOB.
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Jlabopamopuas paboma 13. Pazoenenue amunoOKucionm memooom
MOHKOCIOUHOU Xpomamozpaghuu

Oobopyoosanue u peakmug@bl: >TAHOJIBHBIE PACTBOPHI AMUHO-
kuciaoT (0,12 Mr/mi), moaBwxkHas (paza n300yTaHOI — U3OMPOIIAHOT —
BoJla — yKkcycHas kucnora (5:4:3:0,2), 1%-i pacTBOp HUHTHAPUHA B
stunoBoM cnupte. [lnactunku Copodun [ITCX-AD-B-YD, kamepa
st TCX, mnynbBepuzaTtop il ONPBICKUBAHUS XPOMATOTPaAMM,
Mukpotmpuil Ha 10 Mk, ¢en qisa cymku miactud st TCX, Buaeo-
nencutomeTp «Copoduimy.

Pa3znenenrne aMMHOKUCIIOT SIBJIISIETCS BaXKHOW M PACIPOCTPAHCH-
HOM 3ajayeil, pemaeMol METOJO0M TOHKOCIOWHOM Xpomarorpaduu.
Pa3nenenne aMHMHOKHMCIOT MOKHO HCCIIEIOBaTh Ha MpPUMEpPE pasie-
JICHUsI apTMHWHA, aJlaHWHA, BajiuHa U Tpuntodana, GopMyibl KOTO-
pBIX MIPUBEICHBI B Ta0J. 3.

Tabmuma 3
H3yllaeMble AMUHOKUC/IONn bl
Amunoxucioma: Dopmyna:
ApruHuH (NH)(NH,)CNHCH,CH,(NH,)COOH
AnaHuH CH3;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 KapaHIalioM IPOBOJST JIMHUIO
cTapTa Ha pPacCTOSAHUU 1,5 CM OT Kpas U 3aKpeIuIsiioT IacTUHKY. C
MTOMOIIFI0 MUKPOIIMPHIIA HAHOCIT MPOOBI CTAaHAAPTHBIX 3TAaHOJIBHBIX
PAacTBOPOB AMUHOKHUCIIOT U KOHTPOJIBbHOM cMecH 1o 2 MKJ. [imacTuHKy
C HaHECEHHBIMM IpoOaMu TMOMEIIAIT B T€PMETHUYHYIO XpoMarTorpa-
dbudeckyo kaMepy, KyJa IpeaBapuTeibHO HaMuBaoT 10 M1 TOABMXK-
HOM (pa3pl. [lmacTUHKY BBIAEPAKUBAIOT B KaMepe OKOJIO 4Yaca, Tak
4TO0OBI (PPOHT pacTBOpUTENS NoAHsIICS Ha 7—10 cM. 3aTeM MIacCTUHKY
BBIHUMAIOT W3 KaMmepbl, BbICYHIMBAIOT (eHoM. [l oOHapykeHus
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AMHUHOKHUCJIOT TUIACTUHKY OIPBICKMBAIOT PACTBOPOM HUHTHJIPUHA U3
nyiabBepu3aTtopa U HarpearoT 10—15 MuH B cymmmibHOM miKady Mnpu
TeMIieparype 100°C o mosBneHus OKpalleHHbIX MaTeH. [IposBieH-
HbIC UTACTUHKHA MOMEIIAIT B KAMEPY JICHCUTOMETPA.

OnpenensioT paccTosIHUE OT CTapTOBOM JIMHUM 1O LIEHTPOB
okpameHHbIX naTeH (R;). Mcmons3ys cnpaBoYHbIC NaHHBIC, HJICHTH-
GUIIMPYIOT UCCIIeyeMble aMUHOKHUCIIOTHI.

Bonpocwt Kk omuemy no meme «Tonkocnounaa xpomamozpagpua»

1. Ha yeM ocHOBaHO pa3jieJieHUE BEIIECTB METOJAOM aJICOPOIMOH-
HOM xpomaTorpaduu? 3akoH pacrnpenenenus Hepuera.

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

3. Uto Takoe R -MHIEKC, OT 4ero OH 3aBUCHUT U KaK PacCUMTaTh
BEJIMYMHY RfHa Xxpomarorpammax?

4. KakoBbl METOJIbI KOJIWYECTBEHHOT'O OMNPEICICHUS BELIECTB C
MOMOIIBI0 TOHKOCJIOWHOW Xpomartorpaduu?

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

3.2. bymaxHasa xpomartorpadua

B xpomatorpaduu Ha Oymare HCHOJB3YIOT CBOMCTBO XpOMATO-
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 JeHCTBHEM
KaMWUIAPHBIX CHJI HEBOJHOTO pacTBopuTess (moaBmxkHas (dasa)
MOJIEKYJIbl BEILECTBA PACIPENESIOTCS MEXAy ABYyMs ¢a3aMu B COOT-
BETCTBUU C WX Kod(pduuueHToMm pacnpeneneHus. Uem Bbillie pacTBoO-
PUMOCTH BEIIECTBA B TMOJBIKHOU (Da3e, TeM Jajbllie OHO IPOJIBH-
HeTcs Mo Oymare BCJie]] 3a paCTBOpUTENIeM, U HA00O0POT.

Yacto noasmxHas (aza npeacTaBiIsIeT cOO0N CMENTUBAIOIIUANCS C
BOJIOM pacTBOpuTEenb (Hampumep, OytaHous). Kazamock Obl, B Takux
CllydasiX pasJeieHus] He JOJDKHO MPOWCXOAUTh, TaK KaK HMEETCS
TOJIbKO oaHa (aza. OIHAKO KOMILIEKC BOJBI C IEJUTIOJI030M XpoMma-
Torpaduueckoil Oymard IO CBOMCTBaM HANOMHUHAET KOHIIEHTPU-
pOBaHHBIC BOJHBIE pacTBOPHI NosmcaxapuioB. OHU HE CMENIMBAIOTCS
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C OPTaHUYECKUMHU PACTBOPUTEISIMHU, B TOM YHUCJIE U C TEMH, KOTOPHIC
CMEIINBAIOTCS C BOJOMH.

CKOpOCTh JIBUKEHHUSI BEIIECTB OMPEACISAETCS BEIMUYMHON KO-
duleHTa CKOPOCTU JBWXKEHUS R BelIMYMHA KOTOPOTO 3aBUCHUT OT
CBOMCTB OyMaru, TeM-eparyphl, CTENIEHW YUCTOTHI PACTBOPHUTENCH,
OJTHOTUITHOCTH MPOLEAYP U armapaTypsl.

Jns mpoBeneHusi Xpomarorpaduueckoro pasjeieHus HCMHOJIb-
3yIOT MOJIOCKH XpoMarorpaduieckoit Oymaru. CyuiecTByer Tpu copTa
3TON OyMaru, OTJIMYAIOMIMECS Pa3JIMYHON TOJIIMHOW W BIUTHIBAIO-
el cnocoOHOCThIO (MeUIeHHAsA, cpeAuss, ObicTpas). OTHOMEPHYIO
xpomaTtorpaduro ciaeayeT IPOBOAUTH MO HAMPABICHUIO BOJOKOH.

[IpyHIMIT HAaHECEHUsI BEIIECTB HA OyMa)KHbIE XPOMATOIPAMMBI
TOT ke, uTo U B TCX. [nsa pa3aeneHuss 0ObIYHO NMPUMEHSIOT PacTBO-
pel ¢ koHueHtpauuet 0,5-1 mr BemectBa B 1 mu. Ilocne moxacy-
IMBAHUSI XPOMATOTPAMMBbI ITOMEIIAIOT B KAMEPY C MOJIBUKHOMN (a3oii
Tak, YToObl Oymara He Kacajlach CTEHOK KaMephl U pPacTBOPUTEIDL HE
JIOXOJIWJI JI0 CTapTOBOM JIMHUHU. XpoMaTorpaduyeckas kaMmepa J0JIK-
Ha XOPOILO 3aKpPbIBAThCA, YTOOBI UCKJIIOYUTH BO3MOXKHOCThH HcCHape-
HUS KOMITIOHEHTOB MOJABMXKHOW (pa3bl. XpomaTrorpamMmy BBIHUMAIOT,
Korjga GpoHT pacTBOPUTENS MPUOIU3UTCS K BEpXHENH KpoMKe OyMaru.
[Tociie BhICYIIMBAHUA U COOTBETCTBYIOIIETO MPOSIBIICHUS ONPEACIIAIOT
KOMITOHEHThI. B 3aBHCMMOCTM OT HampaBJICHUS PaCIpPOCTPAHCHUS
AIIOCHTa Ha XPOMATOrpaMMeE Pa3INYyarOT BOCXOJSIIYI0 U HUCXOJS-
Y10 XpoMaTorpadumu.

[Ipu Bocxopsmiet xpomartorpadhun OYMaKHYIO TMOJIOCKY MOTPY-
AT HIKHUM KOHIIOM B pacTBOpuTelb. [lo Mepe mnpojBuxkeHus
PacTBOPHUTEIS MO NEUCTBUEM KANMJUISIPHBIX CUJI BEPTUKAIBHO BBEPX
MPOUCXOAUT paznenieHue BemecTB. [Ipu Hucxoasen xpomarorpahuu
BEpXHUM KOHEIl OymMaru ¢ 00pa3loM 3aKpeIUIsIOT B «JIOJ0YKE» C
pPacCTBOPHUTENIEM, HAXOIALIEHCA B BEPXHEW YAaCTU KaMEPbI, & HUKHUMU
KOHEI] OyMaru OIyCKalOT BHU3 TaK, YTOObl OH HE COMPUKACAICS C
HAJIUTBIM HA JHO pacTBOpuTesieM. PoJib HAIMTOro Ha JHO KaMepbl
PaCTBOPHUTEIIS 3aKIIOYAETCS B MOAACPKAHUNA PABHOBECHOM YIIPYTOCTH
1apoB pactBoputens B kamepe. [log nercTBueM KanuuIsIpHBIX CUJT U
CUJIBI TSIKECTU PACTBOPUTEIh HAUYMHAET JBUTATHCS BHU3 MO OyMak-
HOW TIOJIOCE, B XOJ€ YEro W MPOUCXOAUT pasacicHue. Bocxopnsias
xpomatorpadus Oosiee mpocta B padOTe W NPUMEHSETCS 4Yalle, HO
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CKOPOCTb JIBUXKECHHSI PACTBOPUTEIISI TPU HUCXOIAIIEH XpoMaTorpadpuu
ropaszio BBILIE, YEM NPU BOCXOIAIIECH.

J{nst mydiero pa3AeneHus BEIIECTB UCTIOIb3YIOT TOBTOPHOE XPO-
MarorpadupoBaHU€ B TOM WM JAPYroil CHUCTEME PacCTBOPUTEIICH.
Xopo1iee pas3aelICeHUE CIO0XKHBIX CMECEW BEUIECTB JOCTUTACTCS IIPH
JIBYXMEpHOU XxpoMoTorpaduu. B 3Tom ciydyae MOBTOPHOE pa3/ielICHHUE
MPOBOJIST B HANPABICHUU, NEPICHAUKYISIPHOM NEPBOHAYAIBHOMY, U
B JIPYIOM PacTBOPUTENE WJIM MpPU COUYETaHUU 3JeKTpodopesza ¢ Xpo-
Marorpadueil BO B3aUMHO MEPIECHAUKYISIPHOM HaIpaBieHUU (METOA
«MENTUHBIX KapT» WU «OTIEYaTKa MablieB»). MeToJ NmenThIHbIX
KapT MPUMEHSIOT Yallle BCEro MPH CPAaBHUTEILHOM U3yUEHUU OJIM3KHUX
0 XUMUYECKOMY CTPOCHUIO OEIIKOB.

J{ns onpeneneHns MECTOIOI0KEHHUS MSITEH XpOMaTOrpaMMbl IIPO-
CMaTpUBAIOT B  yJIbTPa(PUOJIETOBOM CBETE€ WU OINPHICKUBAIOT
ClelHaIbHBIMUA pacTBOpaMu. Mcmonb3oBaHue OyMa)XHOW XpomarTo-
rpaduu B IpenapaTUBHBIX IEJISX OrpaHUYeHo. B Tex ciydasx, koraa
TaKko€ pa3JCiICHUE BCE XK€ MPOM3BOJUTCSA, YYACTKH XPOMATOrpPaMM,
COJIEpIKAIIME MHTEPECYIOIIEE BELIECTBO, BBIPE3AIOT, d 3aTEM JJIIO-
UPYIOT MaTepuall ¢ MOMOIIBL COOTBETCTBYIOIIUX 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.

Jlabopamopnasa paboma 14. Konuuecmeennoe onpeoenenue
AMUHOKUCTIOM MEeMOO0OM Xpomamozpaduu nHa oymaze

OOopyaoBaHue M peaKTHUBBI: Xpomatorpaduueckas Oymara;
xpomaTtorpadpuueckas kamepa; (HOTOIIEKTPOKOIOPUMETP; HOKHHUIIGI;
MJIACTUHKU CTEKJIsIHHBIC (3%32 cM) — 3 1IT.; AepKaTeib i1 XpoMaTo-
rpamMM; CYIIUIBHBIN 1IKad; MUKPOMUIIETKH; TPOOUPKH C MPUTEPTHIMU
npoOkaMu; OropeTka Ha 25 MII; CTaHJapTHas CMECh aMHHOKHCIIOT;
UCIIBITYEMasi CMECh aMUHOKHUCIIOT; OyTaHOJ, YKCYCHasl KMCJIOTa, BOJa
B cooTHoueHuu 15:3:7; 1%-i pactBop HuHruapuna B 95%-om arero-
He; 3TWIOBBIN ciupT (75%-11), HACHIIIIEHHBI METHBIM 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 yKpemistoT 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
JUHUI0 (MUKPOIUIIETKY 3aMOJIHAIOT Ha 2—3 cMm). 3MepsitoT 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 IIpernojaBaTesieM [Jisi MCCIEN0-
BaHMS), B3BEIIMBAIOT €€ U HAHOCIT CMECh Ha JIMHUIO CTapTa C COOT-
BETCTBYIOLLIEN ITOMETKON.

[IpuroToBIEHHYIO XpOMAaTOrpaMMy TTOMEIIAIOT B XpoMmaTorpadu-
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 XxpomaTrorpa-
buueckort Oymaru (nmuuus ¢unuima). I[locie 3Toro xpoMmarorpamMmmy
BBIHUMAIOT U3 KaMEphl, BEpXHUI KOHEI 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 xpoMmarorpaMmmy oomakuBarot B 1%-i1 pacTBOp HUH-
TUJIpYHA B alleTOHE JUIsl OOHAPYKEHUSI 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 npu 70°C. AMMHOKHCIIOTHI CTAHAAPTHOU U
UCTIBITYEMOW CMeceil 0OHapy>KMBAIOT B BUJI€ CHHE-(PHOJETOBBIX IATEH,
PACIIONIOKEHHBIX IIEMOYKOM MO HAIPABICHUIO JBUXKCHUS CHUCTEMBI
PacTBOpPHUTENEN OT JIMHUM CTapTa K BEPXHEMY KPaKO XPOMATOTPAMMBI.
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Puc. 8. Cxema pacnoyioxKeHrss aMUHOKHUCIIOT Ha XpOMaTorpaMMe:
A — TOYKa HAHECEHUsI CMECU aMUHOKUCIOT; 1 — IIUCTUH U LIUCTEUH;
2 — nMu3uH; 3 — TUCTU/IUH; 4 — apTUHUH; 5 — aclaparuHOBasi KUCIIOTA,

CEpUU U TJIHUIMH; 6 — IITyTaMUHOBAsI KUCIIOTa U TPEOHUH; 7 — aJlaHuH,;
8 — mponuH; 9 — Tuposus; 10 — BanuH U MeTuoHuH; 11 — Tpuntodan;
12 — ¢penunananun; 13 — ASUITMH ¥ U30JICUITMH

NneHTH(GUKAINI0 aMUHOKHUCIIOT, COJIEPIKAIMXCS B HCIBITYEMOI
CMECH, BEIyT 10 COBMAJICHHUIO Ha XpOMAaTOIpaMMe TTO3HIINH, 3aHUMac-
MBIX aMHUHOKHUCJIOTaMHU CTaHJAPTHOM U UCTIBITyeMOU cMeceit (puc. 8).

Jlnst ompenieicHUsT KOJTMYSCTBEHHOTO COACPKaHUS aMHUHOKHCIIOT B
UCTIBITYEMBIX CMECSIX XpOMaTOIpaMMy PacuepuUMBaIOT MPOCTHIM KapaH-
JAIOM TaK, YTOOKI JICKAIMe Ha OJJHOM YPOBHE OKpAIlICHHBIE 30HBI, CO-
OTBETCTBYIOIIUE OJHOW U TOW K€ AMHUHOKHUCIIOTE, OKA3IMCh 3aKJIIO-
YEHHBIMU BHYTPH MPUMEPHO OJIMHAKOBBIX MPSAMOYTOJIBHUKOB (pHC. 9).

I
-

28
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e

Puc. 9. Cxema pacrnonoxxeHuss aMUHOKHCIIOT Ha XpOMAaTOTPaMMe
I — cmecn Ne 1; IT — cmech Ne 2; IV — cmech Ne 3;
III — cranmapTHas cMeCb aMUHOKHUCIIOT
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OuyepueHHbIE y4acTKM Oymara BBIPE3alOT W IMOMEIIAIT B MPO-
OWpKHU, HOMEpPA KOTOPBIX JOJKHBI COOTBETCTBOBATH HOMEpaM IMSTECH
Ha XpoMarorpammax. B kaxyro mpoOUpKy HAJIUBAIOT U3 OIOPETKHU MO
10 mn 75%-ro pacTtBOpa 3TUIOBOrO CIHUPTA, HACBIIICHHOTO CYJIb-
darom Memu (k 500 mi stumoBoro crnuprta go6asiasiorT 0,2 M Ha-
IIEHHOT'0 pacTBopa cyibdara Mean). [[poOupKky 3akpbIBaloT MPOOKOI
U, MNEPUOJAUYECKH IepeMelInBasi, J0OUBAIOTCS IOJHOTO Tepexonaa
KUPINUYHO-KPACHOM OKpacku (MEIHON CoJih CHHE-(UOJIETOBOTO
Pysmana) ¢ 6ymaru B pactBop. Ha 310 yxoaut 15-20 mun. A6cop0-
M0 (ONTHUYECKasl INIOTHOCTh) CTAHJAPTHOTO U UCIBITYEMOTO PacTBO-
POB U3MEPSIOT Ha (POTOIICKTPOKATIOPUMETPE C 3€JIECHBIM 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 COOTHOUIEHWIO 3KCTUHKIIMN HCCIeaye-
MOM ¥ CTaHAAPTHOU mpoO.

Ilpumep pacuema. JlonyctuM, 4TO B CTAaHAAPTHON CMECH COJIEp-
xutes 1,8 mr rmunuHa B 1 mMit, Ha cTapToByIO nojocy HaHeceHo 0,02 T
3TOTO CTaHAAPTHOTO pactBopa. CieaoBaTesibHO, HA XPOMATOTPAMMY
noctynuio (1,8<0,02) = 0,036Mr rimiuHa. YciaoBUMCA Jajee, 4To
abcopOI1rs OKpalIeHHBIX pacTBOpPoB coctaBmia 0,288 mjis ctaHmapTa
u 0,336 nnsa Heu3BeCTHOM cMechu. Torga coiepkaHue TJIMIOHWHA B
UCCIIElyeMOM CMECH, HAHECEHHOW Ha XpOMaTOorpammy, COCTaBUT
(36x0,336): 0,288=42 wmkr. Ecnu panee npuHAThH, YTO HCCIEayeMast
CMECh HAHECEHAa Ha XpOMarorpaMMy B KOJIMYECTBE, HAIpUMeEp,
0,0250 T, TOo conmepkaHue TIMIMHA B 1 MJ HCCIEQyEMOro pacTBOpa
coctaBut (42:0,0250) = 1680 mxr, unu 1,68 mr/m.

OdopmuTe pe3yabTaThl COOCTBEHHOTO 3KCIIEPUMEHTA, CACIanTe
110 HUM BBIBOJIBI.

Jlabopamopnas paboma 15. Pazoenenue uonos Fe**, Co **, Ni **
MemoOoOM OyMaxscHou xpomamozpaguu

Ilens pabomer — paznienieHre MOHOB JKelie3a, KOOAIbTa U HUKEIS
u onpejieneHre Ry -MHAEKCOB.

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

3. AHanmu3upyembIii  pacTBOp, MPEIACTABIAIOMIMN COOOM CMeECh
coJIen Fes+, Co 2+, Ni %" n coaepxamui 9,5 Mr/cm’ Ka)XJI0T0 MOHA.

4. Xpomatorpaduueckas Oymara, yamku llerpu, Mukpoummpuil —
10 mki1; mynbBEpU3aTOpP, MUHIET, HOKHULIBIL.

Pa3nenenre mOHOB OCHOBaHO Ha MX CIOCOOHOCTH 00pa30BHIBATH
pa3HbIe 0 YCTOMYMBOCTH KOMILIEKCHBIE HOHBI C XJIOPUA-UOHAMU U HA
pa3HON TMOJABMXKHOCTH 3TUX HMOHOB B CUCTEME «MOJBHXHas ¢asza —
HETIOIBUKHBIN PACTBOPUTEIIbY.

[Ipu xpomartorpadgupoBanu Ha Oymare 30Ha KOMILUIEKCHBIX
nonoB xkene3a [FeCly] mepeMemaercs NpakKTUYECKH BMECTE C
(GbpOHTOM pacTBOPHUTENA. 3a HEW pacioyiaracTcs 30Ha HOHOB KOOaabTa
Y TIOTOM 30Ha MOHOB HUKEJIS.

Buvinonnenue pabomuot

Ha cramgaptHoM  jmcTte  XxpomMarorpadudeckoi  Oymaru
(11x11 cm) BBIpE3aroOT OT Kpas K IEHTPY MOJOCKY ITMPUHON HE OoJee
1 cm («xBoCTHK») M yKOpauuBarot ero Ha 1,5 cm (puc. 10).

[Ipoby mccnemyeMoro pactBopa B 2—3 mpueMa HaHOCST B IIEHTP
JUCTAa y OCHOBAHMS «XBOCTHKa» 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
HanmuBaoT 10-15 cM° IOBHKHOTO pacTBOpPUTEIIS, JINCT XpOMAaTOrpa-
¢duueckoi Oymaru ¢ HaHECEHHOM MpoOoOUl KinaxyT Ha yamky Ilerpwu,
OTIYCTUB «XBOCTHK» (HE meperubas ero) B pacTBOPUTEIb, U HAKPHI-
BAIOT JIMCT TaKOU K€ yallkou Ilerpu.

PacTBOpuTEIH 10 «XBOCTUKY» MOJHUMAETCS HA JIUCT U MEPEIBU-
raeTcsi mo Oymare paavalibHO. JIBHYKEHHE 30H pa3/ieliieMbIX BEIIECTB
TaKXe€ MPOUCXOJIUT PAUAIIbHO, TIPU 3TOM 30HBI MPUOOPETAIOT hopMy
pacmmpenHsix Ayr. Koraa pactBoputens npoiaer mo oymare 2/3 my-
TH 10 CTEHOK 4amiku Iletpu, xpomarorpadupoBaHue MTpUOCTAHABIH-
BAIOT, XPOMAaTOTpaMMy BBIHUMAIOT U BBICYIIMBAIOT B BBITSXKHOM
mkady. st mposiBICHUST XpOMATOTPAMMBI €€ OKPAIIMBAIOT U3 MYJIb-
BEpU3aTOpPa HACKIIICHHBIM all€TOHOBBIM PACTBOPOM POJIaHHAA aMMO-
Hud. [Ipu stom 30Ha xene3za (III) okpammBaeTcs B KpacHO-Oypblid
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nser, a kobOampra (II)— B romy6oii uBer. Ilocie moxacymuBaHuUs
XpOMAaTOrpaMMBbl U3MEPSIOT Rf -MHACKCHI [T JKelie3a U KoOabTa.

Puc. 10. Kpyrosas xpomarorpadus Ha Oymare:
a, 0, B — 30HBI pa3/IeICHHBIX KOMIIOHEHTOB CMECH
(a—Fe3+, 6 — Co 2+, B— Ni 2+); 1 — kBagpaT xpoMarorpapuieckoii Oymaru;
2 — BBIpe3aHHas MOJIOCKA («XBOCTUKY), CITyCKaeMas B IMOJIBIXXKHYIO (a3y;
3 — mpoba pazaensiemoit cmecu; 4 — vamka [lerpu

Jlanee ¢ MOMOIIbI0O KUCTOYKM CMAyMBAaIOT 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
MaJIMHOBBIN 1[BET. XpoMaTorpaMmy MHOJCYIIMBAIOT U U3MEPSIOT R -
unnexe uis Ni 2.

Pacuem pe3yiomamoe anaiuia

Pe3ynbTaThl W3MEPEHUN BBICOTHI MOJHSATUS IIEHTpPa XpPOMATO-
rpauyeckoi 30HbI (MATHA) JAHHOTO KOMIIOHEHTA, BHICOTHI TTOJAHATHUS
(dbpoHTa pacTBOPUTEIISI 3aHOCSIT B TAOJIMILY, PACCUMTHIBAIOT BEIUYMHbI
R¢ -UHIEKCOB aHATU3UPYEMBIX BEHIECTB U MPOBEPSAIOT MOTYyUYCHHBIE
JaHHBIC Y TIpernoaBaTens (J1abopaHTa).

Bonpocwt Kk omuemy no meme «bymaxcnan xpomamozpagus

1. Ha uem ocHOBaHO pa3jiefieHue BEIIeCTB METOJIOM XpoMaTorpa-
¢bun Ha Oymare?

2. Kakue cymiecTByrOT BUABI OyMakHO#M XpomaTorpaduu?
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3. KakoBBI »Tambl KaueCTBEHHOTO aHalIW3a aMHHOKHCIOT METO-
I0M XpomaTorpaduu Ha Oymare?

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

3.3. loHoOOMeHHana xpomaTorpadcus

HNonoobmennas xpomatorpadus (MX) npeacrapisier coboil me-
TOJl PAa3JCIICHUS CMECEW, OCHOBAHHBIM HA PACHPEICICHUH KOMIIO-
HEHTOB MEXIy JBYMs KOHTaKTUpYHOUIUMHU ¢da3zaMu— pacTBOPOM
AJEKTpoJuTa (COM) W  HOHOOOMEHHUKOM (HMoHuTOM). HMoOHO-
OOMEHHHUKH TOIJIOIAI0T M3 PacTBOpa IOJIOKUTEIBHO WIH OTPH-
ATEJIbHO 3apsHKEHHBIE MOHBI B OOMEH Ha SKBUBAJIEHTHOE KOJIMYECTBO
MOHOB C 3aps/ioM TOro ke 3Haka. MloHooOMeHHasi xpomarorpadus
OCHOBaHa Ha OOpPaTUMOM CTEXHOMETPUYECKOM OOMEHE MOHOB, HAXO-
JSIIIUXCSL B paCTBOPE, HA MOHBI, BXOASIINE B COCTAB HOHOOOMEHHUKA.

['maBHBIM aHaNIUTUYECKUM NOpuMeHeHueM WX B OLEHKe Co-
CTOSTHUSI OKPY’KAIOIIEeW Cpelibl SBIISIETCS aHAJIN3 BOJHBIX OOBEKTOB,
MOCKOJIbKY MHOTHE 3arpsi3HUTENM XOPOIIO PAacCTBOPUMBI B BOJAEC H
MPUCYTCTBYIOT B HEM B BUJIE MOHOB.

C nomonipto X MOXHO OOHapykuTh (MIECHTHU(PUUIUPOBATH) U
KOJIMYECTBEHHO OIpPEJSIUTh B BOJAEC TSKENbIe MeETaIbl (B BHJE
MOHOB), HEOPraHWYECKHWE AHHOHBI M CHOCOOHBIE K OOpa30BaHUIO
HWOHOB IPU B3aMMOJCHCTBUH C BOJIOM OpraHUYECKUE COSTUHECHUS.

CHUHTETHYECKUA HMOHOOOMEHHHUK IMPEJCTABIsAET CO00l BBICOKO-
MOJIEKYJIAPHBIA TOJMMEpP, HampuMep MONEPEYHO CHIUTHIA MOJIH-
CTUPOJI, COJACPXKAIINN pa3iudHbie (PYHKIMOHAIBHBIE TPYMIbI, KOTO-
phI€ U ONpeNeNaoT HauboJiee XapakTepHble CBOMCTBA cMoJl. M3BecT-
HbI TAK)KE€ CUHTETUYECKUE HEOPTAHUYECKUE MOHUTHI, HAIPUMEp aKTH-
BUPOBAHHBIN OKCHJ aJFOMHHUS, T'€JIM Ha OCHOBE COCIMHEHMI Keje3a
WU IUPKOHMUS.

B 3aBrucuMocTH OT 3HaKa 3apsaa QyHKIIMOHAIBHBIX TPYIIT HOHO-
OOMEHHBIC CMOJIbl SIBJISIFOTCSI KAaTHOHUTAMU WJIM aHUOHUTAMH.
KatnoHuTsl conepxaTr KUCIOTHbIC (YHKIIMOHAIBHBIC TPYIIIHI (-SO42';
-COOH-; - PO43'), MIOATOMY KapKac KaTHOHMTA, HECyIIHil (UKCH-
POBAaHHBIE OTPULIATENBHBIE 3aPsJIbl, 3aPSKEH OTpULATENbHO. OTpHIa-
TEIbHBIC 3apsiibl KapKaca KOMIICGHCUPYIOTCA TMOJO0XKUTEIbHBIMU
3apsiiaMyd MPOTMBOMOHOB, TaK YTO B II€JIOM KAaTHOHUT OCTAaEeTCs
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AIEKTPOHEUTpaTbHBIM. OJIHAKO MNPOTUBOMOHBLI, B JAaHHOM Cjydae
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 CYIb(OUPOBAHHBIMU MTPOIYKTAMU COIOJIH-
MEepH3aIlud CTUPOJa U AUBUHWIOCH30J1a. DYHKIIMOHAIBHBIMU TPYII-
maMH Kapkaca aHHOHHTOB SIBJIAIOTCS uyeTBepTHyHble — NR3', TpeTnu-
aele — NR,H" mnu nepsuanbie — NH;™ aMMoHMEBBIE, MHPUIHMHOBEIE
WM JIpyrde OCHOBAaHHS, a B KA4eCTBE IOJIBU)KHBIX HPOTHBOMOHOB
BBICTYIIAIOT aHUOHBI. AMQOTEpHbIE HWOHUTHI WM aM@OJIUTHI CIIO-
COOHBI OCYIIECTBISATh OJHOBPEMEHHBIN 0OMEH KaTHOHOB M aHHMOHOB.

Jlabopamopuas paboma 16. Onpedenenue cooepicanus HUMpPamoe
8 AHATUSUPYEMOM PACHEOPeE

Oobopyoosanue u peakmuewl: 0ropetka ¢ H-xkatnonutom (KVY-2,
KV-1 umu KVY-23), pactBop HUTpara HATpus, Kajausi WIM aMMOHUS
0,1M, pactBop ruapokcuaa Hatpus 0,1 M, 4 M pacTBop XJIOPOBOJI0-
POIHOM KUCIOTHI, METUJIOPAHIK.

NoHO0OMEHHOE OTpe/IeIICHUE KOHIIEHTPALMKU COJIed OCHOBAHO Ha
MPOITYCKaHUU AaHAJIU3UPYEMOrO pacTBOpa uepe3 KOJOHKYy H-kaTuo-
HUTA C MOCJIECIYIONIMM TPOMBIBAHHEM BOJON U TUTPOBAHUEM KHCIIOTO
dbunbpTpaTa pactBopoM mienour. OHO Hambosee Ienecooopa3sHo IpHU
ONpPEJCICHUN TaKUX AHUOHOB, COJIEp)KaHWE KOTOPBIX TPYAHO OIpeE-
NeauTh  ApPYrUMU  MeToAaMu.  Hampumep,  peKOMEHIOBAHO
MOHOOOMEHHOE ONpEJEICHUEe HUTPATOB B CEIUTPaxX (HATPUEBOM,
KaJUWUHOM, KaJIbIIMEBOM 1 aMMOHUIMHOMN).

[Ipu nponmyckaHuu pacTBOpa HUTpaTa udepe3 KoJoHKYy H-kartmo-
HUTAa MOHBI MeTajla OOMEHHBAIOTCS HAa 3KBUBAJICHTHOE KOJUYECTBO
MOHOB BOJIOPOJa, HAIPUMED:

RH + NaNOjz; = RNa + HNO; um
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-katuonuta (KVY-2, KY-1 wim KVY-23); BbicoTa cios cmomnbl 10 cwm,
BHYTPEHHHUI JauaMeTp KoJoHKH | cM. C moMOIpI0 KpaHa MOAJEep-
AKUBANTE CKOPOCTh (PMIIBTPOBAHUS pacTBOPA OKOJIO 2 MJI B MHUH. BpITe-
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 KaTHOHUT, TuTpyite 0,1 M pacTBopoM rugpokcuaa Hat-
pus B IPUCYTCTBUM METUJIOBOI'O OPAHKEBOr0 (MJIM METHIOBOTO Kpac-
Horo). Maccy (mr) HuTtpara (NaNOs, KNOj, Ca(NOs), mmu NH4NO3)
B 100 M1 ICXOTHOTO PacTBOpa BBIUUCIUTE O (hopMyIIe:

m=C X M, XVX5,

rae C— MoJsipHas KOHIIEHTpalMs pacTBOpa TUIAPOKCHIA HATPUS;
M, — ™momsipHas wmacca HuTpata Hatpus NaNOs, KNOs;, wumu
NH;NO3, nnu Ca(NOs),; V — o6beM pactBopa NaOH, uspacxomo-
BaHHBIN HAa TUTPOBaHHE (PUIbTpaTa MOCIe KaTHOHUPOBaHMS 1/5 vactu
UCXOJHOTO pacTBOpa HUTpaTa; 5 — KOADPUIUEHT AJisl epecyeTa 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 yepe3 Hero 40 mu 4M xjopo-
BOJIOPOJHOM KHUCJIOTHI U IIPOMOUTE BOAOM 10 HEUTPAILHOU PEAKLINU.

. 2+
Jlabopamopnas paboma 17. Onpedenenue nukens (NI °)
6 pacmeope mMemooom UOHOOOMEHHOU Xpomamozpaguu

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

Peaxmuevt u mamepuanvl: aHaTM3UPYEMBIF PaCTBOP COJIM HUKE-
a1 (NiSOy); pactBop consHoM kuciotel, C(HCI)=2 mounb/it; craH-
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napTHBIN pactBop ruapokcuaa Hatpus, C(NaOH) = 0,1 momb/n; uHIm-
KaTOp — METUJIOBBIM OpPaH)KEBBIN; KOJOHKAa ¢ MOHOOOMEHHUKOM B H-
dbopme (katmonutr KVY-2); OropeTka mjis TUTPOBAHMS;, KOHHMYECKAs
KoJIOa 11 TUTpoBaHusl Ha 250 CM3; MepHas kosba Ha 100 CM3; M-
NETKH; TOTCHIIUOMETP.

Ompenenernne Hukens (Ni°') B pacTBope OCHOBaHO HA IIPOBe-
JICHUHU peakliuu 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.

‘{e]é)e3 KOJIOHKY, 3aIllOJJHEHHYI0 KatuoHuTtom KVY-2, mpomyckarT
200 cm” pactBopa HCI MonsipHOI KOHIIEHTpAIMK 2 MOJIB/JI CO CKOPO-
cThto 1-2 kamum B cekyHay. Kucnory BinmBaroT nopuusmu 1o 10—
15 cm®. CKOpOCTB BBITEKAHHS PEryIHPYETCs BAHTOM-3aKIUMOM. 3aTeM
KaTHMOHOOMEHHHMK OTMBIBAIOT OT KHCIOTHI 200-250 oM’ TUCTUJLIU-
POBAaHHOU BOJbI (CKOPOCTh MPOMYyCKaHUs 2—3 Kamjiki B CEKYHAY) 0
HEUTPAJIbHOW PEAKIUU [0 METWIOBOMY OpaHxxeBoMy. Ilpu sTOM
MEePUOJNYECKH OTOMPAIOT Ha BECOBOE CTEKJIO (MU B TPOOHPKY)
HECKOJIbKO Kallellb pacTBOPa, BBITEKAIOIIETO0 W3 KOJOHKHU, U TIpo-
BepsitoT pH cpenbl ¢ MOMOIIbI0 UHAUKATOPA METUIIOBOTO OPAHXKEBOTO.
[IpoMbIBaHUE TIPOBOAAT IO IOJYUYEHHUS KEITOU OKPACKA METUIOBOTO
opaHxeBoro. OTMBITBIN OT KUCJIOTHl KATHOHUT FOTOB K padoTe.

HeoOxomauMo ciiequTh 3a TeM, 4TOOBI HAJl 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 (Ni1SO,) mosywaroT y JsabopaHta B
MEpHYI0 K010y BMecTUMOCTRIO 100 cM°, 10BOIAT 00beM pacTBopa J0
METKM JHCTUJUIMPOBAHHOW BOJOM M THIATEIBHO MEPEMENINBAIOT.
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OtOuparoT NMUMNETKOM YyKa3aHHBIN J1abopaHTOM OOBEM aHaJU3Upye-
MOI'0 pacTBOpa M MPOIYCKAOT 4YE€pe3 KOJOHKY CO CKOPOCThIO 1—
3 KaruIu/c, peryyupys CKOPOCTh HCTEHYCHHS >KUIAKOCTH C TOMOIIBIO
kpanuka. [lepean BHECEHHMEM aHAIM3UPYEMOTO PAacTBOpPa B KOJIOHKY
CJIOM BOJIBI HAJ[ MOBEPXHOCTHIO KATMOHHUTA B KOJOHKE JOJDKEH OBIThH
1-2 cM, a KpaHUK KOJOHKH JOJKEH OBITh 3aKPbIT. DJII0AT COOMPAIOT B
KOHUYECKYI0 KOJIOy st TuTpoBanus. Ilocie Toro kak ypoBEHb
KUJKOCTH B KOJOHKE OyneT Ha 1-2 cM BbINI€ YPOBHS KaTUOHMWTA,
KOJIOHKY HAQ4YMHAKOT IPOMBIBATh JAUCTUIUIMPOBAHHOW BoOAOM. s
MOJIHOTO BBIMBIBAHMS BBIJICJIUBIIEHCS KHUCJIOTBI 4Yepe3 KOJOHKY
npomyckarT 150 oM’ TUCTUUTMPOBAHHOM BOJIBI MOpUMSAMH mo 10—
15 em®, cobupas 3Jr0at B Ty ke KoJoy (pH mpoBepsitoT 1Mo MeTuio-
BOMY OpaHkeBoMYy). IIpoMbIBaHME NPOAOJDKAIOT 10 HEUTpaIbHOM
peaKkry 0 METHUJIOBOMY OPAaH>KEBOMY, MOKa KaIljisl IPOMBIBHOM KU/I-
KOCTM HE TIEPEeCTaHEeT OKpAIIMBATBCS B KpacHbI LBET MpH
00aBIECHUN METUIIOPAHXKA.

3. TurpoBaHue BBIAECIUBLICHCS KUCIOTHI (MHAUKATOPHOE, TOTEH-
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/) 10 nepexoaa po30BOi OKPACKH B JKEITYIO.

Pacuem pe3ynrvmamoe ananusa

@ukcupys 00beM IIET0YH, MOUICANINIA Ha TUTPOBaHUE, PacCUu-
THIBAIOT CpEeIHUN 00beM (ompe/iesieHue MPOBOIAT TPU pa3a) U BhIUKC-
JSIOT MAcCy aHAIM3UPYEMOTO BeIIecTBa 1Mo Gopmyrie:

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

[Tpy mpuMeHEHHH METOJIa MOTEHIIMOMETPUIECKOTO MU BBICOKO-
JaCTOTHOTO THUTPOBAHUS CTPOST KPUBYKO THUTPOBAHUM, HAXOIAT TIO
Hel 00beM TUTPaAHTA, COOTBETCTBYIOIIUN TOYKE SKBUBAJICHTHOCTH, U
10 MPUBEACHHON (OpMYyJIe PACCUUTHIBAIOT COJEPKAaHUE COJIM HUKEIS
B MEPHOM KoJI0€.

BOI’lpOCbl Komuyemy no meme «Honooomennasn xpomamozpaqbuﬂ»

1. ITpunnunel U 007aCTU MPUMEHEHUS MIOHOOOMEHHOU Y MOHHOM
xpomarorpaduu.
2. Kakue Tiumbsl HFOHOOOMEHHUKOB BaM M3BECTHBI?
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3. O0ObsicCHUTE MEXaHW3M pa3/ieJIcHUs] B HMOHOOOMEHHOW Xpo-
Martorpadum.

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

3.4. Na3oxuaKkocTHas Xxpomatorpadua

[TonBrxHOM (hazoil B ra3oBoit xpomaTorpaduu SBISETCS ra3 Uiu
nap. B 3aBUCHUMOCTH OT COCTOSIHUSI HEMOABM)KHOM (pa3bl razoBasi Xpo-
MaTorpadusi mojpasaenseTcs Ha ra30-aJcopOlMOHHYI0, KOTAa HEero-
JBW>KHOM (ha3oil sSBNISIETCS TBEPbIA aICOPOCHT, U ra30->KUJIKOCTHYIO,
KOTJla HETOJBM)XHOM (ha30il SBIAETCS KUIKOCTh, a TOYHEE IUICHKA
KUJKOCTH Ha TOBEPXHOCTHU YacTUll TBepAoro copOenrta. Ilpuniun
paseNneHus — HEOJUHAKOBOE CPOJCTBO OPraHMYECKHX BEMIECTB K
JeTy4ei MOABWKHOM (ha3e U cTallMOHApHOM (a3e B KOJOHKE.

B mepBoM ciydae MpPOUCXOAUT HENPEPHIBHOE PACIPEICIICHUE
KOMIIOHEHTOB CMECH MEXJy JBWXKYIIECS ra30Bod  (¢azoil,
Ha3bIBAEMOM T'a30M-HOCHUTEJIEM, U TBEPABIM aicoOpOEHTOM, 00YyCJIOB-
JISHHOE YepeIOBaHUEM IPOIIECCOB COpOIMu U aecopormu. Yem xyxe
BEIIIECTBO COPOUPYETCS, TEM PAHBIIIE OHO BBIXOJUT U3 KOJIOHKH.

Bo BTOpOM cilydae MpOUCXOAUT YepeIOBAHUE PACTBOPEHUS KOM-
MOHEHTA B TUICHKE KUJIKOW (ha3bl, HAHECEHHOW Ha TBEPbIil HOCUTEIIb,
C 0oOpaTHBIM BBIJEJIEHHEM B Ta3oByw (¢a3y, T.€. B IOTOK rasa-
HocUTeNA. TBEpABIM HOCUTENb, IPUMEHSAEMBIA B Ta30BOM XpOMATo-
rpaduu, TOJKEH UMETh OOJIBIIYIO TIOIIAAb TOBEPXHOCTH U OJTHOPO/I-
HbI pa3Mmep 4acTull. OOBIYHO HMCHOIB3YIOTCA YacCTHUIbl 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-)KUAKOCTHOW xpomartorpaduu
NPUMEHSIIOTCSL TBEpJIbIE HHEPTHBIE HOCUTEJIM THUIIA JUATOMMUTA,
ucrosb3yercs Takxke ¢apdop, crekio, miactMaccel. MMeroTcs pas-
JUYHBIE TUTIBI TBEPABIX HOCUTEJICH MPOMBIILICHHOTO U3TOTOBJICHUS.

KonuuectBo TBepabIx (a3 Bce k€ OTpaHUUYEHO, MOATOMY MTOBEPX-
HOCTb TBEPJIOI'0 HOCUTEIISI YACTO MOKPBHIBAIOT TOHKUM CIIOEM KUKOC-
TH (HenoaBmkHas (aza). OOBIUHO MIPUMEHSIOTCS KUJKOCTH C HU3KOM
YOPYTrOCThIO MAapOB, XUMHUYECKH HMHEPTHBHIE MO OTHOILICHUIO KO BCEM
KOMITOHEHTaM cMmecu. Yucno kunkux ¢as, MPUroHbIX IJs XpOMaTo-
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rpaduu, BO MHOTO pa3 MPEBBIIIAET YHUCIO aJCOPOEHTOB, YTO IMO3BO-
JSeT B KaXJIOM OTIEABHOM cllydae Mojo0paTh Haubojee 3ddek-
TUBHYIO KUJKOCTh. IlociaemHsisi MOXXET OBbITh TBEPJON NMPHU HUZKOU
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. Ilonspubie ¢a3pl 007a1aI0T BBICOKOW H30HpaTENb-
HOCTBIO, OJHAKO OHM MEHEE YCTOWYHMBBI IPU TMOBBIIIEHHBIX TEMIIE-
parypax, pasnarasch, MOT'YT HapyllaTh Iporecc pasnaencHus. Komu-
YEeCTBO >KUJIKOM (ha3bl B MPOIIEHTAX K TBEPJOMY HOCUTEIIO BapbUPYET B
mupokux npenenax or 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 )UAKOW (Da3bl MOJE3HBIM SIBISETCS CTapoe Ipa-
BUJIO — «MOJI0OHOE 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 CI0KHBIE COPOCHTHI.

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

Jlabopamopuas paboma 18. Ananuz MHO20KOMNOHEHMHOU cMeCU
Y2/1€6000P0008 MEMOOOM 2A30HCUOKOCHHOU XPoMamozpaghuu

Oobopyoosanue u peakmugwbl: Xpomarorpad; MEAUIIMHCKUE LITTPH-
16l HA 1cM”; KOI0BI ¢ MPUTEPTHIMH TTpoOKaMu 00beMoM 10 MJT; TOTyOUT;
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 HUCKYCCTBEHHBIE (KaJUOPOBOYHBIE) CMECH HM3BECTHOIO
MPOIEHTHOTO COJIepkKaHusl (Hampumep, CMEIINBAIOT TOTYOJI, KCUJIOM,
ITUJIAIIETAT M U30MPONMUIOEeH301 B 00beMHBIX COOTHOmEeHUAX 1:1:1:1
U T. 1.). CMecH COCTaBIISIIOT B KOJIOOYKAX C MPUTEPTHIMU MTPOOKAMHU C
MOMOIIBIO MUMNETOK, HAOUpas KUJIKOCTH rpyiieit. [[ns xkaxmon xui-
KOCTH HEO0OXOJMMO HMMETh CHelUUalibHyl0 numneTky. Hembsst 3arpss-
HATh YMUCTBHIE BEIIECTBA, MCIOIb3Ysl OJHY MUIETKY JJIsl HECKOIbKHUX
KUJIKOCTEN 03 TIIATeIbHOW MPOCYIIKH. AHAIU3UPYEMYIO CMECh
MOJTy4aroT y JlabopaHra.

Jlnst onpesiesieHusl BpEMEHU YAEPKUBAHUS KOMIIOHEHTOB, BXO/Is-
IMX B COCTaB CMECH, HEOOXOJMMO CHayajga 3amucaTh XpomaTo-
rpaMMbl YHUCTBIX KOMIOHEHTOB. YHMCTbIe KOMIOHEHTHI, HCKYCCT-
BEHHBIE CMECH M aHAIM3UPYyEMYyI0 NpoOy BBOIST B HCHAPUTEIb
xpomaTorpada nociegonaresbHo B konudectBe 0,05 mut. [lepen kax-
I6IM OTOOPOM MPOO IIMPHUIL CIEAYET NPOCYIIUTh ISl YAAJICHUS Clie-
JOB Tpenbiayiie mpoosl. Ciaeayromnlyto npoOy BBOJSAT B UCIAPUTEIb
TOJILKO MOCJI€ 3alMCU BCEX MUKOB Mpeablaymied npoosl. Eciu mpobda
BBeJIcHa Heyaa4yHo (Korja mpoba mana, MUKW MOJy4aroTCsl HU3KHUMH,
BEJIMKA — TyMOJIEp 3allIKaJIUBAET), aHAIU3 MPOOKI CIEAYET NOBTOPUTH
NocJ€ BbIXOJAa BCEX KOMIIOHEHTOB. Ha XpomarorpamMmmax HYKHO
CIEJaTh COOTBETCTBYIOIINE TOMETKH.

Kauecmeennwlii anaiu3 OCHOBAaH HAa CpPAaBHEHWH BPEMEHU
YAEP>KUBAHUSI U3BECTHBIX YHCTHIX KOMIIOHEHTOB CO BPEMEHEM YIEp-
YKWBaHUS BEIIECTB, BXOAAIIUX B COCTAB aHAIM3UPYEMOM MPOOHI.

Konuuecmeennwiii ananus. Conepxanue OTAEIbHBIX KOMIIOHEH-
TOB PACCUUTHIBAIOT IO TIUIOMIAJSIM TIOJYYEHHBIX IIMKOB. 3amep
IUIOLIAAM OTAEIBHOIO MUKAa OCYIIECTBIAECTCS CIEAYIOIIMM 00pa3oMm:
U3MEPSIOT BBICOTY h 0T 6a30B0i#i (HyJIeBOM) JIMHUY JI0 BEPIIMHBI TTHKA,
JENAT €€ TOIOoJaM W Ha PACCTOSHUW, PABHOM IIOJIOBUHE BBICOTHI,
3aMEPSAIOT OTPE30K Ol — OTPE30K MPSIMOM, MApPAJUIEIbHBIA HYJIEBOU
JTMHUU Ha BbIcoTe Y2 h. OTpe3ok 3aMepsIFoT WK M0 CEPEIUHE IUPHHBI
JUHUU, BBIYEPUCHHON MEPOM CaMOMUCIA, WM OT BHEUIHEW CTOPOHBI
OJHOW JIMHUHU 10 BHYTPEHHEW CTOPOHBI apyrou. [lnomans xpomaro-
rpauyeckoro TMHUKa BBIUMUCIAIOT KakK IUIONIaJAb TPEyTrOJbHHUKA!

S=(h/2)-a (puc. 11).
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Puc. 11. [TapameTpsl xpoMaTorpapuueckoro muka

KoHlieHTpanum KOMIIOHEHTOB B aQHAIM3UPYEMOM CMECH PacCUu-
THIBA€TCSI METOJOM HOPMHUPOBKH C KaJIMOPOBOUYHBIMHU KO3 duIeH-
Tamu 110 popmyie:

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

IIpumeyanue: TaHHBIM METOJT pacuyeTa MPOLUECHTHOIO COACPKAHUS
KOMIIOHEHTOB B CMECH MOXKET OBbITh HCHOJIb30BAaH TOJIBKO B TOM
CIy4ae, €CJIM BCE€ KOMIIOHEHThI CMECH AT XOPOIIO 3aMUCAHHBIE
xpomaTorpaduueckue TMHKH W HUMCIOT pa3IMYHble BpPEMEHa
yIEpKUBAHMUS.

3aganue 2. AHaIN3 CMECH METOJIOM BHYTPEHHETO CTaHAApTA.

[IpenMyIecTBO METO/Ia BHYTPEHHETO CTaHJApTa 3aKJIIOYACTCA B
TOM, YTO B OTJHUYME OT MPEABIAYIIETO METOJa HET HEOOXOJAMMOCTH
UJICHTU(PUIMPOBATh BCE IMHUKM XPOMaTOrpaMM: JOCTAaTOYHO OIpe-
JIeIUTh HeoOXOoauMble NHUKHA. MeTon ocHOBaH Ha J00aBJICHHH B
AHUTM3UPYEMYIO CMECh M3BECTHOIO KOJWYECTBA OMNPECICHHOTO BE-
1IECTBA, HA3bIBAEMOT'0 BHYTPEHHUM CcTaHaapToM. [Ipu sTom ctangapt
HE JIOJDKEH pearupoBaTh ¢ KOMIIOHEHTamu cMmecu. Hanpumep, npu
aHaJIn3€ CMECH TOMOJIOTOB CTaHAApPT JOJKEH OBITh YJICHOM 3TOrO
FOMOJIOTUYECKOTO psifga. BpeMs ynaepxkuBaHus CTaHAapTa JOJKHO
OBITh PABHO CPEHEMY BPEMEHHU YJIEPKUBAHUSI KOMIIOHEHTOB CMECH.

Buvinonnenue pabomui

[Tocne xpomartorpadupoBaHus HUCKYCCTBEHHBIX CMECeW H3Meps-
IOT TTapaMETPhI MUKOB aHATU3UPYEMBIX KOMIIOHEHTOB U CTaHIAPTHOTO
BEILIECTBA U CTPOAT KAIMOpPOBOUYHbBIE KpuBhbIe. [0 ocu opauHaT OTKIIA-
JBIBAIOT OTHOIICHUE TJIONIAJC MUKOB OIMPEAEISEMOTO BEIIECTBA U
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BHYTPEHHETO CTaHJapTa, a Mo OCH aOCIHUCC — OTHOIICHHUE 0ObEMHBIX
WJIM BECOBBIX MPOIIEHTHBIX COJIep)KaHuN 000X BemiecTB (puc. 12).

Si/Sem

~ Ci/Ccm

Puc. 12. KanuOGpoBouHbIe KPUBBIE JIJIs1 OTIPEIEIICHHS COCTaBa CMECH

3aTeM MoiydaroT y JJabopaHTa aHAIM3UPYEMYIO CMECh, COJIEpHkKa-
IyI0 KOMIOHEHTHI, JIJIT KOTOPHIX ObUIM MOCTPOCHBI KAITMOPOBOYHBIC
kpuBble. JI0OaBIAIOT K 3TOU MpoOe omnpeeeHHOe KOJTMYECTBO BHYT-
PEHHEro cTanjaapTa (HampuMep, TOJIyoJjia) B TaKOM KOJIMYECTBE, YTOOBI
KOHIICHTpAIlUs CTaHAapTa COOTBETCTBOBAIA CPETHEMY €€ 3HAUYCHUIO B
HUCKYCCTBEHHBIX CMECSIX. XpoMaTorpadupyroT aHATU3UPYEMYIO CMECh
U ONpEJEesaOT OTHOIICHUE IIONIAe KOMIOHEHTOB Si/S., M Bcex
KOMIIOHEHTOB.

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

BO”pOCbl Komuyemy no meme

«lazoxncuokocmnasn xpomamozpagusy

I.B yeM COCTOAT TEOPETUUECKHE OCHOBBI Ta305KUJIKOCTHOMU
xpomaTtorpabun?

2. Ilpunniun BbIOOpa Ta3a-HOCUTEISI, >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 ra3zoxkuaKocTHOro Xxpomarorpada.
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7. YCTPOUCTBO U MPUHLIUIIBI JCUCTBUS IETEKTOPA KaTapoOMETpa U
IJIAMEHHO-UOHU3ALMOHHOTO JIETEKTOPA.

Jlutepatypa

1. Bacunwes, B.IlI. Anamntnueckas xumud/ B.Il. Bacunnes. —
M. : Beicmas mkoia, 2004. — T. 1-2.

2. Uodbde, b. B. duszmdeckue METOALI OMpESICHUS] CTPOCHHS
oprannuecknx  coeaunenuit  / b. B. Mopde,  P.P. Koctuxos,
B. B. Pa3un. — M. : Briciiag mkona, 1984.

3. Kazun, B. H. ®u3nko-xuMu4ecKrue METOIbl HCCIECIOBAaHHUSA B
sKojoruu u Ouonoruu: y4yed. mocooue / B. H. Kazun, I'. A. YpBan-
ueBa. — Spocnasis, 2002.

4. Kpatkuil cnpaBOYHUK (PU3UKO-XUMUYECKUX BEIUYUH / TOA
pen. A. A. Pasnens, A. M. Ilonomapesou. — JI. : Xumus, 1983.

5. MuponoB, B. A. CnekTpockomusi B OpPraHUYECKOW XHUMUU
/ B. A. Muponos, C. A. SIukoBckuii. — M. : Xumus, 1985.

6. OpsoBa, T. H. ®usnueckue MeTO/bl aHaIW3a B XUMUU: yueO.
nocobue /T.H. Opnosa, B. H.Ka3un, H. M. Maiigebypa u ap. -
Apocnasne, 2008. — 166 c.

7. OcHOBBI aHanuTHYeckor xumuu / mod ped. FO. A. 3omoToBa. —
M. : Breicmas mkoJa, 2004.

8. OCHOBBI aHAIMTUYECKON XUMUU: 33J1a4d U BOIMPOCHI / IO Pe.
FO. A. 3onotoBa. — M. : Beicmas mkoia, 2004.

9. Orro, M. CoOBpEMEHHBIE METOJIBI AHAIUTUYECKON XHUMHUU
/ M. Otto. — 3-¢ u3a. — M. : Texnocdepa, 2008. — 544 c.

10. ITenTun, FO. A. ®usnueckrue METOJIbl UCCICAOBAHUS B XUMHUHU
/ 1O. A. Ileatun, JI. B. Bunkos. — M. : Mup, 2006. — 683c.

11. XapuronoB, IO. . Ananutnueckas  xumusd.  Ku. 1-2
/ YO. S. XaputonoB. — M. : Beicimas mkoga, 2008.

12. Xayckpodt, K. CoBpemennsbiii kypc obmieit xumuu / K. Xay-
ckpodT, 3. Koncreb; nmep. ¢ auria. — M. : Mup, 2002. — T. 1-2.

13. IOunr, I'. UHCTpyMEHTANBHBIE METOIBI XUMUYECKOTO aHAIN3a
/ T'. FOunr. — M. : Mup, 1989.
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