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1. Hcropuueckas cnpaBka. M.C. LIBeT - mepBoOTKpBHIBaTEIb XpOMaTOrpapuu.
Poab xpomaTorpaguu B COBpeMEHHOM MHpe.

Haunnasi ¢ koHma 18-ro Beka MHOTHE YYEHBIE MBITAIUCh PACKPBITH TAWHY  CTPOCHHUS
XJIOPOQHIUIOBOTO 3epHa, OBLIO MPOJENaHO MHOXECTBO ONecTammx padoT, HO  pa3JenuTh
pa3MyHble MUTMEHTHl 3€JCHOr0 JHMCTa HE YAABAJIOCh, CIHMIIKOM OJM3KM OHU IO CBOUM
cBoiicTBaM. JTa 3a7auya Obula penieHa pycckuM yueHbIM Muxaunom Cemenosuuem Lleemom B

Hadgaie 20-To Beka.

Puc. 1 Muxaun Cemenosuu L{gem (14 mas 1872 — 26 urons 1919) — pycckuii bomanuxk-

@u3uonoe u OuoxumMux pacmenutl, cozoamenb XpoMamocpapuiecKkoeo memood.

Knaccuuecknit  ombiT  Muxamna Ilpera BwImigmen ciueAyroomuM — oOpazoB. B
PacIOIOKEHHYI0 BEPTHKAIBFHO CTEKISIHHYIO TPYOKY C mopomkoMm mena L[BeT 3ammin pactBop
MUTMEHTOB. B BepxHe#l TpyOKM "acTh 00pa30BajioCch OKpAIIEHHOE KOJIBIIO. 3aTeM IO KarlisiM
HerpepbIBHO L[Ber cran momaBaTh OeH30i. OKpamieHHOE 3€JI€HOE KOJIBIIO Havyajo OMyCKaThbCs
BHU3, IMOCTEIICHHO PACIHIUPATHCS W Pa3IeisAThCsl HA HECKOJBKO KOJEI, MMEIIIUX Pa3HYI0
OKpacky. B urore xomern oka3anoch LIECTh: BEpPXHEE JKEJITOE, 3aTEM OJMBKOBO-3€JI€HOE, TEMHO-
3€JICHOE M TPHU JKENTHIX. LIBeT M3Biek cTOMOMK Mena W3 TPYyOKH, pa3pe3ail Ha OT/ACIbHBIC
IWIMHAPUKY, W3BJICK WHIWBHIyaJlbHBIC BEIIESCTBA M3 MeJla CIIMPTOM M CTal HCCIeqoBaTh. B

PE3YIbTATC HBCT IIoKa3sali, 4To XJ'IOpO(I)I/IJ'IJ'I- 9TO HC MHAUBUAYAJIbHOC COCANHCHUC, a CMCCh JIBYX



BEIIECTB, KOTOPbIE Pa3Je/IUINCh B TPYOKE C MEJIOM U JaJId OJMBKOBO-3€JIEHOE M TEMHO-3€JICHOE
ciou. OcTanbHbIC YETHIPE KENTHIX CII0s OBUIH KCAHTO(DUILIAMHU.

[Ber Ha3Banm mnosydaemyr0 0OpH pa3AelIeHUH HCXOJHOIO SKCTPAKTa Pa3HOLBETHYIO
KapTUHY XPOMAmMOZpAMMOU, a caM METOJl pazaeneHust xpomamocpaghueii. B 1901 rogy 12
anpenss M.C.LIBer mpeactaBui K 3amurTe JUCCEPTALMIO «DU3UKO-XUMUUECKOU cmpoeHue
X710pOounneeo2o 3epHa», KOTOPYIO OJECTAIIE 3aIUTUI OCEHBIO TOTO XKE Tofa, U B KOTOPOH, 110
€ro K€ CII0BaM, OBUTH 3aJI0)KEHBI OCHOBBI XPOMAMOZPAPUUECKO20 Memooa pa3oeieHusl.

B 1903 roxy 08 mapra L{Ber BeicTynua B BapimaBckoM oOIIeCTBE €CTECTBOUCTIBITATENEH
CO CBOMM 3HaMEHHUTBHIM JAOKIAIOM «O H060Il Kamezopuu aocopoOUUOHHBIX AGNEHUIl U O
HpUMEHEHUU UX K OUOXUMUYECKOMY aHAAU3y», B KOTOPOM JI€TAIbHO OMHUCAT MeH o0
aocopoOUUOHHO020 XpoMamozpaghuueckozo ananuszad.

Ha3Banue meroma xpomamozpagua (uperonmch), kak mucan M.C.Burnmeprays, Obu1o
noJ00paHoO OYEeHbh OCTPOYMHO. BO-TIepBBbIX, OHO TOBOPUT 00 MCTOPUYECKOM OIIBITE, KOTJa Oblia
MOJTydeHa Pa3HOIBETHAs] KapTHHA, a BO-BTOPHIX, HATIOMHUHAET 00 MMEHH TEPBOOTKPHIBATEIS.
KoneuHo, neno He B TOM, UTO pa3feisieMble BEIIECTBA OKPAIICHbI, TJIABHOE- 3TO BO3MOXKHOCTb
pa3ensaTh BEIIeCTBA 10 WX PA3JIMYHON CKIIOHHOCTH K ajcopommu. O6 sTom mucan cam L[BeT:
«Camo co0Oolt pa3ymeeTcs, ONHCAHHBIC SIBIICHUS MPUCYIIM HE TOJIBKO XJIOPODUIHHBIM
MUTMEHTaM: SICHO, YTO CaMble Pa3HOOOpa3HbIe OKpAIICHHbIE WIH OECIBETHbIE XHMHUYECKUE
COCIMHEHUS TTOJIUYMHAIOTCS TEM K€ 3aKOHOMEPHOCTAM.

OcTaBuivecss HEJOATHE M OYEHb TPYAHbIE ToAbl L[BeT MOCBATHI COBEPIIEHCTBOBAHUIO
CBOEr0 METOJIa U MPUMEHEHUIO ero JJIs MpakTUieckux 3aaad. K coxanenuro, BO Bpems epBoit
MUpPOBOM BOWHBI IIPU 3BaKyaluu BaplIaBCcKOro NMOJMTEXHUYECKOIO MHCTUTYTA, B KOTOPOM OH
CJIY’KWJI, BCE KHHUTH, PYKOIIMCH U paboune xypHanbl L{Bera norubnu. B 1916 200y nexomopoe
eépems I[eem npoeen ¢ Husicnem Hoezopooe, xyna OblUT 5BaKyHpPOBaH €0 HHCTHUTYT.

B centsa6pe 1918 roma tpyas! LlBeta paccmarpuBamucs HobGeneBckuM KOMUTETOM, HO
JKCHepT cyauia o pabotax L{Bera, kak o paboTe 1Mo XJI0poduILTy, KOTOpasi, M0 ero MHEHUIO, ObLIa
HE JIOBEJICHA JI0 KOHIIA, a Pe3yabTaThl ObUTH criopHBI, 1 HobeneBckoit mpemun Tpyas! LlBeTa He
MOJIYYUIIH, & OMKpblMue NPUHUURUATILHO HOB020 MEmMOO0a AHAIU3A NPOWLIO ONA HAYUHOZ20
mupa npakmuuecku Hezameuenuvim. Jlumb yepe3 70 et B Poccun y3HaIM 0 HOMUHUPOBAHUH
pabot nBeta Ha HobeneBckyto npemuto. Ymep M.C.L{get B 60ne3uu u Humere 26 utong 1919
roaa B Boponexe.

bbun monmbITKM mpumnucaTh 3aciayry OTKPBITUS APYTUM YY€HBIM, JaTh METONY APYroe
Ha3BaHMWE, OJHAKO HAa CETrOAHSIIHUNA JE€Hb, U, TyMaeTcs, yke HaBceraa, npuopurer M.C.I{Beta
MpU3HAH BO BCEM MHUPE, a TEPMUH Xpomamozpaghus sBisieTcss HanboJiee 9acTo UCIOIb3yeMbIM B

HAayKC U TCXHHUKC.



B 1950-x romgax B pamkax HITO «XumaBromaruka» 0su10 cozmano [[3epxunckoe OKBA
C ONBITHBIM 3aBozioM. OcHOBHBIM HampasieHueMm J[zepkunckoro OKBA 6buto paszpabotka u
BBIITYCK Xpomarorpaduueckoro obopyaoBanus. Otu xpomarorpadgsl Hocunu ums «L{ser». [lo
cepenunbl 90-x TooB xpomarorpadsl «IBer» [JOKBA Oblmu caMbIMU MAacCCOBBIMH COBETCKUMU
xpomatorpadamu. K coxxanenuio, B HacTodlee BpeMs xpomarorpadsl mapku «LBeT» crpocom
He monb3ytoTcs. Ho Tpaguumm XpomaTorpadudeckoro mpuOopocTpoeHHus B T. J[3epKMHCK
YCIICITHO TOJJCPKUBACT Tpymrna KOMIaHU «XpoMOC», BBIMYCKAOIIas XpoMarorpadbl Kak
ra3oBble, TaK M IKUAKOCTHBIE TOA Mapkoh «XpomMoc».  OCHOBHBIM MPOU3BOIUTEIEM
xpomarorpaduueckoit anmaparypsl B Poccum Ha cerogus ssisiercs 3A0 «CKb XPOMATOK»
(r.Momkap-Ona), BeIycKaromiie XpoMaTorpahs! «XpomaTak-Kpucramms.

Xpomarorpapuueckue MPOLEcChl NMPOTEKAIOT B €CTECTBEHHBIX NPHPOJIHBIX YCIOBHUSX.

D10 u murpauus He@TH, U OOpa3oBaHHME PyA M paclpeiesieHHe B HHUX Pa3IUYHbIX
METAJIJIOB, U MOTJIOUIEHHE KHCIOPO/1a TEMOTTIOOMHOM B JIETKHX.

HeonnokpatHo npumensiu xpomatorpaduio u jao llsera, u mocne nero. HaumbGonee
KPYIHBIM CKa4KOM B pa3BUTHHM XpomaTorpaduu mnocie ocHopomnonaratoumx pador M.C.Ilsera
CUMTAIOT CO3/IaHHE METOJIOB PACHPEOeIUmeNbHOl Xpomamozpaguu AHTIUNCKUM XUMHUKOM
A.Maptunom u ero corpyanukamu P.Cunrom u A.Jlxemcom. B 1952 romy 3a paspabotky
pacmpenenuTenbHoOl Xxpomarorpaguu M pa3auyHbBIX ee BapuaHToB MaptuH U CHHr ObLTH
ynocroeHbl HoOeneBckoi mpeMum.

B pasButuu xpomarorpadguu oCTaBWIN CJIEI POCCUMCKHE M COBETCKUE ydueHbIe. [IepBbIit
s dexTuBHBIA apMelickuil mpoTuBoras paspaboran B 1915 rony BblAaromuiicss pyccKuil XUMUK
Hukonait 3enuHckuil. IMEHHO OH BIEpBBIE B MHUpPE MNPEIJIOKHI HCIOJIb30BaTh B KadyecTBE
3alIUTHI OT OTPABJISIOIIMX T'a30B KaK aJCOpOCHT aKTMBUPOBAHHBIN ApeBecHBIN yroib. IIpoctoTa
U HaAE&XKHOCTh €ro M300peTeHHs] OKa3alMuCh CTOJIb MOPA3UTEIbHBIMHU, UYTO YK€ K KoHIy 1916
roJia BCE BOIOIOIIME CTPAHBbI B35JIM HA BOOPYKEHHUE PYCCKUN MPOTUBOTa3 3€IMHCKOTO.

B 1938 rogy UzmaitnoB H.A. n paiibep M.C. cooOmuian 0 MpoBEACHUU KPYTOBOU
Xpomarorpauu Ha cjIoe OKCHAA aTIOMHUHHs, HAaHECEHHOM Ha CTEKJISAHHYIO IUIacTHHKY. [lpu
9TOM CJIOM pa3JeseMbIX BEIIEeCTB MpUOOpeTalid BHUJ KOHLUEHTPUYECKUX KpPYroB. ITO
MPaKTUYECKH TIOJIOKUIIO HAdajo Pa3BUTHUIO TOHKOCIOWHOW Xxpomatorpaduu. HcciaemoBarenu
IPOIEMOHCTPUPOBAIH, YTO METOA MOXKHO MPUMEHSTH JUIS UCIIBITAHUSI COPOCHTOB U AIIIOCHTOB
JUIsL KOJIOHOYHOM Xpomarorpaduu.

[TepBas pabora mo xpomarorpaduueckomy ananuzy razoB B CCCP Opina onmydnukoBaHa
B 1949 r. H M. Typkervmaybom, KOTOPBI BBITIOJHWI €€ TOJ PYKOBOACTBOM A. A,
XKyxosuukoro u K. A. T'onsbepra. Ognaxo eme B 1936 r. M.M. [[ybununy ¢ coTpyqHUKaAMH

YAQJIOCh IOJIYYUTh BBITECHUTEIBHYIO XPOMATOIpPAMMY CMECH IapoOB TOJIyOja W CIHUpPTa IPU



pa3JeNieHny UX Ha KOJIOHKE ¢ yriieM. TakuM oOpa3oM, yxke TorJa Hccie0BaTel 3auHTepecoBa-
JMCh BO3MOYKHOCTBIO pa3ZeNIeHHsI B TApOBOH (a3e U JeTKUX, U 00Jiee TSKEIbIX BEIIECTB.

B 1951 rony A. A. XKyXOBUIKHH C COTPYIHUKAMHU MIPEUIOKUIN XpoMaTepMorpaduio.

B 1953 rogy OQHOBpEMEHHO C YEHICKUM YYeHbIM Sl.JlHAaKOM COBETCKHU YYEHBIH,
npogpeccop I'opvkoseckozo ynueepcumema J[.A.Baxupee B KadyeCcTBE OJHOIO M3 IE€PBBIX
JIETEKTOPOB ISl Ta30BOM XpomaTtorpaduu npeanoxui azoromerp. [loggepkuem, 4yTo 3TO ObLIO
CIEeNaHO HAa CAMOM PAaHHEM dTare Pa3BUTHS XpoMaTorpadum.

B Hacrosimee BpeMsi HEBO3MOXXHO IMPEICTaBUTh HU OJHY O0JIacTh 4YeIOBEYECKOM

JeATeTLHOCTH, TJe OBl HE UCIOJIB30BAIACh XpoMaTorpadus.

2. KoHTpo1b XMMH4YECKOIi 00CTAHOBKH

[Tog xwumu4eckoil 0OCTAaHOBKOW TIOHUMAETCS HAJIW4YUE B OKpYXalomeh cpene
OTpPEIeNIEHHOT0 KOJMYECTBA M KOHLEHTPALUN OMACHBIX XMMHYECKHX BEIIECTB, B OCHOBHOM
TEXHOTEHHOI'0 XapakTepa. B 3aBUCUMOCTH OT CTENEHH 3arpsi3HEHHs] Cpelbl XUMUYECKas
00CTaHOBKAa MOXKET OBITh HOPMAIBHOM WM XWUMHYECKH 3arps3HEHHOW (OMpenensercs IO
BenumunHaMm [1JIK u U3C).

KonTponp xumuueckoil 0OCTaHOBKM MPOBOAUTCA B aTMOC(GEpPHOM BO3JyXe, B IOYBE
mutochepsl u B rHApochepe. OCHOBHOE BHHMAHHE YACNSETCS KOHTPOII XUMHYECKOTO
3arpsi3HEHUS] BO3JlyXa KaK OMpEeNsFoniero Gakropa XUMUYECKOTO 3arps3HEHHs OKpYKaroIen
CpEIBL.

IIpubopul, cucmemsl u cpedcmea XumMu4ecko20 KOHmpoJis 8030yxa
a) OT/AETbHBIC TPUOOPHIL:

T'azoananuzamopsl - ipuOOPHI ISl U3MEPESHHS OJTHOTO WJIM HECKOJIBKUX KOMIIOHEHTOB B
razoBod cMecH. ABTOMATHYECKHE Ta30aHAIM3aTOphl pabOTalOT MO 3aJaHHOW MpOorpaMme:
O0TOMpAarOT MPOOBI BO3/1yXa, U3MEPSAIOT KOHIIEHTPAIIMH KOHTPOJIUPYEMBIX KOMIIOHEHTOB, BBIJAIOT
U 3aIIMCBIBAIOT PE3YNIbTATHl AaHANIN3A, YIAISIOT B3AThIe MPOOI Bo3ayxa. OHU TOIpa3AesstoTcs Ha
npuOOpbl HEMPEPHIBHOTO WM HUKIWYECKOTO JEHCTBHUS, a TaKkKe MEXaHWYECKHE, 3BYKOBBIC,
yIbTPa3BYKOBBIE, JJIEKTPOXUMHYECKHE, WOHU3AIMOHHbBIE, 3JIEKTPOTEXHUYECKHUE, TEIUIOBLIE,
MarHuTHbIE, oNTHYECKHE ((POTOKOIOPUMETPUUECKIE) U KOMOMHUPOBAHHBIE.

Cucnanuzamopst - TpUOOPHI, KOTOPHIE TMOMAIOT CHUTHAIBI TPU  TOBBIIICHUU
KOHIICHTPALlUK aHAJTU3UPYEMbIX XMMUYECKUX BEIIECTB B Bo3ayxe. OHU HE mpeaHa3HauYeHbl JJis
KaueCTBEHHOU OIleHKH (akTuueckor koHneHTpanuu AXOB B KOHTpoMpyemMoit cpee.

TI'azoevie xpomamocpagher - npuboOpbl TpeIHA3HAYEHBI MJIS ONpPENeiCHUs] HaIu4yus

MHUKpOIpUMECEH B pa3lM4HBIX BEIECTBAaX, MaTepuallax M B OKpyxkaromel cpene. [Tpubops



MO3BOJISIIOT OJJHUM AHAJIM30M OIPENEINTh KAYECTBEHHBI U KOJIMYECTBEHHBI COCTaB CIOKHOU
Xxummuueckoi cmec, coaeprkaiieii 100200 neTydnx KOMIIOHEHTOB.

Ilpubopvr usmepenuil uHOUKAmMOPHLIMU mMpPYOKaAMu TPEIHA3HAUCHBI IS aHaIU3a
9KCIIPECCHBIM METOJIOM IIyTeM IMPOIyBaHHE BO3AyXa Yepe3 WHIAMKATOpHbIE TPYyOKH. OCHOBHBIMU
MPEUMYIIECTBAMU JaHHBIX MPUOOPOB SABISIOTCA: MPOCTOTA METO/A U YCTPOICTBA amnmapaTyphbl.
ObICTpOTa MPOBENCHHS aHAIM3a U MOJyYeHHE pe3ysbTaTa Ha MecTe oTOopa mpod BO3Iyxa, YTO
OUYEHBb BAYKHO BO BpeMs BeJIeHUSI OOEBBIX JCHCTBHIA;

0) cucteMbl TPUOOPOB:

CranuoHapHble CHCTEMBbI KOHTPOJIS

Aemomamuzuposannas cucmema OUCMAHYUOHHO20 MOHUMOPUH2A
AC/IM - «JIudap» OCyIIECTBIAET ONTUKO-JIEKTPOHHOE 30HIMPOBAaHHE aTMOC(EPbl HACEIEHHOTO
IIYHKTa B aBTOMAaTHYECKOM pEXKHMME B LEISIX MPOBEACHUS SKOJIOIMYECKOT0 MOHHUTOPUHIA
OKpY’KaloIIe cpeapl U oOHapykeHHsi aBapuii ¢ BbIOpocoMm AXOB Ha XMMHYECKH OITACHOM
00BeKTe.

Cuctema coctout u3 craunonaproro nocra (CII) 1 MOOMIBHOTO JHIAPHOTO KOMILIEKCA
(MJIK).

CranuoHapHbId ITOCT UMEET TPU KaHaJIa:

- TEJIEBU3MOHHBIM C paanycoM KpyroBoro o63opa 10 kM s BU3yaJbHOTO OOHApYXKEHHUS
BeIOpoca AXOB;

- TEIUIOBU3MOHHBIA - BBINONHSET (YHKIMH TEJIEBU3MOHHOTO KaHajlla B HOYHOE BpeMs M B
YCIIOBHSIX OTPAHMYEHHON BUJIUMOCTH;

- Jupmap (Jazep) KpyroBoro o03opa - ompenenseT KOOpAMHATHI paiioHa BbIOpoca u
koHUeHTpauuo AXOB.

MoOuIbHBINA TUAAPHBIA KOMILIEKC UMEET JIBE TEJICBU3NOHHBIE CUCTEMBI U OCYILECTBIISIET
MOHUTOPHUHT OKpYyKaromeld cpensl B pammyce aByx kM oT XOO. Moxer paboTaTh Kak
ABTOHOMHO, TaK U OT CTAal[MOHAPHOIO MIOCTA.

[lepenaua nanubix ot ACHAM - «J/Iuoap» B LleHTp ynpaBieHUs] B KPU3UCHBIX CUTYaIUsX
(ITYKC) ocymiecTBisgercsi mOCPEACTBOM CIYTHUKOBOU CBA3U.

Aemomamuzupoeannas cucmema KOHMPOSA YMEYKU MOKCUUHBIX 2A308 U ONOGEUeHUs.
XOO npennasHaueHa AJi1 HENPEPBIBHOIO M3MEPEHMs] KOHLEHTPALlMM TOKCHUYHBIX TIa30B Ha
Tepputopuu u B noMmenieHusx XOO. Bee n3aMepeHus OCyIECTBISIFOTCS C IOMOIIBIO TaTYMKOB,
KOTOpBIE YCTAHABIUBAIOTCA B MECTaX C HauWOOJbIIEH BEPOSITHOCTHIO MOSIBIEHUS TOKCHMYHBIX
razoB. JlaTyumku 3anmporpaMMHpPOBaHbl Ha BEJIMYMHY TOPOrOBOM KOHUEHTpauuu. I[lpu
MOBBIIIEHNH KOHIIEHTPAIMM TOKCUYHBIX TA30B BHINIE MOPOTOBOM MPOUCXOIUT CpabaThiBaHHE

JAaTYUKOB, BKJIKOYAIOTCA 3BYKOBAad M CBCTOBAsA CUTHAJIM3allUN 00 aBapuu. OI[HOBpeMeHHO



ONPEACIAIOTCA YPOBHH AaBApUM, IPOTHOZUPYIOTCS IIOCIEACTBHA Pa3BUTHs JAHHOM aBapHH,
BBIIAIOTCA pPE3yJbTaTbl HAa MOHUTOpP IPOTrPaMMHO-BBIUMCIHUTENBHOTO Komiulekca XOO wu
OCYILECTBIISICTCSI aBTOMAaTHYECKas Nepeaaya JaHHBIX 00 aBapuu B COOTBETCTBYIOIIHME OPraHbI
ynpasnenus [[OYC.

Komnnexcnvie nabopamopuu monumopunea cocmosanus ammocgeprnozo 603oyxa «Ilocm-
1» u «Ilocm-2» peACTaBISAIOT COOOH CTallMOHAPHBIE KOHTPOJIbHO-U3MEPUTENBHBIE KOMIUIEKCHI,
KOTOpbIe OOCITY)KHBAIOTCSl TEPCOHAIOM MeETeociyk0bl. Kpome TOro, oHu moryr pabotatb B
ABTOMATHYECKOM PEXKHME Ha TEPPUTOPHUIX MaJIBIX TOPOJIOB U BOIM3U pacnosiokeHuit XOO
MoOGubHBIE CHCTEMBI KOHTPOJIS

Mobunvnas  skonocuueckas — aabopamopus — (MOJI).  JlabopaTopusi — ocHaiieHa
COBPEMEHHOM XMMHMYECKOM M pagualMOHHOW anmaparypod, 4YTO II03BOJISAET OIPENEIUTh
00JIBIIIOE KOJIMYECTBO BPEIHBIX BEIECTB M COEAMHEHUH B pa3IMuHbIX cpefgax. Kommbrorep
o0pabaTbIBaeT AaHHBIE U BBIAET MOJTYYECHHBIE PE3YJIbTAaThl B KOPOTKHE CPOKH.
Ilepedsuocnas  nabopamopus (IIJI) mnpenHazHayeHa s OMEPATUBHOTO KOHTPOJS 3a
CoJiepKaHHEM BPEAHBIX MpUMecel B BBIOpOCaxX Kak B aTMOC(HEPHOM BO3AyXe, TaK U B CTOYHBIX
Bosax. JlabopaTopus MokeT paboTaTh B CUCTEME KOHTPOJIS 3arpsi3HEHUST OKPY’KaIoLIel cpelbl U

ABTOHOMHO.

3. CymHocTh XpoMaTorpapuueckoro meroaa. Buabl xpomarorpagum u ux
BO3MO’KHOCTH

Xpomartorpadueir HazbIBaeTCsl PUZHMKO-XUMHUUECKUH METO Pa3IeICHUsI CMecel BEIECTB
B pe3yJbTaTe MHOTOKPATHOTO TepepacipeaeicHIs] KOMIOHEHTOB POObI MEXIy IBYMs (azaMu,
OJIHA U3 KOTOPBIX SBJSIETCS HETOABUKHOM, a Apyras sBIseTcs MoABMkHON. Korna pasaensemsbie
BelecTBa (copOaThl) HAXOIATCS B HECOPOMPOBAHHOM COCTOSIHUM B IMOJBIKHOM (haze (dyroeHTe),
OHM TIEPEHOCSTCSI DJIIOEHTOM B HAINpaBICHHHM €ro ABM)KEHUS, Korja copOaTbl HaXOISATCs B
COpOMPOBAHHOM  HEMOJBIKHON  (pa3oil  (COpOCHTOM) COCTOSIHMM, OHH OJIOEHTOM HE
nepeMenarTcs, T. €. yaepkuBatoTcs copoeHToM. Ecnu copOeHT k 1ByM pa3aensieMbIM copbaTam
MPOSBIISICT PA3IUYHYI0 aKTUBHOCTD (CEJIEKTUBHOCTD), T.€. YAEPKUBAET UX PA3IUYHOE BPEMsI, TO
JTaHHble copOaThl ABMXKYTCS MO CIIOK0 COPOEHTa C Pa3HOM CKOPOCTHIO M B UTOTE Pa3JIENsIIOTCS U
HAXOJATCS B BUJIE JBYX HECMEIIAHHBIX MEXKIY cO00# 30H (IT0OJIOC, MATEH, ITMKOB U T.I1.).

Xpomarorpagu4eckiux METOJOB JIOBOJBHO MHOTO. VX KiIacCH(UKAIMIO MPOBOMST IO
Pa3IUYHBIM MpPU3HAKAM.

[To cmocoby mepememieHuss copbara pa3aUYarOT MPOSBHUTEIbHYIO, (POHTAIBHYIO U

BBITECHUTEIbHYIO XpoMaTorpaduto. Cioia ke MOKHO OTHECTH JIEKTPOXpoMaTorpadurio.



[To arperaTHOMy cOCTOSIHMIO TOABMXHOHM ¢a3pl. Korma moasukHO#N (ha3oil sBIsICTCS
KUJKOCTh, TO TOBOPAT O HCUOKOCMHOU Xpomamozpaghuu. Korna moaBmwKHON (a3oil sBiseTcs
ra3, TO TOBOPAT O 2A3060il Xpomamozpaguu.

[To ¢uzuko-xMMHUECKO MpUpone Mpoliecca yAEepKUBaHU: afcopOlLus, pacTBOpEHHE,
XEeMOCOpOITHSI.

[lo anmaparypHOMy OGOPMIIEHHIO XpOMarorpauyeckoro mporecca pasindaroT
KOJIOHOUHYI0 xpomamozpaguio WM xpomamozpaguio na niaockocmu  (OymaxHas,
TOHKOCJIOMHAs).

[To uenu mpoBeneHUss XpoMaTOrpaUuUecKoro mMpoLecca HUMEEM aHATUMUYECKYIO
Xpomamozpaguio, npenapamusHylo Xxpomamozpaguio, xpomamozpaguio 0aa usuxo-
XUMUYECKUX USMEPEHUI.

M.C.IIBer cnenan cBoe OTKPBITHE KaK pa3 Ha MPUMEPE MPOAGUMIENbHO20 6aApUAHMA
HCUOKOCMHO-AOCOPUUOHHOU KOTIOHOUHOU XPOMamozpaguu, COBMECTUB U AHATUMUYECKYIO U
npenapamugHyIo Xpomamozpaguio.

B nHacrosmee BpeMs Kak B PYTMHHOM AHAJIMTUYECKOW, TaK M B HCCIENOBATEIILCKOMN
IIpaKTUKE HanboJee YacTO HCIOJIb3YeTCsl BapHUAHThI MPOSBUTEIHHON KOJIOHOYHOM >KUIKOCTHOM
Y Ta30BOM XxpomaTorpadumu.

B razoBoii xpomaTorpadguu MOXXHO OTMETHUTS €€ OJHY KIacCU(PHUKAIUIO, KOTOpasi OYCHb
Ba)KHA JIJISl anmapaTypHoro oopmiieHus. BoIbIIMHCTBO Ta30BBIX XpOMAaTOrpag)oB BO BCEM MHPE
Boilmyckatorcsi  cepuitHo  (maccoBo) KAK  JIABOPATOPHBIE  XPOMATOI'PA®BI
YHUBEPCAJIbHOT'O HABHAYEHU . Omu xpomamoepagv npeonasnavuenvl usHauaivHo 0.is
pewleHuss o4eHb WUPOKo20 Kpyea ananumuyeckux 3aday. OCHOBOH Takoro xpomatorpaga
SIBIISICTCS. YHUBEPCAIbHBIA AHATUTUYECKUN OJIOK, KOTOPBIA M BBITYCKACTCS MPOU3BOAUTEIIEM
cepuitHo. [l pereHUsT KOHKPETHOM AaHAJIWTUYECKOW 3aJaud  TaKOW CepUiHBIN  OJIOK
KOMIUIEKTYETCSI (koHpUTYpUPYETCS) HYXHbBIMU JO3UPYIOIIUMU YCTPOMCTBAMH,
pa3aenuTeIbHBIMUA KOJIOHKAMU U JeTeKTopamMu. Takue xpomaTorpadbl OTHOCUTEIBHO JICIICBHI B
U3TOTOBJICHHHM Kak pa3 3a cueT cepuilHOcTH. JlaGopaTopHble XpoMaTorpadpl MOXKHO
JOYKOMIUIEKTOBaTh, IEPEYKOMILJIEKTOBaTh W TOJ JpyrHe, paHee He IUIAaHUPOBABIIHECS
aQHAIUTUYECKHUE 3a]a4u.

Kpome Ttakux xpomarorpadoB BbimyckaioT emie Tak HasbpiBaemble I[IOTOYHBIE
XPOMATOI'PA®BI. Onu mnpenHasHaueHbl JUisi pabOTbl B ABTOMAaTHYECKOM PEXUME
IpakTH4ecKu 0e3 ydacTusi yesoBeka (ormeparopa). /[ns nosvluieHus HAO0eHCHOCmU UxX pabomul
Takue Xpomarorpadsl KOHCTPYKTUBHO anmnapaTypHO M3TOTABIMBAIOTCS MO KOHKPETHYIO Y3KYIO

AaHATUTUYECKYIO 3a1auy. KoHeuHo, Takue xpoMarorpadsl CTOAT TOpa3ao JOPOKE.



4. IIpakTnyeckas yactb. ['a3o0xpomaTorpadguyeckoe onpeeieHue coaepKaHus B

BO3/IyXe OKCH/JA yriiepoaa (yrapHoro rasa)

4.1. I'azoBbiii xpomatorpad «LBer-800»
Jlig mpoBeneHus MPAKTUYECKOTo 3aHATHUS MOKa3za npumeHsieTcss xpomarorpad L(Ber-
800. Xpomatorpad IIBET-800 3apeructpupoBan B [‘ocymapcTBEHHOM peecTpe CpeACTB
m3Mepenuit  mox  Nel6904-97cepruduxar I'occranmapra PO Ne3174-97  «LIBetr-800»
MIPOM3BOJUTCSI B COOTBETCTBHM ¢ MEKIyHapoaHou cucremon kadectBa [[OCT P MCO 9002-96,
Ne POCC RU.MC11.P00295 ot 22.09.99 r.
lazoBeiit  xpomarorpad  «[IBer-800» mpegHasHaueH [UIsi aHaIW3a  CIOXKHBIX

MHOTOKOMITOHEHTHBIX CMeCeH OpPraHn4YCCKUX U HCOPTraHNUICCKUX COGHHHGHHﬁ.

i mEEwEE . _
————
-

Puc. 2. I'azoswiii xpomamoepag «L]eem-800»

I"a3oBeI1ii xpomarorpad «L[BeT-800» mpumMeHsieTcs B XUMUYECKOH, He(hTEXUMUUECKOH U
ra3oBOil NPOMBIINIJICHHOCTH, Ui Te0JO0ro-pa3BeKku He(TH M Tasza, KOHTPOJS BHIOPOCOB
MIPOMBIIUICHHBIX MPEANPUATHI, KOHTPOJIS 3arpsi3HEHUN OKpYKarolenl cpeanl (Bo3AyXa, BOIBI,
MOYBBI), B MUIIIEBON NMPOMBIIIJIEHHOCTH, B TOM YHCJIE NIPU CEPTUPHUKAIIUN TUIIEBBIX TPOAYKTOB,

B DHEPIreTHKE, METUIIMHE, OMOJIOTHH, CYACOHOH 1 Cy1e0HO-MEAUIIMHCKOM IKCIIePTH3aX.

JocronncrBa xpomarorpaga «IBer-800»

YHUBEPCAIBHOCTh IPUMEHEHHUSI 3a CUET BO3MOKHOCTH MCIIOJIb30BAaHUS IECTU
1 | AETEeKTUPYIOIUX CUCTEM, KaWJUISIPHBIX U HACAJOYHBIX KOJIOHOK U JIOTIOJIHUTENbHBIX
YCTPONCTB, PACIIUPSIONINX aHATUTUYECKHE BO3MOKHOCTH MpHOOpa;

BBICOKAsl YyBCTBUTEILHOCTH IPHOOPA, MO3BOJISIONIAS OIPEACIATH MUKPOIIPUMECH OT
2 |1x10* no 1x10® 6e3 xonuentpuposanus u ot 1x10° 10 1x101° % 06. ¢
IPEeABAPUTEIFHBIM KOHIIEHTPUPOBAHUEM TPOOHI;

3 BBICOKasl TOUHOCTh aHAJIN3a,




4  |mupokuil HabOp TECTUPOBAHHBIX KBAPIIEBHIX KAMUISIPHBIX U HACAJOYHBIX KOJIOHOK;

PYYHOH ¥ aBTOMATUYECKUMA BBOJI TA30BBIX MIIN KUAKUX TPOO;

6 [3amaHue MCXOAHBIX APAMETPOB C IEPCOHAIBHOTO KOMIIBIOTEPA WM I1YJIBTA;

U POBOIA U aHATOTOBBIN BBIXO]IbI, TTO3BOJISIONINE TPOBOAUTH OOPAOOTKY BBIXOIHON
7 | nHbOpPMaIMK NEepCOHATBLHBIM KOMITBIOTEPOM HJIH BBIBOJUTH HA MTOTEHIIMOMETD /IS
py4HOi1 06paboTKH.

KoncrpyktuBHo xpomartorpa¢ «LBer-800» cocrouT u3 aHamutuueckoro 0joka co
BCTPOEHHBIM KOHTPOJJIEPOM YIIpaBJieHHs U OJIOKA MOJArOTOBKU T'a30B ¢ HMUGPOBON MHIMKALIUEH
pacxojia u JaBICHUS.

Pacneuatka mpoTokona aHanmu3a (XpomMaTorpaMM M KOHLEHTpPAllMd KOMIIOHEHTOB B
cmecH) - Ha npuHrepe. Kpome Toro, 3agaHue U yOpaBlIeHHE DPEKHUMOM pPabOThl MOXKHO
OCYIIECTBIIATh ¢ mynbTa ynpasieHus [1Y-09, a o0paboTKy pe3ylbTaToB aHaIM3a IPOBOAUTH
aHAJIOTOBBIM CIIOCOOOM T10 3alKCH MUKOB aHAJTU3UPYEMbIX BEIIECTB Ha JIEHTE aBTOMATHYECKOTO
noreHuomerpa co mkanoii 1MB. B xpomarorpajgax B KadyecTBE OCHOBHOTO JETEKTOpa
HCTIONIb3YETCS YHUBEPCAIBHBIN IJITaMEHHO-MOHM3aUMOHHBIN naetexktop [IN/I, mo3Bosstommii

OmnpeaAcIAThL BCEC OPraHNMYCCKUC COCIUHCHUA.

4.2 Bpbi0op koHpurypanuu xpomarorpadga

Kondurypamuss xpomarorpada (ero oCHOBHBIC Y3JIbI: KOJOHKA, JETEKTOP, 103aTOP)
ompeAeNseTcs aHaIUTH4YecKoW 3adadeil. Hama 3amaua - ompenerneHue coiepkaHus OKCHAa
yrinepoza (CO) B Bo3ayxe Ha yposre I1JIK. ITJIK CO B pab6oueit 30ue cocrasnser 17-20 mr/m>, B
atMocepHOM Bo3ayxe 2,5 Mr/m°.

JIeTexTop Mo TerIonpOBOAHOCTH, SBJISISICH YHUBEPCATBHBIM, MOKET 00HapyxuBath CO,
HO ToJbKkO HaumHast ¢ 50-100 mr/v>, TInaMeHHO-MOHU3AITHOHHBIH nerektop (ITNJ]) mo3BosisieT
obnapyxkuparh Bemectsa oT 0,1 Mr/m>, HO OKcHIBI yriepoja OH He YyBCTByeT. B amamuse
OKCHJIOB yIJIepojia MPUOETAIOT K peaKyuoHHou 2a3060i xpomamozpaguu. Ilpu 3ToOM B X07€
XpoMaTorpauueckoro mporecca HEKOTOpPble KOMIIOHEHTHI MPOOBI MOABEPraloT XHWMHUYECKOM
pEaKIHUM C MPEBPAIICHUEM HX B COCIUHEHUS APYrod XUMHUYECKON CTpyKTyphl. IIpm ananuze
OKCHUJIOB yTJepoJa M3 IMEpPEeBOAST B METAaH 3a CUET PEeakUUH TUIPUPOBAHHUS. DTa Olepanus
Ha3bIBACTCSI «METAaHUPOBAHHUE», & YCTPOMCTBO,B KOTOPOM 3Ta PEAKIUs MPOTEKAET, HA3BIBAIOT
«METaHaTOpOM». MeTaHaTop MpeACTaBIsSeT Cco00N TPyOOUKYy W3 HEpXKABEIOIIECH CTaau, B
KOTOPYIO TIOMEIIAIOT He0OobIIoe (0KOJIO 1 T') KOJTMYECTBO KaTaau3aTopa, CoJIepKallero HUKENb.
B BogopoaHoii cpene npu Temneparype 300-400°C okcuapl yriaeposa NpeBpamialoTcs B METaH,

KOTOpBIU 3aTeM peructpupyercs 1A/,



EctecTBeHHO, YTO MeTaHATOp HYXHO YCTaHaBIMBAThb MEXAY XpomaTorpaduueckoit
kosionkor u IIM/], a KosoHKa OJKHA Pa3leNiaTh MEXIY COOOW OKCHIBI yriepojga W MeTaH,
OTIeNsIsl UX TIPU OTOM OT JPYTHX KOMIIOHEHTOB MpoObl. B 3TOM ciyuae Ha XpomaTorpamMme
OyIoyT NpUCYTCTBOBAaTH TpU NHKAa «MEeTaHa», a MMEHHO, METaHa, MOJIYYEeHHOrOo U3 OKCHIa
yriaepoja, MeTaHa, MOJy4YeHHOTo M3 JAHOKCHJA Yriiepoja, U COOCTBEHHO caMmoro merana. llpu
9TOM U JMOKCHJ] YTIIepOJia, U METaH B BO3AYIIHBIX Mpobax Bceraa mpucyrcTByiotT, a CO B mpobe
BO3/1yXa MOXET U OTCYTCTBOBATb.

Ecnu B mpoGe HYXKHO onpeAensTh U AUOKCU] yriepona, TO B KaueCTBE HAIOITHUTENS
XxpomaTorpauueckoil KOJIOHKM Yallle BCEr0 HCIOJb3YIOT COPOEHTHI THUIa aKTUBHUPOBAHHOIO
yras. B aTom ciydae mopsioK BhIXOJa KOMIIOHEHTOB U3 KojoHku Oymer CO, MeTaH, TUOKCH]
yriaepoaa. B Hamem auokcup yriiepojia ONnpeaensTh He HYXKHO, TO3TOMY B KadecTBE COpOCHTa
MOXHO B35Tb MOJIEKYJIsipHbIe cuTa (1eonuThl) Tuna CaA wim NaX. B 3Tom ciydae mopsiiok
BbIXO/Ia KOMIIOHEHTOB W3 KOJOHKHM Oynmer meraH, CO, a OuOKCHA yriepoAa M3 KOJOHKU
BBIXOJMTH HE OyAeT, yNaBiIMBasCh €0 HEOOpaTHMO B YCIOBUAX aHanmu3a. Kpome auokcuma
yraepoja, KOJOHKA ¢ MOJICKYJSIPHBIMH CHUTaMH OyJeT MOTJIomaTh U3 Mpod BO3ayXa U BOAY, U
BCE OpraHnyecKkue BemecTBa (mpumMecH). [1o Mepe «HachllleHusI» KOJIOHKU €€ pa3feiauTeabHas
CIIOCOOHOCTH OYIeT yXyIIIaTbcs, YTO MOTPeOyeT BpeMs OT BPEMEHH YIAIATh U3 KOJIOHKH 3TU
BellecTBa mHpu Oomee Bhicokoi Temmeparype (300-350°C). DToT mnpueM HasbiBaeTCs B
Xpomarorpadpuu Konouyuonuposanuem.

["a30BbIe POOBI, KaK B HAIIEM ClTy4ae MpoObI BO3AyXa, MOKHO BBOJIUTH B XpoMaTorpad
MEIUIIMHCKUMU mmpuiiaMu B oo0beme oT 0,1 10 5-10 mut, wiii cnenuanbHbIMHA «Ta30TLTOTHBIME»
mmpunamMd. Ho OGozee nyummid (MOBTOpSIEMBI) pe3yinbTaT JaeT BBOJ Ta30BOM MPOOBI
CIELUATbHBIMU KpaHAMU-03aTOPAMU.

Takum oOpa3om, coctaB xpomarorpada OIpeneseH: KpaH-A03aTop C J03UpPYIOLIei
netyierd 1M1, KoJIOHKa MeTaJNInYecKas JJIMHOW 1 M, BHYTPEHHUM IHAMETPOM 3 MM, 3alIOJTHEHHAS
neonutom CaA ¢pakmueir 0,25-0,50 wmm, wmeranatop, [IM]J]. PabGora mnpoBoguTcst Ha
xpomatorpade «LIBer-800» (B mamsate 0 M.C.1[Bete).

Pexxum paboTtel xpomaTorpada:

ra3-HOCHUTENb a30T ¢ pacxoaom 30 mi/mMuH, Bogopoa-30 MiI/MuH,

Bo31yXx- 300 Mi/MuH,

TeMIeparypa:

KpaHa-J103aTopa- He 00orpeBaeTcs,

kosonku- 70°C,

MeTaHaTopa- 320°C,

MUJI- 150°C.



JmuTenbHOCTh aHaIM3a HE TPEBBIIIAET 5 MUHYT.

4.3 Bxirouenue xpomatorpaga 1 OeHKa ero COCTOSIHUS
1.1.1.Tlomate w3 OamioHa C a30TOM Tra3-HOCUTENb, BKIIOUWUTH TE€HEPATOpP BOJIOPO/IA,
KOMIIpECCOp BO3AyXa.
1.1.2.BxirounTs Xpomarorpad B 3JIEKTPOCETh W uepe3 KOMIIBIOTEp 3arpy3uTh B
xpomarorpad padouuii pexxum.
1.1.3.Tlocne BBIXOmAa Xpomartorpada B pabOUYMil peXUM OILECHUTHh (OHOBBIM CHUTHAI

[T1]I, 3anucath X0JOCTYIO XpOMAaTOrpaMMy M OILIEHUTh BEJTUYUHY IIIYMOB HYJIEBOM JIMHUH.

4.4 I'panynpoBka xpomartorpaga
Beectn B xpomartorpad mosepounyro razoByio cmech (III'C), comepxamryro CO u

MeTaH, 3amucaTb XpoMaTorpaMMmy, o0pa0oTaTh €e W 3aHeCTH IOJy4YeHHBIH pe3yabTaT B

IPagyHpPOBKY.

4.5 IIpoBenenne paboyero aHajan3a
Ha6patp B mmpuir oobemom 20 M1 BO3ayX B paboueM MOMEUIEHUH, MPOAYTh U3 HETro
KpaH-/103aTOp M BBeCTH Mpoly B Xxpomarorpad. [Tocnme 3amucu xpoMaTorpamMmbl MPOBECTH €€
00paboTKy 1 oueHuTH Hanmnuue (orcyrcTBue) CO B mpole.
Ha6patp B mmpuir o6semom 20 M1 BO31yX BOJM3M BBIXJIOMHOM TPYyOBI pabOTarONIEro
aBTOMOOWJISI, HA/IETh HA KAHIOJIO 3arJIyIIKY, TPUHECTH MPOOYy B JIAOOPATOPHIO, MPOAYTH MPOOOIA
KpaH-103aTOp M BBeCTH Mpoly B Xxpomarorpad. [Tocne 3ammcu xpoMaTorpamMMmbl MPOBECTH €€

00pabOTKy U OLIEHUTH MOJyYECHHBIN pe3yabTar.



Bnagumup NBanosuu Jlorytos
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