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BBEJIEHHUE

XpomarorpapuiecKkre METOJIbI SBIISIOTCS YHUBEPCATHHBIMU METOJAAMH Pa3Jie-
JeHue KOMMOHEHTOB. OHU TO3BOJISIOT Pa3ACIUTh OJIM3KKUE MO CBOMCTBAM OpTaHHYe-
CKHME€ M HEOPTaHWYECKUE BEIECTBA, HAIIPUMEP, KATHOHBI OJHOW TPYIIIHI METAJLIOB,
CMECH OPraHUYEeCKUX COCIMHEHUIN TOMOJIOTHIECKOTO psijia. JlaHHbIE METOABI HAXOIST
IIIUPOKOE MIPUMEHEHNE B HAyKe W TEXHHKE, TaK KaK B pe3yJibTaTe Xpomarorpaduye-
CKOTO pa3/IeJICHHUs BEIIECTB MOYKHO TIPOBECTH Ka4eCTBEHHOE M KOJMYECTBEHHOE pa3-
JeNeHne ux 0e3 TPYJA0EMKHUX JOMOJTHUTEILHBIX OTIEPAITHiA.

NonooOMeHHbIE MaTepuaibl HAXOAAT MUPOKOE MPUMEHEHUE B PA3IMYHBIX OT-
paciigx HapOAHOTO XO3SHUCTBA U HAYYHBIX UCCIICIOBAHMSIX JIJISI OYUCTKH BEIECTB, U3-
BJICUCHUSI BEIIECTB W3 PACTBOPOB M WX KOHIIEHTPUPOBAHWSI, Pa3/ICTICHUS CMECEH,
aHaim3a U T.1. JloCTaTOYHO YMOMSHYTH BOJOMOJTOTOBKY, MPOMBIIIJICHHOCTh JIEIs-
IIUXCSl MAaTEPUAIIOB, THIPOMETAILTYPTHIO.

B nanHOM MeTOMMYECKOM MOCOOWM TPUBEACH Psijl MPAKTUYECKUX PaOOT, BBI-
MOJTHEHUE KOTOPHIX OyAET CIIOCOOCTBOBATh OCBOSHUIO MTPHEMOB SKCIIEPUMEHTATLHOM
paboThI ¢ XpomaTorpadudeckuM 000pYI0OBaHHEM U HOHOOOMEHHBIMU MaTepHAJIAMHU.
OcHOBHOE HampaBlieHUE 3TUX PadOT — MONyYeHHE (PU3MKO-XUMUIECKIX XapaKTepH-
CTHK MOHHUTOB, U3yYeHHE OCOOCHHOCTEH MPOIIECCOB MOHHOTO 0OMEHa U XpoMaTorpa-
¢uu, 3HaHWE KOTOPHIX HEOOXOIUMO ISl MOA00pa YCIOBUIM MPAKTHYECKOTO MpUMe-
HEHMSI.

Onucanuio Kaxaou 1ab0paTopHoil paboTe MPEeAIIeCTBYET KPaTKOe TeOpeTHIe-
ckoe BBegeHue. [y 6osee moapoOHOro 3HAKOMCTBA C TEOPETHUECKUM MaTepHaIOM

MOKHO HCIIOJIb30BATh PECKOMCHIAOBAHHYIO JIMTCPATYPY, YKa3aHHYIO B KOHIIC mocoous.



I'naea 1. Xpomamozpaghua. Onpedenenue
Xpomarorpadusi - 3T0 PU3NKO-XUMUYECKUN METOJ pa3fefieHUs U ompeierne-

HUS BEILECTB, OCHOBAHHBIN Ha pacmpeesieHul KOMIIOHEHTOB MEXAy IByMs (pazamu,

HETIOJBIKHONU M TMOJBWKHOW. HenmoaBrykHOU (cTarmoHapHOM) (a30il CIy>XKUT TBEp-

7l0€ TIOPUCTOE BELIECTBO (YAaCTO €ro Ha3blBAalOT COPOEHTOM) WJIM IUIEHKA >KUJKOCTH,
HaHECEHHas Ha TBepjaoe BeulecTBo. [lonBukHas (a3a npeacrasiseT coO0M KUIKOCTh
WM ra3, IPOTEKAIOUINI yepe3 HEMOABMKHYIO (azy.

KoMnoHeHThl aHanu3upyeMoil cMecH BMECTE ¢ MOJABMKHON (a3oil mepenBura-
IOTCSl BJIOJIb CTallMOHApHOH (a3bl. Ee 0OBIYHO MOMENIAIOT B CTEKJISHHYIO (WM Me-
TaJNIMYECKYI0) TPYOKy, Ha3bIBa€MyI0 KOJIOHKOW. B 3aBHCHMOCTH OT CHMJIBI B3aHMO-
JEMCTBUSI C MOBEPXHOCTHIO cOpOEeHTa (3a cueT aacopOLMy WIK MO KaKoMy-I10o emle
MEXaHNU3MY) KOMIIOHEHThI OyAyT NepeMelaThCsl BJOJb KOJIOHKH C pa3HON CKOpo-
cThi0. OZJHM KOMIIOHEHTHI OCTaHYTCSI B BEPXHEM CJI0€ COpOEHTa, APyTue, C MEHbIICH
CTENEHbIO B3aUMOJAECHCTBHSI C COPOEHTOM, OKa)KyTCsl B HUDKHEW YacTH KOJIOHKH, a He-
KOTOpBIE M BOBCE MOKHUHYT KOJIOHKY BMECTE C MOJABMXKHOU (pazoil. Takum obpasom,
MPOUCXOIUT OBICTPOE pa3leieHHne CIOKHBIX cMecelt komnoHeHToB. Hanpuwmep, 3a 40

MUH MO>XHO Pa3JieUTh U OMPEAeNnuTh 18 aMMHOKUCIOT (PUCYHOK 1).
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Pucynok 1. Xpomarorpamma UCKYyCCTBEHHOM CMECH aMHUHOKHUCIIOT, BXOISAIINX
B COCTaB MPOyKTOB THAPOJIHN3a OCITKOB:

1 — acmaparuHoBas KUCJIOTa; 2 — TPEOHUH; 3 — CEepuH; 4 — TJIyTaMUHOBas
KHUCJIOTA; 5 — OpPOJUH; 6 — IIUIUH; 7 — allaHuH; § — IUCTUH; 9 — BanuH; 10 —

MeTnoHuH; 11 — wu3oneinun; 12 — neinun; 13 — THpo3un; 14 — denunananmy;



15 — ructuaun; 16 — nusun; 17 — ammuak; 18 — apruHuH (AuaMeTp KOJOHKHU
1,75 mm; nonooOMeHHUK — nyppym C-A4 (8 mxm); npoda — 10 HMOJB cMeCH; CKO-
pocTh moToka 6—10 mu/4, napienue 83,5 aTm)

Xpomatorpadus - fuHaMudeckuid npouecc. [lpu nepemenieHuu B10Ib KOJOH-
KM TOABMKHasl (ha3a BCTpEeUYaeT Ha CBOEM IYTH BCE HOBBIE CJIIOM COpOeHTa, uTo odec-
NEYMBAET MHOTOKPATHOCTh aKTOB COPOLUU-IECOPOIUU pa3aesieMbIX KOMIIOHEHTOB.
OtuM 00ycloBIeHa 3HAYUTENBHO OoJbIIas 3(h(HEeKTUBHOCTH XpOMATOTpaduIecKoro
pas3JiesieHus o CPAaBHEHHUIO CO CTATHUECKUMH METOIaMU COPOIIMH U AKCTPAKIIUH.

Xpomatorpadusi - TMHOpUAHBIA METOJ| aHalu3a, B KOTOPOM XpomaTorpaduye-
CKHUH TMpolecC SBISIETCS YacThio OOIIe aHAIUTUYECKOM CUCTEMBI, COUETAIOIeH pas-
JeJIeHre U u3MepeHue. MeTo]1 Mo3BOoJIAET HE TOJbKO Pa3iefiiTh MHOTOKOMITOHEHT-
HYI0 CM€Cb, HO U HACHTUPHUIMPOBATh U OMNPENEIATh €€ KOJIMYECTBEHHBIH COCTaB.
[ToaToMy neTekTMpoBaHHME CHUTHaNAa (a TaKXKe 3amuch U 00paboOTKa €ero) 3aHUMAaeT
BaYKHOE MECTO.

Hauano xpomarorpaduu nonoxxeno pycckum 6otanukom M.C. Isetom B 1903
rojly, KOTOPBIA JUIsl pa3iefieHus: PaCTUTENbHbIX MUTMEHTOB HCIOIb30BaJl KOJIOHKY,
3aMoJHEHHYI0 KapOoHaTOoM Kamblus. Paciser Mmeroga HaunHaeTcs ¢ 1931 r. (paboTbl
Kyna, Jlenepepa u Bunrepmreiina no aHanu3y KapOTHHA PACTUTENBHOTO IPOUCXOXK-
nenusi). OcoO0eHHO OypHO MeToJ pa3BuBaeTcs mnociie pabor MaptuHa u CuHIKa
(1952 r.), ynoctoernnnix HoOeneBckoil mpeMuu 3a CYIIECTBEHHBIM BKJIAJl B TEOPUIO
MeTofa. [ MraHTCKuil CKayoK B pa3BUTHE METOa NMpuxoautcs Ha 60-e rojsl, Korjaa
MOSIBUJIIUCH HOBBIE NMPUOOPHI, COYETAIOUINE Pa3ACIUTEIbHYI0 KOJIOHKY C MPOTOYHBIM
JAETEKTOPOM, HEMPEPHIBHO (PUKCHUPYIOIIUM KOHIIEHTPAIIUIO KOMIIOHEHTOB CMECH.

Knaccuguxayua xpomamozpaguueckux memoooe

B ocHoBy oOuienpuHATHIX KiaccupUKauii MHOTOUYHMCIIEHHBIX XpoMaTorpadu-

YECKUX METOJOB MOJIOXKEHBI CIESTYIONINE MPU3HAKHU:
® arperatHoe COCTOSIHHUE MPUMEHsSIEeMbIX (a3,
® MEXaHW3M B3aMMOJICHCTBUS COPOCHT - copoar,
e (opma cios copbeHTa (TEXHUKA BBIMIOJHEHHUS),

e 1eJb XpomaTorpadupoBaHusl.



IIo arperatTHoMy COCTOSIHHIO d)a3 XpOMaTOFpa(pI/IIO pasaciAlOT Ha ra30BYIO U

KHUJIKOCTHYI0. ['a30Basi BKJIIOYAET ra30-KUAKOCTHYIO U ra3o-tBepaodasznyro. Kun-
KOCTHasi XxpoMaTtorpadusi Moapa3ienseTcss Ha >KUAKOCTh-KUIAKOCTHYIO, JKAIKOCTh-
TBepAO(Da3HYIO U KUAKOCTb-TelIeByI0. [IepBoe CcI0BO B Ha3BaHWH METOJAA XapaKTepH-
3yeT arperaTHOe COCTOSIHUE MOJBMKHON (pa3bl, BTOPOE - HEMOABIKHOM. YacTo ku-
Kasi HeMoABMYKHAs (hasza 3aKperuieHa Ha TBEPJIOM BelllecTBe (COpOeHTe).

[To MexaHM3My B3aUMOJIEHCTBUSL COpOEHTa M copOaTa MOKHO BBIJCIUTH He-

CKOJIbKO BUIOB XpomaTorpadumu.

Pacnpedenumenvnasa xpomamoepaghusi OCHOBaHa Ha pazIMyUM B PACTBOPUMO-
CTH pacipeesieMbIX BEIIEeCTB B HEMOBIKHOMN (pa3e (ra3zoBas xpoMarorpadusi) uim
Ha pa3JIMYuM B PACTBOPUMOCTH BEILECTB B MOABUKHOM M HEMOABMKHOU KUJIKUX (a-
3ax.

Honoobmennas xpomamoepaghusi OCHOBaHa Ha Pa3HOW CIIOCOOHOCTH BEIIECTB
K MOHHOMY OOMEHY .

Aocopoyuonnas xpomamozpagus OCHOBaHA Ha PA3IMYUU B a7ICOPOUPYEMOCTH
BEIIECTB TBEPABIM COPOCHTOM.

DKCKIO3UOHHASL Xpomamozpaghus OCHOBaHA HA pa3Iu4uM B pazMepax u ¢op-
Max MOJIEKYJI pa3Ie/IIeMbIX BEIIECTB.

DOTUMH BHJIaMH HE MCUEPIBIBAIOTCS BCE MEXAHU3MbI pa3/ielieHUs, HaIpUMeEp,
CYIIECTBYeT OcajoyHas xpomMarorpadusi, OCHOBaHHas Ha 0Opa30BaHHM OTIUYAIO-
IITUXCSI TI0 PACTBOPUMOCTH OCAJIKOB Pa3esieMbIX BEIIECTB C COPOSHTOM, aJcopOITu-
OHHO-KOMILJIEKCO0Opa3oBaTesibHasl, OCHOBAHHASI HA 00PAa30BaHUU KOOPAMHAIIMOHHBIX
COEIMHECHUI Pa3HOW MTPOYHOCTH B (ha3e UM Ha TIOBEPXHOCTH COPOCHTA U Jp.

Crnenyer MOMHUTH, YTO KJIacCU(PHUKALIKA 10 MEXaHU3MY BECbMa YCJIOBHA: 4acTO
npolecc pa3AesieHus MPOTEeKaeT cpaszy MO HECKOJbKMM MexaHuzMam. Knaccuduka-
[Mel 10 MEXaHW3MaM CJIeAyeT TMOJIb30BaThCS B Clydae, KOT/Ia U3BECTEH JOMHUHHUPY-
oI MEXaHU3M.

[To TexHWKE BBINOJHEHUS BBIJICTSIOT KOJOHOYHYIO XpoMarorpaduio, Kormaa

pasaciICHUC IMPOBOAUTCA B CIICHHUAJIBHBIX KOJIOHKAX, WM IINIOCKOCTHYIO Xpomarorpa-



¢wuto, Koraa paszelieHue MPOBOIUTCS Ha CrenHaibHOM Oymare (OymakHast XpomaTto-
rpadusi) Wik B TOHKOM CJI0€ copOeHTa (TOHKOCIIOTHast XxpomaTorpadus).

ITo uemu XDOMaTOI‘Dad)I/IDOBaHI/IH BBIACIIAIOT aHAJIUTHYCCKYTO xpOMaTorpa(bmo

(KayecCTBEHHBIN WM KOJMYECTBEHHBIN aHANIM3), MPENapaTUBHYIO Xpomarorpaduio,
UCIIOJIB3YEMYIO JJIS MOJTYYEHUS BEIIECTB B UACTOM BHJE, JAJI1 KOHLIEHTPUPOBAHUS U
BBIJICJICHHUS. MHUKPOIPUMeECEN, MPOMBIIUICHHYIO (IIPOU3BOJCTBEHHYIO) XpoMaTorpa-
¢uro, MOMOTaIoUIYI0 aBTOMATUYECKOMY YIPABIECHUIO MPOLIECCOM (TIPU 3TOM IIeJIEBOM
MPOAYKT M3 KOJOHKHM MOCTYyNAaeT B JAT4YMK, YNPaBISAIOWIKNA npoueccoM). Bee mmpe
xpoMarorpadus UCIONb3YETCSl B KAYECTBE METO/Ia HAYYHOT'O MCCIEAOBAHUS pPaCcTBO-

POB, KATAIUTUYICCKUX IMMPOUCCCOB, KHHECTUKN XUMHNYCCKUX IMPOUCCCOB U T.II.

Cnocoowl nonyuenus xpomamozpamm
[TonBwxHyt0 a3y, BBOAUMYIO B CIOW HEMOABIKHOM (ha3bl, HA3bIBAIOT JIIOCH-
TOM, a MOABMXHYIO (pa3y, BHIXOSIIYIO U3 KOJIOHKU U COIEPKALLYI0 Pa3InYHbIE KOM-
MOHEHTHI, HA3BIBAIOT AJII0ATOM. B 3i0aTe TeM Uiu MHBIM CcIOCOOOM ONPEEIsIOT CO-
JepKaHue KOMIIOHEHTOB. Pa3zjieneHue BelIECTB B BHUJE OTAEIBHBIX I0JOC (30H)

BJOJIb KOJIOHKH HIPEACTaBIIACT coboit BHYTPCHHIOIO XPOMATOTpaMMy (pI/ICYHOK 2,

BBepxYy). ['paduueckoe mzobpaxeHue (4acTo MmojiydaeMoe ¢ IMOMOIIBIO CaMOIHCIIA)
pacnpeiesieHUs: BEUIECTB B AJII0ATe HA3BIBAIOT BHEULIHEU XPOMAMOSPAMMOU, UITU TIPO-

CTO XpOMaTorpamMmon (PUCYHOK 2a).



=]

e

| l+—

h

o

o | @ o] +—

AtE
B :A
] &
= T -
]
=
-
£ | :
S B g
;.;:E <
ko]
4 ik
Gl B AC .
Efa"B "¢ :
t o t, ¢ c
a) 6)

PucyHok 2. BuyTpeHHre u BHENTHUE XPOMATOTPAMMBI, TTOJTyYCHHBIE METOA0OM
AIIOCHTHOM (@), BbITECHUTENbHOU (0) U ppoHTANBHOU (8) XxpomaTorpaduu (copou-

pPYEMOCTb BelleCTB yBeauuuBaercs B pagy A < B <C)

[To cnocoOy mojyuyeHus XpoMaTorpaMM pasjiiyaroT AIIOEHTHYI0, (pOHTAIIb-

HYIO ¥ BBITECHUTEJIbHYIO XpOMAaTOTpaguio.

DJroeHTHasl (IposiBUTEeIbHAS) XpoMaTorpadus. XpoMaTorpapuyecKkyr KOJIOH-
Ky MPOMBIBAIOT AIFOEHTOM (PacTBOPOM WJIM PACTBOPUTENIEM), OOIATAFONINM MEHbB-
el cCopoMpyeMOCThIO, YeM JH000€ M3 pasleisieMbIX BEHIECTB. 3aTeM B KOJOHKY
BBOJISIT pa3/ielisieMbIe BEIIECTBA, PACTBOPEHHBIC B DIIIOCHTE, W MPOJOJDKAIOT HETpe-
PBIBHO MPOMYCKATh AMIOEHT (3TOT MPOIECC HA3BIBAIOT dtoupoBaHueM). [Ipu stom
paszzenseMble BEIeCTBa MEePEeMEINaloTCs BAOIb KOJOHKH C Pa3HBIMH CKOPOCTSIMHU B
COOTBETCTBUHM C UX COOMPYEMOCThIO. EcCin CKOpOCTH TiepemenieHus KOMIIOHEHTOB
JOCTaTOYHO PA3IMYAIOTCS, TO HA BBIXOJIC W3 KOJOHKHM CHaJaJia MOSBIISICTCS HAaUMEHEe
COpOMpYyEeMBbIii KOMITOHEHT, 3aT€M YHCTBINA JIIFOCHT, 3aTeM CJICIYIOIINA KOMIOHEHT U
T.1. B 3TOM cnydae xpomaTorpamma mpeicTaBisieT COOOW psii MHUKOB, WMEOIINX

(dbopmy rayccoBoi KpuBoH (PUCYHOK 24).



CaMbIM MPOCTHIM BapUAHTOM 3TOTO METOAA SIBJISETCS MPOCTOE AIOUPOBAHUE
(M30KpaTUYECKU PEXUM), TIPU KOTOPOM COCTaB 3JIFOEHTA HE MEHSIETCSl B MPOIECCE
amoupoBaHus. Takoil mpueM NPUTroAeH IS pa3lesieHus COEAMHEHU C OJIM3KUM
CPOJICTBOM K HEMOABMXHOU (paze. B HEKOTOPBIX clydasx UCHOJB3YIOT CTYIEHYATOE

W TPAAMCHTHOC 3JIIOMPOBAHUC, IIPU KOTOPOM COCTAB 3JIFOCHTA U3MCHACTCA CTYIICH-

4aTo (IMCKPETHO) WJIM HENpEPBIBHO. B 3TOM ciydae sioupyromas cuiia moJBUKHON
¢da3bl BO3pacTaeT, B pe3yJbTaTe€ YEro COKPAIIAETCS BpeMs YACPKUBAHHUS CHIBHO
COpOMPYEMBIX BEILIECTB U YIYUIIaeTCs Pa3AeieHUE CMECH.

B nanpheliem mbl OyleM paccMaTpuBaTh TOJBKO AJIIOEHTHYIO XpomaTorpa-
¢uto, kak Haubosee pacCIpPOCTPaHEHHYIO B COBPEMEHHBIX METO/IaxX XpomaTorpaduye-
ckoro aHanu3a. OcTaHOBUMCS JIUIIb OYEHb KPATKO Ha JAPYIHX CIOCO0aX MOJyYEeHHUS
XpOMaTOTpaMM.

BriTecHUTEIbHAS XDOM&TODFad)I/IH. CHauana B KOJIOHKY BBOZIAT HeOO0JIBIII0E

KOJIMYECTBO PACTBOpA Pa3eNiieMbIX BEIIECTB. 3aTeM 4Yepe3 KOJOHKY HENpPEphIBHO
MPOIYCKAIOT PacTBOP BEILIECTBA (BBITECHUTENH), 00JIaatoniero 0opliei copoupye-
MOCTBIO, 4eM J1000€ U3 paszensieMbIX BellecTB (PUCYHOK 20). [lo mepe mpoasmke-
HHS 110 KOJIOHKE BBITECHHUTENb BHITECHSIET BellecTBO C, KOTOPOE B CBOIO OYepE/Ib BbI-
TECHsIeT BemecTBO B u T.1. B pesynbprare aHanm3upyemasi CMeCh IepeMenacTcs BIie-
pemu ppoHTa BBITECHUTENS, H CKOPOCTh JBIKCHUS BEIIECTB paBHA CKOPOCTH JIBIIKE-
HUS BBITECHHUTENS. Pa3nensemple BelecTBa U Ha KOJIOHKE, M B DITIOATE PACIIOJararoT-
Csl TIOCJIEZIOBATENILHO JIPYT 3a ApyroM. Kakaplii W3 KOMIIOHEHTOB BBIACISETCS B YH-
CTOM BHJIC, HO HE KOJIMYECTBEHHO, TaK KaK 30HbI KOMIIOHEHTOB HE Pa3JeJieHbI IPOo-
MEXYTKaMH YUCTOTO COpOEHTA.

®ponTanbHas xpomartorpadus. B KoJIOHKY HENMpepbIBHO BBOJSAT PacTBOp pas3-

JeJIIeMbIX BEIIECTB, KOTOPHIE PACIPEIEISIFOTCS B KOJIOHKE B COOTBETCTBHH C COpOU-
pyemocTbio. 13 KomoHKM cHavana OyAeT BBITEKATh YHCTHIA PACTBOPUTEIH, 3aTEM, KO-
ria cOpOSHT HACBHITUTCS HaMMeHee cOpOMpyeMBbIM BemiecTBOM (A), OHO TOSBHUTCS B
amroate. Korma copOEHT HACBITUTCS BTOPHIM HAaWMEHEE COPOMPYEMBIM BEIIECTBOM
(B), amroat Gynmet comepkaTth 00a 3T BemiecTBa U T.1. (PUCYHOK 20). Korna xe cop-

OeHT 6y,Z[eT IMOJIHOCTBIO HACBIINICH BCEMH KOMIIOHCHTaAMH CMECH, COCTaB 3J1r0aTa COB-



najaeT ¢ COCTAaBOM PAacTBOPa, BBOAMMOIO B KOJOHKY. IIpu dpoHTampHOM crocobe
MOJIy4YEHHUsI XpOMATOrpaMMbl B YMCTOM BHUJE€ MOYKHO BBLICTUTH JIMIIb OJHO Bellle-
cTBo. OJTHAKO BHEIIHSS XpOMAaTOrpaMMa JIaeT MPECTaBICHUE O YUCIIe KOMIIOHEHTOB
B aHAJIM3UPYEMOM pacTBOpe (PUCYHOK 2B).

XpomaTtorpajpuyeckue napamMmerpbl

Ha pucyHKe 3 npencraBieHa HI€aTM3UpOBaHHAs XpOMAaTOrpaMMa CMECH ABYX

BCIICCTB.
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Pucynok 3. XpomaTorpamMmMa JByX BEILIECTB

ITo ocu abcuuce OTIIOKEHO BpeMsl XpoMarorpapupoBaHusi (MOKHO OTJIOKHUTb
00BEM 3I110aTa), IO OCH OPAMHAT - AHAJTUTUYECKUI CUTHAJI, CBA3aHHBIN C KOHIIEHTpa-
1uel BemecTs B AroaTte (0TKIHK) (A). PaccMoTpuM ocHOBHBIE XpoMaTorpadudeckue
napaMeTpbl, XapaKTepU3YIOIKe OBEICHNE BELIECTBA B KOJIOHKE. Bpems oT MomMeHTa
BBOJIa aHAJM3UPYEMOM MPOOBI 10 MOMEHTa PETUCTPALIMA MaKCUMyMa ITHUKa Ha3bIBa-

10T BpPEMEHEM YJEep>KUBAHUs, WIM BPEMEHEM 3JIIOUpoBaHus (7z). BpeMst yaep:xxuBanus

CKJIa/IbIBAETCS U3 JIBYX COCTABJIIOIIMX - BPEMEHU IPEObIBAaHUS BEIIECTB B IOJIBHUXK-
HOM (paze (#,,) U BpeMeHU peObIBaHMs B HETIOABIKHOM (ase (s):

tp =ty + tg

(1)

3nauenue (¢,) GakTUUECKH PaBHO BPEMEHH MPOXOXKICHUS Yepe3 KOJOHKY He-

copOUpyeMoro KOMITIOHEHTA (#p). 3HaueHue (fz) HE 3aBUCUT OT KOJMYECTBA MPOOBI, HO



3aBUCUT OT MPUPOJBI BEIIECTBA U COPOEHTA, a TaKKE YIAKOBKH COpOEHTAa U MOMKET
MEHSTBHCS OT KOJIOHKH K KOoJoHKe. [[o3ToMy 17151 XapaKTepUCTUKUA UCTUHHOMN yAEPKHU-
BArOIIEH CIIOCOOHOCTH CIIEAYET BECTH MPUBEIACHHOE BpeMs yaepKuBanus (tg):

tp =tg + t, (2)

YacTo 1151 XapaKTepUCTUKH YISP)KUBAHUS UCTIONB3YIOT yACPKUBAEMbBIA 00bEM
VR — 00b€M NOJBHKHOM (Pa3bl, KOTOPBIN HY>KHO MPOMYCTUTh Y€pe3 KOJIOHKY C Ompe-
NENEHHON CKOPOCTHIO, UTOOBI AITIOMPOBATH BEIIECTBO:

Vr = Ftg 3)

rae F — 00béMHuas ckopocTs oToka (B cm® ¢).

OO0BEM 1Isi BBIMBIBAHUS HECOPOMPYEMOTO KOMITOHEHTAa BBIpaXKAETCs dYepe3
Vo=Fto . [IpuBenéuuniii yaepxuBaeMblii 00EM COOTBETCBEHHO PaBEH:

Ve =V =1

4)

[Ipy MOCTOSIHHBIX YCIOBHUSIX XpomaTtorpa@upoBaHusi (CKOPOCTh MOTOKa, J1aB-
JIeHUE, TeMrepartypa, coctaB (pa3) 3HaueHHsI VR U tr CTPOTO BOCIPOU3BOAUMBI U MO-
I'yT OBITh UCTIOJIH30BAHBI 1JI1 MAEHTH(PUKAIUM BEIIECTB.

Maccy BeniecTBa, BBIMBIBAEMOTO U3 KOJOHKH (M) MOKHO HAWTH MO TUIOIIAIN

I10J] KpUBOW DIIFOMPOBAHUSA

m= [ cdV (5)

€ ¢ — KoHIeHTpaus (Mosb/cM?), V- 00bEM (cM>) moaBrkHON (a3l
[Tone3nbiM mapameTpoM B Xxpomatorpaduu sBisieTcs: KOdGUIUEHT yAepKH-
BaHUs (3amemsieHus1) R — OTHOIIEHWE CKOPOCTH JBWKCHHS BEIIECTBA K CKOPOCTH

ABUKCHUS PACTBOPUTCIIA!L

R=2b_b (6)

Ztp o tr

rjae Z — niuHa KoJoHKU. TakuM oOpas3om, R mokaseiBaeT, Kakyro 10110 BpeMe-
HU BEIIECTBO HAXOJUTCS B OABMIKHOM (ase.

VYuureiBas (1), nomyuum:



R =2 ! (62)

T (totts) (1+§—§)

Jlna neyaepxuBaemoro Bemiectna trg=to 1 R=1. Ecnu Bpems npeObiBaHus B Mo-
JBIDKHOW M HEMOJBMKHOU (pazax oamHakoBO (to=ts), To R=0,5. OveBugHo, uto R

MO>KHO BBIPa3uTh yepe3 Vr:

_h
R=3 7)

JIro0Ooii mporiecc pacupeesieHus BelecTBa MeXay AByMs (azamMu XapaKTepH-
3yercs kodpdunuentom pacnpenenenus D. B nannom ciayuae D=Cgs/Cp, rne Cp u Cs
— paBHOBECHAsI KOHIIEHTpPAIIUS BEIIECTBA B MOABMKHON M HETIOABUKHOU (hazax cOOT-
BeTcTBeHHO. KoadduimeHT pacripeneneHus cBs3aH ¢ XpoMaTorpaguyecKuMu rapa-
MeTpamu. JIeMCTBUTENBHO, OTHOIICHWE BPEMEHH NpeObIBaHUS BEIIECTBA B HETIO-

JBIDKHOM (paze paBHO OTHOIIECHUIO KOJIMYECTBa BemiecTBa B gazax (CV):

t cV V
;S' — N S — D N
Ly €V Vo (8)
VYuuteiBas cooTHOlIEHUE (6a), MOTydaem:
V
R=— VTV DV
1+ Dis m + s
n 9)

C npyroii croponsl U3 (7) R=V(/Vg, cnenoBarensHo

Ve = V,, + DV, (10)

V
D S

[IpousBeneHue V' naspiBator koddpurreHToM EMKOCTH 1 0003HaYaOT Kk, 13

AKCIIEPUMEHTATLHBIX JAHHBIN €T0 BBIUMCIISIOT 10 (hopMyIIe

V.-V V! t
k' = R m _ "R k' — R
—Vm 2 WU : (11)

OTa BeIMYHHA IMOKAa3bIBACT, BO CKOJIBKO pa3 BCIICCTBO MOJIbBIIC HAXOJIHUTCA B

HETOABMKHOU (pa3e, ueM B MOJABUKHOW; ONTUMANIbHBIE 3HAYCHUS K' JIe)KaT B Tpeie-



nax 1,5—4. Ecnu koadunueHT pacnpeaeseHus Maj, TO Majo 3HauyeHue K, T. €. Be-
IIECTBO CIa00 yAEp>KUBAETCA U MPOJIBUTAETCS MO KOJIOHKE MPAKTUYECKH C TOM Ke
CKOPOCTBIO, YTO U MoABMkHas ¢aza. Eciau ke korhGUIMEeHT eMKOCTH CIUIIKOM Be-
JIUK, TO BpeMs MpeObIBaHMS BELIECTBA B KOJIOHKE OyaeT OOJbIIMM M HAa aHaJIU3 T0-
TpeOyeTcss MHOTO BPEMECHH.

Takum oOpazom, IpUBEIEHHBIN yaAepKUBaeMbli 00BEM CBsizaH ¢ D mpocThiM
COOTHOILICHUEM:

Vg =Vg =V, = DVs (12)

Vpapaenus 10 u 12 sABISIOTCSI OCHOBHBIMH YPaBHEHHSIMU XpoMaTorpaduu u
MOKA3bIBAIOT, YTO V’r MPOMOpPIHOHATECH BeanunHe D 1 00bEMy HENMOABUKHON (ha3bl
KoJIOHKH Vs. Benuuuna Vg 3aBUCUT OT TOJIIMHBI CJIOSI HETOJBWKHOU (ha3bl, HaAHE-
cEHHOW Ha COPOCHT, OT JJIMHBI U AuaMeTpa KoJIOHKH. CpaBHUTEIBHO OOJBIINE Pa3-
IU4us B 3HAYEHUsAX V’r 1 ABYX BenlecTB (A u B) roBopsT 0 moJIHOM UX pazjelne-
HUU.

Ilpumep 1. Ecnu nans BemiectBa A Da=15,0, a nns BemectBa B D=75,0 u Vs
=1,5 cM?, Vi=3,0 cM>, To MoxkHO paccuntath V'r(A) 1 V’r(B), moACTaBIsAS COOTBET-
CTBYIOIIIME 3HAYCHHS B ypaBHEHHE 9.

V’r(A)=15%1,5+3,0=25,5 cm’

V’r(B)=75,0%1,5+3,0=55,5 oM’
HOJ'Iy‘-IeHHBIe SHAYCHMUMA FOBOpﬂT O TOM, 4YTO BCIIECCTBO A BJHOI/IpyeTCH HepBBIM,
a BCIICCTBO B - BTOPBIM, U, BEPOATHO, 6y,Z[CT IMPONUCXOAUTDh UX IIOJIHOC Pa3aCJICHUC

BCJIE/ICTBHE 3HAYUTEIILHOTO Pa3nyusl B 00bEMaxX yaep>KUBaHU.

Teopusa xpomamozpaguueckozo pazoenenus.

[Ipu xpomarorpadupoBaHUM OJHOBPEMEHHO MPOUCXOIUT JBa IMpoIlecca: pas-
JIeJICHHE BEIIECTB M pa3MbIBaHUE XpoMaTorpadUyuecKuX IMUKOB pa3/iefiieMbIX Be-
IIECTB, YTO MPUBOJUT K YXYIIIECHUIO Pa3eiIcHUS.

XpomaTorpapuyeckoe paslieJieHUE OMpeAesieTcs pa3inyHol copOIuel Kom-

MOHEHTOB CMECH, YTO CBSI3aHO C MPUPOJION COpOEHTA M MPUPOON pa3zesieMbIX Be-



miectB. Ha ocHOBaHMUM CBeZeHUI MO TEpPMOJMHAMUKE cOpOLMH (aacopOIuu U pac-
TBOPEHHUS) WJIM HIOHHOTO OOMEHAa MOXKHO CYIHTh O BO3MOXHOCTHU pa3/eJICHUs CMECU
BemecTB. TeopeTuueckuil MoaXo/l, OOBSCHSIOMNNA pa3eieHle, OCHOBaH Ha U3yye-
Huu Gopm uzotepm copbuuu. M3otepma copOimu 310 rpaduyeckas 3aBUCUMOCTD
KOJIMYECTBA BellecTBa B HEMOABIKHOHN ¢aze (Cs) OT ero KOHIEHTpPAlMU B MOJIBHXK-
Ho (haze (Cy,) Mpu MOCTOSHHOM TemIepaType. M3orepma MokeT ObITh JIMHEHHOM (),
BBITTyKJI0M (0) Miu BorHyTOM (B) (PUCYHOK 4). HakioH n30TepMBbl OnpenenseTcs Ko-

s unmenTom pacnpenenenus D=dcy/dcy.

{35 A
c, C R v,
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Pucynoxk 4. 3aBucumocth (Hopmbl XpoMaTOorpauIecKux MUKOB OT BHJIA H30-
TEPMBI COpOLIHH.

Ecnu uzorepma nuneiina (D=const), xpomarorpamma cummerpuuna. KoHueH-
Tpaius BeIIecTBa MaKCHUMAaJIbHA B IIEHTPE 30HBI M CUMMETPUYHO yOBIBAE€T K KpasM.
Kaxx/ip1ii KOMIOHEHT MPOOBI MEepeMenaeTcsi ¢ MOCTOSHHON CKOPOCTBIO, MOCKOJIBKY
nuHeHas ckopocTh murpanuu (U) 3aBUCUT OT cKopocTu notoka F (koTopyro ycrta-

HABJIUBAIOT MOCTOSIHHON) U D:



pof__F
Ve V. +DV, (13)

C Takoil e CKOPOCTBIO MEPEMEIIAECTCS BCS 30HA, OCTABAsACh CUMMETPUYHOM.
CrnenoBaresibHO, CAMMETPUYEH MUK Ha XpomaTorpamme. Takuwe MUKW XapaKTepHbI
JUIsl TUHEHOM XpomaTorpaduu. ITo uaeanbHbli ciaydaid. OIHaKO Ha MPaKTUKE CUM-
METpPUYHBIE IHKU IOJIYYarOTCs, KOrJa KOJMYECTBA BBOAUMBIX B KOJIOHKY BEIECTB
MaJibl.

Brimyxuibiit xapaktep U30TepMbl TOBOPUT O TOM, UTO 3HaueHue D ans Goib-
IIMX KOHLIEHTPALMM BEIECTBA MEHBIIIE, YEM U1 MAJIbIX, CJIEIOBATEILHO YaCTh 30HbI,
/i€ KOHLEHTpalus 0oJbliie, IepeMeliaeTcs ObicTpee, YeM 4acTh 30HbI ¢ Majoi KOH-
LHeHTpauuei. B pesynbraTe 3aHsAs rpaHula XpoMaTrorpaMMbl (ThLI) pa3MbIBaeTCs,
MUK TIOTy4YaeTcs HeCUMMETPUUYHBIM (PUCYHOK 40). [Ipu BorHyTO# M30TEpMe, HAmpo-
TUB, Pa3MbIThIM OKa3bIBa€TCsl (PPOHT 30HBI, MUK TAK)KE€ HE CUMMETpHUYEH (PUCYHOK
4B).

B nanpHelimeM mbl OyzieM paccMaTpUBaTh TOJIBKO TEOPHUIO JIMHEHHON XpoMa-
Torpadum (XapakTepHU3yIONIYIOCS JIMHEHHOW HM30TEPMO COPOIMH), TMOCKOIBKY B
OOJIBIIIMHCTBE CIy4yaeB CTpeMsTcs paboTaTh B 00JacCTH JIMHEMHOW M30TEpMBbI (C Ma-
JpIMH TpoOamu BemiecTBa). OHAKO B Ipoliecce XpoMaTorpaduueckoro pasaeacHus
YacTO MPOUCXOIUT pa3MbIBaHHE NHKOB. Jjii OOBsICHEHMS, creuu(puueckoro s
XpoMatopaguu npouecca pa3MbIBaHUsl, OOBIYHO UCIOJIb3YIOT IB€ OCHOBHBIE TEOPUU
XpomaTorapuu: TEOPUIO TEOPETUIECKUX TAPEIIOK U KHHETHUECKYIO TEOPHIO.

Teopua meopemuueckux mapenoK

Teopus TeOpeTHUECKUX TapesioK, 00Iasi il BCEX MHOTOCTaJAMMHBIX MPOLIeC-
COB (HampuMmep, IPOTUBOTOYHAS SKCTPAKIIHS ), BIEPBbIE ObliIa MPEASIOKEHA TS OIH-
CaHud npouecca IUCTHIUALNUY, MapTul n CHHIK paclpoCTpaHUIIM €€ Ha XpOMAaToO-
rpaduueckue cucteMbl. Teopusi OCHOBaHA HA HEKOTOPBIX JTOMYIIEHUAX:

1) KOJIOHKA COCTOUT U3 ONPEIEIEHHOTO YHCIIA TEOPETUUECKUX TAPEIIOK;

2) paBHOBECHE Ha Ka)JOW Tapesike CYUTAETCS JOCTUTHYTHIM JI0 TOrO, KaK IO-

ABMOKHAS (haza MepEeMECTUTCS Ha CIIEAYIOINLYIO TapelKy, T. €. pABHOBECHE YCTaHABIIHU-

BAaC€TCsA MITHOBCHHO,



3) Ha 1000 Tapeske B J1000H MOMEHT BPEMEHH YUCJIO MOJIEKYJ (MIOHOB) COP-
OMpyeMbIX KOMIIOHEHTOB MPOOBI 3HAYMTEIBHO MEHBIIE, YE€M YHCIIO COPOUPYEMbIX
MOJIEKYJ (MIOHOB) DJIIOEHTA, T. €. BBOAMMAs Mpoda JOKHA OBITH Majiol, a M30TepMa
— JIMHEWHOM;

4) Bce MpOTEKAIOIIME B KOJIOHKE MPOIECCHl PACCMATPUBAIOTCS KaK B3aWMHO
He3aBUCHMBIE.

Teopemuueckas mapenka — 3TO TUMOTETUYECKAsl 30HA, BHICOTA KOTOPOM CO-
OTBETCTBYET JOCTH)KEHUIO paBHOBeCUS] Mexay AByms ¢azamu. Yem Oosblie Teope-
TUYECKUX TapesioOK B KOJIOHKE, T. €. 4eM OOJbIlIee YMCIIO pa3 yCTaHABIMBAETCS PaB-
HOBecHe, TeM 3¢ ekTuBHEee KOJOHKA. D(P(HEKTUBHOCTh KOJIOHKA — 3TO XapaKTepu-
CTHKa KauecTBa KOJOHKH, ONpe/esisieMasi YUCIOM TEOPETHYECKUX TapeIoK U BBICOTOM
TEOpeTHYeCKON Tapesnku. Tak Kak XpomaTorpaduieckuil Mpolecc HempepbiBeH U
HEPABHOBECEH, TO MPEJCTABICHUE O TEOPETHUUECKOM TapeKke B XpoMarorpaduu ume-
€T YMO3PUTENIbHBIN, (POPMANBHBINA XapakTep. Ta TEOPHs MO3BOJISAET OMUCATh JABHUKE-
HUE 30HBI C MAKCUMAJIbHON KOHIIEHTpalMeld KOMIIOHEHTa, SKCIEPUMEHTAJIbHO OlLle-
HUTb IIMPUHY MOJIOCH (CTETEeHb Pa3MbIBAaHHs XpoMaTorpaduueckoil moyuocel) u 3¢-
(bexTUBHOCTh KOJNOHKH. OHA JTaeT MaTeMaTHYeCKyI0 MOJENb MPOJBUKEHUS MOJIOCHI
KOMITOHEHTa Yepe3 KOJIOHKY, U3 KOTOPOU CIEAYET, UTO SJIIOUPOBAHHAS MOJ0CA UMEET

dbopMy U IUpPHUHY HOPMAJIBHOTO pacnpenaenenus ['aycca:
~(f-n)’
——=e ¥ (14)

1€ Cmax — KOHIIEHTpAIUsl B MAKCUMyMe KPUBOM; B— OTHOCUTEIBbHBIN 00BEM

npolemneil yepe3 KOJOHKY IMOABIKHON (a3bl, COOTBETCTBYIOIIMN IOSBIIE-
HUIO KOHIIEHTPALUU ¢, N— YUCIIO TEOPETUUECKUX TAPENIOK.

['ayccoB XxapakTep XpOMaTOrpaMMBbl CBS3aH C OECHOPSAOYHBIM JIBUKEHHUEM
OTPOMHOT'0 YHCJIAa YaCTUI PACTBOPEHHOTO BEIECTBA B XpoMaTorpaduyeckoi KOJIoH-
ke. BpeMst npeObiBanus B KaX1011 (paze MOKET ObITH OoJiee Wi MeHee Kpatkum. Oi-
HM YacTUIBl MEpeMeIIaloTcsi ObIcTpee BHU3 IO KOJOHKE, JPyrue — MeJJICHHEE.
CrnenctBueM 3THX CIy4yailHBIX MPOILIECCOB SIBISIETCSI CUMMETPUYHBIN pa3Opoc 3Haye-

HUI CKOPOCTH MEPEMEIIEHUS BOKPYT CPEIHEr0 3HAUYEHHUS, XapaKTEPU3YIOIIEro MoBe-



J€HUE YCPEOHEHHON MOJeKyJbl. [IlupuHa monaocsl mponopuuoHaibHa BPEMEHH Mpe-
ObIBaHMS TOJBMKHON (Pa3bl B KOJIOHKE M OOpAaTHO MPOMOPIMOHATBLHA CKOPOCTH €€
NEepEIBUKEHHUS.

[TockoJIbKY IIMpUHA rayCCOBOM KPUBOM OINPENETAETCS CTAHAAPTHBIM OTKJIOHE-
HUEM G, IIMPUHA NTMKAa W Y OCHOBAaHUS TPEYroJIbHUKA paBHA 40 (B MHTEpBaye +2G OT
MaKCMMyMa IUIOLIAb TPEYTOJIbHUKA COCTABISAET ~96% OT Iuiomaau, Jexamen mos
KpuBoil). CiaegoBaTenbHO, MOJIyYEHHAs 0 XpOMATOTPaMME BEJIUYUHA O CIIY>KUT KO-
JINYECTBEHHON MEPOU pa3MbIBaHUS 30HbI. BeIMUNHY 0 MOKHO OLICHUTB, MPOBEAS Ka-
caTesbHbIE K THUTY U (DPOHTY XpOMATOIPAMMBI JI0 TIEpecedeHust ¢ HyJieBor (0a30BoOi)
TuHUEH (CM. PUCYHOK 3).

[IupuHy nmuKa MOXXHO HU3MEPATh Ha J0OOOH BBICOTE, TaK KaK COOTHOILECHHE
MEXY IUPUHOW U BBICOTOM MHKA JJI TayCCOBOM KPUBOW HM3BECTHO. Tak, MIMpHUHA
MMKa Ha MOJIOBUHE BBICOTHI paBHA Wi = 2,356 . SICHO, UTO YeM MEHbIIIE pa3MbIBaHUE
G U YEM yXkKe XpomaTorpapuueckuil 1K, TeM OOJIbllle MTUKOB Pa3AeiIIeMbIX BEIIECTB
MOKET OBITh pa3MENICHO Ha XpOMAaTOTpaMMe 3a OJTHO U TO JK€ BpeMs.

KonuuectBenHoit mepoit 3ddexkTuBHOCTH XpoMatorpaduueckord KOJOHKU
CIIy>kaT BbicoTa H, skBUBaJIeHTHas1 TeopeTuueckoit Tapenke (BOTT), u uncno Teope-
THYECKHUX TAPEJIOK V.

Uucno TeoOpeTHYECKUX TapesioK JIErKO pacCUUTATh HEMOCPEICTBEHHO W3 XPO-

MaTorpamMmsbl, CpaBHHBAs HIMPUHY IIMKA W U BPCM: Hpe6BIBaHI/I$I {r KOMIIOHEHTA B

KOJIOHKE:
Y (1Y
N=16 & | =| & (15)
w O
nIn
2
tR
N =5.55 (16)
Wl
P
OHpeI[eJII/IB N n 3Has IJIMHY KOJIOHKH, JICTKO BBIYHUCIIUTD H:
L
H==

N



rae L — JiuHa KOJIOHKH, CM.
Ilpumep 2
Jns xononku nmuHou 20 cM nipu tg = 1,5 Mud u w = 12,1 ¢ uucno teoperuue-

CKHMX TapeJioK 1 3HadeHue H MoxkHO onpenenuts o ypaBHeHusM (15) u (16):

2
n=16 229 L gss: =22 _22.10%cm
12.1 885

B ciyuae Bbicok03(p(PEeKTUBHOM KOJTOHKH pa3MbIBaHHE MOJIOC HEOOJBINOE, M-
KU y3kue, BennunHa H cocrasnsger 0,3—1 mm. B uneansaom ciryuae H npubimkaert-
csl K 1uameTpy d, 3epHa copbenTa. YtoOb! cpaBHUTE 3(h(HEKTUBHOCTD JIBYX KOJIOHOK,

CJICAyCT UCIIOJIb30BaTh npuee@eHHyro eblcomy mapeiKku.

"= (17

[Ipy ymMeHbIIEHUH BEIMYHUHBI /1 MAKCUMYMBbI Ha KPUBOM JIFOMPOBAHUS CTAHO-
BSITCS1 00JIe€ OCTPBIMHU.

Teopus TeOpeTHUECKUX TapENOK JAET BOZMOXKHOCTh CPAaBHUTH 3D PEKTUBHOCTH
Pa3IUYHBIX KOJIOHOK, OIIEHUTh KauyeCTBO COpOEHTa U 3alOJIHeHUs KOJIOHKU. OHAKO
9Ta TEOPHUS HE TIO3BOJISIET BBISIBUTH 3aBUCUMOCTh N 1 H 0T ckopocTu moaBu)HOM (a-
3bl, IPUPOABI U 3EPHEHUS] COPOEHTA, HE MOXKET JIaTh MPAKTUYECKUX PEKOMEHIAIUH,

MO3BOJIAIOIINX M30€KaTh pa3MbIBaHUS XpOMATOrpahUIECKUX MHUKOB.

Kunemuueckasa meopusa xpomamozpaghuu
Kunernueckass Teopust xpomarorpaduu NpeyioKeHa TATCKUMU XHUMHUKaMH
Ban-/leemtepom u Knuakenbeprom. CormnacHo 3T0il TeOpUH, pa3MbIBaHHE XPOMATO-
rpaduyecKkux MUKOB OOYCIOBIIEHO, TTIAaBHBIM 00pa3oM, TpeMs HE3aBUCHUMBIMH IPO-
[[eCCaMM, BKJIaJl KaXXJI0T0 U3 KOTOPHIX MOKET OBITh OLIEHEH C MOMOIIbIO YpaBHEHHUS
Ban-/leemrepa:

H=A+£+Cl) (18)
19



rne A, B/v, Cv — ujeHbl, yUUTHIBAIOIINE HEPABHOMEPHOCTD JIBUYKEHUS MTOTOKA
noABIKHOM (ha3bl (BuxpeBas auddysus), MOTEKyIIpHYI0 AUPPY3UI0 U OTKIOHEHUE
OT COPOLIMOHHOTO PaBHOBECHS (CONPOTUBIEHUE MACCONEPEHOCY) COOTBETCTBEHHO;
—JIMHENHas! CKOPOCTb MOTOKA.

PaccmoTpum BKaa Ka)aoro npouecca B BEJIMUUHY .

Buxpeeaa ougpghyzusa A 3aBUCUT OT CTPYKTYpbl COpOCHTA M M3MEHSETCS IO
JUIMHE KOJIOHKH. [losocTh Mexay yacTuuaMy HAmoJHUTENS, Yepe3 KOTOpbIE MpoTe-
KaeT moABMXkHas (a3a, UMEIOT (POpMy KammLISIPOB, B KOTOPBIX Y CTEHOK U B LIEHTPE
CKOPOCTb IOTOKa pa3iuyHa. Pa3meppl 4acTUI] HEOJUMHAKOBBI, IIOATOMY pa3jinyHa
JUIMHA KanWUISIPOB U COOTBETCTBEHHO CKOPOCTh MEPEMEIEHUS MOABIKHOM (ha3bl Mo
TUM Kanwuisipam. Buxpesas nuddysus — cieacTBue u3MeHeHus! JMHEMHON CKOpo-
CTH MOTOKA MOJBUXKHOMU (pa3bl [0 CPaBHEHUIO C €€ CPEeHUM 3HaueHueM. PazmbiBaHue

30HBI 32 CYET HEPABHOMEPHOTO MOTOKA MOABMXKHOHN (pa3bl OMUCHIBAIOT YPABHEHUEM

A:ZMP (19)

rae A — Ko3(p(QUIMEHT TOMOT€HHOCTH YIaKOBKU KOJIOHKH; dj, — UaMeTp Ya-
ctur; copbenrta. O0braHO BenmmunHa A m3mensercs ot 0,1 go 0,8. [Tnoxas ymakoBka u
KaHaJI000pa30BaHUE MPUBOJIAT K YBEIMYCHUIO A, a CJIEIOBATEIbHO, K YITUPECHHIO T10-
JI0CHI 3a cueT BuxpeBo auddy3un. /(s ymeHbIIeHUST pa3MbIBaHUS MOJOCH HYKHO
PaBHOMEPHO 3aIlOJIHITh KOJOHKY MEJIKHMH M TI0 BO3MOXXHOCTH OJHOPOJHBIMHU I10
nucnepcHocTr dactuiiamu. GakTudecku 4 onpenesnser npeaeabHyo 3h(HEKTUBHOCTh

KOJIOHKH npu H = d, (Ha npaktuke o0bruHO H coctasnser ot 3 1o 5d,).

E‘T



PucyHOK S. 3aBHCUMOCTD BBICOTHI, SKBUBAJIEHTHON TEOPETUUECKOM TapeiKe, OT
JMHEHHOMN CKOPOCTH MOTOKA. @ — Ta3oBasi XxpomaTtorpadus; 0 — KUAKOCTHAsS

N3 pucynka 5 BUAHO, 4TO BKJIaJ BUXpeBOi nuddy3un B H HE 3aBUCUT OT CKO-
POCTH MOTOKA 0.

Monexyaapuasa (npodoavnasn) ougpgpysua B/v. PazmbiBaHue MOJIOCHI 3a CUET
MoJIeKyJIsipHON Tuddy3nun 00yCIOBIEHO MUTpALMEeld MOJEKYJ TJaBHBIM 00pa3oM B
NOJIBMXKHOU (ha3e U3 y4acTKOB IMOJIOCH! C OOJbIlIeld KOHLIEHTpalueld B HalpaBJIeHUH,

rac KOHOCHTpAKUA MCHBIIIC, U OIIMCBIBACTCS YPABHCHUEM

B =2yD,, (20)

rae y — KO3(QUIMEHT, YUUTHIBAIOUINN orpanndyeHue nud@y3un HamoIHuTe-
JIeM KOJIOHKH, ero BelnunHa Menbine 1; D, — koaddurment auddy3nn xpomaro-
rpadupyeMoro BemecTsa B MOABMKHON ¢aze. IH(PEeKTHBHOCTH KOJOHKH BO3pacTaeT
(H ymenbIiaetcs) mpu 3an0JHEHUH KOJIOHKU MEIKUMU M OJU3KUMHU 110 pa3MepaM ya-
CTHUIIaMH, TIPU UCTIOJIb30BAHUH TTOABWKHBIX (Pa3, B KOTOPIX KoddduiineHTsl 1uddy-
3UM HHU3KH, IPU BBICOKOW TUHEHHON CKOpPOCTH MOTOKA. [10CKOIBKY XKHUAKas MMOIBIK-
Has ¢asza obimagaeT OOJBIIEH TUIOTHOCTHIO U BA3KOCTHIO, YeM Ta3000pasHas, Kodd-
¢unment auddysun B xxuakoctu Dy 3HaunTeNnbHO (Ha 3—4 mopsiaka) HIKE, 4YeM B
raze. OTO IPUBOJUT K 3ameaiieHnto maccooomena B KX cpaBuenuto ¢ I'X, ypaBHe-
Hue Ban-J/leeMTepa HECKONBKO BHUIOM3MEHSETCS M Tpaduveckas 3aBHCHUMOCTH d(-
¢dexkTuBHOCTH H OT NMHEHHOM CKOpPOCTH TOTOKA OyJeT TaKo, Kak MOKa3aHo Ha PH4
CYHKE 5, 0. DTO CBsI3aHO C TeM, 4TO uieH B B ypaBHeHuu (18), yuuTsiBaromuii npo-
nosbHy0 1uddysuro, B KX pomu He urpaet (Dycuoxoemu®Dzasa), MUHIMYyMa Ha KPUBOM
H = f{(v) B XX Her.

Conpomuenenue macconepenocy Cv. Unen Cv B ypaBHeHuu Ban-/leemtepa
YUUTHIBACT Pa3MbIBaHHE MHKA 332 CUET COMPOTHBIICHHUS MAaCCOIEPEHOCY NpH Hempe-
PBIBHOM TEpEX0Jie BEIeCTBA U3 MOJBWKHON (Da3bl B HEMOJABMKHYIO U oOpaTHO. Ta-
KM o0Opa3oM, BenmumHa CV XapaKTepU3yeT CKOPOCTh pacIpeleicHHsl BeIecTBa

MeXAy ABYyMs (ha3aMu, UTO OMUCHIBAECTCS YPaBHEHUEM



8 k' d?
v = 2 k2 g U @1

UeM Tomiie rieHKa HeMoABUKHOM (a3bl d; 1 MeHble kodddunueHt 1uddy-
3UM BEILECTBA B HEMOABIKHOMN (aze D;, TeM CUIIbHEE pa3MbIBAETCs MUK 3a CUET 3a-
MEJUIEHHsI MaccollepeHoca B HenoABMWKHOU (aze. [lockoabky (pakTop eMKOCTH KO-
JIOHKH K' IPOMOPIMOHANIEH 00beMY HEMOABIKHOM (ha3bl, pa3MbIBaHUE C YBEITUYCHU-
eM 00beMa HeMoABIKHOM (a3bl Vs 1OoMmKHO yMeHbInaTtbea. Ecnu npu 3Tom yBennyu-
BAETCS TOJIIMHA CIIOS HEMOABWKHON (basbl, a BiusHHUE d,° NpeobIagaeT, T0 pa3Mbl-
BaHUE yBeInuuBaeTcs. Bausiaue atoro gakropa HeoqHO3HAUHO. MTak, U3 ypaBHEHUS

Ban-/leemtepa

29D, +i k' dszu
v 2 (1+KY D, (22)

H:2Mp+

cienyer, 94To 3pPEeKTUBHOCTh XPOMATOTpahUUECKON KOJJOHKH UMEET CIOKHYIO
3aBUCHUMOCTb OT CKOPOCTHM MOTOKAa MOJBHMYKHOM (pa3bl M BbIpa)KaeTCsl THIEPOOIIOH,
MUHHAMYM KOTOpPOl COOTBETCTBYET ONTHUMAJIbHOMY 3HAYEHHUIO ». 3ajada dKCIEepH-
MEHTAaTOpa — HAUTU ONTHUMAJIBHYIO CKOPOCTh NOTOKAa. Ha PHCYHKE 5, @ npuseacHa
3aBHUCHUMOCTH H OT CKOpPOCTH MOTOKa. MUHUMYM Ha KPUBOU OOBSCHSIETCS TEM, YTO
¢ dy3us BHOCUT OCHOBHOM BKJIaJ] B BEIUYUHY H TIpU HU3KUX CKOPOCTSX MOTOKA, a
IPU BBICOKMX CKOpOCTAX MpeoliasaeT BIUSIHUE MacconepeHoca. MUHUMYM Ha KpH-
BOI COOTBETCTBYET ONTHUMAJIbHONW CKOPOCTU MOJBMXHON (pa3bl, MPU KOTOPOIl KOJIOH-
Ka paboraeT Haunbonee 3¢ dexTuBHO. Hamomuum, uyro yem Menble H, teM 3¢ dek-
TUBHEE KoJoHKa. O0nacTh Mo runepOoaoi MOXKHO MOJENINUTh HA TPU YacTH, COOT-
BETCTBYIOIIME TPEM WiIeHaM ypaBHeHMs Ban-lleemrtepa. M3 3TOro Takxke ciemyer,
4TO JUIsl HOBBIIIEHUS 3(P(PEKTUBHOCTH KOJIOHKH HEOOXOAMMO YMEHBUIUTh pa3Mep ya-
CTHII, YIy4lllaTh YNAKOBKY, MMOJAOUPATh ONTUMAIbHYIO JIMHEHHYIO CKOPOCTh MOTOKA
(mpu KoTOpoil H MUHUMaJIbHA) U MAJIOBSI3KME HEMOABMKHBIE (Da3bl (TOJIIMHA UX B
KX momkHa ObITH HEOOIBIIION).

Ilpumep 3

["a3oxkuakocTHas xpomarorpaduyeckas KOJIOHKa JAJIMHOW 2 M umeeT 3ddek-
TUBHOCTH 2450 Tapenok npu F = 15 mu/mun u 3¢ dextuBHocTs 2200 Tapenok mpu F

= 40 MJ/MUH.



YeMy paBHaA ONTHMalbHAsi CKOPOCTh MOTOKA U KaKOH MPUOIU3UTENHHO OyIeT
3¢ (HEeKTUBHOCTH KOJIOHKU IIPU 3TOW CKOPOCTH MOTOKA?

ypaBHCHI/IG BaH-I[eeMTepa B OTOM CJIy4ac€ MOXKHO 3aIlMCaTb B BU/C

H:A,+B%7+C’F

D10 ypaBHeHUE IUPPEpeHIINPYIOT, MPOU3BOJHYIO MPUPABHUBAIOT K HYJIO H,

pELINB OTHOCUTENBHO F

d—H:—B'/F2+C'=O
dF

[Tonmyyarot F,, =W

Jnsa naxoxnenus B'u C onpexnensitor H; u H, notokoB Fy u F
H,=200/2450=0,0816¢cwm; H,=200/2200=0,0909cm

Y COCTaBIIAIOT JBAa YPAaBHEHUS C ABYMs HEM3BECTHBIMU:

0.0816=B'/15+C"-15 0.0909 = B'/40+ C'- 40.

OTcrona
B'=0,83; C=1,7*103 F,_=/0,83/1,7-107 =+/488 = 22,09 1/ mun
Torna

H, =B/F, +CF, =083/22.09+1.7-10° =0.075 cM

onm onm

N=L/Homr=200/0,075=2666 Tapemnox.

Ouenka pasmvleanus Xpomamozpaguueckoil noaiocot

Teopus xpomarorpaduu 10JKHA HE TOJBKO OOBSICHUTH, HO U KOJIMYECTBEHHO
OLICHUTh CTATUCTUYECKH OOYCJIOBJIEHHOE Pa3MbIBaHHE XpOMATOrpaduyecKoi moJio-
cbl. Pa3mbiBanMe, npuBOAsIEe K NEPEKPHIBAHUIO XPOMATOrpapuueCcKiX MUKOB, MPO-
UCXOJUT KaK B KOJIOHKE, TaK W BHE €€ (BHEKOJIOHOYHOE pa3MbiBaHHE). [IpUunHbI
pa3MbIBaHMs COETMHEHUIN B XpoMaTorpaduiyeckoil KOJIOHKE MOAPOOHO PacCCMOTPEHbI
IPU U3JI0)KEHUU TEOPUU TEOPETHUUECKUX TAPEJIOK U KMHETHYECKOW TeopuH. BHeEko-
JIOHOYHOE pa3MbIBaHUE MPOUCXOJIUT B YCTPOUCTBE BBOAA MPOOBI, KOMMYHHUKAIUSIX OT
YCTpOICTBa BBOJIA MPOOKI 10 KOJIOHKU U OT KOJIOHKH /10 JETEKTOPa, a TAK)KE B CAaMOM

ACTCKTOPEC. TCOpI/IH XpOMaTOFpa(bI/II/I MNO3BOJACT OLCHUTH BKJIAJ KaXJOI'0 M3 3THX



(aKkTOpOB B pa3MbIBaHKE IMOJIOCHI, T. €. IUPUHY NMHKa, W = 4. CTaHAapTHOE OTKJIO-
HeHMe THKa (o) WK aucrepcus (o7) SBJISIOTCS PE3YIBTUPYIONIMME BCEX CIyYalHbIX
IPOLIECCOB HAa MOJIEKYJIIPHOM YPOBHE, BBI3BIBAIOIIMX pa3MbiBaHue. JJst pacnpenene-
Husa ["aycca a¢dextuBHOCTh KoJIOHKM (H, N) cBsizana ¢ gucrniepcueir. BOTT moxer

OBITh OIpeneNeHa KaK AUCTIEPCHs Ha €IUHUILY JUIMHBI KOJOHKH (I, MM):

2
(o2

H=— (23)

IPUYEM 0 BBIPAKAIOT B T€X )K€ €AUHUIAX (JJIMHBI, BpEMEHHU WM 00beMa), 4YTO

u H. Tak xak N = L/H, T0o

2
o

N="7 (24)

Teopm IMOKa3bIBACT, YTO JUCIICPCHUH, B OTIIMYHEC OT CTAHAAPTHBIX OTKHOHGHHﬁ,
CTAaTUCTHUYCCKHU aJAUTHUBHBI. HO3TOMy IIprU yCJIOBUU B3aMMHOM HE3aBHCHUMOCTHU pas-
JIMYHBIX (I)aKTOPOB, IMPUBOIAIIUX K PA3SMBIBAHUIO, Ha6JIIO,ZIaCMaH

(cyMMapHas) BeJIMYKMHA 0° MOXKET ObITh IPECTABIIEHA CIIELYIONIMM 00pa3oM:

oc’=0l+0,+..+0, (25)

rae 0/,0°,..,0,° — IWMCIEPCUH, CBA3AHHBIE C PABHOBECHHIM DPa3MBIBAHHEM
KOMIIOHEHTA NPH €r0 JIBWKEHHMHU BJOJb KOJIOHKH, HEPABHOBECHBIM MIJIU JMHAMMYE-
CKHM pa3MBIBAHUEM, CBA3AHHBEIM C CONPOTHBJIEHHEM IEPEHOCY Macc, TU((y3HOH-
HBIMH IIPOLIECCAMH B IIOJBHMKHOM M HENOJBMKHOM (pa3zax, HEpaBHOMEPHEIM IepeMe-
IEHHEM TI0TOKA MOABKYKHOM (ha3hl MeXkIy YaCTULAMM HEMOIBHMKHON (a3bl (MM B

nopax copOeHTa), a TakKe€ BHEKOJIOHOYHBIMH (paKkTOpaMu pa3MmbiBaHusA. Toraa pe-

w
SYJbTUPYIOIICC CTAHAAPTHOC OTKIIOHCHHC I10JIOChI O = ZBBI‘H/ICJIHIOT KakK 1[203

(DaKTOpBI, OIpCACIAIOIIMUEC pa3MbIBAHHUC ITHMKA U 3allMCAHHBIC YCPE3 CllaracMbiC

JUCIIEPCUM MOKHO BBIPa3uTh uepe3 BeMUuuHy H, KoMOuHupys ypaBHeHus (23) u

(25):

2 2
o, + +O'n
(26)




DTO MO3BOJIAET HATJISHO MPENCTaBUTh, HAIPUMEP, BKIIAJ KaXKIOro U3 Mexa-
HU3MOB KMHeTH4Yeckoro pa3MbiBaHusi B BOTT (cMm. pUCYHOK S, @).

OTHOCHUTENIbHBIN BKJIaJ KaXKIOTO M3 OTIEIbHBIX (PAKTOPOB pa3MbIBAHUS MHKA
3aBUCUT OT MPHUPOJIbI XPOMATOrpaUUEecKOil CHUCTEMBbI: CpaBHHUTE ypaBHeHHs Ban-
Jleemtepa JJ1s1 Ta30BOM U KMJIKOCTHOW Xpomartorpaduu. Ha mpaktuke cienyer y4uu-
THIBATh, YTO B JIYUIIMX KOHCTPYKIHMSIX XpoMaTorpadoB BHEKOJOHOYHOE Pa3MbIBaHUE
CBOAUTCS K MUHUMYMY, HallpuMep 3a CUYET YMEHBIIIEHUS MEPTBOTO 00heMa CUCTEMBI,
a ycioBus XxpomaTtorpadupoBaHusl BRIOUPAIOT Tak, 4ToObl H Oblna cBsi3aHa, TIaBHBIM
o0pa3oM, ¢ OHUM WJIM JABYMsI OCHOBHBIMU (PAKTOpaMH pa3MbIBaHUs IOJIOCHI, B IO-
CJIEIHEM CITydae OHU JIOJDKHBI BHOCUTH IPUMEPHO PaBHBIN BKJIA].

Ipumep 4.

CraHpapTHble OTKJIOHEHHSI XpOMaTorpapuyeckoro IuKa, CBS3aHHBIE C He-
CKOJbKUMHE (hakTOopamMu pasmbiBanus, coctaBisiroT 0,005; 0,011; 0,009 u 0,045 cwm.
Breruucnure: a) craHmapTHOE OTKIOHEHUE MIUPUHBI NHKA; 0) addexkTuBHOCTh (H, cM)
KOJIOHKH JyHOM 10 cM; B) BKJIa KaKI0TO (haKTopa B pa3MbIBaHUE TTHKA, Y.

a) 0> =0.005>+0.011% +0.009% + 0.045> = 0.00225cx>, TOrZA & = 0,047 CM, T.€. CTaH-
JApTHOE OTKJIOHEHWE IIUPUHBI MUKA JIUIIh HEMHOrO OOJIbIlIe, YeM CTaHJapTHOE OT-
kionenue (0,045), cBa3aHHOE ¢ BIMSIHUEM Ha pa3MbIBaHHE Han0oJiee CyIeCTBEHHOTO
dakTopa;

0) H=0"/L=225-10"cm

B) 1000} /c” =1.1%, 5.4%, 3.6%, 1 91%

OT cyMMapHo# aucriepcud, T. €. BOTT npakTudecku cBsizaHa ¢ OTHUM (PaKTO-

POM pa3MbIBaHUs MOJIOCHI.

Cenekmuenocms u pazpeuienue
XpomaTorpapuueckoe paszesieHUe OCHOBAaHO Ha CEJIEKTHBHOCTU COpOEHTa U
pa3nuyiy B TEPMOJMHAMUYECKUX CBOWCTBAX XpoMaTorpaupyeMbIX BEUIECTB B CHU-
cTeMe COpOeHT—AMOEHT. I pelieHus! BOIpoca O BO3MOXKHOCTH Xpomarorpaduue-
CKOTO pa3/elieHus CMECH Ha HWHIUBUAyalbHbIE BEIIECTBA HYKHO COMOCTaBUTh UX

xpoMmarorpaduueckre mapamerpnl. [is 3TOro UCmonb3yroT Kosgguyuenm cenex-



musHocmu o. N paspeuwienue R, KodpPUImeHT ceaeKTuBHOCTU ABISIETCS MEPOU OT-
HOCHUTEJIBHOTO YJIEPKMUBAHUSI WA OTHOCUTEJIBHOW MOJIBHXKHOCTH Pa3JesieMbIX Be-

II[ECTB:

a_tRz _VRz _DZ _k_;
t, Vi D K @7

OTO TEPMOJWHAMUYECKAS] XAPAKTEPUCTHKA, 3aBUCAILAS IPU MOCTOSIHHON TEM-
MEepaType TOJBKO OT MPUPOABI PA3AEIACMbIX COEAUHEHUNA U CBOMCTB IMOJBUXHOU U
HETOABIKHOMU (a3s.

IIpn a = 1 pa3geneHue B NAHHBIX YCIOBUAX HEBO3MOXKHO. IIOCKOJIBKY CKO-
pPOCTh TIEpEMENICHHsI 30HbI JaHHOTO BEIECTBA B KOJOHKE OOPAaTHO MPOMOPLUOHAIb-
Ha KOA(G(UIMEHTY pachpeneseHus, BellecTBa ¢ pasHbiIMu D OynyT mepeMearbes
BJI0JIb KOJIOHKH C Pa3HBIMU CKOPOCTSIMH, YTO U MPUBOJAUT K UX XpOMaTorpapuiecko-
My pasneneHuto. s pazaeneHuss Hy>KHO TaK MoJ00paTh MOABMKHYIO M HETIOABUXK-
Hy10 (pa3bl, uT00sl D#£D,. Benuuuny k' MOXXKHO M3MEHSTh, Bapbupys D, V,, a Takxke
V. lpu Manbix k' KOMIIOHEHTHI, KaK YK€ YKa3bIBaJIOCh, CIa00 YIEP:KUBAIOTCS KO-
JIOHKOM U HaOmrogaeTcs mioxoe pazzaenenue. [Ipu Oonbiiux x' pa3aeneHue yiaydiia-
€TCsl, HO YBEJIMUMBAETCS BpeMs XxpoMaTorpagupoBanus. OntuMmanbHbie 3HaUeHus k'
=1,5—4.

Paznenenne nByx coceqHUX MUKOB XapaKTepU3yeTcs paspenieHnem R, (paspe-
LIEHUE TMKOB), KOTOPOE OINKCHIBAECTCA YPABHEHUEM

t, —tp t, —tp

1 1

2 2

R=

(w2 +w1)/2 B w, + W, (28)

r7Ie W| 1 W) — IIMPUHA MUKOB, H3MEpPEHHAsl Y UX OCHOBaHUsA. Eciu s aByx
OJIN3KUX TUKOB

Wi =w,,TO

R =2 = 2% (29)

Wy w>
Takum 00pa3om, pa3peleHne MMKOB 3aBUCHT OT WX IIUPUHBI U OT PACCTOSHUS
MEXIy MaKCHMyMaMH IIMKOB, CIEI0BATENIbHO paspelieHrne — (QyHKIus 3QQPeKTrB-

HOCTH N, K03h(HUIMEHTA CENEKTUBHOCTHA d 1 €MKOCTH K’ KOJIOHKHU:



a—1 k'
R=)n (30)

a 1+ k'

W3 3TOr0 ypaBHEHMS JIETKO PACCUUTATh YHUCIO TEOPETHUYECKHX TapesioK Heoo-

X0auMoeE OJid pa?)I[eJ'IGHI/I}I C 3a1aHHBIM pa3pemeHHeM:
2 2
kK +1 a
31
k' a—1 (1)

n=16R’

25

=)

R

PucyHok 6. 3aBHCMMOCTbH CTEIICHH pa3ACIICHUS CMECH JIBYX BEIIECTB OT (-
(heKTUBHOCTH KOJIOHKH M3 3TOro ypaBHEHHS JICTKO PAaCCUUTATh CEICKTHUBHOCTH COP-
OeHTa:

a — BBICOKAsl CEJIEKTUBHOCTb, HO TI0Xast 3(HEKTUBHOCTh; 6 — BBICOKAs (-
(EeKTUBHOCTH, HO TUIOXasl CEJIEKTUBHOCTh; 6 — BBICOKas 3P(PEKTHBHOCTD, JOCTATOY-
Hasi CEJIEKTUBHOCTD

Ha pucynke 6 nokasano Biusare 3()PEKTUBHOCTH KOJIOHKH M CEIIEKTHBHOCTH
copOeHTa Ha pa3jielieHne CMecH ABYX BeulecTB. ONTUMH3aIus pa3iesieHus CBOJIUTCS
K BBIOOPY JIy4IIero co4yeTaHusi MmapaMeTpoB, BXoAsmmx B ypaBHenue (31). Hampu-
Mep, Ui yBenudeHus Ry B 1Ba paza HYKHO yBeIUYHUTH dPHEKTUBHOCTH N WU JJIUHY
KOJIOHKH L B 4eThIpe pa3a. Ha Bennuuny Rg B Oonblieit creneHu BiausieT Koduim-
€HT CEJIEKTUBHOCTU: Npu u3mMeHeHnuu a ot 1,02 no 1,04 R, yBenuuuBaetcs B JiBa pasa.
JInsi CUIbHOYIEPKUBAEMBIX BEIIECTB, KOrja K™>>1, 4UCI0 TEOPETUUYECKUX TaAPEIOK

onpenensercs (Re=1):



N = 16a? (32)

T (a-1)?

Kak BugHO M3 pUCYHKA 7 (Mpu MOCTOSHHOM Mapamerpe Rg), ueM MeHblie KO-
3¢ UIMEHT CENEKTUBHOCTH @, TeM Oosbliee ynciao N He0OX0AUMO s pa3/ieiaeHUs

JIBYX BEIIECTB.

TR

100000

100400

:
z
=

HeobxogaMoe 9HCI0
Tapenok, N
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PucyHok 7. 3aBUCHMOCTD YHCIIAa TEOPETHUSCKUX TapeJIOK, HEOOXOAUMOTO JIJIs
pazzaeneHus BemectB A u B, ot a
JIJ1s1 KOJIMYECTBEHHOTO pa3/iejIeH!s] KOMIIOHEHTOB BIIOJIHE JOCTATOYHO, YTOOBI

Rs =1,5 (60-pa3znesienne). [Ipu 3TOM nuKKM paszaesieHbl MPAKTUYECKH IO HYJIECBOM
(6a3oBoit) muHuu. Ecu Ry = 1, To paccTosiHue Mexay nukamu 4o

(40- pa3nesnenue). ITOTO BIOJHE JOCTATOYHO JJI KOJUYECTBEHHOTO aHAIN3a,
TaK KakK MepeKpbIBACTCS TOJIBKO 2% MIIOIIaan TUKOB.

Ilpumep 5

DddexTuBHOCTL XpomaTorpadudeckoir kojoHku N = 4200 Tapesnok, Bpems
yAEpKUBaHUSI KOMIIOHEHTOB tr; =15,05 u > =14,82 muH. KakoBa cTenens paspenie-
HUS DTUX COCIMHEHHMM Ha KOJOHKEe? CKOJIBKO TEOPETHYECKUX TapENIOK MoTpedyeTcs,
YTOOBI PY ATOM BPEMEHH YIEPKUBAHUS pa3pellieHrue CTajJ0 PAaBHBIM €AMHUIIE?

Yutem, 4To 151 ONIMU3NEKAIIUX MUKOBW, =w,,R =At,/wn At, =0.23mun. [lanee

HaxoIsT MIMPUHY ITMKOB Y OCHOBAHUS:

2
N= 16[1—’*)
w

4¢
[Toatomy w=—=

i 4-15.05/+/4200 = 0.92 mun; R=0,23/0,92=0,25.
n



Ecmu Aty = w = 0,23 mun, 10 Ry = 1, Torma N =16(15.05/0.23)* = 68506 Tape-

JIOK.

Annapamypa u 00padomka Xxpomamozpamm
Cxema xpomamozpaga
XpoMmarorpapuueckoe pas3ieieHue OCYIIECTBISIOT B MPUOOpax — XpomaTo-

rpadax, 6;10K-cxema xpoMaTtorpada npuBeeHa Ha PUCYHKE 8.

1
=

o L

-

Puc. 8. biok-cxema xpomatorpada:

I — cuctema nojavyu MOABMKHOM (pa3el (0aJTOH € Ta30M, HACOC AJIS KUAKOM
MOABMXHOU (pas3kl); 2 — mo3atop; 3 — KOJOHKA; 4 — JIETEKTOp; J — perucTparop, 6
— MuKpornpoueccop, 9BM; T'— tepMocTaTupyeMbl€ 30HbI

B coBpemenHbix xpomartorpadax MIMPOKO MPUMEHSIOT MHUKPOIPOIIECCOPBI H
OBM. OcHoBHOI y3en xpomarorpada — koJioHka. KoJoHKH ObIBalOT MeTauidye-
CKHE, CTEKIISIHHBIE U IJIACTUKOBBIE. KOIMYECTBO BEMIECTBA, BBIXOASALIETO U3 KOJIOH-
KU, PETUCTPUPYIOT C MOMOIIBIO IETEKTOPA, & CAMOIMUCEL] 3alMChIBAET HA JUarpaMm-
HOM JIEHTE CUTHAJbI IETEKTOPA — XPOMATOrpamMmy.

CoBpeMeHHbII XxpoMaTorpad MOKET BKIIFOUYATh HECKOJIBKO KOJIOHOK M Pa3iInd-
HBI€ JICTEKTOPBI, a TAKKE€ aBTOMATHYECKOE YCTPOMCTBO JJIsI MOATOTOBKH W BBOZA

npoOkl. [loacoenuueHHbIil K XpoMaTorpady KOMIbIOTEP, UMEIOIINNA 3alIOMHUHAIOIIEE



YCTPOMCTBO U OaHK XpoMarorpaduueckux NaHHbIX, 0OeCIeUHBAET aHAIUTHKA Oora-
TOM nH(pOpMaLHE.

bricTpoe BHenpeHue 3alMOMHUHAIONIMX YCTPOMCTB M MOIIHBIX IMPOILIECCOPOB B
XpoMaTorpauyecKkyto TEXHHKY HaeT BO3MOXXHOCTh 3HAUYUTEIHLHO YCOBEPILIEHCTBO-
BaTh WICHTU(UKAIUIO U KOJIHMYECTBEHHYIO 00pabOTKy XpomaTorpauyecKux MUKOB.
Jlist 3TOr0 HEOOXOMMa CTpOrasi CJIaK€HHOCTh paboThl Bcel XpomaTorpaduyeckoi
CXEMBI: OT BBOJIa MPOOBI, MPABMUILHOTO 3aMOJHEHUS KOJOHKH, Pa3yMHOTO BBIOOpa
MOABMXHOU (ha3el u nmerekTopa. Kpome Toro, HeoOXoauma aBTOMATH3aIUS BCETO
XpoMarorpaduueckoro mpoiecca, KoTopas ycTpaHseT CyObeKTUBHbIE OLIMOKH, yBe-
JTUYUBAET CKOPOCTh 00pa0OTKHU PE3yIbTaTOB.

Oobuwue ceeoenus 0 0emexkmopax

Jletextop — mpuOOp HENMPEPHIBHOTO JAEWUCTBUS, OH JOJDKEH J1aBaTh OTKIIUK
(aHaNMMTHYECKHI CUTHAN) HA COCAMHEHUS B Amroate. JIeTeKTOphl MOoapa3aesitoTCs Ha
CEJICKTUBHbIE (WM CrelU(PUYECKUE), KOTOPhIE YYBCTBUTEIbHBI K XUMUYECKUM CO-
EAMHEHUSM OTPEJIEIICHHBIX KJIACCOB, YHUBEPCAIBHBIC, KOTOPBIE PETUCTPUPYIOT MHO-
rUe BEIEeCTBa, a TaK)KE Ha JIECTPYKTUBHBIE U HEJAECTPYKTHBHBIE MO OTHOIICHHUIO K
aHanusupyemon npooe. [Ipu rcnoap30BaHUK HEIECTPYKTUBHBIX JIE€TEKTOPOB MOKHO
coOupaTh U UCHOIB30BATH DITIOAT.

OCHOBHBIE XapaKTEPUCTUKU JETEKTOPA:

1) 9yBCTBUTEIHLHOCTh, XapaKTEPHUIYIOMIASICS OTHOIICHHEM CHUTHAJIA JIETEKTOpa
K KOJIMYECTBY BEIIIECTBA;

2) mpeaen ACTEKTUpOBaHUS (OOHApYKEHHS), 32 MUHUMAJIBHO OIpeaesieMoe
KOJIMYECTBO BEIIECTBA MPUHUMAIOT TAKOE KOJIMYECTBO, KOTOPOMY COOTBETCTBYET
yABOCHHBIN (MHOTJ]a YTPOSHHBIN) CUTHAI ITYMOB JIETEKTOpa (PUCYHOK 9);

3) JNMHEWHOCTH (CUTHAN JETEKTOpa CUYUTAETCS JMHEHHBIM, €CIIM OTHOUICHUE
CUTHAJIOB JICTEKTOPA, COOTBETCTBYIOMIUX JIBYM IPOOaM, MpONOPIUOHATIBFHO OTHOIIIE-
HUIO KOJIMYECTB BEILIECTBA B 3TUX MPO0ax; 000N TETEKTOP UMEET JIMHEUHbIN quana-

30H JIMIIb B OMMPCACIICHHBIX I'PAHUIAX KOJIMICCTB BCUICCTB, YTO ITOKA3daHO Ha PUCYHKE

10);



Pucynok 9 I1lym nerekropa u HaMMEHbIlIEe IETEKTUPYEMOE KOJIMYECTBO CO-
eauHeHusi: N — ypoBeHb 11yMa; 2N — HauMEeHbIlIee JETEKTUPYEMOE KOJIMYECTBO CO-
eAMHEHUS

4) BOCIIPOU3BOAMMOCTD, KOJIMUYECTBEHHOW MEPOM KOTOPOU CIYX HUT CTaHIAPT-
HOE OTKJIOHCHHE CEpUM CUTHAJIOB JIETEKTOPA MPH BBOJE B XpoMaTorpad OJHUX U TEX
xKe Tpo0;

5) cTabuaBLHOCTh Pa0OTHI (HU3KAsE YyBCTBUTEIBLHOCTh K KOJIEOAHUSIM TeMIIepa-
TYpBI U CKOPOCTH TTOTOKA KUIKOCTH).

Cnocobwvl demexmuposarnus. PaboTta N1eTEKTOPOB OCHOBAHA HA M3MEPECHUM Ta-
KUX (PU3NYECKUX U (PU3UKO-XUMUYECKUX CBOMCTB MOABMXKHON (pa3bl U OIpeaensie-
MBIX BEIIECTB, KOTOPbIE 3aBUCIT OT KOJMWYECTBA U MPUPOJbI BeulecTBa. CUrHai Je-
TEKTOpa A;, Ha BEIIECTBO i OMUCHIBAECTCS BBIPAKEHUEM:

A; = klag;(c) — ao] (33)

rae kK — Kod(DPUIUEHT MPONOPLUHUOHATIBHOCTH; aip(C) — (PYHKIMS, OMUCHIBA-
I01[asi 3aBUCUMOCTh AHAJIMTUYECKOTO CUTHAJIA 3I0aTa d;p OT KOHUEHTPAIMU JaHHOTO
BEIIIECTBA C B TMOABMXKHOUW (a3e; ayp — aHAIUTWYECKWA CHUTHAJ TMOJBIKHON (asbl.
BenuuuHy curnana A; = k¢, IPaKTUYECKU 3TA 3aBUCUMOCTb MOKET UMETh BUA A; =
KC*, T X —YHUCJI0, XapaKTEePU3YyIOIee CTCTICHh OTKJIOHCHHS JaHHOW 3aBUCUMOCTH
OT JIMHEUHOM.

CymiectByeT Tpu crioco0a JeTeKTUPOBAHUA: MPSIMOU, HENpsIMON (KOCBEHHOE
JNETEKTUPOBAHUE) U C MOCIEKOJIOHOYHOW peakiuei. [IpsmMoe neTekTupoBaHue Mpo-
BOJAT II0 YBEJIMYEHHUIO CUTHaja JAeTeKkropa A; [cM. ypaBHeHue (33)] (omrtuueckoit
MJIOTHOCTH, AJIEKTPOMPOBOTHOCTH, TETUIONPOBOJHOCTH, TOKA MOHHU3AIUU U Jp.) TIPU
MPOXOXKACHUN Yepe3 IETEKTOP 30HBI OMpEeesieMoro Bemectsa. B aTom ciydae cur-
HaJl TOABMXKHOM (ha3bl (AJIFOEHTA) @y OHKEH OBITh MUHUMAIBHBIM (g « aoi(c)). He-
psIMOE JIETEKTUPOBAHUE MTPOBOJISAT IO YMEHBIIICHUIO CUTHAJA AETEKTOpa 4 Mpu Mpo-

XOXACHHUHN Y€PE3 HECTO 30HBI OIMPEACIIACMOTIO BCIICCTBA. HpI/I HEIIPSAMOM ACTCKTHUPO-



BaHUM KCIOJIB3YIOT AJIFOCHT, JAIOIIUM MOCTOSHHBIA OTKJIWK JIETEKTOpa, dg » doi(C),

KOTOpBIfI ocia0beBaeT IIpH IMPOXOKACHUN YCPC3 ACTCKTOP Pa3ACIICHHBIX BCHICCTB, HC

JarorX TaKOro OTKJIMKaA.

108§
106
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Pucynox 10. Jlorapudpmudeckas 3aBUCMMOCTh JETEKTOpa OT KOHIICHTpaIluu
BEILIECTBA; OTPE30K [a : 0] — MuHEeHas 00J1acTh.

Hampumep, KaTHOHBI 1IETOYHBIX METAJIOB, HE morioiatonme B Y d-obmactu
CIIEKTpa, AMIOUPYIOT pa3daBiIeHHBIM pacTBOpoM cyibdarta meau (0,25 mm), B KOTO-

POl MOH MeJTM UMEET BBICOKOE MoTonieHe (PUCYHOK 11).

0 5 10
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Pucynok 11. XpomarorpaMmma KaTHOHOB HIEJIOYHBIX MeTaiioB. Henpsamoe nae-
tektupoBanue (A = 220 um). Kononka Zipax SCX; 4,6x120 mm. CKOpOCTh MOTOKA
0,5 mn/mMuH

ITOCIEKOIOHOUHYIO PEAKIUIO IPOBOASAT JUUIS ITOBBIICHUS YyBCTBUTEIBHOCTH U
CEJIEKTUBHOCTU ONpPEAENICHUs. JTOT MPUEM HCHOJB3YIOT B KUJIKOCTHOM XpPOMATO-
rpaduu mpu ONpeeNIeHUH HEOPraHWYeCKUX (KaTHOHBI, aHHMOHBI) U OPraHUYECKUX
(aMUHOKHCIIOTHI U Jp.) COCMHEHUH, a TaK:K€ B PEaKIIMOHHOW ra30BOM Xpomarorpa-
¢buu. [{ns mpoBeneHUs] MOCICKOJOHOYHON PeaKIMy B 3JI0AT, MPOIIEAIINNA Yepe3 KO-
JIOHKY, BBOJAT, HalpuMep, CHEKTPO(POTOMETPUUECKUM peareHT. PeareHT u 3iroeHT
IIEPEMEIINBAIOTCS B CMECHUTEIIBHOW KaMepe, KOTOpas YCTAHABIMBAECTCA MEXKIY KO-

JIOHKOM U JieTekTopoM. Cxema KaMephbl IpeicTaBieHa Ha PUCYHOK 12.

Kammnnapras | Pearent
TpybKa
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K perexropy JmoeHT

Pucynok 12. Pa3pe3 cMecuTenbHON KaMepbl Jj1sl TPOBEAEHUS MOCIEKOJIOHOYHOM pe-
AKIUH.

B pesynbrare xumuueckod MoaudUKAIMU COEAUHEHUH, BBIXOJALIUX U3 KO-
JIOHKH, 00pa3yloTcsl OKpallleHHbIe WiIN (IyOpeCIUpPYIOIIUe MPOU3BOIHBIE, YyBCTBU-
TEJTHLHOCTh ONPENENICHUs TOBBIMAETCA. PaccMOTpeHHbIE MPUHITUIIBI (CTIOCOOBI) -
TEKTUPOBAHUSI MOTYT OBITh OCYILIECTBIICHBI C HUCIOIB30BAHUEM JIETEKTOPOB Pa3HOI0
THUIIa KaK B KUIKOCTHOM, TaK U B Ta30BOM XpoMaTorpaduu.

Oouwuii no0xo00 K 6vl00py demexkmopa.

B razoBoit u ®uAKOCTHOM XpoMaTorpaduu BbIOOP IE€TEKTOpa 3aBUCHUT OT YHC-
J1a OMNpENEsieMbIX COCIUHEHHM, UX KOHIIEHTPAIMM B CMECU U JKEJIAEMOT0 BPEMEHU
ananu3a. s onpenenenusi O0JIBIIOTO YKcia COEAMHEHUN B OJJHOM 00pa3iie UCTOb-
3YIOT YHUBEPCAIBbHBIM AETEKTOP. ECIM HYKHO ONnpenesaiTh HECKOJBKO COEAUHEHUN,

OJIM3KHUX MO CBOUM CBOﬁCTBaM, 3aJlavy pCIIaroT C MOMOIIbIO CCIICKTHUBHOI'O JICTCKTO-



pa. B psaae ciaydaeB 111 MOBBIIEHUS CEJEKTUBHOCTH M YMEHBIIEHUSI BPEMEHU aHa-
JM3a UCTIONB3YIOT KOMOMHAIIMY YHUBEPCATbHBIX U CENIEKTUBHBIX JE€TeKTOpoB. OnHa-
KO, YYUTBIBasA, YTO XpoMaTorpadust siBIsSE€TCS MHOTOKOMIIOHEHTHBIM METOIOM aHaJu-
34, UCTI0JIb30BAHNE YHUBEPCAJIbHBIX IETEKTOPOB B ’TOM METOAE MPEANOUYTUTEIBHO.

B razoBoii xpomartorpagun OMMCaHO HECKOJBKO AECITKOB AeTekTopoB. llo-
HBIM KOMILJIEKT ra30Boro xpomarorpada Bkitouyaer 4—6 nerekropos. Haubosnee mu-
POKO HCHOJIB3YIOT YHUBEPCAIBHBIE NETEKTOPBI, — JAETEKTOP II0 TEIIONPOBOJHOCTH
(kaTapoMeTp) U IIAMEHHO-HOHU3ALMOHHBIHN, CEJIEKTUBHBIE — 3JIEKTPOHHOIO 3aXBaTa
(233), TepMOMOHHBIN U TIaMEeHHO-(poTOMeTpuueckuid. B KUIKOCTHONW Xpomarorpa-
¢uu yaie HUCMONB3YIOT CHEKTPO(HOTOMETPUUYECKUE, JTIOMUHECIICHTHBIE U 3JIEKTPO-

XUMUYECKUe (KOHAYKTOMETPUUYECKUM, MONSIporpadruueckuii) 1eTeKTOPHI.

AHnanuz u memoosl pacuema Xpomamozpamm

Xpomatorpadusi O3BOISET HE TOJBKO Pa3leNsiTh KOMIIOHEHThl CMECH, HO U
OTIPE/IEIISATh €€ KaYeCTBEHHbIN M KOJIMYECTBEHHBIH COCTABbI, MOCKOJIBbKY MOJIOXKEHHE
XxpoMarorpauueckoro muka Ha XpomaTtorpamme (yAep>KMBaemblii 0ObEM, Bpems
yAEPKUBAHUS) ISl TAHHOM XpOMAaTorpauueckoil CUCTEMBI XapaKTepU3yeT NpUpoay
BEILIECTBA, a IUIOLIAJb, OTPAHWYECHHAs dTOM KPUBOW M HYJIEBOM JMHUEH NETEKTOpa
(xpomaTorpaduyeckuii MHK) MNPOMOPIUOHAIBHA KOJIMYECTBY JIaHHOTO BEIIECTBA,
MIPOLLEIIETO Yepe3 AETEKTOP.

Kauecmeennutit ananus.

WUnentudukamus xpomatorpapuyecKuMU METOAAMH — 3TO MPEKIE BCETO
uAeHTU(UKAIMS 0 TTapaMeTpaM yaepkuBaHus (fz Vz), KOTOpbIE XapaKTEepPU3YIOTCS
XOpOIlei BOCIPOU3BOIUMOCTBIO, OTHOCUTEIbHBIE CTAaHAAPTHBIE OTKIOHEHUSI HE Tpe-
BoimaoT 0,02. CoBnaZieHMe BENIUYUH YIEP>KUBAaHUS HEM3BECTHOI'O M CTAHJIAPTHOTO
COEIMHEHHUI CBUIETENBCTBYET O TOM, YTO 3TU COCTUHEHHS] MOTYT OBITh UJICHTHYHBI-
mu. Ecnu pasnuuHbie BeliecTBa MMEIOT OJMHAKOBOE BpeMs YACP>KUBAHMS, TO JUJIs
OOJBITIEN TOCTOBEPHOCTH HICHTU(DHUKAIIMK CpaBHEHHE XpoMaTorpaduyuecKkux mapa-
METPOB HU3BECTHOTO U HEU3BECTHOTO BEILECTB MPOBOAST B CHJIBHO Pa3IHYaIOLIUXCS

ycinoBusx. Hanpumep, nonydaroT gaHHble 00 UX XpoMarorpaduyueckoM MOBEACHUU



Ha KOJIOHKaX C pa3W4YHbIMU HEMOJBIKHBIMH (pazamu. Eciu xpomarorpaduyeckoe
MOBEJICHUE CTAHJAPTHOTO U HEM3BECTHOIO BEIIECTB B TAKUX CIIy4asiX UJICHTHUYHO, TO
JIOCTOBEPHOCTH UAeHTU(HKAIMKU Bo3pacTaet 10 99%.

[Ipu cpaBHeHMHM XpOMAaTOrpaMM, MOJYYEHHBIX Ha pa3HbIX MPUOOpax, BO nU30e-
KaHUE OIMMMOOK B MICHTU(DHUKAIINN UCTIOJB3YIOT UCTIPABIICHHOE BPEMS YIAEPKUBAHUS
U WCTIPABJICHHBIN yaepKuBaeMblii 00beM. YacTo uaeHTU(PHUKAIMIO MPOBOJSAT MO OT-
HOCUTEJIBHOMY YJIEPKUBAHUIO tor;, T. €. MO OTHOIICHHWIO YIEPKHMBAEMOTO OO0BheMa
OTpPENEIIEMOTO KOMIIOHEHTA K yJIEepKHUBAEMOMY OOBEMY BEIECTBA, MPUHSATOTO 3a
CTaHJapT:

OTa Bemu4YrHa 3aBUCHUT TOJIBKO OT COCTaBa MOJIBIKHON M HETIOIBIKHOM (ha3.

tomy = —2- = —& (34)

tR,CT. VR,CT.

JIi1si KaueCTBEHHON MACHTU(HKAIIMK YAO0OHO MOJIb30BATHCS MHACKCAMH Yep-
uBanus KoBaua, KOTOpbIE, M0 CYIIECTBY, TAKXKE SIBISIFOTCS OTHOCHTEILHBIMHU Mapa-
MeTpaMu yJep)KuBaHus. B 3TOM ciydae 3a craHmapT OepyT [Ba COCCTHUX alKaHa,
OJIMH U3 KOTOPBIX ITIOUPYETCS JI0, @ BTOPOIl ITOCIE HCCIIETyeMOro COSIMHEHUS, T. €.
t'rey < t'rRex) < t'r2+1), TAC Z — YHUCIIO aTOMOB yriepoja B ajikaHe. Jlorapupmudeckuii
MHJICKC yIepKUBAHUS PACCUUTHIBAIOT MO hopmyie
18t — 181k
1880y — 181k ()

1 =100

+100z (35)

Jns mro6oro H-ankana | = 100z. [{ns Bcex apyrux coeAMHEHUNH MOXHO OTpe-
nensTh uHAekc KoBaua OTHOCHUTENBHO IIKaJbl U3MEPEHUS H-aJKaHOB, HCIOJb3Ys
CIIPaBOYHBIE TAOTHUIIBI.

Ilpumep 6

HewnsBecTtHOoE coelMHEHHE MMEET MCHPABIECHHOE BPEMS YACPKUBAHUS (rx) =
19,5

MuH. McnpaBneHHoe Bpemsi yIep:KUBaHHUS H-T€KCAaHA W H-TENTaHa B 3TUX
YCJOBHSIX COOTBETCTBEHHO paBHO 13,7 1 29,3 muH. Mcnionb3yst 3T JaHHBIE, pacCUu-

ThIBaeM MHJeKkc KoBaua HEM3BECTHOTO COEIMHEHMS 0 ypaBHEHUIO (35):



1g19.5-1g13.7
1229.3-1g13.7

1 =100 +100-6=648.2.

B cnpaBouHbIX TaONMIAX HaiieM, YTO MOJIyYeHHOE 3HAYCHHE MHJCKCA OTHO-
cutcs k 6enzomny (I=650).

W aentudukaius mo MHAEKCaM yAepKUBaHUs 0ojiee Ha/le)KHa, YeM 110 OTHOCH-
TEJBHBIM YJIEPKUBAEMbIM 00beMaM, IOITOMY HX HCIIOJIB3YIOT HE TOJBKO JIJIS HJICH-
TU(UKAIIAA, HO U JUI CPABHUTEIILHOM OIICHKU CEJIEKTUBHOCTH HETIOABMKHBIX (Da3.

3aKOHOMEPHOCTh U3MEHEHHUs mapaMeTpoB yaepkuBanus (V'g, t'r) B roMoJI0TH-
YECKOM PSTy OPTaHMYECKUX COCIUHEHHUH TakKe CO37aeT OCHOBY JUIS MIACHTH(UKA-
. Hampumep, B I'X MCMOJIB3yIOT 3aBUCUMOCTSD JioraprudMa UCIPaBICHHOTO yaep-
’KMBAEMOr0 00beMa OT YHCJIa YIVIEPOJHBIX aTOMOB Z B COCIMHCHHUSIX MM OT TEMIIe-

patypsbl kuneHus (7y,) Npy NOCTOSTHHOW TEMITEpAType KOJIOHKHU:

gV =A+B. (36)

lgV,=A+BT,, (37)

rne A 1 B — npou3BOJIbHBIE KOHCTAHThI, 3aBUCSIIME OT YCJIOBUN aHAJINA3a U
(GYHKIIMOHATBHON TPYIIBI TOMOJIOTHYECKOTO PAa.

Ecnu ycTaHOBIIEHO, YTO COEAUHEHUE OTHOCUTCS K JAHHOMY F'OMOJIOTHYECKOMY
psay, g ero MACHTU(UKAIMUA JTOCTATOYHO 3HATH XaPaKTEPUCTUKU YACPKUBAHUS
HECKOJIbKUX YJIEHOB TOMOJIOTHUECKOTO psina. Halinennole rpaduuecku i BbIUKC-

neHHble 110 ypaBHEHUAM (36) u (37) Tyun wm unAekch yaepxkuBanus 100z ucnosb-

3YIOT OJIsA I/II[eHTI/I(l)I/IKaLII/II/I IrOMOJIOT'OB.

Cy1ecTByeT eme oAuH crnoco0 HWIAEHTH(PUKAIMK, OCHOBAaHHBI Ha OJHOBpE-
MEHHOM HCHOJb30BaHUH JBYX IE€TEKTOpoB. OMuH neTeKTop HecnenupudeH (Katapo-
METp, pedpakTOMETp), a MHTEHCUBHOCTh CUTHAJIA JPYIrOro JETEKTOpa 3aBUCUT OT
IPUPOJIBI BEIECTBA, HampuMep JeTekTop O3 B razoBoil xpomatorpaduu (I'X) mmm
YO-nerexktop B KUAKOCTHOM Xpomarorpaduu. CpaBHEHHE XpOMATOTpaMM, IMOIy-
YEHHBIX C OMOUIBIO JABYX JI€TEKTOPOB, JaeT MHPOPMALMIO, HAIIPUMEDP, O COCTaBE U

(GYHKIIMOHATBHBIX TPYIINAX OPraHUYECKUX BEIIECTB.



HpI/IMCp COCIHMHCHHNA HECCIICKTHBHOI'O (HHaMCHHO-I/IOHI/ISaIlI/IOHHOFO) H CCJICK-
THUBHOI'O (HJ'IaMeHHO—I/IOHI/ISaI_[I/IOHHOF O CO I CI0OYHBIM MeTaJ'IJ'IOM) ACTCKTOPOB IIOKaA-

3aH Ha pUCyHKe. 13.

CIHJI, MB

0 123456789 twmH

U], MB

Pucynok 13. IIpumepsr xpoMaTorpamm, IMOIYYCHHBIX NIPH OOBCAMHESHUH TLIA-

MEHHO-UOHM3aUOHHOTO JeTekTopa ([TN]/]) ¢ cenexTuBHBIM MIaMEHHO-MOHU3AIMOH-
HbIM AeTekTopoMm (CITHI):
I — wmeran; 2 — mneHTaH; 3 — LUKIOreKcaH, 4 — J3Tujauerar; 5 — TeTpa-
XJIOPMETaH; 6 — METaHOJI; 7 — METH-JICHXJIOpuA; § — 3TaHoid, 9 — o6enzon; 10 —
TpuxjopatuieH; /1 — xmopodopm; /2 —reTpaxyopaTuieH; 13 — tonyon;, 14 —
1,2-nuxsopatan; 15 — u3oamun auerar

CenekTUBHBIN IE€TEKTOP, MOCTABICHHBIN BTOPBIM B CEpUH, TPAKTUYECKU HE J1a-
€T OTKJIMKA Ha YTJIE€BOJOPO/Ibl, TOTAA KaK HECEIEKTUBHBIN JETEKTOP PETUCTPUPYET UX
(BMecTe ¢ TaJIoTeHUPOBAHHBIMU YIIJIEBOJOPOAAMH). JTO MPUMEP MPOCTOro crocoda
Ka4eCTBEHHOW HMJICHTU(HUKAIINN: KOMIIOHEHTHI CMECH, Ha KOTOPhIE HE JACT OTKJIMKA
CEJIEKTUBHBIN J€TEKTOp, OTHOCATCS K KJacCy yriaeBoAopoaoB. OHaKO Takue Cylile-
CTBEHHBIE pa3juyMs B OTKIMKax Habmonarorcs He Bcerga. OObIMHOE COOTHOIICHHE
OTKIIMKOB CEJIEKTUBHOTO M HECEJEKTMBHOIO IETEKTOPOB JIEXKUT B mpeaenax 10—10°.

Wuorna aiist uieHTu(pUKay UCIONb3yI0T XMMUYECKUE PEAKIIUU 0 UIIU TOCIIe
xpomarorpadupoBanus. B mocneanem ciaydae otoOpaHHbie (DpaKIuy dIr0aTa aHaIH-
3UPYIOT XUMUYECKAUMH WM (HU3UYECKUMU METOJaMHU Ha MPUCYTCTBUE TOTO WU WHO-
ro KOMIIOHEHTA.

Konuuecmeennwiii ananus.



JIJis KONMMYECTBEHHOTO aHaJM3a 0 XpOMaTorpaMMe CHUTHAII JIETEKTOpa Tepe-
JaeTcs Ha 3JIEKTPOHHOE YCTPOHUCTBO, KOTOPOE MpeodpasyeT ero B HUQppoByio popmy,
7100 HA CaMOIIHCEIl C JUarpaMMHOM JIEHTOW. B mocnennem ciyvyae KoJTu4ecTBEHHBIH
aHaJIM3 TPOBOJAT, U3MEPSS BBICOTY WM TUIONIAAh MWKA, TaK KaK 3TU MapaMeTphl
MPOMOPLUMOHAIBHEI KOHIEHTPALMK WM KOJMYECTBY BEIIECTBA B XpomaTorpaduue-
CKOM 30HE.

W3mepenne BbICOT MUKOB MPOIIE U TOYHEE, YeEM U3MEPEHHE TIOIAIu 0COOCH-
HO JJIS1 BEIECTB C MaJIbIM BPEMEHEM YJEP>KUBAHUA U CUMMETPUYHBIM IHKOM. Yem
MEHBIIIE fz, TEM YXKe, OCTpEe IHK.

OpaHaKo MIOLAAN U3MEPSIOT Yallle, TaK KaK MOCIeIHUE IPAKTHUECKHU HE U3Me-
HSIOTCS TIPU HEKOTOPOW HECTAOMIBLHOCTH DKCIIEPUMEHTANBHBIX YCIOBUH. {7151 n3me-
pEeHUs TUIOIAJEH UCIIOJIb3YIOT HECKOJIBKO coco000B (PUCYHOK 14). OObIYHO MPOBO-
JST KacaTeNbHbIE K ThUTy M ()POHTY MHKA U COCIUHSIOT UX JIMHUEH, MapayieNbHOMI

HYJICBOM JINHUU.

KHH CHTHAN

AnamiTHdec

t, MHH

Pucynok 14 3mepenne BbICOThI TMKOB

KHH CHTHal

AHamiTHYEC




PucynOK 15. OnpeneneHre KOHIIEHTPALMU BEIIECTB METOAOM HOPMHUPOBKHU

[Tnomane Moy4eHHOro TPEyroJibHUKA COCTaBiIseT 96% OT UCTMHHOM M Ipo-
MOpLMOHAIbHA KOJIMYECTBY BellecTBa B mpobde. /[ pacyera miomaan cuMMeTpuy-
HBIX MTMKOB HAXOJST MPOU3BEJICHUE BBHICOTHI MKMKA HA €r0 MOJYIIUPUHY. DTO MPOU3-
BesieHue cocTtaBisieT 84% miomany nuka. TOYHOCTh U3MEPEHUS IUIOMIAAN MUKa 3a-
BHCUT OT OTHOILIEHUS BBICOTHI MTMKA K €r0 MIMPUHE (ONTUMAJIBbHOE OTHOLIECHUE JICKUT

B nipeaenax ot 2 ao 10).

Memoowt pacuema xpomamozpamm.

Hcnonb3ys JaHHBIE TIO BBICOTAM MMHUKOB MM UX IJIOMIAASM, MOKHO PAaCCUUTATh
KOJIMYECTBEHHBIM COCTaB MPOObI METOJAAMH HOPMHPOBKH (C HCIOIB30BAHUEM WIIH
0€3 UCIOJIb30BaHMS MOMPABOYHBIX KO3(PGUIIMEHTOR), BHEIIIHEH cTaHaapTu3aiuu (a0-
COJIFOTHOW I'PalyUpOBKH), BHYTPEHHEN CTaHAApPTU3ALUU.

Memoo Hopmupoexu 4dallle BCEro UCIOJIb3YIOT Ha MpakTuke (PUCYHOK 15). /s
€ro KCIOJIb30BaHUs HEOOXOAUMO, YTOOBI Ha XpOMaTorpaMme ObLIH 3aperucTpUpoBa-
HBbl BCE KOMIIOHEHTHI, BXOJSIINE B COCTAB aHAIM3UpyemMon cmecH. Jloms miiomaau
IUKA COOTBETCTBYET COACPKAHMIO KOMIIOHEHTA B MacCOBBIX IpoieHTax. [Ipu ananu-
3¢ CMECH TpeX KOMIIOHEHTOB OTHOCHUTEJIBHOE COJACP)KAaHUE KOMIIOHEHTA, HaIpUMep

COOTBETCTBYIOIIETO MUKY y Ha XpOMAaTOTpaMMe, MOKHO PacCUuTaTh 1o hopmyie

S
x% = . 100
BRI (38)

rae Sy, S, S. — miIon@aau nuKoB. OTy (GOPMyJTy HCMOJB3YIOT TOJBKO B TOM
cllyyae, eclid JIETEKTOpP OJMHAKOBO YYBCTBHUTEIICH K KAXKJIOMY U3 pa3leisieMbIX KOM-
ITIOHEHTOB CMECH, T. €. KOMIIOHEHTHI CMECH, B3AThIE€ B OJJMHAKOBBIX KOJIMYECTBAX, Ja-
10T OJIHY U TY K€ TUIOLIAb MHKA.

Ecnu xe 4yBCTBUTEIBHOCTh JIETEKTOPA PA3JIMYHA 10 OTHOLIEHUIO K KaXIOMY
U3 KOMIIOHEHTOB MPOOBI, TO UCIOIb3YIOT IONPABOYHbIE KOAPPULMEHTH f; , f;,

f:, YUUTBIBAIOIIME YYBCTBUTEJIBHOCTh JI€TEKTOpPAa K JAHHOMY KOMIIOHEHTY.

dopMyna 1S pacuera B ITOM CIIy4ae 3alUChIBAETCS TakK:



x,% = —SXfX 100 (39)

25,1,

[TonpaBounbie KO3((HULMEHTHI TOTYUYAIOT MPU aHATU3€ CTAHJAPTHBIX CEpUil U

pPacCUYMTHIBAIOT MO (hopmyie

fx = iﬂc_xfcm (40)
X cm

rae Sy, Scx IOLAY TMKOB ONPEACIISIEMOr0 U CTAHIAPTHOTO BEIIECTBA; Cy,

Cem — KOHIIGHTPALMM OTPEIENIIEMOTO M CTaHAApTHOTO BEMIeCTBa; fo— TIo-
NPaBOYHBINA KOOPPHUIIMEHT CTAaHAAPTHOTO BEIIECTRA.

Memoo eénewinezo cmanoapma WCIONBb3YIOT IIPU ONPEACICHUN OTIEIBHBIX
BEIIECTB WJIM aHAJIM3€ MPOCTHIX CMECEeH, a TaKkKe B cllydae ONpeeIeHUs MUKPOIIPH-
Mmecelt. ['0TOBAT Ba cTaHAAPTHBIX PACTBOpPA OMPEAEIIEMOr0 KOMIIOHEHTA, OIMHAKO-
BbI€ UX KOJMYECTBA BBOAT B XpoMarTorpad M OnpenessifoT IIomaas nuka (S; u Sp).

Pesynbratel nmpeactaBisioT rpaguyecku (PUCYHOK 16), 1100 onpenesnstoT 1o
dbopmyne

X (%) = kS, (41)

['pagyupoBoUHbIN KO3(DPUIMEHT K OMPEAENAIOT MPH aHaidu3e npod cTaHmapT-

HBIX CEPUM CMECEU:

k:Si/ Xi (42)

[Tnomaze mka

|
|
1
X  Conepixanne
KOMIOHeHTa, %



Pucynok 16. Onpenenenrne KOMIIOHEHTAa METOIOM BHEIIIHETO CTaHIapTa

Memoo enympennezo cmanoapma NPUMEHSIOT IIPU OTCYTCTBUU HA XpOMATO-
rpaMMe NMKOB HEKOTOPBIX KOMIIOHEHTOB aHAJIM3UPYEMOM cMecH. MeTo] OCHOBaH Ha
TOM, YTO B QHAJIM3UPYEMYIO CMECh BBOJST HEKOTOPOE OMPENEICHHOE KOJIMYECTBO
CTaHJIaPTHOTO BEIIECTBA. JTO BEIIECTBO JOJHKHO OBITh XUMHUYECKH MHEPTHBIM U OT-
CYTCTBOBaTh B OIpeEAeNseMON NMpoOe M MOJHOCTHIO OTAEIATHCS OT APYrHMX KOMIIO-
HEHTOB CMECH; BpEMS €T0 YIEPKUBAHUS JIOJKHO OBITh OJM3KHUM K fz ONpeesieMbIX
KOMITOHEHTOB; €ro KOHIEHTpalus JOKHA ObITh OJM3Ka K KOHLIEHTPALMSIM OIpesie-
JSIEMbIX KOMIIOHEHTOB, NTUK CUMMETPUYHBIM. {1 ompeneneHus: MOnpaBOYHbIX KO-
s punreHToB (HOPMUPOBOYHBIX MHOXKHUTENCH) COCTABIISIIOT pa3InYHbIe cMecu (W3-
BECTHOT'O COCTaBa) BHYTPEHHETO CTaHAapTa ¢ KaXIbIM U3 KOMIOHEHTOB; MOJIy4arOT
XpOMaTorpaMMBbl TakKuX cMmeced. OnpeAensroT MI0Maau MUKOB, U TSl KaXI0ro KOM-

MOHEHTA PACCUUTHIBAIOT MOMPABOYHBIN KO3(DPHUIIHEHT IO PopMmyIie

_ SB.CT.CB.CT.
K= ~ s (43)
XOX
e Secm, Sy — IUIOIIAJAM TMHUKOB BHYTPEHHETO CTAaHJIApTa W OMPEIENIIeMOTO

KOMIIOHCHTA, Cg.cm , Cx —KOHHCHTPAIWN CTaHAAPTAa U UCCICAYEMOI'0 BCIICCTBA B HUC-
KYCCTBCHHBIX CMCCHX. 3Has IIOIMPaBOYHEBIC KOG)(i)(I)I/IHI/ICHTBI, COACPIKaHUEC KOMITIOHCH-

Ta PacCUMUTHIBAIOT 1O (HopMyJie

S
x,% = kr—=100,
’ Se.cm (44)
Tner = —2 - m — macca, T
Mupo6wr

Pesynbrarhl MOXKHO NpencTaBUTh rpadudecky (PUCYHOK 17).

%



Pucynok 17. OnpeneneHre KOMIOHEHTOB METOJIOM BHYTPEHHETO CTaHAapTa

Hocmoeeprnocmos pe3yiomamos u uCHMOYHUKU ROZPEUHOCHell

[TorpemnocTu B xpomaTtorpaduueckuii KOJIMUYECTBEHHBIN aHAU3 BHOCAT: MOJ-
rOTOBKa U OTOOp MpPEACTaBUTEIBHON MPOOBI, €6 HETOMOT€HHOCTh (TaK Kak paboTaroT
C MaJbIMU 00BbEMaMH Mpo0); anmnaparypa (HEIMHEHHOCTh AETEKTOpa, pa3IuyHas ero
4yBCTBUTEIBHOCTh K KOMIIOHEHTaM MpoObl); 0OpaboTka xpomaTorpamm. Yaiue Bcero
XxpomaTorpagbl, HACTPOEHHbIE Ha pa0OTy B ONTUMAJbHBIX YCIOBUSIX, HE BHOCAT 3Ha-
YUTEJIBHOIO BKJIAJA B MOTPEIIHOCTh pe3ynbrarta. [I03TOMYy npu OLlEHKE CiydalHbIX
HOTPEIIHOCTEN B OOIIYI0 AUCHEPCUIO aHAJIN3a BKIIIOYAIOT AUCIIEPCUIO, CBS3aHHYIO C
0TOOpPOM MPOOKI U C U3MEPEHUEM IIOIIAIN MHKA. BOCIpOU3BOAUMOCTH OIpeieIeHHUS
IUIOLIAZC NTMKOB METOIOM IIOCTPOCHHMsI TPEYIrOJIbHHKA, BBIPAKaeMas OTHOCHUTEIIb-
HBIM CTaHJAPTHBIM OTKJIOHEHHUEM, COCTaBIsAET 4%, METOOM IPOU3BEACHUS BBICOTHI
Ha IIHPUHY, U3MEPEHHYIO Ha MOJIOBUHE BBICOTHI, — 2,5%, C MOMOILBIO 3IEKTPOHHO-

ro uudposoro unrerparopa — 0,4%.

T'azoean xpomamozpagusn

["a3oBast xpomaTtorpaduss — MeETOJ pa3zieieHus JeTyuux coeauHeHuil. Ilo-
JABYOKHOM (pa30il CIy>KUT MHEPTHBIN Ta3 (ra3-HOCUTENb), MPOTEKAIOUINI yepe3 Hero-
ABWOKHYIO (pa3y, 00agaronryto OOJbIIoi MOBEpXHOCThIO. B KauecTBe MOIBHIKHOM
(a3bl UCMONB3YIOT BOJOPOJ, TEIMil, a30T, aproH, YIVIEKUCIBINA ra3. ['a3-Hocutens He
B3aMMOJICICTBYET C pa3/esieMbIMU BEUIECTBAMH U HEMOJIBHXKHOM (pa3oii.

B 3aBucMMOCTH OT arperaTHOro COCTOSIHUSI HEMOJBMYKHOW (a3bl pa3iavyaroT
JiBa BHJA ra3oBoil xpomaTtorpa¢uu — ra3orseprodasHyro (HemoaBuxHas (aza —
TBEP/bIi HOCUTENb: CHIIMKArelb, YToJib, OKCUJ AIFOMUHUS) U Fa30KUAKOCTHYIO (HE-
NOJBUXHAs (aza — >KUJIKOCTh, HAHECEHHAs! HA MUHEPTHBIA HOCUTEIb).

[Ipouecc pa3neneHuss OCHOBAaH Ha Pa3jiu4MH B JIETYYECTH U PACTBOPUMOCTHU
(um ancopOUpPyEMOCTH) pa3lesieMblX KOMIIOHEHTOB. Yepe3 Xxpomarorpapuieckyro
KOJIOHKY OBICTpEE IBUKETCS TOT KOMIIOHEHT, pPacTBOPUMOCTb KOTOPOrO B HEIO-
IBMOKHOM (haze MeEHbINEe, a JETy4ecTh (YNpyrocTh Mapa) mpHu JaHHOW TeMmIiepaType

OOoJIBIIIE.



["azoxpomaTtorpadudeckuM METO0M MOTYT OBbITh MPOAHATU3UPOBAHBI I'a3000-
pasHble, KUAKUE U TBEPJbIE BELIECTBA C MOJEKYIApHOU Maccoi Menblue 400, yao-
BJIETBOPSAIOLINE OIPENIEICHHBIM TPEOOBAHUSM, IJIaBHbIE U3 KOTOPBIX — JIETY4eCTh,
TEPMOCTA0MIIBHOCTh, MHEPTHOCTD U JIETKOCTh TMOJy4eHus. KomuuecTBeHHbIN aHaIn3
MO>KHO MPOBECTU TOJIBKO B TOM CIIy4ae, €CJIM BEUIECTBO TEPMOCTOMKO, T. €. UCIapsi-
eTcs B J103aTOPE BOCIPOHU3BOIUMO U dmtoupyercs 6e3 pasnoxenus. [lpu pasnoxenun
BEIIECTBA Ha XPOMATOTrpaMMe MOSABIISIOTCS JIOKHBIE MHUKH, OTHOCSIIUECS K MPOIyK-
TaM pasfioKeHus. BerecTBo He JOMKHO 00pa3oBbIBATh YCTOMYUBBIX COJIBBATOB MPHU
pPacTBOPEHUH B HETOJBMKHOM JKUAKOW (haze M pearnpoBaTh ¢ MaTepualaMu, U3 KO-
TOPBIX M3TOTOBJICHBI A€Taldu XxpomaTtorpada. ITuM TpeGoBaHHSIM B OOJbLIEH Mepe
yJIOBJIETBOPSIIOT, KaK MPABUIIO, OPraHUYECKHEe BeIllecTBa, mo3ToMy ['X mmpoko wuc-
MOJIB3YIOT KaK CEpUHHBIA METOJ aHajHM3a OpraHMYeCKUX coeAnHeHuil. OHaKo 3TUM
METOJIOM MO>KHO TaK)K€ OINpPENETUTh MOYTH BCE IEMEHTHI MEPUOANUYECKON CHCTEMBI

B BUAC JICTYyYUX KOMILJICKCOB.

T'azoxncuokocmuan xpomamozpagus

B ananmuTHuecKol MpakTHKE Yallle UCIOJIb3YIOT METOJ Ia30’KMJIKOCTHOW Xpo-
matorpaduu (IKX). 310 cBA3aHO ¢ Upe3BBIYANHBIM pa3HOOOpa3ueM >KUJIKUX HEro-
IABWOKHBIX (Da3, 4To obsieryaer BbIOOp CENEKTUBHOM IS TAHHOTO aHaiu3a (asbl, C
JMHENHOCTBIO U30TEPMBI pacIpeeieHus B 00Jee MHUPOKOM 001acTH KOHLIEHTPALIUH,
YTO MO3BOJISIET pabOTaTh C OOJIBIIUMHU MPOOAMU, U C JETKOCTHIO MOJTYUYEHHUS] BOCIPO-
U3BOJMMBIX 110 3P PEKTUBHOCTH KOJIOHOK.

Henoosuscnule scuokue ¢haszol.

Jliisa oGecrieueHrs CEIEKTUBHOCTH KOJIOHKH Ba)KHO MPaBHJIBHO BHIOPATh HEMO-
JBYDKHYIO KMIKYIO (a3y. Orta (a3a AommKkHa ObITh XOPOLIMM PACTBOPUTENEM IS
KOMITOHEHTOB CMECH (€ClIi paCTBOPUMOCTh Majia, KOMIIOHEHTHI BBIXOJST U3 KOJOHKH
O4YeHb OBICTPO), HeNeTydel (4TOOBl HE HCMapsuiach MpU padboueil TemmepaType Ko-
JIOHKH ), XAMUYECKH UHEPTHOM, TODKHA 0071a1aTh HEOOIBIION BSI3KOCTHIO (MHAYE 3a-
MeuiseTcs npouece aud@ys3un) u mpu HaHECEHUH Ha HOCUTENb 00pa30BBIBATH PaB-
HOMEpPHYIO IUIEHKY, IPOYHO C HUM CBsA3aHHYIO. Pa3nenurenbHas CHOCOOHOCTh HEIO-

JBYKHOM (pa3bl 11T KOMIIOHEHTOB JaHHOU MPOOKI T0HKHA OBITh MAaKCUMAIILHOM.



Paznuuarot xxuakue (aspl TpeX TUIOB: HEMOJSPHbIE (HACBIILIEHHBIE YIIIEBOIO-
POJIBI U JIp.), YMEPEHHO TMOJSIpHBIE (CIOXKHBIE 3(DUPBI, HUTPUIIBL U Jp.) U TOJSPHBIE
(TOJUTIIUKOJIU, TUIPOKCUIIAMUHBI U JIP. ).

3Has CBOICTBAa HEMOJABMXXHOW KUAKON (a3bl U MPUPOAY pa3lesieMbIX Be-
IIECTB, HAIPUMEP KJIACC, CTPOCHHUE, MOKHO JOCTATOYHO OBICTPO MOJ00paTh MOIXO-
JSUIYIO JUTSL pa3fieieHus] JaHHOM CMecH CENIEKTHBHYIO KuIKyto ¢asy. Ilpu stom cre-
IyeT yYHUTHIBAaTh, YTO BPEMS YJIEPKHBAHUS KOMIIOHEHTOB OyJET MPUEMIIEMBIM JIJIs
aHaJlM3a, €CJIM MOJIIPHOCTU CTAllMOHAPHOM (pa3bl U BELIECTB aHATU3UPYEMOIl MPOOBI
Onu3ku. i pacCTBOPEHHBIX BEIIECTB C OJM3KOW MOJISIPHOCTBIO MOPSIAOK IIOUPOBA-
HUsL 0OBIYHO KOPPETUPYET C TeMIepaTypaMu KUTIEHUS, U €CIIA Pa3HUIlA TEMIIEPATyp
JOCTAaTOYHO BEJIMKA, BOBMOXKHO TOJIHOE pazzenenue. s pazneneHus: Oau3KOKUIIS-
IIMX BEIIECTB Pa3HOU MOJSPHOCTU HCIOJIB3YIOT CTAllMOHAPHYIO (a3y, CEJEKTUBHO
YIAEPKUBAIOIIYI0 OJWH WJIM HECKOJbKO KOMIIOHEHTOB BCJIEACTBUE JUIOJIb-
JIUTOJIBHOTO B3auMojencTBUsl. C yBelIMYEHUEM MOJSPHOCTH >KUAKOW (a3l Bpems
yAEP>KUBaHUS TIOJISIPHBIX COEIMHEHUI BO3PaCTaeT.

JI71s1 paBHOMEPHOTO HaHECEHUS KUIKOM (pa3bl HA TBEP/bld HOCUTENb €€ CMe-
MIMBAIOT C JIETKOJIETYYUM pacTBopuTeseMm, Hanpumep 3dupom. K sromy pactBopy
100aBISIOT TBEpAbIA HOcuTeNlb. CMECh HarpeBarOT, PACTBOPUTEIb UCTIAPSIETCS, JKU/I-
kast ¢pasza ocraercs Ha HocuTese. CyXMM HOCUTEJIEM C HAHECEHHOW TakKuM 00pa3oM
HETIOABMKHOM XKUIKON (ha30i 3amoiHSII0T KOJOHKY, CTapasch mM30exaTh oOpa3oBa-
HUA MycTOT. J[JI1 paBHOMEPHOU YaKOBKH 4epe3 KOJIOHKY MPOMYCKAIT CTPYIO rasa u
OJIHOBPEMEHHO MOCTYKUBAIOT MO KOJIOHKE JJIsl YIJIOTHEHHUsS] HAOUBKHU. 3aTeM JI0 MpH-
COEMHEHUS K IETEKTOPY KOJOHKY HArpeBaroT /10 TemnepaTtypsl Ha 50 °C BbllIe TOH,
IpU KOTOPOM ee MpeoiaraeTcs ucrnoiab30Bath. [Ipu 3ToM MoryT ObITh TOTEPHU KU
KOH (ha3bl, HO KOJIOHKA BXOJUT B CTAOUIILHBIN pabounii pexxum.

Hocuren HEeMOABUKHBIX KUAKHUX (a3

TBepable HOCUTENHU ISl TUCTIEPTUPOBAHUS HETIOABUAKHOM KUAKON (a3l B BU-
7Ie OJTHOPOJHOM TOHKOMW TJICHKH JTOJDKHBI OBITh MEXaHMYECKH MPOYHBIMHU C YMEpEH-
HOM yJIenbHOM MOBEPXHOCTHIO (20 M%/T), HEOOBIIUM U OJUHAKOBLIM Pa3MEPOM Ya-

CTUII, a TaK¥XKC OBITH A0CTAaTOYHO HMHCPTHBIMU, YTOOBI a):[cop6111/151 Ha IIOBEPXHOCTHU



pasnena TBepAod U razooOpa3zHoi (a3 Obuia MuHuManbHOM. CaMas HHM3Kas aicopO-
1usl HaOJII01aeTCsl HA HOCUTEISIX M3 CHIIAHM3MPOBAHHOTO XpOMOCOpOa, CTEKIISTHHBIX
rpanyia u Quyoponaka (dpropyrieponnsiii noaumep). Kpome toro, TBepibie HOCUTE-
JIM HE JOJDKHBI pearupoBaTh Ha MOBBIIICHUE TEMIEPATypPbl U JOJIKHBI JIETKO CMadH-
BaTbCsl JKHUIKOW (pa3oi. B razoBoit xpomarorpadum xeiaaToB B KauyeCTBE TBEPOTO
HOCHTEJIS Yallle BCEro MCMOJb3YI0T CUIIAHU3UPOBaHHbIE Oelible AMaTOMUTOBBIE HOCH-
T€IM — JIMaTOMHUTOBBIM KPEMHE3eM, WM KHU3eJIbryp. JIMaTOMUT — 3TO MHKpO-
aMop(HBINA, conaepKamui BOTy, AMOKCUA KpeMHus. K TakumM HOCHUTEISIM OTHOCST
xpomocopd W, razoxpom Q, xpomaron N u ap. Kpome Toro, ucrnosib3yroT CTEKJISH-
HBIE MIAPUKH U TE(IIOH.

XuMH4YeCcKH cBsi3aHHbIe (pa3bl. YacTo UCTONB3YIOT MOAU(PUIIMPOBAHHBIE HO-
CUTEJIM, KOBAJIEHTHO CBSI3aHHBIE C «KUAKON» (pa3oil. [Ipu 3TOM cTanmoHapHas Kuj-
Kast (paza Oosiee MPOYHO yNEPKUBAETCA HA TIOBEPXHOCTHU XK€ MPU CaAMBIX BBICOKHUX
TeMIiepaTypax KoJioHKu. Hanpumep, TMaTOMUTOBBIM HOCUTENb 00pabaThIBAIOT XJIOP-
CHJIAaHOM C JJIMHHOLIETIOYEYHBIM 3aMECTUTENIEM, OOJIaJaoUIIM OIpPEIEICHHON IOo-
JISIPHOCTHIO. XMMUUYECKHU CBsI3aHHAs HEMOABWKHAs ¢aza 6osee rdhPpekTrBHA.

Oco0eHHOCTH Ta30BBIX XpoMaTorpadon

OcTtanoBuMCs Ha OCOOCHHOCTSX Ta30BbIX XpomarorpadoB (CM. PHCYHOK 8).
["a3-HocuTenp momaercs W3 OajuioHa MOJI ONPEAEICHHBIM MOCTOSIHHBIM JaBJICHUEM,
KOTOPOE€ YCTAHABJIMBAETCS MPHU IMOMOIIM CIEHUAIBHBIX KianaHoB. CKOPOCTh MOTOKA
B 3aBMCHMOCTH OT pasMepa KOJOHKH, KaK HpaBuiio, coctasiser 20—50 mi-mMuH™.
[IpoOy nepen BBOJOM B KOJIOHKY 103UPYIOT. XKujakue npoObl BBOAST ClIEUATbHBIMU
MHKEeKIMOHHbIMU tmpuiaMu (0,5—20 MKIT) B HOTOK ra3a-HocUTeNs (B UCTIAPUTEIND)
yepe3 MeMOpaHy M3 CHJIMKOHOBOM CaMOYIUIOTHAIONICHCS pe3uHbl. s BBeAeHUS
TBEPJBIX NMPOO HCHONB3YIOT clielMalibHble npucnocobdnenus. [Ipobda nomkHa ucna-
PATHCS MIPAKTUYECKU MTHOBEHHO, MHAU€ MUKUA HAa XpPOMATOrpaMMe pPaCIIUPSIOTCS, U
TOYHOCTb aHanu3a cHukaerca. [loaromy ao3upyroiee ycTpoilcTBO XpomaTorpada
CHa0>XEHO HarpeBaTelieM, 4YTO TIO3BOJSIET MOJJEPKMBATh TEMIIEpaTypy A03aTopa

npuMepHo Ha 50 °C Bblllie, YeM TeMrepaTypa KOJOHKH.



[IpumeHsII0T pa3enauTeNbHble KOJIOHKH JIByX THUIIOB: HAacaJl0uHble (HAOUBHBIEC)
U Kanwuisipaele. HacagouHble KOJOHKK auaMeTpoM 2—6 MM U juuHo 0,5—20 m
U3TOTABJIMBAIOT U3 OOPOCHIIMKATHOTO CTEKJa, TedioHa WM MeTauia. B KOJIOHKH
NOMEIIA0T CTallMOHapHYIO (a3y: B razorBepaodazHoil Xxpomarorpaguu 3To ajacop-
OCHT, a B Ta30KUIKOCTHOW XpPOMAaTOrpauii — HOCUTENh C TOHKUM CIIO€M >KHIKOU
¢a3bl. [IpaBUIBbHO MOATOTOBIEHHYIO KOJIOHKY MOKHO MCIOJIb30BaTh JJISI HECKOJIBKUX
coTeH ompeneneHui. KanumispHele KOJIOHKH pa3AelisiioT Mo crnocoly (ukcauuu He-
MOJABMKHOM (Da3bl HA JBA THUIMA: KOJOHKH C TOHKOM TUIEHKOW HEMOABMYKHOU XKUIKON
¢dazel (0,01—1 MKM) HEMOCPEACTBEHHO HA BHYTPEHHEH MOBEPXHOCTH KAMWUISIPOB U
TOHKOCJIOWHBIE KOJOHKH, HA BHYTPEHHIOID MOBEPXHOCTh KOTOPHIX HAHECEH MOpH-
CThI ciiol (5—10 MKM) TBEpJIOTO BEIIECTBA, BBIMOJHSAIONIETO (DYHKIIMIO COpOEHTa
WJIM HOCUTEJISI HETIOJABMKHOM KuaKkon ¢aspl. KanuisipHble KOJIOHKU U3rOTaBIIMBAIOT
u3 KkBapua; auameTp kanwusipos 0,2—0,5 MM, aymaa ot 10 10 100 m.

TemnepaTypa KOJOHOK ONpPEESIETCs TJIaBHBIM 00pa3oM JIETYUYECThIO MPOObI U
MOXET MU3MEHAThCS B mpenenax oT -196°C (Temneparypa KUNEHHS dKUJKOTO a30Ta)
10 350 °C. TemnepaTypy KOJOHKA KOHTPOJHUPYIOT C TOYHOCTBIO 10 HECKOJBKUX Je-
CSATBIX TpajJyca U MOAECPKUBAIOT MOCTOSIHHON C MOMOIIbI0 TepMocTaTa. [Ipubdop na-
€T BO3MOXXHOCTh B TMpoIiecce XxpomaTorpadupoBaHus MOBBIMIATE TEMIIEPATYPy C TO-
CTOSIHHOM CKOPOCTBIO (JINHEMHOE MPOrpaMMUPOBAHUE TEMIIEPATYPbI).

Jns peructpanuu BEUIECTB, SIOUPYEMbIX U3 KOJOHKH, B KOMIUIEKT Ia30BOTO
xpomarorpada BXOJUT HECKOJIBKO PAa3IMYHBIX JAETEKTOPOB. CpaBHUTENIbHAS Xapak-
TEPHUCTUKA JIETEKTOPOB MPHBEIcHA B TA0IHIIE | .

Tabnumna 1. CpaBHUTENbHBIE XapaKTEPUCTUKU Tra30XpoMaTtorpaduyecKmx Je-

TEKTOPOB
JerekTop IIpenen Jlnarma3zoH JMHEUHO-
oOHapyKeHUS CTH
JIETEKTOpa
Karapomerp 1012 r/mn 10°
[TnameHHO-noHM3aMOnHbIH | 10712 r/c 107
DIIEKTPOHHOIO 3aXBaTa 107" v/mn 10




TepMOHOHHBII 10 r/c 10°

VK-criektpomeTp > ] MKT 10°

Macc-CrieKTpoMeTp 10-2-10 r 10°

/Kuoxkocmnuasn kononounas xpomamozpagus

Kunkoctnas xpomarorpadusi (KX) — 310 MeTon pasfeneHuss U aHalu3a
CJIOKHBIX CMECEH BEIIEeCTB, B KOTOPOM TOJIBIKHON (Da3oil CIy ) KUT KUIKOCTh. MeTon
KX mpumenum st pasaeneHusi 6ojiee MIMPOKOTO Kpyra BEmecTB, yeM meron ['X,
MIOCKOJIbKY OOJIBIIMHCTBO BELIECTB HE 00JaJaeT JIETy4eCTbl0, MHOTHE I'O HUX He-
YCTOWYMBBI TIPH BBICOKHX TeMIlepaTypax (0COOCHHO BBICOKOMOJEKYISPHBIE COEMIU-
HEHUs1) ¥ pas3iaralorcs NMpu nepeBefieHuu B razoodpasHoe cocrosinue. B KX pazne-
JIEHUE Yallle BCEro MPOMCXOAMUT MPU KOMHATHOHM Temmeparype. OcoOeHHOCTH Bcex
BH10B JKX 00yCTIOBICHBI HATMYHUEM KUIKOW TTOJABMKHON (Da3bl.

CopOuusi KOMIOHEHTOB M3 Ta3a U SKUJAKOTO 3JII0EHTAa OCYIIECTBIISIETCS TO-
pasHoMy. B oTimume oT raza, KOTOPBIA BBIMOJIHSAET TOJIHKO TPAHCTIOPTHYIO (DYHKITHIO
U HE copOMpyeTcs HETOJBIKHOW (a3oil, Kuakas MoJBWKHas ¢da3a — aKTUBHBIN
AIIOEHT, MOJIEKYJIbI KOTOPO MOTYT cOpOMpOBaThCs Ha MOBepXHOCTH. [Ipu mpoxox-
JECHUU 4Yepe3 KOJOHKY HaXOISIIMECS B JJIIOEHTE MOJIEKYJIbI MHTEPECYIOLIETO HAC
KOMIIOHEHTa JOJIKHBI BBITECHUTh MOJIEKYJIbI DJIFOEHTA C MOBEPXHOCTHOTO CJOSI COp-
OeHTa, YTO MPUBOJAUT K YMEHBIIECHUIO SHEPTUU B3aUMOJICUCTBUS MOJIEKYJI BEllleCTBa
C MOBEPXHOCThIO copOeHTa. [losTomy Benmmuunbl Vi, mponopruonansHbie -AG (U3-
MEHEHHIO CBOOOIHOM 3Hepruun), Takke MeHbIe B JKX, yem B I'X; nuanazoH jguHewn-
HOCTH M30TepMbI copO1u B KX OobIie.

[IpuMeHsisi pa3IMUHbIE AIIOCHTBI, MOXKHO U3MEHATHh MapaMeTphl YIECPKUBAHUS
U CEJIEKTUBHOCTh XpomaTorpaduyeckoil cucteMbl. Bo3MOXKHO MCIOJIb30BaHUE Tpa-
TueHTHOro AnntonpoBanusi. CenekTuBHOCTH B KX B otnnuue ot I'X onpenensercs He
OJIHUM, a ABYMS (aKTOpaMu — IPUPOAOH MOABMKHOU (AJIFOEHT) U HEMOIABUKHOM
dbas.

B xnaccuueckoMm Bapuante KX B CTEKISHHYIO KOJIOHKY JUIMHOW 1—2 M, 3a-

MOJIHEHHYI0 copOeHTOM (pa3Mep yactuil > 100 MKM), BBOAST aHATU3UPYEMYIO TTPoOy



U MPOMYCKaIOT MI0eHT. CKOPOCTh MPOXOXKIEHUS IIIOCHTA MO JEUCTBUEM CHUJIbI TS-
KECTH Majla, a MPOAOLKUTEIBHOCTh aHaIu3a 3HauuTenbHa. Kinaccuueckuil BapuaHT
710 CUX MOp IPUMEHSIOT B 1a00OpaTOPHOI NpaKTUKE, MOCKOJIbKY OH HE TpeOyeT 10po-
rocrosiuiero ooopyaoBanus. Benencrsrue ucnosib3oBaHus COPOEHTOB € pa3MEPOM 3e-
per 10—30 MKM, MOBEpPXHOCTHO- M OOBEMHO-TIOPUCTHIX COPOCHTOB C Pa3MEepOM Ha-
ctul, 5S—10 MKM, HarHeTaTelbHbIX HACOCOB, UYBCTBUTEIIBHBIX JETEKTOPOB MPOU30-
IeJT TIepexo]i OT KIACCHUECKOM K BBICOKOA((EKTUBHON >KUIKOCTHOW XpomaTorpa-
¢un (BOXKX). beicTpblit MacconepeHOC MPU BBHICOKOW 3(PPEKTUBHOCTH pa3/IeiaCHUS
N03BOJISIET UcTonb3oBaTh BOXKX ninis pazaenenus u onpeneneHuss MOieKy (aacopo-
[IMOHHASI U pacIpeleNuTeIbHass XpoMaTorpapuu), s pa3aeieHus U OINpereaeHHs
MOHOB (MOHOOOMEHHAs, WOHHAs, MOH-MAapHas XpoMmarorpaduu), s pa3aesieHUs
MaKpOMOJIEKYJ (3KCKIIFO3MOHHasi Xxpomarorpadus). Metonamu aphuUHHON W JIMTaH-
I000MEHHOH XpoMmaTorpaduu pa3nensioT OMOJIOTUYECKH aKTUBHBIE MOJIEKYJIbI U OI-
TUYECKHUE U30MEPHI.

AncopOounoHHas xpomarorpadus

B ancopOunoHHOM BapuaHTe KHAKOCTHOM XpomaTorpaduu B 3aBUCUMOCTH OT
MOJIAPHOCTH HEMOJIBM)KHOM W TMOABMKHOM (a3 paszinyaroT HOPMaIbHO-()a30BYIO
(H®X) u obpamenno-pazoyro (ODX) xpomarorpaduu. B HOX ucnons3yroT mo-
JIIPHBIN aJICOPOCHT U HemoJsIpHbIe TOABUXKHBIE (Pa3bl, B ODX — HEnmoysIpHBIA aj-
COpOEHT U MOJSIPHbIE MOJBIKHBIE (Ba3bl. B 000ux ciydasx BHIOOP MOJBHXKHOM (ha3bl
4acTo BakHee, ueM BeIOOp Hemo BmxkHOU. HemoaBmxkHast (aza qomxHa yaepKUBaTh
pasnensieMble BemiecTBa. [loaBuxkHas Qaza, T. €. pacCTBOPUTEIIb, TOHKHA 00€CIeUnTh
Pa3IMYHyI0 EMKOCTh KOJIOHKH U 3(h(hEeKTUBHOE pa3esieHUE 3a MPUEMIIEMOE BpeMs.

Henoasuxubie (a3pl. AICOPOEHTHI pa3IUUHBIX TUIOB (MOJIIPHBIE U HEMOJISIP-
HbI€) TPOSBIAIOT HEOAMHAKOBYIO CEJIEKTUBHOCTH IO OTHOILIECHUIO K Pa3fesisieMbIM
coequHeHUsIM. B kadecTBe aicOpOEHTOB MPUMEHSIOT TOHKOJUCIEPCHBIE MOPHUCTHIC
MaTEPUAJIbI C YAEILHON MOBEPXHOCTRIO Oonee 50 m7r.

[Tomsipubie ancopOenTh (S10,2, Al1,0;, OKCUABI METAIIOB, (IOPUCKI U Ap.)

UMEIOT Ha MOBepXHOCTH ciabokucinoTHeie OH-rpymnibl, criocoOHbIe yaep:KuBaTh Be-



IIECTBA C OCHOBHBIMM CBOMCTBaMM. JTH aJCOPOECHTHI NPUMEHSIOT TJIaBHBIM 00pa3oM
JUISL pa3JeNIeHUs] HETIOJIPHBIX COEAMHEHUN U COEIMHEHUM CO CPETHEN MOJISIPHOCTHIO.

HenocraTok mosiipHbIX aJCOPOEHTOB — BBICOKAsl UyBCTBUTEIBHOCTb K COJIEP-
’KaHWIO BOJIBI B PACTBOPHUTEIISIX: HApUMEpP, CUIOKCAHOBbIE Tpynnbl —Si—O—Si—
Ha noBepxHocTU Si0; B MPUCYTCTBUU BOJBI MEPEXOAAT B cuitaHoibHbIe =Si-OH, mpu
ATOM M3MEHSIOTCS CBOMCTBA MOBEPXHOCTH M PE3YJIbTaThl CTAHOBSITCS HEBOCIIPOU3BO-
aumbiMi. s BOXX npuMenstoT nossipabie COpOSHTHI ¢ MPUBUTHIMH TOISPHBIMU
rpynnamMu (aMHUHBI, TUOJIBL U JIP.), YTO TIO3BOJISIET MEHATH CEJIEKTUBHOCTD, MMOAOUpast
HOIXOISAIINN ITIOEHT.

Kpome ykazaHHBIX COPOEHTOB, UCIIONIB3YIOT OBEPXHOCTHO-MIOPUCTHIE HOCUTE-
au (IITTH). 910 MOTYT OBITh JKECTKHUE HEMOPUCTHIE HOCUTENHU (CTEKJISTHHBIE IIAPUKH),
HOKPBITbIE TOHKUM IOPUCTBIM CJIOEM aKTHBHOI'O MOJIIPHOTO WM HEMOJSPHOTO COp-
Oenra. Takue copOEHTHI OKa3bIBAIOT MalO€ COMPOTHUBIEHUE TMOTOKY, 3@ CUET Yero
YBEJIMYUBAETCS] CKOPOCTh aHAJIM3a.

HHoaBuxHbIe pa3bl.

Kak yxxe ormeuanocs, B KX BakeH BbIOOp MOABMXKHOH (Da3bl, IOCKOIBKY OHA
OKa3pIBaeT OOJIbllIEe BIMSIHME HAa CEJIEKTUBHOCTb pa3fesieHusi, 3PQEeKTUBHOCTh KO-
JIOHKH U CKOPOCTh JBIKEHHUs Xpomarorpaduyeckoil mosocwl. llogBmxkuas ¢asza
JIOJDKHA PAaCTBOPSTH aHAJTU3UPYyeMyro IpoOy, o0JiaiaTh MaJIol BSI3KOCThIO (K03dhdu-
UEeHTH! JU(PHy3uu KOMIIOHEHTOB aHAIU3UPYEMON MPOOBI TOIKHBI OBITH TOCTATOUHO
00JBIIMMU), U3 HEE JOJHKHO OBITh BOBMOXKHBIM BbIJIETICHHE Pa3eICHHBIX KOMIIOHEH-
ToB. [loaBmkHas (a3a nomKHA OBITH MHEPTHOM 0 OTHOLLEHUIO K MaTepuaiaM BCeX
yactell xpomatorpada, 6e30macHo, qe1eBoi, MOAXOASIIEH A JaHHOTO JIETEKTOpA.

Kak Opl10 CKa3aHO, pa3leneHus AOCTUTAIOT, MEHSS DJIIOUPYIOIIYIO CHIIy IO-
IBYOKHOM (pa3bl — pacTBOPUTENA. Dmoupyrowas cuia pacmeopumesi MOKa3bIBaeT,
BO CKOJIBKO pa3 dHEprusi COpOLMU JaHHOTO 3JII0EHTA OOJIbLIE, YeM IHEPIHs COPOINH
AIIIOEHTA, BHIOPAHHOTO B KAa4eCTBE CTaHJIApTa, HAIpUMEpP «-renraHa. PactBopurenu
(amr0eHTHI) AeNAT Ha cnadbie u cuibHbIe. Caabblie pacTBOpUTenu ci1abo aacopoupy-
I0TCSl HEOABMXXHOM (Da3oii, mosToMy KO3 ULHMEHTHI pacipeneiaeH sl COpOpyeMbIX

BenecTB (copbara) Bbicokue. CUIIbHBIE PACTBOPUTENU CUJIBHO aIcCOPOUPYIOTCS, TO-



stoMy D copbata Hu3KUe. PacTBopUTENlb TEM CHIIbHEE, YEM BBIILIE PACTBOPUMOCTH B
HEM aHaJN3UPyEeMOi MPOOKI, YeM CHITbHEE B3aUMOJICHCTBIE PaCTBOPUTEIh—COPOaT.

NmeroTcst naHHble 00 OTHOCHUTEIBHOM CHUIIe pAacTBOPUTENEH ISl pa3HbIX ajl-
copoentoB. s SiO, cuna pactBoputenel yBenumuuBaercs B psagy: neHtad (0) <
CCl14 (0,11)< 6enzon (0,25) < CHC13 (0,26) < CH,C1; (0,32) < aneron (0,47) < nu-
okcad (0,49) < auetonutpui (0,5).

Dmoupyromasl Cuiia ONpeAeIeTcsl MOJSIPHOCTRI0 pacTBopuTeis. B HOpmaib-
HO-(a30BoI XpomaTorpaduu ¢ yBEITUYCHHEM TOJISIPHOCTH PACTBOPHUTEIIS ITIOUPYIO-
I1asi Cujla paCTBOPUTENS pacTeT, B 00pallleHHO-(a30BOM BapuaHTe — CHIbKaeTcs. B
KadeCcTBe MEpPhl OTHOCHUTEIHLHOU MOJSPHOCTH NMPUHUMAIOT mapameTp | uinbaeOpanma
P. PacnionoxxeHue pacTBOPUTENEH B COOTBETCTBUH C BO3PACTAHUEM UX DIIIOUPYIOIIEH
CWJIbl HA3BIBAIOT 21I00MPONHBLIM ps0oM. B HKUIKOCTHOHN alcopOUMOHHON XpoMarto-
rpadun mrooTponHbIA psan CHaiiepa uMeeT BUA (B CKOOKax MPHUBEIACHBI 3HAYCHUS
samoupyromeit cuibl): neHTan (0) < «-rexcad (0,01), renran (0,01) < nukiIorekcaxn
(0,04) < CCl14(0,18) < 6en3on (0,32) < CHCl3 (0,38) < aneron (0,51), atanon (0,88)
< Boaa, CH;OOOH (oudensp 6obIm1as).

YacTo npUMEHSIIOT He UHAUBUAYJbHBIE PACTBOPUTENH, a UX cMecH. HezHauu-
TeJbHBIE TO0ABKHU APYTOro pacCTBOPHUTENSI, OCOOCHHO BOIbI, CYIIIECTBEHHO yBEIHYH-
BAIOT JJIIOUPYIONIYI0 crity aitoeHTa. Hampumep, k-nentan (0,00), n-nenatan + 10%
nsonpormixiopuaa (0,10), a-nenran + 4% s¢upa (0,2) u T. 1.

[Tpu pa3nenennr MHOTOKOMITIOHEHTHBIX CMECe OfHa TIOABIKHAS (Da3a B Kade-
CTBE DJIFOEHTA MOKET HE pa3/IeNIuTh BCE KOMIIOHEHTHI MPOOBI 32 MPUEMIIEMOE BpEMs,
B 3TOM CJIydae MPUMEHSIOT METOJI CTyIeHYATOr0 MWW TPAJUCHTHOTO JITIOUPOBAHUS.
Jlist yBenMueHusl CUIiIbl JIII0OEHTa B Ipolecce XpomaTtorpadupoBa-HUs MOCIEI0Ba-
TEJILHO MPUMEHSIOT Bce 00Jie€ CHIIbHBIE AJIFOEHTHI. DTO MO3BOJISIET AIIOMPOBATh BCE
0oJiee CUIIBbHOYACPKUBAEMbIE BELIECTBA 32 MEHbILIEE BPEMSI.

VYcTaHOBIEHBI HEKOTOPHIE SMIIMPUYECKUE MPaBUIIa, TOMOTAIOUIUE MPU BHIOOpE
amroeHTa. CopOIus, Kak MPaBUIIO, YBEIIMUMUBAETCS C POCTOM YHCJIa JBOMHBIX CBS3EH
u OH-rpynm B coequnenusix. CopOnys yMEHBIIAETCS B Py OPTaHUYECKUX COCIH-

HEHUM: KUCJIOTHI > CIUPTHI > allbJIETU/IbI > KETOHBI > CJIOKHBIE A()UPHI > HEHACHI-



IIICHHBIC YTJIEBOJOPOBI > HACBIIICHHBIC YIJIEBOAOPOABL. 11 pa3feseHus BEIIECTB
Pa3HOM NOJLSIPHOCTH M I PA3JEJICHUs] COCAMHEHMM Pa3HBIX KIIACCOB IPUMEHSIOT
HOpMaJIbHO-(a30BYI0 XpOMaTOrpaduio: U3 HEMOJIAPHBIX MOABMXKHBIX (a3 coeIuHe-
HUSl Pa3HbIX KJIACCOB BBIXOJAAT U3 KOJOHKHU C MOJSPHBIM aJCOpPOEHTOM 3a pa3HOoe
BpeMsl (BpeMsl yACpKUBAHUS COCIUHEHUN C pa3HbIMU (DYHKIIMOHAIBHBIMU TPyIIaMH
YBEJIMYUBAETCS IIPU NIEPEXOE OT HEMOJSIPHBIX COEUHEHUH K CI1a00nOaspHbIM). [lis
OYEHb IOJAPHBIX MOJIEKYJ fz TaK BEJIMKH, YTO IIPHU HCIOJIB30BAHWM HEIOJSPHOTO
AIIOEHTA aHAJIU3 HEBO3MOXKEH. 11 YMEHBIICHUS BPEMEHU yAEPKUBAHUS ITOJISPHBIX
copOaToB NEePEeXo AT K MOJSIPHBIM dIt0eHTaM. B oOpaiieHHo-(pa30BoM BapuaHTe He-
MOJIBIKHAsL oOparieHHast ¢a3za cuibHee aaAcopOUpyeT HEMOJIApHbIE KOMIIOHEHTHI U3
HOJIIPHBIX DJIFOEHTOB, HampuMep U3 BoAbl. CHIKAs MOJSPHOCTh AJIOEHTa J00aBiie-
HUEM MEHEE MOJIIPHOIO PacTBOPUTENS (METAHOI), MOKHO YMEHBIIUTD yACPKUBAHHUE
KOMIIOHEHTOB.

Mexanusm yaepsxkuBanus B KX yaiie ObIBa€T CMEIIAHHBIM, T. €. YACPKUBAHUE
MPOUCXOIUT MO aACOPOLMOHHOMY, PACTIPEACIUTENBHOMY, SKCKIIO3MOHHOMY MeXa-
HU3MaM. Bplienuts mpeoOiajarouiuil TUII 4acTo CJIO0KHO WM HEBO3MOXKHO. B an-
COpOLIMOHHOM Xpomarorpaduu pacupeneneHue copdata MeXay MOJBHKHON KUIKOM
Y HETMOJBMKHOU TBEpAOH (azaMu MPOUCXOINT 3a CUET B3aUMOACHCTBUIA JBYX BUJOB:
HecnelMPpUUeckux (AUCIEPCUOHHBIE, NHAYKIIMOHHBIE, OPUEHTAL[MOHHbIE) U CIIELU-
¢budecKkux, BHOCAIIMX OCHOBHOW BKJIAJ B BEIUYHMHBI yACPKUBAHUS, O] KOTOPHIMH
MOHMMAIOT, HampuMep 00pa30BaHUE BOJOPOJHBIX CBSI3€H C HEMOJBHKHOM TBEPIOi
¢dazoil. MexaHu3M yJepKMBaHUs 3aBUCUT OT IpUpoabl copOeHTa. Ha monsipHbIX aj-
copOeHTax yJep)KHBaHUE KOMIIOHEHTOB MPOOLI 00YCIOBIEHO WX B3aMMOJICHCTBUEM C
TMJIPOKCWIBHBIMM TPYIIIaMU aJCcOpOeHTa (CUJIMKAresb, OKCUJ AFOMUHUSA U Jp.) C
oOpazoBanuem H-csaseil. [lossspHble MOJIEKYNBl YAEPKUBAIOTCS CUJIBHEE HEMOJISAP-
HeIXx. Ha oOpamienHo-¢a3oBbix copOeHTax ¢ mpuBUTHIMU (azamu Cijg MEXaHHU3M
ynepxxuBanus Oosiee cioxeH. [IpuBnteie Monekyinl Cig yIep>KUBaOT copOar 3a cueT
HecneupuIecKnx B3auMozeicTBuil. Kpome TOro, BO3MOXHO B3aUMOCHCTBHUE CH-
JIAHOJIBHBIX TPYIII, HE POPEAruPOBABIINX C OKTAACIUICUIAHOM M3-3a CTE-PUUYECKUX

NPEMnsTCTBUM, C MOJIEKYJIaMH PAaCTBOPUTEJICH, a TAKXKE C METaJUIAMU U APYTUMH KOM-



MOHEHTaMH 10 MEXaHU3My MOHHOTO oOMeHa. Takke ObUIO BBICKa3aHO IMPEIOIOKE-
HUE, 9YTO Ha MMOBEPXHOCTH IIIETOYHOTO» COPOCHTA 3a CUET aiCOPOIHMH YIAEPKUBACTCS
CJIOM KUAKON (pa3bl, 000TAIICHHON MEHEe MOJIIPHBIM PACTBOPUTENIEM U3 MOABHKHON
($asbl, T. €. COCTaB 3TOrO CJIOSI OTIMYACTCSA OT COCTaBa MOABMKHOM (asbl, U paselie-
HUE€ MPOUCXOJUT 3a CUET paclpe/ieNIieHUs] KOMIOHEHTOB MEX/y JIByMsl HECMEIIUBA-
IOIUMHUCS KUAKOCTAMH. [ToaTOMy pasjieneHue Ha «IIETOYHBIX» COPOEHTax MHOTIA
OTHOCAT K pachpenenuTeabHon xpomarorpaduu. UeTko pa3srpaHU4UTh a1coOpOIHOH-
HYIO U pacTpeIeIUTeNIbHYI0 XpoMaTorpaduu TpyaHO.
Ocoodennocmu HcuOKOCmMHBIX Xpomamozpaghos

KunkoctHoit xpomarorpad — 6ojee CIOXKHBIN MPUOOp MO CPABHEHUIO C Ta30-
BbIM (EM. PUCYHOK 8). DTO CBSI3aHO C TE€M, YTO CHCTEMa IMOAa4M SJIF0CHTa BKIFOYAET
PSIT TOTIOTHUTEIBHBIX Y3JIOB: CUCTEMY Jera3aiiu, YCTPOMCTBO JIJIsi CO3JaHUsl Tpajau-
€HTa, HACOCHI M M3MEpUTEIN AaBieHus. Hacocel MOMKHBI 00ECTIEYNTh MOCTOSHHYIO
ckopocTh notoka oT 0,1 mo 10 mu/mun nipu nanenuu 10 400 atm. TmiatenbHoe
00e3raKMBaHNe BCEX HCIOJIb3YEMbIX PACTBOPUTENEH HEOOXOAMMO BBHIY TOTO, UTO
MOSIBJICHHE MY3bIPHKOB T'a3a B JICTEKTOPE JCJIaeT HEBO3MOXKHBIM €TI0 UCITOJIh30BaHHE.

KunkoctHoit Xpomarorpad HMEET JJAOCTaTOYHO CJIOKHOE TpPagueHTHOE
YCTPOKCTBO, 0OeceunBaroiiee 0TOOp AMOEHTOB U3 2—3 €MKOCTEH B CMECUTEh, 3a-
TE€M B KOJIOHKY, a TaK)Ke J103aTOPbI, paboTaoIIMe MTPU BBICOKUX JaBiaeHUAX. {11 BBO-
71a TPOOBI UCTIONB3YIOT TIETJIEBBIC 103aTOPHI WU CIIEIUATbHbIE MUKPOIIIPHUITHL. [1po-
Oy BBOJSIT Uepe3 MPOKIAAKY U3 CIICIHAIBHBIX HEHA0YXAIOMUX TOJIUMEPHBIX MaTepPH-
ajioB. YacTo UCIOIB3YIOT 103aTOP ¢ OCTAHOBKOM MOTOKA.

B BOXX 00bp1yHO HCTIONB3YIOT HpsAMble KOMOHKH amuHOM 10, 15, 25 cm c
BHYTPEHHUM JaMeTpoM 4—35,5 MM. B MUKpPOKOJIOHOYHBIX XpoMaTorpadax UCHob-
3YIOT KOJOHKH JIMHOM 5—6 cM u quameTpom 1—2 mM. KonoHKM M3roTaBIvMBaroT U3
CTEKJIa WM HEpKaBeromIel ctamu. B )KuakocTHRIX XpomaTorpadax 4acTo UCIOJb3Y-
I0OT aBTOMATUYECKHE KOJUICKTOPHI (PpaKIinii, YTO MO3BOJISECT aHAJIM3UPOBATH KOJIMYeE-
CTBEHHO COOpaHHBIE BEIIECTBA JPYTHUMH XUMHUYCCKUMU WIH (PU3UIECKUMH METOIa-

Mu. Bce 00beMbl COeTMHUTENBHBIX TPYOOK, KOJIOHOK, STYeHKH I€TEKTOpa, BBOJA MPO-



Obl JOJDKHBI OBITh KaK MOKHO MEHBUIMMH, YTOOBI M30€KaTh BHEKOJIOHOYHOIO pa3-
MBIBaHHS XpOMAaTOTpapuueCcKOn MOJIOCHI.

HonoodMennasi xpomarorpadgust

TepmuHoI0rUsl U NPUHUMIIBI Pa3/iejieHHs] HOHOB B COPOIMOHHBIX MPOLec-
cax

HNonoobmenHas xpomaTtorpadus OTHOCUTCA K HKUAKOCTHO-TBEpAO(a3HON Xpo-
MaTorpa(uu, B KOTOPOU MOABIKHOM (ha30i SBISETCS KUIKOCTh (JIFOCHT), a Hero-
ABMOKHOM (pa3oif - TBepaoe Teso (MoHOOOMEHHHK). B ocHOBe MeTo/1a HOHOOOMEHHOM
XxpomaTtorpapuu JeKUT TUHAMUYECKUHN MPOIIeCC 3aMEIIeHHs] HOHOB, CBSI3aHHBIX C He-
MOJBIKHOM (ha30li, MOHAMHU 3JI0EHTA, OCTYNAIOIIMMU B KOJOHKY. Pa3nenenue npo-
UCXOIUT Onarojapsi pa3HOMY CPOJACTBY K MOHOOOMEHHUKY HMOHOB, HAXOJISAILIUXCS B
CMECH, YTO MPUBOJUT K PA3IMUYHBIM CKOPOCTSM HX MepeMelieHus 1no kKoioHnke. MoH-
Hasi Xpomarorpadusi IpencTaBiIsieT coO0il BapUaHT KOJOHOYHOW HMOHOOOMEHHOM
XxpomaTorpaduu.

Cormacao pexomernnmanusm MIOITAK (1993 r.) TepmuHBI HMOHOOOMEHHAs
(MOX) u wonnas (MX) xpomarorpadgusi ONpeaessroTCs CIASAYIOUIMM 00pa3oMm.
"MonooOMeHHast xpomarorpadgusi OCHOBaHa Ha pa3jiMuud MOHOOOMEHHBIX B3aHMO-
ACMCTBUI ISl ”HAUBUIYaTbHBIX aHAIM3UPYEMbIX BEIIECTB. ECau HOHBI pa3nensroTcs
U MOTYT OBbITh JETEKTUPOBAHBI C MOMOIIBIO KOHIYKTOMETPHUUECKOTO IETEKTOpa WM
KocBeHHOTO Y® - neTeKkTupoBaHUs, TO OHA HA3BIBAETCSI HOHHOW Xpomartorpadueii”.
Cospemennas (2005 rt.) dopmynupoBka: "MonHas xpomatorpadusi BKIIOYAET BCE
BBICOKOA(h(DEKTHBHBIC KUAKOCTHBIE xpomarorpadudeckue (BOXX) pazpenenus
HMOHOB B KOJIOHKaX, OOBEAMHEHHbIE C HEMOCPEACTBEHHBIM JAETEKTHPOBAHUEM B MPO-
TOYHOM JIETEKTOPE W KOJIUYECTBEHHON 0OpabOTKOW MOJYYEHHBIX aHAIUTUYECKUX
CUTHAJIOB". DTO OIpeAesieHUe XapakTepU3yeT HOHHYI0 XpoMaTorpaduio 6€30THOCH-
TEIbHO MEXaHH3Ma pa3fesieHUus] U METO/a IETEKTUPOBAHUSA U TEM CAMbIM OTHEJSET
€€ OT KJIaCCUYeCKOro MOHHOTO 0OMEeHa.

B nonno#t xpoMaTorpaduu npuMEHsIOTCS CIEAYIOIINE MPUHIUIBI pa3/IeIeHHUS:

*  Hounsriii 0oMeH.

* OOpa3zoBaHKe MOHHBIX TAP.



e DKCKIJIIO3HS HOHOB.
Honnwtit oomen

HonHblid 00MEH TIpeacTaBiIsieT cOO00H OOpaTHMYIO T'€TEPOTCHHYIO PEaKIIHIO
AKBUBAJICHTHOTO OOMEHA MOHOB, HAXOAAIIMXCS B (Da3e HOHUTA (MPOTUBOMOHOB), Ha
WOHBI JIIIOeHTa. [IpOTHBOMMOHBI yHEPKUBAIOTCS (DYHKIIMOHATBLHBIMU TPYIIIAMH
MOHMTA 3a CYET JICKTPOCTATHICCKUX cuil. Kak mpaBmiio, B KATHOHHOW XpoMaTorpa-
(Gbun 3T TPYNMBI SIBISIOTCA TPYNIaMU CyJIb(POHOBBIX KHCIIOT; B CIIy4ae aHUOHHOU
xpoMarorpadun — 4eTBEPTUYHBIX aMMOHHEBBIX OCHOBaHuil. Ha pucynke 1 mpen-
CTaBJICHA CXeMa IMpoIiecca 0OMeHa KaTHOHOB M aHWOHOB. MIOHBI ompe/iensieMoro Be-

1iecTBa 0003HaUYEHBI Kak A, HOHBI 3JIOE€HTA, KOHKYPUPYIOIIUE C HUMH 32 OOMEHHBIE

LEHTPHI, - E.
+ + - - 5
E A Mogsmkuas dasa = A A HOHEI aHATIHTA
Jr Jr Jr Jr E: woHFI 31r0€HTa
At E* A E;
SO3 SO3 N'R; N'R3
KatnoHoobMeHHHK AHHOHOOOMEHHHK

HernonBwxHas (paza

Pucynoxk 1. Monnb1i 00MeH katioHoB (A™") 1 annoHoB (A") Ha nossl smoenta (E wim EY) ¢ yuactu-
€M KaTHOHOOOMEHHHMKa, coJieprKallero (yHKIMOHaIbHbIE Cyab(orpynmsl — SO3°, 1 aHHOHOOOMEH-

HUKa (TPYIIbI YETBEPTUYHOIO aMMOHUEBOTO OCHOBaHUS —N 'R3).
Oobpazoeanue uonnvx nap

J{ns peanuzanyiv ’TOro MEXaHu3Ma pas3/iesieHUs] IPUMEHSIOT HOH-TIAPHbIE pea-
TeHTBI, KOTOpPbIE TOOABIISIIOT B PACTBOP DJIIOCHTA. Takhe peareHTbl MPeICTaBIISIOT
co0Oli aHMOHHBIE WM KaTHOHHBIC TTOBEPXHOCTHO-aKTHBHBIC BEIIECTBA, HAIIPUMED,
ANKUICYIb()OHOBBIE KUCIOTHI WIIM TETPAATKUIAMMOHHUEBBIE COMH.

BmecTe ¢ mpOTHUBOIONOXKHO 3apsSyKEHHBIMHU ONPEEIIEMbIMU MOHAMHU HOHBI
ATOr0 HOH-TMAPHOTO peareHTa 00pa3yloT HEe3apsHKEHHYI0 HMOHHYIO Mapy, KOTopas

MOXKET YACPKHNBATHCA Ha H€HOI[BI/I)KHOI\/'I (1)336 3a CUCT MCXKMOJICKYJISIPHBIX B3aMMO-



AeicTBHid. Pa3nenenne OCyIIeCTBISAETCS 3a CUET Pa3Indyus KOHCTAaHT OOpa3oBaHMS
MOHHBIX Tap U CTETICHH UX ajcopOnmu Ha MaTpuile copOeHnTa. Ha pUCYHKE 2 roka3aHa
cTaTh4ecKas HOHOOOMEHHAs MOJIETh B MOH-TIApHOW XpomaTorpaduu mocie aacopOorum
peareHTa Ha HEMOJABIDKHOM (haze. DTOT NMPUHIIHI pa3AeleHUs] TPUMEHSIETCS KaK JJIs

AHHUOHOB, TaK U AJIsI KATHOHOB.

[TomBuxHas dasza

Wou onpenenseMoro
WoH ymroeHTa  BEIICCTBA

|
MoH-napHsIi peareHT
/\/\\/\./T /\/\/\)‘
NN RGANA RN INGTNAN
HETO/BIDKHAS (ha3a

Pucynok 2. llonooOMeHHast MOZIEb B MOH-TIAPHOI XpomarTorpadum.
Honnasn ’3xckno3us
HNononkckmmo3nonnas xpomarorpadus (M9X). B o0CHOBHOM, IPUMEHSETCS IS
paszesieHusl caa0bIX KUCIOT Wiu ocHoBaHui. HamOonbiiee 3nauenune DX umeer
11 oTpeieieHs] KapOOHOBBIX M aMUHOKHCIIOT, PeHOJIOB, yrieBoaoB. Ha pucyHke 3

MOKa3aH NPUHLMN pa3aeneHus ¢ nomouipio M9X Ha npumepe kucior R-COOH.

memOpana JloHnana

SO, H' o, [TomBuxHas dasa

SO, H* s A0

SO, H" )

so;ir HO™ /
HenonswxkHas /~S0,H’ \ -COOH (ananut
(asa 803;{* """R ( )

SO, H 3

SO, H' o H'CI' (3moenT)

SO,H" 2~ |

son+ HO

Pucynok 3. Cxema paznenenust kapOoHOBbIX kucioT R—COOH ¢ ucnons30BaHHEM HOHOIKC-

KIIFO3UOHHOM XpomaTorpadumu.



B MOHO3KCKIII03MOHHON XpoMaTorpaguu B Ka4ecTBE HEMOJBMXKHOMN (ha3bl ya-
CTO TPUMEHSAIOT TMOJHOCTBHIO CYJIb(UPOBAHHBIN KAaTHOHOOOMEHHHK, COEpIKaIlun
MOHBI BOJIOpoJia (MMPOTUBOMOHBI). B BOAHOM pacTBOpe 3it0€HTa CyJIb(OKUCIOTHBIE
Ipynnbl MOHUTA TUAPATUPYIOTCS. I'uapaTHas 000ji0uKa OrpaHUYMBAETCsl BOOOpaXka-
€MOW OTpUIATENBHO 3apsbKeHHON MeMmOpaHoi (JlonHaHoBckoit memOpaHoii). Mem-
OpaHa NpoOHMIIAEMA TOJIBKO JUIl HEAUCCOLMMPOBAHHBIX MOJIEKYJI (HalpuMep, BOJIbI).

Oprannueckre KapOOHOBbBIE KUCIOTHI MOTYT OBbITh pa3/IeNeHbl, €CJIM B KaUeCTBE
AIIOCHTA NPUMEHSAIOTCA CWIbHBIE MUHEpAJIbHBIE KUCIOTHL. BenencrBue HU3KUX 3Ha-
YEHUH KOHCTAaHT KUCJIOTHOCTU KapOOHOBBIE KHUCIOTHI NMPUCYTCTBYIOT B TaKUX pac-
TBOpax B HEAMCCOLUMUPOBAHHON (opme. ITU (HOPMBI MOTYT MPOXOIUTH Yepe3 MEM-

Opany JloHHaHa 1 afIcopOMPOBATHCS Ha HEMOABIKHOM (hase.

HNonooOMeHHbIC pABHOBECHUS
HMoHOOOMEHHBIN IpolLecc NpeAacTaBiseT co00M IeTEpOreHHYH O0paTUMYHO
+ +
XUMHUECKYIO peakiuio. Peakinio oOMeHa ByX OJTHO3apsIAHBIX KaTHOHOB M u M," ¢
y4yactueM cyibdokuciaoTroro kartnonuta (R-SO3M", rae R - MaTpuna noHooOMeH-
. - . +

HuKa; SO3’- QyHKIMOHAJIbHAs HOHOT€HHAs Tpymnmna; M’ - IpOTUBOMOH) MOKHO 3alu-
caThb CIEIYIOLUM 00pa3oM:

R—-SO;M; +M, <>R-SO;M; + M

KoHcTanTta paBHOBecHsl 3TOW peakuuu (KOHCTAaHTa MOHHOTO OOMEHa) MMEET

BHUA:

My _ [MF][M{]

Mz iy
N
[M7] _ My [M{]

] M2 () ¥

3nech [M; ] u [M]] - paBHOBecHBIE KOHLIEHTpauK HOHOB M;" u M, B pase

vonwuta; [M;" ] u [M,"] - paBHOBECHBIE KOHIICHTPAIIMH HOHOB B PACTBOPE.



KoHcTaHnTa MOHHOTO 0OOMEHa XapaKTepU3yeT CIOCOOHOCTh MOHOOOMEHHHKA K

M
oOMeHy C TEMH WJIM MHBIMUA MOHaMH u3 pactBopa. Eciu K le > 1, To uoH M, ", Haxo-
JSIIAICS B pacTBOPE, UMEET OOJIbIliee CPOJCTBO K MOHUTY, YeM MoH M, . Hampasne-

M
HUE TIpoliecca HOHHOTO oOMeHa meHsiercs (K le < 1), ecitu M;" copbupyercs myurie

M
o cpaBHEHUIO ¢ HOoHOM M,". [Tpu K;,* =1 cpOoICTBO HOHOB
M,

M ;" u M;" K KATHOHHUTY OJUHAKOBOE.
Ecinr 0OMEHHBAIOTCS HOHBI, HMEIOIIUE pa3Hbie 3apsiabl (Z), KOHCTAHTa HOHHO-

ro oOMeHa paBHa:

= MM — = —— 3)

[Ipu oOMeHe MOHOB paBHOTO 3apsija OTHOUICHHE MEXIy KOHLEHTPalUSIMU
ATUX MOHOB NPAKTUYECKU HE MEHsETCs ¢ pa30aBieHHEeM pacTBopa. B Ooinee pazdas-
JICHHBIX PAcTBOpaX HOHBI C OOJBIION BETWYMHON 3apsiia CHIIbHEE YJEp>KUBAIOTCS
MOHUTOM.

O10T 3(pPexT yCrnemHo HCHONB3YIOT Uil yMSIrueHus Bojabl. Pa3OaBieHHbIE
pPacTBOPBI KaJbIMEBBIX U MarHUEBBIX COJiel (PKeCTKasi BOjia) MPOITyCKAaIOT Yepe3 KO-
JIOHKY ¢ KaTnoHuToM B Na' - popme. Huskas konuentpauus vonos Ca?" u Mg* 611a-
TONPHUATCTBYET UX COpOLIMU KaTHOHUTOM. B mporecce pereHepanuu HOHUTA MPOITyC-
KalOT JJOCTATOYHO KOHIIEHTpHpoBanHbIi pactBop NaCl, nmpu sTom nonsl Ca’" u Mg
BBITECHAIOTCS. U3 (pa3bl KaTnoHMTA. Takue Mpouecchl NMPUMEHSIOT B XUMHUYECKOM
aHaiuse, 4ToObl Pa3lAeNuTh MOHBI PA3HOTO 3apsia, U AJi1 U30UPATENIbHOTO KOHIIEH-
TPUPOBAHUS CJIEJIOBBIX KOJUYECTB HOHOB U3 pa30aBIEHHBIX PACTBOPOB.

[Mopsinok cenektuBHOCTH Ha cyibdokarnonurax (R-SOs-H') creayrommii:
Hawubonee cumbHOrHIpAaTUPOBAHHBIN HOH Li'" cnabo ynepKuBaeTcss HOHUTOM, a JIJist
HaMMeHee TuaApaTupoBaHHOTo HoHa Cs'™ XapakTepHa 3HAYUTEIbHAS COPOIIHS:

Li"<H"<Na"<K"<Rb"<Cs".

T kapbokcunbHbIX KaTHOHUTOB (R-COO™H") mopsaok cpoacTBa oOpaTHBIN,
[pUYEM CYIIECTBEHHOE BIIMSHUE Ha M30MPaTEIbHOCTh COPOLIMU OKA3bIBAET CTEIEHb

HelTpamu3anuu —COOH -rpynn (1.e. Benmmuuna pH ananusupyemoro pactopa). s



COpOLIMM HAa CHJIBHOKUCJIOTHBIX KaTHOHUTAaX JBYX3apsIHbIX KaTHOHOB IIEIOYHO3E-
MenbHBIX dnemenToB (Mg, Ca*", Sr**, Ba?") naOmromaeTcs Takas e 3aKOHOMEPHOCTD,
4TO U JUIsl OAHO3APSAAHBIX KaTHOHOB. ClI0)KHEE CpaBHMBATh CPOJCTBO MOHOB, UMEIO-
IIUX pa3lIUyHbIe 3apsAbl, T.K. 1P pa30aBIE€HUU pacTBOpa MOHOOOMEHHOE paBHOBE-
CHE CMEIIAEeTCs.

JlJ11 aHMOHOB TakoOM BBIBOJI IPUMEHATh Ha MpaKTUKE cioxHee. 3Becten cie-
AYIOLIUI COPOLIMOHHBIN PSII MPU UCHIOJIB30BAHUN CUIIBHOOCHOBHBIX AHHOHOOOMEHHHU-
k0B (R-N"(CH3);0H): FF < OH < CI' < Br <I' < SCN" < ClOy". [ToBblIIieHHO# cOpO-
[IME XapaKTepU3yIOTCs aHUOHBI CUIIbHBIX KUCJIOT ¢ OOJBIIMM MOHHBIM PaJlyCcoM U
MMEIOIIMEe HAUMEHbIINH 3apsia. YeM Oombliie pa3Mepsl HOHA, TEM B OOJIBIICH CTENEHH
paspymaercs CTpyKrypa Bojibl. FIOHBI ¢ BBICOKMM 3apslOM U OCHOBHBIM XapaKTEpOM
IPENATCTBYIOT TAKOMY IPOLECCY, MOCKOIbKY OHU OOpa3yrOT BOJOPOJHBIE CBSI3U C
MOJIEKYJIaMH BOJIbl WJIM BCTYHAIOT B PEAKIIUU THAPOIIU3A.

Takum 00pa3oM, Ha HOHOOOMEHHOE PaBHOBECHE BIMSIIOT MHOTUE (DAKTOPBI U
KOJIMYECTBEHHAs! TEOPHUSI PACCMATPUBAET JOMUHHUPYIOIINE MPOIECCH C yY€TOM KOH-
KypUPYIOLUIMX pEaKLUil KUCIOTHO-OCHOBHOIO B3aUMOAEWUCTBUS U KOMIUIEKCOOOpa3o-
BaHUs, TEPMOAMHAMMUYECKHUX XapAKTEPUCTHUK I'MJIpaTallid UOHOB, a TAKXXE OCOOEHHO-
CTEH COCTaBa U CTPYKTYPbI HOHUTA.

Henoau:xubie ¢a3pl (COPOEHTHI) B HOHHOI XpoMmaTorpadguu

Tpeoosanusn k copoenmam

Br16op HenoaBrxHON (pa3pl nMeeT OOJbIIOe 3HAUYEHUE NPU MPOBEACHUU JIIO-
6oro xpomarorpagudeckoro pazaeneHus. CuHTe3 cOpOSHTOB JJI1 HOHHOM XpOMAaTo-
rpaduu 3aTpyIHEH, TOCKOJIbKY K HUM HPEIBIBISIETCS JOBOJIBHO MHOTO TPEOOBAHUM:

— COpOEHT JOHKEH HMETh HH3KyH HOHOOOMeHHyr emkocTh (0,001-0,1
MAKB/T). UTOOBI obOecrnieunTh HM3KHI (DOHOBBIM CUTHAJI B MOHHOW Xpomarorpaduu
UCIIOJIb3YIOT 3JIIOEHTHI (PaCTBOPBI KHCIIOT, COJIEH, OCHOBAaHUW) C KOHUEHTpaIMel Me-
Hee 0,01 M. Jlns 3¢ (eKTUBHOTrO pa3fesieHus ¢ MOMOIIBIO0 TAKUX AJIIOEHTOB TPEOyIOT-

Csl HU3KOEMKOCTHBIE HOHOOOMEHHBIE COPOCHTHI;



— IUaMeTp 3epeH copOeHTa He A0bKeH npeBbiath 20 MKM (0OOBIYHO OH paBeH
5-10 mMxm). ToapKO B 3TOM CiIydae MOXKHO JIOCTHYh BBICOKOU 3(PPEKTUBHOCTH pa3ie-
JICHUS.

— 3epHa copOeHTa JAODKHBI 00J1aJaTh BHICOKOM MEXaHUYECKOW MPOYHOCTHIO U
YCTOWYMBOCTHIO K JABJICHHUIO, KOTOPOE BO3HUKAET MpHU paboTe C MEIKOIUCTIEPCHOM
HETIOJBIKHOU (pazoi;

— COpOEHT JOMKEeH 00Ja/1aTh BBICOKOM XMMHYECKON YCTOWYMBOCTHIO IO OTHO-
HICHUIO K 3IIIOMpPYIoNEeMy pacTBopy. OH JOKEH COXPaHATh CTAOMIBHOCTH B IIHPO-
KOM uHTepBaie pH.

JlJis uconbp30BaHus B HOHHOM XpoMarorpaduu MpUroieH MUPOKUM KpyT pas-
JUYHBIX OPraHUYECKUX U HEOpraHM4ecKux copOeHToB. Ha MX moBepXxHOCTH UMEIOTCS
(yHKIMOHAJBHBIE TPYIIIbI, KOTOPbIE CITOCOOHBI K 0OMEHY MOHOB. B moHHOI XpoMma-
Torpaduu B Ka4UecTBE COPOECHTOB MOTYT MPUMEHSTHCS CIEAYIOIINE BEIIeCTBa:

* MoaudunupoBaHHble OPraHUYECKHE MOJTUMEPHBIE CMOJIBI.

*  MoaudunupoBaHHbIE CUINKATEIH.

* Heopranuueckue conu (Hanmpumep, noiaudocdator).

e Crekia.

e IleoauTsl.

*  Oxcuapl MeTauioB (Hanpumep, AlLOs).

* IIpousBoaHbIE LEIIONO3BI.

Ha npakTuke 4aie MCHOAB3YIOT MOAU(PUIMPOBAHHBIE OPraHUYECKUE MOJU-
MEpHbIE CMOJbl M cuiIukaread. CxeMaTH4HO 0030p HEMOABMXKHBIX (Da3, KOTOphIE

NPUMEHSIOTCSI B HOHHOM XpoMaTorpaduu, mpuBeIeH Ha PUCYHKE 4.
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Pucynok 4 Haubonee pacnpoctpaHeHHbIE HEMOABUKHBIE (ha3bl B HOHHOM XpomaTorpa-

¢un. I[1C — noBepxHocTHO-CBsA3aHHbIE; [|Bb — nuBnHMIOeH301; MA — MeTUIMeTakpHiIaT.

Ilpakmuka eb160pa copbenmos u Kpumepuu ux Kauecmea

Xpomatorpahuueckue HOCUTENU - COPOCHTHI MOAOUPAIOT TaK, YTOOBI B MPO-
1ecce XxpoMarorpadupoBaHrs MOXKHO ObUIO ObI 0OECTICYUTh HAMOOJIbIIIEE pa3InINe
B TEPMOJIMHAMUYECKUX CBOMCTBAX pa3eiieMbIX KOMIIOHEHTOB, C OJTHOM CTOPOHBI, U
MaKCUMAJTLHO OBICTPOE JOCTMXKEHHE PABHOBECHSI B KYKIOM aKTe XpoMaTorpapuyecko-
0 pasfieNieHus1, ¢ Apyroi. Yem CcTporke BBIMOHSIOTCS 3TH TPEOOBaHMS, TEM BBIIIIE Pa3-
pelaroIas CrtocoOHOCTh XpoMaTorpadum.

Xpomatorpaduueckasi cucTeMa JI0JKHa 00eCTieYrBaTh:

BBICOKYIO 3 (EKTUBHOCTh pa3iesieHus (3TO YCIOBUE TMKTYET BEPXHUI Ipe-
JIEJT Pa3MepoB 3epeH copOeHTa, BeMuuHy KodhduimeHToB udQy3un HOHOB BHYTpH
copbOeHTa);

HKCIIPECCHOCTh aHainu3a (B YCIOBHUSIX MOHHOM Xpomatorpaduu TpeOoBaHUE
AKCIPECCHOCTH aHaM3a MPUBOAUT K HEOOXOAMMOCTU CHUXKATh €MKOCTh pa3ielis-
IOIIIETO MOHOOOMEHHHKA);

BOCTIPOU3BOJIUMOCTh PE3yJIbTaTOB aHaln3a (MOHOOOMEHHUKHU JIOJKHBI OBITH
CTOMKMMHU K (PU3NYECKOMY Pa3pyIICHUIO U XUMUYECKUM BO3ICHCTBUSM B MPOILIECCE

AKCIUTyaTaIuun);



HAJIC)KHOCTh M TIOJIHOTY aHaimm3a (JOJHKHO OBITh MCKIFOYEHO B3aMMOBIIHS-
HUE KOMITOHEHTOB, BCE pa3zeisieMble HOHBI JOJDKHBI Y9aCTBOBATH B MOHHOM OOMEHE
MPEUMYIIIECTBEHHO B JIMHEHHOM 007acTH HM30TEPMBbI COPOILMH, T.e. COPOEHTHI
JOJDKHBI UMETh (DYHKITMOHAIBHBIE TPYIIIBI ¢ YMEPEHHOU CEJIEKTUBHOCTHIO U JIO-
CTYITHBIC JIJIS1 JTFOOOT0 KOMITOHEHTA CMECH );

HU3KHE TIPeieiIbl OOHAPYKEHHS MOHOB (4yBCTBUTEIILHOCTh CUCTEMBI 3aBHCHUT OT
KOJIMYECTBA Pa3eSIIOIIEr0 COPOCHTA: ISl YBEJIUYECHHSI YyBCTBUTEIBLHOCTA 00bEM
copOeHTa CTPEMATCS] YMEHBIIIUTb.

W3 ornuvcanusi paBHOBECHS W KMHETHKH HOHOXPOMATOrpaduiecKuX IpOIIECCOB
CJIEYIOT PEKOMEHIAIIMY OTHOCUTEIILHO (PUBUKO-XUMHUYECKUX CBOMCTB COPOEHTOB.

1. 3apao u npupooa ynkyuonanvHvix cpynn. 3HaK 3apsaa ONPEACISET BUM

nmn

voHuTa: "-" COOTBETCTBYET KaTHOHUTY, "+" cOOTBETCTBYET aHMoHMTY. Kak mnpasmio,
(YHKIMOHAJILHBIC TPYIIHI - 3TO JIMOO aHUOHBI MHOTOOCHOBHBIX KHCJIOT, JTUOO OJTHO-
3apsiTHBIE KAaTHOHBI COOTBETCTBYIOIIMX OCHOBaHWU. [lo ctenenu auccormanuy GpyHK-
[IMOHAJILHBIE TPYIIbl OBIBAIOT CHJIBHO-, CPEAHE- WIA CIA0OKHUCIOTHBIMH WIH -
OCHOBHBIMH JIJIsl KATHOHUTOB M aHMOHWTOB COOTBETCTBEHHO. [lo m30mpaTtensHOCTH
B3aMMOJICUCTBUSI C MOHAMHU (T.€. TI0 BEJIMYMHE KOHCTAaHT MOHHOTO OOMEHA) MOHHWTHI
MOT'YT OBITh CEJIEKTUBHBIMH K OIPEICTICHHBIM TPYIIIIaM MOHOB (HarpyuMep, €ClId KOH-
cranTa obmeHa mpeBbimaeT 100) U yMEPEHHO CEJIEKTUBHBIMH K OOJIBIIIOMY DSITY
noHoB. Hanpumep, Bce C1a0OKHUCIOTHBIE KATUOHUTHI CEJIEKTUBHBI K MOHY BOIOPO/A,
CJIA000CHOBHBIE AHMOHUTHI - K TUIPOKCU-MOHY. HanpoTuB, CUITLHOKHUCIIOTHBIE KaTH-
OHUTBHI WJIM BBICOKOOCHOBHBIE AHMOHUTHI SIBJISIIOTCSI YMEPEHHO CEJICKTHUBHBIMHU 10
OTHOIICHHUIO K OOJIBIIIOMY YHCJIy HMOHOB: K KaTHOHAM IIEJIOYHBIX, IIEJIOYHO3e-
MEJIbHBIX, TIEPEXOAHbIX METAJUIOB; aHMOHAM KapOOHOBBIX KHCIIOT, HEOPraHUYECKUX
OECKUCIIOPOTHBIX Y KACIIOPOICOACPIKAIIMX KUCIIOT U T.I1.

Kak mnpaBuiao, CEIEKTUBHOCTh HMOHOOOMEHHBIX COPOCHTOB OIPEACIISICTCS
nBymst (paktopamu. C OJTHOM CTOPOHBI, IPYU OOBIYHOM THUIIE OOMEHa (HarpuMmep, Ka-

THUOHBI Ha KaTI/IOHI/ITC) CEJICKTUBHOCTb MOJYKET OBITh O6YCJ'IOBJ'ICHa TOYHBIM COOTBCT-

CTBHEM Pa3MEPOB MOP COPOEHTA pa3mMepy pajyca ruIpaTUPOBAHHOIO MOHA SJIEMEHTA!



HOHBI ¢ OOJBIIMMH pajuycaMy HE BXOJSAT B OOBEM 3€pHA MOHUTA (CUTOBOM (-
(EeKT), a MOHBI CIMIIKOM MAJIbIX Pa3MEPOB XAPAKTEPUZYIOTCS MEHBIICH SHEpPrHei
copormu. Takoi 3ddexT mposBiaseTcs TeM B OOJBIICH CTENEHW, YeM MEHBbIIE
Ha0yXaeMOCTbh COpOEHTA.

C apyroii CTOpOHBI, CEIEKTUBHOCTh MOHOOOMEHHBIX COPOECHTOB MOXET ObITh
00YCIIOBJICHA Y XMMHUYECKHM B3aHMOJICHICTBUEM KOMITIOHEHTOB C (PYHKIIMOHATBHBIMU
rpynnaMy UOHUTA, HAIPUMEP KOMIUIEKCOOOpa30BaHUEM METAJUIOB, MOSBICHUEM TTO-
MHUMO MOHHOM JOTMOJIHUTEILHON KOOPAMHAIIMOHHOMN CBS3M C aToMaMu (DYHKIHO-
HaJIbHBIX TPYIIIL.

2. Ocnoea copoenma. CopOEHTBI 151 HOHHOM Xpomarorpaduu noixydaroT Mo-
TPUIIIPOBAHUEM KPEMHE3EMa, COMOIMMEPA CTUPOJI-AUBUHIIOEH30/1a U MOJIMMETaK-
pwiara. CBoiicTBa COPOEHTOB BO MHOTOM ONPEIENISIOTCS KX MaTPUILICH.

XOoTs MaTpuIla MOJIMMEPHOTO MOHHUTA WM ApYyTras OCHOBa cOpOEHTa Heopra-
HUYECKOW TPUPOJBl HE YYaCTBYET HEMOCPEACTBEHHO C MEXHOHHOM B3auMOJIEH-
CTBHH, UCTIOJIb3YEMOM B MOHHOW XpoMatorpadusi, TEM HE MEHEEe OHU TMPUIAIOT COp-
OeHTy cBOMCTBa TBEPIOM (Pasbl, UTO B reTepodha3HOM IMPOIECCE UMEET CYIIIECTBEHHOE
3HAUYEHUE, B TOM YHCJIE€ U MPU YCTAaHOBJIEHUU PaBHOBECHsS MOHHOTO oOMmeHa. Ha pas-
HOBECHBIE CBOICTBA COpOEHTA OKAa3bIBAIOT BIIMSTHUE 3JIACTUYHOCTb WM YKECTKOCTD
KapKaca MOHHUTa B OOJIACTH, HACHIIICHHOM (DYHKIMOHAIBLHBIMU TpyIMIIaMH, YTO B
CBOIO OY€pelb CBS3aHO C KOJMYECTBOM CIIMBAIOLIErO areHra. J|elCTBUTENbHO, TH.I-
pPaTHBIC 000JI0YKHA MOHOB CTPCMIATCS YBCIIMYUTD 00BeM BMCHIAIOIICTO ITOJIMMEpPA, KO-
TOPBI B CHITy OIpPEACICHHOM )KECTKOCTH CBSI3eH MPOTUBOACHCTBYET ITOMY TPOIIECCY,
4TO OTPAXKAETCS HA BEIIMYMHAX XAPAKTEPUCTHK PABHOBECHS - KOHCTAHT MOHHOTO 00-
MEHa.

Bosbiioe 3HaueHHWE MMEET MaTpuiia copOeHTa MpH ompeaeieHn: ruapodoo-
HbIX CHJIIBHOYACPKHBACMbIX HOHOB. I[J'I?I HUX OHpEACICHUA CIICAYCT HCIOJIb30BaThb
copOeHThl ¢ MeHee ruapodoOHBIMU MaTpuiiaMu. [loka3aHo, 4TO MpU ONMpEACTICHUH
CWJIBbHO YJICPKHUBACMBIX KaTHOHOB HICIIOYHO3CMCIIbHBIX MCTAJIJIOB, 4 TAKIKC HCOpPTra-
anueckux annoHoB (I, S,03% , SCN-, ClOy) nydmie ucmons30BaTh COPOEHTHI HA OC-

HOBC KPpCMHE3EMa WM ITOJIUMECTAaKpuiaTa. Ha stux cop6eHTax HNOHBI YACPKUBAIOTCA



ciabee, 4eM Ha CTHPOJI-AUBUHHIOCH30JbHBIX. JTO OOBICHICTCA Pa3INYHON TUAPO-
(OOHOCTBIO MaTpUIlbl, KOTOpasi BO3PACTAET B pALY: KPEMHE3eM <MOJIMMETaKpujaT
<ctupon-auBuHUiIOeH301. [losromy 111 onpeaenenust rupodoOHBIX HOHOB HAAO BbI-
Ooupath MeHee THApO(POOHBIE MATPHUIIBI.

OcHoBa copOeHTa JI0JKHA Takke 00J1ajaTh HEOOXOIUMOW IO YCIOBHSIM €ro
AKCIUTYaTalMu IPOYHOCTHIO U XUMUYECKOM CTOMKOCTBIO. [Ipn mpounx paBHBIX yCio-
BUSIX OOJIBIIEH MPOYHOCTHIO 00J1a/1at0T cepruueckue (oBajIbHbIE) TPaHyJIbl COPOEH-
Ta, a TaKkKe Oosiee CIIUThIE NOJUMEPBI. PEKOMEHIYIOT UCHIOIB30BaTh 00JIEE CIIUTHIE
MOJIMMEPHI, XUMUYECKasi YyCTOMYUBOCTh KOTOPBIX YObiBaeT B pany: C/IIBb (comonu-
Mep ctuposia u quBuHMIOeH301a) >I[IMA (monumerakpuiaTHeiil renb) > CIT (cuiu-
Karejab WIH IOPUCTOE CTEKJIO).

CopOeHTBl Ha OCHOBE KpeMHe3eMa yCcToNuMBbI Juib pu pH 2 - 7, nostomy
UX MPUMEHSIOT TOJIBKO B OJHOKOJIOHOYHOM BapHaHTE C HEUTPaIbHBIMU IHOEHTaMHU.
CopOeHTbl Ha MoAUMEpPHON OCHOBE ycToMuuBhI pu pH 1 - 13, mosToMy MX MOXKHO
UCIOJIb30BaTh KaK B OJHOKOJIOHOYHOM, TaK U B ABYXKOJIOHOYHOM BapUaHTaXx.

3. Oomennaa émxkocms. CoCOOHOCTH K HOHHOMY OOMEHY oOecrednBaeTcs
HAJIMYUEM B COPOCHTAX XMMHUYECKH aKTUBHBIX TPYMI C MOABM)KHBIMH OOMEHHBae-
MBIMA MOHaMH. VX KOHIIEHTpaIMi0 B MIKB/T (WJIM MAIKB/MJI) COpOEHTA Ha3bIBAIOT
moaHoM oOMeHHoM emkocThio (ITOE) nonura.

OCHOBHBIM KpUTEpHEM BbIOOpa OOMEHHON €MKOCTH COpOEHTa SBJISETCS OTHO-
CUTEJIbHOE YAECPKUBAHUE OIpenesieMbIX HOHOB. [ onpeneneHus cnadbo ynepxu-
BaE€MbIX HOHOB HYKHBI COPOEHTHI C OOJIbIIEH EMKOCTBIO, a JJIsl ONPESICHUs CUIBHO
yIEp)KUBAEMbIX - C MEHbIIEH. KOJIMUEeCTBEHHO OLIEHUTh EMKOCTh COPOEHTa HEOOXO-

AUMYIO JUUIA 6BICTpOFO N CCIICKTUBHOTO pasACIICHUA, MOJKHO 110 YPAaBHCHUIO:

/ _ Qv
th = Kuo. o7 (25)

rze tr’ - IpuBeneHHoe (MCIpaBIeHHOE) BpeMs yaepkuBanus, K, . — KOHCTaHTa
MOHHOTO 00MeHa, Q — yaenbHass 0OOMEHHasi eMKOCTh copOeHTa, Vs — 00beM copOeHTa,
C,y. — KOHIIGHTpAIUS dIIOUPYIONIETO HoHa, F — 00beMHast CKOPOCTh pacxoaa JIIOCeH-

Ta.



Ha npaktuke m3aMeHeHue 0OMEHHON €MKOCTH COpOEHTa AJisi ONTUMHU3ALUU HC-
NOJIb3YIOT peako. Yalie onTuManbHbIe YCIOBUS HAXOJAT U3MEHEHHEM COCTaBa M
CBONCTB JJIFOCHTA.

4. 3epuenue copvenma. DPGHEKTUBHOCTH Pa3JeiICHHs 3aBUCUT OT pa3Mepa ya-
ctul copOeHTa. Uem MeHbllle pa3Mep 4YacTull, TeM Bbliie 3PpdekTuBHOCTh. C apyroi
CTOPOHBI, 3PPEKTUBHOCTH Pa3ACEHUs 3aBUCUT OT OJHOPOJHOCTU (Ppakinu cOpOEHTa.
Yem MeHblIIEe pa3IvyuMe B pa3Mepe YacTHIl, TEM MEHbIIE «BUXpeBas» Ubdy3us U Bbl-
e 3pdexTuBHOCTb. JOOUTHCS OAHOPOIHOCTH (paKlUU MPU OYEHb MAJOM pa3Mepe
gacTull (~5 MKM) O4€Hb CI0kKHO. ONTHUMAaNBbHBIM pa3Mep 4acTUI] COPOSHTOB I MOH-
HOM xpomarorpaduu ot 10 1o 20 MM ¢ aucnepcueit o ¢paxiuu He 6onee = 20%.
Hcnonp3oBanne Takux COPOCHTOB TO3BOJISIET JOOUTHCS BBICOKON d(D(PEKTUBHOCTH pa3-
JIEJICHUS] IPU OTHOCUTENIbHO HEBBICOKOM JIaBJICHUU.

B kauecTBe paznensiomux, KaKk MpaBUiO, UCHOJIb3YIOT KOJOHKHU JIMHOM OT 50
1o 250 MM u auameTpoM 3 - 5 MM. YBenuuuBas JUIMHY KOJOHKH, MO>XHO MOBBICUTH
3 (PEeKTUBHOCTH pa3/ieNieHUs, OCKOJIbKY YBEIMYUTCS YUCIO TEOPETHUYECKUX TapesioK
NPUXOAAIIMXCS HAa KOJOHKY. OJHAaKO cileAyeT NMOMHHUTh, YTO MPU 3TOM YBEIUYATCA
BpEMEHa YJep>KUBAaHUS MOHOB BCIEACTBHE yBelIMueHusi o0beMa copbenra. MHaue ro-
BOpsI, IPU YBEJIIMYEHUU JUIMHBI KOJIOHKM HAJ0 MPOMOPIUOHAIBHO YBEJIUYMBATH KOH-
LEHTPALIMIO MIOUPYIOLIETO HOHA WM UCIIONB30BaTh 00JI€€ CUIIbHBIN JITIOCHT.

5. Koygppuyuenm oughgpyzuu - onuH U3 BaKHEUIINX KUHETUYECKUX MapaMeT-
poB. OH 3aBHCHUT Kak OT CBOMCTB AU(PGYHAUPYIOIIUX UOHOB, TAK U OT CBOMCTB TBEp-
Ao ¢a3bl — MOPUCTOCTH (pacipesieeHHs op B 3epHAxX COpOEHTa MO MPOTIKEHHOCTU
U JAUaMeTpy KaHalla), U3BWJIMCTOCTH TOPOBBIX KaHaioB. Bricokoil 3¢ dexTuBHOCTH
pas3JiesieHnsl COOTBETCTBYIOT OoJbIMe BeanunuHbl KodhduurentoB nupdysuu. Ilosto-
My B Ka4eCTBE Pa3JENSIIOIINX COPOCHTOB MPEANOYTUTEIbHBI MaKpPOIIOPUCTHIE IOJH-
MEpHbIE MOHUTHI C HE OYEHb OOJBIIMMHU 3HAYEHUSIMHU JIOKAJIBbHBIX KO3()PUIUEHTOB
pacnpenesieHus JUisl pacCMaTpUBAEMbIX HOHOB.

6. Cmpoenue uonumos. CyniectByer psii FOHOOOMEHHUKOB, YIOBIETBOPSIOIINX
OOJIBIIMHCTBY M3 MPHUBEACHHBIX BbIlIe TpeOoBaHWN. OHHU YCHENIHO MPUMEHSIOTCS B
HOHHON Xpomarorpaduu. OyHKIHOHAIBHBIE TPYIIB TAKUX COPOCHTOB UMEIOT yMe-

PE€HHYIO CCICKTHMBHOCTL IIO OTHOIICHHWIO K IMHUPOKOMY KpPYry KaTHOHOB W aHHOHOB



(cympdorpyntsl, HochOPHOKHUCIBIE TPYIIIHI, YeTBEPTHUIHBIC AMMOHHEBBIC OCHOBAHWIS) U
pacrionararoTcsi B TOHKOM MOBEPXHOCTHOM CJI0€ COPOEHTOB, UTO YIOBJIETBOPSET TpeOo-
BaHUIO K CTPYKType 3epeH. 3epHa, MPEUMYIIECTBEHHO chepuueckoil popmbl, UMEIOT
pa3mepsl oT 7 + 2 10 30 £ 5 mxkM. Bb160p Takux MENKHX 3€peH CrIoCOOCTBYET ObICTPO-
My MpOTeKaHUIO BHeUHed nud@ys3uu. MaTepuanibl, UCNONb3yEMBbIE IJIsI TPUTOTOBIIE-
HUSI COPOCHTOB, HAPUMEP COMOJIUMep cTuposa ¢ nuBuHuIoen3onom (C/[IBB), cunu-
karenb (CI'), mopucroe cTekiio, nmoauMeTuiMeTakpuiaaTtHeiid renb (IIMA), BbIaEp)H-
BaroT nasienue A0 10 - 20 MIla, a naBiaeHue B MOHHBIX XpoMarorpadax oOBIYHO HE
npesbimaeT 10 MIla. Emxocts cop6eHTOB 1 - 50 MK3KB/MII, YTO 0OBIYHO OOECTIeUnBaET
JUIUTENIbHOCTh aHanu3a He Oosee ueM 20 MUH.

W3BecTHBI TpU NPUHIUIHATIBHO PA3IHUHBIX CTIOCO0a MOTYYSHUS Pa3AeISIoInX
COpOEHTOB /JI1 MIOHHOM XpoMaTorpaguu, GyHKIMOHATbHBIE TPYIIIBI KOTOPBIX Pacio-
JIO’KE€HBI B TOBEPXHOCTHOM CJIOE:

1) xumudeckas MpuBUBKA (YHKIIMOHAJIBHBIX TPYIMIT K TTOBEPXHOCTH TMOJHMEP-
HOM OCHOBBI COpOEHTa C MpEeBAPUTEIHLHOW MACKMPOBKON BHYTPEHHEH 4YacTu 3epHa
(¢pupma "Biotronik") wim 6e3 TakoBoii ("Wescan");

2) MexaHW4YecKoe MPUKICHBAaHNE CYOMHKPOHHBIX YaCTHI[ MOHHUTA K MOBEPXHO-
ctu uHeptHoro Hocurens ("Dionex");

3) HaHeceHHWEe TOHKOTO aKTUBHOIO CJIOS HA MHEPTHYIO OCHOBY C MOCIEAYIOIIEH
XUMUYECKON TPUBHUBKONW (PYHKIMOHAIBHBIX TIPyNn K akTuBHOMY ciow (MIY,
"Vydak", "Toyo Soda"). B kauecTBe OCHOBBI JJIsI MMOJYUYEHHUSI TAKUX COPOCHTOB OOBIU-
HO HCIOJB3YIOT comoJimMmep ctupoina ¢ JIBb pa3nmnyHoN CTEneHu CIIMBKM, IOJHMME-
THJIMETAKPMJIATHBIA TI'ejlb, CUIIMKArelb C IUIOMAAbo IIOBEPXHOCTH mopsaka 102 m2/r,
MIOPHUCTOE CTEKJIO.

[To nepBomy criocoOy Ha ocHOBe conoaumepa ctupoia ¢ JABb 4% cumBku ¢up-
Mma "Dionex" (CIIIA) nonyuaet cynbdokatuonur, a ¢upmsel "Biotronik" (I'epmanust) u
"Wescan" (CILIA) Ha TOI XK€ OCHOBE IMOJy4YarOT BBICOKOOCHOBHBIN MMOBEPXHOCTHO-
npuBUTONM aHUMOHHUT. [1o BTropomy criocoOy dupma "Dionex", MuctutyT xumun AH Dc-
TOHMM TOTOBST Pa3AESAIOUINI aHUOHHUT, IPUUYEM BO BTOPOM CIydyae BMECTO COIIOJIH-
Mepa OepyT MOJIMMETHIMETaKPUIIATHBIN Teb ¢ pasmMepoM dacTtull 25-40 mxm. B o6onx

Clly4asix aKTUBHBIN cioil Gpopmupyercst u3 cyOMUKpoHHbIX (0.1-0.5 MKM) "acTuil BbI-



COKOOCHOBHOTO aHnoHuTa. [lo Tperbemy crnoco0y Ha OCHOBE THIPOPOOUZUPOBAHHOTO
cunukarens ("Vydak", CIIIA) u nopuctoro crekia ("Toyo Soda", Sinmonust) monyyaroT
KaTHOHUTHI M aHUOHUTHI JJIi OJTHOKOJIOHOYHOTO BapuaHTa MOHHOW Xpomatorpaduu.
[To mepBomy cmocoOy B MHCcTHTYTEe MakpomonekymsipHbix coeaunenuid AH UYexuu
CUHTE3UPOBAH AHMOHUT, 00JIaJIAIOIINNA TOBBIIIEHHON CEIEKTUBHOCThIO K MOHAM HHUT-
pata u Opomuza. Ero nmomyvaroT myreM aMUHHUPOBAHUS U MOJMETHIMPOBAHUS TTOJIMME-
tunMetakpuiaaTtHoro rems. CopOeHT Takoro tuma - "Aniex" Bblmyckaercs (Gpupmoit
"Baroc" (OcTtonus). MeToauKu MoJydeHusl YKa3aHHbIX COPOCHTOR ISl HOHHOM XpoMa-
Torpaduu Mo MOHATHBIM COOOPa)KEHUSIM OCBEIICHBI B JINTEPAType HEAOCTATOYHO TOJI-
HO, MMOATOMY IIPUBOAUTH UX 3/1€Ch BPAJ JIH 11€J1€CO000pa3HoO.

[Ipy  WCHOJIB30BaHMM  CHJIBHOKHMCIBIX  WJIM  CHJIBHOILEJIOYHBIX  CpeX
OPEANOYTHUTENIBHA OCHOBA U3 conojimMepa ctupoda ¢ JIBb. Hanmenee HaaexxeHn u Boc-
IPOU3BOJUM B 3TOM CMBICIIE€ BBIIIEONUCAHHBIA BTOpO crocob. Cononumep siBIsiETCS
aKTUBHOM OCHOBOM, YTO 3aTPyAHSAET €ro HCIOJb30BaHUE B TpeTheM crocobe. Creno-
BaTEJIbHO, JJISI TIOJYYEHHS] XUMUYECKA CTOMKUX BOCIIPOU3BOJAUMBIX COPOCHTOB HanbO-
Jiee MPEANOYTUTENEH MEPBBIM CIOCOO0 C OCHOBOW U3 COMOINMEpA.

[ToBepxHocTHO-ipuBUTBIE MOHUTHI (II[IM) 1O OCHOBHBIM mapameTpam
YAOBIETBOPSIOT  TpeOOBaHUSIM K  pa3ACNAONIMM  COpOeHTaM JJii  MOHHOMU
xpomatorpadpuu. Wx gocToMHCTBAa - JOCTYHHOCTh (DYHKIMOHAJBHBIX TPYIII,
pPACIIOJIOKEHHBIX B TOHKOM  NPUIOBEPXHOCTHOM  CJIO€  3€PEH;  MO3TOMY
BHYTpUIU(PPy3nOHHBIE MpolEecChl NpoTeKatoT ObIcTpo. I[Ipu TakoM pacnosnoxeHuu
(GYHKIIMOHATBHBIX TPYII JOCTUTAETCS TAKXKE Mallas eMKOCTh CJIOSI HOHUTA.

[lentpanbHo-tipuBuThie HOHUTHI (L{I[IN) — cpaBHUTENBHO HOBBIM THIT COpOEHTa
g xpomarorpadpuu. 3epno LIIM B neHTpanpHOM YacTH UMEET SIPO C MOHOOOMEH-
HBIMHU (PYHKIIMOHAJIBHBIMU TPYIIIIAMHU, KOTOPOE OKPYKEHO CI0EM MOJUMEpPa, UHEPTHO-
ro [0 OTHOUIEHUIO K 0OMEHUBaeMbIM HOHaM. [loTuMepHBIi clloil BOKPYT siApa TOJIKEH,
BO-TIEPBBIX, MPUIATh 3€PHY HEOOXOAMMYIO JKECTKOCTh M JOCTATOYHO OOJBIIME pazMe-
pbl, 4TOOBI MPENOTBPATUTh YPE3MEPHOE TUAPOAMHAMUYECKOE COIMPOTUBIICHUE CIOA,
BO-BTOPBIX, 00ECHIEUYNUTh OBICTPBIA TPAHCHIOPT MOHOB K MOHOOOMEHHOMY SpY U paB-
HOMEPHO pacHpeieuTh NOTOK MOHOB HA I'PAaHULE C AJIPOM, B-TPETbUX, YMEHBIIUTH

€MKOCTb CJI0sl COpOeHTa 10 TpeOyeMbIX 3HaYEHUH.



[lepBoe u TpeTbe CBOWCTBA MOSBISAIOTCA ABTOMAaTUYECKH, €CJIM YACTHUIIbI HOHUTA
HNOKPBITH OJIMMEPHBIM (MJIM UHBIM, TOCTATOYHO MPOYHBIM) CJIOEM HEOOXOAMMON TOJI-
IIMHBI 1 HE UMEIOIIUM CPOJICTBA K pa3liesieMbM HOHaM. UTOOBI UMETh BO3MOXKHOCTh
OBICTPO TPAHCHIOPTHUPOBATH HMOHBI K SIAPY, MHEPTHAsA 000JI0YKa J0KHA TPEICTABISTh
coboii mopuctyro ruapodmibHyr0 MmeMOpany. Haubosee nmpuemiaeM B MPUHIUIIHAb-
HOM 1aHe s coznanus LIIN cnoco0, 3akmtouaromuiicss B XUMUYECKOM MOAM(HUKa-
IIUU TOBEPXHOCTHOTO cJiosi 3epHA. Ecim B3sTh B KayecTBE HCXOJHOIO Marepuaia
MOHUT, MOJXOSALIMHN 110 CBOMCTBAM JJIA sI/Ipa, a [0 pa3MepaM, COOTBETCTBYIOUIUI 3ep-
HaM Oynymiero copOeHTa, U yAaluTh (PyHKIHOHAIbHBIE TPYMMIbl U3 MOBEPXHOCTHOTO

CJI0sI OTIpEIeJIEHHON TOJIIMHBI, TO TAKUM CITIOCOOOM MOKHO TIpurotoButh L{ITH.

AHUOHO- U KAMUOHOOOMEHHUKU

B Hactosmiee BpeMsi B MOHHOW Xpomarorpaguu MpUMEHSIOTCS JBa TUIA Hero-
ABWOKHBIX (ha3: MOHOOOMEHHUKHU ¢ (YHKIIMOHAJbHBIMU TPYINAMU Ha TMOBEPXHOCTH U
00BEMHO-TIOPUCThIE MOHOOOMEHHUKH. B mepBom Ture MatepuanoB (pyHKIIMOHATIbHbBIE
IPYMIIBI PACIIONIOKEHBI HEMOCPEICTBEHHO Ha OBEPXHOCTH MOJIMMEpa UM B €ro Iopax;
00BEMHO-TIOPUCTHIE MaTEPHAIBI UMEIOT OYE€Hb MaJIeHbKHE YaCTHIIbI (Takxke ¢ QyHKIu-
OHAJBHBIMH TPYIIIAMH Ha MIOBEPXHOCTH), KOTOPbIE IPUCOESTUHEHBI K LIEHTPaIbHOH Ya-
CTHLIE, UMEIoLIel OoNblINe pasMephl. ITO MPUCOCIUHEHNE MOXKET ObITh OCYIIECTBIIE-
HO MO0 3a CUET MEXaHUYECKUX, 00 3a cueT TuApo(OOHBIX WM 3IIEKTpOCTaTHYe-
CKHX B3ammojeiictBuil. Ha pucynke 14 mokazael /Ba  BapuaHTa  I[PUMEPOB  JUIA

9THX ABYX THUIIOB MAarcpuaiioB, IPUMCHSACMBIX B Ka4CCTBC aHHMOHOOOMEHHMKOB.
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Puc. 14. CtpykTypa aHHOHOOOMEHHHKOB C MOBEPXHOCTHLIMU (DYHKLIMOHALHBIMH TpynnamMu (a) u
00BbEMHO-NOPUCTBIX HOHOOOMEHHHMKOB ¢ MEXaHUYECKHM CBsi3bIBaHHEM (b).



OO0BEMHO-TIOPUCTHIE HACAJIOYHBIE KOJIOHOYHBIE MaTepHaibl 00Jagat0T OOJIbIION
xpomaTorpaduieckoil 3¢pHEKTUBHOCTBIO, TTOCKOJbKY NU(PGY3MOHHBIE MyTH COXpPaHs-
I0TCS OYEHb KOPOTKHUMHU, Oaroaapsi OOJbIIEMY PACCTOSHUIO MEXKIY (QYHKIIMOHATIbHBI-
MU TPYIIaMU U MaTepuajioM OCHOBAHMS; UMEHHO 3TO CIIOCOOCTBYET OOJBILON CKOPO-
cTU MaccornepeHoca. OAHaKO, XUMUYECKasi CTAOUIBLHOCTh 3TUX Pa3JeiIUTeNbHbIX (a3
3HAYUTENIbHO MEHBIIE, YEM CTaOMIbHOCTh MAaTEPHAJIOB C MMOBEPXHOCTHBIMHU (PYHKIIHO-
HadbHBIMH TpynnaMu. OOBIYHO UCIIOJIb3yeMble B aHUOHHOW XpomaTorpaduu (pyHKIHU-
OHAJIbHBIE TPYMIMbI MOJYYAIOT MPEBPALIEHUEM SIKOPHBIX (3aKpPEIUIEHHBIX OJTHUM KOH-
LIOM) TPYHI C MOMOIIBIO NOAXOMSIIEr0 aMuHa. JTOT MPOLIECC F'€HEPUPYET aMMOHHE-
BbIE MOHBI, KOTOpBIE 3a(PUKCUPOBAHBI HA MOBEPXHOCTU Moiumepa. OyHKIIMOHAIbHbBIE
IpyMIbl, COAEPIKaIIe aTOMBI a30Ta, B MOJABIISAIONIEM OOJBIIMHCTBE CIy4YaeB, SBISIOT-
Csl IOYTH €AUHCTBEHHBIMH, KOTOPBIE UCIIOIB3YIOTCA ISl pa3ej€HUd aHHOHOB B MOH-
HOU XpomaTtorpaduu. ITo 00BACHAETCS, TTIABHBIM 00pa30M, UX XOPOLIEH XUMUYECKON
CTaOMJIBHOCTHIO M MOYTH HEOTPAHMYEHHBIM YHCIOM BO3MOXKHBIX 3aMECTUTENIEH y aTo-
Ma a30Ta.

AMMOHUMEBBIE  TPYNIIBI IEHEPUPYIOTCS HA  IOBEPXHOCTUM  MIOJUMEpA
KOHBEPTHUPOBAHUEM SIKOPHOW TPYIIbI C IMOMOIIBIO JACHUCTBUS aMHHA. AJIKUAJIBHBIC
OCTaTKH y TOJIOKUTEIBHO 3apsHKEHHOr0 aToMa a30Ta MOTYT BApbHPOBAThCS B LIUPO-
KOM Jrarna3one. B mpocreiiiem cirydae mpoucxoaut oopasoanue R — H u mepBuyHO-
ro noHa aMmmMoHus. OQHAKO NpH BBICOKMX BeIMYMHAxX pH 3TOT MOH MOXET IeNpOTOHU-
pOBaThCA M TEPATh CBOM 3apsan. /s 3Toro Tuma HacaJo4yHOro MaTepuaia OOMEHHas
€MKOCTb 3aBUCHUT OT pH 3m10eHTa, UMEHHO TIO3TOMY OHHU Ha3bIBAIOTCS CIa000CHOBHDI-
mu. Eciin mpoBOIUTCS MOCIAEAOBATEIBHOE 3aMELICHUE AIKWJIBHBIMUA TPYIIIAMH, TO
cHaudaja o0pa3yloTCsi BTOPUYHBIE M 3aT€M TPETHMYHbIE  AMMOHHEBBIC  TPYIIBL  3TU
IPyImbl  TaKKe  MOIYT  [OJBEPrarbes AENPOTOHM3AUUU. TOJIBKO TOraa, KOrjaa Bce
paguKaIIbl COCTOSIT u3 AJIKAJIbHBIX TpyIIIL,
oOMEeHHasi eMKOCTb WJIM 3apsii HE 3aBHCAT OT BeJqMuuHBI pH smioeHTa M monydaercs
CHWJIBHOOCHOBHBIN 4YETBEPTUYHBI aHMOHOOOMEHHHK. B xpomatorpaduu 0ObIYHO
CTpeMsTCsl K He3zaBucsmieil or pH oOMeHHOW €MKOCTH, UMEHHO MO 3TOM MpUYUHE
HCIIOJIB3YIOTCS TOJIBKO MOJIHOCTBIO aJIKWJIMPOBAHHBIE MaTepuaibl. il crienuanbHbIX

XpOMaTOFpa(bI/I‘ICCKI/IX HpHMeHCHHﬁ, TaKMX KaK aHaiau3 OEJKOB HIIN MCTOOUKH C



IIPEIBAPUTEIbHBIM KOHLEHTPUPOBAHUEM oOpas1ia, 4acTo  HcC-
MOJIL3YIOTCS C1a000CHOBHBIE HOHUTHI.

B kaTnoHHO# XpoMarorpaduu NpUMEHSIOTCA KaKk MaTepuajbl HA OCHOBE CHIIM-
Karesus, TaK U MaTepuajbl HA OCHOBE IMOJIMMEPOB. B MpOTUBOMOJIOKHOCTh aHUOHHOMU
xpoMarorpaduu (IIeT0UYHbIE IIOCHTHI), YCIOBHUS pabOThl B KATHOHHOM XpomaTorpa-
¢buu Mo3BONIAIOT UCHOIB30BaTh CHIMKaren . KaTHoHOOOMEHHUKH HAa OCHOBE CHUIIMKA-
relist IeNSATCA Ha pa3InyHble KJIacChl MAaTEpUAIOB: KATHOHOOOMEHHUKH C MIPSIMBIM IIPH-
COeIMHEHHEM (DYHKIIMOHAJIBHBIX TPYII U KATAOHOOOMEHHHUKHU C TIOJIMMEPHBIM MOKPHI-
THEM.

[lepBpie = M3  BbIIIEYKa3aHHBIX  KATHOHUTOB  OOJQAlOT  XOpOUIei
xpomarorpaduueckort 3QpheKTUBHOCTHIO0. OTHAKO M3-32 OOJIBIIOTO PA3INYUsS BETHUNH
KOHCTAHT MOHHOTO OOMEHa KaTHMOHOB IIEJIOYHBIX U IIEIOYHO3EMEIbHBIX 3JIEMEHTOB
OHM HETIPUTOJHBI 1JI1 OJTHOBPEMEHHOTO OINPEAEIEHUS TAKUX HOHOB. B ciydae cunuka-
rejied ¢ MOJMMEPHBIM MOKPBITHEM, CHJIMKATHAsI MOBEPXHOCTh MOKPBIBAETCS «IIPEIIIO-
JUMEPOM», KOTOPBIM 3aTeM HUMMOOWIU3YETCS C MOMOIIbI0 monepeyHoil ciumBku. Ha
MPAKTUKE MHOTOYHUCIIEHHBIE THUIBI HOHUTOB MOTYT OBITh MOJYYEHBI C MOMOIIBIO TO-
CJIEYIOIIEro BBeIeHUs ()yHKIIMOHATBHBIX TPYIIIL.

CymiecTByeT 00JIbIIIOE YUCIO MOHOOOMEHHUKOB Ha OCHOBE cuiukaress. OgHum
U3 HanboJiee YacThIX MPHJIOKEHUN SBIISETCS OJHOBPEMEHHOE pa3/iefieHHE MIETOYHBIX
U LIEJTOYHO3EMEIIbHBIX METAJUIOB; TAK)KE€ BO3MOYKHO PA3AECICHUE HOHOB NIEPEXOIHBIX U
TSDKEJIBIX METAIOB. TeM HEe MEHee, HEKOTOpPbIE HEJOCTAaTKH IMPEMATCTBYIOT YHHBEP-
CaJIbHOMY MCTOJIb30BaHUIO HOHOOOMEHHUKOB, OCHOBAHHBIX Ha CUJIMKATelsX:

 Ilpu pH < 2 cBsA3b MeXAy KpPEeMHHUEBON MAaTpHullell W (yHKIIHOHATbHBIMU
IPYIIaMu CTAHOBUTCS 3HAYUTEIBHO ciiabee. DTO MPUBOIUT K MOCTENIEHHOMY "yHOCY"
(GYHKIIMOHATBHBIX TPYIII U TOTEPe OOMEHHON €MKOCTH.

* Ilpu pH > 7 3HaUUTENBHO YBEIMYHMBAETCS PACTBOPHUMOCTD CHUIIMKAreys. ITOT
npolecc NPUBOJUT K MOTEPEe MEXAHUYECKOW CTAOMIIBHOCTH HAacaJ04HOrO0 Marepuaia
koJoHKU. [Ipu 3TOM nmpoucxoaut —rmpocenanuel yacTui KOJIOHKH U, COOTBETCTBEHHO,
o0pa3oBaHKe MEPTBOro 00beMa B HAUYaJIbHON 30HE KOJIOHKH.

B katnoHooOMeHHHMKaX Ha OCHOBE OPTraHMYECKUX IMOJIMMEPOB B KaueCTBE MaT-

pPHULl B OCHOBHOM IPUMEHSAIOTCS CMOJIBI, KOTOPBIE MOJYYEHBI COIOIMMEPU3AlUen CTH-



posia ¥ nuBMHUIOEH307a. OrpaHUyYeHus, YIIOMSHYTbIE BBIIIE JJISl CHIIMKAreneu, AJis
ITUX MAaTEepUaJIOB OTCYTCTBYIOT. CMOJIBI MOTYT HCIIOJIB30BAaThCS BO BCEM [MAIIa30HE
pH ot 0 1o 14, oHu Takke WHEPTHHI 1O OTHOLIEHUIO K ¢pTopuaaM. XO0TS UX yCTONYH-
BOCTh K Pa3pyLIEHUIO IIOJ BO3JEHCTBUEM BBICOKOTO JABJIEHUS MEHBIIE YCTOMYNBOCTU
CWIMKAreJlied, TeM HE  MEHee, 3a  KCKIIOYCHHEM  HECKOJIbKHUX IOJMMETaKpHU-
JATHBIX CMOJI, X YCTOMYUBOCTh B OOIIEM BIIOJIHE JOCTATOYHA I MPAKTHUYECKUX IIe-
JeN.

[Tommumo  cMOm € HENOCPEACTBEHHO  BBEICHHBIMU  (DYHKIMOHAIBHBIMU
rpyIIamu, B HACTOAIIEE  BpeMs  TAaKXKEe  JOCTYNHBl  MEJUIMKYJISPHBIC
KaTHOHOOOMEHHUKH. OHU 001aJal0T ABYXCIOHHOM CTPYKTYpOH, IOCKOJIBKY HEBO3-
MO>KHO TOJTyYUTh MOJHOCThI0 aMUHUPOBAHHBIE YaCTHIIBI cyOcTpaTa. IMEHHO osTOMY
MOJIHOCTBIO CYJIb()MPOBAHHBIE YACTHIBI CyOCTpaTa BHayajle OKpY)KArOTCs aMHUHUPO-
BAaHHBIM CJIOEM M 3aTE€M CJI0EM CYJIb(UPOBAaHHBIX JIATEKCHBIX yacTull. Dukcanus mnpo-
BOJIUTCS 34 CYET IEKTPOCTATHUECKUX U BaH-nep-BaanbcoBbIX B3aUMOJAEHCTBUM.

Hebonpmoi OUaMeTp  JIATEKCHBIX ~ YacTUL[  II03BOJSIET  YMEHBIIWTH
auQy3uoHHbIE TTYTH M, COOTBETCTBEHHO, YCKOPUTH MPOLECCH OOMEHAa M MOJIYYUTh
BBICOKYIO 3(D(QEKTUBHOCTb NJISl Pa3ACIUTENbHBIX KOJOHOK C TaKUM THUIIOM HAaCaJKu.
Henoctatkom NEUIMKYJISIPHBIX MAaTEpPUAJIOB SIBISETCA MX YyBCTBUTEJIBHOCTH K JIEH-
CTBUIO OPTaHMYECKUX PACTBOPHUTENEH, a TaKKe MOJBMKHBIX (Da3 ¢ BBICOKOM MOHHOMN
CUJIOH, ITOCKOJIBKY B 3TOM CIIy4ac IPOUCXOIUT MOCTENIEHHOE BBITECHEHUE JIATEKCHBIX
gacTull. BO3MOXHO OJHOBPEMEHHOE OIPEACIICHUE IIEJIOYHBIX U IIEIOYHO3EMEIIbHBIX
METAJJIOB TPU KUCIIOJIb30BAHUU MOAU(PHUIIMPOBAHHOTO BapUaHTa MaTepuaia, B KOTOPOM
KOBAJICHTHO IPUCOEIUHEH aMUHUPOBAHHBIN CJIoM. OAHAKO pa3inudue B CEIEKTUBHOCTH
I MOHOB KaJlusl, MarHusl U KaJblMsl MPEBBIMIAIOT HEOOXOJUMbIE BEJIHMUMHBI, TAK YTO
U1 TIPOBEJICHUS aHAIIM3a TPEOyeTCs] OTHOCUTENBHO OOIBIIIOE BPEMS OTbITA.

HaumeHOBaHME M HEKOTOpBIE CBOMCTBA MOJUMEPHBIX MOHOOOMEHHOKOB IS

MOHHOM XpoMartorpaduu NpuBeaeHbI B TabIuUIE 2.



Tatmuna 2. ITonuMepHsle HOHOOOMEHHHKH VIl HOHHOH XpoMmarorpaguu

HaunmeHoBaHuE Huametp |OyHKUIHO- HorooOMeHHas |CTeneHb
4acTUL, |HAJNbHAA eMKOCTb, CIIHUBKH, Yo
MKM rpynna MMOJIBIKB/T
AnerekcOA-1000 12 -(SOs) — -
Anpreke Aanon HC |12 -(NH;)" 3 —
AmuHekc A-27 615 -(NH3)" 3.2 8
AMuHekc A-28 7-11 -(NH;)" 3.2 8
AN-X 11 — 4 2,4,8,12
AMHHEKC A-5 11-15  [[N(CH3);]'Cl |5 8
AMHHEKC A-7 7-11 -(SO;) 5 8
AmuHEKC A- 8 5-8 -(SO3) 5 8
Amunekc A- 9 11-12 -(SOy) 5 8




BekMan AA —15 11 -(SO3) 5 8

Bexman AA — 20 11 -(SO;) 5 8
["ammisTon HA 7—-10 -(SO;Y 5 4,6,8, 10
[ammneTon HC 7-10 -(NR;)'Cl  |5.2 2-35
Happym JIC A 14 -(SO3) 5 8
Happym JIC 6A 11 -(SO3) 5 8

Honekc SB 5-20 -(SOs) 3 7

Horeke SA 10 -(NR;)'C1 |3 8
HoHomax 10 -(SO3) 3-5 -
Cdepon JEAE 10,16,20 |-(SO5) 1.5 —
Codepon Mukpo C300 (10,1620 |-N(C,Hs);"  [2.0

Cdepon B300 10,16,20 |-COOH 1.5 —
XpOMIKC 11-12 [N(CH,):]'Cl |4 2,4,8,12
XPOMIKC KATUOH 11 -(SOs) 4 8,12

MeHHOM emkocTH B H™ -opme.

IoaBuxubie da3bl (3T0EHTHI) B HOHHOM XpoMaTtorpaduu

R-SO;H"+ Na* + HCO; _ R-SO;Na* + H,0+CO,

KAQTMHoHRHM

R- .5'0;H++

KOmOHUN  anaauupverstii pacmeop

2RHOCH N

Na*+CIm

(ataaum—Cl—)

MAMPUYQ 3TN

R—SO7Nat +

3

KOHOYKITOMEMPIYeckuil demermop

HY+CI™

HPOMEGOUGH GHAALHI

Ecnu B nonHOW XpomaTtorpaduu ¢ KOHIYKTOMETPHUUECKUM JETEKTHUPOBa-
HUEM B Kau€CTBE DJIFOCHTOB MCIMOJIb3YIOT PACTBOPHI CHUIIBHBIX AJIEKTPOJIUTOB, TO-
r71a JUIsl CHUOKEHUSI UX (POHOBOM 3JIEKTPOIIPOBOIHOCTH TIOCIIE paslestolleH (aHa-
JUTUYECKOM) KOJIOHKU YCTAaHABIMBAIOT BTOPYIO KOJOHKY — MOJABIISIIONIYIO (KOM-
NEHCAMOHHY10). B 3TOM ciydae MOHBI, OJyYaroIIMecs 3a CUET peakiuil oOMeHa
AHUOHOB (WJIM KaTUOHOB) 3JIIOCHTA HA MOAABJISIONIEH KOJIOHKE (3alOJIHEHHOU CO-
OTBETCTBEHHO KAaTHOHHUTOM Wi anronutoM ¢ H™ u OH™ - mpoTuBonoHamu), oopa-
3YIOT BOJly WJIM Jpyroi ciadompoBosumii smoat. [locneaqnuili conepxut ornpe-
JeNisieMble aHaUThI B opMe CBOOOJHBIX CHUIIBHBIX KUCIOT WM OCHOBaHMM. Ta-
KOM BapuaHT MOJy4MJT Ha3BaHUE JBYXKOJOHOYHOM MOHHOM XpomaTorpaduu.

Huxe B kauecTBe mpuMepa pacCMOTPEH MPUHIIMIT XUMHUYECKOTO MOJaBJie-
HUSl B aHUOHHOM XxpomaTorpaduu npu smoupoBanun Cl™ - HoHOB pacTBopoM Na-

HCOs. IlopaBnsromnias KOJOHKA 3arojHEHa CYJb(POKATHOHUTOM OOJBIION 00-




BaxHbIMM TOCTOMHCTBAMHU JBYXKOJIOHOYHOM MOHHOM XpoMarorpauu siBis-
FOTCSI HU3KHUE MPEENbl 0OHAPYKEHUSI HOHOB U JINHEWHOCTh IPajyHpOBOYHON 3aBU-
CUMOCTHU B IIMPOKOM MHTEPBaJIC UX KOHLIEHTPALUH.

OJIOEHTHI, HCIOJIb3yEMbIE B JBYXKOJIOHOYHOM MOHHOM Xpomartorpaduu,
JOJDKHBI OTBEYATh IBYM OCHOBHBIM TpeOoBaHUSIM. Bo-mepBbIX, OHH JAOKHBI OBICTPO
U CEJIEKTHBHO pa3leisiTh OIpeAeisieMble MOHbI B pasfensdioueld KojoHke. Bo-
BTOPBIX, MOCJIE NPOXOKIAEHUS MOJABISIOIIEH CUCTEMBI JJIFOEHT JOJDKEH IpeBpa-
1IaThCSl B COEIMHEHHE, SJEKTPONPOBOJHOCTh KOTOPOrO0 MAKCUMAJIBHO OTJIMYAETCS OT
AJIEKTPONPOBOIHOCTH OmpenaesieMoro noHa. Kak mpaBuiio, ai0eHT noaduparoT Ta-
KOU, 4TOOBI BpeMsl yAepKUBaHMs HanOoee coponpyeMoro OnpeaessieMoro noHa He
npesbimano 20—25 muH. BeiOop 2mroeHTa 3aBUCUT OT YKCIIa U XapakTepa OIpeness-
eMbIX MOHOB. KOHILIEHTpalLus 3JII0EHTOB AJIs IBYXKOJIOHOYHOM MOHHOM XpoMarorpa-
¢uu 06p1yHO KONMEOHeTcs oT 1 1o 10 MM. Huskas koHIEHTpalus 3I10€HTa CBsI3aHa,
BO-TIEPBBIX, C HU3KOM €MKOCTBIO Pa3AeiAolUX HOHOOOMEHHUKOB, IO3TOMY JJIs Ce-
JICKTUBHOTO pa3/efieHUus] HEOOXOIUMBI 3JIIOCHTHl HU3KOM KOHIIGHTpAllH, a, BO-
BTOPBIX, C BPEMEHEM pa0OThl MOJABIISIONIEH CUCTEMBI: UEM MEHBIIIE KOHLIEHTpALHsI
AIIIOEHTA, TeM O0JIbIle BpeMsl pabOThl MOAABIISIONIEH CUCTEMbBl MEXKIY pereHepanus-
MHU.

Anuonnan xpomamozpagus

Haubonee pacnpocTpaHeHHBIMU 3JIFOEHTaMU B JIBYXKOJOHOYHONW MOHHOM Xpo-
MaTorpauu aHHMOHOB SBIISIIOTCSA pa30aBICHHBIE PACTBOPBI COJEH CIaObIX KHUCIOT.
OTHU AMIOEHTHl UCIOJIB3YIOT JUISl ONpEAESICHUs] aHUOHOB CHUJIbHBIX KHCIOT, pK KoTO-
pbIX HIKE 5. [Ipu 3TOM B MOJABIAIONIEN CUCTEME DIIIOEHT NEPEBOAAT B MAJIOAUCCO-
LIUMPOBAHHYIO KHUCJIOTY, UMEIOLLY0 HU3KYIO 3JEKTPOIPOBOAHOCTD, & ONpEAEIsieMble
aHUOHBI — B CUJIbHYIO KHCJIOTY, UMEIOLIYIO BBICOKYIO 3JIEKTPOIIPOBOJHOCTb.

Jliia onpeneneHusi aHMOHOB CJIa0bIX KUCIOT, pK KOTOpBIX BbIIE 6, B KAUECTBE
AIIIOEHTOB HCIOJIB3YIOT pa30aBiICHHbBIE PAaCTBOPbI COJEH CHIBHBIX KHUCIOT. B 3ToMm
Cllydyae B IOAABIMIONIEM CUCTEME ONPEAEISIEMBIM AHUOH  IIEPEBOJSIT B

MaJIOJUCCOLIMUPOBAHHYIO KHCJIOTY, d JJIFOCHT — B CHIIBHYIO KHCJIOTY C BBICOKOM



AIIEKTPOIPOBOIHOCTHIO. JleTekTupoBaHue POBOJIAT o YMEHBLIEHUIO
KOHyKTOMETPHYECKOT0 CUTHAJa.

Bb100p oNTHUMalIbHOTO 3JI0€HTa OOYCJIOBJIEH B IEPBYIO OUEpelb TEM, KaKue
MOHBI HYKHO OIPEAEInTh. TpaJulIMOHHO CUUTAETCs, YTO JUIs pa3fesieHus Hauboiee
MOJIXOJAT AIIIOCHTHI, SJIIOUPYIOIIME HOHBI KOTOPBIX HMEIOT HECKOJBKO OOJBIIYIO
COpPOLIMOHHYIO CIIOCOOHOCTh, YEM HamOOJee MPOYHO YIAEP’KUBAEMBbI KOMIIOHEHT
aHanuzupyemoin cmecu. [1o copOunoHHON cIOCOOHOCTH MOHBI YCIOBHO MOKHO pa3-
JNIUTh HA TPU TPYNIbL: c1abo-, cpeHe- U CUIIbHOYIepkuBaeMbie. KondecTBeHHY IO
OLIEHKY YAEpKUBAaHUS MOKHO IPOBECTU IO KOHCTAHTaM MOHHOTO OOMEHa JIIIOUPY-
IOLIUX MOHOB OTHOCUTENIHO KaKOro-1100 MOHA, MPUHSITOrO 3a ""cTaHAapTHRIN". JTo-
ro e MPUHLUIA NPUIEPKUBAIOTCA U MIPU XapaKTEPUCTUKE AIMIOEHTOB M0 UX AJIIOH-
pyromeii cuiie. B tabnuiie 3 mpuBeAeHBI  DMIOEHTBI, UCIONB3YEMbIE B JIBYXKO-

JIOHOYHOM MOHHOW XpoMaTorpaduu aHHOHOB.

Tabnana 3, DM0eHTH, HCONE3YEMBIE B IBYXKOIOHOYHOH HOHHOI XpoMaTorpaduu
AHUOHOB

DNFOEHT DNIOHPYIOIIHIA AaHHOH | SITIOHPYIOIIAS CTIOCOOHOCTH
NaOH OH HH3Kas

N32B4O7 BOzl HH3Kas

Na,CO, COs cpeaHss

NaHCO,; / Na,CO; | HCOy, COy™ CpeaHsISA

Na,CO; / NaOH CO;”, OH BBICOKAs

NaNO; / NaOH NOs, OH cpeaHss

C6H50Na C@Hso_ CPCAHAA

AMHHOKHCIIOTA H>NRCOO 3ABHCHT OT CBOMCTB KUCIOTEI

VYpaBHEHHE, ONMCHIBAIOLIEE H30KPATUUYECKOE SIIOUPOBAaHUE (COCTaB M CKO-
pPOCTh MOJAYM AITHOEHTA HE MEHSIOTCS), YNPOIIEHHO BBITJIAIUT CIEIyoIUM o0Opa-
30M:

logK = -(A/E)logC..+b, (26)

rae K — dakrop ynepxkuBanus, A u E — BenTuUnHbI 3apsiI0B ONPEAEISIEeMOro u
AIIOUPYIOUIETO MOHOB; b - MOCTOSIHHASI BENMYHMHA, MPOMOPLUOHAIbHAS KOHCTAHTE
MOHHOT'0 OOMEHA M eMKOCTHU KOJIOHKHU; C,; — KOHIIEHTpAIs SIIOMPYIOIIEro HOHA.

B 1BYyXKOJOHOYHOM BapHaHTe HMOHHOW XpomaTorpaduu mpu ompeneiaeHuu

c1aboyAepKUBAEMBIX aHUOHOB ((PTOPHI, HUTPUT, XJIOPH, CYIb(PH, aHHOHBI MOHO-



KapOOHOBBIX KHMCJOT M Jp.) HauboJiee ONTHUMAJIbHBIMH IIOEHTaMHU, 00€CIIeUnBaro-
IIMMH BBICOKYIO CEJIEKTHBHOCTb pa3fesieHus, CIyXaT pacTBOPbI THIApoKapOoHaTa,
Ooparta U THIPOKCH]IA HATPUSI.

s pasfeneHuss  aHUOHOB,  OOJAJaAlOIIMX  CpeAHed COpOLMOHHON
CHOCOOHOCTBIO (HUTpAT, cyabdar,  cynabdur, auruapodocdar, aHu-
OHbl JTUKAPOOHOBBIX KHUCIOT U JIp.), LENecooOpa3HO MCIONb30BaTh JJIIOEHTHI CO
cpeaHen moupyromen cuino. K takum 3mroeHTaM OTHOCATCS PacTBOPBI, COAEpKa-
e B KAauyecTBE IIIOMPYIONINX HMOHBI KapOoHaTa, ruapodranarta, ¢peHonsta u ap.
HekoTtopple U3 3THX 3JIIOEHTOB IO3BOJISIIOT CEJIEKTUBHO Pa3eNiATh U OTACIbHBIC
IpyNIbl C1a00yAepKUBAEMbIX aHHOHOB.

Crnenyer OTMETUTh, UTO OBICTPOE U CEJEKTUBHOE pa3/ielI€HHE CMECH, COAEp-
Kallel cinabo- U cCpeiHeYyIepKUBAEMbIE AHUOHBI, JOCTUTAETCA TOJIBKO B TOM CIIyyae,
€CJI CMECh COJIEPXKUT HE OoJiee YeThIpeX caaboynep>KUBaeMbIX KOMIIOHEHTOB, a X
COpOLIMOHHBIE CBOICTBa JIOCTAaTOYHO pas3nuyarorcs. [Ipu omnpeneneHun CHIBHO-
yAEPKUBAEMBIX aHUOHOB (MOJIUJ, THOLMAHAT, CyIb(aT, noaudocdarsl, aHHOHBI -
KapOOHOBBIX M TPUKAPOOHOBBIX KHUCJIOT M [Jp.) LEIecOo00pa3HO HCIIOJIb30BATh
AIIIOEHTHI, 00J1a/1a101MeE BBICOKOM ITIOUPYIOIIEH CUIION - pacTBOPHI C BBICOKOM KOH-
HeHTpauuen kapOoHaT-uOHOB, TUPO3UHA, (TaaTa, CalUIIIaTa 1 JIp.

CraenyeTr OTMETUTh, YTO JEJIEHUE UIIOEHTOB 0 UX JJIIOMPYIOLIEH cuie BecbMa
YCIIOBHO, TIOCKOJIBKY HEKOTOpPbIE W3 TEPEUYUCICHHBIX DJIIOCHTOB  SIBISFOTCS
5¢pdeKTUBHBIMA  TpU  pa3AelieHud  Kak  cinabo-, Tak W CpeaHe- W
CWIBHOYJIEpP)KUBAaeMbIX HMOHOB. Kak BHIHO W3 BBILIENPUBEAECHHOIO YPABHEHMS,
AITFOUPYIOIIAS CWJIa DIIIOCHTA o0ycCIoBIeHa HE  TOJBKO COpOIH-
OHHBIMM XapaKTEPUCTHKAMH JJIIOUPYIOIIHUX MOHOB, HO M 3aBUCUT OT UX KOHILIEHTpa-
uu. V3MeHssl KOHLIEHTpALMIO 3JII0€HTa, MOXKHO PEryJMPOBATh €r0 AIIOUPYIOIIYIO
cmity. Ha 3Tom nmpuHIMme 0CHOBaHO rpaIM€HTHOE AIIIOUPOBAHHE.

Tak kax OCHOBOM OOJBIIMHCTBA NMPUMEHSIOUIMXCS B MOHHON XpomaTorpadus
AIIIOEHTOB CITY’KaT COJIM CIAObIX KUCJIOT U OCHOBAHH, TO PETYJIUPOBATh UX DIIOUPY-
IOLYI0 CUJTy MOXHO, u3MeHsas pH pactBopoB. HarnmsgHsiM mpuMepoM yBeIUYEeHHs

BHIOHPYIOHICﬁ CHJIBI DJIFOCHTA € pOCTOM €TI0 pH MOXKCT CIIYKHUTb HCIIOJIB30BAHUE pac-



TBOPOB KapOOHATOB AJi pasliejieHusi aHuOHOB. PacTBop rujpokapOoHaTa sBIsSETCA
C1a0bIM STIOCHTOM M CIIYXHUT JUIsl pa3feieHus cradoyaepKuBaeMbix aHMOHOB. [lo-
BbllieHHe pH pacTBopa MPUBOAUT K YBEJIMYEHHUIO COAEpP)KAHUS B HEM KapOOHaT-
HMOHOB, 00JIaJIal0IINX BBHICOKOM SJTIOUPYIOIIEH cuiloi. B cMemanHoi ruapokapOoHaT-
KapOOHATHOU (POpME AITFOEHT CITYXKUT ISl pa3iesieHUs CPeaHEYIePKUBAEMbIX HOHOB,
a kapOoHaTHasi popMa 3JIIOEHTA, CYIIECTBYIOIIAs TPU BHICOKUX 3HaUeHUsX pH, amro-
HpYyeT CWIBHO yAEPKUBAEMBIE AHUOHBI. VI3MEHEHUE SIIIOMPYIOLIEH CUJIbI AIIOCHTA B
3aBHCUMOCTH OT BeJIMUYMHBI pH ero pactBopa MOXKET CIIy)KUTh OCHOBOM I'PaIMEHTHO-
ro crnoco0a HOHOXPOMATOrPAPUUECKOTO aHAIH3A.

Bwmecte ¢ Tem, ncnonp3oBaHue KapOOHATHOTO DIIFOCHTA BBI3BIBACT PSJI CIIOXK-
HOCTEM, CBA3aHHBIX C JIETEKTUPOBAHUEM aHAIUTOB Ha ()OHE PAcTBOpPA YroJbHOM KHC-
no1eL. K TaKUMCJIOKHOCTAMOTHOCUTCA HAJIM4YAE€  HA  XpPOMATOrpaMMme OT-
pUIIATEIBHBIX BOJHOTO W KapOOHATHOTO TIMKOB, 3aTPYIHSIONIMX OIMPEICICHIE
Ca0oyJep>)KUBaeMbIX ~ AHUOHOB,  a TaK)Ke y3KAW Mara3oH  JMHEHHOCTH
rPagyupoOBOYHOTO TpaduKa, CBSI3AHHBIA C TOJABICHHEM IUCCOIHMAIMHN YTOIBHOM
KHCJIOTBI B 30HE OIPENEIIeMOr0 aHWOHA, W PAA ApyruxX. MHOTrME M3 yKa3aHHBIX
CJI0’KHOCTEN MOYKHO YCTPaHHTh, UCMOJIb3Yysl B KAYECTBE AJIIOEHTOB PACTBOPHI AMUHO-
KHCJIOT. B 9TOM ciydae neTeKTupoBaHUE OCYIIECTBIACTCS Ha (JOHE AEMOHU30BAHHOM
BOJIbl, YTO TIOBBIIIAET YYBCTBUTEIBLHOCTD OMPEACICHUS.

[Ipy  WCHONB30BaHMM  JJIIOCHTOB €  HHU3KOM  3JIEKTPOIPOBOIHOCTHIO
KOHAYKTOMETPUYECKUN JETEKTOP MPUCOEAUHSIOT HEOCPEACTBEHHO K Pa3IeIISIIOIIECH
KOJIOHKe. Takoil BapuaHT Ha3bIBAETCS OJHOKOJIOHOYHON MOHHOM Xpomarorpaduen.
DIOCHTHI, UCTOJb3yeMble B OTHOKOJOHOYHON HMOHHOW XpoMmarorpaduu, JOJKHBI
OBICTPO U CEJIEKTUBHO Pa3eisaTh ONpeeisieMble HOHbI, UMETh HU3KYIO JIEKTPOMPO-
BOJHOCTh Y MAKCHUMAJIBHOE PA3JIMYUE BEIMYUH SKBUBAJICHTHOM 3JIEKTPONPOBOIHOCTH
AIMIOUPYIOIIETO W OMPEACIIEeMOr0 HOHOB. DIIOEHTHI, OTBEUYAIOINE ITUM TPeOOBAHU-
SIM, MOT'YT OBITh HCIIOIb30BaHbI U B CUCTEMAX C KOCBEHHBIM Y D-eTEKTUPOBAHUEM.

Jlns  ompeneneHuss ~ aHMOHOB ~ CIIOCOOOM  OJHOKOJIOHOYHOM  MOHHOM
xpomaTorpaduu B Ka4ecTBE 3TIOEHTOB OOBIYHO BBIOMPAIOT PACTBOPHI OPTaHUYECKUX

KHCJIOT WJIM UX COJiell. AHMOHBI 3TUX KHMCJIOT UMEIOT BBICOKOE CpOoAaACTBO K pas3aciiia-



IOIIEMY COPOEHTY, MMOATOMY OBICTPOE U CEJIEKTUBHOE pa3/eleHHUE JTOCTUTaeTCs MpU
HU3KUX KOHIEHTPALUAX AIIOMPYIOIIETr0 HOHA. BOJBIIMHCTBO OpraHU4eCcKuX KUCIOT,
UCIOJIb3yEMBIX B KaUECTBE AJIIOEHTOB B OJAHOKOJIOHOYHON MOHHOM XpoMaTtorpadpuu
aHMOHOB, IPUBEJIEHO B Tabu1e 4.

Ta6auua 4. OpraHnyecKkue KUCIIOThI, UCIIOIb3YEMBIE B KAUECTBE JIFOCHTOB B

OJIHOKOJIOHOYHOW MOHHOM XpoMaTorpaguu aHUOHOB

Kucnora *
Cynbpanunosas
HukotnHoBas
IIukonuHOBas
JluMoHHas
Antaprad
dymaposadt
Cynbdocanuuunonas
1 -AMHHOOEH30HAsA
benszoncyneonosast
3,5-JInokcnbeH30iHas
JHIIMKOITAHOBAA
2.4-JInokcnbeH30iHas
1 3,5-bensonrpukapboHoBas
dranerad
bensoinas
Canuuuiopasi
n- HutpoOensoiinad

0O0O0O0OO0ODODOCOOCOOOQOCQOCOAO

o

* - KHCIOTHI PAaCnoONOXKEHEl B MOPAIKC BO3pacTaHuA HX E)J'I}OI/IpYIOLLleﬁ CIOCOOHOCTH.



Bce BrbImeckazanHbie 2J1H0€HTH 3P(EKTUBHBI MIPU ONPEICICHUH aHUOHOB
CUJIbHBIX KUCJIOT U KHUCJIOT CPEIHEH CUIIbI U HE TOJATCS JIJIsl ONPEICIICHUS] aHU-
OHOB CJA0BIX KHUCJIOT, TAKMX KaK LIMAHUJA, OOpaT, apCeHUT U CHIIMKAT, CyIIle-
CTBYIOIIIMX B PACTBOPE TOJIBLKO MpHu Oonbimux BenuuunHax pH. Jlns onpenenenus
TaKuX aHMOHOB B KAYECTBE AJIIOEHTA UCIOJIb3YIOT TUAPOKCUIbI HATPUS WIIA Ka-
nust. [ToCKOJNIBKY THAPOKCHUA- MOH MMEeT OOJBIIYH SKBHBAJICHTHYIO JJIEKTPO-
MPOBOAHOCTh, YEM JIPYTHE AHUOHBI, JETEKTUPOBAHUE MPOBOJAT MO OTPUIIATEb-
HBIM MHKaM. VHBIMU CIOBaMu, TIPU TIPOXOKISHUN 30HBI 00pa3iia 4epe3 JIeTeK-
TOP HAOJIOAETCS CHI)KEHHUE DJICKTPONPOBOIHOCTH, PABHOE PA3HOCTU MEXKITY
MPOBOAUMOCTBIO OMPEACIISIEMOTO aHHOHA U SKBUBAJICHTHO BBHITECHEHHOTO THUJI-
pokcuaa. Paznenenue HeoOX01MMO IPOBOIUTH HA MOJIMMEPHBIX COPOEHTAX, IO0-
CKOJIbKY CHJIMKarejb B IIEJIOYHON Cpefie pa3pyliaeTcs.

Kamuonnasa xpomamoczpaghusn

B nByxkon0HOUHON MOHHOM XpomaTorpaduu KaTHOHOB, KaK U MPU OTpe-
JEJIEHUA aHWOHOB, MCIOJIB3YIOT JBAa BapuUaHTa JE€TEKTUPOBaHUA. B mepBoM u3
HUX, HanboJiee pacpoCTPaHEHHOM, DJIIOCHT B MOAABJISIONICH CUCTEME MEePEBO-
JAT B COCIMHEHUE C HU3KOM AJIEKTPOIPOBOAHOCTHIO, @ ONIPEACIISIEMbIE KATHOHBI
— B COEJIMHEHUS C BBICOKOM 3JIEKTPOMPOBOAHOCTHIO. DTOT BAPUAHT JAETEKTUPO-
BaHUS HUCIIOJNB3YIOT JIJIsI ONPEACIICHUS] KaTUOHOB IIEOYHBIX, IIEJI0YHO3EMEIb-
HBbIX M HEKOTOPBIX MEPEXOJHBIX METAIOB. B KauecTBe 3/II0EHTOB MCIOJIB3YIOT
pa30aBiieHHBIE PACTBOPHI CHIIBHBIX KUCIIOT, a TAKXKE COJIeH CIa0bIX OCHOBaHUA,
cepebpa, Oapusi, cBUHIIA, [IUHKA. JJ1s1 omipeieieHust cinadbo yepKUBaeMbIX Ka-
THOHOB IIEJIOYHBIX METAJUIOB MPUTOAHBI SIFOCHTHI C HU3KOU AIIOUPYIONICH CH-
JIOM, a JJIsl ONpeNeSieHUs] CUJILHO YACPKUBAEMBIX KAaTHOHOB IIEJIOYHO3EMEIb-
HBIX U TIEPEXO0IHBIX METAJIJIOB HEOOXOMMBI JIFOEHTHI C BBICOKOM AMIOMPYIOIIEH
CHUJIOMN.

Bo BTOpOM BapuaHTe IETEKTUPOBAHMS DIIFOCHT MEPEBOJAT B COCTUHEHHUE

C BBICOKOM 3JIEKTPONPOBOAHOCTBIO, a ONPEAEIIAEMbI KATHOH — B COEUHEHUE C
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HU3KOM 3JIEKTPONPOBOJAHOCTHIO. DTOT BAPUAHT MPUMEHSIOT JJIsI ONPEICICHUS
KAaTHOHOB CJIa0bIX OCHOBAHHUM, B YaCTHOCTH aMUHOB.

DIIOEHTHI, UCIIOIb3yEeMble B JBYXKOJOHOUYHOW MOHHOM Xpomarorpaduu
KaTHOHOB, MpUBEEHBI B Tabiuie 5. CiexyeT OTMETUTh, YTO JBYXKOJOHOUHBIN
BAPUAHT NMPUMEHSIOT, B OCHOBHOM, ISl ONPEJECICHUS] KATUOHOB LIEJIOYHBIX W
HIEJIOYHO3EMEIIBHBIX METAJUIOB, UCIIOJIb3Ys PACTBOPhI CHUIIBHBIX KUCJIOT WM CO-
JIeH c1a0bIX OCHOBAHHUM B KQUECTBE DJIIOCHTOB.

CrnalObie TI0CHTH TPUMEHSIOT TPU Pa3ICICHUU MOHOBAJICHTHBIX KAaTHO-
HOB, XapaKTEepU3YIOUIUXCS HEBBICOKMMHM KOHCTAaHTaMH OOMeEHa, HarpuMmep Ka-
THOHOB IIEJIIOYHBIX METAJIOB, HEKOTOPBIX AMUHOB. TaKMMM SJIIOCHTAMH, KaK
MPaBUJIO, CIy>KaT pa30aBJICHHBIE PACTBOPhl MUHEPAJIbHBIX KHCJIOT, COJU HEKO-
TOPBIX CJIa00YIePKUBAEMBIX KATHOHOB, HAIIPUMEP JIUTHUSI, MOHOAMUHOB, aMUHO-

KHUCJIOT U ap.

Tadauua 5. SNIOSHTHI, HCTIOIb3YEMBIE B IBYXKONOHOYHOH HOHHOH XpoMaTorpaduu

KaTHOHOB
DIIEOEHT Jmonpyompit DMIOUPYIOIIAA CIIOCOOHOCTH
KATHOH
HNO, H" HH3KAs
AgNO; Ag’ cpenHas
denmnenanamun < 2HC1 |OOAH,™ BBICOKAS
BaCl, Ba’™* BEICOKAS
Pb(NO;), Pb BBICOKAS
Zn(NOy), / HNO;, Zn" H' BBICOKAS
KCI/HCI K", H' cpenHas
Amunokucnora + HCI Hs NRCOOH 3aBHCHT OT CBOMCTB KHCJIOTHI

K smroeHTam co cpenHel smroupyrouieil CUiioi, UCHOIb3yEeMbIMU TPU
pazneneHnu anupaTHIeCKuX aMHUHOB U KATHOHOB HEKOTOPBIX JTBYXBAJICHTHBIX
METaJVIOB, MOKHO OTHECTH PacTBOPHI COJIEM HEKOTOPBIX CpEeAHEyIep KhBae-
MBIX MOHOAMUHOB, JUAMHUHOB U aMUHOKHUCIIOT. ONpeieliecHne  CUIbHOYIEP-
KMBAEMbIX KATUOHOB,  HAMpUMEp IIEJI0YHO3EMEIIbHBIX U TMEPEXOJHBIX Me-

TaJlJIOB, OCYHICCTBIIACTCA C IMPUMCHCHUEM B
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KayeCTBE  DJIIOEHTOB  PAacTBOPOB, COJEPKAILIUX NBYX3apsHbIe KaTH-
OHBI ATWICHAMaMHUHA, (EHUICHIUAMUHA, ApPTMHUHA, TUCTHJWHA, TUAMUHO-
MPONUOHOBOM KUCIIOTHI, HEKOTOPBIX JBYXBAJICHTHBIX METAILJIOB.

[Ipu ompeneneHnr KaTUOHOB IIEJIOYHBIX METAJIOB U aMMOHHUS CIIOCO-
OOM OJTHOKOJIOHOYHOM HMOHHOW  Xpomarorpaguu, Kak MpaBWIO,  HC-
NoJIb3YI0T pa3zbaBieHHble (~ 1 MM) pacTBOpbI a30THOM WJIM COJIIHOM KHCIIOT.
[TockonbKy 3KBUBaJICHTHAS AIIEKTPOIPOBOIHOCTD HMOHOB BOJIOPO-
Ja HaumOOJbIlIasA, NETEKTUPOBAHUE MPOBOAAT MO YMEHBIIECHHUIO 3JIEKTPOIPO-
BOJHOCTHU 3JIIOEHTA MPU MPOXOXKIECHUU Yepe3 JIETEKTOP 30HbI OMPENEIIIeMOro
KaTHOHA.

Jlist onpeneneHus: KATUOHOB IIEJIOYHO3EMENbHBIX U TEPEXOAHBIX Me-
TaJUIOB B KAYECTBE DJIFOCHTOB, PUMEHSIIOT COJIM 3TUJICH- WU (DeHUJICHIuaMu-
Ha. B aTOM ciydae, Kak ¥ pH OIpeieIeHNH aHHOHOB, Ha XpOMaTorpamme To-
SBJISIETCS] JOTIOTHUTENbHBIA MUK. CBSA3aHO 3TO, MO-BUJUMOMY, C COpOLMEn U
aecopOuuen [uaMruHa MaTpUIe KAaTHOHOOOMEHHHKA TPU MEPEMEILIEHUHN 30HbI
OMpENEIEMOT0 KaTUOHA MO KOJIOHKE. JIJi MOBBIIIEHUS CEJIEKTUBHOCTU pa3-
JIEJICHUS] U COKpAIIEHUs] BPEMEHH OIpE/IeNICHUs JBY3apsAIHbIX KaTHOHOB B Ka-
YEeCTBE AIIIOEHTOB UCTIOJIB3YIOT
JTMaMMOHHEBbBIE COlU  C  KOMIUIEKCOOOpa3yIOLMM aHMOHOM
BUHHOW, 0-OKCHHM30MACISHOM W Jpyrux KucioT. KommiaexcooOpasyromuit
aHWUOH CMeIaeT MOHOOOMEHHOE PaBHOBECHE, YACTUYHO 00Opasys aumbo Hesa-
PSKEHHBIH, IMOO0 MEHBIIETO 3aps/ia KOMIUIEKC. ITO MPUBOJIUT K YMEHbBIIICHUIO
KO3 uIMEeHTa pacnpeeseHnss HOHA MeTalljla U1 BPEMEHU €ro yIep>KUBaHUSI.
CoOTBETCTBYIOIIUMN aHUOH, a TaKXe KOHIEHTpauuio U pH amoeHTa ciexyer
BBIOMPATH TAKUM 00pa3oM, YTOObl CBS3b HMOHOB B KOMIUIEKCE ObLIa J10CTa-
TO4YHO cnaboil. Ecimm  ycToW4MBOCTH KOMILIEKCA BBICOKA, TO BPEMS yIeP:KHUBa-
HUSL KATHOHOB OYJIET CIMIIKOM MaJIO M pa3/ielieHue He TPOU30MIET.

B nacTosiiee Bpems Uit A€TEKTUPOBAHMSI aHUOHOB MEPEXOIHBIX U TSXKe-

JIbIX MCTAJIJIOB YaCTO HCIIOJB3YCTCA CII0CO0 ITOCTKOJOHOYHOMU ACpUBaTU3alUN.
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OcHoBa Takoro croco0a 3aKIJacTcs B TOM, YTO IIOCJIC BBIXOJa N3 KOJOHKH
9JIH0AaT CMCIIMBACTCA C MCTAJDIOXPOMHBIM PCAICHTOM B ITOCTKOJIOHOYHOM pPCaK-
TOpCE. 10T pearcHTt BSaHMOﬂeﬁCTByeT C onpecacsiceMbIMM MOHAMH MCETAJIJIIOB C
O6pa3OBaHI/ICM OKpallCHHBIX KOMILICKCOB. B kadectBe Takmx pe€arcHToB 4acTo

IMPHUMCHAIOTCA a30KPACUTCIIN.

Kanunnapuuwtit anekmpogopes

Meron xanumisipHoro snektpodopesza (KD) ocHoBaH Ha pasjaeneHuu
KOMITOHEHTOB CJIOKHOM CMECH B KBaplEBOM KalWUISIpe MOJA JEHCTBUEM IpH-
JIO’KEHHOTO D3JIEKTPUYECKOro Mojsi. MUKpoOObEeM aHAIM3UPYEMOIro pacTBOpa
BBOJISIT B KaWJUIAP, MPEABAPUTENIHHO 3aMOJIHEHHBIM MOAXO0IAIUM OydepoMm —
anexkTpoauToM. [locne nomaun K KOHIIAM KamWuIsipa BBICOKOTO HANPSHKEHUs (110
30 kB), KOMIIOHEHTBI CME€CH HAUMHAIOT JBUTATHCA MO KAMWJUISIPY C pa3HOU CKO-
POCTBIO, 3aBUCSIIECH B MEPBYIO OYEPEIb OT 3apsija U Macchl (TOUHEE — BEJIMUHUHbI
MOHHOTO Pajinyca) U, COOTBETCTBEHHO, B PA3HOE BPEMS JIOCTUTAIOT 30HBI JETEK-
tupoBaHus. [lomyueHHas mociie[0BaTeNbHOCTh MTUKOB HA3BIBAETCS ANIEKTPOdO-
perpaMMoi, Mpu 3TOM KaueCTBEHHOM XapaKTepUCTUKOW BEUIECTBA SBJISIETCS Ma-
paMeTp yAep>KuBaHMs (BpeMs MUIpPALMM), a KOJUYECTBEHHOM — BBICOTA WIIU
IUIOIIAb MHKa, IPOMOPIIMOHANIbHAS KOHIIEHTpaluu BeulecTBa. Ha pucyHke 18

INIOKa3aHa CXEMa YCTAHOBKH JJIA KAIIUJIIAPHOTO 9J1€KTp0(b0p€3a.
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[ Cucrema oxj1axaeHus
9

(C 7 N
bnok BBoza mpoOEI ] ( JletexTop ]—

- CxeMa yCTaHOBKH JJI KaWJUIIPHOTO 3JIeKTpodopesa

Ha 3apsxeHHyt0 yacTuily B MpOCTEHIIEM cllydyae JEUCTBYIOT JIBE MPOTHU-
BOIOJIO’KHO HAINpPABIEHHBIE CHJIBI — 3JEKTPOCTATUYECKOTO MPUTSHKEHUSI U CO-
NPOTUBJICHUS! JABUKEHUIO YACTHUIIbl. B paBHOBECHBIX YCIIOBUSX JEUCTBHE 3TUX
CUJI YpaBHOBEIIMUBAET APYT JAPYTa, U CKOPOCTh MUTPALIMU YaCTHUIIbI ONpeeseT-

Cs1 BBIPA)KCHUCM !
p== (45)

nr
re q — 3apsa MoHa, a E — HanpssKeHHOCTh 3JIEKTPUYECKOTO MOJIS. 1)- BI3KOCTh
Cpelbl, I — painyC YaCTULIbI
DnektpodopeTryeckasl MOABUKHOCTD Map ONPEIEISIETCS KaK CKOPOCTh JABUXKE-

HHUA YaCTUIBI, ACJICHHAA Ha HAIIPSAKCHHOCTD 3JICKTPHUYCCKOTO ITOJIA:

Vs
.u:-)d) = ?Cb (46)

IJI€, Vap — CKOPOCTh UICATM3UPOBAHHOMN C(HEPUUECKOM YaCTULIBI.
[Tpu npoBeneHnn pasfesieHus B KamWUIpax 0OCOOCHHO BaXXHOE 3HAYEHUE

npuoOpeTaeT 3nekTpoocMoTnyeckuid motok (DOII), cBA3aHHBIN ¢ JBUKEHHUEM
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¢ y3HON YaCcTH JBOMHOTO CIOs, 0OPa3yIOIIeToCcs OTHOCUTEIBHO 3apsyKEHHOMN
NOBEPXHOCTU BHYTPEHHEW CTEHKHU Kanmuuisipa (PUCYHOK 19).
\ _ /OH \ O

Si —_— - gi/ HH"
7 "OH 7 “OH

bydepnsiit pacTBop

© e © o 9 4
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KBapueBslii kKanuuisap

Pucynok 19 Cxema BOBHUKHOBEHUS 3JIEKTPOOCMOTUYECKOTO TOTOKA

Kak npaBuiio, 3apsiji HOBEPXHOCTH OMPEAEIAETCS HATUUUEM OTPULIATEIb-
HO 3apsDKEHHBIX CUJIAHOJIBHBIX TPYMI Ha TOBEPXHOCTH HEMOAU(MUIIMPOBAHHBIX
KBapIEBBIX KAMMJLUIAPOB UM CO3/Ia€TCs 3a CUET JOTOJHUTEIHHON Moau(prKa-
UM TIOBEPXHOCTH. Pe3ysibTupytoias moJBM>KHOCTh YaCTHUIL )L OIPEAEIISAETCS
CYMMOM 3J1eKTPO(HOPETUIECKON U IIIEKTPOOCMOTHYECKON MO IBHIKHOCTEH:

U= Usp T Uso 47)

DTO JaeT omnpeAeICHHbIC MPEUMYIIECTBA IPU aHAIU3E CMECE MPOTUBO-
MOJIOKEHO 3apsKCHHBIX HOHOB, IMOCKOJIBKY BCE OINPEAEIISIEMble KOMIIOHEHTHI
OyIyT nBUrathCsi B HampaBiieHHH jAeTektopa Bciencteue DOII. Opnako cko-
POCTh TIepEIBIKEHUSI HOHOB C OJMHAKOBBIM HAIlpaBJIEHUEM 3JICKTpoopeTHye-
CKOM M 3JIEKTPOOCMOTHYECKOW MOJBMKHOCTEH OYyJIeT yBEJIMUUBATHCS, & MPOTH-
BOIIOJIOKEHHBIM — yMEHbIIAThCs. [T HeMoaudUIIMpOBaHHOTO KBapIIEBOTO Ka-
nuusipa B Au¢@y3HOM 4acTH JTBOMHOIO JIEKTUPUUYECKOTO CJIOS MPUCYTCTBYET
HEKOTOpasi U30BITOYHASI KOHIICHTPAILIMS KaTHOHOB, B PE3YJIbTaTe JBUKEHUS KO-
Tophix Bo3HukaeT DOII, HanpaBiaeHHBIN K Katoay. B pe3ynbraTe KaTHOHBI OYy-

yT TIepeMelaTbes ObicTpee U AeTeKThupoBathes 10 DOII, a aHMOHBI MeIJICHHEE
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u aerexktupoBathes nocie DOII, HelTpambHble MOJIeKYJIbl ABHXKYTca ¢ DOII,

KaK 3TO MOKa3aHO Ha puCyHKe 20.

?
(6)

1T

= (xHO feTexTopa
t, MHH A P

®

(a)

Pucynok 20. /IBmxeHne 3apsyKeHHBIX YacTUI[ B HEMOJIU(UIIMPOBAHHOM
KBaplLEBOM Kamuyuisipe (a) U 001l BU 31eKTOPOperpaMmMbl CMECH YaCTHI] €
pa3nuuHBIMU 3apsaaamu (0)

Jlnst nossienust BocnpousBogumMoctd KO B mpucyrcrun D0I1, siek-
TPOOCMOTHYECKHUI MOTOK JOKEH ObITh MOCTOSTHHBIM B TEYEHHE BCEX MPOBOIM-
MBIX ONpeaeeHnid, a coxpaneHue noctosHcTBa JOII yacto Tpebyer 3HauU-
TEJNbHBIX YCUJIMN MO MOATOTOBKE 10 U Mocie paboThl. B KBapIieBbIx Kamuiuisapax
OO0II ymeHsbIIaeTcsa Npu yBEIMYEHUN KOHIIEHTPALMHU AJIEKTPOJIMTA U T00aBiie-
HUM OPraHWYECKHX PAcTBOPHUTENIEH M BO3pacTaeT ¢ yBenuueHueM pH, a taxxe
3aBUCHUT OT BSI3KOCTH PAacTBOpa B KaWJUIApE U TeMiiepaTypsl. Eciu xe npu no-
OaBIEHWU KAaTUOHHBIX MOBEPXHOCTHO-aKTUBHBIX BellecTB (IIAB) k paznenu-
TeapHOMY Oy(depy Ha MOBEPXHOCTH KamWJUIsApa aJacopOUpPYEeTCs MOJOKUTEIh-
HbIH 3apsay (pueyHoK 21), To DOII MeHsieT HanpaBIeHUE U IEPEHOCUT Pa3eiu-

TeNbHBIN Oy(ep B HalpaBICHUH aHO/A.
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@ ~f— DnekTpoocMoTUYeckunin notok (30r1) @

o IR o
ANeKTpoocMoTNYCKUN NOTOK (30M) — g

Pucynok 21. V3mMeHeHHe HaIpaBJICHUs 3JIEKTPOOCMOTHYECKOTO MOTOKA
opyu  MOAM(PHUKAIMU KBaplEBOIO Kamwuisipa KAaTUOHHBIMU TOBEPXHOCTHO-
AKTUBHBIMH BELIECTBAMU

YHukansHoi ocodeHHocThi0 DOII sBnseTcs miiockuil mpoduiib MoToKa B
kanmwuisipe. Takoil mpoduiab BBITOJEH, TTOCKOJIBKY YMEHbIIAETCS Pa3MbIBAHHE
30H pazjenseMbix BemecTB. Cienyer OTMETUTh, YTo 3P(HEKTUBHOCTh pa3zelie-
HUS B KAMWUISIPHOM 3JIeKTpodopese NMpsMo NpOonopLUOHaIbHA, a BpeMs
aHanu3a — oOpaTHO MPOMOPIHOHAIBHO HANPSKEHUIO, MPUIOKEHHOMY K DJIEK-
TpOJaM.

Paznenenne B KO MokeT ObITh BBIIIOJIHEHO KaK C MOJIOXKHUTEIIbHOM, TaK U
OTPUILIATEIBHOMN MOJIIPHOCTBIO 3JIEKTPOJIOB. 3Has 3HaueHus pK, 1 KoMHnoHeH-
TOB TPOOBI, MOKHO BBIOpaTh Oydep ¢ moaxoasimuMm 3HadeHueMm pH u mossip-
HOCTh AJIEKTPOJOB, YTOOBI 0Opa3el JBUrajics B CTOpOHY Jerekropa. CKopocTh
MUTPALMK 3aBUCUT OT HAMPSKEHHOCTH AJIEKTPUUECKOTO MOJIs, KOTOpasi OOBIYHO
coctanisieT 200-400 B/cwm.

Bapuanmul kanunnapnozo snekmpoghopesa

CymiecTByeT psi BapHaHTOB KaMWJUIIPHOTO JJIEKTpodopesa, OTandaro-

IMXCS M0 IPUHLIKIIAM U MEXAHU3MY Pa3ICICHHUS.

Kanunnapustii 3ounstii_ snexmpogopes (K33J) ssnsercs mambosnee pac-

IpOCTpaHEeHHBIM BapuanToM KD u mpeamnonaraet uCHoiab30BaHUE OJTHOTO Oy(de-
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pa B KauecTBe pa3Aesaronleil cpeapl. PazneneHrue KOMIIOHEHTOB MPOObI OCHOBA-
HO Ha pa3IM4YMAX B MOJABMKHOCTH 3apsSDKEHHBIX MOJIEKYJ WM MOHOB. Merton
HaXOAMT IIMPOKOE MPUMEHEHHE MPU OMPENEICHUN MENTUI0B, OEIKOB, aMUHO-
KHCJIOT, JIEKAPCTBEHHBIX MPENapaToB, HEOPraHUYECKUX UOHOB U MHOTHX JIPYTUX
00BEKTOB.

Kanunnapusiit uonnstii_ananuz — 31o pasHoBuaHocte K39 B koTopoit

JUIA OTpEAENICHUs] HEOPraHMYeCKUX MOHOB, HE MOTJomarumx cBeT B Y-
o0nacTu CHeKTpa, MCHOJIb3yeTCs] KOCBEHHOE (HOTOMETPHUECKOE JETEKTUPOBA-
HUE, JTOCTUTaeMOe 3a cueT BBeJeHUs B Oydep amns anekTpodope3a KOMOHOB, MO-
rIomanmx cBeT B Y ®-o01acTu crekTpa. BeITecHEeHne KOMOHOB B 30HE OTIpe-
JIeNIIeMOT0 HOHAa yMeHbIIaeT (JOHOBOE morioiieHue 0ydepa, 4To BbIpaKaeTCs B
MOSIBJICHUN OTPUIATENILHOTO TMHKa Ha 3JekTpodoperpamme. Tak, mpu pasaene-
HUM KaTHOHOB HCIOJB3YIOT pa3jMuHble OpPraHMYeCKWe OCHOBAaHUS, HAIpHUMED,
OoensunamuH. Ilpu ompeneneHnn HEOpraHUYECKUX AaHHOHOB B Oydep OOBIYHO
N00aBISIOT KaTHOHHOE MOBEPXHOCTHO-AaKTHBHOE BEIIECTBO, KOTOpOe MOAupu-
UpPYET MOBEPXHOCTh Kamwuisipa U uMmeHseT Hampasienue DOII. [Tockombky
HaIpaBIICHUE AIIEKTPOPOPETHUECKOTO MOTOKA U SHIAOOCMOTHYECKOTO MOTOKA
COBMAJIAIOT, TO B 3TOM CIy4ae BO3MOXKHBI IKCIIPECCHBIE M BHICOKOA((HEKTUBHbBIE
paszzeneHusl.

Kanunnapuasa snekmpokunemuyeckas_xpomamozpagus OCHOBaHA Ha

pa3feleHNN HEUTPATBHBIX YaCTHUI] TIPH MX PACHPEISICHUU MEXTY ABUKYIIHU-
MUCSI B DJICKTPUYECKOM I10JI€ YACTUIIAMH ¥ 3aIOJHSIIONIMM KamUISp JICKTPO-
autoM. Takoe pacmpenerneHne MOXET ObITh 00YCIOBIIEHO JEHCTBHEM MOJIEKY-
JISIPHBIX CHJI, NOH-TIAPHBIMU B3aUMOJICHCTBUSIMHU KOMILUIEKCOOOpa3oBaHUEM (JTH-
TaHJAHBIA O0OMEH), OMoCTIeM(PUICCKUMU B3auMOIeHCTBUSIME. VIMEroTCs ciemy-
IOIIME Pa3HOBUAHOCTH KAMMJUIIPHOM AJIEKTPOKMHETHYECKOW Xpomarorpaduu:
MUIIEIUISIPHAS, HOHOOOMEHHAs, TUTaHI000MEHHAS U JIP.

B munenispHoil KanmuuIApHOM 3JIEKTPOKHMHETUYECKOM Xpomartorpaduu

(MK3KX) B Oydepnsbiii pactBop BBoasaT IIAB, nHampumep, momeunicyibdat
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HaTpHs, YTO MPHUBOJUT K OOpa30BAHUIO MHUIICIUI, KOTOPbIE OYyAYyT JBUTATHCS K
anony, JDOII — o HampaBlieHHIO K KaToy. Pa3neneHre OCHOBaHO Ha pa3Iu4HON
CTEIMEHU CBA3BIBAHUSI KOMIIOHEHTOB CMECU C MUIIEUIAMHU. DTOT METO/] IITUPOKO
UCIIOJB3YETCS JIJIsl PA3IMYHBIX KJIACCOB KaK HEUTPaIbHBIX, TAK U 3apsiKEHHBIX
COCTMHECHHM, HarTpuMep, PEHOJIOB, ApOMAaTUIECKUX aMUHOB U JIp.

Kanunnapul ona pazoenenus

[TonaBmnsrornee OOIBITMHCTBO pa3zeiacHuil B KD nMpoBoAsT ¢ MCIOIb30Ba-
HHUEM KBApLEBBIX KaMWUISIPOB MMEIOIIUX BHENIHEE MOJMMEPHOE IOKPBITHE,
0OBIYHO - MOJUUMHUAHOE, YJIYUIIAIoIIee X MEXaHHUUYECKYI0 MPOYHOCTh, U 3Ha-
YUTEIBHO PEXKe MOJMMEPHBIC KaNWJUIAPhI, HarpuMep u3 Tediona. BHyTpeHHumit
JTMaMeTp KalwiIsIpoB Kosiebsercst B npenenax oT 25 go 200 MUKpPOH, a JjIMHA
KalujIsipa B 3aBUCMMOCTH OT IMOCTABJICHHOW 3aJlauyd - OT HECKOJIbKUX CaHTH-
MeTpoB 110 1 MeTpa. [1ocKoIbKY BHEIIHEE MOJMUMUIHOE TOKPHITHE HEMPO3pay-
HO B Y®-00J1acTH, TO y4aCTOK MOKPBITUS YAAISIOT M CO3/aI0T OKHO i Y D-
netexkThupoBanus. Kamuisip 3akperisieTcsi B CeUaIbHOM TIaCTUKOBOM Kacce-
Te. HanexxHoe TepmMocTaTupoBaHUE KaWILUIAPA SABJSETCS OCHOBHBIM YCIOBHEM
MOJYy4YEHUS BOCHPOU3BOJAMMBIX BPEMEH MUTPAIUU ONPEACIISIEMOrO COSAUHEHUS
Y TIONIAAM PE3YJIbTUPYIOMIETO MHUKA, YTO BAKHO ISl KOJUYECTBEHHOTO aHaJIu-
3a.

Bribop onTtumanbHBIX pa3MepoB Kanmujulsipa MPECTaBIsIET COO0N KOM-
MIPOMHUCCHOE pellieHrne MEXITy TpeOyeMOoil 4yBCTBUTEIIBHOCTBIO OINPEIASICHUS U
pasperaronield CrnocoOHOCThIO. VCMOMB3YIOT KamWuIsApbl ¢ BHYTPEHHUM JHa-
MeTpoM 25-50 MKM, 4TO SIBJISIETCSI KOMIPOMMCCHBIM PEIIEHUEM MEXIY J0CTa-
TOYHO BBICOKOM 4YBCTBUTEJIBHOCTHIO U 3(DPEKTUBHOCTHIO pa3/eICHUS.

Moouduyuposannvie kanunnapwsi. 1lepBoHayaabHO OOJBIIMHCTBO pas-

JIEJICHUIN B KaWIISIPHOM 3JIEKTpo(dopese NpoBOAMIN C UCTIOIb30BAHUEM HEMO-
TU(UIMPOBAHHBIX KBaplEBbIX KanmwuiapoB. OpaHako, HEOOPATUMOCTh aJIcOpO-
nuu OenkoB, nentuaoB, pparmentoB JIHK, a Taxxke snekrpocraruyeckue B3au-

MOJEHCTBUS pasacisieMbIX COCJIMHEHUH C BHYT‘pCHHCﬁ IMOBCPXHOCTHIO KallWJI-
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JSIPOB MPUBOJAT K 3HAYUTEILHOMY CHIXKEHHIO 3(DQEKTUBHOCTU U pa3peliaro-
el cnocoOHOCTH, HEBOCIIPOU3BOIUMOCTH pazesieHuil. ITo TpeOyeT AOIMOJIHU-
TEJIbHBIX YCWJIMI MO pereHepalyy KanuusIpoB WK Jaxe uX 3aMeHe. ['naBHas
1eJb MOIU(UIIMPOBAHUS BHYTPEHHEH MOBEPXHOCTH KBAPIIEBOIO KalWuigpa Co-
CTOUT B M3MEHEHUHU BenuyuHbl U HampasieHus DOl mns ymydmenus >¢dexk-
TUBHOCTHU pa3eNIeHus], a TaKKe CHIKEHUs afacopouuu. [Ipu aToM Taxke 10ocTu-
raeTcsi yCKOPEHHE WIN 3aMEJUICHHE 3JIEKTPOCENAapalMOHHBIX pPa3JeieHuid B 3a-
BUCHMOCTH OT HAaNPsSKEHHOCTH U MOJIIPHOCTH 3JEKTPUYECKOIrO IMOJIS; pa3pera-
IOLIEN CITOCOOHOCTH M UyBCTBUTEJILHOCTH aHAIN3a; JBUKEHUE KaK aHUOHOB, TaK
Y KaTHOHOB B OJIHOM HaIIpaBJIEHUH, YTO MO3BOJISIET MPOBOJAUTH UX OJJHOBPEMEH-
HO€ OIpeJIeNICHNUE.
Beeoenue npo6

IIpo6Ga MokeT ObITh BBEIEHA B KaMWUISP 3JIEKTPO(POPETUUECKUM, DIIEK-
TPOKMHETUYECKUM WA BBITECHUTENIBHBIM crocoOoM. O0BbEM BBOAUMOM HPOObI
HE MpPEBBIIAET 2 HJ, OTHOCUTEJIBHOE CTAHIAPTHOE OTKJIOHEHUE COCTAaBIISET
0,03-0,04.

ITpu snexTpodopeTnueckom BBOJE MpoObl, K KOHIIAM KalWLIspa NpUKIIa-
JIBIBAETCS BBICOKOE HAINpPSKEHUE HA (PUKCHUPOBAHHBIM MPOMEXYTOK BPEMEHH,
OpU ATOM BXOAHOW KOHEIl Kaluuigpa MOTpy’KaroT B pacTBOp MnpoObl. MoHbI
npoObl MEPEMEIIAIOTC B KaOWLISAP MPONOPIHOHAIBHO UX 3JEKTpodopeTnye-
CKOM MOABWXKHOCTU. B cilydae 3IeKTpOKMHETHYECKOTO BBOJA, KOMIIOHEHTHI
poOBI NONAJAI0T B KAIWJUIAP 32 CUET KOMOMHALIUU AJIEKTPOIHI00CMOTHYECKOTO
JABJICHUS U 3IEKTPOPOPETUUECKON MOABMKHOCTU. BBITECHUTENBHBIN BBOJ MPO-
Obl JoCTHraercsi JIMOO 3a CYET CO3AaHMs H30BITOYHOI'O BHEIIHETO JaBJICHMS
MHEPTHOTO ra3a, NMPWIOKEHHOIO K pe3epByapy ¢ o0pasloM, Judo 3a CYeT co-
3laHUsl BaKyyMa Ha BBIXOJI€ W3 Kanwulsipa WM IYTeM H3MEHEHUS YpPOB-
HS1/BBICOTBI Pe3epByapa, coeprKaiiero oOpas3el, OTHOCUTENIBHO pe3epByapa ¢
Oy(epHBIM pacTBOPOM Ha BBIXOJIE€ M3 KanWUIApa (Tak Ha3bIBa€MOE I'paBUTALU-

OHHOE BBEJICHUE TIPOOBHI).
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,Zlemekm upoeanue

XoTs INPUMCHHUMOCTL PAa3JIMYHBIX BAPHAHTOB ACTCKTHPOBAHMA, BKIIIOYas

bayopeciieHTHOE, JIEKTPOXUMHUECKOE U KOHIYKTOMETpUUECKoe, Oblia mokasa-

Ha i KO (Tabamia 2), 60IbITMHCTBO MPOMBIIIIIEHHO BBITYCKAaeMBbIX TIPUOOPOB

OCHaIICHO (I)OTOMCTpI/I‘{CCKI/IMI/I ACTCKTOpaMU.

Tabauma 2. CriocoObl AETEeKTHPOBAHUS B KATMILIIPHOM dJIeKTpodopese

JHetexTop Omnpenensiembie coean- | [Ipenen o6Ha- | OcobeHHOCTH
HEHUs pyXeHus,
MOJTB/TM>
DOTOMETPUYECKUN: Apomartndeckue co- 107 -10* Hawubonee mupoxo
npsiMOe AETEKTUPOBAaHUE | €IMHEHUs, OeNKU, HyK- ucnosnpzyercs B Y D-
JIEMHOBBIE KUCJIOTHI o0nactu
dortomerpuueckuii: koc- | Mousl MeTamos, amu- | 108 — 10 Onpenenenue Be-
BEHHOE JICTCKTUPOBAHUE | HbI, OPraHUYECKUE U IIECTB, HE TIOTJIO-
HEOPraHWYeCKNe aHUO- mammux B Y -
HBI, caxapa obnactu
dnyopectenTHbI: nps- | [IpoussonsHbie amuuo- | 10 — 107 Heo6xoaumMocTs mo-
MOE€ JIETeKTHPOBaHUE KHCJIOT, IeNTH]IbI, Oe1- Jy4eHUs: IPOU3BO/I-
KU HBIX
dnyopecueHTHbIi: Koc- | CIIUpTHI, aMuHBI, caxa- | 107 — 107 [IpumeHuMoCTb K
BEHHOE JICTCKTUPOBAHUE | pa, HEOPTaHUUECKUE OTPaHUYECHHOMY
AQHWOHBI ¥ KATHOHBI KpYTY BEIIECTB
JlazepHslii yopec- [IpousBoansie amuno- | 10713 —107 Hcnonb3yeTcs pe-
HEHTHBIN KHCIIOT, (hparMeHThI KO, OYEeHb JIOPOT B
JJHK HCIOJIb30BAaHUH
AMnepoMeTpu4eCKHil buorennsie aMmuHBbI, 108-10° [Ipuronen s ka-
(beHonpHbIe coeIuHE- MUJIAPOB C BHYT-
HUS PEHHUM THAMETPOM
710 2 MKM
Konnykromerpuueckuii | MloHbI MeTaioB, amu- 107-10° TpyaHOCTh 3aMEHBI

HBI, KAPOOHOBBIE KHC-

JIOTBI

Kanuuisipa
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[Torenumomerpuyeckuii | MIoHBI IETOYHBIX U 1078 TpynHoCcTh OTyUE-
IISCJIIOYHO3EMCEIIbHBIX HHUSI NOHCCIICKTUB-
MECTaJIJIOB HBIX MHUKPOJ3JICKTPO-
JI0B
Macc- Benku, nenTHabl, Mo- 10— 108 1Iupokue BO3MOXK-
CIIEKTPOMETPUUECKU I HUTOPHHT JIEKAPCTB HOCTH, BBICOKasi CTO-

HUMOCTb

KD umeer psin npeumyiects 1o cpaBHeHuto ¢ BOXX:

— BbICOKas (G (HEKTUBHOCT paslieieHus, 00yCIOBICHHAs IJIOCKUM IPO-

bueM 31eKTPOOCMOTHYECKOTO MOTOKA;

— YKOHOMHYHOCTb, T.K. MPAKTHYECKU HE TPeOyeTCsl MPUMEHEHHUE JOPOTO-

CTOSIIIMX BBICOKOYMCTBIX PAcTBOpPUTENEH (ALETOHUTPUII, METAHOJ, FEKCaH) H

MaJIbIi pacxo/l PEaKTUBOB;

— OTCYTCTBHC AOPOTOCTOANUX XpOMaTOFpa(l)I/I‘IeCKI/IX KOJIOHOK;

— OTCYTCTBHC JOPOTOCTOAINMUX HNPCIU3NOHHBIX HACOCOB BBHICOKOI'O

JlaBJIeHHU, HeoOxoauMbIX 1t BOXKX;

— MPOCTOTA amnmapaTypHOro 0hOpMIICHHS;

— OKCIIPCCCHOCTL aHalin3a.

DTy mpeuMyIiecTBa 00yCIaBIMBAIOT IMUPOKOE HUCMOyb3oBaHue KO mis

aHa/M3a 00beKTOB OKpY:kawouleil cpeabl. Hanbonee yacro KO ncnonb3yror

AJIs1 OIIPCACIICHUA KaATUOHOB 1 daHMOHOB B BOJIaX. CHGHYGT OTMCTUTD, YTO pa3Jic-

JIEHWE OJIHOM W TOM *e€ cMmecu aHMOHOB KD 3aHMMaeT CylecTBEHHO MEHbIIIEE

Bpems, ueM BOXKX. DnekrpodoperpaMmbl cMECH aHHOHOB U

ONpeeeHUs] aHUOHOB B BOJIOIIPOBOIHOM BOJIE NTOKA3aHbl HA PUCYHKE 22.




92

a)

aHanUTU4eCKn CUrHan
W
-

|
6) 2

)

aHaNMTUYECK CUrHan

——

J ) _} \ —
I Iﬂ‘ . L\\—‘_’_\“
M e e . —

6 T, MWH.

Pucyrok 22. Onpenenenrne aHMOHOB B BOJIE KalMMJUIIPHBIM 3J1eKTpodope-
30M. a) DnekTpodoperpaMma rpaayupoBOYHOTO pacTBopa. KoHIEHTparus Kax-
11010 aHuoHa (KpoMme ruapokapbonara) — 2 mr/am? :1 — XJopu; 2 — HUTPUT; 3 —
cynedart; 4 — aHutpat; 5 — propun; 6 — ruapodocdat; 7 — ruapokapOOHaT;

0) DnexTpodoperpamma BOAOIPOBOAHOM Boabl:1 — xmopun (4,9 mr/om?); 2
— cynbar (18,1 mr/am?);3 — murpar (1,4 mr/ov?); 4 — dpropun (<0,25 mr/mv’); 5 —
runpokapOonat. Pabouee Hanpspkenne U= - 17 kB

D¢ exTUBHO MPUMEHEHHE STOTO0 METO/1a U IJISl OTIPEAETICHUS TECTULIUIOB

U repOULIKMI0B B BoJE U mouBe. [Ipumepsl pazaenenus npuBeIeH Ha PUCYHKE 23.
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Pucynok 23| Dnextpodoperpamma cMecu NeCTUIUIOB: 1— necaTunarpa-
3UH; 2 — T€KCa3UHOH; 3 — METOKCYPOH; 4 — MOHOJIMHYPOH; 5 — CUMa3uH; 6 — 1u-
aHa3uH; 7 — METaOpOMYpOH; 8 — XJIOPTOJIYPOH; 9 — U30NPOTYPOH U aTpa3uH; 10
— nuypoH; 11 — munypoH; 12 — Metaben3tua3ypoH; 13 — ceOyTmnasun; 14 — tet-
Oytunasus; 15 — meranaxiop. YciaoBUs NMPOBEACHUS aHANW3A: KAMWLISAP JUIH-
HOU 64,5 cM W BHYTpeHHUM auameTrpoMm 50 MkMm; OydepHsbiil amekTpoaut (12
MM docdara, 8 MM Oopara, pH 8,9, 100 MM noneumicynbdara HaTpus);
HarpspkeHHOCTh Tostst 440 B/cewm; nerextop Y@, 214 uam

MeTton nmpuMeHUM ISl ONpPENeSieHUs] TaKUX OMACHBIX 3KOTOKCHUKAHTOB,
Kak (eHosbl. DnekTpodopeTnyeckoe omnpesaeneHue (HeHoJoB (XJIop-, HUTPO-,
MeTwideHos10B) 00b19HO mpou3BoaAT MeTogamu MKOKX unu K33 ¢ o6parien-
HBIM 3JIEKTPOOCMOTHYECKUM MOTOKOM. CEeleKTUBHOCTD pa3/ejeHUs MOBBIIIAOT,
u3mensst pH O6ydepa (o6aacte uzmenenus pH 7-10), BBoas 100aBKH HEUTpasib-
HbIX 1 aHMOHHBIX [IAB, a Takxke kaTnoHHBIX [TAB COBMECTHO C OpraHM4eCKUMHU
pacTBopuTensiMU. B kauecTBe aHMOHHOM J00ABKH Yalle BCEro UCIOIb3YIOT J0-
nenuicyibdar HaTpus, KATAOHHOW — OpOMUJ LIETUIATPUMETHIIAMMOHUS, MOJIHU-
TWICHUMUH, 3,6-noHeH. JleTekTupoBaHue (eHOJOB OOBIYHO MPOBOIAT (PoTo-
MeTpuuecku Ha jjuHe BOJHBI 190,214 u 280 um. IIpenen neTekTUpoBaHUA C

IpeIBapUTENbHBIM  COpPOLIMOHHBIM  KOHIEHTpUpoBaHueMm coctasiser 0,3-1
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Mkr/1. [lo cpaBHeHnio ¢ BOXKX mossimaetcst 3¢ heKTUBHOCTS pa3aeneHus Qe-
HOJI0B. Kpome Toro, ryMuHOBBIE U (DYITBBOKHUCIIOTHI, BCETJ]a IPUCYTCTBYIOIINE B
MPUPOIAHBIX BOAAX, HE MEMIAIOT OMPECICHUIO, OHU OTACISIOTCS OT (PEHOJIOB C
BBICOKMM PA3PEIICHUEM BCIEACTBUE PA3IIMYHOTO MUTPALMOHHOTO TTOBEACHUS.

TToMHMO 3KOJIOTHYECKOr0 KOHTPOJISI KAMMIUTSIPHBIN AJIEKTPOPOpPE3 TAKKE
UCIIOJIb3YETCS:

B NHMIIEBOH MPOMBIILJIEHHOCTH: JJIsl ONPEICJICHUS] KATUOHOB, aHUOHOB B
MUHEPAJIbHOW BOJIE€ U BOJKE; KOHCEPBAHTOB, KATUOHOB, AHUOHOB, BUTAMHUHOB,
AHTUOKCUJAHTOB, KpACUTEJIe B HANIUTKAX U COKaX; BUTAMUHOB, aMUHOKHUCJIOT,
MUKOTOKCHUHOB B Pa3IUYHBIX MPOAYKTAX;

B (papMaKoJIOrHuU: ISl aHaIW3a JIEKAPCTBEHHBIX MPENapaToB, JJsl TeX-
HOJIOTUYECKOTO KOHTPOJISI; Pa3IeJICHUsI SHAHTUOMEPOB;

B OMOXMMHMHU ¥ MeJAUIIMHE: IS ONpeeieHrs] OSIKOB U aMUHOKHUCIIOT B
OMOXHUAKOCTSIX TIMKO3WIMPOBAHHOTO TE€MOTJIO0MHA W MCCIIEOBaHUS (papMaKo-
KUHETHUKH;

B KPMMHUHAJMCTUKE: ]ISl BBISIBICHUS CIEIOB B3PBIBUATHIX BEILECTB U
HApKOTUYECKUX

Ilnockocmuasn xpomamozpaqbuﬂ

K mnockoctHbIM Buaam xpomatorpadun oTHOCIT OymaxkHyo (bX) u Ton-
kocnoiHyto (TCX). Dtu nBa BHIa XKUIKOCTHOM Xpomatorpaduud MPOCThI IO
TEXHUKE BBIMOJTHEHUS, YKCIIPECCHBI, HE TPEOYIOT TOPOTOCTOSIIETO 000PyI0Ba-
Hus. Pa3genenne 3TUMU METOIaMH MOKET OBITh BBIIIOJIHEHO C UCTOJIb30BAHUEM
pPa3TUYHBIX XPOMATOrPaUIECKUX CHCTEM, MOATOMY BBIICIAIOT aICOPOIMOH-
HYI0, pacIpeeIuTeIbHy 0, 00palieHHo-(pa3oBy0 U noHooOMeHHy0 bX u TCX.
ToHKOCIONHYI0 XpoMaToTrpaduio UCHOIB3YIOT Yalle, 4eM OyMakHYIO.

byMmakHast 1 TOHKOCIIOWHAsT XpoMaTorpaduu CXOTHBI IO TEXHUKE BBITIOJ-
HeHus aHanu3a. B bX B kauecTBe HOCHUTEISI HETIOABWKHON (ha3bl, HAPUMED BO-

JIbl, UCTIOJIB3YIOT LIEJUTIONIO3HOE BOJIOKHO Oymaru, B Metoge TCX — pasnuunbie
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COpOEHTHI (OKCHU aIFOMUHUS, CUJIMKAreb, LEJUTI0JI03y U Ap.), HAHECEHHbIE Ha

IJIACTUHKY TOHKHUM CJIOCM.

Hoxpmwxwas haza
MECTo

HaHeceHHS
obpasna

08/ -

HEITOABHIKHAA
. ¢haza 2

‘bponT pacTBopHTENs
B KOHIIC PasuencHuA [\

Pucynok 24 Cxema TOHKOCJIOMHON (OyMaxkHOM ) XxpomaTorpaduu

B o0oux meTomax HCHONB3YIOT XpOMATorpaduiyecKue CHUCTEMBI KHJ-
KOCTb-TBEPABIA COPOCHT U KUIKOCTb-KUAKOCTH-TBEPJIbIA COPOEHT, MPUYEM B
KayecTBE MOJBMKHOU (pa3bl MCIONB3YIOT PA3UYHBIE PACTBOPUTENH WA HX
CMECH, OPraHMYEeCKUEe U HEOPTaHUUECKUE KUCIOThI. XpomaTorpaduyeckoe pas-
JIeJIeHNE B MJIOCKOCTHBIX BHJAX XpoMaTorpaduu, Kak U B KOJOHKE, 00yCIIOBIIe-
HO MEPEHOCOM KOMIIOHEHTOB IMOJABIKHOM (pa3bl BIOJb CIO0S HEMOJBMKHOU (pa-
3bl C PA3IMYHBIMU CKOPOCTSIMHU B COOTBETCTBUU C KOAPPUIIMEHTaMU pacipesie-
JIEHUS pa3AesieMbIX KOMIIOHEHTOB.

Paznensemble KOMIIOHEHTHI Ha MJIACTUHKE WM Ha MOJIOCKE Oymaru oopa-
3YIOT OT/EJIbHbIE 30HbI (TISITHA), MOJOXKEHUE KOTOPHIX HA XpoMaTorpamme Xa-
paKTepU3yeTcss BEIMYMHAMHU Ry — OTHOCUTENIBHON CKOPOCTBIO NMEPEMEILEHUS
KOMITOHEHTOB B TOHKOM CJIO€ WJIM MO OyMa)XHOM MOJ0CKe. DKCIEPUMEHTAIBHO
BEJIMYNHY Ry ONPENENAIOT KaK OTHOLICHHE PACCTOSHHUA X, IPOWIECHHOIO BEIlle-

CTBOM, K PAacCTOSHHIO L, MPOWJIEHHOMY PAaCTBOPUTENIEM OT CTapTa A0 JIMHUMU

X
¢ponra: R, =Tl B cootserctBum ¢ onpeaenenneM Ry Beeraa < 1,00. Bennunna
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Rf 3aBucuT OT npupoasl Hocutelsi (Oymara, akTUBHOCTh U MpUpoJa copOeHTa,
TOJIIIMHA CJI0sI COPOEHTa), KauecTBa U MPUPOBI PACTBOPUTEINS, ClIOCOOa HaHE-
CeHusl MPOOBI, JETEKTUPOBAHUS, T. €. OT TEXHUKH IKCIEPUMEHTA, TEMIIEPATYPHI
U HEKOTOpPBIX JIpyrux ¢gakrtopoB. B mneanbHOM citydae (quHeiHast uzotepma) Ry
HE 3aBUCHUT OT KOHIICHTPALNKU ONPEAECIIEMOTO BEIIECTBA U IPUCYTCTBUSA APYTUX
KOMITIOHEHTOB. Bocrponssogumocts 3HaueHud Ry B TCX 3HauuTENBHO JydIne,
yeM B bX, u cocrasser 0,05 R, . Benuuuny X, pOpMagbHO OTOXKAECTBIISIIOT C
Vr unu tr, XapaKTEPU3YIOIIUMU CKOPOCTh JBUKEHHUS BEIIECTBA BIIOJIb KOJOHKH,
a JUIMHY 30HBI (MSTHA) — C IIMPUHON XpoMaTorpaduyecKoi Mmojaockl y OCHOBA-
Hus w OCHOBHOE ypaBHEHHE KOJIOHOUYHOM XpomaTorpaduu Vi = V,, + DVsnpu-
MEHUMO, 0YEBUAHO, U B ciiyyae TCX.

Benuuuna Rf, xapakrepu3sylolas MoJ0KEHUE 30Hbl BEIIeCTBa Ha XpOMa-
TOrpamMme, CBsi3aHa ¢ KO3((UIMEHTOM paclpeesieHus] B JaHHON CHCTEME Clie-

JYIOUIMM YPaBHEHHEM:

—Ym_ 1 (48)

Vs Ry-1

KayecTBeHHBIH aHAJIN3.

Ecam Ha xpomaTtorpamme 00pa3yroTcsi OKpaIleHHbBIE 30HBI, TO MPOBOJSAT
BU3yaJbHbIE HaONMIOACHUSA. HeBuauMbie XpoMaTOrpaMMbl MIPOSIBIISIFOT COOTBET-
CTBYIOIIIMMU peareHTaMu, KaK MpaBuiio, rpynnoBbiMu. [1o xapakTepHoil okpac-
K€ 00pa3yroNMXCs MBETHBIX 30H CYIAT O COCTABE aHAM3UPYEMOU MPOOHI.

Jlns oOHapyKeHUsI aMUHOKHCJIOT M TIENTHIOB NMPUMEHSIIOT HUHTHIPHH.
Cyxyro XpoMaTtorpamMmy MOTPY>KarOT B paCTBOpP HUHTHAPWHA B alleTOHE, OOBIY-
HO 0,2%-HBIN (TIpU 3TOM JOCTUTAETCS OJHOPOJHOE MOKPBHITHE OyMaru pearcH-
TOM), CYIIIaT HEMPOAOJKUTENbHOE BpeMs. [Ipu koMHaTHOHN TemmepaType IMsTHa
AMUHOKUCJIOT MPOSBIISIOTCS MPUMEPHO uepe3 | 4, a ux okpacka JOCTUTaeT MaK-
CUMaJIbHOM MHTEHCUBHOCTH NpuMepHO 3a § 4. [IsTHa mentumioB oOHapyKuBa-
10Tcsl MeJieHHee. [IposiBieHre yCKOpsIeTCs, €Clu XpoMaTorpaMMy HarpeBaroT

pu 50—60 °C B cymuibHOM mKady.
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Jls oOHapyXeHHsT KOMIIOHEHTOB HCIIOJIB3YIOT TaK)K€ METOJl, OCHOBaH-
HBIi HAa M3MEPEHUHU BEIMYUH R, JUIsl CTaHAApTHOIO M OOHApyKUBAEMOTO Be-
IIECTB B OIpENETICHHOM pacTBopuTene. MaeHTudukamus KOMIOHEHTOB STUM
CrIocoO60M MOKET OBITh OCYIIECTBIICHA, €CIIH MTPOBOJUTH XpOMaTorpaprupoBaHUE
U ompeeneHue Ry A CTaHJApTHOTO U MCCIENyeMOro pacTBOPOB B OJHOM Ka-
Mepe, Ha OJMHAKOBBIX MOJIOCKaX OyMarw Wi Ha OJHOW M TOM Ke TUIaCTHUHKE.
[Tocne mposiBieHus o0eux XpomaTorpamMMm OIpPENeNsoT Ry HUCCIeLyeMoro u
CTaHAapTHOTO pacTBOPOB. COMOCTABIAA UX, JETA0T 3aKII0YCHHE O HAJIUYUH B
UCCJIEyeMOM PAacTBOPE TE€X UM MHBIX KOMITIOHEHTOB.

KonnuecTBeHHBIH aHATU3 OCYLIECTBISIOT HETOCPEICTBEHHO HA XpoMa-
Torpamme (Ha cjioe copOeHTa Wiau Ha Oymare) WM aHaJIM3UPyeMOe BEIIECTBO
(ITHO) BBIMBIBAIOT M3 CJIOS cOpOeHTa (C OyMa)KHOW MOJIOCKH) TIOCJE BhIpe3a-
HUS 30HBI, ¥ MOJTYYEHHBIN PacTBOP aHATU3UPYIOT KAKUM-TTHO0 METOIOM.

HenocpeacTBeHHO Ha XpoMaTorpaMMax KOJIHYECTBEHHBIM aHAIN3 MOKHO
OCYIIECTBIISITh 10 pa3Mepy MATHA (MOJyKOJIMYECTBEHHOE OMpENEIeHHE), CIeK-
TPOHOTOMETPHUUECKUM METOJIOM TIO CIEKTpaM MOTJOMEHUS (POTOACHCUTOMET-
pHsl) U IO CTIEKTPaM OTPaXKECHHUS, a TAKKe (PIyopruMETpUIECKUM, PEHTTEHO(ITYO-
PECLIEHTHBIM M paJUOMETpHUUECKUM MeToAamu. OmnpeaeneHne KOMIOHEHTOB T0-
CJIe CMBIBaHHS MOXKHO BBITIOJIHUTh, HAIMPUMEP, CIEKTPOPOTOMETPUUECKUM,
biryopuMeTpruecKuM, aToOMHO-a0COpOLMOHHBIM MeTofamu. Ilpenen oOnapy-
KEHHs 1aeTcsl B BUJE aOCONIOTHOTO KOJIMYECTBA B CJIOE, PEXKE B BUIEC KOJIUYE-
CTBa, IPUXOAAIIErocs Ha 1 T copOeHTa, HO Jy4llle BCETO B BUJEC KOHIEHTPAIIUU
B aHanu3upyemoi npoOe. OTHOCUTENbHBIE CTaHIAPTHBIE OTKIOHEHUS MPHU HC-
MI0JIb30BaHUHU CIEKTPO(POTOMETPHUUECKIX METOJOB aHajn3a HE MPEBBIIAIOT |
%.

I'enb-xpomartorpagus

DTO COBEpIICHHO CBOEOOpa3HbI BUJ XpomaTorpaduu, OCHOBaHHBIA Ha

UCIIOJIb30BAaHUU PA3IMYMs B pa3Mepax MoJeKyJ. Ero Ha3bIBaloT Takke eenb-

Gurompayueii Ui cumosou xpomamozpagueti. HenoaBmwxHo# ¢a3oil B reib-
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xpomarorpaduu SIBISETCS pACTBOPUTEINb, HAXOAAIIMNCA B MOpax Trelsd, a Io-
JBIKHON — caM pacTBOPUTEIb, T. €. U TIOJBIKHYIO ¥ HEMOABIKHYIO (ha3bl CO-
CTaBJISIET OJIHO U TO € BEIIECTBO UJIM OJIHA M Ta K€ CMEeCh BellecTna. [ enb ro-
TOBAT Ha OCHOBE, HANpUMeEp, JAEKCTpaHa, MOJIMaKpWIaMUIa WIA APYTUX MpH-
POJIHBIX U CHHTETUYECKUX COCTUHCHHM.

B nporuecce renab-xpomatorpa@upoBaHus MOTYT ObITh OTHEJIEHBI KpYII-
HBIC MOJICKYJIbI, KOTOPBIC Te€JIeM HEe COPOMPYIOTCS, TaK KaK UX pa3Mephl IPEBHI-
IAIOT Pa3Mephl MOP, OT METKHUX, KOTOPhIE MPOHUKAIOT B MOPHI, & 3aTE€M MOTYT
ObITh AtoupoBaHbl. [IpoBoAsTCS U GoJjiee TOHKUE pa3/iesieHus], TaK KaK pa3Mephl
MOp MOXXHO PETYJUPOBATh W3MEHSsSI, HAIIPUMEDP, COCTAB PACTBOPHUTENS U, KaK
ciencTBre, HabyxaeMocCTh reds. ['enp-xpomaTorpadusi MOKET ObITh BBIIIOJHEHA
B KOJJOHOYHOM BapHaHTE U B TOHKOCJIOMHOM.

[IpumeHsieMble Ha TTPAKTUKE TeIM OOBIYHO TOPA3ACIIIOT Ha MseKuUe, no-
Jyoicecmkue U dcecmkue. MATKUMH TEISIMU SIBJISIFOTCS. BBICOKOMOJIEKYJISIPHBIE
OpTaHWYECKHUE COCIMHEHUS C HE3HAYUTEIIbHBIM YHCIIOM IOTIEPEYHBIX CBS3EH.
®dakTop €MKOCTH, PaBHBIM OTHOILIEHHUIO 00BbEMa PAaCTBOPUTENSI BHYTPHU Tels K
ero o0beMy BHe Tefis, y HuX paseH 3. [Ipu HaOyXaHuM OHU 3HAYUTENILHO yBEJIH-
YUBAIOT COOCTBEHHBIN 00BeM. DTO cedameKChl Wiu JEKCTPAHOBBIC TeH, ara-
pouHbIe renu, Kpaxmai U ap. OHU NPUMEHSIIOTCS JUIsl pa3/iesieHusl cMecel HU3-
KOMOJICKYJISIPHBIX BEIIECTB, 9YaCTO B TOHKOCJIOMHOM BapuaHTe. XpomaTtorpadu-
pPOBaHKE Ha MSTKHUX TeIIX HAa3bIBAIOT 2elb-uibmpayuetl.

[Tony»xecTkue reau moJIiy4yaroT IyTeM NoJinMepu3aiuu. bonbiioe pacnpo-
CTpaHEHHE TMOIYUYWIIU Crmupozeayu — TPOAYKThl COMOIUMEPHU3AIMU CTUPOJIA U
JTUBUHUIIOEH30/1a C OOJBIIMM YHCIOM MOMNEPEUHbIX cBsizei. DaKTOp €MKOCTU
MOTY>KECTKUX Teneil nexuT B npenenax 0,8—1,2, ux oobem mpu HaOyxaHUU
YBEITMYHMBAETCS HE OYeHb 3HauuTeNbHO (B 1,2—1,8 pasza). XpomaTtorpadupona-
HUE Ha TOJTY>)KECTKUX I'eJIsiX HAa3bIBAIOT 2elb-NpoHUKauel xpomamozspaguei.

K ’kecTKuM TensiM OTHOCSIT CHJIMKAreld M 4acTO TIOPUCTHIE CTEKIIA, XOTS

OHM W HE SABISIOTCS refsiMu. JKecTkue reinu UMMeroT HeOOoboi (hakTop eMKO-



99

ctu (0,8—1,1) u pukcupoBaHHBIN pazMep Mop. DTH MaTepHabl UCIOIL3YIOT B
reb-xpoMarorpaguu  mpu  BBICOKOM  JaBJICHUH. PacTBopuTenu  Telb-
xpomartorpaduu JI0JKHBI PacCTBOPATh BCE KOMIIOHEHThI CMECH, CMayuBaTh MO-
BEPXHOCTb Tefisi U He ajcopOupoBarhcsi Ha Hel. [IpakTuueckoe mprUMeHEHUE
reJib-XxpoMarorpaduu CBs3aHO, TIIABHBEIM 00pa3oM, ¢ pa3IelieHneM CMECH BBICO-
KOMOJIEKYJISIPHBIX CO€IMHEHUM, XOTsI HEPEIKO OHU MCTOJB3YIOTCS ISl pa3zelie-
HUS 1 HU3KOMOJIEKYJISIPHBIX, TaK KaK pa3/ieJIEHUe 3TUM METOJ0M BO3MOKHO MPHU

KOMHATHOM TEMIIEpaType
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TJIABA 2.JIABOPATOPHBIA IPAKTUKYM
JIABOPATOPHAS PABOTA Nel. Onpenesienue moJiHOM AMHAMHYECKOH
oomenHo# emkocTH (IIJIOE) nonntoB

Beeoenue

Martpuiia CHHTETUYECKIX MOJIUMEPHBIX MaTepHaoB (THIMA MOJUCTUPOIIA)
aBisieTcs TUIPOoGOOHON U HE MPOSIBISET CIOCOOHOCTH K HaOyXaHHUIO B MOJISP-
HBIX pacTBopuTesax. OJHaKo MOce BBEICHUS B HE€ HOHOTEHHBIX TPy, 001a-
JAIONINX PE3KO BBIPAKEHHOM THAPOPHIBHOCTHIO, MPUBEICHUE IPAHY HOHO00-
MEHHHMKa B KOHTAKT C BOJAOM WJIM PACTBOPOM BBI3bIBAET 3aMETHOE IMOIJIOIIECHUE
pactBopuTtens ¢azoit noHuTa. KoamdecTBo MOIIIOMIEHHOTO pacTBOpUTENs (Be-
JMYMHA Ha0yXaeMOCTH) UMEET ONPEEIICHHBIN NPEell, ONPEaeIsIeMbli KECTKO-
CThIO TOJMMEPHOIO KapKaca MaTpullbl, T.€. HaJIMYUEM IIONEPEUYHBIX CBsI3EH
(cuBKM) B TOJUMEpPHON Moiekyne. [lOCKONbKYy HOHUTBHI NPUMEHSIOTCA B
OOJBIIMHCTBE CIy4yaeB sl 0OpaOOTKM BOAHBIX PacTBOPOB, PACCMOTPUM IJaB-
HBIN YaCTHBIM CIIy4Yal UX COJIbBATALIMU — TUAPATALUIO.

OO01ryr0 Maccy MOIJIOIIEHHON MOHUTOM BOJIbI HEJb3sl CUYMTATh OJHOPO-
HOM, MOCKOJIbKY 4acTb €€ HE NPUHUMAET Y4acTHs B Ipoleccax pa3daBiIeHUs U
TpaHcmopTa HOHOB. Ha 3TOM OCHOBaHO yCJIOBHOE pa3jeiieHHe cOpOUpPOBaHHOMN
BOJIbI HA «CBSA3aHHYIO» U «CBOOOIHYIO».

K «cBsizanHOID» BOJIE OTHOCUTCS TUAPATHAS BOJA MEPBUUYHBIX THIPATHBIX
000J104eK (PUKCUPOBAHHBIX MOHOB M MPOTHUBOUOHOB. [Ipu HaOyxaHuu abCcomoT-
HO CyXOI'0 MOHHUTA 3Ta BOJA IMOTJIOLIAETCS B MEPBYIO OUYEpeab C OOJIBIIUM TETl-
JOBBIM 3(PPeKTOM. DTOT MPOLECC MEPBUYHON TUAPATALUU MPUBOAUT K 00pa30-
BAaHUIO OYEHb KOHLIEHTPUPOBAHHOIO pacTBOpa MOJMAJIEKTpoiauTa (10 5
MOJIB/ZIM® ¥ BBIILE), OCMOTHYECKOE JABJIEHUE KOTOPOTO BBIIIE, YEM BHEIIHETO
pactBopa. «CBsi3aHHas» BOJA HE y4acTBYeT B pa30aBICHUH CBEPXIKBUBAJICHTHO
COpOMPOBAHHOTO JIEKTPOJIUTA U OTIMYAETCS OT OOBIYHOM BOJIbI PSZIOM CBOMCTB:
MEHBIINM MapIHATEHBIM 00bEMOM, MOHIKEHHON TeMIlepaTypol 3aMep3aHusi u

Ap. KonmuuecTBO «CBSI3aHHOM» BOAbI OIPCACIACTCA YMCIIaMM THUApaTalun
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MOHOB, OHO NIPONOPLUUOHAIBHO KOJUYECTBY (YHKIMOHAJIBHBIX TPYII, HEMO-
CPEIICTBEHHO CBSI3aHO C MPHUPOA0H (PUKCUPOBAHHOTO MOHA U C1a00 3aBUCHUT OT
CTEIIEHU CIIMTOCTU MOHUTA.

Bo3nukias npu nepBUYHON I'MAPATALMA PA3HOCTH OCMOTHYECKHUX JaB-
JIEHUI BHYTPEHHETO U BHEIIHErO PACTBOPOB MPHUBOJIUT K JIOMOJHUTEIBHOMY MO-
IJIOIEHUIO HOHUTOM TaK Ha3blBa€MOW «CBOOOJHOI» BOABI. DTOT MPOLECC BTO-
PUYHOM THApATALMU IPOUCXOAUT A0 YCTAHOBJIEHUS OCMOTHYECKOI'O PaBHOBE-
CHUSl MEXIY BHYTPEHHUM U BHELIHUM PACTBOPAMHU.

«CBOOOHYIO» BOJy 4YacTO pa3leisiOT Ha «IOPO3HYIO» U «pPaBHOBEC-
Hy!0». IlepBas COOTBETCTBYET PACTBOPUTENIO, HAXOASAIIEMYCSl B MUKPOIIOpPax U
MUKPOTpPEIIMHAX I'paHyJl (B clydyae MaKpONOPHUCTBIX MOHUTOB OCHOBHAs 4acTh
«IIOPO3HOI» BOJABI COJAEPIKUTCS B MAKPOIIOPax).

Takum 06pa3om, pacTBOpUTEIEM ISl THAPATHPOBAHHBIX MPOTUBOMOHOB
SBJIIETCSl «PABHOBECHAsH» BOAA, 00Jajarolias CBONCTBAMH, NMPOMEKYTOUYHBIMU
MEXKIy «IOPO3HOM» U «CBA3aHHOW». KOIMYECTBO «pPaBHOBECHON» BOJIBI OIpe-
NEJSIETCSl YCIOBUSAMU PaBHOBECUS MEXAY YNPYTOCTBIO MATPULIBI U OCMOTHYE-
CKHMM JIaBJICHHEM M 3aBHCUT OT BHJIA ITOJIMMEPA, CTEIIEHU €T0 CIIUTOCTH U OT aK-
TUBHOCTU BHEIIHETO U BHYTPEHHErO PacTBOPOB 3JeKTposnTa. OCMOTHYECKOMN
AKTUBHOCTBIO B (pa3e MOHMUTA 00JIaAat0T TOJIBKO TPOTUBOMOHBI, TAK KaK BIUSHUE
(UKCHPOBAaHHBIX MOHOB Ha BOJY HE3HAUHMTEIHHO, CIEAOBATEIbHO, KOJIMUECTBO
pPaBHOBECHOM BOJIbI JIOJKHO 3aBHCETh OT CTEMEHU TUCCOLMALMU (PYHKIIMOHAIb-
HBIX IPYIII, KOTOpas ONPEIEIAeTCs BUIOM IPOTUBOMOHA.

OObIYHO TIpUMEHSIEMbIE B MPAKTUKE HOHHOTO OOMEHa MPOMBIIUICHHBIE
oOpa31pl HOHUTOB YBEJIMYMBAIOT CBOM 00beM npu HaOyxanuu B 1,5-3 pasa. IIpu
HOpPMAaJIbHBIX YCJIOBUSIX B MOHOOOMEHHMKE, HAXOJAIIEMCS B BO3IYIIHO-CYXOM
COCTOSTHUH, COJICPKUTCSI HEKOTOpOe KoanmuecTBO Biaru (okoio 20%). Crnenona-
TEJIbHO, ITePEe]] UCCIIEJOBAHNEM COACPIKAHUS COJIbBATUPYIOIIETO PACTBOPUTEINS B
MOHUTE WM KUHETUYECKUX SKCIIEPUMEHTOB 0 U3yUEHUIO CKOPOCTH HaOyXaHus,

00pa3ibl HOHUTOB JIOJDKHBI OBITH COOTBETCTBYIOIIUM O0pa30oM MOATOTOBJICHHI.
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[ToaroToBKa MOHUTOB K pabOTE COCTOUT B UX KOHJUIIMOHUPOBAHUH U BBHICYIIU-
BaHuu. KoHnuimoHnnpoBaHrue HOHOOOMEHHUKOB MPOBOJUTCS IO CTaHIAPTHBIM
METOIMKaM TONEepEeMEHHON 00pabOTKOW MX PacTBOpPAMH SJEKTPOJIUTOB B pas-
JUYHBIX MOHOOOMEHHBIX HHKJIaX. [Ipr 3TOM MpPOUCXOIUT OTMBIBKA MCXOIHOTO
oOpasia OT pa3INYHbIX MPUMECEH U CTa0MIN3alMs CTPYKTYpPbl IPOCTPAHCTBEH-
HOM CeTKH MaTpullbl. BeICylllMBaHHEe MOHUTOB MPOBOJUTCSA C LEJbIO MOJTYyUYESHHUS
abCOJIIOTHO CyXMX IOJIMMEPOB, a TaKXe JUIsl KOJIMYECTBEHHOIO OIpeaeTeHHs
COJIEp’KaHUsl B HUX TBEPJOTO BEIIECTBA MJIU OCTATOYHOTO COJbBATHPYIOLIETO
PacTBOPUTEIIS.

[Tporecc cynku HOHUTOB KOHTPOJIUPYETCS, KaK MPABUJIO, UX MEpUOINYE-
CKMM B3BelIMBaHueM. [Ipyu HOCTHMKEHUU BBICYIIEHHBIM HOHUTOM IOCTOSIHHOTO
Beca MO Pa3HOCTU C MACCOM MCXOAHOro o0paslia HAXOJAT MCXOJHOE BIIAroco-
JepKaHue NOHOOOMEHHUKA, BbIpakasi €ro B BUAE OJHOM M3 OOLIETIPUHSTHIX Xa-
PaKTEpUCTHK.

B cinydae HETepMOCTOMKMX HOHMTOB BMECTO CYLIKH, CONPSDKEHHOM C
OMAaCHOCTbIO TEPMUYECKOM JECTPYKIMU MATPHULIbI, MOMXHO PEKOMEHAOBAThH
onpe/eseHue OCTATOYHON BJIAXKHOCTH BO3/YIIHO-CYXUX 00pa30B TUTPOBAHUEM
uX peakTuBoM Puinepa, UM SKCTPAKIMOHHBIM MeTonoM. [locnennuin meton B
CUJIy €ro MpOCTOTHI U AKCIPECCUBHOCTHU 3aCIy>KMBAET Oojiee NeTaJbHOro pac-
CMOTpPEHHUSL.

CyTbh MeTO/Ia COCTOUT B U3BJICUEHUU BOJbI U3 HABECKU MOHUTA JUMETHII-
dbopmamuom (JIM®DA) ¢ nociaenyromuM onpeaeeHUEM COCTaBa IKCTPAKTA 1O
MOKa3aTeNo npenoMineHus. i 3TOro TOYHyI0 HaBECKY MCCIETyeMOro MOHHTA
(okoJ10 2 T) moMeNnarT B OFOKC WJIM B KOJIOY C IPUTEPTON MPOOKOM, 3aIMBAIOT
15 man JIM®DA (0o6bemM OTMEpsieTCs MUIETKOM WK OIOPETKOM), 3aKphIBAIOT
npoOKOM M MepeMennBaloT B TeueHne 15 MuUHYT. 3aTeM U3MEpSIOT MOKa3aTelb
npeoMIIeHUs XKuAKocTH Ha pedpakromerpe npu 20°C. Ecmu mis sxcrpakuuu

Ob11 cnosib3oBaH YUCThIM JIM®DA, To ero copepkanue B IKCTpakTe (X qvaoa)
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HAXOJAT MO KaduOpOBOUYHOMY rpaduKy, MIOCTPOEHHOMY Ha OCHOBaHUM JaHHBIX

tabmumpl 1.1. O6mee BpeMst ananuza He npesbimaeT 20-30 MUHYT.

Tabmuma 1.1.
I[Toxaszaremu npenomuenus cmeceilt IM®PA-sona mpu 20°C.
X 1Moa, n ]230 X 1Moa, n 12)0 X mMoa, n 12)0
% (Mac) % (Mac) % (Mac)
50 1,3890 76 1,4160 90 1,4260
55 1,3945 78 1,4180 92 1,4270
60 1,4000 80 1,4205 94 1,4280
65 1,4060 82 1,4215 96 1.4290
70 1,4120 84 1,4225 98 1,4310
73 1,4135 86 1,4240 99 1,4320
75 1,4155 88 1,4250 100 1,4330

[To HaitnenHomy coxaepxanuto [IM®PA B 3KCTpaKTe pacCUMTHIBAIOT BIAXKHOCTb

MOHUTA O20 (%) MO COOTHOIIEHUIO:

100/ —1)p 110s -V -100
Wy0 = % m”M‘“ : (1.1)

rae V- ucxoaueiii 00bem MDA oM’
PaMaoA — INIOTHOCTB DKCTPAreHTa, paBHas i 4iucToro semectsa 0,945 r/em’ ;
My~ HABECKA MOHUTA;
x — MmaccoBag 1o JM®PA B skcTpakre, %o;

B cnyuyae ucnonb3oBaHus i SKCTpakiuu BiaxxHoro JIM®A neobxoau-
MO 3HAHHUE €ro MIOTHOCTU Pamaa M MCXOAHOTO Biarocojaepskanus (1-x;), ompe-
JeSIEMOT0 TI0 TMoKa3aTento mpenomieHust (cm. t1abn.1.1). Ecnu comepxanue
JIM®A B 3KCTpakTe COCTABUT BEJIMYHHY X; , TO BIAXKHOCTh MOHUTA PACCUUTHI-

BaeTcs 1o ¢popmyiie:

X =1 sses 100
a)HZOZ(AZ )P mysoa , (1.2)

Mhuas

rIe X; U Xp - maccoBas goiasg JIM®DA 1o u mocie W3BICUCHHUS BOIBI U3

nonura, %;



104

1.1. I]env pabomeor:

[Tomydyenne AMHAMUYECKUX XaPAKTEPUCTHK MOTIOTUTENBHON CIOCOOHO-

CTH MOHUTA.

A

1.2. Oovexmul u cpeocmea uccied08anusi.

Xpomarorpaduueckasi KOJIOHKA IUaMeTpoM 1cM U BBICOTOM 25 cM
Katnonur KVY-2

AHAJIUTUYECKUE BECHI

CymuiabHbIN mKag

XJopoBojopoaHasi kKucyiora, BomHblii pactBop C(1/1 HCl) = 0,1
mons/am>; C(1/1 HC1) = 1 mons/am?

Tuapokcun Hatpus, Boaubli pacteop, C(1/1 NaOH ) = 0,1 mons/ am’;
C(1/1 NaOH ) = 1 mons/am?

. Xnopun narpus, Boausii pacteop, C(1/1 NaCl) = 0,1 mons/mm’
8.
9.

BropeTku BMECTHMOCTEIO 25 cM>, 2 T

MepHble HUIMHAPLI BMECTUMOCTBIO 10 cM?, 2 1T

10.MepHbIe KOIOBI BMECTUMOCTBIO 250 cM?, 2 1T

11.ITuneTky BMECTUMOCTBIO 25 cM>, 2 1T

12.XuMudeckue cTakaHbl BMECTUMOCTBIO 50 cM?, 2 mT

13.K010b1 17151 THTPOBAHUS BMECTUMOCTBIO 250 cM’, 2 T

14. "uauKkaTopel — YHUBEpCANbHbIN, METHIIOBBIN OpaHXeBbId, (enondrane-

51),

UH.
1.3. Ilpocpamma pabomel.
1.3.1.110020moeka uonuma
Hagecky Bo3aymHo-cyxoro katuonuta KY-2 wimn nonura AB-17 (okosio

B3ATYI0 HA AHAIMTUYECKUX Becax ¢ TouHOCThIO 710 0,0002 r, moMemaroT B

XUMUYECKUN CTaKaH U 3aJMBAIOT JUCTHILIMPOBaHHOW BoAoi. [lo ncreuenun 30

MUHYT HaOyXIIUH MOHUT MEPEHOCSAT BMECTE C BOJOM B XpoMaTopraduyeckyro

KOJIOHKY, CJIOM MOHUTA B KOJIOHKE HE JOJLKEH COAEPHkKATh My3bIPHKOB BO3/yXa,
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€CJIM IMy3bIPbKU MOSBWINCH, TO UX HEOOXOJUMO YAQIUTh BCTPSXUBAHUEM WIIH
B3PBIXJIEHUEM HOHHUTA CHU3Y BBEPX TOKOM BOJBI.

HNonut B xononke neperoast B H-popmy (katmonut) uiu B OH-dhopmy
(aHMOHWT) ITPOITyCKaHUEM Yepe3 KOJOHKyY B Teuenue 30 munyT 100 cm® pactBo-
pa C(!/; HC1) = 1 mons/am® umu C(*/{NaOH ) = 1 Mosab/aM®> COOTBETCTBEHHO.
[Tocne 3TOr0 MOHUT THIATENBHO OTMBIBAIOT JUCTUIIMPOBAHHOW BOAOW OT W3-
OBITKAa KUCIIOTHI WJIH IIEJI0YH (10 HEUTPAIbHOUW CPe/Ibl M0 YHUBEPCATLHOMY WH-
JTUKATOpPY).

1.3.2. Onpeoenenue IJ/IOE kamuonuma.

[TpoBoasaT cranpaptuszanuio NaOH no nepsuunomy crannapty HCI, npu-
TOTOBJIEHHOMY U3 (PUKCOHAAa C UHIUKATOPOM METHIIOBBIM OPaHKEBbIM.

Yepes cnoii katnonuta B H-popme mpomyckaror 100 cm® pacrsopa NaOH
C('/y NaOH ) = 0,1 mons/ am® B Teuenne 1 yaca. CKOPOCTb IIPOIYCKAHUS PAC-
TBOpa He Oosiee 2 cM> B MUHYTY. IIpu poOBeNEeHHH SKCIEPUMEHTA HEOOXOIUMO
CJIeIUTh, YTOOBI YPOBEHb PacTBOpa B Xpomarorpaduyeckoil KOJIOHKE MOIAep-
KUBAJICS MOCTOSHHBIM. [Ipu 3TOM mpoTeKkaeT peakiusi:

RH + NaOH = RNa + H,0O

KaTtnoHuT npoMBIBaIOT IUCTUIUIMPOBAHHOW BOJOW JI0 TE€X IIOP, MOKA BbI-
TEKAIOUIU U3 KOJIOHKU PAcTBOpP HE CTAHET HEHUTPAIbHBIM (KOHTPOJb IO YHU-
BepCaIbHOW UHIMKATOPHOUM Oymare).

®uIbTpaT U NPOMBIBHBIE BOJBI COOUPAIOT B MEPHYIO K0JI0y Ha 250 cm?
JOBOJIAT JI0 METKH JUCTUIZTUPOBAHHOW BOJION M OMPENENSIOT OCTATOYHOE KOJIU-
4eCTBO MIEN0YH. 15 TOro aIMKBOTHYIO 4acTh pacTBopa (25 cM’) TUTPYIOT pac-
tBOpoM HCI ¢ MHAMKATOPOM METHJIOBBIM OPAHXKEBBIM J0 MEPEX0/1a OKPACKU U3
KEJITON B OPAHIKEBYIO.

Bennunny nonnoi auHamuueckoit eMkoctu katuonuta (IIJIOE) Bbrunc-
JS0T o popmyiie:

[C(1/\NaOH ) - Vveor — C(1/1HCI) - Vep - 10]

Muas

I1I0E = (1.3)
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rae [IJIOE — nonnas nuHamudeckass oOMeHHass EMKOCTh
C('/\NaOH) — KOHIeHTpauus IIeJOYH, PACcCUMTaHHas MPU CTaHIAPTU3ALMH,
MOJIB/IM>
C('/1HCI) — KOHIEHTpaI}s KUCIOThI, MOJIb/IM>
Vaaon — 00beM mesnoun, 100cm?
V¢p — cpeiHuil 00beM KUCIIOTHI, OLIEAINI Ha TUTPOBAHUE, cm?
My,; — HABECKA MOHUTA, T
1.3.3. Onpeoenenue IJ/]OE anuonuma

Yepes cnoit annonura B OH-dpopme npomyckaror 200 cm® pacteopa HCI
B T€YEHUE JIBYX YacOB, CIE/s 32 YPOBHEM pacTBopa HajJ aHMOHUTOM. [Ipu 3TOM
npotekaer peakiusa:  ROH + HCI = RCI + H,0.

Anuonut npombiBatoT pactBopoMm NaCl nnst yaaneHus ciaboOCHOBHBIX
rpynn anuonuta. [IpoMbiBaHre POBOAAT 10 HENUTpaAIbHON peakiuu puiabTpara
(KOHTpPOJIb 10 YHUBEPCAITBHOM MHANKATOPHON Oymare).

@uiabTpaT U MPOMBIBHYIO KHIKOCTh COOMpPAIOT B MEpHYIO K00y Ha 250
cM® U onpepensror ocraroynoe komumdectso HCL. JIist 5TOro aaukBOTHYIO Y4acTh
pactBopa (25 cm®) Tutpyror pactsopom NaOH ¢ mamukatopom (eHondranen-
HOM JI0 BOBHUKHOBEHUS OJIETHO-PO30BOM OKPACKH.

Benmuuuny nonHoi nuHamudeckor emkoctu aHuonuta (ITJIOE) BbIdmc-
JSIIOT 0 (hopmyie:

[C(1/ 1 HCI)-Vuar—C(/1NaOH) - Vep -10]

Mhuas

IJJOE =

rae C('/{HCl) - xoHLeHTpamys KUCIOThI, paCCYMTAHHAS TIPU CTaHAAPTU3ALNH,
MOJIB/ M

C(!/1NaOH) — KoHIEHTpa¥s IEI0YH, MOJIb/ M’

Vel — 00beM kucnotsl, 200 cm?

Vp — cpeiHuil 00beM LIEN0YH, MOIIEAIINNA HA TUTPOBAHUE, cm?

My,; — HABECKA HOHMTA, T
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JJABOPATOPHAS PABOTA Ne 2. PaHoBecue HOHHOTO 00OMeHa

Beeoenue

o Z+ 7+ 1
PaBHOBecHe IeTeporeHHoll peakiuu obMeHa HMOHOB B & — A“"4 pa

KaTHOHHTC

1
— AR, + 1
Z 8

B’
B

XapakTepUu3yeTcsi TEPMOJUHAMUYECKON

MOKHO 3aIlcaThb B CJIICAYIOIICM BU/IC:

_1/Zy
dp

K

.aA

1

Z,4

1
——BRy,

B

A% g .1

KOHCTaHTOM paBHOBECHS, KOTOPYIO

1/Z,

_1/Z,

ay

T (2.2),

dp

I7I€ d ¥ a — aKTUBHOCTU MOHOB B (pa3e HOHHUTA U B PACTBOPE COOTBETCTBEHHO.

BBI/I,IIy CJIOXHOCTH OIIPCACICHUIA AKTUBHOCTEH B HOHHUTE IMPAKTUYCCKH

HCIIOJIB3YIOT «KAKYHIYIOCs):

1/Zp
g="s

1/Z 4
a,

1/Z,
m 4

U «KOHLIEHTPALIMOHHYIO»

1/Z
mp

(2.3)
alfZs

1/Z,
.CA

K 1/Z 4
my

KOHCTAaHTBEI HOHOOOMEHHOTO paBHOBCCHA,

T (2.4)

.CB

IJIe M U C — KOHIICHTPAIluid OOMEHHU-

Baronmuxcsa NOHOB B (ba3ax HOHHTA 1 paCcTBOPA COOTBCTCTBCHHO.

Bcnencreue HewaeaabHOCTH (1)33 BeauurMHa K He SBISETCS IIOCTOSIH-

HOfI, a UBMCHACTCA B 3aBUCHUMOCTH OT OTHOIIICHUA KOHI_IGHTpaI_[I/Iﬁ 00MeHHBalo-

HIMXCSI HOHOB M CYMMAapHOM KOHIIEHTpAlMK pacTBopa. B psne ciyyaeB 3Tu us-

MCHCHUA HEBCJINKH, U UMHU MOXKHO npeHe6peqL.

I[JI}I XapaKTCPUCTUKHN CCIICKTHBHOCTH y,Z[O6HO IIPUMCHATH BCJIMYNHY

1/Zp

K _ VB

1/Z,,
.xA

Y4

1/Z,

7 2.5)

.xB
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rac y 1 X —OKBUBAJICHTHBIC JJOJIWM HOHA B HMOHUTC U paCTBOPEC, COOTBECTCTBCHHO.

[Tpu K >1 nonur cunpHee noraomaet noHsl B, npu Ky<1 — nonsr A.

CoorHourenne Mexay K u Ky MOXHO TOTyYHTb, TIOJCIHB HCIHTENb W
3HaMeHaTeb (2.4) Ha MPOU3BEICHUE MyCo, TJI€ My=M+mg, Co=Ca+Cp.
_Mo\1/Z,-1/Z
K;——K(CO) (2.6)
W3 3TOr0 COOTHOIIEHUS BUIHO, YTO TIPH OOMEHE MOHOB PA3HOTO 3apsja
CEJICKTHBHOCTh 3aBHCHUT OT KOHIIEHTparmu pacTBopa. C yBeJIMYCHHEM KOHIICH-
TpaIuy YBEJINYNBACTCS CEIEKTUBHOCTh HOHNUTA K MIOHAM MEHBIIETO 3aps/ia.
B Teopuu nporieccoB pazaeneHus (B TOM 9HCIIe HOHOOOMEHHBIX) /IS Xa-
PaKTEPUCTUKHA PABHOBECHS Yallle HCIOJb3YeTCS PABHOBECHBIM KOAI(PPUIueHT

pazneneHus Wik Ko3(pPUIUEHT OTHOKPATHOTO PA3CIICHUS

= 2.7)

TAC 'y U X — OKBUBAJICHTHBIC 10JIM MOHA B B nonute u pacTBOPEC COOTBECTCTBCHHO.

~

I[JI}I oOMeHa MOHOB Pa3HOro 3apsaaa AJaXEe B CIIydac IMOCTOAHCTBA K Be-
JU4YrHa O 3aBHCHUT OT CYMMapHOﬁ KOHICHTPAIHUN 0OMEHHBAEMBIX HOHOB U OT
OTHOLICHHUA HX KOHHCHTpaHHﬁ. COOTBCTCTByIOIHI/Ie COOTHOIICHUA HETPYAHO

noxay4uTs u3 (2.5) u (2.7). Hanpumep, npu zg=z; zA =1

- 1—
gz. Mo 7Y

o= (2.8)
cp ) 1—x
ITpu 0OMeHe HOHOB PaBHOTO 3apsna (ZA=ZR=Z)
a=K* (2.9)

OTMGTI/IM, 4To 4JI1 OMNpCACICHHA O JOCTATOYHO HM3MCPUTHL OTHOHICHHC

~

KOJIMYeCTBa 0OMEHNBAEMBIX HOHOB B HOHHUTC, TOT'Aa KaK IIPpHU OIPCACICHUN K B
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o0miemM cirydae He0OXOIUMO M3MEPSTh KOHIICHTpAIluu B (pa3se MOHWTA, YTO SIB-
asieTcst 0oJiee CI0XKHOM 3a7a4eil, YeM ONpeeIeHUE KOJINYECTB.

JIJis XapakTepUCTUKHA PABHOBECHOTO PACIPENICICHHS MCTIOIB3YIOT TaKkKe
rpaduyecKkue 3aBUCUMOCTH KOHIIGHTPAIIMA M WX Yalle JOJIU OJHOTO U3 00Me-
HUBAaE€MbIX MOHOB B MOHHUTE y OT KOHIEHTPALMU C WIH JOJIU €r0 B PacTBOPE X
(u30TepMbl 0OMeHa) (pUCYHOK 2.1) MpH MOCTOSSHHONW CyMMapHOM KOHIIEHTPALINH

pacTBopa.

e ——
X

Pucynox 2.1. U30mepmvi pasrnogecus oomeHa

HOCKOHLKy Ha IIPAKTHKC MOHOOOMEHHEIE MpouecCChbl OCYHICCTBIIAIOTCA B
KOJIOHKAax, a O6M€H, KaK U3BCCTHO, IIPONUCXOANT B OKBUBAJICHTHBIX KOJIMYCCTBAX,

TO C TOYKH 3PCHUS INPAKTHUICCKOIO INPUMCHCHHUA MOHHOI'O oOMeHa PaBHOBCCHC

~

1eJIeCO00pa3HO XapaKTepU30BaTh 3aBUCUMOCTbIO K HMJIM 0L OT HOHHOI'O COCTaBa
pacTBOpa UM MOHUTA WM U30TepMor y=f(X) mpu MOCTOSIHHOW CyMMapHOM K-
BHUBAJICHTHON KOHILICHTPAIUU.

BrigensitoT 1Be rpynmnbsl METOJ0B U3YYCHHS paBHOBECHSI HOHHOTO OOMEHa!
npsiMble U KOCBEHHbIE. [lepBas rpymma oXBaTbIBA€T METOJbI, B KOTOPBIX MOCIE

IPUBCIACHHA MOHNTA B PaBHOBCCHUC C PACTBOPOM IMPOU3BOAUTCS OTACICHHC (1)33
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JpYT OT JIpyra U aHaju3 COAepKaHusg UOHOB B (pa3zax, BTOpas rpyIina 3aKIoyaeT
METOJIbI, HCIIOIB3YIONME 3aKOHOMEPHOCTH JAWHAMUKA HOHHOTO OOMEHa s
ompeneseHusT  BEJIMYMH, XapaKTEPHU3YIOUIMX PABHOBECHOE paclpe/eieHue
MOHOB.

1. IlIpgaMble MEeTOILI

CraTtuyeckuii METOJ 3aK/IKYA€TCA B TOM, YTO HABCCKH MOHUTA (06I>I‘{HO

BO3IIyIITHO-CYXOT0), HACHIIIEHHOTO OJHUM WJIH OOOMMH OOMEHUBAIOIIMMHUCS
VOHAMU NPUBOJAT B PABHOBECUE C PACTBOPAMHU CMECHU COJIEM TE€X K€ MOHOB ITy-
TEM JOCTAaTOYHO NPOJOJKUTEIBHOIO BCTpsixuBaHud. [locne nmoctukeHus pas-
HOBECHS MOHUT OTHAEIAKOT OT PACTBOPA M AHAIUTHUYECKU OIPEICISIOT PaBHO-
BECHBIM COCTaB HOHOB B pacTBOpE U B MHOHUTE. OOMEHUBAaEMbIE€ HOHBI U3 MOHUTA
JUISL 3TOTO TMOJHOCTBIO BBITECHSIOT KaKUM-JIMOO TpeThuM HOHOM. Ilpu oOmeHe
MOHOB M3 PACTBOPOB HE CJIMIIIKOM BBICOKMX KOHIIEHTpanui (0OBIYHO HE OoJee
0,3 Momb/aM’) Ha CUIBHOKHCIIOTHBIX M CHJIBHOOCHOBHBIX HMOHHMTAaX YHalsATh
AIEKTPOJIUT U3 MEK3EPHOBOIO MPOCTPAHCTBA MOKHO IPOMBIBAHUEM MOHUTA BO-
JTOM.

B cnyyae 3HaunTenbHON COpOLMM SJIEKTPOJIUTA OTMBIBAHHE MOHUTA BO-
IO MOXKET TPHUBOJUTH K OIMMOKAM B OMPEACIICHUH a0COJIOTHBIX 3HAYCHUUN
KOHIICHTpAaIuii HOHOB B (Da3e MOHWTA, a TaK)Ke K OImMOKaM B OIpeeIeHUN OT-
HOCHUTEJIBHOTO COJEP)KaHUS MOHOB KaXKJOTO BUJA B MOHUTE. JTU OIIMOKH BO3-
HUKAIOT IO CIEIYIOIIUM MPUYNHAM:

1. CoctaB cOpOMPOBAHHOIO 3JEKTPOJUTA, BOOOIIE TOBOPS, MOXKET OTJIH-
4aThCS OT COCTaBa TOM YaCcTHU MPOTUBOMOHOB, KOTOpas CBsi3aHa C (PMKCHUPOBAH-
HbIMHA OOMEHHBIMU TPYTMIaMU;

2. BeiMbIBaHUE COpOMPOBAHHOTO AJIEKTPOJMTA M3 MOHHTA BOJIOM MOXKET
COTIPOBOXKIATHCS TEepepaclpeieiCHIeM HOHOB MEXIy pacTBopoM U  (a3oit
HaOyXIIIero HOHUTA.

[IpombIBaTh BOJOM HENB3sI TAKKE COJEBBIE (DOPMBI JIETKOTHUIPOIU3YIO-

IUXCS CTA0OKUCIIOTHRIX M CIIA000CHOBHBIX MOHUTOB. B 3THX Cilyuyasx pacTBop
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yIAISIFOT MPOAYBaHUEM BO3yXOM, OTCAChIBAHHMEM Ha (PUIBTPE WIN HCHTPUDY-
TUPOBAHUEM.

WMHorma B CTaTMYECKOM METOJIE KOJIMYECTBA COPOMPOBAHHBIX HOHOB
OTIpeNeNSIOT 1o OajaHcy, 0e3 aHayin3a (a3bl MOHUTA, 3HAS PA3HOCTh KOHIICH-
TpaIMii KCXOJTHOTO ¥ PABHOBECHOTO PACTBOPOB, YTO SIBJISCTCS MEHEE TOYHBIM.
KpoMe Toro, TOYHOCTh 3HAYUTEIILHO CHUKAETCSA TEM, YTO MPOUCXOAT TPYIHO
YYUTHIBAEMOE HM3MEHEHHE O0ObheMa PacTBOpa BCIICICTBHE HAOyXaHUS HOHHTA
(ocobeHHO B ciydae caaboCIIUTRIX CHITBHOHAOYXAIOIITIX CMOM).

PaBHOBI/II[HOCTBIO CTaTUYECKOTO SBJISIETCS TaK Ha3bIBa€MbIM HOPOTrPECCHB-

HO-CTyneH4aTsli MeToA. I10 3TOMy MeTOly K HaBECKE MOHUTA U3BECTHOM €MKO-

CTH, HACBIIIEHHOTO OJIHUM M3 OOMECHHBAIOIIMXCS HOHOB A, TOOABJISIOT ONpe/e-
JICHHBIH 00BEM pacTBOpa C U3BECTHBIM COJCPKAHUEM JPYroro oOMEHHBArOIIIE-
rocs noHa B. Tlocie HOCTHXXKEHHS paBHOBECHS OTOMPAIOT AJTMKBOTHYIO YaCTh
PaBHOBECHOT'O PacTBOpPa, B KOTOPOH aHATMTUYCCKH OMPEICIACTCS COACpIKaHUES
0OMEHUBAIOIINXCSI HMOHOB, @ K OCTaBIIEMYCSI B KOHTAKT€ C HOHUTOM PacTBOPY
J00ABJISIOT HOBYIO TIOPIIMIO KCXOHOTO PAaCcCTBOPA, COJIEPIKAIIETO OMPEACICHHOE
KOJIN4YeCTBO MOHOB B. I10BTOpSIsS ONMUCAHHYIO ONEPAIUIO U TIPOU3BOJIS COOTBET-
CTBYIOIIIUN pacyeT, MOXKHO TMOJTYYUTh U30TEpPMy OOMEHa. ITOT METOa TpeOyeT
MEHBbIIIE MAaTEPHATIOB, YeM OOBIYHBIN cTaTndeckuii. OHAKO HApsIy C HEJOCTaT-
KaMH, MPUCYIIUMHU TOMY BapHaHTy CTaTUYECKOTO METOJ[a, B KOTOPOM IPOH3BO-
JTUTCSI aHAJIM3 TOJBKO (Da3bl pacTBOpa, MPOTPECCUBHO — CTYNEHYATHI METOJ
elle MEHEE TOYCH B pPe3yJIbTaTe IOCIICIOBATEIIBHOTO HAJOXCHHS OIIUOOK B
OTIPENIeTICHNU PaBHOBECHOTO COCTaBa (pa3bl MOHUTA MO PA3HOCTU MEXKIY EMKO-
CTBIO U COJICPYKaHHEM UOHOB B PacTBOPE.

K npsMbiM MeTOZaM OTHOCHUTCSI TaKXXe ‘‘KOJOHOYHBINM’, B KOTOPOM pac-

TBOp, COJEp)Kaluii OOMEHHMBAIONIUECS HWOHBI, MPOIYCKAIOT Yepe3 HAaBECKY
MOHUTA, MTOMEIIEHHOTO0 B KOJIOHKY, 0 T€X IOp, MOKa COCTaB BBIXOMSIIETO U3
KOJIOHKH pacTBOpPA HE CTAHET PaBHBIM COCTaBY BXOJAIIET0. JTO O3HAYAET, YTO

HOHUT IIPOUICII B PABHOBCCUC C IIOAABACMBIM B KOJIOHKY paCTBOPOM.
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Takolt cioco0 mpuBeAeHUsI B pABHOBECHE PEKOMEHIyETCSl UCIOJIb30BaTh
JUIS. CUJIBHOKHUCJIOTHBIX M CHJIBHOOCHOBHBIX HMOHUTOB. PaBHOBECHBI WMOHHBIN
COCTaB OOMEHHUKA OMNpEeNeNsieTcsl MOcje OTAENEHUs pacTBopa (CM.BBINIE) U
MOJIHOTO BBITECHEHHUS] COPOMPOBAHHBIX MOHOB BCIOMOTaTeNbHbIM. Pacuer o

POBOJIUTCSA IO hopMyJie

_q,°Cy
a=——" (2.10)
q,°Cp
riae Ca/Cg — OTHOIIIEHHE KOHIIEHTpalM MOHOB A u B B mMCX0JHOM pacTBope,

7 V — OTHOIIIEHUE KOJIMYECTBA HOHOB A U B (MAPKB), BRITECHEHHBIX U3 HOHUTA.
94

Kak crarudeckuii, Tak ¥ KOJIOHOYHBI METO]I MO3BOJISIIOT M3y4aTh PaBHO-
BECHOE pacIpe/ieNIeHe TIPH JTF0O0BIX COOTHOIIICHUSX MOHOB. B ctatnueckoM me-
TOJIE ATOTO MOYKHO JOCTHYb, U3MCHSS KaK COOTHOIIICHHE MEXKIY KOJUYCCTBAMHU
MOHHUTA U PACTBOPA, TaK U OTHOCUTEIIHHBIC KOJUYECTBA HOHOB KaXKJOTO BUA B
cucteme. OHAKO MPU MAJTBIX COAEPIKAHUSAX OJTHOTO UX KOMIIOHEHTOB B CHCTEME
JOIYCTUMBIE H3MEHEHHUSI COCTABOB OTPAHUYUBAIOTCS BO3MOKHOCTSIMU aHAJIUTH-
YECKOTO ONpeIeNIieHUsI KOHIIEHTpAIui. B KOJIOHOYHOM METO/Ie ITyTEM CMEIICHUS
UCXOJHBIX PACTBOPOB TOYHOM KOHIIEHTPAIIMM MOYXHO IPUTOTOBUTH PACTBOP
J1000TO COCTaBa JOCTATOYHO TOYHO Ja)Ke TOT/A, KOTJIa aHAJIMTHIECKOE OTpeie-
JeHue 0eTHOTO KOMITOHEHTA B TIOJIyYeHHOM PAacTBOPE OCYIIECTBUMO C OOJIBIIH-
MH OIIIMOKAMHU.

2. KocBeHHbLIE METOIbI

Meron Crnenunra. B ciaydae 6au3kux mo cBodcTBaMm noHOB (korma o<l1,l1

U TPSMbIE METOBI 1al0T OOJBIIYIO0 OMIMOKY) BETMUYHUHBI O yA0OHO ONpEeAesiTh
no Merony CreauHra U3 pe3yibTaToOB OIBITa MO (PPOHTATHLHOMY Pa3/IEICHUIO
VOHOB.

IIpu npoBeneHnM onbITa CMECh HOHOB A U B mpomyckaroT yepe3 KOJIOHKY
C MOHUTOM, HACBIIIEHHBIM BCIOMOTaTeIbHBIMH MOHAMHU D, KOTOpbIE COpOUpY-

IOTCA cna6ee, YEeM HCCIICAYCEMBIC. Brauvane BBIXOOSIIMNM W3 KOJOHHBI PacTBOp
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COAEPKUT BBITECHAIOLIMECS U3 MOHUTA BcromorareibHble HOHbL D. Ilepen mo-
SBJICHUEM B (pUIbTpaTe MEepBHIX CIeN0B MOHOB A u B (pakuusamu HaunHaoT
otOupaTh pacTtBop. ['0JI0BHBIE (PpaKIMU BBIXOASIIEH M3 KOJOHHBI cMecu 000-

raiieHsl cjiadee coporpyeMbIM KOMITOHEHTOM (PUCYHOK 2.2).

. H

KR Ty

Pucynox 2.2. Buo 6vbix00Hoti kpusoii npu pponmanvhom ananuze uonog A u B.

B MOCJICAYIOIIUX q)paKHI/I}IX 060F3.H_ICHI/IC YMCHLIIACTCA, a4 3aTCM COCTaB
BBIXOJISIIIIETO pacTBOPAa CTAHOBUTCS PAaBHBIM COCTaBYy ITOCTYHAOIIETO B KOJIOHHY
pacTBOpa. 910 O3HA4YacT, YTO MOHUT IPHUIICIT B PAaBHOBCCHC C MCXOAHBIM pac-
TBOPOM. HOCKOHBKy YMCHBIICHHEC O0JIN CUIIBHEC COp6I/IpyI-OH_ICFOC$I KOMIIOHEHTAa
B BBIXOIAHIIEM M3 KOJIOHHBI PACTBOPC IO CPABHCHHUIO C IMOCTYIIAOIIHUM JTOJIZKHO
INPOUCXOAUTD 3a CUCT YBCIMUCHHA €Iro COACPKAHUA B MOHUTEC, TO 11O HAKOILJIC-
HUIO ciiabee copOUpyeMOro MOHA B BBIMISAIIEM W3 KOJOHHBI PAaCTBOPE MOYKHO

paccuutath o. Pacder mpoBoaar mo ¢popmyiie:

f
Zvici (xo —x;)
& i=1

ltex, 0 xg(1—xo)

2.11)

rae € =a-1,xpu X, - SKBUBAJCHTHBIE OJIM CHIIbHEC COPOMPYEMOr0O HOHA.
B ucxonHoli cMecH U B i - ()pAaKIMK BBIXOJSAIIET0 pacTBOPA; V; - 00BEM 1 -
npoObI (MI1), ¢; - CyMMapHas KOHLEHTpalus HOHOB A u B B Hell (H), f - Konnde-

CTBO OTOOpaHHBbIX (pakiuii, - COpOIMOHHAS €MKOCTh MOHHUTAa B KOJOHHE

(ob11ee KOMMUYECTBO COPOMPOBAHHBIX HOHOB A 1 B, M3KB.).
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B ciyuae cunbHO HaOyXarOHMX HOHUTOB BEIMYMHA () MOXKET 3HAUUTEIIb-
HO OTJIMYATHCS OT MOJIHOW €MKOCTH MOHHUTA B KOJIOHHE BCIIEJCTBUE CBEPXIKBU-
BaJICHTHOM COPOLIMH JIEKTPOJIUTA.

OrnucaHHBI METOJ BECbMa TPYJOEMOK U €ro Ieieco00pa3HO MCIOJb30-
BaTh IpH ompeneneHnu Kodpduirenta pa3aeneHuss oueHb OJU3KUX MO0 copou-
PYyEMOCTH MOHOB, HAIIPUMEP, U30TOIHBIX, KOTJa 00Jiee MPOCThIE METObI HE MO-
T'YT OBITh UCTOJIb30BaHbI U3-32 HEJOCTATOYHOW TOUHOCTH METOJIOB aHAIIN3A.

2.1. Ileny padomur:

Omnpenenenre XapakTEepUCTUK pPaBHOBECHS OOMEHAa HMOHOB IIEJIOYHOTO
WIH LIEJIOYHO-3€MENBHOI0 METalljla Ha MPOTOHBl KaTHOHOOOMEHHOH CMOJBI B
H-dopwme.

2.2. O6vekmbl u cpedcmea uccie008anus.

1. Katnonoobmennas cmoina B H-popwme;

Kon6s! BMecTuMocTbio 100 cM?, 10 mT.;

BropeTka iy TMATPOBaHKS BMECTUMOCTBIO 25 ¢M?, 2 mT.;

el

CrexsiHHasT MOHOOOMEHHAsl KOJOHKa ¢ BHYTpeHHUM jauamerpom 10-15
MM u BeicoTor 100-120 mm, 3anonHeHHas cyiabdokatnonurom KVY-2-§;
Mepuble K0a6b BMeCcTUMOCTBIO 50, 100, 250, 2000 cm?;

[TuneTku BMECTUMOCTBIO 5 1 10 cm>;

KoHuueckue KoyObl jisi TATPOBAHUS BMECTUMOCTHIO 250 cm?;

MepHbIi IUIMHIP BMECTHMOCTBIO 250 cM?;

A P AN

Tuapokeun HaTpus, Boaublid pactsop, C(1/1 NaOH ) = 0,02 mons/ am>;
C(1/1 NaOH ) = 0,1 mouns/ v,

10.Xnmopux meramna, sBogusii pactsop, C(1/1 MCl1) = 0,1 mons/ am>;
11.Consnas kucnora, Bogusiii pactsop, C(1/1HCI) = 1momns/nm?;

12.Conu nienovnbIx MeTamios, Boaublii pacteop C(1/1MeX) = 0,1moins/ am*;
13.Unaukatop dheHondranen;

14. Annapar 111 BCTpSXUBAHHUSL.
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2.2. IIpozpamma padoomeui.

2.2.1. Onpedenenue KOHCMAHmMbl pAgHOBECUA 0OMEHA UOHOE WETOUHO-
20 UMU WESI0UHO-3EMEIbHO20 MEeMmaina Ha NPOMmOHbl KAMUOHOOOMEHHOI
cmonwt 6 H-ghopme.

B ko051 ¢ HaBeckamu cMoJibl 0,5 T mo6asisror o 50 cM?® pacTBopa conu
¢ konuentpanueii 0,02; 0,04; 0,06; 0,08; 0,1 mons/nv>. HaBecku 6epyTtcs ¢ Tou-
Hocteio 70 0,001 ; pactBopsl — 10 0,1 cM?. Jlus yCTaHOBJIEHUsS PaBHOBECHS
KOJIOBI BCTPSIXMBAIOT B ammapaTe JUisl BCTPSAXUBAHUS B Te€UEHHE CyTOK. B ammk-
BOTHOM 4acTH pPaBHOBECHBIX PACTBOPOB OINPEAEISIIOT KOHLIEHTPALMU BbIJICIUB-
IIMXCS MOHOB BoJopoaa TutposanueM pacteopoM C(1/{NaOH) = 0,02 mons/ am?
¢ uHaukatopoMm ¢enosdranennom. [lonydyeHHble 1aHHbIE U PACCUMTAHHBIEC Be-
JIMYMHBI 3aMUCHIBAIOTCS B BUJI€ TaOmuiibl 2.1.

Tabmuma 2.1.

Pesynbratel onpezenenus KOHCTaHTbl paBHOBeCUs: 0OMeHa noHOB Ha H-dopme

CMOJIBL.

1 1

.«Hm -'i-_| Q Q

o &% = dh | =i
© RESL| 2@ °F | §zdo| @
= Z — O - p=jas) | .
g S oA S s | @ L 7 o5 s o] o &
N 255 | EE|~| 22 | 2g8a@| A £
Z == ] = S r R g |

5 0 g = %2 9 B g 28 M

2 28 z 58 | 25°

2 M ~ o,

[TonyueHnnsie pe3ynbTaThl O0OpPabATHIBAIOTCS C IMOMOIIBIO 3aKOHA JICH-
CTBYIOIIMX Macc.
J{ns peakuuu:
Me™' + HR <> MeR + H' (2.12)
HR - Bogopoanast hopma cMOJIbI,
MeR — coneBast hopma cMOJIbI (17151 OTHOBAJICHTHBIX METAJLIIOB)

KoncranTa paBHOBecCHS:
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o [B][B)

[Bm ~ B]- [Bo ~ B] (2.13)
Ecau 0603Ha4YNTh:
B — o01miee konmmuecTBO 0OMEHHBIX rpymi B 0,5 T CMOJIBI, MIKB,
B, - ncxoaHoe kom4uecTBO cojiv (MIKB),
B - xommuecTBO OOMEHSIBIIUXCS HOHOB (M3KB), TO
B>
K = (B, —B) (Br—B) (2.14)

B.-B 1 B 1_1, 1 B
Mgk B,-B°"™"™ B B, k-Bu B,—B

3Has B, u onpenenss BenuuuHy B, paBHYIO KOJIMYECTBY BbIIECIHUBIIMXCS

MOHOB BOJIOPOJA, MOKHO MOCTPOUTH ([ OJIMHAKOBBIX HABECOK CMOJIbI) KpH-

Bble 3aBucuMoctu 1/B ot B/ B, — B. Ecnu peakiiust nvonHoro oomMeHa mounHs-

CTCA 3aKOHY HGIZCTBYIOHIHX MacC U AJid BBI6paHHBIX B 3a1a4c€ YCJIOBI/Iﬁ MOXHO

IIPHUHATb YPAaBHCHHC 3aKOHA I[GﬁCTBYIOH.IPIX MacCC C HUCHOJB30BAHUEM KOHIICH-

Tpaluil BMECTO AKTUBHOCTEW, TO JOJDKHA IMOJYYUTHCS JIMHEHMHAS 3aBUCUMOCTH

(pucynok 3.3). Bennuuna B naxonutcs u3 rpaguka (1/ By — oTHOCHTENbHBIN

y4aCTOK Ha OCH OpJiuHAT). 3HaueHus “K” pacCUMTHIBAIOTCS U3 MOTYUYCHHBIX IS

Ka)XKI0W TOUKHU (C HaiieHHbIM rpaduueckuM B), mocne yero HaxoauTcst cpeaHsis

apumernueckas BeanunHa Kep.

1/B
0,7+
0,6+
0,51

014 i '
1 2 3 (B/B-B)

Pucynox 2.3. 3aeucumocmo 1/B om B/ B, -B 015 obmena conu 6 cmone 6 H-¢popme.
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2.2.2. Onpeodenenue koIgppuuuenma pazoenenHus UOHO8 UWLEI0UHBIX
Memanioe KoJ10HOUHbIM MEMOOOM.

Yepes KOJOHKY C KaTHOHHUTOM, HACBIIIEHHBIM HOHOM A", MPOIYyCKAalT
pactBop C= 0,1 Mo/ n1M° , conmepskammii katuoHsl A™ 1 BT B oTHOIIEHNH, yKa-
3aHHOM TmpenojaBareneM. OO0beM MPOIMyCKaeMOTO pacTBOpa OLEHUBAETCS W3
T€X COOOpaKeHUI, YTOOBI KOJIMYECTBO MIKB ciabee coporpyeMOro KOMIOHEHTa
ObUTO OBl HE MEHBIIIE €eMKOCTH MOHUTA B KOJIOHKE. CKOPOCTh MPOIyCKaHUs pac-
tBOpa 1-2 cM*/MuH.

[Tocne mocTukeHUs paBHOBECHS MOHHUT MPOMBIBAKOT BOAOW U YEPE3 KO-
JIOHKY IPOMYCKAIOT pacTBOp, cojaepkamuii nousl D niisg BeitecHeHus A u B. B
Clydae, KOrJa ONpEeNessoT O I ABYX MOHOB LIEJIOYHBIX METAJUIOB, BBITECHE-
Hue yao0Ho npoBoauTh pacteopom C(1/1HCI) = 1 mons/am?. Eciu ke nsyvaer-
csl paBHOBecHe OOMEHa MOHA IIENOYHOro MeTayuia Ha HoH H', To BBITECHSTH
MOXHO pacTBopoM Xsopuza (0,5 Moab/aM?) Kakoro-iubo APyroro MIeJI0YHOrO
Mertaia. [TonHOTy BbITeCHEHHS MOHOB A U B mpoBepsrOT aHaIM30M BBITEKAO-
IIET0 pacTBOpa C MOMOIIBIO MJIaMeHHOTo cnekTpodoTomerpa. [locne BbiTecHe-
HUS KaTHOHOB A M B U3 MOHUTA B NOJIyYEHHOM PAacTBOPE OMPEIEIIAIOT OTHOLIE-
HUE KOHIIEHTpaluii noHOB A u B (m1aMeHHO-CIeKTpOPOTOMETPUUECKH WU

TuTpoBanuem). Pacuer og” mpoomst mo opmysne (2.10).

ITocne IMPOBCACHUS AHAJIOTMYIHOI'O OIIbITA Ha TOM XKe KOJIOHHE, HO TOJIBKO

¢ Cynb(OKaTHOHHTOM, HACHIIIEHHOM HOHOM B, Taxxke mosrydaror og”.

BennunHa o 10omKHA HE 3aBUCETh OT TOTO, B KaKoi (opMe HaXOuIICs
CyJIb()OKATUOHUT NEPE]] MPUBEACHUEM B PABHOBECUE C UCXOJHBIM PACTBOPOM U
MI09TOMY COBIQJICHHE IMOJIYYCHHBIX BEJIMYMH Og” MOATBEPIKIACT HA/ICKHOCTH
TIOJIyYEHHOT'O 3HAUCHHS Olg’.

JlpyrumM KpuUTE€pUEM HAJIC)KHOCTU CIIYXKUT COBIIQJCHUE CYMMApPHOTO KO-
JUYECTBA BBITECHCHHBIX MOHOB A M B ¢ 0OMEHHONM €MKOCThbIO HMOHMTA. [[Jis

onpeneraeHus: OOMEHHOM €MKOCTH MOHUT mnepeBojsaT B H-dbopmy, mpombiBaoT
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BOI[Oﬁ, O6pa6aTBIBaIOT XJIOpHUAOM IICTOYHOI'O METAJIa O ITOJHOI'O BBITCCHCHUA

H" - HOHOB ¥ OTTUTPOBBIBAIOT KUCJIOTY B COOPAaHHOM PacTBOPE.
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JIABOPATOPHASA PABOTA Ne 3. OnipenesieHne HUTPATa HATPUS B

pacTBOpe MeTO0M HOHHOT0 00MeHAa

Beeoenue

Meron MOHHOTO OOMEHA HCTOJL3YeTCS B AHATUTHYECKOW XUMHH JJIS
KOHIICHTPUPOBAHUSI MOHOB U3 pa30aBJIECHHBIX PACTBOPOB, OMPEACIICHHUS 00IIEro
COJIEpKaHUS COJIEH B BOJHBIX PACTBOPAX, YAAICHUS MEIIAIOIINX HOHOB.

Meton noHHOTO OOMEHa JaeT BO3MOXKHOCTh Pa3esaTh MJIATHHOBBIE Me-
TaJIJIbl, CIOCOOHBIE B OJIHMX M T€X K€ YCJIOBHUSAX 00pa30BBIBATh UOHBI C Pa3JINy-
HBIMH 3apsigamMu. B meTone moHooOMeHHOU XpomaTtorpaduu sl pa3ieiCHUs
IJJATUHOBBIX METAJUIOB MCIIOJIB3YIOTCS MOYTH BCE T€ Pa3IMUMs B CBOMCTBAX
MJIATHHOBBIX METAJJIOB, OJjlarojiaps KOTOPBIM YJIa€TCs Pas3leIuTh 3TH METAJLIbI
MPU TOMOIIN XUMUYECKUX METOJIOB.

Metoa MOHHOTO 0OMEHA MPEICTABISAET OOBIION HHTEPEC B TEX CIIydasXx,
KOT/1a TpeOyeTcsl ONpeeUTh CoJep kanre OOpPHOU KUCIOTHIL. Jemo B ToM, 9TO
OOpHasi KUCJIOTa MOXET ObITh TOYHO OIpeJesieHa B PacTBOPE, MPOITYIISCHHOM
yepe3 KOJOHKY ¢ kaTuoHuTOM B H - dhopme, nake B MPUCYTCTBUM MHOTHX JIPY-
TUX KUCIIOT. [[7s 3TOM 1enu moJie3eH XOpPOIO M3BECTHBIM METOJ, OCHOBAHHBIN
Ha HEUTpaM3ally pacTBOpa C MOCISAYIONUM JT00aBJICHHEM MaHHUTA U TUTPO-
BaHHEM 00Pa3yIOIIETOCs KOMITJIEKCa OOPHON KHUCIIOTHI.

Meton monHoro obmeHa HauOoisiee yn00€H AJii aHAIM30B B IOJIEBBIX
ycioBusix. [IpoMbIBaTh KOJOHKY JAMCTHIUIMPOBAHHOM BOJIOM HE 0O0S3aTENBHO.
BMecTo 3TOro MOXHO MPOU3BOJUTH ONpPEAEICHNUE U3 ATUKBOTHOM YacTH BbITE-
KaIoIIEro pacTBopa, MpUUYeM IepBasi MOPIMs BHITEKAIOIIEr0 pacTBopa 0TOpachl-
Baercs. [Ipu 3ToM HEOOXOAMMO, KOHEUHO, YTOOBI MPUMEHSIEMbII KaTHOHUT HE
obaan amcopOIMOHHBIM CPOACTBOM K BBIACISIONIMMCS KUCIIOTaM. B mpakTuke
aHaAJIM30B BOJIbI IIPUHATO MOJIb30BATHCS KOJIOHKAMU OOJIbIIIEH €eMKOCTH, Y€M 3TO
HEOOXOAMMO JIsI OJHOKPATHOTO OMpPENENICHUs, U TPOU3BOJIUTE IEIYI0 CEPUI0

aHaJIM30B 0e3 percucpan KOJIOHKU MCKAY OTACIbHBIMU OIPCACICHUSIMMU.
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MeTon MOHHOTO OOMEHa MPUMEHSETCS JJIl OUUCTKU CTOYHBIX BOJ Ipel-
NPUATAN METAUTyPru4eCKOU, XUMUYECKON, KOKCOXMMHUYECKON, MAaIMHOCTPOU-
TEJIBbHOU M IPYTUX OTPaCJIe MPOMBIIIJIEHHOCTH.

Meton noHHOrO 0OOMEHa HaXOJUT IMIMPOKOE MPUMEHEHHUE B TajlbBaHOILIA-
CTHKE U aHOAMPOBAHUH IPHU O0OpaOOTKE MCTOLIEHHBIX WJIM 3arpsA3HEHHBIX pac-
TBOPOB B LIEJIIX HMX IOBTOPHOI'O MCIIOJB30BAHMS, a TAKXKE IS BBIICICHUS U
KOHLIEHTpalUy LIEHHBIX BELIECTB U3 CTOYHBIX BOJ TPABWIbHBIX U rajbBaHUYeE-
CKHX IEXOB. DTOT METOJI MPUMEHSETCS B MPOMBIIINIEHHOM Maciutade mpu Tpas-
JeHUH cTaau GocPOpHON KMCIOTON WM MIPU TPABJIEHUN MarHus yKCyCHOM KHC-
notoi. Bece onepanyy o U3BIEYEHUIO KUCIOTHI MOJHOCTHIO aBTOMAaTU3UPOBA-
Hbl, B TOM YHUCJI€ aHaJu3bl pabOuYMX PAacTBOPOB U MOJadya UX Ha YCTAHOBKY.
[TpumeHeHne 3TOro MeToJa SKOHOMHUYECKHU BBITOJHO, TaK Kak pocopHas u yk-
CyCHasi KHCJIOTbl PEreHEPUPYIOTCS 3a CUeT Ooyiee IEIIEBOM CEPHOU KHUCIOTHI.
Kpome Toro, aBTomMmaTH4eckoe - MOAAECPKaHUE B CUCTEME TOYHOW KOHLIEHTpa-
UM KHUCJIOTBHl COKpallaeT Bpems 0O0paOOTKH M3JENMid U yJIydllaeT KadyecTBO
TpaBJICHUS.

MeTon MOHHOrO 0OMEHa MEXIy MOHAMH, HaXOASIIMMUCS B pacTBOpE, U
MOHAMHU, IPUCYTCTBYIOIIMMHU Ha MOBEPXHOCTH TBEPAOHM (a3bl (MOHHUTA), TO3BO-
JSIET U3BJIEKATh U YTUIN3UPOBATh U3 CTOUYHBIX BOJI LICHHBIE IPUMECH (COEANHE-
HUS MBIIIbsKa, pocdopa, a TaKKe XpOM, IIUHK, CBUHEL, ME/Ib, PTYTh), paAHOAK-
TUBHBIE BemiecTBa. [Ipu 3TOM cTOUHAas BoJIa MOXKET ObITh OYHUIIIEHA JI0 TIPEIEib-
HO JIOIIyCTHMBIX KOHIICHTPALMK BPEIHBIX BEIIECTB U MCIOJIB30BAThCS B TEXHO-
JIOTHYECKHX MPOIEccaxX WM B CUCTEMaX 000pOTHOTO BOAOOOECTICUEHHUS.

Meton noHHOro oOMeHa, paHee NMPUMEHSBIIMNCA B AHATMTUYECKON XU-
MUH, B MOCJIEHUE TOJbl MIOJydaeT BCe OOJIbIIEE UCIIOIb30BAHUE B TEXHOJIOTUU
peHusi. PeHnii kak B IIEJIOYHBIX, TAK U KUCJIBIX PACTBOpPAX MPUCYTCTBYET B BUJE
aHnOHOB. [loaTOMY [UISl €T0 M3BJICUEHUS] IPUMEHHUMBI TOJBKO aHHOHUTHI. Mak-
CUMallbHasg COpOMPYEeMOCTh PEHHs Ha CMOJax HaOIofaeTcss B HEUTpPaIbHBIX

pacTBOpax. B IICJIOYHBIX U €IS CUJIBHCC B KUCJILIX pACTBOPAX €EMKOCTb CMOJI 110
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pennto cHmkaercs. CUIbHOOCHOBHBIE aHMOHUTHI TUNa AB-17, Bodhatutr SBW
wi amoepnut IRA-410 umeroT O0JbIIYI0 €MKOCTh MO PEHUIO B CPABHEHHH C
HU3KOOCHOBHBIMU. HanbGomnbinyto eMkocth no penuto (13 % ot mMacchl cMOJIbI)
uMetroT cMoJibl ACB®D-1 u TOOD.

MeTton MOHHOTO OOMEHa MOXET ObITh MPUMEHEH U ISl ONIPECHEHUS MU-
HEpaJIM30BaHHBIX BOJI, HO OOJIBIIIUE PACXO/Ibl HA TEXHOJOTUYECKUM MPOLECC MO~
Jy4YEHUsI OIPECHEHHOW BOJIbI IOKA OIPAHUYMBAIOT €r0 IPUMEHEHHE.

MeTon MOHHOTO OOMEHa MIMPOKO MPUMEHSIETCS MPU OYHCTKE CTOYHBIX
BOJ, COJICPKAILIMX MOHBI TKETBIX METauloB, aHTuOUOTHKH, [TAB, Kpacurenu,
opraHu4eckue KuciaoThl. [IpernMymniecTBa 3Toro MeTo1a Nepes TpaIuluOHHBIMU
3aKJIH0YAIOTCS B BO3MOKHOCTH YTHIIM3ALMU LIEHHBIX MPOAYKTOB, COAEPKAIUXCS
B CTOYHBIX BOJAaX, COKpaleHuu o0beMa cOpachiBa€MbIX CTOKOB, CHUXKEHUHU pac-
X0J/la peareHTOB, 3HAYMTEIbHOM YMEHBIICHUH MUIOMAJEN, 3aHSIThIX OYUCTHBIMU
YCTaHOBKAMH.

MeTton noHHOTO 0OMEHa MO3BOJISIET OMpPENETATh TAKHE BaXKHBIE XapaKTe-
PUCTUKH COCTOSIHMSA, KaK 3HAK M 3HAYEHUE 3aps/ia MOHOB B PAacTBOPE, a TaKKe
SBJISIETCS] TOCTATOYHO HAJIEKHBIM U YIOOHBIM ISl U3YUEHUSI THIIPOJIN3a U KOM-
MJIEKCOO00pa30BaHMUS.

Meron noHHOTO OOMEHa Ha CHelHaIbHO MOJI00PaHHBIX HOHUTAX SIBIISIET-
csi BecbMa 3((GEKTUBHBIM U MO3BOJSIET TOCTUYb CTETIEHH OYHMCTKH, YIOBJIETBO-
psrolel caHuTapHbBIM HOpMaM. B Hacrosiniee BpeMsi yCTaHOBKM OYMCTKU CTOY-
HBIX BOJl METOJOM HOHHOIO OOMEHAa HAaYMHAIOT BHEAPATHCS Ha MPEANPUATHUSAX,
OJIHAKO IIUPOKOMY BHEJPEHHUIO TOKa MPEMATCTBYIOT Ne()UIIUT U BHICOKAs CTOU-
MOCTh CHEIUATbHBIX HOHOOOMEHHBIX CMOJL.

Meron moHHOro oOMeHa MO3BOJISIET OMPENEIUTh B KpeMHe3eme oOliee
COJIepKaHUE TIOBEPXHOCTHBIX (CBOOOJHBIX U CBS3AHHBIX) THUIPOKCHIHHBIX
IpyII, YeM MOXKHO OOBSICHUTH 3HAUUTENILHO OOJbIINE 3HAYEHUS] KOHIIEHTPALIUH

OH-rpynn asis Tex xe KpeMHE3eMOB.
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Meton nOHHOTO OOMEHa MO3BOJISIET U3BJIEUYb U3 CTOYHOM MKUIAKOCTH LICH-
HBIC BEIIECTBA U MOBTOPHO MX HCIIOIH30BaTh, OJTHAKO 3TOT METOJ dPPEKTUBEH
TOJIBKO JIJISl OUUCTKH MPO3PAYHBIX BOJ C HEOOJIBIIUM COJIECOAEPKAHUEM.

Meron noHHOTO OOMEHA IMO3BOJIIET KOHLEHTPUPOBATH PACTBOPBI COJIEH
METAJUIOB Y MU3BJIEKATh U3 HUX KATUOHBI METAJIOB. MOYKHO OTIENISITh AHUOHBI,
Harpumep (ochaT-uoHbl, MENIAOIINE ONPEIETCHUI0 KaTUOHOB, WU OTAENSThH
KaTUOHBI, MEIIAIOIINE ONPEAEIEHUI0 aHUOHOB.

Merton noHHOTO OOMEHA MPUMEHSETCS W KaK METOJ Pa3/elieHus U Kak
METOJ, KOHUEHTPUPOBAHUs MpuMecel. B cilyyae KOHUEHTPUPOBAHUS OIpeEre-
JICHHBI 00BEM HCCIIEyeMOU JKUIKOCTH TAKXKE IMPOITYyCKAeTCs depe3 MOHO00-
MEHHYIO KOJIOHKY, 3allOJIJHCHHYIO B COOTBETCTBUU C 3aJa4€il KATHOHUTOM WIIH
annonutToM. [Ipu mocnenyrouiell pereHepan HOHUTA ONPEAECICHHBIM pPEreHe-
PUPYIOIIUM PACTBOPOM, 00bEM KOTOPOTO MHOTO MEHBIIIE 00BhEMa UCCIIETyEMOTO
pacTBoOpa, MOJy4aeTcs KOHLIEHTPUPOBAHHBIN PACTBOP AHAIM3UPYEMBIX IPUME-
CeH.

MeronoM HOHHOTO 0OMeHa HambOoJee MOJIHO M3y4YeHa XUMUSI KOMILUIEKC-
HbIX COCIMHEHUHN HENTYHHS B CAMOM YCTOMYMBOM - IISITUBAJIEHTHOM COCTOSIHUU.
Jns onpeneneHnss coctaBa U KOHCTAHT YCTOMYMBOCTH HAXOMST BEJIWYHHBI KO-
abdunrieHToB pacnpeneneHuss Npv Mexay KaTHOHUTOM W pacTBOpaMU KOM-
TJIeKCO00pa30oBaTessi B BHIOPAHHBIX YCIOBHUSIX OIBITA.

[IpumeHnenrne MeToa MOHHOTO OOMEHA K HCCIICIOBAHUIO KOMIUICKCHBIX
COEMHEHUN CBS3aHO C KOJMYECTBEHHOM OLIEHKOM PaBHOBECHS B pAacTBOpax B
MPUCYTCTBHUH HOHOOOMEHHHKOB.

[IpeumyiiecTBaMu MeTOJa MOHHOTO OOMEHA SBJISIFOTCS: MPOCTOTa U JO-
CTYMHOCTb amnmapaTtypbl, ObICTPOTa METO/a, BHICOKAsI U30MPATEIbHOCTh, MT03BO-
JSOIIAs MOIy4YaTh B YUCTOM BHJI€ OJM3KHE MO CBOMCTBAM BEIIECTBA, BO3ZMOXK-
HOCTh pEereHepaly MOHUTA, aBTOMATU3AI[MU Mpolecca, OCOOCHHO NpU paszfe-
JICHUU PaIMOAKTUBHBIX BEIIECTB, KOJUYECTBO KOTOPHIX B (DUIBTpATE JIETKO pe-

TUCTPUPOBATH U3MEPEHUEM PATUOAKTUBHOCTH BBITEKAOIIETO PacTBOPA.



123

3.1. Ilenv padbomer:

KonuuecTBeHHOE oOmpenesieHrne HUTpaTa HATpUs B BOJHOM PacTBOpE C
UCIIOJb30BaHueM katnonura KY-2.

3.2. Oovexkmul u cpedcmea uccie008anusl.

1. Xpomarorpaduueckas KOJIOHKAa AMaMETpOM 1 cM M BBICOTOM 25 cM, 3a-

rnmoaHeHHas katnouutom KVY-2;
XnopoBoxopoaHas kuciora, Boausii pacrsop C(1/1 HCI) = 2 mons/am?;
Tuapokcun HaTpust, BoAHLIN pactBop, C(1/1 NaOH ) = 0,1 mons/am’;
Hurpar matpus, C(1/1 NaNO; ) = 1 moas/am>;
Bropetka BMECTUMOCTBIO 25 cM?, 1 1iT.;
I'pamynpoBannas nunerka 10 cm®, 1 mir.;
MepHas xonba BMecTuMOcThi0 50 cM?, 1 mr.;

Konba ayist TuTpoBanus BMECTUMOCTBIO 100 cm?, 1 1T

A S A O R e

NHukaTopbl METUIIOBBINA OpaHkeBbId U (peHoTaneuH.
3.3. Ilpozpamma padomeot.
3.3.1. Onpeoenenue Humpama HamMpus 6 Pacmeope MemoooM UOHHO20
oomena.

Jlnis mepeBoja B BOAOPOAHYIO0 (popmy cycnensuto nonuta KY-2 nmepeno-
CAT B KOJIOHKY M nporyckaroT pactsop C(1/1 HCI) = 2 mons/aM® co cKOpPOCTBIO
2-4 cv*/mun (100cwm?). TTocne 3TOro0 MOHHUT OTMBIBAKOT OT KUCIOTHI JMCTHILIN-
POBAHHOM BOJIOW, KOHTPOJIUPYSI PEAKIUIO CPEAbl C MOMOIIBIO YHUBEPCAIbHOU
UHAUKAaTOpHOU Oymaru. Haj ciioem kaTMoHUTA BCE BpeMs JOKHA HAXOAUTHCS
XKUIKOCTh BBICOTOW He MeHee 1 cM. [Ipu oOpazoBaHMM B KOJIOHKE ITy3bIPHKOB
KAaTHOHUT B3PBIXJIAIOT CTEKJISIHHOM MallOYKOW WJIM MPOTUBOTOKOM BOJIBI C IO-
MOIIIbIO PE3UHOBOM TpyIK. KOHTpOJIbHBIA pacTBOp HUTpaATa HATPHUsI, MOTYUYEH-
HBI y MpenojaBaTesis, MPOIMyCKalT Yepe3 KOJIOHKY C HOHUTOM CO CKOPOCTBIO
1-2 kamim B CEKyHAY.
RH+NaNO;=RNa+HNO;

BrITekaromniuii u3 KOJOHKH pacTBOP COOMPAIOT B KOJOY JIsl TATPOBAHUS.
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JIJisi MOTHOTO BBIMBIBaHUS BBIACIIMBIIEHCS a30THOW KHUCIOTHI Y€pe3 KO-
JIOHKY HPOIYCKAIOT 25-30 cM® AMCTUIIMPOBAHHON BOIKI CO CKOPOCTEIO 2 KAILIU
B CEKYH]y, THIaTEJIbHO COOMpas MPOMBIBHBIE BOJBI B Ty k€ KoJiOy. IIpombiBa-
HUE KOJIOHKM BOJOM 3aKaHUMBAIOT, KOI/A peakius (GuibTpaTa CTaHET
HEUTpaIbHOU (KOHTPOJIb IO YHUBEPCATLHOM MHIAMKATOPHOM Oymare).

3.3.2. Oopabomka pe3yibmamos.

KosnuecTBO BBIAEIUBIIEHCS a30THOM KUCIIOTHI CTPOrO SKBUBAJIEHTHO KO-
JUYECTBY HUTpaATa HATPUs, TO3TOMY OTTUTPOBAB KUCIOTY THIPOKCHIOM HATPHUS
C MHAMKATOpOM (peHonapTaJIeMHOM MOXKHO PACCUMTATh COJAEpPKAHUE HUTpaTa
Kaaus B mpobe. J{iist 9Toro coOpaHHblii GUIbLTpaT J0BOIAT 10 MeTKH 50 cM?, oT-
OuparoT anmkBoTy 10 cM® M TUTPYIOT 3apaHee CTaHIAPTHU3UPOBAHHBEIM PACTBO-
POM TUJIPOKCHUA HATPUS.

O6béM koHTponbHOrO pactBopa NaNO; paccuuThiBaloT 1o (opmyse
(3.1):

_ C(L/1NaOH) -V, -5 .
NaNO; C(1/1NaNOy) ’ (3.1)

rae C(1/1 NaOH) — konuentpanus pactBopa NaOH, Mosns/am?;
Viaon — 00b6eM pactBopa NaOH, u3pacxoqoBaHHOTO HAa TUTPOBAHHUE CO-
JEPKUMOTO KOJIOBI, CM°;

C(1/1 NaNOs ) — kouuentpaius pactsopa NaNOs, MoJb/am>.
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JIABOPATOPHASA PABOTA Ne4. I'azoxpomaTorpaguyeckuii MeTOX

onpeaeJieHUusi COAePKAHUA TOKCHYHBIX MUKPOIIpUMecei

Beeoenue

["a3zoBas xpomatorpadust — MeTo ] pa3faesieHus JeTydux coenuaenuid. [1o-
JIBIKHOM (Da30ol CIIy)KUT WHEPTHBIN ra3, ra3-HOCHUTEIb, MPOTEKAIONIUN 4Yepe3
HENOJBIXKHYIO (ha3zy, 00anaronlyo 6oJbIIoN MOBEPXHOCThIO. B kadecTBe mo-
JIBUKHOW (pa3pl MCMONB3YIOT BOAOPO, TeNHil, a30T, aproH, YIJEKUCIBINA ras.
['a3-HOCUTENL HE B3aUMOJECHCTBYET C pAa3fcisieMbIMH BEIIECTBAMU U C HEIMO-
JBKHOM (ha3oi.

B 3aBuCHMMOCTH OT arperaTHOro COCTOSIHMSI HEMOJBMKHOM (ha3bl pasiiu-
YaloT JiBa BHJIa Ta30BOM Xpomartorpaduu — ra3zo-aJicopOLUOHHYIO (HETOIBUXK-
Has ¢aza — TBEpPAbIA HOCUTENb: CUJIMKArelb, Yrojb, OKCHJI aTIOMUHHMS) U Ta30-
KUAKYI0 (HemoJBWXKHas (ha3a — KUIAKOCTh, HAHECEHHAs Ha MHEPTHBIA HOCHU-
Tensb). [Ipouecc pa3aeneHnss OCHOBaH Ha pas3jIMuMU B JIETYYECTH U PACTBOPHUMO-
cTU (MU ancopOUpPyeMOCTH) aHAIM3UPYEMbIX KOMIOHEHTOB. Hanpumep, ObiCT-
pee uepe3 XpoMaTorpapuueckyro KOJIOHKY IBHXKETCS TOT KOMIIOHEHT, pacTBO-
PUMOCTh KOTOPOTO B HEMOJBIKHOM (ha3e MEHbIIIE, a JeTy4ecTh (YyIpyrocTh ma-
pa) Ipu AaHHOM TeMIiepaType OoJIbIIIe.

["azoxpomaTorpadguueckum METOAOM MOTYT OBITh MTPOAHATH3UPOBAHBI ra-
3000pa3HbIe, )KUJIKUE U TBEPAbIC BEIIECTBA C MOJEKYJISIPHOW Maccod MEHbIE
400 x/la, yI1oBIETBOPAIOIINE ONPEACICHHBIM TPEOOBAHUSIM, IJIABHBIE U3 KOTO-
PBIX JIETYYECTh, TEPMOCTAOMIBHOCTb, MHEPTHOCTh M JIETKOCTh MOJydeHHus. s
OBICTPOTO U MOJHOTO PA3AENCHUs JOCTATOYHO, YTOOBI YIIPYroCcTh napa Obuia 1—
4 MM pT. cT. pu padoueil Temrnepatype KOJIOHKH. bornee yeryunm cuuTaercs
BEILIECTBO, YIPYIOCTh Iapa KOTOPOro Bbille. KOIMYECTBEHHBIM aHAIN3 MOXKHO
IIPOBECTU TOJIKO B TOM CJIy4dae, €CJIM BEUIECTBO MCIIApSAETCS B J03aTOpPE BOC-
IPOU3BOJUMO M DIIIOUPYETCs 0€3 pasNoKeHUsi, T.C. SIBISIETCS TEPMOCTOMKUM.

[Ipn pa3nokeHUM BEUIECTBA HA XPOMATOIPaMMeE NOSIBIIAIOTCS JIOKHBIE ITHKH,
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OTHOCSIIMECS K MPOJYyKTaM pasioKeHus. BemecTBo He N0KHO 00pa30BhIBAaTh
YCTOWYMBBIX COJBBATOB NMPH PACTBOPEHUU B HEMOJBMKHOW KHUIKOU (asze, HE
JOJDKHO pPearnupoBaTh C MaTepualamMH, U3 KOTOPBIX M3TOTOBJICHBI JE€TAIU XPO-
matorpada. JKenarenbHo pabOTaTh ¢ COEAUHEHUSIMH, KOTOPBIE JIETKO MOJIYyYUTh
C KOJIMYECTBEHHBIM BBIXOJOM. DTUM TpeOOBaHUSAM B OOJIbIIEH Mepe yIOBIETBO-
PAIOT, Kak MPaBHJIO, OPTaHUYECKHUE BEIECTBA, IIOITOMY ra30oBas XpOMAaToIrpa-
¢busi MUPOKO HCTONB3YeTCS KaK CEPUMHBIA METOJ aHalIu3a OpraHuYecKHUX Co-
€AMHEHUI. DTUM METOJOM MOKHO TAKXXE ONPENEIATh MOYTH BCE IEMEHTHI Te-
PHUOIMYECKON CUCTEMBI B BUJE JIETYYUX KOMIUIEKCOB.

B ananuTH4eCcKON MPAKTUKE Yallle MCIIOIB3YIOT METOJ I'a30-)KUIKOCTHON
xpomatorpaduu. ITO CBSI3aHO C YPE3BbIYANHBIM PA3HOOOPA3UEM JKUJKUX HEIO-
JBUKHBIX (ha3, yTO 00JIeryaer BHIOOP CENEKTUBHOM JUIsl AAHHOTO aHaJIu3a, C JIU-
HEHHOCTHIO M30TEPMBI pacrpe/esieHns: B 0oyiee MIMPOKOil 001acTh KOHLEHTpa-
111, 4TO MO3BOJSAET padOTaTh ¢ OOJIBIIUMU TPOOAMH U C JIETKOCTHIO MOJYUYEHUS
BOCHPOU3BOAUMBIX IO 3(PPEKTUBHOCTU KOJTOHOK.

MexaHu3M paclpenesieHusl aHAIU3UPYEMbIX KOMIIOHEHTOB MEXAY HOCH-
TEJIEM U HETOABM)KHOM KUIKON (Pa30ii OCHOBaH Ha MPOLIECCE PACTBOPEHUS UX B
xuakoi ¢aze. CeleKTUBHOCTh 3aBUCUT OT JABYX (DAKTOPOB: yHpyrocTu mapa
aHAJIM3UPYEMOr0 BellecTBa U Kod(hPUIIMEHTa aKTUBHOCTH €T0 B JKUIKOHN (ase.
1o 3axony Payisa mpu pacTBOpeHMM ynpyrocTh mapa BELIECTBA HAJl PaCTBOPOM
P; npsimMo mpomnopunoHanbHa ero Kodp(GUIUEHTY aKTUBHOCTH Y, MOZAEIBbHOM J0-

ne N; B pacTBOpE U JABJIICHUIO MAapOB YUCTOIO0 BELIECTBA P{IPHU JaHHOU TEMIIE-
parype:
_ o
P.=yN,P, (4.1)
ITockoJibKy KOHIIEHTpAIUs 1-T0 KOMIIOHEHTa B PABHOBECHOM MapoBoi ¢a-
3¢ OINpEeJEeNIAETCS ero NapIUaibHbIM JIaBICHHEM, MOXKHO MPHUHATH, uto P, = C, |

a N, = C,. Torma koadduiuent pacupenenenus (D)
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C., N, 1
D = S = ! = o
C. B b (4.2)
a Kod(pPUIIUEHT CENEKTUBHOCTH (L)
D P’
a = —2 = —7/1 10
D, y,P;

Takum oOpa3zoM, yeM HIKE TemIleparypa KUIEHHUs aHaJTU3UPyeMOro Be-

niecTBa (uem Oosibliie P¢), TeM ciadee yAepKUBAETCS OHO B XpomaTtorpaduue-

CKoM KoJioHke. Eciu ke TeMrnepaTypbl KAIIEHUs BEIIECTB OJIMHAKOBBI, TO JIsl UX
paszeneHus] NCIONB3YIOT Pa3Iudus BO B3aUMOJCHCTBUU C HETIOABUKHOM JKHI-
KoM (ha3oil: yem cuiibHEe B3aMMOJICHCTBHE, TEM MEHbIlEe KOI(PPUIIMEHT aKTUB-
HOCTH U TeM OOJbIle yaepkuBaHue. Takum oOpa3oMm, 4ToObl 00eCIeunuTh Ce-
JIEKTUBHOCTH KOJIOHKH OY€Hb BAXKHO MPABUIILHO BHIOPATH KUIKYIO (a3zy.

Henoasuxuas >xunkas ¢asza JOJKHA YJIOBIETBOPATH PAAY TPeOOBAHMIA.
[Ipexxne Bcero, oHa JOJDKHA OBITH XOPOIIIMM PACTBOPUTEIIEM IS KOMITIOHEHTOB
cMecH (eciii pacTBOPUMOCTh Majia, KOMIIOHEHTHI BBIXOST U3 KOJIOHKU OBICTPO)
1 ObITh HeJleTyuel (4TOOBI HE TPOUCXOIUIIO €€ UCTIapeHus pu paboyel Temie-
patype kosioHkn). OHa JOKHA OBITh XUMUYECKA MHEPTHA, 00JaaaTh HEOOIb-
IO BA3KOCTHIO (MHaue 3amessiercs npouecc nuddysun). [Ipu HanHeceHnn Ha
HOCHUTENb (pa3a JoKHA 00pa30BBIBATH PABHOMEPHYIO TUICHKY, POYHO CBSI3aH-
HYI0 ¢ HocuTeneM. Pa3ienurenbHas clocOOHOCTh €€ JIi KOMIOHEHTOB JTAHHOM
poObl JOJDKHA ObITh MAKCUMAJIBHOM.

Paznmuuarot xuakue ¢daszpl TpeX TUIIOB: HEMOJSIPHBIE (HACHIIIICHHBIC YTIIe-
BOJIOPOJIbI U JP.), YMEPEHHO MOJSPHBbIE (CIOXKHBIE d(PUPHI, HUTPWIBI U JP.).
3Hast CBOMCTBA HEMOBUYKHOM KUAKOM (ha3bl U MPUPOY pa3eisieMbIX BEIECTB,
HanpuMep, KJ1acc, CTPOCHHE, MOKHO JIOCTATOYHO OBICTPO MOA0OpATh MOAXOs-
HIYIO JJIA pa3/iefieHus: TaHHON CMECH CENIEKTUBHYIO KUAKYI0 (a3zy. [Ipu BeiOope
CeMyeT YYUTHIBATh, YTO BPEMs YJEPKHBAHUS KOMIIOHEHTOB OyIeT mpuemIie-

MBIM JId aHalin3a, €CJIN IMOJIAPHOCTD CTaHHOHapHOﬁ (1)8,3131 H BCIICCTB aHAJIM3H-
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pyemoii npoObl 6su3Ku. ik pacTBOPEHHBIX BEUIECTB C OJM3KOM MOJSIPHOCTHIO
MOPSIJIOK DITFOUPOBAHUSI OOBIYHO KOPPEIUPYET C TeMIIepaTypaMu KUTICHUS U €C-
JIM pa3HUIa TEMIEPATYP TOCTATOUYHO BEJIMKA, BOZMOXHO MMOJIHOE pa3JiejeHHE.

Jlist paznenenus OMM3KOKUISIIMX BEIIECTB pa3HOW MOISPHOCTU UCIONb-
3YIOT CTallMOHAPHYIO (pa3y, CENEKTUBHO yACPKUBAIONIYIO OJWH WU HECKOIBKO
KOMITOHEHTOB 0OJiarojiapsi JUMOJIb-JUIIONIbHOMY B3aumojeicteuio. C yBenuue-
HUEM TIOJIAPHOCTH KUIKOW (ha3bl BpeMeHa YACp>KUBAHUS TOJSPHBIX COCTUHE-
HU yBEJINYUBAIOTCS.

4.1. Ilenv padbomer:

Onpenenenue coAep:KaHUSI TOKCHUYHBIX MHUKPOIPUMECEH B 3THIOBOM
CIUPTE METOJOM Ta30BOM Xpomarorpauu ¢ HCIMOJIb30BAHUEM KaNUJUISPHBIX
KOJIOHOK.

4.2. O6vekmul u cpedcmea uccnedo8anusl.

1. Ta3zoBbIl XxpoMmarorpad ¢ MJIAMEHHO-MOHU3ALUOHHBIM JETEKTOPOM, C
YPOBHEM IIIyMOB HYJIEBOTO curHaia He 6onee 2-10'* A, ¢ apeiipom Hyie-
BOI'0 CHTHaJIa JeTeKTopa He Oojee 2:10"%2 A/, ¢ MpeesioM JIETEKTUPOBa-
Hus He 6onee 2-10712 rC/e.

2. Kononka razoxpomarorpadudeckas kanuwuisipaas DB-FFAP. Jlonyckaetcs
NPUMEHEHUE JIPYTUX KANUJUIAPHBIX KOJOHOK C aHAJIOIMYHBIMU TEXHUYE-
CKHMH XapaKTePUCTUKAMH, 00ECTICUHBAIONIUMU aHAJIOTUIHOE pa3/ieJICHUE.

3. KoMIbroTep ¢ COOTBETCTBYIOIIUM MPOrPAMMHBIM 00€CIIeUeHHEM

4. Ta3z-HOCUTENb — TeNui WM a30T ckaThlii Mapku A B 6osone mo 'OCT
9293 mnu azot 0co60it unctorsl mo 'OCT 9293.

5. Bonopoxa texunueckuii mapku A mo 'OCT 3022. JlonyckaeTcs UCmoJib30-
BaHHE reHepaTopa BOJ0PO/a.

6. Bo3nyx cxarteiidi mo 'OCT 17433. JlomyckaeTcsi HCIIOJIb30BaTh KOMIIPEC-
COpBI JIF000T0 THMNA, 00ECIIEYNBAIOIINE HEOOXOJUMOE AaBICHUE U YHUCTOTY
BO3/lyXa.

7. Mukpolnpui] BMECTUMOCTHIO 10 MKJI.
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8. Bojna auctunnupoBaHHasl.
9. CiupT 3TUIOBBIN peKTU()UKOBAHHBII.
10.Metanoun, 115t XpoMatorpaduu.
11.YKcycHbI anbaerua, X.4.
12.MeTuioBslii 3¢up YKCYyCHON KUCTOTHI, X.4.
13.9TunoBeIi 3¢Up yKCYCHOM KUCIIOTHI, X.4.
14.I1ponanon-1, ana xpomaTtorpaduu.
15.Cnupt n300yTHIIOBBIH, X.4.
16.byranon-1, qist xpomarorpaduu.
17.Cnupt “30aMUIOBBIM, X.4.
18.Mepnas kon6a Ha 100 M.
19.1luneTku MepHbIE.
20.TepMoMeTp KUAKOCTHBIN CTEKIJISTHHBIM.
21.CxugHKa JUisl XpaHEeHUs TPagyupOBOYHON CMECH JIF0O0ro TUIMa ¢ MPOOKO,
o0ecrnevynBarone repMeTUYHOCTb.
4.3. IIpozpamma padoomeut.
4.3.1. Ilpucomoenenue zpadyupo8ounvlx cmeceil.
MonTax, HanaaKy U BbIBOJA Xpomartorpada Ha pabodHil peKuM MPOBOIST
B COOTBETCTBUM C MHCTPYKIMEH, mpuiiaraemoit k npudopy. [Ipubop rpanyupy-
IOT M0 MCKYCCTBEHHBIM CMECSIM METOAOM a0COJIOTHOM rpaayupoBku. CocTaB
IpagyupOBOYHON CMECH JOJKEH ObITh OJM3KUM K aHAJTU3UPYEMBIM MpoOam.
Jyist aHanM3a ¢ UCIOJIb30BaHUEM KAMWIIISIPHBIX KOJIOHOK IpajydpOBOYHAS
CMECH JIOJDKHA COJIepKaTh CIEAYIOIINE YHCThIE BEIIECTBA: YKCYCHBIN aJbAEeTU/I,
METHUJIOBBINA 3UP YKCYCHOM KUCIIOTHI, 3TUIIOBBIN A()Up YKCYCHON KUCIOTHI, Me-
TUJIOBBINA CIIUPT, MPOMAHON-1, H300yTUIOBBIA COUPT, OyTaHOI-1, NU30aMUIIOBBIN
cnupt. [Ipu ananuze BOAOK B MEpHYIO KOOy C MpHUILIM(POBAHHON MPOOKOH
BMecTUMOCTBIO 100 cMm® HamuBaroT 50 ¢cM® BOJHO-CIIMPTOBOTO pacTBOpa 0OBHEM-
HOM Noyiel peKTu(PUKOBaHHOTO ATHIOBOTO criupta 40% W BHOCAT MUTIETKAMHU

BMectumocThio 0,1 ¢’ mo 0,1 cm® kaxgoro umcroro Bemectsa. ComepKuMoe
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KOJIObI TIEPEMEIINBAIOT, TIOBOAAT JI0 METKH BOJAHO-CIIUPTOBBIM PACTBOPOM O0B-
eMHOH Joyiel peKTU(UKOBAHHOTO 3TU0BOro cniupTta 40% U BBIIEPKUBAIOT MIPU
temneparype 20°C B TeueHue 25 MuH.

4.3.2. Ilposeoenue ananusa.

["a30BbIil Xpomarorpad BKIIOYAIOT B COOTBETCTBUHU C MHCTPYKLHUEH MO €ro
AKCIUTyaTallui U yCTaHABJIMBAIOT MMapaMeTphl XpoMaTorpadupoBaHusi.

YcaoBus xpomaTorpadupoBaHus ¢ KaWUIIPHBIMU KOJIOHKaMU:

e Tazoxpomarorpaduueckass kanuuisipHas kojgoHka: DB-FFAP (CILA)
50m*0,32MM*0,50MKM;

e TeMmepaTrypa tepmocrara — 60 — 75°C;

e TeMIieparypa ucrapurtesns (nmxekropa) — 200°C.

® WHXEKTOp C JIeJIeHHeM MOoToKa — Ko duimeHT aenenus noroka 40:1.

® JileTeKTOp noHu3anuu B iamenu (JUII):

e Temmneparypa aerekropa — 200 — 250°C;

e pacxon Bo3ayxa — 18 mv/u;

e pacxon Bogopoaa — 1,8 /g

® CKOpOCTB IOTOKA raza-Hocurens — 0,072 — 0,144 qv’/u;

e 00beM PobbI — 1 Mm>.

JIns mony4yeHusi rpaglyupOBOYHBIX JAHHBIX HMCIOJIB3YIOT HE MEHEE TpeX
rpayupOBOYHBIX CMECEH, OJHA U3 KOTOPBIX JOJKHA MMETh KOHIEHTPALIHUIO,
OJIM3KYIO K HHJKHEW FPaHUIIEe ONPEACIIIEMbIX COJIEPKAHUM.

3anuchIBalOT XpOMATOrPAMMBbI aHAIN3a KaXJ0W rpagyupOBOYHON CMECH.
Peructpupyror Bpemsi yaepKUBaHHUS W IUIOMIAJAM MHUKOB ONPEIEIAEMbIX Be-

niectB. [Topsmok BeIX0a MUKOB MpEJACTaBICH Ha pucyHke 6.1.
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Pucynox 4.1. Xpomamoepamma cmanoapmuoti epadyuposouroti cmecu (1 — ykcycuwiil anboe-
2uo, 2 — Memuio8wiil 3up YKCYCHOU KUCIOMbl, 3 — IMUL0BbIL IUp YKCYCHOU Kuciomol, 4 —
Memuio8blll cnupm, 5 — smunosviii cnupm, 6 — nponanon-1, 7 — uzo6ymunossiii cnupm, 8 —
oymanon-1, 9 — uzoamunoswiii cnupm,).
B ucnapurens (MHKEKTOp) BBOAAT 1 MM® 00pasia BOJAKHM M OCYILECTBIIS-

10T XpoMartorpaduyeckoe pasaenenue. Peructpupytor nuku B 001acTi BpEMEHH
yAEpPKUBAHUSI, COOTBETCTBYIOIIME KOMIOHEHTaM IpaayupoBo4HOM cmecH. [lo

INOJIYYCHHBIM XpOoMaTorpaMmMaM MOKHO pacCUUMTaTb KOHIOCHTpAIUK HpHM@CCﬁ B

aHATM3UPYEMBIX 00pa3iax BoJIKH Mo hopmyie:

o o -h
hy
(4.3)
4.3.3. Odopabomka IKCnepumeHmanbHoIX OAHHBIX.

KonuuectBeHHOM Mepoit 3pPeKTUBHOCTH XpOMATOrpaPUUeCKO KOJIOHKH
SIBJIIFOTCSI YMCJIO TEOPETUUYECKUX TapeiaoK N M BbICOTA, S3KBUBAJIECHTHASI TEOpE-
tuueckor tapenke BOTT. Teopusi TeopeTudeckux Tapesok AaET BO3MOKHOCTh

cpaBHUTH (P(HEKTUBHOCTH PA3INYHBIX KOJIOHOK, OIICHUTHh KA4eCTBO COPOEHTA U
Ka4yeCTBO 3aIl0JHEHUS KOJIOHKH.
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Uucno TeopeTHdecKkux Tapenok N Ompenessuid Mo JaHHBIM XpOMarto-
rpaMMBI. J[J1s1 3TOro MPOBOMIIM KacaTelIbHbIC B TOUKAX Mepernda muKa, Kak Imo-
Ka3aHo Ha puc. 4.2, pacyeT YHcla TEOPETUYECKUX TapeNIOK OCYIIECTBIUIN TI0
dbopmye:

£ 2
R
N =16 x (—) (4.4)
w
IJic W — IIUPUHA TTUKA Y OCHOBAHUS, tk — BPEMS YACPKUBAHUSI.

t

R

#aod npobst

Pucynok 4.2. Pacuem uucina meopemuyeckux mapeox.

Bricota, sxBuBanenTHas treoperudeckoit Tapenke (BOTT) cBsa3ana ¢ uuc-

JIOM TEOPETHUYECKHX TapeaoK N CACAyIONMM YPaBHCHHEM:
BITT = (4.5)

rae L — anuna xpomarorpaduieckoi KOJTOHKH.

Br16op ycnoBuii xpoMaTorpapuueckoro aHajiu3a CMECH BELIECTB UMEET
LENbI0 pa3feieHne KOMIOHEHTOB B TaKOW CTEMEHH, YTOOBI CTall BO3MOXKHBIM
KOJIMYECTBEHHBIN aHAIN3 cocTaBa IpoObl. Paznenenne qByx mim 0osiee BELIECTB
3aBUCHUT OT PA3IM4MsI MEKIY UX XapAaKTEPUCTUKAMH YIEPKMBAHUSA, a TAKXKE OT
3¢ (EeKTUBHOCTH KOJIOHKU. VICTHHHOE pa3/iesieHre IByX COCETHUX MUKOB Xapak-
Tepusyercs paspemieHneM Rs, koTopoe sBisercs Mepo 3(PEeKTUBHOCTH Kak
KOJIOHKH, TaK | KUIKOH (ha3bl. OHO ompenessieT Kak OCTPOTY MHUKOB, TaK U pac-

CTOAHUC MCIKIY UX MAKCUMYMaMH.
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Pasperienue onpenenstor no popmyie:

R, = =% (4.6)

W1+W2
rac d-— PaCCTOAHNEC MEKAY MAaKCUMYyMaMH IINKOB,

W] U W, — [IINPYHA OCHOBaHUI NMUKOB (PUCYHOK 4.3)

d

Pucynox 4.3. Onpedenenue pazpeuienus coceOHUx NUKO8.

Ecmu paspemenune Rs paBHO 1, TO pasaeneHue AByX MHUKOB PaBHOM TLIO-
IaJu CoCTaBiisieT mpuMepHo 98% moJiHoro paznenenus, eciu Rg paBuo 1,5 - 1o
JIOCTUTAETCA MOYTH MOJIHOE pasjesieHre nukoB (99,7 % noyiHoro pa3aeneHust).

Xpomarorpaduieckoe pas3ieJeHiHe OCHOBAaHO Ha CEIEKTUBHOCTH COpOEH-
Ta W Pa3IU4vH B TEPMOJMHAMUYECKUX CBOWCTBAX AHAIM3UPYEMBIX BEIIECTB B
cucteme copoeHT — amoeHT. Koadduiment cenektuBHOCTU (hakTop paszmene-
HUS) 0 XapakTepu3yeT 3P(HEeKTUBHOCTh BHIOpAHHON KUAKON (a3bl U SBISCTCS
MEpO OTHOCHUTEIBHOTO YJEPKUBAHUS pasnelsieMbix BeriecTB. Koaddumment
CEJICKTHBHOCTH BBIYUCIIACTCA TIO (hOpMyJie, KaK OTHOIICHHUE TIPUBEICHHBIX Bpe-
MEH yJePKUBAHKsI KOMIOHEHTOB t'R.

f/Rz

a = ——
t/R1 4.7)
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rae tR = tr - to, to — BpeMs yaepuBaHme abCONIOTHO HECOPOHPYEMOTro
KOMITOHEHTa (MEPTBOE BPEMs KOJIOHKH).

[Tone3nbiM mapameTpoM B Xpomarorpaduu sBiseTcss Kod(hduiIueHT
ylnepkuBaHus (3aMeaneHus) R — oTHOIIeHne CKOPOCTH JIBUIKEHHUS BEIIECTBa K
CKOpPOCTH JIBUKEHHS PACTBOPUTEIIS:

L

R = ; (4.8)

Takum o6pa3om, R mokazpiBaeT, Kakyro J0JI0 BPEMEHH BEIIECTBO HAXO-
JIUTCS B IOABMKHOM (haze. J{ns Heynep:kuBaemoro BemiecTBa tg=to 1 R=1. Ecin
BpeMs MPeOBIBaHUS B AHAJTU3UPYEMOTO KOMIOHEHTa B TOJBIIKHOW W HETIO-
JBIKHOM (pazax oguHakoBo, To R=0,5.

K . k/

odpdurnment émxoctu (k') moOkaszpIBaeT, BO CKOJIBKO pa3 BEIMIECTBO

JIOJIbIIIE HAXOJUTCS B HEMIOABWKHOMU (Da3e, 4eM B MOIBHIKHOM:

t'xR
to

k' =

(4.9)

OnTumainbeHble 3HaueHus k' nexat B npeaenax 1,5—4. Ecnu kosddunu-
€HT pachpeeseHus Maj, TO Majio 3Ha4eHHe k', T. €. BEUIECTBO cJiado yIep K1Ba-
eTCsl M IPOABUTAETCS MO KOJIOHKE MPAKTUYECKH C TOU K€ CKOPOCTHIO, YTO U TMO-
nBkHas Qaza. Ecnu ke Kod(DPUIIMEHT €MKOCTU CIMIIKOM BEJIUK, TO BpeMs
npeObIBaHUS BEIIECTBA B KOJIOHKE OyJieT OOJIbIIMM U Ha aHaIu3 MOTpedyeTcs

MHOT'O BpECMCHU.
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JIABOPATOPHASA PABOTA Ne 5. Onpenesienne HedTenpoayKToB
(Ha MpuUMepe reKkcaieKaHa) B POCTOBBIX Cpelax MeTOA0M ra3oBou

xpomarorpaguu

Beeoenue

I'excanexan (yemarn) CHi-(CHj)14-CH3;— anmkiandeckuil HaCBHIIICHHBIN
yIAEBOIOPOA HOPMANbHOTO CTpoeHHs. lleTaH MCHONB3yIOT Kak 3TajoH s
OLICHKHM KayecTBa (1LI€TaHOBOT'O YKCJA) IW3EIbHOTO TOIUIMBA, CUMTAsl €ro IeTa-
HoBoOe€ yucio 3a 100, a Tak e sBaseTcss KOMIOHEHTOM He(Tu. [IpakTnuecku Bce
YTIEBOIOPOAbI, BXOASIINE B COCTaB He(PTU, MOTYT OBITH OOBEKTOM MHUKPOOHO-
JIOTMYECKOIr0 BO3JEHCTBUS. YTIIEBOAOPOb! B IIOYBE PA3JIaratoTCsl B pe3yJIbTaTe
JESATEIIBHOCTH YTJIEPOJOKUCISIONIMX MUKPOOPTaHU3MOB, CIIOCOOHBIX OKHCIIATH
yraeBonopoas! 1o CO, ¥ BOABI UM MIpeBpaliaTh UX B COCAUHEHUS, yTUIU3UPY-
eMbl€ APYTUMH MUKPOOPTraHU3MaMH.

[To crenenu CHMKEHUSI OKUCIIIEMOCTH MUKPOOPTaHU3MaMH KOMITIOHEHTHI
He(TU U HE(PTEPOLYKTOB pacrojaraloTcs B TaKOM MOCIe10BaTEIbHOCTH:

H-aJIKaHbl — PA3BETBJICHHBIE AJIKAHBl — PA3BETBJICHHBIE AJIKEHbI — HU3-
KOMOJIEKYJISIDHbIE H-aJKWJI apOMAaTUYECKUE COEIUHEHUS — MOHOapoMaTHue-
CKHE€ COEIMHEHUS] — MOJULMKIMYECKUE apOMaTUUYECKUE YIJIEBOAOPOIbl — ac-
(baTbTCHBI.

N3 Bcex KOMMOHEHTOB HepTH Hauboyiee NOCTYIHBI Jid OMOAETpaaaluu
H-asikaHbl Ci,—Cyy. OnTUMalbHbIe AJ1 pOCTa MUKPOOPTaHU3MOB KOHLEHTPAlluU
H-aJIKAaHOB B Pa3JIMYHBIX cpefax BapbHpyroT oT 0,5 mo 2—5%. Apomartnueckue
YIJIEBOIOPOABI 00JIe€ TOKCUYHBI, IO3TOMY ONTHUMAJIBHBIMU JJIsl UX OHOJerpaaa-
UK ABJISAIOTCS KOHIEeHTpauu B 10—-100 pa3 meHblMe, 4eM KOHUEHTpaluu H-
ankaHoB. Hambonee TpyaHOMOCTYIHBI Ui OMOJerpafaliy MOJUIUKINIECKUE
apomaTHueckue yrieBojoponbl. Hedte u ee dppakuuum obiagaror, Kak npasuio,

CpeAaHel NTOCTYIMHOCTBIO IS MUKPOOPTaHU3MOB, OJHAKO TOKCUYHOCTBH CHIPOil
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He(dTU yacTo ObIBaeT ycyryOJjieHa NPUMECSIMU CEPHUCTBIX COCAMHEHUMN U TsxKe-
JBIMU METaJUIaMHU.

Haunbonee pacnpocTpaHeHHBIM NYTEM ACCUMWJISILIMU YTJIEBOJOPOIOB
ABJISIETCSI MOHOTEPMAJIbHOE OKHCJIEHUE, KOTOPOE XapaKTEPHU3yeTCs] THAPOKCHU-
JUPOBAHUEM OJIHOTO KOHIIEBOTO aTOMa YIJIEpo/ia 1IeNHU H-aJKaHa B IEPBUYHYIO
CHUPTOBYIO Tpynny. B 3ToMm cityyae MOJEKYJISIPHBIM KUCIOPOA MCIOJIb3YETCS
TOJBKO JJI MOJIyYEHUsI MEPBUYHOTO COUPTA, AATbHEUIIEe OKUCICHUE MPOUC-
XOJIUT C TIOMOIIBIO AJIKOTOJIb- U aJbJErUA0TeHA3.

Merabonnyeckoe NpeBpalieHue TeKcaJekaHa MPOTEKAET CIeAyOIIUM

obOpazom:

B -DH oDH
2eKCa0eKaH—="— cekcadeKaHol —==="—> cekcadeKkaHaib ———"—>

[ —okucnenue

2eKCa0eKaHo8as _Kucioma > ayemun— KoA

JlanbHeilliee OKUCIEHUE MPOTEKAeT MO IMyTH, U3BECTHOMY Kak Oerta-
OKHUCJICHUE XUPHBIX KUCIOT, IPU KOTOPOM 3a KaXKAbIA LMK UIMHA IIEMOYKH
KUPHOU KUCJIOTHI YKOPAYMBAETCS HA JIBA YTJIEPOTHBIX aTOMA.

B 1enom MOXHO cKa3zarh, YTO BCE WJIM MOYTH BCE YTIEBOAOPOJbI HU3KO-
MOJICKYJIIpHON (Ppakiuu HEPTH B CPABHUTEIBHO KOPOTKHE CPOKHU YIAJSIOTCS
U3 Cpepl: OJTHU 3a CUET MCTApPEHUs, a APYTHUE 32 CUET METaOOIMIEeCKON aKTHB-
HOCTH YIJIEPOJAOKHUCIISIIOIINX MUKPOOPTaHU3MOB.

5.1. Ilenv pabomor:

Omnpenenenue cofep:kaHus rekcajekaHa B pOCTOBOW Cpelieé METOAOM ra-
30BOM XpomaTorpaduu ¢ UCIOJIH30BAHUEM KA PHBIX KOJIOHOK.

5.2. O6vexkmul u cpedocmea uccnedo8anus.

1. Ta3oBbIl XpoMmarorpad ¢ MJIAMEHHO-MOHU3ALUOHHBIM JETEKTOPOM, C

YPOBHEM IIIyMOB HYJIEBOTO curHaia He 6onee 2-10'* A, ¢ apeiidom Hyie-

BOI'0 CHTHaJIa JeTeKTopa He Oojee 2:10"2 A/, ¢ MpeesIoOM JIETEKTUPOBa-

aus He 6onee 2-10'? rClc.

2. Kononka razoxpomatorpaduueckas kanuuisipHas SGE Analytical Science
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forte GC Capillary Column BP1 JO8 30m*0,3Mm*0,53MmkM. JlomyckaeTcs
IPUMEHEHUE JIPYTUX KANWUIAPHBIX KOJOHOK C aHAJIOIMYHBIMU TEXHHYE-
CKMMM XapaKTepUCTUKAMH, 00ECTICUMBAIOIIMMU aHAJIOTUYHOE pa3JieJICHUE.

3. KoMIbroTep ¢ COOTBETCTBYIOIIUM MPOrPAMMHBIM 00€CIIeUeHHEM

4. Ta3z-HOCUTENb — TeNui WM a30T ckaThlii Mapku A B 6osone mo 'OCT
9293 unu a3zot ocoboit yuctotsl o 'OCT 9293.

5. Bonopoxa texunueckuit mapku A o 'OCT 3022. Jlonmyckaercs UCIOJIb30-
BaTh F€HEPATOPBI BOJOPOAA.

6. Bo3nyx cxarteiidi mo 'OCT 17433. JlomyckaeTcsi HCIIOJIb30BaTh KOMIIPEC-
COpBI JIF00OTO THIA, 00ECTIeYNBAIOIIIe HEOOXOAUMOE JaBICHUE U YUCTOTY
BO3IyXa.

7. Mukpolnpui] BMECTUMOCTHIO 10 MKJI.

8. Boja aucTWiImMpOBaHHASL.

9.I'excanekan, X.4.

10.I'excan, x.4.

11.Mepnas kon6a Ha 100 M.

12.1TuneTku MepHbIE.

13.CxusiHKa JU1 XpaHEeHUs TPagyupOBOYHOI CMECH JI000ro TUMa ¢ MpoOKOH,
o0ecreurBaronieil repMEeTUYHOCTbD.

5.3. IIpozpamma padomel.

5.3.1. IlpuroroBieHne rpaxyupoOBOYHBIX CMecCeil.

MoHnTax, HanajaKy ¥ BbIBOJA XpoMaTorpada Ha pabodyuil pexkxum MpOBOJST
B COOTBETCTBUU C MHCTPYKIMEH, mpuiaraemMon k npudopy. IIpubop rpagyupy-
I0T 10 HMCKYCCTBEHHBIM CMECSIM METOJO0M alCONIOTHOM rpaayupoBku. CocTas
IpayUpOBOYHON CMECHU JOJHKEH OBbITh ONM3KUM K aHAJIU3UPYEMBIM Mpodam.
Jlns moctpoeHus rpaayrpOBOYHON 3aBUCHUMOCTH TOTOBSIT CEPHUIO M3 5 PacTBO-
POB C pa3NIMUHBIM COJIEp)KaHUEM TeKcaZekaHa B rekcane: 1, 5, 10, 15, 25 %.

5.3.2. IIpoGomoaroroBka.

Uccnenyemsiit oopazen (250 mut) mogkucisuiv 1,5 M cepHOM KHCIOTHI
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(1:1) 1 ABaXKIBl PKCTpArupoBaju H-reKcaHoM (10 25 MJ1) B CTEKJISTHHOM Jeiu-
TEJIbHOM BOPOHKE €MKOCTBIO | 1 B T€4eHME 5 MUH IPU NEPUOINYECKOM BCTPS-
XUBAHUU COIEPKUMOT0 BOPOHKH.

ITocne paccnamBaHus KUAKOCTEH CIIOM H-T€KCaHa, COAEp KalMK WU3BJIE-
yennbsie HII, oTnensmm oT BOAHOTO €O M MIPOITyCKaJIM Yepe3 CTEKISTHHYIO KO-
J0oHKY (15 cMm X 1 cM) ¢ OTTSHYTHIM HMKHUM KOHIIOM, 3allOJTHEHHYIO OKCHUIIOM
TFOMUHUS, IS OTACIICHUS TIOJISIPHBIX COCTUHEHUN.

Oxcun amomunus (II crenenn akTUBHOCTH, «IJII XpomaTorpadum») mpo-
KaJIMBaJIu B My(denbHOM nieun B TeueHue 3-x 4 npu 600°C u mociie oXJaxaeHus
MOMEIIATH B CTEKJISIHHYIO KOJIOY C MPUTEPTOMl MPOOKO, 10OABIsUIA AUCTUILIN-
POBaHHYIO BOAY B KosinuecTBe 4% OT Macchl aficopOeHTa U BCTPSIXUBAIU B Te-
yeHue 1-2 muH. Mcnosib30BaJIM 4epe3 CYTKHU.

5.3.3. IIpoBenenne anajun3a.

["a30BbIi1 XxpomaTorpad BKIIOYAIOT B COOTBETCTBUM C MHCTPYKIMEH IO €ro
AKCILUTyaTallMy U YCTAaHABIMBAIOT MapaMeTphl XpoMaTorpadupoBaHHUSL.

VYcaoBus xpomaTorpadupoBaHus ¢ KaWJUISIPHBIMU KOJIOHKaMU:

e ["azoxpomarorpaduveckas xamwuisipHas koimoHka: SGE Analytical Sci-
ence forte GC Capillary Column BP1 JO8 30m*0,3MmM*0,53mKMm;

e Temmeparypa tepmocrara — 250°C;

e Temrneparypa ucnaputens (nmxekropa) — 300°C.

® UHXXEKTOP C JIeIEHHEeM MOTOKa — KOG UIMEHT aeneHus noToka 1:1.

e JileTeKTOp MoHu3aluu B iamenu (JJUII):

e Temmeparypa aerekropa — 200 — 250°C;

® pacxoj Bo3ayxa — 18 M/

e pacxon Bomopona — 1,8 am’/u;

® CKOpPOCTh MOTOKA raza-Hocutens — 17,4 cM3/muH

e 00BeM PoOBI — 1 MM,
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Jlnst ompeneneHusl rekcajekaHa METOJOM Ta30BOMl xpomartorpaduu Ha
CIEyIOIIEeM 3Tare padoThl MOCTPOMIN TPAAYUPOBOUYHYIO 3aBUCUMOCTD TIOIIA-
J1 TIMKa Ha XpoMarorpaMMe OT COJEp>KaHMs rekcaaekaHa. Kaxiplii rpaayupo-
BOYHBIA PacTBOp M3MEPSIOT MO Tpu paza. Ha ocHOBe MOJIy4EeHHBIX JAHHBIX
CTPOUTHCA rpaAyHpOBOYHAS 3aBUCUMOCTb ILIONIAAN TUKA HA XpOMATOrpamMMe OT
KOHIIEHTpaluu rexkcajaexkana. [lopsiok BbIxoga MMKOB NPE/ICTABIICH HA PUCYHKE

5.1.

mV = rexkcaH

| TerCad€KaH

BDEMHA. MHH.

Pucynox 5.1. Xpomamoepamma eexcadexana, pacmeopumenb 2eKCaH.

B ucnapurens (MHXEKTOp) BBOAAT | MM’ o0pasiia dKCTpakra H OCy-
IIECTBIIIOT XpoMaTorpaduieckoe paszaeneHue. Peructpupyror nuku B o01actu
BPEMEHH yAEP)KUBAHHsI, COOTBETCTBYIOIIME KOMIOHEHTaM TpPaayHpOBOYHOI
cmecu. [lo momyyeHHBIM XpoMaTorpaMMaM MOYKHO PacCUMTATh KOHLEHTPAIHIO
reKcaJiekaHa ¢ UCIO0JIb30BAHUEM I'PAyUPOBOYHOM 3aBUCUMOCTH.

5.3.4. O6padoTKa IKCIIEPUMEHTAJIbHBIX JAHHBIX.

O6paboTka SKCIEPUMEHTABHBIX JAaHHBIX TIPOBOJIUTCS COTIACHO MyHKTY 4.3.3.

nabopaTopHoit paboTsl Ne 4
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JIABOPATOPHASA PABOTA Ne6. U3mepenune MaccoBoii KOHIEHTPAIIUU
yIJIEBOJOB B HAIIMTKAX METOJAOM BbICOKOI(PPEKTUBHOM KMAKOCTHOMN

xpomartorpapum

Beeoenue

XKunxoctHas xpomartorpadus (OKX) - Merox pasneneHus W aHanIu3a
CJIOKHBIX CMECel BEILECTB, B KOTOPOM IOJABIKHOM (Da3oi sSBISETCS HKUAKOCTb.
[MonBwxkHas (aza B KUAKOCTHON Xpomatorpaduu BHITIOIHSAET ABOSIKYIO (DyHK-
LIUIO:

1) obecnieunBaeT mepeHOC 1eCOPOUPOBAHHBIX MOJEKYJ MO KOJIOHKE (T10-
JTOOHO MOJBMXKHOM (haze B ra30BoOM Xxpomarorpadun);

2) perynupyeTr KOHCTAHThl paBHOBECHS, a, CJIEA0BATEIbHO, U yAEpKUBa-
HUE B pE3yJbTaTe B3aUMOJCHCTBUS C HEMOABUKHOU (ha3oii (COpOUpysICh Ha TO-
BEPXHOCTH) U C MOJIEKYJIAMU Pa3/IeIsieMbIX BEIIECTB.

B KX mpupona moaBmwkHOM (a3bl UMEET CYLUIECTBEHHO OOJblliee 3Haye-
Hue. B pe3ynbrare KOMOMHALIMM ONPaHUYEHHOTO YUCJIa COPOEHTOB U HEOTPAHHU-
YEHHOI'0 YMCJIA, Pa3IMYHbIX 10 COCTaBY, MOJABUXHBIX (a3 BO3MOXKHO pEIIECHUE
Ype3BbIYAHO OOJIBILIOTO YKCIIa BCTPEYAIOUIMXCS Ha MpakThke 3a1ad. KX moj-
paszensercs Ha BapUaHTbl B COOTBETCTBUM C XapAaKTEPOM OCHOBHBIX MPOSIBIIA-
IOIIAXCSI MEKMOJIEKYJISIPHBIX B3aUMOICUCTBUM:

® B CUTOBOW XpoMartorpauu pas3iejeHUEe KOMIIOHEHTOB OCYIIECTBIISETCS
32 CYET pAa3HULBl B PACTBOPUMOCTH MOJIEKYJ IIPM HMX IIPOXOXKICHUU
(punbTpanmn) yepes ciaon copOoeHTa;

e B a/IcOPOLMOHHON XpoMarorpauu — 3a CUeT pa3HULbI B aICOPOUpPyEMO-
CTH MOJIEKYJ, IPOXOASAIINX Yepe3 CION YacTUl] COpOEHTA, OKPHITHIX He-
HNOJBWXHOW (pa3oil B BUAE TOHKOTO CJIOS WJIM IOBEPXHOCTHOIPHUBUTHIX
paauKaIbHBIX TPYIII;

® B HOHOOOMEHHOW W MOHHOW XpoMarorpauu — 3a CYET Pa3HHIIBI B CIO-

COOHOCTH K 0OMEHY MOHAMHU ¢ HOHOOOMEHHUKAMU;
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Jlnst ananm3a 0ObEKTOB OKpPYIKalolel cpeibl Haubojee MUPOKO UCTOIb-
3ytoT BOXKX B ancopOmoHHOM 1 HOHOOOMEHHOM BapyaHTaXx.

B 3aBucumoctu ot npupoas noaswkHou (IID) u wenoaswkHon (HD)
¢da3sl paznuyuarT HopMainbHO-(azoByo (HDPX) u obpaimenno-dazoByro (ODX)
xpomatorpaduro. B nHopmansHo-hazoBoit BOXX H® — nonspuas (uyarmie Bcero
cunukarens), a [1d — HenonsipHas (rekcaH, MO0 CMecH TekcaHa ¢ OoJiee Io-
JSIPHBIMH OPTAaHUYECKUMHU PACTBOPUTEISIMU — XJIOPOPOPMOM, CIIUPTAMHU H T.11.).
VYaepxuBaHUE BELIECTB PAacTEeT C YBEIMYCHHEM HX MOJsIpHOCTU. Paznenenus
KOMITOHEHTOB JIOCTUTAIOT, MEHSSI IIOMPYIONIYIO0 CHITY TIOJIBU’KHOM (hasbl, KOTO-
pas 3aBUCUT OT DHEPrUMU B3aUMOAECUCTBHsI KOMIOHEHTOB [IdD ¢ MoOBEpXHOCTHIO
H®. B HopmanbHO-(ha30Boii xpoMmatorpaduu 3atoupyroimias crnocooHocts 11D
YBEJIMYHUBAETCS C POCTOM €€ MOJISPHOCTH.

B oGpamenno-¢a3oBoii xpomarorpadur HemoaBIWKHAS (Pa3za — HEMOJISAP-
Has (ruapodoOHbIe cuukarenu ¢ npuBuThiMu rpynmnamu C8, C18); 1D — mno-
JsipHas (CMECH BOJBI M TOJISIPHBIX PACTBOPUTENICH: allETOHUTPHIIA, METAHOJA,
TeTparuipopypana u ap.). YIepKMBaHUE BEUIECTB PACTET C YBEIMUYECHHEM HX
ruapodoOHocTH (HenoasipHOCTH). HanMeHbIel amroupyroeid crnocoOHOCThIO
oOnamaer Boja, a AJs MOBBIMICHUS dJtoupyromend cnocoonoctu B 11D BBoasT
allETOHUTPWUJI, METAHO U JpyTHe pacTBoputenu. Uem Oosbllie conepkaHue op-
TaHUYECKOTO PACTBOPHUTEIIS,, TEM BBIILIE AMIOUPYIOIIasi CHOCOOHOCTh MOABUKHON
a3l

Meron KX npuMeHuM ISl pa3ziesieHHsl 3HAUUTENIbHO 0oJiee MIHPOKOTo
Kpyra BEIIECTB, YeM ra3oBas Xxpomatorpadus, MOCKOJIbKY OoJbIIas 4acTh Be-
HIECTB HEe 00JIaJlaeT JIETy4YeCThlO, @ MHOTHE BEIIECTBA HEYCTOMYMBBI IIPU BBICO-
kux Temneparypax. B KX paznenenue oObIYHO MPOUCXOAMUT MPU KOMHATHOM
Temneparype. bricTpblit MacconepeHoc pu BBICOKOH 3(()EKTUBHOCTH pazferne-
HUS MO3BOJIAET Ucoib30BaTh BOXKX nis pazneneHus u onpeneneHus MoJIeKy
(amcopOmuOHHAs M pacmpefenuTenbHas XpomaTtorpaduu), 1isi pa3feneHus M

onpezeneHuss MOHOB (MOHOOOMEHHasi, MOHHAas, MOH-TIApHasi XpomaTorpadun),
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JUTSL pa3/ielieHuss MaKpOMOJIEKYJ (SKCKIIO3UOHHas xpomarorpadus). Merogamu

apuHHON U TUTaHTI000MEHHON XpoMaTorpapuu pa3aestoT OHOJOTHIYECKH aK-

TUBHBIC MOJICKYJIbI U OIITUYCCKUC N30MCEPBLI.

6.1. I]env pabomur:

3HAKOMCTBO C METOAOM BbICOKOA(()EKTUBHON KUIKOCTHOW XpoMaTorpa-

(1)I/II/I, ONpCaACIICHUC MacCOBOM KOHIOCHTpAMU YIJICBOJOB B HAIIMTKaX MCTOAOM

B3XX ¢ ucnonp3zoBanneM pedhpakTOMETPHIECKOTO IETEKTOPa.

9.

6.2. Oovexmol u cpedcmea uccied06anusl.

. Xpomatorpadh mis BOIXX ¢ pedpakroMeTpuuecKuM ACTEKTOPOM,

TEPMOCTATUPYEMON XpoMaTorpapuueckoil KOJOHKOM M MPOrpaMMHO-
amnmapaTHbIM KOMIUIEKCOM cOopa U 00paboTku maHHBIX Tuma «Millenium
2000».

Kononka ananutuueckast 1uuHod 300 MM U BHYTPEHHUM JMaMeTpoM 6.5
MM, 3aloIHEHHAas CyJIb(UPOBAHHBIM COMOJUMEPOM TOJUCTUPOTA U
JTUBUHUIIOCH30JIa B KalbIIMEBOW HOHHOW (opme pazmepom dvactuil 30
MKM.

bymara ¢unbsTpoBanbHas 1abopaTopHasi.

Muxkpoutnpuus! it BOXKX, Bmectumoctsio 10, 100 u 250 Mkt

Becwt nmabopatopubie mo ['OCT 24104 ¢ mpeaenom AomycKaeMmou
aOCOJIIOTHOM MOTPEITHOCTH OJTHOKPAaTHOTO B3BemuBanus 10,1 mr.
Llentpudyra mnaGopaTopHas ¢ BenWYUHOW (QakTopa pasaeneHus (g-
daxTop) 800—1000.

Amnmapar g Berpsxuanus npo0 tuna ABY-6C.

OunbTpel MeMOpaHnHble ¢ auamerpoMm mop 0,20 wm 0,45 MM ais
bunbTpoOBaHMS MOABMKHOM (ha3bl U TIPOO.

OunpTpbl 00€330ICHHEBIE.

10.IluneTkn TpagyupoBaHHbIE 2-TO KJacca WIM J03aTOPbl MHUIIETOYHBIE C

AHAJIOTUYHBIM WM HW3MEHSIEMBIM OOBbeMaMu J03 C OTHOCUTEJIbHOM

NOTPEUIHOCTHIO 103upoBanud + 1 %.
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11.Konbsl MepHBIE ¢ IPUTEPTOH NMpoOKoit BMectuMocThio 100, 1000 cM® ¢
OJHOM METKOM.

12.Inpui; MEAMIIMHCKUI BMECTUMOCTBIO 5 cM3,

13.EMKOCTH 1715 5KUAKUX 1IPO6 (BUAJIBI) BMECTUMOCTBIO 2—6 CM°,

14.YcraHoBKa 11 Aera3aluu JIFOEHTA.

15.1Tocyna  mabGoparopHas CTEKJISIHHASL: KOJIOBI KPYTJI0/IOHHBIE
BMeCTUMOCTBIO 1000  cM?, BOpOHKM  J1a0OpaTOpPHBIE,  CTAKaHBI
BMectuMocTbio 50, 100 u 1000 cm?.

16.Bosa nucTuimpoBaHHasl.

17. KanbumeBasi coib 3TWIEHIHMAMHUHTETpayKcycHO kuciotsl (Ca-O3ATA).

PactBOp maccoBoii koHnieHTpanuu 10 — 20 MT/ M.

18.I'mrox03a ¢ MaccoBOM J0JIeli OCHOBHOIO BemlecTBa He MeHee 99,0 %.
19.®pykT03a C MACCOBOI J10JI€ OCHOBHOTO BeniecTBa He MeHee 99,0 %.
20.Caxapo3a ¢ MacCoOBOM /10JIell OCHOBHOTO BelecTBa HE MeHee 99,0 %.
21.Copbur ¢ MaccoBoii 1oyeil 0CHOBHOTO BemiecTBa He MmeHee 99,0 %.

6.3. Ilpocpamma pabomeol.

6.3.1. Iloozomoeka npod ona usmepenuil.

Jns  ompeneneHus MAacCOBOM KOHIEHTpAllMU Caxapo3bl, TIIFOKO3BI,
GpyKTO3BI U COPOUTA OCBETIIEHHYIO COKOBYIO MPOAYKIIUIO, HE COJIEPKAIILYIO0 HE
pacTBOpUMBIC B BOJE BEIIECTBA, pPa30aBIAIOT NUCTWIIUPOBAHHOW BOJOWU B
cootHomennu 1:20. s 3TOro MUIeTKoi oToMparoT 5 ¢cM® mpoObl, TOMENIAIOT B
MEpPHYI0 K00y BMECTHMOCTBIO 100 ¢M>, TOBOIAT 10 METKU JMCTUILIMPOBAHHON
BOJIOM Y IEPEMELINBAIOT.

3arem 1—2 cM® npoObl OTOMPAIOT B MEIMUMHCKUI LINPUILL YEPE3 HIITY,
MOCJIE ATOTO 3aMEHSIOT Uy Ha GuibTp ¢ auamerpom nop 0,45 wiu 0,20 MKM u
OT(UIHTPOBHIBAIOT B BUAITY.

Jlnst  ompeneneHuss MacCOBOM KOHUEHTpAIMM  Caxapo3bl, TJIIOKO3bI,
(bPYKTO3BI ¥ COPOUTA COKOBYIO MPOIYKIIMIO, C MSIKOTHIO MM COACPIKAITYI0 HE

pacTBOpUMBIC B BOJIE BEIIECTBA, pa30aBisitoT B cootHomeHnu 1:20. [[ns aToro
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IUIIETKOM 0TOMPAIOT 5 ¢cM’ mpoOkl, MOMEIIAOT B MEPHYIO KOJIOY BMECTUMOCTBIO
100 c™?, 1OBOAAT AMCTUILIMPOBAHHOW BOJOM 10 METKH M IEPEMENIMBAIOT.
3aTteM mpoOy HeHTpudyrupyot ¢ gakropom pazaeineHuss He MeHee 990 g B
TedyeHue 15 MMH, II0CJIE DTOrO ¢ MOMOIIBIO IUIIETKH aKKypPaTHO OTOMPAIOT 5 cM’
OCBETJICHHOT'O BOJHOTO CJIOsI, TOMEMIAIOT B MEPHYIO KOJI0y BMecTUMOCThIO 100
cM>, JOBOIAT [0 METKM AUCTHILIMPOBAHHOM BOJOM W IEpeMeIMBaroT. Ilpu
HEOOXOUMOCTH nocire pa30aBieHU BO3MOKHO MOBTOPHOE
HeHTpU(yrupoBaHue Wik PUIbTPOBAHUE Yepe3 OyMaKHBIN QUIBTP.

3arem 1- 2 cM® mpoObl OTOMPAIOT B MEAWLMHCKMI INIIPHUIL Yepe3 MY,
MIOCJIE ATOTO 3aMEHSIOT Uy Ha GuibTp ¢ Auamerpom mnop 0,45 wiu 0,20 MkM u
OT(UIBTPOBHIBAIOT B BUAIY.

OmnpeneneHne MaccoOBOM JIOJIM caxapo3bl, IITIOKO3bI, PPYKTO3bI U COpOUTA
B KOHIIECHTPUPOBAaHHBIX COKAaxX IMPOBOAAT MOCIE  NPEABAPUTEILHOIO
paz0aBiieHUs TPOOBI JAUCTWIJIMPOBAHHOW BOJOM BECOBBIM METOJIOM B
cootHomennu 1:100. Jlns »sToro B3BemmBaroT okomo 0,5—1,0 T
KOHILIEHTPUPOBAHHOTO COKa C 3alHChI0 Pe3ysibTaTa JI0 TPEThEro 3HaKa MOCIe
3alsTOM M Maccy JOBOJAT JUCTUUIMPOBAHHON BOJOW /10 MOJydeHUs oOOIen
Macchl TpoObl 5S0—100 © ¢ 3amuchi0 pe3ylibTata 10 TPEThEro 3HaKa Moclie
3ansitoid. [lomydenHyro o01IyI0 Maccy pacTBOpa TaKkKe B3BELIMBAIOT C 3aMKUCHIO
pesyibpTaTa A0 TPEThEro 3HaKa IMocie 3amiaTod. JlemeHmem oOImeld Maccel
pacTBOpa Ha MACCy HABECKH KOHLIEHTPUPOBAHHOI'O COKA BBIUHUCISAIOT BETUUUHY
pas0aBiieHus (pa3BeeHus ), KOTOPYIO YUUTHIBAIOT MPU BHIYUCICHUSIX.

3areM OTOMpAKOT B MENMIMHCKUM IIMPHUI YEPE3 HUINIy OKOJO 2 CM’
MOJIy4YEHHOT'O pacTBOPa, 3aMEHAIOT UTITy Ha GuibTp ¢ quamerpom nop 0,20 Mmxm
(171 KOHIIEHTPUPOBAHHBIX COKOB, HE COJEPKALIUX HE PACTBOPUMBIX B BOJIE
BEIIECTB) WK ¢ nauaMmeTrpoM nop 0,45 MKM (111 KOHUEHTPUPOBAHHBIX COKOB,
coJiepXaliiX He pacTBOPUMBIE B BOJIE BEIIECTBA) U OTHUIBTPOBBIBAIOT B BUAITY

1 eM® 3TOTO pacTBOpA.
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6.3.2. Ilpucomoenenue cmaHOAGpMHBIX 2PAOYUPOBOYHBIX PACMEOPOE
cmecu y2iieso0o0e (caxapo3ul, 2110K03bl, hpyKmo3wl) u copouma.

CrangapTHbie TpaayHMpOBOYHBIE PACTBOPHI CMECH YIJIEBOJIOB (Caxapo3sbl,
[JIIOKO3bI,  (pyKTO3bI) W copOUTa  TOTOBAT JUII  OJHOBPEMEHHOMU
IrpagyrupOBOYHOM 3aBHCUMOCTH MO YETBIPEM TOYKAM, OT MEHBUIEM MaCCOBOU
KOHLIEHTpAaIlMU WJIA MAacCOBOM JI0JIM caxapo3bl, TIIOKO3bI, (DPYKTO3bI U cOpOUTA
K OOJbIlel, U3 OCHOBHOTO CTaHAapTHOro pactBopa Ne 1 B COOTBETCTBUM C
Tabnuuen 6.1.

Tabmuna 6.1.
[IpuroroBieHne CTAaHIAPTHBIX I'PayUPOBOYHBIX PACTBOPOB CMECHU YTIIIEBOIOB

(caxapo3bl, TITHOKO3bI, PPYKTO3bI) U COPOUTA.

00BeEM
Ne ctanj. MaccoBas koH-

KOJIOBI, Cnoco0 nmpuroToBJICHUS 3
pactBopa . [EHTpaIus /1M

B3pemmBatot no 1,60 r caxapo-
3bl, TJIIOKO3bI, (PPYKTO3BI U COP-
OuTa, MepeHoCIT B MEPHYIO KOJI-
Oy BmectumocThi0 100 cM®, mo-
BOJST BOJOW 10 METKHM M TIIA-
TEJIbHO NEPEMEIINBAIOT.

1 100 16,0

Orouparor 1,56 cm® pactBopa Ne
1, mepeHoCAT B MEpHYIO KOJIOY,
JIOBOJIAT BOJOM JI0 METKH U TIIA-
TENBHO NEPEMENIMBAIOT.

0,5

Or6uparor 3.13 cm® pactBopa Ne
1, mepeHoCsT B MEpPHYIO KOJIOY,
JIOBOJST BOJIOM J10 METKHU M TIIA-
TEJIbHO MePEMEIIHNBAIOT.

1,0

Orouparor 12.5 cm® pactBopa Ne
1, mepeHocsT B MEpHYIO KOJIOY,
JIOBOJIAT BOJIOM JI0 METKM U TIIA-
TEJILHO TEPEMEIIMBAIOT.

4 50 4,0

CrangapTHble I'pagyupOBOYHBIE DPACTBOPHI TOTOBST HENOCPEACTBEHHO
nepeja nposesieHneM u3MepeHuil. [1opsiok 3:monpoBaHysl yriaeBoJa0B U copOuTa

CJIeYIOLIMI: caxapo3a, MI0K03a, PpyKTo3a, COpOuT.
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6.3.3. IIposedenue uzmepenuit Memooom biCoK0IPPHeKxmueHou Hcuo-
KOCMHOU Xpomamozpaguu.

Xpomatorpad BKIIOYAIOT B COOTBETCTBUU C HHCTPYKIIMEH MO €ro IKCILTY-
aTalMy ¥ YCTaHABJIMBAIOT MAapaMeTPbl XpoMaTorpapupoBaHUs:

e Komnonka aHanutuueckas: JuHoN 300 1 BHYyTpEHHUM JUAMETPOM 6,5 MM,
3aMojHEHHAs  CyJb(UPOBAHHBIM  COMOJMMEPOM  TOJUCTUPOJIA |
JTUBUUUIOEH30J1a B KaJIbI[MEBOM HOHHOU (hopme, pazmep yacTull 30 MKM.

e DOmoeHT pactBop Ca-3/ITA 0,03 — 0,1 MMOJIB/IIM> HJTU BOJIA.

e Temneparypa komonku: 80 — 90°C (unm  pexomeHayemas
IPOU3BOIUTENIEM KOJIOHKH).

e JleTexkTupoBaHuE: pePpPaKTOMETPUUECKOE.

e CKOpOCTh MOTOKa mojgauu >moenTa. 0,5 cM’/MMH (MJIM PEKOMEHIyeMast
MIPOU3BOJIUTEIIEM KOJIOHKH).

e OObem BBOgMMOHN mpoObl: 10 — 20 mka (00BEM BBOAMMOU TPOOHI
BBIOMPAIOT B COOTBETCTBMM C TEXHUYECKUMH XapaKTEPUCTHKAMU
pedpaKkTOMETPUIECKOTO IETEKTOPA P ONTUMU3AIUN METO/IA).

[Ipumep XxpomaTorpaMMbl MOJEJIBHOM CMECH caxapo3bl, (PYKTO3bI,

[JIFOKO3bl M COPOMTA MPUBENIEH HAa PUCYHKE 6.1.
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Pucynox 6.1. Xpomamoepamma cmanoapmnoeo pacmeopa (1 — caxaposa, 2 — enoxosa, 3 —
@pyxkmosa; 4 - copoum).

[IpoBomaT xpomaTtorpauuecKuii aHaau3 BCEX TIPaAYUPOBOYHBIX
pPacTBOPOB CMECH Caxapo3sbl, TVIFOKO3bI, GPYKTO3bl U copOuTa. Peructpupyror
IIomaayn IMMUKOB OTACIIbHBIX KOMIIOHCHTOB U CTPOAT I’p&I[}WIpOBO‘IHBIﬁ Fpa(l)I/IK
— 3aBUCUMOCTH IJIOIIaau ITMKa OT MacCOBOH KOHIOCHTPpAIUN WJIA MacCOBOH
JA0JIM KOMIIOHCHTA B I'PaAyHPOBOYHOM paCTBOPEC.

I'panyrnpoBOYHYIO 3aBUCHMOCTD BBIPAKAIOT JUHENHBIM YPAaBHEHUEM:

y = kx. (6.1)

HpaBI/IJII)HOCTB IMOCTPOCHUA Fpa,Z[YI/IpOBO‘IHOI\/'I 3aBUCUMOCTHU
KOHTPOJIMPYETCS BENMYMHOM TOCTOBEPHOCTH anmpokcumanuu (R?),

R?>0,9997 (6.2)

[IpoBogsT xpomaTorpaduyeckuii aHajauM3 TMOJATOTOBJIEHHBIX  MPOO.
Kaxayro nmpoOy npoaykTa aHAIM3UPYIOT JBa pa3a B YCIOBHSIX MOBTOPSIEMOCTH.
Peructpupyror mnmomaaud NHUKOB YIJIEBOAOB U copbuta. B ciywae, ecnu

mIomaab COOTBCTCTBYHOHICTO IMMKA BbBIXOJUT 34 TI'PAaHHIBI JHAIIa30HA
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rpaxyupoBKU xpomarorpada, TOTOBSIT HOBYIO MEHee MM Oosiee pa30aBICHHYIO
npoOy U aHaJIu3 MOBTOPSIOT.

MaccoBble KOHIICHTPAIlMH WM MacCOBbIE JOJM yIiieBoloB u copourta C
(r/nm® uimu %) HaXOIUT UCXOA U3 OCTPOEHHON IPajyuPOBOYHON 3aBUCHMOCTH

110 YPaBHEHHUIO:

S
== (6.3)

rae k - rpagyupoBOYHbBIN KO3(PHHUIIMEHT COOTBETCTBYIOLIEH 3aBUCUMOCTH.
6.3.4. Obpadomka IKcnepumeHmaabHbIX OAHHBIX.
OO6paboTKy SKCHEPUMEHTANbHBIX IaHHBIX MPOBOISIT B COOTBETCTBUU C

nyHKToM 4.3.3. mabopatopHoit paboTbl Ne 4.
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JIABOPATOPHAS PABOTA Ne 7. Paznesienne cMecHu 0€JIKOB METOIOM

HOHOOOMEeHHO# xpomaTorpadgumn

Beeoenue

B otnuume OT HU3KOMOJEKYJSPHBIX BEIIECTB, OCTKUA MPEIBSBISIOT K
copbeHTaM ocobObie TpeOoBaHMs. [ JTaBHOE U3 HUX — ATO «PBIXJIOCTH» CTPYKTYPHI
copOeHnTa, yToObI 0EJTOK MOT MPOHUKHYTh BHYTPh YACTUIl U JIOCTHYH IIEHTPOB
cBs3pIBaHUsA. Kpome Toro, Marepuan copOeHTa HE JOJDKEH B3aMMOJICHCTBOBATH
c OenakoM. DTUM TpeOOBaHUSM HE OTBEYAIOT MOJUCTUPOJIBHBIE CMOJIBI, U JJIS
pazneneHus OeTKOB MCIOJB3YIOT MOHOOOMEHHUKHM Ha OCHOBE IIEJUTIOJIO3HI,

ACKCTPAaHOB U arapoas.

Tadomuna 7.1.
Hamnbomnee n3BecTHBIC HOHOOOMEHHUKH.
Tun 3apsiKeHHas
HazBanue
MOMHOOOMEHHHKA rpymnmna
KM-niemmrono3a (kapOok-
N KaTtnonooOMeHHUK ! (ap -O-CH,-COO"
3l CHUMETHUJILICIUTIOI03A)
E
o A JOAD-niemrono3a (AUITH- +
B AHHOHOOOMEHHHK
S 2 JTAMUHOATHJITICIITIOI03a) -0-C,H4NH(C,H5),
S E KaTtnonooOMeHHUK docdoriemntoaos3a -0-POy
< TOAD-uemmono3a (Tpu- +
as AHHOHOOOMEHHHUK
stunaMuHOdTUIIEI003a) | -O-CoH4N(C,Hs)s
o A
o KM-cedanekc (kapbokcu-
o & KaTuoHOOOMEHHHK (anexc (xap -O-CH,-COO"
z 8 MeTuiceaseKc)
S g
S 2
ClI-cedanexc (cyapdompo-
T ¥ KartuoHooOGMeHHHUK Panexc (cynbdomp _0-(CH,)3-SO5
nucedanexc)
2 % KM-cedapo3a (kapbokcu-
o A KarnonooOMeHHHK (baposa (kap -O-CH,-COO"
T o Metuicedaposa)
o o
S S
<
DAD- cedapoza (nu3TH-
= 3 AHHOHOOOGMEHHHK A baposa (n

N
JaMHHOATHIICe(apo3a) -O-C,H4NH(C,H5),

Benku cBs3BIBaIOTCS HOHOOOMEHHHKOM C IMOMOHIBIO JJICKTPOCTATHUYCCKUX

CHJI MEXTY 3apsKEHHBIMU TPYIIaMH OCJIKOB M KJIaCTEpaMu 3apsKEHHBIX TPYIII
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Ha noHooOMeHHMKe. CreneHp Mogudukamuun KM unn JIDAD-11e/m10510361 BbI-
coka — 10 0,5 mmonb/cM®. 3apspl, HENTPAIM30BaHbl IPOTHBOMOHAMH, TAKHMU
KaK MOHBI METAJIIOB, XJIOPUJI - HOHBI U HOHBI Oy(epa. benok AomKeH BHITECHUTD
POTUBOUOHBI, OTCIOJ]A IPOUCXOIUT TEPMUH «MOHHBIN OOMEHY.

KonudecTBo Oenka, KOTOPOE MOXKET CBsI3aTh MOHOOOMEHHHUK B pacdeTe Ha
eAUHUILY 00beMa, MOKET OBITh OUE€Hb OOJBITUM. Y HOHOOOMEHHUKOB Ha OCHOBE
IIEJUTFOJIO3BI ATO KOJIMYECTBO 3aBUCUT B OCHOBHOM OT Pa3MEpOB OCIKOBBIX MO-
JIEKYJ1, — YeM MeJIb4€ MOJIEKYJIbI OeIKa, TEM B OOJIBIIIEH CTETICHU OH afcopOupy-
ercsa. MoJekyibl OEIKOB ¢ MOJIEKYISpHON Maccoii Gonee 10° He 3a1epKUBarOT-
cs1 OOJIBITMHCTBOM IIEJUTIOJI03HBIX HOHOOOMEHHUKOB. MIOHOOOMEHHMKH HAa OCHO-
Be cedanexca u cedapo3bl KOMOMHUPYIOT HOHHBIH 00MeH ¢ A (PEeKTOM MOJIEKY-
JISIPHOTO CHTA.

MoxHO npuBecTH MpUMEPHI BEIOOpa HOHOOOMEHHMKA JJIi OUUCTKH OeJKa

C U3BECTHOM M303JIeKTpruecKoi Toukoi. [Ipenmnonaraercs, uro 6emok cTabuieH

npu pH 5,5-8,5.

Taomuna 7.2.
Bri6op noHooOMeHHMKA 7151 OEJIKOB ¢ U3BECTHOM M30AJIEKTPUUYECKON TOUKON
N3osnexTpudeckas Touka Nonnsiii oOMeH pH 6ydepa
8,5 KaTtnon <7,0
7,0 KaTtnon <6,0
6,0 Annon >8.0
5,5 Annon >6,5

WNwmeetcs B BUmy, uto npu 3HaueHusix pH Oydepa Hike M3037I€KTpHUe-
CKOH, O€JIOK MMEEeT MOJIOKHUTENbHBIA 3apsA U aacopOupyeTcss Ha KaTHOHOOO-
MEHHHUKE U Ha000pOT.

Ha npaktuke ycnoBus afacopOuuu BbIOUpAOT SMIUPUYECKH, TaK KaK ya-
II€ BCErO0 M303JIEKTpUYECKas TOYKa OelKka HEW3BECTHA. XOTA H303JIEKTpUYe-

CKYIO TOUYKY (hepMEeHTa MOXKHO OIpPEAEIUTh METOJIOM H303JIEKTpUYECKoro ¢o-
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KyCHUPOBaHHUSI B COUYETAHUHU CO CIEIUPUISCKUM OKpallliBaHWEeM Ha ()epMeHTa-
TUBHYIO aKTUBHOCThH, HO MHOT/Ia TIPOIIEe TTPOBECTH SKCIEPUMEHT C MPUMEHEHHU-
€M HOHOOOMEHHHKOB.

Jis  ucnhbITaHus  aIcOpOIMOHHON  crocoOHOCcTH  JIDAD-11emTrono36t
00BIYHO KCTIOAB3YIOT 20 MMoIL/ M Tprc-0ydep pH 8,0. [l 3TOro 10CTaTouHO
HeOO0JIBIION KOJOHKHA 00BeMOM OKoJIo 2 Mil. Eciin dhepMeHT He ajcopOoupoBacs
Ha J[DAD-nemono3e, T0: a) BO3MOXKHO BCE-TaKH MPOMU30LLIA €r0 OYUCTKA, TaK
KaK MOTJIA aIcCOPOMpOBaThCs OaymacTHbie Oenku, 06) hepMeHT, BEeposTHO, OyaeT
copbupoBathcsi Ha kaTuoHooOMeHHUKe (KM-11emitomnose).

Jecopoupyror Oenku pactBopom NaCl ¢ xoHueHTpamuein 2 MoJb/am>,
NP TAaKOH MOHHOM CUJIE STIOUPYIOTCS MPAKTUIECKH BCEe OEIKHU. 3aTeM MPOBOJISAT
IPOBEPKY, 4TOOBI yOeauThCs, 4T0 (DEpMEHT collesl ¢ KOJOHKH. Clemyromum
ATAroM paboTHI SBISETCS MOAOOP YCIOBH ITIOHH JIJIsl pa3fesieHus OCITKOB.

Cnemyer oOpaTHUTh BHMMaHHE Ha HEKOTOPHIE OCOOEHHOCTH PabOTHI C
noHooomMenHukamu. OOpazer; He0OXOAMMO HAHOCUTH B TOM ke Oydepe, KoTo-
PBIN UCTIONB3YIOT /ISl YPaBHOBEIIMBAHUS KOJOHKH. [l mepeBoga B HYKHBIN
Oydep UCTIONB3YIOT TUaIn3 WK Telb-GuibTpanuio. Hanpumep, 1 M mpemapara
MPOITYCKAIOT uepe3 KOJOHKY ¢ cedanexkcom G-25 ooremom 10 My, ypaBHOBe-
HIEHHYI0 HY>KHbIM Oydepom, 3a 10 muH. KoHnienTparus 6enka B o0pasiie MOXKeT
nocturath 30 mr/mi. B nonoo6meHHoi Xxpomatorpaduu NpuMEHSIOT KOPOTKUE
U TOJICTBIC KOJIOHKH, JJTMHA KOTOPBIX B 4-5 pa3 mpeBbImaeT ux auametp. Huko-
r7ia He clieAyeT HAaHOCUTh 00pasel], B KOTOPOM €CTh OCaJIOK, €r0 HaJo CHavasa
otnenuTh neHTpudyrupoBanremM. Ocagok MOXKET MPUBECTH K 3aKyMOPKE KO-
JIOHKH.

TeopeTruecku CymecTBYIOT JIBa CIIOCO0a TIOIUU OETKOB.

1) U3menenue pH Oydepa 10 BeTu4HHbI, IPU KOTOPO CBSI3bIBaHHUE Oenka
¢ ajgcopOeHTOM ociadeBaeT; /Uisi aHHOHOOOMEHHUKOB MCIOJIBb3YIOT 0oJjiee HU3-

Kue 3HaueHus pH, a 11 KaTHOHOOOMEHHUKOB — 00JIee BBICOKHE.
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2) IloBbllIeHrE MOHHOW CHUJIBI, YTO BBI3BIBAET OCJIA0JIEHUE IEKTPOCTATH-
YECKOTO B3aUMOJICHCTBUS MEXKIY OCITKOM M aICOPOCHTOM.

Ha npaktuke merosa 1 He Bcerja JaeT XOpollue pe3yiabTaThl U3-3a 0ydep-
HBIX CBOMCTB caMuX OEJIKOB, a B HEKOTOPBIX Clydasx u ajcopOenra. bosnee pac-
MIPOCTPAHEHHBIE CIIOCOOBI DITIOIMK — COJIEBBIC TPAJUEHTHI (CTyNeHYAThIC U JIU-
HelHbIe). OOBIYHO MCTOB3YIOT XJIOPU/IbI Kallusl UJIM HATPUS, TUHEHHBIN Tpau-
€HT CO3/al0T MPH MOMOIIM MPOCTOTO CMECHUTENs, pabOTAIOIero Ha MPUHIUIIE
cooOmaronuxcsi cocy10B. [Ipy MOBbIIIEHNH KOHIIEHTPAIIMK COJIU O€JIKW Hadu-
HAIOT JIBUTaThCS BHU3, HO MEPEMENIAIOTCS C MEHBIIEH CKOPOCTBHIO, YEM COJIb,
MO3TOMY KaXKJasi 4acTh OEJIKOBOW 30HBI MCIBITHIBACT JICWCTBHUE MOBBIIIEHHOM
KOHLIEHTPAIUU COJIM. DTO MPUBOJUT K TOMY, YTO 30HBI CYKaIOTCSl.

7.1. Ilenv padbomer:

Pa3znenenne MoaenpHOM cMecu OETKOB METOJIOM HOHOOOMEHHOM Xpoma-
torpaduu Ha JIDAD-cedapo3e.

7.2. O6vexkmul u cpedcmea ucciedo8anus.

1. Xpomatorpaduueckas cuctema BioLogic LP npousBoactso BIO-RAD.

Cnexrpodotomerp CD-103.
MuxkponpoOupku Tuna eppendorf.
ABTOMAaTUYECKHE NMUIETKU IEPEMEHHOTO 00beMa.
docdatubiii 0ypep pH=6,0, 20 MMoB/aM>.

1 mons/am® pactBop NaCl.

NS kW

PacTtBop, copepxamuii cMech OEIKOB - TIFOK030KCcHaa3bl (1 Mr/min) u me-

pokcunassl xpeHa (1 mr/mim).

8. 100 mmouns/nm? kammit-pocdatueiii 6ypep pH=6,0. (Peaxmue A)

9. 0,5% pactBOp o-guanu3uaMHa B 1 Mu1 Metanona. (Peakmug B)

10.PactBOp 0-auanuzuauna B 0ydepe. 0,2 mu peaktuBa B B 24 M peaktuBa
A. (Peakmusg C)

11. 1 mons/am® pacTBOp rmroko3sl. (Peaxmue D)

12. PactBop nepokcuaasel xpena 300 E/min. (Peaxmus E)
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13. PactBOp dhepmenTa riroko3zokcuaasbl (30 E/m).

7.3. IIpozpamma padoomer.

7.3.1. Pazodenenue cmecu 0e1K08 MemooOM UOHOOOMEHHOU XPOMAMO-
zpaguu.

Cmech 0enkoB HaHOCAT Ha KoJIOHKY (1,0 cm Ha 13,5 cM), 3an0gHEHHYIO
JIDAD-cedaposoii, ypasHOBemeHHy 0 20 Mmons/nm® pocharasiv 6ydepom pH
6,0. [TpomyckaroT yepe3 KOJI0HKY co ckopocThio 0,5 mMa/MuH B TeueHun 30 MuH
TOT k€ Oydep.

®epmenT >moupyroT auHeinbM rpaguentom NaCl ot 0 go 1 mons/aM?® B
Te4eHUU 2 4acoB co ckopocThio 0,5 mi/muH. CobuparoT ¢pakiuuu diroaTa I1mo
1,0 mu. OnrTuyeckyro IUIOTHOCTH (pakuuii (UKCUPYIOT ¢ momoliplo YO-
JaT4YMKa MpU JuMHE BoJIHBI 280 HM. Dpakuuu, cofepKauume 0enoK OnpeaesitoT
u3 rpaduka (puCyHOK 9.1) 3aBHCHUMOCTH ONTHYECKOW IUIOTHOCTH OT BPEMEHH
(Homepa dpakiun). COOTBETCTBYIOIIME KKIAOMY MHUKY (Ppakiiuu 0ObEIUHSIOT
U Jlajiee UCIONB3YIOT s uaeHTUuKauuu Oenka (Mo aKTUBHOCTH) CIIEKTPOQO-
TOMETPUUYECKIUM METOJIOM.

[To monmydyeHHON XpoMaTorpaMMe paccUuThIBatOT BbicoTy (h) u muomans
(S) muxoB. J{ng pacyera miaomaan HaXoAsAT MPOU3BEICHUE BBICOTHI MUK HA €ro
noJlympuny. PaccuntaTh MpOLIEHTHOE COOTHOLIEHUE OEJIKOB B CMECH METOJIOM

HOPMHUPOBKH 110 ITINIOHIAJIN ITUKOB.

100 X S,

YOO =51,
1 2
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Pucynox 7.1. PazOdenenue cmecu nepokcudasvl XpeHa u eitoK030KCUOa3bl MemooomM UOHO00-

UV Avis Time Avis Conductivity Axis

MeHnHOoU xpomamoepaguu na J[IA3-cecpapose.

7.3.2. Hoenmughukayusn pepmenmos 8 noayueHHvlX PpaKyusx.

B COOTBCTCTBYIOINHMEC KIOBCTBI ITIOMCCTHUTL CICAYIOIIHC 00BEMBI pCaKTH-

BOB:
N3meputenbhas kroBeta | KioBera cpaBHEHUs
Peaktus C 1700 mki 1700 Mk
PeaktuB D 1500 mkn 1500 mkn
PeakTtus E 10 Mk 10 Mk

HCpCMCIHaTB COACPIKHUMOC Kﬂ)KIIOﬁ KIOBCTBI M JOXIATbCA ITOKa OIITHYC-

CKaA INIOTHOCTDb ICPCCTAHCT U3MCHATHCA. 3areM I[O6aBI/ITB:

N3mepurenbHas KroBeTa

KroBeTa cpaBHEHMs

ﬂHCTHHHHpOBaHHaﬂ BOJa

10 MK

OtobOpanHas ppaxius

10 MK

Ilepememats 1 peruCTPUPOBATH ONTUYECKYIO INIOTHOCTD MPH JUIMHE BOJI-

HbI 460 HM 10 MunyT (pUCYHOK 9.2).
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0.6460 ———

05168

0.3876

02534

01232

OnrHyeckas ILIODTHOCTE

0.0000

0.0000 21031 420.62 £30.93 841.24 1051.5

Bpems, ¢

Pucynok 7.2. 3asucumocms onmuyeckotl niomHOCmMU peakyuoHHOU CMecu npu ghepmerma-
MUBHOM OKUCTIeHUU 2IFOKO3bl 8 NPUCYIMCMBUU 0-OUAHUSUOUHA OM 8peMeHU peakyuu. (pep-

MeHm 2NI0K0300Kcudasza, Konyenmpayus enoxkosvl 100 mxe/mn).

Ecnu onTtudeckasi mioTHOCTh PEAKIIMOHHOW CMECH BO3pPACTaeT, 3HAUYUT, B
ucciaenyeMon (ppakuuu MNPUCYTCTBYET (PEPMEHT TIIIOKO300KCcHaasza. Bropas

(bpakius COaepKUT MEPOKCUAA3Y XPEeHa.
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JIABOPATOPHASA PABOTA Ne 8. O0eccosiuBanue 0eJIKOBOI0 pacTBopa

METOI0M IKCK/IIO3HOHHON XpoMaTorpaguu

Beeoenue

HuskoMonexynspHbie BemecTBa U3 OSIKOBOTO PACTBOPA MOXKHO YIalTUTh
JIOCTATOYHO OBICTPO M TOJHO C TMOMOIIBIO SKCKIHO3UOHHOW XpomaTorpaduu
(remp-punbTpanmu). Pa3znenenne BemecTs STUM METOJIOM OCHOBAHO Ha pa3iu-
YUy B paszmepax moltiekyis. KpyrHble MOJEKyJbl HE IPOHUKAIOT B MOPHI TPaHyJI
reJisl U BBIXOJST U3 KOJIOHKH B MEPBYIO Ouepeib, B TO BpeMs Kak HEOOJIbIIIHE
MOJIEKYJIbl TONAJAI0T Y€PE3 MOPhI B TPAHYJIbl, BCIEACTBUE 3TOTO 3a€PKUBAIOT-
Cs1 Ha KOJIOHKE U JIBIJKYTCSI C MEHBIIIEH CKOPOCThIO (pUCYyHOK &.1.). MeTos resb-
buUIbTpallui 4acTO HA3BIBAIOT Pa3/IeICHUEM BEIIECTB MO MPHUHIIUITY MOJICKY-

JIIPHOTO CHUTA.

AHanM3avpyembIin
obpaszey BydepHbii pacTeop

Pucynox 8.1. Ilpunyun oeticmsust memooa 2eiv-ghurbmpayui.
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HOB@,Z[CHI/IC MOJICKYJ B KOJIOHKC IIpH FCJ'II)-(bI/IJIBTpaIII/II/I MOJKET OBITH OITH-

CaHO CJIENYIOUIMM YPABHECHUEM:

_ VeV
P Vei=Vo

K. (8.1)

rae Vi — oOmuii 00beM KOJOHKH, Vo — CBOOOIHBIN 00beM (MEXy rpa-
HyJamMH Tesst), V. — 00beM 3Ioaluu paccMarpuBaeMoil Mosekyisl u Ko, —
KO3 PUIIMEHT, ONpeAeNSIONINI 00 MOp, KOTOPYIO MOXKET 3aHUMATh 3Ta MO-
JeKya.

CBoiicTBaMu MOJIEKYJISIPHOTO CUTa 00J1aJJal0T MHOTHE TIOPUCThIE MaTEpH-
anbl. Hanbosiee yacto juist 3TOW 11eJId MPUMEHSIIOT OPraHUYeCKUE MOJIUMEPHI C
TPEXMEPHOM ceT4aTou cTpyKTypoi. Hanmpumep, renm nonucaxapuaa JeKCcTpaHa
(koMMepueckoe HazBaHue — cedanekcol). [Ipu n3roroBnennn cedaiekcoB Io-
JUcaxapyIHbIE IIETH JAEKCTpaHa COCIUHSAIOTCS MONEPEUYHbIMU CIIUBKAMHU (PUCY-

HOK 8.2.).
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Pucynox 8.2. Xumuueckoe cmpoenue cepadexcos.
CYHIGCTByeT HCCKOJIbBKO THIIOB ce(bazleKca, pasinyarommxcsa KakK pa3mMce-

POM N KOJIMYCCTBOM, TaK U BEJIMUYUHOM rpaHylJI. DTO MO3BOJIICT IMPUMCHATb UX
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JUTS pa3/ieNieHus BEIIECTB C Pa3HBIMHU pa3MepaMu MoJIeKyIl. biaromaps BEICOKO-
My COIEP’KaHHUIO TUIPOKCWIBHBIX TPYIIN TPaHyJbl ceamexca Jerko Habyxaror,
00pa3ys renab. YUeM BhIIIE CIOCOOHOCTH Telisd K Ha0yXaHUI0, TeM OOJIbIIe HOMED
cedanekca.

Cedamexcsl OTIHYAIOTCS PA3IMYHON CTETEHBIO CHIMBKH MOJIEKYJ JIeKC-
TpaHa APYT C JPYroM. DTO HAXOIHWT BBIPAKEHUE B Pa3IMYHON HaOyxaeMoCTH
rpanyn cedamexca u mpeaenax dKCKIIO3UH (BBIpaKaeMON 3HAYECHUSIMUA MOJICKY-
JITPHOM MAacChl BEIIECTB, €Ie CIOCOOHBIX BXOJIUTh BHYTPh IpaHyJ cedajekca),
B CBSI3M C U€M, U MOCTPOEHA X Kiaccudukaius (Tadauna 8.1).

Tabnuma 8.1. XapakTepucTiuka HEKOTOPBIX BUIOB cehaeKCoB

Jlnanazon
[Tpenen skc- Horro. VYaens- | Bpewms mon- | ¢ppakiuoHu-
Mapka KJIFO3UU, 6 HBII HOTO HalyXxa- poBaHUsA
HICHUE
Ceda- | eouruyax mo- BOJIBI 00BeM B | HUS MIPU KOM- | OEIKOB TIO
JeKca | JIeKYAAPHOU - /2’ KOJIOHKE, | HATHOM TeM- | MOJEKYJsip-
maccol cm’/z mepaType, ¥ | HOM Macce,
molc.
G-25 5000 2,5+0,2 4-6 3 1,0-5,0
G-50 10000 5,0+0,3 9-11 3 1,5-30
G-75 50000 7,5+0,5 12-15 24 3,0-75
G-100 100000 10,0£1,0 | 15-20 48 4,0-150
G-150 150000 15,0£0,5 | 20-30 72 5,0 -300
G-200 200000 20,0£2,0 | 30—-40 72 5,0 -600

Jlnst ocBOOOXKIeHMST OCIKOBBIX PACTBOPOB OT COJIEH OOBIYHO HCTIONB3Y-
10T cedanexc mapku G-25. [Ipumenenue cedanekcoB st PpaKIIuOHUPOBAHUS
CIIOKHBIX OCJIKOBBIX CMECEU THIA TE€X, YTO XapaKTEPHBI sl OMOIOTHUUECKUX
KUIKOCTEH (CHIBOPOTKA KPOBH, reMoInM(pa OECIO3BOHOUHBIX U T.I1.) WU JKC-
TPAKTOB, TMOJYYCHHBIX U3 KMBOTHBIX M PACTHUTEIBHBIX TKaHEH, Manodddek-
TUBHO: YJaeTCs JIUIIb Pa3AeauTh CMECh OEIKOB Ha HECKOJIbKO TpyIi. Tem He
MEHEe, B pAJIe CIIy4aeB 3TO MepBasi CTaAus MPHU BbIACICHUN UHAUBUIYAIbHBIX

OCJIKOB. Ce(ba,Z[eKCBI INPUMCHAIOT TAKXKC Ha 3aKJIIIOUYUTCIBHBIX OTallaX OYHMCTKHU
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Oelika OT MPUMECH COIYTCTBYIOLIEro OeiKa, €CJiM MOCIEAHUN TOCTAaTOYHO pe3-
KO OTJIMYAETCA OT MEPBOrO MO BEJIMYUHE MOJICKYJISIPHON MaCCHI.

B nocnennee Bpems cedanekchl MPUMEHSIOT JIJIsl ONPENeNICHUsI MOJIEKY -
JISIPHOM Macchl OEJIKOB MyTEM COMOCTABJICHHS BETUYHH CBOOOIHOTO (T.€. HE 3a-
HATOTO TpaHyJiaMu cedaaexca) u IOUPyeMoro (T.e. HEOOXOAUMOTO IS BbI-
HOca 0eJKka U3 KOJIOHKH) 00beMOB KOJIOHKHU.

8.1. Illenv pabomowr:

[IpakTH4ueckoe 03HAKOMJIEHUE C METOJIOM SKCKJIIO3MOHHOM XpOoMaTorpa-
(107178

8.2. Oovexmot u cpedcmea ucciedo6anus.

1. Awnunsii ans0ymuH (1%-Hb1i1 pactBop B 0,5%-HOM pacTBOpe Ouxpomara

KaJusl).

2. Tomy6oii nexctpan 1% p-p.
3. bUypeTOBBIi PEAKTUB.
4. Kononka pasmepom 1*25 cm ¢ renem cedanexca G-25 (4 r B 200 vt au-

CTUJUJIMPOBAHHOM BOJIbI).

5. JluctrwimmmpoBaHHas BOAA.
6. LlTatuBel c mpoOUpKaMH.
7. Ilunertkwu.

8.3. Ilpozpamma padomur

8.3.1. 3anonnenue u n0020mMo8Ka KOJIOHKU.

Konounky 3anonustor cepanexkcom G-25. J{ns sroro 4 r cedanexca npen-
BaputenabHO 3anuBatoT 200 M 0,09 M pacTBopa xjopuaa HaTpus B CTakaHe Ha |
JUTP, XOPOLIO MEPEMEIINBAIOT U OCTaBISAIOT Ha 24 yaca. Uepe3 CyTku HaOyXx-
muii cepamexc mpombiBaroT S5 paz 0,09 M pacTtBopoM XJopuja HATpUs MyTeM
JEKaHTAlMK. 3aTeM CTakKaH C rejiem cedaaekca moMENatoT B OOJBIION BaKyyM-
HBII PKCUKATOp M B T€UeHHE 1,5 4acoB Aea’puUpyroT MOJ BaKyyMOM, CO3JlaBae-
MBIM BOJIOCTPYHHBIM HACOCOM, IOCJI€ YEro I'elib TOTOB AJI 3alO0JHEHUS! KOJIOH-

KU. 3anoJIHEHUE rejieM KOJIOHKHU BCAYT OCTOPOXKHO, 3ajlMBasA €ro MCAJICHHO H
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HEIPEPHIBHO O CTEHKE KOJIOHKU, YTO MPEOXPAHSET €ro OT 3aXBaTa My3bIpPbKOB
BO3/IyXa.

8.3.2. Onpeoenenue oovema 600noI pazvl KO1OHKU V.

OTkpbIBatoT 3aXuUM Ha koyioHke u ciauBaroT 0,1 Monws/n pactBop NaCl,
HaXOSIINUNACS HaJ TeJeM. 3a)KUM 3aKphIBAIOT U Ha IOBEPXHOCTH T'elisl OYEHb aK-
KypaTHO, IO CTE€HKE, C TTOMOIIbI0 NMUIEeTKH HaHocAT 0,5 miu pacTBopa roiay0oro
nexctpana. OTKpPBIBAIOT 3aKUM M BBITEKAIOIIYI0 M3 KOJIOHKH XKHUAKOCTb COOH-
paroT B MEpHBIN [MWJIMHAP U COXPAHSIOT 10 KOHIa ombITa. Habmogaror 3a mpo-
HUKHOBEHHEM HAHECEHHOI'O pacTBOpa B rejib (MOBEPXHOCTh Teyisl HE JOJIKHA
0CTaBaTbCs CYXOM, MOSTOMY MO Mepe BBITEKAHUS KHJIKOCTH U3 KOJOHKH pac-
TBOp NaCl nonuBarOT B KOJOHKY JMOO MOJCOEAUHSIOT K KOJIOHKE CKIISIHKY C
pPacTBOpPOM).

3apaHee TOTOBST TMATh YHCTHIX TPOOMPOK. Kak TOMBKO W3 KOJOHKH
HAaYHET BBITEKATh OKPAIlICHHBIN (T0ay00ii) pacTBOp, B 3TH MPOOUPKH COOMPAIOT
okpateHHsie (pakuuu, o 0,5 MI B KOKAYI0 NpOOUPKY. Dr0aT U3 3TUX IPO-
OMpOK OT Hayaja psaa, BKIOYas MpoOUPKY C caMOM MHTEHCHMBHOW OKpPACKOM,
CIIMBAIOT B IWJIMHIP, TJI€ YK€ coOpaHbl NMpeapiayiye (HeokpalieHHble) dpak-
. O0bEeM OCTANIbHBIX MPOOUPOK, B KOTOPHIX OKpacka HaYMHAET Oclia0eBaTh,
He yuuThiBaeTcs. Takum o0pa3oM, 00bEeM 3Jr0aTa OT Hayaja ONbITa J0 MOsIBiIe-
HUsl HanOoJiee SPKOM Toiay0oil OKpacKu COCTaBisieT 00beM BOJIHOM (pa3bl KO-
noHKH (V,). 3aKOHUMB OompenesieHne, KOJIOHKY OTMBIBAIOT OT CJIEI0B TOJIyOOTro
JEKCTpaHa.

8.3.3. Obecconruseanue 0e1K068020 pacmeopa Memooom  2e/b-
dunompayuu.

[lepen HaneceHueMm pacTBopa Oejika OTKPBIBAIOT KpaH M HAOIIONAIOT 3a
YMEHBIIIEHHEM CTOJIOMKA BOJBI HAJl clioeM cedanekca. Kak Tonbko Haa moBepx-
HOCTBIO T'eJIsl OCTAHETCS CIOM MKUAKOCTH TOJIIMHON 1-2 MM, KpaH 3aKpbIBAIOT U
aKKypaTHO MHIIETKONW HaHocAT Ha renb 0,5 mi pacTBopa Oenka, B KOTOPBIi

npenBaputenbHO 100aBisroT 5 Mr K,Cr,O7. KpaH OTKpBIBAIOT U CHEAAT 3a MPo-
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HUKHOBEHHEM pacTBopa B reiib. [1o Mepe BbITEKaHUS KMJIKOCTH M3 KOJIOHKHU B
KOJIOHKY J0auBatoT pactBop NaCl 1160 MoacOoenUHSIOT K KOJIOHKE CKIISTHKY C
pacTBOpoOM

B 12 muxponpobupok ormepuBaroT 0,5 Ma OuyperoBoro peaktupa. Co-
ouparT (pakmuu ¢ KoJoHOK 1mo 20 kamenb (1 muT) B MpOOMPKH, COAEpIKAIIHE
OuypeToBbIi peakTuB. Jlanee coduparoT mo 1 My snroata B MycThie MPOOUPKH,
JI0 MCYE3HOBEHUS OPAHXKEBOTO OKpamuBaHus. [Ipu 3TOM He 3a0bIBalOT 100aB-
75Th B KOJIOHKY pactBop NaCl. HaGmogaroT 3a m3MEHEHHEM OKPAcKH B TIOPIIHU-
X 3III0aTa.

['enb B KOJIOHKE OTMBIBAIOT BOJ0 10 noiHoTro yaanenus K,Cr,O7.

[Tpu opopmiaeHnn paboTbl ONUCHIBAIOT IPUHIIUI METOIA U PE3YJIbTATHI
3aHOCSAT B Tabuiy 10.2.

Tabnuma 8.2. Pe3ynbrathl onbiTa Mo 00€CCONIMBAHUIO pAcTBOpa OeIKa.

V amroara,
MU

1123145 ,6 |7 8|9 ]1011]12

benok

KQCI'207

OTMmeuaroT IIpU KaKOM o0beMe 3Ir0aTa U3 KOJIOHKH BBIXOOUT OCJIoK H

KzCI‘zO7.
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JIABOPATOPHAS PABOTA Ne 9. Paznesienue cmecu (peppouieHOB

METOA0M TOHKOCJIOMHOM XpoMaTorpagpuu.

Beeoenue

TonkocnoliHass xpoMarorpadusi 3aHUMaeT 0co00e MECTO Cpelu IPYTUx
XpomaTtorpauueckux MeToI0B Ojaroaapsi MpocToTe METOJUKUA U JOCTYIMHOCTH
000opyI0BaHus, MIUPOKON 00JIACTH MPUMEHEHHS, SKOHOMUYHOCTH, JIOCTATOYHO
BBICOKOI CEJIEKTUBHOCTH M UyBCTBUTEIBHOCTH.

Henonswxkhas ¢daza Tonkum cimoeM (100-300 MKM) HaHOCHUTCSI Ha CTEK-
JSTHHY10, METAJUTMYECKYI0 WIIM TJIaCTMAacCOBYIO IJIACTUHBI. B kauecTBe copOeH-
Ta Yallle BCEro UCIOIb3YIOT CUIIMKAreiab, OKCHJI aTFOMUHHUSA, LEUII0JI03Y, TOJU-
amuj, kuzeneryp. Ha nunuto crapra (1,5-2 cM OT Kpasi TUIaCTUHBI) OYEHb MaJIbIM
ISITHOM HaHOCSTCS aHAJIM3UpPyEMasi CMECh M CTaHJApTHbIE BelecTBa. /s aToro
UCIIOJIB3YIOT KalWLISAPhl, CHELHAIBHBIE MHUKPOIUIETKH WM MUKPOIINPHULIBL.
3aTeM IUIACTUHY MOMEIIAIT B FEPMETUYHYIO KaAMEPY C PaCTBOPUTENIEM, KOTO-
pBIi BBIOJHSET POJib MOABMXHON (as3bl. Ilon neiicTBHEM KamuiUIApHBIX CHII
pPacTBOPUTEIIb JBUXKETCS BIIOJIb CJIOS COpOEHTa 0 (PUHMINA U C Pa3HOH CKOPO-
CTBIO MIEPEHOCUT KOMIIOHEHTBI CMECH, UTO IPUBOIUT K UX pazneneHuto. [Ipun-
LUIT pa3/ieJIeHUus] — HEOAMHAKOBOE CPOJICTBO pa3JEisieMbIX OPraHMYECKUX Be-
HIECTB K MOJBMYKHOM KUIKOM (aze u craunoHapHoMmy copOeHTty. I[locne noctu-
KEHHSI pacTBOpUTENIEM (AJIIOEHTOM) JIMHUHU (DMHUIIA TIACTUHY BBICYLIMBAIOT U
MPOBOJAT UACHTU(DUKAIINIO KOMIIOHEHTOB.

BaxHO#1 XapakTepUCTUKON CTENEHW pPa3[ejeHUs OINPENENIEMbIX COEIU-

HEHUI SIBJISIETCA BEMUYMHA KOXPPUIIUEHTA YACPKUBAHUS:
X
=1
Ry=7 (9-1)
R¢ — oTHO1IEHME pacCTodHMA OT LICHTpaA IIATHA Ha IJIACTHHC A0 JMHHHU
cTapra (X) K pacCTOSIHHUIO, MPOMJIEHHOMY PAaCTBOPUTENIEM OT JIMHUU CTAapTa JI0

¢bunuma (L) (pucyHok 9.1.). Benmmunna Ry siBIIsieTCS XapaKkTEPUCTUKON TPUPO/IBI
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OTIPEeNeIEMOT0 COSIMHEHHSI U 3aBUCUT OT UCIIONB3yeMbIX COPOEHTa U PacTBO-
purens. B cinydae Boicok03(h(peKTHBHOM TOHKOCIONHON XpoMaTorpaduu 3a cHeT
CO3JIaHUsl MPHUHYAUTENBHOTO IBMXKEHUS MOJIBIWXKHON (asbl C peryiampyeMoit
CKOpPOCTBIO, YMEHBILICHHSI Pa3Mepa 4acTul] COpOeHTa 0 5-7 MKM U HACBILCHUS
IPOCTPAHCTBA HAJ TUIACTUHOW MapamMH PacTBOPUTENSI YAAeTCS CYIIECTBEHHO

YCKOPHUTD IIPOUCCC U IMOBBICUTH YETKOCTL Pa3aCIICHUA.

AX2.1

Pucynox 9.1. Cxema ananuza memooom TCX.

Mepoii 3ppekTuBHOCTH pa3aeseHns Ha OyMare Uil B TOHKOM CJIO€, KaK U
B KOJIOHOYHOHM XpomaTorpaduu, sBiseTcs BennynHa paspeuieaue R, Kpurepuit

paszeneHus ONpesesIIoT UCXO0/I U3 XPOMATOrPpaMMBbl 10 hopmyJie:

_ 2Ax2_1

N Vity2 (9'2)

S

KonuyecTBeHHBIN aHaIU3 OCYLIECTBISIOT HEMOCPEACTBEHHO HA XpOMATO-
rpaMMe WM TOCJI€ BHIMBIBAHHS aHAIM3UPYEMOTO BEIIECTBA U3 CJIOS COpPOCHTA.

Jlns  aHanu3a MCHOJB3YIOT —crnekTpodoromerputo, (uyopumerputo, MK-
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CIIEKTPOCKONUIO, PAAMOMETPUYECKAE U Ap. METOAbI. ISl pyTHMHHBIX KOJUYeE-
CTBEHHBIX OMNPEACIICHUI HCTHOJIb3YIOT JEHCUTOMETPHI, KOTOPhIE U3MEPSIOT UH-
TEHCUBHOCTb IOTJIOLICHUS 3JEKTPOMAarHUTHOIO M3Jy4YEHUS NPU CKAaHHUPOBAHUU
xpomarorpaduueckoi MiIacTUHKU.

Bo MHOrux ciyuasx jjisi onpeeneHus CoAepKaHus BEIIECTB HA IJIaCTH-
Hax TCX uCronp3yroT NOJIyKOJIMYECTBEHHBIN MeTo. OH 3aKiItoyaeTcs B BU3Y-
aJbHOM CPaBHEHHUM pa3Mepa MATHA (a TaKXKE COMOCTAaBICHUM MHTEHCUBHOCTEH)
C pa3Mepamu CEpHUU MATEH ITOTO K€ BEIECTBA C U3BECTHBIMU KOHIIEHTPALIUSIMHU.
HecMoTpst Ha mpocToTy moaxoaa, oH oOecreyuBaeT NpaBUILHOCTh ONpeese-
Hus 5-10% npu conepkanuu 1-5 MKT.

9.1. I]env pabomer:

[IpoBenenue pazaeneHus cMecu auetuideppoleH — GheppoleH, onpese-
JICHUE MMapaMeTPOB pa3/ieICHUs] YKa3aHHbBIX BEIIECTB.
9.2. Odvexkmol u cpeocmea uccied006anus.
Bonansriit pactBop anerundeppoiieHa,
Bonnblii pacTBOp epporieHa,
Xmopodopwm x.4.,
I'ekcan x.4.,
benzon x.4.,
[Mnactuabr Cumydon Fasa,

CrexIIsTHHBIC IIJTaCTHUHBI,

© NS N R W=

Xpomatorpaduyeckas Kamepa.

9.3. IIpozpamma padomel.

[ToAroTOBUTH MIACTUHBI K pabOTe: pa3orHaTh MJIACTUHBI YUCTHIM PACTBO-

pHUTEJEM MO BCEH BBICOTE, MPOCYIINTH B TEYEHUE 5 MUH MPU HAIPEBAHUH.
[IpuroToBUTH PaCTBOPUTENH: CMEIIATh XJIOPOPOPM:TEKCaH B COOTHOIIIE-

Huu 1:2 B oOveme 24 mut. [loMecTUTh pacTBOPUTENH B XpOMaTOTpaPpUUIECKYIO

kamepy. ['epMeTHUHO 3aKphITh Kamepy, ocTaBuTh Ha 10-15 MuH misa Hacwle-

Hus. C TOMOIIBIO KamwiIsipa HAHECTH Ha TIACTUHY pacTBOp cBuuerens (dep-
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POIIEH) U OMpeAeNIAeMYI0 CMECh KaK MOKa3aHO Ha pUCYHKe 9.2. PacTBop HaHO-

CAT O4YCHb MAJIbIM IIATHOM.

JInHusa domHnwa

1,5¢cm 1,5¢cm
= <

—a—= = u = JluHnd cTapra
ILSCM

Pucynox 9.2. Cxema nanecenusn ananuzupyemvix pacmeopog na niacmuny TCX.

[TomecTuTh MIacCTUHY B XpomaTorpapuyeckyro Kamepy € MOJABUKHBIM
pactBopureneM. [lo qocTwkeHnn pacTBOPUTEIEM JTUHUN (PUHUIIA BHIHYTH TLJIa-
CTUHY M3 KaMephbl, BBICYIIUTh Ha BO3AYyXE A0 YAAJICHUS NMAapOB PACTBOPHUTEIS.
OTMmeTuTh OKpalieHHble yyacTku. Paccuurtarh BennuuHy KosdduimenTa yuep-
KuBaHUS PepporieHa U arleTiiipepporeHa, OmpeaeIuTh pa3pelicHue.

AHanornyHO MPOBECTU pazlieiieHue cMecu (eppolieHa u anetuideppo-
IIeHa C WCIIOIBh30BaHWEM pacTBopuTensi OeHszoina. Paccumrarh 3HaueHus Ry R,

CACJaThb BBIBOJ O BIIMAHWHA IIOJIAPHOCTU PpACTBOPUTEIIA HA JAHHBIC ITapaMCTPhI.
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JIABOPATOPHAS PABOTA Ne 10. OnpeneJsieHue coiep:;KkaHusi AaHHOHOB B

BO/I€ METO/IOM KaNMWJLJIIPHOTO 3JieKTpodope3a

Beeoenue

OoHYMM W3 caMbIX COBPEMEHHBIX M NEPCIHEKTUBHBIX METOJOB HA CEro-
THSIIHANA JEHb SBISeTCS KanmUIspHbIi anektpodopes (K3), BoOpasimii B ceOst
BCE JIyYlllM€ KauyecTBa XpomaTorpaduyeckux METOJ0B U 3iekTpodopesa. B
ATOM METOJI€ PA3LAECICHUE CMECU 3aPSHKECHHBIX WM HEWTPAJIbHBIX MOJIEKYJI OC-
HOBAHO Ha Pa3IMYUM B UX IIEKTPO(OPETUUECKONW MOABMKHOCTU U (WUIIH) pac-
MPEAECICHUN MEXKIY PACTBOPOM U JIBHXKYILIMMMCS B 3JIEKTPUUECKOM TI0JIE 3apsi-
KEHHBIMM YacTULAMHU (MHILEIUIAMHU, KOJUIOMJIHBIMU YaCTULAMH, METAIOKOM-
IJIEKCaMU, MOJIEKYJIaMH TTOJTUAIICKTPOJIUTA).

[Ipu ananuze METOIOM KaWJUIAPHOTO 3JIeKTpodope3a npody HeOOJbIIO-
ro oobema (HECKOJIbKO HAHOJUTPOB) BBOAST Ha aHOJHOM KOHIIE B KBaplEBBIN
KanwuIsip, 3aloJHEHHBIA BEAYIIUM S3JEKTPOJIMTOM (Hampumep, GocdaTHbie U
OopatHble OydepHbie pacTBopsl ¢ KoHIeHTparusmu 10-100 MM, pacTtBopsl op-
TaHUYECKUX U HEOPTaHUYECKUX COJIeH, KUCIOT U ocHOBaHuit). K ToHKOMY KBap-
1eBoMy Kanwuusipy (BHyTpeHHui muametrp 25-100 mxm) mmunou 20-100 cm
npukiaasiBatoT Hanpspkenue ot 10 qo 30 kB.

[Tox nelicTBHEM BIIEKTPUYECKOrO TMOJII KOMIIOHEHThI MPOObI HAYMHAIOT
JBUIaThCS MO KAMWUISAPY C Pa3HOM CKOPOCTBIO, 3aBUCSIIEN OT UX CTPYKTYpBHI,
3apsa U MOJIEKYJISIPHOM MaccChl, U COOTBETCTBEHHO, B Pa3HOE BPEMS JOCTUTAOT
netekropa. [lomydeHHast Mocaea0BaTeIbHOCTh MUKOB HA3bIBAETCS ANEKTPOPO-
perpaMmoi, pu 3TOM Ka4€CTBEHHOM XApAKTEPUCTUKOMN BEIIECTBA SIBJIAETCA I1a-
pameTp yaepKuBaHHsA (BpeMsi MUIpPALMK), a KOJIMYECTBEHHOW — BBICOTA WJIHU

IJIomAaab IMUKa, IIPOIIOPHHUOHAIbHAA KOHICHTPAIMK BCIICCTBA.
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Pucynox 10.1. Cxema ycmano8xu KanuiisaprHozo snekmpoghopesa: 1 — anoonas 30mua,
8X00 Kanuuiapa, 2 — KamooHas 30Hd, 8bIX00 Kanuuiapa, 3 — demekmop, 4 — UCmo4YHUK 8blCO-
K020 HANpAdCeHUs1, 5 — pecucmpupyioujee yCmpoucmeo, 6 — Konmeunepsl 0 npoo; 7,8 —
cocyowl ¢ bypepHbIM pacmeopom.

Ha 3apsxeHHyr0 4acThily B IPOCTEHIIEM Cily4dae JEUCTBYIOT JABE MPOTH-
BOIIOJIOXKHO HANPABIIEHHBIE CUJIBI — AJIEKTPOCTATUYECKOIO MPUTSKEHUS U CO-
MPOTUBJICHUS JBH)KCHUIO YaCTULIBl. B paBHOBECHBIX YCIOBHSX JIEMCTBUE ITUX
CWJI yPaBHOBEIIMUBAET APYT APYTa, U CKOPOCTh MUTPALIMK YACTULIBI ONPENEIseT-

Csl BBIPAKCHUCM:

qXE
6XTTXNXT

U= (10.1)

rjae q — 3apsijg MoHa, a E — HanpsyKeHHOCTh AJNIEKTPUYECKOTO MOJIS. N- BSI3-
KOCTb CPEJIbl, I — PAJNyC YaCTUIIbI.

OnexTpodopeTndeckass MOABUKHOCTD |,y OINPENETSAETCS KaK CKOPOCTb

ABUKCHUA 4aCTUIBI, ACJICHHAA Ha HANPSXKCHHOCTD 3JICKTPHUYICCKOI'O ITO0JIA:

Vs
oy = 72 (10.2)

rne, V,y — CKOpOoCTh U1€aTU3UPOBAHHON c(heprUecKOi YacTULIbI.

[Tpu mpoBeneHNH pa3esieHus B KaMUIIpax 0COOCHHO BaKHOE 3HAUCHUE
npuobperaer 3aekTpoocMotTuueckuid motok (DOII), cBA3aHHBIN ¢ ABMKEHHEM
g y3HOIM YacTu ABOWHOTO CJI0s, 00Pa3yoIIerocs OTHOCUTENBHO 3apsKEHHON

MOBEPXHOCTU BHYTPEHHEW CTEHKH Kanwiuigpa. Pe3ynpTupyroias noaBUKHOCTb
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YaCTHI] [ ONpPEIENSIeTCs] CYMMOM 3JIEKTPOPOPETHUECKON U 3IIEKTPOOCMOTHYE-
CKOM MTOJBH>KHOCTEH
H = Hog F Hao (10.3).
DTO JaeT omnpenesieHHbIE NPEUMYIIECTBA IPU aHAJIU3€ CMECEN MPOTUBO-
MOJIOKEHO 3apshKEHHBIX HOHOB, MOCKOJIBKY BCE OIpEIesieMble KOMIOHEHTHI
OynyT nBUratbcs B HampaBlieHuu aetekropa Bciaenctsue JOII. Opnako cko-
POCTh MEPEBUKEHNS NOHOB C OJJMHAKOBBIM HAIpaBJICHUEM JJIEKTpOdOopeTHUe-
CKOHM M 3JIEKTPOOCMOTHYECKON MOJBMKHOCTEH OyAeT yBeIMYUBATHCS, a MPOTHU-
BOIOJIOKHHBIM — YMEHbINAThCS. s HeMoauUIIMPOBAHHOTO KBaplEBOrO Ka-
nuuisipa B AUGGy3HOH 4acTH JBOMHOTO AJICKTUPHUUECKOTO CJIOS MPUCYTCTBYET
HEKOTOpasi U30BITOYHAST KOHIEHTpAIUsl KATUOHOB, B PE3yJbTaTe JBMXKEHHS KO-
Topbix Bo3HukaeT DOII, HanpaBieHHbIN K kKaToay. B pe3ynpTaTe KaTHOHBI OYy-
IyT MepeMeIaThes ObicTpee U qeTeKTupoBaThes 10 DOII, a aHnOHBI MeJIeHHEee
u netektupoBathes nocie DOII, HelTpaabHble MOJIEKYIbI ABMKYTCS ¢ DOII.
Jlns moBblieHus BocrpousBoaumoct KO B mpucyrctBun JOII, snek-
TPOOCMOTHYECKUH MOTOK JOHKEH OBbITh IOCTOSIHHBIM B T€YEHHUE BCEX MPOBOIU-
MBIX OIpeaeneHuii, a coxpanenue noctosgHcTBa JOII yacto Tpebyer 3Hauu-
TEJIBHBIX YCWJIMH 11O TTIOATOTOBKE JI0 U MOCje padoThl. B KBapIieBbIX Kamujuisipax
DO0II ymenblaeTcsi Mpu yBEIUYEHUH KOHLEHTPALMU 3JIEKTPOJIUTA U J00aBe-
HUU OPraHWYECKHX PAacTBOPHUTENIEH M BO3pacTaeT ¢ yBenuueHueM pH, a taxxe
3aBUCUT OT BSI3KOCTH PAacTBOpPA B KAMWJLIISIpE W TeMmreparypsl. Eciu ke npu Jo-
OaBJIeHHMM KaTHOHHBIX MOBEPXHOCTHO-aKTHBHBIX BemecTB (ITAB) k pasnenu-
TeapHOMY Oy(depy Ha MOBEPXHOCTH KamWJuIspa ajacopOUpYeTCs MOJOKUTEIh-
HBIM 3apsa, To DOII MeHsieT HanpaBiieHUE U IEPEHOCUT pa3ieuTeNbHbIN Oydep

B HAITpaBJICHWHU aHOJA.
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10.1. I]ens pabomor:

N3mepeHnii MacCOBBIX KOHIEHTPALUUW XJIOPUIA-UOHOB, HUTPUT-HOHOB,

cynb(haT-uOHOB, HUTPAT-UOHOB, (PTOPHUA-UOHOB U (ocdaT-HOHOB B BOJIE METO-

JIOM KaIlWJUIIPHOTO AeKTpodopesa.

8.
9.

10.2. O6vexmot u cpedcmea uccnedo8anusl.

Cucrema KanwUIsIpHOTO 3eKTpodopesa «Kanenb» ¢ oTpunaTensHOM mo-
JSIPHOCTBHIO HMCTOYHHWKA BBICOKOTO HAIPSOKEHUS (BHYTPEHHUN IHAMETP
Kamwisipa 75 MKM, TIOJTHAs JuiiHa Kamwnisipa 60 cM, agdekTuBHas 1TU-
Ha 50 cM), OCHaIIeHHAs CIEIMAIM3UPOBAHHBIM MMPOTPAMMHBIM ObecIeye-
HUEM Ha OCHOBE MEPCOHATBHOTO KOMIBIOTEPA.

Bechl nabopaTopHble criennaabHOro Kiacca TOYHOCTH C IIEHON HanMEeHb-
nrero nenenust He 6omnee 0,1 Mr, HAaMOOIBIIUM TIPEIETIOM B3BEIINBAHUS HE
6onee 210

Kon6wr mepusbie 2-100-2, 2-50-2, 2-25-2

[IuneTku rpagyrpoBaHHbIE 2-T0 Klacca

. Muxpozmoszarops! ¢ nepemeHHbIM 00beMoM 10-100 MM, 100 —1000 mm?,

1000-5000 mM® 1 mpezesioM IOMyCKaeMOM MOTPEIHOCTH U3MEPEHHS HeE
6onee 2 %

pH-MeTp naGopatopHbIit

entpudyra nabopatopHas ¢ yactoroi BpameHusi He meHee 5000 obopo-
TOB B MUHYTY

[TpoOupku ogHOpa3oBbie (Tuna drnenaopd) BMecTUMOCTEIO 1,5 cm?

['ocynapcTBeHHBIE CTaHIAPTHBIE 00PA3IIbl COCTaBa PACTBOPOB AHUOHOB

10.Bona nuctuninmpoBaHHas

11.Xpoma (VI) okcun, u.1.a

12 . LeTunTpUMETUIAMMOHHSL  THUAPOKCH]  (TeKCaaeMITPUMETUIAMMOHUS

ruapokcun) (LITA-OH)

13. AusTaHoraMua

14.I'mapokcu HAaTpHs, X.4.
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15.Consgnas KkucioTa, X.4.
10.3. IIpozpamma padomei.
10.3.1. IlIpuzomoenenue pacmeopos.
Bce pacTBOpbI TrOTOBAT Ha CBEXEW JUCTHILUIMPOBAHHOM BOJE, COOTBET-
ctBytonieit 'OCT 6709-72.

PacTBOp ruipokcyaa HATpUs JJISL IPOMBIBKY KAIIMJLISIPA.

B cTakaH U3 TEpMOCTOMKOIO CTEKJIa MOMENIAtoT 2 T THAPOKCUAA HATPUS U
pactBopstor B 100 cM® auctuiimpoBanHoi Boabl. CPOK XpaHEHHs B COCYJIE U3
HOJIMATUIIEHA - 6 MecsleB. MossipHas KOHUEHTpalusl pacTBopa NpHOIN3UTENb-
HO 0,5 MOaB/IM>.

PacTBOp COMSIHOM KHUCJIOTHI JIJIS IPOMBIBKH KAIIMJLISIPA.

B crakaH U3 TEPMOCTONWKOTO cTekia nomemanT 100 cM® aucTHmpoBaH-
HOM BOJIbI, 3aT€M MPUIMBAIOT 8 CM> KOHIIEHTPHMPOBAHHOW COJSHON KUCIOTHI U
nepememBaroT. Cpok XpaHEHUs HE OorpaHnyeH. MoJsipHas KOHLIEHTpauus Ipu-
TOTOBJIEHHOTO PacTBOPa MPUOJIU3UTENBHO paBHa 1 Mosb/mm>.

PactBop okcuaa xpoma (VI), monsipaas kounerTpamus 0,05 Mos/am3.

B Mepnyro koa0y BMectuMocThi0 100 cm® momemaror Hasecky 0,500 T
oxcuga xpoma (VI), pacteopsior B 50 - 60 cM> AMCTUIIMPOBAHHON BOJBL, 3aTEM
JOBOJAT 10 METKM IUCTWUIMPOBAHHOW BoAoil. CpOoK XpaHEHUs pacTBOpa B
CTEKJISTHHOM €MKOCTH C IPUTEPTON MPOOKOM MIIM IIOTHO 3aKPBITOM MOJIUATHUIIE-
HOM COCY/I€ HE OIPaHUYEH.

PactBop mmdtranonamumHa (JIDA), wmomsgpHas koHueHrpamus 0,10

MOJIB/IM’.

B MepHy10 K010y BMECTHMOCTEIO 25 cm® momemtaror 0,263 T ausTaHoNa-
MUHA, MPEABAPUTEIIEHO 3aMOPOKEHHOIO 10 KPUCTAJUIMYECKOr0 COCTOSIHUSA, pac-
TBOPSAIOT B AUCTUUIMPOBAHHOM BOJIE€ U JAOBOMST JO METKU JUCTUIIUPOBAHHOM
Booi. CpoK XpaHEHHs] pacTBOpa B MOJUATHICHOBOM MOCYJA€ B YCIOBHUSX, UC-

KITFOYAIOIKUX IMOTJIONICHUEC YTIJTICKHUCIIOrO Irrada nu3 BO3Jiyxa — 1 MCCALI.
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PactBop nerwiarpumerwiiammonus ruapokcuaa (LITA-OH), monsgpHas

xornenrparus 0,010 Mons/ oM.

B MepHyI0 K010y BMECTUMOCTEIO 25 cM>, comepaiyro 4-5 cM® qucTui-
nupoBaHHoM Boabl, nmomemaror 0,75 cm® 10%-moro pacrsopa IITA-OH. Ilo
OKOHYAHHWH PACTBOPEHHUSI 00BEM PacTBOpPa B KOJIOE JTOBOJIAT JO METKH THUCTHUJI-
JMPOBAHHOW BOJIOM U TIIATEIBHO NepememnBaoT. CpoK XpaHEeHUs B IUIACTUKO-
BOM MOCYyJ€ B YCJIOBHSIX, MCKIIOUAIOUIMX MOTJOIMIEHUE YTIEKUCIOro ra3a u3

0
BO3ayxa npu temreparype 4 "C — 6 mecsIieB.

XpoMaTHbIN OVdEPHBIN pacTBOD (BEAVIIIUNA DIIEKTPOJINUT).

B 4uCTBIi CyX0# cTakaH BMECTUMOCTHIO 50 cM® momemaror 2,0 cM® pac-
tBOpa okcuza xpoma (VI), 3,0 cM® JIDA, u 3,0 cM® aucTunmpoBaHHON BOJIBI.
TmaTensHO nepeMeImuBaroT, a 3areM gobasusor 2,0 cvm® LITA-OH. Cpasy no-
CJIe CMEILIEHUsI pacTBOp (PUIBTPYIOT 4Yepe3 MEMOpaHHBIA (QUIBTP, HUCHOIb3YS
MEIUIMHCKUM IINPUL, B TUIACTUKOBYIO MOCYJly C 3aKpbIBAIOIIEHCS KPBIIIKOM.
Bemymmuii snexrponut conepxut 10 mmons/am® xpomara, 30 mmons/am® JIDA u
2 mmons/am® IITA-OH. PacTBop XpaHAT IIPU KOMHATHOM TeMIIepaType M Hc-
MOJIb3YIOT B TeUeHHUE 1 Heaenu.

10.3.2. Iloozomoeka Kanunnapa K pabome.
Kanunnsip nepen paboToit peKoMeHIyeTcsl MPOMBITH IO CJIEAYIOLIEH cXe-
Me:
e 3 MUHYTHI JUCTUJIMPOBAHHON BOJIOM;
® 5 MHHYT pacTBOPOM THAPOKCUA HATPUS;
e 5 MUHYT - JUCTUJUIMPOBAHHOW BOJOM;
e 10 MUHYT — pacCTBOPOM BEIYIIETO JICKTPOJIUTA;

Bce mpoMbIBouHBIE PacTBOPBI COOMPAIOT B CIMBHYIO MPOOUPKY, HE MO-
rpy’asi B He€ BbIXOJHOM KOHEIl Kamujuisipa.

B xonue pabouero [Hs Kanujuisp NPOMBIBAIOT JUCTUIIMPOBAHHOMN BOAOM

10 MUHYT M OCTaBJISIIOT HA HOYb B BOJIE.
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10.3.3. I'padyupoexa cucmemvl KAnUIIAPHO20 Ij1eKmpogopesa.

[lepen rpamyupoBKOil HEOOXOAUMO MPOAHAIM3UPOBATH XOJOCTOM pac-
TBOP, B KA4€CTBE KOTOPOTO CIYXKUT IUCTHJUIMPOBAHHAs BOJA, UCIIOJb30BaHHAs
JUISL TIPUTOTOBJIEHUS! BCIIOMOTATENIBHBIX PAaCTBOPOB M I'PAaJIyMPOBOYHOU CMECH
Nel. IIpuroroBnenue rpagynpoBouHbIx cmeceid NeNe 2-4 mpoBOAAT TONBKO MO-
CJI€ POBEPKU YUCTOTHI JUCTUIIIMPOBAHHON BOJBI.

IIpuroroBjieHre rpaayupoBoYHOM cMecu No |

B MepHy10 K010y BMECTUMOCTBIO 50 cM® momeIarT 1mo 1 cM® pacTBopoB
I'CO cocraBa pacTBOpa XJOPHA- U CYJIb(PaT-nOHOB, 110 2,5 cm® pacteopos I'CO
cocTaBa HHMTpHT-, HUTpAT-, docdar-uonos u 0,5 cm® pactsopa I'CO cocrasa
pactBopa (TOPUI-MOHOB, AOBOJAT 10 METKH TUCTUJUIMPOBAHHOW BOAOW M Iie-
peMeuBaloT. MaccoBasi KOHLIEHTpaIus XJIOPUA- U CYJb()aT-nHOHOB B CMECH CO-
crapiser 200 mr/am°, Hutpar- ¥ HUTPUT-HOHOB 50 Mr/mm°, docdar-uonoB 25
mr/om® 1 propug-uonos 10 mr/mm®. Cpok XpaHEHHUs IPUTOTOBIEHHOTO PACTBO-
pa— 1 mecs.

IlpuroroBsieHne rpaayupoBOYHEIX cMecer NoNo 2 - 4

CocraB cMeceit 1715 TpaJlyupOBKH CUCTEMBbI IpuBeaeH B Taonuie 10.1.

Tabnuma 10.1. CocTaB rpaagyrnpOBOYHBIX CMeCEi

AHHOHLL MaccoBas KOHLIEHTpaLysi, MI/am’

1 2 3 4
XJ1I0pUA-UOHBI 200 100 20 2
Hutpurt-nonsl 50 25 5 0,5
CynbdaT-noHbI 200 100 20 2
HwuTpaT-uonsl 50 25 5 0,5
DTOPUI-UOHBI 10 5 1 0,1
dochaT-noHbI 25 12,5 2,5 0,25

J{1s1 mpUroTOBJIEHUS TPAAYUPOBOYHOM cMech Ne 2 B UMCThIN CyXOH COCY]I
C IUIOTHO 3aBUHYMBAOIIENCS KPHILIKOH 00beMOM He MeHee 10 cM® nomernaror 5
cM® rpaxyupoBouHoil cMecu Ne 1 ¥ 5 ¢M® JMCTUILIMPOBAHHON BOJBI U HIEPEME-

muBaroT. Cpok XpaHeHHUs pacTBopa — 2 Heneu. JJist MpuroToBiaeHUe rpayupo-
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BOYHOM cMecu Ne 3 B MEpHYIO KOJIOY BMECTUMOCTBIO 25 ¢M® moMemmaror 2,5 cm’
rpagyupoBoyHOM cmecu Ne 1, mOBOJIAT 4O METKH NUCTUIIJIMPOBAHHOM BOJAOW U
nepeMemnBaroT. Cpok XpaHeHusi pactBopa — | Hemens. [{ins mpuUroToBICHUS
rpasyupoBOYHOil cMecH Ne 4 B MepHYIO KOOy BMECTUMOCTEBIO 25 ¢M® momena-
10T 2,5 cM® rpagyupoBo4HON cMecH Ne 3, TOBOIAT 0 METKU JUCTHJUIMPOBAH-
HOM Bogoil. Cpok XxpaHeHus pacTBopa — | JIeHb.

[TocTpoeHue rpalyupOBOYHOM 3aBUCUMOCTHU

JIJiss IpOBEIeHUS TPAJyUPOBKH CHCTEMBI aHATM3UPYIOT TPATyHPOBOYHbBIE
CMECH PETUCTPUPYS MO JIBE dMEKTPO(OoperpaMMbl KaKI0ro pacTBopa. PexomeH-
JyeMble YCJOBHS aHaim3a mpeacTtaBieHsl B Tabmuie 10.2. B tabmume 10.3
NPEJCTaBICHa CXeMa PEKOMEHIYEeMOW YCTaHOBKH MPOOUPOK B KapyCeIbHBIN
OapabaH aBTOCEMILIIEpA.

Tabnuna 10.2. YcnoBus ananu3a rpagyupOBOYHBIX PACTBOPOB

OnpenensieMble KOMIOHEHTBI X70put-, HUTPHT-, CYyIb(paT-, HUTpAT-,
dbropua-, pochar-nuoHBI
Monaudukanusi CHCTEMBI 104, 104T
«Kanenpy»
JIsmMHa BOJTHBI, HM 254
BBoa npoOb1 30 mbap, 10 ¢
Harmpsixenue, kB Munyc 17
Temneparypa, °C 20 °C
OpHueHTUPOBOYHOE BpEMsI 7
aHanM3a, MUH

Tabmuma 10.3.

[Ipumep ycTaHOBKH MPOOUPOK C paCTBOPAMHU B KapycCesu aBTOCEMILIepa

Howmep Bxonnas xapycenn Brixonnas kapyceinb
pOOUPKHU
1 AHaIM3UPyEeMbIi PacTBOP
2
3
4
5
6 PactBOp comnsaHoM KUCHOTHI 1
MOJIB/ M
7 Bopna nuctuimupoBaHHast Bona nuctunnupoBaHHast
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PactBop rugpokcuaa narpus 0,5

8 MO/ M CnuBHas mpobupka

9 Benymmii s5ekTpoaut st npo- | Bexymmit 351eKTposnT 1uis po-
MBIBKM KallWJuisipa MBIBKH KaIWJIAPA

10 Benymnii 351eKTpoauT Ui aHa- | Bexymmi 3JIeKTpOJIAT 1S aHa-

JHn3a

JIh3a

I[I/IaHaBOH IMOCTPOCHUA Fp&I[}WIpOBO‘IHOfI 3aBUCHUMOCTH COCTaBJIACT OJIA

XJIOpHA- U CYib(PaT-uoHoB 0,5 - 200 Mr/am’, Uit HATPUT- ¥ HUTPAT-uOHOB 0,2 -

50 mr/nm?, mg gpocdar - nonos 0,25 — 25 mr/nm® u qius ropua-uonos 0,1 - 10

Mr/am>.

B tabnune 10.4 mpencraBieHa mporpaMma aHaimu3a Il MOAM(PUKAIIAIA

IIpHU UCITIOJIB30BaHNH PCKOMCHJOBAHHBIX ITAPaMETPOB U CXEMbBI YCTAHOBKHU IIPO-

OUpOK B aBTOCEMILIEpE.

Ta6muma 10.4. ITpumep nporpaMmsl aHanuza a1t Mmoaudukarui «Kanenb-

104/104T»
Howmep | Kox one- YcnoBus Copeprxanue mara
mara paruu
YcraHoBka Ha BXO/i€ MPOOUPKH ¢ pado-
1 4 Ne9
yuM OydepoM sl IPOMBIBKU
) 7 No3 VYcraHoBKa Ha BBIXO/1€ IPOOUPKH JIJIsSt
CJIMBA B OMYILIEHHOM COCTOSIHUU
3 1 10 ¢ [IpombIBKa KanmuJuIsipa BEAYLIUM 3JIEK-
TPOJIMTOM TEPE]l aHATU30M
VYcraHoBKa Ha BBIXO0JI€ B pab0OUyIo TO-
4 5 NelO sururo pooupku NelO ¢ pabounm Oy-
(dbepHBIM pacTBOPOM
YcraHoBka Ha BXOji€ B pabodyto MO3HU-
5 4 Nel 1uto mpooupku Nel ¢ aHamU3UpyeMbIM
pacTBOpOM
6 2 30 mbap, 10 ¢ BBoa npoOb1
VYcraHoBKa Ha BXojie B pabouyto MMo3u-
7 4 NelO ruto mpooupku Nel0 ¢ pabouum Oydep-
HBIM PaCTBOPOM
2 3 0 mOap, MuHYyC YcraHoBKa mapaMeTpoB ¥ BPEMEHH
17 kB, 7 mun OKOHYaHUS aHAIn3a
VYcraHoBka Ha BXOj€ MPOOUPKH ¢ pado-
9 4 Ne9
quM OydhepoM 1J1sl IPOMBIBKU
10 7 Ne3 YcTaHOBKA Ha BBIXOJIE TPOOUPKH JJIsI
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| | CJIMBa B ONIYIICHHOM COCTOSHHWH

11 1 180 ¢ HpOMBIBKa Kalmujyrsipa BEAYIIHUM 3JICK-
TPOJIMTOM ITOCJIC aHAJIM3a

¥YcranoBka npobupku ¢ OydepHbIM pac-
12 5 Ne9 TBOPOM Ha BBIXOJHOM KOHIIE KalMJLIIpa
B MOJIHATOM TOJIOXKEHUH

HenocpencTBeHHO mepe]] aHAJIM30M BCE PacTBOPHI JETa3UpYIOT LIEHTPU-
¢yrupoBanueM (ckopocth Bpamienus 5000 o6/muH, Bpemst 5 muHn). [Ipumep

ANEeKTpo(operpaMmMbl TpayHpOBOYHOIO PACTBOPA MPHUBEIEH Ha pucyHke 10.2.

67 mAU 3

W

~

Pucynox 10.2. [Ipumep snekmpoghopecpammuvi epadyuposournozo pacmeopa Ne2.
1 —xnopuo, 2 — numpum, 3 — cynegham, 4 — numpam, 5 — pmopuo, 6 — pocgham, 7 — euopo-
Kapoonam.
Ha nmomydeHHbIX smekTpodoperpaMmax MpoBEPSIOT MPaBHIBHOCTh aBTO-

MaTHYECKON Pa3METKH MUKOB U, €CIIM HEOOXOIMMO, KOPPEKTUPYIOT €€, yAAISIOT
nuiaue nuku. [Ipu ucnone3zoBanuu 110 «MynbTuXpom» peKOMEHyeTCs yCTa-
HAaBJIMBATh CICIYIONIUE MAPAMETPHI CIIIAKUBAHUS:

e BBIOPOCHI — BKIIIOUEHO;

e MeIHMaHa — 2;

e rayccuaHa — 3.
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HeoOxonqumMo NpUMEHATh OJUMHAKOBBIE NapaMeTpbl CIVIAKUBAaHUS IS
JAHHBIX, MOJYYEHHBIX IMPU MOCTPOCHUM TI'PATyUPOBOYHON XapaKTEPUCTHKUA U
npu aHanu3se npo6. OunpTpanys UIyMOB U3MEHSET UCXOAHBIE JAHHBIE, [I0ITOMY
HE PEKOMEHJIYETCsl UCIOJIb30BaTh 0€3 He0OXOAUMOCTH OOJIbIINE 3HAUYEHUS Me-
JMaHBl U FayCCHAHBI.

Hanee 00pabaThIBaIOT IEKTPOPOpErpaMMBbl COTIACHO MPOLEAype Tpaay-
UPOBKU B COOTBETCTBUU C PyKOBOJCTBOM MOJIb30BATENs MPOrpaMMHOTO oOec-
nevyeHus «MynbTuXpom» WM APYroro mporpaMMHOrO OOECHeueHus, UCIIOINb-
3yeMoro JJisi coopa u 00pabOTKH JIaHHBIX.

IIpoBepsArOT NPUEMIEMOCTh IOIYYEHHOW TI'PagyHMpPOBOYHOM XapaKTEpH-
cTUKH. ['panynpoBoYHass XapakTEpUCTUKA INPU3HACTCS NPUEMIIEMON IPU BHI-
IIOJIHEHHH CIIEAYIOIINX yCIOBUN:

e KOXPPUIMEHT KOPPENALMH, PACCUMTAHHBIM IPOrpaMMOM, MpPEBbIIIAET

0,99;

e mpu ucnoibzoBaHuu I[10 «MynpTuXpom» 3HAYEHHUE OTHOCUTEIBHOTO

CKO He npessimaet 5%.

B nmpoTHBHOM ciy4yae HaXOZAT U YCTPAHSIOT NPUYMHBI HEYJIOBIETBOPHU-
TEJIBHBIX PE3YJIBTATOB, IIOCIJIE YEro I'PalyupOBKY CUCTEMBI IOBTOPSIIOT.

10.3.4. Bvinoainenue usmepenuii.

Paboty ¢ nmpobamu HEOOXOAMMO HA4YMHATH MOCJE MPOBEAEHUS Ipaiyu-
POBKH CHCTEMBI UM TIOCIIE MTPOBEPKU CTAOMIBHOCTH TPAAyHUPOBOYHOMN XapaKTe-
PUCTHKHU.

[loaroroBka HDO6I>I K aHaJIN3y

Anamuzupyemyo npo0y (He menee 100 cm®) GpuibTpyroT uepes Cyxoi
(GUIBTP «CHHSS JIEHTa» B CYXYIO MOCYAY, 00s13aTeIbHO 0TOpachiBas nepsble 25
cm® unbtpara. Iposepsor pH mpoObl MU MOMOIIM YHUBEPCATLHONU HHIMKA-
TopHOU Oymaru. Eciu 3nauenne pH npoObl HaxoguTcs B Auamna3one ot 5 10 9,
TO €€ aHAJIM3HUPYIOT Jasee.

HM3MepeHne MacCoBOM KOHIIEHTpAIMM aHHOHOB
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B cyxyio ogHOpa3oByo npoOUpKy TUMa DMeHa0pd ¢ MOMONIbIO MUIle-
TOYHOrO Jo3aropa nomemaror 0,5 — 1,0 ¢cM® moAroToBIEHHON NPOOLI, LEHTPH-
¢byrupytor B TedyeHue 5 MuHyT npu 5000 00/MUH U aHATM3UPYIOT B YCIOBUSX,
yKa3aHHBIX B TaOu. 12.2. PeructpupyioT He MeHee ABYX 3JIeKTpodoperpamm
MOJrOTOBJICHHON TpoObl. [0 OKOHUaHUMIO aHaiIM3a MPOBEPSIOT MPABUIBLHOCTH
aBTOMATHUYECKOM pa3MeTKH IMHUKOB, YJAJSAIOT JIMIIHUE NHUKU. Mcnons3ys mpo-
rpaMMHOE oOecrieueHune, MPOBOAAT UACHTH(PHUKAIIUIO KOMIOHEHTOB B Mpo0e 1Mo
COBIMAJICHUIO BPEMEH MUIPALIMA KOMIIOHEHTOB B MPOOE M KOHTPOJIBHON CMecH
IpU MIUPUHE OKHA UACHTHpUKamu S5 %o.

Ecnu ananusupyemble KOMIIOHEHTHI OOHApY’>KEHBI, TO OINPEACNAIOT HX
MaCCOBYIO KOHIEHTpPAIMIO C MCIOJIb30BAHUEM I'PayMpPOBOYHON 3aBUCHUMOCTH.
Ecnu n3aMepenHblie 3Hau€HUs: MAaCCOBOM KOHIIEHTPALIUU OJHOTO WJIM HECKOJIBKUX
KOMIIOHEHTOB IMPEBBIIAIOT BEPXHUNA MpeJIell Truana3oHa JMHEHHOCTH Tpagyupo-
BOYHOW XapaKTEPUCTUKHU, TO HEOOXOAUMO JOMOJHUTENBHO pa30aBUTh aHAIU3U-
pYEMbIil pacTBOp AUCTUIUIMPOBAHHOW BOAOM Tak, 4TOOBI MaccoBasi KOHLIEHTpPa-
1Sl KOMIIOHEHTa B pa30aBiIeHHON Mpo0e HAXOAWIACh B CEPEIUHE HTOTO Juarna-
30Ha, U MOBTOPUTH aHanu3. Koadduiment pazdasienus O B 3TOM cliyyae Bbl-
YUCIISIIOT TI0 popMmyIie:

Q=V.V,, (10.4)
rae Vi - 00beM Konbbl, cm’; V, - 00beM aluKBOTHI IPOOLI, CM>.
10.3.5. Oopabomka pe3yromamos uzmepeHuil.

C nomol1ipl0 MporpaMMHOTO obecniedeHus: POPMUPYIOT OTUYET C YKa3aHU-
€M MacCOBOW KOHIEHTpALMU OMpEeNesieMbIX KOMIIOHEHTOB, BBIPQ)KCHHON B
mr/nv>. Eciu pas6asinenue nmpoOsl He OBUIO yYTEHO IPOrPAMMHO, TO MACCOBYIO
KOHLIEHTPAIMIO KOMIIOHEHTOB B ITP00€ BHIYHUCIISAIOT 1O (popmyie:

X = Xiyau X Q (105)
rae X — MaccoBasi KOHILEHTPALKA KOMIIOHEHTOB B IIpo0e, MI/am’;
Xyusw — CpeIHEE apuPMETHIECKOE U3MEPEHHBIX 3HAUYEHHI MAaCCOBOM KOHIIEHTpa-

LIMU COOTBETCTBYIOMIETO KOMIIOHEHTA, MI/IM’;
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POOBL.

Pesynbrar u3mepeHus 1oJKeH ObITh IPEICTaBIICH B BUE: X £ A, mr/nm>,

P = 0,95, rae X - pe3ynbTaT H3MEpEHHH, MI/aIM>, A - MOKa3aTelb TOYHOCTH Me-

TOJUKH, MI/IM:

3HadyeHue O JJIs1 KaKJI0ro KOMIIOHEHTa npuBeeHo B Tadmuie 10.5.

A=0,01 xdxX

(10.6)

Tabnuma 10.5. Anana3on u3MepeHuil 1 3HaUE€HUS TOKa3aTeNsi TOYHOCTH METO-

TUKU

Jlnara3oH u3MepeHun, MT/ M

‘ IToka3zaTenb TOYHOCTH METOAMKU £ A, %

XJOpUA-UOHBI

ot 0,5 1o 5,0 BKJI. 24

cebie 5,0 no 20000 Bk. 10
CynbdaT-HOHBI

ot 0,5 1o 5,0 BxI. 20

ceoimie 5,0 7o 20000 Bk1. 10

Hutpar- 1 HUTPUT-HOHBI

ot 0,2 1o 0,5 BKII. 28

ceeire 0,5 1o 5,0 B 20

ceeire 5,0 7o 100,0 BxI. 10
dochar-uoHbI

ot 0,25 mo 2,0 BKI. 20

cepiie 2,0 7o 100,0 Bx1. 10
DTOPHUA-NOHBI

ot 0,1 1o 0,5 BKJI. 18

ceeire 0,5 7o 1,0 B 14

ceeimie 1,0 7o 25,0 BxI. 10
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JIABOPATOPHASA PABOTA Ne 11. Onpenesienue cogepkaHusi KATUOHOB

B BOJIle MeTO/I0M KANMJLJISIPHOTO 3JeKTpodope3a

Beeoenue

Jlnis onpeaeneHus KATHOHOB MCTIOJIB3YIOT HCTOYHUK BBICOKOTO HAIpshKe-
HUS TOJIOKUTEIFHON MOJSPHOCTH. JTO TaK Ha3blBaeMas KjaccH4yeckKas CXema,
KOTOpas MoApa3syMeBaeT, 4TO JETEKTOp HaxoauTcs: BOmu3u katonaa u DOII nBu-
KETCs OT aHOJa K KaToay. B aToM ciydae KaTHOHBI OyIyT IBUTaThCS K KaTOAy B
TOM ke HampaBieHuu, 4yto u J0II, Ho ObIcTpee Hero.

YroObl 3aperucTpupoBaTh MHKH KATHOHOB, NMPUMEHSIOT KOCBEHHOE JIe-
TEKTUPOBAHUE: B COCTaB BEAYLIETO 3JIEKTPOJIUTA BBOAAT MOTJIOMIAIONINI KaTHOH
oensumuaasona (bUA) B konnentpanuu 0,01 M, xotopas oGecrnieunBaeT HE0O-
XOJMMYIO ONTHYECKYIO MJIOTHOCTh MCXOMHOTO pacTBopa. Ilpum pasmeneHun ka-
THOHBI TIPOOBI SKBUBAJICHTHO 3aMEIAI0T B PACTBOPE KaTHOH OEH3MMMIA30JIHUA,
YTO MPUBOIUT K CHUKCHHUIO ONITUYECKON MIIOTHOCTH B 30HE KaX/I0TO KATHOHHO-
ro KOMIIOHEHTA.

bensumunazon B BOMHOM pacTBope siBisieTcs ciaaObiM ocHoBaHueM, (pKa
= 5,8). D10 o3Hauaet, uro npu pH 5,8 B pacTBOpe B paBHBIX KOHIIEHTPAIUIX
HAXOMATCSI MOJIEKYJIIpHasi U KaTHOHHas (Gopmbl OeH3umuaaszona, a mpu pH 4,8
KOHIIEHTpaIusi KaTHOHHOM Gopmbl B 10 pa3 mpeBbIIacT KOHIICHTPAIUO (HopMbI
MoJeKysipHO#. Tak Kak Jyisi S5KBUBaJCHTHOTO OOMEHa KaTHOHOB HEOOXOAMMO,
9TOOBI KOHIEHTpaLusl KaTuoHHON opmMbl BUA B snexkTponuTe Obliia Kak MOXKHO
OobIle, IEKTPOIUT JOJDKEH OBITh clabokucibiM. OMHAKO B TaKOM Ciydae
pe3ko ymenbinaercst ckopocts DOII, a Taxke Bo3pacTaeT 001as KOHIEHTPALUs
3JIEKTPOJINTA, YTO MPUBOAUT K BO3PACTAHUIO TOKA B Kanwiuisape. Begymiuii anek-
TPOJIMT TOTOBAT Ha OCHOBE BMHHOW KHCIIOTHI, aHHOHBI KOTOPOH 00Ja/1at0T Ma-
JIOW MOABMKHOCTBIO U, CJIEIOBATENIbHO, YBEITMUUBAIOT COIIPOTUBIICHUE 3JIEKTPO-

JHUTa, a COOTHOIICHUC KHCJIOTBI 1 OCHOBAaHUA HO,Z[6I/IpaIOT TaKk, YTOOBI OBLI J0-
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CTUTHYT HEOOXOJIMMBIN KOMIPOMHUCC MEXIY BPEMEHEM aHajin3a U BEJIIMYUHOM
TOKA.

[Ipu snexkrpodope3e KaTUOHBI PETUCTPUPYIOTCS B MOCIIEIO0BATEIHHOCTH,
KOTOpasi ONpeleNsieTcss X 3IeKTPOPOPETUUECKON MOABUKHOCTHIO. [lepBhiMU
MUTPHUPYIOT TTUKH aMMOHHS U Kamusi. VX snexkrpodopeTnyeckne moaBUKHOCTH
OJIMHAKOBBI, MOATOMY 0€3 CHelMalbHBIX MEP OHHM BBIXOASAT OJHUM OOIIMM IH-
koM. J[J1s pa3aeneHns aMMOHUS U Kajusl B COCTAaB BEAYILEro 3JIEKTPOJIUTA BBO-
JST crenraibHyo 100aBky 18-kpayH-6, SBISIOMIETOCS MaKPOLUKIOM C THAPO-
(GUIBbHON BHYTPEHHEH MOJIOCTHIO, pa3Mep KOTOPOl 0O4eHb OJIM30K pa3Mepy MOH-
HOTO pajnyca MOHa Kanus. B pesynbrare 00pa3yroTcsi KOMIUIEKCH BKIIOUCHUS
M0 TUITY «TOCTb»—«XO03UH», T[I€ «TOCTEM» SIBIISIIOTCA KaTUOHBI KaJIUs, a «X035-
MHOM» — MOJIEKYJIbl KpayH-3(upa, B OCHOBE TaKOIro KOMILIEKCOOOpa30BaHMUS
JeKaT MOH-IUIIOJIbHBIE B3aUMOICHCTBUS KaTUOHA KaJIMA C aTOMaMM KHCJIOpOJa
(puc. 6). bnarogaps 00pa3oBaHUI0 KOMILUIEKCA BKJIIOYEHHS MOABUKHOCTh MOHOB

KaJInsl CHUKAETCS], @ IOJIBUXKHOCTD JIPYTUX MOHOB OCTaeTcs 0€3 N3MEHEHUI.
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Puc. 11.1 I'paghuueckasn cpopmyna xomniexca kamuona kaus ¢ 18-xkpayn-6

[Ipy BBICOKMX KOHIICHTpAIMSIX MarHus, JUTHH MOXKET TonajgaTh Ha
«XBOCT» IWKA MarHusi, 3TO CYIIECTBEHHO 3aTPYIHSICT Pa3METKy M IPUBOIMT K
omuOKaM B KOJMYECTBEHHBIX pacueTax. J[is ycTpaHeHus naHHOTO 3¢¢ekra B
cocTtaBe Oy(QepHOTro pacTBOpa YBEIMYMBAOT KOHIIEHTPAITUIO BUHHOW KHCJIOTHI,
KOTOpast yKe MPU HU3KUX KOHIICHTPAIUSIX 00pa3yeT ¢ IBYXBaJICHTHBIMU KaTHO-
HaMHU B CJIA0OKHUCIION cpejie OHO3apsIHbIe KOMIUICKCHBIC KaTHOHBI. WX To-

ABUKHOCTH CYHICCTBCHHO OTIMYAKOTCA OT HOI[BH)KHOCTGﬁ CBO6OI[HBIX ABYyX3a-
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PAIHBIX KaTUOHOB, Onarogapsi 4emy UIEJIOYHO-3€MENIbHbIE KaTUOHBI BBIXOJST
nocyie utusa. Hanbomee pe3ko u3MeHseTcs TOBEACHUE KBNS, KOTOPBIA B OT-
CYTCTBHE BUHHOW KHCIOTHI BBIXOJUT MEXIYy HATPUEM M JIMTHEM MEPBbIM W3
JIBYXBAJICHTHBIX KaTUOHOB, a B €€ MPUCYTCTBUHU BBIXOJUT MOCJIEIHUM MOCTE MH-
Ka Oapwusi.

11.1. I]enb pabomur:

N3MepeHne MaccoBbIX KOHIEHTpAlUid KAaTHOHOB aMMOHMS, Kajus,
HATPUS, JUTHS, MarHus, CTPOHIIUS, Oapus W KaJblldsi B BOJE METOJOM KaITwJi-
JISIPHOTO 3JIEKTpodopesa.

11.2. Oovexmot u cpedcmea ucciedo8anus.

1. Cucrtema kanuuisipHoro siekTpodopesa «Kanenb» ¢ oTpuiiatenbHol mo-
JSIPHOCTBIO HMCTOYHHMKA BBICOKOTO HAIpPSKEHUS (BHYTPEHHUN IHUaMETp
Kamwisipa 75 MKM, TIOJTHAs JuiiHa Kamwnisipa 60 cM, agdekTuBHAs 1TU-
Ha 50 cMm), OCHallleHHasl ClIEUAIN3MPOBAHHBIM IPOrPAMMHBIM o0ecrieye-
HUEM Ha OCHOBE IEPCOHAIBHOI0 KOMIIbIOTEPA

2. Becnl nabopaTopHbIe CTIEIMAIBHOTO KJIACCa TOYHOCTH € IIEHOW HaUMEHb-
uiero Aenenus He Oosee 0,1 Mr, HAUOOJIBIIUM MPEEIOM B3BEIIUBAHUS HE
oonee 210 r

3. Konbsl MepHBIE 00BeMOM 25, 50 u 100 cm®

4. IluneTtku rpagyupoBaHHbIE 2-r0 Kjacca

5. Mukpomo3aTopsl ¢ nepeMeHHbM 00beMoM 10-100 mm®, 100 —1000 MM,
1000-5000 mM® 1 mpezesioM IOMyCKaeMOl MOTPEIHOCTH U3MEPEHHS He
6onee 2 %

6. pH-meTp naGopaTopHbIii

7. Lentpudyra naboparopHas ¢ yactoroi BpameHus He meHee 5000 o6opo-
TOB B MUHYTY

8. IIpobupku oxHOpaszosbie (Tuna drmnenaopd) BMECTUMOCTEIO 1,5 cm?

9. T'ocynapcTBeHHbBIE CTaHIAPTHBIE 00PA3IIbl COCTaBa PACTBOPOB KATHOHOB

10.Bosa nuctuiimpoBaHHas
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11.BunHas kuciiora, 6e3BoHas, 4.7.4.

12.ben3umugason, 4.

13.18-KpayH-6, uMNopTHbI

14.I'uapokcua HATpUs, X.4.

15.ConsHast KHCa0Ta, X.4.
11.3. Ilpocpamma pabomeol.
11.3.1. Ilpuzomoenenue pacmeopoe

Bce pacTBOpBI TOTOBSAT Ha CBEXEW AUCTWUIMPOBAHHOW BOJIE, COOTBET-

ctBytomeit 'OCT 6709-72.

PaCTBOD T'MAPOKCHAA HATPHUA AJIA IIPOMBIBKHM KAaITHUJLJISIPA.

B cTakaH U3 TepMOCTOMKOro cTekna nomemaor 0,4 r ruApoOKCHIa HATpUs
1 pactBopstoT B 100 cM® quctuanuposanHoii Boabl. Cpok XpaHEHHs B COCY/IE M3
IOIMATUIICHA - 6 MecsneB. MoJspHas KOHLEHTPALKs PacTBOPa MPUOIU3HUTENb-
HO 0,1 Monb/om>.

PacTBOp CONIHON KHUCIOTHI JUII MPOMBIBKH KaWJLISAPA.

B crakan u3 TepMOCTOMKOro crekia momemaror 100 cm® qucTuimposan-
HOM BOJBI, 3aT€M IIPUIMBAIOT 8 CM> KOHLEHTPHMPOBAHHON COJISHOM KUCIIOTBI U
nepeMenBaroT. Cpok XpaHEHHUs HE OorpaHrueH. MoJispHasi KOHLIEHTPALUS TIPU-
TOTOBJIEHHOTO PACTBOPA IPUOJIU3UTENLHO paBHa 1 Mo/ mv>.

PactBOp cMecn OeH3MMMIa301a U BUHHOM KHUCJIOTHI, MOJISIDHAS KOHIIEH-

tpamus 40 MmMois/am> 1 10 MMOIB/IM’, COOTBETCTBEHHO.

B mepHyro ko0i0y BMectuMocThi0 100 cm® momemaror Hasecky 0,472 T
6ensuMuaszona u 0,15 r BUHHOM KHCIOTBI, JOOABIAIOT MPUOIU3UTENRHO 50 cM?
BOJIbI, BBIICP)KMBAIOT Ha KUISIIEH BOASHON OaHe A0 MOJIHOIO pPacTBOPEHUS.
OxJtaxJaroT pacTBOp JO KOMHATHOM TEMIIEpaTyphl, 3aTEM JOBOIAT A0 METKH
JUCTWIJIMPOBAHHOM BOJOM M TUIATEIBHO IEepeMemuBaroT. [IpuroroBneHHbIN

40 /nm® 6 10 /mm? 7
pacTBOp COAECPIKUT MMOJIB/AM° OEH3MMHAA30J1a U MMOJIb/AM° BHUHHOU
KHCIIOThL. CpOK XpaHEeHHsI pacTBopa - 6 MeCsLEB.

PactBop 18-kpayHa-6, MoJispHAast KOHIeHTparus 10 MMoJIE/am>
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B mepHy1o konby BMecTHMOCTEIO 50 cM® momemaror 0,132 r 18kpayna-6,
pPacTBOPSIOT B TUCTWUIMPOBAHHON BOJE U Pa30aBiSIOT JUCTHILIUPOBAHHOU BO-
1ot 1o meTku. CpoK XpaHEeHHs pacTBOpa B XOJOAWIbHUKE - 6 MecsieB. Mcxon-
HBIN peakTuB 18-kpayH-6 HEOOXOAUMO XPAHUTh B XOJIOJUIbHUKE.

Pabounii OydepHsblil pacTBOD (BEAVIIIUN JIEKTPOINUT)

B cyxom cocyze cMemuBarT 5,0 cM® pacTBOpa cMecH GEeH3UMUIA30/1a 1
BMHHOU KUCIIOTHI, 2,0 cM® pactBopa 18-kpayHa-6 u 3,0 cM® IUCTHILIMPOBAHHOM
Boabl. Cpa3y mociie CMEUIMBaHUS pacTBOp (UIBTPYIOT yepe3 ULEIUTI0I03HO-
aleTaTHbId (PUIBTP B CyXOH COCYJ C 3aBHHUMBAIOIICHCS KpbITKOW. [IpUroToB-
JIEHHBIN pacTBOp comepkuT 20 MMOIL/AM® GEH3UMHUAA3071a, 5 MMOJIL/IM® BHH-
HOM KucnoTel ¥ 2,0 Mmous/nm° 18-kpayna-6. Cpok XpaHeHus: pacTBopa - 1 He-
TS
11.3.2. Iloozomoeka Kanuanapa K pabome.

Kanunnsip nepen paboToit peKOMEHyeTCsl POMBITH MO CIEAYIOIIEH CXeMe:
e 3 MUHYTHI JUCTUUIMPOBAHHOUN BOAO;
e 5 MHUHYT pacTBOPOM TMAPOKCHA HATPHUS;
e 5 MUHYT - JUCTUJUIMPOBAHHOW BOJOM;
e 10 MUHYT — pacTBOPOM BEAYIIIETO JICKTPOJIUTA;

Bce npombiBoUHBIE pacTBOPBI COOMPAIOT B CIUBHYIO MPOOMPKY, HE TO-
TpyXasi B He€ BBIXOJHOW KOHEI Kamwuisipa. B koHIle pabodero mHS Kamujuisap
MIPOMBIBAIOT IUCTUJUIMPOBAHHOM BOOK 10 MUHYT M OCTaBJISAIOT HA HOYb B BOJE.
11.3.3. I'padyuposka cucmemuvl KANUIIAPHO20 IeKmpoghopesa.

['0TOBAT IrpalyupOBOYHBIE PACTBOPHI.

PacTBOp cMecH MOHOB JIMTHSI MAacCOBOM KOHILICHTpALMU 40 MI‘/,I[M3 u Oa-

pust MaccoBoii kormeuTpamuu 200 mr/ove.

B MmepHyro koi6y BMecTUMOCTBIO 25 cm® momemaror 1,0 cM® pactBopa
I'CO cocraBa pacTBopa noHOB jutus 1 5,0 cm® pactBopa I'CO cocTaBa pacTBo-
pa UOHOB Oapusi, TOBOASIT IO METKH JUCTHUJUIMPOBAHHON BOJOW M TEPEMEIIn-

BatoT. CpoKk XpaHEHUsi pacTBOpa B XOJoAUJbHUKE - 3 Mecsma. Crnenyer oOpa-
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11aTh BHUMaHKE Ha TO, YTO MPU MPUTOTOBJIIEHUH PACTBOPA CMECH MOHOB JIUTHSI U
Oapus HEIOMYCTHMO BBITIAJICHUE OCAJIKa, CBUACTEIIHCTBYIOIIETO O HAJIUYHH
cynbdat-uoHoB B coctaBe ['CO nutus. B aToM ciiyyae HEOOXOIUMO HUCTIOIB30-
BaTh CTaHJAPTHBIA 00pasel], He coepKaluil Cylb(aT-uoHOB.

I'pagyupoBouHslii pacTtBop Nel

B MepHyto kon0y BMectuMocThio 100 em® momemaror o 5,0 em® I'CO co-
CTaBa PacTBOPa MOHOB aMMOHMS, Kajiusl, Hatpus, Kanbuus, 2,5 cm® T'CO cocrasa
pPacTBOpPa MOHOB MArHus U CTPOHIMs, 5,0 cM® pacTBOpa CMECH UOHOB IMTHS U
Oapus, TOBOASAT 10 METKH JUCTWIJIMPOBAHHOW BOJOM U mepemennBaroT. Cpok
XpaHEHHUs pacTBOPa B XOJIOJIUIBHUKE - 3 MECHIIA.

I'pagynpoBoYHBINA pacTBOP No2

B MepHyI0 K00y BMECTUMOCTBLIO 50 cM® momemmaror 5,0 cM® rpaxyupo-
BOYHOTO pactBopa Nel, TOBOIAT 1O METKM IHUCTWIIMPOBAHHOW BOJOW M TUIA-
TEJIBHO NepeMelnBaroT. CpOK XpaHEHUs paCTBOPA B XOJOAMIIBHUKE - 3 HENIEIIN.

I'pagynpoBouHbIi pacTBOp Ne3

B MepHy0 K010y BMecTHMOCTHIO 50 ¢M® momemaror 5,0 cm® rpamyupo-
BOYHOTO pacTBopa Ne2, NMOBOAST JO METKH JUCTHILIMPOBAHHOW BOAOW M TIIA-
TeJIbHO NepeMennBatoT. CpoK XpaHEHUS! pacTBOpa B XOJIOAWIBHUKE - 1 Henensl.

3HaueHHUsT MAcCCOBOM KOHIEHTpAlMd KOMIIOHEHTOB B TPaIyHMPOBOYHBIX
pacTBopax mpuBeAeHbI B Ta0auIe 11.1.

Tabmuma 11.1. CoctaB rpagynpoBOYHBIX pAaCTBOPOB

MaccoBasi KOHLEHTpanusl, Mr/m>
Karnon ['paiynpoBOYHBIE PACTBOPHI
1 2 3
AMMoHHI 50 5 0,5
Kammit 50 5 0,5
Harpuii 50 5 0,5
JIntuii 2 0,2 0,02
Maruwni 25 2,5 0,25
CtpoHIui 25 2,5 0,25
bapuii 10 | 0,1
Kanenwit 50 5 0,5
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[IocTpoeHue rpalyupOBOYHOM 3aBUCUMOCTHU

[lepen mocTpoeHneM rpaJlyHpOBOYHBIX 3aBUCUMOCTEH HEOOXOAMMO MpO-
aHaJIM3UPOBATh XOJIOCTOM PacTBOP, B KAYECTBE KOTOPOTO CIYKHUT AUCTUILIUPO-
BaHHasl BOJIa, UCIOJIb30BaHHAs ISl IPUTOTOBJIEHUSI BCTIOMOTaTeNIbHbIX U TPpaay-
MUPOBOYHBIX pacTBOPOB. Ilocie moaAroToBky Kanwuisipa K paboTe perucTpupyroT
10 OJIHOM 3eKTpodoperpaMme rpagyupoBOYHOrO pactBopa Ne3 u TUCTUILIUPO-
BaHHOM BOJIbI B yCIIOBUSIX, yKa3aHHBIX B Ta0m.11.1.

Ha snexrpodoperpamme cmecu Noe3 momkHBI (UKCHPOBATHCS MHUHHUMYM
IIECTh MUKOB (0€3 MuTus U 6apus), MakcuMyM BoceMb. Eciu Ha anexktpodope-
rpaMMe He HaOJII0AA0TCsl MUKU MUHOPHBIX KOMIOHEHTOB (JMTHUSA WX Oapws),
TO YyBCTBUTEJIBHOCTU MPUOOpPA HENOCTATOYHO AJII PETUCTPALIMH ITUX IMUKOB 10
UCITIOJIb3yeMOW CXeMe aHaIu3a.

KauecTBO AUCTHIITMPOBAHHONW BOJBI MPHU3HACTCS YIOBIECTBOPUTEIbHBIM,
€CJIN:

e Ha 3yekTpodoperpaMme AUCTUIIIMPOBAHHONW BOJbI HE HAOMIOAAETCS IO-
JIOKUTENIbHBIX MHKOB MPUMECEH, COBMAJAIONINX 10 BPEMEHU MUTPALIMHU C
onpeaeasieMbIMU HOHAMH,

e Ha snekTpodoperpaMMe JUCTUILUIMPOBAHHOM BOJBI HAOIIOJAIOTCS IMOJO-
KUTENIbHbIE MHUKH TPUMECEH, COBMAJAIOIINe MO0 BPEMEHH MUTPALUU C
onpeaesieMbIMU HOHAMU U WX BBICOTHI HE MpeBbIaOT 20% OT BBICOT
COOTBETCTBYIOIINUX MUKOB IPalyHpOBOYHOTO pacTBopa Ne3.

Ecnu BBICOTHI TMKOB MpUMECEl B X0J0CTOM Ipobe coctaBiisitoT Oomnee 20
% OT BBICOT COOTBETCTBYIOIIMX IMHUKOB JUIsl TPagyHMpOBOYHOro pactBopa Ne3,
HEOOXOMMO HAaWTH U YCTPAHUTh MPUUYUHY IUIOXOr0 KauyecTBa JAUCTUILIMPOBAH-
HOM BOJIbI WJIM MCIIOJIB30BaTh OUJIMCTUIUIMPOBAHHYIO WM JACHMOHU3UPOBAHHYIO
BOY.

Jlnis mpoBeAeHNs TPaAyHUPOBKH CHUCTEMbl aHATU3UPYIOT KaXAbId U3 Tpa-
JTYUPOBOYHBIX PACTBOPOB, PETUCTPUPYSI MO JABE AIEKTPODOpErpaMMbl Kask10TO

pacTBOpa B YCIOBHUSIX BHIOPAaHHOM CXEMBbI aHAJIW3a COTyIacHO Tadymie 11.2.
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Tabnuua 11.2. YcnoBus aHanu3a rpaiydpoBOYHBIX PACTBOPOB

OrnpenensieMble KOMITO-

aMMOHHWMW, KaJIuM, HATPUH, JINTUN, MarHUM, CTPOH-

HEHTBI Ui, 0apuil U Kb
Moaudukanusi CUCTEMbI 104, 104T
«Karnenby
JInvHa BOJIHBI, HM 254
BBoa npo0Ob1 30 mOap, 5 ¢

Hanpsikenue, kB 25

Temneparypa, °C 20°C
OpueHTUPOBOYHOE BpEMS 7

aHaJIM3a, MHUH

B tabnuue 11.3 npencraBieHa cxeMa peKOMEHIyeMOW YCTaHOBKH MPOOUPOK B

KapycenbHbIN OapabaH aBTOCceMILIEpa.

Tabnuma 11.3. [Ipumep ycTaHOBKH MPOOMPOK C pacTBOPaMH B KapycCesu aBTO-

ceMIuiepa
Homep BxonHnas xapycenb Brixonnas kapyceinb
npOOUPKH
1 AHaIM3UPyeMbIi pacTBOP
2
3
4
5
6 PacTtBOp cosnsiHOM KUCHOTHI 1
MOJIB/ M
7 Bona nuctuimupoBaHHast Bona nuctuinnupoBaHHast
8 PactBop rugpokcuaa narpus 0,1 CnuBHas mpobupka
MOJIB/IM>
9 Benymwuii sanektponut ais po- | Bexymui anmekTponuT s npo-
MBIBKU KalluJuisipa MBIBKH KalWJLISIpa
10 Benymnii a5ekTpoauT i aHa- | Bexymmi 3JIeKTpOJIAT 1S aHa-

JHn3a

JIh3a

B Tabmune 11.4 mpeacraBiieHa mporpaMma aHaiauza Jjisg Moaudukarui

IIPpHU UCITIOJIb30BAHNH PCKOMCH/JIOBAHHBIX ITAPaMETPOB U CXCMbI YCTAHOBKHU IIPO-

OMpOK B aBTOCEMILIEPE.
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Ta6mumna 11.4. Ilpumep nporpaMmbl aHanuza a1t Mmoaudukarui «Kanemnb-

104/104T»
Howep | Kox orte- Ycnosus Coneprkanue mara
mrara paiuu
1 4 NoO VYcTaHoBKa Ha BX0Ji€ TPOOUPKH ¢ pabounm Oy-
B hepoM 1151 TPOMBIBKH
) 7 No3 YcTaHoBKa Ha BbIXO/1€ IPOOUPKH IS CIMBA B
OIYIIIEHHOM COCTOSIHUH
3 1 120 ¢ [TpombIBKa Kanuiuisipa BEAYLUIUM 3JIEKTPOIUTOM
nepes aHaIU30M
YcTaHoBKa Ha BBIXOJIE B pab0UyIO MO3UIUIO
4 5 NelO npobupku Nel0 ¢ pabouum OydepHbIM pacTBoO-
poM
5 4 Nol YcTaHoBKa Ha BX0Jie B pab04yI0 MO3UIIHIO
) npobupku Nel ¢ aHanU3UpyeMbIM PacTBOPOM
6 2 30 g/lgap ’ BBox mpoOb1
YcTaHOBKa Ha BXOJI€ B pab0uyt0 MO3UIUIO
7 4 Nel0 npooupku Nel0 ¢ pabounm OydepHBIM pacTBO-
poMm
0 mbap, YcTraHoBKka mapamer
2 3 25 kB, 7 p POB U BpeMEHH OKOHYAHUS
aHanmm3a
MUH
9 4 NoO YcTaHoBKa Ha BX0i€ TPOOUPKH ¢ pabounm Oy-
) dbepoMm I TPOMBIBKH
10 7 No3 YcTaHoBKa Ha BbIX0/1€ IPOOUPKH IS CIMBA B
OIYIIIEHHOM COCTOSIHUH
1 1 120 ¢ [TpombIBKa Kanuiisipa BEAYLUIUM 3JIEKTPOIUTOM
1ocCJie aHaJIn3a
YcTanoBka npoOupku ¢ OydepHbIM pacTBOPOM
12 5 Ne9 Ha BBIXOJIHOM KOHIIE KaWJUIsipa B OJAHATOM

ITOJIOXKCHHNH

HenocpeacTBeHHO nepes aHaIM30M BCE PacTBOPBI AETa3UpyIOT LEHTPU-

¢yrupoBanueM (ckopocth Bpamienus 5000 o6/muH, Bpemst 5 muHn). IIpumep

ANEeKTpo(operpaMmMbl TpalyHpOBOYHOIO PACTBOPA MPUBEIEH HA pUCYHKe 13.2.

Ha nmomydeHHbIX smekTpodoperpaMmax MpoBEPSIOT MPaBHIBHOCTh aBTO-

MaTUYECKON pa3MEeTKH MUKOB U, €CIM HEOOXOIMMO, KOPPEKTUPYIOT €€, yAAISIOT

muiHue nuku. Jlanee snekrpodoperpaMmMbl 00pabaThIBAIOT COMIACHO MPOLEIY-
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pe TpaayupoBKH, OMHCAaHHOW B PyKOBOICTBE MOJB30BaTENsl MPOTPAMMHOIO
obecrieueHus, UCTOIB3yeMOTO0 Tl cOopa u 00padoTku naHHbIX. [Ipy ncmons30-
BaHuu [10 «MynbTuXpom» Kakaas U3 CXeM aHaliu3a JI0JDKHA OBITh 3amicaHa B

CBOM METOI.

14+
13 Fig
124
113
104

mAU

6

(T A

1 2 3 4 5
MHH

Pucynox 11.2. Ilpumep s1ekmpoghopecpammol 2padyuposounozo pacmeopa Nel.
1 — ammonuui, 2 — kanui, 3 — Hampuil, 4 — aumui, 5 — maenu, 6 — cmponyuti, 7 — oaputi, 8 —
Kanvyui.
11.3.4. Bvinoanenue uzmepenuil.

Paboty ¢ mpobamu HE0OXOAMMO HA4YMHATH MOCIE MPOBEACHUS Tpagayu-
POBKH CHUCTEMBI WJIH MOCTIE MPOBEPKH CTAOMIIBHOCTH TPAIyUPOBOYHOMN XapaKTe-
PHCTHUKH.

HOI[FOTOBKEI ITDO6BI K aHaJIN3y

Ananm3upyemyro npoOy MOATrOTaBIMBAIOT 110 OJJTHOMY U3 BaPHAHTOB:

e (GUIBTPYIOT B CYXYIO TIOCYAy Yepe3 QUIbTP «CUHSS JICHTa», OTOpachiBas
nepseie 5,0 cm® punbTpara;

e (QuIBTPYIOT B CyXyl TOCYIy Yepe3 IEUT0JIO3HO-AIETaTHRIN (PHIBTP
(pasmep mop 0,2 MkMm), oTOpaceiBas nepsbie 1,0 cm® punsTpara.

HM3MepeHne MaccoBOM KOHIIEHTpAIlUU KaTHOHOB




189

B cyxyro ogHopazoByro npooupky tuma dnnenaopd nomernrarot 0,5 - 1,0
cM® MOJArOTOBJIEHHOM TPOOBI, HEHTPUPYTUPYIOT B TeueHUe 5 MUHyT mpu 5000
00/MHH M aHAJIM3UPYIOT COIVIACHO BHIOPAHHOW CXEME aHajIu3a B YCIOBMSIX, yKa-
3aHHBIX B Tabiu. 2. Peructpupyror snekrpodoperpammy MoAroTOBIEHHON IMPO-
obl. [lo okOHYaHWM aHaiIHM3a MPOBEPSIOT MPABUIBHOCTH aBTOMAaTUUYECKOW pas-
METKU NHUKOB. Mcnonb3ys nporpaMMHOE OOecrieueHue, MpoBOIAT UIEHTU(UKA-
U0 KOMIIOHEHTOB B MIPOOE MO COBMAIEHUIO BPEMEH MUTPALIMU KOMIIOHEHTOB B
npo6e U rpagyrupoBOYHOM PACTBOPE MPH MKUPUHE OKHA uAeHTUukammu S5 %.

Ecnu aHanusupyemble KOMIIOHEHTBI OOHApY’KEHBbI, TO OINPEAEIAIOT HX
MacCOBYIO0 KOHLUEHTPALMIO C UCIOJb30BaHUEM I'PaAyHPOBOYHON XapaKTEepUCTH-
ku. Ecim mo pesynpTaTam NpeaBapUTENbHBIX WCIBITAHUN WIA ONpEIeNICHUIN
(Harpumep, COJIEHOCTH, JIEKTPOIPOBOAHOCTU WJIM YKECTKOCTH) U3BECTHO, UTO
aHaIM3UpyEeMble NPOObI MMEIOT KOHLEHTPAUUU KAaTUOHOB, IPEBBIIIAOIINE
BEPXHIOIO TPaHUIly Juana3oHa, MpoObl HEOOXOAMMO pa30aBUTh NEpes aHaIH-
3oM. Koaddumment pazdaBiaeHuss MOXKHO y4eCTh MPOTPAMMHO WJIM BBIYHCIUTH
OKOHYATEJIbHBbIN pe3ynapTaT BpyuHyro.Koadduumenr pazbaBnenus O B 3TOM

Clly4yae BBIYUCIAIOT Mo (hopmyIie:
v

Q = 7: (11.1)
riae Vi - 00beM KOJIObl, CM;
V. - 00beM aIMKBOTHI IPOOKI, CM>.
11.3.5. Obpabomka pe3ynromamoe usmepeHui

C noMo1ipio MporpaMMHOTO obecrieueHus: POpMHUPYIOT OTUET C yKa3aHU-
€M MaCCOBOW KOHIICHTPAIlMU OMPEEISIEMbIX KOMIIOHEHTOB, BBIPAXKEHHOU B
mr/nv>. Eciu pas6basinenue mpoOsl He OBUIO yYTEHO IPOrPAMMHO, TO MACCOBYIO
KOHIICHTPAIUIO KOMIIOHEHTOB B ITP00€ BEIYHUCIISIOT IO (hopmyie:
X=X X Q (11.2)

rae X — MaccoBasi KOHLEHTpalUs KOMIOHEHTOB B IIPOOE, MI/IM’;
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Xusw — CpeliHee apudmeTrnueckoe N3MEPEHHbIX 3HAYEHUN MacCOBOM KOHIIEHTpA-
IIUK COOTBETCTBYOIIETO KOMIIOHEHTA, MI/IM>;
O - xoxdurmeHT pazdoaBaeHUs MPOOHI.
Pesynbrar u3MepeHus 10/DKEH ObITh IIPEACTaBIeH B Bue: X + A, mr/am’,
P = 0,95, rue X - pe3ynbTaT M3MEPEHHH, MI/aM>, A - TI0OKa3aTelb TOYHOCTU Me-
TOJUKHU, MI/IM:
A=0,01 xdxX (11.3)
3HadeHue O JJIs1 KaKJ0Tr0 KOMIIOHEHTA MpUBeIeHo B Tadmmie 11.5.
TabOmura 11.5.

I[I/IaHaBOH I/ISMepeHI/Iﬁ H 3HA4YCHMUA 110KA3aTCJIsI TOYHOCTH MCTOAHUKH.

JlnanazoH u3MepeHuii, Mr/am> IToka3aTenb TOUHOCTH MeTOAUKU £ A, %
OT 0,015 mo 0,05 BxI. 30
Cspime 0,05 no 0,25 BKII. 25
Cspie 0,25 1o 2 BKIL 20
Cspite 2 510 10 BKII. 14
Csoimie 10 o 5000 BkII. 10




191

JIABOPATOPHASA PABOTA Ne 12. Onpenenenue MaccoBoi
KOHIeHTpauuu OeH3(a)iupeHa B BOJAe MeT0I0M BbICOK03eKTUBHOI

JKUAKOCTHOM Xpomatorpaguu

Beeoenue

Kuakoctnas xpomatorpadus (XKX) - Merox pasaeneHus W aHaIMU3a
CJIOKHBIX CMecel BEIIeCTB, B KOTOPOM MOABMXHOU (ha30ii SBISETCS KUAKOCTb.
[TonBmxHas (aza B )KMAKOCTHOM XpOMATOrpa(uu BHITIOIHSET ABOSIKYIO (PyHK-
uto: 1) obecneynBaeT mepeHoc AeCOPOMPOBAHHBIX MOJICKYJI MO KOJIOHKE (I10-
JOOHO MOJIBYXKHOM (haze B ra30Boi Xxpomarorpadun); 2) peryaupyeT KOHCTAHThI
paBHOBECHSI, a, CIEIOBATENIbHO, U YIACPKUBAHUE B PE3yJIbTATe B3aUMOICHCTBUS
C HEeMNoABWXKHOU (pa3oi (copOupysCh HA TTOBEPXHOCTH) M C MOJICKYJIaMH pasjie-
JISIEMBIX BEIIECTB.

B KX mpupona moaBmwkHOM (a3bl UMEET CYLUIECTBEHHO OOJblliee 3Haye-
Hue. B pe3ynbrate KoMOMHAIIMM OTPAaHUYEHHOTO YKClia COPOCHTOB U HEOTpaHU-
YEeHHOT'O YHCIIa, PA3JIMYHBIX MO0 COCTABY, MOJBWKHBIX (a3 BO3MOXHO PEIICHUE
Ype3BbIYATHO OONBIIOTO YHUCIIA BCTPEUAIONIMXCSA Ha MpakTHKE 3aaad. Merton
KX npumeHuMm AJig pa3jiesieHds 3HaYUTENIbHO 00Jiee IUPOKOTO Kpyra BEIIECTB,
4yeM ra3oBasi Xxpomarorpadus, MoCKoJIbKy OoJbllasi 4acTh BEUIECTB HE 00aaeT
JIETY4Y€eCThIO, @ MHOTHE BEIIECTBA HEYCTOMYMBHI MPU BHICOKUX TeMIIepaTypax.

B KX paznenenne 0ObIMHO MPOUCXOAUT MPU KOMHATHOW TeMIepaType.
XX monpaznensercs Ha BapHaHTbI B COOTBETCTBHUHU C XapaKTEPOM OCHOBHBIX
MPOSIBIISIIOLIUXCST MEKMOJIEKYJISIPHBIX B3aUMOJIEUCTBUI: — B CUTOBOM XpoMaro-
rpaduu pasaenseHre KOMIOHEHTOB OCYIIECTBIISIETCS 3a CUET Pa3HUIBI B PACTBO-
PUMOCTH MOJIEKYJI MIPU UX MPOXOXKJeHUM ((punpTpannn) yepes cioil copOeHTa;
— B aJcOpOLIMOHHON XpoMmarorpaduu — 3a CUEeT pa3HUlbl B afCOPOUPYEMOCTH
MOJIEKYJI, IPOXOIAIINX Yepe3 CION YacTUll COPOEHTA, MOKPHITHIX HETIOABIKHOMN
¢da3oii B BUJE TOHKOTO CJIOSI MJIM MIOBEPXHOCTHOIIPUBUTHIX PAUKAIIbHBIX TPYIII;

— B MOHOOOMEHHOM ¥ MOHHON XpoMaTorpaduu — 3a cueT pa3HUIbl B CIIOCOOHO-
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CTU K OOMEHY MOHAaMU ¢ MOHOOOMeHHHKaMu; J[Ji1 aHanm3a 0oOBEKTOB OKpYyXka-
IoIEeN cpeapl HanboJee MUPOKo UcTonb3yroT BOXKX B aacopbumonHoM Bapu-
aHTe.

B naGoparopHoii pabote mpejacTaBieHa METOJIMKA U3MEPEHUM MacCOBOM
KOHIIeHTpauuu OeH3(a)mupeHa B mpobax MPUPOIHBIX (MOBEPXHOCTHBIX, MOJ-
36MHBIX U MOPCKHX), MUTHEBBIX (B TOM uMciie pachacoBaHHBIX B €MKOCTH) U
CTOYHBIX BOJ METOJOM BBICOKOA((EKTUBHONU KUAKOCTHOM Xpomarorpapuu
(BOXKX) ¢ ucnonp3oBaHHMEM KHAKOCTHOTO Xpomarorpada «Jlromaxpom» c
bayoprUMETpUUECKUM CIIEKTPODIyOPUMETPUUECKUM JIETEKTOPOM MJIM XPOMATO-
rpadudeckoit mpuctaBku BOXKX-3 ¢ ananmmzaTopom xunkocta «Diaroopat-02»
B KauecTBe (IIyOpUMETPUUYECKOTO JETEKTOPA.

bens(a)mupen (3,4-0eH3MUPEH) OTHOCUTCS K KJIacCy MOJMSACPHBIX apo-
matudeckux yriieBogopoaos (ITAY). Crpykrypras dhopmyia MOJIEKYIbI TPE/I-

CTaBJICHA HHUXC.

Pucynox 12.1 Cmpyxkmypnas gpopmyna monexynvt bens(a)nupena

BemecTBo siBsieTCs MPOMAYKTOM HETIONHOTO CropaHus (MHUpOJH3a) opra-
HUYECKUX COCIMHEHMH M 00J1a/laeT KaHIEpPOr€HHOM aKTUBHOCTHIO. B BOAHBIX
MaTpHIlaX HAXOJUTCA KaK B PACTBOPEHHOM COCTOSIHUH, TaK U B aJIcOPOMpPOBaAH-
HOM Ha B3BEIIEHHBIX YacTHIax Buje. [Ipu xpanennu mpoO MPOUCXOIUT 3HAYU-
TeabHas afcopOuurs OeH3(a)MpeHa Ha B3BECSX U CTEHKAX COCyJa; MPU ATOM CO-
nepkanne OeHs(a)mupeHa B MpoOe MOXKET YMEHBIIAThCS 32 CYeT MUKPOOHOJIO-
TUYECKON aKTUBHOCTH.

B rtabmuune 12.1 npuBeaeHsl HopMmupyemble 3HaueHus 11K
OeH3(a)mupeHa B pa3IWYHBIX THMaxX BOA. JMama3zoH W3MepseMbIX 3HAYCHHMA

MacCoOBOM KOHIEHTpaluu OeH3(a)nupeHa B mpodax MPUPOIHBIX U MUTHEBBIX BOJ
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cocraBmsier 0,5 — 500 HF/I[M3, unu 0,0005 - 0,5 MKF/J:[M3 , B Ipo0ax CTOYHBIX BOJ]

2500 HF/I[M3, mwm 0,002 -0, 5 MKF/I[M3.
Tabmuma 12.1 Ipenensuo nomyctumbie konnentpanuu (I1J1K)

OeH3(a)mMpeHa B IPUPOIHBIX U MUTHEBBIX BOJAX

[T1JIK 6en3(a)mupena, HopmatuBHbIii 10-
OOBeKTHI aHaINu3a
MKT/ M KyMEHT
Bonanbie 00bE€KTBI X0341-
CTBEHHO-ITUTHEBOTO U KYJIb-
0,01 I'H 2.1.5.2280-07
TYypPHO-OBITOBOTO BOAOIIOb-
30BaHUs
IlepBas xareropus
[TuteeBas Bona, pachaco- 0,005 CanlIuH 2.1.4.1116-
BaHHAas B €MKOCTH Bricmas kareropus 02

0,001

12.1. Ilenv pabomer:
Onpenenenrne MaccoBOM KOHIIEHTpaluK OeH3(a)mupeHa B o0pas3iax cTou-
HBIX.
12.2. Obvexkmot u cpeocmea ucciedosanus.
1)  Kunkocthbiit xpomaTtorpad « Jlromaxpom» ¢ piryopuMeTpudeckum
WM CIEKTPO(IIyOPUMETPUIECKUM JIETEKTOPOM
2) Anammzatop xuakoctu « Gnroopar-02-2M»y (« dnroopat-02-
[Tanopamay) ¢ xpomarorpaduueckoit mpucrapkoir BOXX-3
3) Becwt mabopaTopHbie BBICOKOTO KJIacca TOYHOCTH C TICHOM
HauMeHbliero aeiaeHus He 6osee 0,01 r, HaMOONBIIUM MPEIETOM B3BEIIUBAHUS

He Oosee 210r
4)  KonOb1 mepHBbI€ 2-T0 KJIacca TOUHOCTH o0BemMoM 25, 50, 100 oM’
5)  IluneTku rpagyupoBaHHbIE 2-TO KJIacca TOUHOCTH 00beMoM 1 u 5

oM W/nm J103aTOPBI MUNETOYHBIE C TIEpeMEeHHBIM 00bemMoM 50-200 mm> 1 100-
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1000 MM ¢ MIPEIEIIOM JIOITyCKaeMOU MOTPENTHOCTH U3MeEpeHus He 6omee + 2%

6) Hwmuapsr mepabie 00bemom 10, 50, 100, 200 u 1000 oM

7)  TocymapctBennsiii crangapTabiii oopaser ['CO coctaBa pacTBopa
OeH3(a)nupeHa B alleTOHUTPUIIE HOMUHAJIBHOTO 3HaY€HUsI MaCCOBOM KOHIIEH-
tpauuu 100 MKT/CM® 1 MOTPENTHOCTHIO aTTECTOBAHHOTO 3HAYCHUS HE Oosee + 2
%

CpeacTBa u3MepeHus 10KHBI ObITh MOBEPEHBI B YCTAHOBJIEHHBIE CPOKH.
JlomyckaeTcsi UCTOIb30BaHUE APYTUX CPEICTB MU3MEPEHUS M CTaHAAPTHBIX 00-
pa3IioB, UMEIOINX aHATOTUYHBIC WJIH JIyUIIIAE XapaKTEPUCTHKH.

8) XpomaTorpadpuyeckas KOJIOHKa C MPEIKOJIOHKOM, 3aroIHEHHbIE
oOpareHHO-()a30BBIM COPOCHTOM

9) Wcnaputenb pOTOPHBIN TUIEHOYHBIA JIOOOTO THUNA WIM HHOE
YCTPOMCTBO ISl yAAJIeHUsI pacTBOpUTENS (HarpuMep, KOMIUIEKT AJis yjaje-
Hus pactBoputens npousBoactsa ['K « JIromake»)

10) XomoawibHUK OBITOBOM JIFOOOTO THIIA
11) BopoHku AenuTeNbHBIE BMECTUMOCTBIO 1 miu 2 L[M3
12) KonObl ocTpOIOHHBIC WIIH TPYIICBUAHBIC IS YITAPUBAHUS 00be-

moM 50 mwiu 100 CM3 HIII Ne 29

13) Bwuanel ¢ 3aBUHYMBAIOIIEHCS KPBILIKOH BMECTUMOCTBIO 1- 5 oM’

14) bans BojgHas ¢ OAOTPEBOM

15) VYcTpoiicTBo s iepeMentuBanus mpod Jodoro Tumna

16) Konbsl mnockogonubie BMecTUMOCTHI0 100 11 250 oM ¢ IIPULLUIN-

¢dboBaHHON TIPOOKOI

17) Bopouku xumuyeckue auamerpom 25, 50 u 100 mm Crakansl Xu-
MHIYeCKHe BMECTUMOCTBI0 50 1 100 e’

18) Kononka xpomaTtorpaduueckas CTEKISHHas ¢ NPUIUTM(POBAHHOMI

npo6Oxoii (BHyTpeHHuil nuametp 10 MM, amuHa 20 cm)



19)

KaJIbIIEM

20)

CTpYHHBIN), obecnieunBaronuii papexxenue 7 - 10 klla (50-75 MM pr.cT.) C
BaKyyMHBIMHU IUTAHTAMH W KPaHOM PETYJIMPOBKH Bakyyma MydenbpHas medyb

HJIA DJICKTPOIICYb COIIPOTHUBIICHUA, O6€CH€‘II/IB3IOHIEUI noaacCpKaHnue TeMIICpa-
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DKCUKATOP, 3alOJIHEHHBIH OCYLIMTEJIEM HalpuMep, XJIOPUCTHIM

Hacoc mabopaTopHblii BakyyMHBIM (MEMOpaHHBIM WM BOJO-

TypHOro pexuma ot 150 10 600°C ¢ norpemnocThio £25°C

21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
150 Mmkm
31)
32)
33)

Bara meguunHckas

OuIbTpbl OyMaXHbIE «KpacHas JCHTa»

ATIETOHUTPWII JUTsI )KUKOCTHOM XpomaTorpaduu, oc.4.
Bona nuctuinmupoBaHHast

Tuocynbdart HaTpus, 4.1.a.

Kucnora cepnas, u.

XJOPUCTBIN METUJIEH, Y.]1.d., IEPETHAHHBIN

I'excan, x.4.

Hatpuii cepHOKUCIIBIN 0€3BOHBIN, X.4.

Oxkcun amomuHus ang xpomarorpaduu, dpakuus 50 —

Kucnora comnsHas, X.4.
Harpwii xnopuctsii, x.4.

[Iporpammuoe oOecnieuenue misa cOopa U 00pabOTKH

XpOMaTOFpa(I)I/ILIGCKI/IX JaHHBIX Ha OCHOBC IICPCOHAJIBHOI'O KOMIIbIO-

Tepa («MynbTu-Xpom» uimm « [TukOxcnepr»)

12.3. Ilpocpamma pabomeol.

Cxema aHalv3a OCHOBaHA Ha YKCTpakKIuu OeH3(a)mupeHa u3 mpoO BOJbI
TE€KCAHOM WJIM XJIOPUCTHIM METUJICHOM, KOHIIEHTPUPOBAHUU JKCTPAKTa, IMPHU
HEOOXOJMMOCTH OYHMCTKE €r0 METOJIOM KOJIOHOYHOW Xpomartorpaduu, U ormpe-

nenennn OeHs(a)mupeHa metogom BOXKX ¢ ucnonb3oBanueM ¢uryopumeTpude-

CKOro JeTeKThupoBaHus. CxeMa pacnpoCTpaHsIeTCsl Ha BCE TUIBI BOI.
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12.1. Iloozomoexa K 8bItn0JIHEHUIO UMEPEHUIL

[lepen BbIMOIHEHNEM U3MEPEHUHN TOJKHBI OBITH IPOBENIEHBI CIIETYIOIINE
paboThl: 0TOOP MPOO, MOATOTOBKA CTEKJIIHHOW IMOCYJbl, IPUTOTOBJICHUE pac-
TBOPOB, MIPOBEpPKa U IpaAyupoBKa Xxpomartorpada, mpoBepKa YUCTOThl PEaKTH-
BOB, MOJrOTOBKAa CTEKISIHHOMW XpomaTorpaduyeckoil KOJOHKU (TOJBKO TpHU
HEOOXOJAMMOCTU JOTOJHUTEILHOM OYUCTKHM 3KCTPAKTA), MOJArOTOBKA MPOOBI K
aHaIun3y.

12.3.1.1.0160p npo6 BOABI

OT60p poO MPOU3BOAUTCS B MOCYAY U3 TeMHOTO cTekia. [locyny Henmb3s
oToJackuBaTh npoOoit nepen otoopom! [Ipoldy aHATM3UPYIOT TONBKO LEIUKOM.

O06beM oTOMpaeMbIX MPOO MUTHEBBIX M MPUPOAHBIX BOJ cocTasiseT ot 0,8 10

3

1,0 . O6bem poO CTOYHOU BOABI MOXKET BapbupoBaThes oT 0,25 nam~ no 1,0

IM° B 3aBHCHMOCTH OT OKHIAEMOTO coJiepkaHusi OeH3(a)MMpeHa U 1Mo Pe3yJib-

TaTaM NpeabIayIuX onpeaeneHuil. Pekomenayemsbiii 00beM 0TOMpaeMoit mpoobl
3
0,5 am”. [IpoGbI MOTYT XpaHHUTBCS B TEMHOTE B T€UeHHE 24 4 TpU TemIiepaType

B XOJIOJIUJIbHUKE.
12.3.1.2.11oAT0TOBKA CTEKJISIHHOM MOCY/AbI

[Tocyay Iyt IPUTOTOBIIEHHS M XPAHEHUS DJIFOEHTAa MOKOT TOJIBKO CEpHOMU
KHUCIIOTOU (0€3 MPUMEHEHUs IPYTUX MOIOIIMX CPEICTB) W OMOJACKUBAIOT JU-
CTUJUTMPOBAHHOM BOJOM M all€TOHUTPUIIOM.

OcTanpHyI0 CTEKIISIHHYIO OCYly MOKOT TOpsiY€id BOAOW C MOKOIIUM CpeJl-
CTBOM, TIIATEJIbHO OMOJIACKUBAIOT AMCTUJUIMPOBAHHOM BOJOM U CyIllIaT HpHU
temneparype 105°C.

CTeJISIHHYI0 TIOCY/y, MCTIOJB30BABIIYIOCS I aHAJM3a NPOO CTOYHBIX
BOJI C BBICOKMM COflep>KaHueM OeH3(a)upeHa, He PEKOMEHIyEeTCS MPUMEHSTh
JUTSL aHAJIM3a MPOO MUTHEBBIX U YUCTBIX MPUPOIHBIX BO/I.

[TokpeiThie cMa3kOW KpaHbl M NUTH(BI HOBBIX JEITUTEIBHBIX BOPOHOK

TIDATCJIIbHO OTMbIBAOT TEXHUYCCKHUM XJIOpO(l)OpMOM, 3aTEM I'CKCaHOM, o6pa6a-
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THIBAIOT KOHIIEHTPUPOBAHHOW CEPHOM KUCJIOTOM, OMOJACKUBAIOT BOJIOM M 3aTEM
JAIOT BEICOXHYTh Ha BO3/IyXe€.

12.3.2.11puroroBjieHUE PEAKTHBOB U PACTBOPOB

12.3.2.1 llonBu:xHas ¢a3za (najee - I, 3,110eHT): cMeCh aLeTo-

HUTPWJI - BOIa B 00b€MHOM COOTHOIIEHUH 4: ]

TmaTeabHO BBIMBITBIN HUJIUHIP BMeCTUMOCThIO 1000 CM° OMOJACKUBAIOT

3 3

npumepHo 20 cM~ alleTOHUTpUIA U HoMewaroT B Hero 200 cM™ JUCTUILUIMPOBAH-

HOM BoAwl. JloBoasaT o0bEM cmecu o 1000 oM allETOHUTPUIIOM, PAcTBOP Iepe-

JUBAIOT B 3apaHee IMOATOTOBICHHYI) CTEKISHHYIO IIOTHO 3aKPBIBAIOILYIOCS
€MKOCTb I IIOCTOSIHHOTO XPaHEHUs U TIIATEJIbHO B Hel nepememnBaror. He-
JIOTTYCTHUMO UCTIOJIB30BaHUE PE3MHOBBIX U KOPKOBBIX MPOOOK.

ITepen ynorpeOieHHEM 3IIOEHT BBIAEPKUBAIOT JUIsl JIera3alliil HE MEHeEe
4 gacoB. Cpok XpaHEHUs B yCIOBHSX, HCKIFOYAIOUIUX UCIIAPEHUE KOMIIOHEHTOB
CMECH, HE OTPaHUYEH.

12.3.2.2.PacTBOpbI OeH3(a)IMpeHAa 3aJTaHHO KOHIIEHTPAIIUN

PactBopb! OeH3(a)nupeHa HOKHBI XPaHUTHCS B XOJIOAUIBHUKE B TEMHO-
T€ B T€PMETUYHON NOCY/I€, NCKIIIOYAIOLIENH BO3MOKHOCTb UCIIAPEHUs PACTBOPU-
TEJsI M1 KOHTAKT pacTBOpa C MaTepuallaMy MHBIMH, YEM CTEKJIO U (PTOpOILIacT.
PacTBOpbI KaXk /10 KOHLIEHTPAIMK TOTOBAT MO NOTPEOHOCTH.

. PactBop Oen3(a)mupeHa HOMUHAIBHOTO 3HAYEHHUS MAaCCOBOM

KOHLEHTpauuu 1 MKT/CM®.
0,5 cm® T'CO cocrasa pacTBopa OeH3(a)upeHa B alleTOHUTpPUIIE HO-

MUHAQJIBHOTO 3HA4YeHHUs MaccOBOM KoHieHTparuu 100 MKT/CM> (meucTBUTEIIb-
HOE 3HAYeHHE MAaCcCOBOM KOHIIEHTpAllUM YKa3aHO B MAcCIOpTe) MOMENIAloT B
MEpHYI0 KOJIOYy BMECTUMOCThIO 50 oM , Pa30aBIIAIOT O METKU alleTOHUTPH-

JIOM U nepeMemnBaroT. Cpok XpaHEHHs B YKa3aHHBIX YCIOBUSX - 1 roa.

I[GﬁCTBHTCHBHOC 3HAYCHUC MacCcOBOM KOHOCHTpAalun pacTBOpa
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(Ci,MKF/CM3) BBIUUCIISIIOT 110 (hopMyJie

C.*V
Ci: MCXV ucx (12‘1)

rie Cyex - MaccoBasi KOHIICHTPAITUS CTAaHIAPTHOTO 00pa3iia Mk pac-
TBOpa OeH3(a)MpeHa, UCII0JIb30BAHHOTO JIJISl IPUTOTOBJICHUS PacTBOPA,
MKT/CM?;

Viex - 00bEM UCXOIHOTO pacTBOpa OeH3(a)mupeHa, UCIoJIb30BaHHOTO
IS TIPUTOTOBIIEHUS PACTBOPA, CM’;

V:— 00beM NPUIOTOBJIEHHOIO PACTBOPA, CM°.
o PactBop Oen3(a)mupena maccoBoil KoHueHTpauuu S0 ur/em’

(HOMUHAJIbHOE 3HAYEHHUE)
2,5 cm® pacTBOpa Gens(a)mMpeHa MaccoBOM KOHIIEHTpauy 1MKr/cm? mo-
MEIIAIOT B MEPHYIO KOJIOY 00beMOM 50CM?, IOBOJIAT 110 METKHU AllETOHUTPHIIOM

u nepemernBaioT. Cpok XpaHeHHs pacTBopa — 6 MecCsIIEB.

JleficTBUTETbHOE 3HAYEHHE MacCOBOM KOHIIeHTpaluu pactBopa (Ci,

MKT/cM ) BBIYUCIAIOT 110 opmyiie (14.1)

12.3.2.3.' pagyupoBo4YHbIe PAacCTBOpPbI OeH3(a)IUpPeHA B MOJABHK-
Hoil ¢a3e
o PactBop GeH3(a)nmupeHa HOMUHAIBHOTO 3HAYEHHS] MaCCOBOM

KOH-LIeHTpanuu 50 Hr/cm?

2,5 oM’ pacTtBopa OeH3(a)IupeHa HOMHUHAJIBHOTO 3HAYEHHS] MacCOBOM

KOHLIEHTpanuu 1 MKI/CM® NOMEIIAIOT B MEpHYIO KOJIOY BMECTUMOCTHIO 50 oM,

paz0aBIAOT A0 METKH MOABWKHOW (a3oi M mepeMemuBaioT. JleMcTBUTEIbHOE
3HAYEHHE MACCOBOM KOHIEHTpAIMU PacTBOpPa BBIUUCIAIOT MO Gopmyse (12.1).
Cpok xpaHeHus - 6 MecsIIeB.

o PactBop GeH3(a)nmupeHa HOMUHAIBHOTO 3HAYEHHS] MACCOBOM

KOH-1leHTparuu 10 Hr/cM™M?
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5 cm’ pacTBopa OeH3(a)mMpeHa HOMHHAIBHOTO 3HAYEHHSI MaCCOBOW KOH-

uentpauuu 50 HI/CM® TIOMEILIOT B MEPHYIO KOJIOY BMECTUMOCTHIO 25 oM, pas-

OaBIISIOT 10 METKHU MOJIBHKHOU (Pa30ii U mepemMemnBaroT. JeficTBuTenbHOe 3Ha-
YEeHHE MacCOBOM KOHLEHTpPAllMM pacTBOpa BBIYMCIAIOT 1o ¢opmyne (12.1).
Cpok xpaHeHus - 3 Mecsiia.

J PacTBop OeH3(a)upeHa HOMUHAJIBHOTO 3HAaYE€HHs MacCOBOU

KOHIIEHTpalyu 2 Hr/cm’

1 om’ pactBopa OeH3(a)nupeHa HOMUHAJIBHOTO 3HAYEHUS] MacCOBOM KOH-

uenTpauu S50 HI/CM® [IOMEILAIOT B MEpHYIO KOJIOY BMECTUMOCTbBIO 25 o, pas-

OaBIISIOT 10 METKHU MOJIBHKHOU (a30ii U mepemMemnBaroT. JeficTBuTenbHOE 3Ha-
YeHUE MACCOBOM KOHIIEHTPALIMM pPAcTBOpa BBIUUCIAIOT 1o (opmyne (12.1).
Cpok xpanenus - 1 Hegens.

12.3.2 IloaroroBka xpomatorpada k padore

[ToarotoBky xpomatorpada Kk paboTe MPOBOAST B COOTBETCTBUU € Pyko-
BOJICTBOM IO 3KCIUTyaTallud XKUAKOCTHOTO Xpomarorpada « Jlroma-xpom» uimu
PYKOBOJICTBOM 110 cOOpKe U MOAroToBKe K padbore BOXKX-komiiekca, a Takxke
¢ PykoBoacTBoM mo skcmiyatanuu (QIyopuMETpUYECKOro (CHeKTpodayopu-
METPUYECKOT0) IE€TEKTOPA.

12.3.2.1 YcaoBusi npoBeIeHUsI XPOMATOrpa(puiueCcKoOro aHaJIm3a:

YcnoBus xpomaTorpaduueckoro pas3ieiaeHus:

o xpomatorpaduueckas kojonka ansi BDXKX, 3anonmnennas oOpa-
IeHHO-(a30BbIM COPOCHTOM, B YCJIOBHSIX aHaiu3a umeromas 3QpGeKTUBHOCTD
He meHee 4000 TeopeTHUIECKUX TapesioK Mo MUKy OeH3(a)mupeHa, HarpuMep Ko-
JIOHKA MPOU3BOJICTBA IPYyIIbl KoMIaHui « Jlromakey amuuoit 100 MM, BHYTpeH-
HUM auameTpoMm 2,1 MM, 3anonHenHas copoenTom Kpomacun C18 3epHenuem 5
MKM;

o NpPEIKOJIOHKAa BHYTPEHHUM AuameTpoMm 2,1 MM, 3amojiHeHHas 00-

paleHHO-()a30BbIM COPOCHTOM;
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o noABMKHAS ¢aza: cMech areTOHUTpMI — Boaa (4:1);

. obbeMHast ckopocTh oayuu [1D 200 MM /MUE;

o MeTJeBON KpaH-A03aTop (MHXEKTOp) ¢ o0bemom nietau oT 10 1o 20
MM;

o byopumMeTpuueckuii (CIeKTpohIyOpUMETPHUECKU) IETEKTOD;

. OpU HAJIWYUU TEPMOCTATA KOJIOHOK YCTAHABJIMBAETCS TEMIIEpa-
Ttypa 25 ° C;

o MUHUMAJILHO ONpEeNEsieMOe 3HAY€HHE MacCOBOM KOHIEHTpPALUH

O0eH3(a)mupeHa B pacTBope (COOTHOIIEHUE CUTHAJI/IIYM, pPaBHOE TPEM), JOJDKHA
6bITh He Gosee | Hr/cm®.

[IpuBenennas kKoHpUTrypamnus u mapaMeTpbl MOTYT OBITh H3MEHEHHI B 3a-
BUCHMOCTHU OT UCTIOJIb3yEMOT0 000PYI0BAHUS.

14.3.2.2.PaGo4ue mapamMeTpbl U pe:KuM padoThl GuryopumeTpuye-

CKOI0/creKTPodIyOpUMEeTPHYECKOI0 IeTeKTOPA
14.3.2.2. 1. ®nyopumetpuueckuid  nerekrop Jlroomaxpom @JIJ] 2410
«Dimoopat-02-2M»

[Ipu BBIMOJHEHUH BCEX MU3MEPEHUI B KaHAJIE BO30OYKIECHHUS UCIIOJIB3YIOT
cBeTOPMIBTP «292», a B KaHaJle perucTpanuu - cBeTohunbTp « X3». Peko-
MEH/IyeMbI€ TTapaMeTphl U PEKUMBI PabOTHI (CM. Takke PykoBOJCTBO MO 3KC-
IJTyaTalyy) IpuBeIeHbI B Tabmuie 14.2.

[Tpu ucnonap30BaHUM CUCTEMBI cOOpa U 0OpaOOTKH JAHHBIX HA OCHOBE
NEPCOHAIBHOTO KOMIIBIOTEPA HEOOXOIMMbIE HACTPOWKH MPOU3BOIAT B COOT-
BETCTBUM C PYKOBOJCTBOM TIOJIb30BaTelil MPOrpaMMHOro oOecreueHus

(manpumep, 110 « MyabTuXpom»).



201

TaOmuma 12.2

Pexum Xpomatorpadus
Peructpanus | Bpems, muH. 60
CrnaxuBaHue 10

[Tapamerpsl | UyBcTBUTENBHOCTH | CpeaHsis

Koppekuus onopH. | Her

Koppekuus niporn. | EcTh

12.3.3 KpaTkuii aJiIrOpuT™M NMpoOBeIeHUsI XPOMATOrpadpuuecKux
U3MepeHun

[Tpu moAroToBKe M MPOBEACHUHN U3MEPEHUN HEOOXOAUMO:

IPOBEPUTH MPABMIBHOCTb COOPKU TUPABIMYECKON cXeMbl XpomaTorpada B

COOTBETCTBUM ¢ PyKoBOICTBOM 1O O3KCIUTyaTalli Xpomartorpada

«JTromaxpom» wunu PykoBojncTBOM Mo cOOpke W TMOATOTOBKE K padote

B3)XXX-koMmiekca Ha OCHOBE Hacoca BhICOKOI'O JaBJICHUA «IIuton» u ana-

au3aropa kuakocty tuna « dmoopar-02»;

HOATOTOBUTHL HACOC K pa60Te B COOTBCTCTBHU C €ro PYKOBOACTBOM IIO

IKCILTyaTalluy;
YCTaHOBUTH OOBEMHYIO CKOpPOCTh Ttogauu [1d 200 MM /MUH;

3aIyCTUTh HACOC M JOXKIAThCS MPEKPAICHUs POCTa JTaBIICHUS;
HACTPOUTHh PETUCTPHUPYIOIIEEC YCTPOWCTBO HA MPUEM  XPOMATO-
rpad@UUYECKUX JaHHBIX;

IePeBECTH JIETEKTOP B pEXHUM « V3MepeHue» H I0KIaThCS CTa-
Omnmu3anuy 0a30BOM JIMHUHW, TIEPEBECTH JIETEKTOP B perkuM« OKHUIaHUC)
MPOMBITh IINPHUI] U TETII0 KpaHa-103aTopa aleTOHUTPHIOM WIH II0-
TBYKHOU (pa3oi;

3aMOJHUTH METIII0 KpaHa-03aTopa aHAJIM3UPYEMbIM PacTBOPOM (M30eras

MOMNaJlaHusl B HEE My3bIPHKOB BO3/yXa), BBOAS He meHee S0 MM3, npu
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3TOM KpPaH-103aTOp MJOJDKEH HaxoIuThCs B ToJiokeHuHn <«IIETJIA»
(«LOAD») (nepea BBOJOM B KpaH-/103aTOp MPU HAJIMYMU KAILJIM HA KOHIIE
UTJIBI IINPUIA €€ CIENYET YIAIUTh GUIbTPOBAILHON OyMaroi);

e BBecTH MpoOy, I Yero, HE BBIHUMAS INMPHUIl, MEPEKIIOUYNTh KpaH-
no3arop B nosioxeHue « KOJIOHKA» («INJECT»); oqHO-BpeMEHHO 3a-
MyCTUTD JIETEKTOP U PETUCTPUPYIOLIEE YCTPOUCTBO;

® 110 OKOHYAHUU aHAJU3a JIETEKTOP MEePEeBECTU B pexuM «OxujgaHuey, me-
peKIIIOYUTh KpaH-103atop B nojoxenue «I[IETJISA» («LOAD») u BoiHYTh
LIIPUL, TOCIE Yero MPOMBITH y3€l BBOJa MNpoObl W METII KpaHa-
7103aTOpa AalETOHUTPUIIOM WJIM MOABUKHOU (ha3oil.

12.3.4. I'paxynpoBka xpomarorpaga
B kauecTBe 00pa3oB [JIs TPayupOBKU XpomaTorpada UCroib3yoT pac-
TBOpHI O€H3(a)MTUpeHa B MOJIBMXKHOM (a3e.

Jlnama3oH MOCTPOCHUS TPayHPOBOYHON XapAKTEPUCTHKH COCTABJISECT OT
2 o 50 HI/CM-.

PeructpupyiorT He MeHee ABYX XpOMAaTorpamMm Ka)KIOro pacTBOpa, Mpo-
BEPSIOT MPaBUIBLHOCTh aBTOMATHYECKOW Pa3METKH W, €CIM HEOOXOIUMO, KOp-
PEKTUPYIOT €€, YAAIAIOT JUIITHNE TTHKH.

Jlanee mpoBOSAT MPOIEAYPY TPATYHUPOBKH COTJIACHO MPAKTUIECKUM yKa-
3aHUAM TI0 UCToNb30BaHUIO 1[I0 «MynbTXpomM» W ONpENeNsoT mapaMeTpsl
IpagyrpOBOYHON XapaKTEPUCTHKU. | paayupoBKy MPU3HAIOT MIPUEMIIEMOH, €ClTn
BBIYHCIIIEMBIC IPOTPAMMON OTHOCUTEIIBHOE CpeHEe KBAPATHIECKOE OTKIOHE-
Hue (nanee - CKO) ne 6onee 5%, a koadduuuent koppensuuu He Hike 0,99.
Ecnm xoTst Ob1 OJTHO W3 ATHX yCJIOBHUI HE BBHITIOJIHSAETCS, 3aHOBO PETUCTPUPYIOT
XpOMAaTOTpaMMBbl PACTBOPOB W OMNPEACISIOT MapaMeTphl TPAIyHPOBOYHON Xa-
pakrepuctuku. [Ipu mcmonp3oBaHuM MporpaMMHOTO oOecmedeHus «lIukDkc-

HEPT» UCTIONB3YIOT TOIBKO KOA(D(PUIIMEHT KOPPENSALIUH.
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12.4. Boinoinenue usmepenuit

12.4.1 lloaroToBKa NPOOLI K aHATIU3Y

[Ipn aHanu3e NMUTHEBBIX M MPUPOJTHBIX BOJ B Ka4€CTBE HKCTpAreHTa Mc-
MOJIB3YIOT WJIM T€KCaH, WM XJIOPUCTBIA METWJIEH; JJI1 aHallM3a CTOYHBIX BOJ
HACTOSITEIPHO PEKOMEHYETCS UCTIOIh30BaTh TOJIBKO XJIOPUCTHIN METHIICH.

Ha OyTbuin ¢ npo0oil AenaroT OTMETKY YPOBHS KUJIKOCTH JJIA MOCHEIy-
IOLIET0 U3MEPEeHUs 00beMa IpOObI.

[IpoOy BOABI TIENMKOM TIEPEHOCAT B JEIUTEIBHYIO BOPOHKY BME-
ctumoctsio 1000 wm 2000 oM’ u npuiauBaioT 20 oM’ pacTBOpa XJOPHUCTOTO

HaTpus

Ecnu npoOy He KOHCepBHPOBANIU, TO OMOJACKUBAIOT EMKOCTh, B KOTOPOIA

Haxoauiack mpoda, 20 - 25 cM® rekcaHa, MEPEHOCAT €ro B JIETU-TEIbHYIO BO-

POHKY € TTpoOO U BCTPSIXMBAIOT CMECh B T€UEHUE 2 MUH BPYUYHYIO WU 5 MUH
Ha MEXAHUYECKOM BCTPSAXHUBATEIIE.

Ecnu npoGa Obli1a 3aKkoHCEPBUPOBaHA, TO OMOJIACKWBAHUE TTPOBOJST BTO-
pPOM OpLUMEN IKCTPArEHTA.

[Tocne pa3neneHust CIIO€B HWXKHUM BOJHBIM CJIOM TMEPEHOCAT B COCYJ, B

KOTOPOM HaxoJuJIach Mpo0a, a BEPXHUM CJION - B KOHUYECKYIO KOJIOY BMECTH-
MocTbio 200 mmi 250 cM-. [TOBTOPSIIOT AKCTPAKIUIO JBAXIbl TAKUMH K€ TIOP-

USIMU rekcaHa 0e3 100aBJIeHHs pacTBOpa XJIOPUCTOTO HATPHUSL.
DKCTpaKThl 00bEUHSAIOT. BOPOHKY C (PUIBTPOM «KpacHasi JIEHTa» 3amoJ-

HSIOT ocymunTesneM (0e3BOHBIM CEPHOKUCIBIM HaTPUEM) Ha BBICOTY 2,5 - 3 cM,
MpEeABAPUTEIHLHO MPOMBITHIM 10 cM° rekcana, KOTOpbIN 0TOpackiBaoT. O0beIu-

HEHHBIN AKCTPaKT PUIBTPYIOT B €MKOCTh JUIsl yiajieHus: pactBopuressi. Ocyuu-

3

TeJIb MPOMBIBaIOT 10 cM” rekcaHa, KOTOPbIN NPUCOSTUHSIOT K PUIIbTPATY .

DKCTPAKT yHmapuBaloT J0CyXa B BaKyyMe, IOMECTUB COCYJ Ha BOJSHYIO

6anro nipu 40 - 50°C; B cirydae UCIONB30BaHMS XJIOPUCTOTO METUIIEHA — rpu 30
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- 40°C. Cyxoii ocTaTok pacTBOpSAIOT B 1 cM> MOJBIKHON ¢a3bl, TIIATEIBHO 00-

MbIBasd CTCHKHU COCyda, M OCTaBJIAIOT Ha 15 Mun AJIs1 IIOJIHOTO PACTBOPCHMUA

oens(a)mupena. s mpod NUThEBOW BOABI WIIM MMUTHEBOM BOJIBI, pac)acOBaHHOMN
B €MKOCTH, PEKOMEHIYETCSI CyXOi OCTaTOK pacTBOpsTh B 0,5 oM MTOJBUKHOU

da3zbl.

12.4.2.11poBeneHue XxpoMaTorpauuecKux u3MepeHmni

Peructpupyrot xpoMaTorpaMMmbl KOHIIEHTPATOB MPOOBI (KaXI0ro HE Me-
HEe JBYX pa3) B TEX ke yCIOBUSX, IPU KOTOPHIX ObLiIa MPOBEAEHA IPaIyUpOBKa
xpomatorpada. Maentudukanuio 6eHs(a)nmupeHa B mpoOe MpOBOIAT CPE/ICTBA-
MU TPOTPaMMHOTO OOeCIeYeHHsT MO COBMAJACHUIO BPEMEHH YICPKUBAHUS
OeH3(a)mupeHa B peanbHON MpoOe ¢ ero BpeMEHEM YJIEP’KUBAHUS MOJYYEHHOM
IpU KOHTPOJIE CTaOWJIBHOCTH T'PaayHMpPOBOYHON XapaKTEPUCTUKH, YCTAHOBHB
MIMPUHY OKHA UAeHTUUKamu S5 %.

OnpenenstoT coaepxanue OeH3(a)MpeHa B KOHIIEHTPATE MO KaXKIOMH
3apEruCTPUPOBAHHON XpOMATOTpaMME U TIPOBEPSIIOT MPUEMIIEMOCTh MOTyYeH-

HBIX 3HAYEHU, UCTIOJIB3Ysl HEPaBEHCTRO (12.2).

Ces = Crea| £0,05%C (12.2)

I'me Ck, m Cg, - MaccoBas KOHIIEHTparusi OeH3(a)mupeHa B oOpasiie
71 KOHTPOJIA 10 TIEPBOM U BTOPOIM XpOMAaTOrpaMMaM COOTBETCTBEHHO, HI/CM?

C, - cpennee apudpmernueckoe 3nauenuii Cy ; u Cg o, Hr/cMm?

Ecnu ycnosue (12.2) BhINOJHSETCS, TO B KAU€CTBE 3HAUYCHUSI MAacCCOBOM
KOHIIEHTpaIuu OeH3(a)MMpeHa B KOHIICHTpaTe MpoObl MPUHUMAIOT CPEIHEE
apu@MeTHyecKoe MOJYy4YeHHbIX 3HaueHuW. Eciam yclioBue He BBINOJHSETCH,
HAXOJSAT W YCTPAHSIIOT MPUYUHBI HECTAOMIBHOCTH, MOCJE YEro BBOJ KOHIICH-
TpaTa npoObl MOBTOPSIOT.

Ecnu maccoBasi KoHIeHTpalus OeH3(a)IMpeHa B KOHIIEHTpaTe MPOOBI
npesbiaer 50 Hr/eM , TO KOHIIEHTpaT HeoOXoaumMo pazdaButTh. Koadduiment

pazoasnenus (Q) BBIUUCISAIOT 10 hopMyJie:
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V

0-3* (12.3)

[ 'ne:

V, - 00beM pa30aBIeHHOTO KOHIEHTpaTa Ipoobl, M,
Va - 00beM aJIMKBOTHOM MOPIIMM UCXOAHOTO KOHIIEHTpaTa MpoObl, B3ATHIN I
pa30aBiIeHus, CM°.

JInst moaTBEepKACHUS MPABUIBHOCTH MJICHTU(DUKALMUA B ClIydae CIIOXK-
HBIX TIPOO PEKOMEHIIYETCSl BBITIOJHUTH T00aBKY pacTBopa OeH3(a)mupeHa K
KOHIIEHTpaTy npoObl. O TOCTOBEPHOCTH UJCHTU(DUKAIIMKA MOKHO CYAUTH IO
YBEJIMUEHUIO BBICOTHI TpEAroJiaraeMoro nuka OeH3(a)mupeHa (M, COOTBET-
CTBEHHO, €r0 MacCOBOM KOHIIEHTpanuu). Benmnunna 1o6aBKu AOHKHA COCTaB-
75tk 50 - 150 % oT HaliIeHHOTO co-AepKkaHus OeH3(a)upeHa B KOHIEHTpaTe
poObI, KPOME TOTO, HEOOXOAMMO YUUTHIBATh pa30aBiIeHUE KOHIIEHTpATa MpHU
BBEJICHUH JTO0ABKHU U JUIsl €r0 CHIDKEHHS MCIOJIb30BaTh 00Jiee KOHIICHTPUPO-
BaHHBIE PACTBOPBI.

12.5.006pabomka pe3yibmamoe IKcnepumenma

MaccoByro KoOHIIEHTpaluio OeH3(a)mupeHa B MpoOE BBIYUCISAIOT TI0
dbopmye:

_ Cy ¥V, *0*1000
n*v,

X

(12.4)

I'ne:
X - MaccoBasi KOHIEHTpanus OeH3(a)nmupeHa B mpobe, Hr/am’;
Cx — MI3BMEPEHHOE 3HAUYCHNE MAaCcCOBOM KOHIIEHTparuu OeH3(a)mupeHa B KOHIICH-
Tparte npo0Okl, Hr/cM>;
V - 00b€M KOHIIEHTpaTa IpoOsI, cM*; Vi, - 00bEM TIPOOBI BOJIBI, CM;
N - K03 UIUEHT NpoxoxaeHUs OeH3(a)nupeHa
O - xoxhuimeHT pazdbaBiaeHUs KOHIIEHTpaTa MPOOkI;

1000- ko3¢ puireHT cornacoBaHusi pa3MEPHOCTH €IUHUI] 00beMa.
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14.6. Ogpopmnenue pe3ynomamos uzmepenuil
Pe3ynbpTaT mM3MepeHuidl B JAOKYMEHTax, IMPEeAyCMaTpUBAIOIIUX €ro HC-
TI0JIL30BaHUE, MOKET OBITh IIPEJCTABIEH B BUe: X+U, Hr/nm>,
rae X - €QUHUYHBIA pEe3YJIbTAT U3MEPECHUH, HI/OM>;
U - 3HaueHHe TMOKa3aTelsi TOUHOCTU M3MEPEHHI (pacuIMpeHHas Heompeje-
JIEHHOCTb HW3MepeHud ¢ KOoA()PUIMEHTOM oxBaTa 2 JJisl €JUHUYHOTO pe-
3yJbTaTa U3MEPEHHH), HI/ M
U=0,01*Ugx*X (12.5)
3nadyenue Uy JUIS KaKJI0I0 KOMIIOHEHTA MPUBEICHO B Tabiuie 12.3.
Tabmuma 12.3

Jlnarma3zoH u3aMepeHur U 3Ha4YCHU MOKA3aTeIe TOYHOCTH U3MEPEHUIN

JluanasoH u3MepeHuii, Hr/am> OTHOCuUTENbHAS pacliupeHHas He-
ONPENEIECHHOCTh U3MEPEHUI MPH KO-

spumente oxsara k=2", Uy, %

HpI/IpOIIHBIC N IMIUTBCBBIC BOJbI

Ot 0,5 no 10 BKII. 45
Cspiie 10 no 50 Bk 30
Cserrite 50 go 500 BKII. 20

CTOouHBIE BOIBI

Ot 2 no 10 BKkII. 55
Csoritze 10 go 50 Bk 38
Csrritie 50 go 500 BKII. 25

*IoBepHTENIBHAS BEPOATHOCTH P=0,95

Jlnara3zoH u3aMepeHun U 3Ha4YCHU MOKAa3aTeIe TOYHOCTH U3MEPEHUMN

JlomyckaeTcsi pe3yabTaT U3MEPEHU B JOKYMEHTAX, BhIIaBAEMbIX JI1a00-
paTopuen, peacTaBisaTh B Buge X+Uun, HF/,Z[M3 , ipu ycaosuun Un <U, rne Ux -

3HAYCHHUEC IMOKA3aTC/IsI TOYHOCTH I/I3M€p€HI/Iﬁ (paCIHHpCHHOﬁ HECOIIPEACICHHO-

cTu ¢ K03h(HUIMEHTOM OXBaTa 2), YCTAHOBICHHOE TIPHU PeaTU3aIli METOINUKA
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B jabopaTopurd U 0OOecneurBacMO€ KOHTPOJIEM CTaOMJIBHOCTH pPE3yJIbTaTOB

WU3MEPEHUN.
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