MHNHOBPHAYKHN POCCHUU

®denepalibHOE TOCYAAPCTBEHHOE OI0/KETHOE
00pa30BaTebHOE YUPEXKIECHUE BBICILIET0 0O0Opa30BaHMs
«Tynpckui rocy1apCTBEHHBIN YHUBEPCUTET

EcTecTBEeHHOHAYYHBI HHCTUTYT

Kadenpa «Xumun»

YTBepKICHO Ha 3aceaHnu Kageapbl XuMus
«30» auBapst 2023 r., mpotokoin Ne 6

3aBeayromuii kadeapoi

/j/”f:j B.A. Andepos

METOANYECKHUE YKA3ZAHUSA
110 BBINOJIHEHHIO JIA00OPATOPHBIX PadoT
10 AMCHHUILIHHE (MOAYJII0)

«HMonooOMeHHasi xpomMaTorpadgus»

OCHOBHOI1 MPo(ecCHOHATBHOI 00pa30BaTeIbHOI MPOrPaMMbI
BbICHIEr0 00Pa30BaHMUS — IPOTPAMMBI MATHCTPATYPbI

110 HAMPAaBJIECHUIO MOJATOTOBKH
18.04.01 XuMu4eckasi TEXHOJIOT U

C HapPaBJICHHOCTHIO (TPOPHUIIEM)

TexHos10rus OPraHMYecKoro CHHTE3a

dopma 00ydeHUS: OUHAS

N nentudukamonasiii Homep oobpazoBatenbHoi mporpammbl: 180401-01-23

Tyma 2023 ron



Pa3paboTunk MeTOAUYECKUX YKAZAHUH

/)
Ocuna K.B., 101€HT, K.X.H. é{fu_.;u/

(DO, dondcHocmy, yueHas cmenensv, yueHoe 38aHue) (noénqu)/



OrJaBjieHune
|23 2101 (35 0% (< TTRTRT 6
[maBa 1. XPOMATOTPAPHS. ...oovvvvrriiiiiiiieeeis ittt e e e e e r e e e e e e e abbreeeees 7
(@11 01 (S0 (51514 (T TR P PR OPPPTRPPRTTRPRIN 7
Knaccuduxaiyss XpoMaTOTrpaPUIECKIX METOIOB . .vvverrvrreessrreessrreesssreressseessssnees 9
CrioCOOBI TOTYUCHUS XPOMATOTPAMM ......vverieerirersreasreaseesseessnesnseaseesseessessnesnens 11
XPpoMATOTPAPHUUECKHUE TTAPAMETPBIcvvvvveeereresrreesssreesssseeessssesssssesssssseesssseesssnes 13
Teopust XpoMaTOrpahUUECKOTO PABTETICHHS. «.uvvveerrreessrreresssresssssreesssssnesssssessnnes 17
TEOPHS TEOPETHUCCKIX TAPEITOK ...vvvvervreeuersssressssesasesssssessssesssessnsessssessssessnsenns 19
Kunetrnueckast TEOPHS XPOMATOTPAMDITH ....vvvveivrreeiiurreesssreressseneesssseesssnesssssessnnes 23
OneHka pa3MbIBaHUSI XPOMATOTPAPUUECKOMN HOTIOCBI ..vvvvveerereenreesineesnreesnneeans 27
CENEKTUBHOCTD M PABPEIIEHIE ......vveererasneeesnreesnneessnesssnesssesasnesessseessnesssessnsesanns 30
XpomMmarorpaduyeckas anmaparypa 1 00padoTKa XPOMATOTPAMM ........cecvveene 34
CXEMA XPOMATOTPAMDA. ....eeervveeireerireesieeareeesiree s e sre e e sree e sneeesnreesneeanee e 34
OOIIUE CBEACHUS O IETEKTOPAX +vvenvvvreesrerssssrreesssreesssssesssssesssseeessseessnseeeens 35
OOMmMIA TOIXOJ K BEIOOPY JETEKTOPA. «..vvvrervreesreesnreessresanesesseeessneesnessnsessnes 38
AHaU3 U METOBI PACUETA XPOMATOTPAMM .....eeervveerrreesureessreesseessseeassneessneesneens 39
KaUECTBEHHBIM QHAIHB. ...ceeiuvviieiuiiieesiiiieesiiieessiteeesieeeesbeeeesnteeessnbeeesssneeesnnneas 39
KOMHUECTBEHHBIN QHATTHIB. ....vveieiiiiieeiiiiieesiiee e s sitee e st e e sbee e e snte e e snbe e e s snneeeenneas 43
Memoowvl pacuema XPOMAMOSDAMM. ..........cocoueeirieeeiiiienesiieeessieeesniieessieeeens 44
J10CTOBEPHOCTH PE3YJIBTATOB U UCTOYHUKHU MTOTPEITHOCTEH ... 47
["a30BaS XPOMATOTPAMDUIS ... veeereeareeesieeesineessreeaseeesneeesneeesnneesnneesneeenneeesnneesnneens 48
["a30KHUTKOCTHAS XPOMATOTPADIS 1ervvvreeirrrreessrreessireesssssessssssneesssnessssssesssssessnnes 49
HenoouitCHb1e HCUOKUE QDAL .........cocueeeiiiiiieeiee et 49
Hocurenu HEMOABYKHBIX KUTKIX PA3.....vveeiireeeriireeiireeesieeessireeesnineeesnneeas 51
OCOOEHHOCTHU Ta30BBIX XPOMATOTPADOB .....vveeireeririeisieeeiee e e e sneesnee e 51
KuakocTHAs KOTOHOYHAS XPOMATOTPAMUS .....vvevvveeireesiieesieesieeesieeesnneesineesnneens 53
AICOPOIIMOHHAS XPOMATOTPAMDMS ...vveereveesireesnteesreeeieeesineesneeesnreesnneesnee e 55
TTOABUAKHBIE (DABBL. ....veeeveeiiiieieeesiee et 56
OCc00EHHOCTH KUAKOCTHBIX XPOMATOTPAMDOB ....vvervveernreeereeenieeesireesneesneeens 59
M OHOOOMEHHAS XPOMATOTPADUST ...vvveeveeeieeesireeeiee et e e e e e e nnnee s 60
TepMUHOIOTHS ¥ IPUHLIUIIB Pa3AeICHIsI HOHOB B COPOLIMOHHBIX MpoLeccax......60
TIOHHBITE OOMEH ... vviiiiiiieeiiiii e sttt ettt e et e e snb e s nnne e e e nneas 61

OOPAZOBAHUE MOHHDBIX TIAP -.vnvveernreersreeareeassreessnesssneesssessssesessseessnessnessnsessnns 62



VIOHHAS DKCKITHOBHIS «.uvveeeeatieeesiteeeasitee e e st e s ssteeessee e e snteeeesnne e e e snne e e s anneeesneeas 62
HOHOOOMEHHBIE PABHOBECHS ... ...vverveeereanreesneesieesseessnessneaseesteessessnnesnneenseenns 63
Henoneuwxkusie (as3pl (COPOSHTHI) B HOHHON XPOMATOTPAPHH .....oevveeneeenee 66
[TpakTika BbIOOpa COPOCHTOB U KPUTEPUHU MX KAUCCTBA ...cvveerveeirerirenneeanees 68
AHUOHO- Y KATHOHOOOMEHHHUKH ... vveeeteesureessseesseeasseeessnesssseesssessnnessnseesnes 76
[TonBuxHbIC (Pa3bl (AMFOESHTHI) B HOHHON XPOMATOTPAPHUU ..eevvvvererireeernennns 81
AHHOHHAST XPOMATOTPAMDIST .vvvveivvrreeisreeessirenesssseessssseessssesssssssssssesssssseesssssees 82
KaTHOHHAS XPOMATOTPADH ...eeeivvviiiiiiiie ittt 87
JREN 00700 £210) £03 17 BN (o) 9 N 0111 110 o Tcic J ST 90
BapuaHTbl KalUUIAPHOTO SMEKTPOPOPE3A ..veevvvervrerireinreareesreesieesiresnneeneenes 94
JLER007 M0 £10) S 1 a6 0 o F: e 31 (o ()51 (R U PP SRR 96
831031 (532 17 (S0 1oL L T PP TRR 97
JICTEKTHPOBAHKIC. ... vvveisvveeesssreeessssessssssesssstesesssseeessseesssssessssssssssssenssssssessnssees 98
[17TOCKOCTHAST XPOMATOTPAMHS ....vvvvvesrvreeesniieeestreesssseessssseessssseesssssesssnssssssnsneeans 102
[ €Ib-XPOMATOTPADTSL......veeeveerieeeiiee et et e e nne e nneas 106
['maBa 2.J1a00PATOPHBIA MPAKTHKYM ...eeeeriunrreeressinnrreeeesannneesessannneeeesannnnneeesns 108
JlabopaTtopHas pabota Nel. Omnpesenenre MoJHON JUMHAMUYECKON 0OMEHHOM
eMKOCTH (ITJIOE) HMOHHTOB ....ccciuviiiiiiiie ittt 108
JlaGoparopHas pabota Ne 2. PaBHOBECHE HOHHOTO OOMEHA ....ecvvvveeivveeeinnnenns 116

JlaGoparopHas padota Ne 3. OnpeneneHrue HUTpaTa HaTPUsl B pacCTBOPE
METOJOM HOHHOTO OOMEHA ....cevvvvruineieeeeeieeessrssissesessseressssssssssssssssessssssnnsseseenes 128
JlabopaTtopHas pabota Ned. ["azoxpomaTtorpadudeckuii METO1 ONpenesIeHuUs
COZIEPKAHUS TOKCUYHBIX MUKPOIIPUMECEH .....vvveeeriieisirineiireee e sneee e 134
JlaGoparopHas pa6ota Ne 5. Onpenenenrue HePTEIPOAYKTOB (Ha IpUMEPE
reKcajiekaHa) B pOCTOBBIX CpeJlaX METOJOM ra30BOM XpoMaTorpadud ........... 144
JlaGoparopHas padota Ne6. 3MepeHre MacCOBOM KOHIIEHTPALIUK YTJIEBOJIOB B
HAIMMTKaX METOJ0M BBICOKOA((HEKTUBHOM KUJIKOCTHON XpoMaTorpadud ...... 149
JlaGoparopHas pa6ota Ne 7. Pa3aenenue cMecu 0€JIKOB METOI0M
MOHOOOMEHHOMN XPOMATOTPAPHH ....eveenvveerinieririesiieesreeesieeesnseesnreesnessneeenneeennnas 158
JlabopaTtopnas pabota Ne 8. ObecconmuBaHue OEITKOBOTO PaCTBOPA METOIOM
HKCKITFO3UOHHON XPOMATOTPAMII ....cevvveerrneerireesineesreeesieeessneesnneesnneesnesenneesnnnes 165
JlabopaTtopnas pabota Ne 9. Paznenenue cmecu hepporieHOB METOI0M

TOHKOCTOMHON XPOMATOTPAMDMH. ...vvveirieiniieintieaieeesireesiseesssessnsessseessseesssneesnnas 171



JlaboparopHast pabota Ne 10. Onpenenenue coaepkaHusi aHHOHOB B BOJIE
METOJIOM KAMMJUIIPHOTO DJIEKTPOPOPE3A...vriieiuriiriiriiieiiiiiessiieeesniieessniseesssneeans 175
JlabopaTtopHnas pabota Ne 11. Onpenenenne conepaHusi KATHOHOB B BOJIC
METOJIOM KAIMUIUISIPHOTO SICKTPOPOPE3A...uriiiiiiriiiiiaiieiiiesieesire e eiee e 189
JlabopaTtopHas paborta Ne 12. OnpeneneHne MaccoBoil KOHIIEHTPALIUU
OeH3(a)mupeHa B BOJIE METO/I0M BBICOKOI((PEKTUBHOM KUIKOCTHOMN
XPOMATOTPAMMH . ..cevvveeeisveeesiteeesssbeaesssteeessseeessbeessasseessssbeesassbeessnsbeeesnseeessnsneenns 202

PEeKOMEHIYEMAS IATEPATYPA . .uvvvrrrrerrreeeessssiissrrrnrereeseeessssasssssssereseseessssnnsnnns 219



BBenenue
XpOMaTOI’pa(i)I/ILIGCKI/Ie METOAbBI ABJIAKOTCA yHI/IBCpcaJILHI)IMI/I METOAaMMU

pazzeneHue KOMIOHEHTOB. OHU MO3BOJISIIOT Pa3feyiuTh OJU3KUE IO CBOMCTBAM
OpraHUYECKUE U HEOPTaHMYECKHUE BEIIECTBA, HAIPUMEpP, KATUOHBI OJTHOM TpyM-
bl METAJVIOB, CMECH OPTAHUYECKUX COEAUHEHUN TOMOJIOTMYECKOro psaa. Jlan-
HbIE€ METO/Ibl HAXOAAT IIMPOKOE NPUMEHEHUE B HAYKE U TEXHUKE, TaK KaK B pe-
3yJbTaTe XpoMaTOrpauuecKkoro pas3zesieHusl BEIIECTB MOXKHO MPOBECTH Kaue-
CTBEHHOE U KOJMYECTBEHHOE pa3/ielieHue UX 0e3 TPYJA0EeMKHUX JIOMOJHUTEIbHBIX
omnepanui.

HNonooOMeHHbIE MaTepuaibl HAXOAAT IMIMPOKOE NMPUMEHEHHE B paziiny-
HBIX OTPACIIAX HApPOJHOTO XO3SMCTBAa W HAYYHBIX MCCIIEIOBAHUAX ISl OUYUCTKU
BEILECTB, U3BJICUCHUS BEIIECTB U3 PACTBOPOB U UX KOHIEHTPUPOBAHUSA, pa3je-
JIEHUsl CMecel, aHaim3a U T.4. JJoCTaTOYHO yNOMSIHYTh BOJOIOATOTOBKY, IPO-
MBIIUIEHHOCTh AEJSIIUXCS MATEPUATIOB, THIPOMETAILITYPIHIO.

B naHHOM MeTOAMYECKOM MOCOOMHU NMPHUBEAECH PsJl MPAKTUYECKUX padoT,
BBIMIOJITHEHHE KOTOPBIX OYIET CIOCOOCTBOBAaTh OCBOCHHMIO NMPUEMOB 3KCIEpH-
MEHTaJbHOU paboThl ¢ XpoMarorpaduueckum oOOpyJOBaHUEM U MOHOOOMEH-
HbIMU MaTepuaniaMu. OCHOBHOE HaIpaBlIeHUE 3THX paboT — mojayyeHue (Gusu-
KO-XMMHYECKUX XapaKTEPUCTUK HOHUTOB,U3YYEHHE OCOOCHHOCTEH IMPOIECCOB
MOHHOTO0 0OMeHa M XpomaTtorpaguu, 3HaHUE KOTOPBIX HEOOXOIUMO ISl 110A00-
pa yCI0BUI NPAKTUYECKOTO IPUMEHEHMUS.

Onucanuto Kaxaou nabopatopHod paboTe MpEeaIIeCTBYET KpaTKoe Teo-
petnueckoe BBeaeHue. s Oosee moapoOHOrO0 3HAKOMCTBA C TEOPETUYECKUM
MaTepHaJIOM MOXHO MCIOJIb30BaTh PEKOMEHAOBAHHYIO JIUTEPATYPY, YKA3aAHHYIO

B KOHIIE TOCOOUS.



InaBa 1. Xpomarorpagus.

Onpeodenenue
Xpomatorpadus - 3TO PUHKO-XUMUUYECKUA METOJT pa3AesICHUsS U OTpe-
JICJICHHSI BEIIECTB, OCHOBAHHBIN Ha pacpeeICHNH KOMIIOHEHTOB MEXTy IBYMSI

dazamu, HETMOABIKHON W MOABWXKHOW. HemonBmkHOU (cTammoHapHOW) (a3zoit

CIIy’)KUT TBEPJOE€ MOPUCTOE BEUIECTBO (YaCTO €ro Ha3bIBAIOT COPOCHTOM) WITU
IJICHKA KUIKOCTH, HAHECEHHAas Ha TBepjaoe BemlecTBo. lonBmxkHasg (asza npen-
CTaBJISIET COOO0H JKUIKOCTh WJIU Ta3, MPOTEKAIOIINN Yepe3 HEMOIBIKHYIO (a3y.
KoMroHeHTsl aHanu3upyeMoi cMecHu BMECTe C MOJIBHKHOM (ha3oii mepe-
JIBUTAIOTCS BAOJb CTalmoHapHOH (a3bl. Ee 00BIYHO MOMENaloT B CTEKISTHHYIO
(WM MEeTAJTMYECKYI0) TPYOKY, Ha3bIBAEMYI0 KOJOHKOU. B 3aBucuMoctu oT cu-
JIbl B3aUMOJICHCTBUS C MIOBEPXHOCTHIO COpOEHTA (3a cUeT aJcopOIuu Wi 10 Ka-
KOMY-JIM0O ellle MEXaHU3My) KOMIIOHEHTHI OyyT MmepeMeniaThCs BA0JIb KOJIOH-
KU C pa3HOM CKOpOCThbIO. OJJHM KOMIIOHEHTBI OCTAHYTCSI B BEPXHEM CIJIO€ COp-
OeHTa, Ipyrue, ¢ MEHBIIEH CTENEeHbIO B3aUMOJICHCTBUS C COPOESHTOM, OKAXKYTCS
B HWDKHEW YaCTU KOJIOHKH, a HEKOTOPBbIE U BOBCE MOKUHYT KOJIOHKY BMECTE C
noABMKHOU (hazoit. Takum 00pa3oM, MPOUCXOAUT OBICTPOE pa3ACICHUES CIIOXK-
HBIX cMecell KoMnoHeHTOB. Hanpumep, 3a 40 MUH MOKHO pa3enuTh U ONpese-

JuTh 18 aMUHOKHKCTOT (PUCYHOK 1).
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Pucynox 1. Xpomamozpamma uckyccmeennou cmecu amMuHOKUCION, 6X0-
OAWUX 8 COCMAB NPOOYKMOB 2UOPOIU3A DENIKOB.

1 — acnapacunosas kucroma, 2 — mpeonun; 3 — cepun, 4 — aaymamu-
HO8asl KUCI0ma, 5 — npoaun; 6 — enuyut, 7 — ananun, 8§ — yucmun, 9 — 6a-
aun; 10 — memuonun, 11 — uzonetiyun, 12 — neuyun, 13 — muposun,; 14 —
Genunananun; 15 — eucmuoun;, 16 — auzun; 17 — ammuax; 18 — apeunun
(Ouamemp xonouxu 1,75 mm; uonooomennux — oyppym C-A4 (8 mxm); npoba —
10 Hmonw cmecu, ckopocms nomoka 6—10 mn/4, oasnenue 83,5 amm)

Xpomatorpadusi - quHaMuyeckuil mporecc. [Ipu mepemerieHuu BAOIb
KOJIOHKH TIOJIBMDKHAS (ha3a BCTpEUaeT Ha CBOEM ITyTH BCE HOBBIE CJIOM COPOEHTA,
YTO 00CECIECYMBACT MHOTOKPATHOCTh aKTOB COPOITUHU-ACCOPOIIMHU pa3aeiIIeMbIX
KOMITOHEHTOB. OTHUM O0OYCIIOBJ€HA 3HAYUTEIBHO OoJbIIas 3(PEHEeKTUBHOCTD
XpoMaTorpaduuecKkoro pas3aelieHus 10 CPAaBHEHHUIO CO CTATHUYCCKUMHU METOIaMH
COpOLIMM U DKCTPAKIIUH.

Xpomatorpadusi - THOPUAHBIA METOJl aHAJIU3a, B KOTOPOM XpOMAaTOrpa-
(buyeckuiil mpoliecc SBISIETCS YacThio OOIIEH aHAIMTUYECKOM CUCTEMBI, COove-
TaloMIe pa3fieieHHe W M3MepeHrue. MeToJ MO3BOJIIET HE TOJIBKO Pa3eisTh

MHOTOKOMITOHCHTHYIO CMCCb, HO U I/II[CHTI/ICIJI/II_[I/IpOBaTB H OIIpCACIIATE €C KOJIN-



YECTBEHHBIN cocTaB. [IoaTOMy JeTeKTUpOBaHKHE CUTHAJIA (2 TAKXKE 3alKCh U 00-
paboTKa ero) 3aHMMaeT BaKHOE MECTO.

Hauano xpomatorpadguu monoxeno pycckum 6otanukom M.C. I[BeTom B
1903 ronmy, KOTOpBIN ISl pa3feeHusl PACTUTENbHBIX MTUTMEHTOB MCIOJIB30BAI
KOJIOHKY, 3allOJJHEHHYI0 KapOOHAaTOM Kayblivsl. PacuBeT MeToia HauyMHAETCS C
1931 r. (padotel Kyna, Jlenepepa u Bunrtepiireiina no anaiu3y KapoTHHA pac-
TUTEIBHOTO MpoucxoxaeHus). OcodbeHHo OypHO METOJ pa3BUBAETCA IMOCIE pa-
6ot Maptuna u Cunmxa (1952 r.), yaocroenusix HobGeneBckoii mpemuu 3a cy-
IIECTBEHHBIN BKJIAJI B TEOPUIO METOJIA. | MTAHTCKUII CKa4YOK B pa3BUTHUE METOJA
npuxoautcs Ha 60-e roipl, Korja MOSIBUIMCH HOBbIE MPHUOOPHI, COYETAIOIINE
pa3JIEIUTENbHYI0 KOJOHKY C MPOTOYHBIM JIETEKTOPOM, HENPEPBIBHO (PUKCHPY-
IOLMM KOHLIEHTPALMI0 KOMIIOHEHTOB CMECH.

Knaccuguxayua xpomamozpagpuueckux memooos

B ocHOBYy oOuIenpuHATHIX KiIacCU(pUKAIMA MHOTOYUCICHHBIX XPOMAaTO-

Fpa(bI/I‘-IGCKI/IXMGTOIIOB ITOJIOZKCHBI CJICAYIOIIHNC IIPU3HAKHU:

o arperaTHOE COCTOSIHME MPUMEHIEMBIX (a3,

o MEXaHHU3M B3aUMOJICUCTBUSI COPOCHT - copoar,
o dbopma ciost copOeHTa (TeXHUKa BBITTOJIHEHUS),
o 11eJIb XpoMaTorpapupoBaHusl.

ITo arperatrHomy cocrosiHuio (a3 xpomartorpaduio pasaeisioT Ha Ta3o-

BYIO M OKHIKOCTHYIO. [‘a30Basg BKIIOYAET Ta30-)KHJIKOCTHYIO U Ta3o0-
TBepaodaznyto. KunkoctHas xpomaTtorpadusi Moapa3aeisercs Ha KUIAKOCTh-
KUIKOCTHYIO, )KHJIKOCTh-TBEP0(a3HYIO U KUJKOCTh-TeNIeBy10. [lepBoe cioBo B
Ha3BaHUU METOJa XapaKTEPHU3yeT arperaTHOe COCTOSHHE TOJBIKHON (a3sbl,
BTOpOE - HEMOABMXHOU. YacTo xujakas HEMmoABMXKHas (pasa 3akperuieHa Ha
TBEPJIOM BellecTBe (COpOEHTE).

[To MexaHu3My B3aMMOJIEUCTBUS cOpOEHTa U copOaTa MOKHO BBIIEITUTH

HECKOJILKO BUJIOB XpoMmaTorpadumu.
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Pacnpeoenumenvras xpomamozpagus 0CHOBaHa Ha pa3jIMuUU B PaCTBO-
PUMOCTH pachpeesieMbIX BEIIECTB B HEMOJBMKHON (a3e (razoBas XpoMaro-
rpadusl) WIKM Ha Pa3IiIUd B PACTBOPHMOCTH BEIIECTB B TOJBIIKHOW M HETIO-
JBIDKHOM XKHIKUX (pazax.

Honoobmennas xpomamoepaghus OCHOBaHA Ha pa3HON CIOCOOHOCTH Be-
IIECTB K HOHHOMY OOMEHY.

Aocopbyuonnas xpomamoepaghusi OCHOBaHA Ha pPas3lIMuMU B aJicOpOUpye-
MOCTHU BEIIECTB TBEPBIM COPOCHTOM.

OKCKNIO3UOHHAs Xpomamozpagus OCHOBaHA HA Pa3IMYMU B pazMepax H
dbopmax MOJIEKYJT pa3esieMbIX BEIIECTB.

OTUMH BHJIaMH HE MCYEPITBIBAIOTCS BCE MEXAaHU3MBI Pa3JICICHHS, HAIPH-
Mep, CYIIECTBYET OcaiouHas XpoMmarorpadusi, OCHOBaHHAas Ha 00pa30BaHUU OT-
JUYAIOIIUXCS TI0 PACTBOPUMOCTH OCAJIKOB Pa3/IesieMbIX BEIIECTB C COPOCHTOM,
a7IcOpOIIMOHHO-KOMILIEKCOOOpa3oBaTeibHasl, OCHOBaHHAasi Ha 0Opa30BaHUM KO-
OpPJVHAIMOHHBIX COCIMHEHUI Pa3HOW MPOYHOCTH B (ha3e WM HA MOBEPXHOCTU
copOeHTa u JIp.

CrnemyeT MOMHUTB, YTO KiIacCU(pUKAIUSA TI0 MEXaHW3MY BeChMa YCJIOBHA!
4acTO MPOIECC pa3lieJIeHUs] MPOTEKAeT Cpa3y IO HECKOJbKUM MEXaHHU3MaM.
Knaccudukanueit mo MexaHu3MaMm cJeayeT MOJIb30BaThCS B Clydae, Korja u3-
BECTCH JJOMUHUPYIOIIUNA MEXaHU3M.

ITo TexHMKE BBITOJHEHHUS BBIJCIAIOT KOJOHOUHYIO XpoMmaTorpaduto, Ko-

r7la pasJeieHrne MPOBOJIUTCS B CHEIHAIbHBIX KOJOHKAaX, U TIOCKOCTHYIO XPO-
MaTtorpaduro, Korjaa pasjeiieHue MPOBOJAUTCS Ha CIeUanbHON Oymare (Oymaxk-
Has xpomatorpadusi) WM B TOHKOM CJ0€ copOeHTa (TOHKOCJIOWHAs XpoMaTo-
rpadusi).

IIo Ocian XDOMaTOFDad)I/IDOBaHI/IH BBIICIIIIOT aHAJIMTUYCCKYHO XpOMATO-

rpaduio (KauecTBEHHBIM WJIM KOJIMYECTBEHHBIM aHAIIU3), MPENapaTUBHYIO XpO-
MaTorpaduio, MCHOJIB3YEMYIO JUISl MOJIyYE€HHs BEIIECTB B YHMCTOM BHIE, IS

KOHIICHTPUPOBAHUSL U BBIJIEICHUS MUKPOIPUMECEHN, MPOMBIIUICHHYIO (IIPOU3-
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BOJICTBEHHYIO) XpomaTorpaduio, TOMOTAOIIYI0 aBTOMATUYECKOMY YIIPABICHUTO
npoiieccoM (IIpU 3TOM IENEBOM MPOAYKT U3 KOJOHKHM MOCTyMHaeT B JAaTUUK,
YIPABJISIONINI TIpoiieccoM). Bee mmpe xpomarorpadust UCIONb3yeTcsl B Kade-
CTB€ METO/Ia HAy4YHOI'0 UCCIEAOBaHUS PACTBOPOB, KATAJIUTHUYECKUX MPOIIECCOB,
KMHETHKU XUMUYECKUX MPOIECCOB U T.II.

Cnocoowt nonyuenus Xpomamozpamm

[ToaBuxHy0 (ha3y, BBOAMMYIO B CIIOM HEMOABUXKHOUW (ha3bl, HA3bIBAIOT
AIIIOEHTOM, a MOJBWKHYIO (ha3y, BBIXOISIIYIO U3 KOJIOHKU U COJEPKAIIYIO pa3-
JUYHBIC KOMITOHEHTHI, Ha3bIBAIOT JJII0ATOM. B 3110aTe TeM Wi HHBIM CITOCOO0M
OTIPEJIEIISIIOT CO/IepKaHWE KOMIIOHEHTOB. Pa3jienenre BemiecTB B BUIE OTIE/b-

HBIX MOJIOC (30H) BJ0JIb KOJIOHKHU TMPEACTABIsAET COO0N BHYTPEHHIOK XPOMATo-

rpamMmy(pUCYHOK 2, BBepXY). [ paduueckoe nzodpakeHue (4acTo mojiy4aemMoe C
IOMOIIBIO CaMOIIMCIA) PACHIPEICICHUS BELIECTB B JII0ATE HA3BIBAIOT GHEUHEl

XPOMAMOSpamMMou, WA TIPOCTO XpOMATOTPaMMO¥ (PHCYHOK 2a).
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Pucynox 2. Buympennue u 6HewiHue Xxpomamocspammol, NOJyUeHHble Me-
Moo0oM 3INH0eHmMHOU (a), ebececHumenvbHou (6) u poumanvhou (8) xpomamo-

epacghuu (copbupyemocms seupecms yseauduusaemces 6 psaoy A < B< C)
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[To crocoOy mody4deHus: XpoMaTOrpaMM pas3inyaioT 3JII0EHTHYI0, (poH-
TaJbHYIO U BRITECHUTENIbHYIO XpoMaTorpaduro.

OnroeHTHas (mposiBUTENbHAs) Xpomarorpadus. XpomarorpaduyecKyro

KOJIOHKY MPOMBIBAIOT 3JIIOEHTOM (pacTBOPOM WIIM PACTBOpPUTENEM), 00Jiaaro-
MM MEHbIIIeH COPOUPYEMOCTBIO, YeM JIt000€ U3 pa3eisieMbIX BEIIECTB. 3aTeM
B KOJIOHKY BBOJISIT pa3fiefiieMble BEIIECTBA, PACTBOPEHHBIEC B DIIOEHTE, U MPO-
JIOJKAIOT HEMPEPHIBHO MPOIMYCKATh AMIOEHT (3TOT MPOIIECC HA3BIBAIOT AIIIOUPO-
BaHueM). [Ipu sToM pazzensembie BellecTBa MEPEMEIIAIOTCS BJIOJIb KOJIOHKH C
pa3HBIMH CKOPOCTSIMH B COOTBETCTBUHU C UX coOupyeMocThio. Ecnu ckopoctu
MEepPEMENICHHUS] KOMIIOHEHTOB JOCTATOYHO Pa3jIU4aroTCs, TO Ha BBIXOJE U3 KO-
JIOHKW CHauaja TOSBIIICTCS HaWMEHEee COpOMpYeMbld KOMIIOHEHT, 3aTeM YH-
CTBIM DJIIOCHT, 3aT€M CIEAYIOIIUN KOMIOHEHT U T.J. B 3ToM ciydyae xpomaro-
rpaMma MpecTaBisieT coO0M psii MUKOB, UMEIOIINX (POPMY TraycCOBOM KPHUBOIA
(pucyHOK 2a).

CaMbIM TIPOCTBIM BapUAHTOM 3TOTO METOJA SIBJISIETCS MPOCTOE IIIOUPO-
BaHHE (M30KPATHICCKUN PEKUM), IPH KOTOPOM COCTaB DJIFOCHTA HE MECHSICTCS B
MPOLIECCE DIIIOMPOBAHUA. Takol MpUeM MPUTOJCH JJIs Pa3ICICHUs COCIUHEHUN
C OJM3KUM CPOJICTBOM K HEMOJBWKHOM (paze. B HEKOTOPHIX Cilydasx MCIONb3Y-

0T CTYIICHYAaTOC HUJIM I'PAAUCHTHOC 3JIOMPOBAHUE, ITPHU KOTOPOM COCTAB 3JIFOCH-

Ta M3MEHSETCA CTYNEHYaTo (IMCKPETHO) WM HENpepblBHO. B 3TOM cCiydae
AIIIOUPYIOIAsl CUJIa MOABHKHOM (ha3bl BO3pacTaeT, B pe3ysbTare Yero Cokpaia-
€TCsl BpeMsl yIEepKUBAHUSA CHUJIBHO COPOMPYEMBIX BEUIECTB U YJIYUIIAETCs pas-
JICJIICHUE CMECH.

B nanbHeiiimem Mbl OyieM paccMaTpuBaTh TOJBKO AIIOEHTHYIO XpOMATO-
rpaduro, kak HanboJiee PaCIPOCTPAHEHHYIO B COBPEMEHHBIX METOJIaX XpOMaTo-
rpauyeckoro aHanmza.OCTaHOBUMCS JIMIIb OYE€Hb KPATKO Ha JPYTUX crocobax
MOJIyYeHHS] XpOMATOTPaMM.

BoitecHurensHasxpomaropradus. CHadana B KOJIOHKY BBOJST HEOOJIb-

I0€ KOJHUYCCTBO pacTBOpa pPa3acCiisiCMbIX BCIICCTB. 3arem qcpe3 KOJOHKY
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HETNPEPBIBHO IPOITYCKAIOT PACTBOP BEIECTBA (BBITCCHHUTENb), OOJIAAIOMIETO
OosbIlell COpOUPYEMOCTBIO, YeM JII000€ M3 Pa3leiseMbIX BEIIECTB (PHCYHOK
20). ITo Mepe pOABMKEHHUS 1O KOJIOHKE BBHITCCHHUTENb BBITECHsIET BeriecTBo C,
KOTOPOE B CBOIO OYEpe]lb BRITECHSET BemecTBO B u T.1. B pesynbrare aHanm3u-
pyeMas cMech IepeMeliaeTcs Brepean (GPOHTa BHITECHUTENS, U CKOPOCTh JIBH-
JKCHHS BEIIECTB paBHA CKOPOCTH JBW)KCHHS BBITCCHHUTENSA. Pa3yensemMble Belle-
CTBa U Ha KOJIOHKE, M B 3JII0ATE¢ PACIIOaraloTcs MOCiIeI0BaTeIbHO APYT 3a ApY-
roM. Kaxaplli M3 KOMIIOHEHTOB BBIJCISACTCS B YHUCTOM BHJE, HO HE KOJIHMYeE-
CTBEHHO, TaK KaK 30HbI KOMIIOHCHTOB HE pa3JiejCHBI MPOMEKYTKAMU YHCTOTO
copOeHTa.

@®poHTanbHas xpomaTorpadus. B K0JIOHKY HEMPEPHIBHO BBOISAT PACTBOP

pazziensieMbIX BEIIECTB, KOTOPbIE PACIPEIEISIOTCA B KOJOHKE B COOTBETCTBHH C
copbupyeMocThio. M3 KOJMOHKM cHavasia OyJeT BBITEKaTh YUCTHIA pacTBOPH-
TeNb, 3aT€M, KOT/la COPOCHT HACBITUTCS HauMeHee COPOUPYEMBIM BEIIECTBOM
(A), ono mosiBUTCA B amoate. Korma copOEHT HACBITUTCS BTOPHIM HaWMEHEE
copOupyembiM BemectBoM (B), amtoar Oyner copepkaTh 00a 3TH BelIeCcTBa U
T.1. (pucyHok 20). Korga ke copOeHT OyAeT MOJTHOCTHIO HACHIIIEH BCEMHU KOM-
MOHEHTaMHU CMECH, COCTaB 3JII0AaTa COBIAJIAET C COCTABOM PAaCTBOPA, BBOJAUMOTO
B KOJIOHKY. [Ipu ¢ppoHTaIBHOM crOocoOe MOydeHUs: XpOMaTOrpaMMbl B UUCTOM
BU/JIC MOYKHO BBIJICJIUTH JIMIIH OAHO BeriecTBO. OHAKO BHEIIHSIA XpoMaTorpam-
Ma JaeT MPEACTABJICHUE O YHUCJIE KOMIIOHEHTOB B aHAIM3HPYEMOM pacTBOPE
(pucyHOK 2B).

Xpomamocpagpuueckue napamempul

Ha pucynke 3 mpezacraBieHa uaeanu3upoBaHHas XpoMaTorpaMma CMEcH

JIBYX BEILECTB.
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Pucynox 3. Xpomamoepamma 08yx eewyecmes

ITo ocu abcuucc OTI0XKEHO BpeMsi XpoMaTorpagupoBaHus (MOXKHO OTJIO-
XKUTh 00BEM 2JTI0aTa), 10 OCH OPJIMHAT - AHAIMTUYECKUIN CUTHAJ, CBSI3AHHBINA C
KOHIIEHTpaIei BeniecTB B amoare (0TKIUK) (A). PaccMoTpum ocHOBHBIE Xpo-
MatorpaduyecKkie mapaMmeTpbl, XapaKTepU3yIollue MOBEICHUE BEIIECTBA B KO-
JoHKe. BpeMs oT MOMeHTa BBOAAa aHAIM3UPYEMON MPOOBI 10 MOMEHTa pPEeru-

CTpayy MaKCHMMyMa IIMKa Ha3bIBAIOT BPEMCHCM YACPKMBAHUWA, WX BPECMCHEM

amoupoBanus (tr). BpeMs ynep:xuBaHus CKIIQIbIBACTCS U3 IBYX COCTABJISIFOITUX
- BpEMEHHU MPeObIBaHMS BEIIECTB B MOJABWKHOUN ¢aze (tm) u BpemMeHu npedbiBa-
HUS B HeMoABMXKHOU ¢asze (ts):

tp = t, + tg 1)

3nauenue (ty) hakTHUSCKH paBHO BPEMEHH MPOXOXKICHUS Yepe3 KOJIOHKY
Hecopoupyemoro kommoHeHTa (fp). 3HaueHue (fr) He 3aBUCHUT OT KOJMYECTBA
poOBI, HO 3aBHCHUT OT IPHUPOIBI BEIIECTBA U COPOCHTA, a TAK)KE YITAKOBKU COP-
OCHTa U MOXET MEHSTHCS OT KOJIOHKU K KOJIOHKe. [ToaToMy 11t XapakTepucTu-
KM UICTUHHOM yJIEPKUBAIOIIEH CTIOCOOHOCTH CIIETyET BECTH PUBEIACHHOE BPEMSI
yaepxuBanus (tg):
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YacTo s XapaKTEPUCTUKU YIEPKUBAHUS HUCHOJB3YIOT YAEPKUBACMbIN
00bEM Vg5 — 00BEM NOJBHKHOM (ha3bl, KOTOPBIN HY>KHO MPOIYCTUTh Yepe3 KO-
JIOHKY C OIPENEIEHHON CKOPOCTBIO, YTOOBI 3JIFOMPOBATH BEILIECTBO:

Vp = Ftg 3)

rae F — 06béMHas ckopocTh noToka (B cm?® ¢).

OO0BEM 111 BBIMBIBAHUSI HECOPOMPYEMOI0 KOMITOHEHTa BbIpakaeTcs ye-
pe3 Vo=Fto . [IpuBea€HHBIN yaepKuBaeMbIii 00bEM COOTBETCBEHHO PaBECH:

Vé = VR - Vo (4)

[Ipy MOCTOSIHHBIX YCIOBUSIX XpoMartorpadupoBaHusi (CKOPOCTh MOTOKA,
JaBJIEHUE, TEMIEpaTypa, coctaB ¢a3z) 3HaueHHs VR U trRCTPOro0 BOCHPOU3BOJIN-
MBI U MOTYT OBITh UCIIOJIb30BAHBI JJI1 MAEHTU(UKAIUN BEIIECTB.

Maccy BeliecTBa, BHIMBIBAEMOT0 M3 KOJIOHKHM (M) MOKHO HAWTH MO TIO-

mraan 1moa KpI/IBOﬁ QJIIOUPOBAHUA:
(0.0)
m= [~ cdV (5)

rae ¢ — koHuenTpanus (Mosas/cm), V- 066éM (cM®) moaBmxHOM (a3l
[Tone3snbim mapamerpoM B Xpomartorpaduu sBiIseTcs Kod(PPUIIMEHT
yaepKuBaHus (3aMemiieHns) R — OTHOIIeHHe CKOPOCTHIIBMDKCHHS BEIIECTBA K

CKOPOCTH ABUKCHUSA PACTBOPUTCIIA:
_ Zty _ to

Ztp tr
rae Z — njauHa KojoHku. Takum oOpa3zoM, R mokaswiBaer, Kakyro J0JIO
BPEMEHH BEIIECTBO HAXOIUTCS B TIOJIBMXKHOM hase.

VYuutsiBas (1), moxyyum:

t 1
R=—">"—=— (63)
(totts) (1+%)
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Jlnst HeyaepsxkuBaemoro BemiectBa tr=ty m R=1. Eciu Bpems npeOriBanus
B TMOJBIKHOM U HEMOJBMXXKHOM (pazax oamHakoBo (to=ts), To R=0,5. OueBuaHO,

yTO R MOXHO BbIpa3uTh uepes Vg!
R =— (7)

JIr000if mporiecc pacnpeneneHus BemecTBa MeXAy AByMs (a3zaMu Xapak-
Tepusyercs KodpdumuenToM pacnpeneneHus D. B mannom ciryaae D=Cs/Cp,
rne Cm u Cs — paBHOBECHasi KOHILIGHTpAIMs BEIIECTBA B IOJABMKHOM M HEMoO-
IBUKHOU (pazax cooTBeTcTBEeHHO. KoadduimeHT pacnpeneneHus cBsizaH ¢ Xpo-
MaTorpaduueckuMu napamerpamu. [[eficTBUTENbHO, OTHOIIICHHE BPEMEHU Tpe-
ObIBaHUS BEILIECTBA B HEMOJBWKHOM (ha3e paBHO OTHOILIEHHIO KOJMYECTBA Be-

niectBa B ¢gazax (CV):

ts _ CsVs — DV_s
tm Cme Vm (8)
YuuteiBasi cooTHoIIeHUE (6a), MOTyYaeMm:
R=— V, Vv VmDv
1+D > Vs
m (9)

C npyroii ctoponsl u3 (7) R=V/VR, caenoBarenbHo

pVs

[IpousBenenue Vi naswiBatoT Kod(hpurreHTOM EMKOCTH ¥ 0003HAYAIOT

k’, U3 9KCTIEpUMEHTAIBHBIX TAHHBIN €r0 BEIYUCIISIOT TI0 (hopmyrie

, t;
kr_VR_Vm:VR k’:_R

BEERY, vy wm t (11)

m m m

OTa BenuunHa IMIOKa3bIBACT, BO CKOJIBKO Pa3 BCIICCTBO AOJIBIIC HAXOAUTCA

B HEMOJBWXHOU (pa3e, yeM B MOJABMIKHOM; ONTUMAaJbHBIC 3HAUYCHUS K’ JIe)KaT B
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npenenax 1,5—4. Ecnu koapdunueHT pacnpenenenus Mai, TO Majo 3HaYCHUE
K', T. €. BEIIECTBO €Jab0 yAEp>KUBACTCS U MPOJBUTAETCS MO KOJIOHKE MpaKTUye-
CKH C TOU € CKOPOCTBIO, 4TO M moaBwxkHas (aza. Eciou xxe kodddurueHt em-
KOCTH CIIMIIIKOM BEJIMK, TO BpeMsl NpeObIBaHUS BEIIECTBA B KOJIOHKE OyJeT
OOJBIIMM M Ha aHAJIU3 MOTPEOyEeTCss MHOTO BPEMEHHU.

Taxum oOpa3om, npuBeAEHHBIN ynepKUBaeMblii 00bEM cBs3aH ¢ D mpo-
CTBIM COOTHOILLIEHHUEM:

Vi =Vg —V, = DV (12)

VYpaBaenuss 10 u 12 gBIAIOTCA OCHOBHBIMH YPABHEHHSIMH XPOMATO-
rpauu 1 MoKa3pIBAIOT, YTO V’R MPONOPIUOHANIEH BeanuuHe D u 00béMy He-
MOABMKHOM (pa3bl KOJOHKU Vs. BennumHa Vs 3aBUCUT OT TOJIIUHBI CJIOS HEMO-
JBIKHOM (ha3bl, HAHECEHHOW Ha COpPOEHT, OT JJIMHBI M JIMaMeTpa KOJOHKH.
CpaBHUTEIBHO OOJIBIIINE PA3INYMs B 3HAUCHUSAX V R 1JIsI ABYX BenlecTB (A u B)
TOBOPST O MOJTHOM UX Pa3/ICICHUH.

Ilpumep 1. Ecnu nis BemectBa A Da=15,0, a niis BemectBa B Dg=75,0 u
Vs =1,5¢cm3, Vi=3,0cm3, To MoxknO paccuurats V’r(A) n V’r(B), noacrasmuss
COOTBETCTBYIOIIIME 3HAUYCHHS 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 cm®

[TonyueHHble 3HAYEHUSI TOBOPAT O TOM, YTO BEIIECTBO A 3IIOHpYyETCA
MEePBBIM, a BELIECTBO B — BTOPBIM, U, BEPOSITHO, OYJIET MPOUCXOAUTH UX MOJTHOE
paszJieJieHUE BCIICICTBUE 3HAYNTEIBHOTO Pa3udus B 00bEMax y/IepKUBaAHUA.

Teopua xpomamozpaguueckozo pazoenenus.

[Ipu xpomarorpadgupoBaHuU OJTHOBPEMEHHO MPOUCXOJUT JIBa IMpoIecca:
pazJiesieHre BEIIECTB U Pa3MbIBAHNE XPOMATOTpaUueCKUX MUKOB pa3aeIIeMbIX
BEIIECTB, UTO MPUBOAUT K YXYAUICHUIO Pa3ACICHUS.

XpomaTorpaguieckoe pasaeieHue OMPEeseTCs pa3IMdyHON copOImen
KOMITOHEHTOB CMECH, 4YTO CBSI3aHO C MPUPOJION COpOCHTa M MPUPOION pa3esi-

eMbIX BemiecTB. Ha ocHOBaHMM CBeAeHUN MO TEPMOJIUHAMHUKE copOiuu (ana-
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cOpOLMU U PACTBOPEHHUS) UM HOHHOTO 0OMEHA MOYKHO CYIUTHh O BO3MOKHOCTH
paszieneHus CMeCH BellecTB. TeopeTuuecKuil mo1xo0/1, OOBACHSIONINI pa3jerie-
HUE, OCHOBaH Ha m3ydeHu:n (hopm m3oTepMm copOrmu. M3otepma copOumm 31O
rpaduueckas 3aBUCMMOCTh KOJMYECTBA BEIIECTBA B HEMOABIKHOH (aze (Cs) oT
€ro KOHIeHTpauuu B mojBmwkHON (aze (Cp) IMpH MOCTOSHHOW TeMIeparype.
N3otepma MOXKET ObITH JIMHEWHOM (a), BhIMyKIJIOW (0) miu BOorHytou (B) (pucy-
HOK 4). Hakion wuzorepmbl ompenensercs Kod(pPUIMEHTOM pacrpeeieHus

D=dcJ/dcy,.

C; A
a
5 V
CS m A R
o ,
s
C V
m A R
CS
B
(% V
I ™ )

Pucynox 4. 3asucumocms popmul xpomamozpaguueckux nukos om euoa
uzomepmul copoyuu.

Eciu wuzorepma nuneitna (D=const), xpoMarorpaMma CUMMETpPUYHA.
KoHueHTpanus BeiiecTBa MaKCHUMallbHa B LIGHTPE 30HBI U CHMMETPUYHO YObIBa-
eT K KpasiM. Kaxapiii KOMIOHEHT IpoObl EPEMEIIAeTCsl C MOCTOSHHOM CKOpO-
CThIO, TIOCKOJIbKY JIUHENHas ckopocTh Murpaiuu (U) 3aBUCUT OT CKOPOCTHU TO-

Toka F (KoTOopyto ycTaHaBIMBAOT MOCTOSIHHOW) 1 D:
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F F
V., V_+DV,

(13)

C Takol ke CKOPOCTBIO IEPEMEIAETCS BCs 30HA, OCTABAsICh CUMMETPHY-
Hoil. CnefoBaTellbHO, CHMMETPUYEH MUK Ha XpoMarorpaMmme. Takue Muku xa-
paKTEepHBI I JIMHEHHOW XpoMaTorpapuu. ITo uaeanbHblil ciydaid. OqHako Ha
IIPAKTUKE CUMMETPUYHBIE NMHKHU IOJYyYarOTCs, KOTJa KOJIMYECTBA BBOJHUMBIX B
KOJIOHKY BEILIECTB MaJIbl.

BBINyKiIbplii XapakTep M30TE€PMBI TOBOPUT O TOM, YTO 3HadyeHHe D mis
OOJBIIMX KOHLEHTpAlMi BEUIECTBA MEHBIIE, YEM I MajblX, CJIEJOBATEIbHO
YacTh 30HBI, IJI€ KOHIEHTpauus OoJibllle, IepeMelaeTcst ObICTpee, YeM YacTh
30HBI C MAJIOW KOHLEHTpanuei. B pesynprare 3aaHs rpaHuIia XpoMaTOrpaMMBI
(TBLT) pa3MbIBaETCSA, MUK MOJy4aeTCs HECUMMETPUYHBIM (pucyHOoK 40). [Ipu Bo-
THYTOW U30T€pME, HAIPOTUB, PAa3MbIThIM OKa3bIBaeTCs (PPOHT 30HBI, [TUK TaKKe
HE CUMMETPHUYEH (PUCYHOK 4B).

B nanpHelimieM Mbl OyieM paccMaTpuBaTh TOJBKO TEOPUIO JIMHEWMHOMU
xpoMarorpadun (XapakTepusyIIytocs JTUHEWHONW H30TEpMON copOIuu), Mo-
CKOJIbKY B OOJBIIMHCTBE CIy4YaeB CTpeMATCs padoTaTh B OOJACTH JIMHEHHOU
M30TepMblI (C MaJIbIMU TIpoOamu BemiecTBa). OHAKO B MPOIECCe XpoMarorpa-
(duyeckoro paszeneHus 4acTo MPOUCXOAUT pa3MbIBaHHE MHUKOB. {151 oOBsicHe-
HUS, ceupUYecKoro sk XpoMaTopapuu npouecca pa3MbiBaHus, OOBIYHO HC-
MOJIL3YIOT JIB€ OCHOBHBIE TEOPUH XpoMaToraduu: TEOpUI0 TEOPETUUECKUX Tape-
JIOK M KHHETUYECKYIO TEOPHIO.

Teopua meopemuueckux mapenok

Teopust TeopeTHUECKUX TapesoK, 00Ias sl BCeX MHOTOCTaIUMHBIX MPO-
1ECCOB (HampuMep, MPOTUBOTOYHAS SKCTPAKIIUS), BIIEpBbIe ObLIa MPEasioKeHa
JUISl ONMCAaHMSI Mpouecca AMCTIILIALMK, MapTid 1 CUHIDK paclpoCTPaHUIIM €€
Ha Xpomartorpaduyeckue CUCTeMbl. TeopHusi OCHOBaHAa Ha HEKOTOPBIX JOIYIIIe-

HUAX:
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1) KOJIOHKA COCTOUT U3 OMPEIEICHHOTO YHCIIa TEOPETUUECKUX TapesloK;

2) paBHOBECHE Ha KaKJIOM Tapelike CUYUTAETCS] JOCTUTHYTHIM JI0 TOTO, KaKk
NoJBIKHAS (a3a MEPEMECTUTCS Ha CIEAYIONIYI0 Tapeiky, T. €. pPaBHOBECHE
yCTaHaBIMBAETCS MTHOBEHHO);

3) Ha 1r000# Tapesnke B 10001 MOMEHT BPEMEHH YHCJIO MOJICKYJ (MOHOB)
COpOMpYEMBIX KOMIIOHEHTOB MPOOBI 3HAYUTEIBHO MEHBIIE, YeM YHUCIO COpOH-
PYEMBIX MOJIEKYJT (MIOHOB) 3JIIOEHTA, T. €. BBOJIMMAsI Mpo0a T0JKHA OBITh MaJIOH,
a U30TepMa — JIMHEHHOM;

4) Bce MpOTEKAIOIIHE B KOJIOHKE MPOLIECCHl pACCMATPUBAIOTCS KaK B3aUM-
HO HE3aBUCHMBIE.

Teopemuueckas mapenka — 3TO TUNOTETHYECKAs 30HA, BbICOTA KOTOPOM
COOTBETCTBYET JOCTWKEHHUIO PaBHOBECHsI MEXTy AByMs (azamu. Uem Oomblie
TEOPETUUECKHUX TapeJIOK B KOJOHKE, T. €. 4YeM OoJIbllIee YNCIIO pa3 yCTaHaBIUBA-
eTcsl paBHOBecUE, TeM 3(PpPeKkTUBHEE KOTOHKA. DPPEKTUBHOCTh KOJIOHKH — 3TO
XapaKTepUCTUKa KauecTBa KOJIOHKH, ONpeessieMas YuCIOM TEOPETUUECKUX Ta-
PEJIOK M BBICOTOM TEOPETHUECKOW Tapenku. Tak Kak Xxpomarorpaduyeckuii mpo-
LIECC HETPEPBIBEH U HEPABHOBECEH, TO MPECTABICHUE O TEOPETUYECKON Tapel-
K€ B XpomaTorpaduu UMeeT yMO3pUTEIbHBIN, (DOpPMaNbHBIN XapakTep. JTa Teo-
pHsl TIO3BOJIAET OMHUCATh JBMKCHHE 30HBI C MAKCHMAIbHOW KOHIIEHTpaluen
KOMIIOHEHTA, SKCIIEPUMEHTAJIbHO OLEHUTh MIMPUHY MOJIOCHI (CTENEHb pa3MbIBa-
HUS XpoMaTorpaduyeckoi moyiockl) U 3GHEeKTUBHOCTh KOJIOHKH. OHA JaeT Ma-
TEMATHYECKYI0 MOJIENb MPOABMKECHUS MOJIOCHl KOMIIOHEHTA Yepe3 KOJOHKY, W3
KOTOpOW CJeNyeT, YTO AIIOMpPOBaHHAs Mojoca UMeeT (popMy U IIHUPUHY HOp-

MaJILHOTO pactpenenenus [aycca:

—(p-n)?
C
—e 2n
14
Coome (14)
IJI€ Cmax — KOHIIEHTpAIMS B MAaKCUMyM€ KPHBOW; [3— OTHOCHUTEIHHBIN

00bEM
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MIPOIIEIIEeH Yepe3 KOJOHKY MOJABMKHOM (pa3bl, COOTBETCTBYIONIHA MOSB-
JIEHUIO KOHLEHTPALMH ¢, N— YHCIIO0 TEOPETUUECKUX TAPEIOK.

I"ayccoB xapakTep XxpomMaTorpaMMbl CBsI3aH ¢ OECIOPSAOYHBIM JBUKECHU-
€M OTPOMHOTO YHCJa YAaCTHUI] PACTBOPEHHOTO BELIECTBA B XpOMaTorpadudecKoil
KoJloHKe. Bpemsi npeObiBaHust B Kaxaou (aze MOXKET ObITh OoJiee MM MEHee
KkpaTkuM. OTHH YacTULIBI IEPEMEIIAOTCS OBICTPEE BHU3 MO KOJIOHKE, IPyrue —
MeneHHee. CIeACTBUEM ITUX CIIyYalHBIX IIPOLIECCOB SIBJISIETCS CUMMETPUYHBIM
pa30poc 3HAUEHUN CKOPOCTHU MEPEMEIIEHUsI BOKPYT CPEIHETO 3HAYCHUS, XapaK-
TEPU3YIOLIETO MOBEAEHUE YCPEAHEHHOW MoJIeKyibl. [lupuHa momocsl mpomop-
LIMOHAJIbHA BPEMEHU MPeObIBaHUS MMOABMKHOM (ha3bl B KOJOHKE M 0OOpaTHO Mpo-
MOPIIMOHAIBHA CKOPOCTH €€ NEPEIBUKECHHUS.

[TockosIbKYy mIMpHHA TayCCOBOW KPUBOW OINpPENETAETCS CTaHAAPTHBIM OT-
KJIOHEHHEM ©, IIMpHHA MUKa WYy OCHOBaHUS TPEYTOJbHHUKA paBHA 40 (B UHTEp-
BaJIe £20 OT MaKCUMyMa IUIOIIA/Ib TPEYroJIbHUKA COCTaBisieT ~96% ot momia-
1M, Jexameil moa kpupoil). CienoBaTellbHO, MOJyUYE€HHAs MO0 XpoMaTrorpamme
BEJINYMHA 0 CIY)KUT KOJIMYECTBEHHOW MEpPOM pa3MbIBaHMS 30HbI. Benuuuny o
MO>KHO OIIEHUTh, MPOBE/Sl KacaTelbHbIE K ThUTy U (PPOHTY XpOMATOIpPaMMBbl 10
niepeceyueHus ¢ HyJaeBoi (0a30BoM) TUHKMEH (CM. PUCYHOK 3).

[IupuHy NMUKa MOXXHO U3MEPATH Ha JIFOOOW BBICOTE, TaK KaK COOTHOLIE-
HHUE MEX]Yy LIUPUHOM M BBICOTOM IHKA JJIA TayCCOBOM KPUBOW M3BECTHO. Tak,
IIMPUHA TTMKA Ha TOJIOBHHE BBICOTHI paBHA Wi = 2,356 . SICHO, 4TO YeM MEHb-
1€ pa3MbIBaHUE G U YEM YK€ XpoMarorpaduyeckuil muK, TeM OOJIbIIE MUKOB
pas3zenseMbIX BEUIECTB MOXKET ObITh pa3MEIEHO Ha XpoMaTrorpamMme 3a OJHO U
TO K€ BPEMH.

KonuvectBenHo# Mepoii 3QheKTUBHOCTH XpoMaTOrpapuyeckoil KOJIOHKU
CIIy’at BblcoTa F, 3KBUBaJIeHTHas Teoperuueckoil tapenke (BOTT), u uucno

TeopeThuyeckux Tapesok N.
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Uucno TeopeTUyecKuX TapesoK JIETKO pacCUUTaTh HEMOCPEACTBEHHO U3
XpOMaTorpaMMbl, CpaBHUBas IIUPUHY MUKa WH BpeMsl NpeObIBaHUs IRKOMIIO-

HCHTA B KOJIOHKC:

2 2

t t
N=16 = | =| 8

vl = (15)
NN

2
— tR

N =5.55 —&- (16)

W,

Omnpenenus N ¥ 3Has JUIMHY KOJIOHKH, JIETKO BBIYUCIUTH H:

riae L— ummHa KONOHKH, CM.
Ilpumep 2
Jlns kosmonku gymHOM 20 cm mipu tr = 1,5 MuH u W = 12,1 ¢ uncno teope-

THUYECKUX TapesIOK W 3HadYeHue H MokHO ompeaenuTh mo ypaBHeHHsSM (15) u

(16):

2
n=16 90.0c ~885 H = ﬂ =2.2-10%cm
12.1 885

B ciydae BricOk0d(hpeKTUBHOM KOJIOHKU pa3MbIBaHHUE TOJIOC HEOOIBIIIOE,
UKW y3kue, BenmnunHa f cocrasnser 0,3—1 mMm. B naeansHoMm cnyuae /H nipu-
Ommkaercss K auamerpy dp3epHa copOeHTa. YToOBI cpaBHHUTH 3(PPEKTUBHOCTH

ABYX KOJIOHOK, CJICAYCT UCIIOJIb30BaTh npueedeﬂﬂyio eblcomy mapejKu.

d (17)
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IIpn ymeHbIIeHMM BENWYMHBI // MAaKCHMyMbl Ha KPHUBOW JJIFOMPOBAHHUS
CTaHOBATCA 00JIEE OCTPHIMHU.

Teopust TeopeTHdecKUX TapesoK JaeT BO3MOXKHOCTh CpPaBHUTH d(Ddek-
TUBHOCTb PA3JIMYHBIX KOJOHOK, OIIEHUTh KaUeCTBO COpPOEHTAa U 3alOJHEHUs KO-
JoHkH. OHAKO 3Ta TEOPHUS HE MO3BOJISET BBIABUTH 3aBUCUMOCTh N 1 HOT cko-
pPOCTH TOJBHXKHOM (pa3bl, MPUPOIBI U 3€pHEHHsI COPOEHTA, HE MOXKET JaTh MpakK-
TUYECKUX PEKOMEHJAINM, NO3BOJIAIOMUX M30eXkKaTh pa3MbIBaHUsI XpomaTorpa-
(bUUeCcKuX MUKOB.

Kunemuueckasa meopus xpomamozpaghuu

Kunernueckas teopusi xpomaTorpaduu npeayioxkeHa JaTCKUMU XUMHKa-
mu Ban-/leemtepom u KnunkenOeprom. CoriacHo 3TOM TEOpUH, pa3MbIBAHHE
xpomaTtorpauueckux MUKOB OOYCJIOBJIEHO, TJIaBHBIM 00pa3oM, TpeMsi HE3aBU-
CUMBIMHU IPOLIECCAMU, BKJIQJ KaXJIOTO M3 KOTOPBIX MOKET OBITh OIIEHEH C IO-

MOLIBIO YpaBHeHUs Ban-/leemrepa:
B
H=A+—+CV (18)
Vv

rae A, B/V, CV— ujieHbI, yUHUTBHIBAIONIME HEPABHOMEPHOCTD JIBIKCHHSI
MOTOKa MOABMXKHOU (ha3wl (BuxpeBas nuddysust), Moiekysipayo auddysuio u
OTKJIOHEHUE OT COPOIMOHHOIO paBHOBECUs (COMPOTHUBIICHUE MAacCCOMEPEHOCY)
COOTBETCTBEHHO; V—IIMHEWHas CKOPOCTh MOTOKaA.

PaccMmoTpuM BKIIa Kaxa0ro nMporecca B BETUUUHY H.

Buxpesasa ougpgyszus A3aBUCUT OT CTPYKTYphl COpOECHTAa U M3MEHAETCA
1o JTMHE KOJIOHKU. [TosiocTn Mexny dacTuiiaMu HaroJTHUTENS, Yepe3 KOTOPhIe
POTEKAST MOABMXKHAs (a3a, UMEIOT GOpMY KamMIIISIPOB, B KOTOPBIX Y CTEHOK H
B IICHTPE CKOPOCTH MOTOKA paziudHa. Pa3mMepsl 4acTUIl HEOAMHAKOBEI, TTIOITOMY
pasznuyHa JJMHA KAMWUIIPOB M COOTBETCTBEHHO CKOPOCTh MEPEMEIEHUs TI0-
JIBWKHOM (ha3el IO ATUM KamwiisipaM. Buxpeas auddys3us — cieactBue u3-

MCHEHHS JTUHEHHOW CKOPOCTH IMOTOKAa TOJBHXKHOHM (Da3bl MO CPaBHEHUIO C €€
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CpCAHNM 3HAYCHUCM. Pa3mbiBanue 30HBI 3a CUET HCPABHOMCPHOI'O IIOTOKaA II0-

JBUKHOM (ha3bl ONMKUCHIBAIOT YPABHEHUEM

rae A — k03 (OUIUEHT TOMOTEHHOCTH YIAaKOBKU KOJOHKH; Op— muamerp
gacTtull copoenTa. O6p1yHO BenmuunHa A usmensiercs ot 0,1 o 0,8. ITnoxas yma-
KOBKa M KaHAJI000pa30BaHWE MPUBOJAT K YBEIUUYCHUIO A, a CIEAOBATEIBHO, K
VIIUPEHUIO MOJIOCHI 3a cYEeT BUXpeBOoM auddy3uu. s yMeHbIIEHUsT pa3MbIBa-
HUS M0JIOCHI HY’)KHO PaBHOMEPHO 3aroJIHATh KOJOHKY MEJIKUMH M TI0 BO3MOX-
HOCTH OJTHOPOJHBIMH 10 TUCTIEPCHOCTH YacTUIaMu. DakTUIecku A ompeaesieT
npeneibHyo 3¢ dexkruBHOCTh KoNMoHKM npu H = dy(Ha mpaktuke 00braHO H co-

craBisieT oT 3 10 5dy).

BOTT (H)

MHH

Y JIunetinas ckopocts noroka (V)

Pucynox 5. 3asucumocms gvicomsl, IK8UATEHMHOU MeEOPEMUUECKOU Ma-
peike, 0m JTUHEUHOU CKOPOCMU NOMOKA.

W3 pucyHka 5 BUJIHO, 4TO BKJIaJ BUXpeBoil Auddy3un B H He 3aBUCHUT OT
CKOpOCTH TOoTOKa V.

Monekynapuaa (npooonvnasn) ougpgpysus B/N. PazmbiBaHNe MOJIOCH 32
CYET MOJICKYJIapHOU Muddy3uu 00YCIOBIECHO MUTpPAIIMEH MOJIEKYJ TJIaBHBIM
o0pa3oM B MOJBIKHOM (ha3e U3 yJaCTKOB MOJIOCKHI ¢ OOJIBINEH KOHIIEHTpAIueH B

HarpaBJICHUH, I'1C KOHLUCHTpAIHA MCHBIIC, 1 OIMUCBIBACTCS YPABHCHUCM
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B =2yD,, (20)

rae y— KOd(QQUIMEHT, YIUTHIBAIOMUN orpaHndeHne AuQQy3un HamoJ-
HUTEJIEM KOJIOHKH, €ro BenuuuHa MeHbie 1; Dyp— xoadduiment nuddyzun
XxpomaTorpadupyeMoro BeliecTBa B MOABMKHON (aze. DPPEeKTUBHOCTH KOJIOH-
k1 Bo3pacraeT (H yMeHbIaeTcs) mpu 3aroJHCHUN KOJIOHKH MEJIKUMH M OJIn3-
KUMH 10 pa3MepaM YacTHUIIAMH, MPU UCIOJIb30BAaHUU TOJBIXKHBIX (a3, B KOTO-
pbIx K03 uiments! nudy3un HU3KH, IPU BBICOKOM JIMHEHHONW CKOPOCTH TMO-
Toka. [lockonbKy kuakas nmoaBuxkHas (aza obsagaer 00JIbLICH MIIOTHOCTHIO U
BA3KOCTBIO, YeM razoodpasHas, kodpuureHt qud@y3un B kugkoctu Dy 3Ha-
yuTeNnbHO (Ha 3—4 mopsika) HIKE, YeM B Tra3e. DTO MPUBOJIUT K 3aMEJICHUIO
maccooOmena B KX cpaBHenuto ¢ ['X, ypaBHeHue Ban-/leemTepaHecKoIbKO
BUJIOM3MEHSIETCS U rpaduyeckasi 3aBUCUMOCTb 3(pPeKTUuBHOCTU H OT nuHelHOo#
CKOpPOCTH IMOTOKa OyJIeT TakoM, KaK IMOKa3aHO Ha pUCYHKE S5, 6. DTO CBSA3aHO C
TeM, 4TO WwieH B B ypaBHeHUU (18), yuuTsiBaronuii npoaoiabHyo quddysuto, B
KX pomu He urpaet (D,cuoxocmu®Daasa), MUHUMYMa Ha kpuBoit H = f(v) B KX
HET.

Conpomuenenue macconepenocy CV. Unen CVB ypaBHeHuun Bawn-
JleemTepa yunuTBHIBaeT pa3MbIBaHUE MTMKA 3a CYET COMPOTUBIICHHUSI MacCOIEPEHO-
Cy IpPU HENPEPHIBHOM IEPEXO0JIE€ BEIECTBA W3 MOJABMKHON (pa3bl B HEMOJIBUXK-
Hy0 1 obpatHo. Takum oOpaszoMm, BenmmunHa CVxapakTepusyeT CKOpPOCTh pac-
IpeJIelIeHNs BEIECTBA MEXKTY IBYMsl (pa3aMu, UTO ONUCHIBAECTCS YPAaBHEHUEM

8 k' d2
CV—FmD—SV (21)

YeM TONIIE IJICHKA HEMOABMXKHOM (a3l dsu MeHbIne KOd(pHUIMECHT
nuddy3un BemecTBa B HEMOABWKHOM (aze Ds, TeM cuiibHee pa3MbIBaeTCs MUK
3a CUeT 3aMeIJICHUs] MaccomnepeHoca B HeMoABMKHOM (aze. [Tockombky dakTop
€MKOCTH KOJIOHKH K' TPOTIOPIIMOHAJICH 00beMy HETOABMXHOHN (a3bl, pa3MbIBa-

HUE C YBETUYCHUEM 00BheMa HETMOBMKHOM (a3bl VI0KHO YMeHbInaThes. Ec-
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JU TPU 3TOM YBEIWYUBACTCSA TOJIIMHA CJIOS HETOJBMKHOW (ha3bl, a BIIUSHHE
ds?mpeobnagaer, TO pa3MbIBaHUE YBEIMYMBAETCA. BimsHue 5TOro (axropa

HeoAHO3HauHO. MTak, u3 ypasHenus Ban-J/leemrepa

' 2
H:22,dp+27Dm+82 kIZdSV (22)
u z° (1+k")" D,

cienyer, 4to 3(PPEeKTUBHOCTh XpOMATOrpapUuecKoil KOJOHKH HUMEET
CIIO)KHYIO 3aBUCUMOCTh OT CKOPOCTH TMOTOKA IMOJBIKHOM (ha3bl M BBIPAXKAETCS
runepOoiod, MUHUMYM KOTOPOM COOTBETCTBYET ONTHMAJIbHOMY 3HadyeHHIo V.
3amaya 3KCHEpUMEHTAaTOpa — HAWTH ONTHUMAJIbHYIO0 CKOpOCTh moToka. Ha pu-
CYHKE 5, anpuBEACHA 3aBUCUMOCTb /1 OT CKOPOCTH NOTOKAa. MUHUMYM Ha KpH-
BOI 00BsiCHSETCS TeM, uTo U (Py3uss BHOCUT OCHOBHOM BKJIaJ B BEIUUUHY H
[P HU3KHUX CKOPOCTSAX MOTOKA, & MPU BBICOKUX CKOPOCTSAX MPeoOIagacT BIIHs-
HUE MaccolepeHoca. MMHUMYM Ha KPUBOM COOTBETCTBYET ONTHUMAJIBHOM CKO-
POCTH TIOJIBH>KHOM (Da3wl, Mpy KOTOPOU KOJIOHKA paboTaeT Hanbosee 3 HexTuB-
HO. HanomuuM, yto yeMm MeHbIe H, Tem 3¢ dexTtrBHee KoaoHKa. O01acTh moa
runepooIoi MOXKHO MOJEIUTh Ha TPU YaCTH, COOTBETCTBYIOIME TPEM UJieHaM
ypaBHeHus1 Ban-/leemrepa. M3 3TOro0 Takxke ciemyer, 4To Uil MOBBIIEHUS (-
(EeKTUBHOCTH KOJIOHKM HEOOXOJUMO YMEHBIIUTHh pa3Mep YacTHll, yIydllaTh
YIAaKOBKY, OJOMPATh ONTUMAIbHYIO JIMHEHHYIO CKOPOCTh MOTOKa (IpU KOTO-
poit H MuHMMaIbHA) U MAJIOBSI3KUE HEMOJBWXKHBIE (asbl (TommuHa ux B KX
JOJKHA OBITH HEOOJIBITION ).

Ilpumep 3

[MazoxkuakocTHast XpomaTtorpaguueckas KOJOHKa JUIMHOW 2 M uMeeT 3¢-
dextuBHOCTH 2450 Tapenok mpu F= 15 mn/mun u 3¢ dextuBHOCTH 2200 Tapenok
npu F= 40 mn/mun.

Yemy paBHa ONTUMalIbHas CKOPOCTh MOTOKAa W KaKOW MPHUOJIM3UTEIBHO
Oyznet 3¢pheKTUBHOCTH KOJIOHKH MPHU ATOW CKOPOCTH MOTOKA?

Ypasuenue Ban-/leemrepa B 3TOM Ciiydae MOKHO 3aIlUCaTh B BUJIE
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H=A+Br cF

Ot10 ypaBHeHUE nTU(PPEPEHIUPYIOT, MPOU3BOIHYIO MPUPABHUBAIOT K HY-
JII0 U, PEUIUB OTHOCUTEILHO F

dH

dF

[Monyyaror F,, =,/B'/C’
s naxoxnaenust B'u C onpenenstot Hiu HynotokoB F1 u F;

H:=200/2450=0,0816cwm; H,=200/2200=0,0909cm

= —-B/F?+C'=0

M COCTABJIAIOT IBA YPABHCHHA C IBYMS HCU3BCCTHBIMU:

0.0816=B'/15+C’-15 0.0909=B’/40+C’-40,

Orcrona
B'=0,83; C=1,7*10° F,_ =./0,83/1,7-107° =+/488 = 22,09 mr/ mun
Torna

H, =B/F,+CF, =083/2209+17-10°=0075¢cwm

onm onm

N=L/H,=200/0,075=2666 Tapeiox.

Ouenka pa3mvléanus Xpomamozpaguueckoii noaocol

Teopust xpomatorpaduu JOJKHA HE TOJBKO OOBSCHUTH, HO U KOJIMYE-
CTBEHHO OIIEHUTh CTATUCTUYECKU OOYCIIOBJIEHHOE pa3MbIBaHHE Xpomatorpadu-
4yecKoM mosockl. Pa3mbiBaHue, TPUBOSIIEE K MEPEKPhIBAHUIO XpoMaTorpadu-
YECKUX MUKOB, MPOUCXOANUT KaK B KOJIOHKE, TaK M BHE €€ (BHEKOJIOHOYHOE pa3-
MbIBaHue). [[puunHbI pa3MbIBaHUs COEIMHEHUN B XpoMaTorpaduyeckoi KOJOH-
K€ MOJpOOHO PACCMOTPEHBI NMPU M3JIOKEHUH TEOPUU TEOPETHUUECCKUX TapesioK U
KUHETUYECKOW TEeOpHUH. BHEKOJIOHOYHOE pa3MbIBaHUE IPOUCXOOUT B yCTPOM-
CTBE€ BBOJIa ITPOOBI, KOMMYHHMKAIIUSIX OT YCTPOMCTBA BBOA TPOOBI JO KOJIOHKHU U
OT KOJIOHKHU JI0 JETEKTOpa, a TAKXKE B caMOM JeTeKTope. Teopus Xxpomarorpa-
¢bur TO3BOJISET OLIEHUTH BKJIAJl KAXKIOTO U3 ATUX (DAKTOPOB B pa3MbIBaHUE TO-

JIOCHI, T. €. UPUHY NuKa, W= 4c. CTaHIapTHOE OTKJIOHEHUE NUKa () WU Juc-
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nepcust (¢2) ABISAIOTCA Pe3ydbTHPYIOMIMMHU BCEX CIYYalHBIX HPOLECCOB HA MO-
JIEKYJISIPHOM YPOBHE, BBI3BIBAIONINX pa3mbiBaHue. s pacnpenenenust ['aycca
s dexTuBHOCTS KOJOHKU (H, N) cBs3ana ¢ aucnepcueir. BOTT moxer ObITH

OIpeJeNieHa KaK JUCIIEPCHs Ha €IMHUILLY JJIMHBI KOJOHKH (I, MM):

L (23)

IPHUYEM 0 BBIPAKAIOT B TEX JK€ eIUHHUIAX (IIMHBI, BpEMEHH HIIK 00beMa),
yro 1 H. Tak kak N = L/H, To

2
O

N=he @4

Teopus moka3bIBAET, UTO IUCIIEPCUH, B OTIMYUE OT CTAHIAPTHBIX OTKJIO-
HEHHM, CTATUCTUYECKU aaauTUBHBL. [lo3TOMY mpm ycrmoBuu B3auMHON HE3aBH-
CUMOCTH Pa3JInYHbIX (PAKTOPOB, MPUBOIALINX K Pa3MbIBaHUIO, HAOIIOAaeMast

(CyMMapHasi) BEIM9HMHA 0°MOKET OBITh ITPEICTABIEHA CIIEMAYIONNM 00pa-

30M:

rae 612,6%,..,0n°— JUCIEPCUH, CBA3aHHBIE C PABHOBECHBIM PA3MBIBAHHEM

KOMIIOHEHTA IIPU €r0 ABUKEHUU BIIOJIb KOJIOHKHU, HEPABHOBECHBIM WJIM JUHAMHU-
YEeCKUM pa3MbIBaHHEM, CBSI3aHHBIM C COIPOTUBIIEHUEM MEpPEeHOCYy Macc, nuddy-
3MOHHBIMU MPOLIECCAMH B MOJABMKHOW M HEMOJBUKHOM (ha3ax, HEpaBHOMEPHBIM
nepeMeleHHeM IMOTOKa MOABMKHOM (pa3bl MeXay 4YacTUIaMH HEMOJABMXKHOMN

¢da3wl (U1K B mopax copOEHTa), a TaKKe BHEKOJIOHOYHBIMU (paKTOpaMu pa3mbl-

W
BaHUA. Toraa pe3yJbTUPYIOIIEE CTAHAAPTHOE OTKIIOHEHUE MOJIOCHI O = Z BBI-

[ 2
YUCIIAIOT KaK E O
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DakTOophbl, ONpECIAIONIME Pa3MbIBAHUE MTUKA U 3allMCAaHHbIC Yepe3 ciara-
€MbI€ JIUCTIEPCUU MOXKHO BBIPA3UTh Yepe3 BEIMUUHY H, KOMOUHUPYS YpaBHEHHUS

(23) u (25):

(72 62 62 (72
— — 1 2 n
=T~ + L +...+—L (26)

DTO TNO3BOJISIET HAIVISIAHO MPEACTAaBUTh, HAIPUMEP, BKJIAJ KaXIOro W3
MEXaHU3MOB KMHETHYeCKOTo pa3MbiBanus B BOTT (cM. pucyHok 5, a).

OTHOCHUTENBHBIN BKJIAJl KOKIOTO W3 OTACIBHBIX (haKTOPOB pa3MBbIBAHUS
MUKa 3aBUCHUT OT MPHUPOJBI XpoMaTorpauyecKoil CUCTEMBI: CPAaBHUTE ypaBHe-
Hus Ban-Jleemtepa aJist ra30Boil U KUJIKOCTHOM xpomatorpaduu. Ha nmpakTuke
CIeAyeT YYUTBhIBATh, YTO B JYUIIHUX KOHCTPYKIUSAX XpomMatorpadoB BHEKOJO-
HOYHOE Pa3MbIBaHHWE CBOJUTCSI K MHUHUMYMY, HAallpUMEP 34 CUET YMEHBIICHUS
MEpPTBOr0 00bEMa CUCTEMBI, a YCIOBUSL XpoMaTorpadupoBaHusl BEIOMPAIOT Tak,
yToObl H ObLTa cBsi3aHa, TIaBHBIM 00pa30oM, C OJAHUM WJIU JIByMsS OCHOBHBIMU
(dhakTOpaMu pa3MbIBaHUS TMOJIOCHI, B MOCIEIHEM CIIy4yae OHM JOJKHBI BHOCUTH
IIPUMEPHO PABHBIN BKJIAJ.

Ilpumep 4.

CranpapTHble OTKJIOHEHHUSI XpomaTorpaduueckoro muKa, CBSI3aHHBIE C
HECKOJIbKUMH (pakTopaMu pa3mbiBanusi, cocrasistor 0,005; 0,011; 0,009 u
0,045 cm. Beruucnure: a) cTaHgapTHOE OTKJIOHEHHE IIMPUHBI MHKA; 0) dddek-
TUBHOCTH (H, cM) KonoHku qymHo# 10 cM; B) BKIIaJ Kakaoro ¢pakropa B pa3Mbl-

BaHUeE ITHKa, %.

a) o’ =0.005"+0.011* +0.009° +0.045° =0.00225m°, Torma

O = 01047 CM, T.C. CTAaHAAPTHOC OTKJIIOHCHHUC IIHWPHHLBI IIHMKa JIUIIb HCMHOI'O

OoJsibiie, yem cranaaptHoe oTkioHenue (0,045), cBs3aHHOE C BIUSIHUEM Ha pas-

MBIBaHHE HanOoJIee CYIeCTBEHHOTO (hakTopa;

6) H=0"/L=225-10" cm
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B) 10007 /0 =1.1%, 5.4%, 3.6%, 1 91%

oT cymmapHoil aucnepcuu, T. €. BOTT nmpaktuyecku cBs3aHa ¢ OJHUM
(haKTOpOM pa3MbIBaHUS TOJIOCHI.

Cenekmugnocms u papeuienue

Xpomarorpapudeckoe pa3aeIeHUe OCHOBAHO HA CEIEKTUBHOCTU COPOEH-
Ta U pa3iMyuu B TEPMOJMHAMHUYECKUX CBOMCTBaX XpomaTorpapupyeMbIX Be-
HIECTB B CUCTEME COpOEHT—7AIOeHT. s pelieHusi Bompoca 0 BO3MOXKHOCTH
XpoMaTorpauueckoro pas3AeieHHs CMECH Ha WHIAWNBUIYaJbHBIE BEIIECTBA
HY’KHO COTIOCTaBUTh MX XpoMarorpaduueckue napamerpsl. J[as 3TOro ucmosb-
3YIOT K0aghguyuenm cenekmusnocmu o M paspeuterue Rs. KospduuueHnt ce-
JICKTUBHOCTH SIBJISIETCSI MEPOH OTHOCHUTEIHLHOTO YACPKUBAHUS UM OTHOCHUTEITh-
HOM MOJBUYKHOCTH Pa3/IeNiIeMbIX BEIIECTB:

4 4 4

tRz :VRz — D2 — kz
t. Vo D K @)

OTO0 TepMOJAMHAMHYECKAsT XapaKTEPUCTHKA, 3aBUCAINAS MPU TOCTOSHHOMN
TeMrepaType TOJbKO OT MPUPOJABI Pa3CisieMbIX COSIUHEHUN W CBOMCTB IIO-
JBMOKHOM M HETIOJIBMKHOM (ha3.

IIpu a = 1 pa3geneHue B JaHHBIX YCIOBHUSX HEBO3MOXKHO. IIOCKOIBKY
CKOPOCTh TIEpeMEIIECHUs 30HbI TAHHOTO BEIIECTBA B KOJOHKE 0OpaTHO MPOIOp-
MOHaJIbHA KOA(h(UIIMEHTY pachpeneseHus], BemecTBa ¢ pa3uspiMu DOynyT mie-
peMeIaThbCsl BIOJIb KOJIOHKM C Pa3HbIMU CKOPOCTSMHM, YTO U MPUBOAUT K X
xpomatorpaduueckomy paszaeneHuto. s paziesneHus Hy>KHO Tak Mojao0path
MOJBI)XHYIO U HEMOJBIDKHYIO (ha3bl, uTo0bl D1#£D;. Benmuuuny k' MOXHO n3Me-
HATh, Bapbupys D, Vs, a Taxke V. [Ipu Manbix k' KOMIIOHEHTHI, KaK YKe yKa3bl-
BaJIOCh, C1a00 YAEP>KUBAIOTCA KOJIOHKOW M HAOIIOJACTCs IJIOXOE pa3ieiicHHE.
[Ipu Gonbmux k' pa3fesneHue yJaydiiaeTcsi, HO YBEJIUUUBACTCS BpeMsl XpOMaTo-

rpadupoBanus. OnTuMalbHbie 3HaueHus K' = 1,5 — 4.
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Pa3nenenne J1ByX COCEIHHMX IIMKOB XapaKTEpU3YETCsS pa3pelieHUEM

Rs(pa3peliienre NukoB), KOTOPOE OMUCHIBACTCS YPAaBHEHUEM

tR2 —lyy _ tR2 —ly

C(wHw)/2 W, +w, (28)

rac Wi u Wy — HIMpuHa IMMKOB, U3MCPCHHAA Y UX OCHOBAHHSI. Ecan JJIA

ABYX ONU3KNUX ITUKOB

W1 = Wy, TO
At At

R==—"R—-_R (29)
Wy 1123

Takum oOpa3zoM, paspernieHue MUKOB 3aBUCUT OT WX IIUPUHBI U OT pac-
CTOSIHUSI MEXK]Iy MaKCUMyMaMU TTHUKOB, CIIEIOBATEIbHO pa3pelieHne — (PyHK-
s d¢dexTuBHOCTH N, K03h(dUIIMEHTA CEJIEKTUBHOCTA @ U €MKOCTH K' KOJIOH-

KH:

a-1 <
R= 00" | 0

M3 storo YPaBHCHHUA JICTKO PACCUUTATh YHCJIO TCOPCTHYCCKHX TapCJIOK

H€O6XOIII/IMOC JJIA paSI[eHGHI/ISI C 3aJaHHBIM pa3pemeHI/IeM:
2

k'+1 a

k' a-1 (31)

2

n=16R’
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A
a
A VR
0
A VR
LA

VR

Pucynok 6. 3asucumocms cmenenu pazoenenusi cmecu 08yx geuyecms om
aghghexmusnocmu Konouku M3 smoco ypaeuerus 1e2ko paccuumams cenekmus-
Hocmu copbernma:

@ — BBICOKasl CEJIEKTUBHOCTh, HO MI0Xast 3 PEKTUBHOCTD; 6 — BBICOKAS
3¢ (HEeKTUBHOCTD, HO IJI0Xasl CEJIEKTUBHOCTD; 8 — BBICOKas 3(h(PEeKTUBHOCTD, J10-
CTaTOYHAas CEJIEKTUBHOCTD

Ha pucynke 6 nokazano iusiHre 3QGEeKTUBHOCTH KOJOHKU U CEJIEKTHB-
HOCTU COpOEHTa Ha pa3JielieHue CMECH JIByX BellecTB. OnTumu3zanus paszesne-
HUSL CBOJIUTCA K BBIOOPY JYUIIEro COYETAHMS MapameTpoB, BXOISAIIMX B ypaB-
Henue (31). Hanpumep, nis yBenuueHus: RsB Ba pa3za HY»HO yBEJIHYUTH -
dbextuBHOCTh N WM JUIMHY KOJIOHKHM LB deTwipe pa3a. Ha Benuuuny Rs B 001b-
el CTEeTneHu BIUAET KOA(DPUIIMEHT CEJIEKTUBHOCTH: MpU M3MeHeHuua ot 1,02
1o 1,04 RsyBennunBaetrcs B 1Ba pasa. [|jisi CUIIbHOYAEPKUBAEMbIX BEIIECTB, KO-
raa K™>>1, 4icio TeopeTudecKux Tapesok onpenensercs (Rs= 1):

16a2
N = ﬁ (32)
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Kaxk BugHO U3 pucyHka 7 (mpu NOCTOSSHHOM napamerpe Rs), yem MeHble
KOA(PUIUEHT CEIEKTUBHOCTH @, TeM OoJblee yucio N HeoOXoaqumMo i pas-

ACJICHUA ABYX BCHICCTB.

e

s § ¢

Heobxomumoe gnco
Tapenok, N

100 102 104 1,06 108 1,10 1,12 1,14 1,16 &

Pucynok 7. 3asucumocmuv uucia meopemuyeckux mapenox, Heobxooumo-
20 011 pazdenenus seujecms A u B, om o

JIJisi KOJIMYECTBEHHOTO pa3fielieHUs KOMIOHEHTOB BIIOJIHE JOCTATOYHO,
yTo0bl Rs =1,5 (60-pa3nenenue). [Ipu >ToM MUK pa3fesieHbl MPAKTUYECKU 10
HyseBo# (06a3oBoi) nmuHuu. Eciiu Rg= 1, To paccTosiHue Mexay nukamu 4c

(40- pa3nmesieHse). DTOTO BIIOJIHE JOCTATOYHO JJISI KOJIUYECTBEHHOTO
aHaln3a, Tak KaK MepeKpbIBaeTCs TOIbKO 2% MIomaan MUKOB.

Ilpumep 5

OddexruBHOCTh XpoMmaTorpaduyeckoi komoHku N = 4200 tapenok, Bpe-
Ms yIEpKUBaHUS KOMIIOHEHTOB tr1=15,05 n tr;=14,82 mun. KakoBa cremneHb
paspenieHust 3TUX coequHeHnN Ha KOJOHKEe? CKOJIBKO TEOPETHUECKUX TaperoK
notpedyercsi, YToObl IPU STOM BPEMEHH YACPKUBAHUS PA3PEILICHUE CTAJIO PaB-

HBIM €TUHULIE?

Vyrem, 49TOo 8  ONM3NEKAIIMX  [THKOB W, =W, Rs = AtR / Wy

Aty = 0.23mun Jlanee HaXoAAT WKUPUHY IMKOB Y OCHOBAHUS:

N :l6[t—Rj
w

[ostomy W= T

: 4-15.05/1/4200 = 0.92 \1y111:R=0.23/0.92=0.25.



34

Eciu At = w = 0,23mun, 10 Rs = 1, Torza N =16(15.05/0.23)* = 68506 ra-
PEIIOK.
Xpomamozpaguueckaa annapamypa u 06padomKa Xxpomamozpamm
Cxema xpomartorpada
Xpomarorpaduueckoe pasielicHHE OCYLIECTBISIOT B IIPUOOpaxX — Xpo-

matorpadax, 6J0Kk-cxema xpomaTtorpada npuBeeHa Ha pUCYHKE 8.

Pucynok 8. Brok-cxema xpomamoepagha:

1 — cucmema nodauu noosudxcnou ¢hazvl (banion ¢ 2azom, Hacoc Ojis
AHCUOKOU NOOBUINCHOU ¢ha3vl); 2 — dozamop,; 3 — KOAOHKA, 4 — demexkmop, 5 —
pecucmpamop, 6 — mukponpoyeccop, IBM; T — mepmocmamupyemvie 30Hbl

B coBpeMenHbIX Xpomarorpadax MIHPOKO MPUMEHSIIOT MUKPOMIPOIECCO-
pel 1 DBM. OcHoBHO# y3en xpomarorpada — kojonka. KomoHku ObIBatOT Me-
TaJUTHYECKUE, CTEKIISIHHBIE U TIACTUKOBBIC. KomndyecTBO BeliecTBa, BHIXOSIIIE-
T'O U3 KOJIOHKH, PETUCTPUPYIOT C MOMOIIBIO IETEKTOPa, a CAMOIIHMCEI] 3aiChIBa-
€T Ha IMarpaMMHOM JICHTE CUTHAJIBI IETEKTOpa — XpOMaTorpammy.

CoBpemeHHBIN Xpomatorpad MOXKET BKIIOYATh HECKOJBKO KOJIOHOK H
pa3IuYHbIC JETEKTOPHI, a TAKKE aBTOMATHYECKOE YCTPOUCTBO ISl MOATOTOBKH
1 BBoJ1a poOkl. [TogcoequHeHHbIN K XpoMaTorpady KOMIbIOTEP, UMEIOIIUHT 3a-
MOMUHAIOIIEe YCTPOUCTBO U OaHK XpomaTorpaduyecKux JaHHbIX, 0OecreurnBa-

eT aHaIMTUKa O6oraToi nHpopmaruei.
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BricTpoe BHeIpEeHNE 3aIIOMHUHAIOIIMX YCTPOMUCTB U MOILHBIX POLECCOPOB
B XpOMAaTOrpapUUECKy0 TEXHUKY JTA€T BO3MOKHOCTh 3HAUUTEJILHO YCOBEPIIICH-
CTBOBaTh WACHTH(UKAIMIO W KOJUYCCTBEHHYIO 00pabOTKy XpomaTorpadude-
CKUX MHUKOB. {7151 3TOr0 HEoOXoAMMa CcTporasi ClIaKeHHOCTh paboThl BCEH Xpo-
MaTorpaduyeckor CXeMbl: OT BBOJAA MPOOBI, MPABUIBLHOTO 3aMOJHEHUSI KOJIOH-
K{, pa3yMHOTO BbIOOpa MOABMXHOM (a3sl u nerekropa. Kpome Toro, Heob6xo-
JMMa aBTOMATH3alMsl BCErOo XpoMaTorpapuyeckoro mnpoiecca, Kotopas ycrpa-
HsIeT CyOBEKTUBHBIE OITMOKH, YBEIIMYMBAET CKOPOCTh 0OPaOOTKU PE3yIbTATOB.

OO01uue cBeeHUs O 1eTEKTOpax

JleTekTop — npuOOp HENPEPHIBHOTO JEHUCTBUSA, OH JOJDKEH JaBaTh OT-
KJIUK (QaHAJIMTUYECKUN CUTHAJI) HA COEJUHEHUs B aroare. JleTekTopsl mojapas-
JEJSIIOTCA Ha CEJIEKTUBHBIE (WM CIIEHU(PUYECKUE), KOTOPhIE YyBCTBUTEIbHBI K
XUMHUYECKUM COEIMHEHMSIM OIPEACIICHHBIX KJIACCOB, YHUBEPCAIBHBIE, KOTOPBIE
PETHCTPUPYIOT MHOTHE BEIIECTBA, @ TAK)KE HA IECTPYKTUBHBIE U HEIECTPYKTHUB-
HBIE 110 OTHOIIECHUIO K aHAIU3UpyeMon mpobe. [Ipu ncnonb30BaHnn HEAECTPYK-
TUBHBIX JIETEKTOPOB MOKHO COOMpPATh U UCMOJb30BaTh 3J10AT.

OcCHOBHBIE XapaKTEPUCTUKU JETEKTOPA:

1) 4yBCTBUTENBHOCTD, XapaKTEPU3YIOIIASICSI OTHOILIEHUEM CUTHAJIa JAETeK-
TOpa K KOJINYECTBY BEIIECTBA,;

2) npeaen AeTeKTUpOBaHUS (OOHAPYKEHHs), 32 MUHUMAJIILHO OIpeesie-
MO€ KOJIMYECTBO BEIIECTBA MPUHUMAIOT TAKOE KOJINYECTBO, KOTOPOMY COOTBET-
CTBYET YJBOCHHBIN (MHOTJA YTPOEHHBINH) CUTHAJI IIYMOB JI€TEKTOpa (PUCYHOK
9);

3) AMHENHOCTh (CUTHAN JAETEKTOpa CUUTAETCS JIMHEHHBIM, €CJIM OTHOLIE-
HUE CUTHAJIOB JIETEKTOPa, COOTBETCTBYIOIIMX JABYM MpoOaM, MpONOpLHUOHATBHO
OTHOILIEHUIO KOJMUYECTB BEIIECTBA B 3TUX Mpo0ax; 000N JETEeKTOp UMEET JIH-
HEWHBIN Auana3oH JHIlb B ONPENEICHHbIX IpaHUIaX KOJIMYECTB BEUIECTB, YTO

noka3aHo Ha pucysHke 10);
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e A

Pucynok 9. Illlym oemexmopa u HaumeHvbuiee OemeKkmupyemoe Koauue-
cmeo coedunenus: N — yposenv wyma, 2N — naumenvuiee demexkmupyemoe
KOJIUYeCme0 coeOUHeHUs

4) BOCIIPOU3BOJIUMOCTh, KOJTUYECTBEHHOM MEPOM KOTOPOU CIIYKHUT CTaH-
JAPTHOE OTKJIOHEHHE CEPUM CUTHAJIOB JIETEKTOpa IMpH BBOJE B Xpomatorpad
OJIHMX U T€X Ke Mpo0;

5) cTabuIBHOCTH padOTHI (HU3KAsl YyBCTBUTEIBHOCTh K KOJICOAHUSM TEM-
nepaTypbl U CKOPOCTH MOTOKA YKUIAKOCTH).

Cnocobvl 0emexmuposanus. PaboTa J€TEKTOPOB OCHOBaHA Ha U3MEPEHUU
TakuX (PU3NYECKUX U PU3HKO-XUMHUUECKUX CBOMCTB MOJBUXKHOUW (pa3bl U orpe-
JIEeTSIeMbIX BEIIIECTB, KOTOPBIE 3aBUCAT OT KOJMYECTBA U MPUPOJBLI BEIIECTBA.
Curnan getekropa A4j, Ha BEIECTBO I0IUCHIBACTCS BBIPAKCHUECM:

A; = klag;(c) — ao] (33)

r1e K — KO3(QGUIMESHT NPONOPIHOHAIBEHOCTH; dio(C)— (QYHKIIUS, ONUCHI-
BalOIasi 3aBUCUMOCTh AHAJUTHUYECKOTO CHUTHAJIa 3J0aTadip0T KOHIUEHTPALUH
JTAHHOT'O BEIECTBA ¢ B MOJABUKHOU (Da3e; ap— aHATUTUYECKUIN CUTHA TIOABUXK-
HOW (a3pl. BennunHy curnana Aj = k¢, TPaKTUUECKU 3Ta 3aBUCHUMOCTb MOXKET
uMeTh BUI A= Kc', TIe X—YHCI0, XapaKTepU3ylolee CTENeHb OTKIOHCHHS
JTAHHOM 3aBUCHUMOCTH OT JTUHEHHOM.

CymiecTByeT Tpu crioco0a JeTeKTUPOBAHUS: TIPSIMOMA, HEMPSIMOU (KOCBEH-
HOE JCTEKTHUPOBAHUE) U C TOCICKOJIOHOUHOHN peakuueit. [Ipsmoe nerekTupona-

HHE MPOBOJAT MO YBEJIMYCHUIO CHrHana JeTekropa A [cM. ypaBHenue (33)]

(onTHYECKOM TIUIOTHOCTH, 3JEKTPONPOBOJHOCTH, TEIUIONPOBOJHOCTH, TOKA
WOHU3aLUUA U Jp.) NPU NPOXOKICHUU Yepe3 JIETEKTOP 30HbI OIMpPEAeieMOro

BelecTBa. B aTom ciyyae curHai moaBMKHOU (a3bl (IIFOEHTA) dpI0JKEH ObITh
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MUHHUMAJIBHBIM (ao« doi(c)). Hempsmoe neTekTrupoBaHue MpoOBOASAT M0 YMEHbIIIE-
HUIO CUTHAJIA JIETEKTOpa 4 MpU MPOXOKACHUHN Yepe3 HEro 30HbI OMPENeIIeMOro
BemecTBa. [Ipu HEMpsIMOM JETEKTUPOBAHUH UCIIONB3YIOT JTIOCHT, JAIONTUH T10-
CTOSIHHBIM OTKJIMK JETEKTOpa, do»@oi(C), KOTOPBIH OcllabeBacT NPH IPOXOXKIIC-
HUU Yepe3 JIETEKTOp pa3esICHHbIX BEIIECTB, HE JAIOIIUX TAKOTO OTKIMKA.
[
108 %
106
104

102
1

102 10* 106 108 C

Pucynok 10. Jlocapugpmuueckasn 3agucumocms 0emekmopa om KOHYEH-
mpayuu sewjecmsa, ompe3ox [a : 6] — iunetinas ooaacme.

Hanpumep, KaTHOHBI IIENOYHBIX METAUIOB, HE MoOrjomaromue B YP-
00JIaCTH CHEKTpa, AMIOUPYIOT pa30aBICHHBIM pacTBOpoM cynbdarta menu (0,25
MM), B KOTOPO# HOH MEIM UMEET BBICOKOE IMOTJIoIIeHHE (PUCYHOK 11).

0 %) 10

sl , - t,MHH

Pucynox 11. Xpomamocpamma kamuoHos wjenounsvix memannos. Henpsi-
moe oemexmuposarnue (A = 220 um). Kononxa ZipaxSCX; 4,6x120 mm. Cko-

pocmb nomoka 0,5 ma/mun
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[TocnekonOHOUHYO PEAKIIMIO MPOBOJIAT JJIsl OBBIIICHUSI YyBCTBUTEILHO-
CTU U CEJIEKTUBHOCTH ONPEAEIECHUSA. JTOT MPUEM HMCHOJIb3YIOT B KUIKOCTHOU
xpoMarorpadun mpu ONpeaeICHNH HeOPTaHUYECKUX (KaTHOHBI, aHUOHBI) U Op-
raHUYeCKUX (AMUHOKHUCIIOTHI U P.) COCMHECHUH, a TAKKE B PEAKIIMOHHOM Tra30-
BOM xpomarorpaduu. [ns mpoBeAeHUs MOCIEKOJIOHOYHOM peakldyd B JIII0aT,
MPOIIEAINIAA Yepe3 KOJOHKY, BBOJSAT, HAMPUMEpP, CIEKTPO(HOTOMETPUUCCKHIA
peareHT. PeareHT u 3JI0€HT MEpEeMEIIMBAIOTCS B CMECUTENBHON Kamepe, KOTo-
pas yCTaHaBJIMBAETCA MEXIY KOJOHKOM M AeTeKTopoM. CxemMa Kamepsl Mpen-

CTaBJICHA HA PUCYHOK 12.

Kammnnapuas Pearent
TpyDka

/..L..‘..'.\-.

-<— avemimimimims Paminisininie
K JETEKTOpY S Y

DIMOeHT

Pucynok 12. Paspe3 cmecumenvrou kamepwvl 0jisi NPO8eOeHUsi NOCIEeKOI0-
HOYHOU peaxkyuu.

B pesynbrare xummdeckond MoaudHUKaIMK COCIMHEHUH, BBIXOSAIINX M3
KOJIOHKH, 0Opa3yroTCs OKpallleHHbIe WIH (DIyopecupyroIe Mporu3BOIHBIE,
YyBCTBUTEJIBHOCTh OIPEJEICHUs IMOBbIIAETCSI. PacCMOTpEHHBbIE MPUHIIUIIBI
(cioco0bBl) IETEKTUPOBAHUS MOTYT OBITH OCYIIIECTBIICHBI C UCTIOJIB30BAHUEM JIe-
TEKTOPOB Pa3HOTO THUIIA KaK B )KMJIKOCTHOM, TaK U B ra30BOI XpoMatorpaduu.

OO61mii moaxoa K BLIOOPY JAeTeKTOopa.

B razoBoit u }KuUIKOCTHOM Xpomarorpaduu BbIOOp AETEKTOpPa 3aBUCUT OT
qucia ONpeNeNseMbIX COSIUHEHUM, UX KOHIICHTPAIlMd B CMECH U KEJIAeMOI0o
BpeMeHu aHanuza. s ompeneneHusi OONBIIOTO YUCIA COCTUHEHUU B OHOM
oOpasiie UCIOJIb3YIOT YHUBEPCABHBINA IETEKTOpP. Eciin HY>KHO ompeaensTh He-
CKOJIBKO COCTUHEHUH, OJU3KUX 10 CBOMM CBOMCTBaM, 3aJlady PEIIaoT C MOMO-

IObI0 CCIICKTUBHOI'O ACTCKTOPA. B paac CiiydacB AJid IOBBIMICHUA CCJICKTHUBHO-
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CTH ¥ YMEHBIICHHUS BPEMEHM aHAJIM3a UCMHOJIb3YIOT KOMOMHAIIMKN YHHBEpPCAIb-
HBIX M CEJIEKTUBHBIX JAETEKTOpoB. OJHAKO, YUUTHIBAs, YTO XpoMarorpadus siB-
JSI€TC. MHOTOKOMIIOHEHTHBIM METOJIOM aHaJIM3a, UCIOJIb30BAHUE YHHBEPCAIIb-
HBIX JIETEKTOPOB B 3TOM METO/I€ MPEATIOYTUTENBHO.

B rasoBoil xpomarorpauu ONMCAaHO HECKOJIBKO JIECATKOB JIETEKTOPOB.
[TomHBI KOMIUTIEKT Ta30BOro Xxpomatorpada BKIHOYaeT 4—6 IEeTeKTOPOB.
Haubonee mmpoko HCNONb3yIOT YHUBEPCAIBHBIE NETEKTOPBI, — JETEKTOP IO
TEIUIONPOBOAHOCTH (KaTapoMeTp) U IUIaMEHHO-HMOHU3ALMOHHBIH, CEJIEKTUBHbIE
— DIIEKTPOHHOTO 3axBaTa (33), TEpMOUOHHBIN U MJIAMEHHO-(POTOMETPUUECKHU.
B xunkoctHOM xpomaTorpaduu yaiie UCOIb3YIOT CIEKTPOPOTOMETPUUECKUE,
JIOMHUHECLICHTHBIE U 3JIEKTPOXUMUYECKHE (KOHAYKTOMETPUUYECKUN, TOJIApOTpa-
(buueckuit) AETEKTOPHI.

Ananus u memoowvl pacuema xXxpomamozpamm

Xpomatorpadus Mo3BOISET HE TOJBKO Pa3JeisiTh KOMIIOHEHTHI CMECH, HO
U OIpPEACIATh €€ KaYECTBEHHBI U KOJIMYECTBEHHBIM COCTABBI, IOCKOJIBKY IIO-
JIO’)KEHHUE XpoMaTrorpauueckoro muka Ha XpomaTtorpamme (yIepKuBaeMbIid
0o0BbeM, BpeMsl yAEpKUBaHUA) IJIsl TaHHOM XpOMAaTorpauueckol cucTeMbl Xa-
paKkTepu3yeT NPUPOAY BEIIECTBA, a IUIOIIA/lb, OTPAHUYEHHAs 3TOM KPUBOM U HY-
JIEBOM JIMHUEW JeTeKkTopa (XpoMarorpapuueckuii MuK) MporopLHOHaIbHA KO-
JMYECTBY JAHHOTO BEUIECTBA, NPOLIEALIETO YePe3 AETEKTOP.

KauyecTBeHHBIN aHAIN3.

WNnentudukamus xpomatorpadhuyeCKUMH METOJAMU — 3TO MPEXKIE BCETO
uneHTuUKaIys 1Mo napamerpam yaep:xkuanus (i, Vr), KOTOpbIe XapaKTepu3y-
I0TCSI XOPOIIEH BOCIIPOU3BOAMMOCTBIO, OTHOCUTENIbHBIE CTAaHAAPTHBIE OTKIIOHE-
Hus He npeBbimatoT 0,02. CoBnageHne BEIMYUH yACPKUBAHUS HEU3BECTHOIO U
CTaHJAPTHOTO COEMHEHHI CBUAETEIBCTBYET O TOM, YTO 3TH COEJUHEHUS MOTYT
ObITh MACHTHUYHBIMU. Eciu pasziuyHble BELIECTBa MMEIOT OJIMHAKOBOE BpeEMs
yIepKUBaHUsI, TO JUId OOJbIIEH JOCTOBEPHOCTH WIACHTHU(PHUKALUU CpaBHEHUE

xpoMarorpaduuecknx mapamMeTpoB MU3BECTHOTO M HEU3BECTHOTO BEIECTB MPO-
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BOJISIT B CWJIBHO Pa3IMYalOIIMXCsl YCIOBUsAX. Hampumep, noiaydaroT gaHHbIE 00
X XpomaTorpaduueckoM IMOBEJICHUU Ha KOJOHKAX C Pa3JIuYHBIMU HETOJIBHX-
HeIMH (pazamu. Eciim xpomaTtorpaduyeckoe MOBEACHHE CTaHIAPTHOTO U HEH3-
BECTHOTO BEIIECTB B TAKUX CIydasx HIACHTUYHO, TO JJOCTOBEPHOCTh MICHTU(DU-
Kaluu Bo3pacTaet 10 99%.

[Ipu cpaBHEHHH XpOMaTOTpaMM, MOJYYEHHBIX Ha Pa3HBIX MPUOOpax, BO
n3bexxaHue OmUOOK B HMACHTU(PUKAIIMM HCMIOJB3YIOT HCIPaBICHHOE BpeMs
yACP)KUBAaHUSI U HCIPABJICHHBIN yAepkuBaeMblii 00beM. YacTo uueHTtHdUKa-
U0 TIPOBOJSIT MO OTHOCUTEILHOMY YAEPKUBAHUIO tor, T. €. MO OTHOIICHUIO
yAep)KHUBAaeMOro oobemMa OIpeae/sIEMOr0 KOMIIOHEHTa K YACPKHUBAaeMOMY O0b-
€My BElIECTBa, MPUHITOTO 3a CTaHAAPT:

OTa BEJIMYMHA 3aBHCHUT TOJHKO OT COCTaBa ITIOABM)KHOM M HEMOIBHMKHOM

ba3.

tory = —B- = —& (34)

tR,CT. VR,CT.

Jlis kayecTBEHHOM HIEHTU(UKAIUK YJOOHO MOJIb30BAThCA MHACKCAMH
ynepxxuBanusi KoBaya, KOTopble, 10 CYIIECTBY, TaKXKe SBIJIAIOTCS OTHOCUTEIb-
HBIMHU TapaMeTpaMu yJepuBaHud. B aTom ciydae 3a ctangapt OepyT aBa co-
CeIHUX aJKaHa, OJUH U3 KOTOPBIX JIIOMPYETCs 10, a BTOPOH IMocie Hccienye-
MOro coenuHeHus, T. €. t'rp)<t'rp<t'r@+1), TI€ Z— YHUCIO aTOMOB yrjiepojaa B

ankane. Jlorapu(pMuUeCcKuil HHIEKC yAEPKUBAHKUS PACCUUTHIBAIOT 110 (GOPMYyJIe
14 [
l9tey —19t:
!/ !
IgtR(z+1) - IgtR(z)

st moboro H-ankanal = 100z. Jlna Bcex Apyrux COeqMHEHUN MOKHO

| =100 +100z (35)

onpenenarh nHaekc KoBaua OTHOCHUTENBHO IIKAJIbl U3MEPEHUSI H-aJIKaHOB, HC-
MOJIb3YSI CIIPABOYHBIC TAOTHIIBI.

Ilpumep 6

HeusBecTHOE COeIMHEHNE NMEET UCTIPABIEHHOE BpEMS yIEP)KUBAHUS tr(x)

=195
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MuH. McnpaBieHHoOe BpeMs yAEp>KUBaHUSI H-T€KCAHA U H-TENTaHa B ATUX
YCJIOBUSIX COOTBETCTBEHHO paBHO 13,7 u 29,3 muH. Mcnonb3yst 3TU JTaHHBIE,
paccuMTbiBaeM HHJIeKC KoBaya HEM3BECTHOI'O COEAMHEHUS IO ypaBHEHUIO (35):
0 1g19.5-1g13.7

1g29.3—-1g13.7

| =10

+100-6=648.2

B cnpaBouHbIX Ta0iaMIax HailieM, 4TO MOJYYEHHOE 3HAYEHUE WHIEKCa
oTtHOCHTCA K Oenzony (1=650).

WNnentudukaius no nHaeKcaMm yJaep>KuBaHusi 0oJiee HaJIexKHa, YEM TI0 OT-
HOCHUTEJIFHBIM YIEPKUBAEMBIM 00BEMaM, MOITOMY MX HCHOJB3YIOT HE TOJBKO
JUIsL UIEHTU(UKALMY, HO U JJIsl CPAaBHUTEIbHON OLIEHKU CEJEKTUBHOCTH HEIO-
JBIKHBIX (has.

3aKOHOMEPHOCTh M3MEHEeHHs mapaMeTpoB yaepxuBanus (V'r, t'r) Bromo-
JIOTHYECKOM PSIy OpPraHUYECKUX COCTUHEHUH TaKKe CO3aeT OCHOBY ISl U/ICH-
tuukanuu. Hanpumep, B I'X uCnonb3yroT 3aBUCUMOCTh JorapupMa UcCIpas-
JIEHHOTO yIEpKMBAEMOIr0 00beMa OT YMCIIA YIJIEPOJHBIX ATOMOB ZB COSIMHEHHU-
X WM OT Temreparypbl KunieHust (7y,,) TPU MOCTOSTHHON TeMIepaType KOJIOH-

|gVF; = A+ Bz (36)
lgv; =A+BT,, (37)

rae A 1 B — Nnpor3BOJIbHBIE KOHCTAHTHI, 3aBUCAIINE OT YCIOBUM aHAJIN3a
U (YHKIMOHAIBHOM TPYIIIBI TOMOJIOTHYECKOTO PAJIa.

Ecnu ycraHoBii€eHO, 4YTO COEAMHEHNE OTHOCHUTCSI K TAHHOMY TOMOJIOTHYe-
CKOMY DAy, IJISi €ro WIASHTU(UKAIMU JOCTATOYHO 3HATHh XapaKTEePUCTHKU
yIEpKUBAHMS HECKOJBKHUX YJICHOB TOMOJIOTUYECKOTO psina. Haiinennsie rpadu-
YECKHM WJIN BblUUCIeHHbIE 110 YpaBHEHUSIM (36) U (37) Ty WIKM UHICKCH YIep-
xuBaHus 100Zucnonb3yroT 11 UASHTUPUKAIIUN TOMOJIOTOB.

CymecTByeT emie oAuH Crnocod MaeHTU(PUKAIIMU, OCHOBAHHBIA Ha OJHO-

BPCMCHHOM HCIIOJIB30BAHHUH ABYX ACTCKTOPOB. OI[I/IH ACTCKTOP HGCHCHI/I(i)I/IIICH
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(kaTapomeTp, pedpakToMeTp), a UHTEHCUBHOCTh CHUTHaja JPYroro AETEKTOpa
3aBUCHUT OT MPHUPOJIbI BEIIECTBa, HAIIPUMEDP JAETEKTOp D3 B Ia30BOM XpoMaTo-
rpadun (I'X) nmu YD-nerekTop B KUIKOCTHOM XpomaTtorpaduu. CpaBHEHHE
XpOMAaTOTpaMM, TMOJYYEHHBIX C MOMOIIBIO JABYX JETEKTOPOB, MaeT MHpopma-
IIUI0, HallpUMep, O COCTaBe M (YHKIMOHAIBHBIX TPYMIaxX OPraHUYeCKUX Be-
IIECTB.

[Ipumep coenMHEHUST HECEJICKTUBHOTO (TUIaMEHHO-MOHU3AIMOHHOTO) M
CEJIEKTHBHOTO (TJIAMEHHO-MOHU3AIMOHHOTO CO MICJIOYHBIM METAIIJIOM) JETCK-

TOPOB NOKAa3aH Ha pUCYHKE 13.

CITHJ, MB

W——
0 1 234567 89 twmu

[TAJL, MB

Pucynok 13. Ilpumepvl xpomamozpamm, noay4eHHbIX npu 0O0beOUuHeHUU
NJIAMEHHO-UOHU3AYUOHHO20 Oemexkmopa (IIH]]) ¢ cenekmugHblM nIAMEHHO-
uonuzayuounwvim demexmopom (CIIHJ/]):

1 — meman; 2 — newman, 3 — yuknocexkcam, 4 — smurayemam, 5 —
mempa-xaopmeman; 6 — Memanon; 7 — memu-ieHxiopuo;, 8 — smawnon, 9 —
benszon, 10 — mpuxnopsmunen, 11 — xnopoghopm,; 12 —mempaxnopsmunen; 13
— monyon, 14 — 1,2-ouxnopsman; 15 — uzoamun ayemam

CeNeKTUBHBIA JETEKTOp, MOCTABICHHBIN BTOPHIM B CEpUM, MPAKTHUYECKU
HE JaeT OTKJIMKA Ha YTJIEBOJAOPObI, TOTJA KaK HECEJICKTUBHBIN JIETEKTOpP PEru-

CTpUpPYET UX (BMECTE C TAJIOTEHUPOBAHHBIMHU YTJIEBOAOPOJAMHU). DTO HPHUMEP
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IPOCTOTO Cr0oco0a Ka4ueCTBEHHON MIACHTU(DHUKAIIMN: KOMIIOHEHTHI CMECH, Ha KO-
TOpbIE HE JTA€T OTKJIMKA CEJICKTUBHBIM JIETEKTOP, OTHOCATCS K KJIACCy YIJIEBOJAO-
ponoB. OHAKO TakMe CYIIECTBEHHBIE PA3NUYUs B OTKIMKaX HAOIIOJAIOTCS HE
Bcerna. OOBIYHOE COOTHOIICHHE OTKIMKOB CEJIEKTUBHOTO W HECENEKTHBHOTO
J€TEKTOPOB JIeXKUT B npeenax 10—10°,

Wuorga nist uneHTUUKALUN UCTIOIB3YIOT XUMUYECKUE PEAKIUU 10 WIH
nocie xpomatorpadupoBanus. B mocnenHem ciaydae oToOpaHHBIE (paKIUU
III0ATa AHAIU3UPYIOT XUMUYECKUMHU WK (PU3UYECKUMU METOJJaMHU Ha MPUCYT-
CTBUE TOTO WJIK NHOTO KOMITIOHEHTA.

KonnvecTBeHHBIN aHATUS.

JUIsi KOJIMYECTBEHHOTO aHalnu3a M0 XpOMaTorpaMMe CUTHAJl JIETEKTopa
NepeaeTcsl Ha AJIEKTPOHHOE YCTPOMCTBO, KOTOpOE MpeoldpasyeT ero B uudpo-
By10 (hopMy, 1100 HA caMONUCEl] C IMarpaMMHOI JieHToi. B nociennem cioyyae
KOJIMYECTBEHHBIM aHAJIU3 MPOBOJAT, U3MEPSIST BHICOTY WJIM IJIOIIAb MMHKA, TaK
KaK 3TH [apaMeTpbl IPONOPIUOHAIBHBI KOHIIEHTPALWH WU KOJIMYECTBY BeElle-
CTBa B XpoMaTorpaduyeckon 30He.

N3mepeHne BBICOT MUKOB MPOIIE M TOYHEE, YEM H3MEPEHHE IJIOIAIn
OCOOEHHO [IJIsl BEILIECTB C MajibiM BPEMEHEM YACpPKUBAHUS M CHUMMETPUYHBIM
nukoM. Yem MeHblie tr, TEM yKe, OCTpee MHUK.

OpHako miomaan U3MEPSIOT Yallle, TaK Kak IOCIEAHNE NMPAKTHYECKH HE
U3MEHAIOTCSI MIPU HEKOTOPOW HECTAOMJIBHOCTH 3KCIEPUMEHTAIbHBIX YCIIOBUH.
Jlise M3MepeHus IUIoNIaiel UCIONIB3YIOT HECKOJIBKO CHOCO00B (pucyHOK 14).
OOBIYHO IPOBOJAT KacaTeabHbIE K ThUTY U (PPOHTY ITUKA U COCTUHSIOT UX JIUHU-

€M, NapaJlJICIIbHON HYJIEBOU JIMHUMU.
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~

KHH CHTHalI

AHamuTHYeC
\

t, MHH

Pucynok 14 Hzmepenue evicomwvi nukos

[Inomaapr MOITy4EHHOTO TPEYroJIbHUKA COCTaBISIET 96% OT UCTUHHON H
IPOIMOPIIMOHANIbHA KOJMYECTBY BellecTBa B mpobe. [ns pacuera momaau
CUMMETPUYHBIX MMHKOB HAaXOIAT MPOU3BEICHUE BBICOTHI MMHMKA HA €ro MOMYIIHU-
puHy. DTO mpou3BelleHHe cocTaBisieT 84% miomanu nuka. TOYHOCTh U3Mepe-
HUS TUTOIAIA MUKA 3aBUCUT OT OTHOIIEHHUS BBICOTHI MUKA K €T0 IIUPUHE (ONTH-
MaJbHOE OTHOIIICHUE JISKUT B mpesenax ot 2 g0 10).

Memoowsl pacuema xpomamozpamm.

Hcnonb3ys aHHBIE IO BBICOTAM MUKOB WJIM UX IUIOIIAJAM, MOKHO pac-
CUMTATh KOJWYECTBEHHBIN COCTAB MPOOBI METOJIAMU HOPMHUPOBKH (C MCIOJIB30-
BaHMEM WM 0€3 MCHOJb30BaHMS MONPABOYHBIX KOA(D(UIMEHTOB), BHEIIHEH
cTaHAapTU3auu (a0COMIOTHOM IPalyupPOBKH ), BHYTPEHHEN CTaHIapTU3AIUY.

Memoo Hopmuposku Jaie BCero UCTONb3YIOT Ha MPAKTHKE (PUCYHOK 15).

AHaTUTHYCCKHH CHIHAN
w2

{, MHE

Pucynox 15. Onpedenenue xoHyemmpayuu eewjecms mMemooOM HOPMU-

DPOBKU
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Jl7ig ero Mcmoyib30BaHUsl HEOOXOAUMO, YTOOBI Ha XpoMarorpamme ObLIH
3apEerUCTPUPOBAHBI BCE KOMIIOHEHTHI, BXOJISIINE B COCTaB aHAJIM3UPYEMOil cMe-
cu. Jlons muomaayn m1uKa COOTBETCTBYET COACPKAHUIO KOMIIOHEHTa B MacCOBBIX
nponeHrax. [Ipu ananusze cMecu TpexX KOMIOHEHTOB OTHOCHTEIBHOE COZIEpiKa-
HUE KOMITOHEHTa, HalpUMEp COOTBETCTBYIOIIETO MUKY y Ha XpoMaTorpamme,
MO’KHO PaccUuTaTh 1o Gopmyiie

S
X% = x 100
TS, xS, 48, (38)

rae Sy, Sy, S;— miomaau nuKoB. Ty GOpMyJTy UCIIONb3YIOT TOJIBKO B TOM
cllydae, eclid ACTEKTOP OJMHAKOBO YYBCTBHUTEJICH K KAXKIOMY U3 Pa3IeisieMbIX
KOMITOHEHTOB CMECH, T. €. KOMIIOHEHThI CMECH, B35IThi€ B OJIMHAKOBBIX KOJIMYE-
CTBax, IAIOT OJHY U Ty K€ TIJIOMA b TTHKA.

Ecnu ke 4yBCTBUTENBHOCTD JIETEKTOpA Pa3iMyHa MO0 OTHOLIEHUIO K KaK-
JIOMY M3 KOMIIOHCHTOB MPOOBI, TO UCIOJIB3YIOT MONPAaBOYHbIC KOA(PPHUIIMEHTHI fy
Fys

f;, yauTBIBaIOIIME YYBCTBUTEIILHOCTD JETEKTOPA K JAHHOMY KOMITOHEHTY.

®dopMmyina 1S pacueTa B TOM Cllydae 3aliCchIBaeTCs Tak:

% = 100

zsn fn

[TonpaBouHble KO3(PPUIMEHTHI MOTYYAIOT IPU aHAIM3€ CTaHAAPTHBIX Ce-

(39)

puil M pacCYUTHIBAIOT TIO (hopMyJIe

S ¢

f — cm X
X S C cm ’ (40)

X cm
rac Sx, Scxnnomazm ITMKOB OIPEACTIACMOIO U CTAHAAPTHOI'O BEIICCTBA, Cy,

Cen— KOHOCHTpPALIMWHU OIIPCACIIACMOIO N CTAHAAPTHOI'O BCIIICCTBA, fCT—

MOTPAaBOYHBIN KOI(PPHUIIMEHT CTAaHAAPTHOTO BEIIECTBA.
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Memoo eéneutnezo cmanOapmaviCioNIb3ylOT IPU ONPEIEICHUHA OTIEIIb-
HBIX BEIIECTB WJIM aHAJIM3€ MPOCTBIX CMECEH, a TakKe B Clydyae OIpeAesICHUs
MuUKpornpumeceil. ['0TOBSAT 1Ba cTaHAAPTHBIX PacTBOpPaA OMPEAEIIEMOr0 KOMIIO-
HEHTa, OJMHAKOBBIE WX KOJMYECTBA BBOAAT B Xpomatorpad U ONpeaessioT
wiomianpb nuka (S Sy).

PesynbraTel npencraBistoT rpadudecku (pucyHok 16), mubo ompenenstor
o dhopmyiie

X(%) = kS, (41)

['pagynpoBOYHBIN KOAPOUIUEHT KONPEAESISAIOT NpU aHAIU3€e Npod CcTaH-
JAPTHBIX CEpUN CMECEN:

k=Si/X; (42)

L

[Imomaae muka

Conepxanue
KOMITOHEHTa, %

Pucynok 16. Onpedenenue xomnonenma memooom eHeulHe20 Cmanoapma
Memoo enympenneco cmandapmanpyuMeHSIOT MPU OTCYTCTBUM Ha XpO-
MaTrorpaMMe MHUKOB HEKOTOPBIX KOMIIOHEHTOB aHaJIM3UpyeMol cmecu. Merton
OCHOBAaH Ha TOM, YTO B aHAJIU3UPYEMYIO CMECh BBOISAT HEKOTOPOE ONpE/EieH-
HOE KOJIMYECTBO CTAaHAAPTHOTO BEIIECTBA. DTO BEIMIECTBO JOJKHO OBIThH XMMH-
YECKU MHEPTHBIM M OTCYTCTBOBATh B OMPENEIIIeMOl MpoOe M MOJHOCTHIO OT/Ie-

JATBCA OT APYTUX KOMIIOHCHTOB CMCCH; BPEMs €TO0 YACPKUBAHUA OJOJIKHO OBITH
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ONMU3KUM K tROIpenensieMblX KOMIIOHEHTOB; €r0 KOHLIEHTpAlMs TOJIKHA OBbITH
OJM3Ka K KOHUEHTPALUsM ONPEIENIIEMbIX KOMIIOHEHTOB, MUK CUMMETPUYHBIM.
Jlyia ompezeneHus: MOMPaBOYHBIX KOI(PPHUIIMEHTOB (HOPMUPOBOYHBIX MHOKHTE-
Je¥) COCTAaBIISIIOT PA3JINYHbIE CMECU (M3BECTHOTO COCTaBa) BHYTPEHHEIO CTaH-
JapTa ¢ KaXAbIM U3 KOMIIOHEHTOB; IOJIy4al0T XpOMAaTOrpaMMbl TAKUX CMECEH.
OnpenensroT MIOMAAU MUKOB, U JJI1 KaKJ0r0 KOMIIOHEHTa PACCUMUTHIBAIOT IO-

paBOYHBIN KOAhPuIMeHT o Gopmye

S.cr.Cp.cr.
K = TS, (43)

T7I€ Sg.cm, Ox— IIIOMIATN TUKOB BHYTPEHHETO CTAaHAAPTa U ONIPEICTIIEMOTO
KOMIIOHEHTA; Cgcm, Cx—KOHIEHTPAIIMU CTaHIAPTA U UCCIETyEeMOTO BEIIECTBA B
HUCKYCCTBEHHBIX CMECSX. 3Has MOMpaBOYHbIE KOA(DOUIIMEHTHI, COJEpKaHUE

KOMITOHEHTA PACCUUTHIBAIOT 1O (hopMyIie

S

X,% = kr—2-100,
S (44)
6.Cm
Tner = oer. M — Macca, T
Mupo6e!

%

Pucynox 17. Onpedenenue KOMNOHEHMO8 MEMOOOM GHYMPEHHE2O CMAH-
oapma

Jocmoseprnocme pe3yibmamos u UCMOYHUKU ROZPEUHOCH el

[TorpemHocT B XpomaTorpaduyeckuii KOJIMYECTBEHHbIM aHAIN3 BHOCST:

MOJTOTOBKA M OTOOP MPEACTaBUTEIBHON MPOOBI, €€ HErOMOT€HHOCTh (TaK Kak
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paboTatoT ¢ MasbiMu o0beMaMu Mpo0); anmnaparypa (HEMUHEHHOCTh IETEKTOopa,
pasiauyHas ero 4YyBCTBUTEIBHOCTh K KOMIIOHEHTaM IpoObl); 0OpaboTka Xpoma-
Torpamm. Yaie Bcero xpomaTtorpadsl, HACTpOEHHBIE Ha pabOTy B ONTHMAJIb-
HBIX YCJIOBHSIX, HE BHOCAT 3HAUMTEJILHOIO BKJIA/Ja B MOIPEIIHOCTh PE3YNbTATA.
[ToaToMy npu OLIEHKE CIyd4alHbIX MOIPEUIHOCTEN B OOLIYI0 JUCIEPCUIO aHAIIU-
3a BKJIIIOYAIOT JUCIEPCHUIO, CBSI3aHHYIO C OTOOPOM MPOOBI U C U3MEPEHUEM ILIO-
1a]I1 TUKa. Bocnpon3BOAMMOCTE ONPEENIEHU TUIOIACH TMKOB METOAOM I10-
CTPOEHMSI TPEYroJIbHUKA, BBIpaXKaeMas OTHOCUTEIbHBIM CTAHJAPTHBIM OTKJIO-
HEHHeM, cocTaBisieT 4%, METOIOM MPOU3BEACHUS BHICOTHI Ha IIMPUHY, HU3Me-
PEHHYIO Ha MOJIOBUHE BBICOTHI, — 2,5%, ¢ TOMOIIBIO JIEKTPOHHOTO LI POBOTO
unterpatopa — 0,4%.

TI'azosasn xpomamozpagpusn

["a3oBast xpomartorpadust — METOJA pa3AeiieHUs JIETy4YUX COCIAMHEHUH.
[ToaBmxHOU (pa30il CIIy>KUT UHEPTHBIN ra3 (ra3-HOCUTENb), TPOTEKAIOLIUHN Yepes
HENOJBWXKHYIO (azy, o0Janarollyo OOJbIION MOBEPXHOCThIO. B KkauecTBe mo-
JNBUKHON (Da3bl MCHOJIB3YIOT BOJOPOA, T€NUi, a30T, aproH, YIJIEKUCIbIA Tas3.
['a3-HOCHTENP HE B3aMMOAECHCTBYET C pa3ACISIEMBIMU BEIIECTBAMU W HENO-
JBMKHOM (pa3om.

B 3aBuCHMMOCTH OT arperaTHOro COCTOSIHUSI HEMOJBHMKHOM (pa3bl pasiiv-
YaroT JiBa BHJIa Ta30BOM XpomaTorpaduu — ra3orBepaodazHyro (HENmoIBIKHAS
(daza — TBEp/IbIl HOCUTEINb: CUIIMKATeNb, YTOJIb, OKCHJI AIFOMUHUS) U Fa305KU/I-
KOCTHYIO (HEmoABMXHasA (a3za — >KUIKOCTb, HAHECEHHAss HA WHEPTHBIM HOCH-
TEJIb).

[Ipouiecc pazaeneHusi OCHOBAH Ha PAa3jIMYUU B JETYYECTH U PACTBOPHUMO-
CTH (WM aacopOUpPyeMOCTH) pa3aeisieMbIX KOMIOHEHTOB. Yepe3 XxpomaTorpa-
(¢udecKyro KOJOHKY OBICTpee ABMXKETCA TOT KOMIIOHEHT, paCTBOPUMOCThH KOTO-
pOTO B HEMOABMKHOM (paze MEHbIIIE, a JETYy4ecThb (YIpyrocTh mapa) npu JTaHHON

TeMIiepaType OoJbIIe.
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["azoxpomaTorpadudecKkuM METOJIOM MOTYT OBITh TIPOAHATU3UPOBAHBI Ta-
3000pa3Hble, )KUJIKUE U TBEPJbIC BEIIECTBA C MOJIEKYJSPHOM Maccod MEHbIIe
400, yaOBIETBOPSIOIINE ONPEICTICHHBIM TPEOOBAHUM, TJIABHBIE U3 KOTOPHIX —
JIETy4€eCTh, TEPMOCTAOUIBLHOCTh, HHEPTHOCTh U JIETKOCTh MosryueHus. Konnue-
CTBEHHBII aHaM3 MOXKHO IIPOBECTH TOJILKO B TOM CJIy4ae, €ClIU BEIIECTBO TEp-
MOCTOMKO, T. €. UCHapsAeTCs B JI03aTOPE BOCIPOU3BOAUMO M JIIIOUPYETCs 0e3
paznoxxenus. [lpu pasznoxkeHuH BelecTBa Ha XpoMaTorpaMMe MOSBIISIOTCS
JIO’KHBIE THKHU, OTHOCSIIMECS K MPOAYKTaM pa3jiokeHus. BelecTBo He JOIKHO
00pa3oBBIBATh YCTOWUYMBBIX COJIbBATOB MPU PACTBOPEHUHU B HETIOJBUKHOU KU1~
KoM (aze W pearupoBaTh C MaTepuajiaMy, U3 KOTOPHIX H3TOTOBJICHBI JIETAJIH
xpoMarorpada. ITuM TpeOOBaHUAM B OOJIBIIEH MEpe yIOBIETBOPSIOT, KaK Mpa-
BWJIO, OPTaHUYECKUE BEIIECTBA, MOATOMY ['X MIMPOKO MCHOJB3YIOT KaK CEpUM-
HBII METOJ aHaJIN3a OPTraHUYECKUX coeAuHEHU. OTHAKO 3TUM METOJAOM MOXK-
HO TaKXe OMNPEJETUTh MOYTH BCE BJEMEHTHl MEPUOIUUYECKON CUCTEMBI B BHUJIC
JIETy4YHX KOMIIJIEKCOB.

T'azoorcuokocmuan xpomamozpagus

B ananuThueckol MpaKTUKE Yallle UCHOJIB3YIOT METOJ ra30kKUIKOCTHOM
xpomarorpadpun (I'KX). D10 cBA3aHO C Upe3BBIYAMHBIM pa3HOOOpPA3UEM KU/I-
KUX HEMOJBIXKHBIX (ha3, uTo obJierdyaeT BIOOP CEJEKTUBHOM MJis JAHHOTO aHa-
nu3a ¢asbl, ¢ TUHEHHOCTBHIO U30TEPMBI pacipeesieHus B 0oJiee MUpoKoit oba-
CTH KOHIIEHTpPAIIUH, YTO MO3BOJISIET padoTaTh ¢ OOJIBITUMU TIPOOAMH, U C JIETKO-
CTBIO MOJIYYEHUSI BOCTIPOU3BOAUMBIX 1O 3()PEKTUBHOCTH KOJIOHOK.

Henoosusicnule scuokue ¢hasol.

Jlns oOecriedeHusi CEIEKTUBHOCTH KOJIOHKM BaXKHO MPABUIIBHO BBIOPATH
HEMOJABWXHYIO XHUAKYI0 (a3y. Ota (aza qoimkHa ObITH XOPOILIMM PacTBOPHUTE-
JIeM JUIsi KOMIIOHEHTOB cMecCH (€Ciu pacTBOPUMOCTh Majla, KOMIIOHEHThI BBIXO-
JAT U3 KOJIOHKH OYEHb OBICTPO), HEJleTyuel (4ToObl HE ucrapsjaach npu pado-
4yel Temmeparype KOJOHKH), XUMHYECKH WHEPTHOM, TOJbKHA 00JagaTh HEOOIb-

10 BS3KOCTBIO (MHAYE 3aMeyisieTcs mpoiiece auddy3nun) u Ipu HAHECEHUU Ha
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HOCUTEJIb O0pPa30BBIBATH PABHOMEPHYIO IIJICHKY, MPOYHO C HUM CBSI3aHHYIO.
PaznenurenbHas cniocoOHOCTh HEMOABMXHOU (ha3bl JIi KOMIOHEHTOB JaHHOM
poObI JOKHA OBITH MAKCUMATBHOM.

PasznuyaroT xuakue $aspl Tpex TUIMOB: HEMOJSPHBIC (HACBIIICHHBIC YTJIe-
BOZIOPOJIBI U JIP.), YMEPEHHO MOJSIpHbIE (CI0XKHBIE 3(UPBI, HUTPWILI U Ap.) U
NOJISIPHBIE (TTOJTUTIUKOIH, TUAPOKCHIIAMUHBI U JIp.).

3Has CBOMCTBA HEMOJBM)XHOW >KMIKOU (ha3bl M MPUPOAY pa3AeiIIeMbIX
BEIIIECTB, HAPUMEp KJIacc, CTPOCHHUE, MOKHO JTIOCTATOYHO OBICTPO MOA00pPATH
MOAXOJSIIIYIO JUISl pa3AelIeHUs] TaHHOM CMECH CEJEKTUBHYIO KUIKYI0 (azy. [Ipu
3TOM CJEAYEeT YYUTBIBATh, YTO BpeMs yAECpPKUBAHUS KOMIOHEHTOB OYIeT MHpu-
eMJIEMBIM JJI aHAJIM3a, €CIIU MOJSIPHOCTU CTAllMOHAPHOW (ha3bl M BEILLIECTB aHa-
an3UpyemMoi poObl 01u3Ku. JJisi pacCTBOPEHHBIX BEIIECTB € OJU3KOM MOISPHO-
CTbIO HIOPSAIOK IIIOUPOBAHUS OOBIYHO KOPPEIUPYET C TEMIIEpATypaMu KUIIEHUS,
Y €CJIM Pa3HULA TEMIIEPATyp AOCTATOYHO BEJIMKA, BO3MOXHO IIOJIHOE pas3zee-
Hue. Jlig pa3zneneHust ONMU3KOKUILAIINX BEIIECTB Pa3sHOW MOJISPHOCTH UCIOJIb-
3yIOT CTAallMOHApHYIO (pa3y, CEJIEKTUBHO yIEPKUBAIOILYIO OJWH WM HECKOJIBKO
KOMITOHEHTOB BCJIEJICTBUE JIUIIONb-IUINONBHOrO B3aumonencteus. C yBenuue-
HUEM TOJISIPHOCTH >KUIKOM (ha3bl BpeMsl YIAEp>KUBAHUS MOJIAPHBIX COECIUHEHUI
BO3pACTAET.

JIJist paBHOMEPHOT'O HAaHECEHUs >KUAKOUW (ha3bl HA TBEPJbI HOCUTEND €€
CMEIIMBAIOT C JIETKOJETYYUM pacTBoputresneMm, Hampumep 3¢pupom. K stomy
pacTBOpy J00ABISIIOT TBEPAbIM HOcUTeNlb. CMeCh HarpeBaroT, paCTBOPUTEND UC-
napsiercs, xuakas ¢aza octaerca Ha Hocurene. CyXuM HOCHUTEIEM C HaHECEH-
HOM TakuM 00pa3oM HEMOJBIKHOU KUAKON (pa3oi 3aroHsAI0T KOJIOHKY, cTapa-
sch u30exaTh 00pa3zoBaHus MycToT. JlJis paBHOMEPHON YIAaKOBKHU Yepe3 KOJIOH-
Ky IpPOIYCKaIOT CTPYIO Ir'a3a U OJHOBPEMEHHO MOCTYKHMBAKOT MO KOJIOHKE IS
VIUIOTHEHUS HaOWBKHU. 3aTeM JI0 MPUCOEAUHEHUS K JETEKTOPY KOJOHKY Harpe-

BalOT 10 TemnepaTtypsl Ha 50 °C Bblle TOHM, MPU KOTOPOH €€ MpeAnoJiaraercs
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UCIOJIB30BaTh. [Ipr 3TOM MOTYT OBITH TIOTEPHU KUAKOW (ha3bl, HO KOJIOHKA BXO-
JUT B CTAOMJIBHBIA pabovuil pesKUM.
Hocure/in HenmoABMAKHBIX KUAKUX (a3

TBepapie HOCUTENU Al AUCTIEPTUPOBAHUS HETIOABIKHOM KUIAKOM (a3bl B
BUJIC OJHOPOJHON TOHKOW IJIEHKH JTOJDKHBI OBITh MEXaHMYECKU MPOYHBIMH C
YMEPEHHOH YAEIbHOM IOBEPXHOCTHIO (20 M?/T), HEGONBIIMM M OJMHAKOBBIM
pa3MepoM YacTHIl, a TAKXKe ObITh IOCTATOYHO MHEPTHBIMH, UTOOBI aCOPOIIMS Ha
MOBEPXHOCTHU pazjieia TBepAOoW U razoodpasHoit (a3 Opuia MuHuManbHOU. Ca-
Masi HHM3Kas aAcopOlMs HaOMIOAAeTCs HAa HOCUTENSX W3 CUIAHU3MPOBAHHOTO-
XpoMocop0a, CTEKJITHHBIX IpaHyd U (iayoponaka (PTopyriaepoHbIi MoIUMep).
Kpome Toro, TBep/ible HOCUTENIH HE JOJKHBI PearupoBaTh Ha MOBBIIICHUE TEM-
nepaTypsl U JOJDKHBI JIETKO CMAauMBaThCs KUJKOU (pa3oil. B razoBoit xpomaro-
rpaduu XenaToB B KAYECTBE TBEPJIOTO HOCUTEIIS Yallle BCEr0 MCIOJIb3YIOT CUjla-
HU3UPOBAHHBIE O€JbIe JUATOMUTOBBIC HOCUTEIM — JUATOMUTOBBIN KpEMHE3EM,
WM KU3eTbryp. JIuatoMut — 310 MUKpoamMop(dHbIN, cofepKaliuii Boy, JUOK-
cua kpemHans. K TakuM HOCHTEISIM OTHOCAT XpoMocopOW, razoxpoMQ, xpoma-
ToH N u ap. Kpome TOro, UCIoyib3yI0T CTEKIISIHHBIC IAPUKUA U TE(IIOH.

XumMnyecku cBsi3aHHble (pa3bl. YacTo MCMONB3yIOT MOIUDHUIIMPOBAH-
HbI€ HOCHUTEJIM, KOBAJICHTHO CBSI3aHHBIE C «KUAKOW» ¢azoit. [Ipu aTom crarmo-
HapHas xkunkas ¢dasza 0oyiee MPOUYHO YIAEPKUBACTCS HA TMOBEPXHOCTH JaXe MpU
CaMbIX BBICOKMX TE€MIIEpAaTypax KOJIOHKU. Hampumep, TMaTOMHUTOBBIM HOCUTEID
00pabaThIBAIOT XJIOPCUJIAHOM C JUIMHHOLIETIOYEYHBIM 3aMECTHUTENIEM, 00J1a1at0-
IIMM OIPEACIICHHON TOJIIPHOCTHI0. XUMUYECKU CBsI3aHHAs HEMOABMXKHAs (asza
oosiee rappexkTuBHA.

OcobennocTH ra3oBbix xpomarorpagos
OcTtaHoBUMCS Ha OCOOCHHOCTSAX Ta30BbIX XpoMaTrorpadoB (CM. pUCYHOK

8) I'a3-HOCuTED mogacTcsa u3 OajoHa o OIpCACIICHHBIM IIOCTOSHHBIM JaB-
JICHUEM, KOTOpPO€ YCTAHABJIMBACTCSA IIpW IIOMOIIK CIICOHWAJIbHBIX KJIAIIaHOB.

CKOpOCTb IIOTOKA B 3aBUCUMOCTH OT pa3dMCpa KOJIOHKH, KaK IIPpaBUJIO, COCTABJIA-
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et 20—50 mi-mun L. [IpoGy mepen BBOAOM B KOIOHKY J03UPYIOT. JKUIKHe mmpo-
Obl BBOJST CHEUATbHBIMU WHXEKIMOHHBIMU mmpuamu (0,5—20 Mxi1) B mo-
TOK Ta3a-Hocuteld (B UCHapuTesab) yepe3 MeMOpaHy M3 CUIMKOHOBOW CaMo-
VIUIOTHSIOIIEWCS pe3uHbl. 11 BBEAEHUS TBEPABIX MPOO HCHOJB3YIOT CIELU-
anbHble npucnocodsenus. [Ipoba nomkHa UCIApATHCS MPAKTUYECKHM MTHOBEH-
HO, MHAa4€ MMUKU Ha XpOMATOrpaMMe PacIIUPSIOTCS, 1 TOYHOCTh aHAJIM3a CHUXKa-
ercs. [loaromy no3upyroliee ycTpoicTBO Xpomartorpada cHaOXKeHO HarpeBaTe-
JIeM, 4TO MO3BOJIAET MOACPKUBATH TEMIIEPATYPY Jl03aTopa npuMmepHo Ha 50 °C
BBIIIIE, YEM TEMIIepaTypa KOJIOHKHU.

[IpuMeEHSIOT pa3feNuTeNbHbIE KOJOHKM JABYX THIOB: HAacaJl04YHBIC
(HaOuBHBIC) M KanmwUIsipHble. HacajouHble KOJOHKH TUAaMETpOM 2—6 MM H
nuHOM 0,5—20 M HM3rOTaBIMBAIOT U3 OOPOCUIIMKATHOTO CTEKIa, Te(IoHa WIH
MeTayuia. B KOJOHKM MOMemaroT CTalMoHapHylo ¢aszy: B TazorBeprodas-
Holixpomartorpaduu 3T0 aAcOpOEHT, a B Ta30KUAKOCTHOM XpoMarorpahuu —
HOCHUTEJIb C TOHKUM CJI0eM XKUAKOW ¢a3bl. [IpaBUIIbHO MOATOTOBICHHYIO KO-
JIOHKY MO’KHO HMCIIOJIb30BaTh JJIsi HECKOJBKHUX COTEH omnpeaeneHuit. Kanumsp-
HbI€ KOJIOHKH Pa3JeNsioT MO crnocol0y (pUKcaluy HEMOABMXKHOW (a3bl Ha JBa
THUIIA: KOJOHKH C TOHKOM TIJICHKON HETmoABMKHOU *kuakoi ¢aszer (0,01—1 mxm)
HEIMOCPEICTBEHHO HAa BHYTPEHHEW MOBEPXHOCTH KalUJUISIPOB M TOHKOCIJIOMHBIE
KOJIOHKH, Ha BHYTPEHHIOIO MOBEPXHOCTh KOTOPBIX HAHECEH IMOPHUCTHIN CIOM
(5—10MKM) TBEpJOTO BEIIECTBA, BBIMOJHAIONICTO (YHKIMIO COPOCHTA MJIH HO-
CUTENISl HEMOABWKHON KuJkon (a3pl. KanmuisipHble KOJIOHKH W3TOTaBIMBAIOT
13 kBapua; auamerp kanwuisapos 0,2—0,5 MM, guuHa ot 10 10 100 M.

Temneparypa KOJOHOK OIpEAeNseTcs TJIaBHBIM 00pa3oM JIETYy4YeCThIO
npoObl U MOXET U3MEHAThbCA B mpeaenax oT -196°C (temmeparypa KUIEHHS
xuakoro azora) g0 350 °C. TemmnepaTypy KOJIOHKM KOHTPOJIMPYIOT C TOYHO-
CTBIO JO HECKOJBKHUX JAECATHIX rpajyca U MOJACPKUBAIOT MOCTOSTHHON ¢ TOMO-

b0 Tepmoctata. [Ipubop maer BO3MOXKHOCTH B TIpoliecce XpomaTorpadupoBa-
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HUS MOBBIIIATh TEMIIEPATYpPy C MOCTOSHHOM CKOPOCTHIO (JIMHEMHOE Mporpam-
MUPOBaHUE TEMIIEPATYPHI).

JUIsl perucTpanyy BEIIECTB, IIOUPYEMBIX U3 KOJOHKH, B KOMIUIEKT ra3o-
BOTO xpomaTorpada BXOJUT HECKOJBKO Pa3IUYHBIX AETEKTOPOB. CpaBHUTEINb-
Hasl XapaKTEepUCTUKA JETEKTOPOB MIpUBEACHA B Tabnuue 1.

Tabnuma 1. CpaBHUTENbHBIE XapaKTEPUCTUKU Ta30XpoMaTorpaduueckux

JIETEKTOPOB
JerekTop IIpenen Jlnara3oH JIMHEMHOCTU
OOHapyXeHUsI JIETEKTOpa

Karapomerp 1022 r/mn 10°
[Tnamenno-nonu3anmonnasii | 10712 r/c 107

DIEKTPOHHOIO 3aXBATa 1024 r/mn 10%

TepMOUOHHEII 10 r/c 10°

HK-cnektpomeTp > 1 MKT 10°
Macc-CrexkTpoMeTp 1012-10 ¢ 10°

Kuokocmnuan kononounan xpomamozpagus

XKunkoctHas xpomatorpadust (ZKX) — 370 MeToa pa3AesieHus U aHalu3a
CJIOXHBIX CMECEHl BEIEeCTB, B KOTOPOM MOJBHXKHOU (Pa30M CIYKUT >KHJIKOCTb.
Meton XX npumenum st pasfeneHus: 00jee MHUPOKOTo Kpyra BEIIECTB, YeM
Meroa I'X, mockonbKy OONBIIMHCTBO BEIIECTB HE 00JaAaeT JIETy4eCTbl0, MHO-
r'e ro HUX HEYCTONYMBHI IPU BBICOKUX TeMIlepaTypax (0COOEHHO BHICOKOMOJIE-
KYJISIpHBIE COEMHEHUS) U pasjlaraloTcs MpU MEepeBeIeHUH B ra3000pa3Hoe co-
crosiune. B XXX paznenenue yaiiie Bcero npoucxXouT Npyu KOMHATHOW TeMIiepa-
Ttype. OcobGennoctu Bcex BuAoB KX 00ycCIOBIEHBI HATUYUEM >KUAKOM IO-
JIBUKHOM (pazbl.

CopOrusi KOMIOHEHTOB U3 ra3a U KUJKOIO AJIIOEHTA OCYLIECTBIIAETCS IO~
pazHoMy. B oTiauume OT ras3a, KOTOPBIA BBIITOJHSET TOJIBKO TPAHCIIOPTHYIO

(GYHKUHIO M HE COPOUPYETCsl HEMOABMKHON (Pa3oil, )xuiKkast NoBUKHAs Pa3za —
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AKTUBHBIN JTIOEHT, MOJIEKYJIBI KOTOPO MOTYT COPOMPOBATHCS HA TOBEPXHOCTH.
[Ipy npoXoKJI€HUHN Yepe3 KOJOHKY HaXOJIAIIUECS B DIIFOEHTE MOJICKYJIbl MHTE-
PECYIOIIEr0 HAaC KOMIIOHEHTA JOJOKHBI BBITECHUTH MOJIEKYJIBI JJIFOEHTa C IO0-
BEPXHOCTHOTI'O CJIOSl COPOEHTA, YTO MPUBOAUT K YMEHBIICHUIO SHEPTHUH B3aUMO-
JEUCTBUS MOJIEKYJ BEIIECTBA C MOBEPXHOCThIO copOeHTa. [1oaTOMY BEIUYMHBI
VR, nponopumoHanbHbie -AG(M3MEeHEHUIO CBOOOTHON PHEPTHN), TAK)KE MEHbIIIE
B KX, uem B I'X; Auana3oH JUHEHMHOCTH U30TEepMbI copOriuu B KX OobIire.

[IpuMeHsisi pa3nuyuHbIC IFOCHTHI, MOKHO U3MEHSTh MMAPAMETPhl YACPKH-
BaHUS U CEJIEKTUBHOCTbH XpOMaTorpaduueckoi cucTeMbl. BO3MOXHO MCIIONB30-
BaHHE I'paJueHTHOro 3monpoBanusd. CenektuBHOCcTh B KX B omimume ot I'X
ONpeeNsieTcs He OJHUM, a JBYMs (akTopaMh — MPUPOJION MOABUKHOM
(2J110€HT) U HEMOABUKHOM (Pa3.

B xiaccnueckoM BapuanTe KX B CTEKJISIHHYIO KOJIOHKY JUIMHOW 1—2 M,
3aMo0JIHEHHYIO copOeHTOM (pa3mep vacTull =100 MKM), BBOJIST aHATU3UPYEMYIO
npoOy U MPOMYCKAIOT 30eHT. CKOPOCTh MPOXOXKACHUS 3ITIOEHTA MO 1eHCTBU-
€M CHJIbI TSKECTH Majia, a MPOAOJDKUTENBHOCTh aHaInu3a 3HaunTenbHa. Knaccu-
YECKHUI BapUAHT JI0 CUX MOP MPUMEHSIOT B 1a0OPaTOPHOU MPAaKTUKE, TOCKOJIbKY
OH He TpebyeT moporocrosiero odbopynoBaHus. BciaeacTBue MCIOIb30BaHUS
copOeHTOB ¢ pazmepoMm 3epeH 10—30 MKM, MOBEPXHOCTHO- U OOBEMHO-
HOPUCTBIX COPOEHTOB ¢ pazMepoM yacTull 5S—I10 MKM, HarHeTaTeIbHBIX Haco-
COB, YYBCTBUTEJIBHBIX JETEKTOPOB IPOU30LIEN NEPEXO] OT KIACCUUECKOM K BbI-
cokodppexkTuBHON xKuAKOCTHOU XpomaTtorpaduu (BIKX). beicTpsiii maccomne-
peHOC Mpu BBICOKON 3()(PEKTUBHOCTU pa3leieHHs] MO3BOJISET HCHOJIb30BaTh
BOXX nns paznenenus u onpeneneHuss MoJiaeKyn (aacopOLUOHHas U pacipese-
JauTeNbHas XpomaTtorpaduu), A pa3aeiaeHus] U ONpeaeiIeHus] HOHOB (MOHOO0-
MEHHas, MIOHHAs, HOH-TIapHas XpomaTorpaduu), s pas3ieieHus MaKkpoMoJie-
Kyl (3KCKIIIO3UOHHasi Xpomatorpadus). Merogamu apPuHHON M JIUraHI000-
MEHHOU Xpomartorpaduu pa3aensioT OMOJIOrMUYeCKH aKTUBHbBIE MOJIEKYJIbI U OI-

THYCCKHUC N30MCPHEI.
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AncopOuuoHHas XxpomMarorpapus

B ancopOuroHHOM BapuaHTe >KUIKOCTHOW XpomaTorpaduu B 3aBUCHMO-
CTH OT TOJIIPHOCTU HETOJBIKHOM M MOJBIKHOM (a3 pa3anyaioT HOPMAaJIbHO-
dazoByro (HOX) u obpamenno-¢pazopyto (ODPX) xpomatorpadgun. B HOX wuc-
MOJIB3YIOT MOJISIPHBIA aICOPOEHT M HEMOJIApHbIE MOJABWXKHBIE (a3bl, B ODX —
HEMNOJISIPHBIN aCOPOCHT U MOJISIPHBIE OABMXKHBIEC (a3bl. B 00oux ciyudasx BbI-
00p moABMKHOM (pa3bl 4aCTO BaskHEE, YeM BbIOOp HenoABMkHOM. HemoasukHas
daza nomkHa ynepKuBaTh pasneinsieMble BeniectBa. [logsuxnas dasa, T. €. pac-
TBOPUTEb, JOJKHA 00ECTICUUTh PA3IMUYHYI0 €MKOCTh KOJOHKU U 3((HEKTUBHOE
paszesieHre 3a IpUueMJIeMoe BpeMsl.

Henoasuxubie (a3bl. ACOpOCHTHI pa3IMYHBIX THUIIOB (TOJSPHBIE U HE-
TIOJISIPHBIE) TIPOSBISIOT HEOAMHAKOBYIO CEIEKTUBHOCTH IO OTHOIIEHHUIO K pas-
JIeNIIEMbIM COEIMHEHUsAM. B kadecTBe ajcopOEHTOB MPUMEHSIIOT TOHKOJWC-
IIEPCHBIE MOPUCTHIE MATEPUANIEI C YAEILHON MOBEPXHOCTHIO Gonee 50 m2r,

[Monspubie ancopOenThl (Si02, A1203, OKCHIBI METaLIOB, (DIOPUCHI U
JIp.) UMEIOT Ha MOBEPXHOCTU ciiabokucinoTHble OH-rpymnmsl, cnocoOHbIe yaep-
KUBATh BEIIECTBA C OCHOBHBIMH CBOWCTBAMHU. DTH aJCOPOCHTHI MPUMEHSIOT
IJIaBHBIM 00pa3oM ISl pa3/IesIeHus] HETIOJSIPHBIX COEIMHEHUHN U COeIMHEHUH CO
CpeaHEeN NOJISIPHOCTHIO.

HenocraTok mosisipHbIX aJCcOPOEHTOB — BBICOKAsl UyBCTBUTEIBHOCTH K
COJIEP’KAHUIO BOJIbI B PACTBOPUTENSX: HANpPUMEpP, CUIOKCAHOBBIE TPYMIbl —
Si—O—Si— Hna nmoBepxHocTr SiO; B TPUCYTCTBUH BOJBI MEPEXOAST B CHJIA-
HOJBHBIE=SI-OH, mpu 3TOM M3MEHSIOTCS CBOWMCTBA MOBEPXHOCTH M PE3YJIbTAThI
CTaHOBATCS HeBocnpou3BoauMbiMU. st BOXXX npumeHstor nomnsipHbie cop-
OCHTBI ¢ MPUBUTHIMU TMOJIIPHBIMH TPyHIaMu (aMUHBI, JUOJIBI U Ap.), YTO ITO3BO-
JSIET MEHATDH CEJIEKTUBHOCTb, OJ0MPast MOIXOSAIINMA ITIOCHT.

Kpome yka3zaHHBIX COpPOEHTOB, HCHOJB3YIOT IMOBEPXHOCTHO-TIOPUCTHIC
Hocutenu (I1ITH). 310 MOTyT OBITH KECTKHE HETOPUCTHIE HOCUTEIH (CTEKIISH-

HBIE [IAPUKH), TOKPHITbIE TOHKUM MOPUCTHIM CJI0€M aKTUBHOTO MOJISPHOTO HIIH
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HEenoJsipHOro copOeHTa. Takue COpOEHTHI OKa3bIBAIOT MAaJlO€ CONPOTUBIICHHE
MOTOKY, 33 CYET YEr0 YBEIMYMBACTCA CKOPOCTh aHAJIM3A.
IHoaBuxkubIe a3bl.

Kak yxe ormeuanock, B JKX BakeH BBIOOp MOABMKHOM (ha3bl, TOCKOIBKY
OHa OKa3bIBaeT OoJiblliee BIUSHUE HA CEIEKTUBHOCTH pa3fesieHus, YPpPpexTuB-
HOCTh KOJIOHKM M CKOPOCTh NBIDKCHHsI Xpomartorpaduueckoid moisockl. Ilo-
NBIKHAs (pa3a JOJKHA PACTBOPSATH aHAIU3UpPyEeMylo MpoOy, 00sanaTh Majoi
BSI3KOCTBIO (KO3 duiieHTsl ¢ @dy3ur KOMIIOHEHTOB aHAIHU3UPYEMOM MPOOHI
JIOJKHBI OBITH JIOCTaTOYHO OOJIBIIMMU), U3 HEE JOJDKHO OBITh BO3MOXHBIM BbI-
JIeJIeHUe pa3/ieJICHHBIX KOMIOHEHTOB. [loaBmxkHas ¢aza gomkHa ObITH WUHEPT-
HOI 10 OTHOIIEHWIO K MaTepualaM BceX YacTell xpomarorpada, 6e3omacHoi,
JIENIeBOM, MOAXOAAIIEH Il JAHHOTO JIETEKTOPA.

Kax Obu10 ckazaHo, pa3jelieHusl JOCTUTAIOT, MEHSIS DMIOUPYIONIYIO CHITY
NOJBWXKHOU (Pa3bl — PacTBOPUTENS. DIouUpyowas cuia pacmeopumerisi OKa-
3bIBAET, BO CKOJIBKO pa3 PHEpPrusi cOpOLMU JaHHOTO AIIIOEHTa OOJbIIe, YeM
SHEPrus COpOIUU AIIOEHTA, BBIOPAHHOTO B KaYECTBE CTAHAAPTA, HAIPUMEpP «-
rentaHa. PactBopurtenu (3110€HTBI) AT Ha ciadble U cuiibHbIe. Criadbie pac-
TBOPUTENH C1a00 ancopOMPYIOTCS HETOABMKHOM (Da3oii, moaToMy Kodduru-
€HThl paclpesielieHus copOMpyeMbIX BellecTB (copOara) BbicOkHe. CUIIbHBIC
PacCTBOPUTEINN CHIIBHO afcopOupyroTcs, modtoMmy Dcopbarta Huzkue. PactBopu-
TeJIb TEM CUJIbHEE, YeM BBIIIE PACTBOPUMOCTh B HEM aHAIU3UPYEMOU MpPOOHI,
YeM CUJIbHEE B3aUMOJEHCTBUE PACTBOPUTEIb—COPOAT.

NmeroTcst nanHbie 00 OTHOCUTENBHOW CHJIE PACTBOPUTENEH NIl pa3HBIX
ancopoentoB. s SiO, cuia pacTBOpuTeNel YBEIMYUBACTCS B PsNy: MEHTAaH
(0) < CCl4 (0,11)< 6en3oxn (0,25) < CHCI13 (0,26) < CH2C1; (0,32) < aneron
(0,47) < nuokcasn (0,49) < auerountpui (0,5).

Omoupyroniasi cuiia onpeaeseTcs NOJIPHOCThI0 pacTBopuTens. B Hop-
MabHO-(Pa30BOi XpomaTorpaduu ¢ YBEIUYEHUEM TMOJSPHOCTA PACTBOPUTEIS

AITIOUPYIOIIAs CUJIa PACTBOPUTEINS PACTET, B 00OpaIieHHO-(a30BOM BapHaHTE —
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CHUXKaeTcs. B kaduecTBe Mepbl OTHOCUTENIBHOW MOJISIPHOCTH MPUHUMAIOT Hapa-
metp ['mnbaeOpangaP. Pacnonoskenue pacTBoputesieid B COOTBETCTBUU C BO3-
pacTaHUEM HX JIIIOMPYIOLIEH CHIIbI HA3bIBAIOT I7100MPONHLIM PAO0OM. B xKu-
KOCTHOU a7copOIMOHHON XpoMaTorpaduu 3mooTponHbIi psin CHalimepa nMeeT
BUJ (B CKOOKax IPHUBEJICHBI 3HAUYCHUS AIOUpyrome cuiibl): meHTtan (0) < «-
rexkcan (0,01),renran (0,01) < mukiorekcan (0,04) < CCly (0,18) < Genzon
(0,32) < CHCl13 (0,38) < aneron (0,51), stanon (0,88) < Boma, CH;OOOH
(oueHb OobIIasN).

YacTo npuMEHSIOT HE UHAUBUIyaIbHBIE PACTBOPUTENIH, a UX cMecu. He-
3HAUUTEIbHBIE JOOABKU JPYTOro pacTBOPUTENS, OCOOCHHO BOJIbI, CYIIIECTBEHHO
YBEIMYMBAIOT 3JIIOUPYIOUIYI0 cuiy 3moeHTa. Hanmpumep, k-nentan (0,00), -
nentad + 10% uzonponunxiopuaa (0,10), u-nentan + 4% >¢dupa (0,2) u 1. 1.

[Ipu pazneneHnd MHOTOKOMITOHEHTHBIX CMecel OJiHa MojABMXKHas (a3a B
KAueCTBE DJIIOCHTa MOXKET HE pa3/iesIuTh BCE KOMIIOHEHTHI MPOOKI 3a mpuemie-
MOE BpeMsi, B 3TOM CIIy4ae MPUMEHSIOT METO]] CTYIIEHYaTOr0 WA TPAJUEHTHOIO
amoupoBaHus. [ yBeTUUeHHs CUIIbI AJIIOEHTa B Mpolecce XxpoMarorpadupo-
Ba-HUs TMOCJIEI0BATEILHO MPUMEHSIOT BCe 00JI€e CHIIbHBIE AIHOEHTHI. JTO MO3-
BOJISIET DIIIOMPOBATHh Bce 00Jiee CHIIBHOYAEPKUBAEMbIE BEIIECTBA 32 MEHbIIEE
BpeMs.

VY cTaHOBIIEHBI HEKOTOPBIE SMIMUPHUYECKUE MpaBUIia, MOMOTAIOLIUE TPHU
BbIOOpe amroeHTa. CopOiusi, Kak MpPaBHIIO, YBEIUYMBAETCS C POCTOM YHCIIA
nBoMHBIX cBszeld 1 OH-rpynn B coennHenusix. CopOIusi yMEHbIIAETCS B PALY
OpPraHU4YCCKHUX COCIUHEHUN: KUCIOTHI > CHUPTBI > alabACrulbl > KCTOHBI >
CJIO’KHBIE€ d(PUPBI > HEHACHIIICHHBIC YTJIEBOJAOPObI > HACHIIICHHBIC YTJIEBOI0-
ponbl. [lns pa3neneHus BeIecTB pa3Hoil MOJSIPHOCTH U JIs pa3/ielieHUs COeIn-
HEHU Pa3HBIX KJIACCOB MPUMEHSIOT HOPMAJIbHO-()a30ByI0 XpoMaTorpaduio: us3
HETOJISIPHBIX MOJIBMXXHBIX (a3 COCTMHEHUS Pa3HBIX KJIACCOB BBHIXOJST U3 KOJIOH-
KU C TOJISIPHBIM aJICOPOCHTOM 3a pa3HOE BpeMs (Bpems YIACpKUBaHUS COCTUHE-

HUM C Pa3HbIMHA (1)YHKHI/IOH3J'IBHBIMI/I rpyninaMun yBCIMYIUBACTCA IIPHU TIEPCXOJC
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OT HETIOJISIPHBIX COCTUHEHUN K CIIa0OTOSApHBIM). JIJIsi OYeHb TOJIAPHBIX MOJIe-
KyJ trTak BEJIMKH, YTO IIPU UCIIOIB30BAaHUU HETIOJSPHOTO AJIIOCHTA aHAJIu3 He-
BO3MOX€EH. JlJI1 YMEHBIICHHUsI BPEMEHH yJI€PKUBAHUA MOJSPHBIX COpOATOB me-
PEXOMAT K MOJSIPHBIM 3Jl0eHTaM. B oOpaiienHo-(pa30BOM BapHaHTE HETIOABUK-
Has oOpalieHHas (a3a cuiibHee aJcopOUpPyET HEMOSIPHbIE KOMIIOHEHTHI U3 TO-
JSIPHBIX AJIFOEHTOB, HapUMep U3 BoAbl. CHUXasl MOJISPHOCTh 3JI0CHTA J100aB-
JICHUEM MEHee MOJIIPHOTO PACTBOPUTENS (METAHOJ), MOXHO YMEHBIIUTh yep-
YKMBaHUE KOMIIOHEHTOB.

Mexanusm ynepxuBanusg B JKX daine ObIBaeT CMENIaHHBIM, T. €. YAEp-
KUBAHUE MPOUCXOAUT IO aJCOPOLMOHHOMY, PaclpeesIuTEIbHOMY, SKCKIIIO3HU-
OHHOMY MeXaHu3MaM. BbienuTs npeobiiafaroniuil TUII 4acTo CIOHO WM He-
BO3MOXHO. B aacopOuuonHoi xpomaTorpaduu pacrpeaeiaeHue copdata MexIy
MOJBW)KHOU JKMJIKOW M HEMOABUKHOW TBepAOW ¢azamMH MPOUCXOJUT 3a CUET
B3aMMOJICHCTBUHN JBYX BUJIOB: HeCHEIU(DPUUECKUX (IIUCTIEPCHOHHBIC, UHIYKIIH-
OHHbIE, OPUEHTAIIMOHHBIE) U CHEIU(UUECKUX, BHOCAIUX OCHOBHOM BKJIAJ] B Be-
JUYUHBI YAEPKUBaHUSI, 110, KOTOPHIMU MOHUMAIOT, HarpuMep oOpa3oBaHUE BO-
JOPOAHBIX CBSA3E€H C HEMOJBUXKHON TBepaoH (azoil. MexaHu3M yaepKUBaHUS
3aBUCUT OT MpuUpoabl copOeHTa. Ha monspHbIX ajcopOeHTax yaepKUBaHUE
KOMITOHEHTOB MPOObI 00YCIOBJIEHO MX B3aUMOAEHCTBUEM C THIIPOKCUIBHBIMU
rpynmnamMu ajacopOeHTa (CHIMKaresb, OKCUJ aJlOMUHUS U JIp.) ¢ 00pa3oBaHUEM
H-cBszeit. [lonsipabie MOJIEKYIIBI YAEPKUBAIOTCS CUJIbHEE HEMospHbIX. Ha 00-
panieHHO-(a30BbIX cOpOEHTax ¢ MPUBUTHIMU (pazamMu Cig MEXAHU3M ylIEpPKUBA-
Hus Ooiiee cnokeH. [IpuBuThie Monekynbl Cig yAepKUBatOT copOar 3a cueT He-
cnenuduyecknx B3auMmozehcTBuil. KpoMme TOro, BO3MOXHO B3aMMOJICHCTBHE
CUJIAHOJIBHBIX TPYIII, HE MPOPEAarupoOBaBIIMX C OKTAACIUICWIAHOM H3-3a CTe-
PUYECKUX MPEHATCTBUN, C MOJIEKYJIAMH PACTBOPUTENIEH, & TAKKE C METAIUIAMU U
JPYTUMU KOMIIOHEHTaMH IO MEXaHU3My MOHHOTO oOMeHa. Takke ObLIO BhICKA-
3aHO MPEIOJI0KEHUE, UTO HAa TIOBEPXHOCTH IIETOYHOI0» COPOEHTA 3a CUeT a/l-

COpOIMU yAEP>KUBACTCS CIOW KUAKON (Pa3bl, 000TAIIEHHOW MEHEe TMOJISPHBIM
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pacTBOpHUTENEM M3 MOABIKHOM (Da3bl, T. €. COCTaB 3TOTO CJOS OTIMYAETCA OT
cocTaBa MOJBWKHOW (ha3bl, M paz[eleHue IPOUCXOAUT 3a CUET pacHpeeIeHUs
KOMIIOHEHTOB MEKy JIByMsI HECMELIMBAKOIMMHUCS KUIAKOCcTsIMU. [IoaTomy pas-
JIEJICHUE Ha «UIETOYHBIX» COPOEHTAaxX HMHOIZA OTHOCAT K PacHpeaesMTeIbHOM
xpomarorpapuu. YeTko pa3rpaHMUuTh aJCOPOLIMOHHYIO U PACIIPEAETUTENBHYIO
xpoMarorpaduu TPy IHO.

Oco0eHHOCTH KUIKOCTHBIX XpoMaTorpagos

XKuaxoctHoil xpomaTorpad — Oosiee CII0KHBIN TPUOOP MO CPAaBHEHUIO C
ra3oBbIM (CM. PUCYHOK §). DTO CBS3aHO C TE€M, YTO CUCTEMA IMOJA4M JIIFOEHTa
BKJIFOYAET PsJ JOINOJIHUTEIBHBIX Y3JIOB: CUCTEMY JEra3allu, YCTPOUCTBO I
CO3JaHMs rpaJiieHTa, HACOChl U U3MepuTenu AaiaeHus. Hacockl 1oimkHbBI 00ec-
NEYUTh MOCTOSIHHYIO CKOpocTh nmotoka oT 0,1 1o 10 mi/MuH npu naBieHUuU 10
400 arMm. TmarenpHOEe OO€3ra)kMBaHHME BCEX HCIOJIb3YEMBIX PacTBOpPUTENEH
HEO0OXOIMMO BBUAY TOTO, YTO MOSIBJIEHUE MY3bIPHKOB Ia3a B AETEKTOPE JIEIAET
HEBO3MOXXHBIM €0 UCIIOJIb30BAHHUE.

XKunkoctHoil Xxpomarorpad HMeEEeT AOCTATOYHO CIOKHOE TPaJMEHTHOE
YCTPOMCTBO, oOecreunBaroiiee oTo0p JIFOEHTOB U3 2—3 €MKOCTEH B CMeECH-
TeJb, 3aT€M B KOJIOHKY, & TaKXe J103aTOpbl, padOTaoIIKe pU BHICOKUX JaBiie-
HusAX. /[ BBoAa mpoObl MCHONB3YIOT METJIEBbIE 103aTOPbl WM CIELUUATIbHbIE
mukpowmnpuibl. [IpoGy BBOAAT yepe3 MpOKIaAKy U3 CHEIHabHBIX HEHalOyxa-
IOIIMX TMOJHUMEPHBIX MATEpPUAIOB. HacTO MCHOJB3YIOT 103aTOP C OCTAaHOBKOU
ITOTOKA.

B BOXX 00b19YHO HCTIONB3YIOT MPpsSMbIe KOJOHKH anuHoi 10, 15, 25 cm ¢
BHYTPEHHUM JuaMeTpoM 4—5,5 MM. B MUKPOKOJIOHOUHBIX XpoMartorpadax uc-
MOJIB3YIOT KOJIOHKU JJIMHOW 5—6 cM u nquamerpoM 1—2 mm. Kononku usro-
TaBJIMBAIOT U3 CTEKJIA WJIM HEP)KaBEIOIIEH CTalu. B KUIKOCTHBIX XpoMarorpa-
(dax 4acTo MUCHOJIB3YIOT aBTOMAaTHYECKUE KOJIJIEKTOPHI (PPAKIUii, YTO MO3BOJIIET
aHaJIM3UPOBATh KOJIMYECTBEHHO COOpaHHBIE BEIIECTBA JAPYTUMHU XUMHUUYECKHUMHU

Wi GU3NIEeCKUMHU MeTofamMu. Bece 00beMbl COeTUHUTEIBHBIX TPYOOK, KOJIOHOK,
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SYEHKU IETEKTOpa, BBOJA MPOOBI TOKHBI OBITh KAK MOKHO MEHBUIUMH, YTOOBI
n30exKaTh BHEKOJOHOYHOTO Pa3MbIBaHUS XpOMaTOrpaduuecKoi MOJIOCHI.

Honooomennasn xpomamozpagusn

TepMuHOJI0rMA ¥ IPUHIKUNBI Pa3/JieJIeHUsI HOHOB B COPOLIMOHHBIX
npoiueccax

HNonoobmenHas xpomarorpadus OTHOCUTCS K >KUIKOCTHO-TBEpAO(ha3HOMI
xpomartorpaduu, B KOTOPOW MOABUKHOU (a30i sSBISETCS KUIKOCTH (3JIIOEHT), a
HEMOABWXHOU (a3oit - TBepAoe Teno (MOHOOOMEHHHUK). B ocHOBE MeTo/1a MOHO-
O0OMEHHOH XpomaTorpapuu JEKUT TUHAMUYECKUN MPOILECC 3aMEUIEHUS] HOHOB,
CBSI3AHHBIX C HENOJBMKHOW (Da30il, MOHAMU 3JIIOEHTA, MMOCTYHNAIOUIUMHU B KO-
JOHKyY. Pa3znenenue npoucxogut Onaroaaps pazHOMY CPOJCTBY K MOHOOOMEH-
HUKY HOHOB, HaXOJSIINXCA B CMECH, UTO IPUBOJUT K Pa3IMYHBIM CKOPOCTSIM UX
nepeMenieHus 1o kKoyioHke. Mlonnas xpomarorpadus npeacrasiser co0oil Bapu-
aHT KOJIOHOYHOM MOHOOOMEHHOM XpoMaTorpaduu.

Cornacno pexomennanusim NMHOITAK (1993 r.) Tepmunbl noHOOOMEHHAas
(MOX) n nonnas (MUX) xpomarorpadus onpenensitoTcs CAEAYIOMMUM 00pa3oM.
"MonooOMeHHast xpoMmatorpadusi OCHOBaHA Ha pa3IM4YMU MOHOOOMEHHBIX B3a-
UMOJCUCTBUN ISl WHIMBHUIYAJIbHBIX aHAJU3UPYEMBIX BEIIECTB. ECIM HOHBI
pa3zensoTCd U MOTYT OBITh JE€TEKTHUPOBAHbBI C MOMOIIBIO KOHIAYKTOMETpUYEe-
CKOI'O JIETEKTOpa WU KOCBEHHOro Y@ - NEeTeKTUPOBAHHS, TO OHA HAa3bIBAETCS
noHHoii xpomarorpacdueii". Cospemennas (2005 r.) ¢popmynupoBka: "Monnas
xpoMarorpadusi BKIIOYAET BCE BBICOKOA(()EKTUBHBIE >KUIKOCTHBIE XPOMATO-
rpaduueckue (BOXKX) pa3nenenrs nOHOB B KOJIOHKAX, 00bEIMHEHHBIE C HEMO-
CPEIICTBEHHBIM JIETEKTUPOBAHHEM B MPOTOYHOM JIETEKTOPE M KOJIMYECTBEHHOU
00pabOTKOM MOTYYEHHBIX aHATTUTUYECKUX CUTHAIOB". DTO ONpesesieHne Xapak-
TEepU3yeT HOHHYIO XpoMaTorpaduio 6€30THOCUTEILHO MEXaHU3Ma Pa3AeieHUs U
METO/1a IETEKTUPOBAHMS U TEM CaMbIM OTJEJSET €€ OT KJIIACCUYECKOr0 HOHHOTO

oOMeHa.
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B nonHoO# xpomarorpaduu MpUMEHSIOTCS CICAYIONUE TPUHIIAIIBI pa3Jie-
JICHUS:

e ounslii 0OMeH.

* OOpa3oBaHHE HOHHBIX Map.

*  DKCKJIIO3US HOHOB.

HNonnbliioOMeH

HNonHplii 00MEH TpeacTaBiIsieT cO00M 00paTUMYH0 TeTepOreHHYIO peak-
[0 DKBUBAJIGHTHOIO OOMEHAa MOHOB, HaXOJSAIIUXCS B (paze MOHHUTA (MPOTH-
BOMOHOB), Ha MOHBI AMIOEHTA. [[pOTUBOMUOHBI yAEPKUBAIOTCS (DYHKIIMOHAIb-
HBIMU TPYIIIIAMH HOHHUTA 3a CUET 3JIEKTPOCTaTHUeCKux cui. Kak mpaBuio, B
KaTHOHHON XpomaTorpaduu 3TH TPYIIIBI SBISIOTCS TPYMIaMH CYIb()OHOBBIX
KHCIIOT; B CJIydac aHWMOHHOW XpomaTorpaduyd — YEeTBEPTUYHBIX aMMOHHEBBIX
ocHoBanuii. Ha pucynke 18 mpeacraBieHa cxema mpoiiecca 0OMeHa KaTHOHOB
u aHuOHOB. MoHBI ompenaensieMoro BellecTBa 0003HAUYEHBI Kak A, HOHBI

9JIIOCHTA, KOHKYPHUPYIOIOUC C HUMHU 3a OOMEHHEBIE LHCHTPBHI, - E.

+ + - )
E A TMonsmwxras dasa A A: HOHBI aHAJIUTA
" " Jr " E: HOHEI 3JTFOEHTA
A A E
N 803 \/\/I\CS/\)NES
KartnonoobMeHHHK AHHOHOOOMEHHHUK

HenonBmxHas (paza
Pucynox 18. Honmwiit oomen kamuornos (A*) u anuonos (A) na uonsl snoenma
(E'unu E) ¢ yuacmuem kamuonHooOMeHHUKA, COOepHCaueco PyHKYUOHANbHbIE
cynvgoepynnel — SOz, U AHUOHOOOMEHHUKA (2PYNNbl YemBepMUYHO20 AMMOHUe-

6020 ocrnosanusi —N*R3).
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OOpa3oBaHne HOHHBIX Map

JlIis peanu3anuy 3TOro MeXaHu3Ma pas/eleHus IPUMEHSIOT HOH-TIapHbIC
peareHThl, KOTOpble JOOABJSIOT B PacTBOpP AIOCHTAa. Takue peareHThl Mpen-
CTaBJIAIOT COOON aHMOHHBIC WJIM KaTUOHHBIE MOBEPXHOCTHO-aKTHUBHBIC Bellle-
CTBa, HAMPUMED, ATKUICYTH(POHOBBIC KUCIOTHI MM TETPAATKHIAMMOHHCBBIC
COJIH.

Bmecte ¢ mpOTHBOMOJIOXKHO 3apsHKCHHBIMH OMPEICIIEMBIMU HOHAMHU
WOHBI ATOTO MOH-TIAPHOTO peareHTa oOpa3yroT He3apsHKCHHYI0 MOHHYIO Tapy,
KOTOpasi MOXKET yJEp>KUBAThCA Ha HEMOJBIDKHOW (pa3e 3a CYET MEKMOJICKY-
JSIPHBIX B3auMoOJecTBUM. Pa3neneHue ocymiecTBiseTcs 3a CUET pPa3Iuyus
KOHCTaHT O0pa30BaHMSA MOHHBIX Map M CTEMEHHW HMX aJCOpPOLMKM HAa MaTpHIle
copbenta. Ha pucynke 19 mokazaHa crarmdeckas MOHOOOMEHHas MOJCIb B WOH-
napHoOi XpomaTtorpaduu 1mocie ajacopOLMM peareHTa Ha HENoJBHKHOM (da3ze.
OTOT MPUHILIMI Pa3ACTICHUS] MPUMEHSIETCS KaK JJii aHUOHOB, TaK M JUIsl KaTHO-

HOB.

[oxBwxHas dasa

UoH onpexnenseMoro

Hon amoeHTa BEILECTBA \/I/r

I/IOH-napHLIH peareHT

/\/\/\/\/\/I\/\/\/\/\
HETO/BIDKHAS (ha3a

Pucynok 19. Honoobmennas mooensb 8 UOH-NAPHOLU Xpomamozpadui.
HNonHas 3KCKII0O3MA
Nonoskckio3nonnas xpomatorpadus (M3X). B ocHOBHOM, IpUMEHSAETCS
JUISL pa3feIeHus Caa0bIX KUCIIOT WM ocHoBaHuM. Hambonpiiee 3Hauenne DX

HMCET IJId OIMpPCACICHHA Kap6OHOBBIX U aMHHOKHCIJIOT, q)eHOJ'IOB, YIJIEBOJOB.
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Ha pucynke 20 moka3zan npuHIun paszzaeneHus ¢ nomoibio UOX Ha mpumepe

kuciior R—-COOH.

memOpana JloHHana

SO, H* o, [lomBuxHas a3a
SO, H' I
SO, H' )

so, it HO™ /

ggggﬂBHH{Haﬂ SZO3HI:I+ (_‘:\’,,R-COOH (aHauuT)
3 \

SO,H' .

SO3'H+ H O I" H*Cl (BJIIOCHT)
SOH" 2~

sou H,0

Pucynok 20.CxemapazoenenusxapboonosvixkuciomR—COOH ¢ ucnonw3zo-
BanUeM UOHOIKCKIIOZUOHHOU Xpomamozpapuu.

B MOHOSKCKITI03MOHHON XpoMaTorpaduu B Ka4eCTBE HEMOABUKHOM (Da3bl
YacTO MPUMEHSIIOT TOJHOCTHIO CYIh()HUPOBAHHBI KaTHOHOOOMEHHHUK, COJIEp-
KAl MOHBI BOJOpoAa (MPOTUBOUOHBI). B BOJAHOM pacTBOpe 3IIIOCHTa CYJib-
(bOKUCTOTHBIC TPYIITEI HOHUTA TUAPATHPYIOTCs. ['uapaTHas 00ol0uKa OTpaHu-
YyuBaeTcsd BOOOpakaeMoW OTpULIATENBHO 3apsyKeHHOM memOpaHo# (/loHHaHOB-
cKoi MeMOpaHoif). MeMOpaHa mpoHHUIIaeMa TOJIBKO IS HEAUCCOIMUPOBAHHBIX
MOJIEKYJ (Harpumep, BOAbI).

Oprannyeckre KapOOHOBBIE KUCIOTHI MOTYT OBITh pa3/ielieHbl, €CJId B Ka-
YEeCTBE DJIIOCHTA MPUMEHSIIOTCS CHJIbHBICE MUHEpaJIbHBIE KUCIOTHI. BcnencrBue
HU3KUX 3HaYCHUH KOHCTAHT KUCJIOTHOCTH KapOOHOBBIC KUCIIOTHI IPUCYTCTBYIOT
B TAKUX PACcTBOpax B HEAMCCOIMHPOBAHHON GopMe. ITH HOPMBI MOTYT TIPOXO-
TUTH uepe3 MmeMOpany JloHHaHa U aIcopOMpPOBAThCS HA HETIOABIKHOM (ase.

HNonooOMeHHBbIE paBHOBECHS
NonooOMEHHBIN MpoIecc MPEeACTaBIsieT CO00M TeTepOreHHyr oOpaTH-

MYIO XUMHYCCKYIO PCAaKIHIO. PeaKL[I/IIO oOMeHa ABYX OJHO3apsAAHBIX KAaTHOHOB
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Mi"u My" ¢ yuactem cynbhokucioTnoro karnonura (R-SO3M*, rae R - mat-
puiia noHoooMmennrka; SOz~ GyHKIMOHATIbHAS HOHOT'CHHAs rpymma; M* - mpo-

TUBOHMOH) MOYKHO 3aIUCaTh CIETYIOINUM 00pa3oM:
R-SO;M; +M; <>R-SO;M; +M;

KoHcranta paBHOBecus 3TOM peakiuu (KOHCTaHTa HMOHHOTO OOMeEHa)

HUMECCT BU:

My _ [MF][M]]

K —== 45
M2 mfmy) (45)

N

MF] _ My [Mf]

—<- =K 46

[M7] Mz [mF] (46)

3mecs [M |u [MJ] - paBHOBecHBIe KOHTEHTpaIY HOHOB Mi*n M, B
daze nonuta; [M;"] u [M2'] - paBHOBECHBIE KOHIICHTPAIIMH HOHOB B PaCTBOPE.

KoHcTaHTa MOHHOTO OOMEHa XapaKTEPH3yeT CIOCOOHOCTh MOHOOOMEH-

Mq
HHMKA K OOMEHY ¢ TEMH WM MHLIMU MOHAMH M3 pacTtBopa. Ecim K M, >1, TO HOH
M,", HaXOAIIMICS B pacTBOpPE, UMEET OOJIbIIIEE CPOJICTBO K MOHHTY, Y€M HOH

M
M;*. Hampasiienue mporecca nonHoro oomena mensiercst (K M21< 1), ecmu M;i*

M
copOupyeTcs Jydine Mo CpaBHEHHIO ¢ MOHOM My'. Ilpm KM21: 1 cponctBo

HWOHOB
M 1’1 M;" K KaTHOHUTY OJIMHAKOBOE.
Ecnun oOMmeHuBaroTcs MOHBI, UMEIOIIKUE pa3Hbie 3apsabl (Z), KOHCTaHTa

HOHHOTO OOMEHa paBHa:

1
Ky, = [M; M2 1 T (47)

[Ipu oOMeHe MOHOB PaBHOTO 3apsiia OTHOLIEHUE MEXAY KOHIEHTpALHsI-

MU 3THX HOHOB MPAKTHUECKH HE MEHSIETCS ¢ pa30aBiieHueM pactBopa. B Oonee
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pa30aBIIEHHBIX PAacTBOpaxX MOHBI ¢ OOJIBLION BETMYMHON 3apsiia CHIIbHEE yAep-
KHUBAIOTCSI HOHUTOM.

O10T 3((eKT ycnemHo HUCIoNb3yloT Uis yMmsrdeHus Bojabl. Pasbasien-
HBIE PACTBOPHI KaJbIIMEBBIX U MAarHUEBBIX COJEH (3KECTKas BOJa) MPOITYCKAIOT
4yepe3 KOJOHKY ¢ katmoHuToM B Na* - ¢opme. Huskas koHIeHTpamusi HOHOB
Ca%*'u Mg?" GnaronpusaTcTByeT UX COpOLMU KaTHOHUTOM. B mpomecce perenepa-
I[N MOHUTA MPOIYCKAIOT TOCTATOYHO KOHIeHTpupoBaHHbIH pactBop NaCl, nmpu
stoM noHbl Ca?* 1 M@?* BeITeCHAIOTCS M3 (a3bl KaTHOHUTA. Takhe IPOLECCHI
IPUMEHSIOT B XUMAYECKOM aHaIM3€e, YTOOBI pa3fAeuTh HOHBI Pa3HOTO 3apsaa, u
JUIsL U30MPaTEIbHOrO KOHIIEHTPUPOBAHUS CJIEAOBBIX KOJIWYECTB MOHOB U3 pa3-
OaBJICHHBIX PACTBOPOB.

[TopsinokcenekTuBHOCTH Ha cyiabhokaTHoHuTax(R-SOs-H') cnemyromnmii:
HawuboneecupHOrHApaTHPOBAHHBIH HOH LiT c1abo ynepKuBaeTcsi HOHUTOM, a
JUIE HaMMEHee rujaparupoBaHHoro mona CS* xapakTepHa 3HAYUTENbHAS COpO-
UL

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

Jlnst kapOokcminbHbIX kKatnoHnToB (R-COO 'H™) mopsimok cpomucTBa oOpart-
HBIW, IPUUYEM CYLIECTBEHHOE BIUSHUE HAa U30MPATEIBHOCTh COPOLIMU OKa3bIBACT
crenens Hetpanuzauuu —COOH -rpynn (T.e. BenuuuHa pH ananusupyemoro
pactBopa). s copOuuu Ha CHUIIBHOKUCIOTHBIX KaTHOHUTAX ABYX3apsAHbIX Ka-
THOHOB ILEI0YHO3eMENBHBIX d1eMenToB (Mg?*, Ca®*, Sr*, Ba?") nabmonaercs Ta-
Kasi k€ 3aKOHOMEPHOCTb, YTO U ISl OJJHO3ApATHBIX KaTHOHOB. ClI0)KHEE CpaB-
HUBATh CPOJICTBO MOHOB, UMEIOIMX Pa3INYHbIC 3aps/bl, T.K. IPU pa30aBICHUU
pacTBOpa HOHOOOMEHHOE PAaBHOBECHE CMEIIACTCH.

JIns1 aHMOHOB TaKOM BBIBOJ IIPUMEHATH Ha IPAKTUKE CiIOXHee. 3BecTen
CIIEAY IO COPOIIMOHHBIAPSIITPUHCIIONE30BAHUMCUIIBHOOCHOBHBIX ~ aHUOHOO0-
MeHHUKOB (R-N*(CH3);0HY): F<OH<CI'<Br<I'<SCN<CIO4. IloBbIienHoM
copOLMel XapakTepu3yIOTCs aHHOHBI CUIIBHBIX KHCIIOT C OOJIBIINM HOHHBIM pa-

JTUYCOM M HMMEIOIINEe HauMeHbIui 3apsa. Uem Oonbliie pa3Mepsl MOHA, TEM B
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OOJIBbINIEH CTENEHU pa3pylIaeTcs CTPYKTypa BOJbl. VIOHBI C BBICOKUM 3apsoM U
OCHOBHBIM XapaKTEPOM MPEMSTCTBYIOT TAKOMY IIPOLIECCY, TOCKOJIbKY OHU 00pa-
3YIOT BOJOPOJHBIE CBSI3U C MOJIEKYJIaMU BOJbI WJIM BCTYNAIOT B PEAKIUU THUIPO-
amn3a.

Takum 006pa3om, HA HOHOOOMEHHOE PABHOBECHUE BIMSIOT MHOTHE (PaKToO-
pbl M KOJIMYECTBEHHAs TEOPUS PAcCMaTPUBAECT JOMHUHUPYIOIIUE MPOIECCHI C
Y4E€TOM KOHKYPUPYIOIIMX PEaKIUi KHUCIOTHO-OCHOBHOTO B3aMMOJCHCTBUS
MKOMILJIEKCOOOpa30BaHMs, TEPMOJMHAMUYECKUX XAPAKTEPUCTUK THUIpaTaIiu
HMOHOB, a TAK)KE€ 0COOCHHOCTEN COCTaBa U CTPYKTYPhl HOHUTA.

HenoaBuxkubie pa3bl (COPOEHTHI) B HOHHOM XpoMaTorpapuu

Tpeoosanus k copbenmam

Br100op HenmoaBMKHOU (pazbl ©MEET OOJBIIOE 3HAUEHHUE MPU MPOBEACHUU
mo6oro xpomarorpaduueckoro pasnencHusi. CHHTE3 COpOEHTOB JUIsl MOHHOM
xpoMartorpadun 3aTpyaHEH, TOCKOIBKY K HUM IPEIbSIBISICTCS JTOBOJIHFHO MHOTO
TpeOOBAHMIA:

— COpOEHT JOHKEH MMETh HU3KYH0 MOHOOOMeHHYyr0 emkocTh (0,001-0,1
MAKB/T). UTOOBI 0OecriedynTh HU3KUI (POHOBBIM CUTHAT B MOHHOM XpomaTorpa-
buM UCTONB3YIOT IIIOEHTHI (PACTBOPHI KUCIIOT, COJIEH, OCHOBaHUM) C KOHIICH-
tpauueir menee 0,01 M. [ns s¢gdexTuBHOrO pasaeneHusi ¢ MOMOUIBIO TaKUX
AIIFOEHTOB TPEOYIOTCSI HU3KOEMKOCTHBIE HOHOOOMEHHBIE COPOEHTHI;

— AWaMETp 3epeH copOeHTa He MOJDKEH MpeBbIimarh 20 MKM (0OOBIYHO OH
paBeH 5—10 MkM). TobKO B 3TOM Cilydae MOKHO JAOCTUYb BBICOKOH 3(pPeKTHB-
HOCTH pa3/ieNieHusl.

— 3¢pHa copOeHTa JOJDKHBI 00J1a/laTh BBICOKOW MEXaHWYECKOW MPOYHO-
CThIO U YCTOMUYMBOCTBIO K JIABJICHUIO, KOTOPOE BO3HUKAET MIPU PabOTE C MEJIKO-
JIMCTIEPCHOM HETIOIBIKHOM (ha3oii;

— COpOEHT JMOoHKEH 001a7aTh BBICOKONM XMMHUYECKON YCTOWYHUBOCTBIO IO
OTHOIIEHUIO K JITIOUPYIOIeMy pacTBOpy. OH NODKEH COXPaHSATh CTAOUIBLHOCTD

B IIMPOKOM HHTEPBaAJie pH.
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JI7ig MCcTioNb30BaHUs B MOHHOM Xpomatorpaduu MpUroeH MUPOKUi KpyT
Pa3IMYHBIX OPTraHMYECKUX M HEOPraHWYEeCKHX copOeHTOB. Ha mx moBepxHOCTH
UMEIOTCS (PYHKIIMOHANbHBIE TPYIIBI, KOTOPHIE CIIOCOOHBI K 0OMEHY HMOHOB. B
MOHHOM XpomaTorpaduu B KauecTBe COPOCHTOB MOTYT MPHUMEHSTHCS CIEIYyIO-
IIME BEIECTRA:

*  MoaudunupoBaHHble OPraHUYECKHE MOJIUMEPHBIE CMOJIBL.

*  MoaudunupoBaHHbIe CUIUKATeIH.

* Heopraanueckue conu (Hanmpumep, noiaudocdaror).

e Crekia.

e Ileonutsl.

*  Okcuzpl MetayuioB (Hanpumep, Al,Os3).

* IIpou3BoJHBIE HEIITIOIO3BI.

Ha mpakTtuke garie uCTonbp3yI0T MOAU(PHUIIMPOBAHHBIE OPTAaHUYECKHUE T10-
JUMEpPHBIE CMOJIBI U cuithKarenu. CxeMaTnyHo 0030p HEMOIBIKHBIX (ha3, KOTo-

pbI€ PUMEHSIOTCSI B MOHHOM XpoMartorpaduu, npuBeieH Ha pucyHke 21.

[MonoobmeHHHKH|
1

1

[ommvepisie cvomsy

[ 1
TIOKpHITEIE TOBEPXHOCTHO-

TOJHMEPOM NPHBHTHIC

MaKpOIIOPHCTBIE
I
! 1
I TMOBEPXHOCTHODYHKIMOHATbHBIC Marepuanm] Iarnouepuposa}mue MaTepHalsl |
I : : :
IIC/IBB [IC/MA anempocramecml rijipodobro
CONOIHMEDH! COIIOIHMEDLI CBA3AHHBIC CBA3aHHLIE

MEXaHHYCCKH
CBA3AHHbBIC

Pucynox 21 Haubonee pacnpocmpanenHvle HenoosudcHvle ¢hazvl 8
uonnou xpomamoepaghuu. IIC — nosepxnocmmo-cesizannvie; /[Bb — ousu-

Hunoeuson;, MA — memuimemaxpuiam.



68

IIpakTuka BbI0OOpa COPOEHTOB M KPUTEPUH UX KA4eCTBA

Xpomatorpadhuyeckue HOCUTENH - COPOCHTHI MOJIOUPAIOT TaK, YTOOBI
B Mpolecce XxpomarorpadpupoBaHusi MO>KHO ObUIO Obl 00€CIIEYUTh HAauOOIb-
1Iee pa3aIyre B TEPMOAMHAMUYECKIX CBOMCTBAX Pa3/IENieMbIX KOMIIOHEHTOB, C
OJTHOM CTOPOHBI, U MAKCUMAIILHO OBICTPOE JOCTM)KEHHE PABHOBECHSI B KAXKIIOM
aKTe XpoMmarorpapuyueckoro pasaesieHus, ¢ Apyroil. Yem cTposke BBIOIHSIIOTCS
9TU TpeOOBAHUS, TEM BBIIIIE pa3peIaroiiasi CloCOOHOCTh XpoMarorpaduu.

Xpomarorpaduueckas cucTeMa J0JKHa 00eCIeYnBaTh:

BBICOKYIO 3(h(DEeKTUBHOCTH pazfiesieHus (3TO YCIOBUE AUKTYET BEPXHUIA
npeaeNl pa3MepoB 3€peH CopOeHTa, BeMUUuHY KOA(pGHUIMEHTOB auddy3un
HOHOB BHYTPH COpOEHTA);

AKCIIPECCHOCTh aHau3a (B yCJIOBUAX MOHHOU Xpomarorpaduu Tpebdo-
BaHUE DSKCIIPECCHOCTH aHA/M3a MPUBOIUT K HEOOXOIUMOCTH CHWXKATh €M-
KOCTb Pa3AeIIsIFOIIEro NIOHOOOMEHHHKA);

BOCTIPOU3BOJMMOCTh PE3YJIbTaTOB aHAM3a (MOHOOOMEHHHMKH JOJKHBI
OBITh CTOMKMMHU K (PH3UUYECKOMY PA3PYIICHUIO U XUMHUECKIUM BO3ICHCTBHSIM
B IIPOIIECCE IKCILTyaTaIuu);

HAJIEKHOCTh U TOJTHOTY aHaIn3a (JIOJIKHO OBITh UCKIIOUEHO B3alMO-
BIIMSIHAE KOMITOHEHTOB, BCE pa3/ielisieMble MOHBI JIOJDKHBI YIacTBOBATh B MOH-
HOM OOMEHE MPEUMYIIECTBEHHO B JIMHEHMHON O00JIACTH M30TEPMBI COpPOITUH,
T.€. COPOCHTHI JIOJDKHBI UMETh (DYHKIIMOHAIBHBIC TPYMIBI C YMEPEHHOU Cce-
JIEKTUBHOCTBIO U JOCTYIHBIE IS TFOOOTO KOMIIOHEHTA CMECH);

HU3KHE TIpeeibl OOHAPY)KEHHSI HOHOB (IyBCTBUTEIBHOCTh CHCTEMBI 3a-
BHCHUT OT KOJIMYECTBA Pa3ACIIAIONIEro cOpOeHTa: Jisl YBEJIMUCHUS YyBCTBU-

TEIBHOCTH 00bEM COPOEHTA CTPEMSTCS YMEHBIITUTD.
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W3 onmcanusi paBHOBECHSI U KUHETUKM MOHOXPOMATOrpapUIecKux IMpo-
LIECCOB CJIEAYIOT PEKOMEHAIMMA OTHOCUTEIHLHO (PU3UKO-XUMHUYECKUX CBOMCTB
COpPOEHTOB.

1. 3apao u npupooa ghynkyuonanvhwix cpynn. 3HaK 3apsiia ONPEICISICT

n_n

BUJ] MOHUTA: "-" COOTBETCTBYET KaTHOHUTY, "+ COOTBETCTBYET aHMOHUTY. Kak
NPaBIIIO, (PYHKIIMOHAILHBIE TPYIIIHI - 3TO JIMOO aHUOHBI MHOTOOCHOBHBIX KHC-
JIOT, MO0 OJTHO3APSAHBIE KATHOHBI COOTBETCTBYIOIIMX OCHOBaHMA. [1o creneHu
JUccolMaImy (PyHKIIMOHAIBHBIE TPYTITHI ObIBAIOT CHITLHO-, CPEIHE- WM CI1a00-
KUCJIOTHBIMU WJIA -OCHOBHBIMH JIJ1s1 KATHOHUTOB M aHUOHUTOB COOTBETCTBEHHO.
[lo n30upaTenbHOCTH B3aUMOICHUCTBUSL C MOHAMU (T.€. MO BEIWYUHE KOHCTaHT
HMOHHOTO 0OMEHA) HOHUTHI MOTYT OBITh CEJIEKTUBHBIMH K OIPE/ICIICHHBIM TPYTI-
raM MOHOB (HarpuMep, eclii KoHcTaHTa oOmeHa mipeBbiaet 100) u yMepeHHO
CEJICKTUBHBIMU K OOJIBIIIOMY psily MOHOB. Hanpumep, Bce criabOKUCIOTHBIE Ka-
TUOHUTBI CEJIEKTUBHBI K MOHY BOJIOPOJIA, CIIA00OCHOBHBIE aHHOHUTHI - K TH/I-
pokcua-noHy. HampoTHB, CHIIBHOKHCIOTHBIE KATUOHUTHI WA BBICOKOOCHOB-
HbIC AHWOHUTHI SIBJISIIOTCS YMEPEHHO CEJICKTHMBHBIMH TI0 OTHOIICHUIO K
OOJBIIIOMY YHCITy HOHOB: K KaTUOHAM IIETIOYHBIX, MEIOYHO3EMENTbHBIX, TIe-
PEXOJTHBIX METAUIOB; aHMOHAM KapOOHOBBIX KHUCJIOT, HEOPTraHUYECKUX OECKHUC-
JIOPOJTHBIX M KUCTIOPOJICOAEPKALMX KUCIIOT U T.1I.

Kak npaBuio, ceneKTUBHOCTh HOHOOOMEHHBIX COPOCHTOB OIpeIersi-
ercst nBymsi (pakropamu. C OIHOW CTOPOHBI, NMPH OOBIYHOM THIIE OOMEHa
(HampuMep, KaTHOHBI HA KATHOHUTE) CEJIEKTUBHOCTH MOXKET OBITH 00YCIIOBIIE-
Ha TOYHBIM COOTBETCTBHEM Pa3MEPOB MOpP COpPOECHTA pazMepy paauyca rHIpaTh-
POBAaHHOTO MOHA 3JIEMEHTA: MOHBI C OOJBIIUMU PaJANyCaMu HE BXOJIAT B
o0beM 3epHa MOHHUTA (CUTOBOM (D(DEKT), a MOHBI CIMIIKOM MAJIbIX Pa3MEPOB
XapaKTepU3YIOTCS MEHBIIeH sHepruei copommu. Takoi 3¢ deKT mposiBiseTcs

TeM B OOJIbIIICH CTENEHH, YeM MEHbIIIE HA0yXaeMOCTh COpOEHTA.



70

C nmpyroii CTOpPOHBI, CEIEKTUBHOCTH MOHOOOMEHHBIX COPOEHTOB MOYKET
OBITH OOYCIIOBJICHA U XUMHYECKAM B3aUMOJICHCTBHEM KOMIIOHEHTOB C (DYHKITH-
OHAJILHBIMU TPYIIIAMU WOHWTA, HAMPUMEP KOMIUIEKCOOOpPa30BaHUEM METall-
JIOB, TIOSIBJIEHUEM ITIOMMMO WOHHOM JOTOJHUTEIBHOM KOOPAWUHALIMOHHOU
CBSI3M C aTOMaMH (PYHKIIMOHATIBHBIX TPYIIIL.

2. Ocnosa copoenma. CopOESHTBI JII1 MOHHOM Xpomarorpaduu mory4yaror
MOJM(PUITIPOBAHMEM KPEMHE3EMa, COMOJIMMEpPa CTUPOJI-TUBUHUIOCH301a U
nonumMeTakpuiata. CBOWCTBa COPOEHTOB BO MHOTOM OIPEAEIISIFOTCS UX MaTpu-
Lei.

XoTs mMarpulia MOJUMEPHOTO MOHWTA WM JIpyrasi OCHOBa COpOEHTa
HEOPraHWYECKOW MPUPOABl HE YYACTBYET HEMOCPEICTBEHHO C MEKHUOHHOM-
B3aUMOJICHICTBHHU, HCIIONB3yEMOM B MOHHOW Xpomartorpadus, TeM HE MEHee
OHH TIPUAIOT COPOEHTY CBOMCTBA TBEPIOM (ha3bl, UTO B TeTepoda3sHOM MpolLiec-
CE UMEET CYIIECTBEHHOE 3HAYCHNE, B TOM YKCJI€ U TIPU YCTAHOBJICHUH PABHOBE-
cust HoHHOTO 0OMeHa. Ha paBHOBECHBIE CBOICTBA COPOECHTA OKA3BIBAIOT BIIHS-
HHE 3J1aCTUYHOCTh WM JKECTKOCTh KapKaca MOHUTA B 00J1aCTH, HACHIIIICHHON
(GYHKIIMOHATBHBIMU TPYIIAMH, YTO B CBOIO OYEPEb CBSI3aHO C KOJMYCCTBOM
CINIUBAOUIICTO arcHrTa. ﬂeﬁCTBHTeHBHO, I'naApaTHbIC 000JI0YKH HOHOB CTPCMATCA
YBEIMYUTh 00BEM BMEMIAIOIIETO TOJUMEpa, KOTOPhIH B CUIIY OIpPEICICHHOU
ECTKOCTH CBSI3€i MPOTUBOJCUCTBYET 3TOMY MPOIECCY, UTO OTPAKACTCS HA Be-
JMYMHAX XaPaKTEPUCTHK PABHOBECHS - KOHCTAHT HOHHOTO OOMEHa.

bonpiioe 3HaueHne MMeeT MaTpula cOpOEHTa NP ONpPENETICHUU TU-
pOoQOOHBIX CUIILHOYIEPKUBAEMbIX UOHOB. J[J1s1 UX ompeseneHus CleayeT uc-
MOJIb30BaTh COPOEHTHI ¢ MeHee TuapodoOHbIME MaTpuliamu. [lokazaHno, 4To
Ipru ONpCACICHUN CHUJIBHO YACPKHWUBACMLBIX KAaTHOHOB MICJIOYHO3CMCIBbHBIX
METAJLIOB, a TaKke Heopranuueckux anuoHoB (I, $,03%, SCN-, ClOy) myume
UCIIOJIb30BaTh COPOCHTHI HA OCHOBE KpEeMHE3eMa MM MoinMmerakpuiara. Ha

ITUX COpOEHTax MOHBl yAEpPXKHUBAKOTCS cjabee, dYeM Ha CTUPOI-
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JTUBUHUIIOCH30IbHBIX. JTO OOBSICHSIETCS Pa3IUnYHON THIPOPOOHOCTHIO MaT-
pHIIbI, KOTOpasi BO3pacTaeT B Psly: KpeMHe3eM <IOJIUMETAKpUIaT<CTHPOJI-
muBrHUIOeH30:1. [lostomy mmsionpeneneHusi Tuapo(GOOHBIX HOHOB HAIO BHIOH-
patbh MeHee THIPO(HOOHBIE MATPHUIIBL.

OcHoBa copOeHTa A0 KHa TakKe 00J1a7aTh HEOOX0IUMOM MO YCIOBUSM
€ro JKCIUIyaTallud NPOYHOCTBIO M XMMHMYECKOM CTOMKOCTHIO. [Ipu mpoumx
PaBHBIX YCJIOBHSX OOJIbIIEH MPOYHOCTHIO 00Jaar0T chepuyeckue (oBalb-
HbI€) TpaHyJibl cOpOeHTa, a TakKe 0oJiee CIIUThIE MOJUMEphl. PekoMeHytoT
UCIIONB30BaTh 00JI€e CHINTHIE MOJMMEPBI, XUMHUYECKasi YCTOMYUBOCTh KOTO-
peix yObiBaeT B psny: C/JIBb (comonmumep ctuposia ¥ JUBUHHIOEH30JA)
>TIMA (monuMertakpuiaTHbIi renb) > CIT (cuiukareib WM MOPUCTOE CTEK-
J10).

CopOeHThl Ha OCHOBE KpeMHe3eMa YCTOMUMBBI Juilb 1pu pH 2 - 7, no-
ATOMY HX MPUMEHSIOT TOJIBKO B OJJHOKOJIOHOYHOM BapHaHTE C HEHTPaTbHBIMU
amoeHTaMu. COpOEHTHI Ha MOJUMEPHOM ocHOBe yctonumBsl mpu pH 1 - 13,
MO0TOMY UX MOXXHO MCTOJh30BaTh KaKk B OJJHOKOJIOHOYHOM, TaK U B JBYXKO-
JIOHOYHOM BapHaHTaXx.

3. Obomennasn émxocms. CriocCOOHOCTH K MOHHOMY OOMEHY oOecreydm-
BaeTCS HAJMYMEM B COPOCHTAX XMMHUYECKH aKTUBHBIX TPYII C IMOIBHKHBIMHU
O0OMEHMBAEMBIMH MOHAMH. VX KOHIIEHTpAIMIO B MAIKB/T (MJIM MIKB/MII) COp-
OeHTa Ha3bIBaIOT MOJIHON 0OMeHHOM eMKocThIO (ITOE) nonura.

OCHOBHBIM KpUTEpPUEM BbIOOpA OOMEHHOUN €MKOCTH COpOEHTA SIBISIETCS
OTHOCHUTEJIbHOE yJIEpP’)KUBAHUE OIpeAesieMbIX HOHOB. [l onpesenenus cia-
00 yJep>KUBaeMbIX MOHOB HY>KHBbI COPOCHTHI C OOJbIIEH €MKOCThIO, a JJif
OTIpE/IeTICHUS CUIIBHO yIeP)KUBAEMBIX - C MEHbIIeH. KoarmuecTBeHHO OlIEHUTh
E€MKOCTh COpPOCHTa HEOOXOIUMYIO JUIsi OBICTPOTO M CEJIEKTUBHOTO pasfere-

HHs, MOKHO I10 YPABHCHHUIO:

th = K, o -5

H.0. Caﬂ_F

(48)
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rne tg - MpUBEICHHOE (MCIpaBIeHHOE) BpeMs yaepxkuBanus, K,, —
KOHCTaHTa MOHHOTO oOMeHa, Q — yenbHas 0OOMEHHast eMKOCTh copOeHTa, Vs —
o0weM copbenta, C,; — KOHIICHTPALUS IITIOUPYIONIETO HoHa, F — oObeMHas
CKOPOCTb Pacxojia 3JIF0CHTA.

Ha mpaktuke n3MeHeHHEe OOMEHHOM €MKOCTH COpOeHTa JjIsi ONTUMM3a-
MU WCIOJB3YIOT penko. Yalie onTuManbHbIE YCIOBUS HAaXOIAT WU3MEHEHUEM
COCTaBa M CBOMCTB JJIIOCHTA.

4. 3epnenue copoenma. DPGEeKTUBHOCTD pa3/eieHUs 3aBUCUT OT pa3Me-
pa yactull copoeHTa. YeM MeHbIIE pa3Mep 4acTHl], TeM BbIIIE 3P(HEKTUBHOCTb.
C npyroit crtopossl, 3(()EKTUBHOCTh pa3/ieieHUs] 3aBUCUT OT OJIHOPOJHOCTH
dbpakiuu copbeHTa. Uem MeHbIlIE pa3ivyve B pa3Mepe YacTHUll, TeM MEHBIIE
«BuxpeBasy» aupPy3us u Bbime 3PQPekTuBHOCTh. [[0OUTHCS OJHOPOAHOCTU
dpakuuy npu OYEHb MAJOM pa3Mepe dacTull (~5 MKM) O4eHb CiloxHO. Onrtu-
MaJbHBIM pa3Mep 4acTull COpOEHTOB Jisi MOHHOU XxpomaTtorpaduu ot 10 mo 20
MKM ¢ aucnepcueit no ¢pakmuu He Oosiee = 20%. Mcnonb3oBaHue Takux cop-
OCHTOB MO3BOJISIET AOOUTHCS BBICOKOM A3(PPEKTUBHOCTU pa3ieseHus: MpU OTHO-
CUTEJIbHO HEBBICOKOM JIABJICHHH.

B kauecTBe pa3iensolnX, KaK MPaBUJIO, HUCIOIB3YIOT KOJIOHKH JUIMHON
ot 50 mo 250 MM n auamerpom 3 - 5 MM. YBennuuBas IIMHY KOJIOHKH, MOKHO
HOBBICUTH 3(PPEKTUBHOCTD pa3AeNEHUs], TOCKOJIbKY YBEIUUYHUTCS YHCIIO Teope-
TUYECKHUX TAPEJIOK MPUXOIAIIMXCS Ha KOJIOHKY. OJTHAKO CleyeT IOMHHUTD, YTO
IIPU 3TOM YBEIUYaTCsl BpEMEHa YACPKUBAHMSI MOHOB BCIIEJICTBHE YBEIMYCHHS
o0bema copOeHTa. MHaue roBopsi, Mpu yBEIMUEHUU JIMHBI KOJIOHKH HAJ0 Mpo-
MOPLMOHAIBHO YBEJIMYUBATH KOHLIEHTPALMIO JIIIOMPYIOLIET0 HOHA WU HUCTIONb-
30BaTh 00JIe€ CUIIbHBIN JITIOCHT.

5. Koagpdpuyuenm oughgpysuu - onuH u3 BaKHEUIIUX KUHETUYECKUX
napameTpoB. OH 3aBUCUT KaK OT CBOMCTB IU(DPYHIMPYIOMIMX MOHOB, TAK U OT
CBOMCTB TBepAOH (pa3bl — MOPUCTOCTHU (pacmpesieieHus Mop B 3epHax copOeHTa

Mo IMPOTAKCHHOCTU WU AUAMCTPY KaHaHa), HN3BUIINCTOCTH IIOPOBBLIX KaHAJOB.
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Bricokoii 3 pexkTuBHOCTH pa3/ieieHHusi COOTBETCTBYIOT OObIINE BETUYHHBI KO-
adppunuentoB auddysun. IloaTomy B KadecTBe pa3AeiSIIONIUX COPOCHTOB
IPEIMOYTUTENBHBI MAaKPOTIOPUCTHIE MOTMMEPHBIE HOHUTHI C HE OUYEHb OOJbIIN-
MU 3HAQUYEHUSMHU JIOKAJIbHBIX KO3 UIIMEHTOB pacrupeieseHus sl paccMaTpu-
BaE€MbIX HOHOB.

6. Cmpoenueuonumoe.CymecTByeTpsTNOHOOOMEHHUKOB, YIOBIETBOPS-
101X OOJIBIIMHCTBY U3 MPUBEJECHHBIX BbIlIe TpeOoBaHUl. OHU yCHEIIHO MPH-
MEHAIOTCS B MOHHOU xpoMmarorpadun. OyHKIIMOHAIBHBIE TPYIIBI TAKUX COP-
OCHTOB UMEIOT YMEPEHHYIO CEJIEKTUBHOCTh [0 OTHOIIECHUIO K ITUPOKOMY KPYTy
KaTHOHOB U aHUOHOB (CyJb(OorpyIiibl, pochopHOKUCIBIE TPYIIIbI, YETBEPTUUHBIE
AMMOHHMEBBIE OCHOBAHMS) M PACIIONIAratoTCs B TOHKOM MOBEPXHOCTHOM CIIO€ COpOEH-
TOB, YTO YJOBJIETBOPSET TPEOOBAHUIO K CTPYKTYpE 3€peH. 3epHa, MpeuMyllie-
CTBEHHO cepuueckoit opmbl, UMEIOT pazMepsl oT 7 = 2 1o 30 = 5 mxM. Beibop
TaKUX MEJIKHUX 3€pEH CIIOCOOCTBYET OBICTPOMY MPOTEKaHUIO BHEIIHEH Auddy-
3ud. Marepuaiibl, UCHOJIb3yeMbIE ISl MPUTOTOBJIECHUS COPOEHTOB, HaNpUMEp
conosiumep ctuposa ¢ auBuHmwiIOeH3onoM (C/IIBB), cunukarens (CI'), mopuctoe
CTEKJIO, MoJuMeTuIMeTaKkpuiaaTHelil reib ([IMA), BbiAepKUBaIOT JaBJICHUE 10
10 - 20 Mlla, a naBneHrue B HOHHBIX XpomaTorpadax oObIYHO He TpeBbImmaeT 10
MlIla. EmMkxocTth copOeHTOB 1 - 50 MKIKB/MJI, 4TO OOBIYHO OOEcreynBaeT JJu-
TEJIHLHOCTh aHalIu3a He Oosiee yeM 20 MUH.

N3BeCTHBITPYU MPUHIUMITUATBHO PA3IUYHBIX COCO0a MOYYCHUS Pa3ziesis-
IOLMX COPOEHTOB JUIsi HOHHOM XpoMarorpaduu, QyHKIUOHAIbHBIE TPYMIbI KO-
TOPBIX PACIIOJIOKEHBI B IOBEPXHOCTHOM CJIOE:

1) xumuyeckas NpHUBHMBKA (DYHKIIMOHAIBHBIX TPYII K MMOBEPXHOCTH IO-
JUMEPHOW OCHOBBI COpOEHTa C MpeABapUTEIbHON MacCKUPOBKOM BHYTpPEHHEU
yactu 3epHa (pupma "Biotronik") uau 6e3 Takosoit ("Wescan");

2) MEXaHWYEeCKOEe MPHUKIICUBAHNEC CYOMHKPOHHBIX YaCTHI[ MOHHTA K TIO-
BepxHocTH nHepTHOTO HOocuTens ("Dionex™);

3) HaHECeHHe TOHKOI'0 aKTHBHOTO CJIOSI HA MHEPTHYIO OCHOBY C IMOCIIe-
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JYIOIIe XUMUYECKOW MPUBUBKON (PYHKIIMOHATIBHBIX TPYII K AKTUBHOMY CJIOIO
(MI'Y, "Vydak", "Toyo Soda"). B kaduecTBe OCHOBBI JIJIsl TIOJYYCHHS TAKUX COP-
OEHTOB OOBIYHO HMCHOJB3YIOT comoiaumep ctupoina ¢ JBb pasnmuunoil crenenu
CIIMBKH, MOJTUMETHIMETAKPUIATHBIN T'€llb, CUJIMKAreJb C MJIOMAbI0 TTOBEPXHO-
ctv opsika 102 M?/r, mopucToe cTeko.

ITo nepBomy cmocoOy Ha ocHOBe comnoyiuMmepa ctupona ¢ [IBb 4% cmus-
ku ¢upma "Dionex" (CILA) monyyaet cyabpoKaTHOHHT, a ¢pupmbl "Biotronik"
(I'epmanus) u "Wescan" (CIIIA) Ha TOM XK€ OCHOBE IOJY4YalOT BBICOKOOCHOB-
HbIl TIOBEPXHOCTHO-NPUBUTON aHUOHUT. [lo BTOpoMy cmocody dupma
"Dionex", Uuctutyr xumux AH DCTOHHH TOTOBAT pasfciSiOIIdil aHHOHHT,
IIPUYEM BO BTOPOM CIIy4ae€ BMECTO COMOJIMMEpPa OepyT MOJMMETUIMETaKpUIaT-
HBIM renb ¢ pazmepoM vacTtul 25-40 MxM. B 00oux ciydasix akTUBHBIN CIOM
dopmupyercs u3 cyoMukpoHHbIX (0.1-0.5 MKM) yacTuI] BHICOKOOCHOBHOT'O aHU-
onura. [lo TpeTpeMy crocoOy Ha OCHOBE THAPO(HOOU3UPOBAHHOTO CUIIMKATEIIS
("Vydak", CIIIA) u nopucroro ctekia ("ToyoSoda", SnmoHus) moiny4arT KaTH-
OHHUTBI U1 AaHUOHUTHI ISl OAHOKOJIOHOYHOTO BapHaHTa MOHHOW XpoMarorpaduu.
[To nepBomy cnocoOy B UHCTUTYTE MakpoMOJIeKYJIsIpHBIX coenuHenuid AH Ye-
XUU CUHTE3UPOBAH AHUOHUT, O0JIAJAONIMK TOBBIMIEHHON CEIEKTUBHOCTHIO K
MOHaM HuTpara u Opomuiaa. Ero momyyaror nmyreM aMUHUPOBAHUS U UOJAMETH-
JMPOBAHUATIONUMETHIMETaKpriIaTHOro rens. CopOeHT takoro tuma - "Aniex"
BbIyckaeTcs pupmoit "Baroc" (Octonus). MeTonuku moiydeHusl yYKa3aHHBIX
COpOEHTOB AJI1 MOHHOM XpomaTtorpaduu Mo MOHSATHBIM COOOpPaKEHUSM OCBe-
LIEHBI B JIUTEPATYPE HEAOCTATOYHO IOJIHO, I03TOMY IPUBOAMTH UX 31ECH BPSA
71 11e71ecoo0pasHo.

[Tpurcnonb30BaHUMCUIILHOKUCIIBIX ITMCHUIIBHOIICNIOUHBIXCPEl  MPEIIO-
YTUTEJbHA OCHOBA M3 comnoiumMepa crupoiia ¢ IBb. Haumenee nanexen u Boc-
MPOU3BOIMM B 3TOM CMBICIIE BBILICONMUCAHHBIA BTOPO# crioco0. Cononumep sB-
JSI€TCS AKTUBHOM OCHOBOM, UTO 3aTPYAHSIET €r0 UCIOJIb30BAHUE B TPETHEM CIIO-

cobe. CHGI{OB&TGHLHO, AJI1 TIOJIYHYCHUA XUMHUYICCKU CTOUKMX BOCIIPOU3BOANMBIX
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copOeHTOB HamOoJee MPEANOYTUTEICH TEPBhIM CIIOCO0 ¢ OCHOBOM W3 COIOJIH-
Mepa.

[ToBepxHnoctHO-TipuBUTHIE MOHUTHI (IIIIM) Mo OCHOBHBIM mMapameTpam
YVAOBJIETBOPSIOT TPEOOBAaHUAM K pa3ACisOlUM CcOpOeHTaM MJii HOHHOM
xpomartorpaduu. VX IOCTOMHCTBA - JOCTYMHOCTh (DYHKIIMOHAJIBHBIX TPYMII,
pPACIONIOKEHHBIX B TOHKOM  MPUIOBEPXHOCTHOM  CIIOE€  3€pEH;  MO-
TOMY BHYTpUIU(PPY3nOHHBIE MPOIECCHl MPOTEKaOT ObicTpo. [lpu Takom pac-
MOJIOKEHUN (QYHKIMOHATBHBIX TPYII JOCTUTACTCS TakKe Majas eMKOCTh CIOS
VMOHHUTA.

LenTtpansHo-nipuBuThie HOHUTHI (L{IT1) — cpaBHUTENHEHO HOBBIM THIT COP-
oenra g xpomartorpaduu. 3epHo L{I[IN B neHTpanbHOl YacTH UMEET SAPO C
MOHOOOMEHHBIMU (YHKIIMOHAIBHBIMU TPYHIaMU, KOTOPOE OKPYKEHO CIIOEM
MOJINMEPa, MHEPTHOTO MO OTHOIIECHUIO K OOMEHMBaeMbIM HOHaM. [lomumepHbIii
CJIOM BOKPYT sifjpa JOJIKEH, BO-TIEPBBIX, MPUAATh 3€pHY HEOOXOIUMYIO JKECT-
KOCTh M JIOCTATOYHO OOJIBIINE pa3Mepbl, YTOObI MPETOTBPATUTH UPE3MEPHOE
TUAPOJMHAMUYECKOE COMPOTUBJIEHUE CIIOSI, BO-BTOPBIX, OOECIEUUTh OBICTPHIi
TPAHCIIOPT UOHOB K MOHOOOMEHHOMY SIZIPY U PABHOMEPHO PaCHpeAe/IUuTh MOTOK
HMOHOB Ha TPAHMIIE C SIPOM, B-TPETHHX, YMEHBIITUTh EMKOCTh CJIOS COpPOEHTA 10
TpeOyeMbIX 3HAUCHUH.

IIepBoe u TpeTbe CBOMCTBA MOSBIISIIOTCS aBTOMATUUYECKH, €CIU YaCTHULIbI
MOHUTA TIOKPHITH MOJTUMEPHBIM (MU WHBIM, JOCTAaTOYHO MPOYHBIM) CIOEM He-
00X0AMMOM TOJIIIIUHBI U HE UMEIOIINM CPOJICTBA K pa3zeisieMbiM noHaM. UToObI
UMETh BO3MOKHOCTh OBICTPO TPAHCIIOPTUPOBATH MOHBI K SApPY, HHEPTHas 000-
JIOYKa JOJDKHA TMPEJACTaBISITh COOOM MOPUCTYIO THUAPOPUIBLHYIO MEMOpaHy.
Haubonee npuemiem B NpUHIMIUAIBLHOM TuiaHe misa cosnanus LITN crocoO,
3aKJTFOYAIONTUICS B XUMUYECKON MOIU(HUKAIMK TTOBEPXHOCTHOTO CJIOS 3€pHA.
Ecin B3ATh B KaueCTBE MCXOAHOIO MAaTepualia MOHUT, MOAXOMAIIMN IO CBOM-

CTBaM JIJIS AJipa, a 10 pa3MepaM, COOTBETCTBYIOIIHNI 3epHaM OyAyIero copoeH-
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Ta, U yIaTuTh QYHKIIMOHAIBHBIC TPYIIHI U3 TIOBEPXHOCTHOTO CJIOSI OTPEIEIICH-
HOM TOJIIIMHBI, TO TAKUM CIIOCOOOM MOXKHO TpUroToButh LITTH.
AHHOHO- 1 KATHOHOOOMEHHHUKH

B nHacTosmee Bpemsi B HOHHOUW XpomaTorpaduu MPUMEHSIOTCS ABA THIIA
HETIOJBIKHBIX (pa3: HOHOOOMEHHUKH C (YHKIIMOHAIBHBIMHU TPyIIIaMH Ha IIO-
BEPXHOCTH U 0OBEMHO-TIOPHUCTHIE MOHOOOMEHHUKH. B mepBoM THIle MaTeprasos
(GyHKIIMOHAIBHBIE TPYNIBLI PACIOI0KEHBI HEMOCPEJICTBEHHO Ha IMOBEPXHOCTH
noJiMMepa WIK B €ro rnopax; o0beMHO-IIOPUCThIE MaTeprajibl UMEIOT OYeHb Ma-
JIEHbKUE YacTUlbl (Takke ¢ (QYHKIMOHAIBHBIMHU TPYIIaMH Ha MOBEPXHOCTH),
KOTOpPBIE IIPUCOCAMHEHBI K IIEHTPaIbHON YacTUIle, UMCIOIICH OOoJbIIHNE pa3Me-
pbl. DTO MPUCOCAUHEHUE MOXKET OBITh OCYIIECTBIICHO JTUOO 3a CYET MEXaHUYe-
CKHX, TU00 3a c4eT ruApohoOHBIX WM JEKTPOCTATUUECKUX B3aumoieicTBui. Ha
PUCYHKe 22TI0Ka3aHbI JIBa BapraHTa MPUMEPOB JUTS 3THX JIBYX THUITOBMATEPHAIIOB, ITPH-
MEHSIEMBIX B KaUeCTBE aHHOHOOOMEHHHKOB.

Cea3bIBaromui MaTepualn

oJIMMEpPHas
4acTUla

MOJIMMEpHas
JacTuLa

+ N R3 ]
a) N R, b) aMMHHHMPOBaHHAS
+
N'R,ATEKCHaA HacTAIa
Pucynox 22. CmpykmypaanuonooOMeHHUKO8 ¢ N0BEPXHOCMHbIMU (DYHK-
yuonanvHoimu epynnamu (&) u 00beMHO — ROPUCIIBIX UOHOODMEHHUKOS C MeXa-

Huueckum cesasviearuem (b)
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OO0beMHO-TIOPHUCTBIE HACAJOYHbIE KOJOHOYHBIE MaTepHasibl 00JanaroT
OoJbIoN XpoMarorpaduueckoi 3gpheKTUBHOCTHIO, TOCKOJIBKY TU(y3uOHHbBIC
NyTH COXPAHAIOTCA OYEHb KOPOTKUMH, Onaromapsi OOJIbLIEMY PaCCTOSHHIO
MEXIy (PYHKIIMOHATBHBIMUA TPYIIIAMH U MaT€pUaIOM OCHOBAaHHUS; UMEHHO ITO
CIIOCOOCTBYET OOJIBIION CKOPOCTH MaccornepeHoca. OaHako, XUMHUYECKasl CcTa-
OMIIBHOCTD ATUX pa3felUTENbHBIX (Pa3 3HAYMTETHHO MEHBIIE, YeM CTaOWJIb-
HOCTh MaTEPHUAJIOB C TOBEPXHOCTHBIMU ()YHKIIMOHATIBHBIMU TpynnaMu. OObBIYHO
UCIIOJIb3yeMble B aHUOHHOM Xxpomartorpaduu (yHKIHMOHAIBHBIE TPYMIbI MOTY-
YaloT MpPEeBpalleHUEM SIKOPHBIX (3aKpEIJICHHBIX OJHUM KOHIIOM) TpYIN C TO-
MOIIBK MOAXOJSAIIEr0 aMUHA. DTOT IPOLECC TEHEPUPYET aMMOHHUEBBIE MOHBI,
KOTOpbI€ 3a()MKCUPOBAaHbI HAa MOBEPXHOCTH NoMepa. OyHKIMOHATbHBIE TPYT-
Ibl, COIEPKAIIME aTOMbI a30Ta, B MOJABIISIIONIEM OOJBIIMHCTBE CIy4aeB, SBIIS-
IOTCSl TIOYTU €IMHCTBEHHBIMH, KOTOPBIE UCIIONB3YIOTCS ISl pAa3feiICHUN aHUO-
HOB B MOHHOH Xpomarorpaduu. IT0 00BICHSAETCA, TJIABHBIM 00pa3oM, UX XO-
polleil XUMHUYECKON CTAaOMIIBHOCTBIO U MOYTH HEOTPAHMYEHHBIM YHCIIOM BO3-
MO>KHBIX 3aMECTUTEJICH Yy aToMa a3oTa.

AMMOHHEBBICTPYIBITEHEPUPYIOTCIHATIOBEPXHOCTUIIOIUMEPA KOHBEPTH-
POBaHUEM SIKOPHOMW IPYMIbI C MOMOUIBIO AEHCTBUS aMUHA. AJIKWIIbHBIE OCTaTKU
y MOJIOKUTENBHO 3apsHKEHHOrO0 aToMa a30Ta MOTYT BapbHpPOBATHCS B IIUPOKOM
nuanasone. B npocreiiiem ciydae npoucxoaut oopazoBanue R — H u nepBuu-
HOTO MOHAa aMMOHUA. OAHAKO MPU BBICOKUX BeJIMUMHAX pH 3TOT HOH MOXKeT ne-
MIPOTOHUPOBATHCS U TEPSTH CBOU 3apsa. JJisi 3TOro TUIa HaCagOYHOTO MATEPU-
aya oOMeHHasi eMKOCTh 3aBUCUT OT pH 3itoeHTa, UMEHHO TOITOMY OHM Ha3bl-
BalOTCS CIa00OCHOBHBIMU. ECIM MpPOBOAMTCS MOCIEIOBATENbHOE 3aMEIICHHE
ANKWIBHBIMM TPYINIIaMHU, TO CHavajia o0Opa3yloTcs BTOPUYHBIE U 3aT€M TPETHY-
HBIEAMMOHHUEBBIETPYIIIBL; 3 TUT PYTIIBITAKKEMOT Y THOIBEPraThCsl JNENPOTOHU3ALUY.
Tonbko TOTHa, KOrja BCE PaJvKalbl COCTOST M3 alKUIBHBIX IPYII,00MEHHAas
€MKOCTh WJIM 3apsA]l HE 3aBUCST OT BeJWYUHBI pH 3/110€HTa U MOJIy4aeTCACHIIb-

HOOCHOBHBIN UYETBEPTUYHBIM aHMOHOOOMEHHUK. B Xxpomartorpaduu 0OBIYHO-



78

CTpeMsITCs K He3aBucsmeid or pH oOMeHHON eMKOCTH, UIMEHHO TO 3TOW TpH-
YUHEUCIIONB3YIOTCA TOJIBKO IIOJHOCTBIO AJIKWIMPOBAHHBIC Marepuaisl. [
CHEeIMATBHBIXXpOMATOrpaUUECKUX MPUMEHEHUH, TaKUX Kak aHajdu3 OEJKOB
WIM METOJUKH CHpPEABAPUTEIbHBIMKOHLIEHTPHPOBAHUEMOOPA3IA, 4aCTO HCIOJIb-
3YIOTCSI C1a000CHOBHBIE HOHUTHI.

B katnonHOI XxpoMaTorpaduu NPpUMEHSIOTCS KaK MaTepuajibl HA OCHOBE
CUJIMKAress, TaK U MaTepuajbl HA OCHOBE IOJIUMEPOB. B IIPOTUBOIIOIOKHOCTD
aHMOHHOM XpoMmaTorpaduu (IeJI0OUHbIE IIOEHTHI), YCIOBUS pabOThl B KATUOH-
HOU Xpomartorpaduu MO3BOJISIIOT KCIOIb30BaTh cuiMkareau. Katmonoobomen-
HUKHU Ha OCHOBE CUJIMKArels JEJISTCA Ha Pa3jIuyHbIe KJIACChl MATEPUAJIOB: KaTu-
OHOOOMEHHMKH C MPSIMbIM IPUCOECTUHEHUEM (DYHKIITMOHAIBHBIX TPYMI U KaTHO-
HOOOMEHHUKHU C MOJIUMEPHBIM TOKPBITHEM.

[lepBblen3BbIIICyKa3aHHBIXKATHOHUTOBOOJIAAIOTXOPOILIEH  XpomaTorpa-
¢uueckoit 3ppexTuBHOCTHIO. OJTHAKO U3-3a OOJIBIIOTO Pa3INYMsl BEJIUYUH KOH-
CTaHT UOHHOTO OOMEHA KaTHOHOB IIEJIOYHBIX U LIEJIOYHO3EMEIIbHBIX 3JIEMEHTOB
OHM HENPUTOAHBI JUIsI OAHOBPEMEHHOTO ONPEACIIEHUS TAKUX MOHOB. B ciyuae
CUJIMKAreJiel ¢ MOJMMEPHBIM MOKPBITHEM, CUIIMKATHAS MTOBEPXHOCTH MOKPHIBA-
eTCsl «IPEANOIUMEPOM», KOTOPBIA 3aT€M MMMOOMIN3YETCSl C MOMOIIBIO TOIe-
peuHoi cmmBKkH. Ha mpakThke MHOTOYMCIIEHHBIE THIBI MOHUTOB MOTYT OBIThH
HOJTyYEHBI C TOMOUIbIO MOCIEAYIOIIETr0 BBEACHHS (DYHKIIMOHAIBHBIX TPYIL.

CymecTByeT 0OJBIIOE YHUCIO MOHOOOMEHHUKOB Ha OCHOBE CHJIMKArells.
Opnum u3 HanOoJsiee YacThIX NMPUIIOKEHUN SBISIETCS OJHOBPEMEHHOE pas3fele-
HUE IIEJIOYHBIX U IIEIOYHO3EMEIIBHBIX METAIIJIOB; TAKKE BO3MOKHO Pa3eciIcHue
MOHOB TEPEXOAHBIX U TSHKENBIX METAJUIOB. Te€M HE MEHee, HEKOTOPbIE HENO-
CTaTKU MPENATCTBYIOT YHUBEPCATbHOMY HMCIOJIb30BaHNI0O HOHOOOMEHHUKOB, OC-
HOBaHHBIX Ha CWJIMKAaremisax:

* Ilpu pH < 2 cBs3b MEXIy KPEMHUEBOU MaTpUlled U (PYHKIIMOHATIbHBI-
MU TpyNIaMy CTAHOBUTCS 3HAYUTENBHO cllabee. ITO MPUBOJIUT K MOCTENEHHO-

My "yHOCY" (PYHKIIMOHAJIBHBIX TPYII U MOTEpEe 0OMEHHOM eMKOCTH.
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e Ilpu pH > 7 3HaunTENBHO YBEIMYMBAETCA PACTBOPUMOCTDH CHIIMKAre-
Js1. DTOT MPOLECC MPUBOJUT K MOTEPE MEXAHUUYECKOW CTaOMIBHOCTH HAcag0y-
HOTO MaTepuajia KOJIOHKH. [Ipn 3TOM NpOMCXOAUT —IpOCEeAaHUE YacTULl KO-
JIOHKH ¥, COOTBETCTBEHHO, 00pa3oBaHHWEe MEPTBOro o0beMa B HadaJbHOU 30HE
KOJIOHKH.

B xaTnoHOOOMEHHHKaxX Ha OCHOBE OpraHMYECKHX IOJMMEPOB B KAUECTBE
MaTpUIl B OCHOBHOM IPUMEHSIOTCSA CMOJIBI, KOTOPBIE ITOJYYEHBI COITOIMMEPHU3a-
nuell cTuposia U IMBUHUIOEH307a. OrpaHUyYeHus, YIIOMSHYTBIE BbIIIE AJIS CU-
JIMKAareJien, I 3TUX MaTEPUaIoB OTCYTCTBYIOT. CMOJIBI MOTYT HCHOJIB30BAaThCS
B0 BceM auanazone pH ot 0 1o 14, oHu Takke MHEPTHBI 10 OTHOLIEHUIO K (TO-
punaM. XOTd UX YCTOMYMBOCTH K Pa3pyLUCHHUIO I10J BO3AEHCTBUEM BBICOKOIO
JIaBJICHUS MEHBIIIE YCTOMYMBOCTHACHJIMIKAT -
JIEW,TEMHEMEHEE, 3aUCKITFOUCHUEMHECKOJIBKMX ~ [TOJIMMETaKpWIATHBIX ~ CMOJI, HX
YCTOMYMBOCTh B OOIIEM BIOJHE JOCTATOYHA JJIsl IPAKTUUECKUX ILIeJIeH.

I ToMMMOCMOJICHENOCPEICTBEHHOBBEACHHBIMUA(D YHKLIIOHATTbHBIMU rpyIia-
MU,BHACTOSILIEEBPEMATAKKETOCTYTHBIEIUTUKYISIPHBIEKATHOHOOOMEHHUKN. OHU
00J1aIat0T JBYXCIOWHOM CTPYKTYpPOM, MOCKOJIBKY HEBO3MOXHO MOJYYUTH TOJ-
HOCTBbIO aMUHUPOBaHHBIE YacTUIbI cyOcTparta. IMEHHO MO3TOMY MHOJHOCTBHIO
CyJIb(GUpPOBaHHbIE YAaCTULbI CyOCTpaTa BHauaje OKPYKArOTCS aMUHUPOBAHHBIM
CJIOEM U 3aTEM CJIOEM CYJIb(HPOBAHHBIX JATEKCHBIX YacTull. PuKcalus mpoBo-
JIATCS 3 CYET AIEKTPOCTATUYECKUX U BaH-nep-BaanbcoBbIX B3aUMOIEUCTBUM.

Heb6onbmoinaMeTpiaTeKCHbIXUaCTULITO3BOJISIETYMEHBIINTE  AUPDy3H-
OHHbBIE€ TTYTH M, COOTBETCTBEHHO, YCKOPUThH MPOLIECCHl OOMEHA U MOJIYYUTh BbI-
COKYI0 3(DPEeKTUBHOCTD ISl pa3/ICAUTENbHBIX KOJIOHOK C TAKUM THUIIOM HACaJKH.
HenmocraTkoM MeJUTMKYJIAPHBIX MAaTEPUAJIOB SIBISIETCS UX YYBCTBUTEIBHOCTH K
JIEUCTBUIO OPTAaHUYECKUX PACTBOPUTENCH, a TaAKKE MOJBMIKHBIX (a3 ¢ BHICOKOM
MOHHOM CHUJIOW, ITOCKOJIBKY B 3TOM CJIy4ae IPOUCXOAUT IOCTENEHHOE BBITECHE-
HUE JIATEKCHBIX YacTULl. BO3MOXHO OJHOBPEMEHHOE OIPEEIEHNE MIETIOYHBIX U

MCJI0OYHO3CMCIIbHBIX MCTAIJIOB IIPpU HMCIIOJIb30BAHHH MOI[I/I(l)I/ILII/IpOBaHHOFO Ba-
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puaHTa marepuaia, B KOTOPOM KOBAJCHTHO MPHUCOCAMHEH aMHHHPOBAHHBIN
cioi. OHaKO pa3uyue B CENIEKTUBHOCTH JIJIsi HOHOB KaJlusl, MArHUS M KaJblUs
MIPEBBIMIAIOT HEOOXOIUMBIE BETMYMHBI, TaK YTO JJISl IPOBEICHUS aHAIHM3a Tpe-
OyeTcsi OTHOCUTENILHO OOJIBIIIOE BPEMS OMBITA.

HanmenoBanue u HCKOTOPLBIC CBOMCTBA IMOJIMMCPHBIX MOHOOOMEHHOKOB

JUTSI IOHHOU XpomaTtorpaduu npuBeIeHbl B TabnuIe 2.

Tabnuua 2. [TomumepHble HOHOOOMEHHUKH 711 MOHHOM XpomaTtorpaduu

HaumenoBanue | [namertp OyHKIMO- NonooOMenHas Crenenn
YacTHIl, HaJIbHAs €MKOCTb MMOJIb | CIIHBKH,
MKM rpyrmnma 9KB/T %
AnpTerkcOA — 12 -(S03) - -
1000
AnpTeKC  AHHOH 12 -(NH3)* 3 -
HC
AmmuHeKe A-27 6-15 -(NH3)* 3.2 8
Amunekc A-28 7-11 -(NH3)* 3.2 8
AN-X 11 - 4 2,4,8,12
Amunekc A-5 11-15 [N(CHs)s]*Cl 5 8
Amunekc A-7 7-11 -(SO3) 5 8
Amunekc A-8 5-8 -(S03) 5 8
Amunekc A-5 11-12 -(SO3) 5 8
bexman AA-15 11 -(SO3) 5 8
bexkman AA-20 11 -(S03) 5 8
['amunbron HA 7-10 -(S03) 5 4,6,8,10
["amunsTon HC 7-10 -(NR3)*Cl 5.2 2-35
Happym JIC A 14 -(S03) 5 8
Happym JIC 6A 11 -(S03) 5 8
HouekcSB 5-20 -(S03) 3 7
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HonexcSA 10 -(NR3)*CI 3 8
Honormak 10 -(SO3) 3-5 -
Coepon JIEAE 10,16,20 -(S03) 1.5 -
Coepon  mukpo | 10,16,20 | -N(C,Hs)s* 2.0 -
C300

CdeponB300 10,16,20 -COOH 1.5 -
XPpOMOIKC 11-12 | [N(CH3)3]+ClI 4 2,4,8,12
XPOMDIKC KaTHOH 11 -(SO3) 4 8,12

Honsu:kHbIe Ga3bl (3J0EHTHI) B MOHHON XpoMaTorpadguu

Ecnu B MOHHON XpomaTorpaguu ¢ KOHAYKTOMETPUUYECKUM JETEKTHU-
POBaHUEM B Kau€CTBE 3JIIOCHTOB HCIIOIB3YIOT PACTBOPHI CHIIBHBIX 3JIEKTPO-
JUTOB, TOTJA JJIsl CHDKEHUS UX (POHOBOM 3JIEKTPONPOBOJHOCTU IMOCIE pa3-
JENSIIone (aHaTUTUYECKOM) KOJIOHKH YCTaHABIMBAIOT BTOPYIO KOJIOHKY —
IOJIaBJISIOLIYIO (KOMIIEHCAIMOHHYI0). B 3TOM ciydae HOHBI, OTy4aroluecs
3a CYeT peakuuil oOMeHa aHMOHOB (MJIM KaTHOHOB) 3JIIOEHTA Ha IMOJABJISIO-
el KOJIOHKE (3amOoJTHEHHOM COOTBETCTBEHHO KAaTMOHHWTOM HJIM aHUOHHTOM C
H'u OH" - mpotuBoMOHaMM), 00pa3yrOT BOAY WJIH IPYrod ciabompoBOIs-
nuismoar. [locnenuuii coaepXuT onpeaensieMble aHAIUTHL B (popMe CBO-
OOJHBIX CHUJIBHBIX KHCIOT WA OCHOBaHUM. Takoil BapuaHT MOJy4Yus Ha3Ba-
HUE ABYXKOJIOHOYHOM MOHHON XpomaTorpaduu.

Hwuxe B xadecTBe mpumMepa pacCMOTPEH MPUHIUI XMMHUYECKOIO IO-
JaBIICHUSI B aHUOHHOW Xpomarorpadun 1npu smoupoBanuu Cl - nonos pac-
tBopoM NaHCO;. [lomaBnsromas KOJIOHKa 3alMoidHEeHa CyTb(HOKaTHOHUTOM

Gormbimoii obMenHo# emrocT B H -hopme.
R-SO;H" +Na" + HCO, <> R-SO;Na™ + H,0+CO,
KATHOHHT SIOCHT MaTpHIIa HTI0aTa
R-SO;H +Na'Cl” < R-SO;Na™ + H"CI~

KaTuOHUT aHaHHSpreMBIﬁ pacTBOp IMPOTHUBOMOHAHAINUT
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(anamut — CI") (KOHTYKTOMETPUIECKUHN JETEKTOP)

BakHpIMM JOCTOMHCTBaAMM JIBYXKOJIOHOYHOM HOHHOM XpomaTtorpaduu
SBJIAIOTCS HU3KUE MpeAesbl 0OHAPYKEHHSI HOHOB M JINHEWHOCTh I'PalyupOBOY-
HOM 3aBUCHMOCTH B IIMPOKOM MHTEPBAJIE UX KOHLEHTPALIUMN.

DJI0EHTHI, UCIIONb3yEMbIE B JIBYXKOJOHOYHON MOHHOW Xpomarorpaduu,
JOJDKHBI OTBEYaTh JABYM OCHOBHBIM TpeOOBaHHAM. BO-NIEpPBBIX, OHU JIOJKHBI
OBICTPO U CEJIEKTUBHO Pa3JeATh ONPEAEsieMble HOHBI B pa3/Ieisonie KOIoH-
Ke. Bo-BTOpBIX, IOCIIE MTPOXOKICHUS MMOJAABISAIOMIEH CUCTEMBI JIIFOCHT JOJLKECH
IpeBpallaThCcsl B COEAMHEHUE, 3JIEKTPOIPOBOJHOCTh KOTOPOIO MAaKCHUMAJIBHO
OTIIMYAETCS OT DJIEKTPOIPOBOAHOCTH ompenensieMoro noHa. Kak mpasuio,
AIIOEHT NOA0MPAIOT TaKOM, YTOOBI BpeMsl ylIepKUBaHUs HanOosee coporpyemo-
ro ONpeAessIeMOro HoHa He npeBbImano 20—25 muH. BeiOop 3i1t0eHTa 3aBUCUT
OT 4YHCJAa U XapakTepa ompeneisieMblXx MOHOB. KOHIEHTpanus 37F0€HTOB IS
JIBYXKOJIOHOYHOM MOHHOM XpomaTorpadguu oObr4HO Kojeodnercs ot 1 go 10 MM.
Hu3kas KoHIEHTpalus dJII0€HTa CBA3aHa, BO-IIEPBbIX, C HU3KOH €MKOCTBIO pas-
JENSIOIUX HOHOOOMEHHUKOB, TTO3TOMY JJIsi CENIEKTHUBHOTO pPAa3AelIeHUs] HeoO-
XOJIMMBI 3JIIOCHTHI HU3KOM KOHLIEHTpAllUH, a, BO-BTOPBIX, C BPEMEHEM pPabOThI
HOJIABJISIONIEH CUCTEMbI: YEM MEHBIIE KOHIIEHTpAIUs JII0OCHTa, TeM OOJIblIe
BpeMs pabOThI MOJABISAIONIEH CUCTEMBI MEX]y pEr€HEpaLUsIMU.

AHHMOHHAs XpoMaTorpadus

Haunbonee pacnpocTpaHeHHBIMH DJIFOCHTAMH B JIByXKOJIOHOYHOW MOHHOM
xpoMarorpauu aHUOHOB SIBJISIFOTCS Pa30aBJICHHBIE PACTBOPBI COJIEH CIAOBIX
KHCJIOT. DTH AJIFOEHTHI MCHOJIB3YIOT I ONPEIEIICHUS] aHUOHOB CHJIBHBIX KHC-
10T, pK xkoTopbix Huxke 5. [Ipr 5TOM B MOJABIISIONIEH CUCTEME IIFOEHT IEPEBO-
JT B MaJIOJIMCCOLMUPOBAHHYIO KHUCIOTY, UMEIOUIYI0 HU3KYIO 3JIEKTPOIPOBO-
HOCTb, @ ONPEJEIIEMbIE aHUOHBI — B CHJIBHYIO KHCIJIOTY, UMEIOILYIO BBICOKYIO
AIIEKTPOIPOBOIHOCTb.

Jlnia ompezesieHns aHMOHOB CIIa0bIX KUCIOT, pK KoTOpbIX BhIIIE 6, B Ka-

YECTBEITIOEHTOB HCIIOIB3YIOT pa30aBIICHHBIE PACTBOPHI COJIEH CHUIIBHBIX KHC-
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70T. B aToMciyyae B MoAaBiIsIOIEN CUCTEME ONPENEISIEMbI aHUOH NIEPEBOJAT
BMAaJIOIMCCOLIMUPOBAHHYIO KUCIIOTY, a 3JIOEHT — B CHUJIBHYIO KHCJIOTY C BBICO-
KOMAJIEKTPONPOBOJAHOCTBIO.J[€TEKTUPOBAaHUENPOBOIATIIOYMEHBIIEHUIO KOHIYK-
TOMETPHUYECKOTO0 CUTHAJA.

Br16op onTuMalibHOTO 3II0€HTa 00YCIIOBJIEH B MEPBYIO OYEpeb TEM, Ka-
KHE MOHBI HY)KHO ONpEAENUTh. TpagullMOHHO CUMUTAETCS, YTO IS pa3/ieieHus
HanOoJIee MOAXOAST SIIOCHTHI, IIIOUPYIONINE HOHBI KOTOPBIX UMEIOT HECKOJIBKO
OOJIBIIYI0O COPOIIMOHHYIO CITIOCOOHOCTD, YeM Haubosee MPOYHO ylIepKUBAEMbIN
KOMIIOHEHT aHanu3upyeMoi cmecu. I[lo copOUMOHHOW CIOCOOHOCTH HOHBI
YCIIOBHO MOKHO Pa3eiuTh HA TPU IPYHIbL: cl1a00-, CPpeHE- U CUIIbHOYICPKU-
BaeMble. KOJIMUECTBEHHYIO OIIEHKY YAEP:KMBaHUS MOKHO MPOBECTU MO KOH-
CTaHTaM HOHHOIO0 OOMEHa >3JIIOMPYIOUIUX HOHOB OTHOCUTEIBHO KaKOIO-THMOO
MOHA, IPUHATOTO 3a "CTaHAApTHBIA". DTOro0 K€ MPUHIMNA TPUACPKUBAIOTCS U
IpU  XapaKTEpPUCTUKE OJJIIOEHTOB IO HX JJoupyronieil cune. Brabmu-
€3 1PHBEACHBIITIOCHTHLUCTIONB3YEMBIEBIBYXKOJIOHOUHOMMOHHOM ~ XpoMaTtorpagpuu
AHUOHOB.

Tabnuna 3. DII0eHTHI, UCTIOJIb3yeMbI€ B JBYXKOJIOHOYHOW MOHHOUM XPO-

mMaTtorpaduu
DIIIOEHT DIIOUPYIONIUN aHUOH | DIIOUPYIOIIasi CHOCOOHOCTh
NaOH OH" HU3Kas
Na,B.O- BOy HU3Kast
Na,COs COs* cpenuss
NaHCO3/Na,CO; | HCO3, COs* cpennss
Na,COs/NaOH | COs%, OH" BBICOKAS
NaNO3z/NaOH NO3, OH" CpeaHss
CsHsONa CeHs50" cpeausis
AMHWHOKHUCIIOTA H,NRCOO- 3aBHUCUT OT CBOMCTB KHCJIOTBI
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VYpaBHEHUE, ONUCHIBAIOLIEE H30KPATHUECKOE JIIFOMPOBAHUE (COCTaB H
CKOPOCTb TOJIay¥ 3JII0CHTA HE MEHSIIOTCS), YIPOUIEHHO BBITJIAIUT CIETYIOIIUM
o0Opa3om:

logk = —(A/E)logC,, + b (49)

rae K — ¢akrop ynepxxuBanus, A u E — Benn4uuHbI 3apsiioB ornpeaense-
MOTO U 3JIOMPYIOIIEr0 HOHOB; D - TIOCTOSIHHAS BEJIMYMHA, TPOMOPIIUOHATBHAS
KOHCTAHTE€ MOHHOTO OOMEHA U €MKOCTU KOJOHKH; C,; — KOHIICHTpAIUs JJIIOU-
PYIOILIEr0 HOHA.

B ABYXKOJIOHOYHOM BapHaHTE€ MOHHOM Xpomarorpaduu Mpu ompeaene-
HUU CI1a00yIepKUBAEMbIX aHUOHOB (PTOPUA, HUTPUT, XJIOPUA, CYIbPUI, aHU-
OHBbl MOHOKApOOHOBBIX KHCJIOT U JIp.) HanOoJiee ONTUMAJIbHBIMU AIIOCHTAMU,
00eCreunBaIOIIMMU BBICOKYIO CEJIEKTUBHOCTbH pa3/ieieHMs], CIyKaT pacTBOPHI
rugpokapooHara, OopaTta U THAPOKCHUAA HATPHUS.

Jisipa3ieneHusiaHnoOHOB,001aAal0IUXCpeIHEN COPOLIMOHHON CIIOCOOHO-
CTbIO (HUTpAT,CyIbdaT,cyabGuT,Iuruapodocdar,aHiOHb JUKAPOOHOBBIX KHC-
JIOT U JIp.), UEeIecO00pa3HO UCIOIb30BATh IIFOCHTHI CO CPEIHEN AITIOUPYIOLIEH
cwioi. K TakuMm 3JI0€HTaM OTHOCSTCS PAacTBOPBI, COAEPIXKAIIUE B KAaYECTBE
AIIOUPYIOIIUX MOHBI KapOoHaTa, ruapodranara, penonsta u ap. Hekoropsie u3
ATUX 3JIIOCHTOB MO3BOJISIOT CEJIEKTUBHO PAa3JeNsaTh U OTAECIbHBIE IPYIIIBI Clla-
O0oyaep )KMBaeMbIX aHHOHOB.

Crnenyer OTMETHUTb, UTO OBICTPOE U CEIEKTUBHOE pa3/ielIiEHue CMECH, CO-
JeprKamie ciabo- U cpelHeylep KUBaeMble aHUOHBI, JOCTUTAETCS TOJBKO B
TOM ClIy4ae, €Clid CMECh COJIEPKHUT He Ooyiee YeThIpex cllaboyaep >KMBAEMBbIX
KOMITIOHEHTOB, @ MX COPOLIMOHHBIE CBOMCTBA JOCTATOYHO pasnuyatorca. [Ipu
OTpENENCHUH CUJIbHOYIEP>KUBAEMbIX aHMOHOB (MOIWI, TUOLMAHAT, CyJb(ar,
nonudocdarsl, aHHOHBI TUKAPOOHOBBIX U TPUKAPOOHOBBIX KUCIIOT U JIp.) LieJie-
CO00pa3HO HCIOIb30BATh AIIOEHTHI, 00IaJA0Ie BBICOKOW 3IIOUPYIOLIEH CcH-
JIOM - pacTBOPHI C BBICOKOW KOHIIEHTpaIuel KapOOHAT-MOHOB, TUPO3HHA, (PTa-

JaTta, caJuguiiata u Jp.
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Crnenyer OTMETUTB, YTO JIEJIEHUE AIFOEHTOB MO MX SJIIOUPYIOLIEH CHJIe
BECHMAYCJIOBHO, ITOCKOJIBKY HEKOTOPBIE U3 MEPEUNCIICHHBIX JIIOCHTOB SBISIOT-
csidPPEKTUBHBIMUTIPUPA3ACTICHUUKAKCIIA00-, TAKICPEAHE- HCHIbHOYICpKUBae-
MBIX MOHOB. Kax BUJTHO u3 BBILIENPUBEICHHOTO ypaBHe-
HUS,ITIOUPYIOIIASICUIIATI0EHTA00YCIIOBICHAHETOIBKO COPOLIMOHHBIMM ~ Xapak-
TEPUCTUKAMHU AJIIOMPYIOIIUX HOHOB, HO M 3aBUCUT OT MX KOHUEHTpauuu. M3me-
Hs KOHLEHTPALUIO 3JIFOCHTA, MOKHO PEryJMpOBaTh €ro JIIOUPYIOIIYIO CUILY.
Ha »TOM npuHIHIIE OCHOBaHO I'PAJUEHTHOE IIFOMPOBAHHKE.

Tak kak OCHOBOM OOJIBIIMHCTBA MPHUMEHSIOUIUXCS B MOHHOM XPOMATO-
rpadus 3IF0EHTOB CIY’KaT COJU CIA0BIX KUCIOT U OCHOBAHUMN, TO PETYIUPOBATh
UX JIIIOUPYIOIIYIO CHIIYy MOXHO, n3MeHsss pH pactBopoB. HarsinaeiM npume-
POM YBEJIMYEHHSI AMIOUPYIOIIEH CHIIBI 3JIIOEHTa ¢ pocToM ero pH moxer ciy-
XKUTh HCIIOJb30BAaHUE PACTBOPOB KapOOHATOB JUIsl pa3lelieHus aHUOHOB. Pac-
TBOp TUJpoKapOOHaTa SIBISETCS CIa0bIM AIIOEHTOM M CIIY>KHUT ISl pa3AesICHUs
ciaboyaepxuBaeMbIx aHUOHOB. [loBbiienne pH pacTBopa nmpuBOAWUT K YBEJH-
YEHUIO COJIepaHUs B HEM KapOOHAT-MOHOB, 00JIaAl0IIMX BBICOKOHN 3IIIOUPYIO-
nieit cuwiioi. B cmemanHol runpokapOoHaT-kapOOHATHOM (OpMeE DIIOCHT CIly-
KUT Ui pas3lielieHUus] CpelHEeyJIep)KUBAaeMbIX HOHOB, a KapOoHaTHas ¢opma
ANIOEHTA, CYIIECTBYIOIIAs MPU BBICOKMX 3Ha4YeHUsX pH, smoupyer CUiIbHO
yIEpKUBAEMbIE aHUOHBI. I3MEHEHME SIIIOMPYIOLIEH CHIIBI 3JIIOCHTA B 3aBUCH-
MOCTH OT BEJIMYMHBI pH €ro pactBopa MOXET CIIy>KMThb OCHOBOU I'PaJIHEHTHOTO
crioco6a HoHOXpoMaTorpauuecKkoro aHanusa.

Bmecte ¢ Tem, ucnonp3oBaHuE KapOOHATHOTO 3JIIOEHTA BBI3BIBACT Pl
CJIOKHOCTEH, CBSI3aHHBIX C JIETEKTUPOBAHMEM aHAJIUTOB Ha (oHEe pacTBopa
YTOAbHOM KUCHOTHL. KTaKUMCIOXKHOCTIMOTHOCUTCSHATMYMEHAXPOMATOIPaM-
MEOTPHIATENBbHBIX BOAHOTO U KapOOHATHOTO MUKOB, 3aTPYIHSIOLIUX OIpeese-
HUecIa00y1epKUBAEMbIXaHHOHOB,ATAKKEY3KMMIMAIa30HIIMHEUHOCTH ~ TPalyH-
POBOYHOTO rpaduka, CBSI3aHHBIA C TOJABICHHEM IUCCOLMALMU YTOJbHOM KHUC-

JIOTBI B 30HC OIIPCACIIKICMOI'0O aHMOHA, U PAA APYTHUX. MHorue u3 YKa3aHHbIX
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CJIIOKHOCTEM MOXHO YCTPaHWUTbh, MCHOJB3Yys B Kay€CTBE JIJIFOEHTOB PAacCTBOPBI
aMUHOKHCIIOT. B 3TOM cilydae AeTeKTMpOBaHUE OCYLIECTBIIAETCA Ha (OHE Je-
MOHU30BaHHOM BOJIbI, UTO MOBBIIIAET YYBCTBUTEIBHOCTh ONPEIEICHUS.
[Ipurcnonb30BaHUUAIIOEHTOBCHU3KOMAIEKTPOIIPOBOAHOCTBIO  KOHIYKTO-
METPUYECKUI JETEKTOP NMPUCOEAUHSIIOT HEITOCPEACTBEHHO K pa3AeiIAIoIIe Ko-
jouke. Takol BapuaHT HA3bIBAETCS OJHOKOJIOHOYHOW HMOHHOW Xpomarorpadu-
eil. DNIOEHTHI, UCHOJIb3yEMble B OAHOKOJIOHOYHOM HMOHHOM Xpomarorpaduw,
JIOJKHBI OBICTPO U CEJIEKTUBHO Pa3AeliATh ONPEEIIIEMbIE HOHBI, UMETh HU3KYIO
ANEKTPONPOBOIHOCTh M MAaKCHUMAJIbHOE pa3JIMuue BEJIMYMH SKBUBAJECHTHOM
JIEKTPOIIPOBOIHOCTH AIIOMPYIOIIETO U ONPEAEIISIEMOr0 MOHOB. DJIOCHTHI, OT-
BEYAIOIIE 3TUM TPEOOBAHUSIM, MOTYT OBITh UCIIOJIB30BAaHbI U B CUCTEMAX C KOC-
BEHHBIM Y O-1€TEKTUPOBAHUEM.
JlnsionpeneneHns1aHnOHOBCIIOCOOOMOTHOKOJIOHOUHOMMOHHON ~ XpoMaTo-

rpaguu B KayeCTBE JJIFOEHTOB OOBIYHO BBIOMPAIOT PACTBOPHI OPTraHUYECKUX
KHCJIOT WJIM UX COJIEW. AHHOHBI 3TUX KUCJIOT UMEIOT BBICOKOE CPOJICTBO K pas-
JENSIoIEMY COpOEHTY, TO3TOMY OBICTPOE U CEJIEKTUBHOE Pa3/eieHHe JOCTUTa-
€TCsl IPU HU3KUX KOHIIEHTPALHUIX IIOMPYIOLIEro HOHA. BOJBIIMHCTBO OpraHu-
YECKUX KHUCIIOT, UCIOIb3YEMBIX B KAYECTBE JIFOCHTOB B OJIHOKOJIOHOYHOW MOH-
HOI XpoMaTorpauu aHMOHOB, MPEACTABICHBI HUXKE!

e CynbshanunoBas

e HuxornHoBas

e [IuxomuHoBas

e JlumoHHas

e SluTapHas

e dymaposas

o CynbsdocanuruiaoBas

e 1-AMHHOOEH30MHas

e benzoncynshonoBas
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e 3,5 -—JluokcubeH30lHAs
e JlunukonuHOBas
o 2,4 — JlnokcubeH3olHas
e 13,5 benzonarpukapOboHoBas
e OdranenBasa
e beH3oiiHasg
o CaymmnmiaoBas
e m-HutpoOGeHzoitHas
KucnoTel pacrionoxeHbl B MOPSAKE YBEIUUYCHHUS UX AIIOUPYIONIEH CHO-
COOHOCTH
Bce BhImmeckazannbie 251F0eHTH 3P GEKTUBHBI IIPU OIPEISICHUN aHHOHOB
CHUJIBHBIX KMCJIOT U KUCJIOT CPEAHEN CUJIBI U HE TOASATCS JJI ONPEICIICHUS aHU-
OHOB Ca0BIX KHUCJIOT, TAaKUX KaK IMaHu], OopaT, apCEHUT U CUJIUKAT, CYIIe-
CTBYIOIIIMX B PACTBOPE TOJBKO MpH Oosibux BenumuuHax pH. s onpenenenus
TaKuX aHMOHOB B KQYECTBE AJIIOCHTA MCIOJIb3YIOT THAPOKCUIBI HATPUS WU Ka-
aus. [ToCKOJNIBKY THAPOKCHA- MOH MMEeT OOJBIIYH AKBHBAJICHTHYIO AJICKTPO-
MPOBOJIHOCTh, YEM APYTM€ aHUOHBI, ICTEKTUPOBAHUE MPOBOJISAT MO OTPUIATEIIb-
HbIM TMKaM. HBIMU CJIOBaMU, MPU MPOXOKICHUHU 30HBI 00pa3la yepe3 JIeTeK-
TOP HAaOJIOJIaeTCs CHIDKCHHUE SJICKTPOIPOBOIHOCTH, PABHOE PAa3HOCTH MEXKTY
MPOBOJANUMOCTBIO OMPEENIIEMOT0 aHMOHA M SKBUBAJICHTHO BBITECHEHHOTO TH/I-
pokcuia. Paznenenre HeoOX0IMMO MPOBOJUTH HA MOJMMEPHBIX COPOEHTaX, TO-
CKOJIBKY CHUJIUKAresb B IICJIOUYHOM Cpeje pa3pyliaeTcs.
KaTtunonnasi xpomarorpadgus
B naByxkomoHOUHO# MOHHOM XpomaTorpaduu KaTHOHOB, KaK U MPHU OIpe-
JIEJICHUA aHWOHOB, MCIOJIB3YIOT JBa BapUaHTa JAETEKTHUpOBaHUs. B mepBoMm u3
HUX, HanboJiee paclpoOCTPAaHEHHOM, JJIIOCHT B MOJABJISIONICH CHCTEME MEepPEeBO-
JIAT B COEIMHEHUE C HU3KOM 2JIEKTPOIPOBOIHOCTHIO, a OIpeIeNIIeMble KaTHOHBI

— B COCAUMHCHUA C BBICOKOM QJICKTPOIMPOBOJHOCTEIO. 10T BapHuaHT ACTCKTHUPO-
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BaHUsl UCHOJIB3YIOT ISl OMPECICHNs KaTUOHOB IEJIOYHBIX, LIEJIOYHO3EMENh-
HBIX U HEKOTOPBIX MEPEXOJHBIX METAJIOB. B KauecTBe 37II0€HTOB HUCIOIB3YIOT
pa30aBJICHHbIE PACTBOPHI CHIIBHBIX KHCIIOT, & TaK)Ke COJiei cIabbIX OCHOBaHUM,
cepeOpa, Oapwusi, CBUHIIA, IMHKA. JIJIsi ompeneneHus ¢nabo yaepKUBaeMbIX Ka-
TUOHOB IIEJIOYHBIX METAJUIOB MPUTOHBI AIIOEHTHI C HU3KOM AITIOUPYIOUIEH CH-
JIOW, a A7l ONpEAeNCHUs] CHIIBHO YICP>KUBAEMBIX KaTHOHOB IIEIIOYHO3EMEIb-
HBIX U MEPEXOIHBIX METAJIJIOB HEOOXOIUMBI IFOEHTHI C BHICOKOU ITIOMPYIOIIEH
CUJIOMN.

Bo BTOpOM BapmaHTe AETEKTHUPOBAHUS DIIOCHT MEPEBOAST B COCTUHEHHE
C BBICOKOM 3JI€KTPOIPOBOJAHOCTBIO, a ONPEEIsIeMblii KATHOH — B COEAMHEHUE C
HU3KON AJIEKTPOMPOBOTHOCTHIO. DTOT BapHAHT MPHUMEHSIOT AJISl ONpeAesICHUs
KaTHOHOB CJ1a0bIX OCHOBAaHUH, B YaCTHOCTH aMHHOB.

DI0EHTHI, UCHOJB3YEMBIE B JIBYXKOJIOHOYHOW HMOHHON Xpomarorpaduu
KaTHOHOB, IPUBE/ICHBI B TaOuIIe 4.

Tabnuma 4. Dnr0eHTHI, UCHOIb3yEMbIE B ABYXKOJIOHOYHOM MOHHOM Xpo-

MaTtorpaduu KaTHOHOB

DIIIOEHT DMOUPYIOMINI KaTHOH | DIIOUPYIOIasi CHOCOOHOCTh
HNO; H* HU3Kas

AgNO; Ag* CpemHss
dennnenauamuax2HCI | ®JAH,? BBICOKas

BaCl, Ba** BBICOKAsI

Pb(NOs), Pb? BBICOKAsI

Zn(NO3)2/HNOs Zn** H* BBICOKAS

KCI/HCI K* H* CpEIHSIS
Amunoxuciora+HCI H;N*RCOOH 3aBUCHUT OT COCTaBa KUCJIOTHI

Cne)lyeT OTMETUTH, 4YTO JIBYXKOHOHOQHBIﬁ BapUaHT IMPHUMCHAIOT, B OC-
HOBHOM, JJIs OIPCACICHUA KAaTUOHOB IICJIOYHBIX U IICJIOYHO3CMEJIIbHBIX METall-
JIOB, UCIIOJIB3YA PACTBOPBLI CUJIBHBIX KHUCJIOT HJIN coJied cla0bIX OCHOBAaHUU B

Ka4y€CTBC DJIFOCHTOB.
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Crnalbbie SITI0CHTHI IPUMEHSIOT TIPH Pa3IeIeHNd MOHOBAJICHTHBIX KAaTHO-
HOB, XapaKTEPU3YIOIINXCS HEBHICOKMMH KOHCTaHTaMH OOMEHa, HampuMep Ka-
THOHOB MICJIOYHBIX METAJUIOB, HEKOTOPHIX aMHHOB. TakKWMU SITIOCHTAMH, Kak
MpaBUJIO, CITy’KaT pa30aBIICHHBIE PACTBOPHI MUHEPATBHBIX KHCIIOT, COJIM HEKO-
TOPBIX cIab0yIepKUBAEMBIX KATHOHOB, HAIIPUMED JINTHS, MOHOAMHHOB, aMHHO-
KUCJIOT | JIp.

K smroeHTam co cpemHel SIIOMpYIONMIEH CHIION, MCTOIb3yeMBIMU TPH
pasneneHny anupaTHIeCKuX aMUHOB U KATHOHOB HEKOTOPBIX JIBYXBAJCHTHBIX
METaJUIOB, MOXXHO OTHECTH PacTBOPHI COJICH HEKOTOPBIX CPEIHEYICp’KHUBac-
MBIX MOHOAMHMHOB, JUAMHUHOB MU aMUHOKHUCIOT. OmpeneaeHueCuIbHOYICPKu-
BAaGMbIX KaTHOHOB,HAMPUMEpP IIEIIOYHO3EMEIbHBIX W MEPEXOTHBIX METAILIOB,
OCYIIECTBISETCS C IPUMEHEHUEM BKA4Y€CTBEIITFOCHTOBPACTBO-
POB,COZEPKAIMXABYX3aPSIHbIC KATHOHBI dTUJICHANAMUHA, (DEeHUJICHIUaMUHA,
aprUHUHA, TUCTUINHA, TUAMUHOIPOITMOHOBOW KHCIIOTBI, HEKOTOPBIX JBYXBa-
JICHTHBIX METAJJIOB.

[Ipu ompeneneHny KaTHOHOB IICIIOYHBIX META/UIOB M aMMOHUS CIIOCO-
OOM OTHOKOJIOHOYHOWHMOHHOMXpOMATOTpaduu,KaKIMpaBUIO, UCIOIB3YIOT pas-
0asnennbie (~ 1 MM) pacTBOpBI a30THOM UK COJISTHOU KUCIOT. [TockonbKy 9K-
BHUBAJICHTHASAJICKTPOIPOBOTHOCTFMOHOB BOJOPOJa HAWOObINAs, TETEKTUPO-
BaHHUE MPOBOMST MO YMEHBIICHHUIO AJIEKTPOIPOBOJIHOCTH DIIIOEHTA MPU TPO-
XOKJIEHUU Yepe3 IETEKTOP 30HbI OMPENEIIIeMOro KaTHOHA.

Jlist ompeneneHUs KaTHOHOB IIETOYHO3EMENIbHBIX W TEPEXOIHBIX Me-
TaJUIOB B KaUY€CTBE DJIFOCHTOB, MPUMEHSIIOT COJIM STUJICH- WIN (heHUJICHIMaMU-
Ha. B 3TOM cirydae, kak ¥ IpH OTNIPEICIICHHH aHMOHOB, HA XpOMaTOrpamMme T1o-
SIBJIICTCSI JOTIOHUTEIbHBINA MHUK. CBS3aHO 3TO, MO-BUIUMOMY, C COpOIMeH H
necopOrueit uaMuHa MaTpUIeH KaTHOHOOOMEHHHUKA TPU TTEPEMEIICHUHN 30HbBI
OTIPEIEIISIEMOT0 KaTHOHA 10 KOJIOHKE. J[JI TOBBIMIEHUS CEJICKTUBHOCTH pa3-
JIEJICHUST ¥ COKPAIIICHUS] BPEMEHH OIpe/IeNieHUs ABY3apsaIHbIX KATHOHOB B Ka-

YCCTBC JJIIOCHTOB I/ICHOJ'IBBYIOTI[I/IEIMMOHI/IGBBIGCOJII/ICKOMHHCKC006pa3YIOIlII/I-
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MaHUOHOM BUHHOM, 0-OKCHHU30MACISTHOM U apyrux kuciot. KommiekcooOpa-
3YIOIIMNA aHUOH CMEIAeT HOHOOOMEHHOE paBHOBECHE, YACTUYHO 00pasys Jiu-
00 He3apsLKeHHBIM, J1M00 MEHBIEro 3apsia KOMIUIEKC. JTO TMPUBOAUT K
YMEHBILICHUI0 KO3(PUIIMEHTa paclpeiescHUs] HOHAa MEeTalljla U BPEMEHU €ro
yaepxkuBanus. COOTBETCTBYIOUIMM aHHMOH, a TAaKXe€ KOHIEHTpauuio u pH
AIIOEHTA CJIEIYET BBIOMpATh TaKUM 0Opa30M, YTOOBICBA3bHOHOBBKOMILIEKCEODI-
JafoctarouHocadoi. EcimycToiunBOCTh KOMITIIEKCA BBICOKA, TO BPEMS YACPKU-
BaHMSI KATUOHOB Oy/IET CIUIIKOM MaJio U pa3fesIeHUe He MIPOU30MIET.

B Hacrosiee Bpems 7151 I€TEKTUPOBAHUST aHMOHOB MEPEXOAHBIX U TSKE-
JBIX METAJJIOB YacTO MCIOJIB3YETCS CIIOCOO MOCTKOJIOHOYHOMAEpUBAaTU3ALIUY.
OcHoBa Takoro crnocoda 3aKIOYaeTcss B TOM, YTO MOCJE BBIXOAA W3 KOJOHKHU
ANI0AT CMEIIMBAETCS C METAIUIOXPOMHBIM PEAreHTOM B MOCTKOJIOHOYHOM peak-
TOpe. DTOT pPEeareHT B3aUMOAECHCTBYET C OMPEAEIIIEMbIMU HOHAMHU METAIUIOB C
00pa30BaHUEM OKpAILLIEHHBIX KOMIUIEKCOB. B KauecTBe TakuMxX peareéHTOB 4acTo
MIPUMEHSIIOTCS] Q30KPACUTEIIH.

Kanunnapuwtii an1exmpoghopes

Merton kanuuisipHoro anektpodopesa (KD) ocHoBaH Ha pazneneHUH
KOMIIOHEHTOB CJIOKHOM CMECH B KBaplIEBOM KalWUISAPE IMOJ JACHCTBHEM IpU-
JIO’KEHHOTO 3JIEKTPUYECKOTro Mojsi. MUKpooObeM aHAIM3UPYEMOTO pacTBOpa
BBOJISIT B KaWJUIAP, MPEABAPUTEIILHO 3aMOJIHEHHBIN MOAXOAIINM Oydepom —
anexkTpoauToM. [locne momaym Kk KOHIIAM KaluuIsipa BBICOKOT'O HAMpPsHKEHU (710
30 xB), KOMIIOHEHTHI CMECH HAUMHAIOT JBUTATHCS 0 KAMWIISPY C pa3HOM CKO-
POCTBIO, 3aBUCSIIIEH B MIEPBYIO OUYEPElb OT 3apsiaa U MacChl (TOUHEE — BEJTMYMUHBI
MOHHOTO pajJinyca) U, COOTBETCTBEHHO, B pa3HOE BPEMS JOCTUTAIOT 30HbBI JI€TEK-
tupoBaHus. [lonyueHHas mociieqoBaTENbHOCTh MTUKOB HA3bIBAETCA AJIEKTPOdO-
perpamMMou, Mpyu 3TOM Ka4€CTBEHHOM XapaKTEPUCTUKON BEIIECTBA SIBJISCTCS Ia-
paMeTp yaep>KuBaHUs (BpeMsi MHUTpalliM), a KOJIMYECTBEHHOW — BBICOTA WJIU
IO TIMKa, MPONMOPIIMOHATbHAS KOHIIGHTpaIuy BemecTBa. Ha pucynke 22

MOKa3aHa cXeMa YCTaHOBKHU ISl KaTMJUISIPHOTO AIeKTpodopesa.
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”
Cucrema oxyaxkaeHuUs

(7 S > =
bnok BBODA npo6bl] ( JlerekTop }_

Pucynox 22 Cxema ycmanosxu 05t KanuiiapHoz2o 21ekmpogopesa

Ha 3apsoxeHHyr0 4acTUIly B IPOCTEHMIIEM Cily4yae JEUCTBYIOT JBE MPOTHU-
BOITIOJIO’KHO HAMPABJICHHBIE CUJIbI — 3JIEKTPOCTATUYECKOTO MPUTSHKEHUS U CO-
MPOTHUBJICHUS! JBUKCHHUIO YacTUIbl. B paBHOBECHBIX YCIIOBHUSIX NIEUCTBUE ITHX
CUJI YPABHOBEUIUBAET JIPYT APYyra, U CKOPOCTh MUTPALIMU YACTHUI[BI ONPEIEIISICT-

Cs BBIPAKCHUCM:

E
u= jj—,, (50)

rae g— 3apsa MoHa, a E— HanpspKeHHOCTh AJIEKTPUYECKOTO MOJIs. 1)- BS3-
KOCTb CpeJibl, '— paJiniyC YacTHIIbI
DnexTpohOpeTUIECKASTIOIBUKHOCTD  MrpOIIPEIETISETCS] KaK CKOPOCTb

ABUIKCHUA 4aCTUIBI, ACJICHHAA HAa HAIIPAKCHHOCTD SJICKTPUYICCKOTO ITOJIA:

Va(])

o =22 (51)

1€, Vap— CKOPOCTh MJICAUTU3NPOBAHHON CPEepUUECKON YaCTHUIIBI.

[Tpu mpoBefieHNM pa3/ieieHus B KaMWUIIpax OCOOCHHO BaKHOE 3HAUCHUE
npuoOpeTaeT snekTpoocMoTudeckuii moTok (DOII), cBsA3aHHBIA ¢ JBUKEHUEM
G dy3HOI YacTu ABOMHOTO CIIOsi, 00pa3yIOLIErocss OTHOCUTENILHO 3apsiKEHHOM

MOBEPXHOCTH BHYTPEHHEH CTEHKH Kanmuuisipa (pUCYHOK 23).
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Pucynok 23 Cxema 603HUKHOBEHUS INEKMPOOCMOMUYECKO20 NONOKA

Kaxk mpaBuito, 3apsa NOBEPXHOCTH ONPEACIIETCA HATUIUEM OTPULIATEIb-
HO 3apsKEHHBIX CHJIAHOJIBHBIX I'PYMI HA MOBEPXHOCTU HEMOAU(PUIIMPOBAHHBIX
KBapLEBbIX KalWJUIAPOB WM CO3JIa€TCS 3a CUET JONOJHUTEIbHON Moauduka-
LIMA TIOBEPXHOCTH. Pe3ynpTupyronmias MOABHKHOCTh YACTHL[ W ONPENEIAECTCS

CYMMOH 2JIEKTPOGOPETHICCKON 1 IJCKTPOOCMOTHIECKOM TTOABHKHOCTEH :

H = HUsp + Uso (52)

DTO [aeT onpeiesieHHbIEe MPEUMYIIECTBA MPU aHAIN3€ CMECe MPOTUBO-
TOJIOKEHO 3apsKEHHBIX MOHOB, MOCKOJIBKY BCE OIPEAEISAEMbIE KOMIIOHEHTHI
OyayT ABUTaThCS B HampaBiieHHH jaeTekropa BcienctBue DOII. Omnako cko-
POCTh TIEPEABMKEHHSI HOHOB C OJIMHAKOBBIM HAIpaBJIeHUEM 3JIeKTpodopernue-
CKOHM M DJIEKTPOOCMOTHYECKON TOJBIXKHOCTEN OYyJIeT yBEJIMUMBATHCS, a MIPOTH-
BOIOJIOXKEHHBIM — YMEHbINAThCS. {7151 HeMOAMPUITMPOBAHHOTO KBapIIEBOTO Ka-
nuusipa B AU¢G@y3HOM 4acTH JBOWHOTO JICKTUPUUYECKOTO CIIOS MPUCYTCTBYET
HEKOTOpasi M30BITOYHAS KOHIIEHTPAINSI KATHOHOB, B PE3y/IbTaTe JBMKCHHS KO-
Topbix Bo3HukaeT DOII, HanpaBiaeHHBIN K KaToay. B pe3ynbrare KaTHOHBI Oy-

IyT nepeMenatbes ObicTpee u nerekTupoBatbes 10 DO, a aHnoHbI MeIeHHee
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u aerexktupoBathcs nocie DOII, HelTpanbHble MoJIeKyabl IBHXKYTCs ¢ DOII,

KaK 3TO MOKa3aHO Ha pPUCYHKe 24.

?
(@ ® O © © !
PO
Lf 7
- — pp— OxHo JeTexTopa

Pucynox 24. Jlsudicenue 3apsasceHubix dacmuy 8 Hemoou@uyuposaHHom
Keapyesom Kanuuisape (a) u oowuti 8uo 3neKkmopopecpammvl cMecu 4acmuy ¢
paziuyHviMu 3apsoamu (6)

Jns moBeimenust BocupousBoauMoctu K3 B npucyrcteum JO0II, siiek-
TPOOCMOTHYECKUH MOTOK JIOHKEH OBITh TOCTOSHHBIM B T€UEHHUE BCEX MPOBOIHU-
MBIX OIpeseneHnii, a coxpanenue noctosucTBa DOIl yacTto TpeOyeT 3HAUM-
TEJbHBIX YCWJIMM MO MOJTOTOBKE JI0 U MOcie paboThl. B KBapleBhIX Kanujusipax
OO0II ymenbIaercst Ipu yBEIMUYCHUH KOHIEHTPAIMH AJIEKTPOJIUTA U J100aBIie-
HUU OPTraHUYECKUX PACTBOPUTENEH M Bo3pacTaeT ¢ yBenumdeHueM pH, a Taxxke
3aBUCUT OT BSI3KOCTH PACTBOPA B KaMWJLISIpE U TemrepaTypbl. Eciu ke npu 1o-
OaBJICHHM KaTHOHHBIX MOBEPXHOCTHO-aKTHBHBIX BemiecTB (IIAB) x paznenu-
TelbHOMY Oy(depy Ha MOBEPXHOCTH KamWLIspa aJCcoOpOUPYETCs MOJOKHUTEb-
HBIN 3apsan (pucyHok 25), To DOII MeHsieT HanpaBiIeHUE U TIEPEHOCUT pa3ieiu-

TeJIbHBIN Oydep B HAIPaBICHUH aHOJA.
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@ ~f— JDneKTpooCcMoTUYeCKMin Notok (30IMM) @
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Pucynok 25. H3zmenenue nanpasienus 31eKmMpoOCMOMU4ecKko2o nomoxa
npu  mMoouukayuu Keapyegoeo KAnuuiapa KAMUOHHLIMU NOBEPXHOCMHO-
AKMUBHLIMU BeUjeCmeamu

VYHukaneHo#1 0ocobeHHocThi0 DOII siBasieTcs mockuii Npoguiib MOTOKAa B
kamuisipe. Takoil mpo¢uib BBITOJIEH, TTOCKOJIBKY YMEHBIIIAETCS Pa3MbIBAHHE
30H pazjensieMblx BemecTB. CileayeTr OTMETUTh, 4TO d3(PGEeKTUBHOCTh pasjiene-
HUS B KAMWUISIPHOM 3JIEKTpodopese MpsMO MPONOpIUOHATbHA, & BpEMS

aHann3a — oOpaTHO MPOMOPIUOHAIBHO HANPSHKEHUIO, MPUIIOKEHHOMY K
AIEKTPOJIaM.

Pasnenenune B KO mMokeT OBITH BBITTOJIHEHO KaK C MOJIOKUTEIIBHOM, TaK U
OTPULATEIIBHON MOJISIPHOCTBIO JIEKTPOJOB. 3HasA 3HaueHus pK, 111 KOMIIOHEH-
TOB MpoOBI, MOKHO BbIOpaTh Oydep ¢ moaxonsmum 3HaueHueM pH u mossap-
HOCTb 3JICKTPOJIOB, YTOOBI 0Opasel] ABUTajCsS B CTOPOHY jeTekropa. CKOpOCTh
MUTPAIMU 3aBUCUT OT HANPSIKEHHOCTHU JIEKTPUYECKOTO TOJIs, KOTOpasi OOBIYHO
cocrasisier 200-400 B/cwm.

BapuaHTbl KANMUIAPHOTO 3JieKTpodope3a

CymiecTByeT psJi BapHMaHTOB KaMWUIIPHOTO 3JIEKTpodope3a, OTIMYaro-

HIUXCS IO IPUHIUMIIAM U MEXAHU3MY Pa3/ICJICHHUS.

Kanunnapuoiii_3onunstii_nexkmpodope3(K3J) ssnsercs Hambosiee pac-

npocTpaHeHHbIM BapuanToM KD u mpeanosiaraetr ucnojab30BaHUE OJHOTO Oyde-

pa B KadecTBE pa3Jeistonieii cpeapl. Pa3neneHne KOMIIOHEHTOB ITPOOBI OCHOBA-



95

HO Ha Pa3IMuusAX B MOJBMIKHOCTH 3apsDKCHHBIX MOJICKYJI WJIM HMOHOB. Meton
HAXOAWT IMHPOKOE MPUMCHCHHE MPHU ONPEACICHUN IMENTHIO0B, OEIKOB, aMUHO-
KHCJIOT, JICKAPCTBESHHBIX TPENapaToB, HEOPraHUISCKUX HOHOB U MHOTHX JAPYTHUX
0O0BEKTOB.

Kanunnapuwvtii uonnlil anaau3z— 310 pazHoBuaHOCTh, K32 B KoTOpOH 1115

OIpEIeJIEHUs] HEOPTaHUYECKUX MOHOB, HE Morjouarmux ceer B Y d-obnactu
CHEKTPa, UCMOJIb3YETCSI KOCBEHHOE (DOTOMETPUUECKOE IETEKTUPOBAHUE, TOCTH-
raeMoe 3a CuUeT BBeAeHUs B Oydep g 3ekTpodope3a KOMOHOB, MOTJIOLIAK0-
nmx cBeT B Y ®-o0sactu cniekTpa. BelTecHEHnEe KOMOHOB B 30HE OIPENEsieMo-
ro HOHAa yMEHbIIaeT (POHOBOE MOTJIoLIEHHE Oy(depa, UTO BBIpaXKaeTcs B MOSIBIIE-
HUUW OTPULIATEIBHOIO MHKa Ha AnekTpodoperpamme. Tak, npu pazieaeHUN KaTu-
OHOB HCIOJIB3YIOT Pa3jM4HbIE OPraHMYECKHE OCHOBAaHMs, HallpuMmep, OeH3uia-
muH. [Ipu onpeneneHnn HeOpraHMUECKUX AaHUOHOB B Oydep 0ObIYHO JOOABISAIOT
KaTHOHHOE TOBEPXHOCTHO-aKTUBHOE BEIIECTBO, KOTOPOE€ MOAU(PULHUPYET IMO-
BEPXHOCTh Kanujuisipa ¥ usMmeHsier HanpasiieHne DOII. IlockonbKy Hampasie-
HUE AEKTPOPOPETUIECKOIO MMOTOKA U IHAOOCMOTUYECKOT0 IIOTOKA COBIAJAOT,
TO B 3TOM CJIy4a€ BO3MOXHBI 3KCIIPECCHBIE U BHICOKO3(P(PEKTUBHBIC pa3ICICHUS.

Kanunnapuas 3nekmpokunemuyeckas _xXpomamozpaguaocHoBaHa Ha

pa3iesieHu HEUTpaJbHBIX YACTHUIl MPU UX PaACHpEACTICHUU MEXIY IBIXKYIIU-
MHCS B DJICKTPHUUECKOM I0JI€ YACTUUAMU M 3alOJIHSAIOIUM KaluJUIsp 3JIEKTPO-
autoM. Takoe pacrpejesieHne MOXKET ObITh OOYCJIOBIIEHO JEHCTBUEM MOJIEKY-
JISIPHBIX CHJI, MOH-TIAPHBIMUB3aUMOJICUCTBUSIMU KOMILIEKCOOOpa3oBaHueM (Jiu-
ra”aHbI 00MeH), OnocnenuduueckumMu B3auMoeicTBusIMU. Mimerores crenmy-
IOIIME PA3HOBUIHOCTH KANMWIISIPHON 3JICKTPOKMHETHUECKON Xpomarorpaduu:
MUIICJUIIPHAs, HOHOOOMEHHAasI, IMTaHJ000MEHHAs U Jp.

B wmutneuisipHOl  KanwuIApHOM AIEKTPOKMHETHYECKOW XpomaTtorpaduu
(MK39KX) B Oydepnsiii pactBop BBOAAT IIAB, Hanpumep, momenumicyibgar
HATPHS, YTO TMPUBOJUT K OOpPA30BAHHMIO MUIIEIUI, KOTOPHIE OYIyT IBUTATHCA K

anony, DOII — no HanpaByieHHIO K KaToy. Pa3/iesnieHrne OCHOBaHO Ha Pa3IuYHOM
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CTENIEHU CBSA3BIBAaHUS KOMIIOHEHTOB CMECH C MHULEIAMHA. DTOT METOJ IIUPOKO
UCITOJIB3YETCSl JUIsSl Pa3jM4HbIX KJIACCOB KAaK HEHUTPAIBHBIX, TaK U 3aPSyKEHHBIX
COCMHEHH, HanpUMep, (PEHOIO0B, apOMATHUECKUX aMHUHOB U Jp.

Kannuispsl s pasjaesieHust

[Tonasinstoniee OOABIMIMHCTBO pasaeneHuil B KO npoBoasT ¢ ucnosis3oBa-
HUEM KBapLEBBIX KaNWUIAPOB HMEIOIIMX BHEIIHEE MOJIUMEPHOE IOKPBITHE,
OOBIYHO - TIOJMUMHIHOE, YIYUIIAIOIEee UX MEXaHUYECKYIO MPOYHOCTh, U 3Ha-
YUTEJILHO PEXKe MOJIMMEPHbIE KalWJUISPbl, Hanpumep u3 tedona. BHyrpeHHuit
JUMaMeTp KamwuIspoB KosebneTcss B npenenax ot 25 no 200 MUKpOH, a JjIuHa
Kalmwuisipa B 3aBUCUMOCTH OT ITIOCTaBJICHHOM 3a/aud - OT HECKOJIbKMX CaHTH-
MeTpoB 10 1 meTpa. IlockosibKy BHENIHEE MOIMUMUIHOE TTOKPBITUE HEMPO3pay-
HO B Y®-005actu, TO y4acTOK MOKPBITUS YIAISIOT U CO3JAIOT OKHO il Y D-
JNETEeKTUpOBaHus. Kanumuisap 3akperisercs B ClIEHUAIbHOMN IIIACTUKOBOM Kacce-
te. HanexxHoe TepMocTaTupoBaHuEe KalWuigpa SIBJISETCS OCHOBHBIM YCIOBHEM
IIOJIyYEHHUS] BOCIIPOU3BOJAMMBIX BPEMEH MUTPALMH OINPEACIIEMOTO COEINHEHHUS
U TUIOIIA/IA PE3YJIbTUPYIOMIETO MHUKA, YTO BAXHO JIJISl KOJIMYECTBEHHOIO aHAIM-
3a.

Br16op onTuManbHBIX pa3MepoOB Kamujuisgpa MPEJCTaBIsSET COOOM KOM-
IIPOMHUCCHOE PEIICHUE MEX]y TpeOyeMOoil UyBCTBUTEIBLHOCTBIO OMpPENEICHUS U
pazperaroiieii crnocoOHOCThI0. VCcnonb3yoT Kanuuisipbl ¢ BHYTPEHHUM JHa-
MeTpoM 25-50 MKM, YTO SIBJISIETCSI KOMIIPOMHUCCHBIM PEIIEHUEM MEXY J0CTa-
TOYHO BBICOKOM UyBCTBUTEIBLHOCTHIO U A(H(PEKTUBHOCTHIO pa3eeHUs.

Moouduyuposanusie kanunnapst. llepBoHadyaabHO OOJTBIIMHCTBO pPas-

JIEJICHUN B KaMWJIIIPHOM 3J1eKTpodopese IpOBOIWIM € UCTOIb30BAHUEM HEMO-
TU(ULIMPOBAHHBIX KBapIEBbIX KanuwuiapoB. OaHako, HEOOPATUMOCTh aacopO-
1n 0eaKkoB, mentuaoB, pparmenToB JIHK, a taxke smekTpocTaTHyecKue B3au-
MOJICUCTBHUS pa3deisieMbIX COCAUHEHUN C BHYTPEHHEN OBEPXHOCTHIO KaIlUILUIS-
POB MPUBOAAT K 3HAYUTEIBHOMY CHIKEHUIO 3(()EKTUBHOCTH M pa3pelaroniei

CIIOCOOHOCTH, HEBOCTIPOM3BOJAUMOCTH pa3felieHuid. ITO TpeOyeT MOTMOTHUTEb-
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HBIX YCUJIMM MO pereHepalyy KanuusipoB WK Aaxke uX 3ameHe. ['aBHas nenb
MOIU(DUIIMPOBAHUS BHYTPEHHEN MOBEPXHOCTH KBAPIIEBOIO KAMUIUIAPA COCTOUT
B U3MCHECHNH Benu4uHbI U HarnpaBieHuss DOl nns ymydmenus 3ppexTuBHOCTH
pasneneHus, a TaKkXkKe CHWKEeHHS azacopommu. [Ipm sToM Takke qoCTUTAETCS
YCKOPEHUE WA 3aMEJIJIEHUE DJIEKTPOCENapallMOHHbIX PA3JEICHUN B 3aBUCUMO-
CTU OT HANpPSHKEHHOCTU W TOJISIPHOCTU DJIEKTPUUECKOTO MOJISL; pa3peliaroiiei
CIIOCOOHOCTH M YyBCTBUTEIHLHOCTH aHAJN3a; JBUKEHUE KaK aHUOHOB, TaK M Ka-
THOHOB B OJIHOM HaINpaBJIEHHUH, YTO MO3BOJISET MPOBOJINUTH UX OJJHOBPEMEHHOE
OIIpEJIEIICHHE.
BBenenue npoo

[IpoGa MoxeT ObITh BBEJIEHA B KalWJULIP JIEKTPO(DOPETHUECKUM, DIIEK-
TPOKUHETUYECKUM WJIM BBITECHUTENIBHBIM clIOCOOOM. OOBbEM BBOJUMOM MPOOBI
HE TMPEBBIMIAET 2 HJI, OTHOCUTEIBHOE CTaHJAPTHOE OTKIOHEHHUE COCTAaBIISET
0,03-0,04.

[Ipu snexTpodopeTndeckoM BBOJI€ MPOOBI, K KOHIIAM Kaluyuisipa MpUKIIa-
JILIBAETCSI BBICOKOE HANpsKEHHWE Ha (PUKCHUPOBAHHBIM MPOMEKYTOK BpPEMEHH,
MpU 3TOM BXOJHON KOHEIl Kamwuispa MOTPYyX,alT B pacTBOp MpoObl. MoHBI
mpoObl MEPEMEIAIOTCS B KAWJUIAP MPOMOPIIMOHAIIBHO UX 3JeKTpodopeTuye-
CKOM MOJIBMXKHOCTH. B ciydae 2JIeKTpOKMHETUYECKOT0 BBOJ1a, KOMIIOHEHTHI MPO-
OBl MOMAaJAl0T B KAMWUISAP 32 CYET KOMOWHAIIMU DJIEKTPOIHIOOCMOTUYECKOTO
JABJICHUSI U STEKTPO(POpeTUUECKOil MOABMKHOCTH. BhITeCHUTEIBHBIN BBOJI MPO-
Obl mocTturaercss JuOO 3a CUET CO3JaHUsA M30BITOYHOI'O BHEIIHETO IAaBIICHUS
WHEPTHOTO Ta3a, MPUJIOKEHHOTO K pe3epByapy ¢ o0Opasliom, Ju00 3a CUET Co-
3MIaHUsl BaKyymMa Ha BBIXOJI€ M3 KamwUisipa WM MYTeM HW3MEHEHUs YpOB-
HS/BBICOTBHI pe3epByapa, coAepKailero oOpasell, OTHOCUTEIBHO pe3epByapa C
OydepHBIM pacTBOPOM Ha BBIXOJE M3 Kammuisipa (Tak Ha3bIBaeMOE TpaBUTAIlH-

OHHOE BBEJICHHE MPOOHI).
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JleTekTHpOBaHME

XoTs MNPUMCHHUMOCTDb PA3JIMYHBIX BAPUAHTOB ACTCKTHPOBAHHA, BKJIIHOYAA

¢biryopeciieHTHOE, IIEKTPOXUMHUYECKOEe U KOHIYKTOMETpHUEcKoe, Oblia moka3a-

Ha 1t KO (Tabnuma 5), O0JIBIIHMHCTBO MPOMBIIUICHHO BBITYCKaeMbIX TIPUOOPOB

OCHAIIICHO (I)OTOMGTpI/I‘ICCKI/IMI/I ACTCKTOPAMMU.

Tabmuma 5. CiocoObl 1eTEeKTUPOBAHMS B KAMMIUISIPHOM 3JIeKTpodopese

HerexTop Omnpenensiembie | [Ipenen Ocobennoctu

COCTUHCHYISI oOHapy-

KEHUS,
MOJIb/ M3

doTomeTpUle- ApomaTuue- 107 - 10* | Haubonee MUPOKO HCIIOIb-
CKHMI: NPSAMOE Jie- | CKUE COEIUHE- 3yercs B Y @-ob0nactu
TEKTHUPOBaHUE HUS, Oenku,

HYKJICUHOBBIC

KHCIIOTBI
doTtomeTpuue- Wonsl  metan- | 108 - 10" | OnpeneneHue BemecTs, He
CKHM: KOCBEHHOE | JIOB, aAMUHBI, nornomammmux B @ YO-
JNETEKTUPOBAHUE | OPTAaHUYECKUE obnactu

U HeopraHuye-

CKH€ aHHOHBI,

caxapa
DI1yopeCenT- [Ipoussonsnbie | 10° —10% | HeoOxoauMocTh — HOITyde-
HBI: TIpSIMOE Jie- | aMUHOKHCIIOT, HUS TTPOU3BOTHBIX
TEKTHPOBAHUE MenTuael, Oer-

KU
Di1yopecenT- Cruptel, amu- | 107 —10° | [IpuMEHUMOCT, K OrpaHu-
HBI: KOCBEHHOE | HBI, caxapa, He- YEHHOMY KpPYTY BEIIECTB

JACTCKTUPOBAHHC

OpraHUYeCcKue
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dHHUOHBI M Ka-

THUOHBI
Jasepnsiii  guyo- | [Ipoussogusie | 1022 — 107 | Mcnons3yercs penKo,
PECLICHTHBIH aMUHOKHCIIOT, OYEHb JIOPOT B HCIOJB30-
dbparMeHTHI BaHUU
JIHK
Awmnepomerpuue- | buorennsie 10 - 10° | [Ipuromen mis KanmwuispoB
CKUM aMUHBI, be- C BHYTPEHHUM JIUAMETPOM
HOJIbHBIC co- 110 2 MKM
CAMHCHUS
Kongykromerpu- | Monsr  meran- | 107 —10° | TpyaHOCTH 3aMeHBI KaIlWl-
YECKUU JIOB, aMUHBI, aApa
KapOOHOBBIE
KHUCIIOTHI
[Morenuuomerpu- | Monsr  menou- | 108 TpynHOCTB [IOJIy4YECHUS
YEeCKUU HBIX U IIEJI0Y- MOHCEJIEKTUBHBIXMHUKPO-
HO3EMEJIbHBIX 3JIEKTPOJIOB
METaJIJIOB
Macc- Benku, mentu- | 10°—10® | Illupokne  Bo3MOKHOCTH,
CIEKTpOMETpUYe- | b,  MOHHUTO- BBICOKAsi CTOMMOCTh
CKHM PUHT JIEKapCTB

K3 umeer psin npenmyiects no cpaBHeHuto ¢ BOXX:

— BBICOKasl A((PEKTUBHOCTD pa3leicHUs], 00yCIOBICHHAs MJIOCKUM IPO-

(rIIeM IIEKTPOOCMOTHYECKOTO TTOTOKA;

— YKOHOMHYHOCTb, T.K. PAKTHUECKH HE TPeOyeTcs MpUMEHEHHE TOpPOTo-

CTOSAILMX BBICOKOYUCTBIX PACTBOpPUTENEH (AUETOHUTPHUI, METAHOJ, NeKCaH) U

MaJIBIA PAacXOJl PEAKTUBOB;

— OTCYTCTBHUEC JOPOrOCTOAIINX XpOMaTOFpa(l)I/I‘IeCKI/IX KOJIOHOK;

— OTCYTCTBHUC JOPOrOCTOAIMUX MPCHU3NOHHBIX HACOCOB BBICOKOI'O
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JaBJICHMS, HE0OX0TUMBIX 11 BOXX;

— IIPOCTOTA anmapaTypHoro ohopmIICHHUS;

— HKCIPECCHOCTh aHAIN3A.

OTH mpeuMyIecTBa 00YyCIaBIMBAIOT IMPOKOE HCIonb3oBaHue KD mis
aHa/u3a 00beKTOB OKpY:xkawmeii cpeabl. Hanbonee yacto KO ucnonssyror
JUJISL ONIPEICIICHUSI KATUOHOB U aHMOHOB B Bojax. CieayeT OTMETUTh, YTO pa3ie-
JIEHWE OJTHOM W TOH k€ cMecu aHMOHOB KD 3aHMMaeT CylneCTBEHHO MEHBbIIIEE
BpeMs, yem BOXKX. DnexkrpodoperpaMmbl cMec aHHOHOB U

OTIpe/IeTICHUS] aHMOHOB B BOJIOTIPOBOJIHOM BOJI€ TIOKa3aHbI HA PUCYHKE 26.
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Pucynox 26.0Onpedenenue anuonog 6 6o0e KAnuiispHbiM 21eKmMpogope-

30M. a) Onekmpogopespamma 2epadyuposouro2o pacmeopa. Kouyenwmpayus

Kasc0o2o anuona (kpome 2uopoxapbonama) — 2 me/om® 1 — xnopud,; 2 — num-
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pum,; 3 — cynvpam,; 4 — hnumpam, 5 — ¢pmopuo, 6 — euopoghocpam; 7 — euopo-
Kkapbounam;

6) Dnexmpogopepamma 6000npo6oOHOL 600611 — xnopuod (4,9 me/omd); 2
— cynopam (18,1 me/om®);3 — numpam (1,4 ma/om®); 4 — pmopuo (<0,25 ma/omd);
S — eudpokapbonam. Pabouee nanpscenue U= - 17 kB

D dekTUBHO MPUMEHEHHE STOTO METO/1a U JIJIS ONIPEACIICHUS TICCTHIIUIOB

U TepOUIUI0B B Bojie U nouBe. [IpuMepsl pasnieneHust mpuBeeH Ha pUCYHKe 27.
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Pucynox 27.2nexkmpogopecpamma cmecu necmuyuoos: 1— decomunam-
pasum, 2 — 2eKcasuHoH, 3 — MemoKcypoH, 4 — MOHOIUHYPOH, 5 — cumasuH, 6 —
YUuaHazun, 7 — memaobpomypoH; 8 — Xa10pmonypon, 9 — u3onpomypou u ampa-
sun; 10 — ouypon,; 11 — aunypon; 12 — memabenzmuaszypon, 13 — cebymunasum,
14 — memobymunazun, 15 — memanaxnop. ¥Ycnoeus npogedenusi anaiu3a. Kanui-
Ap onunou 64,5 cm u eHympeHHum ouamempom 50 mxm; OyghepHbiti 31eKmpo-
aum (12 M ¢ocghama, 8 mMoéopama, pH 8,9, 100 mMooodeyuncyrvpama
Hampus); Hanpsxcennocms noas 440 B/cm; oemexmop Y@, 214 um

Merton mpuMEHUM ISl OMPENENICHNUsS TaKWX OMACHBIX DKOTOKCHKAHTOB,
Kak (eHosbl. DnekrpodopeTnyeckoe omnpeaencHue (HeHoJoB (XJIop-, HUTPO-,
MeTuheHosI0B) 00b1aHO Tpon3BoaaT MeTogamMu MKOKX unu K39 ¢ obparien-

HBIM 3JICKTPOOCMOTHYCCKHUM ITIOTOKOM. CeneKTUBHOCTD Pa3aCICHUA ITIOBBIIIAIOT,
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u3mensst pH O6ydepa (o61acts usmenenus pH 7-10), BBoas 700aBKH HEUTpaIb-
HbIX 1 aHHOHHBIX [TAB, a Taxxe kaTnoHHBIX [IAB coBMeCTHO ¢ opraHn4ecKuMu
pactBopuTesiMi. B kauecTBe aHMOHHOM 100OAaBKH Yallle BCETO HUCIOJB3YIOT J0-
enuiICyab(haT HaTpUs, KATHOHHOW — OPOMHJT METHJITPUMETHIIAMMOHHSI, TIOJTH-
TWICHUMUH, 3,6-noHEeH. JleTekTupoBaHue (PeHOJIOB OOBIYHO MPOBOIAAT (PoTo-
MeTpruuecku Ha jyuHe BouHbL 190,214 u 280 um. Ilpenen nerekTupoBaHus ¢
[peBapUTEIbHBIM  COpPOLIMOHHBIM KOHIEHTpUpoBaHueM cocrtasiser 0,3-1
Mkr/11. ITo cpaBHennto ¢ BOXKX nossimaercst 3¢ HeKTUBHOCTE pazzaeneHus Qe-
HOJIOB. KpoMe Toro, TyMUHOBEIE U (DYIIBBOKHCIIOTHI, BCET]a IPUCYTCTBYIOMINE B
MPUPOIHBIX BOJAX, HE MEIIAIOT ONPECICHUIO, OHU OTHAEISIOTCS OT (DEHOJIOB C
BBICOKHM pa3pelieHrneM BCIIEICTBUE PA3INYHOTO MUTPALIMOHHOTO TTOBEICHUS.

[ToMuMO 3KONOTMYECKOr0 KOHTPOJIS KaMWUIIPHBINA 3JIeKTpodopes Tarkke
UCIIOJIB3YETCSL:

B NUIEBOH MPOMBIIIJIEHHOCTH: JJIS ONIPEICIICHNs KAaTHOHOB, aHHOHOB B
MUHEpaJIbHOU BOJIE U BOJKE; KOHCEPBAHTOB, KATUOHOB, aHUOHOB, BUTAMHHOB,
AaHTUOKCUIAHTOB, KpacHUTENICH B HAIIUTKaX W COKaxX; BUTAMUHOB, aMUHOKHCJIOT,
MHUKOTOKCHHOB B Pa3JIMYHBIX MTPOTYKTaX;

B (papMaKoJIOTHM: Il aHAIM3a JICKAPCTBEHHBIX MPENapaToB, JJIS TEX-
HOJIOTUYECKOTO KOHTPOJIS; pa3/ieJeHUs] SHAHTHOMEPOB;

B OMOXMMHH U MeJUIMHE: NI ONpeneseHUs] OEKOB U aMUHOKUCIIOT B
OMOXUAKOCTSIX TIMKO3WIMPOBAHHOTO TeMOTJIO0MHA U MCCleIoOBaHus hapMako-
KHHCTHKWY;

B KPUMMHAJMCTUKE: ]I BBISBJICHHS CJIEIOB B3pPHIBYATHIX BEIIECTB U
HApPKOTHYCCKUX

ITnockocmuasn xpomamozpagus

K mockoctabiM Bugam xpomarorpaduu otHocsaT oymaxknyto (bX) u ToH-
kocioiinyto (TCX). OTu nBa BuAa *UAKOCTHOW XpomaTorpaduu MpPOCThI 1O
TEXHUKE BBIOJTHEHUS, IKCIIPECCHBI, HE TPEOYIOT JOPOTOCTOSIIETO 000pyI0Ba-

HH:. PEBI[GJ'ICHI/IG 9THMH MCTOAaMH MOXCT OBITH BBIIOJIHEHO C MCITOJb30BaHHEM
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Pa3TUYHBIX XPOMATOrPaUIECKUX CHCTEM, MOATOMY BBIICISIOT aICcOpOIMOH-
HYI0, paclpeeuTeNbHyI0, oOpaiieHHo-Pa30Byt0 1 noHooOMeHHYy10 bX n TCX.
ToHKOCIONHHYI0 XpoMaToTpadrIo UCTIOIB3YIOT Yalle, 4eM OyMakHYIO.
BbyMaxknast 1 TOHKOCIIOMHAS XpoMaTorpaduu CXOTHBI IO TEXHUKE BBITIOJ-
HeHus aHanu3a. B BX B kaduecTBe HOocUTENsI HEOABUKHOM (a3bl, HATPUMED BO-
JIbl, HCIIOJIB3YIOT LEJUTI0J03HOE BOJIOKHO Oymaru, B Meroge TCX — paznuuHbie
cOpOeHTHI (OKCHJ aTIOMUHMSI, CHIIMKArellb, EJUTI0JIO3Y U JIp.), HAHECEHHbIE Ha

IUIACTUHKY TOHKHUM CJIOCM.

ITonBrxHasA (aza

MECTO
HaHeceHHs
obpasna

041 2

HEIOABH)XHAA

< (asa ? &

ppoHT pacTBOpHTENS
B KOHIE PAsReNeHnA N

Pucynox 28 Cxema TOHKOCJIOHHOH (6ymadichoit) xpomamozpaguu

B 00ouMx MeTomax HMCHOJB3YIOT XpOMATOrpaHUecKHUe CHCTEMBI KHJI-
KOCTBh-TBEPBIA COPOCHT M YKUIAKOCTh-)KUIKOCTb-TBEPJbIH COPOCHT, MpUYEM B
KaueCTBE TMOJBIKHON (Da3bl MCIOJIB3YIOT PA3JIMUHBIC PACTBOPUTEIN WM HUX
CMECH, OpraHMYECKHE U HEOpPraHUYeCKHe KHCIOThl. XpoMarorpapuieckoe pas-
JICJICHHE B IJIOCKOCTHBIX BHJIaX XpoMmaTorpaduu, Kak U B KOJIOHKE, 00yCJIOBIIe-
HO MEPEHOCOM KOMIIOHEHTOB IOABMKHOM (a3bl BAOJb CJIOS HEIOABUKHOM (a-
3bI C PA3IMYHBIMH CKOPOCTSIMH B COOTBETCTBHHU C Kod(HIIMEeHTaMu pacmpe/ie-
JICHUS Pa3AC/ISICMbIX KOMIIOHCHTOB.

Paznensemble KOMITOHEHTHI HA TUTACTUHKE WJIM HA TIOJIOCKE Oymaru oopa-
3yIOT OTJCJIbHBIC 30HBI (TISITHA), MOJOXKCHHE KOTOPBIX HAa Xpomarorpamme Xa-

paKTepU3yeTCsl BEIMYMHAMH Rf— OTHOCHUTENBHOW CKOPOCTBHIO MEPEMEIICHUS
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KOMIIOHCHTOB B TOHKOM CJIOC HWJIK I1IO 6YMa)KHOI>'I ITOJOCKEC. 9KCHepI/IMeHTaJILHO
BCIIMYUHY RfOHpe,HGJIHIOT KaK OTHOHICHHUC PACCTOAHUA X, HpOﬁI{GHHOFO BCIIC-

CTBOM, K PaccTOsSIHUIO L, MpOWIEHHOMY pacTBOpPUTENIEM OT CTapTa 0 JMHUU
X
dbponTa: R, :f B cootBercTBUU ¢ onpenenenrem Ricerna < 1,00. Benuuuna

RfsaBucut ot mpupoabl Hocutens (Oymara, akTHBHOCTh M IIPHPOJIa COPOCHTA,
TOJIIIIMHA CJI0SI COPOEHTa), KauecTBa M MPUPOJbl PACTBOPUTENS, ClIoco0a HaHe-
CeHHsI TTPOOBI, IETEKTUPOBAHUS, T. €. OT TEXHUKHU SKCIIEPUMEHTA, TEMIIEPATYPHI
U HEKOTOpbIX Jpyrux ¢akropoB. B uaeanbHOM cinydae (IMHEWHas M30TEpMa)
RfHE 3aBUCHUT OT KOHLEHTPALMU ONPEAEIIIEMOI0 BEIIECTBA U IPUCYTCTBUS JApPY-
rMX KOMIIOHEHTOB. BocnpounsBoaumocts 3HaueHuil R TCX 3HaunTensHO Tyd-
e, yeM B bX, u cocrasmnser 0,05 Ry. Benuuuny x, popMaabHO OTOXKIECTBIIS-
10T ¢ VRuiH tr, XapaKTepHU3YyIOMIMMHU CKOPOCTh JIBMXKEHHSI BEIIECTBA BJIOJIb KO-
JIOHKH, a JITTUHY 30HbI (TSITHA) — C MIMPUHON XpomaTorpaduyeckoi Mojochl y
ocHoBaHMsI WOCHOBHOE ypaBHEHHE KOJOHOYHOM xpomarorpadpuu Vg = Vpt+
DVsnpumenumo, oueBuaHo, u B cirydae TCX.

Bennuuna Rf, xapakrepusyrolas mojoKeHHe 30HbI BEIECTBA HA XpoMa-
TOrpaMMe, CBs3aHa ¢ KOA(p(ULMEHTOM pacnpeeieHus] B JaHHOW CUCTeME crie-

OYIOIIMM YPaBHEHHUEM:

—VYm_1
Vs Rp-1 (53)

KayecTBeHHBIN aHAJIN3.

Ecaun Ha xpomaTorpamMmme o0pa3yroTcsl OKpAIICHHBIE 30HBI, TO TPOBOJIST
BU3yallbHbIC HaONtOAeHUA. HeBuanMbie XpoMaTOrpaMMbl MPOSIBIISIFOT COOTBET-
CTBYIOLIMMH pEareHTamu, KaK MpaBujo, rpynmnossiMu. [1o xapakTrepHou okpac-
K€ 00pa3yroIMXCcs BETHBIX 30H CY/ISAT O COCTABE aHATTM3UPYEMOM MPOOHI.

s oOHapy>KeHUsI aMUHOKHUCJIOT M TICTITUJIOB MPUMEHSIOT HUHTHIPUH.
Cyxyroo XpoMaTtorpamMmy MOTPYKalOT B pacTBOpP HUHTHJPUHA B alleTOHE, 0ObIY-

HO 0,2%-HbIi1 (IpU 3TOM JOCTUraeTCs OJHOPOAHOE MOKPHITHE OyMaru peareH-
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TOM), CyLIaT HENPOJAOJDKUTENbHOE BpeMs. [Ipy KoMHATHON Temneparype MsTHa
AMUHOKHUCIIOT MPOSIBIISIIOTCS TPUMEPHO yepe3 1 4, a uX OKpacka JOCTUTaeT MaK-
CUMaJIbHOM MHTEHCUBHOCTU NMpUMEpHO 3a 8 4. IIsTHa menTunoB oOHapyKuBa-
10Tcs MenneHHee. [IposiBiieHne yckopsieTcs, eciii XpoMaTorpaMMy HarpeBarOT
pu 50—60 °C B cymuibHOM mKady.

Jlist 0OHapy>KeHUs] KOMIIOHEHTOB MCIOJIB3YIOT TaKK€ METOJl, OCHOBAH-
HBIM Ha U3MEPEHUH BEJIMUUH RISl CTAaHIapTHOTO U OOHAPYKMBAEMOIO BEIIECTB
B OIpe/ielIeHHOM pacTBopurene. MneHTudukaiuss KOMIIOHEHTOB 3TUM CIIOCO-
OOM MOKET OBITh OCYIIECTBJIEHA, €CIH IMPOBOJIUTH XpomaTorpaupoBaHHUE U
ornpenaeneHue Ryis crangapTHOTO U UCCIEAyeMOro pacTBOPOB B OJHOM KaMepe,
Ha OJIMHAKOBBIX MOJIOCKAX OyMaru WM Ha OJHOM M ToW e ruacTuHke. [locie
IPOSIBJIICHHUSI 00EMX XpOMaTorpaMM OMNpEeNeNstoT RicciaeayeMoro u cTaHaapT-
HOTO pacTBOpoB. COIOCTaBIASA UX, AEJAOT 3aAKIYEHUE O HAINYUU B UCCIENY-
€MOM pPacTBOPE TEX WM UHBIX KOMIIOHEHTOB.

KosmmyecTBeHHBIN aHAJIN3 OCYIIECTBILIIOT HENOCPEACTBEHHO HA XpOMa-
TorpamMme (Ha cjioe copOeHTa WM Ha Oymare) Wid aHaJu3UpyeMoe BeIleCTBO
(ISITHO) BBIMBIBAIOT U3 CJIOS COpOEHTa (C OymMaKHOM MOJIOCKH) TIOCJIE€ BhIpe3a-
HUS 30HBI, U TOJYYEHHBIN pacTBOP aHAIM3UPYIOT KAKUM-TTHO0 METOOM.

HenocpencTBeHHO Ha XpoMaTorpaMmax KOJIMYECTBEHHBIM aHAJIN3 MOKHO
OCYILECTBIIATh MO pa3Mepy MsATHA (IOJYKOJUYECTBEHHOE ONpEENICHUE), CIeK-
TPOHOTOMETPUUECKUM METOJIOM IO CHEKTpaM MOTJIOUICHHUS! (POTOIEHCUTOMET-
pusl) U 1O CIIEKTPaM OTPAKEHHUS, a TaKKe (PITyOPUMETPUUECKUM, PEHTTEHO(DITYO-
PECLEHTHBIM M PAIHOMETPUYECKUM MeTofamu. OnpeesieHne KOMIIOHEHTOB I10-
ClIe CMBIBaHHUS MOXHO BBINIOJIHUTh, HANpUMEpP, CHEKTPOPHOTOMETPUUECKUM,
bayopuMeTprUeCcKUM, aTOMHO-a0copOLMOHHbIM MeTtonamu. Ilpenen obOnapy-
KEHHS 1aeTcsl B BUJE aOCONIOTHOTO KOJIMYECTBA B CJIOE, peXe B BUAE KOJUYE-
CTBa, MpUXoJserocs Ha 1 r copOeHTa, HO JIydllle BCEro B BUJE KOHILIEHTpALlUU

B aHanu3upyemon mpode. OTHOCUTENbHBIC CTAaHAAPTHBIC OTKJIOHEHUS MPU HC-
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MOJIb30BAaHUU CIEKTPO(POTOMETPUUECKHX METOJIOB aHaliM3a HE MPEBBIIAIOT |
%.

I'env-xpomamozpagpus

DTO COBEPIICHHO CBOECOOpa3HbIM BUJ XpomaTorpaduu, OCHOBaHHBINA Ha
VCIIOJIB30BAaHUMU PA3IMYMs B pasMepax MOJIEKYJ. Ero Has3bIBalOT Takxke eenb-
Gunempayueti 1M cumosou xpomamoepaguet. HemoasuxHoi ¢a3oit B reib-
xpomartorpaduu SBISIETCSI paCTBOPUTENb, HAXOASAIIMKCA B IOpax reisd, a Io-
JBUKHOU — caM pacTBOPHUTEIb, T. €. U MOJBIKHYIO U HEMOJBUKHYIO (a3bl co-
CTaBJISIET OJIHO U TO € BEIECTBO WJIM OJIHA U Ta K€ CMECh BelllecTBa. I enp ro-
TOBAT Ha OCHOBE, HAlpUMeEp, JEKCTPaHA, MOJMAKpUIaMuIa WIN APYTUX IpH-
POJIHBIX U CUHTETUYECKHUX COCTUHEHHM.

B npouecce renb-xpomatorpagupoBaHus MOTYT ObITh OTHEJIEHBI KpyI-
HBIE MOJIEKYJIbI, KOTOPBIE T€JIEM HE COPOUPYIOTCA, TaK KaK UX pa3Mephbl MPEBbI-
HIal0T pa3Mepsl MOp, OT MEJIKUX, KOTOPbIE MPOHUKAIOT B MOPHI, @ 3aTEM MOTYT
ObITh AtonpoBaHbl. [IpoBoasTcs u Oosiee TOHKUE pa3ieeHUs], TaK KaK pa3Mephbl
NOp MOXHO PEryJMpoBaTh U3MEHssS, HAPUMEpP, COCTaB PACTBOPUTENS M, Kak
ciencTBue, HabyxaemMocThb reid. ['enb-xpomaTorpausi MOXKET ObITh BBIIIOJHEHA
B KOJJOHOYHOM BapHaHTE U B TOHKOCJIOMHOM.

[IpuMmeHsieMble Ha TPAKTUKE TeJId OOBIYHO MOJAPA3AEISAIOT Ha MseKue, no-
Jyorcecmrue U dicecmkue. MATKUMH TEISIMU SIBISIFOTCS. BBICOKOMOJIEKYJISIPHBIE
OpraHUYECKUE COCIUHEHUS C HE3HAYNTEIbHBIM YHWCJIOM IONEPEYHBIX CBS3EH.
@DakTop €MKOCTH, PABHBIM OTHOILIEHHIO 00BbEMa PAaCTBOPUTENSI BHYTPHU Telisl K
ero o0bemMy BHE reds, y HuXx paseH 3. Ilpu HaOyxaHUM OHU 3HAYUTENILHO YBEIU-
YUBAIOT COOCTBEHHBIN 00BbeM. DTO cedaaeKchbl WM JEKCTPAaHOBbIE T'€JM, ara-
pouYHbIE renu, Kpaxmai U ap. OHU NPUMEHSIOTCS IS pa3JeICHUs] CMECE HH3-
KOMOJIEKYJISIPHBIX BEILIECTB, YaCTO B TOHKOCJIOHHOM BapuaHTte. Xpomarorpadu-
pOBaHUE Ha MATKUX TeJIIX Ha3bIBAIOT 2eib-puivmpayuetl.

[TomyXecTKHe reau noJiy4aroT IyTeM NoJIMMepu3aluu. bonbioe pacnpo-

CTPAaHCHUC IIOJIYUUTIN cmupoceiu— TMPOAYKTBI COIIOJIUMEPU3AINN CTUPOJIA U
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JTUBUHWIOEH30/1a ¢ OOJBINMM YHCIIOM TMOTEPEUHBIX CBsizei. DakTop eMKoCTH
MOTY)KECTKUX Teneil nexuT B mnpenenax 0,8—1,2, ux oobeM npu HaOyxaHUU
YBEIMYMBACTCSI HE OYeHBb 3HauuTeNbHO (B 1,2—1,8 pasza). XpomaTtorpadupona-
HUE Ha MOJTY’)KECTKHX TeJISIX Ha3bIBAIOT 2e/lb-NpoHUKalouel xpomamozpaguetl.
K >xecTKuM reisiM OTHOCAT CHUJIMKATeIN M YacTO MOPUCTHIE CTEKJIA, XOTS
OHM U HE ABJISIOTCS TessiMU. JKecTKre reaum MMErT HeOOIbIoi (hakTop eMKO-
ctu (0,8—1,1) u ¢pukcupoBaHHBIN pa3mep Mop. ITU MaTEpPUAIIbl UCIOIB3YIOT B
rejib-xpoMarorpaduu MpU  BBICOKOM  JlaBlieHUU. PacTBopuTenu  reib-
xpomaTtorpaduu JOJKHBI PACTBOPSATH BCE KOMIIOHEHTHI CMECH, CMAayuBaTh IO-
BEPXHOCTb TeJisi U He afcopOupoBarhcs Ha Hel. [IpakThueckoe NMpUMEHEHHE
reJib-XpoMarorpaduu cBs3aHo, rIIaBHbBIM 00pa3oM, C pa3/IeIEHUEM CMECH BBICO-
KOMOJIEKYJIIPHBIX COCAMHEHUM, XOTS HEPEAKO OHU UCTIOJB3YIOTCA JJIsl pa3fee-
HUSI 1 HU3KOMOJIEKYJISIPHBIX, TaK KaK pa3/IeJIEHUE 3TUM METOJO0OM BO3MOKHO MPHU

KOMHATHOM TeMIIEpaType
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In1aBa 2.J1aGoparopHblil NPAKTUKYM

Jlabopamopnasa paboma Nel.Onpeodenenue noinoii OuHaMu4ecKol 00-
mennoit emxkocmu (IIJ/IOE)uonumoe

Beeoenue

Marpuiia CHHTETUUECKUX MOJUMEPHBIX MAaTepUAIOB (TUIA MOJUCTUPOIIA)
SABJISICTCS] THIAPOPOOHON M HE MPOSBIISET CIIOCOOHOCTH K HAOyXaHUIO B TOJISP-
HBIX pacTBopuTeNsiX. OHAKO TOCIIe BBEJICHUS B HEE MOHOTEHHBIX TPYIII, 00J1a-
JAIOIINX PE3KO BBIPAKEHHOW TUAPOQPHUIBHOCTHIO, MPUBEACHUE TPaHysl HOHOOO-
MEHHHMKA B KOHTaKT C BOJIOW WJIM PACTBOPOM BBI3BIBAET 3aMETHOE IMOIJIOLICHUE
pactBoputensa (a3oil nonuta. KoamdecTBo MOTJIOMIEHHOTO PacTBOPUTENs (Be-
JMYMHA HA0YyXaeMOCTH) UMEET ONPENEIECHHBIN Mpenes, OnpeaeasieMblil KeCTKO-
CTBIO TOJUMEPHOIO KapKaca MaTpHUlbl, T.€. HAJIUYUEM IONEPEUYHBIX CBS3EU
(cmBkM) B monmMepHOM Mosekyie. IlockoibKy HOHHUTBI TPUMEHSIOTCS B
OOJBIIMHCTBE ClTydyaeB AJi1 0OpaOOTKH BOAHBIX PACTBOPOB, PACCMOTPHUM TJIaB-
HBIM YaCTHBIN Cly4ail UX COJIbBaTaIlMU — FUAPATAIIUIO.

OO6uryr0 Maccy MOTJIONIEHHOW MOHUTOM BOJbI HEJIB3sl CUUTATh OJHOPOJI-
HOM, MOCKOJIBKY YacTh €€ HE MPUHUMAET Y4acTHusl B Mpoleccax pa3OaBlIeHUs U
TpaHcnopTa MOHOB. Ha 3TOM OCHOBaHO YCJIOBHOE€ pa3jefieHue copOUpOBAaHHOM
BOJIbl Ha «CBSI3aHHYIO» U «CBOOOHYIO.

K «cBs3anHO» BO/JE OTHOCUTCS THApPATHAS BOJAA MEPBUYHBIX TUIPATHBIX
0005104eK (PUKCUPOBAHHBIX MOHOB U MPOTHUBOMOHOB. [Ipyn HaOyxaHUM aOCOIIOT-
HO CYXOro MOHHWTa 3Ta BOJIa MOTJIONIAETCS B MEPBYIO OYEpenb ¢ OOJIBIIUM Tell-
J0BBIM 3 PexToM. DTOT Ipoliecc MEPBUYHON THAPATAIIMN TPUBOIUT K 00pa3o-
BaHHMIO OYEHb KOHIUEHTPUPOBAHHOIO pacTBOpa MOJMAJEKTposMTa (10 5
MOJIL/IM3M BBINIE), OCMOTHYECKOE JABJICHHE KOTOPOrO BHIIIE, YEM BHEIIHETO
pacTBopa. «CBsi3aHHas» BOJA HE YyYAaCTBYET B pa30aBICHUU CBEPXIKBUBAICHTHO
COpOMPOBAHHOIO 3JIEKTPOJIUTA U OTIUYAETCS OT OOBIYHOM BOJIBI PSIIOM CBOMCTB:

MEHBIIIUM TapIUATHHBIM 00bEMOM, TTOHMKEHHOM TeMIIepaTypoi 3aMep3aHus U
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np. KonnuectBo «CBsI3aHHOW» BOJBI OMNPENEISAETCS YWUCIAMU TUApaTalHu
MOHOB, OHO NPONOPLUUOHAIBHO KOJMYECTBY (PYHKIIMOHAIBHBIX TPYII, HEMO-
CPEACTBEHHO CBS3aHO C NPUPOJON (PUKCUPOBAHHOIO MOHA U CJIa00 3aBUCUT OT
CTENEHU CIIUTOCTU MOHMTA.

Bo3HukInas npu nepBUYHON TMIpaTallid Pa3HOCTb OCMOTHYECKUX JaB-
JIEHU! BHYTPEHHETO U BHELIHErO PACTBOPOB MPUBOAUT K JIONOJHUTEILHOMY I10-
IJIOIEHUIO HOHUTOM TaK Ha3blBA€MOW «CBOOOJHOI» BOMBI. DTOT MPOLECC BTO-
PUYHOM TUApaTaluy MPOUCXOJIUT /10 YCTAHOBJIEHUS OCMOTHYECKOIO paBHOBE-
CHUSl MEXY BHYTPEHHUM M BHEIITHUM PacTBOPaMHU.

«CBOOOAHYIO» BOJY 4YacTO PAa3AESAIOT Ha «IOPO3HYIO» U «pPaBHOBEC-
Hyto». [lepBasi COOTBETCTBYET PACTBOPUTEIIO, HAXOIAIIEMYCSI B MUKPOIIOpax M
MUKpPOTpEIIMHAX IpaHyd (B cilydae MaKpOHOPUCTHIX MOHUTOB OCHOBHAsl 4acCTh
«TIOPO3HOI» BOJBI COJAEPIKUTCS B MAKpOIIOpax).

Takum 00pa3om, pacTBOpUTENEM AJIA TMAPATUPOBAHHBIX MPOTUBOMOHOB
SIBJISIETCSl «PaBHOBECHAas» BOAa, 00Jajaromias CBONCTBaAMH, NMPOMEKYTOUHBIMU
MEXKy «IOPO3HON» U «CBSI3aHHOW». KOIMYECTBO «paBHOBECHOM» BOIBI ONpeE-
JeJSIeTCsl YCIOBUSIMUA PABHOBECUSI MEXAY YNPYTOCTHIO MAaTPUIBI U OCMOTHYE-
CKHM JIaBJICHUEM M 3aBHCHUT OT BUJA NOJINMEPA, CTENIEHU €r0 CLIMTOCTH U OT aK-
TUBHOCTH BHEIIHETO0 U BHYTPEHHEIrO PacTBOPOB 3JEKTPoJMTa. OCMOTHYECKOMN
aKTUBHOCTBHIO B (ha3e MOHHUTA 00JIa1at0T TOJIBKO MPOTUBOMOHBI, TaK KaK BIUSHUE
(UKCHPOBAHHBIX MOHOB Ha BOJY HE3HAUYUTEIbHO, CJIEIOBATEIBHO, KOJIMYECTBO
PaBHOBECHOM BOJIbI JOJIKHO 3aBUCETh OT CTENEHHU AMCCOLMALNU (PYHKIIMOHAIIb-
HBIX IPYIII, KOTOpask ONPEIeseTcss BUIAOM NPOTUBOMOHA.

OOBIYHO TpPUMEHSIEMbIE B MPAKTHKE HOHHOIO OOMEHa MpPOMBIILIEHHBIE
oOpa3Libl MOHUTOB YBEJIIMYMBAIOT CBOM 00beM pu HaOyxaHuu B 1,5-3 paza. [lpu
HOpPMAaJIbHBIX YCIIOBUSIX B MOHOOOMEHHHKE, HaXOSIIEMCS B BO3IYIIHO-CYXOM
COCTOSIHUHU, COJIEP>KUTCSI HEKOTOpOe KonuecTBo Biaru (okoso 20%). Cnenona-
TEJIbHO, NEPE]] UCCIIETOBAHUEM COACPKAHUS COIBBATUPYIOILETO PACTBOPUTEIIS B

HOHHUTC NJIN KUHCTUYCCKUX IKCIICPUMCHTOB 110 U3YYCHUIO CKOPOCTH Ha6YXaHI/I$I,
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00pasibl HOHUTOB JOJKHBI OBITH COOTBETCTBYIOUIMM 00pa3OM MOATOTOBJICHBI.
[TonroroBka MOHUTOB K pabOTE COCTOUT B UX KOHIUIIMOHUPOBAHUU U BBICYIIH-
BaHnHM. KOHIMUIMOHUpPOBaHHE HOHOOOMEHHHKOB MPOBOAUTCAIO CTAHIAPTHBIM
METOJIMKaM TOMEepEMEHHON 00pabOTKONM MX PAcTBOpPAMH AJIEKTPOJIMTOB B pas-
JUYHBIX MOHOOOMEHHBIX IMKIaX. [Ipy 3TOM MPOHCXOIUT OTMBIBKA MCXOJIHOTO
oOpasia OT pa3IUYHBIX MPUMECEH U CTaOUIU3aIus CTPYKTYPBI MPOCTPAHCTBEH-
HOM CETKM MaTpuIlpl. BeICyliMBaHre MOHUTOB IIPOBOJUTCS C LENBIO MOJIYyYEHHUS
abCOJIIOTHO CyXHX IOJIMMEPOB, a TaKXe Ul KOJIWYECTBEHHOI'O OIpeNeICHMUS
COJIepKaHUsl B HUX TBEPJOr0 BELIECTBA WJIM OCTATOYHOT'O COJIbBATHUPYIOLIETO
PacTBOPUTEIIS.

[Ipouecc Cyliki HOHUTOB KOHTPOIUPYETCS, KaK MPABUIIO, UX MEPUOANYE-
CKUM B3BelMBaHuEM. [Ipu TOCTM>KEHHH BBICYIIEHHBIM HOHUTOM MOCTOSIHHOTO
Beca M0 Pa3HOCTH C Maccoil MCXOAHOIro OOpaslia HaXOASAT MCXOAHOE BJIaroco-
Jep:KaHre MOHOOOMEHHMKA, BbIpaXasi €ro B BUJE OJHOW M3 OOLIENPHUHSTHIX Xa-
PAKTEpUCTHK.

B cnydae HETepMOCTOMKMX HOHUTOB BMECTO CYLIKHM, CONPSIKEHHOM C
OMACHOCTBIO TEPMHUYECKON JECTPYKIMH MATPHUIbl, MOXKHO PEKOMEHJI0BATh
OTpe/ieNIeHNe OCTaTOYHON BIAXKHOCTH BO3AYIIHO-CYXUX 00pa3lioB TUTPOBAHUEM
uX peakTuBoM Puiiepa, WiM 3KCTPAKIMOHHBIM MeTtofoM. [locnennuit Mmeron B
CHJIy €ro MPOCTOThI M IKCIPECCUBHOCTH 3acCiy>KMBaeT OoJiee JETalbHOIO pac-
CMOTpPEHHUS.

CyTph MeTOJla COCTOUT B U3BJICUEHUH BOJbI U3 HABECKH MOHUTA TUMETHUJI-
dbopmamusioM (JIMDA) ¢ mocineayronuM onpeaeIicHUEM COCTaBa IKCTPaKTa 110
MOKa3aTelo npejaomiieHus. JJist 3Toro TOYHYI0 HaBECKY MCCIEeAyeMOro MOHHUTA
(oKoJ10 2 T) MOMEeIaT B OIOKC WM B KOJIOY ¢ MPUTEPTON MPOOKOH, 3aIMBaAIOT
15 mn IM®DA (oObeM oTMepsieTcs THUNETKONW WM OIOPETKOM), 3aKpPhIBAIOT
NpoOKOW M MEPEeMEIIMBAIOT B TeueHue 15 MUHYT. 3aTeM U3MEPSIOT MOKa3aTeNb
npeoMIIeHus KuakocTu Ha pedpaxromerpe mpu 20°C. Ecnu s skcrpakuuu

OblT ucmonb3oBaH uducThii JIM®DA, To ero coaepkanue B 3KcTpakTe (X
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JIMOA)HAXOISIT MO0 KaaTHOPOBOYHOMY TpaduKy, MOCTPOSHHOMY HA OCHOBaHUHU
naHHbIX Tabswmiel 1.1. Obmee Bpems aHanuza He npesbliaet 20-30 MUHYT.
Tabmmma 1.1.

[Toxaszarenu npenxominenus cmeceit JIM®PA-poaa mpu 20°C.

X IMdA, n éo X MdAs n %0 X MDA, n %O

% (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

IIo nampenHomy coxepxkanuto JIM®PA B OKCTpakTe pacCUUTHIBAIOT

BJIAYKHOCTh HOHUTA OH20 (%) 11O COOTHOIICHHMIO:

(10% ~DP 04 -V -100
mHa@

Dy,0 = : (1.1)

rae V- ucxoanslit 06beM JIM®PA cm?

PiMoa — IUIOTHOCTh JKCTpareHTa, paBHas s yucroro emiectsa 0,945
r/em®;

Myas- HABECKA HOHUTA,

X — maccoBas noas MDA B skctpakre, %;

B ciydae ucnonp3oBanHusAIs dKCTpakuu BiaaxkHoro JIM®A Heobxomu-
MO 3HaHUE €ro IVIOTHOCTHU Piymoad MCXOJHOTO Biarocojepxkanus (1-xi), ompe-
JIESIEMOT0 TI0 TOoKazaTento mpenomieHus (cm. tabdn.l.1). Ecam comepikanme
JAM®A B 3KCTpakTe COCTABUT BEIWYUHY X2 , TO BIAJKHOCTh HOHUTA PACCUUTHI-

BaeTcs 1o Ghopmyie:
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B ()%2 _1)plﬂM(DA -100
mHa@ '

(1.2)

rae X1 U Xz - maccoBasg noiasi JIM®A no u mocie u3BICYSHHS BOIbI H3

MoHHTa, %0,

1.1. Ilenv pabomeor:

HOHY‘ICHI/IG ANHAMHWYCCKUX XAPAKTCPUCTUK MTOTJIOTUTEIBLHON CIIOCOOHO-

CTH MOHMTA.

1.2. O6vexkmul u cpedocmea uccnedo8anus.

1.
2.
3.
4.
5.

XpomaTorpadpuyeckas KOJOHKA JUaMeTpoM 1cM U BbICOTOH 25 cM
Katnonut KY-2

AHanmMTUYECKHE BECHI

CymmiibHbIN IKad

XnopoBojopoHas kucioTa,Boanbiii pacteop C(1/1 HCI) = 0,1

mons/am3; C(1/1HCI ) = 1 mons/mm3

6.

I'mapoxcun Hatpwusi, Bomubid pactBop,C(1/1 NaOH ) = 0,1 mois/

am3;C(1/1 NaOH ) = 1 mons/mm3

7.
8.
9.

10.
11.
12.
13.
14.

draneuH.

Xnopun Hatpus, Boausli pacteop,C(1/1 NaCl ) = 0,1 mons/am®
BropeTkn BMECTHMOCTEIO 25 cMm®, 2 it

MepHble UUIHHIPBI BMECTUMOCTEIO 10 cM3, 2 1T

MepHEbIe KOOl BMECTUMOCTBIO 250 cMm®, 2 1T

[TuneTky BMECTUMOCTBIO 25 M3, 2 11T

XUMUUecKHe cTakaHbl BMECTUMOCTBIO 50 cM?, 2 1T

Kon6w1 a1 TUTpOBaHKS BMECTUMOCTBIO 250 oM, 2 T

Nuaukatopsl — YHUBEpPCATbHBIN, METHJIOBBIA OpaHKEBBINA, (PEHOII-

1.3. Ilpocpamma padomel.

1.3.1.I1To0o2omoeka uonuma
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Hagecky Bo3aymHo-cyxoro katuonuta KY-2 wnu nonura AB-17 (okono
5 T), B34TYI0O Ha aHAIUTHYECKUX Becax ¢ TouHOoCcThio A0 0,0002 r, momemaioT B
XAMHWYECKUN CTAaKaH U 3aJIMBAKOT JUCTHUIUIMPOBAaHHOW BOJOU. [1o ucreuenun 30
MUHYT HaOyXITUH MOHUT MEPEHOCST BMECTE C BOJOW B XpOMaToprapuuecKkyro
KOJIOHKY, CJIOM MOHWTA B KOJIOHKE HE JOJKEH COJIep>KaTh My3bIPHKOB BO3/1yXa,
€CJIM TY3bIPhKU TOSBIINCH, TO UX HEOOXOAMMO yIaTUTh BCTPSIXUBAHUEM HIIN
B3PBIXJICHUEM HOHUTA CHU3Y BBEPX TOKOM BOJIBI.

HNonut B xononke nepeBoast B H-popmy (katuonut) unu B OH-dopmy
(aHMOHWT) IPOITYCKaHHEM Yepe3 KONOHKy B Teuenue 30 munyt 100 cm® pacTso-
pa C(}{HC1 ) = 1 mons/mm® mwiu C(Y/;NaOH ) = 1 mons/am® coorBeTcTBEHHO.
[Tocne 3TOro0 MOHUT TIIATEIHHO OTMBIBAIOT JUCTUIIMPOBAHHOM BOJON OT WU3-
OBITKA KUCIOTHI WM LIEI0UH (10 HEUTpaIbHOM CpeJibl 0 YHUBEPCATLHOMY HUH-
JTUKATOPY).

1.3.2. Onpeoenenue I/|OE kamuonuma.

[MpoBomsat crangapruzauio NaOH mo nepsuunomy cranmapry HCI, npu-
TOTOBJICHHOMY U3 (PUKCOHAIA ¢ HHIUKATOPOM METHIIOBBIM OPaHKEBBIM.

Yepes cnoii katmonuta B H-opme mpomyckaror 100 cm® pactsopa
NaOHC(*/; NaOH ) = 0,1 mons/ am® B Teuenne 1 yaca. CKOpOCTb IIPOITYCKAHMS
pactBopa He Gonee 2 cM® B MuHyTy. IIpy npoBeeHHH SKCIIEpUMEHTa HEOOXO-
JUMO CJIEINTh, YTOOBI YPOBEHb pPacTBOpa B XpoMarorpaduyueckoi KOJIOHKE
MOIJIEP>KUBAJICS TIOCTOSIHHBIM. [Ipu 5TOM mpoTeKaeT peakius:

RH + NaOH = RNa + H,O

KatnoHut nmpoMbIBalOT JUCTUILIMPOBAHHOM BOJOM IO TEX IOpP, IMOKA BbI-
TEKAIOINi W3 KOJIOHKH PAcTBOpP HE CTaHET HEHUTpaJbHBIM (KOHTPOJIH IO YHU-
BEPCATbHON MHIUKATOPHOMN Oymare).

OuibTpaT W MPOMBIBHBIC BOJBI COOMPAIOT B MEpHYH Koyu0y Ha 250
cM3I0BOJAT 10 METKH JMCTUILIMPOBAHHON BOJOM M ONpPENENSIOT OCTATOYHOE

KOJIMYECTBO IIEN0YH. J{JIs 5TOro aluKBOTHYIO 4acTh pacTBopa (25 cM®) TuTpyroT



114

pactBopoM HCI ¢ nHAMKATOPOM METHIIOBBIM OPAHIKEBBIM JI0 MIEPEX0J1a OKPACKH
U3 JKEJITOM B OPaHKEBYIO.
Benuunny nonHoi nuHamuyeckoi emkoctu katuonHuta (IIJIOE) Bbrumc-
JSIOT 110 hopMyIie:
[C(1/:NaOH) -Vnaon — C(1/1HCI) -V - 10]
Mias ’

[JIOE =

(1.3)

rae [IJIOE — nonHas nuHamMudeckas oOOMEHHAs €MKOCTh

C(}1NaOH) — xoHueHTpan¥s IIEN0YH, pACCUUTAHHAS [IPU CTaHIAPTH3A-
IIMH, MOJIB/IM®

C(Y1HCI) — koHIIEeHTpanyUs KUCIOTHI, MOJIB/IM°

VnaoH— 00beM menoun, 100cm®

V.p — cpeaHuil 00bEM KUCIIOTHI, MOLIEIIINY Ha TATPOBAHUE, cm®

Myas— HABECKA MOHUTA, T

1.3.3. Onpeodenenue II/[OE anuonuma

Yepes cioii annonura 8 OH-dpopme npomyckator 200 cm® pactsopa HCI B
TEYEHHUE JIBYX YacOB, CIIEJs 3a YPOBHEM pacTBOpa HaJ aHUOHUTOM. [Ipu sToMm
npotekaet peakuus:ROH + HCI = RCI + H,0.

Annonut npomeiBaror pactBopom NaCl mist ynanenus ci1aboOCHOBHBIX
rpynn anuoHuTa. [IpombIBaHHe IPOBOIAT 10 HEUTPATbHON peakuuu QpuibTpara
(KOHTPOJIb IO YHUBEPCAIbHOW MHIUKATOPHOU Oymare).

OuIbTpaT U MPOMBIBHYIO KHUJKOCTh COOMPAIOT B MEPHYIO KOOy Ha 250
cM® 1 onpezensoT octarounoe koauuectso HCI. JInst 5Toro anmkBoTHYIO YacTh
pactBopa (25 cm®) turpyrorpacrsopom NaOH ¢ unamkaropom ¢enondranen-
HOM JI0 BO3HUKHOBEHHUS 0JICTHO-PO30BOM OKPACKH.

Benuuuny nonnoil nunamuueckoil emxoctu anvonurta (IIJIOE) Berumc-
JSTOT 110 hopMyIie:

[C(/1HCI) Vet — C(1/1NaOH ) -V -10]
mHClS

II/JOE =
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rae C(Y/{HCI) - xoHmeHTpauus KUCIOTHI, pacCYNTAHHAs TIPH CTaHIapPTH-
3aI[HH, MOJIB/ IM°

C(}/;NaOH) — koHIeHTpanys EI0YH, MOJIb/IM>

Vel — 06beM kuciotsl, 200 cm®

Vp — CpenHuii 06beM IEI04H, TIOIIEIINNA Ha TATPOBAHHE, CM>

My, — HABECKA UOHUTA, T
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Jlabopamopnasa paboma Ne2.Paenosecue uonnozo oomena

Beeoenue
Z +
PaBHOBecHe reTeporeHHoW peakuuu oOMeHa HOHOB B Yo _ AZTA Ha
KAaTUOHUTE
1 1 N 1 zZ . 1
—ARZ +—B B :—A A +—BR, (2.1)
Za Zg Za Zg °

XapaKTEPU3YyeTCd TEPMOAUHAMUYECKON KOHCTAHTOM PABHOBECHS, KOTO-

PYIO MOJKHO 3aIIMCaTh B CJICAYIOIICM BHUAC:!

a1/zB al/ZA
K= (2.2)
a']A.\/ZA al/ZB ]

rg¢ auva — AaKTUBHOCTH HOHOB B (1)&36 HOHHTAa U B PAaCTBOPC COOTBCT-
CTBCHHO.
BBI/IIIy CJIOKHOCTH OIIPpCACICHUA AKTUBHOCTEH B HOHMTE IMPAKTHYCCKH

HCIIOJIB3YIOT «KAKYITYIOCS)!

1/Zp 1/Zp

Mg = -adp,

K= 1/zA al/ZB (2.3)

my

U «KOHIIEHTPALIMOHHYIO)

m1/zB C1/zA

K =
m1/zA C1/zB (2.4)

KOHCTaHTBI HOHOOOMEHHOTO paBHOBECH, I'ZIC M U C — KOHOCHTPAUU 00-

MCHHUBAIOIIUXCsI NOHOB B (1)8.38_X HOHHTA 1 paCTBOPAa COOTBETCTBCHHO.

~

BCJIGI[CTBI/IG HENMICAJIbHOCTH CI)aB BenmunHa K He sBIseTcs IOCTOSH-

HOM, a UBMEHSETCS B 3aBUCUMOCTH OT OTHOIICHUSI KOHIIEHTpAIlui 0OMEHHUBAO-
IIUXCSl MOHOB U CYMMapHOUM KOHIIEHTpallMM pacTBopa. B psne ciydaeB 3Tu u3-
MEHEHUS HEBEJIUKHU, 1 HIMH MOXKHO TIPEHEOPEYb.

Jjist XapaKTepUCTUKU CEJIEKTUBHOCTU yI00OHO MPUMEHSTH BEIMUMHY:
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1/Zg 1/zA

YB
Ya

race y u X —DKBHUBAJICHTHBIC IT0JIM MOHA B MOHMTC M PacTBOpPE, COOTBET-

Ky = 1UZp 1/zB (2.5),

CTBEHHO.
ITpu Ky>1 nonut cuiibHee norsormiaeT noHbl B, mpu Kyx<1 — voHs! A.

CootHomenne Mexay K u Ky MOXXHO MOMydnTh, MOASTUB YUCIUTENb U
3HamMeHarelb (2.4) Ha mpousBeaeHrue MoCo, rIe My=Ma+Mg, Co=Ca+Cg.
_ K(mO )1/ZA—1/ZB

(2.6)
Co

W3 3T0ro COOTHOILIEHUSI BUJHO, YTO NMPU OOMEHE MOHOB Pa3HOTO 3apsaa
CEJIEKTUBHOCTD 3aBUCHUT OT KOHIIEHTpauuu pactBopa. C yBeJIMUYEHUEM KOHIICH-
Tpaluy YBEJIIMYUBAETCS CEIEKTUBHOCTh HOHUTA K MIOHAM MEHBIIETo 3aps/a.

B Teopun npoueccoB pasneneHus (B TOM 4HUClie HOHOOOMEHHBIX) IS Xa-
PAKTEpUCTUKH PABHOBECHS Yallle HCIOJIb3YETCS PABHOBECHBIN KO3()(PUIMEHT

pazzieneHus Wik Kod()PUIUEHT OTHOKPATHOTO pa3/IeNICHUS:

y
g 1-—
Ay =———
X (2.7)
1-X
rac y U X — OKBUBAJICHTHBIC J0JIM MOHA B B UOHUTEC U paCTBope COOTBCT-
CTBCHHO.
Jlyist oOMeHa MOHOB pa3HOTO 3apsjia Jaxe B CIydae MOCTOSHCTBA K BEJIU-
YyuHA O 3aBUCHUT OT CyMMapHOﬁ KOHHCHTpaI_II/II/I O6M€HI/IBaeMI>IX HNOHOB U OT OT-
HOHOICHHUS HUX KOH]_IeHTpaI_IPIfI. COOTBCTCTBYIOH_II/IC COOTHOHICHMHUA Hepr)IHO I10-

nyantsh u3 (2.5) u (2.7). Hanpumep, npu Zzg=2; Zp=1
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My | 1-y

a=K?.
o (2.8)

IIpn o6MeHe HOHOB paBHOTO 3apsiaa (ZA=ZB=2)

s,z
a=K (2.9)
OTMCTI/IM, yTO IJI1d OHpCI[eJIeHI/IH o J0CTATOYHO I/I3MepI/ITB OTHOILICHHUC

KOJIMYECTBAa OOMEHUBAEMbIX HOHOB B MOHUTE, TOTJA KaK MPH ONpEACICHUN KB
o01eM ciaydae HEOOXOAUMO U3MEPATh KOHIIEHTpaluu B (pa3e MOHUTA, YTO SIB-
asieTcst 0oJiee CI0KHOM 3a7jaueii, 4eM ONpeiesIeHue KOJIMYECTB.

Jl7ig XapakTepUCTUKNA PAaBHOBECHOTO PACIPECICHUS HCIIONb3YIOT TaKkKe
rpaduyeckue 3aBUCUMOCTH KOHLIEHTPALMKU M WIK Yalle JOJIU OJHOTO U3 o0OMe-
HUBAaEMbIX MOHOB B MOHMUTE Y OT KOHUEHTPALUU C WIH JOJIU €r0 B PacTBOpE X

(u30TepMBbl 0OOMEHa) (pUCYHOK 2.1) TIpU MOCTOSIHHOM CyMMapHO# KOHIICHTPAIHH

pacTtBopa.

X

Pucynox 2.1. Hzomepmul pasrosecus oomena
[TockonpKy Ha MPaKTUKE MOHOOOMEHHBIC TMPOIECCHI OCYIIECTBISIOTCS B
KOJIOHKaX, a 0OMEH, KaK U3BECTHO, TPOUCXOUT B SKBUBAJICHTHBIX KOJIMYECTBAX,

TO C TOYKH 3PCHUA IMPAKTHYCCKOIO IIPHUMCHCHHUA MOHHOI'O oOMeHa PaBHOBCCHC
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1EJIECO00Pa3HO XapaKTEPHU30BATh 3aBUCUMOCTHIO K W1 o, OT HOHHOTO COCTaBa
pacTBOpa MJIM MOHUTa WK u3otepmoi Y=f(X) mpu mocTosHHOM CyMMapHOMH K-
BUBAJICHTHON KOHIICHTPAIIHH.

Brigenstor 1Be rpynibsl METO0B U3YYCHHS paBHOBECHSI HOHHOTO OOMEHa!
npsMbIe ¥ KocBeHHBIC. [lepBasi rpymma oXBaThIBA€T METOJIBI, B KOTOPHIX TOCIIE
MIPUBECHUS MOHUTA B PAaBHOBECHE C PACTBOPOM TPOU3BOIUTCS OTHAeNeHue (a3
JPYT OT Jpyra ¥ aHaJIU3 COJACpKaHUs HOHOB B (pa3ax, BTOpas IpyIia 3aKiIr0dacT
METOJIbI, HCIOJIB3YIONNE 3aKOHOMEPHOCTH JWHAMUKA HOHHOTO OOMEHa s
OTIpEICICHUSBEITNYHH, XapaKTEPU3YIOIINX PAaBHOBECHOE pacTpe/eiICHIE HOHOB.

1. IIpsimble MeTOBI

CTaTUyecKU METOJI 3aKJII0YaeTCsS B TOM, YTO HaBECKU MOHUTA (OOBIYHO

BO3/yLIHO-CYXOT'0), HACBIIIEHHOIO OJHUM WM OOOMMH OOMEHHBAIOLIMMHUCS
MOHAMHU MPUBOJST B PAaBHOBECHE C PACTBOPAMH CMECH COJIEH TeX K€ MOHOB ITy-
TEM JOCTaTOYHOMPOJOIDKUTENBHOTO BCTpsixuBaHus. [locne qoctuxenus paBHO-
BECUSl MOHUT OTHAEJSAIOT OT PacTBOpa U aHATUTHYECKH OIpPEAENsOT paBHOBEC-
HBII COCTaB MOHOB B pacTBOpe U B MoHHTE. OOMEHUBAaEMbIe MOHBI U3 MOHUTA
JUISL 3TOTO TOJTHOCTBHIO BBITECHSIOT KaKUM-JTHOO TpeTbuM HMOHOM. [Ipu oOmene
MOHOB U3 PacTBOPOB HE CIIMIIKOM BBICOKUX KOHIIEHTpauuil (0ObIYHO He OoJee
0,3 Monb/nM®) Ha CHIIBHOKHCIOTHBIX M CUIBHOOCHOBHBIX HMOHHMTAX YAAJATH
AJIEKTPOJIUT U3 MEXK3EPHOBOI'O MPOCTPAHCTBA MOXKHO IMPOMBIBAHUEM MOHUTA BO-
JOM.

B ciyyae 3HauuTEeNbHON COPOIMU 3JEKTPOJIUTa OTMBIBAHHE MOHUTA BO-
O MOKET NPUBOJAUTH K OMIMOKaM B ONPENCICHHUU aOCOMIOTHBIX 3HAUYEHUUH
KOHIICHTpaIuii HOHOB B (pa3e MOHUTA, a TAKXKE K OMIMOKAM B OMPEICIICHUU OT-
HOCHUTEJILHOTO COJIEP)KaHUS MOHOB Ka)KJIOTO BHJa B MOHHUTE. DTU OLIMOKHU BO3-
HUKAIOT IO CIAEAYIOUUM MPUIHNHAM:

1. CocTaB cOpOMPOBAHHOTO AJIEKTPOJIUTA, BOOOIE TOBOPS, MOKET OTJIH-
4aThCsl OT COCTaBa TOM YaCTH MPOTHUBOMOHOB, KOTOpas CBsi3aHa C (PUKCHUPOBAH-

HBIMU OOMEHHBIMU TpyNIaMu;
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2. BriMpIBaHUE COPOMPOBAHHOTO AJIEKTPOJIUTA W3 MOHWUTA BOJOW MOMKET
COMPOBOXKJIATHCSI TIEpepaclpeicIeHUeM HOHOB MEXAY pacTBOopoM U  (azoii
HaOyXIIIETrO HOHUTA.

[IpombIBaTh BOJOM HENB3sI TAKKE COJIEBBIE (DOPMBI JIETKOTHUIAPOIU3YIO-
HIMXCS CTAOOKUCIIOTHBIX U CIIa000CHOBHBIX MOHUTOB. B 3THX cilydasix pacTBop
YAAISIOT MPOAYBaHUEM BO3IyXOM, OTCAChIBaHHEM Ha (DHIIBTpE WM MEHTPUDY-
TUPOBAHUEM.

NHorna B CTaTMYECKOM METOJE KOJIMYECTBA COPOMPOBAHHBIX HMOHOB
omnpenensoT no OanaHcy, 0e3 aHanu3a (a3bl MOHUTA, 3HAsl Pa3HOCTh KOHIICH-
Tpaluil UCXOJIHOTO U PaBHOBECHOTO PACTBOPOB, YTO SIBIISIETCS MEHEE TOUHBIM.
Kpome Toro, TOUHOCTh 3HAYUTEIIHPHO CHUKACTCS TEM, YTO TIPOUCXOMST TPYIHO-
YYUTBIBAEMOE HM3MEHECHHE O0BhEMa pacTBOpa BCICACTBHE HaOyXaHHWs HOHHUTA
(0coOeHHO B ciydae ci1aboCHIUTHIXCUIBHOHA0YXAIOIINX CMOJT).

Pa3HOBUAHOCTBIO CTAaTHYECKOTO SIBIISICTCS TaK HA3BIBAEMBIN IMPOTPECCHB-

HO-CTYII€HYaThIM MeTo. 1o 9TOMY MCTOOY K HABCCKC MOHUTA U3BECTHOU €MKO-

CTH, HACBIIIEHHOTO OJHUM U3 OOMEHHUBAIOLINXCS MOHOB A, M0OABISIOT Ompeie-
JICHHBIM 00BEM pacTBOpa C U3BECTHBIM COAEPKaHUEM JIPYroro oOMEHHMBAIOIIE-
rocs noHa B. Tlocrme noctmkeHusi paBHOBECHS OTOHMPAIOT ATMKBOTHYIO 4YacTh
PaBHOBECHOTO PacTBOPAa, B KOTOPOW aHAIMTUYECKH OINPEACINSIETCS COJAEpKaHUE
OOMEHHBAIOITUXCSI MOHOB, @ K OCTABIIEMYCS B KOHTaKTE€ C MOHHTOM PaCTBOPY
00aBJISIIOT HOBYIO MOPITUIO HCXOAHOTO PacTBOPA, COAEPKAIIETO ONPEIETICHHOE
KoJinuecTBO MOHOB B. IToBTOpSis onmucaHHyIO Onepaluio U MPOU3BOAs COOTBET-
CTBYIOIIMI pacyeT, MOXKHO TMOJIYYHTh U30TEPMYy OOMEHa. ITOT METOH Tpedyer
MEHBbIIIE MaTepUAIOB, YeM OOBIYHBIN cTaThuueckuil. OTHAKO Hapsy C HEJAO0CTAaT-
KaMU, MPUCYIIUMH TOMY BapUaHTy CTaTUYECKOrO0 METOJIa, B KOTOPOM MPOU3BO-
JUTCSl aHAJIM3 TOJILKO (ha3bl pacTBOpa, MPOTPECCHBHO — CTYNEHYATHIA METOJT
elle MEHee TOYEH B pe3ysbTaTe MOCIEIOBATENIbHOIO HAJIOKEHHUS OLIMOOK B
OTIPEJICTICHUH PaBHOBECHOTO COCTaBa (pa3bl MOHHUTA MO PA3HOCTU MEXKIAY €MKO-

CTBIO U COACPIKAHHUEM HNOHOB B paCTBOPC.
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K nmpsmbiM MeTO/laM OTHOCUTCSA TaKXe ‘KOJOHOYHBIN’, B KOTOPOM pac-

TBOp, COJEp)KalIUii OOMEHMBAIOIIMECS HWOHBI, IPOIYCKAIOT 4Yepe3 HABECKY
MOHWTA, TIOMEUIEHHOTO B KOJIOHKY, 10 T€X IOp, MOKa COCTaB BBIXOJSIIETO M3
KOJIOHKH PacTBOpa HE CTAHET PaBHBIM COCTABY BXOJAIIET0. DTO O3HAYAET, YTO
WOHUT IIPOILIEII B PABHOBECHE C ITOABAEMBIM B KOJIOHKY PACTBOPOM.

Takol cnoco0 mpuBeAEHUS B PAaBHOBECHE PEKOMEHIYETCSI UCIIOJIb30BATh
JUIl CUJIBHOKHUCIIOTHBIX M CHJIBHOOCHOBHBIX MOHUTOB. PaBHOBECHBIN HOHHBIN
COCTaB OOMEHHMKA OINpEAENAeTCs IOCIE OTACIEHUS pacTBopa (CM.BBILIE) U
IIOJIHOTO BBITECHEHUS COPOMPOBAHHBIX HMOHOB BCIIOMOTaTelbHbIM. Pacuer o

MPOBOAUTCS 110 hopmyJie
— C_Ie ) CA
Oa-Cg

rae Ca/Cp — OTHOIIEHHE KOHIIEHTpAIlMK HOHOB A U B B ucxogHOM pac-

@ (2.10)

TBOPC, qy — OTHOHIICHHC KOJINYCCTBA MOHOB A u B (MBKB), BBITCCHCHHBIX M3
da

MOHUTA.

Kak crartmueckunii, Tak U KOJIOHOYHBIM METOJ MO3BOJISIFOT U3y4aTh PABHO-
BECHOE pacIripejieiicHUue MpH JIF0OBIX COOTHOIICHUSX HOHOB. B crarnueckom me-
TOJIE ATOTO MOKHO JOCTHUYb, U3MEHSA KaK COOTHOILICHUE MEXK]y KOJINYECTBAMU
MOHUTA U PAcTBOpPa, TAK U OTHOCUTEJIbHBIE KOJIMYECTBA HOHOB KaXKJOTO BHJIA B
cucreme. OIHAKO MPU MaJIbIX COAECPKAHUAX OJTHOTO UX KOMIIOHEHTOB B CHCTEME
JIOMTYCTUMBIE U3MEHEHUSI COCTABOB OTPAHUYMBAIOTCS BO3MOKHOCTSMU aHAJIUTH-
YECKOI'0 OINPEICIICHNUS KOHIICHTPAIM. B KOJIOHOYHOM METOJI€ MyTEM CMEIICHUS
MCXOJHBIX PACTBOPOB TOYHOM KOHIIEHTPALIMM MOXHO MPUTOTOBUTH PaCTBOP
J1000T0 COCTaBa JIOCTaTOYHO TOYHO JIaXKe TOTJa, KOrJa aHAIMTHIECKOE OIpe/ie-
JeHre 0€THOr0 KOMIIOHEHTA B MOJYYEHHOM PacTBOPE OCYIIECTBUMO C OOJIBIIIH-
MH OIIMOKaMH.

2.KocBeHHBIE MEeTOAbI
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Meron Cnenunra. B cinyyae 61u3kux 1o cBoiicTBaM MOHOB (koraa a<l,1l

U TpsIMbIE METO/BI AAIOT OOJBIIYIO OIIMOKY) BETMYMHBI Ol YOOHO ONpPEACIISTh
no merony CrneAauHra W3 pe3ysbTaTOB OIbITa MO (POHTAILHOMY pa3/iesICHUIO
HWOHOB.

[Tpu mpoBeeHNU OTBITa CMECh HOHOB A U B mporyckarot uepes3 KOJIOHKY
C MOHUTOM, HACBIIIEHHBIM BCIIOMOTAaTEIbHBIMU HOHAaMU D, KoTopbeie copoupy-
I0TCsl cialee, yeM HccieayeMble. BHauane BBIXOASIINUNA U3 KOJOHHBI PacTBOP
COJICP)KUT BBITECHSIOIINECS U3 MOHUTA BcromorarenbHbie noHbI D. Ilepen mo-
SBJICHHEM B (DWIbTpaTe MEPBBIX Cle0B HOHOB A m B (paknumsamu HaunmHArOT
otOupaTh pactBop. ['onoBHBIE (Ppakiy BHIXOMSAIIEH U3 KOJOHHBI cMecu 000-
raiieHsl ciradee COpOUpPyeMbIM KOMITOHEHTOM (PUCYHOK 2.2).

i H o

W,

Pucynox?2.2. Buo 6vbixo0Hotl Kpusoi npu hponmanrbHom anaiuse uoHos A
uB.

B nocnenyromux ¢pakuusax odoraieHue yMEHBIIAeTCs, a 3aTeM COCTaB
BBIXOJISIIIIETO PACTBOPA CTAHOBUTCS PaBHBIM COCTaBY MOCTYIAIOIIETO B KOJIOHHY
pacTBopa. DTO 03HAYAET, YTO MOHUT IPUILIET B PABHOBECUE C MCXOJHBIM pac-
TBOpOM. [TOCKOIBbKY YMEHBIIICHHUE JTOJIU CUITbHEE COPOUPYIONIETOCS KOMIIOHEHTA
B BBIXOSIIIIEM U3 KOJOHHBI pacTBOPE MO CPABHEHUIO C MOCTYIMAKOUIUM JIOJKHO
MPOUCXOJIUTH 32 CUET YBEIUYEHUS €T0 COAEPKaHUsl B HOHUTE, TO MO HAKOILIe-
HUIO ciiabee copOMpyeMOro MoHa B BBILIEAIIEM M3 KOJOHHBI PAaCTBOPE MOYKHO

paccuutath o.Pacuet npoBoasT no ¢popmyre:



123

Zf:ViCi (Xo —Xi)

&  _i=
1+ exg Q- Xo(1—Xp)

(2.11)

e €= a-1, XQu x.- 9KBUBAJIICHTHBIC JI0JIM CHIIbHEE COPOUPYEMOTO HOHA.
B ncxonHoit cMecu U B i- (pakiuy BEIXOAAIIETO PacTBOpa; Vi - 00beM | -
poOsI (M), Cj - CyMMapHasi KOHLIEHTpauust HoHOB A u B B Heil (), f - kommde-

CTBO OTOOpaHHBIX (pakiuii, Q - copOIMOHHAs €MKOCTh MOHHTA B KOJIOHHE
(oOr1ee KOJIMYECTBO COPOMPOBAHHBIX HOHOB A U B, MIKB.).

B crmydae cunmbHO HaOyxaronx MOHUTOB BeaudrHa QMOXKET 3HAYHTEIb-
HO OTJIMYATHCA OT IMOJIHOW €MKOCTH MOHUTA B KOJIOHHE BCJIEICTBHE CBEPXIKBU-
BaJICHTHOM COPOIIMY JIEKTPOJIUTA.

OnucaHHBI METOJT BECbMa TPYJO0EMOK U €r0 1LeJIeCO00pa3HO HCIOJb30-
BaTh MpU omnpejieseHuu Koddduiimenta pa3aeieHusl oueHb OJM3KUX M0 COpOu-
PYEMOCTH HOHOB, HAIIPUMEP, H30TOITHBIX, KorAa 00Jiee MPOCThIE METOIBI HE MO-
I'yT OBITh UCIIOJIL30BaHbI U3-3a HEAOCTATOYHON TOYHOCTH METOJIOB aHAJIN3A.

2.1. Ilenv pabomeor.

OmnpeneneHrexapakTEPUCTUK PAaBHOBECHS OOMEHA MOHOB IIEJIOYHOTO WU

ICJI0OYHO-3CMCIIBHOI'O MCTAJlJIa Ha IIPOTOHLI KaTHOHOOOMEHHOM cMoabl B H-

dbopme.
2.2. O6vexkmbl u cpeocmea uccie006aHus.
1. KarnonooOmennast cmona B H-dopwme;
2. Kon6s1 BMectuMocThio 100 em?, 10 mT.;
3. BropeTka Ui TATPOBAHUS BMECTUMOCTEIO 25 ¢M°, 2 miT.;
4, CrexyisiHHasi HOHOOOMEHHAsI KOJIOHKA C BHYTPEHHHUM JTUAMETPOM

10-15 mm u Beicotoi 100-120 mm, 3anonHeHHas cyiabdokaTnoHUTOMKY -2-8;
5. MepHsle k01651 BMecTHMOCTEIO 50, 100, 250, 2000 cm3;
6. [TuneTKkn BMECTUMOCTBIO 5 1 10 cm®;

7. KoHuueckne KooObl ISl TATPOBAHUS BMECTUMOCTEIO 250 cm?;
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8. MepHBIi HUIHHAP BMECTUMOCTBIO 250 cm?;

Q. ['unpoxcun Hatpusi, Boaubii pactBop,C(1/1 NaOH ) = 0,02 mounb/
am3; C(1/1 NaOH ) = 0,1 mons/ am3,;

10.  Xnopux meramna, Bogusiii pactsop,C(1/1 MCI ) = 0,1 mons/ am3;

11.  Comnsnas xucnora, Boauslii pactsop, C(1/1HCI) = 1mons/qm3;

12.  Conu menoyHbIx MeTauioB, BonaHbIM pactBop C(1/1MeX) =
0, 1moms/ am3;

13. Hnaukarop dpeHondranens,

14.  AnmapaT A BCTpSXUBAHHUSL.

2.2. Ilpozpamma padomel.

2.2.1. Onpeoenenue Koncmanmeol pagHoBecus 0OMeHa UOHO8 W eI0YHO-
20 UNU WESI0UHO-3EMEIbHO20 MEMalla HA NPOMOHbl KAMUOHOOOMEHHOI
cmonwt 6 H-ghopme.

B xon6b1 ¢ HaBeckamu cMoisl 0,5 T no6asmsoT o 50 cm® pacteopa comu
¢ xkonuentpanueii 0,02; 0,04; 0,06; 0,08; 0,1 mons/nm3.HaBecku GepyTest ¢ TOU-
Hocthio 70 0,001 r; pactBopel — 10 0,1 cM3. Jlns ycTaHOBIEHUS paBHOBECHS
KOJIOBI BCTPSIXWBAIOT B ammapare JJIsl BCTPSIXWUBAHUS B TCUCHHE CYTOK.B ammk-
BOTHOM YacTH PaBHOBECHBIX PACTBOPOB OIPEACISAIOT KOHIIEHTPAIIMH BbIICIIUB-
IIMXCS MOHOB Bojopoda TutpoBanueM pactsopom C(Y/{NaOH) = 0,02 mons/
am3c mamukaTopoMm (enondranernnom.[lonyueHHbIE NaHHBIE U PACCYUTAHHBIE

BEJIMYMHBI 3aIIMCBIBAIOTCA B BUAE TaOMUIbI2. 1.

Tabmanma 2.1.
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Pe3ynbrarsl onpesenenns KOHCTaHThl paBHOBeCUs oOMeHa MOHOB Ha H-

dbopme CMOJIBI.

—T ™ @) M1
= Q
= T T3
= = (a¥
t‘Gctg ootsj
> o o S S g2 &
o = M
E o =l 5 = 2 = o Q0 m
o |o B 2 g E LT 2 o 2 %
= ol HF O H = I
5 | o & Al o = o R o o M o
©] S H| H = = mﬁqlm :
’:Em -+ < = o o
= Q m = B O
o IS ° 9o S A T = |2 &€ s a A x| &
S ~ 7R ~ N < VRN < [ o o [ s ) = S a = S M o

HOHY‘-ICHHBIG PE3YJIbTAThL 06pa6aTBIBaIOTCH C IIOMOIIBIO 3aKOHa I[Cﬁ-

CTBYIOIIHUX MacCC.

J{ns peakuuu:

Me* + HR&MeR + H* (2.12)
HR- Bogopoanas ¢popma cmolisl,
MeR — coneBast hopma cMOIBI (J1s1 OJTHOBAJICHTHBIX METAJIJIOB)

KoncranTa paBHOBeECHS:

__ (B -[B]
[Bn—B]-[Bo - B] (2.13)

Ecau 0003HAUUTE:

Bm — ob1iee konruecTBO 0OMEHHBIX TpymiB 0,5 T CMOJIbI, MIKB,
B,- ncxoaHoe KoM4ecTBO coii (MIKB),

B - xonmmuecTBO OOMEHSBIIMXCS HOHOB (MIKB), TO

BZ
K =
(B, — B) - (Bn—B) (14)
Bn—B 1 B 1 1 1 B

wHB k B,—B'°™™ B Bu k-Bn B,-B
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3nas B, u onpenensisa BenuunHy B, paBHYI0 KOJIMYECTBY BBLACIUBIINXCS
HMOHOB BOJIOPOAA, MOKHO MOCTPOUTH (ISl OJMHAKOBBIX HABECOK CMOJIbI) KPH-
BbIe 3aBucuMocTH 1/B ot B/ B, — B.Ecnu peakmus nonHoro oomMeHa moauHs-
€TCS 3aKOHY JEHUCTBYIOIIUX MAacC U JIJIsl BHIOPAHHBIX B 3a7a4€ YCIOBUM MOXKHO
MPUHATh YPAaBHEHHE 3aKOHA JCHCTBYIOIIMX MAacC C HCMHOJIb30BAHHEM KOHIICH-
Tpaluil BMECTO aKTUBHOCTEH, TO JIOJKHA IMOJYYHUTHCS JIMHEMHAs 3aBUCUMOCTH
(pucynok 3.3).Benmnuuna B naxomutcst u3 rpaduka (1/ By — OTHOCHTENIBHBIM
y4acTOK Ha OCH OpJHMHAT). 3HaueHus K pacCUMTBIBAIOTCS U3 MOJYYCHHBIX IS
KQKJI0M TOUKH (C HalJEeHHBIM rpaduyeckum B), mocie yero HaxoauTcs: CpeIHss

apumernueckas BeanunHa Kp.

1/B

0,7+

0,61
0,5

04 i ; i
2 3 (B/B,-B)

Pucynox2.3. 3asucumocmo 1/B om B/ B,-B 011 obmenaconu 6 cmone ¢ H-

—

gopme.

2.2.2. Onpeodenenue KoIhuuyuenma pazoeneHus UOHO8 WLETOYHBIX
Memanioe KoJ10HOYHbIM MENOOOM.

Yepe3 KOJOHKY ¢ KaTHOHHTOM, HACBHINICHHBIM HOHOM A", MPOMyCKarT
pacteop C= 0,1 mons/ am3, copepxamuii katronsl A* u B* B oTHOmEHMH, yKa-
3aHHOM mpernoAaBaTeneM.O0beM MPoyCKaeMOoro pacTBOpa OIICHUBAETCS U3 TEX
COoOOpakeHU, 4TOOBI KOJIMYECTBO MOIKB clabee COpOMpYeMOro KOMIIOHEHTa
OBLJIO0 OB HE MEHBIIIE EMKOCTH MOHHUTA B KOJIOHKE. CKOPOCTh MPOITYCKAaHMS pac-

TBOpa 1-2 cM>/MuH.
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[Tocne mocTukeHUs paBHOBECUSI MOHUT MPOMBIBAIOT BOJIOM M uepe3 Ko-
JIOHKY TMPOIYCKAIOT PacTBOp, coaepkamuidi nonsl D ansa BeiTecHenus:t A u B. B
cily4ae, Korja OnpeaessiioT o JUisl IBYX MOHOB IIEJOYHBIX METaNIOB, BBITECHE-

Hue yno6no nposoauts pactsopom C(1/1HCI) = 1 mons/mme. Ecnu e usydaer-

csl paBHOBECHE OOMEHa MOHA IIEJOYHOro MeTamna Ha moH HT, To BeITecHATH
MOkHO pacTBopoM xnopuaa (0,5 Moms/mme) kakoro-nmmbo Ipyroro MEIOYHOrO
Metauia. [lonHOTy BeITeCHEHUS HOHOB A W B mpoBepsIOT aHAIM30M BBITEKAIO-
IIEr0 pacTBOpa C MOMOIUIBIO IJIAaMEHHOTO criekTpodoTomerpa. [locne BeITeCHE-
HUSI KATUOHOB A M B M3 MOHUTA B MOJIy4EHHOM PaCTBOPE OMPEACIAIOT OTHOIIIE-
HUE KOHLEHTpanuuid MOHOB A U B (Im1aMeHHO-CIEKTPOPOTOMETPUUECKH WU

TuTpoBanueM). Pacuer oz AipoBoasT no ¢popmyite (2.10).
[Tocne mpoBeieHNsI aHAJTOTUYHOTO OTBITA HAa TOU )K€ KOJIOHHE, HO TOJbKO
C CyJIb(OKATHOHUTOM, HACHIIICHHOM HOHOM B, Takke HoiydaroT og™.
BennunHa o 10DKHA HE 3aBHCETh OT TOTO, B KAKOU (hopMe HaXOMMICS
Cynb()OKATHOHUT TIEPE]T MPUBEICHUEM B pPaBHOBECHE C HCXOIHBIM PACTBOPOM U
MI09TOMY COBNAJCHHE IIOJYYCHHBIX BEJIMYUH O MOATBEPIKAACT HAJCIKHOCTB
TOJy4ECHHOTO 3HAUCHHUS Olg™.

JlpyruM KpuUTE€pHUEM HAJICKHOCTH CIYKUT COBIIAJICHUE CYMMApHOTO KO-
JUYECTBA BBHITECHEHHBIX MOHOB A M B ¢ oOMeHHOW eMKOCThIO HMoHHTA. JIJIs
onpeeneHus: OOMEHHON €MKOCTH MOHUT mepeBoasT B H-dopmy, mpombiBaroT
BOJI0M, 00pabaThIBAIOT XJIOPUAOM IIEJIOYHOTO METAJIJIa JIO MOJIHOTO BBITECHEHUS

H" - HOHOB M OTTUTPOBBIBAIOT KUCIIOTY B COOPAHHOM PAcCTBOPE.
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Jlabopamopnasa paboma Ne3.0npedenenue Humpama Hampus 6 pac-
meope mMemooom UOHHO20 0OMeHa

Beeoenue

Meton MOHHOTO OOMEHA HCMOJIB3YeTCS B AHATMTUYECKON XUMHUU IS
KOHILIEHTPUPOBAHMSI MOHOB U3 Pa30aBICHHBIX PACTBOPOB, OIpEAENICHUs 00IIEero
COJIep>KaHMs COJIe B BOAHBIX PACTBOPAX, YJaJCHUsI MEIIAIOIIUX HOHOB.

Meron MOHHOTO OOMEHa JaeT BO3MOXKHOCTh Pa3JeisaTh MJIaTUHOBBIE Me-
TaJUIbl, CIIOCOOHBIE B OJIHUX M TEX K€ YCIOBUSX 00pa30BbIBATh UOHBI C pa3yiny-
HbIMU 3apsgamMu. B Metone noHooOMeHHOU xpomatorpaduu A pa3feicHus
IJJATUHOBBIX METAJUIOB MCHOJIB3YIOTCS MOYTH BCE TE€ pas3iMuus B CBOMCTBaX
IJJATUHOBBIX METAILIOB, OJarojiaps KOTOPHIM YJAETCsl pa3/ieNIuTh 3T METAJLIbI
MIPU TTOMOIIN XUMUYECKUX METOIOB.

Meroa mOHHOTO OOMEHa MpeJICTaBIseT OOJIBIION HHTEPEC B TEX CIIydasX,
Korja TpeOyeTcsl OnpeesiuTh Co/iepKaHre OOpHOU KUCIOTHL. [[eno B TOM, 4To
OOpHasi KHCJIOTa MOXET OBbITh TOYHO OIpEACNICHa B PacTBOPE, MPOIMYIICHHOM
yepes KOJIOHKY ¢ kaTuoHuToM B H - opMme, naxke B MpUCYTCTBUU MHOTUX JPY-
rUX KACJIOT. JIJist 3TOM 1eIM MOJIE3€H XOPOIO M3BECTHBIA METO]I, OCHOBAHHBIM
Ha HEUTpaIM3aldu pacTBopa C MOCIEAYIONINM J00aBICHUEM MAaHHUTA U TUTPO-
BaHHEM 00Pa3yIOIIErocsi KOMIUJIEKCa OOPHOM KUCIIOTHI.

Meron unonHoro oOMena HauOosiee yAO0O€H JUIsl aHAJIM30B B TOJIEBBIX
ycioBusix. [IpoMbIBaTh KOJOHKY AMCTHJLTUPOBAHHOW BOJOW HE 0053aTENBHO.
BmecTo 3Toro MoHO MpOU3BOJUTH OMpEEIeHNE U3 aTUKBOTHOM YacTH BBITE-
KaoIIero pacTBOpa, MpUUEM MepBasi MOPIHUS BHITEKAIOIIETO pacTBOpa O0TOpaChI-
Baetcs. [Ipu »ToM HEOOX0IMMO, KOHEUHO, YTOOBI MPUMEHSAEMbIN KaTHOHUT HE
o0Jazan aacopOIMOHHBIM CPOACTBOM K BBIACIISIIONIMMCS KUCIOTaM. B mpakTuke
aHAJIM30B BOJIBI IPUHSITO TOJIB30BATHCS KOJOHKAMU OOJBIIIECH €MKOCTH, YEM ITO
HEO0OXOJIMMO ISl OJTHOKPATHOTO OMNpEESIeHUs, U MPOU3BOAUTH IEIYIO CEPUIO

aHaJIu30B 0e3 percHCpan KOJOHKHU MCKIY OTACIIbHBIMU OIIPCIACICHUAMU.
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MeToa MOHHOTO OOMEHa MPUMEHSETCS Al OYUCTKU CTOYHBIX BOJ MpPE-
NPUATAN METaJUTypru4ecKo, XUMUYECKON, KOKCOXUMHUYECKOM, MAaIIMHOCTPOU-
TEJIbHOU U JPYTUX OTPACIIEH MPOMBIIUIEHHOCTH.

Meton nOHHOr0 0OMEHa HaXOJUT IIMPOKOE MPUMEHEHUE B TaJIbBaHOILIA-
CTUKE M aHOJAMPOBAHUU MPU 00pabOTKE MCTOIIEHHBIX WIM 3arpsi3HEHHBIX pac-
TBOPOB B LEJIX WX MOBTOPHOI'O HMCIIOJB30BaHUsA, a TAKXKE Uil BBIACICHUS U
KOHIICHTPAIIMU LIEHHBIX BEUIECTB U3 CTOYHBIX BOJI TPABWJIBHBIX U raJbBaHHUYE-
CKUX LIEXOB. DTOT METOJ] IPUMEHSETCS B MPOMBIIIJICHHOM MaciiTabe npu Tpas-
JeHuu cTaiu GocPOpHON KUCIOTOW WIIM MPU TPaBICHUU MarHusi yKCyCHOW KHUC-
J0TOW. Bee onepanuu 1o M3BJICUYEHUIO KUCIOTHI IIOJIHOCTBIO aBTOMAaTU3UPOBa-
Hbl, B TOM YHUCJ€ aHalIu3bl pabO4YMX pAacCTBOPOB U MOJaya MX HA YCTAHOBKY.
[IpumMeHeHune 3Toro MeToga SKOHOMUYECKU BBITOJIHO, TaK Kak (ochopHas u yk-
CyCHasi KMCIJIOTBl PETreHEpUPYIOTCA 3a cueT OoJjee JeUIeBOW CEpHON KHUCIOTHI.
KpomMe Toro, aBTOMarndeckoe - MOAAECPKAHUE B CUCTEME TOYHOW KOHIIEHTpa-
UM KHUCJIOTBI COKpAIlaeT BpeMs 0OpaOOTKM U3JENUNA M YJIydllIaeT KadyeCTBO
TPaBJICHHUS.

Meton MOHHOTO OOMEHa MEXIy MOHAMM, HaXOASIIMMUCS B pacTBOpE, U
MOHAMU, MPUCYTCTBYIONIMMHU Ha TIOBEPXHOCTH TBEPIOM (a3bl (MOHHUTA), TIO3BO-
JSIeT U3BJIEKATh U YTUIM3UPOBATh U3 CTOUYHBIX BOJ| LIEHHBIE MPUMECH (COEIUHE-
HUS MbIIIbsKa, pocdopa, a TaKkKe XpoM, [IMHK, CBUHEL, M€/lb, PTYTh), paJloaK-
TUBHBIE BemiecTBa. [Ipu 3TOM cTouHas BoJa MOKET ObITh OUMILIEHA JI0 MPEAeIb-
HO JIOIYCTHUMBIX KOHLIEHTPALMM BPEAHBIX BEIIECTB M UCIIOIb30BATHCS B TEXHO-
JIOTHYECKHX MpOoLeccaxX WK B cucTeMax 000pOTHOrO BOAOOOECIICUEHMS.

Meton noHHOTO OOMEHa, paHee MPUMEHSBIIUNCS B aHAIMTHYECKON XH-
MUH, B TIOCIEIHUE TO/Ibl TIOJIyYaeT BCe OOJIbIIEE UCIOIb30BaHUE B TEXHOJIOTHH
peHus. PeHnii Kak B IIEIOYHBIX, TAK U KUCIBIX PACTBOPAxX MPUCYTCTBYET B BUJIE
aHnoHOB. [loaTOMY MIIA €ro u3BJiEYEHUsI MPUMEHUMBI TOJIBKO aHUOHUTHI. Mak-
CUMaJlbHasi COpOMPYEMOCTh PEHHUsI Ha CMOJIaX HaOIOAaeTcs B HEUTpaIbHBIX

pacTBOpax. B IICJIOYHBIX U CIIC CUIIBHCC B KHUCJIBIX PACTBOpAX EMKOCTh CMOJI I10
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peHuto cHmxkaetTcs. CUIbHOOCHOBHBIE aHHMOHUTHI THHa AB-17, BodaTtut SBW
nnu amoepaut IRA-410 umeroT GOJbIIYI0O €MKOCTh MO PEHHUIO B CPaBHEHHUH C
HU3KOOCHOBHBIMU. Hamnbosbiiyto emkocth no penuto (13 % oT Macchl CMOJIbI)
uMeroT cMoJibl ACB®-1 u TOOD.

Meton HOHHOTO 0OOMEHA MOXET ObITh MMPUMEHEH U JIsl ONPECHEHUST MHU-
HEpaJIU30BaHHBIX BOJ, HO OOJIBIIIUE PACXO/bl HA TEXHOJIOTUUECKUIN MpOolLecC Mo-
Jy4eHUs ONPECHEHHOW BOJIbI TOKA OIPAaHUYUBAIOT €r0 MPUMEHEHHE.

Meron MOHHOTO OOMEHa IIMPOKO MPUMEHSETCS MPU OYHCTKE CTOYHBIX
BOJI, COACPKAIIUX MOHBI TKEIBIX METaJUIoB, aHTUOMOTUKH, [TAB, kpacuTenu,
opraHuyeckue KucioTel. [IpenmyiecTBa 3Toro MeToa nepea TpaaguluOHHBIMU
3aKJIIOYAIOTCSA B BOBMOXKHOCTH YTUJIM3AIMU IEHHBIX MPOAYKTOB, COACPKAIIUXCS
B CTOUHBIX BOJIaX, COKpAIIEHUU 00beMa cOpachlBaeMbIX CTOKOB, CHHIKEHUH pac-
X0Jla PEareHTOB, 3HAUUTEIILHOM YMEHBIICHUU IOMIAACH, 3aHATHIX OUYUCTHBIMU
YCTAHOBKaMH.

Metoa HOHHOTO OOMEHa TO3BOJISIET OMPENENATh TAKUE BAXKHBIE XapaKTe-
PUCTUKHU COCTOSIHUSI, KaK 3HAK M 3HAUYCHHUE 3apsiia MOHOB B PacTBOPE, a TaKXKe
SBJISIETCS JOCTATOUYHO HAJEKHBIM U YJIOOHBIM JIJIsl U3YUYEHUS TUIPOJI3a U KOM-
MJIEKCO00pa30BaHuUs.

Metoa noHHOTO OOMEHa Ha CHEIUaIbHO MO00pPaHHBIX MOHUTAX SIBIISCT-
csi BecbMa 3(PGEKTUBHBIM U MO3BOJISIET JOCTHYb CTETIEHU OYHCTKH, YJIOBJIETBO-
pAIOIIEH caHUTapHBIM HOpMaM. B Hacrosiiiee BpeMsl YCTAaHOBKH OYMCTKH CTOY-
HBIX BOJ METOJOM MOHHOTO OOMEHAa HAaUMHAIOT BHEIPATHCS HA MPEANPUITHUSX,
OJIHAKO MIMPOKOMY BHEIPEHUIO TTOKA MPEMIATCTBYIOT Je(MUIIUT U BHICOKASI CTOM-
MOCTb CIIeIIMaTbHBIX HOHOOOMEHHBIX CMOJL.

Meton MOHHOrO OOMEHa TO3BOJISIET ONMPENEIUTh B KpEeMHe3eMe oOiiee
CoJlep)KaHNE TOBEPXHOCTHBIX (CBOOOJHBIX M CBSI3aHHBIX) THAPOKCHIBHBIX
TPYIII, YeM MOXHO OOBSICHUTh 3HAUYUTENILHO OOJIbIINE 3HAUCHUSI KOHIICHTPALIUH

OH-rpynmn s Tex e KpeMHE3E€MOB.
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Meton nOHHOTO OOMEHA TO3BOJISIET U3BJICYb W3 CTOYHOW YKUIKOCTH IICH-
HbI€ BEIIECTBA U MOBTOPHO MX HCIOJIb30BaTh, OJTHAKO ATOT MeToA dPpPeKkTuBeH
TOJIBKO JIJIS OYMCTKH MPO3PAYHBIX BOJI C HEOOJIBIITUM COJICCOACPIKAHUECM.

MeTtox MOHHOTO OOMEHa TMO3BOJISIET KOHIIEHTPHPOBATH PACTBOPHI COJIEH
METaJUIOB U U3BJIEKATh W3 HUX KATHOHBI METAUIOB. MOXHO OTAENATh aHUOHBI,
Harpumep (ochaT-noHbI, MENIAIOIINE OMPEICICHUI0 KaTHOHOB, WU OTACIATH
KaTHOHBI, MEIIAIOIINE ONPEIETICHUIO aHUOHOB.

Meron noHHOTO OOMEHa MPUMEHSAETCS U KaK METOJ pa3/elieHus U Kak
METOJI KOHUECHTPUPOBAHUS MpUMeceil. B ciydae KOHUEHTPUPOBAHUS OMpeEnAe-
JICHHBIM 00BEM HCCIIETyeMOM >KUJIKOCTH Tak)Ke IMPOITYCKAeTCsl uepe3 MOHO00-
MEHHYIO KOJIOHKY, 3alIOJIJHCHHYIO B COOTBETCTBUHU C 3aJlauyeii KaTHOHUTOM WJIH
aanoHUTOM. [IpM mocieayromeil perenepauu HOHUTA ONPEACIICHHBIM PETCHE-
PHUPYIOIIUM PAaCTBOPOM, 00bEM KOTOPOTO MHOTO MEHBIIIE 00bheMa UCCIIEyeMOTro
pacTBOpa, MOJydaeTcss KOHIICHTPUPOBAHHBIA PAaCTBOP aHAIM3HPYEMBIX IPHME-
Cell.

Meton0M HOHHOTO OOMEHa HanboJiee MOJIHO U3YYeHA XUMUSI KOMIUICKC-
HBIX COCAMHCHUI HENTYHUS B CAMOM YCTOMYHBOM - ISITUBAJICHTHOM COCTOSTHUH.
Jlnst ompeneneHusl cocTaBa M KOHCTAHT YCTOMYMBOCTH HAXOJSAT BEJIUYMHBI KO-
s unmenToB pacrpenencHus Npv MexXay KaTHOHHUTOM U PacTBOpaMU KOM-
rIeKcooOpa3oBaTessi B BHIOPAHHBIX YCIOBUSIX OIBITA.

[Ipumenenne MeToAa MOHHOTO OOMEHa K HCCIEAOBAHUIO KOMILUIEKCHBIX
COCIMHECHHUI CBSI3aHO C KOJMYECTBEHHOW OIICHKON paBHOBECHS B pacTBOpax B
MPUCYTCTBUH HOHOOOMEHHUKOB.

[IpeumyiiecTBaMu METOJIa MOHHOTO OOMEHA SIBJISIFOTCS: TIPOCTOTa U JIO-
CTYITHOCTH aIlapaTyphbl, OBICTPOTa METO/Ia, BBICOKAs M30MPATEILHOCTD, TIO3BO-
JISTOIAs TOTy4YaTh B YUCTOM BHUE OJM3KHE MO CBOMCTBAM BEIIECTBA, BO3MOXK-
HOCTh percHepaliii MOHUTA, aBTOMAaTH3aIMK IpoIiecca, OCOOCHHO MpHU pase-
JICHUU PaTUOAKTUBHBIX BEIIECTB, KOJUYECTBO KOTOPBIX B (UIBTPATE JIETKO pe-

T'UCTPpUPOBATh UBMCPCHHUCM PAANOAKTHUBHOCTH BBITCKAIOIICTO pacTBOPA.
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3.1. I]env pabomot:

KonuyectBeHHOE oOmpeniesieHne HUTpaTa HaTpus B BOJHOM pPacTBOpPE C
UCITOJIb30BaHUEM KaTrnoHnuTa KY-2.

3.2. Obvekmul u cpedcmea ucci1e008aHuA.

1. Xpomatorpadudeckas KOJIOHKa TuaMeTpoM 1 ¢cM U BBICOTOM 25 cM,
3aroyiHeHHas katuoHutom KVY-2;

2. XopoBojiopoiHasi KuciaoTta, BoaHbld pactBop C(1/1 HCI) = 2
MOJIB/M®:

3. I'mapokcun Hatpus, BoaHbld pactBop,C(1/1 NaOH ) = 0,1
MOJIb/mM>;

4.  Hurpar marpus, C(1/1 NaNO;z ) = 1 moms/mm3;

5 BropeTka BMECTUMOCTBIO 25 cM3, 1 1T

6. I'pagyupoannas numetka 10 cm®, 1 mr;

7 MepHnas ko16a BMecTUMOCThIO 50 cm3, 1 .

8 Kon6a ains tTutpoBanus BMecTUMOCTBIO 100 cm3, 1 it

9. NHaukaTopbl METUIIOBBIA OpPaHKEBBIN U (DEHOIPTATEHH.
3.3. [Iporpamma paboTHI.
3.3.1. Omnpenenenue HUTpaTa HATPUS B pACTBOPE METOJIOM MOHHOTO OOMEHa.

Jlns mepeBosia B BOJOpOoAHYIO dhopmy cycrneHsuto nonutra KY-2 nepeno-
CAT B KOJIOHKY 1 nporyckaroT pacteop C(1/1 HCI) = 2 momas/am® co ckopocThio
2-4 cv®/mun (100cm®).ITocne 3TOro HOHUT OTMBIBAIOT OT KMCIIOTHI JUCTUILIHPO-
BAHHOW BOJIOM, KOHTPOJIMPYS PEAKIUIO CPEABI C MTOMOIIBIO YHUBEPCATIBHON WH-
nukatopHoit Oymaru. Hajg cioem kaTmoHUTa BCE BpeMsl JOJDKHA HAaXOIUTHCS
KUIKOCTh BBICOTOM He MeHee | cMm. [Ipu oOpa3oBaHWM B KOJIOHKE MY3BIPHKOB
KaTHOHUT B3PBIXJIAIOT CTCKISTHHOW TMAajJ0YKOW WJIM MPOTHBOTOKOM BOJBI C TIO-
MOIIBK PE3MHOBOU IpylId. KOHTPOJIBHBINM paCTBOP HUTpATa HATPUS, MOJTYyUYEH-
HBIN y IpernoaaBaTess, MPOMyCKaT Yepe3 KOJIOHKY ¢ HOHUTOM CO CKOPOCTHIO
1-2 xaruim B CEKyHIY.

RH+NaNO3;=RNa+HNO;
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BriTekaromuii 13 KOJIOHKH pacTBOP COOMPAIOT B KOJIOY JJI1 TUTPOBAHUSI.

JIJisi TOTHOTO BBIMBIBAaHUS BBIJICIUBIIEHCS a30THOW KHUCJIOTBHI Yepe3 KO-
JIOHKY TIPOITyCcKaroT 25-30 ¢M® IMCTUIUIMPOBAHHON BOIBI CO CKOPOCTBIO 2 KaIlIu
B CEKyHJy, TIIaTEeJIbHO cOOMpasi MPOMBIBHBIE BOABI B Ty ke KonOy. I[IpombiBa-
HUE KOJIOHKM BOJOM 3aKaHUMBAIOT, KOrJa peakuus ¢(uibTpara CTaHET
HEUTpaIbHOM (KOHTPOJIb MO0 YHUBEPCAIBHOW HHIMKATOPHOU Oymare).

3.3.2. O6paboTKa pe3ynbTaToB.

KonuyecTBo BbIeNUBILIEHCS a30THOM KUCIOTHI CTPOTO KBUBAJIIEHTHO KO-
JMYECTBY HUTpPATa HATPUsl, TO3ITOMY OTTUTPOBAB KUCJIOTY THAPOKCUIOM HATPHUS
C MHAMKATOPOM (EHONPTATCMHOM MOXHO pacCUUTaTh COJIEpKaHUE HHUTpaTa
Kaius B mpoOe. [ns sTtoro coOpaHHbI (QuiabTpaT I0BOASAT 10 MeTku S0
cm®,0TOMparoT anukBoTy 10 cM® M TUTPYIOT 3apaHee CTaHAAPTHU3UPOBAHHBIM
pacTBOPOM THAPOKCUAA HATPUSL.

O0béMm koaTposHOTO pactBopa NaNOjs; paccuuteiBalOT 1Mo (opmyse
(3.1):

_ C(/INaOH) V0, -5
Nan, C(1/1NaNO,)

(3.1)

rae C(1/1 NaOH) — konuenrpanus pactsopa NaOH, mons/om3;
VNaon — 00beM pactBopa NaOH, n3pacxogoBaHHOrO Ha TUTPOBAHHUE CO-
JEPKUMOTO KOJIOBI, CM°;

C(1/1 NaNO3 )— xonuentpanus pactopa NaNOs, mons/amve,
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Jlaboparopnasi padora Ned. I'azoxpomaTorpaduyeckuii MeToa omnpe-
JeJIeHUs] CO/IePKAHUA TOKCMYHBIX MUKPoNpuMeceii

Beeoenue

I"azoBas xpomatorpadusi — METOJT pa3fesieHus JIeTyuux coeauHenui. [lo-
JNBIKHOM (Da3oil CIy>KUT MHEPTHBIA ra3, Ta3-HOCHUTEINb, MPOTEKAIOMINN Yepe3
HEMOJBIKHYIO (hazy, 00Jaiaonyo OoJbIION MOBEPXHOCTHIO. B KadecTBe mo-
JNBKHOM (Da3pl MCHONIB3YIOT BOJOPOM, TENUi, a30T, aproH, YIJIEKUCIBIA Tas3.
["a3-HOCHUTENH HE B3aMMOJCHCTBYET C pa3/iefiieMbIMU BEIIECTBAMH U C HEMO-
JBW>KHOU (pa3oi.

B 3aBHCHMOCTH OT arperaTHOro COCTOSIHMSI HEMOJBMKHOM (ha3bl pasiu-
YaloT JIBa BHUJIA Ta30BOM XpoMarorpaduu — ra3o-aJicopOoIMOHHYI0 (HETOABUXK-
Has (a3a — TBEPbId HOCUTENb: CHIIMKArelb, yrojib, OKCHJI aJTIOMUHHUS) U Ta30-
KUAKYI0 (HemoABmkHasi (pa3a — >KUJIKOCTb, HAHECEHHAss Ha WHEPTHBIM HOCH-
Tenb). [Ipoluece pa3aenennss OCHOBaH Ha pa3lIMyMU B JIETYYECTH U PACTBOPUMO-
cTH (WK aicopOUpPyeMOCTH) aHAJIM3UPYEMbIX KOMIIOHEHTOB. Hanpumep, ObicT-
pee yepe3 XpoMaTrorpauuecKkyro KOJOHKY ABUKETCS TOT KOMIIOHEHT, pacTBO-
PUMOCTh KOTOPOT'O B HEMOJBMXKHOM (ha3e MEHbIIE, a JeTy4ecTh (yIpyrocTh mna-
pa) pu JaHHOU Temneparype OoJbIle.

["azoxpomaTtorpaguyeckuM METOJIOM MOTYT OBITh MPOAHATU3UPOBAHbBI Ta-
3000pa3Hble, )KUJIKUE U TBEPAbIC BEIIECTBA C MOJEKYJISPHON Maccod MeHbIle
400k/la, yoBIETBOPSIONINE ONPEACICHHBIM TPEOOBAHMSIM, TJIaBHBIE M3 KOTO-
PBIX JIETYYECTh, TEPMOCTAOMIBHOCTh, MHEPTHOCTh U JIETKOCTh Mojdy4deHus. s
OBICTPOTO U MOJIHOTO pa3fesieHusl JOCTaTOUYHO, YTOObI yIpyrocTh napa obuia 1—
4 MM pT. cT. pu pabodyeil TeMrepaType KOJOHKH. bojee yneryuum cuuTaercs
BEILECTBO, YNPYTOCTh Mapa KOTOporo Bheilie. KomuyecTBEHHBIN aHaIM3 MOXKHO
IIPOBECTH TOJIBKO B TOM CJIy4ae, €CJId BEIIECTBO MCHAPSIETCS B J03aTOPE BOC-
MPOU3BOAMMO U AIIOUpPYETCs 0€3 pa3joKeHHUs, T.€. SIBISIETCS TEPMOCTOUKHUM.
[Ipn pazmokeHHH BELIECTBA HA XPOMATOIPAMME MOSIBISIOTCS JIOXKHBIE IUKH,

OTHOCAIIHUECA K IIPOAYKTAM PA3JIOKCHHA. BeI]_[eCTBO HE OOJIXKHO 06p330BI)IBaTI>


http://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BB%D0%BB%D0%B8%D0%BC%D0%B5%D1%82%D1%80_%D1%80%D1%82%D1%83%D1%82%D0%BD%D0%BE%D0%B3%D0%BE_%D1%81%D1%82%D0%BE%D0%BB%D0%B1%D0%B0
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YCTOMYMBBIX COJBBATOB MPH PACTBOPEHUH B HEMOABMKHOW >KUIKON (aze, He
JOJDKHO PearnupoBaTh C MaTepUalaMH, U3 KOTOPBIX M3TOTOBJIEHBI JETald XPO-
matorpada. JXKenarenbHo paboTaTh ¢ COCAMHEHUAMHU, KOTOPHIE JIETKO MOTYIHUTh
C KOJIMYECTBEHHBIM BBIXOI0M. DTUM TPeOOBaHUIM B OOJIbIIEH MEpe YOBIIETBO-
PSIOT, Kak IIPaBUJIO, OPTaHUYECKHE BEIECTBA, ITOATOMY Ia30Bas XpoMarorpa-
¢busi MWUPOKO HCIONB3YETCs KaK CEPUMHBIN METOJ aHalIM3a OpPraHMYecKHX CO-
EAVMHEHUI. DTUM METOJOM MOYKHO TaKKE ONPEIEIATh [IOYTH BCE MIEMEHTHI I1e-
PHUOIMYECKON CHCTEMBI B BUJIE JIETYYMX KOMIUIEKCOB.

B ananuTmyeckor MpakTUKE Yalle MCIOIb3YIOT METOH ra30-KUIKOCTHON
xpomarorpaduu. T0 CBA3aHO C Ype3BbIYaHBIM Pa3HOOOpa3UEM JKUJIKUX HEIO-
JBIDKHBIX (a3, 4To 00JIerdyaet BhIOOp CEJIEKTUBHOM ISl JAHHOTO aHaju3a, C JIu-
HEMHOCTBIO M30TEPMBI pacrpeereHuss B 0osee MUPOKOl 00JacTH KOHLEHTpa-
Ui, YTO MO3BOJISET pabOTaTh C OOIBIIUMHU IPOOAMU U C JIETKOCTBIO IMOTYYCHHUS
BOCITPOU3BOJAUMBIX MO 3()(PEKTUBHOCTU KOJIOHOK.

MexaHu3M paclpeesieHus] aHAIU3UPYEMbIX KOMIIOHEHTOB MEXAY HOCH-
TEJIEM W HETOABUKHOM KUIKOW (ha30ii OCHOBAH Ha MPOLIECCE PACTBOPEHUS UX B
xuakon Qaze. CeleKTUBHOCTh 3aBHCHUT OT ABYX (DaKTOPOB: YIPYroCTH Mapa
aHAIM3UPYEMOT0 BellecTBa U KO3 (UIIMEHTa aKTUBHOCTH €Tr0 B JKHUJIKOU (paze.
[To 3akony Paynsg npu pacTBOpEHHH YNPYrocTh Mapa BEUIECTBA HAJZl PACTBOPOM
Pi mpsiMo nponopuuoHaibHa ero Ko3G(OUIMEHTY aKTUBHOCTH Y, MOJIETIBLHOMN J10-
ne Ni B pacTBOpE M JaBJICHUIO NIaPOB YMCTOIO BELIECTBA P/IPU JAHHOM TEMIe-
parype:

o

B =yN.F, (4.)

[TockoJibKy KOHIIEHTpAIUs 1-TO KOMIIOHEHTa B PAaBHOBECHOM MapoBoi (a-
3¢ OINpPEJEIAETCS ero MapIHaibHbIM JaBICHHEM, MOXKHO MPHHATH, uTo0 P, =~ C, |

a N, = C,. Torna ko3 dunuent pacrpenenenus (D)
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C. N. 1
D ju— 5 = ! = o

Cm P' 7P' (4.2)
a KoA((UIMEHT CENIEKTUBHOCTH (0l)

D P
=2 — 71 10

D, 7.P,

Takum oOpa3zoM, 4yeM HUKE TeMIleparypa KUIMEHUs aHAIU3UPYEeMOIo Be-

niectBa (4em Ooiblie P/), TeM cllabee yAEepKUBAETCsl OHO B XpoMaTorpaduue-

CKOM KOJIOHKe. Eciu e TemnepaTypbl KUIIEHUS BEIIECTB OJJMHAKOBBI, TO JUISl MX
pa3zeneHusl UCIONb3YIOT Pa3Iudus BO B3aUMOJECHCTBUU C HENOABM)KHOW JKH[I-
KOH (a30ii: 4yeM cuUJIbHEEe B3aMMOJEUCTBUE, TEM MEHbIE KOA(P(PUIUEHT aKTUB-
HOCTH U TeM OojplIe yAep:kuBaHUe. Takum oOpa3om, 4TOObI 0OECIEeYuTh Cce-
JIEKTUBHOCTH KOJIOHKH OYE€Hb Ba)KHO MPABUIIBHO BBIOPATh KUAKYIO (a3y.

HenoasmxHas >kuakas ¢aza JOJDKHA YIAOBIETBOPATH Py TPeOOBaHUM.
[Tpexxne Bcero, oHa AOMKHA OBITH XOPOILIUM PACTBOPUTENEM JJIsi KOMIIOHEHTOB
cMecH (eciu pacCTBOPUMOCTh Majia, KOMIOHEHTHI BBIXOIST U3 KOJIOHKH OBICTPO)
U OBbITh HelleTy4el (4TOOBI HE TPOUCXOIUIIO €€ UCTIApEHUS MPU paboydeil Temrie-
patype kosioHku). OHa J0JKHA OBITh XMMUYECKH MHEPTHA, 001a1aTh HEOOIb-
I0M BA3KOCTHIO (MHaue 3ameyisieTcs npouece nuddysun). [lpu HaneceHun Ha
HOcHUTeNb (pa3a JoJKHA 00pa30BbIBATh PABHOMEPHYIO IUIEHKY, TPOYHO CBS3aH-
HYIO0 ¢ HocuTeseM. Pa3aenuTenbHas CHOCOOHOCTh €€ JIIsi KOMIIOHEHTOB JIaHHOM
poOBI TOJKHA OBITh MAKCUMAJILHOM.

PasznuyaroT xuakue $aspl Tpex TUIOB: HEMOJSPHbIE (HACBIIICHHBIE YTIJIe-
BOZIOPOJIBI M JP.), YMEPEHHO TOJIAPHBIE (CIOXKHBIE A(DUPBHI, HUTPWILI U JP.).
3Hasi CBOMCTBA HEMOABUKHOM KUIKOU (pa3bl U MPUPOAY pa3liesieMbIX BEIIECTB,
HampuMep, KJ1acc, CTPOCHHE, MOKHO JIOCTaTOYHO OBICTPO MOA0OpaTh MOIXOS-
HIYI0 JJI pa3/iefieHusl TaHHOM CMEeCH CEeNEKTUBHYIO KUAKYI0 (pa3y. [Ipu BeiOope

CJICAyCT y4UThbIBATb, YTO BpPEMs YICPKUBAHUA KOMIIOHCHTOB 6yz[eT IIpUcMJIC-
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MBIM JJI aHAJIM3a, €CIU MOJSIPHOCTh CTAIllMOHAPHON (pa3bl U BEIIECTB aHATU3U-
pyemoii npoObl 6Jn3Ku. JlJis pacCTBOPEHHBIX BEIIECTB C OJU3KOU MOISPHOCTHIO
MOPSZIOK AITIOMPOBAHUS OOBIYHO KOPPEIUPYET C TeMIlepaTypaMi KUIIEHHUS U ec-
JIM pa3HULa TEMIEPATYP TOCTATOYHO BEJIHMKA, BO3MOXKHO MTOJHOE pa3/eieHUE.

Jlnist pa3nenenus OIM3KOKUIISIIINX BEIIECTB PA3HOU MOJISIPHOCTH UCIOJIb-
3YIOT CTAallMOHAPHYIO (pa3y, CEJIEKTUBHO yIEPKUBAOIIYIO0 OJHUH WM HECKOJIBKO
KOMITOHEHTOB OJiarojiapsi JUMOJIb-TUIIONIbHOMY B3aumojencTuio. C yBenuye-
HUEM TIOJIIPHOCTH KUAKON (pa3bl BpeMeHa YACpP>KUBAHUS TOJSIPHBIX COETUHE-
HUW YBEIIMYUBAIOTCS.

4.1. Ilenv pabomeur:

Omnpenenenue conaepXKaHUS TOKCHUYHBIX MHKPOIPUMECEH B 3THIOBOM
COUpPTE METOJOM Ta30BOM XpoMarorpaduu ¢ MCHOJb30BaHUEM KaNWJUISPHBIX
KOJIOHOK.

4.2. OOBEKTHI U CPEJICTBA UCCIICIOBAHUS.
1. ["a30BbIit XpomaTorpad C MIaMeHHO-HOHU3AIMOHHBIM JIETEKTOPOM,

C yPOBHEM IIyMOB HYJIEBOro curHana He 6osee 2-101* A, ¢ npelidhom HyneBoro

curHana fgerekropa He 6onee 2-1072 A/u, ¢ mpeenom geTeKTUpoBaHus He 6oJiee
2-102rC/ec.

2. Kononka razoxpomarorpadpuueckas kamwuisipHas DB-FFAP. Jlo-
MyCKAeTCsl MPUMEHEHUE JIPYTUX KAMWUISIPHBIX KOJOHOK C aHAJIOTMYHBIMU TEX-
HUYCCKUMH XapaKTEPUCTHUKAMU, 00€CIICUNBAIOIIMMHI aHAIOTHYHOE Pa3/Ie/ICHHUE.

3. KoMIproTep ¢ COOTBETCTBYIOIIMM MPOTPAMMHBIM 00ECTICUEHHEM

4, ["a3-HOCHUTENH — TeNMil WM a30T CXKaThlii Mapku A B OOJOHE TIO
I'OCT 9293 unu azot oco6oit unctotsl o I'OCT 9293.

d. Bonopon rexunueckuii mapku A o 'OCT 3022. [lonyckaeTcst uc-
M0JIb30BaHUE TE€HEPATOpa BOJOPO/IA.

6. Bo3nyx cxateii mo ['OCT 17433, JlomyckaeTcsh MCIIOJIb30BaTh
KOMIIPECCOPHI JTI000ro TUIa, o0ecleurnBarone HeoOX0uMoe JIaBICHUE U YH-

CTOTY BO3/yXa.
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7. Mukpommnpuil BMECTUMOCTBEO 10 MKIL.
8. Bopaa nuctunnrpoBaHHast.
9. CnupT 3THIOBBII pEKTU(PUKOBAHHBIN.

10. Meranoun, 11t XpoMarorpaguu.

11.  VkcycHBIN anbAerui, X.4.

12.  MetunoBblii 3QUp YKCYCHOM KUCIOTHI, X.4.

13.  DTunoBsbIil 3pup yKCYCHOM KUCIOTHI, X.4.

14.  Tlpomanon-1, nus xpomaTtorpadum.

15. Coupt n300yTUIIOBBIH, X.4.

16. byranoun-1, nns xpomaTtorpaduu.

17. Coupt n30aMUJIOBBIH, X.4.

18. Mepnas xon6a Ha 100 M.

19. Ilumerku MepHEIE.

20. TepmoMeTp KUIAKOCTHBIA CTCKJISTHHBIM.

21. CxnsHKa a8 XpaHEeHWs] TPaAyHpPOBOUYHOM CMECH JH0O0ro THMa
cpoOKoH, o0ecreynBaroIIeld repMETHYHOCTb.

4.3. Ilpozpamma pabomot.
4.3.1. [IpuroroBjieHne rpagynpoBOYHBIX CMeCeii.

MomnTax, HaIaaKy ¥ BBIBOJ XpoMartorpada Ha pabounii pexxuM MPOBOIST
B COOTBETCTBUU C MHCTPYKIIUEH, mpuiiaraemoit Kk mpuodopy. [Ipubop rpamyupy-
IOT N0 MCKYCCTBEHHBIM CMECSM METOAOM aOCOIIOTHOW rpaxyupoBku. Coctas
IpayupOBOYHON CMECH JTOJIKEH OBITh OJIM3KUM K aHAIM3UPYEMbIM ITPOOaM.

JIyist aHanm3a ¢ UCHOJIb30BaHUEM KaMMJUISIPHBIX KOJIOHOK TpalydpOBOYHAS
CMECH JIOJKHA COJIEPKATh CJIEAYIOIIME YACThIE BEIIECTBA: YKCYCHBIN anbaerus,
METHUJIOBBIA 3UP YKCYCHOM KUCIOTHI, 3TUIIOBBIA 3UP YKCYCHOU KUCIOTHI, Me-
TUJIOBBIA CIIUPT, IPOIAHOA-1, H300yTUIIOBBINA CIUPT, OyTaHOI-1, H30aMIIIOBBIT
cnupt. Ilpu aHanu3e BOJOK B MEpHYIO KOJIOYy ¢ MpUIUIM(POBAHHOW MPOOKOH
BMecTuMocThIo 100 cm® HamuBaroT 50 ¢M® BOJHO-CIIMPTOBOTO PacTBOpPa 0OBEM-

HOHN AoJiel peKTU(hHUKOBAHHOTO 3THJIOBOro cnupta 40% M BHOCAT NMHUICTKAMHU
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smectuMocThio 0,1 cM® mo 0,1 cm® kaxmoro umcroro BemectBa. ComepKuMOe
KOJIOBI IEPEMEILIMBAIOT, T0BOJAT A0 METKH BOJHO-CIIUPTOBBIM PacTBOPOM O0b-
eMHOU JoJiel peKTU(HUKOBAHHOTO 3TUI0BOTO criupTa 40% W BBLACPKHUBAIOT MIPH
temriepatype 20°C B TeueHue 25 MUH.

4.3.2. Ilposedenue ananusa.

["a30BbIit Xpomarorpad BKIIOYAIOT B COOTBETCTBUHM C MHCTPYKIUEH IO €ro
HKCILTyaTallMu U YCTAaHABIMBAIOT [TapaMETPbl XpoMaTorpadupOBaHHUS.
VYcnous xpomaTtorpadupoBaHusl ¢ KAMWUISIPHBIMHA KOJIOHKaMMU:

o ["azoxpomatorpaduueckas kanwuisipHas kosioHka: DB-FFAP

(CIIA) 50m*0,32Mm*0,50MKM;

o TeMiiepatypa tepmocrara — 60 — 75°C;

o Temrieparypa ucrnapurens (nmkekropa) — 200°C.

o WHKEKTOP C JIEJICHUEM MOToKa — K03 uiueHT nenenus notoka 40:1.
o JeTeKTop noHu3auuu B miamenu (JIUII):

o temrieparypa aerekropa — 200 — 250°C;

. pacxoj; Bozyxa — 18 nm/u;

o pacxon Bogopona — 1,8 mv/u;
. CKOPOCTb 1OTOKA raza-Hocutens — 0,072 — 0,144 am’/y;
. 00BeM 1poosl — 1 mm3,

JIns mosy4yeHus rpagyupOBOYHBIX JAHHBIX HCIOJB3YIOT HE MEHEE TpeX
IpayupOBOYHBIX CMECEW, OAHA M3 KOTOPBIX JOJKHA MMETh KOHIIEHTPALMIO,
OJIM3KYIO K HIJKHEW FPAHUIIE ONPEACIIIEMbIX COAEPKAHUM.

3anKChIBAIOT XpOMATOrpaMMBbl aHaJIU3a KaXI0M TpagyHupOBOYHOM CMECH.
Peructpupytor BpeMs yAEepKMBaHHsS W IUIOIIAAMA TNUKOB OIPEAEISEMBIX Be-

uiecTB. [Topsiok BeIXoAa MUKOB MPEICTABIEH HA PUCYHKE 6.1.
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Pucynoxk 4.1. Xpomamoepamma cmanoapmmoil 2padyuposoynou cmecu (1

— YKCYCHbLU anboe2uo, 2 — Memuslo8ulil 3Qhup YKCYCHOU KUCIOMbL, 3 — IMUL0BbLU

aghup yKkcycHou xuciomsl, 4 — mMemuiogvlll cnupm, 5 — 3muioevlil cnupm, 6 —

nponanon-1, 7T — uzobymunoswiii cnupm, 8 — oymanon-1, 9 — uzoamunoguiil

cnupm,).

B ucnapurens (MHxekTop) BBOAAT 1 MM3 06pasia BOAKM M OCYLIECTBIIS-

10T XpoMarorpaduueckoe pasneneHue. PerucTpupyroT nuku B 001aCTH BpEeMEHH

YAEPKUBAHUSI, COOTBETCTBYIOLIME KOMIIOHEHTaM TI'paJlyupoBOYHOU cmecu. [lo

MMOJYYCHHBIM XpOoMaTOorpaMMaM MOZKHO pPaCcCUUTaTb KOHICHTpAlUK HpHMCCCfI B

aHAM3UPYEMbIX 00pa3Iax BOJKH 10 (HopMmyJie:

W

4.3.3. Oopabomka IKchepumeHmaibHolX OAHHbBIX.

_Wo'r_]

hO

(4.3)

KonuyectBennoit mepoii 3hekTuBHOCTH XpoMaTOrpapuIecKoi KOJTOHKH

ABJIAIOTCA YHCJIO0 TCOPCTHUYCCKHUX TAPCIIOK N u BbICOTA, DKBHUBAJICHTHAs TCOPC-

tuueckoil Tapenke BOTT. Teopus teopeTnueckux Tapesnok AaET BO3MOXKHOCTb
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CpaBHUTH 3(PHEKTUBHOCTHh PA3TUYHBIX KOJOHOK, OIEHUTh KaueCTBO COPOCHTA U
KaueCTBO 3aMOJTHEHUS KOJIOHKH.

Yucio Tteopernyeckux Tapeiaok N ompeaensyii 1mo JaHHBIM XpOMAaTo-
rpaMMebl. J{71s1 TOro MPOBOIMIIM KacaTeNIbHBIE B TOUKAX Mepernda mmka, Kak mo-
Ka3aHO Ha pUCYHKe4.2, pacueT 4Hciia TEOPETUYECKUX TapesOK OCYIIECTBIISIIH

o popmyiie:
tr 2
N =16 x (—) (4.4)
w
r7e W — IIMpYHA TTMKa Y OCHOBAHUS, tr — BpeMsl yICp)KUBaHUS.

t

R |

[¥]

AHAMTHYE CKHH CHIHAT

4 S S N

w | P

Pucynoxk 4.2. Pacuem uucia meopemuyeckux mapenox.
BricoTa, skBuBaneHTHas teopetnueckoii Tapenke (BOTT) cBsazana ¢ unc-

JIOM TeopeTHYecKuX Tapenok N cieayrommum ypaBHEHUEM:
L
BITT = 3 (4.5)

rae L — anmuna xpomarorpaduieckoi KOJIOHKH.

Br16op ycnoBuii xpomaTorpauyeckoro aHajiu3a CMECH BEIECTB UMEET
LENbI0 pa3fielieHne KOMIOHEHTOB B TaKOW CTENEHH, YTOOBI CTall BO3MOXKHBIM
KOJIMYECTBEHHBIN aHAIN3 cocTaBa MpoObl. Paznenenue qByx miam 0oliee BEUIECTB
3aBUCUT OT PA3JIMUYUSL MEXKIY UX XAPAKTECPUCTUKAMU YIACPKUBAHMUS, a TAKXKE OT

s dexTuBHOCTH KONMOHKHU. VICTHHHOE pa3feieHne IByX COCeTHUX MUKOB Xapak-
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Tepu3yercs paspemieHneM Rs, koTopoe sBisieTcss Mepoi 3()pPEeKTUBHOCTH Kak
KOJIOHKH, TaK U KUAKOH ¢azpl. OHO onpeensieT Kak OCTPOTY MHUKOB, Tak U pac-
CTOSIHME MEX]Ty MX MAKCUMyMaMH.

Paspemenue onpeaensioT mo Gpopmyoie:

R = 2 (4.6)

W1 +W2
rac d — paCCTOSIHHe MG)KI[y MaKCI/IMYMaMI/I IIMKOB,

Wi ¥ W, — IIIMpUHA OCHOBAHH MUKOB (pUCYHOK 4.3)

d

Pucynoxk 4.3. Onpedenenue pazpewerusi coceOHUX NUKo8.

Ecnu pa3spemienue Rs paBHO 1, TO pa3aeneHue AByX MUKOB pPaBHOM IJIO-
1aJu COCTaBIIsIET mpuMepHO 98% mosiHoro paszaeneHus, eciu Rs paBuo 1,5 - To
JIOCTUTaeTCs MOYTH MOJTHOE pazfeneHue mukoB (99,7 % monaHoro pasneneHus).

XpomaTorpaguueckoe pas/ieJeHue OCHOBAHO Ha CEJIEKTUBHOCTH COPOEH-
Ta W Pa3IMduyd B TEPMOJMHAMUYECKUX CBOWCTBAX AHAIM3UPYEMBIX BEIIECTB B
cucreme copoeHT — amoeHT. Koadduiment cenekruBHOCTH (pakTop paszaecne-
HUS) 0 XapakTepuszyeT 3P(GEeKTUBHOCTh BHIOPAHHOW >KMJKOW (ha3bl U SBIISETCS
MEpO OTHOCHUTEJBHOTO YJEpKHBaHUS pasnesieMbix BemecTB. Koaddumment
CEJICKTUBHOCTH BBIYHMCIISETCA 110 GhopMyJsie, KaK OTHOIIICHHE MPUBEJECHHBIX Bpe-

MEH yJIep>KUBAHUSI KOMIIOHEHTOB t/q.
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/
_ Ur,

ao =
t’ 2, (4.7)

rie R = tr - to, to — Bpemst yepKuBaHHe aGCOTIOTHO HECOPOUPYEMOro
KOMITOHEHTa (MEPTBOE BPEMsI KOJIOHKH ).

[Tone3npiM mapamMeTpoM B Xpomarorpapuu sBisercs KO3 UIIUEHT
yIepKuBaHus (3aMe/icHus) R — OTHOIIEHHWE CKOPOCTHIBMKCHHUS BEILECTBA K

CKOPOCTH ABUKXCHHA PACTBOPUTCIIA:

R_lo
t (4.8)
R
Takum 00pa3oMm, R mokaspiBaeT, Kakyr J0JII0 BpEMEHHU BEIIECTBO HAXO-
JUTCSl B IOABWOKHOU (aze. J{ns HeyaepkuBaemoro Bemectsa tr=tp u R=1. Eciu
BpeMsI NpeObIBaHUS B aHAJU3UPYEMOrO KOMIIOHEHTa B TMOJBUXKHOW M HEMO-
JBIKHOM (pazax oamHakoBo, To R=0,5.
Koapdu g 4
mueHt émkoctu (k') mokaspiBaeT, BO CKOJBKO pa3 BEMIECTBO
JIOJIbIIIE HAXOJUTCS B HEMOABMKHOM (Da3e, 4eM B MOBUKHOM:
t' xR
to

k' =

(4.9)

OnTtuManpHble 3HaYeHUs k' nexar B npenenax 1,5—4. Ecnu ko3 dunu-
CHT pacrpeieieHus] Mal, TO MaJio 3HaueHue K', T. e. BemecTBo ¢i1abo yaepKuBa-
eTCsl M TIPOABUTACTCS MO0 KOJIOHKE MPAKTUIECKH C TOU K€ CKOPOCTHIO, YTO U TO-
newkHas Qaza. Ecam ke kodDPUIIMEHT eMKOCTH CIUIIKOM BEIUK, TO BpeMs
npeObIBaHMS BEILIECTBA B KOJIOHKE Oy/eT OOJBIIMM U Ha aHadu3 NMOTpedyeTcs

MHOTO BpEMEHHU.
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JladoparopHasi pabora Ne 5.0npenesienne He(pTENMPOAYKTOB (HA MpPH-
Mepe rekcajiekaHa) B poCTOBBIX cpeJaax MeTOI0M ra3oBoiixpomarorpadun

Beeoenue

I'excanexan (yeman) CHsz-(CH2)14-CH3z— anukimnyeckuii HaCHIICHHBIN
YTIEBOAOPO HOPMAJILHOTO CTpoeHus. lleTaH MCMONB3ylOT Kak 3TajoH IS
OLICHKM KadecTBa (LIETAHOBOT'O YMCJIA) JU3EIBbHOTO TOIUIMBA, CUUTAs €ro IeTa-
HOBOe uncyo 3a 100, a Tak e siBisieTcs KoMnoHeHToM HedTu. [IpakTuuecku Bce
yTIE€BOAOPO/IbI, BXOJAIIME B COCTaB HEPTU, MOTYT OBITH OOBEKTOM MHUKPOOUO-
JIOTUYECKOTO BO3JIEUCTBHS. YTJIEBOJOPOIBI B ITOYBE PA3NIAralOTCs B PE3ysbTaTe
JESATEIIBHOCTH YIIIEPOIOKUCISIIOIINX MUKPOOPTaHU3MOB, CIIOCOOHBIX OKHCISAThH
yrieBogopoasl 10 CO2 v BOJIBI WM NMPEBPALIATh UX B COCIUHEHMUS, YTUIIA3UPY-
€Mble IPYTUMUA MUKPOOPTraHU3MaMH.

[To cTeneHn CHUKEHUS OKUCISIEMOCTH MUKPOOPraHU3MaMU KOMIIOHEHTHI
He(TU 1 HE(PTENPOAYKTOB PACHOJIaraloTCs B TAKOW MOCJIEI0BATEIbHOCTH:

H-aJIKaHbl— Pa3BETBIICHHBIE AJIKAHBI — PA3BETBIICHHBIC AJIKEHbI — HU3-
KOMOJIEKYJIIPHbIE H-aJIKWJI apOMaTUYEeCKUE COEAMHEHUS — MOHOapoMaTuye-
CKHUE€ COEAMHEHUS! — MOJMIMKINYECKUE apOMAaTUYECKHUE YTIIEBOJIOPOIbl — ac-
baabTEHBI.

N3 Bcex KOMMOHEHTOB HepTH HamboJiee NOCTYNMHBI JJid OMOJerpaaluu
H-ajkaHbl C12—Cp. OnTuManbHbie 1Sl pOCTa MUKPOOPTaHW3MOB KOHIEHTPALUH
H-aJIKaHOB B Pa3JIMYHBIX cpenax Bapbupyiot ot 0,5 no 2-5%. Apomatnueckue
yTIEBOAOPOAbl 00JIee TOKCUYHBI, TOATOMY ONTUMAJIbHBIMU JJIs UX OHOJerpaia-
uuu ABIAOTCA KoHUeHTpauuu B 10-100 pa3 meHbline, 4eM KOHIEHTpaluud H-
ankaHoB. Hambonee TpyAaHOIOCTYNHBI AJid OMOAErpajalliyl MOIUIUKINYECKUE
apoMmaTtudeckue yriieoaopoasl. Hedts u ee dhpakiuu o0naagaroTt, Kak mpaBuio,
CpEIHEW JTOCTYNHOCTBIO JJII MHUKPOOPTaHHU3MOB, OJHAKO TOKCHUYHOCTH CHIPOW
He(TH yacTo ObIBaeT ycyryOJjieHa MPUMECSIMU CEPHUCTBIX COCAMHEHHUM U TsKe-

JBIMH MCTaJlJIaMU.


https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4%D1%8B
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HawnOoiiee pacnpocTpaHEHHBIM IyTEM aCCUMMJIALIMM YTJIEBOJOPOJIOB SIB-
JSETC MOHOTEPMAJIBHOE OKHCIIEHUE, KOTOPOE XapaKTEPHU3yeTCsl THIPOKCUIIM-
pPOBaHMEM OJHOrO0 KOHLEBOI'O aToMa yIJepoJa LENH H-aJKaHa B NEPBUYHYIO
CHOUPTOBYIO Ipymiy. B 3ToM ciiydae MOJIEKYJSpHBIA KUCIOPOJ HCIOIb3YETCS
TOJIBKO JUISI ITOJIy4EHUS [IEPBUYHOTO CIIUPTA, JAIbHEMIIEE OKUCIEHUE ITPOUCXO-
JUT C IOMOUIBIO aJIKOTOJIb- U AJIbJIETUI0TeHA3.

Metabonuueckoe MpEBPALEHUE TEKCaZeKaHa IPOTEKAeT CIEIYIOIIUM

obpazom:

B -DH oDH
2eKCAOCKAH—2—> 2eKCA0eKAH)I———"—> 2eKCaA0eKaAHAIb ————>

f—okucnenue

2eKCa0eKaHo8as _ KUCIoma >ayemun— KoA

JlanpHEWIIIee OKHUCICHHWE TPOTEKAeT IO IMYyTH, M3BECTHOMY Kak Oera-
OKHUCJICHHE >KUPHBIX KHUCJIOT, TP KOTOPOM 3a KaXKIBIM IMKJ JJUHA EMOYKH
YKUPHOU KUCJIOTHI YKOPAYMBACTCS Ha JIBa YIJICPOTHBIX aTOMA.

B memom MOXHO CKaszath, YTO BCE WJIM TIOYTH BCE YTIICBOJAOPOIBI HU3KO-
MOJIEKYJIIPHON (Ppakiuu HEPTHU B CPABHHUTEIILHO KOPOTKHE CPOKHU YJIAJSIOTCS
U3 Cpebl: OJTHU 3a CUET MCIAPEHUs, a IPYThe 3a CYET MEeTa00JIMIeCKOW aKTHUB-
HOCTH YTJIEPOJIOKHUCIISIONINX MUKPOOPTAHU3MOB.

5.1. Ilenv pabomot:

Omnpenenenre coaepKaHus TeKCaJeKaHa B POCTOBOM CPEIEeMETO0M Ta30-
BOU XpomaTorpaduu ¢ UCIOJIb30BaHUEM KAIMUIUISIPHBIX KOJIOHOK.

5.2. O0BEKTHI U CpeCTBA UCCIeT0BAHUS.

1. ["a30BbIit XpomaTorpad C MIaMeHHO-HOHU3AITMOHHBIM JIETEKTOPOM,
C YpOBHEM LIyMOB HyJeBOro curHana He 6onee 2-10* A, ¢ npeiidom HymeBoro
curHana jerekropa He 6onee 2-1072 A/u, ¢ mpesenom geTeKTUpOBaHus He Goiee
2-102rC/c.

2. Kosionka raszoxpomatorpaduueckas kamwuisipaas SGEAnalyti-
calScienceforteGCCapillaryColumnBP1 JO8 30M*0,3MM*0,53mkMm. JlomyckaeT-

CA IMPUMCHCHUC JPYTIUX KAIMUIUIAPHBIX KOJOHOK C aHAJJOTMYHBIMU TCXHHUYCCKU-
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MU XapaKTePUCTUKAMU, 00ECIIEYNBAIOIIUMH aHAJIOTUYHOE pa3ieJIiCHuUE.

3. KoMIiproTep ¢ COOTBETCTBYIOIIMM MPOrPaMMHBIM 00€CTICUEHHEM

4, ["a3-HOCUTENh — TeNUi WM a30T CXKaThlii Mapku A B 0OJIOHE MO
['OCT 9293 unu a3ot ocob6oii yrctotsl o ['OCT 9293.

S. Bonopon rexanueckuid mapku A o 'OCT 3022. /lormyckaeTcst uc-
M0JIb30BaTh T€HEPATOPHI BOJIOPOIA.

6. Bo3nyx cxateii mo I'OCT 17433. Jlomyckaercsi MCIOJIb30BAThH
KOMITIPECCOPHI JII000ro Tuma, odbecreurBaroniie HeoOX0AUMOEe J1aBJIICHUE U YH-

CTOTY BO3/yXa.

7. Mukpouirnpui BMECTUMOCTBEO 10 MKJT.
8. Bona nuctunmmpoBaHHast.
9. I'ekcanekan, x.4.

10. TI'ekcawn, x.4.

11. Mepnas kon6a Ha 100 mo.

12.  Ilumetku MEpHEIE.

13. CknsHKa JUia XpaHEHUs TPAIyWPOBOYHOM CMECH JIOOOTo THIia
cripoOKoii, 00ecrneunBaroIe repMEeTUYHOCTD.

5.3. Ilpozpamma padomel.

5.3.1. IIpuroroBJ/jieHHe rPagyuPOBOYHBIX CMeCeid.

MoHnTax, HaJIagKy 1 BBIBOJ XpomaTorpada Ha pabounii pesKuM MPOBOAST
B COOTBETCTBUU C MHCTPYKIUEH, mpuiaraemout k npubopy. [Ipubop rpaxyupy-
I0OT TI0 UCKYCCTBEHHBIM CMECSIM METOJOM aOCOOTHOW TpamyupoBku. Cocras
IPaIydPOBOYHOM CMECH JIOJKEH OBITh OJIM3KUM K aHAIM3UPYEMBbIM Ipooam. s
MOCTPOCHUS TPATyUPOBOYHON 3aBUCUMOCTH TOTOBST CEPUIO0 U3 5 PacCTBOPOB C
pa3IMYHBIM COJiepKaHueM rekcajgekana B rekcane: 1, 5, 10, 15, 25%.

5.3.2. IIpoGonmoaroroBKa.

Uccnenyempiit obpazen; (250 mun) nmogkucisuml,5 M cepHOM KHCIIOTHI
(1:1) m mABaXKABI SKCTPArMPOBAIM H-TEKCAHOM (IO 25 MIT) B CTEKJISSHHOW JENH-

TEJIbHOW BOPOHKE €MKOCTBhIO | J1 B T€UeHUE 5 MUH HpPH MEPUOJTUYECKOM BCTPS-
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XUBAHUU COJICPKUMOTO BOPOHKH.

ITocne paccnamBaHus KUAKOCTEN CIIOM H-T€KCaHa, COAECP KalUi WU3BIIE-
yenHble HII, oTaensmym oT BOOHOIO CIIOA U MPOITYCKAIN Y€pe3 CTEKISTHHYIO KO-
J0HKY (15 cMm X 1 cM) ¢ OTTSHYTBIM HUKHUM KOHIIOM, 3aIIOJHEHHYIO OKCHIOM
AIIOMHHUSA, U1 OTJETICHUS MOJISIPHBIX COCTUHEHUM.

Oxcun amromunus (I cTenenn akTUBHOCTH, « I XpoMaTorpadum») Ipo-
KaJMBasii B MydeabHoi neun B TeueHue 3-x 4 npu 600°C u nocie oxjaxaeHus
MOMEIIANIA B CTEKJISTHHYIO KOJIOY ¢ IPUTEPTON MpOOKOM, JOOABISIN TUCTUILIH-
POBaHHYIO BOAY B KoindecTBe 4% OT Macchl aicopOeHTa U BCTPSAXUBAIU B Te-
yeHue 1-2 muH. Mcnonb3oBanu yepes CyTKH.

5.3.3. IIpoBenenue ananu3a.

["a30BbIi1 XpomaTorpad BKIHOYAOT B COOTBETCTBUU C MHCTPYKLMEN MO €ro
AKCIUTyaTalliy U yCTaHABIMBAIOT MMapaMeTphl XpoMaTorpadupoBaHusl.

YcnoBus xpomatorpadupoBaHusi ¢ KaUUISIPHBIMU KOJIOHKAMU:
o ['azoxpomarorpaduueckas KanwusipHas Kojonka: SGEAnalyti-

calScienceforteGCCapillaryColumnBP1 JO8 30M*0,3MM*0,53MKM;

o Temmneparypa tepmoctata — 250°C;

o Temreparypa ucrnapurens (nmkekropa) — 300°C.

° HWHKEKTOP C JISTICHUEM TTOTOKa — KO3 uimeHT aenenus noroka 1:1.
° neTeKkTop nonuszanuu B ramenu (JIUI):

o temreparypa aerekropa — 200 — 250°C;

o pacxoz Bo3myxa — 18 mv/u;

o pacxon Bogopoaa — 1,8 mv/u;
° CKOPOCTb IOTOKA ra3za-Hocureias — 17,4 cm3/MuH
. 00BeM poObl — 1 MMe,

Jlnst ompeneneHusi TeKcaJeKkaHa METOJOM Ta30BOM XpomaTorpaguu Ha
CJIeIyIoUEeM dTane paboThl MOCTPOUIN TPaAyUPOBOUHYIO 3aBUCUMOCTH IIJIOIIA-

M TIMKa Ha XpoMaTorpaMMe OT COJEp>KaHus rekcajaekaHa. Kaxawiii rpaayupo-
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BOYHBIM PAacTBOP M3MEPSIOT IO Tpu pa3a. Ha OoCHOBE NOIY4YEHHBIX HaHHBIX
CTPOUTHCSA I'PALYUPOBOYHASA 3aBUCUMOCTb IUIOIIAN [TMKA HA XPOMATOTPaMMe OT
KOHIIEHTpaIuu rekcazexkana. [Iopsaok BbIX01a MUKOB IIPEACTABICH HA PUCYHKE

5.1.

mV rexcan

| TEeRCAaAeKaH

BDeMA. MHH.

Pucynok 5.1. Xpomamozpammazexcadexana, pacmeopumens 2eKCaH.

B ucnapurens (MmHxkeKkTop) BBOAAT 1 MMm3

o0Opaslia 3KCTpakTa U OCy-
HIECTBIISIIOT XpoMarTorpapuieckoe pasjeneHue. Peructpupyror nuku B 00JacTH
BPEMEHH yACPKUBaHMS, COOTBETCTBYIOIIME KOMIIOHEHTAM TpPaayHpPOBOYHOMN
cmecu. [lo moay4yeHHBIM XpoMaTorpaMMaM MOXKHO PAacCUUTaTh KOHLIEHTPALMIO
reKcajiekaHa ¢ CIOJb30BaHUEM TPATYyHPOBOYHON 3aBUCHMOCTH.

5.3.4. O6paboTKa IKCTIEPUMEHTATbHBIX TaHHBIX.

O06paboTKa PKCIEPUMEHTANBHBIX JAHHBIX MPOBOJUTCS COTIACHO MYHKTY

4.3.3. mabopaTopHoii paboTsl No 4
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JlabopaTopnas padora Ne6. 3mepeHue MaccOBOWKOHIEHTPALUM YyI-
JICBOJIOB B HANMTKAX METOAOMBBLICOKOI(P(PEKTUBHOU KUIAKOCTHOM XpoMa-
Torpapuu

Beeoenue

Kunkoctnas xpomarorpaduss (OKX) - meTon pasneieHuss U aHaiIu3a
CJIOHBIX CMECEH BEIIECTB, B KOTOPOM TIOJIBI)KHOM (ha30il SIBISIETCS JKUIKOCTb.
[ToaBmxHas (aza B )KHIKOCTHOM XpoMaTorpaduu BHITOJIHSAET BOAKYIO (DyHK-
LUIO:

1) oOecrieunBaeT nMepeHoOC AECOPOMPOBAHHBIX MOJEKYH MO KOJIOHKE (TI0-
J00HO TOJIBIKHOM (haze B ra30Boi xpoMarorpadun);

2) peryiupyetr KOHCTaHThl paBHOBECHS, a, CJIE€I0BATEIbHO, U yAEpKUBA-
HUE B pe3yJibTaTe B3aMMOJCUCTBUS ¢ HEMOABMKHOMU (hazoil (copOupysich Ha Mo-
BEPXHOCTH) U C MOJIEKYJIaMH pa3/IesieMbIX BEIIECTB.

B KX npupona noaBuxkHo# ¢azbl UMEET CyIIECTBEHHO OOJbllee 3HaYe-
Hue. B pesynbrare KOMOMHAIIMKM OTPAHUYEHHOTO YKCia COPOCHTOB U HEOTPAHHU-
YEHHOT'0 YMCJIa, Pa3IM4HbIX M0 COCTaBY, MOJBIKHBIX (pa3 BO3MOXKHO PEIICHHE
Ype3BbIYAtHO OOJIBIIOTO YKCiia BCTPEYArONIMXcsl Ha mpakThke 3anad. KX noa-
pa3zensaeTcsl Ha BapUaHThl B COOTBETCTBUM C XapaKTEPOM OCHOBHBIX IMPOSIBIIS-
FOIINXCSI MEKMOJIEKYJISIPHBIX B3aUMOICHCTBUI:

o B CUTOBOM XpoMarorpapuu pasJeeHne KOMIOHEHTOB OCYLIECTB-
JSI€TCSl 32 CYET PA3HHULIBl B PACTBOPUMOCTH MOJIEKYJ MPU HX MPOXOKICHUU
(bunpTpanun) yepes cioit CopOeHTa;

o B aJICOPOITMOHHON XpomaTorpaduu — 3a CUeT Pa3HUIILI B aJcOpOu-
PYEMOCTH MOJIEKYJI, MPOXOASIIUX Yepe3 CJIOoi yacTull cOpOeHTa, MOKPHITHIX He-
NOJABW)XHOU (Da30il B BHJIE€ TOHKOTO CJIOS WJIM MOBEPXHOCTHONPUBUTHIX Paau-
KaJIbHBIX TPYIIIL,

o B MOHOOOMEHHOUW M MOHHOW XpoMarorpaduu — 3a cUeT pa3HUIIH B

CIOCOOHOCTH K 0OMEHY MOHAMHU C HOHOOOMEHHUKAMHU;
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Jlyist ananm3a 00BEKTOB OKPYIKAIOIMIEH Cpeapl HanOoJiee MMPOKO UCIIOJIb-
3ytoT BOXKX B aicopOLIMOHHOM 1 HOHOOOMEHHOM BapUaHTaX.

B 3aBucumoctu ot mpupoasl noasuxkHou (IID) u nwenoasuwxkuou (HD)
da3pl paznugarT HopManbHO-(azoByo (HDX) u obpamenHo-dazoryo (ODX)
xpomatorpaduio. B HopmanbHo-(hazoBoit BOXKX H® — nonspras (yamie Bcero
cuivkarenb), a [1d — nenonspHas (rekcan, TubOO cMecHu TekcaHa ¢ Oolee mo-
JSIPHBIMUA OPTAHUYECKUMU PACTBOPUTEIISIMU — XJIOPOPOPMOM, CIUPTaAMH U T.1.).
VY nepxuBaHUE BEIIECTB PACTET C YBEIMYECHHEM HUX MOJSIpHOCTH. Pazgenenus
KOMITOHEHTOB JIOCTUTAIOT, MEHSSI AMIOMPYIONIYIO CHUITY TOJBHXKHOU (ha3bl, KOTO-
pas 3aBUCUT OT SHEPTrUU B3aUMOAECHCTBHUS KOMHOHEHTOB [I® ¢ MOBEPXHOCTHIO
H®. B HopmanbHO-(a3zoBoi xpomatorpaduu 3oupyromias cnocooHocts 11D
YBEJIUYHUBAETCS C POCTOM €€ MOJISIPHOCTH.

B oOGpamenno-¢a3oBoii xpoMmarorpaduu HEMoOABHKHAS (aza — HETOJsIp-
Has (ruapodoOHble cunukarenu ¢ npuBUTbIMU rpymnmnamu C8, C18); 1D — no-
JsipHast (CMECH BOJIBI M MOJISIPHBIX PACTBOPUTENICH: alleTOHUTPHUIIA, METAHOJA,
teTparuapodypana u Ap.). YAEp>KUBAaHUE BEILIECTB PACTET C YBEIMYCHUEM HUX
ruapopoOHOCTH (HenoJsipHocTH). HanMeHnblel anroupyromeid crnocoOHOCThIO
oOnagaeT Boja, a JJiA MOBBIIMICHUS dIOUpYyrolie crocoonoctu B [1D BBomsT
allETOHUTPUJI, METAHOJ U JApyTHUe pacTBoputenu. Uem Oosbliie colepkaHue op-
TFaHUYECKOTO PACTBOPUTEIIS], TEM BBILIE DIIIOUPYIOINIAsl CIIOCOOHOCTh MOABHKHOM
¢basbl.

Meton XX npumeHuM st pa3feiaeHus 3HAYUTEIbHO 00Jiee HMIHUPOKOTo
Kpyra BeIeCTB, YeM ra3oBas xpoMarorpadusi, MOCKOJbKY OOJbIlasi 4acTh Be-
HIECTB He 00JIaJlaeT JIETy4eCThl0, @ MHOTHE BEIIeCTBa HEYCTOMUMBBI IIPU BHICO-
kux Temmeparypax. B KX paznenenue oObIYHO MPOUCXOAUT MPU KOMHATHOM
TeMriepatype. beicTphIii MacconepeHoc pu BBICOKOU 2 (PEeKTUBHOCTH pasere-
HUS MO3BOJIAET UCTOIb30BaTh BOXKX st paznenenus u onpeneneHus MOJEKy
(amcopOumoHHas W pachpefenuTeNnbHas XxpoMarorpaduun), s pa3fesieHus u

OTpeJieieHUs] MOHOB (MOHOOOMEHHAsl, MOHHAs, MOH-TIapHasih XpomaTorpadun),
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JUISL pa3iesieHns MaKpOMOJIEKYJ (3KCKIIO3UOHHAasi XpoMartorpadus). Meronamu
adpuHHON U TUraHI000MEeHHON XpomaTorpaduu pa3iesroT OMOJIOTHISCKH aK-
TUBHBIE MOJIEKYJIbI K ONITUYECKHUE U30MEPHI.

6.1. Ilenv pabomot.

3HAaKOMCTBO C METOJOM BBICOKOA((PEKTUBHON KUAKOCTHOU XpOMaTorpa-
¢bun, onpeneneHue MacCOBOM KOHILIEHTPALIUU YTJIEBOJOB B HAMUTKaX METOJOM
BOXX c ucnonb3oBanueM pe@ppakToMeTpUIECKOro JETEKTOpA.

6.2. O6vexmbl u cpeocmea uccie006anHus.

1. Xpomatorpap mia BOXKX ¢ pedpakTomMeTpuyeckuMm J1€TEKTO-
POM, TepMOCTaTUpyEMOUXpoMaTorpapuueckoil  KOJIOHKOM M IpOrpaMMHO-
anrmapaTHbIM KOMIUIEKCOM cOopa 1 00paboTku gaHHbIx Trma «Millenium2000y.

2. Kononka ananutnueckass nauHor 300 MM M BHYTPEHHHUM JTUAMET-
poMm 6.5 MM, 3anONHEHHAs! CYJIb(UPOBAHHBIM COMOJIUMEPOM TOJIUCTUPOJIA U JTU-
BUHWIOEH30J1a B KAJIBIIMEBOM MOHHOM (hopme pazmepoM yacTuil 30 MKM.

3. bymara ¢unbsTpoBanbHas sabopaTopHasi.

4, Muxpournpuiist 1151 BOXKX, sBMectumoctsio 10, 100 u 250 mxo.

S. Becol madoparopusie o I'OCT 24104 ¢ npenenom nomyckaeMoi
a0COJIFOTHOM TOTPENTHOCTH OJJHOKpATHOTO B3BemuBanus 10,1 mr.

6. Hentpudyra naboparopHasi ¢ BeIUUMHON (pakTopa pazaeneHus (g-
daktop) 800—1000.

7. Anmapat A BerpsaxuBanus npo6 tumna ABY-6C.

8. OunbTpel MeMOpaHHble ¢ quameTpoM nop 0,20 uiu 0,45 MM aJis
buIbTpOBaHMS MOABUKHOM (a3bl U TIPoo.

Q. OuabTphl 00€330JICHHBIE.

10. Ilumerku rpagyupoBaHHbIE 2-TO KJacca WM J03aTOPhl MUIETOY-
HbI€ C AQHAJIOTUYHBIM WJIM M3MEHSEMbIM O00bEMaMM JI03 C OTHOCUTENIbHOH IO-
IPEIIHOCTHIO Jo3upoBanus £+ 1 %.

11. KonbGsl MepHBIe ¢ mpUTEpTON MpoOKoit BMectuMocThio 100, 1000

cM® ¢ OJIHOM METKOM.
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12.  [nopurr MeTUITUHCKAIA BMECTUMOCTBIO 5 oM.

13.  EMKoCTH ISl KUIKUX NpoO (BUAbl) BMECTUMOCTBIO 2—6 M,

14.  VYcraHoBKa aJid Jiera3aluy JII0CHTA.

15. Ilocynma nmaGopaTopHasi CTEKJISHHAs: KOJIObI KPYTJIOJOHHBIC BME-
ctumocthio 1000 cm®, BopoHKH naGopaTopHBIE,CTaKaHbl BMECTUMOCTHIO 50,100
1 1000 cm®.

16. Bopa aucTwiuiMpoBaHHAS.

17. KanpuueBas coljib 3TUICHAMAMUHTETpAayKCycHOM KucioTel (Ca-
DJITA). PactBop MaccoBoii koHeHTpanuu 10 — 20mr/ove,

18. I'1roK03a ¢ MaccoBOM J0JIEH OCHOBHOIO BeltecTBa He MeHee 99,0 %.
19. dpykTo3a ¢ MaccoBoOM A0J€i OCHOBHOTO BeriecTBa He MeHee 99,0 %.
20. Caxapo3sa ¢ MaccoBO# J0JIeii OCHOBHOTO BemecTBa He MeHee 99,0 %.

21.  CopOut c maccoBoi g0Jiei OCHOBHOTO BelecTBa He MmeHee 99,0 %.

6.3. Ilpozpamma padbomeul.

6.3.1. Iloozomoexa npoo o1 uzmepenuil.

Jlist onpeneneHns MacCOBOM KOHIEHTPALMK caxapo3bl, TIIHOKO3bI, (PpyK-
TO3bl U COPOMTA OCBETICHHYIO COKOBYIO MTPOJIYKIIUIO, HE COJACPKAIIYI0 HE pac-
TBOPUMBIE B BOJIC BEIECTBA, Pa3z0aBISIOT TUCTUIUIMPOBAHHON BOJOW B COOT-
Homenuu 1:20. Jsg 5TOro NUIETKOW OTOMParoT 5 cM® mpoObl, MOMEMAIOT B
MEpPHYIO K00y BMecTUMOCThI0 100 cM3, 10BOIAT 10 METKM AUCTUIUIMPOBAHHOM
BOJIOM U MEPEMEIIUBAIOT.

3arem 1—2 cm® mpoOBlI OTOMPAIOT B MEAMIMHCKMI LINPHI] YEPE3 MY,
MIOCJIE ATOTO 3aMEHSIOT UTJTy Ha GuiIbTp ¢ nuametrpom mop 0,45 nmu 0,20 MKM u
OT(WIBTPOBLIBAIOT B BHAITY.

Jlnst onpeiesieHus MacCOBOM KOHIICHTPAIIMU Caxapo3bl, TIIFOKO3bI, PPYK-
TO3bI U COpPOUTA COKOBYIO MPOAYKIIHIO, C MSIKOTHIO WJIM COJEpPIKaIlyl0 HE pac-
TBOpPUMBIE B BOJIE BEIIECTBA, pa30aBiisitoT B cooTHoeHuu 1:20. [{ns atoro nu-
IETKOM O0TOMParoT 5 cM® MpoOkI, IOMEIAIT B MEPHYIO KOJIOY BMECTUMOCTEIO

100 cM3, 1OBOAAT AMCTUIIMPOBAHHOM BOJOM JO METKH M HNEPEMEIIUBAIOT. 3a-
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TeM npoOy ueHTpudyrupyor ¢ pakrtopom pasaenenus He meHee 990 gB Teue-
Hue 15 MMH, HOCJIe 3TOr0 ¢ MOMOLIBIO IUIIETKH aKKypaTHO OTOMparoT 5 cm®
OCBETJIECHHOT'O BOJHOTO CJIOSI, MOMEMIAIOT B MEPHYIO KOOy BMeCTUMOCTHIO 100
cM®, JIOBOAAT 10 METKM IMCTUUIMPOBAHHONW BOJOM W I€peMeMMBaIoT. Ilpu
HEO0OXOMMOCTU TOcie pa30aBieHUsI BO3MOXKHO MOBTOPHOE HEHTpUGYTUpOBa-
HUE WK QUIBTPOBaHKE Yepe3 OyMasKHbIN QUIBTP.

3arem 1- 2 cm® mpoGBl OTOMPAIOT B MEAMIMHCKMI INIIPHI[ YEPE3 HITIY,
MIOCJIE ATOTO 3aMEHSIOT Uriay Ha GuiIbTp ¢ Auamerpom mop 0,45 uau 0,20 MKM H
OT(QWIBTPOBBIBAIOT B BHAITY.

Omnpenenenre MaccoBOM J10JIM caxapo3bl, TIOKO3bI, (PPYKTO3BI U cOpOUTa
B KOHILICHTPUPOBAHHBIX COKaX MPOBOJST MOCJE NPEIBAPUTEIBLHOTO pa30aBiIeHUsS
npoObl TUCTUJUIMPOBAHHOM BOJOW BECOBBIM METOAOM B cooTHomeHuu 1:100.
g sroro B3BemmBaOT 0kojo 0,5—1,0 I KOHIEHTPUPOBAHHOIO COKa C 3alu-
CBIO pe3yJbTaTa A0 TPEThEro 3HaKa MOCIE 3aMSITOW U MacCy JOBOJAAT IUCTUILIH-
POBaHHOI BOOM /10 modryueHus oorieit maccel mpoosl S0—100 1 ¢ 3anuchio pe-
3yJdbTaTa 10 TPEThEero 3Haka nociue 3andaroi. [lomydenHyro oburyro maccy pac-
TBOpa TAaK)X€ B3BEILIMBAIOT C 3aMHMChIO pe3yJibTaTa 10 TPEThEro 3HaKa Mociie 3a-
naroi. JlemeHuem oOmiei Macchbl pacTBOpa Ha MAacCy HaBECKH KOHIICHTPHPO-
BAaHHOTO COKa BBIUYMCIISIIOT BEJIMYMHY pa30aBiieHusl (pa3BeleHUs), KOTOPYIO
YUUTBIBAIOT MPU BBIUUCICHUSIX.

3areM OTOMPAKOT B MEIUIMHCKHUIN IIIPHUIL YEPE3 UITTYy OKOJIO 2 CM® MOITy-
YEHHOI'0 PacTBOPA, 3aMEHSIIOT Uriy Ha GuibTp ¢ quameTpom mnop 0,20 mxm (s
KOHLIEHTPUPOBAHHBIX COKOB, HE COJEpP)KAIlMX HE PacTBOPUMBIX B BOJE Be-
niecTB) win ¢ auameTpom nop 0,45 MkM (1711 KOHLIEHTPUPOBAHHBIX COKOB, CO-
JIEpKallMX HE pacTBOPUMBIE B BOJI€ BEUIECTBA) U OT(HUILTPOBBIBAIOT B BUAIY |
cMm® 3TOrO pacTBopa.

6.3.2. Ilpucomoenenue cmanoapmHvIXZPAOYUPOBOUHBIX PACHEOPOE

cmecuyziieo008 (caxaposvl, 21l0K03bl, hpyKmo3vl) u copouma.
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CranmapTHbIC TPaayHPOBOYHBIC PACTBOPHI CMECHUYTJIEBOJOB (Caxapos3bl,
TJIFOKO3bI, (PPYKTO3bI) U COPOUTA TOTOBSIT [T OJTHOBPEMEHHOMN TpalyMpPOBOYHOM
3aBUCUMOCTH 10 YETBIPEM TOYKaM, OT MEHBIIICH MAacCOBOW KOHIICHTPAITUU WIIH
MacCOBOM /107 Ccaxapo3bl, TIIIOKO3bI, PPYKTO3bI U cOpOUTA K OOJIbIIEH, U3 OC-
HOBHOTO CTaHAapTHOTO pactBopa Ne 1 B cooTBeTCTBUU C TabuIeH 6.1.

Tabmuab. 1.

[TpuroToBneHNe CTaHAAPTHBIX IPATYHPOBOYHBIX PACTBOPOB CMECH YTIIe-

BOJIOB (Caxapo3bl, IIIIOK03bI, PPYKTO3bI) U COPOUTA.

00beM

Ne crann. MaccoBast  KOH-
KoJi0b1, | Croco0 MpUTrOTOBICHUS

pacTBopa LeHTpanus r/am’
MJT

B3emmBaror o 1,60 r caxapossl,
TJIIOKO3bI, (PYKTO3bI U COpOUTA,
MEPEHOCIT B MEPHYIO KOJIOy BMe-
1 100 16,0
ctumocthio 100 cm®, moBomar Bo-
JIOM 7O METKH W TIIATEIBHO Iepe-

MCIIMUBAIOT.

Ot6uparor 1,56 cm® pactsopa Ne 1,
MEPEHOCIT B MEPHYIO KOJIOY, J10BO-
IST BOMOM O METKH M TIIATEIHLHO

NEepEMEIINBALOT.

Ot6uparor 3.13 cm® pactBopa Ne 1,
TIEPEHOCAT B MEPHYIO KOIOY, JOBO-
IAT BOJOM 10 METKH U TIIATEILHO

MNepEMCIINBAIOT.
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Or6uparor 12.5 cm® pactBopa Ne 1,
TIEPEHOCAT B MEPHYIO KOIOY, J10BO-
AT BOMOM 10 METKH U THIATEIHHO

IMEPEMCIINBAIOT.

CranpapTHble TPaJIyuPOBOYHBIE PACTBOPHI TOTOBAT HEMOCPEACTBEHHO TIE-
pen npoBeneHueM u3MepeHud.IlopsaoK 3IIOMpOBaHUSYTIIEBOIOB U cOpOUTa
CIIEYIOIIMI: caxapo3a, INII0K03a, PpyKTo3a, COPOUT.

6.3.3. IIposedenue uzmepenuit memooom 6viCOK0I(PGeKkmusnoil Hcuo-
KOCIMHOU Xpomamozpaghuu.

XpoMmarorpad BKIIOYaIOT B COOTBETCTBUU C MHCTPYKIIMEH 110 €ro 3KCILTY-
aTallMy ¥ YCTaHABJIMBAIOT MTapaMeTPbl XpoMaTorpapupoBaHHUs:

o Kosmonka ananutnueckas: mmHOW 300 1 BHYTPEHHUM IHAMETPOM
6,5 MM, 3anosHeHHas! CyJIb(pUPOBAHHBIM COMOJIMMEPOM TMOJUCTHPOJIA U TUBU-
UMIOEH30I1a B KaJIbLIMEBOM HOHHOU (hopme, pazmep yacTull 30 MKM.

o Dmoent pacteop Ca-DJITA 0,03 — 0,1 Mmmoms/nm® unum Bosa.

o Temnepatypa kosioHku: 80 — 90°C (wnm pekomMeHayeMasi pou3BO-
JIATEJIEM KOJIOHKH).

o JleTexTrpoBaHue: peppaKTOMETPUUECKOE.

o CKOpOCTh MOTOKA ToAauu smoenTa. 0,5 cM®/MuH (Mam peKoMeH Iy-
eMasi TPOU3BOAUTENIEM KOJIOHKH).

o O6nsem BBOUMOM TpoOBl: 10 — 20MK1 (00bEM BBOAMMON MPOOHI
BBIOMPAIOT B COOTBETCTBUU C TEXHUYECKUMHU XaPaAKTEPUCTUKAMU pedpaKkToMeT-
PUYECKOTO AETEKTOpa IPU ONTUMHU3AIUU METOJIA).

[Tpumep xpomaTtorpaMMbl MOJAEIBHOM CMeCH caxapo3bl, (PPYKTO3bI, IIIHO-

KO3bl U COpOUTA MPUBEICH HA pUCYHKE 6.1.
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Pucynox 6.1. Xpomamoepamma cmanoapmmuoco pacmeopa (1 — caxaposa;,
2 — emoxosa, 3 — pykmosa, 4 - copoum,).

[IpoBonaTr xpomaTtorpaduyecKkuii aHallu3 BCEX TIPaayHpPOBOUYHBIXPACTBO-
POB CMecH caxapo3bl, TITIOKO3bI, PPYKTO3bI U cOpOUTA.PerucTpupyroT miomaam
MUKOB OTJIEJTbHBIXKOMIIOHEHTOB U CTPOSIT TPaIyupPOBOYHBIN TpaduKk — 3aBUCH-
MOCTBIUIONIAAN MHUKA OT MacCOBON KOHIIEHTPAIMU WM MAacCOBOM JOJIMKOMIIO-
HEHTa B ITPaJyUuPOBOYHOM PaACTBOPE.

['pamyrpoBOYHYIO 3aBUCUMOCTD BBIPAXKAIOT JINHEWHBIM YPAaBHECHUEM:

y = Kkx. (6.1)

[TpaBUWILHOCTH TOCTPOCHUS TPATYUPOBOUHON 3aBUCUMOCTH KOHTPOJIUPY-
eTCs BEJIMYMHOM J0CTOBEPHOCTH anmnpokcumanuu (R?),

R%>0,9997 (6.2)

[TpoBoasT XxpoMarorpaduyeckuii aHaiM3 MOATOTOBJIECHHBIX MpoO. Kax-
Iy10 TIpo0y MPOAYKTa aHAIM3UPYIOT J[Ba pa3a B YCIOBHSIX MOBTOpsieMOCTH. Pe-
TUCTPUPYIOT MIIOUIAJAX MUKOBYIJIEBOJOB U copbuta. B ciiydae, ecnu miomaasb

COOTBCTCTBYIOHICTO ITMKA BBIXOAWUT 3d I'PaHUIbI AUAIIA30HA TI'PAAYUPOBKU XPO-
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MaTtorpada, TOTOBSIT HOBYIO MeHee Wi 0OoJiee pa30aBICHHYIO TPOOYy W aHAIH3
HOBTOPSIOT.

MaccoBbie KOHIIGHTPAIlUU WM MAacCOBBIE JIOJMU YIIeBOJOB U copbutaC
(r/am® unm %) HAXOAUT MCXOAA M3 TOCTPOSHHOM IPalyUpOBOYHOM 3aBHCHMOCTH

10 YpaBHEHHUIO:

C = % (6.3)

rie K - rpagyupoBouHbiii K03()GUIMEHT COOTBETCTBYIOIICH 3aBUCUMOCTH.
6.3.4. Oopadomka IKchepuMeHMATbHBIX OAHHBIX .
OO0paboTKy 3KCIEPUMEHTANBHBIX TaHHBIX IMPOBOJIAT B COOTBETCTBUU C

nyHKToM 4.3.3. mabopatopHoit paboThl Ne 4.
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Jlabopamopnasa paboma Ne [.Pazoenenue cmecu 6e1koe memooom
UOHOOOMEHHOU Xpomamozpaghuu

Beeoenue

B otnuume OT HU3KOMOJEKYISIPHBIX BEIIECTB, OCIKU TMPEIBSIBISIOT K
copbeHTaM ocoOble TpeOoBaHus. [ TaBHOE U3 HUX — ATO «PBIXJIOCTHY» CTPYKTYPHI
copbeHTa, 4ToOBI OEJOK MOT MPOHMKHYTHh BHYTPh YaCTHUIl M JOCTHYH IICHTPOB
cBsi3bIBaHus. Kpome Toro, marepuas copOeHTa HE JOJKEH B3aUMOJICHCTBOBATD
c OenkoM. DTUM TpeOOBAHMSIM HE OTBEYAIOT MOJUCTUPOIBHBIE CMOJbBI, U JJIs
paszesieHusi OENKOB HCHOJIb3YIOT MOHOOOMEHHUKM Ha OCHOBE IIEJUTIOJIO3HI,

ACKCTPAHOB U arapos.

Tab6mamma 7.1.
Hawnbonee n3BecTHbie HOHOOOMEHHUKH.
Tun 3apsiKeHHast
Ha3zBanue
MOMHOOOMEHHHUKA rpymnmna
Katnonooomen- | KM-nieiumrono3a  (kapOok-
-O-CH2-COO
HUK CHMETHUJIIIEIIITION03a)
_ AHHOHOOOMEH- JADAD-nienmono3a (AUATH- | +
Q
é HUK JTAMUHOATUJILIEIIITION03a) -O-C,H4NH(C,Hs),
@
5 KartnonooomeH-
® docdonemtronosa -O-POs
= | Huk
2
S | Aumonoobmen- | TDAD-nemmonosa  (Tpu- | +
Q
o
’E HUK sTHIaMUHOITHINET003a) | -O-C,HyN(CyHs)s
S Katronooomen- | KM-cedanekc (kapOokcu-
3 -O-CH2-COO
S HUK MeTtuicedanexc)
/m
S
T o« | Katnonooomen- | CIl-cedamexc (cymbgomnpo-
o g -O-(CHy)3-SO3
s & |HHUK nuscedaneKc)
e
& | Karnonoobmen- | KM-cedaposa  (xapbokcu-
o B -O-CH2-COOr
@ S| HUK MeTtuiicedaposa)
Q
= Q
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AHHOHOOOMEH- JADAD- cedaposza (auaTu- | +

HUK JamMuHO3THIICE(Dapo3a) -O-C,H4NH(C2Hs):,

benku cBA3bIBalOTCS HOHOOOMEHHUKOM C MOMOIIBIO 3JIEKTPOCTATUYECKHUX
CHJI MEXTy 3apsOKCHHBIMU TPYIITIaMU OCTTKOB M KJIaCTEPaMU 3apsKEHHBIX TPYIIIT
Ha noHooOMeHHMKe. CterneHp Mogudukanun KM umu 1D AD-1emitono3sl BhI-
coka — 10 0,5 MMosn/cM®. 3apsbl, HeATpanTM30BaHEl IIPOTUBOMOHAMH, TAKMMH
KaK MOHBI METAJIOB, XJIOPH]I - HOHBI U HOHBI Oy(depa. bemok 10mKeH BHITECHUTD
MPOTUBOUOHBI, OTCIOJIA IPOUCXOJIUT TEPMHUH «MOHHBIM OOMEHY.

KonuuectBo Oenika, KOTOPOE MOKET CBA3aTh MOHOOOMEHHHUK B pacueTe Ha
SAUHUITY 00beMa, MOXKET ObITh OYEHb OOJIBIINM. Y HOHOOOMEHHUKOB HAa OCHOBE
[EJUTIOJIO3bI ATO KOJIMYECTBO 3aBHCUT B OCHOBHOM OT Pa3MepoB OEIKOBBIX MO-
JIEKYJI, — YeM MeIb4e MOJIEKYJbl OeIKa, TeM B OOJIbILIEH CTEIIEHU OH afcopOupy-
eTcsi. Monekyisl GelIKOB ¢ MOJIEKYJIApHOi Maccoii 6onee 10° He 3amepxkuBaror-
cst OOJIBIIIMHCTBOM IEJUTIOJIO3HBIX HOHOOOMEHHUKOB.MIOHOOOMEHHUKH Ha OCHO-
Be cedanexca u cedapo3bl KOMOMHUPYIOT HOHHBIA OOMEH ¢ 3P(HEKTOM MOJIEKY-
JISIPHOTO CHTA.

MoHO TIPUBECTH TPUMEPHI BIOOPA HOHOOOMEHHUKA /ISl OUUCTKHU OeJika

C U3BECTHOM M303JIeKTpUUecKor Toukoi. [Ipeamnonaraercs, uro 6enok ctabuiieH

npu pH 5,5-8,5.
Tab6muna 7.2.
Bri6op moHooOMeHHUMKA Jisi OEIKOB C WM3BECTHOM M303JEKTPUUYECKOMN
TOYKOMU
N3osnexTpuueckast Touka | MloHHBIN 0OMeH pH Oydepa
8,5 Karuon <7,0
7,0 Karuon <6,0
6,0 AHNOH >8.,0
55 AHNOH >6,5




160

Nwmeercst B Bumy, uTo Tipu 3HadeHusX pH Oydepa HIKE M303JIEKTpHUUC-
CKOM, O€JIOK MMEeT MOJOKUTENbHBIN 3apsj U afAcopOUpyeTcs Ha KaTMOHOOO-
MEHHUKE ¥ Ha00OpOT.

Ha mpakTtuke yciaoBus aacopOnuu BIOMPAIOT AIMIUPUIECKHU, TaK KaK da-
II€ BCEr0 HM303JIEKTpUYECKas TOYKa Oelika HEM3BECTHA. XOTs H303JEKTpuye-
CKYI0 TOYKY (pepMEHTa MOXHO OTPEAETUTh METOJOM H303JEKTpUYecKoro ¢o-
KyCHUPOBaHHUSI B COYETAHUM CO CIENM(PUUECKUM OKpalllMBaHHEM Ha (epMeHTa-
TUBHYIO aKTUBHOCTh, HO MHOT]Ia IIPOILIE MPOBECTH SKCIEPUMEHT C MPUMEHEHU-
€M MOHOOOMEHHHUKOB.

Jist  ucnbITaHusl  aACOPOIMOHHONM CrOCOOHOCTH  JIDAD-11emirono3sl
00BIYHO MCIONB3YIOT 20 MMons/aM Tpuc-6ydep pH 8,0. g 3TOro 10CTaTO4HO
HEOO0JIBIION KOJOHKH 00beMoM okoJio 2 mil. Eciiu ¢epMeHT He ancopOupoBalics
Ha JIDAD-1emonose, To: a) BO3SMOXKHO BCE-TaKH MPOU3OIILIIA €70 OYHCTKA, TaK
KaK MOTJIM aJIcOpOMpOoBaThCs OaiacTHbie OeNKu, 0) pepMeHT, BEpOSITHO, OyIeT
copbupoBarthcs Ha kKaTuoHooOMeHHuke (KM-1iemmtonose).

Jecop6upyror 6enku pactsopom NaCl ¢ KoHIEeHTpanuei 2Momb/ame, mpu
TaKOW MOHHOW CHJIE DIIIOMPYIOTCA MPAKTUYECKHM BCE O€NKU. 3aTeM MNpPOBOAST
MPOBEPKY, YTOOBI YOEAUTHCS, YTO (PEPMEHT coleNl ¢ KOJOHKH. Cremayromum
ATaoM paboTHI SABJSIETCS MOA00P YCIOBHUM SIIOIUU TSl pa3/ieiIeHHs OSIKOB.

Cnenyer oOpaTuTh BHUMaHHUE Ha HEKOTOpPbIE OCOOCHHOCTH PabOTHI C
noHooOMeHHuKamu. OOpaser; HeoOX0IMMO HAaHOCUTh B TOM e Oydepe, KOTo-
PBIM MCHOJIB3YIOT Ul YPAaBHOBELIMBAHUSA KOJOHKH. /[ mepeBoda B HYKHBIN
Oydep ucmonb3yoT ANaIU3 WK renb-GuinbTpanuto. Hanpumep, 1 mi nmpenapara
MPOMYCKAIOT uepe3 KoJIOHKY ¢ cedanexkcom G-25 ooremom 10 My, ypaBHOBe-
HIEHHYIO HYKHbIM Oydepom, 3a 10 mun. KonuenTpaius 6eska B 00pasie MOKeT
nocturath 30 mMr/mi. B nonooOMeHHO#N XpomaTtorpaguu IpUMEHSIOT KOPOTKHE
U TOJICTBIC KOJIOHKH, JIJTMHA KOTOPBIX B 4-5 pa3 mpeBbImacT ux auametp. Huko-

r71a He CIeayeT HAaHOCHTh 00pasell, B KOTOPOM €CTh OCaJIOK, €ro Haj0 CHavaja
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OTIENUTh LEeHTpUudyrupoBanueM. OcaJoK MOKET MPUBECTH K 3aKyMOpPKE KO-
JIOHKH.

TeopeTnuecku CymEeCTBYIOT 1Ba CIIOCO0A AITIOIUHN OEIKOB.

1) Usmenenue pH Oydepa 10 BenTUUUHBI, IPH KOTOPOH CBSA3bIBaHUE OENKa
C azcopOeHTOM ocliabeBaeT; il aHMOHOOOMEHHUKOB MCIIOJIB3YIOT Oojiee HU3-
Kue 3HaueHus pH, a 1s1 KaTHOHOOOMEHHUKOB — 00JIee BBICOKHE.

2) [loBbllIeHrE MOHHOM CHUJIBI, UTO BBI3BIBAET OCIIA0JICHHUE AIEKTPOCTATH-
YECKOTO B3aMMOJICUCTBHS MEXy OCITKOM U aJICOPOCHTOM.

Ha npaktuke Metos 1 He Bcerna 1aet Xopoliiue pe3yiabTaThl u3-3a 0ydep-
HBIX CBOMCTB caMHX O€JIKOB, a B HEKOTOPBIX Cilydasx U ajacopoenra. bonee pac-
IIPOCTPAHEHHBIE CIIOCOOBI BIIOLUHA — COJIEBbIE TPAJUEHTHI (CTylIeHYaThle U JIU-
HelHble). OOBIYHO MCMOJB3YIOT XJIOPU/IbI Kajusl UM HATPUsl, TMHEHHBIA rpau-
€HT CO3Jal0T MPHU MOMOIIM IMPOCTOrO0 CMECHUTENs, pabOTAIONIEr0 Ha MPUHIIUIE
cOOOIIAIIMMXCS cOCynoB. [Ipu MOBBINIEHUH KOHLIEHTPALIMKU COJIM OCIKUA HadM-
HAIOT JBUTATbCS BHU3, HO NEPEMEIIAIOTCS C MEHBIIEH CKOPOCTBIO, YEM COJIb,
MOATOMY Ka)KJas 4acTh OCJIKOBOW 30HBI HUCMBITHIBACT JCHCTBUE MOBBIIICHHOM
KOHLIEHTPAIMHU COJU. DTO MPUBOIUT K TOMY, YTO 30HBI CYKaIOTCS.

1.1. Ilenv pabomeot.

Paznenenue monenbHOM cMecHu OEJIKOB METOJIOM MOHOOOMEHHOW Xpoma-
torpaduu Ha J[IDAD-cedapo3se.

1.2. O0vexkmol u cpedcmea uccied06aHus.

1. Xpomatorpaduueckas cucrema BioLogicLP npoussomcteo BIO-
RAD.
Cnextpodotomerp CD-103.
MukponpoOupku tuna eppendorf.
ABTOMaTHUYECKHE MUNIETKUTIEPEMEHHOTO 00BbeMa.

docdaTuslii 6ypep pH=6,0, 20 Mmmons/am>,

o 0k~ w D

1mons/mvpacteop NaCl.
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1. PactBOp, comepxarniuii cMech OEIKOB - TIFOKO30KCHAa3bl (1 mMr/mi)
U TiepoKkcu1a3el Xpena (1 mr/mo).

8. 100 Mmons/nm?® kamuii-pocharusiii 6ypep pH=6,0. (Peaxmus A)

Q. 0,5% pactBop o-muanu3uauHa B 1 M1 Metanona. (Peaxmue B)

10.  PactBOp o-amanusuauHa B 0ydepe. 0,2 mu peaktua B B 24 mi pe-
aktuBa A. (Peaxmus C)

11. 1 mons/nm® pacTBOp rmoKko3bl. (Peaxmue D)

12.  PactBop mepokcuaassl xpeHa 300 E/mi. (Peaxkmus E)

13.  PactBOp dpepmenTa riroko3zokcuaassl (30 E/m).

1.3. IIpozcpamma padomer.

7.3.1. Pazoenenue cmecu 6e1koe memooom uOHOOOMEHHOU XPOMAMO-
zpaguu.

Cmech OenkoB HaHOCAT Ha KoJoHKY (1,0 cM Ha 13,5 cMm), 3aM0THEHHYIO
JIDAD-cedaposoii, ypaBHOBemeHHYI0 20 MMoib/mM° pocatasiM 6ydepom pH
6,0. [IpomyckatoT uepe3 KOJOHKY co cKopocThio 0,5 Mi/MuH B Teuenuu 30 MUH
TOT ke Oydep.

depmenT >moupyroT nuHerHBIM rpaguenToM NaCl ot 0 no 1 mons/am3s
TeueHHH 2 4JacoB co ckopocThio 0,5 mu/muH. CoOuparoT (pakiuu 3iroara 1o
1,0 mu. Onrtuyeckyro IUIOTHOCTh (pakuuii (UKCHUPYIOT ¢ TOMOLIbl0 Y O-
JaT4YMKa MPpH JUTMHE BOJHBI 280 HM. Dpakiuu, cogepxaiiie 0eIoK OnpeaeasoT
u3 rpaduka (pucyHok 9.1) 3aBUCMMOCTH ONTHYECKOM IUIOTHOCTU OT BPEMEHH
(Homepa (ppakiun). COOTBETCTBYIOIIME KAXKIOMY MHUKY (pakuUu OOBEIUHSIOT
U J1ajiee UCTOJB3YIOT JUIsl uieHTu(uKanmy 6enka (1o akTUBHOCTH) CIIEKTpodo-
TOMETPHYCCKHUM METOJIOM.

[To mony4eHHON XpomaTrorpaMme pacCuMThIBaloT BbicoTy (h) u muromiaas
(S) mukoB. Jlns pacyera Mmiomiaad HaXOAAT MPOU3BEICHHE BHICOTHI IIMKa Ha €ro
NONyIUpHUHY. PaccunTars MpoOIeHTHOE COOTHOIIIEHNE OSIKOB B CMECH METO/I0OM

HOPMHPOBKH II0 ILIOITAAN ITHMKOB.
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Pucynok 71.1. Pazoenenue cmecu nepokcudasvl XpeHa u 2n0K030KCUOA3bl
MemoOoOM UOHOOOMeHHOU Xpomamozcpaghuu na [{DAD-ceghapose.
7.3.2. Hoenmugpurkayus hepmenmog ¢ no1yueHHvIX hpaKuusx.

B COOTBCTCTBYIOIIUEC KIOBETBI ITOMCCTHUTBL CJICAYIOIHC 00BEMBI PCaKTH-

BOB:
N3mepurenpHas kroBeTa | KroBera cpaBHEHUA
Peaktus C 1700 mxa 1700 mxi
Peaxtus D 1500 mkn 1500 mkn
Peaktus E 10 mMxn 10 mMxn

HepeMemaTL COACPIKNMOC Ka)I()IOﬁ KIOBECTBI U JOXIATHCA IIOKAa OIITHYC-

CKasd IIOTHOCTD IICPCCTAHCT U3MCHATBCA. 3areM I[O6aBI/ITBZ

N3smepurenpHas kroBeta | KroBera cpaBHEeHUs

JuctunmpoBanHas Boja | - 10 mxn

OtobOpanHas dpakius 10 Mk -
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Ilepememars 1 perucCTpUpPOBATh ONTUYECKYIO INIOTHOCTH IPU JJIMHE BOJI-

Hel 460 HM 10 MunyT (pricyHok 9.2).

0.6450 —
8 05168
L
o
o
[
E 0.3376
R
2 02584
(%)
:
B 01202
o
0.0000
0.0000 21031 420.62 630.93 841.24 1051.5
Bpems, ¢

Pucynoxk 7.2.3asucumocmv onmuyeckou ni1omHocmu peakyuoHHoUu cmecu
npu epmenmamueHoM OKUCIEHUU 2NIOKO3bl 8 NPUCYMCMEUU 0-0UAHUSUOUHA
om épemeHu peaxkyuu. (ghepmenm 2a0K0300KCUOA3d, KOHYEHMPAYUsl 2II0KO3bl
100 mxe/mn).

Ecnu ontudeckasi IiIOTHOCTh pEaKIIMOHHOW CMECU BO3pPACTAET, 3HAUUT, B
ucciaenyeMol (ppakuuu MNpPUCYTCTBYET (PEPMEHT TIIIOKO300Kcuaa3a. Bropas

bpakuus CoAEp>KUT MEPOKCUAA3Y XPEHA.



165

Jlabopamopnasa paboma Ne 8.06ecconueanue b6e1K06020 pacmeopa me-
mMO0OM IKCKAIO3UOHHOUXpOMamozpaduu

Beeoenue

HuszkomornekysapHble BelecTBa U3 OCIKOBOIO PacTBOpPa MOKHO yIAJIUTh
JIOCTAaTOYHO OBICTPO M TMOJHO C IMOMOIIBIO IKCKIIO3UOHHON XpomaTorpapuu
(renmp-dunbTpanun). Pa3znenenne BemecTs 3TUM METOJIOM OCHOBAHO Ha Pa3Jiv-
YUHU B pazMepax Moisiekys. KpynHble MOJIeKyJbl HE MMPOHUKAIOT B MOPHI TPAHYJ
refis U BBIXOJAT U3 KOJIOHKH B NEPBYIO OYepellb, B TO BpeMsl Kak HEOOJbIINE
MOJIEKYJIbI TTONAJAI0T YePe3 MOPhI B TPAHYJIbl, BCIAEACTBUE ATOTO 3aEP KUBAIOT-
Csl Ha KOJIOHKE M JIBIXKYTCS C MEHbIIIEH CKOpOCThIO (pucyHok 8.1.). Meton resib-
GUIbTpallui YacTO HA3BIBAIOT Pa3/IeICHUEM BEIIECTB MO MPHUHIIUITY MOJIEKY-
JIIPHOTO CUTA.

AHanusmpyembin
obpasel BydepHbii pacTBop
t

Al

o

Pucynox 8. 1. Ilpunyun oeticmeus memooa 2envb-purbmpayuu.

[ToBeieHMe MOJIEKYJI B KOJIOHKE TPH I'elib-(PHIBTPAILIMA MOXKET ObITh OITH-

CaHO CIEAYIOIINM YPaBHEHUEM:
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_ Ve—Vo
P v—1

K. (8.1)

rae Vi— o0mmuii 00beM KOJOHKH, Vo — CBOOOIHBIN 00beM (MEXKIy Tpa-
HyJaMmu reisi), Ve— 00beM IIoalu paccMaTpruBaeMoit Mosekyssl u Kg, — ko-
3¢ UIUEHT, OMPENeSIONINA T0JII0 TOP, KOTOPYI0 MOXKET 3aHMMATh 3Ta MoJie-
KyJia.

CBoiicTBaMu MOJIEKYJISIPHOTO CUTa 00JIaJIlal0T MHOTHE MTOPUCTHIE MAaTEepH-
anbl. Hanbonee yacTo uist 3TON 1ENH MPUMEHSIOT OPraHUYECKHE MOJIMMEPHI C
TPEXMEpPHOU ceTuaToil cTpykTypoi. Hanpumep, renu nonucaxapuja AeKCTpaHa
(xommepueckoe Ha3BaHue — cedanexcel). [lpu u3roroBiaeHun cedagexkcoB mo-

JIMCAXapruaAHbIC LI ACKCTPaHa COCANHAIOTCA IOIICPCYHBIMU CINMBKaAMU (pI/Icy—

HOK 8.2.).
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Pucynok 8.2. Xumuuecxoe cmpoenue ceghpadexcos.
CymiecTByeT HECKOJBKO THIOB cedanexca, pa3muyaronuxcsi Kak pa3me-
POM M KOJIMYECTBOM, TaK W BEIIMYMHOW TpaHyJs. ITO MO3BOJISET MPUMEHSITh UX

AJI1 pasacICHus BCUICCTB C pa3HbBIMU pasMEpaMi MOJICKYIJIL. Bnaro;lapﬂ BBICOKO-
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MY COJIEP’KaHHUIO TUAPOKCHIIBHBIX TPYII TPaHYJbl cedanekca Jerko HadyXaroT,
o0pa3ys renb. UeM BhIllie CITIOCOOHOCTH rens K HaOyXaHuto, TeM OoJbIlie HoMEp
cedanekca.

Cedanexcbl OTIMYAIOTCS PA3NUYHONW CTEMEHBIO CIIMBKU MOJEKYJ JEKC-
TpaHa APYr C APYroM. DTO HAXOAWT BHIpAKEHHE B PA3IMYHON HaOyXaeMOCTH
rpanyin cedanekca u mnpeaenax 3KCKI03UH (BbIpakaeMoil 3HAUCHUSIMU MOJIEKY-
JISIPHOM MacChl BEIIECTB, €Ile CIIOCOOHBIX BXOAWTHh BHYTPh TpaHy’ cedanekca),
B CBSI3M C YeM, U IIOCTPOEHA UX Kiaccubukanus (Taduia 8.1).

Tabmuma 8.1. XapakTepucTrKa HEKOTOPHIX BUAOB ce(aeKCOB

Jnanazon
IIpenen skc- n VYnens- | Bpems mon- | gpakiuoHu-
OrJI0- .
Mapka | kiro3uu, 8 HBII HOTO Ha0yxa- | pOBaHUS
LICHUE
Ceda- | eounuyax mo- BONEL 0o0beM B | HUSI MPU KOM- | OETIKOB MO
JeKca | AeK)IAPHOU Mﬂi ’ KOJIOHKE, | HATHOM TEM- | MOJIEKYJISAP-
maccwl cem’/z neparype, y HOl Macce,
Mmuic.
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

JI1s1 ocBOOOXKIeHUsI OEIKOBBIX PACTBOPOB OT COJIe OOBIYHO HMCIOJIb3Y-
10T cedanexc mapku G-25. [Ipumenenue cedanekcoB st ppakIImOHUPOBAHUS
CJIO’KHBIX OEJIKOBBIX CMECEH THIa TeX, YTO XapaKTEepHbI I OMOIOTUYECKHUX
KUJKOCTEN (CHIBOPOTKA KPOBH, reMOJIMMPpa O0€CITO3BOHOYHBIX U T.I1.) WU KC-
TPAKTOB, MOJYYEHHBIX U3 )KMBOTHBIX M PACTUTEIBHBIX TKaHel, Manodpdek-
THUBHO: YJaeTCs JIUIIb Pa3IeIUTh CMeCh OCJIKOB Ha HECKOJbKO rpynin. Tem He
MEHEe, B psJie CIydaeB 13TO MepBasi CTaaus MPH BHIICICHUN WHIUBHUYAThHBIX
oenkoB. Cedaaekchl TPUMEHSIIOT TaK)Ke Ha 3aKJIIOUUTEIbHBIX 3Tarax OYUCTKH
Oenka OT MPUMECH COIYTCTBYIOIIETO OeyKa, eCH MOCIEAHUI JOCTATOYHO Pe3-

KO OTJIIMYACTCs OT IIECPBOTO IO BECJIMYNHC MOJ'ICKy.TIprHOﬁ MacCcCHhI.
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B mocnennee BpeMs cedanekchl MPUMEHSIIOT JJIsl OTIPEICTICHUS MOJICKY-
JISIPHOU Macchl OEIKOB MyTEM COTMOCTABJICHUS BEJIMYUH CBOOOIHOTO (T.€. HE 3a-
HSTOTO TpaHylIamMu cedagexca) U MIOUPYEeMOro(T.e. HEOOXOAUMOTO ISl BbI-
HOca OeJIka U3 KOJIOHKH ) 00beMOB KOJIOHKH.

8.1. Ilens pabomeur:

[IpakTHyeckoe O3HAKOMIICHHE C METOAOM ASKCKIIO3MOHHOM XpomaTorpa-
¢bumn.

8.2. Obvexkmul u cpedcmea uccie008anus.

1. Anuneiii aneOymun (1%-ue1it pactBop B 0,5%-HOM pacTtBOpe OU-
XpoMara Kajus).

2. ["omy6oit nexctpan 1% p-p.

3. buypeToBbIii peakTuB.

4, Kononka pazmepom 1%25 cm ¢ renem cedanexkca G-25 (4 r B 200

MJI JUCTHUJUTHPOBAHHOM BOJBI).

5. JuctunnupoBaHHast BOJA.
6. [ITaTuBBl C TPOOUPKAMHU.
7. [Tunerku.

8.3. Ilpozpamma pabomuwt

8.3.1. 3anonnenue u n0020MoBKa KOJIOHKU.

Kononky 3anonustot cedanexcom G-25. Jlnsg storo 4 r cedaaexca mpe-
BaputenbHO 3anuBatoT 200 M 0,09 M pacTBopa xnopuaa HaTpUs B CTakaHe Ha |
JIUTP, XOPOIIO TEPEMEIINBAIOT U OCTaBISIOT Ha 24 yaca. Uepe3 cyTku HaOyx-
mui cedanekc npoMeiBaloT 5 pa3 0,09 M pactBopoM XJiopuaa HATpus MyTeEM
JEKaHTAIMK. 3aTeM CTaKaH C TeyieM cedaekca OMEIIAlT B OOJIBIIION BaKyyM-
HBIM DKCUKATOP W B TeUeHHE 1,5 4acoB J€a’pupPYIOT MOJ BaKyyMOM, CO3/1aBaec-
MBIM BOJIOCTPYHHBIM HACOCOM, ITOCJIC YETO Telb TOTOB JIJISl 3aITOJTHCHUS KOJIOH-
KH. 3arojHEHNE TeJieM KOJOHKH BEAYT OCTOPOXKHO, 3aJIMBasi €r0 MEIJICHHO W
HEIPEPBIBHO IO CTECHKE KOJIOHKH, YTO MPEIOXPaHIET €ro OT 3aXBaTa My3bIPhKOB

BO3/yXa.
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8.3.2. Onpeodenenue o6vema 600HoI (ha3zvt Ko10HKU V.

OTKpbIBaIOT 3aKUM Ha KoJioHke u ciuBaioT 0,1 momw/n pactBop NaCl,
HaXOJSAIIMICS HAJl TeJIEM. 3aKUM 3aKpbIBAIOT U HA MIOBEPXHOCTh I'ejlsl OYE€Hb aK-
KypaTHO, IO CTE€HKE, C MOMOLIBIO0 MUIIETKH HaHocAT 0,5 Mi1 pacTBopa royooro
nekcrpaHa. OTKPBIBAIOT 3aKUM U BBITEKAIOUIYIO0 U3 KOJIOHKU >KHJIKOCTh COOM-
paroT B MEPHBIN LWJIMHIAP U COXPaHAIOT 10 KOHIA onbiTa. HabmomaroT 3a npo-
HUKHOBEHHEM HAHECEHHOTO pacTBOpa B reib (MOBEPXHOCTh Telid HE JO0JHKHA
OCTaBaThbCsl CyXOH, MOATOMY MO MEpPE BBITEKaHUs KUIAKOCTH W3 KOJIOHKHU pac-
tBop NaCl monmBaroT B KOJIOHKY JINOO TOJCOCAMHSIOT K KOJIOHKE CKIISTHKY C
pacTBOpoOM).

3apaHee TOTOBAT MATh YUCTHIX NpoOHpok. Kak TOIBKO M3 KOJOHKHU
HAYHET BBITEKATh OKPAIICHHBIN (Tojy00ii) pacTBOpP, B 3TU MPOOUPKH COOUPAIOT
OKpauieHHble (pakuuy, 1o 0,5 M B KKy NpoOUpKy. DiroaT U3 3TUX Mpoou-
POK OT HavaJia psija, BKIIO4asi IpoOMPKY C CaMOM MHTEHCUBHOW OKpPACKOM, CITU-
BalOT B IWJIMHJP, II€ YKe coOpaHbl Mpenplaylye (HeoKpalleHHbIe) (Qpakuuu.
OO0beM OCTaNIbHBIX MPOOMPOK, B KOTOPBIX OKpacka HAaYMHAET ocjlabeBaTh, HE
yuuTbiBaeTcs. Takum 00pa3oM, 00beM 3JIroaTa OT Hayajla OMbITa /10 MOSBICHUS
HauOoJee SIPKOM rory0ol OKpAacKH COCTaBIsieT 00beM BOMHOW (ha3bl KOJOHKH
(Vo). 3akoHYMB oOmpenecHne, KOJIOHKY OTMBIBAIOT OT CJICJOB TOJyOOro JIeKc-
TpaHa.

8.3.3. Oébecconueanue 0en1K08020 pacmeopa MemoooM 2ejib-
dunempayuu.

[lepen HaHeceHueM pacTBopa OejiKa OTKPBIBAIOT KpaH W HAOJIOJAIOT 3a
YMEHBIIEHUEM CTOOMKA BOJBI HaJ cioeM cedanekca. Kak Toapko Haa moBepx-
HOCTBIO T€JIsl OCTAHETCS CJIOM KUJIKOCTH TOJNIIMHON 1-2 MM, KpaH 3aKpbIBAIOT U
aKKypaTHO TMHIIETKOW HaHOCcAT Ha renb 0,5 mu pacTBopa Oenka, B KOTOPBIA
npeaBaputenbHo 100aBisaoT 5 Mr KoCroO7. KpaH OTKpBIBAtOT U CIEAAT 3a MPO-

HHUKHOBCHHCM pPaCTBOpa B I'ClIb. IIo MCPC BBITCKAHUA KHAKOCTH M3 KOJIOHKH B
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KOJIOHKY nonuBatoT pactBop NaCl mubo momcoenuHsIOT K KOJIOHKE CKIISIHKY C
pacTBOpOM

B 12 mukponpobupox ormepuart 0,5 mi 6uyperoBoro peaxtusa. Co-
ouparT (pakuum ¢ KosoHOK 1mo 20 kamenb (1 mur) B mpoOupkH, comepikaiime
OunypeToBblil peaktuB. Jlamee coOuparoT nmo 1 mi smroaTta B MyCThle MPOOUPKH,
JI0 MCUE3HOBEHUSI OpaH)eBOro okpammuBaHus. [Ipu 3Tom He 3a0biBaroT A00aB-
na1h B KoJoHKy pactBop NaCl. Habmonaror 3a nm3MeHeHHEeM OKPacKH B MOPITH-
X DJII0ATa.

['ens B KOJIOHKE OTMBIBAIOT BO/IOH /10 moiHOro ynaierus KoCrOs.

[Ipu odopmiernn pabOTHl ONMUCHIBAIOT MPUHIUI METOAA U PE3yJbTAThI
3aHOCST B Ta0muity 8.2.

Tabnuma 8.2.Pe3ynpTaThl OmbITa MO0 00€CCOTMBAaHNIO pacTBOpa Oemka.

Vomoara,mn |1 |2 |3 |4 |5 |6 |7 (8 |9 |10 |11 |12

benok

Kng207

OTMedaroT nmpu KakoM OOBEeME dJIroaTa M3 KOJOHKHU BBIXOJUT OCJIOK U

Ksz207.
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JladoparopHasi padoTa Ne 9.Pa3nesienue cMecu peppoueHOB METOAOM
TOHKOCJIOMHOU XpoMaTorpaguu.

Beeoenue

TonkocnoiHas xpomarorpadus 3aHUMaeT 0CO00€ MECTO CpelH APYTux
XxpoMaTtorpaduyeckux MeToJI0B Ojarojapsi MpoCTOTEe METOJUKHU U JTOCTYMHOCTH
00OpyIOBaHUsl, IIMPOKON 00JaCTU MPUMEHEHUS, SKOHOMUYHOCTH, JOCTATOYHO
BBICOKOW CEJICKTUBHOCTH M UyBCTBUTEIBbHOCTHU.

Henonpwxknas ¢daza Tonkum cioeMm (100-300 MKM) HaHOCHUTCSI Ha CTEK-
JSTHHYI0, METAJUTMYECKYIO MJIA TUIACTMACCOBYIO IJIACTUHBI. B KauecTBe copOeH-
Ta Yallle BCEro HCIOIb3YIOT CUIIMKAreiab, OKCHJ aTFOMUHHUSA, LEUII0JIO3Y, MOJIH-
amu, ku3eneryp. Ha nunuto crapta (1,5-2 cM oT kpasi IaCTUHBI) OYE€Hb MaJIbIM
ISATHOM HAaHOCSITCSl aHaJIM3UpyeMasi CMECh M CTaHAApTHBIE BewecTBa. st 3Toro
UCIIOJIB3YIOT KAaWUISAPBL, CIENUAIBHBIE MHUKPOIUIIETKH WIM MUKPOIIIPHULIBL.
3aTeM IUJIaCTUHY MOMEIAOT B T€PMETUYHYIO KaMEpPY C pacTBOPUTEIEM, KOTO-
pBIN BBIMOJHSAET POJib NOABMKHOU (as3wl. [lon neiicTBMEM KamMIUIAPHBIX CHIT
pPacTBOPUTENb JBHKETCS BJIOJb CJI0sI COpOeHTa /10 (pUHMIA U C pa3HOM CKOpO-
CTBhIO NIEPEHOCUT KOMIIOHEHTBI CMECH, YTO MPUBOAUT K UX pazaeneHuto. IIpun-
LUIT pa3JieJICHUs] — HEOJAMHAKOBOE CPOJCTBO Pa3leis€MbIX OPraHHYECKHX Be-
IIECTB K MOJBUKHOM KUIKOM (a3ze U crauroHapHoMy copOenTty. Ilocne noctu-
KEHHSI pacTBOPUTENIEM (RJIFOEHTOM) JIMHUU (PMHUIIA [JIACTHHY BBICYIIMBAIOT U
IPOBOJAST UACHTU(PUKALIMIO KOMIOHEHTOB.

BaxHOU XapaKTEpUCTHUKON CTENEHU PA3LECICHUS OINPENECIAEMBIX COEIU-

HEHUH SBIISETCA BeIMUMHA KOAhDUIIMEHTA yAePKUBAHMUS:

L (9.1)

Rt — oTHomIEHUE paccTOSHUS OT LIEHTpaA MSITHA HAa IJIACTUHE 10 JIMHUU
ctapTa (X) K pacCTOSIHUIO, IPOMAEHHOMY PacTBOPUTEIEM OT JIMHUU CTapTa J0

¢unuma (L) (pucynok 9.1.). Benuunna R siBisieTcst XapaKTEepUCTUKOU MPUPOIbI
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OTIPEIEISIEMOTO COCTMHEHUS U 3aBUCUT OT HMCTOJIB3YEMBIX COPOCHTa U PacTBO-
putens. B ciydyae BbICOKOI(DPEKTUBHONM TOHKOCIOWHON XpomaTorpaguu 3a cYeT
CO3/IaHUSI TPUHYJUTEIBHOIO JIBM)KEHUS TMOABWKHOW (Da3bl C peryiupyeMon
CKOPOCTBIO, YMEHBIIICHUS pa3Mepa YacTHIl COpOEHTA /10 5-7 MKM U HACHIIICHUS
MIPOCTPAHCTBA HAJ IUIACTUHOM MMapaMH PACTBOPUTENS YAAETCS CYLIECTBEHHO

YCKOPHUTH ITPOUCCC U IMOBBICUTH YCTKOCTD Pa3ACIICHMA.

AX2.1

Pucynox 9.1. Cxema ananuza memooom TCX.
Mepoii a3 pekTHBHOCTH pa3eieHns Ha OyMare Wind B TOHKOM CJIO€, KaK |
B KOJIOHOYHOM Xpomarorpaduu, siBisieTcsi BennuuHa paspenieHue Rs. Kputepwit

paszeneHust onpeesstoT UCX0/I U3 XPOMATOIPAMMBI 10 (hopMyJie:

_ ZAXZ_l

= 9.2
yity2 ( )

S

KonnuecTBeHHBIN aHAIN3 OCYLIECTBIISIIOT HEMMOCPEACTBEHHO HA XPOMATO-
rpamMMe WJIM TIOCJI€ BBIMBIBAHMS aHAJIU3UPYEMOI0 BEIIECTBa U3 CJI0si COPOCHTA.

Jlnst  aHanW3a WMCMOJIB3YIOT —crnekTpodoromerpuio, (uyopumerputo, MK-
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CHEKTPOCKOTIHIO, PAAMOMETPUYECKAE W ApP. METOABL JI7s pyTHHHBIX KOJWYe-
CTBEHHBIX OMPEJEICHUIN HCIONB3YIOT JTEHCUTOMETPBI, KOTOPhIE U3MEPSIOT HH-
TEHCHUBHOCTD IOTJIOMICHUS AJIEKTPOMAarHUTHOTO W3yUYCHUS MPU CKAaHUPOBAHHH
XpoMarorpaduuecKon MIacCTUHKH.

Bo MHoruX ciydasx Juisi onpeesieHus COAepaHusl BEIECTB Ha MIACTH-
Hax TCX ucnosb3yroT NOJyKOIMYECTBEHHbIA MeToA. OH 3aKII0YaeTcsi B BU3Y-
aJIbHOM CpPaBHEHUHU pa3Mepa IsTHA (a TakKe COMOCTaBICHUH MHTEHCHUBHOCTEH)
C pa3MepaMu CEepUH IMATEH 3TOTO KE BEIIECTBA C U3BECTHBIMU KOHIICHTPALMSIMHU.
HecMoTpst Ha mipocTOTy moaXoAa, OH O0eCredrBaeT MPaBIIIBHOCTD OMpe/ee-
Hus 5-10% npu conepxkanuu 1-5 MKT.

9.1. Ilenv pabomeot.

[IpoBenenue pasaeneHus cMecu anetuideppoleH — GepporeH, onpee-
JICHUE TIapaMeTPOB PA3CICHUs YKa3aHHBIX BEIIECTB.

9.2. O6vexmot u cpedcmea uccied06anusl.

1. Boansiit pactBop aneruindeppolieHa,

Bonneiit pactBOp deppolieHa,

Xmopodopwm x.4.,

2
3
4, I'excan x.4.,
5 benzon x.4.,
6 [Tnactunsl CunydonFosa,
7 CTeknsiHHbIE [JIACTUHBI,
8. XpomaTorpaduyeckas Kamepa.
9.3. Ilpozpamma pabomel.
[ToaroroBuUTh MIACTUHBI K pabOTE: pa3orHaTh MJIACTUHBI YUCTHIM PACTBO-
pUTEJIeM I10 BCEHl BBICOTE, MPOCYIIUThH B TCUEHUE 5 MUH MPU HarpEBaHUHU.
[IpuroToBUTH PAcTBOPUTENH: CMEMIATh XJIOPOPOPM:TeKCAaHB COOTHOIIIE-
Huu 1:2 B oOveme 24 mul. [loMecTuTh pacTBOpUTENIH B XpoMaTorpaduuecKyro

Kamepy. ['epMeTHYHO 3aKpbITh KaMepy, ocTaBuTh Ha 10-15 mMuH aJyist Hacklle-

HUs. C TOMOIIBI0 KamWUIsipa HAaHECTH Ha TJIACTUHY pacTBOp cBumerens (dep-
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POIIEH) U OIpEeNeNIIeMyI0 CMECh Kak IMoKa3aHo Ha pucyHke 9.2. PactBop HaHO-

CAT O4YCHb MAJIbIM IISITHOM.

JInHna puHnwa

1,5¢cm I1,5CM
je—> 1 f—s

T JInHua ctapta
I'],SCM

Pucynox 9.2. Cxema Hanecenus ananuzupyemvix pacmeopos Ha NiacmuHy
TCX.

[TomecTuTh TIACTHHY B XpOMAaTOrpapUUECKyr0 KaMepy C IOJBHKHBIM
pactBoputenieM. [1o TOCTH)XXEHHH pacTBOPUTENIEM JIMHUN (DUHHIIA BBIHYTH IIja-
CTUHY W3 KaMepbl, BBICYIIIUTh HA BO3AyXE N0 YAAICHHS MApOB PACTBOPHUTEIIS.
OTMeTuTh OKpaIreHHbIe yJacTKU. Paccunrtare BenmnuuHy KodhdUIMEHTa Yaep-
KuBaHUs (PeppolieHa u aneTuideppoleHa, ONpeaeIuTh pa3pelieHue.

AHaJIOTUYHO TPOBECTH paszliefieHne cmecu (epporeHa u aretuindeppo-
IIEHa C HCIIOJb30BaHUEM pacTBopuTens OeH3ona. Paccumrarh 3HaueHms RiR,

CACJIaTb BBIBO/ O BJIIMAHHU IIOJIIPHOCTH PACTBOPUTCIIA HA JAHHBIC IIapaMCTPBhI.
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JlaGopatopnas padora Ne 10.0mpenesnenune copep:kaHusi aHHUOHOB B
BO/le METOIOM KANMJLJIAPHOIO 3J1eKTpo(dope3a

Beeoenue

OnHuM W3 camMbIX COBPEMEHHBIX M TMEPCHEKTUBHBIX METOJOB Ha CEro-
JTHSITHUM JeHb SBISETCA KanuuapHbIi a5ektpodopes (KD), BoOpasmimii B cedst
BCE Jy4llIMe KayecTBa Xpomarorpaduyeckux METOJ0B U 3nekTpodopesa. B
ATOM METOJI€ pa3/ielIeHHe CMECH 3apsHKEHHBIX WM HEHTpPalbHBIX MOJIEKYJ OC-
HOBAHO Ha Pa3JIMYUU B UX IIEKTPOPOPETUUYECKON MOJABUKHOCTH U (MUJIU) pac-
MpeAeICHUN MEXy paCTBOPOM U JIBIXKYIIUMUCS B JIEKTPUUECKOM TI0JIE€ 3apsi-
JKEHHBIMU YacCTUIaMHU (MHIICJJIAMHU, KOJUIOMJIHBIMU YaCTUIIAMU, METAJLIOKOM-
IJIEKCaMHU, MOJIEKYJIAMHU MTOJIUAJICKTPOJIUTA).

[Ipu aHanmu3e METOIOM KamWJUISIPHOTO 3JieKTpodopesa npody HeOOIbIIIo-
ro oo0bema (HECKOJIbKO HAHOJIUTPOB) BBOJST Ha aHOJAHOM KOHIIE B KBapIICBBIMA
KaWUIsp, 3allOJTHEHHBIA BEAYLIUM 3JIEKTPOJMTOM (Hampumep, gocdaTHbie U
O6opaTtHbie OydepHbie pacTBophl ¢ KoHueHTpausmMu 10-100 MM, pactBopsl op-
raHUYECKUX U HEOPTaHMYECKUX COJIeH, KUCIOT U ocHOBaHui). K TOHKOMY KBap-
1eBOMY Kanwuisipy (BHyTpeHHuil nuametrp 25-100 mkm) mmunou 20-100 cm
npuKIIaabBatoT Hanpsbkenue ot 10 mo 30 kB.

ITon neicTBHEM BJIEKTPUUYECKOTO MOJII KOMIOHEHThI MPOObl HAYMHAIOT
JBUTAThCS MO KaMWUISIPY C Pa3HOM CKOPOCTBIO, 3aBUCSIIEH OT UX CTPYKTYPHI,
3apsiia ¥ MOJIEKYJISIPHOM MacChl, U COOTBETCTBEHHO, B Pa3HOE BPEMS IOCTUTAIOT
nerexkropa. [lomydeHHas MOCIenOBATENbHOCTh MUKOB HA3bIBAETCS 3JIEKTPO(dO-
perpamMMou, mpyu 3TOM Ka4€CTBEHHOM XapaKTEPUCTUKON BEIIECTBA SIBJISCTCS I1a-
paMeTp ynaep>KuBaHUs (BpeMsi MHUTpalliM), a KOJIMYECTBEHHOW — BBICOTA WJIU

IIomanab IMuKa, IIpornopuuoOHaJIbHas KOHICHTPAMU BCIICCTBA.
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Pucynoxi10.1. Cxema ycmarnosxku ranunnaproz2o snekmpogopesa: 1 —
AHOOHAS 30HA, 6X00 KANULIAPA, 2 — KAMOOHAs 30HA, 8bIX00 KaAnuuapa, 3 — Oe-
mMeKmop; 4 — UCMOYHUK BbICOKO20 HANpANCEHUs, 5 — pecucmpupyrouee
yempoticmeo, 6 — Koumeltinepvl 011 npod, 7,8 — cocyowvl ¢ bygheprvim pacmeo-
pom.

Ha 3apsoxeHHyr0 4acThIly B POCTEUIIEM CIIy4ae ACHUCTBYIOT JIBE IIPOTH-
BOIOJIOKHO HAIMPABIICHHBIE CHJIBI — AJIEKTPOCTATUYECKOTO IMPUTSKEHUS U CO-
MIPOTHUBIICHUS JBVIKEHUIO YACTHIIBI. B paBHOBECHBIX YCIOBUSAX JIEHCTBHE ATHX
CHJI YPAaBHOBEIIIMBAET PYT JIPyTa, U CKOPOCTh MHUTPAIIUN YACTHUIIHI OTIPEICIISICT-

Cs BBIPAKCHHUCM:

qxE
6XTTXNXT

= (10.1)

r7e q — 3aps MoHa, a E — HanpsHKeHHOCTh JIEKTPUYECKOro MoJIst. N- BA3-
KOCTb CPeJibl, I — PaJInyC YaCTHULIBI.
DnexTpodoperndeckasi MOABUKHOCTD |l OINpPEAEseTCs] KaK CKOPOCTb

ABWIKCHHUA YaCTULBI, ACJICHHAA HAa HAIIPAKCHHOCTD 3JICKTPUUCCKOI'O ITOJIA:

Vs
o = = (10.2)

rae, V,p — CKOpOCTh HACAIU3UPOBAHHON C(hepUUECKON YaCTULIBI.
[Ipu npoBeaeHUN pa3aeieHus B KanuuisipaXx 0COOCHHO BaXKHOE 3HAYEHUE
npuoOpeTaeT 3ekTpoocMoTrdeckuii moTok (DOII), cBA3aHHBIN C IBIKEHUEM

nudy3HOI YacT JBOMHOTO €105, 00pa3yroIIerocsi OTHOCUTEIBHO 3apSKEHHOM
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MOBEPXHOCTU BHYTPEHHEW CTEHKM Kanwuisipa.Pe3ynbTupyromas moaBUKHOCTD
YacTHI] [ ONpEAeNIeTCs] CYMMON 3IEKTPO(POPETHUECKON U DIEKTPOOCMOTHYE-
CKOW MOJABUKHOCTEM:

L= Hog T oo (10.3).

DTO faeT omnpenereHHbIe MPEUMYIIECTBA MIPU aHAJIU3€ CMECEl MPOTHUBO-
MOJIOKEHO 3apsHKEHHBIX HMOHOB, MOCKOJIBKY BCE ONPEAEISIEMbIE KOMIIOHEHTBI
OyIyT ABUraThCcsl B HampabiieHHH jaeTektopa BcienctBue DOIl. Opnako cko-
POCTh MEpPeIBUKEHUS HOHOB C OJIMHAKOBBIM HaIlpaBJIECHUEM 3IIEKTpodopeTrye-
CKOHM M 3JIEKTPOOCMOTHYECKON MOJBIXKHOCTEN OYJIET yBEJIMUYMBATHCS, a MMPOTH-
BOIOJIOKHHBIM — yMEHbIaThes. JJisi HeMoaAu(GUIIMPOBAHHOTO KBapIIEBOIO Ka-
nuuisipa B Au¢Gy3HON 4acTH ABOMHOTO 3JIEKTUPUUYECKOTO CJIOSl MPUCYTCTBYET
HEKOTOpasi U30BITOUHAS] KOHLICHTPALIUSI KaTUOHOB, B PE3YJIbTATE JBUKEHUS KO-
Topbix Bo3HukaeT DOII, HanpaBiaeHHBIN K KaToay. B pe3ynbrare KaTHOHBI Oy-
IyT MepeMenaTbes ObicTpee u neTekTupoBatbes 10 DO, a aHnOHBI MeJIeHHEe
u nerekrupoBatbes nocue D011, HenTpanbHbie MosIeKyIbl ABHKYTCA ¢ DOII.

Jns moBeiieHus: BocupousBoauMoct KO B npucyrctBuu D011, aiiek-
TPOOCMOTHYECKUN MOTOK JOJKEH ObITh TOCTOSIHHBIM B TE€UEHHE BCEX MPOBOIU-
MBIX oOmpejeneHui, a coxpaneHue mnoctosHcTBa DOII vacto Tpebyer 3HAUU-
TEJIBHBIX YCHJIUN 110 TOATOTOBKE JI0 U MOCJE padoThl. B KBapIeBhIX Kammuisgpax
DO0II ymensbI1aeTcss Mpu yBEAMYEHUH KOHUEHTPAIMHU AJIEKTPOJIUTa U J100aBIe-
HUW OPraHWYECKUX PACTBOPUTENEH M Bo3pacTaeTr ¢ yBenuueHueM pH, a Takxke
3aBUCUT OT BSI3KOCTH PAacTBOpPA B KAMWLISIPE U TemmepaTypsl. Ecin e npu 1o-
OaBJIEHWU KAaTHOHHBIX MOBEPXHOCTHO-aKTUBHBIX BeilecTB (IIAB) k paznenu-
TeapHOMY Oydepy Ha MOBEPXHOCTH Kamujuisipa ajacopOMpPYETCs MOJOKUTEIh-
HbIH 3aps, To DOI1 MeHsieT HanpaBiieHUEe U MIEPEHOCUT pa3AeUTENbHBIN Oydep

B HaITpaBJCHUH aHO/A.
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10.1. Ilens pabomer.

W3mepeHunii MacCOBBIX KOHIIGHTPAIUNA XJIOPUA-HOHOB, HUTPUT-HOHOB,
Cyib(haT-uOHOB, HUTPAT-UOHOB, PTOPUA-UOHOB U (PochaT-MOHOB B BOJE METO-
JIOM KaIlTWJUISIPHOTO AJIeKTpodopesa.

10.2. O6vexkmul u cpeocmea uccinedosanus.

1. CucrteMa kanmuwuisipHOTo 3JiekTpodope3a «Kamenb» ¢ orpunatennb-
HOW TOJISIPHOCTHIO MCTOYHWKA BBICOKOTO HANpsDKEHUS (BHYTPEHHUH AWaMeTp
Kanmusapa 75 MKM, TMOJHAs AiuHa Kamwuisipa 60 cMm, addektuBHas nauHa S0
CM), OCHAIIIEHHAs CIEIUATU3UPOBAHHBIM MMPOTPAMMHBIM 00ECIIEYeHHEM Ha OC-
HOBE II€PCOHAJIBHOIO KOMIIBIOTEPA.

2. Becbl nabopatopHble CHENUAIBHOTO Kjacca TOYHOCTH C LEHOM
HauMeHbIero nejaeHus He 6osee 0,1 Mr, HAHOOIBIIUM TIPEIeIOM B3BEUITUBAHUS
He Oonee 210 T

3. Kon6s1 mepasie 2-100-2, 2-50-2, 2-25-2

4, [TuneTku rpagyupoBaHHbIe 2-T0 Kilacca

5. MHUKpPO03aTOpHI ¢ mepeMeHHBIM 00beMoM 10-100 mm®, 100 —1000
mm®, 1000-5000 mM® ¥ TIpenenoM JOMyCKaeMOW MOrPEITHOCTH M3MEPEHHUs He
oonee 2 %

6. pH-metp nmaGopaTopHbIii

7. [enTpudyra nabopatopHas ¢ yactotoi BparieHus He meHee 5000
000pOTOB B MUHYTY

8. [IpoOupku oaHOpazoBble (Thma DnneHAopd) BMECTUMOCTHIO 1,5
cM

9. ["ocynmapcTBeHHbBIE CTaHAAPTHBIE 00pa3Ilbl COCTaBa PaCTBOPOB aHU-
OHOB

10. Boga auctuiimpoBaHHAS

11. Xpowma (VI) okcuna, u.1.a

12.  IletunTpuMeTUIaMMOHUSI TUAPOKCUA (TE€KCaISIMITPUMETHIAMMO-

Hus rugpokcun) (LITA-OH)
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13. JlupTaHOJIaMUH

14. Tuapoxcuj HATpHs, X.4.

15. Congnas kuciiora, X.4.

10.3. Ilpozpamma pabomeot.

10.3.1. Ilpuzomosnenue pacmeopos.

Bce pacTBOpBI TOTOBSIT Ha CBEXEH AUCTWLIMPOBAHHOM BOJE, COOTBET-
ctBytomeit 'OCT 6709-72.

PacTBOp ruipokcyia HATpUs JJIsl MPOMBIBKY KAIIMJLJISIPA.

B crakan u3 TEpMOCTOMKOTO CTEKJIa MOMENIAIOT 2 T TUAPOKCUIA HATPUS U
pactBopsiror B 100 cM® muctrsmmposannoii Boasl. CPOK XpaHEHHsS! B COCYIE M3
NoJIMATUIIEHA - 6 Mecs1eB. MoJisipHass KOHUEHTpausl pacTBopa NpUOIU3UTEIb-
Ho 0,5 Moip/am°.

PacTBOp COMSIHOM KUCIOTHI JJISl MPOMBIBKY KAIIMJLJISIpPA.

B cTakaH M3 TEpMOCTONKOTO cTekia nomemaroT 100 cm® nuctrmmposan-
HOM BOJIBI, 3aTEM NPHIMBAIOT 8 CM® KOHIIEHTPUPOBAHHON COJITHOM KHCIIOTBI M
nepeMemnBaroT. Cpok XpaHEHUs He OrpaHnyeH. MossipHas KOHUEHTpauus NpHy-
TOTOBJIEHHOTO PACTBOPA NPHOIU3HUTENLHO paBHa 1 Moms/am3,

PactBop okcuaa xpoma (1), monsipaas kounenrpamus 0,05 mons/ame.

B mepHyio ko0y BMectuMOcThIO 100 cM® momemaror Hasecky 0,500 T
oxcuga xpoma (VI), pactBopsror B 50 - 60 cM® IUCTHIIMPOBAaHHON BOJBI, 3aTEM
JOBOJAT 10 METKM AUCTWIIMPOBAHHOW BOMOM. CpOK XpaHEHHMs pacTBOpa B
CTEKJIIHHON €MKOCTHU C MPUTEPTON MPOOKOM MM TUIOTHO 3aKPBITOM MOJIUATUIIE-
HOM COCYJI€ HE OTPaHUYEH.

PactBop  mwdranomamuua(/IDA), wmossipHas  koHueHtpamms 0,10

MoJb/am.

B mepHyI0 K010y BMeCcTUMOCTEIO 25 cm® momemaror 0,263 T qusranoma-
MUHA, MPEABAPUTEIIEHO 3aMOPOKEHHOTO JI0 KPUCTANIMYECKOTO COCTOSTHUS, pac-

TBOPAKOT B I[HCTHJIJIHpOBaHHOﬁ BOAC U AOBOJAT 4O MCTKH I[HCTHHJIHpOB&HHOfI
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BOJI0M. CpOK XpaHEHHUs pacTBOpa B MOJIMAITUICHOBOM MOCYAE B YCIOBUSX, HUC-
KJIFOYAIOIIKX MOTJIONIEHUE YTIIEKUCIIOT0 ra3a u3 Bo3ayxa — 1 Mecs.

PactBop nerwiarpumerninammonus ruapokcuna (ILITA-OH), monspHas

xounenTparms 0,010 mons/ oM,

B MepHyIo K010y BMECTHMOCTBIO 25 M, copepxkamyio 4-5 cm® mucTui-
ypoBanHoi Boapl, nomemaror 0,75 cm® 10%-moro pacreopa I[TA-OH. Ilo
OKOHYAHHUM PACTBOPEHHS O0BEM pacTBOpa B KOJOE TOBOAST 10 METKHU JTUCTHUII-
JMPOBAHHOW BOJIOM U TIIATEIBHO NepememuBaroT. Cpok XpaHEeHUs B IJIACTUKO-
BOI MMOCyJe B YCJIOBHSX, MCKIIIOUAIONIUX MOTJIOMICHHE YTICKUCIOro Tas3a u3

0
BO3ayxa Ipu temreparype 4 “C — 6 MecsI1IeB.

XpomaTHblii 0ydhepHbIN pacTBOD (BEAVIIMNA JIEKTPOJINUT).

B umcTeli cyxoii crakan BMecTUMOCThIO 50 cm® momemaror 2,0 cm?® pac-
tBOopa okcuzaa xpoma (VI),3,0 em® JIDA, u 3,0 cM® AUCTHILIMPOBAHHOM BOJIEL.
TwarensHO IepeMemnBaoT, a 3ateM gooasnsor 2,0 cm® IITA-OH. Cpasy no-
CJIe CMENIEHHUs] PacTBOp (UIBTPYIOT depe3 MeMOpaHHBIM (UIBTP, UCIOIB3YS
MEIWLIMHCKAN IINPHUL], B TUIACTUKOBYIO NOCYNY C 3aKPBIBAIOLIENCSA KPBIILIKOM.
Benymuii 51ekTpoauT copepxut 10 Mmons/am® xpomara, 30 mmons/am® JIDA u
2 mmons/nm® IITA-OH. PacTBop XpaHAT IpH KOMHATHOM TemIiepaTrype M Hc-
MOJIB3YIOT B T€UeHUe | Hexenm.

10.3.2. Iloozomoeka kanunnapa K pavome.

Kanwnsip nepen paboToit peKoMeHIyeTCsl MPOMBITH IO CIENYIOMEH cXe-

Me€:
° 3 MUHYTBI JUCTUJUIMPOBAHHOU BOJOM;
. S MUHYT pacTBOPOM TMAPOKCHIA HATPUS,
° 5 MUHYT - JUCTUJUIMPOBAHHOW BOJOM;
o 10 MUHYT — pacCTBOPOM BEIYLIETO JIEKTPOJIUTA;

Bce npombIBoUHBIE pacTBOPBI COOMPAIOT B CIMBHYIO MPOOUPKY, HE MO-

rpy’xas B HCC BI)IXOI[HOfI KOHCI KallWJLJIIpa.
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B xonie paboyero AHs Kanwuisip MPOMBIBAIOT TUCTUIUIMPOBAHHON BOIOM
10 MUHYT 1 OCTaBIISIFOT Ha HOYb B BOJIE.

10.3.3. I'paodyupoexa cucmemuvl Kanuanaprozo 3nekmpogopesa.

[lepen rpamynpoBKOil HEOOXOOUMO MpPOAHAIM3UPOBATH XOJOCTOM pac-
TBOp, B KQUECTBE KOTOPOTO CIYKUT JUCTUIIMPOBAHHAS BOJA, UCIOJIb30BAaHHAS
JUISl TIPUTOTOBJIEHUSI BCIIOMOTATENIbHBIX PACTBOPOB M T'PAAyHPOBOYHOM CMECH
Nel. ITpuroroBnenue rpagynpoBouHbix cmeceid NeNe 2-4 mpoBOIAT TOJBKO IMO-
CJI€ MPOBEPKU YUCTOTHI TUCTUILIMPOBAHHON BOJIBI.

[TpuroroBienue rpaayupoBoYHor cMmecu No 1

B MepHyro koi0y BMecTHMOCTBIO 50 cm® momemarot o 1 cm® pacTopos
I'CO cocraBa pacTBOpa XJIOPHA- U Cylb(paT-noHOB, 1o 2,5 cm® pacteopos ['CO
COCTaBa HUTPHUT-, HUTpAT-, (ocdar-uonos u 0,5 cm® pactBopa I'CO cocrasa
pacTBOopa (PTOPUI-MOHOB, JOBOAAT A0 METKH AUCTUIUIMPOBAHHON BOAOHW U Iie-
pemenmBaroT. MaccoBasi KOHUEHTPALMS XJIOPUJI- U CYJIb(aT-HOHOB B CMECHU CO-
crasisger 200 mr/am3, autpar- u HuTpuT-uoHOB 50 Mr/aM3, pocdar-nonos 25
mr/am® u Gpropun-uonos 10 mr/mm3. Cpok XpaHEHHUs IPUTOTOBICHHOTO PACTBO-
pa— 1 mecs.

ITpuroroBiieHre rpaayupoBOYHBIX cMeceit NoNo 2 - 4

CocraB cMeceli 1s TpaaydpOBKH CUCTeMbI ipuBeacH B Tabmuie 10.1.

Tabnuua 10.1.CocTaB rpayupoBOYHBIX CMECei

J—— MaccoBas KOHIEHTpaLus, Mr/am°

1 2 3 4
XJ1opuA-uOHbI 200 100 20 2
Hutput-uonsr | 50 25 5 0,5
Cynbsdart-uonst | 200 100 20 2
Hurtpat-uonst 50 25 5 0,5
DTOPUI-UOHBI 10 5 1 0,1
dochar-uonsr | 25 12,5 2,5 0,25
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JJi IpUTOTOBIIEHUS TPAIyUPOBOYHON cMecu Ne 2 B UHCTHIN CyXOi cocya
C IUIOTHO 3aBMHYMBAIOIIEHCS KPBIIKOH 06beMoM He MeHee 10 cM® momermaror 5
cm® rpagyuposounoii cmMecu Ne 1 u 5 cm® mucTuMpoBaHHoOM BOIBI M IIEpeEMe-
muBaroT. CpoK XpaHEHUsl pacTBOpa — 2 HeJenu. s mpuroToBieHue rpagyupo-
BOYHOM cMecH Ne 3 B MEPHYIO KOJIOY BMECTHMOCTBIO 25 cM® momemaror 2,5 cm®
rpaayupoBoYHOil cMecu Ne 1, MOBOJAT 10 METKU IUCTHLIMPOBAHHOW BOJOU U
nepememmBaroT. Cpok XpaHeHHs pacTBopa — 1 Henmens. s nIpUTOTOBIECHUS
rpagyupoBodHOil cMecu Ne 4 B MepHYIO KOOy BMECTUMOCTBIO 25 ¢M® moMena-
10T 2,5 cM® TpaxynpoBouHOii cMecu Ne 3, TOBOASAT 0 METKU JMCTUILIMPOBAH-
HO1 Bostoi. Cpok XpaHeHus pacTBOpa — | JeHb.

HOCTDOCHI/IC FD&HVHDOBOHHOﬁ 3aBUCUMOCTH

JIyist mpoBeICHUS TPATYUPOBKH CUCTEMBI aHATU3UPYIOT TPATyHPOBOYHBIE
CMECH PETUCTPHUPYS MOJABE IEKTpodoperpaMMbl Kaxa0ro pactBopa. Pexomen-
TyeMble YCIIOBHS aHanm3a mnpeacTtaBieHsl B Tabmuie 10.2. B Tabmume 10.3
MIPE/ICTaBIICHA CXEMa PEKOMEHJYyeMOW YCTaHOBKU MPOOUPOK B KapyCeIbHBIM
OapabaH aBTOCEMILIEpA.

Tabnuma 10.2.YcnoBus ananuza rpagydnpOBOYHBIX PACTBOPOB

Xnopuna-, HUTPUT-, Cyib(ar-, HUTpart-,
OnpenensieMble KOMITOHEHTBI

dTopuna-, pocdaT-MOHbI
Mopauduxanusi CUCTEMbI

104, 104T
«Kanenp»
JlnmrHa BOTHEI, HM 254
BBoa ripoObl 30 mbap, 10 ¢
Hanpsxenue, kB munyc 17
Temneparypa, °C 20°C
OpHEeHTUPOBOYHOE BpeMs .
aHajau3a, MUH
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Tabmuma 10.3.
[Ipumep ycTaHOBKH MPOOUPOK C pAaCTBOPAMHU B KapyCeu aBToceMIuIiepa
Howmep
BxonHas kapycenb Brixognas kapycenb
poOHpKU
1 AHaJIN3UPYEMBIN PaCTBOP
2
3
4
5
PactBop cosstHOM kucHOTHL |
0 MOJTb/ M3
7 Bona nuctunnupoBaHHas Bona nuctunnupoBaHHas
PactBop ruapokcuaa Hatpus 0,5
8 CnuBHas mpobupka
MOJTB/ M3
Benymmi amekTposiT Ui 1po- | Beaymmi 3nekTpouT i mpo-
? MBIBKH KalWJUIsIpa MBIBKH KalWuIsgpa
10 Benymmii snextponut miis aHa- | Begymmii 35eKTpoauT mJisl aHa-

JIn3a

JHn3a

Jlnana3oH MOCTPOECHUSA TPaTyUPOBOYHOM 3aBUCUMOCTH COCTAaBIISIET IS

xJI0pua- U cynbpar-uoros 0,5 - 200 mMr/am®, i HUTPUT- ¥ HUTPAT-uOHOB 0,2 -

50 mr/om3, nus gocdar - monos 0,25 — 25 mr/am® u gag propua-uonos 0,1 - 10

mr/ .

B Ttabmume 10.4 mpencraBiieHa mporpamMma aHanu3a Il MoAuA(UKarumit

IIpHU UCIOJB30BaAHNH PECKOMCHAOBAHHLBIX IMAPaAMCTPOB U CXEMbl YCTAHOBKH IIPO-

OMpOK B aBTOCEMILIEPE.
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Tabmuma 10.4.ITpumep mporpaMmbl aHanu3a Juist Moaudukanuii «Karmesns-

104/104T»

Howmep | Kon ome-
YcnoBus Coneprxanue 1iara
miara | pauuu

VYcraHoBka Ha BXOJie IPOOUpPKHU ¢ pado-

1 4 Ne9
quM OydepoM 1151 IPOMBIBKU

VYcraHOBKa Ha BBIXOAE MPOOMPKH IS
CJIMBA B OMYIIEHHOM COCTOSIHUU

2 7 No3

[IpombIBKa Kamwjuisipa BEAYLIUM 3JIEK-
TPOJMTOM NEPE]] AHAITU30M

3 1 180 ¢

VYcraHoBKa Ha BBIXOJIE B pabouyro Io-
4 5 NelO sunuio npodupku NelQ ¢ paGounm Oy-
dbepHBIM pacCTBOPOM

VYcraHoBka Ha BXxoje B pabouyro Mo3u-

5 4 Nel uto npooupku Nel ¢ aHaIM3UpyeMbIM
pacTBOpPOM
6 2 30 mOap, 10 ¢ | BBox mpo6sI
YcTaHoBKka Ha BXOJe B pabodyro MO3M-
7 4 NelO o npodupku NelO ¢ pabouum Oydep-

HBIM PpaCTBOPOM

0 m06ap, MuHyC | YCTaHOBKA MapaMeTpoOB W BPEMEHHU

8 3
17 xB, 7 Mmun OKOHYaHUS aHaIu3a
9 4 NoO YcraHoBka Ha BXOJie IPOOUPKHU ¢ pabdo-
j yuM O0ydepom i MPOMBIBKU
VcraHoBka Ha BBIXOJE NPOOHUPKH IS
10 7 Ne3 /1€ TIPOBUPKI A
CMBa B OMYIIEHHOM COCTOSHUN
IIpombIBKa Kanujjsgpa Be UM DJICK-
11 1 180 ¢ P pa BEAyHL

TPOJIMTOM ITOCJIC aHAJIN3a

YcranoBka npobupku ¢ OydhepHbIM pac-
12 5 Ne9 TBOPOM Ha BBIXOJHOM KOHIIE KalWJIIspa
B IOJIHSATOM IIOJIOKEHUH

HemnocpencTBeHHO mepesl aHAIM30M BCE PACTBOPHI JIETA3UPYIOT IEHTPU-
dbyrupoBanueM (ckopoctb BpamieHuss 5000 o6/muH, Bpems 5 muH). [Tpumep

aneKTpodoperpaMmMbl TpayupOBOYHOIO pacTBopa MpuBeaeH Ha pucyHke 10.2.
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67ME

BPEMS, MHH
Pucynox10.2. Ilpumep snekmpoghopecpammsi epadyuposoyHo2o pacmeo-
pa Ne2.1 — xnopuo, 2 — humpum, 3 — cynegham, 4 — numpam, 5 — ¢pmopuo, 6 —
doccham, 7 — cuopoxapbonam.
Ha momydeHHBIX anekTpodoperpaMMax MpOBEPSIOT MPABHUIBHOCTH aBTO-
MaTHUYECKON pa3MEeTKH MUKOB U, €CIIM HEOOXOIUMO, KOPPEKTUPYIOT €€, yIastoT
nuiaue nmuku. [pu ucnons3oBanuu [10 «MynbTuXpom» peKOMEHIYETCA yCTa-

HaBJIMBATH CIACAYIOIIHC ITapaMCTPhI CIIa’)KMBAHUA!

o BBIOPOCHI — BKJIFOUEHO;
° MeauaHa — 2;
o rayccuana — 3.

HeoOxoaumo TpUMEHSATh OJWHAKOBBIC MapaMeTpPhl CrITAKUBAHUS IS
JTAHHBIX, TIOJYYEHHBIX MPHU MOCTPOCHHUH TPATyUPOBOYHOU XAPAKTEPUCTUKU H
npu aHanu3e mMpo0. OuibTpanus ITyMOB H3MEHSET UCXOIHbBIE JaHHBIC, ITOITOMY
HE PEKOMEHYeTCS MCIOJb30BaTh 0€3 HE0OXOIUMOCTH OOJIBIITUE 3HAUCHUS Me-
JUAHBI ¥ TayCCUAHBI.

Janee oOpabaThIBaIOT 3JIeKTpodoperpaMMbl COTIIACHO MPOLIeaype Tpaty-

HPOBKH B COOTBCTCTBHH C PYI(OBOI[CTBOM IIOJIB30BATCIIAA IMMPOrpaMMHOTO obec-
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nevyeHus «MynbTuXpom» WM APYroro MporpaMMHOTO OOECTeueHusi, UCIOIb-
3yeMoro i coopa u 00pabOTKU JAaHHBIX.

IIpoBepsArOT NPUEMIEMOCTh IOJIYYEHHOW TI'PagyHpPOBOYHOM XapaKTEpH-
ctukd. ['pagynpoBoyHas XapakTepUCTHKa MPU3HACTCA MPUEMIIEMOW TpPHU BHI-

IMOJIHCHUU CJICAYIOIIUX YCJ'IOBI/H?Ii

° KOA(DPUITMEHT KOPPEeAIUU, PACCUNTAHHBIA MPOTPAMMOM, MPEBBI-
maet 0,99;
° npu ucnojs3oBanuu [10 «MynbTuXpom» 3HAUCHHE OTHOCHUTEIIb-

Horo CKO ne npeBsbImaet 5%.

B npotuBHOM ciydae HaxoAsT M yCTPAHSIOT MPUYUHBI HEYAOBIETBOPH-
TEJbHBIX PE3YJITATOB, [1OCIJIE YETO IPATYUPOBKY CUCTEMBI IOBTOPSIOT.

10.3.4.Bvtnonnenue uzmepenuil.

PaboTy ¢ mpobamu HE0OXOIWMO HAaYMHAThH IOCJE MPOBEIEHUS Tpaayu-
POBKHU CHUCTEMBI WJIU MIOCJIE€ MPOBEPKU CTAOMIBHOCTH I'PaAyUPOBOYHOM XapaKTe-
PHUCTHKH.

IToaroroBka nmpoObl K aHATU3Y

Anammsupyemyro mpo0Oy (re menee 100 cm®) GuibTpyroT uepes cyxoi
GUIBTp «CUHSA JIGHTa» B CyXYIO MOCYJy, 00s13aTelIbHO OTOpachiBasi mepBbie 25
cm® punbrpata. [Iposepsror pH npoObl IpH OMOIIY YHHBEPCAILHON HHIMKA-
TopHOoi Oymaru. Ecnu 3nauenue pH npoObl HaxonuTcesa B Auana3zoHe ot 5 10 9,
TO €€ AHAIM3UPYIOT JaJee.

HM3MepeHne MaccoBOM KOHIIEHTPALMM aHUOHOB

B cyxywo ogHOpa3oByr0 mpoOHUpKy TUMA DNNEHAOP(D C MOMOIILIO THUIIe-
TouHoro posaropa nomemaror 0,5 — 1,0 cm® moaroToBIeHHON MPOOKI, LEHTPH-
byrupyroT B Teuenre S MuHyT npu 5000 o0/MUH ¥ aHATU3UPYIOT B YCIOBUSX,
ykazaHHbIX B Ta0nauiel0.2. PeructpupyroT He MeHee OBYX 3JeKTpodoperpamm
MOATOTOBJICHHON TpoObI. [0 OKOHYaHWIO aHamM3a MPOBEPSAIOT MPABUIHLHOCTH
aBTOMATUYECKON pa3MeTKH MUKOB, YNAJSAIOT JIMIIHUE NHUKU. Mcnons3ys mpo-

rpaMMHOE oOecrieueHre, MpOBOIST UACHTU(PUKAIIUIO KOMIIOHEHTOB B TIpo0e 10
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COBMNAJICHUIO BPEMEH MUTPAIMA KOMIOHEHTOB B MP0OE M KOHTPOJBHON cMecH
IIpU IITUPUHE OKHA UeHTU(UKaIuu 5 %.

Ecnu anmanm3upyemple KOMIIOHEHTHI OOHApPY)XCHBI, TO OMPEACISIOT HX
MAaCCOBYIO KOHIIEHTPAIMIO C HUCIIOJIh30BAHUEM TPATyHPOBOYHON 3aBUCHUMOCTH.
Ecnu n3mepenHble 3HaYeHU MaCCOBOM KOHIIEHTPAIIMU OJTHOTO MJIM HECKOJIbKHUX
KOMITOHEHTOB TPEBHINIAIOT BEPXHUH MPECI TUana3oHa JMHEHHOCTH TPagyupo-
BOYHOM XapaKTEPUCTUKH, TO HEOOXOAUMO JIOTIOTHUTEILHO pa30aBUTh aHAIU3H-
pPYEMBIN pacTBOP AUCTHUUITMPOBAHHOM BOJOW TakK, 4TOOBI MaccoBas KOHIIEHTpa-
TSI KOMIIOHEHTA B pa30aBiIeHHON Mpo0e HAXOAMIACh B CEPEIMHE ITOTO JHara-
30Ha, ¥ TOBTOpUTH aHaiu3. Koaddunuenr pazdasnenuss Q B 3TOM ciydae BbI-
YUCTISAIOT 10 (popMyJie:

Q =V.i/V,, (10.4)

raeVy - 006eM Kososl, cM°; V; - 00beM aluKBOTHI IIPOOHI, M2,

10.3.5. O6pabomka pe3ynomamos usmepenuil.

C moMoIip0 NporpaMMHOTO o0ecrieueHus: GOPMUPYIOT OTUET C YKa3aHU-
€M MaCcCOBOM KOHIIEHTpAIlMU OIPEACIISIEMbIX KOMIIOHEHTOB, BBIPKCHHOMW B
mr/ame. Ecin pas6asienne mpoObl He ObUIO yITEHO MPOrPaMMHO, TO MAaCCOBYIO
KOHIICHTPAITUIO KOMITOHEHTOB B TTP00E BBEIYHCIISIOT IO (hopmyie:

X =X X Q (10.5)

rae X — MaccoBas KOHIEHTpaLUs KOMIOHEHTOB B Ipobe, Mr/mm>;

Xyusw — CpeliHee apu(pMeTUIECKOe U3MEPEHHBIX 3HAYEHHI MacCOBOW KOH-
LIEHTPAIMN COOTBETCTBYIONIEr0 KOMIOHEHTa, MI/IM>;

Q - koappurmenT pazdasieHus TPOOHI.

Pe3ynbTar u3MepeHus J0JKeH ObITh MpecTaBleH B Buje: X £ A, mr/mme,
P = 0,95, rue X - pe3ysnbTaT H3MepeHHuii, Mr/am>, A - IIOKa3aTelb TOYHOCTH Me-
TOJIMKH, MI/IM":

A=0,01 xoxX (10.6)

3HaveHue O 115 KaKI0ro KOMIIOHEHTA MpuBeaeHo B Tabnuie 10.5.
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Tabnuma 10.5./lnana3oH u3MepeHUil M 3HAYEHHs MOKa3aTesis TOYHOCTH

METOTUKH

Jlana3zoH U3MepeHuii, Mr/qm° [TokazaTenb TOYHOCTU METOAUKH £ A, %
XJIOpUI-UOHBI

ot 0,5 o 5,0 Bk 24

critre 5,0 7o 20000 BKII. 10
Cynbhar-noHsI

ot 0,5 10 5,0 BKIIL. 20

ceime 5,0 7o 20000 BKJI. 10

Hutpat- u HUTpUT-MOHBI

ot 0,2 10 0,5 BKII. 28

cBeime 0,5 1o 5,0 BKIIL. 20

cBrite 5,0 go 100,0 BxI. 10
docdaT-noHbI

ot 0,25 o 2,0 BKII. 20

ceoime 2,0 7o 100,0 BxiI. 10
DTOPUI-UOHBI

ot 0,1 10 0,5 BKII. 18

ceeime 0,5 go 1,0 Bk 14

caoiie 1,0 7o 25,0 Bk 10
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JlaGopaTopnas padora Ne 11.Onpenesienne coep:kaHusi KATHOHOB B
BO/Ie METOI0M KANMWLISIPHOIO 3JeKTpodope3a

Beeoenue

Jlns onpeneneHusi KaTUOHOB MCIOIB3YIOT UCTOYHUK BBICOKOTO HampsikKe-
HUS TIOJIOKUTENIbHOM MOJSPHOCTU. DTO TaK Ha3bIBaeMas KJIACCUYECKas cXema,
KOTOpasi MoJipa3yMeBaeT, 4To AETEKTOp HaxoauTcsa BOau3u katoaa u JOII nBu-
JKETCS OT aHOJIa K KaToly. B aToM cirydae KaTHOHBI OYIyT IBUTAaThCs K KaTOY B
TOM >ke HamnpasiieHuu, uto u JOII, Ho ObIcTpee Hero.

UtoObl 3aperucTpupoBaTh MUKH KAaTHOHOB, MPUMEHSIOT KOCBEHHOE Je-
TEKTUPOBAHUE: B COCTaB BEAYILIETO AJIEKTPOJIUTA BBOJAT MMOMIOMIAOIINN KaTUOH
oenzumugazona (bUA) B konnentpanuu 0,01 M, koTopast o6ecrieunBaeT HE0O-
XOJIMMYIO ONTHYECKYIO MJIOTHOCTh UCXOAHOTO pactBopa. IIpu pasznenenun ka-
TUOHBI MPOOBI SKBUBAJICHTHO 3aMEIAIOT B PACTBOPE KATHOH OCH3MMUIA30JIHS,
YTO MPUBOJUT K CHUKEHUIO ONTUYECKOU TIIOTHOCTU B 30HE KaXKJOTO KATUOHHO-
ro KOMITIOHEHTA.

beH3umu1a301 B BOJHOM pacTBoOpe sIBisieTcs cia0biM ocHoBaHueM, (pKa
= 5,8). D10 o3Hauaet, uro npu pH 5,8 B pacTBOpe B paBHBIX KOHICHTPAIHIX
HAXOJATCA MOJEKYJISIpHast M KaThuoHHasi Gopmbl OeH3umuaazona, a npu pH 4,8
KOHLIEHTpanusi KaTHOHHOU (popMbl B 10 pa3 mpeBbIlIaeT KOHUEHTPALMIO (POPMBI
MoJIeKyJIsipHO#. Tak Kak Jyisi SKBHBAJIEHTHOTO OOMEHa KaTHOHOB HEOOXOIUMO,
4TOOBI KOHIICHTpalus KaTHoHHOU (hopmbl BUA B anekTponuTe Obuta Kak MOXKHO
0oJIbIlIe, AIEKTPOJIUT JOKEH ObITh crabokucibiM. OgHAKO B TaKOM Cilyyae
pe3ko yMeHnbiaercs ckopocts DOII, a Taxke Bo3pacTaeT 001as KOHIIEHTPAIIHS
AIIEKTPOJIMTA, YTO MPUBOJUT K BO3PACTAHHUIO TOKA B Kamwuisipe. Beayiuii sek-
TPOJIUT TOTOBST HA OCHOBE BUHHOW KHCIIOThI, aHUOHBI KOTOpOW 001adaroT Ma-
JIO¥ TOABUKHOCTBIO U, CJIEJIOBATENIBHO, YBEIIMUUBAIOT CONPOTUBIICHUE DJIEKTPO-
JIUTa, & COOTHOIIIEHNUE KUCIOThl M OCHOBAHUS MOAOUPAIOT TaK, 4TOOBI OBLI J0-
CTUTHYT HEOOXOJIUMBIM KOMIIPOMHUCC MEXKIYy BPEMEHEM aHaIn3a U BEITUYHMHOU

TOKaA.
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[Ipu snexTpodopese KaTHOHBI PETUCTPUPYIOTCS B MOCIEAOBATEIbLHOCTH,
KOTOpasi ONpEeNeNsieTcss UX 3IEKTPOPOPETHUECKON MOABUKHOCTBIO. [lepBhiMu
MUTPUPYIOT TUKA aMMOHHMS U Kanus. VX anekTpodopeTndeckue moaBUKHOCTH
OJIMHAKOBBI, MO3TOMY 0O€3 CIEeLUaIbHBIX MEP OHH BBIXOJAT OJHUM OOIIUM IH-
koM. {111 pa3aenieHuss aMMOHUS U KaJlusl B COCTaB BEAYIIETO AJIEKTPOJIUTA BBO-
JAT CIelUaibHy0 J00aBKY 18-KpayH-6, SBISIONIETOCS MAaKPOLMKIOM C THAPO-
(bUIBHON BHYTPEHHEH MOJIOCTHIO, pa3Mep KOTOPOM OYEeHb OJIM30K pa3Mepy MOH-
HOTO paauyca uoHa kanusi. B pesynbraTe 00pa3yroTcss KOMIUIEKCHI BKIIIOUEHUS
M0 TUITY «TOCTb»—«XO3SIMHY», TJI€ «TOCTEM» SIBIISIOTCS KaTHOHBI KallUs, a «X035-
MHOM» — MOJIEKYJIbl KpayH-3(upa, B OCHOBE TAKOr0 KOMILIEKCOOOpa30BaHUs
JeXaT MOH-IUIIOJIbHBIE B3aMMOICUCTBUS KaTUOHA KAJIMA C aTOMaMU KHUCIOpoAa
(pucynokl11.1). bnarogaps 00pa3oBaHUIO0 KOMIUJIEKCA BKIIFOUEHHSI TOABUKHOCTD

HOHOB KaJIMA CHMIKACTC:A, a IIOABHIKHOCTL APYTIUX MOHOB OCTACTCA 0e3 nm3MeHe-

HU.
. T
/\ . ":.:’/ ."II
| .
o. .0
S
T [l} . :I I ?
Pucynox11.1 I'paghuueckasn ¢opmyna xomnnexca kamuona xanus c 18-
KpayH-6

[Ipn BBICOKMX KOHIIEHTpAIUSAX MarHus, JIUTHA MOXKET IomNaaaTh Ha
«XBOCT» TIMKA MarHusi, 3TO CYIIECTBEHHO 3aTPYyIHSET Pa3METKy W MPUBOIUT K
omurOKaM B KOJIMYECTBEHHBIX pacyeTax. /(s ycTpaneHus mannoro s¢gdekra B
coctaBe Oy(depHOro pacTBOpa YBEIMYHMBAIOT KOHIICHTPAIIMIO BUHHOW KUCIIOTHI,
KOTOpas y>Ke MPU HU3KUX KOHIICHTPAIUSIX 00pa3yeT C JBYXBAJICHTHBIMU KAaTHO-
HaMU B CJIA0OKWCJIOW Cpele OJIHO3apsIHbIC KOMIUICKCHBIC KaTHOHBI. X To-

ABMXXHOCTHU CYHICCTBCHHO OTJIMYAKOTCA OT HOI[BI/DKHOCTCI;'I CBO6OI[HI)IX ABYyX3a-
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PSIHBIX KATHOHOB, OJIaromapsi 4eMmy IIeJTOYHO-3€MENIbHBIE KATHOHBI BBIXOMIST
nocie nutusa. Hanbonee pe3ko u3MeHseTcs MOBEICHUE Kablus, KOTOPBIA B OT-
CYTCTBHE€ BHHHOW KHCJIOTHI BBIXOJUT MEXKIYy HATPUEM W JIUTHEM TIEPBBIM W3
JIByXBaJICHTHBIX KaTHOHOB, & B €€ MPUCYTCTBUH BBIXOIUT MOCIEIHUM IOCIIE -
Ka Oapus.

11.1. Ilens pabomer.

N3mepeHne MaccOBBIX KOHIIGHTpAllUd KAaTHOHOB aMMOHMS, Kalluf,
HATpPHs, JUTHS, MarHusi, CTPOHLIKSA, Oapusi U Kajblus B BOJE METOJOM Kamuj-
JISIPHOTO 3JeKTpodopesa.

11.2. O6vexkmul u cpedocmea ucciedosanus.

1. Cucrtema kanuwuisipHoTO 3JiekTpodope3a «Kamenb» ¢ oTpunatesnb-
HOM TIOJIIPHOCTBHIO MCTOYHWKA BBICOKOTO HAIPsOKEHUS (BHYTPEHHUH TUaMETp
Kamwuisipa 75 MKM, mosiHast ayivHa kanwuiapa 60 cm, addextuBHas amuHa S50
CM), OCHAIIIEHHAs CIEIUATN3UPOBAHHBIM MMPOTPAMMHBIM 00€CIIEYeHHEM Ha OC-
HOBE IIEPCOHAJILHOTO KOMIIBIOTEpA

2. Becbl nabopartopHble CHENUaIbHOrO Kiacca TOYHOCTH C IEHOM
HauMeHblero nejaeaus He 6osee 0,1 Mr, HAMOOIBIIMM TPEEIOM B3BEIIHBAHHUS

He 0oiee 210 T

3.  Konbs MmepubIe 00BeMOM 25, 50 1 100cM?
4. [TuneTky TpagyupoBaHHbIC 2-TO Ki1acca
S. MuKpom03aTOphI ¢ nepeMeHHbIM 00beMoM 10-100 mm3, 100 —1000

mm3, 1000-5000 mM® U TpenenoM IOMyCKaeMOM MOrpPElIHOCTH M3MEPEHHS He
oounee 2 %

6. pH-MeTp naGoparopHblii

7. Hentpudyra nabopatopHas ¢ yactotoi BpauieHus He meHee 5000
000pOTOB B MUHYTY

8. [TpoOupku oaHOpazoBble (Tuma DnneHAopd) BMECTUMOCTHIO 1,5

CM
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Q. ['ocymapcTBeHHBIE CTaHAAPTHBIE O0Opa3Ilbl COCTaBa PACTBOPOB Ka-
THOHOB

10. Boga aucTwiMpoBaHHAS

11. BwunHas kuciiota, 0€3B0OIHAs, Y.11.4.

12. bBensumunasou, 4.

13.  18-Kpayn-6, uMnopTHbIit

14. Tuapoxcuj HATpHs, X.4.

15. Comnsgnas xuciaoTa, X.4.

11.3. Ilpozpamma pabomeot.

11.3.1. Ilpuzomosnenue pacmeopos

Bce pacTBOpBI TOTOBSAT Ha CBEXEH AUCTWLIMPOBAHHOW BOJE, COOTBET-
ctByrorieit 'OCT 6709-72.

PacTBOp ruipokcuia HATpUs JJIsl MPOMBIBKY KAIIMJLJISIpa.

B crakan u3 TepmocTonkoro crekia nmoMemaroT 0,4 r ruipoKcuaa HaTpus
u pacTBopsIoT B 100 cM® mucTunnmposannoii Boasl. CpOK XpaHEHHs B COCYIE U3
MOJUATHIICHA - 6 MecsieB. MoJsipHas KOHIICHTpAIUs pacTBOpa MPUOIU3UTEIb-
Ho 0,1 Mons/om°.

PacTBOp CONIHON KUCIOTHI U1 MPOMBIBKH KaOWJLISIpA.

B cTakaH M3 TEpMOCTONKOTO cTekia nmomemarT 100 cm® nuctrmmposan-
HOM BOJBI, 3aT€M MPUIMBAIOT 8§ cM® KOHLIEHTPMPOBAHHON COJISHOM KUCIOTBI M
nepememBaroT. Cpok XpaHEeHUs! HE OrpaHudeH. MoJsipHast KOHUEHTpaLus npu-
TOTOBJIEHHOTO PACTBOPA NPHOIU3HUTENLHO paBHa 1 Moms/am3,

PaCTBOD CMCCH 6€H31/IMI/II[33OJ13 1 BUHHOM KHMCJIOTBI, MOJISIpHAasa KOHIICH-

tparms 40 MMos/aMe 1 10 MMOJIB/IMS, COOTBETCTBEHHO.

B mepHyio ko0y BMecTHMOCTEIO 100 ¢M® momemaror HaBecky 0,472 T
oensumuaaszona u 0,15 r BUHHOM KHCIIOTHI, 100aBISIOT TpHOIM3HTeasHo 50 cm®
BOJIbI, BBIJICPKUBAIOT HAa KHUIIAIIEH BOJSHOW OaHE 10 TMOJIHOTO PaCTBOPEHUS.
OxJ1aXIarT pacTBOP 0 KOMHATHOM TeMIIepaTypbl, 3aTEM JOBOMAST JO METKHU

JACTUUIMPOBAHHOW BOJOM M TIIATEIBHO NepeMemuBaroT. [IpuroroBieHHbIN
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pactBop cozepkut 40 MMois/nm30ensumuaazona u 10 mmons/nm® BUHHOM Kuc-
notel. CpOK XpaHEHHs pacTBOPA - 6 MeCSILEB.

PactBop 18-kpayHa-6, MoJsspHas kKoHuenTpams 10 MMoias/qm°

B MepHyo konby BMectuMOocThIO 50 cm® momemaror 0,132 r 18kpayna-6,
pPacTBOPSIOT B IUCTHJUIMPOBAHHOW BOJIE U pa30aBiISIOT AUCTUILIMPOBAHHOM BO-
noi 1o metku. Cpok XpaHEHHUsI pacTBOpa B XOJIOAWIBHUKE - 6 MecsieB. Mcxon-
HBII peakTuB 18-kpayH-6 HE0OXOAMMO XPaHUTh B XOJOMIIbHUKE.

Pabounii OydepHBIi pacTBOD (BEIVIIIANA MIIEKTPOJINT)

B cyxom cocyze cmemmBaior 5,0 ¢cM® pacTBopa cMecH O€H3MMHUIA3071a U
BMHHOI Kmcnotsl, 2,0 cM® pactBopa 18-kpayna-6 u 3,0 cM® qucTHIIMPOBaHHOM
BoAbl. Cpa3y mocie CMENIMBaHUsA PACTBOP (PUIBTPYIOT Yepe3 LEILTI0I03HO-
aleTaTHbIA (PUIBTP B CyXOH COCYJ C 3aBUHUYMBAIOLIEICS KpbILKOW. [Tpuroros-
JIEHHBIA PacTBOp comepkuT 20 MMOJIL/ M 0eH3MMHIA3071a, 5 MMOJIL/IM® BUH-

HOM KmcnoThel 1 2,0 MMons/nm® 18-kpayna-6. Cpok xpaHeHHs pacTsopa - 1 He-

JEJISL.

11.3.2. IToozomoexa kanunnapa Kk pabome.

Kanumnsip nepen padoToil pekoMeHyeTcsl TPOMBITh MO CIEAYIOIIEN CXe-
Me:

o 3 MUHYTBI JUCTUJIMPOBAHHOM BOJOM;

o 5 MHHYT pacTBOPOM TUJPOKCUAA HATPUS;

° S MUHYT - JUCTUJUIMPOBAHHOW BOJOM;

o 10 MUHYT — PaCTBOPOM BEIYIIETO 3IEKTPOJIUTA;

Bce nmpombIBOUHBIE pacTBOPHI COOMPAIOT B CIMBHYIO NMPOOUPKY, HE TO-
rpy’Xas B HEE€ BBIXOJHOHN KOHeI Kamwuisipa.B koHie pabodero IHS Kamvuisp
MIPOMBIBAIOT TUCTUWTMPOBAHHON BOOK 10 MUHYT M OCTaBIIIOT HA HOYB B BOJIC.

11.3.3. I'padyuposka cucmemvl KanuanapHozo riekmpoghopesa.

['OTOBAT IpayrpOBOYHBIC PACTBOPHI.

PacTBOp cMecH MOHOB JIUTHS MaccoBo¥ koumeHTparuu 40 mr/nm® u Oa-

pust MaccoBoi koHreHTpammu 200 mMr/ame.
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B mepnyro konby BMectuMOcThiO 25 cm® momemaror 1,0 cm® pacTBopa
I'CO cocTaBa pactBopa uoHoB jmtHs u 5,0 cm® pacrsopa I'CO cocraBa pacTBo-
pa HMOHOB Oapus, TOBOAAT JO METKH JUCTHUILUIMPOBAHHOW BOJOW M IEepeMellu-
BatoT. CpoK XpaHEHHsI pacTBOpa B XOJoAWJbHHUKE - 3 Mmecana. Ciemnyer obpa-
1iaTh BHUMaHUE Ha TO, YTO MPHU MPUTOTOBIIEHUH PACTBOPA CMECH UOHOB JIUTHSI U
Oapusg HEOONMYCTUMO BBINAJEHUE OCaJKa, CBHUJAETEIbCTBYIOLIETO O HAIUYUU
cynbdar-uonoB B coctaBe ['CO nutus. B aTom ciiydae He0OXOAMMO HCIONIb30-
BaThb CTaHJAPTHBIA 00pasell, He coepKaluil CyabhaT-nOHOB.

I'pagynpoBouHEIii pacTBOp Nel

B mephyto kon0y BMectumocTbio 100 cm® nomemaror mo 5,0 cm3 'CO co-
CTaBa PacTBOPa MOHOB aMMOHMS, Kalus, HaTpus, Kanbius, 2,5 cm® I'CO cocrasa
9 9 9 2 )
pacTBOpa MOHOB MarHus U cTponnus, 5,0 cmM® pacTBopa cMecHM HOHOB IHMTHS U
Oapusi, TOBOAAT 10 METKH JUCTUIUIMPOBAHHOM BOJIOM M mepememuBaroT. Cpok
XpaHEHUs pPacTBOPA B XOJOJUIBHUKE - 3 MECAIIA.

I'pagynpoBoyHEbIi pacTBOp No2

B MepHyro ko16y BMectumocTeio 50 cm® momemaror 5,0 cm® rpamyupo-
BOYHOTO pacTBopa Nel, MOBOASAT A0 METKM NUCTHJLIMPOBAHHOW BOJOW U TIIa-
TeJIbHO TepeMenmurBaioT. CpoK XpaHEHHS pacTBOpa B XOJIOAWIBHUKE - 3 HEJICIIH.

I'pagynpoBoYHEI pacTBOp Ne3

B MepHyro ko016y BMectuMocThi0 50 cm® momemaror 5,0 cm® rpamyupo-
BOYHOTO pacTBopa Ne2, MOBOIAT O METKH JUCTHIIUPOBAHHOW BOJOM M TIIa-
TeJIbHO NepeMennBatoT. Cpok XpaHEHHS! paCTBOpa B XOJIOAWIBHUKE - 1 Henesl.

3HaueHUsT MacCOBOM KOHUEHTPALUM KOMIIOHEHTOB B TPaJyHPOBOYHBIX
pacTBopax npuBeaeHsl B Tabnuue 11.1.

Tabnuua 11.1.CocTaB rpayMpOBOYHBIX paCTBOPOB

MaccoBasi KOHIEHTpaLUs, MI/IM>

Kartunon ['panynpoBOYHBIE PACTBOPHI

1 2 3
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AMMOHU 50 5 0,5
Kanuii 50 5 0,5
Hatpuii 50 5 0,5
Jlutnit 2 0,2 0,02
Maruwuit 25 2,5 0,25
CrpoHiuit 25 2,5 0,25
bapwii 10 1 0,1
Kanpmii 50 5 0,5

[IocTpoeHHe rpayupOBOYHOM 3aBUCUMOCTHU

[lepen mocTpoeHrEM TpayupPOBOYHBIX 3aBUCUMOCTEH HEOOXOJIMMO IPO-
aHaAJIM3UPOBATh XOJOCTON PAaCTBOP, B KAUECTBE KOTOPOTO CIYXKUT TUCTUILTUPO-
BaHHas BOJA, MCIOJIb30BaHHAs JJIsl IPUTOTOBJICHHUS BCTIOMOTaTENIbHBIX U IPajly-
UPOBOYHBIX pacTBOPOB. [loce MoArOTOBKY Kanmmiuisapa K paboTe peruCcTpUpPyIOT
0 OJHOM 3eKTpodoperpamMme rpaayupoBOYHOro pacteopa Ne3 u qucTHILIUPO-
BaHHOM BOJIBI B YCJIOBHUSAX, YKa3aHHBIX B Ta0Omuiell.l.

Ha snextpodoperpamme cmecu Ne3 noimkHBI (DUKCHPOBATHCS MUHUMYM
ecTh MUKOB (0€3 MuTus U O6apus), MakcuMyM BoceMb. Eciiu Ha anexkTpodope-
rpaMMe He HaOJI0JAl0TCd MUKM MUHOPHBIX KOMIIOHEHTOB (JIUTHS UiU Oapus),
TO YYBCTBUTEIBHOCTH MPUOOpPA HETOCTATOYHO JIJISI PETUCTPAINA 3TUX MTUKOB TI0
HCIOJIB3YEMOM CXEME aHaIn3a.

KadecTBO MUCTHIUTMPOBAHHOW BOJBI MPHU3HACTCS YAOBICTBOPUTEIHHBIM,
€CJIH:

o Ha AeKTpodoperpaMme TUCTUIUTMPOBAHHOMN BOJBI HE HAOIIOAACT-
Csl TIOJIOKUTEIIBHBIX ITMKOB MPUMECEH, COBMAIAIOIINX M0 BPEMEHH MUTPAINH C
OTIpeIeIISIEMbIMA HOHAMU,

o Ha dJeKTpodoperpaMme TUCTHILUTUPOBAHHOW BOABI HAOIIOMAIOTCS

IIOJOXUTCIIbHBIC ITHKH HpI/IMCCCI\/’I, CoBIIagaromue 1m0 BPEMCHHM MUI'PAIHUH C
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OnpeiesIIeMbIMU MOHAMH U UX BBICOTHI HE MpeBbIIatoT 20% OT BBICOT COOTBET-

CTBYIOIIMX IMUKOB T'PaIyUPOBOYHOIO pacTBopa Ne3.

Ecnu BBICOTBI TMKOB IPUMECEN B X0JIOCTOW ITpode cocTaBiiAroT Ooiee 20

% OT BBICOT COOTBETCTBYIOIIMX IMHUKOB ISl TPaLyHMPOBOYHOIO pactBopa Ne3,

HCO6XO,ZIHMO HAWTU U YCTPAHUTDL IPUYIHHY INIOXOI'0 Ka4CCTBA JUCTHIINIMPOBAH-

HOM BOAbI MJIM HUCIIOJB30BATH 6I/II[I/ICTI/IJ'IJ'H/IpOBaHHy10 NI JCUOHU3HUPOBAHHYIO

BOJTY.

JIyist ipoBeieHHs TPAlyUPOBKH CUCTEMbl aHAIM3UPYIOT KaXKIbIM U3 Tpa-

JTYUPOBOYHBIX PACTBOPOB, PETHUCTPUPYA MO JIBE JIEKTPO(OperpaMMbl KaxKJI0ro

pacTBOpa B YCIOBHUAX BRIOpAaHHON CXEMBbI aHAIM3a corjacHo Tadymme 11.2,

Tabmuua 11.2. YcnoBus aHanu3a rpalyipOBOYHBIX PACTBOPOB

OnpenensieMble  KOMIIO-

aMMOHUU, Kaluil, HATpUW, JINTUH, MarHuM, CTPOH-

HEHTBI Ui, 0apuil U KaJIbIUi
Mopaudukanus cuctemsl

«Kanenp» 104, 1041

JInvHa BOTHBI, HM 254

BBoa nipoObl 30 mbap, 5 ¢
Hanpsioxenue, kB 25

Temmneparypa, °C 20°C
OpueHTUPOBOYHOE BpeMsi .

aHanm3a, MUH

B Tabmume 11.3 npencraBneHa cxeMa peKOMEHyeMON yCTaHOBKH ITPOOH-

POK B KapycesbHbIl OapabaH aBTOCEMILIEpA.

Ta6muma 11.3.1Ipumep ycTaHOBKH MPOOMPOK C pacTBOpaMU B Kapycenu

ABTOCCMILIICPA

Howmep Bxonnas kapycenb Brixonnas kapycenb

npoOupKU

1 AHaJIM3UPYEMBIN pacTBOP
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2

3

4

3)

6 PactBop constHOM KuCHOTHI |
MOJTB/M®

7 Bona nuctunnmupoBaHHas Bona nuctnnnupoBanHas

8 PactBop runapokcuna varpus 0,1 | CnuBHas npobupka
MoIb/am3

9 Benymmii snektposuT s npo- | Begymmi 3aeKTpouT A mpo-
MBIBKH KalWuIsIpa MBIBKH KalWJUIApa

10 Benymmi anexktponut misl a”a- | Begymmi 35eKkTponauT i aHa-

JHn3a

JHr3a

B Ttabmune 11.4 npencraBiieHa mporpamMma aHanuza st MOAUA(UKAIMi

IIpHU UCIIOJb30BaHUKU PCKOMCHAOBAHHLBIX ITAPAMCTPOB M CXCMbI YCTAHOBKHU IIPO-

OMpOK B aBTOCEMILIIEPE.

Tabnuua 11.4.ITpumep nmporpaMmbl aHanu3a Juist Moaudukanuii «Karmesns-

104/104T»
Howmep | Kox ore- VYcenous | Conepxkanue mara
miara | paiuu
1 4 Ne9 VYcranoBka Ha BXxoJie TPOOUPKHU ¢ pabouum Oy-
B dbepom 17151 IPOMBIBKH
9 7 No3 VYcTaHOBKa Ha BBIXOJIE MPOOUPKH Ui CIMBA B
OIYIIEHHOM COCTOSIHUU
3 1 120 ¢ [TpombiBKa KamWIIIsipa BEAYIITUM JIEKTPOIUTOM
nepes1 aHaJIu30M
YcTaHoBKa Ha BBIXOZE B pabOUyr0 TO3UIHIO
4 5 NelO npobupku NelO ¢ pabounm OydepHbIM pacTBO-
pom
5 4 Nol VYcraHoBka Ha BXxoje B padouyl0 MO3UIHUIO
B npo6upku Nel ¢ aHaIM3UPyEeMBbIM PacCTBOPOM
6 2 200 mbap, BBoa npoObl
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YcraHoBka Ha Bxojae B padouyl0 MO3UIUIO
7 4 NelO npooupku NelO ¢ pabounm OydepHbIM pacTBO-
pom
0 mbap, YcTraHOBKa mapamMeTpoB U BPEMEHU OKOHYAHUS
8 3 25 kB, 7
- aHanmsa
9 4 NoO ¥YcraHoBka Ha BXojie TpoOUpKU ¢ pabouyum Oy-
dbepoM 1151 TIPOMBIBKH
10 7 No3 VYcraHoBKa Ha BBIXOJE€ NPOOUPKHU IJIsl CIIMBA B
OIYIIEHHOM COCTOSIHUU
11 1 120 ¢ [TpomMbIBKa KanmuJuIsipa BEAYIIUM 3JIEKTPOIUTOM
M0CJIe aHaJIn3a
YcranoBka npoOUpku ¢ OyPpepHbBIM PacTBOPOM
12 5 Ne9 Ha BBIXOJHOM KOHIE KanWUISIpa B TOJHSITOM
MI0JIOKCHHUH

HermnocpenctBeHHO mepesl aHaIM30M BCE PACTBOPHI JIETA3UPYIOT LIEHTPU-
dbyrupoBanueM (ckopoctb BpamieHusi 5000 o6/muH, Bpems 5 muH). I[Ipumep
MEKTpOo(operpaMMbl TPATyHPOBOYHOTO PaCTBOpA MPUBEIEH Ha pucyHke 11.2.

Ha monydeHHbIX anekTpodoperpaMmax MpoBEPSIIOT MPaBHWIHLHOCTH aBTO-
MaTHYECKON Pa3METKH MUKOB U, €CITH HEOOXOIUMO, KOPPEKTHPYIOT €€, yIasIIoT
nuinHue ukd. Jlanee snexktpodoperpammbl 00padbaThIBaIOT COTIIACHO MPOLIETY-
pe TpaayMpoBKH, OMUCAHHONW B PyKOBOJCTBE MOiB30BaTENsl MPOrPAMMHOTO
obOecnieueHus1, UCTIOIBL3YyeMOro Jjisi cOopa u 00paboTku naHHbIX. [Ipu ucnomnb3o-
BaHuu [10 «MynpTuXpomM» Kaxaas U3 CXeM aHalln3a JI0JbKHA OBITh 3allicaHa B

CBOU METOI.
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Pucynox11.2. Ilpumep snekmpogopecpammol 2padyuposounoco pacmeo-
pa Nel.l — ammonuu, 2 — kanut, 3 — Hampuu, 4 — aumut, 5 — mazuut, 6 —
cmpoHnyut, 7 — oapuil, 8 — Kaibyuil.

11.3.4. Botnonnenue uzmepenuil.

PaboTy ¢ mpobamu HE0OXOAUMO HAaYWMHAThH TOCJE MPOBEICHUS Tpaayu-
POBKH CHCTEMBI HJIH TTOCTIE TIPOBEPKHU CTAOMIBHOCTH TPAAYUPOBOYHON XapaKTe-
PUCTHKHU.

IToaroroBka nmpoObl K aHATU3Y

AHanu3upyemyro npo0y MOAroTaBIMBaIOT 10 OAHOMY U3 BAPUAHTOB:

o GUIBTPYIOT B CYXYIO MOCYAY Yepe3 GUIbTp «CHHSS JIEHTa», OTOpa-
ceiBas nepsbie 5,0 cm® puibTpaTa;

o GUIBTPYIOT B CYXyH0 TIOCYAy 4depe3 IeJUTFOI03HO-alleTaTHBIHI
uisTp (pasmep nop 0,2 Mxm), orOpackiBas nepssie 1,0 cm® punbrpara.

HM3MepeHne MaccoBOM KOHIICHTpAIlUU KATUOHOB

B cyxyro ogHopazoByro mpooupky tumna dnnenaopd nomemarot 0,5 - 1,0
cM® TOATrOTOBICHHON TPOOBI, HEHTPUPYTUPYIOT B TedeHHe 5 MUHYT mpu 5000

00/MUH M aHAJIM3UPYIOT COTVIACHO BHIOPAHHOM CXEM€e aHajiu3a B YCIOBUSX, yKa-
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3aHHBIX B Tabnuuel1.2. Peructpupyrot snektpodoperpaMmy MOATrOTOBICHHOMN
npoOsl. [lo OxkOHUaHMM aHamM3a NPOBEPSIIOT MPABUIBHOCTH aBTOMATUYECKOM
pa3MeTku NMUKOB. Mcnoisib3ys mporpaMmHoOe oOecriedeHue, MPOBOIAT WIACHTH-
¢uKalrio KOMIIOHEHTOB B Mpo0e MO COBMAJCHUIO BPEMEH MUTPALUUA KOMIIO-
HEHTOB B Mp00O€ U IrpalyipOBOYHOM PAacTBOPE MPHU LIUPUHE OKHA UICHTU(PHUKA-
uuu 5 %.

Eciu aHanu3upyemble KOMIIOHEHTBI OOHApy’>KEHBbI, TO OIPEAEISAIOT UX
MacCOBYI0 KOHLIEHTPALUIO C MCIOJIb30BAHUEM I'PAJyUPOBOYHON XapaKTEPUCTH-
Ki. Eciim mo pe3ynpTaraM NpeIBapUTENbHBIX HCHIBITAHUN WM OINPEICICHAN
(Hampumep, COJEHOCTH, JIEKTPOIPOBOJHOCTU HIIM KECTKOCTH) M3BECTHO, UTO
aHANM3UpyEeMble MPOOBI MMEIOT KOHLEHTpAaMd KaTHOHOB, IPEBBIIAIOIINAE
BEPXHIOIO TpaHUIly Juara3oHa, mpoObl HEOOXOAUMO pa3daBUTh MEpe] aHaIH-
30M. Koaddumment pazbaBieHnuss MOKHO y4eCTh IPOIrPaMMHO WJIM BBIYHCIUTD
OKOHYATENbHBIN pe3ynbTar BpyuHy0.Kosdduuuent pazdaBienus Q B 3TOM

ClTy4dae BBIUHCIISAIOT 10 hopMmyJie:
Vi

_ ¥k
Q=1 (11.1)

raeVy - 00beM KoJIobI, cMS;

V; - 00beM aJTMKBOTHI IIPOOKI, CM.

11.3.5. O6pabomka pe3ynvmamos usmepeHuii

C oMo MporpaMMHOTO o0ecriedeHus: GOPMUPYIOT OTUET C YKA3aHU-
€M MacCOBOW KOHIIEHTpAlUU ONPEAEISIEMbIX KOMIIOHEHTOB, BBIPAaKEHHON B
mr/am. Ecin pas6asienne mpoObl He ObUIO yITEHO MPOrPaMMHO, TO MAaCCOBYIO
KOHIICHTPAIMIO KOMIIOHEHTOB B MPOOE BHIYUCIISIOT 1O (popMyiie:

X = Xusu X Q (11.2)

rie X — MaccoBasi KOHIEHTpaLUs KOMIOHEHTOB B Ipobe, Mr/nm’;

Xyusw — CpeliHee apu(pMeTUIeCKOe U3MEPEHHbBIX 3HAYEHHI MaccOBOW KOH-
LIEHTPALUKM COOTBETCTBYIOIIEr0 KOMIIOHEHTA, MI/IM,

Q - koappurmenT pazdaBieHus TPOOHI.
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PesynbraT u3mepenus JoKeH ObITh MPECTABIICH B BUAE: X + A, MT/mM°,

P = 0,95, rie X - pe3ynbTaT u3MepeHuii, Mr/am°, A - mokasaTelb TOYHOCTH Me-

TOJUKH, MI/IM .

A=0,01 xo6xX

11.3)

3HaueHue O IS KaXKI0T0 KOMIIOHEHTa MpuBeeHo B Tabmuie 11.5.

Ta0Omuma 11.5.

I[I/IaHEBOH I/IBMepeHI/Iﬁ M 3HA4YCHMA ITOKA3aTCId TOYHOCTHU MECTOAHUKH.

JluanaszoH u3MepeHuii, Mr/om®

IToxa3zarens TOYHOCTH METOOUKH £ A, %

OT 0,015 mo 0,05 Bk1.

30

Cspie 0,05 1o 0,25 BKIL 25
Ceeimie 0,25 1o 2 BKII. 20
Cspiie 2 10 10 Bk 14
Cspiize 10 go 5000 Bk. 10
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Jladoparopnasi pa6ora Ne 12.0mnpenenenne MaccoBOil KOHIEHTPAIIUH
OeH3(a)MpeHa B BOJe MeTOA0M BbICOKOI(P(PEeKTUBHOM KUIKOCTHON XpoMa-
Torpapuu

Beeoenue

Kunkoctnas xpomarorpaduss (OKX) - merTon pasneieHuss U aHaiau3a
CJIOHBIX CMECEH BEIIECTB, B KOTOPOM TIOJIBI)KHOM (ha30il SIBISIETCS JKUIKOCTb.
[ToaBmxHas (aza B )KUAKOCTHOM XpoMaTtorpaduu BHIMOJIHAET JBOSKYIO (PyHK-
nuio: 1) obecnevynBaeT MmepeHoc JAecOpOMPOBAHHBIX MOJIEKYJ MO KOJOHKE (To-
N00OHO MOJBM>XKHOM (haze B ra3oBoil XpomaTtorpapuu); 2) peryaupyeT KOHCTaHThI
PaBHOBECHS, a, CIEAOBATENIBHO, U YACPKUBAHUE B PE3YJIbTATE B3aUMOJICUCTBUSA
C HEMOJBUKHOM (pa3oi (copOHpysICh HA MOBEPXHOCTH) U C MOJIEKyJIaMu pasje-
JSIEMBIX BEILIECTB.

B KX npupona nmoaBuxHOM ¢azbl UMEET CyIIeCTBEHHO OoJiblliee 3Haue-
Hue. B pe3ynprare KOMOMHALIMKM OTPAaHUYEHHOIO YKciia COPOEHTOB U HEOTPAHM-
YEHHOI'0 YMCJIa, Pa3IMYHbIX 110 COCTaBY, MOJBUXKHBIX ()a3 BOZMOMKHO pEIIECHUE
Ype3BbIYAHO OOJBIIOr0 YHMCIa BCTPEYAIOUIMXCS Ha MpakTUKE 3anad. Meron
KX mpuMenum Jyis paziesieHus 3HaUUTENbHO 00Jiee MUPOKOro Kpyra BEIIeCTB,
4yeM razoBas xpomatorpadusi, MIOCKOJIbKY OO0JbIlIasi 4acTh BEIIECTB HE 00Ja1aeT
JIETY4YECThI0, @ MHOTHE BEIIECTBA HEYCTOMYMBBI IPU BHICOKUX TEMIIEpaTypax.

B KX paznenenue oObIMHO MPOUCXOAUT MPU KOMHATHOM TeMIiepaType.
KX moapaszgensieTcs Ha BapuaHTbl B COOTBETCTBUH C XAPAKTEPOM OCHOBHBIX
MPOSIBIIIFOIINXCS MEKMOJIEKYJISIPHBIX B3aUMOJAECHCTBHI: — B CUTOBOM XpOMAaTo-
rpaduu pasaeneHre KOMIIOHEHTOB OCYIIECTBIISIETCS 3a CUET Pa3HUIIbl B PacTBO-
PUMOCTH MOJIEKYJ MPU UX NPOXOXKACHUU (PUibTpanuu) yepes ciioil copOeHTa;
— B aJICOPOIIMOHHON XpoMmaTorpaguu — 3a CueT pa3HUIlbl B aACOPOUPYyEMOCTH
MOJIEKYJI, IPOXOIAIIMX Yepe3 CION YacTUll COpOEHTA, MOKPBITHIX HEMOABUKHON
(da3oii B BUJE TOHKOTO CJI0S WM MOBEPXHOCTHONMPUBUTHIX PAJAUKATBHBIX TPYIIIL;
— B MIOHOOOMEHHOM U MOHHOW XpomaTorpaduu — 3a cueT pa3HUIIbI B CIIOCOOHO-

CTHM K OOMEHYy MOHAaMHU ¢ MOHOOOMEHHMKaMU; J[7s1 aHanmm3a 0OBEKTOB OKpYKa-
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IoIel cpenpl Hanbosee MUPoKo UCcob3ytoT BOXKX B amcopbmmonHoM Bapu-
aHTe.

B naboparopHoil pabote npeacTaBieHa METOAMKA U3MEPEHUN MacCOBOM
KOHIICHTpanuu OeH3(a)iupeHa B mpodax MPUPOAHBIX (IMIOBEPXHOCTHBIX, ITOJ-
3eMHBIX U MOPCKHX), MUThEBBIX (B TOM YHUCJIE pac(acoBaHHBIX B €MKOCTH) U
CTOYHBIX BOJI METOJOM BBICOKOA((HEKTUBHON KHUAKOCTHOM XpoMarorpaduu
(BOXKX) c wucnonb3zoBaHMEM >KUIKOCTHOTO xpomarorpada «Jlromaxpom» c
bayopuMeTpUIEeCKUMCIEKTPODITYOPUMETPUUECKUM JETEKTOPOM WIJIM XpOMAaTo-
rpaduueckoit mpuctaBku BOXKX-3 ¢ ananuzaropom xuakoctu «Dmroopat-02»
B KauecTBE (IIyOpUMETPUUYECKOTO JIETEKTOPA.

bens(a)mupen (3,4-0eH3MMPEH) OTHOCUTCS K KJIACCY TMOJIMSICPHBIX apo-
Matuueckux yrieBoaopoaoB (ITAY). CrpykrypHas dhopMyina MOJEKYJbI Mpe-

CTaBJICHA HHNKC.

Pucynox 12.1 Cmpyxmypuas ¢oopmyna monexynvt bensz(a)nupena

BemecTBo siBasieTcsl MPOAYKTOM HETOJHOTO CropaHms (IMHMpOJIM3a) opra-
HUYECKUX COCIMHEHUN U 007aJaeT KaHIIEPOT€HHOW aKTUBHOCTHIO. B BOIHBIX
MaTpHUIlaX HAXOJHUTCS KaK B PACTBOPECHHOM COCTOSIHMH, TaK U B aacoOpOUpOBaH-
HOM Ha B3BEIIEHHBIX YacTHIax Bujae. [Ipyn xpaneHUH mpoO MPOUCXOIUT 3HAUH-
TeabHas agcopOuus OeH3(a)MpeHa Ha B3BECSX U CTEHKaX COCyAa; IPU 3TOM CO-
nepkanne OeH3(a)nmupeHa B mMpoOe MOXKET YMEHBIIAThCS 32 CYET MHUKPOOUOJIO-
THYECKOW aKTUBHOCTH.

B Tabmune 12.1 npuBenensl Hopmupyemble 3Hauenus [IJK
OcH3(a)IMpeHa B Pa3dWYHBIX TUIAX BOJA. Jluama3oH HM3MEpsSeMbIX 3HAYCHHM

MacCOBOI KOHIEHTpalu OeH3(a)nupeHa B mpodax MPUPOIHBIX U MUTHEBBIX BOJ
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coctaisaeT 0,5 — 500 HF/I[MB, mwm 0,0005 - 0,5 MKF/I[MB, B MPO0ax CTOYHBIX BOJI

2-500 HF/I[MB, nim 0,002 -0, 5 MKF/I[M3.

Ta6muma 12.1 IlpemenbHo  gomyctumble  KoHueHTpauuu  (ITJIK)

OeH3(a)nMpeHa B MPUPOIHBIX U MUTHEBBIX BOJAX

I[AK 6ens(a)mupena, | HopmaTuBHblid  10-
OOBEKTHI aHaM3a

MKT/IM® KYMEHT
Bomgubie 00OBEKTBI  XO03SH-
CTBEHHO-TIUTHEBOTO M KYJIb-
TYpHO-OBITOBOTO  BOJIOIOJIb- o0 TH 215228007
30BaHUs

[lepBas xaTeropusi
[TuteeBast Boma, pacdaco- | 0,005 CaulluH 2.1.4.1116-
BaHHAs B EMKOCTH Bricmras kareropus 02

0,001

12.1. Ilens pabomeor:

Onpenenenrne MacCOBOM KOHIEHTpalUuu OeH3(a)upeHa B o0pasiax cTou-
HBIX.

12.2.06vexkmbul u cpeocmea ucciedosanus.

1) KunkocTtHseiil xpoMarorpad « Jlromaxpom» ¢ GIyopuMeTpUIECKUM
WM CTIEKTPO(IyOPUMETPUIECKUM JETEKTOPOM

2)  Anammzarop sxuakocTH « @Dmoopar-02-2My»  («  dmroopart-02-
[Tanopamay) ¢ xpomatorpadudeckoit npucrtabkoit BOXX-3

3) Becsl naGopaTopHble BBICOKOTO KJacca TOYHOCTH C IICHOM
HauMeHblero aeneHus He 6osee 0,01 r, HaMOOIBIIUM TIPEACIOM B3BEIIMBAHUS

He Oosee 210r
4) Konbs1 MepHBbI€ 2-T0 K1acca TOUHOCTH o0bemoMm 25, 50, 100 oM’
5) [TuneTku rpagyrpoBaHHbIE 2-TO Kjlacca TOYHOCTH oObeMoM 1 u 5

em® w/nm 7103aTOPBI TTUTIETOYHBIE C TIEpEMEHHBIM 00beMoM 50-200 mmS 1 100-



205

1000 mm° ¢ MpeIesoM AO0MyCKAaeMOM MOTPEIIHOCTH U3MepeHus He Oonee + 2%

6) [Mumuaapser mepabie oobemoMm 10, 50, 100, 200 u 1000 oM

7) ['ocynapctBennblit ctanaaptHbeiii oopazenr ['CO coctraBa pacTBopa

OeH3(a)lupeHa B allETOHUTPUIIC HOMUHAJIBLHOTO 3HAYEHUS MAaCcCOBOM KOHIIEH-

tpauuu 100 MKT/cM® 1 MOTPENTHOCTHIO aTTECTOBAHHOTO 3HAYEHUS HE Ooiee + 2
%

CpencTtBa n3aMepeHus JOHKHBI OBITh TTIOBEPEHBI B YCTAHOBIICHHBIE CPOKHU.
JlonyckaeTcsi UCIOJIb30BAHUE APYTUX CPEJACTB U3MEPEHUSI M CTaHAAPTHHIX 00-
pa3loB, UMEIOIINX AHAJIOTUYHBIE WIH JIYUIINE XapaKTEPUCTUKH.

8) XpoMmarorpaduueckasi KOJOHKA CIPEAKOJIOHKOM, 3aroJHEHHbIC
oOpaieHHO-()a30BbIM COPOCHTOM

9) Hcnaputenb pOTOpHBIA TUICHOYHBIA JIOOOTO THUMA WM WHOE
YCTPOMCTBO [JIsl YJAJI€HUsI PaCTBOPUTENS (HAampUMep, KOMIUICKT sl yase-
Hus pacTBoputens npousBoacta ['K « Jlromakey)

10) XonoaunbHUK OBITOBOM JIFOOOrO THIIA

11) BopoHKH AeaUTeNbHbIE BMECTUMOCTRIO 1 mitn 2 I[M3

12)  KonObl OCTPOIOHHBIC WM IPYIICBUIHBIC JJIs yIapUBaHUS 00be-

moM 50 w100 e HIII Ne 29

13) Bwuansl ¢ 3aBUHYMBAIOIIEHCS KPBIIIKOH BMECTUMOCTBIO 1- 5 om®

14)  bans BoasgHAs C IOJOTPEBOM

15)  YcrpoiicTBO is iepeMelnBaHus mpoo Jiro0oro TUMa
16) Kon0Osl miockomoHHBIE BMECTHMOCTRIO 100 1 250 eMS ¢ MIPUIILTH-

dboBaHHOI TPOOKOI

17) Boponku xumuyeckue auamerpom 25, 50 u 100 mm CtakaHbl Xu-

MHYECKHE BMeCTUMOCTHIO 50 u 100 CM3

18) Komnonka xpomarorpaduueckas CTEKISHHAs ¢ MPHUILTH(OBAHHOK

npoOko¥ (BHyTpeHHmit nuametp 10 mMm, qymna 20 cM)



19)

KaJIbITUCM

20)

CTpyHHBII), obecneunBarouii pazpexenue 7 - 10 klla (50-75 mm pr.cT.) ¢ Ba-
KYYMHBIMHU [UJIAHTaMHU U KPAaHOM PETYJIMPOBKH BakyymMa MydenbHas neyb win

AJIEKTPOIICYh COMPOTHUBIICHUSI, 00CCIICUNBAIOIIAs MOAICPKAaHNE TEMITepaTyp-
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DKCHKaTop, 3alOJHEHHBII OCYIIMTEIEM HAIpUMEpP, XJIOPUCTHIM

Hacoc naGopaTopHblil BakyyMHbId (MeMOpaHHBIA WJIA BOJO-

Horo pexxuma ot 150 1o 600°C ¢ norpemmoctsio £25°C

21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
150 Mkm
31)
32)
33)

Barta menunuHcKas

OuiabTphl OyMaXKHbIE «KpPACHAsI JICHTa»

ALICTOHUTPUII JIS JKUIKOCTHOM XpoMatorpaduu, oc.4.
Bona nuctunnupoBanHas

Tuocynbdar HaTpus, 4.1.a.

Kucnora cepnas, 4.

XJIOPUCTBIN METUJIEH, Y.]1.a., IEPETHAHHBIN

I'excan, x.4.

Hatpwuii cepHOKHCIbIil O€3BOAHBIN, X.4.

Oxcun amomMuHus ana xpomartorpaduu, ¢paxuus 50 —

Kucnora consgnas, x.4.
Harpuit xnopucrsli, X.4.

[Iporpammuoe obGecnieyeHue st coopa U 0OpabOTKH

XpOMaTOFpa(l)I/I‘IeCKI/IX JaHHBIX Ha OCHOBC ICPCOHAIBHOI0 KOMIIBIOTC-

pa («Mynbtu-Xpom» unu « [TuxkDxcnept»)

12.3. Ilpozpamma pabomot.

CxeMa anaiu3a OCHOBaHAa Ha 3KCTpakuuu OeH3(a)nupeHa u3 npod BOJbI
IeKCaHOM MJIM XJIOPUCTBIM METHJIEHOM, KOHLEHTPUPOBAHMM O3KCTPAKTa, MpPH
HEOOXOJMMOCTH OYHCTKE €r0 METOJIOM KOJIOHOYHOW Xpomartorpaduu, U ompe-

nenennn Oens(a)mupeHa metogom BOXKX ¢ ucnonb3oBanueM ¢uyopumeTpude-

CKOr0 JeTeKThpoBaHus. CxeMa pacrnpoCTpaHseTCs Ha BCE TUIIBI BOJ.
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12.1. Iloozomoeka K evtnonnenuro usmepenuil

[lepen BBITIOIHEHHEM U3MEPEHUH JTOJKHBI ObITh MPOBEACHBI CIIEAYIONINE
paboThI:0TOOpP NPOO, MOATOTOBKA CTEKISIHHOW NMOCY/bl, IPUTOTOBIIEHUE PACTBO-
pOB, TPOBEpKa U TpaayHpoBKa Xxpomatorpada, mpoBepKa YHUCTOTHl PEaKTHUBOB,
MOJTOTOBKA CTEKJITHHOM XpoMaTorpaduueckoil KOJOHKU (TOJIBKO MpU HEOOXO-
JUMOCTH JIONOJIHUTEIbHON OYMCTKH SKCTPAKTA), MOATOTOBKA MPOOBI K aHAIIU3Y.

12.3.1.1.0100p npod BoabI

O160p npod MPOU3BOAUTCS B MOCYy U3 TeMHOro cTekia. Ilocyny Hesib-
311 OIOJIACKUBATHL MPo0oii mepen oréopom! [IpoOy aHATM3UPYIOT TOJBKO Iie-

auKoM.O0beM OT6I/IpaeMI>IX Hp06 IIMTBCBBIX WU IIPHUPOAHBIX BOJ COCTABJIACT OT

0,8 mo 1,0 . O6bem poO CTOYHOM BOJBI MOXKET BapbHpoBaThesaoT 0,25 e

3

10 1,0 iM° B 3aBHCHMOCTH OT OKHMJIAEMOT0 COJIepKaHUs OeH3(a)upeHa U 1o

pe3yibTaTam MpeAbIIyluX onpeaeneHuil. PexkomenayeMbiit 00beM oTOUpaeMoit
poOs1 0,5 ILM?’.Hp06LI MOTYT XPaHUTBCSI B TEMHOTE B T€UEHUE 24 4 IIPU TEMIIE-

paType B XOJIOJAUJIbHUKE.
12.3.1.2.11oAroTOoBKA CTEKJISHHON MOCYAbI

[Tocyay nmst IPUTOTOBIICHUS. M XPAHEHUS AJIFOEHTA MOIOT TOJIBKO CEPHOM
KucinoTor (0e3 MPUMEHEHHUs JAPYTHMX MOIOIIMX CPEACTB) U OMOJACKHBAIOT JH-
CTUJUIMPOBAHHOM BOJIOW U ALIETOHUTPUIIOM.

OcTaibHYI0 CTEKISIHHYIO TOCYAY MOIOT rOpsiu€id BOJIOM C MOIOIIMM CPEJI-
CTBOM, TIIATEJIIBHO OMNOJACKUBAKOT IUCTWLIMPOBAHHOW BOJOW M CyllaT MpHU
temmeparype 105°C.

CTexJIsIHHYI0 TIOCYZy, MCIOJIb30BaBIIYIOCS ISl aHaiM3a Mpo0 CTOYHBIX
BOJI C BBICOKUM COfepKaHueM OeH3(a)mupeHa, He PEKOMEHYETCs] MPUMEHSITh
JUTSL aHAJTA3a TIPOO MUTHEBBIX U YUCTHIX IPUPOTHBIX BO/I.

[TokpbIThIe cMa3koW KpaHbl U TUIM(BI HOBBIX ACIHUTEIBHBIX BOPOHOK
TIIATEIPHO OTMBIBAIOT TEXHUYECKUM XJIOPOPOPMOM, 3aTeM rekcaHom, oopada-

THIBAIOT KOHLIEHTPUPOBAHHOW CEPHOU KUCJIOTOM, OIIOJACKUBAIOT BOJIOU U 3aTEM
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JIAI0T BRICOXHYTH Ha BO3TyXe.
12.3.2.I1lpuroroBjieHne peaKTUBOB U PACTBOPOB
12.3.2.1 ToaswxkHas ¢a3a (mamee - IID, >a10eHT). cMech aIeTo-

HUTPHUJI - BOJIa B 00beMHOM cooTHOmeHuu 4:1

TuiateabHO BBIMBITHIN HHJIMHAP BMeCTUMOCTHIO 1000 CM3 ONOJIACKUBAIOT

3 3

npuMepHO 20 cM” aleTOHUTpUIIA U MOMeImaroT B Hero 200 cM” quCTHIIIMpPOBaH-

HOU BojbL. JloBoasT 00bEM cmecu 10 1000 em® AllETOHUTPUIIOM, PACTBOP Iepe-

JUBAIOT B 3apaHee MOJATOTOBJIECHHYIO CTEKISIHHYIO IUIOTHO 3aKPbIBAIOIIYIOCS
€MKOCTb I IIOCTOSIHHOTO XPaHEHUs U TIIATEJIBHO B HEMl nmepeMemunBaroT. He-
JOMYCTUMO UCIOJIb30BAaHUE PE3UHOBBIX U KOPKOBBIX MTPOOOK.

[lepen ynoTpeOieHreM AITIOEHT BBLACPKUBAIOT AJIs AeTa3aluu He MeHee 4
yacoB. CpOK XpaHEHHs B YCIOBHSIX, UCKIIOYAIOIIUX HCIAPEHUE KOMIIOHEHTOB
CMECH, HE OIPAHHYEH.

12.3.2.2.PacTBOpBI GeH3(a)MupeHa 3aJaHHO KOHIEHTPAU

PactBopsl OeH3(a)upeHa JOHKHBI XPAaHUTHCS B XOJIOUIBHUKE B TEMHOTE
B F€PMETHUYHOM NOCYJE, UCKIIOYAIOIIENH BO3MOXHOCTh UCIIAPEHUSI paCTBOPUTE-
Js1 ¥ KOHTAaKT PacTBOpa C MaTepuallaMd HMHBIMH, YEM CTEKJIO U (PTOPOILIACT.
PacTBOpHI KaXk/10M KOHUEHTPALMKU TOTOBST 110 MOTPEOHOCTH.

. PactBop Oen3(a)liupeHa HOMHMHAIBHOTO 3HAYEHHUS MAacCOBOM
3
KOHIIeHTparuu 1 Mxr/cMm”.

0,5 em® TCO cocrasa pacTBopa OeH3(a)nupeHa B aleTOHUTPUIIE HOMU-
HaJIbHOT'O 3HAYEHUsI MaccoBOW KoHUeHTpauuu 100 MKT/eM® (meicTBUTENBHOE
3HAUYEHUE MAaCCOBOM KOHIIEHTPAIMH YKa3aHO B MACIOPTE)IMOMEIIAIOT B MeEp-
HYI0 KOJIOY BMECTUMOCTBIO 50 CM3, paz0aBISAIOT 10 METKH alleTOHUTPUIOM U

nepeMemnBaroT. CpoK XpaHEHUS B YKa3aHHBIX YCIIOBHSX - 1 TOI.
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JIeCTBUTENBPHOE  3HAYEHHE  MAaCCOBOM  KOHIIEHTpPAaMM  pacTBOpa

Ci,MKr/CM3 BBIUHCJISIOT 110 (hOopMYyJIe
pMy.

*
C _ Cucx Vucx

i vV (12.1)

|
rae Cuex - MaccoBasi KOHIIGHTpAIMs CTaHJAPTHOTO 00pasiia MK pac-
TBOpa O€H3(a)MpeHa, WCIOIB30BAHHOTO I TPHUTOTOBJICHHUSI PACTBO-
pa,MKr/cm°;
Vyex - 00b€M HCXOJHOTO pacTBopa OeH3(a)MupeHa, UCIOJIb30BAaHHOTO
I IPUTOTOBJICHHS PacTBOPA, CM°,
Vi~00beM IIPUTOTOBIEHHOTO PacTBOPA,CM>.

o PacTtBop OeH3(a)mupena MacCOBOM KOHIICHTPAIUH
50HF/CM3(H0MI/IHaJILHoe 3HAYCHHE)

2,5 cM® pactBopa  OeH3(a)iMpeHa ~ MaccoBOM  KOHIIEHTPAILMH
| MKT/CM°TIOMETIAIOT B MEpHYIO KOJIOy 00beMOM 50cm3, OBOAAT 0 METKH are-

TOHUTPUIIOM U iepeMenBaroT. Cpok XpaHEHUsI pacTBOpa — 6 MecsIIeB.

JleficTBUTEIbHOE 3HAYEHHE MaccoBoi KoHIleHTpauun pactBopa (Ci,

MKF/CM3) BBIYUCIISIOT 110 opmysie (12.1)

12.3.2.3.'pagyupoBoYHbIe PAcTBOpPHLI OeH3(a)UpeHa B MOIBHIK-
HoOWH (pa3e

o PactBop OeH3(a)mupeHa HOMHHAJIBHOIO 3HAYEHUSI MacCOBOM

KOH-1IeHTpanuu 50 Hr/cm®

2,5 oM’ pacTBopa OeH3(a)mupeHa HOMHHAJIBLHOTO 3HAYCHHS MAacCOBOMU

KOHLEHTpauuu 1 MKI/CM® TIOMELLAIOT B MEpPHYIO K0JIOY BMECTUMOCTHIO 50 oM’
paz0aBiIAOT A0 METKH MOABMXKHOM (pazoi u mepemeniuBaroT. [lelicTBUTEILHOE
3HAYEHHE MACCOBOM KOHIICHTpAIMM PacTBOPa BBIYUCIISIOT 1Mo dopmyne (12.1).
Cpok xpaHeHHUs - 6 MEeCAIICB.

o PactBop Oen3(a)mupeHa HOMHMHAJIBHOTO 3HAYEHHUS MacCCOBOM
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koH-1ieHTpanuu 10 ur/cm

5 cm® pacTBopa OeH3(a)liMpeHa HOMHUHAIBHOTO 3HAYEHHsI MacCOBOW KOH-

ueHtparuu 50 HI/cM® IOMEIaoT B MEpHYIO KOJIOY BMECTUMOCTbBIO 25 CM3, pas-

OaBIIAIOT 10 METKHU MOJIBIXKHOM (Pa30il U mepemMemnBaroT. J[elicTBUTeNbHOE 3Ha-
YCHWE MAacCCOBOH KOHIIGHTPAIMU PAacTBOpa BHUUCIAIOT 10 (opmyne (12.1).
Cpoxk xpaHeHus - 3 Mecs1a.

o PactBop Oen3(a)iupeHa HOMHUHAIBHOTO 3HAYEHHUS MAacCOBOM

KOHIEHTPALUH 2 HI/cM°

1 oM’ pacTBopa OeH3(a)mupeHa HOMHUHAJIBHOTO 3HAYEHHsI MacCOBOW KOH-

uenTpanuu S0 HI/cM® [IOMEIIAIoT B MEPHYIO KOJI0Y BMECTUMOCTBIO 25 CMS, pas-

OaBJISIIOT 1O METKU MOJABUKHOM (ha3oi U mepeMelnBaroT. JlelicTBUTENbHOE 3Ha-
YCHHE MAaCCOBOM KOHIIEHTPAIMM pPACcTBOpa BhIUUCIAIOT 1o ¢dopmyine (12.1).
Cpok xpanenus - 1 Henens.

12.3.2IToaroroBka xpomartorpaga k padore

[ToaroToBky xpomatorpada kK paboTe mpoBOAST B COOTBETCTBUM ¢ Pyko-
BOJICTBOM IO 3KCIUTyaTallMu >KUIKOCTHOTO Xpomartorpada « Jlroma-xpom» uiau
PYKOBOJICTBOM TI0 cOOpKE M MOATOTOBKE K padore BOXKX-kommiekca, a Takxke
¢ PykoBoacTtBOM mo 3KcIuTyatanuu (HIyopuMeTpudeckoro (CrnekTpodayopu-
METPUYECKOTr0) IETEKTOPA.

12.3.2.1YcnoBusi npoBeieHUs1 XpoMATOrpaguyecKoro aHajIu3a:

VYcaoBus xpomaTorpauyeckoro pa3aeiaeHus:

o xpoMarorpaduueckas kojonka st BOXKX, 3amonnennas oOpa-
IEHHO-()a30BBIM COPOCHTOM, B YCJIOBHSIX aHaln3a uMeromias 3GGHeKTUBHOCTb
He meHee 4000 TeopeTHUeCKUX TapesioK Mo MUKy OeH3(a)upeHa, HarpuMep Ko-
JIOHKA MPOU3BOJICTBA TPYyNITbl KOMIaHui « JIromake» mmHo# 100 MM, BHYTpeH-
HUM nuameTpom 2,1 mm, 3anonHeHHas copoentoM Kpomacun C18 3epHenuem 5
MKM;

o MPENKOJIOHKa BHYTPEHHUM AuamMeTpoM 2,1 MM, 3amojiHeHHas 00-



211

parieHHO-()a30BbIM COPOCHTOM;

o MOoABMIKHAS (haza: cMech alleTOHUTPHII — Boja (4:1);

° o0beMHast ckopocTh nogauu [1d 200 MM3/MI/IH;

o NETJIEBOM KpaH-103aTop (MHXKEKTOp) ¢ 00beMoMm metau ot 10 1o 20
MMS;

o bryopumeTpuueckuit (CIeKTpohIyOpUMETPHUUECKUIT) IETEKTOD;

o Ipy HAJIUYUU TEPMOCTATa KOJOHOK YCTAHABJIMBAECTCS TeMIepa-
Typa 25 ° C;

o MUHUMAJIBHO ONpENEIsieMOe 3HAYEHHE MacCOBOM KOHUEHTPAIUU

OeH3(a)mupeHa B pacTBOpe (COOTHOIIEHUE CUTHAJ/IIYM, paBHOE TPEM), HOJIKHA
6bITb He Gosee 1 Hr/eM .

[IpuBenennas kKoH(UTypanus ¥ apaMeTPbl MOTYT OBITh U3MCHEHBI B 3a-
BUCHMOCTHU OT HCIIOJIb3YEMOTO 000PYI0BaHUS.

14.3.2.2.PaGoune mapaMeTpbl U peskuM padoThl (piyopuMeTpHuye-
CKOro/cnekTpodryopuMeTpUIECKOro IeTEKTOPa

14.3.2.2.1.dayopumerpuueckuii  aerektop Jlromaxpom DJIJ]
2410« Dnroopar-02-2M»

[Ipu BBINOJIHEHUH BCEX U3MEPEHMI B KaHAJIE BO30YKIEHUS HUCIIOIb3YIOT
cBeTOUIBTp «292», a B KaHaje peructpanuu - cBetopuibtp « X3». Peko-
MEHIyeMBbIC MapamMeTpbl U PEKUMBI pabOTHI (CM. Takke PyKoBOJCTBO MO JKC-
TUTyaTaluu) TpuBeAeHbI B Ta0uIe 14.2.

[Ipu ucnonb30BaHUM CUCTEMBI cOOpa U O0OpaOOTKU JaHHBIX Ha OCHOBE
MEPCOHABHOTO KOMIBIOTEpa HEOOXOAWMBIE HACTPOWKH MPOHU3BOMAST B COOT-
BETCTBHM C PYKOBOACTBOM IIOJIH30BATENsl MPOTPAMMHOTO OOECTICYCHUS

(manpumep, 110 « MynasTuXpom»).
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Tabmuma 12.2

Pexum Xpomarorpadus
Peructpanus | Bpems, muH. 60
CrnaxuBaHue 10

[Tapamerpsl | HyBcTBUTENBHOCTH | CpenHsis

Koppeknus onopH. | Het

Koppexkuus npon. | Ectb

12.3.3 Kparkuii ajaroputM T1poBeleHUs XpoMaTorpaduue-
CKMXU3MepeHUu

[Ipu moAroToBKe U MPOBEAECHUN U3MEPEHNUN HEOOXOIUMO:

. MPOBEPUTH MPABUIILHOCTh COOPKU THAPABINYECKON CXEMBI XpOMa-
Torpajga B COOTBETCTBUM C PYyKOBOJCTBOM IO 3KCIUTyaTalluu Xpomarorpada
«JTIromaxpom» nin PykoBosicTBOM 1o cOopke M MoAroToBke k padore BOKX-
KOMILJIEKCA HAa OCHOBE Hacoca BBICOKOTO naBiieHus «lIuToH» u aHamuzaropa
KUAKOCTU TUNa« daroopar-02»;

o MOJATOTOBUTH HACOC K pabOTe B COOTBETCTBUHU C €I0 PYKOBOJCTBOM

M0 IKCIUTyaTalluu;

o YCTaHOBUTH 00BEMHYIO CKOpOoCTh nogaun [1D 200 MM3/MI/IH;
o 3aIyCTUTh HACOC U JI0KAAThCS MPEKPAIEHUS POCTA JIABIICHUS;
o HACTPOUTh PETHCTPUPYIOIIECEC YCTPOHMCTBO Ha TPHUEM XpPOMATo-

rpauuecKux JaHHBIX;

o NIEPEBECTU JETEKTOP B PEXUM « M3MepeHue» M J0XKAaThCs CTa-
Ounu3anuu 6a30BOM JIMHUU,TIEPEBECTHU IETEKTOP B pekuM« OxKugaHue»;

o IPOMBITh IIMPHUI] U TMETII0 KpaHa-l03aTopa aleTOHUTPUIIOM WM
MOIBMXHOM (haz3oif;

o 3aMOJIHUTh TETII0 KpaHa-103aTopa aHAIU3UPYEMBIM PacTBOPOM

(u3berast monazaHusl B HE€ My3bIPHKOB BO3/yXa), BBOJs He MeHee 50 MM3, pu



213

ATOM KpaH-A03aTop JAOJKEH HaxoauThes B mosioxkeHuu «IIETIIS» («LOAD»)
(mepen BBOJIOM B KpaH-103aTOpP MPU HAJTMYMHU KAIUIA Ha KOHIIC UTJIBI MITPHUIIA €€
CIIEyeT YOAIUTh QUIBTPOBATLHON OyMaroi);

o BBECTHU IpoOOYy, JI1 Yero, He BIHUMAs IIMPHUIL], EPEKIIOUYUTHKPAH-
no3atop B nojnoxenue « KOJIOHKA» («INJECT»); onHO-BpeMEHHO 3aIlyCTUTh
JETEKTOP U PETUCTPUPYIOIIEE YCTPOUCTBO;

o M0 OKOHYAaHWM aHaju3a JETEKTOp MEpeBecTH B pexkuM «Oxupna-
HUE», TEPEKITIOYUTh KpaH-go3aTop B nojoxenue «IIETJIS» («KLOAD») u BbI-
HYTb IINPHUII, TTOCJI€ YETO MPOMBIThH y3€J BBOJIa MTPOOKI U METIII0 KpaHa-A03aTopa
AlETOHUTPUIIOM WJIM TOJABMXKHOU (Da30il.

12.3.4. 'pangyupoBka xpomartorpadga

B kauectBe 00pa3LoB A5 rpaAyupoBKU XpomaTorpada UCIoIb3yIOT pac-
TBOpPHI O€H3(a)TMpeHa B MOJBIXKHOM (ase.

I[I/Ial'[a?»OH HOCTpOGHI/IH rpanprOBquoﬁ XapaKTepI/ICTI/IKI/I COCTAaBJIACT OT
2 110 50 HT/cM®,

Peructpupytor He MeHee IByX XpOMATOTpaMM Ka)XOTO pacTBOpa, Ipo-
BEPSIOT MPABUIBLHOCTh aBTOMAaTUYECKOM pa3METKU M, €CIU HEeoOXOIuMO, KOp-
PEKTUPYIOT €€, YAAIAIOT JIMILHUE TUKH.

Jlasiee MpoBOAAT MPOLEAYPY T'PaIyHUPOBKH COIVIACHO NMPAKTUYECKUM yKa-
3aHUSAM 10 HUCHOJIb30BaHMIO [IO «MynbTUXpomM» KW ONpPEResArOT HapamMeTpsl
IpayMpOBOYHON XapaKTEPUCTUKU. [ palyupOBKY NpHU3HAIOT MPUEMIIEMOM, €CIIH
BBIYMCIIIEMBIE IPOIPAMMOM OTHOCUTENIBHOE CPEHEE KBAAPATHYECKOE OTKIIOHE-
Hue (nanee - CKO) nHe 6onee 5%, a koaddumuent koppensuuu He Hike 0,99.
Ecnu xoTst Ob1 OHO M3 3TUX YCJIOBHM HE BBINOJIHSIETCSA, 3aHOBO PETUCTPUPYIOT
XpOMAaToOrpaMMbl PacTBOPOB U OIPEAEIAIOT MapaMeTpbl IPagydpOBOYHON Xa-
paktepuctuku. IIpu ucnonb3zoBaHuu mnporpammHoro obecnedeHus: «lIukOkc-

NepT» UCTIONB3YIOT TOJIBKO KOA(DPHUITUEHT KOpPESAIUY.
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12.4. Bvinonnenue uzmepenuii

12.4.1 lloaroToBKa MpPoOOBLI K AaHAJIU3Y

[Ipu aHanmm3e MUTHEBBIX W MPUPOIHBIX BOJ B KAUECTBE IKCTPAreHTA HC-
MOJIB3YIOT WJIM TEKCaH, WU XJOPHWCTBHIA METWJICH; JJIA aHallu3a CTOYHBIX BOJ
HACTOATEIHFHO PEKOMEHIyEeTCS MCIIOIb30BaTh TOJIBKO XJIOPUCTHIA METHIICH.

Ha OyTbumn ¢ mpo0Ooii JemaroT OTMETKY YPOBHS JKHIKOCTH JIJISl TTOCIIETY-
IOIIIETO U3MEPEHUsT 00bema IIPOOHI.

[IpoOy BOABI UEIMKOM TIEPEHOCAT B JIETUTEIbHYIO BOPOHKY BMe-

3

ctumocThio 1000 mim 2000 cm™ u npunuBarotr 20 em® pacTBOpa XJOPHUCTOTO

HATPUS

Ecan Hp06y HC KOHCCPBUPOBAJIN, TO OIIOJIACKHBAIOT CMKOCTb, B KOTOpOﬁ

HaxoawiIack mpobda, 20 - 25 oM’ reKCaHa, MEPEHOCAT €ro B JEIU-TEIbHYIO BO-

POHKY C MpoOOH M BCTPSAXMUBAIOT CMECHh B TEUEHHE 2 MHMH BPYUHYIO WJIM 5 MUH
HA MEXaHUYECKOM BCTPSIXUBATEIIE.

Ecnu npoOa Obu1a 3akOHCEpBUPOBAHA, TO OMOJACKUBAHUE MPOBOJISAT BTO-
pPOM MOPLHUEN IKCTPAreHTA.

Ilocne pa3neneHus CI0€B HUKHUK BOIAHBIN CIIOW IEPEHOCAT B COCYH, B

KOTOPOM HaxoJuJiach Mpo0a, a BEpXHUM CJION - B KOHUUYECKYIO KOJIOY BMECTH-
MocThio 200 mm 250 em®. [TOBTOPSIIOT 3KCTPAKIMIO IBAXIbl TAKUMU K€ TIOP-

USIMU TeKcaHa 0e3 700aBJIeHUsI pacTBOPa XJIOPUCTOTO HATPHSI.
DKCTpakThl 00BeANHSIOT. BOPOHKY ¢ QUIBTPOM «KpacHas JIEHTa» 3amoJi-

HSIOT ocyuTeneM (0€3BOTHBIM CEPHOKUCIIBIM HATPHEM) Ha BBICOTY 2,5 - 3 cM,

3

npeaBapUTEIbHO MPOMBITEIM 10 cM” rekcana, KOTOpbii oTOpackiBatOT. O0Be -

HEHHBII SKCTPaKT PUIBTPYIOT B €MKOCTh JUIsl yJaleHus pacteoputesns. Ocyuu-

TeJb MPOMbIBaIOT 10 oM’

rekcaHa, KOTOPBIH MPUCOEAUHSIOT K GUIbTPATYy.
DKCTpakT ynapuBarOT J0CyXa B BaKyyMe, IOMECTUB COCYJ Ha BOISHYIO

6anto npu 40 - 50°C; B ciryuae UCHONB30BaHUS XJIOPUCTOTO METUIICHA — npH 30
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3

- 40°C. Cyxolt ocTaTok pacTBOpPAIOT B 1 cM” moaBMKHOM (ha3bl, TIIATENLHO 00-

MbIBass CTCHKHU COCydd, U OCTaBJIAIOT Ha 15 mun IJIs1 IIOJIHOTO PACTBOPCHUA

oen3(a)nmupena. /s npod nuTheBOM BOBI WU MMUTHEBOM BOIbI, pachacoOBaHHON

3

B €MKOCTH, PEKOMEHIYETCSI CYXOM OCTAaTOK pacTtBOpsATH B 0,5 cM” MOABUNKHOU

dbaspl.

12.4.2 IlpoBeneHnue xpomatorpapuueckux usMepeHuii

Peructpupyior xpomaTorpaMMbl KOHIIEHTPATOB MPOObI (KaXI0ro HE Me-
Hee JIByX pa3) B TeX K€ yCIOBHAX, IIPU KOTOPBIX Oblila MpOBe/IeHA IpaayHpOBKa
xpoMarorpada. Unenrtudukanuro 6en3(a)nrupeHa B mpode MpoBOISAT CpeACTBa-
MU TPOTPaMMHOTO OOECHEYEHHs IO COBMAJCHUIO BPEMEHHU yICP KUBAHUS
OeH3(a)mupeHa B peaibHOM Mpode ¢ ero BpeMEHEM YJEp>KUBaHUS MOJTyYEHHOM
Ipu KOHTPOJIE CTaOMJIBHOCTH TPaIyWpPOBOYHON XapaKTEPUCTUKH, YCTAaHOBHUB
HIMPUHY OKHA uaeHTuuKanuu S %.

OmnpenensitoT coaepkanue OeH3(a)lupeHa B KOHIIEHTpaTe MO KaxJou
3apETUCTPUPOBAHHON XPOMATOTpaMMe U MPOBEPSIOT MPUEMIIEMOCTD MOTYYEH-

HBIX 3HAYCHHH, UCIIOJIb3Ys HepaBeHCTBO (12.2).
Cy1—Cy,|<0,05%C, 122

I'me Ck 1 1 Ck 2- MaccoBast KOHIICHTpanus OeH3(a)mupeHa B 00pasiie s
KOHTPOJIS TI0 IEPBOM U BTOPOM XpOMATOrpaMMaM COOTBETCTBEHHO, Hr/cm®

C, - cpennee apudmernueckoe 3Hadennii Cx 1 u Ck o, HI/cM®

Eciau ycnoBue (12.2) BBINOJHSIETCS, TO B KQ4ECTBE 3HAYCHHUS MaCcCOBOMU
KOHLIEHTpanuu OeH3(a)ipeHa B KOHIIEHTpaTe MpoObl MPUHUMAIOT CpeliHee
apu(pMETHICCKOES TIOJYYCHHBIX 3HaueHWW. Ecnm ycimoBue He BBITTOTHSAETCS,
HAXOJAT W YCTPAHSIOT MPUYMHBI HECTAOWIBHOCTH, MOCJE YeTrO BBOJI KOHIICH-
TpaTa npoObl MOBTOPSIOT.

Ecnu maccoBast koHieHTparusi OeH3(a)mupeHa B KOHIIEHTPATE MPOOHI

npesbimaet S50 HF/CMB, TO KOHIIEHTpaT HeoOxoauMo pa30aButh. KoadduumeHt
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pazbasnenus (Q) BEIYHUCIAIOT IO popmyie:

Vp
Q=v" (12.3)

a

I 'ne:

V, -00beM pa30aBIeHHOTO KOHIIEHTPATA MPOOHI, CM*;

V,-00beM  aJIMKBOTHOW TOpPUMU HMCXOAHOTO  KOHILIEHTpaTa Ipo-
OBI,B3ATHIN I pa3baBieHus, cM>,

JIist moaTBEepKACHUS TIPABUIBHOCTH HICHTU(DHUKAIIMKA B CIIy4ae CIIOXK-
HBIX TIPOO PEKOMEHJIyeTCsl BBIMOJIHUTH J100aBKY pacTBopa OeH3(a)mupeHa K
KOHIIeHTpaTy MpoObl. O TOCTOBEPHOCTH HIACHTHU(HUKAIIUA MOXXHO CYAHTH II0
YBEIIMUYEHUIO BBICOTHI MpEArojiaraeMoro nuka OeH3(a)mupeHa (U, COOTBET-
CTBEHHO, €r0 MacCOBOM KOHIIEHTpaluu). BennunHa 100aBKU TOHKHA COCTaB-
7s1h 50 - 150 % oT HalimeHHOro co-Aep:kaHusl OeH3(a)IUpeHa B KOHIIEHTpAaTe
poObI, KPOME TOTO, HEOOXOAUMO YUUTHIBATH pa30aBiIeHUE KOHIIEHTpATa MpU
BBEJICHUM J100ABKHU U JUISI €r0 CHIKEHUS MCIOJIb30BaTh 00Jiee KOHIIEHTPUPO-
BaHHBIE PACTBOPBI.

12.5.06pabomka pe3yrbmamos 3Kkchepumenma

MaccoByro KOHIIEHTpalMio OeH3(a)mupeHa B MpPoOE BBIYUCISIOT 10

bopmyie:
C, *V,*Q*1000
X =——F (12.4)
n*v,,
I'ne:

X -maccoBasi KOHIIeHTpalus 6eH3(a)mupeHa B npooe, HT/IM®;

C« — U3MepeHHOe 3HAaYeHUE MACCOBOM KOHIEHTpaluu OeH3(a)nupeHa B
KOHIIEHTPAaTe IPOOBI, HI/CMS;

V, - 06beM KOHIIEHTpaTa MpoObI, cM>; Vy, - 00beM IIPOOKI BOBI, CM?,;

1 -K03¢pUIUESHT TPOXOXKIeHUS OeH3(a)mupeHa

Q -xo3ddurreHT pazdaBiaeHuss KOHIIEHTpaTa MPOObI;
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1000- ko3¢ duLmeHT coriacoBaHus pa3MEPHOCTH €AUHHULL 00BEMA.

12.6. Oghopmnenue pezyromamos usmepenuii

Pesynbrar mM3mepeHud B JOKYMEHTax, IPEAYCMATPUBAIOIIMX €T0 HC-

TN0JIb30BaHUE, MOKET ObITh NpesicTaBiIeH B Buje: XU, Hr/om®,

rae X -eIMHUYHBIN PE3YJIbTaT U3MEPEHHU, HT/ M,

U -3HaueHmne mokas3areis TOYHOCTH H3Mep€HHﬁ(paCMHpeHHaH HCOIIpC-

JAC-JICHHOCTD I/I3MepeHI/Iﬁ C KOB(I)(i)I/IHI/IeHTOM oxBara 2 sl CAMHUYIHOTO PC-

3yJIbTaTa M3MEPEHMIA), HI/ M

U=0,01*Usm*X

(12.5)

3naueHue Uy JUIS KaXKI0I0 KOMIIOHEHTA IPUBEIeHO B Tabnuie 12.3.

Tabmanma 12.3

JIynarna3oH U3MEPEHUM U 3HAYCHHUS NIOKA3aTENEN TOUHOCTH H3MEPEHNAN

Jlnara3zoH u3MepeHun, HT/ M3

OTHOCHUTENIBHAST paclIMpeHHas He-
ONPENEIICHHOCTh U3MEPEHNUN IIPU KO-

>¢punmente oxpata k=2, Uy, %

[IpupoaHbIe U TUTHEBBIE BOIBI

Ot 0,5 no 10 Bk1. 45
Capimie 10 go 50 Bk, 30
Cspiize 50 go 500 Bk 20
CtouHbIE€ BOABI

Ot 2 no 10 Bk 55
Cspiize 10 1o 50 Bk 38
Caoimre 50 10 500 Bk 25

“NoBepHUTENbHAS BEpoATHOCTL P=0,95

Jlnana3oH u3MEpPEHN U 3HAYEHU MI0KA3aTeJIe TOUHOCTH U3MEPEHUI

Jlomyckaetcsi pe3yJbTaT U3MEPEHUN B JOKYMEHTAX, BbIIaBAaEMbIX J1a00-

paTopuei, npenctabiaTth B Buae X+Unp, Hr/;:[M3, npu ycnoun Un<U,rneUs-
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3HAYEHHE MOKAa3aTelsi TOYHOCTU U3MEpPEHUMN(pAaCIIMPEHHOMHEONIPEAEIEHHOCTH
c K03(QUIMEHTOM OXBaTa 2), YCTAHOBIIEHHOE MPU pealn3allid METOJUKU B
ngabopatopur 1 o0ecreYnBaeMoe KOHTPOJIEM CTaOMIBHOCTU PE3yNbTaTOB H3-

MEpPEHHM.
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