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Bce BoapacTawlliee npuMeHeHHe B PasdHUHBIX  06JACTAX
TeXHHKN MHAWUBHAYAJbLHEIX peAKo3eMe/bHLIX 3sJementoB (P33)
Tpebyer OLICTPOro M TOYHOrO oOnNpeleleHdHss HX B cMecH APYr
¢ apyrom, XuMHYeCKHe METO[bl aHAMNH33, BCJAEACTBHe GJIH3OCTH
cpoficts HOHOB P33, 06YyC/JOB/eHHOH OJHHAKOBLHIM CTPOCHHEM
HX BHEIIHel 3JIEKTpOoHHOH o060J0YKM, HAXOOAT OrpaHHYeHHOe
npHMeHeHHe — rJaaBHLIM 00pasoM A4 BLIAEIEHHA H ONpejene-
A cymmbl P33. HauGoubilee pacnpoctparenne MOJyduam on-
THYECKHEe MeTOAbl aHa/H3a.

B mowsorpaduu BnepBbie CHCTEMATHUECKH ONHCAHLI CIEKT-
poOoTOMETpHYECKHEe  METOALl  ONpefefeHHs  HHIHBHAYAJIbHBIX
peaKo3eMesbHEIX  3JEeMEHTOB, OCHOBAHHLIE Ha HC0Jb30BaHHH
CNEeKTPOB TMOMVIOLULEeHHS, JIOMHHECHEHIHH HoHOB P33, uaayuenus
3/1eMEHTOB B mJaMmeHu. ll3ajnokeHml Bompockl TeOpHH Merojd,
OMICaHa MpUMeHseMas annapatypa, NpPHBEJAeHEl MHOrOUYHC/eH-
HBle MeTOAHKH OITPQREJICHHF[ 5JeMeHTOB B CME@CH OKHCJ0OB H B
apyrux obbekrax. OcoGoe BHHMaHHe YJAeJseTc HCNOJb30BA-
HUI0 KOMMJIEKCHLIX COeILHHEHHil, 4YTo CONpoBOMaercs B paje
CAYyYaeB NOBBILIEHHEM UYBCTBHTEJNbHOCTH abGcopGUHOHHOTO H JIIO-
MHHECIU[EHTHOTO MeTOL0B.

Kunra moxker ObiTe noJde3noi A4 paboTHHKOB 3aBOACKHX
0 layyHO-HCCJeJ0BATENbCKHX  aa0opaTopHii, 3aHHMAIOIHXCH
ananu3oM P33, a rakxke aas paGOTHHKOB BY30B U aClHPAHTOB.

OrTBercTBelHLH pPelaKToOp

ka1l xuMm. navk H. @, Saxapus

JIbBOBCKAfl OBJIACTHAA KHH)XHAS THTIOTPAQHA

Mpeaucnosue

B Hacrosiiee BpeMa aHaJHTHYECKOH XHMHH peji-
KO3eMeJIbHbIX 3/7eMeHTOB (P33) MocBAlEHO HECKOb-
KO MoHorpadui, 0JHaKO X0 CHX MNOp CHCTeMaTHye-
CKH He PacCMOTPeHB! BONPOCH (OTOMETPHYECKOro Ofl-
penenenns oauux P33 B npucyterBuH apyrux. Mexay
TeM 3STH MeTOJBbl UMEIOT ONpelesieHHOe 3HaueHue /s
aHaauza cmeceli P332 B Xole HccaedoBaTeNbCKHX H
TEXHOJOTHYECKHX paﬁm‘, KOHTPOJIT HHCTOTHI Npernapa-
toB P32 u 1. 1. K stum merogam oTHocaTcs abeopl-
LIHOHHO-CIeKTPOQOTOMETPHUECKHl, OCHOBAHHBIH  Ha
HCIOMb30BAHKHH Y3KOMOJIOCHBIX CIEKTPOB TOTVIOLIEHHS
oo P33, cnekrpodyopumerpuuecKHil, a TakxKe
niaMeHHOOTOMeTPHYECKHH.

B knure paccmartpuBaloTest ocHOBHble (HOTOMETPH-
YeCKHe MeTOJBl OmpelneseHHsi HHAUBHAyaabHbiXx P33
B cmecH. M3noxkeHHe B 3HAUMTENbHOH CTENMeHH Be-
JeTcsi Ha OCHOBAHHM pPabGoT, BBHINONHEHHBLIX NP yda-
CTHH aBTOPOB B OTAeJe (PH3HKO-XHMHUYECKHX MeTOLOB
anaauza Opecckux aaboparopuit MOHX AH YCCP.
OnucaHHI0O NpaKTHYECKHMX METOHOB aHaJau3a npej-

NOCJAAaHO H3JO0XKeHHe TeopeTHuecKHX ocHOB HX. Oco-
6oe BHMMaHHe YleJeHO HCHOJb3yeMbIM MNpuGOpaM,

JOCTHT4eMON UYBCTBHUTENBHOCTH H TOYHOCTH METOMOB.

ApTopbl  BblpaxaloT rayGoKyw 6.arofapHocTb
akagemMuky M. I1. AnumapuHy 3a npocMoTp PyKOMH-
CH H pAd UeHHBIX yKa3aHuil. ABTOpbl TaKKe MpH3HA-
tenbHsl C. A. T'asa u B. H. [po6si3ko 3a momoiib
npH odhOpMJIEHHH KHHUTH,



BBEAEHUE

Penkosemeabnbie saeMenTbl (P33), k KOTOpbIM OTHOCAT HT-
TPUH, JaHTaH H CjaelyiolllHe 32 HUM |4 3JIeMeHTOB JIAHTAHHJIOB,
B TocJejlHee BpeMs YCHJIEHHO H3YydaloTCH; INpPeAMEeToM H3yuYeHHs
SIBJISHIOTCSl CBOMCTBA KaK CAMHX MeTAJJIOB, TdK M HX COEIHHCHHIL.
CoBepILeHCTBYIOTCSI TaKikKe W MeTOAbl HX aHaau3a. Beuay Oauso-
cth csodcts P39, XuMHYECKHe METOJbl aHAJH3a MO3BOJSIIOT ONpe-
JilenaTh TVIaBHBIM 00pa3oM BCIO CYMMY 3JIEMEHTOB; BO3MOXHO OI-
pelle/ieHHe TaKXe HEMHOTHX 3JeMEHTOB, 06pa3yioliuX COelHHEeHHd
C BaJIGHTHOCTbIO, OTJHYHOH# OT oOIlel /75 BCeX, paBHOH Tpem.
K num oTHocsTes mepHii, AAIOUWIHi yCTOHYHBBIE COENMHEHHS, B KO-
TOPLIX OH 4eThbIpeXBaJIeHTeH, H eBPONHil, o0pas3yiouuii MaJOyCTOil-
UHBble ABYXBaJeHTHble COefHHEeHHS. MeHee HaJeXHp XHUMHUECKHE
MeTOAbl OmpejieNeHHsi Npa3eoadma u TepOHA, OCHOBaHHBIE HA HC-
nosab3oparuu okueaos Pr(IV) u Tb(1V) u Henpuroanbie B mpu-
CYTCTBHH LepHs, KOTOpblit B GOJbBIIMHCTBE CJIYYaeB B CMeCH Ipe-
obnanaer. XHMHYeCKHe METOMAB! IMO3BOJAIOT NPUOIUMKEHHO pas-
Aenutb P32 Ha JBe NOArpynnmel — LEPHUEBYI0 H UTTPHEBYIO
(cpeanue 3/eMeHTH psla nonagawT B obGe noarpynmbl). [Ipume-
HeHHe B aHaJIH3e /s MMJUIMTPAMMOBBIX KOJHUECTB 3JeMEHTOB Me-
TOJ0B pasjie/ieHHs, HCIONb3YeMbIX JUISI NpenapaTHBHBIX [eJefi HJH
B [IPOMBIIJIEHHOCTH — APOOHOM KPHCTAJIH3alHH, APOGHOTO OCaNK-
OeHHA H T. L., — HEBO3MOXKHO BCJENCTBHE JOCTHCAEMOT'0 HEYETKOro
pasjenenus, a TakikKe H3-3a UX AJHTEJNBbHOCTH, [lo Tem iKe NpPHUH-
HaM He HAaXOLAT WHPOKOro NpHMEHEeHHs COBPEMEHHble BBICOKO3(-
(eKTHBHBIE MeTO/IbI Pa3/lesIeHHsl BeIlecTB — IIPOTHBOTOYHAA 3IKCT-
pakuusi ¥ HOHOOOMeHHasi XpomaTorpausl, XoTsi OHM H MOryT GHITh
noJe3Hbl JJsl MpeABapHTEJbHOro pasjiesieHus 3JeMeHTOB. B mpo-
THBOIOJIOKHOCTb 3TOMY, METOJ pacHpefe’HTeJ]bHON XpoMaTorpa-
(uu nHa Gymare B COUETAHHH C MOCJEAYIOIHM ONpEIEICHHEM 3Je-
MEHTOB TIOCJe pasjleleHHs B XpoMarorpaHueckux 30HAX Hecre-
UHpHYECKHMH (OTOMETPHUECKHMH HJAH OOBEMHBIMH MeTomaMmi
IPHMEHHM JiJisi NPHOJMKEHHOro onpejeseHHsi coctaBa cmecH P33.
Henocratkom sroro meroaa, ojHako, sBAAIOTCS €ro HH3Kasy 4YyB-
CTBHTEJBHOCTH (Bcero 2—4% comepxKanus saementa B8 cmecn P39)
H HeBbicOKas TOYHOCTh (10—15Y% oTHOCHTE/NBHBIX).

O6sacTb NpPHMEHEHHs1 3JEKTPOXHMHUUECKHX METOJ0B HeBeJHKa
H orpanuvena onpejenennem Ce, Eu u Yb, xoropoe Moxer GbITbH
NPOH3BEEHO Noasporpaduuecku; MOCAeHHH 3JeMeHT MOXHO TaK-
e ONpelesNHTb BECOBLIM METOAOM IIOCJe OTHAeJeHHs HTTepGusi OT
OCTAJIbHLIX 3/1EMEHTOB 3/IeKTPOJIH30M.



Haubonee yHuBepcadbHbl (JH3HYECKHE METOJbl aHAJNH3a — 3IMUC-
CHOHHBIH (LYrOROH H HCKPOBOIt), CIEKTPAJbHbLIH H PEHTreHOCHeKT-
panbHBIl. ITH MeTOALl MO3BOJAOT onpejetsiTe P33 B IIHpoKOM
HHTEpBaJe HMX cojlepXaHus ¥ obsaajaloT JOCTATOYHOH s MHOTHX
ueJseil MyBCTBHTEJNbHOCTbIO (COThie M THICAYHLIE JOJH [POLEHTa).
OpaHaKo OHH 4acCTO YCTyHalor no ObICTpoTe JIPYrHM METOAaM, B
0CcOGEHHOCTH 1pH HEOOXOAUMOCTH OINpejeseHHsi BCETO HECKOMhKHX
sjaeMeHToB. CU/I0XKHOCTb annapaTtypbl JeJaeT Majo AOCTYMHBIM
peHTreHocnekTpaJbHblii MeTold. JlocTHraeMmasi TOUYHOCTb ITIPH BBICO-
KHX COJZEp:KaHHfAX OIpelessieMOro sjemMeHTa HeJOCTaTOYHa, YYB-
CTBHTEJNLHOCTD JKe 17151 HeKoTophix P32 HeBbicoka.

PaspabarniBaemble B TOCAeHHe TO/bl (POTOMETPHUECKHe METO-
ABl aHaJu3a He SBJAIOTCA B psfe CayyaeB YHHBEPCAJIbHBIMH,
0J(HAKO OHH MO3BOJISIIOT peuliaTbh 3aJayH, HeJOCTYIHble 3MHCCHOH-
HLIM CNEeKTPaJbHbIM METOJaM, W NpPH HMX KOMOMHHPOBAHHH [AIOT
BO3MOXHOCTb OXBATHTb IUHPOKHiIl KPYr aHAJU3HPYeMbiXx 0OBEKTOB,
onpeaenseMblX 3J1eMEHTOB H X COJepKaHHil.

AGcop6uHOHHO-CTeKTPOGOTOMETPHYECKHI MeTO/L JAdeT BO3MOXK-
HocTh onpenensth P33 or uepus no urrepbusa. On raasHbiM 006-
pa3oM NpPHMEHHM JJs OlpeleJeHHs 3JeMEHTOB, HaXoIsAUIHXCs B
copepxanuax or 5—10% B cmecu P33 u Bbllie, 0JlHAKO B HEKO-
TOpPBIX CJAyYasdX MNPHTOAEH H JJs ONpeleseHHs 3JEMEHTOB ¢ 4YYyB-
CTBHTEJIBHOCTBIO B COTble A0Ju npoueHTa. Merox ocobenHo npume-
HUM NpH ONpeje]eHHH ABYX-TpeX 3JeMEeHTOB B CMECH M OTJIH4aeTcs
coeit GeicTporoit. Ero HegocTaTox — HEOOXOAHMOCTh HMeTb AN
aHaJH3a COJM HJAH OKHCabl P33 B KOJMHUECTBe HECKOJbKHX JecAT-
KOB WJIH COTE€H MHJJHIPaMMOB.

CnexkTpodsiyopuMeTpuyecKuii MeTod B oblieM TNPHrOJeH s
onpejesennus Tex ke aaeMento rpynnsl P33. B pactBopax coJeit
P33 c nmpumeHeHHeM OpPraHHYeCKHX PEareHToB ¢ €ro IOMOIIbBIO
BO3MOMKHO YYBCTBHTEJbHOE oOMNpejleieHHe 4YeTbipex 3/JAeMEeHTOB —
camapusi, eBponusi, TepOusi W JUCNPO3HA, MpHUEM /s €BpPOnHsa H
Tepbus Merox o6aagaer uwyscTBHTedbHOCThIO 0,001—0,0002%.
Jlns aHaauM3a JOCTaTOYHO KOJHUECTBO CMecH OKueaos P32
0,2—1,0 me. BbICOKOYYBCTBHTEJEH TaKkKe METOJl ONpeleleHHA
1epHsa no GJayopecueHIMH B yJAbTPa(HOJETOBOH 4YacTH CHeKTpa
BOJIHBIX PaCTBOPOB ero CoJel.

[lanamennodoromeTpHueckuii  MeTOA  AOMNOJIHAET TpeldblayliHe
MeTOJbl B TOM OTHOLUEHHH, YTO MO3BOJAeT ONpelessdTh TaKxkKe JaH-
TaH W HTTPHi; TOCJAEIHHII 3JeMeHT no (JAYyOpecUeHIlHH KOMIJIeK-
COB ¢ OpPraHHYeCKHMH JIUTAHAAMH OmnpejlensieTcsi chneuHduuecku
AMIb B MPHCYTCTBHH OAHOrO 3JeMeHTa JaHTaHa. B cBoem 06biu-
HOM BapHaHTe ¢ ero NOMOILbIO MOXKHO OmnpenensiTb B CMeCH ¢ ApPY-
rumu P33 nartb snementop — Y, La, Eu, Gd, Yb, ucnonbsobanue
H2J1yUeHHsl BHYTPEHHero KOHyca NO3BOJIsAeT JONOJHHTENbHOe Oofpe-
nenenne euwe Ho, Dy, Tu, Er, a B CHJIbHO BOCCTaHOBHTCJbHOM
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MaaMeHd BO3MOMHO onpeaejenHe sBcex P332, UYyscTeuTenbHOCTDL
METO/a B CMeCH OKHCI0B 3aeMedTos — 0,1—0,6%.

Jlns npuMeHEeHHs ONUCbIBA€MbIX METOIOB K AaHA/IH3y pasjuu-
HblX 00BekToB B OOJLIIHHCTBE cJaydaeB HeoOXOAuMO TpeaBapH-
TeNbHoe BblJdeneHHe cymmbl P332. OHo nocTHraercs uyallle BCero
ocazxJeHHneM P33 B BHIe OKcalaToB, NPOKAJHBAHHEM IMOCJAEAHHN
¢ TIOJyYeHMeM CMEeCH OKHCJIOB, KOTOphble 3aTeM MEepPeBOASAT B XJO-
PUIb! - UIM nepXxaopaTel 00paboTKOll COOTBETCTBYIOIIMMH KHCJO-
TaMH. TOT MeTol oTieneHns P33, Kak u [ApyrHe HCNOJAL3yeMble
METO/bl, H3J0XKeH B psife pykoBoxcTs [l, 2, 4, 6—10]). UyBcTBH-
TEAbHOCTh H CEJEKTHBHOCTh OMHCHIBAEMBIX METOJOB MOXKHO B He-
KOTOPBIX CJY4YasX TOBBICHTb IIPH MpejBAPHTEJIbHOM OTJEJeHHH
onpenensieMblx P33 OT oCTajabHBIX, AJisi Yero MOryt ObITb nmpHMe-
HeHbl XpoMaTorpadudeckue MeToAsl [3, 5, 6].

JIMTEPATYPA

1. Ananua wmunepanpioro cupbs. ITox pea. 0. H. Kunmoswu u 10. B, Mo-
paueBckoro. [Nocxumuapar, JI., 1956.

.Twane6paug B. ¢, Jenpgeap I 3, Bpaitr I A, Tod-
man M. M. Ilpakrnyeckoe pyKOBOACTBO 10 HEOPTaHHYECKOMY aHadausy.
«Xumua», M., 1966,

3. 3cemcrkosa M, I, JTebeges H A, Menasmen Ul T., Cayun-
knn O. @, Cyxos . B, Xaakun B, A, Xeppman 2., Ulma-
Henkosa I'. M. — 3ase. aabop., 1967, 33, 667.

4 Upanuruwmwruny W H, Kyabckasg O A, Topuwmit I. ., Ennuce-
epa . JI. Teoxumus H aHaJHTHYeCKas XHMHS peIKO3eMe/bHBIX 3JeMeH-
toB. «Haykosa pymka», Kues, 1964.

5 Kverac B, JI, JlaseGuasa I B, 3aropckas M. K. — X aua-
auT. xum., 1963, 18, 99.

6. PaCunron J. U, Pabyxun B, A. AnaiuTHUECKdH XHMH§A PEAKO3e-
MeJBHLIY sJeMeHToB W nrTphs. «Haykas, M., 1966.

7.Cepebpennnkon B. B. Xumus peakosemensHpix siementos, tom L
H3za-ro Tosckoro vansepcuteta, Tomex, 1961.

8 Wapano I Meroaw awaautdueckoit xumiun. KonuuecToenuolli anmanua ne-
opraniyeckux coenupennil. «Xumua», M., 1965.

9 lleanep B. P, u Moysaa A P. Axanus Munepasos v pyn pelkux
snementoB. ocreontexusmar, M., 1962,

10. Wovski M. M. a. Harris R. E.—B xku.: Treatisec on analytical Che-
mistry, p. 1I, vol. 8, Edited by I. M. Kolthoff, P. J. Elving, Interscience
Publishers, N. Y., 1963.

to



FMABA |

ABCOPBLIMOHHO-CMEKTPODOTOMETPUHECKUMA METO[

1. OCHOBbl METOJA *
Mpoucxomaernue cnexkTpos nornouteHus moHos P33

Hount P33 or Ce ago Yb, uckawuasi Y, La, Lu, B pacrtBopax
I KpHCTaanaXx coJefi o6JaJaloT XapakTepHbIMH CHeKTpaMHu [o-
MJIOIEHHUS, COCTOSIIUMMH W3 psila Y3KHX mojoc B BuHAumoi (400—
750 Hm), yabtpadpuonerosoin (200—400 mm) u OGaukHeln HHppa-
xpacHon (750—1400 wm) obaactax. M3 Bcex 3J€MeHTOB MEPHOMIH-
YECKOW CHCTeMBl Y3KOMOJOCHBIH CMNeKTP MNOrJOoLleHHs pPacTBOPOB
coqieit HabawogaeTcds TOAbKO Yy JIAHTAHHAOB ¢ aTOMHBLIMH HOMepa-
v ot 58 mo 70, a Taxkxke y akTHHuAoB. Omnpelenss ¢ MOMOWbIO
clieKTpopoTOMETpPA MOIJIOLIEHHe CBeTa INPH BbIOPAHHLIX JLJIHHAX
BOJH B MAaKCHMyMax [0JOC, MOXHO YCTAHOBHTh KOHIEHTPaLHIO
P32 B pactBope. Tak kak MoasipHble KOI(DQHUHEHTH MOralieHHs
Sipo THAPATHPOBAHHBIX HOHOB P33 HeBelMKH — B Ipejenax
1—10, — MeToJ He OTJHYAeTCs BLICOKOH 4YYBCTBHTEJBHOCTHIO, HO
TeéM He MeHee TNPUTOJeH [AJsi ONpejefeHHs TJAaBHbIX COCTABHBIX
yacTell «IBETHbIX» 3jJeMeHTOB rpynmsl P33. Kpome y3kux moJoc
IIOTVIOILI@HHSI CBEeTA HOHbI HEKOTOphIX 3JeMeHTOB rpynmel P33, B
yacTHocTH Houbl Ce®t, Pr**, Eus* uTb*, B panekoit yabtpaduo-
netoBoit obsnacth (200—250 wm) paroT WHpoKHe AMDPYysHBIE TO-
JIOCHI TOTJIOIIEHHUsI, KOTOpPhle TaKxkKe HaXOAAT NpHMEHEeHHe B aHa-
ause (aasi onpenenenuss Ce®**t m Tb®t). DT mosocel 3HaYHTeNbHO
Gosee uuTeHcuBHbl (¢ — 300—750), oxmaxko NpH HHX CHJbHee
MOMEeXH CO CTOPOHBI MOCTOPOHHHX HOHOB. LIupokumu xe HHPDY3-
HBIMH T0JIOCAMH MOTJOUIeHHsT 006aa/1al0T 1 uoHbel P33 B aHoMalb-
uoii BasentnoctH (Eu?*, Sm?*, Yb?*), 3tu momocn BBHAY He-
ycroituuoctn HoHoB P33 B BajieHTHOCTH 2+ He HCMOJAbL3YIOTCS B
ananuse. Mon Ce T B pacTBOpax MpoOCTHIX cosieid obiafaer Takxe
LWIHPOKOW TOJ0COH TMNOTJOouleHHA B OJMKHeH yJabTpadHOJETOBO
00J1aCTH CIEKTpa, 3aXBaThiBaloUlell BUAUMYIO 00/14CTh, ¢ MAKCHMY-
som 300—320 am (£—5920). Cnekrpbl MNOrJIOUIEHUS COEJIHHEHHH
Ce(VI), noayuaempix u3 Ce’t B il(eJJIOYHBIX pacTBOpax HPH [deH-
CTBHH IIepeKHCH BOAOPOJ4, HJEHTHYHLI CO CIEKTpaMu M[orJotie-
HUSL coe/lHHeHHUli, noayuaembux u3 Ce(IV).

CnekTpsl morjouleHus axkBo-uoHoB P33 n3jgaBHa HCIOOJL3OBA-
JHCb 151 MAEHTH(OHKALUHH W ONpeleJeHHst OTACJNbHBIX 3JEMeHTOR;

* Cw. [20, 23, 73, 83, 92, 94, 100, 103, 106, 109, 111, 115, 117, 118, 123,
125, 128].
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0030p npexHe JHTepaTypbl M0 3TOMY BONpOCY mpHBedeH B [128].
HeranbHoe onMcaHHe CMNEKTPOB MOrJOWEHHs HoHoB P33 B obaac-
™ 230—700 #m pano B [115]). BnepBble MeTOAHKa KOJHYECTBEH-
HOro onpefeseHHss P33 ¢ npHMeHeHHeM COBDEMEHHBIX CHEKTPO-
¢doromerpoB Oblia paspaborana B 1941—1942 rr. [117, 118].
[Tosnnee cnextpbl morvoumenuss P33 ¢ aHaAMTHUYECKOi LeJblo He-
O/IHOKPATHO HM3yduajIHCh B pacTBOpax xJjopuiaoe [92, 103, 1237,
nutpatos [103], mepxaoparos [73, 103, 123]. OraensbHo caexpyer
OTMETHTb paboThl, MOCBALIEHHbIE CHEKTPAM [OMVIOLIEHHA Taf0JH-
nust [106], Dy, Ho, Er [94], Ce [83], Tb[111] u Pm [112].

Y3KonosocHbI! CHEKTP MOIVIOUIEHHS HOHOB JAHTAHHAOB, Kak
5TO YCT4HOBJIEHO, CBfI34H C OCOGEHHOCTbIO CTPOEHHSI HX OBOJIOUKH.
Haunnas c uepus, y saementoB psga P33 nocreneHHo 3amOJHs-
erca raybokosexailas 000J04Ka 3JEKTPOHOB 4f, UHC/IO 37€KTPO-
HOB Ha KOTOpOH Yy JIOTelHs AocTHraer l4. Y HOHOB JaHTaHHAOB
NpH JNepexoje OT 3JeMeHTa K 3JEeMEHTY B CTOPOHY YBEJHYEHHs!
ATOMHOTO HOMEpPa YHCJAO 3JeKTPOHOB yBeauuuBaercs Ha l. B uo-
HaX, HMeIOUHX YaCTHYHO 3aMOJNHEHHYIO 4f-060/0uKy (T. e. y HOHOB
JIEMEHTOB OT HepHsi ¢ 1 3jekTpoHOoM Ha 4f-060/104Ke A0 HTTEp-
Ousi ¢ 13 3JeKTPOHAMH), IJEKTPOHBI CIOCOGHB K Mepexogam
eHyTpu ee. Duaronaps skpanupoBanui0 4f-000J1CYKM OT BJIHAHHUS
OKpYZKAIOLIMX ToJieli 3alojJHEHHON HapyXHO# obojoukoir 5s? 5pb
BO3MOXKHO T[OfIBJIEHHe B CHEKTPe Y3KHUX MoJoc ¢ JIHHeHYaToir
CTPYKTYpOH.

[Tonocsl nmorsomenns BO3HHKAIOT Npu mepexoje uona P33 nox
ACHCTBHEM KBaHTa CBeTa B OJHO M3 BO3GYXKIAEHHBIX COCTOSTHHI H3
OCHOBHOIO COCTOSIHMA (B cjydae CaMapHsi H €BPONHsI — TaKke
¥ B3 1epBOro Bo3bykjeHHoro coctosHusa), [TosoKenHne H yuC0 BO3-
Oy:KAeHHBIX COCTOSIHMH 3aBHCHT OT YHCJI4 3JeKTPOHOB Ha 4f-06o0-
aoyke. CXema ypoBHel! 3HEPrHH HOHOB JIAHTAHMAOB C WYHCJIOM
9/IeKTPOHOB Ha 4f-o6osmouke oT 1 g0 13 mpeacrabiena Ha puc. |.
Ha cxeme oGosnauenne yposueii npusegeso mo [82].

HHeJIO YPOBHEH yBe/HYMBAETCH K Cepe/lHHe KaxKIOro MOJyIe-
puoaa, uyrto o0ycJOBJAHBAaeT GOJBIIYIO CJIOXKHOCTL CHEKTpa IMOIJIO-
I{eHHs1 HOHOB COOTBETCTBYIOLUMX 3JIEMEHTOB. Y Lepus U HTTepOus
HMEeIOTCSt BCEro MO OJHOMY BO36Y:KIEHHOMY YPOBHIO, CPaBHHTE/b-
HO MPOCTOH CNEKTDP MOTJIOUIEHHS] Yy COCEIAHHX C HHM 3JIeMeHTOB, a
TaKkXe y 3JeMCHTa, HaXOAALIEIOCH IOCPeAMHE pHAi1a,— raJOJHHHUS.

B pactBopax noHel P33 MOryr HaXOAHTbCSI B BHJE COJbBATH-
POBAHHBIX KaTHOHOB HWJM OTHAEJBbHBIX MOJIEKYJ KOMIJIEKCOB.

Ilepexoant mMexay ypOBHAIMH 37€KTPOHOB 4f-06010uKH, HpOMC-
XojdliHe Ge3 H3MEeHEHHs1 IVIABHOLO H a3MMYTaJbHOTO KBAHTOBBIX
YHCeJ, SIBIAIOTCSA CTPOrO 3alpellleHHbIMH COrVlacHo mpasuay Jla-
nopra. Onnako npu BXOXKIeHHH HOHa P33 B Mojekyay reaparta
HIH KOMIJIEKCa B TOM Clyuae, ecJH OH B HHX 3aHHUMaeT I0JOXKe-
HHe, He sIBJsIOLleecss LEHTPOM CHMMETPHH, MJH Ke BCJeJCTBHE
TOrO, 4TO MpH KoJeOaHMAX HOHA LEHTP CHMMETPHH HCUe3aeT, BO3-

9



HHKAIOT BHIHYX/EHHble AMMOJbHbIE nepexoabl. Manas BepoOsTHOCTb
HX, KaK W elle MeHbIIas BePOSITHOCTb AOMYCTHMBIX [Jsi 4f-3/1€K-
TPOHOB MAarHHTHBIX M KBAAPYNOJbHBIX MepexoioB, OGYCJAOBJIHBAET
HE3HAYHTEJbHYID HHTEHCHBHOCThL 10JIOC TOIVIOIIEHHsT HOHOB JiaH-
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Ge P Ng  Om Jm Efv  Cd Th Dy Mo Er Tu Y
Puc. 1. Cxema ypoBsneii steprin tonos P33,
TAHMJIOB. BeneacTBHe HasioXKeHHsT 3HEPTHH KoJebaTesibHoro [BH-
EHHA MOJIeKYJIbl KOMIIJIEKCAa Ha 32JeKTPOHHbe TNepexojnl BO3HH-

KaeT TOHKas NHCKpPeTHad CTPYKTypa NOJOC morjouienHsi, [IHCKpeT-
ast CTPYKTYpa TOJOC MOXKET TaKiKe BO3HHKHYTb B pe3ynbTaTe
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pacLIeNJeHHst TEPMOB B NOJe MOJEKYJa BOAbI, OKPYXKalou(ux HOH
P32. Hanoxenne BHeMIHMX KoJeOaHHWil HaXOJAILHXCA B pacTBo-
pe 4acTHL H3MEHsieT 3JeKTPHUecKoe moJe, AeficTBylolllee Ha HOH,
YTO NPHBOAMT K NMEPHOAHYECKOMY pacCIlenJeHHIO BO BPEMEHH 3JeK-
TPOHHBIX YPOBHeil HOHA; B pe3yJbTaTe NpH TNepexole 37JeKTPOHA C
OCHOBHOTO YPOBHA Ha BO30YXKIEHHbBI/i BMECTo JHHHH GyleT BO3HH-
KaTh HOJOCA MOIJIOUIEHHS ¢ MAKCHMYMOM, JeXalluMm TpH YacTo-
T¢ OCHOBHOTO mnepexofa. Hacro moJgoca MOMVIOLICHHsi OTBeYaeT He
OHOMY, @ HeCKOJbKHM OJH3KO pacno/IOXKeHHbIM Mepexoaa,
KaK 9TO MOXKHO BHAeTb u3 pHc. 4. OTaenbHble NMOJOCH NOrJoLLe-
HHS TPH 3TOM CJHBAlOTCSl B OJIHY, HMEIOMIYI0 HECKOJbKO MaKCH-
mymoB. YUTo Ke Kacaercs IUMPOKHX II0JIOC MNOIJOIEHHST HOHOB
Ce3t, Pr*t u np., a Takke uonoB Sm**, Eu?t u Yb?*, To oHH BbI-
3bIBAIOTCA TEpexoldaMH 3JeKTpoHOB ¢ o6osouku 4f na 5d[95]. dtu
nepexofibl HOCSIT XapakTep pa3pelieHHbIX MHMOJbHLIX, YTO ABJIf-
eTcsl NPHYMHON GOJblIel WHTEHCHBHOCTH COOTBETCTBYIOLIHX ITOJIOC

MNOrJOIICHHS.

CnekTphl nornouieHus akso-uoHoes P33 ot uyepus go urrepbus

Heo6xoauMo 3aMeTHTb, 4YTO NPHBOJAHMbIe /51 XapaKTePHCTHKH
CNeKTPa MJHMHbI BOJNH MAKCHMYMOB TNOJIOC MHOTJOUIEHHS huypo H MO-
AApHble KO3((HUIHEHTH TOTalIeHHSI Z,.4, Y PAa3HbIX HCCJELOBATE-
Jell YacTO HEeCKOJbKO OTJIMYAIOTCA APYr OT ApYyra BCJAeACTBHe pas-
JUYHBIX HCNOJb3yeMbIX NPHOOPOB M PAa3/IHYHOH LIHPHHBI HCHOJb-
3yeMoH 11eau cnekrpodoromerpa.

Il epuii. ExuncrBennas noJjoca, cOOTBETCTBYoLIas MEPEeXOLy
BHYTPH 4f-06osoukn  2F:,;—?F:, wHaxoaurtcs oxono 5000 Ha, 3a
npefenaMy JOCTYIMHOCTH H3-

MEepeHHs ¢ MOMONIbI0 0O0hIu- € i £
HBIX Jna6opaTopHbIX cnekrpo- 207 i ad
(oTOoMeTpOB, H B aHaJH3e He 258

- 6001 130
Henoabsyercst.  lupokue mno- \
JIOCBI MOTJIOINEHHS B YABTPA- 4ol 22 \ 205 »
(HONeTOBOH UYacTH CHEKTpa, /\/\/ ‘\ !
cooTBeTCTBYIOIIE  mepexogy sy /N \ \ )
4f'—5d, pacnonoxensl B 00- k \

st 0

Aucry eucgapas J00-=500 B 0;.—50 220 240 260 250 00 320 Awm

(puc. 2). JIanubl BOMH MaKCH-
MYMOB HX Aixgo H MOJSAPHBIE Puc. 2. Chektp nOrnoullenus aKkeo-Houa
K03 (hHULHEHTH! noramieHna uepus.

Zakso NPHBeleHb B Tabu. 1.

[Tpaseoaunnm. CnekTp NOrJOLICHHS aKBO-HOHa NPa3e0AHMa
COCTOHT M3 4YeThbipeX MHTEHCHBHBIX TMOJOC TMOTJOIIEHHs, PacrnoJo-
JKeHHbIX B BHJHMMOH ofjactu crmektpa (puc. 3). JJHHBI BOJH MakK-
CHMYMOB, 3HAYEHHS #,.,, I O0O3HAUEHHs TEPeXOLOB NMOMENIeHk B
Tabu. 2.

I1



b 444
ve
0,61
4688
482

04 589

0 ) ; J\ i —

<00 300 500 990 150 A nv

PH(‘. 3. CHEKTP NMorNoUedHs AKBO-HOH3 npaseoavuma

(0,14-moa. PrCly, xioBera 1 cu).
TaGnunma 1
TMoaocel mOraoLIEHHA
akBo-nona Ce’"

Ta6auua 2
Monocel nornouenus
akBo-uona Prit

A
Maksor [ awso ) a::m fakBo IMepexon
HM
[100] [109] [83)

! 444 10,1 *H,->'P,
221 340 — 468,8 4,6 3H,—*P,
238 605 - sz .
253 | 750 | 755 | 685 82 | 4l *H~*Py
295 8.4 26 s 589 1.95 *H,~'D

Ta6numuma 3

Monocel noraouweHus

Ta6anma 4

Monockl MoriomeHHs

Puc. 4. CnexkTp nornaouleHHs
aKkBo-HoHa Heonwma. Ha pu-
CYHKe 1aHOo o6o3HadeHHe Bep-
XHHX KOMOHHHDYIOMHX YpPOB-
HeH,

b

800 650 700 50 800 830 Awm

CaMapuii. XoTS CeKTp caMapHs J0BOJBHO CJAOKHbBIH (pHC. D),
HHTEHCHBHbIX I10JIOC, TPHTOJAHBIX [Jii HCINOJAb30BaHHS B aHaJH3e,
Tpu (Taba. 4).

o 4013
as 1250
o4
az
tS-'
100 1200 4,nM

230 250 260 330 350 380 400 <40 480 900

Puc. 5. Cnektp norjolueHds akpo-Houna camapus (0,25-mon. SmCl;, xioBeta | cu).

EBponui B cnekrpe mormoueHus eBpomuss (pHc. 6) Takxke
BCero TPH HHTEHCHBHBIX NOJOCH], H3 KOTOPBIX JJISi aHAJNH3a HCIOJb-
ayercsi HauboJjiee NJIMHHOBOJHOBas (Taba. 5).

Ta6nrma 6
Monockt norAoUleHHNA
axkBso-nona Gd**

Tab6bauumwa 5
Moxocsl norfaouleHHs

akBo-nona Eu™

)y
Aakaor MM fakBo TMepexon ?':0’ akBo IMepexon
298 1,04 "Fy? 272,7 3,16 85, o1
317,5 0,98 "Fy—L 273 1,12 'S:J,’-—-E[
394 29 ‘Fo~E 275,6 19 88,1,

axBo-wona Nd*t akBo-uona Sm®"
A aknos i Maksos P
it aKBO Mepexox i aKso [Mepexoa
Bt | 23 by Dy 4015 | 33 ®Hy, ~L
il (O 1089 2,19 *Hy, ~+°F
22 %4 ‘1’.-~‘* ‘Gy, 1250 | 20 H
5752 | 634 | 4, 2%G, . i e
731.5 3,8 s, 8,
o 8 ,’;f’ e Heonum Akso-HoH N3t
’ % HMeeT CJO0KHbIH CHEeKTp IIOorJo-
gg? g'-};s} fy ~H,, , ¢ iennst ¢ GOJBUIHM YHCAOM TIO-
) ’ oo J0C, KaK 3TO C/IeAyeT H3 CXeMbl
865 31 | Yy ~'Fy, tepmoB (puc. 1). VIHTeHCHBHBIX

yJbTpaHOMETOBOH YacTH OAHA, pacllenJeHHas ¢ MAaKCHMYMOM TpH
354 nm, B BMAMMOH ueTbipe W B MH(]paxpacHo#i Xse (puc.4). Xa-
paKTepPHCTHKA M0JOC NPUBOAMUTCA B TabJa. 3.

12

nojsoc ceMb (C Euxm >1): B

agonuHuH B COOTBETCTBHH CcO cXeMOH pHC. | B cnexkrtpe
aKBO-HOHA TAJOJHHHS HAOJIOLAeTCA HECKOJbKO Y3KHX T0Jioc, NpH-
FOAHBIX NJs aHaJH3a, PACMOJNOXKEeHHbIX B YJAbTPadHONETOBOH 00-
anactd. Kak ormeuaercs B [100], Bu1 mosoc ¥ HabawjaeMmas OITH-
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a6

a4

a2

0 —— . .
230 240 250 260 270 290 310 330 350 360370 380 N,mae

Puc. 6. CnexkTp mnorJolleHHss aKBO-HOHA eBPONHSA
(0,197-m0a. EuCls, kiosera 1 em).

yecKas MJIOTHOCTh 3HAUHTENbHO 3aBHUCAT OT IIHPHHBI IIEJH CIEKT-
podoToMeTpa H ero paspemalnolei crnoco6HocTH. B nauGosee G.sa-
FONPUATHBIX YCJAOBHAX Habmiogaercs 4 mosocel (puc. 7). Jnumb
BOMH HauboJiee HMHTEHCHBHBIX TNoOJOC TpHBOAATCs B Taba. 6.
Tep6uii. B cnexrpe TepOus

JHHHH IOMJIOUIEHHS], COOTBETCTBYIO- R
e nepexojam 4f—4f, ouennp caa-
031
vy
061
a6
! 2729
£
941 273 a
2756 o
<N
02 02 \
\
/] . \
210 20 20 20 250260 dogam U S
Anm 200 230 250 270 Amm

Puc. 7. Cnexktp morJoleHusi axkBo-HORA Puc. 8. Cnexktp norJsouenust aKkso-
ragoanuns  (0,195-mon. GdCl;, xiopera  uona TepOusi, a Takke aKBO-HOHOB
1 cm). npaseojiuMa, eBPONHA M  UepHus

(0,002-m0n. TbCl; (2), 0,006-mo.1.

e PrCly (3), 0,008-moa. EuCly (1),
Obl H HE HCHO.I"IbL’-)’I’OTCH B dHaJH3e. 0,004-m021. CeCly 2(‘?, Eioners L e
3]).

[Hupokas nosnoca, cOOTBeTCTBYOLLAS (1

nepexony 4f8—4f75d, umeer Mak-

CHMYM TNOTJIOIIEHHS NpH 219 HM W 244, 374 (puc.8). 3HauHTeNbHO
OoJsiee caalblift MAKCHMYM HaXOAHMTCA NpU 264 MM (g,,, 76,5). On-
peleseHHio TepOHs MelIaloT MHOTHe 3J1eMeHThl, KpoMe IllepHsi, Xo-
powo BelpaxeHHble mojockl B o6saacth 210—230 #m QaloT HOHBI
Eu®*, Pr3* u Ce®*t (puc. 8).
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Hducnpoauil. Ilpn nepexofle K AHCOPO3HIO HabJar0ofaeTcs
yBeJHYEHHEe UYHC/iAa WHTEHCHBHBIX [0JIOC IIOTVIOIIeHHs, KOTOpoe [10-
cruraer cemu. Tpu M3 HHX pacnojoxeHbl B yJabTpadHOJETOBOI
o6sacTH, YeTbipe — B HH(PAKPacHOW, Tak 4To BHAMMas 00JacTb
cB0GOHA OT MOJIOC, KOTOpble MOMKHO Obl1o Obl HCHO/AB30BATH B
ananusze (puc. 9). XapakTepHCTHKa foJoc NpHBedeHa B TabJs. 7.

L
o)
e 3505 908,5
Y 325 | (369

az

0] - - v B e
MG Z20 210 250 270200 130 30 380 <00 750 600630 900 1000 HOP 1207 (507 in

Puc. 9. Cnektp noromennust akeo-wona ancnposus (0.2-moa. DyCly, xwoBera

1 cm).
Ta6anuwumwa 7 Ta6auuwa B
MMonocs: norjaoimenus Monock NOrAoULEHHS
axBo-uoua Dy** axBo-nona Ho’"
¥ A
8;‘:0' *aKBO lepexon “’::':O' ' fakpo Mepexoa
g 188 | *Ha -0 241 3,18 5.7
! 278 2,21 Sy~
350,5 2,6 Hyy, - N
2 287,5 3.1 s, D),
; .
365 214 ) Ha~L 361,5 2,19 51, -»3H,
807 | 1,84 | °Ha ~°Fi, 416,1 252 | =
908,5 24 *Huy, ~*F), 452 3.97 8fy—CF;
1102 18 | *Hu 'R, 'H; 4855 L75 *ly~°F,
1300 110? ‘f]ml,- "GFUJ,- ; GH-_. " 535.5 4,{)5 51‘-»5F4
s Rt 641,5 3,04 §f,+5F,
yi} 241
101 w2 |85
41 2875
061 276 81 o
04 L\J 2 85,5
021
a . . SN
210 20 250 290 330 360 380400 440 480 540 A,um

Puc. 10. CnekTp norfolleHHs  AKBO-HOHA  TOJAbLMHSA
(0,25-moa. HoCls, kioseta 1 cu).



FoabpMmuii. CnekTp akBo-HOHA roJbMHs emle Gosee Gorat HH-
TEHCHBHBIMH II0JIOCAMH, KOTOpPble BCe PacHoOJIOXKeHBl B YJbTpaduo-
JIETOBOH M BHAHMOH obsactax cnexktpa. MoKHO HacuHTaTh JeBATh
Takux noaoc (puc. 10). XapakTepHcTHKa HX NPUBOJAHTCA B Taba. 8.

D p6uin. Axeo-uon 3pbusi obmagaer elle JOCTATOYHO HHTEH-
CHBHBIM CIEKTPOM TMNOTJOLIeHHs, Hanbojee CHJIbHble MOJOCH KOTO-

o 257 J78.2

0,81 | 5230

487 8325

t uﬁU LJ\ ﬂL

210 250 250350 370 390 420 460 500 560 4, nu

Puc. 11. Cnektp norioluenws akso-uoHa 3pGHH
(0,195-moa. ErCls, koseta 1 c#).

poro pacnoJyioKeHol B YJAbTPa(HONETOBOH M BHAWMOH o06JacTax
(puc. 11). MoXHO HAaCYHTaTh MSATh MOJNOC, NPHIOAHBIX AJSI HCIOJb-
30BaHUA B aHaau3e (tabim. 9).

Ta6auwma 9 Ta6auoma 10
Moxaocsl nornouwenns Monocel noraomenns
akBo-Hona Erd* akBo-Hona Tu’*

*akBor - *axeor
i aKBo Mepexon poi “anpo Iepexoa
255 6,66 ‘!.ﬁl,sﬂv U 262 1,05 *H,—~3P,
379,2 6,66 4 ;15;’ __,,4(1‘“;! 360 0,93 *Hy—'D,
4870 | 2,03 4y, ~F, o8 2% | H'F
523,0 3,55 A ond W, 1;:; ]1.0 *Hg—3F,
Ya f 0 3H. 3H.
652,5 2,04 L, ~Fy, e

Tynuh. B chmekTpe axkBo-HOHAa 3TOrO 3J€MeHTa IMOJOCH TO-
I‘JIOIJ.leHHH ci1abbl H JHLIb OAHA H3 HHX C A,uyo— 0825 HM HMeeT
Cakso  >2,0 (pHc 12, ta6a. 10).

HrrepOuii Kax H B CJayuae UEpHsl, aKBO-HOH HTTepOHsI AaeT
BCEro OIHy MOJIOCY B CHEKTpe MOIJIOUIeHHs] ¢ MAKCHMYMOM B 973 wat,
COOTBETCTBYIOIIYIO €IHHCTBEHHO BO3MOXKHOMY mnepexoxy Ha 4f-
oGonouke (nepexox F: —*F  (puc. 13)). MoasipHbiit Ko3¢pHIHEHT
TIOTJIONIEHHS] B MAKCHMYME g5, =2, 1

16

b
781 f.?.!d'

?90.!50 J70 580 880 730 mmrw 1200 Jum

Puc. 12. Crnextp nornomenus akeo-nona Tyaus (0,2-mon. TuCls,
Klosera | cm).

Kpome nepeuncieHHbXx HauboJee HHTEHCHBHBIX I0JOC TOLJIO-
menns B obaacth 220—1400 wa, nonsl P33 Sm, Eu, Tb, Dy, Ho,
Er, Tu o6/afal0T TakKe NOJOCAMH MOIJOUIeHHs B Gomee 1aNeKoit
undpakpachoir obaactu (1400—2600 mm). DTH MOJOCH, TNPOHCXO-
JSIIHe BCJAEACTBHE lepexoja Ha

/)
[IO/YPOBHH OCHOBHOrQ MYJbTH- }
rnjerta, He HCOOJAb3YIOTCA A
dHaJHu3a BBHAY CHJABHOTO MO-
raoutenuss soasl [78, 80].
D
1401
[y
as
a’.
4,57
Q4+
i /’“M-/L
a4 0 — . .
M0 220 290 240 900 930 A wm Joo S50 600 A, um
Pue. 13. Crpexkrtp mnorJollensus axso- Puc, 14. Cpekrp mnorJyiomenus
uona urtep6us (0,2-mox. YbCls, xiose- pacTBOpa KOMILIEKCHOIMO COEJH-
Ta 1 cM). HEHHA HeOJHMa ¢ raJJioBOH KHucC-

Jgotoit (2) u pacrsopa NdClg
(1) Toit Xe KoHueHTpauuu B 06-
nacti AaHH BoJaH 500—630 .

TaGauua 11

CnexTpbl NOrJM0OMEHHA HOHOB

CrieKTpbl NOrNOULEHUS HOHOB
JBYXBaJeHTHbIX 9jemMeHToB [77]

P33 B HeobbluHbIX

BaneHTHoOCTAX [onoxenne
Hon MaKCHMYMOB, e
HM
Hepufi (IV). Kak yxe

6b110 OTMEUeHO, YeTbIpeXBa/IeHT- Sm2+ 331 ~700
HBI LlepHH B BOJHDLIX CepHOKHC- i

JABIX M JAPYrHX pactBopax obsa- Eu™™ 393 ~500
JaeT OJHOH IIHPOKOH TM0JOCOH 4 ~2000
NOrJIOIEeHHsT ¢ MAKCHMYMOM IpH Th 352 ~900
320 HmMm. 246 ~2000

2—352 17



Camapunn (1), esponuin (II), urrep6uit (II). Makcu-
MYMBl N0JIOC MOIJVIOULEHHA H MOJIpHble KO3(QQHLUHEHTH NOTalleHHs
HOHOB 3THX [ABYXBaJIEHTHBIX 3JIEMEHTOB NpHBeldeHbl B Taba. 1.

HUcnone3oeaHMe B aHanuse CNeKTpos nornouieHMs pacrteopos
KOMMNEKCHbIX coeamHennn P3D

B mpoueccax pasgeneHHs ¥ OYHCTKH HAXOAAT IIHPOKOe NpHMe-
HeHHe KOMILIeKCHble coeaHHeHus P33, nostromy BO3MOXKHOCTh ab-
copOUHOHHO-CIeKTPOGOTOMETPHYECKOTO ONpefiesieHHsT HeNoCpeNncT-
BEHHO B HX pacTBOpax NpPejiCTaBJsieT HHTepec JJsi ObICTPOro KOHT-
poasi nmpousBoAcTBa. C Apyroii CTOPOHBI, NpPHMEHEHHe KOMIJEKC-
HBIX COeJHHEHHH MOXEeT O0Ka3aTbhCd TOJe3HLIM B aHAaJH3e BBHAY
Hab/a0aeMoro B HHX YB@JIHYCHHS MHTEHCHBHOCTH CHEKTpa W CBs-
33HHOTO C HHM TNOBBIIIEHUS YYBCTBHTEJbHOCTH METOMa, a TaKXKe BBH-
Ay yCTpaHeHHsl TOMeX H3-3a TPUCYTCTBHS B aHAJH3UPYeMOM pa-
CTBOpe aHHOHOB, KOTOpble 06pa3yloT ¢ HoHamu P33 Menee npou-
Hble KOMIIEKCHI, YeM ¢ A100aBJeHHBIM peareHToOM.

CrekTpbl MOTJIOUIEHHA PACTBOPOB KOMIJIEKCHBIX CO€JIHHEHHH
P32 B nocnennee Bpems mupoko usyvaiotcs (taba. 12).

C TOYKH 3peHHs HCNOJIb30BAHUA B aHaJH3e BaXKHO PAaCCMOTPETh,
KdKHe OCHOBHble (PAKTOpbI AOJKHBl YUHTHBIBATBCA MPH NMPHMEHEHHH
KOMIJIEKCHBIX COeJIHHEeHHH.

MameHeHne cnekTpos nornowieHus MoHoe P33 npu komnnexcoob-
pa3oBaHuM

B pacrtBopax KOMIJIEKCHbIX coeiMHenHil P33 HabJiopaiorcst B
obieM Te e NOJOCH IOrJIOUIEHHs,, YTO H B PacTBOpPax INPOCTHIX
cosieit. Bmecte ¢ Tem Ha6JI0JalOTCH M 3HAYMTeJbHble U3MEHEHHS B
CrieKTpax MOrJIOLUIeHH#, CKA3bIBAIOILIHeCs! B CABHTe TNOJOMXKEHHSA MaK-
CHMYMOB TOIJIOLIEHHS [OJOC, pacllielJeHHH HX Ha HEeCKOJbKo TH-
KOB H NOSIBJEHHH HOBbIX MaKCHMYMOB, YBeJHYEHHH (MJIH yMeHblue-
HHH) HHTEHCHBHOCTH HOJOC H HX YLIHPEHHH.

B Mosekyne xommiekcoB HOHbI P33 HaxoasiTcs moj AeficTBHEM
3/IEKTPHYECKUX NoJeil JuranaoB. IIpH yBeJIHUYEHHH CHJbl BHYTPEH-
HHX 3JIEKTPHYECKHX MOJiefi MPOHCXGOUT CMellleHHe BHHM3 Kax HHXK-
HHX, TaK H BEPXHHX KOMOHHHPYIOUHX YPOBHeH.

CMellleHHe MeHee 3KPaHHPOBAHHBIX BePXHHX YPOBHeli OObIYHO
6cJiblie, H NMO3TOMY MOJOCHI CMELAITCs B CTOPOHY MJIMHHBIX BOJH.
Hapenka nHabGniopaercss CMelleHHe MAaKCHMYMOB TIOTJIOIIEHHS B
CTOPOHY KOPOTKHX BOJH. BejuynHa cMelleHusi OOBIYHO HeBeaHKA
H cocraBiaser 0,50—6,0 #m. B KayecTBe MAJIOCTPAIlMM BeJHUHHbI
cMelleHHsi, Haba0aeMOro nNpH KOMILIeKcoo6pa3oBaHHH, TMPHBOAHM
tabJa. 13.

Pacuiensienne noJioc IorJOWEHHSI TakKKe oNpeaeasieTca 3JjeKT-
PHYECKHMH NOJAMH MOJEKYyJbl KOMILIeKCa, 3To MpOosiBJeHHe CBoe-
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Ta6numa 12

Ceoaka pa6GoT N0 H3YYEHHIO CNEKTPOB NOFIOLWEHHS
P33 B pacTBOpPaxX KOMNJIEKCHBIX COeJHHEHHRA

Hounaexkcoobpasywiuee

BELIECTRO PacTBopHTRAL SnemenTHl Jluteparypa
Kap6onat Kkaans Bona |Pr, Nd, Sm, Eu, Er, Ho |[44, 45)
PeHaHTpONHH % iNd. Ho, Er 25)
JlumonHas KHchnoTa 4 IF'r, Nd, Er, Tu [29, 37, 41,

i 89—91, 99]
BunHas kucrora " | Pr, Nd, Sm, Er, Tu [29, 89—91,
9]
Ackop6HHOBas KHCIOTa rPr, Nd, Sm, Dy, Ho, Er|[55, 56]
ManoHoRas, rMI0KOHOBaH, |Pr [99]
Y-OKCHMAacClIHAA KHC-
JOTH!
AMHHODOJHN-
YKCYyCHB €
KHCHIOTH
HuTpuaOTpHYKCyCHas % Pr, Nd, Sm, Er 4, 89—91)
JTHIeHAHAMHHTETpa- . Pr, Nd, Sm, Eu, Gd, Dy, | [9, 34,36,
yKcycHas Ho, Er, Tu, Yb 70, 89—91,
99, 104]
llpyrue aMMHOYKCYCHHIE - Nd, Sm, Eu, Er, Tu [10—12,
KHCAOThL 89—91, 126]
Moangpenonw
TwpoxaTexuH, Muporan- » Pr, Nd, Sm, Ho, Er, Tu |[49, 62—64]
10N W HX NPOM3BOJHIE
Cyabdocaanuuiosas i Nd, Ho, Er [46, 91]
KHCA0Ta
5,7-Iluxaop-8-0KCHXHHO- Xnopo- |Pr, Nd, Er, Sm [18, 105]
JHH thopm
AunerunaneToH Bensoa u ap.[Pr, Nd, Sm, Er, Ho [107]
Tenouatpudropaneron Benszox | Pr, Nd, Sm, Dy, Ho, Er |[38]
Buc-aneTHnaneToHITH- Bona Nd 13)
JeHAHAMHH
THpHA¥H H caauuMAAT Xct.;mpo- Nd, Ho, Er [48]
opM
DPeHaHTPOJIHH H CANHIH- Beusoa |Nd, Ho, Er [25]
Aat
Oprannyeckne pactso- | AJKOTONH,
puTenH aleTOoH,
JHOKCaH, Nd (1, 22, 60]
ykeycHas | Pr, Nd, Sm, Er [30, 31]
KHCAOTa
Tpu6yTuadgocdar Byrawoa |Pr, Nd, Sm, Eu, Dy, Ho, |39, 99]
H Ap. Er, Yb
TerpabyTHAaMMOHHIi- Hurpostan |Nd, Sm, Ho, Er [101]
HHTpaT, a30THAA KHC-
noTa
2* 19



oGpa3Horo «BHYTpHMOJeKyJasipHOro» sddekra llrapka. Beanuuna
pacilenieHus M 4YHCJA0 MaKCHMYMOB ONpeMeJsieTcst CHIaMH 3JeKT-
PHYECKOTO [OJIsi, €r0 CHMMeTPHeil, KBaHTOBbIMH uuciamu J mnepe-
X0[40B M mpaBujamMu otbopa. He pacuienssitorca Tepmbol ¢ J=0 u
J=1/5, a Takke TepMbl ¢ L=0, B 4aCTHOCTH He pacuUIeNJAIOTCA OC-
HoBHble ypoBHn Eu’Fo u Gd®S;,.  BeanuunHa paciien/ieHnsi OCHOB-
HbIX ypoBHeil HOHOB P33 B KpHCTAMJIHYECKHX INOJAX MOMKeET [10-
cturath 500 ca”!, T. e. npu nosoce 17000 e '—16 Hm. B BOAHBIX
pacTBopax koMmmiaekco P33, seuay GoJblIofi IMPHHBL MOJOC MO-
FJIOUIEHHsI, paclielyieHHe NpPOABJASeTCss B BUAe AONOJHHTe/bHbIX
IMKOB, HCKaxkawwwnx dopmy noaocsl. BeneacTeue Toro, 0JAHaKo,
uyTo 0ObIUHBEIE JaGopaTopHble cnekTpodoToMerpn He 06/1aaioT Bbl-
CCKOW JIHCTIepCHeli, MOJ0CH 4acTO paclienyieHbl 3HAUHTEJNbHO MeHb-
e TOro, 4To MOMKHO Hab/wonath npu (ororpadMpoOBaHUH CHEKTpa
{89]. Ho B mHexoTopbiX cayuasx mojoca MOTJOIIEHHS paclleINIfeTCs
Ha GOJIbIIOE YHCJO PEe3KUX TMHKOB, AO0CTATOYHO [ajieKo OTCTOSIIHX
Apyr ot apyra (puc. 14). Jlpyras Bo3MoOxKHas NpPHYHHA paclierse-
HHST 110J10C MOrJIOHIeHHs] JaHTAHHI0B — o0Opa3oBaHHe B pacTtBope
HEeCKOTbKHX KOMILIEKCHBIX COe/IHHEeHHI, NOJ0Chl TOTJOIIEHHSI KOTO-
PbIX pAaclo/oXeHbl B JOCTATOYHO JIaJ€KO OTCTOAINX 00JacTaX
crnekTpa. Bujx Takoro cnekTpa u3MenserTcsi ¢ u3MeHennem pH wu
KOHILEHTPALHH JHTAHAA.

Ta6auma 13

BeJHYHHA CMelleHHs NHKOB HEKOTOPLIX MOJOC NOTJOWEHHSH

HoHoB P33 npH Komniekcoo6pa3oBaHHH C ITHIEHIHAMHH-

TeTpaykcycHod kucnortoil (30TA), nupokatexuunucysdo-
kucinoto# (MKCK) n renounrpudropaueronom (HTTA)

YeenuuenHue (4} HAH yMeHbUIeHHE (—) AAHHBEL BOAHW
Mar:‘oc:g‘ci’" MAaKCHMYMa NPH KoMIAeKkcooBpa3oBaunH, Hu
Saement NOrAQWEHHd |~
AKBO-HOHR, 3NTA MKCK HTTA
HM [34. 36] 162) 138]
Pr 444 51 -+1,0 +1,8
468,8 44,5 422 427
Nd 522 “+4,5 Paculennexune Ha —
TPH MHKa
575,2 —+5 Paciuennenne na | —3,0; 46,2
qeThipe MHKa (nBa mHKa)
740 +5 — —
Sm 401,5 +2,4 +4,9 i g
Eu 394.0 413 s =
Gd 272,7 -+0,9 —— —
Dy 9085 —0.5 - —55
Ho 452 —0,5 — 2,0
536,5 -+1,6 — =
Er 487,0 +1.0 40,4 —
523,0 —2.4 25 wil B
Tu 683.0 46,0 - +26
Yb 9730 | 425 — 425
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Ta6awua 14
[Monock noraouweHus HoHoB P33, uyBCTBHTEbHblE K H3MEHEHHIO NOJN JHraHLO0B

Raknos by MR o 3nauenne
Hon ik Mepexoxa EakBo f_?;;i}:;ga *k/Faxso na;:.ug;})a
A
prit 2070 3H,~+°F, — — ) — 0,5081
N+ | 5715 | ‘-G, 60 | 197 | 320 | 08968
Eudt 465 | "F,~D, 0,05 10 | 200 s
Dy** | 1290 | °H~°Hy, L1 42 3,82 -
Ho3* 361 s[,>*H, 2,1 7.2 3,43 —
452 5/,~5F, 37 23.4 6,31 —
B+ 379,2 | *fs,~*Guy, 6.9 20,0 2,9 0,8970
522,8 | sy, ~2Hu, 3,28 1,1 3,38 0,7326
Tudt 799 SH, > F, 1 2,42 2,42 —
1815 3H,—H, TE s 0,5470
Yp?* 973 | *Fi, =%Fy, 2,0 3.8 1,9 >

* B pome He na6alojaeTcs BCAENCTBHE COGCTBEMHOrO TMOTJAOILeHHA CBETA PACTBOPHTENEM.

H3MeHeHHe HMHTEHCHBHOCTH TIOJOC NOrJoLleHHs Habaionaerca
BecbMa yacTo. OOGBIYHO NOJOCH YBEJIHUHBAIOTCA 110 HHTEHCHBHOCTH.
KBaHTOBO-MeXaHHYECKasi TeOpPHS H3MEHEHHS MHTEHCHBHOCTH TMO0JOC
NOrJIoNeHHsT TPH KOoMMJekcoo6pa3oBaHHu pas3BHTa B pabotax [79,
97, 98, 110]. Cuna ocuuansitopa TIepexoja, COOTBETCTBYIOLLETO
JlaHHOH TOJIOCE TOIJIONIEHHS H ONpe/e/sieMOro miouanbio noj Hei,
CBAI3LIBAETCS ¢ IMapaMeTPaMH, YYHTHIBAIOMMMH XapaKTepPUCTHKY
nepexoja, NnokasaTesb MPeJOMJEHHS CPeAbl H CHAbl MOJIsT JHTaH-
0B, BeauunHaMu, obGo3navaeMmbiMu T, T4 Ts Kak yxke orMeua-
JIOCh, 3JICKTPHYECKHe [AMIOJbHBIE NepeXxo[bl BHYTPH KOHQHTYpalHH
anektponoB 4f crporo sanpemensl. OgHako caalble HHAYLUHPOBAH-
Hble Tepexojibl MOTYT BO3HHKAaTbh KaK pe3yJabTaT B3aHMOMEHCTBHA
[IIEHTPaJbHOI0 HOHA C OKPYKAIHM NOJEM JHUragja, CMellnBaw-
WHM ¢ 4f" cocrosiHHeM KOHMUTYpAllHHM MPOTHBOMOJOXKHON 4YeTHO-
ctu 4f7—15d, B peayabraTe 4ero ocaabafiOTCA OrpaHHYEHHs Tepe-
XO[0B.

Haubosee uuTepecHoe nposiBjeHHe BJAHSAHHA I110J151 JIMCAHAOB 32-
KJIOUAeTCsl B TOM, YTO HEKOTOPBIE MOJOCH! MOrJouleHus HoHos P33
OKa3biBalOTCA HeoObluaiHo YYBCTBUTCJIBHBIMH K €r0 H3MEeHeHHIO H B
psAje ciy4yaeB 3HAUHTENBHO BO3pAacCTalOT No HMHTCHCHBHOCTH NpH ac-
CHMEeTPHYECKOM PpacnoJIoKeHHH aunoqeii Bokpyr HoHoB P33. Co-
raacHo [96] *, 5To BHI3BIBaeT yBeJHYEHHe HWHTEHCHBHOCTH 3JIEKTDH-

© * Cp. rakxe [98].
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YeCKMX KBaJpPYMNOJBHBIX TNepeXxofoB, B OOLIYHBIX YCJOBHSAX OUEHb
caabbiX, KOTOpble CTAHOBSITCA CPABHHMBI 1O HHTEHCHBHOCTH C OOBIY-
HHIMH HHIYLUHPOBAaHHBIMH 3JE€KTPHUYECKHMH [JHMOJbHBIMH MNepexo-
paMu (T. Ha3. NCeBJAOKBaApYHoJbHble nepexodsl). [las 3Tux mepe-
xonoB mnapamerp Ty uMeeT BeJHYHHY, OTJHYAIOLIYIOCA OT HYJA.
B ta6a. 14 npuBefeH mnepeueHb «YYBCTBHTEJbHBIX» K OKPYKEHHIO
noJioc norJoilleHuss HoHoB P33. B kauecTBe XapakKTepHCTHKU §YyB-
CTBUTE/JIBHOCTH» K OKPYXKEHHMI0 NDPHBOIATCHA JaHHBIE MO H3MeHe-
HHIO & TIPH Ilepexoje OT BOAHBIX PacTBOPOB K pacTBopaM B pac-
nnasax B cMecHh Li NO;—KNO; {78, 80]. Muorue u3 3aTux noJoc
(s3nementoB Nd, Dy, Ho, Er, Tu, Yb) nocrynuml ans HabumogeHus
C TOMOLIbI0 OOBIYHO HCMOJNb3yeMbIX B Ja0OpaTOPHOH MNPaKTHKe
creKTpohOTOMETPOB M HMMEIOT JOCTATOYHO BLICOKHE 3HAUEHHS &,
MOJNSIPHBIX KOI((HLUHEHTOB ToOralleHHs B KOMILIEKCe, BC/AEICTBHE
yero H3MepeHHeM HX HHTEHCHBHOCTH MOKHO BOCIIOJIB30BATbCS MPH
aHaJH3e [JA 1leJeil MOBBIIIEHHs YYBCTBHTEJNbHOCTH CHEKTPOdOTO-
METPHYECKOr0 MeToj1a.

Tabamua 15

3HaveHHs MOJSIpHOTO KDS¢¢HHHEHT& norameHHd g, AJ8 HEKOTOPBLIX
noaoc MOrNoOUmEeHHd JJAHTAHHIOB B pacTBOopax KOMMIEKCOB

A 3uauenua £, M9 PACTBOPOB KOMILAGKCOB C
Baement A0 £akB0 — S
HM [35,33: TIKCK [62] HTTA (38]
Pr 444 10,8 11,3 17,2 12,7
468,8 44 44 16,8 10,5
482 4,0 3,8 8,95 72
522,0 3,74 4,75 -— -
Nd 575,2% 1.2 11,2 52,0 60,0
740,0 6,22 8,59 — —
Sm 401,5 1.25 1,65 2,84 —
1089,0 1,88 — — 2,12
Gd 272,7 3,16 5,37 — —
Ho 452,0% 4,0 10,6 64 82—105
Er 523,0* 3,6 5,45 26,0 33,9
Yb 973 2,1 2,5 - 7.9—14,4

* «YUyBcTBHTENLHLIE* M0JOCH.

B xomnjexkcax ¢ pas3/HYHbIMH JIMTaHAAMH AOCTHraeTcs HHOrAa
eute Gosibliee yBesHYeHHe HHTEHCHBHOCTH MOIVIOLIEHHS, YyeM B pac-
nmaaBax cmecH LiNO;—KNQO; (ta6a. 15). MeHbiuee ycHaeHue
HabJi0/1aeTcsl ¥ MPH APYTHX MoJocax.

Crenyer 3aMeTHTb, YTo NpH Nepexofe OT PacTBOPOB KOMILIEKC-
HbIX COEJHHEHUH B BOJe K pacTBOpaM B OpraHHYecKHX pacTBOpH-
TensiXx GopMa noJioc MOrJIOLIeHHs, XapakTep pacluenjeHus (mnoJo-
JKeHHe MaKCHMyMa MmoJochl JAJs pacTBOpa KOMILIeKca), A, H g,
H3MEHSAIOTCS. B 3aBHCHMOCTH OT pojaa pactBopHteas. [Ipu 3Tom
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MaKCHMaJbHAasl BEeJHYHHA g, MOJYy4YaeTcs Pa3jHYHON B pa3HBIX pac-
TBOPHTeJIAX AJIA OJHOrO H TOrO XXe KOMILIeKcoo6pa3yloliero Belie-
CTBa NPH PA3jIMYHBIX 3JEMEHTaX W Ja)e AJs PasHbIX NMOJOC ORHO-
ro U TOro e 3JeMeHTa, YTo BHAHO u3 Tabna. 16, cocraBjeHHoii no
nauubiM [107] ana auerusnauneronaros P33. Ilo-BuauMoMy, 3TO CBA-
3aHO ¢ 06pa3oBaHHEM COJbBATOB KOMILJIEKCA C PAaCTBOPHTEJIEM.

Ta6nanuua 16

3asHCHMOCTL HHTEHCHBHOCTH NOJ0C MOTI0MEHHS
aueTnnaueronatoB Nd m Er ot pona pacreoputeas [107]

3manenuy g, auerTHaaueronaros P33

Sne- Asidiia, . B PACTROPHTEANX

ot B e Meranos | #Byra- | Xaopo- Bensoa
HOA dopm

Nd 522,0 4,33 5,45 7,57* 5,75 :

7
575,2 6,66 21,6 20,4 23,7 26
Er 379,2 4,00 35,0 29,8 38,6* 29
523,0 1,98 12,8+ 9,52 11,0 8
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)2*
6
0

* MakcHManbHble 3HAYEHHH £

Yuiupenue mnoJoc cnektpa morJyoileHus noHos P33, Habawonae-
MOe MpPH KOMIJIeKcooOpa3oBaHHH, SIBJSETCs CJEJCTBHEM paclien-
JeHHs moJsoc. Pa3aBuHYThle Mo CHEKTPY 3JeMeHTapHbie paciien-
JIeHHble I0JIOChI, CJHBasch, o0pa3ylT 6oJiee IIMPOKHE, YeéM B BOI-
HBIX pacTBOpax coJieH, MoJioCHl MOrJjolleHus. [ XapakTepHCTHKU
VIUHPEHHS! MOXKHO paccMOTPeTb C OnpejeNieHHBIMH OrOBOPKaMH
H3MEHeHHe MNOJYUIHPHHLI MOJOCHl (3aHuMaeMofi 06JacTH CHeKTpa
IIPH ONTHYECKOH IVIOTHOCTH, PaBHOW MOJOBHHE MaKCHMaJbHOH) —
BEJIHYHHbI, He BeCbMa TOYHO OTpa)Kalouleil CyTb fIBJeHH, TaK Kak
OOJIBIIMHCTBO MOJIOC CHeKTpa HMeeT (GOpPMY, OTJHYAIOILYIOCH OT
raycCOBCKOH KDHBOH pacnpeje/ieHusi BePOATHOCTH, HECHMMETPHUHbB

Ta6auna 17
HamenenHe noJymHpHHE Aw HEKOTOPBIX TMOJAOC
noraoweHus HoHoB Pr, Nd, Ho, Er
NpH KOMNJIEKcooGpa3soBaHHH

3HavyeHHR mxwm’
Aakso Awgkno B pacTBOpAX KOMNAEKCOB
Hon . d
e s ¢ HTTA
3ATA, MKCK,
I R T
3 444 6 9 1 -
Pt 468,8 6 13 9 _
. 589 12 15 - =
Nd** 522 4 6 10 s
3 575,2 10 16 19 =
Ho ™ 452 7 7 8 8
Er’t 523 4 7 6 5




H, KaK yxKe OblJIO OTMEYEHO, paculenjeHbl HJIH HMEIOT AOMOJHH-
TeJIbHble MAaKCHMYMbl, CBHAETENbCTBYIOLIHE 06 MX CJOXKHOH CTPYK-
type. IIpHBOAMM HeKOTOpble HMeloIHecs AanHuble (Taba. 17). .
Ymnpenue nosoc noraomenus P32 — orpuuaTenbHblll (pakTop
C TOYKH 3pEeHHS HCNOJIb30OBAHHS HX B aHajH3e, Tak Kak NMpPH 3TOM
YBEJAUYHBAIOTCS MOMEXH MOCTOPOHHHX
P32 BcaeacTsie HaJOXKeHHS CHIEKTPa.

2 OnHAaKO 3TH TOMEXH MOryT G6BITh
o yuTeHbl [PH TpOBeJIeHHH aHajau3a
: (cM. chmenyiwouuii paszed).
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MameHeHne CNEKTPOB NOTNOLLEHHSA

P332 B pacteopax KOMNIEKCOB

47 B NMPUCYTCTBUM MOCTOpOHHMX P32
Q201 Kaxk nokasano B paGorax [33, 35,
47], B pacTBopax KOMIIJIEKCHBIX CO-
0,251 eIUHEeHHH ¢ OKCHKapOOHOBBIMH KHCJIO-
TaMH B psle caydyaeB Habmwomaercs
" . 2 J M3MeHEHHe  CMEKTPOB  MOTJIOLeHHS

P33 B nNpHCYTCTBHH IMOCTOPOHHHX
Puc. 15. CnexkTppl mnorfolledus P33, B uyacTHOCTH He 06JalaloulUX
Pacteopos  CyAbbOCATHINAZINO  OGCTBEHHBM CNIEKTPOM TOTJIOLIEHHS
cTH Aaun Boau 560—610 wm B (La, Y). Takue uameneHud CIIEKTPOB
orcyrcrehe nocroponnux P33 pMel0T MecTo B pacTBOpax IUHTpaT-
{,"}(3‘*} BH“HP;ZE’{Z“;’:I:‘HJ:‘ (g?) .,’,‘)‘ HEIX, CyJab(ocaJUUNIaTHBIX, TPHOKCH-
no.rlyt{éubl no ﬂnda(;)epe}!unan;;}lo- TIYyTapaTHBIX H HEKOTOPLIX JIPYrHX
My metoay [47]. KOMIIJIGKCOB M CKa3bIBAlOTCS B HHTEH-
cHPHKAIHH HEKOTOPBLIX MOJ0C TNOIJo-
IeHHA HJH B NMOSABJIEHHH HOBBIX MaKCHMYMOB moryonieHus. Haunbo-
Jlee MOABEPKEeHbl H3MEHEHHIO YYBCTBHTE/bHbIE K IMOJIO JIMTaHA0B 110-
jgocel (puc. 15), MameHeHus cnekTpos BhI3bIBAIOTCS 06pasoBaHueM
CMeLIAHHLIX KOMILJIEKCOB, B KOTOpble BXOAAT HECKOJAbKO aToMOB P32
H CYLIECTBOBAHHE KOTOPBIX NMOATBEPKACHO APYLHMH METOJAMH, Ha-
npumep nyTeMm HaGJI0/€HHs CeHCHOHNH3HPOBAHHONH JIIOMHHECLEeH-
nud. BosmoxHocTh 06pa3oBaHHsl CMENIAHHBIX COELMHEHHH M CBSl-
3aHHBIX C Hel0 NMoMeX NPH aHaJH3e JOMKHa OblTh yuTeHa NpH IpH-
MeHeHHH PACTBOPOB KOMIIJIEKCOB B aHaJjIH3e.

CobcTeeHHOe nornoujeHue cseTta
Komnnekcoobpasyioulero BewecTsa M pacTBoOpuTens

Eme onuu ¢axrop, KOTOpblii HEOOGXOAHMO YYUTHIBATH MpH HC-
NOJIb30BAHHH KOMIJIEKCHBIX COeJMHEeHHH s LeJeld aHajuza — 3TO
NOIJIOLeHHe CBeTa, NpHCylllee CaAMOMY peareHTy, KOTOphlii CBA3aH
B KOMIIeKce ¢ HOHOM P33 uam Haxoautces B CBOGOJHOM COCTOA-
HHH (NpH NpHMeHeHHH H3GBITKA ero), a TakKKe MNOTJOLIeHHe cBeTa
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pacTBOpHTEJEM — B SKCTPAKUHOHHBIX MeTopax. MHuorue pearenth
C CONpSAKEHHBIMH T-CBA3SIMH B MOJIeKyJe 00/1aJai0T HHTEHCHBHBIMH
NOJIOCAMH  MOTJIOLIeHHs1 B OauKHeH yabTpaduoseroBoit obaactH
creKTpa, UYTO JlelaeT HEBO3MOXHBIM oOfpeje/ieHHe B IMepBYIO Oue-
pellb llepHs, TaJlOJMIMHHA M Ja)Ke eBponus (HanpHMep, ¢ TEHOHJTPH-
¢dropaueronom). [Ipu Mcnosb3oBaHHH B KauecTBe KOMILIeKcoo6paso-
Bareas 5,7-nuxjaop-8-oxkcuxunosanna {l05] nocrymuma agas Hceaeno-

TaGauna 18 D

KopoTKkosonHoBas rpanuua
Ayng: HHKe KOTOpOii HeBO3-
MOXHO onpejeneHHe 11
ONTHYECKOH MJAOTHOCTH
(xwoBera 1 cm)

|

\

\
\
\
\

A
PacTaopuTenh My
HM
471
x-Byrtanox 237 \
Xnopodopm 248 A
drunauerar 256 \
Benzon 277 N
Toayon 283 a — : S
Kcunon 288 230 300 , M
YeTpipexxaopHuc-
THH_yraepol 330 Puc. 16. CrnekTpsl noryolleHHss pacTBOPOB

xnopHIJ;ia Ce (III) i"{Ul’ H KOMIIEKCOB
A 1 TPpH-~
Hane ClﬁJIaCTb bt e )C':KEC}’{‘.':HOI!-I'i c(3J]m\:((:IHct'IIgran{ul}. 1}1(0;}:11;[:!1;;21&9
¢ AnuHOM BOMHEI Gostee 530 HM,  Ce (III)y — 10-%-mon., KoMmiekcoobpasy-
1,2-nuokcnbenson-3,5-1ucyib- omero Bemectsa — 1072-Mod,
doxucaoTsl  [62] —- GoJee
365 #m. PactBoputenu, o6bIUHO HCNOJb3yeMble AJIs lleJel 3KCTpak-
IHH, TAKXKe MOrJIOIAT CBET B yJbTpaduoneToBoi 06/1aCTH CNEKT-
pa. B ta6a. 18 npuseleHbl KOPOTKOBOJNHOBble IPaHHUBI CBeTa, NpH
KOTOPHIX €llleé MOXKHO MPOU3BOANTL M3MepeHHs co cnekrpodoromer-
pom COJI-2 npu mupuHe yuyactka crnektpa 3,2 um (1 mm).

M3meHeHne cnekTpos nornolieHus wona Ce®t

[Mosocer morgoulenuss akBo-uoHa Ce®!, BbI3bIBaeMble nepexoja-
MH 4f—5d, TakxKe M3MeHSIOTCA NMpH KoMmaekcooGpasosanuu. [lo-
Jockl ¢ MakcumyMmamu 238 u 253 Ha mpH KOMIJIEKcoOOpa30oBaHHH
C 3ITHAEHIHAMHHTETPAALETATOM, HHUTPHJAOTPHALIETATOM, HHTPATOM
H JIp. TpeTepreBaiT 0aTOXPOMHbIH cABHr Ha 6—50 HAa H, paciix-
psificb, CHHXKaloTca no HHTeHcHBHOCTH [43] (puc. 16). ITosnoca mo-
rnoutenust 296 Hm npu  KoMniuekcoobpasoBaHHH ¢ CyJabdatamu
[108] u nepxnopatamu [87] u3MeHsIeTCA MO HHTEHCHBHOCTH, He CMe-
masch no CrekKTpy.
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2. ANNAPATYPA U TEXHUKA U3MEPEHMHA (7, 42, 68]

CnektpodotomerTpsl

B Hacrosimee BpeMa y Hac HauGoJiee pacnpoCTpaHeHbl CMEKTPO-
doToMeTpsl A8 H3MepeHHA morjouleHusi cBetra THnoB Cd-4A,
COI-2, CP-5 u peructpupyloue cnekrpodoromerpnl THnos CO-
2M, CP-10 u CP-8.

Hepeructpupyiowme cnektpogoromerpsl

Heperucrpupyromue cnexkrpodporomerps tuno CP-4A, CO[-2
u C®-5 nocTpoeHel No OJHOMY THIY H OTJIHYAIOTCS POJOM HCHOJb-
3yeMOii ONTHKM, AOCTYNMHOH o0O0JacThbio CHeKTpa M [IHCHeprupylo-
wum saemenroM. ConocrasiieHHe 3THX mMpHOGOPOB paHo B Taba. 19.
Ta6anupga 19
CpasHeHHe XapaKTepHCTHK cnekTpodoromerpos

HocTynnas

.. Ouruxa B e

C®-4A | Ksapuesaa | [Ipnama 220—1100

Co -2 = HAuppakunounas 220—1100
peumeTka (peminka)

Cd-5 Crexasutas | Ipuama 320—1100

IMTpumeyanue OTHOCHTENLHOE OTBEPCTHE MOHOXpPOMAaTopa- 1:10,

Hucnepcus cnekTpodOTOMETPOB 3THX THIIOB, & TaKXe CIHEKTPO-
¢oromerpa CP-10 mpeacraBiera rpadHuecku Ha puc. 17.
OnTyyeckas cxeMma crnekTpooToMeTpoB INpejcTaBJieHa Ha pHc. 18,
Bpixoasiuit M3 HCTOYHHKAa CBeTa — BOJOPOAHON (AeliTepHeBOI)
Jamnel (npu pabote B ob6sactu cnekrpa 220—350 wm) MM Jammbl
HakaauBaHus (350—1100 #a) — cBeT KOHLEHTPHPYETCS ¢ MOMOILBIO
3epKaj Ha BXOJHOH IeJH MOHOXpOMATo-
pa. [Ipoiiasi wenanb, cBeT oTpaKaercs OT

':g 3epKaJbHOTO OObEKTHBA Ha JHUCNEprupy-
ped (o44 U 3MeMEHT, KOTOPBIfl pasjaraer ero
e @3 B cnektp. JlHCneprupoBaHHLIN CBET OT-
201 o
* .

o
/ 2, i
¢ Q
/ l/ en 2 @1-;:“_'__'1‘:._1 ___:@ﬂ- -
2 +'% s
r
200 <00 600 800 1000 Awm Puc. 18. Ontuueckas cXema cnexrpo-
¢oromerpos CP-4A u CD.5.
1 — BOTHYTOE 3epkano, 2 — HCI -
Puc. 17. Incnepcus nexoTto- S e 3 PHi . %‘;‘;‘K"a{!’g.

pbIX cneKTpodoToMeTpoB.
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5 — doTozneMenT.

paxaercsi 06paTHO Ha 0GBEKTHB, (GOKYCHPYIOUHA €ro Ha BHIXOJHOMH
UleJH, pacloJIOXXEeHHOH IM0J BXOJHOH (KOHCTPYKTHBHO BHIXOAHAs
M BXoJHas LlenH oObelMHEeHbl B ONHY). Bpamas nucneprupyoniuit
9JEMEHT ¢ [OMOIUbIO PYYKH, MOXKHO BBHIJEJHTb Ha BbIXOJHOH LIEJH
cseT TpebyeMbIX AJHH BOJH. [lasee cBET NMPOXOAMT yepe3 JAOMOJHH-
Te/ibHble CBeTO(HJBbTPH, yCTpa- '
HAIOIIHE paccesHHBI CBeT HJH
HaJaraioluecs CNeKTPHl BBICIIHX

/

nopsaakos (B cayuae CPJI-2), 2 \
H [IOCTYIaeT B KKOBETHYH KaMe- 7
py. C nomouiplo ABHXKA Ha ny- >>

TH CBETOBOI'O NYYKa MOCYT looye- %

pefilHO MNOoMeMlaTbCsl KIOBEThH — } 5 7
KOHTPOJbHAA C paCcTBOPHTEJEM rj"“

H ¢ dHaJH3HDpYEMbIM pacTBoO- e

poM. [lyuok cBera 3ateMm Ii0- Puc. 19. 3nextpuueckas cxema oOT-
cTynaer B KaMmepy c¢ QorosJje- CYETHOro VeTpolicTBa.
MEHTaMH H YCHJHTEeJeM TOKa. B I — dotosinement, 2 — CONPOTHBIEHHE
npHGOpe MMeiOTCR ABa (oTosde-  MDIEE $5 - noremuoueryu, 6
MEHTa — OJAHH AJf H3MEpEeHHH

B obmactu 220—620 #a, Apyroit Ans u3MepeHuit B obsaactH 620—
1100 Hu, KOTOpBIE yCTAaHABJIHBAIOTCS NMPOTHB OKHA KaMephbl MPH pa-
6ote B COOTBeTCTBYIOUIEH OOJMACTH CHEKTpa. DJeKTpHuecKas cxema
OTCYETHOTO  YCTPOHCTBA MOXKeT OBbiThb YNPOLIEHHO IpeAcTaBJeHa
puc. 19. Tlpu nonmapanum cBera Ha (OTO3JEMEHT (OTOTOK BBI3bI-
BA€T Ha COMPOTHBJEHHH 2 MaJleHHe HAlNpPSKEHHs, BCJAEACTBHE uero
MEHSIeTCsl MOTEeHIHaJ CeTKH BXOAHOH JaMNbl YCHJHTEJ]S, B Pe3yJb-
TaTe Yero H3MeHsieTCsl TOK, NMPOXOASLIMI HA BHIXOAE YCHJHTEJ]S 4de-
pe3 MuaIHamnepmerp, u cTpeaka npubopa oTkiaoHsercs. Ha cerky
JaMIbl MOJaeTcsl Hanpsi)KeHde, paBHOE HANPSIKEHHI0 HA OTCYETHOM
MOTEeHUHOMeTpe, M CTpeJka npubopa NPHBOAMTCA K HYJIO IyTeM
peryJIMpoBKH HHTEHCHBHOCTH CBETOBOI'O IOTOKa, T. €. MyTeM H3Me-
HeHHsl WHPHHBI LiejH. Tenepp BBOASIT Ha NYTH CBETOBOTO IyuKa,
majamouero Ha (OTO3JeMeHT, KIOBETY C aHAJHU3UPYeMbIM pacTBO-
pOM, ONTHYECKY!0 MJOTHOCTb KOTOPOr0 H3MEpSIOT, W MNOJKIIYaIoT
K CeTKe JlaMMbl OTCUETHBIH mnoTeHUHOMeTp. B pesyabrate morio-
IleHHsl CBeTa B HMCCJELyeMOM pacTBOpPe HHTEHCHBHOCTb CBETOBOIO
MOTOKa, Majawlouiero Ha (OTOJeMeHT, YMeHbIIAeTCs, W CTpeJskKa
MHJUITHaMnepmeTpa oTKaoHseTcsa. [Ipu momoik oTcyeTHOro NoTeHuH-
OMEeTpa HM3MEHSIIOT MOoJaBaeMOe Ha BXOJ YCHJHTENsl HaNpsiKeHue,
B pesyJbTaTe 4Yero CTpeJkKa MHJJHAMIepMeTpa BO3BpallaeTcs B
npexHee nosoxenue. [lo orcuery Ha aumGe noTeHUHOMETpPa MoOJY-
YaioT 3HAaueHHe MNPOMNYCKaHHHA, WJH ONTHYECKOH IJIOTHOCTH pacrBO-
pa. llena neneHHst OTCYETHOTO MOTEHLHOMETPA MOMKET H3MEHATbCS
B 10 pa3 myreM H3MeHeHHsi Hamps:KeHHs, MOJAaBaeMOro Ha Hero.
TemnoBoil TOK (OTO3/EMEHTA KOMIEHCHPYETCS BpPALIEHHEM pPYUKH
noTeHuHoMmerpa 5.
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K cnektpodoTomerpaM NpHAaeTcs HAGOp KIOBET: NPSIMOYroJb-
Hble H3 KBapua C TOJLIHHOM cios 10 mm ¥ UHIHHADHYECKHe pa3-
GopHBle, COCTOSINIHE H3 LMJAHHAPOB AJHHOH 4,05—100 mm, 3aKpbl-
BaeMbIX OKHAMH M3 CTeKJaa ujau KBapua. [las mosyuenus TOJILLHH
caosa 0,05; 0,1; 0,2; 0,5 u | mm NOAL3YIOTCA KBApUEBBIMH BKJaAbl-
MaMH TOJIHHON 4 MM, BKJIaJblBAeMbIMH B IHJHHIAPHI C JJIHHOH
cootBercrBenno 4,05; 4,1; 4,2; 4,5 u 5 mm. Ilpu pabore B oGaacTH
320—1100 #m pasbopHble KiOBETbl C ToOJHHON cjost 1—50 mm
MCIKHO 3aMEHHTb CTEKJsIHHBIMH KioBeTaMu OT (POTOKOJOpHMETpa
®3K-M, kortopble Gonee yaodubl B pabore. [lia 3THX KioBer He-
0GXOIHMO CJeJaTh CHellHaJbHYI0 MOACTABKY, NOAXOAAIIYI0 K Ka-
peTKe KIOBeTHOI KaMephl.

TexHHKAa H3MepeHUil. B COOTBETCTBHH ¢ H3JIOXKEHHBIM
NPHHLMIOM PabOTHl €O CNeKTPOGOTOMETPOM INpH H3IMEePeHHAX Of-
THYECKOIl NMJOTHOCTH PAaCTBOPOB, NMPH BLIOPAaHHOH [JIHHE BOJHbBI CBe-
Ta NOCTYMAIOT CAeAyIolHM o6pasom:

1. ITpn 3akpuiToM (GOTO3/IEMEHTe KOMIIEHCHPYIOT TEMHOBOI TOK
¢oTo3/IeMeHTa H3MEHEHHeM CONMPOTHBJEHHsI [0 YCTAHOBKH CTPEJKH
MHAJTMAMIEPMETPa HA YCJOBHOM HyJje (MOcepeiuHe IIKaJbl).

2. YcTaHaBJAMBAIOT KIOBETY C XOJIOCTBIM PacTBOPOM (pacTBOpPH-
TeJieM) Ha MNyTH NyyKa CBETa, OTKPHLIBAIOT WITOPKY (orosiemenTa
H CHOBAa YCTaHaBJMBAIOT CTPeJKY MMJJIHAMIEpPMeTpa Ha YCIOBHOM
HyJie TyTeM H3MepeHHsi IIMPHHbI lieiu npubopa u BpallenueMm py-
KOATOK «4YYBCTBHTEJAbHOCTb», [Ipu 3TOM HM3MEHSIOT, Cje/loBaTeb-
HO, HHTEHCHBHOCTb Majalomiero Ha (OTO3JEeMEHT Iyuka CBeTa HJH
riojlaBaeMoe Ha MOTEeHLHOMETp HanpsiKeHHe.

3. Ha nyTu nyyka cBeTa YCTaHaBJIMBAIOT KIOBETy ¢ aHaJH3H-
pyeMBIM pPacTBOPOM, MepekaioyaTesieM [PHCOCAHHSIOT CETKY JaMIkbl
YCHANTeNsl K JBHMKKY TNOTeHIHOMeTpa (myTem YCTAHOBKH DPYYKH
COOTBETCTBYIOIErO Mepekardartenst B MOJOXKEHHe «X1») H TOBO-
POTOM PYYKH NOTEHIHOMeTpa MPHBOAAT CTPEJIKY MHJJHAMIIEpMeTpa
CHOBA K HyJic. OTCUMTBIBAIOT 3HAUYEHHSI ONTHYECKOH MJIOTHOCTH IO
mKaJe NMoTeHIHOMeTpa.

ITosochl morgomenus #uoHOoB P33 o6sajgaloT pesKHMH MakKcCH-
MyMaMmH, H HHOTJla TIPH ycTaHOBKe mpuGopa Ha Tpebyemyio AJIHHY
BOJIHBI CBETa BCJIEICTBHE BO3MOKHBIX HETOUHOCTEH IOCTHPOBKH NpPH-
6opa MakCHMyM TNOIVIOUIEHHS CBeTa pacTBOpoB coau P33 He coB-
najgaerT ¢ YCTAHOBJEHHbIM IO IluKajde IJHH BoaH mnpubopa. as
6oJiee TOUHOTO BLISICHGHHsI TIOJIOKEHHS MAKCHMyMa TOTVIOLieHHS
LIOCTYNAIT CAEAVIOUIHM 00pasoM: noc/e NpPHBEACHHS CTPEIKH MHJ-
JHaMIepMeTpa K yCJOBHOMY HYJIO Ha CTaJHH H3Mepenus «3» (cM.
Bbillle), MeIJEHHO BpallaloT pPYYKy LIKaJbl JJHH BOJH B CTOPOHY
OONIBIIUX H MeHbLIHX BeauuuH. [TosoxKeHHe ee, COOTBETCTBYlOLLee
MaKCHMaJbHOMY OTKJIOHEHHIO CTPeNKH MHJJHaMNnepMerpa BJIEBO,
COOTBETCTBYET IOJIO}KEHHIO MaKCHMyMma morJjouleHus. Hanmenblias
NOTPeIlHOCTb ONpeleseHHsl 3HAYeHHS ONTHYCCKOH MJIOTHOCTH MOJY-
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yaeTcs NpPH 3HAQYEHHAX NponyckaHHs obbekra 37%, Hau onTHuec-
Ko#t naotHoctH 0,43,

Ilpn u3MepeHHsIX KOHHIEHTpAalLHH ONpeAeaseMOro 3JeMeHTa CHa-
yaja CTPOAT KaJMOPOBOYHBIH I'payK MO CepuH CTAHAAPTHBHIX PacT-
BOpoB coseit P32 H3BeCTHO KOHHEHTpallMH, a 3aTeM, H3MepHB
ONTHYECKYIO TJIOTHOCTb aHaJH3HPYeMOro pacTBOpa NpH JaHHO#
JUIHHE BOJIHbBI, MO ee 3HAYEeHHMI0 HAXOMAT C MOMOIUIBIO MOCTPOEHHOrO
rpaHKa KOHUEHTPaNHIO.

IIpu Gosee BBLICOKMX 3HAUEHHSIX ONTHYECKOH IJIOTHOCTH, T. e.
NPH BBICOKHX KOHUEHTPALMAX ONpee]sieMOro 3JeMeHTa, H3Mmepe-
HHA CTAHOBATCA MaJjoO TOYHHIMH. B 3TOM cayuae Godablioe 3HaYeHHE
npuobperaer AU GhepeHIHaNbHO-CIEKTPOPOTOMETPHYECKHI METOL.
Pasnnunble BapHaHTbl 9TOrO MeToja paccmoTpeHbl B paborax [72,
84—86, 116]. ITpu paGore ¢ HeperHCTPUPYIOLHMH CIEKTpOdOTOMET-
paMH paccMaTpHBaeMbIX THIIOB METOJ HCHOJIb3YeTCsi CJAeAYIOUHM
00pa3oM. YCTaHOBKY YCJIOBHOTO HyJAsl MHJAJHaMmepmerpa (CTajaus
2, cM. BEIIE) NPOH3BOASAT C PACTBOPOM COJIH ONpeflessieMoro 3Je-
MEHTA BbICOKOH KOHIEHTPAUNH, HECKOJbKO MEHbIUHUM 10 KOHIEHT-
pauuMn aHaNM3MPyeMOro pacTBopa. lorma H3MepsieMble 3HAYeHHA
OMTHYECKOH IJIOTHOCTH D aHaiH3HPYEMOro W CTaHLAPTHBIX pacTBo-
poB

D=Dy+D,
rae Dy — onrtHYecKas MJIOTHOCTh PacTBOPa, HCMOJIb3YeMOro AJs
YCTAHOBKH HyJasi Ha CTaauu 2, u D, — npupallenue ONTHYECKOil

MJIOTHOCTH PacTBOPOB, MOJYYEHHOe NpPH H3MepeHHH. B IByXcTOpoH-
Hem aud¢epenunansHom metofie [13, 14] KOHUeHTpauus aHAJH3H-
pyemoro pacrtBopa Moxer ObiTb MeHblle CTAHZAPTHOrO HYJEBOrO
pacTBOpd, B 3TOM CJyyae YCTAaHOBKA HYJIst Ha CTaAHH 2 NPOH3BO-
ANTCH 1O aHAJM3HPYEMOMY pacTBOPY, a HA CTaJHH 3 — ¢ MOMOLIBIO
crangaprioro. MctunHoe 3HaueHHe ONTHYECKO# MJOTHOCTH pacTtBopa
Toraa

: D=D¢y—D,.

Hlupusa wean cnekTpodoToMeTpa HMeer 6OMbIIOe 3HAUEHHC
NIpH H3MEPEHHAX IISi NPAaBHJIBHOMA Mepeflayn KOHTYypa MNOJMOCH M0-
FJIOIIEHHA H JJsi NMOJNYYEHHST BOCHPOH3BOAMMBIX 3HAUEHH[ OMTHYe-
CKOH NJOTHOCTH aHaJM3MPYeMOro M CTaHZapTHBIX pactsopos. [lo-

STOMY“ BO Bpems H3Mep8HHFui OHa JOJKHAQ MNOJJIepXKHBAThCA MOCTO-
AHHOH.

Peructpupylowme cnexrpodrotomerpsl THnos Cd-2M, Cd-10

CnektpodoToMeTpaMn Ha3BAHHOTO THHA MOMXKHO ABTOMATHUECKH
PETHCTPHPOBATL KPHBBIE 3ABHCHMOCTH ONTHYECKOi TMJOTHOCTH (MM
NpONyCcKaHUsl CBeTa) OT [AJHHBI BOJHBI B o6GaactH 400—750 wat.
[ponomxutensrocts saminen kpusoit or 1,5 110 3,5 mun. Ulnpuna
IeJH B pasJHYHBIX Yy4acTKaX CHeKTpa 3anporpaMMHPOBaHa KOH-
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