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BBEJIEHHUE

B ocHOBe Bcex MeTOI0B aHAJIM3a JISKUT U3MEPEHUE TU00 XMMHUECKOro, J1ubo ¢u-
3MYECKOTr0 CBOMCTBA BEIIECTBA, HA3bIBAEMOI'0 AHATUTHYECKUM CHUTHAJIOM, 3aBUCAIIETO OT
MIPUPOJIBI BEIIECTBA U €T0 COJIEPKaHUs B ITPooe.

Bce MeToipl aHaNINM3a PUHATO Pa3leNATh HA XUMUYECKHe, (pru3nyeckue u GU3NKo —
XHUMHAYECKHE METObI aHAJIH3A.

B xuMu4YecKMX MeTOAAaX aHAJM3a IS MOJyYEeHHUs aHAIUTHYECKOTO CUTHajla HUcC-
MOJIB3YETCsl XMMHUYECKasi peakius. B kaduecTBe aHAUTHYECKOTO CHTHAJa B XMMHYECKHX
METOAaxX BBICTyIAeT Ju00 Macca BellecTBa (TpaBUMETPUUYECKHI METOJ| aHanu3a), Jubo
00bEM pPEeaKkTHBA — TUTPAHTA (TUTPUMETPUIECCKAE METOJIBI).

PU3NKO-XUMHYECKHEe MeTOAbl AHAJIM3a OCHOBAaHbl Ha PErHCTPAllUM aHAIUTHYE-
CKOTO CHTHAJIa KaKOTO-TO (PM3UYECKOTO CBOWCTBA (MOTEHIMANA, TOKA, KOJIMYECTBA DIIEK-
TPUYECTBA, UHTEHCUBHOCTHU M3JIy4YEHUS CBETA WM €ro MOIJIOMEHHS U T. [I.) IPH MPOBE/e-
HUHM XUMUYECKOU PEaKIUU.

du3nyeckHe MeTOAbl — METO/Ibl, IPU PeaIu3aluid KOTOPBIX PETUCTPUPYETCS aHa-
JUTAYECKUA CUTHAJI KaKUX-TO (PU3NYECKUX CBOMCTB (SIIEPHBIC, CIIEKTpalbHBIC, ONTHYE-
ckue) 6e3 MPOoBECHNUS XUMUYECKON peaKIiHy.

B mocnennee BpeMsi B OTIENBHYIO TPYIILYy METOJOB aHAJIN3a BBIIEISIOT TaK Ha3bl-
BacMble OMOJIOTMYeCKHEe METO/Ibl, B KOTOPBIX JJIs MOJIy4YEeHUs] aHAIUTUYECKOTO CUTHaa
WCTIONB3YIOTCSl PEaKIMH, MPOTEKAIOIINE B )KUBBIX OpPraHU3Max WM C yYacTHEM BBIICIICH-
HBIX U3 HUX OMOJOTHYecKuX cyOcTpaTroB ((epMEHTOB, aHTUTEN U JIp.).

PU3NKO-XUMHYECKHE WM HHCTPYMEeHTaJIbHble METOJbI aHajH3a OCHOBAHBI Ha
U3MEPEHUH C MOMOUIbI0 MPUOOPOB (MHCTPYMEHTOB) (PM3NYECKUX MAapaMeTpOB aHAIU3U-
pPYeMOii CHCTEMBI, KOTOPbIE BO3HUKAIOT HIIM M3MEHSIOTCS B XOJ€ BBIOJHEHUS aHAIUTH-
YECKOM pEeaKLMH.

BypHoe pa3BuTHe (QHU3MKO-XMMHUYECKHX METOAOB aHAJM3a OBUIO BBI3BAHO TEM, UTO
KJIACCUYECKHE METO/Ibl XMMUYECKOTO aHalln3a (IpaBUMETPHs], TATPUMETPHUS) YK€ HE MOT-
JIM yIOBJIETBOPSITH MHOTOUMCIIEHHBIE 3alPOCHl XUMHUYECKOH, (hapMalleBTHUECKOM, MeTal-
JYypru4eckoi, MoyynpoBOAHUKOBOM, aTOMHOM M JPYIMX OTpacieid MpOMBIIUIEHHOCTH,
TpeGOBABIIMX MOBBIIICHUS YyBCTBUTEILHOCTH MeTOIOB 10 10 °—107" %, X CeTeKTHBHO-
CTH U 3KCIIPECCHOCTH, YTO MO3BOJIMIIO OBl YIPABIATh TEXHOJIOIMYECKMMHU MPOLIECCAMH T10
JAHHBIM XMMHYECKOTO aHajH3a, a TAKKE BBIMOJIHATh UX B aBTOMATHYECKOM DPEXKUME U
JUCTaHI[MOHHO.

Psin coBpeMeHHBIX (DU3MKO-XUMHUECKUX METOOB aHalM3a IO3BOJIAIOT OJTHOBpE-
MEHHO B OJIHOM M TOM e ImpoOe BBIMOJHATh KaK KauyeCTBEHHBIN, TaK M KOJIUYECTBEHHBIN
aHaJIN3 KOMIIOHEHTOB. TOYHOCTh aHajHM3a COBPEMEHHBIX (PU3MKO-XHUMHUYECKHUX METOJIOB
COIIOCTaBUMa C TOYHOCTBIO KJIACCHYECKUX METOJOB, a B HEKOTOPBIX, HallpUMeEp B KyJO-
HOMETPUH, OHA CYIIECTBEHHO BHIIIIE.

K HemocTaTkaM HEKOTOPBIX (U3UKO-XMMHUUYECKHX METOAOB CIIEAYET OTHECTH J10pO-
TOBU3HY HCHOJB3yEeMbIX MPUOOPOB, HEOOXOIMMOCTh MPHUMEHEHHs 3TaloHOB. [loaTomy
KJIaCCHUYECKHE METOJbl aHajM3a HO-IPEeKHEMY He MOTEepsIM CBOEro 3HA4YEeHUs U NpHUMe-
HSIIOTCS TaM, Tl HET OrpaHMYEHHI B CKOPOCTHU BBITIOJHEHUS aHAIIN3a U TpeOyeTcs BBICO-
Kasl €ro TOYHOCTh MPU BBICOKOM COZEP>KaHUHU aHATU3UPYEMOT0 KOMIIOHEHTA.



IJTABA 1
XPOMATOI'PAOUA

Xpomartorpagusi — BaXXHEUIINI aHAIMTUYECKUNA METOA. XpoMarorpa-
(bUuecKUMU METOJaMHU MOXHO ONPEAENATh Ia3000pa3HbIe, XKUAKUE, U TBEP-
JIbI€ BEIIECTBA C MOJIEKYJIAPHOM MACCOM OT €AUHUIL 10 10°. D10 MOTYT OBITh
HEOpPraHUYECKHUE BEIIECTBA, HAIPUMEP, MOHBI METAJJIOB, U30TOIBI BOJIOPOA,
U OpraHuveckue — OENKH, CUHTETUYECKHUE MOoIuMepbl U T. 1. C MoMoIbio
xpomaTtorpaduu noixyyeHa oomurpHas nHGopmaIus 0 CTpPOEHUU U CBOMCTBAX
OpraHUYECKUX COEJIMHEHUN MHOTHX KiaccoB. XpomaTorpaduio ¢ ycrexom
MPUMEHSIOT B UCCJIEAOBATENBCKUX M KIMHUYECKUX IEISIX B Pa3IUYHBIX 00-
JacTsX OMOXMMHHM U METUIIMHBI, B (papMaiieBTHKe, KpUMUHAIUCTUKE, TTUIIIC-
BOW MPOMBIIIJICHHOCTH, JJISI MOHUTOPUHIA OKPYXArOUIEHW Cpelbl. Y HUBEP-
CaJIbHOCTh, IKCIPECCHOCTh, YyBCTBUTEILHOCTh METOa OOYCIaBIMBAIOT Yac-
TOE UCIOJIb30BaHuE XpoMaTtorpaduu B aHATUTUYECKUX LIEIISX.

1.1. CymHocThs XpoMaTorpapuu

Xpomartorpagusi — 370 (PU3HKO-XUMUYECKUM METOJ Pa3JCICHHs Be-
IIECTB, OCHOBAHHBIN Ha paclpe/ie]ICHUU KOMIIOHEHTOB MEXIy AByMs (hazamu
— NOOBUIICHOU U HenodsudicHol. HemoaBmkHON (Pa30oii 0OBIYHO CITYKHUT TBEP-
70€ BellecTBO (COpOEHT) WM IUJIEHKA XUJKOCTH, HAHECEHHAs Ha TBEPIOE
BeniecTBo. [lonBmwkHas (asza npeacrapiser coO0il )KUIKOCTh WK Ta3, IpoTe-
KAIOIINI Yepe3 HEMOABMKHYIO (a3zy.

KOMITIOHEHTHI aHaIM3upyeMO CMECH BMECTE C MOJBMXKHOW (pazoi me-
peMeIaloTCsl BAOJb CTAallMOHAPHOM (Da3bl, KOTOPYIO OOBIYHO MOMEMIAIOT B
KOJIOHKY (CTEKJISIHHYIO WJIM METaNIMYecKylo TpyOKy). Eciu Momiekynsl pas-
HBIX KOMIIOHEHTOB pa3/esiieMOl cMecH 00JIaIaloT pa3IMuHOM ajcopOupye-
MOCTBIO WJIM PAaCTBOPUMOCTBIO, TO BpeMsl UX MpeObIBaHUS B HEMOJBHKHON
daze, a, cieqoBaTENbHO, U CPEIHSS CKOPOCTh MEPEABUKEHUS MO KOJOHKE
paznuyHbl. OJIHA KOMIIOHEHTBI OCTAIOTCA B BEpXHEM CJI0€ COpOEeHTa, ApyTHE,
C MEHbIIEH aacopOuPyeMOCThIO0, OKA3bIBAIOTCS B HUIKHEW YacCTH KOJIOHKH,
HEKOTOpbIE MOKUJAIOT KOJIOHKY BMeCTe C MOJABMXHOU (a3oit. Tak moctura-
€TCsl pa3JieiCcHHe KOMIIOHEHTOB. Xpomartorpadus — TUHAMUYECKUA METO/,
CBSI3aHHBIM C MHOTOKPATHBIM IOBTOPEHHEM COPOIMOHHBIX M JIECOPOIMOH-
HBIX MPOLIECCOB, TaK KaK pa3/ieJIeHHe MPOUCXOANUT B MOTOKE MOABMKHON (a-
3bl. JTO obOecnieunBaeT 3P(HEKTUBHOCTh XpOMATOrpauuecKkoro MeToja Io
CPAaBHEHUIO C METOJAAMH COPOLIMHU B CTATUYECKUX YCIOBUSX.

C nomorpio XxpomaTorpaduu BO3MOXKHBI: Pa3eIeHHE CIOXKHBIX CMecei
OpraHUYeCKUX M HEOPraHWYECKUX BEIIECTB Ha OT/AEJIbHBIE KOMIIOHEHTHI,
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OYMCTKA BEHIECTB OT MPHUMECEH, KOHUECHTPUPOBAHUE BEIIECTB M3 CHJIBHO
pa30aBJIEHHBIX PACTBOPOB, KAUYECTBEHHBIM W KOJWYECTBEHHBIM aHAIU3 HC-
CJIEyEMBIX BEILIECTB.

1.2. Knaccupukanusa xpomarorpaduuecknx MeTo10B

B ocHoBy kmaccuukanuy MHOTOYHUCICHHBIX XpOMaTOrpaduuecKkux
METO/IOB TOJO0XKEHBI CIETYIOIINE TPU3HAKU:

1) arperatHoe coctosHue ¢as;

2) MEXaHU3M B3aUMOJEHCTBUA COPOEHT — copoar;

3) crocoObl MPOBEACHUS XpoMaTorpaduueckoro aHasmza;

4) anmapatypHoe oopMieHHE (TEXHUKA BBINOJIHEHUS) MpoIecca Xpo-

MaTorpadupoBaHus;

4) nenbp XpoMaTorpagpupoBaHus.

Ilo arperaTtHomy cocTosinnio ¢a3 xpomarorpaduro pa3aensioT Ha 2a-
308y10 U dcuokocmuyro. I'azoBasi xpomarorpadus BKIIOUAET Ta30KHIKOCT-
HYIO U Ta30TBepA0(Da3HYyI0, )KUIKOCTHASI — KUAKOCTHO-)KUJKOCTHYIO U KUJ-
KOCTHO-TBeprodasnyto. IlepBoe c1oBO B Ha3BaHWM METOJa XapaKTEPU3yeT
arperaTHoe COCTOSIHUE MOJIBIKHOU (Da3bl, BTOPOE — HETIOABM)KHOM.

IlIo mexaHu3my B3auMojeicTBHsI cOpOeHTa M cop0aTa MOXXHO BBIJE-
JIUTh HECKOJIBKO BHJIOB XpomaTorpaduu: adcopbyuonHas OCHOBaHA Ha pa3iu-
YUHU B aJCOPOMPYEMOCTH BEUIECTB TBEPABIM COPOEHTOM; pacnpeoenumenvHas
OCHOBaHa Ha Pa3IMYHON PAaCTBOPHUMOCTHU Pa3eIsieMbIX BEIIECTB B HETIOABHXK-
HOM (paze (razokuKkocTHas XxpoMarorpadus) Wik Ha pa3IudHON pacTBOPUMO-
CTU BEIECTB B MOJBM)KHOM M HETMOABIXHOHN (hazax (KUAKOCTHAsI XpOMaTorpa-
bus); uonoobmennas xpomamozpaghusi — Ha pa3HOU CIIOCOOHOCTH BEIIECTB K
HMOHHOMY OOMEHY; IKCKIIO3UOHHAS XpoMamozpagus — Ha pa3iuiny B pazMepax
1 (opMax MOJIEKYJ pa3eiIeMbIX BEIIECTB; ag@uuHas xpomamozpagus — Ha
crienu(pUUECKUX B3aUMOJEHCTBUSAX, XaPaKTEPHBIX JUI HEKOTOPBIX OHOJIOTHYe-
CKMX ¥ OMOXMMHUYECKUX MPOLIECCOB (HapuUMep, aHTUTENO U aHTUT'€H, TOPMOH U
peuentop u 1p.). CymecTByeT ocadounas xpomamozpagus, OCHOBaHHAas Ha
00pa30BaHMU OTIMYAIOLIUXCS MO PACTBOPHUMOCTH OCAIKOB pa3ieiisieMbIX Be-
IECTB C COPOECHTOM, a0COPOYUOHHO-KOMNAEKCO0OpA306amebHas, OCHOBAHHAS
Ha 00pa30BaHUK KOOPAMHALMOHHBIX COEMHEHUI pa3HOM yCTOMUMBOCTH B (haze
WIM Ha TIOBEPXHOCTU copOeHTa, u ap. Crieayer IOMHHTh, YTO KIIaCCU(DUKAIHS
M0 MEXaHW3MYy B3aMMOJCWCTBUS BEChbMa YCJIOBHA: €€ MCIOJB3YIOT B TOM CITy-
Yae, eCIM W3BECTECH JOMHUHUPYIOIIMN MEXaHH3M; YacTO TPOLECC pa3lIeeHHsI
MPOTEKaeT Cpasy MO HECKOIBKIM MEXaHH3MaM.

Ilo TexHMKe BBINOJHEHUS] BBIICISAIOT KOJIOHOYHYIO XpOMaTorpaduio,
KOT'/Ia Pa3feIeHHe MPOBOJUTCS B CIEHHUAIBHBIX KOJIOHKAaX, U MJIOCKOCMHYIO
xpomartorpaduio, Korjaa pasjeiieHue MPOBOAUTCS Ha CHElUaIbHOM Oymare
(6ymadrcnas xpomartorpadus) Wi B TOHKOM CJIo€ cOpOeHTa (moHKoCI0UHAA
xpomarorpagus). B konmoHouHol xpomarorpaduu UCIOIb3YIOT HaCaJOUYHBIE
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WM KanWUISpHBIE KOJOHKH. HacamouHyro KOJIOHKY 3alOJHSIOT COPOSHTOM
(Hacagkoil), a BHYTPEHHIOI CTEHKY KAaMWULIPHON KOJIOHKM MOKPBIBAIOT
TUICHKOMW KHUIKOCTH WM TIBUTBIO afICOPOCHTA.

B 3aBHcHMOCTH OT HeJIM MPOBeeHUs1 XpPOMATOrpapuuecKkoro mpoiecca
pasnuyaroT aHarumuyeckyro xpomarorpaduio (KauyeCTBEHHBIM M KOJUYECT-
BEHHBIN aHANU3); npenapamugHyto Xpomatorpadpuio (A TOTy4eHUs Be-
IIECTB B YUCTOM BHJIE, JUIsI KOHIICHTPUPOBAHUS W BBIACIICHUS MHKPOIIPUME-
ceil); npomviuiienHyro (MPOU3BOJCTBEHHYIO) XpoMatorpaduio Jjisi aBToMa-
TUYECKOTO YIPaBJICHUS MPOIeCCOM (IIPU ATOM IIEJIEBOM MPOAYKT U3 KOJIOHKU
MOCTYIAET B JIaTYUK). XPOMATOrpauio YaCTO MCIOIB3YIOT JIJISl UCCIIEI0BA-
TEJBCKUX TIeJICH TIPH U3YYEHUU PACTBOPOB, KATATMTUICCKUX MPOIIECCOB, KH-
HETUKH XUMUYECKHUX MPOIIECCOB U T. TI.

Knaccudukanuss mo cmocodam mnpoBedeHHs] aHAJM3Aa TOIPA3ACISET
xpomarorpaduro Ha Tpu Buaa: 1) GpoHTANBHBIN, 2) OpOSBUTEILHBIN, 3) BbI-
TECHUTEIBHBIN .

dpoHTAIBHBIH MeToJ HanboJiee MPOCT MO BINOIHEHUIO. Yepes xpoma-
TOrpapUUECKyI0 KOJIOHKY C COPOEHTOM HENPEPHIBHBIM IMOTOKOM IPOITYCKAIOT
pPacTBOp WJIM Ta30BYI0 CMECh MCCIIEIyEMbIX BEILIECTB, COPOUPYEMOCTh KOTOPBIX
yBenmuuBaercs B pany A < B < C. CooTBeTCTBEHHO 3TOMY KOMIIOHEHTHI pac-
nojiararotcsi B Kojonke. OIHaKO OHU pa3/essFOTCsS HE MOJHOCThIO. B uncToM
BUJIC MOKET OBITh BBIJICJICH JIMIIL TIEPBBINA, Hauboee ¢aabo copOUpyrONTUiicsa
KOMIIOHEHT, KOTOPBINA IBUKETCS BJIOJb CJIOSI COPOEHTA BIEPEA OCTALHBIX. 32
30HOI NIEpBOro KOMIIOHEHTA CJIEAYET B HEMOCPEJICTBEHHOM KOHTAaKTe 30Ha, CO-
JieprKaIasi NEPBbIA U BTOPOW KOMIIOHEHTBL. TpEThs 30Ha CONEPIKUT CMECH MEp-
BOTO, BTOPOTO M TPETHETO KOMIIOHEHTOB. B HEKOTOPBII MOMEHT BPEMEHHU COP-
OEHT HACBIIIAETCS, K HACTYIAET «IIPOCKOK», T. €. U3 KOJOHKMA HAYMHAIOT BBIXO-
JIMTHh KOMITOHEHTBI B COOTBETCTBHM C MX copOupyeMocThto. Ecim mpomyckarh
KUJIKOCTh WJIM Ta3, BBIXOSIINE U3 KOJIOHKH, Yepe3 JETEKTOP KOHIICHTPAUH U
HAHOCHUTH TIOKa3aHUsS €r0 B TEYEHHE BCETO OMbITa Ha TrpaduK, TO MOTydEeHHAs
BBIXO/[HAsI KpuBasi OyieT UMeTh popMy CTyrneHuaTo KpuBo (puc. 1.1).

@OpoHTaNBHBIN METOJ] HE HAIlIe IIMPOKOTO MPUMEHEHUS B aHaJu3e, T. K.
HE JIaeT MOJHOTO pa3/iejeH!s] KOMIIOHEHTOB aHanu3upyeMon cmecu. OqHaKko
ATOT METOJl BechbMa d(PGEKTHBEH JIJIsl MPENapaTUBHOTO BBIJICICHUS YHUCTOTO
BEIIECTBA U3 TEXHUUECKOTro o0paslia MpHU YCJIOBUHU, YTO 3TO BEILIECTBO yJep-
’KMBAETCS B KOJIOHKE ci1a0ee BCeX APYTMX KOMIIOHEHTOB 00BEKTa aHaJIH3a.

Tunuuable TpUMepbl MPUMEHEHUS (PPOHTAIBHOTO aHAIM3a: OYMCTKA U
YMSTYCHHE BOABI HOHOOOMEHHBIMUA MaTEpHAJIaMU; OUYMCTKA BO3/TyXa aKTHUBH-
POBaHHBIMH YTJISIMH OT OTPABJISIONINX BEIIECTB B MPOTHUBOTAa3ax M BEHTHIIS-
IMMOHHBIX (GUITBTPAX XUMUUYECKUAX TPEANPHUATHN; KOHIICHTPUPOBAHUE TIECHHBIX
BCII[ECTB M3 CTOYHBIX IMPOMBINIJICHHBIX BOJ| METAJUTYPTHUUYECKHUX MPEATIPHU-
ST, OYMCTKA JICKAPCTBEHHBIX MPENapaToB W MHUIICBBIX MPOIYKTOB C IMTOMO-
IIHI0 HOHOOOMEHHHKOB H T. JI.



A 'A+B'A+B+C
|

I_J'

Puc. 1.1. Beixognas kpuBas GpOHTAIHHOTO aHAIH3A:
A, B, C — pa3nensemMble BEIIeCTBa

IIposiBUTe/ILHBIN (JJII0EHTHBINH) METOJ BBITOJHO OTJIUYAETCS OT
(GpOHTANBHOTO TEM, YTO OH IO3BOJSIET MOJIHOCTHIO pa3IeNUTh MHOIO-
KOMITOHEHTHYIO CMECh. XpPOMaTorpauueckyro KOJIOHKY MPOMBIBAIOT pac-
TBOPUTENIEM WJIM Ta30M-HOCUTENIEM (BJIIOCHTOM), OO0JIaJaloluM MEHbIIEH
COpOMPYEMOCThIO, YeM JI000€ U3 pa3/IeNsieMbIX BEIIECTB. 3aTeM B KOJOHKY
BBOJISIT HCCIICYEMYIO CMECh B BHJIC TIOPITUU PACTBOpPA WM Ta3a, a HE HETpe-
PBIBHO, ¥ MPOJOJDKAIOT MPOIMYCKaTh AIIIOCHT. [Ipu 3TOM pasmernsemMblie Bere-
CTBa MEPEMEIIAIOTCS BIIOJIb KOJOHKH C Pa3HBIMH CKOPOCTSMH B COOTBETCT-
BUH C UX copOupyemocThio. Ha BBIXO/E M3 KOJOHKH ACTEKTOpP (PUKCUpPYET
HETMPEPHIBHO KOHIICHTPAIIUIO KOMITOHCHTOB, a CBS3aHHBIM C HUM PETHCTPHU-
PYFOIIHI IprOOP 3aMMChIBAET BBIXOIHYIO KPUBYIO B BHJIC Psa TUKOB, YUCIIO
KOTOPBIX COOTBETCTBYET YHUCITY pa3/ieIEHHbIX KOMIIOHEHTOB (puc. 1.2).

C

I_J'
Puc. 1.2. BeixoaHas kprBasi IpOSIBUTEIBHOTO aHAIN3A:
A, B, C — paznensiemMble BellecTBa; £ — pacTBOPUTENH (AIIIOCHT MM IPOSIBUTEIb)

[IposBUTENBbHBIN METOJI aHAJIM3a MOTYYWJ MIUPOKOE MPUMEHEHHUE KaK B
KUJKOCTHOU, TaK U B Ta30BOM XpoMmarorpapuu. ITo 0OBICHIETCS TEM, UYTO
IIPHU TIPAaBUJIBHOM BBIOOpE YCIOBUM pa3/iesieHHs] KOMIIOHEHTBI CMECH BBIXOJIST
13 KOJOHKHM B UMCTOM BUJI€, U UX MOKHO BBIJCIUTD JJIsI UCCIIEIOBAHUS JIPY-
TMMHU METOJlaMu aHain3a. Kpome Toro, KadeCTBEHHBIM M KOJWYECTBEHHBIN
COCTaB AHAJIU3UPYEMOU CMECU MOXKHO ONPENEIUTH MPOCTBIM H3MEPEHUEM
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00BbEMOB YJIEpKUBAHUSI U ILJIONIAJEH MUKOB COOTBETCTBYIOIIUX KOMIIOHEH-
TOB Ha MOJYYEHHON XpOMaTOrpaMMe.

BbiTecHUTENbHBII MeTOJ OTIMYaeTCsS OT (POHTAIBLHOTO U TMPOSBU-
TEJIBLHOTO TEM, YTO MOCJe BBEACHHUS MPOObI MCCIEAYyEeMON CMECH KOJIOHKY
MIPOMBIBAIOT PACTBOPUTEIEM WM T'a30M-HOCUTEIEM, K KOTOPBIM J100aBIISIOT
pacTBOp BelIecTBa (BBHITECHUTENH), O0JaJaroniero OoJibliel copoupyemo-
CTBIO, UeM JIF000€ U3 pa3iensemMbix BemiecTB. [1o Mepe mpoaBUKeHUs MO KO-
JIOHKE JIFOEHT BBITECHSAET BellecTBO C, KOTOPOE B CBOKO OYEPEAb BBITECHSIET
BEIIECTBO B U T. A. B pe3ysbrare BeITECHSIEMAs: CMECh IEPEMEIIAETCA BIIEPE-
11 (pOHTA BBITECHUTENSI U CKOPOCTh JBMKEHHUS BEIIECTBA pPaBHA CKOPOCTH
JNBH>KEHUSI BRITECHUTENS. Pa3aensieMble BENIECTBA U HA KOJIOHKE, U B JJIKOATE
pacmoJiararoTcs MocieI0BaTENbHO APYT 3a APYroM. Kaxkaplil U3 KOMIIOHEH-
TOB BBIJESAETCS B YUCTOM BHUJE, HO HE KOJIWYECTBEHHO, TAK KaK 30HBI KOM-
MTOHEHTOB HE Pa3/IeJICHbI MPOMEKYTKAMH YHCTOTO COpOCHTA.

HeB03MOKHOCTh MOMYyYEHUs] Ha BBIXOJI€ U3 KOJOHKHM JTOCTATOYHO YHC-
TBIX KOMIIOHEHTOB PA3LEISAEMOM CMECH, a TAKXKE JJIMTEIbHOCTH IPOIECCa
pa3lesicHus] 3aTPYyAHSAIOT HMCIOJIb30BAHUE ATOTO METOAA B AHAIUTHYECKUX
uensax. OHaKko Al IpenapaTUBHBIX LEJEd METOM HE MOTEPS 3HAYECHUS, TaK
KaK BO3MOXHOCTb NMPUMEHEHHUSI TaKUX BBICOKOAKTHUBHBIX M AOCTYIIHBIX al-
COpOEHTOB, KaK aKTUBUPOBAHHBIC YTJIM, MO3BOJISET JOCTUTHYTh BBICOKOM
MIPOU3BOAUTEIIBHOCTU. JIOCTOMHCTBOM METOJIa SIBJISIETCS TAKKE TO, YTO 30HBI
HE Pa3MbIBAIOTCS B OTJIMYME OT MIPOSIBUTEIBHOIO aHAIA3A.

1.3. MonooOMeHHast xpomaTorpadus

B ocHoBe MoHOOOMEHHON XpomaTorpaduu JeKUT 0OpaTUMBIN CTEXHO-
METpUUYECKUH OOMEH HMOHOB, COJACPKAIIUXCA B XpoMarorpadupyeMoM pac-
TBOpE, Ha MOHBI BEIIECTB, HA3bIBAEMBIX MOHUTAMH WJIM MOHOOMEHHUKAMHU.
HNoHuThl MOTYT OBITH OPTaHUYECKUE M HEOPraHWYECKHe, MMPUPOIHBIC U CHH-
tetnueckue. Ilo 3HaKy OOMEHMBAIOIIMXCS HOHOB Pa3lIMYalOT KaTHOHUTHI
(nmst oOMeHa KaTHOHOB) M aHMOHUTHI (111 0OOMEHA aHUOHOB).

K nmpupoaHsiM HOHHTAM OTHOCATCS ATFOMOCHIIMKATHI, HEKOTOPBIE COpTa
KaMEHHBIX yTJIEH, MATKHE W TBEPIbIC yIu Aaxke 0e3 mpeaBapuTeabHOM 00-
paboTKHU.

B ananuTHYecKo MpaKTHUKE MIMPOKO MCIOJB3YIOT CHHTETUYECKHE HO-
HUTHI. IOHOOOMEHHHKY TIOJYYarOT PEAKITUSIMH MTOTUKOHACHCAIIMH JINOO TI0-
JTUMEpPHU3alliH, JUHEHHBIC IICTIH TTOJMMEPOB PAa3BETBIICHBI U CBS3aHBI JPYT C
JIPYTOM «MOCTHKaMH», HalpUMEp, MOJICKYJIaMH JHBUHUIOCH30J1a; B COCTaB
MOHUTOB BXOJAT pa3iudHbie (PYHKIIMOHAJIbHBIC (MOHOTEHHBIC) TPYIIIHI, KO-
TOpBIC W OMPENCIAIOT HauOoJiee XapaKTepHble CBOMCTBAa MOHUTOB. VOHUTHI
HEpPaCcTBOPUMBI B BOJIE, KMCJIOTAaX, IIEJ0YaX U BO MHOTMX OpraHUYeCKuX pac-
TBOPHUTEIISAX, HO CIIOCOOHBI HaOyxaTh B BOJIEC 3a cUET THMAPO(HUIBHBIX HOHO-
TeHHBIX TPYTII.
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Opranvueckre KaTHOHHUTBI COJIEpKAT KHUCIOTHbIE (PYHKIMOHAIbHbBIE
rpynnsl: — SOs;H, — POs;H,, — COOH, — OH. Oprannuecknue aHUOHUTHI CO-
J€pKaT TPYIIbI OCHOBHOIO Xapakrepa: — NH;’ = NH+, EN+, — N(CH3)3+.
KaTHoHUTHI NpencTaBiAIOT COOOM MONMAIEKTPOJIUTHI, AUCCOLUUPYIOUIUE C
00pa3oBaHHEM BBICOKOMOJIEKYJIApHOro aHuoHa (Hampumep, RSO;") u mog-

+
BIDKHOTO KaTthoHa (Hampumep, H -noHa), 1erko oOMeHHUBarouerocs Ha Japy-
rue KaTUOHBl. AHMOHUTHI JUCCOLMUPYIOT HA BHICOKOMOJIEKYJISIPHBIA KaTHUOH

(Hampumep, RNH+) ¥ TOJIBIDKHBIH aHHOH (Hampumep, OH ), criocoGHbIIH 06-
MEHHUBAThCS Ha Jpyrue aHuoHbl (R — BHICOKOMOJIEKYJISIPHBIN YTIE€BOAOPO/I-
HBIN paJiiKajl HOHOOOMEHHOM CMOJIBI).

Peakiuu moHHOTO OOMEHA MOKHO MPEJCTABUTH CXEMATUYHO CIEAYIO-
MM 00pa3oMm:

RSO;H + NaCl = RSO3;Na + HCI,
(KaTUOHHBIA OOMEH)

RN(CHj3)30H + NaCl = RN(CH3)3;CI + NaOH.
(aHUOHHBII OOMEH)

Peakuuu moHHOro oOMeHa OOpaTHMBI U B TIEPBOM NPHUOIMIKEHUU TO/I-
YUHSIOTCS 3aKOHY JACHCTBYIOIIMX Macc.
BaxHo1 XapaKTEepUCTUKOM HOHHUTA SBJISCTCS €0 0OMEHHAasi EMKOCTb.

1.3.1. OoMeHHAass eMKOCTH HOHUTOB

O6mMmennas eMkocTh (OE) — konuyecTBeHHasi Mepa ClOCOOHOCTH MOHUTA
MOTJIONIATh MTPOTUBOMOHBI. UNCIIEHHO OOMEHHYI0 €MKOCTh BBIPAKAIOT KOJIU-
YECTBOM MOTJIONMIEHHBIX MUJUIUMOJIb YKBUBAJIEHTOB HOHOB Ha 1 T cyXoi cMo-

JIBI B H+—cpopMe mns katrnoruTa u Cl -hopme 171 aHHOHHTA.

OmnpeneneHne eMKOCTH MOKHO OTHECTH U K eAMHUIE 00beMa HaOyXIie-
ro ciost nonuta. OOMEeHHasi eMKOCTb, IIOJIy4YeHHAas! B CTATUYECKUX YCIOBHSIX,
KOI'/Ia HABECKY MOHHUTA MOMEIIAIOT B PacTBOP HACHILIAIOIIET0 MOHA OMpejie-
JIEHHOM KOHLIEHTPAlMU U BBLACPKUBAIOT MPU BCTPAXMBAHUM JIO TOJHOTO Ha-
CBILIEHMsI MOHUTA, Ha3biBaeTcs cratuueckod (COE). BennunHa ee oTinyaet-
Csl OT BEJINYMHBI OOMEHHON €MKOCTH, TIOJyYE€HHON B AMHAMUYECKUX YCIIOBH-
AX IPU NMPOIYCKAaHMUHU HACBIIIAOIIETO pacTBOPa Ye€pe3 KOJOHKY C HOHUTOM.

JuHamuueckass oOMEHHasi eMKOCTh XapaKTepu3yeTcsl IByMs IoKa3are-
JSIMH: THHaAMUYECKOH 0OMEHHOHN eMKOcThio J10 mpockoka (JIOE) u momHoi
muHamuaeckoit eMkocthio (ITJIOE). IOE npencraBiser coboii eMKOCTh HO-
HUTA, ONPEIEISIEMYIO 110 MOSBICHUIO TaHHOI'O MOHA B BBITEKAIOIIEM M3 KO-
nouku pacteope. IIJIOE onpenensieTrcs mo MoJIHOMY NPEKPALIEHUIO W3BIIE-
YeHHUs! JaHHOTO MOHA M3 PacTBOpPA. DTO pas3inyue MOXKHO MOACHUTH rpadu-
YEeCKH Ha puc. 1.3.
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Puc. 1.3. Beixonnast xpomarorpaduueckas KpuBas

JOE omnpenensercs miomanpo NpsiMOYTroIbHUKA, OCHOBAHHEM KOTOPO-
ro SIBJIIETCA 00BEM PAcTBOPA, BBITEKAIOIIETO M3 KOJOHKH 10 HACTYIUICHUS
MPOCKOKA MOHA, a BBICOTOM — MCXOJHAs KOHUEHTpAIUsl 0OMEHUBAIOIIETrOCs
noHa. IIJIOE BeIpakaercst miomaapio HajJ BBIXOJHOM XpomaTorpapuyeckon
KPUBOM.

JOE Bceraa MeHblile, 4eM IOJIHAs JUHAMHUYECKasi OOMEHHAsi EMKOCTb, U
3aBHCUT OT psiAa (GaKTOpOB: OT TUIIA HOHUTA, COCTaBa pacTBOpa, pa3mepa 3e-
PEH MOHHUTA U CKOPOCTH IPOTEKAHUS paCTBOPA.

1.3.2. Knaccudgukanusi HOHNTOB

Ot BuJa PyHKIMOHAJIBHBIX TPYMI, BXOSIIUX B COCTAaB MOHUTA, 3aBU-
CHUT, HaCKOJIbKO CHJIbHO BBIPQ)KEHBI KUCJIOTHBIC MJIM OCHOBHBIE €r0 CBOMCTBA.
B 3aBUCUMOCTH OT 3TOT0 pa3aInuyaroT YeThIpe TPyl HOHUTOB.

1. CWIBbHOKHCI0THBIE KATUOHUTHI UMEIOT B KauecTBe (hyHKIIMOHAIb-
HbeIX Tpynim cyiabdorpynmny —SOsH u rpynmy —POs;H,. Onu ucnonssyrooTcs B
KHUCIIBIX, HEUTPAIbHBIX U MICIIOYHBIX cpefax. ITO CyJIb()OKUCIOTHBIE KaTHO-
HUTHI TTOJIMCTUPOJbHOTO THHa Mapok KY-2, KV-23, CJIB, CbC. K docdop-
HOKHCJIBIM OTHOCSTCS KaTUOHUTHI Mapok Kd-2, K®-11.Katnonutsl nomnu-
CTUPOJIBHOTO TUIIA BHIMYCKAIOTCS B BUJE CPEPUUECKUX TPAHYI U UMEIOT JIU-
00 STHTapHYI0, THOO CBETIO-KENTYIO OKPAaCKYy.

Katnonuts! ¢peHonapHOro TNa, Hampumep, KY-1, okparieHs! B yepHbIit
IBET, UX YaCTHUIbl UMEIOT HeNpaBwibHyr ¢Gopmy. Takue KaTUOHUTHI OH-
(GyHKUHMOHAIBHBL, T. €. Hapany ¢ rpynnoil —SO;H umeroT B cBoeM cocTaBe
rpynny —OH. IlpenMyIiecTBO MOJUCTUPOJIBHBIX KATHOHUTOB — MX MOHO-
(YHKITMOHATBLHOCTh, BBICOKasi 0OOMEHHAasi EMKOCTh, BHICOKAsI TEpMUYECKas ycC-
TOWUYUBOCTb.

2. Cn1a00KHUCIO0THbIE KAaTHOHUTHI MMEIOT B KadecTBE (yHKIIHO-
HaJIBHBIX Tpymnn KapookcuibHble rpynnsl — COOH, — OH. D10 kaTHOHUTHI
mapok Kb-1, Kb-4, KOV-1. Katnonutsl ¢ kKapOOKCUILHBIMHU TPyIIIaMU OK-
pamieHsl B OCJIbIA WM CBETJIO-3€JICHBIN 1BET. BakHBIM CBONCTBOM T10]100-
HbIX KaTUOHUTOB SIBIISIETCSI UX BBICOKOE CPOJICTBO K MOHY Bojopoja. Jlaxe
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HEOOJBIIOr0 KOJIMYECTBa pa30aBICHHOW COJSHON KHUCIOTBI JOCTATOYHO ISt
MOJTHOM pereHepanuu kaTuoHuTa. CiaabOKUCIOTHBIE KATUOHUTHI pa0OTaloT B
HIEJIOYHBIX U HEUTPaJbHBIX Cpeaax.

3. CHiIbHOOCHOBHBIE (BHICOKOOCHOBHBIE) AaHHOHUTHI UMEIOT B KadecT-
Be (YHKIMOHAJIBHBIX TIPYII YETBEPTHUYHbIE AMMOHHUEBBIE TIPYHIbL. ITO
aHnoHuThl Mapok AB-16, AB-17, AB-18, AB-20. OH1 MOTYT NpPUMEHSTHCS
U1 XpoMarorpaupoBaHusi B KHUCIBIX, HIEJIOUYHBIX U HEUTpPaJIbHBIX Cpelax.
CHIIBHOOCHOBHBIE aHUOHUTBI UMEIOT KEJITYIO WU CBETJIO-XKEJITYIO OKPAacKy.
OHM 4aCTO MCHOJB3YIOTCS AJIA pa3/iefeHuss OOJNBIIMHCTBA HOHOB METAJLIOB.
MoH IIENOYHBIX, IIETIOYHO3EMENBHBIX, PEAKO3EMEIbHBIX 3JIEMEHTOB, ajto-
MUHUS, HUKEIS, MEIU U Jp. HE COPOUPYIOTCS aHMOHUTAMH IMPH 000N KOH-
LEHTpAIU COJSTHOW KUCTIOThI. OCTaabHblE HOHBI METAJUIOB B IIPE/IEIax KOH-
uentpauu HCI ot 0,1 1o 12 Monb/n copOupyroTCs aHMOHUTaMH B Pa3jIHy-
HOM cTeneHu, T. K. 00pa3yloT aHMOHHBIE XJIOPKOMIUIEKChI, UMEIOIINE CUIIBHO
OTJINYAIOUIUECS KOHCTAHThl HECTOMKOCTH.

4. Ci1a000CHOBHbIE (HM3KOOCHOBHBIE) AaHHMOHMUTHI B KadecTBE (DyHK-
LUOHAJIBHBIX TPYIIT UMEIOT aMUHOTPYIIIBI PA3HOU CTENIEHU 3aMEILECHUS:

~ NH, ,= NH,= N'. 910 anuonnts mapok AH-2®,AH-1, AH-23 u
ap.OHM paboTalOT B KUCIBIX W HEUTpaslbHbIX cpenax. Anuonut D[3-10I1
COJIEP)KUT HECKOJIbKO AKTUBHBIX aMHHOIPYIIT BTOPHYHOI'O, TPETUYHOTO M
YeTBEPTUYHOIO aMMOHMEBBIX OCHOBaHUM. [loaToMy OoH 0bOnagaeT u ciabooc-
HOBHBIMH, U B HEKOTOPOU CTETIEHU CUIIbHOOCHOBHBIMU CBOMCTBAMH.

1.3.3. [IpakTHyeckoe NpUMeHeHHe HOHOOOMEHHO XxpomaTorpadumn

MeTtonpl MOHOOOMEHHON XpoMaTorpaduul HCIONB3YIOT MPEUMYIIECT-
BEHHO IJIsl pasjaefieHus MOHOB. IIpocreiimas MeToauKa pa3feeHus 3aKiIio-
9JaeTCsl B TOTJIONMICHUA CMECH KOMIIOHCHTOB W TTOCJICIOBATEIIHFHOM JITFOMPO-
BaHWM KaXXJOTO KOMITOHEHTA IOJIXOJAIINM pacTBopuTeneM. MOHHUTHI Hc-
MOJIB3YIOT TaK)K€ B BOJOMOJATOTOBKE (YMSTUCHHE BOJBI, OTPECHEHHE MOp-
CKOH BOJIbI); B THAPOMETAILTYPTHU U TAIbBAHOTEXHUKE (CEJICKTUBHOE M3BIIC-
YCHHUE [ICHHBIX METAJUIOB M3 MPOM3BOACTBEHHBIX PACTBOPOB M CTOYHBIX BOJI;
B ITUIIEBON U THAPOJIM3HOM MPOMBIINIJICHHOCTH (OYMCTKA CaXapocCoIepiKaiinx
pPacTBOPOB, OCBETJICHHWE IUIOJAOBO-STOJHBIX COKOB M T. JI.); B MEIAUIIUHE H
(hapMaIeBTUYECKOM IPOMBIIIJIEHHOCTH (OYMCTKA JICKAPCTBEHHBIX IIperapa-
TOB, aHTUOMOTHUKOB).

PaccmoTpenHbie 00acTi MpUMEHEHNUS HOHOOOMEHHBIX CMOJI HE HcUep-
MBIBAIOT BCETO MHOT000pasus, OJJHAKO OHHU ITOKA3bIBAIOT ITUPOKHUE BO3MOXK-
HOCTH, KOTOPBIE OTKPBIBAIOT UCIIOJIH30BAHNE MOHUTOB B aHATMTUICCKON XU-
MHH B TEXHOJIOTHH.
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1.4. IlnockocTHast xpomaTorpagus

K miockoctHbiM BujmaM xpomarorpaduu otHocaT Oymascuyro (bX) u
monxocaounyto (TCX). DT n1Ba BUJA )KUIKOCTHON XpoMaTorpaduu mpocTsl
M0 TEXHUKE BBITIOJIHCHHUSI, SKCIIPECCHBI, HE TPEOYIOT JOPOTOCTOSIIET0 000-
pynoBaHus. PasnmeneHue 3TUMU METOJaMU MOXET OBITh BBITIOJIHEHO C WC-
MOJIb30BAaHUEM XPOMATOTPa(QUIECKUX CHCTEM JKUIKOCTh—TBEPABIA COPOCHT 1
KHUIKOCTh—KHUIKOCTb—TBEPIBIA COPOCHT, MOATOMY BBIJCISIIOT aJCOPOITMOH-
HYIO, pacOpeleuTeNIbHYI0, 00paileHHO-(Pa30Byl0 U MOHOOOMEHHYIO ILIO-
CKOCTHYIO0 xpomaTorpaduro. ToHKOCIOIHYI0 XpoMaTorpaguio HUCHIOIB3YIOT
qarie, 4eM OyMaKHYIO.

1.4.1. Toukocioiinass xpomarorpadus

Meton ToHKOCIIONHHON xpoMarorpaduu Obu1 paspadoran H.A. M3maii-
noBeiM 1 M.C. [paiibep eme B 1938 r. B meroge TCX HenoaBuxkHas TBEp-
nasi ¢aza (cuiMKaresb, OKCHJ aTOMHUHUS, TOPOIIOK IIEJUIF0I03bI) TOHKUM
CJIOEM HAHOCUTCS Ha CTEKISIHHYIO, IJIACTMACCOBYK) WM METAJIMYECKYIO
IJIACTUHKY. B KkadecTBe MOABMKHOM (ha3bl UCIIONB3YIOT Pa3IudHbIE PACTBO-
pUTENN WIK UX CMECH, OPraHWYECKHE U HEOPTraHWMYeCKHue KHUCIOThL. Bribop
pacTBOpPUTENISE 3aBUCUT OT MHPHUPOJLI COPOCHTa U CBOMCTB aHAIM3UPYEMBIX
coenuHenuii. Hanpumep, nmpu xpoMmartorpadupoBaHHM aMHUHOKHUCIIOT UCITOb-
3YIOT CMeCh N-OyTaHosa ¢ YKCYCHOM KHCJIOTOM M BOJOM, IPH aHAIU3€ HEOp-
TraHMYECKUX MOHOB — BOJHBIC OydepHbIe pacTBOPHI, CO3/IAIOIINE TTOCTOSHHOE
sHauenne pH. B TCX wamie ucnonb3yoT 6ocxodawuti Coco0 TMONTydeHUs
XpoMarorpaMMbl. PacTBop oOpasna HaHOCAT MUKPOIIUIIETKON Ha HEOOIbIIIOM
PacCTOSIHUM OT Kpasi IUIACTUHKHA HA CTAPTOBYIO JIMHUIO, U Kpall IUIACTUHKHU
MOTPYXaOT B PACTBOPUTENb, KOTOPBIM AEHCTBYeT Kak MOJBMXKHAS ¢aza
KUJIKOCTHOU ancopOImonHoit xpoMmarorpaduu. [log aeiicTBruemM kanmuuisp-
HBIX CHJI PACTBOPUTEND MOJHUMAETCS BBEPX IO IJIACTUHKE U C PA3HOM CKO-
POCTBIO TIEPEHOCHUT 32 COOOM KOMIOHEHTHI CMECH, YTO MPUBOIUT K UX MPO-
CTPaHCTBEHHOMY pa3jielieHut0. UTOObl pacTBOpPUTENb HE HUCIHApSJICA C TIO-
BEPXHOCTH COpOEHTa, TUIaCTUHKA Ha BpeMsl pa3/iesieHHs JT0JKHA ObITh TToOMe-
IIEHa B TEPMETUYECKH 3aKPBITYIO MPO3padHylo Kamepy. Paszaensiembie KOM-
MMOHEHTHI Ha IUIACTMHKE 00pa3yroT OTHEJbHBIC 30HBI (MATHA). XpoMarorpa-
¢dbupoBaHuE TPOJOIDKAIOT JI0 TEX MOpP, MOKAa PAaCTBOPUTETh HE MPOUIET OT
JUHUM cTapTa okosio 10 cM 1o Tak Ha3piBaeMoM auHuM GpoHTa. Ilocne aToro
IJIACTUHKY BBIHUMAIOT U3 XpomaTorpadudeckoil KaMephl, MOJCYIINBAIOT Ha
BO3yX€ U ONPEAEISAIOT MTOJI0KEHNE MATEH.

B Hucxoosweii xpomatorpaduu pacTBOPUTENH MEPEABUTACTCS 11O CIIOIO
BHU3 O] JICCTBHEM M KaNWUIAPHBIX, U TPABUTAUMOHHBIX CWIL. [ Opuson-
manvHas XxpomaTorpadusi BHIMIOJHIETCS B BUAEC KPYroBOM U CO CBOOOJHBIM
UCIapeHneM pactBoputens. B kpyeosoii xpomaTorpaduu B 1EHTpP FOpU30H-
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TaJIbHO YCTAHOBJICHHOW IJIACTUHKUA BHOCST KAIUIIO aHAJTU3UPYEMOUM CMECH U
HETMPEPHIBHO MOJAI0T PACTBOPUTEIH, KOTOPBINA MO/ IEUCTBUEM KaMIUIIPHBIX
CUJI IBUKETCS B paJlialibHOM HAMpaBJIeHUU OT IeHTpa. KOMIIOHEHTHI cMecH
pacrnoJiaratoTcs B cJioe B BUE KOHIIEHTPUUECKHUX KOJIEll.

CxeMma pazziesieHus CMECH BEIIECTB METOJOM TOHKOCIOMHOM XpomaTo-
rpadun npuseneHa Ha puc. 1.4. [IaTHa XapakTepu3yIOT MOJI0KEHUE KOMIIO-
HeHTOB A, B, C Ha nuiacTHHKE B KOHIIE ONBITA.

IHHEA G poHTa

NHHEHACTApTa

,.
r

- @ @ @

hf.

S—@
23

Puc.1.4. Cxema pazneneHuss METOIOM BOCXOSAIIEH
TOHKOCJIOMHOM XpomaTorpadun
1 — cmech aHaMM3UpPyeMbIX KOMIOHEHTOB (A, B, C),
2, 3, 4 — otnenbHBIe KOMIIOHEHTHI A, B, C COOTBETCTBEHHO

CopOumonnbie cBoiicTBa cucteMbl B TCX XapakTepusyroTcs TOJ-
BUKHOCTBIO Ry — OTHOCHUTENIBHOM CKOPOCTBIO IEPEMELICHNS KOMIIOHEHTOB B
TOHKOM cJIo€. BennunHel Ry pacCUMTBIBAIOTCSA M3 DKCIEPUMEHTAIBHBIX J1aH-

HbIX (puc.1.4):
[,
R, =% (1.1)

r7e /; — paccTosSiHUE OT CTAPTOBOM JMHUU JI0 LIEHTpA MATHA, L — paccTosHuE,
MPOWJIEHHOE PACTBOPUTENIEM OT CTAPTOBOM JIMHUU /10 TPaHUIbI PpOHTA pac-
TBOPUTEIIA.

Ry XapakTepusyeT IOJIOKEHME IIATHA Ha XpOMAarorpaMMe. JTO KOH-
CTaHTa JyIsl JAaHHOTO BEIIECTBAa HA JJAHHOM COpPOEHTE B JaHHOM cHUCTEME pac-
TBOpHTeNnel. Ha BennunHy R, BIMAIOT Ka4€CTBO M aKTUBHOCTb COPOEHTA, €r0
BJIA)KHOCTb, TOJIIMHA CJIOA, KAYEeCTBO M NPUPOJA PACTBOPHUTEIS], TEXHUKA
AKCIIEpUMEHTa (CTIoco0 HaHECeHUs TPOOBI, CIIOCO0 ACTEKTUPOBAHUS) U JIPY-
rue GakTopsl. Ha mpakTuke 4acTo Mmoab3yI0TCS OTHOCUTEIIBHON BETHIMHOM

= Ry,

1 omn

(1.2)

b
f.cm
rae Ry, TaKXkKe PacCUUTHIBAIOT IO ypaBHeHuto (1.1).
Pasnenenne IByX BEHIECTB C RyM Ry NMPAKTHYECKH BO3MOXKHO, €CIIU
R;i> Rp>m A Ry > 0,1. DpdextuBHOCTh BbIOpaHHOro Bapuanra TCX (az-
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COpPOLIMOHHOTO, PaCIpPeNEIUTEILHOT0, HOHOOOMEHHOT0) U Xpomarorpaguye-
CKOM CHUCTEMbI MOKHO OLIEHUThH MO (aKTOpy pasnaeneHus (CeIeKTUBHOCTH)
JIBYX BEILIECTB C Pa3HbIMU KO3 PUIIMEHTaMU pacTIpeICICHHUS:

a:&:(%m‘lj
(a1

KauyecTBennblii anaau3. [Ipoiie Bcero uaeHTHU(PHUKAIUS BEIIECTBA MO-
JKET OBITH CJENIaHa, €CJIM TATHO OMPENeIeMOro BEIIeCTBA UMEET XapaKTep-
HYI0 OKpacKy. HeBuaumbie XxpoMmaTorpaMMbl HPOSIBISIIOT COOTBETCTBYIOIIU-
MU peareHTaMmu, Kak mpaBuiio, rpymnmnoBbiMu. [lo xapakTepHoii okpacke oOpa-
3YIOIIMXCS IBETHBIX 30H CYAST O COCTaBe aHAIM3Upyemoil mpoOsl. [Ipu 06-
paboTKe IJIACTUHKHU, HAMpUMEP, MapaMHu HOJa YETKO MPOSIBISIOTCS HEmpe-
JIIbHBIC COEUHEHMS; TMPU OMPHICKUBAHUM IUIACTUHKUA THOIIMAHATOM KO-
OayibTa aMUHBI 00Pa3yIOT roayOble MITHA Ha po30BO-0eoM doHe. B dpusnye-
CKHUX METOJIaX MPOSBIICHUS HUCIIOJB3YETCSI CIIOCOOHOCTh HEKOTOPBIX BEIIECTB
bayopeciupoBath noj aevicteueM Y O-uzinydeHus.

Hanbonee oOmmii moaxo K Ka4eCTBEHHOMY aHAJW3y OCHOBAaH Ha 3Ha-
yeHusX R, . IIpu coOnroeHun CTaHAApTHBIX YCJIOBHI IIOIy4arOTCs BOCIIPO-
U3BOJMMBIEC 3HAYEHUS R; KOTOPHIE MOXKHO HCIIOIB30BATH B aHAIUTHYECKUX
LEJSAX MPU CPAaBHEHUM C TAOJMYHBIMH, €CJIM OHU MOJYYEHBI B TEX K€ YCIO-
BUSIX OIIBITA; 00JI€€ HAJIEXKHO UCIIONIBb30BATH 3HAUEHUS Ry oy

. (1.3)

Taomuna 1.1
IToasukHbIe (a3bl, IPOIBUTENN, BETUYUHBI R HEKOTOPBIX KATHOHOB IIPU
pa3iesieHn Ha MUKPOKPHUCTAINIMUECKOM 1erttono3e Mmerogom TCX

Karuon [Monswxuas daza, % IIposiBuTenb Ry
Hg(D) H-OyTtanon—Bozxa (85:15); Bognsrit pactsop K2CrO4 0,13
Ag(D) pH 3,0 (CH;COOH) 0,11
Pb(II) 0,05
Zn(1I) Oranon—5 M HC1(90:10) Jutuson 0,93
Fe(I1) CamonieHTHQHKAIHS 0,80
Co(II) 1-Hurtposo-2-nadron 0,33
Ni(ID) JMMeTUATrInOKCUM 0,33
Ca(Il) Wzonponanon—sona— 1 M HCI Anusapun 0,73
Sr(1l) (40:20:20) Ponm3onar kamus 0,66
Ba(Il) Ponusonar kanus 0,55

CaMbIM HaJIeKHBIM CIIOCOOOM SIBIISIETCS METOJI CBHUETENEeH (CTaHAapT-
HbIX BeulecTB). CTaHIapTHOE BEILIECTBO B TOM € PACTBOPUTEIIE HAHOCUTCS
Ha CTapTOBYIO JIMHUIO PSIOM C aHATU3UPYEMOU TIpoOoil U, TaKuM 00pa3oM,
xpomaTtorpadupyercs B TeX ke ycloBusx (puc. 1.4).
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[To oxoHyaHuu xpomarorpadupoBaHUs U MPOSBICHUS XPOMATOIPAMMEBI
NPUCTYNAIOT K MIeHTHGUKanuy BemecTs. CoBnasenne Ry KOMIIOHEHTA IIPO-
OBl U OJTHOTO U3 CBUJETENIEH JaeT OCHOBAHUE JIJIsi OTOXKIECTBIICHUS BEIIECTB.

KoauvecTBennnie omnpezenenuss B TCX MoryT ObITh cliefaHbl HEMO-
CPEIICTBEHHO Ha IUIACTHHKE, B ATOM Cllydyae KaKMM-IHM0O0 CrocoOOM H3Mepsi-
10T TUIOLIAJh TSITHA U 110 3apaHee MOCTPOCHHOMY T'paayHpOBOYHOMY Tpadu-
Ky HaxoJsT KOJWYECTBO BellecTBa. [IpuMeHsiercs Takxe mpsmoe CIEeKTpO-
dboTOMETpUpOBAHUE TJIACTUHKU TI0 CIIEKTpaM OTPAKEHUS U IO CIIEKTpaM T0-
riomeHus (POTOAECHCUTOMETPHUS), IS KOJIUYECTBEHHBIX PAaCcYeTOB Mpe/Ba-
PUTENBHO CTPOST TPaAyUPOBOUHBIN TpaduK, UCTIOIB3YSI ONTHYECKYIO TUIOT-
HOCTh B LIEHTpe msiTHAa. Hambosiee TOUHBIM CUMTAETCS METOJI, KOT/1a aHaJIu-
3UPYEMOE BEIIECTBO YIAIAIOT C IUIACTUHKU MEXaHWYECKUM IyTEM WM BbI-
MBIBAIOT MTOAXOSALIUM PACTBOPUTEIIEM TIOCIIE BBIPE3aHUS 30HBI, a 3aTEM aHa-
JU3UPYIOT  CHEKTpoOTOMETpUYECKUM, (IyOPUMETPUUECKUM, aTOMHO-
a0COpOLIMOHHBIM METOIAMH.

Meton TCX mpocT Mo METOAMKE BBINIOJHEHHS W allapaTrype, SKCIpec-
CeH U He TpeOyeT A aHanu3a OONbIIMX KOJUYECTB BellecTBa. Meroa miu-
POKO UCHOJIb3YeTCsl I UACHTU(PUKAIIMK KOMIIOHEHTOB JIEKapCTB, OMOXUMH-
YECKUX IIPENnapaToB, HEOPraHUYECKUX BELIECTB.

1.4.2. bymaxunas xpomartorpadgust

BmecTo mi1acTUHOK C HAHECEHHBIM TOHKHM CJI0OEM COpOEHTa MOKHO HC-
MOJIb30BaTh CHEIUATbHYI0 XpoMaTorpaduyeckyto Oymary B BUJI€ JTUCTOB WU
MmoJiocok. Xpomarorpaduyeckass Oymara J0JDKHA ObITh XUMHUYECKH YUCTOM,
HENTpaIbHOW, NHEPTHOM 1O OTHOUIEHMIO K KOMIIOHEHTaM pacTBopa U MOJA-
BIKHOW (pa3e u ObITh OJHOPOJHON IO IUIOTHOCTH; UMEIOT 3HAYEHHE CTPYK-
Typa MOJIEKYJI LI€JUII0JIO3bl B OyMmare, OpueHTAIUsl BOJIOKOH U JpyTrHe CBOM-
CTBa, BJIMSIOIIME HA CKOPOCTh JBMKEHHSI OJIBUKHOU (a3bl. OCHOBHBIE OIle-
paiuu B OyMakHON XpomaTorpaduu npoBOAITCA MPUMEPHO TaK ke, KaK U B
TOHKOCJIOMHOM.

JUist pa3zaenieHns BOJAOPACTBOPUMBIX BELIECTB, HAIIPUMEpP, HEOpraHUve-
CKHX HMOHOB, B KAaueCTBE MOJBW)XHOW (pa3bl OOBIYHO OEpyT OpraHU4EeCKUi
pPacTBOPUTENb, @ B KAYECTBE HEMOJBMXKHOW — BOJy (Oymary 3apaHee cMadu-
BalOT BoAoM). [{ns pa3zneneHusi KOMIIOHEHTOB, XOPOIIO PACTBOPUMBIX B Op-
TFaHUYECKUX PACTBOPUTEIAX, THAPOPUIbHYIO OymMary mpeBpaliarT B TUIpO-
($hoOHYI0, IPONUTHIBAasl €€ PAcTBOPAMU OPraHMYECKUX BelecTB (mapaduHa,
pPaCTUTENBHOIO Macja U Jp.), & B Ka4ecTBE MOJBUKHOMN (pa3bl HCMONB3YIOT
BOJlY, BOJIHBIM pacTBOp KakoW-11M00 KHUCIOTHI WM 1Iesnouu, OydepHbIii pac-
TBODP.

PacTBopuTenu moaBMKHONW M HEMOJIBHKHOM (a3 HE JOJDKHBI CMEIIH-
BaThCs, COCTAB PACTBOPUTEIS B IIpoliecce XpoMmarorpadupoBaHus He JOHKEH
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WU3MEHATHCS, PACTBOPUTEIHN JOJKHBI JIETKO yAANAThCA ¢ Oymaru. HABUTY-
aJlbHbIE PACTBOPUTENIM HCHOJB3YIOTCS JOCTATOYHO penko. Yaie ans 3Toi
LEeIU MPUMEHSIOT CMECH BEIECTB, Hampumep, OyTHUIOBOrO MM aMHIIOBOTO
CIUPTA C METHJIOBBIM MJIM TUJIOBBIM, CMECH OYTHUIIOBOTO CIIUPTA C YKCYCHOM
KHUCIJIOTOM, aMMHAKOM H JIp.

[Io TexHWKE BBIMOJHEHUS PA3IUYAOT CIEAYIOIIME BHUIBI OyMaKHOU
XpoMatorpadun: 00HOMEPHYI0, O8YMEPHYIO, KPY208YI0 U dleKmpogopemute-
ckyto. JIns momydeHus: IBYMEPHBIX XpOMATOrpaMM XpomaTorpadupoBaHUE
MPOBOJISAT ABAXKBI: TIOCTe 00pabOTKH MPOOLI OJHUM PACTBOPUTEIIEM XpOoMa-
TorpaMMy moBopaunBaioT Ha 90° u xpomaTorpadupyrOT BTOPUIHO YKE JIPY-
I'MM pacTBopuTeneM. Takas METOJMKa MO3BOJISIET MPOBOIUTH OOJiee TOHKHE
paszzeneHus KOMIOHEHTOB cMecu. CrnienuduyeckuM MpueMoM SBISETCS CO-
yetanue bX u anextpodopesa. [ 3TOro K BIaKHOMY JIUCTY XpoMaTorpa-
(¢uyeckoi Oymaru NpuKIaIbIBaIOT MOCTOSTHHOE 3JIEKTPUUYECKOE HAIIPSKEHUE.
JIoTIOTHUTENbHOE BO3ACHCTBUE 3JEKTPUUYECKOTO MOJs NMPUBOIUT K Oojee
YEeTKOMY Ppa3/IesICHHUI0, OCOOEHHO MJii MOHOB C Pa3HbIMU 3apsiaamMu. OJeK-
Tpodope3 MOXKHO MPOBOAUTH OJHOBPEMEHHO C XpoMarorpadupoBaHuem, a
TaKXKe JI0 WK MoCcJie XpoMaTorpadupoBaHus.

KauectBenHbll cocTaB poObl B METOJIe OyMaskKHON pacipeleTuTeIbHON
xpomatorpaduu Tak xe, kak 1 B TCX, MOxkeT ObITh YCTAaHOBJICH WJIH IO CIie-
M(UUecKor OKpacKe OTICIbHBIX IMSATEH HAa XpoMarorpaMMe, Wd IO YHhC-
JICHHOMY 3HAYEHUIO R, KaXJI0ro KOMIOHeHTa. KoiudecTBeHHBIE ompezene-
HUsg B BX BBIMONHSIOTCS 1O XpoMaTorpadUyecKuM XapaKTEpUCTHKaM (I10
IJIOIIA/IA TSITHA HA XpOMATOrpaMMe U UHTEHCUBHOCTHU €0 OKPACKH) WM TO-
CJi€ BBIMBIBAHUSI MOAXOASIINM (PUBHKO-XUMUYECKUM MeTonoM. OTMeTum,
4TO MeToA OyMa)xxHOU Xpomarorpaduu, npeainoxkeHubiii B 1941 r. Maptunom
u CUHIKEM, B HACTOSILIEE BPEMsI UCIOJIb3YIOT B aHAJIMTUYECKUX Jaboparo-
pUSIX I0BOJIBHO PEAKO.

1.5. I'azoBas xpomartorpagus

I'azoBasi xpomaTorpadusi — 3T0 BapuaHT XxpomaTorpaduu, B KOTOPOM
MOBYKHOU (ha30i SBISETCS WHEPTHBIM Ta3 (Ta3-HOCUTENh), MPOTEKAIOIIUN
yepe3 HEeMoJBIKHYIO a3y, 00s1a1aoniyo 00bIIoi NoBEpXHOCThIO. OObIY-
HO B KaueCTBE MOJBHKHOM (pa3bl UCMOIL3YIOT €U, a30T, aproH, BOJOPO/I,
JTMOKCUJT YTJIepoJia WK BO3ayX. ['a3-HOCUTENb NOKEH ObITh MHEPTHBIM IO
OTHOILICHHIO K pa3/ieisieMbIM BEIIECTBAM UM COPOCHTY, B3PHIBOOE30MACHBIM U
JIOCTAaTOYHO YKCTHIM. BBIOOp raza-HOCHUTEINSI B Ka)XJIOM KOHKPETHOM Cllydae
JOJKEH 00ecreurnBaTh COOTBETCTBUE €ro (PU3NYECKUX CBOWMCTB MOJYUEHHIO
BBICOKON 3((EKTUBHOCTH KOJIOHKH M JOCTATOYHOW YYBCTBUTEIBHOCTH JI€-
TEKTOpA.

B 3aBHCHMOCTH OT arperaTHoOro COCTOSIHHSI HETIOJIBM>KHOM (ha3bl ra3oBas
xpomaTtorpadus MoApa3AeIIeTCI HA 2a30a0COPOYUOHHYIO, KOTJIa HETIOIBHK-
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HOU (ha3oil siBsieTCsl TBEPABIA aCOPOCHT, U 2a3024CUOKOCMHYI0, KOrJa He-
MOABMKHOM (pazoi sIBISIETCS KUIKOCThb, HAHECEHHAs] HAa TMOBEPXHOCTh TBEP-
noro Hocutens. B ra3zoBoil xpoMarorpaduu UCMoONb3yeTcsl TPEUMYIIECTBEH-
HO DJIIOCHTHBIN (MPOSIBUTEIBHBIN)CIIOCOO MPOBEACHUS MpOIEcca XpomaTo-
rpadupoBaHUs .

["azoBasi xpomatorpadgusi — METOJl pa3ieieHusl JIETYUHX COCIUHEHUH.
OTUM METOJIOM MOKHO MPOAHAIM3UPOBATH ra3000pa3Hble, KUIKUE U TBEp-
JIbIe BEIIEeCTBA C MOJICKYJIsipHOHM Maccoil Mmenbiie 400, yaoBIETBOPAIOIINE
OTIpEJICIICHHBIM TPEOOBAHUSAM, TJIABHBIE M3 KOTOPBIX — JIETy4eCTh, TEPMOCTa-
OWJIBHOCTh, MHEPTHOCTh W JIETKOCTh MOnyuyeHus. KomudecTBeHHBIN aHamm3
MOHO MPOBECTU TOJBKO B TOM CIIy4yae, €ClU BEIIeCTBO TEPMOCTOMKO, T. €.
UCIApSAETCs B J103aTOPE BOCIPOU3BOJAMMO U JJIIOUPYETCS U3 KOJOHKH 0e3
paznoxenus. [Ipu pa3noxxkeHUM BellecTBa HA XpPOMATOTpaMMeE MOSIBISIOTCS
JIO)KHBIE TIMKH, OTHOCAIIMECS K MPOAYKTaM pa3joxkeHus. BemiectBo He
JIOJKHO 00pa30BbIBATh YCTOMYMBBLIX COJIbBATOB MPU PACTBOPEHUU B HEMO/I-
BIDKHOM KUJKOU (a3e U pearupoBaTh ¢ MaTepuagiaMu, U3 KOTOPhIX U3TOTOB-
JIEHBI JeTanu xpoMarorpada. ITuM TpeOOBAHUIM YIOBIETBOPAIOT, KaK mpa-
BUJIO, OPraHUYECKHUE BellecTBa, modTomMy ['X yaile UCMoNb3yIOT Kak METO]
aHaJIKM3a OPraHWYECKUX COCIUHEHMM, XOTS 3THUM METOJIOM MOXKHO OIpejie-
JISITh TIOYTH BCE DJIEMEHTHI MEPUOANYECKON CUCTEMBI B BUJIE JIETYUYUX COCIH-
HEHHU.

1.5.1. TI'azorBepaodasnas xpomaropadus

B razoancopOunonHoil xpomatorpaduu B KauecTBe HEMOJBHKHON (a-
3bl IPUMEHSIOT Pa3IMYHbIE aJICOPOEHTHI — BHICOKOJMCIIEPCHBIE UCKYCCTBEH-
Hble WM TPUPOAHBIE Telda C BBHICOKOM YJIETBbHOM TMOBEPXHOCTHIO
(10-1000 M*/T), MOTJIOLIAOLIIE Ta3bl WX Mapbl. AICOPOLIS MOJEKYI U3 ra-
30BOM (pa3bl MPOUCXOAUT 3a CYET MEKMOJICKYJSIPHBIX B3aUMOJCHCTBUIA,
UMEIOUINX 3JIEKTPOCTATUYECKYIO0 MPUPOIY; BO3MOXHO 0OOpa3oBaHUE BOJIO-
POJHOM CBSI3M, HO BKJAJ 3TOT0 B3aMMOCHCTBHS YMEHBILIAETCS C POCTOM
TEMIEPaTyphbI.

AnCopOeHT moIKeH 00JafaTh CIEAYIOIUMUA OCHOBHBIMU CBOWCTBAMHU:
HEOOXOMMON CENEKTUBHOCTHIO, OTCYTCTBHEM KaTATUTUYECKOW aKTUBHOCTU
U XMMHUYECKOW MHEPTHOCTHIO K KOMITIOHEHTaM pa3fefiieMOil cMecH, J0CTa-
TOYHOW MEXaHMYECKON MPOYHOCTHIO.

OCHOBHBIMHU a7ICOpPOCHTaMH, NMPHUMEHSIEMBIMH B Ta30-aJICOPOIIMOHHOM
xpomarorpaduu, SBISIOTCS aKTHUBHPOBAHHBIC YT, CHIUKArelld, OKCHU]
anmoMuHua. HeoTHOPOJHOCTh MOBEPXHOCTH aKTUBHBIX aJICOPOCHTOB HE JAeT
BO3MOYKHOCTH OTIPEENSITh CHIIBHO aJICOPOUPYIONIHECS TOJISIPHBIE MOJIEKYJIbI,
OJIHAKO, B MOCJIEIHEE BPEMS MPOMBIIIJIEHHOCTHIO BBIITYCKAIOTCS aJCOPOCHTHI
C JIOCTaTOYHO OJIHOPOJHOM IMOBEPXHOCTHIO, TaKWe, KaK MOPUCTHIE CTEKIa,
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MOPUCTHIEC MOJUMEPHI, CHHTETUYECKHUE LIEOTUTHI (MOJIEKYJISIPHbIE CUTA), MaK-
POTIOPUCTBIC CUJIUKAreau (CUIOXpPOM, Mopacuil, chepocuit), MO3BOJISIONIUE
MIPOBOAUTH aHAJIU3 CMECEN CUIIBHOIOISPHBIX BEIIECTB.

HaunGonee mmpoko MeToj razoajcopOIUMOHHONW XpomaTorpaduu MpH-
MEHSAIOT JJI1 aHajih3a CMeced ra3oB M HU3KOKHUISIIUX YTJIEBOJOPOJOB, HE
coJiep KallluX aKTUBHBIX (YHKIIMOHAJIBHBIX rpyri. Hampumep, mis pasaene-
Hus O,, N,, CO, CHy, CO, ¢ ycrnexoM NMPUMEHSIOT TJIMHUCTBIE MaTepHUallbl,
COpOEHTHI, Ha3bIBaEMbIE MOparakaMu, UCTIOIB3YIOT IS Pa3eeHUs] THAPHU-
noB metaiioB (Ge, As, Sn, Sb). Meron I'AX Ha KOJOHKAaX ¢ IOPUCTBIMH I10-
JUMEPHBIMHA COPOCHTAMH — YIOOHBIN U OBICTPBIN CIIOCOO OMPEETICHHS BOIBI
B HEOPraHWYECKUX U OPraHUYECKUX MaTepHraiax.

1.5.2. I'a3o:xkuaKocTHAsA XpomaTorpadus

B ananutuueckoi npakTUKE Yalie UCIOIb3YIOT METOT Fa30KUAKOCTHON
xpomatorpaduu. ITO CBSI3aHO C YPE3BBIUYAWHBIM Pa3zHOOOpa3ueM >KUIKHUX
HEMOABMXHBIX (ha3. B razoxuakocTHol xpoMarorpaduu HEMOIBUKHOHN (a-
301 CIIYXUT MPAKTUYECKU HEJNEeTydasl Mpu TeMIlepaType KOJIOHKH JKUJIKOCTb,
HaHECEHHAas Ha TBEPJIbI HOCUTENb. KommuecTBoO XuIkou ¢a3bl COCTaBISET
5-30 % oT mMacchl TBEpAOr0 HOCHUTEIIS.

K xxuakoit (aze npeabsaBiseTcs psaj )KECTKUX TPEOOBAHMIA:

1) cmtocoOHOCTH XOPOIIO PACTBOPSATH KOMIIOHEHTBI CMECH (€CIIi pacTBO-
PUMOCTb MaJia, KOMIIOHEHThI BBIXOJST U3 KOJIOHKH OYEHb OBICTPO);

2) UHEPTHOCTh MO OTHOLIEHUIO K KOMIIOHEHTaM CMECH U TBEPAOMY HO-
CUTEJIIO;

3) masast yierydecTb (4TOOBI HE McCHapsiach Mpu pabouel TemmepaTrype
KOJIOHKH);

4) TepMuUecKasi yCTOMYMBOCTb;

5) 1OCTaTOYHO BBICOKAsI CEJIEKTUBHOCTb, T. €. CIIOCOOHOCThH Pa3leisTh
CMECh KOMITIOHEHTOB;

6) HeOobIas BI3KOCTh (MHAYE 3amMeyisieTcs mporece Auddy3un);

7) moCOOHOCTh 00pPa30BHIBATH MPHU HAHECCHUH HA HOCUTEh PaBHOMEP-
HYIO IUIEHKY, IPOYHO C HUM CBS3aHHYIO.

[Ipupona xuakoil ¢assl ABISETCS TEM OCHOBHBIM (PAKTOPOM, KOTOPBIN
OINpeENsieT NOCIe0BATEIbHOCTh BBIX0/a KOMIIOHEHTOB U3 KOJIOHKU. B ka-
YeCTBE KUAKUX (a3 MPUMEHSIIOTCS HEMoJspHble mapaduHbl (Hampumep,
CKBaJIaH, Ba3eJIMHOBOE MAacCjO, alMe30Hbl), YMEPEHHO MOJISIPHBIE (CIOKHbBIE
3(UpBL, HUTPUIIBL U Jp.) U NOJSIpHbIE (TTOJUATUICHTIUKOIN WK KapOOBaKCHI,
TUAPOKCUIIAMUHBI U JIP.)

Kaxnas xunkas (aza uMmeeT TeMmiiepaTypHbIE TMpeaesbl MPUMEHEHUS.
Hwxuuii TemneparypHslii mpenen — MUHUMajbHasg pabodas TeMmreparypa,
COOTBETCTBYIOIAS 3aCTHIBAaHUIO KUAKON (azpl. OOBIYHO BBIOMPAIOT MUHU-
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MaJbHYI0 pabovyro TeMIEpaTypy KOJOHKH BBIILE TOUYKH 3aCTHIBAHUS KUKOU
¢da3bl Ha 10—-15 °C. BepxHuii TemnepaTypHbli Mpeaesl — MaKCUMallbHas J10-
nyctumas pabouas temmneparypa (MPT) sxunkoit ¢a3sbl, Beillie KOTOPOW OHA
HAaYMHAET pa3pyliaTbCsi, IPU 3TOM 00pa3ylOTCs JIETy4Yhe COCIUHEHHUS, YHO-
CUMbIe U3 KOJIOHKU. [IpakTKa UCTOoNb30BaHUs XKUIKUX (a3 JJIsl aHaIu3a 1Mo-
Ka3bIBaCT, 4YTO HEOOXOAMMO paboTaTh C HUMHU IpU TEMIlepaTypax Ha
20— 30 °C amxe MJIPT xuakoi (a3bl.

HaubonpmuM TemnepaTypHbIM AMANa30HOM HCIIOJIB30BAHUS B Ta30-
KUJIKOCTHOM XpomaTorpaduu o01a1a0T KpeMHUHOPraHUYECKHUE TOTUMEDPHI,
HaIlpUMepP, METWICHIMKOHBI — XUJKOCTH IPH KOMHATHOM Temieparype, a
MJIPT ux gocturaet 300-350 °C. Hanbonee TepMOCTaOMILHBIMU KUIKUMHU
bazamMu ABISAIOTCS KapOOpaH-CHIIOKCAHOBBIE MOJIHMEPHI, B KOTOPHIE BXOMST
aToMbl Oopa, kpemHus u yriaepoaa. MJIPT 3Tux coeauHeHUl AOCTUraeTr

400 °C.

TBepabIM HOCUTEeM OOBIYHO CIYKUT MPAKTUUYECKH MUHEPTHOE TBEP-
JI0€ BEUIECTBO, HA KOTOPOE HAHOCSAT HEMOJABMXHYIO XUIAKOCTh. OCHOBHOE
Ha3HAYCHHE TBEPAOr0 HOCHUTENS B Xpomarorpaduyeckoil KOJOHKE — ynep-
KUBATh KUIKYIO (ha3y Ha CBOEW MOBEPXHOCTU B BUJE OJHOPOTHOM IJICHKH.
B cBsi3u ¢ 3TUM TBEPIbII HOCUTEIb TOJKEH UMETh 3HAYUTENbHYIO YIETbHYIO
noBepxHocTh (0,5-10 M’/T), HpUYEeM OHA JOJDKHA OBITH MAKPOIIOPUCTOH BO
n30exaHue ajcopOLy KOMIIOHEHTOB NpoObl. Kpome Toro, TBepablii HOCH-
TeJIb JOJKEH 00J1aaTh CIASAYIOIUMH KayeCTBAMU: OTCYTCTBUEM KaTaJIUTH-
YECKOW aKTUBHOCTH, JOCTATOYHON MEXaHUYECKON MPOUYHOCTHIO, CTAOUILHO-
CTBIO MPHU MOBBILIEHHBIX TEMIIEpaTypax, OJHOPOJAHOCTHIO MO MO pa3Mepam,
MaKCUMaJIbHOW OJHOPOAHOCTBIO pa3Mepa 3epeH. OJHAKO /10 HaCTOSIIETro
BPEMEHHU HE CO3JaHO YHHMBEPCAILHOTO HOCUTENS, yAOBIETBOPSIONIETO BCEM
MEePEUUCTIEHHBIM TPEOOBAHUSIM.

B kauecTBe TBepIbIX HOCHUTENICH B Ta30-)KUAKOCTHOH Xpomatorpaduu
UCIIOJIB3YIOTCSL TMATOMUTHI (KU3EIbryp, UH(PY30pHas 3eMJIsl), CHHTETHIECKUE
KPEMHE3EMBI (MAKPOIIOPUCTBIE CUIIMKArEIH, IIUPOKOIIOPUCTHIE CTEKIIA, a3PO-
CHJIOTEJIN), TOJMMEpPHBIE HOCUTENIM Ha OCHOBE MOJUTETPa(TOpITHICHA U
T. 1. YacTo MCHOJBb3yIOT MOJU(PUIMPOBAHHBICE HOCUTENIM, KOBAJIGHTHO CBSI-
3aHHbBIE C «KUAKON» (hazoil. [Ipu 3ToM cranmoHapHas xkuakas ¢aza Oosee
MPOYHO YJIEP>KUBAETCS HA MMOBEPXHOCTHU JaXXe MPU CaMbIX BBICOKHX TeMIIepa-
Typax KOJIOHKH. XUMHYECKU CBsI3aHHAs HemojBwxkHas (aza Oonee addek-
THUBHA.

1.5.3. AnnaparypHoe ogopmiieHue razoBoii xpomarorpaguu

JUtst mpoBeAeHHs ra3o-xpoMaTorpaduyecknux aHalu30B HPUMEHSIOTCS
crenuaibHbIe MPUOOPHI — FA30BbIE XPOMATOIPAPBHI.
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I'azoBble aHanuTHYecKkHe (1a0opaTOpHbIE) XpoMaTorpadsl rpeaHa-
3HAUEHBI 7S pa3felieHus] U aHajdu3a UCCIEeNyeMbIX cMeceld. JTO Xpomaro-
rpadsl Mmapok XJI-3, JIXM-8M/I, JIXM-80, moaenu 1abopaTtopHbIX XpoMa-
torpadoB, oObeauHEHHBIX 0OmUM Ha3zBaHuem «l[Ber-100». B wactosiee
BpeMsl pa3palOTaHbl aHAIWTUYECKHE Ta30Bble XpomaTtorpadsl cepuu
«IIBeT-500», «I{BeT-500M», «1{BeT-2000%», «Mumuxpom AO2».

Kpome aHaiuTHYECKHX HUMEIOTCS NPOMBINLICHHbIE XPOMaTorpagbl
IBYX THUIIOB: aBTOMAaTHUYECKUE — JJI1 KOHTPOJISI POU3BOJICTBEHHBIX MPOLIEC-
coB (XTTII-63, XI1A-4, XI1-499) u npenapaTuBHbIE — AJIs1 TOJIYYEHUS YUCTHIX
BelecTB (Dranon-1).

[IpoMbllIIeHHBIE Ta30BbIE XpOMaTOrpadsl OTIMYAIOTCA OT Jaboparop-
HBIX YCTPOMCTBOM JUIsl aBTOMAaTUYECKOTO BBOJA MPOOBI, a TAKXKE HATUYHEM
yCTpoicTBa-1peoOpa3oBaTess BHIXOJHOIO CUTHaNa npudopa B popmy, yao0-
HYIO JUIsl TIpeficTaBiIeHus: oneparopy. [IpomeblieHHsle XpoMarorpagsl Bbl-
HOJIHSIOTCS B BUJIE JIBYX CAMOCTOSITENIbHBIX OJIOKOB, OJTUH U3 KOTOPBIX yCTa-
HaBJIMBAETCsS B MPOU3BOACTBEHHOM MOMEIIEHUHN BOJIM3M TOUKH OTOOpa Mmpo-
Ob1. BTopoii 6110k MOXeT OBbITh pa3MelleH Ha OOJBIIOM PACCTOSIHUM OT Tep-
BOT'O Ha MyJIbT€ KOHTPOJBbHO-U3MEPUTENBHBIX TPHOOPOB.

[IpombinieHHBIE XpoMaTOrpadbl NPUMEHSIIOTCS JJIsI KOHTPOJIS MPOLieC-
COB BBIJICJICHUSI U OYHMCTKHU (HAIpuUMeEp, B MPOU3BOJICTBE JIETKUX OCH3WHOB,
CUHTETUYECKOr0 KaydyKa, 3TUJIOBOTO CHOUPTA), ISl KOHTPOJISI PEaKI[MOHHBIX
MPOLIECCOB, TaKUX Kak MOJMMepU3alus, MUPOJIN3, CUHTE3 Pa3HOOOpPa3HBIX
MPOIYKTOB (Hampumep, cuHTe3 (HopMaliiHa, aMMHaKa, OKUCH ATUJIEHA), NS
KOHTPOJISI TOKCUYECKUX BELECTB B BO3yX€ IMPOMBILUICHHBIX IPEANPUATHH U
T. 1.

B Hacrosiiee Bpemsi IpOMBIIIJICHHBIE Ta30Bble XpoMaTorpadbl MoJIy4u-
7 BceoOliee NMpU3HaHUE KaK OCHOBHOE TEXHMUYECKOE CPEICTBO KOHTPOJIS U
PEryJIMpOBaHUs TEXHOJIOIMYECKUX MPOLIECCOB XUMUYECKUX U HeTeXuMHUUe-
CKUX NPENITPUATHH.

OcHoBHBIE y3JIbI TA30BOr0 XpoMatorpaga

CoBpeMeHHBIH Ta30BbIM xpoMmaTorpad COCTOUT U3 CIEAYIOUIUX OCHOB-
HBIX yacteit (puc. 1.5):

1. YcrpoiicTBO MOATOTOBKH MPOOBI AJIsl XpoMaTtorpadhuueckoro aHain3a
(oOorarieHue, KOHIIEHTPUPOBAHUE, TUPOJIU3).

2. bamnon ¢ rasoMm-HocuTeneM W OJOK TMOJATOTOBKH Ta3a-HOCHUTEI,
BKJIFOYAIONINI B ce0sl OUUCTKY ra3a, yCTAHOBKY pacxojia ra3a Wiu JaBJIeHUs,
M3MEPEHUE PACcX0/ia rasa.

3. YcrpoiicTBOo asis BBOJA MpOOBI M Uil €€ HCHapeHus — J03aTop-
HCTIAPUTED.
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4. brok aHaM3aToOpa, BKIIOYAIOLIUI B ce0sl XpoMaTorpapuyeckyro KOJIOH-
Ky ¥ TEpMOCTAT KOJIOHKH, PEryIUPYIOIIHIA TEMIIEPATYPy U H3MEPSIOIINH ee.

5. lerekTop, TmipeoOpa3yrolmMii HU3MEHEHHE COCTaBa KOMIIOHEHTOB
B QJIEKTPUYECKUI CUTHAJL.

6. PeructpaTtop, 3amMchIBaIOLIMil pe3ysbTaThl XpoMaTOrpaduyecKoro
aHanu3a.

7. DNEeKTPOHHBIM UHTErPaTOp, AaBTOMATUYECKU (PUKCUPYIOIIMN IJIOIIAb
IUKa U BpeMsl €ro BbIX0Ja; Liu(porneyaTaromiee yCTpoicTBo, AUCILICH.

y
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8
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1 0,002

/_ 9 0,003
e 13/

Puc. 1.5. biok-cxema razoBoro xpomartorpada:
1 — GaJTOH C CXKaTBIM ra3oM; 2 — OJIOK MOJATOTOBKH Ta3a-HOCUTENS; 3 — PEryJIsTOp pacxoja rasa;
4 — u3MepuTenb pacxona rasa; 5 — GuIbTp; 6 — MUKPOIIIPHII /ISl BBEJACHUS MTPOOBI; 7 — HCIIapUTeINb;
8 — xpomarorpaduyeckas KonoHka; 9 — repmoctar; /() — nerextop; I/ — camonmcer; /2 — HHTETparTop;
13 — nn¢poneyaTaromiee yCTPOHCTBO

OpmHUM 13 OCHOBHBIX y3JI0B Ta30BOT0 XpomaTtorpada SBIsICTCS 103aTop,
KOTOPBIN TpeIHa3HAYCH TSI TOYHOTO KOJWYECTBEHHOTO OTOOpa MpPOOBI U
BBEJICHHSI €€ B XpoMarorpaduueckyro KOJIOHKY. B kaxkmom xpomatorpade
7103aTOP-UCIIAPHUTEIb YCTAaHABIMBACTCS HETIOCPEACTBEHHO Y BXOJa B XpoMa-
Torpaduyueckyto KoJoHkKy. OH mpeicTaBisieT coO0oi HEOOIbIIYI0 €MKOCTb,
COCJIMHEHHYIO C HayalloM XpomaTorpaduyecKod KOJOHKH M CHaOXEHHYIO
CaMOYTUTOTHSIFOIIEHCSI TEPMOCTOMKON PE3MHOBOM MEMOPAHOM.

B no3atope crienyeT noaaepxKuBath Takylo TEMIIEpaTypy, P KOTOPOi
MIPOUCXOIUIIO OBI IMMOJHOE M OBICTPOE UCTIAPECHUE KUIAKOT0 oopasna. Kuakyro
po0y JO3UPYIOT MUKPOIIMPHUIIEM, BITyCK ra3000pa3HBIX MPoO 4acTo OocyIie-
CTBJISIIOT MEIMIIMHCKUM IINPHUIIEM. B 3aBUCHUMOCTH OT KOHIIEHTPAIIUU U YHC-
Ja pa3feisieMbIX KOMIIOHEHTOB 00BEM BBOJMMOIO Ta3000pa3HOro oOpasia
konebnercsa ot 1 1o 10 mi, a 06beM xuakoro oopasua — ot 0,1 70 10 Mk

Bwmecte ¢ razoMm-HocuTesieM BBEICHHBIM MapooOpa3HbIi obOpasel mo-
CTYIIaeT B KOJIOHKY, TJI¢ IPOUCXOJIUT €ro COPOITHI.
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Xpomarorpapuyeckue KOJIOHKH pa3inyHbl 1o (Gopme, pa3MepaMm U MaTe-
puanaM. Hanbonee pacripoctpanens! cnupanbhble, U- 1 W-00pa3Hble KOJIOH-
KM JUIMHOW OT 2 M U MEHeE JI0 HECKOJIbKMX JECSATKOB METPOB. BHyTpeHHUI
JAMaMeTp KOJIOHOK OOBIYHO OT 3 10 6 MM. KOJIOHKHM M3roTaBIMBAIOT U3 HEpKa-
BEIOLIEH cTaiu, MeIH, JIATyHH, CTeks1a. MaTtepuain KOJIOHOK J0JKEH o0najgarh
XMUMHUYECKON MHEPTHOCTBIO 110 OTHOUIEHHUIO K KOMIIOHEHTaM IPOOBbI.

Bosnbiioe BnusiHME Ha COPOMPYEMOCTh T'a3a OKa3bIBAET TEMIIEparypa, mo-
TOMY XpoMarorpapuueckue KOJOHKH, KaK IPaBWIIO, TEPMOCTATUPYIOTCS.
OOBIYHO TEPMOCTATUPOBAHUE MPOU3BOAUTCS MPHU TEMIIEpaTypax, 3HAYUTEIb-
HO IPEBBIIAIOIINX KOMHATHBIE, OJHAKO B HEKOTOPBIX CIIy4asX CO3Jar0TCs
temneparypsl Hike 0 °C, HanpuMep, TpH pa3AeIeHUN HU3KOKUIAIIUX ra30B.

JUia oOHapyXKeHHsI U3BMEHEHUN B COCTaBE Iasa, MPOIIEIIIEro 4epe3 Ko-
JOHKy, TpenHasHadeH aerekrop. Ilokasanumsa nerexTopa mnpeoOpasyrorcs B
AIIEKTPUYECKUI CUTHAN, KOTOPBIA PETUCTPUPYETCA CAMONMILYIIIUM ITPUOOPOM.

JderekTopsl

OnuuM 13 HanboJjee pacIpOCTPAHCHHBIX JICTEKTOPOB SIBJISETCS KaTapo-
Metp. [Tpuniun ero paboThl OCHOBAH Ha M3MEPEHUU CONMPOTHUBIICHUS Harpe-
TOH BOJB(PPAMOBOM HHUTH, KOTOPOE 3aBHUCUT OT TEIJIOMPOBOJHOCTH OMBI-
Barolero rasa. KoanuecTBo TemIoThl, OTBOJAMMOE OT HAIpEeTOW HUTH IIPH T10-
CTOSTHHBIX YCJIOBHSIX, 3aBUCHUT OT COCTaBa raza. Uem OOJIbIIe TETUIOMPOBO/I-
HOCTh Ta3a-HOCHUTEJS, TeM OOJbIIeld YyBCTBHTEIIBHOCTBIO OyneT 00J1aiaTh
karapomeTp. Hanbonee moaxoasimuyM ra3zoM-HOCHTENIEM C 3TOW TOYKH 3pe-
HUS SBJSIETCS BOJOPO/I, TEIIOMPOBOAHOCTh KOTOPOTO 3HAYMTEIIBHO TPEBBI-
IIIACT COOTBETCTBYIONIYIO XapaKTEPUCTUKY OOJBITMHCTBA APYTHX Ta30B. O1-
HAKO B IEJISIX TEXHUKW O0€30MACHOCTH Yalle MPUMEHSIETCS TeUi, TeTUIONPO-
BOJHOCTH KOTOPOTO TAKXKE JOCTATOYHO BeIUKa. JIOCTOMHCTBAMHU KaTapoOMeT-
pa SBIIAIOTCS MPOCTOTA, JOCTATOYHAS TOYHOCTh M HAJICKHOCTH B padote. On-
HAKO M3-32 HEBBICOKOW YYBCTBUTEIBLHOCTH OH HE MPHUMCHSCTCS JJIA OIpeie-
JICHUSI MUKPOIIPUMECEH.

Hanbomnpielt 4yBCTBUTENIBHOCTHIO 00JIaJIal0T MOHU3AIIMOHHBIC JIETEK-
TOPBI, HaMpHUMEP, TUIAMEHHO-MOHU3AIIMOHHBIN, MO3BOJISIONIMN OOHAPYKHU-
Bath 10 102 r. B arHx JNETEKTOpax HU3MEPSIOT IJICKTPUUECKYIO MPOBOJIU-
MOCTb IJIAMEHHU BOJOPOIHOM ropenku. [1pu mosBIeHHH B IJIaMEHU BOAOPOa
MPUMECEeH OPraHWYECKHX COSAMHCHHHM IPOMCXOJUT HOHM3ALMs IUIAMCHH,
MPOTIOPIIMOHANIEHAS KOHIICHTPAIIMH IIPUMECH, YTO JIETKO MOYKET OBITh HM3Me-
peHo. HemoctaTkoM MaHHOTO JETEKTOpa SIBISIETCS TO, YTO OH NMPUMEHUM
TOJIBKO JIJISl aHAJIW3a OPTAaHMYECKUX BEIIECTB, a K HCOPTAaHMYECCKUM, TaKUM
KaK aMMHaK, CEPOBOJIOPOJ, KHCIOPOJ, a30T, OKCH CEePhI, OKCUJ] yTIIepoaa 1
T. /1., 9YBCTBUTEIBHOCTD JIETEKTOPA PE3KO MaIacT.
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Tabmuna 1.2
CpaBHHTENBHBIC XapaKTEPUCTUKH XPOMATOTPAPUIECKUX TETEKTOPOB

HetexTop IIpenen Huanazon
oOHapyKeHUs JTUHEHHOCTH

JIETEKTOpa
Karapomerp 10" r/mn 10°
[TnamMeHHO-MOHU3AIIMOHHBIH 10 % r/c 10’
DJICKTPOHHOTO 3aXBaTa 10" /v 10
TepMoHOHHBIH 10 " r/c 10°
NK-cnexkTpomerp >1 MKT 10°
Macc-creKTpoMeTp 10-10"r 10

Od4eHb BBICOKOW UYYyBCTBHTEIBLHOCTBIO 00JIaa€T apTOHHBIN JIETEKTOP,
MOHH3ALUSI B KOTOPOM IPOUCXOIAUT MPU CTOJIKHOBEHHHM MOJIEKYJ Ompene-
JSIEMOTO BEILIECTBA C METACTAaOWIBHBIMUA aTOMaMHU aproHa, o0pa3yromumMucs
Mo/ ICUCTBUEM PaIMOAKTUBHOTO [-U3ITyUCHUS.

B TepMOMOHHOM AETEKTOpE B IUIaMsi TOPEJIKU BBOAST COJIM IIEIOYHBIX
MeTtauioB. [lpu monaganuu B Takoe miaMs coeanHeHuit pocdopa mosBuser-
Csl MOHHBIM TOK, MPOTOPIIMOHANBHBIA COJEPKaHUIO aTOMOB (ocdopa. ITo
CEJICKTUBHBIN (hOCHOPHBIN AETEKTOP BHICOKON UyBCTBUTEILHOCTH.

N3BecTHBI NIpyrvie TUIIBI JETEKTOPOB: TEPMOXUMHYECKUE, MIAMEHHO-
(dhoTomMeTpudecKre, MUKPOKYJIOHOMETPUYECKUE, YIATPA3BYKOBBIE U T. .

1.5.4. XapakTepucTHKH yAep:KMBAHUSA

Ecnu morok raza-HocuTeNs, coJepXkKaluil  1ecOpOMpOBaHHOE Be-
IIECTBO, MPOXOJUT YEpe3 UYBCTBUTENbHBIA dJEMEHT mpubopa, Qukcu-
PYIOILIEr0 MTHOBEHHOE M3MEHEHHE KOHIICHTPAI[MU BEUIECTBA B ra3e (JIeTeK-
TOP), TO Ha 3aMUCHIBAIONIEM YCTPOUCTBE 3TOT0 MPUOOpa TOTydaeTCs KpuBasi,
Ha3bIBaeMasi XpoMaTorpapuIecKuM MUKOM UITH KPUBOU DITFOMPOBAHMSI.

Ha puc. 1.6. n3o0paxena TunuuHas kpusas smroupoBanus. [1o ocu abe-
IUCC OTJIOKEH 00BbEM AJTr0aTa (MOKHO OTJIOKHUTH BpeMsi XpomaTorpadupona-
HHUS).

Ee napameTpsbl, Ha3bIBAEMbIE XapaKmMepuCmukamu y0epiCu8aHus, MOTyT
CIIY>KUTh CPEJICTBOM UACHTU(DHUKAIIMN KOMIIOHEHTOB pa3eisieMON CMECH.

BpeMst or MoMeHTa BBOJa aHAJIM3UPYEMOM MPOOBI 10 PErucTpaluu
MaKkCUMyMa IIMKa Ha3bIBAIOT 6peMeHeM yoepoicuganus (SIOUPOBAHUA) [,
.(otpe3ok OG Ha rpaduke). Bpems yaep:kuBanusi CKiaJbIBa€TCs U3 ABYX CO-
CTaBJIAIONIUX — BPEMEHU NPeObIBaHUS BEIIECTBA B MOJABUKHONU U HETIOIBUXK-
HOIl ¢azax. [lepBoe (akTHUECKM PaBHO BPEMEHH MPOXOXKIEHHUS 4Yepe3 KO-
JIOHKY HecopGHpyeMoro kommoHerTa (otpe3ok OO’ Ha rpaduke). SHaueHHE
{, HE 3aBHCUT OT KOJINYECTBA IPOOBI, HO 3aBUCUT OT IPHUPOJbI BELIECTBA U

COpOEHTa, CKOPOCTH IOTOKA ra3a-HOCHUTENS, a TAKXKE YINAKOBKM COpOEHTa U
MOKET MEHATHCS OT KOJIOHKHU K KOJIOHKE. [l03ToMy AJi XapaKTepUCTUKH HC-
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TUHHOH yJEPKUBAIOIICH CTIOCOOHOCTH CIICyEeT BBECTH HCIIPABICHHOE BpEMS
/
YACPKUBAHUSA [
I _
th=t,—1,. (1.4)
Benuuunoii, He 3aBucALIEH OT CKOPOCTH MOTOKA T'a3a-HOCUTES, SBIIS-
eTCsl yoeporcusaemviii 06vem V, — 3T0 00beM raza-HOCHUTENSI, KOTOPBIA 10JI-

eH OBITh MPOMYIIEH OT MOMEHTA BBOJIAa MPOOBI 10 MOSBICHUS MaKCUMyMa
UKa Ha XpOMaTorpamme.
Ve=F-t,, (1.5)
rae F — oO0beMHas CKOpOCTh IMOTOKA, MII/C.
OO0beM 11 BBIMBIBAHUS HECOPOMPYEMOro KOMIIOHEHTa V,, BKIIOYAET B
ce0st 00BbEM KOJIOHKH, HE 3aHAThIN COPOEHTOM

~ ~ /
IIpusedennwiii ynepxKuaeMblii 00beM V), paBeH:
/I _
Ve =Ve=V,. (1.6)
[Tpr MOCTOSHHBIX YCIOBHSX XpoMaTorpadupoBaHus (CKOPOCTh MOTOKA,
JaBJICHUE, TeMIleparypa, cocTaB ¢a3) 3HAUYCHHUS XapaKTEPHCTUK yAep KHBa-
HUS CTPOTO BOCIPOU3BOJAUMBI MOTYT OBITh UCIIOIB30BaHbI JIJISl UACHTU(PHUKA-

MM KOMIIOHCHTOB B KAYE€CTBEHHOM aHaNM3¢ U I (PU3UKO-XUMHYECKUX HC-
CJIeIOBaHUH.

Z

- -

0 0 G

Iy
Puc. 1.6. KpuBas nposiBUTENTLHOTO aHAJIM3a (XpoMaTorpaduIecKuil TTHK)

PaccMoTpeHHbIe XapaKTEepUCTUKHU YIAEPKUBaHUSI Ha3bIBAIOTCS a0COJIOT-
HeiMU. Kpome Toro, B xpomarorpaduu 4acTo MCHOJB3YIOT OTHOCHUTEIIbHbBIE
XapaKTEPUCTUKU yICPKUBAHUS.

IIpn pacuere OTHOCHUTEIBHOTO BPEMEHM YJEPKUBAaHUS NPHUBEIACHHOE
BpeMsl yAECpPKUBAHUS KaKOTO-IMOO BEIIECTBA OTHOCST K MPUBEAECHHOMY Bpe-
MEHH yJIepKUBAaHUs CTAaHJAPTHOTO BEIIECTBA!

=t/ (1.7)



B kayecTBE OTHOCHUTENBHBIX MAPAMETPOB YJEPKUBAHUSA ILIUPOKO HC-
MoJIb3YIOT MHAEKCh KoBaua. B oTinune oT OTHOCUTENBHBIX 00bEMOB UHAECKC
yAEPKUBAHMS TIPU BBIOOPE CTaHIapTa CBSA3aH HE C MPOU3BOJIBHO BHIOPAHHBIM
BEILIECTBOM, a C BEILIECTBAMHU, K KOTOPBIM NPEIBSBISIIOT ONPEACIICHHBIE TpE-
OooBanus. Bo-mepBhIX, cTaHIapT MOXKET NPENCTaBIATH COOOM JHUIIL HOpP-
MaJbHBIN ankaH. Bo-BTOpbIX, 3a cTaHAapT OepyTcsl JBa COCEIHHUX ajKaHa,
OJIMH U3 KOTOPBIX JIJIFOUPYETCS J10, a IPYTOl MOCJE aHATU3UPYEMOTO COEU-
HEHHSI.

WNunexc ynepxxuBaHusi / KaKoro-mu00 KOMIIOHEHTa PACCYUTHIBACTCS TIO

bopmye:
lg tl/e,i - lg t;?,z
lg tl/?,erl - lg tl/?,z

1=100 +100z, (1.8)

TJie ¢,, — NPUBEJCHHOE BPEMS yIEPKUBAHHUS aHAIM3MPYEMOTO i-T0 KOMIIO-

/ /
HEHTA; I, W [

r-41 — TPHUBEIICHHBIC BPCMECHA yICPIKUBAHHS H-aJIKAHOB, Z —

YHCIIO YIJIEPOAHBIX ATOMOB.

1.5.5. TeopeTnyeckue npeACTaBJICHUS B ra30BOi XpoMaTorpaguu

B mpomecce xpomMaTorpauueckoro pasfesieHdss 4acTO TMPOHUCXOIUT
pa3MbIBaHHE MUKOB. DTO SIBJIEHUE OOYCIIOBIEHO MPOLECCAMU, MPOTEKAIOIIH-
MU B KOJIOHKE, HAaIPpUMEP, MEJICHHOCTBHIO COPOIUU U JAecopOIUU U Jap. ITO
MPUBOJUT K TOMY, YTO pa3/ielieHHEe KOMIIOHEHTOB MOKET BOOOILE HE MpPOo-
W30WTHU MIPU 3HAYUTENIBHON pa3HULIe B KO3(PPUIMEHTaX paclpeaesieHUs.

st oObsicHeHUs crierudUUecKoro s XxpoMmarorpaduu mnpoiecca pas-
MBbIBaHUSI OOBIYHO MCHOJB3YIOT TEOPUIO SKBUBAJIEHTHBIX TEOPETHUUECKUX Ta-
penok Maptuna u Cunmxka u 1uddy3MOHHO-MacCOOOMEHHYIO (KHHETHYe-
CKy10) Teoputo Ban-/leemrtepa.

Teopnﬂ IKBUBAJCHTHBLIX TCOPETHYCCKUX TAPEJIOK

[To ananorum ¢ Teopuelt AUCTHILIISIMOHHBIX KOJOHH Xpomatorpadude-
CKasi KOJIOHKAa MBICIICHHO pa30MBaeTcs Ha Psiji MOCIE0BATEIIbHBIX TEOPETHU-
YECKUX CTYNEHEN-TapesoK, Yyepe3 KOTOPbIe NEPUOIUUECKH TPOXOAAT HOPLUUN
raza. Kaxpgas Tapenka coAepXUT MOABUKHYIO (Fa30BYI0) M HEMOABUKHYIO
(kuIKyr unu TBepayto) ¢asel. [Ipeanonaraercs, 4yTo 3a BpeMsi HaXOXKACHUS
MOPLIMH Ta3a Ha TAPEJIKE YCNEBAeT YCTAHOBUTHCA PAaBHOBECHUE MEXKAY MOJ-
BIDKHOM M HEMOABMKHOW (pazaMu JJi1 BCEX KOMIIOHEHTOB. TakuMm 00paszoM,
XxpoMaTtorpaduyeckuii Mpouecc — MHOTOCTYTEHYAThII U COCTOUT U3 OOJIBIIO-
ro 4Mclia aKTOB COpOIMU M jAecopOnuu (B ra3o-ajacopOlMOHHOW XpOoMaTo-
rpaduu) Wik pacTBOPEHHUs U UCHapeHus (B ra3o-KUJIKOCTHOM XpoMarorpa-
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¢un), a caMa KOJIOHKa pacCMaTpUBAETCs KaK CHCTEMa, COCTOsSIIasi U3 COBO-
KYIHOCTHA MHOTHX CTYIIEHEU-TapeoK.

JInmuHa ydacTka KOJIOHKH, Ha KOTOPOW JTOCTUTAETCS COCTOSIHUE PABHOBE-
CHUSl MEKy KOHIIEHTpAaIMell BeIlecTBa B MOABUKHON M HEMOABUKHON (azax,
HA3bIBACTCS YCIOBHO BBICOTOM, JKBUBAJCHTHON TEOPETUYECKON TapeJiKe
(BOTT). CymectByet npocTasi 3aBUCUMOCTb:

L
H=2=, 1.9
N (1.9)

rae L — nnuHa XpoMatorpauuecko KOJOHKH, ¢M; N — YHCIIO TeOpeTHue-
CKHMX Tapenok; / — BbICOTa, SKBUBAJICHTHAS! TCOPETUUECKOU TAPEIIKE, CM.
JIis1 BBIYMCIICHUSI YHCIIa TEOPETUYECKUX TapenoK (Y.T.T.) U3MEPSIOT
HIUPUHY XPOMATOrpaPuIECKOro N1uka Ha MOJIOBUHE BBICOTHI, W, . Toraa
p / 2 V / 2
N=554] & | =554 & |, (1.10)

Wiia Wiio

r7ie W 1, —IIUPHUHA TIOJIYITUKA, BEIpaKEHHAs B €IMHUIIAX BPEeMEHHU (MUH) WU
o0beMa, MII.

KonudecTBeHHOW Mepoil pa3MbIBaHHS XPOMATOrPAPUUYECKUX IOJI0C,
T. €. 3¢ PpexTuBHOCTH KOJIOHKHU sBisieTca BOTT. C ypenuuenuem uucna T.T.
3¢ (HEeKTUBHOCTH XpoMaTorpaduiueckoi KOJTOHKH BO3pacTaerT.

B Teopum TeopeTHUeCcKMX TapeioK pealbHbI Xpomatorpaduyeckuit
MPOLIECC 3aMEHEH HJICABHBIM, MO0 KOTOPOMY Xpomarorpaduueckas moyioca
pa3MbIBae€TCA BCIIEJICTBUE PABHOBECHBIX IMPOIECCOB MEXKAY MOABMXXKHOU WU
HEMoABM)XHOU (a3zamu. Takoe paccMOTpEeHHE pa3MbIBaHUS XpomaTorpadu-
YEeCKOM MOJIOCHI HE BCKPBIBAET CYIIHOCTH Mpoliecca U He JaeT HHPOPMALIMK O
TOM, KaK M0J00paTh TaKue YCIOBUS, KOTOPBIE MO3BOJIUIU Obl YMEHBIIUTH
BENMYMHY H U Te€M caMbIM MOBBICUTH 3(PPEKTUBHOCTH XpoMaTorpaduyeckon
KOJIOHKH.

Kunernueckas reopust

B Teopun ckopocTen He aenaercs JOMyIEHUN O HaJMYUKA PAaBHOBECHBIX
YCIOBUH B KOJOHKE. JTa TEOPUsl pacCMaTpPUBAET JUHAMHKY Mpoliecca pac-
IpelelieHus BellecTBa MEXIy nByMs ¢azamu. COrjiacHO YHpPOIIEHHOMY
ypaBHeHMIO Ban-JleemTepa, BenuuuHa [ 3aBUCHUT OT psja napaMeTpoB Xpo-
MatorpauyecKo KOJIOHKHU:

H:A+§§+CF, (1.11)

rae H — BbICOTa, DKBUBAJICHTHAs TEOPETUYECKOM TapelKe, CM; [ — JTMHEHHas
CKOPOCTh MPOXO0KJICHUS ra3a-HOCUTENS yepe3 KOJIOHKY, cm/c; A, B, C — KOH-
CTaHTBHI.

29



CornacHo ATOMY ypaBHEHHUIO, pa3MbIBaHHWE XpOMaTOrpauyeckou mo-
JIOCHI, 4, CIIEIOBATENbHO, U CHUKEHUE 3(D(PEKTUBHOCTHU pa3eeHUs CBA3aHbIC
TpeMsi OCHOBHBIMH (haKTOpaMHMU:

1. BuxpeBasi auddy3us (ciaraemoe 4). Xpomarorpaduueckass KOJIOH-
Ka 3aroJHsAETCS TBEPABIM 3€pHEHBIM COPOEHTOM, TTO3TOMY ra3-HOCUTEINb I1e-
peMenaercs 1no KOJOHKE Yepe3 MHOKECTBO B3aUMOCBSI3aHHBIX KaHanoB. Ogi-
HU MOJIEKYJIbl MOTYT MPOABUTATHCS 00Jiee KOPOTKUMH MyTSIMU, Apyrue — 60-
jee JUIMHHBIMU. Bpemsi mpeObiBaHUsI MOCIEAHUX MOJIEKYJ B KOJOHKE COOT-
BETCTBEHHO BO3PACTAECT, YTO MPUBOJIUT K PA3MBIBAHUIO XpOMaTOTrpaduuecko-
ro nuka. Buxpesas nuddys3ust yMeHbIIAeTCs, €CIM YaCTHUIIBl TBEPJOTO COP-
OCHTa UMEIOT OJMHAKOBBIE pa3Mephl U MPaBUILHYIO (POPMY M KOJOHKA TIJIOT-
HO YIIaKOBAaHA.

2. Moaexyasipuas nuddysus. Cnaraemoe B/F xapakTepu3yeT pa3Mbl-
BaHHME NUKOB, BbI3bIBaeMoe Mu(pPy3ueil aHaIM3upyeMoro BEIIECTBA B rase-
Hocutene. (Auddys3us B xunkon ¢aze HuutoxxkHo maina.) Ilpu 6eckoHeuHO
MaJjioil CKOPOCTH Ta3a-HOCUTENSI BEIIECTBO MEPEMEIIAECTCS] BHU3 MO KOJOHKE
Mo IEUCTBUEM COOCTBEHHOM MojekyisapHod auddys3uu. Benuuuna B/F, a
CJIeI0BaTeIbHO, U H B 3TOM ciiydae OECKOHEUHO OOJIbIIIHE.

3. ConporuBienne macconepenaue (wien CF). Jta BenmuynMHa Xapak-
TEPU3YET CKOPOCThb PACIpPEIECICHUS BEIIECTBA MEKIY T'a3OM-HOCUTEIEM U
HETIOJBIKHOM >KUAKON (a3zoii. UeM MeHbIe TONIIMHA CI0S KXKUIKOCTH Ha
TBEPJIOM HOCHUTEJIC U YE€M MEHBIIE BSI3KOCTh ATOM KHIKOCTH, TEM OBICTpee
YCTaHABJIMBAETCSI PABHOBECHE.

H

Puc. 1.7. I'paduyeckoe nzobpakenue ypapHeHnus Ban-Jleemtepa

Bnusnaue kaxnoro ciaraemoro ypaBHenus (1.11) na Benuuuny H B 3a-
BHCHUMOCTH OT JIMHEHHOM CKOPOCTH ITOABMKHOM (pa3bl ITOKa3zaHo Ha puc. 1.7.
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[Ipu BBIOOpE KOJOHKU HEOOXOAMMO pEIIaTh, YMEHBUIUTh JIA BEJIUUYUHY
H vy yMeHbIIUTH BpeMsl pa3lieJICHUs, MOBBIIAs CKOPOCTh IMOTOKa Ta3a-
HOCHUTEJIS,, HO COXpaHsisl mpuemsieMo majnoe 3HaueHue H. Unen A He 3aBUCHT
OT CKOPOCTH ra3a-HOCUTENS M OH BECbMa HU3KHWW B XOPOIIO 3allOJIHEHHOU
KoJioHke. YnieHn B/F ¢ pocTOM CKOpPOCTH Ta3za-HOCUTeNs yMeHblnaercs, a CF),
HaoOopoT, yBenuuuBaerca. I[losromy craparoTcss mogo0paTh  TaKyro
CKOPOCTHF, ipu koTopoii B u C KOMIIEHCUPOBAIH OBl IPYT JIpyTa, a BEJIUYHU-
Ha H ObLTa MUHUMAJIBHOM.

Ouenka 3ppeKTUBHOCTH, CEJIEKTUBHOCTH
U pa3/iejiuTeIbHOI CIIOCOOHOCTH XPOMATOrpPapuiecKNX KOJIOHOK

OpHa W3 OCHOBHBIX 3aJlad ra3oBOM XpomaTorpaduu COCTOUT B TOM,
9TOOBI MOJIYYUTh XOPOIIEe pa3/ielICHUE.

Jl7is oLleHKH Xpomatorpaduyeckoro pasielieHHuss KOMIIOHEHTOB IOJIb-
3YIOTCSI TpeMs TPyIIaMHi KPUTEPHEB.

IlepBasi rpynna KpuTepueB 3aBUCUT OT MPUPOJIbI COPOEHTA U copbara,
OT TEMIIEPaTypbl KOJIOHKU U XapaKTEpU3yeT KaueCTBO pa3/ICJICHUs B 3aBUCH-
MOCTH OT pa3iuyMsl afcopOUPYEMOCTH WM PACTBOPUMOCTH pa3leisieMbIX
BemiecTB. K KpuTepusiM 3TOM IpyIIibl OTHOCSATCS CTENEHb Pa3/eieHUs o, U
KpUTEPUI CEIEKTUBHOCTH KUIKOHN (a3bl K.

azleR’Z_VO :tR,z_to :lR,Z_IO‘ (1.12)
VR,I - Vo tR,l —1, lR,l - lo
Ecnu on; = 1, To BemecTBa He pa3aensitoTcs.
Kpurepuii cenekTMBHOCTH ONPEAENSETCS COOTHOIEHUEM:

K. = VR,Z B VR,I . tR,2 _tR,l . ZR,Z _IR,I (1 13)
c~ - o ) ’
VR,z + VR,l tR,Z + tR,l IR,Z + lR,l

s vepaznensromumxcs Beniects Ke = 0 u ctpemutes K 1 1mpu noJiHOM
pa3feneHnu KOMIOHEHTOB. CeJeKTUBHOCTD KHUAKOW (ha3bl 3aBUCUT OT pas-
MEpPOB KOJIOHKH, TPUPOJIBI Ta3a-HOCHUTENS, OT KOJIWYECTBa BBEJICHHON B KO-
JIOHKY TIPOOBI.

Bropasi rpynna kputrepueB 00yclOBjIeHa KMHETHYECKUMU U TUPdy-
3MOHHBIMU (haKTOpaMH, KOTOpbIE BBI3BIBAIOT pa3MbIBaHUE XpoMaTorpaduue-
ckux nonoc. K atum pakropam oTHOCATCA: pa3Mepsl KOJIOHKU, IPUPOJIa Ta3a-
HOCUTEJS, CKOPOCTh MOTOKA ra3a-HOCUTENIs, TEMIIepaTypa KOJIOHKH, KOJInJe-
CTBO BBOJUMOM B KOJIOHKY NMPOOBI U T. 7. COBOKYITHOCTb ITapaMeTpOB XpoMa-
TOTrpapuuecKOro OIMbITa, BXOASIIUX BO BTOPYIO TPYIIIY, OT KOTOPBIX TaK XKe€,
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KaK M OT CEJICKTUBHOCTH, 3aBUCHUT KA4€CTBO DPa3JEJCHHUs, MOXKHO Ha3BaTh
o0UUM TEPMUHOM — 3P (HEKTUBHOCTD.

OddexTuBHOCTh XpoMaTOrpapuyecKoil KOJOHKH BBIPAXKAETCS YHCIOM
TEOPETUYECKUX TapeJIOK MIIM BBICOTOM, 3KBUBAJICHTHOM TEOPETUYECKOM Ta-
penke. UHMCIIO TEOPEeTHYECKUX TaperoK 3aBUCHUT OT JUIMHBI KOJIOHKM H
cBoiicTB copOeHTa. BOTT 3aBHCHT TOJIBKO OT THUMa COpOEHTa U Xapakrepa
€ro YIaKOBKH B KOJIOHKE.

Tperbsi rpynna KpuTepueB yUHUTHIBA€T Kak pasziduue B ajacopOupye-
MOCTHU WJIM PACTBOPUMOCTH, TaK ¥ pa3MbIBAaHUE XPOMATOTpaduUEeCKUX MOJIOC.
OT0 Tak Ha3zbIBaeMble 00001IeHHbIe KpuTepuu. [Ipennoxen kputepuit paszie-
nenust K, KOTOpBIN CBSA3aH KaK C CEIEKTUBHOCTHIO KUIKOM (pa3bl, XapaKTepu-
3yIomIeil n30MpaTeabHOCTh, TaK U C YHCIOM TEOPETHUECKUX TapesioK, Xapak-
TEepU3YIOIUM €€ 3P(HEKTUBHOCTD:

K=0,212-K NN . (1.14)
IIpu K = 0,4 nocturaercs AOCTATOYHO IMOJHOE pazzaeineHue. Eciau Tpe-

Oyercs nydiiee paszieJIeHUue, TO MPU TON e CKOPOCTH MOTOKA ra3a-HOCUTENS
HY>KHO TPUMEHUTH 00JIee CEJICKTUBHBIN COPOCHT.

1.5.6. KauecTBeHHBIN aHAJIU3

KauecTBEHHBIMU XapaKTEPUCTUKAMH XpOMaTOrpa(UpyeMbIX BELIECTB B
OTIpE/IETICHHBIX YCIOBUX MPOBEICHUS ONbITA CIIyXkKaT YIAEpKUBAEMBbI 00beM
Y BpeMs yaepkuBaHus. KauecTBeHHBIN aHAIN3 OCHOBAH HAa U3MEPEHUHU U CO-
MOCTaBJIEHUH ATUX BeNU4MH. CyIECTBYEeT HECKOJIBKO METOJIOB UACHTU(UKA-
LMY Ha OCHOBE XapaKTEPUCTUK YIAEPKUBAHMUS.

1. IlpuMeHeHne MHAMBHAYAJBHBIX ITAJOHHBIX BemecTB. OauH U3
BAPHUAHTOB 3TOT'0 METOAA COCTOUT B MOCIEIOBATEIBHOM Pa3/ICIICHUN aHaJH-
3UPYEMOU U TAIOHHOW CMECEN B OJIMHAKOBBIX YCIOBUAX. PABEHCTBO BpeMeH
YAECPKUBAHUS TUKOB COOTBETCTBYIOIIMX KOMIIOHEHTOB 00EHX CMECEH MOKET
CILy’KUTh OCHOBAHHEM JJIs1 UACHTU(UKAIIH.

JIpyroii BapHaHT 3aKJII0YAETCS B TOM, YTO B MUCCIEAYEMYI) CMECH BBO-
IAT 3TAJIOHHBIA KOMIIOHEHT, HAJIMYME KOTOPOrO B 3TOW CMECH Mpearnojara-
eTcsl. YBEJIMUEHUE BBICOTHI COOTBETCTBYIOIIEIO NUKa (0€3 ero pacimpeHus)
II0 CPABHEHUIO C BBICOTOM ITOr0 IMKA Ha XpoMaTorpamme, IOJIYYEHHOU 10
BBEJICHHSI ATAJIOHA, MOXKET CBUJIETEIBCTBOBATE O INPUCYTCTBUU HCKOMOIO CO-
€IMHECHUS B aHAJIM3UPYEMOU CMECH.

VYKka3aHHbBIII METOJ IMPOCT, HO O0JIaJlaeT CYIIECTBEHHBIMH HEIOCTaTKa-
Mu. Bo-niepBbiX, HEOOXOAMMO HMETh HTAJIOHHBIE BEUIECTBA; BO-BTOPHIX, BCE
IIMKH, MOJIyYEHHBIE NP Pa3/IE€JICHUH HA JAHHOW KOJIOHKE, JOJIKHBI COOTBET-
CTBOBATh HMHJIMBUAYAJIbHBIM BellecTBaM. HoO naxe mpu BBITOJIHEHUN 3THUX
YCJIOBHM HET HUKAKWUX TFapaHTUH OJHO3HAYHOCTH MPOBEAECHHON HIIEHTU(]HU-
Kanuu. [IpakThueckn Bcerjia MMEHOTCS MO KpahHEd Mepe JBa BENIECTBaA,
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yAepKuBaeMble 00bEMbI KOTOPHIX Ha KOJOHKE C JAHHBIM COPOEHTOM J0CTa-
TO4YHO OnMu3ku. TakuMu BellecTBaMu BIIOJIHE MOTYT OBITH JIFOOONH KOMIIOHEHT
CMECH U 3TAJIOH, HETOXJAECTBEHHBIE MEKTYy COOOM.

2. Ucnosb3oBaHue TA0JMYHBIX JAaHHBIX 0 XapaKTEePUCTHUKAX yaep-
skuBaHus. B Hacrosiee BpeMst OmyOJIMKOBAHO MHOTO TaOJIMI] CO 3HAUEHUS-
MU OTHOCHUTEJBHBIX YIEPKUBAEMBIX OOBEMOB JUIsl CaMbIX Pa3JIMYHBIX Be-
IECTB. DTU TaOJIUIBI MOXKHO MCIOJb30BaTh IPU OTCYTCTBUU HEOOXOAMMBIX
ATAJIOHHBIX COEIMHEHUHN. AHATU3UPYEMYIO0 CMECh Pa3JeNsIloT Ha KOJIOHKE
IpU yCIOBUSX, YKa3aHHBIX B COOTBETCTBYIOIIECH TaOiuIle, mpUyeM IpeaBa-
PUTEIBHO B CMECh BBOJSAT HEOOJBIIOE KOJUYECTBO BEILIECTB, CIIY)KAIUX
crtanaapraMd. Ha ocHOBe MOJIy4eHHOW XpOMAaTOrpaMMbl PACCUUTBHIBAIOT OT-
HOCUTEJIbHBIC yAepKUBaeMble 00BEMBI, HHACKCH YACPKUBAHUS WIA JPYTrHe
xapakTtepucTuku. [lomydeHHbIe 3HaYCHHs] CPABHUBAIOT C TaOJMYHBIMH JaH-
HBIMHU.

3. Ucnoab3oBanue rpapuyecKux WM aHAJIUTHYECKHX 3aBHCHUMO-
cTeil MeXIy XapaKTepUCTHKAMM YAepPKUBAHUSA W JAPYruMH (HU3HKO-
XMMHYECKMMH CBOicTBAaMM BemecTB. V3BECTHO, YTO JIorapupm yaepxu-
BaeMoOro oonema, /glz, B MpeaenaxroMoJoru4eckoro psjia BEIIECTB MOXKET
KOppenupoBaTh C TaKUMU CBOWCTBAMH, KaK YHUCIIO YTJIEPOAHBIX aTOMOB B
MoJIeKyJIe (z), Temreparypa kurnenus (7) u T. 1.

lgV,=a+bz, (1.15)
lgV,=a+bT. (1.16)

CooTBeTcTBYIOIIHME TPAPHUKHU IHUPOKO UCHOIB3YIOT I UACHTU(DUKAIIH
KOMIIOHEHTOB aHaJIU3UPyEMbIX cMecel. Ecim 3apaHee M3BECTHO, K KAKOMY
TOMOJIOTHYECKOMY PsIIy MPUHAJICKUT aHATM3UPYEMBI KOMIIOHEHT, TO OII-
pezesieHHas 1o rpaduKy TeMiepaTypa KUneHus (WM YKCIIO aTOMOB YIJIepo-
71a) TOCTaTOYHA AJI1 UHIMBUIYalbHOW UEHTU(DUKAIIUY.

4. Hexpomartorpaduueckue meroabl uaeHTHpuxanmum. DddexTus-
HBIM OKa3aJoCh COYETAaHME I'a30BOM XpoMarorpapuu ¢ APYTUMHU METOAAMHU
uccienoBanus, Harpumep, ¢ MK-cnekrpockonueil 1 Macc-CrieKTpoOMETpHUE.
[To xaTaynory CHeKTpOB WM MO 3TAJIOHHBIM BELIECTBAM HACHTU(DULIHPYIOT
aHAJIM3UPYEMBbIE BEILIECTBA.

B03MOXHO HCNOJIB30BAHUE TAKKE METOJOB SIACPHOIO MarHUTHOIO pe-
30HaHCa, IVIAMEHHON (POTOMETPHUH U IPYTUX, BKIOYAsi U XUMUYECKUE METO-
Ibl (HampuMep, ¢ NPUMEHEHHEM XMMUYECKUX PEaKLMi A0 U NOCIIe XpOMaTo-
rpauyecKoil KOJOHKH).

1.5.7. KoanuecTBEHHBIN aHAJIN3

KonuuectBeHHbI XpomaTorpaduyeckuii aHajan3 OCHOBAH Ha H3MeEpe-
HUW BBICOTHI WIM IUIOIIAM THKA, 3aBUCANIUX OT KOHIEHTPAIIMH XPOMAaToO-
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rpadupyembix BemiecTB. Yarle Bcero s KOJUYECTBEHHBIX PAacYeTOB M3Me-
pstoT wiowaas nuka (). st u3mepenus miomaaeil MMKoB CyIeCTBYET He-
CKOJIBKO MPUEMOB. YTIPOIIEHHBIA METOJI COCTOMT B YMHOKEHUHU BBICOTHI M-
Ka (h) Ha ero MWIKUPUHY, U3MEPEHHYIO Ha PACCTOSHUM, PABHOM IOJIOBUHE BbI-
COTBI (W}). DTOT METOJl OYEHb PACTIPOCTPAHEH U JIOCTATOYHO TodeH. Ero-
MPUMEHEHUE BO3MOXKHO TPHU YCIOBUU TMOJYYCHHUS CUMMETPUYHBIX MUKOB U
MIPU MIOJTHOM pa3/ieNIeHUU BEIECTB.

OCHOBHBIMM METOJaMU KOJINYECTBEHHOI'O aHAJIN3a SIBIISIIOTCS CIIEIYIO-
HIMe: MeToJ aOCOIOTHOM I'paJyHpOBKH, METOJI BHYTPEHHETO CTaHAapTa, Me-
TOJI TIPOCTOW HOPMHUPOBKH U HOPMHUPOBKH C HOMPABOUYHBIMH KO3 ULINEH-
TaMHU.

B metone aGco/l0THON rpagyMpoBKHM (BHEUIHErO CTaHIApTa) JKCIIe-
PUMEHTAIBHO OINPEAEISIIOT 3aBUCUMOCTbh BBICOTHI WJIM IUIOIIAAM IMHUKa OT
KOHLIEHTPAlMU BEIIECTBA U CTPOSIT rpalyupoBoUHble rpaduku. Jlanee onpe-
JEIJISIIOT T€ e MapaMeTpbl MUKOB B aHAJIIM3UPYEMOM CMECH U MO Tpagyupo-
BOYHOMY I'papyiKy HaAXOAAT KOHIEHTPALMIO aHATU3UPYEMOIO BEIIECTBA.

OTOT MPOCTON U TOYHBIM METOJ SABJISIETCSI OCHOBHBIM METOJIOM OIpejie-
neHus: Mukponpumeceit. Kpome toro, Mmerog He TpeOyeT pasienieHusi Bcex
KOMITOHEHTOB CMECH, & OTPAaHUYMBAETCS JIUIIb TEMH, ONPEIeTICHUE KOTOPBIX
HEO0OXOJMMO B JAaHHOM KOHKPETHOM ClIydae.

MeTon BHYTPEHHEro CTaHJAapTa OCHOBAaH Ha BBEJACHUM B aHAJIU3UpYe-
MYI0 CMECh TOYHO M3BECTHOT'O KOJIMYECTBA CTaHJAPTHOTO BellecTBa. B kaue-
CTBE CTaHJAPTHOTO BBIOMPAIOT BEIIECTBO, OJM3KOE MO (PU3UKO-XUMHUYECKUM
CBOMCTBaM K KOMIIOHEHTaM CME€CH. JTO BEIIECTBO JOJIKHO OTCYTCTBOBAaTh B
UCCIIeyEMON CMECH U JJaBaTh Ha XpPOMATOIpaMM€ MHK, OTAEIbHBIN OT JIpy-
rux KoMrnoHeHToB. [locie xpomarorpadupoBaHus U3MEPSIOT IUIOLIAAM IH-
KOB aHAJIM3UPYyEMOro KoMmmoHeHTa (S;) u crangapTHoro BemectBa (Scr).
MaccoByto goito komroneHnta (W;, %) paccuuThiBatoT o Gopmye:

a)i:;—"-r-IOO%, (1.17)

om
I7ie ¥ — OTHOLIEHUE MAacChl BHYTPEHHETO CTaHAapTa K Macce MpoOkl.

JIOCTOMHCTBOM METOJa BHYTPEHHEIO CTaHJIapTa SBIIAETCS XOpoIlas
BOCIIPOM3BOJAMMOCTbD, BBICOKAsI TOYHOCTb, OTCYTCTBUE BIIMSHUS HA U3MeEpsie-
MbI€ BETUYMHBI HEOOJIBIINX KOJIeOaHUH YCIOBHI OMBITA.

K Henocratkam oTHOCSTCS TpeOOBaHHE TOYHOM JO3MPOBKU CTaHAApTa U
XOpOULIETO OTHAEJCHHs NMHKA CTAHAAPTA OT IMKOB AHAIM3UPYEMBIX BEILECTB.
[Tonb3oBaHME KaNMOPOBKOM BO3MOKHO TOJBKO ISl TOM 00JIaCTH KOHIIEHTpa-
LA, B KOTOPOM COXPAHSAETCS JUHEHWHAS 3aBUCUMOCTb MEXAY MOKa3aHUSIMH
JNETEKTOPA U KOHIIEHTPaUen ONPEAEISIEMOTO BEIIECTBA.

MeTton nmpocToil HOPMUPOBKH Yallle BCETO MCIIOIB3YIOT HA MPAKTHUKE.
Jlyis1 ero MCnoJyib30BaHUsI HEOOXOIUMO, YTOOBI HAa XpoMaTorpaMMme ObLIU 3a-
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PErUCTPUPOBAHBI BCE KOMIIOHEHTHI, BXOJSIIME B COCTAaB aHAIM3UPYEMOUH
CMecH; CyMMY IUIomaen Bcex mukoB npuHumarotT 3a 100 %. Torma orHome-
HUE TUIOIIAIM OJTHOTO MUKA K CyMMe Iuiomiajei, ymHoxennoe Ha 100, Oyaer
XapaKTepu30BaTh MaccoByto 00 (%) KOMIIOHEHTa B CMECH.

OTOT METO/I OCHOBAH Ha TOM MPEIIOJ0KEHUH, YTO BEIIECTBA, B3SThHIEC B
OJINHAaKOBOM KOJIMYECTBE, JAIOT OJHY U TY >K€ IUIONIA/lb MUKA, HE3aBUCUMO
OT UX CTPOEHUS. ITO MPUOIMKEHHO BBITIOJIHACTCS, €CIU BEIIECTBA XUMHYE-
CKHM CXOJHBI, 2 B KaU€CTBE I'a3a-HOCUTENSI IPUMEHSIETCS ra3 ¢ BBICOKOM Tem-
JIOTIPOBOJIHOCTHIO (BOAOPO WIIH TEeNUiA).

Ecnu 4yBCTBUTENBHOCTD JIETEKTOPA PA3JIMYHA [0 OTHOIICHUIO K pasje-
JSIeMbIM KOMITOHEHTaM CMECH, TO HCIOJIb3YIOT METOJ HOPMHUPOBKH € IO-
npaBouHbiMH K03 unuenTamu. B 3ToM cirydae pacder BeAyT 1o Gopmy-

. : 2
ne (1.18), rae k; — monpaBouHbIi K03((GHUIMEHT i-T0 KOMIIOHEHTA (MI/cM ):

0, =5 100, (1.18)

“Sus
i=1

[TonpaBouHble KOA(P(GUUHUEHTH MOTY4YalOT MPU AHAINU3E CTaHAAPTHBIX
CEpUil U pacCUUTHIBAIOT 1O (HopMyIIe

S C.
k=—o. 1 .k 1.19
=t (119)

i Com
rae C — KOHLEHTpaluy ONPEAeIsIEMOrO U CTAaHJAPTHBIX BEILIECTB.

MeTton HOpMUPOBKHM TpeOyeT MOJHOTO pa3iefieHuss U HIAeHTU(UKALUU
BCEX KOMITIOHEHTOB CMECH; HEOOXOAMMOCTH B 3HAHUU KAJIMOPOBOYHBIX KOA(]-
¢bunueHToB A BceX 0€3 MCKIIOYEHHS KOMIIOHEHTOB cMecu. OmubKu B Or1-
peneNeHny mapaMerpa MukKa WiIM KaauOpOBOYHOIO KOA(P(ULHMEHTA KaKOro-
MO0 OJHOTO KOMIIOHEHTA MPHUBOJAT K HEBEPHBIM PE3YyJIbTaTaM BCErO aHAJIM-
3a. [loaTOMy METOZ HOPMUPOBKM NPUMEHSETCSA IMIaBHBIM 00pa3zoM s py-
TUHHBIX AHAJIW30B MAJOKOMIIOHEHTHBIX CMECeWd M ISl MPHUOIMKEHHBIX pe-
3yJIbTaTOB.

1.5.8. IlpakTH4yeckoe NpUMeHeHNe ra30oBo xpomarorpaduu

["a3oBast xpomatorpadgusi — ouH U3 HanboJIee MEPCIEKTUBHBIX (DU3UKO-
XMMHYECKHX METOAOB aHanu3a. B HacTosiiee BpeMs BpSJ JH CYIIECTBYET
HAy4YHO-UCCIIEIOBATENbCKAs WJIM TPOU3BOJACTBEHHAsA J1a00OpaTropus, 3aHU-
MAFOIAsACs aHAJU30M OPraHMYECKUX BEIECTB, B KOTOPOH OTCYTCTBOBaJIa Obl
Xxpomarorpaduueckas anmaparypa.

MeTtoaoM ra3zoBoil xpoMaTorpapuu aHaANU3UPYIOT HEPTSIHBIE U PyTHUY-
HBIE Ta3bl, BO31YyX, MPOAYKIHI OCHOBHOM XMMHMM U NPOMBIIIEHHOCTH OC-
HOBHOI'O OpPraHUYECKOTO CHUHTE3a, He()Th U MPOIYKTHI €€ MepepaboTKH, Me-
TaJUIOOPTaHUYECKUE COEMHEHUS U T. 1. ['a30Bast Xxpomarorpagusi UCIOIb3y-
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eTcs B OMOJIOTUM, MEJIUIIMHE, B TEXHOJOTUM MEepepadOTKU JIPEBECUHBI, B Jie-
COXHMMMH U TTUIIEBON MTPOMBIIIJIEHHOCTH.

Brimyckaemas anmaparypa mo3BOJISICT aHAJIM3UPOBATh HE TOJIBKO Bellle-
CTBa, MPEACTABIISIONINE COOON B HOPMAJIBHBIX YCIOBUSIX T'a3bl, HO U BBICOKO-
KUITSIIIME COEIMHEHHUs, (papMalleBTUUECKUE Mpenaparbl, pa3jiuyHbIE MECTH-
LUl U T. 1.

["a3oBast xpomatorpadusi IPUMEHSIETCS TAKXKE JJI1 aBTOMATU3AIMH TIPO-
M3BOJICTBEHHBIX MpoOIeccoB. J[aT4yMK TPOMBINIJIEHHOTO Xpomarorpada uc-
MOJIb3YETCS HE TOJIBKO KaK PEeTUCTPUPYIOMUN MpuOOop, HO U KaK PeryIupyro-
1iee yCTpOKCTBO, MOAAOUIEE CUTHAIBI HEMOCPEICTBEHHO HCIOJIHUTEIbHBIM
MexaHu3MaM. TakuM 00pa3oM, MPOMBIIIUICHHBIH Xpomarorpad MOXeT KOH-
TPOJIMPOBATh M PETYIUPOBATH BAXKHEUIIINE MapaMETPhl TEXHOJIOTHYECKOTO
npolecca: TeMIeparypy, 1aBJIE€HUE, PACXO ChIPbs U T. 1.

N3 ¢puszuko-XxuMU4YeCKIX MPUMEHEHUM ra30BoM Xpomarorpaduu clieayer
OTMETUTh BO3MOXXHOCTb M3YUYEHHUSI TEPMOJMHAMUKHU COPOIMHU, ONpeIeTICHUs
MOJIEKYJISIPHBIX Macc, JaBJIE€HUs Mapa BeulecTs, kodpuurentoB quddysuu,
MOBEPXHOCTH aJICOPOCHTOB U KaTalIM3aTOPOB.

BaxxHOoll 0COOEHHOCTBIO Ta30BOM XpoMaTorpauu SBISETCS BO3MOX-
HOCTb OIPENEIEHUS B Pa3JIMYHBIX MPOAYKTaX MUKpoIipuMecei. B HacTosiee
BpeMsi METOJIOM Ta30BOM Xpomarorpaduu yaaeTcsi ONpenessTh KOHIICHTpa-
MU TIOPSJIKa 1071° %. 1o memaer MeTON HE3aMEHUMBIM IIPU aHAJINU3€ MOHO-
MEpOB, UCIOJIb3yEMbIX B MPOU3BOJCTBE MOJIUMEPHBIX MaTE€pPUAJIOB, a TaKXKe
MIpU UccaeaoBaHUU Ouocdepsl.

1.6. 7/KuakocTHasi KOJIOHOYHAs1 XpoMaTorpadust

Kuakoctnas xpomarorpadgus (KX) — 3To meTon paszielieHUs U aHa-
JU3a CIOKHBIX CMECeH BeIIeCTB, B KOTOPOM IMOABUKHOU (ha3od CIY>KUT
KUAKOCTh. Meton KX nmpuMmeHuM uist pa3ziesieHust 00jee MMPOKOro Kpyra
BellecTB, 4yeM MeToj ['X, moCcKoabKy OOJNBIIMHCTBO BEIIECTB HE O0nagacT
JIETy4eCThbI0, MHOTUE M3 HUX HEYCTOMYMUBBI IMPU BBICOKUX TeMIEpaTypax.
B KX paszaenenue yamie BCEro mMpoMCXOAUT NMPU KOMHATHOW TEMIEpaType.
Kunkas noasuxHas $asza, B OTIM4Me OT ra3a B ['X, BBIMOJHSIONIETO TOJIHKO
TPAHCIIOPTHYIO (DYHKIIUIO, SIBISETCS aKTUBHBIM 3TIOCHTOM. MOJIEKYJIIbI KU/T-
KOM (ha3bl MOTYT COPOMPOBATHCA Ha MOBEPXHOCTH HEMOABUKHOM (asbl. [Ipu
MPOXOXKJICHUU Yepe3 KOJOHKY HaXOSAIIUECs B DJIIOCHTE MOJICKYJIbl MHTEpE-
CYIOLIEro HaC KOMIIOHEHTa JOJKHBI BBITECHUTh MOJIEKYJBI JJIFOEHTA C IIO-
BepXHOCTU copOeHTa. [IpuMeHss pas3iuyHbIe SJIOCHTHI, MOKHO H3MEHSTh
napamMeTphbl yICPKUBAHUS U CEIIEKTUBHOCTh XpOMATOrpauueckoi CUCTEMBI.

B knaccuueckom Bapuante KX B CTEKISIHHYIO KOJIOHKY JJIMHOW 1-2 M,
3aMoJHEHHYI0 copOeHTOoM (pasMep dactuil > 100 MKM), BBOJST aHAIM3UPYeE-
MyI0 MPOOy U MPOMyCKaT 3M0eHT. CKOPOCTh MPOXOKIEHUS IIOCHTA MO/
JEUCTBUEM CHIIBI TSDKECTH MaJia, a MPOJOJKUTENHOCTh aHalu3a 3HAYUTEb-
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Ha. OgHako Takoil BapuaHT KX He TpeOyeT H10oporocTosuero o0opyaoBaHus
Y JI0 CHX TOP HaXOJUT NPUMEHECHHUE.

BcenencrBue wucnosnb3oBaHus COPOCHTOB CO 3HAYUTEIHLHO MEHBIIUM
pazmepom yacTtull (10 5—10 MKM), HarHeTaTeJIbHBIX HACOCOB, YYBCTBUTEIIb-
HBIX JIETEKTOPOB MPOU3OMIENT MEPEXod OT KIIACCUYECKOM K BBICOKOA(DPeK-
TUBHOU >KUJIKOCTHOM Xxpomatorpaduu (BIXKX), mo3Bosstomieil mpoBoauTh
pa3lesiecHHe U ONpPEACIICHUE MOJIEKYJ, HOHOB, Pa3[eJIEHUEe MaKpOMOJIEKYI U
OMOJIOrMYecKd aKTUBHBIX MoJiekys. K mocTomHcTBam Metoma BOXKX mMoxHO
OTHECTU YHUBEPCAIBHOCTh, BO3MOKHOCTh aBTOMAaTHU3AllMU pa3ACIICHUS U
aHaJIN3a CIIOKHBIX CMECEW OPraHWYECKUX U HEOPTaHWYECKUX BELIECTB, JKC-
MPECCHOCTD, 3PHEKTUBHOCTHh U BHICOKYIO UYBCTBUTEIIBHOCTh. DTO CEPUMHBIN
METOJI ONPEJCICHHUSI OPTAaHUYECKUX COCIMHEHWN MHOTMX KJIACCOB, €ro IIH-
POKO HCIOJIB3YIOT MPU aHAJIU3E CMECEH aMUHOKHUCIIOT, OEJIKOB, JIEKAPCTBEH-
HbIX npenapaToB. BOXXX HaxoauT npruMeHeHue U B HEOPraHMYECKOM aHAJIM-
3€ JJIS pa3/ieJICHUs HOHOB B 3aBUCMMOCTH OT UX pa3Mepa.

1.6.1. AxcopOuunonnasi xpomarorpadgus

B aocopoyuonnom eapuanme scuoxocmmuoii xpomamoepaguu B 3aBU-
CHUMOCTH OT MOJIAPHOCTU HEMOJBMKHOW M MOJBIKHOM (pa3 pa3nuyaroT HOp-
ManbHO-(azoByo (HOX) u obpamienno-¢pazoyto (ODX) xpomartorpadum.
B HOX ucnons3yroT NOJSIpHbINA aCOPOCHT U HEMOJISIPHBIE TOJBHXKHbBIE (ha-
3pl. B O®X — HenoJiApHbIi aicopOEHT U MOoNsipHbIE NOABMXKHbBIE (a3bl. He-
no/ABWXHAs (aza MOJDKHA YIEp:KUBaTh pasfeiseMble KOMIOHEHTHI. [lon-
BIDKHAsA (aza, T. €.pacTBOPUTENb, JAOHKHA 00ECIEUUTh Pa3IndyHyl0 €MKOCTh
KOJIOHKH ¥ 3Q(GEKTUBHOE pa3/ieJICHUE 3a IPUEMIIEMOE BpEMsI.

Henoasu:kubie ¢a3bl. B kauectBe aacopOEHTOB MPUMEHSIOT TOHKO-
IUCIIEPCHBIE TOPUCThIE MAaTEPHUAIIBI.

Tonapuvie aocopbenmur (Si0,, Al,O3, OKCUABI METAIIOB, (QIOPUCHIT U
Ap.) MMEIT Ha MOBEpXHOCTU ciabokucioTHele OH-rpynmbl, crnocoOHbIe
YAEPKUBATh BEIIECTBA C OCHOBHBIMM CBOMCTBaMU. HenocTaTok MOJISPHBIX
COpOEHTOB — BBICOKAsl YyBCTBUTEIBHOCTh K COAEPKAHUIO BOJBI B PACTBOPH-
TEJSAX, NPUBOAAIIAS K U3MEHEHHUIO CBOWCTB IIOBEPXHOCTH M HEBOCIPOU3BO-
IUMBIM pe3yJibTataM ananuza. s BOXX npumeHnstoT noasipabie cOpOSHTHI
C MPUBUTHIMU MOJSPHBIMU TPyHIaMu (aMHHBI, THOJIBI U Jp.), YTO MO3BOJISAET
MEHATH CEJIEKTUBHOCTb, MOAOUPAsk MOAXOASIINMA STIOCHT.

Henonapuvie aocopbenmur (rpadutrpoBaHHas caxa, KU3EJIbryp, Tua-
TOMUT) HE MPOSIBISAIOT CEIEKTUBHOCTH K MOJIAPHBIM MoJieKyjaM. Mcnonb3y-
I0T TaK)K€ COPOEHTHI C MPUBUTHIMU HEMOJSPHBIMU (DazaMu, HAPUMEp CHIIU-
Karelib ¢ alIKWICWIMIIBHBIMU TpyniiaMu oT C, 10 Cy,.

IoaBu:kubie ¢a3pl. B )KX BaxkeH BHIOOp MOABMKHOU (pa3bl, MOCKOb-
Ky OHa OKa3bIBaeT OOJIBIIIOE BIUSHUE HA CEICKTUBHOCTH pa3jeiacHus, 3P dhek-
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TUBHOCTh KOJOHKM M CKOPOCTb JIBHJKEHHSI XpOMAaTorpaduuecKoi MOJIOCHI.
[lopBmxHas (aza JOKHA PAcTBOPATH AHAIU3UPYEMYIO MpoOy, 00sa1aTh
MaJioi BSI3KOCTBIO, U3 HEE JOJIKHO ObITh BO3MOKHBIM BBIJIEJICHUE Pa3/eiICH-
HBIX KOMIOHEHTOB. [loaBuxkHast ¢a3a JOmKHA OBITh HHEPTHA 110 OTHOILIEHUIO
K MaTepuajgaM BcexX yacTel xpomarorpada, 6e30macHoi, JemeBo.

Pa3nenenne KOMIOHEHTOB IOCTUTAOT, MEHSISL AIFOUPYIOLIYIO CHITy pacTBOPH-
TEJIS.

Dnroupyrowas cuna pacmeopumeins MOKa3bIBAaeT, BO CKOJIBKO pa3 HEp-
TUsl COPOIMU JTAHHOTO JJIFOEHTa OOJIbINE, YeM SHEPrus COpPOIMU DJIIOCHTA,
BBIOpAaHHOTO B KaUeCTBE CTaHIapTa, HAIPUMEP H-TEITaHa.

PactBoputenu (3710€HTHI) AENAT Ha ciabble U cuibHble. Cnaldbie pac-
TBOPUTEH CJIa00 aICOPOMPYIOTCS HEMOJABMKHOM (a3oil, mosToMy Kod(pdu-
LMEHTHI pacrnpeneneHuss copOupyemsIx BelecTB (copbara) Bbicokue. CHIlb-
HbIE PACTBOPUTENIU CUJILHO aJCOPOUPYIOTCA, MOATOMY KOA(PhHUIIMEHTHI pac-
npeaeneHus copbara HuU3kue. PacTBopuTens TeM CHUIIbHEE, YEM BBILIE pac-
TBOPUMOCTb B HEM aHAJIM3UPYEMOM NPOOBI, YEM CUIIbHEE B3aMMOJCHCTBUE
pacTBOpHUTENb—COPOAT.

Omroupyrolasi  cuja ONpelersieTcs MOJSPHOCTBIO  PACTBOPUTEIS.
B HOX ¢ yBennueHneM MOJISPHOCTH PaCTBOPUTENS SIIIOUPYIOIIAsl CUJla pac-
TBOpUTENS pacteT, B OPX — cHmxkaercss. YacTo MPUMEHSIOT HE MHIAUBUAY-
aJIbHbIE PACTBOPUTENH, a UX cMecH. He3HaunurtenbHble 100aBKU APYTroro pac-
TBOPUTES,, 0OCOOCHHO BOJIbI, CYIIECTBEHHO YBEIUUMBAIOT IIOUPYIOLIYIO CHU-
Jy 3JHOEHTA.

[Ipu pazmeneHnr MHOTOKOMIIOHEHTHBIX CMECEH OJHa MOABMKHAs (a3a
B KaueCTBE 3JII0OCHTAa MOXKET HE Pa3JeiUTh BCE KOMIOHEHTHI MPoOkl. B 3TOM
clly4ae MPUMEHSIOT METOJ CTYNEHYaTOro WJIA FPaJUEHTHOIO 3IIOMPOBAHUS,
NpUMEHSS B Ipoliecce XpoMaTorpadupoBaHusl MOCIEAOBATEIbHO Bce Oojiee
CWJIbHBIE DJIFOCHTHI. Y CTAHOBJIEHBI HEKOTOPHIE SMIIMPUYECKUE MPABUIIA, MO-
MoOTarolIue Mmpu BeiOOpe AmoeHTa. CopOIus, Kak IpaBuilo, YBEJIMYUBAETCA C
poctoM uyucna JIBOHHBIX cBa3eil U OH-rpynn B coenuneHusx. CopOuus
YMEHBIIAETCS B PpALYy OPraHUYECKUX COCAUHEHMH: KHCIOThI—CIIUPThI—
aJIbJIeTU]IbI—KETOHBI—CJIOKHBIE ~ 3(UPBI—HEHACBIILIEHHbIE  YTJIEBOJOPOIbI—
HACBIILIEHHBIE YTIIEBOJAOPOIBI.

JUtst pazzieneHust BEWECTB Pa3HOM MOJSPHOCTH W JJIA Pa3JEieHUsl CO-
enuHeHU pa3Hbix kiaccoB mpumeHstor HOX. B OOX nenoamxkHas (daza
CHJIbHEE aJcopOupyeT HEemoJsipHble KOMIOHEHTHI M3 MOJSPHBIX 3IIOEHTOB,
HaIpUMEP U3 BOJBI.

Merton aacopbumonnoii BOXX — 310 cepuitHblii MeToa onpenencHus
OpPraHUYECKUX COECIUHEHUN MHOTHMX KJIACCOB, €r0 HIMPOKO KCIONB3YIOT MPHU
aHaJIM3€ CMecel aMUHOKHUCIIOT, OEJIKOB, JIEKAPCTBEHHBIX, PEMAPATOB.
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1.6.2. PacnpenenurenbHas xpomarorpapus

Meton pacnpedenumenbHotl, uiu HCUOKOCMHO-IHCUOKOCMHOL, XpOMAa-
moepaghuu OCHOBAH Ha pacIpelie]IeHUH BEIIeCTBA MEXIY JABYMs HECMEUIH-
BAIOIIUMHUCS KHUJIKOCTSMHU, TOJOOHO TOMY, KaKk 3TO MPOUCXOJUT B MHOTO-
KpaTHOW CTyNeHYaTo 3KCTpakiuu. JKHIKYI0 HEMOABMKHYIO (ha3y HAHOCST
Ha MOPUCTBIA JOCTATOYHO MHEPTHBIA COPOEHT M 3AIOJIHSIOT UM pacIlpeaeiin-
TEJIbHYI0 KOJOHKY. [Ipu nmponyckaHuu ®uAKoi NOJBHKHOM (a3bl yepes Ko-
JIOHKY CMECh pa3JIesieTCsl Ha KOMIIOHEHTHI IJIABHBIM 00pa3oM 3a CHeT HX
Pa3IMYHON PACTBOPUMOCTH B KUJKOU HEMOABIKHOU (haze. OOBIYHO PacTBO-
PUMOCTh KOMIIOHEHTOB MpOOBI B MOJBUKHOM M HEMOABMXHOU (a3zax, obna-
JAIOLUX Pa3sHOW MOJSPHOCTBIO, CUIIBHO pasindaercsa. Eciau pacTBOpUMOCTh
poObl BBIIIE B HEMOJABUKHOM (pa3ze, TO BpeMsl yJIEp>KUBaHUS KOMIIOHEHTOB
3HAYUTENbHO Bo3pacTaeT. Ecnu pacTBOpUMOCTh MPOOBI BhIIIE B MOJIBUKHOU
daze, To Bpems yIepKUBAHUS MOXKET ObITh OJIM3KUM K BPEMEHHU yJEpKUBa-
HUS HecopOupyeMoro KoMmmoHeHTa. UToObl JOOUTHCA pa3fiesieHus, B TOJ-
BIDKHYIO (ha3y, HACBHIIICHHYIO HETIOABM)KHOM, BKIIIOYAIOT TPETUIH KOMIIOHEHT,
CHW)XKAIOUIUI pa3anyuie B MOJSIPHOCTH MOJBHKHOM U HEMOJABHKHOM (pa3. Ha-
pUMEP, K CMECH M3 HEMOJSIPHOTO (F€KCaH) U MOJSPHOro (BoJa) pacTBOPHU-
Tesneil npubaBisAeTcs CIUpT.

B HopManbHO-(a30BON pacrnpeAeuTeabHOl XpoMaTorpauu MCIob-
3YIOT CJIEIYIOIIUE CUCTEMBI: TTOSPHBIN pacTBOPUTEND (BOAA, CIIUPT) PUKCH-
POBaH Ha TBEPAOM HOCHUTEIIE — CHIIMKAreye, JUaTOMUTE, LEUII0I03€, OKCUIE
amomunus. [lonspHol pa3oil B 3TOM cityyae CiIy»aT HEMOJISIPHbIE PaCTBOPHU-
T — U300KTaH, OEH3071, U Jp.

B oOpaiieHHo-(pa30BoM pacnpenenuTensHol Xxpomarorpaduu Hemossp-
HBII pacTBOPUTENb (PUKCUPYIOT HA HOCUTENIE, a B KAUE€CTBE MOJIBUKHOM (a3bl
UCIOJIB3YIOT TOJSIPHBIE PacTBOPUTENH (BOAA, COUPT, OydepHble pacTBOPHI,
CUJIBHBIE KUCJIOTHI).

Hanecennsbie xuakue (pa3pl IMEIOT OOJBIITON HEAOCTATOK — OHU OBICTPO
CMBIBAIOTCSI TIOJIBMKHOW JKUIKOM (ha30il ¢ MOBEPXHOCTH HOCHUTENS, OCOOCH-
HO, MPU KCIOJb30BaHWU Takux cucreM B BOXXX, T. e. mpu moBbILIEHHOM
naBieHUU B KoyioHKe. [loaromy >kuakue (aspl NpUBUBAIOT K HOCUTEIIO.
B xauectBe HOcutene HeMmoABMXHBIX Kuakux (a3 mis HOPX ucnonsizyroT
CWJIMKArelld ¢ MPUBUTHIMUA HUTPUIBHBIMHU, AMUHHBIMHA U APYTHUMH TPyHIaMHU.
B oOpamenHo-ga3oBoM BapuaHTE HCMOJB3YIOT CHJIMKAreiud C MPUBUTHIMU
ANKWICWIWIBHBIMU TpyNnaMu. MexaHu3M ynepKUBaHUS Ha TaKUX COpOEH-
Tax CIJIOXKEH.

Meton pacnpenenurenbHol XxpomMaTorpadguu NpUMEHSIOT ISl pa3aere-
HUSl CWJIBHOMOJISIPHBIX COEIMHEHUH, aMUHOKHUCIIOT, )eHOJIO0B, (heHunKapOo-
HOBBIX KHMCJIOT U JIp.
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1.6.3. IKkcKJIIO3MOHHAsE XpOMaTOrpadus

OKCKNI0O3UOHKAs Xpomamozpagus — 3TO Pa3HOBUIHOCTH KUJIKOCTHOM
xpomarorpaguu, B KOTOpOH pa3zesieHue KOMIOHEHTOB OCHOBAHO Ha pacIipe-
JICICHUU MOJIEKYJ B COOTBETCTBUHM C MX Pa3MEpPOM MEXKIY PAaCTBOPHUTEIIEM,
HaXOJAIIMMCS B MOpax COpOCHTA, U PACTBOPHUTENEM, MPOTEKAIOUIIM MEXKTY
ero yactuuamu. B mporecce pasaenenus HEOOIbIINE MOJIEKYJIbI IOMAIa0T B
CETKY MOJMMEpa, B IOpax KOTOPOH pacTBOPUTENH CIIY>KUT HEMOABIKHOM (a-
30H, ¥ yAEp>KUBAIOTCA TaM, OOJBIINE MOJIEKYJIbl HE MOTYT TPOHUKHYTH B TO-
JUMEPHYIO CETKY M BBIMBIBAIOTCS M3 KOJIOHKM TMOJBIDKHOW (a3oil. BHauame
DITIOUPYIOTCS caMble OOJIBIITUE, 3aTEM CPEIHUE U MTOTOM HEOOIBIITNE MOJIEKY-
abl. [103TOMY SKCKIIFO3MOHHYIO XpOMaTOrpa(uio Ha3bIBAIOT TaKkKe MOJIEKY-
JSIPHO-CUTOBOM. DKCKIIIO3MOHHAs Xpomarorpadus Moapasjensercs Ha Iellb-
IPOHUKAIOIIYIO U Telib-(QUiIbTPAalMOHHYI0. B reip-npoHukaronieit xpomaro-
rpaduu pasjelieHue OCYLIECTBIIIETCS Ha MOJMMepax, Ha0yXarolux B opra-
HUYECKHX PAaCTBOPHUTEIISAX; €CIIN ke MOJIUMeEpPbl Ha0yXatoT B BOJIE, TO TOBOPSIT
0 relib-(OUIBTPAMOHHOM BapHUaHTe.

Kaxapiit copOeHT xapakTepu3yercs 00beMOM I0p, CIEeI0BATENbHO, 00-
JacThIO pa3AeisieMbIX MOJEKYJISPHBIX MacC U IpaayHpOBOYHBIM TpauKoMm,
KOTOPBIM MMEET CJIOKHBIM BHJI, XAPAKTEPU3YIOIIMM 3aBUCUMOCTb YIEPKH-
BaeMOro o0bemMa OT MOJIEKYJSIPHOM Macchl WU pasmepa modekyid. Hamo
no0MpaTh COPOCHT U JUTMHY XPOMATOTpadUIECKOM KOJTOHKH TAKUMH, YTOOBI
pas3jieieHne BeIIecTBa MPOTEKAIO B Mpeneiax JIMHEHHOTo ydacTKa Tpaayu-
POBOYHOTO Tpaduka.

Henoosuoicnvle ¢hazpt B IKCKIIFO3MOHHOW XpoMmartorpaduu BBIOMPAIOT
JJI1 KOHKPETHOM aHaJIMTH4ecKoW 3ajnauu. [lepBoHayalbHO yCTaHaBIMBAIOT,
Kakas CUCTeMa pPAacTBOpHUTENEH MOKET ObIThb HCHOJIb30BaHA Ui aHalu3a
(BoJHAs MJIM BOJHO-OpPraHU4ecKas), YTO U OIpeessieT TUIl COpOeHTa.

Tloosuoichvie ghazvl B SKCKIIO3MOHHON XpoMartorpaduu JOKHBI YI0B-
JIETBOPSATH OIpeeICHHBIM TPEOOBAHUSIM

— MOJHOE pacTBOpeHue o0pasia;

— XOpolllee CMauMBaHUE COPOCHTA,

— IIpeJoTBpalleHUuE aacopOIny;

— HHU3Kas BA3KOCTh U TOKCUIHOCTb.

MeToa 3KCKII03MOHHON XpoMaTorpaguu MKUPOKO UCTIOIB3YIOT MIPHU HC-
CIICIOBAaHUH TIOJMMEPOB, OMPEACICHUU WX MOJEKYJISIPHBIX Macc, a TakKe B
OMOJIOTUY U MEIUIMHE AJI aHaIu3a OeIKOB, KPOBHU U IPYTUX OOBEKTOB.

1.6.4. Oco0eHHOCTH KUIKOCTHBIX XpoMaTorpados

KunkoctHoit xpomarorpad — Oosiee CIOKHBIM TPUOOP MO CPABHEHUIO C
ra3oBbIM. JTO CBSI3aHO C TEM, YTO CHCTEMA IOJAYM JJIKOEHTAa BKIKOYAET Psif

40



JOTIOJTHUTENBHBIX Y3JI0B: CUCTEMY JEra3allu, IpaJueHTHOE YCTPOMUCTBO, Ha-
COCBl U U3MEPUTEIH IaBJICHHUS.

['paguenTHOE YCTPOWCTBO MOMKHO OOECHEYUTh OTOOp DIIOCHTOB U3
IBYX-TPEX EMKOCTEW B CMECHUTEIIb, 3aTEM B KOJIOHKY. Hacocel TOJKHBI UMETH
MOCTOSTHHYIO0 CKOpOCTh motoka oT 0,1 g0 10 mu/mun npu naBnenun 400 atm.
Kpome Toro, Heo6xoaMMO THIATENBHOE yJIAJI€HHE Ta3a U3 BCEX HCIOJb3ye-
MBIX PaCTBOPHUTEINIEH, TaK KAK ITOSBICHUE ITy3bIPHKOB Ia3a B JIETEKTOPE HEAO-
nyctuMo. [Ipo6a BBOIUTCS ¢ MOMOUIBIO METJIEBBIX 103aTOPOB WM CIIELHAIb-
HBIX MUKPOILUIPUIIOB Yepe3 MPOKIAIKY U3 CIEeHUaTbHBIX HEHAOyXarolux
MOJINMEPHBIX MAaTEPUATIOB.

B BOXXX 00bIYHO UCIIONB3YIOT IpsiMble KOJIOHKH AynHOM 10, 15, 25 cMm
C BHYTpEHHUM AuameTpoM 4-5,5 mMMm. B MHKpPOKOIOUHBIX XpomaTorpadax
WCIIOJIB3YIOT KOJIOHKH JUIMHOU 5—6 cM u nuameTpoM 1-2 mm. Kononku usro-
TaBJIMBAIOT U3 CTEKJIA WM HEPKABEIOIIECH CTalu.

B nonnom xpomarorpade Bce coeMHUTENbHbIE TPYOKH, KOJIOHKH, Kpa-
HbI BBITIOJIHEHBl U3 XMMHUYECKHM MHEPTHBIX MaTe€pUaloB, YTO MO3BOJISIET HC-
I10JI30BaTh CUJIIbHOKUCIIOTHBIE U CUJIBHOOCHOBHBIE 3JIFOCHTHI.

JUIsT HENpEephIBHOTO KOHTPOJISA 3J1H0ATa, BBITEKAIOIIETO U3 KOJIOHKH,
OOBIYHO UCHOJIB3YIOT AU(depeHnnanbHble pepakTOMETPhl, JTIOMUHECIEHT-
Hble, Y O-crieKTpoOTOMETPUUECKHE U KOHAYKTOMETPUUECKUE AETEKTOPBI.

Juggepenyuanvuviii peppaxmomemp — 3T0 YHUBEPCATBHBIN JIETEKTOD,
KOTOPBIN MO3BOJISIET ONPEENATh OOIIMM OKa3aTeNlb IPEIOMIIEHUS CUCTEMBI
npoba— 3I0EHT, T. €. CUTHAJ JalOT BCe KOMIIOHEHTHI, TOKAa3aTelb MpeioMIie-
HUSL KOTOPBIX OTJIMYAETCS OT IOKa3aTelssd MPEeJOMIICHHs 3ItoeHTa. YyBCTBHU-
TeIBHOCTH JeTekTopa — 10 ° .

Y®-0emexmop pabotaeT npu OJHON U TOU K€ IJIMHE BOJIHBI, COOTBET-
CTBYIOLIEH HamOoJiee MHTEHCUBHOW JIMHUU PTYTHOM JamIlbl HU3KOTO JIaBlie-

s A =253,7 aM. Y®-neTekTop Hambosee YyBCTBHUTEINIEH, €CITH MOJSPHbIE
KO3 (PUIIMEHTHI CBETOIOTIIIOMICHUSI KOMIIOHEHTOB BBICOKH, @ DJIFOEHT HE MO-
rJIONIAaeT B yJbTpaduoneToBoi obsactu crnekTpa. C mOMOIIBIO TAaKOTO JETEK-
TOpPa MOYKHO OTIPEJIEIISITH JIIOObIE apOMATHUECKUE COCTUHEHMUSI, OOJBIIIMHCTBO
KETOHOB U albJIeTUJ0B. Y D-IETEKTOp CENEKTUBEH, YYBCTBUTEIBHOCTh €r0
cocrasisier 1077 .

domomempul u cnekmpogomomempsl TO3BOJSAIOT PadOTATh MPH JIFOOOI
mHe BOJHBI (190-650 HM). PeructpupyioT M3MEHEHHE MOTJIONIEHUS BO
BPEMEHHU NPU OMNPEICIICHHOW JIJIMHE BOJHBI WM B OCTAHOBJIEHHOM IOTOKE
AIIOCHTA CHUMAIOT crleKkTp. bricTpo3zanuckiBaomuii cieKTpohoTOMETP TO-
3BOJISIET 3aMKcaTh BCIO CIIEKTPaJIbHYI0 00J1acTh 3a 20 c.

Konoykmomempuueckuii oemexmop TPUMEHSIOT B MOHHOW XpOMAaTo-
rpaduu I U3MEPEHUs MPOBOJUMOCTH PACTBOPA, MPOMOPIIMOHATBHON YHC-
Jy UOHOB B pacTBOpeE, UX MOABWKHOCTU. [Ipesen oOHapyKeHHUsI C OMOIIbIO
TAKOTO JIETEKTOpa COCTABIsieT mopsiaka 10° Mkr/mi. Mcronb3oBaHHe KOH-
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LHEHTPUPYIOIIEH KOJIOHKH MO3BOJISIET CHU3UTH Npeiesl OOHapy KeHHs Ha 2—3 1o-
psiIKa.

1.7. Ilpumepsl penieHrsi THNOBBIX 32/1a4 B XpomaTtorpagun

3agaua 1. Uepes komoHKy ¢ kaTHoHMTOM B H -dopme mpomycTiim
20,00 mn pactBopa KCl. Dmoar orrurpoBamm 15,00 mx 0,1 M pactBOpa
NaOH. Onpenenuts coaep:xxanue KCl B ananuzupyemMom pacTBope.

Pemenne. IIpu npomyckanuu yepes kartuonut B H'-popme pactBopa

KCl B pe3ynbrare HOHOOOMEHHOW peaKuu (RH+KC1§>RK+HC1) B DJIIOA-

TC MMOABJIACTCA COJIAHAsA KHCJI0TA, KOJIMYECTBO KOTOpOfI SKBHUBAJICHTHO KOJIH-

YeCTBY COJIM, T. €. (C -V) =(C v
HCI

) . HpI/I THTpOBaHI/II/I KUCIIOTHI
H H  Jkqal

pPacTBOPOM IIEJIOYH CHPABEIIMBO PABEHCTBO (C -V) =(C -V)
H  Jgar V' H /NaOH

WIn (C -V) =(C -V) . Torna conepxanue KCl B ananusupye-
H Jkcar V' H /NaoH

MOM PacTBOPE PACCUUTHIBAIOT CICAYIOUIMM 00pa3oM:
m(KCL) - (CH -V)NaOH M (KCI)=
~15-0,1-74,5=118,8 Mr =0,1188 T.
M (KCl)=74,5 r/(mons - dkB).

2+
3apaya 2. Kakas macca Co®" ocranercs B pacTBope, eciu 4epe3 KO-

J’_
JIOHKY, 3amoJIHeHHYI0 5T katuoHuta B H -dopme, mpomyctunu 200,0 mi

0,1 1 pactBopa CoCl,. IlonHas nuHamMuyYeckass €eMKOCTh KaTHOHHMTA paBHA
1,60 M3KB/T.
Pemenue. 1. PaccuumtaeM KOJMYECTBO MULIMMOJIb SKBHUBAJICHTOB

C02+-I/IOHOB, MPOIMMYMICHHBIX YCPC3 KOJIOHKY C KATUOHUTOM:
m=(Cr),, 2 =0.1-200 =20 woie.

2+
2. KoaudecTBO MWIJIMMOJIb DKBUBAJICHTOB CO -MOHOB, ITOTJIOIICHHBIX
5r KaTUOHUTA, BBIYUCIIAEM U3 q)opMyJIBI

JOE = T (MAKB/T);

mI/IOHI/ITa

n, =1,6-5=8 MdKB.
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2+
3. KoauuecTBO MMILIMMOJb SKBHUBaJIEHTOB (CO~ -MOHOB, OCTaBIIMXCS
B PaCTBOPE, PABHO 713 =1y — 1, = 20 -8 =12 m3kB.

2+
4. Macca Co™ -MOHOB, OCTaBIINXCS B PACTBOPE, COCTABJISIET:
m(Co*")=ny-M_(Co®")=12-29,47 =353,60 mr=0,3536 r.

M, (Co™ )=M(Co™)- f,  =58,93-1/2=29,47 r/(Monb - >ks).

3apaua 3. Jlng onpenenenus noiaHoi quHamudeckor emkocty (ITJIOE)
+
KaTUOHUTA Yepe3 KOJOHKY ¢ 51 katuonuta B H -popme mnpomyctmnm

350,0 M1 0.05u pactBopa CaCly. Ilpu ompenmenenmn Ca®* B oamroare
B nopuusx 1mo 50,00 mu ObUIHM MOTYYEHBI CAEAYIOIINE 3HAYEHHUSI KOHIIEHTpa-
muit: 0,0030; 0,0080; 0,0150; 0,0250; 0,0400; 0,0500 u 0,0500 MoOaB 3KB/1.
Onpenenuts [TJIOE kaTnoHHUTa O KAJIBIUIO.

Pemenne. 1. BpluncauM KOJIMYECTBO MMJIUMOJIb SKBUBAJIEHTOB

2+
Ca -MOHOB, IIPONYIICHHBIX YCPE3 KATHOHMUT:

n = (CH.V)Ca2+ =350-0,05=17,50 MoKB.

2
2. PaccunTaeM KOJIMYECTBO MUJUTUMOIb dKBHBaNeHTOB Ca’ -HOHOB, CO-
JepoKaIIUXCsl B AJIH0ATE:

ny = % (CH'V)

;?
i=l1

n, =0,003-50+0,008-50+0,015-50 +

+0,025-50+0,04-50+0,05-50=10,90 maks.

2+
3. KoandecTBO MUIIMMOJIL SKBUBaAJIEHTOB Ca” -MOHOB, IOIJIOIIEHHBIX
KaTHOHUTOM, PaBHO: 1y =1 — N, = 17,50-10,90=6,6 Md3KB.

4. TlonHas JUHAMHUYCCKasad EMKOCTb KaTUOHUTA COCTABJIACT
ny 6,60

ITJOE = =1,32 MIKB/T.

mI/IOHI/ITa 5

3amaua 4. Onpenenuts MaccoByto 100 (%) MeTaHa U 3TaHa B ra30BOM
CMECH, €CJIU TIIOMAIN XpOoMaTorpauecKux MUKOB M MOTPABOYHBIE KOA(-
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(GUIMEHTHl TUX KOMIIOHEHTOB pPaBHBI COOTBETCTBEHHO: 80 MM T 1,23,
40 mv” 11 1,15,

Pemienne. MaccoByro 0110 KOMIIOHEHTa ; (%) B METOJ€ BHYTPEHHEH
HOpMAaJIM3AIH PACCUUTHIBAIOT MO (hopMyIie

o, =———-100.
i n

2 k;S;

i=1
Torna

1,23-80
o(MeTraHa) = -100=68,14 %,
1,23-80+1,15-40
1,15-40

o(3TaHa) = -100=31,86 %.

1,23-80+1,15-40
Crnenyer 3aMEeTHUTb, 4YTO NPU MPABUIBHOM PACUETE CYyMMAapHOE COAEp-
JKaHUE OIPENENIEMBIX KOMIIOHEHTOB B Ta30BoM cMecH cocrasiseT 100 %:

68,14 +31,86 =100 %.

3amaua 5. Peakimonnyto maccy 12,7500 r nociae HUTpOBaHUS TOJIyoJia
MPOAHATIM3UPOBATI METOJIOM Ta30KHIKOCTHON XpoMartorpaduu ¢ mpruMeHe-
HUEM OTHIOCH30Jla B KA4eCTBE BHYTPEHHETO CTaHAApTa B KOJUYECTBE
1,2500 r. Onpenenuts MaccoByro 10t0 (%) HempopearupoBaBIIEro TOJIyoIa
0 CIICTYIOITNM JTaHHBIM

Komnonent Tonyon DTUIOEH301
[lnomais uKa, MM* 307 352
[TonpaBouHbIil KO3PPUIHEHT 1,01 1,02

Pemrenne. B merone BHyTPEHHETO CTaHAAPTA MACCOBYIO JIOJIKO KOMIIO-
HEHTa () pacCUUTHIBAIOT 1O (hopMyIie
k:-S. m
®; = L1 _._£T100%,
kCT S cr M

p
rae k; W k. — TONPAaBOYHbIC KOIPQHUIMEHTEI ONPEACIsIEMOro KOMIOHCHTA

Y BHYTPEHHEro CTaHjapra; S, u S . — IJIomaiu xpoMaTtorpapuyeckux Mu-
KOB OMNPE/IENAEMOTO KOMIIOHEHTa M BHYTPEHHETO CTaHIapTa; m_ . — Macca

BHYTPEHHETO CTaHapTa, I; m,  — Macca aHaNIM3UPyeMOu MpoOkI, T.
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Torna
1,01-:307 1,25

1,02-352 12,75

3agauya 6. Paccunrtarh BpeMs yACp>KUBaHUS U yAECPKUBAEMBbIN 00BEM
KOMITOHEHTA, JJIFOMPYIOIIETOCs M3 KOJIOHKH, uMeroiier 200 TeopeTu4ecKux
TapesioK, MPU CKOPOCTH ABMXKEHUS AMArpaMMHOM JeHTbl 720 MM/4, ecliu 1o-
JyIIUpUHA XpomaTtorpaduyeckoro muka cocrasiser 3 MM. OO0beMHasi CKO-
poCTh Ta3a-HocuTens paBHa 30 Mi/MuUH.

Pemenne: 1. Yucno 1.1. (N) CBsI3aHO € MOJYIMIUPUHON XpomaTorpadu-
YECKOTO MHUKa (w%) ciemyronieit hopMysIoin:

-100=8,47 %.

o(Tonyona) =

2
Ip
N=554.| — & | |
W
P
T. €
l 2
200=5,54-| & | |
3
OTKyJa ZR=1 8 MM.

2. PaccunraeM BpeMsi YIEPKUBAHUS ! , 3HASL CKOPOCTH JIBHIKEHUS JIEH-
Thl camonena, U (UH=72O/6O=12 MM/MHMH):

IR :ZR/UJ'I >
T. €. p =18/12:1,5 MMH.

3. 3Hast 00BEMHYIO CKOPOCTH raza-HOCUTENs ([, ), N3MEPEHHYIO C IO~

MOIIBI0 pacXofoMepa Ha BBIXOJI€ U3 KOJIOHKH, MOKHO BBIYUCIUTDH YACPKH-
BaeMblii 00beM KoMIoHeHTa (V) o dopmyie

Ve=Fp-tp,
T. €. VR =30-1,5=45 M
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IJTABA 2
OIITUYECKHUE METO/JbI AHAJIU3A

K onTuueckuMm meToaM aHaiM3a OTHOCST (PU3UKO-XUMUYECKUE METO-
IIbl, OCHOBAaHHbIE HA B3aUMOJICHCTBUM 3JIEKTPOMATHUTHOTO M3JIyUYEHHS C Be-
LIECTBOM. JTO B3aMMOZEHCTBHE COMPOBOKIAETCS SIBICHUSAMHU, U3 KOTOPBIX
HanOoJiee BaKHbI UCIyCKaHUE, MOIVIOIIEHUE U paccesiHue u3nydyeHus. Bos-
HUKAIOLIME MPU 3TOM CHUTHAJbl HECYT KAYECTBEHHYI0 U KOJMYECTBEHHYIO
uHdopmaruio o BemecTBe. YacTtora curHama OTpakaeT crenuuueckue
CBOMCTBA BEILIECTBA, €r0 MPUPOAY, & HHTEHCUBHOCTh CUTHAJIa CBSA3aHa C KO-
JIMYECTBOM AHAIU3UPYEMOTO COETUHEHUS.

OnTrueckre MeToAbl BKJIIOYAIOT B ce0s OONbIIYI0 TPYHIy CHEKTpasib-
HBIX METOJI0B aHanu3a. [ HaOoAeHNs U UCCIIeIOBAHUS TIOJYyYaeMbIX CHUT-
HAJIOB MCIIOJIB3YIOTCA pa3iuyHble (pu3nueckue 3akoHOMEepHOCTH. braromaps
TOMY METOJbI CIIEKTPOCKOIUHU MO3BOJISIOT MOJydYaTh AETaIbHYI0 MHpOpMa-
L0 O COCTaBe, CTPOCHUM M KOJIMYECTBEHHOM COAEPKAHUU MCCIENYEMBIX
BEILIECTB.

2.1. XapaKkTepuCTHKH JIEKTPOMATHUTHOI'0 U3JIy4YeHHS

DJEKTPOMAarHUTHOE HM3JIyYE€HUE UMEET JBOWCTBEHHYIO mpupony. B ox-
HUX MPOSIBIICHUSAX BeET ce0s Kak (U3MUeCcKoe Moje C HEMPEPhIBHBIMU CBOMi-
cTBamMH (mpenoMieHue, uHTepdepeHius, audpaxuus, OTpakeHHe, pacces-
HUE), KOTOpbIE OIHKCHIBAIOTCS HA OCHOBE BOJIHOBOW MPUPOIbI H3ITYUYEHUS.
B npyrux ciydasx 31eKTpOMarHUTHOE U3TyUYEHHUE MPOSIBISET Ce0s KaK MOTOK
JUCKPETHBIX YacTull (KBAHTOB), U TAaKHUE SIBJIEHUA, KaK UCITyCKAaHHE U MOTJIO-
IIEHUE aTOMaMH U MOJIEKYJIaMH, OMMCBIBAIOTCS HA OCHOBE KOPITYCKYJISIPHOM
MPUPOBI U3ITYUESHHUS.

K BOJHOBBIM XapakTEpPUCTHKAM M3JIyYEHHs] OTHOCSTCS 4acToTa Kojeba-
HUW, JIMHA BOJHBI U BOJITHOBOE YUCJIO, K KBAHTOBBIM — SHEPIHUsl KBAHTOB.

YacroTra v 1oKa3bIBaeT YUCIO KoieOaHUM 3IeKTpuyeckoro mnoius B 1 c,
u3mepsiercsa B repuax (1 I'm=1 c_l). YacroTa onpenensieTcsi ICTOUHUKOM U3-
aydeHud. JlJiMHA BOJIHBI A TOKa3bIBAET HAWMEHBILIEE PACCTOSHUE MEXKIY
TOYKaMHM, KOJICOMIONIMMUCS B OJIMHAKOBBIX (pazax. ITO JIMHEWHAs BEIMYUHA,
B equHuax CU uzmepsiercs B MeTpax (M) U €ro J0JsX.

BosiHOBOE UMCJI0 V MOKa3bIBAET YMCIIO BOJIH, MpUXOAdImuxcs Ha 1 cm.
Ecnu ayiviHa BOJIHBI BRIpa)KE€HA B CAHTUMETPax (CM), TO

v= /x (em™. 2.1)
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9HCpFI/I5{ QJICKTPOMAroHuTHOI'O MU3JIYUYCHHA E 3aBHCHT OT 4acTOTHI H3J1y-
YCHUA U OIIPEALCIIACTCS COOTHOICHUEM

E=hv,

(2.2)

34
rae h — nocrostaHas [lmanka, paBuas 6,62 - 10~ JIx-c.

2.2. DJIeKTPOMATHUTHBIN CHEKTP

COBOKYITHOCTh BCEX YaCTOT (UIMH BOJIH) AJIEKTPOMArHUTHOTO U3ITy4YEeHUS
Ha3bIBAIOT 3JIEKTPOMATHUTHBIM CHEKTPOM. B 3aBHCHMOCTH OT JIIMHBI BOJIHBI
B 3JIEKTPOMAarHUTHOM CHEKTPE BBIIEIAOT CIAEAYIOIIUE y4acTku (Tad. 2.1).

Tabauma 2.1

OO6nactu SHEPTUii AJEKTPOMATHUTHOTO U3ITy4YECHHUSI,
COOTBETCTBYIOLIME UM METO/Ibl aHAJIN3a U MPOLIECCHI,

JeXKamue B X OCHOBEC

CriekTpocKonuuecKue Ob6nacts, IIponecc
METOIbI JUIMHA BOJIHBI

sanepHO-(hu3nIecKue ramma-H3iy4eHue, sJIEpHbIE pEAKLIUU
10,10 um

PEHTI€HOBCKHE PEHTTEHOBCKAas U3MEHEHUE COCTOSTHUI
1()_1 . 1()1 HM BHYTPEHHHUX JJICKTPOHOB

BaKyyMHast BaKyyMHOE U3MEHEHHE COCTOSTHUI

Y ®-cniekrpockonus Y®-uznyuenue BAJICHTHBIX DJIEKTPOHOB
10...180 HMm

OomnTUYeCcKas Y ®-uznyuenue U3MEHEHUE COCTOSHUN

Y®-cnekrpockonus 180...400 um BAJICHTHBIX 3JIEKTPOHOB

CIEKTPOCKOIUS BUUMas 00J1acTh

B BUIMMOM 001aCTH 400...750 am

HK-cnexrpockonus,

UH(paKpacHOE U3ITyYCHHE
10°...10° um

U3MEHEHUE KOJIEOATEIIbHBIX

CIIEKTPOCKOTIHSI COCTOSIHUH MOJICKYT
KOMOMHAIIMOHHOTO

paccesiHus

MHUKPOBOJTHOBAS MHUKPOBOJTHOBOE W3MCHCHHE BpaIlaTeIbHBIX
CIEKTPOCKOMHS M3ITydeHue 10°. 10 "' M COCTOSTHUI MOJIEKYT
SIIEPHBIA MarHUTHBIHA paanovacToTHAS W3MEHEHUE CITUHOB sJIep
PEe30HaHC, AIEKTPOHHBIN 107" 10" M Y DJICKTPOHOB B MAarHUTHOM

IapaMarHUTHBIA PE30HAHC

110JIC

[IpoTsKEHHOCTh OTAENBHBIX 00JIaCTel CIEKTpa OrpaHUYUBaETCA JTUOO
CIIOCOOOM TIOJIYYEHHS M3ITy4EeHHUs], JIMOO BO3MOXKHOCTSIMU €0 PErUCTpaliu.
Oco00 4YeTkue TpaHullbl MOKHO YCTaHOBUTH [IJIsi BUAUMOTO cBeTa. IIpoTs-
KEHHOCTh ynbTpaduoneToBoit (YD) obnactu B CTOPOHY Oojiee KOPOTKHUX
BOJIH pe3ko orpannueHa: A = 200 aM. Huke 3Toro 3HaueHHs] HaYMHAETCS T10-
riionieHue Y ®-u3lydeHus BO3AYyXOM, IMOATOMY HCCIEIO0BaHUS B 00JIaCTH
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A <200 HM BO3MOXHBI TOJBKO B BakyyMme (TaK Ha3bIBa€Mblii BaKyyMHbIN
yibTpaduonet). ['paHuipl MeXay ApyrUMH OOJIaCTSMHU CIIEKTpa MEHEe yeT-
KH€, U caMH 3TU 00J1aCTH YaCTHUYHO MEepPEeKphIBatOTCs. B 0TaenbHBIX 001acTsIX
CIIEKTPA MCIOJB3YIOT pa3JIMYHbIC €AUHULBI WM3MEpPEHHsl [UIMH BOJIH
¥ 4acToThl. B obmactu paano- 1 MUKpPOBOJH U1 U3MEPEHUS YaCTOT UCIOIb-
3yIOT Iepllbl, KHIorepiisl, Merarepisl. OHaKo, npy dacrorax Bbime 10'% Iy
(uadpakpacHas obmacts — MK), TouHOCTh M3MEpEHHS 4aCTOT MO CPABHEHUIO
C TOYHOCTBIK) W3MEPEHHUs JJIMH BOJIH CTAHOBHUTCS HEYIOBJIETBOPUTEIBHOM.
Kpome Toro, nponopunoHaibHOCTh MEXAY dHEPrueil U BEJIMYUHOM, 00pat-
HOI JIJIMHE BOJIHBI, TO3BOJISIET OBICTPO OLEHUTh YHEPIreTUYECKUE XApaAKTEePH-
CTUKHU, TTO3TOMY BMECTO YaCTOThI WM JIMHBI BOJIHBI YJIOOHEE UCIOJIb30BaTh
BOJIHOBOE YHCJIO.

[ToTok (hOTOHOB C OAMHAKOBOM 4YaCTOTOM HA3bIBAIOT MOHOXpOMaTH4e-
CKUM, C Pa3HbIMU 4acCTOTaMH — MoJuXpoMaTudyeckuMm. OObIuHBINA Hab01a€e-
MBI IIOTOK M3JIy4YE€HHsI OT PACKaJICHHBIX TEJl, B YACTHOCTU COJIHEYHBIA CBET,
ABJISICTCS ITOJTUXPOMATUYECKUM.

2.3. [Ipoucxo:kaeHue CeKTPOB

[Ipy npoX0KI€HUH U3IIyYEHUs YePE3 MPO3PAaYHbIN CIIOM TBEPIOIO TENA,
KUAKOCTH WM Ta3a IPOUCXONUT CEJIEKTUBHOE IOIVIOUICHUE H3IIyYCHUS
C OINIPEACIICHHBIMUA 4aCTOTaMH. DJIEKTPOMArHUTHAsl 3HEPrUs B 3TOM CiIy4ae
IIEpEeNACTC aToMaM WIM MOJIEKYJIaM BEIECTBA U MEPEBOJUT MOMIOLIAOIINE
YaCTHULIbI U3 HOPMAJIBHOTO COCTOSIHUSL, MJIM OCHOBHOT'O, B BO30YK/IE€HHOE.

DHEpPreTU4ecKoe CTPOEHUE MOJIEKYJIBI CIOXKHEe, yeM y atoma. Hapsny
C IBYKEHUEM 3JIEKTPOHOB MPOUCXOTUT KoJebaTeabHOe JABIKEHUE sIIep aTo-
MOB M BpallleHHE MOJIEKYJbI Kak 1enoro. [loatomy B 1000M cTalimoOHApHOM
COCTOSIHUH DHEPTUsl MOJIEKYJIbI CKJIAJIbIBAETCS U3 3JIEKTPOHHOM, KOJebaTenb-
HOM M BpalllaTEJIbHON SHEPIUM:

E=Ey,+ En+ Eyy - (2.3)

HawnOonpimii BKJag B MOJHYIO 3HEPTHUI0 BHOCUT YHEPTUS 3JIEKTPOHHBIX
[IEPEXO0/I0B, HAMMEHBIIINNA — YHEPTUS BPALLIEHUS MOJIEKYJI:

Eyp << Eyon << B,y =1:10%:10°. (2.4)

Tak ke, Kak 1 aTOM, MOJIEKYJIa MOKET CYIIECTBOBATh TOJILKO B OMpeie-
JIEHHBIX SHEPre€TUYECKUX COCTOSIHUSX, Ha3bIBAEMbIX SHEPreTUYECKUMU YPOB-
HiMu (opOutansimu). Kaxxmomy s1€KTpOHHOMY COCTOSIHUIO COOTBETCTBYIOT
KoJieOaTebHbIE YPOBHU, a KAXKIOMY KOJIeOATEIHhHOMY YPOBHIO — Bpalla-
TenpHbIe. J[1000H ypOBEHb, MOMHMO TJIABHOTO, MOOOYHOTO0, MArHUTHOTO
Y CIIMHOBOTO, XapaKTEPU3yeTCs KOJieOATeNbHBIM U BpallaTeIbHbIM KBaHTO-
BBIMU YHCIIAMH.
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[Ipu nosiy4eHUH 3HEPTrUU U3BHE MOJIEKYJIA IEPEXOJUT C OJHOTO dHEpre-
TUYECKOI'O YPOBHS Ha APYroi. ¥ MOJIEKYJ, TaK K€ KaK U 'y aTOMOB, HauboJiee
BO30YIMMBIMHU SIBJISIFOTCSI BHEITHUE (ONTHUYECKUE) DJIEKTPOHBI. JHEPIrusl BO3-
Oy>IeHUS BHEIIHUX OJJICKTPOHOB MOJIEKYJl TMPUMEPHO Takas xKe, Kak
B aroMax (150—600 k/[>k/M0JIb), YTO COOTBETCTBYET U3IIYYECHUIO B BUJIUMOU U
Y®-vactax cnekrpa. Ilepexombl Mexay KosieOaTeIbHBIMH —YPOBHIMU
B IIpeJIeJaX OJHOTO JJIEKTPOHHOTO COCTOSIHUS OTBEYAIOT MEHBLIUM 3HEPTUAM
(0,4-15 x/x/monb, nznyuenue B MK-obmactu), mepexoqbl Mexay Bpaiia-
TEJIbHBIMA ~ yYPOBHSIMU  XapaKTEPU3YIOTCS  €IlI€  MEHbIIEeH  AHepruei
(0,010,4 x/I>x/mMOmB, M3TyYeHUE B ajeKON HH(GPAKPACHON U MUKPOBOJIHOBOM
00JacTsX).

[lepexoabl MEXKTy SHEPreTUYECKUMU YPOBHSIMU C U3MEHEHUEM TJIaBHO-
ro KBaHTOBOI'O YHMCJA SIBJIAIOTCS 3JEKTPOHHBIMU, MEXKIY KOJI€OATeNbHBIMU
YPOBHSIMH — KOJIeOaTEIbHBIMU, MEX/IY BpallaTeIbHBIMU YPOBHSMH — Bpallla-
TEJIbHBIMHU MEPEX0JaMH (COOTBETCTBEHHO, CIIEKTPbl HA3BIBAIOT 3JIEKTPOHHBI-
MU, KOJeOaTeIbHBIMU U BpallaTebHbIMU). UNCTBIX 3JEKTPOHHBIX U KOJeha-
TEJIBHBIX CHEKTPOB HET. DJIEKTPOHHBIN Mepexo]] 00s3aTeIbHO COMPOBOXKAA-
€TCsl U3BMEHEHHEM KO0JIe0aTeIbHOTO M BPAIIATEIbHOTO COCTOSIHUM, a Koyeba-
TEJIbHBIN MEPEXO0/1 MPUBOJNUT K U3MEHEHUIO BPALIATEIbHOIO COCTOSHHUS.

B cnexkTpockonuu, Kak 0TMEYaaoCh BBIIIE, Yallle UCIIONb3YIOT BO30YX-
JI€HUE MOJIEKYJIbI MO/ IEMCTBUEM 3JIEKTPOMArHuTHOro nois. Ilpu stom mo-
JIeKyJa TorjomaeTr (GOTOHBI C IHEPTUEH, paBHON Pa3HOCTH YHEPTUN ee Opou-
taneid. COBOKYIMHOCTh BCEX MOTJIONMIEHHBIX YAaCTOT COCTABISET CHEKTP IO-
TJIOIIEHUST MOJIEKYJIbI (MOJIEKYJISIpHBIN abcopOrmonHblil cnektp). [lornome-
HUE JIEKTPOMArHUTHOTO U3TYy4YEeHUS! BEIIECTBOM M MOKHO MPE/ICTaBUTh KaK
JIBYXCTYyIIEHYATBId TMPOLECC, NEPBasi CTyNEHb KOTOPOTO BBIPAKAETCA Clie-
IYIOLIUM 00pa3oM:

M+hv—>M, (2.5)

£
rie M — aTom Wi MoJIeKyJia B BO30YKJAECHHOM COCTOSTHUU.

Bpewmst mpeObIBaHus B BO30YKACHHOM COCTOSTHHU HEBEIIUKO (1079—1()78 c);
YaCTHIIbI BO3BPAIIAIOTCS B UCXOJHOE COCTOSIHUE B PE3yJbTAaTe KAKOr0-JIMOO
pernakcanmoHHOro mporecca. Hanbomee M3BECTHBIM BHUAOM pEllaKCAIHH SIB-
JISIETCSI IPEBPAICHUAE SHEPTHU BO30YKICHHS B TEILIO:

M* — M + Temo. (2.6)

Penakcarust MOXKeT TPOM30HTH B pe3ynbTaTe paspymeHus M™ ¢ o6pa-
30BaHMEM HOBBIX BEIICCTB — (DOTOXMMHYECKAsT PEaKIvs, a TaK)Ke MPH Tepe-
X0JI€ B HEBO30YKJIECHHOE COCTOSIHUE C BbIACICHUEM (POoTOHA — (hIIyopeciieH-
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s 1 pochopecieHus. ITU MPOIECChl OOBEIUHSIIOT MO OOLIMM Ha3BaHU-
€M JIFOMUHECIICHITHS:

M —>M+hv. 2.7)

B MOIJICKYJIaX, KaK U B aTOMaX, HC BCC SHCPICTUICCKUC U3MCHCHUA paB-
HOBCPOATHBI. TaK, 3allPCHICHBI IICPEXOAbI Oonee OJHOTO 3JICKTPOHA 3a OOWH
aKT, IICPCXOJAbl C UBMCHCHUCM 1TOOOYHOr0 KBAaHTOBOT'O YHCJIa 6OJII>HIG, YCM
Ha CIMHHULY, IICPCXOAbl C UIBMCHCHUCM CIIMHA. OI[H&KO BCPOATHOCTD 3aIIpc-
MCHHBIX SHCPICTUYICCKUX U3MECHECHUI B MOJICKYJIaX HCCKOJIBKO BBIIIC, YCM
B aTOMax, HAIIPUMCEP U3MCHCHUC CIIMHA.

BajkHO MMETh B BUJLY, YTO BpeMsl KU3HH 4acTHI] M * 06BIYHO CTONBL Ma-
JI0, YTO KOHIIEHTpalUs UX B JIIOOOW MOMEHT BPEMEHHU MPHU HOPMAJIbHBIX yC-
JOBUAX HUYTOKHA. boJiee TOro, KOJIMYECTBO BBIIEISIOMIETOCS TEIIA HEOIILY-
TUMO. BenenctBue 3Toro o0ydeHre CUCTEMBI TIPU €€ M3YUYEHUHU COMPOBOXK-
JaeTCsl MUHUMAJBHBIM Pa3pyLICHUEM, YTO SIBISETCA MPEUMYIIECTBOM al-
COpPOIIMOHHBIX METOJIOB.

Bo30yxaeHne Mosiekysn ApyrdMU BHJIAMU SHEPTUU, HAIpUMEp B ILIa3-
Me, HE MIPUMEHSIIOT, TaK KaK OOJIbIIMHCTBO BEIIECTB B 3TUX YCJIOBUAX paszia-
raeTcsl.

2.4. Knaccupuxkanus MeTOI0B CIIEKTPOCKONIMHU

CHeKkTpOoCKONMYECKUE METOBI MOAPA3IAECAIOT HA amoOMHble U MOJEK)-
JIsIPHble B 3aBUCHUMOCTH OT TOTO, KaKHe YacTHUIlbl (DOPMUPYIOT aHAIUTHYE-
CKHMM curHaj. MeTo/ibl, OCHOBaHHBIC Ha M3yYCHUH HU3KUX dHEPTHil (Ccomoc-
TaBUMBIX C DHEPIUAMU XUMHUUYECKHUX CBSI3EH WM MEHBIIE UX), SBISIOTCS Me-
TOJaMH MOJIEKYJISIPHOTO aHanu3a. MeToapl Ke, UCMOJb3YIOUNE U3IYyYCHUE
BBICOKHX SHEPTHUM, OTHOCATCS K aTOMHBIM (3JIEMEHTHBIM).

ATOMHas CIHIEKTPOCKOIINA

MeTtonpl aHanM3a, UCIOJIb3YIOIINE U3JIyYEHHE ONTUYECKOro JIMara3oHa,
OTHOCSIT K ONTUYECKOU CIEeKTpocKonuu. OOLUM JJIsl HUX SBIISETCS HEO0OXO-
JTUMOCTbD MPEIBAPUTEIILHON aTOMHU3AIIUK MPOOHI.

1. Amomno-amuccuonnan cnexkmpomempusa (ASC) ocHOBaHA Ha HC-
MyCKaHUU M3JIY4YEHUs aToMaMu, BO30Y)KICHHBIMU KMHETHYECKON 3Hepruei
TJ1a3Mbl, JIyTOBOT'O UM UCKPOBOTO pa3psiia.

2. Amomno-gpayopecyenmnan cnekmpockonua (ADC) wucnonap3yer
UCITyCKaHUE M3IIyYCHHS aTOMaMH, BO30OYXJICHHBIMU 3JIEKTPOMATHUTHBIM U3-
JYYEHUEM OT BHEIIHETO UCTOYHHKA.

3. Amomno-abcopoyuonnaa cnekmpockonus (AAC) ocHOBaHa Ha IO-
TJIONIEHUH HEBO30YKIEHHBIMI aTOMaMH U3ITyUeHHsI OT BHEIITHETO UCTOYHHUKA.
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4. Penmezeno6ckasa cneKmpocKkonus OCHOBaHA Ha BO30Y>KJICHUH BHYTpPEH-
HUX 3JIEKTPOHOB MOJIEKYJI, IPU 3TOM He TpeOyeTcsl peIBAPUTEIBHON aTOMU3ALUH
npoObl. Pazmuuaror penmeero-amuccuonnolii cnekmpanvhoiii ananuz (POC), penm-
eeno-ghnyopecyenmuviil (POC) u penmeeno-abcopoyuonnwiii (PAC) memoowi.

5. Dnekmponnaa cnekKmpockonus — peHmeeHo-gomoINeKMpPOHHbLU
(PD®IC) u oorce-anexmponnwviti (O9C) memoov: OCHOBaHBI Ha HCIYCKaHUU
AJIIEKTPOHOB C MOBEPXHOCTU OOpa3lia Moji BO3ACHCTBUEM My4YKa PEHTTEHOB-
CKOT'O M3IIYYECHHS W JIEKTPOHOB.

P®OC u O3C 3anuMaroT 0co00€ MECTO B COBPEMEHHON aHATMTUYECKOU
XMWY, OHU TIO3BOJISIIOT TIPOBOJIUTH HEPa3pyIIAIOIINNA KaYeCTBEHHBI U KOJIH-
YEeCTBEHHBIN DJIEMEHTHBIN 1 (ha30BBIN aHATIN3 IIOBEPXHOCTH TBEPIOTO TEA.

JIJisi aHaMMTUYECKUX TIee HanOobliee 3HAYCHHE UMEIOT METOJbBI OTI-
THYECKOW CIIEKTPOCKOITHH.

MosieKyJISIpHO-CNIEKTPOCKONMUYECKHE METO/IbI

[Ipu uccnenoBaHUM SHEPreTUUYECKOTO COCTOSHMSI MOJIEKYJ BEILECTB
B 3aBUCMMOCTH OT THIIa MOTJIOIIAIOIIMX YaCTHI] U criocoba mpeodpa3oBaHus
M30bITOYHOMN YHEPTUU TaKKE BBIICISIOT HECKOJIBKO METOIOB:

1. Monexynapnaa abcopoyuonnaa cnekmpockonus. MeTon oCHOBaH
Ha TOTJIONIEHUH CBETOBOM YHEPTUU MOJIEKYJIAMHU WJIU CIIOKHBIMH HOHAMU.

2. Hegpenomempua u mypoudumempusn. It METOAbl aHAIIN3a OCHO-
BaHbl Ha M3MEPEHUH, COOTBETCTBEHHO, PACCESIHHOTO WJIM MOTJIOLIEHHOTO
CBETa B3BELICHHBIMU YaCTULIAMU aHAJIM3UPYEMOIO BELIECTBA.

3. JIomunecuenmuwtii ananus (gpayopumempusn). B ocHOBe meTona —
M3MEPEHUE U3IIYyUEHUS TI0ciie BO30YKICHUSI MOJIEKYJ CBETOM.

4. Maznumnas pe3onancnaa cnekmpockonus. MeTol OCHOBaH Ha
MOJIYYEHUH CUTHAJIOB OT MOJIEKYJI, TOMEIIEHHBIX B MArHUTHOE TOJIE.

5. Cnexkrpockonusi nugdysHoro orpaxkenus. B ocHoBe Meroma —
M3MEpPEHUE CBETA, OTPAKEHHOTO TBEPABIM OKPAIIEHHBIM 00pa3I[OM.

2.5. ATOMHO-3MHUCCHOHHAA CIIEKTPOCKOMHUS

Bo3HuKHOBEHHE METOJa aTOMHO-3MUCCUOHHOM criekTpockonuu (ADC)
oTtHOCAT K 1860 T., ocHOBOMONIOXKHUKH MeTona — Kupxrod n bynsen. Meron
OCHOBAaH Ha TEPMUYECKOM BO30Y>KJIEHUM CBOOOJHBIX AaTOMOB WJIU OJJHOATOM-
HBIX MOHOB M PErucTpalliy ONTHYECKOTO CIEKTpa UCITyCKaHUs BO30YKICH-
HBIX aTOMOB.

Ipunuun meroaa. Bo Bcex BapuaHTax MeTojia MpoO0y BHOCST B UCTOY-
HUK BO30YXKJ€HHUsI, B KOTOPOM CO3/aeTcsl BbICOKasi Temneparypa. [Ipu 3tom
MOCJICA0OBATEILHO TPOUCXOAT IPOIECChl MCHApPEHUs MPOObI, aTOMH3AINH
MepBOHAYAJILHBIX TPOJAYKTOB HCIAPECHHS, BO30YXKICHUS O0O0pa30BaBIIMXCS
aTOMOB, UCITyCKaHHUs CBETa BO30YK/IEHHBIMU aTOMaMH U PETUCTPAIIUS U3ITY-
yeHusa. J[Ji1 KaueCTBEHHOI'O aHajau3a MOJIYYEHHBIM CHEKTP COMOCTaBJISIOT
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C STAJIOHHBIMM CIEKTPaMH Pa3HbIX JIEMEHTOB. /i1 KOJIMYECTBEHHOIO aHa-
134 U3MEPSIOT HHTEHCUBHOCTD CIIEKTPAIbHBIX JTMHHM.

IIpoucxoxcoenue amomuvix cnexkmpos. VcIyckaHWe CBeTa aTOMaMH
IPOHUCXOAUT 3a CYET U3MEHEHHUS DHEPrUM aToMOB. ATOMBI MOTYT 00JIalaTh
CTPOrO OIPEIEIICHHBIMHA JUCKPETHBIMH 3allacaMd BHYTPEHHEH DHEPIUM:
Ey, E|, E; u T. 1. B HEBO30yXI€HHOM (HOpPMaJIbHOM) COCTOSIHHMH aTOMBI

o0yafaroT MUHUMaNbHON 3Hepruen FEy. Ilpu nmoaseneHun sHEpruu, 10cCTa-

TOYHOM /11 BO30YKIEHUs, aTOMBbI BO30Y>KIAIOTCA, T. €. IEPEeXoIaT Ha Ooiiee
BBICOKMI SHEPreTU4ECKU ypoBeHb: £y, £y U T. 1.

Yepe3 ouyeHb KOPOTKOE BpeMsi (OKOJIO 10° C) aTOM CaMOITPOU3BOJILHO
BO3BPAILIAETCS B HOPMAJIbHOE WJIM KaKOe-TO 00Jjiee HU3KOE IHEPreTUYECKOe
cocrostare. OcBOOOXKAAIOMIAsACS TIPH 3TOM 3Heprus AE ucmyckaetrcs B BUEC
KBaHTa cBeTa hv

AE =hv.

BonHOBOE 4nCIIO U3ITyYeHUss V ONPENECIIAETCS COOTHOLIEHUEM
V=—=Rz| ——— |, (2.8)

r7ie ¢ — CKOpOCTh cBeTa; R — koHcTaHTa Punbepra, oOwenuustonias ¢yHaa-
MEHTaJbHbIE (PU3UYECKHE IIOCTOSHHBIC; Zz — 3apsil sApa; 1; U Nx— IIaBHOE

KBaHTOBOE YHCJIO AJICKTPOHA B OCHOBHOM M BO30YXKIECHHOM COCTOSTHUSX CO-
OTBETCTBEHHO.

Kaxnas cnektpanpHas JUHUSA OTPAXKAET MEPEXOJ IEKTPOHA C OJHOTO
AHEPreTUYECKOr0 YPOBHS Ha JAPYroM, U BOJHOBOE YMCJIO CIEKTPaIbHOU JIM-
HUU MOXXET OBbITh MPEJCTABICHO PA3HOCTHIO IBYX BEIUYMH, MepMOE:

OpHako, B aTOMax M HOHAX, COJEpXKalux Ooyiee OJHOro 3JEKTPOHA,
B3aMMOJICICTBHE YaCTHUI UMEET O0Jiee CI0KHBIN XapakTep, U He J1I00as KOM-
OMHaLMs TEPMOB COOTBETCTBYET peajibHO HAOIIOAAEMOM CIEKTPAIbHOMN JIH-
Huu. CylIecTBYIOT ONpeAeNieHHbIE npasuia ombopa, yKa3blBarolue, Kakue
KOMOMHAIlMM TEPMOB BO3MOXKHBI, & KAKME€ HE BO3MOXKHbI. Pa3Hble sHEpreTu-
YEeCKUe MEePEeXoabl UMEIOT Pa3HYyK BEPOSTHOCTb, KOTOpas ONPENEseT KOJIU-
YECTBO KBAHTOB C JIAHHOW BEMMYMHOM AFE, a 3HaYUT, U UHTEHCUBHOCTh COOT-
BETCTBYIOLIEH CIIEKTPAJIBHOMN JIMHUU. bosee BepOoATHBIE NEPEXOAbI IPUBOIAT
K 0oJiee MHTEHCUBHBIM CIEKTPaJbHBIM JIMHUAM. Hauboiiee BepOSITHBIMH,
a clefloBaTeIbHO, U 00JIee€ MHTEHCUBHBIMHM B CIIEKTpax OOBIYHO SIBIISIOTCA
JMHUH, COOTBETCTBYIOIINE MTPU BO30YKJIEHUU IEPEX0aM U3 OCHOBHOI'O CO-
CTOSIHUSL Ha CaMblil HU3KUHM HEPreTUYECKUIl YpOBEHb BO30YXKAEHHOIO CO-
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crosuus ( £y — E|), a Taxoke oOpaTtHeIM nepexogaM Fj — Ey. Takne nuHun

HA3bIBAKOT PE30HAHCHbIMU W 9aCTO HCIIOJIB3YIOT B KaUECTBE AHAIUTUYECKHUX
JUHUN B KOJMYECTBEHHOM CIIEKTpajbHOM aHanu3e. COBOKYNHOCTb CIIEK-
TpPaJIbHBIX JIMHUW TMPEACTABIAECT COOOM SMHUCCHOHHBIM CHEKTP BEIIECTBA.
PacnionosxeHue JIMHUI B COEKTPE XapaKTEPUCTUYHO JJI1 JAHHOTO aroMa Win
MOHA. DTO 03HAYAET, YTO MOJOKEHUE CHEKTPAIbHBIX JIMHUA MOXHO MCIOJIb-
30BaTh U1l OOHAPYXKEHUS JIEMEHTOB (KaueCTBEHHOIr0 aHanu3a). Jis komiu-
YECTBEHHOT'0 aHAJIN3a U3MEPAIOT UHTEHCUBHOCTh CIIEKTPAIbHBIX JIMHUM.

2.5.1. OcHoOBHBIE y3J1bI IPUOOPOB B IMHUCCUOHHOI CIIEKTPOCKONIMH

Bo3Hukaromiee B Xoje aHaiM3a W3NydyeHue npoObl (POKyCUpYyIOT, Ha-
NPAaBIIAIOT HA CHEKTPAJIbHYIO LIENb MPHOOpa, T/Ie OHO pasjaraercs B CHEKTP
U PETUCTPHUPYETCS COOTBETCTBYIOIIMM TNPUEMHHUKOM. Bce mpubopsr s
CHEKTPaJbHOTO aHaldM3a HMMEIOT CJEAYIOIINEe OCHOBHBIE Y3IIbl: HMCTOYHUK
BO30YXKJeHUs (aTOMU3AIMK), JUCIIEPTUPYIOIIEE YCTPOUCTBO, OJIOK PErucT-
paru u3nydeHus. KpoMe OCHOBHBIX Y3JIOB B CHEKTPajJIbHOM MPUOOPE €CTh
ONTUYECKas CHUCTEMa, NpeTHA3HAYCHHAs /IS TOJYYCHHS TMapajieIbHOro
Iy4Ka CBETa, ero (POKyCUpOBKH, U3MEHEHUS HANPaBJICHUS X0/a JIy4ell u T. .
Pasnbie Bapuantel ADC paznuyaroTcsi Mo crnoco0y Bo30Y>KACHUS U IO CIO-
cO0y perucTpanuu CreKkTpa.

2.5.2. UcTOYHMKY ATOMU3AUUM U BO30YKIEHMSI

Atomu3anus U BO30yXKJIEeHHUE TPOUCXOIAT B aTOMU3ATOPE OJIHOBPEMEH-
HO. B kauecTBe MCTOUYHUKOB BO30YKIACHUS MPUMEHSIIOT IIaMs, DJIEKTpUYe-
CKYIO YTy, UCKPY U CaMbIii COBPEMEHHBIN UCTOYHUK BO30YKACHUS — UHIYK-
TUBHO-CBsi3aHHYI0 1asmy (MCII, ISP).

Inams. PactBop mpoObl pacnbuiseTcs B TUIaMsi, 1 BOSHUKAIOIIEE U3ITyde-
HUE TEPMHUUYECKU BO30YKIECHHBIX aTOMOB MOXHO U3MEPUTH HETOCPEICTBEHHO.
TeMneparypa IUIaMEHM 3aBHCHUT OT COCTaBa TOprOYEH cMecHu. Tak, Iuiams
OOBIYHOM Ta30BOM TOPEINKU JaeT TeMrieparypy okoio 900 °C, mpu 3ToM BO30y-
KJTAIOTCS JIMIIH aTOMBI HauboJee JIErKo BO30YAUMBIX 3JIEMEHTOB — IIEIOYHBIX
U IIEJI0YHO3EMENTbHBIX MeTauioB. CMech BOJIOPO/Ia ¢ BO3AYXOM OO€CIieunBacT
temnepatypy okono 2100 °C, Bogopoaa ¢ kuciopoaom — 2800 °C, anernieHa
¢ kucnopogom — 3000 °C, uro mo3Bossier onpeaensate Mn, Tl, Cu, Pb, Cr u ap.
(Bcero mopsiaka 40 snemenTtoB). Bapuant ADC ¢ ucnosib30BaHHEM IIJIaMEHU
HA3bIBAIOT IJITaMEHHOU oTomMeTprel. MeTo | MMPOKO UCHOIB3YIOT MPHU aHAIIHU-
3¢ MPUPOJHBIX BOJ, MOYB, PACTUTEIIBHBIX OOBEKTOB, MUILEBHIX MPOMYKTOB,
(bapMarieBTHYECKUX MPernaparoB.

Hyra. JIyroBoi 3JeKTpUUECKUN pa3psj] MO3BOJISIET JOCTHYH 00Jiee BbI-
cokux Temreparyp — 10 5000-6000 °C. Pa3psg BO3HHMKaeT B MPOMEKYTKE

53



(mo 1 cm) Mexay nByms snekTpogaMu. OOBIYHO MCTOJIB3YIOTCS SJIEKTPOIbI
U3 CIEKTPaJIbHO YuCcTOrO rpadurta. B 3TOM cityyae mopoikooOpa3Hyo mpoly
MOMEIIAI0T B YITyOJeHHe HUKHETO 3JIEKTpoia (MpU aHAIN3€ METANIOB HUX-
HUM D3JIEKTPOJOM CIY>KUT cama Mpoda), BEPXHHUM 3IEKTPOJ MpPe/CTaBIsET
co0O0l 3aTOUYEHHBIN CTepXKeHb W3 *kene3a unu rpaduta. [Ipu ropennn gyru
AJIEKTPOJIBI paCKANIAIOTCS, Tpoba ucnapsieTcss U Bo30yKIaeTcs B Mia3mMe Ay-
ru. B nyre ynaercs moiy4uTh COEKTP MOYTH Beex 3aeMeHToB. Hegocrarkamu
JYTHU SBJISIFOTCS: CIUTOIIHOW (JOH B CIIEKTPE M3-3a CBEUCHUS DJICKTPOJIOB, 3HA-
YUTENIbHOE Pa3pylIeHUE aHAIM3UPYEMOTO o0Opaslia, He BCErJa BOCIPOU3BO-
JTUMBIE YCJIOBUSI BO30YKJIEHUS (TepeMelIeHUue IYyTd B MEXKDIJIEKTPOIHOM
MPOCTPAHCTBE, KOJICOAHUSI TEMIIEPATyPhl IyTH, pa3IMdHas CKOPOCTh HCTape-
HUs 3neMeHToB). [locnennee MpuBOIUT K TOMY, YTO MTHOBEHHAs] MHTEHCHB-
HOCTbh M3JIyYEHHS OTJIMYAETCS B pa3Hble MOMEHTBhI BPEMEHU, HO CYMMapHOE
KOJIMYECTBO CBETa 3a HEKOTOPHIM MPOMEKYTOK BpeMEeHHU OoJjiee CTaOUIILHO,
MOATOMY JUIsl PETUCTpAlldd AYTOBBIX CIIEKTPOB, B OCHOBHOM, HCIIOJB3YIOT
dbotorpaduueckuit cmocoO. J[yroBeie CIEKTPhl MPUMEHSIOT ISl KaueCTBEH-
HOT'O U MOJYKOJIMYECTBEHHOIO aHAJIN3A.

Hckpa. [Ins nonydeHHs: HCKpPbI UCIIONIB3YIOT CIIEHUAIBHBIE UCKPOBBIE Ie-
Heparopbl. [Ipu ropennn uckpsl pazBuBaerca temmneparypa 7000—-12000 °C,
Y TIPOMCXOJIUT BO30YXKICHHE BCEX DJIEMEHTOB. JIIMTENTBbHOCTH HCKPOBOTO
paspsia mana, HO3TOMY 3a BpeMsl pa3psia yCIEBAaeT UCIAPUTHCS Majloe KO-
JIMYECTBO BEILIECTBA. 3a CYET 3TOT0 CHUXKAETCS YYBCTBHUTEIBHOCTH OIpEJIe-
JICHUSI TI0O CPABHEHHUIO C JYTOBBIM METOJIOM, HO OTCYyTCTBHE (hOHA OOecTeun-
BaeT OOJBIIYI0 TOYHOCTh pe3ysbTaToB. MICKpOBOW paspsii MPaKTUYECKH HE
paspyliaeT uccieayeMblii 00pasel, YTO BBITOAHO OTJIMYAET UCKPY OT AYTH.
DTO HAIUIO CBOE NMPUMEHEHUE B KPUMUHAIUCTHUKE. VICKpoBOU paspsa mo3so-
Js€T MPOBOAUTH JIOKAJbHBIM aHalM3 MOBEPXHOCTH METAVIOB M CIUIABOB
(MUKpOCTIEKTpaJIbHBIN aHATIHU3).

NHaykTUBHO cBsi3aHHasA muiasMma. [lnasmeHHas ropenka COCTOUT U3
TpeX KOHIIEHTPUYECKUX KBapIIEBBIX TPYOOK, HEMPEPHIBHO MPOIYBAEMBIX ap-
roHoM. [lo nienTpanbHOl TpyOKe mojaeTcsi mpoda B BHUJIE adpO30Jisi, CPEAHSIS
TpyOKa HyKHa JIJIsl CO3/IaHUs TJIa3MEHHOT0 MOTOKA, & BHEITHUI MOTOK apro-
Ha OXJIAXJAEeT M CTaOWUIU3HUPYeT TuiazMmy. ['openka HaXOAWTCs BHYTPU HH-
OYKUIMOHHOW KaTyIIKH, MOJCOEAMHEHHOM K paJiMOYaCTOTHOMY T€HEPATopy.
[Ina3ma BO3HUKAET 3a CUET UCKPOBOro pazpsiaa. [Ipu 3ToM aproH 4acTUYHO
MOHU3UPYETCS], 3aT€EM B BJIEKTPOIMPOBOSIIEM ra3e MHAYLHUPYETCS BBICOKO-
YaCTOTHBIN TOK, BBI3BIBAIONINN MAbHEUITYIO JJABHHOOOPA3HYI0 MOHU3AIHIO
raza. Temneparypa B mnazme coctanisier 5000-10000 °C. B mna3me mpowuc-
XOJUT BBICYIIMBAHUE MPOOBI, aTOMH3AIUs, HOHU3AINS U BO30yk1eHue oopa-
3yromuxcst atomoB U MOHOB. JloctonnctBamu WCII ABAstOTCA BBICOKAS J10J1-
TrOBpEMEHHasi CTAa0UJIBLHOCTh M BOCIPOM3BOAUMOCTD YCIOBUM BO30OYXKIEHUS;
camonorionienue B MCII HuuroxxHo Mano. HenoctatkamMu MeToa SABISIOTCS
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HE0OXOAMMOCTb MEePEeBEACHHs TPOO B PACTBOP U BBICOKAsi CTOMMOCTb 000PYy-
JOBaHUS.

2.5.3. lucrieprupyloimnu 3jJ1eMeHT

Jlucnieprupyomui 3JeMeHT pa3jiaraeT M3NyuyeHUe B CIEKTP. JTO Bak-
Hasl 4acTh CIEKTPAIbHOrO MpuOOpa, B 3HAYUTEIHbHON CTENEHH OMPEIeIIsio-
1asi €ro aHAIUTUYECKHE BO3MOKHOCTH M PAa3pEeILAOILy0 CIOCOOHOCTH (CHO-
COOHOCTh JaBaTh pPAa3AETbHOE M300pPAKEHUE JABYX CHEKTPaJbHBIX JIMHUN
¢ OJIM3KMMU JJIMHaMH BOJIH). B KayecTBe AMCHIEPrUpYyIOLIEro 3JIeMEHTa HC-
MOJIB3YIOT NPU3Mbl, OUPPAKYUOHHbIE peulemKU U UHmepghepeHyuoHHble YCm-
poticmaa. [locneaHne MPUMEHSIFOTCS pexe.

[Tpu3Mbl A1t COEKTpaiIbHBIX MPHUOOPOB M3rOTABIMBAIOT U3 CTEKJIA WU
kBapua. s paGoTbl B BUAMMOM M ONMKHEM HMH(PaKpacHOM JHara3oHax
CIIEKTpa MCIOJB3YIOT CTEKJISIHHBIC MPHU3MBI, JJISI UCCIEAOBAHUS YIbTpadHo-
JIETOBOM YacTH CIIEKTpa MPUMEHSIOT NpuU3Mbl U3 KBapua. udpaxuuoHHble
peIIeTKH B KAauyecTBE JUCHEPrHPYIOLIET0 3JIEMEHTAa MMEIOT CYIIECTBEHHBIE
JOCTOMHCTBA — pa3pelaroniasi ClocOOHOCTh PEUIETKH 3HAYUTENIbHO BBILIE,
YeM MPU3MBbI, COEKTPATbHBIM HHTEPBA, TOCTYIHBINA JIJIs1 UCCIIEIOBAHMS, 10C-
tato4yHo mHpokK (ot 200 o 1000 HM).

2.5.4. Perucrpanus ClieKTpoB

CymiecTByeT Tpu crioco0a perucTpaluu CreKTpoB — BU3yalIbHbIHN, (OTO-
rpadudeckuit 1 GOTOINEKTPUIECCKHUH.

Busyasbnblii cnoco6. ['1a3 yenoBeka 4yBCTBUTEIIEH K CBETY B 00J1acTU
cnekTpa npuMmepHo 400—760 HM U MOXKET YCTAaHOBUTH PABEHCTBO WJIU HEpa-
BEHCTBO WMHTEHCHUBHOCTEH CBETOBBIX MOTOKOB OAHOrO IBeTa. B mpubopax
JUISL BU3YaJIbHOIO aHAIM3a — CMUIOCKONAX — MOXHO C IOMOUIbIO MPU3MBI
BBIBOJIUTh B CHEKTPATbHYIO MIENb KaKyO-IMOO IJMHUIO CIIEKTpa MPOOHI
Y CPAaBHUBATH Ha TJ1a3 C UHTEHCUBHOCTBIO JIMHUM 3JIEMEHTa-cTangapTa. OTbI-
CKaB COBMA/IAIONINE IO MHTEHCUBHOCTH JIMHUM U 3HAsl COAEPKaHUE JIEMEHTA
B CTaHJApTHOM 00pa3iie, OLICHUBAIOT COJIEp KaHKe AJieMeHTa B npoode. Takoi
METOJ IPUMEHSETCS ISl OJIYKOJIMYECTBEHHOTO aHaJn3a CTalei.

dotorpaduyeckuii cnocod. boyiee yHuBepcanpHOU sBisieTcs ¢GoTo-
rpaduueckas (poroxumuueckasi) perucrpanus cnektpoB. [locie paszioxe-
HUS U3JIy4YeHUs MpoObl MO JJIMHAM BOJIH OHO HampaBisieTcs Ha (oToruia-
ctuHKy. [Ipu ocBemenuu kpuctramibl OpoMuja cepedbpa B CBETOUYBCTBU-
TEIbHOM cJi0€ (POTOIUIACTUHKH MPEBPAIlaloTCd B METAJUIMYECKOe cepedpo,
u ¢oToracTuHka yepHeet. [locne mposiBieHus u 3akperieHus: Ha (oToria-
CTHHKE OCTaeTCsl M300paK€HHE CMEKTPa B BUIE CHEKTPATbHBIX JUHUMA OIH-
HAKOBOM BBICOTBI, HO C Pa3HOM CTENEHBIO MOYEPHEHUS], KOTOpask ONPEaeIseT-
Csl HHTEHCUBHOCTBIO CBETOBOTO motoka. [lo cytu gema — 3to dotorpadun
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BXOJIHOM ILENU CIEKTPAJIbHOIO NpuOOpa, MOJyYeHHbIE NpPH UIMHAX BOJIH,
XapaKTepHBIX JJIs1 CIEKTpa U3IydeHUs: mpoObl. OTHOBPEMEHHO PETUCTPUPY-
I0TCSl JIMHUM BCEX KOMIIOHEHTOB MpoObl. Ha ogHy QoTomnacTuHKy MOXKHO
MocJieI0BaTeNbHO cPoTorpadrpoBaTh CIEKTPhl HECKOIBKUX MPOO, pazMenias
uX ApyT noj apyrom. s naeHTuduKamm JMHUN B CIIEKTpe Mpod ero cpas-
HUBAIOT C XOPOIIIO U3YYEHHBIM CIIEKTPOM 3JIEMEHTa (Yallle BCero — jKele3a),
JUTMHBI BOJIH B KOTOPOM XOpOIIIO M3BeCTHBI. CIEKTp Kejie3a CHUMAIOT Ha Ty
e TUIACTUHKY, MPSMO TOJI CIEKTPOM MPOOBI, YTO MO3BOJISET JIETKO yCTaHO-
BUTH JIJTMHY BOJIHBI IMHUU B CIIEKTPE MPOOHI.

[TouepHnenue ananuTHueckux JuHUN (S) Ha mposiBIEeHHON (QoToruia-
CTHHKE  HW3MEpSAI0T C  TOMOMIIbI0  BCIIOMOTaTENbHOTO  MpudOpa—
MUKpodoTOMeTpa:

S=1g0 (2.10)

Iy
rac IO — HMHTCHCHUBHOCTL CB€TA, HpOIHeL[HIeFO IlepCB HCSaCBequHYI'O 30Hy
doronnactunky; [y — WHTEHCHBHOCTH CBETA, MPOLIEUIETO YEPE3 30HY

CIIEKTPaJbHOW JINHUU dJIeMEeHTa X.

HoctounctBamu (pororpaduyueckoil perucTpaiu CleKTPOB SBIISIFOTCS:
BBICOKAsi 4yBCTBUTEJIBHOCTb, JIOCTATOYHO IIWPOKUN CIEKTPAIbHBIA HHTEp-
BaJl, BO3MOXKHOCTh XpaHUTh (pororpaduu CHEKTPOB U, B Cclydyae HEOOXOJIHU-
MOCTH, IPOBOJIUTH MOBTOPHBIC M3MepeHus. K uncimy HemoctaTkoB (oToria-
CTUHOK CIIEJlyeT OTHECTH HEPABHOMEPHOCTh WX 3MYJIbCHUU, MPUBOISILYIO
K JIOTIOJTHUTEIHHBIM TMOTPEIIHOCTSIM aHaJIn3a, a TAaKXKe JUTUTEIBHOCTh U TPY-
JTOEMKOCTh 00paboTKH (oToOMaTEpPHAIIOB.

doToriekTpUUeckas perucrpamus. [letexkropamu miis HoTodIEKTpHU-
YECKOW PETUCTpaLUM CIYXKaT ghomoanemenmol, omoouoovl, HomoymHo-
Jrcumenu — yCTPOUCTBA, OCHOBAHHbIC Ha MpuUMeHeHUHu (potorddekra u npe-
o0Opasyrolue CBETOBOM MOTOK B AJIEKTPUUYECKUI CUTHAN (M3BECTHO, UTO ¢o-
TOTOK MPUOJU3UTENIBHO MPONOPIUOHAIEH UHTEHCUBHOCTH HW3ITyYEHHUs], BbI-
3pIBatolero (ororddekr). 3aTeM IJIEKTPUUYECKUM CHUTHA YCHIMBACTCS
U TIOCTYIAaeT Ha camonucel. B oonokananvhwix cnexmpomempax MmeeTcs
OJIHa BBIXOJHAS IIENIb U OJUH (PoTo3IeMeHT ((HOTOYMHOKUTEIND). UTOOBI 3a-
PETUCTPUPOBATh BECh CIIEKTP, HAJIO MOOYEPETHO HAIPABISATH HAa BBHIXOJHYIO
HIeJIb CBET C Pa3HbIMU JJIMHAMH BOJIH. MHO2oKamanvhvie cnekmpomempbl
(kBaHTOMETpHBI) Oosiee ynoOHBI B pabore. Tak, Ha 24-KaHATIBHOM MPUOOpE
uMeeTcs 24 BBIXOIHBIC SN U CTOJIHKO )K€ MPUEMHHUKOB U3ITy9YCHHUS, YTO TI0-
3BOJISICT OJHOBPEMEHHO H3MEPATHh M3IydeHHE 24-X JUIMH BOJIH, COOTBETCT-
BYIOIIIUX Pa3HBIM dJIEMEHTaM.

B caMbIX COBpEeMEHHBIX KBAaHTOMETpaxX H3JyYEHHE IMPOOBI IOCIE €ro
pa3ioXeHHs] B CHEKTpP MOMAAaeT Ha TaK HA3BIBAEMYIO OUOOHYIO JIUHElKY, Ha
KOTOPOH TIOCIIEIOBATEIIBHO PACIIOIOKEHBI THICSYH MHUKPOTPUEMHHUKOB. JIn-
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HEWKa TMO3BOJSIET INMPUHHUMATh M3Jy4YEHUE HA YYACTKE CIEKTpa LIMPUHOMN
B JIECATKH U COTHU HAHOMETPOB, MPHU ITOM PETUCTPUPYETCA CHEKTP MPOObI
B LIEJIOM.

2.5.5. KayecTBEeHHBIN aHAJIN3

KauecTBeHHBIN CHEKTpalIbHBIM aHAIU3 OCHOBAH HAa CIOCOOHOCTH KaX-
JIOTO XMMHYECKOTO 3JIEMEHTA U3JIy4aTh XapAaKTEPHBIM JUHEWYAThIA CIIEKTP
(puc. 2.1).

Puc. 2.1 JIuHelWyaThIil COEKTP UCITYCKAHUS KAJIBLIS

Opnako oOlee Yucio JUHUN B CIIEKTPE MHOTHX DJIEMEHTOB OYEHb Be-
JUKO (HampuMep, B CIIEKTpPE jKelie3a HECKOJbKO COTEH JIMHUM, B CIEKTpE
ypana — 6osiee 5000 nunuit). [{ns menelt kKaueCTBEHHOTO aHAIN3a UCIOJIb3Y-
I0T TaK Ha3bIBaeMbl€ axaiumuieckue (nocieouue) aunuu. ITo Hauboee uH-
TEHCUBHBIC JIMHUU, MPU pa30aBIeHUU MPOOLI OHU MCYE3aAI0T M3 CIEKTpa Io-
cneanumu. [locnenHue IMHUU XOPOILIO U3YUYEHBI, UX JITMHBI BOJH U XapakKTe-
PUCTUKHA MHTCHCUBHOCTH MOMENICHBI B CIEIUAIbHBIC TAOJUIIBI WM aTIachl
CIEKTPANTbHBIX JUHUN. B X0/Ie KadyecTBEHHOTO aHalW3a B CHEKTPE MPOObI
OTBICKMBAIOT JIMHUU OMPEIEISIEMOro KOMIIOHEHTA IO JIJTMHE BOJHBI U UHTECH-
CUBHOCTH JIMHUU. [[7151 pacuinpoBKU CIEKTpa U ONpeIeICHUs] JUTMHBI BOJTHBI
JIMHUU TIOJIB3YIOTCS CHEeKMpAaMU CpAGHeHusl, Yallle BCero JJis 3TON LeNH HC-
MOJIB3YIOT CIIEKTp kene3a (cM. pasnen gororpaduueckast peructTpaius Criek-
TpoB). i Haje)KHOM HACHTUPUKALMU 3JIEMEHTa HEOOXOJUMO YCTaHOBUTH
B CIIEKTpe MPOObI HAJIMYMUE HECKOJBbKUX JIMHUM, COBIAJAONIMX MO JJIUHE
BOJIHBI U OTHOCUTEIHHOM MHTEHCUBHOCTHU C JIUHUSIMU ATAJIOHHOTO CIEKTpa.

KauectBennpiii anammu3 merogoM ADC MO3BOJSET OMNpeneisaTh Oolee

80 anemenToB. IIpenen oOHapykeHUS COCTaBISET OT 10 (Hg, Os, U u np.)
-5 .
1o 10 ~ % (Na, B, Bi u gp.). Cnegyer oTMETUTb, YTO OTCYTCTBUE JIMHUU Ka-

KOro-im0o0 3JieMeHTa B Npo0e MOXKET O3HayaTh, YTO KOHIIEHTpAIUs €ro
B NMpo0O€e MEHbIIIE Mpe/eaa OOHaApyKEHHUS.

2.5.6. KosinyecTBEHHBIN aHAJIN3

NHuTencuBHOCTD M3nydyeHust B ADC onpenensieTcss KOHIEHTpAaKue BO3-
OyKIE€HHBIX aTOMOB B Iu1a3Mme. [lpu TepMuueckoM paBHOBECHH ILIa3Mbl CO-
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OTHOUIEHUE YUCJa YacTHUI] B OCHOBHOM M BO30YXJIEHHOM COCTOSIHUSAX OIHU-
ChIBaeTCs ypaBHeHMEM boibiiMaHa

E

N,=Ny-Ee 4T @.11)
g0

rac NO , N* - 0611166 YHUCJIO aTOMOB B IIIIa3MC U 4YUCJIO B036y}KI[€HHBIX aTo-
MOB COOTBCTCTBCHHO, Zp, &« — CTAaTHCTHUYCCKHEC BCCa HCB036Y)KI[6HHOFO

Y BO30YX/I€HHOTO COCTOSIHUM; £ — 3Heprusi Bo30YyKIEHUsI; k — MOCTOSHHAs
bonsumana; 7'— Temneparypa.

Kak BUIHO, HHTEHCUBHOCTb CIEKTPAJIBHOW JMHUUA CUJIIBHO 3aBUCUT OT
TeMneparypbl Bo30yxxaeHus. OHaKo He BCe KBAHThI, UCITyCKaeMble BO30Y K-
JNEHHBIMHU YaCTHULIAMU, JOCTUTAIOT IIPUEMHMKA cBeTa. KBaHT cBETa MOXKET I10-
IJIOIIAThCSl HEBO30YKACHHBIM aTOMOM, 3TO TaK Ha3bIBAEMOE CaMOIOTJIOIIEe-
Hue. C yBenMYeHHUEM KOHLEHTpAIMy BEUIECTBA CaMOMOIJIOIIEHNE BO3pacTa-
erT.

Camornorionienre yuuToiBaeTcs B ypaBHeHnu Jlomakuna—I1laiioe

I=aC’, (2.12)

rae / — MHTEHCUBHOCTD CIEKTPAIbHON JUMHUU; @ — SMIUPUYECKUN KO3 du-
IUEHT, KOTOPBIM 3aBUCHUT OT peKMMa pabOThl UICTOYHUKA BO30YXKICHUS, €r0
CTAOMIBLHOCTH; b — KO3 HUITMEHT CaMOTIOTJIONIEHHUS.

[Tocne norapudmupoBanus ypaBuenus Jlomakuna — [1laiiGe momyuaercs
JUHENHas 3aBUCUMOCTb, YJI0OHAas JJis MOCTPOEHUS! TPaJydpOBOYHOTO Ipa-
¢duka:

lel =lga+blgC. (2.13)

VYpaBuenue (2.13) sBIsg€TCS OCHOBOM KOJWYECTBEHHOTO CIEKTPATILHOTO
aHanu3a.

Ha npaxtuke oObIYHO MCHOJIB3YIOT MHTEHCUBHOCTb HE OTIECIbHOW JIH-
HUU, & OTHOLIEHUE UHTEHCUBHOCTEH JIBYX CIEKTPaJIbHBIX JUHUHI, IPUHAIJIE-
KaIMX PA3HBIM dJIEMEHTaM U 00pa3yrolIUuX 20MOn02U4ecKyio napy. ITu Jd-
HUU JIOJDKHBI OBITH OJIM3KH 1O JITTMHE BOJHBI, 10 a0COIIOTHOMY IMOYEPHEHHIO
M OJIMHAKOBO YYBCTBHUTENIbHBI K HM3MEHEHUSIM TeMIeparypbl. TakoW mnpuem
oOecnieyrBaeT OOJIBIIYI0 TOYHOCTh CHEKTPAJIBHBIX ONPEIEICHUN, HO Jaxe
C MCTIOJIb30BAaHMEM OTHOCHUTENBHBIX BEJIMUMH TPATyHPOBOYHBIC Tpa()UKHU JIH-
HEIHBI JIUIIH B y3KOM KOHIIEHTPAIIMOHHOM MHTEpBAJIE.

JUIsi KOJIMYECTBEHHOIO ompenaeseHus 3iemMeHToB B Meroae ADC wuc-
MOJIE3YIOT METOJ] TPaTyHpOBOYHOTO Tpaduka (0cOOBI BapUaHT €r0 — METOJ
TpeX ATAJIOHOB, KOTJa JJIsl MOCTPOEHHUS IpaduKa UCHIOIB3YIOT TPU CTaHIAPT-
HBIX 00pasiia), MeToJ1 J0OABOK U METO] CPAaBHEHUS CO CTaHIAPTOM.
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2.6. ATOMHO0-a0CcOpOLIMOHHAS CIIEKTPOCKOIMS

ATOMHO-a0COPOIIMOHHBIN CIIEKTPATIbHBINA aHAIN3 TPEAJIOKEeH Y ollieM
B 1955 r. Ilpu mornomeHnnu KBaHTa cBeTa AV CBOOOJIHBIM aTOM MEPEXOIUT
B BO30YXJI€HHOE COCTOSIHUE:

A+ hv— A*

Haubonee BepoATHBIM U3MEHEHUEM SHEPTETHUECKOI0 COCTOSHUS aToMa
pu BO30YKICHUU SBIISIETCS €r0 MEePEX0] Ha YPOBEHb, OMMKaUIINil K OCHOB-
HOMY JHEPTeTUYECKOMY COCTOSIHHMIO, T. €. PE30HAHCHBIN mepexoa. Ecnu Ha
HEBO30YK/IEHHbI aTOM HANpaBUTh U3JyYEHHE C YACTOTOW, PABHOM 4acTOTE
PE30HAHCHOTO Mepexo0/1a, KBaHTHI CBeTa OyyT MOTJIOMIAThCS aTOMaMH, U WH-
TEHCUBHOCTH M3JIy4eHHs OyJeT YMEHbIIAThCA. B 3TOM COCTOUT mpUHIUTT Me-
TOZa aTOMHO-a0copO1moHHOM criekTpockonuu (AAC). AHATUTUYECKUN CUT-
HaJ CBS3aH C YMCJIOM HEBO30YkAeHHBIX aToMOB. Metoq AAC siBnsieTcs YHU-
BEpCAIbHBIM METOJIOM 3JIEMEHTHOTO aHalln3a, HO 3/1eCh MU3MEPSETCs aHallu-
TUYECKUI CUTHAJ TOJIbKO Ha OJHOM JIJIMHE BOJIHBI, IO3TOMY JJIsl ompezese-
HUSl KaXI0T0 3JIEMEHTa HEOOXOAUM CBOM MCTOYHHUK U3TY4YEHUS, T. €. METOJ
SBIISIETCS «OJAHORIEMEHTHBIM.

2.6.1. OcHoBHbIE Y3161 IpUOOPOB Aast AAC

[Tpu6opst 1 AAC BKIIIOYAIOT CIEAYIONIMEe OJOKU: UCTOYHUK H3ITyde-
HUS1, aTOMHU3aTOP, MOHOXPOMATOP, MPUEMHHK U3ITyUYECHHUS.

HcTouHuKoM M3IydeHust OOBIYHO SBJISIETCS IAMNA C NOAbIM KAMOOOM,
COZECpIKAIUM OMNpeAEaIeMblid 3JIeMeHT. Karoj Takod jaMmbl W3TOTOBJICH
B BUJIE METAJUIMYECKOTO CTaKaHYMKAa, HA KOTOPOM MPOUCXOAUT HCIAPEHHE
BEI[ECTBA M BO30Y)KJICHUE aTOMOB DJIEMEHTOB MPHU DJIEKTPUUECKOM paspsie
B aTMoc(epe MHEPTHOTO Ta3a Ioj] HeOONbIUM JaBieHueM. [[ns ompenerne-
HUS 3JIEMEHTOB C HU3KUMHU TeMIIEpaTypaMH IUIABJICHUSI UCTOIB3YIOT Tpadu-
TOBBIE KaTOJIbl, MPOMHUTAHHBIE COJIIMHU OINPEAENIEMbIX AJIEMEHTOB. AHOJ
B BUJIC METAJUIMYECKOTO CTEPKHS pa3MeIIatoT PSJIOM C KaTOJ0M U 00a dJieK-
TpO/Ja MOMEMIAIOT B CTEKJISHHBIM OAJIJIOH CO CTEKJISSHHBIM WJIM KBapIIEBHIM
OKOIIIKOM.

[lappl MmaTepuana kaTtojga MOMNAAAIOT MPHU AIEKTPUUECKOM pas3psizie
B I1a3my. B criekTpe cBedeHus: npu temrneparype okosio 800 K nabmronaroT-
Csl PE30HAHCHBIE YAaCTOTHI 3TOr0 3JeMeHTa. Jljisi onpejesneHus] MBIIIbSKa,
BUCMYTa, CYPbMbl U HEKOTOPBIX APYTHX AJIEMEHTOB MPUMEHSIOTCS JIAMIIBI
¢ CBY-B0o30yx/IcHHEM.

ATOMU3AaTOPBI. AHATU3UPYEMOE BEIIECTBO MOAAETCS B BUJE PacTBOpa
B niams ropenku, riae npu temmeparype 2000-3000 °C npoucxoaurt ucnape-
HUE PACTBOPUTENSL W aroMu3alnus MnpoObl. ['openku MMET chenuaibHYyIo
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KOHCTPYKIMIO, 00ECHeuHnBaIOUlyl0 MOCTOSHHYIO M JOCTaTOYHO OOJIBLIYIO
JUITMHY TIOTJIOMIA0NIEro ciios miameHu (5—10 cm).

[IIupokoe pacnpoCTpaHEHHE MOJYUYUIIM HETJIAMEHHBIE 371eKmpomepMu-
yeckue amomuszamopwl. Hanbonee m3BectHa rpa¢urtoBas kiroBera JIbBOBa,
KOTOpasi MPEACTaBIseT cO00N HEOOMbIIYI0 TPyOKYy, HaArpeBAEMYIO DJIEKTPH-
YeCKUM TOKOM 00ubIoil cuibl. [Ipoba B Buae pacTBOpa MM MOPOLIKA BHO-
CHUTSIC B OTBEPCTHE TPYOKH U MTHOBEHHO HCHAPSAETCs. DIEKTPOTEPMHUUECKUN
aTOMHU3ATOpP MO3BOJSET NPUMEHATH MPOObI MEHBIIEr0 O0bEMa, MOBBICUTH
TOYHOCTb OIpENEICHUs] U CHU3UTh INpeaen oOHapyxeHus Oosee, yeM Ha
2-3 nopsiaka.

B xauecTBe MOHOXPOMATHU3ATOPOB MPUMEHSIOT MPU3MBI WIH JUPPaKIH-
OHHbBIE PElIeTKU. B KauecTBe MPHMEeMHHUKOB CBeTa UCIIOJIB3YIOT (POTORIEMEHTHI
Wi poToyMHOKUTENH. DOTOINEKTPUUECKAST PETUCTPALIUSl CUTHAJIA UCIOJb3Y-
eTcst Bo Becex BapuanTax AAC, He3aBUCHMO OT CIIOco0a aToMU3allvu.

B AAC npakThuecKky MOTHOCTBIO UCKIFOUYEHA BO3MOKHOCTD HAJIOKEHHUS
JMHUMN Pa3INYHbIX 3JIEMEHTOB, TaK KaK B YCJIOBHUSX aTOMHO-a0COPOILIMOHHOTO
aHAJIM3a YUCJIO JIMHUIN B CIIEKTPE 3HAYUTEIILHO MEHBIIE, YEM B OMUCCUOHHOMN
CHEKTPOCKOIIHH.

2.6.2. Kosin4yecTBEeHHBIN aHAJIN3

KonueHnTpanmonHass 3aBHCUMOCTBH TIOTJIOIIEHHOM CBETOBOW JHEPIUU
BBIPAYKAECTCA YPAaBHEHUEM

Azlg(%ojzklc, (2.14)

rac IO — MHTCHCHBHOCTD IIaJAarOMICro IOTOKa CBCTA, I — UHTEHCUBHOCTb I0-

TOKa CBETa, MPOLIEAIIEro Yepe3 MmiiaMs; BeIUYHHY 4 MOYKHO Ha3BaTh OMNTH-
YECKOM IMIOTHOCThIO; K — KO3 (ULIHUEHT MOTIOLEHHUsT; [ — TONIIKWHA TOTI0-
1raero cijos (miaMeHu) Wi JUIMHA KIOBETHI, CM.

OTKJIOHEHUSI OT JMHEWHOCTH BBI3BIBAIOTCS HECTAOMIBHOCTHIO PabOTHI
pa3IMUHBIX Y3JI0B crieKTpodoTomerpa (MCTOYHUKA BO3OYKIIEHHS), HEMOHO-
XPOMAaTHYHOCTHIO JIMHUIA UCITYCKaHHUS UCTOYHHMKA | T. 1. B pakThKe aHaIM-
32 00BIYHO MCTIOIB3YIOT METOJ TPaAyUPOBOYHOTO Tpaduika u MeTo 1 J0OaBOK.

Metonpt AAC UCTIONB3YIOTCA B aHAIN3€ MPAKTHYECKH JTIO00TO TEXHH-
YEeCKOT'0 WM MPUPOJHOTO 00BEKTA, OCOOCHHO TaMm, rie HEOOXOAUMO Ompe/e-
JUTh HEOOJBINE COJEPIKAHMS JIEMEHTOB U TNie HE TpeOyeTCs yCTaHABIIH-
BaTh TOJHBIM cocTaB mpoObl. Meroauku pa3paboTaHbl Oojee YeM st
70 anementoB (Mg, Zn, Cu, Ca, Pb, Fe, Ag, Ni, Hg, Cd, Bi u ap.). I3 Texande-
ckuX 00beKkTOB MeToqoM AAC aHATM3UPYIOT METaIbl, CIUIABBI, MPOAYKTHI
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THJIPOMETAJUTYPrUUeCcKOil nepepaboTKu Py, pa3iuyHble KOHUEHTPAThl U T. 1.
AAC npuMeHSIIOT IJ1s aHaJIu3a MoYB, YA0OpEHUM, pacTeHUH, MUILEBBIX MPO-
IYKTOB, JIEKAPCTBEHHBIX MpENapaToB, NapPOMEPHON U KOCMETHYECKOUN MPO-
AYKLIMH; METOJ NPUMEHSIOT TaKXXe B KIMHUYECKUX M OMOXMMHUYECKUX aHa-
JU3ax.

2.7. MoJekyJsipHasi a0COpOLMOHHAS CIIEKTPOCKOUSA

MosnekynsapHbIi aOCOPOITMOHHBIA aHAIM3 MOXHO KiacCH(DHUIMpOBaThH
B COOTBETCTBUU C YYaCTKOM 3JIEKTPOMATHUTHOTO CIEKTPa, UCIOIb3YEMOTO
IUIsl 0OJTy4EeHMsI aHATTM3UPYEMOTo BellecTBa. B 3ToM ciiydae Ha3BaHUE METO-
Jla COOTBETCTBYET Ha3BaHUIO 00JACTH CIEKTPA.

1. Yavmpaguonemosaa cnekmpockonusa (Y @-cnekmpockonus). J1iis
00JTydeHUs UCTIONB3YyeTCs yibTpaduoseroBoe uznyuenue, A = 180—400 um.

2. Cnexmpockonusa euoumoii ooaacmu. Vicionb3yeTcss BUIUMas 4acThb
cnekTpa ¢ Habopom muH BosH: 400—760 HM.

3. Hugppakpacnasa cnekmpocxkonua (HK-cnexmpockonusn). Il o06-
JyYEHHUs aHAJIU3MPYEMOro BEIECTBA UCIOJIb3yeTcsl MH(]paKkpacHas 00JacTh
CIEKTpa.

Meton MoJiekyJisspHON abcopOIMOHHON cniekTpockonuu B Y d- u Buau-
MOM 00JIaCTSIX CHEKTpa OOBIYHO HA3bIBAIOT cnekTpodoToMerpueii. B 3apu-
CUMOCTH OT THIa aOCOPOIIMOHHBIX CIIEKTPAJIbHBIX MPUOOPOB pa3inyaroT ¢po-
TOMETPUYCCKHIN U CHEKTPOPoTOMETPpHUYECCKHMH METONbl. X CpaBHUTENb-
Hasl XapaKTepUCTHUKa pUBeAeHa B Ta0m. 2.2.

Tabnuna 2.2
(DOTOMeTpI/I‘—IeCKI/Ie METOAbI aHaJIN3a
Pabouas Cnoco6
Tun Perucrpupyemsie
Merton o0nacthb MOHOXPO-
npudopa CUTHAJIbI
CHEKTpa, HM | MaTH3aluu
®otometpust | PoTomeTp Bunumas Caero- Ontuyeckast I0THOCTb
(poTtokomo- | 400—750 buIbTp (4) u mpontyckanue (7) B
pUMETD) Jarna3oHe JUIMH BOJIH, OT-
BEYaloIIeM
10JI0CE TMPOITyCKaHMs CBe-
TopUIbTpa
Cnektpodo- | Cnektpodo- | YO uBuau- | MoHoxpo- | OnTHueckas III0THOCTh
TOMETPUS TOMETD Mas matop win | (4) u nponyckanue (7) npu
100-750 IOJIMXPO- A = const; AIEKTPOHHBIC
MaTop CHEKTPHI MOTJIOIIEHUS B
BUzE KpUBBIX A = f(A),
A=fv), T=fN), T=AV)
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Oba Meroga 0OBEIMHAIOT B OAHY Ipynmny (OTOMETPUUYECKUX METOJOB
ananu3a. Korma ompeneneHue MpoBOISAT B BHAWMOM YacTH CIIEKTpa, 4acTo
UCIIOJIb3YIOT TepMUH (oTOKOJOpUMeTPHs (OT JiaT. color — 1BET), MOCKOJIb-
Ky UMEIOT JIeJI0 C OKpalleHHBIMU pacTBopamu. Eciu ke goTomerpuyeckoe
UCCIIEIOBAaHUE MPOBOASAT B YIbTpaQHONEeTOBON, MHPpPAKPACHON MU APYron
YaCTH CIIEKTPa, KPOME BUAUMOM, TO TEPMUH «KOJIOPUMETPUS HEMPUEMIIEM.

2.7.1. 3akon byrepa—J/lam0epra—bepa

OCHOBHBIE MOJIOKEHHSI M 3aKOHBI a0COPOIIMU U3ITyYEHHUs CHPABEITUBbI
IUIsL BceX 00JiacTel CIeKTpa — OT PEHTT€HOBCKOro J10 paauounsnydenus. Ko-
JIMYECTBEHHO IMOIJIOLICHUE H3JIYyYECHHS] CUCTEMOM OIMCHIBAECTCS 3aKOHAMU
byrepa—Jlam6epra—bepa u aniMTUBHOCTH.

IIpn DpOXOKIEHUM HU3IYYECHHs] 4epe3 PacTBOP CBETONOINIOLIAOILIErO
BELIECTBA MOTOK M3JIy4YEHMs OCIa0sAeTCsl TeM CUJIbHEE, YeM OOoJblle dHep-
MU MOIJIOIIA0T YaCTUIBl JAHHOIO BelecTBa. [IoHMKeHME MHTEHCUBHOCTH
3aBUCHUT OT KOHILICHTPALMU MOTJIOIIAOLIEr0 BEIIEeCTBA U JUIMHBI IIyTH, IIPO-
XOJUMOTO TOTOKOM. OJTa 3aBHUCHMOCTb BBIpA)KaeTcs 3aKOHOM byrepa—
JlambepTa—bepa.

YToOBl yuecTb MOTEPHU CBETA, MPOLIEIIEr0 Y€PE3 PacTBOP, HA OTpaxKe-
HUE U pacCesiHUEe, CPAaBHUBAIOT MHTEHCHUBHOCTH CBETA, MPOIICIIIErO 4Yepes
HCCIIEyEMBIN PACTBOP U PACTBOPUTEIID.

IIpyn onvHAKOBOW TOJIIMHE CIOSI B KIOBETAX M3 OJHOIO Marepuaia, co-
JEpKAIIKMX OJUH U TOT K€ paCTBOPUTEIIb, IOTEPU HA OTPAXKEHUE U PACCESIHUE
cBeTa OyayT MPUMEPHO OJUHAKOBBI Yy 00OMX MYUYKOB CBETA, U YMEHBIIECHUE
MHTEHCUBHOCTH OYJET 3aBUCETh OT KOHLIEHTPALMK BELLIECTBA.

OTHOILIEHHE UHTEHCUBHOCTEMN NMAJatOIEro U BBIXOASAIIETO TIOTOKOB CBE-
Ta Ha3bIBAIOT MPOMYCKAHUEM, WK KOA(P(PUIUEHTOM IPOITYyCKaHUS:

T=—1, (2.15)

rac IO — MHTCHCHUBHOCTbD IIaJArOIICro 1OoTOKa CBCTA, I — UHTEHCUBHOCTD I0-
TOKa CBCTA, IIPOCAUICTO YCPE3 paCTBOP.

[Ipomyckanue BbIpaXkatoT B mporeHTax. [ns abcomoTHO mpo3payHbIX
pactBopoB 7' = 100 %, nyst abconroTHO Henpo3payHbix 7 = 0.

B3stb1il ¢ 00paTHBIM 3HaKOM JorapudM 7 Ha3bIBAIOT ONTUYECKON IJIOT-
HOCTBIO A

A=—lgT =—lg—-. (2.16)
Iy
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Jlns abconroTHO TIpo3padyHoro pactBopa A = 0, s aOCOIIOTHO HENpo3pad-

HOTO — A —>00.
YMeHbIIIEHNEe UHTEHCUBHOCTU U3ITyYEHUSI IPU MPOXOKJICHUH €Tr0 Yepes
pacTBop noaunHseTcs 3akony byrepa—Jlamoepra—bepa:

i — IO_SIC’

Iy

(2.17)

501041

—lgT=A4A=¢lC, (2.18)

I7Ie &— MOJIIPHBIN KO3 (GUIIUEHT MOTIIOMICHHS; [ — TOIIIMHA MOTJIOIAIOIIETO
ciost, cM; C — KOHIIGHTpAIUsl pacTBOPa, MOJIb/J.

DuU3NYECKU CMBICT MOJISIPHOTO KO3(DUIIMEHTa TOTJIOINIECHUS CTaHO-
BUTCS siceH, ecnu npuHATh [ = 1 cm, C = 1 monw/n, Torna A = & Cnenona-
TEJILHO, MOJISIPHBIA KO3(PUIIMEHT TMOTJIOMICHUS PaBEH OMTHYECKOW TIIOTHO-
CTH OJTHOMOJISIPHOTO pacTBOpa C TOMIMIMHOM ciost 1 cm. MomnsipHbiit K03 du-
IUEHT MOTJIONICHUS — UHAUBUIyaJbHAas XapaKTEPUCTHUKA BEIIECTBA, OH 3aBU-
CUT OT MPHUPOJIbl BELIECTBA U JYIMHBI BOJHBI U HE 3aBUCUT OT KOHIIEHTPALIUU
U JUTUHBI KIOBETHI.

B nuteparype yacto BcTpeuaroTcsl pa3iduHble Ha3BaHUS U 0003HAYEHUS
OJIHMX W TeX XK€ BeluuuH. B Tabmn. 2.3 yka3aHbl HEKOTOPbIE TEPMHUHBI, UC-
MOJIb3yeMbI€ Hapsay C MPUBEIECHHBIMU BBIIIIE.

Tabauma 2.3

OCHOBHBIC BEJTMYHMHBI,
HCIIOJIb3YEeMbI€ B a0COPOIIMOHHOMN CITIEKTPOCKOIUHU

BennuuHbl Onpenenenue PasmepHOCTB WNHoe nazBanue

1 0003HAUYEHHUS 1 0003HAUYEHUE
[Iponyckanue T 1/1 6e3pazMepHa [Ipo3paunocts T
Onrtryeckas MI0THOCTh 1 6e3pa3mepHa [Tormomenue /1,
A ~lg [_O DKcTUHKIMSA E
Koaddumment A 3aBUCHUT Koapdpumment
MOTJIONIEHHS a, k E oT pasmepHocTd C 1/ | SKCTUHKITUH k
MousnstpHbli A 1 MonsipHblit
K02 PUIEHT ic oM - MOTTh K02 durmeHT
TIOTJIOLIEHUS € AKCTUHKIIUU
TonmuHa ciaos - cM b, d
(nmuHA KIOBETHI) /

3HayeHUEe & OTPaKaeT CIIOCOOHOCTh BEIECTBA MOTJIONIATh CBET. JTa
CIIOCOOHOCTh HE O€3rpaHryYHa W OMpPEENSIeTCs] CTPOSHUEM MOJIEKYJIbI, MaK-

5 B -
CHMAaJIbHO BO3MOKHOE 3HaYEeHHE & COCTaBIgeT ~ 10” a1+ cM ' - MoJb .
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OrpannyeHusi M yCJIOBUS PUMEHNUMOCTH
3akoHa byrepa—J/lam0epra—bepa

JluHerHas 3aBUCUMOCTb MEXKJY ONTUYECKOW INIOTHOCTBIO U TOJIIUHOMN
CJIOSI TIPU JJAHHOW KOHIICHTpAIlUU SIBJISETCS OOLIMM MPaBUIIOM, U3 KOTOPOTO
HeT uckiIroYeHui. HaoGopoT, ¢ OTKIOHEHUSMH OT JMHEHWHOW 3aBHCUMOCTH
MEXYy ONTHYECKOW IUIOTHOCTBEO M KOHLEHTPALMEW IMPU MOCTOSIHHOM TOJI-
[IAHE CJI0S MMPUXOJUTCS CTATKUBATHCS JOBOJBHO 4acTO. HEeKOTOphIE U3 3TUX
OTKJIOHEHUH HOCAT (DyHIaMEHTAIBHBIN XapakTep, IPYrue CBA3aHbl CO CIIOCO-
OOM M3MEpPEeHHS ONTHYCCKOU IUIOTHOCTH MJIU C COCTOSHHUEM OIPEeSasIeMOro
BENIECTBA B PACTBOPE.

1. 3akon bepa crpaBemnuB s pa30aBiieHHbIX pacTBOpoB. IIpu BeICO-

KX KoHeHTpanusax (> 0,01Momib/11) cpeHee pacCTOSHUE MEXITY YacTUIIAMU
MOTJIONIAIOIIETO BEIIECTBA YMEHBIIAETCS J0 TAKOM CTEMEHH, YTO KaKIas
YyacTUlla BIUAET HA paclpeiesieHue 3apsja COCEAHUX YaCTHIl, YTO, B CBOIO
ouepeb, MOXKET H3MEHUTh CIOCOOHOCTh YAaCTHI[ TOTJIONMATh H3ITYyYEHHUE
JAHHOM JUTMHBI BOJIHBI.

2. Koaddunument ¢ B ypaBHenuu (4.17) 3aBUCHT OT TMOKazaTensl mpe-
JIOMJICHHUS Cpelibl. Y BeJIMYEHUE KOHIIEHTPALUU PACTBOpPA MPUBOJIUT K 3HAUM-
TEJILHOMY U3MEHEHHUIO TIOKA3aTeNs MPEJIOMIICHHUS 71 1 OTKJIOHEHHIO OT 3aKOHa
bepa (mokasarenu npenomiieHus pa30aBlIEHHBIX PacCTBOPOB U PACTBOPUTES
OTJIMYAIOTCSI HECYIIECTBEHHO).

3.3aKoH copaBelJIuB JIE MOHOXpPOMAaTHYECKOro wusnydeHus. Ctporo
roBopsi, ypaBHeHue (4.17) cieyer 3anuchiBaTh B BUIE

A;\‘ ZSKZC. (219)

WNuaexc A yka3bIBaeT, YTO BEJIUYUHBI A U & OTHOCSTCS K MOHOXPOMATHU-
YECKOMY CBETYy C JJIMHOM BOJMHBI A. HEMOHOXpPOMAaTHUYHOCTH CBETOBOIO MO-
TOKa CBsI3aHA C HECOBEPILIEHCTBOM ONTHYECKHUX NMPUOOPOB. OTKIOHEHUE OT
3akoHa bepa meHee 3aMeTHO, €ciiu JUIMHA BOJIHBI HE MPUXOAMUTCA Ha 4acTb
CIEKTpa C PE3KUM U3MEHEHHMEM ONTHYECKOW MIIOTHOCTH. Ha mpakTuke nsme-
peHue A cTpeMATcs IPOBOJANTH B MAKCHMYME CBETOIOTJIOIICHHUS.

4. TemrniepaTypa Ipu U3MEPEHUAX JOJKHA OCTaBATHCS IOCTOSSHHOM XOTS
ObI B IIpe/iesiax HECKOJIbKUX IPayCcoB.

5. Ilyuyok cBeTa JOMIKEH OBITh MapayljieTbHbIM.

6. Ypasaenne (2.18) cobmromaercst ajisi CUCTEM, B KOTOPBIX CBETOIOTIIO-
HIAIOMIMMH LIEHTPaMH SIBJISIOTCS YacTHULIBI OJHOTO COpPTa, T. €. OTCYTCTBYET
XUMHYECKOEe B3auMojieicTBue. Eciyu npu M3MEHEHUM KOHUEHTpauuu Oyner
MEHATBCS TPHUPOJA ATUX YaCTULl BCIEACTBHE, HANpPHUMEp, KHUCIOTHO-
OCHOBHOT'O B3aMMO/ICHCTBUS, MTOJIMMEPU3ALUH, JUCCOUUAIUHN U T. [I., TO 3aBU-
cumocth A = f(C) He OyaeT TMHEUHOH, T. K. MOJISIPHBIN KO3 (UIUEHT MOTI0-
IIEHUS1 BHOBb 00Pa3yIOLUXCsl U UCXOAHBIX YaCTUI] HE OYAET OJUHAKOBBIM.
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Knaccuueckum mnpumepoMm sBiseTcsl He3a0ydepupoBaHHBIM pacTBOP
AUXpoMara Kajus, B KOTOPOM IIpH pa30aBICHUM YCTAHABIMBAETCS CIIEYIO-
111e€ paBHOBECHE:

Cr,0; + H,0 = 2HCrO, = 2H + 2Cro,”

Momnsipabsie K03(phULIMEHTHI AUXpOoMaTa, THAPOXpOMAaTa U xpomara J0-
BOJILHO CHJIBHO Pa3IMYarOTCs. 3aBUCMMOCTh ONTHUYECKOW IUIOTHOCTH OT 00-
el KOHIICHTPAIIMU XpoMa He OyeT JIMHEHHOM.

Orpannyenust 1 u 2 ABISAOTCA UCTUHHBIMH, OCTAJIBHBIE HA3bIBAIOT Ka-
KYIIUMUCS; orpaHrudeHust (3—5) 3aBUCAT OT YCIIOBUN MPOBEIAECHUS IKCIEPU-
MEHTA, UX CBSA3BIBAIOT C MHCTPYMEHTAJIbHBIMU ITpuunHamu. llocinennee us
OTPAaHUYEHUN BBI3BAHO XUMUYECKUMU IPUUMHAMMU.

[Ipu BeIMOTHEeHWU 3akoHa bepa rpaduk 3aBUCHUMOCTH ONTHYECKON
MJIOTHOCTU OT KOHIIGHTPAIIMU TPECTaBIACT COOOW MPAMYIO, TIPOXOISITYIO

yepe3 Havyaylo koopauHar (puc. 2.2), a dynkuus 4, = f(A) UMeeT OJUH U TOT
K€ BUJ HE3aBUCUMO OT TOJIIMUHBI CJIOS U KOHIEHTpAIMU pacTBOpa, U IMOJ0-
KEHWE MaKCUMYyMa TIOTJIOIIeHUsT coXpanseTcs (puc. 2.3).

C A Hm

Puc. 2.2. 3aBUCUMOCTD ONITUYECKOM Puc. 2.3. CnekTp noraomnieHus
TJIOTHOCTU BEIIECTBA OT KOHIICHTPAIlUU BEIIleCTBA MPH COOTIOICHUN

npu coOrroiennu 3akona bepa 3akoHa bepa. C; < C, < C3< (y

3aK0H A IUTUBHOCTH

Onrryeckast INIOTHOCTh — DKCTEHCHUBHOE CBOMCTBO BemiecTBa. llormo-
IIEHUE CBETAa KAKUM-IM00 BEIIECTBOM HE 3aBUCHUT OT MPUCYTCTBUS B PACTBO-
pe Apyrux BEIIECTB, U ONTUYECKAs IJIOTHOCTh CMECU BEILIECTB paBHA CyMME
ONTHUYECKUX IJIOTHOCTEW Ka)XJOTO M3 HUX. DTO CIPABEIJIMBO MPU YCIOBUU
MOJYMHEHHUS KaKJI0ro BemecTBa 3akoHy byrepa—JlamGepra—bepa u B oTCyT-
CTBHE XMMHYECKOI'O B3aUMOJICUCTBUSA MEXAy HUMH. Tak, uisi cMecu m Be-
IIECTB MIPU OJHOW W TOM K€ JJIMHE BOJHBI UMEEM

A=A +A4,+ -+ A4, (2.20)
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NIIn
A}L :l(S}\"lcl +87\"2C2 +"'+87L,mcm). (221)

[lpuHiun agIUTUBHOCTA (CYMMHUPOBAHMSI) ONTHYECKUX TIUIOTHOCTEH
LIMPOKO UCTIOJIB3YIOT B AHAJTUTUYECKON XUMUMU.

2.7.2. CrieKTpbI NOTJI0LEHUS

CooTHOIIEHNE MEXAY IOIJIOIIEHUEM M YacTOTOW H3JIy4EHHUS 4YacTO
CIY’)KUT XapaKTEPUCTUKOW XHUMHUYECKHX COCIWHEHUH. DIJIEKTPOMArHUTHOE
U3JIy4eHHE MOTJIOUIAETCS BEIIECTBAMHU M30MpPaTeNIbHO: MPU HEKOTOPBIX AJIU-
HaxX BOJH CBETOIOIVIOIIEHUE MPOUCXOAUT WHTEHCHBHO, a MPU HEKOTOPBIX
CBET HE mnorjiomaercs. THTEeHCUBHO MOTJIOIMIAIOTCS KBAHTBI CBETA, YHEPTHUS
KOTOPBIX (V) paBHA SHEPTUU BO30YKIACHHS YaCTULIBI.

I'paduueckoe n3obpakeHune pacnpeaeseHus MorionaeMol SHEPruu Mo
JUIMHAM BOJIH Ha3bIBaeTCs CHEeKTPOM moruomeHusi. CrnocoObl mpencrasie-
HUS CIIEKTpa Pa3jIu4Hbl B 3aBUCUMOCTH OT BEJIIMYMH, OTKJIAJbIBAEMBIX IIO
ocsiM KoopauHat (puc. 2.4).

KosruecTBO MOIIOMEHHON CBETOBOM YHEPTUH BBIPAKAIOT BEIMYNHAMMU
T, A, . BeiOop TOM miaM WHOW BETWYMHBI OMPENEISAETCS 00JIaCThIO CTIEKTpa,
BEJIMYMHOM MOTJIOLIEHHUS, 3aja4aMy UCCIIEJOBAaHUS U T. II.

B Bunumoit u Y ®-o06sactsax crekTpa 0ObIYHO UCIIONIB3YIOT KOOPAUHATHI
A=fA)wmlg 4 = f(4), ¢ =f(A); B UK-crieKTpoCKONTUY NPEANOYUTAIOT
MIPEICTABIIATH CIIEKTPHI B KoopauHatax 17 = f{v).

OCHOBHBIC XaPAKTEPUCTUKH CIIEKTPA. YUACTOK CIIEKTPa, HA KOTOPOM
HaOJII0AAeTCsl MHTEHCUBHOE TMOTJIOIICHUE H3IIy4YeHUs, HA3bIBAIOT MOJIOCOM
norJiomeHus. Hanbonpmuii uHTEpEC I aHANIHM3a MPEJCTABISIOT CIIEIYIO-
[[1€ XapaKTePUCTUKH CIIEKTPA: YUCIO MAKCUMYMOB (TI0JIOC MOTJIOMIEHUS ), KX
MOJIOKEHUE TI0 LIKaJIe JUIMH BOJIH, BEICOTA MAKCUMYyMa (3HAYEHUE MOJIIPHOTO
KO3 UIMEHTa & B MAaKCUMyM€ TOTJIONICHHSI), HHTEHCUBHOCTH TOJIOCHI TO-
rJoeHus1, mupruHa u ¢opma mnosaockl (puc. 2.5). llupuny nmosocs! morio-
IICHUS] PUHATO XapaKTePU30BaTh BEIMYMHON O — MOJTYIIMPUHA MOJIOCHI MO-
TJIOMICHUS; €€ U3MEPSIOT MPHU € = 1/2 &pax-

JUIsl aHaIUTUYECKOW MPAKTUKUM MMEET 3HAYEHUE MOTJIOLIEHUE MPU Oll-
pEAENIEHHON JJIMHE BOJHBI, TO3TOMY IPH XapaKTEPUCTUKE IMOJIOC UCIOJIb3Y-

10T 3HAY€HHE MOJISIPHOrO KO3(P(PUIIMEHTa B MAKCUMYME MOTJIOIEHUS — Enpax-

O4YeBUIHO, YEM BBIIIC &pa 1 MEHBIIIE IIMPHUHA TOJOCHI, TEM BBIIIIC YYB-
CTBUTEIBHOCTH OIPEACIICHUS JIAHHOTO BEISCTBA.

MomnekynsipHas abcopOIIMOHHAs CIIEKTPOCKOMNHS HaOI01aeT U3MEHEHHUSI
OHEPIeTHYECKOTO COCTOSIHHSI MOJICKYJ TIPH TOTJIOMICHUHM H3JIy4eHus. U3
BO3MO>XKHBIX BHJIOB JIBHKCHHS MOJICKYJIBI — BPAIICHHUS YaCTHIIBI KaK IIEJIOTO,
KosieOaHus Aaep U BO30OYXACHUS SJIEKTPOHOB — OCOOCHHO OOJIBIIOE aHAJH-
TUYECKOE 3HaUECHNE UMEIOT JIBA MTOCJICTHUX.
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Puc. 2.4. Crioco0OsI mipeicTaBieHus: CIEKTPOB MOTJIOIICHHS.
Ci:C:(C3=1:2:3

Smax | - - — - — - __ __

Smax mrp - \

?\4'1 2 7\4ma):: ?\-I'I 2 ?\4

Puc. 2.5. Ilonoca mornomeHus
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BpamareiabHble ClIEKTPbI

Bpamenue MosieKkysn nposiBiIeTCs y BEUIECTB JUIIb B ra3000pa3HOM CO-
CTOSTHUU, B KOHJICHCUPOBAHHBIX COCTOSIHUSIX (PKMJIKOM W TBEPJIOM) BpalllCHHE
3aTpyAHEeHO. BpaileHne MoJjekyn raza MOXKET BbI3BaTh U3JyYEHHE C 4acTo-

toit 10'"'-10"” TI'm (BomHoBoe umcmo v~10-10° cM '); SHeprus KBaHTOB
B 3TOI 0bOsacTu cnektpa paBHa 1,2 kJ[>k/Moib 1 MeHbILIE (M0 APYTHM CBEJie-
HusM oHa coctaBisieT 0,01-0,4 xJ[x/Monb). DTO 3HAYEHUE COUBMEPHUMO
C PHEPTUEH TEIJIOBOTO JIBM)KEHUs. BparaTenbHble CIIEeKTPhl HAOIIOAAI0T MPU
MOMOIIM MUKPOBOJHOBOW TEXHUKH (TSKEJIbIE MOJIEKYJIbI) WJIM METOJIOB WH-
bpakpacHoil crnekTpockonuu (OoJiee Jerkue MoJjekysbl). Jus ananutThue-
CKUX IIeJIed OHM UMEIOT HEOOJIbIIIOEe 3HAYCHHUE, X TPUMEHSIOT TJIaBHBIM 00-
Pa3oM JJisl UCCIIEIOBAHMS CTPOCHUSI MOJIEKYI.

KosiebaTenbHbIE CTIEKTPBI

CHCKTpBI, COOTBCTCTBYHOIIINC KOJIeOaTeIbHBIM [nepexoaam, Ha6J'IIOI[aIOT

B nHMpakpacHoii o6macti (v ~ 10—5-10° cM '), 4TO COOTBETCTBYET SHEPrHH
KBaHTOB OT 3 110 60 k/[»/Moib (cornmacHo Apyrum nanHbiM, 0,4—15 kJk/Moub),
MOA3TOMY MPU OOBIYHON TEMIEPATYPE IHEPTETHUECKOE COCTOSTHHE MOJIEKYJIbI
XapaKTepu3yeTcsi OCHOBHBIM KojebaTrenbHbIM ypoBHeM. KomaudecTBo BO3-
MOXXHBIX KOJEOaHMI 3aBHCHT OT YHCJIa aTOMOB B MOJIEKYJIE; YUCIIO HAOJIO-
JaeMBbIX KOJeOaHuil 00yCIOBICHO CUMMETPUEH MOJIEKY L.

IIpocthie Mosekyabl. B 1ByXaTOMHON MOJIEKYJIE Sipa €€ aTOMOB CO-
BEpILAIOT MaJyible KOJeOaHWs OTHOCHTEIHHO MOJIOKEHUSI pPaBHOBECHUS. DTHM
KOJICOAHMSIM OTBEYAET JUCKPETHBI HA0Op COCTOSHUN M COOTBETCTBYIOIIMX
UM BHepreTuueckux ypoBHeil. KoneOarenbHoe ABMKEHHME aTOMOB MOKHO
MPUOJIMKEHHO ONMUCATh 3aKOHOMEPHOCTSMH KJIACCHUECKOU (DU3UKU, UCTIOIb-
3yl MOZENb rapMOHMYECKoro ocuuiuiAropa. Kaxaoe cmelieHne aroMHOIo
A7Ipa U3 PABHOBECHOI'O MOJIOXKEHUS MPUBOAUT K MOBBILIEHUIO NMOTEHIMAIIb-
HOW sHepruu MoJekysbl. [loTeHIanpHas sHeprust AByXaTOMHOM MOJIEKYJIbI
OIKCHIBAETCs MapaboJiol, BEPIIMHA 7() COOTBETCTBYET IMOJIOKEHHUIO PaBHOBE-
cus (puc. 2.6, kpusas /).

CoOCcTBEHHOE 3HAUCHUE OHCPIUHU OIIPCACIIACTCA BBIPAKCHUCM

Eon =(V +1/2)hvy, (2.22)

rae V — konebarenpbHOe KBaHTOBOE unciio; V=0, 1, 2, 3...
OtmetuM, yto 1ipu V' = 0 (OCHOBHOE COCTOSTHUE) BEJIMYMHA SHEPTUU £ >
0 (nyneBas koneOaTenbHast SHEPTHS).
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[IpaBunamu oTOOpa B TaKMX CHCTEMAaxX pa3peuieHbl MEepexobl, A KO-
TOPBIX

Av==1. (2.23)
N3 cpaBHeHus ypaBHeHUit (2.22) u (2.23) BUAHO, UTO PACCTOSIHUE MEXKITY
COCETHUMHU SHEPreTUYECKUMHU YPOBHSIMH TapMOHUYECKOTO OCIILISATOpa IOo-

CTOSTHHO U PaBHO /1. DTO O3HAYAET, YTO MPHU BCEX Pa3pEIICHHBIX Mepexoaax

OyIyT W3TydaTbCsl WM TOTJIOUIATHCS KBAHTBHI SHEPTUHM TOJIBKO YacTOTHI 1y,
U B CIIEKTpPE, TAKUM 00pa3oM, OyeT HaOII0AaThCs OHA M0JI0CA C YaCTOTON

1 [K
Vo= 2.24
055\ s (2.24)
rac M — IMPpUBCACHHAA MAaCCa, OIIPpCACIIAACMAas KaK
111 (2.25)
M ml m2

(m; m my — Maccel koneomoomuxcs saaep); K — cunosas nocrossHHas. Cuno-

BYIO IOCTOSIHHYIO CBSI3BIBAIOT C IMTPOYHOCTHIO CBSI3U B MOJIEKYJIE.

PeasnibHyt0 MOJEKYysly MOXHO NPEACTAaBUTh B BUAE TapMOHUYHOIO OC-
MUJUIATOPA TOJIBKO MPHU MalbiX Konebanusx Ar. C yBeTUYCHHEM aMILTUTYIbI
KOJIEOAHMSI aHTAPMOHUYHOCTb JeNIaeTcs Bce 3ameTHee. CBsA3M B MOJIEKYJIE HE
MOTYT PacTITrMBaThCs OecTpeAeNbHO, W TOCTE TOCTIKEHUS 3TOTO Mpesena
MOJIEKYJIa HAYMHAET AUCCOLMHPOBATh. CHKATHUIO CBSA3M MOJIEKYJa COMPOTHUB-
JSI€TCS CUIIbHEE, YEM PACTSIKEHUIO.

KpuBble MOTEHIIMANBHOM 3HEPTUU PEAbHOM MOJIEKYJIBI UMEIT Ooliee
CIIOKHBIN xapakTtep (puc. 2.6, kpuBas 2). DHeprus aHrapMOHUYHOTO OCITUJI-
JATOPA OMKCHIBAETCS YPABHEHUEM

2.2
h IV)O (V +1/2)%, (2.26)

Egon =V +1/2)hvy—

rae D — sHeprus IUCCOUUALMU MOJICKYJIbI.

JI1s aHTapMOHMYHOTO OCHUJIJIATOPA Pa3peIICHHBIMU SIBJISIOTCS IEPEXO0-
Ibl MEXAY JIOOBIMH YPOBHSMH, CaMU SHEPreTUYECKHE YPOBHH pacrojara-
FOTCS IUIOTHEE IIPU YBEIIMYEHUN KBAHTOBOIO uncia V.

NuTrencuBHOCTH norJomenns. Hanbosiee MHTEHCUBHOM B CIIEKTpPE SB-
JIAE€TCS TIEPBAs MOJIOCA, BOZHUKArOIIAsk mpu nepexojqe ¢ V=0 wna V' = 1. DTon
MIOJIOCE COOTBETCTBYET OCHOBHAs ((yHIaMEHTaJIbHAsI) YacToTa — V. MeHee

WHTEHCHUBHBIE TOJIOCHI JIaIOT 00€PTOHBI ¢ YacToTaMu 2Vy U 31{, COOTBETCT-
Byromue nepexogam ¢ V=0Ha V=2uc V=0mna V= 3.

KonebarenbHble CIIEKTPBI CIIOCOOHBI JaBaTh JIUIIb T€ MOJICKYJIBI, y KO-
TOPBIX BO BpeMs KOJICOAHHH HM3MEHSIETCS DJICKTPUYCCKUM TUIIONIBHBIM MO-
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menT (Hanpumep, HCL, HBr u ap., Ho HE H), O U T. 11.); IPUHITO TOBOPUTH,
YTO UHTEHCUBHOCTD IOTJIOIIECHHUS SIBISIETCSI MEPOM MOJISIPHOCTH CBSI3H.

|I ﬁ
J /
, /
T/
III //
|| / sz
— 3
\ : >
\ T/ ]
N\J J/ 0
~

Puc. 2.6. KpuBble noTeHIIMAILHON SHEPTUU
Y YPOBHU 3HEPTUH IBYXaTOMHON MOJIEKYJIbI

MHoroatomMubie MoJeKkyJabl. KojebaHuss B JBYXaTOMHOM MOJIEKYJIE
MPOUCXOJIAT TOJIBKO BJIOJb JIMHUHU, COSAUHSIONICH sapa. Mosekyma, cocTos-
mast u3 N aromoB, oOnamaeTr 3N cTeneHsIMH CBOOOABLI ABMXKEHHUs. M3 HUX
3 creneHu cBOOOMBI MPUXOAATCS HAa MOCTYNATENhHOE JBUKEHUE, OCTAIbHBIE
(BN —3) — na BpaiieHue u KojebaHue MOJICKYIbl. UHCIIO BpamiaTelbHBIX H
KOJIeOaTeNbHBIX CTETICHEH CBOOOJBI OMPEEISIeTCS TEOMETPUEH MOJEKYIIBI.
Jluneiinas monexyna mmeer (3N —5) komeOaTenbHBIX CTENIEHEH CBOOOIBI,
HenuHenHas — (3N — 6).

Yucno konebaTenbHbIX CTENEHEH CBOOOABI PABHO YUCITY HOPMAJIbHBIX
KoJie0aHU MOJIEKYJbl. YacTOThl HOPMaAIbHBIX KOJIEOAHUM XapaKTepU3yTCs
nosioxkenrem nosioc B UK-criekTpax, a aMmidtyja KojaeOaHui ompeaeisieT
WHTEHCUBHOCTbD I10JIOC.

KonebaHnust MOTYT IPOUCXOUTh WIH BJOJb BAJICHTHBIX CBSI3€M aTOMOB
C U3MEHEHHUEM DPACCTOSHUS MEXAY SIAPaMH, WM C U3MEHEHHEM BaJICHTHOTO
yIJIa MEXIY CBS3SIMH IIPH IMOCTOSHHOM MEXBbSICPHOM PACCTOSHUH, COOTBET-
CTBEHHO BaJIeHTHbIE V U JAedopManmoHHble & KoeOanus. /st n3aMeHeHUs
MEXBSJIEPHOIO PACCTOSIHUSI HY>KHA OOJIbIlIasi SHEPTHUs, YeM JJii U3MEHEHUS
BAJICHTHOTO yIJIa, TO3TOMY AehOpMaIllMOHHBIM KOJIeOaHUsIM BCET/la COOTBET-
CTByeT OoJjiee NJIMHHOBOJHOBAs 4YacTh CIIEKTpa, YEM BAJICHTHBIM KOJICOAHU-
saMm. OTaenbHble BUABI KOJIEOAHUI MOXHO HAOJI0/1aTh TOJIBKO B HEOOJBIINUX
U TIPOCTBIX MOJIEKyJIaX. B CIIOXKHBIX MOJIEKyJIaX BaJICHTHBIM KOJEOaHUAM
BCETJIa COMMyTCTBYIOT Je(opMaIimoOHHbIC, 1 HA000POT.
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Tunbl BO3BMOXKHBIX HOPMAJIBHBIX KOJIEOAHUM MOJIEKYJIbI BOJBI MIPUBE/IC-
HBI Ha puc. 2.7.

HexoTopbie konebaHus MOTYT ObITh BBIPOKIACHHBIMH, T. €. UX YaCTOTHI
coBnaaaroT. B crnekTpe Takoi MoJieKyJbl OyJeT MpOSBISATHCS MEHbIIE Yac-
TOT, 4eM (3N — 5) unu (3N - 6).

Teopernueckoe paccMOTpeHue KoJaeOaTeIbHOTO JBUKEHUSI CIIOXKHBIX
MHOTOATOMHBIX MOJIEKYJ OTJIMYAETCS 3HAUUTEIILHOM CIIOKHOCTBIO — TpeOyeTcs
coBMecTHO pemth (3N — 6) wiu Gonee ypaBHEHHM, BKIIOYAIOLIUX MAacChl
Y CWJIOBBbIE TOCTOsIHHBIE (CM. ypaBHeHHe (2.24)). IlosToMy B mpakTHYECKOM
aHaJM3e BBIBOABI M3 WH(PAKPACHBIX CIIEKTPOB JAETAIOT HA OCHOBE CBOWCTB
CUMMETPUU MOJIEKYJI U Teopuu rpymi. C UCHOIb30BaHUEM MATEMATUYECKOTO
ammapara TEOpWUU TPYIIT COCTABJICHBI TAOJUIIBI, TMO3BOJISIONINE OIPEICIUTh
YHCII0 W aKTUBHOCTH KOJICOAHUM /ISl KaXIO0TO THITAa CUMMETPUHU. ITa HHPOP-
MalMs UCMOJb3YETCs AJISl U3YUEHUS! CTPOSHHSI MOJIEKYJI, ONPEIECIIEHUS] MOJIEKY-
JISIPHBIX KOHCTAHT U T. [I.; JUIS PEHICHUS] XUMUKO-aHATUTHUECKUX 3a]1a4 TIPUMeE-
HseTcst Mayo. J[Jis pellieHus: Takux 3ajad KMCIOJIb3YIOTCS TaK Ha3bIBaeMbIE Xa-
PaKTepUCTHYECKHE YACTOThI.

DWW

2 W72V

a o e

Puc. 2.7. ®opmbl HOpMaIbHBIX KosneOaHuit monekyisl HyO:
a — CHMMETPHYHBIC BAJICHTHBIC KOJICOAHHs1; 6 — AHTHCHMMETPHYHBIC BAJICHTHBIC
KosieOanus; 6 — neopMaroHHbIe KoJIeOaHus

OKCIEpUMEHTAIBHO TOKAa3aHO, YTO MHOTOYHCIICHHBIE CTPYKTYpHbIE
rpynmsl, Takue kak —CHj, )C=C(, )C = O u ap., NOTJIOIAI0T MOYTH MPHU
MOCTOSTHHBIX JUIMHAX BOJIH HE3aBHUCUMO OT MOJIEKYJIbl, B KOTOPOH OHHU CO-
nepxkarcsi. COOTBETCTBYIOIIUE 3TOMY MOTJIOIMICHUIO YaCTOThl HA3bIBAKOT Xa-
PaKTepUCTUUYECKUMU (WM TpynnoBbiMU). OHM CIy’KaT I ONpeaeseHus
B MOJIEKYJI€ OIPEIeIEHHBIX (DYHKIIMOHATBHBIX TPYIIIL.

Crporo JOKanu30BaHHBIE TPYIIOBBIE YACTOThI MPEACTABIAIOT IPEICib-
HBIN WJeanbHBIN Ciiy4yal. Ha npakTuke npuxoauTcsl yUUTHIBATh BIUSHUE Palu-
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KaJIOB — OJIM)KHEE B3aMMOJICUCTBUE WM BIMSHUE OKPY Karolleh cpebl (Hampu-
Mep: arperaTHOro COCTOSIHUSI, PACTBOPUTEIS, YCIIOBUHM PErUCTpaIlui) — alIbHEE
B3aHUMOJICHCTBHUE.

XapakTepUCTUUECKNE YaCTOThl CBEJCHBI B TaK HA3bIBAEMbIE KOppeEs-
IIUOHHBIE TAOJMIIBI, KOTOPHIE IIMPOKO HMCHOJB3YIOTCS B MPHUKIATIHON CIIEK-
TPOCKONUHU JJI ONPEACIICHUS CTPOCHUS MOJIEKYJ U MPOBEJACHUS Ka4eCTBEH-
Horo ananuza o UK-crnekrpam.

DJIeKTPOHHBbIE CHIEKTPHI

Bepxneit sHepreTnyeckon rpaHuIle Koyie0aTeIbHOTO CIEKTpa OOBIYHO
CUMTAIOT SHEPruio (OTOHOB IMpHMepHO B 5000 cM ' it 0k0110 60 K JK/MOIb.
JlanpHeliee yBeInYeHHE SHEPTUU U3ITydeHHs (BUIUMOE U YIbTpaduoiero-
BO€) MPUBOANT K BO30YKIACHHUIO AJIEKTPOHOB U MOSBIECHHUIO B CIIEKTPE IMOJIOC,
COOTBETCTBYIOIIMX 3JIEKTPOHHBIM IEPEXOJIaM MEXIY PA3IUYHBIMU JHEpre-
THUYECKUMH YPOBHSIMHU B MOJIEKYJIE.

JIMCKpETHBIE DHEPTETUUECKUE COCTOSIHUS MOJIEKYJIBI MOKHO OXapakKTe-
pU30BaTh BOJIHOBOW (D)YHKIIMEH | HA OCHOBE KBAHTOBO-MEXaHUYECKUX TMPE-
craBjieHUU. [Ipu mornomennu n3iryyeHrs MoJIeKyia MepEeXoauT U3 OCHOBHO-
ro ¥, B BO30YXKIEHHOE W, COCTOsHHE. PasHOCTH dHEprui IBYX ypOBHEH

AOJDKHA COOTBETCTBOBATH YCJIIOBUIO!
E| - Ey= hv. (2.27)

3Ha4eHUs BOJHOBBIX QYHKLUK Y, U | B IPHHIIUIIE MOKHO PacCUUTaTh

IIPY MIOMOIIIY METOJIa MOJIEKYJISIPHBIX OpOUTaIe UM BaJIEHTHBIX CBSI3EH.

DONeKTpOHBI B MOJIEKYJIE MOTYT 3aHUMATh pa3linyHble opOuTanu. Paznu-
YalT CcleAyomue MoyeKyspHble opoutann (MO): o-cBs3biBatomas,
O*-pa3phIXJIAIOLLIAs, 71-HECBA3BIBAIONIAS, /77-CBSI3bIBAIOILAS, 77 -pa3pbIXJISIONIasl.

Curma-cBs3u BCTPEUAIOTCS MPEUMYIIECTBEHHO B MOJIEKYJIaX C OJMHAp-
HBIMH CBSI3SIMH, 7-CBSI3U — B MOJIEKYJIaX C IBOWHBIMU W TPOUHBIMU CBSI3SIMU;
MpUMEPAMH TUITMYHBIX BEIMIECTB C 7-OPOUTAISIMH SBJISIFOTCS CHUPTHI, Opra-
HUYECKUE CYJIbQUABI U JIp., T. €. OPraHUYECKUE COCIUHEHHUS C reTepoaroMa-
mu — N, O, S, rajoreHamu.

(CxeMa OTHOCUTENBHOTO PAaCHOJIOKEHHUS] SHEPreTHUYECKUX YPOBHEU, CO-
OTBETCTBYIONIUX pa3HbiM MO, noka3aHna Ha puc. 2.8.

PaznuuHble 35IeKTPOHHBIE TEPEeX0/ibl TPEOYIOT HEOJUHAKOBOM SHEPTUH,
MO3TOMY TOJIOCHI MTOTJIONIEHUSI PACIIONIATAIOTCS MPU PA3HBIX JUTMHAX BOJIH.

HauGonbmeit sHeprun tpedyer o-c™* — nepexoi, CBSI3aHHbII ¢ BO30YX-
J€HUEM BHYTPEHHUX AJIEKTPOHOB. OH COOTBETCTBYET IOIJIOLICHUIO B JaJie-
kol ynbrpaduoneroBoi odnactu (A < 200 um, E > 600 x/x/monp). Takue
Mepexobl XapaKTepHbI, HATPUMED, JJII HACBIIMIEHHBIX yriaeBoAopoioB. [lo-
JY4YUTh CHEKTP B 3TOM 00JacTH HENmpPOCTO, MOCKOJIBbKY 3/1€Ch IOIVIOMIAIOT
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KOMITOHEHTBI aTMOc(ephl; MO 3TOW MPUYMHE MOTJIOIICHHE OAMHAPHOM CBS-
3bI0 HE UMEET OOJIBIIOrO 3HAYEHHS B aHAIIUTUYECKON MTPAKTHUKE.

o
P
[u
=
O
QO
o
h
n-o* n=m*
T
TT-T*
o

o-0F

Puc. 2.8. Cxema 37€KTpOHHBIX YPOBHEN
Y DHEPTHUS BO3MOKHBIX DJIEKTPOHHBIX ITEPEXO0I0B

[lepexon n-o™ cBsi3aH yKe C MEHBLIMMU 3aTpaTaMy SHEPTUU; MOJIOCHI,
CBSI3aHHBIE C STUM TEPEXOJOM, PACIIOIOKEHBI B OOBIYHOM YIbTpaduonere
(A~ 200-300 um). Eme MeHblas sHeprusa TpedyeTrcs A nepexoja Ha pas-
peIxysitonue ¥-opouranu. [lepexoasl n-7* u 7-7* BCTpEvaroTCs B MOJIEKY-
JaxX COETUHEHHUH C COMPSKCHHBIMHU CBSI3IMHU M MOJIEKYJIaX apOMaTUYECKUX
coenuHenuid. Takue ¢yHkImoHanbHbIe rpynmbl, Kak )C=0, YC=C(, -N=N-,
—-N=0, )C=S, -C=N, -C=C— u MHOTHE Ipyrue, BCerja sBISIOTCS MPUINHON
NOTJIOUICHHUs] B BUAUMON W ynbTpaduoneToBoi obnacTsax. X Ha3bIBalOT
XpOMO(OPHBIMU TPYTIITAMH.

OTUM K€ MEepPexXoJIoM n-7* MOXKHO OOBSCHUTH, HANPUMEP, UHTECHCUB-

HYIO OKpacKy HOHOB MnO, u CrOﬁ_ (mepexoJ; ¢ HeCBsI3bIBAIOIIEH OpOUTAIH

kucinopoza). [TockoabKy Ka)KJ0€ BEIIeCTBO XapaKTepHU3yeTcsl CBOEH CHcCTe-
MOM 3HEPreTUYECKUX YPOBHEW, TO U CIEKTPHI BEIIECTB PA3IMYAIOTCA KaK IO
YUCITY MOJIOC, TAK U M0 UX MOJIOKEHUIO Ha IIKaJe JJINH BOJIH.

NHTEeHCHBHOCTH MOTJIOIIEeHUs. IHTEHCUBHOCTh MOTJIONIEHUS OTpaxka-
€T 3HaYCHUE MOJIAPHOTO KOAD(HUIIMEHTA B MAKCUMYME TTOTIIOMIECHUS — Emgax.

CymiecTByIOT npaBuiia 0TOOpa (3ampera), MO3BOJISIOIINE 3apaHee onpe-
JICJIUTh, KaKUE U3 TEPEXO0JIOB HE JIOJDKHBI MPOSBIATHCS WU JIOJKHBI OBITh
HEUHTCHCUBHBIMH B CIIEKTPAX.

1. 3ampenieHbl nepexobl MEXAY SHEPreTUYECKUMHU COCTOSIHUSIMU, Xa-
PaKTEePU3YIOMIMMHUCS PA3THYHBIM CIIMHOM (MYJIBTHIUIETHOCTHIO). Hanboinee
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WHTCHCUBHBIEC MOJIOCHI (&pax ~ 103—104) CIIEIYET OTHOCUTH K CHHIJIETHBIM
nepexoaam (epexogam 6e3 u3MeHeHus crrHa). OCHOBHOE COCTOSIHUE TTOYTH
BCEX OPraHUYECKUX COEIUHEHHN — CHHIJIETHOE, U BEPOATHOCTh M3MEHEHHUS
CIIMHA TP BO3OYXICHUH JIEKTPOHOB OYEHB MaJla.

2. 3amnpeliieHbl Nepexoibl MEXAY AIEKTPOHHBIMU COCTOSIHUSMHU C OJU-
HAaKOBOM CUMMETpHUEN pacnpeesieHus 3apsia.

Onnako BCJIEACTBUE BO3ACUCTBUS KoJIEOAHWI sifep pachpeseieHue
AJIEKTPOHOB B OCHOBHOM M BO30Y>KJICHHOM COCTOSTHHUSIX MOYKET MEHSTHCS.
DTO MPUBOJIUT K OCYIIECTBICHUIO ClabOpa3peiieHHbIX MepexonoB. NHTeH-
CUBHOCTH I0OJIOC TOIJIOLIECHHS, COOTBETCTBYIOLIMX 3alPEUIEHHBIM IO CHM-
METpHUH Nepexoaam, Maja.

JlaHHbBIE O JJIMHE BOJHBI U MHTEHCHUBHOCTH MOIJIOLIEHUS] B MAKCUMYME
MOTYT CIY>KHTh JIUIIb MPUOIU3UTEIbHBIM KPUTEPUEM TIPU UIECHTUDUKAITUU
BEILIECTBA, IPUYEM HA MOJO0KEHUE MAKCUMyMa BIIUAIOT BBEJICHUE B MOJIEKY-
Jy 3aMECTHTENs, CTPYKTYpHbIE OCOOEHHOCTH COEAMHEHUS, H3MEHEHUE
BHEIIIHUX YCIJIOBHI, HalpuMep 3aMeHa pactBoputens. Eciu mosoca cmenia-
€TCSl B CTOPOHY 00Jiee JTMHHBIX BOJIH, TOBOPST O OATOXPOMHOM CABUTE WU
yIIIyOJI€HUU OKPacKH; €ClM MO0JIOCa CMENIAETCS B CTOPOHY KOPOTKHUX BOJIH,
3¢ PeKT HA3BIBAIOT TUTICOXPOMHBIM CJIBUTOM.

ToHkasi CTPYKTypa 3JIEKTPOHHBIX CIIEKTPOB. JHEPrusi, HEoOXoaAuMas
JUTsT BO3OYXKJIEHUS DJICKTPOHOB, BEJIMKA MO CPAaBHEHHIO C DHEPrueu Bo30yxk-
JIeHUs KojebaTenbHOTO (M BpalaTelbHOTO) JBMXKEHHS aTomoB. [losTomy
KQKJIBIM 3JIEKTPOHHBIN MEPEX0]i COMPOBOXKAAECTCS KOJIEOATENbHBIM MEPEX0-
1oM (B ra3oBo# (ha3e MOTYT CTaTh 3aMETHBIMU U BpallaTeIbHbIEC IEPEXObI).

A

a 6 -J g

o o
e
o
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M m

Puc. 2.9. DnekTpoHHBIE CIEKTPHI BEIIECTB:
a — TIaJKuil KOHTYDp, KoseOaTeslbHas CTPYKTypa HE IPOSBIISETCS;
O — Ha KOHTYpE T0JIOCHI BUJIHBI CJIE/Ibl KOJIEOATEIbHON CTPYKTYPHI;
6 — CIICKTp TOTJIOIICHUS TTapOB aHTpalleHa ¢ YETKOM K0e0aTeIbHON CTPYKTYPO
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Hanoxenue kosiebaTenbHBIX, @ MHOTJA W BpaIATEJbHBIX IMEPEXO0/0B
MPUBOJNT K CYIIECTBEHHOMY VIIMPEHHUIO TOJOC B AJCKTPOHHBIX CIEKTpax,
T. K. KoJieOaTeNbHas CTPYKTYypa He Bceraa paspernraercs (puc. 2.9).

B 3aBucumMocTH OT cocTaBa MOJIEKYJI M YCJIOBHUI HU3MEPEHHS CIIEKTPOB
(ra3oBasi WJIM KOHJEHCUpPOBaHHas ¢aza, TUI PACTBOPUTEINS, TEMIlepaTypa)
MOJIOCHI B AJIEKTPOHHBIX CIIEKTPaX MOTYT OBITh TVIAJIKUMHU WJIN XapaKTepU30-
BaTbCsl JIyYllle WJIM XYK€ BBIPAKEHHOW KoJieOaTeNbHOW M BpallaTelbHON
CcTpykTypamu (puc. 2.9); HanpuMmep, ¢ YBEIUUEHUEM MOJISIPHOCTU PACTBOPH-
TeJs KonebaTenbHast CTPYKTYypa MOJIOC pa3MbIBAETCS.

[IlupuHa MOJIOC PE3KO YBEIWYMBACTCA NPHU TEPEXOAe K KOHIECHCUPO-
BAHHOMY COCTOSIHHIO BEILIECTBA BCIEJCTBUE CHJIBHOTO BIUSHUS COCEIHUX
MOJEKYI.

2.7.3. AnnaparypHoe opopmiieHrne ad0COpOLIMOHHOM CIIEKTPOCKONUU

BJoxk-cxema npubopa

ITpu BceM MHOTO0Opa3uu CXeM M KOHCTPYKTHBHBIX OCOOCHHOCTEH IIPH-
00poB aOCOPOIMOHHON CIEKTPOCKOIHUHU B KaXJIOM M3 HUX UMEETCS HECKOJIb-
KO OCHOBHBIX y3J10B (puc. 2.10).

K 3THM OCHOBHBIM y3J1aM CJIeyeT JOO0aBUTh ONTHYECKYIO CHCTEMY, CO-
CTOSIIYIO W3 JIMH3, MPU3M W 3€pKajl, JJIs CO3JaHUs MapaJlICIbHOTO ITydKa
CBETa, a TAKXKE CUCTEMY JUISI YPaBHUBAHHS CBETOBBIX MOTOKOB (IUadparmsi,
ONTUYCCKUE KITMHbBS H T. JI.).

3
3

4

b
b
b

b

Puc. 2.10. brok-cxema npubOpoB Ji71s1 U3MEPEHUS TOTJIOUIECHUS U3TyYEHUS:
1 — UCTOYHUK U3IY4YeHHUs; 2 — MOHOXPOMATOP;
3 — KIOBETHI C UCCIIEAYEMBIM PaCTBOPOM M PACTBOPUTENIEM; 4 — IPUEMHUK H3ITy4YCHUS;
5 — u3MepuTeIbHOE UM PETUCTPUPYIOLLIEE YCTPOMCTBO

MOHOXpPOMATHYECKOE U3IIYyYEHHUE, BBIICIECHHOE U3 MOIUXPOMATHYECKO-
ro, nNpoxoauT yepe3 npoOy. COOTHOIIEHHWE WHTEHCUBHOCTEW NaAarolIero
Y IPOLIEAIIETO Yepe3 KIOBETY MOTOKOB U3ITyUYEeHUs U3MEPAETCS IPUEMHUKOM
u3nydenusi. [IpuOop mMokeT ObITh BBINOJHEH B JBYXJIYYEBOM BapUaHTE, KO-
r7a NOTOK U3IY4YEHUs] OJHOBPEMEHHO MPOXOIUT Uepe3 KIOBETHI C UCCIENye-
MBIM PACTBOPOM M PACTBOPUTEIEM (WM CHELMAIBHO MOI00paHHBIM PacTBO-
POM CpaBHEHMSI); YACTO MPUOOPHI BBIMIOJIHAOT 10 OJJHOJIYUYEBOM cxeme, Koraa
MIOTOK U3JIy4YEHUs MPOXOAUT IOOYEPETHO YEPE3 KIOBETHI C paCTBOPOM CpaB-
HEHUS U UCCIIEAYEMBIM PACTBOPOM.
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HUcTouyHukn u3inyyeHus

Bce ucnonp3yembie B ONTHUECKON CHEKTPOCKOMHH MCTOYHUKH H3ITyde-
HUS SBJISIFOTCS M3TydaTelsiMHd HETMPEepBhIBHOTO CIEKTpPa: 3TO BOJb(PPaMOBBIC
JaMIibl HaKajJuBaHUS, Ta30HAINOJHEHHbIC JIaMIlbl (BOJOPOJHAs, PTYTHas),
mtudt Heprcra u rmobap.

B nammne nHakanuBaHus CBETAIIAsACS BOJIb(ppamMoBas CIUpalb JA€T CBET
B IIUPOKOM CIIEKTPAJIbHOM HWHTEpBajie, OJHAKO CTEKJIO MPOMYCKAeT CBET
¢ nmuHamu BoJH 350-1000 uMm, T. €. OMkHUMA yAbTpaQHUOIET, BUTUMBIN CBET
u m3nydenue ommkHer MK-obmactu. B BogopoaHo# (nedTepueBoii, KCEHO-
HOBOM) JIaMIle MTPOMCXOJUT CBEUEHHUE Ta3a MpHU pas3psjie; BOZHUKAET CIUIONI-
Hoe n3nmydenue B oonactu 200-350 M.

tudt Heprcra npeacrasnser coboi CTOIONK, CIPECCOBAHHBIN U3 OK-
CHJIOB PEIKO3EMENbHBIX 3JIeMeHTOB. [Ipu HakanuBaHUM TyTEM MPOMYCKAHUSA
anekTpuyeckoro Ttoka oH jgaet MK-uznydenwe B oGnactu 1,6-2,0 wnm
5,6-6,0 mxm. I'mobap — mrudt u3 kapoéopynna SiC; naetr u3inyyeHUe B UH-
TepBajie 2—16 MKM TakKe NpH MPOITYCKAHUU AIEKTPUYECKOTO TOKA.

MoHnoxpoMaTu3anus U3Ja1y4eHust

Pabota c y3koii mojsocoi u3iaydeHus o0yanaeT CIeAYIONIMMHU MPEuMy-
IECTBAMMU:

1) BO3pacTaeT BEpPOATHOCTh NMOJYMHEHUS IOTJIOIIAIOIIEH CHCTEMBI 3a-
KOHY bepa;

2) yBEIMYMBAETCS CEJIEKTHUBHOCTb, ITOCKOJIBKY BEIECTBA, MOTJIOMIA0-
M€ B IPYTUX 00JaCTAX CIEKTPa, MEIIAIOT B MEHBIICH CTENEHU;

3) ecnu mpu BBIOPAHHOW JUIMHE BOJIHBI MOIJIOIIEHWE BEJIMKO, TO MpHU
OYEeHb MaJIOM W3MEHEHUH KOHIIEHTPAIUK HAOJI0AaeTCs 3HAYUTEIbHOE H3MEHE-
HUE ONTHUYECKOW TUIOTHOCTH, YTO OOYCIIOBIIMBAET BHICOKYIO UYBCTBUTEIBHOCTD.

YerpolicTBa [Uisl BBIJICICHHS YACTH U3JIyYEHUSI OCHOBAHbI HAa UCIOJIb30-
BAaHUU PaA3JIMYHBIX ONTUYECKUX SIBJICHUN: MHTEepdepeHunu, Audpakiuu, mo-
TJIONICHUHM CBETAa, NUCIEPCUU. BhIIEINTh aOCOIIOTHO MOHOXPOMATHYECKOE
U3Jy4eHHE HEBO3MOXKHO, Ha MPAKTHKE MOJy4aroT Oojiee WIM MEHEE Y3KUi
WHTEpBaJ JJIMH BOJIH; 3TOTO JIOCTUTAIOT 0€3AMCIIEPCUOHHBIMU (CBETO(DUIIBT-
pBI) U AUCTIEPCUOHHBIMU (MOHOXPOMATOPHI) CIIOCOOaMHU.

BaxHelmmMu XapakTepUCTUKaAMU 3TUX YCTPOUCTB SIBJISFOTCS:

1) monoca npomyckaHusi — HHTEPBAJI JJIMH BOJIH, BBIXOJAIINX U3 MOHO-
XpoMaTopa WK CBETOMUIBTPA; €€ XapaKTePU3YIOT MOTYITUPHHOW MaKCUMY-
Ma IPOITYCKaHUS;

2) paspelieHre — CoCOOHOCTh Pa3AeisiTh COCEHUE YYACTKHU CIIEKTpa,
BBIPAKAETCA OTHOILIEHUEM HCCIEAYEeMOW JIMHBI BOJIHBI A K HauMEHbLIEH
pasHuile AA MEXKIy 9TON U cOceHEN BOJTHAMH, KOTOPBIE MOKHO Pa3INYUTh;

76



3) cBeTocwiIa — CIIOCOOHOCTH MPOMYCKAaTh M3JIyYy€HUE, B HauboJee co-
BeplIeHHBIX prOopax oHa Omu3ka k 100 %;

4) nucnepcus (JJI1 MOHOXPOMATOPOB) — CIIOCOOHOCTh pa3jararh U3Jy-
YyeHue B crekTp. s ee XapakTEepUCTUKU MCHOJb3YIOT JTUHEHHYIO AMCIEp-
cuto AX/AA (rme AX — paccTosiHME MEXAY ABYMsI JUHHUSIMH B CIEKTpE,
AA — pa3HOCTh WX JJIMH BOJH) WK 00paTHyIo BennunHy AA/AX. lucnepcus
3aBUCHUT OT MaTepHuaa Mpu3Mbl U KOHCTPYKIIUM MOHOXPOMATOPA.

CBeToQUIbTPHI OOBIYHO HKCIONB3YIOTCS B BUJIMMOM 4YacTHU CHEKTPA,
OHH OBIBAIOT HECKOJIBKUX THIIOB.

AOcOpOUMOHHBIE CBEeTO(MPUJIBLTPBI TMPEJICTABISIIOT COOOM IIBETHBIC
CTEKJIa WJIA CTEKJISTHHBIE IIJIACTUHKHU, MEKTy KOTOPHIMHU ITOMEIIEH KPACHUTEIb,
CYCIICHIUPOBAHHBIN B >kenaTuHe. [lepBbie 0ObIYHO OoJiee TEPMUUYECKH YC-
TONYHMBBI. AGCOPOITMOHHBIE CBETOPMIBTPHI MPOMYCKAIOT U3IyUYeHNE OTPaHH-
YEHHOT'0 MHTEpBaja JIJIMH BOJIH U IMOIJIOMIAIOT U3IYUYEHHE BCEX OCTAJIbHBIX,
OHM XapaKTepu3yrTcs HeOobol npo3payHocteio (77 = 0,1) u 10BOJIBHO
HIMPOKOH mosiocoii pomyckanus (30 HM u 6oee).

XapakTepucTUKu UHTepP(epeHIIHOHHBIX CBEeTOPUIBTPOB 3HAUUTEb-
HO Jyunie. CBeTOPMIBTP COCTOMT U3 JIBYX TOHYAMIIMX MOTYHPO3PAUYHBIX
CJI0EB cepedpa, MEeX1y KOTOPHIMU HAXOAMUTCS CIOW TUANEeKTpHKa. B pesysib-
TaTe MHTEpPEPEeHIIMH CBETa U3 CBETOPHIbTPA OYIyT BBHIXOIUTH JIyUH C JUIH-
HOW BOJIHBI, PABHOM YJBOEHHOW TOJIIMHE IUDJIEKTPUYECKOro ciod. lIpo-
3pavyHOCTh MHTEP(EPEHIIMOHHBIX CBETOGUIbLTpOB coctaBiser 1 = 0,3-0,8;
s dexTuBHAsA MUPUHA MPOIYCKaHUsI 0OBIYHO He mpeBbimaeT 5—10 am. s
emie OOJbIIEro Cy>KEHUs MOJOC MPOIYCKaHUs IMOJb3YIOTCS CUCTEMOM JBYX
MOCJIETIOBATEIHHBIX UHTEPPEPEHIIMOHHBIX CBETO(PMIBTPOB.

[Ipu mMapkupoBKe CBETOPMIHTPOB YKA3bIBAIOT JIJIMHY BOJHBI B MaKCH-
MyMe€ MPOMYCKAHUS U ITUPUHY MOJIOCHI IPOITYCKaHUS.

MoHoxpoMaTop — 3TO YCTpPOICTBO, pa3jiararollee H3JIyuyeHHe Ha Co-
CTaBJISIOLME €ro BOJHBI Pa3HOM JJIMHBI. Bce MOHOXpOMATOpbl COCTOSIT W3
JUCIEPTUPYIOMIEr0 YCTPONUCTBA U CBSI3aHHOM C HUM CHCTEMBI JIMH3, 3epKall,
BXOJHBIX M BBIXOJHBIX IIeNel. J(MCHIeprupyommuMm 3JIeMEHTaMu CITyKaT
MIPU3MBI U TUPPAKIIMOHHBIE PEIIETKH.

B npusMeHHOM MOHOXpOMATOpe U3IYYEHUE MPOXOIUT Yepe3 BXOJs-
Y10 111eJ1b, CBOAUTCS JIMH30M B MapaJlIeIbHbINA MMyYOK U 3aT€M MONaaeT Mo
VIJIOM Ha TMOBEPXHOCTh Mpu3Mbl. Ha o0eux rpaHsx MNpuU3Mbl MPOUCXOJUT
npenomiieHue ((HUONETOBBIM CBET MPEIOMIISIETCS OOJIBIIIE BCEro, KPAaCHBIM
CBET — MEHBIIE BCETr0); Pa3jIoKEHHOE H3JIydeHHE (POKYCHPYETCs Ha Clerka
M30THYTOM NMOBEPXHOCTH, HA KOTOPOM PACIIONIOKEHA BbIXOAHAs 1ieib. [IoBo-
POTOM MPU3MBI MOKHO HANPaBUTh B ATy IIENb U3Ty4eHHUE C TpeOyeMoil in-
HOU BOJIHBI.

B BuamMoO#l 4acTu cnekTpa B Kaue€CTBE Marepuana JJisl MPU3M UCIOJb-
3yIOT CTEKIJIO, B yJIbTPa(HOIETOBON — KBapil M3-3a MOTJIOMICHHUS CTEKIOM
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Y®-uznyuenus. B undpakpacHoil CIEKTPOCKONMUU UCTIONB3YIOT MPU3MBI U3
Li F, NaCl, KBr u npyrux rajJloreHuJ10B IIeJIOYHBIX METauIoB (Ipody mome-
Ial0T Mepe]l MOHOXPOMAaTOpOM, YTO YMEHBILIAET PACCESIHHOE HU3IyYEHHE).
OTH K€ MaTepUaJIbl UCOJB3YIOT JI1 U3TOTOBJIEHUS KIOBET. KroBeThI 115 U3-
MEpeHU B YJIbTPA(pUOJIETOBON M BUJIMMON 00JIACTAX CIEKTpa MOJHOCTHIO
M3TOTOBJIEHBI U3 KBaplia WM CTEKJA; KIOBEThI, UCIOJIb3YEMbIE ISl U3MEpe-
HUN B uH(ppakpacHoil 001acTH, UMEIOT OKOHIIA U3 MOHOKPHUCTAJLJIOB Tajiore-
HUJIOB LIEJIOYHBIX METAJIOB.

/InppakiiuoHHbIe pelleTKH W3TOTaBIMBAIOT HAHECEHUEM Mapalljieiib-
HbIX IITPUXOB Ha CTEKJIO WM APYroil mpo3paunblii marepuan (a0 6000
mtpuxoB Ha 1 cm). [lpu ocBeneHn AMPPaKIMOHHON PEHIETKH MOTOKOM H3-
JTy4eHUs!, TPOIICAIINM Yepe3 BXOJHYIO IeJib, KAXIbl IITPUX CTAHOBUTCS
MCTOYHUKOM u3NydyeHus. B pesynpraTre MHTEp(EpEHUMH MHOTOYMCIEHHBIX
IIOTOKOB M3JIy4eHue pasnaraercs B crektp. [llupuna monocel nmpomyckaHus
MOHOXPOMATOPOB JOCTUTAET 1,5 HM.

IIpueMHUKHN U3JTyYeHU S

B kauecTBe mpHEMHHUKOB M3TyueHHs B aOCOpPOLIMOHHBIX MpuOOpax Hc-
MOJIB3YIOT B OCHOBHOM (p0TOdJIeMeHThI. [[preMHUK U3 TyueHus JI0JKEeH pea-
rUpOBaTh HA U3TyUYEHUE B IIMPOKOM JUarnazoHe JJIKMH BoJH. Kpome Toro, o
JIOJIKEH OBITh YYBCTBUTEIBHBIM K W3IyYCHHIO HEOOJIBIION MHTEHCUBHOCTH,
OBICTPO OTKJIMKATHCS HA W3IIyYCHHE, JaBaTh AJIEKTPUUYECKUN CUTHAJ, KOTO-
PBIA IETKO YMHOXHUTh U UMETh OTHOCUTEIHLHO HU3KHUI YPOBEHB (hOHA.

Jnist mprema curHana B BUAMMON u Y @-001acTsIX 00BIMHO IPUMEHSIOT (Do-
TORNIEMEHTHI ¢ BHEMHUM (oTtoaddexTom: cyppmsHo-1ie3ueBbiii (180—650 HMm)
u kuciopoaHo-me3ueBsiit (600—1100 um).

®doTOo3eMEHTHI 7151 padoThl B Y D-007aCTU TOHKHBI UMETh OKOHIIA U3
KBapIla Wi KPeMHUSI.

[Ipy m3MepeHUu H3TYy4YEHUS C HU3KOM MHTEHCUBHOCTHIO HMCIOJIB3YIOT
(GoTOyMHOXKMTEJIN.

NK-u3nyuyenue, Kak npaBuiio, 0OHaApYy>KUBAIOT IO MOBBIIICHUIO TEMIIE-
paTypsl 3auepHeHHoro marepuaia (Pt, Sb u np.), moMmemnieHHoro Ha myTH 1O-
Toka. OIMH U3 METOJOB 3aKIIIOYAETCS B HUCIOJIb30BAaHUU TEPMONAphl WIIU
TEPMOAJIEMEHTA, COCTOSAILETO U3 HECKOJIbKUX Tepmonap. IIpu sTom uzmeps-
10T TepM0I/1C, BOZHHUKAIOIYIO HA CTBIKE Pa3HbIX METAJIOB.

[TpuHIMD nelcTBUsS OoJIoMeTpa OCHOBAH Ha M3MEHEHHUH DJICKTPOCOIPO-
TUBJICHUSI MaTepUalia Py HarpeBaHUM.

[TpOMBITIIEHHOCTBIO BBITYCKAIOTCS PA3IMYHbIE IPUOOPHI A0COPOIIMOHHOM
CTHEKTPOCKOITMHU:  KOJOPUMETPHI, (HOTOMETPHI, (HOTOIIEKTPOKOIOPUMETPHI,
CHEKTPO(MOTOMETPHI U T. J., B KOTOPHIX UCIOJIB3YIOT pa3IuyHble KOMOMHAIIUH
HMCTOYHUKOB U3TyUYEHUsI, MOHOXPOMATOPOB U MPUEMHHUKOB HU3TyUEHUSI.
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2.7.4. KayecTBeHHBIN aHAJIN3

AOGcopOImoHHasi CIIEKTPOCKOIHUS MOXET CIY>KUTh OJHUM U3 METOJIOB
KaueCTBEHHOT0 aHanu3a. [[isi mpoBeneHusi CTPYKTYPHOTO aHaIW3a HY>KHO
UMETh WHIWBHUIyAIbHOE COCAMHEHHE, T. K. B OOJIBIIMHCTBE CIy9YaeB CIECK-
TPOCKOTIMYECKUMHU METOJAMHU HEJb3sl OTJIMYUTHh CMECh BEIIECTB OT YHCTOTO
coenrHeHus. MHAMBUIYaIbHOCTh HCCIIEIyEMOro o0Opasla rapaHTHpPYETCs
MOAXO/ISIIIIAMHA METOJAaMH pa3JieieHusI, 0COOCHHO Ta30BOM XpomaTorpaduei.
Hanbonee cuiibHBIE TOJIOCHI TOTJIOIMICHUS B PETUCTPUPYEMOM CIIEKTpE
JIOJDKHBI OBITh BBIMTMCAHBI MOJIHOCTHIO. PacmimdpoBka CEKTPOB OCYILECTB-
JsSeTCsl TEM JIerdye W OJIHO3HA4yHee, 4eM OoJibllie umeeTcs uHbopmanuu oo
aHANM3UPYEMOM 00paslie yKe U3 MOCTAHOBKH 3a7auu (MOJIEKYJIsIpHas Macca,
JaHHBIE AJIEMEHTHOTO aHaJlu3a, pACTBOPUMOCTb, CXEMa CUHTE3a U Jp.).

HNudpaxkpacHas CieKTPOCKONUA

HauGonbmmii mHTEpeC ¢ TOYKU 3pEHUS] KAYECTBEHHOTO aHalW3a Mpej-
CTaBJISIOT KoJieOaTebHbIC (BEpHEE, KOJIeOaTeIbHO-BpallaTEIbHBIC) CIIEKTPHI.
HNK-crniekTpbl MOIIOMIEHUSI AK€ OTHOCUTEIBHO IPOCTBIX COCAUHEHUH CO-
CTOSIT U3 OTPOMHOTO YKCJIa COMBAIOIINX C TOJKY OCTPHIX MAKCHMYMOB U MU-
HUMYMOB. OJIHAKO UMEHHO 3TO MHOKECTBO MHUKOB U 00YCIIOBIMBAET CIICIIU-
(UYIHOCTH CIIEKTPOB, WX HEPEIKO HA3BIBAIOT «OTHEYATKAMU TAJBIIEBY», HMES
B BHAY HenoBTOpUMOCTh WK-crnekTpa coeauHEHUs; TOIBKO ONTUYECKHE
M30MEPHI JAIOT OJIMHAKOBBIE CIIEKTPHI.

B undpaxpacHoii obmactu crnekTpa HaOIIOJAI0T CUTHAJbI, COOTBETCT-
BYIOLIUE OTNIEIbHBIM (GYHKIHMOHAIBHBIM rpymnnaM. OOHapyKeHHE OTIAEIbHBIX
(GYHKIHOHATBHBIX TPYII MPOU3BOASAT MO UX XapaKTEPUCTUYECKUM YacTOTaM.
[luku, ucnonb3yemble ISl UACHTU(GUKAIIMN OMNpeNeIeHHBIX (DYHKIIMOHAb-
HBIX TPy, pacronoxeHbl B OmmkHedl MK-o6mactu (Hmxe npumepHo 7,5

MKM wid 1300 cM ); IOJI0KEHHE MAKCUMYMOB B OTOM 00JIaCTH IPAKTHIECKH
HE 3aBUCHUT OT yTJIEPOAHOrO CKEJIETa, C KOTOPBIM CBSI3aHa rpymnmna.

OpHUEHTHUPOBOYHO BBIJCISIOT YE€THIPE 00JIACTH CIIEKTPA:

1) 2,7-4,0 MKM — BaJICHTHBIE KOJIeOaHUS ¢ y4aCTHEM aTOMOB BOJIOPOJA
(O-H,C-H,N-H,S-H);

2) 4,0-5,0 mxm — Tpoitnblie BasieHTHbIE cBsBU (C=C,C=NuC=C=();

3) 5,04 mxm — gBoiinble BaseHTHBIE cBsa3u (C = C, C = O, C =N)
urpynmsl —-C=0,-C=0,-C=0;

OIH 011 NP}Z
4) 6,0-15 mxm — oaunHapubie BanieHTHbIE cBsi3u (C—H, N-H), rpynmsi

—CH; —, -CH,—, —-NH,, rpynmnsl ¢ Tsxensimu atoMamu u POz, SOj
CO35 , NO;3.
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JUIst CIIOKHBIX MOJIEKYJT (KOTOPbIE B OCHOBHOM HCCIEAYIOT) IPUMEHSIOT
SMITUPUUYECKYIO KOPPENSIHUI0O CIEKTpa co CTpykTypoil. Hambonee n3BecTHa
cxema, coctaBiieHHas Kontynom (kapra Koartyma). DTy cxeMy MOXHO HC-
MOJIb30BaTh JIJIsl TIOJYYEeHHsI EPBBIX OPUEHTUPOBOYHBIX JNaHHBIX. [l Gosee
HAJIS)KHOW HMHTEpIIpETaluu CIEeKTpa TpeOyrTCs TpeHUpoBKa U ombIT. [lpu
pactmrppoBKe CIEKTPOB HEOOXOAUMO YUUTHIBATH CIEAYIOIINE MOMEHTHI:

a) OTCYTCTBHE XapaKTEPUCTHUYECKOM IMOJIOCHI MOTJIOIIEHUS SIBIISIETCST 00-
Jiee HaJIe)KHBIM JI0OKa3aTeJIbCTBOM OTCYTCTBHUSI CTPYKTYPHOM I'PYTIIIBI, YEM JIOKa-
3aTeNIbCTBO €€ HAJTMYMS HA OCHOBAHUM IOSIBJIIEHUS OJIOCHI IOTJIOIIECHUS;

0) He Bce MOJIOCHI B CIIEKTPE MOKHO UHTEPIIPETUPOBATD;

B) BBIBOJBI, MOJy4aeMbI€ U3 CIIEKTPOB, YACTO OCTAIOTCS OoJjiee WU Me-
Hee 000CHOBAaHHBIMHU MPEATOIOKECHUSIMH.

JIJIsl CTPYKTYpHOTO aHaJIN3a 4aCTO PEKOMEHIYIOT CIIEIYIONIYIO CXeMY:
1) ompenenenue knacca coequHEeHUs (151 aMuPaTUIECKUX COSAUHEHUN

yacToTa BaJeHTHBIX KojeOanui C-H cBsaseit < 3000 CMil, JIJIsI HEHACHIILICH-
HBIX — > 3000 CM_l, JUISL apOMATHYECKUX COCTMHEHUIN MOJIOCHI HAOIIOJAl0TCs
B o0nactu 1500-1600 CM_l);

2) obnapyxenue QyHkuumoHanbHbix rpynn (—OH, —NH,, )NH, —CN,
)C = O) nenecoobpa3zHo HAYMHATH C 00JaCTH BHICOKUX YaCTOT;

3) YCTAHOBJICHUC THUIIA 3aMECTUTEIICH B APpOMATHYCCKUX COCANHCHUAX,
IMOJIOKCHUS U XapaKTCpa I[BOﬁHBIX CBHSCﬁ, BJIMSAHUA CTCPHUICCKUX (I)aKTOPOB.

[Tomyyennass takum oOpazoMm uHGOpMaiKsi B OONBIIMHCTBE CIy4YacB
J0CTaTOYHA /711 BBIOOpAa HEKOTOPBIX BO3MOXHBIX BapuaHToB. Eciu uaeHTH-
¢bukarus GyHKIIMOHAIBHBIX TPYII B MOJIEKYJIE HE MO3BOJSET UACHTU(DUIIN-
pOBaTh CaMO COEJMHEHHE, TOTJa CPAaBHUBAIOT IMOJHBIE CIEKTPHI ONpeaense-
MOI'0 M CTAaHJAPTHOTO COeAVHEHWH. JUJIsi 3TOM Lenu CYIIECTBYIOT aTiachl
CIIEKTPOB.

WudpaxpacHasi CHEKTPOCKONHS C YCIIEXOM HCIIOIB3YETCS U B aHAIIM3E He-
OpTaHMYECKHUX BelIecTB. V3BeCTHO, HAMpUMep, YTO XapaKTepUCTHUIEeCKas: 4acTo-

Ta CO§_ cocrasisieT 1450 CM_l, SOi_ — 1130 CM_l, NO3 — 1380 oM HT. 1.

B cBs3u ¢ atum n3 MK-CieKTpoB MMHEpAIOB MOMYYarOT BECbMa LIEHHYIO HH-
(opMaLHIo 0 XMUMHYECKOM COCTABE.

CnexkTpockonus B yJabTpadguoa1eToBOM U BUAMMOM 00J1aCTAX

DIIEKTPOHHBIE CIIEKTPBI MOTJIONIEHUS IS LIEJIE KaUeCTBEHHOTO aHAJIH-
3a UCIOJIb3YIOTCSl 3HAUUTENILHO PeXke, YeM KoJebaTeNbHbIe, T. K. TIOJOCHI MO-
[JIOLICHUS HUMEKT TEHJACHLUIO K YIIMPEHUIO, YTO CKPBIBAET UX TOHKYIO
CTpyKTypy. CHEeKTphl B yAbTPAPHUOIECTOBON M BUAMMON 00JIACTAX XapaKTep-
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HBI JJi1 0o0Jiee WM MEHee OOJIBIINX CTPYKTYPHBIX 3JIEMEHTOB B MOJIEKYIIE.
CrekTpbl 0OJBLINX, CXOAHBIX MO CTPYKTYpE MOJEKYJ pas3nyaroTcs OYeHb
He3HAuUUTeIbHO. OOBIYHO OHU MPEJCTABICHBI OTACIbHBIMU IIUPOKUMU TMOJ0-
caMHu TIOTJIONICHUs, KOTOpPbIE YacTO HAaKJIaJbIBAIOTCS OJHA Ha JPYTryro
U TIEPEKPHIBAIOTCH.

Coenunenusi, coaeprkaiiie XxpoMohopHbIe TPYIIbI, 00JIaal0T XapaKTep-
HBIMH T0JI0CaMHu TorJomieHus. CreKkTpaibHble UCCIIEeI0BaHUS B 3TOM obJac-
TH YacTO AT IMOJIE3HYI0 KaYeCTBEHHYI0 MH(POPMAIUIO O HATMYUU WUJIU OT-
CYTCTBUU HEKOTOPBIX (YHKIMOHAJIBHBIX TPYII, TAKMX KaK KapOOHWI, apo-
MaTUYECKOE KOJbLO, HUTPOTPYyNNa WIH CONpPsDKEHHas JABOMHas cBs3b. Ha-
npuMep, MOosABJIEHUE CHIIbHOM Tosockl Mexty 220 u 300 HM MOKeT ObITh BbI-
3BaHO COMNPSDKEHHEM JIBYX WJIM OOJIBIIEro 4Mcia CHCTEM; I0JIoca CpeiHei
WHTEHCUBHOCTH, YacTO CTPYKTypHpOBaHHas, yKa3blBaeT Ha Halu4ue OcH-
30JIbHBIX KOJIEIl; ciabasi OecCTpykTypHas mosioca npu 280 HM MO3BOJISIET
MPEANOIOXKUTh, YTO 3TO aJbJETHJ]l WIH KETOH (E€CIU HCKIIOYEHBI 3arpsi3He-
Hus). Crnenyer UMeTh B BUAY, UYTO UJEHTU(UKAIUS HAIEKHA, €CIIU XPOMO-
¢dopbl B MOJIEKYJI€ U30JIMPOBAHbI. B MpUCYyTCTBUU ayKCOXPOMOB (aTOMBI UJTH
IpyNIbl ATOMOB, HAIIPUMEP TalOreHUAbl, THAPOKCUIBI U Jp., KOTOPbIE CaMu
HE YYaCTBYIOT B AJIEKTPOHHBIX MEPEX0JaX, HO BIUSIOT Ha MOTJIOMICHUE XPO-
MOGOPOB) U TeNel CONPSKEHUS UISHTU(DUKAIUS 3aTPyAHIETCS.

2.7.5. Kosin4ecTBEHHBIN aHAJIN3

AGCOpOIIMOHHAsT CTIEKTPOCKOMHSI, OCOOCHHO B BUIUMOM 1 Y D-001acTsiax —
OJIMH W3 HanboJiee PacIpOCTPaHEHHBIX METOJIOB KOJUYCCTBEHHOTO aHAJIM3a.
DoTOMETpPUYECKUE METOJbI UCHOJIb3YIOT ISl ONpe/eNieHusl BEUIECTB ¢ CO0-
CTBEHHBIM IOTJIONIEHUEM (OpraHUYeCKHe BEIIECTBA C XPOMO(POPHBIMU I'PYII-
MaMu, MEePEeXOIHbIE METaUIbl U HEKOTOphIE JPYTHe BEIIEeCTBA, KOTOPhIE 00-
JAJAl0T XapakKTEPHBIM TOTJIONIEHUEM, HAlPUMEp: HUTPAT-UOHBI, OKCHJIbI
a30Ta, JIEMEHTHBIE TaJOTE€HbI, 030H), a TAKXXe JIJISi OMPEJETICHUS] HEMOrIo-
MIAIONTUX BEHIECTB. BOJbIIOEe YHMCIIO PeareHTOB B3aMMOJIEHCTBYET C HETO-
TJIOMIAONIMMH BEIIECTBaMH, 00pa3ys MPOIYKThl ¢ MHTCHCUBHBIM TOTJIOIIE-
HyeM B Y ®- 1 BUIUMON 00J1acTSIX.

Peakuuu B poToMeTpHYECKOM aHAIH3E

B doTomeTpudeckoM aHanM3e KOJIMYECTBO BEIIECTBA OMPENEISCTCs 0
WHTEHCUBHOCTH OKPACKH WJIA CBETOIOTJIOMICHUIO OKPAIIEHHBIX COCIUHEHUM.
B BummMoii o6mactu 1iBeT pacTBopa 00yCIOBJICH JITMHOW BOJHBI U3TyUCHUS,
HE MOTJIOIIEHHOTO 3TUM PAacTBOPOM. [[pyrumu ciioBaMu, LBET, KOTOPBIM MbI
BUAUM, SIBIISIETCA JOIMOJIHUTEIBHBIM K I[BETY MOTJIOMIEHHOro cBera. Hampu-
Mep, pacTBOP, MOTJIONIAIOIINM U3TyYeHUE B CUHEN yacTu criekTpa (~475 Hm),
OKpAILICH B KEJTHIN LIBET, T. €. CHHUHN LBET ABJISETCS JOTOJIHUTEIbHBIM.
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[Ipu onpeneneHnn HEOPraHUYECKUX KOMIIOHEHTOB JJIsl MOJYYEHUS OK-
palIeHHBIX COEJUHEHUN dYallle BCEro HUCIOJIb3YIOT pPeaKIuu o0pa3oBaHUs
(uHOTIa — pa3pylIeHUs1) KOMIUIEKCHBIX COCIMHEHUMN; 3HAYUTEIBHO PEXe
MPUMEHSIOTCS] PEAKIINKA OKUCIEHUsI-BOCcCTaHOBIeHH. JIiist hoTomMeTpryaecko-
ro OMNpe/esIeHUs] OPraHNYECKUX KOMIIOHEHTOB Yallle BCEro UCIOJIBb3YIOT pe-
aKIIMU CUHTE3a OKPAIIEHHBIX COCIMHEHUH.

OcHoBHbBIE TPEOOBAHUS K PEAKIIUSIM CBOAATCS K CIEAyIOLEMY: H30upa-
TEJIbHOE JIEMCTBUE PeareHTa, BhICOKAs CKOPOCTh PEaKIMH, OOJIbIIOE 3HAYe-
HU€ KOHCTaHThl PAaBHOBECHS, MOCTOSHCTBO COCTaBa U YCTOWYMBOCTH OKpa-
HIEHHBIX COECIMHEHUN BO BpEMs INPOBEACHUA aHann3a. BakHoe 3HaueHHE
B CBSI3U C 3TUM uMeeT pH cpensl.

OcHoBHbIE 3TaNbl KOJIUY€CTBEHHOI'0 aHAJIN3a B q)OTOMeTpI/II/I

[Ipexxne 4em MPUCTYNUTH K BBIMOJTHEHUIO (POTOMETPUUYECKOTO OTpPEIe-
JIeHUsl, HEOOXOAMMO BBIOpATh YCIOBHUS aHain3a. MOXXHO pPEKOMEHI0BATh
CJIEIYIOLIYIO CXEMY:

1. Boibop poromerpuueckoii hopMbl BelllecTBa U MPOBEACHUE XUMHYE-
CKUX PEAKIUHN IS MOTYYEHUsI OKPAILIEHHOTO COSTUHEHUSI.

2. YcraHoBJeHHE 00JIACTH KOHIIEHTpAIlMi, B KOTOPOW BBITIOJIHSAETCS
OCHOBHOI 3aKOH CBETOIIOIJIOICHMUS:

a) MPUTOTOBJIEHUE CEPUM CTAHAAPTHBIX PACTBOPOB HMCCIETYyEMOTO
BemiectBa (C¢p) M pacTBOpa CPaBHEHUS;

0) BBIOOp ONTUMAJILHOM aHAIMTUYECKOW JUIMHBI BOJIHBI; B OTCYTCT-
BHE TOTJIOIMIAIOIINX MPUMECEH 3TO, KaK MPABUIIO, MAKCUMYM TMOTJIOMIEHUS.
Ecnu B criekTpe uMeeTcst HECKOJIBKO MOJI0C, BBIOOP OCTaHABJIMBAIOT Ha Oosee
MHTEHCUBHOU. [Ipu Hanuuum B pacTBOPE HECKOIBKUX CBETOMOTJIOIIAFOIIUX
BEIIECTB BBHIOOP AHATUTHYECKON IJIUHBI BOJIHBI cioxkHee. OH Oyner pac-
CMOTPEH OT/AEJbHO;

B) MU3MEpPEHUE OINTUYECKOM IJIOTHOCTU CTAHJIAPTHBIX PACTBOPOB M
noctpoenue rpagyupoBodHoro rpaduka 4 = f(Cey).

3. M3MepeHue onTUuecKoi MIOTHOCTH UCCIIEIYEeMOro pacTBopa (A4y).

4. Pacuer KoHIIEHTpaIMH BelecTBa B aHanu3upyemoii nmpoode (Cy).

MeTponoruqecmle XapaKTEPUCTUKHU METO/Ia

YyBCTBUTEIBHOCTb. XapaKTepU3yeTcs yIiOM HAKJIOHA I'paayrupOBOY-
HOro rpaduka. TaHreHC yria HaKJIOHAa PaBeH MOJSPHOMY KO3(h UIIMEHTY

noryionieHus. YeM Oosbllie 3HaUCHUE € BEIIECTBAa, TEM UYBCTBUTEJIbLHEE €r0
onpeaeneHue. Ecnym npuHATh MUHUMAIBHOE 3HAYEHUE ONTHUYECKOW MIIOTHO-
CTH, UBMEPEHHOE C HEOOXOAUMON TOUYHOCTHIO, Amin = 0,01, MOXKHO paccyu-
TaTh MUHUMAJIBHO ONPEAEISEMYI0 KOHIECHTPALUIO:

82



c 0,01.

min —
el

(2.28)

5
IIpn BennunHax & ~ 10" 4yBCTBHUTENBHOCTH ONPENEICHUS MOXKET CO-

crasmsts 10710 mob/in.

Bocnpoussoaumocts. s 1oaydeHus BOCIPOU3BOIUMBIX PE3yibTa-
TOB HEOOXOJIMMO YYHUTHIBaTh MOTPEIIHOCTH TMPU W3MEPEHUU ONTHYECKOU
IJIOTHOCTH. VI3MepuTelbHOE YCTPOMCTBO (HOTOMETPHUYECKOro mpubdopa
OOBIYHO MMEET MOCTOSHHYIO 10 BCEW MIKale MOTPEIIHOCTh u3MepeHus AT
B BEJIMUMHE MPOITyCKaHus 1, MOTPENTHOCTh U3MEPEHUS BEIMUUHBI 4 HE OyAeT
onuHakoBa, T. K. A =—1g T.

OTHOcHTENbHAS TOTPEUTHOCTh onpenenenus konuentpauu AC/C nme-
€T MUHUMalbHOE 3HaueHue npu 7 = 0,37 wiaM ONTHYECKON IUIOTHOCTH

A=0,435. [Ins u3MepeHus: KOHUEHTpAIMd C MOTPEIIHOCTBhIO, HE IPEBbI-
IAKOLIEW YIBOEHHOW MHUHUMAJbHOW, HY’KHO MPOBOJUTH U3MEpeHHue 4 B UH-
tepBaisie 0,1-1,0. Jyist cCHIDKEHUS CiTydyallHOM TOTPEUTHOCTH U3MEPEHUS B 00-
naacTi OOJIBLIIMX U MajblX 3HaYEHUM A CYIIECTBYIOT CIIELUAIbHBIE IPUEMBI,
OJIMH U3 HUX — U depeHIMaTbHbI METO1 aHAIN3A.

[IpaBuabHocTh. CHcTEMaTHUECKHUE MOTPEIIHOCTH B (POTOMETPUU MO-
I'yT BOBHMKHYTh B CBSI3M C OTKJIIOHEHUSIMU OT 3aKOHa bepa, B CBSA3M C HEMO-
HOXPOMAaTHYHOCTBIO CBETOBOI'O MTOTOKA U XMMUYECKUMHU B3aUMOJIEUCTBUAMU
B M3MEPSIEMOI CUCTEME, a TAK)KE MPU HAJUYMHU NPHUMECEN, KOTOpPBIE MOIJIO-
IIAI0T CBET B JaHHOW oOjactu crektpa. s CHMKEHUs CHCTeMaTH4ecKOu
OLIMOKHU CYIIECTBYIOT CIIEIUANbHBIE MPUEMbI, KaK, HAapUMep, IPUTOTOBJIE-
HUE PACTBOpA CPABHEHUS, COJEPXKAILErO0 BCE KOMIIOHEHTHI, KPOME ONpeie-
JSIEMOTO.

TouyHOCTH (POTOMETPUUECKUX METOAOB 3aBUCUT OT HMHAWBHUAYaJIbHBIX
0COOEHHOCTEN (POTOMETPUUECKON pPEAKIUHU, XAPAKTEPUCTUK MPUMEHSIEMOTO
npubdopa u Apyrux ¢aktopoB. OObIYHAS OTHOCUTENIbHASI MOTPELIHOCTh (PO-
TOMETPUYECKUX METOOB cocTaBisieT 1-2 %.

2.7.6. OnpeneeHue KOHIMEHTPALMH OJJTHOTO CBETONMOIJIOIIAIOIIET O
BelllecTBA

MeToa cpaBHeHHsI ONTHYECKHUX TUIOTHOCTEl CTAHIAPTHOrO M HC-
cJeyeMoro coequHeHuid. /[ aHaaM3a BelIecTBa 3THM CIOCOOOM TOTOBSIT
pPacTBOp HMCCIICyeMOT0 BEIIECTBA U JIBA-TPU CTAaHIAAPTHBIX pacTBOpa, 3aTeM
HU3MEPSIOT ONTHYECKHE TUIOTHOCTH 3THX PACTBOPOB B OJIMHAKOBBIX YCIIOBHUSX
(ITMHA BOJIHBI, TOJIITMHA TOTJIOMIAOIIETOo ¢J10s). [lorpemHocTs onpeaencHus
OyJeT MEHbIIIE, eCIM ONTHYECKUE TJIOTHOCTH UCCISAYEMOT0 M CTaHIapTHOTO
pacTBOpPOB OyAyT UMETh OJM3KKe 3HadYeHHs. |1 aToro BHavyane hoToMeTpu-
PYIOT HCCIIEyEeMBI pacTBOp, a 3aTeM IOJAOUPAIOT HYKHYIO KOHIIEHTPAIIUIO
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ctaHmaptHoro pactBopa. CormacHo 3akoHy bepa, onThueckue IJIOTHOCTH
MCCJIEyEMOTO U CTaHAAPTHOTO PACTBOPOB PABHBI:

A, =elC,; (2.29)

A =¢€lC,,. (2.30)
PaznenuB ypaBuenue (4.28) Ha (4.29), nonyuum

C, = CCTj—x. 2.31)

CT

MeTton cpaBHEHHUS UCIIOJIb3YETCS U €IUHUYHBIX aHAIU30B U TpeOyeT
o0s13aTenabHOro cobmoaeHus 3akoHa bepa.

Metoa mouisipHoro ko3¢gduumenta norsomenusi. [Ipu pabore mo
ATOMY METOAY OIPEIAECIAIOT ONTHYECKYIO IJIOTHOCTh HECKOJBKUX CTaHIAPT-
HBIX PacTBOPOB A, Ul KaXJ0Tr0 CTaHAAPTHOIO PACTBOPA PACCUUTBIBAIOT

MOJISIpHBIN KOA(h(OUIIMEHT MOTJIONICHUS

g :lléi (2.32)

CT

U TIOJTy4YE€HHOE 3HaUeHUE & yCpeaustoT. [lockoabKy MONSpHBIN KO3PPUITHESHT
CBETOIOIJIOLIEHUS HE 3aBUCUT OT TOJIIMHBI MOMIOLIAOLIETO CIIOS, U3MeEpe-
HUSI MOJKHO IIPOBOJUTH B KIOBETAX PA3HOM JUIMHBIL. 3aTEM W3MEPSIOT ONTHYE-
CKYIO IUIOTHOCTb UCCIJIEyEMOr0 pacTBOpa A, M pacCUMTHIBAIOT KOHLIEHTPALIUIO

_ X

C, e (2.33)
Meton Tpebyer oOs3aTeabHOr0 coOMroieHus 3aKoHa bepa Xxotst Obl B

00J1aCTH MCCIIeTyeMbIX KOHIEHTpAIMI; UCIIOJIb3YETCS IOBOJIBHO PEKO.
Mertoa rpagyMpoBo4YHOro rpagpuka. B 3ToM cilydae roTtoBsiT CEPUIO
CTaHAAPTHBIX PACTBOPOB PAa3IM4YHONM KOHLUEHTpALMU U HU3MEPSIOT ONTHYE-
CKYIO TUIOTHOCTh B OJIMHAKOBBIX YCJIOBHSX. {1l MOBBIIIEHUS] TOYHOCTU OII-
pelesieHusT 4YMCIO TOYEK Ha rpaduKe [ODKHO OBbITh HE MEHbIIE TpeX-
YeTbIpeX. 3aTeM OINPEIENISIIOT ONTUYECKYIO TUIOTHOCTh MCCIEAYEMOIo pac-
TBOpa A, ¥ 1o rpauKy HaxOoIsAT COOTBETCTBYIOLIEE € 3HAUEHHE KOHIICH-

tpauuu C, (puc. 2.11).

WNHTepBan KOHIIEHTpAIMA CTaHIAPTHBIX PACTBOPOB MOJIOUPAIOT TaKUM
o0pa3oM, yTOObI KOHIIEHTpAIMsl MCCIEIYyEeMOIro pacTBOpa COOTBETCTBOBAJIA
IIPUMEPHO CEPEANHE HTOTO UHTEPBAJIA.

Merton sBnsieTcs HauboJee pacnpocTpaHeHHBIM B (hoToMeTpun. OCHOB-
HBIE OTPAHUYEHHMS METOJA CBA3aHbBI C TPYJNOEMKHM MPOLECCOM IPUTOTOBJIE-
HUS 3TAJIOHHBIX PACTBOPOB U HEOOXOIMMOCTHIO YUUTHIBATh BIUSHUE TOCTO-
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POHHUX KOMIIOHEHTOB B MCCJIEIyeMOM pacTBope. Yalie Bcero MeTo 1 mpume-
HSETCS JJIsl IPOBEICHUSI CEPUMHBIX aHATU30B.
4

CcT

CY CCT
Puc. 2.11. I'pagynupoBouHsIiif rpaduk 3aBUCHIMOCTH
ONTUYECKOH TNIOTHOCTU OT KOHIIEHTPAIlMU BEIIECTBAa B paCTBOPE

Metoa 106aBOK. DTOT METO/ MPUMEHSIOT JIJIsl aHAIKM3a CJIOXKHBIX pac-
TBOPOB, T. K. OH MO3BOJISIET aBTOMAaTUYECKH YUUTHIBATH BIUSAHUE MOCTOPOH-
HUX KOMIIOHEHTOB aHAIM3UpyeMoro obpasma. CHavana U3MEpSIIOT ONTHYE-
CKYIO TUIOTHOCTh MCCJIEIyEMOI0 pacTBOPA C HEU3BECTHON KOHIIEHTpALIUEH

A, =¢lC,, (2.34)

3aTeM B aHAJIU3UPYEMBIM pacTBOp M00ABISIOT M3BECTHOE KOJIMYECTBO CTaH-
JapTHOTO pacTBopa onpezaenseMoro kommnoHenra (C,;) ¥ U3MEpSIOT ONTUYe-

CKYIO IJIOTHOCTD
A

X

rop =€l(C, +Cyy), (2.35)

OTKyJa
A
Cx :CCTﬁ‘ (236)

x+cr T “x

JI71s1 MOBBINIEHUST TOYHOCTHU T00AaBKY CTAaHJAPTHOTO PacTBOpa OIpese-
JSIEMOTO KOMIIOHEHTA JEJal0T JBAXIbl W MOJYYCHHBIH PE3yJbTaT yCpe.-
HSIOT.

KonneHTpaiuio aHaau3upyeMoro BeliecTBa B METOIe JOOABOK MOYKHO
HaiTu rpadudeckuM mytem (puc. 2.12).

VpaBHenue (2.36) moka3plBaeT, YTO €CIU CTPOUTH rpaduk A, .. Kak

dyukuunr Cep, TO TOMYYUTCS TIPsIMAast, SKCTPAIIOJISIIUS KOTOPOH 10 Tiepecede-
HHUs C OCbl0 a0cuucc JaeT oTpe3oK, paBHbli — C,.. JIeWCTBUTENBHO, IpU

A C

+or =0 13 ypaBHeHus (2.36) cnenyer, uro — C -

cT —
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A.‘H‘CT

"
Ax+c*r

’
Ax+c1

Cs

Puc. 2.12. I'pagynpoBouHslii rpadux
U1 ONIPEIeNICHUs KOHLIEHTPAIMK BEIEeCTBa [0 METOAY 100aBOK

Metox nu¢g¢epennuanbHon poromerpun. B 3TOoM MeToae onrtuye-
CKH€ TJIOTHOCTH MCCIIEyEMOr0 U CTaHIAPTHBIX PACTBOPOB U3MEPSIIOT HE IO
OTHOUIEHUIO K PACTBOPUTEIIO WM PACTBOPY CPaBHEHHUS C HYJIEBBIM MOTJIO-
HIEHUEM, 4, B OTIUYHE OT MPSIMBIX CHEKTPO(POTOMETPUUECKUX METOJIOB, IO
OTHONIIEHUIO K PacTBOPY C M3BECTHOM KOHIIEHTpAIlUEH OMpEeeisieMOro Be-
mectBa Cy.

B 3aBucuMocTu oT crmocoO0OB M3MEpPEHUS OTHOCHTEIBHON ONMTHYECKON
MJIOTHOCTH PA3IMYalOT HECKOJIEKO BAPUAHTOB METO/IA.

MeToa BbICOKOTO MOTJIONIEHUs] — KOHIICHTPAIHS PACTBOPA CPaBHEHUS
MEHbIIIe KOHIIEHTpaluu uccieayemoro pactsopa (Cy < C,.). Totosst ceputo
CTaHJAPTHBIX pacTBOpoB ¢ KoHueHTpauusmu Cp,C,,...,C, u poromerpupy-

IOT CTAHJAPTHBIE M HCCIEAYEMBIM PacTBOPBI MO OTHOLICHUIO K PACTBOPY
cpaBHeHUsl ¢ KoHUeHTpauued C(. 3HaueHUs OTHOCUTEIBHOW ONTHYECKOM

IUIOTHOCTH A’ TIPENCTAaBJIAIOT COOOW PAa3HOCTh OMTUYCCKHMX TUIOTHOCTEH HC-
CJIelyeMOT0 (CTaHIapTHBIX) pacTBOpa U pacTBOpa CpaBHEHUS:

A, =4, —A4y=¢l(C, - Cp); (2.37)
Ay = Ao = Ay =el(Ce = Gp).- (2.38)

KonnenTparuio uccieayeMoro pacTBopa onpeAessitoT pacueTHbIM CIO-
coOOM WIM MO TPagyupoBOYHOMY rpaduky. OTauuue TpagyrupOBOYHOTO
rpaduka ot o0braHOTO (pHC. 2.11) B TOM, 4TO 32 HAYaJIO OTCYETA IPUHUMAIOT
KOHILIEHTPALUIO pacTBopa cpaBHEHUA (.

[Ipu pacyerHoM cnocobe HaxonsaT 3HaueHue C, u3 ypaBHeHuil (2.37)

u (2.38):
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(Cer = Co)

C,=Cy+d, —2_—0 (2.39)
CT
i
C.=Cy+F-A., (2.40)
rac
F :(CCT—,_CO); (2.41)
ACT

F naswiBarot hakTopom mnepecuera. B ogHoM cepun usmepeHuit F siBisi-
€TCsl TIOCTOSTHHOM BEJTMYUHOM.

Metox peKkOMEHAYETCS UCIIOJIB30BATh B TEX CIIy4asX, KOT1a ONTHYECKas
MJIOTHOCTH PACTBOPOB OOJIBIIE €AMHUIIBI.

Metoa Hu3koro mnorJomenusi. KoHneHTpanus pactBopa CpaBHEHHUS
Ooubllle KOHLEHTpauuu ucciaegyemoro pactsopa (Cy > C,). B atom ciyuae

MPUMEHSIOT OOpaTHBIA MOPSAOK M3MEPEHUs: aHAIM3UPYEMBbI U CTaHAapT-
HBIE PACTBOPHI YCIOBHO NMPUHUMAIOT 3a PACTBOPHI CPABHEHUS U IO OTHOLIE-
HUIO K HUM U3MEPSIOT OINTHUYECKYH IUIOTHOCTh HM3HA4YaJIbHOIO pacTBOpa
cpaBHeHUMs. B aTOM ciydae:

A=Ay A, (2.42)
A=Ay — Aer - (2.43)
Konnenrpanuto C, paccUuThIBaIOT 10 (hopMyJIe
C,=Cy—F- 4, (2.44)
rne
F={"Ca) (2.45)
ACT

MGTOI[ HHU3KOI'O IIOIJIOHMICHHA IHPUMCHAIOT 4Yallc BCCTO K pacTBOpaMm

C ONTHUYSCKON MIOTHOCTRIO A < 0,1.

Metox AByXCTOpOHHero au(¢epeHUUPOBAHUS (METOJ MPEAECIbHON
TOYHOCTH) COYeTaeT B cebe 0o0a MeroAa ¢ MPSAMBIM U OOpPaTHBIM MOPSIKOM
U3MEPEHHUsI ONITUYECKOMN TUIOTHOCTH pacTBOPOB.

[Ipu pabore 3THM METOAOM TOTOBSIT HECKOJIBKO CTaHAAPTHBIX PacTBO-
POB C KOHLEHTpAIUSIMU, MEHBIIIUMU, YEM B PaCTBOPE CPABHEHMSI, U CTOJIBKO
K€ CTaHJIAPTHBIX PACTBOPOB C KOHLIEHTPALUSMHU, OOJIBIIUMU, YEM B PACTBOPE
CpPaBHEHHUS.
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Ecmu C > (), ucnons3yroT npsamoit nopsiiok usmepenus, ecm C<Cy —

OOpaTHBI, U 3HAUYEHUS OTHOCHUTEIBHBIX ONTHUYECKHUX IJIOTHOCTEH OEpyT co
3HaKOM MHUHYC. [ pagynpoBOUYHBIA TpaduK IPpHU ITOM HE IPOXOIUT Yepe3 Ha-
qaji0 KOOpPJIWHAT, a MEePECeKaeT OCh aOCIMCC B TOYKE, COOTBETCTBYIOIICH
KOHILIEHTpaluu pactBopa cpasHeHus C (puc. 2.13).

KonnenTpaiuio uccieayeMoro pacTBopa MOKHO OTPEACITIUTh U pacyeT-
HBIM Ty TEM:

C,=Cy+F-A4,. (2.46)
Kak BuaHO, mpu koHLEeHTpauuu pactBopa cpaBHeHuss Cp=0 nudde-

pEHIMATBHBIN METOJ MPEBPAIIAETCS B METO/ MPSMOM (HOTOMETPUHU.
AI

cp

Puc. 2.13. I'pagynpoBouHslii rpadux
B METOJI€ IBYXCTOPOHHEN U depeHnanbHoi poTomeTpun

HuddepeHunanbHble METOABl aHaIM3a MPUMEHSIOT JUIsl ONpeAeseHUs
OOJBIINX KOJUYECTB BELIECTB, JAJS YCTPAaHEHUsS MEUIAIOLIEr0 BIIMSHUA IO-
CTOPOHHHUX NPHUMECEN U MCKIIFOUYEHHS MOTJIOIIEHNS PEAKTUBOB. DTOT METOL
IPUMEHSIOT €IIe U B TeX CiIydasX, KOorja u3-3a OOJbIION KOHLIEHTpAlUU Ha-
pymaetcs 3akoH byrepa—JlamGepra—bepa nnu korna 3Haue€HUE ONMTUYECKOM
IUIOTHOCTHU BBIXOJUT 3a TPAHUIIBI KAkl TpuOopa, a najbHeilee pazoaBie-
HUE pacTBOpa HEXeENaTelnbHO. TOYHOCTh OMPENENICHUs MPU HCIOIb30BaHUU
g depeHIrnaIbHOro METO/1a MOBBIIIAETCS.

2.7.7. OnpenesieHue cMeCH CBETONMOIJIOIIAKIIUX BeleCTB

CriekTpo(hOoTOMETPUUECKHI METOJT B MPUHIIUAIIE TTO3BOJISIET OMPEICTUTh
HECKOJIbKO CBETOMOTJIOMIAONINX BEIIECTB B OJIHOM pacTBope 0e3 mpenBapu-
TENBHOr0 paznenieHus. B mpocteiieM ciyyae BelIeCcTBa MOIVIOMIAIOT MpHU
pPa3HBIX JJIMHAX BOJIH, U AQHAJIN3 CMECU CBOJUTCS K OMPENEICHUIO KaXI0ro
KOMIIOHEHTA B OTACIbHOCTH.
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Ecan xe CIICKTPbI BCIICCTB IICPCKPBIBAIOTCA, TO MAJIA aHAJIM3a HCIIOJIb-
3YIOT OJUH U3 MCTOJ0B, OCHOBAHHBIX Ha 3aKOHC aAJUTHBHOCTH. Haan/IMep,
JJIA CMECH BCIICCTB A n B MOXHO 3aIucaTh:

A}‘l :l(SAXICA +SB7\,1CB); (247)
4y, =1(e.5,Cs+25,Cp) (2.48)
Pemenue »Toii cucremsl ypaBHeHMi npu / = 1 cm 1aer:

A, -€ -4, -€
C, - n EBL, T, EBy (2.49)

>
€4, "EBL, ~EAN, "EB),

A, e€py — Ay, -€
Cy = ry EBh My BB, (2.50)

Ean "EBL, “Ea, "EB)

JIMuHBI BOJH, TPU KOTOPBIX CIEAYET MPOBOAUTH U3MEPEHUS ONTHYE-
CKOM TUIOTHOCTH, BEIOMPAIOT MO CIIEKTpaM IOTJIONIeHUs BemecTB A u B. Jlns
ATOTO0 HAXOMAAT 00JIACTM MAKCHUMAJIbHOTO TMOTJIONIEHUS OJHOTO0 KOMITOHEHTa
P MUHUMAJILHOM MOTJIOMIEHUH Apyroro. Mossipabie K03 PUIIMEHTHI CBe-
TOMOTJIOUIEHUS ONPENEISAIOT 3apaHee, MOATOMY aHaJIu3 CBOAUTCSA K H3Mepe-
HUIO ONTUYECKOM IJIOTHOCTH MPH IBYX JUIMHAX BOJIH.

Ecnu uncno KoMIOHEHTOB B CMECH 0OJIbIIe, YEM JIBa, YHUCIIO CJIaraeMbIX
B ypaBHEHUsIX TuIa (2.47) yBeIUYUBAECTCS NPOMNOPIUOHATIBHO YHUCITYy KOMIIO-
HEHTOB M COOTBETCTBEHHO BO3pacTaeT 4uciIo ypaBHeHuH. HeoOxommmoe
TpebOBaHNE — TOMYMHEHUE KOMIIOHEHTOB CHCTEeMbl 3akoHaMm bepa m amim-
TUBHOCTHU. Tak, JUIsl # KOMIIOHEHTOB OyJeT 3amucaHa CUCTeMa U3 11 ypaBHe-
HUM, 3HAYEHUS ONTUYECKUX IJIOTHOCTEH MOJAKHBI OBITh M3MEPEHBI MPU 7
JUIMHAX BOJH. Takue cUCTeMbl YPaBHEHUN PEUIAIOT C UCIOJIb30BAHUEM BBI-
YUCIIUTENIbHON TeXHHUKHU. [lorpemHocTs pe3ysibrata M3MEPEHUN C yBEJIN4e-
HHUEM YHUCJIa KOMIIOHEHTOB MOBBIIIAETCS.

2.7.8. KosinueCcTBEeHHBbIN aHAJIU3 10 HHPPAKPACHBIM CIIEKTPaM

UNK-u3nyyeHue moguuHseTCs] 3aKOHAM CBETOMOTJIOMICHUS, YTO MOYKHO
MCIIOJIB30BaTh JJIsI KOJIMYECTBEHHOTO OIpPEJEICHUs BEIIECTB; OOBIYHO MPH-
MEHSIIOT METOJl TpaayupoBo4yHOTO rpaduka. CyllecTBEHHO 3aTpyaHSETCS
MPUMEHEHUE  METOoJla  MOJISIPHOTO  Ko3(¢ullMeHTa  MOIJIOIIEHUS B
HNK-cnekTpockonuu TeM, UYTO M3-3a PACCEsIHUs, CIUIOIIHOTO IMOTJIONMICHUS U
apyrux 3Q¢eKToB 4acTo ObIBAET HEBO3MOXKHBIM OMNPEIEIUTh IMOJOXKEHUE
auaun  100%-ro mpomyckaHus, T. €. ONPEACIUTh MHTEHCUBHOCTH CBETA,
MpoIIIeIIero yepe3 odpaser] 6e3 aHaau3zupyeMmoro kommnonenTa (/). Muorue

89



TPYAHOCTH KoamyecTBeHHON MK-CreKTpOoCKOnuy yCrenHo npeo0IeBarTCs
C IOMOUIBI0 METOJIa 6A3080t AUHUU, KOTOPBIM MOIYy4Hsl OOJBIIOE Pacmpo-
cTpaHeHue B IpakThke. CyIIHOCTh €ro JErko NOHATh U3 puc. 2.14, Ha koTo-
POM NPUBEJEH YYacTOK CIIEKTpa ¢ ABYyMs IoJ0ocaMH noriomeHus. s pado-
Thl C OPraHUYECKMMH PACTBOPAMU B KauyeCTBE KIOBETHI HCIIOJIB3YIOT ILIA-
CTUHKH U3 XJIOPHJIa HATPHsl, 3aKPEIUICHHBIE B METAJUIMYECKOM KOXYyX€; IIPO-
Oy BBOJAT MEX]y IJIACTUHKaMH IINPULIOM. TBepable MpoObl CyCIIEHIUPYIOT
B Ba3eJMHE U JPYrMX MacjaxX WIA CMELIMBAIOT C MOPOIIKOM OpoMHJIa Kallus
U mpeccyroT B Bujae Tabmerok. Ha MK-cnektpax, mogydeHHBIX OJisi CepUuU
npo0, U3MEPSAIOT BEJIWYMHY MPOIMyCKaHus 7 B MAaKCUMyMax IOTJIOMICHUS
(MUHUMYMBI [10JIOC).

1'( -

-
. o) >
5 <
N
,.._:11

Puc. 2.14. Metox 0a30BOM JIMHUU
(V4, V3 — BOJHOBBIE YHCIIA JUIS TIOJIOC MTOTJIOIICHHM )
bazoBast 1uHUS MPOBOJIUTCA B OCHOBAHMHM IOJIOCHI MOTJIONIEHUS (TTOKa-
3aHa MyHKTUpoM). KoadduiineHTs! nponyckanus:

TA:I—A u TB:I—B. (2.51)
o, 4 Io.p

[To momy4eHHBIM JTAHHBIM CTPOSAT TPaJAyHPOBOUYHBIN TpaduK B KOOPAH-
Hatax A-C 1 POU3BOAAT ONpPEICIICHHE.

3nayenue MK-cnekTpockonuu B KOJIMYECTBEHHOM AaHAIU3€ JOBOJIBHO
OTPAaHUYECHO, T. K. OIIPEAEISIEMbIE KOHIICHTPALMU BEIIECTB JOBOJIBHO BEIUKH,
a TOYHOCTh PE3yJbTAaTOB HEBBICOKA (> 5 %).

HeBbicokass TOYHOCTH OOYCJIOBJIIEHa HEOOXOJMMOCTBIO HW3MEpPEHUs
B OYEHb Y3KOW KIOBETE, IJIMHY KOTOPOH TPYAHO BOCIPOM3BECTH, BBICOKOM
BEPOATHOCTHIO MEPEKPBIBAHUS I0JIOC MOIJIOIMIEHHST KOMIIOHEHTOB MpPOOBI,

90



OYEHBb HEOOIBIION IHHpI/IHOfI ITOJIOCHI IOTJIOIICHUA B MAKCUMYMC, 4YTO 4aCTO
IMPUBOAUT K OTKIIOHCHHUAM OT 3aKOHA Bepa.

2.7.9. ipyrue 00/1acT NpUMEHEHUsI MOJICKYJISIPHO
a0COpPOLMOHHOI CIIEKTPOCKONINH

doTOMETPUUECKHE U CIIEKTPOPOTOMETPUIECKHIE U3MEPEHHSI MOKHO HC-
MOJIb30BaTh ISl (PUKCUPOBAHUS KOHEYHOW TOYKH THUTpoBaHus. DoTomerpu-
YEeCKO€ TUTPOBAHUE YACTO OOecrneunBaeT 0o0Jiee TOYHBIE PE3YNbTAThI, YEM
npsamoil poromerpuueckuii Meroa. llpenmyiectBo meroga (oromerpuue-
CKOT'O OIpEAeNIeHUs] KOHEYHOM TOYKH MO CPABHEHUIO C JPYTUMHU METOJaMU
3aKJII0YAETCs] B TOM, YTO HUCIOIB3YIOTCA SKCIIEPUMEHTAIbHBIEC TAHHBIE B TOY-
Kax, JJOCTaTOYHO YJAJICHHBIX OT TOYKHM dKBUBAJIEHTHOCTH. [loaTOMY OoTmana-
€T YCJIOBHE, CBSI3aHHOE C MOJHOTOM MPOTEKaHUs PEaKLMH, 00s13aTEIbHOE IS
METOJIOB, B KOTOPBIX (PMKCHUPYETCS U3MEHEHHE BOJIM3U TOUKH SKBUBAJIEHTHO-
CTH (HarpuMmep, NMpu MOTEHUNOMETPUYECKOM WJIM BU3YyaJIbHOM THUTPOBaHUH
¢ uHauKaTopom). Ilo To# xe mpUUMHE MOXHO THUTPOBATh OoJiee pa3OaBiieH-
HbIE PACTBOPHI; IPUCYTCTBUEM JIPYTMX MOTJIOIIAOIINX BEIIECTB MOXKHO Mpe-
HeOpeub, T. K. U3MEPSIETCS TOJNIBKO M3MEHEHHE ONTUYECKOM MmIoTHOCTH. PDo-
TOMETPHUYECKOE TUTPOBAHUE MPHUMEHSETCS KO BCEM THUIIAM PEAKLIUM.

XapakTepHOe TOIJOIIEHUE CBETa YAaCTULIAMH B PAcTBOpPAaxX OTKPHIBAET
IIMPOKHE BO3MOXHOCTH Il MCCIIEJOBAaHUSI XMMHUYECKHX CHCTEM. B ocHOBe
TaKOro poja HCCIAEAOBAHUI — OIIEHKAa M3MEHEHUN ONTHUYECKUX XapaKTEpH-
CTUK pacTBOPOB B pe3yJibTaTe CIBUIra XMMHUYECKOIO PABHOBECHS IOJ| BIIHUS-
HUEM pa3nyHbIX (akTopoB. CrekTpoPoTOMETpUUECKHE U3MEPEHHS MTO3BO-
JSI0T ONPEIEIUTh YUCIIO TOMVIOMIAIOIINX KOMIIOHEHTOB CMECH, COCTaB 00pa-
3YIOIIMXCS B pACTBOpPaxX COCAUHEHUM, KOHCTAHThl XUMHUYECKHX PAaBHOBECHH,
B TOM YHMCJIE€ KOHCTAHTHI JAMCCOLMALANA KHUCIOT U OCHOBAaHUN M KOHCTAHTHI
YCTONYMBOCTH KOMIUIEKCHBIX COCIMHEHUN.

2.8. IlpuMepnI penieHUs1 TUNOBLIX 32124 B GOTOMETPHUHA

3amaya 1. MonsipHblii KO3(PGUIMEHT CBETOMOIJIOMICHUS KOMIUIEKCa
oepwusa ¢ anetwianeToHoMm npu 294 um pasen 31600. Kakoe MuHMMab-
Hoe cojiepxkanue Oepuiuius (%) MOXKHO ONpENEeNUTh B HaBecke 1 I, pacTBO-
PEHHOI B MEpHOI K010€ BMECTUMOCThIO 250 MJI, €ClI MUHUMAJIbHOE 3HAYe-
HUE ONTUYECKOU IUIOTHOCTH, U3MEPEHHOE B KIOBETE C TOJILIMHOM CJOS S CM,
paBHo 0,0257?

Pemenue. 1o ypaBuenuto byrepa—JlamGepra—bepa Haxommm KoHIIEH-
Tparuio OepusIIus

A 0,025

Cc="2 - =1,58-1077 moub/m.
l-e  5-31600
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3aTeM paccuuThIBaeM cojepxaHue Oepwus (T) ¥ MUHUMAJIBHOE CO-
nepxxanue (%):

=7
GV M 15810750901 ook,
1000 1000
-8
o MBe 1000y - 1215-10

100=7,15-10" %
m06m

3apaya 2. 0,2500 r cranu pactBopwin B 100 mi1, oToOpanu mpoOsl 1o
25 M7 B BE KOJOBI, B MEPBYIO OOABWIM CTaHAAPTHBIN pacTBOp, COIEpKa-
it 0,50 Mr TUTaHa, 3aTeM B KKIyIO KOJIOY T0OaBUIM PEaKTUBBI JJIS MMOTY-
YeHUs] OKpAIIeHHBIX COCAMHEHUI TuTaHa W pazbaBwiu 10 50 miu. M3mepeH-
HbIC 3HAYECHMS onTuueckod miaoTtHoctu: Ay = 0,650, 4,=0,25. Paccunrarh
MAacCOBYIO JOJIFO TUTAHA B CTAJIH.

Pemenue. Pacuer BegeM o MetToy 100aBOK, COTIACHO KOTOPOMY

A 0,250

X _ .1’00.1()‘2 :6,25-10_3 MT/MJI,
0,650-0,250

Cx = CCT

A

x+cT T

A

X

ra¢ KOHOCHTpAalWA TUTAHaA, I[06aBJ'IeHHOFO CO CTaHAAaPTHBIM PAaCTBOPOM,

C.. = 0,50 = 1,00-10_2 MI/MJIL.

CT —

MaccoBast 10J11 TATaHA B CTAJIM C yYE€TOM pa30aBIICHHUS:

-6
. 6,25-10 -50-100-1002055%.
25-0,2500

3apmaua 3. U3 HaBecku cranm maccou 0,2542 r nmocne o6paboTKu moy-
gy 100 mu1 okpameHHOro pactsopa Hukensa. Onruyeckas IJIOTHOCTb, W3-
MEpEHHAasl M0 OTHOLIEHHIO K pacTBOpPY CpaBHEHHUs, coaepxkamemy 6,00 mr
Hukena B 100 mi, paBHa 0,440. OnTruyeckas IJIOTHOCTh CTaHAAPTHOTO pac-
TBOpa ¢ conepxkanueMm 8,00 mr Hukens B 100 mn paBHa 0,240. Beruuciutb
MacCCOBYIO JIOJIF0 HUKEJSI B CTAJIH.

Pemienue. B merone auddepennumanbHoi (HOTOMETpUM H3MEPEHHOE
3HaYEHHE ONTHUYECKOM IUIOTHOCTU MpPEACTaBIsieT COOOM pa3HOCTh ONTHYe-
CKHX IUIOTHOCTEMN MCCIIEyeMOro pacTBOpa U pacTBOpPAa CPAaBHEHHSL:

/ /
Al = Ayeen — Acp9 Ay = Ay — Acp )

501041
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Al =al(Cpen —Cop)s Ay =al(Cer —Cop) -

Otcrona

Al/ Cnccn - Ccp Al/
Do Do =T (C — Cop) + o
Aé Cer = Cep e Aé (Cor = Cep)* Cop

con = —g’:jg -(0,08—0,06)+0,06=9,67-10"2 mr/m;

-3
0=25710" 100 %=3.86 %.
0,2542

3agaua 4. Monsipabsie K03()(PUITUEHTHI CBETOMOITIONICHUSI MOHOATaHO A~
muna (1) mpu 785 1 728 M COCTABIAIOT: &7g5(1) =1,67 M €758y =0,0932;

JUdTaHONAMUHA(2): €785(2)= 0,0446 1 &7587)= 1,17. Bhranciuts KOHIICH-

Tparuu (MOJIb/1) MOHO- ¥ TUATAHOJIAMHHA B MPOOE, €CIIM 3HAYCHUS ONITHYC-
CKOM MJIOTHOCTH IMPH TOJIIIUHE CI0S KIOBETHI 1,0 CM, COOTBETCTBEHHO, PAaBHBI
0,525 u 0,715.

Pemenue. OnTryeckue MIOTHOCTH CMECH MOHO- M JM3TAHOJIAMUHA MPU
/=1 cM paBHbI:

Azgs =8&7851) - C1 +€78502) - €23
Agr8 =e728(1) " C1 T €728(2) G2
rae C; u Cy — KOHIEHTPALMH MOHO- U JIU3TAHOJIAMKHA, MOJIb/JI.
Pemaem cucremy ypaBHeHuit otHocutenbHo Cp u Cy:

€785(2) 4728 — €728(2) - 4785

Cl = 5
€728(1) "€785(2) ~ €728(2) " €785(1)

C. —_ E1280) - A7gs — €785(1) - 4728
) =

€728(1) " €785(2) ~ €728(2) " €785(1)

BBI‘-II/ICJIHeM KOHLOCHTPAIIMIO MOHO- U IU3TAaHOJIaMHHA:

_ 0,0446-0,715-1,17-0,525 _ 0,298 Motb/:
0,0932-0,0446-1,17-1,67

_0,0932-0,525-1,67-0,715

©0,0932-0,0446 —1,17-1,67

1

> =0,586 moub/ 1.
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IJTABA 3
MACC-CIIEKTPOMETPUA

Macc-cnekrpomeTpusi — GU3NYeCKUil METO/l, OCHOBAaHHBIM Ha MOHU3AIUN
MOJIEKYJI M3y4aeMOro BEIIECTBA C MOCIEAYIOIMM pa3IeIEHUEM UOHOB IO BeE-
JIMYMHE OTHOIIEHUSI MACChl K 3apsAy U JETEKTUPOBAHUEM.

Macc-cneKTpoMeTpust SIBISIETCSl HanboJiee YyBCTBUTEIBHBIM CIIEKTPOCKO-
MMAYECKUM METOJOM MOJICKYJIIPHOTO aHAJM3a MO CPABHEHUIO C TAKUMHU METO-
namu, kak SAMP- u UK-cniektpockonus. B oTivuMu OT ONTHYECKUX, PEHTIe-
HOBCKMX M HEKOTOPBIX APYTMX METOJOB, JCTCKTUPYIONIUX H3IYyUYCHUE WU
TOTJIOIICHUE SHEPrUd MOJIEKYJaMU WA aTOMaMH, MacCC-CIIEKTPOMETPHUS
HMMEET JIeJIO ¢ CAaMMMU YacTuiiaMu BeriectBa. CyIecTBEHHOE OTIMYUEe Macc-
CIEKTPOMETPUU OT JPYTUX AHATUTUYCCKUX (PUBUKO-XUMUYECKUX METOJIOB
COCTOUT B TOM, UTO OHA COYETAET B ce0e U METOJ pa3JejeHUs U METO] OIpe-
JICJICHUS.

3.1. CymHoCTh MacC-CIIEKTPOMETPHH

Macc-cnieKTpoMeTpHus — 3TO METOJT U3MEPEHHUs OTHOIIECHUSI MacChl 3a-
PSOKEHHBIX YaCTHIL K MX 3apsay (m/z).

JIJist mpoBesieHNsT MacC-CIIEKTPOMETPUIECKOTO aHainu3a oOpaser] mepe-
BOJST B MOHU3HPOBaHHYIO (opmy. [locime 3Toro TeM WM MHBIM CIIOCOOOM
MIPOU3BOAMTCS pa3ACICHUE HOHOB MO OTHOIICHUIO UX MACCHI K 3apsiiaM | pe-
TUCTPAIUAS 3TUX MOHOB, KOTOPHIE MOTYT OBITh KaK TOJOKUTEIbHBIMHU, TaK U
OTPHUIIATEITHLHBIMH.

Macc-cneKTpoMEeTpUYECKU aHalTu3 AAeT BaXXHYI0 MH(POPMALIMIO IS Ol-
pEIeneHrsT MOJICKYIISIPHOW MacChl, MOJICKYJIIPHOW (POPMYITBI MITH 3JIEMEHTHOTO
COCTaBa U CTPYKTYPHI MOJICKYI.

Macc-CrieKTpOMETPHUIO KCIIONIB3YIOT ISl ONPENEICHUSI OMHOCUMENbHOU
MONeKYapHoU maccbl M, coeuHeHus, KOTOPYIO BBIPaKalOT B aTOMHBIX €]U-
HUIIaX Macchl (a.e.M.) uiu ganpToHax, Ja, (1 Ja=1 a.em.=1,660541-10"% r,
41O paBHO 1/12 Maccel U30TOMA yriepojia ¢ MaccoBbiM uucioMm 12). Macca
OCHOBHOTO M30TONa yriepoga ~“C BBIPOXKACTCS IEIbIM UYHMCIOM M DaBHA
12,000000 [a. Macchl Bcex M30TOIOB JIFOOBIX IPYTUX 3JEMEHTOB OyIyT BBI-
pakaThCs HETEIBIMU YUCITAMH.

B macc-cniekTpe mUKH WK JIMHUHA C ONPEJCICHHBIM OTHOIICHUEM 11/Z,
COOTBETCTBYIOT MOJICKYJIIPHBIM ()parMEHTaM U TaK)Ke 0003HAYAIOTCS IIEITBIM
YHCJIOM, TIOJTYICHHBIM TIPH OKPYTJICHUHA TOYHOTO 3HAYCHHUS 11/Z .

B Macc-crieKTpoMeTpu# CYIIECTBYET TPH Pa3IMYHBIX TMOHSITHS MAacChl.
Cpeonsiss MOneKyIapHas macca BBIYACIACTCS HAa OCHOBAaHUU JJIEMEHTHOTO
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COCTaBa M CPEIHMX ATOMHBIX Macc. CpenHsss MOJIEKyJspHas Macca BaKHA
IpU U3YYEHUH OOJBIINX MOJEKYH. HomunanvHas MonekyiapHas mMacca Bbl-
YUCIIAETCS C YYETOM BJIEMEHTHOIO COCTaBa U HOMHUHAJIBHBIX aTOMHBIX Macc
HanOoJiee paclpOCTPAHEHHBIX B MPUPOAE U30TONOB. TouHAaAs MONEKYIAPHAA
Macca BBIYHUCISAETCA U3 3HAYEHUN TOYHBIX Macc Haubosee pacnpocTpaHEeH-
HBIX U30TOIMOB.

C moMouip0 Macc-CIeKTPOMETPUM BO3MOYKHBI: AHAIM3 OPraHUYECKUX
COCIMHEHMM, HEOPraHUYECKUM aHajv3, UCCIIEIOBAHUS MO BBIACHEHUIO MeEXa-
HHA3MOB PEAKLHMIM B OPraHUYECKOM XUMUHU Y aHAJIU3 ITOBEPXHOCTH.

C noMoIuIpI0 Macc-CIeKTPOMETPUM KaK aHATUTUYECKOTO METO/Ia PEIaoT
IPOMATHOE YHCIIO KAUECTBEHHBIX M KOJMYECTBEHHBIX 3a/1a4. KauecTBeHHbIE HC-
CJIEIOBAaHUS 3aKIIOYAIOTCSA B OINPENCIICHUN CTPYKTYPbl HEU3BECTHOIO COEIUHE-
HUSl, B YaCTHOCTH, MPUPOAHBIX BEILIECTB, METAOOIUTOB JIEKAPCTBEHHBIX Ipera-
paToB U JAPYTruX KCEHOOMOTHUKOB, CUHTETUUYECKUX COSAUHEHUM. JIJia KommuecT-
BEHHOI'O aHAJIN3a MAacC-CIEKTPOMETPHUIO HMCIIONIB3YIOT MPU pa3paboTKe apOUT-
PaXHBIX METOJIOB U METOJOB CpaBHEHHUs. Macc-CIEKTpOMETPUsI CETOAHS pa3-
BHBAETCSl O4YEHb OBICTPO, OXBaThIBAsi Bce OOJiee IMIMPOKHE OOJIACTU MPUMEHE-
Husi. OObeIMHEHNE MacC-CIEeKTPOMETPUHU C XpoMmaTtorpagueil 3HaAYMTENIbHO
YBEJIUYHUIIO BO3MOKHOCTH METO/A U PACHIMPUIIO KPYT U3y4aeMbIX OOBEKTOB.

3.2. AnnaparypHoe ogopmiieHHe MaCC-CIIEKTPOMETPHH

CoBpeMEHHBIN MACC-CIIEKTPOMETP — YPE3BBIYANHO CIIOKHBIA U KOMIIBIO-
TepU30BaHHbIA NpUOOp. OH COCTOUT U3 MATH Y3JI0B, OTPAXKAIOIIUX ISITh BaX-
HBIX PAa3/IeJIOB aHAJTUTHYECKON Macc-CIEKTPOMETPUHU: CHUCTEM BBOJA IMPOOHI,
MOHM3AIMY aHAJINTA, pa3/ieJICHUs] MOHOB 10 MaccaM (3apsiiaM), IeTEKTUPOBa-
HUS MOHOB U 00paboTKH AaHHBIX (pHcC. 3.1).

i | 2 3 4

Sl
e

e o

30H4 BEBICOKOT 0 BAKYYMA

Puc. 3.1. biok-cxema macc-CrieKTpoMeTpa:
1 — cucrema BBOJa 00pasia; 2 — HOHHBIN HCTOYHHK; 3 — MacC-aHAIH3aToP;
4 — neTekTop; 5 — U3MEPUTEIBHOE WU PETUCTPUPYIOLIEE YCTPOHUCTBO

[To momy4yeHHOMY Macc-CHEKTpY JAeNaeTcsl BBIBOJ O cocTaBe oOpasia u
CTPYKTYpE €ro MOJIEKYJI, IO BeJIMYNHE TOKa COOTBETCTBYIOIINX HOHOB CYyIST
0 KOJIMYECTBEHHOM cOocTaBe 00pasiia. Macc-crekTp 00bIYHO U300pakaeTcs B
BuJie rpaduka uinu tabauusl (puc. 3.2). Ha rpaduke no ocu abcuucc oTkia-
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JbIBA€TCSI OTHOLIEHUE MACChl MOHA K €ro 3apsiiy, m/z, a M0 OCH OpJIMHAT —
MHTEHCUBHOCTb, XapaKTEPU3YIOIasi OTHOCUTEJIbHOE KOJIUYECTBO MOHOB JaH-
HOTro BHJA. VIHTEHCHBHOCTH BBIpaXaeTCs B MPOLEHTAX IO OTHOIICHHUIO K
MOJIHOMY MOHHOMY TOKY (CyMMapHOW MHTEHCHUBHOCTH BCEX MOHOB B Macc-
CHEKTpPE) WU MO OTHONICHUI0 K MAaKCHUMaJIbHOW MHTEHCUBHOCTH HOHHOTO
TOKa B MacC-CIIEKTpE.
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0 1 3 0 15 20 25 30
Macca HoHa, 3.8.M.

Puc. 3.2. Macc-cniekTp 3TujieHa

3.2.1. Cucrema BBOJa o0pa3ua

Cuctema BBOja oOpasia JOJKHA OOECIEYUTh HEOOXOAUMBIE YCIIOBUS
npu BBoje oOpaslia B 00JaCTh €ro MOHM3AIMU, U 3Ta MpodiieMa peliaercs
KOHKPETHO B KaXXJIOM Cllydae, B 3aBUCUMOCTH OT (a3bl 00pasia, ero Kojaude-
CTBa, LI€JI€M aHaIM3a U BO3MOXKHOCTEN anmnapaTryphl.

B macc-criektpomMeTprun MCHOJB3YIOTCSl TPU THUIIA CUCTEM BBOZAA MPOOBI:
XOJIOJIHBIE WJIM 000rpeBaeMble CTEKIISIHHBIE pe3epByaphl ¢ HaTEKaTelsIMH, pas-
JMYHbIE IITOKU U1 BBOJIA UE€PE3 BAKYYMHBIN IITI03 U CUCTEMBI, COCTUHSIOIINE
Macc-CIeKTPOMETP ¢ XpomarorpadoM B pexxume on-line.

VYuauTbiBas HEOOXOAUMOCTh MOJACP)KAaHUSI BBICOKOTO Bakyyma, B Macc-
CTHIEKTPOMETPHH UCTIONB3YIOT TAKOW TOCTATOYHO MPOCTOM CIIOCOO BBOJA BEITIE-
CTBa, KaK KOHTPOJMPYEMbIE BSI3KOCTHBIC MJIM MOJEKYJIsIpHbIe HaTekarend. Of-
HAKO MX MOXXHO HCHOJB30BaTh TOJBKO JJISI BEHIECTB C JOCTATOYHO BBICOKOM
YIPYTOCTHIO TIapa.

Bbonee mmpokoe pacmnpocTpaHeHHE TOIYYMIM CHUCTEMbI TPSMOTO BBOJAA
00pa3loB ¢ MOMOIIbIO IITOKOB Yepe3 BaKyyMHBINM LUTI03. TBEpAbIA WM KUA-
KU 00pa3zer] NOMEIAT B METAITIMYECKUNA TUTENb, KOTOPBIH YCTaHABIUBAIOT B
JeprkaTesb HarpeBaeMoro mToka. [IITok yepe3 BakyyMHBbIi 1UTH03 BBOJAT B HO-
HU3ALMOHHYIO KaMepy B 00J1aCTH BBICOKOTO BaKyyMa U YCTaHABJIMBAIOT HAIPO-
TUB MOHHOTO HCTOYHHUKA. TemIepaTypHO-POrpaMMUpPYEMbII HarpeB LITOKa
obecrieunBaeT NocTymieHne oopasia B UICTOUHUK. OJTHAKO UCIOIb30BaHHUE MO-
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JOOHBIX CHCTEM OIrPaHMYEHO BEILECTBAMM C JOCTAaTOYHBIM JaBJIEHUEM Mapa
npu noBbleHHON Temrieparype (okono 400 °C). Beimyckarores pa3HO0Opas3-
Hble MOJM(UIMPOBAHHBIE CUCTEMBI BBOJIA TIPOOBI JIsl pabOThI B PEXKUME MSIT-
KOW MOHU3ALIMH.

HanOonee BaxHbIl 1 yHUBEPCAIBHBIN CIIOCOO BBOJIA BELIECTBA OCYILECT-
BJISIETCSl TIOCPEACTBOM COYETAHUSI Macc-CIIEKTPOMETpa € XpomaTtorpagom.
B Hacrosmiee BpeMsi coueTaHME Ta30BOM U KUIKOCTHOM Xpomarorpaduu u
macc-criektpomerpun (I'X-MC, )KX-MC) B pexxume on-line UCTIONB3YIOT IS
PYTMHHOI'O aHAJIM3a BO MHOTMX OOJIACTSIX aHATUTHYECKOW XUMHUU.

3.2.2. Cnnoco0bI HOHU3ALUU

VY Ci10BHO €ITOCOOB! MOHM3ALMHU, UCTIONb3YyEMbIE B aHAJTUTHUECKON Macc-
CHEKTPOMETPUN OPraHUYECKUX COEAMHEHUH, MOKHO KJIacCU(PHUIMPOBATH IO
¢dazaM, B KOTOPBIX HAXOJATCS BELIECTBA NE€PE/l NOHU3ALUECH.

HcTopuuecku nepBble METOJbl HOHU3ALMU OBbUIM pa3paboTaHbl IS Ta-
30BOH (ha3bl.

DJIeKTPOHHBI ynap (OY) — nambomnee ctapblii U HanOoOJIEe MIUPOKO
IIPUMEHSAEMBII B COBPEMEHHON MacC-CIEKTPOMETPUH METOJ HOHU3AIMU MO-
JIEKyJl OPraHUYECKUX coeanHeHuu. /[ Toro, 4To6p HOHU30BATH OpraHUYe-
CKO€ BEIIECTBO €ro M3 KOHJIEHCUPOBAHHOU (pa3bl mepeBoAsT B razopyro. Ila-
pBl 00pa3ua moABepraroT OOMOAPAUPOBKE YCKOPEHHBIMU 3JIEKTpoHaMHu. Mc-
TOYHHKOM 3JIEKTPOHOB CIY>KUT AJIEKTPUUECKH Harperas BoJib(ppaMoBas Wiv
peHueBas HUTh. Jns yBennuenus 3¢ (HEeKTUBHOCTH MOHU3AIMU MOJIEKYI ra3a
B MCTOYHUKE MCMOJB3YETCS MAarHUTHOE I0JI€, CUJIOBBIEC JIMHUM KOTOPOrO Ha-
IIPABJICHBI BJIOJIb Iy4Ka 3JEKTPOHOB. CTOJIKHOBEHHUE JIEKTPOHOB C MOJIEKY-
JamMu o0paslia IPUBOIUT K MX BO30YXACHUIO, (PparMEeHTAalluu U UOHU3ALUY.
Bce 3TO A01KHO MPOUCXOAUTH B BaKyyMe, HHAU€ AJIEKTPOHBI CIUIIKOM Obl-
CTPO 3apsAsT MOJIEKYJIbI, COCTaBJISIONINE KOMIIOHEHThI BO3/1yXa, a HOHBI, 00-
pa3oBaBIIMECS U3 aHAJIU3UPYEMOI'O COEAMHEHHS, CIHUIIKOM OBICTPO BHOBb
NpEeBPaTATCS B HEUTpaibHbIE MOJEKYJbl. MeTol MOHM3AIUK 3JIEKTPOHHBIM
yaapom (DY) maer GoraTeie pparMEHTaMH MacC-CIEKTPHI, KOTOpbIe oOecIie-
YUBAIOT CTPYKTYpHYIO HHpopMaIuio. CrekTpbl coOuparoT B OMOIHOTEKU U
UCIOJIB3YIOT U1 UACHTU(DUKALIMN COEUHEHUHN C MOMOIIBIO IPOLETYPHI MO-
UCKA.

Xumunueckasa uoHmszanus (XIM) — emre oauH crmocod MOHMU3AIMHU Ta30-
BOM ¢a3bl. B 1aHHOM cilydyae MCTOYHHMK MOHOB 3amOJIHAETCA ra3oM (0OBIYHO
MeTaH, U300yTaH, aMMHAaK WK BOJA) MPU MOBBIILIEHHOM JIaBJIEHUU, U3 KOTO-
poro B pe3yJibTaTe MOHMU3ALMU O] JEHCTBUEM JIEKTPOHHOI'O yAapa FreHepu-
pytotcs noHsl. OnpezenseMble MOJIEKYJIbl HOHU3UPYIOTCS HEMOCPEICTBEHHO
3a CUeT psAfa peakluil HOHAMM PEeareHTHOro raza. XuMH4YecKas MOHU3ALUs
JaeT 0YeHb MPOCThIE MACC-CIIEKTPhI, TOITOMY €€ YacTO HA3bIBAIOT «MSTKUM
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METOJIOM HOHM3alMKU. Msrkas MOHU3aIUs MPUBOJUT K MEHbIIEH (parmMeH-
TallMM U TO3TOMY ATOT METOJI JaeT MEHbIe MHPOPMAIMU O TOM, KaK YCT-
pOEHA CTPYKTypa MOJIEKYJIbI, 3aTO C €ro MOMOIUIBIO JIErYe ONPEACNIUTh €€ MO-
JEKYJSIPHYIO Maccy. B 3aBucHUMOCTH OT ra3za-peareHTa Inojay4aroTcs MOJIOKHU-
TEJIbHO WJIM OTPULIATENBHO 3apSKEHHbBIEC HOHBI.

K coxaneHuto, O4eHb MHOTHME OPraHMYECKHE BEIIECTBA HEBO3MOKHO
NepeBecTy B razoByio (azy 6e3 pasnoxkeHus. Cpeld TakuxX BEIIECTB 0OJIb-
IIMHCTBO MPEJICTABISIET OCOOBIN MHTEpEeC — 0K, (PU3UOTOTUYECKH AKTUB-
HBbIC BelecTBa, mosmmMephl. [loaToMy B mocneaHue roasl pa3paboTaHbl CIie-
[HAAJIbHbIE METO/Ibl MOHU3AIMN TaKMX OPraHUYEeCKUX coeAuHeHuil. B ocHOB-
HOM 3TO MemOoO0bl UOHU3AUUU RPU AMMOCHEPHOM 0A6IEHUU.

[Tpu nonmsanum 3jexkrpopacnbuieHuem (MOP) motok >xuaxoit ¢dazbl
HarpasiisieTcsi B uriny guamerpoM 0,1 MM, KOTOpasi HAXOAUTCS MOJT BEICOKUM
MOTEHIIUAIOM, 0KoJio 6 kB. Ha Brixoje u3 urisl o0pasyercst a3po30Jb U3 3a-
PSOKEHHBIX Karlellb, UMEIOIINX BBICOKMI MOBEPXHOCTHBINA 3apsj. MexaHuszm
MOHU3ALUM €lIe OKOHYATEJIbHO HE BbIsicHeH. [Ipenmosiaraercsi, 4TO WOHBI,
oOpasyroluecs B pacTBOpe, MOTYT «UCHAPSTHCS» C MOBEPXHOCTH HEOOIb-
IMX 3apsDKEHHBIX Karelb (C BHICOKOM MJIOTHOCTHIO 3apsia), 00pa30BaHHBIX
IIPU PACbUIEHUN PACTBOPA U MOCIEAYIOIIEM UCIAPEHUH HEUTPaIbHBIX MO-
JeKyJ pacTBopuTens. JlaHHBIA METOJ UCTIONB3YETCs ISl YPE3BBIYAHHO MSAT-
KOW MoHU3auu 0e3 pparMeHTaluu OYeHb HEYCTOWYUBBIX MOJIEKYJ M Helle-
Ty4YMX COCAMHCHHH, TaKUX, KaK TMENTH]IbI, OCITKH, HYKICOTHIbI, CaXapuIbl.
BaxxHoi 0COOEHHOCTHIO METO/Ia MOHU3AIIUU 3JEKTPOPACIBUICHUEM TIPU aHa-
au3e OMOMAaKpOMOJIEKYJ SIBIsieTCs OOpa30BaHHWE MHOr03apsIHBIX HOHOB,
MPUBOJISAIIMX K BOSHUKHOBEHHUIO B CIIEKTPE TaK HA3bIBAEMOT'0 «MOHHOTO KOH-
BEpPTa» U3 KOTOPOI0 MOKHO TOYHO PACCUMTATh MOJIEKYJIAPHYIO Maccy Oenka
¢ norpemHOCThIO MeHee 0,1%.

[Ipu xuMu4yeckoii HOHU3aUK Npu aTMochepHoM aaBJaeHun (XIMA/I)
MOTOK 00pa3lia HaMpaBIAE€TCS B PacHbLUIUTENb, IJI€ OH MPEBpPALIACTCS B MeJl-
KOJIMCIIEPCHBIA a3p030Jib MO JEUCTBUEM HarpeToro rasza. IIpoucxoaut tep-
MopacnbeuieHue. [locne ucnapeHus: pacCTBOPUTENS W3 Kalelek a’po30Jid Io-
TOK IMOCTyIaeT B o0jacTh MoHuzanuu. B pexxume XMAJ[ nmoreHuman npu-
KJIaJIBIBAETCS] HE K MUTJIE, Yepe3 KOTOPYIO MOCTYIAET KUIKOCTh, a K 3JIEKTPO-
Iy B 00JIaCTH pacCHbUICHUS, YTO MPUBOJUT K 00pa30BaHUIO KOPOHHOTO pa3-
psna. B aTom cimydae dparmeHTarusi 3HaYUTEIHHO MEHBINE, YeM B METOJIE
NDOP. JlanHBII METOJ UCHOJB3YETCA MPU aHAIU3€ MECTUIMAOB, CTEPOUIOB,
JIEKapCTB.

CuiIbHO TOJISIPHBIE W/WIIA BBICOKOMOJIEKYJISIPHBIE BEILIECTBA MOYKHO HO-
HU3UPOBATh C MOMOILIBIO MEMOO08 0ecOPOUUOHHOU UOHU3AWUU, OCHOBAH-
HOU Ha TOM (haKTe, YTO MPHU BBICOKUX TEeMIEpaTypax KOHCTAHTHI CKOPOCTH
WCIIapEHUS BBIIIE, YEM KOHCTAHThI CKOPOCTH Pa3JIOKEHUSI.
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[Tpu GomOapaupoBke ObicTpbiMu aToMamu (BBA) m3ywyaemoe Bele-
CTBO PaCTBOPSIOT B MOJXOAIICH HeleTydel MaTpulle, OOBIYHO B IIMIIEPUHE.
PacTtBop momemiaroT B BUJE€ TOHKOW IUIEHKM Ha METAJUIMYECKYIO MOJIONKKY
cnenuanbHoro mroka. O0Opasel] NepeHOCAT B MOHHBIM MCTOUYHUK M TOCIE Ba-
KYYMHPOBaHHS O0JIy4atOT TOTOKOM aTOMOB C SHEPIUsIMH OKOJI0 S8Kk3B (Hampu-
Mep, aromamu At win Xe). s 60MOapAMPOBKU UCTIONB3YIOT TaK:KE BBICOKO-
HHEPreTUYECKUE MOHBI 11e3Us. BBIX0J] MOHOB aHaIM3UpyeMoro oOpasiia TeM
OosbliIe, yeM OO0JIbIIE Macca YCKOPEHHBIX aTOMOB.

[Ipu mosaesoii necopoumu (I1/]) pactBop oOpasma momemniaroT Ha
BOJTH()PAMOBYIO MTPOBOJIOKY AuamMeTpoM 5—10 MKM (AMUTTEp), KOTOPYIO Tie-
pen HaHeceHueM o0paslia aKTUBHPYIOT U1 00pa30BaHUs HA €€ TTOBEPXHOCTH
MUKPOUTI. DMUTTEP MOMEUIAIOT B CHJIBHOE 3JIEKTPUYECKOE MOJE, TPU ITOM
MPOUCXOJIUT JOKAJbHOE YCWICHUE HAIMPSKEHHOCTU MOJS HAa KOHYMKAaX WIJ
(06b1aHO 710 10° B/M). MIOHBI reHEpHPYIOTCS B Pe3yNbTaTe PasIndHBIX IIPO-
1eccoB. Bemencrere BBICOKOW JIOKAIbHOM HAINPSKEHHOCTH ITOJISI MOXKET IPO-
HCXOJUTh TYHHEIIUPOBAHHE BJIEKTPOHOB U3 00paslia K SMUTTEPY U JIeCopo-
1Sl 00pa30BaBIIMXCS KAaTHOH-PaJAUKaIoOB. MOXKHO ONpeneauTh JU00 3TU HO-
HBI, JTMOO MPOAYKT UX PEAKIMMA C IPYrMMU MOHAMU (MOH-MOJEKYJISPHbIE pe-
aKkuuu ¢ oOpa3oBaHMEM MPOTOHUPOBAHHBIX MOJIEKYIT). OOpa3oBaBIIMECs HO-
Hbl MOKHO HETOCPEICTBEHHO W3BJIeYb M3 KOHICHCUPOBAHHOW (pa3bl B pe-
3yJbTaTe BO3JAEHCTBUS JIOKAIBHOTO IOJIS.

[Ipy MoHM3aLMHU J1a3ePHOI JecopOIMeld MPH COAEHCTBUN MATPHUIIbI
(MAJIAN) oOpasen; cMEUIMBAIOT C PacTBOPOM IMOJXOSIIEH MaTpulbl (Ha-
MpUMep, CUHAIIMHOBOW KUCJIOTHI) U MOMEIIAIOT Ha MOJJIOXKKY U3 HEp KaBero-
e cranu. [locne BeICyNIMBaHUSA MPOUCXOJIUT KpUCTAILIU3aIus odpasia u
Matpulbl. Eciu 3Tu KpuUCTaibl OABEPTHYTh BO3JEHCTBUIO Ja3€pHOIO U3-
JYYEeHUS C YaCTOTOM, COOTBETCTBYIOIIECH MAaKCUMyMY TOIJIONIEHUS BEIIECTBA
MaTpulibl, 00pPa3yroTCsl UOHBI, KOTOPhIE MOXKHO MPOAHATU3UPOBATH MPHU TIO-
MOIIM BPEMSAINPOJIETHOIO Macc-cnekrpomeTpa. C MOMOIIBIO 3TOTO METoJa
MOXHO aHAJIM3UPOBATh Hanbosee TepMOJAOMIbHbBIC, TPYIHOJIETYYHE, BBICO-
KOMOJICKYJIIPHBIE COEIMHEHUS C MOJEKYJISIPHBIMM MaccamMd BIUIOTh J10
300000: monmmenTUabl, OCIKU, HYKICOTHIBI, IMOJHMCAXapUJbl, CHHTETHYEC-
CKHE TOJIMMEPHI, QYyIIIIEPEHBI, OPTaHUYECKUE KOMITJIEKCHBIE COCIMHEHUS

3.2.3. Pa3gesiennie HOHOB 10 OTHOIIEHHUIO MACCHI
K 3apsily 1 MacC-aHAJIU3ATOPbI

[Tocne noHM3aMK BElIeCTBA UOHBI Pa3ACNIAIOTCS B MacC-aHAIN3aToOpe
B COOTBETCTBMM C HUX OTHOIIEHHEM Macchl K 3apsany (m/z). B nHacrosiee
BpeMsl MCHOJB3YIOT MSATh THIOB aHAIN3aTOPOB, KOTOPHIE MOXKHO pa3lIeIUTh
Ha HEMPEPbIBHbIE U UMITYJIbCHBIE.
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KBaapynosbHblii Macc-aHAJIM3ATOP MPEICTABISIET COOON yCTPOMCT-
BO, COCTOSIIEE U3 YETHIPEX CTEPKHEN W3 HEPHKABEIOIIEH CTalld, UMEIOIIUX
rUNEepOOIMUECKOe WM KPYTJoe IOMEePEeYHOE CEUCHHE U PACIOJIOKEHHBIX
CTPOro MapajjIEIbHO HAa OKPYXHOCTHU. llapbl MPOTHUBOIONOKHBIX CTEPKHEU
MIPUCOEAUHEHBl K IPOTHBOMNOJIOKHBIM TIOJIFOCAM HCTOYHUKA IMOCTOSHHOTO
HaIpsDKEHMS, HA KOTOPOE HAKIAIbIBAETCSl MEpeMEeHHOe HanpsikeHue. llepe-
MEHHOE PaJIM04acTOTHOE 1Mojie 3PHEKTUBHO YCUIMBAET U MOJABISET MOCTO-
saHHOE Tosie. IOHbI U3 MCTOYHMKA BBOISATCA B MOJIE KBaAPYIOJS MOCPEICT-
BOM yCKopsitolero norexnuana senuunnon 1o 20 B. IIpoxons depe3 kBaj-
PYNOJBHBIN (DUIBTP, MOHBI HAYWHAIOT OCIHLIUPOBATH B IJIOCKOCTH, TEp-
MEHAUKYJAPHOW OCH KBAJAPYHOJIsl. Y CTOMYMBBIMU SABJISIOTCA TOJIBKO TPAacK-
TOPUU HOHOB C OIpPEJEICHHBIM OTHOIIEHHEM MAacChl K 3apsiiy; 3TH HOHBI
npoxoasaT uepe3 GuibTp K nerekTopy. OcTaibHble HWOHBI HE MPOXOMST
(GUIbTp, MOCKOIBKY aMIUIUTYAa UX OCHUJUISIIUA CTAHOBUTCS OECKOHEYHOI.
KBagpymnonbHble Macc-CIIEKTPOMETPhl OOECIEUUBAIOT BBICOKYIO CKOPOCTH
ckaHupoBaHus (< 1 ¢/MOpSAOK) U aBTOMATUYECKOE MEPEKIIOYEHUE C JETEK-
TUPOBAHMUS TOJOKUTENBHO 3apsHKEHHBIX MOHOB Ha OTPULATEIBHO 3apsKEH-
Hbele. HegoctatkoMm mpruOOpOB ATOrO TUIIA SIBISETCS TO, YTO BEPXHUM Tpeaesn
nponyckanust HaxoauTcs Mexay m/z 1000 u 2000 u 06s1a1at0T MOHMKEHHOM
JyBCTBHUTEIILHOCTBIO B 0071aCTH BBICOKUX Macc (> 500).

Macc-aHaau3aTopsbl ¢ ABOHHOU (POKYCHUPOBKOM COCTOAT U3 MarHUT-
HOT'O CEKTOPHOI'0 aHAaJIN3aTopa, PACCEMBAIOIIETO MOHBI COTJACHO UX MOMEH-
Ty (KOTOpPBIH 3aBUCHUT OT OTHOIIEHUS M/Z) U 3JIEKTPOCTATHYECKOTO aHaN3a-
TOpa, B KOTOPOM HMOHBI C PA3TMYHON KMHETUYECKOW IHEprueil CHOBa (POKY-
cupytorca. I1oT 3¢dexT ABoNHHON (HOKYCUPOBKHU MO3BOJSET JOCTUTAaTh 0O-
Jiee BBICOKOW pa3peliarolieil Cuiibl, 4eM B KBaJAPYyIOibHbIX npubopax. B co-
BPEMEHHBIX MPUOOpPAX C MAarHUTHBIM MOJEM MOXKET ObITh JOCTUTHYTa pas-
pemaromast cuia 10 100 000 u macca 1o 20 000. Ecnu paboTath npu HU3KOM
paspelleHnu, NpuOopsl ¢ MAarHUTHBIM TOJIEM 3HAYUTEILHO OOJee YyBCTBHU-
TEJIbHBI, YeM KBaJIPYMNOJIbHbIE TPUOOPHI, U OCTAIOTCS CTOJIb K€ UYBCTBUTEIb-
HbIMU TipH paspematoiei cuie 10 000. ITpu »Toit pa3pemiaroiieit cumie aie-
MEHTHBII COCTaB COECIUHEHHUS MOXET ObITh HEMOCPEICTBEHHO PACCUUTAH W3
TOYHOM MOJICKYJApHON Macchl. [IO0CKOJNBKY 3Ta BO3MOMXKHOCTH 3aBUCHUT HE
CTOJIBKO OT MacCOBOI'0 Pa3pelICHHs], CKOJIBKO OT TOYHOCTH MacC, HECOMHEH-
HOE OIPEJEICHUE JIEMEHTHOTO COCTaBa BO3MOXHO JIMIIb JIJI1 COCAMHEHUN C
JOCTATOYHO HU3KUMHU MOJIEKYJSIpHBIMU Maccamu (300 ganbTOH M MEHBLIE).
[TpuGops! ¢ ABOIHON (HOKYCHPOBKOM OoJiee CIOKHBI B paboTe U 00CITyKHUBa-
HUU, UX HUCIHOJB3YIOT JUIIb TaM, IJI€ HEOOXOJIUMBbI BBICOKOE pa3pelieHUE,
BBICOKAsl YYBCTBUTEJIBHOCTh U IIMPOKUI UHTEPBAJ MaccC.

HenaBueli pa3paboTKOW B TEXHOJOTUH KBAAPYIOJIEH SIBIAETCS TPeX-
MepHasi KBaJpynoabHasi HOHHAs JIoByHIKa. OHA COCTOUT U3 IUJIUHpUYE-
CKOTO 3JIEKTpOJa, U30THYTOro B (popme KoJiblia, K KOTOPOMY MPHUIIOKEHO
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KBaJIPYIOJIBHOE TIOJIE, U JIBYX JJIEKTPOJOB-3ariylliek. B BepxHel 3armynike
MMEIOTCSI OTBEPCTHUA I BXOAA MOHOB WJIM 3JIEKTPOHOB B JIOBYIIKY, B HHUX-
HEW 3ariylke — OTBEPCTHS JJIs1 BbIXOJIa MOHOB K 3JIEKTPOHHOMY YMHOXKH-
tento. Monbl, 0Opa3oBaBiInecss BHYTPU JOBYIIKH HJIA BO BHEIIIHEM MOHHOM
HMCTOYHMKE, 3aJepKuBaroTcs B joByluke. [lox nelicTBrueM BO3pacTaroLIEro
PaarOYaCTOTHOIO MOTEHIMAla TPAEKTOPUU HMOHOB C OIPEICIICHHBIM 3Haye-
HUEM M/Z CTaHOBATCS HEYCTOMYMBBIMH. DTH WOHBI MOKHUAAIOT JIOBYIIKY U
JNETEKTUPYIOTCS SJIEKTPOHHBIM YMHOXkUTEIEM. OTMETUM, YTO B KBaAPYIOJb-
HOW MOHHOM JIOBYIIKE JETEKTUPYIOTCS UOHBI C HEYCTOMYMBOU TPAEKTOPHUEH,
B TO BpeMs Kak B KBaJPYyIOJIbHOM MAaCC-aHaJIU3aTOPE Yepe3 AECTEKTOp IPo-
XOJIIT MOHBI C YCTOWYMBBIMHU TPACKTOPHSIMHU. YHUKAIBHOU OCOOCHHOCTHIO
JNETEKTOpa C JIOBYIIKOW MOHOB SIBIIIETCS aBTOMATUYECKUU KOHTPOJIb YCHUIIE-
HUS: TIPU 3TOM PETYJIHMPYETCS PEATbHOE BPEMS MOHU3AIMU IS MOJTYyUYEHUS
ONTHUMAJILHOTO KOJIMYECTBA MOHOB B JIOBYIIKE B COOTBETCTBUHU C Pa3MEPOM
poObl ¥ A3(HPEKTUBHOCTHIO MOHU3AIUMU. DTO JOCTUTACTCS 3a CUET MpeaBapH-
TEJIbHOTO CKAaHUPOBAHUS IUTEIBHOCTHIO TTpUMEpHO 0,2 MC, BO BpeMsl KOTO-
pOro JETEKTUPYIOTCS BCE HMOHBI BBILIE ONpEAETeHHOro mnopora. M3 sroro
[IPEIBaPUTEIBHOI0 CKAHUPOBAHUS ONPEACIACTCS BPEMsI HOHU3ALUU U BPEMSI
MOJIHOTO CKaHMpOBaHUA. IMEHHO 3Ta 0COOEHHOCTh BHOCUT OCHOBHOM BKJIA]]
B 3aMEUYATEJIbHYIO YYBCTBUTEIBHOCTh JIETEKTOPA € JOBYLIKOM UOHOB, II03BO-
JIsisl TIOJTy4aTh TIOJIHBIM Macc-CIEeKTp MEHee 4eM ]Il 5 Mr BelecTBa u odec-
MeuynBas JUHAMUYECKUI auamna3oH okoso 106.

[Ipu wccnenoBaHWM COCAMHEHHM, HEMEPEBOAUMBIX B Ta30BYyIO (a3y,
MOMYJIIPHBl BPEMAINPOJIETHbIE MAaCC-aHAJAU3ATOPbI. X oTnmuuTenbHOMU
OCOOCHHOCTBIO SIBJISIETCSI TO, YTO Y HUX MOHBI IBUKYTCSI B O€CIOJIEBOM IPO-
cTpaHcTBe. MOHBI M3 MCTOYHMKA PA3rOHSIOTCS JICKTPUUECKUM IOJIEM, MPU-
oOperasi JOCTaTOYHO OOJIBIITYH0 KHHETUUECKYIO SHEPTHUIO, U BBUIETAIOT B Oec-
MOJIEBOE MPOCTPaHCTBO. Ha BXoA€ B 3TO MPOCTPAHCTBO BCE MOHBI UMEKOT
OJIMHAKOBYI0 KMHETUYECKYI0 SHEPrHI0, B 3aBUCUMOCTH OT MAacChl UOHBI Oy-
IyT ABUTaThCS C Pa3HBIMU CKOPOCTSIMHU U, COOTBETCTBEHHO, B PA3HOE BPEMsI
JOCTUTHYT JETEKTOpa, PacHoJIOKEHHOT0 B KOHIIE TPYyObl UX MpoJieTa. 3ape-
TUCTPUPOBAB UOHBI ¥ U3MEPUB BPEMS, MOKHO PacCUUTaTh Maccy MOHOB. Bce
IIPOLIECCHI, ITPOUCXOAAT 32 MUJUIMOHHBIE JOJIM CEKyHIbL. lloaToMy Bpems-
MIPOJIETHBIE AHAJIM3ATOPBl MOTYT MCIIOJIb30BATHCA U1 U3MEPEHUU MaccC Or-
POMHBIX MOJIEKYJ (C MaccaMi B JIECSITKA U COTHU ThHICSY aTOMHBIX €IUHHUII).
BpemsanposieTHbie Macc-aHAIM3aTOPbl, B OCHOBHOM, HCIIOJIB3YIOTCSI CETOIHS
Omaromapsi uX MPOCTOTE, CKOPOCTU U OTHOCUTEITHLHO HEOOIBIIIONH CTOMMOCTH.

LIUK/JIOTPOHHO-PE30OHAHCHBIM  MAacCC-aHAJM3aTOPp ¢  (ypbe-
npeodpa3oBaHueM IOKa €II€ HE MOJYYWJ IIMPOKOrO PACIpPOCTPAHEHUS B
AHAIMTUYECKON MpakTuke. s pa3aeneHns HOHOB UCIOIb3YIOT SYEUKH pas-
JUYHOM reomeTpuu. Sdeilka HaXOaUTCs B MarHUTHOM moJie. MloHsl o0Opazy-
I0TCSl JIMOO BHYTPHU SUEUKH, JTMOO BO BHEITHEM MOHHOM HMCTOYHHUKE. Sueiika
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COCTOUT U3 JABYX PACHOJIOKEHHBIX HANPOTUB JIPYT APYyTra IJIaCTUH-JIOBYIIEK,
IBYX BO30YXJAOUIMX TUTACTUH U JABYX IUIAaCTUH mpuemMHuKka. Korma HoHsI,
JBIDKYIIUMECS B suelike, BO30YKIAlOTCA MOJ JCUCTBHEM Paguo4acTOTHOIO
HAMITyJIbCa, PAAUYC TPACKTOPHUHU YBEIMYUBACTCS U BCE UOHBI C OINPEACICHHON
BEJIMYMHOM 7/z HAYMHAIOT JBUTAThCsS B 0JiHOM (haze. KorepenTHoe JBUKEHHE
WOHOB MPUBOJUT K BOBHUKHOBEHHIO TOKA HA IJIACTUHAX NMIPUEMHHKA. TaK Kak
KOT€PEHTHOCTh TEPSAETCS CO BpEMEHEM, HaOJIF0AaeTCs 3aTyXaroIui TOK, T. €.,
BpEMEHHAasl pa3BepTKa CHUTHaja, B KOTOPOU COJEPKHUTCS BCA MHGOpPMAIUS O
JBIDKYIITUXCSL HOHAX. DTa pa3BepTKa MOXKET OBITH MpeoOpa3oBaHa B YaCTOT-
HYIO Pa3BEPTKy CHUTHAJA MPH IOMOIIM Ipeodpa3oBanus Dypbe, KOTOPHIA B
CBOIO OYepeab MOXHO IpeoOpa3oBaTh B Macc-CHEKTp. MIMEHHO 3TOT THII
Macc-aHaJIN3aTopa MO3BOJISIET HanboJiee TOYHO M3MEPUTh MAcCy MOHA, 00Ja-
JTaeT OYEHb BBICOKUM pa3pelieHrneM. Boicokoe pa3perieHue no3Boisier pado-
TaTh C MOJUIPOTOHUPOBAHHBIMU MOHAMH, OXOTHO OOpa3yIOIIUMHUCS TIPU UO-
HU3AIMU OCJIKOB U MEMNTHUJIOB B AJIEKTPOCIIPEE, a BBICOKAsi TOUHOCTh OIpe/e-
JIEHUSI MacChl IMO3BOJISIET MOJIy4aTh OPYTTO-(HOPMYITy HOHOB, Aeiias BO3ZMOXK-
HBIM OIPEACHATh CTPYKTYPY MOCJIEIOBATEIBHOCTEH AMHHOKHUCIOTHBIX OC-
TaTKOB B NENTHIaX U OelIKax.

3.2.4. JlereKTHpPOBaHUE HOHOB

[TocrienHUM 37€MEHTOM MAacC-CIIEKTPOMETpPA SIBJISIETCS JETEKTOp 3aps-
KECHHBIX 4acTHUll. BelnunHa TOKOB, CO3/1aBa€MbIX HOHAMU TOCIIE MPOXO0XKIE-
HUSL Macc-aHanm3aropa, coctasiaser 10—10'° A. Takie TOKH MOXHO peru-
CTPUPOBATH C MTOMOIIBIO CTIEIUAIBHBIX U3MEPUTEIBbHBIX YCTPOUCTB.

CHavasla B KayecTBe J[ETEKTOpa MCIOJIb30BAJIACh (POTOMIACTHHKA.
B Hacrosiiee BpeMs Hanbosee MMPOKO JJIsl PErUCTPallid HOHHBIX TOKOB HC-
MOJIB3YIOTCSI AMHOJHbIE BTOPHMYHO-3JIEKTPOHHbIE YMHOMKHMTEIN JIUCKDPET-
HOTI'0 WJIM HENPEPBIBHOTO TUNA. [[eTeKTUpOBaHWE MOHOB MOCPEICTBOM 3JIEK-
TPOHHOT'O YMHOKHUTEJISI OCHOBAHO HA SMHUCCUU BTOPUYHBIX JJIEKTPOHOB B pe-
3yJIbTaTE€ CTOJIKHOBEHUM WOHOB C JMHOJAOM yMHOXkwutTensa Mon, nonanas Ha
MEePBbIM TUHO/JI, BRLIOMBAET U3 HETO MyYOK JIEKTPOHOB, KOTOPHIE B CBOIO OYe-
pelb, momaaasi Ha CAEAYIOUUNA JUHOMA, BHIOMBAIOT U3 HETO elle OoJbliee KO-
JIUYECTBO JEKTPOHOB U T. 1. ucKkpemHwiti OUHOOHBIU YMHONMCUMELL COCTOUT
n3 12-20 OGepwUIMeBO-MEAHBIX IUHOJIOB, CBS3aHHBIX MOCPEACTBOM pE3U-
CTUBHOU 1enu. HenpepulgHolil OUHOOHbBIN YMHONMCUMENL COCTOUT U3 TOKPbI-
TOM CBUHIIOM HM30THYTOW BOPOHKOOOpa3zHoOM TpyOku. Hampsbkenue, mpukiia-
JBIBAEMOE MEXIy KOHIIaMU TPYOKH, CO37aeT HEMPEPHIBHOE IMOJIE 0 BCEHl ee
JUTUHE.

Jpyroii BapuaHT — (POTOYMHOKHUTEJIH, PETUCTPUPYIOLIME CBEUCHUE,
BO3HHMKaroIee mpu 00MOapIMpOBKE HOHAMU JTFOMUHOGOPA.
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Kpome TOrO0, HCMONB3YIOTCS MHUKPOKAHAJIbHbIE YMHOKHTEIH, CHCTE-
MBI TUTA AUOJHBIX MATPHUI U KOJIJIEKTOPHI, COOMPAIOIINE BCE MOHBI, MOMAB-
1IMe B JAHHYIO TOYKY MPOCTPAHCTBA (KOJIEKTOpbl Dapanes).

3.2.5. TexHn4ecKue XapaKTEePUCTUKH MACC-CIIEKTPOMETPOB

BaxHemmMyu TEXHUYECKUMH XapaKTEPUCTHKAMU MaCC-CIIEKTPOMETPOB
ABJISIFOTCS YyBCTBUTEIIBHOCTh, JUHAMUYECKUN JUAMAa30H, Pa3pelICHUE U CKO-
POCTb CKAHUPOBAHMSI.

YyBCTBUTEJIBLHOCTh — BEJIMYMHA, MTOKA3bIBAIONIAs KAKOE KOJIMYECTBO
BEILIECTBA HYKHO BBECTH B MAacCC-CIEKTPOMETP JIJIsi TOr0, YTOOBI €r0 MOXKHO
OBLJIO IETEKTUPOBATh. SIBJISIETCSl Ba)KHEUIIICH XapaKTEPUCTUKOMN MPU aHATU3E
OpraHu4ecKux coeAuHeHui. s nocTrkeHus HauOobIled YyBCTBUTEIBHO-
CTH MPUOETAIOT K JETEKTUPOBAHUIO IO OTAEIbHBIM BHIOpaHHBIM MOHAM. Bbi-
UTPBILI B YYBCTBUTEIIBHOCTH U CEJIEKTUBHOCTHU IMIPU 3TOM KOJIOCCAJIbHBIN, HO
IIPY UCIIOJIB30BAaHUU MACC-CIIEKTPOMETPOB HU3KOTO Pa3pelIeHUs] JOCTaTOYHO
BBICOKasi YYBCTBUTEIBHOCTh U CEJIIEKTUBHOCTb, HO HU3KUH YPOBEHb JOCTO-
BepHOCTH. J[OOUTHCS BBICOKOTO YPOBHS JTOCTOBEPHOCTH HE KEPTBYS UYyBCT-
BUTEIBHOCTBIO MOXHO HCIOJIb30BaB MaCC-CIIEKTPOMETPBI BBICOKOTO paspe-
LICHHUS WIM TaHJIEMHYI MACC-CIIEKTPOMETPHUIO, KOrAa Ka)XIbld MUK, COOT-
BETCTBYIOIIWIM OAMHOYHOMY MOHY MOKHO MOATBEPINTH MACC-CIEKTPOM J0-
YEepHUX HOHOB. [10 XapaKTepucTUKe COYETaHUsS YYBCTBUTEIBHOCTH C JOCTO-
BEPHOCTBIO ONPEACIICHUS] KOMIIOHEHTOB CJEAOM 3a MpUOOpamMu BBICOKOTO
paspenieHusi uayT WOHHBIC JIOBYIIKH. Kiaccmueckue KBaJApPYIMOJbHBIE MPHU-
OOpbI HOBOTO MOKOJICHUSI UMEIOT YJIYUIlIEHHbIC XapaKTEPUCTUKHU Osaromaps
psily MHHOBAIMM, NMPUMEHEHHBIX B HUX (MCHOJB30BaHUE HCKPUBICHHOTO
KBaIpyNOJILHOTO TpeduiIbTpa, MPeIoTBPAIIAIONIEr0 MOoMNaJaHue HEHTpalib-
HBIX YaCTHI] Ha IETEKTOP).

JAvHamu4yeckuil auana3zoH. Eciu aHanm3upyeTcs CMECh COICPKHUT
99,99 % onmnoro coenunerus u 0,01 % kakoi-mub0 MpUMecH HEOOXOIUMO
yOenuThCsl B IOCTOBEPHOCTH TOJNYYCHHBIX PE3YyJIbTATOB. [ 3TOro HYKHO
MMETh Juana3oH JuHeHocty B 4 mnopsaka. CoBpeMeHHbIE Macc-
CIIEKTPOMETPHI ISl OPTaHUYECKOrO AHAIN3a XapaKTEPU3YIOTCS JHUHAMHYE-
CKUM JIMAIa30HOM B 5—6 MOPAIKOB, a MaCC-CIIEKTPOMETPBI JJISI 3JIEMEHTHOTO
ananusa 9—12 nopsakos. JluHamuyeckuid nuanas3oH B 10 mopsakoB 03Ha4aeT,
4YTO MpUMECh B MpoOe OyJeT BUIHA AaKe TOI/Aa, KOrJa OHAa COCTaBIsET
10 mumurpamm Ha 10 TOHH.

Ckopoctb ckaHnMpoBaHMsi. Macc-aHAIM3aTOp MPOIMYCKAET UOHBI C OIl-
pEAeIIEHHBIM COOTHOIIEHHUEM MacChl U 3apsJia B OIpeieIEHHOE BpeMs (KpoMe
MHOTOKOJUIEKTOPHBIX MPUOOPOB M MOHHO-IIUKIOTPOHHOTO pe3oHaHca). Jlms
TOTO, YTOOBI TPOAHATU3UPOBATH BCE MOHBI 110 OTHOIIIEHUIO UX MACChI K 3apsi-
Iy TIapaMmeTpsl MOJs MacC-aHaau3aTopa JOJKHBI 3@ 3aJaHHBI ITPOMEKYTOK
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BPEMEHU TNPOWTHU BCE 3HAYEHHUSI, HYKHbIC IUISI MPOIYCKAaHUS K JETEKTOpPY
BCEX MHTEPECYIOLIMX MOHOB. JTa CKOPOCTh pa3BOpavyMBaHUsS MOJIA JOJIKHA
ObITh KaK MOKHO OOJbIlI€, COOTBETCTBEHHO, BpEMs CKaHUPOBAHUS JIOJKHO
OBITh KaK MOYKHO MEHbIIIE, MMOCKOJIBKY MacC-CIHEKTPOMETp JIOJKEH YCIETh
U3MEpPUTh CUTHAN 3a KOPOTKoe BpeMs, Takum oOpa3om, yem Oosiblle CKO-
pPOCTh CKAaHMPOBAHHUSA, TEM MEHBIIE BPEMEHU TPAaTUTHCSA HA 3allUCh CUTIHAJIA
Ha Ka)KJ0€ MAacCOBOE YHMCJIO, TEM XYK€ UYyBCTBUTEIBHOCTh. OmHaKo, s
OOBIYHOTO aHaJU3a CKOPOCTH KBaJPYNOJBHOIO aHAIU3aTOpa WJIM HOHHOU
JIOBYILIKH JTOCTaTOYHO.

Pa3pemenue, onpenensieMoe kak R = m/Am — 3TO BO3MOXXHOCTh aHa-
JU3aTopa pa3AesATh HOHBI C COCEIHUMU MaccaMH m U m+Am COOTBETCTBEH-
HO.

OdyeHb Ba)KHO MMETh BO3MOYKHOCTh TOYHO ONPEIENIATh MAacCy HMOHOB,
ATO MO3BOJIAET BBIYMCIUTH ATOMHBIM COCTaB MOHA. /[ MarHUTHBIX Macc-
aHAJIM3aTOPOB, JJI KOTOPBIX PACCTOSTHUE MEXIYy MUKaMH MacC-CIIEKTpa He
3aBUCUT OT MAacC MOHOB, pa3pellieHHEe MPEACTABISIET COOOM BEIWYUHY paB-
HYI0 m/Am.

JIist aHaIM3aTOpPOB, Y KOTOPBIX PACCTOSHUE MEXKIY NMUKAaMU MEHSAETCS
B paboueM Auana3oHe macc (4em OoJiplile Macca, TEM MEHBIIE PacCTOSHUE),
TaKMX Kak KBaJpYIOJIbHBIE AHAJIN3ATOPBI, HOHHBIE JIOBYLIKH, BPEMSIPOJIET-
HbI€ aHAJIM3aTOPbI, CTOPOrO T'OBOPS, PA3pEIICHHE XapaKTepU3yeT KOHKpET-
Hy10 Maccy. FIMeeT cMBICI XapaKTepu30BaTh 3TU MacC-aHAJIU3aTOPHI 10 IIN-
pUHE MHUKOB, OCTAKOLIEICS MOCTOSHHOM BO BCEM JMAIla30HE Macc. JTa IIH-
pHHA MUKOB, 00bIYHO, n3MepseTcs Ha 50 % ux BbICOTHL. i Takux mpubopoB
IIMPHUHA MTMKa Ha MOJIYBBICOTE paBHas | sABIIIETCS HEIUIOXUM IOKa3aTesieM U
O3HAYaeT, YTO TAKOM Macc-aHaJau3aTop CIOCOOEH pa3IMYuTh HOMHHAJIbHbBIE
MaccChl, OTJIMYAIOIIMECS HA aTOMHYIO €AMHUILy MAacChl IPAKTUYECKU BO BCEM
ero pabodem auamnasoHe.

3.3. KauecTBeHHBIH aHAJIN3

BaxxupIM acmekToM, KacarmuMcs: paboThl MacCc-CIIEKTPOMETPA, SIBIISIET-
csi kanuOpoBka ocu m/z. OnpeneneHue Macc METOJIOM MacC-CIEKTPOMETPUU
OCHOBAaHO Ha KaJMOpOBKE MpUOOpa MpH IMOMOLIM BELIECTBa CpaBHEHHUs, 00-
pas3yIoLero MOHbI HM3BECTHOTO COCTaBa B IMpejenax oO0JacTH HU3MEpPEeHHS
Mmacc. /[Ba Hambosee 4acTo MCMOIB3yeMbIX BEIIECTBA CPAaBHEHUS MPH HOHU-
3alli1 AJIEKTPOHHBIM YJapOM M XUMUYECKOM MOHHU3AIUN — MEePPTOPKEPOCHH
(CF3-(CF,),-CF;) wu renrako3adroprpudytmnaMmud  (I'OTBA (C4F);N).
B ciayuyae necopbuuu M Apyrux METOJOB MOHHM3ALUHU MPOLECC KATMOPOBKU
MeHee cTaHaapTu3oBaH. [Ipu noHuzanum 60MOapaIUpPOBKON OBICTPBIMU aTO-
MaMHU 4acTO HCIOJIb3YIOT HOJUA 1I€3us, MpPHU TepMOpacCIbUIEHUU—AaleTar
aMMOHHUS M IPONWICHIVIUKOJb. B 3/eKTpopacibUINTEIbHOM MOHU3AIMM HUC-
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MOJIB3YIOT PACTBOPHI B MPOMUJIEH-TIUMKOJIE MHUOIIO0MHA U APYTUX HU3IIMX
MENTUIO0B.

CoenuHenue, UCMOIb3yEMOE ISl KaTUOpPOBKH, JOJKHO JaBaTh IMOCIIE-
JNOBAaTEIbHOCTh JOCTATOYHO MHTEHCHUBHBIX NMUKOB B MHTEPECYIOIIEM aHara-
30HE m/z MpU pabouyuX YCIOBUSX MOHM3AUUU. J[Jia mMpuOOpPOB C HUBKUM U
CPEIIHUM pa3perieHueM UCIOJIb3YIOT KaTUOPOBKY METOJOM BHEIIIHEr0 CTaH-
JapTa, CIEKTPOMETPHI BBICOKOTO pa3pelieHHs] KaTuOpyHOT METOJOM BHYT-
pEHHEro craHaapra. TOYHYI0 MacCy HEM3BECTHOI'O BEIIECTBA ONPEACIISAIOT I10
COBIAJICHUIO ITUKOB.

Jnsg  uaeHTU(UKAUMU BellecTBa HCHOJB3YIOT OHOJIMOTEKH Macc-
cekTpoB. [lecsaTh Hammydmux OMOTMOTEYHBIX CHEKTPOB BBIBOJSTCS Ha 3K-
paH JUIsl MOCNenyoIIel BU3yaabHOU 00paboTKH MOIb30BATEIIEM.

[Touck B OMOIMOTEKAX CIEKTPOB MOJIE3EH B Cllydyae aHaJIU3a HEU3BECT-
HbIX 00pa31oB. Hanbomnee yacto ucnoiap3yembie OMOIMOTEKH COACPKAT BCe-
ro juib oT 20 000 mo 50 000 Macc-CreKTpoB, a YUCIIO U3BECTHBIX COCIUHE-
HUM Ha ceroaHsmHui aeHb coctapisgeT 12 000 000, mosToMy 11 MACHTH-
buUKalMM UCCIEeIyeMOro COCAMHEHHS HEO0OXOJMMO MPOBOJAUTH JIOMOJHU-
TEJIbHBIC NCCIIETOBAHMUS.

B cnyudae macc-CEeKTpOMETPUM C MOHM3ALUEH AIEKTPOHHBIM yIapoM
MOMCK B KOMIIBIOTEPHBIX 0a3ax JaHHBIX SIBISETCA JOCTaTOYHO MOIIHBIM
cpeacTBoM Orarojaapsi Kak BPEMEHHOM, Tak U MeXJ1a0opaTOpHOM BOCIIPOU3-
BOJAMMOCTH CIIEKTPOB 3JIEKTPOHHOrO yaapa. Curyauus B CiIydae METOJOB
MATKOW MOHU3AINH U JECOPOIMOHHON XUMHUYECKOW HOHU3AIMN COBEPIIICHHO
IIPOTHUBOIIONOkKHA. B 3THX ciydasgx Macc-CIEKTpbl HACTOJIBKO CHIIBHO 3aBHU-
CAT OT 3KCHEPUMEHTAIBHBIX YCJIOBHM, YTO HAKOIUIEHME U HUCIOJIb30BAHUE
YHUBEPCAIbHBIX OMOJIMOTEK CTAHOBUTCSA BO3MOKHBIM TOJIBKO BHYTPHU (PUPMBI
VI UHCTUTYTA.

Onpenesienne MoJIeKYJISIPHOM Macchbl. VICXOIHOM TOYKOW aHanM3a sB-
JISI€TCSL CIIEKTP DJIEKTPOHHOTO yJapa MpHU YCIOBUHU, YTO BEIIECTBO YHUCTOE U
J0CTAaTOYHO JeTyuee. M3oTonHble KiacTepsl B 00J1aCTH MaKCUMAaJIbHBIX 3Ha-
YeHUI m/z B Macc-CIEeKTpe, B OOJIBIIMHCTBE CIy4asix, COOTBETCTBYIOT MoOJie-
KYJISIPHBIM CUTHaJIaM. MeTO/bl MSITKON MOHU3AIMH JOCTaTOYHO U30UpaTEeIb-
Hbl. MHOTHE HENOJISIPHBIE COETMHEHHMSI, KOTOPBIE HE MOTYT JIETKO ITPUCOEIN-
HATHh NPOTOHBI, IPAKTUYECKN HEUYBCTBUTENIbHBI K TAKUM MeToJaM. B mero-
Jax MSTKOW MOHM3ALUHM HAIMYKME JPYTUX MHUKOB, KPOME MPOTOHUPOBAHHBIX,
ObIBaET MOJIE3HO ISl MPABUIILHOTO OMPEIEICHUs MOJIEKYJISIpHOI Macchl. [lpu
TEPMOPACTIBUIMTEILHOW MOHMU3AIMH YacTO 00pa3yloTcs aiayKThl ¢ METaHO-
JIOM WM alleTOHUTPUIIOM, MPH HOHU3AIMU O0MOapIMpOBKON OBICTPHIMU
aTOMaMH — aJAyKThl ¢ rIUUepruHOM. PaboTa B pexxumax MOJIOKUTEIbHBIX
MOHOB M OTPULATENbHBIX MOHOB TAK)XE MOMOIaeT YCTaHOBUTH MOJEKYJISIp-
HYIO Maccy.
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J{ns onpenesieHUs 3JIEMEHTHOI0 COCTABA HEHU3BECTHOIO COEAUHEHUS
13 MacC-CHEKTPAJIbHBIX JAaHHBIX MPUMEHSIOTCS OOBIYHO JIBAa METOJIa: TOYHOE
M3MEpPEHUE MACC M PacuyeThl MHTEHCUBHOCTEN MUKOB B M30TOIHBIX KJIacTe-
pax. C UCTIOJIb30BAaHUEM MACC-CIIEKTPOMETPA BBICOKOTO Pa3pPEIICHUS] MOMKHO
M3MEPUTH MOJIEKYJISIPHBIE MAcChl C TOYHOCTBIO JI0 107 a.e.M. u HmKe npu
MTOMOIIM BHYTPEHHETO CTaHAapTa U3BECTHOM Macchl. B OONbIIMHCTBE Cllyda-
€B BO3MOYKHO HajJuyue M30MepoB. [l mpaBWIBHOTO OMPEACICHUS COCTaBa
CYLIECTBYIOT JIBA MOJIE3HBIX ITPABUJIA:

A3zomHoe npasuno yTBEPKAAET, YTO B MOJIEKYJIE C YETHOM MOJICKYJISp-
HOH MacCOM YHCJIO aTOMOB a30Ta Y€THOE JIMOO paBHO HYJIIO; HEUCTHAS MOJIC-
KyJISIpHAs Macca CBUIETEILCTBYET O HAIMYMU HEYETHOTO YUCJIAa aTOMOB a30-
Ta B MOJIEKYJIE.

Ixseusanenm 0gotinou cesazu (I]1) miis coeAMHEHUN, CoJIepKaIIUX aTo-
Mbl H, C, N, O, F, CI, Br u I, MoxHO paccuuTarh 1o 4uCIy aTOMOB U3 JJie-
MEHTHOTO cocTaBa 1o ¢hopmyJie:

OA=1+C-% (H+F+Cl+Br+I)+ %N,

rae, C, H, F, Cl, Br,  u N — 4yuci0 cCOOTBETCTBYIOIIUX aTOMOB B COCTMHCHUHU

DKBUBAJICHT JBOWHON CBSI3M YKA3bIBACT YMCJIO ABOMHBIX CBS3EH U KOJIEI]
B MOJICKYJIC.DKBUBAJICHT JBOWHON CBSI3M MOJIEKYJIbI BBIPAXKACTCS LIEJIBIM
YUCIIOM, CO€JIMHEHUS WA MOHA C HEUYETHBIM KOJUYECTBOM JJIEKTPOHOB MpHU-
HUMAET LIEJIbIE 3HAYEHHS, YETHO-3JICKTPOHHOTO MOHA MPUHUMAET TMOJIYLIEIIbIE
3HAYCHUS.

OnpenesieHne CTPYKTYPbI OpPraHUYECKOTO COCAWHEHHS 110 €ro
MACC'CIIEKTPY, OTHECEHUE €r0 K ONMPEAECICHHOMY KJIACCYy COCIWHEHUU SIBIIS-
€TCs  XOpomio  pa3paboTaHHOM  OOJaCTbIO  OpraHWYEcKo  macc-
CIIEKTPOMETPHH.

dparMeHTalsg MOJEKYJISIPHOTO MOHA MPEACTABISET COOON CIOXKHYIO
CETh KOHKYPUPYIOIIMX U IMOCJIEAOBATEIbHBIX PEAKIMH, BBIXOJ KOTOPBIX OI-
penensieTcs YCTOMYMBOCTHIO KaK HMCXOAHBIX, TaK U OOpa3yIOIIMXCS HOHOB.
Macc-CrekTp OTpa)kaeT pe3ysibTaThl 3TUX MPOLECCOB. Y CTOWYMBOCTh M HH-
TEHCUBHOCTb IMMKOB MOJIEKYJIIPHOTO MOHA YMEHBILIACTCS B PSIAY:

apOMATUYECKHUE COCTUHECHUS>CONPSIKEHHBIE aJIKEHbI>
>UUKIINYCCKHUC COCIUHCHUS>
>0praHuyeckue CyabGuIbI>KOPOTKHE H-aJKaHbI>MepKaTaHbl
u
KETOHBI > aMUHBI>CIIOKHBIE 3PUPBI>TIPOCTHIC I(HUPHE>
KapOOHOBBIE KUCIIOTHI, AJIbJACTU/IBI U AMU/IbI

Pacniag BO30YXIEHHOIO MOJEKYISIPHOIO HOHAa MOXET MPOXOJIUTH

ABYMSI Iy TSIMU: 33 CUET NPOCMO20 pA3pblea cés3ell U 3a CUET nepecpynnupos-
Ku ¢ 00pa30BaHUEM HOBBIX CBSI3EH.
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[Ipn nuccoumanuu MocienoBaTeIbHOCTh CBS3EM COXpaHsieTcss U o0pa-
3yeTCsl MOH U paJIuKa:
ABCD"

o | | |
AT+ BCD A+BCDT ABT+CD AB+ D" wmTo

[Ipu nmeperpynnupoBKe NPOUCXOJUT U3MEHEHUE MOCIEA0BATEIIbHOCTH
CBSI3€l, B pe3yjbTaTre 4ero 0Opa3yeTcsi HOBBIM KAaTHMOHpAIWKal MEHbIIIEH
Macchl M HEWTpajbHasl yCTOMYMBAs MOJIEKyJa, KaK MpPaBUIO, HEOOJbIas
(H,0,CO,urT. 1.):

ABCD" — AD + BC”

OcCkoJI0YHBIE HOHBI MOKHO HCIIOJIB30BATh JJISI ONIPENIEIICHUS] CTPYKTYDBI,
MOCKOJIbKY OHH O0Opa3oBajlMCh B PE3YJbTaTe CTPYKTYPHO-CIEUU(UIECKOTO
pacieruieHusi. Eciii ockoJlouHble MOHBI 00JAJar0T JTIOCTATOYHOM SHEprueu
BO30YK/ICHHSI, B HUX MOXXET MPOUCXOJIUTH NAJbHEHIINI pa3pbiB CBs3EH U
¢dbparmenranus. CylniecTByIOT MHOTOUHCIECHHBIE IMIUPHUUECKUE 3aKOHOMEP-
HOCTH, TIO3BOJISIONINE HUICHTU(DUIIMPOBATH MOJICKYJISPHBI M OCKOJIOYHBIN
VIOHBI.

3.4. KoavyecTBEeHHBI aHAJIN3

B OonbmmHCTBE cCily4aeB Ui KOJIMYECTBEHHOIO aHajiu3a Macc-
CHEKTPOMETPHUS HUCIIONB3YETCS B COYETAHUU C XpOMAaTOrpaduuecKuMu METO-
namu. [1o mmomanu xpomarorpaduueckoro nuka, moJry4aemMoro mpu peruct-
paruu MOJTHOTO MOHHOTO TOKA, MOYKHO OIIEHUTH KOJMYECTBO COCIMHCHHS B
npo0e, a Mo Macc-CeKTpy — UACHTU(DUIIUPOBATH COCIMHEHHUE.

["a3zoBas xpomarorpadusi HaWIydIiee COYETaHWE C MOHHBIM HCTOYHH-
KOM MacC-CIEKTPOMETpa C HOHU3AIUEH SJIEKTPOHHBIM yIapOM I XUMHYC-
CKOM MOHHM3AIUCH, TMOCKOJIBKY B KOJIOHKE Xpomarorpada COCITWHEHUS YKe
HaXOZATCsl B Ta30BOM (pase. B aToM ciiydae macc-crieKTpoMmeTp paboTaeT B
PEXKUME NOTHO20 CKAHUPOBAHUS U B PEKUME CEeKMUBHO20 CKAHUPOBAHUS
UOHO8. XOpOIIUM KOMIIPOMHCCOM SIBIISIETCSI OTIPE/ICIICHNE HEeCKOIBKUX CIie-
HU(DUUHBIX MOHOB I KaXXJI0T0 KOMIIOHEHTA MPU UCTIOJIb30BAHUM CEJICKTUB-
HOT'O CKaHUPOBAHUS UOHOB.

[Ipu ucnonb30BaHUU Memoda HewHe2o cmandapma TpeOyeTcs Kaauo-
POBKa Macc-CIEKTPOMETPA, T. €. omnpeeracHue Ko3PPUIMEeHTOB OTHOCUTENb-
HO#l uyBcTBUTENbHOCTH (KOUY) mprbopa Kk pa3audHbIM KOMIOHEHTaM CMECH.
DTO MPOBOJUTCS C UCTIOIH30BAHUEM BEIIECTBA, B3STOTO B KAUECTBE CTaHAAp-
ta. KOU — 3TO OTHOIIIEHNWE YYBCTBUTEIBHOCTH MAaCC-CIEKTPOMETpA IO HC-
CJIEyEMOMY BEIIECTBY, S, K YYBCTBUTEIHHOCTH IO BEIIECTBY — CTaHIApTY,
So:

KOU=S,/S,;, S=L""/Cx, S,=1,""/C,
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rae L7, I," — HHTEHCUBHOCTH MaKCHMAJILHBIX IIMKOB B MAacC-CIIEKTPaxX MC-

CJIEYyE€MOr0 BEIIECTBA U CTAHAAPTA MPHU OJMHAKOBBIX YCIOBHUAX IOJYYEHHUS
Macc-criektpa; Cy u C, — KOHIIEHTpAIIMU BEIIECTBAa U CTaHAapTa B Mpolax,
COOTBETCTBEHHO.

Cy=1""C,/(KOY I,™)

Heo6Xx0oMuMo0 OTMETHUTH, 4TO MUK I, JIOJUKEH OBITH CBOOOJEH OT Ha-
JIO’)KEHUS IPYTHX KOMIIOHEHTOB CMeCH. Ecii Takoe HaJI0KEHUE TPOUCXOIUT,
TO JJIsl pacyeTa MOXHO OpaTh MEHEe MHTECHCUBHYIO JIMHUIO B MacC-CIEKTpe
BEILECTBA, HA KOTOPYIO HET HAJOXKEHHA. B 3TOM cilydyae B BBIpaXKEHUE IS
KOHIICHTPAIIMU BEIECTBA HEOOXOAUMO BBECTU KOI(PPUIIMEHT b, yUUTHIBAIO-
U JI0JTF0 MHTCHCHBHOCTH BBIOPAHHOW JIMHUH OT JIUHUU [,

Cy=I1""C,/(KOY b I,")

Kak m B apyrux meromax KOJMYECTBEHHOI'O aHAIN3a, KpanWHE XKeja-
TEJIbHO HCMOJb30BATh GHYMPEHHUE CMAHOAPMbl, YTOOBl YYECTh HE TOJBKO
MOTPEITHOCTH Ha CTaAuU MPOOONOATOTOBKH, HO U TOTPEIIHOCTHU 32 CYET BbI-
X0Jla MOHM3alMU. B Macc-CeKTpoMeTpur MOXHO BBIOpaTh MOYTH HAEAIb-
HBI BHYTPEHHUHN CTaHAApPT cpaBHeHUs. Tak kak Takod oOpasell JOJKEH OT-
CYTCTBOBaTh B MCCIIETyEMOM BEIIECTBE U UMETh (PU3UKO-XUMUYECKHUE CBOM-
CTBA, Yallle BCEro BHIOMPAIOT BEIIECTBA C M30TOMHON METKOM, Kak Haubosee
YAOBIIETBOPSIONINE TAaHHBIM TpeOoBaHUsIM. Macc-ClieKTpOMETpHs O3BOJISIET
pa3IUYUTh €CTECTBEHHBIE U MEUEHBIE COCIUHEHUS.

BaxxHol XapaKTEpUCTUKON 3HAYMMOCTH KOJIMYECTBEHHOTO METO/IA SIBJISA-
eTcs mpezesl OOHapy>KEHUSI WM HIKHSS TPaHULA OMpPEIENIIeMbIX COoJepikKa-
Hull. [IpumMeHeHne MeToa B aHaIM3€ PeaJbHbIX 00pa3LoB MOJHOCTHIO 3aBH-
CUT OT OJIHOBPEMEHHOM M COBMECTHOM HACTPOWKH PA3JIMYHBIX €r0 COCTaB-
JSOMUX: MpOOOMOATrOTOBKM M pas3jieieHus oOpasla, HWOHW3alUH, Macc-
CHEKTPOMETPUYECKOTO aHAJIN3a, IETEKTUPOBAHUA U 00paOOTKU JaHHBIX.

3.5. I'uOpuaHbIe METOAbI

[Tonsarue u TepMuH «ruOpUIHBIE METOIb» BBeAeHO FO.A. 30110TOBBIM B
1977 r. DTOT TepMUH OXBaThIBACT JUAITa30H OT KOMOMHAIIUN JIBYX CIEKTPO-
CKOTMMYECKUX METOJOB WU JIBYX XpoMaTrorpaduyeckux METOJ0B 0 coyeTa-
HUS METOJAa pa3lieJIeHUsl C METOJIaMU CHEKTPOCKONMHYECKOTO OMNpeeIeHUs
(manpumep razosas xpomato-macc-criektpomerpus, ['X-MC). Ilocnennee
COUeTaHUE B HaUOOJIbILIEH CTENIEHN OTBEYAET MOHATHUIO THOPUIHBIE METO/IBI.

K takomy coyeTaHuio BBIHYXJA€T TpeOOBaHUE aHAIU3UPOBATh Bce 0O-
jee clloKHbIe poObl. B ra3zoBoil miM KUIKOCTHOM XpoMarorpaduu 4ucio
BELIECTB, KOTOPHIE MOKHO Pa3JeIUTh MaJlo, €CJIM HE BBOJUTh KAaKUX-TO OT-
paHUYEHUN WIM HE HCIOJIb30BaTh MHOTOMEPHBIX pazieneHuil. Bo MHorux
BUJaX XpomaTorpauu MHOTOMEPHBIH MOJXOJ XOPOIIO Pa3BUT, OIpenese-
HUE MPOBOAMTCA B JIBAa OT/AEIBHBIX 3Tama, OJUH U3 KOTOPBIX MpPOOONOAro-
TOBKA.
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[Ipenmy1ecTBOM r'MOPUIHBIX METOJIOB SIBJISIETCSI BO3MOXKHOCTbD IMOJTyYe-
HUSL JOTIOJHUTENbHOM MH(POPMALMM, 1O CPABHEHHUIO C METOJAMH pa3ielie-
Hus. C oHOM CTOpPOHBI, XpoMaTorpaduyeckue MeTOoAbl 00ECIEeUnBaOT OT-
JUYHOE pa3JieieHHe U KOJIMYECTBEHHOE OINpe/eIeHUE, B TO e BpeMs UICH-
TuUKanUs pa3fenseMblX COeMHEHUN Ha OCHOBE OJIHMX JIUIIb XpoMaTorpa-
(buyecKux TaHHBIX 4acTO HEeBO3MOXkHA. C Jpyroil CTOPOHBI, CIIEKTPOCKOIIHU-
YECKHUE METOJbl UMEIOT MPEBOCXOJIHBIE BOZMOXXHOCTH JJIA MACHTU(PUKALIUU,
OJTHAKO BO3MOXKHOCTh WJCHTH(PHUKAIUHU pPEIIAoIUM 00pa3oM 3aBUCHUT OT
YHCTOTHI COEAMHEHUS B XpoMaTorpapuueckom muke. A coyeTaHue Xpomaro-
rpauyecKoro pas3iejaeHust U CHEKTPOCKOMUYECKHX METO/I0B JEMOHCTPUPYET
CBOIO MOTIIb ¥ 3(PPEKTUBHOCTD.

OcHOBHO# TTPOOIEMOI THOPUIHON CHCTEMBI SIBISICTCS afjanTaIusl OQHO-
ro Habopa mapamMeTpoB K YCJIOBUAM pabOThl BTOporo Merona. OObIYHO it
aToro Tpelyercs cneuuduueckuii cnocod coeaunenus. B tabdn. 3.1 mpen-
CTaBJ€Hbl BO3MOXHBIE COUETAHUA U OXapaKTEPHU30BaH COBPEMEHHBIN ypO-
BEHb THOPHUIHBIX METOJIOB.

Tabmura 3.1
CoBpeMEHHbBIC I‘I/I6pI/II[HBI€ MCTObI
Macc- UK | Ontuueckast | Atomuas | ®noypecuenmus | Y ®P-pugumas
CIIEKTPOMETpUS IMUCCHS abcopOrus CIIEKTPOCKOIHUS
l'azoBas  xpo- ok otk ok * oo *
Marorpadus
KunxoctHas ok ok * ok ok o
XpoMmarorpadus
Tonkocnolinas s ok o ok
xpomarorpadus
KanmunnsapHasiit *ok E ok *okk
anekTpodopes

[Mpumeuanue: *** EcTp B mpomaxe W MHPOKO HCTONb3yercs, ** EcTh B mpoake, HO UCIIONB3yeTCs pexke, *
Ha cramuu uccnenoBanus, B MPOJaXe OTCYTCTBYET

3.5.1. I'a30Bast XxpoOMaTO-MacC-CIIEKTPOMETPHS

B mHacrosiee BpeMsi METOA Ta30BOM XpPOMAaTO-MaccC-CIEKTPOMETPUU
(I'X-MC) naunbomnee nmomymsipeH U3 BCeX THOPUIHBIX METOJIOB, KAk KOMOWHA-
IIUs OJHOTO M3 HanboJIee MOITHBIX METOJIOB PA3ACIICHUs C METOIOM, o0ecIie-
YUBAIOIIMM BBICOKYIO CTEMEHb CTPYKTYpHOU WHGOpMAuu. ITO MO3BOJSET
ucnoias3oBaTh [ X-MC s cnejoBoro aHanusa OpraHuueCKuX BEIIECTB.

Coueranue ra3oBod xpomaTorpaduu ¢ Macc-CeKTPOMETPUUECKUM Jie-
TEKTUpPOBaHUEM TpeOyeT BBEIACHUS AHAIM3UPYEMON MPOObI, HAXOMSIIEHCs
pu aTMOC(EPHOM JIaBJICHUH, B BBICOKHI BAKyyM Macc-aHaJIu3aTopa.

OO0benMHEeHNE KamWUISIPHOTO XpomaTtorpada MU Macc-CIEKTpOMETpa B
pexxume on-line MOXXHO OCYIIECTBUTH JIBYMsI CIIOCOOAMHM: HAIpPsIMYIO WA
MIOCPEACTBOM OTKPBITOTO BBOJIA C JIETTUTEIEM MMOTOKA.
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[ToTok raza, mpoxoJsilui yepe3 KalWUIBIPHYI0 XpoMaTorpaduyeckyro
KOJIOHKY auaMeTrpoM 0,25 MM, COOTBETCTBYET IOIyCTUMOW Harpy3Ke Ha Ba-
KYYMHYIO CHCTEMY Macc-criekTpoMerpa. [1oCKoNbKy KOMIIOHEHTHI, 3JIIOU-
pyromuecss U3 KOJIOHKH, YK€ HaxXoAsTCs B NapooOpa3HOM COCTOSIHUH, BO3-
MOKE€H HEIOCPEJCTBEHHbI BBOJ 3Jl0aTa B HOHHBIA HCTOYHUK Macc-
CHEKTpOMETpa, padOTAIINN B PEKUME AIEKTPOHHOIO ynapa. XOTs TaKoe
npsamoe coyemanue UCTIOIb3yeTCs AOBOJIBHO 4YacTO, 3TOT MOAXOA O0agaeT
PAIOM HEOCTAaTKOB. BBIXOJ KOJIOHKM HAXOAMTCS B YCIOBHUSAX BBICOKOI'O Ba-
KyyMa, ¥ 3TO U3MEHSET BPEMEHA y/IEPKUBAHUS OTHOCUTENIBHO JaHHBIX, IO-
JYYEHHBIX MpU HCIoNb30BaHUU Apyrux ['X-gerexkropos. bonee Toro, cko-
pOCTh MOTOKA r'a3a K HOHHOMY HCTOYHHKY M3MEHSETCS B XOJE TeMIeparTyp-
HOM mporpaMmsl ['X-aHanmu3a, 4TO MOXET BIMATH HA ITapaMeTpbl HOHHOTO
MCTOYHHKA. [ HaKoHell, MonajaHue B Macc-CIEKTPOMETP BCETO KOJIUYECTBA
BEILIECTBA, BBEJIEHHOTO B KOJIOHKY, IPUBOJIUT K PE3KOMY CKAUKY JIaBJICHUS B
CUCTEME.

AnbpTEepHATHBOM MNpsSMOMY COYETaHUIO XpomaTtorpada C Macc-
CIEKTPOMETPOM SIBJIETCSA OTKPBITBIN 6600 ¢ Odenumenem nomoka. Kononka
COEJIMHEHA ¢ MOHHBIM HCTOYHUKOM MOCPEICTBOM HENOABM)KHOIO OIpaHUYH-
Tenst. JlONOJHUTENbHBIM NOTOK ra3a-HOCUTENsI IpeJHa3HAYeH JJIsl KOMIIEHCa-
11U JIIOOBIX OTKJIOHEHHUH B MOTOKE, BBIXOJAIIEM U3 KOJOHKU. B pe3yinbrare
BBIXO/I KOJIOHKM HaxOJUTCs MpU aTMOC(EepHOM JaBJICHHUHU, KaK U B Cilydae
o0pryHOTO I'X-mEeTeKkTOpa. YBennuyuBas MOTOK Ta3a-HOCUTENSA, MOXKHO (-
(EeKTUBHO OTBECTU PACTBOPUTENH OT MacC-CIIEKTPOMETpA.

HawnGonee yacTeiMu 117151 00IIIET0 TPUMEHEHHUS B TA30BOM XpOMAaTO-MacC-
CHEKTPOMETPUU SABIISIFOTCS IAEKMPOHHBIU YOap W XUMUYECKAS UOHUSAYUSL.
N3 31X IBYX CHOCOOOB MOHHU3AIMS 3JIEKTPOHHBIM YIapoM SIBJIIETCA B Ha-
CToslIlee BpeMs HauOoyiee MIMPOKO MCIOJIb3YEMBIM CIOCOOOM HOHH3ALUU
(6onee 90 % Bcero mpuMeHEHuUs).

Haunbonee pacnpocTpaHEeHHBIE MacC-CIIEKTPOMETPHI ISl COUETaHUS C
ra3oBoil xpomarorpagueil — KBaJIpyIoJIbHbIE.

Macc-creKTpoMeTpu4ecKoe JeTEKTUPOBAaHUE JUIsl Ta30BOM XpoMaTo-
rpaduu AaeT psa YHUKaIbHBIX MPEUMYIIECTB, HAIPUMEDP, BOZMOKHOCTh UC-
II0JIb30BAaHUSI B KAayeCTBE CTAaHJAApPTa COCIMHEHUN, MEUEHHBIX H30TOIAMH,
JUISL TIOBBILICHHUS] TOYHOCTH, OIPEACIICHHUS 3JIEMEHTHOIO COCTaBa COEIMHE-
HUMN, €CJIM MCIOJB3YeTCs BBHICOKOA(D(HEKTUBHBIN MpUOOp, a TaKKe BO3MOXK-
HOCTb Pa3/JeJIbHOTO aHAJIM3a XpoMaTorpapuuecky Hepa3peliaeMbIX MUKOB Ha
OCHOBAHMHM Pa3JINYMi B UX MacCC-CIEKTPE.

O0byHO ['X-MC paboTaer B CKaHUPYIOIIEM PEXHUME, KOTOPHIA J1aeT
TPEXMEPHBI MAacCHB JIaHHBIX, B KOTOPOM HMHTEHCHBHOCTb 3alicaHa Kak
¢byHKUMs BpeMeHH (XxpomaTorpaduyeckas nH(pOpMalusa) U Macchl (CIEKTPO-
ckonmyeckas uHgopmanus). M3 3Toro MaccuBa IaHHBIX MOTYT OBITh U3BIIE-
YeHbI JaHHBIE PA3JIMYHOr0 BUA C CYUIECTBEHHO pa3HO HHOpMaen
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3.5.2. ’KuakocTHasi XpoOMaTo-MacC-ClIEeKTPOMETPUs

CoueraHue JKHIKOCTHON Xpomaro-macc-criektpomerpun KX-MC
OCYILIECTBUTH MO PpsiAy NPUUUH Topasao TpyaHee, yeM ' X-MC: cnuiikom Be-
JUKa Ta30Bas Harpy3ka Ha BaKyyMHYIKO CHCTEMY BCJEJCTBHE HCIIAPEHUS
MOJBMXHOU (Da3bl; COCTaB MOABIKHOW (ha3pl 9acTo HecoBMecTuM ¢ MC-
JETEKTUPOBAHUEM; 3aTPYJAHEH MEPEHOC MOJSPHBIX MM MOHHBIX BEIIECTB U3
JKUJIKOU B Ta30BYIO (a3y.

Jlns petienust mepBoi mpoOaeMbl pazpadoTaHbl pa3HOOOpa3HBIE CHC-
TeMbI BBOJIa 0oOpa3ua. Bropyio npoOiemMy HYKHO pemiarb cO CTOPOHBI XpoO-
Martorpaduu, T. €. BHIOOpOM JIeTyuux Oy(epoB WM KCIOIB30BAHUEM IMepe-
KJIFOUEHHUS KOJIOHOK. TpeThsi mpobiieMa B OCHOBHOM PELIAETCSl UCIOIb30Ba-
HUEM HOBBIX METOJOB MOHU3AIMU, B YACTHOCTU TEPMO- U DJIEKTPOPACIIBLIH-
TeJIbHOM, pa3paboTrannbix ajsi coueranus KX-MC.

MHO»X€eCTBO IUPOKO MpUMEHsIeMbIX cucTteM BBoaa s JXKX-MC no-
3BOJISIET paboTaTh B IIMPOKOM JUANa3oHE IOJISIPHOCTH HCCIIETyeMbIX Be-
IIECTB U UCIOJIb30BaTh MOTOKU YACTHUIL 1JI1 MOHU3ALNHU HETIOJSPHBIX U Cpe-
HEH MOJIIPHOCTH BELIECTB, TEPMOPACIBUIUTEIBHYI0 U XUMUYECKYI0 MOHU3a-
IIUIO TIPU aTMOC(EPHOM JaBICHUU JIJIS ONIPEIETICHHUS MOSPHBIX COSTMHEHUH,
MPOTOYHYIO OOMOApIUpPOBKY OBICTPBIMH aTOMaMH M 3JEKTPOPACIBUIMTEINb-
HYI0 MOHU3ALMIO JJI1 CHJIBHONOJIAPHBIX, HOHHBIX U BBICOKOMOJIEKYJISIPHBIX
BEILIECTB. 3a UCKIIOUYEHUEM NPOTOYHOro BapuanTa bbA, Bce atn ycrpolicTBa
paboTaroT mpu CKOpocTAX moToka ot 0,2 10 1 MI/MHUH CO BCEMU PacTBOPHUTE-
JSIMU, OOBIYHO MCIIOJIB3YEMBIMU B 0OpallieHHO-(pa30BOM Xpomarorpaduu, u
JeTy4YuMHu OypepHBIMU PaCTBOPAMH, TAKMMH, KaK alleTaT aMMOHHUSI.

B o6oux mMeTomax vMoHW3alMU MPU aTMOC(HEpHOM HaBiieHUU (IEKTPO-
pacubUIMTENbHAS MOHU3ALMA M XUMHUYECKas MOHM3alusl Mpu aTrMochepHOM
JaBJIEHUH) pacllbUICHUE 3JIF0aTa MPOUCXOIUT B 00JacTu atMoc(hepHOro JaB-
neHus. B oTiauyrie oT MOHM3alKMKU TOTOKOM YacTHL], MOHU3ALINS TAKKE TTPOUC-
XOAMUT B 3TOM 00JIACTH, U MOHBI OTTY/AA HAIPABIISAIOTCS B 00JIACTH BBICOKOTO
BaKyyMa JUIsl pa3JeNieHus. DJIEKTPOPACIbUIEIHE OCYIIECTBIISIETCS BCIEICTBUE
pa3pylieHus] MMOTOKa KUAKOCTH MOJ JAEUCTBHEM CHIJIBHOIO 3JIEKTPUYECKOIO
nossi. Mexy uriiou, ciy>kamiei Juisi BBOJIA JKUIAKOCTH, U MPOTUBOAIEKTPOIOM
MPUKIAJIBIBAIOT PA3HOCTh MOTEHIMANOB NMpuoOau3uTensHo 3 kB. Monbl necop-
OMpYIOTCS C MOBEPXHOCTH 3apsoKeHHBIX kanenb. B XM mpu atmocdepnom
JABJICHUU a3p030J1b (POpMUpPYETCs] IPHU MOMOIIM HArpeToro MHEBMaTHYECKOTO
pacubUIMTENs, U MOHBI 00pa3yloTcs B pe3yibTaTe MOH-MOJIEKYJISIPHBIX PEak-
LW, THULIMAPYEMBIX KOPOHHBIM Pa3ps0M B HOHHOM MCTOYHHKE.

IToka He cymectByeT ycTpocTB st JKX-MC, MO3BOJISIIOIIUX PEIUTh
BCE aHAIMTUYECKHE TTPoOIeMbl. BeaeacTBue 3Toro uisi Kak10ro KOHKPETHO-
ro ciayvas cienyeT BbIOMpaTh HauOoJiee MOAXOIALINM, OPUEHTUPYSICh B OC-
HOBHOM Ha MOJSPHOCTH ONPENEIAEMbIX BEIIECTB.
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3.5.3. TanaemHasi Macc-ClIEKTPOMETPHS

OTOT METOJ MacC-CIEKTPOMETPUUECKOIO aHAIU3a (E€ro €I1e Ha3bIBAKOT
Macc-criekrpomeTpusi Macc-ciekrpomerpun, MC/MC) mupoKo MCTONB3YyeT-
cs B Hactosimiee Bpemsa. OH ocoOeHHO 3(h(PEKTHBEH NpH aHAIU3E CMECEH.
Cmech, BBOJUMAas B MOHHBI UICTOYHUK, IIOJIBEPracTCsl HOHU3ALUU OJHUM M3
«MSTKUX» METOJOB MOHM3AllMU, KOI/a, B OCHOBHOM, 00pa3zyloTCsl MOJIEKY-
JSIpHBIE MOHBI ¢ HEOONBIION 3Heprueil Bo3Oyxaenus. [locie npoxoxaeHus
MEPBOT0 MacCaHAIU3aTOPa, 3TU MOHBI KAKUM-JIMO0 00pa3oM JOIMOIHUTEIBHO
aKTUBHUPYIOTCS, pacrajaloTcs Ha (PparMeHThl, KOTOPbIE MPOXOAT Yepe3 Apy-
roil Macc-aHaJM3aTop W JAI0T MacC-CHEKTP MHAMBUIYATBHOIO COCIUHEHUS.
JInsi akTUBALlMM MOHOB MCIIOJIB3YIOTCSl PA3JIMYHbIE METOJBI: CTOJKHOBEHHE
YCKOPEHHBIX MOJEKYJISPHBIX MOHOB C aTOMaMHM WHEPTHBIX ra30B B CHELU-
albHON Kamepe COyNAapeHHi, PaClOJIOKEHHOW MOCIE MEPBOro aHaAIN3aTopa;
BO30Yy>KJIeHHEe MOHOB (POTOHAMH, HJIEKTPOHAMHU U CTOJIKHOBEHHE HX C IIO-
BEPXHOCTBIO.

HawnGomnee mmpoko ucmosb3yeTcs MepBbIid CIIOCO0 aKTHBAIUH.

HecmoTpst HA TO, 4TO B TaHAEMHOW MacC-CIEKTPOMETPUHA MOMKHO HC-
MOJIb30BaTh BCE BUJBI MacC — aHAJU3aTOPOB M UX KOMOWHAIIMHU B OOJIBIINH-
CTBE CIy4aeB MCIOJBb3YIOT CEKTOPHbIE M KBaJAPYMNOJbHbIE AHAIU3ATOPBI.
HaunbGonee pacnpoctpanenHoil u yHuBepcanbHoi MC-MC-koHurypanuei
ABJISIETCSI COYETAaHUE TPEX KBAJPYIMOIbHBIX CIEKTPOMETPOB. Paznenenue no-
HOB TPOM3BOAMUTCS B MEPBOM M TPETbEM KBAJAPYMOJSAX, a BTOPOU KBaIpy-
M0JIb, YIPABIAEMbIA TOJBKO PaJMOYACTOTHBIM HANPSHKEHUEM, UCITIONb3YETCS
B KQUECTBE HOHU3ALMOHHOW KaMephbl

Tannemuyro MC BHavasie MCIOJNIB30BAIM Kak CIOCOO (parMeHTaluu
MOHOB, 00OPa3yIOIIMXCsl B MOHHOM MCTOYHUKE, HAPUMEp, MPU MATKOW HOHU-
3anMM. B Takux 3KCIIEpUMEHTaxX IMEPBbI MACC-CIIEKTPOMETP HCIIOIb30BAIN
1JI BBIOOpa POJUTENBCKOTO MOHA, MPHU JAMCCOLMAIMU KOTOPOTro oOpa3oBa-
JIUCh JIOYEPHUE HOHBI, IETEKTUPYEMBIE BTOPBIM aHAJIU3ATOPOM. DTO PEKUM
CKaHMPOBAHUsS JOYEPHUX MOHOB. OJIHAKO MOKHO Peain30BaTh U JPYrUe pe-
YKUMBbI CKaHUPOBaHUs. PeXMMbI CKAHUPOBAHMS POAUTEIBCKUX HOHOB M HEM-
TpPaJIbHBIX YACTUL OCOOCHHO MOJE3HbI NPU CKPUHHUHIE, a PEXHUM CEJIEKTHB-
HOro MoHutopunra peakuuii (CMP) B konnyecTBeHHOM aHanu3ze. Mcnonb3o-
BaHME TaHJEMHON Macc-CHEKTPOMETpPUHU, 0cOOeHHO B pexume CMP, upes-
BBIYAITHO Ba)KHO MNpPU KOJMYECTBEHHOM aHANM3€ OOBEKTOB OKpYyXkKarolen
Cpellbl U OMOJIOTMYECKUX OOBEKTOB, KOT/Ia MEIIAIoIIee BIUSHUE KOMIIOHEH-
TOB MaTPUIIbl MOXKET YXYILIUTh MIPeIeTbl OOHAPYKEHUS.

3.5.4. JIpyrue meToabl

WNHppakpacHble COEKTPhl JaOT UHPOPMALKIO U O (YHKIHOHAIBHBIX
rpynmnax, coJep Kaiuxcsi B MOJIeKyJie 1 00 MHAUBUAYaIbHOU Monekye. [1o-
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ATOMY, KaK U B MacC-CIIEKTPOMETPUH, UH(PpPaKpaCHBIE CIIEKTPbl MOTYT CUH-
TaThCsl XapaKTEPUCTUUHBIMU WIH Jaxe CHenu(PUUHBIMU JJIsi JaHHOM MoJie-
Kynbl. Uugpaxpacuoviti demexmop ¢ @ypve-npeoopazosanuem (PIIUK-
demeKkmop) B COUETaHUU ¢ XpomaTorpadueit — erie oauH THOPUIHBIN METO,
MO3BOJISIONIMHI MOTy4YaTh B pexuMe on-line crienuduueckyro nHOOpPMAIUIO O
MoJIeKyJax pazaenseMbix coenuHeHuit. Padora XKX- ®ITMK mo cpaBHEeHU!O C
npudopamu s ['X-OITUK 3aTpynHseTcss u3-3a CHIIBHOTO MOTJIOMICHUS, KO-
TOPBIM 00JIaJIal0T ¥ HOPMAJIbHO-, U 00palieHHO-(Pa30BbIe PACTBOPUTEIH B
cpennem MK-amanazone. Ot1o TpebyeT nub0 yaaneHus pacTBOpUTENs, OO0
orpannyeHus ucnonb3oBanus JKX-OIIUK perucrpanneit noraomeHus B omn-
PENCIICHHBIX YaCTOTHBIX AWAna3zoHaxX IS MOJy4eHus uHpopManuu o QyHK-
LMOHAJIBHOW TpyNIe MPHU UCIONB30BAHUU NMPOTOYHOU suerku. JXKX- OITUK
1o cpaBHeHUIO ¢ JKX-MC 3HauuTENBHO MPOIIIE, TOCKOJIBKY OTCYTCTBYET HE-
00XO0JIMMOCTh BBEJICHUS MPOObI B CIEKTPOMETP, pabOTAIOIINI 0] BBICOKUM
BakyyMoM. Kpome Ttoro, nHdopmanus o QyHKIMOHAIBHOW TPYIIE MOKET
ObITh TMOJIydeHa OYEHb MPOCTHIM IMYTEM — PETUCTpalMeil MOTJIOLIEHUs MpHU
XapaKTEepUCTUUECKOMN 4acTOTe

Cnexmpockonus s0epHo20 MazHumno20 pesoHanca (AMP) sBnsercs
OJIHUM U3 HamOoJiee MOIIHBIX U MIUPOKO HUCIOIb3YEMBIX METOJIOB JJIs ONpe-
NEJEHUsl CTPYKTYPbI B OpraHn4eckor XxuMuu HecMoTpst Ha 3TO, €€ UCII0JIb30-
BaHME B KA4eCTBE JCTEKTOpa JJIsl KUJIKOCTHOM Xpomarorpaduu, B OTIUYUE
ot XKX-MC u KX-®ITHUK, nonroe BpeMst ObLII0O HEBO3MOXKHBIM, MTOCKOJIBKY
SIMP noctaToyHO HHU3KOYYBCTBHUTEIBHBIM METOJI, OOBIYHO TPEOYIOIUI IIPO-
OBl OKOJIO eIMHUIT MUKpOTrpaMMoB. B Hacrosiiee Bpemst XKX-AMP mo3Bossier
MPOBOJUTH B pexkume on-line AMP-skcriepuMeHThl ¢ HEOOJIBIIUMHA KOJTUYECT-
BaMH MPOOBI, pa3eJIeHHbBIMU C TOMOIIbIO JKX.

[lepeuerb rHOPUIHBIX METOAOB JOMOJHSET €IlIe /IBa, IIMPOKO HCIOJb-
3yeMBIX METO/a pa3AelieHusi — moHKocaouHas xpomamoepagusa (TCX) n
ceepxkpumudeckas ¢harouonas xpomamoepagus (CPX) co CneKTpocKomnuye-
CKHAM JETEKTUPOBAHHUEM.

Coueranust TCX ¢ MC u ®@IIMK oHM HE HAllUTA MIMPOKOTO MPUMEHEHUS,
BO3MOJKHO, U3-3a TOTO, YTO MPOCTEUIINI U MPAKTUYECKU CaMblid JEIIEBbIA Me-
TOJl B aHAJIUTHUYECKON JTabOPaTOPHU COUYETAETCs C, MOKAIyi, Hanbosee CIIoX-
HBIMHA U JIOPOTMMH METOJaMH JeTeKTHpoBaHHsA. OIHAKO pa3ieisIoILyIO CIIO-
COOHOCTh ¥ YHMBEPCAIHLHOCTh COBPEMEHHOU BBICOKOA((HEKTUBHON TOHKOCIIOM-
Hoit xpomarorpaduu (BOTCX) TpyaHO nEpeorieHUTb.

COX Tarke ycnemHo coueraercs ¢ Macc-cnektpomerpuueckum, OITMK
Y aTOMHO-3MHUCCHOHHBIM JIETEKTUpOBaHHEM. biarogaps npupojie noaBHKHOU
¢a3bl, ucnonbzyemort B COX tpeOoBaHMs K annapaTypHOMY O(OPMIIEHUIO SB-
JISIFOTCS] TPOMEXKYTOYHBIMU MEXKTy TPEOOBAHUSAMU B CIIydae ra3oBOM M >KHUJIKO-
ctHoil xpomatorpaduu. Ilosromy cymectByromme ['X- u XKX-unrepdeiicot
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MOTYT OBITh IPUCIIOCOOJIEHBI C HEOOIBIIMMU U3MEHEHHUSIMU [T YCIIEITHOM pa-
OOTBI C pa3TUYHBIMU TUIIAMU CIIEKTPOCKOITMYECKUX AETEKTOPOB.

3arnsapiBas B Oynayliee rHOpUIHBIX METOJIOB, HETPYAHO MPECKa3aTh,
YTO CKOpEE BCEro MOSIBATCA HOBbIE THOpHUAHBIE MeTO/ibl. HekoTopsie U3 HUX
YK€ JOCTHUIJIA OINpPEIEICHHOM CTENEHU 3pPENIOCTH, TAKUE KAaK KanuuispHull
anekmpogopes (K9) ¢ ®ITUK- u MC-nerektupoBanuem. J[pyrue u3 HUX mo-
Ka 4TO JIMIIb Ha ropus3oHTe, Hanpumep, ['X ¢ YP-gerektuposanuem. [[Bu-
KyLIeH cUioi Takux pa3pabOTOK SBISETCS MOTPEOHOCTh B BHICOKOUYBCTBH-
TEJIBHBIX U CHICIU(PUIHBIX JETEKTOPAX JJIS Pa3IUYHBIX METO/IOB pa3/IeieHus,
KOTOpBIE CMOTJIM OBl pemath Bce 0osiee CI0KHbIE U KOMIUIEKCHBIEC aHATTUTH-
YEeCKHE 3aJ]a4M; UX YCIIeX B KOHEUHOM MTOrE€ 3aBUCHT UMEHHO OT CIIOCOOHO-
CTH OTBEYATh TUM TPEOOBAHUSM.

3.6. I[IppumMeHeHMe MacC-CIIEKTPOMETPHH

OO6nacTh MPUMEHEHHSI MacC-CIIEKTPOMETPUHU BeCbMa pa3zHooOpa3Ha: O1o-
XUMHSI, KIIMHAYECKasi XUMHUSI, 0011asi XUMUSI U OpraHUYecKasi XUMUsi, KOHTPOJIb
HApPKOTUYECKUX CPEJICTB, KOHTPOJIbh AJIKOTOJILHBIX HAIMUTKOB, (papMalieBTHKA,
KOCMETHKa, mapproMepus, MUILEBasi MPOMBIIUICHHOCTh, XUMUYECKHI CHHTES,
HedTexumust U HedTenepapaboTKa, KOHTPOJIb OKPYXKAIOIICH CpPeabl, TPOU3-
BOJICTBO NOJIMMEPOB U IIACTUKOB, T€OXUMMUSI, T€OJIOTUsI, TUIPOJIOTHS, METPO-
rpadus, MUHEPAJIOTHs, T€OXPOHOJIOTUs, apXEOoJIOTHs, AE€pPHAs MPOMBILICH-
HOCTb W JHEPreTuKa, MOIYNPOBOJHUKOBAS MPOMBIIUIEHHOCTb, METAJLIYPIHUs,
MEIUIMHA U TOKCUKOJIOTHS, KpUMUHAIIMCTUKA, TOMUHTOBBII KOHTPOJIb.

Haunbonee BaXXHbIM NPUMEHEHHEM MAacC-CIEKTPOMETPUHU  SIBIISETCA
uAeHTU(GUKAIMS U TOATBEPKACHUE COCTaBa MPOyKTOB CUHTE3a UM KOMIIO-
HEHTOB, U3BJIEYEHHBIX W3 MPOAYKTOB WJIM OOpa3IOB. YCTyMas TOJbKO CIEK-
TPOCKOMHH SAJIEPHOTO MAarHUTHOTO pe3oHanca (SAIMP), macc-cnexkTpomerpus
UrPAEeT BAXHEWILIYI0 POJIb B MOATBEPKICHUM WIH BBISICHEHUH CTPYKTYPBI
BEUIECTB B JJabopaTopusix opraHumyeckoro cuHre3a. Hambonee BaxkHoe mpe-
HMMYILIECTBO Macc-criektpoMerpun nepen AMP 3akirouaercss B 04€Hb MaJIoOM
KOJMYECTBE BELIECTBA, IoOABEpraeMoro ananmsy. Hemocratkom Macc-
CHEKTPOMETPHUH SIBISETCS TO, YTO ITO AECTPYKTUBHBIA METOJI aHAJIN3A, U HC-
MOJIb3yEeMbIid 00pasel] Hellb3sl BOCCTAHOBUTH JJIsl AAJIbHEHMILIEr0 aHalu3a Uiu
CUHTE3A.

Bce Oonee mupokoe NpUMEHEHHE MacC-CHEKTPOMETPUS HAXOAMT MpHU
ONPEJEICHUHN MOJSPHBIX, HENETYYUX U TEPMUUYECKH HECTAOMIIbHBIX COENIU-
HEHUM. Macc-ClIeKTpOMETPUYECKMN aHAIU3 TaKUX BELIECTB MOXXHO OCYIIIe-
CTBUTHh TOJIBKO MPHU MOMOIIM METOJOB MSTKOW HMOHU3ALMHU. DTOT BAapUAHT
MPEKPACHO MOJIXOIUT JJII CKPUHHUHTA MUILIEBBIX MPOIYKTOB WIH OOBEKTOB
OKpY>KaroILIEel Cpebl Ha 3arpsI3HUTENH.

Macc-creKTpoMeTpusi TI03BOJISIET KOHTPOJIUPOBATh MPUCYTCTBHUE CIIENO-
BBIX KOJMYECTB MPUMEHSIEMbIX XUMHUYECKUX CPEACTB (Hampumep, MEeCTUIU-
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JIOB) B MHUILEBBIX MPOAYKTaxX. be3 Macc-CIeKTpOMETprUN HEMBICIIMM KOHTPOJIb
HaJT HE3aKOHHBIM PACIPOCTPAHCHUEM HAPKOTHUYECKUX M TICUXOTPOIHBIX
CPEJICTB, KpUMHUHATUCTUYCCKUN M KIIMHUYECKUI aHalIu3 TOKCUYHBIX Mperapa-
TOB, aHAJIN3 B3PHIBYATHIX BEIIECTB.

Cy1iecTBOBaHHE — AJIGPHOM  SHEPreTHMKM  HEMBICIMMO 0e3  macc-
cnexktpomeTpur. C ee TTOMOIIBIO OTPeeIIIeTCS CTEeIeHb 00OTaIleHHs paclie-
TUISIOIIUXCS. MAaTEPHAIOB U UX YUCTOTA.

Macc-crieKTpoMeTpusi B COUYETAaHUHM C XpoMaTorpauuecKkuMu MeTojiaM
SBJISIETCSI OCHOBHBIM aHAJIUTUYECKUM MHCTPYMEHTOM JUIsl KOHTPOJISI Ka4ecTBa
MIPOU3BOIUMBIX JICKAPCTB U BBISIBIICHUS (HaTbCU(PUKATOB.

MenunHa Tak ke HE 00XoauTcs 0e3 macc-crieKTpomeTpuu. Macc-
CIIEKTPOMETPHUSI B COYETAHWUU C XPOMATOTrpapUUeCKUMH METOJaM SIBIISIETCS
OCHOBHBIM aHAJTUTUYECKUM MHCTPYMEHTOM JJisi KOHTPOJIS KauecTBa MPOU3BO-
JUMBIX JIEKapCTB U BbIsBICHUS (anbcudukatoB. M3oTomHas wmacc-
CHEKTPOMETPHUSI YIJIEPOAHBIX aTOMOB TMPUMEHSICTCS JIs MPSMON MeIUIUH-
CKOM JMarHOCTUKUA WHGUIIMPOBAHHOCTH uesnoBeka Helicobacter Pylori n sB-
JIIETCSI CaMbIM HAJISKHBIM M3 BCEX METOJIOB AMArHocTuku. [IporeoMuka nana
B PYKH MEIUIIMHBI BO3MOXHOCTh CBEPXPAHHEH MUAarHOCTUKU CaMbIX CTpalll-
HBIX 3a00JIEBaHUI YEJIOBEYECTBA — PAKOBBIX OIyXOJieH M KapaAUOJIOTHYECKUX
muchyHkimid. Onpeenenne crenupuieckux OelKoB, Ha3bIBAGMbIX OMOMap-
KEepaMH, IO3BOJISIET MPOBOJUTHh PAHHIOK JUArHOCTUKY B OHKOJIOTMM M Kap-
JTUOJIOTHH.

OpaauM W3 Ype3BBIYANHO WHTEPECHBIX HOBBIX 00JacTell MPUMEHEHUS
Macc-CIEKTPOMETPUH, KOTOPhIE aKTUBHO U3Yy4aeTCsl B HACTOSIIIIEE BpeMs, SIBIISI-
eTcsi OMoXuMHUs. DTO SIBIISETCS PE3YJIbTATOM BHEIPEHUS TAKUX METOOB, KaK
VMOHM3ALMS JIa3epHOM JecopOLmel Mpu COACWCTBUU MATPHULBI M MOHMU3ALUS
AJIEKTPOPACIILUIEHUEM, KOTOPhIE 00ECIIEUMBAIOT SKCIPECCHOE U TOYHOE OMpe-
JICJIEHUE CPEHUX MOJIEKYJISIPHBIX Macc OEIKOB MPH MaJIoM KOJIMYECTBE Mare-
puana. Macc-crieKTpoMeTpusi TO3BOJISIET UACHTUPUIIMPOBATH OENKU, OMpese-
JISAITh KaKUe U3MEHEHHUs TTPOU3OIILIN C UX CTPYKTYPOH BCICACTBUE PA3IMYHBIX
B3aUMOJICCTBUH, ONIPEACIIATh ITyTH META00JIM3Ma Pa3IMUHbIX JIEKAPCTBEHHBIX
CPEJICTB U UJICHTU(DUIIMPOBATH METAOOJIUTHI.
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IJTABA 4
JIEKTPOXUMHNYECKHUE METO/Ibl AHAJIU3A

DIIEKTPOXUMHUYECKHE METOJIbl aHAJIN3a OCHOBAHbI HA U3MEPEHUU JIICK-
TPOXUMHUYECKUX CBONUCTB CUCTEMBI (ITOTEHIMAN, TOK, KOJIMYECTBO AIEKTPUUE-
CTBa, DJICKTPOMPOBOAHOCTh U JAP.), 3HAYEHHUS KOTOPBIX MPOMOPIIMOHATHHBI
KOJIMYECTBY OIPEAECTIIEMOTO BEIIECTBA U 3aBUCAT OT €ro NPUPOAbI, T. €. CBS-
3aHbl C €ro Creuu(PUUeCKUMU CBOMCTBAMU. DTU 3aBUCUMOCTH HCIOIB3YIOT
JUISL KOJIMYECTBEHHOIO ¥ KQUECTBEHHOI'O ONPEIEIICHUS BEILIECTB.

B anekTpoxuMHuuecKnX METOAAX UCIOJIB3YIOT IPOLIECCHI, IPOTEKAIOIIME
Ha 3JIEKTPOJax MJIA B MEXKAJIEKTPOIHBIX ITPOCTPAHCTBAX.

4.1. Knaccugukanus 3J1eKTPOXUMHYECKUX METOI0B aHAIHU3A

CymiecTByIOT pasjidyHble CHOCOOBI KJIaCCU(UKAIIUU DIICKTPOXUMUYE-
CKHUX METOJIOB — OT OYE€Hb MPOCTHIX JO OYEHb CIIOKHBIX.

B Tabmn. 4.1 nana knaccudukaius 31eKTPOXUMMUYECKUX METOI0B aHaJH-
3a [0 MPUPOJIE U3MEPSEMOT0 CUTHAIA.

Tab6nuna 4.1

Krnaccuduxarms sIeKTpoXUMHYECKUX METOIOB aHAIM3a
10 U3MEPSEMOMY NapaMETPY JIECKTPOXUMUYECKON STUEUKU

N3smepsiemblit YenoBus Meton
napaMmeTrp U3MEPECHHUS
ITorenmuan E, B =0 [ToreHumomeTpus
Tok [, MKA I1=f(E) Bonsramnepomerpus
KonuuectBo anexrpuuectsa Q, Ki I = const nnmn Kynonomerpus
E = const
YnenbHas 31€KTponpoBOAHOCTh Cm, em! | 1000 I'o Konaykromerpust
Macca m, r I = const unun DJEeKTpOrpaBUMETPHUSL
E = const

DJEKTPOXUMUYECKHE METO/AbI MOAPA3ALISIOT Ha JBE IPYNIbl, OCHOBaH-
HbIE Ha yYeTe NPUPOAbl MCTOYHHUKA DIJIEKTPUYECKONM JHEPTUU B CHCTEME.
B MeTonax 6e3 nanoowcenus enewne2o nomenyuaia NICTOYHUKOM dJIEKTpUYe-
CKOW DHEPIruM CIIY)KUT CaMa 3JIEKTPOXUMHYECKass cucrema. Meroasl, OCHO-
BAaHHBIC HA ITPOXOXKIEHUU TOKA YEPE3 DICKTPOXUMUUYECKYIO SYEHKY, SBISIOT-
Cs1 METOJAMU C HAOJICEHUEeM 6HEUHe20 NOMeHYUuaa.
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4.2. OCHOBHBbIC IOHATHSA IJTCKTPOXUMHUH

[Tox 3j1IeKTPOXMMHUYECKOH peaKlueld NOHMMAIOT TeTEPOreHHYH peak-
LU0, TPOUCXOIAIIYIO0 MEXIY OTACIbHBIMHU YacTSIMU JIBYyX COMPHUKACAIOIIUXCS
AIIEKTPONPOBOAAIIHX (Da3 (MEKTPOI — pacTBOpP), B XOJI€ KOTOPOW MOHBI WU
AIIEKTPOHBI TIPOXOMAT Yepe3 TpaHUIly pasfena (a3, 4To BBI3BIBACT IMPOTEKa-
HUE TOKA.

B snexkTpoxuMudecknux MeToiax aHalii3a MCIHOJb3YeTCs JIEKTPOXUMH-
yeckas siueiika, COCTOsIIAs Yallle BCEro U3 ABYX AMEKTPOJIOB (MHIUKATOPHO-
ro Wian pabodero AJIeKTpoaa M JIEKTPoaa CpaBHEHMUs ), MOTPYKEHHBIX B pac-
TBOP 3JIEKTPOJIUTA.

NHaukaTopHbIA 3JIEKTPOA — 3TO 3JIEKTPOJA, HA KOTOPOM IPOTEKAET
COOCTBEHHO AJIEKTPOXUMHUYECKAs] PeaKlys OKUCICHUS UM BOCCTAHOBJICHHUS.
DTO JNETKOMOJISIPU3YyEMBIN 3JIEKTPOJI, OH JOKEH pearupoBaTh HA U3MEHEHHE
KOHUEHTPALINH OMPEIEIIEMOrO BEIIeCTBa:

+ _
Me""" + ne — Me°.

Yamie Bcero MHAMKATOPHBIA 31EKTpoja u3roraBnuBaroT u3 Pt, Ag, Hg,
a TaKXKe U3 JPYTHX MaTepualoB. B 3aBUCHMOCTH OT HCHOJIB3yEMOIO METONA
aHaJu3a UCTIOJB3YIOTCS T€ UM UHBIE TUIBI UHIUKATOPHBIX 3JIEKTPOOB; OHU
OyIoyT pacCMOTPEHBI B IOCIEAYIOIINX pa3aenax IJaBbl.

JIEKTPOA CPABHEHUS] — HEMOJSIPU3YEMBIA DJIEKTPOA, NOTEHIMAJ €ro
JIOJI’KEH OBITh YCTOWUYMBBIM BO BPEMEHU, HE MEHSIOIIUMCS MPU MPOXOKICHUU
HEOOJIBIIIOTO TOKAa B MOMEHT MPOBEJICHUS KAKUX-TUOO peakiuii B aHAJW3H-
pyemMoM pactBope. OTHOCUTENBHO AJIEKTPOJA CPABHEHHUS BEIETCS OTCUET Ka-
KOT0-JTM00 mapameTpa UHIUKATOPHOTO JIEKTPO/A.

B xauecTBe 37€KTPOJOB CPABHEHUS Yallle BCErO UCIONIB3YIOT XJIOPUACE-
pEOpSHBIA 1 HACBHIIICHHBIA KaJIOMEIbHBIM 3JEKTPObl. XIIOpHUICEPEOPSTHBIN
AIIEKTPOJI TIPECTABIIAECT COOON cepeOpsIHYIO MPOBOJIOKY WM IUIACTUHKY, MO-
kpeiTyto cinoeM AgCl u momemennyo B HachieHHbIH pactBop KCI, T. e.
XJIOPHUICEPEOPSIHBIN AIEKTPOJ MPEACTABISAET COO0M CUCTEMY

Cl /AgCl, Ag.

0 ~
[Torenunan ero npu 25 C, U3MEPEHHBIM OTHOCUTEIBHO HOPMAJIBHOTO
BOJIOPOJIHOTO AJEKTPO/IA, PABEH

E=0.222 - 0,059 lgacr-. 4.1)

HacpllieHHbIld  KalIOMENBHBIM JIEKTPOJl COCTOMT W3 METAJUIMYECKON
prytH, kanomenu Hg,Cl, u HaceimenHoro pactopa KCl:

Cl_/ Hg2C12 , Hg
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0 ~
[Torenunan ero npu 25 C, U3MEPEHHBI OTHOCUTEIHHO HOPMAJIBHOTO
BOZOPOJHOIO 3JIEKTPOJIA, PABEH

E=0,241 0,059 lgac-. (4.2)

[Ipomeccrl, MPOUCXOANINE B ANMEKTPOXHUMHUUYCCKUX SUEHKAX TMPU HC-
MOJIb30BAHUM DJICKTPOXUMHUYCCKUX METOJOB aHAN3a, JOCTATOYHO CIIOKHBI.
HexoTtopbie o01iue 3aKOHOMEPHOCTH OyyT PACCMOTPEHBI HIXKE MPU OTIEb-
HOM M3Y4Y€HUHW TOTO WY MHOTO METOJA.

XapakTepHbIMH OCOOCHHOCTSMH JIEKTPOXUMHUYECKUX METOJOB aHaIN3a
SIBIITFOTCS: BBICOKAs YyBCTBUTEIILHOCTh, BOBMOKHOCTh aBTOMAaTH3aIluu U HE-
IPEPHIBHOTO KOHTPOJIS,, IKCIIPECCHOCTH, MPOCTOTa 00OPYIOBAHUS, BO3MOXK-
HOCTh MCIIOJIB30BaHMS TEX )K€ PEaKIHid, KOTOPbIE XOPOIIO U3yUeHBI B TUTPH-
METPUYECKUX METOoaX aHaim3a (peakiuu HeHTpalv3alii, OKHCIICHUS-
BOCCTaHOBJICHUSI, OCAXKJICHHUS, KOMIICKCOOOpa30BaHMsI), aHAIN3 OKPAIICHHBIX,
MYTHBIX PaCTBOPOB, arpeCCUBHBIX CPEN U T. [I., TJIe MPUMEHEHUE IIBETHBIX MH-
JMKATOPOB /7151 PUKCUPOBAHUS TOUKU SKBUBAIIEHTHOCTH HEBO3MOKHO.

Henoctatkom 31€KTPOXUMUYECKUX METOAOB aHAIN3a SIBJISICTCS CPABHH-
TEJIbHO HEBBICOKasi TOUHOCTH (~ 1 %), ogHAKO HEKOTOPBIE METOJBI (KYJIOHO-
METpHUsl, JIEKTPOrPABUMETPHUSI) OTHOCSITCS K BBICOKOTOUHBIM (~ 0,01 %).

4.3. Honsipuzaums 3JIeKTPOA0B
[Ipu npoTekaHuu TOKa 4epe3 SUYEHKYy MOTEHIMANl €ro OTKJIOHSIETCS OT
PaBHOBECHOIO (Ep):

E-E,=n (4.3)

BenuunHa 3TOro OTKJIOHEHUS HAa3bIBAETCs MOJspU3aliel (WM nepeHa-
NpsDKEHUEM), a AIIEKTPOJ, MOTEHIIMAT KOTOPOrO OTIMYAETCSl OT PaBHOBECHO-
ro, Ha3bIBA€TCS MOJSIPU30BAHHBIM. YTOOBI Yepe3 MOSIpU30BaHHYIO JEKTPO-
XUMHUYECKYIO SYEKy mpoTekan TpeOyeMblil TOK, Ha Hee HY)XKHO HAJIOXHTb
MOTEHIUA BBIIIE TEOPETUIECKOTO.

[IprunHBI BOSHUKHOBEHUS MEPEHANPSIKSHHSI pa3udHbl. B 3aBHcMMOCTH
OT XapakTepa JUMUTHUpYIOLIeH (Hanbosee MeAJIEHHON) CTaAuH AIIEKTPOIHOTO
npoliecca pa3InyaroT CIEAYIOUINe BUIbI TOTSPU3AIIH:

KoHnenTpauuoHHasi nmoJisipu3anus HaOlI0aeTCs B TOM CiIydae, eclid
CKOPOCTh IMEPEeHOCa pEearupyroliero BellecTBa M3 IIIYOMHBI pacTBOpa
B IIPUAJIEKTPOIHBIA CIIOM HEZOCTaToyHa, YTOOBI MOJIEPKaTh TEOPETHUYECKU
IpeCKa3aHHyl0 cuily Toka. [lepeHoc BemecTBa OCyIecTBIsSETCS B PaCTBOPE
noj feictBueM aud@ysnu, 37IeKTPOCTATUUECKOTO MPUTSHKEHUS WM OTTal-
KUBaHUS, MEXaHUYECKUX UM KOHBEKIIMOHHBIX CHJL.

Huddy3ust HOHOB MPOUCXOTUT U3 Oojiee KOHIICHTPHUPOBAHHBIX CIIOEB
pacTtBopa B pa30aBiIeHHBIC H BO3PACTAET C YBEIWYCHHEM T'PAJHEHTa KOHIICH-
TpaIyu:
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vp=k(C-Cy) (4.4)

rae Vp — ckopocTh Auddysun; C — KOHLEHTpALUs pearupyroiiero BeuecT-
Ba B 00beMe pacTBopa; C — ero paBHOBECHAs! KOHLIEHTPAIMS y TOBEPXHOCTH

ANIeKTpona; k — Kod(hUIMEHT MPOTIOPITUOHATBHOCTH.
Bennuuna C 3aBucUT OT noTeHUuana sexkrpoaa. [lo mepe ysenuueHus

HoTeHIMaa 371ekTpoja BennurHa C, yMEHbIIAETCs, a CKOPOCTh U dy3un

BO3pACTaET.

CuIibl 3IEKTPOCTATUYECKOTO MPUTSHKEHUS (MIIM OTTAJIIKUBAHUSA) MEXKIY
OTJENbHBIMA MOHAMHU M AJIEKTPOAOM YMEHBIIAIOTCS C yBEJIMYEHUEM OOIIen
KOHLIEHTpallMM 3JIEKTPOJIUTa B pacTBope ((hoHa) M CBOAATCA NPAKTUUYECKU
K HYJIIO, €CJIM pearupyromiee BEIIECTBO COCTaBISAET HEOOJIBLIYIO JIOJIIO0 OT
00I11er0 KOJIM4eCTBa HOHOB JAHHOTO 3apsija.

MexaHndeckoe NepeMelMBaHNe pacTBOPa YBEJIMYUBAET JOCTABKY pea-
TUPYIOLIEro BEIIECTBA K 3JIEKTPOIY, MO3TOMY OHO NPUBOAMUT K CHHXKEHHIO
KOHLIEHTPALMOHHOW MOJISIPU3aLIH.

K Takomy xe 3pexty npuBoAUT nepeMeIeHIe pearupyroIiero BemecTa
K MOBEPXHOCTH JIEKTPOAA 32 CUET KOHBEKIIMH, BOSHUKAIOIIEH BCIIEICTBUE Pa3-
HOCTH TEMIIEPATYPBI WM IUIOTHOCTH B OTJEJIBHBIX YYaCTKaX pacTBOpA.

KoHueHTpanmoHHas NoJisipu3alys UMEET BaKHOE 3HAUEHUE B pa3iuy-
HBIX AJIEKTPOAHATIUTUYECKUX METO/Iax. B HEKOTOpBIX ciydasiX ee CTpeMsTCs
YMEHBIUIUTh, a B JIPYTUX OHA COCTABIISIET OCHOBY METOAA, U MpEANpUHUMA-
I0TCSI BCEBO3MOKHBIE TIOTIBITKH CIIOCOOCTBOBATh €€ BO3HUKHOBEHUIO.

Kunernyeckasi moisipusanusi BO3HUKAET IIPU MaoOil CKOPOCTH JJIEKTPO-
XMMHUYECKON peakivy, Cuila TOKa KOHTPOJIMPYETCS CKOPOCTBIO TIEpeHoca eK-
TpoHa. B 3TOM cityuae 11 IpeoioaeHnsl SHEPreTHUECKOro 6apbepa Mmoimypeak-
UM TpeOyeTcsl OMOMHUTENbHAs 3Heprus (nepeHanpsbkenue). [lepenanpsoke-
HHUE YBEIMYMBAETCSI OOBIYHO C YBEIMYEHUEM IJIOTHOCTU TOKA; YMEHBILACTCS C
MOBBIIIEHHEM TEMIIEpaTyphl; 3aBUCUT OT Marepuasa 3JeKTpoja (4alle BCEro
OHO BBIIIE€ HA 3JIEKTPOAAX, U3TOTOBJICHHBIX W3 MITKHX METAJUIOB, HAapUMED,
Pb, Hg, Zn). Ilepenanpsbkenue Oonee 3aMETHO Uil ANIEKTPOJHBIX MPOIECCOB,
MPOTEKAIOIIUX C 00pa30BaHUEM Ta3000pa3HbIX MPOAYKTOB. bombIol uHTEpec
MPEACTABISET TOT (PaKT, UTO BBIACIECHUE BOAOPOA WM KUCIOPOJA Ha AJIEKTPO-
Jax MPOTEKAET C BBICOKUM MEPEHANPSHKEHUEM, YTO AAE€T BO3MOXKHOCTH IPOBO-
JUTh SIEKTPOXUMHUUECKOE OCAXKIEHIE METAILJIOB.

Benuuuny nepeHanpsbKeHuss B KaXXIOM KOHKPETHOM Cilyyae MpejcKa-
3aTh TOYHO HEJNb3$, MOCKOJIBbKY OHO OIpENENsieTCs] psIOM HEKOHTPOJIUpYe-
MBIX (hPaKTOPOB.

dazoBasi MOJSAPU3ALMSA CBA3aHA C 3aMEJICHHON cTajuell 00pa3oBaHUs
HOBOH (pa3pl (MOCTPOECHUE KPUCTANIMYECKOW PEUIETKH MPH OCAKICHUM Me-
Tamia u ap.).
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CylecTBYIOT U APYTU€ BHUIBI MOJISIPU3ALMUA, KOTOPHIE B MEHBIIEH CTE-
TIEHU UCIIOJIB3YIOTCS B JICKTPOXMMHUYECKUX METOAaX aHaJn3a.

4.4. IloreHunomMeTpus
[ToreHUMOMETPUYECKUI METOJ OCHOBAaH HAa W3MEPEHUU PA3HOCTU PaB-
HOBECHBIX TMOTCHIMAIIOB MPAKTUYECKH B OTCYTCTBHE TOKA MEXIy HHIUKA-
TOPHBIM 3JIEKTPOJIOM M 3JIEKTPOJOM CPABHEHUS, MOTPY>KEHHBIMU B aHAJIA3U-
PYEMBIN PACTBOP, B TAJIbBAHWYECKON LIENN TUIIA:
DIIEKTPOL HCCIIENYEMBIN VHJIUKATOPHBIN

CpaBHEHHUS pacTBop AIEKTPO]

Hampumep,
Hg| Hg,Cl,,KCl | Fe',Fe*" Pt
H3mepsiemoe HampspKeHUE, TAKUM 00pa3oM, paBHO
E=Eyyn—Egp- 4.5)

BO3HUKHOBEHHE 3JEKTPOJHOTO MOTEHIMAJIA CBSI3aHO C 3JEKTPOJHBIM
MPOLIECCOM Ha TpaHULE: MHIUKATOPHBIA 3JEKTPOJ — PACTBOP, COAEpPKALIUN
OKHCIIUTENbHO-BOCCTAHOBUTENIBHYIO NApy:

Me™ +ne= Me"

O .+ ne= Boc.

[Ipu ycTaHOBIEHUM TUHAMUYECKOTO PABHOBECHS JJIEKTPOJ NMpUOOpeETa-
€T PaBHOBECHBIM MOTEHUMANI. Peaknuu, mpoTekaromne Ha IpaHule pa3zelia
3JEKTPOJ — PACTBOP, HA3BIBAIOTCA MOTECHIMUATONPEACISIONIMMHA, a& HOHBI
[Ok.],[Boc.] — norenuuanonpenenstommumu nonamu. [lorenuuan naauka-
TOPHOT'O 3JIEKTPOJIa 3aBUCUT OT AKTUBHOCTH MOTEHUIHAIONPEACIISIIOIMINX KO-
HOB 10 ypaBHeHUIO HepHera
0,059, a

, lgaOK , (4.6)

E=E°+
BOC

0 ) v
rae £ — ctaHmapTHBIN 2JIEKTPOAHBIN MOTEHIHAaI, B.

4.4.1. UnaguKkaTopHbIE 3JIEKTPOAbI B NOTEHIIHOMETPUM

W3BecTHBI 1Ba OCHOBHBIX THIA MHIUKATOPHBIX AJIEKTPOJOB JJIsl MOTEH-
HUOMETPUUECKUX U3MEPEHUI:

1) MeTamnuecKkue 3JIeKTPOAbL;

2) MmeMOpaHHbIE (MOHOCEIEKTUBHBIC) AIEKTPO/IBI.
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MeTtajiinyeckue 3JIeKTPOAbI

NHaukaToOpHBIC AICKTPOJIBI MOYKHO HM3TOTOBUTH W3 Pa3IMYHBIX METal-
JIOB, CIIOCOOHBIX JaBaTh OOpaTHMEBIE TMONypeaKIuu, HapuMmep, u3 cepedpa,
MeH, PTYTH, CBUHIIA U KaaMus. [[OTEHIMAIBI 3TUX METAIIJIOB BOCIIPOHU3BO-
VMBI ¥ TIPEICKa3yeMO OTPaKaloT aKTUBHOCTh MX MOHOB B pacTBope. Takme
METaJIJIBI, KaK JKeJne30, HUKEb, BOIbPpaM, KOOATBT U Jp,. HEPUTOTHBI IS
W3TOTOBJICHUSI MHIUKATOPHBIX JIEKTPOJIOB, MOCKOJBKY JJII HUX XapaKTePHbI
HEBOCITPOU3BOANMbBIC TOTEHIIUAIBI, CBSI3aHHBIE C 0O0pa30BaHUEM OKCHIHBIX
CJIOEB Ha WX MOBEPXHOCTH, KPUCTATUIMUECKOU nedopmaiimend B UX CTPYKTY-
pax u T. A. Yaile Bcero uCnoib3yIoT 91eKmpoobl Nep8o2o pooa U 21eKmpoobl
8MOpP0O20O pooda.

DJIEKTPO/IbI MEPBOro0 Poaa TMPEACTABISAIOT CO00M METaTHYECKYIO
MJIACTHHKY WJIU MTPOBOJIOKY, TIOTPY>KEHHYIO B PACTBOP XOPOIIO PACTBOPUMOM
COJM JTOTO MeTalja: cepedpo, OMYyIIEHHOE B pacTBOp HUTpaTa cepedpa;
Meb, TOTPYKEHHAasl B pacTBOp cyibdaTta Meau. [loTennuan snexTpoaa mnep-
BOTO pOJia 3aBHCHUT OT KOHIIEHTpPAIMW BEIIECTBA, HEMOCPEACTBCHHO Yy4acT-
BYIOIIETO B 3JICKTPOAHON PEAKIINH MePEHOCa IIEKTPOHOB:

+ 4}
Ag te—>Ag »

2+ 0o
Cu +2e—>Cu -

JIEKTPOJbI BTOPOI0 POAA COCTOSAT U3 METAJIA, IIOKPBITOTO CIOEM €T
MajopacTBOPUMOr0 COEAMHEHHS (COJIM, OKCUAA WM THAPOKCHUIA) U TOTPYy-
YKEHHOTO B pacTBOP, COJIEPKAILUN TOT kK€ aHUOH, YTO U B MAJIOPACTBOPUMOM
COCIUHEHNH:

A" | MeA, Me.

SHCKTPOILHYIO PCaKIuro u paBHOBCCHBIﬁ IIOTCHIOMAJI B TaKOW CUCTEME MOKHO
34l CaTh CICAYIOIIUM 06p330M:

MeA + ne = Me + An_

0,059
_ (6] s
E _EMeA/A”_ T lg

aMeA _ El(\)/[ 0,059 lga

eA/A"" n a7

aA’l— “AMe

C moMomipio 3JEKTPOJIOB BTOPOTO POJAa M3MEPSIIOT KOHILIEHTPAIUIO HO-
HOB, HE YYacCTBYIOIIMX HEMOCPEJCTBEHHO B MPOIECCE MEepeHoca ANEKTPOHA.
Hampumep, nmoTeHIman cepedpsHOToO 3eKTpoaa OyAeT MpaBUIbHO OTPaXKaTh
KOHIIEHTPAIUIO XJIOPUI-MOHOB B PACTBOPE, HACHIIICHHOM XJIOPUIOM ceped-
pa. DTH 3IEKTPOIbI IUPOKO UCIONB3YIOTCS U KaK 3JEKTPObl CPAaBHEHHUS, 110
OTHOILIEHHUIO K KOTOPBIM U3MEPSIOT MOTEHIUAIBI IPYTUX JIEKTPOIOB.
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MemOpaHHbIe (MOHOCEJIEKTUBHbIE) JJIEKTPO/bI

ITo onpenenenuro MIOITAK, «MOHOCENEKTUBHBIE SJIEKTPOJBI — 3TO CEH-
COpbI (4yBCTBUTEIBHBIEC AIEMEHTBI, TaTYUKH), TOTEHIIMAJIBI KOTOPBIX JINHEH-
HO 3aBUCAT OT lga onpenensieMoro MoHa B pacTBOPEY.

B MeMOpaHHBIX 3J€KTpo/Iax MPOUCXOAUT OOMEH HE 3JIEKTPOHOB, a 3a-
PSKEHHBIX 4acTUI] (MOHOB) MEXIy PAcTBOPOM M MEMOpaHOM 3JIEeKTpoja.
MemMm6pana pa3zensieT ABa pacTBOpa — BHYTPEHHUN W BHEITHUMN, HaXOIAIIIHe-
Csl B KOHTAKTE C MOBEPXHOCTSIMH MeMOpaHbl. Yepe3 mMeMOpaHy BO3MOXKHO
MEepEMEILICHHE MOHOB TOJIBKO OMPEACICHHOTO BHJIa. AKTUBHOCTh HOHOB,
K KOTOpbIM MeMOpaHa MpoHHUIlaeMa, BO BHYTPEHHEM pacTBOPE MOCTOSIHHA.

[Tocne morpy:keHus 3J€KTpojJa B aHATU3UPYEMbId PACTBOP HAUMHACTCS
JBUKEHUE MOHA, MPOHUKAIOIIETO Yepe3 MeMOpaHy, B HalpaBiIeHUU €ro 0o-
Jiee HU3KOM aKTUBHOCTH. Tak Kak MOHBI HECYT 3apsij, TO B MEMOpaHe BO3HU-
KaeT MOTEHIUAJ, MPEMSITCTBYIOMUN AalbHEHIIIEMY MMEPEMEIICHUI0O HOHOB.
UtoObl M3MEpUTh MEMOpaHHBINH MOTEHIIMAN, HEOOXOIUMO 00ECTeUUTh KOH-
TaKT ¢ BHYTPEHHUM PAacTBOPOM (UCIOJIb3YIOT BCIIOMOTaTeNIbHBINA 3JIEKTPOI)
U C BHEUTHUM PACTBOPOM (IPUMEHSIIOT 3JIEKTPOJ] CPABHEHHUSI ).

Cornacno pexomenaanusm MIOITAK paznuyaror:

1) nepsuunvie uoHocenexkmugHvie 31eKmMpoobl — EKTPOAbI C KPUCTAIIIH-
YeCKUMU MeMOpaHaMu, SJIEKTPO/IbI C )KECTKOM MaTpuliel (CTEKIISIHHBIC);

2) a1eKkmpoobl ¢ NOOBUNCHLIMU HOCUMENAMU — TIOJIOXKUTENbHO 3apsi-
KEHHBIMU, OTPULIATENHLHO 3apsKEHHBIMU, HE3APSIKEHHBIMU (C HEUTpaIbHBI-
MU [IEPEHOCUYUKAMM );

3) cencubunuzuposanuvie (AaKMuUBUPOBAHHbLE) INEKMPOObl — Ta30UyBCT-
BUTEJIbHBIC, JEPMEHTHEIE.

JJIEKTPOAbI ¢ KPUCTANIMYeCKUMH MeMmOpanamu. Kpucrammueckue
TOMOTE€HHbIE MEMOpaHbl U3TOTOBJISIOT W3 WHIWBHUAYaJIbHOIO KpUCTAJIUYE-

ckoro coenunenus (LaF3, Ag,S) win roMOreHHON CMECH KPUCTATUYECKHUX

BeniectB (AgyS + AgCl, AgyS + CuS). [Ipu U3roTOBIIEHWU TE€TEPOreHHBIX
KPUCTAJUIMYECKUX MEMOpPAH JJIEKTPOJHO-aKTUBHOE BEIIECTBO CMEIIMBAIOT
C MHEPTHOW MaTpullel (CUJIMKOHOBAs CMOJIA) WM HAHOCAT Ha TUIPOodoOn30-
BaHHBIN TpaduT. DeKTprUecKas MPOBOJUMOCTh ITUX MeMOpaH 00ycioBIie-
Ha CITOCOOHOCTBIO MOHA PEMIETKH C HAWUMEHBIIIUM PauyCoOM M 3apsiioM Iie-
peEMENIaThCsl MO0 BaKAHCUSAM pPEIIeTKH. [ KpUCTAITMYECKUX MeMOpaH Xa-
paKkTepHa BbICOKas crenu(PUIHOCTh, OOYCIOBJICHHAsI TEM, UTO pa3mep, pop-
Ma ¥ pacrpezielieHue 3apsiia BAKAHCUU PEIIETKU MO3BOJISIOT 3aHATH 3TO Me-
CTO TOJIbKO OTIpEeIeIEeHHOMY MOJBIKHOMY MOHY. Hu3kast pacTBOpUMOCTh Ma-
tepuana memOpansbl (LaF3, Ag,S, Ag,S + CuS) no3BosisieT 10cTUraTh O4eHb
HU3KUX TPEJICTIOB O0OHAPYKEHUS.
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[IpeBOCXOIHBIM 3JIEKTPOJAHO-AaKTUBHBIM KPUCTAIIMYECKUM BEILIECTBOM
aBisieTcs  cynabua cepebpa, oOmamaronui  Malol  PacTBOPUMOCTBHIO
(K ~ 1O~51), BBICOKON YCTOMYMBOCTBIO K OKHCIUTENSIM U BOCCTAHOBUTESIM,
HU3KHUM 3JIEKTPUYECKUM COMPOTUBICHUEM. MeMOpaHy MOXHO U3rOTOBUTH U3
MIPECCOBAHHOTO TMOJIMKPUCTAINIMYECKOTO Cylbpuaa cepedpa WM M3 IUIa-
CTUHKHA MOHOKpHUCTaJIa. HU3K0€ 3MeKTprUuecKoe CONPOTUBIEHNE MTO3BOISET
UCIIOJIb30BaTh CyJlb(pu cepedbpa B KauyecTBE MHEPTHOM TOKOMPOBOJISALIEH
MaTpUIbl TP U3TOTOBJICHUU 3JIEKTPO/A, CEJIEKTUBHOIO K MOHAM Meau (Ha
ocHoBe roMoreHHoi cmecu CuS u Ag,S), cBUHIAa (Ha OCHOBE cMecu AgrS
u PbS) u npyrux 31mekTpoaos.

Haunboiiee coBeplIeHHBIM 31EKTPOJIOM C KPUCTALIMYECKON MEMOpaHOu
aBisercss F -cenexkTuBHBIA 31eKTpoJ. MemOpaHa ero BBINOJIHEHA U3 IUla-
CTUHKM MOHOKpHUCTaJIIa (TOpUIA JIaHTaHA, AKTUBUPOBAHHOIO [UISl YBe-
JUYEeHUS 1e(PEKTOB PEIIeTKH (MOHUKEHUS IJIEKTPUUECKOTO0 COMPOTUBIICHHUS )
dbTopuaOM IBYX3apsAaHOTO KaTHOHA (Oapuid, eBpOIHA).

B HacTosiiiee Bpemsi 3J€KTpO/Ibl ¢ KPUCTAIMYECKUMU MEMOpaHaMHu Jie-
Jar0T U 6€3 BHYTPEHHETO pacTBOPA, UCIOJIB3YS MPSIMOM KOHTAKT METaJlJInye-
CKOTO MPOBOJHMUKA U MeMOpaHbl. Takue 3JeKTPOAbl Ha3bIBAIOT TBEPIAOTEIh-
HBIMHU (UM DJIEKTPOJaMU C TBEPJIbIM KOHTaKTOM), OHU YyJI00HEe B padore,
YeM FJIEKTPObl C BHYTPEHHUM PACTBOPOM.

JIeKTPOAbI € kecTKoil marpuuneil. [1lupoko M3BECTHBIM MPUMEPOM
ANEKTPOJIA C )KECTKOM MATPUILIEH SIBISETCS CTEKJISIHHBIN JJIeKTPOA I h3Me-
perns pH pactBopoB. OH COCTOMT M3 CTEKJISIHHOIO IIapvka (MeMOpaHa) ua-
merpom 15...20 mm ¢ tonmmuou creHok 0,06...0,1 MM, U3roTOBIEHHOTO W3
CTEeKJIa 0COOOT0 COCTaBa, HAMpPUMEpP, CTEKJIa MapKu «KOpHUHI»: 22 % Na,0,

6 % CaO, 72 % Si0,. BHyTph mapuka 3aJuBaeTcsi pacTBOP C OMPEACTICHHBIM
snauenueM pH (0,01 monws/n HCI) u morpy»xaetcst 35eKTpoJi CpaBHEHHMsI (XJI10-
puncepeOpsiHbIif), puc. 4.1. MeMOpana oT/esieT BHyTPSHHUN pacTBOp OT aHa-
JM3UPYEMOT0 pacTBOPa, Ky/1a IOMEIIAETCs €Ile OJHMH AJIEKTPOJ] CPABHEHUS:

OnexTpon Buemnuit CrekinsiHHas Brytpennuit OnexTpon
CpaBHEHUS aHAIM3UpPYyEMBbIl | MeMOpaHa pacTBop CpaBHEHUS
1 pacTBop H'] =a, 2

[ H+] =da

NoHo0OMEHHYIO peakIrio MOKHO 3alMcaTh B BUJIE
+ + - + + -

H +NaGgl & Na +H ol

pacTBop TB. pacTBOp TB.

Ona cBoguTCs K 0OMEHY MOHAMH BOJIOPOJia MEXIY BHEIIHHM PacTBO-
pom u creksioM (NaGl).
[ToTeHIuan CTeKJITHHOTO AIIEKTPOa OnpeesseTcs ypaBHeHrneM HepHera
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a
E = K + 0,059 |g —(BfIC1IK. pacTrop) (4.8)
4 (Buyrp. pactop)

CTeKIsIHHBIN 3J1€KTpO]

Puc. 4.1. CTexystHHBIN 37EKTPOI: [ — cTeKIsHHas MeMOpaHa,
2 — BHYTPEHHHI paCTBOP C U3BECTHBIM 3HaueHUEM pH; 3 — 3JIeKTpO CpaBHEHHSI

Ha BHemnrHe# MOBEpPXHOCTH CTEKJIA IMOTEHIIMAT 3aBUCUT OT aKTHUBHOCTH
MOHOB BOJIOPOJIa BO BHEIIHEM aHAIM3WpyeMoM pacTtBope (a;). Ha BHyTpeH-
HEl TIOBEPXHOCTH CTEKJIa TaK)Ke BO3HUKAET MOTCHIMAJ, KOTOPBIM OCTaeTCs
MMOCTOSTHHBIM BO BHYTPEHHEM PAcTBOPE C MOCTOSTHHOW aKTMBHOCTHIO MOHOB
BOoJIOpoJa (ay), ¥, TakUM 00pa3oM, MOTEHIMAT CTEKJISTHHOTO 3JEKTpoja CTa-
HOBUTCSI MEPOH aKTUBHOCTH MOHOB BOJIOPOJa BO BHEIIHEM PacTBOpE, a, Clie-
JI0BaTENIbHO, 3aBUCUT OT pH BHEmIHero pactBopa:

E=K+0,0591ga, :K+0,059lg[H+}:K—0,059pH (4.9)

KoHcranTta K y4yuThIBaeT MOTEHIIMAIBI 000X 3JIEKTPOIOB CPAaBHEHHUS BO
BHYTPEHHEM M BHEIIHEM PACTBOPAX; TPAHUYHBIN NOTEHIHAJ, BO3ZHUKAOIINAN
Ha MOBEPXHOCTU PA3AEJOB: BHEIIHHUN PACTBOP — T€llb, I'€JIb — BHYTPEHHHUMN
pactBop; AU Py3nOHHBINH NMOTEHIMAN, CBA3AHHBIA C pa3IUYUEM B TMOIABUXK-
HOCTH MOHOB BOJIOPOJIa U MOHOB IIEJIOYHBIX METANIOB B MeMOpaHe; MOTEeH-
U ACUMMETPHUH, BO3HUKAIOUIMKA B PE3YJIbTATE PA3IMYHBIX MEXAHUYECKUX
Y XUMHUYECKHUX B3aUMOJICMCTBUI HA BHEIIHIO UM BHYTPEHHIOK MOBEPXHOCTH
MeMOpaHBbI.

JIns ycTpaHeHHs BIMSHUA MTOTEHIMANIa aCUMMETPHUH HA PE3YIbTaThl U3-
MepeHus: pH npoBOISAT CHCTEMATUYECKYIO KaTHMOPOBKY CTEKJISIHHOTO 3JIEK-
TpOJia MO CTaHAAPTHBIM OydepHBIM pacTBOpPaM C M3BECTHBIMHU 3HAYCHUSMH.
Cy1iecTBOBaHUE nOMEHYUALA acuMMempuy T0Ka3aHO HEPABEHCTBOM IOTEH-
HAJIA BJIEKTPO/IA HYJIIO IIPU MOTPYKEHUU €r0 B PaCTBOP, UACHTUYHBIN BHYT-
peHHeMy. [IpuurHBI €ro NOsIBJICHUS 3aKIIFOYAIOTCS B PA3JIMUUU CTPYKTYPHI U
COCTaBa BHEITHEH M BHYTPEHHEHW MOBEPXHOCTEH MEMOpaHbI, BO3HUKAIOIIETO
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3a CUET YJIETYYMBAHUS HEKOTOPHIX KOMIIOHCHTOB MPU M3TOTOBJICHHUH IIApH-
ka. [loTeHIMam acHMMETPUU MOXKET JOCTUTATh BEIWYUHBI, COOTBETCTBYIO-
e onHou enunuile pH. B mponecce skcruryarauuu 3j€KTpoAa OH MPOI0JI-
’KaeT U3MEHSTHCS, TaK KaK JICKTPOJ TUAPATUPYETCS, ACTUAPATUPYETCS, TIPO-
TPABJISICTCS, 3arPsA3HACTCS KOMIIOHEHTaMH pacTBopa. [IpaBuibHbBIE pe3ynbTa-
Thl MOXKHO TOJYYHUTHh TOJIBKO TIPH PETYJSIPHOU TPaayHpOBKE SJICKTPOAA IO
cTaHIapTHBIM OydepHbIM cMmecsaM (Tabi. 4.2). Ilpu usmepenuu pH co cpas-
HUTEIHHO HEBBICOKON TOYHOCTHIO MOKHO HCIOJIb30BaTh OJUH PacTBOpP, HO
uisi 00Jiee TOYHBIX W3MEPEHH HEOOXOIUMO TpaayupoBaTh AJIEKTPOJ IO
IByM pactBopaMm. bydepHbie cMecu XxapakTepu3yroTCsi BHYTPEHHEH COTIaco-
BAaHHOCTBIO, T. €. AJICKTPO/I, TPaAyHpOBaHHBINA 110 pacTBOpy ¢ pH 3,557, 00s-
3aH Moka3ath, Hanpumep, pH 4,004 B pactBope Oudranara kamus.

Ta0nuia 4.2

Cranpaptable OydepHble CMeCH ISl TPAyHUPOBKH CTEKISTHHOTO IEKTpoaa

CocraB OydepHoit cmecn pH (25 °C)
IMuapoTaprpat kanus (HaCHIIL. ) 3,557
KHC4H40¢ (0,05 momn/m) 3,776
I'anpodranar kamus (0,05 Mois/m) 4,004
KH,PO4 + Na ;HPOy4 (0,025 mos/i) 6,863
KH,PO4 (0,008695 momnb/n) + NaH,PO4 (0,0343 moms/m) 7,415
Na,B407 (0,01 monb/m) 9,183
NaHCOs3 + Na,COs; (0,025 moub/i) 10,014

JIEKTPOJbl HA OCHOBE MeMOPaH ¢ MOJABMKHBIMH HOCHUTEJISAMH HMe-
10T KUJKHE MEMOpaHbl — paCTBOP MOHOOOMEHHHKA WIH «HEHUTPAIBHOIO Ie-
pPEHOCUMKa» B OPraHUYECKOM PAacCTBOPUTENE, YAEPKUBAEMbI HAa MOPHUCTOM
nosumepe. OpraHnyeckuili pacTBOPUTENh BIUSET Ha CBOWCTBA 3JIEKTPOJA.
Tak, ecau Ay pacTBOpeHUs! KaJlbLMEeBOUW conu 3dupa pochopHOil KUCIOTHI
UCIIOJIB3YIOT AUOKTHI(PEHMIPOCPOHAT, TO IIEKTPO NPUTOACH AJis Ompelie-
JIEHWs MIOHOB Kajblus B pucyTcTBUM 100-kpaTHOTO KONMMuecTBa maruus. Ho
€CJIM paCTBOPUTENIEM SIBISETCS JEKAHOJ-1, TO 3JEKTPOJ HE CIIOCOOEH pa3iu-
4yaTh Kajabluil U MarHuil. CoBpeMeHHbIE KOHCTPYKLUUHU MOAOOHBIX AJIEKTPO-
JI0B BBIMIOJIHSAIOT Ha OCHOBE IJIACTU(QHUIMPOBAHHBIX MeMOpaH. {11 ux usro-
TOBJIEHUS 3JIEKTPOJHO-AaKTUBHOE BEIIECTBO CMEIIMBAIOT B ONPEIEIECHHBIX
IPONOPUUAX C OPraHUYECKUM PACTBOPUTEIEM U IJIACTH(PHUKATOPOM, U3 IO-
JYYEHHON IUIEHKM BBIPE3al0T JUCK HY>XHOIO JHMaMeTpa M NPUKIECHBAIOT
K Te(pIIOHOBOMY KOPITYyCY.

OgHuM W3 JIy4IIHX 3JIEKTPOJAOB TAaKOro THIIA SBISETCA KaJWi-
CEJICKTUBHBIN 3JIEKTPOJ C MEMOpPAHON HAa OCHOBE «HEHUTPAJIBHOI'O MEPEHOC-
YMKa» BAIMHOMHULIMHA, TPUTOAHBIA JJI1 ONPEIJICHUSI Kajausl B MPUCYTCTBUU

125



104-xpatHoro konuuectBa HaTpusi. CTOJIb BbICOKas CEJIEKTUBHOCTh O0YCIIOB-
JIeHa YJIUBUTEIBHBIM COOTBETCTBUEM pa3Mepa BHYTPEHHEU MOJIOCTU IUKJIIU-
YECKOM MOJIEKYJIbl BAJIMHOMHUIIMHA JuameTpy uoHa Kamus. [lostomy kamwmii
MIPOYHO YJIEPKUBAETCS B MOJOCTHU 3a CUET MOH-AUMNOJIBHBIX B3aUMOACHCTBUM
C KHCJIOPOJIOM BAIMHOMUIIMHA.

JJIEKTPOABI € ra304yBCTBUTEIbLHbIMH MeMOpaHamu. B sTux snek-
TpPOJIax HMCIIOJIb3yeTCsl ra3onpoHuiiaeMas MemOpana. OHa M3roTaBiIMBaeTCA
gare Bcero u3 rujipodoOHOro IIacTuka, J0JDKHA ObITh TOHKOH M MHUKPOIIO-
PHUCTOM, CKBO3b HEE HE JOJKHBI MPOXOJUTH BOJA U 3JIEKTPOJIUTHI BCIIEICTBUE
€€ BOJIOOTTAJIKUBAIOIINX CBOMCTB. [Topsl MEMOpaHbI 3aMOTHEHBI TOJIBKO BO3-
TYyXOM WJIM APYTUMU Tazamu. Eciu pacTBop, comepkamuii ra3000pa3Hoe Orl-
penensieMoe BeuiecTtBo (Hampumep, SO,), KOHTaKTUPYET ¢ MeMOpaHOH, TO
SO, nepexoauT B NOPbl MEMOPAHBI.

[ToTeHuman siyelku onpeAessieTcss B KOHEYHOM HMTOTe TOJbKO KOHIICH-
Tpauerd SO, BO BHEMIHEM pacTtBOpe. OnpenenstoTcs ¢ NOMOIIBI TaKUX
anekTpoaoB cienyromue BemectBa: NHi, SO, (H;SO;5), NO,, H,S, CO,
(H,CO:3) u np.

®epMeHTHBIE JIEKTPOAbI — 3TO JIaTYMKHU, B KOTOPHIX MOHOCEJIEKTUB-
HBIH 3JIEKTPOJT TOKPHIT IICHKOM, cojaepkamier (GpepMeHT, CIOCOOHBIN BHI-
3BaTh PEAKIMIO OPTAHUUYECKOr0 WJIM HEOPraHWUYECKOro BellecTBa (cyocTpara)
c 0o0pa3oBaHHEM BEIIECTB (MOHOB, MOJIEKYJI), HA KOTOpBIE pEarupyeT dJeK-
Tpo. B ocHOBE pabOTHI ANEKTPOIa JICKUT (DepMEHTATUBHAS PEAKITHS

onpedensiemoe gewjecmao (cyocmpam) — pepmenm — uon (Monexyia),

B pe3yJbTaTe KOTOPOil oOpa3yercs yacTHIla, 00YCIOBINBAIONIAs OTKIUK
anekTpoaa. [loaromy 3a U3MEHEHHEM €€ KOHLIEHTPAlUU MOKHO MPOCIEIUTh
C TOMOLIBIO HOHOCEJIEKTUBHOIO 31eKTpoja. CeneKTUBHOCTh (PEPMEHTHBIX
ANEKTPOJOB OYEHb BBICOKA, IMOCKOJIBKY KaXIbli (PEpPMEHT KaTalu3upyer
TOJIBKO KaKyIO-TO ONPEJEICHHYIO PEAKIIHIO.

4.4.2. IllpsiMmasi NOTEHIIHOMETPUS

[IpsiMast MOTEHIIMOMETPHSI OCHOBaHA Ha HEMOCPECTBEHHOM M3MEPEHUHN
MOTCHIMAIAa MHANKATOPHOTO 3JIEKTPOIa M BBHIYUCICHUH aKTUBHOCTU TIOTCH-
UATIONPEACIISIIONIMX NOHOB 0 YpaBHeHUI0 HepHcTa (4.6).

[IpenBapuTenbHO, OIB3YSICh PACTBOPAMHU C U3BECTHOM KOHIICHTPAIIUCH,
KaJTMOPYIOT 3JIEKTPOJ, T. €. OMBITHBIM IyTEM OIPEACISIOT 3aBUCUMOCTh €T0
MOTEHIIMaNa OT KOHIIEHTPAIMK MOTCHIIUAJIONPEACTSIONIET0 HOHA.

[IpssMass TOTEHIMOMETPHUS IMMPOKO TMPUMEHSETCS IS OIpeaeiCHUs
KOHIICHTpAIIUU BOJOPOAHBIX HOHOB Miu pH pactBopoB. Co3nanue HaJlIexHO
paboTarOMMX HMOHOCEIEKTUBHBIX AJICKTPOJOB 3HAYUTEIHHO PACIIUPHIIO
MPAKTHYECKHE BO3MOXHOCTH TpsIMOTO Merona. [IpsiMoli moTeHmuomMeTprude-
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CKHMI METOJI 4YaCTO CTajii Ha3bIBaTh MOHOMETPHYECKMM METOJA0M aHaju3a,
W11 MOHOMeETPHeid.
HNoHocenekTuBHbIE 3JICKTPOJIbI TMO3BOJISIIOT U3MEPSATh KOHIIEHTPALUU

-6 o
noHoB 10 10  monw/a B pactBope. [Ipu 3TOM HEOOXOAMMBIN IS OTIpeaesie-
HUSL 00bEM pacTBOpa MOXKET cocTaBiATh Bcero 0,05-0,1 mi.

4.4.3. IloTeHUMOMeETPUYECKOE TUTPOBAHUE

[ToTeHIMOMETPUYECKOE TUTPOBAHUE OCHOBAHO Ha OIPENECIECHUU TOUYKU
SKBUBAJICHTHOCTH MO PE3yJIbTaTaM MOTEHUUOMETPUUYECKUX H3MEPEHHI IpH
MPOBEJECHUHA XUMHUUYECKON PEAKIUHA MEXKIYy TUTPAHTOM M OIpENEIsieMbIM Be-
ecTBOM. BOMHM3M TOYKU SKBUBAJICHTHOCTU MPOUCXOIUT PE3KOE U3MEHEHUE
(Cka4oK) MOTEHIMaIa WHAMKATOPHOTO JJICKTPOJa, €CIM XOTS Obl OJUH W3
YYaCTHUKOB PEAaKLIHUH TUTPOBAHUS SIBJISETCS YYACTHUKOM DJIEKTPOJHOTO
npouecca. M3 monydeHHONM KpUBOM NOTEHIMOMETPUYECKOIO TUTPOBAHUS Ha-
XOJST 3KBUBAJICHTHYIO TOYKY W PACCUMTHIBAIOT KOHUEHTPALMIO OIpeesise-
MOT'0 MOHA IO 3aKOHY 3KBUBAJICHTOB:

(Ca V), =(CyV),- (4.10)

Buibl KpUBBIX TUTPOBAHUA MPUBEACHBI HA pUC. 4.2. KpuBble TUTPOBaHHUS
MOTYT OBITh IOCTPOEHBI B KOOPAMHATAX: TOTEHIIMAT MHIUKATOPHOTO SJIEKTPO/Ia
(E) — obvem tutpanta (V) (puc. 4.2, a). D10 Tak Ha3blBaeMasi MHTETrpaJibHAS
KpHUBasi IOTEHIIMOMETPUIECKOTO TUTPOBaHUA. Touka meperrnda Ha KPUBOU OT-
BEYAET TOUKE PKBUBAICHTHOCTH. Ee HaxomsaT rpaduyeckuM MmyTeM: HaXoKIe-
HUEM CepEMHbBI OTPE3KAa MEXKY KacaTelbHBIMU ABYX BETBEH KPUBOM.

Jliist 6osiee TOYHOTO HAXOXKACHHS TOUKH SKBUBAJIGHTHOCTH 9aCcTO CTPOST
muddepeHIMaTbHy0 KPUBYIO MMOTEHIIMOMETPHYECKOTO TUTPOBAHHS B KOOP-
muHatax AE/ AV -V (puc. 4.2, 6). Ha Touky SKBUBaJI€HTHOCTH YKa3bIBacT
MaKCUMYM TOJIy4YeHHOU KPHUBOM, a OTCUET MO OCHU adCLHUCC, COOTBETCTBYIO-
M 3TOMY MakCUMyMY, JaeT 00beM TUTpPAHTa, U3PACXOJIOBAHHOTO HA TUT-
POBaHHUE JI0 TOUKU SKBUBAJICHTHOCTH.

Ha puc. 4.2, ¢ npeacrtaBieHa KpuBas OTEHIIUOMETPUUECKOTO TUTPOBA-
HUS B KOOpJMHATAX: BTOpas MPOU3BOHAS MOTCHIMANIA TI0 00BbEMY TUTpPAHTa
AZE/ AV2 — o0beM TuTpanTta V. JIJis HaXOXACHUS TOYKH SKBHUBAICHTHOCTH
COCIMHSIOT KOHIIBI 00enx BeTBel kpuBoil. B metone ['pana (puc. 4.2, 2) Touka
SKBUBAJIEHTHOCTH OIpenessieTcs no rpaguky B koopmunarax: AV/AE -V .
Ilepen TOUKOW PKBUBAJIEHTHOCTH M IOCIE Hee KpuBas I'paHa nuHelHa, a ca-
Ma TOYKa SKBUBAJICHTHOCTH HAXOJHUTCS KaK TOYKA MEPECEUEHUs] ATUX Mps-
MbIX. JlocTrouHcTBa 1 ynoocTBa MeTona ['pana ocoOEHHO 3aMETHBI MIPU aHa-

nu3e pa3z0aBICHHBIX PACTBOPOB, MO3BOJIIONINX OMPEIETUTh TOYKY SKBHBA-
JICHTHOCTH C JOCTATOYHOW TOYHOCTHIO BCJIEACTBUE JIMHEWHOCTH Tpaduka.
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Puc. 4.2. KpuBble NOTEHIIMOMETPUUECKOTO TUTPOBAHUS:
a — UHTerpalibHast KpuBasi; 6 — nuddepeHunanbHas Kpubas;
6 — KpHUBasi TATPOBAHMS 110 BTOPOU IPOU3BOJHOM; ¢ — KpuBas I pana

B noreHumoMeTpu4ecKoM TUTPOBAHUHM MOTYT OBITh MCIIOJB30BaHbI JIFO-
Oble U3BECTHBIEC TUIIBI XUMHUUECKUX PEaKIIU.

Kuc/i10THO-0CHOBHOE MOTEHIHOMETPHYECKOe TUTPOBAHHME OCHOBAHO
Ha XUMHUYECKON PEAKLINH HEUTpanu3aluu. B kauecTBe MHAMKATOPHOTO JJICK-
TPOJA 4Yallle BCETO HUCMOJb3YETCS CTEKIAHHBINA 3JIEKTPOX. MeTox mo3Boiser
IIPOBECTU KOJIMYECTBEHHOE ONPEIECICHUE KUCIOT B UX CMECH, €CIIU KOHCTaH-
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Thl UX JMCCOLMALMU Pa3IMYyaloTCs HE MEHee, YEM Ha TpH Mopsjaka (Hampu-
Mep, CMECh COJISTHOM M YKCYCHOM KHCJIOT); MHOTOOCHOBHBIX KHUCIIOT (OCHOBA-
HUM), TaK KaK YJAeTcsl JOCTUYb pa3/ieJICHUs] KOHEYHbIX TOYEK MHOTOCTYIIECH-
4aToro TUTPOBaHUS (Ha KPUBOW TUTPOBAHMS MPHU 3TOM HAOIIOMAETCS He-
CKOJIbKO CKayKOB).

[Ilupokne BO3MOMXKHOCTH aHalM3a MHOTOKOMIIOHEHTHBIX cMmecell 0e3
pasziesieHusl OTKPbIBAET MPUMEHEHUE HEBOJHBIX pacTBoputeneit. Hampumep,
pa3leabHOE ONPEIECICHUE COJISIHOW M MOHOXJIOPYKCYCHOM KHCIIOT HEBO3-
MO>KHO B BOJIHOM PAacTBOPE B CBSI3M C OTCYTCTBHEM JBYX CKauKOB THUTPOBa-
HUS, HO €r0 YJAeTCsl IPOBECTH B AlIETOHE.

KoMmmiiekcoHomeTpuyeckoe MNOTEHIHMOMETPHYECKOe THTPOBaHUE
UCIIOJIB3YETCS JUIsl ONPENEIeHUs] KaTUOHOB METAJUIOB MPU THUTPOBAHWUU HX
komrmuiekconom (Ill) (DITA) ¢ mpumeHeHHeM B KayeCTBE WHIUKATOPHOIO
AJIEKTPOJa COOTBETCTBYIOUIETO METAJlIa: TUTPOBAHUE COJIEH MEIN C MEIHBIM
AJIEKTPOJOM, COJIEH IMHKA — C IMHKOBBIM 3JIEKTPOAOM H T. [.,  TAKKE PTYT-
HOTO 3JIEKTpOa.

IHoTeHMOMeTpHYECKOe TUTPOBAHUE MO TUIY ocaxaenus. Hauka-
TOPHBIMHU AJEKTPOJAMHU CIY>KaT METaUIMYECKHe WM MeMOpaHHBIE JIEKTPO-
IIbl, YYBCTBUTEIIbHBIE K OINpENEIsIeMOMY HOHY WJIM HOHY-ocamauTento. Ha-

TIpEMep, MOXKHO ompeensTs ragorenua-uonsl (Cl , Br , 1) Ha cepebpsHOM
AJIEKTPOJIe TUTPOBAHHEM HUTpaToM cepebpa. Ilo Meromy ocakaeHHs MOTYT
OBITh OIpeieTIeHbl KaTUOHBI cepedpa, pTyTH, LIMHKA, CBUHIA U T. JI.

OKuUCIANTEBbHO-BOCCTAHOBUTE/IbHOE NOTEHIMOMETPUYECKOe THT-
poBaHue. B kauecTBe MHIUKATOPHBIX JIEKTPOOB HUCIOIB3YIOTCS MHEPTHBIC
ANEKTPOJBl U3 IUIATHHBI, 30J10Ta, PTYTH, cepeOpa. BbiOpaHHbIN MeTamn 10J1-
’KEeH ObITh MHEPTHBIM 0 OTHOLICHHWIO K BEIIECTBaM, YYaCTBYIOIIUM B Peak-
IIUH, U CITYHUTh TOJBKO IS IEPEHOCA dJIEKTPOHOB.

Bce Gonbiiee 3HaueHrne nMpuoOpeTaeT MpoBEAECHUE PEAOKC-TUTPOBAHUSA
B OpPTaHUYECKUX pacTBopuUTesniax. OJHUM U3 TaKUX METOAOB SIBJISIETCS OIpe-
JeJIeHre BOAbI 1o MeTory duiepa.

4.4.4. IlToTeHUMOMeTPHYECKOE ONpeaeieHre
(pU3MKO-XMMHUYECKHX CBOMCTB BElIECTB

[ToTeHIMOMETpUYECKNE U3MEPEHNS YACTO MCIOJIB3YIOTCS I UCCIIEN0-
BaHUA PEaKIUid B PacTBOpPE, OMPEACICHUS] KOHCTAHT PABHOBECHUS M pa3iny-
HBIX XapaKTepUCTUK BemecTna. [10 JaHHBIM MOTEHIIMOMETPUYECKUX U3MEPE-
HUM BBIYMCIISIFOT KOHCTAHTBI JUCCOLMALMU KHCIIOT U OCHOBAaHWM, KOHCTAHTHI
YCTOWUYHUBOCTA KOOPAMHALMOHHBIX COCAWHEHUM, NPOU3BEICHHUE PACTBOPU-
MOCTH, PAaCCUUTHIBAIOT TEIUIOBBIE P(HEKTHl U APYTrHe TEPMOJIMHAMHUYECCKUE
XapaKTEPUCTUKHU MPOLIECCOB B PaCTBOPE.
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Hanpumep, KOHCTaHTy auccolManuu ciaboi KHCIOThl MOXHO OIpese-
JIUTh MO IKCIIEPUMEHTAIBHO U3MEPEHHBIM 3HaueHUsIM pH pacTBOpoB m3BecT-
HOU KOHILICHTPALMKU WK 110 KPUBOU TUTPOBAHUS JAaHHOW KUCIIOTHI LIEJI0YBIO,
cTpos rpaduk B koopauHatax pH — V menoun (puc. 4.3).

JIo TOYKM SKBUBAJIEHTHOCTH B PacTBOpE CYyILECTBYET OydepHas cMech
u3 c1a0oil KUCIIOTHI U ee conn, U pH paccuntsiBaeTcs o Gopmysie

Cinen 4.11)

colin

pH =pK e — 12
HpI/I TPITpOBaHI/II/I KHUCJIOTHI IICJI0YbK0 B TO‘-IKC, rac HpopeaerOBaJIa I10-

JIOBHHA MCXOJHOI0 KOJM4ecTBa KUCAOTHI (1/2 V), KOHIIEHTpAIsT KHCIOTHI
paBHA KOHLIEHTPAIUU COJIU:

lg 81 (0 pH = pK . (4.12)

coJim
['padmyecku U3 KpUBOM MOTEHIHOMETPUUYECKOTO TUTPOBAHUS HAXOISAT
TOYKY 3KBHUBAJIEHTHOCTH, a IO OCH a0CHUCC — COOTBETCTBYIOIIMI €l 00beM

tutpanTta (V. ,). 3aremM HaxoaaT 3HadeHUEe 1/2V., U COOTBETCTBYIOIIEE EMY
3HayeHue pH, kotopoe yucieHHo paBHO pK KUCIIOTHI.

pH

pH:pKKch P e

112 115 | L Vinenosn - M

Puc. 4.3. KpuBas IOTEHIHOMETPUYECKOT'O TUTPOBAHUS
c1a00il KUCIOTHI 1ET0YBIO

HOTGHHI/IOMCTPI/I‘-ICCKHG HN3MCPCHHUA CPABHUTCIBHO JICTKO MOI'YT OBITH
ABTOMATHU3HUPOBAHBI. Nmeetcs paAa aBTOMATHYCCKHUX HpI/I60pOB JJIA IIOTCH-
MUOMCTPHUUICCKOI'O TUTPOBAHH — ABTOTHTPATOPBI.
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[IpssMass MOTEHUMOMETPHS IIUPOKO INPUMEHSETCA B arpOXUMUYECKHUX
Y TIOYBEHHBIX JabopaTopusix st onpeneneHus pH MyTHBIX U OKpalIeHHBIX
pPacTBOPOB, XUMUYECKOM KOHTPOJIE MUIIEBBIX MPOIYKTOB, B OMOJIOTMYECKHUX
Y MEIULIMHCKUX UCCIIEIOBAHUAX.

K HemocraTkaM NOTEHIMOMETPUYECKOTO TUTPOBAHUS MOXHO OTHECTH
HE Bcerja ObICTpOE YCTaHOBJIEHUE MOTEHIMalla MHAMKATOPHOI'O 3JIEKTPOja
nocie A00aBiI€HMs] TUTpaHTa, a TaKke HEOOXOAUMOCTh Jenarh OO0JIbLIOoEe
YHUCJIO OTCYETOB IIPU TUTPOBAHUH.

4.5. BoaibTamnepoMeTpu4ecKue MeTO/Ibl AHAJIU3A

BonpramnepomeTpust BKIIOYAET TPYIITY JIEKTPOAHAIUTUYECKUX METO-
JI0OB, OCHOBAHHBIX Ha W3y4YCHWUM NOJSPU3ALMOHHBIX WM BOJBT-aMIIEPHBIX
KPUBBIX, ITOJIy4a€MBbIX C IIOMOLIBIO MAJIEHBKOTO JIETKOIOIAPU3YEMOIO 3JIEK-
TPOJa, NOTPYKEHHOIO B aHAJIM3UPYEMBIN PAaCTBOP, HA KOTOPOM IPOUCXOIUT
IEKTPOBOCCTAHOBIICHUE WIH DJIEKTPOOKHUCIICHUE BEILECTBA.

Hcropryecku BOJIBTAMIIEPOMETPUS MOJMYyYHIIa Pa3BUTHE C MOMEHTa OT-
KpbITUA noJissporpadun veunickuMm yueHsiM . 'efipoBckum B 1920 1. Tlozxke
[eiipoBCcKkuil ¢ COTpyIHUKAMU MPUMEHUIN MPUHLUI Toisiporpaduu s 00-
HapyXEeHUs] KOHEYHOW TOYKH B TUTPUMETPUUYECKOM aHAJIU3E; 3TOT METOJ U3-
BECTEH Kak ammepoMerpuueckoe TuTpoanue. B 1959 . I'eiipoBckuii Obu1
ynocrtoeH HoGeneBckoit mpeMuu B 001aCTH XUMUMU.

B nocnennue rogsl pa3BUTHl MHOTOYUCIIEHHbIE MOAU(MUKALIMKA TOJSPO-
rpaduyecKoro MeToja aHaauza, HarpuMep: auddepeHunaibHas UMITYIbCHAS
noJisiporpadus, MeTOJl UHBEPCUOHHOW BOJIBTAMIIEPOMETPUH U JIP.

4.5.1. lToasiporpadus

B nonsiporpaduu ocyniecTBiasSIOT PErUCTPALMI0 TOKA KaK (DYHKIUU JIH-
HEHHO-MEHSIOLIErocs MOTEHLHANA, HAJOXEHHOTO Ha AJIEKTPOXHUMHYECKYIO
SYCUKY CHelUalibHOW KOHCTpYKIMH. [ paduyeckoe nzobpaxkeHrue 3TON 3aBU-
CUMOCTH MPEJCTaBIsET cO00Il BOJIBT-aMIIEPHYIO0 KPUBYIO, HA3bIBAEMYIO I10-
asiporpammoii (puc. 4.4).

Hoasiporpauueckas sueilka COCTOMT U3 UHAMKATOPHOTO 3JIEKTPOJA
(damie BCEro PTYTHO-KaMarolllero), MEeKTPOoAa CPaBHEHHS M aHAIM3UPYEMOIO
pactBopa. PTyTh B pTyTHO-KamaroieM 3IeKTPO/Ie BHITEKAET MO ACHCTBUEM CH-
Jbl TSDKECTU U3 OYEHb TOHKOTO Kalwuispa, MpU 3TOM 0OecreyrBaeTcsl Hempe-
PBIBHBIN MOTOK MAEHTHYHBIX Kalellb C MaKCUMaJbHbIM nuamerpoMm 0,5-1 mwm;
BpeMsl JKU3HU KaIUTd COCTaBIsieT 2—6 ¢. PTyTHO-Kamaromuii 3JeKTpos; 00bIYHO
CITy’KUT KaToZI0M, & AaHOJIOM — JIEKTPOJl CPABHEHUSL.

B nonsporpaduu crapatorcs ycTpaHuth Heau(y3roHHBIE MPOIECCHI,
Cpely KOTOpBbIX OOJIbIIOE 3HAUEHHWE MMEET MUTIpalus HOHOB M3 pPacTBOpa
K Karoy moj AeiicTBueM Toka. [lonaBneHne MUrpaliMOHHOTO TOKa JOCTHIra-
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€TCs BBEACHUEM B PAaCTBOP B JOCTATOYHOM KOHIIEHTPAUMU TaK Ha3bIBAEMOTO
uHAM(pdepeHTHOrO0, T. €. HE IPUHUMAIOIIETO YYaCTUE B IEKTPOAHOMN peak-
U (POHOBOIO IJIEKTPOJINTA, COACPIKAILEIO MOHBI CO 3HAUUTENBHO Oolee
OTPULIATENIBHBIM IIOTEHLIMAJIOM BBIJIEICHUS, YEM y AHAJIU3UPYEMOIO HOHA.
KaTtnoHbl (hOHOBOTO MEKTPOIUTA SKPAHUPYIOT NIEKTPOJ, YMEHbIIAs TEM Ca-
MBIM JIBHKYILYIO CUJIy MUIpPAlUU IOJ JEUCTBUEM DJIEKTPUYECKOIO IIOJIS
IIPAKTUYECKHU 10 HYJIA.

I, MxAl
16F
AnhhY3IUOHHBIA TOK
14F
2
12
10F

I OCTATOYHbIA TOK
0CT I

ol _///f

L 2 '] ']
20,2 0.6 1,0 14 EB
EBBI-H E]f2

Puc. 4.4. Tlonsporpamma 0,1 mons/n pactBopa KCl (/)
3 +2
U pactBopa, conepkamero 1°10 mome/n Cd  (2)

Ha puc. 4.4 npencraBnensl naBe mnonsporpammbl. HimkHsAa Kpuas
(1) — monsiporpamma 0,1 Monb/11 pacTBopa xsopuja kas ((poHa); BEpXHSs Kpu-
Bast (2) — MoIsporpaMMa TOro ke PacTBOpa, HO B MPUCYTCTBUM 1°107° MomIb/
xJjiopuaa kaamus (Aenoisipu3aropa). Pe3kuil mombeM Ha BOJIBT-aMIEPHOM
KpUBOM, Ha3bIBa€MbIi MOJIIporpaduyeckoil BOJTHOM, BO3ZHUKAET B PE3yibTaTe
peaKkiuu

Cd” +2e+Hg == Cd(Hg).

W3 nonsiporpaMmsel pacTBOpa, COAEPKALIEr0 TOJBKO MHAU(PPEPEHTHBIN
anektposut 0,1 monw/n KCI, BUsHO, 4TO Hake B OTCYTCTBHME MOHOB KaJMUSI
yepes SUYEHKy IpOTeKaeT HeOOJIBIION TOK, Ha3bIBAEMBIM OCTATOUHBIM (/.. ).
Hanuune octarouHOro Toka 00yciioBiaeHO AByMs npudnHaMu. [lepBas — Boc-
CTAaHOBJICHHE CJIEJIOBBIX KOJIMYECTB MPUMECEU: CIIEIOB PACTBOPEHHOIO KH-
CJIOpPOJIa, HOHOB TSDKEJNIBIX METAUIOB, COJEPXKAILIUXCS B JUCTUIUIMPOBAHHON
BOJIE, B COJISIX, CIIYXAaIllMX B KayecTBE (DOHOBOTO ANEKTPOJIUTA. ITO TaK Ha-
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3bIBacMbIil (hapaneeBckuii TOK (/ ,). Bropoiil Npi4uHOI MOSBICHHS 0CTaTOY-

HOTO TOKa SIBJIETCS TOK 3apsiakeHusi /. (WM KOHAEHCATOPHBIN TOK). KoH-

JICHCATOPHBIM TOK OOYCJIOBIIEH HAaTWYHEM JIBOMHOTO JJIEKTPUUECKOTO CIIOS
Ha KaToJie, KOTOPhI 00pa3yercs 3a CYET HOHOB PacTBOpa B TOM CiIydae, KO-
r/1a MOTEHIMA KaTo/1a HeJIOCTaTOUYEH /IS UX pas3psiia.

Ha navanbHOM ydacTke (kpuBasi 2) TOK ¢ U3MEHEHHUEM MOTCHIHAIA W3-
MEHSETCS O4YeHb CJ1a00. ITO O3HAYAET, UYTO JO0 Hadajga AJICKTPOXUMUUIECKON
pEaKIUK PTYTHBIN AICKTPOI SIBISCTCS MOYTH UACATHHO TOJIIPU3YEMBIM (TOK
HE 3aBUCHUT OT MoTeHIuana). HeGonpiiol TOK Ha ATOM y4acTKe — 3TO OCTa-
TOYHBIHN TOK.

[ToreHIna, mpu KOTOPOM Ha MOJISIPOTrPaMMeE 3JICKTPOAKTHBHOTO BEIIIECT-

Ba (Cd ) HaOmromaeTcs Bo3pacTaHUe TOKA IO CPAaBHEHHIO C KPUBOM OCTaTOYHO-

o TOKa, Ha3bIBAETCS MOTEHIUAJIOM BblaeaeHus (Eyy; ). C 3TOro MOMEHTa Ha-
YHHAETCS AJIEKTPOXUMHUYECKAsl peaklMsi U POCT TOKAa Kak Obl Orepexaer pocT
MOTEHIMANIa SJIEKTPO/Ia — ANEKTPOI ACNONspU3yeTcsl (MOTEHIMAT HE 3aBUCUT OT
MPOTEKAIOIIero uepe3 s4eiky Toka). [losToMy BemiecTBO, ydacTByroIlee
B AJIEKTPOXUMUYECKOMN pPEaKLIUU, U Ha3bIBAIOT JIEMOJISIPU3ATOPOM.

CHauana pa3pspKaroTcsl YaCTHUIlbI, Hanbosiee OoraTbie SHEPTHEH, T. €. Ha-
XOJISIIIIMECS] HEMOCPEACTBEHHO Yy IMOBEPXHOCTU JJIEKTPOJA, 3aTEM YACTHUIIBI
C MEHblIIeH 3Heprueil. Bokpyr pTyTHOI Karuu co3naercss 00eTHEHHBIN Jemno-
JSIPU3aTOPOM CIIOH, B KOTOPBIN M3 TIIyOUHBI pacTBopa TudPyHIUPYIOT HOHBI
Toro xe copra. Ho 0OBIUHO CKOPOCTH 3JIEKTPOXUMHUUECKON pPEAKIUU BBIIIE
ckopoctu nuddy3un. [losTomMy ycTaHaBIMBaeTCs CTAOWIbLHOE IUHAMUYE-
CKO€ paBHOBECHE MEXKIy cuiioi Toka (/), TpaJueHTOM KOHLEHTpauuu (dc/dx)
U TOJIMHON TU(DPYy3uOHHOTO €St O, TPU KOTOPOM BCE MOHBI ACTOJSpU3a-
TOpa, TOCTUTIINE TOBEPXHOCTH AJEKTPOAA, HEMEJIEHHO BOCCTAHABIMBAIOTCS
U TOK JIOCTHTaeT MpenelbHOTo 3HaueHus. To ecTh mobas mossiporpaduye-
CKasi BOJIHA XapaKTepHU3yeTcsi 00JIacThlO, B KOTOPOM TOK IMOCIIE PE3KOro yBe-
JUYEHUS CTAHOBUTCS MPAKTUYECKUA HE 3aBUCSIIUM OT HAJIOKEHHOI'O Hamps-
JKEHUsI; €r0 Ha3bIBAlOT MpedeJbHBIM TOKOM. [IpefenbHblil TOK BO3HUKAET
B pe3yJIbTaT€ OrPAHUYEHUS CKOPOCTH, C KOTOPOU JEMOISIPU3ATOP MOXKET
OBITh JOCTaBJEH K MOBEPXHOCTH MUKpO3JIekTpoja. [Ipu ctporom KoHTposie
AKCTIIEPUMEHTATILHBIX YCIOBUN 3Ta CKOPOCTh OMpPEEseTCs CKOPOCThIO U -
by3umn nenonsipusaropa. [IpenenbHbli TOK, KOHTPOJUPYeMbI nuddyzuei,
Ha3bplBaeTcsl AUGPY3MOHHBIM TOKOM (/;). OObluHO IUPPY3HMOHHBIN TOK

PSMO MPONOPLUUOHANEH KOHIIEHTPALUA PEarupyrolero BemecTna (Ienos-
pHU3aTopa), U 3Ta 3aBUCUMOCTB SBJIIETCS OCHOBOM KOJIMYECTBEHHOI'O IOJSAPO-
rpaduyeckoro aHaausa.

Cea3p [; ¢ koHueHTpanued nona C,, BeIpaxkaeTcss ypaBHeHueM Mibko-
BHYA

133



1,=605-n-DV?.m?3.4/0.c, (4.13)

rae n — 3apsaa uona; D — koappuuument nud@ys3uu; m — macca pTyTH, BbITE-
Karomie u3 kanuwuisipa B 1 ¢; ¢ — BpeMst o0pa3oBaHus Kamin (IepHoJ Kara-

HHUS).

2 1 o
[IpousBenenue m /3.6 yaspipaeres XapaKTePUCTUKON Kammuispa.

B ynpouienHoMm BapuaHnte ypaBHeHue (4.13) MOXKHO IpeCcTaBUTh B BU-

Ie
1, =KC. (4.14)
Jpyroit BaXHOM XapaKTEPUCTUKOU IMOJIAPOTPAMMBI SBIJISIETCS MOTEHIH-
aJ1 MoJIyBOJIHBI ( £/, ) — IOTeHLUAaJ, TP KOTOPOM TOK paBEH II0JIOBUHE Be-
av4auHbl UG QY3MOHHOTO TOKa. Fj,» HE 3aBHCHUT OT CHJIBI TOKAa M KOHIICH-

TpalMu BOCCTaHaBJIMBAIOLIErocss MoHA. [loTeHlMan TOJIyBOJHBI SIBISETCA
KA4YeCTBEHHOW XapaKTepPUMCTUKOM HOHA, T. €. 3aBUCUT OT ero npupozbl. Or-
penenenue FEj;, COCTaBIAET OCHOBY Kauye€CTBEHHOIO IOJSAPOrpa(UuecKoro

aHanu3a. 3HayeHue £j,, 1 OAHOIO M TOrO € MOHA 3aBUCHUT OT IPUPOJBI,
KOHIIeHTpanuy 1 pH (OHOBOTO 3IEKTPOIUTA, HAIMYHS B PACTBOPE KOMILIEKCO-

obpasosareneii. Hanpumep, B 1,0 moss/a pactBope KCl E, /2(Pb2+)=—0,44 B,
B 1,0 mons/n pactBope NaOH E; (Pb2+) =-0,76 B.

I, MKA
14}

12¢

101

02 04 06 08 1.0 EB
12 £l

Puc. 4.5. Ilonsaporpamma pactBopa,
conepxkariero T1 +, Pb B 1,0 mone/n pactBope NaOH
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Ecnu B pacTBope HaXOAUTCS HECKOJBKO MOHOB, MOTSHITHANBI TIOTYBOJTH
KOTOphIX paznuyatorcss Ha 100 MB u Gombliiie, To Ha monsiporpaMMme OyAeT
HE OJTHa BOJIHA, & HECKOJHKO — IO YHCIY BOCCTAaHABIMBAIOIIMXCS HOHOB
(puc. 4.5). MOXHO MOTYYUTh MOISAPOTpadUIeCKUil CIIEKTP HOHOB M 3aTEM IO
U3MEPEHHOMY E|/, MACHTU(DUIMPOBATH HEU3BECTHOE BELLIECTBO.

[Tonsiporpammbl, n300pakeHHble Ha puc. 4.4 u 4.5, HECKOJILKO HJI€aTU3U-
POBaHBI, T. K. HA HUX HE BUJIHbI OCIIWUISILIUY TOKA, BEI3BAHHBIE TIEPUOTUIECKUM
OTPBIBOM Karienb pTyTH. Kpome Toro, Ha noisiporpaMMax HEpPEIKO BO3HUKAIOT
MaKCUMYMBbI PA3JIMYHON (hOPMBI, MEIIAIOIINE ONPEAETICHUIO UCTUHHOTO MOTEH-
1[MaJia OJYBOJIHBI M CHJIBI TOKA, TaK Ha3bIBa€Mble MaKCUMYyMbI 1 1 2 pojia, CBs-
3aHHBIE C TUIPOAMHAMUUYECKUMU SIBJICHUSIMHU B paCTBOPE U C aJICOPOLIMOHHBIMU
npoueccaMu. MakcuMmymsl | 1 2 pojia MOAABISAIOT BBEACHUEM ITOBEPXHOCTHO-
aKTHBHBIX BEILECTB (JKEJIaTUHA, arap-arapa u T. 1.).

KonuuecTBeHHbIi aHanu3 B mossiporpau OCHOBaH Ha ypaBHEHUU
NnbkoBuua (4.13) ¢ ucnonb3oBaHUEM TpajydpOBOYHOTO rpaduka, METona
CTaHJIAPTHBIX PACTBOPOB U METO/1a J0OABOK.

I'panyupoBouHblii rpaduk CTPOST MO JaHHBIM MOJISPOrpapUpOBaHUS
HECKOJIbKMX CTaHAAPTHBIX pacTBOpoB. Ha ocu opMHAT OTKIAIBIBAIOT BEJIU-
YuHYy AUPPY3UOHHOrO TOKa (BBICOTA BOJIHBI), @ MO OCH a0CIIUCC — KOHLIEH-
TpalMIO aHAJU3UPYEMOro BeElIecTBa. [ 'paayupoBOYHBIN rpaduK OJKEH
MPEACTABIIATH NPSIMYIO JUHUIO, MPOXOIANIYIO Yepe3 Hauajlo KoopauHat. Me-
TOJ 1a€T TOYHBIE PE3YyJbTaThl IPU YCIOBUHU CTPOTrOM MACHTUUHOCTH yCIOBUN
noJisiporpadupoBaHus CTAHJAPTHBIX PACTBOPOB M HEM3BECTHOM MTPOOHI.

B meroae cTaHAapTHBIX PacTBOPOB B CTPOr0 OJMHAKOBBIX YCIIOBHAX
CHUMAIOT NOJIIPOTPAMMBI CTAHIAPTHOIO U aHAIM3UPYEMOI0 PacTBOPOB U I10
YPAaBHEHUIO PACCUUTHIBAIOT HEU3BECTHYIO KOHIICHTPALIHIO

L
h b

CT

C,=C.- (4.15)
rae C,, — KOHLEHTpalus CTaHAApTHOIO pacTBopa; A, A, — BBICOTHI BOJIH

aHAIM3UPYEMOI0 U CTAHJAPTHOI'O PACTBOPOB.

[Iupoxo ucnonb3yercs B nossiporpaduu Meroa A06aBok. CHavana pe-
TUCTPUPYETCS MOJISpOrpaMma MCCIEyeMOro pacTBOpa, 3aT€M K pacTBOpPY
100aBIIsIeTCsl U3BECTHOE KOINMYECTBO CTaHAApTHOro pactsopa C.. U CHOBa

peructpupyercs noiasiporpamma. Konuenrpanus uccienyemoro pacrsopa C
HaxXOJUTCS TI0 YPABHEHUIO

M (4.16)
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rae h, — BbICOTa BOJIHBI HCCIIEYyEMOI0 pacTBopa; /1 — BBICOTA BOJIHBI UC-

CT+Xx
ciaeayemMoro pactsopa C ,Z[06aBKOI‘/'I CTaHAapTHOI'O BCIICCTBA.

BCHIGCTBa, CHOCO6HBI€ OKHUCIIATBHCA HAa aHOAC WJIIM BOCCTAHABJIMBATLCA HaA
KaTojie, MOTYT OBITh OMpeAeTeHbl MeToJoM mossporpadguu. K HuM oTHOCATCS

pa3InyHble KAaTUOHBI METAJIJIOB: Cu2+, Cd2+, Pb2+, Zn2+, Tl+, Fe' u Ip.; aHUO-
uel: Br, 105, Cr,07, VO3, NO, ur. x.

B aHamuTHYECKHMX IENAX MOXKHO OINPEACIATh BEIISCTBA B JHAINa30HE
KOHIEHTpAIM 10°-10~ MOJIL/JI, HaUOOJIEE YACTO OMNpEAEIIeMbIE KOHIEH-

Tpauuu 10 210" moms/n. [TorpemHocTh MONSIPOrpadUIECKOTO aHATU3a
O0OBIYHO COCTaBIIET » 2 %.

[Tonsporpadudueckre METOABI IITMPOKO MCIOIB3YIOTCS JIJIS OIpeesie-
HUSIT METaJJIOB B pyJaxX, KOHIIEHTpaTax, CIJIaBaX M WHBIX MPHUPOHBIX
U TeXHUYeCKUX 00bekTax. CylecTBeHHOE MPAaKTUUECKOE 3HAUYEHHE UMEET

OIIpELEIICHUE CrOﬁ_, 105, MoOﬁ_ -uoHOB. [IIupoko ucnonp3yercs moJs-

porpaduyuecKuii METOJ JIJIs aHajdu3a OMOJOTHYECKHX MaTepHAIOB: KPOBH,
CBIBOPOTKH H T. 1.

N3BecTHO OOJIBIIOE YKCIO OPraHUYECKUX COEIUHEHMH, CIOCOOHBIX
BOCCTAHABJIMBATHCS HA PTYTHOM dJEKTpojie. K HUM OTHOCATCS ajibJACTUIBI,
a- U -HEHACHIIIEHHbIE KETOHBI, HUTPO- U HUTPO30COCIUHEHUS, YTIIEBOAOPO-
JIbl C COMPSDKEHHBIMU JBOMHBIMU U TPOWHBIMU CBSI3SIMU, MHOTOSIZICPHBIC YT-
JIEBOIOPO/IbI, TAJIOI€HONPOU3BOJHBIE KUCIOTHI, MEPOKCUIBI. DIEKTPOAKTHB-
HOCTh 3THUX COCAMHEHUI 0O0YyCNOBJI€HA HaJU4YMEeM OJHOW WM HECKOJbKHX
(GyHKIHMOHATIBHBIX TPYIII, BOCCTAHABIMBAIOIIMXCS B MHTEPBaJe MOTEHIINAIOB
MOJISIPU3AIIMM PTYTHOTO AJIEKTpoJa. MHOTrHe OpraHuyYecKhe COEIUHEHUS,
a TAaK)K€ MX KOMIUIEKCHI C MEPEXOJAHBIMHU IJIEMEHTAMU CHUKAIOT MepeHanpsi-
’KEHHE BOJIOPOJIa Ha PTYTHOM 3JIEKTpojie. B pe3ynbrare BO3HUKAIOT KaTalu-
TUYECKUE BOJIOPOJIHBIE TOKH, BEIMUUHA KOTOPBIX B CTPOTO KOHTPOIUPYEMBIX
YCIOBUSIX MPONOPLUHMOHAIBHA KOHIEHTpPAllMM KaTalu3aTopa — BEILECTBA,
CHIKAIOIIETO TMepeHamnpsbkeHue Boaopoda. KaranmuzaTtopamu MOTYyT OBITH
MHOTHE a30T- U CEpOCOAEpKallNe OpraHndeckue coeauuenus. Hecmorps Ha
BCE MEPEUYUCIICHHBIE CIIOKHOCTH, Mojsporpadus mpurogHa js KOJIUYECT-
BEHHOT'O OMNpPEACICHUS MHOTUX OPraHWYECKUX COCIMHEHUN B BEChbMa CIIOXK-
HBbIX 00beKTax. ECTh U mpsiMble METO/bI ONPEICICHUsI SJIEKTPOAKTUBHBIX Be-
mectB (onpenenstor cieapl CgHsNO, B aHunIMHE), U KOCBEHHbIE METO/IBI,
OCHOBAHHbIE, HAIPUMEDP, Ha U3MEPEHUU CTETNIEHU MOJIaBJIICHUS MOJsporpadu-
YECKMX MaKCUMyMOB. Tak MOXHO OIIEHHWBaTh MOJIEKYJSPHBIE MacChl MpPO-
JTYKTOB TUJIPOJIM3a Kpaxmaja Uid ONpeessiTh CTENEHb 3arps3HEHUs pa3iny-
HBbIX BOJ mpupoaHbiMu U cuHTeTHueckumu [IAB. CoBpemennsie hapmako-
el MHOTHX Pa3BUTHIX CTPAH PEKOMEHIYIOT MOJSporpapuuecKue METObI
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OMpeNIeNICHUs JIEKAPCTBEHHBIX TMPENapaToB — alKaJIOUI0B, TOPMOHOB, aHTH-
OMOTHKOB, BUTAMHHOB.

[Tonsiporpaduro Hapsay ¢ IPYyTMMU METOJAMU C YCTIIEXOM HCIOJIB3YIOT
JUISL U3YUYCHHsI CTPYKTYpPhbl OPraHUYECKHX COeIMHEHUH. JIerkocTh mpoTeka-
HUS TIpoliecca AJIEKTPOBOCCTAHOBIICHUSI, YUCICHHO BhIpakaeMas BEITMYHMHOM
E|/p, 3aBUCUT OT pacnpeneiacHHs DIEKTPOHHOM IIJIOTHOCTH B MOJEKYJE

Y JUISl JTAHHOM DJIEKTPOAKTUBHOM IPYNIIbI MOKET B JOBOJIBHO IIMPOKUX IIpe-
Jienax U3MEHATHCS B 3aBUCUMOCTH OT IOJIOKEHUS €€ B MOJIEKYJIE, OT TEOMET-
pUU MOJIEKYJIBI M OT BIMSIHUS ApYrux 3amectuteneil. [loatomy B cepun pon-
CTBCHHBIX COCIUHCHUM BeNM4YuHA [ ,, XapaKTepU3yeT 3JIEKTPOHHOE U CTe-

PUYECKOE B3aUMOACUCTBUE C DIIEKTPOXUMHUYECKU HEAKTUBHOU YaCTBIO MOJIE-
KYyJIbl U SIBJISI€TCSI HCTOYHUKOM HMH(OPMAIMKM O PEaKLHOHHON crocoOHOCTH
COEAMHEHUs. DMIIMPUYECKUE MpaBUiIa O B3aMMOCBS3U [, CO CTpOECHUEM

MOJIEKyJbl ObUTH chopmyarpoBansbl emle B 30-X IT.: BO-NIEPBBIX, BOCCTAHOB-
JIEHUE WIET TEM JIerdye, 4eM JJMHHEE CHUCTEMa COIpPSDKEHHBIX CBs3ed (3TO
YEeTKO MPOCIEKHUBACTCS, HANpUMEp, Ui albJeTUI0B oO0Ie (GopMysl
CH;3(CH=CH),,CHO c n = 1-5), u, BO-BTOpbIX, 4eM OOJbIIIE AIEKTPODHUIH-
HBIX TPYII COJEPKUTCS B MOJIEKYJIE OPraHUYECKOr0 COCIMHEHHUS, TEM JIeT4ue
OHO BoccTaHaBnuBaeTcs. [ nmpuOIM3UTENbHON OLIEHKH BIMSIHUS 3aMECTH-
TEJIEW 3TH ITpaBUJia UCIIOJIB3YIOT U CerlJac.

Bennuuna E|;, naeT HeHHYI0 MH(MOPMALUIO IIPU BBIOOPE YCIOBHUH MPO-

BCACHU:A IJICKTPOCHUHTE3a OPTaHNYCCKHUX COCﬂHHGHHﬁ. I/IHTepCC K 3TOMY MC-
TOAY BCJIHK, T. K. BO MHOTUX CJIy4adaX yAacTCsA, HC UCIIOJIb3yA JOPOTUX XHU-
MHUYCCKUX PCAKTHBOB, ITOJYYUTD ITPOAYKT BHICOKOI'O Ka4CCTBA.

4.5.2. AMniepomerprieckoe TUTPOBAHHE

[Tonsiporpadrueckuii METOJ MOXHO MPUMEHUTH AJIs1 ONPEJETIEHUS TOYU-
KM SKBUBAJIEHTHOCTH B TUTPUMETPUUECKUX METO/JAX aHAJIM3a, €CJIU XOTs Obl
OJIMH M3 YYaCTHUKOB PEaKIMU WU €€ MPOIYKT OKHCISAETCS WIA BOCCTAHAB-
JMBAETCSI HA MUKPOIJIEKTPOAE. ITO TaK HA3bIBAEMbI METOJ aMIIEpOMETPU-
YeCKOT0 TUTPOBAHUS

B nponecce amnepoMeTpuueckoro TUTPOBaHMsI IOcie TpUOaBIEHUS OT-
JENbHBIX NOPLUI peakTHBa PETUCTPUPYIOT BEIMUYUHY AUPPY3MOHHOTO TOKA
IIPU [TOCTOSIHHOM NOTEHIMAJIE MHANKATOPHOIO 3JieKTpoAa. I1o 3TumM naHHBIM
CTPOSAT KPUBYIO aMIIEPOMETPUYECKOIO TUTPOBAHUS B KOOpAMHATAX: BEJIH-
yurHa JU(QPYy3MOHHOrO TOKa — 00beM tutpanTa ([; — V') u rpaduuecku Ha-

XOJISIT TOUKY SKBUBAJIECHTHOCTH (pHC. 4.6).

B kauecTBe MHAMKATOPHBIX 3JIEKTPOJIOB B aMIEPOMETPUUYECKOM TUTPO-
BaHUM OOBIYHO MPUMEHSIIOT IUIATHHOBBIC, Tpa(UTOBBIE U JAPYTHE TBEPbIC
AJIEKTPO/IBI, YaIlle BCEr0 BPaLArOIIUeCs.
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B ammepomeTrpryeckoM THUTPOBAaHUM HEOOXOJMMO pa3jinyaTh 3JIEKTPO-
XUMHUYECKYIO PEAKLNI0, IPOTEKAIOIIYI0 Ha TPAHULIE pa3jiesia IEeKTPOJ — pac-
TBOP, 1 XUMHUYECKYIO PEAKIMIO, MPOTEKAIOIIYI0 B PACTBOPE MEXKIY OIpese-
JISIEMBIM BEIIECTBOM M TUTPAHTOM.

I;, MKA I;, MKA

Ch

-
] I

w

3 V, mn ¥V, mn

[;. MKA I;. MKA

|
|
Vi V. iy  Vomm
Puc. 4.6. Buapl KpUBBIX aMIIEpOMETPUUECKOTO TUTPOBAHMUS:
a — o nuPy3noHHOMY TOKY OMpPEEIsIeMOro BEIecTBa; 6 — Mo IudPpy3noHHOMY TOKY

TUTPaHTa; ¢ — N0 MU} (y3NOHHOMY TOKY OIpPEAEIEMOro BEHIeCTBA M TUTPAHTA; 2 — IO
TP PY3MOHHOMY TOKY MPOJYKTa PEaKLUn

Bun xpuBoii aMIiepoMeTpUYEeCKOro TUTPOBAHUS 3aBUCUT OT TOI'0, KAKOU
KOMIIOHEHT PEaKIUU TUTPOBAHUS BCTYNACT B DIECKTPOAHYIO PEAKIUIO: OIIpe-
JesieMOe BEILECTBO, TUTPAHT WU IPOAYKT peakuuu. Pasnudyaror cienyro-
L[1€ TUIIBI KPUBBIX aMIIEPOMETPUYECKOTO TUTPOBAHUSA:

1. TurpoBanue no 1up¢Gy3MOHHOMY TOKY ONpeae/isieMOro BelecTBa.

Bup xpuBoii npuBeneH Ha puc. 4.6, a.

Hpumep. IIpy THTPOBaHMK PACTBOPA, COJEPKAIIEro Ag , HOIUIOM Ka-
JIUsL UCIIOJIB3YETCS MPOLIECC BOCCTAHOBJIEHUSI MOHOB cepedpa Ha TIaTUHOBOM
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BpallaromeMcss Karoge. B xone TUTpoBaHus cuiaa TOKa [; yMEHBIIAETCH,

T. K. KOHIIGHTpaIIUs HOHOB cepedpa B pacTBOpPE MajiaeT B pe3yjabTare o0paso-
BaHMS ocangka Agl, a mocie NOCTHKEHUSI TOYKU 3KBHBAJIEHTHOCTU OCTAETCS
MOCTOSHHOM.

2. TurpoBanue no 1M(PPy3noHHOMY TOKY TUTPAHTA.

Hpumep. [Ipu TUTPOBAHUM PACTBOPA, COJAEPKAIIEr0 Ag , HOAUIOM Ka-
JIUSL UCIIOJIB3YETCs MPOLIECC AaHOJHOTO OKHUCIICHHsI HOAUA-HOHA. B sTOM city-
4yae KOHUEHTpAUHs HOJUI-UOHA B PACTBOPE YBEINYUBACTCS MOCIE JOCTHXKE-
HUS TOYKU DKBUBAJICHTHOCTH; OTO NPUBOIUT K BO3PACTAHUIO CUIIBI TOKA /.

KpuBast amriepoMeTprdecKoro TUTpOBaHUS 1O TU((HY3MOHHOMY TOKY THT-
paHTa IpuUBeIcHa Ha puc. 4.6, 6.

3. TurpoBanue no 1upGy3noHHOMY TOKY ONpeaesieMoro Benecrsa
U TUTPAHTA.

Jlo TOYKM DKBUBAJEHTHOCTH JUPGY3UOHHBIM TOK YMEHBIIACTCS
C YMEHbIIIEHHEM KOHIEHTpPAIMKU ONpeesieMoro Beuectna. [lociae Touku K-
BUBAJIEHTHOCTH NU(PGY3UOHHBIM TOK BO3pACTAET C YBEJIUYEHUEM KOHIICH-
Tpalluu TUTPAHTA B pacTBOpe (puc. 4.6, 8).

IIpumep. TurpoBanue Pb”" Ha PTYTHO-KaIlaloIIeM 3JIEKTPOJIE PacTBO-
poM Auxpomara kaiausi. B pacTBope npoTekaeT XUMUYECKasi peaKiusi:

2Pb** + Cr,02~ + H,0 — 2PbCrO, L +2H" .
DnekTpoxuMuueckue peakuu mpu £ =—1,0 B:
Pb2t +2e — Pb(Hg),

Cr,03” +14H" +6¢ — 2Cr** + 7H,0.

4. TurpoBanue nmo AMPQPy3HOHHOMY TOKY, 00yCJIOBJEHHOMY IpPO-
AYKTOM peaklud TUTPOBAHUA.
IIpuMmep. TutpoBaHHUE MBIIBIKOBON KUCIOTHI MOAUAOM Kajus:

HAsO; +2I" +2H" — HAsO3™ +1, + H,0.

B xone xumuyecko peakinuu oOpa3yeTcs CBOOOMHBIM Hoa (TIPOIYKT
peakiyu), KOHIIEHTPAIHMsI KOTOPOTO BO3PACTAET 10 TOYKHU HKBUBAJIECHTHOCTH,
MocJie 4ero ocrtaercsi MOcTOSHHOU. J{ud@y3uoHHBIN TOK BOCCTAaHOBJICHUS
CBOOOTHOTO MOJa 10 MOIU-UOHA Ha IUIATUHOBOM 3JIEKTPOJIE BO3PACTAET JI0
TOYKHU dKBUBaNeHTHOCTH nipu £ = —0,05 B 1o peakuuu

I, +2e >2I .

Bup xpuBoii npuBeieH Ha puc. 4.6, 2.
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Touka SKBUBAJIEHTHOCTH BO BCEX CIIy4asX HaXOAUTCS rpaduuecKku Kak
TOYKA MEPECEUCHHS] COOTBETCTBYIOIINX MPAMBIX (CM. puc. 4.6).

B Meromax aMmepoMeTpuuecKoro THUTPOBAHUS HCIOJIB3YIOT PEaKIUU
OCAXKJEHUs, KOMIUIEKCOOOpPa30BaHUSI U OKUCIEHUS-BOCCTAHOBJIEHUS. MHO-

rue anuonsl ( Cl', Br, I', SO;, MoOﬁ_ U JIp. ) TUTPYIOTCS COJIBIO
cBuHIIA Tipu nioTeHImane F =—0,4 B, npu 3TOM perucTpupyeTcsi TOK BOCcCTa-

nosennst Pb?" na PTYTHOM KaIlaroLIeM JIEKTPOJE.

B peaknusx ocakIeHHs 4acTO NMPUMEHSETCA OCAXKICHHE OPraHUYECKH-
MU peareHTaMu: §8-OKCUXUHOJIMHOM, KyII(PepOHOM, TUMETHITITMOKCUMOM U JIp.,
MIPUYEM TUTPOBAHHE MOKHO NPOBOJUTH KaK IO TOKY BOCCTAHOBJICHMUS Ka-
THOHA, TAK U 10 TOKY OPraHUYECKOr0 pearcHTa.

[IInpoKO MCHOIB3YyETCS B aMIIEPOMETPUYECKOM THUTPOBAHUM PEAKIUA
o0pa3oBaHMsl STUJICHIUAMUHTETPAALETATHBIX KOMIUIEKCOB C Pa3lIMYHBIMU

KaTHOHAMH: Bi3+, Fe3+, Fe2+, Ni2+, Pb2+, Zn2+, Cu2+, C02+, cd*".
[Ipu amMrepoMeTpu4eCKOM TUTPOBAHUM C HCIIOJb30BAHUEM pEAKIUU
OKHCJIEHUSI-BOCCTAHOBIICHHS B KauecTBE THUTPAHTOB ucnonb3yror K,Cr,O7;

Ce(S0,),;

Na,S,05 — 1 onpeneneHnus OKUCIUTENEH.

KBrO; u I, mna onpemenenus BoccraHoBurenen; FeSOy,

JU1st aMIepoMeTpUYEeCKOro TUTPOBAHMS XapaKTEPHA SKCIPECCHOCTD, €r0

-6 . -5
MO’KHO MPOBOJUTH B pa3daBieHHBIX pacTBopax (1o 10 —10 ~ momnw/m), aHa-
JU3UPOBATh MyTHBIC U OKPAIIEHHBIE PACTBOPHI. AMIIEPOMETPUIECKOE TUTPO-
BaHUE XapaKTepU3yeTcsi 0ojee BHICOKON YYBCTBHTEIHHOCTHIO, YEM IOJSIPO-
rpadus. HecnoxkHoe annaparypHoe odopMieHHe U MIPOCTOTa B 0OpallleHUH
TaK)K€ BBITOJIHO OTJIMYAIOT ATOT METOJ] OT APYTHUX.

AMIIepoMeTpUYECKOe TUTPOBAHNE MPUMEHSETCS IS OMpEeeIeHus Ka-
THOHOB M aHWOHOB B Pa3NIMYHBIX TEXHUYECKUX U MPUPOIHBIX 0OBEKTaX, MHU-
HEPATBLHOM CHIPhE, IPUPOTHBIX BOAAX, TPOMBIIIJICHHBIX PACTBOPAX, MPOIYK-
TaX METAUTYPTUM M T. J., @ TaKK€ B aHAJIM3€ MHOTHUX OPTaHUYCCKUX Be-
IIECTB.

4.5.3. UuBepcHOHHAS BOJIbTAMIIEPOMETPHS

CymniHoCTh MeTOAa MHBEPCHOHHOHN BOJBTAMIIEPOMETPHH 3aKIHOYACTCS
B BBIJICJICHUH DJICKTPOJIU30M OIPEACIIeMOro 3JIEMEHTa U3 OYeHb pa30aBIICH-
HOTO PacTBOpA Ha CTAIlMOHAPHOM MHIMKATOPHOM 3JICKTpOJie (Jalle BCero Ha
PTYTHOM KaIljle WUIM TOHKOHM IUICHKE PTYTH) C MOCJIECIYIONIUM aHOJIHBIM pac-
TBOPCHUEM TIOJYYCHHOW aMajIbI'aMbl U PETUCTpAIlUCii BOJIBT-aMIIEPHON KpH-
BOH. DTOT BapMaHT METOJIa HA3bIBAIOT AHOOHOU UHBEPCUOHHOU BOIbMAMNE-
pomempuetl.
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[Iponecc anexTposivza (HaKOIUICHUSI) MPOBOJAT MPH MOCTOSHHOM IIO-
TEHIIMAaJIe, COOTBETCTBYIOLIEM MIPEACIBHOMY TOKY ( £, ), B IEpeMEIINBaeMOM
pacTBOpe (HOHOBOTO AJEKTPOJINUTA. AHOTHOE OKHUCIICHHE TIOJyYeHHON amMalib-

rambl OCYIIECTBIISIFOT TPH JIMHEHHO-MEHSIOMIEMCS TOoTeHIraie. BombTaM-
nepHasi KpuBas UMeeT mpu 3ToM popmy mwka (puc. 4.7).

-2 -10 -08 -06 -04 -072 00 E.B

2t a
4 [ o~
]
Cu
6F e cd Pb
Zn
Ia,MKA_

Puc. 4.7. BonbramneporpaMmmbl pacTBOpa, COAECPIKAIIETO Zn2+; Cd2+; Pb2+; Cu’’ na
¢done 0,1 monp/n KCI. E, = —1,2 B (OTHOCUTEIBHO HACHIIICHHOTO KaJOMEJIbHOTO
AJIEKTPOJIA); BPEMS JICKTPOJIN3a: T, = 3 MUH;

a — BonbpTammeporpamma (Gonosoro pacrsopa 0,1 mons/n KCl; 6 — BonbTammeporpamMmma
pactBopa, COZIePIKAIIETO 3IIEMEHTbI HEHM3BECTHOM KOHIICHTPAIIUH; 6—
BOJIbTAMIIEpOrpamMma pacTBopa (6) mocie J00aBKU CTaHIAPTHBIX PACTBOPOB Cu2+, Pb2+,
Cd*, Zn™" ussectnoit KOHIICHTPAIIH

Tak xak ompenensieMoe BEIIeCTBO NEPEXOAUT MPH INEKTPOIU3E U3 JA0C-
TATOYHO OOJIBILIOTO 00bEMA PacTBOpA B IOCTATOUYHO MaJICHBKHI 00BEM PTYT-
HOM Kariu, KOHIEHTpAIUsl €ro Ha MOBEPXHOCTH JJIEKTPOAa Ha HECKOJIbKO
MOPSIIKOB BBIIIE, YEM B PACTBOPE, T. €. MPOUCXOIUT €ro KOHIEHTPUPOBAHUE,
YTO MPUBOJMUT K TOBBIIIEHUIO AHOJHOIO TOKA OKHUCIEHHUS MO CPAaBHEHUIO
C TOKOM 3JIEKTpoJin3a. UyBCTBUTENBHOCTh METO/IA WHBEPCUOHHOM BOJIbTaM-
MEePOMETPUN Ha 2—3 TOpsJIKa BBINIE, YeM B MoJisiporpaduu. DTHM METOJIOM

- —6
MOKHO OIpENEIATh KOHIIEHTPALUK BEMIECTB B Auana3one 10 —10 ~ Moub/1,

-10 . -9
a B HEKOTOphIX ciaydasx A0 10 —10 = momns/m.
[Ipu snekTposiv3e MPOUCXOAUT BBIJICTIEHUE MOHOB METaia Ha PTYTH
¢ o0pazoBaHHEM amMabraMbl PTYTH MO PEAKIIUU

Me"" + ne + Hg — Me (Hg).
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HpI/I HCIIOJB30BaHUM TBEPJAbLIX J3JICKTPOAOB B CTAaJMM KOHICHTPHUPOBA-
HUA IMTPOUCXOAUT BBIACICHUC OIIPCACIIACMOTO 9JICMCHTA B BUJIC MCTAJlJIa:

n+ 0
Me +ne = Me

Wi o0pa3oBaHHE KOHIIEHTpaTa (0CaJKOB OKCHJOB, TMAPOKCHUIIOB MeTaslia,
XUMUYECKUX U UHTEPMETATUYECKUX COEAMHEHUN ¢ KOMIIOHEHTAaMHU PacTBO-
pa Wi Matepuania snekrponaa). Hampumep:

2VO3 +3H,0 +4e = V,05(18B.) + 60H ",

3Cu° +2As +12 e = CusAs,.

B anogHom mpouecce IMPOUCXOJIUT OKHUCICHHC aMallbraMbl MCTAJlllla,
BBIICIICHHOTO MCTaJlJIa WUJIX IMMOJYYCHHOT'O KOHIOCHTpAaTa:

Me(Hg) — ne — Men+,
Me0 —ne — Men+.

PeructpupyemMbie aHOIHBIE MKW Ha BoJIbTammeporpamme (puc. 4.7) mo-
3BOJISIFOT TTPOBOJIUTH KAUECTBEHHBIM M KOJUYCCTBEHHBIN aHanu3. BricoTa mu-
Ka (BEJIMYMHA MAaKCUMAJIBHOTO TOKA OKUCJICHHS) MPOIOPIIMOHAIEHA KOHIICH-
TpaIuu OINpeaeIIeMbIX KOMIIOHEHTOB B pacTBOpE, a MOTCHIMAN Tuka E;; Xa-
paKTepus3yeT IPUPOLy OMPENETIEMOTO AIEMEHTA.

B Ta6n. 4.3 mpuBeneHbl 3HAUCHHS TOTEHIIUAIOB aHOIHBIX MMUKOB HEKO-

TOpPBIX HOHOB MeTasuioB Ha (oue 0,1 mons/n HCI.
Tabauma 4.3

3HaYCHUS MMOTEHIINAJIOB aHOIHBIX ITHKOB
HEKOTOPBIX HOHOB MeTaiioB Ha goHe 0,1mons/1 HCI

Hon metania B i3+ Cu2+ Pb2+ C d2+ Tl+ 7 n2+

E., B —-0,03 -0,25 —0,45 0,65 0,70 -1,0

Brusare pa3nudHbIX (aKTOPOB HA BEIMUMHY aHOJAHOTO TTUKA JIJIS PTYT-
HOTO CQEPUUYECKOTO IJIEKTPOJa pacCMaTpUBACT MapaMeTpUUecKash TEOpHUs
A.I". Ctpombepra.

B ocHOBe 3T0i1 Teopuu JEKUT ypaBHEHHUE, OTPAXKAIOIIEe CBSA3b aHOTHO-
ro MYKa ¢ KOHIIEHTpaIlMel BeIeCTBa B PaCTBOPE:

1=Ka.§.V-CO(1—e‘B); 4.17)
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poKog®
nkF V

rne / — BeauuuHa aHOAHOrO Toka, A; C, — KOHLIEHTpalus MOHOB OIpere-

(4.18)

JISIEMOTO 3JIEMEHTA B PACTBOPE, MOJIB/JT; S — TOBEPXHOCTh PTYTHOTO DJIEKTPO-

2 . 3
na, cM ; V, v — 00bEMBI PaCTBOPA U PTYTHOM KAaIlIM, COOTBETCTBEHHO, CM ;
K,, K, — ko3QpHuuueHTs! 21EKTPOIU3a U AHOJHOTO IIMKA; T — BPEeMs DIIEK-

TPOJIN3a, C; 1 — YKCIIO JIEKTPOHOB, IPUHUMAIOIIUX YYACTUE B DJIECKTPOTHOM
nporiecce; F' — aucio Papanes: F = 96500 Ki/monb.

Kak cnenyer u3 ypaBuenwuii (4.17) u (4.18), BbicOTa aHOJHOTO THKa
IpsIMO IPONOPLUUOHAIBHA KOHLEHTpaluu HOHOB B pactBope C,, BpEMEHU

QJICKTpPOJIN3a U 3aBUCUT OT BCIIMYHNH I<3 , Ka , COOTHOIIICHUA o0beMa pacTBO-

pa ¥ 00beEMa PTYTHOM KaIuiu.
Koadduunent snexrponusa K, sApnsercd (QyHKIUEH CIEAYIOUIMX Ia-

paMeTpoB:
K, = f(n,D,E,,w), (4.19)

r1€ W — CKOPOCTh KOHBEKTHBHOT'O IEpPEMEIIMBAHUS PAcTBOpa Ha TPAHMUIIC
C IOBEPXHOCTHIO 3JieKkTpoaa; D — xoaddunuent nuddys3un moHa B pacTBO-
pe.

Bennuuna K, BO3pacTaeT ¢ yBEJIMYEHHEM CKOPOCTH NMEPEMEIIMBAHUS
pacTBOpa 10 OMPEAEIIEHHOIO Mpeea.

3aBUCUMOCTh BEJIMYMHBI aHOJIHOTO TOKAa OT IMOTEHIMaja 3JIEKTPOIn3a
uMeer GopMy nossiporpaduueckoil BoiHbL. [ yCcTaHOBJIEHHS KOJUYECTBa
OTIPEENSIEMOr0 HOHA B PACTBOPE UCIOJIb3YIOT I'PalyUPOBOUYHBINA IpaPUK UITU
MeTOo/1 100aBOK CTaHAAPTHOTO pacTBOpA.

CymiecTByeT BTOpOOl BapuaHT METOAA — KAMOOHAsL UHBEPCUOHHASA
gonvmamnepomempus. B 3ToM ciydae BEHIECTBO KOHLEHTPUPYIOT Ha dJIEK-
TpOJ€ B BUJIE MPOAYKTa OKUcIeHUs. Hanmpumep, mapranen; MOKHO KOHIEH-
TpupoBath B Buje MnO, mpu NOTEHIHAIE TPENETLHOTO TOKA OKUCICHUS
mapranua (II) mapranua (IV). BkitouuB pa3BepTKy MOTEHIIMANIa B HAIIpaBJie-
HUU 0OJiee OTPUIIATEIBHBIX MOTCHIIMAIOB, PETUCTPUPYIOT KATOIHYIO WHBEP-
CHOHHYIO BOJIbaMIIEPOMETPHIO BOCCTAHOBIICHHSI IOJIYUYEHHOTO MTPOTYyKTA.

Syeiiku, UCMONB3yEMbIE B METOJAE WHBEPCUOHHOW BOJBTAMIIEPOMET-
pUU, MOTYT OBITh Pa3IMYHON KOHCTpYKIMU. Hambonee yacTo ucnoiab3yercs
Aauyelka, n3o0paxeHHas Ha puc. 4.8.

143



5 — .
Bl 4
6
5
1 3

Puc. 4.8. Cxema 31eKTpOXUMUYECKON STYEHKMU:
1 — xopmyc siYeKu; 2 — CheMHask KPbILIKA C OTBEPCTUSIMU; 3 — BCTABHOW KBaplIEBbIN CTa-
KaHYHMK C ()OHOBBIM DIICKTPOIIUTOM, COJEPKAIIUM P00y C ONpeensieMbIMU dJIEMEHTAMHU;
4 — MHAMKATOPHBIN AIIEKTPOA; 5 — BIEKTPOJ CpaBHEHUs; 6 — TpyOKa 11 BBOJIAa B (JOHOBBII
JIEKTPOJIUT MHEPTHOTO ras3a

B crakan co CbEMHOW KpPBIIKOM IOMEIAETCS KBAPLEBBIA CTaKaHUYUK
C pacTBOpoM (POHOBOTO AMEKTpoauTa. Uepes oTBepcTre B KPBIIMIKE B STYEHKY
BBOJSTCSL 2 AJEKTPOAA: WHJUKATOPHBIA M 3JIEKTPOJ] CPABHEHHUS, a TaKXKe
CTEKJISTHHAS TPYOOUKa JJIs MPOIMYCKaHUsI MHEPTHOTO ra3a.

JyieKkTpoAbl. B KauecTBe WMHIUKATOPHBIX AJIEKTPOAOB HCHOIB3YIOTCS:
CTallMOHApHAasl PTyTHasl Karwuisl Ha cepeOpsiHoM momoxkke (PKD); prytHO-
rieHouHbIe 3ekTpoabl (PIID) — miieHka pTyTH, ocakieHHas Ha cepeOpsHON
poBoJsiouke; rpadgutoBbie 31ekTpoAbl (I'3); pTyTHO-rpadUTOBBIE AIEKTPOIBI
(PI'D) — TOHKas TuleHKa PTYTH Ha TpaUTOBOM MOJIOKKE, METALTMYECKUE
AIIEKTPOBI U JIp.

B kauectBe 3ieKTpoja CpaBHEHUSI HMCIOJIb3YETCS HACBIIICHHBIA Kallo-
MEJIBHBIN AJIEKTPOJ] (HAC.K.3.), XJIOpUJICEPEOPSHbINA UK JIPYTUE TUIIBI DJIEK-
TPOJOB.

JIsist mosrydeHusi BOCIIPOU3BOJAMMBIX BOJIBT-aMIIEPHBIX KPUBBIX HEOOXO-
IUMO TPOBOJUTH OYHCTKY IOBEPXHOCTH BJEKTPOJAa IMEpell perucTpanuei
KaXXJI0M BOJIbTaMIeporpaMMsbl. MICIOIB3YIOT ClIEAYIOIINE METOAbl OUYUCTKHU:

a) MEXaHWYECKyIo (TOJMPOBKA TOHKON HAXKIAYHOU U (QUIBTPOBAILHOMN
Oymaroi;

0) xuMuyeckyro (00paboTKa KOHIICHTPUPOBAHHOM a30THOW KHUCIOTOM
IIpU HarpEBaHUH );

144



B) JJIEKTPOXUMHUYECKYIO (BBLAEPKHBAHHUE DJIEKTPOJAa B TEUCHHE HEKO-
TOPOTO BPEMEHH TPU BBICOKOM TMOJOXHUTEIHPHOM WM OTPULATEILHOM IIO-
TEHIIMAJIC WU MPOBEACHUE ITUKIMYSCKOW MOJIAPU3AIMHA B IIIUPOKOM UHTEP-
BaJie OTEHIINAJIOB).

PTyTHBIN 57€KTpOA B BUIE BUCSIIECH KAl MPUMEHSIOT JUIS OTpe/iene-
HUSI MOHOB METAJUIOB, XOPOIIO PACTBOPUMBIX B PTYTH (MOHOB TaJUTUS, MEJIH,
KaJMHsI, CBUHIIA, IWHKA, HHIUS U Jp.), UJIK aHHOHOB, 00pa3yIOIIUX Majopac-
TBOPUMBIE COCIMHEHHS C PTYThIO (Cynb(ua, THOLMAHAT, WOIWA, OPOMUI,
XJIOPUJ, HOHOB).

Ha moBepxHOCTH TpadUTOBBIX M CTEKIOYTIEPOIHBIX IEKTPOIOB MOXK-
HO KOHIICHTPHPOBATh MOHBI MHOTUX METAJJIOB, BOCCTAHABJIMBAIOIIUXCS TIPU
HE CJIMIIKOM BBICOKHX ITOTCHIINAIAX.

[Ineno4nbie pTYTHO-TPAUTOBBIC NEKTPOABI MO3BOJSAIOT MOJydaTh 00-
Jiee BOCIIPOU3BOJMMBIE PE3yNbTaThl, Y€M JJIEKTPOJbI M3 YHCTOTO Tpadwura.
[TpenMyIecTBO MICHOYHBIX AJIEKTPOOB MEpell CTAIMOHAPHBIM KarelbHbIM
DIIEKTPOJIOM COCTOUT B TOM, YTO CKOHIICHTPHUPOBAHHBIA B TEUEHHE OIHOTO
U TOTO )K€ BPEMEHHM METaJlJl COOMPAETCS B TOHKOM CIIO€ PTYTH, HOKPBIBAIO-
et rpagut. B mporecce aHOTHOTO PacTBOPEHUSI MPAKTHYECKH BECh CKOH-
[EHTPUPOBAHHBIM METaJUl MEePeXoIuT B pacTBOp. B ciaydyae pTyTHOW Karum
3aMeTHas yacTh MeTayia MupyHIupyeT BriryOb pTYTHOU KaIlIM U HE y4yacT-
BYET B IIPOLIECCE aHOJHOTO PACTBOPEHUS.

CBoiicTBa 2J1€KTpO/Ia 3aBUCAT HE TOJBKO OT MaTepuaia, U3 KOTOpOro OH
U3TOTOBJIEH, HO U OT COCTOSIHUS €T0 MOBEPXHOCTH, MOAITOMY MX MOXKHO Cy-
IIECTBEHHO W3MEHUTh, HAHECS HAa TOBEPXHOCTh TOHKHHA CIIOW BEIIECTBa-
monupukaropa. Takue >MeKTPOabI HA3BIBAIOT XUMHUUYECKU MOOUDUYUPOBAH-
Holmu. JIns HaHeceHus MoOAM(HUKATOpa HCHOIB3YIOT JHO0 XEeMOCOpOIHIO,
1100 CIIMBKY MOAU(UKATOpa C MOBEPXHOCTHIO DJIEKTPOIa KOBATEHTHOM CBSI-
3bp10. YIOOHBIM MaTepuajioM JIsl U3TOTOBJICHUS MOAU(PHUIIMPOBAHHBIX HJICK-
TPOAOB siBisieTcst Tpadut. ['paduTupoBaHHBIN JIEKTPOJT COCTOUT M3 TUTAHT-
CKHUX CJI0€B KOH/IEHCHPOBAHHBIX apOMAaTUYECKHX KOJIEI, Ha MOBEPXHOCTH KO-
TOPBIX COAEPIKATCS Pa3luuHble (PYHKUIMOHAIbHbIE TPYNIbl. YUCIIO UX HEBe-
JMKO ¥ OHH, CKOpee BCEero, CKOHIIEHTPUPOBAHBI BJOJIb NEPEKTOB MOBEPXHO-
CTH ¥ 00pa3ylOT TPaHUIy MMOBEPXHOCTH. BhICOKasi TNIOTHOCTD 7-3JIEKTPOHOB
CIOCOOCTBYET CHIILHOMY XE€MOCOPOIIMOHHOMY B3aMMOJICHCTBUIO, OCOOCHHO C
HEHACHIIIEHHBIMU COCTUHEHHSIMH.

[To cpaBHEHUIO C OOBIYHBIM AIEKTPOJOM XUMUYECKH MOJIUPUIIIPOBAH-
HBIN AJIEKTpo o0ecreunBaeT 0ojee BHICOKYIO CKOPOCTh AJIEKTPOJHOTO MPO-
necca, 0bysagaeT 0osiee BHICOKOM CEEKTUBHOCTHIO, 00JIe€ BHICOKOM YyBCTBHU-
TETHHOCTHIO OTPECIICHUSI.
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AacopOLMOHHAS MHBEPCHOHHAS BOJIbTAMIIEPOMETPUA

CoBpeMeHHass Pa3HOBUJIHOCTh HWHBEPCHUOHHOM BOJIHTAMIIEPOMETPHUH.
Metoa OCHOBaH Ha MPEIBAPUTEIBHOM aJCOPOIIMOHHOM KOHIIEHTPUPOBAHUU
OTpPENENSIEMOr0 KOMIIOHEHTa HA MOBEPXHOCTH AJIEKTPOJA U TMOCIEIYIOEeH
perucTpalry BoJIbTaMIIEpOrpaMMBbl TIOJYYEHHOTO MPOAyKTa. Takum obpazom
MO>XHO KOHIIEHTPUPOBATh MHOTHE OpPraHMYECKHE BEIIECTBA, a TAKXKE MOHbI
METaJJIOB B BUJ/I€ KOMIIEKCOB C OPTaHMYECKUMHU JINTAHJaMHU, OCOOEHHO a30T-
u cepocoaepxkamnmu. KoHIleHTpupoBaHuEe NPOBOJAT B TEUEHHE CTPOTO KOH-
TPOJIUPYEMOTO BPEMEHH NP MOTSHITHAIC MAKCUMATBHOU a/ICOpOITUH.

B kauecTBe MHAMKATOPHBIX 3JIEKTPOJOB MPUTOJHBI M CTAI[MOHAPHBIMA
PTYTHBIN 3JIEKTPOJI, U JIEKTPOJIbI U3 YrOJbHBIX MaTepuanoB. OCOOEHHO XO-
POIIN IS ATUX TENe XUMUYECKA MOIU(PHUITMPOBAHHBIC YJICKTPOIBI; HAIH-
Yye pPeaKlMOHHBIX TPYIII, 3aKPEIJICHHBIX HA 3JEKTPOJIE, CIOCOOCTBYET KOH-
LHEHTPUPOBAHUIO OMPEIEIIEMOr0 BEIIECTBA MCKIIOYUTEIBHO Ha MOBEPXHO-
CTH DJIEKTPOJIa, U B PE3yJIbTaTe YyBCTBUTEILHOCTH OINpPE/EICHUS MOBBIIIACT-
cst. YiaeTcest JOCTHYb Ipe/eioB oOHapykerus Ha yposre 10 =107 monb/x.

Meton npuroieH uisi ONpeeieHUs OPraHuueCKUX U HEOPraHUYECKUX
BEILIECTB, KOTOPhIE HE MOTYT ObITh CKOHIIEHTPUPOBAHBI AJIEKTPOJIUTUUYECKH,
HO CIIOCOOHBI CUJIBHO M BOCIIPOU3BOJUMO aICOPOUPOBATHCS HA AJIEKTPO/IE.

OcHoBHasi 00J1aCTh MPUMEHEHUS MHBEPCUOHHON BOJIbTAMIIEPOMETPHHU:
aHaJu3 CJENOBBIX KOJIMYECTB BelIEeCTB. [[aHHBIA METOA MCHOJIB3YETCS I

—7 -5 .
onpenenenust n-10 —n-10 ~ % npumeceld B MOIyNpOBOAHUKAX, JTFOMUHO-
¢dbopax, 0co00 YHCTHIX BEUIECTBAX B ONTO- U MUKPOIIIEKTPOHUKE, B KOHTPOJIE

3arps3HEHHH OKPYIKAIOIICH Cpelbl, B aHAIM3e¢ OMOJOTHMYSCKHMX U ITHIIEBBIX
00BEKTOB.

4.6. DuleKTpOrpaBuUMeTpHUs

B asiekTporpaBUMETpUUECKOM aHAJIM3E ONPECIAeMOe BEIIECTBO KOJIH-
YECTBEHHO BBIICIISIFOT M3 PACcTBOpa JICKTPOJIM30M U IO MACCe BBIJCIIUBIIIC-
rocs MeTajyla MM €ro OKCHJa Ha JJIEKTPOJE PACCUHMTHIBAIOT COJACPIKAHHE
OTIPEJIEIISIEMOTO 3JIEMEHTa B Mpooe.

DJICKTPOIM30M Ha3BIBAIOT XUMUYIECKOE Pa3JIOKEHUE BEIIECTBA IO JICH-
CTBHEM 3JICKTPHUECKOTo ToKa. Ha karoie mporucXoauT BOCCTaHOBIICHHUE:!

2+
Cu“" +2e > Cu’,
a Ha aHOJIE — OKUCJICHUE:

2ClI" -=2e—>Cl, (1)
20H -2e—>1/20, + H,0.

OcHOBHBIE 3aKOHBI 3JIEKTpOJIN3a ycTaHoBIeHbl Dapaneem:
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Macca eewgecmsa, evidenuguie2ocsi npu 21eKmpoause, NpoOnoPYUOHAb-
HA KOIUYeCmay dJeKmpuyecmad, npoueoue2o uepes pacmeop.

Ilpu npoxoorcoenuu uepez pacmeop 00HO20 U MO20 Hce KOIUYEeCmBd
9NeKmpu4ecmea, Ha NeKmpooax GvlOeNsiemcs OOHO U MO JHce KOJNUYECHBO
9K6UBANIeHMA 6eujecmea

_O-M, 1.i-M, (4.20)
F 96500 ’

m

rJie m — Macca BEUIECTBA, BBIACIUBLIETOCs MPHU JIEKTPOIu3e, T; O — Koauye-
CTBO 3JekTpuuectBa, Ki; M, — momnspHas macca SKBUBAJEHTAa, T / MOJIb;
F — uucno ®@apanes, F = 96500 Kn/monsw; [ — cuna Toka, A; ¢ — BpeMsl dJeK-
TpOJIN3a, C.

[Ton nmeiicTBUEM NPUIIOKEHHOTO HAMPSDKEHUS 3apsDKEHHBIE YaCTHIIBI
(MOHBI) MepeMeIIaroTes K 3JekTpojaaM. OaHaKO UX paspsii, T. €. JIEKTPOJIU3,
HAYMHAETCS MPHU TOCTHXKEHUH OTIPEICIICHHOM BETMYMHBI HAMPSHKEHUS, Ha3bl-
BaeMOM HaIpPsHKEHUEM PA3JI0KEHUS

Eppyn =(E, — E¢)+iR+7> (4.21)

pasn —

e (Ea - EK) — DJIC ragpBaHMYECKOTO 3JIEMEHTa; iR — OMUUECKOe MaICHUE

HaIpsHDKEHUS; 77 — MEPEHANPSsKEHUE aHOJAa M KaToJa MPU BBIJEIECHUU MPO-
IYKTOB 3JIEKTPOIU3A.

O npuyMHax nepeHanpsKeHus: CKa3aHo BbllIEe B noapas3f. 4.3 (KOHLEH-
TpalMOHHAs, dJIEKTPOXUMHUUECKasl, (pa30Bas MOISpU3aLKs).

CxemMa yCTaHOBKH JIs1 IPOBEJICHUS 3JIEKTPOJIM3a MPUBEICHA Ha puc. 4.9.

DIIEKTPOJU3 Yalle BCEro MPOBOMSIT MPU MOCTOSHHOM TOKe. Jljis momy-
YEeHHUS] TOCTOSIHHOTO TOKa OOBIYHO MCHOJB3YIOT BBIIPSIMUTENb IEPEMEHHOTO
TOKa Ui OaTapero akkyMmyJasiTopoB /. CKOJB3SIINI KOHTAKT 2 MO3BOJISIET pe-
IyJINPOBaTh MO/IaBAEMOE HAIMPSIKEHUE, KOTOPOE U3MEPSIOT BOJBTMETPOM V.
Cuiia ToKa KOHTPOJIUPYETCSA aMIEPMETPOM A.

[Ipu BbIACIEHNH METAIIIIOB KAaTOJ 5 OOBIYHO MCIIONB3YIOT B BUJE TIIATH-
HOBOW CETKH, aHOJ 4 — B BHUJI€ IUIATUHOBOM CHUpPAIX WIM IUIACTUHKU. [Ipu
BBIJICJICHUN OKCHJIOB 3HAKHU 3JIEKTPOJIOB MEHSIOTCA: IJIATUHOBAsl CETKa CTa-
HOBHTCS aHOJIOM, a CIIMPAJIb — KarooM. PacTBop nmepememmBaercs MeXaHu-
YECKOM MJIM MArHUTHOW MEIIaIKou 3.

B anekTporpaBUMETpHUYECKMX METONAX aHajau3a KpPOME IOTEHIMana,
CHUJIbI TOKA BaKHO KOHTPOJIMPOBATH PsiJi SIKCIEPUMEHTAIbHBIX YCIOBUM.
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Puc. 4.9. Cxema ycTaHOBKH 7151 TPOBEACHUS FIEKTPOJIN3A!
1 — ACTOYHUK MTOCTOSIHHOT'O TOKA; 2 — IIEPEMEHHOE CONPOTHUBIIEHUE (peocTar);
3 — MarauTHAs MeIanka; 4 — aHoJ; 5 — KaToxq

Pusznuyeckue (GakToppl, BAMAONIME HAa cBOMcTBa ocaaka. Ocanok
JIOJKEH MPOYHO MPUIINMATH K AJIEKTPOY, OBITh TUNIOTHBIM U TJIAJKUM, YTOOBI
MIpU MPOMBIBAHUH, BHICYIIIMBAHUY W B3BEIIMBAHUM HE MPOUCXOANIO MEXAHU-
YECKUX MOTEPHh WM B3aUMOAEHUCTBUS C OKPYX AIOIIEH cpeoi. XOopollne Me-
TaJUIMYECKHUE OCAJKH SIBISIOTCS MEJIKO3EPHUCTBIMUA U UMEIOT METAINTNYECKUN
osieck. ['yOuaTeie, MOpONIKOOOpa3HbIE MM YelIyiuaTble OCaAKU MEHEe YHC-
ThI€ U XYK€ MPUCTAIOT K 3JIEKTPOY.

Ecnu B mpornecce 31eKTpoiu3a BbIIENAETCS ra3, OObBIYHO IMOJIydaeTcs
ry0uathlii 1 HEpaBHOMEPHBIN OcafoK. /|1 ycTpaHeHus: ero BIUSHUS B pac-
TBOP BBOJST TaK HAa3bIBAEMbIE AEMOJSAPU3ATOPbI U KOHTPOJHUPYIOT NOTEH-
nuan karona. Hampumep, /uisi nmpeqoTBpallieHuss BBIACIECHHUs] BOJIOpOAa MpuU
AIEKTPOrPABUMETPUUECKOM OIPEACIIEHUH MEIU B pAaCTBOP BBOAUTCS a30THAs
KHcioTa (nenonspuzatop). Ha katoe mporcxoauT BOCCTAHOBIIEHWE HUTpATa
10 HUTPUTA WIH 10 aMMOHHI-MOHA BMECTO BBIJIEIEHUS BOJIOPO/A.

Yame BCero 3eKTpoJIn3 BEYT MPU JOCTATOYHO BBICOKUX IJIOTHOCTSX TO-
ka. Vcnonb3oBaHue 4pe3MEPHO BBICOKHMX IUIOTHOCTEW TOKA HEXKEJIATENIbHO, TaK
KaKk MOTYT OBITh NOJYYEHbl HEPEryJApHbIE OCAAKU C HU3KOM NPOYHOCTHIO.
OOBIYHO MPOBOAT AIIEKTPOIM3 MPH MI0THOCTH ToKa oT 0,01 1m0 0,1 Alem’.

Bo Bpems siekTposin3a OOBIUHO PACTBOP MEPEMEIIMBAIOT ISl YMEHb-
[IEHUS] KOHIEHTPAIMOHHOW MOJISIpU3AIMU U IKCIIEPUMEHTAIBHO BBHIOMPAIOT
ONTUMAJIbHYIO TEMIEPATYPY ISl KaKJI0TO KOHKPETHOTO CIy4asl.

Xumunyeckue (paKkTopbl, BJAMAOLINE HA CBOCTBA ocaaka. Biausinue pH.
Ot BenmmuuHbl pH pacTBOpa 3aBUCHT BO3MOXHOCTb BBIJEJIECHHS OIpeaessie-
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MOI'0 METaJljla Ha 3JIeKTpoae. TmaTenbHblil KOHTpOoJib pH mo3BosigseT nHoraa
IPOBOJIUTh KOJIMYECTBEHHOE pa3JeiieHne KaTUOHOB. Hampumep, B KUCIBIX
pacTBOpax C MajbIMU 3HauyeHUSMH pH Menp Jerko OTIENUTh OT HUKES,
KaJMUS ¥ 1IUHKA, ]ISl BBIJIENICHUSI KOTOPBIX TpeOyeTcs HEUTpaibHas WIH Iie-
JIOYHAs cpena.

Bausinne koMIjIeKco00Opa3ywIuX BelecTB. DKCIEPUMEHTAIbHO yC-
TAHOBJIEHO, YTO IPHU BBIJICJICHUU W3 PACTBOPOB KOMIUIEKCHBIX COECIUHEHUI
MHOTHE METaUThl 00pa3yroT OoJiee Tiajkue Wiu 0oyiee MJIOTHO TpHIIEraro-
e ocagku. Camble JIydlIne METAIMYECKUE ITOBEPXHOCTH YaCTO MTOITYYarOT
AJIEKTPOJIU30M PACTBOPOB, COAEpKAIUIMX OONbIINE KOJIUYECTBA ILIMAHM]I-
MOHOB WJIM aMMHaKa.

N3menenune pH 1 BBeleHHE B pacTBOP KOMILIEKCOOOPa3yIOMIUX A00aBOK
BECbMa CYIIECTBEHHO CKAa3bIBAOTCS HA BEJIMYMHE MOTEHIMAJA, a 3TO CYIIECT-
BEHHBIM 00pa30M MOXKET TMOBJIMATH HA BBIJICIICHUE TOTO WJIM MHOTO METallia,
a TAK)KE HA PA3JCIICHHE METAUIOB IIPU X COBMECTHOM NPUCYTCTBHH. Pasnene-
HHE METOAOM SJICKTPOJIM3a BO3MOXHO, €CIIM MX CTAHIAPTHBIE 3JIEKTPOIHbBIC
MOoTeHIMalnbl paznuyarorcd Ha 0,2—-0,3 B. DTOT kpuTepuii MO3BOJSAET MO 3HA-
YEHUSIM CTaHJAPTHBIX BJEKTPOJHBIX MOTEHUHMAJIOB IMPEICKa3aTh BO3MOX-
HOCTh pa3jieieHus1 JIroOOW 3amaHHOM mapel MOHOB. Hampumep, cepeOpo

(EZg+ /Ag =0,80 B) MOXHO BBIIEUTH B IPUCYTCTBUU Bi** (Egi3+ /Bi =0,32 B),

HO HEJIb3s OTIENIUTH OT PTYTH (E;g2+ Jhg = 0,85 B).

CaMonpou3BoJIbHbII (BHYTPEHHHH) 3JIEKTPOJIN3

DNeKTpOrpaBUMETPUUYECKUNA aHAJIU3 MHOTIa MOYKHO BBINIOJIHUTH B HAKO-
POTKO 3aMKHYTOM TraibBaHW4YecKoM nsnemeHTe. [lpu 3toMm He Tpebyercs
BHEIIHET0 MCTOYHHMKA TOKA, TaK KAaK OCAJOK BBIJEISIETCA 3a CUET DHEPIUU
rajpBaHUYecKoro aneMeHTa. Hanpumep, MoHbI Meau OyAyT KOJIMUYECTBEHHO
BBIJIETISITHCSL U3 PAacTBOpA HA IUIATHHOBOM KAaTOJE, €CIIU 3TOT 3JIEKTPOA CO-
€AVHUTHh C UHKOBBIM aHOJIOM, ITOIPY>KEHHBIM B PACTBOP COJM LIMHKA. Peak-
IIUIO B DJIEMEHTE MOYKHO MPEICTABUTh CIEIYIOIIUM 00pa3oM:

Zn () + Cvt &= Zn** + Cu(m.)

Ecnu peakiusi mpoTeKaeT 10 YCTAHOBJIEHUS PAaBHOBECHS, TO MPAKTUYE-
CKU BCE€ MOHBI MeJIM OyIyT yAajieHbl U3 pacTBOpa. DTOT CIOCOO HOCUT Ha3Ba-
HUE BHYTPEHHEro (CaMoNnpou3B0JIbHOI0) 3JIEKTPOJIU3A.

[ToMrMMO MpPOCTOTHI YCTAHOBKHM MPEUMYILECTBO METOJA BHYTPEHHETO
AJIEKTPOJIN3A Mepe OOBIYHBIM DJIEKTPOJIM30M COCTOMT B OTHOCUTENIBHO BbI-
COKOM ceneKTUBHOCTHU. [IpaBuiibHBIN BEIOOP aHOJA MO3BOJIIET YCTPAHUTh CO-
BMECTHOE OCa)XJCHUE MHOTI'MX 3JIEMEHTOB. Hanpumep, UCIOIb30BaHUE CBUH-
LIOBOI TUIACTMHKU B Ka4y€CTBE aHOJA MO3BOJSET MPENOTBPATUTh MELIAIOIIEE

149



BJIMSIHUE BCEX METAJIOB C 00Jiee OTPUIATEIbHBIM MOTEHIIMATIOM, YEM Y Maphl
HOH CBHUHIIA — METAJUIMUYECKUN CBUHEIL.

DIEeKTPOrpaBUMETPUUECKUNA METO]I aHAJIN3a XapaKTepU3yeTCsl BHICOKOU
TOYHOCTBIO: MOTrpemHOCTh onpeaenenus cocrasiser 0,1-0,2 %. Orpannue-
HUEM METOJIa SIBJIAIOTCS €r0 MPUMEHHUMOCTh K OTHOCUTEIBHO HEOOJIBIIOMY
YHUCIIy 3JEMEHTOB, HEOOXOAMMOCTh CPaBHUTEIHHO OOJBIIUX COACpPNKAHUN
OTIpEENSIEMBIX BEIIECTB, a TAaKXKe JJIUTEILHOCTh aHAIU3A.

4.7. Kyjaonomerpus

B KynoHOMETpUYECKHUX METOJaxX OMpPEAEISIOT KOJUYECTBO AJIEKTpUYE-
CTBa, KOTOPOE PACXOJyeTCsl B XOJ€E JIEKTPOXUMHUECKOU peakuuu. Paznuua-
0T MPSAMYI0 KYJIOHOMETPHIO 1 KyJIOHOMETPpHYecKoe TUTPOBAHUE.

B Meronax mpsiMoii KyJ10OHOMETPHMH aHAIM3UPYEMOE BEIIECTBO HEMO-
CPEIICTBEHHO TOJIBEPraeTcsl JIEKTPOXUMHUUECKOMY MPEBPAILICHUIO B KYJIOHO-
METPUYECKON s4eiiKe (IpOoLecC MPOBOJAT IPU IOCTOSIHHOM KOHTPOJUpPYeE-
MOM ITOTEHIIHAJIC).

B MeTone KyJI0HOMETPHYEeCKOro TUTPOBAHMS OIPEACIIIEMOE BELIECT-
BO pearupyer ¢ TUTPAHTOM, KOTOPBIA MPOU3BOJUTCS B KYJOHOMETPUUYECKON
AYEHKe MOCPEICTBOM 3JIEKTPOJIM3A CIIELHAIBHO MOJ00OPAaHHOTO pacTBOpA.
KynonoMerpuueckoe TUTPOBaHUE MTPOBOJAT MIPHU MOCTOSTHHOM TOKE.

Kynonomerpuyeckre MeToipl OCHOBaHbI Ha 3akoHax Papanes. Heobxo-
JMMBIM YCJIIOBUEM KOJIMYECTBEHHOTO onpezeneHus spisiercss 100%-1 BpIxon mno
TOKY. BBIXOJl IO TOKY OIpenesnsercsi OTHOIIEHHEM KOJMYECTBa BEILIECTBA, BbI-
JEITUBIIETOCS B IMPOLECCE AIIEKTPOIN3a, K TEOPETUUECKOMY KOJIMYECTBY, BbI-
YHUCJIEHHOMY Ha ocHOBaHuM 3akoHa Dapazes. He 100%-i1 BbIXxoa 1o TOKy MO-
’KeT ObITh 0OYCIIOBJICH 3aTpaTaMH TOKa Ha TOOOYHBIE MPOLIECCHI:

1) pasznosxeHue BOJbI Ha BOJAOPOJ U KHCIOPO/I;

2) BOCCTAaHOBJICHME WJIM OKUCJIEHUE NPUMECEH, HAaIpUMEP, PACTBOPEH-
HOT'O B BOJIE KHCJIOPOJa;

3) peakius ¢ y4aCTUEM MPOAYKTOB AJIEKTPOJIN3A;

4) peakuus ¢ y4aCTUEM MaTepHaia 3JIeKTpojia (OKUCICHUE PTYTH U Jp).

[Ipu npoBefeHUM KyJOHOMETPUYECKHUX OIPEACIICHUA HYKHO Mpeny-
CMOTpETH Bce ycinoBus, odecneunBatomue 100%-ii BBIXO IO TOKY, KOHTPOJIb
pH, BBIOOp 271€KTPOJOB, pa3fesieHue KaTOJHOIO U aHOJHOTO IIPOCTPAHCTBA.

KysioHoMeTpusi Ipy KOHTPOJMPYEeMOM NMOTEHUMAJIE 3JIeKTPoa

MeTton COCTOMT B NPOBEIEHUU 3JIEKTPOJIM3a PACTBOPA, COAEPIKALLErO
OIpENENsIEMOE BEUIECTBO MTPU MTOCTOSIHHOM 3apaHee BHIOPAHHOM MOTEHILIUAIIE
pabouero snekrpoaa. lloTeHmuman paGodero 3J€KTpoJa YCTAHABIUBAIOT
C TIOMOIIIBIO MOJSPU3AIIMOHHON KpuBO (KpuBas 2, puc. 4.4) B o0nactu, rje
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JOCTUTAeTCsl MpeAesbHbI TOK. B KynoHomeTpuueckoil sueiike (puc. 4.10)
TPH SJIEKTPOAA:

a) pabouwuit snexrpon (Pt, Hg u ap.), moTeHmuan KOTOpOro KOHTPOJIH-
pyeTcsi MIOTEHLIUOMETPOM;

0) SJeKTpOj CpaBHEHHMs (HAC.K.3. U Ap.);

B) BCIIOMOTaTeabHbIN AekTpos (Pt).

Harmpsixkenue ¢ ucTouHuka nutaHus (aKKyMmyssiTopHOUM Oartapeu /) dye-
pe3 AeNUTENb HANPSKEHUS (IEPEMEHHOE CONMPOTHUBIIEHUE 2) MOJAETCA Ha pa-
O0oumuit d7MeKTpoa 4 KyJTOHOMETPUYECKOW SYEHKU 6, Tyna K€ IMOMEIIaeTcs
anekTpoA cpaBHeHHs 3. KolnuecTBO M3pacxoJ0BaHHOTO 3JEKTPUUECTBA U3-
MepsieTCsl KyJOHOMETPOM 7. DIEKTPOJHbIE MPOCTPAHCTBA pabOYero u BCIIO-
MOTraTeIbHOTO 3JEKTPOJOB pa3fiesieHbl. KOHTaKT MeXy HUMH OCYILECTBIIS-
€TCs Uepe3 MOPUCTYIO MEPETOPOAKY.

KonuuecTBo 3ieKkTpuuecTBa, M3pacXOAOBAHHOE Ha MPOTEKAHUE DSJIEK-
TPOXMUMHUYECKON PeaKIiU, MOXKET ObITh U3MEPEHO C MTOMOIILI0O HHTEIPATOPOB
TOKa WJIM KYJIOHOMETPOB, a TAKXKE OMPENIETICHO PACUETHBIM MyTEM U3 3aBH-
CUMOCTH CHJIbI TOKa OT BPEMEHU MPOBEACHHUSI DIIEKTPOIN3A.

[Tagenue cuibl TOKa CO BpEMEHEM U3 MEPEMEIINBAEMOT0 PacTBOpa MOJ-
YUHSETCS HKCIIOHEHI[UATBLHOMY 3aKOHY:

I =Ie ™, (4.22)

rae [, — cuina Toka B MOMEHT BpeMEHH #; [ — cuijla Ha4yalbHOTO TOKA; k — KOH-

CTaHTa, BKJtouatomas kodgduiueHT nuddy3un, miomnaab JeKTpoaa u ap.

KoHer peaknuy BOCCTaHOBIICHHUS OOBIYHO (DUKCHUPYETCS IO MpeKpariie-
HUIO0 U3MEHEHHS CHIIBI TOKA B TEUCHHE HEKOTOPOTO BpeMeHH (KOoraa TOK J0C-
turaet 0,1 % cBoero HawanpbHOro 3HayeHus). KoiamdecTBo snekTpuyecTBa
OTIPEAETISIOT TpaUISCKH TIO0 TUTOIIAAN TIOT KPUBOW [-1:

O=|ldr. (4.23)

[TpuHIMIT TEHCTBUS KYJIOHOMETpa OCHOBAaH Ha TOM, YTO Yepe3 MOCIIe0-
BaTEIbHO BKJIIOYCHHBIH MPUOOP B IIEMHM MPOTEKAeT TAKOW K€ TOK, KaKOW
MIPOXOJIUT YePe3 aHAIU3UPYEMBIN PacTBOp, U, CIEJOBATENBHO, 32 HEKOTOPHIN
MIPOMEKYTOK BPEMEHU Uepe3 aHAJIU3UPYEMbIid PaCTBOP U Yepe3 KyJIOHOMETP
MPOWJIET OJTHO M TO K€ KOJUYECTBO JJIEKTpHuecTBa. B mocnemoBarenbHO
BKJIIOUYEHHOM KysnoHoMeTpe co 100%-M BBIXOJOM MO TOKY MPOTEKAET XOpO-
110 U3BECTHAS JICKTPOXUMHUUYECKAS PEAKITUS, U U3MEPEHHUE KOJIMUECTBA DJICK-
TPUUYECTBA CBOJMUTCS, TAKUM O0pa3oM, K ONPEAETECHUIO KOJIMYECTBA BEIIECT-
Ba, TIOJyYEHHOTO B Pe3yJIbTaTe 3TOTO MpoIiecca.

B 3aBucumocty 0T croco0a u3MepeHHsl KOJINYecTBa BEIIeCTBa B KyJIO-
HOMETpPE Pa3IuvaroT Ta30BbIC, JJICKTPOTPaBUMETPHUCCKHUE, TUTPUMETPHYIC-
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CKHE U JPYTue KyJOHOMETPHI. B ra3oBbIX KyJIOHOMETpPAX OMPEALSIOT 00beM
ra3a, BBIJICIUBLIETOCA B PE3YJbTAaTe€ AIEKTPOXUMHUYECKOTO IMpoLecca.
B snekTporpaBUMETpUYECKUX KYJOHOMETpaxX OIpeNesieTcsl Macca BbIJIEINB-
mierocs BemiectBa. Hampumep, B MEHBIX KYJIOHOMETpAaX HAaXOJSAT Maccy Me-
TAJTMYECKON Me/IM, BBIACTUBIICHCS MPH ANIEKTpoiu3e cynbdara meau. Onepa-
IIUIO B3BEIIMBAHUS KATO/A C BBIACTUBIICHCS MEIbI0 WHOT/A 3aMEHSIOT aHOJ-
HBIM PAaCTBOPEHHEM METaJlIa C ATOTO AJIEKTPOJa MPH MOCTOSIHHON CHile TOKa
Y pacCUUTHIBAIOT Maccy BellectBa 1o 3akoHy Dapanes (ypaBHenue (4.20)),
3Hasi BpEMsI pACTBOPEHUS U CUITY TOKA.

©,

Puc. 4.10. Cxema ycTaHOBKU AJIsl IOTEHIIMIOMETPUUECKON KYJIOHOMETPHUU:
/ — UCTOYHMK NWTaHHUA; 2 — NEPEMEHHOE CONPOTUBJIEHHE; 3 — DBJIEKTPOJ CpPaBHEHMS;
4 — pabouuii AMEKTPOI; 5 — BCIIOMOTATEIBHBIM 3JIEKTPOI; 6 — KyJIOHOMETpUYECKas s4eii-
Ka; 7 — KyJIOHOMETD

MeTtona npsIMOi KyJIOHOMETPUHU UCTIOJIB3YIOT: IIPHU BBIICIICHUN METAIIJIOB
Bi, Co, Cu, Ni, Pb u np. na Hg nnu Pt snexrponax; onpeaeneHuyn MeTaIoB

3+ 2+ _ _
0 M3MEHEHUIO cTenenu okucnenus: Feo — Fe™ ; nmpu oxucnenuu C1 | Br |
I u CNS Ha cepeOpsSHOM DIIEKTPOJE U T. 1.

Kyaonomerpuueckoe TUTPOBaHHE

B kynoHOMeTpHUYE€CKOM TUTPOBAHUU MPU MOCTOSHHOM TOKE B AJIEKTPO-
xumuueckoil peakunu co 100%-m BBIXOJIOM IO TOKY MOJIYYaeTCs PEareHT,
KOTOPBIN 3aT€M BCTYIMAET B XUMHUYECKYIO PEAKIUIO C OIpE/IeieMbIM Bellle-
CTBOM (Kak Obl OTTUTpPOBBIBAET €ro). Hampumep, npu omnpeaeneHund BoccTa-
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HOBUTEJIEH (szog‘, Asog_) B pacTBOp n00aBisitoT u30bITok K I u mpu mo-
CTOSSHHOM TOKe MPOBOJAT 3neKkTposn3. Ha anone Boinensercs 1,, KOTOpbIii

B3aUMOJICUCTBYET C OINPEAEISIEMbIM BOCCTAaHOBUTENEM. TOUYKY 3KBHBAJICHT-
HOCTH (T. €. MOSIBJICHHE MaJIeHIIero n30biTka peareHTa) GUKCUPYIOT pa3ind-
HBIMH METOJIaMH:

a) C IMOMOIIbI0 XUMUYECKUX NHAUKATOPOB (KpaxMai B CIIy4ae C HOJIOM);

0) DMEKTPOXUMHUYECKHMMH METOJaMHU (aMIEepOMETpUsi WU TMOTEHIIHO-
METpHs);

B) CIEKTPOPOTOMETPUIECKUMHU METOIAMH.

KonmuecTBo ompesenseMoro BemecTBa HaxoAaT Mo 3akoHy Dapanes
(ypaBHenue (4.20)), rae ¢, — BpeMs dJIEKTPOJIN3a 10 JOCTUKEHUS TOUKH K-

BUBAJIEHTHOCTHU. [I0CKOJIBKY BpeMsI M TOK MOYKHO U3MEPATH C OYEHb BBICOKOM
TOYHOCTBIO, TOYHOCTh BCETO METOJa 3aBHCUT OT (PMKCALUU SKBUBAICHTHOM
TOYKH.

AHOJIHOE M KaTOJHOE MPOCTPAHCTBA B SIYEMKE PA3AEISAIOT TOPUCTON Tie-
PErOpOJIKON, YTOOBI MPOAYKTHI JIEKTPOIN3a HE PEarupoBaivd MEXKIY COOOM.
OOBIYHO MPOBOAST TUTPOBAHHWE C BHYTPEHHEH TeHepaluel peareHra, T. €.
HETMOCPEACTBEHHO B aHAIM3UPYEMOM pacTBope. OQHAKO B HEKOTOPBIX CllyYa-
AX KeJNaTeNIbHO, YTOOBI 3JIEKTPO/Ibl HE KOHTAKTUPOBAJIA C pACTBOPOM — TOT'/1a
MIPUMEHSIOT BHEIIHIOK T'€HEPALNIO peareHTa. TUTpaHT MoJy4yaroT B OTAENb-
HOU 3JIEKTPOJINTHYECKOUN SYEHKE U 3aTEM NPWIMBAIOT B COCY. Il TUTPOBA-
Hus. HarpuMep, KyJIOHOMETPUUYECKOE ONIPEACIIEHUE KUCIOT OCHOBAHO Ha re-

HCPHUPOBAHUU OH -uonosB IIpu SJICKTPOJIU3C BOJBI. Ha KaToAC IMPOUCXOIUT
BOCCTAHOBJICHHUC BO/JbI:

2H,0+2e=H,+20H",
d Ha aHOJI€ €€ OKHCIICHUC:

2H,0 =0, +4H" + 4e.
o +
YroObl HE NOMYCTUTH ciaydyaiiHOro momagaHus noHoB H w3 aHomHoro
IIPOCTPAHCTBA B pabouuii 00bEM, NPUMEHSIOTCS SYEHKH C BHEIIHEH I'eHepa-

mued OH -uonHos.

Kynonomerpuueckoe TUTPOBAaHME HMEET HEKOTOPBIE MNPEUMYIIECTBA
nepes; OOBIYHBIMHA THUTPUMETPHUYCCKHUMH METOJAaMH — pabouyuii pacTBOp B
TOM METOJI€ HE TOTOBIT U HE CTAaHAAPTU3UPYIOT: TUTPAHT T€HEPUPYETCS
ANEKTPOXUMHUYECKH HEMOCPEJICTBEHHO B MPUCYTCTBUU AHAIU3UPYEMOTO Be-
IIECTBA U B KOJUYECTBE, HEOOXOAMMOM TOJIBKO JUIsl JAHHOTO TUTPOBAHMS.
OTO JaeT BO3MOXKHOCTh HMCIOJIb30BaTh JJII TUTPOBAHUS MajlOyCTOMUYUBBIC
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WJIU JIETKOJIETyure BeliecTBa, Takue kak Cly, Bry, win coenunenus Cu (1+),
Cr (2+), u 06xonuThCs B paboTe HEOOMBIIMMI HABECKAMH BEIIECTBA.

B xynoHOMeTpUYECKOM TUTPOBAHUU UCTOJB3YIOT XUMHUYECKUE PEAKIIUU
CaMOro Pa3JIM4YHOr0 THUIIA: KUCIOTHO-OCHOBHOTO B3aMMOJICUCTBHUSA, OKHUCIIE-
HUSI-BOCCTAaHOBJICHHUS, KOMILIEKCOOOpa30BaHusl, OCakIeHUs. MOXHO ormpe-
JIESITh HEOPTAaHUYECKUE U OPTraHUYECKHE BEIIECTBRA.

Kynonomerpuyeckuii METO| MO3BOJISIET OMPEACIISATh OY€Hb HEOOBIIIOE

COJIEpKaHKe BEIecTBa (10 1-10° MOJIB/JT) ¢ BBICOKOM TouHOCTBIO (0,05-0,1 %).
Kymnonomerpusi xapakTepusyercsi BBICOKOH CEJIEeKTUBHOCTHIO, MO3BOJISISI OTI-
penensaTh MHOTHE BEIIECTBA B pacTBOpe 0€3 MpeaBapUTEeILHOTO XMMHYECKO-
ro pazuencHus. KyioHomerpudeckuii anann3 He TpeOyeT Kakoi-mndo mpe-
BApUTEIBHOW TPATYyUPOBKH H3MEPUTEIBHBIX MPUOOPOB IO KOHIIEHTPAIUU
WJIM TIOCTPOCHHUSI TPATYyUPOBOYHBIX TPAPUKOB.

4.8. Konnykromerpus

KoHaykTomMeTprueckuii MeTo/l aHaIi3a OCHOBAH HA WU3MEPEHHUH YIIENb-
HOM 3JIEKTPONPOBOAHOCTH aHATU3UPYEMOTO pacTBOpA.

Dnexmponpo8oOHOCMbI0 HA3BIBAIOT BEJIUYHMHY, OOpaTHYIO dJIEKTpUYe-
CKOMY comnpoTuBiieHHI0 R. Eqununieit usmepeHus: 3JaeKTpOnpOBOAHOCTU SIB-

asiercst cumerce (Cm) uim Om . PacTBOpPBI 3JIEKTPOIUTOB, SABIAACH IIPOBOJ-
Hukamu Il pona, nogunsstores 3akony Oma. Ilo aHamoruu ¢ conpoTHUBIEHU-
€M IIPOBOJHUKOB | posa conpoTuBiieHHE pacTBOpa MPSAMO IPOIIOPLIUOHAIBHO
PacCTOSHUIO MEXKY JIEKTpoJaMu d U 00paTHO MPONOPLHOHAIBHO IIOLIAAH
UX IIOBEPXHOCTH A:

d
R=p— 4.23
P (4.23)
e p — yaenpHoe conporusierue ,Om-cM. [Ipud = 1 cMmu 4 = 1 cM” nme-

eM R = p, clieoBaTeNbHO, YIEIbHOE CONMPOTUBICHUE PABHO COIPOTUBIICHHUIO
I cM™ pacTBOpa.

Benuuuny, oOpaTHyl0 yJIE€IbHOMY COINPOTHUBIICHHUIO, HA3bIBAIOT )Oelb-
HOU 3]IeKMPONPOBOOHOCbIO!

P (4.24)

VY nenbHast 3MeKTPOnPoBOIHOCTH (CM - CM_l) YUCJIEHHO paBHA TOKY ( A),
MPOXOSUIEMY YEPE3 CIOW PACTBOPA C MONEPEYHBIM CEYEHUEM, PABHBIM €/1U-
HHUIIE, O] ICHCTBUEM IpaiM€HTa TOoTeHIHala | B Ha equHUIly JUIMHBI.

DJIIEKTPONPOBOJHOCTh Pa30aBICHHBIX PACTBOPOB 3JIEKTPOIUTOB 3aBUCUT
OT YHKCJia MOHOB B pacTBoOpe (T. €. OT KOHLUEHTPALIMH), YUCTIA IEMEHTAPHBIX
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3apsI0B, MIEPEHOCUMBIX KKIBIM HOHOM (T. €. OT 3apsijia HOHa), U OT CKOPO-
CTH JIBIDKCHHS OJMHAKOBO 3apSUKCHHBIX MOHOB K KaTOMy WM aHOIY ITOJ
ACUCTBHEM dJICKTpUUECKOTO ToJs. C yuyeToM Bcex ITHX (PaKTOPOB AIIEKTPO-
MPOBOJSIIME CBOWCTBA HWOHOB XapaKTEePHU3YIOT O9KGUBANEHMHOU UOHHOU
1eKmponpogooHocmuio (noosudichocmsro). OHa paBHA MPOU3BEICHUIO a0-
COJIFOTHOW CKOPOCTH JBWIKEHHUS MOHA Ha KOHCTaHTy Dapajnies U uMeeT pas-

MEPHOCTh CM- oM /Moib. T10 SKBUBAIEHTOM 3/1€Ch [OJpa3yMeBaeTCs yac-
TULIA C €IUHUYHBIM 3apsI0M, HAIpUMEpP K+, Cl, 1/2Mg2+, 1/3 A,
OKBUBAJIGHTHAS 3JIEKTPOMPOBOJHOCTH (TIOJBMKHOCTH) YMEHBIIACTCS
C TIOBBIIIEHUEM KOHIEHTpauuu pactBopa. [Ipy MOBBIIEHHH KOHUEHTPALUH
ANEKTPOJINTA YBEIUYMBACTCS HOHHAs CUJIA, U CKOPOCTh JBUKEHUS HOHOB
YMEHBIIAETCS 34 CUET MEKUOHHBIX B3auMOJIecTBUM. [Ipu HyJI€BOM KOHIIEH-
Tparuu (6eckoHeuHOe pa30aBiieHHE) MOABUKHOCTH HOHOB CTAHOBSTCS TIO-
CTOSIHHBIMA W MAaKCHUMAJIbHBIMU M 3KBHUBAJICHTHAs  AJIEKTPONPOBOJAHOCTD

pacTBOpa 3JIEKTPOJIUTA A0 mpu OECKOHEYHOM pa30aBJICHUHM paBHA CyMMeE
MOIBYDKHOCTEN NOHOB
0 0 0
A=A A (4.25)

OTHECEHHBIX K EIMHUYHOMY 3apsiay.
3
Tak kak nIpv KOHLUEHTpAIMH IeKTpoauTa 1 Moib/n1 B 1 cM™ conepKut-

e 1107 MOJIb, TO YJ€JbHAs U 3KBUBAJICHTHAS AJIEKTPOIPOBOJIHOCTD 3JIEK-
TPOJIUTA CBSA3aHbI COOTHOIIEHUEM

-3
® =110 “¢cA (426)

H, CJICOOBATCIbHO, YIACJIbHAA JJICKTPOIIPOBOAHOCTDL, OIIPCACIIsACMAad
CYMMOﬁ BKJIaJI0B BCCX MOHOB, paBHA

_1.1073
2 =1-10"4/dTie 4.27)
rae ¢; — KOHUOCHTPpaluAa I-TO HOHa, MOJ'IB/JI; }\‘i — OKBHUBAJICHTHAA 3JICKTPO-

. 2
MPOBOJIHOCTH i-TO MOoHa, CM-CcM” (MOJB); A — TUIOIIAAh MTOBEPXHOCTH DJICK-
2
TPOJIOB, CM ; d — PACCTOSIHUE MEXKY JIEKTPOIaMH, CM.
Bennuuuel A;, MoMydeHHBIE 3KCTPAIOJAIMEH MPH OCCKOHEYHOM pa3-

0aBJIEHUU U OTHECEHHBIE K OJIHOMY 3apsly, MPUBOISITCS B CIIPAaBOYHBIX Ta0-
JTULAX.

DIEeKTPOINOBOIHOCTh PACTBOPOB 3aBUCUT OT TEMIIEPaTyphbl U YBEIHYH-
Baercs Ha 1-2 % npu noBslieHnu temneparypsl Ha 1 °C, moaTomy m3mepe-
HUSL PEKOMEHAYETCS MPOBOJIUTH B TEPMOCTATUPOBAHHOM sSTUEHKE.

VYenpHast 3JIEKTPONOBOIHOCTh U M3MEPEHHOE aKTUBHOE COIPOTHUBIIE-
HUE CBS3aHbI COOTHOIICHUEM
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L (4.28)
MOATOMY HYKHO 3HATh KOHCTaHTY sueiku 6. Ee MoxHO ompenenuTs, u3Me-
pPUB CONPOTHBIIEHHWE PACTBOpAa C WU3BECTHOM YJNETBHOM 3JIEKTPOIPOBOIHO-
cThio, Hampumep pactBopa 1,0 moms/m  KCl, mis koroporo mpu 18 °C

% = 0,09827 Cu - oM

Paznuuarotr npsawyto u KoceéeHHy0 KOHOYKMOMempuio, I KOHIYKTO-
METPHUUYECKOE TUTPOBAHUE.

I[IpsiMasi KOHAYKTOMETPHUS MAJIO IPUMEHSETCS B AHAIIUTUYECKOU XHU-
Mud. [IprumHa 3TOTO B TOM, YTO JIEKTPOIPOBOJHOCTD SIBIISETCS BEIUYMHON
aJAUTUBHON W OIIPENENAETCs MPUCYTCTBUEM BCEX MOHOB B pactBope. lIps-
MBbI€ KOHIYKTOMETPUYECKNE U3MEPEHHUs UCIIONB3YIOT I KOHTPOJIS Ka4ecT-
Ba BOJbl, IPUMEHIEMON B XUMUYECKOH J1aDOpaTOpHH, U COBPEMEHHBIE yCTa-
HOBKH I IEPETOHKH WM JEMUHEPAIU3ALMU BOJbI CHA0KAIOTC KOHAYKTO-
METPUYECKUMHU JAaTYMKaAMU — KOHAYKTOMETpPAMH Il U3MEPEHUS YAEIbHON
ANEKTPONPOBOJIHOCTH PACTBOPOB. J{E€TEKTOPHI MO 3JIEKTPONPOBOJIHOCTU IIPH-
MEHSAIOTCS B MOHHOM XpoMaTtorpaduu.

JIns KOHAYKTOMETPU4YECKOr0 THUTPOBAHMUSA IPUTOJHBI KHUCIOTHO-
OCHOBHBIE WJIH OCaJUTEIbHbIE PEAKIIH, COIIPOBOKAAIOIINECS 3aMETHBIM U3~
MEHEHUEM 3JIEKTPONPOBOAHOCTU BCIIEJCTBUE OOPA30BaHUS MaJlOJAMCCOILUU-
PYIOIUX WK MajJOpacTBOPUMBIX COECIUHECHUM.

s nmpumepa pacCMOTPUM KOHIYKTOMETPUYECKOE TUTPOBAHUE CHUIIb-
Ho#l kucinotel HC1 cunbHBIM OocHOBanueM. [1lo mMepe moOaBieHUs TUTpaHTa
NaOH B aHanu3upyeMmblil pacTBOp yHAelbHas 3JEKTPONPOBOAHOCTh HAYHET
PE3KO CHUXKAThCS, T. K. HOHBI BOAOPOJa OYIyT 3aMeEIIaThCsa ropas3io MEHee
MOJABWKHBIMU MOHaMH HaTpusl. [locie Toro kak Bcst KUcCioTa OyIeT OTTUTPO-
BaHA, YJIEJIbHAS AJIEKTPONPOBOJIHOCTh HAYHET ITOBBIIATHCA 3a CUET MOSBJIE-
HUS U30bITKA THIPOKCUA-UOHOB. Bocxozsiias BeTBb Ha KPUBOM TUTPOBAHUS
00yCJIOBJIEHa CYMMAapHOM 3JE€KTPONPOBOJHOCTbIO MOHOB HATPUSl U THUIPO-
KCUA-UOHOB. TouKa nepecedyeHrs] COOTBETCTBYET KOHEYHOM TOYKE TUTPOBa-
Husl. HecumMMeTpu4HOCTh BeTBE 00ycClOBIeHAa pa3inyueM B MOJBHKHOCTSIX
ronos H' n OH.

K nocronHcTBam MeTona KOHAYKTOMETPUYECKOTO TUTPOBAHUS OTHOCUTCS
BO3MOKHOCTh BBICOKOTOYHBIX M3MEpPEHMI Jake B OYCHb Pa30aBJICHHBIX pac-
TBOpax. B TepMocTaTMpOBaHHOW SYEMKE MOTPEIIHOCTh IS 1-10" moms/n
pacTBOpoOB He mpeBbiacT 2 %. B oTnnune oT TATPUMETPUN C BU3yalbHBIMU
MHJIMKAaTOpaMH KOHIYKTOMETPUYECKOE TUTPOBAHUE IMPUTOIHO ISl aHaIu3a
OKpAIIIEHHBIX WJIM MYTHBIX pacTBOpoB. I'paduueckuii cmocod HaXOXKIACHUS
KOHEYHOM TOYKM TUTPOBAHUS MO3BOJIAET M30€kKaTh TPYIHOCTEN, BO3ZHUKAIO-
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X HM3-32 3aMEJICHUs peaKIMy BOJHM3M KOHIIA TUTPOBAHUS U CHIIKAIOIIMX
TOYHOCTh (PUKCHPOBAHUSI KOHEUHON TOUKHM. MHOrga ¢ momoipo KOHIYKTO-
METPUYECKOT0 TUTPOBAHMS MOXHO IMPOBOAUTH IMOCIEAOBATEIBHOE OIpELE-
JIEHWE KOMIIOHEHTOB CMECH, HAIPUMEP MOKHO TUTPOBATh KHUCIIOTHI C pa3iiu-
YaIOIUMUCS KOHCTAaHTaMHU.

KoHcTpykiun u3mMepuTeNbHbIX STUeeK BechbMa pazHooOpasHbl. B npsamoi
KOHJYKTOMETPUU OOBIYHO MPUMEHSIOT SUEUKH C KECTKO 3aKpeIUIEHHBIMU
B HUX DJIEKTpOJaMU. B MeTonax KOHIyKTOMETPUYECKOTO TUTPOBAHMS 4acTO
WCIIOJB3YIOT TAK HA3bIBAEMBIE IOIPYKHBIE JJIEKTPOIBI, MO3BOJAIOIIKE IIPO-
BOJUTH TUTPOBAHUE B JIFOOBIX COCY/IaX, B KOTOPHIX MOXHO Pa3MECTUTh AJIEK-
TPOJBL.

B KOHAZYKTOMETPUYECKOM TUTPOBAHUH MOTYT OBITH HCIIOJIb30BaHbI BCE
TUTIBl XUMUYECKUX PEAKIIUM.

CunpHble U cnaOble KUCIOTHI TUTPYIOTCS IENOYbIO MPU JOCTATOYHO

MaJbix KoHIeHTpanusx (1o 10~ moinb/im). MoryT ObITh ONpeaeneHbl TaKXKe
CHJIbHBIC U CJIa0ble OCHOBAHMS, CMECH CJIA0BIX KHCIJIOT, CMECH CIa0BIX OCHO-
BaHMMH, a TAK)KE CMECU KUCIIOT I OCHOBAHUM C COJISIMU CIA0BIX KUCIOT WIIH
c1a0bIX OCHOBaHUM.

MeTo0oM KOHIYKTOMETPUYECKOIO TUTPOBAHUS OMPEACISIOT MHOTHUE Ka-

THOHBI ¥ aHuoHbl. Hampumep, mnst onpenenenus Cl, Br, I, CN, VO3,

C 2042[ U IPYyTUX aHHOHOB UCIOJIB3YIOT B KAYECTBE TUTPAHTA HUTPAT cepedpa.

Konnykromerpuueckoe TutpoBanue pactBopoM S TA nmpumeHstoT as

3¢ 24 2 24 o 2F 2+ 2+ 2+ 2+
onpenenenust Fe” ,Cu” ,Ni° ,Co ,Zn ,Pb ,Cd ,Ca ,Mg wu apyrux

KaTUOHOB.
[IInpokre BO3MOKHOCTH OTKPBIBAET MCIOJIb30BAHUE HEBOJHBIX PAaCcTBO-
puteneit: auMmetrwiopmamMuia, areToHa, JEASHOW YKCYCHOW KHCIJIOTHI.
B nensHON yKCYCHOW KHCIIOTE, HallpUMEp, ONPEICISIOT AJIKAJIOU/bI, aHTU-
OMOTHKH U IpyTHE MPOTYKTHI (hapMarieBTUIECKON TPOMBIIIIEHHOCTH.

KongykromeTpuueckne MeTObl XapaKTEepU3yIOTCS BBICOKOM JKCIIpece-
HOCTBIO, MPOCTOTON M JAOCTATOYHOM TOYHOCTHIO (ITOTPEIIHOCTHh COCTaBIISIET
1-2 %, Tipu cOOJIFOICHUH CIIeNIUATBHBIX YCIOBUN OHA cHUXaeTcs 110 0,2 %),
BO3MOYKHOCTBHIO aBTOMATH3allMM W JUCTAHIIMOHHOIO yrpaBieHus. OrpaHu-
YEHHEM METOJIA SIBJIIETCA HU3Kasl CEJIEKTUBHOCT.

OCHOBHBIM JOCTOMHCTBOM METOJA BBICOKOYACTOTHOTO THUTPOBAHHUS SIB-
JII€TCSl BO3MOYKHOCTh aHaJIW3a JII0OBIX arpeCCUBHBIX Cpell, TaK Kak 2JIEKTPO-
Ibl C aHATU3UPYEMBIM PACTBOPOM HE CONPHUKACAOTCS, HAIPUMEP, X MOXKHO
MMOMECTHUTH C HAPYKHOM CTOPOHBI TPYOOIIPOBOIA.

[IpsiMmoe u3MepeHue IMEKTPUIECKON MTPOBOJUMOCTH SBIISIETCSI Haubouiee
7 (HEKTUBHBIM METOJIOM KOHTPOJISI Ka4eCTBA TUCTUIUIMPOBAHHOMN BOJIBI B Jia-
OopaTopusx, TEXHUYECKON BOJBI B TaK HA3bIBAEMBIX TOHKUX XUMHUYECKUX
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uiu  (papManeBTUUECKUX MPOU3BOJACTBAX, B TEXHOJOTMH BOJOOYUCTKU H
OIICHKE 3arpsi3HEHHOCTH CTOYHBIX BOJ U T. 1.

MeTtoapl NpsAMON KOHIYKTOMETPUM TAKKE UCIIOIB3YIOTCS I KOHTPOJIS
KayeCTBA PA3JIMYHBIX MTUIIEBBIX TPOAYKTOB.

4.9. Ilpumepsl penieHUs1 TUNOBBIX 32124 B 3JIEKTPOXUMHUU
IoTeHUMOMETPHUSA ¥ MOTEHHIMOMETPUIECKOE TUTPOBAHUE

3agauya 1. BeuucauTh KOHIEHTPAIMIO HOHOB cepedpa B pacTBOpE, ec-
JU TOTEHIIUANl CEepeOpSHOTO 3JIEKTPOJa, OMYIIEHHOTO B HACHIINICHHBIA pac-
TBOp xJjopuna cepedpa, paBeH 0,518 B oTHOCHUTENHHO BOJOPOIHOTO DJICK-
Tpona, t =18 °C.

Pemenmne. [loTeHunan cepeOpsHOTO 3IEKTPOa paBEH

E=E° —o,osslg[Ag+].

Jlnst cepebpa E° =0,800 B (Tabiuunble JaHHBIE).
Otcrona

lg[Ag“L} _ -0,800+0,518 4,873

0,058
[Ag+] ~107*873 21,34.107° moms/x.

3agaya 2. OnpenenuTs NOTEHIMAN XWHTHAPOHHOTO JJIEKTPOAA INPH
tutpoBaHuu 0,1 Moib/11 pacTBOpa ykcycHo# kucinotsl 0,1 Mosb/i1 pacTBOpoM
NaOH B TOuke SKBHBAJIEHTHOCTH. B KauecTBe a3leKTpoJa CpaBHEHHUS HC-
MOJIB3YETCsl KAJIOMENbHBIA AJIEKTPOJ ¢ KOHIEHTpauue 1 mMoinb/i, Temnepa-
typa 20 °C. YuecTb pazbaBieHue pacTBopa.

Pemenne. [loTeHIIMaI XUHIMAPOHHOTO 3JIEKTPOA PABEH

E= E)(().r.a —0,058pH — £, 1 5,
rue Ey ., — CTaHAApPTHBIN MOTEHIUAT XUHTHIPOHHOTO 3IIEKTPOJA, PABHBIN
0,703 B; E, , — NOTCHUMAI KaJOMEIBHOIO 3JeKTpoja, pasHbil 0,284 B

(tabnuunble nanHsie pu 20 °C). B Touke skBuBasnieHTHOCTH pH anerara Ha-
TpHsI pacCUMTHIBAETCA 1O (hOpMyIie AJisi COIH, 00pa30BaHHON caboN KUCIIO-
TOU U CHIIBHBIM OCHOBAaHUEM:

pH=7+12pK,+ 12lg C.=8,7 .

Konnenrparnus conu npunsra ¢ yuerom pazodasienus 0,05 Moib/i1; 3HaueHHne
pK =4,76.
OTtkyna
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E=0,703 -0,058 - 8,7 - 0,284 = —-0,085 B.

3apaua 3. Onpenenutsh koHueHTpauuto NaCl B pactBope (r/n), eciu
MpH MTOTEeHIIMOMeTpudeckoM TutpoBanuu 20,0 M 3Toro pacteopa 0,2 MOIb/1

pactBopoM AgNO3 NOTYyYUIIN CAETYIOMINE PE3YIIbTATHI:

V (AgNO3), M1 15,0 | 20,0 | 22,0 | 24,0 | 24,5 | 24,9 | 25,0 | 25,1 | 25,5

E, MB 307 | 328 | 342 | 370 | 388 | 428 | 517 | 606 | 646

Pemenne. Ctpoutcs rpaduk MNOTEHIMOMETPUYECKOTO TUTPOBAHUS

B koopauHarax E (MB) — V(AgNO;3), min. U3 rpaduka HaxoauTcs SKBUBa-
JICHTHBIM 00BEM THTpPAaHTAa HUTpaTa cepeOpa, 3aTpauyeHHBI Ha TUTPOBAHUE

xynopuna Hatpust: Vi ,(AgNO3) = 25,0 mu. Y3 3akoHa 3KBUBAJIEHTOB Paccyu-
THIBAETCSI MOJISIPHASI KOHIICHTPAIIHS SKBUBAJICHTA XJIOPH/Ia HATPUS

C,(AgNO3)-V,, 0,2-25

NaCl

C,(NaCl) = =0,25 monb /1.

JlenaeTcst mepecyeT Ha KOHIICHTPAIUIO B €AMHUIIAX U3MepeHus (I/1):
C (NaCl)=Cy(NaCl)- M, =0,25-58,5=14,61 r/x.

HNonomerpus

1. Memoo epadyuposounoco epaguxa.

KoHmieHTparuss noHa omnpeaenseTcs HEMOCPEeACTBEHHO W3 rpaduka 3a-
BHCHMOCTH TIOTEHIIMAJIa MOHOCEIIEKTUBHOTO 3JiekTpoaa (£) oT mokazarens
KOHIIEHTpaIuu ctanaaptHoro pactsopa (pC =—1g C.,).

2. Memoo 0obasox.

Pacuer xoHueHTpanuu C, HcciaeIyeMOro pacTBopa IMpOBOAAT MO (op-
MyJie

€= Cop (107 1),
X CT

rae C,, — KOHIEHTpaluusa CTaHIAPTHOIO pacTBOPa, MOJIB/I; V.. — 00beM J0-
0aBIEHHOTO CTAaHAApPTHOIO pacTBopa, mil; V. — o0beM uccieayemMoro pac-
TBOpa, MiT; AE — n3MEHEHHNE TTOTCHIINAIA MOHCEIIEKTUBHOTO AJICKTPO/Ia TTOCIIe
100aBKHU CTaHIAPTHOTO PACcTBOpA; b — KPyTHU3HA AJIEKTPOJIa WU YTIIOBOM KO-
b PULMEHT TrpalyupOBOYHOTO rpaduka sk JAHHOTO 3JEKTPOIa, HapUMep,
JUISL OTHOBAJICHTHBIX MOHOB b = (56£3) MB.

Ecnu no6aBka 3HaUMTEIHHO U3MEHSIET 00BEM HUCCIIEAYEMOTO PacTBOPA, TO
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-1
C, = CCTL{IOAE/}) _L} .
VitV Ve+Ver

3apaua 4. Hapecky oOpasma maccoit 0,2000 1, coaeprkaiiero KaJiui,
pacTBOpWIU B BoJie U 00beM JtoBeu 10 100 mi. 3aTemM U3MEPHIIU dIIEKTPO-
HbI MOTEHIMAaN KaJIUNCEIEKTUBHOIO 3JIEKTPOJA B IMOJIYYEHHOM PacTBOPE,
paBHbIii 60 MB. Berancnuts MaccoByro foito (%) kanus B 00pasiie, eciu 3a-
BUCUMOCTh TMOTEHIMANa KaJUuNUCENEKTUBHOIO 3JIEKTPOAa OT KOHIEHTPALUU
cTaHIapTHHIX pacTBopoB K cregyromas:

C (K"), mons/m | 1-107" 1-1072 1-107 1-107

E, MB 100 46,0 -7,0 -60,0

Pemenne. [1o 3TUM JaHHBIM CTPOUTCS IPaTyHpPOBOYHBINA TpaduK B KO-
opaunarax E — pC(K").

N3 rpaduka npu norenunane 60 mB onpenenserca pC = 1,75. Otkyna
Cy(K") =1,78-10* Moub/1. PaccauThIBAGTCS MAacCOBast AOJIS KA B o0pasiie
o ¢hopmyiie

o Cy -M-V-100 1,78-1072-39-100-100
1000 - n 1000-0,2000

=35%.

BoabTramnepomerpust
U MeTO/ aMIIePOMETPUYECKOI0 THTPOBAHUA

3amaya 5. BEIYHCIUTH KOHIICHTPAIIMIO MeIU (MOJIB/JT) B PaCTBOPE, €CIIH
npu aHanuze 10,0 M pacTBopa MeTOIOM 100aBOK IMOJy4YEeHA MOJIAporpadu-
yeckasi BoaHa BbicoTol 20,5 MM, a mocie qobasieHus 2,0 M1 CTaHAAPTHOTO
pactBopa ¢ koHreHTpamuer 0,05 MOIB/T BBICOTA BOJHBI YBEIUYHIACH IO
24,0 MM.

Pemenne. M3BecTHO, YTO BBICOTA BOJHBI MPONOPLUOHATbHA KOHLIEH-
Tpauuu, T. €.

h1=k‘C1; h2=k’C2,

riae h; u hy) — BbICOTA BOJIHBI JI0 M MOCJE MPUOABICHUSI CTAaHAAPTHOTO pac-
TBOpa; C| — HavYaybHasi KOHIEHTpauus Meau; Cr — KOHLIEHTpalusi MEIX I0-
cie 100aBJIeHHs CTAaHIapTHOTO pacTBOpA.
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Ecmn C.; — KOHUEHTpalMs CTaHJApPTHOIO pacTBOpa, V' — HadaJlbHbBIN

0o0beM pacTBOpa B mossiporpaduueckoit siueiike, V.. — 00beM CTaHIapTHOTO
pacTBOpa, TO KOHIICHTpAIUs T00aBKH

_ CCT 'VCT )
o0y Ly
W3 cooTHOIIEHNA
ho_ G
h}.‘[06 C/:[o6
MOJIy4aeM CIICIYIOIIEE BhIPAKECHUE:
h
C, = h—l . Cz[o 5
1100
WIIN
- Cor Ver ‘ Iy _ 0,05-2,0-20,5 — 0,487 moms/.
V+V, h—-h (10,0+2,0)-(24,0-20,50)

3apaya 6. Onpenenuth KoHIeHTparuto sxene3a (II) B uccremyemom
pacTtBope (T/mi1), eciiu pu amriepoMeTpudeckoM TuTpoBanuu 10,0 mMi 3Toro
pactBopa pactBopoM KMnOy4 ¢ T (KMnO4/Fe2+) = 0,0271 r/mn nomyuunu
CJIEIyIOILIUE PE3yJIbTAThI:

¥ (KMnOy), M 0o | 02|04 ] 06| 081 1,0 ] 12

1;, MxA 22,5 | 16,0 | 10,0 3,75 0,5 0,5 0,5

Pemienue. [lo maHHBIM aMnepoOMETpUYECKOTO TUTPOBAHUS CTPOUTCS
. 2+
rpadpuk B KoopaumHaTax: Aup@y3noHHbIi Tok okucinenus Fe™ ([;) or

V(KMnOQOy), u3 kotoporo omnpenensercss V(KMnO,) B Touke 3KBUBaJIEHTHO-
2+
ctu: Vi, =0,8 mu. PaccuutbiBaercsa macca Fe™ B pactBope no ¢opmyie

m(Fe*™) = T(KMnO, / Fe**)-V, , =0,0271-0,8=0,0217 r.

3aTeM pacCUUTHIBAETCS] KOHLICHTPAIIUS pacTBOpa:
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0,0271

T=—= =0,002710 r/™mir.
10

mn
V

DJIeKTPOrpaBUMeTPHYECKHIT aHAJIN3

3agaua 7. HaBecky cmiaBa maccor 0,3578 T pacTBOpwIM U 4epe3 Mo-
Jy4eHHbI pacTBOp B TeueHne 10,0 muHyT nmpomyckanu Tok cuioit 0,10 A,
B pe3yJIbTaT€ 4YE€ro Ha KaToJ€ MOJHOCTHIO BbIAETWIACh MeAb. OnpenenuThb
MaccoBYyIO 10110 (%) Meu B CIUIaBe, €CJIM BBIXOJ MO TOKY cocTaBisut 90 %.
Pemrenne. B coorBercTBuu ¢ 3akoHoM Dapaznes
m(Cu)= It (Cu)n
Fnl100
rae m(Cu) — macca BbIICICHHOW MeJH, T; [ — cuia Toka, A; T — BpeMs dJIeK-

>

Tponu3a, ¢; M (Cu)— MonsapHas Macca Menu, I/Monb; F — moctosaHas Dapa-

Jesl; n — YUCIIO SJIEKTPOHOB, YIACTBYIOIIUX B AJICKTPOXHUMHUYECKOM IIPOIIECCE;

N — BBIXOJI 110 TOKY, %);

~0,1-60-63,54-90
96500-2-100

MaccoBas nois (%) Meau B crijiaBe paBHa

o(Cuy = (CWI00 _ 0’%137.;00 _4.96.

m(Cu)

=0,0179r.

CIllIaBa
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HPUJIOKEHUE

Taonuna [

KoHcTaHTBI AUCCONUANHUHN HEKOTOPLIX KHCJIOT M OCHOBAHHUH

Kuciaorer
Koncranra
Haszpanue dopmyna JIMCCOLMAIIUH, pK=-lg K
KKI/ICJ‘I
Asorucras HNO, 5,1-10™ 3,29
Bensoiinast C¢HsCOOH 6,3-10° 4,20
Bopuas K| 7,1-107"° 9,15
K, H;BO; 1,8-107" 12,74
K; 1,610 13,80
MypaBbuHas HCOOH 18-10" 3,75
MbimbsikoBas K| 56-10° 2,25
K> H;AsO0, 1,7+ 107 6,77
K; 2,95- 107" 11,53
Camuumnosas K CsH4(OH)COOH 1,1 - 10° 2,97
K, 2,610 13,59
Cepuucras K, H,S0; 1,4-10° 1,85
K> 6,2-10° 7,20
CepoogopoHas K, H.S 1,0-10” 6,99
K, 2,5-10"7 12,60
CuHunbHas HCN 5,0- 10" 9,30
Vronehas K, H,COs 45107 6,35
K, 4,8-10" 10,32
VKCycHast CH;COOH 1,74 - 10 4,76
®ochopras K| 7,110 2,15
K> H;PO, 6,2-10° 7,21
K; 50-10" 12,30
SnrapHas K, H,C4H,04 1,6 107 4,21
K> 2,3-10° 5,63
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Oxkonuanue T1ao. |

OcHoBanug
HasBanue ®opmyna Kocu pK=-lgK

AMMmuaxa NH; +H,0 1,76 - 107 4,76
pacTtBop
AHWIMH C¢HsNH, + H,O 43-107"° 9,37
BensmnamuH C¢HsCH,NH, + H,0 2,1-107 4,67
I'njpasus N,H, +H,0 93-10"’ 6,03
JvsTrnamua (C,Hs) ,NH + H,O 1,2 - 291
8-OKCHUXHHOJIHH CoH-N + H,O 1,0-107 8,99
Hupunus CeHsN + H,0 1,5-10" 8,82
CeuHIa Pb(OH), 9,55- 107" 3,02
rugapokcus K

K, 3,0 7,52
Cepebpa AgOH 5,0 2,30
TUAPOKCHU]T
OTaHOJaMUH H,N (CH,),OH+H,0 1,8 - 4,75
OTHIaMHUH CH;CH,;NH; + H,O 6,5 - 3,19
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