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The formation of the stable at room temperature mixed-valence state in the zinc 5,10,15,20-tetra(ferrocenyl)porphy-
rin has been investigated by UV-VIS-NIR, Mossbauer, NMR, electrochemical, and theoretical (DFT) methods.
On the basis of experimental and theoretical data it has been concluded that the first oxidation process involves
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three-electron oxidation and thus, the long-range metal-metal coupling can be observed not only for the systems
with rotationally hindered ferrocene substituents, but also for the porphyrins with the free rotation of the

ferrocene moieties.

Multinuclear-containing compounds with strong
long-range metal-metal coupling represent an impor-
tant class of metallocomplexes. These molecules are
interesting both from the fundamental (multiredox
processes, magnetic coupling, and unpaired electron
density migration) and from practical (opto-electro-
nic materials for application in high-speed photonic
or redox devices) point of view [1]. Polyferrocenyl-
containing molecules are among the best candidates
for the multimetal redox active groups because of
their well-known metal-metal coupling properties
and thermal stability [2—5]. The formation of mixed-
valence complexes in bisferrocenes was discovered
a long time ago and the influence of different fac-
tors on the formation and stability of mixed-valen-
ce states has been intensively investigated [6—14].
However, in spite of the large progress in understan-
ding of different factors, which are playing dominant
role in the metal-metal coupling process, such as the
type of connection, length of connector, and orien-
tation of ferrocenyl units, useful molecular devices
have not been prepared yet. The outstanding ther-
mal and chemical stabilities as well as the possibility
to tune macrocyclic redox potentials make porphy-
rins and related compounds the best candidates for
the ligand, which can connect several redox-active
metallocenters, in particular ferrocenes [15, 16]. It is
commonly accepted that the iron centers should be
located at a distance of less than 5.4 A for the ef-
fective oxidation metal-metal coupling between the
ferrocene units in the same molecule [1—4]. Kadish
showed that the metal-metal coupling between two
ferrocenyl substituents could be achieved when these
groups are axially coordinated to germanium por-
phyrins [17, 18]. Recently, Barrell et al. have shown
a rare example of pure atropisomer formation for
the o,a-5,15-bis(ferrocenyl)-28,12,18-tetrabutyl-3,7,
13,17-tetramethylporphyrin, which demonstrated
a long-range (>10 &) metal-metal coupling between
two ferrocenyl substituents [19]. The same long-range
metal-metal coupling and macrocycle metal depen-
dence have been later observed for the ethyl analog
of Barrell’s porphyrin [20]. Both authors reasonab-
ly concluded that the possible reason of the obser-
ved long-range metal-metal interactions in the in-
vestigated porphyrins is the rotational hindrance
of ferrocenyl groups. The first meso-tetraferrocen-
ylporphyrins were described in 1977 [21]. In spite of
the low purity of the reported compounds, the forma-

tion of mixed-valence derivatives was clearly documen-
ted. The synthesis of pure meso-tetraferrocenyl por-
phyrin and its metal complexes, however, has not
been published until recently and allows us to obtain
these complexes in relatively high yield and purity
[22]. However, as has been reported by some of us
and very recently by other authors, the purity of pub-
lished in 1977 free-base 5,10,15,20-tetra(ferrocenyl)-
porphyrin and respective copper complex, based on
reported spectra, is very low. This fact stimulated us
to reinvestigate the free-base 5,10,15,20-tetra(ferro-
cenyl)porphyrin and new zinc 5,10,15,20-tetra(ferro-
cenyl)porphyrin complex in order to confirm the hy-
pothesis concerning important role of the steric fi-
xation of ferrocenyl moieties in the long-range metal—
metal coupling in these compounds, and the results
for the zinc complex are presented in this paper.

Synthesis and characterization of TFcPZn com-
plex. Following Lindsey procedure for synthesis of me-
so-substituted porphyrins, the room temperature re-
action between pyrrole and ferrocenecarbaldehyde
leads to formation of porphyrinogen, which is readi-
ly oxidized by chloranil with the formation of desired
TF cPH, complex with a 40 % yield. Free-base porphy-
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Fig. 1. Room-temperature (top) and low-temperature
(210K, bottom) 'H NMR spectra of TFcPZn complex.
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rin can be easily converted to the TFcPZn complex
by the reaction with zinc acetate at 80 °C in benzene
(scheme). In the 'H NMR spectra of TFcPZn com-
plex, three clear peaks corresponding to the protons
in a-Cp (5.37 ppm, Cp ring A), B-Cp (4.80 ppm, Cp
ring A), and Cp-H (4.07, Cp ring B) positions have
been observed along with B-pyrrolic protons, they
show clear narrow peak at 9.84 ppm (fig. 1). As was
shown recently [19], the rotation of ferrocenyl moie-
ties in a free-base ot,0-5,15-bis-(ferrocenyl)-2,8, 12,18-
tetrabutyl-3,7,13,17-tetramethyl-porphyrin and its ni-
ckel complex is strictly limited because of the steric
interaction between ferrocenyl moieties and alkyl cha-
ins attached to B-pyrrolic carbon atoms of porphyrin
core. On the other hand, the variable-temperature 'H
NMR spectra of TFcPZn complex clearly indicate a
free rotation of ferrocenyl moieties at room tempera-
ture. Thus, as can be expected, the initial sharp room-
temperature signal of B-pyrrolic protons, located at
9.84 ppm for TF cPZn complex, splits into two broad
singlets at 210 K with integral ratio of 1:1 (fig. 1). It
is possible to estimate the rotational barriers for
the ferrocenyl moieties in the TFcPZn complex from
these spectral data using coalescent point tempera-
ture standard procedures. The activation energy (AG™)
for the observed dynamic process was estimated to
be 11.7 kcal/mo] for the rotation of the ferrocenyl
moieties in TFcPZn complex.

The UV-VIS spectrum of TFcPZn complex con-
sists of a Soret band at 435 nm with a small shoulder
at ca 490 nm and Q-band at 679 nm with a shoulder
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<S> at 618 nm (fig. 2). In general, the Soret and
Fe  Q-bands in TFcPZn complex are significan-
tly red-shifted as compared to zinc meso-te-
traphenylporphyrin (TPPZn), revealing strong
electronic coupling between the porphyrin
n-system and the ferrocenyl moieties [16]. The
Mssbauer spectrum of neutral TFcPZn com-
plex is shown in fig. 3 with the parameters
presented in tablehclearly supporting the pre-
sence of only Fe”" centers in the molecule
[3, 4, 23]. The isomer shifts and quadrupole
splitting in TFcPZn complex are close to tho-
se of ferrocene itself (isomer shift is 0.7,
and quadrupole splitting is 2.37 mm/s) [23].
These data show that the porphyrin core
does not affect significantly the electronic
structure of the iron ions in TFcPZn complex.
Formation of the mixed-valence state

in the TFcPZn complex by chemical oxida-
tion. The electrochemical behavior of the
TFcPZn complex was investigated by CV
and DPV methods and will be published else-
where. Briefly, the voltammogram of the TFcPZn
complex in o-dichlorobenzene (DCB) shows a first
quasi-reversible oxidation at 450 mV along with se-
cond irreversible oxidation wave at higher potential.
The nature of the first prominent oxidation couple, na-
mely, Ox;, observed at 450 mV (average values) for
the TFcPZn complex was probed by chemical oxi-
dation with tetracyanoethylene (TCE) at room tem-
perature in order to determine the number of the oxi-
dized ferrocenyl substituents. As has been pointed out
recently [24], the Ox; process for TFcPH, complex
can be defined as four-electron oxidation involving
four ferrocenyl moieties. This assignment, however,
was based only on electrochemical data and thus can-
not be inadequately supportive. Therefore, we in-

-
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Fig. 2. Changes in the UV-VIS-NIT spectra of
TFcPZn complex as a function of oxidation.
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TFePZn : TCE = 1:1 (molVmol): TFePH, : TCE= = 1:3 (mol/mol).

5TFe Mossbauer room-temperature spectral parameters
of TFePZn complex

intensity decreases, and three new bands lo-
cated at 633, 677, and 862 nm appear (fig.

2 % 2). The band located at 633 nm can be attribu-

Compo- Q Relative ted to the ferricinium charge-transfer band,

Compound | und: gl area while the band at 862 nm to the intravalence

i charge-transfer transitions [I—4]. The position

TFePZa ST R SRR sho s o i i Byl
TFcPZn:TCE  1:0.5 0.71; 0.40 2.35;: 0.60 0.86; 0.14 e ;

- electron oxidized free-base a,a-5,15-bis(ferro-
TFCPZn:TCE L1 071 041 234 0.61 072 028 op’s 0% e vorabuel 37 13,17 tetramet.
TFcPZn : TCE 1:2 0.71: 0.40 2.32; 0.60 0.65: 0.35 g %

0.70: 0390 228 0.56 0.51: 0.49 hylporphyrin recently reported by Burrell et

TFcPZn : TCE 1:3

* Relative to sodium nitroprusside.

al. [19]. Moreover, such an intensive near-IR
band is a spectroscopic signature of most of
the known mixed-valence (trapped valence

vestigated UV-VIS-NIR, NMR, and Mossbauer spec-
tra of TFcPZn complexes oxidized by TCE, which
is mimicking electrochemical oxidation at Ox]
conditions. In fact, as was indicated by the UV-VIS-
NIR and MCD spectroscopies, the spectral changes
for the Ox) process in TFcPZn complex are exactly
the same for electrochemical and chemical oxidati-
ons. It is not surprising, since the oxidative on po-
tential of TCE is close to the electrochemically ob-
served Ox1 potential of the TFcPZn complex.
The UV-VIS-NIR spectrum of oxidized TF cPZn
complex consists of two Soret bands of reduced in-
tensity with the one component having a small blue
shift and the other component having a small red
shift as compared to neutral molecule. The Q-band
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state) poly(ferrocenyl)-containing systems
[I—4]. The blue shift and decreased intensity of
Soret band in oxidized TFcPZn complex is in good
agreement with the formation of porphyrin cation-
radical, which was observed for the other d-metal
porphyrins [16].

Being intrigued by the presence of both IVCT
band and porphyrin cation-radical, we recorded Moss-
bauer and NMR spectra of TFcPZn complex with
different TCE to TFcPZn ratio. The Mossbauer
spectroscopic changes are shown in fig. 3 and table.
The Mossbauer spectra clearly indicate that only two
ferrocenyl moieties in TFcPZn complex are oxidized
in Ox] process at room temperature even if a large
excess (up to 1:100) of TCE has been applied. Thus,
when TCE was added, a new doublet with parame-
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ters close to the ferricinium salts appears, and the
final spectrum consists of two doublets with equi-
valent areas (table). The observed final spectrum is
clearly indicated by so-called trapped valence situa-
tion in the oxidized TFcPZn complex. It has been
shown that Mdssbauer spectroscopy can be used to
monitor the intramolecular electron-transfer rate in
mixed-valence systems [26]. Indeed, when the elec-
tron-transfer rate is slower than ca 10"s™ , then the
Maossbauer spectrum consists of a superposition of
two quadrupole-sl:lltted doublets with characteris-
tics typical of Fe" and Fe'l', metallocenes [4, 26],
as observed in the case of TFcPZn complex.
The results obtained from the NMR experi-
ments support Mossbauer spectroscopy observati-
ons. For instance, the signals of starting o- and B-pro-
tons assigned to A-Cp ring directly attached to
the porphyrin core become split when the starting
TFcPZn complex is titrated by TCE. Again, the fi-
nal product contains two singlets for ferrocene pro-
tons from A-rings and two singlets from ferricinium
A-rings with the ratio 1:1 in excellent agreement with
the Mossbauer data (fig. 1). The possnbll:ty of
TEo(Fe?")P(2-)Zn / [TFc(Fe’ )P(2— )Zn]" mixture
formation in TCE titration experiments can be almost
excluded on the basis of Mossbauer spectra. In fact,
as was discussed earlier for a large number of bis-
(ferrocenyl)-containing compounds, having metal—
metal coupling, the quadrupole splittings in the ferro-
cene site of the one-electron oxidized species are lo-
wer as compared to starting materials because of
electron donation from the non-oxidized ferrocene
site to the oxidized ferricinium moiety [4, 23]. The
Madssbauer spectra of TFcPZn complex in TCE tit-
ration experiments are in excellent agreement with
the above observation. Thus, the quadrupole split-
ting for the ferrocenyl-containing sites in complex
oxidized by TCE TFc¢PZn reduced significantly from
2.37 to 2.28 mm/s. Again, the clearly resolved doub-
let for the ferricinium-containing sites is in much bet-
ter agreement with the proposed 2Fe */2F e’+-con-
taining structure than with p0551ble 'l'Fa:(Fea2 )-
P(2-)Zn / [TFe(Fe*")P(2 zn]" mixture formation,
for which doublet for ferrocene-containing sites
with quadrupole splitting 2.37—2.36 mm/s and poor-
ly resolved doublet for ferricinium sites can be £X-
pected [4, 23] Flnally, if we suppose a TFc(F e’ -
P(2)Zn / [TFe(Fe>)P(2-)Zn]"" mixture formation
in oxidative titration experiments, it is impossible to
explain why all ferrocene moieties do not oxidize
even if a large excess of TCE to porphyrin has been
applied (up to 100:1). Thus, on the basis of Moss-
bauer and NMR spectra of oxidized TFc¢PZn com-
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plex it can be clearly concluded that only two fer-
rocene units are oxidized with Ox; process. Taking
this fact into consideration, it becomes understan-
dable that the near-IR band centered at 868 nm can
be assigned to intravalence charge-transfer band, as
in the case of monooxidized .o-5,15-bis(ferroce-
nyl)-2,8,12,18-tetrabutyl-3,7,13,17-tetramethylporphy-
rin [19]. However, as was pointed out above, in
the case of TFcPZn complex, the ferrocene units
show free rotation, at least at room temperature, as
was clearly indicated by NMR spectroscopy. On the
other hand, one of the reasonable postulates for
strong long-range metal-metal coupling (steric fixa-
tion of the ferrocene units) now becomes to be an
unnecessary condition. This is a very promising and
important result, which opens a lot of interesting pos-
sibilities for the synthesis of other porphyrin-like sys-
tems having long-range metal-metal coupling. For
instance, the main difference between 5,15-bis(ferro-
cenyl)-10,20-bis(tolyl)porphyrin [19] and TFcPZn
complex (for which free rotation of ferrocenyl moie-
ties is postulated) is the presence of cis-ferrocenyl
moieties in the latter case. Thus, it can be expected
that 5,10- bis(ferrocenyl)porphyrin will have a strong
long-range metal-metal coupling (some of such com-
pounds are now under investigation). Now we still
have to discuss the following question: how many
electrons withdraw in Ox; process from the starting
TFcPZn complex? As was mentioned above, from
the electrochemical data, the Ox; process can be as-
signed as a nearly three-electron process. From the
Mossbauer and NMR data it can be clearly conclu-
ded that only two ferrocenyl moieties are oxidized
under Ox; process conditions. Thus, if the Ox; pro-
cess is three-electron, then the third electron should
be withdrawn from the porphyrin core with the for-
mation of respective porphyrin cation-radical species.

In order to confirm our experimental assign-
ments, the electronic structure of neutral and oxidi-
zed TFcPZn complex as calculated at density func-
tional theory level. Since the X-ray determined geo-
metry of neutral and oxidized TFcPZn complex is
unavailable, the starting geometry has been obtained
by full geometry optimization at B3LYP//6-31G(d)
level with the borders of S, and C, point groups for
the neutral and oxidized compounds, respectively.
The calculated spin densities of the oxidized TFcPZn
complex indicate electrons withdrawal from two
ferrocene substituents and porphyrin core with a
good agreement with the experimental observations.
In addition, Mulliken population analysis assigns
iron center as Fe ', while the other two as Felll Fi
nally, the DF T calculations on the oxidized TFcPZn
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complex predict a large (Iuadrupole splitting in M 6ss-
bauer spectrum for Fe'' centers and small quadru-
pole splitting for the Fe'! one. As expected, the
calculated quadrupole splittings for the Fel centers
are close for the neutral and oxidized compounds.
The most intriguing result of the DFT calculation
on oxidized TFcPZn complex is that the Fe'l! centers
are predicted to be at 5 and 10 positions. In other
words, ferrocene to ferricinium oxidation takes place
in the cis, not trans positions of meso-tetraferroce-
nyl porphyrin.

We have characterized the neutral and oxidized
forms of zinc 5,10,15,20-tetra(ferrocenyl)porphyrin
using UV-VIS-NIR, NMR, and Mossbauer spect-
roscopic methods as well as DFT calculations. The
first oxidation process includes both oxidation of
porphyrin core as well as two ferrocenyl moieties.
For the chemically oxidized species a characteristic
intravalence charge-transfer band was observed in
UV-VIS spectra in the near-IR region. Finally, we
have shown that steric fixation of the ferrocene
units is not the necessary condition for the long-range
metal-metal coupling in the polyferrocene-containing
systems.

Details on the synthesis of zinc 5,10,15,20-tet-
ra(ferrocenyl)porphyrin will be published elsewhe-
re. Characterization data: Yield 0.028 g (83 %). UV-
VIS (mzynm, CHiCl, ex107h: 436 (148), 489 sh,
618 sh, 679 (28.3). 'H NMR (CDCls, tms, 8): 9.84
(s, 8H, B-pyrr), 5.37 (m, 8H, a-Cp), 4.80 (m, 8H,
B-Cp), 4.07 (s, 20H, CpH). MS (FAB, m-NBA,
m/z): 1108 M]". Found, %: C 64.29: H 431: N 5.13:
Zn 5.42; Anal Caled for CggHyyN4FeyZn-H50, %:
C 63.89; H 4.08; N 4.97; Zn 5.77.

All calculations were conducted using Gaussian
03 software [ 27] running under Windows and UNIX
OS. The geometry optimizations were done using
B3LYP exchange-correlation functional [28] and
6-31G(d) basis set in the borders of S, and C,
point groups for the neutral and oxidized complexes,
respectively. Single point calculations were conduc-
ted using the same exchange-correlation functional,
Wachter’s full electron basis set for iron and zinc
atoms, 6-311G(d) basis set for nitrogen and carbon
atoms, and 6-31G(d) basis set for hydrogen atoms.

PE3IOME. Hayueso obpazoBaHde CMeIaHOBAIEHT-
HBIX coctoauuit 5,10,15,20-rerpa(deppoucunn)nopdupn-
Ha UMHKA, YCTOHYHMBBRIX NPH KOMHATHOH TemmepaTtype.
Ha ocnosanun ganumix DCII, Meccbaysposckoit, AMP-
CNEKTPOCKOITHH, 8 TAKIKE INEKTPOXHMHYECKUX H TEOPETH-
YECKMX METOI0B MCCIENOBAHMH clenaH BRIBOJI, HTO TIep-
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BeIif mpoIecc OKHCIEHHA BKIIOYaeT TPEX3JEKTPOHHBIH
nepexoa ¥, TakuM obpa3zom, nanbHelLice B3aUMOJEHCT-
BME METalI—MEeTall MOoXeT HabJioAaThCs HE TOJNBKO LA
CHCTEM C 3aTPYAHEHHBIM BpameHHeM (PeppOLIEHOBBIX 3a-
mecruTteneif, Ho U ang nopdupuHOB co cBOOOAHBIM Bpa-
HieHHeM (eppOoLEHOBBIX TPYNIL.
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H.H. Tperbsixora, B.fl. Uepnuii, JLA. Tomauunckas, C.B. Boakos *
NMPUKJAAHBIE ACIHHEKTBI XUMHH ®TAJTOLHHUAHHUHOBBIX KOMIIJIEKCOB METAJLJIOB

Paccmorpenm BO3MOXKHOCTH NMPHMEHCHHA (iJTaﬂOLlHBHHHDBLIX CHCTEM B KaYeCTBE HOBBIX beHKuHOHaHLHHX Mmare-
pHaloB — 3JEKTPOXPOMHBIX, HENHHEHHO-0NTHYECKHX, CCHCOPHBIX, KHAKOKPHCTAMIHYECKHX, & TAKXKE HCOO/Ib-

30BaHHE X B OHONOTHH M MEIHIIHHE,

B 1928 rogy XMMMKH IIOTIAHICKOH (HPMBI
Scottish Dyes Ltd B npouecce npou3BojcTea $pranu-
MuAa M3 GTaneroro aHruapuoa U aMMuaka Hallin
Ha CTEHKax peakTopa TeMHO-CHHee, Ype3BeI4aifHO yc-
TOWYHBOE MO OTHOMISHHIO K KMC/I0TaM M OCHOBAHM-
aM, conepkamiee B ceGe xene3o BemecTso. Jerans-
HOE W3y4eHHe ero CBOWCTB M CTPOEHHs MPHUBENO K OT-
KPBITHIO HOBOTO Kllacca MaKpOUMKIHYECKHX TeTpa-
MUPPONBHEIX coenuHeHuit — Qranonuannuos (Pc)
[1]. McuepnbiBatomnii cuaTe3 (ranonuaniHa sxene-
3a (PcFe) Obln BrepBhIe OIMCAH B KJIACCHYECKHX
pa6orax P.JIuncrena c¢ corpynHukamu [1—3].

dranouuaHNHEl 0Ka3alliCh HE TOJNBKO HOBEIM,
HO Y Ype3BkIMaifHO MepCreKTHBHEIM MPaKTUHecKu Kiac-
COM MaKpOUMK/IHYECKHX COelMHeHu) Gnaronaps ux
YHUKaNBHBIM cBOlicTBaM. TpaanIlHOHHO UX HMCMOJb-
3yIOT B KaueCTBe CBETONPOHYHBIX MUIMEHTOB W Kpa-
cuTenel. B HacToAlIee BpeMa B Mupe QranolnuaHu-
HOBbIE COEIMHEHMs BbIMyCKalTca B Gonbmmnx o6be-
Max A8 YAOBIEeTBOpeHHA noTpeOHOCTel B CUHUX H
3eNeHBIX MATMEHTaxX U KPACHTeNAX Ul nonurpadun,
JIErKO# TPOMBIIIIEHHOCTH, NPOMBIIITeHHOCTH (OTO-
rpaHueckuX MaTepHasoB, MOKPLITHA aBTOMOOH-
neli, macrmace. Hanmpumep, dranouuaHuHa Menu
npoussonutcs okono 50000t B rom [4]

Hapsany ¢ BEICOKOH TEPMHUYECKO# M XHMHYECKO
cTaGHUABHOCTBIO, CMOCOBHOCTHIO K CyOnumanu, gra-
JOLMAHUHBl 00/1alaloT 3aMevaTelbHBIMH ONTHYEC-
KHMH, (HoTOGU3MYECKUMH, INEKTPOXUMHUYECKUMH U

OuonornyeckuMH cBoiicTBaMu, uTO oDecrmeynBaer ux
UCIIOJIb30BAHUE HE TOJBKO B HAYYHEIX LENAX, HO
M B BBICOKOTEXHONOTIMYECKHX OTpacnsiX NMPOU3BOJI-
crBa [5—7]. TTo3aromy uens Hacrosuero o63opa —
npuUBJeYs BHUMaHHE HcclenopaTenelt U3 pasmud-
HEIX OOnacreif HAYKH W TEXHUKN K MMEHHO 3THM, WH-
TEpeCHbIM B MPAKTHYECKOM CMbICIE COEAMHEHHAM.

DTO He 03HAYaeT, YTO B JUTEPATYpPE OTCYTCTBY-
10T 0630pBI MO XMMUH (TATOLHAHHHOBBIX COEMHE-
Hui; nepBulif 0630p Obin caenan Moser F.H.,
Thomas A.L. yxe 4epe3 HECKONbKO JIeT ocle OTKPhI-
T QranounaHHHOBEIX KoMMIekcoB [8), 4Tro cBu-
JIeTeNbCTBYeT 00 MHTepece K HMM C TIEPBBIX JHEH HX
cyuiecTBoraHuA. JanpHelne nocTHxeHns B obnac-
TH XMMHU (TaloOlHaHAHOBBIX Kpacurtenei Oblim
06006wwens! Booth G. [9] u Leznoff C.C., Lever A.B.P.
[10). B 1989 r. mox penakuwueit E.A. JIykpaHIa 6bL1
W3aH aTyiac CneKTpoB (TajloLUHaHWHOBBIX, Ha(Ta-
JIOLHAHWHOBBIX H APYTHX POACTBEHHBIX COSAHHEHHI
[11]. B 2002—2004 rr. BhILIEN B CBET CHPABOYHHK IO
XUMUHU MOPPUPHHOB M POACTBEHHBIX COEAMHEHHH,
B KOTOPOM HECKOJIBKO TOMOB MOCBSALIEHO ¢Tano-
LHaHHHOBBIM coenuHeHusaM [12].

MeToabl cHHTe3a (PTAJOUHAHHHOBBIX KOMILIEK-
coB. OcHOBHBIE MeTOMIBI cuHTe3a Pe-cucreM GpinM pas-
pab6oranel P. JIuncrenom. O mokasan, 4ro ¢rano-
UHAHWHBl MOMKHO MOJYMHUTH UCXOAS W3 pa3mH4HBIX
NPON3BOAHBIX (hTaneBoit KUCIOTH, HO KIIOUeBOit Bee-
raa ssigerca craaus o6pa3oBaHus (PTaNOAUHHTPH-

* U.H. Tpersakosa — mil. Hayd, corpynsnk, B.SI. Yepnuit — xann. xum. nayk (1998), J1.A. Tomaunnckas —
kaHn. xuM. Hayk (2002), paGoraiwor ¢ C.B. Bomkoseim ¢ 1996 1.
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