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XHWUMUHSA: UTOT'U U TMEPCIIEKTHUBHI

YK 541.12.038.2+541.051.2
4TO TAKOE NOJIAPHOCTb PACTBOPUTEJTA U KAK OHA USMEPSIETCH?

© 1999 Xp.Paiixapar

I'IpencraanﬂeM YuTaTeNnAaMm Hallero XXypHana 0630pHY|O CTaTbiO U3BECTHOIO HEMELKOro XuMuka
npo¢>eccopa XpucmaHa Paﬁxapp.Ta, KOTOPYIO OH niobesHo cornacunca Hanucatb no npeanoxe-

HUIO peaKonnervu.

Mpodeccop Xpuctuar Paixapat poauncs 16°Hos6ps 1934 roaa
B CaKCOHCKOM ropope Jbepcbax (O6epnaysurty). C 1955 ropa
€ro HayuyHas W neparoruyeckas AestesbHOCTb cBa3aHa ¢ Mapbyp-
rckum yHusepcutetoM (Philipps University in Marburg, FRG), rae
OH Hayan uccnepoBaTesibcKylo paboTy nos pyKOBOACTBOM Npo-
¢deccopa K.[Aumpora, a ¢ 1971 roga paboraer npodeccopom
OpraHUM4ecKon XUMHM.

O6nactbio HayuHbix MHTepecos npodeccopa Xp.cPaixaparta
ABNAETCSA KaK OpraHWYecKas XUMus (XMMHUA anndaTHyeckux nosu-
anbAeruaos, CUHTE3 U NPUMEHEHWE NOJIMMETUHOBBIX KpacuTenen),
Tak U (hU3UKO-OpraHUyecKas XuMus (CoNbBaTOXPOMUS OpraH1yec-
KUX Kpacutenew, 3cheKTbl pacTBOpUTENEH B OpPraHUYeCKOM Xu-
MWH, 3MNUPUYECKKE NapaMeTpbl NONSPHOCTU PACTBOPUTENEHN U UX
npUMeHeHKe).

Mpodeccop Xp.*Paiixapar onybnukosan okono 150 crartei B
HeMeLKHUX U MeXXAYHapOAHbIX XXypHanax. Ero nepy npuHagnexxur
TaK)Xe KanuTanbHbiv Tpya “PactBoputenu u acpcpektbl cpeabl B
OpraHW4ecKoW XMMHK”, BbIAEPIKABLUMIA HECKOMbKO M3AaHUM W NepeBeaeHHbIM C aHrIMMCKOro Ha
HEMeLKWH, hpaHLy3CKWUM, PYCCKUM U KUTAUCKUM A3bIKK.

Penkonnerus nonb3yetcs cnyyaem no3apaeuTb asTopa ¢ 65-n1eTueM 1 noxkenatb eMy 30pOBbs
U TBOPYECKUX YCMEXOB.

SOLVENT POLARITY — WHAT IS IT AND HOW CAN WE MEASURE IT?
© 1999 Christian Reichardt*

Solvents as reaction media can have a strong influence on reaction rates, on the position of
chemical equilibria, and on the position and intensity of spectral absorption bands [1-4]. Today,
this is well-known to each chemist since the pioneering work of Berthelot and Saint-Gilles in
Paris on esterification reactions (1890), of Menshutkin in St.Petersburg on the quaternization of
tertiary amines with haloalkanes (1890), and of Claisen, Wislicenus, and Knorr in Werzburg and
Jena on keto/enol tautomerization equilibria (1896). For example, the rate of the monomole-
cular heterolysis of 2-chloro-2-methyl-propane increases by a factor of 10" by changing the
solvent from benzene to water, corresponding to a solvent-initiated reduction of the Gibbs
activation enthalpy by AAG=14 kcal/mol [5]. The enol content of ethyl acetoace-

* Philipps-Universitdit. Marburg, Germany
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tate increases from x=5 to 62% in going from dimethyl sulfoxide to cyclohexane as solvent

[6]. The long-wavelength, intramolecular charge-transfer UV /Vis-absorption band of the

pyridinium-N-phenolate betaine dye 1a is hypsochromically shifted by AA=357 nm in going

from diphenyl ether (Amz=810 nm) to water (Apax=453 nm), corresponding to a medium-
caused increase in transition energy of AET=28 kcal /mol [1,7].

All three types of solvent effects are caused by the

R varying energetical stabilization of educts and activated

complex, educts and products, or electronic ground and

excited states, respectively, by differential solvation.

| Chemists usually attempt to understand solvent effects on

chemical reactions or absorptions in terms of so-called

“solvent polarity”. The expression “solvent polarity” is

nowadays found in every chemistry textbook; ci. for

example [8]. But what does “solvent polarity” really mean?

The simplicity of idealized electrostatic models for the
description of solvation of ions and molecules, considering
solvents as a non-structured continuum (e.g. Born equa-
tion, Onsager reaction field, etc.), has led to the use of di-
electric constants, dipole moments, and refractive indices
(or functions thereof) as macroscopic physical solvent pola-
rity parameters [1,9,10]. However, solute/solvent interac-
tions take place on a molecular-microscopic level, with in-
dividual solvent molecules surrounding the ions or mole-
cules of the solute in a more or less structured solution.
Therefore, in correlating solvent effects with solvent pa-
rameters, the pure electrostatic approach often failed, because intermolecular forces between
solute and solvent include, in addition to the non-specific van-der-Waals interactions, also
specific interactions such as hydrogen bonding (i.e. Bronsted acid/base interactions) as well
as electron-pair-donor (EPD)/ electron-pair-acceptor (EPA) (i.e. Lewis acid-base interactions)
and solvophobic interactions. The majority of organic solvents nowadays used as reaction
media are solvents capable to specific solute/solvent interactions, such as hydrogen-bond-
donor (HBD) or protic solvents, hydrogen-bond-acceptor (HBA) solvents, in addition to those
solvents with non-specific solute/solvent interactions only (i.e. ion/dipole-, dipole/dipole-,
dipole-induced dipole-, and/or dispersion interactions) such as apolar and dipolar as well as
non-hydrogen-bond-donor (non-HBD) or aprotic solvents [1].

Hence, from a more pragmatic point of view, it seems to be favorable to define “solvent
polarity” simply as the “overall solvation capability” (or “solvation power”) for solutes (i.e. in
reaction rates: reactants and activated complex; in chemical equilibria: reactants and pro-
ducts; in light absorptions: ions or molecules in the ground and excited state), which in turn
depends on the action of all possible, non-specific and specific, intermolecular interactions
between solute ions or molecules and solvent molecules. In this connection, all such so-
lute / solvent interactions should be excluded which lead to definite chemical alterations of the
ions or molecules of the solute by chemical reactions. This pragmatic, more operational defi-
nition of solvent polarity was already given more than thirty years ago [11], but it seems to
be accepted only now by the international community of chemists [8], as shown by the in-
clusion of this definition of solvent polarity in the recent “Glossary of Terms Used in Physical
Organic Chemistry — IUPAC Recommendations 1994” [12].

Solvent polarity, defined in this manner as overall solvation capability, cannot be quantita-
tively described by single macroscopic physical solvent parameters. The lack of comprehen-
sive theoretical expressions for the calculation of solvent effects, and the inadequacy of defi-
ning solvent polarity in terms of macroscopic physical solvent characteristics, has led to the
introduction of purely empirical, molecular-microscopic parameters of solvent polarity. Based
on the assumption that particular, well-selected and well-understood, strongly solvent-
dependent chemical reactions or spectral absorptions can serve as suitable model processes
for the study of solvent effects, various empirical solvent polarity scales have been developed
in the last decades in this way [1,7].

la: R=H
1b: R = C(CH3)3
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The first empirical parameter of solvent polarity (“solvent ionizing power”) was the Y-
scale of Winstein et al. (University of California in Los Angeles/USA), introduced in 1948
and derived from the solvent-dependent solvolysis of 2-chloro-2-methylpropane [13]. The first
suggestion to use solvatochromic dyes as empirical indicators of solvent polarity came from
Brooker et al. (from Eastman Kodak Company in Rochester/USA) in 1951 [14]. However,
Kosower (University of Wisconsin/USA) was the first to set up a real, spectroscopically de-
rived solvent polarity scale, called Z-scale, using the intermolecular CT absorption of 1-ethyl-
4-methoxycarbonyl-pyridinium iodide as solvent-sensitive reference process [15].

By virtue of its exceptionally large negative solvatochromism and its good solubility in a
variety of solvents, we have introduced in 1963 the 2,6-diphenyl-4-(2,4,6-triphenyl-1-
pyridinio)-phenolate betaine dye la as new UV /Vis-spectroscopic indicator of solvent pola-
rity, which overcomes some practical limitations of other solvatochromic reference com-
pounds [7]. In contrast to 1a, the more lipophilic penta-tert-butylsubstituted betaine dye 1b is
soluble in less polar solvents such as hydrocarbons and, therefore, it is used as secondary
indicator for the polarity determination of nonpolar solvents [16]. Since the long-wavelength
intramolecular CT absorption band of the standard betaine dye 1a lies within the visible re-
gion, it is easily possible to make even a visual estimate of the polarity of solvents: solutions
of 1a are red in methanol, violet in ethanol, blue in isoamyl alcohol, green in acetone, and
yellowish-green in ethyl acetate [8,17]. With suitable binary mixtures of solvents with diffe-
rent polarity (e.g. acetone/methanol), almost every colour of the visible spectrum can be
observed. Only in acidic solvents the betaine dyes 1a,b cannot be used because the phenolate
moiety is (reversibly) protonated and the solvatochromic CT absorption band disappears. The
betaine dye 1a can be easily synthesized from 2,4,6-triphenylpyrylium salts and 4-amino-2,6-
diphenylphenol [7,18]. It is also commercially available [19].

The molar electronic transition energies of betaine dye 1a (which had formula number 30
in the first publication [7a]) are called ET(30)-values and calculated according to equation (1),

Ex(30)(keal-mol!)=Np-h-c: ¥ 1, =(2.8591:103) v, (em1)=28591 / Apaxnm) (1)
in which v_,, is the frequency and An,x the wavelength of the long-wavelength CT absorp-
tion of 1a, and Np is Avogadro’s number. In order to avoid the old-fashioned dimension

kcal /mol, we have introduced later on so-called normalized, dimensionless E%’ -values, which
are defined according to equation (2) [16],
n_ Er(solvent) — Er(TMS) _ Er(solvent) - 30.7
T 7 Er(water)- Ef(TMS) = 324

using water (EY=1.000) and tetramethylsilane ( EY =0.000) as extreme polar and nonpolar

(2)

reference solvents. An EN-value of 0.654 for ethanol means that the overall solvation capabi-

lity of ethanol is 65.4% of that of water, as measured with dye 1a. High E1(30)- or high EY -

values correspond to high solvent polarity. They are known for about 360 solvents and many
binary solvent mixtures; a more recent compilation can be found in refs. [7b,c]. The values for
30 mostly used solvents are given in Table 1.

A pictorial representation of the E{? -scale is given in Figure 1, with a selection of sixteen
common solvents above the base line, and seven more exotic solvents below this line.
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Table 1. Empirical parameters of solvent polarity E1(30) [cf. eq.(1)] and normalized E¥

values [cf.eq.(2)], both derived from the long-wavelength Vis/Near-IR absorption band of the
negatively solvatochromic pyridinium N-phenolate betaine dyes 1a and 1b, for thirty solvents,
measured at 25°C and 1 bar

Solvent ET(30) 7 (kcal mol 1) EY
Ethane—l 2- dlol 7 : 56 3 0.790
;Methano] SRR i Pt ngee
Ethanol 10.654
‘1-Propanol = 0.617
1-Butanol bl 0.586
2Propanol. . 0.546
Nitromethane 0.481
Acetonitrile G 0,460
Dimethyl sulfoxnde e 0.444
2-Methyl-2-propanol {30°C) 0.389
N,N-Dimethylformamide 0.386
1-Methylpyrrolidin-2-one 0.355
Acetone 0.355
'1,2-Dichloroethane 0.327
Hexamethylphosphoric 0315
acid triamide y
Dichloromethane 0.309
Pyridine 0.302
Chloroform 0.259
Ethyl acetate 0.228
Tetrahydrofuran =~ - 0.207
Chlorobenzene : 0.188
‘T¥Dioxane i 4 360 0164
Diethyl ether _ 0.117
‘Benzene 0 CEE DA
Carbon dlsulflde 0.065
Tetrachloromethane 0062
n-Hexane 0.009
Cyclohexane = i danEEER 008
Tetramethylsnlane (I‘ MS) 30.7 0.000"

Starting from the left, we find with increasing EY -values first the group of apolar aprotic

(non-HBD) solvents (e.g. hydrocarbons), then the dipolar aprotic solvents (e.g. acetone,
DMSO), and eventually the dipolar protic (HBD) solvents (e.g. alcohols). The common
qualitative classification of organic solvents into these three main groups, first introduced by

Parker in 1962 [1,20], is reflected by the EY -scale. Below the base line, we find some molten

salts (which are of interest as reaction media), 3-methylsydnone as extreme dipolar non-HBD
solvent (u=7.3 D; g=144), and supercritical fluid carbon dioxide, the polarity of which is

comparable to that of hydrocarbons [21]. The gas-phase E%‘ -value is a calculated one;

because of the low volatility of 1a, the direct determination of the gas-phase EY -value was
not possible.

* By definition
12
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Empirical Solvent Polarity Scale EY
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Figure 1.

Since their introduction, the Er(30)- and E}q -values have found a manifold of applications as

empirical parameters of solvent polarity, not only in correlating other solvent-dependent phe-
nomena, but also in the quantitative analysis of binary solvent mixtures, the determination of
the surface polarity of alumina and silica particles used in chromatography as well as of the
polarity of mobile phases used in reversed-phase liquid chromatography, the determination of
the polarity of microheterogeneous solutions (i.e. micelles, vesicles, phospholipid bilayers,
etc.), and the determination of the polarity of polymers, polymer solutions, and non-aqueous
electrolyte solutions [22]. By the way, solutions of the betaine dye 1a exhibit not only the
phenomenon of negative solvatochromism, but also that of thermochromism, piezochromism,
and halochromism. That is, the CT absorption band of 1a depends not only on solvent pola-
rity, but also on the solution temperature, on the external pressure, and on the nature and
concentration of the added salts [23].

The application of empirical parameters of solvent polarity in correlating other solvent-
dependent processes (i.e. rates, equilibria, absorptions, etc.) takes usually the form of a Li-
near Free-Energy (LFE) Relationship [24,25]. This method of proceeding, that is the use of
carefully selected reference or standard processes in order to establish empirical relationships
between solvent- or substituent-dependent phenomena, is quite common in physical organical
chemistry and was first used by Hammett in 1937 [26]. Thus, the use of Hammett’s substitu-
ent constants in correlating other substituent-dependent reactions is nothing else as to com-
pare the reaction under consideration with the substituent-dependent ionization of benzoic

acid, dissolved in water at 25°C, as reference process. The use of E7(30)- or EY¥-values in

correlating other solvent effects means simply a comparison of the studied solvent-dependent
reaction or absorption with the solvent-dependent, well-understood CT absorption of betaine
dye 1a as reference process.

In applying the empirical solvent polarity parameters E1(30) or EYN, it is tacitly assumed

that the contribution of the various, non-specific and specific, intermolecular forces to the
overall interaction between the solvatochromic betaine dye 1a and solvent molecules is the
same as in the interaction between solute and solvent in the particular solvent-dependent
process under investigation. This is often, but not always the case. For example, according to
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its chemical structure, the betaine dye la is not capable to register the Lewis basicity of
EPD-solvents. In order to overcome this drawback, the two-parameter equation (3) has been
proposed, which includes, in addition to Er(30), Gutmann's Donor Number DN [27] as
second empirical parameter, measuring the Lewis basicity of solvents [28].
XYZ=(XYZ)o+a-ET(30)+B-DN (3)

XYZ and (XYZ)g are the values of the solvent-dependent physico-chemical property of the
solute under investigation (e.g. Ig &, lg K, h-V, etc.) in a given solvent and in the gas-phase
(or in a inert solvent), respectively.

In order to deal with all possible solute/solvent interactions separately, multiparameter
equations such as (4) and (5) have been developed later on, which combine individual empiri-
cal parameters for each of these distinct solute/solvent interaction mechanisms. One of the
first multiparameter treatments of solvent effects was that of Palm and Koppel in 1972
[29,30], given by equation (4),

XYZ=(XYZ)g+y-Y+p-P+e-E+b-B (4)
in which the nonspecific parameters Y and P measure the solvent’s polarization
[Y=(g,1)/(+2)] and polarizability [P=(n2-1)/(n%+2)], respectively, and E and B stand for
the specific parameters measuring the electrophilicity (Lewis acidity) and nucleophilicity
(Lewis basicity) of the solvents, respectively. The regression coefficients y, p, e, and & de-
scribe then the susceptibility of solute property XYZ to the different solute/solvent interac-
tion mechanisms. The scale of Lewis acidity E was mainly based on the Er(30)-scale. More
recent applications of the Palm-Koppel four-parameter equation can be found in the work of
Makitra et al. [30,31].

The most successful quantitative treatment of solvent effects by means of a multiparame-
ter equation is that of Tait and Kamlet, introduced in 1976 as Linear Solvation-Energy Rela-
tionship (LSER) according to equation (5) [32,33],

XYZ=(XYZ)g+s-(n*+d-8)+a-a+b-B+m- 83 (5)
in which the UV /Vis-spectroscopically derived empirical parameters n*, o, and B stand for
the exoergic solute/solvent interactions caused by the solvent’s dipolarity/polarizability,
HBD ability, and HBA ability; & is a polarizability correction term for aromatic and halogen-
containing solvents. The so-called cavity term 8y is Hildebrand’s solubility parameter, related
to the endoergic solvent/solvent interactions which must be overcome in creating cavities
into the solvent in order to accommodate the molecules of the solute. The latter term is ne-
cessary only for solvent-dependent processes with a change in volume between the initial and
final state; for solvent-dependent spectroscopic absorptions this term is negligible. With such
a four-parameter equation nearly all solvent-dependent processes can be described quantita-
tively. A thermodynamic analysis of the mn*- and E7(30)-scale has been recently given by
Matyushov et al. [34].

Obviously, there is no simple, universally valid, empirical scale of solvent polarity resp.
overall solvation capability, applicable to all types of solvent-dependent processes. Often, only

one solvent parameter such as the Er(30)- or EY-values is sufficient for the quantitative cor-
relation of a solvent-dependent process under consideration. Sometimes a two-parameter
equation will do it, and in some more complicated cases a multiparameter equation has to be
applied. The selection of a suitable solvent polarity parameter is therefore problem-oriented
and leaves room for subjective decisions. Therefore, the well-known remark that chemistry is
not a science but rather an art seems to be not entirely unfounded.
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. OBOBLLAIOILIASI CTAThS

YIK 541.121

NOCTPOEHME MOAEJIN KOMIUJIEKCOOBPA3SOBAHUA: OT PE3YJIbTATOB
U3SMEPEHMA K OKOHYATEJIbHOMY BEPAOUKTY

© 1999 10.B.Xouaun, JI.C.Konses, C.A.MepHblii

MpoaHanuaupoBaHbl OCHOBHbIE 3Tarbl MOCTPOEHUA MOAEnNer KOMMNNEKCOOBpa3oBaHMs Mo 3aBUCU-
MOCTSIM COCTaB—CBOMWCTBO. BbIAeﬂeHbl waru, Ha KOTopbIX Hanbonee BbICOKA OMacHOCTb BHECTU B
UTOrosyro Mmopens OLI.IH6KH, U npepnoXeHbl cnoco6bl, NO3BONAKOWUE YMEHbBLUWTE PUCK COBepLUe-
HUs Takux owmboK. MoKa3aHo, YTO Ha PasHbIX CTaAUAX NAPAMETPUHECKON MAEHTU(DMKALMM MOLEny
Kno4YesbiMHu Ons obecneyenus ee AOCTOBEPHOCTHU RABNAKOTCRA MEeTOoMbl po6acmoi HeNUHEeHHOM pe-
rpeccum, TeopuM pelueHUs HeKOPPEeKTHbIX 3aaay M aHanM3a afeKBaTHOCTH. Kak pe3ynbTart uccne-
AOBaHUA chopmynupoBaHa obuias ctparerus NOCTpoeHus mopenu. Mpusenersl NpUMepb! UCMOMNb-
30BaHMs 3TOM CTpaTeruu ANs MOAENMPOBAHMS PaBHOBECHH MO [aHHbIM METOAO0B cnekTpodgoTomMeT-
pHnyecKkoro, pH-Me'rpmecxoro, PacTBOPUMOCTH. -

KomuecTBeHHbIH (u3nKo-xumuueckuil aHaaus (KPXA) — yuukalbHOe cpeicTBO ompejese-
HHSl YHCJA COPTOB, CTEXHOMETPHYECKOro COCTaBa H TepMOAHHAMHYeCKHX mapameTpoB (B mep-
BYIO Oyepe/lb, KOHCTAHT YCTOHYHMBOCTH) XHMHYECKHX ()OPM B PaBHOBECHBIX CHCTEMaX MyTeM
HCCJIeIOBaHUSl 3aBHCUMOCTEH COCTaB—CBOHCTBO [1,2]

A[k = (po\-[, ﬂ-*k)- (l)
rie A — u3MepsieMOe CBOMCTBO PaBHOBECHOH CHCTeMbl, # — HOMep HcCCJelyeMod CMecH,
1 £k < N, N — KoniH4ecTBO H3yUeHHBIX CMeCed, A — aHalHTHYecKas Mosuuus (ckaxem, AIHHA
BOJIHBI IOTJIOLIAMOLLEro CBeTa MpH CHeKTPOPOTOMETPHYECKOM HCCJ/IeIOBAHHH PaBHOBECHH B pac-
TBopax), [ — ee HoMep, 1 </ < A, A — obliee YHC/IO aHATHTHYECKHX NMO3KLMH (KaHaI0B ofHO-
BPEMEHHOr0 M3MepeHHsi CBOMCTB PaBHOBECHOH CHCTEMbI), fixy — BEKTOP MCXOAHBIX (M3BeCTHBIX
1O YC/OBHSIM CMELUHBAHHS) KOJIHYECTB BELIECTBA PeareHTOB B k-il MCCefyeMoll cMecH, ¢ —
Hekotopasi ¢yHKuMs. ITocTpoeHne Moaean KoMmmiekcooGpa3oBaHHS B PaBHOBECHOM CHCTeMe
BKJIOUaeT, B oOlLEeM cjyyae, BhIOJHEHHe HeCKOJbKHUX IIaroB:

1. Inannposanue [3—6] u ocywecTBaenne sKcrepuMeHTa — MoJyyeHHe NEPBHUHBIX SKCIle-
pHMeHTaJbHBIX AaHHBIX KDXA.

2. CrpykrypHylo uaeHTH(HKaLHIO Mogeau [2] — BefGop Takoro BuAa yHKUMM @ B ypaBHe-
uui (1), CBsI3bIBAIOLIEM HAYaJbHBIA COCTaB CHCTeMB C HM3MepSieMbIMM PaBHOBECHBIMH
CBOHCTBaMH A, uTO HMelOlIHe (H3UYECKHH CMBICJ MapaMeTpbl, HalpHMep, KOHCTaHThI
YCTOHUHBOCTH KOMIJIEKCOB, GyNyT MOArOHOYHBIMH NlapaMeTpaMH MOIE/IH.

3. [NapameTpuyecKyio naeHTHHUKauuo Mogean [2,7—10] — onpenesenue NOAroHOYHBIX Ma-
pamMeTpoB M3 ycsoBHsi “Hauiyuyiuei” (B HEKOTOPOM CMbic/ie) annpOKCHMAlLHH 3aBHCHMOCTH
(1) monensio.

4. IlpoBepKy aneKBaTHOCTH MOJEJH C MOMOIIbIO CTaTHCTHYECKHX KpuTepueB. Eciu Moaennb
He aJleKBaTHA 9KCMEePUMEHTY, ee NlepecMaTpUBAIOT, BO3Bpallasch K wary 3.

5. Bepudukauuio Mofes I MK AMCKPHMUMHALMIO HECKOIBKHX ajleKBaTHLIX Mojesel [10—12].
Bepuduxauus npeanosaraeT nposepky paboTOCIOCOGHOCTH MOMENH TPH aHalH3e He3aBH-
CHMBIX 3KCIepHMeHTaJbHbIX AaHHBIX. J[MCKpHMMHaLUWs — BbLIGOpP Ha OCHOBe OO6LIEXMMHUe-
CKHX coobpakeHHH WM (M) pe3y/bTaTOB JOMOJHHTENBHBIX SKCTIEPHMEHTOB ONHONH MOJEH
U3 HeCKOJbKHX a/leKBaTHbIX.

[ToctpoeHue Mozeny npejcraBiasieT co60i CI0XKHYIO KOMIJIEKCHYIO 3ajayy, pelieHHe KOTo-
poii Tpe6yeT Ha pa3HBIX 3Tanax obpallaThcsl K METONAM XHMHYECKOH TepPMOAMHAMHKH, CTAaTHC-
THYECKOH TEOpHH MJIaHHPOBAHMS KCIIeDHMEHTa, TEOPHM aHaiM3a NaHHbIX (BKioYas pobact-
HYI0 PerpeccHio), NoJb30BaThCsi NMPHEMAaMM pelUeHHs] MaTeMaTHYecKH HeKOPPeKTHbIX 3ajay,
CTaTHCTHYECKHMH M HEeCTaTHCTHYECKHMM MeTOJaMH IpPOBEPKH aleKBaTHOCTH, NMCKPUMHHALMH
U BepH(HKALUHUH MOZEJEH. : :

B Hacrosiied paboTe mpensaraercsi obmasi cTpaterusi o6pa6oTku maHHbx KOXA. Caejo-
BaHHe 3TOHM CTpaTerH, CyllecTBeHHbIM 06pa3oM OMHpalolleiicss Ha BO3MOXHOCTH Halle# IIpo-
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rpammel CLINP 2.1 [13,14], o6eperaer HcciiefoBaTesisi OT BO3MOXKHBIX OLIMGOK B MHTepnpera-
LMK pe3y/bTaTOB M3MEpPEeHHH M INOBhIIaeT JOCTOBEPHOCTb BLIBOJIOB O COCTaBe H YCTOWYMBOCTH
KOMIIJIEKCOB B HCCJIelyeMOH CHCTeMe.

OcHoBHble maru K®XA

1. Mepsuunsvie akcnepumermarvuoie darnnsie. K coxanenuio, Xk o6pa6oTke nepBHYHbLIX
sKcrepuMeHTanbHbIX AaHHBIX KPXA npucTynaioT no npoiecTBHH HeMasoro BpeMeHH Mocje Hx
nony4yeHusi. B cuily 3TOro 06CTOSATENLCTBA MBI OGCYAHM MOCTPOEHHE MOJeJH Ha OCHOBe HalHy-
HBIX 3aBHCHMOCTEH COCTaB—CBOWCTBO, MOJYYEHHbIX 10, BO3MOXHO, HEONTHMAJIbHOMY MJIaHy, a
BLIPaGOTKY PeKOMeHJal|ii N0 W3MeHeHHWI0 M/ WM pacCIMPEHHIO IVIaHa 3KcrepHMeHTa Gynem
paccMaTpUBaTh KaK OfHH H3 Pe3yJbTaTOB HCCJENOBAaHHUS.

2. Cmpykmypnas udenmuguxayus modesu. Bun dyHKUMM @ onpefiesisieTcsi Tpems
rpynnamu ypasHenuit [2]: 1) ypaBHeHusAMH cBSI3W W3MepsieMOro cBOHCTBa A C paBHOBECHBIM
coCTaBOM; 2) ypaBHeHHSIMH MaTepHajibHOro GanaHca; 3) ypaBHEHHSIMH 3aKOHa [€HCTBHS Macc
(3JIM). OcHoBHble 3KCIepHMeHTa/bHbIe MeTO[bl HCC/EOBAHNUS PAaBHOBECHH MO3BOJSIOT H3Me-
PSATh JIMHelHble KOMOHHALMHK PaBHOBECHBIX KOHUEHTpauui xuMmuueckux ¢opm. Toraa

s
Al =Zal|'[L1]k ) (2)
e .

rie L; — pearenT, S — ux KonuuectBo, [L;], — paBHoBecHas KoHueHTpauusi L; B k-l cMecH,
Oy — W3BECTHBIH WJIHM TMOAJEXalIWH onpefeseHHIO (aKTOp HHTEHCHBHOCTH peareHTa L; Aans
aHaJIHTHYeCKOH Mo3uuMH A;. [Ipu popmynHpoBKe ycJOBHH MaTepHaibHoOro 6anaHca yao6Ho pe-

aKIMH B CHCTeMe 3amMcaTh B KaHOHMuYecKo# popme [15]:
Y

ZVyBj =Li ; (3)
j=1
e Vj; — CTeXHOMeTpHYecKHe KO3(OHUMEeHTH, B; — MOAMHOXECTBO peareHTOB, HasblBaeMoe
He3aBHCHMLIMH KOMNOHeHTaMH. HesaBucuMble KOMNOHeHTH B; Apyr B Apyra NpH peakuusx He
NepexoisiT M, CJe[loBaTe/lbHO, HHBAPDHAHTAMH CHCTEMbl SBJSIOTCA KOJHYeCTBa BelleCTBa KOM-
noHeHToB. Ec/IM peakudu NpoOMCXONAT B pacTBOpax, o6beM KOTOPLIX NMPH 3TOM He MeHseTcs,
MHBapHAHTaMH ABJSIOTCS H obuiMe (aHanTMTHYeCKHe) KOHUEHTPALHH KOMIIOHEHTOB, MOJb/ JI:

s s
ty=dvy-elp)=d vy L} j=12..7, (4)
i=l i=1 :

rae ¢(L;) — HayanbHble (M3BeCTHBIE MO YCJOBHSIM CMELUMBAHHS PeareHTOB) KOHLUEHTpauuu L;.
Ocraetcsi 3anucath ypaBHeHHsi 3[IM W/, YTO SKBHBAJeHTHO, BLIPAXKEHHS IS XHMHUECKHX
NMOTeHUHMa 0B peareHToB. IS peakuuil B MajONOJSPHLIX PacTBOPHTE/SX H BOAHBIX PacTBOpax
¢ no6aBKaMM M36biTKa (POHOBOrO 3JMEKTPOJHTA MOXKHO MPHHATh, YTO KOI(D(HUUHEHTH aKTHB-
HOCTH XMMHYECKHX (OPM IpH PeakUHsX OCTAlOTCS HeH3MEHHBIMH, H 3alMChIBaTh ypaBHEHUS

3JIM B BHJE:
Y
[L1]=CXP lnB,+Zv,Jln[Bj] > ' (5)
j=1

rae [B;] — paBHOBecHble KOHUEHTPAUMH HE3aBUCHMBIX KOMIOHEHTOB, [B; — KOHUEHTpaUHOHHas
KOHCTaHTa YCTOHYHBOCTH XHMHUYECKO¥H dopmbl L;.

Mognenu co CTpyKTypoil, 3afaHHoi ypasHeHusMu (2)—(5), npuMeHSIOT 415 ONMCaHHsi paB-
HOBECHH B pacTBOpaX, 3KCTPAKLMOHHLIX PaBHOBECHH, PaBHOBECHH B CHCTEMe PacTBOP—O0CAJOK,
paBHOBeCHH XeMOCOPOLMH KOMMOHEHTOB PacTBOPOB Ha MOBEPXHOCTH XHMHMYeCKH MOJAH(HLH-
POBaHHBIX KpeMHe3eMOB H Jp.

3. ITapamempuyeckan udenmupuxayus MOJeJH pacnajaeTcsi Ha JBe OTHOCHTENbHO Ca-
MocTosiTeJbHbIe 3afa4yu. [lepBas — 3TO ompejesieHHe KOJHYECTBAa COPTOB H CTEXHOMETPHYEeCKo-
ro cocTaBa XMMHYECKHX ¢opM L;, T.e. HaXxoXIeHHe AHCKPETHHIX MepeMeHHbIX MojlesaH. Bropas
3ajla4ya COCTOMT B ONpejie/leHHH NpPH 3a/laHHbIX 3HAUEHHSIX AUCKPETHbIX nepeMeHHbix (nmpu 3a-
NlaHHOM Habope peaKLHF) HEH3BECTHBIX KOHCTAHT [; M (aKTOPOB HHTEHCHBHOCTH Ol

(HenpephIBHBIX MapaMeTPoB MOJEJIH).
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K HacTosilIeMy MOMEHTY BpeMeHH pa3paboTaHbl JOCTATOYHO MOIIHbIE NMPHEMBbl OIpeJeseHus
JMCKPeTHBIX MapaMeTpoB Mojesel. B cBoel mpakTHKe Mbl IIMPOKO NMPHMEHSIEM H PEKOMeHAyeM
KaK HauboJee yIOGHbIA ¥ HafeXHbIM “MeToJ KOoppeKunu mpobHbix Monesei” A.A. Byraesckoro
[10]. On ocHoBaH Ha MOMONHEHHH HCNBITBIBAEMOH HeafeKBAaTHOH MOJEJH HOBBIM KOMILIEKCOM.
KiioueBo# 3Tan MonoJIHeHHsi — BBIIBUTb 06J1acTh MJaHA SKCNEepHMEHTa ¢ OJHHAKOBBIMH Mpeo-
NafalouMMH KoMmnoHeHTamMH [10] U GosbliHM paccoriacoBaHHeM MeXAy SKCNepHMeHTalbHbIMK
¥ PacCYMTAHHLIMH MO MOJENH BeJHYHHaMH cBoicTBa A. BBeneHue B Mojle/lb HOBOrO KOMILIEK-
ca, CTEeXHOMETPHYECKHIl COCTaB KOTOPOTrO HaXoAAT Mo creudanbHbiM npasuaam [10], snaun-
TeJbHO yJyulllaeT Ka4yecTBO OMHCaHHsi 3KcrmepuMeHTa. I[lpumensis mertoa Byraesckoro (kak,
BIpoYeM, M JAPyTHe CHOCOOBI MOHCKAa COCTaBa XHMHUYECKHX (OPM), KaXKAblii pa3 NpPHXOLHTCS
JenaTh TPYAHbIH BbIGOP: cjefyeT JH GosibliiHe HEeBSI3KH MeXJy pacyeTOM H 3KCIePHMEHTOM
CYHTaTh MPH3HAKOM HEMOJHOTbl MOJeJH JHGO OTHOCHTb HX Ha cueT HeGOJBLIMX CHCTeMaTHue-
CKMX OUIMOOK MJH CayyaiHBIX NpoMaxoB (BEIGPOCOB) B aHA/NM3MpPYeMBIX AaHHBIX.

Korma 3agaHbl 4YHCIO0 XHMHYeCKHX ¢opM S M MX CTeXHOMETPHYECKHH COCTaB
(ko3ppuiMeHTl V;; H3BECTHBI), pacyeTy MOJIEXKAT JBe PYNNEl MapaMeTpPOB: a) HeH3BECTHbIE
KOHCTaHTBl YCTOHUHBOCTH 3y, i = 1, 2, ..., p; p £ S, 1 paKkTOpbl HHTEHCHBHOCTH ot MJsi Q) pea-
rentos L; Takum o6pasom, obliiee YHCIO MCKOMbIX mapameTpoB (pasmepHocTb BekTOpa 0, co-
lepXKalllero Bce HeM3BeCTHble mapaMeTpsl f3; H o)

z=p+ AxQ < NxA. (6)

PacueT KOHCTaHT YCTOHYMBOCTH M (PaKTOPOB HWHTEHCHBHOCTH KOMILIEKCOB OCYLIECTBJSIOT
YHCJEHHBIMH HTEepPaTHBHBIMH MeTofaMu Ha DBM. B kauecTBe OlleHKH HCTHHHBIX 3HaYeHHH HC-
KOMBIX NapaMeTpoB NPUHHMAIOT Takod BekTop O (HaGop moasexkaluux onpeneseHuio B;, o),
KOTOpbIK o6pallaeT B MUHHMYM BBIOPaHHYIO KpHTepHa/lbHYI0 GyHKuUMIO U:

0 = arg min U(8). (7)

Bo Bcex wectuaecaTy Hanbosee NOMyJspHbIX KOMIBIOTEPHBIX [porpaMMax AJsi pacyeTa ma-
pametpos paBHoBecHil (1961 — 1996) dynkuuio U sagaBajiyi Kak B3BELUEHHYIO CyMMy KBaapa-
T0B HeBs30K [7,16,17]:

A N 9
uey=3 Y&, (8)
I=1k=1
rle B3BelleHHass HeBsisKa &;, =  Jwy ‘A, @i — CTaTHCTHYECKHH Bec H3MepeHHs Ay,

wi =1 / 02(Ap), o?(A;,) — nucnepcus norpemHocTH Ajp, HeBs3Ka Ay, = APBHUHCAEHO | Agsken.
Takoii BhGOp cieflyeT W3 MeToia MakcuMyMma npasuonono6us [18,20], ecau 1) usmepenns p3a-
MMOHE3aBHCHMBI, 2) BCe NepeMeHHble, KOHTPONMPYIOLIHE YCJIOBHS 3KCMepHMeHTa, 3alaHbl TOu-
HO ¥ 3) morpewHocTH Ay, pacnpeaeneHsl no 3akoHy [aycca. OtcyTtctBue Koppedsiuvu (B yact-
HOCTH, aBTOKOPpPEJ/SiLIAH) MeX1y HaGJIOfeHHsMH 06ecreyrBaeTCsl Ha CTa/MH IPOBEJEHHs IKC-
nepuMeHTa. AGCOJNIIOTHO TOYHO BBHIIOJNHHTH BTOpPOe TpeGOBaHWE HEBO3MOXHO, OJHAKO MOXHO
H06UTbCS, UTOGbI MOrPelIHOCTh (akTopoB (MepeMeHHbIX, 3alalOUMX YCJIOBHS SKCIEpHMeHTa)
6blla HAMHOTO MeHblle MOrPeliHOCTH OTKIHKOB Aj. B XyaweM cayyae MOXHO BOCIOJIb30BaTh-
¢l KOH(MOSHTHHIM aHanusoM [18], KoTopbili, Kak mpaBHaAO, AaeT OUEHKH O, Majlo OT/IM-
yajolIHecs oT OLeHOK MeToaa HauMenblnx kBagpatoB (MHK) (8). Hau6onee datanbuuim ss-
AsieTcsi OTCTYNJIeHWe OT TpeTbero ycjaosus. Ecau pacnpenesnenne norpewHocted Aj, umeer
XBOCTHl, GoJiee IJIWHHBIE, HeXeJH HopMmasbHoe pacnpeneneHde, MHK-ouenku craHoBsTCS
CMellleHHBIMH, He3((DEeKTHBHBIMH M HeCOCTOSITeJbHbIMH. [locKoMbKy, Kak H3aBecTHo [21], pe-
aNbHBle MacCHBB JaHHBIX Bcerma Ha 5—10 % 3acopeHb npomaxamu, npumensts MHK aas
OlIEHHBaHUsl NapaMeTpPOB — 3HAYMT WATH Ha HeomnpasjaHHblH puckK. Cienyer o6paTHThCSI K po-
6acTHBIM MeTo/laM MapaMeTpH4ecKoH HAeHTH(HKaUuH. K TaKoBbBIM OTHOCAT MeTOJ HaHMEHbIIHX
monyneit (L)-ouenku, MHM) [22,23], MunnMH3aumio ¢yHKUKMOHANA, OCHOBAHHOrO HA THIIOTe3e
o CTbIOJIeHTOBCKOM pacrpeje/eHdn norpeuHocreir Ay [24], pasanunbie Buan M-ouenok
[19,23,25—-27]. B cBoeit nporpamme CLINP 2.1 Mbl ocyiuecTBiisieM NapaMeTPHYeCKYIO WeHTH-
duKauuio ¢ nomoulsio M-ouenok Xeiwobepa [21], yaauno coueraioumix csoiictsa MHK 1 MHM.
M-ouenku Xbio6epa MOXHO 060CHOBaTb METOJIOM MaKCHMyMa NpaBAoNofo6Hs, ec/H pacrpeje-
JieHHe TOrpelIHoCTel MofuHHseTcss “MojlesH rpy6biX mpoMaxoB”, T.e. cBoHCTBa A H3MepeHbl ¢
TNOTPELIHOCTSIMH €, MJIOTHOCTb pacrpefieleHHsl KOTOPLIX 3afaeTcsi GopMyJIoi
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p(e) = [(100 - 8)-1 (0, Orayee) + 8-h(e)] / 100, (9)
rae ©(0, Orayec) — MJIOTHOCTL HOPMANBHOTO pacnpefie/leHHsi C HyJeBbIM CPEeJHHM M CTaH1apT-
HbIM OTK/JOHEHHEM OTaycc, /(E) = MJIOTHOCTh BEPOSTHOCTH IPyGhIX MpoMaxo (mioTHOCTD pac-
npeleNieHus ¢ INHHHBIMH XBOCTaMH), & = HHTEHCHBHOCTb NPoMaxoB, %). AHaJIH3 NaHHBIX C
nomoibio M-oueHok XbioGepa o6JafiaeT MOBBILIEHHOH THOKOCTBIO: MO CPAaBHEHHIO C METOLOM
HaMMeHBUIMX KBaJpaTOB MOSIBJSETCH HOBas BapbHpyeMasi NlepeMeHHas — MPOLEHT NpoMaxos J.
3nauenne & = 0 orseyaer MHK, a npu & — 100 % mnoayyaem ouenku MHM. O6paborka
JaHHBIX TIPH 3aJlaHHK pasHuIX & B HTepBane 0 < & < 100 % (anpuopnas uH}popMalHs o Koje
NMPOMaxoB B AaHHBIX OTCYTCTBYET) MO3BOJIAET HAaHTH pellleHHe, MaJOYyBCTBHTENbHOE K OTCTYM-
JIEHHIO OT FMMOTe3bl O HOPMAJbHOM paclpefiesleHHH morpeirHocTed. McenbiTaHue pasavyHbIX
THMOTE3 O CTAaTHCTHYECKHX CBOMCTBaX M3MepeHHH (BapbHpoBaHHe ) — ONHO M3 BaXKHEHUIHX

CPEACTB TEOPHH aHajW3a JaHHbIX. B Hamed 3ajaye OHO ajanTHpyeT MpOLEAypy MapamMeTpH-
YyecKoH HIeHTH(HKAUMH K 0co6eHHOCTAM 06pabaThiBaeMblX JaHHBIX.
OrxkaseiBatbest 0T MHK u mepexomutb K po6acTHOMY OLIEHHBAHHIO CJleflyeT MpH pacnpeje-

JIEHHH OCTaTKOB f[k C XBOCTaMH, 6oJiee AJIMHHBIMH, 4YeM Yy pacrnpeielieHus raycca. 0] JUIHHE
XBOCTOB HanG6oJee YI06HO CYIHTh N0 BeJHYHHE BLIGOPOYHOrO SKcUecca

Yo=fiy /i -3 (10)
rme fip W fiy — BTOpoi (mMcrepcHsi) W YeTBepTHIl BHIGOPOUHbIE UEHTpaJbHble MOMEHTHI pac-

npeneseHus ocTaTkoB &. [lns HopManbHOro pacnpefiesienusi yo = 0, 1as pacnpejeseHui ¢ 6o-
Jlee JJIMHHBIMH XBocTaMmH Yo > O (Hanpumep, aas pacnpenenenns Jlanaaca yp = 3, aas pacnpe-

penenusi CTbiofeHTa Y9 = f—6;(f ~ YHCJO CTemeHel cBOGOABI), AMNS pacripefesieHHs x>

o = ?) [28,29].

D¢ dheKTHBHOCTh aHajM3a JaHHLIX ONpefe]sieTcsl, B HeMajoH CTeleHH, BbIYHCIHTENbHBIMH
CBOMCTBaMH pacyeTHoro aaroputma. OcHoBHasi npo6/emMa COCTOMT B MaTeMaTHYeCKOH HeKop-
pektHoctH [30,31] samauu napametpuueckoi uaeHTHOHMKauuu: HeGoubiune (Ha ypoBHe 3Kcre-
PUMEHTAJILHOTO IIyMa) BO3MYIUEHHS! BXOAHBIX AaHHBLIX MOTYT BBHI3bIBaTh CKOJIb YTOAHO 6oJblIHe
BO3MYILUEHHS pelleHHH. VIHBIMH c/l0BaMH, CYLUECTBYIOT TakKHe KOMOHHALMH MapamMeTpoB

Ox = v10; + vobot+ ... + v,0,, (11)
rle Vi — HEeKOTOpble YHCJOBhie KO3((HLHEHTH, K BaPbUPOBAHHIO KOTOPHIX MHHUMH3HUpyeMas
KpuTepHaibHasi GyHKuus U npakTHueckH He YyBCTBHTeJbHa (Mojesb mepeomnpejesieHa, H3Gbi-
toyna). C XHMHUYECKOH TOYKH 3PEHHS 9TO 03HAuYaeT, YTO B MOJeJb BKJIOYeHa W3OLITOUHAs XH-
MuyecKas ¢opMa L,, BKJal KOTopo# B H3MepsieMoe CBOMCTBO A W/ MK MaTepHaibHbIA GanaHc
HHXKe MOrpelIHOCTH M3MepeHHH. lns u3buiToyHOM Mojenu marpuua [ecce {182 U / o6; 69,-] I
JI0X0 06ycJIOB/IeHa, B CBSi3H C YeM MHHHUMM3alHs KPHTepHaJbHOH (YHKIMH CTaHOBHTCH YHC-
JIEHHO HeyCTOHYHMBOH, W MHOTHE ajJrOPHTMbl TEPSIOT CXOAMMOCTb K MHHHMYMY. Jlns 60opbbbl ¢
H36bLITOYHOCTHIO MOJeNeH MCMOJNb30BaJH pa3jH4YHbie INpPHEMbl, CpeAd KOTOpPbIX HaHbosee
YCTelIHBIM W3 NpPeIoXKeHHBIX paHee cienyeT npusHath Meton [10]. On BuisiBAsieT M ycTpaHsieT
M36bITOYHEE KOMIJIEKCH B MpoLlecce MTepalii, HCMOMb3ys CBOMCTBA CHHTYJSIPHOTO passioxe-
uust (SVD) [32] marpuum fxo6u. [peo6pasoBas MaTpuily HeBsi3oK & pasmepoM NxA B BeKTOp
£* pasmepom N-A, matpuuy fiko6u J npejacTaBiasieM Kak Npou3Be/ileHHe TpeX MaTpHIL

J=0k8 /o00=UZWV, (12)
rne U u V — oproroHaipHbie MaTpulpbl pasMepoM N-AxN-A M Zx2 COOTBeTCTBEHHO, X —
IpSIMOYToJIbHAsl MaTPHUA ¢ AHAroHaJbHBIM M HyJeBbiM 6/I0KaMH, Ha AMaroHaj¥ KOTOPOH Haxo-
JSTCS CHHTYJAsipHBIE yHMcaa ;. MaJbiM K; COOTBETCTBYIOT CTOJOLL MaTpuubi V, cosepxaiine
K09 QHUHEHTbl Hepa3pelluMbIX JHHeHHbBIX KOMOWHauUMH napamerpos. KccienoBanue 3THX Ko-
3()pULMEHTOB BhIABASET H3OHITOYHLIA KOMILIEKC, a nceBAoobpalleHHe MaTpHLl C HCIO0Jb30Ba-
HHeM SVD CHHXXaeT paHr MOJe/NH M NpeojoJieBaeT YHCJEHHYIO HeyCTOHYMBOCTb pacyeToB. K
COXKaJIeHHI0, METOAY MPHCYLl HEeYCTPaHUMBIH HENOCTAaTOK: OoTOpachiBaHHe H3OBITOYHOH (DOPMbI
L, MpOHCXOAMT B mpollecce HTepalWi, KOrja 3HaYeHHS HCKOMBIX MapamMeTpoB elle AajeKH OT
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Toukd MHHMMyMa 0. [IpH 3TOM COBepLIEHHO He OYEBHIHO, YTO NPH HMCCJeOBAHHH MaTpPHILbI
flko6u B Touke 0" Kommekc L, 6ynet NpU3HaH H3GHLITOYHBIM. ‘

OnTuMa/bHbIM, Ha Hall B3IJIsf, SBASETCS TaKoe pelleHHe: JOOUTHCH /IS HCMBIThIBAEMOH
MOJIe/IH CXONMMOCTH HTepaluii K MHHHMYMY 0, a 3aTeM, POM3Be/isi CHHIYJISPHOE PasJioXKeHHe
MaTpHUbl SIKO6H, HCCe0BaB MHOXKECTBEHHbIe, YacTHble H o0LIHe KO3h(PHUHEHTH KOppessluH
napamerpoB [33], BbisiBUTb M 0TOGpoCcHTb M36bITOUHbe (opmbl. KoHeuHo, mpennaraemas npote-
Aypa mpenbsBisieT BbICOKHe TPeGOBaHHSA K YMCJIEHHOH YCTOMYHBOCTH PacyeTHOro ajroputMa
obecrieyeHHIo ero rao6anpHoi cxomumoctd. Ham amroputm CLINP 2.1 [13], ocHoBanHBIH Ha
MomH(UILMpOBaHHOM MeTofe HblOTOHA M OCHalleHHbIN Ha6opoM cpeacTB riobanusauny (34,35],
o6afiaeT HeO6XOAUMBIMH CBOMCTBaMH (3aMeTHM, YTO B MOAABJSIOLIEM GOJBLIHHCTBE MPOrpaMy
AJIS pacyeTa MapaMeTpOB PaBHOBeCHH peasH30BaHbl pas/iMuHble BapHaHThl MeToja [aycca—
HbloToHa, He cnoco6HOro o6ecneyuThb rA06aNbHYI0 CXOAUMOCTh aJrOPHTMOB).

HarineHHble B pesysbTaTe MHHHMH3aUMH KpuTepusi U ToueyHble OLIEHKH MapaMeTpoB Heol-
XOIHMO AOTIOJHHTb HHGopMauHe# 06 WX norpewrHoctsiX. s sToro onpejesisieM COBMeCTHble
JoBepHTeNbHEIe MHTepBanbl Bondepouu [36], npuuem B cayyae M-oLeHHBaHHS HEOOXOAUMYIO
JUISi PacyeToB KOBapHAUMOHHYIO MaTpHIly KOPPeKTHpyeM coraacHo ykasauusM Xbio6epa [21].

4. Anaaru3 adexsamnocmu modeau. Korna HalfeHbl OUEHKH 6, COOTBETCTBYIOLIHE MH-
HHMyMY BBIGPaHHOrO KpHTepHsl, HeOGXOAHMO NMPOBEPHUTb aleKBATHOCTb MOJIEJIH.

Ecin B3BelueHHBle HEBSI3KH &, — He3aBHCHMble CJy4yalHble HOPMAJIbHO paclpefe/ieHHbie

BEJMYHHB C HYJEBHIM CPeHHM H eJHHHYHOM JHCTepCHeH, TO BeNHUMHA YZswen = sq- [, Tae
0CTaTOYHAs JUCTIEPCHS

1 A N
s§=—zz:;,2k, f=NA-z, (13)
f 1=l k=1
pacnpefieseHa Kak %2 ¢ f ctenensiMu cBoGOABl M MaTeMaTHueckuM oxunanuem 1 [20]. Monens
NPH3HAIOT afleKBaTHOM, eCJIM [JIS 3alaHHOro ypoBHsI 3HauMMocTH o (kak npasuio, 0.05) crpa-
Be/l/IMBO HEPABEHCTBO

xgkcn =Sg'f<xz(f'0l)- (14)
rae x%(f, @) —100c-npouenTHas Touka pacnpenenenus 2 ans f creneHeit cBo6omsi. C HeKoTo-
poil HaTSKKOH MOXHO TMPHHATH M TaKylo MOJeJb, st KoTopoi npu a = 0.05 Hepasenctso (14)
He BBLITNOJIHSIETCS, HO CTAHOBHUTCSl CrpaBeluBbIM NpH cHHXeHUH o ao 0.005. Ecam u npu ta-
KOM ypOBHe 3HaYHMOCTH HepaBeHcTBO (14) He co6monae;rca, C TMOJIHOH yBepPeHHOCTHIO MOXHO
c/ienaTh BBIBOJ, O HeaJleKBaTHOCTH HaWJeHHOH MOJeJIH.

Ipu ucnonbsoBanuk M-oueHok kputepuii (14) MogmduuUMpyeM, KOPPEKTHPYS UMC/IO CTere-
Heil cBo6oas [37]: '

f=(NA-2)-{I +059 -(N-A-2)/N-A})! (15)
[lo BeaMYKHHaAM B3BelIEHHBIX HEBS30K E_.lk MO>XHO BBIYHCJIHTH Bu6opoqnue OLl€eHKH aCHUMMeT-

pHH A=;13/(ﬁ2)3/2- sKcllecca yp, CPefHero 3HaueHHs A M CpeiHero 3HauyeHHs MojyJeil

ocraTkoB A . Ilpy HOpMa/JbHOM pacrpefie/ieHHH &y, C HYJAEBbIM CPEIHHM W e[MHMYHOH Aucrep-
cHeli MaTeMaTHYeCKHe OXHIAHHA YKasaHHLIX BequuuH coctaBasior: M(A)=M(ys)=M(A )=0,

M(A) = /2/n =0.80 [38]. Ecain anst 3a1aHHOrO ypOBHS 3HAYMMOCTH O BHIGOPOYHblE 3HAYEHMHs

A,y A u A He npesbimaioT coorserctBylomux 100c-npouenTHrX Touek [38], MoxHo cre-
JaTh BBIBOZ 06 aleKBaTHOCTH MOJIEJIH.

JononHHTeIbHYI0 MH(OPMALHIO NMPEeA0oCTaBAAIOT JOKaAbHble KPHTEPHH alleKBaTHOCTH &pp.
BusyanbHoe HccsefoBaHME 3aBHCHMOCTH & OT PpacCYUTAaHHBIX BeJIMYHH H3MEPEeHHOro
CBOMCTBA YacTO M03BOJSeT a) BHISIBHTb Pe3Ko Bhinajawoiue uaMepeHusi (npomaxu); 6) BCKphiTh
HeMoJIHOTY MOJeNH ¥ B) OGHapyXXHTh OLIHGKH B MOJAE]H MOTPeliHOCTeH SKCIIePHMEHTAbHBIX
JaHHBIX M HasHauyeHWH BecoB [2]. Jlns HenosiHOM Mojenn &;, MEHSIIOTCS CHCTEMATHYECKH C M3-
MeHeHHeM HauyaJbHOro CocTaBa cHcTeMbl. Bhi6poc B JaHHBIX nposiBisieT cefs, Kak NpaBHJIO, B
HeBsidKe &,,;, MHOTOKPaTHO NpeBOCXOAsillled &; B COCEHHX TOYKaxX MJaHa 3KCNepHMeHTa H,
3a4acTyio, OTJHYalOIENHCcsi OT HHX 3HakoM. K coXa/neHHIO, aHa/lH3 OCTaTKOB — He NaHalles: B
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perpecCHOHHOM aHaJH3e XOpOLIO H3BeCTHbl NMPHMephl JaHHLIX ¢ BeI6pocaMu, 06HapYXHTb KO-
TOpble NPH aHajJu3e OCTaTKOB He yhaeTcs. B WTore cTposiT abCOMOTHO HeMpaBHAbHYIO MOJEJb,
OMHCHIBAIOILYIO, TeM He MeHee, pe3y/bTaThl Wamepenuil [21].

Jlnsi OLleHKH aAeKBaTHOCTH MOJEJH MOXHO MpHBJeYb TaKXKe MeTOJ MepeKpPecTHOH OLEeHKH
noctoBepHocTH (Kpocc-Banupaumio, cross-validation) [39—41]. B npocrefiiem BapuanTe Kpocc-
OLleHHBaHHA MHOXeCTBO N SKCepHMeHTaJbHBIX TOYeK pasGHBaIOT Ha JBa moaMmHoxecrtBa. Of-
Ho cofiepkHT (N-1) Touek u sBAsIeTCS OCHOBOM /ISl pacyeTa ITapameTpoB O, Apyroe, comepxa-
llee OJHY TOYKY C HOMEPOM g, MCMOJIb3yeTCsi A/Isi OLEHKH NocToBepHocTH MojenH. Ort6pachi-
Bast U3 MaccHBa N 3KCNepHMeHTaNbHbIX Touek oAHy (c HOMepoMm g), HaXOIAT 3HAYeHHs HeHs-
BECTHBIX [1apaMeTPOB W B3BellieHHble HeBA3KH KPOCC-OLleHHBaHHA

/2073
dig =wig " (Aig — Ag) (16)
rie BeJHYHHBI Zlg PacCUMTHIBAIOT AJISl YCJOBUH SKCMepHMeHTa B g-H SKCTepUMeHTalbHOH TOY-

Ke TpH 3Ha4YeHHsX MapameTpoB B, HalJeHHBIX MO H3MePeHHsM B OCTa/bHBIX Toykax. [ToBTOpHB
3Ty npoueaypy Aasi BceX N BO3MOXHBIX pa3GHeHHH MHOXeCTBa 3KCNePHMEHTa/bHBIX TOYeK,
HaXONAT OCTATOYHYIO AMCIEPCHIO KPOCC-OLleHUBaHHUS

1 A N
¢ = % il (17)
I=1 g=1 :

Benuuynna 302 H3MepsieT MNpenacKkasaTesbHYIO crioco6HOCTh MOJEJH, TOTAa KaK oObuHasi ocTa-

TOYHas AHUCNEepCHA Sg OlLlIeHHBaeT ee MOAroOHOYHYIO crnoco6HOCTb. Ilucnepcml Kpocc-BaTuaaluHu

57 BCeriia NPeBOCXONHT si, HO eC/IH Pas3NHuMe MeXAy HHMH HeBeJHKO, TO MOesb MOYTH Ha-

BepHSKA He fAB/ASeTCA H3GHITOUHOH. A npu BeauunHe 57 ~ | Momenb, ¢ GoAbIIOH BeposT-

HOCTbIO, SBJSIeTCH NpaBHJbHOH. Kpocc-Banuaauusi moMoraeT BHISIBUTb CHTYalMIO, B KOTOPOH
3HaueHHe MOArOHOYHoro mapamerpa 0; (“puck-napamerpa”) ompezensieTcs M0 pesyJbTaTaM H3-
MepeHHH BCcero B OJHOH MJIH HECKOJbKHX JKCIepHMeHTaJbHBIX To4ykax. B Tako# “Touke pasba-
nancupoBku” (“leverage point”) [21] HeBsiskk djg NOMKHBI 3HAYHTE/NLHO NPEBBIIATH HEBA3KH B
oCTa/bHBIX ToyKax, OT6pachiBaHHe 3TOH TOYKH M3 MacCHBa JlaHHLIX BJie4eT 3a co6OH H3MeHe-
HHe napaMerpa 0;, HaMHOro mpesblllialolllee OLEHKY MorpemiHocTH 0;, KoTtopas Gblia HaiaeHa

npH 06paboTKe MOJHOr0 MacCHBa AAHHBIX.
O6mas cxemMa NMOCTPOEHUSA MOJAENH PABHOBECHOHW CHCTEMBI
4

[Tpumem, yTo:

1.Ha ocHoBe HMelowleiicsi npeaBapHTeJbHON WH(OPMaLMH 06 HCClelyeMOH CHCTeMe ocy-
LIECTBJIEHO MJIZHHPOBaHHWe 3KcreprMeHTa (BbIGOpP 3KCMEpHMEHTaNbHOTO MeToja, Onpejelie-
HHe [HanasoHa HcciefyeMblX KOHUEHTPaUWi M T.0.), BHIOJHEHH H3MepeHHs M Olpe/esieHa
MOJiesIb X MOTPeLIHOCTEH.

2.TlpoBesieHa CTPYKTYpHAA HAEHTH(PHKALMA MOJEJH.

Jlanee ucceoBaTelio CaeayeT:

3.ChopmMHpOBaTL NMEPBOHAYANbHYIO THIOTE3y O YHCJAEe COPTOB W CTEXHOMETPHYECKOM CO-
cTaBe XMMHYECKHX (opm B cucTeMe ((pUKCHPOBaTh NMOANEXKALIME ONPeeNeHHI0 AUCKPETHbIE
nepeMeHHble MOJEJH).

4 3anaBas 3HayeHHWe MpoueHTa rpy6uix BeibpocoB 8 = 0 %, paccuuTaTh 3HaYeHHS Hell-
PEpHIBHBIX MapaMeTPOB — KOHCTAHT PaBHOBECHSI H (PaKTOPOB HHTEHCHBHOCTH — H TOJYYHTb
COnmyTCTBYIOLLYI0 HH(pOpMauKio (KOBapHaLHOHHYIO MaTpHLY NapaMeTpoB, KOI(GPHUHEHTH HX
KOPpeJISilMH, pe3yJbTaThl CHHIYJISPHOTO passioXeHHs MaTpuubl SIKoOGH, paBHOBeCHbIe KOH-
LIeHTPaLMH peareHTOB, MaTpHIy B3BelIeHHbIX HeBSI30K, BbIGOPOUHble aCHMMETPHIO M 3IKC-
llecc pacrpe/iesieHHsi HEBSI30K, CpefiHee 3HaueHHe MOAYJel HeBS30K, CPEIHIOK HEeBS3KY).
5.Ecain BHIGOPOYHBIH KCLIECC Y9, HE3HAYHTEJNbHO MpeBbIllIaeT TEOpPeTHYECKOe 3HaYeHHe JJIs
pacnpenesenus aycca (yg < 0.8), nepefith K wary 6. B npoTHBHOM cJyyae MOBTOPHUTH pac-
yets, Menss 8 ot 0 o 100 %. YcTaHOBUTb, HauKHasi ¢ KaKHX O, MEpecTaloT MEHSThCS 3Ha-
YEHHS Y9 M PacCYHTHIBaeMbiX MapameTpoB. [IpHHATbL 3TH 3HauYeHHS B KayecTBe POOACTHBIX
OLIEHOK MapaMeTpoB Il HCMLITHIBA@MOH THIIOTe3bl O PeaKUHsAX B CHCTEMe.
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6.1To r06anbHOMY KPHTEPHIO X2 OLEHHTh afileKBaTHOCTb MOJEJH: NPH3HATh MOJeNb ajleK-

BaTHOM TIO' F106a/IbHOMY KPHTEPHIO, eCiii X2sken He NpeBbIlIaeT sl 3aaHHOr0 YHCJa CTe-

neneil cBoGomsl f 5 %-Hylo Touky pacnpenenenus x2(f; 0.05). Ecan x%sgen > x%(f; 0.05), Ho

ne npessiaer y2(f; 0.005), MOXHO cAenaTh BHBOX 06 HM3JHIIHE ONTHMMCTHUYHOH OlleHKe

NorpeliHoCTed H3MepeHHH, NepecMoTpeTb MoJe/b MOTPeIlHOCTeH, YBEeJNMYHB OLEHKY Ccpel-

HUX KBaJ[paTH4YeCKHX OTKJIOHEHHH H3MepsieMblX BeJHYMH, H NMOBTOPUTb pacuyeT MapameTpoB

(nepeiitu K mwary 5, ecant yo > 0.8, uau K wary 4) B IpOTHBHOM cayuae).

7.BhinonHeHHe HepaBeHCTBA YZsxen >x2(f; 0.005) curnanusupyet An60 0 HaIH4MH TPYGEHIX

CHCTeMaTHYEeCKHX OLIHG0K B 3KCMEPHMEHTAJbHbIX [aHHBIX, JHO0 O HeroJHOTe MOJe/H

(HeyueTe B Heli HEKOTOPHIX 3HAUMMbIX XMMHUYECKHX opm). Jlnsi BHISIBAEHHs 06JacTH NiaaHa

3KCMepPUMEHTa C HECOOTBETCTBHEM MOJeNH 3KCIepHMEHTANbHbIM JaHHBIM HCC/Ie[0BaTh JIO-

Ka/lbHble KPUTEPHH afleKBaTHOCTH — HeBSI3KH &y = w! /%Ay, — ¥ HaiiTH o6aacTb ¢ ofMHa-

KOBBIMH BO BCeX SKCIIEPUMEHTAJbHBIX TOYKaxX MNpeobiafalollMMH KOMIOHEHTaMH M

|€x| >> 1. Ecan Hanuuve cHcTeMaTHYeCKHX OLIMGOK B JaHHBIX HCKIIOYAeTCsi, JAOMOJHHTD

MoJie/ib HOBOH XHMHYeCKOH (OopMOH, COCTaB KOTOPOH ompefesuTh MeToaoM Byraesckoro, u

nepeiTH K wwary 4).

8.Jlns1 ajmeKBaTHOH MOMAENM M3YyYHTb MHOXeCTBeHHble, OOIIHWe H MapHble Ko3(h(pHLIHEeHTHI

KOppeJISiliM MapaMeTpOB H pesy/bTaThl CHHTY/ISPHOro pasfioxeHus matpuupl Hkobu. B

clyyae BBICOKOH KOppesMpoBaHHOCTH napameTpoB (koadouunenTs koppeasunn >0.9) wus-

MeHHTb CTPYKTYPY MOJeJH, lepecMOTpeB Habop paccuHThiBaeMbIX napameTpoB (Hampumep,

MepeiTH OT BHIUMC/EHHs OOLIMX KOHCTAHT YCTOMYMBOCTH KOMIUIEKCOB K pacyeTy CTyIeHua-

ThIX KOHCTAHT, HCK/IOYHTb OJIHH MM HECKOJbKO H3OLITOYHBIX NMapaMeTpOB H3 PacCMOTPeHHSs

¥ T.I.) ¥ MOBTOPHTb pacyer.

9.TTpoBecTH NepeKpecTHYIO OLEHKY A0CTOBepHOCTH Mofenu (Kpocc-Basmmaauuo). Ecau auc-

nepcHsi Kpocc-BallWJallMH CYLIECTBEHHO MPEBOCXOAMT OCTATOYHYIO AMCIIEPCHIO anfpOKCHMa-

MK, 3TO 03HAYaeT, YTo XOTs Ol OAMH M3 napameTpoB Mogenu (puck-mapamerp) ompeje-

JSIeTCS BCEro MO HECKONbKHM SKCTepHMeHTaJbHbIM ToukaM (B XyauieM caydae = 1o OfHOM

TOYKE) H, BO3MOXKHO, OLIEHEH HeJ0CTOBepHO. BHIIBUTb TOYKM pa3balaHCHPOBKH, B KOTOPBIX

HeBSI3KH KpOCC-BaJMNALMH djg CYLIECTBEHHO Bhbillle, YeM B OCTaJbHBIX TOYKaX MJaHa JKcre-

pumenTa. Ecaiu 1ocTOBepHOe 3HaHHWe 3HAaYeHHs PHCK-apaMeTpa CyLIeCTBEHHO IS JasbHeM-

weid pa6oThl, AONOJHHTH MAaCCHB aHANMU3UPYeMbIX NAaHHLIX, NPOBelAs W3MEpPeHHs B OKpecT-

HOCTH TOYeK pa36aNlaHCHPOBKH, W MOBTOPHO MPOBECTH NapaMeTPHYecKylo HAeHTHOHKALHIO

moienu (nepeiTi K wary 4).

10.TTpoBecTH BepU(HKALMIO MOCTPOEHHOH aJeKBAaTHOM Mojenu (NMCKPUMHMHALMIO MHOXe-

CTBEHHBIX a/leKBaTHBIX MojeJiel). TOT He MOAAAIOLIMNCH (OPMANU3aUMK 3Tal CBA3aH C HC-

NoNb30BaHHEM alPHOPHOH XHMHYECKOH HH(OpMAlLMH, NJIaHHPOBAHHEM H OCYIUECTBJIEHHEM

¥3MepeHHH a/lbTepHATHBHBIMH 3KCIIePHMEeHTaJbHBIMH METOAAaMHU H T.IL.

[Ipeanaraemasi cTpaTerusi aHaju3a NaHHBIX O KOMILIEKCOOOpa3OBaHHWH OCHOBaHA KaK Ha Teo-
PETHYECKHX TOJIOXKEHHAX, TaK M Ha 3BPHCTHYECKHX COOOpaXKeHHSIX ¥ He rapaHTHPYeT, KOHed-
HO, TMONHOM JOCTOBEPHOCTH MOAEJH [/ BCeX MBICIHMBIX HaGOpoB MepBHYHLIX AaHHBIX KPXA.
B 10 Xe BpeMmsi, HCNOJb30BaHHe POOACTHHIX OLEHOK I1apaMeTpoB, BhISiBeHHe M yCTpaHeHHe
¥36BITOYHOCTH MOJENH, METOAOJOrHS MNOMOJHeHHsI HOBHIMH KOMIIIEKCAMH HeNOJHBIX MojeJieH,
MHOroo6pas3ue NMpHEMOB OLleHKH afleKBaTHOCTH M JHarHOCTHKH MoJieJleH 3HauMTeJbHO obJerya-
0T paboTy HccaeloBaTedsi, obeperas ero oT BO3MOXHBIX OWMOOK B MHTeppeTalHH pesyibTa-
TOB M3MEpeHU! ¥ HeoGOCHOBAHHO ONTHMHCTHYHBIX BHIBOJOB O [0CTOMHCTBAX MOCTPOEHHOH HM
MOJIeJIH.

IlpumMepsl MOXeNAHPOBaAHUSA

PaccMOTPUM HECKOJIbKO NPHMEpOB, HIIIOCTPHPYIOLIMX Pas/HyYHble acreKThl HalleH cTpare-
THM TPHMEHHUTEJbHO K 06paGoTKe JAaHHBIX, NOJYYEHHBIX PaclpoCTPaHEHHBIMH 3KCMepHMeH-
TalbHBIMH MeTOJlaMH.

lIlpomoaumuueckue ceoidcmea Mm-amunobensoidnoi xucroms.: pobacmuas napa-
Mmempuueckas udewmugukayus modesu no OanHuiMm cnekmpogomomempuu.
M-amunoGen3oitnas kucaora (HQ) — npuMep ABYXOCHOBHOW KHC/IOTHI ¢ GJIM3KHMH CTyIeHYa-
THIMH KOHCTaHTaMH AMccouHaunu. PaBHoBecus B BoAHbIX pactBopax HQ u3yuuau cmekrpodo-
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TOMETpHUYECKH, H3Mepsisi cBeTonorolleHHe pactsopos npu 1.77 < pH < 6.16 u wectu anauHax
BOJIH B y/AbTPahHONETOBOM AMaNasoHe morjouiaemoro csera. [Ipusenennsie B pabore [42] nan-
HBle O cBeTonorJomenuH pactBopoB HQ ¢ xonuentpaumeit t(HQ) = 1.312-10* moan/a npu
25°C sBJSAIOTCS TECTOBBLIMH /ISl IPOBEPKH Pa3jHuHLIX NMPHEMOB 06paGOTKH pe3y/bTaTOB Cllek-
TPOpOTOMETPHUECKOTO SKCMepHUMeHTa. B 3aBHCHMOCTH OT HCNO/Ib30BAaHHLIX MPHEMOB, MOJIyYa/Hn
CHJIBHO OTJIMYAIOLHECSs OLIEHKH KOHCTAHT PaBHOBECHS peakLMH

HQ + H* = H,Q", (18)

HQ : Q + HY, (19)
2.8 < Ig Ky <3.3; 4.45 < pK, < 4.8 [42]. CnoxHocTs 06pa6oTKH PesyabTaToB H3MepeHHil CBs-
3aHa Kak ¢ 6ausocTbio Ig Ky u pK,, Tak u ¢ otamyueM B 4—-40 pa3 MaKCHMa/bHbIX BeJHYHMH
CBETOMOIVIOUEHUS A1l H3YYEHHBIX IJIMH BOJIH.

Mbi npumernan nporpammy CLINP 2.1, paccmaTtpuBasi B KauecTBe HCKOMBIX IapaMeTpoB
lg Ky, pK, u Moasipabie KosduunenTts norsowenus popm HoQ*t, HQ u Q npu Bcex usyyen-
HBIX JUIMHaX BoJH. [IpuMeHsnM Mojenb MorpelIHocTed, B KOTOPOH cpeliHee KBaJpaTHYecKoe
oTKnoHeHue cBetonorsomennii o(A) = 102, a craTHcTHYecKHe Beca BCeX H3MepeHHIl

Wi = 104.

Tabauya 1. PesyabTaThl napaMeTpH4yecKoH HAEHTH(OHKAUWKH MOeJH PaBHOBECHH B pacTBOpe
M-aMHHOGEH30MHOH KHCJIOTB

3, % TTapameTtp

Ig Ky pKa A A A Y2 L I x*(f;

0.05)
0 2.893 4376 -1.100% 051 026 188 113 67.5 138.8
5 2898 4393 -0.03 049 051 394 43 27.9 59.3
10 | 2905 4.399 -0.03 048 063 463 39 26.5 54.6
20 | 2.919 4.417 | -0.03 048 039 6.54 30 23.3 43.8
30 | 2924 4.419 | -003 048 034 7.3 29 23.8 42.6
40 | 2.929 4.421 | -0.02 047 030 7.33 28 23.6 41.3
50 | 2.931 4.423 | -0.02 047 025 740 28 23.9 41.3
60 |2.933 4.424 | -0.02 047 021 745 28 24.1 41.3
70 | 2.934 4.425 | -0.02 047 017 748 28 243 41.3
80 | 2.935 4.426 | -0.01 047 014 749 27 23.5 40.1
90 |(2.936 4.426 | -0.01 0:47°" ©i12°"-7.61 27 23.6 40.1
99 | 2.937 4.426 | 0.002 047 0.10 7.60 27  23.65 40.1

* f - 3pech u B 1abu. 2, 3 npu 8 > O yncso cTenekelt cBoGoAB! HenpaseHo 1o dopmyde (15).

Ha nepBom atane o6pa6oTkH, 3anan TIPOLHT rpy6uix BeiGpocos 8 = 0, Hawan MHK-ouenku
(ta6a. 1). Cyas no BeawynHaM YZsen, A, A, MOIeNb afleKBaTHa 3KcrepuMeHTy. Bmecte ¢ Tem,
BLIGOPOUHBIH JKCLECC pacnpe/ieleHHs B3BellIeHHBIX HeBfA3oK y2>>0. T.e. pacnpeneseHue ocTar-
KOB HMeeT GoJiee TsXKeJsble XBOCThI, YeM HOPMaslbHOe pacrnpejiesieHue.

Bapbupysi BeJHUYHHY MpolleHTa Ipy6biX BLIGPOCOB &, MOBTOPHIM TNpOLEAypYy MapaMeTpu-
yeckoii uueHTHduKauuy (tabn. 1, puc. 1). Jlerko BHAeThb, uTo, HaunHas ¢ & = 20 %, oueHKH
napamMeTpoB M Yz CTaGHAM3HPYIOTCS; MOXHO mpuuATh g Ky = 2.93£0.01; pK, = 4.425+0.005.

BaxHO OTMETHTb, YTO B yKa3aHHbe WHTepBaibl He monapxaioT MHK-ouenku napamerpos. Jlo-
KaJbHble KPHTepHH ajeKBaTHOCTH (pHc. 2) MoKashiBalOT HaiWuue B MJIaHe SKCIIePHMEHTa

HECKOJbKHX 06JacTell CO B3BELICHHBIMH HeBSiZKaMH [Ey| = lefAk,|, TpeBOCXOASLIMMH ypo-

BeHb [OrpellHOCTeH SKCIepPHMEHTANbHBIX NaHHbIX. TakHM 06pa3oM, MaccHB 06pabGoTaHHbIX
JaHHBIX JeHCTBHTENbHO CONEPXKHUT NPOMaxH; NpUMeHeHHe poGacTHLIX OLEeHHBaTeJeH B JaHHOM
ciyyae 0693aTelIbHO.
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Shregloptic i daninicisac s
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Puc. 1. 3aBucumocts lg Ky, pK, ¥ BeI6OpOYHOro 3Kcuecca yp OT 3Ha4YeHHs napameTpa 8. 3sech H janee
BEepPTHKAJIbHBIMM OTpeskaMu oTMeueHbl 90 %-Hble JoBepHTe/bHbE HHTepBaibl BoHdeponu ans paccum-
TaHHBIX NTapaMeTpoOB

4

11 16

HOMEpa PacTBOPOB 21 2%

Puc. 2. Jloka/bHble KDUTEPHH aeKBAaTHOCTH AJS MOJEJH PaBHOBECHH B PacTBOpPax M-aMHHOGEH30MHOM
kucaotsl. Pacyet no mporpamme CLINP 2.1 aas 8 = 20 %

Anasu3 Odannbix 0 npomoaumuueckux ceodcmeax N-6ensoun-N-gpenurzudpok-
CUAGMUKG, KOBAAEHMHKO 3AKPENAEHHO20 KHa nosepxnocmu Kpemrnesema. Onpenenenre
napamMeTpoB PaBHOBECHH ¢ yyacTHeM (yHKUHMOHAJbHBIX IPYTIN, 3aKpenJeHHbIX Ha NOBEPXHOCTH
KpeMHe3eMa, Bbi3blBaeT ocobble 3aTpyJHEeHEeHHs, eC/H KOHLEHTPalusi PUBUTBIX peareHToB Ma-
Jla, a MOBEPXHOCTb MOAH(HLHPOBAHHOrO KpeMHe3eMa XMMHUYeCKH HeoJHOpoaHa. B sTom cayuyae
Jaxe HeGOJbLIHE MOrPElIHOCTH B NMEPBHYHBIX IKCNEPUMEHTANbHEIX JaHHBIX CMOCOGHBI MOBJeYb
3a co60i MOCTPOeHHE HeMNpaBHJbHBIX MOJeJeH.

K ykasaHHbIM 06beKTaM NpHHALIEXHUT aspocusa A-175, XHMHYECKH MOAM(PHUMPOBAHHBIA
N-6ensoun-N-denunruapokcunamurom (BOT'A, HQ) [43]. Konuentpauus npusutoro BPTA
cocrapasna 0.21 mmosb/r. [IpoTonMTHYECKHEe CBOMCTBa cop6eHTa MccieoBaHbl MeTofom pH-
METPHYECKOT0 THTPOBAHMSI BOAHBIX cycmeH3uii copGenToB pactBopom KOH mpu (20+1)°C 8
NPHCYTCTBHH B pacTBope M36biTKa (oHoBoro snektposuta KCl. Paccmorpum 06paboTKy Kpu-
BOi THTpOBaHHS MaTepHaia Aspocua-BOTA npu nonno# cuse pactsopa / = 0.75 Moan /1.

[MocTpoeHre Mojenel HayalH C MpocTeHLIeH FHMNOTe3bl O peaKUMsX NMPHUBHTBHIX FPYNN: YuH-
TBIBAJIM JHLUbL Avccounaumio rpynn BOTA

A Ka o
K¥+HQ = H*¥KQ, (20)
rie K* — xatuon donoBoro sznexkrposuta KCl, auHHel Ham GopMmysoH oTMeyeHb 3aKpenJeH-
Hble peareHThl, K, — CMellaHHas KOHCTaHTa JMCCOLUMAUMH NPHBHTHIX rpynn. B KauecTse
CBOWCTBA, aNNpOKCHMHpyeMoro Mofenblo, Bub6pann h = 10PH; npu Haswauennn cra-
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THCTHYECKHX BECOB MPHHHMAJIH OTHOCHTeNBHYIO norpeurocts uamepenus h s,(h) = 30 %, uto
cooTBeTcTBYeT norpewHocTH onpenenenus pH ~0.1. Okasanoch, 4TO eAMHCTBEHHOH peakUMH
(20) nemocTaToyHO AJS aNeKBAaTHOrO BOCNPOW3BENEHHs SKCMEPHMEHTaJbHBIX JAaHHBIX: MpH
OlLeHKe HHTEHCHBHOCTH rpy6bix mpomaxos & = 0 % moayyeno: lg K, = -7.105 (sigx = 0.06);

rno6GajbHBle KPUTEPHH afeKBATHOCTH: YZsxen = 42.6 > x2(f = 16; 0.005) = 34.0, A = 0.76,

A =133 A =0, yp=-1.5; B3BelleHHbe HeBASKH Ep = wyp!/2.(hBoHCACHO. p3KeN) ponpky
MMeIOT HecayyaitHbiii Xapaktep (puc. 3), Mofesb HyXKIaeTcsi B MOMOJHEHHH.

Ig [Li] A
HQ 12
-2.51 \A B
[

L B s

-3.071 °® \
1-1
-3.5] 1-2
13
-4.0 ' T -4
0.0 0.5 1.0 1.5 2.0

NKOH), mn
Puc. 3. PesysbTaThl HCTBITaHHS MPOGHOH MOJENH PaBHOBECHH ¢ yyacTHeM NpHBHTHIX rpynn BOTA.
3pech W Ha pHC. 4 TOYKM — B3BelleHHBle HeB3KH &, JHHHH — JOrapH(®Mbl PaBHOBECHBIX MOJIAPHBIX
KOHLEHTPalUKH peareHToB. BepTHKa/nbHAash JHHHA pasjiensieT objacTH niaaHa skcrnepuMenTa A u B c pas-
nuynbiM cootHowenueM [HQ]/[KQ]

CocTaB BBOOHMOH B MOJieJib XMMHYECKOH (bOprl — TNPOAYKTa peakuHuH rOMOCOﬂpﬂ)KCHHﬁ

HQ + KQ = KHQ, 1)

HawaK MetomoM Byraesckoro. HoBasi momeab, yunthiBawowasi peakumu (20) u (21), snauu-
TeJIbHO Jlyyllie OMHCHIBaia KCIepHUMeHTalbHble faHHble (puc. 4).

lg[L;] HQ ‘ Sk
43
3\
—— 12
A 41
i °
® o o B ° 10
°
-5 4-1
T T T - - -2
0.0 0.3 0.6 0.9 1.2 1.5
V(KOH),

Puc. 4. XapaxkrepucTukH npo6HO# MOJeNH paBHOBecHil nocJe ee nonoaHeHus (pacyer aas & =0 %)

MeHsis BeIHYMHY NpOLEHTa rpy6uix Bh6pocoB B WHTepBade 0 < 8 <99 %, Mbl BHIOAHKIN
NapaMeTpHYecKyl0 HAEHTHOHKaLMIO AomoaHeHHOH Mmopean (taba. 2, puc. 5). Haumnas c
5 = 20 %, 3sHaueHHS Yy U OLUEHKH HCKOMBIX [1apaMeTpoB CTaGHIM3HPYIOTCS H, CJIe0BaTeJIbHO,
MoxHo npuHATh Ig K, = -7.0310.01; Ig K = 2.941+0.025. Jlerko Bunets, yro MHK-ouenka na-
pameTpa Ig Kr He BXOIMT B HaleHHHH J0BEepHTEJbHLIH HHTEpBa.
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Tabauya 2. PeaynbTaThi TapaMeTpHYECKON HASHTHOHKAUWK MOJENH PaBHOBECHH C yyacTHeM
rpynn BOPTA, npHBHTHIX Ha NOBEPXHOCTh a3POCHJIA

3, [Tapamerp
% | lgKa [ lgKr [ A [ v2 | [ #swen | x*(F 0.08)
0 7.036 2.803 230 329 15 14.6 25.0
10 [ 7.028 2.907 473 547 4 4.28 9.49
20 | 7.032 2915 | 496 5.66 Bl 4.30 9.49
30| 7.035 2.926 | 523 5.89 4 4.36 9.49
50 | 7.039 2.934 | 541 6.04 4 4.39 9.49
70 | 7.043 2.955 | 5.70 6.3l 4 4.52 9.49
90 | 7.042 2.966 | 574 6.36 4 4.61 9.49
7.042  2.965 | 574 635 4

i s o H v AT RVt ¢ B e GRS 2l
. 06p3601'Ka MacCHBa [JaHHEIX OCJ/Ie HCK/IIOYeHHsl IepBOro H3MepeHHs.

6- Quirysd .___—-—l————l——l
& o /
o
3,14 5
3,04
:: ;zJ ‘/E’—i’-fr if—#i——#—t—i
7,08 : &
gy ETbon g Nss 2 1 Ase
T NI,
0 20 40 60 80 100
5 %

|

Puc. 5. 3aBucumocts Ig K, 1g K 1 BHIGOpPOYHOro 3Kclecca ys OT 3Ha4YeHHs MapameTpa d MpH napamert-
pUYeCKOH MAEHTH(HKAUMHM MOJENH paBHOBecHH ¢ yuyacTHem rpynn B®I'A, npHBHTBIX Ha MOBEPXHOCTb
aspocusia

JlokanbHble KpHTepHH afeKBaTHOCTH (pHc. 4) yKasbiBaloT, YTO AaHHble COJAEpPXKaT eluH-
CTBEHHBIH NPOMax — H3MepeHHe B MepBOH TOYKe KpHBOH THTpoBaHMsi. OTGpOCHB ee, HallIH
MHK-ouenku, coBnafaouue ¢ pobacTHbME (HaliJeHHBIMH 110 MOJHOMY Habopy aaHHbIX) (Tabu.
2).

Kpocc-oneHHBaHHe JOCTOBEPHOCTH MOATBEPAMJIO BHIBOA O TOM, YTO H3MEpeHHs B IepBOH
TOYKe KPHBOH THTPOBAHHS cOlepXaT rpyOblii npomax: NpH AHWCNePCHH KPOCC-OUeHHWBaHHs
5¢ = 1.47, ykasbiBaiolueil Ha YCTOMYHBOCTb OLIEHOK NapaMeTpoB, HauGoJbllasi HeBfi3Ka Kpocc-

Ba/JHJALKMH NOJyYeHa HMEHHO B IepBOH TouKe KpHBOW TUTpoBauusi: d) = 3.68 (Bce ocTaibHble
HeBA3KH dj N0 a6COJIIOTHOM BeJMYMHe He MpeBhlwanT 1.2).

C nomoutsio nporpammsl CLINP 1.0 [44,45] Mbl Haum Takxke MHK-ouenku, cootercTsy-
jolle MHHUMYMY KpPHTepHs

N 2 2
U= Zlmk(ka—ka) : (22)
k=

[lpy HasHaueHWH CTAaTHCTHYECKHX BECOB (), TNPHHHMAAM CTAHAAPTHOE OTKJIOHEHHe
s(pH) = 0.10. Pacyer KOHCTaHT paBHOBecHs MHHMMHM3alued Kputepusi (22) cooTBeTcTByeT
FHIOTe3e O JOrapH(MHYECKH HOPMAJbHOM paclpejeeHHH TorpeluHocTed BeauuuH i = 10PH,
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MHK-ouesxu (lg K, = -6.96+0.03; Ig Kr = 2.7540.10), nonyyeHHble N0 HaGOPy AAHHBIX C Ipy-
6biM mpoMaxoM, fajeKH oT M-oueHok. HckimoueHne mpomaxa u3 oGpabaThiBaeMoro MaccHBa
npuBesio K 3HayeHusim lg K, = -7.045+0.03; Ig Ky = 2.99+0.08. 3TH Be/MyHHB COBNAAalT C
M-oueHKamu, HalieHHBIMH NpH o6paboTke mojaHoro HaGopa naHHbX. OHM coraacylTcs H C
MHK-ouieHKaMH, MoJlyyeHHbIMH MHHHMH3aLHeH KpUTepHs

U= %mk (hBN‘iHCJ!EHO_hSKcn)2 (23)
k=1
M0 JaHHBIM C HCKIIOYeHHHIM Boi6pocoM (Taba. 2). Takum o6pasom, M-ouenku XbioGepa ycTol-
YHBH KaK K HaJHYHIO NPOMaxoB B o6pabaThiBaeMbiX NaHHBIX, TaK W K BapbHPOBAHHIO CBOWCTB
PaBHOBECHOH CHCTeMBI, alllMPOKCHMHPYEMBIX MOJEJbIO.

Moderuposanue zudporumuueckux pasrnosecuili Au(Ill) u Sb(III) no danneim o
pacmeopumocmu 2udpokcudos. ViamepeHne pacTBOPHMOCTH TMAPOKCHAOB MeTaJlJIOB B 3aBH-
cumocti oT pH pacTBopa — OMH H3 H3/I06JEeHHBIX METOJOB HCC/IeJOBAHHA MOHOMEPHOro rui-
pO/IH3a HOHOB MEeTa/JIOB. B reTeporeHHBIX rHAPONHTHYECKHX CHCTeMaX MOHOMePHOMY IHAPOJIH-
3y COMYTCTBYIOT pasHOoOpasHble M CJIOXHBe mpouecchl (FHAPONHTHYECKas TONHMepH3alHs B
TBepaoH ¢ase, o6pa3oBaHHe MOJHANEPHBIX TMIPOKCOKOMILIEKCOB B PacTBOPaX, OKHCJHTEJbHO-
BOCCTAaHOBHTe/IbHble peakuud M Ap.) [46]. Besuko W Bpemsi, HeoG6XoAHMOe NSl JOCTHXEHHS
paBHOBECHSI FeTepOreHHbBIMH CHCTeMaMH. MOXHO OXHAaTh, YTO B CHJY YKa3aHHBIX o6cTos-
TEJNbCTB, 2 TaKXKe HEeMHHYeMBIX TOrpeliHOCTeH, CBSI3aHHBIX C M3MepeHHeM OuYeHb HHM3KOH pac-
TBOPMMOCTH, MacCHBbI 3KCIePHMEHTaNbHLIX JAHHBIX O PAcCTBOPHMOCTH THAPOKCHAOB MOTyT
6bITb 3aCOpPeHbl IPOMaxaMH.

g A B pa6ote [46] npusenens pesyibrathi
usmepeHusi pactsopumoctd (A, moab/ )
psila THAPOKCHIAOB MeTajJoB, B 4acT-
Hoctd, Au(Ill) u Sb(Ill), B 3aBHcHMOCTH
or pH pactBopoB. B KayecTBe MCXOAHBIX
¢a3 ucnoabzosanu: aas Sb(IIl) — Boausle
okeuanl, aast Au(Ill) — cBexeocaxxaeHHbl
BogHbi okcua 3osota (II). dxcnepu-
MeHTbl BBINMOJHSIM npu 25 °C, HOHHOH
cuse pactsopa 0.1 moas/n (NaClOy4) npu
skcnosuuuH o 40 cyrtok. Pesyabrathl
3 H3MepeHH‘ﬁ npeacTaB/eHbl Ha puc. 6, 7.

D 1 L3 4
pH

Puc. 6. 3aBucumoctsb pactsopumoctd Au(OH);3 ot pH

184, .~

Ig [L]
-4

6 7

W

N1

-5

pH

Puc. 7. 3aBHCHMOCTb JIOTapH(MOB PaBHOBECHBIX KOHLEHTpauMi rugpokcokommiekcos Sb(IIl) u pac-
teopumocti Sb(OH); ot pH

[Tpumem, uto ruapokcun M(OH), yyactByeT B peakumsx :
p M(OH),, ¥ + j H* = M,(OH), + j HoO; y = x-n -}, (24)
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3apsiibl KOMIJIEKCOB OMyILeHsl. PacTBopMMOCTh paBHa
A=Y p-M,(0H),1= p-Kgy,-a}, , ~(25)
p.y Py
rae Ksyp — cMeluaHHasi KOHCTaHTa PaBHOBECHS peaKUHH (24), ay = 10PH - ouenka akTus-
HOCTH HOHOB Bofopoaa B pacTBope. Ecau ofuiMe KOHUEHTpalMH HOHOB MeTaljja B pacTBOpe
Majibl, BKJaJl B PacTBOPHMOCTb MOJHSAEPHBIX KOMIJIEKCOB NpeHe6pekMMo MaJj, H MOXHO Mo-
noxuts p = 1. Toraa dpopmyana (25) ynpowmaercs:

A=Y [M(OH),]1=Y Kg, -a}, . (26)
y b 4

JluHeiiHble yyacTKH Ha 3aBucHMocTH Ig A ot pH (puc. 6, 7) cooTBeTCTBYIOT yC/I0BHSIM, KOTAa B
cymme (26) oaHO ciaraemoe HaMHOTO MpeBbILIAET OCTajbHbie. JIIi 3THX Y4acTKOB M0 3aBHCH-
MOCTH

lgA=lgKsy-j-pH (27)
onpenensiior Kosdduunent j (OH XapakTepHsyeT CTeXHOMETPHYECKHH COCTAaB T'MAPOKCOKOM-
niekca)  3naueHne lg Kg,. Haiinennsie Takum crnocobom Ig Ks, Mbl Henosib3oBaik Kak Ha-
yajibHble MPHOIMXKEHHS! TPH pacyeTe KOHCTAHT THAPOJMTHYECKHX PaBHOBECHH MO mporpamme
CLINP 2.1. O6pa6aTbiBasi pe3yJbTaThi H3MepPeHHH, CTaTHCTHYECKHE Beca 3a/laBalli Kak

we = 1/ {o/A) - A2, (28)
rae o{A) — oleHKa OTHOCHTEJNbLHOrO CPeJiHero KBagpaTHYeCKOro OTKJIOHeHHs A.
IMo saBucumoctu pacteopumoctd Au(OH)3 ot pH paccunThiBanu

lg Kso(Au(OH)3d + H* = [Au(OH)y]* + Hy0);

lg Kss(Au(OH)3! = AU(OH)g'p.p);

g Ks4(Au(0H)3~l« + HoO = [Au(OH)4) + HY),
npunumast o (A) = 0.5. [pu 3Hauenun & = 0 % noayuuay BeJHUMHY BHIGOPOYHOTO 3KCLECCE
yo = 0.87, ykasblBaiollyl0o Ha JOBOJIbHO JJIHHHbIe XBOCTBI pacrnpe/ie/leHHsi B3BelleHHBIX HeBSs-
30K. Bapbupysi 8, Mbl YCTaHOBMJIH, YTO BeJWYUHH Y9, Ig Ksp, Ig Ks3, lg Ks4 cTabunusupyiorcs
auus nipu & > 80 %, npuuem MHK-ouenku napamerpos lg Ks3 u Ig Ksy nanexu ot M-oueHoK.
(ra6a. 3, puc. 8). Takum o6pa3om, caefyeT NPHHATL pobacTHbie oueHkH: lg Ky = -4.77+0.08;
lg Ks3 = -7.64+0.03; 1g Ks4 = -14.6940.15.

Tabauya 3. Pesy/ibTaThl MOJEJMPOBAHHS THAPOJHTHYECKHX paBHoBecH# ¢ yyactuem Au(OH);

3, ' [Tapamerp,

% |-lgKso|-lg Kss|-lgKss| A | v2 | f [ X%« | x*(f; 0.05)
0 4.66 7.85 14.33 . O097«:20:87 10 D2} 5:9F0b 33.9
10| 4.67 7.79 e Gl s 1 N s 1 D I R 7 41 ) 22.4
20| 4.69 7.75 14:40 -} 28~~~ T7b -~ [2—-16:0 21.0
30| 4.71 v iH7 4| 1 % il 2 it s & 4 ) s 4+ 5 19.7
40| 4.73 7.69 1458 #136, 233 10 140 18.3
50 | 4.74 7.68 1462 5n341 4 247 a0clQ sx014.:2 18.3
60 | 4.75 7.68 1464 145 256 10 144 18.3
70| 4.75 7.68 1462 163 268 10 14.9 18.3
80 | 4.77 764 14.69 | 163 289 9 13.9 16.9
90 | 4.77 763 14.70 | 164 292 9 13.9 16.9
99| 4.775 7.63 14.69 | 168 296 9 13.9 16.9

Vicnosb3ysi laHHBIe TPHAUATH YeThipeXx Mamepenui pactBopumoctd Sb(OH)3 (SbeO3-nHy0)
npu 0.3 < pH < 11.5, paccunThiBaAK TPH MapamerTpa:
lg Ksa(Sb(OH)34 + H* = [Sb(OH),]* + H20);
lg Ks3(Sb(OH)3d = Sb(OH)3, ,.);
lg Ks4(Sb(OH)3! + HoO = [Sb(OH)4) + H*).
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Puc. 8. 3aBHCHMOCTb JIOTapH(MOB KOHCTaHT paBHoBecusi peakuuit ¢ ydacthem Au(OH); u Bri6opouHoro
JKcllecca pacnpefieieHHs HeBsi3oK (yp) oT 3HaueHus &

Hasnauasi craTHcTHyeckue Beca, npuHumann o(A) = 0.25. PesynbraThl pacyeToB 'AJs
8 =0 % (rabn. 4) ykaseiBawoT Ha npuMeHuMocTh MHK-oueHOK M M03BONSIOT CYHTATH MOJEb

Ta6auya 4. PesynbTaThi MOJNMPOBAHHS HAPOIUTHYECKHX paBHoBecHH ¢ yyacthem Sb(OH)3
IS anpHOPHOM MHTEHCHBHOCTH Ipy6hix npoMaxoB & = 0 %. B ckobkax npuBesieHbl cpeHue KBaj-

paTH4YeCKHE OTKJOHEHHS MapaMeTpoB

XapakTepHCTHKH pacCUHTaHHLIX NapaMeTpPoOB

XapaKTepHCTHKH aieKBaTHOCTH MO

XapaKTepHCTHKa 3Ha4yeHHe napamMeTp | 3HaueHHe i 15 Nt
KoppeasiuHu R;
2 1.02 lg Ksp | -3.53 (0.03) 0.11
A 0.008 lg Ks3 | -4.44 (0.01) 0.12
A 0.23 lg Ksq |-15.48 (0.10) 0.15
A 0.80
Yo -1.13
sxen 31.7
x2(f = 31; 0.05) 45.0
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alleKBaTHOM 3KcrepuMeHTy. Mojesb Hesb3si NMPU3HATh H3GBLITOUHOM, NMOCKONbLKY HEBeJHKH M
MHOXeCTBeHHble KO3(p(HIUHeHTbl KOppeasiuMd R; napamMeTpoB, ¥ OTHOLIEHHe MHHHMaJbHOro
CHHTYJ/ISIPHOTO YHMCJIa MaTpHUb SIKOGH K MaKCHMaJIbHOMY Kyuy / Kyaxe = 1 / 333.

OnHako nepekpecTHas OLEHKa JOCTOBEDHOCTH BCKpBIJIa HEHAleXXHOCTb MOCTPOGHHHOH MO-
nean. Ot6pacbiBasi M3 MaccHBa 34 3KCIepHMEHTAJbHBIX TOYeK MO OHOMY H3MEpeHHIO, Haxo-
WA 3HAYEHHS] HEeM3BEeCTHbIX MapaMeTpPoB M B3BelleHHble HeBSI3KH KpocC-OlleHMBaHHA dp, a 110

HHM PpacCYMTaJ¥ [HUCNEPCHI0O KpocC-OLeHHBaHHS 5¢= 2.19-10° BspelleHHas HeBs3Ka
d34 = 800 Ha MOPSAKM NPEBOCXOAMT B3BelleHHYIO HeBs3Ky &34 = 0.5 (puc. 9). Ecan tpuauats
YeTBepTYI0O TOYKY OTOPOCHTb H3 MacCHBa JaHHBIX, TO 3HaueHHe lg Kgy4 MeHseTcs Ha /Be C No-
JIOBHHOM e[MHMLbI, TOTJa KaK yfaJeHHe APYrHX H3MepeHHH Ha olleHKe lg Kgs He ckasbiBaercs
(puc. 10). Takum o6pasom, H3MepeHHe 34 sBJisieTCH TOYKOH pa3baJaHCHPOBKH /ISl PHCK-
napametpa lg Ksq.

d 800 - L
3
600 - N 34
e Kpocc-oueHuBaHHe 10CTOBEPHOCTH
200 4

OJ 0000000000000 00000000000000000000

T T

1 4 7 10 13 16 19 22 25 28 31 34

T i T T T T T T T T '-r—
1 07 o0 1818119022 %5 28 81 M

Homep Touku
Puc. 9. Hepsisku Kpocc-oueHHBaHUS dj M JOKaJbHble KDUTEPHHM afeKBATHOCTH &j M1 MOLENH THAPOJIH-
THyeckHX paBHoBecuit Sh(III)

344 © [
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Howmep otGpacbiBaeMoi TOYKH

Puc. 10. MameHeHHe mapaMeTpoB MONENHPYeMOH CHCTeMbl NpH yceyeHMH MaccHBa o6pabaTbiBaeMblX
paHubIX 0 pactBopumoctd Sb(OH)3 Ha oaHy Touky

BLISIBUTb TOUYKY pa3GaJaHCHPOBKH B IJIaHe SKCIIepPHMEHTa MOXHO M ApPyruM crocobom. [lo-
CTaTOYHO paccMOTpeTh MaTpHly HKob6u
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Inp =108/ 80i]. (29)
[Ipu npaBUIbHOM Ha3HaYeHHWH CTAaTHCTHYECKHMX BECOB B 3KCNEPHMEHTANbHBIX TOUKAX, BaXKHBIX
1S onpefle/ieHHs NapameTpa 0;, a6COMOTHbIE BEJHYHHBI MPOU3BOAHBIX Jp; = O & / 6; — Beau-
YHHB MOPSZKA eMHUUb. EC/H, HanmpoTHB, H3MepeHHe A, NMPAaKTHYECKH He BJHSET Ha OLEHKY
napameTpa 0;, mpoussonHas Jp; 61M3Ka K HyJ0. Jlis pHcK-mapameTpa O, npousBoiHbie Jp, Ma-
JIbl BO BCeX TOYKAaX, 32 MCKJKYEHHeM OJHOM, a TOYKOH pa3balaHCHPOBKH C/elyeT NpPH3HATh TO
eIMHCTBEHHOE H3MepeHHe, I/ KOTOPOro 3HaueHue llk,f BEJTHKO.
PesyabraThl pacueTa MaTpuubl J A AaHHBIX 0 pactBopuMoctH Sb(OH)3 npuBesens Ha
puc. 11. ITockonbKy Npon3BoaHas Ji4 gk, Ha MOPSIAKH MPEBOCXOAMT OCTa/lbHble NPOM3BOAHBIE

no napametpy lg Ks4, 9T0 — pHCK-MapameTp, a TPHALATb YeTBepTOe H3MepeHHe — TOYKa pas-
6a/laHCHPOBKH.

I[TosiB/leHHe TOUKH pa36aJaHCHPOBKH JIerKo OObSCHHTb, 0OpPaTHBIUMCh K PaBHOBECHbIM KOH-
ueHTpauuaM Kommaekco (pue. 7): kommiekc [Sb(OH)4] mpencraBien B cucreme B efuH-
CTBeHHO# 3KcnepuMeHTanbHoM Touke No 34 (pH = 11.5).

Kpocc-ouennsanue OKa3bl-
BaeTcsl MOJie3HbIM W NpH BhiGope
YHC/a  KOMIUIEKCOB,  KOTOpbie

lg‘]ki caenyer ydectb B Mojead. Mbl
0.199550000000000000000000000000090¢ NpOBe/H NepPeKPecTHYI0 OLEHKY
000" " VVovy JIOCTOBEPHOCTH IJIl CeMH Moje-
Vv o 3
Vg / Jel, ONMCHIBAIOIMX THAPOTUTH-
v
4. UG A ankadbad yeckue pasHoBechusi Sb(III) u co-
“bovvvavvv s fepXKallkX OT OHHOro A0 Tpex
. e v K NOATOHOYHBIX napameTpoB
8 Po? (tabn. 5). Haumenbuiee 3Haue-
1 AAA ~
Al \\ HHe 5¢ NOCTHTHYTO NS MONENH
‘ .
< " v C  HCKOMBIMH  MapameTpamy
-12{a lg Ksp n lg Ks3, a BKIoyeHHe

ey

1 4 7 10 13 16 19 22 25 28 31 34  napaMerpa lg Ksq B unciIO HCcKo-

o % MBIX JIMIIAeT MOJEJH YCTOHYH-
MEP IKCIICPUMCHTAIbBHOU TOYKH BOCTH (pHC. 12).
Puc. 11. Jlorapudmbi amemeHTOB MaTpHLbl Skobu. 1 - 1gJ klgKs; °

2 - lg‘,k,ng_g;' 3 - ngk-ngSA ¢

Tabauya 5. Moneny, noaBepruyThie KPocc-OlleHUBAHHMIO

Howmep [Tonroxounsle mapa- Jlucnepcus Kpocc-OLeHHBaHHS 5¢
MOJieJTH MeTphl
1 lg Ksq 8.6:10°
2 lg Ksp 15.0
3 g Ks3 1.88
Ig Ks2
4 o K 1.57
Ig Ks2 5
5 1.3:10
lg Ks4
lg Ks3
6 1.9-104
Ig Ksq
lg Kso
7 lg Ks3 2.2-104
lg Ksq
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Mogaenu ¢ ogHum

lgg.;)z : | napametpom

napameTpamu

Mogaenu c asymss  Mogaenb ¢ Tpems

napameTpamvn

=

T T T

4 S 6 7

Homep monenu

Puc. 12. 3aBHCHMOCTD IHCNEPCHH KPOCC-OLIeHHBaHHS 3'02 OT YHCJI1a TOATOHOYHBIX NapaMeTpOB MOJeJH
Takum 06pa3oM, pe3yJbTaThl KpOCC-BalHAallMM MO3BOJAIOT CYMTATh HaWJyullled Mojiesb ¢

IBYMsl TIOATOHOYHBIMH NapametpaMu lg Ksp ¥ lg Kss (Taba. 6). To6anbHble KpHTEPHH YKa3bl-

BalOT Ha aJleKBaTHOCTb MOJEJH, HO 6GoJiblliie HeBA3KH & B ABYX IOCJAENHHX IKCIIePHMEHTallb-

Ta6auya 6. PeaynbTaThl MCIBITAHHS MOJH MHAPONHTHYeCKHX paBHoBecuit Sb(III) mpu nByx
HCKOMBIX MapaMeTpax. ANpHopHasi HHTEHCHBHOCTb rpy6bix npomaxoB & = 0 %, B ckobKax

[IpUBEeJIeHbl CpeIlHHe KBaJipaTHYeCKHe OTK/JIOHEHHS NapaMeTpoB

XapaKTepHUCTHKH ajleKBarT- XapaKTepHCTHKH PacCUYHTAHHbIX NapaMeTpoB
HOCTH MOJeJIH
XapakTepHCTHKa | 3HaYeHHe | mapaMeTp | 3HayeHHe KostduumeHT Koppeasuuu R;
53 1:27 lg Kso |-3.53 (0.05) 0.11
A 0.12 lg Ks3 |-4.44 (0.02) 0.11
A 0.30
A 0.89
Yo -0.57
Xsren 40.5
x2(f = 32; 0.05) | 46.2
HBIX Toukax (puc. 13) sacrasasior
NpeANnoNOXHTb ee HenosaHoTy. [lo-
CKOJIbKY HCIBITaHHe 6oJiee [OJHO¥
2 MOJIeJIH He TPHBEJIO K OJHO3HauHO-
L My BbiBoLy 06 o06pa3oBaHMH B
o 1____.,_!.._“_. . YCIOBHSIX 3KCMEepUMEHTa KOMILIeK-
5 # o ©° ca Sb(OH)4, He ocTaercs Huuero
g 0Ofe o ® ° ° MHOTrO, KaK peKOMEHJO0BaThb BBINOJ-
8 5 " ° HEHHe [IOTIOJIHHTEJbHBIX SKCIepH-
| - Lt "y MeHTOB. B HHUX cienyeT H3MepHuTb
E’ & ° . pacTBopuMocTh SbyOaz-nHoO npu
g 24 ¢ N3V pH 11 - 12.
§ [naBHBIH BBIBOJA M3 PaccMOTpEH-
& -3 4 N34w HOTO MpHMepa COCTOMT B TOM, YTO

4 7 10 13 16 19 22 25 28 31 34

Howmep Touku
Puc. 13. Jloka/ibHble KPHTEPHH afieKBaTHOCTH /IS MOJEJH ¢
NOAroHOYHBIMH mapameTpamu Ig Kgp v lg Kg3
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Kharkov University Bulletin. 1999. Ne437. Chemical Series. Issue 3(26). Yu.V.Kholin,
D.S.Konyaev, S.A.Mernyi. Construction of complexation models: from measurements to final
verdict.

The main stages involved into building a complexation model proceeding from “composition — prop-
erty” dependences are discussed and the errors in final models are traced to these stages. The paper
presents the tools which improve the common procedure of model building and assessment and allow
to avoid the errors. The key tools are related with methods of robust non-linear regression, data
analysis, theory of ill-posed problems and applied statistics. As a result of research an improved strat-
egy for simulation of complexation equilibria is proposed.

According to the approach presented, robust (stable to contamination of data), quick and globally
descending algorithms for computation of stability constants and intensity factors of complex com-
pounds should be accompanied with

* determination of parameters’ covariations;

e evaluation of partial, global and total correlation coefficients of parameters;

¢ investigation of adequacy with the aid of global (residual variance, robust chi-square, skewness

and kurtosis of weighted discrepancies, residual mean and mean residual) and local (weighted dis-

crepancies) criteria;

e cross-validation of the model;

e detection and rejection of redundant complexes;

e a posteriori analysis of experimental design.

Simulation of solution and chemisorption equilibria studied by methods of pH-metric titration, multi-
wave spectrophotometry and solubility evidences a usefulness and an efficiency of the strategy.
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. OBOBILIAIOILIASI CTATbS |

YK 541.18.056

MOAENI B3AeMOAil KATIOHIB Migi() TA KAAMIIO(I) 3
NOAEUMNCY/IbAATOM HATPIIO

© 1999 JI.II.JloriHoBa

OujHeHO apeKBaTHICTL Pi3HUX Mopener B33aEMOfil IOHIB Cu?* ta Cd?* 3 miuenamu popeumn-
cynechaty Hatpito (aacopbuis Ha NosepxHi Millen, YTBOPEHHA XIMIYHOI cnonyku, oBMiH NPOTHIOHIB y
wapi LWrepra). Mpu gocnigykeHHi KOMNNEKCOYTBOPEHHSA B MILENSPHOMY CEpeaoBMLL 3PYYHO ONK-
CyBaTH BNNM1B CEpPenoBULLIA HA KOMMNNEKCOYTBOPIOBAY 3 BUKOPHUCTAHHAM KOHCTaHT as’a:ynanna.

Miuenu noBepxHeBo-akTHBHHX peuoBHH ([TAP) wHPOKO BHKOPHCTOBYIOTHCS AJAsl Mo-

Audikauii TepMOAHHAMIYHHMX | KiHETHYHHMX BJacTHBOCTeH peareHTiB. [Ipu JociiiKeHHi BIIMBY
Mille/JIIPHOrO CepelioBHIa Ha peakuil KoMmieKcoyTBopeHHs [1-5] BHHHKae nuTaHHs npo Me-
XaHi3M B3a€MOJii KOMIJIeKcOyTBOpIOBayYiB 3 aHioHaMH [TAP Ta aHiOHHHMH MillesaMH.

Meta po6OTH —CMiBCTAaBMTH pi3Hi TOUKH 30py Ha MexaHi3M 3B’s3yBanHs ioHiB Cu?* Ta

Cd?* B cepenosuwi miuen anionnoi [TAP —noneuuncynsdary narpio (NaDS).

Bnaus miyeasprozo cepedosuwya na zpadyrosarvii zpagixu mids(11)— ma
xadmid(1l) —cerexmusnux esexmpodis

ITpsMuM MeTofOM AoCTimXeHHs B3aeMofii ioniB Cu* Ta Cd?* 3 miuenamu e noteHuiomeTpisn
3 migs(I)= ta kagmii(Il) —cenexTuBHUMM enexkTpogamu. ['panyioBanbHi rpadiku LMX enex-
TPOAIB B MPHCYTHOCTI Milles1 AoJelMJICyb(paTy HaTPilo 3aMHLIAIOThCH JiHIAHUMH NPaKTHYHO B
TOMY X JianasoHi, IO i Yy BOASHHX PO3YHHAX, ajle 3MillyloTbcsl B GiK Gi/ibll HEraTHBHHX 3Ha-
YeHb e.p.c. BesuuHa 3cyBy 3afeXHTb Bil KOHUeHTpauUii Aoxeunacyabdary Hatpiio [1]).

[TapanenbHu# 3cyB rpaayloBajJbHHX rpadikiB MoXKe 3yMOB/IOBAaTHCh SIK 3MIHOIO XiMidHOI
(opMH MOTEeHLiaNyTBOPIOIOUKX iOHIB Y Cepe/lOBHIL aHiOHHHX MilleJl, TaK i BIVIHBOM MilleJIsipHO-
ro cepefioBHila Ha Auy3iiHu#k noteruian B Koai 3 ICE (cycnensiiinuii edekr).

BnumB wmiuen AITAP Ha nudysifiHui noTeHuian 6ys0 OuUiHEHO NMPH CHIiBCTaBJEHHI pe3yJb-
TaTiB BUMipIOBaHb 3 MeTaJOCEJeKTHBHHM eJIeKTPOAOM B KOJi 3 NepeHocoM

Ag, AgCl| KCI|| KNO3z| |M(NO3)9, NaNO; TM”-CE (1)
i B KoJii 6e3 nmepeHocy: _
F- — CE | NaF, M(NOj3);, NaNO3 | M2*CE. (2)

B kosi 6e3 mepeHocy eJeKTpPoLOM MOPiBHAHHA GyB (TOPHA-CENEKTHBHHH eNeKTpoi, Ha Mo-
Ka3aHHs SIKOro MPaKTHYHO He BIVIMBAIH Milleld JOofelLHMJCYybdaTy HaTpilo: AOfaBaHHS A0 Tpa-
nyioBasbHUX po3urHiB 0.05 moib/ 1 NaDS sukaukano 3cys rpaayioBajibHOro rpadika ¢Topri-
CeJIEKTHBHOTO eJieKTpoAy MeHI Hix Ha 0.5 mMB.

Jns Cd2* —ceneKTHBHOrO eJIeKTPONy Mepexil Biil BOASHMX PO3YMHIB 1O MilleNIIPHOTO cepe-
JOBHILIA CYNPOBOMXXYBaBCS 3CYBOM e.p.C. KoJla 3 MepeHocoM B cepelHboMy Ha 33 MB, a e.p.c.
Kosia 6es nepeHocy B cepeanbomy Ha 29 MB. [lns Cu* —ceneKTHBHOrO eNeKTpOMLy Li 3HAUEHHS
cknanaau BignosigHo 30 MB i 26 MB. Pisuuusg uux BenuunH — 4 MB — 3ymoB/ieHa $IK BIUIK-
BOM Mille/ISIPHOTO CepeloBUIlla HAa AU(DY3iHHUHA MOTeHLiaN KoJa 3 nepeHocoM, TaK i 3CyBOM rpa-
AyIOBaJbHOTO rpadika (TOPHI-CeNeKTHBHOrO eJIeKTpoAy, skui He nepeBuuiye 0.5 MB. 3Bixcu
BUTiKae, 1o HasBHicTb Miuea ATTAP B jfoc/ifXyBaHOMY pO3uMHi 3MiHIOE AMQY3iHHHHA MOTeH-
wian kona (1) B cepeanbomy Ha 3.5 MB.

OTxe, BIIMB MiLleSPHOTO CepeioBHLIAa Ha rpajyioBaibHi xapaktepucTuku Cu?t - i Cd%*-
CeJIEKTHBHHX eJIeKTPOAIB MOXXHa BiflHECTH [0 3aBajJl TPeTbOro i YETBEPTOro THIy 3a KJja-
cudikauiewo ynsuuupkoro [6], npuyomy nepesa)kae BIJIMB YETBEPTOro THIY — 3MiHa XiMiuHOI
dopmu ionis Cu?* i Cd2* npu Bsaemoii 3 MillelaMu MOBepXHEBO-aKTHBHOI PEYOBUHH.

IEkcnepumenTanbHi aani ogepxano O.C.Yepuuiosoro.
36




Mogeni B3aemopii karioHia migi(ll) Ta kagmio(ll) 3 goaeunncynbarom Hatpilo .

Cniscmasaenns modeneil e3aemodii ionie Cu?* i Cd?* 3 miyeramu
dodeyurcyrvpamy
BaaeMopiio MOXKHa pO3rasifaTH K HACTYMHi NMPOLeCH:
1) ancop6uis ionis Merany Ha nosepxHi miues ATTAP [7];
2) yrBopenHs XiMiunux cmoayk Cu?* um Cd2?* 3 anionamu poaeun/cynbdaTy—pO3UHHHHX
[2,3] a6o B konoinHOMY CTaHi;
3) o6min nporuionis Na* Ha Cu?* un Cd2* y wapi lllTepHy aHioHHHX Milel;
4) 3p’s3yBanns ionie Cu?* um Cd2* miuenamm aomeumscyibdaty, sike ONHCYETbCS 32 JOMO-
MOrol0 KOHCTaHT 3B's3ysanHs [9].
Tperuen i Tomac [7] posrnsnanu Bsaemonito Cu?* ta Cd?* 3 miuesamn JJIC sik ancop6uiio,
10 OMUCYEThCS PIBHSIHHAM i3oTepMH JIeHrmiopa:
[Cad gD iy
$ o [Cu®*],
K
ge [Cu?*],, —piBHoBaxHa KoHueHTpauis iony Cu2* B dasi miuen, [Cu®*], —piBHoBaxHa KoH-
uentpauis iony Cu?* y BomsHomy posumHi, K — KoHcTaHTa amcop6uii ioHiB Miuesamu [TAP,
S —KoHUeHTpalis afcopOLIHHHX LEeHTPIB.
3 piBusinas (3) Butikae:

(3)

MBI il ol {0
ICu le xRS J0ue*] LA’
TOX CBiIYEHHSIM NMPO MOHOIIAPOBHH XapakTep afcop6uii Moxe 6YTH JiHiHHa 3aJeXHiCTb BeJH-
4 1
Bi !
2, ™,

I'petuen i Tomac criocTepirany JNiHiAHY 3a/eXXHiCTh Y PO3UHHAX 3 MOJSIPHOIO KOHLEHTpaLi€lo
nopeunacyabpary 0.1 monn/a [7]. Pesysbraty Hamux mocsimkens npu c(J1C)=0.05 moas/ n
feul0 BiAXWASAMCh  Bin  JiHiKHOT  3anexHocTi. OpepXaHe NpH  UBLOMY 3HAYeHHs
$=9.4-1073 monb/ 1 nobpe ysromxyeTbes 3i sHauenHsam S=2.1-1072 moas/a [6], sikwo Bpaxy-
BaTH, L0 OCTAaHHE BiANoBigae BABiYi GilblLiH KOHUEHTpaLii HoAeuuJcyabdaTy, HiXK y Hauwii
po6oti. OnHaK onep)kaHe HaMM 3HayeHHS KOHCTaHTH ajcop6uii Cu’t BHABHJIOCH 3aBHILEHHM:
3a HawwuMu naHumu, K=1.6-10% | Tozi sk 3a nanumu petuena i Tomaca K =1.4-108 [7].

[Tonanblui JOCHIIKEHHS! BHSIBMJIM, LIO NpH 3MeHuWeHHi KoHueHTpauii [TAP 3anexHictsb
1

BilL
[Cu®*], [Cu®*],,

A€KBaTHICTb MOJeJi MOHOMOJEKYJIApHOI afcop6uii B yMoBaX, Koau KoHueHTpauis Cu?* nepe-
BHLIYE KOHLEHTPALI0 MiLeJ.

(4)

YHHH

’
Bce Gisblue BiAXHAsSETbes Bif JiHikinoi (puc.1). Lle cBiguuTh npo Hea-

i [Cuz*],,,

3000

2500} ® . 799103 moas/ n NaDS;
x . 1.51°102 mons/n NaDS;

oo { a - 289102 mons/n NaDS;
= . 5.010? mons/n NaDS.

1500

1000 -

500

% 50000 100000 150000 200000 250000 300000

1/[Cu %),
1 4 1
BIJ
T e

Puc. 1. 3anexuicTsb B PO3YHHaX AoJelH/ICYIbdaTy
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Jlpyra mMojesb B3a€MOlii — peakliisi, aHaJIoriyHa KOMILIeKcoyTBopeHHo [2,3]:
Cu?* + 2DS™ & CuDS; . (5)
Tpers Mofienb 6asyeThcs Ha ToMy, wwo ion Cu?* a6o Cd2* BxomsiTh K MPOTHiOHHM [0 LIapy
[tepHy anioHHuX Miuesa. Toxi 3B’s3yBaHHSI LMX KaTioHiB MilleaMH MOXHa BHDPa3WTH PiBHSH-
HSIM peakilii 06MiHy NpOTHiOHIB:

NagDS(m) + BCu2* 5 Cug (DS)g(m) + PNa*, (6)
ae B i B’ —cTyneHi 3B'si3yBaHHSA NPOTHIOHIB, SIKi BH3HAYalOThCs 3a BiJIHOLUIEHHSIM CTeXioMeT-
PHUYHHX KoedillieHTiB y peakuifX MilleJOyTBOPEeHHS:

xDS" + yNa* & Na,DS,~(+~9) ,
pDS- + qCu?* & Cu,DS,~(P~20),
B=y/x (nns ionis Na*), p'=2q/p (nns ionis Cu*).
3HayeHHsl CTyneHiB 3B's3yBaHHs ioHiB Na* u Cu?* 6yn0 BH3HauYeHO MeTOJAOM TMOTeHLjo-
MeTpii 3 ofenHiICyIbdaT-ceneKTHBHEM enekTporom: B=0.74 nas Na* i B'=0.64 nas Cu?* [8].
Biabw mpoctolo cxemoi0, O Bigo6paxkye oOMiH pi3HO3apsiIHMX MNPOTHiOHIB, MoXe OyTH
PiBHSIHHA 3 LJIOYHCEJIbBHUMH KoedillieHTaMu:

2NaDS(y,) + Cu2t 5 Cu(DS)g(m) + 2Na*. (7)
Ha ocnosi mozesneit (5-7) 3a nporpamoio CLINP 6yzno 06po6ieHo naHi MOTeHLiOMETPHYHOTO
THTPYBaHHS PO3YMHIB JAoAelM/CYbdhaTy HATPil0 po3uHHAMH HiTpaTiB Kaamiio i mini. Ilpo anek-
BaTHICTb KOXHOI MOZeJi MOXXHa CYIMTH 32 BiIXHJIEeHHSIMH OOYHCJIeHHX 3HayeHb pM Bin ekcre-
puMeHTanbHuX (Taba. 1-2).

Tabauys 1. PeayabraTd 06po6KH JaHHX NOTeHUioMeTpH4YHOro THTpyBaHHst NaDS posunHom
Cu(NO3); 3a MonensiMu ximiuHoi B3aemofii (5), o6Miny npoTHionis 3 uinumu (7) i Apo6HUMH
Koediuientamu (6)

Opg}{e'rb;l T:;‘ pCuBHM: pCuOGH._pCuBnM, (5) pCu°5"--pCu°““~ (7) pCu°6"'-pCu5"M' (6)
0.4

- =007
-0.3
=09

05 -0.3
T 0.2
~0.2
: 2
R
-0.11
S M
-0.07
-0.05

- -003

o =002
0 - -001

0.065

ek epoegs0s - | . 04100 =0.57+0.04

[TomiTHi BiaxuaeHHs o6yncaeHuX 3HayeHb pCu Bill eKcnepUMeHTalbHUX CMOCTepirasHch Npy
BUKOpHCTaHHI Mofesi (6) 3 Apo6HUMH CTeXiOMETPHYHHMH KoedillieHTaMH.

Mogeni (5) i (7) maiixe oaHakoBo fo6pe 3a6e3rneyyioTh ONMHC eKCIePHMEHTAJbHHX AaHHX.
Mopens (5) BukopucTaHo AMipoBHM i BpaXyBaHHS BIVIHBY MilleJISPHOTO CepejloBHINA Ha
KommaekcoyTBoperns Mini (II) 3 neskumu niramgamu [2]. Tlps ubomy npunyckanoch, Lo
CTIMKICTh KOMIIEKCIB 3 LMMH JiraHaaMy B NMPHCYTHOCTI Millesl Taka X, K Y BOASHHX PO3YH-
Hax. OfiepXaHe 3HaueHHs Jorapudmy KoucrantH 3JM 6.47+0.10 [2] nabararto Buwe, HiX y

Hawmux pocaimkenuax (4.44+0.03).
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Mogpeni B3aemopii karioHis migi(ll) Ta kaamio(ll) 3 poaeunncynbcarom Harpilo

Cnin, oaHaK, BiA3HAYMTH HETOYHICTb TAKOro MiAXOAY A0 OMHCY B3aeMOAil iOHIB MeTanay 3
MillenaMu: B 06YHC/IEHHSX MPOAYKT peaKuii posrasfaeTbes SK KOMIIEKC YH acouiat aHioHy DS
3 MPOTHIOHOM, THM CaMHMM 3 DPO3IJISAy BHJIy4YaeTbCs IMpoiec argeraui'l'. ®opmasnbHo 3abesrne-
4yIOuH ONHMC eKCTiepHMEHTAIbHHX AaHHX Tpo B3aeMogilo ionie Cu?* yu Cd?* 3 DS, mMozess (5)
cynepeyuTh YSIBJIEHHSIM Tpo 3apsia Miuea aHioHHoi [TAP. Te x came BifHOCHTbCS ¥ A0 MoOjeJi
(7), xoya ii aneKBaTHiCTb €KCIIEPHMEHTY MOXXHA IMOSICHHTH, NPHITYCTHBIUH, 10 B 06MiHi GepyThb
y4yacTb MPOTHiOHH He Tinbku wapy lltepHa, ane i wapy Iyi-Yenmena.

Tabauys 2. PesyabTaTH 06po6KH JaHMX MOTeHUioMeTpHyHOro THTpyBaHHs NaDS posunHoM
Cd(NO3)9 3a Moneasivi Ximiunoi B3aemonii (5), o6miny npoTHionis 3 uiikmu (7) i ApoGHUMH
koediuientamu (6)

O6’em THT- BHM. 064. BHM. 064._( {BHM. 064._(" JBHM.

pRHTY. M pCd pCde®4--pCd (5) | pCd°®4-Cd (7) | pCdo%-Cd (6)
3.0 3.87 -0.02 » 0.25 0.55
40 3.57 DO b poss -0.02
5.0 3.30 0.04 ‘ -0.015 -0.3
6.0 “306 V0 Q046 b =002 : =04
7.0 2.86 0.025 =0:11 -0.4
8.0 270 | ~0.011 ; =013 5 -0.4
9.0 2.56 -0.035 -0.13 -0.3
100 | 244 | = -0048 e bR e
11.0 2.34 -0.055 =0il1 -0.3
12.0 225 0052 .t - =0098 ol gy
18.0° 51 “ 298 -0.054 -0.09 _ =0.2
14.0 2l 004 =007 =0.18
15.0 2.06 | -0.046 -0.069 =017
16.0 201 1 =004 =0.008 =0.15
17.0 - 1.96 -0.029 -0.044 —0.13
180 1 193 | ~0033. b =DM} =01
19.0 1.88 -0.013 -0.023 -0.1

lg 4.68+0.02 1.18+0.06 -0.4840.19

Menm cynepeunMBMM BHAaeThcsl omuc B3aemofii M2* 3 MillenaMH Ha OCHOBI - KOHCTaHT
3B'sa3yBaHHsl Kp. Taku# niaxix He motpe6ye nmpumyileHb [JpO CTeXioMeTpil0 B3aeMOii iOHIB Me-
rany 3 TIAP ta npo Konuentpauiio miuea (B mogensix (5)-(7) ii npupiBHIOIOTb KOHLeHTpaLii
MOHOMEpHOro MpOAyKTY peakuii). KOHCTaHTH 3B's3yBaHHS XapaKTEepH3YIOTb piBHOBary
Po3NOAiNy, B SIKill MilleJIH po3risifaloTbes K okpema ¢asa [9]:

M2* + m 8§ (M2%), , K, (8)
fe M2* —ion Metany B 06’emi posuuny, (M2+),, —Miuenspso 38'a3anuil ion Metasy,

(]
g ke 9)
b [M2+](C—cmc)

pe [M2*],, i [M2*] —xkouuenTpauii BianoBigHO 3B’A3aHMX i He 3B'S3aHMX iOHIB MeTany, BilHe-
ceHi fo saraabHoro o6'eMy po3uyuHy; C —asaranbHa MoJasipHa KoHueHTpauis AITAP; cmc —
KPHTHYHA KOHILEHTpaLif MilleJOyTBOPeHHS.

3HayeHHs KOHCTaHT 3B’A3yBaHHA KaTioHiB Cu* ta Cd?* miuenamu pomeumacyabgpatry 6yso
3HAMIEHO 3a IaHHMH TPO 3CyB rpafyloBanbHUX XapakTepucTHK ICE mpH nepexoni Big BoasiHOro
posuHHy 10 MiueasipHoro cepenosuia [1). PiBHsiHHS:

En=E?+01gCpy-6lg (KyC-cmec) + 1), ~(10)

e Mofieamio enektpogHoro Biaryky Miab(1)- i kaamii(Il)-cesieKTHBHHX esleKTPOAIB y cepefoBHILI
Mites aHionHux ITAP.

JlaHi mpo KOHCTaHTH 3B'SI3yBaHHS KOMIJIEKCOYTBOPIOBaYa JO03BOJAIOTL NMPH AOCHiIKeHHi
KOMIIEKCOYTBOPEHHS B MilleIIPHOMY Cepe/lOBHILI BilOKPEMHTH CKJaJloBi MilleJipHOro edekTy
Ta OUIHUTH BIJIHB Mille/IIPHOrO Cepe/IOBHIIA HA CTaH JiraHay Ta KOMIJIEKCy.
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~  TEOPETHYECKAS XHMMMUSA

YK 539.192

OCHOBHOE COCTOSHME PELLETOYMHOA MOZAE/IN KOHAO ANA
METAJIJIOOPFTAHUYECKUX ®EPPOMAIrHETUKOB

© 1999 B.O.Yepaunosckmiti, M.B.KpukyHos

MposeaeHbl pac4eTbi HAKHEM YACTH TOYHOrO IHEPreTMHECKOro CMEeKTPa KOHEeYHbIX PeLLeTO4HbIX
KnacTepoB (heppOMarHeTkos Munnepa, onucbiBaembix petueTouHoi mopensto Konpo. Mokasawo,
4TO Nnepexop OT OCHOBHOIO COCTOSHWUS C MaKCUMMArNbHLIM CMUMHOM K CHMHIMETHOMY COCTOSHUIO Npu
ycuneHuu heppoMarHMTHOro obmMeHa Mexay - U d-3NeKTPOHaMM MPOMCXOAMUT MPKU COXPaHEHWH
NOKanbHOM YCTOM4YMBOCTH NEPBOrO COCTOAHUA K NOBOPOTY HECKOIbKUX CMMHOB.

Ycrnexu OpraHHyecKoro CHHTe3a B CO3JlaHMH HOBBIX MarHMTHbIX MaTepHaJ0B —OpPraHHYecKHx
¥ METaJJIOOPraHHYecKUuX (heppoMarHeTHKOB — B NOCJe[Hee BpeMs olepexKaloT INpejcKasaTellb-
Hble BO3MOXXHOCTH TeOpHH. EcTecTBeHHO, YTO TaKoe IMOJIOXKeHHe NPHUBeJIO K MOSBIEHHIO HOBBIX
TEOpPeTHYECKHX HCCJIeN0BaHUH NMPHPOAbI (heppoMarHeTH3Ma B CJOXHBIX OPraHHYeCKHX COe/lH-
Henusix [1-5]. OnHoli u3 HauGoslee WHTepeCHHBIX pa3paGoOTOK B 3TOH 0o6JacTH SBAsiETCS Mpej-
noxenubl#i A.JI.UyrpeessiM u M.A.Mucypkunsim [2,4] MosenbHBIN raMUIbTOHHAH, ONMHCHIBAIO-
LMK 3JeKTPOHHYIO CTPYKTYPY CTOMOYHBIX KPHCTAJJIOB COeHHEHHH THMa JeKaMeTH/(peppoLeH-
rerpaunanstuieda (DMeFc-TCNE), CrCpo-TCNE (Cp- neHTaMeTHIUMKJIONEHTAIHEHHN) ¥
ApyruX. DTOT raMHJbTOHMaH BK/oyaeT B cebs ujeH Konjao THma, onuceiBaiolui deppomar-
HUTHBIA OOMeH KyJIOHOBCKOM MPHPOAbl MeXAy d-3]eKTPOHAMH, JIOKaJIH30BAHHBIMH Ha aToMax
NEepeXoAHOro MeTallia, H T-3JIeKTPOHAMH JIMraHAHbIX opGuTanel. [TosToMy B fanbHeHieM Mb
6ynem roBoputh 0 Mogend Uyrpeesa ¥ MucypkuHa Kak o pewietodHoi mogend Kougo (PMK)
VISl METAJIOOpraHHYecKHX (peppoMarHeTHKoB. Bo HabexxaHHe HelopasyMeHHH cpa3y OTMeTHM,
yro PMK nas kpucrannuyeckod cronkd DMeFc-TCNE cBoauTes K peppoMarHHTHOH rensen-
6eprosekoil uenouke [2]. CrenoBartesnbHo, Mo KpaiiHell Mepe, [/Isi HeJONMPOBAaHHBIX (eppomar-
HETHKOB HeT TeMIepaTypHLIX aHOMaJHi B 3/JEeKTPONPOBOAHOCTH, MarHHTHOH BOCIPHHMYHBOCTH
H 1p., XapakTepHbiX Aaa o6biyHbIX Konao pemetok. OTMeTHM TakKe, YTO M3yyaeMasi MOAHGM-
kauuss PMK He MoxeT ObiTh MoJyyeHa M3 MepHOAMYECKOH Moaeau AHJepcoHa B Tpejele
CHJIBHOTO KYJIOHOBCKOTO OTTaJIKHBaHHMS.

B mammx npeasiaymux pa6ortax [5-7] 6wlio mpoBeseHO H3yyeHHe 3aBHCHMOCTH ChMHA
OCHOBHOro cocTosiHus KpHcTajauyeckod ctonkh DMeFc-TCNE ot snekTpoHHbIX nmapaMeTpoB
MOJie/IH B paMKaX TEOPHH BO3MYILUEHHH MO Pe30HAHCHHIM HHTErpajaM, OTBeYalOlLIHM 3a repe-
Hoc 3apsna Mexnay m-op6utansmu DMeFc u TCNE. Bouto nokasaso, uto ycuienue deppomar-
HHUTHOTO CBSI3BIBAHMS M- W d-3J1eKTPOHOB B KaTHoHax DMeFc* Bener k nopaBnenuio deppomar-
HATHOTO YTOPSiIOYEHHSI B OCHOBHOM COCTOSIHUM W MOSIBJEHHIO LIeJH B CIEKTpe BO30YXIEeHHH
[5]. Tak kak MarHWTHBIe CBOWCTBA METalJOOPraHHYECKHX (epPOMarHeTHKOB OYeHb YyBCTBH-
TeNbHBl K He3HAUMTeNbHLIM M3MEHEHHSIM CTPYKTYphl KpHCTa/andeckoil peweTku [1], mpencras-
JISieT 3HAYHTEJIbHbIH MHTepec M3yyeHHe MepexofHOoH 06/1acTH MOJAe/bHBIX MapaMeTpPoB, B KOTO-
po¥i He MPUMEHHM MOJAXO0A Ha OCHOBE TEOPHH BO3MYIUEHHH.

B nacrosiuiest pa6ote, kak ¥ panee [5], Mbl 6ysem paccMaTpuBaTh YNpOLUEHHYIO BEPCHIO ra-
muibToHHaHa PMK nsisi HeonupoBaHHOH KpHCTaMIHUecKoH ctonkH coau thna DMeFc-TCNE,
cocrosiuieit U3 N s/leMeHTapHBIX 3BeHbeB JOHOP-aKUEeNnTop:

H= tZ(LTa Aia’ - L:aAi-la * H.C.)-HZ ZLToLia
+ULZL:aLiaL?-a'L|-a "UAZ’*;AioAiTa’Ai-a +JZ SLiSdi

+ + o .
3necy L, u A;, - onepaTopbi poXeHHs S/eKTPOHa C MpoeKuuel CNHHA G HA JMraHAHOM

(JIO) u akuenropuoit (AO) op6uTansix i-ToM 3JieMEHTapHOH SYEHKH COOTBETCTBEHHO; [ -
PE30HAHCHBIH HHTerpaJ, OMHCHIBAIOLIMH B3auMojeHcTBHe 3JeKkTpoHoB Ha JIO u AO; o -

(1)
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sHeprus saekTpona Ha JIO (a»|t]); S j - OmepaTop CrMHa 3/IeKTPOHa Ha JIMraHJHOH OpGHTaNH

i—Tol 3MeMeHTapHOM siuedkH; Uy u Up — 3HEpruH KYJOHOBCKOTO OTTAJKHBAaHHS ISl 3JeKTPo-
HoB Ha JIO u AO cooTBeTCTBEHHO.

B oTcyTcTBHE NONMHPOBAHHS YHCJO T-3JEKTPOHOB PaBHO YHMC/IY 3JeMeHTapHbIX siueek N, a
ramuabToHMaH (1) onMchiBaeT fBe B3aMMOJEHCTBYIOUIME 3JIEKTPOHHbIE cHcTeMbl. [lepBasi cu-
CTeéMa COCTOMT M3 3JIEKTPOHOB, JIOKaJM30BaHHBIX Ha OPOHTANAX, HMEIOIIMX OCHOBHOM BKJajJ OT

dx’—y’ op6utaneit katuonos Fe®* [2]. Bropas cucTemMa COCTOMT H3 M-3JI€KTPOHOB, 3aHH-

mapowux JIO u AO. BaaumoneHcTBHE MeXIy 3THMH 3JEKTPOHHBIMH CHCTEMaMH OIHChIBaeTCs
MOC/eITHUM YJeHOM ramMuiibToHHaHa (1) Kak ¢eppoMarHUTHBIN O6MEH KyJOHOBCKOH MPHPOABI
(J<0). Tlpu a+J/4»|t| m-3/1eKTPOHBI MOYTH MOJHOCTBIO JoKanusoBaHsl Ha AO monekyn TCNE,
YTO M03BOJISIET CBeCTH raMuibToHWaH (1) K raMHAbTOHHaHy reii3eH6eproBCKOM LEMOYKe CITH-
HoB S=1/2 ¢ ¢eppoMarHHTHEIM OGMEHOM, aJeKBaTHO ONHCHIBAIOLIUM SKCIIEPHMEHTalbHble
JlaHHbIe 10 MarHUTHOK BocrnpuuMuMBocTH cond DMeFc-TCNE shiue Temnepatyps 16K [1,2].
Ecnu Mofie/bHBle MapaMeTphi NOAYHHSIOTCS YCIO0BHIO a+//4»-|t|, ramunbTonuan (1) comures
K ren3eH6eproBCcKOH Lenoyke CMHHOB S=1 c aHTH(peppOMarHUTHHIM OOMEHOM, HMeloLleH
CHHIJIETHOE OCHOBHOE COCTOSIHME M Iiesb B cnekTpe Bos6yxnenus [5]. B o6nactu a+//4 ~ [t
TeopHs BO3MYIUeHHH Mo f He npuMeHHWMa. Hesb3s TakKe BOCMOJB30BAaTHCS MaNOCThIO ¢ MO
cpaBHeHHI0 ¢ napametpamu Up u Up u cBectd 3apauy (1) K raMuabToHHaHYy ¢ 6eCKOHEUYHBIM
OTTa/KMBaHMeM 3JeKTpoHoB. Kak nokasano B [5], Besencreue Teopems ITeppona-®pobennyca,
OCHOBHOE COCTOSIHME TaKOro raMHJIbTOHHaHa ()eppOMarHUTHOEe HEe3aBHCHMO OT COOTHOLUEHHS
mexny o, J/4 u |f|. TTosToMy yyeT HMOHHBIX CTPYKTYp C ABYKPAaTHbHIM 3alOJHEHHEM Ti-
op6uTaneii HMeeT NMPHHUMNHAJbHOE 3HAYEHHE [J5 M3yYeHHS HecTaGHJIbLHOCTH (heppOMarHHTHO-
ro coctosinus conei Tuna DMeFc-TCNE.

Jins MocTpoeHHs MaTpHub raMuabToHMaHa (1) saHymepyeM Bce m-3/eKTPOHBI MOC/IENOBa-
teabHo no JIO u AO saemeHTapHBIX 3BeHbeB KpHcTadanyecko# pemeTku DMeFc-TCNE. Tor-
1a, B NpeACTaBJEHHH BTOPHUHOIO KBaHTOBaHHS (PyHKUHH GasucHoro HabGopa, HMelouue z —
NpPOEKUHMIO MOJHOro cnHHa M, MoryT GbITh 3anucaHbl B BHJe

YN M) =a"(n)a* (ny)..a* (n,)b* ()b* (1,)..b" ()| 0)®|0 1,0 5.0 ) 2)

’

rae a*(n;) onMchiBaeT poxIeHHe M-SJEKTPOHA CO CIMHOM O Ha op6uTanu (akuenTopHo# WM
noHopHo#) ¢ HomepoM n; (n;<2N); b*(n;) onmchiBaeT poXieHHe 3JEKTPOHa CO CIHHOM [3;

|O'IO'2...O' N) OMHCBIBaeT CIIHHOBYIO xoucpnrypaumo d-anex‘rpouoa. JIOKAJIN30BaHHbIX Ha Ka-

tuonax DMeFc* (o;= a,B). PasmeprocTb 6asuca (2) MoxeT 6biTh BHIUMC/EHA U3 KOMGHHATOP-
HbIX coo6paXkKeHHi 1o popmyae:

N-M
PN, M) = Z 2N 2N N
mo \N+m AN-M-mjm

BcesleicTBHe CKaNSIPHOro XapakTepa raMuibToHHaHa (1) BO3MOXKHa J10MOJIHHTEJbHAs PeAyK-
LHS PasMepHOCTH 3aJla4yH Ha COGCTBEHHbIe 3HAYeHHS MPH HCMOJb30BAHMH COOGCTBEHHBIX (YHK-
UM# KBajpaTa moJiHoro cmiHa. OfHaKo Takas pelyKUHMsi 3HAYHTEJNbHO YCJOXHSET MOCTPOeHHe
MaTpHYHBEIX 3/7eMeHToB ramuibtoHuana (1). B 6asuce (2) Bce HemuaronanbHbie MaTpHuHble
saeMeHTH uMeloT Bua 0, +f uau J/2.

Mbl npoBesM YHMCJIEHHBlE pacyeThl HHXXHEH YacTH CreKTpa pelieTOYHBIX K/JacTepoB C YHC-
JIOM 3JIeMEHTapHBIX 3BeHbeB N=2-4 NpH cjefylolleM COOTHOLIEHHH MeXAy NapaMeTpaMH Mo-
nenn  a=Up=Up=10t (asanoruyHoe cooTHOWeHHe HcMoab3oBajsock A.JI.UyrpeeBbiM |
U.A Mucypxunbim [2]). PesyabraThi pacueToB npH pasaWuHBIX 3HauYeHHsX napamertpa J, mos-
HOCTBIO COTJIAaCYIOTCS C MpPeACKa3aHHSIMH TEOPHH BO3MYLUEHHH 32 HCKJIOYEHHeM MepexOfHOH
obnactu J~—4a.

BesegcTBHe KBasHBBIPOXKIEHHOrO XapaKTepa CMeKTpa B MepeXoiHOoH o6JacTH HaM He yaa-
JIOCh NPOBECTH pacyeThl HEOOXOAWMOH TOYHOCTH AJISl KJacTepoB GOJBIIMX pasMepoB.
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OCHOBHOE COCTOSIHUE pelueToyHol Mosend KOHAO ans MeTansioopraHu4eckux eppomarHeTukos

Tabauya 1. HuXnue sHepreTHYeckHe YPOBHH CTONKH H3 N 3jleMeHTapHLIX 3BeHbEB B

eMHHULIAX O
J M N=2 N=3 N=4
0 —0.20039 ~0.31496 =0.43012
S 1 =0.20039 -0.31490 ~0.45003
-0.39 2 -0.20034 -0.31468 -0.42976
o b Rl b 031468 | =0.49076
4 — — -0.42976
-0.389 moboe —0.19820 -0.31150 —0.42556

Tem He MeHee, MOJy4YeHHBIX AaHHbIX (Tabanua 1) JOCTATOYHO AJIS 3aKMIOYEHHS O XapaKTepe
nepexofia MeXAy COCTOSHHSIMH C MapruHaJbHbIMH 3HaUeHHSMH MOJHOTO CIHMHA. TaK KaK Kax-
Jl0e MOANPOCTPAHCTBO COCTOSIHMH C JaHHBIM 3HaueHHeM M BKmoyaer B ce6si Bce COCTOSIHHSA C
NOMHBIM CMHHOM S2M, TO Jlerko BHAETb, YTO B NePeXOAHOH 06/1acTH NMPOHCXOAUT COrJacoBaH-
HbI 11epeBOPOT HECKOJbKHX CMHHOB. B pesysbTaTe CMH OCHOBHOTO COCTOSIHHS PelIeTKH Me-
HfieTCS CKayKoM NpH HW3MeHeHHH o6MeHHoro WHTerpana J. Takoe moBelleHHe CNHHA pelIeTKH
HeJb3si OMMCaTh C MOMOLILIO reH3eH6eproBCKOH MOJeJIH, aleKBAaTHOW 3a TpejielaMH Nepexo-
HOH ob6sacTH. OTMeTHM TakXe cJaabyl0 3aBHCHMOCTb KPHTHYeCKOro 3HauyeHus J+« ~—3.9, npu
KOTOPOM MPOHCXOIHMT Mepexol ¢ H3MeHeHHeM CIIHHA, OT Pa3MepoB pelleTKH. :
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Kharkov University Bulletin. 1999. Ne437. Chemical Series. Issue 3(26). V.O.Cheranovskii,
M.V.Krikunov. Ground state of Kondo-lattice model for organometallic ferromagnets.

We study numerically the stability of the ferromagnetic ground state of Millers ferromagnets that are
described by the Kondo-lattice model. Considering the results of numerical calculations for the finite
lattice clusters at different values of ferromagnetic coupling between d- and 7-electrons, we show that
the transition between states with the marginal values of total spin is performed under the condition of
local stability of ferromagnetic state against some spin-flops.

43



BectHuk Xapbkosckoro yHusepcuteta. 1999. Ned37. Xumus. Boin.3(26)

YK 541.128 + 519.21

DISCRETE RANDOM VORONOI TESSELLATIONS WITH VON NEUMANN
NEIGHBORHOODS: A KINEMATIC STUDY'
© 1999 A.Korobov

One of the simplest varieties of discrete random tessellations has been examined from the angle
of description of solid state reaction kinetics in terms of tessellations. Peculiarities of these tessel-
lations are discussed and kinematic curves are computed together with some other relevant sta-
tistical characteristics. The subset of 6-gons is shown to be representative enough in kinetic re-
spect.

Recently a considerable progress was made in exploring continual random tessellations in
Euclidean metric [1-3]. This paves the way for more efficient applications of this mathematical
notion. The need to agree the geometry of crystal space with the geometry of nucleation-
growth-impingement processes in describing solid-state reaction kinetics leads to the study of
various discrete tessellations [4,5]. In the present paper a number of statistical characteristics
mostly important in kinetic respect are given for a discrete random Voronoi tessellation with
von Neumann neighbourhoods of nucleation sites
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nucleation sites M and sites equidistant from 2- B3 3- B8 and4 nucleation sites

Fig. 1. Discrete random Voronoi tessellation with von Neumann neighbourhood; conventional continual
analogue is shown in the upper left corner

Fig. 1 shows a small fragment of this tessellation. Conventional continual Voronoi tessellation
is shown in the upper left corner for comparison. To the best of my knowledge, this is the
first kinematic study of discrete random tessellations.

Geometrical peculiarities

In studying discrete Voronoi tessellations one faces a number of peculiarities which have
no analogues in conventional continual cases.

One of them is illustrated in Fig. 2. If the distance between nuclei calculated as the num-
ber of sites is odd, then the boundary separating their domains of action is a line (as, for in-

! To the 60-th anniversary of Professor Krivoshey's birth.
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Discrete random Voronoi tessellations with von Neumann neighborhoods: a kinematic...

stance, the boundary between nucleation sites a and b). In the case of even distance, the
boundary consists of sites (e.g. the boundary between nucleation sites b and c). If no restric-
tions are posed on positions of nucleation sites, one arrives at a tessellation with mixed
boundaries (right part of Fig. 2). This situation is most involved.

|
a d i
i |

f

1 L.

Fig. 2. lllustration of some peculiarities of discussed tessellations

One-dimensional boundaries look more habitual whereas two-dimensional boundaries possess
some important advantages in the present context. One of them is the possibility to study the
multiplicity of boundary sites, i.e. the number of nucleation sites equidistant from a given
site. Recall that in conventional continual cases of random Voronoi tessellations each vertex
is equidistant from exactly three nucleation points. And each other boundary point is equidis-
tant from two nucleation points. This covers all the possibilities. In the case under study the
situation is much more involved. Even in the small fragment shown in Fig. 1 one may notice
quite a number of boundary sites with multiplicity 4. Another peculiarity consists in that
some sites with multiplicity 3 are not isolated; they form chains. Note also the case when 2-
multiple sites form a two-dimensional array rather than a chain. With the increase of nu-
cleous density these three peculiarities become more expressed. Computations show that
even multiplicity 7 is not an infrequent case. For two big and dense mosaics multiplicity &8
was observed. In dense enough tessellations 2-multiple and even 3-multiple sites may form
two-dimensional arrays. In a word, the structure of the boundary is fairly involved.

It may seem at first glance that linear boundaries are simpler. Actually this is not so.
Computations show that a part of a line boundary may be equidistant from two nucleation
sites whereas an adjacent part is equidistant from three or more sites. Also, different vertexes
may possess different multiplicity. But it is not a simple task to account for these properties
which are much more explicit in the case of homogeneous tessellations (the boundaries of
which consist of sites as well as cells). Also, these tessellations are easier to generate. It is
sufficient to consider the plane as a big chessboard and to place nucleation sites at random on
either black or white quadrates.

For these reasons it seems more appropriate to start the study of discrete random tessel-
lations with the homogeneous case.

The boundary between two nucleation sites has a definite structure (see Fig. 2):

— the number of sites in its stepwise part is equal to min(|Ax| + |Ay]) +1;

— if the origin of coordinates is associated with one of nucleation sites (e.g. site b in Fig. 2),
one of the above boundary sites is surely situated on one of these axes;

— the stepwise part may be prolonged (ad infinitum) in both directions by straight parts ori-
ented along the second axis;

— the stepwise part may consists of only one site; in this case one gets simply a straight
boundary parallel to one of the axes.
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Computations

A further advantage of homogeneous discrete tessellations is that they are convement for
computer simulations. A random tessellation is represented in this case as an array of sites
F(diml1, dim2, 10); the third dimension being used for storing various characteristics. The re-
quired number A of these sites is chosen at random as nucleation sites, and then their posi-
tions are corrected to be only "black" or only "white". With the account of the above peculi-
arities boundaries were determined in the following way. For each site distances to all nu-
cleation sites were computed and the minimal distance was identified. Then the number of
these values in the array of distances was determined. This is the multiplicity of a site. It was
stored together with the numbers of equidistant nuclei for further computations. Finally, the
step number at which a given site would be reached by a growing nucleus was computed.

After all sites have been processed, boundary cells of a tessellation were rejected. All sta-
tistical characteristics discussed below were computed for internal cells only.

Statistical characteristics

Below a number of results is given in the case of diml = dim2 = 1500, #’=10000.

Kinematic curve. Generally, two different views on a random tessellation are possible.
First possibility is to treat a random tessellation as a picture obtained after nucleation-growth-
impingement processes have been completed. Such a static view prevails in the contemporary
literature on the subject. Along with this, another (kinematic) view is also possible. Each cell
of a tessellation may be considered as a domain which will be occupied in the long run by
the growing nucleous situated in its center of action. And the growth of a nucleous inside its
cell may be followed in dynamics starting from the moment of birth and up to the moment
when the cell will be completely filled. Impingements of neigbouring nuclei are simulated in
these terms as impingements of central nucleous with the cell edges. We will keep here two
conventional assumptions. (i) The rate is directly proportional to the boundary length; this
assumption is typical for theories of first-order phase transitions and solid state chemical ki-
netics [6]. (ii) The growth rate is linear; this means, in particular, the possibility to use step
number s in the role of time. Note that the linearity of the growth rate is mentioned as the
experimental fact in many works on solid state reaction kinetics, which is reflected in practi-
cally all treatises on the subject (see e.g. [6-8]). Accordingly, this assumption is the most
typical one when kinetics of solid state reactions is concerned.

Under these two assumptions a function n(s) may be associated with each cell of a tessel-
lation, where n is the number of sites actually joining the nucleous at step s (in other words,
actual boundary length expressed as the number of boundary sites). We will term this func-
tion a primitive kinematic curve. An example is shown in the insert of Fig. 3.

The sum of all primitive curves gives a kinematic curve N(s) which is characteristic for
the random tessellation as a whole. It may be computed directly as the sum of sites achieved
at each step s by all growing nuclei. For the above tessellation its kinematic curve is shown
in Fig.3 (solid). This is obviously a direct analogue of the kinetic rate-time curve.

Distribution of cells in the number of edges. One of the most important characteristics of
random planar tessellations in the continual Euclidean case is the number of edges of the
typical cell which is 6 for all types of tessellations [1-3]. Therefore, it is interesting to study
the distribution of cells in the number of edges in our case. With the account of the involved
structure of boundaries described above immediate neigbours were identified as nucleation
sites that possess a common. edge

Table 1. Distribution of cells in the number of . .. g of at least two neighbour-

edges ing sites irrespectively of their mul-
Number of edges v Percentage tiplicity. Results are summarized in
4 5 Table 1. One can see that 6-gons are
b 19 prevailing in this discrete case as
6 - 28 well. In contrast to continual tessel-
i 283 lations no 3-gons were observed.
8 13
-9 S
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Fig. 3. Kinematic curves for the whole tessellation (solid) and for separate subsets of v-gons (dots); an
example of primitive kinematic curve is shown in the insert

Kinematic curves for v-gons. The next logical step is to feel to what extent 6-gons are rep-
resentative in kinetic respect. With this in mind kinematic curves N,(s) were computed sepa-
rately for 4-, 5-, 6-, 7-, 8-, and 9-gons. If a cell with multiplicity m appeared to be at the
boundary between vj-gon, vo-gon, etc, 1/m —th part of it were added to each class. Results
are shown in Fig. 3 (dotted lines). With the increase of v the maximum is shifted upwards
and right. The same tendency was previously observed for Euclidean metric. Ng(s) curve
provides a reasonably good approximation to N(s) curve (solid).

Distribution of distances to nearest neigbours. In the continual Euclidean case distances to
nearest neighbours may be calculated analytically [9]
I'(k+1/2)
fh) = (2)
) (k= 1)1V

where & is the number of a neighbor, A is the density of nuclei and I" is the Euler function.
The corresponding density function is not directly connected with the notion of tessellation in
the sense that neighbours in this case are not obligatory adjacent neighbours. Nevertheless, it
was shown that it may be efficiently used within suggested approach due to the fact that cal-
culated distances coincide well with averaged distances to the edges of 6-gons [5]. To check
whether this holds in the discrete case empirical averaged distances were calculated for the
above mosaic. Results are summarized in Table 2. Its first row presents averaged distances to
six nearest neigbours calculated in the Euclidean metric; values in the next row were com-
puted for the subset of 6-gons alone; in the third row values calculated analytically using re-
lationship (2) are given for comparison; two next rows show averaged distances to neigh-
bours calculated in the metric p = |x| + |y| for the whole tessellation and for the subset of
6-gons respectively; the last row is the ratio of distances calculated in different metrics for
the whole tessellations y = dist,/distg. The constancy of this ratio means the possibility to

calculate distances to nearest neighbours in the discussed discrete case proceeding from the
 relationship (2).

.,
T
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Table 2. Averaged distances to nearest neighbors

] ) 3 3 5 3
Euclidean metric; 6.45 | 997 | 12.68 | 15.41 | 18.27 | 20.99
whole tessellation
E“c“d““ metric; 605 | 948 | 12.34 | 15.15 | 17.99 | 21.74
-gons
Euclidean metric;
e e n (@] 847 | 971 | 12.14 | 14.6 | 1593 | 1957
s PTRTS 8.09 | 12.56 | 16.01 | 19.54 | 23.26 | 26.45
whole tessellation
p-metric; 764 | 11.95 | 1559 | 19.28 | 23.05 | 26.87
6-gons
x-ratio 1.25 1.26 1.26 1.27 127 1.26
Conclusions

In solid-state reaction kinetics we deal with nucleation-growth-impingement processes pro-
ceeding within a definite crystal chemical structure rather than on an abstract "clean” plain.
Nevertheless, for the present this is not infrequently ignored in describing these processes.
The result is the chemical "facelessness" of the conventional geometric-probabilistic approach
and "diagnostic limits" arising in interpretation of experimental data, which was discussed in
detail in [4]. To make a step towards overcoming this chemical facelessness one need to
know kinematic characteristics of various discrete random tessellations determined by the
crystal chemical structure of a solid reagent.

The present study clarifies three points essential in this context.

(1) It shows that the typical cell of discrete random Voronoi tessellation with von Neumann
neighbourhood has six edges. Preliminary estimations also indicates that this is the case
for Moor neighbourhood as well.

(2) Averaged distances to the first, second, etc. neighbours for the subset of 6-gons provides
a reasonably good approximation to these distances calculated for the whole tessellation.
The ratio of distances in two metrics is constant. This means the important possibility to
use the corresponding density function (one of few relevant density functions known ana-
Iytically) for calculating averaged distances in the case under study.

(3) The kinematic curve of the subset of 6-gons provides a reasonably good approximation to
the general kinematic curve.

It follows that the typical cell of the tessellation is capable of representing its main kinematic

characteristics. This opens the way for including the crystal chemical structure of a solid rea-

gent into description of nucleation-growth-impingement processes in terms of tessellations.
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Kharkov University Bulletin. 1999. Ne437. Chemical Series. Issue 3(26). A.U.Kopo6os.
KuHemaTtuieckoe uay4eHue OUCKPETHbIX CAyvailHbiXx M0o3auk BOPOHOro C OKPeCTHOCTbIO
¢oH HelimaHa.

B CBA3MU C MOQENMPOBAHMEM KMHETMKW FETEPOreHHbIX XMMMYECKMX PEeaKuui B TepMuHax pasbuenuii
UMCNEHHO M3y4eHbl CBOMCTBA OOHOM M3 Haubonee NPOCTbIX Pa3HOBUAHOCTEM AMCKPETHBIX CRy4aiHbIX
mo3auk. OBCyKRaroTCa Mx reomeTpuyecke ocobeHHoCTH. PaccumTaHbl KMHEMATUYECKHE KpUBble W PAA
APYrMX CTaTUCTMHECKMX XapakTepucTuK. [MOKa3aHo, YTO MOAMHONKECTBO LUECTHYrONbHbIX f4YeeK AocCTa-
TOYHO XOPOLLO NPEACTaBNAET KWHEMATHYECKHE XAPaKTEPUCTMKM MO3aUKU B LIENOM.
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O APOBHO-PALMOHAJIbHbIX AMMNPOKCUMALUAX MYJIbTUNOJIbHOW
AVWHAMUYECKOW NONSPU3YEMOCTU B BAPUALIMOHHOM METOD.E
XWUIJIEPAACA

© 1999 A.[A.Bouemapos, O.A.2Kuxkou, A.B.JIlysanos

O6obuieHbl pesynbTatel, nony4eHHsie [anrapHo ans pvnonsHOW nonspusyemocTn. [MokasaHo,
4TO NPU CTaHAAPTHOM BbIGOpE BAPMALMOHHOM DyHKUMM MeToa Xunnepaaca ¢ COOTBETCTBYIOLUMM
MCMONb30BaHMEM PapManbHbIX MOMEHTOB AAeT NPaBurbHYIO aCHMNTOTUKY ANS MYNbTMMONBHOW AW-

HaMHWYECKOM NONSAPU3YEeMOCTH 0.,(1(1)) npM 3HadeHusix 4actotel () —>» 0. B cnyvae atoma sopo-

popa nNo Mepe paciuupeHus Habopa BapMaLMOHHbIX MNapameTpoB TOYHO BOCNPOW3BOAMTCS BCe
6onbliiee YUCIO MOMEHTOB CHN OCUMANATOPOB. BbluMCneHbl AMCNEPCHOHHbIE KOHCTaHTbl aTOMOB
BOAOPO/AA M MHEPTHbIX ra3os € y4eTOM 3hheKTOB 3anasfbiBaHus.

JluHaMuuyecKas ToJISIpH3yeMoCcTh O (iw) Npou3BobHON MysbTunoabHocTH 2! (I=1, 2 u T.1.)

Kak QYHKIMs YaCTOThl CBeTa () onpejesisieT LIMPOKHH CHEKTp 3JIeKTPOHHBIX CBOHCTB aTOMOB H
MOJIEKYJl — OT ONTHYECKHX 3(deKToB A0 MeXMoJeKyaspHoro B3aumopeictsus [1-5]. B Teo-

PHH MOJIEKYJI AJIS MOJIyHEeHHS ABHOTO MpeacTaBJ/IEHHS a,(l(o) yale BCero NpuMeHsAeTCsa METOJ

annpoxcuManuu no ITage [6], ocHoBaHHBIA Ha TeopHH MOMEHTOB cuJ ocuM/LIATOPoB [3,4,7].
Inst qucuponauﬂux 3HAYEHHH YacTOThl () MCIIOJb30BAJCH TaKXKe BapHaLlAOHHBIH MeTOA Teo-
pPHH BO3MYIIeHHH — MeTop Xuiepaaca [8-10].

Leab HacTosiLel 3aMeTKH COCTOMT B TOM, YTOGbI MOKA3aTh, YTO BapHALMOHHBIA METO aeT

Gonee KoppekTHble, YeM B Metofie Ilane, mpubivxenus K a,(lm) C NpaBHJIbHBIM aCHMIITOTH-

YeckKHM MoBeleHHeM NMpH ® —> 0. Hame paccmoTpeHue ofobuiaer pesyJbTaThl, MOJyYeHHbIe
JlanrapHo ® cOTp. s AMMONBLHOH MoJsipuayeMocTH aTomHbIX cucteM [11,12]. Aaroput™ pac-

yeTa a,(ico) IJISi MHOTO3JIEKTPOHHBIX 3ajlay JAE€MOHCTPHPYeTCs Ha NpHMepe XapTpH-POKOBCKHX
OUEHOK [/ HEOHA M aproHa.

B npumeHenuu x O ,(ico) meTton XuJulepaaca peaju3yeT pellleHHe HEOJHOPOJHOro ypaBHe-
HHSl TEOPHM BO3MYIIEHHH B BHJE 3KCTPEMaJH COOTBETETBYIOIIErO KBAAPaTHYHOro (yHKLHOHa-

na. JIns nepBoi rapMOHHYECKOH NOMNPaBKH ‘\P(L>:—:|(o> K HEeBO3MYILEHHOH BOJHOBOH (DYHKLMH
l‘l’°> ¢ sneprueii E° umeeM ypasHeHHe (B aTOMHBIX eIHHHIAX)
(H° - E° +o)j0) =-1]¥°). (1)

e H'— HeBO3MYILeHHbIH raMHJIbTOHHAH, V — onepaTop BO3MylleHHs, HanpuMmep, V=2 nis
KOMIIOHEHTBI AMIIONIBHOH MOJIPH3YeMOCTH O, (ia)). Bumecto (1) crpoutcs ¢pynkuxonan Xumie-
paaca

J(m)=(co|H°—E°+co|co>+2<co|V“P°>, (2)

¥ HIIETCS ero ONTHMYM OTHOCHTEJbHO NapaMeTpoB, BXOASUIMX B NPOGHBIA BEKTOP |c0> Cran-
JlapTHasi (popMa MocjieHero — 3TO V-YJeHHas anmnpoKCHMalHsl

|co>=§cjer|‘I’°>, (3)
7=0

Ile r — pajuaibHas KOOpAMHATa M AJs npocToThl B (3) He yKasbiBaeTcsi SIBHO CYMMHpOBaHHe
10 BCEM 3JIEKTPOHAM. ‘
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B cayuae cratuyeckoro pewenus (@ =0) Boipaxenue (3) ans aroma Bogopoia naeT H3-
BeCTHOe TOYHOe pellleHHe B BHJe ABYXKOMIIOHEHTHOro BEKTOpa

|0)>=(co+c,r)V|‘~P°>, (4)

rae aas /=1 umeem co=1, c;=1/2, a B o6wem cayyae co=I'!, c;=(I+1)].
Jlns {uHaMHYeCcKOoH MOJISipH3yeMOCTH JI060# KoHeuHblH psia (3) samaeT auiub NpUOAHKeHHe

K TOYHOMY BEKTO ®). Onuako, mosmb3ysick o6IMMH (OPMYJIaMH BapHaLMOHHON TEODHH,
y Py y pPMy P P

HeTPyAHO MoKasaTh (CM. fajee aHanu3 o6lIero cay4asi), 4T0 acCHMNTOTHYecKoe moseneHHe (3)
NpH ©® —> © HMeeT BHA

o) = —m”'V'\P°> , (5)

YTO, OYEBH/IHO, COBMA/aeT C NMPaBHIbHBIM aCHMIITOTHYECKHM 3aKOHOM AJisi pewtenui (1).
YuuTHIBas CBSI3b SKCTPEMaNbHOrO 3HauyeHHsl GpyHKUKoHana (2) ¥ nonspusyeMocTH
a,(0)=-[/(0)+J(-0)], (6)
MoJy4aeM aCHMITOTHKY
=2

o, (@)= -S,07, (7)
rie Sp — HyJeBOH MOMEHT CHJI OCLHJUISITOPOB, COBNAJAIOLIMI C YHCJIOM 3JIEKTPOHOB AJIS [IH-
MOJbHBIX MepexofoB. TakuM 006pasoM, AMHaMHYecKas MOJSPH3yeMOCTb, BHIUMC/eHHas MO Ba-
PHALKOHHOMY MeToNly ¢ Mpo6HOH (yHkuued (3), He3aBUCHMO OT UMC/IA HCMOJb3YeMbIX B Heil
BapHaLMOHHBIX mapaMeTpoB (v21), o6ecrieynBaeT NpaBH/bHBIA aCHMITOTHYECKHH XOJ 4YacToT-
Ho¥ 3aBucuMocTH (7) pas mo6oro [.

[TponnnocTprpyem Hallle yTBepXXAeHHe TPeXUJeHHOH anmpoKCHMaluel AUIOJbHON MOMSpPH-
3yemocTH. [l Hee noJyyeHo

P
1(0))— S (mlmz ~ M0 ) (8)
L - 2mm, —m,)o’ + mlo
rae B npeHe6pe)KeHHH IIBYXSJIQKTPOHHHMH BK/IalaMH BEJIMYHHBI M; BbIPAaXXalOTCA 4Yepe3 paiu-
aJlbHble MOMEHTRI

=255 (9] e) ©

a UMEHHO! p

= 2 20250 B
my, =3r, -4r", m, =r; +3r; —4nnr;,

ms =, —r32. m,=r, +3r22 —4nr;.

[Tpumenss B (8) xapTpu-dokoBckue oueHKH rp M3 [13], HaxonuM 115t resMs ¥ KaTHOHa JH-
THS cTaTHYecKHe 3Havenus (B at.en.) a(He) = 1.487 u a(Li*) = 0.205 (TouHble 3HayeHHs
1.384 u 0.195 cooTBeTCTBEHHO).

Ocobuiit ciydalt npencTaBisieT aTOM BOJAOPOAA, AJS KOTOPOro OGHAPYXKHBAeTCsi BaXKHOe
CBOWCTBO V-Y/IeHHO¥ aNNpOKCHMalHMH — OHa JlaeT TOYHOe 3HauyeHHe BCeX MOMEHTOB CHJ oOC-
UMJISATOPAa KaK C YeTHBIM, TaK M C HeYeTHbIM 3HauyeHHeM HHAeKca: Sp, S-i, ..., S-9,+9. [Toas-
3ysicb MPHK/JAAHBIMH MaTeMaTHYeCKHMH MpOTrpaMMaMH, HeTPYAHO TNOJY4YHTb KO3(PPHUUHEHTH
Ipo6HO-palliOHANbHOH aNNpPOKCHMALWH BHAA

a(o)= Za / >b,(- (10)

CooTBeTcTByIOUIHE KO3(D(PHLUHEHTH NpeAcTaBaeHs B Tabauue 1. B Ttabauue 2 npuseseHs
3HaueHus, nosydenHsle ¢ nomownbio (10) ¥ TouHble BeJMYMHBI AMCNIEPCHOHHBIX KOHCTAHT ABYX,
TPeX M YeThipeX aTOMOB BOJOPOAA, ONpedesieMbiX KaK HOPMa pa3jMYHbIX (YHKUHH MHHMO-

YaCTOTHOH M0JIIpH3yeMOCTH O, in):
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(0} .qpo6uo-pauuonanbnux annpoKcumaumsx MytleMﬂO_ﬂbHOﬁ AMHBMMHGCKOﬁ NnoNAPU3YEeMOCTH...

Co =3n"|alio)|’, Cp; =31

a% (ioa)

2
)

Cis = 31t"” o’ (i(o)ll2 ;

(11)

Ta6auya 1. KosdpduuuenTs apo6HO-paloHaIbHOM annpokckMauny (9) aist aToma Bofopoza

v=3 v=4 v=>5 v=6

a; b,' a; b,' a; ' b; a; b;
648 [ 144 | 10368 | 2304 | 129600 | 28800 | 4665600 | 1036800
2562 | 1420 | 64968 | 28048 | 1089444 | 412232 | 48680784 | 16942752
900 | 3081 | 80808 | 95488 | 2452020 | 1878112 [158398356| 95615240
900 | 11025 | 88284 | 1358175 | 3060320 |175547520| 223296768
11025 | 882000 | 1424850 | 51015825 | 201614400
882000 | 1768050 | 52475850
1786050

Ta6auya 2. ucnepcuonnsie Koucrautsl (C,) u cpennue sneprun Bosbyxaenus (lo, I1) B
atome Bojopona s 5- u 6-unenno# aunpoxkcumauuu (10)

Beanuunn (B v=>5§ v=6 TOYHOE 3HaueHHe
ar.en.)

Cg 6.4990254 6.4990266 | 6.4990267
Cios U Dfe4247 | 21642465 | @ 21642
Cyo34 - 80.618749 80.618750 —

Iy | 0550592 . |  0.550761 0.550920

1 0.464693 0.464686 —

Cpenuue 3Heprum Bos6yxaenus lo ¥ /- HaXOZMIHCb MO W3BecTHHIM dopMysam [3,14]. Kak
BHAHO M3 Tabauubl 1, faXe 5-ujleHHast anMpPOKCHMALHA AaeT BbICOKYIO TOYHOCTb, a Hall OMbIT
pacyeToB TOBOPHT O TOM, YTO /s GONbLIMHCTBA KOHCTaHT (32 HCK/AIOUEHHEM CpPeIHHX
lna(ico)) yXKe TpexyJieHHasi annpoKCHMalHus AaeT TPH BePHHIX 3HayalMX UHGpbl. BaxHo To,
YTO MHTErPHPOBaHHe NAPOGHO-pAallHOHANbHON (QYHKLHMH OCYIECTBJSETCH JIerKO M TOYHO, B OT-
JHYHe OT TUMepreoMeTpHuYecKHX (YHKUMH MHHMOTO apryMeHTa, NMpHMeHsBLUMXcs paHee [15]
NpH NOCTPOEHHH Q, i0)) ¢ nomoublo ¢pyHKuMH I'puna. [Ipu 3ToM KoHcTanTa Cg Gbla HakijeHa
B pabote [15] naxke ¢ Gosblueit oWHOKOH, YeM B BapHALUMOHHOM METOJEe BCEro JHIUb C TPeMms
napamerpamu (6.50082 u 6.49844 cooTBETCTBEHHO).

Bonee yno6ubiM, uem (10) sBasieTcst npeacTaBieHHe AUHAMHYECKOH MOJISPH3YEMOCTH B BH/E
CyMMBI TIpOCThIX ApoGeil. B ciyuae /=1 Takue BbpaXkKeHHs paccmaTpuBaiuch panee [11, 12].
3ameryM, uto B pabore [11] ecTb 0oaHa HETOYHOCTH: yTBEPXKAAETCS, YTO KaXKAbl BapHaLHOH-

Hblli KOS(QQHLHMEHT C; =C; ((o) B (3) npeacrapisieTcst OfHOW MPOCTOH APo6bIO, @ He HECKOJb-

KHMH.

Ta6auya 3. DbheKTHBHEIE CHAB OCUMIATOPA f; M KBaJAPaThl YacTOT 2/-MOMbHBIX NepexoaoB

A2 (B a.e.) aToMapHOro Bomopoaa aas 9-uneHHoil annpokcumauyy (11)
k P P p

=1 =2 =3
Je A% Ji Jk 2%

"0.0030044649 | 102, T0.011085392 4796 |0.078927052| 37.637501
00176781 96428 | 0.10400706 | 9.1355620 | 1.0282804 | 7.7009959
0046113790 | 2.9121852 '2.8280076 | 4.5613907 | 2.7076310.
10.080918365 | 11410889 | 078823677 | 12233008 | 10851832 | 12630413

0.10994062 | 0.57806553 | 1.1608888 [0.65598121| 16.324486 | 0.70892433
- 0.12175880 | 0.35237177 | 1.2721680 [0.41143929| 16.570222 | 0.45617956

0.10850698 | 0.24937924 | 1.0613122 |0.29256817| 11.456739 | 0.32763323
10.095774258 | 0.19923572 | 0.66656250 [0.23196310| 51712148 | 0.25876841

0.41621461 | 0.14062528 | 0.56377906 |0.19783410| 1.4569063 | 0.22294749
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Jlns atoma Bolopojia pe3yJ/ibTaThl pacyeTa KBaApyMoOJbHOH, O, ((o) H OKTYIOJIEHOH, (13(0)).

noJiIsipU3yeMocTel BHla
n

o (‘9) Z

kl}‘-z 2

npejcTaBieHbl B Taba. 3. 3aech f; — 3pdeKTHBHBIE CHJIbBI OCLMJISTOPOB MYJbTHIONBHBIX Mepe-
XO/I0B C MPaBHJIbHOH HOpMHUPOBKOH [13

sz oo <‘P°lr2"2|‘l’°>, (13)
k

a COBOKYNHOCTb YacCTOT A4 3aJjaeT MCEBAOCNEKTP MYJAbTHMOJIbBHLIX Nepexofos. B Tabauue 3 pis
STHX BeJHYHH JaHbl BoceMb 3Hayauux uuop. C 3ToH XKe TOYHOCTHIO /ISl HUX MOJy4YeHbl HHTe-
rpajbHble XapaKTePHCTHKH, NpHBefileHHble B Tabnuue 4. B ykasanHoW Tabiuue HaHbl BaH-Iep-
Baa/lbCOBbl KOHCTaHTH Cg H C,o u Tpexqacmqnue IQHUCTIepCHOHHbIE KO3 (HLHEHThI

Z1, = ja, (io) o, (io) o, (io) do. (14)

(12)

Ta6/mt4a 4. ,B,Bquacmlmue H Tpex4yacCTHYHble JUCIIEPCHOHHbIE KOHCTAHThI
AJis aToMa BoJlopoaa

12494458 | T 876.67481
| 39858284 ;| 7983.9803
: 2141548 | 359.15793

e gees 1 BURE i)
| Zo33 | 30064.489

PaccMoTpHM nanee faHHBIe pacyeTa MOAMGMHUUHPOBAHHOH JIOHAOHOBCKOH KOHCTaHThI AHCIEp-
cuonHoro B3aumonencTBus Cg. [TonpaBku K BennunHe Cg BO3HMKAIOT 33 CYeT TEMJIOBHIX 3¢-
(eKTOB H 3/IeKTPOAHHAMHYECKHX 3bdekToB 3anasabiBanus [5]. B stom ciyyae BMecTo HHTe-

rpajoB OT a,z(i(o) HYXKHO BHIYMCJIHTb 6€CKOHEUHYIO CyMMY

Cs(R.T)= T{3a0 +23 ko, Jo2(io, )}, (15)
J=1 .
rie B coryiacuu ¢ Teoprel JIudunua-Jssnsommnnckoro-Tluraesckoro [5] @ j =2nTj u

h(w)= (3 +6x+5x% +2x° + x“)exp (-2x), (16)
x=0R/c, c=137.036 — ckopocTb cBeta (B aT.en.), R — MeXMoJeKy/asipHOe paccTosiHue, T
— TeMrmeparypa.

Ta6auya 5. Nucnepcruonnsiit kKosdpduuuent Cg(R,T) anst aToMapHOro BOAOPOAa C y4eToM
TEMJIOBBIX (PIYKTYauri U 3dpexToB 3anasapiBanus (B a.e.)

R T=0 K T=299 K T=3158 K
100 6.2939 5.8660
Smaon sy . 48438
1000 3.1725
LoAe 07621
10000 0.1661

Janubie Tabn. 5 cBHAETENbCTBYIOT 06 3ddexTe 3aMeTHOr0 YMEHbUIEHHS] KOHCTAaHThl B3aHMO-
JIeHCTBHS He TOJBKO C PAacCTOSIHHEM, HO M C POCTOM Temnepatyphl. Hanpumep, npu R = 104
a.e. ¢ yBeJHYeHHeM TeMnepaTypsl Ha MopsfoK 3HaueHHe Cg najaeT MOYTH B TPH pasa. Ha
npakTHKe 3bdekT ocnabjeHHs NMCIEPCHOHHOrO B3aHMOAEHCTBHS BaXKeH Mpexae BCero A
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O apobHO-pauMoHanbHbIX aNNPOKCHMAUUAX MY/IbTUNONBHOU AHHAMUYECKOHW NONSPU3YEMOCTH...

KOJJIOWAHBIX M ME30CKOMUYECKHX cHcTeM. PaccMOTpeHHBIH npHMep aToMa BOMOPOAA NOKa3bi-
BaeT, YTO YTNpOLIeHHas acuMnToTHYecKas dopmyaa Kasumupa-[Toabaepa [4,5]

23cal(0) ( 5079) 1
. & - TR "6
4nR R

R6
faxe MpH HYJEBOH TemmepaType H Ha GOJIBIIMX PAcCTOSAHHAX paboTaeT He OYEHb XOPOLIO,
Hanpumep, npu R=1000 a.e. ona aaet 79% mnosHOro 3HauyeHust sHepruy B3auMosneiicTaus. [lo-
3TOMy cJleflyeT MCHoab30BaTh cymmupoBanue (15), Kak 3Toro u TpebyeT nocJjeloBaTe/NbHOE
npHMeHeHHe TeOPHH BaH-Aep-BaabcoBbix cHa [5,17].

B ciyyae MHOr03/IeKTPOHHBIX CHCTEM MMeEIOTCS Onpe/ie/ieHHble CJ0XKHOCTH peau3allu Tex-
HUKH pafinajJbHbLIX MOMEHTOB. OHH CBOAATCS K TOMY, UTO Hapsily C OJHO3JIEKTPOHHLIMH cpel-

FAd) Z:V”(i)l 0) = ¥ r?(e?' (1) (17)

(p?(l) — OJIHO3JIEKTPOHHAsl MaTpHlla IUIOTHOCTH COCTOSHHS IO)), TNOSIBASIOTCA M JIBYX3JIEK-
TPOHHbIE CpPelHHe BHAA

s p q 0
qu = (?g)r Ql(l)r Ql(2)p2(l.2). (18)
3nech Q; — omepaTop MyJbTHIOJLHOrO MOMEHTa A/ HYJEeBOH KOMIIOHEHTH TeH30pa,

0
92(1,2) — IBYX3JIeKTPOHHasi MaTpHla maoTHocTH. [locnenHss, OfAHAKO, 3/71€MEHTapHO BbIYHC-

AsieTcs AN XapTpH-(pOKOBCKOH MOJeJH aToMa, KOTopoH Mbl H OyiaeM caeloBaTh B 3TOH pabore.
Torga sKcTpeMasibHOe 3HaueHHe pyHKuMoHana (2) sanuceiBaeTcsi B BHle

J(©)=-b;(4+0B) b, (19)
rae Ans 3afanHoro / matpuubl 4 W B QopmupyioTCs N0 npaBHIaM

P _1(1+P‘I+(P+4)1 1

) 2] +1 JRP+<I+21-2' B, = :,_m(Rmm +qu)’ (20)

a BEKTOp bO coBrnazaeT C MepBbIM cTosI6LOM MaTpHLbI B. TTocnenHee 06CTOSATENLCTBO MO3BOJIS-

eT 10Ka3aTh BHINONHeHHe acHMNTOTHKH (7), nockosbky «¢ yuerom (19) kosdpduument npu 1/
B passoxenuu (6) pasen

257 (B AB™ )by =24, = IR, ,
B noaHom corsacuu ¢ (13). AHanorMyHO ycTaHaBIMBaeTCs PaBeHCTBO
S, =25y BBy =28, =2(0|V*0).

PeaynbTaThl pacyeToB A/ aTOMOB HeOHa H aproHa ¢ HCMOJb30BaHHEM HM3BECTHBIX aHAJUTH-
YecKHX npeacTaBaeHHH xapTpH-pokoBcHX AO no KnemenTu-Poerty ananbl B Taba. 6.

Tabauya 6. MyJbTHNONbHEBIE TIOASAPH3YEMOCTH M AHCTIEPCHOHHbIE KOHCTAHTBI /11 aTOMOB
HeoHa M aproHa (B a.e.)

Ne Ar
U3 pajHaJibHbIX MOMEHTOB [5,18] H3 paJHalJIbHbIX MOMEHTOB [5,18]
a,(0) 2.69 2.66 13.2 11.1
a,(0) 7.65 6.42 66.8 50.2
a;(0) 33.2 34.3 388 531
G 7.12 <7.27 9 <71
Cs 101.9 <96.5 2563 <1880
Co 1512 <1520 61290 <60900
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[TpumMeHHM Hal/ileHHble MOJSIPH3YeMOCTH AJISi OLIEHKH BJIMSIHMS 3ana3fibiBaHUsi Ha MYJbTH-
TNoJIbHbIe JHCIIePCHOHHbIe B3auMofeHCcTBHSA. [IpH 3TOM McmoJb3yeM OOLIYI0 TEOPHIO 3JIeKTPOMIH-
HaMHYyecKuX 3¢deKToB 3anasnbiBanus, passutyio B [19] aas 7 = 0. Us Hee cieayeT, uTo Ha-
psiny co crangaptHoii dopmynoir Cg(R) mo Kasumupy-Ilosbaepy nosiBASIOTCS aHaJOrHYyHbie
COOTHOIUEHHS MJISi BBICUIMX JAMCIIEPCHOHHBIX KOHCTAHT. B KOHKPETHBIX BBHIYHC/IEHHSX Mbl HC-
TN0/Ib30BAJIM BBIpAXKEHHUSA

Cs(R)= %:[h(w)a,z(ico)dm, Cs(R)= %ujf(m)a,(ico)az(im)dm. (21),

f(®@)=(45+90x+84x* +48x> +19x* +6x° +2.x* Jexp(~ 2x),
rae h(co) u X onpenenessl B (16). Uncnennsle sHayeHus KoHctant (21) s aToMoB HeoHa H
aproHa NpH pasjaHyHbIX R npeacrasieHsl B Tabs. 7. U3 Hee BHAHO, uyTo KoHcTanTa Cg(R), Kak

Tabauya 7. Yuet 3¢(eKTOB 3ana3fbiBaHus 115 aTOMOB aproHa
(Bce BeanuuHH B a.e.)

R 200 400 900 1000
Co(R) 80.5 64.1 433 36.8
Cs(R) 2311 1960 1421 1234

u koHctanTa Cg(R), majaet npH yBenuueHWM R, a Tak KaK Ha GOJbUIMX PAacCTOSHHMSX MO/aB-
JSIOIMA BKJaJA B AHCIEPCHOHHYI0 3HEPrHio BHOCHT AumoJbHb uiteH —Cg(R)RS, to sBHMI
y4eT 3(p(eKTOB 3anasAbiBaHHs /IS MYJbTHIOJbHBIX B3aHMOJAEHCTBHH (aKTHYECKH TepsieT
CMBICJI.
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Kharkov University Bulletin. 1999. Ne437. Chemical Series. Issue 3(26). A.D.Bochevarov,
0.A.Zhikol, A.V.Luzanov. On rational approximations to dynamic multipole polarizabilities
based on the Hylleraas variational principle.

The results obtained by Dalgarno et al for dipole polarizabilities are generalized. It is shown that with
conventional variational functions involving the perturbation operator the Hylleraas method leads to the

C.

correct asymptotic behaviour for the dynamic multipole polarizability Ol I(i(z)) when the light freqhency

@ —> 0. As variational parameter set is extended, more spectral moments are exactly reproduced in
the specific case of hydrogen atom. For the latter and some atoms of noble gases the dispersion coef-
ficients are computed with account for retardation effects.
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BNUSIHUE HEMPEPbLIBHOIO CMEKTPA HA BbIMUCNEHHbIE CBOWCTBA
1s-COCTOSSHUA ATOMA BOAOPOJA

© 1999 H0.®.Mepam, O.A.2Kukox

Ha npuMepax pac4eTta pasfiMyHbIX CBOMCTB aroma BOAOpPOAAa C fiBHbIM pasneneHvem BKNanos
[MCKPETHOTrO M HENPEpPbIBHOrO CrNeKTPa NoKasaHa BaXKHOCTb y4YeTa NepexofoB 3M1eKTPOHa B HeCBs-
3aHHble COCTORHUA. OTMEUEHO, YTO NPU KOHCTPYMPOBAHMM yHMBEPCanbHbiX 6a3ucHbix Habopos He-
06xoaMmo umeTb B Buay Tpebosanue 3(PMHEKTUBHOIO y4eTa XaPaKTePUCTHK HEenpepbIBHOro 3Hep-
reTH4eCcKoro cnexkrtpa.

Xopolo H3BeCTHO, YTO CTauMoOHapHoe ypaBHeHHe lllpenuHrepa A/isi aTOMOB W MOJIEKYJl OIH-
ChiBaeT HE TOJIbKO AMCKPeTHbIH Habop CBSI3aHHBIX COCTOSIHMH, HO W MH(pHHHMTHOE ABHXKEHHE
3]€KTPOHOB C TMOJIOXKHTE/JbHHIMH 3HAUEHHSMH SHEPTHH, COCTaBJSIOMMH KouTHHyym [1,2].
[lpoBoAsi MeXaHHWYeCKYI0 aHaJOrHI0, MOXXHO CKa3aTh, YTO /I aTOMa BOJAOPOAa AMCKPETHOMY
CHEKTPY COOTBETCTBYIOT 3JUIMIITHYeCKHe OpOMTHI, a HenpepbiBHOMY — runepbosuyeckue. Xa-
PaKTePUCTHKH 3JIEKTPOHHBIX Nepexoj]oB B COCTOSIHMSI HaJl MOPOroM HOHHM3aLUWH [OJHOCTHIO
onpefiesISIOT TaKHe BaXKHble CBOWCTBA, KaK (pOTOMOHH3aLMs H TOpMO3HOe H3ayyenne. OnHako
NpH ONMHCAHHH TPAAHLUHOHHBIX /5l KBAaHTOBOH XMMHH CNEKTpajbHbIX H 3JIEKTPOHHBIX Xapakre-
PHCTHK y4eT HaJMyHs MoLO6HOro KOHTHHYyyMa BO36YXIeHHH TakxKe 3HAYHTEJbHO BJHSeT Ha
pesyabTathl. [TocsenHeMy o6cTOATENILCTBY B JIKTepaType yJeleHO HeJOoCTAaTOYHO BHHMaHHA. B
HACTOSILIEM COOGIUEHMH Mbl CONOCTAaBMM BKJA[bl AHCKPETHOrO H HeNpepbiBHONO CMEKTPOB B
pasJM4yHble CBOMCTBa 1S-COCTOSIHHSI aTOMa BOJAOPOJA.

Uccnenyem cHayajsa MOMEHTHI pacrpefesieHHsl CHa ocuu/ansTopoB. He orpanuuuBasicb AH-
NONIbHBIM NMpUOIMXKeHHeM, O6yaeM CYMTaTh, YTO MepexofHbleé MOMEHThl MOTYT ObiTh NpPOH3BOJb-
Hoit MyapTHnoabHocTH 2L, CornacHo usBectHOMy onpesesennio [3], MoMenT k-ro nopsaka mo-
XeT ObITb BLIYHCI/IEH B BHJE!

809 = 3t n)-es > nt) T2 EL)
0

n=L+l
rae fL e 2L-ﬂ0ﬂbHa$l CHJIa OCLMJIIIATOPA, omnpeaelisieMasi Hepe3 SHEepPrulo nepexojia € M KBajapar
nepexogHoro MOMEHTa QI_Z

-e*(Is > EL)-dE (1)

fi(ls > nL) = 2-Qf -¢(ls - nL) (2)
df; (s - EL dQ?
L(dE )=2-dbf'-s(ls—>EL) (3)

B arToMHBIX eaMHHLAX, HCMoJb3yeMbX B paGote H Janee, e(ls—-> nL)=%-(l—y2),
n

e(ls - EL) = %+ E , 0<E<w — nosHas 3Heprus 3/JeKTpoHa.

[lpuBenem, ANsi cpaBKH, KOHKpeTHble (OPMYJbl JIsi KBaApPaTOB MEpeXoAHBIX MOMeHTOB. B
cllyyae AMCKPETHOTO CIeKTpa, HCIOJb3ys KOMIAKTHblE BbIDaXKEHHS] HHTErpajioB OT THIepreo-
MeTpHuecKoil pyHKUHH [2], ¢ yueTOM HHTerpHpoBaHHs MO yrIOBbLIM NepeMeHHbIM [4,5] nmeem:

2L+6 | L2 . n2L+5 y (n it l)2n—2L-3
(L+1)-(n+ 1)2”2“3 (n2 = 22)("2 s 32)--.(02 ~ Lz) (4)

[locaennsisi ¢opmysa serko o6oGliaeTcsi Ha cJjyuyal HeNpephIBHOrO CrneKTpa MO Tpeajo-
xenHo# B.A.PokoM MeTolWKe, cOCTOsileH B CJAeAyIOUIEM: NHCKpeTHasi MepeMeHHasi n 3ame-

Qi(ls > nL) =

! ] 1
usercst Ha i//2F , 3aTem, 115 yI06CTBA HHTErPHPOBAHHUS, NPOH3BOAHTCS 3aMeHa E = 2 tg? ¢
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(n )2’1 m
” (_l)m _e—4tpctg¢. sin2m

(0<@<n/2). Ucnonbsys TOXIECTBO (n+l)2"+m

¢, OKOHYATeJbHO

nojyyaem:
dQf(ls » EL)

do _(2L+l)-(l—e

x (1 +3sin? (p)(l +8sin? <p)...(l + (L2 - l) sin® (p)
Ipu BeiBoge (5) yuTeHo Takxe, uTo (4) HeOGXONHMO YMHOXHTb Ha MHOXHTEJb, CBS3bIBAIO-
e‘z"ct”) (em. 1], ¢.220).

®opmyas (4) u (5) noaHocThIO peluaoT 3ajady BbHIYMC/IEHHS NMepexoAHbIX MomeHToB (1);
noa4YepKHeM, 4YTO SIBHOE pa3jle/leHHe BKJIaJ0B AHCKPETHOro H HerpephiBHOTO CNEKTPOB B Bbillie-
npuBeieHHOH GOpPMYJIHPOBKe paHee He OMy6JHKOBAHO.

JInsi KOHTPOJISi TOYHOCTH peajiM3alli¥ BBIYMCJAEHHH B MaTeMaTHuecKuM makere Maple V mul
BOCIOJIb3yeMCSi H3BeCTHBIMH OOLUMMH (OpMyJaMH, NMO3BOJNSIOUMMH MNOJYYHTb MOJHbIE 3Haye-
HHS MOMEHTOB. TaK, B JIATepaType NpHBe[eHbl AOBOJbHO FPOMO3JKHE 3aMKHYTble BhIPaXKeHHS

22L+6 : L2 . e—4¢ctg¢

-2nctg @ )

0s2L+% ¢ - sin @ x

(5)

IIHH KX HOPMHPOBKH: na/ (l -

ans Sf npu npoussoabhbiX 2 M L [6], a Takke cooTBeTCTBylOWMe peKyppeHTHble COOTHOLUe-
nus (7). B kauecTBe npuMepa npuBeseM (GopMyJbl At CYMMbl cHa ocuuaastopos (k=0) u ans
nossipusyemoctei (k=-—

L-(2L)!

B = o )
22Ll

(L+2)-(2L +1)!
Ly
Beanyunsl S,'f UrpaioT 6oJIbLIYI0 POJib IPH aHalH3e CHeKTPajJbHOro pacnpejiefieHHs CHJ oc-

unaastopos B aTomax [3] (kak cooTBeTcTBylOLMe MOMEHTHI f), B pacyeTax KOHCTAHT MeX-
aTOMHBIX IMCIIEPCHOHHBIX B3anMoieHcTBHN (8], MpH M3yueHHH QYHKUHOHANLHBIX 3aBHCHMOCTeH
HeJIMHeHHBIX ONTHYECKMX BOCTPMHMYHBOCTeH OT yacToThl [6,9] M B pelieHHH MHOrMX Apyrux

NpHKJaAHBIX 3ajay. B yacTHocTH, Sf COOTBETCTBYIOT CJeAylOUIMM (H3HYECKHM BeNHYHHAM:
3/IEKTPOHHOMN TUIOTHOCTH B TOYKe, e Haxomutcs sapo (k=2), cpeanemy sHaueHHIO KBajapaTa
uMnyabca snekTpona (k=1), cyMMe CHJI OCUMJISITOPOB, CBSI3aHHOH ¢ mpaBuioM Tomaca-Peiixe-
Kyna (k=0), cpeaseMy 3HaueHHIO KBajpata pajHajbHOM KOOpAHHATH 3jeKTpoHa (k=-1), cra-
THYeCKOil AUNOJbHON nonsipusyemoctu (k=-2).

Tabauya 1. Bknansl HermpepbIBHOrO H JHCKPETHOrO CIEKTPOB aTOMa BOAOPOJAA B MOMEHTHI S{’

TMonnas BeauuuHa S Bkaan JIC % IC
4/3 . 0.090210418496 7
R/8 ) o2MeTTeeieTE . M
I | oses0041s0675 57
g 1 1433175568090 12
9 /2 ; 3663257890309 81
43/4 | 9426105987780 88
319/12 24.394740927713 92
9673/144 63.444774694152 - 94
297541 /1728 | 165.693906479580 96
9243157/20736 | 434.253265949738 97
280165453/248832 | 1141.454703800731 98

-9 | 45464213273/14929920 | 3007.752174096997 999

Ta6nuua | comepXHT CBOAKY AaHHBIX Mo BKJagam auckpetHoro (JIC) u wenpeprisHoro (HC)
CMEeKTPOB B MOJNHYIO BeJHUYHHY Sf. Ha HC npuxoauTcs JOBOMBHO BecoMas YacTb MOJHO! Be-

auunnbl Sf, ocobenHo mpu k20, M0sTOMY, OrpaHHYMB aKTHBHOE NPOCTPAHCTBO HaGOPOM JHC:
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Bnunsnue HenpepbIBHOro cnekTpa Ha BblYUC/IEHHbIe CBOWCTB2 1S-COCTOAHWA atoMa Bopopoaa

KPeTHBIX COCTOSHHMH (MycTh Aa)ke 6eCKOHEYHBIM), MOXKHO NPHHATH K CyIECTBEHHBIM OlIM6KaM B
onpeje/ieHHH OTAeNbHbLIX cBOHCTB. Bosee Toro, ecsu, orpanuuusumKcs JIC, cTpouTh pacnpere-
JleHHe CHJl OCUMJUISATOpa [ 10 SHEpPruM HWJH, CKaxkeM, HeJIMHeHHO-ONITHYECKHX BOCIPHHMUYM-
BOCTEH M0 YacToTe, MOJYYaeTCs CHJbHO “NepeKolleHHas” KapTHHAa CO 3HAYWTENbHO 3aHH-
KeHHbIMHM BECOBbIMHM KO3 OHILHEHTaMH B 06/1acTH GOJIbLIMX 3HaYeHHH K.

JIpyruM HarisiiHBIM [IPHMEpPOM, MOATBEPXKAAIOLMM BaXKHOCTh yuyeta Bkaamo or HC, ss-
JsieTCA pacyeT YeThipeX CPelHHX 3Ha4YeHWH In €, Mo-pasHOMY B3BeleHHBIX C pacrpejesieHHeM
cunbl ocumanstopa [3]:

0 «©
Inl, = [z fi(ls — n1) - e*(n) - Ing(n) + E&Z;EI) -¢*(E) - Ine(E) /Slk (6)
n=2 0

Besuuunsl (6) HemocpeaCTBEHHO CBfi3aHbl C TaKHMH (PH3MYECKHMH CBOWCTBAMH: CeyeHHe
nepHdepuecKHX CTOJKHOBEHHH GbICTPBIX 3apsKeHHbIX uyacTHl ¢ aTomamu (k=—1); cpennss
dAYKTyalusi SHePrHH NPH TaKUX cToJKHoBeHHsiX (k=1); cpeiHuii npoGer yacTHIl B BellecTBe
(k=0); nsm6oBckuii caBUr aToMHBIX ypoBHed (k=2). BbiuMcneHHble 3HayeHHs [, W BKJaibl B
nux ot JIC npuBemensl B Taba. 2. BuaHo, 4To orpaHHueHHe AHCKPETHLIM CMEKTPOM He MPOCTO
NPUBOAMT K GOJIBLIAM olMGKaM, HO Jaxke MeHsieT 3HaK y In/y. HTepecHO OTMeTHTb, YTO HMr-
HOpPHpOBaHHE Mepexo/loB B HeCBs3aHHOe COCTOsSIHHE, TO ecTh oTOpachiBaHHe HHTerpana B ¢op-
myne (6), npakTHYeCKH CBOAMT Ha HeT 3aBHCHMOCTb BeJIHYHH In/y oT k.

Ta6bauya 2. CpenHue 3HaYeHHS MOMEHTOB paclpe/le/ieHus

k [TonHoe 3HayeHue In/p In/, 6e3 yueta HC
| -0.766401 -0.934804
0 -0.596165 -0.926658
1 -0.122274 -0.917506
2 2.290981 -0.907385

B cBfi3K ¢ pacueToM KOHCTAHT AHCIIEPCHOHHOrO B3aHMOJEHCTBHA BO3HHKAaeT Heo6XOAHMOCTh
BLIUMC/CHHS] MOMEHTOB Bbiclled MyJbTHnoabHocTH (L>1). B Taba. 3 u 4 npuBeneHsl AaHHbie
N0 CyMMe CHJl OCLM/IVISITOPOB M MO MoJsipu3yeMocTaM ls-cocTosiHMs atoMa Bojopoaa. [Tokasa-
TeNbHO, YTO CyMMa yXKe KBaJpYNOJbHBIX CHJ OCLMJISTOPoB Bcero Ha 19% obyciosiexa muc-
KPeTHHIMH COCTOSIHMSIMH, a ocTaBliasics 4acTb npuxoautcs Ha HC; xBaapynosbHas mossipu-

3yeMOCTb TOJIKO Ha TpeThb JoKanu3oBaHa B JIC. Beanuunnl S,(_’ H S,:2 BoOGILe He MOTYT OBITh

BbiuKcaeHbl Ge3 yyera HC. KauecTBeHHO 3TOT pe3ynbTaT o6BbACHHUM TeM, UTO OTAE]bHbIH nepe-
XO[HbIH MaTpUYHBIA 371eMeHT Q; NMPONMOpLUHOHaNeH HHTerpaly

o«

[rERyRyy - rdr

0
W NpH yBeJHYeHHM L 1/l KOPPeKTHOTO ONMHCAHHS NOBeJEeHHs 3JeKTPOHa Hal0 YYHThIBaTh BCe
Gonblilee KOOPAMHATHOE NMPOCTPAHCTBO, TOT/A KaK pajiHajbHbie GYHKLUHH AHCKPETHOrO CreKTpa,
a 0co6eHHO R|p, o4eHb GBICTPO 3aTyXalOT C POCTOM 7.

Tabauya 3. Bknaisl JHCKPETHOrO CeKTpa B MOJHYI0 cyMMy 2L-nonbHoii cuiibl ocunansTopa
nepexosioB ls—nL

L | Moanas seanuuna Y. f; (Is — nL) Bxaan JIC % JIC
n

2 6 1.1415140971 19.0

3 135/2 2.7093030876 4.0

4 1260 7.1791247788 0.6

5 70875/ 2 20.4594769224 0.06

B sakmioueHHe npuBefeM AaHHblE M0 OTAENbHbIM BKJAaJaM B KOHCTaHTY AMCIIEPCHOHHOrO
B3auMozeicTBHsi Cs IBYX aTOMOB BOJOpPOJA:
Ce(AIC-1C)= 3.92355011 Ce(HC-IC)= 2.23451376
Cg(HC-HC)= 0.34096288 Ce¢(nonnas)= 6.49902675
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Tabauya 4. Brians aucKpeTHoro cnektpa B 2L-monbnylo noaspusyemocts 1s-cocTosiHust
aToMa BOOpoOAa

ITosiHasi BeJIMUYMHA O Bkaan J1C % JIC
15 5.3391002858 35.6
L BeB/a 5 | 116217071640 | 89

9.8055468683 1.4
6732813125 | 015

W B 3TOM cayyae orpaHHYeHMe CBS3aHHBIMH COCTOSIHHSIMH JaeT Bcero 60% oT mosHoi Be-
JIHYKHBI.

Hrak, yncaoBoi MaTepuas 3ToH paboThl JeMOHCTPHPYeT BaXKHOCTb yyeTa Iepexo/ioB 3JeK-
TPOHA B HeNpepbiBHbIH CNEKTP MPH BHIYHCAEHHWH OOBIYHBIX /ISl KBaHTOBOH XHMHM XapakTepH-
CTHK aTOMHbIX cHcTeM. Oco60oe BHHMaHHe CJIeflyeT YAENHTb pacueTaM IMIIOJNbHOM M APYTHX
2L-nonbuBIX moaspusyemMocTel KaK CyMMB! [0 COCTOSHHMSAM. [IpH KOHCTPYHPOBaHHH H ONTHMH-
3all¥ YHHBEpCaJbHbIX 6a3HCHBLIX Ha6OpOB /I HeSMNMHPHYECKHX PacyeToB Heo6XOAMMO HMeTb
B BHAY caenyiollee Tpe6GoBaHHe: 6a3ucHble OpOHTANH JO/KHBI He TOJIBKO XOPOLIO COOTBETCTBO-
BaTb OpOHMTa/NAM H30JIHPOBaHHOrO aToMa, HO H 3(G(EKTHBHO YUHTHIBATh XapaKTEPUCTHKH He-
NPepLIBHOTO 3HEPreTHYEeCKOro CreKTpa.
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Kharkov University Bulletin. 1999. Ne437. Chemical Series. Issue 3(26). Yu.F.Pedash,
0.A.Zhikol. The continual spectrum influence on the calculated properties of hydrogen atom
1s-state.

Various properties of the hydrogen atom (1s state) have been calculated with the explicit separation
of contributions of discrete and continual spectra. They show that is essential to take into consideration
electron transfers into unbound states. It follows that in elaborating universal basis sets one of impor-
tant requirements is the effective accounting of characteristics of the continual energy spectrum.
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TEPMOAMHAMMUKA XUAKOCTU AUMNOJIbHbIX TBEPAbLIX C®EP. MOAEJIb
SATOPMOXEHHOIO BPALUEHUSI MOJIEKYN

© 1999 I.B.JINTHHCKHH

Mogpenb 33aTOPMOIKEHHOIrO BPALLEHUA MONEKYN MCNONb30BaHa ANS BblYMCNEHUA TePpMOAUHaAMHUYe-

CKMX PYHKLMHA MOAEnbHbIX MONSPHBIX MUOKOCTEH AUNONBHBLIX TBEPALIX chep B ABYX W TPEX U3Me-
peHUsX.

B npubnmxerum s3aumopencTamns GnmKanlumMx cocefei 3ta Moaens NPUBOAMT K NPOCTbIM aHanu-
TMYeckuM chopmynam pans ceobopHol aHepruv lenbmronbua M APYrUX TEPMOAMHAMMHYECKMX
PYHKLMIA PACCMaTPUBAEMbIX NONSPHBIX IUAKOCTEN.

[ns TP@xmepHOH cUCTeMbl NosnyyeHHble (QOPMYnNbl XOPOLIO COrNacyroTCs € AaHHbIMM MeToAa

Monte-Kapno u 3ameTHo nyuwe cooTteeTcTaylowmx opmyn cpepHecgepuyeckoro npu6nu»(eum
Beprxeiima.

B cny4ae gunonbHbIX TBepAbIX AUCKOB COornacue C MaWwMHHbIM 3KCNEPHMEHTOM HEMHOro xyxe,
T.K. npu6nmxe|-me ssaumogencrauu 6numxxanumMx COCGAeK B ABYMEPHOM nNpPOCTPaHCTBe OKa3bl-

BAETCH CIMLLUKOM rpy6Ebim.

B npeaminymux pa6orax [1,2] 6ba npensoxkena npoctasi ¥ 10CTAaTOYHO TOYHAS MOJEJb AJISI
OMKCAHUSI AM3JIEKTPHYECKHX CBOHCTB MOJISPHBIX XXHAKOCTEH, NMPHBOASALIAA K QHAAUMUUECKUM
BhpaXKeHHsIM s (pakropa Kupkeyna. B 3ToM cooflueHHH Mbl yTOYHHM JeXXalllde B OCHOBe
MOZeJIH MPHOJMMIKEHHS, a TaKXKe MOKaXkKeM, YTO OHa NaéT npuem/emoe onyucaHWe H mepmodu-
HAMUYECKUX CBOUCMB MOAENbHBIX XHUAKOCTeH AUNoAbHbIX TBEPALIX cdep (TC).

OCHOBHbIM TIPHGIHIKEHHEM MOJENH 3aTOPMOXKEHHOro BpallleHHs MOJIeKYJl sIBJsieTCs 3aMeHa
cpednux no o6vémy 3HAYeHWH (HU3UYECKHX BEJMYMH Ha CpeJlHHe 3HAYeHHS STHX BeJHUMH
BAOAb Yenouku Gauncaduiux cocedeli — "morexyar-npedcmasumenei”. Takas 3aMeHa 103BO-
auna Ham [1,2] cBecTH TpéxMepHyio 3ajauy BHIUMCJEHHSI CPeJJHEro KOCHHYCa yria Mexay AH-
NOMLHEIMM MOMEHTaMH LIEHTPaJbHONH MOJIEKYJ/bl H BceH “KOppesIsilHOHHOH cdepbl” K ofHOMep-
HOW 3ajlaye BBIYMCJEHHSI <coS y> MeXAy OJHXKaHIHMH YacTHIAMH “NIOJIMMEPHOH LeMnoykH’
punoabHeix TC.

HUcnonb3oBaHHe 3TOH 3aMeHbl aHAJOTHYHO 3p2oduueckoll eunomede, yTBepXJAaloolleH pa-
BEHCTBO CPelHHX 1o ancambaio (cpeaHHxX 1o tpaaoBomy 06bEMY) U CPEIHHX 10 8peMery (r.e.
BIO/Ib OTHOMEPHOH TPAaEKTOPHH ABHXKEHHS CHCTEMbI).

Yyér B3aMMOJEHCTBHSA JHIIb C OAHHM OJHKAaHIIMM COCeJOM MPH OJHOMEPHOM YCpPeIHEHHH
He 03HayaeT NpUHeOperKeHHS B3aHMONEHCTBHSIMH C OCTAJbHBIMH GJIHXKaHIIWMH COCeASIMH JaH-
HOM MOJIeKyJ/bl: OHH aBTOMAaTHYECKH JOJIKHbl BO3HHKAaThb MPH MNOCJeN0BaTeJbHOM YuéTe B3a-
HMOJIEHCTBHH cO BCE Gosiee YNaNEHHBIMH IO LeNH coceAsiMH. B ¢pu3nKe MoJHMMepoB 3TO COOT-
BETCTBYET YUETY KOppeJSiUMH YHaNéHHBIX 3BeHbEB LIEMH: 3aTOPMOXEHHOrOo BpalIeHHSI BOKPYT
cBf3eH, “‘neHTaHoBoro addekra”, HCKAIOYEHHOrO 06bEMA U T.A.

Jins 4acTHLL ¢ H3OTPONHLIM MOTEHUHAJOM B3aHMOAEHCTBHSI TAaKOH MOAXOJ, MO-BHAHMOMY,
Man03(peKTHBEH, MOCKOJbKY YY4€T yAaJEHHBIX MO LeMd cocelled — JOCTaTOYHO CJIOXKHas 3a-
jflaya, HO /ISl AHM3OTPONHBIX MOTEHLMAJOB THNA JAHUMNOJb-AHIONbHOrO B3aHMOAEHCTBHS, KOraa
HMeeTcs BbiaesieHHoe (COOTBeTCTByIOLlee MHHHMYMY 3HEPIrHH M, CJef0BaTesbHO, MaKCHMyMy
BEPOATHOCTH) HampaBJ/ieHHe JHMOJeH COCeHHX YacTHIl, OJHOMEpHOe yCpefHeHHe MOXeT GbiTh
BOJHE ONMPaBJaHHBIM, TaK KaK BKJaJ OCTa/JbHBIX, OKPYXAlOUMX JaHHYIO MOJeKYyJy, YacTHIL
HeBeJMK M NpuUOJIHKeHHe B3aWMOLHEHCTBHS ONHXKaHUIMX coceled MOXeT ObITb NOCTaTOYHO
TOYHBIM.

Hakonel, BaXXHeHIIAM apryMeHTOM B MOJb3y OJHOMEPHOrO YCpeAiHeHHs siBjsieTcss o6Hapy-
XeHHas B HelaBHMX MaUIMHHBIX 3KcrepuMeHTax [3,4] peanbHas “nonumepusaums” B Mojeb-
HBIX XHAKOCTSX aunoabHblX TC, uMmelouias MecTo faxke NPH yMePeHHbIX 3HAYEHHAX AHMONbHO-
[0 MOMEHTa M IUIOTHOCTH cHcTeMbl. [lociefHee o3HayaeT, YTO OfHOMEepHOe YyCpelHeHHe $iB-
JSieTC He MPOCTO BLIYHCJUTENbHOH aJbTePHATHBOH, HO H OTpPaXkaeT pPeasbHYr0 KB8A3UOOHO-

- MepHYI0 cmpykmypy OunoAbHOU cucmembt, JNS ONHCAHHS KOTOPOH eCTECTBEHHO HCHOJb30-
- BaTb MeTO/bl HU3HKH MOJHMEpOB.
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[lonnasi sHeprusi B3aWMONEHCTBHS JAMINOJNbHOH LENMOYKH OIMMCHIBAETCH KAACCUYECKUM 2a-
murvmoruarnom leiizenbepea v B NpUOGIHKEHHH B3aUMOAEHCTBHS GJHXKANHLUIKHX cocelied UMeeT
BHI:

Ug = -] X <i|i+1> = =] ¥ <cos y;> = —NJ <cos y> (1)
rae |i> — eaMHMYHBIL BEKTOpP AMNONBHOrO MOMEHTA i-off cBsi3H (uacTuibi); <cos y> — cpe-
Hee 3HayeHHe KOCHHYCa yI/la MeXAy AMIONAMH cocefHHX yacTui; J = 2pu2 — “o6MeHHbI
MHTerpaj” — fapaMeTp AHIOJb-IHUMOJBHOIO B3aHMOAEHCTBHS [ABYX, HAaXOASIUMXCS Ha CpPefHeM

PAcCTOSIHHH @ ~ P~ YaCTHIL XHAKOCTH.
st punoaskbix TC, coraacHo dopmyae (7) us [1] , <cos y> = <cos 6> = L(2) (z = B/;
L(z) - ¢pynkuns Jlanxkesena; B = (kT)!) tak, uto aas (cpenneit Ha yacTHiy) SHepruu RHIIOND-
[HNOJBHOTO B3aUMOJICHCTBHS UMeeM:
BU4/N = —2L(2) (2)
KoH¢HurypauHoHHasi CTaTHCTHYECKasi CyMMa ISl AMIONbHON LENOYKH B NMPHOAHKEHHH B3a-
uMozieficTBHS GIMXKaHLWKMX cocefeil umeer Buz [5]:

Z4(2) = (J exp(zcos 8)sind do/2)N = (sh(z)/2)V (3)
a COOTBETCTBYIOLIMH THUIONbHBIHA BKJIAN B CBOGOAHYIO SHEPIHIO:
BF4/N = B(F - Frc)/N = - In(sh(2) / 2) (4)

rae Frc - cBo6onHas sHeprua esbMroJblia AJist XKHUAKOCTH TBEPALIX Cep MPHU JaHHOM 3Haye-
HHH p.
BolpaxkeHHusi A/l IUMOJBHOTO BKJafa B SHTPOMHMIO H JaBJeHHe XXHAKOCTH HETPYAHO MOJy-
YHTh H3 TePMOJAHHAMHYECKHX COOTHOLUEHHH:
Sq/ Nk = B(Uqg - Fg)/N = —zL(2)+ In(sh(2) / 2) (5)
BP4V/N = pd(BFq)/dp = BU4/N = —zL(2) (6)
B Tabauue 1 nonyuyeHHble BHpa)KeHHSl (4) u (2) ans TepmonMHAMHYECKHX (YHKUME XKHI-
KocTH aunoabHeiXx TC npu p = No’/V =09 CPaBHHBAIOTCSl ¢ HMEIOLIUMHCS JaHHBIMH METO/a
Moure-Kapno (MK) [6], u pacuutannbiMH B pamkax cpenHecepHuECKOM NpPHOIHKEHHH
(MSA) [7]. Tocnennee B HacTosliee BpeMms SBASETCA eOUHCMBEHHbIM NpUGIHKEHHEM,
AAOWUM aHaiumuyeckue GopMyJbl AJS TepMOAWHAMHYecKHX GyHKuMH aunoabHeix TC. Kak
BHAHO M3 Tabuulbl 1, npennaraemasi Moje/b JOCTATOYHO XOPOLIO COT/IACYeTCsi C JaHHLIMH Me-
toga MK, XoTs ¥ 3aBblllaeT 3HaueHHsl BHYTPeHHeH M CBOGOAHON sHepruu. Ilpuumna 3roro
3aBbllIEHHS] — NpPUOIHKeHHe B3aUMOJAEHCTBHSA GJHXaWIIKHX cocelel.

Tabauya 1. b
Bu/o” |BF4(MK)| BF4(4) [BsF(MSA)[ BU4MK) [ BU4(2) [ BU4(MSA)
05 i 10131 2—0.13 =0.26 ... -0.23
= 10 : o 3 "’@ 44 ;e S0 B i i —0.9 :- "0 74
2.0 1.34 : =20 -2.1
40 =8 f = =62 . -5ay

AHa/orHYHBIM 06pa3oM MOTyT GHITb MOJMyYeHbl BLP@XEHHsI ISl TEPMOIHHAMHECKHX (YHK-
uni ¥ 08yMepHOU cucmemb. — XXHUAKOCTH JAMMOJBHBIX TBEPAbIX AuckoB (TJI), paccMoTpeHHol
pauee [1,2].

B artom cayuae, cornacho gopmyie (9) us [1], <cos > = <cos > = I1(2)/Ip(2) = I(2), rae
Io(z) u I1(2) - Moan¢uuupoBanHbie ¢yHkuun Beccens HyneBoro u mepBoro ﬂOpﬂ}IKOB z =

PRy,
BHy‘l‘peHHﬂﬂ 3Heprusa s 3TOH CHCTEMBI paBHa:

BU4/N = -zI(2) (7)
a CTaTHCTHYeCKas CyMMa:
Z4(2) = (] exp(zcos @)do)N = (Iy(2))V (8)
BhipaXkeHUsl [UIf MMOMBHOTO BKJafa B CBOGOAHYIO 3Hepryio ['ebMroiblia, SHTPOMHKIO W JaBie-
ure (hakTOp CXKMMaeMOCTH) XHAKOCTH AunonbHbIX TJI paBHb:
BF4/N = B(F = Frp)/N = = In(lo(2)) (9)
Sq/ Nk = =21(z)+ In(Io(2)) (10)

BP4V/N = BU4/N -2zI(z) (11)
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TepMoAMHAMMKa XKHAKOCTH AUNONBHBIX TBEPAbIX chep. Mogenb 3aTOPMOXKEHHOTO...

rae Frp - cBOGOIHAS 3HEPTHSA XHAKOCTH TBEP/BIX AHCKOB JHAMETPOM O.
B tabauue 2 BhipaXKeHHsl /sl AHNOJNBHOTO BKJAaja B CBOGOJHYIO H BHYTPEHHIOIO 3HEPrHIO
XHAKOCTH aunonbHbix TJ B Moje/sd 3aTOPMOXKEHHOro BpauieHHsi Mosekya (ypasHerus (9) u

(7)) cpaBruBaiotcs ¢ nannbME Metofa MK [8] u npubmuxkenuem MSA [9] npu nnotHocTH p =
no’N/V = 0.7

Tabauya 2.
B/’ |BFY(MK)] BF4(9) [BF{MSA)] BU4MK) [ BU47) [ BU4«MSA)
05 | -009 | —0.03 | -007 | -018 | -0.06 .
T W’ﬁ& -0.12 4 =06l | -023 | . -0
1.5 -0.69 -0.26 Flial7 X
B S e T U e gl
3.0 -2.08 -0.89 -3.16 -2.4

Kak BumHO M3 Tabaulbl, B ABYMEPHOM ciydae NpejjaraeMasi MoAesb Xyxe corjacyercs C
MallMHHBIM 3KCIIEPHMEHTOM jJaXe B CpaBHeHHWH c npubamxeHHeM MSA. Takoe oranuue oT
TpéxmepHbIX TuNObHBIX TC 06yc/I0BI€HO M3BECTHHIM M3 (HU3MKH noaumepos sddektom [10]:
no Mepe YMeHbUleHUs PA3MepHOCMU NPOCMPAHCMBa POAb OAAbHUX KOppeAsyul so3pacma-
em. Takum 0o6pasoM, Y4é€T KOppeJsilMH JHIIb GAHXKAHIUMX cocelled B ABYMEPHOH AMIOJbHOH
KUAKOCTH OKa3bIBaeTCsl HEAOCTATOYHBIM /ISl KOJIHYECTBEHHOrO OMMCAHUS TePMOJHHAMHYECKOTO
NOBeIeHHS CUCTeMbl. AHAJIOTHYHAS CHTYallUsi HMeeT MeCTO H NpPH OMHCAHWH JAH3JIEKTPHUeCKHX
CBOMCTB MosIAPHBIX XKuaKocTed [1,2] B pamMkax npesaraeMoit MoJeH.
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ITocmynuasa e pedakyuro 8 gespars 1999 a.

Kharkov University Bulletin. 1999. Ne437. Chemical Series. Issue 3(26). G.B.Litinskii. Ther-
modynamic properties of dipolar hard sphere fluids. The model of the hindered molecular
rotation.

A new theoretical model of the hindered molecular rotaition is used for calculation of the thermody-
namic functions of polar nonpolarizable model liquids of dipolar hard spheres in two and three dimen-
sions.

In the closest-neighbour interactoin approximation this model leads to simple analytical fomulae for
the Helmholtz free energy and other thermodynamic functions.

For a three-dimensional system these formulae are in a good agreement with Monte-Carlo simulation
data and better than analogous formulae of mean spherical approximation. In two-dimensional case
agreement is not so good because in this case closest-neighbour interaction approximation is much
worse.
~ Some arguments to support the basic approach to the model are proposed.
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THERMAL ANALYSIS AS A METHOD OF REVEALING
THE MEASURE OF CRYSTALLO-CHEMICAL ACTIVITY

[ Otar P. Mchedlov-Petrossyan’ |

Thermal Analysis

The minerals kaolinite Aly[SisO;0](OH)g and serpentine Mgg[SisO10]J(OH)g are known to
possess similar crystallo-chemical structure. Therefore it is of interest to compare their DTA
curves (Fig.1).

The similarity of the areas of their
endo- and exothermic effects is con-
spicuous except that kaolinite exother-
mic effect is shifted by 400 °C into the

i higher temperature region, while that of
serpentine is situated directly after en-
dothermic effect.

According to Academician
D.S.Belyankin [1] in the case of endo-
thermic effect at 500-550 °C on the

é thermal analysis curves the dehydration
product is one of the members of the
continuous chemical row of allophanoids
with variable relation between silica and
alumina.

The first exothermic effect at 950-
Fig.l.'Standard heating curves for serpentine (a) and :}?(?r?dsctoa crcnol:ﬁ;;lg Ctr(;,stBaT:i};aart‘ik(;:’ (i:;lee
kaolinite (b), after V.P.Ivanova the belated appearance of its lines in
X-ray patterns is to be explained by its extreme dispersity. °

The discussion on endothermic effect within the range 400-600 °C caused by mineral de-
hydration arises from two problems: dehydroxylation mechanism and new—phase formation.

The bound water of the kaolinite group minerals exists mostly in the form of OH~ ions.
Hence its removal takes place in a rather narrow temperature interval about 550 °C. In min-
erals of this group aluminium ion exists only in six-fold coordination. The OH™ ions loss in
dehydration process causes artificial lowering of the aluminium-ion coordination. With the rise
in ion mobility caused by temperature rise the obtained defective two-dimensional crystal
formation is able to rebuild into a more stable state. Such a transfer must naturally be ac-
companied by heat evolution as was shown by us [2] and later by Freund [3]. The same can
be shown for serpentine with the only difference that Mg2* ion is in a less degree able to
maintain the lowered coordination and therefore the endothermic effect is directly followed by
exothermic effect with coordination rise.

Effects areas are similar with both minerals, which also confirms the character of changes
undergone. Thus we can conclude that the effects are caused not by mineral formation but by
lattice reconstruction.

100 200 300 400 500 600 700 800 900 1000  °C

Mineralogical-Geological Discussion

Thermal analysis data unexpectedly turned to be arguments in a mineralogical-geological
discussion. In the 50-s was offered [4] a hypothesis on the origin of the Earth energy, sug-

“Department of Physico-Chemical Mechanics and Concrete Technology
Kharkov State Technical University of Building and Architecture, Kharkov, Ukraine
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Thermal analysis as a metod of revealing the measure of crystallo-chemical activity

gesting that absorption of solar energy by feldspars on the Earth surface transiorms them into
clays, and in geological epoch the energy is returned in the process of transformation of clays
back into feldspars. As one of the arguments one DTA curve of distin and andalusite trans-
formation from Greig's works [5] cited by Eitel [6] was used. We attracted the attention to
the fact that Eitel referred to the original where the curve was represented in LeChatelier
manner with endothermic upwards. V.Sobolev and A.L.Tsvetkov confirmed our observation
after having repeated Greig's experiment thus depriving the solar energy absorption theory of
its important argument. The erroneousness of Lebedev's statement on the presence of alumin-
ium ion in metakaolin in sixfold coordination was underlined by G.O.Piloyan and
E.P.Valyashikhina [8].

Technological Peculiarities

It is known that the period between endo- and the first exothermic efiects of kaolinite is character-
ized by a number of technological peculiarities, e.%. by increased porosity, while for serpentine, in
which exoeffect directlg follows endoeffect, only forsterite formation is usually indicated.

However we established the fact that the short period of Mg?* ion existence in the low-
ered (distorted) coordination is characterized by appearance of crystallo-chemical activity in
the form of a new technological property — active material ability to develop binding proper-
ties. It is disFlayed in the ability of the powdered product cooled after short heating just be-
fore exoeffect to harden, being mixed with water, and to solidify irreversibly [9]. In this con-
nection it ouﬁ-l:t to be mentioned that V.F.Zhuravlyov connecting the appearance of binding
properties with the position of the active ion in Mendeleyev Periodic System, denied such an
ability in the system magnesium oxide—silica, and Sir F.Lee had some doubts about the abil-
ity to display cement properties, considering serpentine and talc to be soft minerals. The
gro erty revealed by us, turned out to be a unique model for water hardening hydraulic

inder. The point is that ordinary cements are represented by a mixture of newly formed min-

erals, having nothing in common with initial mixture of carbonate and silicate ingredients.
That is why up to now there have not existed such a simplified model. Besides, our model is
of interest because researchers do not take into consideration the phenomenon mentioned and
Fo on contending [10] that exothermic effect results in forsterite formation, glossing over the
act of hydraulic activityrof dehydroxylation product which can be named 'metaserpentine’.

Hardened product DTA is similar to that of the initial serpentine, differing in that the en-
doeffect is scattered, while calorimetrically determined thermal effect of hydration is near
therr;al effect of exothermics, i.e. lattice reconstruction can occur through either hydration or
overheating.

Such cr%lstallo—chemical modelling with the help of thermal analysis thus reveals dehydra-
tion products activity. The like can be observed also at the investigation of gypsum. On re-
moving 1.5 water molecule the product becomes active, able to harden, while after exother-
mics binding properties weaken and disappear. The reason is that crystallo—chemical recon-
struction deprives the calcium ion (previously in distorted coordination) of activity [11].
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Kharkov  University  Bulletin. 1999, Ne437. Chemical Series. Issue 3(26).
- . Thermal analysis as a method of revealing the measure of crys-

tallo-chemical activity.
The investigation is dedicated to comparative analysis of the thermal effects of kaolinite and serpen-
_ fine. The establishment of crystallo-chemical analogy for them at heating was made. Unknown techno-
logical properties of burned up to exothermic effect serpentine as a model for hydraulic binders were

i.‘nvealled. The role of the thermal analysis in the discussion on the Earth energy problem was described
-~ as well.
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POPMUPOBAHUE MNMOPUCTbLIX MOPOLUKOB METAJUIA NPU TEPMU4YECKOM
PA3JIOXKEHUMU TBEPAOrNrO PACTBOPA OKCAJIATOB HUKENS U MEAOMU

© 1999 B.H.KoJecHHKOB

TepMmuyeckoe pasno)KeHue TBEPAOro pPacTBOPa OKCANaToOB HUKENA M Meau NPOXOAMT nocneao-
BAaTenbHO B TPM CTaguu: pervaparauus, pPasnoXeHue OKcanata Mefu, a 3arem — pasnoXKeHue
oKcanata HuKens. MeToaamMu PeHTreHoga3soBOro aHanM3a, TePMOrpachu M ANEKTPOHHON MMUKPO-
CKOMMM NOKA3aHO, YTO MPM YAAnNeHWM BOAbI M YrNEeKUCnoro rasa hopMHPYIOTCA CKBO3HbIE KaHansbi,
KOTOpbi€ NPH PasnoXeHuM OKCanata HUKEeNns TPaHCOPMMUPYIOTCS B Me30- U makponopbl. O6pa-
30BaBLUMIACA NMOPOLLOK CMNABA HUKENb-MEfb COCTOMT M3 arfNOMEPATOB MMKPOKPMCTANNoB, MPOHU-
38HHBIX CKBO3HBIMM YNOPSRAOYEHHbIMKM Nopamu B Buae kaHanos avametpom 10-100 Hm.

ITpu TepMmosM3e COJIEBBIX TBEPAbIX PACTBOPOB B 3aBHCHMOCTH OT TNPHUPOALI COJIEH M YCJIOBHH
nmpouecca BO3MOXKHO KaK pasfie/ibHOe pasJioXKeHHe KOMMoHeHTOB (kanbuuHauus aonomuta [1]),
TaK ¥ COBMECTHOe WX pasjioxeHHe (pacTBophl oKcanatoB cemericTBa xesesa [2]). B nepsom
ciyyae pas/ioXKeHHe MeHee CTOMKOro KOMIIOHEHTa MAET B MaTpHIle BTOPOTO, YTO BJMSIET He
TONBKO Ha MEXaHH3M M KHHETHKY TepPMOJIH3a, HO H Ha CBOMCTBA MpPOAYKTa pasoxKeHus. Ilpu
5TOM MaTpHLia TaKXe MpeTeprneBaeT CTPYKTYpHble H3MeHeHHsl. AHHM30TPOMHS CTPYKTYpPHl H
TEH30DPHbIA XapaKTep HaNnpsKeHHH W AedopMmauuii B KpucTasie (CylulecTBeHHBIX B ciaydae pas-
JIOXEHHS C BbileJIeHHeM Tra3a) MOTYT NPHBOAMTb K (JOPMHPOBAHHIO CBOEOOPAsHBIX KaHAJOB B
MaTpHle, Mo KOTOPHIM YAaJdsfioTCsl rasoo6pasHbie MpoaykThl. I[IpH mocsenyiouieM passoxeHuH
BTOPOro KOMIIOHEHTa TaKHe KaHaJbl MOTYT MpeBpallaThCsi B CKBO3HbIE MOPBI, KOTOPbIE MOXHO
Habaoaath, HalpuMep, 3JeKTPOHHOMHKPOCKONHYecKH. B pesysnbTate 06pasyioluics IPOLYKT
OKa3blBaeTCsi NMPOHH3aHHBIM CKBO3HBIMH KaHallaMH — IIOPaMH, B PacloOJIOXX€HHH KOTOPBIX Mo-
XeT TpOSABJATLCA NMpPeHMYLIeCTBeHHAs OPHEHTHPOBKA, NpPHCyLuasi MepBOHAYa/JbHO BO3HHKLIMM
KaHa/laM MOJIEKYJISpHbIX pasMepos [3]. :

B pasBuTHe 3THX MpeAcTaBJeHHH paccCMOTPHM Jerkapatauuio okcanatoB MCyOy4-2H0 (M=
Mg, Mn, Ni, Co, Fe, Zn), KoTopasi aHa/IOTHYHA YAa/leHHI0 MeHee TePMOCTOHKOro KOMIOHEHTa
¥3 MaTpPHUbl BTOPOrO H TAKXXe MOXeT COMPOBOXKAATbCS 06pasoBaHHeM KaHaJOB MOJIEKYJISIPHOTO
Macuitaba B cTpyktype conu [1,3-5]. Eciu e pasnioxeHHI0 MoiBepraeTcsi KpHCTAJIOTHAPAT
TBEPAOr0 PacTBoOpa, TO BCJIEJ 32 OPHEHTHPOBAHHBIM YJA/NeHHEM BOAbI HAET PasjioXKeHHe NepBo-
ro, a 3aTeM H BTOPOro KOMIOHeHTa, ¢ BeigeseHHeM COg no yxe uMmeoluMmcss KaHanam. B aw-
TepaType OTCYTCTBYIOT CBelleHHSI 0 MeXaHH3Me (OPMHPOBAHHS YIOPSAOYEHHBIX CKBO3HBIX I10p,
B TO BpeMSl KaK MOCJeJHHe CYIECTBEHHO BJIHSIOT Ha CBOMCTBA afcOPGEHTOB M KaTaJH3aTOPOB.
Jannasi pa6oTa MocBsillleHa M3y4YeHHIO MeXaHH3Ma pa3JIOXKeHHsl KPHCTalJIoTHApaTa TBepAoro
pacTBopa okcanata Hukeas (1o 70 Mon%) u menu (10 30 Moa1%) ¥ GopMHPOBaHHS CKBOSHBHIX
nop B o6pasyioluieMcsi MOPOLLIKe CIIaBa HUKeb-Mellb.

METOJHKA 3KCIIEPHUMEHTA

OkxcanaT HHKensi M COJIEBOH TBepAbl pacTBOp MOJyYald MeJJIeHHBIM NpHiKBaHueM | M
pacTBOpa HHTPAaTOB HHMKeJsl H MeJM 3ajlaHHOro cocraBa K Harperomy o 60 °C 1 M pactsopy
llaBeJIeBOH KHCJIOTH MpPH MepeMelunBaHHH. Ocafiok OTAENSIM Ha (PUJALTPE W CYUIHJIH TpH
100 °C na Bo3ayxe. TepmorpadupoBanue npoBoguiock B nupometpe KypHakoBa npu KoHTpose
o6bema BbaeaMBLIerocs rasa. Jleruaparauus coaH npoBoguiack HarpesoM no 250 °C Ha Bos-
HyXe B CTeKAHHOH ammnyae. MccienoBanuch cBexxenosyyeHHble npenapaThl. PeHTreHorpammsl
CHSITHl B H3Jy4YeHHH Ac, B Kamepe PKJl, dotorpaduu nopouka mnojy4eHsl B MHKPOCKOME
Y3OMB-100K, ynenbHas noBepXHocThb onpeaensisiach Metogom BIT.

PE3YJIbTATBI H OBCY2KJIEHHE

KoHeuyHbIM MPOAYKTOM TEPMHYECKOro pas/ioXKeHHs KPHCTA/IOTHAPATOB OKCa/laTOB MeTa/lloB

MOArPYNMbI XKeJe3a, a TaKKe OKcajlaTa MeMd, SBJSIOTCS BLICOKOAMCIEPCHble MOPOLIKH MeTal-

0B ¢ Gosbluoi yaenbHo# noBepxHoctbio (1o 150 M2/ [1,3]) u passuroit nopucrocTbio. Kak
JNS MHAMBHAYaNbHBIX COJIEH, TaK M JJIsi HX TBEPAbIX PacTBOPOB, NEPBOH CTajHel pasJioXKeHHs,
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DopMUpOBaHHE NOPUCTbIX NOPOLIKOB METan/na NP TEPMUYECKOM Pa3/IOKEeHHHU TBEPAOro pacTBopa...

NpH KOTOPOH HAaYHHAeTCs CyLIeCTBEHHOe BO3pacTaHHe yJe/bHOH MOBEPXHOCTH, sBJAseTCH Je-
rupparauus [1,4,5). B aurepatype ycranosaeno [5], uTo mocne nermapatauuu yaedbHas mno-
BEPXHOCTb OKCa/aTa HUKeJsi coctaBaser ~80 M2/r, 4To 06yc/ioBJeHO 06pa3oBaHHEM MHKPOTIOP
KanWJISSPHOTO H 1leJIeBOro THIa.

Bropoii cTaguel TepMosHM3a OKcajlaTa HHKeJs SBJSETCS MOJHOe pasjioXKeHHe ¢ 06pasoBaHH-
eM BBICOKOAMCIIEPCHOr0 MOpoLIKa HHKeas. Mcrnonb3yeMbiM B 1aHHOH paGoTe peakuUMsM, [POXO-
SIAM B TeMmepaTypHoM HHTepBane AT, cootBetcTByloT ypasHenus (1)-(3) [2,5,6]:

NiC904-2HoO=NiCyO4+2H,0, AH=178 kIlx /moab, AT=250-290°C (1)
NiCy04=Ni+2C0Oy, AH?=66.5 kI /Mons, AT=330-350°C (2)
CuCy04=Cu+2C0,, AH=-21.3 k]I / Mosb, AT=260-265°C (3)

Ws (2) u (3) MOXHO 3aK/JIOUHTb, YTO /IS TBEPAOrO PacTBOpa OKcajlaTa MelM B OKcajare
HHKeJ, BCAENCTBHE GOMBLIOrO PasiHyuusi TePMHYECKOH YCTOMYHBOCTH KOMIIOHEHTOB, Pasjioxe-
HHe ujeT pasfenbHo. CHayana, pu Gosee HM3KOH TeMmepaType, pasjaraeTcsi oKcajaT Mei, a
3aTeM okcanat Hukeus [1,6].

Hamernenus 8 cmpykmype okcarama Hukeas npu dezudpamayuu

Mo cTpyKTYypHO#t Knaccuukauun Bepuana [7] auruapatsl okcanatos 3d-metannos ¢ obuiei
dopmysioit MCoO4-2H9O oTHOCATCA K KPHCTAIOTHAPATaM, B KOTOPHIX MOJIEKYJibl BOJbI H30JIH-
poBaHbl Apyr ot Apyra. [IpH meruapaTauMH OHH TpPOSBJAAIOT cebs Kak OTAe/bHbIE MOJIEKYJbl H
yaaasiorcess auddysnonHo. [ToaTBepkaeHHe 3TOMY MOXHO HaHTH B paboTax, B KOTOPbIX CTPYK-
Typa M CBOMCTBA OKCalaTOB M3Y4YalHCh METOJaMHM PEHTIeHOCTPYKTypHoro ananusa [8-11,13].
Bce OHM M30CTPYKTYPHBI H, XOTSl B JHTepaType NMPHBOAATCH MPOTHBOPEYHBHIE JaHHbe O BbIGO-
pe 37eMeHTapHOH siYeHKH, CTPYKTYPHBIH MOTHB Yy BceX OMHaKoB. KoopauHaumoHHOe OKpyXe-
HHE KaTHOHa COCTOMT M3 6 aTOMOB KHCJOpOaa, M3 KOTOPhIX 4 MpHHaA/NeXaT ABYM TeTpalleH-
tatibiM rpynnaM CoOy4, W 1Ba — MosekysnaM Bofsl. [liockHe OKcanaTo rpynnbl pacrofioXeHbl
3KBaTOPHA/IbHO, @ MOJIEKYJIbl BOIBI HaXONATCH B aKCHAJbHOM mojioXKeHHH. JleHThl —M~CoOy—
M-CyO4— napanzesibHbl APYT APYTY W 06pa3yloT CJIOH, CBSI3aHHbIe MeXAy co60# BOAOPOAHLIMH
cBA3AMHM Mosekys Boabi, cM. puc.l. ITo 8] snemenrtapuas siueiika poM6MUECKOH CHHIOHHH S
NiC904-2H9O umeer mapamertpui a = 0.7824 um, b = 0.5930 um, ¢ = 0.5335 um. IlaockocThb
okcanaro rpynn napaaienssa (100), a nentsl Hanpasaers Broas [010].
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Puc.l. Cxema npoekUHH CTPYKTyphi OKcajaTa

HuKenss Ha maockocTb (010) u wmsobpaxenue
JaeHTsl ~M-Cy04~M~-C,y04

<y
B
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Ha puc.l, cocraBneHHOM mno JuTepa-
TypHbIM fgaHHbM [8,10], npencrasaeno
Yy y,,i pacrnoJio)xeHHe JeHT W cjoeB. JIeHTH co-

CeJHHX CJIOeB CMelleHbl BOJb HampasJe-
b uuit [001] u [010], u nostomy atomel me-
O Hzo M Tajla PacroJiOXXeHbl B COCEAHHX JIeHTax

co cmewenueM (b +¢ ) /2. Caou okcanaro
IpYNN YepeayloTCs CO CIOAMH MoJeKyJa Boibl. B psine pa6or [9,10] onucano pasynopsinouenne
THNA IeGeKTOB yNAKOBKH, NpeAcTaBisiolee co60i HapylieHHe MOPSAKa B PACTIONOKEHHH JNeHT
sroab [010]. Ato cornacyeTcsi ¢ TeM, YTO JIeHTHl COCEHHX CJIOEB CBSI3aHbl c1a6oil BOAOPOAHOM
cBasbio. [Tocnie ynaneHus Boabl CBS3b MEX/Y JIEHTaMH COCEHHX cJoeB elle GoJee ocaabeBaer,
470 JIaeT BO3MOXKHOCTb MPOCTPAHCTBEHHOrO CMELUEHHs JIeHT. Pe3y/bTaToM 3TOro MoXeT GbITh
H3MEHEeHHe COOTBETCTBYIOLMX MEXIIOCKOCTHBIX PACCTOSHHI ¥ HapylleHHe [albHero nopsaka,
470 NPOSIB/ASIETCS HAa CMELIEHHH M Pa3MBITHH JIMHHH Je6GaerpaMmbl. [IpocTpaHCTBO MeXAY JeH-
TaMH COCETHHX CJIOEB MOXKeT CJAYXXHTb /ISl BBIXOA MOJIEKY/1 BOABl B Hanpasenuu [010].
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Tabauya 1. PesyabraThl ananusa ae6aerpamm NiCoOy4-2H9O u neruapaTHpoBaHHOrO OKcaslaTa

HHKeJs
Ne | OtHoc. |dyy, uMm| (AkI) XapaKTepHUCTHKa JIHHHH nocJjie JAeruapaTauuu
MHTEHC.
1 10 0.465 | 110 MHHHS ocnadesae'r W paclnpsercs, d=0.480 um :
9 1 . ca | opnn [MHTER Jlﬂﬂﬂﬂ pacuwpnercn.
Foa Y ﬁyMeHbmaeTCﬂ : £
3 8 0.298 | 020 |1MHMS MPaKTHYECKH Hcuesaer
41 6 102583 | 102 |nunus ocnaGepaer M paciiupseTcs
5 2 10221 | 202 |npakTHyecKH HCYesaeT Moc/e AerHApaTalHy
6 3 | 0.207 | 212 |auHus NpaKTHYECKH Heyesaer
7 6 VIMHHs IPAaKTHYECKH HCye3aeT
81 6 i JIMHUS NPAKTAYECKH HCueaaeT
9 &0 178 312 |iuHus pacluMpsieTcs W paamuaae'rca
10| 5 | 0.158 | 322 |nuuus pacuiMpsieTcs M pasMHBaeTcs
11 2 0.149 | 232 |nuHMS paclIHpseTCS H pasMbIBaeTCs

B nuTepaType npHBeeHH pe3yJbTaThi PeHTreHO(a3oBOro aHa/lH3a MOPOLIKOBBIX o6pa3uos
okcanatoB [8,11], npoBegeHo TakXe cpaBHeHHe PeHTTeHOrpaMM AMIHAPATOB H 06e3BOXKEHHBIX
okcanatos [11,13], Ho U3MeHeHHS CTPYKTYpHl AeTalbHO He NpoaHaNM3HpoBaHu. B Tabs.l mpu-
Be/leHbl HallM JlaHHble O MEeXMJOCKOCTHbIX PAaCCTOSHHSX dppy ANS AMUTHAPATA H 06€3BOXKEHHOro
oKcajaTa HMKeJsi, COIJacylolldecsi, B OCHOBHOM, C JIHTepaTypHbIMH AaHHuMu [8,11,13]. Hs
AaHHBIX Ta6s.1 BMAHO, 4TO ToCJe AerWjpaTalli¥ Bce JHHHH AeGaerpaMMbl CTaHOBATCS Gojee
IUMPOKHMH, KOHTYPbl HX Pa3MBIBAalOTCS, YacTb JIHHHHA Hcye3daeT. DTO SABJASIETCS CJEACTBHEM
pasynopsiiodeHus JeHT K cJioeB. PaciuupeHue JHHHH NMOA MaJbIMH YIJaMH paccesiHusi O Bbl-
3BaHO TaKkXe ()parMeHTauMeil o6JacTedl KOrepeHTHOro paccesiHHf, TO €CTb yMeHblLUEHHeM Be-
JIHYHHBI 6JI0KOB MO3aHKH KPHCTaJlla COJH. YJa/lleHHe MOJEKYJ BOJbl, PACIOJNOXEHHbIX CJOSMH
napajsenbHo KpucTasnorpapuyeckoit naockoctd (100), faeT BO3MOXHOCTb HEKOTOPOro COJIH-
EHHsl JIeHT H yMeHblUIeHHsl dgpp NMPH OJHOBPEMEHHOM BO3pacTaHWH HWHTEHCHBHOCTH 3TOH JH-
Hum (Taba. 1).

ITo nanubimM [13], okTasapuueckasi KOHGUIypaLUHsi KMCIOPOLHOrO OKPY)KEHHs KaTHOHOB MOC-
Jie NernapaTallid COXPaHfeTCsl, YTO BOSMOXKHO TOJIBKO MPH 3aMeHe KHCJIOPOAA MOJIEKYJ BOJb
Ha KHCJIOpOJ OKCaJaTo FPyMMN W3 JIeHTh cocefHero cjosi. OKcanato rpynmbl OCTalOTCH TeTpa-
NICHTATHBIMH, 3 CABHT JIEHT B COCE[IHHX CJIOSIX MPHBOJAHT K TOMY, YTO CTPYKTYPHBIH MOTHB CTa-
HOBHTCS NOA0GEH TaKOBOMY IUIsi OKCallaTa MeJH, Ile OKTasjpHueckasi KOOpAHHALMs obecreyn-
BaeTcsi 6 aTOMaMM KMCJOPOJa OKCaJaTo Py COCEAHHMX JIEHT B aKCHaJbHOM rosoxeHuu [13].
ITpakTHyecku Hcyesaer auHHsA 020, yTO MOATBepXKAaeT HeperyJsipHbIH CABHI JIEHT B Hanpas-
neHuu ocu aerts [010].

Takum o6pasoM, B pesysbTaTe AerHipaTallid CTPYKTYpa COJIH MpeTepreBaeT CyLIeCTBEHHbe
HapylleHHs: AHcNeprupoBaHHe G6JOKOB, CHBHT 3JIeMEHTOB CTPYKTYPhl, MOSIBJEHHE MyCTOT.
CrpykTypa cTaHOBHTCS Gojiee PHIXJIOH, TaK Kak y6buib Macchl Ha ~20%, NMpH mpakTHUYeckH
HeH3MeHHOM ofbeMe, yKa3biBaeT Ha o6pa3oBaHHe MYCTOT, KOTOpble, KaK W3BecTHO [5), sBasior-
CSl MHKDOMOpPaMH KaNWJ/JISPHOTO WJH LIeJEeBOro THMA, ONpelensiiOllMMH MOBLILLIEHHE YAeJbHOH
noBepxHocTH. Kak BHAHO M3 puc.l, mMpocTpaHCTBO MeXay YeTHIPbMS COCeHHMH JIeHTaMH
B0 HanpaieHHusi [010] MoxeT cayXuTh TakKMM KaHajsoM—MHKporopoi. O6pasoBaHHe CKBO3-
HbIX MOp THNA KaHAJOB HJH KaMHAJAPOB NpoucXoAuT npH Aeruaparaunu CuSO45H90 o
CuSO4-H0 [15], a Takxe npu Tepmonnse Muorux Apyrux sewects [3]. [las o6pasua nopomka
oKcanaTa HuKeJssi, o6e3BoxxenHoro npu 270 °C, Hamu metonom BT onpepeneHo, uto yaenbHas
nnowans cocrapnser 76 m2/r. O6pasopaBlunecs NOpsl MOBHLINAKT PeaKUHOHHYIO CIIOCOGHOCTS
K pasnoxenuio (mpu ganbHeiiueM HarpeBe) He TOJBLKO 3a CYET YBeJHYEHHS OBEPXHOCTH, HO H
3a CYyeT MOSIBJIEHHS BO3MOXXHOCTH 1J1s1 ylajeHus o6pasyiouerocst COo.

Hamernenusn 8 cmpykmype coreso2o meepdozo pacmeopa npu Oe2udpamayuu u pasroxeHul
00H020 KOMNOHeHma

CBe/leHHsI O paCTBOPHMOCTH B CHCTeMe OKcaJaT HHKeJs — OKCajaT MeJd, OCHOBAaHHble Ha

JlaHHBIX PEHTreHOCTPYKTYPHOrO aHaiu3a, HMeloTcsi B autepatype [12]. Unnusuayansubie com
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He H30CTPYKTYPHBI, HO CTPYKTYpPHbie MOTHBB y HHX cxoxu [8,14]. Koopaunauus 6 atomos
KHCJI0poia BOKPYT aTOMa MelH COOTBETCTBYET TeTparoHajbHOW AMNHPaMMie, HO [Ba aToMa B
aKCHaANbHOM TTOJIOXKEHHH TpHHAJ/IeXXaT He MOJeKy/laM BOAbl, KaK B OKcajlaTe HHKeJs, a OKca-
J1aTo TPyMNMaM B COCEIHUX JEHTaXx.

TakuM o6pasom, JenTh —M—CyO4—M—-Cy04— umMeoTCH B 06OHX oKcajaTaxX, HO CBSi3b
Mexy HuMH pasuasi. Honst Ni2* u Cu?* BcTpauBaloTcsi B CTPYKTYpy TBEPAOro pacTBopa, Bbi-
3biBasi MCKaXKeHWsl U OrpaHHYMBAsi B3aMMHYIO PacTBOPHMOCTb KoMroHeHToB. [lostomy onpeje-
JieHWe rPaHyLbl PaCTBOPUMOCTH TpebyeT AONMOJHHTENbHOTO HecaenoBaHusa. C 3ToH Ue/blo HaMK
6bI0 MIPOBENEHO TepMorpaduuyeckoe HccaeOBaHHe COJEBOH CHCTeMbl ¢ W3MepeHHeM o0beMma
BHIIe/IMBLIErocsi Ta3a V M yCTaHOBJEHO, YTO TBepABIH PacTBOp Ha OCHOBe OKcCajlaTa HHKeJsi
MoxeT comepxath 1o 30 Mon% okcanara megu. Ha TepMorpaMmax coOCaXKIZeHHOH COJIEBOH
cicrembl (cM. puc.2a) Hauano MepBOro 3HAOTepMHYecKoro sddexra (nernaparaums) cMeluaer-
ci B CTOpPOHY YMeHblUeHHs TemnepaTyphl. Hauano u KoHen BrToporo 3HI03(pdexTa
(pasnoxeHne okcanaTa HHKeJsl) TaKXKe CABHTAeTCSl K MEHbIIMM TeMIepaTypaM, YTO yKa3biBaeT
Ha CHU)XKEHHE TePMHYECKOH YCTOHYHBOCTH MAaTPHLbI, BCJIeACTBHE HCKaXKEHHH CTPYKTYpbl MpH
JeTHAPATALMH H Pas3/IoXeHHH OKcaslaTa MeJH.

fT,' al Jcmd

260
310 -

20H

10

)

¥ AT v 2 i ¥ T A\l w9 T T T T
300 350 C
/ Puc.2. a — tepmorpammul: | — okcanar me-
VCHS x M, 2 — coocaxJeHHas cojeBas cuctema 80
¥ m" 0, 0,
mMon% oxcanara Hukeas ¥ 20 mon% okca-

LSS

4 Jata MeJd, 3 — oKcanaT HHKens, 4 — HHTe-
rpaibHas KpuBasi; 6 — 3aBHCHMOCTb 06beMma
3 BhIIe/IHBIIETOCSt Tasa MpH  pasJioKeHHH
1 MM coneBoro TBepporo pacteopa () u
2 MexaHH4ecKol cmecH (°) okcanaToB TOro
1 Xe COCTaBa MpH MOCTOSHHOH CKOPOCTH Ha-
0

y rpeBa; B — 3aBHCHMOCTb CKOPOCTH BbieJe-
8 HHSA rasa oT TeMmIepaTyphl

300 350°C Ha puc.2a npencrasiensl _ Tepmo-

rpaMMbl MHIMBHAYaJbHBIX COJed H co-

JeBOH CcHcTeMbl. BHIHO, 4TO 5K30TepMHYecKoe pasjioKeHHe oKcajaTa MeAH B CHCTEMe M0
ypasuenuio (3) mepekpeiBaetcsi ¢ sddekToM Aeruapataunu no ypasaenmio (1), u ynanenue
COy MoxeT uATH 1Mo paHee 06pa3oBaBILIMMCS KaHajaM. Pe3ysbTaThl TepMorpaduu MOATBEpPXK-
JlaloTcs MpeACTaBJEHHBIMH Ha pHc.26,B IaHHBIMH 06 o6beMe BhilesuBLIerocs rasa. Ha puc.2s
I0Ka3aHa 3aBHCHMOCTb CKOPOCTH BEIIeJICHHS! rasa AV/AT ot TemnepaTypsl pas/ioxeHHs AJs
C00CAXKIEHHOH CHCTEMEl M MeXaHHUYeCKOH CMeCH cosiell B peXkMe HerpepbiBHoro Harpesa. O6a
rpa(bm(a M0Ka3bIBaIOT, YTO CHayasla MJeT PasJoXeHHe OKcalaTa Me[H, a 3aTeM OCTaBILUerocs
| OKcallaTa HHKEJS, 10 XapakKTepy OTJHualolleecsi OT Pas/oXeHHs B MeXaHHYEeCKOH CMecH co-
 gell. Pasnoxenne B coocaxmeﬂnon CHCTeMe HauWHaeTCs H 3aKaHYHBAETCS NPH MeHblIeH TeM-

neparype.
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Tabauya 2. PesynbraThl aHanusa fe6aerpaMm COOCaXKIAEHHON COJIEBOH CHCTEMBbl OKcajlaT
Hukeas (80 mon%) — okcanat meau (20 mon%)

OtHoc. | dyy, [(hRI)[OtHoc. | dyy, |(hkl)| XapakTepucTuka JMHHA Noc/e AerHApa-
Ne| ®HT. | um HHT. | pM TaUMH U Pa3JIOXKEHHs CKcalaTa MeaH
[0 JeTHApaTaUMH | roce AeruapaTaLdy

1/ 10 [0463|110| 10 [0.482 110 d yBeauuMBaeTCs, NMHUS pacmnpﬂeTca
21 6 10385/200| 6 }0.390 ) [nuKus pacumpsetca L

3| 8 ]0.294 d yBennuuBaetcs

41 5 10250} 10 02 |aunua pacmmpsietcs

5| 3 10.218 MHHHS pacuIHpseTcs
6f 6 [0205}2 Us paciuupsercs

7] 5 ]0.193 JMHHUS paciIupsieTcs

8| 4 |0185|302| HUS pacuMpseTcs

91 4 ]0.176 JIHHUS pacluupsieTcs
108 TR |iuKuS npakTHYeCKH HedesaeT

nocJje pas.no»(eﬂuﬂ okcanata mean npu 280°C
d yBenuuMBaeTcsl, KaK M [Vl OKcajiaTa HHKeJsi. Bce JIMHUH elie

1| 10 10489110 cuz’lbuee [PACIUHPEHbI H PasMbITH

2| 6 |0.373] 200 |d ymenbmaercs, Kak W 115 oKcanara HEKeas

3 3 |0.250| 102 |aHTeHCHBHOCTb MeHbllle, pacllHpeHa H paamu‘ra

4| 2 10236 112 [nosast nunus, KaK u ANs OKcanaTta HUKeAs

5 0.209 | 111 |runua meu

61 0.129 | 220 |[auuus vean

7 0.109 | 311 |auuus menu

B Ta6n.2 mnpuBeseHbl MEXIUIOCKOCTHBIE PpacCTOSIHHS JJISi TBEeploro pacTBOpa coJeH
(80mMon% oKcanaTa HHMKeasi) A0 M MOC]e JerHapaTallMd, a TakXke [OCJe pasjoXKeHHs MpH
280 °C okcanata mMeau B 3TOM TBepaoM pactBope. [lpu meruaparalMu pacTBOpa H3MeHEeHHs B
CTPYKTYpe HeCKOJIbKO OTJIHYAIOTCS OT H3MEHEHHH IS WHAMBHAYaJbHOrO OKcaslaTa HHMKess. He
TIPOMCXOAUT CONMMKEHHS COCEHHX CJIOeB, TaK Kak dopp He yMeHblllaeTcsi H He Hcue3aeT JIMHHA
020. 310 noaTBepXKAaeT NPEANOJIOXKEHHe O TOM, YTO CBSI3b MeX/y JIeHTaMH COCeIHHX CJIoeB
OCYILIECTBJISIETCS He TOJbKO Yepe3 MOJIeKYJbl BOJbl, HO W uepe3 KHCJIOpOJ OKcajlaTo IpyI, 4YTo
NpensiTcTBYeT MX COJMXXEeHHIO Mocjie ynajleHHs BoAbl. B To Xe Bpems, B pe3sy/bTaTe Jernipa-
TaUMH Bce JIMHHUH PaCIIMPSIOTCS, YTO BBI3BaHO (pparMeHTaluen 6J0KOB M HapylIeHHSMH B pac-
TNOJIOXKeHUH JIeHT. 4

B pesyabrate pasnoxenns CuCoO4 B MaTpHle OKcajlaTa HHKeJsi CTPYKTYpa MOCJ]eNHero
npeTepreBaeT CHJbHOe HcKaxkeHHe. Ha ne6aerpamMme ocTaioTCsl TOJIBKO YeThbipe paclMpPeHHbIX
¥ pasMbITHIX JHHHM (cM. Ta61.2). TTosBasiiOTCS caabble JHHUM MM, YTO YKa3blBaeT Ha (op-
MHpPOBaHHE BbICOKOJAMCIIEPCHBIX KPHCTAJJIOB MeJH BHYTPH OCTaBlIelcA MaTpHLbI, MpejcTas-
Jsomed co6od CHIbHO AMCNEprupoBaHHBIM MOJHKPHUCTAMI, TPOHH3AHHBIM KaHallaMH, uepes
KoTopbie ymansauch Boga W COpg. [lucmeprupoBaHHe, yBeJHYeHHe MOBEPXHOCTH, AedeKTH
CTPYKTYpPbl ¥ Hanps>KeHHsl, BO3HHKAIOLIHE MPH Pa3JioXXeHHH MeHee TePMOCTOMKOrO KOMIIOHEH-
Ta, NMPUBOAAT K CHHXKEHHIO TeMMnepaTyphl Hauyaja pPasjloXKeHHsl OCTaBLIErocs OKcajaaTa HHKeJs,
YTO M MOATBEPXAAeTCH AaHHHIMHU Tepmorpaduu U BomomoMeTpuu (cM. puc.2).

[Ipu panbHedleM HarpeBaHWH pasjiaraeTcsi OCTaBIIMHACH oKcajaT HHKeasi. Tak Kak peakuus
TEPMOJIH3a KAET MpeXxie BCero Ha MOBePXHOCTH M JedeKTax CTPYKTYphbl, TO BO3HHKHOBEHHE
aTOMOB HHKeJsi U (OpMHPOBaHHE KPHCTaJJIOB HHKe/sl HaUHHAETCH OJIHOBPEMEHHO Ha MOBepX-
HOCTH Mop H MeX¢a3HbiX rpaHuuax. O6pasoBaHHe 3apojbillledl ¥ POCT MHOXECTBA BbICOKOIHC-
MepCHBIX KPHCTANIOB HHKeJISl COMPOBOXKAIOTCS ClIeKaHHeM MX APYr C APYTroM M C KpHCTa/liaMi
Me[lH, YTO MPHBOAHT K TOMOreHH3alMH CIJaBa. PeHTreHo(a3oBbli aHa/JM3 [0OKa3biBaeT, Y10
MPOAYKTOM MOJHOTO Pa3jOXKeHHs SIBJSeTCs NMOPOUIOK CMJaBa, MpejcTaBisioulero co6oi Tep-
I pacTBOp HHKeJb—Melb. B pesyabrate cnekaHusi ¢opMHpyeTCS NOPHCTBIH CPOCTOK:
arjioMepar, NpOHH3aHHBIA CKBO3HBIMH MopaMH-KaHanamM. Ha 3aBepluaiouieM sTane KaHaibl
MOTYT PacUIMpATBbCS 32 CYeT YCaJKH NPH CNeKaHWH W CTaHOBATCA BMAMMBIMH Ha MpOCBeT B
3JeKTPOHHOM MHKpOCKONe KaK CKBO3Hbie Me30- M Makponophl. Ha puc.3 npencrasieHo
HECKOJIbKO TAaKHX MOPHCTHIX CPOCTKOB, Ha KOTOPHIX XOPOLIO BHAHbI CKBO3Hble nopul. KoHTyps
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pasMepbl CPOCTKOB IIPHMEPHO COOTBETCTBYIOT HCXOAHBLIM KpHCTa/dJjaM COJIH, H TaKHe H30M0p¢)'
Hble oépasoaamm NpeaACTaBJASAIOT cobon [TOPOLUMHKH — YaCTHLBI BBICOKOAWCIIEPCHOro nopoul-

Puc.3. [TopucTble MOPOIUMHKH CIUIaBa HHKeJb—Me[b, IMOJyYeHHble TEPMOJIH3OM COOCaXKAEHHOH COJIeBOH
cictembl okcasnatoB Hukeas (70 mon%) u mean (30 mon%). a — HeynopsaoYeHHOe pacrooXKeHHe Mop,

6 — ynopsiioueHHOe pacrojioXXeHHe nop, B — obpasoBaHHe 6eCrOPHCTOH KOPKH IO KpasM MOPOLIMHKH
NpH CreKaHHH

CKBO3HbIe TOpBI He HMeIOT NpaBHJbHOH (opMmbl. Ecau npuHATL A5 ceyeHHs Mophl (Gopmy
Kkpyra, To aAnameTp ero coctaBasieT 10-50 HM, MHorHe nopbl 06beAHHAIOTCS B MpoLecce creka-
Hust B Gosee kpynHbie 10 100 HM W MoryT 6HITb OTHeceHbl K Me30- M Makponopam [3]. Pac-
cTosiHHe MeXay mopamu coctasisieT ~10-50 HM. Bo MHOrMX mopowMHKax oT4eTAHBO Habuiosia-
eTCsi yNOpsiAOYEHHOe PACToJIoXKeHHe TOp BAOJb KpHCTajjlorpaduyeckoro Hampabiaenus. Bos-
MOXHOCTb TaKOTO YIOPSIIOUEHHs TMOp NpPH MOJYYeHHWM PasMuYHBbIX aJicop6eHTOB OoTMedaercs B
aurepatype [3]. HenocpeacTBeHHO B MHKpOCKOMNe, TPH HarpeBe 3JEKTPOHHBIM MYYKOM, MOXKHO
HabnofaTh JanbHelillee CrieKaHHe CPOCTKa, CONpPOBOXAAIoLleecs YMEHblLIEHHEM ero pa3MepoB.
[Ipy 3TOM NMPOMCXOAMT YKPYNMHEHHe OJHHX IOP H HCYe3HOBEHHe JAPYrHX, HX KoajecleHUHs H

o6pasoBanie Mo KpasM GecrOpHCTON KOPKH, YTO COOTBETCTBYET 3aKOHOMEPHOCTSIM MOBeJeHHS
ancam6iis nop npu Harpese [15].
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Kharkov University Bulletin. 1999. Ne437. Chemical Series. Issue 3(26). V.N.Kolesnikov.
Porous metal powders formation under thermal decomposition of a nickel and copper OX-

alates solid solution.

Thermal decomposition of a nickel and copper oxalates solid solution proceeds in three successive
steps: dehydration, decomposition of copper oxalate followed by decomposition of nickel oxalate.
Using methods of R-phase analysis, thermography and electron microscopy it is shown that when wa-
ter and carbon dioxide are removed direct channels are formed, these being transformed into meso-
and micropores upon nickel oxalate decomposition. The resulting powder of a nickel-copper alloy con-
sists of agglomerates of microcrystals penetrated through ordered pores as channels 10-100 nm in

diameter.

70




BectHuk Xapbkosckoro yrusepcuteta. 1999. Ned37. Xumus. Boin.3(26)

YK 541.128
KATAJIU3ATOPbI AN OKUCNEHUA AMMMUAKA CUCTEMbI Fe03; — BaO
© 1999 H.H.3axapuenko’, H.H.lIpotusens’

MCCﬂeAOBaHbI KatanuMTMyeckue CBOMCTBA M ¢a308blﬁ COCTaE MXene3oOKCHMAHbIX Kartanu3iaTopos

ANA OKMCNEeHUss aMMMaKa, MOAM¢HMMPOB€HHbIX OKCHUAOM 6apm| B LUMPOKOM AuanasoHe KOHUEeHT-

pauuii Mmoaucbukatopa. YcTaHoeneHa Bbicokas cenektueHocTs no NO Katanu3aTtopos 4acTHOM cu-

crembl BaFe;04-Ba0, copepixaupmx HectexvomeTpuyeckue coepuHerus. MokasaHo, 4To KatanuTu-
yeckue cBOMCTBA Kene3obapuesblx OKCHAHBIX KAaTanM3aTOPOB ANA OKWUCNEHWS amMMmuaka onpepge-

NAIOTCA COCTABOM U CTPYKTYpOWH chepputos Hapus.

Ipouecc KaTaauTHYecKoro okHcaeHus amMmuaka 10 NO cocTaB/isieT 0OCHOBY MPOMBIILIJIEHHO-
ro cnoco6a mosyyeHHs a3oTHOM KucaoThl [1]. TTorck BbICOKO3((PEKTHBHBIX OKCHAHBIX KaTajH-
3aTOpPOB /sl JAaHHOTO Mpolecca fBASETCS aKTyaJbHOH 3ajaved Mo NPHYMHE BBICOKOH CTOMMOC-
TH, NePHLUMTHOCTH M 3HAYMTEJbHBIX 6e3BO3BPATHHIX MOTEPb B TEXHOJOTHYECKOM TMpolecce
NPOMBILLIEHHBIX KaTaJu3aTopoB (Cr/iaBoB IUIaTHHBI, poAus M najianus). OnHo# W3 nepcnek-
THBHBIX OCHOB OKCHMAHBIX KaTa/u3aTopoB siBisiercs okchi xesesa ([II). C uesnbio coxpaHenus
BLICOKOM aKTHBHOCTH M cesieKTHBHOCTH Mo NO, MoBBHILIEHHS TEPMOCTOHKOCTH KeJle300KCHHO-
0 KaTa/lM3aTopa NPHMEHSIOT pa3/iHyHble MOAHHUMpYIOLIHe N06aBKH, B YaCTHOCTH, OKCHIbI
metannoB II rpynnel ITepuoanueckoii cuctemsl ssementos [1, 2]. JlByXKoMIIOHeHTHBIe KaTaju-
THYECKHE CHCTEMbl, COfepKalllie OKCHAB MeTasioB Il rpynnel, B MoJHOM HHTepBaje COCTaBOB
HeeseioBaHbl He G6buTH. B uacTHocTH, cucrema FegO3-BaO 6buia mccsenoBaHa NnpH MaccoBoi
pone okcuaa 6apusi 1.0 u 2.0 % [1, 2]. Uccnenosanne katanusatopos cuctems FegO3-BaO B
IUHPOKOM [Hana3oHe COCTaBa MPeACTaBJsieT Kak TeOpeTHYeCKHH, TaK M NMPaKTHUECKHH HHTepec
A pa3paGoTKM HayyHO OGOCHOBAHHBIX MeETONOB IOAGOpPa KaTalHW3aToOpoB C 3aaHHBIMH
CBOHCTBaMH.

Jlasi oueHKH BausiHusi Moauukaropa (BaO) Ha cBoicTBa )Ke/le300KCHAHOTO KaTalW3aTopa
BHINOJIHEH TepMOAMHAMHYECKHH aHaJM3 KaTaJlHTHYeCKOH cucteMbl FepO3-BaO [3]. Pesyasrarhi
TePMOAMHAMHYECKHX pacyeToOB TMOATBEPAMJNH BO3MOXHOCTb 06pa3soBaHHS  COeIWHEHHH
BaFe 90,9, BaFeqOy4, BagFe9Os [4-7]. B uacTHO¥ cucTeMe rekcadpepput Gapusi — MOHOMEppUT
Gapusi, 10 JMTepaTYpHLIM JaHHbIM [6, 7], o6pasyeTcs mertactabuibHoe coenuHenue BagFegOq,
YTO TaKXe coryiacyeTcsi ¢ pesyJbTaTaMH TepMOJMHAaMHUecKoro aHanusa. B cucreme BagFeoOjp
- BaO o6pasyeTcsi TepMOJIHHAMHUYECKH YCTOHUYMBBIe coenHenus, BagFeoOg [6, 8], BasFe 0,3
[4, 9, 10], BasFeyOg [6, 8, 10]. OTanunTenbHON 0CO6EHHOCTBIO COENHHEHHH NaHHOH CHCTEMb
BASIETCH OTKJOHEHHE OT CTeXHOMEeTPHH, NMPOHUCXOAsilee B KHCIOPOACOAEpXKalleH ra3oBoi cpe-
ge. PesyabTaThl pacyeta M3MeHEeHHSl CTaHAAPTHOrO H306apHO-H30TEPMHYECKOro MNOTeHLHa a
peakuni B3auMoneHcTBHS (GeppHTOB GapHsi ¢ aMMHAKOM CBHIETEJNbCTBYIOT O BBICOKOH BeposiT-
HocTH o6pasoBaHust NO B cayyae rexcadepputa 6apus ¥ npeiesbHO OKHCJIEHHOH (opMbl coe-

muHenus BagFeoOs [3]. Cornacho cyuiectsyiowmum npeactasienusm [1, 11], sto ykaswiBaer Ha
_ BBICOKYIO CEJIEKTHBHOCTb MOAMGDHUHMPOBAHHBIX »KeJEe300KCHIHBIX KaTa/lM3aTOPOB MO OKCHAY
asora (II) (B manbHeiilIeM - CeIEKTHBHOCTD).

KatanuaaTopbl rOTOBHJIM TepMHYECKMM pa3/ioXKeHHeM Ha BO3JlyXe cCMecel HOHarujapara xe-

~se3a (II) u Hutpata Gapus u.j.a. Kak onucaHo paHee [12]. CenekTHBHOCTH KaTanH3aTopoB

onpefieasiiu no uaBecTHo# Meromuke [13]. TemnepaTypa ucnbiTaHHI MOAMGHLMPOBAHHBIX Ka-
- TalH3aTopoB (1053 — 1073 K) cooTBeTcTBOBaJa MaKCHMAaJbHOH CeJIEKTHBHOCTH OIHOKOMIIO-
_ HEHTHOrO XKe/e300KCHAHOTro Kartanusatopa [12]. PenTrenoasoBuiii aHa/iW3 NpPOBOAWJH Ha
muppakromerpe YPC-50M Ha Fe - K, usnyuenun. MK — crnexTpbl morsiouleHHsi CHHMalH Ha
- cnektpodotomerpe UR-20 B o6nactn 400-2000 em! ¢ ucnonb3oBaHueM TabneTok U3 Gpomuaa
. Kamusi B KayectBe MaTpuubl. ColepikaHHe KHCJIOpOJa B HECTEXHOMETPHUECKHX COEJHHEHHSAX
onpefesiAa XHMHYECKHM MeTofiom [14].

- PesyabraThl McciefoBaHMR (a30BOro coCTaBa M KaTAJHTHYECKHX CBOHCTB cHcTeMbl FegOs-
BaO npeacTaBieHbl B Tabnuue 1 W Ha pHcyHKe 1.

—
* Focydapcmeenneiil aspokocmudeckuil yrusepcumem uM.7H.E)Ky;coecrcoao, 2.Xapoxos
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Tabauya 1. PazoBbifi cocTaB KaTaduTHYeCKOH cHcTeMbl FegO3 - BaO

KonuenTtpauus MonudHKaTopa
BaO, macc. noasi, %

®azoBbif COCTAB KaTalH3aTOPOB
903 + BaFe 901g

q—Fe

138490  iBaFejs aFegOy
. 49.0-65.8 BaFegO4 + BaFeOgpp
658742 |BaFeOpgr + BasFepOg6
.. 142771 T3epblil pacTBop BasFeyOg 04 B BagFesOg 16 _
o 77.1-82 epasiit pacrsop BasFeyOg o4 8 BagFegOg 16+BasFesOg g

82.8-100.0 BasFeoOg o4 + BaO

BBesieHne B OJHOKOMMOHEHTHBIH KeJ€300KCHAHbBIA KaTa/lM3aTop CO CTPYKTYPOH reMaTHTa
(a~FegO3) mo6aBku okcuna Gapusi ¢ Maccosoi goneil 1o 13.8% npuBOIUT K 06pa3oBaHHIO CO-
e[IHHeHHs C OCHOBHBIMM MeXIUIOCKOCTHbIMH paccrostHuamu 0.277; 0.262; 0.163 um. aHHbIH
Habop JIMHHMH DeHTreHOrpaMMbl XapakTepeH AJis rekcageppurta 6apusi (BaFe 9Ojg) co ctpyk-
Typoi MarHetonmom6uta [4]. CeleKTHBHOCTD MOAMGHIMPOBAHHEIX KaTalH3aTOPOB CHCTEMBI
FegO3- BaFe 9019 MOHOTOHHO CHMXKaeTCsi C POCTOM KOHLEHTpaUHH rekcadepputa 6apus u 1o-
cruraet 3Hayenusi 88.2%. Takum obpasoM, cenekTHBHOCTh BaFe 909 ycTynaer aHaJOrHuHOI
xapakrepucTike rematuta (94.7% npu 1073 K) [12]. YBennuenue KonueHTpauun MoaudpHKa-
topa ot 13.8 1o 49.0 Macc. gonu % NPHBOIMT K CHUXXEHHIO CENeKTHBHOCTH KaTaJMTHYECKOH
cucTeMbl 10 74.3%, uTO OGBACHSETCS yBeJHUEHHEM KOHUEHTPAaUWH MoHOGbeppHTa Gaphs B
yacTHOM cHcTeMe BaFe 909 - BaFegOy4. Mamenenue ¢asoBoro coctaBa nmoaTBepXKIAeHO AaHHbI-
mu HK-cnekrpockonuu. B UK-crnektpax katanusatopos ¢ macc. noneii BaO no 13.8% uabaio-
JaeTcsl 1MoJI0ca TMOIVIOLeHKst B o6acti 575 cM™!, xapaktepnas nns rekcadeppura 6apus [15].
YBesuyeHHe KOHLEHTpaUMH Moau¢puKaTopa Ao Mace. aoau BaO 49.0% npuBomuT K CMellleHHIO
Hauboslee MHTEHCHBHOM MOJIOCH MOrJoLIeHHs: B obaacTb yactor 600-620 cm~!, yto coorBer-
CTBYeT BaJeHTHBIM KoJIeGaHHSIM XeJsie30 — KHCJOPOJ B TeTPasApHYeCKOM MOJIOXKEHHH CTPYKTY-
pbl MoHodeppuTa Gapusi [16]. TakuM 06pasoM, cesleKTHBHOCTb MOAH(HUMPOBAHHBIX KaTa/iH3a-
TOPOB B YKa3aHHOM J[Hana3oHe COCTaBOB M3MeHSEeTCS aHTHOATHO OTHOCHTEJNbHOMY COAepa-
HHIO TeTPas[pHYECKH KOOPAMHHMPOBAHHBIX KaTHOHOB XXeJe3a, YTO COIJIaCyeTcsi ¢ COBpPeMeHHbI-
MH MpeJCTaBJeHHSIMH O NpeobJafalolleM BKJajfe OKTa3APHUYECKOH MOAPEIIETKH CJOXKHBIX KHC-
JIOPO/IHBIX COEJIHHEHHs MeTajlJIoB B KaTaJlHTHYEeCKHe MpOoLecChl OKHC/JEHHWS BelLIeCTB, B TOM
yncsie aMmuaka [17].

B ob6sacti MaccoBbIX foJeH MOmHQH-

100 katopa (BaO), npesniaomux 49.0%, ¢
MOHO(eppHTOM Gaphsi  COCYLIECTBYET
COeflHHEHHe C OCHOBHLIMH MeXILIoc-
KOCTHBIMK pacctosinuamu 0.286; 0.285;
0.202 HM M rekcaroHaJbHOH CHMMETpH-
el 3/JeMeHTapHOH suelkH. Peaysbrar
PeHTreHo(a30BOro aHa/nW3a CBHAETENb:
cTByeT 06 06pa3oBaHHH COEJHHEHHS
BaFeOg3., [8], rne x=0.38 npu nanubx
YCIIOBHSIX TepM0o06paboTKH KaTaju3aTo-
pa M cocTaBe ra3oBOM Cpefbl. YBeJuye-
HHe KOHLEHTPaLHUH COeJIHHERHA
BaFeOg g2 B MOmM(HUHMPOBaHHOM KaTa-
JIH3aTope CMOCOGCTBYeT BO3PACTaHHI
CeJIEKTHBHOCTH, 4TO COIJlacyeTcsi C pe-
3y/JbTaTOM TEePMOAHHAMHYECKOTrO aHal: .
3a [3]. Cunxenue ceseKTHBHOCTH C poc:
0 o T Tl ToM KOHLEHTpaUMM  MoAMduKartopa of

0 20 40 60 80 100 65.8 no 74.2 macc. momu % cBA3aHo ¢

macc. pons Ba0,% 06pa3oBaHHEM OTHOCHTENbHO MaoaK-

Puc. 1. 3aBHCHMOCTb CeNEKTHBHOCTH KaTaJHTHYECKOM THBHOrO COEIHHEHHS BazFeqOg 16 ¢
cuctembl FegOj3 - BaO ot koHueHTpauun MOAHOHKATOPA  (cHOBHBIME — MEKIJIOCKOCTHBIMH pac-
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crosusMue 0.324; 0.298; 0.243; 0.210 UM ¥ TeTparoHajbHOH CHMMETpHeH SJeMeHTapHOH
sueiiku [6, 8]. B unTepBane KonuenTpaumii ot 74.2 no 82.8 macc. noau BaO %, oGpasyertcs
BBICOKOAKTHBHOe coefnHeHHsi BasFegOgo4 ¢ Ha6opoM OCHOBHBIX JIWHWH peHTreHOrpamMmsi
0.362; 0.318; 0.308 um [8,10]. YBeanuyeHne nmapaMeTpoB 3JeMEHTApPHOH SYEHKH COEIHHEHHs
BazFegOg 16 ¢ pocTOM KOHUEHTpPAUHH MOAH(DHKATOPAa CBHAETENbCTBYET O PaCTBOPHMOCTH coe-
nuHennss BasFegOgoq B HecTexuoMeTpuueckoM deppute TpHGapusi, COCTAaB HACHILEHHOTO
TBEpPAOTO PacTBOpa cOOTBeTCTByeT Macc. 1oaH BaO 77.1%. OAHOKOMNOHEHTHbIA KaTaiu3aTop
cocraBa BasFegOg o4 mposiBasieT HauGoJee BBICOKYIO CEJEKTHBHOCTb B PSIAy PacCMOTPEHHBIX
Bhille KaTanusatopos chcTeMbl FepO3-BaO. Peskoe cHHXeHHe Ce/IeKTHBHOCTH KaTa/JM3aTOPOB
¢ Macc. goneit BaO ceoiwe 82.8% cBsizaHO C MOSIBIEHHEM H POCTOM KOHUEHTPALUHMH Malloak-
THBHOH (asbl okcHaa 6apusi, cenekTuBHOCTh BaO cocrasasiet 6.5%. Jlo6aBku okcuaa 6apusi K
reMaTuTy, corsiacho [1,2], NOBHILIAKT TePMUYECKYI0 H XHMHYECKYIO YCTOHYHBOCTb CHCTEMbI B
KaTaauTHYeckoM npouecce. [losyueHHble NaHHble NO3BOJSIOT BLIOPaTh ONTHMAJbHBIH COCTaB
MOAH(HLMPOBAHHBIX KaTa/lH3aTOPOB.

Takium 06pa3oM, CeJeKTHBHOCTb HCCHeNOBAaHHOH CHCTeMBl ONpefle/iieTc XHMHYeCKHM co-
CTaBOM H CTPYKTYpPHbIMH ocobeHHocTsiMH (epputoB [13, 17]. HecTexnomeTprueckue mno Kwuc-
Jopony coeauHeHusi cucTeMbl FegO3-BaO, kak npaBujio, XapakTepH3ylOTCSl BBICOKMMH 3Haue-
nusMu cenektuBHocTH (BagFegOg o4, BaFeOg g9), uTo CBSI3aHO ¢ MeXaHH3MOM MPOTEKaHHS pe-
akuuu [1,17].
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MccneposaHbl KaTanuTUHECKME CBOWCTBA heppuTa LMHKA B MHTepBane Temnepartyp 873 - 1273 K. Flo-
Ka3aHa 3aBUCMMOCTb CENEKTMBHOCTM KaTanu3atopa oT spemenu pabortsi npu temneparype 1073, 1173,
1223 K. PaccMoTpeHbl NpuuMHbI Ae3aKTHBaUMKM KaTanu3satopa no okcuay asorta (II).

Katanutuueckoe OKHMCJeHHe aMMHaka 10 okcuaa asota (II) siBaseTcs 0CHOBOH NpOMBILIIEH-
HOro cnoco6a moJyyeHHs a3oTHOH KucaoThl [1]. Beicokasi croumocTb, 1eUUHTHOCTD H 6e3B03-
BpaTHble TOTEpPH B TEXHOJNOrMYEeCKOM Mpolecce NPOMBILIIEHHBIX KaTaqn3aTopos (cnsiaBos mia-
THHBI, POJHS, Na/JIafiksi) BbUABUIAIOT aKTYya/lbHYI0 3aflady MOMCKa 3((EKTHBHBIX HEeMIaTHHOBBIX
katanusatopos (HK). Okcun xenesa (III) sipasercs omHo# u3 mepcrnekTHBHbIX ocHoB HK
yXe ceiiyac INpUMeHseTcsi B KayecTBe BTOpOHl CTyNMeHHM AByXcTyrnenyato cuctemn [1,2]. C
LIeJIbI0 COXPaHEHHS! BHICOKOH AaKTHBHOCTH M CeJIeKTHBHOCTH, MOBBILIEHHS TePMOCTOMKOCTH Xe-
JIE300KCH/IHOTO KaTaJH3aTopa NPHMEHSIOT pa3jiHyHble MOAH(HUHMpYIOUIHe N06aBKH, B 4YacT-
HOCTH OKcuasl MeTamioB II rpynnel [Tepuoauueckoii cucrembl sjementoB [1-3]. Hakonuenue
9KCMEePUMEeHTaJIbHbIX AaHHBIX MO KaTaJUTHYECKHM CBOHCTBAaM CHCTEM Pa3JIHYHOTO XHMHYECKOro
COCTaBa, CTPYKTYPBI, XHMHYECKOH NpPEeAbICTOPHU MpPEeACTaB/seT He TOJbKO NPaKTHYECKHH, HO H
TeOpeTHYEeCKHH HHTepec ANs Pa3pabOTKH HayyHO 0GOCHOBaHHBIX MeTOJOB noabopa KaTaaH3a-
TOPOB C 3aAaHHbIMH cBoicTBaMH |1-9]. Hacrosias pa6oTa mocBsiieHa Hcc/e10BaHHAM (eppH-
Ta UMHKa, KaK KaTaJH3aTopa /sl OKHCJeHHS aMMHaka. PeppHUT UHHKA KaK KaTalW3aTop AaH-
HOTO Mpoliecca paHee He uccaenosancs [1,2).

Karanuaatop roToBHAM TepMHYECKHM pa3/oXKeHHeM Ha BO3JlyXe cMeced T'MAPaTHPOBAHHbIX
uutpartos xesesa (Fe(NO3)3-9H0) u uuuka (Zn(NO3)e-6HoO) ksanudukauuy 4.4.a., B3ATHX
B PacueTHOM COOTHOLIEHWH 1o onucaHHoi Metoanke [10]. CeleKTHBHOCTb KaTanM3aTopoB M0
NO onpenensiiach Ha yCTaHOBKe NPOTOYHOrO THMNA C KBapLeBLIM peakTopoM auamerpom 2-1072
M 1o H3BecTHO# Metoauke [11]. Bricota csios rpanyn katanusartopa cocrasiasia 4-1072m, co-
JepXKaHHe aMMHaKa B aMMHayHO-BO3YLUHOH cMecH - oKoo 10% o6beMHBIX, BpeMsi KOHTaKTH-
poeanusi 1072 ¢, auneitnas ckopocth razos 0.2-0.8 M/c npu H.y., nasnenue 1.01-10° ITa. UK-
CeKTpHl MOTJIOLIEHHS CHHMAIK Ha cnektpodorometpe UR-20/8 ob6nactu 400-2000 cm~! ¢ ue-
nosib3oBaHHeM TabJeTOK M3 GpoMHIa Kajus B KauecTBe MaTpuu (aaBieHue npeccoBanusi 392
MIIa). PentreHohasoBslii aHaiu3 npoBoauay Ha audpakromerpe YPC-50M ¢ Hcnosib3oBanueM
Fe—K, uanyyenus.

CHHTe3HpPOBaHHbIM KaTalM3aTOp C OCHOBHBIMH MeXIJIOCKOCTHbIMH paccrosiiusimu 0.2970;
0.2530; 0.1610; 0.1484; 0.1782; 0.1122 um coorBeTcTByeT (eppuTy uMHKa (ZnFepOy) co
WnKHeAbHOM cTpyKTypoi [12]. JlaHHble XMMHUECKOro aHajM3a NOATBEPXKAAIOT COCTAaB CHHTe:
3HPOBAHHOTO KaTajlH3aTopa.

PesysbTaThl HCCNeNOBaHHH BIHSIHHSI TeMIepaTyphbl Mpolecca Ha CeJIeKTHBHOCTb M0 OKCHIY
asora (II) (B nanbHelileM ceseKTHBHOCTb) NpeAcTaBaeHHl B Tabauie 1.

DeppuT UMHKA, M0 cpaBHeHHIO ¢ okcugoM Xesesa (III), xapaktepusyercsi Gosiee HH3KHM
3HayeHHEeM CeJIeKTHBHOCTH B BeICOKOTeMnepaTypHoi obaactu 1053-1273 K 1 MoxeT cunTarhes
THITHYHBIM CpeJHeTeMIepaTypHbiM KaTaiusatopom [1,2]. Hanpumep, npu Temneparype 1053 K
ceJIeKTHBHOCTh (eppuTa UMHKA Ha 6.4% Huxe, yem y rematnta o—FegO3 (88.3 u 94.7% co-
otetctBerHo) [10]. Xapaktep 3aBHCHMOCTH CeJEKTHBHOCTH OT TeMIepaTypsl MJisi (eppHTa
UWHKa M okcupa xeaesa (III) amamoruuen [13], T.e. ¢ HanuuMem oAHOM 3KCTpemalbHOR
(makcumyMm) Touku. OfiHako y (eppHTa UHMHKAa MAaKCHMYM CeJeKTHBHOCTH CMellleH B 06.acTh
GoJiee BBICOKMX 3HauyeHHH TeMmepaTypsl Mo cpaBHeHHi0 ¢ a-FegOs (1083 u 1053 K coor
ctBeHHo). Kpome Toro, ¢eppHT UMHKa XapaKTepHuayeTcsi Gojiee MIMPOKHM HHTepPBa/OM Te
parypsl (953-1193 K) ¢ BHICOKMMH 3HAaYeHHSIMH CeJeKTHBHOCTH 110 CPaBHEHHIO C OKCHJIOM Xe

* Focydapcmeennoiil aspokocmuyeckul yrusepcumem um.H.E XKykosckozo, 2. Xapvkos
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nesa (III), LS KOTOPOro STOT MHTepBaJ NOBOJMbHO y30K M cocraBasieT 50-60° [13]. B uesom,
(beppHT UHHKA YCTyNaeT MO CeJeKTHBHOCTH IeMaTHUTy B HMCCJEJOBAHHOM TeMNepaTypHOM HH-
TepBae.

Tabauya 1. CenektuBHOCTb KaTajusaTopa ZnFegO4 npu pasiuuHbIX TeMmnepartypax npouecca

Temnepatypa, K

CeleKTHBHOCTDb
no NO, %

Temnepatypa, K

CeJ/IeKTUBHOCTh
no NO,%

88.40
88.20
- 88.00
87.90
87.30
86.30

Pesy/ibTaThl HCC/IeJOBAHHS 3aBHCHMOCTH CeJIEKTHBHOCTH KaTa/lH3aTOpa OT BpeMeHH paboThl
npu Temneparype mpouecca 1073, 1173 u 1223 K npesacrasiieHbl Ha puCyHKe 1.

{ 1083
e s
1123

Y
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88 133 . g & . o < < + % & <+ g
il ——T=1073 |
86 —a— T=1173
28 ——T=1223 |
84 -
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81 -
80 el
0 20 40 60 80 10 12 14 16 X

4
Puc. 1. 3aBHCHMOCTb Ce/EKTHBHOCTH KaTanusaTopa oT BpeMeH pabotsl. [To ocu X otyioxeHo Bpemsi paGoThi
@rausaTopa B yacax, no ocH Y - ce/leKTHBHOCTb KaTa/nusaropa no NO, %

- CenexrBHOCTL eppHTa UMHKa npu Temnepatype 1073 K ymeHbwaercs co BpemeHeM pa-
jotsl HeanaunTeabHo (0.15% 3a 155 yacoB), YTO CBHAETENLCTBYET O BBICOKOM CTaGHIBHOCTH
alM3aTopa MpH AaHHbIX ycioBHsix. CelleKTHBHOCTb e okcuia xkeunesa (III) nmpu Tex xe
OBHSX MCIbITaHH# cHMXKaeTcsi Ha 3.3% [10]. ¥YBeauuenne temnepaTypn npouecca go 1173
PHBOJMT K GoJiee pe3KOMY CHHXKEHHIO CeJIeKTHBHOCTH KaTanuaaTopa (1.6% 3a 155 u pao-
, XOTA ¥ B 3TOM cJayyae (eppuTHas cucTeMma Gojee cTabuibHa, ueM o—FegOs (no ganHBIM
yMeHblEHHe ceJeKTHBHOCTH cocTaBisieT 6.7% 3a 93 yacoB pa6oTsi). [Tepexoll B BHICOKO-
patypHylo o6nacTh npouecca okucienus ammuaka (7>1173 K) [1] npuBoaut x cyue-
HOMY CHH)XXEHHIO CeJIeKTHBHOCTH (eppuTa UnHKa (6.2% 3a 155 uacos pa6otsi npu 1223
5 BHISICHEHHS] NPHUMH [Je3aKTHBAlMK KaTajH3aTopa McCJefoBajicsi XHMHYECKHH M ¢aso-
0CTaBbl CHCTeMbi, €e CTPYKTYpa. PeHTreHorpaMmel KaTaiu3atopa nocje pabors npu 1073
€pXaT KaK JHHHH (eppuTa LUWHKa, Tak M ciabbie aunuu 0.485; 0.297; 0.253; 0.242;
0.1712; 0.1614; 0.1485 um, xapakrepusie aas marHetuta (FegOy4) [12]. DroT BBIBOA
Knaercs naHnbIMH  WK-crekTpockonuueckux uccnepoBanuii (mossienue B HK-
KaTaJH3aTOPOB JOMONHHTENbHEIX mosoc noraowenus (II1) marnetnta - 407, 427,
7, 673, 980 cm~! [14]). Marnetnt, cornacko [10], nonasssieT ceseXTHBHOCTb KaTa/Iu3a-
0% npu 1073 K), T.e. siBAsieTcsi Mal0akTHBHOK (a3oii. MHTeHCHBHOCTb (ha3oBhIX Mpe-
i KaTanM3aTopa MOJ BJHSIHHEM peakLHOHHOH cpellbl yBeJHYHBAeTCs C MOBLIEHHEM
Dbl npouecca (yBenMyeHHe HMHTEHCHBHOCTH OCHOBHBIX JIMHHH MarHeTHTa Ha peHTre-

75



H.WU.3axapueHko, B.B.Cepenenko

HOTpaMMax; Bo3pacTalHe uHTeHcuBHoctH ITIT okcupa xenesa (II-1II) 8 UKC karanusaTopa).
YBeanueHHe KOHUEHTPAUKHH MajoaKTHBHOH (a3bl NPH MOBLIIEHHHX TeMNepaTypax MPHBOAHMT K
GoJsiee pesKOMY CHHXKEHHIO CeJIeKTHBHOCTH KaTanusatopa. Kpome Toro, B oTpaboranHOM ¢ep-
puTHoM Karanusatope (1173 u 1223 K) o6HapyxkeHa HoBasi (pa3a cHCTeMbl C Ha6opoM JHHHH
Ha pentreHorpamme 0.281; 0.261; 0.246; 0.191; 0.1474 uM, XapaKTepHBIMM /ISl OKCH/Ia LMHKa
(ZnO) [12]. B monosHHTENbHBIX OMBITAX I10Ka33aHO, YTO CEJEKTHBHOCTb OKCH/A LIMHKA HeBhICO-
kas (25.0% npu 1073 K), T.e. naHHas dasa sBisieTcss MajoaKTHBHOH. [TosiBIeHHe Masoak-
tuBHbIX a3 (Fe3O4 u ZnO) npH TNOBBILEHHOH TeMmepaType CBSI3aHO C OKHMCJHTEJbHO-
BOCCTaHOBHTE/bHBIM MeXaHM3MOM NPOTeKaHWS peaKUMH OKHcJeHHs ammuaka [1,10] u xopouo
corfacyeTcsi ¢ JaHHBIMM TepMOAHHaMHueckKHX pacyeToB [15]. [Tox BaMsiHHeM TeMmmepaTyphl H
PEaKUHOHHOM Cpelbl KaTaAu3aTop IpeTepneBaeT cjabble CTPYKTypHbhle  M3MEHEHHS
(pexpucTanu3anus, MsMeHeHHe KaTHOHHOTO pacrnipefeseHusi wnuHened) [6-8]. Coueranue
(hakTOpOB XMMHYECKHX H (ha30BbIX NpeBpallleHHH ¢ 06pa3oBaHHeM MalOaKTHBHLIX KOMIOHEH-
TOB CO CTPYKTYPHBIMH H3MEHEHHSIMH SAIBJISIeTCS TIPUUHHON [e3aKTHBalUM (eppHuTa UHHKA.
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K BbIBOPY AHAJIMTUMECKUX AJIMH BOJIH C MUHMMWU3ALMEN
NOrPEWLIHOCTU TPAAYUPOBKU

© 1999 A.B.lposa, H.M.Backup

MpennaraeTcs CTaTMCTUHECKMI KPUTEPHIA, OCHOBaHHbIN Ha cTatHcTuke baprtnetra, ans o6ocHosa-
HMA BLIBOPA aHaNUTUMECKMX AfIMH BOMH B CNEKTPOMOTOMETPUMU MYTEM HEMNOCPERCTBEHHON MUHUMM-
3aumm norpelHocTM. MNMpeanoxeHHblit NOAXOR MCNONb30BaH B OJHOBPEMEHHOM OMNpefeneHuu Ye-
Thipex heHonos..

MeTpo.norHllecxoe 060CHOBaHHE METOAMK OHOBPEMEHHOI'o onpejeeHHss KOMIIOHEHTOB I10
CleKTpaM pas3MYHOH NMPHPOILl HEBO3MOXKHO 6e3 pellleHHs BecbMa HeOJHO3HayHOH npobJeMbl
BHGOpa ONTHMANBHOrO HabOpa aHANHTHYECKHX No3uuuit (4auH BoaH). Ml mpemnoxuan [1-2]
MOAXO/, COTJIaCHO KOTOPOMY IO aJIrOPUTMY CKOpeHllero crnycka MHHMMH3HpyeTcs Herocpei-
CTBEHHO CTaHAAapTHOE OTKJIOHEHHEe IpalyHpOBKH,

k 172

(o~ Gua .
SG s k_mZCOJi_COJi , (1)
i=1
me Coj; u Cpj; —COOTBETCTBEHHO BOCCTAaHOBJICHHbIE (oueHeHHble 1OC/e BBHIMONHEHHS Ipa-
JyUPOBKH) K BBeJeHHble KOHLEHTPAUWH j-To KoMrnoHeHTa (ueneBoro) B i-M ofpasie, m — YHc-
JI0 KOMITOHEHTOB, R — 4HCJI0 06pas3loB.
MoXXHO MMHHMH3HPOBAaTh TAKHM e 06pa3oM CTaHJapTHble OTKIOHEHHS B MeToje Mepe-

KpecTHO# mpoBepkH gocToBepHocTH (cross-validation, [3)):
1/2

k
X (Con-Coaf
Sc;.cv = ;Z Coji = Coji ; (2)
i=1
A%
me Cpj; — HaiilleHHas KOHLeHTpauus B i-M obpasie, KOTOPBHIH paccMaTpHBaeTCs Kak

“HeW3BECTHBIH”, a TpajyHpOBKA BHINOJHSETCS MO OCTajbHBIM kK — 1 o6pasuam; B Mertome
“BBeJIeHO-HaHAeHO" /ISt NOMOJHUTENbHOTO Habopa W3 q 06pasLioB:

172
1 (2
Sc, = ;g(cﬁ”cﬁ)z ~ 3)

(nocsennuit BApHAHT YNOMSIHYT WCK/KOUMTEBHO A/ 0606LIEHHs [I0AX0NA, OH MPEACTaBJsSeTCs:
HepalMOHAJbHBLIM B CHJIy TOrO, YTO YacTb NPUrOTOB/JEHHBIX 006pasloB He 6yjAeT HMCIOJb30BaHa
11§l BHTONHEHUs! TPafyUPOBKH ¥ ONTHMH3ALIHH).

HefocTaTKOM HeNocpeiCTBEHHOM MHUHHMM3aUMH TMOrpemHocTH (Bmpouem, Kak W Gouib-
WKHCTBA TPAAMLMOHHBIX KPUTEPHEB) SIBJSETCS TO, YTO INOTPELIHOCTb H3-33a M3GBITOYHOrO OIH-
' canus JauHbix (overfitting) GymeT B TOM WM MHOM CTENeHH MUHHMH3HPOBATbCS [PAKTHYECKH
BCErJa, aXKe B TOM CJyyae, €CJH MMO3HLMH COBEpLIEHHO PaBHOLEHHb (Hampumep AJsi OHO-
'KOMIOHEHTHOTO MHOTOBOJIHOBOTO ONpe/iesIeHHs Mo “cepoMy” CMeKTpy, T.e. KOrja MaplHajbHble
 YYBCTBHTEJBHOCTH IJISi Pa3JIMYHLIX MO3HLMH OJMHAKOBbI, H IPH 3aBelOMO PABHOTOYHBIX H3Me-
pelmnx). PasymeeTcsi, nosiydeHHbIH TakuM o6pasoM He6O/bLIOH, HCKAKOYHTENbHO CAyYyaHHbIH
Habop nosuuMii ¢ M3GLITOYHLIM ONMHCAaHHEM H3MepeHHBIX JaHHLIX He OyaeT ONTHMa/bHBIM IpH
Tiepexofie OT rpafyMpoBoyHOro Ha6opa o6pasioB K aHaausupyemeiM. Heob6xomum cratucTHue-
CKWI KpHTEpH#, MO3BOJSIOIIMA CYAHTb O TOM, AeHCTBHTe/JbHO JH OTOGpachiBaHHe HEKOTOpOH
03HUMK yAyullaeT peayJbTaThl (B CHJIY HMCKJIOUEHHS] H3MEPeHHH C HeyHOBJETBOPHUTEbHbIM
HOlIeHHEeM CHrHaJ / IyM) HJHM )XKe JUCTIepCHsi YMeHbLIaeTcsi Ha YpOBHE BEepOSTHBIX (JIyKTya-
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Boo6iue, BHGOP aHaAHTHYECKHX MO3ULHMH, Haubojee MOAXOAAIIMX [/ BHIIOJHEHHS MHOrO-
KOMIIOHEHTHOH TpaflyMpoBKH, COGCTBEHHO rpayHpoOBKa W MPOBepKa ee J0CTOBEPHOCTH BO MHO-
rOM aHaJOrMYHbl CTaHAAPTHHIM MPOLENypaM CTaTHCTHYECKO#H 06paGoTKM CrpynnHpOBaHHBIX
pesyabTaToB aHanusa. PacrnpoctpanenHas (u npumenennas B [1-2]) meTomonorus nocsnenopa-
TeJILHOro OTCeBa MO3HLMH BIVIOTh N0 AOCTHXKEHHS NMPOrHOSHPYEMOro MHHMMyMa MOrpPeIHOCTH
COOTBETCTBEHHO aHAJOTMYHA “MMHMMHM3aUWK” JMCMIEPCHH TeHepasbHOrO CpelHero oGbelHHeH-
HOH BHIGOPKHM 32 CYET HCKJIOYEHHS BHIGOPOK, BKJal KOTOPHIX NMPeBHINAeT HEKOTOPOoe MHHH-
ManbHOe 3HaueHHe (KaK M3BECTHO, B JEMCTBUTENbHOCTH BHIGOPKH MpPOBEPSIOT HAa ONXHOPOA-
HOCTb).

K coxaneHHI0, IPH BHINOJHEHHH MHOroNMapaMeTpHUYecKo¥ rpalydpoBKH MpeicTaBJsercs He-
BO3MOXHEIM BHIIeNATh B Sc BKJaibl, 06yC/lOBJeHHble BIMSHHEM OTHEJbHBIX NMO3HUMH. Ml
npeaJiaraeM Ha KaXKIOM Iuare airopuTMa CKOpefillero Crycka np nepeGope BO3MOMHbIX MJia-
HOB M3MepEHHH MpOBepsTh HEONHOPOAHOCTb MOJYYEHHOTO Habopa CTAHAAPTHHIX OTKJIOHEHHH.
MoxeT 6bITh HCMONb30BaH KpUTepHit BapTierta, npuueM Kakiwiifi mar ONTHMH3aLMH NPOXO-
mutesi (To ecTh oTceMBaeTCsl HeKoTopasi i-fi Mo3uuMs (M3 OCTaBIIMXCS Ha JaHHOM Iare 7
LUTYK), TOCKOJMBbKY COOTBETCTBYIOLIEe TaKOMy OTCeBY 3HaueHHe MOrpelHocTH, S—;, oKa3aloch
HaHMEeHbIIHM), eCJH TOJBKO

1< C '
M=nflnf~ 382 |~ £ 3 InS% > xdos (4)
i=1

i=1
rae xg.os',,_, - 5% kBaHTHJIb Y2-pacnpenesenns ¢ n—1 crenensMu cBoGoab (115 MOATBepXKe-

HHS THIIOTe3bl O HEOAHOPOAHOCTH ¢ BeposiTHOCTBIO 95%), f — uMc/0 cTeneHel cBOGOMB Kax-
IO} IHCTIEPCHH, PaBHOE JeJHTeNIO B BhipaxeHusx (1-3).

Pasymeercs, BHI6HpaThcA 1O aJrOPHTMY CKOpeHIUEro Crmycka MOTYT He TOJBKO AHCKpeTHHE
MO3HUKMH, HO U “oKHa” (MHTepBanbl AnMH BosH). CoOTBETCTBeHHO n GyAeT UMeTh CMBICJ YHCIA
“oKoH"”, Ha KOTOpble pa36HUT CHEKTP.

3KCIHEPHMEHTAJIBHAS YACTbD H INOJYYEHHBIE PE3YJIbTATHI

BuimonneHo oxHOBpeMeHHOe uUeTBIDEXKOMIIOHEHTHOe oOnpejeseHHe QeHoaa, o0-, M,
n-Kpe3oJioB B MOJeJbHbIX CMeCHX B BHJe a30NpPOH3BOAHLIX C N-HUTPOAHHJIHHOM. Mcnosb3osain
MeToauky (4], npeanasHaueHHy0 A/1S NCEBOOAHOKOMIOHEHTHOTO OMpeAeNeHHs C MepecyeToM
Ha (peHOJI, C HEKOTOPHIMH H3MEHEHHSIMH, ONIUCAaHHBIMU B [5].

Jlnsi rpanynpoBKH (MeTOA r/IaBHBIX KOMIMOHEHT, 4 ¢akTopa) GbuIH MPUroTOBJIeHl 15 06pas-
uoB ¢ KoHueHTpaumsmu Cq, cocraBasBuumu (0.165...1.32)x10™% wmonn/n  (deron),
(0.5...4.0)x1075 moan /1 (0-kpeson), (0.17...1.37)x1075 moms /a1 (m-kpeson), (0.13...1.36)x107
Mosb/ a1 (n-kpesosr) u 5 o6pasLoB, cofepKaluX (eHo/b B TAaKHX e AMaNa3oHaX KOHLEHTpa:
UMH, AJIS COTOCTABJEHHS MOTPellHOCTeH TPaJyHpPOBKH C MOTPEINHOCTSAMH aHaJu3a Mo MeTOmy
“BBe/leHO-Hal/IeHo .

Hsmepenus cBeTomor/oleHHs BhinosHeHbl Ha cnekTpodotomerpe HITACHI U-3210 B ana-
nazoHe AauH BoJH A = 390..520 M. HcxomHoe umcao AnuH BosH, ng = 350. Beuncienus
BhinoJHeHsl B nakete MATLAB 5.2.

Oxkasasock, 4YTO BbiMoNHeHHe ycoBHs (4) BO3MOXHO /ISt MHHHMH3aUHK Sc cy NpH WHPHHe
sJeMeHTapHoro “okHa” B 50 nosuumii (T.e. B OKOHYaTeJbHOM BapHaHTe ng = 7).

Ha puc. 1 mokasaHbl cneKTphl NMOTJIOLIEHHS! HHAMBHAYAJbHEIX KOMIMOHEHTOB (MoJsipHBe Ko-
spduunents noraowenusi (MKIT)) u HafifeHHble A/Isi OnpefeseHHs KaXKIOro M3 KOMMOHEHTOB
HHTepBaJbl JVIHH BOJIH.

CranpapTHele OTKJIOHEHHS, OTHeCeHHble IJIs YA06CTBA K CPeJIHHM KOHUEHTpaLMsM, MpHBe:
AeHbl B Taba. 1.
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K Bbi6OpY aHaNUTHYECKUX A/IMH BONH C MUHUMU3aUKen NOrpelHOCTH rpagyupoBKM

8 - - v
6 ®eHon m-Kpeaon
% 4} o-Kpeson
A
n-Kpeaon
0t . ;
480 520
A, NmM
deHon

o-Kpeson

M-Ke

OnTuManbeHblie
nnaHbl

Puc. 1. CriekTpbl NOIVIOLIEHHS aHANHTHYECKHX (HOPM HMHAMBHIAYaNbHBIX (EHONOB W HaH[eHHble ANS HX
onpefieJieHHs] KHTEPBahbl JUIHH BOJH

Ta6auya 1. OTHOCHTeIbHBIE CTAHAAPTHBIE OTKJIOHEHHS B MeTO/laX NepeKpecTHOH NMPOBepKH
JOCTOBEPHOCTH H “BBefleHO-HanAeH0”. Croco6hbl Bbi6opa onTHMajbHOro niaka: 1 — Ges
ONTHMH3ALMK; 2 — MpoCcTas MHHUMH3auus Sc cy; 3 — MHHHMH3aUKA Sc cy ¢ nposepkoi (4)

Bui6op Uncao Sccv/ C S¢/C
KomMmnoHeHT naasa |aame soan| (ans 15 rpagynpo- | (ans 5 ananusupye-
BOYHBIX 06pa310B) MbIX 06pas1ioB)

0.35 ‘
0.29

m-Kpeson

Kak BugHo u3 Taba. 1, onTHMH3auus Sccy NO3BOJASET CHH3HTb MOTPElIHOCTb aHAAH3a.
Bumecte ¢ TeM, orpaHHueHHe ONTHMH3ALMH BNOJHEe yMecTHO. JlefCTBHTE/IbHO, B Npe/iaraeMoM
BapHaHTe OCYLLECTBJISeTCS BBIXOA H3 PaJHeHTHOrO aIrOPHTMa B COOTBETCTBHH C yciaoBHeM (4)
10 JOCTHXeHHS MHHHMYyMa KpHUTepHsi onTHMajbHocTH (B HacTosuleii pa6orte sto Sccy), uTo
03HayaeT paclIHpeHHe ONTHMaJbHOro Ha6opa AHH BoJH. OnHaKo, XoTd Sc,cy HEeCKOMbKO mpe-
BHIIAaeT MMHHMA/NbHO BO3MOXKHOE 3HaueHHe, pe3yJIbTaThl aHa/JW3a HEH3BeCTHbIX 06pasloB B
1eJ0M He YXYALIAIOTCs, a AJIsi OJIHOrO M3 KOMIIOHEHTOB — (eHOJa — YAaJoCh YMEHbUIHTb OTHO-
CHTEJIBHYIO TIOTPELIHOCTD MOYTH B MOJITOpPa pasa.
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Kharkov University Bulletin. 1999. Ne437. Chemical Series. Issue 3(26). A.V.Drozd,
I.M.Baskir. On wavelength selection by minimizing the error of calibration.

A criterion based on Bartlett’s statistics is proposed for confirming the reliability of wavelength selec-
tion in spectrophotometry via direct minimization of an error. The approach proposed is implemented
in the simultaneous determination of four phenols.

80



BectHuk Xapbkosckoro yHusepcuterta. 1999. Ne437. Xumus. Boin.3(26)

YK 543.544.61.27.32

3ACTOCYBAHHSI TBEPAO®A3HOI EKCTPAKLII ANA NPOBONIArOTOBKU
NPU AHANITUMHUX BUMIPIOBAHHSAX

© 1999 B.Haymenko, }0.Bosayi, FO.Cusux

Msywem,l BO3MOXHOCTHM onpepeneHus AByX nap BellecTs: aHecTe3suHa M nanasepuHa B nekap-
cteeHHOMm cpepctee “lMasectesuH’”, a TaKKe AMKNOMEHAKa M NMAOKaMHa B fEKAPCTBEHHOM
cpenctse “[uknokanH”. [ins paspeneHvs onpefensembix KOMMNOHeHTOB 6bina McNONb3oBaHa Teep-
pochasHas akctpakumsa (TMI). MokasaHo, Kakue hakTOpbl HEOEXOAMMO YyUUTLIBATL, M Kakue Tep-
MOAMHAMUYECKHE XAPaKTEPHCTHKM HAfo 3HaTb Ans obecneveHns 3PHEKTUBHOro pasgpeneHus Kom-
noHeHToB. [Mofo6paHbl ONTUMAarnbHble YCMOBUS CMEKTPOMOTOMETPHYECKOrO OnpepeneH1s Bcex
KOMMOHKEHTOB U pacCyMTaHbl NapameTpbl rpaaymMpoBOYHbIX 33aBMCMMOCTEN.

Anania 6araToKOMIIOHEHTHHX CHCTeM € CKJAJHOK aHaNiTHYHOIO 3a/layelo, PO3B'S3aHHSA AKO!
MOXe 3HAYHO MOJIerlIMTHCS 3acTocyBaHHsM TBepaodasHoi ekctpakuii (TPE) mas Bimokpem-
JeHHsl a60 KOHLEHTPYBaHHS KOMITOHEHTIB, 10 BH3HAYalOTbCH, /IS MMOAANBbUIOro iX BH3HaYeHHS
XpoMatorpadiuHuM uH iHwKMM MeTtogom [1].

B wiit po6oTi Ha NpuKaaAi po3fiNeHHS ABOKOMIOHEHTHHX (hapMaleBTHYHHMX CyMilleH TMoKa-
3aHO, BpPaXyBaHHSI SIKHX BJIACTHBOCTEH Ta 3HAHHS SKHX TePMOJMHAMiYHHX XapaKTepPHCTHK J0-
3Bosisie 3a6e3neyuTH ePeKTHBHICTb PO3AIIEHHS.

[lpakTHYHe 3Ha4YeHHs MalOTb TPH BapiaHTH TBepAodasHOi eKCTpaKii:

~ yTPHMYIOTbCSi Ha copGeHTi 3aBa)Kalioyi KOMIIOHEHTH, a KOMIIOHEHTH, L0 BH3HA4aloThbCH,
LiKkoM 6e3 3MiH NPOXOAATh 3 PO3UHHOM,; -

~ YTPHUMYIOTbCSl Ha cOpOEeHTi KOMIIOHEHTH, 1110 BH3HAYalOThCH, a KOMIIOHEHTH, 110 3aBaXa-
10Tb, IPOXOAATL 6e3 3MiHH;

— YTPUMYIOTbCSl Ha cOpOeHTi K 3aBaXkalodi, TaK i KOMIIOHEHTH, L0 BH3HAYalOTbhCH, ajle MpH
ei0I0BaHHI BOHM MOXYTb OyTH (PpakLiOHOBaHi CTyNeHeBHM 4YM Oe3nepepBHUM TpafliEHTHHM
emoioBanHaM (rpagient pH, ioHHOT cHiH, CKJIaly PO3YHHHHKA TOLLO).

EdektuBHicte TPE cknanaeTbest 3 eeKTHBHOCTI BHJYYEHHS i3 PO3YHHHOI MpoGH KOMIIO-
HEeHTy, 1O BM3HAYaeTbecsi, Ta i3 edeKTHBHOCTI #oro HactymHoi aecop6uii (esnow0BaHHS:).
Cknapniwi rpaHuyYHi BHMAJKH: KOMIOHEHT, IO BM3HAYae€Tbcs, a60 c1abKO YTPUMYETbCS COp-
Gentom, a6o ayxe cuabHO. B 060X BHNaakax edeKTHBHICTb My»Ke Mana, X04 i yepe3 pisHi mnpu-
YHHW: B TIEPLIOMY BHMAAKy 4Yepe3 “NPOCKOK” KOMIOHEHTY, IO BM3HAYa€ThCs, a B APYyromy —
Yepes HOro HemoBHe eJI0IOBaHHS. EQeKTHBHICTb MOXHa MiABHIUMTH ONTHMAJbHUM BHOGOPOM
cop6enTa, 06’eMy Ta THIIy PO3YHHHMKA, THIYy Ta CKJIaJy eNIOeHTY.

Bu6ip mMeTony momasbluOro KiJbKiCHOro BHMIPIOBaHHSI TaKoX noTpebye AesKHX >KOPCTKHX
yMOB npoGoniAroTOBKM, 30KpeMa BHOOPY esI0I0YMX PO3UMHHHKIB: Yy rasoBiii Xxpomarorpadii He
MOXHA BUKOPHCTOBYBATH PO3YHHH coJied SIK eJIIOEHTH, Y PilMHHIN cJlif nepef6auyuTH B3aeMHY

{HHICTb €JIIOEHTY Ta PyXoMoi (a3H, y crneKTpodoToMeTpii CreKTpasbHi Jiana3oHH pPO3YHH-
ka Ta KOMIIOHEHTIB, $IKi BU3HAUalOTbCs, MalOTb He CIMiBNajaTH, Y 3BOPOTHbO-()a30BiH Xpoma-
adil K eNOeHTH PO3YHWHHHKH, MOAIGHI N0 rekcaHy, HeoOXilHO BHKOPHCTOBYBaTH ofepex-

ExcrniepuMeHTaNbHI AOCHiIKEHHS

anqanu OBi TapH: aHeCTe3WH - TanaBepHH B JikapcbkoMmy npenapati "[laBecTesun"
HECTe3HH: 2-pieTnnamino-2’,6’-nuMeTHIALeTaHIIAA riApOXJIOpHL, nanaBepHH:
'IHMeTOKCHOEH3HI)i30XiHOMIHA TiAPOX/IOPHA), Ta AMKJAODEHaK - JifOKalH Y JiKapchbKoMy
pari "duknokain" (auknodenax: [2-[(2,6-nuxnopdenin)aminolpeninlauerar narpio, aixo-
2-fieTunamino-2’,6’-1MMeTHIAHINIAA TIAPOXAOPHA). ¥ PO3YHMHI mMeplia napa MiCTHTb HeM-
y Mosekyay avectesuHy (A) Tta kation nanasepuny (HP*), npyra mapa — Mictuth
aodenak-anion (Dc’) Ta nigokain-karion (LdH*).
flk 6230BHH MeTON KiNbKiCHOrO BHMiPIOBaHHSI KOXKHOrO 3 KOMMOHeHTIB 6y/10 BUOpPaHO crek-
potomerpuunnii [2]. Ockinbkn 0GHIBi mapu 06'eKTiB MiCTSTh KOMIOHEHTH, OMH 3 SKHX
YUHHMIA y BOAI, a APYTHH — B eTaHOJi, TO PO3YHHHHKOM BHOpalH BOJHO-eTAHOJBHY CyMilll
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3 piBHHMH 06’€MHMMM YacTKaMH 060X piguH. I3 3anexHocTi cnekTpiB KoMmnoHeHTiB Bia pH
PO34YHHiB BHOpPAHO ONTHMa/bHi YMOBH CNEKTPO(GOTOMETPHYHOrO BH3HAUeHHS KOMIIOHEHTIB Ta
3Haii/leHi mapaMeTpH rpaayioBajbHUX 3anexHocTeil (Taba. 1).

Tabauys 1. YMOBH crieKTpo(hOTOMETPHYHOTO BH3HAYEHHSI KOMIOHEHTIB JliIKapCbKHX Npernaparis Ta
napameTpH rpaayioBaibHEX 3anexHoctelt A;=a+bc; (A; — cBiTIONOrIMHAHHS, ¢; — BiANOBiAHA
KOHLIEHTpALlifi KOMIIOHEHTY), A — J0BXHHA XBHJI, S,, Sp — CepelHi KBaApaTH4Hi BiIXHJIEeHHS
BinosigHux napamerpis (a,b), so — cepeliHe KBalpaTHYHe BiIXWJIEHHS rPajylOBabHOI 3a/eXKHOCT
Komnonent |pH |A,HM I::fﬁ;,aao';’:;‘;;' a-102| 5,102 |5-1074| 5,,1076 | 50:102

Anecresun [6.0/295| 5-1077-5.107° 5 3 |0.19 1 6
IManasepun |4.0|1240} 5107510 | 2 | 4 | 61 | 8 7
Iuknodenax (5.7 281 | 1.1075-5.1075 2 50U 1090 2 7
Jinoxain  |57/263| 91051108 | 4| 6 |394| 9 | 8

Ilo6 mocaiguTH cOpOLil0 KOMMOHEHTIB B 3aJeXXHOCTi Bifl 1X KHCJOTHO-OCHOBHHX BJacTH-
BOCTeH, BUBYEHO (opMH icHyBaHHS KOMIIOHEHTIB B 3ajexHocTi Bit pH cepenosuma. [ns uporo
BHMlp;mo KOHCTaHTH KHCJIOTHOI Auccoujauii (ta6a. 2) y BOAHO-€TaHONBHHX PO3YHHAX MOTeH-
wiomerpuyruM Mertogom [3]. Bopwi CTaHIapTH pH ckopuroBano Ha 3MmilaHHH PO3UHHHHK:
BHMiploBanu E=a'+b’-pH y BoAHHX i 3MillaHWX pPO3YHHaX i3 MEBHOIO KOHUEHTpalUi€w ioHiB BOA-
HI0. 3HayeHHs pK, A/l aHecTe3HHY O6UYHC/eHO 3 BHMipioBaHb pH Ta po3uHHHOCTI peyOBHHH.

Tabauys 2. 3uauenns pK, ajs nanaBepuHa, JifoKaiHa, AMKJIOpeHaKy Ta aHecTesuHa (n -
YHCJI0 BHMIPIOBaHb; SpKa, EpKs - CEPe/HE KBaJIpaTHYHE BilXHWJIEHHS Ta LUMPHHA J0BipyOro
inTepBany BimnoBiaHo; P,f - foBipua HMOBIPHICTb Ta YHCJIO CTYMeHIB cBOGOAH)

PeyoBuHa n pK, Spka | Epka(P=0.95,f=n—1)
ITanaBepuH 7 445 | 0.026 | 0.06
Jinoxain -9 | 627 § 0010 § . 002
Jluknopenak 9 4.13 0.014 0.03
Anecresun | 7 | 330 | 0041 { 009

Jlinokaiu Ta numo&penax Y PO3uuHi ICHyIOTb B planoaapmuxenux tdhopmax (anioH Ta KatioH
BiamoBiaHo). IX MoXkHa Bmoxpemnm 3a uielo BaacTuBicTio. [lepeBipeHO MOXJHBICTb 0OMiHY
NPOTOHOM MiXXK HMMH, 106 OLIHWTH BTPATy OJAHOro 3 HHX NPH po3iiieHHi. Po3paxyHok 3a pe-
aKIiAMH: p
LdH* & Ld + H* , lgK =-6.27
D¢~ + H* &% HDe lgK =4.13

LdH* + Dc™ S Ld + HDc, IgK =-2.14
nokasye, wo pH po3uuny npenapary “Jluknokain”, 6143bK0o 5.2, a cTyniHb CaMONPOTOHYBaHHA
ckaagae 1 2‘f [1lo6 3ano6irTu BTpAT, CJiA MiABHILYBaTH pH

Buxonsuu i3 BHBYEHHX BJACTHBOCTEH CK/afIOBHX JiKapChKHX Mpenapatis, BHKOPHCTaM
TOE Ha KapTpHiXaX, 3aNOBHEHHX COpGEHTaMH Ha OCHOBI CHJiKareio. DyHKUiOHaNbH] TPy
nigi6paHo BiANOBIAHO MO0 BAACTHBOCTeH KOMIOHEHTY, Lo BUALsEThes (Taba. 3).

B npenapari "[TaBecTe3nn” KoMnoHeHT aHecTe3uH npu pH cop6uii nanaBepuHy 3a/uIIETh:
csl HesapsKeHHM i 6e3 mepelIKOA MPOXOAMTh KPi3b KapTpHAX i3 cop6eHTOM, TOMY AaHi mpo
HbOTO BifICyTHi B Tabu. 3.

Tabauys 3. Ymosu TOE-pospinenHs KOMINOHeHTIB cyMili

DyukuioHalbHa rpyna copbenty [Komnonent | pH cop6uii | pH aecop6buii
-SO3zH HP* 4.0 7.5
=N-Ac Dc 5.7 2:2
-SO3H LdH* 5.7 8.0

INosHoTy cop6uii Ta fecop6Lii nepeBipeHO Ha MOJEJbHHX PO3YKHAX iHAMBILyaJbHHX KOMN
HEHTIB Ta IX MONapHHUX CyMillel y eKCepHMeHTi THNy "BBefleHo-3HalAeHo". XiMiKo-aHa/liTHIR
BHMipIOBaHHS 3/iICHEHO CTIEKTPO(pOTOMEeTPHYHHM MeTofoM. CTaTHCTHUHHMI "aHasi3 3a/H
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3acTocyBaHHA TBepAOha3HOT eKCTpakLii ANs APOBONIArOTOBKM NPU aHANITHYHWUX BUMIPIOBAHHSAX

TNoKa3aB Bmcynncrh CHCTeMaTHYHOI MOXHOKU B 15- pasoaomy AlianasoHi KibKOCTi peyoBHHH: Bill
51077 go 1:1078 mouab i3 06'emy posunny Bix 50 a0 100 cm3. BigHocHa BunmajkoBa moxu6Ka He
nepesuurye 2%. lle osHayae, mo Mmetogq TPE MoxHa 3acTOCOBYBaTH B aHasi3i BHBYEHHX
JiKapChKHX Mpenaparis.

TakuM YMHOM, TNOKas3aHa MOXJHBICTb 3aCTOCYBaHHS T®E ans KinbKicHOro pospisenHs
Ginapuux cymiweit “ITaBectesun” Ta “Jlinokain”, BAGpaHO PO3UHHHHKH Ta eJIIOEHTH, BHMIPSHO
KOHCTaHTH KHMCJOTHOI AHccolialii, BA3SHaYeHo ONTHMABHI SHAYEHHS pH cop6uii Ta aecop6buii.
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Kharkov University Bulletin. 1999. Chemical Series. Ne437. Issue 3(26). V.Naumenko,

Yu.Bovduy, Yu.Sizykh. The use of solid-phase extraction for sample preparation for analyti-
cal measurements.

Two pairs, anestezine-papaverine in the "Pavestezine” drug and diclofenac-lydocaine in the
“Dyclocaine” drug, are studied. For separation of the determined components solid-phase extraction
was used. It is shown which factors must be taken into account and what thermodynamic characteris-
tics should be known for providing an effective separation of the components. The optimal conditions
of spectrophotometric determination of all the components are selected, the parameters of calibration
dependencies are calculated.
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