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OU3NKO-XUMHNYECKHUE N
OU3NYECKHUE METO/IbI AHAJIU3A

CoBpeMeHHasT aHATUTUYECKAs XUMUS CBsi3aHa C OYPHBIM Pa3BUTHEM H
IIMPOKUM TPHUMEHEHHEM WHCTPYMEHTAIBHBIX METOAOB aHamm3a. UWx
BO3pacTaromasl poib OOYCIOBICHAa aHAIUTHYECKUMH BO3MOXKHOCTSIMH
METOJIOB U TIOCTENICHHBIM BHEJPCHUEM B TMPAKTHKY MPOMBIIUICHHOTO
aHaJIM3a KOMMEPUYECKH JTOCTYIHBIX TPHOOPOB.

OU3NKO-XUMHUECKAE  METOABl  IMHPOKO  HWCHONB3YIOT I
AHAJIUTUYECKOTO KOHTPOJIA TMPOW3BOACTBA, XOTS OTH METOABI YacTo
YCTYyHNarOT TIO0  MPOU3BOJUTEILHOCTH,  DKCIPECCHOCTH,  TIpejesiamM
oOHapyxeHHss / YyBCTBUTEIBHOCTH M Jp. TMapaMeTpaM (pu3HdecKuM
MeTogaM. Du3ndeckre METOAbl OCHOBaHBI Ha W3MEPEHUU XapaKTEPUCTHK
(u3mueckux (TJIaBHBIM 00pa3oM, SACPHBIX, aTOMHBIX, MOJCKYJISPHBIX)
CBOWCTB, 00yCITOBIINBAIOIIUX XUMHYECKYIO VHANBHUIyaJIbHOCTD
OTIpeIeNIIEMBIX KOMIOHEHTOB. (Dusndeckue METOIBl  OTJIMYAIOTCS
Ype3BBIYANHO HU3KUMH TpeaesiaMi OOHApYKEHHUs, SKCIpecCHOCThI0. OHU
IIMPOKO KUCIOJIB3YIOTCS TPU aBTOMATH3AIUU TEXHOJIOTUIECKHUX TIPOIIECCOB.
OHM T[PUMEHSIOTCS TakXke TMpH TPOBEACHWH  HEpa3pyIIaroIIero,
JIUCTAHIIMOHHOTO ¥ JIOKAJILHOTO aHAIH30B.

BBumy Oosbmioro pa3HoOOpa3us WHCTPYMEHTAIBHBIX — METOJIOB
aHaJIN3a, OCHOBAHHBIX HA CIIOKHBIX (PM3WYECKHUX SBICHUSIX M IpPOIEccax,
HeoOxoamMa ux cucreMmarm3arus. CyIecTBYIOT pa3HbIe KiacCHU(MUKAIIHI
WHCTPYMEHTAIBHBIX ~ MeTOMOoB. [lpu  panmpHe#meM  paccMOTpEHUH
[[eIeco00pa3Ho OMHMpaThcs Ha ONPENENAIONINi NpU3HAK MEeToJa —
MPUHLUI, T.€. KaKoe-THOO SBICHWE WM TIPOIECC, JIeKAIIHne B OCHOBE
MeToqa. K HUM OTHOCSTCS! MPOIEeCChl B3aUMOICUCTBUS (PU3UICCKOTO TIOIS
WJIH BEIIECTBA C UCCIICAYEMBIM 00BEKTOM.

B 3aBucuMocTH OT CBOWMCTB aHaJIU3UPYEMOW cpenbl U SBJICHUH,
MPOTEKAIONINX B HEH, MHAYE TOBOPS, B 3aBUCHMOCTH OT MPUHITUIA MOKHO
BEIJICTTUTH:

- XMMHYECKHE METONbl, OCHOBAHHbIE HAa MPOTEKAHWH XHUMHYECKUX
peaKIuif;

- TEpMHUYECKHE METOJbI, OCHOBAHHBIC Ha MOJCKYJSPHO-TEIUIOBBIX
CBOMCTBAxX MM TEPMUYECKUX MPOIIECCaX U SBICHUAX;

- DJIEKTPOAHATUTHYECKNE METO/bI, OCHOBaHHBIE Ha B3aMMOJECHCTBHU
BEIICCTBA C JJICKTPUYECKUM TIOJEM U AJICKTPOXUMHUYECKUX IPOIeccax,
MPOTEKAIONTNX B HUX;



- MarHUTHBIC METOJIbl, OCHOBAHHBIC Ha B3aMMOJCHCTBUM BEILECTBA C
MarHATHBIM TTOJIEM ¥ MAarHUTHBIX CBOWCTBAX Cpel;

- METOAbl, OCHOBAaHHBIE HA B3aUMOJCHCTBUU BEIIECTBA C
JNEKTPOMArHUTHBIM ~ W/WIM ~ KOPIYCKYJSAPHBIM  (TIOTOKOM  YaCTHII)
M3JIy4eHHEeM (B T.4Y. CIEKTPOCKOMUYECKUE METObI);

- XpoMartorpapuuecKkhe METOJ(bl, OCHOBAaHHbIC Ha  SIBICHHU
JIUHAMHYECKOUN COPOIIHH.

Jna wumoctparn Ha  puc. | TpHUBENEHBI HEKOTOPBIE  BHIIBI
B3aMMOJICHCTBUH, ONPEAETSIONINE MPUHIUIGBI, IIOJI0KEHHBIE B OCHOBY
pAnia METOIOB.

Cucmema, ooyuecmeninuan

gosdelicmeue:

Moneryasl, aTOMBI Xwaecrue pearyuu It
COMbE2TH- /
pOESHHEE

Hone:
CECOOIHRIS P
] SReNmpoXUMUNECkIE Pear \
Ha YISKTPOgaX Y
Imew - U E3OUWODENCTIENR / O
TPOHEL
CEQOOIHEIE
Ilpoune 31eMeHTAPHELE B
YACTHIEI Bsquwodeticmsus ¢
IRENMPOMATHUIHLIM
3 USTVHEHNUEM U oMoKD
IEKTPOMATHHTHOE —
HIAVYEHHE A
Temao \ Tepruriecrue ssaumwodelicmstn /

Pucynok 1 - Bunpl B3anMOI€MCTBUM, ONIPEIETIIONIUE TPUHIIUIIBI,
JieXxalire B OCHOBE psifla METOJ/I0B
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1. DaexkTpoaHaIuTHYECKHE METOAbI
1.1 TeopeTuyeckune 0CHOBBI 3JIEKTPOAHAJIUTHYECKUX METO/10B

DNeKTpoaHAIMTHYECKHE METOJBl OTHOCATCS K Hamboiee paHHUM
WHCTPYMEHTAIBHBIM METOJaM aHalln3a, KOTOPbhIE MOMYyYHIIA CBOE Pa3BUTHE
B Hayaine 20 Beka.

B osmexkTpoaHanMTHYECKMX  METOJAX  HCIONB3YETCS  MPUHYUN
8030VHCOEHUs Beuecmed INeKMPULecKUM NOJeM.

UctounnkoM BO30YXIOCHHS CIIy>KaT HalaraeéMble OT BHELIHETO
UCTOYHMKA HAIpsDKEHHE (pa3HOCTh MOTEHIMAJIOB), CHJAa TOKA, €MKOCTb,
YacTOTa U APYyrye XapaKTePUCTUKH MO, H30UpaTeTbHO BO3IECHCTBYIONINE
Ha HCCIEAYEMYIO CUCTEMY.

Uccnenyemblii 00beKT (pacTBOp MpoObI) MpeTepIieBacT BO3MYLICHHUE,
BBIpa)karomieecs: B I3MEHEHHUH €T0 3JIEKTPUIECKUX CBOMCTB.

Ilpy BBIMOJHEHUH  DIEKTPOMETPUUECKHUX HU3MEPEHUH  PacTBOP
MOMEIIAIOT B SYEHKY, BBITOJHSAIOUIYIO POJIb AaTYMKa (MCTOYHUKA CUTHANA).
ITockonpky mepemaromiasi 49acTh DIEKTPHUECKON IEMH BCETAa COAEPIKUT
3JIEKTPOJIbl (UyBCTBUTENIBHBIA 3JEMEHT JaTyuKa), UMEHHO IPOIIECCHI,
NPOMCXOSIINE Ha  JNEKTpPoAax, ObUIM  TOJIOKEHBI B  OCHOBY
KJIacCU(UKAINU 3JCKTPOAHATTUTUIECKUX METOAOB (pHC. 2).

3n ERTPOdHATHTHIECEHE

METOOBL
IMoTeHIOMeTPHA KoHayEToOMeTpHA
BoasTamMmep oMeTpHA JesaesRoMeTpHT
EymoHOMeTpHA TensammeTpHa
BIeKTpOTpaEHMEeTPHA

Pucynok 2 - Knaccuduxanus s51eKTpoaHaATUTHYECKIX METOI0B
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Takumu mporieccaMu MOTYT OBITh:

- BO3JICMCTBHUS, COMPOBOXKJAIONIUECA DJIEKTPOJHON peakiuen ¢
MEPEHOCOM AJIEKTPOHOB (AJICKTPOXUMHUYECKOM peakIuei);

- BO3ACUCTBHS O€3 AIEKTPOAHON peakunu (06e3 mepeHoca SIEKTPOHOB).

N3mMepseMbiMu BeTMUMHAMKM (MU3MEPUTEIbHBIMBIMUA CUTHAJIAMH), W3
KOTOPBIX MOKHO TIOYEPITHYTh HH(OPMAIIUIO O TMPUPOJIC U KOJINYECTBE, a B
0COOBIX CIyYasiX ¥ O CTPOCHUU BEILECTB, SIBIISIOTCS TaKUE JCKTPUICCKUC
mapaMeTpel, Kak: CHiIa TOKa, MOTEHIMal »JJIEKTPOJa, KOJIUIECTBO
JIEKTPUYECTBA, IEKTPUUECKAs IPOBOIUMOCTE | T.1I.

Onexmpoxumuueckue memoovt (3XM) OCHOBaHBI Ha HCITOJIE30BaHUHU
MpOLIECCOB, MPOTEKAIOMIMX HAa TOBEPXHOCTH DJIEKTpoAa WIM B
MIPUAIEKTPOTHOM IIPOCTPAHCTBE.

ONEKTPOXUMHUYECKUE METOMABl TO3BOJISIIOT OMPEICHIATh COJEp:KaHue
BEIICCTBA B MCKIIOYHTENIBHO IIHPOKOM IHara3oHe KoHuenrpauuii (1+1-107
MOJIB/T) C JOCTAaTOYHOW TOYHOCTHIO U BOCHPOU3BOAUMOCTBbIO. OHU MOTYT
OBITh JIETKO aBTOMATHU3UPOBaHKI. [103TOMY 3T METOABI HAXOJAT MIUPOKOES
MPUMEHEHUE TPHU aBTOMATH3AallMKd KOHTPOJS Pa3lWYHBIX MPOU3BOJCTB, a
TaK>X€ B MOHUTOPUHIE OKPY>KAIOUIEH CPEeIbL.

Dnekmpoxumuueckan aueika

Jnst ANEKTPOXUMUIECCKHIX M3MEpEHUH HeoOxouMa
JJIEKTPOXUMUYECKAS SUCHKA, BBITIOIHAIONIAsI poih matdmka (puc. 3). Ona
COCTOMT U3 JIByX TIONYdJI€MEHTOB, TMPEACTABIAIONIMX COOOW Tapy
3IEKTPOJIOB, MOTPYKEHHBIX B PACTBOP AJICKTPOIUTA.

Ecnu coewHUTH ANEKTPOIBI BHEIIHUM MPOBOJHUKOM, a PacTBOPHI —
«COJICBBIM MOCTHKOM», coaepxarmumM pactBop KCl wmimm kakoro-mmbo
JPYroro HEpeaKHOHHOCTIOCOOHOTO (MHAN((EPEHTHOTO) IEKTPOIUTA, TO
B 3TOM 3aMKHYTOW IIEMH 3JIEKTPOHBI, TOJYYCHHBIC JJICKTPOIOM J; OT
BOCCTAaHOBHUTENSI Red; B COOTBETCTBHUU ¢ peakiueil Red; — né < Ox;
MEPEeNIyT MO0 BHENTHEMY MPOBOJHUKY K AJIEKTPOLy I, M OYAYT OTHAHBI UM
okucaureio Ox,: Ox, + né < Red,.

B pesynpTaTe mpu 3aMbIKaHUH [IETIH CAMOIIPOM3BOJIBHO MMPOTEKAET Ta
K€ peakiys, 9TO U IIPU HeTIOCPECTBEHHOM KOHTaKTe Red; n Ox;:

R€d1 + OXZ > OX] + R€d2

(XOoT B DIEKTPOXUMHYECKOH sueiike peareHTl Red; u Ox, u o00e
MOJTypeaKui MPOCTPAHCTBEHHO Pa3/iEIIeHBb).



BxniounB BO  BHEIIHIOW II€Nb  U3MEPUTENBHOE  YCTPOMCTBO
(MOTEHIMOMETP WM BBICOKOOMHBINH BOJBTMETP), MOXKHO H3MEPHUTH
Ppa3HOCTh MOTSHIMAIOB MEXAY ABYMs dJeKTpoaaMu (AE).

BEemHAR Dene

COJIEBOH MOCT

Pucynox 3 - DIeKTpoXuMHIeCcKas sSUeiKa

MexaHu3M  TepeHoca  JNEeKTPUYEeCTBAa B Pa3HBIX  ydacTKax
3JIEKTPUUECKOH LENU pa3InyeH:

1) B MeETaJUIMYECKUX MPOBOJHUKAX DIEKTPUYECTBO TEPEHOCT
SJIEKTPOHBL;

2) B pacTBOpE (MOHHOM ITPOBOJTHUKE) — HOHBI,

3) Ha MOBEPXHOCTH AIICKTPOAOB LEIMb 3aMBIKACTCS 3a CUYET IEepexoa
OT HOHHOM  MOPOBOAMMOCTA K  DJIEKTPOHHOM B  PE3yNIbTare
3JIEKTPOXUMHUUECKOMN pEeaKInH.

Tlon »BHEKTPOXUMHUYECKOW peakiueld MOHMMAIOT TeTEPOreHHYIO
peaKkIuio, MPOUCXOASAIIYI0O MEXAY OTICIbHBIMM  YacTSIMHU  JIBYX
COTIPUKACAIOMINXCS AIIEKTPONPOBOAAIINX (pa3, B X0/1€e KOTOPOH MOHBI WIIH
QJIEKTPOHBI TEPEXOIIT 4Yepe3 TpaHuily pasnena (a3 (4eM BBI3bIBACTCS
MPOTEKaHUE TOKA).

Crnenyert pa3nuyaTh ABa OCHOBHBIX THUIIA SJIEKTPOXUMUYECKON STUCUKHU
(puc. 4):



1) snekTpoxuMudeckas sdeiika, BbIPAOATHIBAIOIIAS DICKTPUICCKYIO
SHepruro. Takue sYeWKU Ha3bplBalOT TajJbBAHWYECKMMH 3leMeHTamu. B
rajgbBaHUYECKOM 3JIEMEHTE TOK BO3HHUKAET B pe3yabTaTe
CaMONPOU3BOJIBHOTO MPOTEKAHUSd XUMHUYECKOM peakuuud, NOpU ITOM
SHEPTUsl XUMHYECKOM peakmuu mpeobpasyercs B  IIEKTPUUECKYIO.
M3MeputenbHOE YCTPONCTBO BO BHEIIHEH IEMU BBINOJIHSAET MACCUBHYIO
POJIb U CITY>)KUT TOJBKO YIS TOTO, YTOOBI MPOIYCKATh WIM HE TPOIYCKaTh
3JIEKTPOHBI (UTO UMEET MECTO B IOTEHIIMOMETPHUH);

2) DJICKTPOXUMHUYECKAs SUCHKA, IOTPEONAIOmasi dICKTPHUICCKYIO
sHepruto. Takue sSYeMKd Ha3bIBAIOT JIEKTPOIUTHUUECCKOM SUEHKOU WU
anekTpoinzepoM. Eciu n3MmepuTenbHOe YCTPONCTBO 3aMEHUTH AKTUBHBIM
WHCTPYMEHTOM,  KOTOpPBI  KOHTPOJHPYET  HaIlpaBlieHHE  IOTOKa
9JEKTPOHOB, (HampuMmep, MCTOYHUKOM TIUTAaHUS -  HUCTOYHUKOM
MOCTOSHHOTO HANPsDKCHHS), TO s4eiika OyneT paboTaTh B pEXUME
IJIEKTPOIUTHICCKOH sTIeUKH (OymeT MoTpeOIsaTh BHEITHIO dHEpTHio). [Ipu
9TOM, PETYyJHpYs BHEITHEE MPIIOKEHHOE HANpsHKeHHE, MOXHO HE TOJIBKO
U3MCHUTH  HANpaBJICHUE  JJNEKTPOXUMHUYECKOM  peakiuuud, HO U
KOHTPOJIUPOBaTh TJIyOMHYy €€ TpOoTeKaHus (3T0 WMEeT MECTO B
BOJIbTAMIIEPOMETPHUH, KYJIOHOMETPHH, dJIEKTPOrPABUMETPHUH).

Takum o0pa3oM, TralbBaHUYECKHI JJIEMEHT paboTaeT 3a cuer
CaMONPOU3BOJBHON  XMMHYECKOM  peaklud,  MPOTEKaIIed 10
YCTaHOBJICHHS DPAaBHOBECHS, a OJIEKTPOJUTHYECKas S4elka - 3a CUeT
MIPUJIOKEHHOM U3BHE AJIEKTPUUECKOM SHEPIUH (Pa3HOCTH MOTEHIIMAJIOB).

— AN —

I
— +
- - - -
— -+ —_ -+
Awmom KarTomx KarTomd Amom
a) raJlbBaHWYCCKHM 3JIEMCHT 0) DJIEKTpOIUTHYCCKAS SUCHKA

Pucynox 4 - DnekTpuueckas cxemMa JBYXICKTPOIHON STICHKH



OTMeTHM, YTO €CIH B TajJbBAaHUYECKOM DJIEMEHTE aHOJ SBISCTCA
OTPUIIATENHHO 3aPSHKEHHBIM DJIEKTPOIOM, TO B DJIEKTPOIUTHIECKON SUeHKe
OH CYMTAaeTCs 3apsDKCHHBIM TOJOXUTeNnbHO. KaToa, HaoOOpoT, mMmeeT
TIOJIO’KUTEINLHBIN 3apsij] B TAIbBAHHYECKOM AJIEMEHTE M OTPUIATESIBLHBINA — B
3JIEKTPOTUTUUECKON sTUeiKe.

Tok, BO3HUKAIOLIUI HA aHO/IE IEKTPOIUTHIECKON SIUEHKU B pe3yJIbTare
MIPOTEKAHUS TPOIIECca OKUCIICHHS 0 peakimu Red; — né — Ox;, Ha3bIBAIOT
aHogHbIM [,. COOTBETCTBEHHO, TOK, OOYCIIOBIECHHBIH BOCCTaHOBJICHHEM
OKHUCJICHHOM (hOopMBI BEIIECTBA Ha Karone o peakiwu Ox, + né — Red,,
Ha3bIBalOT KaTOAHBIM [,.. [lOCKOJNIBKY ¥ KaTONHBIH W aHOIHBIA TOK
00yCITOBIIEHBI MIPOIIECCOM ANEKTPONTN3a (97EKTPOXUMUIECKIMH
peaxknusaMm), MoaduHsIomerocsa 3akoHam ®apanes, TO WX Ha3BIBAIOT
tdapageeBckumu Tokamu (Ir).

DNEKTPOXUMUYECKYIO STYCHKY MPUHATO MPEJCTABIATH B BUJE CXEMBI,
B KOTOpOH OIWHAPHOW BEPTHUKAILHOM dYepTOH O003HAYAIOT TPaHUILY
pasmena ¢a3 (kuakocTh/TBepras (aza), IBOMHOM YEPTOW — TpaHUILY
paszena pacTBop/pacTBOp, a 3aNATON pa3/IENsFOT KOMIIOHSHTBI OJTHOM U TOH

ke (asbl.

Ipumep. OToOpasute cXeMaTHYHO NIEKTPOXHUMHUUECKYIO SUCHKY, IPEICTaBIISIONIYIO
co00l TalbBaHUYCCKHIA QJICMCHT, TIIA€ aHOJOM ABJIACTCA MCTANIMYCCKAsA IHMHKOBas
IlacTuHa, a KaroaoM — McEaHas. 3HeKTpOIII)I HaxXoIATCd B PpacTBOpax OSJICEKTPOJIUTOB,
coAepiKalux OIIHOHMCHHbIﬁ C MaTepuajioM BJICKTPOJa KaTHUOH.

B snemeHTe NpoTEKaloT CIeAyIOIINe PeaKkLum:

- Ha a”oJIe (OKHCIIeHUE): Zn — 2¢ <> Zn**,

- Ha Katoze (BoccTaHoBIeHus): Cu’t + 2¢ — Cu.

IlonHas cxema djaeMeHTa 6yneT HUMCTb BU!

() Zn | zn™t, SO || sof, cu®t | Cu (+).

B cocTtaB »7meKTpOXUMHUECKOU SYEHKH BXOJSAT, KaK MHUHHUMYM, JBa
3JIEKTPO/Ia, OTUH W3 KOTOPHIX — WHIWKATOPHBIN (Wil pabouuii), BTOPOH —
JJIEKTPON  CpaBHEHUS (MOXXET OBITh W TPETUH  DIEKTPON  —
BCTIIOMOTaTEIbHBIN).

Hnouxamopuvim  31ekmpooom  Ha3BIBAIOT — BJIEKTPOJ, KOTOPBIi
croco0eH 00paTMO pearnpoBaTh Ha H3MEHEHNE COCTaBa aHATN3HPYEMOTO
pacTBopa, 4YTOOBI TIO HATUYMIO (WM OTCYTCTBUIO) aHAIUTHYECKOTO
CUTHaja W €r0 WHTCHCHBHOCTH MOXHO OBLIO CYAUTh O TPHUCYTCTBUH
OTIpEICTIIEMOTO KOMIIOHEHTA B PACTBOPE W/WJIM €T0 KOJTUICCTRE.

MHIUKaTOPHBINA IEKTPO TODKEH YIOBIECTBOPSITH PSIY TPECOOBAHMIA:

1) oamekTpoj MOMMKEH o0NagaTh MEXaHWYSCKOW U XUMHYECKOM
YCTOHYMBOCTBIO;
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2) OH HE JIOJDKEH OKa3hIBaTh BIMSHUE HAa COCTAB PAcTBOPA;

3) oOmamath OOpaTEMOCTHIO  (OOPAaTUMOCTH  O3HAYAET, dYTO
HANpaBJICHUE O3JCKTPOJHOM peakiud MOXHO W3MCHHTH, ITOMCHSB
MOJIIPHOCTH JICKTPO/IA);

4) ero MOTCHIMA  JNODKeH  OBITh  BOCHIPOH3BOJIUMBIM
(BOCIIPOM3BOAMMOCTh  XapaKTEepHU3yeTCsl  BEIMYWHOW  CTaHJAPTHOTO
OTKJIOHCHHS TMOTCHIMAJIa 3JICKTPOJa MPH MHOTOKPATHBIX H3MEPCHHUSAX B
pacTBoOpe 3alaHHON KOHILIEHTPAIINH),

5) moTeHIMaN D>JEKTPOoAa MJOJDKEH YCTaHABIWBATHCS TOCTATOYHO
OBICTpO.

[ToaToMy MHIMKATOPHBIC AIIEKTPOIBI, YaIlle BCETO, N3TOTABIUBAIOT W3
XUMHYECKA WHEPTHBIX TOKOMPOBOIAIINX MaTepHajoB, TaKHX Kak:
0JIaropoIHBIE METAJUTBI, YTIIEPOAHBIE MaTePHAIBI (TPaduT, CTEKIOYTICPO.)
U IPyTUE MaTepHaIbL.

Ecnu ke mnon gedcTBHEM TOKa, MPOTEKAIOIIETO YEpe3 AUYEHKy,
MIPOUCXOANT 3HAYUTENIFHOE W3MEHEHHE COCTaBa pacTBOpa, DIEKTPOX
SIBIIICTCS pAOOYUM INEKMPOOOM.

Onekmpod  cpasHeHus — DIEKTPOJH, OONANAIONINI W3BECTHEIM,
MOCTOSTHHBIM, HE 3aBHUCAIIMM OT COCTaBa pacTBOpa, MOTCHIINAIOM,
OTHOCUTEIFHO  KOTOPOTO  HM3MEPSAIOT  MOTCHIMAl  WHAUKATOPHOTO
3IEKTPO/IA.

OcHoBHbIE TpeOOBaHUS, KOTOPBIM JODKEH YIOBIETBOPSTH JJIEKTPOI
CpaBHEHHS:

1) MOCTOSHCTBO 3HAYCHUS TMOTCHIMANA (HE3aBHCUMOCTH 3HAYCHUS
MOTEHIHANIa OT COCTaBa PacTBOPA);

2) 00paTHUMOCTH;

3) BOCIIPOU3BOJUMOCTE;

4) snekTpuYecKas W XUMHUYECKas CTa0MILHOCTH (€€ OIICHHBAIOT IO
CMEIICHNIO OTKIWKAa TIPH H3MEpPEeHUs X B TOTOKE W TIO BEIUYUHE
CTaH/IaPTHOTO OTKJIOHEHUS IS 33/IaHHOTO PacTBOPA);

5) HM3KOE IIEKTPUUYECKOE CONPOTUBIICHHUE;

6) OTCyTCTBHE BIHSHHS HA COCTaB aHAJTM3UPYEMOTO PacTBOPA;

7) IpoCTOTa KOHCTPYKIIMHU M IKCILTyaTallUH.

HeobxomuMo yYuTBIBaTh, YTO MOTEHIIMATBI AJICKTPOJIOB CpPABHEHUS
M3MEHSIOTCA C M3MEHEHHEM TEeMIIepaTyphl, OITOMY HM3MEpPEHHs CIeAyeT
MPOBOJIUTH TPU (PUKCHPOBAHHOM TEMIIEpaType.

YHUBEpCATbHBIM 3JCKTPOJAOM CpPaBHEHUS SIBISICTCS CTaHAApPTHBIN
BoZopoAHbIN 3nekTpon (CBJ), moTeHUuan KOTOPOro HpuUHAT paBHBIM 0
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(HONB) BONBT TpH JTIO0OW TemImeparype, IpH YCIOBUH, YTO aKTUBHOCTh
MOHOB BOJIOpPOZAa B pacTBOpe paBHa 1 MOJB/N, a JaBieHHE Ta3000pa3HOTO
BOZIOpOJIa COCTABISIET 1 aTM. (1,01-10°a).

DJIEKTpOXUMHYECKAasl CHUCTeMa MOXKET OBITh PABHOBECHOW W
HEPaBHOBECHOIA.

[Ipu paBHOBeCHH SIEKTPOXUMHUECKAs PEaKUUsl MPOTEKaeT B 00OMX
HaIPaBIEHUSIX C OAMHAKOBBIMH CKOPOCTSMH. B 3THX YCIOBHSX TOK BO
BHEIIHEW LIENU HE MPOTEKaeT U CHCTEMY Ha3bIBaloT paBHOBecHOU (I = 0).
DJeKTpo] B YCIOBHUIX PaBHOBECHS MPHOOpETAET MOTEHIINA, HA3bIBAEMBIN
PaBHOBECHBIM.

Ecnu gepes aeKTpOXUMHYECKYIO IIeTIh MTPOXOIUT INEKTPUIECKHH TOK,
TO DJIEKTPOJHBIA IMOTEHLHAT OTIMYAETCS OT PaBHOBECHOIO 3HAYEHHS.
Hacrymnaer Tak Ha3pIBaeMasi 3J€KTPOIHAS OIS PU3AIIHA.

1.2 MeToa noTeHIIOMETPUHU

Ilomenyuomempusa — >INEKTPOXUMHUYECKUN METOJ UCCICAOBAHUS U
aHajgm3a, OCHOBAaHHBIM HA  3aBHCHMOCTH  MEXIy  PaBHOBECHBIM
3JEKTPOJIHBIM NOTEeHUUAIOM (E) U TepMOAMHAMHYECKONH aKTUBHOCTBHIO ()
KOMIIOHCHTOB, YYACTBYIOIIUX B AJIEKTPOXUMHUUECKOU PeaKlUu:

aA+bB+..+ne < mM+pP+ ..., (D)

rae a, b, ..., m, p, ... - CTEXUOMETPUUIECKUE KOI(PPUIIHEHTHI.
DTa 3aBUCUMOCTH OITMCHIBACTCS ypaBHeHHeM HepHcra:
a b
Ezng/Red iﬂln a;: s s (2)
nF ay -af
rae R — yHuBepcanbHas ra3oBas moctosaHas (8,314 Jx/Moiab-K);

T — Temnepatypa, K;

N — YHACIO DJCKTPOHOB, NPHHUMAIONIUX VYaCTHE B DJIEKTPOIHOMN
(3NIEeKTPOXUMHUYECKOM) peaKInu;

F - nocrosiunas ®apanes (96487 K Ha 1 mons);

E - CTaHIAPTHBIN AIEKTPOIHBINA MOTEHIMAN, B (3HaYeHue 3NIEKTPOIHOTO
MOTCHITMAIA CUCTEMBI ISl CTAaHAAPTHBIX YCJIOBWH, KOT/Ia aKTUBHOCTH BCEX
HOHOB, OIPEICIISIONINX AICKTPOAHBIA TOTEHIIMATL, PaBHHI 1);

a — aKTUBHBIC KOHLIEHTpPAlMM KOMIIOHEHTOB, YYacCTBYIOIIUX B
IJIEKTPOXUMUIECKOMN pPEeaKIiu, MOJIB/II.

3HaK «+» epe IpeIorapuPpMUUESCKUM MHOKHUTEIEM CTaBAT, KOTaa
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JJEKTPOAKTUBHOM  4YacTULEH  SBISETCS  KAaTUOH, «-» -  KOraa
3JIEKTPOAKTUBHOM YacTUIICH SBISETCS aHUOH.

Ecnu B peakiuu kakue-1100 KOMIIOHEHTBI HAXOMATCS B CTAHIAPTHOM
COCTOSIHHH, T.€. B BUJE TBEPIOH WM ra3000pa3Hoil (a3bl mpu AaBjieHUH 1
aTM., WIM €CIH Kakue-TMOOo MOJEKyNIbl TPHUCYTCTBYIOT B pacTBOpE
JNIEKTPOJIUTA B HECOM3MEPUMO OOJIBIION KOHIICHTPAIMH, TO WX MOXKHO
WCKJIIOYNTh W3 ypaBHeHHWsT HepHcTa, NMPUHSIB WX aKTHUBHOCTH DPaBHBIMH
eMHUIIE.

PeanbHplil MOTEHIMANT CUCTEMBI 3aBUCHUT OT MPUPOABI U CEICKTUBHOCTU
9NEKTPO/Aa, MPUMEHSEMOTO JUil  HCCIENOBAaHUS  JAHHOW  CHCTEMBI;
TEMIIEpaTyphl; COOTHOIIEHHS AaKTUBHBIX KOHIIEHTpAIMid KOMITOHEHTOB,
YYACTBYIOUIMX B 3JMEKTPOXMMHUYECKOM pEaKIMM; MPUCYTCTBUS PEarcHTOB,
CIIOCOOHBIX M3MEHUTh 3TO COOTHOIIEHHE (MOHOB H' wiu OH, peareHTOB-
ocajiiTeNIel M peareHTOB-KOMILIEKCO0Opa3oBaTeneil).

Ecnn ypaBHEeHHE ANIEKTPOXUMHYECKOM peaKiiy MPEeACTaBUTh B BUIIE:

Ox + né = Red , 3)
TO ypaBHeHHe HepHcTa (2) MOXHO yNIpOCTUTH:
E=E gy + 2L Gox. )
nF  ag,,

Ecnu mocTosiHHBIE BENWYHMHBI OOBEIWHUTH B OJHY KOHCTAHTY,
TEMIEpaTypy, NpU KOTOPOW MPOBOAATCS W3MEPEHHUs, NPUHATH PaBHOM
298°K, a HaTypalbHbIi JjorapudM 3aMEHUTh JACCATUYHBIM, TOTIA
ypaBHeHue HepHcTa mpuHUMAaeT BHI:

E=E" ., +2022, G0 5)
n ARed

B MpaKTUYECKON JIeATEeNbHOCTU ynobHee MOJIb30BaThCsA
KOHLICHTpallUsIMU, a HE aKTUBHOCTSIMH. [lopTOMy BMECTO CTaHIapTHOTO
noTeHImana E° WCIOIB3YIOT BEIMYMHY, HA3bIBAEMYIO (DOPMaTbHBIM
notermanom (E”). @opmanvhuiii nomenyuan - 3HaYCHHE SIEKTPOLHOTO
MOTCHI[MAJIA CHUCTEMBl TIPU OONIMX KOHIEHTPAIUSAX OKUCICHHOH U
BOCCTaHOBJIEHHOH QopM, paBHBIX | MOJIB/II.

YpaBHeHne HepHcTa mpu 3TOM IIPHOOPETAET BHI:
0,059 I C(Ox)

C(Red )’

_ 0
E=Ejypea +

(6)
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rne C(Ox) m C(Red) — oOmas KOHIIGHTpays OKHUCICHHOW U
BOCCTAHOBJICHHOU (DOPM BEIIECTBA, MOJIB/II.

OO0mmas xoHneHTpanus BemiectBa (C(X)) cBs3aHa ¢ aKTUBHOCTHIO (dy)
COOTHOIICHUEM ay = % 'Oy - C(X), rae % — KO3(pQUIMEHT aKTUBHOCTH,
3aBUCSIIUNA OT WOHHOW CHJIBI pPacTBOpa, Oy — CTENCHb JAHCCOIMAINN
(MOHM3AIMH) BEIIIECTBA.

Takum oOpa3om, GopManbHBIN MOTCHIIUA 3aBUCHT OT MOHHOW CHIIBI
pacTBopa, KOHCTAaHT KOHKYPHPYIOIIUX PAaBHOBECHUH M KOHIICHTPAIMUA HX
YYIaCTHHKOB.

Homenuuomemputtecxue usmepenun

IMockomeky  ypaBHeHue  HepHcta ~ ommchiBaeT — MOTCHIIHANT
M30JIMPOBAHHOTO JIEKTPOAA - BEIMYUHY, KOTOPYIO HEBO3MOXKHO M3MEPHTH,
TO OMPEAENAIOT BEIUYNHY MOTEHIIMAIa JAHHOTO 3JIEKTPOIa OTHOCHTEIHHO
MOTEHIUAJIA APYTOTO AIEKTPOIA.

JisT  TOTEHITMOMETPUYECKUX HM3MEPEHUH HE0OXOIUMO COCTaBUTH
TaJbBAHWYECKUI AJIEMEHT M3 MOIXOMSIIEro MHIUKATOPHOTO JJIEKTPOAa U
JNIEKTPO/Ia CpPaBHEHHMSI W UMETh HOPHOOP JUIS W3MEpPEHUs pPa3HOCTH
3IIEKTPOIHBIX TTOTEHITHAJIOB:

AE = Eys — Enc, (7
rie AE — pa3sHOCTh TOTEHIHAIOB JABYX OdyekTpomoB wm 2J1C
(3MEKTPOABIKYINAS CUIIA);

Eysn Esc — IOTEHUMANIBI UHAMKATOPHOTO 3JIEKTPOJa M JIEKTPOaa
CPaBHEHHS, COOTBETCTBEHHO.

Cy1iecTByIOT JiBa crocoba U3MEpPEHUS MOTEeHITNAA:
KOMIICHCAIIMOHHBIN (B KayeCTBE CpPEJCTBA HW3MEPCHHS HWCIOIB3YIOT
noreHimomerp Ilorrenmopda) W HEKOMIIEHCAIMOHHBIA (B KauyecTBE
CPEJICTBA U3MEPEHUS HCIIONIB3YIOT 3JIEKTPOHHBINA BOJIIETMETP).

HekoMnieHcaninoHHBIH croco6 yCcTynaeT o TOYHOCTH
KoMIeHcaninoHHOMY. Ho ero mpuMeHSIoT Jare, T.K. OH TO3BOJISIET OBICTPO
n3MepuTh noreHnwan. [lpuboprel, paboTaromue MO TaKOMY MPHHIUITY
(37EKTPOHHBIE BOJILTMETPBL:  pH-METPBI/MUILTUBOIBLTMETPHI WIH
WOHOMETPHI), BKIFOYAIOT AJICKTPOHHBIA YCHIIMTEIh TOKA, MPOTEKAIOIIETO B
HecOanmancupoBaHHOH nenu. OHU pearupyloT Ha M3MEHEHHE TOTEHIIHaja
cucTeMsl (puc. 5).
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Iex. ~ 10% = 101! \
[ !

Esmix. F Esx

*  Esx

X 3Texmpodan

Pucynox 5 — Cxema yCTaHOBKY AJI11 U3MEPEHUS IOTEHIMANIA C
MIOMOIIIbIO HOHOMEpa (pH-MeTpa)

1 — DJIEKTPOHHBINH YCHIIUTENb TOKA; 2 — BOJILTMETP (LH(POBOH MK CO
IIKAJIOH, KAJIMOPOBAHHOW B MIJUTHBOJIbTaX (MB) i enuammax pH)

Kﬂaccu([mxauuﬂ 911e1<mp0003, RPpUMEHAEMbBIX 6 nOMerHuuomempuu

B notenmumomerpuu mnpumeHsitor 1 - MeTaluIMU4ecKue U 2 -
MeMOpaHHBIC (MOHOCEICKTUBHEIC) SJIEKTPOIBI (CM. pHC. 6).

1. Memannuueckue 31eKkmpoobl, B CBOIO 04€pelb, MOKHO Pa3leluTh
HA aKTUBHBIC ¥ MHEPTHBIC METAIITUICCKUC DIIEKTPOIBI.

1.1  Unepmmnvie  memannuueckue  21ekmpoosbl  (OKACIATEIHHO-
BOCCTAHOBHUTENBHBIE, PEIOKC-JIEKTPOABI, JIEKTPOABI HYJIEBOTO  POAa)
W3rOTaBIIMBAIOT W3 OJNAaropojHbx MetawioB (Pf, Au u 1p.), KOTOpBIC
MOTPYKAIOT B PACTBOP, COJCPIKAIMM OKHCICHHBIE W BOCCTAHOBJICHHBIC
(dopMbl  Kakoro-ambo BeriectBa, Hampumep: Pt | Ox, Red. VneptHble
METATMYECKUE IEKTPOJIBl HE YIACTBYIOT B PEAKIUAX, a CIIy>KAT JHIIb IS
MIEPEHOCA AMEKTPOHOB OT BOCCTAHOBICHHOW ()OPMBI K OKUCIICHHOM.

Penokc-moTeHnman Takux cHCTeM O0OyCIIOBIeH paBHOBecueM (3) u
MOXXET OBITh BEIpOXCH ypaBHeHHEM HepHrcra (4, 5).

K oaroit ke rpymme 3IeKTPOJOB CIEAYyeT OTHECTH U Ta30BbIC
3IEKTPOJIbI, HAITPUMEP, BOJOPOIHEIN IIEKTPO/I.
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SNEKTPOIBL

MeTarmHueCckHE M;t:i;:::l:
AR (HC3)
[ 1 | )
ARTRBE Haeprasie TMepeiramsie Caowasie/crie- HCTIT
undHgecke
) ia H posm T poza 3. c TBepR. EN i lasouyEcTBH= PepueHTHER
MeMOpan. MeMOpan. TenBHERE

——

I_I—I

3. co CTERTAHHOM
aMexopanofi

3. ¢ KPHCTALTHL
sexmbpasofi

3. HA OCHOBE
HOHHIND. JAB

3. Ha OCHOEBE
ueiitpanen. JAB

[

3, ¢ roMOTeHHOM
MeMOpaHoit

3. ¢ reTeporennod

MeMOpaHoit

Pucynox 5.6 — KnaccudHEEamms anekTpoIoE




CxeMa dIIeKTpoIa MOXKET OBITh IIPEICTaBIIeHA B CICIYIONIEM BUIC:

Pt | Hy(2.) | H (8)
ypaBHeHI/Ie SJICKTpOXHMH‘{eCKOfl pcakuunu:
2H + 2¢ — H,. )
Tlotenmman BOAOPOAHOTO JIEKTPO/Ia ONPEAEISETCS YPAaBHEHUEM:
E=E"+00591g ay+ = 0059 lga y+. (10)

ITockonmbKy TOTEHIMAN ATOTO DJIEKTPOAA 3aBHUCHT OT KOHIIEHTPAITUH
MOHOB BOJOpOJIa B PAacTBOpE, TO €ro MOXHO FHCIIONIb30BaTh B KAadeCcTBE
WHIWKATOPHOrO 1y KoHTpoist pH cpenmel. Ilpu  ¢duxcupoBanHON
KOHIIEHTpAallUM HOHOB BOJOpPOAA, paBHOW 1 MoONb/I, W JaBIEHUH
ra3o00pa3HOTO BOAOPOAA PAaBHOM | aTM. MOTEHIHAN 3TOTO JJIEKTPOna
ABJIAETCS] KOHCTAHTOM, YCIIOBHO NMPHUHATOM 32 HOJIb BOJBT. TaKoH 2JIEKTpO
Ha3pIBalOT  CTaHJApPTHBIM  BOJOPOAHBIM  3nekTtpogoM (CBD) m,
COOTBETCTBEHHO, IPIMEHSIOT B KAYECTBE AJIEKTPO/Ia CPABHEHHUSL.

1.2 Axmuenvie memannuueckue 31eKkmpoovl. VIX W3roTaBIUBAIOT W3
METaJUIOB,  O0Opa3yIOIMX  BOCCTAaHOBJICHHYIO  QopMy  obOparumoit
OKHCTUTENIBHO-BOCCTAHOBUTENBHOM cuctemsl (Ag, Pb, Cu u ap.). Cpeau
HUX paznuuatoT 35ektpossl I, IT u 1T pona.

Onexmpodamu 1 poda Ha3bIBAIOT CHCTEMY U3 METaJlla, HAXOISAILETOCs
B KOHTAaKTe C PacTBOPOM cobCTBEHHOrO noHa M | M"". Hanpumep, MeHbBIIH
3IEKTPOJI MPEACTABISET COOON METHYIO TUIACTHHY, OMYIIEHHYIO B PACTBOP
comun mem:  Cu | Cu’™.

[Ipu ux nmorpy>keHuM B paCTBOp YCTAHABIMBAETCS paBHOBECHE:!

M & M™ + né. (11)
[orennman onektpoga 1 poma sBiseTcss QyHKUIUEH aKTUBHOCTH

COOCTBEHHBIX IOHOB (KaTHOHOB) B pPacTBOpE:

0,059
+

lg a - (12)

OnHako, HE BCEM METAJUIMUECKUM 3JICKTPOJaM MPHUCYIIU CBOMCTBA
00paTUMOCTH, XUMHYECKOHN MIIN MEXaHUYSCKOW YCTOHYMBOCTH BCIIC/ICTBHUEC
MACCHBAIIMM IOBEPXHOCTH DJIeKTpoda © J1p. BocmpousBoaumMocTb
HEKOTOPBIX D3JIEKTPOAOB 3HAYMTENBHO YIIYYIIAeTCs, €CIM B KadecTBe
MaTrepuaia UCIOb30BaTh HE CaM METAllI, a €ro aMajabramy (amalbraMHbIe
3JIEKTPO/IbI).

0
=F
mm"t
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Onexmpoowt I poda — cUCTEMBI U3 METaJlIa, MOKPHITOTO CIIOEM €Tro
TPYAHOPACTBOPUMOM CONMM (MJIM OKCHJA) U TIOTPYKEHHOTO B PacTBOD,
COJIep KAl HOHBI dTOH cou (TSt OKcHa — HoHel OH ):

M, MX, 1 X"

IIpumepom snextpona Il poma siBIsIETCS XITOpUACEPEOPSHBIA PICKTPOT
Ag, AgCl| CI".

PaBHOBecHBIM TOTeHIIMAN 3nekTpogoB Il poja ycraHaBiauBaeTcs
Onmaronaps ClIeAyIOIINM PaBHOBECHBIM MTPOIIECCaM:

a) M & M"™ + né, KoTopoe OmMChIBaeTCs ypaBHeHHeM HepHcra Mo
dopmyae (12);

0) M"" + nX & MX, , KOTOpOE XapaKTepU3yeTCs BEIUUMHOU K
(KoHCTaHTOM pacTBOpUMOCTH MX,):

_ n
K =a, -(aX_) .

HO3TOMy MOTCHI A 3JICKTPOJa NPUHUMACT 3HAUCHUC!

K
E—E’ L 0059 lea . =E° 0,059 o Ks -
M/M n M M/M n (aX_ )"
0,059 0,059

_ 0 s ) -n

= EM/M’H' + , lg K +—n lg(aX_ )",
OTKyJa:

E=E’ _—-0059Iga__ (13)
M MX /X X

Hpyrum snexrpoaom Il poxa siisercs cynbhuncepeOpsiHbIA 2IEKTPOI
(Ag, Ag>S | §77), KOTOpBIil IPHMEHSETCS B KAa4eCTBE HHANKATOPHOTO IS
KOHTPOJII ~ TaKOro  BaXXHOTO  TOKaszarens HEPTErmpoJyKTOB, Kak
«COZEp’)KaHUE MEPKATITAHOBOM CEPBI».

W3 ypaBuenms (13) ciemyeT, 9ro moTeHIMAI 3ekTpomoB Il poma
OomnpeNesieTcsl aKTUBHOM KOHICHTpAallMe aHHMOHOB B pacTBope (ax-).
Onexrpozst 1l poga oOpaTUMBl 1 OTHOCUTEIHHO KaTHOHA, T.K. aKTHBHOCTH
KaTHOHA ¥ aHWOHA CBS3aHbI BEIMUNHON K.

[Motennmanst anmextpoaos Il poga mpu AOCTATOYHO OOJBIION TITOIIA TN
MOBEPXHOCTH W TPH  COONIOJCHUM HEKOTOPHIX  KOHCTPYKTHUBHBIX
0CcoOeHHOCTEH, 00eCIeUnBarOIIX a,. = const B ypaBHeHuu (13),

BOCITPOM3BOJIMMEBI, OOpaTUMBI W YCTOWUYMBHI (CcTaOWIbHEI). IloaTomMy wux
Hamboee 4YacTo WCHOJB3YIOT KakK JJeKTPOAbl CcpaBHeHHUs. Taxue
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3NEKTPOJABI COAEPKAT HACHIIICHHBIN PacTBOP 3JCKTPOJIUTA C AHUOHOM
MajopacTBOpuMOn coiii. OHM HECIOXKHBI TT0 YCTPOHUCTBY U O0jiee YIOOHBI
B paboTe N0 CPaBHEHHUIO CO CTAaHJAPTHBIM BOJOPOIHBIM BJICKTPOIOM
(CBD).

Haunbonpmree mpakTHdeckoe 3HAYCHWE WMEIOT — HACHIICHHBIN
kasomenbHBI  (HKD) w macemmennsrii  xnopuacepedpsasii  (HXCDO)
aMeKTpoabl. B ocHOBe UWX paboOThI JIekKaT CICAYIOIIUE CXEMBI
MOJTy3JIEMEHTOB:

HXCD:  Ag, AgCl (me.)| KCI (nac.),

HKD: Hg, Hg,Cly,(ms.)| KCI (nac.).
Tlotenuan 37eKTPO/IOB BO3HUKAET B PE3YJIbTATE MOTYPEaAKIUM:
HXC3: AgCl,.+ é = Ag + CI,
HKD: Hg,Cly(ms.)+2eé <2Hg+ 2CI,
U omHChIBaeTCs ypaBHeHUuEeM HepHera:
E=E) o~ —00591ga
Tak kak sl HACBIMICHHBIX JJIEKTPOIOB a.,. = const, T0 M uX

NOTEHIUANbI, U3MepeHHble oTHOocuTenbHo CBJ, mpu 25°C OynyT umerth
MOCTOAHHBIE 3HaUeHUS: Epyxcy = 40,222 B; Egyxs = +0,247 B.
Onexmpoowt Il pooa — cucTteMbl U3 MeTalia, KOHTAaKTUPYIOLIETO ¢
JOBYMS TPYJHOPACTBOPUMBIMHU COJISIMHU C OOIIMM aHHOHOM:
M, MX,, M'X, | M™,
WIN YIOPOILLIEHHO, - U1 OJHO3apsIHOr0 X U m = n:
M, MX, M'X, | M™".
[Ipu BBITOTHEHNH YCIIOBHS:
K s mxn << K s m7%n5
B pe3ysbTaTe JJEKTPOXUMUYECKOH pEeakuWu MEHee pacTBOpUMAas COJb
(MX,) npeBpamiaercs B 6osiee pactBopumyto (M X,):
MX, + M™ +ne &M+ M’X,.
[lorennuan 51eKTpoa 3aBUCUT OT aKTUBHOCTH BTOPOI'0 KaTHOHA:

e , 0059

m+
M MX M X, /M n

lg ams s
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rie £ sBiseTcs He HCTUHHBIM CTAHIAPTHBIM HOTEHIIMAIIOM H 3aBUCHT (KaK
u B ciydae onektpoaoB Il poma) oT KoOHCTaHT pacTBopuMocTH K
TPYAHOPACTBOPUMBIX COJIEH.

2. MemoOpanHble (MOHOCeNeKTHBHBbIE) 3jekTpoabl (MCD)
MPEJICTABIAIOT  COOOW  TONYy3JIeMEHTHl  (CEHCOPBI, YYyBCTBUTEIIbHBIC
JJIEMEHTHI), TMOTEHIMANBI KOTOPHIX JIMHEHHO 3aBHUCAT OT Jorapudma
AKTUBHOM KOHIEHTPAIMH ONPEAEIIEMOro HOHA B PACTBOPE.

HNCD cocrosaTr B ciydae CTaHAZApTHOM KOHCTPYKIIMM W3 WOH-
CEJIEKTMBHON MeMOpaHbl, BHYTPEHHETO pacTBOpa U BHYTPEHHETO
3JEKTPO/ia CPaBHEHMSI; B ClIyyae KOHCTPYKIMM TBEPAOTEIBHOIO 3IEKTPOIa
— U3 HOH-CEJIEKTUBHOM MeMOpaHbI U TBepA0()a3HOTO KOHTAKTA.

BaxHoif cocTaBHOW 4YacThl0 TaKUX OAJIEKTPOJOB SBJISIETCS HOH-
CeJIeKTHUBHasg MeMOpaHa — TOHKas IJICHKA, OTACISIONAas BHYTPEHHIOIO
4yacTh DJEKTpoAa (BHYTPEHHMH pacTBOp) OT aHAIM3UPYEMOIO U
o0mazaromiasi CIoCOOHOCTHIO MPOITYCKAaTh MPEUMYIIECTBEHHO HOHBI TOJIBKO
OJTHOTO BH/IA.

B cBs3u ¢ atim UC3O N03BOIAIOT CENEKTUBHO ONPEAEIATh AKTUBHOCTH
OJIHUX MOHOB B TMPHUCYTCTBHHM Jpyrux. Tak CO3[aHbl 3JIEKTPOAHI,
CEJIEKTMBHBIE 110 OTHOIIEHUIO K OOJBIIOMY YuCTy KaTnoHoB: H'; NH, ;
M*: K', Na*, Cs*, Ag®, TI*, Mg**, Ca**, Ba**, Cu**, Pb**, Cd** u np.;
aumonos: CI, F~, I, Br', NO5", ClO,, BF,, SCN", CN, HCO;", SO/ "; a
TaK)k€ MHOTHX opranndeckux BemecTB (IIAB u mpou.).

Hnst oObscHeHUs] NEWCTBUS HMOHOCENEKTUBHBIX OJIIEKTPOIOB OblIa
pa3paboTaHa MOHOOOMEHHAs TeOpHs. B ee OCHOBE JIEKHUT MPEACTABICHHUE O
TOM, YTO MEXKAY DJEKTPOAOM (MeMOpaHOW) M pacTBOPOM MPOTEKAaeT 0
YCTAHOBJICHUSI paBHOBeCHs! Mpouecc oOMeHa MOHOB. KoHcTaHTel oOMeHa
JAHHOTO HMOHA Ha JApPYrHe HWOHBI OIPENEISIOT CEIeKTHBHBIE CBOWCTBA
3JEKTPO/ia IO OTHOIIECHUIO K JAHHOMY HOHY.

ITycte MeMOpaHa KOHTAKTHPYET ¢ JBYMs pacTBopamu uoHa A* ¢
aKTHBHOCTSIMH 14 (pacTBOp NPOOBI) U d,4 (BHYTPEHHHM pacTBoOp). Torma u
Ha BHEIIHEW, U Ha BHYTPEHHEH CTOpoHe MeMOpaHBI MPOMCXOIUT OOMEH
voHamu. M3-3a pasnuunii akTUBHOCTEN HOHOB A* Ha 0GenMx CTOpoHax
MeMOpaHbl BO3HUKAIOT TPaHUYHBIC IOTeHIUaNb! £; u E, (cM. puc. 7).

C moMomIpio 3JEKTPOAOB CpPaBHEHHMsI, MTOMEIIEHHBIX BO BHEIIHUN U
BHYTPEHHHUH pacTBOPHI J; U 3, , MOKHO U3MEPUTH PA3HOCTb MeXAY £, u E,
(Tak Ha3BpIBaEMbI MEMOpaHHBIN MOTeHIHAN E,):

Eyv=E; - E,,
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E,=E’+ Ina,, —E° - RT Ina,, = RT lnai,
2y F 2y F 2y Foay,
TI€e 74 — 3apsi UOHA.
& MemEpasa N
[
[~
7
E1 ¢ E
. 7
HEEY 7 HEXY
7
Hecaegyessli é EBxyrpemmm
PacCIEOD ‘// PacIEOD
|— EHVIDEH. qacn:-‘

HC>

Pucynox 7 — IoH-CeNeKTUBHBIN 37EKTPOT

O — BHEIIHUHN 3IEKTPOJ CPaBHEHHUS;
O, — BHYTpEHHHH 3JIEKTPOJ CPaBHEHUS

AKTUBHOCTB HOHOB A" BO BHYTPEHHEM PACTBOPE MOCTOSHHA (zy =
const), TOATOMY

0,05916
lna;, wm E, =const+———Iga,,.

24 F 24
Takum oOpa3oMm, TOTEHIHAT MEMOPAHHOTO JJIEKTPONIa JUHEHHO
3aBHCHT OT JIorapu(Ma akTHBHOCTU HOHA A" B aHAJIM3MPYyEMOM PAaCTBOPE.
JTO ypaBHEHUE MOXET OBITh TAK)KE MPEJICTABICHO B BH/IC:

E =const + Slgay, (14)

rzae S — yriioBoi ko3h(HUIMEeHT TpagyHpOBOYHOTO rpaduka B KOOpANHATAX
E =f (lg a,) nMeeT pa3sMepHOCTh B BOJBTAX; ITY KE BEIMYUHY HA3BIBAIOT
KPYTH3HOH 3JIEKTPOAHOH QYyHKUNH, TOCKONBKY S = AE / Alg ay).

UYucioBoe 3HaUCHUE S MOKHO PacCUUTATh 1O (HOpMyIIe:

g 0,05916 ’ (15)
<4

E,, =const+

TJI€ 74 — 3apsil HOHA.
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CrnocoOHOCT,  MeMOpaHbl ~ OBITH ~ TPOHHUIIAEMOW  JUIS  HOHOB
OIIPEJICJICHHOI0 3HaKa 3apsaa oOycIOBJI€Ha HaJM4HMEM B €€ CTPYKType
MOHOTEHHBIX TPYIIIL.

Opnako mobas MeMmOpaHa TOABEp)KEHa MACHCTBHIO BCEX HOHOB,
HaxoJsuxcs B pactBope. lloTeHnuman MeMOpaHHOrO »3JE€KTpoja B
pacTBope, coJepKalleM KpoMe ONpeeIieMOro HoHa A IOCTOPOHHIE HOHBI
B, C, ...i, onucsiBaeTcs ypaBHeHneM HepHcTa—OlizenMana (Hukonbckoro):

0,059

24
E, =const+ lg(aA+ZKi~aiA),
A
TA€ Z; — 3apsj MOCTOPOHHUX MOHOB,;

const — koHcTtanTta CO;

K; — morenimoMerpuueckuii K03(QPHUIMESHT CENEKTUBHOCTH, KOTOPBII
XapakTepu3yeT BIUAHUE JPYTMX HOHOB Ha BenuuuHy Ej,; Xopomwuil
9JEKTPOJl AODKEH HMMETh OUYCHb HHU3KUE 3HAaueHWs BenauuuHbl K;. s
HEKOTOPBIX 3JEKTPOJOB 3TU 3HAYCHUS IPUBEACHBI B CIIPABOUYHUKAX.

2.1 Ilepeuunvie uoHoceneKmueHvle 31ekmpoosl. CoriacHoO
pexkomeHnarusiM IUPAC kx TepBHYHBIM HOHOCEIEKTHBHBIM JJICKTPOAAM
OTHOCST HOHOCENEKTHBHBbIE 3nekTpoasl (MC3) ¢ TBepmod M KHIAKOH
MeMOpaHamHu.

Honocenexmuenwvie 31ekmpoovt ¢ meepooti memopanou. Cpean TakKux
3NEKTPOJOB 0CO00E MECTO IO TMPAKTUYECKOH 3HAYMMOCTH 3aHUMAIOT
ANEKTPOJBI CO CTEKISTHHONW MeMOpaHO, U Mpekae Bcero, nepseiii MCH -
CTEKJISTHHBIN AJIEKTPO/I, MPeIHa3HAYEHHbIN 1J1s1 u3Mepenus pH.

CTeKISHHBIA  AJIGKTPOJT COCTOMT W3 CTEKISHHOW MeMOpaHbI
OTIPE/ICTICHHOTO COCTaBa W BHYTPEHHETO XJIOPHUICEPEOPSHOTO BIICKTPOJa
CpaBHEHHS, MOTPYKEHHOTO B PAacTBOP ¢ (UKCUPOBAHHOW KOHIICHTpAITUCH
noHoB CI u pH (puc. 8a). [maBHOW YacThIO AIEKTPOJIA SBISETCS TOHKAS
pH-ayBcTBUTENbHAs MeMOpaHa (CTCKJISIHHAs TUICHKA, MMEIOINas COCTaB:
22% Na,0; 6% CaO; 712% Si0y).

Bo3nnkHOBEeHHNE MEeMOPAHHOTO TOTEHIMaNa O00YCIOBIEHO HATHIHUEM
CHWJIBHO OCHOBHBIX TIpYyII B peleTke AuoKcuaa KpeMHus (Si0;). C
BHEIIHEW CTOPOHBI MEMOpaHBl MOBEPXHOCTh CTEKJIA MOTJIOMIAET BOAY,
oOpa3yercsi CIIOM THIPATUPOBAHHOTO Teld, COACp)KAIIUN CHUJIAHOJNbHEIE
rpynmbl. OTH OCHOBHBIE TPYMIBI 00JAJal0T BBICOKUM CPOJCTBOM K
OIpeeNeHHbIM KaTHOHaM, B 0oco0eHHocTd K noHam H'. Tlocnemuue (HY)
aZcopOMPYIOTCSl HAa OTPUIIATENFHO 3aPsDKEHHBIX IeHTpax. TakuM oOpaszom,
YaCTHYHO THIPATHPOBAHHOE CTEKIO PEarupyloT ¢ MoHamMu H', KOTOpble
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BXOJAT B ITyCTOTHI TPEXMEPHOU CETKH M3 aTOMOB Si M O, COCTaBIAIOLIEH
CTPYKTYpY CTEKJIa:

ONa OH
~Si< +H+:~Si< + Na*
OH OH
(TB.) (TB.)

C  BHYTpEHHEH  CTOPOHBI  MEMOpaHBI IS TOJICP KAHMS
JIEKTPOHEUTPATFHOCTH CTEKJIA IPYTHE MOJOKUTEBHO 3apsKCHHbBIE NOHBI
YXOIST C €ro TOBEPXHOCTH, a Ha TOBEPXHOCTH BHYTPEHHETO
XJIOPUACEPEOPSTHOTO 3JIEKTPOIa MPOUCXOAUT BoccTaHoBiIeHue AgCl (TB.)
0 PEaKIIH:

AgCl(mg_) +ée= Ag(m&) + CI".

XJopuA-MOHBl YPaBHOBEIIUBAIOT ITOJIOKUTENBHEIN 3apsijl, MPUOOPETEHHBIN
BHYTPEHHHM PAacTBOPOM B PE3yJIbTaTe MPEABIAYIIECH CTaINu.
B pesynbTaTe CTEKISHHBIN 3IEKTpON NpUOOpeTaeT TOTEHITUAT,
KOTOPBIY ONUCHIBACTCS YPAaBHCHHEM:
RT
E =const+——Ina_, =const—0,059pH . (6)
nk H

B cnaraemoe const BXOOAT BETWYMHBI IMOTEHIMANOB BHEIIHETO |
BHYTPEHHETO JJCKTPOJOB CPaBHCHUS W TaK Ha3bIBAEMBIN IMOTCHIIHANT
acUMMeTpuu. BO3HUKHOBEHHE TIOCIEAHETO CBS3aHO C PA3IAYHSIMH
CTPYKTYpPHI U COCTaBa BHENTHEH U BHYTPEHHEH MTOBEPXHOCTEH MEMOpAaHEI, a
TaKk)Ke C MEXaHMYECKUMH HAIPSKEHUSMHU, BOSHUKAIOIINMH B CTEKJIE.

Takoit amekTpoa o0namacT BOJOPOAHON (DYHKIMEH, T.e. MOTEHIHAI
CTEKJITHHOTO 3JICKTPOJa JIMHEWHO CBs3aH ¢ pH pacTBOpa W MPHUTOJCH IS
ero m3Mmepenus B uarepsaie pH ~ 0+14.

W3MeHsst cocTaB CTEKISHHONH MeMOpaHbl (M3MEHSS KO3 QUITUCHTHI
CEJICKTHBHOCTH K;), MOKHO JIOOUTHCS UyBCTBUTEIHHOCTH (CEIICKTUBHOCTH)
CTEKJITHHOTO DIIEKTpoaa K aApyrum uonam: Na*, K, NH,", Ag" n ipou.

B nmocrnenHee BpemMsi  NPOMBIIIIEHHOCTBIO  OCBOEH  BBIMYCK
KOMOMHHUPOBAHHBIX 3JIEKTPOJ0B. OHU TPECTABISIOT COO0M KOMOWHAIIHUIO
M3 CTEKJISTHHOTO 3JIEKTPOAA M BHEITHETO 3JIeKTpoAa cpaBHEHHs (puc. 80).
Bremramit snekTpoa cpaBHEHHS] KOHTAaKTHPYET C PacTBOPOM MPOOHI depe3
JKUAKOCTHOE COCUHECHHE (TIOPHUCTYIO MPOOKY).

Kpucmanauueckue uonocenexmusHvlie 31eKkmpoosvl IPEICTABISIFOT COO0H
YyBCTBUTENBHBIE  DJIEMEHTHI, MeMOpaHa  KOTOPBIX  COCTOMT W3

22



HMOHOIPOBOJIALIEN, YMEPEHHO pPacTBOPUMON B HOHOT€HOM pacTBOPHTEIE
(Bome) comu. MemOpaHa MOKET OBITh TOMOTCHHOM MJIM T€TEPOTCHHOM.

Onexkmpodsvl ¢ comozeHHoU MemOpanou. 1'OMOTeHHbIE MeMOpPaHBI
U3TOTAaBIMBAIOT W3 HWHIWBUIYAIBHOTO KPUCTANIMYECKOIO COCIMHCHHUS B
BHJIC TUIACTHHKKA MOHOKpHcTaia (LaF;) WU CIpPecCOBaHHON TaOJIeTKH
COoOTBeTCTBYIOMIECH comn (Ag,S, AgCl); a Takke W3 TOMOTEHHOW CMecH
KpUCTAJUITMUECKUX BemmecTB (Ag.S + AgCl; AgaS + CusS, Ag,S + PbS, Ag.S
+ CdS).

IIpoBogrMOCTs Takux MemOpaH OOycIOBIIEHA IEpEeMEIIeHHEM HOHa
KPUCTAJUIMYECKON PEIIETKH C HAUMEHBUIUM pPaJguyCcoM M 3apsaoM IO
BakaHcusM. [Ipudem pasmep, ¢opma U 3aps] BakaHCHH PEUICTKH
MO3BOJISIFOT 3aHATH 3TO MECTO TOJIBKO ONPEACICHHOMY MOABH)KHOMY HOHY.
CrencTBueM 3TOTO SBISIETCS BBICOKAS! CHENM(UYHOCTH KPUCTATTUUYECKUX
MeMOpaH.

Hawnbonee coBepmieHHBIH Cpeau KPUCTAUIMYECKHMX T'OMOTEHHBIX
MEMOpPaHHBIX DIIEKTPOJIOB — (TOPHI-CENEKTUBHBIA DJIEKTPOJ, KOTOPBIN
OIHOBPEMEHHO SIBISIETCSI M OJHUM H3 HambOomee BOCTPEeOOBAaHHBIX
3MEKTPO/IOB, MOCKOJIBKY B HACTOSIEE BPEMS CYIIECTBYET Majo METO/OB,
MIPUTOTHBIX JIJISI TIPOCTOTO U CEJIEKTUBHOTO OMpEeNieH s HOHOB (pTopa.

MeMOpaHa 3TOrO 3JCKTPOJAA BBITOJHEHA W3 TOHKOW TUTACTHHKH
MOHOKpuUcTauia LaF; ¢ mo0aBkamMu (GTOpHIa ABYX3apsIHOTO KaTHOHA
(BaF,, EuF;) Mis MOBBIIICHHSI DJICKTPOIPOBOTHOCTH MEMOpaHsl (puc. 8B).
B xpucranne LaF; npoBOASIINM HOHOM SIBIsIeTCs F .

IToTentuan 31IeKTpo/ia OMMChIBaeTC (QYHKITMCH:

RT
E= const—71n a._ = const+0,059pF . (17)

DOTOPUIHBIN DIEKTPOJ XaPAKTECPU3YETCS] BBICOKOW CEIEKTUBHOCTHIO
M0  OTHONICHWIO K  (TOPWA-MOHY,  pPABHOBECHBIH  IOTCHIIHAN
yCTaHaBIMBAETCS OBICTPO M COXpAHAET JIMHEHHYIO 3aBHCHMOCTH OT PF B
uaTepBane  kounentpaummii  1-10%:1-10°Moms/n.  Ha  smexTpommyro
dyHKIMIO OKa3bIBatoT BMsiHUE HoHbl AT 1 Fe™*, a takke pH cpemst. Ipu
BBICOKUX KOHLeHTpauusx OH wu H' - HOHOB B pacTBOpE CBOMCTBa
MTOBEPXHOCTH MeMOpaHBl MEHAIOTCS BCIEJCTBHE XMMHYECKHUX IPOIECCOB,
MPOTEKAIOIUX Ha HEH:
npu pH > 6,5: LaF;+ 3 OH < La(OH); + 3 F,
npu pH < 5.5: 2F +H - HF + F < HF,".
IloaToMy mpu NpPOBEAEHWH TOTEHIIMOMETPHYECKUX H3MEpPEHU C
MpUMEHEHUEM (TOPUIHOTO DIICKTPOJa HEOOXOAMMO TMOJICPKUBATH
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MOCTOSIHCTBO KHUCJIIOTHOCTU cpeabl B nuamazone pH 5.5 — 6,5 (uto
JIOCTUTACTCsl WCIIOJNB30BAaHUEM alleTaTHOTO WIHM IIMTpaTHOro Oydepa) u
YCTpaHWTh MemIaiomee BiusHHe HOHOB AIY u Fe'* pmoGaBimennem
KOMITJIEKCOOOPa3yIoIuX BemecTB (Hanpumep, nurparta unn SATA).

B Hacrosimee BpeMs JOCTATOYHO YacTO HCIONB3YIOT DJEKTPOABI C
TBEPABIMH KPUCTAIUITMYECKUMH MeMOpaHaMu B 0e3 BHYTPEHHEIro pacTBOpa
— TBEPJOTEIbHBIC 3NCKTPoAbl. OHU HAMHOTO yZ00Hee B padorTe.

Onekmpoovl ¢ eemepozennol memopanol. B reTeporeHHsIXx MeMOpaHax
JMEeKTPOAHOAKTHBHOE BemiecTBO (DAB) WM cMech AaKTHBHBIX BEIIECTB
BKJIFOUCHBI B WHEPTHYIO MAaTpuIly (HampuMmep, B CHJIMKOHOBYIO CMOITY,
MONMBUHWIXIIOPH,  TapaduH,  MONMATHICH) WM  BHEIPEHBl B
ruApodoOu3npoBaHHbIN rpadut. Tak B KauecTBe MPUMEPa MOYKHO YIOMSHYTh
MeMOpaHy XJIOPHUI-CENICKTUBHOTO IEKTPO/Ia, PEICTABISIIONIYIO COO0H CMECh
MeJTKorciepcHoro moporika AgCl B mapaduHe.

Honocenexmuenvie  31eKmpoovl ¢ Jacuokou  memopanou. B
MOHOCEIIEKTUBHBIX 3JIEKTPOAax C KUAKOM MeMOpaHON MMeeTcs MopucTast
nmuadparmMa (IIOPHUCTHIN MOJIMMEP), 3aMOJIHEHHAS PACTBOPOM HMOHHOTO WITH
MOJIEKYJIIPHOTO (HEUTpanbHOr0) 3JIEKTPOJHOAKTUBHOTO BelecTBa (DAB),
oTnesomas oauy $azy ot Apyroi (BoaHy0 a3y oT HEBOIHOM).

ONEKTPOABl ATOT0 THUIA O0JAJAI0T YyBCTBHTEIHHOCTBIO Oyarojaps
MPUCYTCTBUIO aKTUBHOT'O BEILIECTBA (MTOJBMKHOTO HOCUTENA / IEPEHOCUUKA
WOHOB WJIM HEUTPAJIBHOTO IIepeHOCUMKa) B MeMmOpaHe. B kadecTBe
MOJIBIKHBIX ~ HOCHTENIEH  WCIONB3YIOT COEIWHEHHS C  LEHTPaMH,
CIIOCOOHBIMM  CBSI3bIBATH HMOHBI, BHEAPCHHBIC B IUIACTHU(HUIIMPOBAHHEIC
nonuBuHMIXJIOpUaHbIE (ITBX) MaTpulibl.

IToTeHIMANONIPEACTAIOMMA  TpoIlecC Ha  MeX(a3HOW  TpaHUIE
MeMOpaHa | pPacTBOpP MOXHO MPEICTaBUTH (NI KATHOH-YYBCTBUTEIHLHOM
MEMOPaHBI) CXEMOIA:

M” (p-p) + n S (Membpana) < M S,” (MemGpana)
rae S — MOHUT WK HOHODOP.

Onexkmpodbl  Ha  ocHOBe  UOHU3UPOBaHHO20  DAB  (Kuakue
MOHOOOMEHHBIE MeMOpaHHBIC JJEKTpOnAbl). B TakuxX dNeKTpomax B
KaueCcTBe MOHWU3UPOBaHHOTO DAB (MOHOOOMEHHWKA WM HOHUTA) MOTYT
OBITH MCIIONB30BAHBI:

- TIOJIOKUTEIIEHO 3apsDKCHHBIC AaKTHUBHBIC YACTHILI — KPYITHBIC
KaTUOHBl (R/N', KOMIUIEKCHBIE CONM IIEPEXOMHBIX METAWIOB M Jp.).
ONeKTpoApl € TaKUMH MeMOpaHaMH YyBCTBUTEIBHBI K HM3MEHEHHIO
aKTHBHOCTH aHUOHOB,

24



x pH-uempy

(]

a) CTeKIISTHHBIN DJIEKTPO.T

(]

v

~.

B) dTOpUA-CENEKTUBHBII 3NEKTPOS

1 - wmemOpaHa (IUTaCTHHKAQ MOHOKpHCTAaiIa
LaF’;); 2 — BHYTpEHHUH CTaHJApTHBIH pacTBOp
(0,1 M pactBop NaF + NaCl); 3 — BHyTpeHHUH
aneKTpos cpaBHeHus (XCD)

x pH-sempy

6) KoMOMHMpOBaHHBIN CTEKIISTHHBIN
INEKTPO]

1 — crexnsHHas MeMOpaHa; 2 — BHyTpenHuil pactBop (0,1 M pactBop HCI, nacbiuennsii AgCl);3 —
BHYTPEHHUI JIEKTPO]] CpaBHEHHS (CepeOpsiHas IPOBOIOYKA); 4 — BHEIIHUIT 2JIEKTPOJL CPaBHEHUS; 5 —
BOJHBII pacTBop, HackimieHHblit KC! u AgCl; 6 — mopucras npobka

|
o
(=3
/\:/D
(=}
o

(=]

1

T) loHOCENEeKTUBHBIN 31EKTPO €

KUIAKOW MEMOpaHO#t
HaCbIIICHHAA KUIKUM

1 —  MemOpaHa,

HOHOOOMEHHHUKOM

(2);3

- BHYTPEHHU

CTAaHJAPTHBIN PACTBOP; 4 — BHYTPEHHUH DIEKTPOL

cpasHenus (XCD)

Pucynox 8 — DIeKTpOABI C TBEPION H KUAKOH MEeMOpaHOM
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- OTPUIIATENBHO 3apsDKEHHBbIE akTUBHBIE dacTHlel ((RO),PO; ,
JTUTaHpl, OOJIBIINE aHWOHBI M Jp.). DJIEKTPOABl C 3TUMH MeMOpaHaMu
YyBCTBUTENBHBI K HI3MEHEHNIO aKTUBHOCTH KaTHOHA.

Haubonpmmii wHTEpEC MNPAKTHUYCCKUH TMPEACTABILIIOT — KUIAKHE
WOHOOOMCHHUKH, TPUMCHSIEMBIC B 3JEKTPOAax I  ONPEACICHHS
aKTUBHOCTU HUTPAT-UOHOB (NOj3) U HOHOB KaJIbIUs (Ca2+).

Onexkmpodsl Ha ocHose Heumpanvhozo IDAB (uonogopa) wnmm
JNEKTPOAbI C JKHIKOH MeMOpaHOW C HEWTpPaTbHBIMA HOCHUTEIISIMHU
MPEJICTABJISIOT COOOW PACTBOP MOJICKYJIIPHOTO aKTHBHOTO BEIIECTBA B
OpPTaHMYECKOM pPACTBOpHUTEINE, yIEPKMBAaEMOM Ha TIOPHCTOM MOJUMEpE.
OO6meit gepToit HOHO(OPOB ABIAETCS HATUINE B UX CTPYKTYpPE IMOJIOCTEH -
MOJIAPHBIX ~ [ICHTPOB, CIIOCOOHBIX 3aXBaThiBaTh KaTHOH. HOHOGOpE
00J1a1a10T JOCTATOYHON THOKOCTRIO TSl OBICTPOTO MOHHOTO OOMEHa.

2.2 Cnosicrole (mMHO20MembOpanHble) HCes. CroxxHbIE
(muaOrOCHOMHBIE) MCD HoOcAT Takke Ha3BaHHE crenupUIeckue (Win
CEHCUOMIM3UPOBAHHBIE) DIIEKTPOJBI. DTO MOJICKYJISPHO-YYBCTBUTEIILHEIC
YCTpOICTBA, B KOTOPBHIX JETEKTHPYIOMHNN OJIOK OCHOBAaH Ha CTaHIAPTHBIX
MOTCHIIUOMETPHUYECKUX DJICKTPOIaX paHee MEePEUUCICHHBIX THUIIOB.

Onu cocroar wu3 ocHoBHoro MCD wu  MomuduIMpyroIero
MeMOpaHHOTO CJIOs, KOTOPBI BeaeT cebs Kak JOMOJHUTEIThHAas
CeNIeKTHBHAsg TpaHWIA pa3iena, 4YTO TMPHUBOJUT K  MOBBIIICHUIO
CEJICKTHBHOCTH aHATMTUYECKOTO CUTHAA.

K 49mcnmy Takux OIEKTPOAOB OTHOCAT Ta304yBCTBUTENBHBIE W
(hepMEHTHBIE AJIEKTPO/IBI.

Tasouyecmeumenvhvle 21eKmMpoobi — 3TO JATUYUKUA C WHIUKATOPHBIM
ANIEKTPOIOM U 3JIEKTPOAOM cpaBHeHHs. O0a 3JIeKTpoja IMOTPYKEHBI B
pPacTBOp BHYTPEHHETO 3JIEKTPOJINTA, KOTOPBHIA OTAENIEH OT HMCCIEeITyeMOTo
pacTBopa razonpoHuIIaeMoi MeMOpaHoi (cM. puc. 9a).

HoHoceneKTUBHBIM 31eKTpo ] (MHIUKATOPHBINA DJIEKTPON) pearupyeT
Ha W3MEHEHHE KaKoro-nmubo mapaMeTpa BHYTPEHHETO pacTBOpa IOcie
B3aMMOJICWCTBUS  pacTBOpa C  MPOHUKAONIUM  depe3  MeMOpaHy
onpenensieMsiM razoM (NH;, CO,, SO,, HyS v ap.).

Tak mpu UCIIOTBL30BAaHUY Ta309yBCTBUTEIBHOTO AekTpona Ha CO; ra3
MIPOHUKAET Yepe3 MeEMOpaHy U PacTBOPSIETCA BO BHYTPEHHEM DJIEKTPOJIHTE.
OTOT IPOLECC COMPOBOXKIACTCS PEaAKIIUCH:

CO;, + H,O < HCO; + H'.

IIpr 5TOM BO BHYTPEHHEM pAacTBOPE U3MEHSETCS aKTUBHOCTH H'. B

kauectBe MCD Ha H' (HETEKTHPYIOLIErO DIEKTPOAA) HCIOIL3YIOT
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CTEKJITHHBIN 271eKTpoA. TOT e IPUHIUI UCIOJB3YIOT Ul OIpeaeIcHuUs
NH 3, S 02 " ap.

Depmenmuvie  21ekmpodbl  —  OTO0  JATYUKH, B  KOTOPBIX
MOHOCEIEKTUBHBIN 3JIEKTPO]] IOKPHIT CI0eM (PEPMEHTA, KaTATM3UPYIOIErO
PEAKIMI0 OPraHUYECKOTO MJIM HEOPraHWYECKOro BEIecTBa (cyOcTpara) ¢
00pa3oBaHMEM BELIECTB (MOHOB, MOJEKYN), K KOTOPHIM YYBCTBUTEJIEH
s1exTpon (puc. 90).

i~ L s

- —

2

a) ['a304yBCTBUTENBHBIN AJEKTPOS 0) ®epMEHTHBIH ICKTPOT
1 - rasompoHunaemas MemOpaHa; 2 — 1 — cyberpar; 2 — cioii pepmenTa;
BHYTPEHHHH 3JIEKTPOJIUT; 3 — HOH-CEIEKTUBHBIN 3 - HOHOCENeKTHBHas  MeMOpaHa
(MHAMKATOPHBI) 9MeKkTpod; 4 — 3IEKTPOA (MHIUKATOPHBIN DIIEKTPON);
CpaBHEHUS 4 — BHYTPEHHUI CTaHIApTHBIA PacTBOP;

5 — BHYTPEHHUH 3JIEKTPOJ] CPABHEHUS

Pucynox 9 — IlpuHnunuanbHas cXxeMa yCTpOHCTBa
ra304yBCTBUTEIBHOTO U ()ePMEHTHOTO AIIEKTPOJIOB

2.3 Honocenexmuenwvie nonegvie mpansucmopuvl (UCIIT). Otu Tunsl
JNEKTPONOB - THUOPUABI HOHOCENEKTHBHBIX OJJEKTPOAOB M IMOJEBBIX
TPaH3UCTOPOB U3 OKCHIOB MeTayuioB (MOIIT).

OOBIYHO TIPU TOTEHIIMOMETPUYCCKUX HW3MEPECHUSAX 3ICKTPUUISCKOS
ycuieHne © o0paboTka CHTrHajga OCYIISCTBISIIOTCS B MpHOOpe,
perucTpupyomeM moTeHnuan cuctembl. llpm wucmomb3oBanmu WCIIT
BO3MOXXHa MHKPODJICKTPOHHAs 00paboTka CcuTHana (HMCIOJb30BaHUC
mukpocxem). B HCIIT wmeramnnueckuit 3arBop MOIIT 3ameneH wumm
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KOHTAaKTUPYET C TBEPAOH WM KHUIKOH HMOHOCENIECKTUBHOH MeMOpaHOM.
OTKJINKOM (CHUTHAJIOM) TaKMX MUHHMATIOPHBIX JAaTYMKOB SBJSIETCS CHIIA
toka. Ucnonb3oanue UCIIT yckopuio nepexoa K CCHCOPHOMY aHaIH3y.

AHaJIUTHYECKOe NpUMEHECHHUE METO1a

Ilo MeTonuKe BBIMONHEHUS MOTCHIIMOMETPUUYCCKUX OIMpeacIeHUu
pa3Iu4aoT MIPSIMYIO u KOCBEHHYIO MOTEHIIMOMETPHIO
(MIOTEHIITMOMETPHUUECKOE TUTPOBAHHUE).

Hp}lMd}l nomenyuomempus

B ocHoBe mnpsiMoil (HEMOCPEACTBEHHOW) MOTCHIIMOMETPUH JICKUT
m3meperane OJIC ranbBaHHYECKOTO 3JIeMEHTa (Pa3HOCTH TIOTEHIMAJIOB
UHIUKATOPHOIO  BJEKTPOJa UM DIEKTpoAa  CpPaBHEHMsS), KOTOpas
norapuMUYECKU 3aBUCUT oT AKTUBHOCTHU (KOHIICHTpALIUN)
MOTEHITHAIOTIPEACIISIONTNX HOHOB B HCCIIETyEMOM PacTBOPE.

Hawnbonee BaxkHOH 007aCThIO TPUMEHEHUS TPSIMON MTOTCHIIMOMETPUHT
SBJISICTCSI MOHOMETpHUSA, TNE€ HWHIUKATOPHBIM  3JCKTPOJOM  CIIYKHUT
HMOHOCENEKTUBHBIA 35eKTpod. COBPEMEHHBI HOHOMETPUUECKHN METox
o0namaer pAaoM MPEUMYIIECTB IO CPAaBHEHHWIO C APYruMH MeTomamu. K
HUM OTHOCATCS:

- IPOCTOTA Mpoliecca U3MEPEHUS (METONK);

- DJKCHPECCHOCTh (M3MEpEeHHs TMPOBOAATCS OBICTPO, BO MHOTHX
CIy4asXx COCTaBISIOT 1-2 MUHYTH (IIPOAOJKUTENBHOCTh — aHAIHM3a
OTIpEACIACTCS, KaK MPABUIIO, TOJHKO BPEMEHEM ITOATOTOBKU TIPOOEHI);

- 5KOHOMHUYHOCTH (JIeII€BU3HA N3MEPHUTEIHHBIX TPHOOPOB);

- BO3MOXHOCTH OCYIIECTBJISITH OIpENEICHHe MapaMeTpoB B
HEIPEPHIBHOM PEKUME (KOHTPOJIb TEXHOJIOTUUECKUX MPOLIECCOB);

- HEOONBIIOW pacxoi HCCIEAYeMOTO  BellecTBa  (NMPUMEHSS
MHUKPOIJIEKTPOIbI, MOXKHO HCIIONB30BATh IS M3MEPEHHH 00BEMBI MPOOBI
oT 1 10 HECKOIBKUX MII);

- BO3MOXXHOCTb TPOBEACHUS U3MEPEHUN B MYTHBIX, OKPAIICHHBIX U
JlaXkKe B BA3KUX Cpeliax;

- TOCTATOYHO MPOCTAasi aBTOMATH3AINA METO/I;

- oxBaT OOJNBIIOTO [AWAana3oHa OMpPEISIIeMbIX CONEpPKaHuM, (10
HECKOJIbKUX TMOPSAKOB IO OJHOW TpaJyHMpOBOYHON KPHBOM, BKIIOYast
10°+107 M);

- BOBMO)XHOCTh aHaJIN3a CaMbIX Pa3sHOOOPa3HBIX BEIIECTB.
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OpHako, ciegyeT OTMETUTb W pAd  NpoOsieM, CBA3aHHBIX C
ucnonp3oBanuemM UCH. Cpenn HUX:

- OrpaHHuYEHHas CEJNEKTUBHOCTb, UTO 3aTPYAHIET HW3MEPEHHA
KOHIIEHTpAllUM COOTBETCTBYIOLUIMX HOHOB B IPHUCYTCTBUU APYTUX
MEILAIIUX HOHOB;

- JOCTaTOYHO OOJbIlasi OTHOCUTENIbHAs MOIPELIHOCTh ONpEICICHUs
AKTUBHOCTH (KOHIIEHTPALMM) MHOT03apsIAHBIX HOHOB, KOTOpas OrpaHuyYeHa
toyHocTht0 m3Mepenuss OJC u mpu 25°C MoxeT OBITh OLEHEHa IO
YpaBHEHHUIO:

Aomuci,%:%~]00%54-|z,-|-AE, (18)
l
rae C; ¥ z; — KOHIICHTpAIHS U 3apsi/i U3MEPIEMOro i-ro HOHa,
AE — norpemHocTs u3Mepennit J1C, mB (ue menee 0,1 + 0,5 MB).

M3 ypaBHenus (18) ciemyer, 9TO OTHOCHTENbHAs TIOTPEITHOCTH
OmpesieNicHUs] OYCHb CYIIESCTBEHHO BO3pAacTaeT C YBEIMUYCHHEM 3apsaa
ompezaensiemoro uoHa. Kpome Toro, mist MCD xapaktepeH apeid
CTaHIapPTHOTO MOTEHIINAJa, YTO 3aBUCHT, TJIABHBIM 00pa3oM, OT U3MEHEHHS
TEMIIEpaTypel. DTO TpeOyeT MEePUOJUYECKON MPOBEPKU TpagyHpOBKH
MOTCHITUAIA U TIPOBEICHUS H3MEPEHUI MPU MMOCTOSIHHOW TeMIIepaType.

B mpsmoii MOTEHIIMOMETPHH OOBIYHO WCTIONB3YIOT OIWH M3 Tpex
MPAKTHYECKUX IMPUEMOB, KOTOPHIC HA3bIBAIOT:

- METOJI TPAAYUPOBKH DIICKTPOJIA;

- METOJI TPaJIyHPOBOYHOTO TpadHKa;

- MeTo1 100aBOK.

Hwmxe mpencraBieHbl NMpUMEphl PEUICHHS 33Ja4d TI0 OIPEACTICHHIO
aKTUBHOCTH WM KOHIICHTpaluu Kakoro-nmubo wuoHa A (ay) ¢
WCIIOJIb30BAaHUEM IIEPEUUCICHHBIX NPAKTUYECKHX NPHUEMOB (HAIIOMHUM,
uto —lg a, = pA).

Memoo zpadyupoexu 3nexkmpoda (MI'D) sBusercs Hauboee
MPOCTHIM M OBICTPBIM CPEAH MOMMEHOBAHHBIX METOJIOB.

Hnsa  omnpenenenmst a4, (pA) HEOOXOIUMO HW3MEPUTH Pa3HOCTH
MOTEHITUAIOB UHIUKATOPHOTO 3JIEKTPO/Ia, CEIEKTUBHOTO IO OTHOIIEHUIO K
JAHHOMY WOHY, W DJIEKTPOJa CPaBHEHHS, TOTPYKEHHBIX B HCCIEAYEMBIH
pacTBop:

E= EH9 - E9C 5
rae  E — u3MmepeHHas pa3HOCTh TOTEHITMAJIOB;
E}5 — moTeHIMan HHAMKATOPHOTO (HanpuMep, HOH-CENIEKTUBHOIO)
AIEKTPOJIA;
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E5c — moTeHIman 31ekTposa cpaBHEHMS (B KauecTBE KOTOPOTO Yalle
Bcero ucnonb3yioT HXCH mwm HKD).
U3 ypaBHenus HepHcra:

EH9:E0+S-lgaA: Eﬂ—S~pA,

rae E - CTaHJAPTHBIN MOTEHIMAl MHAUKATOPHOro 31ekTpoaa; ans MCO
310 K (const),
S — yrioBoii k03G(GHUIMEHT TpaayHpOBOYHOro Tpaduka (KpyTH3HA
anekTpoaHoi pynkiuu, pasHas 0,05916/n wiu 0,05916/z, — nns UCD).
OTtkyna noiyyaem:

E=E~-SpAd —Ey= K -S-pA.

Torma mocine npeoOpa3oBaHU UMEEM:

E _ 7
PA = T , eclIi A — aHNOH,;

K -F
PA = T , eclIi A — KaTHOH.

Benuuuna K’ BiIIO4aeT:
-E° WHIUKATOpHOTO dIekTpoaa (miu K (const) st UCD);
- E5¢ ¥ Ip. IOCTOSHHBIE B YCJIOBUAX U3MEPEHUM BEIMUUHEI (£ 1 1IpoY.).
Jnst ycraHoBneHUs 3HaYeHHWs K~ TOCTaTOYHO M3MEPUTH IMOTCHIIAAN
JJIEKTPOJla B pacTBOpPE C W3BECTHOH AaKTHBHOCTHIO / KOHIICHTpAITUEH
onpenensemoro uona. Takum obpazoMm, B MI'D mpoBomAaT orieHKy K.
Memoo zpadyupoeounozo zpaguxka (MIT). B otnuume ot
npeapiayero Meroga B MI'T BenuunHy K~ HE OLIEHUBAIOT, @ UCKIIIOYAIOT,
obecrieurBasi B yCIOBUSX MU3MEPECHHM TIOCTOSHHOE 3HAYCHUE BETHINHBI K,
C »TOH M[enbl0 TOJJICPKUBAIOT TIOCTOSIHHBIMH ~ YCJIOBHSI TTPOBEICHHS
MOTCHIIUOMETPHUYCCKUX HM3MEPCHUIN: B PAcCTBOPHI BBOJAT OOJBIION U
MMOCTOSTHHBIN HM30BITOK WHIU(DQPEPEHTHOTO 3JEKTPOJIUTA, YTO TIO3BOJISACT
obecrieunTh HEW3MECHHYIO WMOHHYIO CHIIy pacTBopa (i), a TaKke
K05(QQUIMEHT aKTUBHOCTH ONpe/ieseMbIX HOHOB ( f, ) ¥ oTeHuuan (£)).

IIpm mocTpoeHHH TpamgyHpOBOYHOTO Tpaduka TOTOBAT CEPHIO
CTaHJIAPTHBIX (ITAJIOHHBIX) PACTBOPOB OMPENEIIEMOro MOHA (BEIECTBA).
IIpu 3TOM BO BCE CTaHIApTHBIC PACTBOPBHI W B HCCIEIYEMBIH pPacTBOP
BBOIIAT OJMHAKOBBEIN W30BITOK uHAUbGGepeHTHOro 3ekTponura (KCI,
NH/NO; u ap.) 1js NOoAJIepAKaHusl MOCTOSHHOW BEJIMYMHBI MOHHOM CHIIBI
pactBopa. B atux ycnoBusix (u = const) BenuunHa K~ = const, 1 BMeCTO
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aKTUBHOW  KOHIIGHTpamuu  (a4) MOXHO  WCIIOJB30BaTh  OOIIYIO
KoHIeHTpauio (Cy).

Torna:

E=Ey—Esc=E + S-1gCy — Esxc = K"+ S-1gCy,
U3 Yero CJleayerT:

E=K -§-p4, eciu A — KaTHOH,;
E=K +S§ - pd, ecnn A — aHHOH.
ITo pe3yapTaTam
MOTCHIIUOMETPUUSCKUX E
HM3MEpPEHU CTpOSIT
3aBUCHMOCTD B
noJrysiorapu(MUIECcKuX Ex

koopauHatax FE = f (pA), ¢
MOMOIIBI0 KOTOPOM HaXOJAT
pAx (puc. 10) u onpenenstoT
KOHIIEHTPAIIHIO HUCCIIEyeMOTO

pacTBopa.
[ocTpoennsiii rpaduk v
MTO3BOJISIET OCYIIECTBIIATh
BBIOOD YCIIOBHI DA% pA
MOTCHIIUOMETPUUSCKUX
u3MepeHuii (B YaCTHOCTH, Pucynox 10 — I'pagyupoBodHbIil rpaduk

BBIOOP 2JIEKTpOaA U p.).

ONEeKTpOoA  CYMTAETCS TPUTOTHBIM JUISI  MOTEHIIMOMETPHUYECKUX
W3MEpPEHUH, €CIM TIOJyYeHHBIH TPagyWpOBOYHBIA TpaQuKk HUMeEeT
JIMHEHHBIN XapakTep U yrioBoi KO3 GHUIMEHT TPagyupOBOYHOr0 IpaduKa
(kpyTH3HA 3IeKTpomHON GyHKIMHU S = tg o = AE / ApA) paBeH npeiora-
pudpmuyeckomy koddduumenty B ypaBHennu Hepuera, kotopsrit st UCO
cocrapmsieT 59,16/z4 mumumBonbT (Wu 59,16/n MB — B 0011eM cirydae).

Memoo oobasok. Ero, Kak TpaBWiIo, MPUMEHSIOT I HAXOXKICHUS
KOHILIEHTpAllMK OIpPEIeNsIeMOT0 BelIecTBA B Mpo0ax €O CIOKHOM WIH
HEU3BECTHOM OCHOBOM (MaTpuuei). MeToq OCHOBaH Ha HW3MEpPEHHUH
M3MEHEHUs MOTEeHIMANa 3IEKTPoja MpH A00AaBIEHWH HW3BECTHOTO 00Bhema
CTAaHIAPTHOTO PAacTBOpa K HM3BECTHOMY 00BeMy MpoOnl. [Ipumdyem oObem
CTaHIAPTHOTO PAacTBOpa ONpEAESIEMOr0 MOHA AOJDKEH OBITH MalbIM BO
n30eKaHue N3MEHEHHsI MOHHOU cuiibl (u). Ecnu 30 ycnoBue BbITIONHSACTCH,
TO f, W E; OCTalOTCA MOCTOSHHBIMH. B 5THX ycnosusax BenmunmHa K~ =
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const, BMECTO aKTUBHOU KOHIEHTpAINH (d4) MOKHO HCIIOJIB30BaTh OO0
KoHIeHTpauio (Cy).

[ToTennuan 3nekTpoia U3MEPSIOT, KAK MUHUMYM, JBK]IBI:

1) E — B pactBOpe npoOsI ¢ koHeHTpanuen Cy;

2) mocie BBeNEHUS J00aBKM CTaHAAPTHOTO pacTBOpa, Koraa
KOHIICHTpAITUS OTIPEICIIIEeMOr0 KOMIIOHEHTa yBenudmiach Ha AC (MoJb/1),
TO 3HAYCHHUE MOTEHIMAaa U3MEHsIeTCs Ha Bennuuny AE (£ + AE).

[ToTennman cucTemMsl B OTCYTCTBHE TOOABKH:

E= K + S-IgCx, (19)

TIOCJIC BBEACHHMSI TOOABKU:
E+AE=K + S-lg(Cx + AC), (20)
rae Cx— HEeM3BeCTHas KOHILEHTPAIIKs OMPeIeIsIeMOro BeIlecTBa B mpooe;
AC - W3MCHCHHE KOHIICHTPAllMM 3a CYET BBEJCHUS J00aBKH

CTaHIaPTHOTO pacTBOpa (KOHIICHTpaIus JOOaBKH);

AE — n3MeHeHre TTOTEHITHAJIA TI0CTIe BBEICHUS JJOOABKH.

CoBMecTHOE pellieHUEe ATUX ypaBHEHUH myTteM Beruntanus (19) uz (20)

E+AE-E=K + §-lg(Cx + AC)-K"-S -1gCx,
MPUBOJUT K CIEAYIOIIEMY BBIPAXKEHUIO:
AE=S-lg[(Cx + AC)/Cx],

KOTOpPO€ TIO3BOJISICT HAaWTH WCKOMYK KOHIeHTpanmio (0e3 yuera
paz0aBieHUsT HWCXOJHOTO pacTBOpPAa 3a CUYET BBEIACHUS JOOABKH IIPU

COOIIONICHNH  YCTIOBHS, Koraa OOBeM JOOaBKH 3HAYUTEIHHO MEHBIIE
o0beMa aHATM3UPYEMOU MPOObI):
Cy =AC/(10*75 - 1). (21)
MoKHO BBOJHMTHL HECKOJBKO (7) T00AaBOK, COOTBETCTBEHHO, B 3TOM
ciayyae TpOBOJAT U3MEpeHue moTeHuuana (n+/) pa3. Pacuer
KOHIICHTPAIIMH OIPEEIIeMOTO KOMIIOHEHTA MPOBOIAT 110 (hopmyiie (21) n
pas, HO TIPH 3TOM CJIEIyeT YIUTHIBATh, YTO KOHIICHTpAIH J00aBKU OyaeT
CKJIaIBIBATHCS M3 CYMMBI BCEX PaHEE BBEACHHBIX T0OABOK.

Homenuuomempuuecxoe mumpoeanue

B ornuume OT MpSAMBIX MOTEHIMOMETPHUYECKHX W3MEPEHHH METOX
MOTEHIIMOMETPHYECKOTO TUTPOBAHUS OTIMYAeTCA OOIbIIEH TOYHOCTHIO U
BOCTIPOHM3BOJIMMOCTEIO PE3yJIbTaTOB, XOTS OH U OoJiee Tpya0eMOK. B atom
METOJE€ 3aBHCHMOCTh PABHOBECHOTO IMOTEHIMAla HMHJIUKATOPHOTO
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3MEKTpoa OT COCTaBa pacTBopa (OmHchIBaeMylo ypaBHeHHMeM Hepncra)
HCITOJIB3YIOT IS HAXOXKICHHS TOYKH SKBUBAICHTHOCTH (T3).

[Ipn NOTEHIMOMETPUYECKOM THUTPOBAHUM HU3MEPSIIOT 3JIEKTPOAHBII
NOTEHOUAN Tociie A00aBlIeHUs] KaXIoW mopuuu TUTpaHta (R), KOTOpHIH
BCTYIIA€T C OINpelesAeMbIM BELIECTBOM (X) B XMMHUYECKYIO DPEAKLUI0 C
00pazoBaHueM MPOIYKTOB (P):

aX +bR = P,

TZie a U b — COOTBETCTBYIOIINE CTEXHOMETpUUCCKHE KO3 (DUITMEHTHI.

W3 osKcnepuMEHTalbHBIX JIAHHBIX HAxXoIiT oOO0beM THUTpaHTa,
3aTpadyeHHBIH Ha JOCTIKeHHE TO, MpU 3TOM NPUMEHSIOT PA3INYHBIE
croco0bl 00pabOTKH JaHHBIX MOTEHIIMOMETPUYECKOTO TUTPOBAHUSL.

I'pagpuueckuii  cnoco6 - obpadbomku  OAHHBIX  HOMEHUUO-
Mempu4ecKkoz0 Mumpoeanus OCHOBAaH Ha IIOCTPOGHHU KpPHUBOH
TUTPOBaHUS B HHTErpaibHON (opme (puc. 1la), B Buae mepBod wiH
BTOPOH TIPOU3BOMHEIX (pHC. 146, 8) 1 HaxoXAeHNH T3,

Cnoco6 I'pana. B Tex cnyuasix, KOTJja KpUBasi TATPOBAHUS BbIpaXKeHa
II0X0 (Mpu Majol KOHIEHTpalMM ONpEACNsAeMBbIX BEIIECTB, IpH
oTpeiesIeHNH cla0bIX KHUCIOT MM OCHOBAaHWH, MajloM 3HaYeHUH Pa3HOCTU
NOTCHIMAJIOB  YYaCTHUKOB TUTPOBaHWUA M Jp.) WIM B ciIydae
HecTaOMIBHOCTU MOTeHIuana BOnm3u TO (mpu turpoBanuu ¢ UCD) s
MOBBIIICHUS TOYHOCTH ompeneneHus 1D HUcmons3ylT crnocod I'pana. B
paccMaTpUBacMOM CIOCOOE€ TOYKAa SKBUBAJIEHTHOCTH OIpEeNsieTcs IO
rpaduky, mocTpoeHHOMYy B koopauHatax V/E = f(V(R)), kak TouKa
nepeceyeHns ABYX NMPSAMOJIUHENHBIX yUacTKOB (pHc. 12).

HoctonnctBa Meroma I'paHa oCOOCHHO 3aMETHBI TIpU aHAJIH3E
pa30aBICHHBIX PACTBOPOB, IIO3BOJLLA oOmpenesuTb 1D ¢ H0oCTaTO4HOM
TOYHOCTBIO BCJIECTBHE TMHEHHOCTH BETBEH rpaduka.

Pacuemmnplii  cnocod Haxodxcoenus moOUKU IKGUGATIEHMHOCHIU
UCIIOJIB3YIOT, KaK IIpaBWIO, KOTJa IPHUBEICHHBIE BBIIIE YCIOBUS HE
BBITIOJHSIOTCS, HallpUMep, a # b. B 3Tom ciydae g yctaHoBienus TO
UCTIONIB3YIOT (hOpMyITy:

E = nE +n,E, .
T
n, +n,

IIpu 00paOoTKe KpUBBIX IOTEHIHMOMETPUUECKOIO THUTPOBAHUSA
MOBOJAT KacaTeJIbHbBIE K Pa3INYHBIM y4acTKaM IOCTPOSHHON KPUBOM.

IIpu aToM TD ompenensior Kak:
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™ CEaTOK THIPOBaHHA

_:___l

Vi VE®)
a) HHTerpaJibHas KpUBas

Vi V(R)
6) muddepenipanpHas KpUBas Mo NepBoil IPOU3BOAHON

B
2]

=z
%

VR)

B) mubdepeHnuanbHas KpHBas Mo BTOPOH MPOU3BOIHON

Pucynox 11 — Kpussle
MOTEHIIHOMETPHUYECKOTO THTPOBAHUS
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- CepelMHy OTpe3Ka, 3aKIIOUEHHOIO0 MEXJIy TOYKAMH MNepecedeHHs
KacaTeJIbHbIX Ha UHTErPAIbHONW KPUBOH;

- TOYKY, COOTBETCTBYIOILYIO MAKCUMYMY THKa Ha U depeHIrnanbHONn
KpPHUBOM IO NEepBOH PON3BOIHOM;

- TOYKY TI€pECeueHUs] JIMHUH, COCIHUHSIOMEH BEPTHKAIbHBIE BETBU
(OYHKIIMH BTOPOH MPOU3BOIHON C OCHIO aOCIIKCC.

Bo Bcex »THX ciaywasx TmonarailoT, 4YTO KpUBas TUTPOBAHUS
CHMMETPUYHA OTHOCHUTEIHHO T, U meperud KpUBOil COOTBETCTBYET ITOM
TOYKE. DJTO CIpPaBEUINBO TPU YCIOBHH, YTO BEIIECTBA pPEarnupyrT B
SKBUMOJISIDHBIX COOTHOIIEHUSX, T.6. d =b W DIEKTPOAHBIN IpoLecc
o0Opatum.

AV/AE
Pucynox 12 —
Kpusast TuTpoBanus
o Merony ['pana

1

1

1

V1 V(R), M1

IIpakmuueckoe ucnonv3oeanue nomeHyuOMempuiecKozo

mumpoganua. B TOTEHIHOMETPUYECKOM THTPOBAHWU IMPUMEHHMEI
CIIEAYIOMINE TUTIBI XUMHUUECKUX PEaKIHi:

- KACIIOTHO-OCHOBHBIE (peaKIMy HeUTpanu3aiun),

- OKHCJIUTEIHHO-BOCCTAHOBHUTEIBHEIE,

- KOMILIEKCO00pa3oBaHu,

- OCaXKJIeHUS,

MPOTEKAIOMIIe OBICTPO M KOJMYECTBEHHO.

Bribop MHAMKATOPHOTO OJEKTpoJa NPU NOTCHIHOMETPUUECKOM
TUTPOBAHUU ONPEENAETCS:

- TUTIOM MIPOTEKAIOIEN XMMUYECKON peaKnu;

- IPUPOJIOH OTPEIENIEMbIX HOHOB;

- IPUPOAOH TUTPAHTA;

- ynoOCTBOM paboTHI ¢ 3NEKTPOJOM U Ap. pakTopamH.
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B kadecTBe »ANEeKTpoJa CpaBHEHHUS, KaK MPABWIO, HCIONB3YIOT
HACKIIICHHBIN XJIOPUIACEPEOPSHBIN HITH KaJOMEIBHBIHN 3JICKTPOIE.

B kucrnommno-ocnoénom TIOTEHIHOMETPUYECKOM THTPOBAHHU B
KaueCTBE WHAMKATOPHOTO OJJICKTPOJa NPUMEHHM JIIOOOH JJIEKTPOI C
BOJOPOMHON (PYHKITMEH: BOIOPOIHBIA, XUHTHAPOHHBIA HIIM CTEKIISTHHBIN
SIEKTPOSI.

CxeMa rajlbBaHUUECKOr0 3JIEMEHTA MPU UCIOIb30BAHUU CTEKIISTHHOTO
3JIEKTPO/Ia B Ka4eCTBE WHANKATOPHOTO UMEET BU/L:

Ag, AgCl () | KCl (mac.) || CONCBOI || npoba | MeMGOpaHa | BHYTD,p-P | Ag

MOCTHK @yt (0.1 M pacteop HCL,
HachmeHHEIH AgCl)

| I

gHeuLHUl 21eKMPO0 CPpagHeHun UHOUKQAMOPHBLIL 2NEKMPOO
(HXC3) (HC3 - cmexnanneill anexmpod)

B oxucaumenvro-6occmanosumensHom — TMOTEHIHOMETPHYECKOM
TUTPOBAaHUM HWHAWKATOPHBIM 3JCKTPOAOM HAaWOOJEe YacTO CITYXKHUT
WHEPTHBIA TUIATHHOBBIHN 31eKTpoa. Cxema ralbBaHn4eCcKOro dJIEMEHTa MPH
9TOM UMEET BH/I:

Pt | mpooa || comeroii || KCI (nac.) | AgCl (18.), Ag
(Ox,Red)  mocTuk

\_'_1 I |
[

UHOUKATNOPHBILL 31eKmpod GHEWHUTI FNEKMPOO CPABHEHUA

( unepmnsiii (Pt)snexmpod) (HXCD)

B ocaoumenvrom MNOTCHIOUOMETPUICCKOM TUTPOBAHUU U TUTPOBAHHUU
10 p€aKuuiAM KOMnﬂeKCOO6pa30661Huﬂ IIPUMCHSAIOT Pa3JIMYHbIC aAKTHBHBIC
WHAWKATOPHBIC OJICKTPOIBI. Cxema TallbBAaHWYECKOTO JJIEMCHTA npu
HCIIOJIb30BAHWHU JJICKTpOAA I poaa B Ka4CCTBC MHAUKATOPHOTIO UMECT BUM!

M | mposa M™) | comepoii || KCI (uac.) | AgCl (18.), Ag

MOCTHK
[
I
UHOUKATNOPHBITL 2TeKMPod EHEULHUT] ITeKMpPod cpaAgHeHUA
(anexmpod I pooa) (HXC3)
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Merton MOTEHIIMOMETPUIECKOTO TUTPOBAHUS uMeeT  psaod
npeumyujecmes epe nNpsiMol NOTEHITMOMETPHUEH:

- B OTJIMYHE OT NPSIMON TOTSHIMOMETPUU 37€Ch HET OIIUOOK,
CBSI3aHHBIX C CYIIECTBOBaHUEM AU(PPY3MOHHOTO IMOTCHIIUANA;, €T0 BIUSHUC
MPOSIBJISICTCSI  JIMITb B CMENICHWH KPUBOW THUTPOBAHUS BHIOIb OCH
MOTEHIIHAJIOB;

- HET HEOOXOAMMOCTH 3HATh KOI(PQPUIMEHT aKTHUBHOCTH ()
OTIPEIEIAEMOTO FOHA;

- ecliu TTOTPEITHOCTH OTIPEIICIICHIS pu MIPSIMOM
MOTCHIIMOMETPUYECKOM  U3MepeHuu cocTaBisier 2 — 10%, To mpu
noTeHuoMerpudeckom turposanuu 0,5 — 1%.

OcHnogHble omauuus nOMEHYUOMEMPUUECKO20 MemOo0a OT TPYTUX
METOHOB:

- IIUPOKUH HMHTEPBANl OIPEIEISIEMBIX COJEPKAHUM KOMIIOHEHTOB B
Pa3TUIHBIX IPUPOIHBIX U MTPOMBITIUICHHBIX 00bEKTaX:

- ot 0 mo 14 pH 1utst CTEKJISIHHBIX 3JICKTPOJIOB U

-or 1 mo 107° (10_7) M nmns Opyrux THIIOB HOHOCEICKTHBHBIX
371eKTPoI0B, BILIoTh 10 107" M y (hepMEHTHBIX 3IEKTPOIOB;

- TIPOCTOTAa METOJIHK;

- JIeIIeBU3HA U3MEPUTEIBHBIX MTPHOOPOB;

- MIPOCTOTA MPOBEJCHUS U3MEPEHUH;

- DKCTIPECCHOCTh aHAJIN3a;

- IOCKOJIbKY ~ BpEeMsl YCTaHOBJICHHMSI PaBHOBECHOTO IOTCHIIMANA
WHJMKATOPHBIX 3JCKTPOJOB Majo, 4YTO YIOOHO MJii aBTOMAaTHYECKOTO
KOHTPOJISI TEXHOJOTHYECKUX TIPOIECCOB, TO CICAYIONMEe IOCTOMHCTBO
METOJa - BO3MOXKHOCTh €ro aBTOMarW3anuu. [lpudeM B yCIOBHAX
MOTCHIIMOMETPHUYECKOTO THUTPOBAHUS MOXHO aBTOMATH3MPOBATH: MOJAdy
TATpaHTA; 3allCh KPUBOH THUTPOBAHUS, OTKIIOUCHHUE IMOJAYM TUTpPaHTa B
3aIaHHBIA MOMEHT THUTPOBaHHS, COOTBETCTBYyIOMmMi TO. C 3Toit menbio
UCTIONB3YIOT ~ aBTOMATHUECKHUE  THUTPATOPBI, KOTOPHIE 3HAYUTEIHHO
COKpAlaf0T TMPOJOJDKUTCIBHOCTh aHalN3a, W [PUMEHSIOTCS  JUIS
HEIPEPHIBHOTO KOHTPOJIS TIPOU3BOJICTRA.

Henpepbwnbtﬁ KOHmMPOJ1b MEXHO/102UUEeCKUX npoueccos
C UcCnojib3oeanuem nomeHyuomempuuecKux usmepeuuﬁ

IIpy TeXHOJOTHMYECKOM KOHTPOJE MAT4YUK pX-METpa yCTaHABIHBAIOT
100 HETIOCPEICTBEHHO B TEXHOJIOTUYECKUH anmapar (JaT4iK NOTpy>KHOTO
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TUna - puc. 13a), 11b0 Ha MPOTOYHBIN TPyOONPOBOX (HATYMK MPOTOUHOTO
THma - puc. 130).

[IpoTouHBIii METOJ XapaKTepU3yeTCs ONEpPaTHBHOCTHIO, KOTOpas
00yCJIOBIIEHA CIEeIYIOIMU 00CTOSTEIbCTBAMHU:

- OTHazaer HEOOXOAMMOCTh B IpEIBapUTENbHBIX NEHCTBUSX C
obOpazmom;

- TIPOLIECC JIETKO aBTOMAaTH3HPOBATh;

- BCE 3Tallbl aHAJIN3a ONIPEIEIISIOTCSI CKOPOCThIO MIPOTOKA.

3 2 3

a) JAAaTYUK IMOTPY’KHOI'0 TUIIA 6) AaTYUK IIPOTOYHOT'O TUIIA

Pucynox 13 - TlpuHIAITHATEHBIE CXEMbI YCTAHOBKH JIEKTPOIOB pX-METPOB

1 — 3aIUTHBIN KOXYX; 2 — HHIUKATOPHBIH 2JIEKTPO.; 3 - SIEKTPOJ] CPABHCHUS;
4 — KOHTpoJMpYyeMas Cpesa; 5 - IPOTOUHAs KaMepa ¢ KOHTPOJIUPYEMOH cpeioi

st HempephIBHOTO KOHTPOJIS OYEHb YJOOHBI B HCIOJIB30BAHUH
MOHOCEIICKTUBHBIC JJIEKTPOJbl. B 3aBOACKMX TpyOONpPOBOJAX MOKHO
MMOMECTUTH HECKOJIBKO AJIEKTPOOB TaK, YTOOBI KaXKIIBIH DJICKTPO H3MEPSIT
KOHIICHTPAITHIO KAKOTO-TO OJTHOTO MOHA B ITOTOKE.

Co3znmanue MCH mo3Boauio:

- OCYIIECTBIIATh MOHUTOPHHT TIPH SKOJIOTHIECKOM KOHTPOJIE,

- pacIIupPIIO BO3MOYKHOCTH TIOTCHIIMOMETPHIESCKOTO METO/Ia,

- YOPOCTWJIO TEXHHWKY W3MEPEHHS TaKoro Ba)KHOTO MapaMerpa
MPOLIECCOB, KaK pH,

- YCKOPWJIO TIEPEXOd K CEHCOpPHOMY aHanmm3y (Ha 6a3e IOJIeBBIX
TPaH3UCTOPOB).
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HoHoCceneKTHBHBIE JIIEKTPOAbl HAIUIM MIMPOKOE MPUMEHECHUE BO
MHOTHX 00JIacTsX:

- IPU U3YUYCHHUHU 3arPS3HCHUS BOJIBI M BO3/IyXa,

- JUIS OCYILECTBJICHUS KOHTPOJS B 00JACTH XMMHUYECKHX, MUIICBBIX,
(hapManeBTUIECKUX U TIPOYUX TEXHOJOTHH.

Omnako MCD Bce eme MOpPOTH W HEJAOJNTOBEUHBI, WX CEpHUHHOE
W3TOTOBJICHUE MAJIOpPEHTA0eTbHO, a HECepUiHOE W3rOTOBIICHUE HE
oTBeYaeT TpeOOBaHUSIM CTaHAPTH3ANNN H3MEPCHHUH.

1.3 MeToa BOJIbTaMIIEPOMETPHH

Bonvmamnepomempuueckuii.  memoo (BA) OCHOBaH  Ha
WCTIOJB30BaHUM SIBJIICHUS TOJIIPU3AIUN WHAUKATOPHOTO MUKPOIJICKTPOJIA,
MONyYeHNH W HWHTEPHPETAIM  BOJBTAMIIEPHBIX  (TIOISIPU3AIMOHHBIX)
KPUBBIX, OTPAKAIONIUX 33aBHCUMOCTh CHJBI TOKa OT TPHIOKEHHOTO
HaANPSHKEHUS.

Ha moBepXHOCTH WHIUKATOPHOTO OJJIEKTPOJAa TPOTEKAET IMPOIECC
MUKpoasiekTponu3a. llomydaemble 3aBucumoctd [ =f(E)  ciyxar
HUCTOYHUKOM WH(GOPMAITUH O COCTaBE PacTBOpa.

Meton Ol mpemiokeH B 1922 TOAy YEHMICKUM DJIEKTPOXUMHUKOM
SpocnaBom I'epoBCKUM WM Ha3BaH UM HoAApozpagueii, TIC B KaUECTBE
WHJMKATOPHOTO OJJIGKTPOJa OBUI WCIIOJNB30BaH PTYTHBIA Kammaromui
anektpoxn (PKD). IMozxke (B 1959 r.) A. [elipoBckoMy Oblia mpuCyXIeHA
Hobenesckas mpemus 3a pa3BuTHe MeToqa. B HacTosIee Bpemst Ha3BaHUE
«monsporpaduss» CoOXpaHEeHO B MaMATh CO3JaTeNisi METoJa IJis pasjiena
BOJIbTAMIICPOMETPUN TIPU TIOCTOSIHHOM TOKE€ Ha PTYTHOM KaIlaroliemM
JIEKTPOJIE.

[IpuHIMIIMaNpHAS CcXeMa BOJIbTAMIEPOMETPHUYECKON  YCTaHOBKH
npeJcTaBicHa Ha puc. 14. JIaTYuKOM CIyKHUT BIIEKTPOJIUTHYCCKAs sueiika.
Jlns  peructpanmuy  BOJNTAMIEPOTpaMM  NPUMCHSIOT — JBYX- U
TPEXAIIEKTPOTHBIE IIEKTPOIUTUIECKIE TUCHKH.

BonprammepoMeTprudeckas sueiika COIepKUT:

- HCCJIeTyEMBIH pacTBOP MPOOHI,

- HHOUKATOPHBIN SJIEKTPOS,

- 9JIEKTPOJI CPABHEHUSI.

KOHCTpYKTHBHOW OCOOCHHOCTHIO BOJIBTAMIICPOMETPHUUECKON SUCHKHU
SBIISIETCS] OYCHD OOJIBIIOE pa3IHyue TUIOMAACH MOBEPXHOCTH DJIEKTPOJIOB:
Sim << Ssoc (Spxy = 1 MMZ). BcenencrBue 3TOrO, IIOTHOCTH TOKAa Ha
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UHIUKaTOPHOM MUKPOAJIEKTPOAE (PTYTHBIE KaMalOIUKA WU CTAIlMOHAPHBIHN
9JIEKTPOJIbl, TUIATUHOBBIM MHMKPOIJIEKTPOA H Jp.) BO MHOIO (JIECATKH
THICSIY) pa3 OoJbIle, YeM Ha 3JIeKTpoje cpaBHeHUs. [loaTromy Hamaraemoe
U3BHE HANpsDKEHHE 3aMETHO BIUSET HA MHUKDPODJIEKTPOA, U OH
nonsipuzyerca. MaeanbHO TONSPU3YEMBIH  BJIEKTPOJ —  DIEKTPO],
XapaKTePU3YIOMUICS OONBIIMM CIBUTOM IOTEHIMANA TPU TMPOTEKaHWUU
OCCKOHEYHO MaJioro Toka. MaeallbHO HEMOISAPU3YEMBIH 3IEKTPOI — 3TO
JNEKTPOA C (UKCHUPOBAHHBIM TIOTEHIMAJIOM, HE HW3MEHSIONIUMCS TIpU
MPOTEKAaHUN OTHOCUTENHFHO HEOOIBIINX TOKOB.

F Pucynox 14 - Cxema
BOJIbTAMIIEPOMETPUUECKOMN
YCTaHOBKH

1 — conportuBnenue (IuHEiHOE);

3 2 - rambBaHOMETp; 3 -

BOJILTMETP; 4 — HCTOYHHUK

/-\" MOCTOSIHHOTO HATPSDKEHHS; 5 —

\/’ WHIUKATOPHBIA MHUKPORIICKTPOI;
v

6 — DIIEKTPOJI CPaBHEHHUS

<~
()

Henonsipuzyemple 37€KTPOABI HCTONB3YIOT B KadeCTBE AJIEKTPOIOB
cpaBHeHMS. B BOIbTaMIIEpOMETpUM B KauyeCTBE OIEKMPOOd CPAGHEHUs
TIPUMEHSFIOT HACKHIICHHBIC KAJIOMEITBHBIA U XJIOPH/I-CEPEOPSHBIN 3IEKTPOIBL,
a TarKe CJIOM PTYTH Ha IHE SYCHKH, KOTOPHIA OOBIYHO HA3BIBAIOT PTYTHBIM
aHosioM. Horma WuCHONb3yIOT TPETUH DJIEKTPOA — BCHOMO2AMENbHbIU
(TOKOTIOBOASAIIMH TMPOTUBOAIICKTPOMA, - HAIPUMEpP, IUIATHHOBAs ITPOBOJIOKA
WM JIOHHAA pTyTh, ecii DC cimyxatr HXCD nm HKO).

CoBpeMeHHBIE IPUOOPHI TIO3BOJISIOT:

- IPOBOAHTH ONpEACNCHHs BemecTB B auamasore 10 — 107> Moms/n
(1 naxxe 107" monb/1 B HWHBEpCcUOHHOU BA);
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- OJJHOBPEMEHHO ONPEeIEIATh HECKOJIBKO KOMIIOHEHTOB (110 4 — 5);

- ofecrieunTh TPU  ONpPEIENIEHHH  MaJbIX  KOHIICHTpAIHH
OTHOCHUTEIBHYIO MOTPEITHOCTE He Oonee 3%;

- aBTOMATH3UPOBATh MPOIECIYPYy M3MEPEHUH — OT 3aJaHusl yCIOBHMA
U3MEPCHUH B COOTBETCTBHMH C BBIOpAHHOW METOMMKOW [0 TIOTHOM
00paboTKN pe3ynbTaTOB, BKIIOYAs OTOOPa)KEHHWE BOJIETAMIIEpOTpaMM Ha
Jquctiee/puHTepe, (HOPMUPOBAHUE MPOTOKOJIOB U3MEPEHUM, OTYETOB W
0a3 TaHHBIX.

BoapTammepoMeTpuyecKkuii  METOA WCTIONB3YIOT U ONpeeseHUs
MHOTUX OPraHWYECKUX M HEOPraHWYECKUX BEIICCTB (B OCHOBHOM, HOHOB
MeTaJIOB). MeToIM4ecKoe U MporpaMMHOE 00eCTieYeHUe aJaTHPOBAHO K
PEIIEHUIO PA3INYHBIX 33]]a9 KOHTPOJIA KauecTBa.

B kadecTBe 06bexmos Uccne0BaHusS MOTYT BEICTYIIATh:

- IPOAYKIUS U CHIPhE PA3IUYHBIX OTPACICH MPOMBIIIICHHOCTH B T.4.:
BBICOKOYHCTBHIE BEIECTBA, MHUIIEBAst MPOIYKIIHS, JIEKAPCTBEHHOE CHIPhE,
(bapMmpenapaTbl, MHUHEPAIbHOE CHIPbE, MPOAYKIMS YSPHOW M IIBETHOH
METAJLTYPTUU U JIp.;

- 00BEKTHI OKPYKAIOIICH cpelbl (BOMIa, ITOYBa, BO3AYX);

- OMONIOTHYECKHE OOBEKTHI.

Tak momsiporpaduueckuii  METOJ] HCHOJB3YIOT B  TNPAKTUKE
OTEUECTBCHHOI CTaHIAPTU3AIUH TIPU OTIPEACICHIUHA TOKCUYHBIX JICMECHTOB
(As, Cu, Pb, Cd, Zn, Sn) B KOHTpOJIe KaueCTBa MUIICBON MTPOTYKIIHH.

Kaaccuueckasi (MOCTOSTHHO-TOKOBast) MoJisiporpadust
Ilpunyunsl u 0cHoGHbIE NOHAMUA MEMOOA

Honapozpagpuueckuii memoo (I1I') ocHOBaH Ha HCIOJIB30BAHUH
SIBIICHUS TOJISIPU3AINH MHAWKATOPHOTO PTYTHOTO KAallaloIIero 3JeKTpona,
MOJIYYCHUH U HWHTEPHpPETAlUd BOJBTAMIICPHBIX KPUBBIX, OTPAXKAIOLIUX
3aBUCHMOCTb CHJIBI TOKa OT MPHJIOKEHHOT0, MEHSIOIIErOCs 10 JTUHEHHOMY
3aKOHY C OTIPENICTICHHOW CKOPOCTEIO, HanpspkeHus (I = f{E)).

BonbTamriepHast kKpuBas B yCIOBHSIX HOJSpOTrpaduil HOCUT Ha3BaHUEC —
noJisiporpamma (rmossiporpadudeckas BOJIHA).

Jns peructpanuu MONAPOTpaMM SYEHKY C KamarolldM pPTYTHBIM
WHAWKATOPHBIM 3JIEKTPOJOM H JJIEKTPOJOM CPaBHEHHS TPUCOCIUHSIOT
yepe3 JIMHEIHOE CONMPOTHUBIEHHE K UCTOYHHMKY MOCTOSHHOTO HAIpPSKEHUS
Y U3MEHSIIOT TIOTEHIIHAJ CO CKOPOCTHIO 2 — 5 MB/c (puc. 14).

PTyTHBIA Kanaronui 3eKTPOJ CIYXKHUT, KaK MpaBUIO, KaTOJOM (pHC.
15). IlomaBaemoe Ha SUYEHKY C ONPENEIEHHON CKOPOCThIO HampskeHue (£)
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PacXoayeTCsd Ha NPOXOKACHHUC YCPE3 H‘IeﬁKy TOKa (IR) U ONpeaAcCIdaCTCA
COOTHOIICHUCM:

E=EFE,-E.+IR, (21)

rae I — cuna Toka,
R — conportuBieHue pacTropa;
E,u E, —moTeHIMAIbI aHOJA B KaToda.

Pucynox 15 - Cxema
3IEKTPOTUTUUECKOU
H STUCUKU:
WHANKATOPHbIN IEKTPO,
- PKO (xaton); anexkrpon
CPAaBHEHUS — PTYTHBIN
anox (H — BeicoTa
A PTyTHOTO CTOJIOA)

| Pryie(Metr)

OnHako, B IPUCYTCTBUU JOCTaTOYHON KOHLeHTparuu (> 0,05 Moinb/m)
uHanppepeHTHOro (PoH06020) dNEKTpoNUTa (CHIBHOTO JIIEKTPONIUTA, HE
MPUHUMAIOIIIETO YYacTHUsl B DJIEKTPOJHOW peakiuu, Hampumep, KNOj3),
BenmmurHA /R Maja ¥ €10 MOXKHO mpeHeOpedb. KpoMe Toro mioTHOCTh ToKa
Ha CPaBHUTEIHHO OOJIBIION IMOBEPXHOCTH aHONA (AIIEKTPOJA CPABHCHWA)
Oymer Hm3Koif (cmma Toka B BA me mpessimaer 107 A), mostomy
MOJISIpU3aIeld aHoJla MOXHO TaKXKe NMpeHeOpedh; IS Hero IMOTEeHIIHAT
OyJeT ocTaBaThCS TOCTOSIHHBIM. TakuM 00pa3oM, MojlaBaeMoe Ha siueiKy
HampspDKEHUE  MPOSABIACTCA B M3MEHEHMM — NOTEHLHMANa  TOJIBKO
naaukatopaoro PKO anekrpona (katoma).

PryTHEII Kanaromui 37eKTPoa 00Ia1aeT PSIOM MPEUMYIIECTB:

- TMOCTOSIHHOE OOHOBJICHHE TIOBEPXHOCTU DIICKTPOJa MPEAOTBPAIIACT
ee 3arps3HeHMe ® o0ecmedrBaeT XOpOIIYI0  BOCHPOW3BOAMMOCTD
pe3yIbTaTOB;
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- PTYTHBI  3JCKTPOA  SBISETCA  NPAKTHYSCKA  HACAITBHO
MOJISIPU3YEMBIM BJIEKTPOJIOM;

- uHTepBa noisgpuszannu PKO oueHs mmpok:

ot +0,3 B no -2,2 B (B xucnoi cpene),
ot +0,06 B o -1,5 B (B menounoii cpene);

- pTyTh 00Opa3yeT aMajbraMbl CO MHOTHMMH METaJUIaMH, TIOHMXas MX
MOTEHIINAJI BOCCTAHOBIICHHUS.

Ha PKD cnocoOHBI 37EeKTPOXUMHUYECKH BOCCTAHABIMBATHCS HOHBI
METaJIJIOB, PACIIOJIOKEHHBIX B DSy HANpsDKEHUH JieBee Bogopoaa. K Hum
OTHOCATCS, HAllpUMEpP, U TOKCUYHBIC deMeHThl (Hg, As, Pb, Cd, Zn, Cu),
omnpeNesicHue KOTOPBIX MPU NPOBEACHUU UCHBITAHUNA MUIIEBOTO CHIPBS U
TOTOBOW  MPOMYKIMH  THIIEBOM  MPOMBIIUIEHHOCTH, TMPOBOIAT C
UCTIOJB30BAaHUEM METO/Ia MOJIIPOrpaduu.

Opnako pabota ¢ PKD TpeOyer coOmiogeHus ompenesieHHBIX Mep
0e301MacHOCTH BCIIEICTBIE TOKCUYHBIX CBOMCTB METAIUTMYECKON PTYTH.

Honapozpaghuueckue Kpueste

Ilonyuenue nonsapozpagpuueckux Kpuewvix (nonapozpamm). llepen
perucTpanyeii MOJSApOrpaMMbl B pacTBOp MpoObI BBOIAT (OHOBBII
UIEKTPONIUT, YHAIAOT M3 HCCIEAYeMOro pacTBOpa PacTBOPEHHBIN
KHCJOPO/I, TOCKOJIBKY OH AJIEKTPOAKTHBEH, U CHUMAIOT 3aBUCHMOCTH TOKa
OT TPUKIAIBIBAEMOTO M YBEIMYUBAIOIIETOCSI BO BPEMEHU HAamNpsLKEHHA.
Perucrpupyemas ~ camomucueM — moisporpaMMa B OTCYTCTBHE
EKTPOXUMHUUECKH AaKTUBHOIO BEIIECTBA, Kak cjieqyeT u3 3akoHa Oma,
npeAcTaBiIsIeT coO0M TMHEHHYI0 3aBUCUMOCTD (puc. 16, kpusas 2).

B  mpucyrcTBUM  3JEKTPOXMMHUYECKM  aKTUBHOTO  BEIIECTBa,
CITOCOOHOTO BOCCTaHABIMBATKLCS /MIN OKUCIATHCS Ha PKD npu HanmoxxeHnn
Ha sUEHKy JMHEWHO H3MEHSIOIerocs HampspkeHus kpusast [ = f(E)
npuobperaer Gopmy mnonsporpaduueckoii BomHbl (puc. 16, xpusas I).
IMonsporpaduueckas BOJNHA COCTOMT M3 TPEX YYacCTKOB: HayaJbHBIN
y4acToK (Ipu HEOOJIBIIMX OTPULATETBHBIX MOTEHIHMANax) — Y4acToK da-b,
OOyCJIOBIEHHBI  MOSBJIEHHEM  OCTaTOYHOTO  TOKa;  HAKJIOHHBIN
/BOCXOAAIIMI Y4acCTOK b-¢ — y4aCTOK TOKa, KOHTPOJIHPYEMOI'O IIEPEHOCOM
3apsiia; M KOHEYHBIH Yy4YacTOK c¢-d - Y4YacTOK IPENeNIbHOrO TOKa,
KOHTPOJIMPYEMOT'O CKOPOCTHIO AU (y3HH.

PaccmoTpum HPOUCXOXKICHHUE OTJEIIbHBIX YYacTKOB
noJisiporpaduaecKkoil BOJHEI 60j1ee Moapo0HO.
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MEA

Eiz -E.B
Pucynox 16 - Knaccudeckas moyisiporpaMmma:

I-B HNPpUCYTCTBUH, 2-8 OTCYTCTBHUE JJICKTPOXUMHUYECCKHN aKTUBHOI'O BEIIECTBA

Yuacmox a — b. llpy HU3KUX 3HAYEHUSX MMOTEHIIMANA, HEAOCTATOUHBIX
JUISL IPOTEKAHUS SJIEKTPOXUMUYECKON peakluy, 4epe3 sUeUKy MpOXOIUT
HE3HAUUTEIBHBIM OCTATOUHBIHN TOK (/,), BEIMYMHA KOTOPOro, TEM HE MEHee,
MPEBBINIACT BEIMYMHY OMHYECKOro Toka (puc. 16, xpusas 2). OH
CKJIaIBIBACTCS M3 KOHIEHCATOPHOTO (eMKOCTHOTo) TOKa (Ic) W cimaboro
thapaneesckoro Toka (Ip): I, =Ic+ Ir.

OcCHOBHOH BKJag BHOCHT TOK 3apsDKEHHUS WM paspsiia JBOHHOTO
JIEKTPUYECKOTO CIOSI  (SIBIISAIONIETOCS KOHAEHCATOPOM) Ha TpaHHUIE
3JEKTPO.L | anekTponuT (Ic). BTopbIM craraemMbIM  SIBISIETCS  TOK,
00YCIIOBJICHHBI BOCCTAHOBJICHUEM WM OKUCICHHUEM 3JICKTPOAKTUBHBIX
npumeceil (Ip). Yaime Bcero 3TO IUIOXO YAAJICHHBIM KHUCIOPOJ WIU
NPUMECH, CoJieprKalnecst B (JOHOBOM DIIEKTPOJIUTE.

OcTaTo4HbIil TOK HCKaxaeT (opMy TOIIPOrpadUuIecKOll BOIHBI,
MO3TOMY €T0 >KeTaTeIbHO YCTPaHUTh.

Yuacmox b — c. llpu yBenuueHun OTpHUIIATSIIBHOTO TToTeHnana PK3
JIOCTUTalOTCsl TAKUE €ro 3HAaueHus (A1 KaXIOoro BEIECTBa — CBOE), MpHU
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KOTOPBIX  DJEKTPOXMMHUYECKH  aKTHBHOE  BELIECTBO  BCTyHaeT B
JIEKTPOXUMHUIECKYIO PEAKIIMIO Ha AIIEKTPOIE:
M +né sM
i (eciim M crioco6en 06pa3oBbIBaTH aManbramy co pryTsio PKD):
M"™ +né + Hg < M’ (Hg),
roe M"*: Cd**, Cu**, Zn®*, Ni**, Co®*, Mn®* u np.

Cuna ToKa Ipu 3TOM pe3Ko Bo3pacrtaeT. JTo dapaneeBckuii Tok. C
3TOT0 MOMEHTa POCT TOKa KakK ObI OrepekaeT poCcT MOTEHIHAlIa IEKTPOoIa
— onekTpox nmemoisipusyercs. llosToMy BemiecTBo, y4acTBYIOIIEE B
JNEKTPOXUMHUUECKON pEeaKlUnu, Ha3bIBAIOT Oenoispuzamopom. PactBop B
MPURJIEKTPOAHOM ~ CJIo€  OBICTpO  OOCHHSCTCS  HWOHAMH  MeTajuia.
OO0enHeHHBIN CIIoi obOoramiaercs 3a cuerT auddys3un AemoyspusaTopa H3
o0BeMa pacTBopa.

Ckopoctb nuddy3un mpornoprroHaabHa PasHOCTH KOHIEHTpPALHMid B
obbpeme pactBopa (Cy) u 'y moBepxHocTr dekTpona (Cs):

O oupp. = k'(Co— Cs).

[Moatomy mns Toka, ompenensiemMoro auddysuer (dugpdyszuonnozo
MOKa), MOKHO 3aITiCaTh:

I;=k"v oupp. = k'k"(Co—Cs) =k (Cy— Cs).

Tok B 3TOHM 00JIaCTM HM3MEHSIETCS SKCIIOHCHIMAIBHO C H3MEHEHUEM
noteHana (E), MOCKONBKY CKOPOCTh 3JEKTPOIHON pEaKIUU MEHbIIE
ckopoctd nuddy3un  OmpenenseMoro BemectBa (CM.  ypagHenue
Tetiposckozo-HUnvrosuua (22)).

Yuacmox ¢ — d. C pocToM 3JIEKTPOAHOTO TOTEHITHANa KOHCTaHTa
CKOPOCTH DJJIEKTPOJHOW pEakIMu BO3pAcTaeT BCIEACTBUC CHIDKCHUS
SHEPTMHM aKTHBAIlMK. OTO TPUBOAUT K OOJIETYCHHWIO IIpoIlecca
BOCCTaHOBJICHHSI. B pe3ynbTare CKOPOCTh DJICKTPOXUMHYCCKON peaKIiu
CTaHOBUTCSl BHIINIE CKOpocTH audys3uu, modITOMYy TpH JTOCTATOYHO
OTPUIIATEIBHBIX TOTEHIMANIaX BCE MOHBI BOJIU3U MOBEPXHOCTH BIICKTPOJA
MTHOBEHHO BoccTaHaBiuBaroTcs. Konmentpamus Cs  yMEHBITACTCS
npaktrdecku 10 Hymsl: Cs = 0, moatomy I; = k - Cy. Eciin yuecTh pasmepsr
moBepXHOCTH HUHAUKATOpHOTO PKD (Spky = 1 MMZ), TO OYEBHUAHO, YTO
nmoTepu KoHMeHTpanun Cp 3a CYET 3JIEKTPOJIM3a HE3HAYUTENbHBI, U UMH
MOKHO TIpeHeOpeub. Takum obpazom: Cy = const , IOITOMY TOK JOCTHTACT
IIOCTOSSHHOTO 3HaueHus (I; = const), HE 3aBUCIIIETO OT ITOTCHIMAJA, H
HA3BIBACTCS MPEICITBHBIM TOKOM.
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Opnako, kpome nup@dy3uu 3HAYUTENBHBIM BKIAJ B BEIHYUHY
MPEJETBLHOIO0 TOKa MOXET BHOCHUTbh MucpayuouHas cocrtapistowmas (1),
ompezenseMas IEKTPOCTATHYSCKUM MPUTHKEHUEM TIONS 3eKkTpoaa. [Ipu
9TOM 3apsKEHHBIC YaCTULIBI ACTOISIPU3aTOpa MePEMENIAIOTCA HE TOJIBKO 3a
cuer muddy3uu, HO M 3a CYET CHJI TPHUTDKEHHs HOHOB M"" K
OTpUIIATEILHO  3apsDKeHHOH  moBepxHocTH PKD.  MurpamuonHyto
COCTABIISIIONIYIO TOKA YCTPAHSIOT, BBOJS M30BITOK (DOHOBOTO BIIEKTPOIIUTA.
B wurore npemenbHBI TOK  ompexenasercs Toiabko  auddysueit
Jleroisipru3aTopa u3 o0beMa pacTBopa B MPHUAIICKTPOAHBIN ciioit. [ToaTromy
OH Ha3BIBACTCSI npedeiivhbim Ouhysuonuvim moxom (1, ).

OcHnognble  Xapakmepucmuku  NOAAPOPAPUUECKOT  BONHDL.
[Monsiporpadudeckass BOJNHA ONHMCHIBACTCS ypasHenuem [ eliposckoeo —
Hnvrosuua (11 00paTUMBIX POLIECCOB).

E=E% iﬂlnL (22)
> nF I,-1
rae £ u I — moTeHnnan 1 TOK B JIO0OW TOYKE Ha HAKIOHHOM/BOCXOZSIIIEM
y4acTKe NoJsiporpaduaeckoil BOJTHBI;

E;, — moTeHnuan moNyBONHBI (IOTEHIMANT BOJHBI HAa TIOJIOBHHE €€
BBICOTHI), B;

1 — YHUCJIO0 BIICKTPOHOB, YYACTBYIOIIUX B AIEKTPOXUMHUYECKON peaKIny;

1, — npenenvHbI AU PY3MOHHBIN TOK (3HAK «+» IS aHOJHOTO, «—»
JUTSL KAaTOAHOTO MPOLIECCOB).

Jlns PKD u t° = 25°C ypasrenue Ieiiposckoro — MnpkoBuua:

0,059 7
E=E, - lg—— 23
L 8T T 3
Ilotenuuan mnomyBonuel (E;»,, B) — moTeHmman B TOYKe

MaKCUMAJIbHOI'0 HAaKJIIOHAa BOJHBI (MM Ha IIOJOBHHE €€ BBICOTHI) HE
3aBUCUT OT KOHIICHTPAIMH 3JIEKTPOAKTUBHOTO BEIIECTBA W NMPAKTHUCCKH
paBeH CTaHIAPTHOMY OJJIEKTPOJHOMY MOTECHIIMAIY COOTBETCTBYIOLICH
MOJIypeakuuu (Mpu YCIOBUHU, YTO MPOAYKT DJICKTPOJHOM pEakUud He
0o0pasyeT amanpraMmy co pTyThIO).

Benuunna E;, 3aBHCHT OT COCTaBa M KOHIIGHTpaunud (HOHOBOTO
9JIEKTPONINTa, pacTBopuTens, pH, HMOHHON CHIBI pacTBOpa, W, IPEKIC
BCETO, OT MPHUPOIBI NETONISIPU3ATOPa, a MOTOMY CIIY)KHT KadyeCTBEHHOM
XapaKTePUCTUKOM MOJISpOrpaguuecKy akTHBHOTO BEIIECTBA.
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KonnuecTBeHHON  XapaKTEpUCTUKOM  ONPEAENSAEMOro  BEILECTBa
SBTISICTCSl BEJIMUYMHA TpeNeNIbHOro Tud@y3Horo Toka. Bmecto I; MOXHO
UCIIOJIB30BaTh NMPONOPIIUOHANBHYIO €/ BETUYUHY BBICOTY BOJHEI (/).

[penensHbiit 1 Qy3UOHHBINA TOK JTUHEHHO CBS3aH ¢ KOHLEHTpaLUeH
OTIPEIETIIEMOTO0 BEIIECTBA B PACTBOPE U OIMCHIBAECTCS ypaBHEHHEM
WnbkoBuua:

1,=607n-D"” -m” -1 .C | (24)
TJI€ 1 — YUCJIO 3JIEKTPOHOB, yYaCTBYIOIIUX B AEKTPOXUMHUECKON peaklny;
D — xo3ddumuent qupdysun (cM */c);
M — CKOPOCTh BRITCKAHUS PTYTH (MT/C);
t — BpeMs JKU3HHU PTYTHOHN KaIuiy /Tiepuoj Karmanus (c);
C — KOHIIEHTpaus (MMOJIb/1);
I, — npenenbHbii 1uddy3HBIH TOK (MKA).

IIpoussencuue m”” ¢ Ha3BBalOT  MOCTOSHHOM (KOHCTaHTOMN)
Kamuiapa (WM TapaMeTp Kanmwuisapa); OHAa 3aBUCHUT OT TE€OMETpPUH
Kaluuisipa ¥ BBICOTBI PTYTHOrO ctoyida (puc. 15) m oTpakaeT BIMSHHE
xapakrepuctuk PKO Ha 7, .

@axmoput, enusowue Ha Gopmy nonapozpammet. Ha dopmy
noJsiporpaduIecKoi BOIHBI BIHSIOT:

- OCTaTOYHBIN TOK;

- IPUCYTCTBHE PACTBOPEHHOT'O KUCIIOPOAA;

- monsiporpaduiIeckue MakCUMyMBbI (MAaKCHUMYMBI TOKa).

PaccmoTpum ux 6osee moapoOHO.

Ocmamounvlii mox WUcKaxaeT (opMy mnoisaporpaduieckoil BOJHB,
MOATOMY €ro, Kak ObUIO CKa3aHO BBIIIE, KENATelNbHO YCTpaHWTh. Bxuan,
BHOCHUMBIN (papameeBckoii cocraBismorie (/x), JIETKO CBECTH K HYIIIO,
NPUMEHSST YHCTBIE PEAaKTHWBBI, pPAcTBOPHUTENb U yHalstd Kuciopond. OT
E€MKOCTHOH cocTraBisitomeit (Ic) B YCIOBHSIX KIACCHUSCKOM MOJsporpaduu
M30aBUTHCST HENB3s, TO3TOMY B HW3MEPHTENBHBIX YCTPOHCTBAX OOBIYHO
UCTIONB3YIOT CIIEUATIbHBIE YCTPOHCTBA - «KOMIIEHCATOPHI EMKOCTHOTO TOKa».

Pacmeopennviii kucnopoo. Kuciaopon BO3AYIIHOW cpeibl COocOOeH
pacTBOPATHCST B BOJHBIX CHUCTEMaxX B KOJIWYECTBE, COM3MEPHUMOM C
KOJIMYECTBOM  ONpPEAETSEMOro BellecTBa. PacTBOPEHHBIH KUCIOPOA
BoccTaHaBnuBaeTcs Ha PKD ¢ oOpazoBanumeM JBYX BOJH OIMHAKOBOM
BBICOTHI:

02+2H++2€_—>H202 (E]/gz-o,lBOTH. HKB)
H,0,+2H" +2é—2H,0 (E;; = -0,9 B ora. HKD).

47



MHorue BemecTBa BOCCTAHAaBIMBAIOTCS B 3TOM  JHala3oHe
HNOTEHIMAJIOB, [I0O3TOMY KHCIOpoA OyAeT MelaTh UX ompenencHuro. Ero
YAANSAI0T, OpoAyBas pPAacTBOp MHEPTHBIM Tra3oM (N, Ar;, He;), win
Jn00aBIIsis B MIENOYHBIX cpeaax Kpucramtndeckuii Na,SOs:

02 + 2N612503 = 2N02504.

Tonapoepaguueckue maxcumymol. Tlonsgporpaguueckre BOJHBI YACTO
OCIIO’)KHEHBI MAKCHMYMaMH, KOTOPhIC BOSHHKAIOT Ha y4acTKE MPECIIEHOTO
ToKa. [losiBJIeHNe MakCHMMYMOB BBIpa)KaeTCS B YBEIMYEHHH TOKa CBEPX
npeaeinbHOr0  AUPQPY3MOHHOTO. DTO OOYCIOBICHO IEPEMEIINBAHUEM
pacTBopa B pe3yibTaTe JBUKCHHS MOBEPXHOCTH Karuid. MaKCHMyMbI
UCKaXAIOT MOJIIPOrpaMMy U 3aTPyIHSIOT €€ pacmudpoBky. VX MOXKHO
JETKO YCTPaHWTh BBEJCHHEM B pPAcTBOpP HEOONBIINX KOJHYECTB
noJiiporpa)uieck  HEaKTHBHBIX  IMOBEPXHOCTHO-aKTUBHBIX  BEHICCTB
(kenmatuHa, arap-arap, kamdapa, BBICIINE CIHPTHI U T.J.), a TaKXKe
YMEHbBIIIEHUEM JBW)KCHHS PTYTH IIyTeM CHI)KEHHS BBICOTHI PTYTHOTO
cTonba.

Ananumuueckoe npumenenue memooa

MHorue  HeopraHHM4YecKHe W OpraHu4ecKue COCAMHECHHS
noJsiporpau4ecky aKTUBHBL. VX MONAporpaMMbl HUMEIOT JBE YETKHE
XapaKTepUCTHKH, a UMCHHO: FE;p, u I,

3nauenue E;, xapaxTepusyeT NPUPOILY SNEKTPOAKTHBHOIO BEILECTBA
U MOXET OBITh WCIONB30BAHO JUIA WICHTH()UKAIMK HEW3BECTHOTO
BemecTBa. OHO MOXET OBIThH OTIPEICIICHO

- HETIOCPEACTBEHHO M0 MossiporpaMme (puc. 16) win

- 110 TpaduKy, IOCTPOCHHOMY B IOJIYJIOTApU(PMUUECKHX KOOPIHHATAX
(puc. 17):

OT0oT ke TpaduK T[O3BOJSIET OIPEJSIUTh M TaKyK BaXHYIO
JOTIOJHUTENBHYI0O ~ KAaYeCTBEHHYIO  XapaKTEpUCTHKY, KaK  HAKIOH
noaapoepaguyeckoli 80aHvl (tg ), KOTOPBIA SBISETCS HMCTOYHUKOM
uHpOpMAIMK O  4YHWCIE  OJIGKTPOHOB (1),  YYacTBYIOIIHX B
ANEKTPOXUMUIECKON PEaKIny.

[pu npenTHHUKAINN BelecTBa MOJIPOTpaguPyIOT €ero pacTBOP B TEX
K€ YCIOBHSIX, YTO U PACTBOPHI STAIIOHHBIX BEIIECTB. M3MEPAIOT BEITUIMHBI
E\; 1 conocTaBnsioT NaHHbIE, OTYYEeHHBIE A7l HEU3BECTHOTO BEILECTBA, C
JAHHBIMH, MOTyYECHHBIMHU JUISI ATAJJOHHBIX BEIIECTB (BEIIECTB M3BECTHOTO
COCTaBa).
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i Pucynox 17 -
: I'paduyeckuit  MeTox

onpeneneHus £,

Alg -1

CoBnanenue pe3ynbTaToB (E;,) TMO3BOJSET HANCKHO CYAUTH O
cocraBe wuccieayeMoit mnpoObl. Tarke s WACHTH()UKAIMK BelecTBa
MOXKHO HCIIOJIb30BaTh TaOyJTUpOBaHHbIC 3HAUYCHUS F;,, NMPUBEIACHHBIC B
CIIPaBOYHOM JIUTEpaTypeE.

[onsiporpaduvecknii METOA TO3BOJIET MPOBOJUTH OJIHOBPEMEHHOE
onpeesIeHuE HECKOJIBbKHUX KOMIIOHEHTOB (MHOTO3JIEMEHTHBIN aHanu3). [Ipu
HaJU4YUU HECKOJIBKHUX JIETIOJISIPU3aTOPOB Ha MoJIIpoTpaMMme
pETUCTPHUPYETCSI COOTBETCTBYIOIIEEe YHCIIO BOJIH. KomudecTBo BOMH, TAaKUM
o0pazom, naeT MHOOPMAIIHIO O KOJINIECTBE KOMIIOHEHTOB, a 3HA4YeHUs £,
- uH(opmanuto 06 ux npupoxe (puc. 18). [lpu 3TOM ciieqyeT yYUTHIBATH,
YTO HEKOTOpHIC BEIIECTBA CIOCOOHBI BOCCTAHABIUBATHCS B HECKOJBKO
cTaanii ¢ 00pa3oBaHUEM HECKOJIBKHIX BOJH.

3HaueHue [; XapakTepu3yeT CoOIEpKaHUE  AICKTPOAKTHUBHOTO
BEIIECTBA M MOXKET OBITh HCIIOJNB30BAaHO IS KOJMYESCTBEHHOTO
ONpENEICHUs] BEIECTBA HA OCHOBAaHWU JIMHEHHON 3aBUCUMOCTH [I; OT
KOHIleHTpaluu (ypaBHeHue NibkoBHYa).

Ilpu mpoBegeHUM  KOJIMYECTBEHHBIX  OMNPEACICHUNA  JTOJKHBI
COOJIIOIaTHCS CIEAYIONINE YCIOBUS:

- HCTIONb3yeMBbI€ CTaHAApPTHBIE PACTBOPHI MOJHKHBI HMETHh COCTaB,
MaKCUMAJIBHO MPUOIMKEHHBIH K COCTaBY aHATU3UPYEMOT'0 PacTBOPa;

- ycnoBusl TOASporpadupoBaHUS CTAaHIAPTHBIX M aHATU3UPYEMOTO
PacTBOPOB JOJKHBI OBITH OJUHAKOBBIMH.
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MEA

Ew) Ew2) By EP
Pucynox 18 — Knaccuueckas nossiporpaMmma
MHOT'OKOMITIOHEHTHO CUCTEMBI

[Ipu cobmogeHUM JTUX YCIOBUM 3aBUCHMOCTh Mexay [,
comepxxkanueM (C), kak cueayer u3 (24) ypaBHeHue MWnbkoBuua,
YIPOIIAETCs:

I,=K -C. (25)
Jns  OIeHKH KOHIICHTpPAITMd MOXHO HCIOJB30BaTh JIIOOOH W3
OIMCAHHBIX paHee METOJIOB MIPSIMBIX OTIPEICICHUM: METOI

TPaayupOBOYHOTO Tpaduka, METOJ CTaHAApTOB, METOJ JO00aBOK WIIH
pacyeTHBI METOJT C MCIIOJIL30BaHUEM YpaBHEHUH (24, 25).

Memoo cmanoapmos. B wMerone CTaHIapTOB CHUMAIOT 1B
MOJIIPOTPaMMBI: UCCIICYEMOTO U CTAaHIAPTHOTO PACTBOPOB.

Jns oqHUX U TeX e yCIOBUI:

I;x=K - Cx;
Id CT. = K- CCT. s
OTKyda
Cx = CCT. 'Id X/Id CT.- (26)

Ecou BmecTo I; ucmonb3oBaTth /i, TO ypaBHEHHE (26) MOXET OBITH
MIPEJICTABJICHO B BH/IE:
CX = CCT. ‘ hx/ hcf. (27)
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Memoo epadyuposounozo epaguxa. B MeTone rpagryrupOBOYHOTO
rpaduka perucTpUPYIOT MOISIPOrPAMMbI CEPHU CTAHIAPTHBIX PACTBOPOB U
HCCIIEIyeMOro  pacTBOpa. 3areM, MO TMOJyYCHHBIM JaHHBIM IS
CTaHIAPTHBIX PACTBOPOB CTPOAT IPAJAyHPOBOUHBIN IpadUK B KOOPIHHATAX
I;— C (puc. 19).

I

Pucynox 19 -

Iax I'pagyupoBouHslii rpaduk

C

Tlo usMepeHHOMY 3Ha4Y€HUIO I; x HAXOAAT COJIEpKaHUE ONPEEIIEMOro
komroHeHTa Cy [0 TpaJlyHipOBOYHOMY I'paduKy.

Memoo  0obasox  OOBIMHO  TPHUMEHSIOT  JUISI  HAXOXKICHHUS
KOHIICHTPAIIMH ONPEJCIIEMOT0 BEIIECTBA B Mpo0ax €O CIIOKHOW HITH
HEW3BECTHOW OCHOBOW (MaTpwurieii). OH MOXKET OBITh HCIIOIB30BaH TOJIBKO
B MHTEPBaJIe KOHIICHTPAIUHA, IS KOTOPBIX CTPOTO COOJIFOIACTCS JIMHEHHAS
3aBucuMocts I —f(C).

Pacuemnonii sapuanm memooa oobasok. Ilonsporpadupyror mpooy
aHaJIM3UPYEeMOTo pacTBopa 00beMoM Vy, KoHIleHTpamusl Kotoporo Cy
(mensBectHa). Ha momsporpamme u3MepsitoT [y 3aTeM B sUEHKy K
AHAIM3UPYEMOMY PacTBOpPY J00aBJISAIOT ONpeAeNeHHBI 00beM Vg
CTaHmapTHOTO pacTtBopa KoHueHTpauuu Ccr. llpeamourntensHo, 9TOOBI
Vx >> Ver 1 Cx < Cer. U3MepstoT Ha nonsiporpaMMe Lyx.cr,).

HewusBecTHyt0o ~ KOHILIGHTpPAlMIO  OMpPEAENsEMOr0  KOMIIOHEHTa
PacCUnTHIBAIOT 110 hopMyJIe:

[d(X) 'VCT. ' CCT.

Cy = .
[d(X+CT.) 'VCT. +([d(X+CT.) _Id(X) )'Vx
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I'pauueckuii sapuanm memoda dobasox. B rpaduueckoM BapuaHTte
MeToa 100aBOK B MCCIIEAYEMbIl pacTBOP BBOIST IIOCJIEIOBATEIBHO HE
OJIHY, a HEecKoJIbKo 100aBok. Ilomsiporpadupyror npody aHaTU3UPyeMOro
pactBopa (Cx) 1 mosryuyeHHbIe pacTBOPbI ¢ qo0aBkamMu (Cy.aci). 3MepsitoT
I, B xaxaoMm ciydae. 3arem cTposT rpaduk (puc. 20) B KOOpIHHATAX
1, — ACi (comepxaHue onpeaeasieMoro KOMIIOHEHTa B T0OaBKe), IPHHSIB 32
YCIOBHBI HYJNb PE3yJbTaThl, MOJYYECHHBIE Ui HCCIEAYEMOTO PacTBOpa
6e3 godasku (AC=0).

Iy

Pucynox 20 -
Mertoa no6aBox
(rpadmueckuit
BapHaHT)

| | \
Cx 0 ACy AC,) ACH

OKCTpanossAys TMOJY4eHHOW MpsMON A0 TEPecedyeHuss C OChI0
abcuucc JaeT OTPEe30K, BEJIMYHMHA KOTOPOIO COOTBETCTBYET HCKOMOMY
conepxkanuto (Cx) onpeaensieMoro KOMIIOHEHTA.

Pacuemnviii memoo. KoOHIEHTpaLWIO ONpenenseMoro KOMIIOHEHTa
MOJKHO PAacCUMTaTh C MOMOIIBI0 ypaBHeHHA MnbkoBuua (24). PacueTHslit
METO/ MOXKHO MCIIONb30BaTh, €CIM HU3BECTHO YHUCIO 3JEKTPOHOB (1),
YUYaCTBYIOIIMX B 3JEKTPOJHOM Iporecce, U KodpduuueHt aupdysun D.
3HavyeHUs] TOCJIEAHEro sl MHOTHMX BEIIECTB MOXXHO TONYYUTh U3
CIIPaBOYHBIX JAHHBIX.

Wsmepsas mnocine mnoisiporpadupoBaHUs HCCIEAYEMOTO pPacTBOpa
BENNYMHY l,x) ¥ ONPEAETHB SKCIIEPUMEHTAIBHBIM CIIOCOOOM JIsl JAHHOTO
PKD nocrosunyo kamuawispa (m”” 1), moxuo paccuntats Cy :

_ [d(X)
607'1’['D1/2 _m2/3 't1/6 :

Cx
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Memponozuueckue xapaxmepucmuku mMemooa

Knaccnyeckass monsporpadus TnpuUMeHUMa IS ONpeJelICHUS
JNEKTPOXUMHUYECKH aKTUBHBIX BEIIECTB B JHMANAa30HE KOHIICHTPALMH OT
5-10° 10 5-10° mons/n.

Ilpenen  oOHapyXxeHWs  WIM  MHHUMAIBHO  OIpeaesieMas
xomrentpauust (Cy) Meroma cocrapmsieT n-10” Moas/n U ompexemsercs
3HaYEHUEM OCTATOYHOTO TOKA HJIU €MKOCTHOT'O TOKA.

TouyHocTh  monsAporpaduU4eckoro  ONpeeNeHus  KOHIICHTPAIMH
3aBHUCHT OT BOCHPOM3BOJAMMOCTH BENIWYMHBI [; W TOTPEUIHOCTH
rpaduyueckoro cnocoba OIICHKH 1 (o MOJIIPOTpaMMe).
Bocmpon3zBoanMocTs METOja TOCTATOYHO BBICOKA, Onarojmapsi MOCTOSHHO
obnoBystomelics moBepxHOCTH PKD. Ilpw KOHTPOIMPYEMBIX YCIOBHSIX
MOTPEITHOCTh OTPEIEICHUS KOHIICHTpaluu coctasiser 1 —5 %.

Paspemiaroriiasi  crmocOOHOCT  METOZIA  OTPENENSACTCS  PAa3HOCTHIO
MTOTCHITUAIOB TTOTYBOJIH AE},» DJIEKTPOAKTHBHBIX BellecTB A U B, korma mpu
PaBHBIX KOHILICHTPAIMSIX UX BOJIHBI He cnuBatoTes: AE;,= 0,15 — 0,20 B.

Takum 00pazoM, BO3MOKHOCTH METOJIa KIIaCCUYECKOH mossiporpadun
OorpaHWYeHBI  pazpemaromieli  crnocoOHocThi0  (AEjp),  Tpemenom
obnapyxenuss (Cpy), KpPyroM OIpEACISIEMBIX BEIIECTB  (CTIOCOOHBIX
BoccTaHaBnuBathcs Ha PKD) u  guanazoHoM wuX — omnpeaenseMblX
coJiepKaHUi.

OTH OTpaHUYCHUSI BO MHOTOM OBIIA CHSTHI B pe3yiIbTaTe pa3paOdOTKH
HOBBIX COBPEMEHHBIX BOJHTAMIIEPOMETPHUECKUX METOJIOB.

CoBpeMeHHbIE PAa3HOBUAHOCTH MoJIsiporpadpuu
Xponosonvmamnepomempus (ocyunnozpagpuueckan noaapozpaghus)

B ommmume ot kimaccuueckoid mossporpadMu B OTOM  METOJC
MOJIIPU3YIOLIEE HANPSLKEHNE MOJJAeTCs C 0YEHb BBICOKOM ckopocThio: 0,1 —
1 B/c u BeImIe. biraromapst aToMy mossiporpaMma perucTpupyeTcs 3a BpeMs
KU3HM OAHOW pryTHOM Karuu. Ilpu 3TOM, U3MEHHMB HampaBlICHUE
pa3BEpPTKU HAMNPSIKEHUS, MOXKHO PErUCTPUPOBATh HE TOJBKO IPOLECC
BOCCTAHOBJICHHSI, HO ¥ IPOIIECC OKHUCIICHUS BemecTa (puc. 21).

Tok B mMKe Ha oCHMIUIONONApOrpaMMe (/,) 3aMETHO BBINIE, YEM HA
KJIACCHUECKOU momsporpamme (I;). Dtum oOyciioBieHa Ooyiee BBICOKAsS
qyBCTBUTENBHOCTS: Cyy = 1 - 107 MoB/1I.
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Pucynox 21 —
uxmyeckas
BOJIbTaMIIEPOTpaMmMa

-E,B

Tox B iuKke onUCKIBaeTCs ypagrenuem Panonca-Illesuuxa:
IL=k-n”-A-D"” 2" .C, (26)
rae k — mocrosiHHas (koncranTa Panica-Illesunka) (2,69-10°);

7 — YUCJIO DJIEKTPOHOB, YIACTBYIOIIHNX B AJICKTPOTHON PEaKIIHH;

A — JI0IAh TOBEPXHOCTH AJIEKTPOIA (CMZ);

D — xo>ddumuent qupdysun (cM */c);

0 — CKOPOCTh M3MEHeHHUs moTeHnuana (B/c);

C — KOHIICHTpaIUs AIEKTPOAKTUBHOIO BEIIECTBA (MMOJIB/I).

Kax cnenyer wu3 ypaBHeHus (26), TOK B IIHKE SBIAETCS
KOJINYECTBCHHOW  XapakTepucTukod. Ilorenmman B mmke  (E))
OTIpeIeTISAETCS, IPEXKIE BCETO, IPUPOION BEIIECTBA, TOITOMY MOXKET OBITH
UCTIOJB30BaH sl HACHTU(DUKAIINY BEIICCTB.

Paspemaromas cnocobnocts MeTona (AE,) coctaBiser = 0,05 B.

Ilepemenno-moxosasn nonapozpagus

B sToM MeTojie NTMHEWHO MEHSIOIIEECs MOCTOSHHOE MOJISPU3YIOIIee
HamnpsOKEHHE TIOJAeTCsl OJHOBPEMEHHO C TIEPEMEHHBIM HaIpsDKEHHEM
ONpeNeICHHOW 4YacTOTHl M aMIUIMTYAbl. B pesynpTaTe uepe3 sUelky
MPOTEKAeT M IIOCTOSHHBIM, M IEPEMEHHbIH TOK. I'paduk 3aBUCHMOCTH
aMIUTATYIbI TIEPEMEHHOTO TOKa OT BEJIMYWHBI JIMHEWHO MEHSIOIIETOCS
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MOCTOSHHOTO ~ TOJIAPU3YIOMIETO HAMPSDKEHUS HA3bIBAIOT IIEPEMEHHO-
TOKOBOH ToJIsIporpamMmoit (puc. 22).

I.

Pucynox 22 —
[IepemenHo-
TOKOBast
noJsIporpamma

E, -E,B

AMIIIATY1a IEPEMEHHOTO TOKA JOCTUTAET MAaKCHMAJLHON BEITHMYUHEI
npu noreHumane (E,), coorBercTByromeM E;, Ha KJIACCUYECKON
nossiporpamme. IloTeHrman mnuka omnpeAenseTrcs MPUPOJON BemiecTBa U
SIBJISIETCA KAUYECTBEHHOM XapaKTEPUCTUKOM.

Tox B mnmke (I,) / mnm BbICOTa NUKAa (h) JIMHEHHO 3aBMCUT OT

KOHIOCHTpAlHH. Ha »ToM oCHOBaHEI KOJIUYECTBCHHBIC OMPEACIICHUSA B OTOM
MCTOZC:

I,= KAEn*D"* A" C, 27)

rae K — mocTosHHAL,

AE — aMIUIMTyJ1a IEpEMEHHOT0 HanpsbkeHus (MB);

1 — YHUCJIO0 BIICKTPOHOB, YYACTBYIOIIUX B AJIEKTPOIHON PEaKIUi;

A — TLIOIIA/Ib TOBEPXHOCTH YIEKTPOAa (CM°);

D — xosddurment aubdysuu ( cM /e );

® — 4acToTa;

C — KOHIICHTpPAITUS JIEKTPOAKTHBHOTO BEIIEeCTBA (MMOJIB/IT).

MunanMansHO ompezenseMast KoHreHTpanus (Cy) MeToaa COCTaBIseT
~5-10"® Mmonb/i. Pazpemratomas criocoonocTs Metona = 0,05 B.
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Bonvmamnepomempusn

Bonvmamnepomempusa  —  3TO  DIEKTPOXMMHUYECKHA  METO[,
OCHOBAaHHBIA Ha W3YYCHUH BOJBTAMIICPHBIX KPUBHIX (BOJBTAMIIEPOTpPaMM),
MOJYYEHHBIX C JIOOBIM WHIAMKATOPHBIM MHUKPOAJICKTPOJIOM, KOTOPHIM
MOTYT CIIYXKUTh BpalalOIIMICA WA CTallMOHAPHBIA TIJIATUHOBBIM WA
rpadUTOBBIA  MHKPOIJICKTPOIBLI, CTAIMOHAPBIHA PTYTHBIH  DIIEKTPOL
(BucsIIas pTyTHAs Karuisl), IJICHOUHBIE PTYTHBIC DIEKTPOIBL.

Jns W3roTOBIEHHS JJIEKTPOJOB MOXKHO HCIIONb30BaTh M TaKHe
YTIepOAHblE MaTepHalibl, Kak MUPOTpaduT, CTEKIOYTIepoa, a TakKe
YIOJABHYIO MAaCTy, COCTOAILYI0 M3 YTOJBHOTO MOPOIIKA W MOJXOSIICH
CBSI3YIOIICH OpraHnyecKon >KUAKOCTH, HAITPUMEDP, CUIIOKCaHa.

Cpenn METO0B BOJIBAMIIEPOMETPHUN PA3TUYAIOT MPSIMbIE, KOCBEHHBIC
(ammepoMeTpHuuecKoe TUTPOBAHUE) u MHBEPCHUOHHBIC
BOJIbTAMIIEPOMETPUUECCKUE METO/IBI.

IlIpamvle  eonomamnepomempuueckue  memoowvl.  I10CKONBKY
TUTATUHOBBIN U TPa(UTOBBINA 3JIEKTPOABI MIPUTOIHBI 7SI paOOTHI BIJIOTH 110
noTeHIuaioB +1,4 - + 1,6 B, To oHU ¢ ycrIeXoM MOTYT OBITh HCIIOJIb30BaHBI
JUISL U3yYEHUS MIPOLIECCOB OKUCICHUSI HA MUKPO3JIEKTPO/IE.

BonprammeporpamMma, ToONy4YeHHAass C HCIOJIB30BAaHMEM TBEPIOTO
CTAaIlMOHAPHOTO MHKPORJICKTPOAa (TUTATUHOBBIHA, TpaduTOBBIA W Jp.
3NEKTPOAbI), UIMEET BUJ, NMpeACTaBIeHHbIN Ha puc. 23. Crnag Toka mocie
JOCTHKEHHS MaKCHMyMa BBI3BaH OOETHEHHEM MPHINEKTPOIHOTO CJOf,
MOCKONBKY B oTimuue oT PKD moBepXHOCTH Takoro 3meKkTpona B XOie
3NEKTPOTHOM peakIuu He OOHOBIISETCS.

Jns TBepmOTO MHKPOAIEKTPOJa B OTCYTCTBHE NPUHYIUTEIHHOTO
MepeMEeNINBaHMs PACTBOpa ypaBHEHHE KOHIICHTPAIIMOHHOW 3aBUCHUMOCTH
MPUHAMAET BUI:

I=8S-n-F-D-C/J, (28)
rae S — IIoWaab MUKPOIIEKTPOIa (CMZ);

0 — TonmuHa AU PY3MOHHOTO CII0sT (CM).

n — YHCIIO OJJIEKTPOHOB, YYAaCTBYIOIIMX B JIIEKTPOXUMHYECKOI
peakiuuy;

D — xo>dduuuent qupdysun (cM */c);

F —uucno ®@apanes;

C — KOHIIEHTpauus (MOJIB/T).
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MEA

Pucynox 23 -
BonbTamneporpamma,
MOJTyYCHHAs Ha
CTallMOHAPHOM

| 3EKTpojIe

Ep +E,B

KonnyecTBeHHbIE ONpeaeeHUs MOXKHO IPOBOIUTH C UCIOIb30BAHUEM
Jr000r0 MeTOo/1a, PACCMOTPEHHOI'O PaHee.

Koceennvie  eonvmamnepomempuueckue  memoovl  (amnepo-
mempuueckoe  mumpoeanue).  CyITHOCTb  aMIIEPOMETPHUECKOIO
TUTPOBAHUS CBOJUTCSA K CIEAYIOIIEMY: €CIIM Ha MHIUKAaTOPHOM 3JIEKTPOAE
YCTAaHOBUM TOTEHIMAJ, COOTBETCTBYIOIIMK IUIOLIAKE MPEAEIBHOTO
I Qy3noHHOro Toka (CM. pHc. 16, ydacTok ¢ - d) DIEKTPOaKTHBHOTO
BEIIIECTBA U B 3JIEKTPOJIU3EP, TJ€ HAXOAUTCS JIEKTPOAKTUBHOE BELIECTBO
(A), OyzaeM mocTerneHHO 100aBIsATh TUTPAHT (R), pearnpyromuil ¢ HUM:

A + R = P (IpOIyKTHI peaKlnn)

Win
M"™ + R = P (IpOAYKThI PEaKIN),
TO HpeeNbHBIIA TOK, 00y CIIOBICHHBIN BOCCTaHOBJIEHHEM

3JIEKTPOAKTUBHOTO BeriecTBa (A) OyaeT yMEHBIIAThCS, T.K. KOHIICHTPATIHS
9TOrO BEIIeCTBA IO Mepe MPOTEKaHHsS XUMHUYECKOH peakmuu Oyner
CHU)KATHCA.

I'paduueckas 3aBUCUMOCTh M3MEHEHHS BEITMYUHBI TOKa /; 0T 00BheMa
nobaBieHHOTO  TUTpaHTa  V(R)  TpencTaBiseT  co0OW  KPHUBYIO
aMIIEPOMETPUIECKOTO TUTPOBaHUS. [10CKOIBKY 3JIEKTPOAKTUBHEIM MOXKET
OBITH OIpE/IEIIIEMOe BEUIECTBO, TUTPAHT MM OOPa3yIOIIUNCS TPOIYKT, TO
KpUBasi aMIIEPOMETPUIECKOTO THTPOBAHUS MOXKET MMETh Pa3IUYHBIA BU
(puc. 24).
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MEA a o B

Vs V(R) Vs V(R) Vg V(R)

Pucynox 24 — KpuBble aMIIepOMETPHIESCKOT0 TUTPOBAHMSI, KOTIa
AIEKTPOXUMUICCKYIO aKTHBHOCTD TTPOSIBIISICT:
a — onpenensemMoe BemecTBo (A); 6 — TuTpaHT (R);
B — oOpasyromuiics mpoaykT (P)

B Merome ammepoMeTpHYECKOTO TUTPOBaHUS WHAHKATOPHBIMH
JNEKTpOJaMU  OOBIYHO  CIYXKAaT  BpAIIAFOIIUNCSA TUIATUHOBBIA  WIH
rpauTOBBIA ANMEKTPOABI. boNbIOe HYHCIO OpPraHWYEeCKHMX pEeareHTOoB,
OKHUCJISIOIIUXCS Ha ATHX AJIEKTPOJIaX U MPHUTOIHBIX B KAYECTBE THTPAHTOB,
MO3BOJISICT TPOBOJAUTH CEICKTUBHOE OIPEJCIICHUE MHOTHX 3JICMCHTOB.
PryTHBIA Kamaromui 3IEKTPOJ NPUMEHSAETCS B aMIIEPOMETPUUECKOM
TUTPOBAaHUM pexe (OOBIYHO, KOT/Aa TPOBOAAT THTPOBAHHWE IO TOKY
BOCCTAHOBJICHHUS OIPENEISIEeMOro noHa MeTaa). CeleKTHBHOCTh TaKHUX
OTIpeIeTICHHH, KaK MPABIIIO, HEBBICOKA.

Jlocmouncmeamu MeToa SIBISIOTCS:

- DKCIPECCHOCTh U TpocToTa (Anms wu3MepeHus [ B mpoiiecce
TUTPOBaHUS TpeOyeTcs Topas3/io MEHBIIE BPEMECHH, YEM Ha PETUCTPAIUIO
BOJIbTAMIIEPOTPAMM H TIOCTPOCHHE TPaAyHPOBOYHOTO rpadrika B METOC
MPSIMOM BOJIETAMIIEPOMETPHH; O0BIYHO He TpeOyercs u yaaneHue O, 4To
TOKE COKpAIIACT OMpEAeICHuUs);

- HE Hy)XHa JOPOTOCTOSIIAs ammaparypa (TOIbKO MUJUIHAMIIEPMETD,
JIEATENb HATIPSDKEHUS U UCTOYHHK ITOCTOSTHHOTO HATIPSKEHUS);

- MeTonl Ooyiee YHUBEpCAJCH, YeM MpsMas BOJbTAMIIEPOMETPHS, T.K.
ompenensieMoe BEIIECTBO HE 00s13aTEIHFHO TTOJKHO OBITH
JIEKTPOAKTHBHBIM.
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Hneepcuonnble eolibmamnepomempuudecKue Memoonl

OCHOBHBIM OTJIMYHEM HHBEPCHOHHOM BOJBTAMIEPOMETPHH SIBISIETCA
Hajgu4yue B HEW JBYX CTagudl SJICKTPOXMMHUYECKOTO  Ipoliecca,
BKITFOYAIOIIHX:

1) npeaBapuTedbHOE  HAKOIUIGHHME  WJIM  KOHUEHTPHUPOBAHME
OTIPEICTIIEMOT0 BEIIeCTBA HA JIIEKTPOJE C TOMOIIBIO DJIEKTPOJIH3a IMPH
KOHTPOJIUPYEMOM TMOTEHUHMane (MOTCHLMANE MpeaeabHOro Toka £Es),
HampuMep:

M"™ +né — M,

2) DJIEKTPOXMMHYECKOE PpACTBOPCHHE BBIACICHHOTO BEIECTBA C

3JEKTPOJIa:

M’ —ne - M™,
CONPOBOXKAAIOIIECECS PETUCTPALIMEH 3aBUCHUMOCTH TOKAa PACTBOPEHUS OT
noTeHnuana (puc. 25, kpusas a).

Meton MOXKeT OBITh HCIIONB30BaH ST MACHTHU(UKAIIMN BEIIECTB U
U1l MX KOJMYECTBEHHBIX OINpPENEICHUH, IOCKOIbKY FE, 3aBHCUT OT
IPHPOJIBI BEIECTBA, a BHICOTA / IIOm@AAL Nuka (/,) mponopHHOHaIbHA
KOHIIEHTpalMy (IIp¥ 3aJaHHOM BpPEMEHHM JJleKTpoimsa f3) [, = K - C.
IIpenBaputenbHOe SIACKTPOIUTUUECKOE HAKOIUICHHE HCIONB3YIOT ISt
TIOHIDKEHUS TIpeiena oOHapy>KeHUs / TIOBBIIIEHUS! YyBCTBUTENBHOCTH (10
10" M) meroma. DTO MO3BOISAET MPOBOIUTH ONPEICICHHE CICIOBBIX
KOJIMYECTB BewlecTB. [loBBIlIEHHE UYYBCTBUTEIBHOCTH CBSI3aHO C
YBEIMYEHHEM BEJIMYMHBI CHUTHajda. BenwunHa TOKa pPacTBOPEHUS
oTIpeieTIsieTCs, MPEXKIe BCEro, KOHIIEHTpAIMe BEIeCcTBa Ha MOBEPXHOCTH /
wi B o0beMe (Hanmpumep, Hg-karum) MHKPO3JISKTpoaa (3HaUCHUE
KOHIICHTpAIIMK  JIOCTHTaeT OYEeHb BBICOKMX 3HAauYCHW Omaromaps
Ype3BBIYAHO  MajJbIM  pa3MepaMm  Hg-kamm  Wid  [TOBEPXHOCTH
MUKPOIJIEKTPOA).

AHOOHAsE UHGEpCUOHHAS  BOTLMAMNEPOMEMpPUs UCIIONIB3YyeTCs B
OCHOBHOM [JII OIPENENeHHs METaJuIOB, CIIOCOOHBIX O0Opa30BHIBATH
amanbramsl (Hanpumep, Cd’*, Cu’*, Zn’*, TI*, Pb°* u np.).

1) Ha ctaguu KaTOAHOTO MPEIdICKTPOIU3a MPOTEKACT PEAKIIUSL:

M' +né + Hg — M’(Hg).

2) llpm aHOmHOHM pa3BepTKE TMOTEHIMAIa MPOTEKAeT IIpoIiecc

3JEKTPOOKUCIICHHUS:
M’(Hg) —né — M" + Hg,
¥ Ha BOJIbTaMIIEpOTrpaMMe HabIII01al0TCsl aHOTHBIC ITUKH (PHC. 25).
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Pucynox 25 —
WNuBepcuonnas (a) u
IIOCTOSIHHOTOKOBAasI (0)
BOJIbTAMIIEPOTPAMMBI

Kamoounaa uwneepcuonnas eonemamnepomempus TPUMEHSETCS IS
ompeeNieHus] BEHIeCTB, OOpa3ylOmMX Ha TMOBEPXHOCTH DIIEKTPOJa
HEPacCTBOPUMBIE MPOAYKTHI OKUCIEHHUS — OKCUABL, comu pTyTH (1) u mpou.;
MpeXIe BCEro, 3TO METaUbl, O0pa3ylomue TpPU DIEKTPOOKHUCICHUN
HEPaCTBOPUMBIC OKCHJBI, TaJOreHUbl, Cyib(arTel, cymb(UIbI, OKCATIATHI,
[IUAHU]IBI, POJAHHU/IBI U MEPKAINITAHbI U COOTBETCTBYIOIINE AaHHOHBI.

[Ipu 5TOM Ha CcTaguM aHOTHOTO MPEADJIEKTPOIN3a HA MOBEPXHOCTH
JMIEKTPO/Ia TPOTEKAET peakuus ¥ OCAKIACTCS MaJOpacTBOPHUMOE
COCIIMHEHHE, HAllpUMED:

2 Hg—2€_ +2X — Hg2X2.

Ilpu karogHOW  pa3BepTKE TMOTEHIMAla MPOTEKAeT Ipoliecc
3IEKTPOBOCCTAHOBIICHHUS:

Hg.X> + 2¢ — 2 Hg " + 2X,

Y Ha BOJIbTAMITEPOrpaMMe HaOIFOIAI0TCS KATOJHbIC TIMKU aHUOHOB.
IlpencraBnsier MHTEpEC e€lle OJHAa Pa3HOBUIHOCTh WHBEPCUOHHOU
BOJIBTAMIIEPOMETPUH - aocopbyuonnas UHBEPCUOHHASA
gonvmamnepomempusi. MeTon TPUMEHSIOT s OIpENEICHUS MHOTHX
OPTraHWYECKUX W HEOPTaHWYECKHX BEIIECTB, KOTOPBIE HE MOTYT OBITH
BBIIETICHBI  DJIEKTPOJIMTUYECKH, HO CIIOCOOHBI aacopOMpoBaThCs Ha
3NEKTPOaE npu OTIPEJICTICHHOM MOTEeHIIHATIE. Perucrparnus
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BOJIbTAMIIEPOTPAMMBI  TIOJlY4EHHOTO MPOAYKTa TMO3BOJSET IMPOBOIUTH
ompeenenye Bioth 10 107" Moms/m.

3ﬂel<mpoxumultec1(aﬂ peakuuonnan cnocooHocmup eeuiecmse

AHamUTUYECKUE BO3MOXHOCTU BOJIbTAMIIEPOMETPUUYECKOIO METOJA
OYCHb MHMPOKHA. MeToa MPHUTOACH I ONPEACIICHUS DJIEKTPOXHUMHICCKH
aKTHBHBIX OPraHMYCCKHMX ¥ HEOPTaHWYECKUX BEIIECTB. Y CIOBHEM
ANEKTPOXUMUIECKONH aKTHMBHOCTH SIBJISIETCS CIIOCOOHOCTh MPUHUMATH WIIH
OTHaBaTh DJJEKTPOHBI B pabodeM muamazoHe mnoTeHuaioB. Clemyer
3aMETHUTh, YTO TPOIECC AICKTPOBOCCTAHOBICHUS HIU JJICKTPOOKHUCIICHHS
OpTraHUYECKUX COCAMHCHUM NPOTEKACT 3HAYUTENBHO CIIOKHEE, YeM
HEOPTaHUYCCKUX.

Heopeanuueckue sewgecmsa. Ha mukpoanekrpone (PKD u ap.) nerko
BOCCTAHABIMBAIOTCA MM OKucisaorcd nonel Cu, Cd, Sn, Pb, Mn, Ni, Co n
JIp. METAJIJIOB, PACIIOJIOKCHHBIX B PsIy HampsDKeHu 1o Bogopoaa (Ha PKO
He onpeaenstorcs Ag u Au).

Opeanuueckue  eeuwjecméq.  DINEKTPOAKTUBHOCTH  OPTaHUIECKUX
COCIIMHEHWI  OOYCJIOBJICHA  HaJWMYUEM  OJIHOM WM  HECKOJBKUX
(hYHKITMOHATBHBIX TPYII, CIIOCOOHBIX OKUCIISATHCS WIA BOCCTAHABIIUBATHCS
Ha 3jekTpoae. Ha TBepapix ssekTpomax (rpaduToBOM, IUTATHHOBOM H
MpOY.) CHOCOOHBI OKHUCISATHCS MHOTHE OpPTaHMYECKHUE COCAMHCHUSI.
ONEKTPOAKTUBHBIMU  SIBIISIIOTCS.  COCAUHEHUS C  (DYHKIIMOHAIBHBIMHU
rpynnamu -OH, -O-, -S-, -NH, u ap. (HampuMep, CIHPThI, PEHOIBI U HX
MPOU3BOMHBIE, aMUHOKUCIOTH, OJITA, ackopOuHOBas KwucioTa, 8-
MEPKaNTOXWHOJIVH U T.11.).

Ha pryrHOM »3ieKkTpone CIOCOOHBI BOCCTAaHABIMBATHCS TaKHE
OpraHUYEeCKHE COCTMHEHNS, KaK:

- KOHJICHCUPOBAaHHBIC apOMaTHYECKHE COCAUHEHUS (HadTamuH,
aHTpateH, peHaHTpeH H ap.);

- COCINMHEHUS C KPaTHBIMH  CBSI3SIMH -C=C- , >C=C<
(aKTUBHPOBAHHBIMH HJTU COTIPSKEHHBIME C IPYTUMH KPATHBIMU CBSI35IMU);

- KapOOHHUJILHBIC COCTUHEHUS (JIBIETHABl — KETOHBI — KapOOHOBBIC
KHCIIOTBI, PACIOJIOKEHHBIC B MOPSAKE 3aTPYTHEHUS UX BOCCTAHOBJICHUS);

- HUTpO- (-NO,), HUTpOo30- (-NO), azomeruHoBbie (>C=N-), azo-
(-N=N-), a3okcH- (-N=N-) cCOeqUHCHUSI,

!
o
- coeuHEeHUS co cBs3samu C—Hal.
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IIpu aHaIn3e OpPTaHUYECKUX COCITMHCHHIA BCTPEUAIOTCS
ompeseTicHHbIE 3aTPYAHEHHUS, CBS3aHHBIE C TEM, YTO CpPaBHUTEIHHO
HeOompImas 9acth (=10%) OopraHMYeCKUX COCTUHEHUHN IIEKTPOXHUMHICCKH
akTuBHa. OHAaKO WCHONB30BAHWE MPEIBAPUTEIBHBIX XUMHUECKHUX
peakiuii  (Oepusamuzayusi)  TO3BOJSET  PACHIMPUTH  OTOT  KPYT.
JepuBatuzanuss — 23TO TIONYYCHHWE TPOUM3ZBOJIHBIX aHAIU3HPYEMOTO
BEIIeCTBa, OONMAAAOMUX HWHBIMH  (Iy4IIHIMH C  TOYKH  3pEHUS
UCTIOJb3yEeMOT0 aHAIUTUYCCKOTO METO/[a) aHATUTHYSCKUMHU CBOWCTBaMHU.
MHorne OpraHMYecCKHUe BEIIeCTBA JIETKO OpOMUPYIOTCS, HHTPYIOTCH,
ANKUIAPYIOTCA.

Meton BONBAMIIEPOMETPUH TPUTOACH [JISl OIpPENEIeHUS MHOTHUX
OpPraHMYECKUX COCJMHCHUN B BEChMa CIOXHBIX OOBEKTax, HAMpPUMED,
OpTaHUYECKUX BEIIIECTB Pa3IMIHBIX KJIACCOB, TaKHUX KaK
BBICOKOMOJIEKYJIIPHBIE COEMHEHUS, MMOBEPXHOCTHO-aKTUBHBIE BEIIECTBA,
(hapmarieBTHYECKUE IIpemapaTsl U T.1.

Bonpammepomerpuueckue  METOABI  BHEAPEHBI B MPAKTHKY
KOHTPOJIbHO-aHAIUTUYECKUX JTa00OpaTOpHidl Ui aHaIW3a IOJYIPOIYyKTOB
CHUHTE3a M TOTOBOW MPOJYKIIMU, a TAaKKE HCIOJB3YyeTCS IMPH KOHTPOJC
MPOU3BOJACTBA  JICKAPCTBEHHBIX  MpermaparoB (B MEAMIMHCKOH U
(hapmalleBTHYECKONW TPAaKTUKE) M BKIOYEH B (apmakonen Poccuu u

JIPYTHX CTpaH.

1.4 MeToa KyJJOHOMETPUH

Kynonomempuueckuii memod OCHOBaH Ha H3MEPEHHHM KOJUYECTBA
9JEKTPUYECTBA, 3aTPAuyCHHOTO Ha OJJICKTPOXMMUYECKOE BBIICICHUE
(3TMEKTPOOKHUCIICHHE WM  DJICKTPOBOCCTAHOBJICHHUE)  OIMPEACICHHOTO
KOJHWYECTBA BEILIECTBA.

B ocHOBe MeTona JNEKUT ACUCTBUE 3aKOHO8 dnekmpoauza Dapades:
JUISL BBIICTICHUST OJTHOTO MOJIS DKBHBAJICHTA JIIOOOTO BEIIECTBA B TPOIECCE
JJIEKTPOJIN3a HEOOXOMUMO 3aTPaTUTh OJHO W TO JK€ KOJHYECTBO
3JIEKTpUYECTBa, Ha3bIBaeMoe yuciioM Dapanes (F):

1
0 _Q'MY*X)

_ _0-M(X)
nlx)
Z

F= )
m(X ) m(X ) z

(29)

rae M(X)— MonsipHast Macca BelecTsa X;
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1 .
n(—X ) — KOMUYECTBO MOJICH PKBHBAJICHTOB BEIIECTBA X;
Z

Z — 9HCIIO DJIEKTPOHOB, YIACTBYIOMINX B DJICKTPOTHON PEAKITHH;
O — KOJNHMYECTBO D3JICKTPUYECTBA, HEOOXOMMMOE ISl BBIICICHHS Ha
anekTpone m(X) rpaMMOB BEIIECTBA C MOJISIPHOM Maccoil SKBUBaJICHTA

M( lX ), Kit (xynon) wimu @ (dapaneii).
<

Kynon — Xonm4aecTBO JIEKTPUIECTBA, TIEPEHOCUMOE 3a OJIHY CEKYHIY
nipu moctossHHOM Toke B 1 A (1 Kn=1A-c).

Dapaoeii - KOJIMYCCTBO AIEKTPUYECTRA, BBI3EIBAIOIICE
3JIEKTPOXUMHUYECKOE MpeBpaileHue 1 Monb-sKkBUBajeHTa BemectBa (1 @
pasen 96487 Ki mmn 6,02- 10> 21exTpoHOB).

Ilo ™MeTomwke BEHITIONHEHUS KYJIOHOMETPUYECKHX  OIpPEICIICHUH
pa3IUyaroT MpsMYI0 U KOCBEHHYIO KYJIOHOMETPHIO.

Illpsamas «xyromomempuss OCHOBaHA Ha M3MEPEHUM KOJIMYECTBA
3JIEKTPUIECTBA, HEOOXOIUMOTO IS KOJUIECTBCHHOTO JJICKTPOOKUCIICHHS
WM 3JIEKTPOBOCCTAHOBIICHUS ONPECIISIEMOT0 BEIIECTBRA.

Koceennas  kynonomempus  (KyJloHoMempuueckoe  Mumposauue)
OCHOBaHa Ha TPUMCHEHWHM  DJICKTPOJUTHYCCKH  TCHEPHUPOBAHHBIX
TUTPAHTOB.

Ilpamas Kynonomempusn

Ilpu npoBeAeHHH KYJIOHOMETPUUECKHUX OIpPEACICHUN Mpolecce
JJIEKTPOJIN3a MOXKHO TIPOBOAWTH TIPH  TIOCTOSHHOM  CHJIE  TOKa
(eanveanocmamuyeckas  KYI1OHOMempus) WIW  TOPU  MOCTOSIHHOM
MOTCHITHAIIE (nOMeHYUOCMamu4eckas KyJ10HOMempust).

Tanveanocmamuueckasn xynonomempus. ECIH dIEKTPOIU3 MPOBOIAT
MIPU TIOCTOSIHHOM CHJIE TOKa, TO KOJMYECTBO »AiekTpuuecTBa (Q) 3a Bpems
3JIEKTPOJIK3a (f) IpU MOCTOSHHOM Toke (/) paBHO:

o=1It (30)

[TorTOMYy KyJTOHOMETPHUYECKOE OMPEACIICHUE CBOJIUTCA K U3MEPECHUIO
BpEeMEHHU »dieKkTponusa. Hampumep, METON HCHONB3YIOT HpPU KOHTPOJIE
TOJNIIMHBI METAJUTMYECKAX TIOKPBITUHA KaKWX-THOO0 w3Aenuid. Paboumm
3JIEKTPOJIOM TIPH 3TOM CIYKUT H3ydaeMblii obpasem. Kak TONBKO Bech
MeTaJl1 OyIeT yAaleH C 3JCKTPOAa B PE3YNIbTaTe €ro EKTPOXUMHYECKOTO
pactBopenus: X’ — zé — X**, mpousoiizeT ckauoK MOTEHIHAIA.
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Maccy OonpeacIdaeMoro McETavlia HaxoAdT, U3MCPUB BpPCMHA (l) 0
CKa4dKa IIoTCHIHasa:

Tomenyuocmamuueckas KyioHomempus. B 3TOM cioydae TMpOBOAST
JNIEKTPOIM3 TIPH TOCTOSIHHOM TIOTEHIIMAJIC, COOTBETCTBYIOIIEM YYacTKY
MPEeIeFHOTO TOKa DJIEKTPOXUMUYECKH aKTUBHOTO BemiecTBa. Ilpu 3ToM TOk
OyZeT MEHSTBCS BO BPEMEHH IT0 AKCTIOHCHITHAILHOMY 3aKOHY (pHc. 26):

L=1I-e ", @31)
rae [, — cuia Toka B MOMEHT BpEMEHH 1
Iy — cuiia Toka B HaYaJIbHbI MOMEHT AJIEKTPOJIN3a;
k - kK03 GUIMEHT, 3aBUCSIINHA OT YCIOBUH AJIEKTPOIN3A.

OO0mee kommuyecTBO AnekTpudectBa (), HeoOXogumoe i
AIEKTPOXUMHUIECKOTO MIpeBpaIIeHHS BEIIIECTBA, oTIpeeTsieTCst
WHTETPUPOBAHUEM:

=11 dr. 32)
0

Ha mpaktuke nisi 3TOro HUCHONB3YIOT H3MEPEHHE IUIOIIATU TOJ
KpUBOM  (TOYHOCTh TaKMX M3MEPEHUl  HEBBICOKA), DJIEKTPOHHBIE
WHTETPaTOPhI TOKA MIIN XUMUYIECKIE HHTETPATOPhl TOKA (KyJIOHOMETPHI).

Pucynox 26 —
3aBUCUMOCTE TOK — BpEMS
B [TIOTEHIIMOCTATUYECKOMI
KYJIOHOMETPHH

1o s t

Kynonomemp mnpencraBinser coOOH 3IEKTPOTUTHUYECKYIO SUYEHKY, B
koTopoi co 100%-bIM BBIXOAOM IO TOKY NMPOTEKAET IJIEKTPOXUMUYECKas
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peaKkius U3BECTHOM CTEXMOMETpUH (CTaHAapTHas suciika). Ero BKiIro4aroT
MOCJIEJOBAaTEIbHO C  KYJOHOMETPHUYECKOW  sUEMKOM, coaepkaieit
ONpesieNIeEMOE BEUIECTBO (Mccieayemas siueiika). 3a BpeMsl DJIEKTPOIH3a
yepe3 00€ SYCHKH MPOTEKAaeT OIMHAKOBOE KOJHYECTBO AJICKTPUYECTBA
Ocn = Queen. = Q. anee wu3MepsroT MacCcy  00pa3oBaBIIETOCS B
KYJIOHOMETpE BelecTBa (M, ) U paccuutbiBaioT Q no Gopmyite (29). 3Has
Q, ONpPENESIIOT KOJIMYECTBO OTIPEEISIEMOTO BEIIISCTBA B
KYJIOHOMETPHUICCKOU sTUCHKE (11, ) TIO TOU Ke hopMyIie.

Jns oOpaboTkM pe3ynbTaTOB MOXKHO WCIONB30BaTh W PACUCTHBIN
cnoco6. U3 dhopmyn (31) u (32) momy4aror:

Q=I—0 WA Q=I—0.

k 2,303 - k'

C uenbio onpeaeneHus KOIMYecTBa deKTpudecTBa (Q), MPOIIEIIIEeTo
gepe3 JJICKTPOXUMHUYCSCKYIO SUCHKY 3a BpeMs JJIEKTPOJn3a HE0OXO0IUMO
Hatth 3HadeHus I, u k'. Ilpm norapudmupoBanmm BepakeHus (31),
MOJTyYUM YpaBHECHUE:

(33)

lgli=1gl,-k't,
KOTOpoOe B rpadyuaeckoM BHE B KOOpANHATAX [g], OT t peACTaBIsIeT co00it
MpsSIMYIO JTMHHUIO (pHc. 27).

Pucynox 27 — I'paduk
3aBUCUMOCTH Ig I, om t

1
ITo rpaduky onpexnensaor Iy u k', paccuntbiBaroT Q 1o popmye (33)
u no Qopmyne Dapages (29) HaxoAT coAepKaHUE ONPEACIIEMOTO
BelecTBa — m(X).
[IpsiMasi KyJIOHOMETPHs SIBJISIETCS] BBICOKOUYBCTBUTEIBHBIM U TOYHBIM
METOJIOM, MO3BOJISIONINM onpenensath 10 10° r Bemectsa. ITorpemsocTs
onpeaenenus coctaBager 0,05 — 0,01%. IlpeumymectBamMu MeTona
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ABJIIACTCA TO, YTO OH HE Tpe6yeT MMPUMCHCHUS 3TAJIOHOB U JICTKO NOAAACTCS
aBTOMaTHu3alluu.

Koceennasn kynonomempusn (Kyronomempuieckoe mumpoganue)

Kynonomerpuueckoe TUTpOBaHKE MIPOBOIAT MPU MOCTOSIHHOM CHJIE TOKA.
[To3TOMy KOJIMYECTBO AIICKTPHUYECTBA PaCCUUTHIBAOT 110 hopmyite (30).

B mnpornecce TuTpoBaHuA omnpenenseMoe BelecTBo (X) pearupyer c
TuTpaHToM (R), 00pa3ymImuMCs B pe3yabTaTe 3ICKTPOXUMUYECKON
peaxIum Ha IIEKTPOJIE U3 pearenra B:

B + ne - R

B kadectBe peareHta B MOTYT OBITh HCIIOJB30BaHbI:

- pacTBOpHUTEND, Hanpumep, H,O kak uctounuk H u OH -MOHOB U
np. pacteoputenu: 2H,0 - 4é — 4H" + O.;

- BCIIOMOTaTeNbHBIN peareHT, Hanpumep, K1 : 21 - 2é — I;

- MaTepuaj reHepaTOpHOro eKTpoaa, Hanpumep, Ag, Cu, Cr u ap.:
Ag -é— Ag".

Takue TUTPAHTHI Ha3bIBAIOT 3NEKTPOTEHEPUPOBAHHBIMHU
KYJIOHOMETPHUYSCKAMHU TUTPAHTAMH, a OJJIEKTPOJbl — TeHEPATOPHBIMHU.
TuTpaHT MOXHO TOJy4YaTh  HEMOCPEACTBEHHO B  siUeMKe A
KYJIOHOMETpHYECKOr0 TUTpoBaHUS. OH TyT XK€ BCTYMaeT B PEAKIHIO C
ompezenseMbiM BemecTBoM: X + R — P. [lpu atom s obecrieueHuUs
100%-ro BBIXO/A IO TOKY BCIIOMOTATEIIBHEIN pearcHT B BBOAAT B U30BITKE.
B stom cnydae R OyaeT reHepupoBaTHCS B KOJHMYECTBE, SKBHBAJICHTHOM
omnpezensieMoMy BelmiecTBy X. M3mepsitor cuny Toka (/) mpu reHepanuu
TUTPAHTA U BpEMs JIOCTHKCHUS KOHIIA TUTPOBaHUS (f). 3aTeM OMPEACIsIOT
KOJIMYECTBO 3JiekTpuyecTBa (()), 3aTpaueHHOe Ha TreHepanuio. Jlanee
PacCUMTHIBAIOT COJIEPIKaHKE OTPeIeNIeMOro BemiecTna mo Gopmye (29).

Ha puc. 28 npuBeneHa cxema YCTAaHOBKU JUIsl KYyJTOHOMETPUYECKOTO
TUTPOBAHMUSL.

Jusa  ompenmeneHrs  KOHIA  KYJIOHOMETPHYECKOTO  THUTPOBAHUS
MIPUTOJTHBI KaK HWHUKATOPHBIC, TAK M HHCTPYMEHTAJIbHBIC MeTonbl (pH-
METpUsI, aMIIEPOMETPHSI, CICKTPOPOTOMETPHS).

KynoHomeTpuio NpHUMEHSIOT B TEXHOJOTHYECKHX TIpoIeccax st
pelIeHns] BaXKHBIX MpPOOJIeM, B YacTHOCTH, B 0OJacTH OIpeIeNeHus
BIQXKHOCTH BEIIECTB U MaTePHAIIOB (TUTPOMETPHS).

JlocTOMHCTBOM ~ KYJIOHOMETPUYECKOTO  THUTPOBAHHS  SIBIAIOTCA
MIPOCTOTa U3MEPEHUH 1 HAZE)KHOCTh PE3YyIHTATOB.
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Pucynox 28 — Cxema yCTaHOBKH JIJIs1 KYJIOHOMETPHUIECKOTO

TUTPOBAaHUSA
1 — MICTOYHUK TOCTOSTHHOTO TOKA; 2 — BBICOKOOMHOE CONPOTHBIICHUE; 3 — MUIUTHAMIIEPMETD;
4 — snexTponusep; S — reHepaTOPHbIA AMEKTPoa; 6 — BCIIOMOTATENbHBIA JIEKTpOXd; 7 —
WHIWKAIIMOHHBIA OJIOK; 8 — HMHIMKATOPHBIC AJIEKTPOIbl (pabouuil W BCIOMOTATENBHBII
3JIEKTPOABl TOMEIIECHBl B pasHble OTAENCHHsS, 4YTOObI MNPENOTBPATUTh CMELIMBAHUE
3JIEKTPOJIUTOB; UX Pa3AENAIOT MEMOPAHOM - TUCKOM U3 CIIEYEHHOI'0 CTEKIIa)

Ilo cpaBHEHUIO ¢ APYrMMH BUAAMH THUTPOBAHUS MPEUMYIIECTBOM
MeTojga  SBISETCS ~ OTCYTCTBHE  NHpobleM ¢ MPHUTOTOBJICHHEM,
CTaHJapTU3alMell U  XpaHEHHEM THUTPAHTa, KOTOPBIM  MOJYy4aroT
SJEKTPOXUMUYECKA HEMOCPEICTBEHHO B  PacTBOPE OMPEHEIsIEMOro
BemiecTBa. biaromaps 3ToMy B KadecTBE THTPAHTOB MOXHO MPUMEHSTH
pacTBOpHl XUMHUYECKH HECTaOWIBHBIX BEMICCTB (Hampumep, Br;) u
UCKJTIOYaeTCs pa30aBICHUE PACTBOPA OMPEACIIEMOrO BEIIEeCTBA.

1.5 MeToa KOHAYKTOMETPHH

Konoykmomempuueckuii ~ memo0  OCHOBaH  Ha  HW3MEpPEHHU
3JEKTPOTPOBOIHOCTH PACTBOPOB ANEKTPOIUTOB.

OneKTpuyeckass TMPOBOAMUMOCTh pAcTBOpAa JJIEKTPOJUTA SBISETCA
pe3yabTaTOM AHMCCOLMALMU PACTBOPEHHOTO BEILIECTBA U MUTPALMU HOHOB
MoJ JCHCTBUEM BHEIIHETO MCTOUYHUKA HAMPSHKEHUS. DIEKTPOMPOBOJHOCTD
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pactBopa O0paTHO MNPONOPLUMOHAJIbHA €ro  CONPOTHBICHUIO, OHA
m3Mepsiercs B cumencax (Cum), mpudem 1 Cm =1 Om™.

ONEeKTPONpPOBOAIINE CBOMCTBA PACTBOPOB MOXHO OXapaKTepU30BaTh
yIenbHOH 51ekTponpoBogHocThio - y (Om'-cm”’ mmn Om™'-m') m
SKBHBAJICHTHOI HIEKTPONPOBOIHOCTHIO - 4 (OM ™' cM™ Mo ).

Voenvnasn snexkmponposoonocmu (y) — SMEKTPONPOBOAHOCTE 1 cM’
PacTBOpa, INOMEIICHHOTO MEXKAy OSNEKTPOJAaMH IUIOmameio 1 e’
pacmoIoKeHHBIMH Ha PacCTOSHUU 1 cM.

DkeueareHmuas 1eKmponposoonocms (A) — DIEKTPOIPOBOIHOCTH
pacTtBopa, conepkamero 1 MoJb SKBHBAJEHT JIEKTPOJIUTA, U3MEPEHHas
MIPHU PACCTOSTHUM MEXy dJIEKTpoaaMu 1 cm.

VYaenbHas © OKBHUBAJCHTHAS JJIEKTPONPOBOJHOCTH JJIEKTPOIIUTA
CBS3aHBI COOTHOILIEHUEM:

A =x1000/C, (34)
rae  C — MoJIIpHas KOHIIEHTPAIHSI SKBUBAJICHTA BEIeCTBA (MOJIB/IT).

MonsapHasi KOHLIEHTpAIUsl IKBHUBAJEHTA BEIIECTBA BBIUMCIISIETCA IIO
tdhopmye:

C= Z-n-CM ,
TA€ Z— 3apsj UOHA;

1 — CTEXUOMETPUIECKUI KO3 PHULIMEHT HOoHA B (JOPMYJIC BEILIECTBA;

Cys — MOJsipHas KOHIIEHTpalXs BEIIECTBA, MOJIB/IL.

BennunHa 371€KTPONMPOBOIHOCTH 3aBUCUT OT KOHIIGHTPAIlMA HOHOB,
WX MIPUPOJIBI, 3apsiia MOHA, TEMIIEPATyPhl PaCTBOPA, €ro BI3KOCTH U AP.

KoHuenTpanmonHass  3aBUCUMOCTb  3JIEKTPONPOBOAHOCTH  HOCHUT
CJIOKHBIHN Xapaktep (puc. 29). JInneitHas 3aBUCHMOCTD y OT KOHIIEHTPAIIHH
pPacTBOPEHHOTO BemIecTBa HAOJMIOAAeTCs TONMBKO [UIsl pa30aBIEHHBIX
pacTBOpPOB 3NEKTPOIUTOB (puc. 29, obracms 1). B maHHO# oOmactu
U3MEpEeHHH  KOHAYKTOMETPUYECKUH  MeTox  o0amaeT  BBICOKOU
YyBCTBUTENBHOCTBIO, O YEM CBHJIECTEIBCTBYET OOJIBIIIOE 3HAYEHHUE
kpyTtu3Hbl (S): C,in = 107 Monb/n. B KOHIEHTPHUPOBAHHBIX PACTBOPAX
XapakTep 3aBUCUMOCTH MeHsieTcs (puc. 29, obracms 2).

B KOHIEHTpHUPOBAaHHBIX PACTBOpPAX DJIEKTPOJHUTOB 3aBHUCHMOCTD
3IEKTPOTPOBOJHOCTH OT KOHIIEHTPALMU CIeAyeT u3 3axkoHa Konvpaywa,
KOTOPBI MaTeMaTHYECKH MOXHO MPEJICTABUTh B BUJE yPaBHEHUS:

A=4,-8-C, (35)
rae S — yriaoBoi Ko3(pPHUIMEHT, 3aBUCSIINNA OT TEMIEPATYPhl, BA3KOCTH
pacTBopa, AMIIEKTPUIECKON IPOHUIIAEMOCTH PACTBOPUTEIIS;
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Ap — DKBUBAJICHTHAS! AJIEKTPONIPOBOIHOCTH PACTBOPA 3JIEKTPOJINTA PU
OecKOHEYHOM pa30aBIIeHUN (3HAYCHUS Ay 1T MHOTHUX MOHOB IPHBEICHEI B
crpaBounukax mpu 25°C)

X P
d \
1 2
Pucynox 29 —
3aBUCUMOCTE ¥ OT
KOHIICHTPAI[HH

C

OKBHUBAJICHTHAS  JJIGKTPONPOBOAHOCTE (1)  yMEHBIIAeTcs ¢
MOBBIIIICHHEM KOHIIEHTpanuu pactBopa (C) , T.K. BCICJACTBUEC MEKHOHHBIX
B3aMMOJICHCTBHIA YMEHBITIACTCS CKOPOCTH IBIKCHHS HOHOB (pHc. 30).

A

:"-0 "
Pucynox 30 —
3aBUCUMOCTh A OT \/E
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s usmepenuss  DIEKTPONPOBOJHOCTH  pacTBOpPA  UCIHOJIB3YIOT
JNEKTPOXUMHUUYECKYIO SUEHKY, COCTOSIIYIO U3 JIBYX IUIATMHOBBIX JIEKTPOJIOB,
BINASHHBIX B CTEKISIHHBIA COCYZ, B KOTOPBI MOMEMIAIOT HCCIIETyeMBbIi
pactBop. M3mepeHusi MpoOBOAAT € MOMOLIBIO MPUOOPOB, MPHHIMIHAIBHASL
cXxeMa KOTOPBIX BKJIFOUaeT mocm Yumcmona (cM. puc. 35).

[lo MeToauke BBINOJIHEHUS KOHIYKTOMETPHUUYECKUX OIpeesIeHUi
pazIuyaroT NpSIMYI0 M KOCBEHHYIO KOHTYKTOMETPHIO.

IIpsimaa  konOykmomempusi TIPUMEHSIETCS CPAaBHUTENIBHO PEIKO,
IIOCKOJIBKY PErHCTPUPYEMbIHl CUTHall He W30HMpaTesneH BCIEICTBUE TOrO,
YTO H3MEPSIEMOE 3HAa4EHHE JIIEKTPOIIPOBOAHOCTH SABISAETCS BEINYMHOMN
aJIUTUBHON (OmpeaenseTcss BKJIaJOM BCEX HMOHOB, NMPHCYTCTBYIOLIUX B
pactBope).

Bonsmee pacnpocTpaHeHHE MOMYyYMII KOCBEHHBI METOJ - METOA
KoHOyKmomempuueckoeo mumposarusi. CeJIeKTUBHOCTb KOHAYKTOMETPHH
HOBbIIIAeTC Ojarogapss MCIOJIb30BAHUIO CEJIEKTUBHOIO pEareHTa B
KayecTBe THUTpaHTa. B mporecce TuTpoBaHMS (GHUKCHPYIOT H3MEHEHHE
3NEKTPONPOBOAHOCTH PACTBOPA KaK (PYHKIHIO KOJIMYECTBA AOOABICHHOTO
tutpanta (puc. 31). KpuBas KOHAYKTOMETPHYECKOTO THUTPOBAHUSA
HpEeCTaBIsIeT coboit COBOKYITHOCTb JIMHEHHBIX Y4YacTKOB,
nepecekarmmxcs B Touke sxkBuBasieHTHOCTH (TD). Takum oOpa3om, TOUKy
SKBHUBAJIEHTHOCTH HaXOJAT IO MEPECEUEHUIO MPSIMBIX, IPOBECHHBIX Yepe3
JIMHEWHbIE YYaCTKU KPUBOU TUTPOBAHMSL.

Pucynox 31 — Ilpumep
KPHUBOH KOHAYKTOMETPHYECKOTO
TUTPOBAHUS

Vs V(R)
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Ocnosnvle  npeumywecmea  MeTOJAa  KOHIYKTOMETPHUYECKOIO
TUTPOBAHUS NIEPE]] KIACCUIECKUM U OTEHIMOMETPUUYECKUM TUTPOBAHUEM:

- BO3MOYKHOCTb IIPOBOJUTH U3MEPEHHS C BEICOKOH TOUHOCTBIO IaXE B
OueHb Pa3GaBICHHBIX PACTBOPAX (IIOrPEIIHOCTH onpeeneHus as 1-10% M
pPacTBOPOB HE TIPeBBIMACT 2%);

- BO3MOXHOCTb TUTPOBAHHS OKPAIIEHHBIX U MyTHBIX PaCTBOPOB;

- BO3MOXXHOCTb TIOCTPOCHHsSI KPHUBOW THUTPOBAaHHUS NPH HEOOJIBIIOM
YlcIie U3MEPEHUH, 4TO COKpaIlaeT BpeMs aHaIH3a.

KonnykTomMeTpuueckuii MeTOoJ] IPUMEHSIOT Il KOHTPOJIS KauecTBa
BOJ pPa3IMYHOIO MPOUCXOXKJIEHUS M HA3HAYEHHS U TEXHOJOTMYECKHX
pactBopoB. CoOBpeMEHHBIE YCTAaHOBKM MJISi OYHUCTKH BOABI CHAaOXKaroTCs
KOHJIyKTOMETPUYECKUMHU JAaTUMKAMU Ul U3MEPEHUS Y, 3HaueHHe KOTOPO
CIY)KMT XapaKTepUCTUKON coiepXKaHWd B BOAE HMOHU3UPOBAHHBIX
PacTBOPEHHBIX BEIIECTB. MeTO HCIONB3YeTCs PU KOHTPOJIE GIAXHCHOCHIU
MaTepUajoB BBUJY BBICOKOW CTENEHH 3aBHCUMOCTH  yIEJIBHOTO
UIEKTPUYECKOIO CONPOTHUBJIEHUS MaTepuansa OT BIAKHOCTU Cpembl.
IIpyHUMIT M3MEpPEHUs >3IEKTPONPOBOJHOCTU 3aJ0KEH B JIETEKTOpax B
xpomaTtorpaduu, B YaCTHOCTH, HOHHOH XpoMmatorpadum.

Bonpocut 013 camonoozomoexu k pazoeny 1
MHaiite knaccuuKanuio AeKTPOXUMUUECKUX METOIOB aHAIIN3a.
Ha yem ocHoBan HOTeHHHOMeTpI/I‘{eCKI/Iﬁ MCTO aHanmm3a’?
Pacckaxure 06 HHIMKATOPHBIX JIEKTPOJaX, JAHTE UX KIACCU(PHUKALIUIO.
Onummre KJIaCCI/I(i)I/IKaHI/IIO HUOHCECJICKTUBHBIX 3JICKTPOJOB.

wohk W=

Kakue UHAUKATOPHBIC DJIEKTPOAbI HUCIHOJB3YHOTCA B KHCJIOTHO-OCHOBHOM,
OKHCJIUTCIIbHO-BOCCTAHOBUTECIIBHOM TI/ITpOBaHI/II/I?

o

Kakne Tpe6OBaHI/I$I NPEABABISIIOTCSA K DJIEKTPpOAaM CpaBHeHI/ISI?

7. Ilepeuncinute wu3BecTHble Bam 31eKTpoabl CpaBHEHUS, INPUBEAUTE CXEMBI
MIOJIy3JIEMEHTOB U COOTBETCTBYIOILUE 3HAYCHUSI IOTECHIIUAIIOB.

8. OxapaKTepmyﬁTe METOAbL TIIPSAMBIX IMOTCHHUOMETPUYICCKUX I/I3MepeHI/Iﬁ n
MOTEHIUOMETPUIECKOT'O TUTPOBAHUSL. VKaXuTe uX T0CTOMHCTBA U HEJIOCTATKH.

9. Pacckaxute 0 criocobax YCTaHOBJICHUSA TOYKH OKBUBAJICHTHOCTH B
NOTECHIUOMETPUYCCKOM TUTPOBAHUU.

10. Kakwue 3JICKTPOXUMUYECKHE TIPOLECCHI Jexar B OCHOBE
BOJITAMIIEPOMETPUUECKUX METOOB aHanu3a’?

11. Kakwe TpeOOBaHHS TPEIBSBISIOTCS K JICKTPOJAM B BOJIbAMIICPOMETPUICCKIX
MeTojax aHaiau3a?

12. VkaxuTe JOCTOMHCTBA M HEAOCTATKU PTYTHOTO KaMaloIero 31eKTPOa.
13. OObBscHuTe HOPMY BOJIBTAMIIEPHOIT KPUBOH.
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14

. Kakue napamerpsl BosibTaMIIEpPHO# KPHBOH XapaKTepU3YIOT MIPUPOAY JEHOJIIPH3aTOPa,

€ro KOHIIEHTpaiuo?

15

16.

17.

18.

19.

19.

20.

21.

22.

23.
24.
25.

26.
217.

28.

29.

. KakuMm ypaBHeHneM onucsIBaeTcs nosiporpaduaeckast BosHa?

Kakum ypaBHeHHEM CBs3aHbl NpeneibHbId JUGQY3HMOHHBI TOK M KOHIEHTpALMs
Jenoisipuzaropa?

Kakyio ponbp B BOJIbTaMIEPOMETPHUYECKIX M3MEPCHUSX UIpaeT (pOHOBEIA 3IEKTPOIHUT?
Kak ero BeiOuparor?

Onummre crnocoObl BHITOJIHEHNS KOJTMYECTBEHHOTO NOISPOrpa@uueckoro aHau3a.

UeM pa3nuyaloTcss METOABI KIIACCHYECKOH moisiporpaduu, BOJIBTAMIEPOMETPHH C
JMHEWHOM  pa3BepTKOM MOTEHLMaNa, MEPEMEHHO-TOKOBOM W MHBEPCUOHHOMH
BOJIbTaMIIEPOMETPHH?

B gem coctout cymHocTh amnepomerpuyeckoro Tutposanua’? Kaxkyio ¢popmy u mouemy
HMeeT KpHBasi aMIIepOMETPHUIECKOro TUTpoBaHus HoHOB cBuHIA (I1) pactBopom
cynbdara HaTpus?

N31n0kuTe CyIIHOCTh METOa KYJIOHOMETpUH. [IpuBeanTE 3aKOHBI, JIEXKAIUE B €ro
OCHOBE.

OxapakTepu3yiite MeTOmbl KyJIOHOMETPHYECKOro THTpoBaHMs. [IpuBeaure cxemy
YCTaHOBKH JUIs KYJIOHOMETPUYECKOTO TUTPOBAHMSI.

Pacckaxure 00 aHAIMTHYECKOM IIPUMEHCHHN METO/A KYJIOHOMETPHHU. YKaKHUTE
JIOCTOMHCTBA U HEJJOCTATKU METOJA.

VI31105XUTE CYLIHOCTh METO/IAa KOHIYKTOMETPHH.
Kaknumu nokasaTensiMi XapaKTepH3yIOTCsl SJIEKTPOIPOBOISIINE CBOHCTBA PACTBOPOB.

Ornumure XapaKTep B3aUMOCBA3U JJICKTPOIIPOBOAHOCTH pacTBOpa C KOHHGHTpaHHeﬁ
BEIICCTBA B HCM.

B 4em cocToUT CYIIHOCTB MPAMBIX ¥ KOCBEHHBIX METOJ0B KOHIYKTOMETpUH?

Omumyre MeToA KOHAYKTOMETPHYECKOTO THTPOBAHUS, INOJydaeMble 3aBUCHMOCTH M
crnocoObl 00pabOTKU Pe3yIbTATOB.

[IpuBenuTe npuMepsl KPUBBIX KOHIYKTOMETPUYECKOIO TUTPOBAHMS U IOSCHUTE HX
(opmy.
PaCCKa)KI/ITe 06 AHAIINTUYCCKUX BO3MOXKHOCTAX METOAAa KOHIIyKTOMeTpI/II/I.
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2 Onrunuyeckue MeToabl
2.1 TeopeTuyeckue 0CHOBBI ONTHYECKHX METOI0B

OnTrueckre METOABl OCHOBAaHBI HA WCIOJB30BAHWU  SBIICHHM,
BOZHUKAIONIUX TIPH B3aMMOACWCTBUM aHATU3UPyeMOro oOBeKTa C
3JEKTPOMArHUTHBIM WM KOPIYCKYJSpHBIM u3nydeHueM. [Ipu sToM mop
TIOHATHEM «OINTHYECKHE» METONbl MOHWMAIOT METOJBI, TOAYMNHSIONINECS
3aKOHaM OTITHKH.

Buowt 3aumodeiicmeuil u conpogoicoaroujue ux seieHus

Heynpyzue e63aumoodeiicmeun. Ilpu Heynpyrux B3auMOACUCTBUIX
MeXIy M3Iy9eHHEM U YacTUIIaMH 00pasiia IPOUCXOIUT OOMEH SHEPTUSIMHU.
OTH B3aWMOCHCTBUS COMPOBOXKIAOTCS COOTBETCTBYIOIIUMU SIBICHUSIMH
(TOTJIOMEHUEM, HCITyCKaHUEM, PEU3IIYYCHHUEM), KOTOPHIC JIS)KAaT B OCHOBE
psia METOIOB KOHTPOJISI COCTaBa M CBOWCTB BEIIECTB U MaTEPHAJIOB.

IIycTh TTOTOK W3IyYEHUS C ONPEACIICHHON YacTOTOM/MIMHON BOJHBI
MPOIYCKArOT uepe3 oOpaszer (puc. 32).

ompaxcenue
Ob6pasen
L acceanue
V,}., fﬂ P
=
o e _,__d:---“""""!'
= = -
P
nponycranie
S K JETEKTOpPY
OT HCTOYHHKA
HozIoWER e

Pucynox 32 —SIBnenus, npoTeKaroIye Npyu B3auMOICHCTBUU BEIIECTBA C
BIEKTPOMATrHUTHBIM U3IYYCHUEM

KBanTOBas Teopust yTBepXkKAaeT, 4TO BHYTPEHHSSI SHEPTUS MOJEKYJ,
aTOMOB ¥ MOHOB KBaHTOBaHa. VIHBIMH CIIOBaMH, OHA MOXKET MPUHUMATH
TOJIBKO OMNpENeTICHHBIC JUCKPETHBIC 3HAYCHUS, COOTBETCTBYIOIINE Pa3HBIM
coctosiHUsIM. CaMblii HHU3KHH YpOBEHb SHEPTHH HAa3BIBAIOT «OCHOBHBIM
(HOpMaJIbHBIM)  COCTOSIHMEM»  (€r0  BHEprusi 1O  JOTOBOPEHHOCTHU
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npuHuMaeTcs paBHoit (), a Ooyiee BBICOKHE — «BO30YKICHHBIMHU
COCTOSTHHSIMH». ECTi BEIecTBY COOOITUTE JOCTATOYHYIO YHEPTHIO, TO OHO
MIEPEXOUT B BO30YKICHHOE COCTOSIHAE C YBEIMYCHHEM 3araca 3HEPTuH,
npeGhiBacT B HeM Kakoe-To Bpems (107 — 10° ¢), mocme wero
BO3BpAIlaeTCcsl B UCXOIHOE cocTossHre. KakaoMy BO3MOKHOMY IEpexory
MEXIy YPOBHSIMH JHEPTHH COOTBETCTBYET OIpEAETICHHAs CIEKTpajbHast
JIMHMYSL, XapaKTEePU3YIOMAsAcs OMpeIeIeHHON YacTOTON (V) U JUIMHOM BOJHBI
(A) mepexona.

TlonHast (kBaHTOBaHHAs) JHEPTUsl MOJICKYJIBl MPEACTABISAETCS Kak
cymma 3jekTpoHHOU (FE,), konebatenbHO# (E,) u BpamarensHOU (E,)
SHEpruil:

E=E,+E +E. (36)
CooTHollleHrne BKJIAOB dHEpruk coctasiseT: E, : E, : E, = 10°: 10%: 1.
IIpuueM, Kakgas u3 Tpex (GOPM OSHEPruM KBaHTyeTcs (MEHSETCs)
qUucKpeTHO. TakuMm 00pa3oM, MOJIEKyJa HWMEET Ha0Op TUCKPETHBIX
SHEPTeTUYCCKUX COCTOSHUHN (PHEPreTUUECKUX YPOBHEN).

IIpumep cxembl JHEPreTHYECKUX YPOBHEH B MoOJeKyle W amome
nmpuBe/ieH Ha puc. 33: KaKIOMYy 3JIEKTPOHHOMY YPOBHIO HOPMAJIBHOTO
(ocHoBHOTO) (FE)) u BO30OY)aeHHOTO (E;) COCTOSHHII B MOJIEKYJeE
COOTBETCTBYET cepHsl KojeOaTenbHbIX (Vg Vj, Vz, V3 H T.J.), & KOKIOMY
KOJIeOaTeTbHOMY - CEpHsl BparmaTelbHbIX (1, ¥y, 2, F3 H T.1.) YPOBHEH (Ha
cXeMe MOCJEeIHHE OTCYTCTBYIOT H3-3a OTpaHMUYCHHUN B pasperiaronieit
CIOCOOHOCTH PUCYHKA). DHEPreTHUYCCKUE MEPEXObI MEXKIY Pa3TUIHBIMHU
COCTOSTHHSIMH COIIPOBO’K/IAIOTCS BBIACIICHHEM HIIN MOTJIONICHHEM SHEPTUH.
Ha cxeme crpenmkamMu H300pa)K€HBI BO3MOXKHBIE DHEPIETHUYECKUE
MIEPEeXO/Ibl: IOTJIONICHUE KBAaHTOB (aOcopOmus) 00O03HAYEHO MPSIMBIMHU
CTpENKaMH, HaNpaBJICHHBIMH BBEpX; IPOIECC HCIyCKaHUS (IMHCCHS)
0003Ha4YeH CTpelKaMH, HWAYIIUMH BHH3; BOJIHUCTBIMH CTpEIKaMHU
M300pakeHbI OE3bI3TyYaTeNbHEIC TPOLIECCHI.

Ecmm oOpaszer; comepkUT Kakue-TnO0 MOJEKYJbI, aTOMBI WJIH HOHBI,
JUIST KOTOPBIX Pa3sHOCTh DHEPruil B Bo30OyxkaeHHOM (E;) m ocHOBHOM (E))
COCTOSTHHSIX B TOYHOCTH COBIIAJaeT C dHeprueil ¢oroHa moroka (AE), To
SHEpPrusl MOTOKa OyJEeT MOTJIOMIATECS M COOTBETCTBUU C YpaBHEHUEM
(3axon Ilnanka):

AE =E; - Ey= hv. (37)

[Ipu 3TOM MoOJIEKYyIIa, aTOM WM HOH, MOTJIONIAs SHEPTHIO, IEPEXOUT
Ha OoJiee BBICOKHMI dSHeprermueckmii ypoBeHb (puc. 33, I u II). Ilpm
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BO3BpalllcCHUKU B OCHOBHOC COCTOSIHUC 4YaCTUlla OTAACT I/I36I>ITO‘-IHyIO
OHEPTHIO B BUAC TCILIA.

\'-.E -
v,
9 t 1"_.*] L
5 Vi
H|E 7 E
E
1 I v VI VII I m
™, ™,
P
T
v,
u t v,
t Vi
a v,
E.j I ’ E.j
I A2 I A3 I I
a) 0)

Pucynox 33 — CxeMa 3HepreTH4eCKUX YpOBHEN U MEPEXOJIOB:
a) — B MOJIeKyJax, 0) — B aToMax

MPSMBIMH CTPETKaMH H300paXeHbI IHEPIeTHUECKHUE TTEPEXOIBI,

BOJIHUCTBIMU — O€3BI31TydaTeIbHbIE TPOLIECCHI;

E) — 21eKTpOHHBIN YPOBEHb HOPMAJILHOI'O (OCHOBHOI'0) COCTOSIHUSL MOJICKYJIbL/aTOMa;
E; - oIeKTPpOHHBIA ypoBEeHb BO30YKICHHOTO COCTOSIHHS MOJICKYJIBI/aTOMa;

Vo, V1, V2, V3 H T.J. — KosieOaTeNIbHbIE IT0JypOBHI OCHOBHOTO COCTOSTHHS;

Vo' v, v2' ;' M T.I. — KONeGaTeNnbHbIE HO1yPOBHH BO30YXKICHHOIO COCTOSHHS

Hoenowenue (abcopdoyus). MeTom, B OCHOBE KOTOPOTO JICKHT
SIBJICHUE TOIJIOUICHUS  DICKTPOMArHUTHOTO  M3IY4YEHHUS  YacTUIIaMHU
BEIIECTBA, Ha3bIBACTCS aOCOPOYUOHHAS CNEKMPOCKONUSL.

Hcnyckanue (omuccust). Ecnm oOpasell COAEPKUT KaKOW-TO BHI
yacTHil (MOJIEKYJ, aTOMOB, MOHOB), KOTOpBIE CIIOCOOHBI TEPEXOIUTHh B
BO30YXJ/ICHHOE COCTOSHUE, TOTJIONIAsl TEIUIO WM KaKOW-TH00 IPYyrod BUJ
SHEPTUH, He SBISAIOMIMNACA 3JICKTPOMArHWTHBIM, TO BO3BpAaIEeHHE HX B
OCHOBHOE COCTOsIHHE (MM Ha OoJjiee HU3KHMHA BO30YXKICHHBIN YPOBEHB)
MOXKET COMNPOBOXKIATHCA HCIYCKaHUEM 3JICKTPOMATrHUTHOTO W3Iy4YCHUS
(puc. 33, VIu VII wm III ). Ha usMepeHnn 3Hepruu UCIyCKaeMoro
W3ITyYeHHS] OCHOBAHA A MUCCUOHHAS CHEKMPOCKONUSL.
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Peuznyuenue (nmomunecyenyus). JlroMuHeCHIeHIINS BO3HUKAET IOCIIE
MOTJIONMICHNUS ~ oOpasmoM  2Hepruu  Bo30yxzaeHus. [lo  xapakrepy
BO30YXK/ICHUS pa3INyYalOT: XCEMIUTIOMUHECIICHIINIO (BO30YXKIACHHUE TPH

XUMUYECKUX  pEeaKlMsX);  PaJuOJIOMUHECHECHIUIO (BO30YX1eHHE
MIPOHMKAIONIEH pamuanuei); dICKTPOTIOMHUHECICHIINIO  (BO3OYXICHHE
3NEKTPUUECKUM MoJIEM); (HhOTOTFOMHUHECLICHIIUIO (BO30YKIeHHE

9NIEKTPOMAarHUTHBIM HM3JIydyeHHEM, yaie Bcero — Yd-u3nmydeHuem) u ap.
BUAbl. B ciydae ¢oTomroMHHECICHIMM dYacTulla o0pasia, Morjomias
SHEPTHUI0 MOTOKA AJIEKTPOMAarHUTHOTO W3IYYCHHs, CHadaja MEPEeXOquT B
BO30yxaeHHOe coctosaue (puc. 33, II). Jlamee mnpu Bo3BpamiecHUH
MOJIEKYJIbI Yepe3 CaMblii HU3KUH KoeOaTeNnbHbI yPOBEHb BO30YKICHHOTO
coctostHMsI (puc. 33, BomuuUCTas cTpenka [V) mo moboro u3 KoedaTeIbHBIX
ypoBHEN ocHOBHOro coctossHus (ToT *e puc. VI m VII) mpoucxomut
nporecc  JIIOMHHECHEeHIHMH.  KpaTKOBpeMEHHYIO0  JFOMHHECLEHIIHIO,
3aTyXalomlyl0 cpa3y IOcie MpPeKpalieHus ee BO30YKISHHs, Ha3bIBAIOT
@nyopecyenyueti. JIMATENbHYIO IJIOMHHECHEHINIO, IPOJOIHKAIONIYIOCS
HEKOTOpOE BpeMs 1ociie BO30YKICHNUS, HA3BIBAIOT pocopecyeHyus.

[lockonbKy omuccuonnas W ryopecyenmuas  CHEKTPOCKOIHS
OCHOBaHBI Ha W3MEPEHHH SHEPTUHU HCITyCKAeMOTO H3ITy4YeHHs, UX YacTo
00BETUHSIIOT.

Ynpyzue e63aumoodeiicmeusn. llpu ynpyeux  e3aumooeticmeusix
MPOUCXOAWT  JIMIIb  W3MEHEHHWE  HamlpaBiICHHWS  PaclpOCTpaHEHUS
3IEKTPOMArHUTHBIX BOJIH WJIM SHEPTeTHYECKH SKBHUBAJICHTHBIX UM YaCTHII.
[Ipu 3TOM HX HEPTHUS OCTAETCSI HEM3MEHHOM.

Yupyrue B3auMOIEHCTBHUS TPOSBISIOTCS B TaKWX SBICHHUAX, KaK
paccesiHue, OTpaKeHHe, MpeoMIIeHre, TU(Ppakus 1 Ap., KOTOPHIE JeXaT B
OCHOBE psJa METOAOB KOHTPOJS COCTaBa M CBOMCTB BEIIECTB U
MaTepUaoB.

Pacceanue. PaccesHne wu3imydeHHs — MpeoOpa3oBaHUE H3ITyUEHUS
BEIIECTBOM, CONPOBOXKIAIOIIEECS] M3MEHEHHEM  HampaBlICHHs — €ro
pacmpoctpaneHusi (puc. 32). PaccesHue 3aBUCUT OT JJIMHBI BOJIHBI
W3y4YeHHs, pa3Mepa 1 (pOpMBI pacCEeHBAIOIINX YACTHII.

3aBUCHMOCTh MHTEHCUBHOCTH PAcCESHHOTO U3llydeHus (I,) OT IJIHHBI
BOJTHBI IMEET BU/I

I~ 17X,
T.e. YeM MEHbIE [JIMHA BOJHBI, TEM JIy4llle pPacCEHBAIOTCS JIy4YH U
HA000POT.
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Hanpumep, Menpyaiimme yactuisl atMocepsl (Bnara, MbUIb U T.IL.)

pacceuBaroT CBeT.

VYuutsiBas XapaxkTep
3aBUCUMOCTH [, OT A, B
paccessHHOM CBeTe OymeT
mpeo0jIagaTh CHHHM  IBET
(OoJtee KOPOTKOBOJHOBEIH), a
B MPOXOIAIIEM CBETe —
KpacHbli 11BeT. Bcereactaue
paccesHUsT MOJCKYJISPHBIMH
YaCTHIIAMH aTMOC(EpPhI MBI
BHJIUM TOJTyOOH I1BEeT Heba U
KpacHBIN IBET 3aKaTa.

oL MPOX 0TI CEET
7S

paccessHBI
CEET
(zovboll)

v

}(Ti)/ TIDOX 0 TANTHH CEET
AT

(xpacHsi

Ompascenue. OtpaxkeHneM Has3biBaeTca 3((eKT BO3BpalleHUs
CBETOBOM BOJIHBI IIPH €€ MaJICHUU Ha I'PaHHUILy paszerna JByX Cpex oOpaTHO

B IIepBYI0 cpeny (puc. 32 u 34).

IIpenomnenue. D10 sIBICHUE, CBSI3aHHOE C M3MEHEHUEM HAIPABICHUS
pacipoCTpaHEHMs] M3JIyYEHHUs, MPOUCXONAIIEE B pPe3yIbTaTe HW3MEHEHUS
CKOPOCTH CBE€Ta MPH MEPEXO/IE€ U3 OJHOU Cpelbl B APYyTyIo (puc. 34).

nadarowuil ceam OMPAKCEHH BT CEEM

Cpemal

Pucynox 34 -
SIBneHusT OTpaKeHUs U
MpeIOMJICHUS, BO3HU-
Kalolye Mpu B3auMO-
JICUCTBUH BEILECTBA C

Cpema 2

MpEeToMIEHHBILT
ceem

QJICKTPOMAariuTHbBIM
H3JIYYCHUCM

Uem Oospllie pa3Inyue CKOPOCTEH CBETa B IBYX Cpelax, TEM CHIIbHEE

MNpeJIOMJICHUC Ha T'paHULC

MCXKAY HHUMHU. I[J'ISI XapaKTCPUCTUKU

HpeJ’IOMJ’IHIOH.IefI CHJIbl BCIICCTBA HUCHOJB3YIOT BCIIMYHWHY, HA3BIBACMYIO

IMoKa3aTeJIEM IIPEIIOMIICHUA 1 .
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Huppaxyua. B camom o0mem cmbicie, TUPpaKIUs XapakTepu3yeT
OTKJIOHEHHE IIPU PACIpPOCTPAHEHUHU JIEKTPOMATHUTHBIX M IPOY. BOJH OT
3aKOHOB TEOMETpUYecKoW onTuku. Hampumep, Onaromaps audpaxiuu
3BYKOBOI BOJIHBI MOXHO YCIIBIIIATh 3BYK 32 YIJIOM AOMa.

Cnexmpockonuyeckue Mmemoobl OCHOBaHBl Ha HCIIOJIB30BAaHUHU
pa3IMYHBIX sBICHUH W 3()(EKTOB, BOZHHKAIONIMX IMPH B3aUMOACHCTBUH
ANIEKTPOMArHUTHOTO M3JIYYCHUS C BEIIECTBOM. OJTH B3aUMOJICHCTBUS
COTPOBOXAAIOTCA ~ PAa3NUYHBIMH  DJHEPIeTUYECKIMH  TePeXOJaMHu:
3IEKTPOHHBIMH, KOJIe0aTeNbHBIMHA, BPAIIaTEIFHBIMH, a TAKXKE MIEPEXO0/IaMH,
CBS3aHHBIMH C WM3MCHCHHEM HAMpaBICHUS MAarHUTHOTO MOMEHTA
3IIEKTPOHOB WIH SIACP U MPOY.

[TockonmbKy ANIEKTPOMAarHUTHOE M3IIyUYE€HHE MMEET TBOMHYIO MPHPOIY
— BOJIHOBYK) U KOPIYCKYJSIPHYIO, JJIS €r0 OMUCAHUS HCIIOJIB3YIOT
BOJIHOBBIC W KBAaHTOBHIC XapaKTEPUCTUKH. BOIHOBBIC XapaKTCPUCTHKH:
yacToTa KojeOanuii (v, I'), ;imHa BOJHBI (A4, M, CM, MM, HM), BOJIHOBOE
apcino (0, cM ). KBaHTOBOM XapaKTEPUCTHKOMN SBISETCS SHEPrUsi KBAHTOB
(E).

CBsi3p  MEXJIy BOJHOBBIMA U KBaHTOBBIMH XapaKTEPUCTHKAMH
BBIpaXXaeTCs ypaBHEHHEM:

E=hv=hc/ , 38)
rae h— nocrosauasg ITnanka (h = 6,626- 103 Jx-c = 3,336 oM c/cm),

€ — CKOPOCTh paclpoCTpaHEHNUs CBETA B BakyyMe (¢ = 299792458 m/c =
=~ 3-10° m/c).

DNEeKTPOMarHuTHOE M3ITydeHHUe, pa3lioKEHHOE IO JIUHAM BOJH, IO
4YacTOTaM TMEPEXOJ0B WU IO DJHEPIrHsM, TMPEACTaBIsgeT CcOoOoH
ANEKTPOMArHUTHBIN criekTp. OH OXBaThIBa€T OYCHb IIUPOKYIO OO0JIACTh:
~10° +10*" Ty wm ~1 A* 210 m. B TaGmume 1 MIPEICTABICHEI
CIIEKTpaJbHbIE OOJIACTH M COOTBETCTBYIONIHME WM THUIBI BHYTPHATOMHBIX
WM BHYTPUMOJIEKYJISIPHBIX B3aMOJICHCTBU.

Ha cxeme (puc. 35) mpuBeAeH »dJICKTPOMATHUTHBIA CIICKTp U
HEKOTOPBIE COOTBETCTBYIOIINE UM CIIEKTPOCKOITMYECKHE METOIBI aHATTN3a.

*_1m=10*cm=10° mm = 10° Mxm = 10° am = 10'° A
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Tabmuna 1 — CriekrpaibHbIe 0071aCTH M COOTBETCTBYIOIIUE UM THITBI
BHYTPHATOMHBIX WJIU BHYTPHUMOJICKYJISIPHBIX B3aUMOJICHCTBHIA

Ilpoyeccwl, 0dycnosnuearo-

Cnexmpanvnasn Juanazon
No obnacme v, ) wue aenenus, ?poucxm)ﬂ-
wue 6 OAHHOU ooracmu
06 10 M H3MeHeHre YHEPTUH SIICPHBIX
1 O6acTh paxuoBOIH ’ CITUHOB B MarHUTHOM TIOJIE
(pammoyacToTHas) H3meHeHue 3Hepruu
~ 3 mm HECITAPCHHBIX 3JICKTPOHOB B
MarHUTHOM T10Jie
W3meHeHne YHEpTUU
2 MukpoBOJIHOBast 1- 10" +5-108 I'o BpallleHUs aTOMOB,
00yacTh 300 MxM + 60 cMm TPYII aTOMOB, MOJIEKYJT
M3menenue sHepruu
3 HK-ob6macTh 3,75-10"+3-10"T'y KoJieOaHUsT aTOMOB (TPYIIIT
0,8+-100 MM aTOMOB) B MOJIEKYJIax
4 Bumgumas o0acTs 7,5- 1014+3,75 10T H3meneHnne sHepTun
Il BHEIIIHUX (BaJICHTHBIX)
400+760 am 3JIEKTPOHOB
OIMKHSS 1,5-10°+7,5-10"T
Y®-ob6nacth 200+400 am W3MmeHeHue 3Heprun
5|1Vd BHEITHUX (BaJICHTHBIX)
-00. TanbHSISA 3JIEKTPOHOB
(BakyyMHas) 1101 .5 1015Fu
Y®-o6macts 30+200 am
O06acTh PEeHTICHOB-
CKOT'0, DJIEKTPOHHOTO, 1-10%+1-10"T H3menenne sHepTIn
6 | WOHHOTO U HEHUTPOH- 0,003+30 am BHYTPEHHUX JJICKTPOHOB
HOTO U3ITYYCHUS
O6nacTe >1-10"T'n W3menenue sneprum saaep
7 ramma(y)-u3nydeHus <l A (s aepHBIE IEPEXObI)
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Puycyrox 3.35 — SIeXTpOMATHATHEIH CIEKTP H COEKTPOCEOIHIECEHe MeTOIE aHATH3
Mpuwevanpe: macxeus (pue. 4.01) mpreazeme: cnsgviomae corpamammer: AAC — aroumo-adcopimuoneEas cospTpockomes;, ARTEBaNm, AHATMm —
SETHESTHOHEES iHaTH:, A — aToMHEO-DOCCHOEES COSETp ocEomEs; | B paKmEA PeT. Iy 9eH, JIeKTPOR0E, HeHTPOBOE — THGDAETOMATPHT
PEHTTSHOECERD IVHSH, 3M2ECpoHOE, HeirpoHoE; HEC — HE- conszrpockoms; MEecBayap[C — MéceOeyaporcras cozprpoceoms; ME B BC —
MEEDOCEOMHE & zHTenoy cEiTe; Mil — wnoporonmezas cnserpeckomes; ME saexTpoammA, HOHEAZA - 37SETPOHBAT B HOHHAT MEED 0CEOTILE,
Hedeaom, — Hadenouerpes, [Torapas, — nonspeoserous; Pesrrencscsan C, — parmaoemas cnsprpocsomes; Pedpasmon, — pedpasromemmx, G 8
V& gean. ofa - cnserpoceomse V@ - mzpaeneed o6 mers cneerps, €. Oske-smm-a08 — cnsetpockomes Dhee-snzerpaoe; foToaaerrpon, €. —
foTosnsrTporr:s cosETp ockomet; JIP-C - cossrpockomes STIF; ANP-C — crerrpockomes AMP; Mace-C — mace-cnssrpocroms
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CHeKTpOCKOMUYECKHE METOIbI KIACCU(DUIUPYIOT IO PSITy MTPU3HAKOB:
- no obacmaAm I1eKMPOMAZHUNHO20 U3TIYUEHUA:
- MUKPOBOJTHOBASI CIIEKTPOCKOTIHS,
- UK-cnextpockonus,
- BUUMasl CTIEKTPOCKOIIHS,
- YO- ciekTpocKomnus,
- PCHTTEHOBCKAs CIIEKTPOCKOIUS | T.JI.;
- no xapakmepy 63aumoO0eiiCleus U3Iy4eHUs C 8euleCmeom Uil
RpUHYURY, Nexcauiemy 8 0CHO8e Memooda:
- CIIEKTPOCKOITHUS TIOTJIONIEeHUS (a0COPOIIMOHHAS CIICKTPOCKOTIIHSA),
- CIIEKTPOCKOITHUS UCITYCKaHUs (AMUCCHOHHASI CIICKTPOCKOTIHS ),
- cnekTpockonus (ryopectieHuu ((hayopecieHTHas
CIIEKTPOCKOMHS),
- CIIEKTPOCKOITUS PACCESHHUS,
- CIIEKTPOCKOIHUS OTPaKEHUS U T.J.;
- nO Xxapakmepy ucciledyemvlx 4Acmuy, 63auMoO0eiicCmeyIujux ¢
INEKMPOMAZHUNIHBIM U3TYYEHUEM:
- aTOMHAs CTIEKTPOCKOTIHS,
- MOJIEKYJISIpHAsI CTIEKTPOCKOTIIHS,
- /IepHAs CIEKTPOCKOMHS U T.1I.;
- nO pazoeomy cocmoanuo ucciedyemozo odvekma:
- ra30Basi CIIEKTPOCKOITHS,
- CIIEKTPOCKOITUS TBEPJOTO Tena U T.1.

2.2 AGcopOIIMOHHASI CTIEKTPOCKONMS

Meron, OCHOBaHHBI Ha W3MEPEHHUH HWHTEHCHUBHOCTH HO2IOUWEHHOO
MOJIEKYJISIPHOH ~ CPEHOM  3IeKMPOMASHUMHO20 — U3Y4eHuUs, Ha3bIBACTCS
METOIOM MOAEKYAAPHOU abcopouuonnoil cnekmpockonuu (MAC).

B 3aBucuMocTH OT DJHEPrUM DBJIEKTPOMATHHUTHOTO  H3ITy4YEHUS
(onTUYeckoro  JaMamna3oHa) — MpUpPoAA  B3aUMOJIEHCTBHM  ero ¢
MOTJIONIAOIIUMHU ~ MOJICKYJaMH  MOXET  OBITh  PAa3IMYHOH.  OTH
B3aMMO/ICHCTBHUS MOTYT OBITh CBSI3aHBI C:

- 3JeKMPOHHbIMY TIEpeXoJaMH (C yJacTHEeM BHEIIHUX / BaJIEHTHBIX
3nekTpoHoB) B Y- (200+400 M) u Buammoit (400+760 HM) obOmacTsx
3IEKTPOMArHUTHOTO CTIEKTPa;

- konebamenvnuimu — mepexomamu B MK-obmactm  cmekrtpa
(0,8+=100 MKM);
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- gpawamenbHLIMU TIEPEXOIaMUA B MUKPOBOJIHOBOM 00mactu (300 MM
+ 60 cm).

BpamarensHpie COEKTPHl PEAKO HCHONB3YIOT A aHAIUTUYCCKHUX
TeNel u3-3a HeCIeU(UIHOCTH MOTIIONICHNSI B MUKPOBOJIHOBOM 00JIACTH U
HAJIO)KEHUS UX Ha KOJIeOaTeNbHBIE U JIEKTPOHHBIE CIIEKTPHI, YTO MIPUBOIUT
K OCJIOKHEHHIO pacHIn(poBKHU MOCIEAHNX, TIOATOMY B AalbHEHIIEM OyaemM
paccMaTpuBaTh METOJIBI MOJICKYJISIPHOUM a0COPOIMOHHON CIIEKTPOCKOITUH B
HK-, YO- u BUANMON 00JIaCTAX CIIEKTpA.

2.2.1 MoaexyJasipHasi a0COPOIMOHHAS CTIEKTPOCKOMUSA
B Y®- u BUAUMOIi 00J1acTH

Ocnognoii 3akon ceemonozinowjenus. IlycTb TMOTOK HU3Iy4YEHHUS C
OTpeIeJICHHOW Y9acTOTO# (V) /WM JUIMHOW BOJIHEI (1) TPOIYCKAIOT depes
obpaser (puc. 36).

v, A
OT HCTOYHHKA KIOBETA C K JETEKTOPY
. obpasmoM .
Io (CB-BE) I
'ﬁ :
L
Pucynox 36 — VIsmeHeHHe MHTEHCUBHOCTHU U3Ty4YEHHUS B Pe3yibTaTe
MOTJIOLICHHUS

Ecou  obpasermr  coAepXKHUT MOJICKYJIbI, CIIOCOOHBIE  IOTJIONMIATH
ANEKTPOMArHUTHOE U3nydeHue Y - 1 BUAMMOTO Juarna3oHa JJIUH BOJH, TO
WHTCHCUBHOCTh TANaIoNero M3ny4eHus ([)) TpH MPOXOXKACHUU Yepes3
obpazerr Oymer ymeHbImaThcs. CIOCOOHOCTH BEMIECTBA TOTJIONIATH
ANIEKTPOMArHUTHOE M3ITyUYeHUE MOMUYUHSCTCS 3aKOoHY byeepa-/lambepma-
bepa, KOTOpHI yCTaHABIMBAET B3aMMOCBSA3b MHTCHCHUBHOCTH I1aJAIOIICTO
(Ip) n mpomremmiero (/) U3MydeHUS ¢ TOJITUHOW TOTIIOMIAIONIETO cIos (£)
(3akoH byrepa-Jlambepra), a Takke ¢ KOHIIEHTPAIMEH IMOTJIOMIAONIETO
Bemectsa - C (3akoH bepa):

I=1,10"F, (39)
rae k — K03 GUITHEHT TOTIOMCHUS.

J1J1s1 KOJTMYECTBEHHOM OICHKH TOTJIONICHUS UCTIONB3YIOT BEMYUHY T

T=1/1,, (40)
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Ha3bIBaeMyl0 TponyckaHueMm. [IporyckaHue MOKET OBITh BBIPAKECHO B
nporentax (7-100%).

Bemuunny 7, OTHECEHHYIO K TONIIUHE ClIOS B 1 CM, Ha3bIBalOT
KOA(PGUITUCHTOM MPOITYCKAHMSL.

Ha npaxTtuke yaiie UCT0JIb3yIOT ONTHYECKYIO TUIOTHOCTD (A):

A = Ig(lyl). 41)

CBsi3p  MEXKIy ONTHYSCKOM IUIOTHOCTBIO pacTBoOpa H  €ro
MIPOIMYCKaHUEM OTIPENIEISeTCS BEIPAKEHUEM:

A = - 1lgT wm 42)
A =2-1gT,ecnu KO3PPUIMESHT TPOIYCKAHUS BHIPAKEH B TIPOIICHTAX.

Ecnu ucnonp30BaTh BENIWYMHY ONTHYECKOW TUIOTHOCTH PAacTBOPA, TO
OCHOBHOM 3aKOH cBeromoriomeHus (3akoH byrepa-Jlambepra-bepa)
MPUHAMAET BUI;

A=k-C-C. (43)

Ecnu KOHIEHTpaluio BemecTBa BBHIPAKAIOT B €IWHUIAX MOJISPHOM
koHeHTparuu (C, MOJIB/T), a TOJNIIHWHY IIOTJIONIAIONIETO CJIOS - B
ca"Ttumerpax (£, cM), To K03PPUIHUEHT TPOIMOPIMOHATBHOCTU k HA3BIBAIOT
MOJISIPHBIM KO3(D(PHUIIMEHTOM MOTIAOMICHHS (KOA(PPHUIIMEHTOM SKCTUHKIIUN)
1 0003HAYAIOT &;.

B ciydae wcnonp30BaHUS — ONTHYECKOW IIOTHOCTH — PacTBOpa
ypaBHeHue byrepa-JlamGepra-bepa umeer Bun:

A=¢,-CC (44)

CymHocth 3akoHa byrepa-JlamGepra-bepa: «Onrtuueckas miIoTHOCTH
pacTBopa TPSMO TPOIOPIIMOHATBHA KOHIEHTPAI[MH ITOTJIOIAIOIICTO
BEIIIECTBA U TOJIIIUHE CJIOA PACTBOPaA».

MouspHbiii K03 PHUIMEHT HOrIoIIeHus (&;) XapaKTepU3yeT CTENCHb
MOTJIONICHUS IEKTPOMArHUTHOTO M3Ty4YeHHs BeliecTBOM. OH 3aBHCHT OT
MPHUPOJIBI  TTOTJIOMIAOIIEIO BEIIECTBA, MPUPOJABI PACTBOPHUTENS, JUIUHBI
BOJTHBI (A1) MOHOXpOMaTHYECKOTO W3IydeHHs, pH pacTBOpa W Ip., HO HE
3aBUCHT OT KOHIICHTPAIIMH BEIECTBA M TOJIIMHBI TOTJIOMAIOIIETO CIOS.
OuU3NYEeCKUii CMBICT MOJSIPHOTO KO3((UIIMEHTA: OH pPaBEH ONTHYSCKOM
MI0THOCTH pacTtBopa mpu C = 1 momb/mu £ =1 cm.

Monsipupiii  K03(GOUIMEHT  TOTJOMICHUS  MOXET  CIIYy>KUTh
OOBEKTUBHBIM KPUTEPUEM UyBCTBUTEIHLHOCTH CIEKTPOPOTOMETPUUSCKUX
onpenencHuii. Koaddummentom gysctBuTeNnbHOCTH (S) B MeTome MAC
SIBIISIETCS YTOJI HAKJIOHA JIMHEHHOTO TPagyupOBOYHOTO rpaduka:

S =dA/dC = ¢, (45)
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Uem Ooumpliie 3HA4YCHHE €;, TEM YyBCTBUTENbHEE ompeneneHue. s
HauboJIee WHTCHCHBHO IMIOTJIONIAFOIINX BEIISCTB BEIHYMHA &, OOBIYHO
cocrasimsier ~ n-10* (o0 1-10°) 1Mo -cM ™.

Hcnonn3ys ypaBHeHHE (44), MOXKHO ONPEICIHUTD HUNCHIOW 2PAHULY
ouanazona onpeoesieMvlx KoOHYeHmpayull BemecTsa / Wiin MUHUMAIBHYIO
KOHILIEHTPALHIO, perucTpupyeMyio npudopom (C,):

Cmin = Amin/gi max® fmaxa
e A, - I€Ha MUHAMAJIBHOTO JACJICHHUS H3MEPUTEFHON MIKAIIBI MpHOopa.
3akon aooumuenocmu ceemonoziouienusn. CBETOIOIIIONICHHUE
pacTBopa MOAYMHSACTCS 3aKOHY aJINTUBHOCTH: «[Ipy TaHHOW JUTHHE BOJHBI
ONTHYECKas! TUIOTHOCTh CMECH KOMIIOHEHTOB, HE B3aWMOJEUCTBYIOIINX
MEXIy CO0OM, paBHa CYMME ONTHYECKHX IUIOTHOCTEH OTHCIBHBIX
KOMIIOHCHTOB TIPH TOH e JITMHE BOJIHEI».
MaTemMaTH4YeCKH 3TOT 3aKOH OTPa)KAETCs YpaBHEHUEM:
A = 8,11'€1‘C1 + 8,12'52'C2 + ... + 8).n'€n'cn
WIH
=n
A=Y€, 0, -C.. (46)
i=1

3aKOH aJATUTUBHOCTH CBETOTIOTJIOIIEHUS BBITIONHSAETCS MPHU YCIOBHU
noguuHeHus 3akoHy byrepa-JlamOepra-bepa. Ero wucnmonssyror npu
MPOBEJCHAM MHOTOKOMIIOHEHTHOTO aHamm3a. C IEeNbI0  UCKIIOYEHUS
BIMSIHUSI KOMITOHEHTOB pAacTBOpa, IMOTJIOMIAIOMNX HW3IyYeHHE B TOW
007aCTH 3JIEKTPOMArHUTHOTO CIIEKTPa, YTO M ONPEICNIIEMOE BEIIECTBO,
WU3MEPCHHUE ONTUYCCKOW TUIOTHOCTH MPOBOJST MO OTHOIICHUIO K PACTBOPY
CpPaBHEHHS, KOTOPBIA CONEPKUT BCE KOMIIOHEHTH aHAIM3UPYEMOTO
pacTBopa, KpOMe OTpeAEIeMOr0O BEIIeCTRA.

Omkxknonenus om 3axona byzepa-/lambepma-bepa. YpasHenue (44)
CIIPaBEUIMBO IS MOHOXPOMATHYECKOTO H3IydeHUs (M3ITyUYeHHs C OJHOM
JUTMHON BOJHBI) M B OTCYTCTBHE XHMHYECKHMX W (HU3MUECKUX TTOMEX.
BrimonmHeHNEe 3THX YCJIOBUH BO3MOXXHO HE BCETNla, YTO TNPUBOJIUT K
OTKJIOHEHHSM OT 3aKoHa byrepa-JlamGepra-bepa.

[IpyunHBI OTKIIOHEHHS OT OCHOBHOTO 3aKOHA CBETOTOTJIONIECHUS
MOTYT OBITh UCTHHHBIMH W KaXKYIIIHMHUCS.

Hcmunuvie OTKIIOHCHUS XapaKTePHBI JUIS OOJBIIUX KOHIIEHTpAIUH
(C > 102 M ). OHM CcBsI3aHBI, TPEXKIE BCETO, C M3MCHCHHEM &; B
pe3ynbTaTe B3aUMOJEHCTBUS MEXIy MOJEKyJaMH BemecTBa (T.e.
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CBSI3aHBI C I3MEHEHHUEM IIPHUPO/IHI TTOTIIOMIAIOIINX YaCTHI) H, BO BTOPHIX, C
U3MEHEeHHEeM Ko3(duImeHTa NpeIoMIICHUS CpPelbl B, B PE3yJIbTaTe Yero
W3MEHSETCS CKOPOCTh CBETA, YTO MPUBOAHUT K M3MEHEHUWIO JIJTMHBI BOJIHEI
JNEKTPOMArHUTHOTO M3My4eHus (A), W, Kak CIEACTBHE, - MOJSIPHOTO
K03 GHUIIMEHTA TIOTTIOIEHUS (&)).

Kaowcywuecs ~ omxionenus ~ MOXHO — Kiaccu(UIMpPOBaTh  Ha
WHCTPYMEHTAIbHBIE U XUMHUYECKHE.

HucmpymenmanbHole  OMKIOHEHUs OTPAXKAIOT OTPAaHUYEHUS U
HECOBEPLICHCTBO NPUOOpHOTO oopmiieHHs. OHU MOTYT OBITH BBI3BaHbI:

1) paccesHuem U oTpakeHHeM u3nydeHus. Ha usznydenue, mamaromiee
Ha oOpaszern, MOXET HaKJIaAbIBaTbCsl IMOCTOPOHHEE  H3IIy4CHHE,
BO3HUKAIOIIEE B PE3YJIBTATE PACCESHUS M OTPAKEHUS CBETa OT ONTHYCCKUX
neraiei mpubopa;

2) HEMOHOXPOMATHYHOCTBHIO W3IyYCHUS, KOTOpoe OOYCIOBIECHO
HECOBEPIICHCTBOM MpuOopoB. i MOHOXPOMATHYECKOTO HW3ITyYSHHS
ONTHUYECKas IUIOTHOCTh pPacTBOpa, HW3MEPEHHAs TpU JJIMHE BOJHBI,
COOTBETCTBYIOIIEH MaKCUMYMY MOTJIOIIEHHS (A,4y), BCETAA OymeT Ooiblie
ONTHUYECKOM IJIOTHOCTH pacTBopa, U3MEPEHHOMN IRIE:
HEMOHOXPOMATHUYECKOTO U3IYYCHUS B MHTEPBAIC JUIUH BOJH OT (A0 - 4;)
a0 (lmax + /11)’

3) chay4JaliHRIMA W3MydeHHSAMH. HekoTopble BemecTsa IOCie
TIOTJIONICHNST W3JTydeHUs] BO3BPAIAIOTCS B OCHOBHOE COCTOSHHE C
BBIJICJICHUEM HM3IY4YCHUSl (peusnyuenue WIA ayopecyenyus). ITO
M3y4YeHHe HaKIaIbIBaeTCA Ha MPOIIE/IIee U3TyICHNE U YBEITNINBAET €T
WHTEHCHBHOCTb, COOTBETCTBEHHO, ONTHYECKas IUIOTHOCTh WPHU DTOM
YMCHBIIIACTCS.

Bce 3TM mnpuuMHBI TPUBOMAT, KaK NPAaBUIO, K OTPHUIATEIHHBIM
OTKJIOHCHHSIM OT 3akoHa byrepa-Jlambepra-bepa (puc. 37, 2).

Xumuueckue  omxiOHeHuss ~ TOSBIAIOTCA B ciIydae, Korjaa
MOTJIONIAOIIEE  BEIIECTBO  yYaCTBYET B  PA3IUYHBIX  XUMHUYECKHUX
paBHOBecHAX  (IIPOTOHHUPOBaHHE, JACTMPOTOHHPOBAHWE,  ACCOIHMALIMS,
JTUCCOLHUAIS U TPOY.). DTO MPUBOANT K TOSBICHHUIO MPOAYKTOB C WHBIMHU
3HAYEHUSMH &, 4YTO, B CBOK OdYepelb, SBISICTCS NPUYUHON
MOJIOKUTENIBHBIX ~ WM  OTPUIATENBHBIX ~ OTKJIOHEHHH  OT  3aKoHa
cBeronoromeHus (puc. 37).
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[
Pucynox 37 — I 1
I'pamynpoBounbIii rpaduk npu: o
1 - BBINTOJIHEHUM 3aKOHA
Byrepa-Jlambepra-bepa; 2

2 — OTpULIATETHLHBIX U 3 —
MTOJIOKUTEITBHBIX OTKIIOHCHUSX
OT 3aKOHa

QHEKmPOHHble CHEeKmMpbl RO2I0ULEHUA, UX XAPDAKMEPUCMUKU

Cnexmp noenowenusi — 3T0 TpapUK 3aBUCUMOCTH OINTHYCCKON
TUIOTHOCTU pacTBOpa wiH moriomeHus (A, T) oT JUIMHBI BOJHBI, YaCTOTHI
WJIM BOJTHOBOTO umciia (puc. 38).

Ipoucxooicoenue CIIEKTPOB MOTJIOIICHUS BEILIECTB B
MOJIEKYJIIPHON abcopOIMOHHON CHEKTPOCKOIHN CBSI3aHO c
JHEPreTHUCCKUMHU MePEX0AaMu, MPEACTABICHHBIMHU Ha puc. 33.

A T

hv v, h

Pucynox 38 — CriocoOblI MpeicTaBICHUS CIICKTPOB MOTJIONIEHUS

Ilormomenue BUIUMOI'O  HJIH y(D-I/IBJ'Iy‘-IeHI/I}I MOIJICKYJIaMHU
OpraH”UYCCKOro BCHICCTBA CBA3daHO C BOj6y>KI[eHI/ICM o- , TT- H
HECBA3BIBAIOIIUX 71— JJICKTPOHOB. Ka)KI[OMy U3 ABYX THUIIOB CBA3BIBAIOIIUX
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0- U 7— opOWTanell COOTBETCTBYET paspwixiasioujas opbutans. Ha Hee
3IEKTPOHBI TIEPEXOAT, BO3OYKIASACH MPH MOTJIOMEHUH H3IMy4YeHUs. Takum
o0pa3oM, W3BECTHO TMSITh THIIOB OpOWTaliel, YTO TNPUBOIUT K

COOTBETCTBYIOIIUM THIIAM 3JIEKTPOHHBIX TEPEXOAOB: 0 — 0¥ 7w — 0¥
n—o* g —rx* n—x* (puc. 39). DHEPrusg ITHX MEPEXOJIOB CYIIECTBECHHO
pasznvaeTcs.
or— 7'y A 4
T
A 4 Pucynox 39 — Cxema
ET JNIEKTPOHHBIX  yYPOBHEW W
e BO3MOXHBIX  JJIEKTPOHHBIX
TS TIEPEXO0/I0B
0T ——

n-r* n-o* z-n* w-o* o-o*

N30uparenbHOE TOTJIONICHUE HM3JIYYCHUS B OINPEACICHHON 00JacTh
CIIEKTpa CBSI3aHO C HaJIM4YMEeM XPOMOQOPHBIX Tpymnn. Xpomoghopuvie
epynnvl — TPYMIBl aTOMOB, COJICPXAIUX HEMOJCIICHHBIC 3JICKTPOHHBIC
Tapbl, 7 — IEKTPOHBI U CONPSHKCHHBIC KPATHBIC CBSA3U, OTBETCTBCHHBIE 3a
OKpAacKy COeIMHEHUH.

Hawnbonee n3BecTHBIME XpOMOGOPaMH SBIISIOTCS TPYIIITHL:

>C=C<,>C=0, > C=N-, -N=N-, -NO,, - peaunbHast
(Ph-) u apyrue apoMaTHIeCKHE TPYIIITHL.

Hampumep, B monekyie anerona CH;-C-CH; xpoMo@OpoM sSIBISETCS
rpynmna >C = O: . g

Bo3moxHbI niepexonsl: ¢ — 0¥, n — ¥ 7 — w*. B cnekTpax BOJHBIX
pacTBOPOB aleToHa HaOOMaeTcs MIUPOKas I0JIoca ¢ MAaKCHMyMOM B
nuanazone: 260-280 HM.

Ilornomenne MOHAMH METANIOB MM KOMIUIEKCAMHU BHIMMOILO WU
Y®-uznydeHuss MOXKET BBI3BaTh BO30Y)KICHHE BHEIIHMX d- WiIH f-
JJIEKTPOHOB. OJTO CONPOBOXKIACTCS TIEPEXOIoM Ha 0Oojiee BBICOKHE
SHEPreTUYeCKnue ypoBHH, HanpuMmep: d — d*, d — n*, m — d* nm — n* -
MIEPEXO/IBL.

DIIeKTPOHHBIEC CIEKTPHI 3aBUCAT OT pacmeopumeisi. COEKTP OTHOTO U
TOTO K€ BEIIECTBA MOXKET OBITh Pa3IMYHBIM B Pa3HBIX pacTBopuTeisiX. [Ipu
COJIbBATAIlMM MOJICKYJ B CIEKTpE HAOIIOJACTCS 2UNCOXPOMHbLIL dhdexm
(caBHT A4, B KOPOTKOBOJIHOBYIO 00J1aCTh). CIOBUT XK€ A4, B CTOPOHY OOJICE
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JUTMHHBIX BOJIH HAa3bIBACTCS OamoxpomHuim cosuzom. OH UMEET MecCTO,
HaIpuUMeD, MPH KOMIUIEKCOOOpa30BaHIH.

OCHOBHBIMU CREKMPATbHBIMU XAPAKMEPUCIMUKAMU BEIICCTBA B
MOJIEKYJIIPHON a0COPOITMOHHON CIIEKTPOCKOTIHH SBIISFOTCS:

- JITMHA BOJIHBI B MAaKCUMYME TOTJIOMIEHUS (A,10y),

- MOJSApHBIA KO3(G(GUIUEHT NpH UIMHE BOJHBI MaKCHMaJbHOIO
IOTTIOIICHHS (&) max),

- TIOJYIIUPHWHA TTOJIOCKH MOTIIOMICHUS (AA;)).

IlepeunciieHHbIE XapaKTEPUCTUKH 3aBUCAT, TPEKIE BCETO, OT
MPHUPOJIBI  TIOTJIOMIAIOIIETO BEIIECTBA M, CICAOBATEILHO, MOTYT OBITh
WCTIOJB30BaHbl Il ero uaeHTuukanuu. C 3ToH 1enbio CIeKTp yao0Hee
MIPEICTABIATh B KoopauHaTtax &; = f (4) (puc. 40).

€3
€. max

Pucynox 40 — DnexTpoHHBIN
CHEKTp MOTJIOICHUS

, HM

CrnenyeTr 3aMETHTh, YTO CIEKTPAILHBIC XapPAKTCPUCTHKHU 3aBUCST
TaK)Ke M OT IKCIICPUMCHTAIBHBIX YCIIOBHH CHATHS CIEKTpa TOTJIOMICHUS
(pacTBopuTens, pH, TeMnepaTypbl pacTBoOpa u Jip.).

M3Mmepsast onTuveckyro IUIOTHOCTh (WJIM MPOIyCKaHUE) TpHU
OTIpe/ICNICHHON YacTOTE WM JJIMHE BOJHBI (OOBIYHO, MPHU 4,,) B CTPOTO
coOJIOMaeMbIX  CTaHAAPTHBIX  (ONTHUMAIBHBIX)  YCIOBHAX,  MOXKHO
MPOBOJIUTE  KOIUYECHBEHHOEe OnpedeiieHue TIOTIOMIAIONETO BeIeCTBa
(ompexensTh €ro copepikaHue), MOCKONbKY ypaBHeHHe byrepa-Jlambepra-
bepa npunumaer Bun: A = K-C, rne K = ¢,-f = const.

Cpeocmea usmepenuii. llpuHnunuansHas OJIOK-CXeMa MpHOOpa,
UCTIOJB3yEMOT0 B MOJICKYJISIpHOU abcopOrmonHol criekrpockonuu (MAC)
n3o0paxxeHa Ha puc. 41.
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Heron- Mozo- Hamep-

HEE XpoMa- (OGpasen TeTERTOp Vemmm- TEIBEDS
» » » =

HETyHE- Tap TETH VCTPOE-
HEE CIEC

Pucynox 41 — llpunnunuansHas cxema npudopa, UCIIONIb3yeMOTro
B a0COpPOITMOHHON CITEKTPOCKOITHH

B 3aBucMMOCTH OT CHEKTpalnbHON 007acTH, B KOTOPOH H3MEPSIOT
TIOTJIOIICHUE, B KAUECTBE UCTNOYHUKA U3TYYeHlsl BBIOUPAIOT:

- TaMITy Hakanusanus ¢ BoibppamoBoit HUTHIO (350-1000 HM),

- Oetimepusyro | Bogopoaayro amiry (165-400 M),

- kcenonosyro nammy (200-800 M),

- gonbghpamo-eanozenosyro namiry (200-1000 am).

Monoxpomamop TpEACTaBIAET COOOH IUCTIEPTUPYIOUIYIO MPH3MY,
TUGPAKIMOHHYI0 pelieTky wid (B (OTOKOJOPUMETPUU) — Habop
ceetombTpoB. Ero Ha3HaueHne — OTCEKaTh BCE M3IyYCHHE KPOME OUYCHBb
Y3KOH MOJIOCH YaCTOT WJIH JUTHH BOJTH.

Hanee nznydeHnue mpoxoauT yepe3 oopazey U NONANACT HA OemeKmop.
Bun demexmopa Tak ke, Kak U BUJ UCTOYHHUKA 3aBHCUT OT MPUMCHICMOMN
00JacTH AIEKTPOMArHUTHOTO W3IYYEHHsS: B CIIEKTPOCKONHUHM BUIANMON H
Y®-obnacTeii HamOOJBINIEE PACTIPOCTPAHCHHUE TIONYUWIH  CYPbMIAHO-
yesuesvle (180-650 HM) u xuciopoono-yeszuegvle (600-1100 HM)
(hoTosnmeMeHTsl U (POTOYMHOXKUTENU. [IpUHIUN NEHCTBUSI IETEKTOPOB
OCHOBaH Ha IPeo0pa30OBaHUM SHEPTUHM IJIEKTPOMATHUTHOTO W3IYUCHHS B
SJEKTPUUECKYIO PHEPruro (dMeKTpudyeckuil curHan). [lamee 3ToT curhan
ycunusaemcsi, U 3aTeM usmMepsiemcs Wi pe2ucmpupyemcs.

OOmuit MPUHINIT H3MEPEHUS COCTOUT B TIOOYEPEIHOM CPABHEHUU
UHMEHCUBHOCH el N3ITYYEHUH, TIPOXOIAIINX Yepe3 pacTBOp cpaBHEeHUs ( 1))
u uccnenyemslii pactBop (/). Iloaromy B KlOBEeTHOE OTAelieHHE pudopa
HapsAy C KIOBETOH, cCoOIepiKamiell WCCIeMyeMblii pacTBOp 00pasiia,
MOMEIIAIOT KIOBETy C pPacTBOpOM cpaBHeHus. IIpuMeHeHue pacTBOpa
CpaBHEHHUs 00YCIOBICHO HEOOXOIUMOCTBIO MCKITFOUCHHS HEXKEIaTeIbHBIX
ONTUYECKUX SBJICHUN (OTpakKCHUE, MPEIOMIICHHUE, PACCETHUE U3IYYCHHUS U
MPOY.) ¥ MEUIAIONIETO BIMSHUS KOMIIOHEHTOB PacTBOpA.

W3meputenbHbie  TPUOOPHI, TNPUMEHSAEMBIE B MOJCKYJSPHOH
CHEKTPOCKONHH, KIACCUUIMPYIOT MO Ccrnoco0y H3MEepeHHs Ha OIHO- U
IBYXJTy4eBble TPHOOPH; a Mo crmoco0y MOHOXpPOMAaTH3aIMk Ha
(hOTORNIEKTPOKOJIOPUMETPHI M CIIEKTPOHOTOMETPHI.
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[IpuGopsl, B KOTOPHIX HCHONB3YIOT MOHOXPOMAaTHUECKOE HM3Iy4YeHUE,
MOJTy4aeMoe ¢ TTIOMOIIIBI0O MOHOXPOMATOPa (AUCTIEPTUPYIOIeH PU3MBI HITH
IUQPaKIMOHHONH  PEIIeTKH),  HA3BIBAIOT  CHEKMPOPOMOMempamu.
[IpuGopsl, B KOTOPHIX HCHOJB3YIOT IOJUXPOMATHYECKOE U3ITyUeHHE
(M3;IydeHue Y3KOro HWHTepBaja [UIMH BOJIH), IOJYy9aeMO€ C TMOMOIIBIO

CBETO(HUIBTPOB, Ha3bIBAIOT POMOINEKMPOKOIOPUMEMPAMU.
CoOOTBETCTBEHHO, METOI, OCHOBaHHBIN Ha UCTIOJb30BaHUH
MOHOXPOMAaTHYIECKOTO W3ITyYeHMS, Ha3bIBAIOT

cnekmpogomomempuieckum; a METOJl, OCHOBaHHBIH Ha HCIONBb30BAaHUU
MNOJIUXPOMATHIECKOTO UIMYUEHUs, - pomokonopumempuieckum. (OOBIYHO,
UX O0BEIUHAIOT B OAHY TPYIITY (hOMOMEempuyecKux Memooos.)

DOTOAIEKTPOKOIOPUMETPHI UMEIOT JIOCTaTOYHO MIPOCTYIO
KOHCTPYKIHIO, IPUTOHBI A7l U3MEPEHUH B BUANMON U OnmokHed Y ®- (no
300 aM) 0bnacTAX, CPaBHUTENBHO HEIOPOTH.

CrnektpooTOMETphl ~ HUMEIOT  0ojiee  CIIOKHYIO  KOHCTPYKIIHIO
(cHaGXXKEeHbI MUKPOIPOIIECCOPAaMH, AUCIUISIME | TIPOY.), U, COOTBETCTBEHHO,
- Oonee BBICOKYIO CTOMMOCTb. BMmecte ¢ TeM, CHEKTpO(OTOMETPHI MO
CpaBHEHHIO C (OTOKOIOPUMETPAMU HMEIOT OoJiee BBICOKYIO TOUYHOCTD,
YYBCTBUTENBHOCTh W HM30HMPATENbHOCTh AHAIWTHYECKUX OMpEIeNieHUH, U
MOTYT OBITh HUCIIOJI30BaHbI B aHAINM3€ MHOTOKOMIIOHEHTHBIX cucTteM. OHU
MIPUTOJTHBI JJIS M3MEpeHUH B BuauMoi, OnmxHerr UK- u Y ®-o0mactsx, B
pe3yiapTaTe dYero BO3MOXHO OmpezesieHHe Oollee IHMPOKOrO Kpyra
BEIIECTB.

Yenosua gomomempuueckux usmepenuii, ux onmumuzayus.
DoToMEeTpHUIECKHE M3MEPEHHs BBIMOIHIIOT P ONTHMAIBHBIX YCIOBHSIX,
MO3BOJISIIONINX ~ CHU3UTh MOTPEIIHOCTh HM3MEPEHHUil, TMOBBICUTh HUX
YYBCTBUTENBHOCTh, CEJIIEKTUBHOCTb, BOCIPOMU3BOAMMOCTh U YIYYIIUTh
JIpyTHe METPOJIOTUYECKUE XapaKTEPUCTUKH.

Buibop gpomomempuueckou peaxyuu. MHOTHE BelecTBa 00JIATAIOT
HU3KOHW MOTJIOMIATENIbHOM CHMOCOOHOCTBIO WMJIM BOOOINE HE MOTYT
noryiomars B pabodeM Auamna3oHe AJIMH BOJH. [loaTOMy A MOBBIMICHHUS
TOYHOCTH M YYBCTBUTEIBHOCTH W3MEPEHHU OIpeNeIsieMblii KOMITOHEHT
MEPEeBOASAT B COEOUHEHHE, O0Jaiaroniee 3HAYUTEIHHBIM TOTJIOMIEHUEM
(OONBIIMM 3HAYCHHUEM &) 1q) B OJHOM M3 YYACTKOB CIEKTpa, T.€. IPOBOAAT
(HOTOMETPHUUYCCKYIO PEaKIIHIO.

IIpu BeIOOpE (poTOMETpHUECKON peaklnu KPOME UyBCTBHTEIHHOCTH
TaKXe HEe0OXOIUMO YYHTHIBATH €€ M30MpaTeabHOCTh. DOTOMETPUUECKUIA
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peareHT OOJDKeH 005afaTh M30MpaTeNnbHBIM JCWCTBHEM: B pEaklMUd HE
JIOJKHBI Y9aCTBOBATh IIOCTOPOHHUE BEIIECTBA.

Peakuust nomKHa MPOXOTUTH OBICTPO M KOJMMUYECTBEHHO (Ha 99,9%),
OTIMYATHCS XOPOLIEH BOCIIPOU3BOJUMOCTBIO OKPACKH U €€ yCTOWYHBOCTBIO
BO BpEMEHH.

HeoOxomumpiM ~ yclOoBHEM TPOTEKAHUS pEAKIUU  SIBIAETCS ee
CTEeXHOMETPUYHOCTb. B pe3ynprare ee  NpOTEKaHWS  JOJDKHBI
00pa30BBIBATHCS MPOYKTHI ONPENEICHHOTO / H3BECTHOTO COCTABA.

Hcmonp30BaHue peakiuil JepuBaTHU3allMM II03BOJIAET IMPOBOJUTH
ompelieNieHHe  Jake TaKuX OOBEKTOB, KOTOpble He  00JagaioT
MOTJIOMIATENBHON CIIOCOOHOCTHIO.

Buibop cnexmpanvhoti obnacmu. UyBCTBUTEIBHOCTh W ITOTPEITHOCTD
(hOTOMETPUYIECKOTO ONpeneNeHUs] 3aBUCAT OT BBIOPaHHOTO HMHTEpBaia
JUIMH BOJH IMOMJIOIIAeMOro wu3nydeHus. ONTHMaibHas CHEKTpajibHas
o0nacTp ompenensercs CHEeKTpaMH TMOTJIOMIEHUs (HOTOMETPUPYEMOro
BEIIECTBA/KOMIIOHEHTa B (HOTOMETPUIECKOTO PearcHTa.

[Ipu 3TOM BO3MOXKHBI 1Ba BapHAHTA:

1) crekTphl He MEPEeKPHIBAIOTCS (HAIpUMEpP, ecau (POTOMETPHUESCKHUMA
peareHT He Toriomaet). B 3Tom ciydae u3aMepeHne MpoBOST B 00IacTH
CIIEKTpa, rae MOTJIOLICHHE U3ITy9eHHS (hoTomMeTpupyeMBIM
(ompexensieMbIM) BELISCTBOM JOCTUTAE€T MAaKCUMAalbHOTO 3HAYCHUS (Ayq0)
(puc. 40). DTO [maer BO3MOXKHOCTH IPOBOJUTH KOJUICCTBEHHOE
ompezeNeHNe C  HaWOONBIIEH  YyBCTBUTEIBHOCTBIO W MEHBIIEH
MOTPEIIHOCTBIO;

2) CIIeKTpHI TIEPEKPHIBAIOTCA. B 3TOM ciydae m3MepeHHe TpPOBOAAT B
o0JlacTé CHeKTpa, TAe HaONIOAaeTCsl MaKCHMallbHasi Pa3HOCTh 3HAYCHUI
MOJISIPHBIX KO3 PHUIIMEHTOB (POTOMETPUPYEMOTO BEIIECTBA U pearcHTa (4e;).

[Ipu  QOTOKONOPUMETPHUECKUX  HU3MEPEHHSX  CBETOQHIBTPHI
BBEIOMPAIOT TakuM 00pa3oM, YTOOBI MaKCHMyM IIOTJIONICHHS pPacTBOpa
COOTBETCTBOBAJI MUHUMYMY MOTJIOIIEHUSI CBETOPHUIBLTpa (puc. 42).

I[Ipu BbiOOpe ONTHUMAJIBHOW CHEKTPANbHOW 007acTH  OOBIYHO
WCTIONB3YIOT  CTaHJAPTHBIA  pPacTBOpP, COOTBETCTBYIOIIUN  cCepenuHe
STAJIOHHOTO PAJIA.

Buibop unmepesana xonyenmpayui u moawunst cios (kiosemst). llpu
npoBefieHnH (OTOMETPUIECKHUX OIMPEEIICHNI BeIeCTBa I OOeCTIeueHUs
MUHUMAJIBHOTO 3HAYeHUs nocpewrocmu (OTHOCHUTENbHAS TOTPEITHOCTh
AC/C = £2%) u3MEpeHHOE 3HAUYCHHE ONTHYECKOW MIIOTHOCTH AOJDKHO
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HaxomuThes B mpepenax ot 0,12 mo 1,00 (puc. 43). Ilpu pabote Ha
(hOTORNIEKTPOKOIOPUMETPAxX AHaIa30H 3HaueHui cyxaercs m0 0,1 —0,7.

A
Pucynox 42

(dboToMeTpUpyemMoro
BEIIlECTBA (nH

cBetoduabsTpa (2)

A
MuHuManbHasi ~ HOIPEIIHOCTh  ONpPENENsieMbIX  KOHIEHTpalUi
JIOCTUTAETCS MpH ONTHYECKOM IUIOTHOCTH pacTBopa, paBHOil 0,4343,

KOTOpass CYHUTACTCA ONTUMAJIBLHOA i1 AaHAIUTHYECKHUX OHpeI[eJ'IeHI/If/i
(AOHTHM. = 0,4343)-

AC/C,
%
Pucynox 43 -
2 M) | 3aBUCUMOCTh MOTPELTHOCTH
i i OMpE/eseHHs KOHLEHTPAli OT
1! ! ONTUYECKOU TUIOTHOCTH
} } pacteopa
| |
| |

0.1 1.0 A

JobuTthcsi ONTUMABHOTO 3HAYCHHS ONTHYECKOW MIIOTHOCTH MOXHO,
BBEIOMpass TMOAXOAAIMMKA 1uana3oH KoHieHTpanui (C) W/HWIH KIOBETY
noaxozsiiero pasmepa (£), ucxozas u3 ypasuenus byrepa-Jlambepra-bepa.

Heobxonumo Tarxke ompenenuTs 00JacTb KOHIEHTpAMH, B KOTOPOM
coburoaercs 3akoH bepa. C 3ToH 1ebIo I 3TaJIOHHOTO Psiia pacTBOPOB
HaxOJIAT WHTEPBAJI KOHIICHTPAIMi, B KOTOPOM 3aBHUCHUMOCTh A = f{C)
UMEET TMHEWHBIN XapakTep.

[Ipu BBIOOpE KIOBETHI MOAXOISALIETO Pa3Mepa OOBIYHO HCIIOJIB3YIOT
CTaHIAPTHBIM pPacTBOpP, COOTBETCTBYIOIUUI CEpeAMHE 3TAJIOHHOIO psfa.
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Ecnu wu3mepeHHOe 3HAYEHUE ONTHUYECKOW IIOTHOCTH TPU A, PABHO
0,4 — 0,5, To KTOBEeTa BEIOpaHa MPaBUIIHHO.

Bvibop  pacmeopa  cpasnenus. DoTOMEeTpHUECKHE  HM3MEPEHUS
MPOBOJAT OTHOCUTEILHO pPAacTBOpAa CPaBHEHHUS, TIOTJIONICHHE KOTOPOTO
MIPUHMMAETCS paBHBIM Hym0. B KadecTBe pacTBOpa CpaBHEHHS MOXKHO
NPUMEHATE: 1) pacmeop «xonocmoeo onvima», KOTOPBIA TOTOBAT B
YCIIOBUSIX TIPUTOTOBJICHUS HCCIIEIyEMOTO WM 3TAJOHHOTO PacTBOpa, HE
BBOJS OTNpEAENseMBbI KOMITOHEHT; 2) pacmeop peazeHma — B CIydae
B3aMMHOTO TEPEKPHIBAHHUSA CIIEKTPOB TMOTJIOMICHUSI (POTOMETPHUECKOTO
peareHTa U (JOTOMETPUPYEMOTO BEIIeCTBa; 3) pacmeopumens — B ClIyvae,
KOTJIla BBOJMMBIC KOMIIOHCHTHI HE TIOTJIOIIAIOT B BBIOPAaHHOW 00JacTH
CIIEKTpa.

Ananumuueckoe npumeHenue Mmemooa

Hoenmughuxayus sewyecms. VineHTUDUKAINS BEIIECTB OCHOBBIBAETCS
Ha CPaBHEHWHU CIEKTPOB, MOJYYCHHBIX Ui HCCIETyeMOro oOpasma, co
CIIEKTpaMU 3TAJIOHOB (BEIIECTB H3BECTHOTO XMUMHUYECKOrO cocTaBa). B
KJIACCUYECKOW MOJIEKYJISIpHOH a0COpOLMOHHON — crieKTpockonuu Y O-
/BUIMMON  00NMacTH  JUIs  CPaBHEHUS  UCHONB3YIOT  CHEKTPaJbHBIC
XapaKTePUCTUKH, OIpPENeISIOINe TIOJOXKEHHE MaKCHMYMOB — TIOJIOC
MOTJIOMIECHUS U UX BUA (Amax, €1 maw AA12). TIOCKONBKY cCHEKTpajbHBIE
XapaKTEPUCTUKU 3aBUCAT OT YycloBuM (pactBoputens, pH u ap.),
COBIMAJIEHHE XapaKTEPUCTHK DSTAJIOHHBIX M HCCIEAyeMbIX 0Opas3IoB B
Pa3IMYHBIX YCIOBUSX (HAmpuUMep, B Pa3IHYHBIX PACTBOPHUTENSAX) CITYKUT
OCHOBaHUEM JUIS WX YBEPEHHON wuueHTH(UKanuu. Kpome TOro, MoxxHO
WCTIOJb30BaTh KATAJIOTH WM aTjiachl CHEKTPOB, TAONHIBI XapaKTEPHBIX
MOJIOC TOTJIOMICHUSI (C yKa3aHHEM WX TOJNOKEHUS € &gy) IS
WHIMBHUTyaJIbHBIX COSAMHEHUH WM XpOMO(MOPHBIX TPYII U OAHKHU TaHHBIX
B UH(OPMAITMOHHO-TIOUCKOBBIX CHCTEMaX.

Konuuecmeennvie onpedenenus. VI3Mepsisi ONTUYECKYIO IUIOTHOCTH
OpH Ay, B CTPOro COONIOAAEMBIX (ONTHMATBHBIX) YCIOBUSAX, MOXKHO
BBITIOJIHATEG KOJIMYECTBEHHBIC OIpeneNcHusl BelecTB. DoToMETpUUECKHe
W3MEPEeHHS OCYIIECTBISIOT TaKUM 00pa3oM, YTO W3 CBETOMOTJIONIEHUS
MCCIIEyeMOr0 pacTBOpa BCET/Aa BBIUMTAIOT CBETOMOIIIOIIEHHE pacTBOpa
cpaBHeHus. Ecnu B KauecTBe pacTBOpa CpaBHEHHS MCMOIB3YIOT OJUH U3
BBIIICYTIOMSHYTBIX PAcTBOPOB, TO METOJl OTHOCHUTCS K aOCONIOTHBIM
(HermocpeACTBEHHBIM) (POTOMETPHUUECKUM MeToAaM. B Tom ciydae, koraa
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pacTBOPOM CpaBHEHUS SBISICTCS PAcTBOP OIPENEIIeMOro BEIIeCTBa C
W3BECTHOM KOHIIEHTpAIMel, METO ] Ha3bIBAIOT AU G EpEHIINATEHBIM.

Abconomnas omomempusa. KonuuecTBEHHBI aHAIU3 MOXKHO
MPOBOJUTL TMYTEM NPSIMBIX WM KOCBCHHBIX ONPEICIICHUH, MOCKOIBKY
ypaBHeHHe byrepa-JlamOGepTa-bepa s oNTHMAambHBIX W TTOCTOSTHHBIX
yCJIOBUH W3MepeHuid npunumaet Bua: A = K-C.

OO0paboTKy pe3yabTaToB MPSAMBIX ONPEACICHUN NPOBOMAT C
WCTIOJIB30BaHUEM METO/Ia TPaayHpOBOYHOTO Tpaduka, CpaBHEHHUS, JOOABOK
WJIM PacueTHOTO METOA.

Memoo epadyuposounoeo epaguxka 0OCHOBaH Ha TIOCTPOCHUH Tpaduka
A =fC) (puc. 44). nsg >TOro TrOTOBAT CEPUI0 U3 5 — 8 DITAaJTOHHBIX
PacTBOPOB OIPENEIIEMOro BellecTBa. M3MepsioT onTHYecKne MIOTHOCTH
MIPUTOTOBJICHHBIX PACTBOPOB MPH MOCTOSHHBIX (ONTHMATbHBIX) YCIOBHSIX U
CTPOAT IO HUM TpagyupoBOoUHbI Tpaduk A = f{C), KOTOPBIA HCIOIB3YIOT
JUTST HaXOXKACHHUA HWCKOMOW KOHIIEHTpAIMH orpenenseMoro BemectBa Cy
M0 W3MEPEHHOMY /ISl €T0 PAcTBOpa 3HAYCHHUIO ONTHYECKOW TUIOTHOCTH Ay
(puc. 44).

Memoo cpasuenus co cmanoapmom (METOHI BHEIIHETO CTaHAapTa)
OCHOBAaH Ha CpaBHEHHWH ONTHYECKOW IUIOTHOCTH O3TajJOHHOrO /
CTaHIApPTHOTO Asr M HCCICAYEeMOTO pPacTBOpa Ay, TPUTOTOBICHHBIX B
OJIMHAKOBBIX (ONTUMAIIBHBIX) YCIOBHSX, KOrna & W { - TOCTOSHHBIC
BenmuuuHbl. Torga: Cy = Ax-Csp/Asr. MeToll NIpUMEHAIOT, KaK MpaBuiIo,
MpH  ONHOKPAaTHBIX ompeaeneHusx. OH TpeOyer  00s3aTEIBHOTO
COOJIFOICHUST OCHOBHOTO 3aKOHa CBETOMNOINONIeHUs. KoHmeHTparms
STAJIOHHOTO pacTBOpa JOJDKHA OBITh TIO BO3MOXHOCTH ONM3KOH K
KOHIICHTPAIINH UCCIIEYyEMOT0 pacTBOpa.

Memoo 0Oobasox TPUMEHSIOT JJIsi HAXOXKIEHUS KOHIICHTPAIUU
OTIPECIAEMOr0 BEIIECTBA B TPO0ax CO CJIOXKHOW WIM HEU3BECTHOM
ocHOBOM (Marpwuiieit). OH OCHOBaH Ha CPAaBHCHHUU ONTHYCCKUX TJIOTHOCTEH
UCCIIeyeMOr0 pacTBOpa Ax U TOTO ke pacTBopa ¢ M00aBKOW HM3BECTHOTO
KOIMYECTBA  ONpelenseMoro  BemecTBa Ay, os.  HeusBecTHyro
KOHIICHTPAIIHIO HAXOJAT PACYCTHBIM WITH TPaUUECKUM CIIOCOOAMH.

Pacuernprit  cmoco6. Ilpm  coOmiogeHWH  OCHOBHOTO  3aKOHA
CBCTOIIOTJIONICHHUSI U TIOCTOSHHBIX YCHOBUAX (€, Ao U €;) OTHOIICHUE
ONTUYECKUX TUIOTHOCTEH MCCIeTyeMOTO pacTBOpa Ay M TOTO YK€ pacTBOpa C
no00aBKkoi Ay, o5 OylleT paBHO OTHOILEHHIO UX KOHLIEHTPaLUi:

Ax/Axi05 = Cx/Cxyy05, OTKYHA:

Cx = Ax'Vios Cros/[ (Axs 05 - Ax)-(Vx + Vyos)],
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rne Vx u Vjyog — 00beM aHanusupyemMoil mnpoObl u  100aBKH,
COOTBETCTBEHHO, MIT;
Cros — KOHLEHTpalLUsl OINpPEAEIseMOro BeIlecTBA B PacTBOpeE
00aBKH, MOJIB/I.
C 1emnpio JOCTIKEHNS HAMITYUIIAX Pe3yJIbTaTOB J00AaBKH CIiemMyeT OpaTh
B TaKHMX KOJIMYECTBAX, YTOOBI Pa3HOCTh (Ax. 705 - Ax) Obl1a He MeHee 0, 1.
I'paduueckmii crmocod. MeTon OCHOBaH Ha IOCTPOCHUU Tpaduka

A = f(Cyos) (puc. 45).

A A
Ax
| | 1 |
Cx C Cy 0 Cros
Pucynox 45 — I'padpuueckoe
Pucynox 44 — I'patynpoBOYHBII OIpeJielICHUE KOHLIEHTpalluu
rpaduk OIIPEJEIIIEMOI0 KOMIIOHEHTA B

pacTBOpe METOIOM J00aBOK

Uepes TOUYKH, COOTBETCTBYIOIINE 3HAUYCHUSIM ONITUYECKUX IIOTHOCTEH
uccienyemoro pactsopa (Cyos = 0) U pacTBOpoB ¢ A00aBKaMu, IPOBOAAT
MIPSIMYIO JIMHUIO JI0 TIEPECEUCHUs €€ ¢ OChIo a0cIuce B Touke Cy.

Pacuemnuiii memoo UCTIONB3YIOT, €CIIN 3apaHee U3BEeCTHA (FITH MOYKET
OBITH YCTAaHOBJICHA BEIWYMHA ¢&;). 3HAs TONIIUHY CJIOS KiOBETHI ({),
PACCYHTHIBAIOT KOHIIEHTPAIIMIO OMPEISIIIEMOr0 KOMIIOHEHTA 110 (hopMyJIe:

CX = Ax/(gi' f)

Hupgpepenyuanvnan  omomempus. B Tex cmydasx, Koraa
KOHIICHTpAIlMsI  ONpPENesIeMOr0  BEIIecTBa BElIMKa, W H3MepseMas
ONTHUYECKAs! TUIOTHOCTh PacTBOPA MPEBBIIIACT 3HAUCHUE, PABHOC CAMHUIIEL,
UCHOIB3YIOT AuddepeHianbuy0  (oToMeTpuro. B sTOoM Merome B
KayecTBe pacTBOpa CpaBHEHUS HCIIONB3YIOT PAcTBOP OMIPEIENIeMOro
BEIIECTBA C M3BECTHOH (COM3MEPHMOI C OIpenenseMoil, HO MEHbIIEH)
KOHIIEHTpaIueH.
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Mo cytn, muddepeHUIHANBHBIH CIOCOO HW3MEPEHUs] CBOAUTCS K
PaCTSDKEHUIO HW3MEPUTEIBHOW IIKaasl MpuOopa B 001acTH  OOJBIIHAX
KOHLEHTpauid. M3MepeHHOe 3Ha4YeHHe, MpeACTaBisieT coO0i pa3sHOCTh
ONITUYECKUX TIOTHOCTEH MCCIIeyeMOro PacTBOPa U pacTBOpa CPaBHEHHUSL:

Aum. = AX_Acp. =é&r g'(CX_ Ccp.)-

OTOT mpHeM TO3BOJSET MOBBICUTh TOYHOCTh M3MEPEHUi, TOCKOIBKY
u3MepsieMoe 3HAaYeHHWE ONTHUYECKOM IUIOTHOCTH TMomajaeT B 00JacTh ¢
MEHBIIEH TTOTPEITHOCTRIO (pHc. 43).

Koceennvie pomomempuueckue onpeodenenus (pomomempuuecxkoe
mumposanue). MeTtox (QOTOMETPHUUECKOTO THUTPOBAHMSI OCHOBAaH Ha
U3MEPEHNH W3MEHEHHS ONTUYECKOH IUTOTHOCTH (MM TIPOITyCKAaHHS)
WCCIIEIyeMOr0 PacTBOpa B TIpoOIlecCce TUTPOBAHUS TpH A,,. B mporecce
TUTPOBaHUS MEXIy OINpenensieMbIM BemecTBoM (X) u TuTpaHToM (R)
NPOTEKAaeT XUMHYECKas peakUus, COMPOBOXKIAIOMAsACS oOpa3oBaHHEM
KaKHUX-THO0 MPOIyKTOB (P):

X+ R =P

U3meHeHne coctaBa pacTBOpa B Mpolecce TUTPOBAHHS HAXOAMUT
OTpa)keHHUE HA KPHUBOW THTPOBAHUS, KOTOPYIO CTPOSIT B KOOpAMHATax
A= fIiV(R)). Cytb (OTOMETPUUECKOTO THUTPOBAHUS CBOJHUTCA K
HaXO0>KACHUIO TOUKU SKBHBAJICHTHOCTH IO TOUKE Mepernda rpaduka.

B 3aBucMMOCTH OT ONTHYECKHUX CBOWCTB KOMIIOHEHTOB pEaKIUH
BO3MOJKHO TTOJTy9€HHE KPUBBIX TUTPOBAHUS pa3andHoro Buaa (puc. 46):

A A A

V®) V®) V®)
a) 0) B)
Pucynox 46 — OcHOBHBIE THITBI KPUBBIX (JOTOMETPHUUECKOTO TUTPOBAHHS,
KOI'Jla CIIEKTPaJIbHYI0 aKTUBHOCTH IIPOSBIISET:
a) Tutpant, A = f{C(R)); 6) onpenensiemoe BemectBo, A = f{C(X));
B) ompeJiensieMoe BelecTBO U TutpauT, A = f{lC(R), C(X))
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2.2.2 MoJaekyasipHasi a0cOpOLIMOHHAN CIIEKTPOCKONMSA
B HH(ppaKpacHoii odacTn

Monexynapuas abcopbyuonnasn ungpaxpacuasn (UK-) cnexkmpockonus
— METOJl, OCHOBaHHBI HAa W3MEPEHHH WHTEHCHBHOCTH TIOTJIOIIEHHOTO
MOJIEKYJISIPHON CpeJioil 3JIeKTpoMarHuTHOro usnydeHusa MK-nuamazona B
unTepBaie iuH BojH oT 0,8 1o 100 MxM.

ITornomenne MK-u3mydeHnus IpUBOIUT K KOJIEOATEIHHBIM ITEpeXo/iaM
B MoJekynax. Ilpm 3ToM B MoJekyne MEHSIOTCS HE TOJBKO JHEPTHUU
KosiebaHuil, HO Takke M oSHepruu BpameHuid. [lostomy WMK-cnexTpsi
COCTOSIT U3 MHO)KECTBA Y3KHMX IIOJIOC TOIJIOIIEHUS, a HE U3 OJHOW WIH
HECKOJIbKHX IIMPOKHX TMOJOC, KaK 3TO OBIBAaeT B Ciyyae SJEKTPOHHBIX
CHekTpoB (B BUIMMOH M YB-oOnactsx). Uem cioxkHee MOJEKysa, TeM
6onpiie nosoc Oyaer Habmonatees B ee UK-cnextpe (puc. 47).

O6pruno  MK-CcmieKTphl  TPEACTABIAIOT  COOOH  3aBHCHUMOCTD
kod(duimenTa TPOMyCcKaHUS OT JJIMHBI BOJIHBI AJIEKTPOMArHUTHOTO
M3JTy4eHHs] WM €0 BOJHOBOro uucia. [Ipu TakoMm cnocobe peructpanuu
CIIEKTPHI BHITISASAT KaK MUHUMYMBI Ha KPUBOW, a HE KaK MAaKCHUMyMBI Ha
JIEKTPOHHBIX CIIEKTPAX.

T.%
100 L
m\\
0
.;\.-_. MEM

HITH §THOE0E YO, CM—]'
Pucynox 47 — Tunnunsiit Bug UK-cnektpa
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IIpupona momoc mornomienns B MK-cnekTpax o0ycnoBieHa IBYyMS
THTIAMH MOJICKYJIIPHBIX KOJIeOaHUH:

- BAJICHTHBIMU KOJICOAHHMSIMH, KOTJA COBEPINAIOTCS TEPUOIUICCKHUEC
BO3BPAaTHO-TIOCTYMNATESIILHBIC JBM)KCHUS aTOMOB BJOJb OCH  CBS3H,
COTIPOBOXKIAFOIIHECS] M3MEHEHUEM JIJTUH CBS3CH;

- neGopMaIMOHHBIMUA KOJICOaHUAMHU, KOTOPBIE COMPOBOXKIAOTCS
W3MEHEHUEM KaKUX-JIUOO yTIIOB CBS3H.

B 1memom ro0Obie  KoneOaHWSI, TPOUCXONSAIIHE B MHOTOATOMHOM
MOJIEKYJIe, MOXKHO Pa3eiiTh Ha CKEJICTHBIC, B KOTOPBIX BCE aTOMBI «CKEJICTa»
YYacTBYIOT  TNPHUMEPHO B  OJMHAKOBOW  CTENCHW, M  KoJcOaHUsS
XapaKTEPUCTUUCCKHUX TPYIIIL, IPH KOTOPBIX CHJIbHBIC CMEIICHUS HCITBITHIBACT
JIUIITE KaKasi-TO OT/AEIbHAS, HEOOJBIIast 9acTh MOJIEKYJIBI (IPyIIa aTOMOB).

YacTOoThl  CKeneTHbIX — koieOammit (1400700 cM')  BechbMma
YYBCTBUTEJIBHBI K MPHUPOJC 3aMECTUTENs, HAXOMAAIIETOCS B IENH WIN
KOJIBIIE, TIOATOMY €€ Ha3bIBAIOT 00JIACTBhIO «OTIIEUYATKOB MaNbICB». JlaHHas
obmacte  UK-cmextpa  (1400+700 cm')  obmamaer  HambOIBIIEH
WH(GOPMATHBHOCTBIO O CTPYKTYPE MOJICKYJIBL.

YacToTel KoeOaHUi XapaKTePUCTUUECKUX TPYII (BBIIIC W HIDKE YaCTOT
CKEJICTHBIX KOJIeOaHwMiA), HAIIPOTHB, MAJIO 3aBUCST OT CTPOCHHUS MOJICKYJBI B
1EJIOM. XapaKTePUCTUUECKUE YaCTOThI TPYII TPUBOAATCS B CIPABOYHBIX
TaOMMIIAX W MOTYT OBITh WCHOJB30BAHBI JUIsI HMACHTU(HMKAIIAN BEIICCTB
(HEKOTOpBIE M3 HUX MTPEACTABIICHBI B KAYCCTBE IMpUMeEpa B TabIL. 2).

Tabmmma 2 — Xapakrepuctudeckue mapamerpsl MK-criekTpon

XapakrepucTuueckas JlnvHa BOJIHBI, Yacrora B KoTeGaHHit

rpymma MKM Konebamuii, cm’!

C-H 3,0-3,7 2700 - 3300 Banentubie

C-H 2,0-24 4200 - 5000 Banenrusie

C-H 6,8-7,7 1300 - 1500 Jedopmanmonnsie
O-H 2,7-33 3000 - 3700 Banenrueie

O-H 6,9-83 1200 - 1500 JedopmannoHHbIe
c-C 8,3-12,5 800 - 1200 Banenrusie

c=cC 59-63 1600 - 1800 Banenrusie

c=cC 42-48 2100 - 2400 Banenrusie

CcC=0 2,8-3,0 3300 - 3600 Banenrusie

C=N 42-4.8 2100 - 2400 BanentHsie

C=N 59-63 1600 - 1700 Banentusie
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Cpeocmea usmepenuii. bompmmHcTBO mpubopoB misi MK-obmactu
COCTOUT W3 TEX € Y3JI0B, YTO M TPOYHe MPUOOPHI I aOCOpOITMOHHOM
crieKTpockonuu (puc. 41).

B kauectBe ucmounuxa uziyuenus B OmmkHed u cpemgmenn MK-
obmactsix (200 — 12800 e mmm 50 — 0,8 MKM) HCIOIB3YIOT IITH}T
Hepucra (cmech Zr0O;, Y,0; ThO, CeO,) wmm tiobap (SiC), KoTopbie
JIAIOT HEMPEPHIBHOE M3ITyUYEHUE TIPU HATPEBAHUH ICKTPUICCKUM TOKOM JI0
1900°C u 1350°C, coorBercTBenHo. s paGotsl B nanbHeil MK-o6mactu
(200 — 10 em™ mam 1000 — 50 MKM) MPUMEHSIIOT PTYTHBIC ra30pa3psIHbIC
JIaMIIbI BRICOKOTO AaBieHus. B ommxueit UK — obmactu (4000 — 12800 em’!
mwm 2,5 — 0,8 MKM) MOXXHO HCIOJB30BaTh JaMIIbl HaKaJIUBAaHUS C
BOJTB(PaMOBON HUTHIO.

B kauectBe momnoxpomamopa Hamboliee YACTO  MPUMCHSIOT
JUQPaKIMOHHYIO peleTKy uiu npusmsl u3 NaCl wnu KBr.

Obpazey  MOXET HaXOOUTBCA B  Ta3000pa3HOM,  KHUAKOM,
CYCIIEH3UPOBAaHHOM COCTOSIHMSIX (B Tmpo3pauHbix il HMK-uznydenusd
KIOBETaX, U3TOTOBJICHHBIX U3 MUHEPANBHEIX coneil: KBr, NaCl, CaF, n np),
a TaKKe U B TBEPJOM Bujie (B Ta0NETKAX WU IUICHKAX).

Jlemexmopamu CcIyXaT TPUEMHHKH, TpeoOpasyromye TerIoBYIO
SHEPTHIO B JICKTPUUYECKYIO: TEPMOAJIEMEHTHI, 00JIOMETPHI U JIp.

Ananumuueckoe npumMeHenue Mmemooa

Hoenmugpuxayus sewecms. W3 HNK-crieKTpoB MOXKHO IOJTydaTh
KaueCTBEHHYIO CTPYKTYpHyIO uHbopMmamuio (0 TpHUpoae, CTPOCHHH,
KOHQUTYypanuu W KoH(oOpMaluu Mojekyd). Hepenko Ttakwe CHEKTphI
CITyKaT JUIS UIEHTH(OUKAIIH BEIICCTB.

IIpn wpeHTH(UKAIME CHUMAIOT CIHEKTP HCCIEIyeMOro BEIECTBa;
BBITMIMCHIBAIOT YaCTOTHI TOJOC TPONYCKAHUS WM TOTJOMICHHS (OOBIYHO
UACHTU(UIUPYIOT  caMble CWIBHBIC  IIOJIOCHI);  OIIGHWBAlOT  UX
WHTEHCHBHOCTh B MAaKCHMyMaxX WIM MHUHHUMYyMax; a 3aTeM CpaBHHUBAIOT
MOJTyYeHHBIE JaHHBIC C TaOJMYHBIMU (ITPH CPABHEHUH HCIIOJIB3YIOT aTIachl
CIIEKTPOB WM UH(OPMAITUOHHO-TIOUCKOBEIE CUCTEMBI, TIOMOTAIOIITUE HAUTH
HYKHBIN CIIEKTp B aTiiace).

HK-cniekTpockonus XapaKTepu3yeTcs MOJIEKYJIIPHOM
CHEIM(PUIHOCTEIO, YTO  IO3BOJSIET  MOJydYaTh  HWH(pOpMamuioo 0
(YHKIIMOHANBHBIX TPYIMIAaX B MOJEKYJe — WX THIE, B3aUMOJCHCTBUAX U
opueHTanuu. brarogaps 001acTi «OTIIEYaTKOB MANbIEB» METOA 00IamaeT
CEJICKTUBHOCTBIO TIO OTHOIIEHHIO K wu3omepam. MK-cnexkTpsl pa3HbIX
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BEIIECTB MOJIHOCTBIO COBNAATh HE MOTYT TaK e, KaK OTIIeYaTKU NaJbIeB,
MIPUHAJUICKAIINX PA3HBIM JIIOISM.

Konuuecmeennvie  onpedenenus.  3aBUCUMOCTb ~ MHTEHCHBHOCTHU
nosockl B MK-cnekTpe OT KOHLIEHTpallMM BELIECTBA, IMOTJIOMIAOLIETO
JIEKTPOMArHUTHOE W3Ty4YeHHE NPH JaHHOW JIMHE BOJHBI, ONHCBHIBAETCS
3akoHOM byrepa-Jlambepra-bepa: A = k-(-C. Ha mnpumeHeHun 3Toi
3aKOHOMEPHOCTH OCHOBAaHBI KOJINYECTBEHHBIE OTIPEICTICHHUS.

O6pabotky HK-criekTpoB TpW W3MEPEHWH HWHTCHCHBHOCTH TIOJIOC
(BBICOTBI) TIPOBOJIAT IIPH TIOMOIIH Memooa 6azoeotl aunuu. Hanpumep, Ha
puc. 48 mpencrasnen ¢parment MK-crekrpa, comepkaliuii 1Be MOIOCHI
nornomenuss (4 u B). Uepe3 Touku, COOTBETCTBYIOLINE (DOHY CIIEKTpa
(MakCMMyMy WHTEHCHBHOCTH) TIIPOBOIAT TMPSMYIO0 JHHHIO (0a30BYIO
TUHUIO). [ KaXXmoro MUHMMyMa U3MEPSIOT WHTCHCHUBHOCTH CHUTHANA OT
HyneBoi 10 0GazoBoit mmHuUM (Ips) U Iyp), COOTBETCTBYIOLIYIO
WHTEHCUBHOCTH 3JIEKTPOMArHUTHOTO U3IY4YEHHs, TaJaloiero Ha oopaser.
[Janee mpoBoAsAT M3MEpEeHHE BEIWYHMHBI CHUTHAJa OT HYJIEBOH JHHHU [0
MUHUMYMa (I4 1 I g), KOTOPOE COOTBETCTBYET MHTEHCUBHOCTH ITPOLIEIIIETO
yepe3 oOpaszen W3IIydeHUs. 3HAYCHHUS ONTHYSCKOM IUIOTHOCTH (A)
paccunThiBatoT 1o hopmyite (41): A = Ig(1y/1).

Hdns  onpeaeneHuss KOHLIEHTPAMM OOBIYHO TPUMEHSIOT METOX
rpagyrupoBOYHOTO Tpaduka.

F 3
I
F
A Pucynox 48 -
Oo6pabotka UWK-crektpoB ¢
MOMOIIIBID  MeTona 0a30Boit
4 JTMHAN
T,
L Tocq)m 0BT e
k4 v "y A 4 >
D, o1

HK-criekTpockonusi TO3BOJISIET onpeAeisaTh KouteHTpanuu ot 0,1%
mo 100%  (mmama3zoH  OIpedeNIeMBIX  coaepkaHui). Bo3MoxHO
OTpesieNicHNE W MUKPOKOJIUYECTB BEHICCTB IIOCIIC COOTBETCTBYIOILIETO
KOHIIeHTpUpoBaHusi. OJHAaKO, UCIONB30BAHME HOTOrO  METOJa B
KOJINYECTBCHHOM aHAJIW3e OTPaHWYeHO, T.K. TpeAeibl OOHApyKEeHHUs
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BEIICCTB  JIOCTATOYHO  BBICOKM  (METOA  00JafjaeT  HEBBICOKOM
YYBCTBUTENBHOCTBHIO), & TOYHOCTH PE3yIbTAaTOB COCTABIIAET Mopsiaka 5%.

HK-criekTpocKkonus MO3BOJISCT MOTydYaTh WHGOPMAIMIO O TBEP/IBIX,
KUAKUX W Ta3000pa3HBIX BEIIECTBAX, O CTPYKType M CTPOCHUHU
MOBEPXHOCTH M €€ COCTOSHHU Ha IpaHuIle paszieia (a3 MExIy TBEpIbIM
TEJIOM W JKHUAKOCTBIO (Ta3oM), O JIOKaJIbHBIX O0OJacTsIX o0OBeKTa
UCCIICJIOBaHUs, OOBEMHBIX OO0JIACTSAX, CJIOUCTBIX CTPYKTypax (T.e.
MPOBOAUTH JOKAJIbHO-PACTIPEICIUTEIbHBIA aHAIINU3).

I'maBapiM  oOpazoMm,  MK-CHEKTPOCKONHMIO  HCHONB3YIOT IS
UACHTU(UKANIMN WHAUBUIYATbHBIX COCAMHCHUHN (OOBIYHO, OPraHUYECKUX
BCILECTB, HANpPUMEpP, TMOIUMEPOB), IS TMPOBEIACHUS CTPYKTYPHOIO
aHaNM3a, IJS aHATUTUYECKOTO KOHTPOJS OOBEKTOB OKPYXKAIOIIEH Cpeipl,
aHaJIn3a TEXHOJOTUYECKUX CMECEH, MUIIEBBIX MPOIYKTOB U JIp.

Dypve-cnekmpockonus

[IpumensieMble B KIaCCHYECKON CIIEKTPOCKOIHMH MPHUOOPHI 00JIagaroT
CPAaBHUTENIBHO HEBBICOKOI Pa3pelIaomieii Crroco6HOCThIO (110 v: ~ 1 eM™)
HE TMO3BOJISIFOT PETUCTPUPOBATH ClIA0BbIE CHTHABL. JTO CBS3aHO C
HEOOXOJMUMOCTBIO  TIOCIEOBATCIBHOTO  PA3JIOKEHUS HM3IIYYCHUS Ha
OTHENbHBIC YYaCTKU crekTpa (B MoHoxpomatope). Cosmannble Dypbe-
CIIEKTPOMETPHI JICHCTBYIOT 0€3 CIEKTPAIBHOTO Pa3NIOKEHUS H3ITyICHUSI.
Oyphe-CIEeKTPOCKONUST ~ OCHOBaHA HA  WHTETPUPOBAHUM  CIIOKHOU
nepuonuyeckoit pynkmmu. [IpoBomnmoe DBM mpeobpazoanue Dypne
MO3BOJISIET MOIYYUTH B PEKUME PEATbHOTO BPEMEHH CHEKMP NO2TN0UEHUSL.

B  MyJbTHIIEKCHBIX ~ CHUCTEMax, OCHOBaHHBIX Ha  Dypse-
peoOpa3oBaHMM, IS CIIEKTPAIFHOTO KOAMPOBAHUS MOIHXPOMATHYECKOTO
CIIEKTpa WCIIONB3YIOTC urmepgpepomempol  Maiikervcona (puc. 49).
OcHOBHBIE  y31bl  WHTepdepoMeTpa  BKJIIOYAOT  CBETOACIUTEIb,
HEMOABIKHOE 3€PKaJo, IBUXKYILEECS 3epKalo.

Wsnydenne ucmoyHuka B BUAE TapaIENbHOTO IMy4yKa IOMAIaeT Ha
CBCTO/ICITUTENb.

Csemodenumensy TOTOKA TpeacTaBisieT co0oil  MmiIacTuHy U3
Mpo3padHoro My m3nydeHuss wmarepwana: KBr (MK-obmacts), SiO;
(6mmxuss MK-o6macts), Si0O, (BuauMas o6macts). Ha mractuHy HaHOCHTCS
Takoe TIOKPBITHE, OT KOTOPOro otpaxkaercs ToyHO S50% mamaroIero
u3nydeHus. TakuM oOpa3oM, W3Ny4YeHHE JIEIUTCS Ha JBa PaBHBIX MOTOKA,
KOTOpBIE HANpaBISIOTCS: OOHO — HAa HEMOABIDKHOE, a JIpyroe — Ha
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JBUKYyIIeecs 3epKana. Bo3BpaTMBIINCH OT HUX TEM K€ IyTeM, NMOTOKH
BHOBb COEJIMHSIOTCS HA CBETOICIIUTEIIE.

Ilockonbky nBHXYLIEECS 3€pKajo IEpEeMEINaeTcsl € IOCTOSHHON
CKOPOCTBIO, pa3HOCTh XOAa [JBYX JIyded MEHSeTcs BO BpPEMEHHU.
OTpaskeHHBIC IyIH urmepgepupyiom. 3aTeM OHU TOCTUTAIOT IETEKTOPA.

Ecin nepex meTekTOpoM Ha IyTH IIydKa H3JIydeHHsS IIOMECTHUTh
uccieayeMblii 00pasel, TO MOTJIOMIEHHE B HEM TpHUBENET K 00pa3oBaHHIO
IPOBAJIOB B CIIEKTPE.

Ha oemexmope m3mepseTcss HHTEHCUBHOCTD M3IY4YeHHS KakK (DyHKIS
pasHocTH xoda nyded. Takoil curHanm Ha3pIBaeTCsl WHTEPEpOrpaMMoH,
apystromeiicst @ypbe-npeodpazoBaHUEM CIEKTpa.

WureppeporpaMma MOTMXPOMATHYECKOTO HMCTOYHHKA HACTOJIBKO
CJIOJKHA, YTO €€ pacIIu(poBKa BO3MOKHA TOJIBKO MPH MOMOIIH HU(PPOBBIX
OBM 1 cnenuanbHOro NpOrpaMMHOTO 00eCeUeHHS.

B pesynbraTe noay4aroT OOBIYHBINA CIEKTp MOIJIOICHHUS.

|

OEURCYULEECA
: ¢ JEPRATC
| |
| |
| |
de
_ | _ _|, ceemodeiumens
| —_ —
Ha ofpasey u demexmop | HEROMSUNCHOE
— | JEPRATO
| I

CHL UCHLO T HIK D
WAV HEHUA

Pucynok 49 — OcHoBHbIe y3i1bI HHTEPEpOoMeTpa MaiikenbcoHa
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Tpeumywecmea cnekmpockonuu @ypbe COCTOAT B:

- OwicTpomeiicTBHM (KXY  TBHICSIYHYIO  JIOMIO  CEKYHIIBI
MPOU3BOANTCS CKAaHUPOBAHUE KOMITBIOTEPOM JETEKTHPYEMOTO CHTHAIa,
MO3TOMY TMPAKTUYECKH MTHOBEHHO MOXHO 3amucath Bech crektp B UK-,
Y®-, MEKPOBOJTHOBOM U Jp. 00JIACTSX);

- BBICOKOH paszpemratoriei criocoornoctw (0,005 u gaxxe 0,001 CM'l);

- UYyBCTBUTEIILHOCTH, KOTOpas CYIIECTBEHHO BBIIIEC, YeM B
KJIACCHYECKOH CITIEKTPOCKOIHH, TI03TOMY MOKHO MU3MEPUTH IOTJIONIECHUE B
mampHelt  MK-o0mactm, wucnyckanme B HMK-obmactm  (Hampumep,
OCYIIECTBIATh PETUCTPALIUI0 UCITYCKAaHUSI TOPSYMX Ta30B JBIMOBBIX TPYO
MIPH SKOJIOTUYECKOM KOHTPOJIE IPOU3BO/ICTB);

- B BO3MOXXHOCTH aBTOMATH3aIINN aHAIH3a U KOHTPOJIS.

brnarogapst ceoum mpeumyinectBaM Oypbe-CrIeKTPOCKONHS TTO3BOJSET
pemaTh Takue CIOXHbBIE 3a]]a4i, KaK MHOTOKOMITOHCHTHBIH aHAJIU3 cMecel
(HampuMep, DSKCIpecc-aHaan3 HedTel, Ta30KOHACHCATOB, IPHPOITHOTO
rasa, a TakkKe IMPOIYKTOB MX IepepabOTKH); JOKAILHBIH MUKpOAHAIN3;
OTIpE/ICTICHUE CIICJIOBBIX KOJIMYECTB OPTraHUYECKUX W HEOPraHUYCCKUX
BEIICCTB, aHaJIN3 IIOBEPXHOCTH. OTOT METOJ IO3BOJISIET MPOBOIUTH
onpenencHue (PpakIMOHHOTO COCTaBa, MOKA3aTeNsl apOMaTH3UPOBAHHOCTH,
OKTaHOBOTO YMCJIa HEPTEIPOTYKTOB U TPOY.

Domoaxycmuueckan HK-cnekmpockonusn

OTUM METOAOM MOXHO HCCIeN0BaTh 00pasubl pa3muyHOW (B T.d.
HETpaBWILHOW) GOpMBI (TaKue MaTepHabl, KaK, HapUMep, MOJIMMEPHBIC
XJIOMbSI WK TOpHUCThie mapuku). doToakycTuueckas siueiika COCTOUT W3
YYBCTBHUTEIBHOTO MHKpPO(OHA, paCIIOKEHHOTO OJM3KO K o0pasiy, H
WHEPTHOTO Ta3a, 3aloNHAONIET0 YKy, NpUYeM Ta3 He [OJDKEH
nornomniate B MK-nuanazone (00b19HO ncnonb3yroT N, unu He) (puc. 50).

Korma wmomynmupoBanHoe WK-m3mydenue npocturaeT oOpasia, OH
MIOTJIONIAET SHEPTHIO W HarpeBaeTcs. B pe3yipTare BO3HHWKAIOT TETJIOBHIE
KoneOaHus. AMIUTUTYJa TEIUIOBBIX KOJICOAHMH 3aBUCHT OT KOJIMYECTBA
MOTJIONICHHOW dHeprun. Ecim dvactora KomeOaHWii HAXOAWUTCS B
aKyCTHUYECKOM JHama30He, TO MOXKHO YCIBIIIATh, KaK 0Opasell MOorJIomaeT
cBer. Hcmonw3ys wuHTepdhepomerp MalkenbcoHa, MOXKHO ITONYIHTH
3BYKOBYIO BOJIHY B TUANIa30HE aKyCTHUECKUX YACTOT - (homoaxycmuueckuii
cuena, MOITYJTMPOBAHHEIN moriomenreM MK-u3mydenus odbpasmom.
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Pucynox 50 — Ipuniun padboTel POTOAKYCTUUECKON SUCHKH

CHeKTphl PErHCTPUPYIOTCS TIPU TTOMOITH MUKPO(OHA, TOMEIIEHHOTO
B sIUEHKY.

[IpenmymiecTBOM MeTOoAa SBISETCS OTCYTCTBHE HEOOXOIUMOCTH
MPOOOIOATOTOBKH. DTO 3HAYUT, YTO HE MPOUCXOIUT MOTEPH MH(OPMAITUH
MpH  B3aUMOJCHUCTBUH oOpa3la C pacTBOPUTEIEM WIH B IPOIECCe
POOOIOATOTOBKH (HAIIpUMEp, MUTHGOBKH).

2.2.3 Ob6sacTh NpUMeHeHUs U OCHOBHBIE XaPAKTEPUCTUKH METO/AA
MOJIEKYJISIpHOI a0COPOLMOHHO CIIEKTPOCKONUHU

Metoa mO3BOJSET ONpEACNATh KaK TJIABHBIC/OCHOBHBIE COCTABHBIC
YaCTH, TaK ¥ COMYTCTBYIOINE KOMIIOHEHTHI.

Jluanason onpedensiemvix colepicaHuli COCTaBISET OT HECKOJIBKHX
JIECSITKOB MPOLEHTOB J0 10* - 10° % (B KOMOMHAIIMK CO CIIOCOOAMHU
o0oraIIeHus).

IIpedenvi 0bHapysicenuss 0ObIAHO TexaT B auamasome 10° — 107°
MOJIB/N (IIPHU UCTIONB30BAHUHU KOHIICHTPUPOBAHUS).

Metonet  poromerpun B Y®-amamazoHe oOmamaroT  OobIicH
uygcmeumenvbHocmoro, 4em meron  HMK-cmekrpockonuu. IloaTomy
MOJIEKYJIApHas abcopOmmonHas crieKTpockonus B Y O-/BUANMON 00IacTsIX
UCIIONB3YIOT IUJISl OMpEACNICHUST MUKPOKOJIUYECTB (CIEAOBBIX KOIUYECTB)
BEIIECTB H- KOHTPOJISI CTENIEHH YHCTOTHI/OUYMNCTKH BEIIECTB.
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[Ipu HEOOXOAMMOCTH MOXHO COUYETaTh (POTOMETPHUYECKHE METOBI C
MOIXOJAIIMMHA  CIOCOOAaMH  BBIZICNIEHHUS W KOHIEHTPUPOBAHUS
(KombuUHUpOBaHHbIE W 2UOPUOHBIE METOJBI).

MeTton oTiIH4yaeTcs HE TOJBKO BBICOKOW 4)y8CMEUmMenbHOCmbl0, HO U
socnpouszeooumocmoio: V (S,) = 0,01 — 0,05.

Tloepewnocms coCTaBIsSET B CeKTpockommu Y D-/BUAMMON 00acTh
2 — 3 % (cnekrpodoromerpusi) u ~5 % (dhoroxonopumerpus), B UK-
obmactu: > 5 %.

CoBpeMeHHBIE PHOOPHI UMEIOT BCTpoeHHBIE DBM 11 00paboTku U
xpaHenuss uHGopMammu  (cmekTpoB). OHM  007a#alOT  BBICOKOM
YYECBUMENLHOCMbIO U paszpeuiaroueli cnocoOHOCMybIO.

B TO0 e Bpems OTHOCHTEIBbHAas Hpocmoma W CpaBHUTEIbHAs
Oewtesu3na (HOTOPIEKTPOKOIOPUMETPOB TPUBEIM K HUX LIHPOKOMY
PpacIpOCTpaHEHHIO.

MeTonbl OTIUYAIOTCS BLICOKON CKOPOCThIO IIPOBEACHUSI U3MEPEHUHN U
MOTYT OBITH aBTOMAaTH3NPOBAHBI.

Asmomamuueckuii  homomempuueckuil AHAIU3AMOpP COCTOHUT U3
HecKOJbKHX OnokoB (puc. 51). PaGoroil Bcero ananmuzaTtopa ympasisieT
MIPOrPaMMUPYIOIIEE yCTPONUCTBO.

« 10
3 4
2 5 7 M &8 [ 9
1 1 6

Pucynox 51 — bnok-cxema aBTOMaTHYECKOT'O (JOTOMETPHUIECKOTO

aHaJm3aTopa:
1 — Tpy6omnpoBox; 2 , 3 — pe3epByapsl Ui PEaKTHBOB; 4 , 5 — J03aTOPHI ISl PEAKTHBOB; 6 —
no3artop uii oTOopa mpoObl; 7 — (QOTOKOJIOpPHMETp WM CIeKTpodoTomerp; 8§ —

3EKTPOHHBIN 0110K; 9 — peructpupyouiee ycrpoicto; 10 — 6ok nuranus (1+ 6 — Onoku
0TOOpa M MOATOTOBKH MIPOOKI)
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[IpumeHeHNE aBTOMATHYECKHUX aHAIM3aTOPOB TIO3BOJSCT CHACIATh
KOHTPOJIb cocTaBa 0ojee ONepaTHBHBIM M MEHEe TPYIOEMKUM
(obicTponeiictBue nmocturaer 1000 aHamm3oB B 1 4Yac); yBEIMYUTH
YYBCTBUTEIBHOCTh METOAOB (UCIOJB30BAHUE BBICOKOYYBCTBUTEIBHBIX
3JIEKTPOHHBIX CXeM ¢ (POTONpPHEMHHUKAMH); JOOUTHCS OOJBINCH TOYHOCTH U
BOCITPOM3BOJIMMOCTH  (MCKITIOYAIOTCSI  CyOBEKTHBHBIC  OMUOKH). MX
MPUMEHSIOT I AaBTOMAaTHYEeCKOTO  aHAJIWTUYECKOTO0  KOHTPOJSL
MIPOM3BOACTBEHHBIX MPOIECCOB, JUISI aHAIM3a TEXHOJIOTHYECKHX CMECEH,
MUIIEBBIX  MPOAYKTOB, JJIS  DKOJOTMYECKOrO  KOHTpOMNSA, Kak B
HENPEPHIBHOM, TaK U B MIEPHOIUICSCKOM PEKHIME.

2.2.4 ATtoMHas1 a0cOpPOLHOHHAS CEKTPOCKOMS

Mertoap! aToMHOHU criekTpockonuu (AC) OCHOBaHBI Ha HCIIOIH30BAaHUT
pa3TUYHBIX sBACHWNA W 3(P(EKTOB, BO3HHKAIOIIUX TPU HEYIPYroM
B3aMMOJICHCTBUN 3JICKTPOMArHUTHOTO H3ITyYEHHs] C aTOMaMHU BEIIeCTBa.
OCHOBY METO/OB AaTOMHON CIIEKTPOCKOIIMU COCTaBISIIOT TIEPEXOIbI
BaJICHTHBIX WJIM BHYTPEHHHUX ODIIEKTPOHOB aTOMa WM WOHAa W3 OJHOTO
SHEPTETHYECKOTO COCTOSIHUSL B JPYroe IMpU YyJapHOM BO30YXKIECHUH B
TEPMUYECKH WM JJIEKTPUYECKU TIoJydyaeMoil tumasme* (maazma - 9mo
UOHU3UDOBAHHBILL  UHEPMHbINL  2a3) WIW TPA  DIEKTPOMArHUTHOM
BO30YKICHUH.

YroOrr HaOmoaaTh 3TU 3¢eKTr (OnTHYECKHE CBOHCTBA) CBOOOIHBIX
aToOMOB, HEOOX0IMMO MPOOY MEepPEeBECTH B ra3000pa3HOE COCTOSHHE. JTO,
yalie BCEero, TpeOyeT HCIapeHHs XUIKOCTH WM TBEPIOTO BEUIeCTBa U
MOCIIEAYIONICH JAMCCOIMAIMK MOJICKY Ha CBOOOIHBIC aTOMBI (puc. 52).
IlostToMmy B cxemax TpHOOPOB MODKHBI OBITH  TPEAYCMOTPEHBI
COOTBETCTBYIOIIME Y376l — aroMu3aTopsl. MHorma ogHO W TO XKe
YCTPOWMCTBO MOXKET OBITh HCIIONB30BAHO OJHOBPEMEHHO B KaveCTBE
UCTOYHHKA BO30YK/ICHUS (M3TYUCHHS) U aTOMHU3aTOPA.

B AC cymecTtBylOT CleAylOmue CHOCOOBI  aTOMU3alu |
BO30YXKICHUS: IIaMs, 3JCKTpUYEeCKas Ayra, WCKpa, TICIOIIUN pas3psil,
WHAYKTUBHO-cBA3aHHadA miasma (MCII), nmazepsl.

MerTosl, OCHOBaHHBIA Ha WCIOJB30BAHUN SIBICHUS TIOTJIOIMIEHUS
JIEKTPOMArHUTHOTO W3IYYeHHUs] CBOOOJHBIMH aTOMaMH WM HWOHAMHU
OTIPEJICNIIEMOT0 BEILIECTBA, HA3BIBACTCA METOJIOM AMMOMHO-a0COPOYUOHHOU
cnexkmpockonuu (AAC).
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Pucynox 52 — Ilporneccsl, MpOTEKAIONTUE TIPH UCTIAPSHUH (ATOMHU3AIINN)
1 Bo30yxmeHnn B AC

[Ipu mornomenny MeKTPOMAarHUTHOTO M3IYyYCHUSI aTOMBI TIEPEXOIIT
U3 OCHOBHOT'O COCTOSIHUSI B BO3OyxneHHoe (puc. 33, 6). [IpenBapurensHo
HepeBOIAT MPoOy B aTOMHOE COCTOSHHE, a 3aTeM H3MEpSIOT ocialiieHne
MHTCHCHUBHOCTH  WM3JIy4eHHs, OOYCIOBJICHHOE €ro  MOIJIOIEHHEM
CBOOOHBIMH aTOMaMH OTIPEICIAEMOro dieMeHTa (puc. 53).
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OCHOBOH M3MEpEHHIA CITY)KUT 3aKOH usiyuerusi Kupxeoga, coriiacHO
KOTOPOMY DJIEMEHT TOTJIONMIAET U3TyUCHHE TOH )K€ JIJTHHBI BOJHBI, KOTOPOE
OH HCITyCKaeT B BO30YXKJICHHOM COCTOSHUM.

Jlonsi TIOTJIONIEHHOTO M3JIYYCHUsS! MPOMOPIIMOHAIBHA KOHIIEHTPAIIUU
aTOMOB JaHHOTO JIEMEHTA W MOIUUHACTCS 3aKoHy byrepa-Jlambepra-bepa
(39, 43), tne k — amommuvlii Kod(Puyuenm abcopbyuu, 3aBUCIIIANA OT
MIPUPO/TBI TTOTIIONIAOINETO aTOMa U 3Hepruu ¢otoHa (v wiu A), £ - TonmuHa
MOTJIONIAOMIEro cliosi mina3Mel U C — KOHIEHTpalus IOTIOMIAOIINX
aTOMOB.

- Ip[ - HUHTCHCHUBHOCTH HUCITyCKaHUs
HCMOYHEE In .
HIAVUCANR peSOHaHCHOI/I* JINHUU;
(aawuna ¢ a I, - VHTGHCHBHOCTb IOIJIOIICHUS
RO Kamodan)
(abcopbuum);
a — CIHeKTp MCIyCKaHUs KaTOAHOMU
- JamInbl (aTOMbl MaTepuana KaToja
KCMOYHEE —_ - - - TIOTJIOIIA0T OHEPruro u
dMOMEIANE ] oy g G
{amsszamap) I. Vot BO30YKar0TCs, HCITyCKas

XapaKTePUCTHYECKOE U3ITyYCHUE —
1; ocranpHble TUHUHU (2) — JTUHUHK
ra3a-HaIroJIHUTEIS JIaMIIbI);
B 0 — morJomeH’e Pe30HaHCHOM JIMHUU
aToMaMH OTpeessieMOro
B BEIL[ECTBA B aTOMH3aTOPE;
P B — CICGKTp TIOCIE IPOXOXKACHHS
/| o r W3JIyYeHUsT  4epe3  aTOMH3aTop
" (MHTEHCUBHOCTh M3ITy4CHHS
YMEHBIIIACTCS 3a cyer
MTOTJIOICHUS )}
Iu I — CHOeKTpaJbHas IIUPHHA IIETH
ﬂ Aa MoHOXpomaTopa (D) - orcekaer

JIMIDHUE JIMHHUHW, BBIACIACT U3

yemaumeas k CNIEKTPa  MCIYCKaHHS  aToma
L JUHMIO, TIOTJIOMIEHHE  KOTOPOH
P s
\

MOHOXPOMAMOP

HIMEPUMEILHDE HeO6XOZ[I/IMO HU3MEPUTD;
rermokamas i il A — pE€30HaHCHas JINHUS Ha IPUECMHUKE]
i € — PEerucTpUPYEMBIil CIIEKTP.

HpHMC‘{aHHC — Pe3onaHcHas* IUHUSA — JIMHHSA, KOTOpast COOTBETCTBYET IEPEXOAY MEXKAY OCHOBHBIM
COCTOSTHMEM U IICPBBIM B036y)KI[eHHLIM YPOBHEM

Pucynox 53 — Cxema ycTpoiCTBa U IPUHLUI IEHCTBUS AaTOMHO-
a0COPOITMOHHOTO CIIEKTPOMETpa
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OTo ypaBHEHHE CHpaBEeUIMBO JHIIb JAJS MOHOXPOMAaTHYECKOTO
W3Iy4YeHHUS W B OTCYTCTBHE XHMHYECKHX M (pu3mdeckux nmomex. [loatomy
M3MEpPEHHs MPOBOIAT TPH IOCTOSHHBIX YCIOBUSX: CTAOWIBHOW pabote
WCTOYHUKA W3IYy4YeHHUS M PpaCHbUIUTENs]; IOCTOSHHOW TeMmepaType
TUTAMEHU WK TPaUTOBOI KIOBETHI M TIOCTOSSHHOM JaBJICHUH.

J71st KOMMYecTBEHHBIX ONpeeNIeHHuil MOKHO UCTIOIh30BaTh KaK Memoo
2paoyupoB8oUHo20 epaghuxa, max u Memoo 000ABoK.

Cpeocmea uszmepenuii. OCHOBHBIC Y37BI aTOMHO-a0COPOIIMOHHOTO
CIIEKTPOMETPA TPUBEICHEI HA pUC. 53 (OHM aHAJIOTHYHBI CXeMe Mpuoopa,
UCIIOJIB3YyeMOTO B aOCOpPOLMOHHOM CHEKTPOCKONHH, TPEICTaBICHHOTO
panee Ha puc. 41, 0OJHaKO MCTOYHHUKM M3nydeHHs (a) ¥ atoMuzanuu (0)
MIPOCTPAHCTBEHHO Pa3/IEIEHBI).

[Ipu BBIOOpPE ucmounuxa nepsuuHo20 usLyHeHuss HEO0XOAUMO
yuuThIBaTh 3aKkoH Kupxroda, mnostomy Haubonee MOAXOISIIUMH
WCTOYHUKAMH U3TYYCHHUS SBIISIOTCS IOJIbIE KaTOTHBIE JIAMIIBI, B KOTOPBIX
MaTepUaIoM I KaTo/a CIYXKHUT OMpeesIeMblil 2JIEMEHT, CIIe0BaTeIbHO,
IUTSL KaXKIO0TO 3JIeMEHTa TpeOyeTcs clieluaibHas KaToqHas Jamia. JJaHHbIH
crnoco0 peHTabeneH JWIb s CepuiHBIX aHanu3oB. Hambonee wacto
MIPUMEHSIOT MHOTO3JIEMEHTHBIE KaTOIHBIC JIAMITBI U JTa3ephl.

B xauectBe ucmounuxka amomuzayuu MOXKHO HCIIONb30BaTh IUIAMSI.
OHo BBINONHSET PYHKIMH HE TOJIBKO aTOMU3aTOpa, HO M KIOBeThl. OTHaKO
HEJOCTaTOYHO BBICOKas dYyBCTBUTENbHOCTH (1 — 30 wMxr/mun) u gp.
OTpaHWYEHHsS IUTAMEHHBIX AaTOMH3aTOPOB CTHMYJIMPOBAIN pa3BUTHE
anekmpomepmudeckux — amomuzamopog (OTA). OHu Morytr OBITh
Pa3INYHBIX KOHCTPYKIWN: TpaUTOBbIC KIOBETHI, NIEYHM, CTCPKHU; THIIIH,
MPOBOJIOKA W JpyrHe KOHCTPYKIMH W3 TYTOIJIAaBKUX METaJUIOB,
HarpeBaeMbIX TOKOM.

Xapaxkmepucmuxu memooa. VICTIONb30BaHUE IEKTPOTEPMHUECKUX
aTOMH3aTOPOB TMO3BOJHIIO OHH3HTh npedensl obHapyxcenus no 5-107
MKI/MJI.  AOCONIOTHBIE 3HAYEHHWsI NPEAesioB OOHAapY)KEHUS MpU 3TOM
cocramaror 10" — 10™ r. Dr1o mocraBuno AAC B psax Hambonee
YyBCTBUTENBHBIX METOJOB. B TO e Bpemsi, METO/ MO3BOJISET OMPEIEATh
Y BBICOKHE KOHIIEHTPAIINHU 3JIEMEHTOB.

[Ipumenenne OTA pacmmpuiio CHeKTpadbHBIA JUANa3oH MU3MEPEHUI
(M1 COOTBETCTBEHHO KPYT OMNpENENIeMbIX 3JIEMEHTOB) 10 BaKyyMHOH Y-
o0JacTH, 9TO HEBO3MOKHO B IDITAMEHHBIX METOZAX.

AAC mo3BoJsieT MPOBOAUTH KOJIMYECTBEHHBIE onpeaeieHus ooiee 60
METaJJIOB U HEKOTOPHIX HEMETAJUIOB B BEIIECTBaX Pa3IHMYHON MPHPOIBL:
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MPUMECSIX W MHKPOIPUMECSX HEOPTaHMYECKUX BEIIECTB; TEXHUYCCKUX
MaTepuanax; HeTH H HEPTENPOAYKTax; MPOAYKTaX OPraHHYCCKOro
CHHTE3a; TMHIIEBBIX NPOAYKTaX u (apMaleBTUYECKUX IMperaparax;
00BEKTaX OKpYXKarolei cpepl (Boje, MOYBe) U JIp.

BaxnaeiMm  goctomHctBoM  AAC  sgBIgeTCA  TakKe  BBICOKas
uzbupamenbHocmy, T.K. 9UCIO JTUHUN B CIICKTPE HEBEIHMKO W MPAKTHICCKH
OTCYTCTBYET UX HaJOKEHUE.

Meton oxcnpeccern, PE3yAbTATHI XOPOIIO  BOCHPOU3BOOUMbBL  —
noepewrocms He TipeBsimact 1 — 4 %.

K neoocmamrxam memooa M0OKHO OTHECTH:

- TPYTHOCTH OCYIIECTBICHHSI MHOTORJIEMEHTHOTO aHAIIN3a, TTOCKOIBKY
UL KaXKI0T0 dJIEMEHTa HYKEH CBOM HCTOYHHK M3TydEHUS,;

- CTIO)KHOCTH ¥ JIOCTATOYHO BEICOKAsi CTOMMOCTh 000pPY/I0BaHUS;

- IMara3oH OIpPENeIsSeMbIX KOHIIEHTPAIUI CYIIECTBEHHO YXKE, 4eM B
JIPYTHUX METOAaX aTOMHOM CIIEKTPOCKOIIHH.

- HEOOXOAMMOCTh TIEpPeBOMIa TIPOOBI B PACTBOPCHHOE COCTOSHUE, UTO
CBSI3aHO C 3aTpaTaMH BPEMECHH U YCWINK TIPU aHAIIN3E TBEPBIX TPO0.

2.3 IMHCCHOHHAS CTIEKTPOCKOMUS

Merton, OCHOBAaHHBIM Ha HCIONb30BAHUU SIBICHUS UCHYCKAHUS
INEKMPOMASHUMHO20 U3TY4eHusi CBOOOTHBIMH aTOMaM{ WM HOHAMH
OTIPEZICTIEMOTO BEIIIECTBA, HA3BIBACTCS METOIOM AMOMHO-IMUCCUOHHOU
cnexkmpockonuu (ADC). Takum 00pa3oM, dMUCCHOHHAS CIEKTPOCKOIIHSI
OCHOBaHa Ha U3MEPEHUU SHEPTUU UCITYCKAEMOTO U3TyUCHUSI.

Hcmopuueckas cnpagka. ToT ¢akT, 94TO IPHU BHECEHHU B IUIaMsI TOPENKU KPYMHHKH
BCILICCTBA, COACPIKALICTO XOTA OBl HEMHOTO 6opa, mjiaMsi CTAaHOBUTCA 3CJICHBIM, HAaTpHUsd -
JKCJITBIM, CTPOHIIMA - KPpACHbIM, IaJIOTCHOB Ha MeZ[HOﬁ IIPOBOJIOYKE (KpOMe F) - 3CJICHBIM
Obl1 m3BecTeH eme B 19 Beke. DTO MCHONB30BaIM NpH OOHAPYKEHHWH HEPEUHCICHHBIX
DJICMECHTOB. OKpaLHeHHOC I1aMs HACTOJIBKO KPaCHUBO, YTO OTO ABJICHUE JaBHO NPUMECHSIN B
NpOM3BOACTBE (peliepBepKOB. A 3HAMEHHUTHIH HeMmelkuid xumuk PoOepr ByH3zen
(u300perarens 1abOPaTOPHOI Ira30BOM TOPENKH) B KOHIE CBOEH HEATENBHOCTH 3aHAJICA
MIOUCKOM HOBBIX IIBETHBIX «OTHEH» M ... M300pen cleKTpalbHBI Meron. Peus uzmer 00
OMHCCHOHHOM aHaJINU3€, MPUMEHAEMOM, B OCHOBHOM, IJII HEOPTaHUYCCKUX 00BEKTOB — KakK
3€CMHBIX, TaK U nebecHsix. [To CIICKTpaM U3JIYYCHUA 3BE3/ IIPOBOJAT 9JIECMEHTHEIN aHaIN3 UX
TOBEPXHOCTHU.

Ecnu BemecTBy COOOIIMTH AOCTaTOYHYIO DHEPTHUIO, TO DJIEKTPOHBI

. -8
aTOMOB TiepeiinyT B Bo30yxaeHHoe coctosiaue (puc. 33 6, 1). Yepes ~10
CEKYH[bl AJIEKTPOHBI CIIOHTAHHO BO3BPATATCS HA HUKEPACHOJIOKECHHBIE
sHepreTuueckue opoutanu (puc. 33 6, I11). IIpn 3ToM H30BITOYHAS DPHEPTUS
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OyJeT WCIYCKAaThCS B BHIE OUCKPEMHbIX WU XAPAKMEPUCMUYECKUX IS
KaXIIOTO BHJIa aTOMOB 3JIEKTPOMArHUTHBIX KoJieOaHWi B BUIUMON U Y -
obnactsx crnekTpa. [lodydeHHbIE CIEKTPBI HOCST JTHUHEWYATHIN XapakTep.
Hx ucnonb3yloT s ONpeAeNeHUs MPUPOJLI U KOJUYECTBA OTICIBbHBIX
3JIEMEHTOB B MPOOE.

Kaxxaplii 97€MEHT IpOSIBIIICT HaOOp JUHMKA (CIEKTpP), crennuIHbINR
U1 TaHHOTO »dJeMeHTa. YeM BbIlIe aTOMHBI HOMEpP DIIEMEHTa, TeM
CIIO)KHEEe CHeKTp. B crekTpe mnpocteiiero sneMeHTa — Bojopona (H)
HaOmonaetcs 21 muHusA. A criektp xkenesa (Fe) cocrout u3 ~5000 muHUMA.

B cnekTpax pa3nu4aroT ITMHAU:

- Xapakmepucmuieckue — TIPUCYIINE TOJBKO JaHHOMY DJIEMEHTY.
Xapaxmepucmuyeckumy MOTYT OBITh HE TOJBKO JIMHHU, HO U IIENBIC
cnekTpel. [Ipy WAeHTH(HUKAIUN CHEKTPAILHBIX JTHHAN WX CPaBHUBAIOT C
JUHUSIMH CIIEKTpPA ’Kele3a, IPUHIMAeMOT0 32 3TaJIOH;

- Pe30HAaHCHble — COOTBETCTBYIOIIME PE30HAHCHBIM MepexojaM (CM.
BEIIIIC); 3TO HauOoJIee IPKUE IUHUY B CIIEKTPE;

- «nociedHue» — WCYE3AIONIUE TIPU YMCHBIICHHH KOHIICHTPAITIH
3JIEMEHTA TIOCICTHUMHU; UX HCIIONIB3YIOT 0.1 UOCHMUPDUKAYULU INEMEHMOE C
MOMOILBIO ATIACOB CIEKTPAIbHBIX TUHUMH.

/lna Konuuecmeennvlx onpeodenieHuill VCIIONB3YIOT HHTEHCHUBHOCTH
CIEKTPaJbHOW JMHHMH, KOTOpas CBA3aHA C KOHIIEHTpaluMeil sleMeHTa B
npooe ypasnenuem Jlomaxuna-1llaiioe:

[=a-C", (47)
rne I - UWHTEHCUBHOCTb CIIEKTPAJIbHOM JMHUM  (OTHOCHUTENIbHAS
UHTEHCUBHOCTH);

C - KOHIICHTpAITUS JJIEMEHTa B Tpo0e (OTHOCUTENbHAS KOHIICHTPAIIHS
Ce—ea/ Ceu.cm.);

a - BEeIUYMHA, 3aBUCSIIAS OT MCTOYHUKA BO30YXKICHHUS U CBOWCTB
npoOsI;

b - KO3pOUIMEHT CaMONOTJIONICHUS (SBJICHUE CaMOIIOTJIOIICHHUS
CBSI3aHO C TOTJIOMICHWEM YacTH M3ITy4aeMOW SHEPTHH HEBO30YKIECHHBIMHU
aToOMaMH).

OO0paboTKy MaHHBIX OOBIYHO TMPOBOMSAT C KCIIOJIIB30BAHUEM Memood
e6HympeHnHe2o cmanoapma. 1lpm 3TOM HHTEHCHUBHOCTH CHEKTPAIbHOMN
JUHUU OTIPEEIIEMOTO AIeMEeHTa HU3MEPSIIOT OTHOCUTEIBHO
MHTEHCUBHOCTHU JIMHUM 3JIEMEHTA CPaBHEHUS C HU3BECTHOM / MOCTOSHHOM
KOHIICHTpaIuei (BHYTpEHHETO cTaHzapra). Onu obpa3zyior
2omonozuyeckyro napy naHni. Heo6X0anMOCTh MPUMEHEHHUS 3TOT0 METOaa
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CBs3aHA C 3aBHCUMOCTBHI0 MHTEHCHUBHOCTH OT Psjia HEKOHTPOJIUPYEMBIX
mporeccoB  (YCIOBHS —aTOMM3AaIliM W BO3OyXaeHHsI). B KkadecTtBe
BHYTPEHHETO CTaHIIapTa HCIOJB3YIOT OCHOBHON KOMIIOHEHT MPOOBI HITH
KOMIIOHEHT, CIICIMAIBHO BBOJWMBIA B TPoOYy, KOJMYECTBO KOTOPOTO
W3BECTHO WJIH ITOCTOSHHO.

CroxHBII XapakTep CBS3M MEXAY HWHTEHCHBHOCTBIO CIIEKTPAIbHON
JUHUM ¥ KOHIICHTpAIMeW 3JE€MEHTa B MPOOE MOXKET OBITh IPEICTaBIICH
rpadudecku (puc. 54). KpuBas uMmeeT nBa NMPSMOJMHEHHBIX ydacTKa — B
00J1aCTH MaJBIX M OOJIBITUX KOHIICHTPAITU aTOMOB.

e L b=0

Pucynox 54 —

- T T Kpusas 3aBHCHMOCTH
MHTCHCUBHOCTH

CIIEKTPaJIbHON JIMHUM OT
KOHLICHTpaIlil aTOMOB B
ma3zme

C

[Ipu ManbIX KOHIIEHTPALUAX dJIEMEHTa MHTEHCHBHOCTD CIIEKTPAIBHOM
JIMHUY TPSMO MPONOpPLUOHANIbHA KOHUEeHTpauun (puc. 54, obnacms 1). B
3TON 007acTH KOA(PQUIMEHT CaMOIOTJIONICHNUS B ypaBHeHUH JloMakuHa-
[ITait6e (b) paBeH 1, a camo ypaBHEHHE UMEET BH/I;

I=aC.

B o6racmu 2 (puc. 54) WHTEHCHMBHOCTb pacTeT C YBEJIUYCHHUEM
KOHIICHTpAITMU MeJieHHee, 4eM B obracmu 1. B atoi obmactu: b =1 + 0
mm 0 < b < 1. Ilpu panpHEWIeM yBEIWMYEHWH KOHIICHTPAITHH
WHTCHCHBHOCTb JIMHUU JIOCTHTAET mpeaena (obracms 3). B aTol obnactu b
= 0. Dra obnacTh HeENMpUTOAHA I KOJWYSCTBEHHBIX OIpeaesieHuil. B
mejaoM ypaBHeHune Jlomakwuua-lllaiibe mTpUTOTHO HJIT  MPOBEACHUS
KOJIMYECTBCHHBIX ONPECIICHUH, MOCKOJBKY MPAaKTHYECKU BCET/Ia MOXKHO
nonoOpaTh YCJIOBUS, TpU KOTOPBIX @& ®W b OyAyT TOCTOSHHBIMH
BennmunHaMu. TakuM 00pazoM, B OTpaHUYCHHOM MHTEpBaJIe KOHIIEHTPAIHI
MOJKHO HCITOJIL30BaTh JIMHEHHYIO 3aBUCUMOCTh Mexy [ u [gC.
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Cpeocmea u3mepenuii. OCHOBHBIC VY3Jbl aTOMHO-dMHUCCHOHHOIO
CIIEKTPOMETpPA aHAJIOTHYHBI TPUBEICHHOW cXeme mpubopa Ha puc. 53.
Ecin B  aOcopOUMOHHON CHEKTPOCKONHMH H3IYYEHHE KaKOTO-THOO
MCTOYHHUKA MPOXOJUT yepe3 o0pasel, TO B SMHUCCHOHHON CHEKTPOCKOIHU
UCTMOYHUKOM U3TYYeHUs Aeisemcsa cam obpazey. JIs STOro BEIIECTBO
JOJDKHO TepedTH B BO30YXKIEHHOE COCTOSIHHME, IPH BO3BPALICHUH W3
KOTOpOro wucmyckaercss wuznydeHne. B ADC ucmonb3yloT cliemyrolme
CITOCOOBI aTOMM3AIMM W BO3OY)KICHHS IS aHajau3a TBEPIBIX Mpo0:
JNEKTPUIECKYIO AYTY, UCKPY, Jla3ep; a Il aHaIM3a PacTBOPOB: IJIams U
MHAYKTUBHO-CBA3aHHYI0 masmy (UCII).

Ucnyckaemoe 00pa3ioM H3MydeHHE MPOXOAUT YEPEe3 MOHOXPOMAMOP
W TOMagaeT Ha Oemexkmop. AHAINTUYECKWHA CHUTHAN OT JI€TEeKTopa
YCUJIMBAETCSI U PETHCTPUPYETCS] COOTBETCTBYIONINM yCTPOMCTBOM.

Ilnamenno-smuccuonnan cnekmpockonus (PoToMeTpus IMIaMEHH).
B sToM MeTO/Ie B KauecTBE HCTOYHHKA BO30YKACHUS UCTIONB3YIOT NIaM.

IInamsa mpencTaBiaseT coOOH DK30TEPMUUCCKYIO PEAKIHIO MEXTY
nBymst (1 Ooiiee) anMeMEHTaMH (COCIWHEHHSIMH) B ra3000pa3Hoi (opwme,
OJTHO W3 KOTOPBIX SBJISICTCS TOproyuM (IpONaH, aleTWwICH), a Ipyroe —
OKHCJIUTENEM (BO3yX - KUCIOpO, okcu azoTa N,0):

CiHg + 50, — 3C02 + 4H20 - 4H.

Bceneacrsue HeBbicokoi Temmnepatypsl (~ 2000 — 3000 K) B uiamenn
W3IYYaroT JIETKO- W CPEIHEHOHHM3MPYIOIINECsS 3JIEMEHTHI: MIENIOYHBIE U
IeTI0YHO3eMeNbHbIe MeTauTbl. CHEKTpBl 3THX 3JEMEHTOB COCTOAT W3
HEeOOJIBIIOT0 YHCIa PE30HAHCHBIX JTMHUH.

[IpoOy BHPBICKUBAIOT B IUIaMsi TOPENKH B BHJE a’po30ys, Tie OHa
JIECONBBATHPYETCS, MCIAPSIETCS, AUCCONUUPYET, U 3aTeM aTOMU3HPYETCH,
npexze ueM Oyaet Bo30yskaeHa (puc. 52).

VHTEHCUBHOCTh  M3JIy4€HHUS aTOMaMH  MpOMOpPLUOHAIbHA  HX
KOHIICHTpAIlNH B IUIAMEHH, KOTOpas B CBOIO O4Yepelb MPOMOPIHOHAIHHA
KOHILIEHTpallMid HOHOB B pactBope (ypaBHeHue Jlomakuna-IllaiiGe). s
KOJINUECTBEHHBIX  OMNpeAeNeHUH  OOBIYHO  TPUMEHSIOT  Memoo
2paoyupoB8ouHo2o epaghuxa.

Ecnu uzBecteH uHTEepBan JUHEHHON 3aBUCUMOCTH [ 0T C, TO MOXHO
BOCIIONIB30BATHCS MEMOOOM 0ZPAHULNUBAIOWUX PACTHBOPOS, CYTh KOTOPOTO
CBOJUTCS K cienyromemy. Jis u3mepeHnii BRIOUpaloT ABa STAIOHA: OIMH —
C HECKOJIbKO MEHbIIeH KoHmeHtparued (C;), Apyroii — c OombIeH
KoHLeHTpanuei (C,), uem B ucneityemMoM pactBope (Cy), T.€. C;< Cx < C,.
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3ateM U3MEpSIOT UX UHTCHCUBHOCTE: I, [, Iy. CopepkaHue BemecTBa
B UCTIBITYEMOM PacTBOPE HAXOAT 10 (popmyie:

Cx =C +[(C=-C) (Ix=1,)/(L-1;)]

Ecnmu cocraB o0Opasiia HeM3BECTEH WM OTIMYAETCS OT 3TajOHA, TO
HCITOJIB3YIOT Memo0 000ABOK.

IInamennas ADC MpaKTHYECKH MTOBCEMECTHO 3aMeleHa TUIAMEHHON
AAC. MeTon TpPUMEHSIOT, TJIABHBIM 00pa3oM, [UISl  ONpE/CIICHUS
MUKPOKOJIMUECTB WENOUHbIX U UjeI0YHO3eMeNbHbIX MeTauioB. s Hux
npeden obnapyoicenus Haxonures B quamnazone 0,001 — 1 mxr/mo.

K oocmouncmeam memoda cnemyer OTHECTH TPOCTOTY oOparieHus,
JIOCTYITHOCTh, HU3KYIO0 CTOUMOCTb TOTIJTUBA M OKUCIIATEIIS.

OCHOBHBIMH 02paHu4eHUsMU METOAA SIBIISIOTCS:

- CWJIBHOE BJIIMSIHAE MaTPUYHBIX Y (EKTOB,

- He0OXOJIUMOCTh y4eTa COOCTBEHHOTO U3IYUYCHHUS ITUIAMEHU, a TaKXKe
nepeBoia MpoOkI B PaCTBOPEHHOE COCTOSIHHE.

AmMOMHO-IMUCCUORNAA CREKMPOCKONUA C UHOYKMUBHO-CEA3AHHOU
naazmou (UCII). Tlna3zma npepcraBiseT co00i ra3, B KOTOPOM aToMel (X),
BO30YX/JaeMbIe MOIIHBIM BBICOKOYACTOTHBIM IOJIEM, HAXOAATCS B
MOHU3UPOBAHHOM COCTOSIHUH:

X =>X" + >ne

Ona o0pa3yeTcs B pe3ynbTaTe WHAYKIIMOHHOTO HAarpeBa rasa, darie
BCETO OJJHOATOMHOT'O MHEPTHOTO ra3a — aprosa (Ar). TemnepaTypa mia3mbl
nmocturaet 3HadeHm ot 6000 mo 10000 K. Ilma3zma mepemaer dacTh 3TOM
SHEPTUM NPo0e, YTO MPUBOANUT K aTOMHU3AIUU U BO30YKICHUIO MOCIICTHEH.
IIpp Takmx BBICOKMX TeMIleparypax OOJIBIIMHCTBO  DJIEMEHTOB
MIPUCYTCTBYIOT B BHJI€ MOHOB. B cIlekTpe moirydaroTcsi Kak MOHHBIE, TaK U
ATOMHBIC JIMHWW, TPHYEM HWOHHBIC JIMHUH, OOBIYHO, OO0CCIICUUBAIOT
JYYIIYIO 9yBCTBUTEIHLHOCTb.

OcHoBHBIE docmouncmea cnekrpockormu ¢ UCIT:

- BO3MOXHOCTh ONPEJCIICHUS TPAKTHUCCKU 6CEX IIEMEHMO8
nepuoandeckoir cuctemsl (~ 70 — 80 31IEMEHTOB), PUYEM 0OHOBPEMEHHO
MO>kHO onpenensaTs 20 — 40 a1eMeHToB;

- JUHEHHOCTh TPAAyUPOBOYHBIX TpaduKOB 0do 6 nopsokos
KOHYeHmpayuii, 9T0 TI03BOJISIET OMPENCIATh KaK OCHOBHBIC KOMIIOHEHTHI,
TakK ¥ CJeJOBbIe KOIUYECTBA 1O eOUHbIM epaApuKam;

- BOBMOXXHOCTh agmomamu3zayuu, KOMIbIOTEPHOTO YIIPaBJICHHUS;
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- HU3KHUE npedenvl oonapyscenus (Ha 1-2 mopsiaka HIDKE 10 CPaBHEHHIO C
Ipyrumu uctoaaukamu Bo3oyxnerus — 0,0001-0,05 mMxr/mon);

- XOpoIasi 80CHPOU3BOOUMOCHb  PE3YIBTATOB  (OMHOCUMENbHAS
noepewnocms 0,1 — 1%).

Ilpasunvrocmo pe3yNbTaToB obecrieunBaeTcs MaJIon
CHUCTEeMaTUYECKON TIOTPEITHOCTHIO M BHICOKON CTa0MIIFHOCTHIO TITa3MBbl.

Heoocmamku CBsi3aHBI ¢ HEKOTOPBIMH CHEKTPATbHBIMH TTOMEXaMH,
00YCJIOBIICHHBIMU OOJIBIIAM KOJUYCCTBOM JIMHHH (OCOOCHHO B CIIEKTpax
Fe, Co, U), npuHajyiexxaiux atomMam, OJAHO3aPSAIHBIM U ABYX3apsAHBIM
HMOHAM.

AMOMHO-IMUCCUOHNHAA CHEKMPOCKONUA C UCNOIb308AHUEM N1a3epd.
IIpu mamHOM CriocoOe aToMm3aIius U BO3OYKICHHE TPOOBI MPON3BOIUTCS
JlazepuviM TIOTOKOM. MHOrAa B KadecTBe OIMOJHHUTENFHOIO HCTOYHHKA
SHEPTUU UCTONB3YIOT 3ekmpopaspad. OcoOEHHOCTBIO METOa SBIISETCS
TO, YTO METO/I TIO3BOJISIET MCCIIEN0BATh Majble MOBEPXHOCTH (10 50 MKM B
JINAMETDPE).

Ilpumenenue memooa amoMHO-IMUCCUOHHOU  CIICKTPOCKOIHH.
Metox ADC Hucmonb3yoT A1l KOMWYECTBEHHOTO OIPEeNICHHs JIEMEHTOB
ot Li no Bi. [IpyuueM BO3MOXHO OJTHOBPEMEHHOE OTPE/IeICHHE HECKOIBbKUX
JJIEMEHTOB.

Meton  sIBISETCS  HEMPEB3OWICHHBIM B KOHTpOJE  Ipolecca
MIPOU3BOICTBA CTANIN U3-32 CKOPOCHU U 60CHPOU3B00UMOCIY AHATTHA3A.

KomM0uHanms sMHCCHOHHOTO METOAa C APYTUMH MO3BOJISIET IOBBICUTH
a¢dekTuBHOCTH ompeseneHus. Hanmpumep, MeTo, B KOTOPOM pa3ieicHue
KOMITOHCHTOB TPOHM3BOAMTCS XpOMATOrpadUuecKd, a B POJIM JIETEKTOpa
BBICTyHaeT AD-CHEKTPOMETP, MPUTOJAEH KaK JUII 3JIEMEHTCEIIEKTHBHOTO
ompejeNeHUs] TECTUIUAOB B CTOYHBIX BOAAaX, TaK W JUIS aHaju3a
(hocopopraHnIEeCKIX COSAMHECHUH.

ADC nmpumensieTcs Ui aHAJIM3a BBIXJIONOB JIBUTATEIe BHYTPEHHETO
cropanus. BaxHass o0nacTh MPUMEHEHUS — CKBO3HOH KOHTPOJIb YHCTOTHI
BEIICCTB HAa MPEANPUATUSAX pa3TUYHOro npodmid. Tak Ha MpennpUsITUIX
HE(TEeXVMMUYECKON TPOMBIIUICHHOCTH HCIOJB3YIOT OKCIPECCHBI H
BBICOKOYYBCTBUTENBHBI METOJl aHAIHM3a CIEAOBBIX KOJIMYECTB JIETYUHX
BEIICCTB B CHIPHE, MPOMEKYTOUHBIX BEIIESCTBAX M MPOAYKTaX, BKIOYASL
BBICOKOYHCTHIE PACTBOPUTEIH.

ADC ¢ UCII npumeHSIOT s aHayim3a J000H TPoOBI, KOTOPYIO
MOJKHO IMEPEBECTU B PaCTBOP: METAIUIOB U CIIABOB, MIPUPOTHOTO CHIPhS U
MaTepUajoB, OHMOJIOTMYECKUX " KIIMHUYECKUX mpoo,
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CEIIbCKOXO3SIUCTBCHHBIX U IMHUIICBBIX Hp06, MaTCpUuajIoB IJI 3JICKTPOHHKU,
METaJIJIOB U3HOCA B MacCJjlaX, BBICOKOYHCTBEIX XUMHUYCCKUX PEAr€HTOB U T.1.

2.4 ®ayopecueHTHAs CIEKTPOCKOMUS

Memoosl MONeKyIapHOU JIOMUHECYeHYul — METOIBI, B KOTOPBIX
W3TyYeHHE MOTJIOIAeTCS MOJIEKYIAPHBIMU YaCTUIIAMH U CHOBA M3ITy4aeTCst
TIPH JPYTO# JUTMHE BOJTHBL.

JlrtoMuHECTICHIINS BO3HUKACT IMOCIE MOTJIOMIEHUS 00pas3lioM SHEPTUHU
Bo3OykmeHns. Moiekyna o0pasia, TOomIomas DJHEPrui0  IOTOKA
JNIEKTPOMAarHUTHOTO M3Iy4YeHUs (B cly4dae ¢omomoMunecyeHyuu),
CHayaja MepexoJuT B Bo30YKIeHHOE cocTosHIE. Bo30ykaeHne nmpoTekaeT
odenb 6bicTpo — 1077 c. PaccMOTPUM MPOLECCHI, MPOUCXOMSIINE B
MOJIEKyJIax Oojee aetanbHo (puc. 33, I1). Ecnu nepexon 3akaHuYnBaeTCs Ha
KaKOM-JIN0O KoOJIeOATENhHOM TIOJMyPOBHE BO30YKIEHHOTO YpOBHSA FE)
(HampuMep, Ha TOAYPOBHE V,¥), TO 3aTeM TIPOUCXOIUT OBICTPHIHA
0e3bI3TyJaTeIbHBIA TTepeXo ] Ha caMbld HU3KUH BO30YKIECHHBIM YPOBCHB
E;. Tlpu >ToM W30BITOK SHEPTUHU BBIIEISICTCS B BuAe Teria (puc. 33,
BOJIHUCTas cTpenka IV).

Jlanee  mpouWcCXOAWT ~ BO3BpAaIllleHWE  MOJICKYJIBI  Ha  JIFOOOH
KoJIeOaTeNbHBIA  YPOBEHb OCHOBHOTO COCTOSIHHSI, KOTOpPOE MOJXKET
MPOTEKATh TO-PA3HOMY:

1) Monexyia MOXET IMepenaTh OCTABIIYIOCS DHEPTHi0 BO30YKICHHS
MPH CTOJIKHOBEHWHM — COCEJIHHM MOJIEKyJIaM, HampuMep, MOJIEeKyJIam
pacTBopuTens.  OTOT  O€3bI3IIyYaTeNIBHBIM  TpPOIeCC  Ha3bIBACTCS
KosiebaTenbHON  penakcanmed  (puc. 33, BonHMCTass cTpenka V) u
npoucxomut 3a ~10™ cexynmpr;

2) 3Ta DHEPrus MOXKET U3IyIaThCsl CHOBA (ITPOUCXONUT PEU3ITyUCHHUE).
IIpomecc ee ucmyckaHus B BHJIE U3Ty4YeHHs OONbIIEH ATUHBI BOJIHBI HOCUT
Ha3BaHUE «IOMUHecueHuus» (puc. 33, VI u VII). U3nyueHrue BO3HUKAET
cyerst ~ 10° — 10 cexyHzpL.

KpaTkoBpeMeHHYIO JTIOMHHECLEHITHIO, 3aTyXalolIyl0 cpasy Iocie
IpeKpaleHus ee BO30YKICHUS, HAa3bIBAIOT (iyopecyenyuetl.

JlmuTenpHYI0 JTFOMUHECIISHITHUIO, ITPOI0JDKAIOIIYIOCS HEKOTOPOE BpeMs
mocne Bo3Oyxkaenns (or 10* mo 10 cexkymg u Gomee), Ha3HIBAIOT
Gochopecyenyus. JIvHBI BOJIH H3NydeHUs (ochopecueHIun OoJblIie,
4YeM B ciiydae (pIryopecIieHITHH.

Monekynapnaa  payopecuenmnas  cnekmpockonusa.  Merton,
OCHOBaHHBI HAa M3MEPEHUH MHTEHCUBHOCTH HM3IIyYEHUS, BOSHUKAIOIIETO B
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pe3ysibTaTe TOTJIOMICHUS MOJICKYJISPHON Cpenol 3JICKTPOMAarHUTHOTO
W3JTy4eHUsI JIPYroro ONTHYECKOTO JHAana3oHa, Ha3bIBAeTCS METOJIOM
monexynaprou gyopecyenmuou cnexmpockonuu (M®C).

Takum o00pazoM, B OCHOBE (IYOPUMETPUYECKOTO METOMA JICHKHUT
sBIICHUE (IYOPECIICHIIMM  BEIIECTB, OONyYeHHBIX Y D-n3nmydeHueMm.
W3mepeHne WHTEHCHBHOCTH  HCIYCKAaeMOTO  HW3JIYYCHHUS  BUJIUMOTO
JMarna3oHa IO3BOJIACT MOJMYYUTh CIEKTPHI (PIIyOPECHECHIIUN — ONTHYECKU
BO30YKJICHHBIC 3JICKTPOHHBIE CIIEKTPhI UCITYCKAHHS MOJICKYIL.

OTIUYUTENTEHON 0COOCHHOCTBIO CIIEKTPOB (DIIYOPECIICHIIMU SIBIISIETCS
TO, YTO WHTEHCHUBHOCTH (DIYOPECHCHIIMH 3aBHCUT OT HWHTCHCUBHOCTHU
WCTOYHHKA BO30YK/ICHHUS, T.€. OT MOIIIHOCTH TOTJIOIIEHHON YHEPTUU.

B xauecTtBe mpmMmepa Ha pHC. 55 TPEACTABICHB CIEKTPHI
MOTJIONICHHS B ()ITyOPECIICHINH TIEpUJICHA.
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Pucynox 55 — — CieKTpbl TOTIOMIEHUS B (DITYOPECIICHIINY TIeprIeHa

W3 pucyHka 55 MOXHO BBISIBUTH OTJIMYHSI B CIIEKTpaxX (PIIyopecieHIInu
Y TIOTJIOIIEHHUS:

1) mosockl (QUIyOpPECHEHIIMH PacIojaraloTcs Ipu OONBIINX JUTHHAX
BOJIH, HEKEITH COOTBETCTBYIOIIKE IMOJIOCHI MOTIIONICHUs (3akon Cmoxca u
Jlommens),
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2) mpu 3TOM HAOJIONASTCS YACTHUYHOE MEPEKPBIBAHUE STHX CIEKTPOB
(anmucmoxcosckas obnacmo);

3) monockl (UIYOPECICHIIUU SIBISIFOTCS 3EPKAIBHBIM  OTPAKCHHUEM
MOJIOC MOTJIOLIEHUS (npasuiio 3epkanbHol cummempuu Jlesuwiuna).

HabmomaeMbie SIBICHHSI HAXOIAT Ceayromee o0bsICHEHHUE.

Casur mojocel (uyopecueHud B 00jacTh 0ojiee IJIMHHBIX BOJIH,
XapaKTePU3YIOIINXCSI MEHBIICH 3HEprueH, OObICHICTCS MOTEepPeil SHEPTrun
B Xoje Oe3bpI3IydaTeNbHOro mporecca (ee BBIFCNICHHE B BHIE TEIUIa).
ITockomeky AE; u AE, < AE, (HymMepanusi COOTBETCTBYET HyMEPAIIMH JIJTHH
BOJIH Ha puc 33), CIIe0BATEIIEHO, A U Ay > 4.

[lepekppIiBaHUE CIIEKTPOB CBSA3aHO C TEM, YTO JAXE MPU KOMHATHOH
TEeMIIepaType BepXHHE KoyebaTenbHbIe IOAYPOBHH OCHOBHOTO COCTOSIHUS
B HEKOTOPOU CTEICHU 3aCEICHBI 3JICKTPOHAMH;, TTOSTOMY TPH MOTJIOIIEHUN
3NEKTPOMArHUTHOTO U3TYYCHHS BO3MOXKHEI TIEPEXOJIbI C JIFOOOTO U3 HUX Ha
HIDKHUH KOJIeOATEeNbHBIN TOAYPOBEHh BO30YXKIEHHOTO COCTOSHHS (Vg
ypoBHS E; - puc. 33, III). CieqoBaTebHO, 9aCTh HCITYCKAEMOT'O H3ITYICHHS
Oyner HaOmromathcs B Oojiee KOPOTKOBOJTHOBOHM 00NAacTH, 4YeM caMoe
JUTMHHOBOJTHOBOE TOTIOIeHue: A; u Ay < A; ®DmyopecueHmmio Ooee
KOPOTKOBOJHOBYIO, 4eM BO30YXTArOIINI CBET, Ha3bIBAIOT
AHTUCTOKCOBCKOI, a 00Jiee IITMHHOBOJIHOBYIO — CTOKCOBCKOM.

®dopma TONOC TOTJONICHUS U (PIIYOPECICHIIUU  OIpeaeseTCs
pacmpezneneHeM Koie0aTeNbHBIX YPOBHEH OCHOBHOTO M BO30YKIEHHOTO
COCTOSTHHI. DTO pachpesieieHne 4acTO OJWHAKOBO JJIsi 000MX COCTOSHUI
(OCHOBHOTO ¥ BO30YXIEHHOT0), TO3TOMY CIHEKTp (IyopecueHInn
3epKaJIbHO CUMMETPHYEH CIIEKTPY MOTJIOMICHHUS.

IIpouecc  docdopectieHIMM  OTAMYAETC  OT  (PIyOPECHEHIIUH
JUTHTEIBHOCTHIO (10 10 CeKkyHI) W CABHUTOM MakCUMyMa B 00JacTh Oosiee
JUTHHHBIX BOJTH.

Ocnosnvle xapakmepucmuxu ¢gayopecyenyuu. OpHOU U3
BOXHEHUIINX  XapaKTCPUCTHK  U3Iy4YaTeIbHBIX TPOIECCOB  SIBISAETCS
KBAHTOBBINA BBIXOA. Kearmoswili 661x00 (¢) — OTHOIICHHE YUCIIA KBAaHTOB,
WCIYIICHHBIX BO30YXICHHOW MOJIEKYJIOI/aTOMOM, K YHCITY TOTJIOMIEHHBIX
KBaHTOB:

Q= (h : v)ucn. /(h : V)noz.rl.-

Jis hIryopectieHIIuN STO MOXKET OBITh TMPEJICTABICHO YPaBHECHHUEM:
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(Dﬂ = Iﬂ / I,
rac Iﬂ U | - MHTEHCHUBHOCTH (bﬂyOpeCLleHI_II/II/I n IOrJomicHus CBETa,
COOTBETCTBCHHO.

C yuerom ypaBHeHus byrepa-JlamOepra-bepa u mociemyromux
mpeoOpa3oBaHUil TTOTydaeM:

Iﬂ = klg & f‘C‘(ﬂﬂ, (48)

rae k- ko3 HUIHEHT NPOMOPIIHOHATILHOCTH;

@; - KBaHTOBBIH BBIXOJ (hTyopecrieHIn ;

& - K03 (PHUIHUEHT MOTIOIEHUS;

{ - JUITMHA TOTJIOIIAIOIIETO MY TH;

C - xoHIEHTpanus (IyopecUpyIOIIEro BEIIecTBa;

I; - MHTEHCHBHOCTb (IIyOPECLEHIHH;

1y — 'HTEHCUBHOCTH TIA/IAIONIETO H3TYICHUSI.

ITonyuenHnoe ypaBHeHHEe (48) TOATBEPKTAET BBHICKA3aHHOE BBIIIES
YTBEpXJCHWE, YTO WHTEHCHBHOCTh (DIyOpeCHeHIHH 3aBHUCHT  OT
WHTCHCHUBHOCTH  WCTOYHHMKA  BO30YXKJCHHS, T.6. OT  MOIIHOCTH
MOTJIOIICHHON YHEPTUU.

TlockonbKy BCE BEIMYMHBI B IIPaBOM yacTh ypaBHeHHUs, kpome C, B
YCIOBHAX HW3MEPEHUHM IIOCTOSHHBI, H3MEPAEMOE 3HA4YeHHE [y 3aBHCUT
TOJIBKO OT KOHI[EHTPALIUH BEILIECTBRA:

I, = K-C. (49)

Takum 00pa3oM, HHTEHCUBHOCTH (UIyOPECHEHIIMU TPOITOPIIMOHATIbHA
KOHIICHTpaIu (hIyopecIupyroIIero Beniectsa (puc. 56, ooracme 1).

I

Pucynox 56 —
I'pamynpoBouHbIii rpaduk
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OpnHako B 00JTaCTH OTHOCUTEIHHO BBICOKMX KOHIIEHTpaIwii (puc. 56,
obmacte 2) HaOMIOmAeTCs sGleHUe KOHUEHMPAYUOHHO20 —MYUIEHUs.
@yopecyenyuy: VTHTEHCUBHOCTh TaJIaeT BCIEACTBHE OE3BI3ITyYaTeIIbHOTO
MIEPEHOCA DHEPTUH OT BO30YKACHHBIX YaCTHUI[ K IPYTUM MOJICKYJIaM MPH UX
CTOJKHOBEHHH, T.€. B PE3yJIbTaTe€ CHIBHOTO TOTJIONMIEHUS HCIYCKaeMOro
W3My4YeHHs pacTBOpoM. KOHIIEHTpallMOHHOE TYyIIeHHe OOyCIOBINBAET
BEPXHUU Mpejen quanazoHa onpeaenseMbx KoHIeHTpanui ~ 10 M.

Yyecmeumenvnocms memoda B 10° - 10° pa3 Bblme, deM B
MOJICKYJIIPHOHW a0COPOIIMOHHON CIIEKTPOCKOITUH. JTO CBSA3aHO C TEM, UTO B
ormuure ot MAC, rae u3MepstoT pa3HOCTh JBYX CUTHanoB Iy u [, , - B
M®C usmepsaroT cam cursan Iy.

Bricokasi HHTEHCHBHOCT (DITyOPECIICHITUN OOBSICHSAST HU3KHHA npeden
o6napyxcenus merona, coctapmstommii 107 % wu  paxe 10° %. B
uaeanbHbIX YCIOBUSX C,y, p TOCTUTACT 10 M.

Bocnpouzsodumocms GryopuMeTpUUECKUX ONPEAETICHUIH COCTABIISET
nopsinka 5%.

Kpome Toro, »3TOoT MeTOm BechbMa celexmugeH, TOCKOJIbKY
(bmyopecrupyeT  MEHBIIEE YHCIO COCIUHCHHIA, 4YeM, Hampumep,
MOTJIOMIAET.

Cmoumocms TPUOOPOB HIKE CTOUMOCTH KOHKYPHPYIOIIUX I10
YYBCTBUTEIIBHOCTH aTOMHO-a0COPOIIMOHHBIX CITEKTPO(HOTOMEPOB.

B wMeromax  ¢uayopecueHtHoit  cmektpockonuu  (PC)  game
HCITOJIB3yETCs TPUHITUITHAIBHAS OJIOK-CXeMa mpudopa, m3o0pakeHHas Ha
puc. 57. Takas cxema TO3BOJISICT MPUHUMATh M H3MEPATh HCITyCKaeMOe
M3Iy4YeHHEe MO MPSIMBIM YTJIOM K BBI3BIBAIOIIEMY BO30Y)KIEHHE ITOTOKY.
D10 HeoO0XoAuMO, YTOOBI YMCHBIIMTH IIOMEXH OT PACCETHHOTO WIIH
OTPaKCHHOTO M3JTyYCHUSI.

Cxema npubopa, UCIOIb3yeMOTo B (hIYOPECIICHTHOW CHEKTPOCKOIHH
BKITIOYAET J1Ba MOHOXpomamopa. I1epBrIil paznaraer U3Iy4eHne HCTOYHHKA
Y BBIICIISET ONPEACICHHYIO Y3KYIO TOJIO0CY JUIUH BOJIH, HEOOXOAUMYIO IS
nomydeHuss  ayopecueHiuu.  BTopoil  MOHOXpoMarop — pasiaraet
(hiyopeclieHTHOE U3JTydeHHUE W WCIIONb3YeTCs U U3yYCHHsT 3aBUCHMOCTH
€ro MHTEHCHUBHOCTH OT JUIMHBI BOJIHBI WJIM YacCTOTHI, T.€. JUIS MOTyYEHUS
crieKkTpa (hIyopecleHITHH.
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Pucynox 57 — llpunnunuansHas cxema nprudopa, UCIIONIb3yeMOTro
BO (DIIyOpECLIEHTHOM CHEKTPOCKOIHNU

Ilpumenenue M@PC. Meron MIOMUHECIIEHTHOM CHEKTPOCKONHU
MPUMEHSICTCS JUI ONpeeNIeHUs] OOJIBIIOTO YKCIa MUHEPAIIOB (HAIpUMep,
CJIEJIOB ypaHa B TOPHBIX MOPOJIaX W MPUPOJHBIX BOJAX), HEOPTaHUUECKUX
TBEPIBIX JTIOMHHO(DOPOB (HAMpUMeEp, TBEPJbIX MaTepHaioB Ha OCHOBE
thocdatoB, kapOOHATOB, (TOPUAOB MICIOYHBIX U MICIIOYHO-3E€METHHBIX
MeTalioB — NaF W T.0.), OpPraHUYEeCKUX H METAJIOPraHUYECKUX
COeMMHCHUH (OCOOCHHO apOMaTHYECKUX COeMuHEHUH). B03MOXHOCTH
OTPEACIATh STUM METOJIOM JOCTATOYHO OOJBIIONH Kpyr BUTAMHHOB,
TOPMOHOB, ()EPMEHTOB, AHTUOMOTHUKOB U MPOYHUX OMOJIOTHYSCKU aKTUBHBIX
BEIIECTB HMMeeT OOIbIIOe 3HAaYeHHE B KOHTPOJE KadecTBa IPOIYKIMH

(hapMalneBTUYCCKUX  MPOU3BOJACTB;, HEKOTOPBIX  MECTUIMIOB - B
9KOJIOTHYECKOM KOHTPOJIC; YIJIEBOJOPOJOB HE(PTH — B KOHTPOJC
HE(TEIPOITYKTOB.

2.5 CneKTpOCKONUs paccessHUus1
Typououmempuueckuii u negheromempuueckuii Memoosl

[Ipu mpoX0oKASHUU CBETa Yepe3 AMCIIEPCHYIO TETEPOrCHHYIO CUCTEMY
(B3BeCh MaJIOPACTBOPHUMOI'O BEIIECTBA M JP.) MOXKET MNPOUCXOIUTH
oclabJieHUe TAaJaroIIero CBETOBOTO MOTOKA B PE3yNbTaTe €ro paccesHUs
(puc. 58).
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Pucynox 58 — IlpuHiun n3MepeHuil B CIEKTPOCKOIMH PACCESIHUS:
a — TypoumumeTtpusi, 0 - HedenoMeTpus
1 — MCTOYHUK M3IIy4eHUs; 2 — MOHOXPOMATOP; 3 — KIOBeTa ¢ 00pasLoM;
4 — IpUEeMHHKH U3Ty4eHHs (IETEKTOPHI);
1y, I, - MHTEHCUBHOCTH MAaJJAIOIIETO U NPOILEIIIero U3nyueHus; Iys, log, I;35 1 T.4. —
MHTCHCUBHOCTH U3JIYYCHHSI, PACCESIHHOTO 101 Pa3HBIMH yIIaMu

Metoa, OCHOBaHHBIM Ha HW3MEPEHHUH OCIAOJICHUS HWHTCHCHBHOCTH
MAJArOIIEr0 M3IYYCHHUsS, Ha3bIBAIOT mypoudumempueli, a OCHOBAaHHBIA Ha
U3MEPCHUH WHTCHCUBHOCTH PACCEHHOTO WM3IYUCHUS, - Hegheromempuetl
(neghenomempuuecxum).

Typououmempuueckuii memood. Ecnu, u3Mepssi HHTEHCHUBHOCTH
MPOMICIIIETO W3IYYCHHsI, NPHUHATh pPACCESHHBIH CBET 3a «YCJIOBHO
MTOTJIOMICHHEII», TO MOYKHO TTOJIYYHTh COOTHOIICHHE, aHAIOTHIHOE 3aKOHY
Byrepa-Jlambepra-bepa:

S =Ilglyl, = k-b-N, (50)
rae S - MyTHOCTb (BEJIMYKHA, COOTBETCTBYIONIASA ONTUYECKOM MIIOTHOCTH);

Iy n I, — ”HTEHCUBHOCTH TIAIAFOIIETO ¥ MPOIICIICTO U3TYICHUS;

k - KO3 UITUCHT MTPOTOPITUOHATHFHOCTH, HAa3LIBAEMBIH
KO3 puyuenmom mymnocmiu,

N - 9HCII0 paccerBaOIIMX YACTHIl, KOTOPOE MOXKET OBITH 3aMEHEHO
koHueHTpanueit (C) onpenensieMoro BeuiecTsa, Moiw/n: S = k™b-C;

b - anuHa MyTH, CM.

KoadduiiueHT MyTHOCTH 3aBUCHT OT ;[HalvleTpa YaCTHII, JJIUHBI BOJIHBI
(4) BO30OYXIaromiero U3ydeHusl, TOKa3aTeNIeH MPEIOMIICHUS (1) YacTHUI] U
PacTBOPUTENS U T..

VYpaBuenune (50) cmpaBemMBO IS Pa30aBICHHBIX CYCHCH3UH C
YaCTUIIAMH OJMHAKOBBIX Pa3MEpPOB, KOTOPHIE MEHBIINE IJIUHBI BOJIHBI
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msnydyerns (1). CoaepkaHHWe BEIIECTBA MOXKET OBITH OIPENEICHO II0
rpayupoBOYHOMY TpaduKy WIM CpaBHEHHEM CcO cTaHjgapToMm. Jlis
TypOUIMMETPUYCCKUX  H3MEPEHWA  MOXXHO  HCIOJNB30BaTh  Kak
(hoTOKONIOPUMETP, TaK U CIIEKTPOHOTOMETP.

Ipeyuzuonnocms (60cnpouzso0uMocms) Pe3ylIbTATOB, MOTYYCHHBIX
3THM METOIOM, COCTABIISIET OKOJIO 5%.

Hegenomempuueckuii.  memoo OCHOBaH Ha U3MEpPEHUU
WHTEHCUBHOCTH HM3JIYYCHHS, PACCESIHHOTO YAaCTHIIAMHU JTUCTIEPCHOH (ha3kbl,
HaXOJISIIUMUCS B PACTBOPE.

WHTEHCUBHOCTh U3IYYCHHS, PACCEHMBAEMOTO TIOJ] OIPEACICHHBIM
yrnom (), cBsi3aHa C KOHIIGHTpAalNMEed W JAPYTUMU TEPEMEHHBIMU
BEJIMYMHAMU COOTHOIIICHUEM:

I = k,qCI, (51)
rac Io - THTCHCUBHOCTH ITaJaKOIICTO I/I3J'Iy‘-IeHI/I$I; C — KOHI_IeHTpaI_II/IH;

0 — yIroJ, IIoJ KOTOPBIM IIPOBOAIT U3MEPCHHUS,

ka - 3Mnnpnqec1<a;1 KOHCTaHTa CUCTEMBI, XapaI(TepHa}I IJIs1 JAHHOT'O
BCIIIECTBA, 3aBUCALIIasA OT KOHCprKI_II/II/I an60pa W NJIMHBI BOJIHBI.

YpaBuenue (51) cmpaBemuBO IS YaCTHI] OJWHAKOBEIX pPa3MeEpOB,
KOTOPBIC MEHBIIIE JITTUHBI BOJIHBI MAAAIOMIETO U3TYyUCHUS.

Jns wm3MepeHHs WHTEHCHBHOCTH PACCESHHOTO CBETa HCHOIB3YIOT
npubopel — HederomeTpbl. KX KOHCTPYKIHS Mallo OTIUYAeTCs OT
KOHCTPYKITMH (DOTOKOJIOpUMETPOB. B KkauecTBe HedermomMerpa MOKHO
MPUMEHSTH 1000 (DIIyOpUMETp, MMOCKOJIBKY UX KOHCTPYKIIUU UICHTHYHBI.
MHorue  cepuitHble — (UIyOPHMETPHI ~ CHAOXKEHBI  CIICIUATBLHBIMU
MIPHUCIIOCOOJICHUSMU IS He(DeTTOMETPUUYECKUX U3MEPCHHUM.

Omuocumenvras noepewHocms  HEPETOMETPUICCKUX — ONPEACICHUH
cocrasisieT 5 — 10 %.

Huorenss epanuya onpedensemuix codeporcanuii: 10 %.

Yyecmeumenvhocms B He(EIOMETPUU 3HAYUTEILHO BHINIE, YEM B
TypOounumerpun. bonee BBICOKas YyBCTBUTENBHOCTH  OOBSICHIETCS
M3MEPEHHEM CaMOro aHaJIMTUYeCKoro curHana (I), a He OTHOCHUTEJIbHOM
BenuuuHbl (Ig(1y/1,)). DTO MO3BOISAET ONMPEALIITh HE TOIBKO KOHLIEHTPAIUU
U pa3Mep 4YacTull, ux ¢GopMy, XapakTep B3aUMOJCHCTBUS, HO U JIPYTHEC
CBOICTBA.

Hedenomerpust nmpumeHsieTcs, TIIaBHBIM 00pa3oM, IS MCCIEIOBAHUS
KOJUTOMJHBIX PAacTBOPOB BBICOKOMOJEKYJSApHbIX coenuHeHnit (BMC) B
KOHTpOJIE TIPOHM3BOJICTBA TOJMMEPHBIX MaTepuasioB. MeTon MoXyqni
IIMPOKOE PACIPOCTPAaHEHHE B OMOXMMHYECKHX JIabopaTopusax (B aHaJH3e
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OCNMKOBBIX M JAp. MPHPOAHBIX BELIECTB) (HANpUMEp, B MPaKTUKE
MEIWIIMHCKAX WCCIIEJIOBaHWM, s KOHTPOJS KadecTBa MHIIEBBIX
NpOAYKTOB). Ero ncmone3yroT 1jist KOHTPOJIsi MyTHOCTH MUTHEBOM BOJIBI HA
BOJIONPOBOJIHBIX CTaHIUAX. JIBIM W TymMaH XOpOIIO BUAHBI Onaromaps
CBETOPACCESIHUIO, TI03TOMY METOJ MNPHUMEHSIOT Uil KOHTPONA 3a
3arpsi3HEHHEM BO3/yXa.

ABTOMAaTHYECKUE CUSHANUZAMOPbI MYMHOCMY TPUMEHSAIOT U
KOHTPOJIA JKHUAKHUX Cpel B TEXHOJOTHYECKHX TMPOIeccax XHMHUYECKOH,
TIEJUTIOJIO3HO-0yMaKHOH, METaJLTypruuecKoi u Jip. oTpacieit
NpoMBIIUIEHHOCTH. C  HMX TOMOIIBIO OCYIIECTBISIOT —CUTHAIM3ALMIO
NpeAeNbHBIX 3HAYEHUH MYTHOCTH KOHTPOJIMPYEMOH cpenbl (OTKIOHEHMH
MYTHOCTH OT JOITyCTUMBIX 3HAYEHHUH, PErJaMeHTHPOBAHHBIX YCIOBHUSIMHU
TEXHOJIOTMYECKOTO MPOLECCA).

s KONMYECTBEHHBIX  OMNPEAEIEHMH BO3MOXKHO  IPHMEHEHUE
mypououmempuueckoeo u Hegenromempuueckozo (MuHOAIUMEMmpU4ecKo2o)
MUMPOBAHUSL.

B kauectBe TuTpaHTa (R) HCHONB3YIOT CTaHAAPTHBIA pacTBOp
ocagurens. TOYKY SKBHUBAJICHTHOCTH YCTAaHABIMBAIOT 0 HW3JIOMY Ha
KPUBOM TUTPOBAHUSA, IOCTPOCHHOMN B KOOpAMHATAX:

S=f(V(R)) wm I =f(V(R)).

[ mpenoTBpamieHUs KOAryJsIIUA YacTHUIl B3BECH B  PacTBOP
MOOABIISIIOT CTAOMITN3aTOPHI (HapuMep, KETIaTHHY).

CnekmpocKkonus KOMOUHAUUOHHO20 PACCEAHUS
(Pamanosckasa cnekmpockonus)

Cnexmpockonus kombunayuonnoeo paccesnus (CKP) — pasgen
CIIEKTPOCKOIIMH, OCHOBAaHHBIM Ha pacceanuu MOJEKYIIpHONH cpeaou
MOHOXPOMATHYECKOTO HM3ITydeHus: BuauMoro u OmmkHero MK-mauamasoHa,
KOTOPOE COMPOBOKIACTCS N3MEHEHUEM €T0 YaCTOTHI.

CriekTp paccesHus MOJIEKYJI COAECPXKHUT PAJIEEBCKYIO JIMHUIO, YacTOTa
KOTOpPOM COBIMAJacT € YacTOTOW MaJalolIero U3MydeHus (ympyroe
paccesnue) (puc. 59, I) u cTokCoBCcKUE / UM aHTUCTOKCOBCKUE JTUHUU C
YacTOTOM, MCEHBIIEH WM OONBIIEH YacTOTHl MAMAIOIIETO W3ITYICHHS
(meympyroe paccestaue) (puc. 59, II wm III, COOTBETCTBEHHO).
Bo3HUKHOBEHHE TMOCNEOHMX CBSI3aHO C paMaHOBCKUM  3ddexTom
(KOMOMHAIIMOHHEIM PAaCCESTHUEM), KOTOPBIA OOYCJIOBIICH CIIEAYIOIIUMH
MIPOIECCAMH.
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[Manatoriee wu3mydeHUE TPUBOAUT K BO3OYKICHHIO KOJICOATEIHHBIX
YPOBHEH OCHOBHOTO JICKTPOHHOTO COCTOSTHHSI MOJIEKYJ. IIpu 3TOM MOXKeET
CIIYYHUThCS, YTO JHEPTUsl KBaHTA MANAIONICT0 W3Iy4YCHUs OyIeT MEHBIIS
SHEPTUM D3JCKTPOHHOTO BO30YyXkaeHus Moiyekynbl E;. Torma monexyna
MEPEXOIUT B KOPOTKOXKMBYIIIEE BHUpPTyabHOE coctossHue R (puc. 59) u
Bo3Bparaercs crycrst 1077 cexyHasl 1160 B nexognoe (I), 1160 B Hu3MICE
(II) wmu BeIciee (1) cocrosHme. McmyckaeMsiii ipu 3ToM (GOTOH OyAeT
UMeTh cooTBeTCTBeHHO MeHbImyto (II) mmm Gompmryro (III) wactoTy mo
CpPaBHEHHUIO C YACTOTOM Majaroiero u3nydeHus (vy).

Takum o0pa3om, OOMbINIAs YaCTh H3ITYYCHUST OCTACTCS 0€3 U3MCHCHMS,
a ouyeHb HeOombmmas mons (~10 '5) paccemBaeTCs CHMMETPHYHO TIO 00¢
CTOPOHBI OT  V;. BO3HHKAIONME CTOKCOBHI W AQHTHCTOKCOBHI JTMHHH
pacloONIOKEHBl CHUMMETPUYHO OTHOCHTEIBHO JMHHHM HCTOYHUKA U
npeactaBisiioT crektp KP (puc. 60). CKP sBasiercss ogHUM U3 BUIOB
SMHUCCUOHHOM CIIEKTPOCKOIIHH.

Meton CKP gacto paccmarpuBaioT coBMecTHO ¢ MUKC, mOCKONBKYy B
OCHOBE KaXXJIOTO M3 HUX JIeXKAT KoJieOaTeIbHbIE MEPEX0/Ibl B MOJICKYJIaX, U
nojryyaemasi B 00OUX CIIy4asix CTPyKTypHasi HH(OpMAIUs JTOTIOHSIET IPYT
npyra. COBOKYIIHOCTh METOJ0B 0CO0eHHO 3((PeKTHBHA MPU HUCCIIEIOBAHUN
MOJIEKYJI, UIMEIOIIUX IIeHTp cuMmMmeTpuu. KoseOaHus B TaKUX MOJICKYIax

L
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Pucynox 59 — Cxema 31eKTpOHHBIX U KoJieOaTEIbHBIX YPOBHEH
st KP-niepexo1oB B MoseKynax
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Pucynox 60 — Tunmansrit KP-criektp

aktuBHbI 60 B K- , mubo B KP-cmekrpax. [Ipuuem KPC otnmuaercs
Oomee BBICOKOHM m3bmpartenpbHOCThIO, Hekenmn MKC. Tak B KP-cmektpe
BeChMa aKTHUBHBI TOJSIPU3YyEeMbIE CBSA3H, KOTOphIe cnabo mornomatot B K-
JanazoHe:

—C—S5— ; —§S—85— ;>C=C< ; —N=N—.

Tabmumpl TPYyNmHOBBIX YacTOT COAEPIKATCS B  CIIEKTPAIbHBIX
Ooubnuorekax. Mx UCHONB3ylOT MNpH HUAESHTHUOUKAMH HEU3BECTHBIX
COETUHEHHH.

CKP sBmsieTcss BaXHBIM METOJOM CTPYKTYpHOTO  aHaln3a
OpPraHUYECKUX BEIIECTB. OJTO OCOOCHHO BaKHO MJIsl aHalu3a cMecel
M30MEPOB, KOTOPbIE HEJb3S Pa3IUuUTbh APYTHMHU CHEKTPOCKOIMHMYECKHMU
metogamu. CKP npuMeHSIoT a5 aHamn3a OMONIOTHYECKUX CUCTEM, TTPHYEM
BO3MOXXHO HM3YYCHHE MaJbIX O0BEMOB: KOHQOPMAIMOHHBIC W3MEHEHUS
0CNKOB, HYKJICMHOBBIX KHCIOT W TMENTUAOB; ONpeNeleHUE CTENeHU
OKHCJICHHUS KeJIe3a, CBI3aHHOTO B KOMIUIEKC C TeMOIJIOOMHOM | 1Ip. Meton
MPUMEHSIOT U JJI CTPYKTYPHOTO aHaIn3a HEOPTaHWYECKHUX COeIWHEHMI:
XeNlaTOB METAJIJIOB M HOHOB B BOJIHBIX pacTBopax. Hanbonee yacTo naHHBIHA
METO/ HaXOOUT NMPUMEHEHHUE Ui MPOMBIIUICHHOTO aHalln3a IOJIMMEPOB,
TIOTYTIPOBOAHUKOB U MTHUINIEBBIX IPOIYKTOB.

Jis  KONMMYECTBEHHBIX  OMNpENeNeHHH OOBIYHO  HCIIONB3YIOT
JMHEHHBIE 3aBHCUMOCTH WHTEHCHBHOCTH KOJEeOAaTENbHON TMOJOCH B
CIEKTpax KOMOWHAIIMOHHOTO pacCcesHus OT KOHIEHTPAIUH, OTHAKO
npenensl oOHapykeHus BemiecTB B CKP oTHOCHTEIHHO BBICOKH.
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10.
11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

Bomnpocsl 115 caMonoaroToBKH K pasaerny 2 (2.1 - 2.5)

Pacckaxute o KIIaCCI/I(i)I/IKaHI/II/I CIICKTPOCKOITUYECKUX METOJA0B aHaIn3a.

ChopmynupyiiTe OCHOBHON 3aKOH MOJICKYJSIPHOU CIIEKTpOCKOMHU. [TosicHUTE CMBICIT
BXOZSIINX B HETO apaMeTpPOB.

Cdopmynupyiite orpaHHdeHUs] IPUMEHUMOCTH 3akoHa byrepa-Jlambepra-bepa.

Hauepture npuHOMNManbHyl0 — ONOK-CXeMy TIPHOOPOB  JUIL  MOJIEKYJISIPHOI
a0COpOIMOHHON CIIEKTPOCKONUH U JalTe XapaKTEPUCTHKY OCHOBHBIX Y3JIOB.

JlaiiTe XapaKTepUCTUKY HCTOYHMKAM H3JIyd€HMsI, NPUMEHAEMBIM B MOJIEKYJISIPHOMN
a0COpOIMOHHON CIIEKTPOCKOTINML.

[IpuBenuTe OOMIMIMI BUA 3JIEKTPOHHOIO CHEKTpa IOIJIOUIEHHS M €ro napameTpsl,
HCIOJIb3yEeMbIE B aHAIIN3E.

Pacckaxute 0 mpupo/ic BOSHUKHOBEHUS CIieKTpoB B Y D- , Buaumoit u MUK-obmactax.

ChopmynupyiiTe 3aKOH aIIUTHBHOCTH CBETONOINIOIIEHHA. Kakoe 3HaueHHe uMeer
9TO SIBJICHHE B MOJIEKYJISIPHO CIIEKTPOCKOIHHN ?

B ueM coCTOMT CyIIHOCTh crekTpodoToMeTpuueckoro ananmsa? Haszosute
[PEUMYIIECTBA 3TOT0 METO/A 110 CPABHEHUIO C (POTOKOJIOPHUMETPHEH.

Kak npaBuipHO BBIOpaTh ONTHMANBHBIC YCIOBUS U (POTOMETPUUECKUX H3MEPEHU?

Pacckaxure 0 croco6ax KOIMYECTBEHHOTO aHAIN3a, HCIOJIb3YEeMbIX B MOJIEKYJISIPHOI
abcOopOLIMOHHOH CIIEKTPOCKOIIHH.

Kaxk npoBoanTcst Ka4eCTBEHHBII aHATN3 B MOJEKYJISIPHOH CIIEKTPOCKONUH?

Pacckaxure 0 MeTolax aTOMHOH CIIEKTpOCKONHMH. B ueM mpuHIunmansHoe pasiandne
aTOMHOH 5MHCCHOHHOI 1 a0COPOILMOHHON CIIEKTPOCKOnHei?

Onuiure NpUpOLy TNPOUCXOKASHUS AaTOMHBIX 3MHCCHOHHBIX CHeKTpoB. Kakune
HCTOYHUKH BO30Y)KIEHHS HCIOJIB3YIOTCS JUISl UX HOIydeHHs?

B uyem cocrouT cymHOCTP MeToma IUIaMeHHOH ¢oromerpun? Oxapakrepusyiite
aHAIUTUYECKHE BO3MOKHOCTH METOJIA.

Ha 4yem ocHOBaH KaueCTBEHHBIH aHAIM3 B aTOMHON SMHCCHOHHON CHEKTPOCKONHUH?
JlaiiTe MOHATHE «PE30HAHCHBIX» U «IIOCICAHUX» CIIEKTPAJIbHBIX JTMHUH.

Kak mnpoBoauTcs KOMMYECTBEHHBIM aHaAM3 B aTOMHOW OSMHCCHOHHOH H
abcopOLIMOHHOH CIIEKTPOCKOIHH ?

B uem cocrout CYHIHOCTb q)nyopecueHTHoﬁ CIICKTPOCKOIINH. HasoBure obnactu ee
TNIPUMCHECHMUS.

[puBeaute cxemy mpudopa, UCIOIB3YeMOro B (hIyOPECHEHTHOW CHEKTPOCKONUH, U
00BSICHUTE IPUHIUT ¢ pabOTHIL.

Pacckaxute 0 MeTomax CHEKTPOCKONMHM paccesiHus. B 4eM npHHIMIHaNIbEHOE
pasnuuue TypOouauMeTpun U HederoMeTpun?

B 4eM cocToHT CyImHOCTh METO/A CIIEKTPOCKOIIMH KOMOMHAIIMOHHOTO PAacCesHus?
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2.6 PenTreHoBcKasi ¥ 3JIEKTPOHHAsI CIIEKTPOCKOMMUSI

0O06e (opMbl PHEPrMHM PEHTI'CHOBCKUX JIy4eH M IOTOKA 3JCKTPOHOB
BEI3BIBAIOT OJIMHAKOBBIC d()(DEKTHI:

- BBIOMBaHHC DJICKTPOHOB C BHYTPEHHHX OpPOWT aTOMOB 0Opa3Ia-
MUIIEHN C 00pa30BaHUEM BaKaHCHIA;

- 3aTeM clleAyeT penakcanus (BO3BpalleHWE K HadaJIbHOMY
cocTosHuio). Penakcamuss MOXKET MpPOSBIATHCS B BUAE BTOPUYHOTO
W3ITyYCHHS:

- B PEHTTEHOBCKOH CHEKTPOCKOMHH 3TOMY COOTBETCTBYET IEPEXO.
3JIEKTPOHOB C YAAJCHHBIX OPOUT HA BaKaHTHBIC C M3JyYCHHUEM SHEPIHU B
BHJIE KBAaHTAa PEHTT€HOBCKOTO M3IY4ICHUS;

- B DJIGKTPOHHOM CHEKTPOCKOIIMK 3TOMY COOTBETCTBYET, HampuMmep,
UCITyCKaHHE 0Ke-3JICKTPOHOB.

B peHTITeHOBCKOM M 3JIEKTPOHHOH CIEKTPOCKONHHM HHGOpMAIUI
MOCTYTAeT OT MOBEPXHOCTH 00pa3iia. OHa 3aBUCHUT OT cOCTaBa (MaTPUIHBII
3¢ $eKT) U COCTOSIHUS TOBEPXHOCTH 00pasia.

PentrenoBckas CIIEKTPOCKOIIUA

Bo30yxnaenne PEHTTEHOBCKOTO CIIEKTpa OCYIIIECTBISETCS
YCKOPEHHBIMH ~ DJIEKTPOHAMH WM  PEHTTeHOBCKHMH  JIydaMH B
PEHTIeHOBCKOH TpyOKe.

Penmeeno-amuccuonnasn CREKMPOCKoOnus

Merton peHTreHo-aMuccHOoHHOHN crnekTpockommu (POC) ocHOBaH Ha
U3MEPEHUHU WHTCHCUBHOCTH HCIIyCKA€MOTO PEHTI'C€HOBCKOTO H3IIYUYCHHUS.
Jlnst aTOoro 0Opasel] MoMemaoT Ha aHo T (MHIIIEHb) PSHTTCHOBCKOH TPYOKH.

YCKOpEeHHBIE DJIEKTPOHBI BBI3BIBAIOT BHIOMBAHHWE DIIEKTPOHOB C
BHYTPCHHEH OpOUTHI, KOTOPOE CONPOBOXKIACTCA TEPEXOJOM  Ha
oOpas3yroluecss BaKaHCUH AJICKTPOHOB C YJalIeHHBIX opOuT. B pesynbrate
MIPOUCXOANT UCITYCKaHUE (AMICCHS) PEHTT€HOBCKOTO H3ITyUEeHHS.

PeHTreHoBCcKass CIEKTPOCKOMUS TO3BOJISIET OMPEAENATh HMPUPOLY H
KOJIMYECTBO COCTABHBIX YacTe NPOOBI MO XapaKTepHBIM CIIEKTpam
(XapakTepuUCTHYECCKUM JINHUSAM) (CM. puc. 61).

B ocHoBe Kkauecmeennozo  obuapyscenus — (MACHTH(PUKAIIAN)
3JIEMEHTOB MPOOKI JISKUT 3aKOH M03111: YacTOTa pEHTTEHOBCKOW JIMHUU (V)
MPOMOPIIMOHATBHA KBaIPaTy aTOMHOTO HOMep2a anemeHTa(Z):

v ~Z
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Pucynox 61 — Tunuunsiii
PEHM2EeHOBCKULL CHEeKMpP

-

V.A

OmnpenenuB JIMHY BOJHBI (Y4acTOTY) PEHTIEHOBCKOTO W3Iy4YCHUS,
MOJXHO PAacCYHTaTh aTOMHBI HOMEp OJJIEMEHTa, BXONAIIETO B COCTaB
pOoOBL.

Konuuecmeennvie  ompedenenuss ~ OCHOBaHBI  Ha  M3MEPEHHUU
WHTEHCUBHOCTU ([) XapaKTepUCTUUECKUX JIUHUMN.

PasnoBuaHOCTEIO P3C SIBJISICTCS PEeHmM2eHOCneKmpanbHblil
(anexmponno-3ondoeuit)  muxpoananuz (33MA). On  oO0beawHSIET
PEHTTEHOBCKYIO CIIEKTPOMETPHUIO M 3JIEKTPOHHYI0 MHKPOCKOMHIO (pHC.
62). D10 METO/ JIOKAJILHOr0 aHAIM3A.

IIy4ok 2EeKTpPOHOB (DMEKTPOHHBIM 30HA) (3), BBIXOASIIMKA U3
anekTpoHHON Tmymku (1), ¢oxKycupyeTrcs 3JeKTpoMarauramu (2) Ha
noBepXHOCTH 00pa3ua (~ 1 MKM).

Ilocie MHOTOKpPAaTHOTO CKAaHHUPOBAHUS TOBEPXHOCTH H3IIyUeHHE,
BO3HHUKaloOIIee B 00pasiie, aHATH3UPYETCS PEHTT€HOBCKUM CIIEKTPOMETPOM.

AGCOIOTHBIE M OTHOCHTEIIbHBIC TIpe/enbl 0bHapysxenus 1072 — 107
u 10" = 10? % npu o6wveme npobsr 1-20 mxm® mmn gaxe 0,1 — 10 mxm’.
OTHOCUTENIbHOE CTaHAAPTHOE OTKIOHEHHE METOAa NMPH KOIUYECTBEHHBIX
onpenencHusaX He mpessimaet 0,05.

MeTol TPUMEHSAIOT M KOHTPOJIS IOBEPXHOCTH 00pas3IoB, It
OTIpeZIeTICHHs] COCTaBa MHKPOBKJIIOYCHHH W PACIIpPENIEeNIeHHs] DJIIEMEHTOB B
TOHKHUX CJIOSIX, @ TAK)Ke A1 (Pa30BOTO aHAIIN3a TBEP/IBIX BEIIECTB H JIp.
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Pucynox 62 — Cxema dJIEKTpOHHO-30H0BOTO aHAIN3aTOpa
1 — anexTpoHHas MyILIKa; 2 — 3JIEKTPOMarHUTHBIC KOHAECHCOPHBIE TUH3BI; 3 — 3JIEKTPOHHBIN
My4OK (3JIEKTPOHHBIN 30HM); 4 — PEHTTEHOBCKOE M3IIy4eHHE; 5 — MOHOXpOMATOp; 6 —
JETEeKTOp; 7 — MUKPOCKOII

Penmeeno-abcopbyuonnas cnexmpockonus

PeHTreHoBckoe M3MydeHHE MOTJIOMAETCS BEIIECTBOM TaK XKe, KaKk M
JIEKTPOMAarHUTHOE M3JIyYeHHE IpPYyrux obyacTed cleKTpa. 3aBHUCHUMOCTb
CTENIEHH IMOIVIOLIEHHUS OT MPUPOABI M KOJUYECTBAa IIOIJIOLIAIOLIETO
BEIIECTBA OMMCHIBACTCS 3aKOHOM Byre})a—ﬂaM6epTa—Bepa:

I =Iye™,
rne Iy — THTEHCHUBHOCTB MAJAOIETO H3ITyYeHNUS;
I — WVHTEHCUBHOCTb W3JIyYEHHS, INPOLISANIET0 Yepe3 CIOou
BellecTBa B £ CM;
U - JUHEWHBIH KO3((UIMEHT MOINIOMEHUs (0N SHEPrHH,

MTOTJIOIIEHHOM CIIOEM TAaHHOT'O 3JEMEHTA TOJIIHMHOM 1 cM).
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N3-3a HEBBICOKOH M30UPATEIHLHOCTH METO]T HE HAIIe] ITUPOKOTO
npuMeHeHud. OpHako  €ro  HCHOJB3YIOT IPU  CEpPUITHBIX
OTIpECNICHUSIX TSKENbIX D3JEMEHTOB B 00paslax IOCTOSHHOTO
CoCTaBa, HaAIIpUMCp, CBUHIA B 6€H3PIHG, CCPpbl B Pa3IMYHBIX
TOIUIMBHBIX Maciax U Jp. Takke ero HmpUMEHSIOT ISl KOHTPOJIs
TOJIITMHBI TUIIEBON ATFOMHUHUEBOM (DOJIBTH B IIPOIIECCe MTPOKATKH.

Penmeeno-gryopecyenmnasn cnexmpockonus

PeHTreHoBckre MeTOABI OCHOBAaHBI Ha BTOPHUYHOM  OMHUCCHH
PEHTTCHOBCKHUX Jy4el MOTUXPOMATHUYECKUM PEHTICHOBCKHM H3IyYCHHUEM
B pE3yJbTaTe OJHEPreTHYECKUX TMEPEXOA0B BHYTPEHHUX JJIEKTPOHOB
aromoB. OOpasenr o0O0Jy9alOT TIEPBUYHBIM ITOTOKOM PEHTTEHOBCKOTO
U3ITydeHUs C OOJBINEeH DJHEprueil, dYeMm HCIycKaeMoe o0pas3IoMm.
Pentrenosckoe m3nyuyenue (PU) mpencraBnsier coOoii 31eKTpPOMarHUTHOE
mnyderne ¢ A < 100 um. st POA yacto ucrnons3yercs obnacts 0.17-
2.00 1M (0.5-100 3B).

Ilepeuunoe PU  Bo3Hmkaer Tmipu  OOMOapaAMpPOBKE  aTOMOB
3apsDKEHHBIMH ~ DJIEMEHTAPHBIMH ~ YaCTHULAMH. Bropuunoe  PU
(pmyopecuenTHOE) BO3HHKAET NPU 00IydEHUH 00pa3noB nepBu4HbIM PU.
Hcrounnkamu PU MoryT OBITH:

1) peHTreHOBCKas TPyOKa;

2) YCKOPHUTEIH SJIEMEHTAPHBIX YaCTHII;

3) paANOaKTUBHBIC U30TOIBL.

Pentrenonckast TpyOka (puc. 63) mpeacraBisieT co00H BaKyyMHYIO
KaMepy ¢ OepUITHEBBIM OKOIIKOM TOMIUHOK 0.2 MM U auameTpoM 20 MM,
BHYTPU KOTOPOHl MMeeTcs KaTol W3 BoiibppaMa M OXJaKAaeMbId BOIOU
anonx (W, Cr, Ag u np.). PazHocTh Hanpspkenuii cocrasiser 10-75 kB, Tok
—5-60 MA, MmomHOCTE — He Oonee 3 kBT.

DOJEeKTPOHBI, UCITyCKaeMble KaToAOM, IMOJ JEHCTBHEM MPHIIOKEHHOTO
HanpspkeHus:  yckopsitorcsi. Kunernueckas osHepruss (£) Ha aHozae
npesparmraercs B PU nim Terio, mpu 3TOM BO3HUKAET XapaKTepHUCTHIECKOE
M3IydYeHHe Marepuana aHoja. B pesynbraTe peHTI€HOBCKOE H3IyYeHHE,
BBIXOJSIIIIEE U3 OKHA TPYOKH, UMEET CIEKTp, PEACTaBICHHBII Ha puUc. 64.
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Pucynox 63- PenrrenoBckast TpyOka:
1 — xaron, 2 —anon, 3 — GepuiIMeBOE OKHO, 4 — OTOK PEHTTEHOBCKOTO M3ITy4EHUs
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Pucynox 64 - CriekTp peHTTE€HOBCKOTO H3TYICHIS:

1- TOPMO3HOC U3JTYyUCHHUEC, 2 - XapaKTCPUCTUICCKOC U3ITYyYCHUC

TopMo3HOE M3TyYeHNE BO3HUKAET 32 CUET TOPMOXKEHHUS SIEKTPOHA HA
MTOBEPXHOCTH aHOJa, OHO CBSI3aHO C YACTUYHBIM IIPEBPAIICHUEM SHEPTHH
TOPMO3SIINXCS ITEKTPOHOB B SHEPTHIO M3MyUYEHHs. XapaKTePHCTUIECKOE
M3TydYeHHE BO3HHKAeT NpU OOpa30BaHWM BAKAHCHH B AJIEKTPOHHBIX
000JI09Kax M Mepexo1ax IEKTPOHA C OJHOTO YPOBHS Ha IPYTOM.

IIpu B3aumopeiictun PU ¢ BeliecTBOM MPOUCXOJIUT €TO pacCcesiHue U
noryomenre. C BHYTpeHHHX OpOHUTanell aroMa BBIOMBAIOTCS AJIEKTPOHBI C
oOpa3oBaHMeM BaKaHCUHM (ABIPKH) B DJIEKTPOHHOW 00oouke. Bakancus
OBICTPO 3aTOJHIETCA JIEKTPOHOM C BBIMIEPACIIONIOKEHHOTO YPOBHS, MPH
9TOM wu3nyvaercs (oToH. J[aHHBIN mpolecc Ha3bIBAETCS PEHTTEHOBCKOM
(dyopecueHIMEH WIM XapakTEPUCTUUYECKUM U3IMyueHHeM. Kaxieii
JJIEMEHT HWMEET CBOM XapaKTePUCTUYECKUH CIEKTp (IIyopecleHTHOTO
m3nyueHud. llepexoabpl € OAHOTO YPOBHS Ha JPYroi, HMEIOIINE
OJIMHAKOBBIE KBAHTOBBIC YHCIIA, OMMUCHIBAIOTCS ypasHenuem Mosznu:

A= (AZ-B), (52)
rae A - JyIMHa BOJIHBI, HM;
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Z — IOPSIIKOBBIA HOMED JIEMEHTA;

A, B — IOCTOSIHHBIE BETTMYNHBI.

N3  pmanHOrOo  BBIpaXXEHHUS ~ CIEAyeT, 4YTO JJIMHA  BOJIHBI
XapaKTEePUCTUUECKOTO H3Iy4YCHHs MPOMOpPLMOHATbHA KBaApaTy 3apsaa
aapa. 3akoH Mo3nmu JIeXUT B OCHOBE KA4eCTBEHHOTO aHaln3a.
KauecTBeHHBIN aHANW3 TMPOBOAAT IYTEM OMNpPECIECHUS UIMHBI BOJHEI,
XapakTepHOW s o0pasma, ¥ MOCleAyromedl uaeHTudukanuu ¢
WCTIOJIb30BaHUEM CITPABOYHBIX TAOIHII.

IIpunnunuansHas cxema CIIEKTPOMETpPA PEHTT€HOBCKOU
(hmyopecuieHIH MpeIcTaBIeHa Ha puc. 65.

Pucynox 65- llpuHunnuanbHas cxeMa peHTIeHO-(IIyopeceHTHOTO

aHaJm3aTopa:
1 — pentreHoBckas TpyOka; 2 — oOpasel; — KOIMMAaTop (IS BEIIETCHUS
napajieIbHOrO ITydKa U3ay4eHus); 4 — aHanu3aTop; 5 — JETEKTOp (IPOTOYHBIH,
CIMHTUUIAILIMOHHBIHN).

[Tepuunoe PU u3 peHtreHoBckoit Tpyoku (1), momamgas Ha oOpaselr
(2), Be3BIBacT BropuuHO PU (dhiayopecneHTHOE) 2IIeMEHTOB, BXOIAIINX B
coctaB mpoObl. M3nmydyenue, npoiias yepe3 komnumatop (3), momagaer Ha
Kpucramr-ananmsatop (4) (LiF, Toma3), oOTpaxasch OT KOTOPOTO,
pasmaraeTcst B CHEKTp. M3mydeHWe pPErHCTPUPYETCS  CUETYHUKOM,
COBMEILEHHBIM C TOHHOMETPOM (CUETYMK 3aKpeIUIeH B JIepiKaTele,
CIOCOOHOM TepeMenaTthesi BOKpYr oOpasua). B mpomecce u3mepenwus
CUETYMK TIEPEMEIIaeTCs W PETUCTPUPYET DSHEPruio W3Iy4deHHs 3a
OmnpeesieHHbI  uHTepBal  BpeMeHW. Ha  MoHOkpucramie  npu
OTIpeIeICHHOM yTJie 0 perucTpupyroTCsl TOJIBKO (DOTOHBI C ONpeAeTIeHHOMN
JUIMHOHN BOJH. DTOT MPOLIECC OMUCHIBACTCS ypasHeHuem Bynvgha-bpezaar:

nA = 2dsin6, (53)
r7ie 1 — [eJI0e YUCII0, IOKa3bIBaoIIee MOPSIOK crieKTpa (0ObIYHO paBHO 1);
d — paccTosiHE MEXIy COCETHIMH TUIOCKOCTSMU KPUCTAILIA;
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@ - yron mageHus mapamiensHoro mydka PU Ha mimockocTs KpucTana;

OT IJIOCKOCTH KPHCTAJUIA IO YTIIOM 6 OyIeT OTpaKaThCs H3IIYICHHE
C JUIMHOM BOJHBI A, ymoBIeTBOpsiomiee ycioBuio Bynbda-Bperra.
Wznmyuenune, He yIOBIETBOPSIOIICE AAHHOMY YCIOBHIO, PAaCCEHBACTCA W
TIOTJIONIAETCS KPUCTALTIOM. TakuM 00pa3oM, B 3aBUCUMOCTH OT BEITUYHUHBI
0 MaHHBIN KPUCTAIT MOXKET OTPaXaTh JIyYW C pa3TUYHON JTMHON BOJHBL 0
WU3MEHSIOT TTIOBOPOTOM TUIOCKOCTH KPUCTAJIIA — aHAIU3ATOPA.

Jlemexmopwi, ucnonbdyembie B PDA, kak npaBuiio, MPeaCTaBIISIOT
co00ll CIUMHTWUIAIIMOHHBIE CYCTYHMKU. B KauecTBe CIMHTWLIATOPOB
WCTIONB3YIOT BEIIECTBA, MOJIEKYJBI KOTOPBIX Tmox JneictBuem PU
BO30YXIAIOTCS U, MEPEXOJs B HOPMAIbHOE COCTOSHHE, HAIOT BCITBIIIKY
cBeTa, Kotopas pukcupyercs horoymuoxureneM (Nal, ZnS).

s udenmugurxayuu OTIACIBHBIX JIICMECHTOB CHaYalla MOJY4YaroT
MOJIHBI ~ PEHTICHOBCKUH  CIIEKTp  HcciemyemMoro  obpasma.  OnH
XapaKTepU3yeTcss MallbIM YHCIOM JHHHNA, 9TO YAOOHO MpH OIMpEeleTeHUN
OJIM3KMX 10 CBOWCTBAM DIIGMEHTOB. 3aTéM HaxoJsaT HaumOolee
WHTCHCHUBHBIC JIMHUM W, CPaBHUBAs WX C W3BECTHHIMH (CIIPABOYHBIMU)
JUHUSMH DJIEMEHTOB, TPOBOST HICHTH(OUKAIMIO SJIEMEHTOB B COCTaBE
oOpa3sra.

Konuuecmeennwiil ananuz OCHOBaH Ha TMPOMOPIUOHATHLHOCTH MEKIY
WHTCHCUBHOCTBIO  JIMHUM  XapaKTEPUCTHYECKOTO  M3IIyUYEHUS W
KOHIICHTparmeit smeMenta B mpobe: [ = kC. Tak kak Ha aOCOIIOTHYIO
WHTCHCUBHOCTb JINHUU BIHSIOT YCJIOBUS BO30YXKACHUS U IPyTrHe PakTOpHl,
UCTIOJB3YIOT OTHOCUTEIIEHBIC METO/TBI:

Memoo enympennezo cmanoapma (BBEJICHHE TOCTOPOHHETO IEMEHTa
B TIpO0Y) HCIOJIB3YIOT TPU aHATNW3¢ MHOTOKOMITOHEHTHBIX 00pasnoB. [Ipu
ATOM HMHTCHCUBHOCTh JIMHUM OMNPEACISAEMOr0 3JIEMEHTa H3MEPSIOT I10
OTHOIIEHUIO K WHTEHCHBHOCTH JIMHUU JAPYTOTO BJIEMEHTa (COCEIHETo B
MEPUOANYECKON CHCTEME C OIpeNesieMbIM), HaXOJSIIETOCS B TOM JKE
o0pa3siie B M3BECTHOH KOHIICHTPAITUH.

Memoo enewnezo cmanOapma, KOTOPBIA 3aKIIIOYaeTCS B CPaBHEHUHU
WHTCHCHBHOCTH JIMHHHA o00pasla ¢ JSTATOHHBIMH 00pa3laMy CXOXKero
coctaBa. MeToJ1 UCIIOIB3YIOT B CIIy4ae, €ClI MaTPUYHBIN 3P PEKT HEBEIHK
Y UM MO>KHO TpeHeOpeyb.

Memoo o0obasox (BBEACHHE HCCICAYEMOTO DJJEMEHTa B TIpo0y),
UCTIONB3YIOT, KaK MPABUIIO, IIPH BBHITIONHEHUH SAMHUYHBIX U3MEPEHUM.

llocmouncmeamu  P®A  asnaiomcs:  DKCIOPECCHOCTb,  BBICOKAS
BOCTIPOHM3BOJIMMOCTD, IMIMPOKHHA AHAMa30H OIMpPEIeNsIeMbIX KOHIEHTPAIHi
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(ot 10 mo 100 %), BO3BMOKHOCTh aHaJI¥3a MHOIOKOMITOHEHTHBIX 00pa3IoB
0e3 mpeaBapUTEIBHOTO pa3feiieHUs. MeTon MO3BOJSET aHaIU3UPOBaTh
00BEKTHI 0€3 X pa3pylICHUs.

B kadecTBe HemocTaTka METO/a MOXKHO OTMETHTH BIUSHHE MAaTPHIIBI
aHAJIM3UPYEMOT0 O0BEKTa Ha Pe3yJbTaThl ONPEACICHUM, YTO BBI3BIBACT
HE0OXOAMMOCTh UCITOJIE30BAHMS CTAHIAPTHBIX 00PA3IIOB.

2.7 {udpakToMeTprUIeCKHii MeTO

JdudpakToMeTpusi  OCHOBaHa  Ha  TONYYCHWH W aHAJM3C
MU PaKIIMOHHONW KapTHHBI, BO3HUKAIOIICH B pe3yibTare WHTep(EpPCHIINN
PEHTTEHOBCKHUX JIydel, pacCesTHHBIX AIEKTPOHAMHU aTOMOB B KpHUCTAJIIAX.

IIpn TpPOXOXKIEHWH PEHTTCHOBCKOTO W3ITyUYEHHs depe3 KPHUCTaIl
KOKABIH W3 aTOMOB, HaXONAIIUXCA B KPHCTALIMYECKON suelike,
CTAaHOBUTCS HMCTOYHUKOM BTOPHUYHBIX OJJIEKTPOMATHHTHBIX BOJNH U
paccenBaeT UX BO BCEX HANpaBIEHUAX 6 ¢ aMIIMTYI0H f( 6), 3aBucAlLEH
OT yrua paccessHus. B pesynbrate nHTepdepeHINN MEXIY pacCesiHHBIMHU
pasHBIMHM aTOMaMH BOJIHAMH BO3HHWKaeT siBJcHUE audpaknuu. Ecim ¢a3zsl
paccesHHBIX BOJIH COBMAIalOT MEXIy co0oii (puc. 66, a), TO MPOUCXOIUT
CYMMHPOBAaHUE M YCWJICHHUE PEe3yJIbTUPYIONIeH BOMHBL. Eciu ke ¢asbl He
coBmaaaroT (puc. 66, 6) - paccessHHBIC BOJHBI TACSATCL.

Takum oOpazoM, nmudpakius ecTh pe3yiabTaT pacCcesHUus U
uHTep(EPSHIIMM BOJH, BO3HUKAIONICH H3-3a Pa3IMYHOTO PACCTOSHUS OT
aTOMOB BeEIIEeCTBa 10 JNeTeKTopa (TOUKkd HaOmrofeHus audpakinn). Ipu
3TOM HEOOXOIUMO, YTOOBI IJTMHA BOJHEI (A) M3ITydeHHs OblIa CpaBHUMA C
pacCTOSHUSAMU MeEXay aromMamu (d). DTOMY YCIOBHIO COOTBETCTBYIOT
JUTHHBI BOJH PEHTTEHOBCKOTO U3ITYYECHHUS.

AVAVAVA avavaVa
A NavaVal

0

Pucynox 66- Pe3ynbraThl B3aUMOJACHCTBHUS ABYX BOJIH:
a - ¢ coBmajarolei u 0 - HecoBmaaromel dazaMu
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B xpucramie MoxkeT OBITh TPOBEACHO MHOMXECTBO Pa3TMYHBIX
ceMeUcTB MminockocTed (puc. 67), M KaxkIoe M3 HTUX CEMEUCTB
XapaKTepU3yeTcsi CBOeH crucTeMol NU(PaKIMOHHBIX MUKOB. M3Mmepss ux,
MOJKHO ONPEENIUTh ITapaMeTPhI TIYSHKH KPUCTAIJIA U THII €T0 CHUMMETPHH.

ManatoL Wi nyy ArdpardpoeaHHelR Ny

ey

MnockocTy oTpazeHWA (hk, D

PucyHOK 67 - Paccesinue PCHTICHOBCKOI'O U3JTYUYCHUS IJIOCKOCTAMU
KpucTaia

B pesymprare wuHTepdepeHHHH monydaercs AuQpaKIHOHHAS
KapTHUHA, KOTOpas TMpPEJACTAaBIICT COOOW CHCTEMYy MUHHUMYMOB H
MaKCHUMyMOB MHTEHCUBHOCTHU. [Ipumep nudpakToramMmbl MpeacTaBiICH Ha
puc. 68.
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Pucynox 68 —lndpakrorpamma oKCHIa IUHKA
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Jdns monmydeHus AUPPaKTOrpaMMbl HEOOXOIMMO, YTOOBI Pa3HOCTD
xojma Jnyuedl (4), KOTOpble OTpaXaroTcsd OT PA3IUYHBIX IUIOCKOCTEH
KPUCTAJUIMYECKON PEIIETKH, COCTaBIIAA LIeJiee YUCIIO (n), KpaTHOE JJIUHE
BOJTHBI UCITOJIB3yeMOT0 M3ITydeHus (1) — 3akoH Bynbsha-bperra:

A=nl=2dsin6, (54)
rie n — NopsaoK oTpaxkenus (uenoe yucno 0,1,2,3,.....);
d - paccrosHHE MEXKIYy COCCOTHUMH  IUIOCKOCTSIMH, WA
MEXIIJIOCKOCTHOE PacCTOSHHUE, IIOCTOSTHHAS KPUCTALTHICCKOMN PEIIETKH;
6 — TmoJNOBMHA YIriia OTKIOHEHUS TU(PArUpOBAHHBIX JIydeHd OT

najalomux Jydel (yrina audpakumn).

Pacrionoxxenne aupakiimOHHBIX MaKCHMYMOB M MX WHTCHCHBHOCTD
CBSI3aHBI CO CTPYKTYPOH BEIECTBA ¥ €0 XUMUYESCKHUM COCTABOM.

Takum  oOpa3om, ompefelieHHOMY Ha0Opy  MEXKIUIOCKOCTHBIX
paccTosSHMM  misg  Kakmod — ¢a3el  Ha  peHTreHorpaMme  OyaeT
COOTBETCTBOBaTh OINpEJCIICHHAass CUcTeMa JHHUH  (Ju(paKMOHHBIX
MakcuMymoB). OTHOCHTENbHAasS WHTCHCHMBHOCTh OTHX JIMHAH Ha
pEHTTCHOTpaMMe  3aBHICHT, TIPEXKJAE BCEro, OT CTPYKTYphl (a3bl
CrnemoBaTenbHO, ONPEAETUB MECTOTIONOKEHHNE JIMHAN Ha PEHTreHOTpaMMe
(ee yron 6), u 3Has JAIWMHY BOJIHBI M3ITyYCHUS, HA KOTOPOM ObLia CHsTa
pEHTTeHOTrpaMMa, MOXKHO OMNpPEIEIHTh 3HAYCHHE MEKIUIOCKOCTHBIX
paccrostHUi d/n o dopmyne (54). Ha pentreHorpamMme miepBas JIMHHS
OTBEYACT HAMOOIBIIEMY MEXKIIOCKOCTHOMY PAacCTOSHUIO  dpixir;=d),
MOCIICAHSS JIMHUS COOTBETCTBYeT d;. /[l 3roro paccrosHus erie
COXpaHseTCs HEepaBeHCTBO d;>A/2 u cornacHo dhopmyne (54) sinf < 1, T.e.
OTpa)keHHE eIle BO3MOXKHO.

OnpenenuB HaOOp d/n AN UCCIEMTyeMOTO MaTepuaia, U COMOCTABUB
€ro C W3BECTHBIMH 3apaHee JaHHBIMHU d/n JJIS YHUCTBIX BEIIECTB U HX
pasIM4HBIX (a3, MOXKHO YCTaHOBHTH, Kakyilo a3y COCTaBJISCT JAHHBIH
MaTepuan. JlaHHbIe 0 MEXILIOCKOCTHBIX PACCTOSIHUSX JUTSl Pa3indHbIX (a3
MOXXHO HaWTH B CHCIMAJBHBIX Ta0JIMIAX, CIPABOYHOW JIUTEPAType U B
JKYpHAJIBHBIX CTaThAX. HaeHTH(duKanuio MpPOBOAAT TIO COBIAJICHUIO
HauboJiee WHTEHCUBHBIX JIMHWN BEIIECTB B CIPAaBOYHOM JHTEpaTrype C
JUHHUSIMH UCCIISyeMOT0 00pasIia.

PeHTreHOBCKMIT KONMMYECTBCHHBINH (Da30BBIA aHaNMM3 OCHOBAaH Ha
CpPaBHEHNH MHTEHCHUBHOCTH JINHUH OMpeesieMbIX (a3 MexX Iy coO00H HiTH C
WHTCHCHBHOCTBIO  JIMHUM  OSTAJIOHHOTO  oO0pa3lla, MOJyYeHHOH Ha
peHTreHorpamMMe win audpaxtorpaMMe (METOJ MOJAMEIIUBAHUS ATAJOHA
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WIH METOJ] HE3aBHUCHMOTO 3TanoHa). [lpu u3MepeHMM WHTEHCHBHOCTH,
NPOBOJST TUIABHYIO JIMHHUIO (DOHA Y OCHOBaHHS IHKA, OT KOTOPOW BEIYT
u3MepeHre. B mpemenax omHOro mnHKa JMHUIO (DOHA MOXKHO CUHUTATh
MPSIMOH, a B OOJIBIIMHCTBE CIy4acB U TOPU3OHTAIHHOM.

CylecTByeT HECKOJIBKO METOJOB KOJIHMYECTBEHHOTO  (Pa30BOTO
aHaliM3a: METOjI TOMOJIOTHYECKHUX TMap, METOJ BHYTPEHHEro CTaHAapTa
(MeTo/ MOJMEIIMBAHUS), METOJI HAIOXKEHUS U.T.J. Bo Bcex mMeromuxcs
METO/IaX PEHTTCHOBCKOTO  KOJMYECTBEHHOTO aHANIM3a MPOWCXOIHT
CpaBHEHHE WHTCHCHBHOCTEW BBIOPAHHBIX «AHAINTUYECKUX»  JTUHHUHA
KXKI0HU (pa3bl.

Hampumep, B MeToje BHYTPEHHETO CTaHJapTa, Kak MPaBUIIO,
HCITOJIB3YIOTCSL  TIOPOIIKOBEIE  00pas3ikl. B mcciemyemsrii  oOpazert
MOJMEIINBACTCS JTAJOHHOE BEIIECTBO B  OINPEACICHHBIX  BECOBBIX
COOTHOIICHUSIX. [[)si TpOBeIcHHsT KOJTMYSCTBEHHOTO (pa30BOr0 aHAIIM3a Ha
PEHTTeHOTeHOTpPaMMax BBIOUPAIOTCS WHTCHCHBHBIC OMH3KO
pacrmoJio)keHHBIE ~ JIMHUKW  oOpa3ma wu  dramoHa.  CooTHoIeHHE
WHTCHCHBHOCTEW JTUHMI 00pa3lia W STaloHa OMPECISeTCS KOIUYeCTBOM
aHamm3upyeMoit  ¢asel B oOpasmne. [lomp3ysick  mpeaBapUTEIBHO

TIOCTPOEHHEIM TPaIyHpOBOYHBIM rpadukoM I " /[ ;Z;L =f(Con / Cpus )

MOKHO ONPEJICIIUTh COACPKAHNEC aHATU3UPYeMoid (ha3bl.

CoBpeMEHHBIC PCHTTCHOBCKHE JH(PPAKTOMETPHI COJCpKAT TpH
OCHOBHBIX y3I1a (puc. 69):

1. BBICOKOBONBTHBIM HMCTOYHUK MUTAHUA, NPEAHAZHAUCHHBIA IS
NOJBOJA K PEHTIEHOBCKOM TpyOKe BBICOKOro HampsbkeHus (1o 60 xB) u
HaIpsDKEHUS Hakaja KaTtona (Tok Tpyoku mo S0 MA).

2. JlndpakToMeTpudecKuil y3ed, COCTOSIINH W3 PEHTTCHOBCKOM
TPYOKH B 3aIIMTHOM KOXyX€ W TOHHOMETpa C OJIOKOM JETCKTUPOBAHUS
(cueTurKkoM). PEHTT€HOBCKU TOHUOMETP — YCTPOMCTBO JJIA OTCUETA YIJIOB
MOBOpPOTa OOpa3ma MW AETEKTOpa MO OTHOIICHHIO K IMEPBHYHOMY YUKy
peHTreHoBCcKuX nydeit. OH oOecrieurnBaeT CHHXPOHHBIH TOBOPOT 00pasia u
CUYETYMKA BOKPYT OOIIEH ocU C TPeOYEMBIMHU YTIIOBBIMU CKOPOCTSAMHU M UX
pa3ieNbHBI TIOBOPOT BOKPYT TOM K€ OCH OT DBJIEKTPOMOTOPOB WU

BPYUHYIO.
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Pucynox 69 - biok-cxema nudpakromerpa

(I- cmabunuszamop HanpsadiceHuss; 2- GbICOKOBONbMHBIL UCMOYHUK NUMAHUs;, 3-
penmeenosckas mpyoxa; 4- obpasey; 5- conuomemp; 6-cuemuux; 7- 610K numanus
cuemuura; 8- ycunumenv aMnAUMyObl UMNYIbCO8 OM CYemyukda; 9- amniumyowulii
ouckpumunamop; 10-nopmanusamop umnynvcos; 11- nepecuemmnoe ycmpoiicmeo; 12-
xomnwvromep; 13- LIIV; 14 — nepgopamop; 15- usmepumenv cxkopocmu cuema
(unmencumemp); 16- snekmpouHblll  camonuwywuii nomenyuomemp;, 17 610k
agmomamuyeckozo ynpasienus (6 npubopax 6e3 ynpasienus om KoMnviomepa)

3. CueTHO-PETUCTPHUPYIOIIEE U YIIPABIIIONIEE YCTPONUCTBO, B KOTOPOM
PETUCTPUPYIOTCS HMITYJIbCHl HANPSKEHUS, BBIPAOaTHIBAEMBIC CUETYHKOM
TIPH TIOTIaIaHUH Ha HETO KaKJO0T0 KBAaHTA PEHTT€HOBCKOTO M3IYYeHHA. JTO
YCTPOMCTBO YCHIIMBAET UMITYJIbCHI HANPSHKEHUS, OCYIIECTBIISIET BBIIEIICHNE
UMITYJIbCOB ONPENEICHHOM aMIUIMTYIbl, 3aTeM HOpPMalu3yeT UuX u
HanpaBJisieT JU00 B HM3MEPUTENh CKOPOCTH cYeTa (aHaJOTOBBIH BBIBOM),
CUTHAJl C KOTOpPOro TIOJAaeTcsi Ha DJIEKTPOHHBIM  CaMOMUIITYIIMA
NOTEHIUOMETp, JIMOO B YCTPOWCTBO BhIBOJAA LU(pPOBOH MHPOpMALUN Ha
mudponeyvararomee ycrporcrso (LIIY) mnmm kommblorep. YmpasieHue
paboToil dBNEKTpoABUraTeNied TOHHOMETpa TIO3BOJSIET PEaTN30BBIBATH
pasHbIe CIIOCOOBI aBTOMATHIECKOM PEruCTpaIiui JUGPaKTOrpamMM.

HdudpakTomeTpusi sBISETCS METOJOM HEPa3pyIIAIOUIETO KOHTPOIIS,
npeIHa3HAYCHHBIM JIJISl HICHTU(DUKAIIMN U KOJMYECTBEHHOTO ONPEIeTICHUS
KpUCTAIUTMYECKUX (a3 B TMOPOIIKOBBIX M TBEPABIX o0Opa3nax, M3ydeHHs
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CTPYKTYpHl U pa3Mepa KpUCTAJUIUTOB, KauecTBa, OJTHOPOJHOCTU TBEPABIX
MaTepuajoB ¥ TOHKHX IUICHOK. MeToJaMHi pPEeHTTeHOCTPYKTYPHOTO
aHajgu3a M3y4alT METajulbl, CIUIaBbl, MUHEPAIbl, HEOPraHUYECKUE U
OpPraHHYECKUE COCTUHCHHS, MOJIMMEPHI, aMOP(HBIC BEIIECTBA, KUIKOCTH,
raspl, MOJIEKYJIbl O€JKOB, HYKJIEWHOBBIX KHCIOT HU.T.A. llpm s3TOM
onpeAesaoT (a3oBbIi  KAYSCTBEHHBIM M KOJMYCCTBEHHBIH COCTaB,
OPUEHTALIUIO U Pa3Mepbl KPUCTAJUIUTOB U KOJUIOUIHBIX YACTHI], CTPOCHUE
aMOpQHBIX W MONyaMOP(HBIX MAaTEpUANIOB, AaTOMHYIO CTPYKTYpY
KPUCTAUIMTOB; KO3()(UIMEHT TEPMUYECKOTO pACIIUPEHHS, a TaKKe
UCCIEAYIOT TBEpPAbIC PACTBOPHI M MPEBpAIICHUs, TMPOUCXOASIINE B
Marepuanax IoJ BIUSHUEM TEMIIEPaTyphbl, AABICHUSA, BIAXKHOCTU. B
TIOCTIETHAE TOJBI B CBS3HM C CO3/IaHUEM HOBOW COBPEMEHHOW ammapaTypsl
PEHTTCHOCTPYKTYPHBIM aHANIU3 HIMPOKO BHEAPSIOT B MPOMBIIUICHHOCTH
KaK CPEJICTBO KOHTPOJISI KAUECTBA CHIPhSI U TOTOBOU MPOIYKIIUU.

2.8 PedpakTomMeTprUecKHii METO

B ocHOBe MeTO/a JISKUT ABJICHUE MTPETIOMIICHHS], KOTOPOE COCTOUT B
W3MCHEHUH HAMPABIICHUS PACTIPOCTPAHCHHUS AIEKTPOMATHUTHONU BOTHBI
TIPH TIEPEX0JIe U3 OAHOU cpenbl B Apyryio (puc. 70).

VYron naaenus (o) U yroa
MpeIOMIICHUS (01p) CBSI3aHBI
3aKOHOM TpeomiieHns CHemyca,
KOTOPBIN BhIpaKaeTcs
COOTHOIIICHUEM:

sina, :n_sz_B’ (55)

sin@, ng vy

TAE Ny U np — MOKa3aTeNn
npejomMiIeHus A1ByX cpen: A u B;
V4 M Vg — CKOPOCTH
pacnpocTpaHeHHsI BOJIH B cpefax A
uB.

[loxasaresp mpeaoMIIeHHs BEIIEeCTBAa — BEJIMUMHA, pPaBHAsl OTHOLLICHUIO
($hazoBBIX cKOpocTell cBeTa (AIIEKTPOMAarHUTHBIX BONH) B Bakyyme (C) u B

Pucynox 70 — SIBnenue
pETOMIICHUS

JlaHHOM cpexe (v) n=—.
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Ecnu mokazaTens npeaoMIIeHUs Cpeibl A MEHBIIE TIOKA3aTeNsl CPEIIbI
B (na<ng), TO yrox npenoMieHus OyaeT MCHBIIE yTila TaACHUS (03<d4), a
YTOJI OTPAKCHUS BCETIA PaBEH YIITy MAIeHUs (G = 04).

W3 ypaBuenus (55) cnenyer:

sin o
n,=ng-|—|. (56)
sIna,

[TpuBenennoe BEIPaXKCHUC u COCTAaBIIACT OCHOBY
pedpakToMeTprueckoro merona. [loj pegpaxkmomempueri TOHAMAIOT
METOJl, OCHOBAaHHBIA Ha W3MEPEHHHM TOKa3aTesiell TPeNIOMIICHUS I
OTIpeIeNICHUSI IPUPOJIBI U KOJIMYECTBA COCTABHBIX YaCTEH MPOOHI.

Tlokazatens mpeaomiieHUs cpelibl (1) 3aBUCUT OT JJIMHBI BOJIHBI,
TEeMIEPaTyphl, XHMUYECKOTO COCTaBa BEIIECTBA U JIIS Ta30B — JIaBIICHHUSL.

W3MmeHeHne moOKa3aTess TMPEIOMIICHUS BEIIECTBA IPH W3MEHECHUU
JUIMHBI BOJIHBI (A) Ha3bBaeTCs OJucnepcuet. Jlucriepcusi CBs3aHa CO
CTETICHBIO TIOTJIOIIEHHUS JJIEKTPOMAarHUTHOTO M3Iy4eHus. B olmactsax c
BBICOKMM TIPOIYCKaHHUEM C YBEIUYCHHUEM JUIMHBI BOJHBI I10Ka3aTelb
NpPETOMIICHHST YMEHbLIaeTcsl HenuHelWHo (puc. 71). DToT wmHTepBanm A
Ha3BIBACTCS 001ACMbIO HOPMATLHOU OUCNEPCUU.

B obmactsix ¢ BbICOKHM
' TIOTJIOILICHUEM (HU3KUM
I MPOITYCKaHHUEM) TOKa3aTelb
| TIPEJIOMIIEHHSI PE3KO BO3pacTaeT
I Hopuansnaz C YBEIMYCHUEM JIJIMHBI BOJHBI,
I JHCTIRp CHA T.e. HaOJIOMACTCA QHOMANbHAS
|
|
|
|
|
|

M
AHOMATIBRHAA

AHCIOSPCHA

oucnepcus. B obmactu
aHOMaJIbHOU JIACTIEPCUM
TPYAHO JOOUTHCS BBICOKOH
TOYHOCTH HU3MEPEHUH,
) MI03TOMY pexnae, qeM
MPUCTYIHUTH K UCCIIECAOBaHUIO,
HE00X0IUMO BBIOpATH
ONTUMAJILHYIO 00JIACTh JUTHH
BOJIH, 2 HMMEHHO — 00JIACTh
HOPMAJIBHOH TUCTICPCHUU.
CyIlecTBYIOT HECKOJBKO BHJIOB TIOKa3aTeNed MPEeTOMIICHUS JUIs
OJTHUX M TEX JKE€ BEIECTB:
np— TIOKa3aTelh MPEIOMIICHUS JKeNTON JIMHUY HaTpusl (muHus D);

Pucynox 71 — O0Omwmii BUj 3aBUCIMOCTH
MOKa3aTeJIs IPEIOMIICHHS OT JJTUHBI
BOJIHBI JICKTPOMArHUTHOT'O U3JTy4YCHHUS
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nc— MOKa3aTelb NpeoMIICHUs KpacHOU tuHun Bogopoaa (unus C);
np— TIOKa3aTesb MPEJIOMIIEHHUS] CUHENW TMHUM Boopoaa (uuus F);
N — TOKa3aTelh MpeIoMIICHUsT (UOTICTOBOM TuHUK Bojopoaa (muHus G).

Tak kak ToOKa3zaTedb NPETOMIICHUS 3aBHCHT OT TEMIEpaTypbl, IS
CTaHIApPTH3AIMH PE3YyJIbTaTOB HCIOJB3YIOT MOKa3aTellb IMPEIOMICHHS,
usMmepennbiii npu Temneparype 20,0+0,3°C st sKenTod ITHMHUM HATPUS
(598,3 um). IlomydeHHBI B JaHHBIX YCIOBMSX MOKAa3aTeNb MPEIOMIIEHHS
(np’’) MpUBEEH B CIIPABOYHHKAX.

B cnydae wusMepeHMil, BBINOJHEHHBIX MpU JPYrod TeMIieparype,
UCIOJIB3YIOT MONPAaBKY:

n’= np’’+ (20 - 1)-0,0002,
rJe n - moKa3arelb NPeJoOMICHUS TIPU TEMIIEpAType U3MEepeHus (7).

TemnepaTypHyIO0 3aBUCHUMOCTb HPEIOMJIEHHS MOXHO HCKIIOYHUTH C

MIOMOIIBIO YAETBHOU (1) nin MonbHOU pedpakuuu (R):

n’ -1
r=———,
(n’+2)-p
Rep.p= =DM
(n’+2)-p°

rJe p — IJIOTHOCTh; M — MOJIEKyJIIpHas Macca.

3aBUCHMOCTh TIOKa3aTeasl MPEIOMJICHHS OT XHMHUYECKOrO COCTaBa
AHAIM3UPYEMBIX CpeJl MCIOJB3yeTCS I aHATUTHUYSCKUX IMened. XoTs
MOKA3aTeNlb TMPEIIOMICHUS M TUIOTHOCTh OTHOCATCS K TaK Ha3bIBAGMBIM
«HECTCIU(PUUESCKUM» BEIIMYMHAM, OJIaroaps BO3MOXHOCTH CPABHUTEIIBHO
TOYHOTO WX  ONpEACNCHHs, OTH  BEIMYUHBI  TNPUMECHSIIOT 0
uoeHmugpuxayuy eeujecms v UCTIHITAHUS UX HA YUCTOTY.

Konuuecmeennwie onpeoeienust BO3MOYKHEI KakK JUTST
JIBYXKOMIIOHCHTHBIX, TaK M JJI1 MHOIOKOMIIOHEHTHBIX cHUcTeM. B ciydae
JIBYXKOMIIOHCHTHBIX CUCTEM CITPABEIJIMBO PABEHCTBO:

n=n,+ kC,
rae n — TIOKa3aTeidb IMPEIOMIICHUS aHAIM3MPYyEeMOIo pacTBopa; n, -
MOKa3aTeNlb TMPEJOMIICHUSI YUCTOTO pactBoputens; C — KOHIEHTpAIUs
PacTBOPEHHOTO BEIIECTBA, %; kK — SMIUPUICCKUI KO (DUITUCHT.

Pedpakromerpuueckuii METOA HAXOAWT IPUMCHCHHE B KOHTPOJIC
MIPOU3BOICTBEHHBIX MIPOIIECCOB. [MpuHNUMUANTEHAS 0JI0K-cXeMa
MPOTOYHOTO AUPPEPESHITUATEHOTO pedpakToMeTpa MPUBEICHA Ha puC. 72.
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Pucynox 72 — bnok cxema nuddepeHInansHOro pedpakroMerpa:

1 — ICTOYHHK 3JIEKTPOMArHUTHOTO M3JIyUeHUS; 2 - CPaBHUTENbHAS KIOBeTa; 3 — pabodas
KroBeTa (IIpOoTouHast); 4 - ONTUYECKas IIpU3Ma C PeryaupyeMbIMU IOBOPOTHBIMH
YCTPOMCTBAaMH JUIsl YpaBHUBAHUS OCBEIICHHOCTH JBYX (POTO2/IEMEHTOB; 5 — OTOIIEMEHTHI;
6 - yCUIMTeIb; 7 - PErUCTPUPYIOLIEE YCTPOUCTBO.

[Ipu BeINOIHEHUH PEPPAKTOMETPHUCCKHUX M3MEepeHUit KioBeThI (2) 1 (3)
MpeABAPUTEIHLHO 3aMOJHAIOT STAJOHHBIM PACTBOPOM, KOHLICHTpAIUs
KOTOPOTO COOTBETCTBYET TPEOOBAHUSIM TEXHHYECKUX YCIOBHUA. DTO
oOecrevnBaeT paBeHCTBO MMOKAa3aTeNIel MPETOMIICHHS B 00EMX KIOBETaX.
yTo (uKcUpyeTcs ¢ momoiibio dementa (5). I[lpu  u3MeHeHUH
KOHIICHTpAIlMK KOMIIOHEHTa B pabodeil kwoBere (3), TOTOK CBeTa,
BBIXOJAIINI U3 HEe, OTKIOHUTCS OT MepPBOHAYAILHOTO HampasieHus. [Ipu
9TOM oOcBemeHHOCTh (5) m3MeHutca. C  TIOMOIIBIO  PETyTUPYIOIINX
MOBOPOTHBIX YCTPOWCTB MpHU3My (4) NMOBOpAauMBAIOT [0 TEX MOp, IOKa
OCBEIICHHOCTh JBYX OJJIEMEHTOB (5) HE CTaHeT OAMHAKOBOU. Yron
MOBOPOTA MPU3MEBI SBISIETCS MEPOU Pa3HOCTH TOKa3aTelell MpeoMIICHNS,
KOTOPYIO MOKHO OIPEIETHTh C TOYHOCTHIO +2- 107,

Metog nOpUMEHSIOT B  XUMUYECKOH  IPOMBIIUICHHOCTH  JJIst
WACHTU(UKAIMKA W KOHTPOJS KOHIIEHTPALMU PAa3IUYHBIX TPOIYKTOB
XVUMUAU U HE(PTEXHUMHUHW; B MHUIICBON MPOMBINUICHHOCTH — JJIi KOHTPOJIS
colepXaHUsl caxapa B HamUTKax, aJKoOrojii B JIMKEPO-BOJAOYHOU
MPOAYKIIUHU, OCTTKa B MOJIOKE M MOJIOYHBIX MPOAYKTaX H T.J.; B MEIUIIMHE —
JUTST  KOHTPOJSl KOHIIGHTPAllMM JIEKAPCTBEHHBIX BEIIECTB, Oenka B
OMOJIOTUYECKUX KUAKOCTSX U JP.

Bonpocul ona camoxkoumpons k noopazoenam 2.6-2.8

1. Packpoiite cymHOCTs PeHTIeHOBCKOH (uryopecieHiuu. Kakue 3akoHBI JieKar B
€ro ocHose?

Onuimurre U NosICHUTE yCTpOﬁCTBO peHTI‘eHO(i)JIyOpeCL[eHTHOFO aHajJm3aropa.

3. IloscHuTE MOHSATHE «XapaKTEPHUCTHUECKOE H3NIydeHHE» U KaK 3TOT Mapamerp
HCIIOJIb3YETCs B aHAMTUYECKUX ONPEICICHUSX.
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10.
11.
12.
13.
14.

Kax BBITJISIMT CHEKTP PEHTI'CHOBCKOIl (DIyOopecleHIMH, KaKUMH HapaMeTpamu
XapakTepu3yeTcs, U Kakyro HH)OpPMAIHIO OH AaeT 00 oobeKTe?

PaccmoTpuTe aHanuTH4ecKoe MNpPUMEHEHHE PEHTTEHOBCKOW (IIyopecleHIuH,
JIOCTOMHCTBA U HEJOCTATKU METOJa.

Onnmure cymHocTs auppakromMerpur. Kak mponcxomnT paccesHue Jiydedl B
Kkpucraue?

Yro npencraeiser coboit nudpakrorpamma’? Kak npoBoautcs upeHTH(UKALUSL
BEILECTB B TUPPAKTOMETPHHU?

OnuIiuTe METo 16l KOJIMUECTBEHHOTO (ha30BOT0 aHANU3a.

OxapakTepu3yHTe OCHOBHBIC y3JIbl COBPEMEHHOT'0 AU paKTOMeTpa.

Onumure 001aCTH IPUMEHEHHS PEHTT€HOBCKOM AN PaKTOMETPHN.

B gem 3axmogaeTcs CyImHOCTh peppakTOMETPHIECKOTO MeToAa?

Uro Takoe IoKasaTeNnb NPEIOMIICHHS, H OT KaKUX [TapaMeTPOB OH 3aBHCHT?
Kakue aHanmuTH4ecKue 3aja4n MOXKHO peraTh pepakToMETPUUECKHMM METOAOM?
Onumure 6110k cxeMy anddepeHnnaIsHOro pedpakromerpa.
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3 Macc-cneKTpoMeTpruYecKrid MeTo.

Macc-crneKTpoMeTpUUYECKUI METO OCHOBAaH Ha MOHM3AllMM aTOMOB U
MOJIEKYJl MCCJIELYyeMOro BEIEeCTBa, IE€PEBEACHHOIO B IapooOpasHoe
COCTOSIHUE, IIOCJEOYIOUIEM pa3/eleHUur O00pa3yoUuxcsi HMOHOB IIO
BEJIMYMHE OTHOWIEHUS Macchl K 3apany (m/z) B MarHUTHOM H
UIEKTPUYECKOM TMIOJISIX W MX JETeKTUPOBaHMU. Macc-creKTpoMeTpus
COYETaeT pa3/ieIeHUE U ONPEAEICHUE BELIECTB.

[Ipu Macc-cneKTpOMETPHUUECKOM HCCIEIOBAaHUM M3 BELIECTBA MPOOHI,
MEepeBEICHHOI0 B Mapoo0pa3HOe COCTOSHUE, MOTYYaloT HOHBL. DTH HOHBI,
3apsDKEHHBIE Yallle BCETO I0JIOKUTEIBHO, Pa3fessioT B 3aBUCUMOCTH OT
BEJIWYMHBl COOTHOIIEHUS /7, WCHONB3ys MPUTOJHBIM  NPUHIUI
paznenenus. [lox cooTHOIIEHNEM /7 TOHUMAIOT OTHOIIEHHUE MacChl MOHA
m K €ro 3apsny z. s oIHO3apsiIHBIX MOJIOKHUTEIbHBIX HOHOB BEIMYMHA
m/z paBHa Macce MOHa. Macchl HOHOB M3MEpPSIIOT B aTOMHBIX €IUHUIAX
Macchl (a. €. M.), 3a KOTOPYIO MO ONpEIENICHUI0 NMpUHUMaT 1/12 yacTh
Macchl atoma yriepona C. OKpyTJIeHHbIE NeTOUNCICHHBIC BETHIMHBI
Macc HasbIBAIOT Maccogvimu yucaamu. Ilocine paspmeneHuss HMOHBI
PETHCTPUPYIOT HOHHBIM IPHEMHHUKOM B COOTBETCTBHHM CO 3HA4YE€HHUEM
OTHOIIEHUsA m/z. Ilomy4eHHbIE CUTHANIBI COCTABIIAIOT CIEKTP, B KOTOPOM HX
MIOJIO’KEHUE OTBEYAET BEIIUYUHE 71/Z, @ THTCHCUBHOCTh CUTHAJIA — HOHHOMY
TOKY. DTH CUTHAJIbI Ha3bIBAIOT NUKAMU.

Macc-cneKTpOMETpUI0  MOKHO TPHUMEHUTh JJI1 aHajdu3a BCEX
JJIEMEHTOB M COCIMHEHUH, KOTOPBIE MOXHO IIEPEBECTH B MapooOpasHOe
COCTOSIHUE.

TeopeTuueckue 0OCHOBbI METOA

Honuzayua. B 3aBUCUMOCTH OT HCCIELyeMOro OOBEKTa CIOCOOBI
WOHW3AIlMM aTOMOB M MOJIEKYJl MOTYT OBITh pasnuunbiMu, 370: MCII,
SNIEKTPOHHBIN yaap (O0oMOapAHMpOBKa MYYKOM 3JIEKTPOHOB), HCKPOBOM
pas3pal, jJa3epHoe M3IydeHue, XxuMudeckas uoHusaunusi. Haumbosee uacto
WCIIOJIB3YIOT MOHU3AIUIO 3JIEKTPOHHBIM yIapOM.

IIpm sToM 1 OpraHM4eckod MoJeKyJasl M BO3MOXKHBI peakIuh
CJIEAYIOIINX THIIOB:

M+e—>M +2e
(57
M+e—> M + 3e
(38)
M+e——>M . (59)
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Honsl, obpa3zyromuecs o cxemam (57) u (59), o0magar0T HEYSTHBIM
YUCJIIOM AJICKTPOHOB. J[7s mociemyromero paccMOTpPeHHS MeXaHH3Ma
pacnaia Hapsgy C 3apsioM HOHAa IelecooOpa3HO YKa3blBaTh HAUYWC
HecrapeHHoro anekTpoHa. Monuzanus mo cxeme (57) ¢ OTLICIUICHUEM
OJIHOTO  DJICKTPOHA  SBISETCS HaWOoJiee BEPOSTHBIM  IIPOIIECCOM,
COCTABJISIIONIAM  OCHOBY  OOJBIIMHCTBA OOBIYHBIX METOJHMK  Macc-
CIIEKTPOMETPUYECKOTO aHAIN3a OPTaHUYEeCKUX coeAnHeHui. O0pa3oBaHue
JBYX3apSTHBIX TIOJIOKUTEIHHBIX HMOHOB (cxeMa (58)) mis OONBITMHCTBA
COCTMHCHUM MAaJOBEpOsATHO. B Macc-crekTpe BCIEACTBHE 3apsna 2 OHH
PETHCTPUPYIOTCSI ¢ MacCOBBIM YHCIOM m/2 W, TaKUM 00pa3oM, JIETKO
pacno3HalTcs. [[ns uHTepmpeTanuu CIEeKTPOB OHU HE MMEIOT 3HAUYCHUS.
BeposTHOCTE TIPUCOCTUHEHUS 3JIEKTPOHA c obpa3zoBaHHEM
OoTpuULIaTeIbHOTO HOoHa (cxema (59)) Takke Mana u cocrasiset okoio 0,1%.
I[Ipu oOBIUHBIX croco0ax pPabOTHl OTPHUIATEIBHBIE HOHBI CTAaHOBATCS
HEpa3IMIMMBIMA. B Tociemnne roapl Ha OCHOBE TAaKUX OTPHUIATEIBHBIX
MOHOB ObIIa pa3paboTaHa MacC-CIEKTPOMETPHUS SJICKTPOHHOTO 3axBaTa,
SIBIISIOIIASICS. 0COOBIM METOJIOM C OTPaHUYCHHOU chepoii MpUMEHEHHSL.

st oTierieHus 3IEKTPOHOB OT MOJICKYJT aHATU3UPYEMOTO BEIIECTBA
KHHETHYECKasT DHEPIrus HAJICTAOMIETo DAJICKTPOHA JOJDKHA, IO MEHBITCH
Mepe, COOTBETCTBOBATH MMOTCHIMATY HWOHU3ALMKU MOJEKYNbI, KOTOPBII
00b19HO cocTaBisieT 8—15 3B. MoHuzanus apoMaTHYECKUX COCIMHCHUIN
BBUIY OOJBINOW TOIABHXHOCTH 7-DJIEKTPOHOB TpeOyeT, Harpumep,
OTHOCUTENBHO Majoil sHeprud. OIHAKO OTPBIB 3JEKTPOHOB O-CBSI3EH
ann(aTHIECKUX COCIUHCHUH BO3MOXKEH JIMIIb ITPH CYIIECTBEHHO OOJIBIINX
3aTparax sSHeprud. C yBEIMYEHHEM HHEPrUU HAJCTAIOUIUX AIIEKTPOHOB
BO3PACTAET BBIXOJ MOJCKYJISIPHBIX HOHOB.

BonpmuHCTBO CymiecTByIOmMuUX OMONIMOTEK Macc-CIEKTPOB OCHOBAHO
Ha CIEKTpax, MOJYUYECHHBIX MPHU SHEPIHUsIX AIEKTPoHOB okojo 70 3B, T.k. B
3TOM CJy4Yae YyBCTBHTEIBHOCTh OJIM3KAa K MaKCUMyMy, a HEOOJbIINE
OTKJIOHCHHSI B JHEPTHH D3JICKTPOHOB OTHOCHTEIIBHO JTOTO 3HAYEHUS Ha
(hparMeHTAIMIO HE BIIHUSIIOT.

YacTto ucnonb3yercs xumuueckas uonuzayus BewwecTB. CyTb 3TOTO
METOJIa 3aKJIFOYaeTCsl B TOM, YTO C MOMOIIBI0 OOBIYHOTO AJICKTPOHHOTO
yaapa HOHU3HPYIOT HE HCCIEAYEMBIH Ta3, a ra3-peareHT (MeTaH, n300yTaH,
ammuak). OOpa3oBaBIIHMECS HWOHBI-PEAreHThI TIPU  CTOJKHOBEHUH C
UCCIICyEeMbIMA MOJICKYJIaMH  HOHHU3UPYIOT MX. BakHeHIMMHM HWOHAMU-
peareHTaM#, KOTOphIe O0Opa3yroTCs B PE3yNIbTaTe JJICKTPOHHOTO yaapa,
spisorcss woHel CHs' wm C,Hs'. Tlocnenymomue peakmuud MEXKIy
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HOJIOKHUTENBHO 3apsHKEHHBIMU MOHAMH-peareHTaMu XH'™ U MoJeKyIaMu
(M) BemecTBa UAYT B OCHOBHOM IO ITYTH WX IPOTOHHPOBAHUS:
M + XH = MH + X.

Ilpu TakoM crocoOe MOHU3ALMU OOpa3yroIUiics MOH cocTtaBa MH'
HeceT wuHpopManuio o OpyTrro-QopMmyne wHccieayeMOH MOJEKYIBL.
Wonunzamust apyrumu crnocobamy MPHUBOAUT K OOpa30BaHUIO TIIaBHBIM
00pa3oM OCKOJIOYHBIX HOHOB.

Ilpouyeccer  pacnada. Ilpu  [1OCTAaTOYHO  BBICOKOM  DHEPIrHU
3NIEKTPOHHOTO YAapa MOJIEKyJie COOOIIAeTCs HACTOIBKO MHOTO SHEPIHH,
YTO TPOUCXOIUT YACTHYHOE pACHICTICHHE MOJEKYJISPHBIX HOHOB
(«dparmenTupoBanue»). HawmMmensImas dSHeprus, HeoOXomuMmas IS
o0pa3oBaHHMs MOJCKYIAPHBIX M OCKOJOYHBIX HOHOB ((pparMeHTOB)
Ha3bIBaeTcs nomenyuaiom nosagieHus. OH TIPEBBIIIACT MOTEHIIHAT
WOHM3AIMM HAa BEWMYMHY SHEPTHH TUCCOILHUAINH pa3pbiBaeMoil cBa3u. C
YBETMUEHHEM DSHEPIHMM  DJEKTPOHOB, KaK MPaBHJIO, IMPOUCXOTUT
napajiebHOe BO3pacTaHHE KOJIMYECTBA OCKOJOYHBIX M MOJEKYJISPHBIX
HOHOB.

Peakuyu pacriaza MoJeKyysipHoro nona ABCD™* (06pa3oBaBiuerocs B
pe3yabTaTe HOHU3ALUK) MOTYT IPOTEKATh 10 CIEAYIOMIEH cXxeMe:

ABCD"s — ABC" + Ds (60)
ABCD" — AB" + CDs (61)
ABCD"s — ABs+ CD" (62)
ABCD"s — ABC"+ D. (63)

IIpoueccaM «(pparMEeHTUPOBAHUS» MOTYT IIPEALUIECTBOBATH PEAKIIUH
IEPErPYIITUPOBKHU, B Pe3yJbTaTe 4Ero 0Opa3yroTCs OCKOJKH, KOTOPBIX HE
OBLIO B HCXOJHOM MOJIEKYJIE:

ABCD"s — AD*e + BC (64)

ABCD*s — AD* + BCe u 1p., (65)
II09TOMY B MacC-CIIEKTPE COEIUHEHHS OOBIYHO TIOSBISETCS GOIBLIOE YHCIO
VOHHBIX TIHKOB C Pa3HOM MHTEHCHBHOCTBIO.

PasHble TEOPUM MacC-CIIEKTPOMETPHYECKOrO Pacrasia, MbITaBHINECs
JaTh KOJMYECTBEHHYIO XapaKTEPUCTHKY IIPOILECCOB 00pa3oBaHus M
pacnaza MOHOB, pa3pabaThiBAIUCh MHOTMMHU HCCIIEN0BAaTENIMU. [Ipu sTOM
OHHM CTPEMHUJIMCH YCTAaHOBUTh TOYHYIO CBSI3b MEXKIY MAccC-CHEKTPOM H
CTpOEHHEM MOJIEKYN. K COXaleHUI0, DHEPreTUYECKHE COOTHONIEHHS B
MOHAX HACTOJLKO CIIOKHBI, a MAaTeMaTHYECKUe TPYIAHOCTH IIPU
BBINOJIHEHHH PACYETOB HACTONBKO BEJIUKH, YTO 3TH TEOPHH B HACTOSILEE
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BpeMs €II¢ HE HAlIM NpakTH4YecKoro npumenenusd. [loatomy npu
WHTEPIPETAMN MacC-CIEKTPOB HCCIEA0BATENb BBIHYXICH IMOJIB30BATHCS
SMIUPUYCCKUMH TpaBUiaMH. BaxHeimne mpaBuiia, KOTOPBIE CIEIYeT
YUHUTHIBATH MPH OLICHKE PEaKIMi pacnaga, COCTOST B CICAYIOIIEM.

1. BepoaTHOCTh OCYILIECTBJIEHUS pEAKIUM pachaja 3aBUCHUT OT
MPOYHOCTH pa3pbiBaeMoil CBs3H. Tak, MpearmodTuTeNbHee pa3pylIaroTcs
opaunapusie C — C-cBSi3M, B TO BpeMsl KaK KpaTHBIC CBSI3U €lIBa
3aTparuBaroTcs. I1o Toit ke nmpuumHe C — C-cBS3U B OOITIEM pa3pyIIaroTCst
merae, weM C-H - cBsu. [lodToMy B CHEKTpe HACBHIIIEHHOTO
YIJTIEBOAOPOIA HAXOMAT, TIPEKIE BCEro, Takue MOHbL, kKak CoHs (M = 29),
C:H,* (M =43), C;Hy" (M = 57) u T. A., U B MEHBIIMX KOJIMYECTBAX HOHEI,
coJieprKaIire Ha OJMH WM HECKOJIBKO MEHBIIIE aTOMOB BOAOPO/IA.

2.  OrtHocWTeNbHAsT YacTOTa TIOSBICHUS  KaKOro-Tmbo HOHA
OTIPEICIISACTCS €r0 YCTOHYUBOCTHIO. [IpeArnodTuTenbHO 00pa3yroTesl Takue
WOHBI, B KOTOPBIX 3apsl MOXXET CTaOMIU3UPOBATHCS BCIIEICTBUE
WHIYKIIMOHHOTO WU Me3oMepHoro d¢dekra. Tak, npu pacmajie
Pa3BETBICHHON AIKWJILHOU I OCOOCHHO YacTO PACHICIUIIOTCS CBS3U B
MECTE pPAa3BETBIICHUS, MOCKOJIBKY BCIICJCTBHE HHIYKIIMOHHOTO 3(deKTa
METHJIRHOW TpPYIIBI BO BTOPHUYHBIX HOHAX KapOoHHS (66) 3apsng
CTaOMIIM3UpYyeTCs Tydllle, YeM B IIEPBUYHOM HOHE KapOoHus (67):

Grazonpusmmoe —C—C° + *«C-C- (66)
I I
—c-c-c-c ) -
7S |
—C—
| L
—C-C-C + «C— (67)

HEOIAZONPUAMHO & I |

3. Kpome TOrO, OTHOCHTENbHASI YacTOTa IOSBJICHHUS AAHHOTO HOHA
OTpezeNseTCs] JHEePrueld HEHTPaJbHBIX MOJEKyl WIH pPaguKaloB,
oOpasyromuxcst mpu pacnaje. Tak, or (heHoNla U MUPHIMHA OTIICTUISIOTCS
OenHbIe 3Hepruel HelTpanbHbie MoJieKylbl CO 1 HCN B COOTBETCTBUU CO
cxemaMmu peakiuit (68) u (69), COOTBETCTBEHHO:
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M =94, otH. nHTeHCUBHOCTE 100% M=66, otH. nHTEHCUBHOCTH 47 %
4
& B
— [ | + Hcn (69)
D —
M
M=79, otH. nHTeHCUBHOCTHL 100% M=52, oTH. unTeHCUBHOCTH 70%

DHeprus, HeoOX0oAUMAast [T STOTO PACIICTICHHS, OTHOCUTEIHLHO Maja
u modToMy HOHBI (68) u (69) oOpasytorcs wame. OcoOEHHO
HEeOIaroNpUATHBI SHEPTETHYECKUE YCIOBUA IS OTIIEIUICHNS METHIIBHOTO
panukana. [ToaTomy, eciu MO3BOISIET CTPOCHUE MOJIEKYIBI, TO MIPOTEKAIOT
B OCHOBHOM TaKH€ PEaKIMH pacraja, Ipyu KOTOPhIX METAIbHBIC PaJHKAIIbI
HEe 00pasyroTcs.

4. W30bITouHass »dHEPrus BO30OYKIEHHUS, cooOmaeMas MOJICKYJIe
HAJICTAIONINM 3JICKTPOHOM, B OOIIEM, IOCTATOYHA JIJISl PA3pyIICHUS TOJIBKO
ONHOW cBs3u. Eciu B MOCHEAYIONIMX PEaKIMsIX PacKPBIBAIOTCS APYTUC
CBSI3M, TO BCJIEJCTBHE OOpA30BaHUS [BOMHBIX CBA3CH WM 3aMBIKAHUS
KOJIEI] OHM OOpa3yloTcs TakuM o00pa3oM, 4YTO B KOHEYHOM HTOTE
paspymaercs TOJBKO OJIHA CBSI3b (MPABUNO IHEPLEMUYECKO20 0mOOopa).
D10 mpaBwio oOjerdaeT BHEIOOP CXEM TIPOIECCOB  pacmaga |
MpeIoCcTeperaeT OT OMMOOYHBIX HHTEepIpeTanuid. Tak, noH, Ha 30 a. e. M.
Oonee Jerkuii, YeM MOJCKYJISPHBIA MOH, HE MOXKET 00pa30BaThCs IyTEM
OTIICIUICHUS JABYX METHIBHBIX pajukayiioB. [1o3ToMy 3Ta pa3HOCTh Macc
JTOJDKHA OBITH BBI3BaHA MOTEPEH MPYroM YacTHIlBI, HarpuMep NO.

Humencuenocms nuxoe. Macc-CIeKTpbl OOBIYHO MPEICTABISIIOT B
BUJIE JIMHEHYAThIX CHEKTpoB (puc. 73). VIHTEHCMBHOCTM NMUKOB MPHUHATO
BBEIpQKATh B MPOIEHTaX M0 OTHOMICHUIO K HanOOoIbIIeMy (0a3HCHBIN MHK),
WHTEHCHUBHOCTEL KOTOPOTO MpuHUMAIOT 3a 100%.

WHTEHCHUBHOCTh THKa MPOIMOPIMOHANFHA YacTOTe OO0pa30BaHUSL
MOHOB. JTa 4acToTa IMPOIMOPIIMOHAIbHA MApUHUATBHOMY JAaBIEHUIO TapOB
HCCIeayeMOro BemecTBa B mpubope. OmgHako, B OCHOBHOM, OHa
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OTIpeieNIieTC IHEPreTHYECKHMMU COOTHOIICHUSIMH TpU 00pa3oBaHWU U
pacmame woHOB. Il09TOMYy WHTEHCHBHOCTH MHKOB MPECTABIAET COOOM
Ba)KHBIH MapaMeTp MpH MPOBEACHUN CTPYKTYPHOTO aHaju3a. Uem MeHble
9Heprus, HeoOXomumas sl o00pa3oBaHMs HOHA, TeM OoJblIe €ero
OTHOCHUTENbHAsI YacTOTa M WHTEHCHBHOCTh COOTBETCTBYIOIIETO TIHKAa B
Macc-criektpe. C Apyroi CTOpoHbI, ”HTEHCUBHOCTD IMHUKA TeM OOJIBIIIE, YeEM
Oonblie sHeprus, TpeOyromascs Al pacnaaa UoHa, T. €. YeM YCTOMYHBeEe
3TOT MOH.

Cpeocmea uzmepenuii

ITo criocoOy pa3aeneHus] «MOHU3UPOBAHHOTO Ta3a» Ha MyYKHU HOHOB C
PaBHBIMH MaccaMH pa3jM4yalOT MAarHUTHBIC, KBAJPYIIOJIBHBIC, BpeMs-
MPOJICTHBIE MacC-CIIEKTPOMETPHI, a Takke MPUOOPHI HOH-IUKIOTPOHHOTO
pezoHanca. M3 mepBBIX TpeX THUIMOB HAWOOJBINEE PaCIPOCTPAHCHUC
MOJTYYWIJIA TIPUOOPHI C MATHUTHBIMU aHATU3aTOPaMH, OJJHAKO B TIOCIICTHUC
roJibl  TOSBWJIMCh  XOpOUIO  paboTaroliue  KBaJpyIONbHBIE  Macc-
CHIEKTPOMETPHI, BXKHBIM JJOCTOMHCTBOM KOTOPBIX SIBIISIETCS BO3MOXHOCTB
MUHHATIOPU3AIUN  MacC-CIeKTpoMeTpa (MOSIBUIIUCH JIaKe HACTOJIBHBIC
npuOopsl Takoro Tumna). Kak MarHWTHBIC, Tak W KBaAPYIOJBHBIE Macc-
CHIEKTPOMETPHI IHUPOKO HCIONB3YIOTCSI B OPraHUYECKOW XUMHHW JUIS
pelieHns pa3HOOOPa3HBIX CTPYKTYPHO-aHAUTHUECKUX TpodieM. Tperuit
TUT TPUOOPOB — BPEMSI-ITPOJICTHBIE MaCC-CIICKTPOMETPBI — BCIICICTBUC
HU3KOW pa3pemareil CHIbl MPUMEHSETCS IHIIb NP HCCICAOBAHUN
HEKOTOPBIX YPE3BhIYAIHO OBICTPO TEKYIIUX MPOIICCCOB.

HakoHern, Macc-CIieKTpOMEeTphl HOH-IIUKJIOTPOHHOTO pe30HaHca (B
OOJIBIITMHCTBE CBOEM OPHTMHAIBHBIC, HEMPOMBIIUICHHBIE KOHCTPYKIIUH)
MO3BOJISIIOT TOJTyYaTh OTHOCHTENBHO JIOJITOXKUBYIIUE HOHBI, B CBSI3H C YeM
YCHEIIHO  HWCIOJB3YIOTCS TPU  U3YYCHUH CTPYKTYpPHl HOHOB U
Pa3HOOOPA3HBIX HOH-MOJICKYJISPHBIX PEAKITHI.

[lo Tumy perucTpaii HWOHHBIX TOKOB  pa3iW4aloT  Macc-
criekTporpadbl U MacC-CIIEKTPOMETPBl. B TMEpBBIX M3 HHUX MAacC-CIEKTp
perucTpupyercs Ha OTOIIACTHHKE B BUJIE JIMHUN C PA3TUYHON CTETICHBIO
modepHeHuss (puc. 73, a), Torma Kak BO BTOPOM THIIE NPHUOOPOB, Oosee
pacrpoCTpaHEHHOM, OCYIIECTBIISIETCSI PETUCTPAIIUS MTyYKOB HOHOB B BHUJIC
ANEKTPUIECKIX HMMITYJIbCOB, 3aIHUChIBACMBIX c TTOMOIIIBIO
MHOTOKaHaIILHOTO ocIpiuiorpada Ha GoTodymare UM e nepeiaBacMbIX B
namate OBM (puc. 73, 6).
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Pucynox 73 — Ilpumepbl Macc-CIIEKTPOB:

a) - pparMeHT Macc-CIeKTPOrpaMMBl TOJUINENTHA, 6) — MACC-CNEKTP METUIICATHIMIIATA

[Ipubopsl, B KOTOPBIX CHCTEMa BBOJIA COEAMHEHA C BBIXOJOM Ta30-
KHUJIKOCTHOTO Xxpomatorpada, Ha3bIBAIOTCS XpoMaTo-macc-
CIIEKTpOMETpaMH  (COKpaIIeHHO «Xpomacc»). TakmMm obOpazoM, B
3aBUCHUMOCTH OT CBOWMCTB aHaJM3MPYEMOro BELIECTBA MW XapakTepa
MOCTABJICHHOH B MCCJICAOBAaHNUH 3324l MOKHO BBIOPATh TOT WJIM WHOW THIT
mpudopa.

Cxema OCHOBHBIX Y3JIOB Macc-CIIEKTpPOMETpa MpHBEJcHa Ha puc. 74.
Macc-CieKTpoMeTp COCTOMT M3 YCTpoiicTBa 1uis BBoza npoOwl (1), B
KOTOpO€ T'a3bl BBOJAT HENOCPEACTBEHHO, a >KUIKOCTH HCIApAIOT 3apaHee
WM HEMOCPEACTBEHHO B IPHOOPE B TAKOM KOJIHYECTBE, YTOOBI OOECIICUHTh
JABICHME NMApOB B HOHHOM McTouHMKe (2) Ha ypose 107 — 107 Ila.
BemectBo B mapooOpa3HOM COCTOSIHUM IOCTYIAeT B MOHHBIM MCTOYHHK
(MOHM3ALMOHHYIO KaMepy), Ille MOJIEKYJIbl NTOJIBEpratoTcsi 0oMOapaAUpOBKE
YCKOPEHHBIMU 3JIEKTPOHAMHU (ITOJy4aeMbIMH, HalpuUMeEp, C TOMOIIBIO
JNEKTPOHHOTO  yJapa) W HOHU3HPYIOTCA, T.€.  IPEBpallaroTcs
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NPEUMYIICCTBEHHO B TIOJOXKUTENBHO 3apsUKEHHBIE HOHBI, KOTOpHIC
OTJIEIISIFOTCS  DJIEKTPHUUECKAM TI0JIEM OT 3JIeKTpoHOB. OOpa3oBaBmInecs
MOHBI BBIBOZSTCS U3 30HBI HOHU3ALUH, YCKOPSIIOTCS AJIEKTPUIECKUM TOJIEeM
U OIJHOBPEMEHHO (OKYCHPYIOTCI B TYYOK B Yy3Jleé YCKOpEHHS U
(hoKyCHpOBKH HOHOB (3).

HefitpanpHple MOJIEKYNBI  yNAISIOTCS BaKyyMHBIM — HAcOCOM.
Boo0Ome ocHoBHBIE  y31bl mpubopa (2-5) HaxomATcsi MOA BBICOKHM
BakyymoM (10°—10™ MM prT. cT.), KOTOPBIf HEOGXOAUM, YTOOBI HOHBI IO
MyTH K JETEKTOpY IMPaKTHUYECKH He IMpeTepreBayid CTONKHOBeHWi. [lpu
OONBIIMX JAaBICHUSAX TMPOUCXOJUT PACUIMPEHHE HAMpPaBICHHOTO ITyYKa
MOHOB W Ha0JII0JaeTcsl MOTeps pa3pelicHus 1 HHTCHCUBHOCTH.

______________________________ —

Pucynox 74 — biok-cxema mMacc-CIeKTpOMeTpa:
1 - ycTpo#icTBO T BBOAA MPOOHI; 2 - HOHHBIM HCTOYHHK; 3 - y3€Jl YCKOPCHUS
1 GoKycupoBKH HOHOB; 4 — Macc-aHaAIM3aToOP; 5 — IPUEMHHK (IETEKTOp); 6 — YCHINTENb;
7 — perucTpupymolee yCTponucTBO

3aTeM NOTOK YCKOPEHHBIX MOHOB TOCIE IPOXOXKICHUS BXOJHOM
muadparMpl TIOMaJaeT B CHUCTEMYy MarHMTHOW cemapamuu (4 - macc-
aHanm3arop). B HeM moj AeiicTBHEM MarHWTHOTO TOJISI B OOJBIIMHCTBE
npUOOPOB TPOUCXOAUT Pa3/CICHUE HOHOB 1O BEIUYMHE WX OTHOIICHUS
m/z. MarHut ycTaHaBIWBAIOT TaK, YTOOBI CWJIOBBIC JMHWH IOJSI OBLIH
MEPIEeHANKYISIPHBl  TPAaeKTOPHH  HWOHHOTO  Iydka.  BceiemctBue
JICHCTBYIONICH HAa WOHBI IICHTPOOSIKHON CHIIBI OHH ONHCHIBAIOT AYTY C
panuycom

r=L u™ (70)
B Z

rae B — marauTHas uHIYKOus: U — yCKOpSIOIee HAMpsDKEHUE; m — Macca
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WOHA; Z — 3apsi/i NOHA.

TpaekTopusi ABUYKEHUS MOHA OMNpPEAENSIETCS YCTPOMCTBOM Macc-
aHaim3aropa (cM. puc. 75). Ilpu 3amaHHBIX MarHUTHOW WHAYKUMU B U
YCKOpSIOLIEM HanpsbkeHuH U 1Mo Hel NBMXKYTCA TOJIBKO T€ HWOHBI, AJA
KOTOPBIX BEJIMYMHA OTHOIIEHHUS 71/7 COOTBETCTBYET ypaBHeHuio (70). Bee
WOHBI C JAPYTUMHU OTHOWICHUSMH m/Z JBWXKYTCS TIO TPACKTOPHSM C
MEHBIINMHU WK OONBIIMMHU PaANyCaMH U MIO3TOMY HE MOTYT IPOUTH uepes
BBIXOJHYIO menb S, OmHako, m3MeHssl B, MOXHO BBITIOJHUTH YCJIOBHE,
onpenensiemoe ypapHeHueM (70) IS MOHOB C JIFOOBIM OTHOIICHHEM 71/Z.
Toraa Bce MOHBI, UMEIOLINECS B MOHHOM HCTOYHHUKE, TPOXOSAT BBIXOIHYIO
menb S; OpU  HEOPEePHIBHOM HW3MEHEHUM MArHUTHOM HWHIYKUIUU B

COOTBETCTBHU C YCIOBHEM B =+/m/Z u pa3nensiorcs B 3aBUCHMOCTH OT
otHoweHnus m/z. 3 ypasuenus (70) cnenyer, uro U ~ 1(m/z).

Pucynox 75 — Cxema mMacc-aHaImM3aTopa ¢ OJHOPOIHEIM

MAarHuTHBIM IIOJIEM
(H — HanpsH»keHHOCTh MarHUTHOTO 1OJIS; S| — BXOAHAsA Auadparma; S, — BBIXOAHAS LIETIb)

ITocnenoBaTenbHOrO MOCTYIUICHUSI HOHOB C PA3IUYHBIMU 3HAYCHUSIMU
m/Z B JETEKTOpP MOXHO IOCTHUTHYTH Tak)Ke H3MEHEHHEM YCKOPSIOIIETO
HanpsokeHust U . OgHAKO ATOT MPUHIAI UCTIONB3YIOT TOIBKO B MpHOOpax
OTHOCHUTEIFHO HEOOJIBIITUX Pa3MEPOB.

Ilocie TPOXOXKIEHUS CHUCTEMBl Macc-aHAJIM3aTopa pa3AeliCHHbBIE
IMy9KHd MOHOB TMOMamaroT B aeTekTop (5). OTmaBaemblii UMM 3apsm depe3
BBICOKOOMHOE COIPOTUBIIEHUE OTBOAUTCS B 3eMito. [lafenue HanmpsokeHust
Ha 3TOM CONPOTUBICHUU MPOMOPLHUOHATLHO KOoJaudecTBYy MOHOB. Ilocne
JocTaTodyHOro ycwieHuss (6) ero MOXXHO M3MEPUTh MOIXOISIINAM
PETUCTPUPYIOMMM  yCTpoHCTBOM  (7),  KOTOPBIM  MOTYT  OBITh
KOMIICHCAIIMOHHBIN CaMOIIUCEI], aHAJIOTOBBIN NU(POBOI TTpeoOpazoBaTelb,
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u ap. [lpu BBINONHEHMHM KA4yeCTBEHHBIX HCCIENOBaHUM (KOrza 4YacTto
HEOOXOAMMO  W3MEpSITh  OYEeHb  Majble  HOHHBIE  TOKH) U
NpeABAPUTEIBHOTO YCUJICHUS B OCHOBHOM HCIIOJIB3YIOTCS DIIEKTPOHHBIC
YMHOXHUTEIH. Ilo CPaBHEHHIO C  TPOCTBIMH  JACTEKTOpaMHu
YyBCTBUTENBHOCTh ONaromapss JSTOMY TIOBBIIIAETCS HA  HECKOJBKO
nopsinkoB. OnmHako KO3(MQUIMEHT YCHICHHS B OINpPEICICHHOW CTENeHU
3aBHCHUT OT MacChl U CTPYKTYPBI IETEKTUPYEMBIX HOHOB.

CoBpeMeHHBIE MacC-CIEKTPOMETPHI obmagaroT BBICOKOM
paspemaromniei cnocoOHOCThI0, KOTOPYIO BBIPAKAIOT OTHOIIEHHEM MAacChl
MOHA K HaWMEHBIICH pa3nuuuMol pa3HUIE Macc. Pasnmuuaromas
CHOCOOHOCTh MpocTeWmmx npubopos nexut B mpenenax 200 — 2000.
Macc-creKTpoMeTpsl BEICOKOTO pasperieHns (padoTaromue Mo TpUHITHITY
JIBOWHON (POKYCHPOBKH B AJIEKTPUYECKOM W MAarHUTHOM MOJISIX) 001agaroT
paspematomeit  cnocobnoctero 20000 — 200000 w BeIme. B Takumx
npubopax  pe3ynbTaThl  W3MEPEHHH, IMONydeHHbIE C  IMOMOIIBIO
BBICOKOCKOPOCTHOTO JIETEKTOPa, BBOAATCS HETOCpeAcTBeHHO B OBM, a He
¢ukcupyroTcss  camomucueM.  Macc-ClieKTp — IpeAcTaBiseT — coOoi
3aBUCUMOCTb KOJHMYECTBA MOJIYYCHHBIX HMOHOB (MOHHOTO TOKa) OT
OTHOIIIECHUS M/7.

AHaJIuTHYECKOE NPUMEHEHUE METO1a

Macc-crneKTpoOMETpUUYECKOMY HCCIIEIOBAaHUIO JOCTYIHA TONBKO TaKUe
BEIIECTBA, IJS KOTOPBIX YAAeTCS MOCTUTHYTh JOCTATOYHOTO JaBIICHUS
mapa TpW PETUCTpAIlMH CIIEKTpa 03 pas3ioKeHus . ITO YCIOBHE
BHITIOJTHUMO  JUISE  TIOJABJISFOINETO  OONBIIMHCTBA  OPraHUYECKUX
COEIMHEHHH, MOSTOMY OCHOBHOHM O0JIaCTBIO TPHUMEHEHHS 3TOr0 MeEToaa
SABNSETCS MACHTU(UKAIUS ¥ YCTAaHOBJIEHHE CTPOEHHUS OPraHUYeCKHX
coeHEeHNH. B 11e70M, Macc-CieKTpOMETpHs MOKET OBITh MCIIOJIB30BaHa
IUI MCCIIEOBaHUSI CaMOr0 INUPOKOTO CIEKTpa 00BbekToB. OHa Takxke
MpUMEHMMAa ¥ ISl aHalIW3a HEOPTaHWYECKHUX BEUIECTB W MaTepHalIOB.
OnHako UCHONB30BaHME €€ B CTPYKTYpHOM aHainu3e, T[AEe Macc-
CHEKTPOMETpHUS AaeT WHPOPMALUIO O MOJEKYJSIpHOM Bece, OpyTTo- U
CTPYKTypHOU (opMymnax, SBIseTca AOMUHUpYyomuM. Kpome Toro, macc-
CIIEKTPOMETpHUSl TMpeJHa3HadeHa i TPOBENCHHUS KOJIWYECTBEHHOTO
M30TOMHOTO aHajau3a W Ui aHaldu3a CMecel OJHOTUIHBIX BEIIECTB
(HampuMep, yrieBo0pPOI0B TOMOJIOTHYECKOT0 PAJia).

Kauecmeennwviii  ananuz. Macc-ciekTp 000T0, IaXe Camoro
MPOCTOr0 BELIECTBA COCTOUT W3 LIEJOr0 Habopa MUKOB (JIMHUI), KOTOpHIC
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XapakTepHbl [ JaHHoro BemiectBa (cMm. puc. 73). B memax
WACHTU(UKAMKA  BEIIeCTBA  MPOBOAST  COOTHECEHHE  MHKOB K
OTIpElICICHHBIM MAacCOBBIM yHciaM. i 3TOro cHavajga BBIOMPAIOT
KOHTPOJIbHBIE THKH, OTHOCHUTENBHO KOTOPBIX MOXHO OBIIO  OBI
OTCUHUTHIBAThH ApPYyrue MUKU. TakuMu SBIAIOTCS MHUKH BO3IyXa WIH PTYTH,
BCTpEYAIONINECS TMOYTH BO BcexX crekTpax (“don”). OmHako BeCh CHEKTP
MOXHO pacmugpoBaTh TOJIBKO TOTNAA, KOrAa OOJBIIMHCTBO MAacCOBBIX
YHCell B HEM MOJTBEPKACHO M OTCYTCTBYIOT OOJBIIHE MPOMEXYTKHA MEXKIY
nukaMd. B mpoTuBHOM ciiydae HeoO0XOAMMO [00aBIATh CTaHAAPTHOE
BEIIECTBO B KaueCTBE BHYTPEHHEIO CTaHAapTa Macc. [ 3TOoro npuroaHsl
BEIIECTBA, JAIOIIME B CIEKTPE MHOTOUYHCIECHHBIE XapaKTePUCTHUYECKUE
MUK B IIHPOKOM  HHTEpBaJie  Macc, HaNpuUMep, IOJHOCTHIO
(hTOpHpOBaHHBIN KEPOCHH.

Onpedenenue MOREKYIAPHOU Maccvl coeduHeruti. 1IMK OJHOKpaTHO
MOHU3UPOBAHHON MOJEKYJbI (MOJIEKYJISIPHBIM MUK, COKpalieHHo M) yarie
BCETO SIBIISETCS MOCTIEIHNM M3 HanOoJiee MHTEHCUBHBIX NMUKOB, K KOTOPBIM
NPUMBIKAIOT TOJIBKO W30TOMHBIEC MUK (M+1) U, IpU N3BECTHBIX yCIOBUSIX,
- (M+2). Ecnu ynaercst yBepeHHO HICHTU(UIMPOBATH MOJIEKYIISPHBIN THK,
TO MAacC-CIIeKTp JaeT HaAeXHbIe CBEASHHS O MOJEKYIIpHOH Macce
BEIIIECTBA, YTO COCTABIISICT OCHOBY JUISI €r0 HACHTU(DHUKALINH.

OpnHaKko B HEKOTOPBIX CIy4asX TPYAHO YCTAaHOBUTH MOJICKYJSPHBIN
nuK. VIHTEHCHMBHOCTh MOJEKYISPHBIX HOHOB COCOUHEHWH HEKOTOPBIX
KJIACCOB HACTOJIBKO Maja, YTO MOJIEKYJSIPHBIA MWK €1Ba OTJINYAaeTcs OT
¢oHa wiam BooOOIIE Maylo 3aMeTeH. OTO HaOJromaeTcs TOJIBKO B TeX
CIy4asx, KOTJa VyCIOBHS  CTa0WIM3allMd  MOJIEKYJSIPHOTO  HOHA
HEOMaronpuATHRl WIM KOTAa JHEPreTHYECKH ONarompHsITeH ero pacmal.
VHTEHCUBHOCTP TNHKOB MOJEKYJISPHBIX HOHOB COEAMHEHUH 4acTo
BCTpEYAIOIIMXCS ~ KJaccoB  yOblBaeT B CJEAyIOLIeM  HOpsIKe:
apoMaTu4ecKue > oyleUHbBI > H-aJKaHbl > aMUHBI > KETOHBI > CITUPTHI >
KHCJOTHI > N30aJIKaHbl > N30CIUPTHL.

Yemanosenenue opymmo-gopmynsi 6ewgecmsea no u30mMonHvIM HUKAM.
BONBIIMHCTBO 3JIEMEHTOB, aTOMBI KOTOPBIX YYacTBYIOT B TIOCTPOEHHUH
OpPTaHWYECKUX COEIWHEHHH, COCTOSIT M3 CMECH HECKOJIBKHX H30TOIOB.
BceneactBue  pazsnMuHBIX  COYETaHMH  M30TONOB B OPraHMYECKHX
COCIMHEHMSX  BCTPEYAIOTCS ~ MOJEKYJIbl ~ HECKONbKHX  ‘‘COpPTOB”,
Pa3IMYAIONINXCS JUIIh CBOUM MOJIEKYJIAPHBIM BecoM. MOJIeKysipHBIil Bec
MOJIEKYJIBI, B KOTOPOM COJEpKaTcsl HCKJIIOUUTENBHO JIETKHE HW3O0TOIHI,
YCIIOBWJINCH HAa3bIBaTh MACC-CHEKMPOMEMPULECKUM MOLEKYIAPHBIM BECOM.
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COOTBETCTBYIOIIMIT MUK HA MAacC-CIIEKTPE SBIACTCA MOJCKYISIPHBIM
mukoM. [IpuUCyTCTByIOIMHNE TSDKETBIE HW30TOIBI B MOJICKYJIC TAIOT ITHKH,
COOTBETCTBYIOIIIMEC OOJIBIIMM MaccaM, YeM MacC-CIIEKTPOMETPHUYCCKUI
MOJIEKYJIAPHBIN Bec. Takue MUKW Ha3bIBAIOT U30MONHbLMU.

Tak, HaWJIEHHBIA MacC-CIEKTPOMETPUUECKUNH MOJEKYJISIPHBINA BeC
dopmanbaeruma coorBercTByeT Monekyine “CH,'°0O (M = 30). Hapsny ¢
S9TUM BBUJY BO3MOXHBIX KOMOWHAIIMK THIA 13CH216O, ]2CHD16O,
2CH%0  w ot on BCcTpedaroTcss 3HadeHwmss ot 3/ mo 35. Omuako
WHTEHCUBHOCTh COOTBETCTBYIOIIMX HMOHHBIX IIMKOB Maja, TaK Kak
pacmpocTpareHHOCT Gonee Tskenbix m3otonos (°C, D u 0) B mpupone
cocrapysieT b 1% u menee. [lo3ToMy OONBIIMHCTBO U30TOMHBIX TTUKOB
B MAacC-CIIEKTpE HE TMPOSBISIETCS W OMacaTthcs, YTO pacimmppoBka
3aTPYTHUTCS OOJBIIMM YHCIIOM ITUKOB, HE IPUXOIUTCSL.

M3oTonHbBIE MHUKHU, OTHOCSIIMECS K MOJEKYISIPHOMY ITUKY, HMEIOT
OoJIbIIOE 3HAYCHHE, TaK KaK IT0 WX IIOJOKEHHI0O M HWHTCHCHUBHOCTU BO
MHOTHX CIydasx MOKHO CJENaTh BBIBOJBI O OpyTTO-(hopMysie CoeauMHCHIS.
IIponieHTHOE ConepkaHKE M30TOMA PABHO BKJIAAy OIMpPEACICHHOTO aToMa B
MHTEHCUBHOCTh M30TOMHOrO TMHKA, BHIPAKAEMYI0O B MPOIEHTaX OT
WHTEHCUBHOCTH MOJICKYJSIPHOTO TIMKa. Ecin MolleKyla COIEPKUT #
aTOMOB OJHOI'0 M TOI'0 JKE€ JJICMCHTAa, TO COOTHOIICHHC MHTCHCHBHOCTCH
U30TOIMHBIX MMKOB HAXOAAT MpH oMol 6uroMa (100 + «)". 3HaueHHIO o
COOTBETCTBYET PACHPOCTPAHCHHOCTh TSKENBIX WM30TOMOB B TIPHPOJE.
Hanpumep, nnsa uzoromna B 0=1,1%, COOTBETCTBYIOIIII M30TOIMHBIA MUK
¢ maccoit (M + I), oGyCIOBNEHHEIH TpUCyTCTBHEM atomoB ~C, Gymaer
XapaKTEePU30BaThCS OTHOCUTEIBHOW WMHTEHCHUBHOCTBIO mopsanka n-1,1 %.
ITosTOMy mpH AOCTATOYHO TOYHBIX M3MEPECHUSX MO MHUKY (M+I) MOXKHO
paccyuTaTh YHCIO aTOMOB YIJIEpoJa B MOJIEKyJe (n), T.e. YCTaHOBHUTH
OpyTTO-QOpPMYITy COCAMHEHHUS.

M3oTonHbI aHalu3 MO3BOJSET OCYIIECTBISATH KOHTPOJIb KauecTBa
MPOMYKIINA XUMHYECKOH, (papMameBTHUEeCKOW, WHUIIEBOM © JIPYTHX
oTpacieil IpOMBINIIICHHOCTH. HanpuMep, yCTaHOBJICHO, UTO B IPUPOIHBIX
YIIEBOAX COMEPXKHTCA MeHbue feiitepus (uszotoma “H wmu D), ueMm B
0OBIYHOW BoOme. OTOT (akT OOBICHACTCS TEM, 4YTO JCHUTepUil MeHee
AaKTHBEH B peakiusx (POTOCHHTE3a, a MOTOMY PACTCHHS YCBaWBalOT €ro
cnabo. COOTBETCTBEHHO, M B TPOJAYKTaX NEPepadOTKH PaCTHUTEIHHBIX
VTIEBOJIOB (HAampuUMep, B CIMPTE BHHOTPAIHOTO BHWHA) NedTepus Oynmer
MeHbIe. [lodToMy, 3ammcaB Macc-CIIEKTP HATypajdbHOTO OYpryHICKOTO
BHHA U €T0 aHaJIoTa, C(haOpHKOBAHHOTO HA OCHOBE CHHTETUICCKOTO CITUPTA

156



(a B HEM cojepkaHue JeWTepuss OOBIYHOE), MOXKHO BBISBUTH IMOJJICNIKY H
MOWMATh C TIOJTMYHBIM HEUYECTHBIX BUHOJIEIIOB.

Onpedenenue cmpykmypHou  @opmynvt. OnpenenuTb CTPYKTYPY
COCIMHEHHMSI TI0 €r0 MacC-CIEKTPY HE MPOCTO, MOCKOJIbKY MMEIOIIUECS Ha
Macc-CIIeKTpe MWKH BHAYaje OTHOCSAT K OIPEAETICHHBIM OCKOIKaM |
TOJIBKO TIOCJI€ 3TOTO Hal/IeHHBIE CTPYKTYPHBIE 3JEMEHTH OOBEIUHSIOT B
CTPYKTYPY MOJICKYJIbI. YKa3aHUS Ha HAJTUYKUE ONPEIEICHHBIX CTPYKTYPHBIX
JJIEMEHTOB [IAlOT HEKOTOpPBIE OCKOJKM C MaJbIMH MaccaMu. Tak, Tpu
pacmazie CMpTOB M IPOCTHIX 3(upoB Beerpa obpasyercs non CH-OH'
(M=31). CnenoBaTenbHO, MUK, COOTBETCTBYIONINI MaccOBOMY uuciy 3/,
CBUJICTEILCTBYET O HAIMYHMH CIIUPTA WU 3UPA, U YKA3aHHBIA HOH, TAKUM
00pa3oM, MOXKHO paccMaTpuBaTh KaK XapaKTEPUCTHYECKHUH. DTOT MUK HE
00s13aTebHO JTOJDKEH OBITH CAMbIM HHTEHCUBHBIM B criekTpe. HeoOxoaumo
MPUHUMATh BO BHMMaHHUE, YTO CaM MO cede Takoi XapaKTepUCTHYCCKUI
OCKOJIOUYHBIH HWOH €Ie HE SBIAETCS JOKa3aTeIbCTBOM IPHCYTCTBHSA
OTIpEICTICHHOTO CTPYKTYPHOTO 3JeMeHTa. Tak, B MPHUBEIESHHOM IPHMEpe
OCKOJIOK ¢ Maccoil M = 31 MoxeT 00pa30oBaThCsl HE TOJBKO U3 CIHUPTOB U
MPOCTHIX 3(PUPOB, HO TAKKE U M3 CIOKHBIX 3PHUPOB, KAPOOHOBBIX KHCIIOT,
coequnenuii gpropa (CF") u mp.

B oGmactu OGonbmux Macc BaKHBIE YKa3aHHS O CTPYKType JacT
pa3HOCTh Macc ABYX NHUKOB. Ilpu ompeneneHUM pa3HOCTH MacC YacTHUIL
(panvkamoB  WIM  HEUTPAbHBIX  MOJIEKYJ),  OTIICIUIAIONIUXCS  OT
MOJIEKYJIIPHOTO HMOHA, [ENeCO00pa3HO MCXOIUTh M3 MOJEKYISIPHOTO IHKa
U ONMKAMIIETO K HEMY OCKOJIOUHOTO IMHKA, COOTBETCTBYIOIIETO MEHBIICH
Macce. J[ms Toi jke Ienn BO3MOXKHO TakKXKe OTpeeNieHHE Pa3sHOCTH Macc
JIByX OCKOJIOYHBIX HOHOB HE TOJBKO IO COCETHUM, HO TaKXe H II0
yaaneHHbpIM TKaM. [lo HalileHHOW Macce MOXHO yCTaHOBHUTH (hopmyiry
OTILETUISAIONICHCS YaCTUIBI U B CBOIO OYEpElb MO HEU clieiaTh BHIBOJBI O
CTPYKTYpE HCCIETYEeMOT0 COSIMHEHNSI.

ITocne Toro xak mo XapakTepUCTHUECKHMM HMOHAM M Pa3HOCTSAM Macc
coOpana Gosbas nHpOpMAIUS 00 UMEIOIINUXCSI CTPYKTYPHBIX DIIEMEHTAX,
MOYKHO TIOIBITAThCS COCTABHTH CTPYKTYPHYIO (DOpMYIy HCCIeIyeMOoro
coeMHeHMs. B 3akitoueHue, MCXOJd U3 NPeArnojiaraeéMod CTPYKTYPHOM
(hOpMyIIBI, COCTaBISIOT CXEMy pachaja COCIUHCHUS W TPOBEPSIIOT
OTCYTCTBHE TIPOTHBOPEUNH MPH OOBSICHEHUH MacC-CIeKTpa.

Konuuecmeennwvie onpeodenenus. B 11e10M  KOJIUYECTBEHHbIE
ompezencHs (Kak U MUACHTU(UKAIUSA) OPraHMYECKUX COCIUHEHHHA 9acTo
OTpaHUYCHBI CJIOXKHOCTBIO MMOJIYy4YaeMOro macc-crekTpa. Kak mnpaBuio,
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CMECH BEIICCTB MOXKHO aHAJIW3WPOBaTh TOJBKO B TOM Cly4ae, €CIH
UMCIOTCSL CIIEKTPhl WHIUBH/YaTbHBIX KOMIIOHCHTOB, CHATHIE B TEX e
YCIIOBUSIX, TOCKOJIBKY MacC-CIIEKTPhl ()parMeHTOB KOMIIOHCHTOB CMECH
aanuTuBHBL [IpOBOAMMEIE TIPY STOM pacYeThl MPEAYCMATPUBAIOT PEIICHUE
CHUCTEMBl W3 71 YpaBHEHHA C 7 HEHW3BECTHBIMH JUISI CMECH W3 N
KOMITOHeHTOB. OJTHAKO COBpEMEHHAsi HHCTPYMEHTaJbHasi 0a3a MO3BOJSET
MPOBOJIUTh U3MEPCHUS KOHIICHTPAIMH OOJBIIMHCTBA aHATU3UPYEMBIX
KOMITOHCHTOB B CJIOKHBIX MAaTpPHIAX JOCTATOYHO OBICTPO M HAJEXKHO.
OTUM METOJIOM MOXHO ONpEACNATh YyIbTpacleoBble KOHIICHTPAIN
Pa3IUYHBIX BEIIECTB B OOBEKTaX OKPYXArolied Cpeibl, IHIIEBhIX
MPOAYKTaX, OMOXUMHUYECKUX 00pa3lax v mpou.

OOBIYHO, TPHUMEHEHHUE MACcC-CIIEKTPOMETPHUH B KOJIUYCCTBCHHOM
aHAJIM3€ 32 MaJbIMU HCKIIOUCHUSIMA OTPaHUYHMBACTCS ONPECIICHUEM
M30TOMHOTO cocTaBa. Hambomnee ynoOHa 1T KOJIMYECTBEHHBIX H3MEPEHUIN
Macc-CIIEKTPOMETPHSI ¢ KCIOJIb30BAHUEM METOJla MEUYCHBIX aTOMOB, B
KOTOPOM  TPHUMEHSIOTCS  COCJUHEHUS, OOOTaIlleHHBIE CTAOMIbHBIMU
W30TOMAMH, MaJopaclpOCTPaHEHHBIMA B TIPUPOAE. DTOT METOA HMEET
0COOYI0 3HAUYMMOCTh IIPH HCCICIOBAHHHM W OCYIICCTBICHUHM KOHTPOJIS
MpoTeKaHUs (PU3NKO-XMMHYECKUX TiporeccoB  (muddys3mm, (ha3oBBIX
PaBHOBECHIA U IPYTUX) U O0OBACHEHHSI MEXaHU3MOB XHMUYCCKUX PEAKIIHH.

B memom Merom MAacc-CIIEKTPOMETPHUU TO3BOJISET HCCIECIOBATh
HeGonbMe KomuuecTBa Bemiecta: 107- 1077 1. OrtnocurenbHoe
CTaHIapTHOE OTKIOHEHHE JOCTHraeT B pside ciiydaes 10°- 107

Bonpocul ona camonpoeepku k pazoeny 3

. B uem cyTp Macc-cnekTpoMeTpuaeckoro Meroaa?

. Kakue cnoco0bl HOHM3AIMK aTOMOB M MOJIEKYJI HCIIOIB3YIOT B Macc-CIIEKTPOMETpUn?

. Omuimre nporieces pacnaja, MPOTEKaroLIne IIPH MOHU3ALUK aTOMOB M MOJIEKYII.

. Ha yem ocHOBaHO pa3jiesieHue HOHOB B Macc-CIIeKTpoMeTpe?

MOXHO 1M pa3JenuTh HOHbI C OANHAKOBBIM OTHOLLIEHHEM 71/Z?

. Onummre OCHOBHBIE Y3IIBI B OJIOK CXeMe MacC-CIEeKTPOMETpa.

. Onmmyre criocoOb! perucTpaniy Macc-CIeKTPOB.

. Kakuwe mnpemmymecTBa XpoMaTo-Macc-CIIEKTPOMETPHH II0 CPaBHEHHIO C OOBIYHBIMHU
METOJJaMH MacC-CIIEKTPOMETPHH?

9. Kakum 00pa3zoM MOKHO ONpPENeSIHTh MOJIEKYJSIPHYIO MAacCy M CTPYKTYpPY OpPraHMYEeCKUX

COCJIMHEHUH Macc-CIEKTPOMETPUUECKHM METOA0M?
10. Omumute BO3MOKHOCTH MacC-CIIEKTPOMETPUH B KOJTMYECTBEHHOM aHAJIM3E.
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4 MaruuTHbIe MeTOAbI

B ocHOBe MarHMTHBIX METONOB JISKHT B3aUMOCBS3b SICPHOTO,
3JIEKTPOHHOTO M MOJICKYJISIPHOTO CTPOCHUS BEIIECTBA C €r0 MAarHUTHBIMHU
cBoiictBamMu. K TakuMm u3MepseMbIM CBOMCTBAM OTHOCSITCS MAarHUTHBIN
MOMEHT M MAarHWTHas BOCIPUMMYHUBOCTH (CIIOCOOHOCTh BEINECTBA K
HaMarHM4YMBaHHUIO B MArHUTHOM IIOJIE).

K MarsuTHEIM MeTOJaM  OTHOCATCS  MarHHUTOMEXaHHYECKHE,
TEPMOMArHUTHBIC, MArHHUTO(PU3NYCCKHEC METOABI, a TaKXKe METOJbI,
OCHOBaHHBIC Ha SBJICHUU MarHUTHOTO PE30HAHCA.

M3mepeHne MarHWTHBIX CBOWCTB JIGKUT B OCHOBE psa METOIIOB
Hepa3pymarmero KoHTposis. OCOOCHHOCTBIO TaKUX METOJIOB SIBIISETCS
BBICOKAsI DKCIIPECCHOCTh WX OCYIIECTBICHUA. MccimenoBaHne MarHUTHBIX
XapaKTEPUCTHK TBEPABIX TEJ MO3BOJIIET OBICTPO OMPENETIATH XHMHUCCKHII
u ($a3oBBIA COCTaBbI, a TAaKXKE CTPYKTYpy MarepuaioB. Pazmuuaror mBe
TPYIIIBI METOJIOB, OCHOBAHHBIX HA U3MEPEHUU MAarHUTHBIX XapaKTEPUCTUK.

IlepBas Tpynma BKIIOYACT XapaKTEPHUCTHUKH, 3aBUCAIINE OT COCTaBa
Martepuana. K 3Toif rpymnme npuHaaiexkaT napaMarauTHas U JuaMarHUTHAS
BOCIIPUUMYMBOCTD, MHAYKIIUS HACHIILICHUS U Temneparypa Kiopu.

Ha xapakTepuCTHKN BTOPOI TPYIIBI OKA3bIBAIOT BIUSHHUE HE TOJIHKO
COCTaB MaTepuaja, HO M Je(EeKThl, CYIICCTBYIONIME B HEM, BKIIIOUAs MaJIbie
KonuuecTBa mpumeceil. K TakuM xapakTepUCTHKaM OTHOCSTCS HadyallbHast
MPOHUIIAEMOCTh M OCTaTOYHOEC HAMarHWYMBaHHE. OTU  BEJIMYUHBI
OTpaXKalOT HE TOJIBKO XapaKTEPUCTHKH MaTepwalia, HO W CIyXKaT It
OIICHKU €r0 CTPYKTYpPHI, a, CICAOBATEIEHO, MEXAaHUUECKUX U XUMUYECKUX
CBOWCTB (MeTOABl MarHuTHOW jaedekTockonuu). B 3THx Meromax
WCIIOJIB3YIOT OTKJIIOHCHHWE MATrHUTHBIX CHJIOBBIX JIMHAM OT CBOETO
MIEPBOHAYAJILHOIO HAIMpPABJICHUSA IMPH HAIW4YMKM Je(eKTa, BBI3BIBAIOIICTO
MOBBIIICHUE MATHUTHOTO COMTPOTUBIICHUSL.

CIICKTI)OCKOIII/ISI MAarHMTHOI'O pe3oHaHcCa

Meronpl saepHOrO MarHWTHOro pesoHaHca (SIMP) um anexktpoHHOro
napaMarHutHoro pe3oHaHca (OIIP) ocHoBaHBI Ha SBIEHMHM MarHUTHOIO
pe30HaHCa — M30MPATEIbHOM IIOIJIOIIEHUH 3JIEKTPOMATHUTHOIO M3ITyUYEHUS
ApaMy WM HECTIapEeHHBIMU JJIEKTPOHAMH, BpAILAIOIMMHCA B MAarHUTHOM
Tone.

Ecnn ananu3upyeMoe BEIIECTBO IIOMECTUTh OJHOBPEMEHHO B JBa
MAarHUTHBIX I10JI51, OIHO U3 KOTOPBIX ABJISIETCS IIOCTOSIHHBIM, a PYroe —
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BBICOKOYACTOTHBIM MEPEMEHHBIM, TO IPU ONPEAEIEHHOM COYETAHUHU MOJIEH
BEILIECTBO OYZET MOINIOIATh 3HEPrHI0 (IPOUCXOIUT SABJIEHUE PE30HAHCA),
YTO NPHUBOJUT K H3MEHEHHWIO CHTHaJa HA BBIXOJE BBICOKOYACTOTHOTO
ycunuTens W jAerekropa. [lorjoiieHue sHeprum CBS3aHO C MarHUTHOM
JWIIOIBHON TPHPOROH Bparmaromuxcst saep. PGeKT Nomydua Ha3BaHHE
SIIEPHOTO  MarHUTHOro pe3oHadca (SAMP). Paznmuuust B sHEprum
BpalllaTeNIbHBIX YpoBHEH B MeToze SIMP nposBnsioTcs B pagno4acTOTHON
YacTH CIEKTpa (10* = 10° T'w).

MeToa MarHUTHOTO PE30HAHCA IPUMEHUM HE TOJIBKO K sIpaM, HO U K
3NEKTPOHAM (JIEKTPOHHBIN NMapaMarHUTHBIN pe3oHaHnc, DIIMP nnmu OI1P),
MOCKOJIBKY IOCJIEAHME TakXKe HMEIOT CIMH M MarHUTHBI MOMEHT.
Paznuaus B sHepruw BpamaTeIbHBIX YpoBHEH B MeTone DI1P nmposBistoTcs
B MHMKpPOBOJIHOBO#T 06mactu crektpa (10" — 10" I'y). MeTon HenpumeHum
UIE OOHapYKEHHUS! CIIApPEHHBIX 3JCKTPOHOB, TaK KaK NpPU CIApPUBAHUH
MarHUTHbIE MOMEHTbI KOMIIEHCUPYIOTCS MU PE30HAHC HEe HaOII01aeTcsl.

Ipghexm pezonanca. CoriacHO KIACCHUSCKUM TIPEICTABICHUSIM
3apsDKeHHass 4acTHIa, HMMEIOIIas COOCTBEHHBI MEXaHMYECKHH MOMEHT
(CTIMH), MpH JBHKCHUU CO3[ACT MACHUTHOE MOJIE, T.€. XapaKTepH3yeTCs

COOCTBEHHBIM MarHUTHBIM MOMEHTOM g
—

[IpunaATO cimH AIeKTpoHa 0003HAYATh S , criuH sapa - [ . IIpoekmuro
CIIMHA 3JIEKTPOHA Ha KaKyI0-THOO OCh B MPOCTPAHCTBE (WaIle BCETO 7) —
yepe3 mg = +1/2 (COUHOBOE KBAHTOBOE YHUCIO 3JIEKTPOHA); U MPOEKIIUIO
CIIMHA sipa — uepes my = £1/2 (saepHoe CIMHOBOE KBAHTOBOE YUCIIO).

MarauTHeIf MOMEHT YAaCTHIBl CBSI3aH CO CIHHOM CIIEIYIOIUMH
COOTHONICHUSIMU:

s = -gs-Bs-S, (sl 2IeKTpoHa) (71)
—
1 = -grfrl, (uist sapa) (72)
e-h

e S = m - MarHUTHBI MOMEHT 3JIEKTpoHa (MarHeToH bopa);

e

m, — Macca 3JIeKTPOHa;

e-h
IBI_

= -——— - MarHUTHBIH MOMEHT f7pa (SIepHbIIl MarHETOH);
2m, -c

m, — Macca IIpoTOHa,

g — CIEKTPOCKONMUYECKHI (PaKTOp paciieryicHus (gs — 3JISKTPOHHBIH,
81— AJIepHBIN).
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Iockoneky m, >> m, (~ B 10° pa3), TO MarHUTHBI MOMEHT sapa
[1<<fs (MEHBIIIE BO CTOJIBKO K€ pa3).

Bpamaromuecss yacTunbl (spa) BeAyT ce0sl KaK MHKPOCKOITMYECKUE
MarHUTHI, IOATOMY OHU B3aMMOJCHCTBYIOT C BHEIITHUM MAarHUTHBIM TIOJIEM
(H). C no3unmii KBaHTOBO-MEXaHMYECKOH MOJEIM COCTOSHHME CIIMHA
(s,AEepHOT0) U MAarHUTHOTO MOMEHTA KBaHTOBaHbl. B OTCyTCTBHE BHEIIHETO
MarHUTHOTO TIOJSI COCTOSIHUSI YaCTHIIbI, XapaKTePU3YIOIIUECS CITUHOBBIMHU
KBAaHTOBBIMHA 4YHCIaMH *1/2, BBIPOXKAEHBI, T.€. UMEIOT OAHO M TO XK€
3HaueHHne HSHepruu (puc. 76a, ydactok I). Ilpm momemeHnn 9acTHIBl B
MOCTOSTHHOE MarHuTHoe mone (Hp) BEIpOXKJIEHUE CHUMaeTCs. B pe3ynbraTe
3TOTO SHEPTUU YPOBHEH C PA3IMYHBIMU CIIMHOBBIMHA KBAaHTOBBIMH YUCIIAMHU
(m; = +1/2, m;y = -1/2) oxa3pIBalOTCS HEpPaBHBI. OJTO BBIPAKACTCS B
pacuIeIUICHUH YPOBHEH DHEPruM B MarHUTHOM Toje - 3ddekt 3eemana
(puc. 76). Ilpu 3TOM »3IEMEHTAapHBIE MArHUTHI (SApa C Pa3IUYHBIMU
MarHATHBIMA MOMEHTaMH) COTJIaCHO KBaHTOBOU MEXaHHKE
OpHUEHTHPYIOTCS B n = (2[+1) mampasnenmsx. Eciom cymectByer (21+1)
BO3MOXXHBIX  OpHEHTalluii, TO WM COOTBETCTBYIOT CTOJIBKO  Ke
SHEPTEeTHYECKUX YPOBHEW. DTO O3HAYAET, YTO MPOTOH, HANPUMED, UMEET
JIBa TakuX ypoBHSA (V22 +1=2).

A
Hg
E H ny=-3/2
my=-1/2
(me=+1/2) —E=1/2-gfHe
my=-1/2
0 AE=hv=gnHy
m=+1/2 my=+1/2
(me=-1/2) —E=1/2-gfHs
m=+3/2 3
a &

Pucynox 76 — 3eemaHOBCKHE YPOBHHU: 4 - s/ipa (AIEKTPOHA) C SIIEPHBIM
crimaoM my = 1/2 (mg = 1/2); 6 — aapa ¢ saepHbIM CITUHOM 11y = 3/2
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3H€pFI/I}I ITUX ypOBHeﬁ CBs3aHa ¢ MArHUTHBIM MOMCHTOM 4YaCTUIIbI U
HaIpsKEHHOCTBIO IMTOCTOAHHOI'O MAarHuTHOI'O I10JIA:
—

pry
E = -u-Ho. (73)
Hampumep, 11t mpoToHa, UCTIoNb3ys BelpaxeHue (72), HoIyduMm:

— —
E =g pi-1-Ho. (74)
TIpuMeHUB NMpaBUIIO CKAJISIPHOTO MTPOU3BENCHUS BEKTOPOB, UMEEM:
E=g-pi-1-Hp cos =g i Ho ms, (75)
—>

TJI€ ( — YTOJI IPELECCUH, T.€. YTOoJl BPAIIEHU BEKTOPa U BOKPYT Hop.
[MoncTaBmnsisi COOTBETCTBYIONIME 3HAYCHUSI 111; = £1/2 B ypaBHEHUE ISt
SHEPTHH COCTOSIHUH o 1 f (puc. 76, a), moaydaem:

Ey=+%28- - Ho; Ey= Y2 81 Br- Ho.

Pa3HOCTE MEXIY SHEPTETUIECKIMH YPOBHIMH COCTABHUT:
AE=E,-Ep=+Yg,-p-Ho—(Ep=-Y28,- p;- Ho) = &~ P~ Ho. (76)

Takum o0pasom, AFE ompenemsercss TNPUPOIOH HYaCTHUIEI |
HaMpsHKEHHOCTHIO MPUII0KEHHOTO MOCTOSIHHOT'O MarHUTHOTO T0J1st (H)p).

Mexny paccMaTpUBaeMbIMU YPOBHSAMH MIPH HAJOXKEHUH NTEPEMEHHOTO
MarHutHoro mons H; (c dYacToToM V) NEpHEeHAMKYISIpHO K Hp
WHAYIUPYIOTCS TEpPeXOAbl YacTHIBI W3 HIDKHETO DHEPreTHYECKOTro
COCTOSIHUS B O0JIee BBICOKOE, - T.€. BOSHUKAET MarHUTHBII pe30HaHC.

SlBneHue MarHUTHOTO pE30HaHca I M30JMPOBAHHOIO  siApa
MIPOUCXO/INT, €CITU BBHITIOTHICTCS yCIOBHE:
hv(H,) = AE = g;- - Ho. (77
Pe3onancHoe mornomieHue HACcTyMmaeT TOrJa, KOrja 3acelICHHOCTH
YpPOBHEW pa3au4Hbl M KOrJa MorjionaemMasi 3HEprusi HE MPUBOAUT K
BbIpaBHUBaHUIO  (3PQEKT  HACBHINICHUS), a  PacHpOCTPaHACTCS B
OKPY>KaIOIYIO Cpely 3a CUET pelaKCallMOHHBIX MPOIIECCOB, B pe3yjibTaTe
YEro MOCTOSHHO OKa3bIBAIOTCA BO3MOXKHBIMU HOBBHIE MEpexoibl. Takum
o0pa3oM, pelakcalMOHHbIE TPOIECCHl  BO3BPAIIAlOT  CHUCTEMY B
PaBHOBECHOE COCTOSIHUE BCIIEACTBHE OE3BI3TydaTeNIbHBIX IIPOIIECCOB.
PaznuuaroT gBa TUMa  peNaKCAllMOHHBIX — MPOIIECCOB:  CIIMH-
pelIeTyaTyo (Ipo10ABHYIO) penakcaiuio u CIUH-CTIMHOBYIO
(momepeunyto) penakcaruio. CHUH-pelieTyaras pelaKkcanus CBsi3aHa C
nepeaaueit SHEPTUU AIEp OKPYKaIIIeH cpee (pEelIeTKe) U MPeBpalieHuEM
€¢ B TEIUIOBYIO, T.C. MOMIOIICHHYIO SHEPTUIO SApa OTAAIOT OKpYKarouei
cpene. COWH-CIMHOBAas peNakKcalys 3akiIiovaeTcss B OOMEHE JSHEeprHH
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MEXIy CIMHaMu dYacTull. [Ipm 3ToM szmpa ogHOro aToMa C BBICOKOM
SHEpruel nepenarT YacTb CBOEH SHEPTUH JPYroMy aToMy, HaXOAALIeMYcCs
B Oojiee HU3KOM DHEPreTHYECKOM COCTOSHHUH, T.C. AApa OOMEHUBAIOTCS
MOTJIOIIEHHOM »Heprued Apyr ¢ apyroM. Mepol 3TUX B3aUMOJAEHCTBUI
(penakcanuii) ciy’kaT BpEMEHa pellakCallud, COOTBETCTBEHHO, 1; u 1>,
ONpeNeJIAIONINE IIUPUHY JIMHUM PE30HAHCHBIX CUTHAJIOB M HX
pacuerieHne. XapakTepuctuku 1; u T, Kak ¥ g-(haKkToOpbl HCIOIB3YIOTCS
KaK [apaMeTpbl HIeHTU(DUKALNY.

[TpuBeneHHbIC BBIIE BHIKIAIKU JIs 00BsCHEHHS 3ddekTa snepHoro
MarHUTHOTO pEe30HaHca MPaBOMOYHBI W JUId ONMCAHUA  SABICHUSA
JJEKTPOHHOTO  MApaMarHUTHOIO  pe30HaHca, TI/A€ B KadecTBe
MHUKPOCKOIIMYECKUX MAarHUTOB CJIEAYET PaccMaTpUBaTh HE sJ[pa aTOMOB, a
3JEKTPOHBHI, obJagaroniue AQHAJIOTUYHBIMU MarHUTHBIMH
XapaKTepUCTUKAMHU.

Cpeocmea usmepenuii. Otnmpasch Ha ypaBHenue (77), HW3MEpEeHHUS
MarHUTHOT'O PE30HAHCa MOXKHO IIPOBOJUTH ABYMsI CLIOCOOAMHU:

a) BapbHpOBaTh YacTOTy IEPEMEHHOIO0 MAarHUTHOro moss (v;) HpH
MOCTOSTHHOM MarHUTHOM Hoje — Hop;

0) U3MEHATh HANPSHKEHHOCTh ITOCTOSIHHOIO MarHUTHOro mossd — Ho,
OCTaBJIsl HEU3MEHHON 9acTOTY IEPEMEHHOI0 MarHUTHOTO OIS — v, (Jaiie
B SIMP- n OIIP- cnekTpomeTpax peaau3yeTcs cxema, OCHOBaHHas Ha
UCIIOJIb30BaHUU BTOPOT'O BapUaHTA).

OOmast cxema CIEKTPOMETpa MarHUTHOTO PE30HAHCa IpelCTaBJIeHa
Ha puc. 77.

3

A

e

3

Pucynox 77 — CxeMa CIEKTpOMETpa MarHUTHOTO pPE30HAHCA!

1 — m3nmy4arens (MCTOUHUK IEPEMEHHOTO MarHUTHOTO 1ot — H;); 2 — pe3oHaTop
(TmornoImaronas sYeiKa ¢ BEImeCTBOM); 3 — MarHuT (MCTOYHUK IOCTOSTHHOI'O MAarHUTHOIO
noJis - Hp); 4 — IeTeKTop; 5 — yCUIUTENb; 6 — pErHCTPUPYIOLIEe YCTPOICTBO

B npuHmumne ans pe3oHaHCHOTO TOTJIOMIEHHS JOCTyIHa Jrodas
o0JacTp dYacTOT, OJHAKO TPAKTUYECKH OTO OrPAaHUYEHO Pa3yMHBIM
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BEIOOPOM  HANPSHKCHHOCTH  MarHUTHOro moins. Jlns  HaOmroaeHus
JJIEKTPOHHOTO pe30HaHCa HamboJee MPUTOAHA MHUKPOBOJIHOBAs 00JIACTb.
W3mepenus siAepHOro MarHUTHOTO PE30HAHCA, JJIE KOTOPOro 3HAUYCHUS g-
daktopa B 10° pa3 MeHbIIe, OCYIIECTBISIOT B BHICOKOYACTOTHON 0G/IACTH.
IloaToMy B KayecTBE MCTOYHMKA MEPEMEHHOTO MarHUTHOrO mnoJia B AMP-
CIIEKTPOCKOIIUU  CITY’)KHT PaAWOYacTOTHBIM reHepatop, a B OIIP-
CHEKTPOCKOIMM — 3JIEKTPOHHas TpyOka (kmuctpoH). OOpaszen (B
TOHKOCTEHHON CTEKJIAHHOW aMIlyjie) MOMEIIAl0T MEXIy IMOJcamMu
Marauta (3) B pe3oHarop (2) ® TOABEPrarOT  BO3CHCTBUIO
NEPHEHAUKYIIPHOTO K  HEMY  BBICOKOYACTOTHOTO  NEPEMEHHOIO
MarHutHoro mosst (1). I[Ipu COOTBETCTBYIOIIMX YAacCTOTE U3IIYYCHUS
reHepatopa ¥ HWHTEHCHBHOCTM MarHMTHOTO 1oyt  HaOiromaercs
MOTJIOIICHUE  SHEPTHHM, B  pe3yJbTaTe  KOTOPOTO  YMEHBIIACTCs
WHTCHCUBHOCTh ToJisl. Ero sHeprust mpeoOpasyeTcs 3aTeM MpH ITOMOIIU
nmerekropa (4) B TOCTOSHHBIH TOK, KOTOpBIM ycuinuBaercs (5) u
HaIpaBJIseTCs K perucTpupyromei ycraHoBke (6). CrekTp MarHUTHOTO
pezoHanca (puc. 78) mpexacraBiaser coOoil 3aBHCMMOCTH Toka (I) oOT
HANPSHKEHHOCTH OO0 TTOCTOSIHHOTO (H)), MO0 MepEeMEHHOTO MarHUTHOTO
mons (H).
Pucynox 78 —
l Bun cnekrtpa
MarHATHOTO PE30HaH-
ca CoeIMHeHUs

. ] :
Xy lL"H
ul_ J, | | ,/‘"\.O /"H ‘//‘j

L - L

CIICKTI)OCKOIII/ISI AJACPHOI0 MATrHUTHOI'0 PE30HAHCA

B 3aBucumoctu OT TOro, Ha fApax Kakoro 3JIEMEHTa IOJy4eH
CHTHAJI, PA3/IHYaloT METO/BI SAEPHOTO MAarHUTHOTO pe3oHamca: SIMP — 'H
(IpOTOHHOTO MarHUTHOTO pe3oHaHca — [IMP), SIMP — 1 F, SIMP — 3 C,
SIMP -*'Pu Ip.

Cnekrpockorus SIMP  wm3ydaeTr MarHWTHBIE TIEPEXOABI sIIEpP CO
CITMHOBBIMH KBaHTOBBIMU umciamu m; > 0. SIapa Takux atomoB, kak 'H,
Bc, PN, 7o, PF, P IpEeTEepEBAlOT B MarHUTHOM IIOJIE PACIICIUICHUE
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WCXOJHOTO SHEPIeTHUYECKOT0 YPOBHS. Pa3HOCTh HEpruil TeM OoJIbIie, YeM
0oJTbIIIe HANPSHKEHHOCTh MarHUTHOTO Tonist Hp (cM. ypaBHeHue 76). Ilpu
HEKOTOPON OMNpeNeIeHHOW YacTOTe NEPEeMEHHOrO MOdS V MPOUCXOAUT
MEPEOPEHTAIUSI MArHUTHBIX MOMEHTOB SIEp C IOTJIOLIEHUEM 3SHEPIUH.
Yactota v, mpu KOTOPOM 3TO MPOUCXOJUT, HA3BIBAETCA PE3OHAHCHOMU
yactoTod. llormomenne sHeprum peructpupyercs mnpudopom. CoriacHo
ypaBHeHuto (77) (ycimoBHe  pe30HaHCA) IOITIOLIEHHAas  DHEprus
MPOMOPIIMOHATBHA HAIPSDKEHHOCTH ToJs. J[711 KOHKPETHOTO OTHOIIEHUS
v(H,)/Ho sanepHblii g-GakTop WM TaK Ha3blBaeMOE THPOMArHHUTHOE
OTHOLIEHUE Y SBISCTCA BETUYMHOMN, 3aBUCSIIECH OT MPUPOIHI BEILIECTBRA.

VYpaBuenue (77) BBIIOMHSACTCA AJIA U30JHPOBAHHOTO S1Ipa, pealbHOE
K€ SIIPO HAXOAWTCS B MArHWTHOM TOJIE JIPYTHX SAEp M OKPYXKAIOMIMX
3JeKTPOHOB. [Ipy 3TOM MMEET MECTO SKPaHMPOBAHUE SAApa AIECKTPOHHBIM
o0nakoM, B pe3ysbTaTe 4Yero B JCHCTBUTEIHHOCTH HA SIPO JCHCTBYET
5(QPEKTUBHOE MATHUTHOE T10JI€ MEHBUIEH HANIPSUKEHHOCTH — [,

wa,(/)_ = (] - 6)'H0.

Ha KoHCTaHTy OKpaHHpPOBaHHMS G BIHAIOT BCE MapaMeTphl,
OTIpECTISIONIIE ANEKTPOHHYIO TNIOTHOCTH BOKPYT siipa. B mepByro odepenp
— BTO MPUPOJIa COCCAHUX ANEP U XapaKTep CBSI3U MexAy HuMU. [loaTtomy
JUTST OJWHAKOBBIX SIEP B Pa3HOM OKPY)KEHHU HAONIOMAIOTCA pas3HbIe
PE30HAHCHBIE YaCTOTHI, 00YCIOBICHHBIE XUMHYECKAM CIIBUTOM — O.

Takue XWMWUYECKHE CABUTH O U3MEPSIOT 10 OTHOIICHUIO K
TMOJIO’KEHUIO PE30HAHCHOTO CUTHAJIA KaKOT0-JIN0O STAJIOHHOTO COSIUHEHUS
B €IMHULAX U3MEPEHMSI, BBIPAXKAEMbIX B OJHOM MWUIMOHHON Joiu (M.A.,
ppm).

3HaueHUs J HAXOIAT W3 YCIOBHI HOPMHPOBaHHUS 1O OTHOIICHUIO K
CTaHIapTy:

J= M .10° = V=Ven .106’M‘H_
H cm v cm H

XHUMHYeCKHe CABUTH HE 3aBUCAT OT Hp M Vo, HO OHU XapaKTEepHBI IS
OTIpEeACTICHHBIX CTPYKTYPHBIX TPYIII.

B metone SIMP-'H 3a cramapT OGbIMHO NPHHMMAIOT MOTIOIMICHHE
sep TeTpaMETWICHIIAHA, COJAcpKaluxXx 12 paBHOLIGHHBIX MPOTOHOB.
Curan  TeTpaMeTWJICWJIIaHA  PETUCTPUPYETCS B BHAE  Y3KOTO
HEpaCHICINIEHHOTO (CHHTJIETHOTO) TTMKa, 0 KOTOPOTO MPUHAT 33 HYNb. st
npotoHoB Apyrux rpynn (CH, CH, CH; OH) nonoxeHue Mmuka 3aBUCUT
oT oOkpyxenus. Hampumep, B cmekrpe odrtanoma CH;CH,OH B
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COOTBETCTBHHM C TpeMs BUJAMU MPOTOHOB HAONIONAIOTCS TPU TPYIIIHI
TI0JIOC ToTJIOIIeHuS (puc. 79).

1 CH;

<CH- Pucynox 79 — IIMP cniextp
ATaHoNa

-0OH

Hp

AMP ¢ @ypve-npeobdpazosanuem. [Ins nosoieHus 3¢HEKTUBHOCTH
SAMP-ananuza ymoOHO OTKa3aTbcd OT TIOCIENOBATENBHOW pPa3BEPTKU
CITEKTpa B TOJIB3Y BO3OYXKIACHHSI BCEX BO3MOXKHEIX pe3oHaTOpoB. OOpazers
MOJBEPraloT  JACUCTBUIO M3JIyUYEHHUS, HECYIIEr0 BCE YacTOTHl U3
MHTEPECYIOIIEr0 SKCIIEPUMEHTAaTOpa IHala3oHa, a 3aTeéM IPOU3BOJAAT
Dypre-mpeodpa3oBaHue 3aBUCUMOCTH CUTHAIA OT BPEMEHHU B 3aBUCHMOCTh
0T 9acToTel. MeTo He TpeOyeT MpUMEHEHHS HHTepPEpOMETPa, TTOCKOIBKY
HETOCPEICTBEHHAs 00paboTKa CUrHAIa BO3MOXKHA B IIKaje BpemeHu SIMP.

Ilpumenenue AMP-cnekmpockonuu. Bo0O3MOXHOCTH, KOTOpPbIE
OoTKpbiBaeT MeToJ SIMP-cniekTpockonmuu il aHAIMTHUYECKHX IIENeH,
otpaxaer puc. 80.

Kauecmeennviii AMP-ananus. Meron IMP nmeeT BBICOKYIO LIEHHOCTh
npu uaeHtuukanuu BemectB. s SIMP cocraBieHbl aTiachkl CIIEKTPOB
(m3manmss  Aldrich, Sadler, Varian). MeTog 1O3BOISET  TaKKe
YCTaHaBIUBATh CTPYKTYPy XUMHUYECKUX coequHeHuid. OH MOXKET OBITh
UCTIOJIb30BaH Uil CepTH(UKAIMH, HAIPUMED, PACTUTEIBHOTO CHIPhS H
MPOAYKIMU Ha €r0 OCHOBE.

Konuuecmeennwiii AMP-ananuz. VIHTerpanbHble MHTCHCUBHOCTU Ha
SIMP-criekTpe NpONOPIMOHAIIBHBI YHCIY PE3OHUPYIOIIUX SIAEp B JaHHOM
rpymmne. OTo JenaeT BO3MOKHBIM IPOBEIEHHE KOTMIECTBEHHBIX OTPeIeIeHUN
JAHHBIM METOJIOM. BaXKHBIM JIOCTOMHCTBOM KOJIMYECTBCHHOIO aHau3a
MeToqoB SIMP sBnsieTcss TO, 4TO OH B OTJIMYUE OT MHOTHUX METOJIOB
(xpomatorpadusi, CHEKTPOCKONMsI) HE HYXIAeTCI B YHUCTOM oOpasie
OTIpEIETSIEMOTO BEIIECTRA.
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Pucynox 80 — Indopmanus, momydaemast U3 pe30HAHCHBIX CUTHAJIOB
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OpHako, TMpH HCHOJNB30BAHMH METOAa HEO0O0XOAWMO KaKoe-TH0o
UHIUBUYyaJbHOE BEIIECTBO B KadeCcTBE BHYTPEHHETO0 CTaHAapTa
(mampumep, B SIMP — "°F B kauecTse crannapra ucrons3yior CCLF).

Ipumepvr  ucnoavsosanua AMP-memooos. Kpyr coequHeHHi,
KOTOpbIE MOT'YT OBITh OIpEEIEHb! JaHHBIM METOJIOM, JOCTATOYHO LIMPOK.
OH BKIIOYaeT: OpPraHUYECKUE BEIleCTBa (B TOM 4YHCIE BEIIECTBa,
cojiepKalne BOJOPOJIHBIE CBSI3N), OunoNornyecKue OOBEKTHI
(ycTaHOBIIEHHE CTPYKTYPBl COEIMHEHHH, BXOAALIMX B COCTAaB KIETKH -
AMHUHOKHUCIIOT,  JIMIONPOTeHHOB,  (ocdonmumnumos), HeopraHuueckue
COCJTUHEHMS.

B xadectBe npumepa, WITIOCTPUPYIOLIETO BO3MOXKHOCTH IPUMEHEHUS
SIMP-criekTpocKONUM  JUIsi  YCTAHOBJICGHMS ~ KayecTBa  IPOMAYKIIUH,
paccMOTpHUM €€ HUCIOb30BaHNE B BUHOAENNHU. 3BeCTHO, UTO M30TOMHBIN
COCTaB pacTeHHH 3aBHCHT OT BHJA PACTEHUH, OT Cpelbl, B KOTOPOH
pacTeHHs IpoM3pacTaloT (COCTaB IIOYB M BO3AyXa, OCBELICHHOCTD,
BJIAKHOCTb, TeMIlepaTypa). B Hacrosmiee BpeMs pa3paboTaHa METOIMKa,
OCHOBaHHasi Ha crhekTtpockonuu SIMP, mo3Bonstomas ONpeAeIuTh
COJIep’)KaHUE M30TONOB Bojopoga (u yrimepoaa). «AMP-gerycranms»
MIO3BOJIIET OLIEHUTh KadeCTBO MPOAYKLIMM (HampuMep, NIpUMEHsUI JIH
MPOU3BOANTENb IPHU M3TOTOBIEHMHM BOJKM CIUPT W3 THIPOIM30BAHHOMN
LEJTI0N036l), YCTAaHOBUTh, B KaKOHl CTpaHe WM KakOM MECTHOCTH OHa
IpOM3BENIEHa, U JAaXe OINPEleNuTh BO3pacT (110 COJEP)KaHUIO H30TOIOB
yriepoja), 4yTo ObIBa€T OY€Hb BaXXHO JUISI yCTAaHOBJIEHUS IIOJUIMHHOCTH
BUHOZENbUECKOW mpoaykiuu. Tak, cnenuanuctamu ¢upmbl «EBpoanHC
HEKOTOpOe BpeMs Ha3aja ObLIO YCTaHOBJIEHO, YTO B HEKOTOPBIX BHHAaX
«boxose» - 70 TOOBUHBI CITUPTAa UMEET UCKYCCTBEHHOE MPOUCXOKICHIE
3a cueT A0OaBICHHOTO caxapa. B menom, MeToauKa MpUroaHa Ui OLCHKH
KayecTBa KaK CaMOI'0 pacTUTEIBHOTO CHIPhS, TaK U MIPOU3BEACHHON U3 HETO
npoxykiuu. TakuMm o0pa3oM, METOA MOXKET ObITh HCIIOJIB30BaH IS
CepTU(HKALNN BUHOJCIBYECKOU (CIIMPTOBOM) MPOIYKINHU U CHIPBAL.

Opnaxo, B ocHOBHOM SIMP-MeToap! ciykaT A Leneld yCTaHOBJIEHHS
CTPYKTYpBhl XUMHMYECKUX COEAMHEHHH, IOCKOJBKY HAIOT MH(QOpMAIHUIO O
OpUpOAE, KOJIMYECTBE, CTPYKTYpe, TI€OMETpUH, KpPUCTAIMYECKON
cumMeTpud u Jp. C HX MOMOIIBIO Yamle MPOBOIAT HIACHTHU(PUKAIHIO
BEIECTB, Mpu4YeM 3P (PEeKTHBHOCTD PEIICHUS TAKOH 3a7a4y BO3PACTaeT Mpu
coBMecTHOM paccMmoTtpernu SIMP-, K- (KP-) 1 MAC- criekTpoB.

B nocnemuue romet SAMP-cnexkTtpockomus in  sifu ¢ ycHexoMm
UCIONB3yeTCd TPH HU3YYEHUM MEXaHW3MOB XHMMHYECKHX pEakluH,
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HaIpuMep B IpoLiecce TOMOTeHHOT0 KaTanus3a. B aToM ciiydae XxumMuueckast
peakidsg TPOTEeKaeT B KIOBETE, pacmlojiokeHHoW B mosne SAMP-
CIIEKTPOCKOMNA, W MO H3MEPEHHUIO CIEKTPa B XOAE PEAKIMH MOXKHO C
YBEPEHHOCTHIO CYIUTh 00 U3MCHCHHHM XUMHUYECKOTO CTPOCHHSI BIUIOTH JIO
UACHTH(OUKAINN TPOMEKYTOYHBIX COSTUHEHHA.

CneKTpoCKONUs IEKTPOHHOI0 MapaMarHuTHoOro pezonanca (JI1P)

MeToa OCHOBaH Ha CIEKTPOCKONMMYECKOM HaONIOJCHUH IMEPEX0]0B
MEXIy pa3NuYHBIMH YPOBHSAMH OpHEHTAIlMH DJIEKTPOHHOTO CIIMHA.
HecnapeHHBII 3MEKTPOH BCJEACTBHE BpaIeHUs BOKPYT OcH oOnamaer
MarHUTHBIM CITUHOBBIM MOMEHTOM M CTPEMUTCS O] ICHCTBUEM BHEITHETO
MarHUTHOTO TI0JIS OPUEHTHUPOBATHCS B HANPABICHUU MOCIEIHEr0. DHEPIus
BO30YX/ICHHUS HECIAPEHHBIX JJEKTPOHOB JIEKHUT B MHUKPOBOJIHOBOM
00JTacTH M CBfA3aHA C HANPSHKEHHOCTHIO MOCTOSHHOIO MAarHUTHOTO TIOJIS
ypaBHeHueM  (77), B KOTOPOM g  SBJIAETCA  DJIEKTPOHHBIM
CITEKTPOCKOITMIECKUM (haKTOPOM pACIISIUICHHS, a [ TPEeICcTaBiIsIeT co0oi
MarHUTHBIM MOMEHT »dyieKTpoHa (MarHetoH bopa). Kak u B SMP-
CHEKTPOCKONHHU, sl ompeneneHHoro otHomenus V(H,)/H, g-daxrop
3aBHCHUT OT IPUPOJIBI BeulecTBa. s cBOOOIHOTO 3IIEKTPOHA OH IOCTUTAET
3HaueHmus gp = 2,00232, misd HecmapeHHBIX JJIEKTPOHOB B MOJICKYJIaX,
paavKaiax, aToMax, MIOHaX OH OTKJIOHSETCS Ha BEJTUYUHY Og:

g§=80+03g.

BenmnunHa u 3HaK Jg 3aBHCAT OT COCTOSHHS CBSI3BIBAHHUA M OT
CUMMETPHUH KPHUCTAIJIOB UIITF MOJIEKYIL.

CoenuHeHus, HE COAEpKAIIME IapaMarHUTHBIX LEHTPOB, MOXKHO
m3ydats OIIP Meromom, ecnmn WX mepeBecTH B CBOOOAHBIE palUKalbl.
IToaToMy Merom wMeeT 3HaY€HHWE IS BBIABICHUS U KOJHYECTBEHHOTO
oTpeiesieHHs CBOOOJHBIX PaHKaJIOB.

Wndopmanus, momyyaemasi METOJIOM 3JIEKTPOHHOTO MapaMarHUTHOTO
pe3oHaHca, npeacTapieHa Ha puc. 80.

OINP-criekTpocKomus Halula LIMPOKOe IPUMEHEHHE B UCCIIEIOBaHUIX
MOBEPXHOCTH BELIECTB M MOBEPXHOCTHBIX COEAMHEHUH (aaCOpPOLMOHHBIX
SIBJICHHU): TIPA U3yYCHUN (HU3HKO-XUMHUIECKUX CBOHCTB aicOPOCHTOB, MPH
aHaJIN3€ MOBEPXHOCTH T€TEPOTEHHBIX KaTaJn3aTOPOB, B GOTOXUMHUH H .

169



S Xpomarorpadpuueckue MeTobl

S5.1TeopeTnueckue 0OCHOBBI XpoMaTorpaguyecknx Mpoueccon

Xpomamoezpagpua — 1T0 JWHAMHYECCKHH COPOIIMOHHBIA METOM
pasmeneHus CMeceld  BEIIeCTB, OCHOBAHHBIH Ha  MHOTOKPAaTHOM
pacupesieliecHud BEIISCTB MEXIy JAByMs (azamu, OJHa U3 KOTOPHIX
HENOJBM)KHAS, a Jpyras — TOJBWXKHAs, KOTOpas HEMpPEepBIBHO
TiepeMenIaeTCs BJOIb HETIOABIKHOM (ha3bl.

Xpomarorpadust OTKpeITa U pa3paborana pycckum OotanukoMm M.C.
IJgemom B 1903r. Hcmonw3yss 3TOT METOA, OH YCIIEITHO pPa3eirl
PaCTHUTENBHBIN MUTMEHT XJIOPO(IILT Ha HECKOJIBKO KOMITIOHEHTOB.

B ocHoBe xpomarorpaduyeckoro pa3CIACHHUS JICKHUT IPOIECC
pacnpeneneHus pa3aenseMbIxX KOMIIOHEHTOB MEXIy JIBYyMS
HecMmemmBaromuMucs  pazamu. [IpoOy BBOAST B TOABIXKHYIO a3y,
KOTOPOW MOXET OBITh XUAKOCTh Win Ta3. [loxBmwkHas ¢a3a JBIKETCS
OTHOCUTEIIFHO HETOABIKHOW (ha3bl, HAXOMSIIEHCS B KOJOHKEC WM B
TUIOCKOM TOHKOM clioe. Pa3nuuusi B cuiie B3aWMOJIEHCTBHSI KOMIIOHEHTOB
npoObl ¢ HEMOABMXKHOM (ha3ol, T.e. pasnuuus B WX COPOIMOHHBIX
CBOMCTBAaxX MPHUBOJAT K TOMY, YTO KOMIIOHCHTHI TEPEMEIIATCS C
pa3IMYHBIMA CKOPOCTSIMH BJAOJNb CIIOSI COpOEHTa W TPH JOCTATOYHO
0OJBIIIOM BpEMEHH JIBIKEHHS Pa3AeIISIOTCS.

IMox copOyueli TOHWMAIOT TIOTJIONICHWE T[apOB, Ta30B  HIIU
PacCTBOPEHHBIX BEIIECTB JKUAKWMH WU TBEPABIMH MOTJIOTHTEISIMHU
(copbernmamu). OOpaTHBIA TIpoIleCC Ha3BIBACTCS decopbyueti. BemecTso,
KOTOpOe copOupyeTcsi, Ha3bIBACTCS COpOAMOM.

Paznmuyaror B o0IIeM ciydae 4eThIpe BUIa COpPOIMHU: ancopOIms —
TIOTJIONICHNE BEIIeCTBa HA IMOBEPXHOCTH TBEPAOTO WM JKHUIKOTO TENa;
abcopOIMsl — TIOTJIOIICHHE BEMIECTBA B 00BEME TBEPAOTO MM YKHIKOTO
Tena; XeMOCOPOIUsS — TOTJIONICHUE BEINECTB KUIKUMU WM TBEPIABIMU
copbeHTaMH ¢ 00pa3oBaHMEM XHUMHUYECKHX COCIMHEHWH; KalmuuIapHas
KOHJICHCAIUsl — O0pa3oBaHWe >KUJAKOH (a3bl B MOpax WIH Kaluuispax
TBEPAOTO cOpOEHTA MPH MOTJIONICHUY TAPOB BEIIIECTB.

B cootBercTBUM co cnocobom pazdenenus pa3inyaloT KOJIOHOYHYIO U
IJIOCKOCTHYIO XpOoMaTorpaduu.

B xon0HOYHOM BapuaHTe pa3jeiicHUE MPOBOIST B KOJIOHKE, B KOTOPOH
BCE KOMIIOHEHTHI MPOXOJISAT OHO M TO KE PACCTOSHUEC U PETUCTPUPYIOTCS
Ha BBIXO/IE U3 KOJIOHKH.
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B miockocTHOM BapuaHTe — Ha OyMare WM TOHKOM CJo€ copOeHTa
(bymaxkHasi, TOHKOCJIOWHAS XpoMaTorpadun).

lazoBast xpomarorpadus OCYIIECTBISCTCS TOJIBKO B KOJOHOYHOM
BapHUaHTe.

KugkoctHyro  xpomarorpaduio MOXHO OCYIIECTBUTH KaK B
KOJIOHOYHOM, TaK W B IUIOCKOCTHOM BapuaHTax. O0a OHM OCHOBAaHBI Ha
OJTHUX U TeX K€ (PU3UKO-XUMUICCKUX TPUHITUTIAX.

B Tabmmme 3 mpuBemeHa KiraccH(PUKAIAS METOIOB KOJOHOYHOM
xpoMarorpaduu B COOTBETCTBHH C TIPUPOION MTOABMKHONW M HETIOBIIKHOM
(ha3. Xpomarorpaduueckre METOIbI MOKHO KIacCU(DUITUPOBATH U C TOUKH
3peHus MeXaHu3Ma pa3jieicHus BemecTB. CaMbIMH BaKHBIMH W3 HHX
ABIAIOTCA  PACHpPENEeNUTENIbHBIA W aJICOPOIMOHHBIA  MEXaHW3MBI.
AncopOumonHast xpomaTtorpadus OCHOBaHA Ha HEMOCPEICTBEHHOM
B3aMMO/ICHCTBUU MOJICKYJI BEIIECTBA C IOBEPXHOCTHIO HEMOIBUXHON (ha3bl
(razo-tBepaodasHas, KUAKOCTHO-TBepAo(Da3Hass xpomarorpadus, Tadi. 3).
B pacnpeaenurensHO xXpoMarorpadud HEMOABIKHON (ha30U  CITYXKHUT
KUAKOCTh, UMMOOWIN30BaHHAs Ha TBEPJOM HOCHUTelNe (Ta30-)KUIKOCTHASI,
JKUAKOCTHO-XKHIKOCTHAsT ~ Xpomarorpagumn). Hpyrue MEXaHHU3MBbI
pazneneHust OyIyT pacCMOTPEHBI HUXKE.

TeopeTnueckue OCHOBBI XpOMATOrpa)UIeCKUX METOJIOB MOIKHO
PaccMOTpeTh MPUMEHUTEIHFHO K KOJIOHOYHOM XpOMAaTOrpaQuu.

B 3aBucumocTH OT cmocoba TepeMelIeHus aHATM3UPYEMOH cMecH
BJIOJNb  CIOS  HENOABIKHOM  (a3pl  pa3iM4aloT  MPOSIBUTENBHBINA
(3IOEHTHBIN), BRITECHUTEILHBIA U (PPOHTAITLHBIC METOBI XpoMaTorpaduu.

Ilposisumenvholll (9710eHMHbIL) MemoO 3aKITIOYaeTCsl B TOM, YTO
xpomaTorpadupyemMbie BemecTBa MEPEHOCITCA Yepe3 CION HEeMOoIBHKHON
(ha3pl MOTOKOM TIOJBWXKHOM (ha3bl — anr0enma, copoupyroierocs ciabdee
M000T0 BeIecTBa pa3ensieMoi cMec. Ha BBIXOze U3 CII0s HEMOIBUKHOU
(haspl pasneneHHbIe BEIIECTBA Pa3MENIAOTCs 30HAMH B TIOTOKE 2/H0ama
(moaBwxHas (haza ¢ pa3fensieMbIMA KOMIIOHCHTAMH CMECH), B TIPOMEKYTKE
MEXJIYy KOTOPHIMH BBIXOJUT YHCTBIA JIFOCHT. [Ipoiiecc BHIMBIBAaHUS
BEIIIECTBA U3 KOJIOHKU HAa3BIBACTCS AMIOUPOBAHUEM.

Buimecnumenvuuiii memood 3aKIOYaeTCs B IEPEHOCE pa3eisieMOM
CMECH TIOTOKOM TOJBMXKHOM (ha3bl — BBITCCHHUTENS, COPOUPYIOMIETOCS
Jydine Jr000ro U3 KOMIOHEHTOB cMecH. [Ipu aTom 06pa3yroTcs oTneasHbIe
30HBI, COJIEpKAIMe BEIIECTBA, PACIONAraloNIruecs B TIOPSAKE BO3pacTaHUs
UX COpOUPYEMOCTH.
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Tabmuua 3 - Knaccudukanuss MeToJ0B KOJIOHOYHOW XpoMaTorpaduu
TOYKH 3PEHUsI IPUPOABI TOBIXKHON U HENOABUKHOH (a3

Bug Ilogsuxuas |[Hemoasux- | Jdomunupy- Texnuka
Xpomaro- (haza Has (aza O Me- | BBIIOJ-
rpadun XaHHU3M HEHUS
pasaeNeHus
l'azoBass xpomarorpadus
l"azo- Tas Tsepmoe AncopOrnus Koio-
azcopo- TEJI0 HOYHASI
IMOHHAS
T'a30- Ta3 DKuakocTth Pacnpenene- | Kono-
KHUIKOCT- Ha mo- | HUe (pacTBO- | HOYHAs
Has BEPXHOCTHU peHue)
TBEPJIOTO
[HOCHTES
JKunkoctHas xpomaTtorpadus
TBepmo- Kunkocts Tsepmoe AncopOrnus Kogo-
KHUJIKOCT- TENo HOYHas,
Has mIoc-
KOCTHasi
Kunkocte- | JKugkocts PKunkocTs Pacnpenene- | Kono-
KUJIKOCT- Ha HUE HOYHas,
Has MOBEPXHOC- mIoc-
TH TBEPIOTO KOCTHas
HOCHUTEIS
Honoo6- Kuaxocts TBepnoe WNounnsrit Kononou
MEHHAs TEJIO o0MeH Had,
Ioc-
KOCTHast
DKCKITIO- Kunkocts Kuakocts | Juddysus Kogo-
3MOHHAs B Mopax | MOJIEKYI HOYHAs
res

Bo ¢ponmanvrnom memoode cMmech HENMPEPHIBHO MPOITYCKAeTCs Yepe3
CJIOH HEMOIBMXKHOH (a3el, MPH 3TOM OOpa3yIOTCS 30HBI, COAEPIKAIIUC
MOCJIEIOBATEIbHO YBEIMUMBAIOIICECS] YKCIO KOMIIOHEHTOB B TIOPSIKE
BO3pacTaHus NX COPOUPYEMOCTH.
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M3 omucaHHBIX  BBHIIIE METOAOB B XMMHYECKOM  aHaIM3e
MpeoONafaomuM  SBJISIeTCd  NPOABHUTENBbHBIA. B 3TOM  BapmanTe
xpomaTorpaduu mpo0y, pacTBOPEHHYIO B TOIBWXKHOU (aze, BBOIAT B
HAYaJI0 KOJIOHKH. 3aTeM Yepe3 KOJIOHKY MPOITYCKAIOT MOIBMXKHYIO a3y 110
TeX I0p, TIOKa Bce KOMIIOHEHTHI TPOOBI He Pa3esaTcs Ha OTAEIbHBIEC 30HHI,
MOCTIEIOBATENIEHO BRIUAYT M3 KOJOHKM M He OyIyT 3aperucTpupoBaHbl Ha
BBIXOJI¢ U3 Hee. HecMOTpss Ha NOCTOSHHYIO CKOPOCTb IEpPEMEIICHUS
MOJIBMKHOMN (ha3bl, CpelHssl CKOPOCTh NBM)KEHHUS BEIIECTB BIOJH KOJOHKH
OMpeAeIAcTCS CHION MX B3aUMOJCHCTBHS C HEHOIBMXKHON (azoi. Uem
CWJIbHEE BEIIECTBO B3aUMOJICHCTBYET C HEMOJBMXKHOW (a3oil, Tem
MeEJJICHHEE OHO JIBUKETCS, TEM JOJIbIIIEC HAXOUTCS B KOJIOHKE.

B xome  xpomarorpaduyeckoro  pa3felieHHsT — BEIIECTB
paccTosiHUs MEXAY 30HaMHU HENPEPHIBHO YBEIUYUBAIOTCS, B TO XKeE
BpeMsI caMU 30HBI HEMPEPBIBHO YIIMPSIOTCS, YTO CHIDKAET d(PPexT
pazaeneHusd. YIy4dlIuTh pa3eieHUEe KOMIOHEHTOB MOKHO 32 CYET
IBYX (DaKTOPOB: YBEIMUYCHHUS Pa3INuds B CKOPOCTSX JBIIKCHUS 30H
M yYMCHBIICHUA  yIIUpPEHUs 30H. YHWCIECHHBIE  BEIUYMUHBI,
XapaKTepU3YIOIIKe TO W JAPYroe SBICHUs, OYIyT PacCMOTPEHHI B
CIIEAYIOMX pa3aenax.

Xpomamozpaguueckue napamempoi

Jns  ommcaHWsS KOJIOHOYHOTO BapHUaHTa XPOMATOrpaduuecKoro
mpoliecca  UCHOJB3YIOT  METOA  BhIXOAHOW  KpuBoil. Ilpu  sToM
PETUCTPHUPYIOT W3MEHEHHE CBOWCTBa TIOTOKA JJI0aTa, COAEpIKaIlero
KOMIIOHEHTHI pazjensieMoit cMecu. KpuByto 3aBUCUMOCTH CBOMCTBA MOTOKA
aioata (KOHICHTPAUKMK WIH MPOMOPLHOHATIBHON €l BEIWYMHBI) OT €ro
o0beMa WM BpEMEHH DJIIOMPOBAHMS HA3BIBAIOT XPOMAMOZPAMMOIL.
XpomarorpaMmMbl  ObIBalOT  audepeHIHaNbHble,  MOKa3bIBAIOIINC
MTHOBEHHOE 3HAYCHHE KaKOTO-TH00 CBOMCTBA MOTOKA MOABIKHOM (ha3bl B
OTIpE/ICTICHHBIN MPOMEXYTOK BPEMEHHU, U MHTETPAIBbHBIC, TTOKAa3bIBAIOIINE
CyMMapHO€ 3HAYCHHE KakKoro-mubo CBOMCTBa MOABMKHON (as3bl 3a
OTpe/ICNICHHBI TMPOMEXYTOK BpeMeHH. Ha mpakThke wyamie BCero
UCIIOJIb3YIOTCS TIEPBBIC.

Ha puc. 81 mpencrasieHa uupeanu3upoBaHHas auddepeHiranbHas
XpomaTorpaMmMa CMECH JABYX BEIIECTB, KOTopas SBIsieTcs TpadudecKon
3aBUCHMOCTBIO  aQHAJUTHYCCKOTO0  CUTHana  (KOHIIGHTpAMK WU
MPOMOPIIMOHANBHON € BEIIMYMHBI) OT BPEMEHH XpOMaTorpadupoBaHUS
(MO)XKHO OT oOBeMa JIIFOeHTa). XpOoMaTrorpaMMa OOBIYHO COCTOHUT U3
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HYJIEBOM JIMHUM U T[HKOB, KOTOPBIE COOTBETCTBYIOT OTICIBHBIM
KOMITOHEHTaM aHATH3UPYEMOUN CMECH.

OCHOBHBIMHM TapaMeTpaMH XPOMATOTPa(pUUECKOTO IMHUKA SBISIOTCS
BpeMs YICP>KUBAaHU, €ro BBICOTA, ITUPHUHA U IUIOLIaAb. BeicoTa nuka (h) -
9TO TEPICHIUKYISAP, OMYIIEHHBIM W3 MaKCHMyMa ITMKa Ha HYJICBYIO
nuuuto. [Iupuna nuka () — OTPE30K, OTCEKAEMBIM Ha HYJIEBOW JIMHUU
KacaTeJIbHBIMU K CTOpPOHAM THKa, Ups — PACCTOSHUE MEXAYy TOUYKAMH
KOHTypa KA Ha CEpeIUHE €ro BBICOTHI. ILmomans mika paccuuThIBACTCS
o ¢popmyne S = h-ug,s ¥ SBISETCS MEPOH KOJIMUYECTBA BEIECTBA.

Crruan
BBOJ, Npobbl

"
:

Pucynox 81 - lnddepenunansHas XpoMaTorpamMmma:

1 - HyneBas JMHUS; 2 - MUK HECOPOUPYIOLIEToCs BELIECTBA; 3 - MUK ONpenensieMoro
BELIECTBA

Bpemsa  yoepoicusanusi (tg) — 3TO BpemMss ¢ MOMEHTa BBOJA
aHAIM3UPYEMOM CMeCH B KOJIOHKY JIO MOMEHTa DIIOUPOBAHUSI
MaKCHUMAaJIbHOTO KOJMYECTBA KOMIIOHEHTa (BpEeMs, COOTBETCTBYIOIIEE
JIOCTHXKCHUIO MaKCHUMyMma THKa). Bpems yaepKuBaHUs HE 3aBHCHUT OT
KOJIMYECTBA TPOOBI, 3aBUCUT OT MPHUPOJBI PA3CIICMbIX BEUIECTB U
HETOABIXKHON  (a3pl, TeMIepaTypbl, CKOPOCTH IOABIXKHON  (askbl,
napamMeTpoB  KOJOHKH. Bpems fy —  BpeMs  yIepKUBaHUS
HECOPOMPYIOIIETOCs BEIECTBA, YaCTO HA3bIBAEMOE MEPTBBIM BPEMCHEM.
OHo mpencraBisieT COOOH YUCTOE BpeMs HAXOXICHHS BEIIECTBA B
NOJBIKHON (aze. PazHOCTH MexIy OONmMM BpeMEHEM YJepXKHBaHUS U
MEPTBBIM BPEMEHEM Ha3bIBACTCS UCIIPABIICHHBIM BPEMEHEM Y/ICPKUBAHUS:
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trR=1tg-1ty (78)

UcmpaBnenHoe BpeMmsi  yIOEp)KUBAHUS COOTBETCTBYET  BpEMEHH
HAXOXKJICHUS BEIECTBA B HEMOABIDKHOW (haze ¥ SBISICTCS WCTHHOM
XapaKTEPUCTHKON YACPKUBAIOIICH CITOCOOHOCTH.

Jns XxapaKkTepuCTUKH yIEep>KUBAaHUS HAPSAY C g 9acTO HCHOIB3YIOT
TIOHATUE yoeprcusaemozo oovema (Vi) — oObeMa mOIBXKHOU (Dasbl,
HEOOXOMMOTO JIJIsl TOUPOBAHUS KOMITOHCHTA

VR = VIg, (79)
I7Ie v — CKOPOCTb NOABIKHOW (a3bl. VcnpaBieHHBIH yAep:KUBacMBbIi
00BEM COOTBETCTBEHHO PABEH

VR = VR — V(), (80)
rae V, - Tak Ha3bIBa€MbI MEpPTBBI 00BEM, KOTOPHIH BKIIIOYACT B CEOsI
00BEM KOJIOHKH, HE 3aHITBIA COpPOCHTOM, OO0BEM KOMMYHHUKAIUI
xpomaTtorpada OT yCTpOKWCTBa BBOJA MPOOBI 10 KOJOHKH U OT KOJOHKH JI0
PETUCTPUPYIOIIETO YCTPOICTRA.

I[Ipy  TOCTOSHHBIX  YCIOBHSAX  XpOMATOTpaUpOBaHHUS  BpPEeMs
yaepkuBaHus (fz) U yaepxkuBaeMblii 00beM (Vi) SBISIFOTCSI Ka4eCTBEHHON
XapaKTePUCTUKOHN BEIECTB M UCIIONB3YyeTCS B KAYECTBEHHOM aHaJIM3E.

OCHOBHOHM XapaKTEPHUCTUKOW YICPKUBAHHS, HamOojee OOBEKTUBHO
OTpaXKaOIIEH CTEIEeHb B3aMMOJCHCTBUS JAHHOTO BEIIECTBA C COPOSHTOM,
SIBIIICTCS  Koog@uyuenm emxocmu WIA @axkmop yoepocueanus k',
Koadduuumenr eMkocTH, B OTIHYAE OT BPEMEHHU VYICPKUBAHUS H
yAepKHBaeMOro  o0beMa,  3aBUCUT  TOJBKO  OT  MapaMeTpoB
xpomaTorpa)udeckod CHUCTeMbl (Tuma copOeHTa, COCTaBa »JIIIOCHTA,
TEMIIEPATypPHI U T.I1.) H HE 3aBUCHT OT T€OMETPUIECKHUX Pa3MEPOB KOJIOHKH
U CKOPOCTH TpOTOKa 3ioeHTa. KodpdummeHT eMKOoCTH TOoKa3bIBaeT, BO
CKOJIBKO pa3 BEIIECTBO JOJIbIIIC HAXOMUTCS B HEMOABIIKHOM (haze, ueM B
MONBWXHON. V3 OSKCHEpUMEHTaJbHBIX JAHHBIX €ro BBIUUCISIIOT 10
hopmyure:

k =tg/ty. ~(81)

OMIMPHYECKH YCTAHOBIICHO, YTO ONTUMAIIbHBIC 3HAYCHHS k JIexKaT B
mpexenax 1,5 — 4. Ilpu ciMmkoM MaiblX 3HAYCHHSIX kK KOMIIOHCHTHI
CIIMITKOM OBICTPO BBIMBIBAIOTCA W3 KOJOHKM W TIO9TOMY IUTOXO
pazaenstorcs. CMIIKOM OOJIbIINE BEIHYMHBI KOA(PGHUIIMCHTOB €MKOCTH
03HAYa0T OOJBINYIO JUTUTEIHHOCTh XPOMATOrpaMIECKOTo pa3IeIcHHS.

Ha  ocHOBaHMM  pacCMOTPEHHBIX  XapaKTCPUCTHK  MPOBOIST
onpezecHue cocraBa cMecH u OIICHKY 3¢ (HEeKTUBHOCTH
XpoMaTorpauIeckoro pasIeincHusl.
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DuzuKko-xumuueckue 0CHOBbL xpomamozpat[muecxozo npouecca

CKOpOCTh MepeMEIeHHS BEIIECTB B CMECH BJIOJIb CJIOS HETIOBUXKHOM
(haspl pa3IMYHA 33 CYET Pa3IHYU UX MEKMOJICKYISPHBIX B3aUMOICHCTBUI
C MOIBMXXHOW W HEHNOABMXKHOH ¢azamu. Yem cuiibHEe BEIIECTBO
B3aMMOJICHCTBYET C HEMOIABM)XHOM (a30ii, TeM MEIEHHEE OHO IBHKETCH,
TeM Oonblllee BpeMs OHO HAaXOIUTCI B KOJNOHKe. B  xome
XpoMarorpaduueckoro Tporecca KOMIIOHCHTHI TPOOBI  HEMPEPHIBHO
pacrpenemnstoTcss MEXIy BCE HOBEIMH W HOBBIMH TIOPITUSMHU HETIOIBHIKHOM
u moABWKHON (a3. Pacnpenemenue BemecTBa TpH  AOCTHKCHUU
paBHOBECHs XapakTepusyercs Ko3pduuuenTom pacnpeneneHus Kqe :

Cuenm)x[),
K, =S (82)
n008.¢.
THE Chenoog. M Cnooeg. — KOHIEHTPAIMA BEHIECTBA B HEMOJBIKHBIX H

HOJBMKHBIX (pazax coorBeTcTBeHHO. Koadduiment pacnpenenenus Ky, a
CJIeZIOBAaTENHHO, U COPOLIMOHHOE PAaBHOBECHE MOJIEKYJ, 3aBHCUT OT IPUPOJIBI
xpomarorpaupyeMoro BemectBa U ero comepkanus (mpu C<10” 1), ot
TIPUPOJIBI ITOIBMXKHOM M HEMOBIDKHOMN (a3, OT TeMIepaTyphl U IaBICHUS.

ITpu 60npIKX 3HAUEHUAX Ky, BEIIECTBO IPOABUTAETCA IO COPOEHTY
CPaBHHUTEIHHO MEIUIEHHO, MPH MallbIX 3HA4YeHHs X - ObIcTpo. Takum
00pa3oM, CKOpPOCTh JIBM)KEHHWS BEIECTBA BIOJh COPOEHTA OMpenemseTcs
BEJIMYMHONW KO3((UIIMEHTa pacHpeeliCHUsT U XapaKTEepHU3yeTCs TaKUMHU
SKCIIEPUMEHTANBHBIMI ~ BEJIMYMHAMH, KaK  BpeMs  ylIep>KHBaHU,
yaepKUBaeMbIil 00beM U K0P HUIIMEHT EMKOCTH.

[Ipu mocTossHHOUW TeMIiepatype COpOIHsI YBEIMYUBACTCS C POCTOM
KOHIICHTpAIIMH PAacTBOpa WM JABIICHUS IOABIKHOW (ha3bl. 3aBUCUMOCTh
KOJIMYECTBA TIOTJIOMIEHHOTO BEHIECTBA OT KOHIIGHTPAIMK PacTBOpa HITH
JIABJICHUS Ta3a MPHU MOCTOSIHHOM t° Ha3bIBaeTCs U30TEpMOi copOrmu (puc.
82). MareMaTuyeckd 93Ta 3aBUCUMOCTh BBIpaXKaeTCi YpaBHECHUEM
Jlenrmropa:

bc

a,——,
1+ bc
€ a - KOJUYECTBO COpPOMPYEeMOTro BEIIECTBA TPU DPABHOBECHUH; Q. -
MaKCUMaJIPHOE KOJIMYECTBO BEIIECTBA, KOTOPOE MOXET OBITh COPOUPOBAHO
Ha JaHHOM copOente; b=k/k, , k; u k; - KOHCTaHTBI CKOPOCTH IPOIIECCOB
copOIMH M JIeCOpONMU. ¢ — KOHIICHTpaIus BeliecTBa (B acopOIMOHHON

(83)
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xpomaTorpauu ¢ — KOHIICHTpAIUsl BEIIeCTBA Ha CIUHHILY MMOBEPXHOCTH
MOJIB/CM?).

B oOnactm HEOONBIIMX KOHIIGHTpalMii H30TepMa JIUHEWHA U
ypaBHeHue JIeHrMiopa MepexoquT B YpaBHCHHE JIMHEHHOW H30TEPMBI
cop6mmu (ypaBHuenue ['enpn):

a=a,bc=rIc, (84)
rae I” — xoaddumment ['eHpH, KOTOPEIN PaBeH OTHOIICHUIO KOHIICHTPAIIUU
BEIIECTBAa B HEIOJBM)KHON M MOJABMXKHOHU (haszax. Bemiecrsa ¢ Menpmum [”
BBIMBIBAIOTCA U3 COpPOEHTa Jierde, W CKOPOCTh WX IEpeMEemeHHs OyaeT
OombIie.

CymiecTByeT TpH THIIA W30TEpM COpOIMH - JIMHEHHas (W30TepMa
I'enpwm), BEIyKITast (n3oTepma Jlenrmiopa) u Borayras (puc. 82).

C‘.ﬂ.\ﬂ
Pucynox 82 - ®opwmsl
2 HU30TEPM COpOITHH:
1 - nuneliHas (u3otepma ['enpn);
1 3 2 - Beykiag  (u3oTepma
Jlenrmropa); 3 - BoruyTas

CA. n

M3otepmbl  JleHrMIOpa TIPEACTABISIOT  COOOW  BBIMYKIBIE  I10
OTHOLICHHUIO K OCH abCIycC KPUBbIe, KPUBU3HA KOTOPBIX YMEHBIIAETCS IO
Mepe MOBBIILEHHUS TEMIEepPaTyphl, PE3KO CHUXKAIOLIEH BEITHMYHHY COPOLIMH.
B cmyuae BorHyTO#i M30TE€pMBI COpOIMM COPOLMOHHOE HACHINICHHUE HE
JOCTUTAeTCs, TaK Kak IpeoOsazaer Ooyiee CHIBHOE B3aMMOJICHCTBHE
MOJIeKyJ copOaT - copOaT mim copbar - moABukHas (aza, yem copoar -
copOeHT. B xpomarorpadun npennounTarot paboTaTh IMEHHO B JIMHEHHBIX
o0lacTAX H30TEpM, TaK KaKk B ATOM CIIydae CKOPOCTh IEpPEMEIICHUS
BemecTB (Vi) HE 3aBUCHT OT HX KOHIECHTPAallUH, a OIpeenseTcs
ko purmentom I'enpu.

dopma HU30TEPMBI copOormu OTIpeNeIsIeT hopmy
XpoMaTorpaduuecKoro MuKa.
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Ha puc. 83. mpeacraBieHbl CXeMbI pacIpeleficHHs pa3iensieMbIX
BEIIECTB IO CJIOI0 COpOEHTa M XpPOMAaTOrpaMMBbl, COOTBETCTBYIOLIHUE
pa3nuyHbIM (hopMaM U30TEPM COPOLIHH.

n {'A.. n Cﬁ- n

Pucynok 83 - Cxema pacripesienieHrs: XxpoMaTorpadupyeMoro BeiecTsa mo
CJIOI0 COPOEHTA U COOTBETCTBYIOIINE XPOMATOIPaMMBI:

a - pHU JIMHEWHO# n3otepme copOLmu; O - MpH BBIMYKJIOH H30TepMe COPOLIMH; B - IIPH
BOTHYTOU M30TE€pME COPOLUH

Ilpu nuHelHHOW COpOIMU BemecTBa HAOMIOMACTCS CHMMETPHUIHBIN
xpomarorpadudecknii ik (puc. 83a). [Ipu BBITYyKII0H H30TEpME COPOIIIH
30HBI C OOJBIICH KOHIEHTpAIMeW OyAyT IBUTAThCA ¢ Ooyiee BBICOKOU
CKOPOCTbBIO, BEPXHsIsl TPAHHUIIA 30HBI pa3MBIBAETCS M 00pa3yercs "XBOCT" Ha
xpomarorpamme (puc. 830). Ilpm BOTHYTOI HW30TEpMe COpPOITMU 30HBI C
OorpIielt KOHIIGHTpAIMedl OyIayT HBHUTaThcs C MEHBIEH CKOpoCcThio. B
3TOM cliy4ae  TPOUCXOIUT  YIIMPEHUE TIEPETHETO ¢poHTa
xpomarorpaduaeckoro muka (puc. 83s).

CyIlieCTBEHHBIM OTIIMYUEM PACTPEICIUTENILHOW XpoMaTorpaduu OT
a7IcCOpOITMOHHOM SBIISETCS TO, YTO M30TepMa abcopOuuy JinHelHa B OoJiee
IIMPOKOM WHTEPBase KOHICHTPAIIHIA, YeM U30TepMa aJICOPOIIHY.
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Kpumepuu rgphexmuenocmu xpomamozpaghuueckozo npoyecca

Jlnst ormcaHus XpoMaTorpapuueckoro mporecca W3BeCTHO HECKOIBKO
Teopuil. CyliecCTBEHHOE 3HAUCHHUE UMEIOT TEOPUS TEOPETUUECKUX TAPEIOK
Y KHHETHYECKask TEOPHSL.

Teopua meopemuueckux mapenok TPAKTyeT XpoMaTorpaduyecKuit
MpOoLIeCC KaK CEPUI0 MOCIEAOBATEIbHBIX OJHOKPATHBIX aKTOB pPa3eiCHHUS.
Coznmarenu stoi Teopun Maptua n Cuamk (Hobemesckas mpemust 1952 r.)
BBEIM TMOHATHE 4YHCJIAa TEOPETHYECKUX Tapelok (N) © BBICOTHI,
SKBHMBAJIEHTHOM TeopeTtndeckoi Tapenku (BOTT, H).

Teopus TEOPETUUYECKUX  TapeloK BBOAUT  JOMYILIEHUE, YTO
XpoMarorpadWdecKuii CJIOW COCTOMT W3 psAla pPaBHOBECHBIX 30H
(Teopetnueckux Tapenok). [log TeopeTHyecKod Tapelkol NOHUMAETCA
YCJIOBHBIM yYacTOK KOJOHKH, B Mpeaenax KOTOPOro YCTaHaBIIUBAETCS
pPaBHOBECHE YaCTHUI[ XPOMATOrpadUpyeMOro BEIIECTBa MEXITY IOJIBUKHOM
U HEMOJBIXHOU (a3amu. [IBIDKEHHE BEIECTBa BJOJb KOJOHKH MOXKHO
MPEACTaBUTH KaK MOCIEAOBATEIBHBIN €ro NepeHoC ¢ OTHON TEOPETUUECKOM
Tapesku Ha Ipyryro. Uem OoJbIe TEOPSTHYSCKUX TAPEIIOK B KOJIOHKE, T.€.
4yeM OoJIbIllee YUCIIO Pa3 yCTaHABIMBAETCsS paBHOBecHe, TeM d(hdekTuBHee
KOJIOHKAa ¥ TeM YK€ TIMKH Ha XpOMAaTorpaMMe.

KonnuectBennoit Mepoil 3¢ ¢deKTHBHOCTH  XpoMmatorpadudeckoit
KOJIOHKM CIIY)KUT 4YHCIIO TEOpeTHUeCcKHux Tapesnok (N), KoTopoe
PacCcUMTHIBAIOT HEMOCPEICTBEHHO M3 XPOMATOTPAMMBI:

N = 5,54(tp/ 1 o5)’. (85)
Jnst cpaBHeHUS 3P PEKTUBHOCTH PA3IUIHBIX KOJIOHOK HCITONB3YIOT
BBICOTY (H), DKBUBAJICHTHYIO TeopeTndueckoit Tapenke (BOTT):
H=L/N, (86)
rae L — niouHa ciiost copOeHTa (KOJIOHKH), CM.

Bemmunna H — 3T0 BBICOTa CIIOSi COpOEHTa, B 00BEME KOTOPOTO
JIOCTUTaeTCs OOHOKPATHOE PaCIIpEACsICHUE BEIIECTBA MEKY MOJBUXKHON U
HEeMmoABWXHON ¢aszamu. Yem wMenbme H, TeM yxe TNHKH Ha
xpomarorpamme. B ciydae BBICOK0I(D(DEKTUBHON KOJOHKH pa3MbIBaHHUE
MOJIOC HEOOJbINOe, MUKKA y3Kkue, BenmnumHa H cocraBmser 0,3-1 mm. B
UcaTbHOM citydae H mpuOImkaeTcs K AnaMeTpy 3epHa COpOeHTa.

CnemyeT OTMETHTh, UYTO BeldWMYMHA [ HE MOXET CIyXHUTb
XapaKTePUCTUKON YETKOCTH XpOMAaTOTpauuecKoro pas3/ieieHHs BEIIECTB,
a SIBJISICTCS JIWIIb MEPOU pacIIMpeHwusl hKa. TepMoanHaMUIecKuid PakTop
pasMbBIBaHHMS CBsi3aH C  (GopMoOH HM30TepMbl copOmmm. Pa3mbiBanme
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XpomaTtorpaduuecKkoi 30HbI OyIneT cUMMeTpu4HbIM (0e3 aedopmannu) B
TOM cllydae, €CJIH paclpelielicHHe BEIeCTBa IOMUUHSCTCS JIMHEHHOW
n30TepMe copOIuu.

Teopusi TEOpPETHUECKUX TapeloK MJaeT BO3MOXKHOCTb CpPaBHHUTH
3(PEKTUBHOCTh PA3NMYHBIX KOJOHOK, OIICHUTH KadeCcTBO COpPOCHTa M
3aIlOJTHEHUSI KOJIOHKH, HO OHA SIBISICTCS JIMIIb MPUOIMKEHHONH MOJIENBIO
ABJICHWH, peaJbHO NPOMCXOAALINX B KoiloHKe. Ha camom jene
xpoMmarorpadUuecKuil  mporecc  SBISETCS HE  MEePHOJANYECKAM, a
HenpepbiBHBIM. COCTOSIHAE paBHOBECHS Mexay (a3aMu, Kak MpaBuiio, HE
Jocturaercs. Teopuss TEOPETHYECKHX TapeloK HE YYHUTHIBACT peajbHbIC
(u3nUeckre MpoLecch B XpoMaTOrpauueckoM Cioe, TaKUe KaKk KHHETHKa
nepeMeIlieHnsT MOJABIKHONW (asbl, pasnuyable BUAL TUPPy3uu. OTH
SBJICHUS HALITK CBOE OOBSICHEHUE B KHHETUYECKOH TEOpHH.

Coenacno kunemuyeckou meopuu pa3MbIBaHUE XpOMaTOrpapuIecKux
NUKOB  OOYCIIOBIICHO, TJIaBHBIM  00pa3oM, TpeMs HE3aBUCHMBIMU
NpOoIlecCaMH,  BKJIQJ KaXJIOTO W3 KOTOPBIX MOXET OBITh OIICHEH ¢
MOMOIIIBbIO YpaBHEeHUs BaH-/{eemTepa:

H=A+ BNV +Cv, 87)
IJie v — TUHEeHHAasi CKOPOCTh MOTOKA.

Cnaraemoe A omnpexnensier Bknax B BOTT Buxperoit auddysum,
KOTOpasi BO3HHMKACT M3-3a PA3IUYHBIX MyTeH MOTOKA TOJBMKHOHN (ha3bl
(raza, JKHIKOCTH) MEXKIY 4YacTHUIIAMH HEMOJBIDKHON ¢a3pl. CKOpOCTh
MepeMEIeHNsT MOJIEKY T BEIIECTBA TOABIKHOMN (a3l o 0osiee MIHUPOKHM
KaHajJaM MEXJy YacTUI[AMH HETOABIDKHOM (hasbl BHINIE, YEM MO Y3KHUM
KaHajgaM. BenmnuumHa A 00paTHO HPONOPLHHOHAIBHA KO3(DPHUIUCHTY
muddy3un B MOABMKHON (ha3e U CBA3aHa (IIPOMOPIHOHAIBHA) ¢ pa3MEPOM
YaCTHIl HEMOBMKHOH (Pa3bl U TMaMETPOM KOJIOHKH.

Crnaraemoe B/v oTpakaeT MOJICKYJSIpHYIO (ITpOoJ0abHYI0) auddysuto,
CBSI3aHHYIO C TPOJIOJBHBIM XaOTHYHBIM JIBUKCHHUEM MOJIEKYJ BEIECTBa B
NOJBIDKHOU (haze. DTO €AMHCTBEHHOE CllaraeéMoe, BEIWYMHA KOTOPOro He
3aBUCHT OT Pa3MEpOB YaCTHIl HETIOABIKHOM (pa3sl. OHa MPONOPIHOHAIEHA
koddduimenty auddy3un MOJCKyJa BellecTBa B IOJABMXKHOH (aze u
BO3PACTAET C YMEHBIIICHHEM €T0 MOJISIPHON MAacChl.

B xuakoctHOW XxpomaTtorpaduy BCIEICTBHE MaJlOTO 3HAYCHUS
koadduimenta quddy3ur M0 CPaBHCHHIO C aHAJOTUYHON BEIMYMHON B
ra3oBoii  xpomarorpapuu  ciaraéMbiM B  9acTo  mpeHeOperaror.
MonekynspHas audQy3uss BHOCUT CYIIECTBCHHBIN BKJIAJ B pPa3MbIBaHUC
30HBI ITPYU MaJIBIX CKOPOCTSX TOTOKA MOABMXKHOM (ha3bl.
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Koncranra C  XxapakTepusyeT TMpOIECCHl  MaccolepeHoca K
HENOJBMKHOHN (pase u oT Hee. Pa3MbIBaHNEe 30HBI MPOUCXOIUT BCIECTBUE
pa3HOTO BpEMEHH MpeOBIBAHUS MOJICKYJIBI COPOMPYEMOrO BEIIECTBA B
COpOCHTE M3-32 Pa3HOW TITyOWHBI TOP WIK BCIICJCTBUE MPOHUKHOBCHUS Ha
pasHyIo TIyOWHY B JKHIKYIO IUICHKY HETOIBIDKHON (a3wl. J[ms Kumkoi
HETIO/IBIKHOM (hasbl mpeodiajaroniM MEeXaH|3MOM Pa3JICieHUs! SBISETCS
pacnpeneNuTeNbHbIA. B 3TOM citydae pa3MbIBaHHE ITUKOB YBEIIMYHBACTCS C
YBEIMYEHHEM  TONIIUHBI CJIOS HWMMOOWIN30BAaHHOW  JKHUAKOCTH U
yMeHblIeHUsT K03 uiueHToB auddy3ud B HEMOABWKHOW ¢asze. s
TBEP/ON HEMOJBMXKHON (ha3bl CKOPOCTh MAacCOIEPEHOCa OIpPEeeNIIeTCs
CKOPOCTBIO TMPOLIECCOB aJCOPOIMU U JecOpOLHH.

Uem meHbliie kod¢pbuiuentsl A, B, C, TeM MEHbIIE BKJIa Pa3IMIHbIX
BUJOB MU(QY3UH B IMPOIECC pa3MbIBAHMS BEIIECTB, TEM YK€ IMUKHA Ha
xpomaTtorpamme. CyIecTByeT ONTHMalbHAs CKOPOCTh IOTOKA, TIpH
KOTOpoil H — MUHUMAaJIbHA.

KpuBas 3aBucumoctn BOTT oT ckopoctnm MOABIKHON —(hasbl
IIpeJICTaBJIeHa Ha pHC. 84.

H A

H min

v

Vonm 1%
Pucynox 84 - 3aBucumocts BOTT 0T ckopocTn moaBHXHOM (hazbl

OTH 3aBUCHMOCTH JJIsI Ta30BOM M JKUAKOCTHOH XpOMaTorpaduu
HECKOJIBKO OTIMYaloTCA. sl JKMIKOCTHOM Xpomartorpaduy MHHUMYM
JISKUT MPU 3HAYUTEIBHO MEHBIIUX CKOPOCTSX, 4eM Il ra3oBoil. CTonb
MaJjible CKOPOCTH B PEalbHBIX XPOMATOTPpahUUeCKUX pa3AeIeHHIX BooOIe
He ucnonb3ytorcs. Benmnunna BOTT B )KUAKOCTHON XpoMaTorpaduu Takxke
3HAYUTENIHO MEHbIE, YeM B Ta3oBod. OOHaKO B JKHUAKOCTHOM
xpomaTtorpadur OOBIYHO NPUMEHSIOT OoJiee KOPOTKHE KOJOHKH (25-50
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CM), 4yeM B ra3oBoil (o 50 M), Mo3TOMY YKCla TEOPETUUECKUX TapejoK B
000X METOAaX OKa3bIBAIOTCS COTTOCTABUMBIMH.

IIpu xpomarorpapudeckoM pa3fciieHUHM BCETJa CTPEMSTCS ITOCTHYB
BBICOKOH 3()()EKTUBHOCTH MPU MAIOH MPOJODKUTEIBHOCTH aHaIu3a. JTO
OKa3bIBaeTCA BO3MOKHBIM, €CIIM 3aBUCUMOCTh H OT CKOpPOCTH TOTOKa
BBIPAXaeTCsl IOCTATOYHO MOJIOTOM KPUBOH.

Hns ymenpmienuss BenmuuudHbl BOTT cymectByroT craemyroiue
BO3MOKHOCTH:

- YMEHbIIEHHE pasmMepa YaCTHIL u TOJIIIMHBI cios
UMMOOWITM30BaHHOW XKHUIKON HETIOABIKHOM (ha3bl;

- YBEJIMYCHHUE OJTHOPOJHOCTU Pa3MEPOB YACTHII HETIOJABIIKHON (a3bl
Y YIIaKOBKH KOJIOHKU;

- YMEHBIIICHHE BHYTPEHHETO JHAMETPa KOJIOHKH;

- WCMOJNIb30BAHWE HETOABWKHBIX (a3 ¢  BBICOKUMH  KO3(-
durmenTamu AUPQPy3uH U TOABMKHBIX (a3 ¢ HU3KUMHU KO3(PPHUIIMEHTAMU
mubdysun. B rasopoii xpomatorpadun kodddunuentsl auddysun B
MOJIBMXKHOM (Ta30BOM) (pa3e CyIIECTBEHHO YMEHBIIAKTCS C YMEHBIICHUEM
TEMIIEPATYPBHI.

ITockonbky k03D duIMeHTs AUGIY3UH IS Pa3TUYHBIX MOJIEKYJ
pa3IuYaloTCs, CTENCHb YIMUPEHUS MHKA 3aBHUCHT OT MOJSIPHOM MAacchl
BemiecTBa. J[ms ManlbIX MOJIGKYn pa3MbIBaHUE ITUKOB, KakK TMPaBUIIO,
MEHBIIIE.

PazgenmurensHass  COCOOHOCTH — XpoMarorpaduyeckoro  MeTona
ompezaenseTcss Kak 3((EKTUBHOCTHIO KOJIOHKH, TaK M CEIIEKTUBHOCTHIO
HEIOABMKHOMN (ha3bl.

B ocHOBe CEJIeKTHBHOCTH HEMOABIDKHOW (Da3bl JIEKHUT pa3Indue
MEXMOJICKYISIPHBIX B3aUMOJICHCTBHI XpoMaTOrpadUpyeMbIX BEHIECTB C
HETIOJIBUKHON (hazoii. Oo6mas SHEPrus MEXMOJICKYJISIPHBIX
B3aMMOJCWCTBUN  CKJAIbIBACTCA W3  DHEPrUM  JUCIIEPCHOHHBIX,
WHAYKIMOHHBIX M OPHEHTAI[MOHHBIX CHWJI M 3HEPTUH CHEIH(PHISCKOro
B3aMMO/ICHCTBUSI.

JucnepcuoHHBIE  CHJIBI  BO3HHKAIOT MEXAy JIOObBIMEH  (maxe
HETNOJISIPHBIMK) YacTULAMH. OTH CHJIBI OOYCJIOBJIEHBI HETIOCTOSHCTBOM
JNIEKTPOHHON IUIOTHOCTH B OYCHb MAaJbIX IPOMEKYTKaX BpeMeHU. B
mo00W MOMEHT BPEMEHH B pe3ylbTaTe HENpPepPhIBHOTO IBIKEHUS
3JIEKTPOHOB MOJIEKYJIBI 00JIaa0T TUTIOIFHBIMA MOMEHTaMH, CO3AI0IINMHU
JNIEKTPOHHBIC TIOJNS, KOTOpPhIE WHAYIUPYIOT [WIONH B MOJEKYJax.
JlucrniepcuoHHBIC B3aUMOJICHCTBUS MPOSBISIOTCS TOJHKO HA OYCHBb MAaJbIX
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PacCTOSHUAX U U3MEHSAIOTCS] IPONOPLIHUOHAIBHO 1//°. Oun YHUBEPCAIbHBI U
XapaKkTePHBI IS TIOOBIX aTOMOB U MOJICKYI.

TTocTOSIHHBIN TUTIONBHBIA MOMEHT MOJIEKYJIBI £/ MOXKET UHAYLIUPOBATh
JIATIOJIbHBIA MOMEHT B coceHeN MoJiekyse. MHIyIupoBaHHbBIN JUTIOIBHBIN
MOMEHT BCETJa HalpaBlIEH B CTOPOHY HMHIYLMPYIOLIETO TUMONA. Takum
o0pa3oM, MEXAy JIBYMs MOJCKyJaMH BO3HUKAET WHAYKIIMOHHEIC
B3aMMOJICUCTBHYSI, TAK)KE BIUSAIONINE HA Pa3Ac/ICHAC BEIICCTB.

OpHUEHTAIIMOHHBIE CHUJIBI BO3HHUKAIOT BCICACTBUE CTPEMJICHHUS K
SHEPTreTUYECKHU BHITOJHOM OpUEHTALUU MOJIEKYJ, UMEIOIINX MOCTOSHHBIE
JIMIIOJIH.

Crnenmdudeckue CHIBI B3aWMOJCHCTBHSA - 3TO BOJOPOIHAS CBS3b,
JIOHOPHO-aKIIETITOPHOE B3aMMO/ICHCTBHE, KOMIIEKCOOOpa30BaHUE U T. 1.

Jlns  XapaKTepUCTUKKA  CEJIEKTUBHOCTH  HEMOABMKHOW  (hasbl
PacCUNTBIBAIOT KOdphuyuenm cenexmusnocmu o 1no Gopmyiie

a=1tptst’r; =k k| (88)

Ie tg; W fg, — UCTIPABJICHHBIC BPEMEHA yICPKMBAHMs JBYX BEIIECTB.
Pasnenenne BemiecTB B JaHHBIX YCJIOBHSAX BO3MOXKHO, eciau o > 1.
KoadduiueHT cenekTHBHOCTH pacTeT C yBelIWdYeHHWeM k°, HO JTa
3aBUCHMOCTh HEIIMHEWHA, W TPUPOCT O OU[YTUM NpPU YBEIWYCHHU k~
npuMmepHo 1Mo 3 - 4. CnumkoM OONBIIOE W3MEHEHHE CEICKTUBHOCTH
MPUBOJAT K BO3pAaCTaHWIO BpeMeHH aHanmm3a. OmgHako KoddduimeHt
CCJICKTHBHOCTH XapaKTepU3yeT TOJHKO B3aMMHOE PACIIOIOKEHUE ABYX
XpoMaTorpaduIecKux MUKOB (TOYHEE, WX MaKCUMyMOB). B To ke Bpemst
CTETICHb pa3/eJICHUs 3aBUCUT TAK)KE OT BEJIMYMHBI Pa3MBIBAaHUS ITHKOB, T.€.
3((HEKTUBHOCTH KOJIOHKH.

MO’KHO POWJUTFOCTPUPOBATH 3aBUCHMOCTH CTEIICHHU Pa3/ICIICHUS ABYX
BemiecTB OT 3((EKTUBHOCTH KOJIOHKH WM CEJEKTUBHOCTH HETOIBIKHOMN
¢assr (puc. 85).

O000maroIMM TTapaMeTPOM, XapaKTEPU3YIOINIUM CTETICHb pa3IeiICHUS
BEIIIECTB, C YUETOM 3THX JIBYX (DaKTOPOB, SIBISIETCS hakmop pazpeuterus R.

J71st MUKOB ABYX BEUIECTB OH BBIYHCIISETCS KaK:

R= Al/(,u 056) T 1 0;5(i+1))r (89)

rae Al - paccTosiHEE MEXIYy MAaKCUMyMaMH JIByX COCEIHUX IMHUKOB, Lo, si) U
Ho,5i+1) - LIMPUHA TMKAa HA IIOJIOBHHE €T0 BBICOTHI JUIL JIBYX COCETHHX
[IHKOB.
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Ecim R = 1, nepekpelBaHHE 30H COCTaBIseT 2% W pas3felieHue
cuutaercs npuemiieMbiM. [Ipu R > 1 mpoBOAST KOJUYECTBEHHBIN aHAIIN3,
T.K. pa3/ieJIeHHE CUUTAETCSI XOPOLINM.

-
INNTANVY

A\

(o3

a §) B

Pucynox 85 - 3aBHCUMOCTBH CTETICHU pa3/Ie]ICHUS] CMECH JIBYX BEIICCTB OT
3(PEKTUBHOCTH KOJOHKH U CEJICKTUBHOCTH HETIOIBIKHOM (pa3bl:

a — BBICOKas CCJICKTUBHOCTD, HO ILJIOXas 3(1)(1)6KTI/IBHOCTL; 0 — BbICOKas 3(1)(1)6KTI/IBHOCTL, HO
I10xasi CCJICKTUBHOCTD; B — BBICOKast 3(1)(1)CKTI/IBHOCTI), JocTraTo4yHasl CECJICKTUBHOCTDb

Ananumuueckoe npumeHenue Memooa

Kauecmeennvii ananus. B pesynbraTe pasieiieHUs aHaTU3UPYyeMOH
CMECH MOJYYalOT XpoMaTorpaMMy, Ha KOTOPOH IpH MOJIHOM pa3iaciieHUU
YHUCIIO MUKOB OYIET COOTBETCTBOBAThH YNCITY KOMIIOHCHTOB CMECH.

XapaKkTepUCTUKH yIEPKUBAHUS BEIICCTB OMPEICIISIOTCS YCIOBUSIMH
OMbITA W MPUPOAOH COCAWHEHHUM, YTO IMO3BOJISET HCIIOJIB30BaTh MX IS
Huened  wueHTH(HUKAMM  XxpoMarorpadupyeMbix — BemiecTB.  Ilocie
pa3leNneHnus CMECH Ha KOJIOHKE W PETUCTPAllUM XPOMAaTOTPaMMBI ISt
KAUeCTBCHHON XapaKTEPUCTUKA KOMIIOHCHTOB MOXKHO HCIIOJb30BaTh
abCOoIIOTHEIE BEJIMYHMHEI yAepKUBAHHS I, Vz (ycnoBus
XpomaTorpapoBaHusl JIOJDKHBI OBITH CTPOTO TOCTOSSHHBIMH). YTOOBI
CHU3UTh BIUSHUE CIYYailHBIX ()aKTOPOB HA PE3YJIBTAThl UICHTU(PUKAIIUU
BO3MOXXHO IIPUMEHCHHE OTHOCUTCIIbHBIX BEIMYUH YICPKUBAHHUS, IS
MOJIYYEHHUSI KOTOPBIX XpOMATOrpapupyrOT B 3THX e YCIIOBHUSIX BEIISCTRBO,
BEIOpaHHOE B KadecTBe craHaapra. OTHOIICHHE BPEMEH YICPKUBAHUS
KOMIIOHEHTa M CTaHIapTa JaeT OTHOCHTEIbHOE BpeMS YICP)KHBaHHS
(tommocum): tomuocum = tri | tRemano-» KOTOPOE MaJI0 3aBHCHT OT KOJcOaHMIA
TEMIIEPATyPhI U CKOPOCTH TIOJIBUKHOMN (pa3bl.

WUnentudukanuio  BEIIECTB MOXHO  TPOBOJIUTH  HECKOJIBKUMU
crocodamu:
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1. CpaBHEHHMEM XapaKTEPUCTUK yACPKUBAHUS (fr, V&  lomnocum)
KOMITOHEHTOB HCCJIEIYEMOW CMECH C XapaKTepHUCTUKAMH DJTaJOHHBIX
COCITMHEHMUI, TIOTYYCHHBIX B TEX K€ YCIOBHUSIX.

2. Vcnonb3oBanneM rpadUuecKiX WIH aHATUTUYCCKUX 3aBUCHMOCTEH
MEXIy XapaKTepUCTHKAMH yAEePKMBaHUS KOMIIOHEHTOB M TAKUMHU (U3HUKO-
XUMUYECKUMHA CBOMCTBAMH  BEIIECTB, KaK MOJIEKYJISIpHAs Macca,
TEeMIIepaTypa KHUIICHUS, YHUCIO YIJIEPOAHBIX aTOMOB, (YHKIIMOHAIBHBIX
TPYIII U T.II.

3. B razo-XuaKocTHON XpoMaTorpapuu HUCTOIL3YIOT TAaKKe WHICKCHI
yaepxxuBanua Kosaua I:
le(t;/1,)
lg(t,,,/1;)
T/Ie { — BpeMsl yJEpKUBAHUS; 11 — YUCIIO aTOMOB YTJIepojia B YIIIEBOIOPOJIC
(amkage).

CranmapToM TIpH ONPEICICHUH WHICKCA yICP)KUBAHUS SBISIFOTCS IBA
COCETHUX HOPMAJILHBIX ajKaHa, OJWH W3 KOTOPBIX 3JIIOUPYETCS 0, a
BTOPOH TIOCJIC UCCISMYEMOTO COSTUHEHNS, T.C. 1, < f; < f,4].

4, TlyTeM MOCIEIYIOIIEr0 HCIOIb30BaHUS XHMHYECKMX U (HU3UKO-
XUMHYECKUX METOJIOB aHAM3a JJIs ONpeACNICHUS MPUPOJBI Pa3lIeICHHBIX
KOMITOHCHTOB.

5. IlpumeHeHNEM XUMUYECKUX PEaKIUHA JO WM TIOCTE pa3aeicHHS
BEIIIECTB HA KOJOHKE.

Konuuecmeennuwiii ananus. Hns KOJINYECTBEHHBIX
XpoMaTorpad@uIeCKuX ONpPeAeNICHHN HCIIOIh3YEeTCS 3aBUCUMOCTD TIIOMIAIH
xpoMarorpadudeckoro mHKa §; OT KOJIMYeCTBA WM KOHIICHTPAITHH
KOMIIOHEHTa B mpobe: S; = f{C;).

[Mnomanpe muKOB S; HAa XpPOMAaTOrpaMMax H3MEPSIOT PAa3IMYHBIMU
crmocobamu. Ceiiyac i HM3MEPEHHMs] IUIOMAACH TMKOB  IITHPOKO
UCTIOJB3YIOT KOMITBIOTEPHBIC METOJIbI YMCIEHHOTO UHTerpupoBanus. l[lpu
py4HOIi 00pabOTKE XPOMATOrPaMM UCTIONB3YIOT ypaBHEHHUE

S; = hptos, O1)
rae h — BeIcOoTa XpoMaTorpapuueckoro muka, B CM; (g s — IIMPUHA TTHUKa Ha
MTOJIOBUHE €TI0 BEICOTEI, B CM.

Cyl1ecTByeT HECKOJIBKO METOI0B KOJIMYECTBEHHOM XpoMaTorpaduu.

Memoo enympenneii Hopmaauzayuy OCHOBAH Ha TOM, YTO MacCOBOE
COJICP)KAaHUE OMpPEICIIIEMOT0 KOMIIOHCHTa B aHAIU3UPYEMOW CMECHU
COOTBETCTBYET OTHOIICHHUIO TUIOINAIM IMHKAa 3TOTO KOMIIOHEHTa K CyMME
IIOMAAei BCEX IMHMKOB HA XpoMarorpaMme. METONm TPUMEHSIOT st
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XUMHYECKH CXOIHBIX BEIIECTB, XpoMaTorpaMma JIOJKHA COACPIKATh MUKU
BCEX KOMIIOHEHTOB CMECH, CyMMa IUIOMAJed KOTOPHIX NPHUHUMAIOT 3a
100%. Konuentpaiuto onpenensiemoro komnonenta C; (B %) HaxoIAT IO
tdhopmye:

ITonpaBounbiit  kodhuitneHT K; YYHTHIBAET YYBCTBUTECIBHOCTH
JICTEKTOpa K KOMIIOHGHTAM CMECH M MOXET OBITh OIpENENICH TIpH
xpomaTorpavpoBaHUN MOJOOHBIX CMEceld C HW3BECTHBIM COAEpP)KaHUEM
OTIpEAETIEMOT0 KOMIIOHEHTA.

HamnGonee pacrpocTpaHeHHBIH CIIOCOO OMpEACNICHUs] MOMPaBOYHBIX
KO3 UITUSHTOB 3aKJIFOYAETCS B MOCIIEI0BATEIIEHOM
xpomaTorpaipoBaHUM CEepUH OWHAPHBIX CMecei, COCTAaBIEHHBIX W3
OmpeseNAeMOro KOMIOHeHTa (i) u cTaHmapra (cm), KaauOpOBOYHEIC
K03(p PULIMEHTHI PACCUNTHIBAIOT MO HOpMYIIE:

Ki = Scm'Ci/Si'Ccm (93)

Henocratkn meToma: HEOOXOIWMOCTh HWCIOMB30BAHMS 3TATOHHBIX
PacTBOpPOB.

Memoo epadyuposounoco epaghuxa (unu memod abCoNOMHOU
KanubposKu) 3aKII0YaeTcsi B TIOCTPOSHUH TPaTyHPOBOYHON 3aBUCHUMOCTH
TUTOIIA TV TIMKA OT KOJIMYECTBA BEIIECTBA B aHAIM3UPYyeMOi mpode (Q).

Henocratku MeTona — HEOOXOAMMOCTh TOYHOTO JTIO3UPOBAHMSI TIPOOHI,
WCTIOJB30BaHMsI 3TATOHHBIX PACTBOPOB M CTPOTO€ IMOCTOSHCTBO YCIIOBHM
OTIBITA.

B memooe emympenneco cmamoapma  WM3MEHEHHE  yCJIOBHUI
XpomaTorpaupoBaHUsl YUUTHIBAIOT C TIOMOINBIO BBEJACHHS B M3y4aeMYIO
CMECH U 3TAJIOHHBIE PACTBOPHI BEIIECTBA - CTAHAAPTA.

Meton wucnonb3yercs daimle, TaKk Kak OH He TpeOyeT TOYHOMH
JTIO3UPOBKH MTPOOBI, TPUTOJICH JIJIS aHAIM3a CMECeH Pa3HOPOIHBIX BEIIECTB,
Ha HETrO0 Majo BJIHSIOT YCIOBHS ONbITa. B aHanmm3upyemyio cMech W B
ATAJIOHHBIE PACTBOPHI BBOISAT OJWHAKOBYIO KOHIICHTPAILMIO BHYTPESHHETO
CTaHmapTa — BEHIECTBA, OJM3KOTO IO CBOWCTBAM K OOJBIIMHCTBY
KOMIIOHEHTOB cMecu. Ha Bcex Xpomarorpammax CpaBHUBAIOT IUIOIIAIN
MTUKOB OIPEIeIIIEMOT0 KOMIIOHCHTa W BHYTPEHHETO CTaHmapTa S/S.,. OTa
BeJIMYMHA OYJET COOTBETCTBOBATh OTHOIIEHUIO KoHUeHTparuit C/C,., .
ITockonmbKy KOHIEHTpAIMsl BHYTPEHHOTO CTaHAAapTa IOCTOSHHAS, TO
TPaayupPOBOYHYIO 3aBHCHMOCTBH CTPOST B KoopmuHatax S/S... = f(Ci),
UCTIOJIB3Ysl 3TAJIOHHBIC PACTBOPEI. J[J1s aHATU3UPYyEeMOW CMECH OIPEIEISIFOT
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S/S,, W TO TPagyupoOBOYHOMY TpaduKy HaXOAAT KOHICHTPAIUIO
OTIPEJIENIIEMOTO KOMITOHEHTA.

Henocratku MeToma: HEOOXOIWMOCTh WCIOIB30BAHMS 3TATOHHBIX
PacTBOPOB, a TaKXKe HEKOTOPOE CHIDKCHHE TOYHOCTH HPH OIPEICICHUU
OONBITHX KOHIICHTpAIuii KoMIOHEHTOB (Oombite 30-40%).

B memoode dob6asox momydaloT 1Be XpOMaTOTPaMMBI: aHATU3UPYEMOU
CMECHM U 3TOH K& CMecH C J00aBJICHHWEM W3BECTHON KOHIICHTpPAIIUN
onpenensiemoro  kommoHeHTa C,,5. ComepxaHue aHATU3HPYEMOTO
BEIIIECTBA PACCUUTHIBAIOT IO hopMmyIie:

Ci=[Si Cood/ (Sivoos~ S:)1x100, % , %94)
rae S; - monaab MUKa aHATU3UPYEMOTO BEIIECTBA, S;y 405 — TUIOIIAH TTHKA
¢ 100aBKO.

[IpeumyriectBaMu MeTOAa SBISIOTCS OTCYTCTBHE HEOOXOIUMOCTH
UACHTU(UKAIIMN OCTATBHBIX KOMITIOHCHTOB, WCIIOJb30BaHUS 3TAJTOHHBIX
pactBopoB. HemocraTok: HEOOXOOUMOCTH  COONIONCHUS  YCIIOBHI
XpoMaTtorpadupoBaHUS U IIOCTOSHCTBA 00beMa BBOAUMOM MTPOOEI.

5.2 I'azoBas (ra3o:xkuakKocTHasi) Xxpomartorpadgus

B Metome ra3oBoii XxpomaTorpaduu ompenensieMble  BEIIeCTBa
WCTIAPAIOT U MPOITyCKAIOT Yepe3 KOJIOHKY IPH MIOMOIIH T'a3a, SBIISIONIETOCs
MOABMXHOU (ha3oif. ['a3 ¢ BemecTBaMu HE B3aMMOJICHCTBYET M BBICTYIIACT
TOIBKO B pOJIM HX TIEPEHOCUYMKAa, IIO3TOMY B METOJE TIa30BOH
xpomaTorpauu MOABWKHYIO ()a3y OOBIYHO HA3BIBAIOT Ta30M-HOCHUTEIICM.
HemoasmxHo# ¢azoif MOKET OBITH TBEPJOE BEIIECTBO, JTUOO KHUIKOCTH,
HAHECCHHAss TOHKHM CJIOEM Ha TBEPJBI HOcHWTenbh. B mepBoM BapuaHre,
Ha3pIBaEMOM  ra30-TBepHO(asHbIM,  pealu3yercss  aAcOpOLMOHHBIN
MEeXaHW3M pa3jieieHns. Bo BTopoM BapwaHTe, Ha3bIBAEMOM Ta3o0-
JKUJIKOCTHOW XpoMaTorpaduell, OCHOBHBIM MEXaHU3MOM pa3JeliCHHS
SIBIISICTCS pacnpeneIuTeNbHBIH, OCHOBaHHBIN Ha Pa3IUYHOM
PacTBOPUMOCTH KOMITIOHEHTOB aHAJM3UPYEMOM CMECH B IUICGHKE JTOH
JKUJKOCTH.

lazoxxuaxoctHast xpomarorpadus (I2KX) u rasoBas xpomaTtorpadus
B IICJIOM 00JafaeT pAAOM JTOCTOMHCTB, OJarogapsi KOTOPHIM U TOJTy4YHiIa
IIMPOKOE MPUMEHEHHE B aHATUTHYECKOM mpakTuke. JJoctomncreamu KX
SIBIISTFOTCS:

- BBICOKAs pa3ieNUTENbHAs CIIOCOOHOCTh M AKCIIPECCHOCTH MPOLECCa;
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- BO3MOXHOCTh HJICHTU(UKAIUH W KOJUYCCTBEHHOTO OIPEACICHHS
WHAWBHUTyaJIbHBIX COEMHEHUII MHOTOKOMIIOHEHTHBIX CMECEH;

- YHUBEPCAIbHOCTh W BEICOKASl YYBCTBUTEIILHOCTB;

- BO3MOXKHOCTh HM3YYCHHS Pa3JIMYHBIX CBOHCTB BEIIECTB M (PU3IUKO-
XUMHYECKUX B3aWMOJEWUCTBUI B rasax, >KHIKOCTSX W Ha IOBEPXHOCTH
TBEP/BIX TEI;

- BO3MOXXHOCTH BBIJICJICHUSI YMCTBIX BEIIECTB B TIPEMApaTUBHOM H
MIPOMBITIUICHHOM MacriTabe.

Bonpliine aHaqIUTHYECKHE BO3MOXKHOCTH TIa30BOM Xpomarorpaduu
MO3BOJISIIOT MPHUMEHSATh €€ B XUMHUYECKOH, HE(PTEXUMHUYECKOM, ra3oBOH,
MUIIEBON TPOMBIIUICHHOCTH JJII KOHTPOJISI 3ara3oBaHHOCTH BO31yXa H
npuMecell TOKCHYHBIX BEIIECTB B CTOYHBIX BOJAX, aHAJHM3a IHIIEBBIX
MPOAYKTOB ¥ OMOJIOTUYCCKUX KUAKOCTEH U T. II.

[Tpubop ms mpoBeaeHUs XpoMaTOrpaduIecKoro mporecca Ha3bIBarT
ra3oBEIM XpomaTorpadom (puc. 86).

3

% == tV\)
Rk

Pucynox 86 - IlpuHiunuaabHas cxemMa ra3oBoro xpomarorpada:

1 - ra3oBbIif OAJUIOH; 2 - penyKTop; 3 — 1o3aTop; 4 - UCHapuTelb; 5 - XpoMaTorpaduyecKkast
KOJIOHKA; 6 - neTekTop; 7 - perucrparop; 8, 9 - TepMocTaTh

IToxsmxHas paza — raz-HOCUTENHh HETPEPHIBHO MOJACTCS U3 OaIoHa
(1) wepes penykrop (2) B xpomaTtorpaduueckyto ycraHoBky. Jlo3zarop (3)
NpeHa3Ha4YeH sl BBEACHHUS B TMOTOK ra3a-HOCHUTENS HEMOCPEICTBEHHO
nepe; KOJIOHKOW OTIPEeNeJICHHOTO 00beMa aHaTM3UPYeMON CMECH BEUIECTB
B Ta3000pa3HOM cocTosiHMH. Ecim aHanmusupyemasi mpoba — >KUAKOCTh, TO
ee o0BeM, OTMEPEHHBIH 03aTOpPOM, BBOAAT B wucmaputenb (4). Jlamee
aHanmu3upyeMass mnpoba ¢ TOTOKOM Ta3a-HOCHTENs IOCTyNmaeT B
XpoMaTorpadMuecKylo KOJOHKY (5), THe NPOHCXOAMT pa3leleHue
KOMITOHEHTOB aHAJIM3UPYEMOH cMmecH, 3aTeM B jaerektop (6). Jlerektop
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(hukcHpyeT M3MEHEHHE KaKoro-THOO CBOWCTBA CMECH, ONPEICIIIEMOro e¢
coctaBoM. CHrHaj JETEKTOpa 3aIlMChIBAETCS perucrpatopoMm (7) B BHC
XpoMmaTorpaMMbl. B coBpeMeHHBIX MpuOopax B KayeCTBE PErHCTparopa,
KaK MPaBUIIO, HCIIOJIL3YETCSI IEPCOHANBHEIN KoMITbloTep. i1 oOecnieueHus
HEOOXOIMMBIX TEMIIEPATYPHBIX PEKUMOB PabOTHI HCTIAPUTENS, KOJIOHKHA U
JIETEKTOpa MX TTOMEIIAIOT B TEPMOCTATHI (8, 9).

lozamop. K  pozaropy, oOecneuuBaronieMy  BBEJCHHE B
XpomaTorpapuecKyro KOJIOHKY OTIPENIETICHHOT O KOJIMYECTBA
aHAIM3UPYEMON CMeCH, TPEeABSIBISIOTCS CIEAYIOIHe TpeOoBaHUS:
MpPOCTOTa KOHCTPYKIMH U yA0OCTBO B OOpalieHUH, OTCYTCTBHE
COpPOLIMOHHOW W KAaTaJUTUYECKOW aKTUBHOCTH IO OTHONICHUIO K
KOMITOHEHTaM MpoObI, BOCIIPOM3BOIUMOCTD pa3Mepa MpoObl U yCIOBHMA
ee BBOoAa. Jlyisi BBONA ra3000pa3HBIX W IKUJKHX MPOO dalie BCEro
UCIIOIB3YIOT MIPHUIEI Pa3TUIHOTO 00bEMa, KPaHbI-103aTOPHI.

Xpomamoepaghuueckue kononxku. Pa3mu4aoT TpuU THMA KOJIOHOK:
HAca/JlouHble, MHUKPOHACaJ0O4YHble W  KamwuisipHele.  Haumbombmiee
pactpoCTpaHCHHE TMONYYHIN HACAJIOYHBIC KOJIOHKH OJlarojaps MpoCTOTe
3arnogHeHus (TBepAbld HOCUTENb, 00pabOTaHHBIM HENOABMKHON (a3oi) u
BO3MOXXHOCTH TIPUMEHEHHUS JIE€TEKTOPOB CpEAHEH UyBCTBHUTEIHHOCTH.
Kononku TOW wminu wuHOW (hOpMBI OOBIYHO BBIOMPAIOT B COOTBETCTBUH C
pasmepamu TepMmocrata. HMcmonesytor U- u  W-o0pa3Hble KOJOHKH,
CriUpajbHBle TPYOKH, TpsiMble KOJOHKA. WX H3roTaBIMBalOT W3
HEPI)KaBEIOIICH cTajau, crekia, TedoHa, Mead. Juamerp HacagOYHBIX
KOJIOHOK Koyeonmercs or 3 go 10 MM mw or 0,8 g0 1,0 mMm y
MHKpPOHACAJOYHBIX KOJIOHOK. Mx mmmHa coctaBmsger or 0,5 mo 5 M.
Kanmisspasie KOJIOHKY TIPEICTABIIOT co00i TpyOKy muamerpom 0,3 — 0,5
MM u jgouHOM or 20 mo 200 M. DYyHKIUIO TBEPAOTO HOCHUTENS B
KalWUIIPHON KOJIOHKE BBITIONHSIOT €€ CTCHKH.

T'as-nocumens. 1lpupoa ra3a-HOCHTENS U €T0 TTApaMeTpPhl BIUSIOT Ha
KaueCTBO pa3JICJICHUs BEIIECTB. | a3-HOCHTENbh JOKEH OBITh MHEPTEH IO
OTHOIIICHUIO K KOMITOHGHTaM aHaJu3upyeMol TpoObI, COpOSHTY U
KOHCTPYKIIMOHHBIM MaTeprajiaM xpomartorpada, Bo u30exaHue Iepenana
JABJICHUH B KOJIOHKE BS3KOCTh €T0 JOJDKHA OBITh KaK MOKHO MEHBIIIEH.
la3-HOcUTENh MOMKEH OOCECHEUMBATh BBICOKYIO  UYyBCTBHTEIHHOCTH
JIETeKTOpa, OBITb YHCTHIM, B3PHIBOOE30OMACHBIM, JIOCTYHNHBIM. B
3aBUCHUMOCTH OT KOHKPETHBIX YCIOBHH W 3aga4  IMPOBENCHUS
XpoMaTorpa)uyeckoro aHaliu3a B KAadeCTBE T'a3a-HOCUTENSI HCIIONB3YIOT
TSN, aproH, a30T, BOJOPO | T. II.
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Teepoviii Hocumeny. TBEPABI HOCUTEND CIY>KUT JAJIS 3aKPETJICHUS Ha
€ro MOBEPXHOCTH ONPEICTICHHOTO KOJIMYECTBA HETIOABIKHOM (a3l B BUJIC
BO3MOXKHO 0osiee oqHOpoAHOH mieHkH. OCHOBHOE ero HazHaueHue B I KX
— obOecrnieueHne Haubosiee 3(PPEKTUBHOIO HCIOIB30BAHHS HETOIBHKHOM
¢ha3sl.

TBepaplii HOCHTENb JOJDKEH 001alaTh CIEAYIOUIUMH CBONCTBAMH:
XUMWUYECKOH W  aIcopOIMOHHOW WHEPTHOCTHIO 10 OTHOIICHHIO K
XpomaTorpadupyeMbiM BEIIECTBAM; 3HAYUTEIHLHOU yACIbHOU
MOBEPXHOCTHIO, IMO3BOJISIIONICH HAHECTH HEMOABWXKHYIO (a3y B BuAE
TOHKOM TIJIEHKM W HE JIOINYyCKAalollled ee TepeMellleHus] MojA JeHCTBHEM
CHITBI TSDKECTH; OJTMHAKOBBIMU 110 (hopMe M TI0 pazMepaM MaKpOIIOPUCTHIMU
YaCTHIIAMH; JIOCTATOYHON MEXaHWYECKOW MPOYHOCTHIO; CTAaOMIHHOCTHIO
TIPH TTOBBITIIEHHBIX TeMIIepaTypax.

Jis  monmydeHHs Majioi TOJIIMHBI IJICHKH HEMOABHXKHOH (ha3bl
TBEpABIA HOCHTENb JOJDKEH HMETh JOCTATOYHO OOJBIIYIO0 YIACNBHYIO
nosepxHocts (0,5 — 4 M*/r). B KauecTBe TBEPIBIX HOCHTENEH Jalle BCEro
WCTIONB3YIOT KH3ETbIYp, CHIIMKAreNlb, XPOMOCOPOBI, IIEONHTHI, Te(IoH,
CTCKJISTHHBIC IAPUKH U T. 1.

Henooswicnas  ¢aza. llpupoga HenoaswxHON (a3sl  sABiseTCS
OCHOBHBIM  (haKTOPOM, ONPEACISIOIUM TOCIE0BATEIbHOCTh  BBIXOJIA
xpomaTorpaMpyeMbIX BEIIECTB W3 KOJOHKA W OTHOIIEHHE BPEMEHHU
yAep)KUBaHUS MaKCUMYMOB UX 30H. HemoaBrokHas (asza q0mKHA OTBEYATh
CJICTYIOINUM TPeOOBaHUSM:

- OBITh CEJICKTUBHON 110 OTHONICHHIO K XpOMaTorpadupyeMbiM
BEIIECTBAM;

- XMMUUYECKH UHEPTHOH 10 OTHOIIEHHIO K MaTepHally KOJIOHKH, TBEPAOMY
HOCHTEITIO, TIOJBIDKHOM (ha3e 1 XpoMaTorparpyeMbIM BEIIECTBAM;

- XUMHYECKH CTaOMIBHOM;

- o0majgarh Majod BSA3KOCTHIO W HH3KHUM JIaBICHHEM TMapa IMpH
paboueii Temmneparype.

Ilpu BBIOOpE HEMOABMXHOW JKHIKOW (a3bl pPYKOBOACTBYIOTCS
OOIIEH3BECTHRIM XUMHUYECKUM TPABUWIOM: «H000OHOE paAcmEopsiemcs 6
n00o6HoM». B COOTBETCTBUE C 3TUM ISl Pa3/ICICHUS IMOJIIPHBIX BEICCTB
CJIEZIyeT UCIIOJIb30BaTh MOJSApHBIE kuakue (azpl. OHH MOTYT cojiepXkath
¢yakunonaneheie Tpynnsl —CN, -C=0, -OH unn cinoxHO3UpHBIE U
XapaKTEepU3yIOTCSd BBIPAKEHHON CEJIEKTUBHOCTBIO IO OTHOIIEHUIO K
MOJISIPHBIM  BEIIECTBAM: CIHPTaM, OPTraHUYEeCKHM KHCIIOTaM, aMHHaM.
Hemonsipapie  $a3pl  mpeacTaBisioT  cOOOW  YTIAEBOAOPOIBI  WIIH
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CUJIMKOHOBBIC MAacjia U HCIOJB3YIOTCS JUJIS pa3lieieHUs] YTIeBOAOPOIOB U
WX TaJOT€HONPOM3BOAHBIX. (sl pasmeneHust mpocThiX 3(GUPOB, KETOHOB,
aJabACTUIOB (BemiecTB cpeaneit MIOJISIPHOCTH) UCIIOJIb3YIOTCS
COOTBETCTBYIOIIUM 00pa3oM MoAu(pHUIIUpOBaHHBIE (a3bl.

Jlemexkmopvt 6  2azoeoii  xpomamozpaguu. B  KadecTBe
YHHBEpCANbHBIX [I€TEKTOPOB B Ta30BOH XpomaTorpaduu HCIOIB3YIOT
JIETEKTOPBl  TEIJIONPOBOAHOCTUH  (KaTapoOMETpbl) W IJIAMEHHO-
noHuzanuoHuele nerektopbl (ITWAMD). Jlnst ompeneneHus: KOHKPETHBIX
BEIIECTB BCE YaIlle HCITOIB3YIOT MacC-CIIEKTPOMETPHUIECKHE AETEKTOPHI.

[Ipunnmn paboTel Kamapomempa OCHOBAH HAa TOM, YTO B IPUCYTCTBUH
ONpEeNETSEMBbIX BEIIECTB TEIUIONPOBOJHOCTh Ta3a-HOCUTENS H3MEHSIETCS
(kak TIpaBWIIO, yMeHbImaercs). Jns remms W Bojopoma — Hamboee
MOIXOJSAIIUX NI 3TOTO Croco0a JETEKTUPOBAaHUS Ta30B-HOCHUTEIICH —
TEIUIONPOBONHOCTE B 6 - 10 pa3 Beimie, 4eM s OOJBIIMHCTBA
OpPTaHMYECKUX BEMIECTB. | eIIONpOBOAHOCTh HM3MEPSIOT MPH TTOMOIIH
CTIEIMATFHON AYEHKH, B KOTOPYIO IMOMEIIleHa HarpeBaemast dJeKTPUIECKUM
TOKOM MeETaJUIM4ecKasi ClHupaidb U3 METajula C BBICOKUM TEPMHUYECKUM
conpotuBicHueM (Pt, W, ux cmiasbl, Ni). Mcnons3yloT ABe OJUHAKOBBIE
W3MEPUTEIIbHbIE SYEWKH, OJlHa K3 KOTOPHIX (CpaBHEHMs) MOCTOSIHHO
OMBIBAETCS MMOTOKOM ra3a-HOCHUTEIs, apyras (pabodas) — IIOTOKOM rasza Ha
BhIxoge w3 xpomartorpada. I[lpm mosBieHnn B paboueid Kamepe
KOMIIOHEHTa pa3/eisieMOi CMECH TEeIJIONPOBOAHOCTh Ta3a MEHAETCS W,
COOTBETCTBEHHO, HM3MEHSIETCS COMPOTHUBIICHHE CIHPAH, H3MEPIEMOE C
noMoIbio Mocta YurcroHa (puc. 87). CpaBHMTENbHBIM IOTOK rasa-
HOCHUTEIIA OMBIBA€T HUTH siueek R; u R;, a ra3, MocTynaruil U3 KOJIOHKH,
OMBIBaeT HHUTH u3MepHuTenbHBIX sueek C; u C,. Ecnm y deTsipex HuUTe
OJIMHAKOBAasl TeMIiepaTypa (OJIMHAKOBOE COMPOTUBICHUE) MOCT HAXOAUTCS
B paBHOBecuu. [Ipu M3MeHEHHM COCTaBa Tas3a, BBIXOJSIIETO U3 KOJOHKH,
Comporusnieane HuTel saeek C; u C, MEHSIETCS, paBHOBECHE HApyIIaeTCsI
U TEHEpUPYETCS BHIXOIHOM CUTHAJ, BEIMYMHA KOTOPOro MpONOpLHUOHATbHA
KOHLICHTpAallMu BEUIECTBA B IMOTOKE Traza-Hocutens. KatapomeTp MoxeT
OBITh WCIIONIB30BAaH JUISI  JETEKTHPOBAHHWS OPTaHWYECKHX, TakK |
Heopranndeckux pemiecTB. OH 0051afjaeT HEBBHICOKON YyBCTBUTEIHFHOCTBHIO
U MaltocTienu(huIcH.

B mnacrosimee Bpemsi Hambosiee pacHpOCTPAaHEHHBIM  JIETEKTOPOM
SBIISICTCS NJIAMEHHO-UOHU3AYUOHHBIU Oemekmop. llpuHIHI ero paboTsl
OCHOBaH Ha YBEIWYCHUU DJICKTPONPOBOJHOCTH BOJOPOAHOrO IUIAMEHH,
MOMEIICHHOTO B JJIGKTPUYECKOE TOJE€, B MPUCYTCTBUM OPraHUYECKUX
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BemecTB. OpraHMyeckue BEIIECTBA, IMOCTYMAMINAE C IOTOKOM ra3sa-
HOCHUTENSI U3 KOJIOHKH, TOMAJal0T B BOJOPOJHOE TUIAMS H TaM CTOPAIoT.
OOpasylomuiecs B IUIAMEHH HMOHU3WPOBAaHHBIC YACTHIIBI 3aTOTHSIIOT
MEXDIJICKTPOAHOE MPOCTPAHCTBO, YTO TPUBOAWT K YBEIHUYCHHUIO TOKa,
PETHCTPUPYEMOTO C TIOMOIITBIO JIEKTPOIa-KoJeKTopa (puc. 88).

3NIEKTPO/-KOJUIEKTOP

BBIXOJ] H3 KOJIOHKH
Pucynox 87 - Cxema Mmocta YUTCTOHA: f
ras-HOCHTEIIb
1- BBIXO/I I'a3a U3 KOJIOHKH; 2 - BBOJ] YHUCTOI'O ra3a- PuCyHOK 88 _ CXGMa
HOCHUTCIIA, 3 — HCTOYHHUK TOKa; 4 — PEeryisATop TOKA, o
TIPOXOAAIIETo Yepe3 HUTH; 5 — MIJUIHaMIIepMeTp, 6 — YCTpOHUCTBA TITAMEHHO-

JeTeKTopa

TIN]l pearupyeT NnpakTHUECKH Ha BCE COCIMHEHUS, Kpome FH,,
WHEPTHBIX Ta30B, (J,, N,, OKCHIOB a30Ta, CEPhI, YIIIepoaa, a TAKKE BOIEI.
MU ornwuaeTcsi OYCHb HU3KUM MPEACIIOM OOHAPYXKCHHS W IIUPOKUM
JMana30HoOM JIMHEHHOCTH curHaina (6 - 7 OpsIKOB), IOATOMY OH HanOoJee
TIPUTOICH K OTPEICIICHUIO CIICIOBBIX KOJIMYECTB.

5.3 ’KuakocTHas xpomarorpadust

CorjacHO  KJIacCH(HUKAIMK  XPOMATOrpaHUyYecKuX METOIOB IIO
arperaTHOMy COCTOsiHMIO (a3 Bce Xpomarorpauueckue METOJFI,
UCTIONB3YIOIINE B KA4eCTBE IOABIKHON (Da3bl JKUAKOCTh, OTHOCAT K
kuakoctHoM xpomaTtorpadun (OKX). B mpenmenax 3Toi OOJBIION IPYIIITBI
METOJBI KIACCH(QUIUPYIOT 10 MEXaHH3MY B3aUMOJCHCTBUS MOJICKYI
copbara C HEMOJBWXHOU (a3oif: afcopOlMOHHAs, pacHpeleTUTelIbHA,
HOHOOOMEHHAs u SKCKJIFO3HOHHAS xpomarorpadus. Onnako
KIaccuUKalMsg BHIIOB XpoMaTorpauu IO MEXaHU3My pa3jielicHUs
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JIOCTaTOYHO YCIIOBHA, T.K. OYCHb YaCTO B PeaJIbHOM MpOIlecce MapauieIbHO
MPOTEKAIOT pa3iINYHBIE B3aUMOJECHCTBHS B 3aBHUCHMOCTH OT TPHPOIBI
pazaenseMbIX BEIIeCTB, TIOABMKHOMN M HEMOBIKHBIX (ha3.

brnarogapss psgy JOCTOMHCTB (YHHUBEPCaIbHOCTh, BO3MOXHOCTh
AaBTOMATH3ALMU PA3JEICHUS M aHAIN3A CIOKHBIX CMECe OPraHWYecKuX U
HEOPraHMYECKHX BEIIECTB, DKCIPECCHOCTh, YPPEKTUBHOCTh W BBICOKAS
YYBCTBUTEIBHOCTH) JKX B MOCIEIHUE NECATUIICTHS MOTyqria Bce OobIiee
pacnpoctpaneHue. Merogom KX MOXHO aHaIUM3UpOBaTh CMECHU
MIPAKTHYECKH BCEX PACTBOPHMBIX BEIIECTB, B TOM YHCIIE U TeX, KOTOPHIE He
MOTYT OBITH MPOAHATH3UPOBAHBI METOJOM T'a30BOH XpOMaTorpauul u3-3a
WX BBICOKHX TEMIICPATyp KUIICHUS WU TepMOJIa0miIbHOCTH. PasnencHue B
KX mpoBomsaT mpu HH3KHX TemmepaTrypax (20 — 60°C). Dto ymyummaet
pasnenenue. 3HaAUYUTENHHO Oosiee BBICOKAs 3()()EKTUBHOCTH pa3ieicHus 10
cpaBaeHHI0 ¢ ['X (YHCIO TEOPETHYECKUX TAPEIIOK JOCTHTAeT IO COTHH
THICSY HA 1 M KOJIOHKM).

B  xmaccmueckom — BapmanTe KX,  Oepymiedt  Hawamo - C
ocHoBomonaratomier padorer I[Bera (1906 T.), YacTUIBI HETOIBUKHOMN
(a3l mmetor puamerp oT 100 MM u Bbime. JKHIKOCTh MO KOJIOHKE
MepeIBUTaeTcsl 3a CYET CHJIBl TSHKECTH, OTIENbHBIC (QpPaKIUK DJroara
coOuparoTcss M 3aTeM aHaNM3UpyrTcs. llpW 3TOM CKOpOCTh TOTOKa
MOJIBMXKHOW (ha3bl COCTaBIsia He Oonee 1 MI/MUH, W pa3lieICHHE YacTO
OKa3bIBAIOCH CIUIIKOM JJTUTEIHHBIM.

Haunnas ¢ 60-x TODOB MpONIUIOTO BEKa, pPa3BHBACTCS BapHUaHT
BBICOKOA((EKTHBHOM KUAKOCTHOM Xpomarorpadum (BIXX). B stom
BapHaHTE HMCHOIL3YIOTCS COPOEHTHI ¢ pa3mepoM dactull 3 — 10 Mxm. U3
KMHETUYECKOW Teopuu u3BecTHO (ypaBHeHUe Ban-J/leemTepa), 4TO BBICOTA,
SKBHUBAJICHTHAS TEOPETUYCCKON TapeiKe, 3aBUCUT OT Ko3dduimenrta
conportuBieHust macconepeHoca (C), KOTOPHI B CBOK OYepelb NPSIMO
MPOMOPIIMOHANIEH KBaJApaTy pa3Mepa YacTUI] HOCUTENsd. YMeHbIIECHHE
pa3smepoB 3epeH cymiecTBeHHO ymenblnaer BOTT u  yBenuuuBaer
3¢ ekTuBHOCTh KOJOHKH. Kpome TOro, mpuMeHEHHE Y3KHUX KOJOHOK C
BHYTPEHHHM AHaMeTpoM 4 — 6 MM BBI3BAJIO HEOOXOIUMOCTH ITOBBICHTH
JaBJiecHHe Ha BXOo/l¢ B KOJOHKY n0 15 — 400 MIla, 9To0BI yBEITHIUTH
CKOPOCTbH MPOXOXKIACHUS JITFOCHTA.

OmHoBpeMEHHO OB pa3pa0OTaHBl  JCTEKTOPHI,  ITO3BOJISIOIINE
ompenemste 1o 10" r Bemecrsa: doromerprueckue (B Y H BHIMMOI
obmacth), pepakToMeTpulIecKme, pIyopruMETpHIECKUE, aMIIEPOMETPHIECKHUE.
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bonpmum  pocromnctBom  BOXKX  gBuseTrcss  BO3MOXKHOCTH
peasi3oBaTh  BCE  MEXaHU3MBI  pa3lelNeHds -  aJCOPOIMOHHBIN,
pacupeeUTeNbHBIH, HOHOOOMEHHBIH, 3KCKIIO3UOHHBIA. (OCHOBHBIC
teopernueckue mnonoxeHuss BOXKX u kmaccuueckoit xomonounoit KX
MPaKTHYECKN OJUHAKOBBHI.

IlepBeiM ObLT peain3oBaH aiCOPOIMOHHBIM MEXaHH3M B (opme
KHUIKOCTHO-TBepAOda3zHoi xpomarorpaduu. B HacTosmee BpeMs 3TOT BUI
xXpomaTorpaduy HCIIONB3YEeTCs ISl pa3feNieHHs] HEeMOJSPHBIX BEIIECTB,
MPOCTPAHCTBEHHBIX HM30MEPOB, a TaKKe TPYNIOBOTO pa3eNeHus,
HanpuMep, amn(paTHIecKuX YIrIIEBOAOPOAOB U alu(aTUYESCKUX CIHUPTOB.
PacnpenenutenbHblii MEXaHU3M JICKHUT B OCHOBE >KUIKOCTH-KUJIKOCTHOM
xpoMarorpadun. 37ech HauOOJbINee PACTIPOCTPAHCHNE TTOTYUYMIT BapHaHT
oOpaiieHHO-a3oBoit  xpoMatorpadguu. B ocHOoBe HMOHOOOMEHHOI
xpomaTorpauu JISKUT SBICHUE HWOHHOTO OOMEHa. OKCKJIFO3UOHHAsS
xpoMarorpadusi OCHOBaHA Ha MOJICKYJISIPHO-CHTOBOM d3ddekre, T.e.
paszeneHud MOJIEKYJ Ha TOPHUCTOM MaTepHallie B COOTBETCTBHH C HX
pasMepamu. DT METOBI OOBIYHO HA3BIBAIOT I'elib-XpoMaTorpaduet.

Aocopouyuonnan xpomamozpagusa. B ancopOIMOHHOM BapUaHTE
JKUIKOCTHOW XpomMarorpaduu pasiaudarT Hopmarbho-gazosyio (HOX) u
obpaweno-gazosyio (ODX) xpomarorpadun. TpaIulMOHHO TPHHATO
cuntatb, uro B H®X wucCnonp3yoT HENOMSPHYI0 (MaJlOMOJISPHYIO)
MOJBIKHYIO (ha3y U MOJIAPHYIO HEMOABMXKHYIO a3y (agcopbent). B ODX,
HA00OpOT, HWCIIONB3YyEeTCs TOJNSpHAs TOABIKHAA ¢a3za W HEMOIIpHas
HermoaBwxHasA (aza. B OD ancopbunonHOi XxpoMaTorpaguu HEMOISIPHBIM
ascopOCHTOM MOKET OBITh TpadUTHPOBAHHAS Ca)ka, KH3ENIbIyp, THATOMUT,
CUIIUKAareib, XHMHUYECKH MOAHMDUIUPOBAHHBIA TPUMETUXIOPCUIAHOM
CISi(CH;);. B xauectBe MOABMKHON (ha3bl HCHOIB3YIOT CHIIBHOMOJSIPHBIE
pacTBOpUTENM, Takhe Kak BOJa WIH BoJa C J00aBICHHEM CIHPTOB,
alETOHUTPWIIA, a Pa3AesICHUIO TIOJBEPTalOTCs COSAMHEHHUS C HEMOJISIPHBIMHU
TpYIIIaMH.

B H® ancopObumonHoli xpoMaTorpaduu pazaelicHHe OCYIIeCTBIISETCS
B pe3yJibTaTe B3aMMOJEWUCTBHUS BEUIECTBA C MOJISPHBIM aJCOPOEHTOM, Kak
MPaBWJIO, CHJIMKAreleM WiIW okcuaoMm amromuHms. Ha puc. 89 mokasana
MOBEPXHOCTh CTPYKTYpPbl CHIIMKAreis, COJACpKalliash pa3iudyHble aKTHUBHBIC
TPYTIIBL.

Pa3nenenne cmecu BemIeCTB Ha OT/ENbHBIE 30HBI MPH MPOXOKICHUU
ee uepe3 XpoMaTorpauyecKylo KOJOHKY OOYCIOBICHO pa3iHMyHeM B UX
CHOCOOHOCTH K  B3aMMOJCHCTBUIO C  aJCOPOLHOHHBIMH LEHTPaMHU
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HemoABWXHON (a3pl. B ocHOBe copOmum Ha MOBEPXHOCTH aACOpOEHTa,
MMEIOIIEr0 B OCHOBHOM THIPOKCHIIBHBIC TPYIIIBI, JISKAT Crienn(pIIecKrue
B3aUMOJICHCTBUSI MEXIy TIONAPHOH  IMOBEPXHOCTHIO COpOEHTa U
MOJSIPHBIMU (MM CIIOCOOHBIMHU TOJISIPU30BAThHCSI) TPYINAaMH U y4aCTKaMu
MOJIEKYJI.

Pucynox 89 - AxtuBHBIC
TPYNIIBI HA TOBEPXHOCTH
CUJIUKArciis:

1 - cBsI3aHHBIC BOZOPOIHOM
CBSI3BIO CHJIAHOJIBHEIE; 2 -
cBOOOIHBIE CHUIaHOabHbBIE SIOH,
3 - cunokcaHoBbie Si-O-Si

K HuUM MOXHO OTHecTH 00Opa3oBaHHWE BOJOPOIHOWM CBS3HM BIUIOTH IO
o0pa3oBaHHS T-KOMIUIEKCOB WM KOMIUIEKCOB C TIepeHOCOM 3apsiga. B
OTNIENBHBIX  CIAyYasX BO3MOXKHa  XEMOCOpOIHMs, TpPHBOAAIIAS K
00pa3oBaHMIO MPOAYKTOB PAJIOKEHUS WIA HEOOPAaTHMOW COpOITHH
BEIIIECTRA.

Henocratku ancopOumonHoit xpomarorpadguu (HO-BOXKX) cesizansl
CO CIIOCOOHOCTHIO TMOJSPHON HEMOABIKHON (ha3hl (CHIIMKATEIIS W OKCUAA
ATIOMHUHHS) yJIeP>KUBATh Ha CBOEH MOBEPXHOCTH MUKPOKOIMYECTBA BOBI.
Ankanbl (FekcaH, TENTaH U JPYTrUe pacCTBOPUTENH), HCIONb3yeMble B
KauecTBe OCHOBHBIX AMoeHTOB B H®-BOXX, coxmepxar HeOombpime
KOJTMIECTBA BOJIBI (HA YPOBHE JECIATKOB ppM). CHIIMKareib, HaXOSIIHICS
B KOJIOHKC B KaueCTBE COpPOCHTAa, BBICTYNMAaeT KaK OCYIIUTENbh 3THUX
pacTBOpHUTENEH, MEHsSI MPU STOM CBOIO AKTHUBHOCTh. JTO MPUBOJIUT K
W3MEHEHMIO (TUIOXOM BOCIPOU3BOJUMOCTH) TapaMETPOB YAEPKUBAHUS
pazzaensieMbIXx BemecTs (¢, V,), a TakKe CEJIeKTUBHOCTU pazjaeneHus. Ilo
stoii mpuumHe H®-BOXKX Ha cunukarerne (OKUCH aNIOMHUHHS) ObLia
BBITECHEHA pacnpenenutensHoil BOXX.

Pacnpederumenvnan xpomamozpaghus. PacnipenenurenbHbii
BapHaHT XpoMaTorpaduy HCIOIB3YeTCs 4alle, YeM aJCOPOIMOHHBIN,
WOHOOOMEHHBIH ~ WMJIM  OKCKIFO3UOHHBIN. Paznenenue  BemecTB

OCYIIIECTBJISCTCS Ha COpOEHTaX ¢ MPUBHUTOH (ha3oii B oOpauenno-ghazoeom
(OD) u Hopmanvro-pazosom (HD) BapraHTax.
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B pacnpenenutensHoit BOJKX paspeneHue cmecu Ha KOMIIOHEHTHI
OCYIIECTBIISIETCS 32 CYET paziudusid UX KOI(PHUIMEHTOB pacrpeieseHus
MEXTy ABYMs HECMCITHBAIOIIMMUCS (pa3aMH: PacTBOPUTENIEM (ITOIBUKHASL
¢aza) u npusuToil (azoil Ha copOente (HemoaBwxkHas ¢asza). [lpu sToM
MPUBHUTYIO Ha TOBEPXHOCTh copOeHTa (hazy MOXHO BOCIPHHHMATH Kak
TUICHKY >KHJIKOCTH Ha HOCHUTEJIE.

OcHoBHbIME  TipuBUTBIMH ~ Qaszamu B H®-BIXKX  sBusrores
HUTPWIbHAasE W aMuHHas (Gaspl. OTH TPYNIBl NPHIAIT JOCTATOYHO
BBICOKYIO TOJSIPHOCTh HemoABwkHOH (aze. [loaTomy wHX MOXHO
UCIIOJIB30BaTh KaK B HOPMalbHO-(a30BOM (IIOMPOBAHUE HETOJISIPHBIMU
PacTBOPUTENSIMHE), TaK U B 00OpameHHO-(ha3HOM (IJI0MPOBaHUE MOJISPHBIMU
pacTBopHTENIIMU) BapuaHTax. B kadectBe HD-copOEHTOB OHU HPOSBIISIOT
CBOWCTBa, mMOAOOHBIE cuiMKaredmro. JlIs HHX XapakTepHBI Te JKe
3II0OTPOIHBIE PSJIBI PACTBOPUTENEH, UTO U AJIS CHIIMKAres.

BapuanT  pacnpenenuTenbHOM — xpomaTtorpadud, B KOTOPOM
UCTIIONB3YIOT COpPOCHT C TPHUBUTHIMH  HENOJSPHBIMH  (Hampumep,
ANTKWIBHBIMK) TPYIIIAMUA U B KaUeCTBE JIIIOCHTA TOJSIPHBIA PaCTBOPHUTETH
(HampuMep, CMECh METaHOJIa W BOJBI, allCTOHUTPHUIA U BOJBI), MONYYUIT
Ha3BaHue  obpawenno-pazosori  (OD) BOXKX. Dror  Meron,
UCTIOJIB3YIOIINH  HENOJSIPHYI0  HEMOABMXXKHYIO (asy u  THOJSIpHYIO
NOJBIDKHYIO a3y, cTan ocHoBHBIM B BOXKX. D10 cBs3aHO C Tem, 4To B
O®-BOXKXX HCIONB3YIOTCS PacTBOPUTETH, HMPUTOIHBIC IS PAaCTBOPCHUS
MIPAKTHYECKH BCEX BAXHEHITMX TPy XUMHUYECKUX BemecTB. Kpome Toro,
9TH PacTBOPUTENN yIOOHBI IPH HCIIOIB30BAHUU HanOoJjee MOMyIAPHOTO B
B3XX crniekTpooTOMETPHYECKOro AETEKTOpPA.

Omoomponnsvie psovl pacmeopumeneii. CyImecTByeT BaXXHOE OTIIHINE
MeXaHH3Ma pa3[elieHus BEIIECTB B Ta30KUAKOCTHOW Xpomarorpaduu u
BOXX. B I'’KX B3auMOAEHCTBHS BCIISCTB B IIOABIOXKHON (Tra30BOH,
00BIYHO Tenuii) pa3e He3HAUUTENBHBI, MOATOMY CEJICKTUBHOCTh CUCTEMBI
B OCHOBHOM OIIpENENsIeTCs B3aMMOACUCTBUSAMHU DPA3AEIAEMBIX BELIECTB C
Heno B kHOHN (hazoii. B BOXKX, nanpoTus, noaBmwkHas (xuakas) ¢asza He
SBIISIETCS. WHEPTHOW K paszmenseMbiM BemecTBaM. OHa MOXET HWIpaTh
TJIaBHYIO POJIb B MPOIIECCE TEPMOINHAMHUYECKOTO pacIipeie]IeHNs BeIeCTB
MEXIy HCMOJIBIXHOW ¥ TOABIKHOW (ha3aMu U3-32 CEJICKTUBHBIX
B3aMMOJICUCTBUN KOMIIOHEHTOB AaHAJIU3UPYEMOH CMECH C JIIIOCHTOM
(cmecbto  pactBoputeiei). I[lo atoif mpuumbe a1 3P GEKTUBHOTO
pasnenenus BemecTB B BOJKX BakHyI0 poiib MIpaeT HE TOJBKO BBIOOD
copOeHTa, HO M COCTaB MOJBMKHON (ha3bl.
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Jlist olleHKH CIOCOOHOCTH Pa3IMYHBIX PACTBOPUTENCH K BHITCCHCHHIO
(3TFOMPOBAHUIO) Pa3IENIIEMbIX BEIIECTB U3 KOJIOHKH HUCIOIB3YeTCS TEPMHUH
«AJIFOOTPOITHBIC PSIbI». DNFOOTPOIHBIA Pl - TIEPEUCHb PAaCTBOPUTEIICH B
MOPSKE BO3PACTAHUSI UX IMFOUPYIOIICH CIOCOOHOCTH.

DIIOUPYIOIILYIO0 CIIOCOOHOCTH PACTBOPUTENEH YacTO XapaKTepPH3YIOT PH
TIOMOIIA BEJTMYHMHBI, HA3bIBACMOI JTIOMpYIOLICH cuioit (€°). Diroupyromias
CHJIa pacTBOPHTENS TIOKa3bIBAET BO CKOJIBKO pa3 dHEPTrHs COpOIMU JaHHOTO
AIMOEHTa OOJIBINIE, YeM SHEPrusi COPOLMK IITFOCHTA, BHIOPAHHOTO B KAa4eCTBE
CTaH/IapTa, HarpuMep, H-renTaHa. PacTBopuTeny (3/TFOSHTHI) ACAT Ha clla0ble
u cwibHble. Cralble pacTBOpUTEIH cl1abo amcopOUPYIOTCS HETIOMBIDKHOMN
(aszoii, mosToMy KOIDGHUINUCHTHI PACHPEICICHNS COPOUPYEMBIX BEIIECTB
(copbara) BbIcOKHMe. CHIIBHBIC PACTBOPUTEIN CHIIBHO —aJCOpOUPYIOTCS,
nodToMy  Kj, ~HuU3kue. PacTBopuTens TeM CHIbHEE, YeM  BBIIIE
PacTBOPUMOCTb B HEM aHAJIM3UPYEMOI MIPOOBI, UeM CHIIbHEE B3aHMOICHCTBHEC
pacTBOpHTENb — cOpOaTr.

[Tockombky anmrouwpyromias —cujia SBIIIETCS MEPOH  DHEpPruH
B3aMMOJICWCTBUS MOJIEKYJI PACTBOPUTENS W HEMOJBMXKHOW (asbl, TO,
CJIeTOBATEIbHO, 3aBUCUT OT MPHUPOABI copOeHTa. [losTOMy 3mroupyrorias
CWJIa pa3inyHa JUId KaXKA0H KOMOWHAIIMK COPOCHT - MOABIKHAS (ha3a.

Omonpyromiasi cuiia ONpeAeNseTcs] MOISIPHOCTBIO pacTBOpUTensi. B
HOpMalnbHO-(Da30BOM  XpoMaTorpaguu ¢  yBEIMYCHHEM TOJSPHOCTH
PacTBOPUTEIS ITIOUPYIONIAsl CHJIa PACTBOPUTEINS PacTeT, a B OOpaIieHO-
(ha30BOM BapuaHTE - CHUYKACTCA.

B KHMIKOCTHOM a1cOpOLMOHHON XpoMaTorpaduu i OKCHIA aFOMUHUS
DITFOOTPOITHBIHN Pl UMEET BH (B CKOOKaX MPUBEIEHBI 3HaueHus €°): nenran (0)
< u-rexcat (0,01) < muxnorekcad (0,04) < CCl, (0,18) < 6enson (0,32) < anieToH
(0,51) < sranon (0,88) < Boga, CH;COOH (oueHb OONbIIIas).

OJII0OTPOIHBIE PAABl Ha OOpAIeHHBIX (MOAU(PHUIIMPOBAHHBIX) (azax
0bpamuwl psaaM Ha TUAPODUITEHON TIOBEPXHOCTH HEMOIM(PHUITUPOBAHHOTO
cuwimKarens. B 3aBHCHMMOCTH OT THIAa TPUBUTOW HA CHUJIHKAareidb (hasbl
BO3MOXXHBI M3MCHCHHS B TIOCICIOBATEILHOCTH psja pacTBoputencii. B
oOpaineHo-(ha3oBoit xpomatorpaduu Ha copoentTe Cjg IIMFOOTPOIHBIA P
umeer Buna: wmeranon (1,0) < aneronutpun (3,1), sranon (3,1) <
uzonpomnanon (8,3) < auokcan (11,7).

Hdns  pasgeneHuss 4YacTO OPHUMEHSIOT HE  MHIWBUAYalIbHbBIE
pacTBopuTenH, a wuxX cMecd. He3HaunTenbHBIE [00aBKH JIPYroro
pacTBOpuUTElNs,  OCOOCHHO  BOJBI, CYHIECTBEHHO  YBEIUYUBAIOT
SIMIOUPYIONIYIO CHITY DITIOCHTA.
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B  HopmambHO-da3oBoil  xpomarorpaduu, rae  HOJSPHOCTD
HETO/IBIKHON (ha3pl BBINIE, YeM TIOJBIDKHOW, TIONSPHBIC BEIIECTBa
JMIOUPYIOTCSI B TOCJIEAHIO ouepenb. Ilpu 3TOM, yeM MeHee MHOoJsipHa
noABIkHas ¢aza, TeM OoJibllle X BpeMeHa yaep:kuBaHus. B oOpamieno-
(hazoBoii xpomaTtorpaduu MOJSIPHBIC BEIIECTBA MIIOUPYIOTCS MEPBBIMH, a
yem Ooyiee TONSpHA MOABWXKHAS a3a, TeM CHIIbHEE YIep>KUBAIOTCS
HETIOJISIPHBIC BEIIECTBA.

OO0mas cxema JACWCTBUH IpH BbBIOOpe Xpomarorpadpmueckux ¢has
takoBa. CHayana BbIOMPAIOT HEMOABIKHYIO a3y — TaKyro, 4TOOBI OHa
Obuta ONM3Ka MO TOJSPHOCTH K pas3ieisieMbIM BEIIECTBaM. 3aTeM
noa0upaloT MOABIKHYIO (asy Tak, 4YToObl KOI(PQHUIMEHTH E€MKOCTH
HaXOAWJIUCH B mpeaenax oT 2 a0 5. [Ipu 3ToM crnemyer y4uThIBaTh , 9TO
€CII TIOJISIPHOCTH TOJBIKHOM M HEMOJBMKHOW (a3 ONM3KM, TO BpeMEHa
yIEpKUBAHUS OKa3bIBAIOTCS CIUIIKOM ManeHbKkuMu. Haoboport, eciu dazbr
CHJIBHO PAa3IMYarOTCs 10 TMOJIIPHOCTH, TO BpeMeHa YACpPKUBaHHS OymyT
CJIMIITKOM BEJTUKH.

Honooomennan xpomamozpagus. B nonoodmennor BOXKX (MUX)
pasfeneHre KOMIIOHEHTOB CMECH JOCTHraeTcsi 3a c4eT OOpaTHMOro
B3aMMOJICWCTBHUS BEIIECTB, CIIOCOOHBIX K TUCCOIMAIMHA C OOpa3oBaHUEM
MOHOB, C KaTHOHO- (aHMOHO-)OOMEHHBIMH TpYIIIaMH  COpOEHTa
(noHooOMeHHUKa, uoHHTa). COXpaHEHHE  DIEKTPO-HEUTPaIbHOCTU
copbenta oOecmednBaeTcsi MPUCYTCTBUEM B PacTBOpE MPOTHBOMOHOB,
CIOCOOHBIX K MOHHOMY OOMEHy M HaXOHNAIIUXCSA B HEMOCPEIACTBEHHOM
OM30CTH OT MOBEPXHOCTH HOHOOOMEHHOTO copOeHTa. B 3aBucuMoctu ot
3HaKa OOMEHUBAIOIINXCS NOHOB HOHUTHI Pa3/ICTSAIOTCS HA KATUOHUTHI, FITH
KaTHOHHOOOMEHHHKH (MEXIy HOHHUTOM W PAaCTBOPOM INPOUCXOTUT OOMEH
KaTHOHOB), AHUOHHUTHI, WM aHHOHOOOMEHHUKH (OOMEH aHHOHOB) U
amonuTel, WX aM(OIUTHbIE HOHOOOMEHHHKH (B 3aBUCHMOCTH OT
YCJIOBHI BO3MOYKEH 0OMEH KaK KaTHOHOB, TaK ¥ AaHHOHOB).

Cpenu HMOHOOOMEHHHMKOB IIHPOKOE PACIpOCTPaHEHHE MOIYYHIN
MOHOOOMEHHBIE CMOJIBI, COJIEpKAIIE MOJIUMEPHYIO YacTh R 1 HOHOTEHHBIE
rpymmsl, Hanpumep — SO; H™ wmm —NH;"OH . Tpynnet SO;” u NH;" -
(MKCUPOBAHHEIE HOHBI, a MPOTUBOMOHBI H' u OH - MOABUXHBEI U MOTYT
OBITH 3aMEHEHBI IPYTUMH HOHAMH C 3apsIaMU TOTO JK€ 3HAKA.

Peaknum noHHOr0 0OMEHa 3aIUCHIBAIOTCA KaK OOBIYHBIE XMMHYECKUE
reTepOTeHHBIE PEaKIINH:

RNH;"OH + CI” ¢« RNH;*Cl + OH (aHUOHHBII 0OMEH);

AQHHOHUT p-p AQHHOHHT p-p
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RSO; H + NA®™ ¢» RSO; NA® + H' (KaTUOHHBIH OOMEH).

KaTHOHUT  p-p KaTHOHUT p-p

Paznenenne cmecu HOHM3UPOBAHHBIX BEIIECTB MPOUCXOAUT B
pe3yabpTaTe pa3Iuyus B X KOHCTAaHTaX HOHHOTO 0OMeHa.

B uenom ynepxkuanue B X 3aBucut ot JByX npoiieccoB. [1epBbiit u3
HUX CBS3aH C paclpeleieHueM o0pas3lia MeXay BOJHOW MOJBIKHOW U
OpraHMYECKOW HEMOABMXKHON (hazamMu. BTopeIM sBjIseTCS Ipolece
00pazoBaHMsl WOHHBIX TMMap (KATHOHHBIM W aHWOHHBIH OOMEH). ITOT
MPOILIECC ABIACTCS ONMPEIEIIAIONIUM B yIEP>KUBAHUU BEIICCTB.

3KCHepI/IMeHTaHBHO YCTAHOBJICHBI pAaAbL CpOACTBa, nim
CCJIICKTUBHOCTH, HOHOB II0 OTHOIICHHIO K HOHOOOMEHHUKAM. TaK, Ipu
HHU3KHUX KOHLOCHTpaIUAgX pacTBOpa Ha CHUJIBHOKHUCIIOTHBIX

KaTHOHOOOMEHHUKAX MOHBI C OAMHAKOBBIM 3apsA0M COPOUPYIOTCS B TAKOU
MOCIIEI0BATEIbHOCTH:

Li* <Na"<K"<R" < Cs"

Mg™* < Ca’* < Sr** < Ba**.

71t MOHOB ¢ Pa3MTUYHBIMH 3apsAIaMH COPOUPYEMOCTh YBEITHIHUBAETCS
C YBEJTMYEHHUEM 3aps/a.

Jiis CUIBHOOCHOBHBIX aHWOHOOOMEHHHMKOB COpPOMpPYyEeMOCTh HOHOB
YBEIIMYUBACTCS B PSILY:

F <OH <CI <Br <NO; <I <SCN < ClO, .

B kauectBe monBmxHOM (a3el B X UCTONB3YIOT BOAHBIE PAaCTBOPHI
COJIeH, KHCJIOT, OCHOBAaHHH, SBIISIOUIMXCS XOPOLIO HOHU3UPYIOUIMMU
pactBopuTensMu. JlJisl TOBBIMIEHUS CEIEKTHBHOCTH BapbUPYIOT YCIOBHS
pasmeneHus BEIIECTB MOAXOASIIeH OMBIKHON a3kl (KoHIIeHTpamnws, pH,
WOHHAsI CUJIa, COCTAaB).

K HOHOOOMEHHOM xpomaTtorpabuu MIPUMBIKAET UOHHASA
xpomarorpadus. ITo BapuaHT HOHOOOMEHHOM Xpomarorpadun, B KOTOpOit
Ha TIEPBOH CTaJWU TPOBOIAT pa3feiCHUE CMECH KOMIIOHCHTOB B
pa30aBIeHHOM PacTBOPE KUCIOTH (OCHOBAHHMSA), a 3aTEM YAAJSIIOT U30BITOK
KHCTIOTHI (OCHOBAaHWSI) B DJII0AaTe MJS TOBBIIIEHUS YyBCTBUTEIHHOCTH
oTpeeNeHusl pa3feieHHBIX NOHOB KOHIYKTOMETPHYECKUM JIE€TEKTOPOM.

CocTaBbl TUMMYHBIX MPUBUTHIX HETOABIKHBIX (ha3, UCTIOIb3yEMBIX B
H®, O® u nonHoit xpomarorpadum, mpuBeaeHs! Ha puc. 90.
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Pucynox 90 - CoctaB THIHYHBIX (a3 (IPUBHUTHIX (a3), UCHONB3YEeMBIX B
oOpaineHHO-(ha30BoM, HOpMaATEHO-(ha30BOM 1 MOHOOOMEHHON BOXKX.

IKcknrozuonnas xpomamozpagua. Jlpyrum BapuantoMm BOIXKX,
KOTOPBIA ~ HCIONB3yeTCS  JUIS  HU3yYEHUS  MOJICKYJSIPHO-MacCOBOTO
pacupesneneHuss W OmpeaeNcHWs ~— OCJIKOB, MPOTEUHOB,  JIPYTHX
BBICOKOMOJIEKYIISIPHBIX COCJIMHEHUH, SIBIISICTCS OKCKITFO3UOHHAS
xpomarorpadms. OHa OCHOBaHAa Ha HCIIOJIB30BAHMM B  KAYECTBE
HENOJBMKHON (Da3pl mopucToro Tena Wi Tens. Pasnenenue cmecu
BEIICCTB TPOUCXOIUT B pe3yjbTaTe pajindus B pa3Mepax MOJEKYI
BEIIECTB, W/WIM WX (GOPMBI U CIOCOOHOCTH TIPOHWUKATH B IOPHI
HENOJBMKHON (a3el. [IpuHIMIMAaTbHONW 0COOCHHOCTRIO METOJA SIBISETCS
BO3MOXXHOCTh pa3JIeICcHUsT W OIpPENEICHUsS MOJICKYJ MO HMX pa3Mepy B
JHAIa30He MPAKTHYECKH JIOOBIX MOIEKYISPHBIX Macc - ot 107 1o 10° y.e.

ITo Tpamuiuu mpouecc pas/eieHus, MPOBOJUMBIA B OPraHUYCCKHX
PaCTBOPUTEIAX, YaCTO HA3BIBAIOT 2eib-NPOHUKaoujeli XpoMarorpagpuei.
Ecnu ke pasznmeneHue NpoOBOAST B BOJHOW CHCTEME, TO METOJ Ha3bIBAIOT
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eenv-ghunompayuonnoni  xpomatorpadueii. TepMuH "SKCKITIO3HMOHHAS"
0oJiee TIOJTHO OTpa)kaeT MEXaHW3M IIpollecca pa3/eieHus B 3TOM METOIE,
KOTOpBIA 3aK/IIOYaeTcsl B HCKIIOYEHMH (pa3feleHHH) MOJIEKYN IO HX
pasmepy (Size Exclusion).

Paznenenue B aToM BapuanTe BOYKX mponcxoauT 3a cHeT pacipeae/ieHus
MOJICKYJT MEXKIY pacTBOPUTENEM, HAXOISIMMCS BHYTpPU TIOp COpOeHTa, W
pacTBopHTENEM, MPOTEKAIOIIMM MeXay ero dvactunamu (puc. 91). Pomb
copOeHTa (TBEPIOro HAIOJHHUTE/IS KOJOHKH) 3aKIo4yacTcss B (pOpMUPOBAHUH
Top OTIpeeIIcHHOTO pa3Mepa. HemoaBrmkHOM (ha3oii SIBISIETCSI PAaCTBOPHUTEID,
3aMOHSIONIMH 3TH NOpbl. EcTecTBEeHHO, YTO MpUMEHEHHe TepMUHA "COpOEHT"' K
TaKUM HAIIOJHUTENSIM B OTPENIENIEHHOM CTETIEHHN YCIIOBHO.

Ilpu »skckmo3moHHOM BapuaHTe BOXKX Bce Momekynbsl, pasMep
KOTOpBIX Oouibllle pa3mepa mop copOeHTa, HE MOTYyT B HHX IONacTh
(MIpOMCXOOUT TMOJHASA DKCKIIO3US) U TPOXOAAT IO KaHalaM MEXIy
qacturiamd. OHH DTIOUPYIOTCS U3 KOJIOHKU C OJHUM W TEM K€ 00beMOM
yIIePKUBAHUS, PABHBIM 00bEMY YICpKUBAHHS TIOJBKHOHN (a3bl.

Pucynox 91 -
Mogaens pazne-
JICHUSI MOJIEKYJ II0
pa3Mepy B DKCKITIO-
3noHHON BOXKX

Mosnekyibl ¢ IPOMEXYTOUYHON MOJEKYJSIPHON Maccoi (pasmepamu),
CIIOCOOHBIC POHUKATH B TOPHI ONPEICICHHOTO JHAMETPa, yAeP KUBAIOTCS
B KOJIOHKE B COOTBETCTBHUHM C HX pa3MepaMH. CylIEeCTBEHHBIM OTIMYHUEM
9KCKJIFO3UOHHON XpoMaTorpaduu oT apyrux BapuantoB BOXXX sBisercs
TO, YTO B HEil pa3jesieHue BEIIECTB 3aKaHYUBACTCS O BBIXOJIA U3 KOJIOHKH
pactBoputensa. B npyrux Bapumantax BOXX KoMmmOHEHTHI cMmecu
SMIOUPYIOTCS TTOCIIE PAaCTBOPUTES.
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CBsi3b MEXKIY YICPKUBAEMBIM O0beMOM Vi M MOJEKYISIPHOM Maccoit
(pa3mMepoM MOJIEKYJT) OIIMCHIBACTCS TP TyHPOBOYHOMN 3aBUCHMOCTHIO (pHC. 92).

Kaxnapii  copOEHT XapakTepusyeTrcs CBOCH 3aBHCHMOCTBIO, 10
KOTOPOW MOXKHO OIICHHUTH OOJIACTh Pa3lEsIeMbIX HA HEM MOJICKYJISIPHBIX
Macc. Touka A Ha PUCYHKE COOTBETCTBYET MpEAETy DKCKIIO3WH, WU
MEpPTBOMY 00beMy KOJIOHKH V (00beM KOJIOHKH, 3aHUMACMOU TTOBHKHOM
(hazoii). Bce Monekymnbl, Macca KOTOPBIX OOJBINE, YeM COOTBETCTBYIOIIHUEC
Touke A, OyAyT SIIOMPOBATHCS OJHUM INMHUKOM M HUMETh YIEP>KUBAEMBIN
o6bem Vy. Touka B Ha pHCyHKE OTpa’kaeT IMpeaesl MPOHUKAHUS KOJIOHKH.
Bce monekynbl, Macca KOTOPHIX MEHBINE, YeM B TOYKe B, Takke OyIayT
AIFOUPOBATHCS U3 KOJIOHKU OJHUM IHUKOM C yAEpPKUBaeMbiM 00BeMOM V.
Mexny ToukaMu A W B pacnonaraercs Juana3oH CeJIEKTUBHOTO
pasznenenus. CooTBercTByOImUA emy oobem V; = V, - V, HaspBaior
pabourm oobpeMoM kostoHKH. Otpe3ok C/I mpencrasnser co0oit TMHEHHBIH
Y9acTOK Ha TPaayHpOBOYHOM 3aBHCHMOCTH B KoopamHatax Vi - I[gM.
DTOT y4acTOK OMUCHIBAETCS YpaBHEHUEM

VR = C] - CZ lgM, (95)
rae C; - OTpe30K, OTCEKaeMbld Ha ocu opauHaT oTpeskom C/, C, -
TaHI'EHC YIJ1a HaKJIOHA 3TOr0 OTPE3Ka K OCU OpAUHAT.

JIOCTOMHCTBOM JKCKIIFO3MOHHON Xpomarorpaduu SBISIETCS TO, 4YTO
METOJT XapakTepuszyeTcs HEOONBIIUMH BpEMEHAMH  yJEPKUBaHUS,
OTIpEICIIIEMBIMHI 3HAYCHUSAMH KOXQPUIMEHTOB pactpeneseHus K (MexIy
0 m 1). [lmxku HaA TeNb-XpoMaTorpaMMax OOBIYHO JOCTATOYHO Y3KHE H
XOpOWIO BoCIpou3BoAuMbIe. OIHAKO HEAOCTATKOM SIBISETCA TO , UTO
BBUJly OIPAHMYECHHOCTH [Walla30Ha 3HadyeHU K MaKCHUMaJbHOE YHCIIO
paspemieHHbBIX [MMKOB ~ OTHOCHUTENBHO HEBEIUKO. OTHM  METOAOM
HEBO3MOXHO PAa3ACIUTh MOJIEKYJbl OJMHAKOBOI'O pa3Mepa, B YaCTHOCTH,
nzoMmepbl. CumMTaeTcs, UYTO pa3leicHHE JIBYX  BEINECTB  OyIeT
YAOBJIETBOPUTEIBHBIM, €CIM HX MOJEKYJSIPHBIE MAcChl pas3jIMyaroTCs HE
MeHee, yeM Ha 10%.
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Pucynox 92 -
I'pagyupoBounas
3aBHCHMOCTb,
ucrnonap3yemas B
SKCKJIHO3UOHHOMN
xXpoMarorpadun

Buvioop eapuanmoe BIKX 6 3aeucumocmu om npupoovt onpeoeiiemvlx
eeugecme

Bri6op paznnunbix BapuantoB BOXKX ans onpeneneHus KOHKPETHBIX
0o0pa3lloB  3aBUCUT OT IPUPOABI  ONpENeNIIeMbIX  BEIIECTB  (UX
MOJIEKYJISIPHOM MaccChl, paCTBOPUMOCTH B BOJHBIX U HEMOJISIPHBIX CpeAax,
CHOCOOHOCTH 00Pa30BBIBATH MOHBI IPU AUCCOLMALIAH U JIP.).

OIPEJETISIEMOE CO

Mos.macca >2! Momn.macca < 2000
Pactsopuvbie B Bonopacteopivbe PactBOpHMBIE B OpraHIIecKix BozopacTBopumMbE
OPraHHYECKHUX pacTBOpHTEIAX E
PacTBOPHTEIIX Heanexrpo
Iexcan Mertason JITBI UeKIpOIHTEI
DKCKIFO3HOHHAS XpOMATOrpadst HopmarbHo- HopmaibHo- HopmarbHo- 7 L
(hasoBast wim (azoBast wim dazopast wm -
o0pallieHHO- oOparteHHo- OGWeW XpOMATOTpA
(azosast (asoBast (asosast s
Xpomarorpa Xpomarorpa Xpomarorpa
st bust st

Cxema, TMOKa3pIBaIOIIasl MPUHIMII I0A00pa COOTBETCTBYOIIETO
XpoMaTorpaduIecKoro METo1a I PEIICHUST KOHKPETHOH aHaTUTHICCKOM
3a/1a4, IPUBEICHA BHIIIIE.
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Annapamypa é 8bIcOK0IhheKmugHnoil HcudKOCmHOU Xpomamozpaguu

KunxocTHbrit xpomarorpad SIBIISICTCS Oonee CJIO’KHBIM
AHAJTUTUYECKUM MPUOOPOM O CPaBHEHUIO C Ta30BBIM. JTO CBSI3aHO C TEM,
YTO CHCTE€Ma MOJAadd 3JIIOCHTAa BKIIOYAET JOMOJHUTENBHBIC Y3IBL: OJIOK
Jlera3anyy, YCTPOWCTBO [UIS CO3JaHUS TpPagueHTa, HACOCHI, CHUCTEMY
TOJIICPKAHMSI 1 U3MEPEHUS JTaBIICHUS.

Hacocpl o0ecrieunBaioT MOCTOSHHYIO CKOPOCTh INOTOKAa AIIIOEHTa OT
0,1 mo 10 cM’/mun npu maBnenun 1o 400 atM. J[os yIaaeHHs rasoB u3
pacTBopuUTeNeii MPUMEHSIOTCS CIEIMANILHBIC JIEra3aTophl. JTa IpoIlerypa
HEoOXOJMMa BBUAY TOTO, YTO IOSBJICHUE IY3bIPHKOB Ta3a B JICTCKTOPE
JleTaeT HEBO3MOXKHBIM €T0 MCIIOJIb30BaHHE.

B xunmkocTHOW xXpomaTtorpaduu pazidyar0T W30KPATUYCCKUN U
TPAaJUCHTHBIN PEXKUM DIIIOMPOBaHUS. B M30KpaTHUECKOM peXHMMe 4depes
KOJIOHKY HEIPEPhIBHO TIPOITYCKAIOT TOABIXKHYIO a3y  IMOCTOSHHOTO
coctapa. [Ipu rpangveHTHOM SNIOMPOBAHUHM COCTaB MOJABMKHON (ha3bl B
X0 pa3lesieHHsT MEHSETCS  COMIacHO  CIeHHajbHO  3aJaBacMOM
nporpamme. MOXHO, HamnpuMep, HEMPEPHIBHO HW3MEHATHh MOJISIPHOCTH
JTIOEHTA, W3MEHSAS OTHOCHTENBHBIE CONEP)KAaHUS KOMIIOHEHTOB B BOIHO-
METAHOJBHOH CMecH. DTO TMO3BOJSET 3HAYUTEIBHO COKPAaTUTh BpeMs
pa3aeNneHus, YIyqIluTh MapaMeTpbl pa3ICICHHUS.

B meTome BOXX npuMeHsIIOT CTaHAapTHBIEC IPSMBIC KOJTOHKH JUTHHON
10, 15, 25 cM ¢ BHYTpEeHHUM AHaMETpoM 4-5,5 cM.

B BOXX wncmone3yroT 1Ba OCHOBHBIX INPHHIMIA JETEKTHPOBAHUS.
IlepBoIii 3akimouaeTcss B HM3MEPEHHH KaKOTO-THOO OOIEro CBOMCTBa
NOJBIDKHOW ~ (a3bl, Hampumep, TOKaszaTelss  NPEJOMIICHHS  WIH
9NEKTPONPOBOAHOCTH.  DTOT  CHOCOO  JACTEKTHPOBAHHS  SIBIISETCA
HECEJICKTUBHBIM U TIOTOMY YHHUBEPCAIbHBIM. BTOPOI MpUHIIMTT OCHOBaH Ha
W3MEPEHHH KaKoro-Tu00 CHenmu(puyecKkoro CBOWCTBA  pa3AeNsieMbIX
BEIIECTB — CBeTomorjiomieHuss B  Y®-o0mactu, HWHTEHCHUBHOCTD
(ryopecleHIIMM WM CUJIa TOKa MU SJIEKTPOJIM3E BellecTBa Ha paboueM
3JIEKTpoNie. ODTOT CIOCO0 MEeTEKTHPOBAaHUSA o00JiamacT Oojiee BBICOKOM
CEJIEKTHBHOCTBIO M 3a4acTyro 0oJyiee HU3KUMU TpeesiaMi 0OHAPYKEHHS.

5.4 TonkocJioiiHast xpomaTorpadusi

Tonxkocnoiinas xpomarorpadust (TCX) sBnuseTcs OMHUM U3 BAPHAHTOB
TulaHapHOW xpomatorpaduu. [lianapnas xpomamoepaghus - cmnocod
aHaigu3a, B KOTOPOM IIPOLIECCHI  PA3AClICHUs CMECH  BEILECTB
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OCYILIECTBISIIOTCA B IUIOCKOM Clloe copOeHTa (HemoaBWXHOH ¢aze). Ona
MOJpa3JeNsieTC Ha OYMAdCHylo W MOHKOCAOUHYl0 XpoMaTtorpaduu. B
MEpPBOH B KAauyeCTBE COPOCHTA HWCIIONIBb3YyeTCs CrelmanbHas Oymara. Bo
BTOPOU TPOLIECCHI pa3felicHUs] MPOUCXOJAT B TOHKHUX CIIOSIX COpPOCHTA,
HAaHECEHHOTO Ha WHEPTHYIO TBEPAYI0 TMOMIOXKKY, WIH B IUIEHKax
MOPUCTOTO TOJMMEPHOTO MaTepuana. byMakHas M TOHKOCIIOWHAs
xpomaTtorpa)  CXOJHBI 10  TEXHUKE  BBINOJHCHHS  aHAIIN3a.
TonkocnoitHas xpomartorpadus, OIHAKO, 3aH;iIa 0cob0e MECTO Cperau
IPYTHX Xpomarorpapudeckux MeTOAOoB Ojaromapsi MpOCTOTE METOIUKH U
JIOCTYITHOCTH 00OpYAOBaHUs, IIUPOKON 00JacTH MPUMEHEHUS, BBICOKON
SKOHOMUYHOCTH, JIOCTaTOYHO BBICOKOH CEJICKTUBHOCTH "
qyBcTBUTENBHOCTH. TCX sIBNsieTCS €AMHCTBEHHBIM XPOMATOTpaprUeCKIM
METOJIOM, KOTOPBIM IO3BOJISICT MPOBOJAUTH TOJHBIA aHAIN3 HEH3BECTHOU
CMECH, TIOCKOJIBKY HCCIIEIOBATEIh MOXKET MPOBEPHUTh, HE OCTAJIOCh JIU Ha
cTapTe HEeIMIOMPOBAHHBIX (Hepa3IeIeHHBIX) KOMITOHEHTOB.

Metong TCX Obut mpemiokeH B 1938 r. oTe4eCTBEHHBIMH YICHBIMU
H.A.Uzmaitnoseim u M.C.Hlpaiibep. OnmHako MHMPOKHE BO3MOKHOCTH
MeToja OBUTM OTKpBHITHI To31Hee Onaromapss pabdoram [O.Kupxuepa u
O.11ITasns, TOCBAICHHBIM OMOXUMUHN U (hapMarieBTHKE.

Oobuyee onucanue memooa. Ha pesynpraTsl aHanmu3a B Metoge TCX
BIMSACT TeXHUKa 3kcnepuMmeHTa. B merome TCX HemomBmxkHas (aza
TOHKHM  CJIOEM (100-300 MKM) HAaHOCHUTCS Ha CTCKISHHYIO,
METAJTMYECKYI0 WJIM IUIaCTMAacCOBYIO TUIACTHHKH. B kadecTBe copbeHTa
yalie BCETO WCIIOJB3YIOT CUJIMKAareidb, OKCHJ[ ATIOMHHUS, IEJUTION03Y,
nmoyimaMul, Kuzeneryp. Ha muamrio crapra (1,5-2 ¢cM oT Kpas ITUTaCTHHKH)
OYEHb MaJIBIM ISITHOM HAaHOCHUTCSA aHATW3WpyeMasi CMeCh M CTaHAapTHHIE
BemiecTBa. Jls ATOr0 MCHONB3YIOT KAIWUIAPBI, MUKPOIUIECTKH WU
MUKPOIITPHUIIBL. 3aTEM IUIACTHHKY B T€PMETUYHON KaMmepe MOTpyKaroT B
pacTBOPHUTENb, KOTOPBHIM BBITIONHSAET pPOIL MOABIKHONH (a3er. Iloxg
JICHCTBUEM KaNWUIAPHBIX CHUJ PACTBOPUTENb JIBHXKETCS BJIOJIb CIIOS
copOeHTa 0 (PUHUIIA U C Pa3HOW CKOPOCTHIO TIEPEHOCHT KOMITOHCHTHI
CMECH, YTO MPUBOIUT K WX pazaeneHuro. [[puHIMT pa3geneHus Takoi xe,
Kak B JPyrMX BHJAaxX Xpomartorpaguu - HEOJUHAKOBOE CpPOJICTBO
pasaenseMbIX OpraHWMYECKUX BEIISCTB K TOABMXKHOM JKHIKON ¢ase u
CTaIlIOHAPHOMY  COpOEHTY. Ilocie  mocTKeHHWs  pacTBOPHUTENEM
(3mr0€HTOM) JHMHUW (DUHWINA TUIACTHHKY BBICYIIUBAIOT W MPOBOMST
UACHTU(UKALINIO KOMIIOHEHTOB. Pa3/ielIcHHbIe KOMIIOHEHTHI Ha TUIACTHHKE
WIH TI0JIOCKe Oymaru oOpa3yrT OTaenbHble 30HBI (TsiTHa) (puc. 93).
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MHorue BemiecTBa He OOHAPYKHMBAIOTCS B BHIUMOW OOJIACTH W JUIS MX
oTpezeNieHUs] HEBUIUMBIC 30HBI MPOSBISIIOT OMPBHICKUBAHUEM TLTACTHHBI
TCX cneumansHeiMu peareHTamMu. [l oOHapyKeHHs MATEH MOXKHO
UCIONIb30BaTh Y D-u3nydeHne Ui TepMUUECKYIO JECTPYKILUIO BEIIECTB.

BaxHolt XapakTepUCTUKONW CTENEHU pas3leieHUusl OIpeeIsieMbIX
COEIMHEHUH B IUIaHAPHOW Xpomartorpaduu sBideTCs BEIMYMHA R, -
OTHOLIEHUE PACCTOSHUS OT LIEHTpa IMSITHA Ha TUIACTHHKE O JIMHUU CTapTa
(x) x paccrosinuio (), NPOWJIEGHHOMY PAacCTBOPUTENIEM OT JIMHUHU CTapTa J0
¢unnma. BenmnmumHa R, sBIAETCA KAyeCTBEHHOM XapaKTEPHCTUKOM
OTPEACNAEMOTO  COSAMHEHUS, XpoMarorpagupyeMoro Ha JaHHOM
copOcHTe, B JaHHOM PAacTBOPUTENIC W B JAaHHBIX YCIOBUSX ombITa. Jlis
HAJCKHOCTH MACHTU(HUKAIMN BEIIECTB INPH OIpedeieHnn Ry dacrto
UCIIONB3YIOT "cBUAeTENn" . i 5TOro Ha MIACTUHKE BMECTE C pa3leisieMoit
CMECBI0  BEIIECTB  XpoOMaTorpadupyloT  CTaHIAPTHBIE  BEIISCTBA
("cBuperenu").

dpoHT
O (@]
o Pucynox 93 - Cxema
y anamn3a meronoM TCX:
1- ananu3upyemas CMech,
x 2,3,4 - cTanmapTHBIC
(= o " n
l T BemiecTBa ("'cBumerenu")
cTapT
1 2 3 4

B 3aBucHMOCTH OT HampaBiCHUS JBIDKECHHWS PACTBOPUTENS W OT
MOJOXEHUSA TUIACTMHKA € COPOCHTOM  pasinvaloT  BOCXOJSINYIO,
TOPH30HTATBPHYI0 W HHUCXOJSIIYIO TOHKOCIOWHYI0 Xpomarorpaduio. B
METOJIE 60cxo0sawel xpomamozpaguu pPacTBOPUTEIh TOIHUMACTCS II0
IUTACTMHKE CHHM3Y BBEpPX IO JCHCTBHEM KAMMUIAPHBIX CHJI, KOTOPBIC
npeo0IagaoT HaJl TPAaBUTALIMOHHBIMU CHJIaMH. 3/1eCh JCHCTBYIOT TAKXKE U
cunbl auddy3un, BAUSAIOIMIME Ha IEPEMEIICHHE XpoMaTorpadupyeMoro
BEIIECTBA KAaK B TPOJOJABHOM, TaK W B TIONMCPEYHOM HAMPABJICHHH.
[IpoaBwXKeHUE PACTBOPHUTENS HA TIJIACTHHKE C 3aKPEIUICHHBIM CIIOEM
copOeHTa 00BIYHO HE JODKHO MpeBhImath 10-12 cM, Tak Kak B MPOTHBHOM
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ciy4yae HaOJromaeTcs 3aMelUICHHE IBIKEHHS (POHTAa  pacTBOPUTEI,
mibdysus nareH u  Oompiune Konebanus R, Merox Hucxooawet
Xpomamozpaghuu XapaKkTepu3yeTcs MoJadeil pacTBOPUTEINS HA TUIACTHHKY
cBepxy BHU3. Ilpu copuzonmanvrou xpomamoepaghuu nnacTuHKa B Kamepe
pacmoiokeHa CTPOro TOPU30HTAIBHO.

Buvioop xpomamocpagpuueckoii cucmemot. IIpaBUIBHBIA BBIOOD
copOcHTa W  pacTBOpHUTENs (CMECH  pacTBOpPHUTENEH)  OmpeeiseT
3 PeKTUBHOCTL (IMTOJIHOTY) pasmencHus. Breibop xpomartorpadudeckoit
CHCTEMBI ONpEIeNseTCs MpUpomol aHammsupyemond cmecu. B TCX
HauOOJIbIIICe TPUMEHEHUE B KAYeCTBE COPOSHTOB MONYYMIN CHIINKATEIH U
OKHCh aloMUHUS. KpomMe HHX HCIONB3YIOT KH3EIbIYp, IEILTIOIO3HBIC
TIOPOIIKH, TOJHMAMHIHBIE COPOEHTHI, cedaieKkc, THAPOOKUCH KallbIu,
CWIMKAT MAarHus, pPa3JInYHbIe MOIU(PHUIMPOBAHHBIE COPOCHTHI. BwiOOp
COpOCHTa ONpECNSICTCS CBOWCTBAMHU pa3JelIICMBbIX COCIUHCHHHA, WX
pPacTBOPUMOCTBIO (TUAPOGUITBHOCTE, TUIPOPOOHOCTH), COICPKAHHEM U
xapaktepoM  (QYHKIHMOHAIBHBIX Tpymm. Hampumep,  HachlmeHHBIE
YTIEBOOPOLI COPOUPYIOTCS B OYCHb MallOM CTEMEHH U IO3TOMY
JIBUKYTCSL B cOpOeHTe ¢ OoJyiee BBICOKOW CKOPOCTBIO. JI7sl uX pasjeneHus
CJIeTyeT WCIOJBb30BaTh HanOoJiee aKTHUBHBIE COPOCHTHI M MAaJOIOJISPHBIE
pactBoputenu. HeHacBIICHHBIE — YTICBOIOPOILI  COPOUPYIOTCS  TEM
CWIbHEe, 4YeM OOJIbIlie B HHUX COJNCPKHUTCA JBOWHBIX CBs3ei. Jlns
OpPraHUYECKUX BEIECTB, COJCPKANINX pa3Hble (YHKIMOHAIBHBIC TPYIIIHI,
aZICOPOITMOHHOE CPOJICTBO IMOBHITIACTCS B clieayrommeM psiny -CH;, -O-alk,
>C=0, -NH, -OH, -COOH. 3T0 TpPHBOIAT K TOMY, YTO Ha CIIOSX
CWIMKAreisi WM OKWCH AQlIOMHHUS TPpU TPUMEHCHHH B KadeCTBE
pacTBopuTens, HampuMep, OEH30Jla TMPOCThIE WM CIOXKHBIE S(OUPHI
pacmoiaraloTcsi B BEpXHEW YaCTH XPOMAaTOTPAMMBbI, KETOHBI M aJIbJeTUIbI
MPUMEPHO B CEPEIUHE, CIUPTHI ONMKE K JIMHUU CTapTa, a KHCIOTHI
OCTalOTCS Ha CTapTe.

PactBopuTenm pa3zHol MpUpPOALI, Ucob3yeMble B TCX, paznmuyarorcs
M0 WX OJJIIOUPYIONIEMY (BBITECHUTEIbHOMY) JAEUCTBHUIO M HX MOXHO
pacmoNIOXKUTh B TaK Ha3bIBAGMBIC JIIIOOTPONHBIC psinbl. HabOnromaercs
OUYCBUJHAS 3aBUCUMOCTh MEXKIY IMOJSAPHOCTBIO U DIIOUPYIONIUM
JieiicTBueM pactBoputeis. Hampumep, 37100TpONHBIN psii JUIsl CUITMKAress
M0 MEpe BO3paCTaHUs IIOUPYIONICH CITOCOOHOCTH BBHITIISIUT CIICAYIOITUM
00pa3oM: H-TeKCaH, MEHTaH, UKIOTEKCaH, YEThIPEXXJIIOPUCTHIA YIICPO/,
TOIYOI1, XJIOpO(OpM, TUXIOPMETaH, TUITUIOBBIN 3QUp, YKCyCHAs! KUCIIOTA,
3TaHOJ, METaHOJ, MUPUINH, BOJA.
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IMompwkHas ¢aza MomKHA OBITH JOCTATOYHO JIeTyda W 00anaTh
MUHUMAJIBHOW BS3KOCTHIO. PexoMmeHmammm 1o BBIOOpY cOpOeHTa W
MOJBWXHOW (ha3kl B caMOM OOIIEM BHJIE MOXHO CGHOPMYIUPOBATH
cnenyromuM obpa3oM. Ecnm BemecTBo oOiiagaetr ciiaObiM CPOJCTBOM K
COpOeHTy, TO WCIIONB3YIOT aKTHBHBIE CIOM U cinabo MOJISpHbBIE
PacTBOPHUTENH, CTOAIINE B HadalIe AIIIOOTPOIHOTO psna U, Ha000pOT, ecin
BEIIECTBO  CHJIBHO  copOupyercs  COpOCHTOM, TO  HPUMEHSIOT
c1a00aKTHBHBIE COPOSHTHI M CUIIHLHO TIOJISIPHBIE PACTBOPHUTEIH.

Memoowt oopabomku xpomamozpamm. J1s noaydeHust “HGOpPMaLUU
0 KauyeCTBEHHOM U KOJUYECTBEHHOM COCTaBE AHAIU3UPYEMOU CMEcH
UCTIONB3YIOT  KaK  XWMHUYECKHe, TaK ©  (U3WYCCKUE  METOJIbI
JETeKTUpOBaHWs. B  mociemHue Trombl  3HAYUTENHHO  BO3POCIO
UCTIOJb30BaHNE (PEPMEHTATUBHBIX METOJOB, OCOOCHHO B KIWHHUYCCKOH
IUarHOCTUKe, Tpu onpeneneHun nectuiuaoB. I[lmactunku TCX
BBITIONHSIOT POJb OUCKET, C KOTOPBIX XHMHYECKas, (r3W4yecKas WU
(hepMeHTaTHBHAS WHPOPMAIMSI MOXKET OBITH CUMUTAHA B JIIOOOM MECTE U B
moboe BpeMms. Bee 3T0, B OTNIMYKE OT IPYTHX BApUAHTOB XpoMmaTorpaduu,
MPOUCXOAUT OTACIBHO OT MpoLecca Pa3feiCHHUs U STUM YCTpPaHACTCA
BIMSIHUE TONBWXHONW ¢a3pl. OTcioma cleayer, YTO CEeNEeKTHBHOCTH
(m3buparenbHOCTh) MeToga TCX cKiIangpiBaeTcss W3  CEICKTHBHOCTH
mporiecca pa3aeieHus U Ceu(pUIHOCTH IeTEKTUPOBAHMSL.

Hoenmugpuxayuro  sewjecms  (Ka4eCTBEHHBIA  aHAIHW3)  MOXKHO
NPOBOJIUTH IO PAaBEHCTBY 3HAYCHUH R; aHAIN3UPYEeMOIo BELIECTBA W
crangapta ("cBugerens'). Ecmu Ha Xxpomarorpamme oOpasyroTcs
OKpalllCHHBIE 30HBI, TO JTO 3HAYMTEIHHO VYIIPOImIaeT e¢ o0pabdoTKy.
HeBugumpie XxpomarorpamMMmbl TPOSIBISIIOT (HAXOIAT 30HBI Pa3/IeleHHBIX
BEIICCTB) XUMUYCCKUMHU U (PU3NIECKUMHU CITOCOOAMU.

I[Ipn xumudeckoM crmoco0e IUICHKY WM OyMary ONPBICKHBAOT
pPacTBOPOM WJIH JIEPKaT B Mapax B3aMMOEHCTBYIOIIETO C KOMIIOHEHTaMHU
aHAJTU3UPYEeMON CMECH peareHTa. JTHU PEaKTUBBI MOAPA3ACISAIOT Ha JIBa
Tuna: 1) peakTUBBI OOIIETO HA3HAYCHWS, TO3BOJISIONIME OOHAPYKUTh
0O0JIBIIIOE YHCIIO COCIMHEHHUI Pa3IHYHBIX KJIACCOB; 2) Ooee creupuHbIe
PEaKTUBBI, TO3BOJSIONIME OOHAPY)XHTh COEIMHEHHS OIPEAETICHHOTO
KJjlacca WM ¢ OompeAesieHHoW (yHKUIMOHanbHOW rpymmoil. K peareHtam
o0Iero Ha3HA4YEHHS OTHOCATCS KOHIIGHTPHPOBAHHAS CEpHas KHCIOTa,
pacTBop OMxpomara Kaiusl B KOHIICHTPUPOBAHHOW CepHOH kuciote, 1%
CITUPTOBBIN pacTBOp Homa, hochopHO-MONHOACHOBAST KUCIIOTA, POJAMHUH U
Ipyrue. OgHO W3 CyIIecTBEHHBIX IpeumyinecTB TCX, Mo cpaBHEHUIO C
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OyMaxxHOH XpoMaTtorpadueii,— BO3MOKHOCTb UCTIOJIh30BAHUS arPECCUBHBIX
MPOSIBUTEIIEH.

[Ipumepsl cien@UUHBIX pPeareHTOB-MPOSIBUTENCH T OOHAPYKEHUSI
Pa3TUYHBIX KIaCCOB OPTaHUYECKUX COSAMHCHUN MPUBEICHKI B Ta0I. 4

Ilpu dusugeckom crocobe TPOSBICHUS 30H IUTACTHHKY OONYyJaroT
Y®O-mznyuenneM. CopOeHT O0OBIYHO  COAEPKHUT  (IIyOpeCICHTHEIC
WHAWKATOPBl (CHJIMKATBl IIMHKA, CyIbGUABl IMHKA WM KaJMUs,
BOJIb(ppamMaThl METOUHO3EMETBHBIX METAIJIOB) U TUIACTHHA MIPH 00TydYeHUN
CBETUTCS OJeHO-TOIyOBIM CBeTOM. Ecin Ha MiacTWHKE eCTh BEIIecTBa,
crocoOHbIe moroniate Y®-usnydeHue (apoMaTUdecKue W COACpIKaIue
conpsbkeHHble C=C CBs3M BEIECTBA), TO IMPOUCXOJUT WHTHOWPOBaHUE
¢bnyopecuennmu. [lodToMy Ha spkoM (oOHE TUIACTHHOK TOSBISIFOTCS
TEMHBIC 30HbI, COOTBETCTBYIOIINE ONPEACIICMOMY COCTUHCHHUIO.

Tabmuua 4 - Pearentsl ansi oOHAapyXEHHSI HEKOTOPBIX OpPraHUYECKUX

COCIMHEHHUH
Knace
COCTMHEHHUI Pearent Oxpacka msTeH
Kucnotsr BpoMKpe30I10BbIii 3e1eHbII 3eneHoe IATHO Ha 3eJ1eHOM (GoHe
CrupTsl LepuiiaMMOHUIHUTPAT KopuuneBoe mATHO Ha 3€ICHOM
¢done
8—OxcunonuHat Banagus(V) KpacHoe nsiTHO Ha 3eneHOM (oHe
AT T U b 2,4-Tlunnrpo-penmnruapazud | OT KeaToro 10 KpacHOTro Ha
0J1eIHO-OpaH>KeBOM (hOHE
AMUHBI Tuonuanar kobanbra l'ony6oe maTHO Ha po30BO-0eoM
¢done
4-xyop-5,7- OpaH)KEeBO-KPACHBIE, 3€JICHBIE,
JuHUTpoOCH30(ypa3aH CHHUE IIITHA HA XeITOM (oHe

Konuuecmeennwvii  ananuz cmeceir BemectB B TCX  MOXHO
OCYIIECTB/IATh JABYMS CIOCOOaMH: HEMOCPEACTBEHHO Ha XpoMarorpamme
WIH TIOCJIC BBEIMBIBAaHUS aHAM3UPYEMOTO BEIECTBA U3 CJIOS COpOCHTA.
[MTonykonmu4yecTBEHHOE OIPE/ISIICHNE HEMOCPEACTBEHHO Ha XPOMATOTrPaMMe
OCHOBAaHO Ha TOM, 4YTO IUIOIIaJb W HHTCHCHUBHOCTH OKPAacKu
xpomaTorpa)udecKux 30H MPOMOPLHUOHAIBLHO KOJIMUYECTBY BeriecTna. Jlis
KOJIMYECTBCHHBIX OTPEACICHHUI BEIIECTB UCTIOIB3YIOT WHCTPYMEHTAIBHBIC
METOJIbI, TaKhe Kak (HOTOACHCUTOMETPHS, (IIOOPOMETPHUs, PaIHOMETPHSI.
®DOTOCHCUTOMETPHST OCHOBaHA Ha KOJUYECTBEHHOM CKaHHPOBaHUHU
OKpAIICHHBIX 30H JTY4OM MOHOXPOMATHYECKOTO CBETA W U3MEPCHHH JOJU
MOTJIONICHHOTO WM OTPKEHHOTO BEIIECTBOM CBETA. OJCKTPHUYCCKUI
CUTHAJl PETUCTPUPYETCS B BHJEC KPUBBIX, aHAIOTHYHBIX 1O (PopMe IMHKam
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Ha XpOMaTorpaMMax B KOJOHOYHOM BapuaHTe. KoIM4ecTBO BelecTBa
HaXoNAT TIO BeJIWYMHE IUIOMAAW THKa. Bo BTOpoM BapuaHTte
KOJIMYECTBCHHBIX ~ ONpECICHU aHaU3upyeMoe BelmecTBO  (TISATHO)
BEIMBIBAIOT W3 CJOs COpPOEHTa TMOCIE BHIPE3aHUS 30HBI, TOJMYYCHHBIN
pactBop aHATM3UPYIOT KaKHM-JTH00 METOJIOM, Harpumep,
CITEKTPOPOTOMETPHUICCKUM.

Ilpumenenue xpomamozpaghuueckux memooos

Xpomarorpaduaeckue METOABl aHalW3a IMUPOKO MPHUMEHSIOTCS B
HAyYHBIX MCCIIEAOBAHUAX U B PA3TUYHBIX 00JIACTSIX MPOMBIIIIIEHHOCTH IS
aHalM3a CMECH Ta3000pa3HbIX, JKHJIKAX © TBEPIbIX  BEIICCTB,
MPETapaTHBHOTO BBIJCICHUS COCAMHEHUN W Jis W3Y4YeHUsS (U3HKO-
XUMHYECKHUX CBOMCTB ra30B M PaCTBOPOB.

l'azoBast xpomartorpadust — OJMH W3 CaMbIX COBPEMEHHBIX METOJIOB
MHOTOKOMITOHCHTHOTO aHaliu3a. DTOT METOJ HE3aMCHHM B HE(PTEXUMUU
(6eH3UHBI coMlepyKaT COTHA COCTMHEHNH, a KEPOCHHBI U Macjia — THICSYH),
€ro  HWCIONB3YIOT TPH  OMpENelIeHWH  MEeCTHIHIOB, YIOOpEHHH,
JICKaPCTBEHHBIX TMPENapaToB, BUTAMUHOB, HAPKOTUKOB U Jip. I'X mupoko
MPUMEHSIOT B (DU3MKO-XMMHUYECKUX HCCICAOBAHUAK: JUIsl OMpEACICHUS
CBOMCTB aJCOPOEHTOB, TEPMOIMHAMHYECKUX XapaKTEPUCTHK aacopOuuu,
KOHCTAaHT PaBHOBECHUH, KOAPHUITMCHTOB aKTUBHOCTH H JIP.

WHTEHCHBHO pPa3BUBAIOTCA W HAXOMAT NIMPOKOE IPUMEHCHHUE BCE
BapuanTel BOXKX. Meton amcopOrmonnsnii BDXXX, kak u razoas
xpomatorpadusi, - 3TO CEPHUHHBII METOJ ONpEAETCHUS OPTaHWYECKHIX
COCIMHEHHI MHOTHX KJIACCOB, €r0 IMIMPOKO MCIIONB3YIOT JJIsl OIPECIICHUS
cMeceil aMHHOKHCIIOT, OETIKOB, JIEKAPCTBEHHBIX MPENapaToB.

OO6parieHo-(a3oBast KHIKOCTHAsE XpoMarorpadust HaXOAUT HIUPOKOE
MPUMEHEHUE MPAKTHYECKU BO BCEX 00ACTAX, TaK WM MHAUYE CBS3aHHBIX C
ompesieNicHUEe OPraHUYeCKUX BEIIeCTB: B (papMalleBTHUKE, OHOXMMUH,
KPUMHUHAIUCTHUKE, MEIUIIMHE, PA3TMYHBIX OTPACISIX MPOMBIIUIEHHOCTH. Ee
UCHIONB3YIOT JUIS  aHajiW3a NOPOAYKTOB  NUTAHUSA,  ONPEICIICHUU
3arpsa3HUTeNiell  OKpyXarolied cpeapl (NMECTHIUIOB, IMONHIUKINICCKIX
apOMAaTUYECKUX YTIIEBOJIOPOAOB, MOTUXIOPOU(ECHUIIOB).

DOKCKITIO3MOHHAsT ~ XpoMmarorpadusi IIMPOKO  HMCHONB3YyeTcs  JUIs
OmpeeNeHUs] ~ MOJICKYJISPHBIX ~ MacC HM  MOJEKYJISIPHO-MacCOBOTO
pacnpeneneHus MPUPOIHBIX M CHHTETHUECKUX TTOJIMMEPOB.
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TonkocnoliHas xpoMaTorpadus IUPOKO IPUMEHSIETCS 11 0030pHOTO

a”aIn3a B XAMHYECKUX, MIPOU3BOICTBEHHBIX, MEIULNHCKUX,
OMOXMMHYECKUX U OMOJIOTHYECKUX 1a00paTOPHSIX.
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Bonpocwt 012 camonoozomoexku K pazoeny 5

[Jaiite  ompenenenue  Xxpomarorpaduy, — paccKakuTte O  KiIaccH(UKanuu
XpoMmarorpaduueckux MEeTOIO0B.
Kakne mporeccsl HpOTEKAalOT MNpH pa3ielieHHH BEIIECTB B XpOMAaTOrpadHIecKoit
KOJIOHKE?
YTo XapakTepu3yoT U30TePMbI afcopbuny, ypaBHeHus Jlenrmiopa, ['enpu?
OnuinTe OCHOBHBIE TAPaMETPhl XPOMAaTOIPaMMBI.
Xpomarorpaduueckue MUKY, ux Gopma, IpU4KHbI pasmbiBaHusA. CriocoObl onpeneneHus
TUIOIIA/U TTHKOB.
Kaknmu  mapamerpamm  ommchiBaeTcsi  9(QQEKTHBHOCTH  KOJIOHKHM, KaK OHH
PacCUUTHIBAIOTCS U3 SKCIIEPUMEHTAIBHBIX JAHHBIX?

. Uto 00BSACHIET MOJICKYIISIpHO-KHHEeTHYecKas Teopust Ban-Jleemrepa?

KakoBel kpurepum Xxpomarorpaduueckoro pasmeneHusi? Pacckaxure O BIHSHHA

pa3IUYHbIX (AKTOPOB HA pa3]eIeHUE BEIECTB.
ITo xakuM napameTpam MPOBOIUTCS UACHTU(HUKALIUS BEIIECTB B XpoMaTorpaduu?
. Pacckaxkure 0 MeTofax KOJIMYECTBEHHOTO aHAIN3a B XpoMaTorpaduu.
. [aiite o0uryro XapakTepUCTHKY MeTOAa Tra3oBoi xpomatorpaduu. Pacckaxure o
KJIacCH(UKAINH METOIOB Ta30BOM XpoMaTorpa(uu 1o MeXaHu3My pa3/ieleHus.
JlalitTe ompeneneHne MeToAa ra30XXHUAKOCTHOH xpomaTtorpaduu. ONHIINTE OCHOBHBIE
y3usl I2KX xpomarorpada.
Kakumu cBolicTBaMu oypkHA 001a1aTh HenoaBmkHas ¢aza B [KX?
Pacckaxure 00 OCHOBHBIX JIETEKTOpax, UCHONb3yeMbIx B [ 0KX.
[aiite 0011yI0 XapaKTEPUCTHKY METO/a )KUAKOCTHOM XpoMaTorpaduu.
Yem ornmuaercs BOXKX ot kinaccudeckoi :HUIAKOCTHO XxpomaTorpadun?
KaxoBa posb moABMXHO# (a3bl B )KUAKOCTHOW XpoMarorpaduu?
B gem cocrout cymHOCTh HOpManbHO-(a30BOro M 00OpauieHo-(a30BOr0 BapUAHTOB
JKUJKOCTHOH Xpomarorpapun?
Kakue THIIBI HETIOIBIDKHEIX (pa3 MCHONB3YIOTCS B PA3JIMYHBIX BapUAHTAX XHUIKOCTHOI
xpomarorpaduu?
Pacckaxure cyTb HOHOOOMEHHOI XpoMaTorpauy.

Pacckaxxure o0 KknmaccupHUKalUMM ~ MOHOOOMEHHUKOB, HANUIIUTE  YpaBHEHUS

HOHOOOMEHHOTO PaBHOBECHS.
JlaiiTe onpeznesneHne SKCKIIO3UOHHOM Xpomarorpadun. Ha uem ocHOBaHO pasneneHue B
3TOM BapHaHTe XpoMarorpaduu?
HasoBure o6nacTu nmpuMeHEHHS SKCKIIO3MOHHOHW Xxpomatorpaduu. Kak ompenemsior
MOJIEKYJISIPHO-MAaCCOBOE PacIpeieIeHHe ITOJIUMEPOB?
Omnumyre 0OCHOBBI TOHKOCIOWHOM XpoMaTorpaduu ¥ METOAUKY NIPOBEICHHS aHAIIH3a.
Kakum o6pazom ocymecTBisiercst 00paboTKa TOHKOCTIOHHBIX IIIACTHHOK?

Kak mnpoBoauTcs uIGHTH(UKALMSA KOMIOHEHTOB B AHAIM3UPYEMOl cMecH H
KOJIMYECTBEHHBIH aHamu3 B Metoje TCX?
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6 Kunernueckue MeToabl aHAJIN3A
TeopeTI/lqecmle OCHOBBI KHHETHYECCKHUX METOA0B

MeTto/1p1, OCHOBaHHBIE Ha M3MEPEHNH CKOPOCTH XUMHUYECKON PeaKIny,
HA3bIBAIOTCS] KHHETHYECKUMH.

Ananumuyeckum cuenanom B KUHETHUECKHX MeETOJAaxX SBIIETCA
CKOPOCTh TIpOIlecCca WJIM MPOMOPIHUOHANBHAS €l BennyrHa. XHUMHAYecKas
peaxiusi, Mo HM3MEPEHHI0 CKOPOCTH KOTOPOW HAaXOIAT KOHIEHTPAIHIO
OTIPEICNIIEMOTO  BELIECTBA, HA3BIBACTCA UHOUKAMOPHOU peakyuel, a
BEIIECTBO, MO0 M3MEHEHHUIO KOHIICHTPAIMU KOTOPOTO BO BPEMEHHU CYIST O
CKOPOCTH WHANKATOPHOHN PEaklnu — UHOUKAMOPHBIM 8eUleCNBOM.

OcHogHOe ypasnernue XUMUYUECKOU KUHEMUKU

ITox cxopocTeio (V) XuMU4eckoil peakuuu
nA + mB = gC + pD (96)
cJeayeT MOHNMAaTh U3MEHEHHE KOHIICHTpannu (Ax) KaKoro-1u0o BeIecTBa
(KaK UCXOJIHOTO, TaK U MPOAYKTA PEaKIMK) B €AUHUILY BPEMEHU:
V =Ax/At, nput— 0 V= dx/dx. 97

3amMeTUM, YTO €CIIM B KHHETHYECKOM ypaBHeHuH (97) moxg
MEPEMEHHON BEIMYMHOM X TOHUMAIOT KOHIIGHTPAIMIO OJHOIO U3
HCXOJIHBIX BEUIECTB, TO Iepell OTHOIICHUEM dx/dt cleAyeT CTaBUTh 3HAK
“MUHYC”, TIOCKONIbKY KOHIIGHTpalWs KOMIIOHEHTa BO  BpEMEHHU
YMEHBIIAETCS; COOTBETCTBEHHO, €CIM B  KA4eCTBE IEPEMEHHOM
paccMaTpuBalOT KOHILIGHTPAIMIO MPOJIYKTa pPEaKUUH, TO OTHOLICHUE
CTAHOBUTCSl BEIMYMHON MOJOXHUTENbHOU. [IpuHMMAas 3TO NOJIOKEHHUE, B
JANbHEUIINX BBIKJIAJKAX COOTBETCTBYIOIIMM 3HAK MO YMOJIYaHHIO OyneM
OIyCKAaTh.

OCHOBHBIM 3aKOHOM XHMMHUYECKOM KHUHETHUKU SIBIISICTCS 3aKOH
JIEHCTBYIONTNX MAaccC, B COOTBETCTBHH C KOTOPHIM CKOPOCTh XHMHUYECKON
peaKkuy MPOMOPIUOHATIbHA MPOU3BEACHUIO AKTHUBHBIX KOHIICHTpalui
pearupyromux  BEIIECTB B CTEHECHSAX,  COOTBETCTBYIOIIUX  HX
CTEXHOMETPHUECKIM Kod(pPuIMeHTaM. B HauambHBII MOMEHT MPOTEKAHUS
XUMIUYECKON peakiuu (96) 3T0 MOXXKHO BBIPa3UTh B BHJAE CIICTYIOIIETO
KHHETHYECKOr'0 YPaBHEHUS:

V = dx/dt = k-a,"-b,", (98)

rJie k - KOHCTAHTa CKOPOCTH PEaKIHH, HMEIOMast Pa3MepHOCTh (1 Moitb )"
m.c g, m b, — UCXONHBIE AKTHBHBIE KOHIEHTPAIMH PEardpyOIHX
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BemecTB (Monb/1). Ho mockonpKy Hpu MPOTEKaHWW peakuuu o0pasyercs
MPOIYKT C TEKYIIeH aKTHMBHOW KOHIIEHTPAIMEH X, TO B JIIOOOW MOMEHT
BpEMEHH BbIpaxkeHHe (98) cienyeTr NpeCcTaBUTh B BUAE:

V =dx/dr = k-(a, - x)"-(b, - x)" wimn

V =dx/dt = k-a"-b", 99)
rae a=a,—x u b=b,—x — TeKymre akTUBHbIE KOHIIEHTPAINH BEIIeCTB A 1 B,
COOTBETCTBEHHO.

PaccmaTpuBass KONMMYECTBO MOJEKYJ, NPUHUMAIOIINX YYacTHE B
JJIEMEHTAapHOM  aKTe€  B3aMMOJEWCTBUS,  XHMHUYECKHE  pPEaKIHuu
NOJPAa3JeNsIiOT Ha MOHO-, OM- M TPHUMOJEKYJsIpHBIE peakuuu. Jpyras
KJaccupUKalMsg XUMUYECKHX peakIuid OCHOBaHA Ha  Tpajaluu
KMHETUYECKUX ypaBHEHUH B COOTBETCTBHH C OOIIMM MOPSIKOM pPEaKIIvH,
KOTOPBIM ONpeneNsaioT Kak CyMMY CTEXHOMETPHUECKUX K03(HUIIUEHTOB.
Hanpumep, ans peakuun (1) (oOmuit) mopsaok peakuuu (p) paBeH n+m.
Ilopsimok TOW K€ peakiuyd 10 KOMIIOHEHTY A OymeT paBeH n, a IIo
KOMIOHEHTY B — m. OmHaKo AOCTaTOYHO YacTO MOPSAOKHA PEAKIMH 10
OTJENbHBIM KOMIIOHEHTaM HE COBMAJAlOT C  COOTBETCTBYIOLIUMH
CTEXHOMETPHUECKUMU KO3((uimentaMu u MOTyT NPHUHHMATh IPOOHBIC
3HaYEHHUs, YTO OOYCJIOBIIEHO CJOXHBIM MEXaHH3MOM IPOTEKaHHUs
XUMHYECKOH peakuuu.

HyneBo#t mopsimok MoxeT HaOMIOAaThCsl B PEPMEHTATUBHBIX PEAKIIMSX
(B ciydae HachIIIEHUS pacTtBopa cyOcTparoM). CKOpPOCTh peakmui
HYJIEBOTO TIOPAIKA HE 3aBUCHUT OT KOHIICHTPAIINH PEarnpyrOIINX BEeIIECTB:

V=dx/dr =k (100)

I'paduk 3aBUCHMOCTH W3MEHEHHUS KOHIICHTpAIMK KaKOTO-THOO
BEIIECTBA, YYACTBYIOIIETO B PEAKIMH HYJIEBOTO IOPSAIKA, BO BpPEMEHH
npeAcTaBisieT co0oi mpsmMyto auHuIo (puc. 94, a).

CkopocTh  peakiuy  NEPBOTO  MOpAAKa  MPONOPLHOHAIBHA
KOHIIEHTpaIlMK Pearupyrouiero BemiecTra (Harnpumep A):

V =dx/dr = k-a. (101)

[loaToMy peakmuu TMepBOro IOpAgKa C TEUYEHUEM BpEMEHH
3aMEeJUISIFOTCS, T.€. CKOPOCTh PEakIil MEepBOTO MOpSIKa BO BPEMEHHU
YMEHBIIIAETCS, TOCKONBKY CHIDKACTCS KOHIEHTPAIMsl pPearnpyromero
BEIIECTBA. 3aBHUCUMOCTh H3MEHEHMsI KOHIEHTpPAlMM KOMIIOHEHTa 4 BO
BpEMEHH OTpaxkaeT KpuBas [ Ha puc. 940 (yBeaWMYeHHE KOHIICHTPAITHH
MPOAYKTa PEaKIIMK BO BpEMEHH OTpakaeT KpuBasi 2 Ha TOM YK€ PUCYHKE).

3aBUCHUMOCTH CKOPOCTH pEAKIMU BTOPOTO MOPsiAKa BO BPEMEHU MOXKET
MMETh Pa3IMYHbIN BUJ, TIOCKOJBKY MOPSIOK PEaKIMH MOXKET OBITh CBA3aH
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C KOHIIEHTpalled OJHOr0 BEIIECTBA BO BTOPONM CTENEHM HIH C
KOHLIEHTpAlMsIMU JABYX BEIIECTB, YYacTBYIOIIMX B peakUuH (KaxIoe B
MIEPBOM CTETIEHN).

B ananutudeckoi MpakTUKe CTPEMATCS K YIPOIIEHHIO KUHETHUYECKUX
ypaBHeHu#. C 3TOH 1IEJIbI0 XUMHUYECKYIO PEAKLUI0 IPOBOJIAT B YCIOBUSX,
KOTJJa OAMH WIH HECKOJbKO KOMIIOHEHTOB IPUCYTCTBYIOT B pacTBOpe B
TakoM OOJBIIOM M30BITKE MO OTHOILEHHIO K ONpeesieMOMY KOMIIOHEHTY,
YTO M3MEHEHHMEM HX KOHLEHTpAallMd BO BPEMEHHM MOXKHO IpeHeOpeub.
CrnenoBaresibHO, CKOPOCTh PEAKLIUH IIEPECTACT 3aBUCETh OT KOHLIEHTPALH
JTAHHBIX KOMITIOHEHTOB.

Hampumep, ecnu ipu poBeNEHUH PEAKINH

A+B=C+D (102)
KOHILICHTPAIMIO BelIeCcTBa A B3STh B OONBLUIOM M30BITKE MO OTHOLICHHIO a
BEUIECTBY B, TO AaHHasg peakUus BTOPOTO MOpsAKa TNpeBpaliacTcs B
PEaKIMI0  IICEBIO-IIEPBOrO  MOpsAAKa, IOCKOJIBKY a=const  (4To
COOTBETCTBYET HYJIEBOMY IOPSIKY PEAKLIUU 110 KOMIIOHEHTY A).

C C

A A

»
»

T T
a 7]
PucyHOK 94 - 3aBI/ICI/IMOCTB KOHLCHTpAallMKu pearcHra BO BpCMCHU:
a — B PEakIiy HYJICBOTO TIOPSIKA; 6 — B peaKIMu IepBoro nopsaka (1 —
HUCXOJHOI'O KOMIIOHEHTA, 2— IpoayKTa XI/IMI/IHGCKOﬁ peaKL{I/II/I)

CremoBaTeNibHO, CKOPOCTh DTOM peakiuu OyaeT 3aBUCETh JIHIIL OT
KOHIICHTpAIINH BEIeCTBa B B pacTBOpE:

V=dx/dt = k-a-b = k'b. (103)

B 06H.ICM CJIydyac CKOpOCTb XUMUYECKOU PpCaKklun 3aBUCUT HC TOJIBKO
OT KOHHCHTpAIlUMW pPCarupyromnmx BCHICCTB, HO ©W OT TCEMIICPATYPHI
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PEaKIIMOHHON Cpeabl, MPUPOABl PACTBOPUTENSI, MIOHHOW CHUIIBI pacTBOpa, a
TaK)Ke MPUCYTCTBHSI BEIIECTB-KAaTAIM3aTOPOB.

CKOpOCTh pa3IUYHBIX XMUMHUYECKUX PEAKIMA MOXKET HAXOIUTHCA B
OYCHb IIMPOKUX Mpeaenax: OT AOJeH CEeKyHABl 0 HECKOJIBKUX CYTOK.
YCIoBHO BCE peaknuy TMOAPA3ACIAIOT Ha OBICTphle W MemieHHBIe. K
OBICTPBIM pEAKITHSIM OTHOCSAT TaKWeE, B KOTOPBIX IOJIOBHHA WMEIOIIETOCS
KOJIMYECTBA BELIECTBA pearupyer MeHee yeM 3a 10 cekyH[, Bce OCTaabHbIC
pEeaKIMK CYUTAIOTCS MEICHHBIMHU.

Bnuanue ¢haxkmopoe na ckopocms xumuueckoit peakyuu

Ha cxopocTs XuMHYeCKOM peakiuy BIMSIOT TEMIEparypa, Mpupoja
pacTBOpUTENIS, MOHHAS CUIIA PACTBOPA).
Brusnue memnepamypei. B cpeaHeM TOBBIIIEHHE TEMIIEpPAaTyphl Ha
10°C mpUBOAMUT K YBEIMYCHHUIO CKOPOCTH PEaKIIUK B pacTBope B 2 — 3 pasa.
YcTaHOBIEHO, UTO KOHCTAHTa CKOPOCTU PEAKIIMK CBA3aHa C TeMIIepaTypoil
B COOTBETCTBHH C YpaBHEHHEM AppeHunyca
d Ink E
— = — (104)
dT RT’

re k — KOHCTaHTa CKOPOCTH PeaklnH, £ — SHeprisl aKTUBALINH.

B caywyae mpocThIX peakuuii, MIYIIMX B OJHY CTaJHIO, JHEPruUs
aKTHBAIlUU TOKAa3bIBA€T, KAKOM MUHUMAaNbHOW SHEpruei B pacuere Ha 1
MOJTb BEILECTBA JOJDKHBI 00NIafaTh pearupyronlue YacTUIlbl, YTOOBI OHU
OBLTM aKTUBHBIMH, T.€. MOTJIM BCTYIIHTh B XUMHYECKOE B3aMMOJECHCTBHUE.
He crmeagyer cMemmBaTh MOHSTHS «KOHCTAHTa CKOPOCTH pEakIUU» U
«KOHCTAaHTa pPaBHOBECHS peakiuu». KoOHCTaHTa paBHOBECHS pEaKIINH
MOKa3bIBaCT, HACKONBKO BEpOSITHA peaknui (B TEPMOIWHAMHYECKOM
CMBICJIC) M HACKOJIBKO OHA CABHMHYTa B CTOPOHY 00pa3oBaHHS MPOJIYKTOB
peakium.

Brusnue npUpPoObl pacmeopumens. Huns Hauboee
paclpoCTpPaHEHHOTO B aHATUTUYECKOM MpaKkTHUKE ciayyas, KOrja MExXIy
co00#l pearupyroT HOHBI C TMPOTHUBOMIOJIOXKHBIMU 3apsiaMu, CKOPOCTh
PEaxIui YMEHBIIAETCS C YBEIMYCHUEM AUAICKTPUIECKON POHUIIAEMOCTH.
BoNBIIMHCTBO OpraHMYEcKHUX pPAacTBOPUTENIEH HMEeT AMIICKTPUUYECKYIO
MPOHUIIAEMOCTh MEHBIIIE, YEM BOJA, TIOITOMY CKOPOCTh PEaKIUi B TaKUX
PaCTBOPHTENIAX TOJDKHA OBITH OOJBINE, YeM B BOJIHBIX pacTBopax. OgHaKo
TaKas Koppersinus HabIogaeTcs Jajeko He BCer/a.

Brusanue uonnoii cunvl pacmeopa. B nHanbonee npocTom ciydae, Kormna
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B BOJHOM pacTBOpE B peaklMi y4acTBYIOT JiBa HOHaA (4 U B), B3aMMOCBSA3b
KOHCTaHTbI CKOPOCTH PEAKIMK C HOHHON CUJIOHN pacTBOpa MOXKHO ONHUCATh
YpaBHEHUEM:

lgk=lgk,=aZZnu | (105)

rae k, — KOHCTaHTa CKOPOCTH peakIuu B CpeAe, UIi KOTOPOH
K03 PHUIIMEHTBI AaKTUBHOCTH WCXOAHBIX YACTHII M aKTHBUPOBAHHOTO
KOMIUIEKCA MEXTy HUMU MPUHSATH PaBHBIMU €MHHULIC;

0 — KOHCTaHTa, BKIIOYAlOMIas BEIHMYMHBI JTUAJIEKTPHUECKON
MIPOHUIIAEMOCTH PACTBOPUTENS U aOCONIOTHOM TeMIIEPaTypPHI;

Zs,Zp — 3apAapl 4YACTULL;

[ — IOHHasl CUJIa pacTBOpa.

N3 ypaaenus (105) BHOHO, YTO ¢ YBEIWYCHHEM WOHHOW CHIIBI
pacTBopa, T.€. C BBEIACHHEM B pEAKLMOHHYI CHCTEMY IOCTOPOHHMX
JNEKTPOJIUTOB, CKOPOCTh PEaKUUH OyIeT yMEHBIIAThCS H3-32 CHIDKCHHS
JIEKTPOCTATUYECKOTO TMPHUTSDKEHUS HOHOB C  IMPOTHBOIOJIOKHBIMU
3HAKaMH.

Brusanue pH cpedvi. I3MeHeHne KOHLIEHTPAaLlMi HOHOB Bogopoaa (pH-
Cpelpl) TaKKe MOXKET CKa3aTbCd HAa CKOPOCTH XHMHYECKOM peakluu.
IIpexxne Bcero, HW3MEHEHHWE KOHIIGHTPAMM HWOHOB BOJOPOAA MOXKET
U3MEHUTh  OKHUCIUTENBHO-BOCCTAHOBUTENBHBIA  MOTEHLUAT  CHCTEMBI,
KOTOpPBIA B COOTBETCTBHMM C ypaBHeHHMEM HepHcra Bo3pacTaer c
YBEJIMYEHUEM KHCIIOTHOCTH cpenbl (C yMmeHbllieHueM pH pactBopa). B
HEKOTOPBIX CIIydasx 3TO BIHMSIHHE HOCHUT CKPBITHIM Xapakrtep. Hampumep,
CKOPOCTb  pEakUWH,  HUCHOJB3yIOIIEeWCs  TIpH  HOJOMETPUUECKOM
OTIpeeTICHIH MEIH:

200" +4I =2Cul| + I, (106)
3aBUCHUT OT KUCIIOTHOCTH CPENbl, XOTS B CyMMAapHOM YpaBHEHUM pEaKkLUn
MOHBI BOJIOpOJa He ydacTBYIOT. OfHAKO B HEHTpalbHON M crlaboKUCION
cpele [MaHHas peakius MPOTEeKaeT OdYeHb MEIUIEHHO, CKOpPOCTh €€
3HAYUTENBHO BO3PACTaET C MOHWKEHUEM plH pacTBopa.

CKopocTh  peakIMd MOMKET CYIIECTBEHHO YMEHBIIAThCS WIH
BO3pacTaTh B TPUCYTCTBUHU BEIIECTB-UHTHOMTOPOB WM KaTalH3aTOpPOB,
4yTO O0JIee MOAPOOHO PacCMOTPEHO Aaliee.

Kamwzumuuecxuepeakuuu

B ToM cinywae, korma CKOPOCTh XHMHYECKOW pEaKIUU MOXKET
3HAYUTENFHO BO3PAcTaTh B MPHUCYTCTBHH HEKOTOPHIX BEMIECTB, KOTOPHIE
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SIBJISIFOTCSL KaTaJTU3aTOPaMHU, TAKUE PEAKLIUU HA3BIBAIOT KAMAAUMUYECKUMU.

[Ipu nporekaHUy KaTaIUTHYECKHX IPOIIECCOB B TOMOIeHHOH hase (B
pacTBope) MOTYT OBITh pPEaIM30BaHBI JIBA MYTH YCKOPCHHS XUMUYECKOU
peakium.

1. Katanmm3aTop oOpa3yeT MpOMEXKYTOYHOE COCAMHEHHE C OJHHM W3
y4acTHUKOB peaknny. OOpa3oBaBIeecsi COSIMHEHNE PearupyeT ¢ ApyTruM
YYaCTHUKOM PEaKIUH, IPH 3TOM 0CBOOOXKIaeTcs kartamu3aTop (Ki):

A + Kt= AKt;
AKt+ B=X+Y + Kt

Taxolt MexaHU3M peau3yeTcs MPHU B3aUMOJICHCTBUY TIEPOKCHIIA BOIOPOIA
¢ HoAWA-MOHAMHM B TPHUCYTCTBHM psfa COCAWHEHHWH  (MONHMOIATOB,
BOJIILpPaMATOB, BAHAJATOB M JIp.), KOTOpPBIE YCKOPSIOT 3Ty PEaKIHIO.
CyMmapHasi peakiisi MOXKET OBITh TpPEACTAaBICHA B BHJIC CICAYIOLICTO
YpaBHEHUSL:

Kt=(NH,),;M00,
H,0, + 2H" + 2 ======= L+ 2H20

Opnako Tmpolecc mpoTekaeT B aBe crTamuu. CHadaiga oOpasyercs
KOMIIJIEKC ITePOKCHUIA BOOPOIa C MOJIHOJATOM aMMOHHUS:

(NH,;);M00, + H;O,— (NH;);M00+H;0;,
KOTOpBIﬁ Jajiee pearupyer € ﬁOHHH-HOHaMH:
(NH4)2M004‘H202 +2H" + 2I — L+ 2H20 + (NH4)2M004,

MpH 3TOM 00paszyercs WOoa W OCBOOOXKIAETCS MOJUOJAT aMMOHUS (T.e.
KaTajau3aTop y4acTBYeT B XMMHUYECKON peakIliu, HO caM HE PacxXojyercs,
KOHIICHTPAIIHSI €0 OCTASTCS MOCTOSHHOM).

2. Karanmzarop mperepneBacT W3MCHEHHS IPH B3aMMOJICHCTBHH C
OHMM W3 BeEmecTB (HampuMmep, ¢ A) ¥ TmpeBpamiaeTcs B Oosee
PEaKIMOHHOCTIOCOOHOE MPOMEXKYTOYHOE coeAuHeHue Kr¥, KoTopoe
pearupyeT C BEIIECTBOM B CO 3HAYUTEIBHO OOJBINEH CKOPOCTHIO, YeM
BemecTBo A. IlpuMepamMu MOMOOHBIX TPOILECCOB MOTYT CIYXHTh HOA-
asugHas, Qeppu-THOCyIb(haTHAS pPEaKIUd WIH PEaKIUs OKHCICHUS n-
tdenetnnuna (H,NCsH,0C,Hs5) mepokcuaoM BoAoOpoia B TMPHUCYTCTBHUH
noHoB rekcanuanodeppara (II), KOTOpeIH SABISIETCS KaTaIM3aTOPOM 3TOM
peakuuu:

H,0; + 2[Fe(CN)s]* + 2H* = 2[Fe(CN)s]> + 2H,O
[Fe(CN)s]” + H-NCsH,OC>Hs = [Fe(CN)s]* + mpomyKTsL.
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Haubomee yacTo B aHATUTUYECKOM IMMPAKTUKC KMHCTUYCCKUC MCTOABI
aHaJin3a UCHOJB3YIOT UMCHHO HJIA ONPCACICHNA KOHUCHTPAalluKW BEIICCTB-

KaTalnu3aToOpOB.
C menbro oOecrieYeHus] TOUHBIX ¥ JIOCTOBEPHBIX PE3yJbTaTOB aHAIN3A,
MIPOBOIUMOTO KUHETUYECKUM METOIOM HEOOXO0INMO, 4TOOBI

WHINKATOPHAS peaKIysl OTBEYaIa Py TpeOOBaHUH.

1. CkopocTh UWHAMKATOPHOW pEakIMu [OJDKHA HAXOAWTHCI B
ompenenaeHHBIX mpenenaX. OnTuManbHOE BpeMs HAOMIOACHUS 32
CKOPOCTBIO HMHIWKATOPHOTO IIpoIiecca COCTaBIIIET OT 5 1m0 15 MUHYT.
OdeHp MeICHHBIE PEaKIMU HCIIONB30BaTh HeleIecoo0pa3Ho, TaK Kak
VATUHSICTCS BpeMsl aHaiW3a; OYeHb OBICTPhIC pEakmuud TPeOYIOT
CITeIMAaIbHBIX METOIOB HAONIOACHMS 32 CKOPOCThIO Tporiecca. Cremyer,
OJIHAKO, OTMETHTh, 4YTO C pPa3BUTHEM METOJOB M3yUYCHUs] OBICTPBIX
MPOIECCOB B TIOCICIHEE BpeMs BCE Yalle WCIOIb3YIOT B KadeCTBE
WHIUKATOPHBIX PEAKITUH, IPOTEKAIOIIHE ¢ OOIBIION CKOPOCThIO (71 < 10
CEeKYHJ).

2. [lpu mpoTeKaHWM WHIUKATOPHOW pEaKIUu HEOOXOJUMO HATUYHC
OBICTPOTO, MPOCTOTO M JOCTYIMHOTO METOJa HaOIIOJCHHUS 32 CKOPOCTHIO
WHIUKATOPHOTO TIPOIecca, T.€. M3MCHEHUE KOHIICHTPAITUN HHIUKATOPHOTO
BEIICCTBA BO BPEMCHU JIOJDKHO M3MEPATHCSA JIOCTATOYHO OBICTPHIM U
IPOCTHIM CIIOCOOOM.

3. KonmeHrpanus ompemenseMoro  KOMIIOHEHTa HE  JOJDKHA
MPaKTUYECKA MEHATHCS 3a TIEpPHoJ BpeMeHH HaOmiopeHus. Ecmam
OTpEACIACMBIM SBIISICTCS OJIHO W3 PEAaTHPYIONIMX BEIIECTB, TO C
JIOCTATOYHOM TOYHOCTBIO €0 MOKHO ONPENEIIATh B TOT HAYAIBHBIN TIEPHOJ
peakmuy, KOTrIa ero KOHIICHTpaIisa n3MeHUIach He Ooee yeM Ha 5%.

4. Peakuuss 1OomKHA OBITh YYBCTBUTEIBHOM W CEICKTUBHOW I10
OTHOIIICHUIO K OTPEICIIEMOMY BEIICCTBY.

Kunemuueckue kpuevie u cnocoowsl ux oopabomku

CKOpOCTh KAaTATUTHIECKON PEAKIHH, MPOTEKAOIIIEH 1O CXeMe:
Kt
nA +mB = gC+ pD (107)
3aBUCHT KaK OT KOHICHTpAI[MK KOMIIOHEHTOB XUMHUYECKOH PEaKIiu, TaK U
OT KOHIICHTPAIINN KaTau3aropa:
V = dx/dr = k-Cxr(a, - x)"(b, - x)", (108)
rae Ck, — KOHIICHTpaIlKs KaTajau3aTopa.
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Ecnmu 3a Bpemsi mpoBeneHus omnbiTa (HAOMIOACHHS 32 CKOPOCTHIO
npoliecca) KOHIIEHTpAIlMU BeUeCTB 4 U B CYIIECTBEHHO HE HU3MEHSIOTCS
(4To crpaBe[JIMBO MJIsl HaYalbHOrO MEpUOda PEaKIUu), a CaMU BEIleCTBA
HaXOJATCS B pacTBOpe B OONBIIOM W30BITKE 10 CPaBHCHUIO C
KOHIIEHTpalMel KaTajinu3aropa, TO HOPAIOK peakiuy 1o BemectBaM 4 u B
CTaHOBUTCSl HYJEBBIM, U CKOPOCTh peaKknuu OyAeT 3aBHUCETh TOJIBKO OT
KOHLICHTpAIlMH KaTaau3aT