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Magnesio-carbothermal reduction of CuwWo,/MeO nanostructured
precursors & synthesis of W/Cu composite materials

0 400 800 t(s)

1 1
M. K. Zakaryan 10 8001 @ © %% E
H. V. Kirakosyan 1£600 - £600 !
L.S. Abc()jvyan '3 400 1 5 400 !
S. V. Aydinyan 'E £ '
= 200 - ~ 200 !
S. L. Kharatyan I APW:+2,5Cu(NOs) !
! 0 T T [¢] !
! |

:

1

Xum. orc. Apmenuu, 2017, m. 70, Ne4, c. 450

Volumetric properties of binary mixtures of acrylonitrile with dimethylsulfoxide
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SHS processing of copper waste into copper powder

H.A. Mahmoudi
L. S. Abovyan
S. L. Kharatyan
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MAGNESIO-CARBOTHERMAL REDUCTION OF CuwO,/MeO
NANOSTRUCTURED PRECURSORS & SYNTHESIS OF W/Cu COMPOSITE
MATERIALS

M. K. ZAKARYAN™? H. V. KIRAKOSYAN?, L. S. ABOVYAN?,
S. V. AYDINYAN! and S. L. KHARATYAN?
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5/2, P. Sevak Str., Yerevan, 0014, Armenia
Yerevan State University
1, A. Manukyan Str., Yerevan, 0025, Armenia
E-mail: zakaryan526219@gmail.com

In the present work for the fabrication of W/Cu nanopowders (with 15 and 51 wt.% Cu) an
energy-saving combustion synthesis method was used, with carefully selected precursors and Mg/C
reducing mixture. Combustion synthesis was performed from fine CuWO4/WO; and CuWO,/CuO
precursors obtained via solution combustion synthesis (SCS) or sol-gel combustion synthesis
method by using ammonium paratungstate and copper nitrate in the presence of citric acid as a
reducer and complexing agent. The use of such type of precursors allows to synthesize more
homogeneous composites. Combustion experiments were conducted within low temperature
intervals of the thermodynamically selected optimal areas, which is important for preparing fine-
grained materials. The results denote that at selected amount of Mg the increase in carbon amount
leads to significant decrease in the values of combustion temperature and velocity, simultaneously
creating softer and more favorable conditions for complete reduction of both the metals. The
optimum conditions for obtaining target W-Cu composite powders with 15 and 51 wt.% Cu were
determined. SEM examinations have shown that the combustion products are homogeneous,
without molten areas, and in the both cases average particles’ size is about 50 nm.

Figs. 10, references 23.
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Introduction

Tungsten-copper (W/Cu) alloys are gaining increasing attention owing to
exhibiting superior combination of properties, such as low coefficient of thermal
expansion (CTE), spark erosion resistance, and high melting point of tungsten with a
high thermal and electrical conductivity of copper [1-5]. W/(10-50wt.%)Cu alloys
are promising materials for a number of functional and structural applications
including electrical and aerospace industries, such as electrical contacts, high
voltage switches, electrodes, refractory parts, self-cooling heat sinks [6]. As
electrodes they exhibit low wear and maintain high contour sharpness [5]. Due to
large differences in CTE, density, melting point, and mutual insolubility, the
preparation of W/Cu pseudoalloys presents a key issue in obtaining specimens with
desirable properties, such as uniform microstructure and high density. The latter are
common difficulties when using traditional methods. Copper and tungsten are
completely immiscible due to a very high positive heat of mixing: +35.5 kJ/mol [7].
This system is immiscible even in the liquid state. Thus, W/Cu composites really are
not alloys, but are considered a type of composite material. Also, as there is a large
disparity between the melting points of tungsten and copper, thus W/Cu composites
cannot be prepared through traditional metal-casting processes [4] and are
commonly produced by infiltration of a porous sintered tungsten piece by liquid
copper. This way is confined because it produces defects in the structure and the
properties are sensitive to these defects [8-9]. Different other ways were suggested,
such as co-reduction of oxygen containing copper and tungsten substances by
hydrogen [10-12], mechanical alloying of Cu and W powders [13], electroless
plating [14], liquid phase plasma method [15], low-temperature densification using
sintering additives [16], etc.

In the present work W/Cu nanopowders (Cu-15 wt. % (a) and Cu-51 wt. % (b))
were manufactured by energy-saving self-propagating high-temperature synthesis
(SHS) or combustion synthesis (CS) method [17]. For this purpose co-reduction of
fine CuwO,/MeO (Me=Cu,W) precursors was performed using Mg/C reducing
mixture (thermo-kinetic coupling approach) [18-20]. It was established earlier that
the selection of the starting materials can highly contribute to enhancing the
structure and properties of the final W/Cu products [21-22]. Regarding that, copper
tungstate/metal oxide fine precursors were prepared by solution combustion
synthesis (SCS) or sol-gel combustion synthesis method using ammonium
paratungstate and copper nitrate in the presence of citric acid as a reducer and
complexing agent [23-24]. SCS involves self-sustained reactions in a solution of
metal containing oxidizers (typically metal nitrates) and a fuel (water-soluble
organic amines, acids, amino-acids, etc). SCS begins from an aqueous solution,
which guarantees a molecular-level mixing of reactants and high specific surface
area of products as a consequence of the large amount of gases produced during the
synthesis process [23-24]. In addition, W(VI) and Cu(ll) form chelates (complexes)
with citric acid increasing salt’s solubility which is substantial for the preparation of
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saturated solutions for SCS. Moreover, as a result of chelates formation, the oxidizer
and reducer become chemically bonded, which will promote the formation of highly
homogeneous nanostructure of final product. Thus, suggested manufacturing
approach of W:Cu=2:1 and W:Cu=1:3 composite powders comprises the preparation
of homogeneous and nanostructured salt precursors obtained by SCS method and
subsequent co-reduction by applying reaction’s coupling approach. The work
addresses to the enhancement and development of energy and time saving, highly
efficient, waste less production of homogeneous W-Cu composite materials with
improved physicomechanical characteristics.

Experimental

Tungsten (V1) oxide (Pobedit Company, Russia, pure, high grade, u<40 um),
copper (I1) oxide (STANCHEM, Poland, pure, high grade, p<40 zm), magnesium
(MPF-3, Russia, pure, particle size 0.15 mm<u<0.3 mm), carbon (P-803, Russia,
u<l1 gm), ammonium paratungstate (APT, chemically pure grade), copper (I1) nitrate
(99% pure ACS reagent grade), citric acid (CA, CgHgO, chemically pure grade)
were used as precursors. For preparation of WO3;+CuWO, and 2CuO+CuWO;,
precursors the mixture of APT and Cu(NO3), was used as the initial reagents, and
citric acid was used as the complexing and reducing agent. Stoichiometric quantities
of these substances were initially dissolved in appropriate amount of deionized water
to obtain saturated solutions and then the solutions were mixed. pH of solution was
regulated by adding certain amount of ammonia. The obtained blue transparent
solution was evaporated in a glassy beaker on the electric fryer up to the gel state.
The gelation was immediately followed by the ignition-combustion process. The
product was dried in the muffle furnace at 400°C for 2 hrs to remove organic
substances. After drying process the SCS products (CuWO,;+MeQ) were
homogenized in a ceramic mortar with Mg/C mixture for 15 minutes and cylindrical
samples were prepared with relative density of 0.3-0.4 , 30-50 mm height and 20 mm
in diameter. The prepared samples were placed in a reaction chamber CPR-3I. The
reactor was sealed, evacuated, purged with nitrogen (purity 99.97 %, oxygen content
less than 0.02%) and filled to the desired pressure (0.5 MPa). The combustion
process was initiated with short heating of tungsten spiral (18 V, 2 s) from the upper
surface of the sample. Combustion temperature (T.) and combustion velocity (U.)
were measured by two C-type tungsten-rhenium thermocouples with 200 gm in
diameter (W-5Re/W-20Re). The thermocouples were placed in the sample with
depth of 10 mm, and 15 mm distance from each other. The standard error of
measurement for T.and U, were + 20°C and 5%, respectively. The output signals of
thermocouples were transformed by a multichannel acquisition system and recorded
by a computer with a frequency up to 2 kHz. Maximum combustion temperature (T.)
for each sample was calculated as average of maxima for two temperature profiles.
The average value of combustion velocity is calculated by the following formula: U,
= LeAt?, where L is the distance between the thermocouples, At is time distance

452



between the thermocouple’s signals. After cooling the reacted samples were crushed
into a powder, subjected to acid leaching by 10% hydrochloric acid at 60°C for
removing the byproduct magnesia, washed with deionized water and dried in
vacuum oven at 120°C. Intermediate and final products were examined by X-ray
diffraction (XRD) with monochromatic CuKa radiation (diffractometer DRON-3.0,
Burevestnik, Russia) operated at 25 kV and 10 mA. To identify the products from the
XRD spectra, the data were processed using the JCPDS database. The
microstructure of powders was examined by BS-300 and LEICA440i scanning
electron microscopes (SEM). The gaseous products were analyzed by gas-
chromatography (LKHM-72 apparatus).

Results and discussion

1. SCS and characterization of CuwWO,/MeO nanostructured precursors.

For the preparation of CuWO4/WO3; and CuWO42CuO precursors by SCS
method tungsten and copper salts with citric acid were selected as initial reagents to
satisfy to the main conditions of SCS - sufficient exothermicity and self-sustaining
manner of interaction. As aforementioned, the solutions prepared from the salts of
tungsten and copper precursors together with citric acid heated on electrical heater,
and after much of the water has been evaporated, a viscous liquid is formed (sol,
then gel) which is autoignited at >200 °C accompanied by release of gas and smoke.
To follow the reaction in different thermal modes the temperature-time
measurements were made by chromel-alumel thermocouple. It should be mentioned
that at high content of tungsten flameless brown fuming was observed, and at high
content of copper formation of a combustion front and propagation takes place as
well. This difference was also distinctly expressed in the registered thermograms

(Fig. 1).
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Fig. 1. Combustion temperature profiles of the SCS reactions for preparing CuWO4,/WOs(a) &
CuWQO,/CuO (b) precursors.

In the first case gradual temperature growth up to T,,,=580°C and in the second
case sharp increase up to Tp.=815°C were observed. Note, that in the Cu(NOs),-
APW-CA system copper nitrate acts as an oxidizer, and consequently increasing the
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amount of nitrate may lead to combustion temperature leap. The composition of the
SCS products (CuWO4/WO3;, CuWO,/2Cu0) was ascertained by the XRD analysis

(Fig. 2).

o-CuWO,
®.0 O-W03
A A-CuO

Intensuty (a.u.)

10 20 30 40 26 (degree)

Fig. 2. XRD patterns of CuWO4,/WO3 (a) & CuWO./CuO (b) precursors obtained by SCS
method.

According to the results of microstructure analysis fine-grained powder (<1 zm)
was obtained (Fig. 3).

= 4 1% z B -

Fig. 3. SEM micrographs of CuWO4/WO3 (a) & CuWO4/CuO (b) precursors obtained by SCS
method.

As IR spectral analysis has shown the obtained salt-oxide systems are
characterized by considerably different spectra (Fig. 4). Both the spectra exhibit a
common broad band near 3440 cm ™' due to the OH-stretching vibrations of free and
hydrogen-bonded hydroxyl groups. In Fig. 4a and 4b the absorption bands with the
maxima at 890 cm™, might be assigned to the stretching mode of W-O bonds in
junction with WQ, tetrahedra. The broad absorption peaks in the range 500-1000
cm™ are characteristic of the different O-W-O stretching vibrations in the WO;
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crystal lattice (Fig. 4a,b) The FTIR spectrum (Fig. 4a) shows bands at around 710,
540 and 470 cm™, which can be assigned to the vibrations of Cu-O bonds.
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Fig. 4. IR spectras of CuUWO4/WO3 (a) & CuWO,/CuO (b) precursors obtained by SCS method.

2. Combustion laws in the CuWO4-WO3-yMg-xC & CuWO,-2CuO-yMg-
xC systems.

For the fabrication of W-15wt.%Cu (a) and W-51wt.%Cu (b) composite
powders with homogenous microstructure characteristics and enhanced properties
the SHS co-reduction of as prepared salt-oxide systems was performed.

For selecting optimal composition of the (CuWQO,+WQO3)+yMg+xC (a) initial
charge and to reveal the influence of reducers’ amount on the combustion
parameters at obtaining the target 2W-Cu alloy a series of experiments were carried
out at constant content of magnesium (2.7 moles) and varying the carbon amount
within the interval from 0 to 5 moles, at nitrogen pressure of 0.5 MPa (Fig. 5). The
mentioned amount of magnesium was selected on the basis of (i) thermodynamically
selected optimal areas and (ii) previous experiments on the reduction of the mixture
of oxides [21]. According to the results obtained, in parallel with carbon amount
increase both the combustion temperature (T.) and combustion velocity (U.)
decrease simultaneously creating moderate thermal conditions for the complete
reduction of both metals (W, Cu) (Fig. 5). That phenomenon is conditoned by
growth in portion of the reaction with low thermal effect (carbothermal reduction),
similar to other cases studied earlier [21-22]. As may be seen from Fig. 5, small
amount of carbon (0.5 mol) causes drastic fall in the combustion velocity (from 1.27
to 0.5 cm/s). At further increase in carbon amount continues fluent reducing of the
combustion velocity was registered. The combustion temperature also decreases
from 1950°C to 1250°C conditioned by increase in the carbon amount.
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Fig. 5. Combustion temperature and velocity vs carbon amount for the CuWOQO;+WOs+
2.7Mg+xC system, P=0.5 MPa.

Combustion laws in the next (2CuO+CuWO,)+yMg+xC (b) system were
studied to find out optimal amounts of reducers in the initial mixture. Based on the
results of thermodynamic analysis and some preliminary experiments (conducted at
changing the amount of Mg for choosing the optimum one) magnesium amount was
choosen to be 2 moles and further experiments were done with that amount. The
influence of carbon content on combustion laws of the initial mixture was studied
again in an interval from 0 to 5 moles showing similar behaviour of the combustion
parameters. Thus, variation of carbon amount leads to the inversely proportional
changes of T, (from 2100 to 1340°C) and U, (from 1.14 to 0.11 cm/s). At that low
amounts of carbon have dramatic influence on the combustion velocity, while at
higher amounts of carbon U, remains practically constant (Fig. 6).
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Fig. 6. Combustion temperature and velocity vs carbon amount for the CuWO;+2CuO+
2Mg+xC system, P=0.5 MPa.
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In the figure 7 the experimental and calculated mass losses for the
(WO3+CuWO,4)+2.7Mg+xC system vs carbon amount are demonstrated. As it can
be seen, in the whole interval of carbon content the registered mass loss for the
sample is close to that of thermodynamically calculated one and differs only by 2%
(Fig. 7).
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Fig. 7. Experimenal and calculated mass loss at combustion of the CuWO4+WO3+2.7Mg+xC
system, P=0.5 MPa.

Similar behavior of mass change was observed for the second system:
CuW04+2Cu0O+2Mg+xC.

Solid products of combustion were examined by XRD analysis method (Fig. 8).
According to the results for the system (a) obtained at small amounts of carbon,
magnesium tungstate constitutes the considerable part of the combustion product. It
decreases gradually at growing carbon content and disappears from the combustion
product beginning from x=3 moles (Fig. 8).

Based on XRD analysis data compositions containing 2.7 moles Mg and carbon
content from 3 to 3.7 moles were selected as optimal to obtain 2W-Cu composite
powders. At Mg content more than 4 moles, apart from target products, XRD
patterns have indicated to trace amounts of magnesium tungstate. Besides, according
to reaction stoichiometry certain amount of free carbon is also expected. It is also
noteworthy that characteristic peaks of the initial WOz and intermediate WO, were
absent in XRD patterns for all x values (Fig. 8).
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Fig. 8. XRD patterns of combustion products of the CuWO;+WO3+2.7Mg+xC system,
P=0.5 MPa.

According to XRD analysis data for the (b) system, combined and complete
reduction of metals were registered at carbon amount changing within the interval
from 3.7 to 4.7 moles.

For removing the byproduct magnesia the reaction products were subjected to
acid leaching. According to XRD analysis results, after acid leaching the products
contain only target metals (Fig. 9).
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Fig. 9. XRD patterns of the combustion products 2W-Cu (a), W-3Cu (b) after acid leaching.
Microstructural examinations testify that after acid leaching the combustion

products are homogeneous, without molten areas and contain fine-grained particles
with average size about 50 nm (Fig. 10).
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Fig. 10. SEM micrographs of the combustion products 2W-Cu (a), W-3Cu (b) after acid
leaching.
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MATHU-KAPBOTEPMHUYECKOE BOCCTAHOBJIEHUE CuWO,/MeO
HAHOCTPYKTYPUPOBAHHBIX TPEKYPCOPOB U CUHTE3 W/Cu
KOMITO3UIIMOHHBIX MATEPUAJIOB

M. K. BAKAPSIH'?, A. B. KHPAKOCSIHY, JI. C. ABOBSIH,
C.B. AUUHSH u C. JI. XAPATSIH'?

Nucruryt xummaeckon dpusuku uM. A.B. HarGaupsna HAH PecniyGavku Apmenust
Apwmenus, 0014, EpeBan, ya. I1. CeBaka, 5/2
2EpeBaHCKUN TOCYAAPCTBEHHBIN YHUBEPCUTET
Apmenus, 0025, EpeBan, ya. A. MaHyksaHa, 1
E-mail: zakaryan526219@gmail.com

B pauHOM pabore HaHomopomku W/Cu C pa3AHMYHBIM COOTHOIIEHHEM
MeTaAAOB CHHTe3MpoBaHEI MeTopoM CBC myreM Mar"Huii-kapOOTepMHUYECKO-
rO BOCCTQHOBAEHUSI HAHOCTPYKTypupoBaHHBIX CuWO,/MeO npeKypcopos.
[TocrepHME TOAyYeHBI MeTOAOM CHHTe3a TOpeHUeM pacTBOpPOB IIapa-
BOAB(PpaMaTa aMMOHUS M HUTPATa MEAU B IIPUCYTCTBUM AVMOHHOMN KHCAOTHI
B KaueCcTBe BOCCTAHOBUTEAS U KOMIIAeKcOoOOpa3oBaTeasd. lcmoab3oBaHue
cMecu coab-okuch CuWO,/MeO wuMeeT ONpeAEAeHHOE IIPENMYIEeCTBO,
IIOCKOABKY 00a MeTaaAd, HaXOAdICh B OAHOM M TOM >Ke KPUCTAAANYECKOM
pellleTKe, CIOCOOCTBYIOT OOpPa30BaHUIO OAHOPOAHOrO KoMmmo3uTta. OCHOBBHI-
BasICh Ha TEepPMOAWHAMHUUYECKHX pacderax, ropenme cmecu CuWO,/MeO —
Mg-C npoBoAMAM B HU3KOTEMIIEPATyPHOM OOAACTH, UTO NPEACTABASIET MHTe-
pec AAS TIOAyYeHMS MeAKOo3epHHCTEIX W/Cu wmarepuanoB. PesyabraTh
IIOKa3aAd, YTO NPHU OIPeAeAeHHOM KoAudecTBe Mg yBeAndeHHe KOAWYECTBa
YTA€pOAa TPUBOAUT K 3HAUMTEABHOMY YMEHBIIEHUIO IIapaMeTpOB TOpeHUs
(T m Up), opHOBpeMeHHO oOecneumBag Ooaee MArKHe U OAAronpUSATHBIE
YCAOBHUS AAS TIOAHOTO BOCCTAHOBAEHHUSI 000MX MeTaaroB. OnpepereHbl OITH-
MaAbHBIE YCAOBUS AAS TTOAYYEHUS I[eAeBBIX W-Cu KOMIO3UTHBIX ITOPOIIKOB
c copepkanueM 15 u 51 macc.% Cu. IIpoOAYKTHI rOpeHUs, IIOAYYEHHBIE B OII-
TUMAaAbBHBIX YCAOBUSIX, OAHOPOAHBI, Pa3Mep YaCTHIl COCTaBASIET OKOAO 50 mm.
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VOLUMETRIC PROPERTIES OF BINARY MIXTURES OF ACRYLONITRILE
WITH DIMETHYLSULFOXIDE (OR DIETHYLSULFOXIDE) AT
TEMPERATURES FROM 298.15 TO 323.15K

H. H. GHAZOYAN, Z. L. GRIGORYAN and S. A. MARKARIAN*
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1, A. Manoukyan Str., Yerevan, 0025, Armenia
E-mail: shmarkar@ysu.am

Densities, p, of binary solutions of acrylonitrile in polar aprotic solvents such as
dimethylsulfoxide and diethylsulfoxide have been measured over the full range of compositions at
temperatures from 298.15K to 323.15K. The excess molar vqumeg, VmE , apparent molar volumes,

Vy

dilution, Viw, and thermal expansion coefficients, a,, for binary liquid mixtures were calculated. The

1 partial molar volumes, Vi, excess partial molar volumes,\V/ . Ppartial molar volumes at infinite

excess molar volumes are negative over the whole range of composition for these mixtures and
become more negative with increasing temperatures from (298.15 to 323.15) K. The excess molar
volumes were correlated by the Redlich—Kister equation. The obtained results were interpreted on
the basis of dipole-dipole interactions between nitrile group of acrylonitrile and S=O group of
dimethylsulfoxide or diethylsulfoxide.

Figs. 4, tables 6, references 19.

Acrylonitrile (AN) as a polar solvent serves as a monomer to synthesize
polyacrylonitrile (PAN). It should be noted that interaction of solvent molecules
with both PAN and AN takes place due to dipole-dipole interaction between nitrile
group and polar groups of solvents [1-4]. Particularly, it was shown that penetration
of solvent molecules into the polymer molecules occurs by breaking up the polar-
polar interactions of the nitrile groups of PAN [1].

Moreover, interaction between C =N and S = O groups leads to the negative
values of excess molar volumes as it was shown in [5, 6] for dimethylsulfoxide
(DMSO) - acetonitrile (ACN) binary mixtures. In addition, earlier on the basis of FT
IR and Raman spectroscopic measurements of DMSO-ACN mixtures [7, 8] it was
shown that the formation of the intermolecular associate as the antiparallel dipolar
conformation takes place (Scheme 1).
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It should be noted that although thermodynamic studies of binary mixtures of
AN with some alkyl acetates, aromatic ketones, aromatic hydrocarbons and alkyl
alcohols have been done by several authors [9-15] but to our knowledge there are no
literature data for density and volumetric properties of AN-DMSO (or
diethylsulfoxide (DESO)) binary systems.

This work reports densities and volumetric properties of binary mixtures of AN
with DMSO, DESO and ACN from 298.15 to 323.15K over the entire composition
range. A Redlich-Kister type equation correlates excess molar volumes. The excess

E . _
molar volumes, V,,~, apparent molar volumes, V, ., partial molar volumes, Vi,

g1
excess partial molar volumes, V, partial molar volumes at infinite dilution, V,”,

and thermal expansion coefficients, a,, have been calculated as a function of
composition.

Materials and Methods

AN was purchased from Aldrich Chemical Co. with >99% purity and content of
35-45ppm monomethyl ether hydrogquinone as inhibitor.

DMSO (99.9% purity) and acetonitrile (>99% purity) were purchased from
Aldrich Chemical Co. and were used without further purification.

DESO was prepared and purified according to procedure in ref. [16]. Its purity
tested by gas chromatography (Carrier gas — He, Apiezon-Carbowax 20M,
I=1m) was greater than 99.5 mass%,; the water content, after drying on molecular
sieves, was lower than 0.01 mass%.

The densities of solutions were measured on an Anton Paar DMA 4500
vibrating-tube densimeter in the temperature range of (298.15-323.15)K. The
accuracy of the density and temperature measurements was +1x10> kg m™ and
+0.01K, respectively. The densimeter was calibrated with dry air and double-
distilled water.

All solutions were prepared gravimetrically using a Sartorius CPA6235 balance
with uncertainty of = 1x10°kg.

Results and Discussion

From the experimental values of the densities volumetric properties: excess

E ) _
molar volume, V,,~, apparent molar volume, V, ,, partial molar volume, Vi, excess

$1’
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partial molar volume, \7|E partial molar volume at infinite dilution, V,*, and

thermal expansion coefficient, oy, were estimated.

Densities and Excess Molar Volumes.
The experimental values of densities of binary solutions of AN in DMSO,
DESO and ACN at temperatures from 298.15 to 323.15K are listed in Table 1.

Table 1
Densities of binary solutions of AN(1) in
DMSO, DESO and ACN (2) at T = (298.15-323.15) K
X px107° (kg m‘3)

2 298.15K 303.15K 308.15K 313.15K 318.15K 323.15K

X(DMSO) AN-DMSO
0.0000 0.80079 0.79516 0.78949 0.78379 0.77806 0.77228
0.1056 0.83612 0.83061 0.82507 0.81950 0.81390 0.80826
0.2079 0.86860 0.86328 0.85784 0.85237 0.84688 0.84136
0.2988 0.89740 0.89207 0.88672 0.88135 0.87597 0.87059
0.3968 0.92719 0.92201 0.91669 0.91128 0.90591 0.90062
0.5016 0.95852 0.95334 0.94815 0.94295 0.93774 0.93250
0.5999 0.98702 0.98190 0.97678 0.97164 0.96649 0.96133
0.6986 1.01492 1.00997 1.00499 1.00005 0.99505 0.98980
0.7976 1.04235 1.03752 1.03267 1.02754 1.02255 1.01735
0.8979 1.06932 1.06431 1.05930 1.05429 1.04927 1.04425
1.0000 1.09562 1.09056 1.08556 1.08061 1.07560 1.07059

X(DESO) AN-DESO
0.0000 0.80079 0.79516 0.78949 0.78379 0.77806 0.77228
0.1014 0.83580 0.83038 0.82494 0.81947 0.81397 0.80844
0.1992 0.86561 0.86045 0.85520 0.84994 0.84464 0.83932
0.3033 0.89322 0.88823 0.88316 0.87807 0.87296 0.86782
0.4002 0.91684 0.91190 0.90697 0.90204 0.89708 0.89210
0.4927 0.93672 0.93199 0.92719 0.92238 0.91755 0.91270
0.6003 0.95705 0.95236 0.94767 0.94296 0.93824 0.93351
0.6914 0.97148 0.96686 0.96226 0.95765 0.95302 0.94839
0.7963 0.98721 0.98268 0.97817 0.97365 0.96912 0.96458
0.9003 1.00166 0.99730 0.99287 0.98844 0.98399 0.97953
1.0000 1.01398 1.00964 1.00528 1.00092 0.99654 0.99216

X(ACN) AN-ACN
0.0000 0.80079 0.79516 0.78949 0.78379 0.77806 0.77228
0.1011 0.79887 0.79326 0.78761 0.78193 0.77620 0.77044
0.2065 0.79694 0.79134 0.78571 0.78004 0.77434 0.76860
0.3060 0.79479 0.78921 0.78360 0.77795 0.77226 0.76654
0.4002 0.79273 0.78716 0.78157 0.77593 0.77026 0.76455
0.5002 0.79041 0.78486 0.77928 0.77367 0.76802 0.76234
0.6010 0.78798 0.78245 0.77690 0.77131 0.76568 0.76001
0.7015 0.78543 0.77993 0.77439 0.76882 0.76322 0.75758
0.7980 0.78289 0.77713 0.77163 0.76612 0.76061 0.75486
0.8969 0.78006 0.77430 0.76905 0.76354 0.75803 0.75228
1.0000 0.77662 0.77118 0.76572 0.76023 0.75471 0.74915

Excess molar volumes, Vv E, of the above mentioned mixtures were calculated

from the experimentally measured densities at each temperature using the following
equation
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VmE=(X1|\/|1+XZMZ)/p—(X1M1/p1+X2|\/|2/p2) (1)

where M; and M, represent the molar masses of AN and solvent (DMSO, DESO and
ACN), respectively. The x; and x, are molar fractions of AN and solvent having
densities p, and p, respectively.

As it follows from these data (Table 2) the excess molar volumes are negative
over the whole range of composition and temperature for AN+DMSO (or DESO)
binary mixtures and become more negative with increasing temperature from 298.15
to 323.15K, implying that the intermolecular forces between different molecules in
those systems becomes more stronger (Fig. 1).

Table 2

Excess molar volumes, VF x10° (m3 -mol’l), of binary solutions of AN (1) in
(DMSO, DESO and ACN) (2) at T = (298.15-323.15) K

X, 298.15K __ 303.15K _ 308.156K _ 313.15K _ 318.5K  323.15K
X(DMSO) AN-DMSO
0.0000 0.000 0.000 0.000 0.000 0.000 0.000
0.1056 -0.167 -0.180 -0.193 -0.206 -0.219 -0.234
0.2079 -0.222 -0.249 -0.270 -0.289 -0.311 -0.335
0.2988 -0.295 -0.320 -0.345 -0.370 -0.398 -0.431
0.3968 -0.308 -0.341 -0.364 -0.382 -0.406 -0.441
0.5016 -0.318 -0.346 -0.373 -0.400 -0.431 -0.463
0.5999 -0.295 -0.321 -0.348 -0.372 -0.400 -0.430
0.6986 -0.252 -0.284 -0.313 -0.343 -0.374 -0.389
0.7976 -0.201 -0.234 -0.263 -0.272 -0.294 -0.304
0.8979 -0.124 -0.136 -0.146 -0.153 -0.163 -0.174
1.0000 0.000 0.000 0.000 0.000 0.000 0.000
X(DESO) AN-DESO
0.0000 0.000 0.000 0.000 0.000 0.000 0.000
0.1014 -0.227 -0.238 -0.251 -0.263 -0.277 -0.292
0.1992 -0.395 -0.420 -0.440 -0.462 -0.485 -0.510
0.3033 -0.481 -0.509 -0.534 -0.560 -0.588 -0.617
0.4002 -0.588 -0.611 -0.638 -0.667 -0.697 -0.729
0.4927 -0.621 -0.651 -0.679 -0.707 -0.738 -0.770
0.6003 -0.583 -0.604 -0.628 -0.651 -0.678 -0.705
0.6914 -0.424 -0.439 -0.458 -0.477 -0.498 -0.521
0.7963 -0.287 -0.296 -0.309 -0.322 -0.337 -0.353
0.9003 -0.165 -0.177 -0.184 -0.191 -0.199 -0.207
1.0000 0.000 0.000 0.000 0.000 0.000 0.000
X(ACN) AN-ACN
0.0000 0.000 0.000 0.000 0.000 0.000 0.000
0.1011 -0.006 -0.006 -0.006 -0.007 -0.005 -0.006
0.2065 -0.024 -0.024 -0.025 -0.025 -0.025 -0.025
0.3060 -0.023 -0.023 -0.024 -0.024 -0.023 -0.023
0.4002 -0.026 -0.026 -0.027 -0.026 -0.025 -0.025
0.5002 -0.026 -0.026 -0.027 -0.027 -0.026 -0.026
0.6010 -0.028 -0.028 -0.029 -0.029 -0.028 -0.028
0.7015 -0.029 -0.030 -0.030 -0.030 -0.030 -0.030
0.7980 -0.032 -0.012 -0.013 -0.016 -0.021 -0.010
0.8969 -0.028 -0.007 -0.024 -0.025 -0.028 -0.016
1.0000 0.000 0.000 0.000 0.000 0.000 0.000
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Fig. 1 Excess molar volumes, an x10° (m3 mol’l), of binary solutions of AN at T=(298.15-

323.15) K (a) AN-DMSO; (b) AN-DESO, 298.15K (e); 303.15K (a); 308.15K (¥); 313.15K («);
318.15K(»); 323.15K (®).

As it was expected, deviations from the ideal behavior of AN-ACN mixture are
negligible which is due to the fact that interactions between nitrile groups of
identical and different molecules practically equivalent. As an illustration the
dependences of VmE on molar fraction of tree solvents (DESO, DMSO, ACN) at

temperature 298.15K are presented in Fig. 2.
Excess molar volumes were described by the Redlich—Kister polynomial
equation [17, 18].

YE =A%) A% 1) )

The Redlich—Kister coefficients, A; and standard deviations,o, are
summarized in Table 3. o is evaluated from the equation

o= [Z(YeExpt - YcEaIc)Zl(m - n)] vz ’ (3)

where m is the number of results and n is the number of parameters retained in
equation (3).

-0,2 4
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0,44

V_x10° (m®*mol %)
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-0,6

0.7 T T T T
0,0 0,2 04 0,6 08 10

Fig. 2- Excess molar volumes, V F x10° (m3 mol’l), of binary solutions of AN at T=298.15K:
(m) AN-DMSO: (o) AN-DESO: (%) AN-ACN.
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Table 3

Redlich-Kister fitting coefficients, A;, and standard deviations,
o (V.E x10° /m® mol ), of the excess molar volumes for the AN solutions in

DMSO, DESO and ACN at temperatures from (298.15 to 323.15) K

TIK A A, A, o (\/mE )
AN-DMSO
298.15 -1.2459 0.1853 -0.3337 0.010
303.15 -1.3662 0.1686 -0.4337 0.008
308.15 -1.4749 0.1451 -0.5134 0.009
313.15 -1.5782 0.1585 -0.5152 0.010
318.15 -1.6977 0.1527 -0.5516 0.012
323.15 -1.8259 0.2223 -0.5206 0.011
AN-DESO
298.15 -2.4026 0.4409 0.7254 0.026
303.15 -2.5023 0.4977 0.7006 0.027
308.15 -2.6093 0.5356 0.7071 0.028
313.15 -2.7183 0.5808 0.7130 0.028
318.15 -2.8375 0.6226 0.7163 0.028
323.15 -2.9613 0.6682 0.7114 0.029
AN-ACN
298.15 -0.1052 -0.0622 -0.1524 0.004
303.15 -0.1164 0.0072 0.0302 0.004
308.15 -0.1128 -0.0166 -0.0543 0.006
313.15 -0.1106 -0.0235 -0.0787 0.005
318.15 -0.1058 -0.0426 -0.1119 0.005
323.15 -0.1113 -0.0013 -0.0144 0.005

As it follows from Fig. 3, VmE values for AN-DMSO binary mixtures are more
negative than those for ACN-DMSO mixtures.

-0,10 4
-0,15 4

-0,20

V_®x10° (m® mol ™)

-0,25

-0,30 4

'0*35 T T T T
0,0 0,2 04 06 08 1,0

X (DMSO)

Fig. 3-Excess molar volumes, VmE x10° (m3 mol’l), of binary solutions at T=298.15K: (m) AN-
DMSO; (A) ACN-DMSO (this work); ( + ) ACN-DMSO (ref. 5).

To explain this observation it should be mentioned that when groups such as
C =N are adjacent to a multiple bond, they withdraw 7 electrons from multiple
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bond through resonance or mesomeric effect. Obviously, such a type interaction
occurs between C=C and C =N groups in AN molecules. As a result the polarity
of C=N group in AN molecule is increasing and hence more strong interaction
between C = N group of AN and S=O group of DMSO takes place.

Apparent and Partial Molar Volumes.

In a binary liquid mixture, the apparent molar volumes V¢vland \% of
components 1 (AN) and 2 (DMSO or DESO) are calculated by following equations
[18, 19]:

* E *
Vi =Vi +V /% andV,, =V, +V/X,, (4)

where V,” and V, are the molar volume of pure AN and solvents (DMSO or

DESO), respectively. The data for the above mentioned binary solutions at
temperature from 298.15K to 323.15K are presented in Table 4a, b.

Table 4a

Apparent molar volumes ( V¢,i ), partial molar volumes (V i), and excess partial

molar volumes ( \7iE) of AN(1)-DMSO(2) binary solutions at T=(298.15-323.15) K

< V,, x10° V,, x10° V, x10° V, x10° Vi x10° V5 x10°
2 (m3 mol’l) (m3 mol’l) (m3 mol’l) (m3 mol’l) (m3 mol*l) (m3 mol’l)
T=298.15K
0.1056 66.073 69.730 66.140 70.028 0.120 1.283
0.2079 65.979 70.241 66.094 70.724 0.166 0.587
0.2988 65.838 70.323 65.998 70.911 0.261 0.400
0.3968 65.748 70.534 65.965 71.191 0.295 0.120
0.5016 65.622 70.677 65.907 71.369 0.353 -0.058
0.5999 65.522 70.819 65.869 71.507 0.391 -0.196
0.6986 65.423 70.950 65.807 71.591 0.453 -0.279
0.7976 65.266 71.059 65.635 71.591 0.625 -0.280
0.8979 65.045 71.173 65.304 71.506 0.955 -0.195
T=303.15K

0.1056 66.528 69.942 66.672 70.288 0.057 1.354
0.2079 66.414 70.442 66.643 71.003 0.086 0.639
0.2988 66.272 70.571 66.558 71.256 0.171 0.386
0.3968 66.164 70.783 66.505 71.553 0.223 0.090
0.5016 66.035 70.953 66.438 71.771 0.291 -0.129
0.5999 65.925 71.106 66.378 71.929 0.351 -0.287
0.6986 65.787 71.236 66.263 72.012 0.466 -0.370
0.7976 65.574 71.349 66.017 72.002 0.712 -0.360
0.8979 65.393 71.490 65.699 71.904 1.030 -0.262
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0.1056
0.2079
0.2988
0.3968
0.5016
0.5999
0.6986
0.7976
0.8979

0.1056
0.2079
0.2988
0.3968
0.5016
0.5999
0.6986
0.7976
0.8979

0.1056
0.2079
0.2988
0.3968
0.5016
0.5999
0.6986
0.7976
0.8979

0.1056
0.2079
0.2988
0.3968
0.5016
0.5999
0.6986
0.7976
0.8979

66.993
66.868
66.716
66.604
66.459
66.339
66.171
65.908
65.780

67.467
67.331
67.169
67.064
66.893
66.767
66.557
66.353
66.201

67.950
67.803
67.627
67.521
67.330
67.195
66.953
66.740
66.598

68.444
68.283
68.091
67.975
67.777
67.631
67.413
67.205
67.000

70.148
70.675
70.817
71.054
71.228
71.393
71.524
71.642
71.810

70.354
70.910
71.063
71.339
71.503
71.681
71.810
71.961
72.132

70.560
71.142
71.305
71.614
71.779
71.972
72.103
72.269
72.457

70.760
71.369
71.537
71.868
72.056
72.262
72.421
72.598
72.785

T=2308.15K

67.196
67.184
67.097
67.042
66.951
66.872
66.717
66.406
66.121

T=313.15K

67.685
67.673
67.582
67.537
67.423
67.335
67.135
66.876
66.556

T=318.15K

68.203
68.198
68.102
68.059
67.921
67.821
67.581
67.303
66.977

T=323.15K

68.707
68.703
68.603
68.560
68.422
68.310
68.088
67.802
67.397

70.530
71.296
71.577
71.912
72.147
72.324
72.411
72.394
72.290

70.750
71.554
71.851
72.229
72.453
72.642
72.721
72.731
72.622

70.981
71.827
72.144
72.563
72.794
72.999
73.079
73.096
72.983

71.198
72.080
72.405
72.843
73.089
73.297
73.392
73.411
73.297

0.012
0.024
0.110
0.166
0.257
0.336
0.491
0.802
1.087

0.012
0.024
0.114
0.159
0.274
0.361
0.562
0.820
1.141

-0.008
-0.003
0.093
0.136
0.274
0.374
0.615
0.893
1.219

-0.002
0.003
0.103
0.146
0.284
0.396
0.618
0.903
1.309

1.442
0.676
0.395
0.060
-0.175
-0.352
-0.439
-0.422
-0.318

1.552
0.748
0.451
0.073
-0.152
-0.340
-0.419
-0.429
-0.320

1.657
0.812
0.495
0.076
-0.155
-0.361
-0.440
-0.457
-0.345

1.781
0.899
0.574
0.135
-0.111
-0.318
-0.414
-0.433
-0.319
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Table 4b

Apparent molar volumes ( V¢,i ), partial molar volumes (V i), and excess partial

molar volumes ( \7iE) of AN(1)-DESO(2) binary solutions at T=(298.15-323.15) K

< V,, x10°  V,,x10° v, x10° V, x10° Vix10° Vs x10°
E (m*mol®)  (m? mol’l) (m*mol?)  (m*mol®)  (m*mol™)  (m®mol™)
T=298.15K
0.1014 66.003 102.473 65.702 102.511 0.554 2.205
0.1992 65.763 102.732 65.404 102.821 0.852 1.896
0.3033 65.566 103.131 65.289 103.241 0.967 1.475
0.4002 65.275 103.246 65.129 103.323 1.127 1.393
0.4927 65.033 103.456 65.010 103.450 1.247 1.266
0.6003 64.796 103.744 64.874 103.597 1.383 1.119
0.6914 64.881 104.102 64.991 103.831 1.265 0.885
0.7963 64.848 104.356 64.939 103.998 1.318 0.718
0.9003 64.602 104.533 64.640 104.235 1.617 0.481
T=303.15K
0.1014 66.460 102.817 66.182 102.888 0.543 2.279
0.1992 66.201 103.059 65.881 103.199 0.844 1.967
0.3033 65.995 103.488 65.768 103.660 0.957 1.506
0.4002 65.707 103.640 65.619 103.782 1.106 1.384
0.4927 65.442 103.845 65.482 103.902 1.243 1.264
0.6003 65.214 104.160 65.356 104.071 1.369 1.095
0.6914 65.304 104.532 65.476 104.312 1.249 0.854
0.7963 65.274 104.795 65.417 104.477 1.309 0.690
0.9003 64.954 104.970 65.023 104.694 1.702 0.472
T=308.15K
0.1014 66.925 103.148 66.651 103.235 0.554 2.387
0.1992 66.655 103.412 66.344 103.579 0.860 2.044
0.3033 66.438 103.861 66.229 104.065 0.976 1.557
0.4002 66.141 104.029 66.078 104.204 1.127 1.419
0.4927 65.866 104.245 65.936 104.333 1.268 1.290
0.6003 65.633 104.576 65.808 104.512 1.396 1.110
0.6914 65.721 104.960 65.925 104.758 1.280 0.864
0.7963 65.688 105.234 65.857 104.926 1.348 0.696
0.9003 65.362 105.418 65.447 105.146 1.757 0.476
T=313.15K
0.1014 67.400 103.489 67.129 103.594 0.564 2.489
0.1992 67.115 103.763 66.815 103.959 0.877 2.123
0.3033 66.889 104.237 66.699 104.477 0.994 1.605
0.4002 66.581 104.417 66.544 104.628 1.148 1.455
0.4927 66.298 104.647 66.400 104.768 1.292 1.315
0.6003 66.063 104.997 66.274 104.959 1.419 1.123
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0.6914 66.145 105.392 66.385 105.209 1.307 0.873

0.7963 66.111 105.678 66.310 105.380 1.382 0.703
0.9003 65.775 105.870 65.878 105.601 1.814 0.481
T=318.15K
0.1014 67.883 103.816 67.619 103.941 0.573 2.608
0.1992 67.586 104.114 67.300 104.342 0.892 2.207
0.3033 67.348 104.611 67.181 104.889 1.011 1.660
0.4002 67.029 104.807 67.023 105.057 1.168 1.491
0.4927 66.736 105.050 66.875 105.209 1.316 1.340
0.6003 66.496 105.420 66.747 105.413 1.445 1.136
0.6914 66.577 105.828 66.855 105.669 1.337 0.880
0.7963 66.536 106.125 66.767 105.842 1.425 0.707
0.9003 66.195 106.328 66.317 106.065 1.875 0.484
T=323.15K
0.1014 68.377 104.138 68.124 104.286 0.578 2.733
0.1992 68.066 104.460 67.803 104.727 0.899 2.292
0.3033 67.817 104.986 67.683 105.311 1.019 1.708
0.4002 67.487 105.197 67.522 105.497 1.180 1.522
0.4927 67.184 105.456 67.370 105.662 1.332 1.357
0.6003 66.937 105.844 67.238 105.879 1.464 1.140
0.6914 67.013 106.265 67.339 106.140 1.363 0.879
0.7963 66.970 106.576 67.241 106.316 1.461 0.703
0.9003 66.629 106.790 66.775 106.539 1.927 0.480

As it follows from presented data for AN-DMSO and AN-DESO mixtures with
the increase of mole fractions of both components, the apparent molar volumes
increase, but the temperature increasing leads to the decreasing apparent molar
volumes. The same behavior is observed for partial molar volumes as well.

The partial molar volumes, Vi, can be determined from excess molar volumes
data using following equation:

Vi =V AV E X Q= x)OV E %) o)1 ®)

where (8(\/mE/x)/8xi)TYP is calculated using Redlich—Kister polynomial equation
(2) and V. represent the molar volumes of the component 1 (AN) or 2 (DMSO;

DESO).
Partial molar volumes at infinite dilution, V;”, are considered of particular

1
interest because of their usefulness in examining solute-solvent interactions, as
solute-solute interactions can be assumed to be eliminated at infinite dilution.

The limiting partial molar volumes, V,”, were estimated by extrapolating the

apparent molar volumes to infinite dilution. The limiting partial molar volumes of
AN and DMSO (or DESO) in binary mixtures at temperatures from 298.15K to
323.15K are given in Table 5.
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Table 5

Limiting partial molar volumes (Viw) of component of AN-DMSO and AN-DESO
binary mixtures at temperatures from 298.15 to 323.15K

AN-DMSO
T/K V,”(AN)x10° V,”(DMS0) x10°
(m3 mol‘l) (m3 mol’l)
298.15 64.999 69.789
303.15 65.315 69.945
308.15 65.662 70.192
313.15 66.067 70.398
318.15 66.438 70.601
323.15 66.857 70.787
AN-DESO
V,”(AN)x10° V,”(DESO) x10°
(m3 mol’l) (m3 mol’l)
298.15 64.297 102.255
303.15 64.675 102.578
308.15 65.068 102.906
313.15 65.468 103.237
318.15 65.872 103.560
323.15 66.285 103.879

As seen from data the infinite dilution values decrease with increasing
temperature. Noteworthy is the item that at infinite dilution the partial molar
volumes and apparent molar volumes of both AN and DMSO (or DESO) are equal
and smaller than for the corresponding pure solvents. This also indicates the
existence of interaction between these molecules.

—E
The excess partial molar volumes,V , , of a component in a binary AN-DMSO

and AN-DESO mixtures can be determined from the relation (6) and given in Table
4(a, b):

Vi =V -V,. (6)

For comparison, the corresponding data for AN-DMSO and AN-DESO binary
mixtures at (298.15 and 318.15)K temperatures calculated by us are presented in
Fig. 4.
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—E
Fig. 4 Excess partial molar volumes, Vi x10° (m3 mol‘l), of components in binary solutions
of AN at T = (298.15 and 318.15) K: (a) AN-DMSQO; (b) AN-DESO.

Table 6.

DMSO or DESO are monotone decrease.

Thermal Expansion Coefficients.
A commonly encountered derived value for mixtures is the temperature
dependence of density that is expressed by thermal expansion coefficient. The
thermal expansion coefficient, oy, is given by the relation (7) and are presented in

a, =V YNV 15T), =—(1l p)3p!ST),.

()

As follows from these data, the expansion coefficients against mole fraction of
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Table 6

Cubic expansion coefficients (& ) of mixtures of AN with DMSO and DESO at
temperatures from (298.15 to 323.15) K

T/K ax10°(K™)
298.15K 303.15K 308.15K 313.15K 318.15K 323.15K
X(DMSO) AN-DMSO
0.0000 1.424 1.434 1.444 1.454 1.465 1.476
0.1056 1.328 1.336 1.345 1.354 1.364 1.373
0.2079 1.255 1.263 1.271 1.279 1.287 1.296
0.2988 1.192 1.199 1.207 1.214 1.222 1.229
0.3968 1.143 1.150 1.156 1.163 1.170 1.177
0.5016 1.085 1.091 1.097 1.103 1.109 1.115
0.5999 1.044 1.049 1.054 1.060 1.066 1.071
0.6986 0.975 0.980 0.985 0.990 0.995 1.000
0.7976 0.940 0.945 0.949 0.954 0.958 0.963
0.8979 0.935 0.940 0.944 0.949 0.953 0.958
1.0000 0.913 0.917 0.921 0.925 0.930 0.934
X(DESO) AN-DESO
0.0000 1.424 1.434 1.444 1.454 1.465 1.476
0.1014 1.304 1.313 1.321 1.330 1.339 1.348
0.1992 1.213 1.220 1.228 1.235 1.243 1.251
0.3033 1.142 1.148 1.155 1.162 1.168 1.175
0.4002 1.080 1.086 1.092 1.098 1.104 1.110
0.4927 1.025 1.030 1.035 1.041 1.046 1.052
0.6003 0.982 0.987 0.992 0.997 1.002 1.007
0.6914 0.947 0.952 0.956 0.961 0.965 0.970
0.7963 0.912 0.916 0.920 0.924 0.929 0.933
0.9003 0.889 0.892 0.896 0.900 0.904 0.909
1.0000 0.858 0.862 0.865 0.869 0.873 0.877
Conclusions

The excess molar volumes exhibit negative deviations from the ideal behavior
over the whole range of composition and temperature for AN-DMSO and AN-
DESO mixtures and become more negative with increasing temperature from 298.15
to 323.15K. The results are interpreted on the basis of dipole-dipole interaction
between polar C = N and S = O groups.

More negative values of VmE in AN-DMSO mixture compare to ACN-DMSO,
one can explain on the basis of conjugation between C =Cand C= N groups of
AN which results in the increasing of polarity of C= N group due to electron
withdrawing resonance effect.
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YhUGE-PLUNFLDOLUPYP B YPEG-PLUNFLHOLUP YD NES
UahLOLESCRLE AP LUEC UO-LAFMYLECP DU ULUESEL
NUSUNFE-3AFLLELL 298.15-323.15 U QG U RUSPSTLU3DPL
ShMHOF3E-NFU

NN 1uensuy, 9. L arpaNe3uL b &L WL UUreur3uvy

Quufufly by wlypfymispunppyfy phip nednyFubpp funnd ol wypmnply plbnogfb
(reSfrglibip Quiliqfuwgny qpdbBfy- b gpb[fjuny$opufpibpnd wilpngl fnlghinnpugfinh
m[r[rnLJ[Jnuf 2.9815—[15 323.15 4§ gbplfulum[rﬁmflflb[rnuf: zulzlll.uliq{lil ki wyny ClillnLq
foantemprhibph Qunfbyjuy, [Fofuigyuy, wquipgfuy, Soofbyjuy pupgpug b ot dub i pug-
dusls wpmpgfusy dnpuyfle Sunfuybbpp, fhgub b Yhpduwyhl phgupduldul; gopSulfigih-
pp Sunfbypusy dnpusyfils Sunfuilipp widpngd hrlghlunpugpoi ippng@ocd gl B po-
Shduwtind: Qunflyyuy dnpugpl Sunfuyiibph wpdbphbpp Quibuyunnuwpuuibyfby b (g
bl Upuntiph Sufumpdudp: Unugus wpgyncpbbpp dbjiopaisfnod b Sfuliufbynd
wilypfyrisfunpfyp Yfunppy b ung$opufmbpf S=O fudphplh dfpdle qfugnp-qfugnpuyfis dinfumg-
iplrgnefFyuls dfppu i

OBBEMHBIE CBOMCTBA BUHAPHBIX PACTBOPOB AKPUJIOHUTPHJIA
B IMMETUJI- U AU TUICYJIBb®OKCHUIAX B TEMIIEPATYPHOM
MHTEPBAJIE 298.15 - 323.15K

E. A. KA30s5H, 3. JI. TPUT'OPSH u III. A. MAPKAPSIH

V3MepeHBl IAOTHOCTH OMHAPHBIX PAcCTBOPOB AKPUAOHUTPUAA B TaKUX
AQIIPOTOHHBIX TMOASIPHBIX PACTBOPUTEASIX, KaK AUMETHA- M AUITUACYABQOK-
CHABI BO BCeM KOHIIEeHTPAIIMOHHOM AMAlla30He M B TeMIIepaTypHOM UHTep-
Bane 298.15-323.15K. PaccunTaHbl M30BITOYHBIE MOABHBIE OOBEMBI, Ka’Ky-
myecss MOABHBIE OOBEMEI, IaphUarbHBIE MOABHBIE OOBEMBI, IapliaAbHBIE
n30BITOYHBIE MOABHBIE OOBEMBI M KO3(D(PULIIMEHTHI TEPMUYECKOr'O pacliupe-
HUS OMHAPHBIX PAacTBOPOB. BeAMUMHBI M30BITOYHBIX MOABHBIX OOBEMOB OT-
pHUllaTeAbHBI BO BCeM KOHIIEeHTPAIIMOHHOM AMala3oHe U C POCTOM TeMIlepa-
TypBhl OTPUIIATEABHBIE OTKAOHEHHUS YBEAWUMBAIOTCHA. V30BITOYHBIE MOABHEBIE
o0BeMBl ONMCaHBl ypaBHeHUEeM Peapanxa-Kucrepa. [ToaydeHHBIE pe3yAbTaTHI
0OCY>KAQIOTCSI HA OCHOBE AUIIOAb-AUIIOABHOTO B3aUMOAEMUCTBUS ME’KAY HUT-
PHUABHOM IPYINON aKPUAOHUTPHAA M S= O rpynnaMu CyAbPOKCHUAOB.
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The possibility of processing of copper waste of wiring industry, representing mainly copper (1)
oxide, under the combustion mode and preparation of copper powder was studied by using carbon
black and polystyrene as reducers. The main factors influencing on the combustion and phase
formation laws are revealed. It was established that complete reduction of copper from copper waste
in the combustion wave is possible only if carbon black is partially or completely replaced by
polystyrene and at using a high-caloric mixture polystyrene-ammonium nitrate. Otherwise, the final
product contains Cu,O and free carbon. It was shown that the yield and purity of the copper powder
can be controlled by varying the ratio of the components (the amount of carbon introduced in the
form of polystyrene) and amount of high-caloric additive in the initial mixture. Optimum conditions for
obtaining copper powder from copper waste were determined.

Figs. 11, references 19.

Copper sulfide and oxide ores, as well as various industrial wastes, usually
copper oxides, are the main raw materials for the production of metallic copper.
There are a large number of researches on manufacturing of copper powders and
cast copper. Various conventional methods for preparing copper powders have been
proposed, such as mechanical pulverization, atomization, electrolysis, evaporation
and chemical wet reduction of copper salts [1-3], copper oxides reduction using
various gases (hydrogen, carbon monoxide) or solid reducers (carbon, aluminum,
silicon) [1, 4-6]. The main drawbacks of traditional technologies are the duration,
multi-stage and energy intensity of the processes.

At present various inorganic materials are obtained by the self-propagating high
temperature synthesis (SHS) or combustion synthesis (CS) method [7,8]. SHS has
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also been successfully applied to the production of metallic powders and alloys [9-
16]. In all cases the process was carried out using appropriate oxides/or salts and
different reducers. Advantages of the combustion synthesis approach in comparison
with conventional methods are low energy consumption for achieving high
temperatures, high rates of conversion, the simplicity of equipment used and high
quality of final products.

The possibility of copper (1) oxide reduction under the combustion mode has
been shown for the first time in [10] by using polystyrene (PS) or another organic
compound as a reducer. The same approach was used in [16] for preparation of
copper powder from the mixtures of CuO/Cu,O and CuO/Cu. It should be
emphasized that because of low exothermicity of the Cu,O+PS reaction, the
reduction of copper (I) oxide by polystyrene in the combustion mode is impossible.
By this reason combustion limit was registered for the CuO-Cu,O-PS system at
40 wt.% content of Cu,O [16].

In the case of Cu,O, NiO, CoO and Co304 for which the reduction by
polystyrene is a weak exothermic reaction, it becomes necessary to use a high-
caloric additive, containing polystyrene (PS) and a strong oxidizer — NH;NO3 (Nt).
In particular, nickel and cobalt oxides have been reduced by this way [17]. It is
worthy to note that in the described processes the question of replacing polystyrene
with carbon black was not investigated, meanwhile it is important for understanding
the mechanism of oxides reduction in the combustion wave.

In the present work for processing of copper waste of wiring industry,
representing mainly copper (I) oxide, into copper powder the SHS method was
applied. For this purpose reduction of copper from copper waste in combustion
mode was performed using polystyrene and carbon black as reducing agents.
However, because of low exothermicity of both the Cu,O+PS and Cu,0+C
reactions, the reduction of pure copper (1) oxide by polystyrene and carbon black via
combustion reaction is impossible (maximum value of T,=370°C at C/Cu,0=0.5
and T,;=460°C at PS/Cu,0=0.05-0.06). For increasing the exothermic effect of
Cu,0+PS and Cu,0+C reactions and reduction of copper waste (hereinafter Cu,0)
to metallic Cu in combustion mode the reactions' thermal coupling approach was
applied [18]. Namely, the weakly exothermic Cu,O+PS and Cu,0+C reactions were
coupled with high exothermic Nt+PS and Nt+C ones. Determination of optimal
conditions of the process was based on the results of preliminary thermodynamic
calculations for the above-mentioned systems. Particularly, it was calculated and
shown that adiabatic temperature for the ratios of reaction components PS/Nt =0.06
and C/Nt =0.5 reaches the maximum value of T,y =2000°C.

Experimental

The copper waste of wiring industry of Iran used in this work represents mainly
copper (1) oxide with small amount of metallic copper and having plate-like form of
particles with linear size up to 2.5 mm (<0.4 mm — 74 wt.%) and thickness up to
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0.25 mm. The composition of the initial copper waste was examined by the XRD
analysis (fig. 1), particle size distribution was determined by sieve analysis (fig. 2).
Ball milling of this waste for 7 hrs yields the particles with sizes less than 1 mm
(<0.25 mm — 91 wt.%). Content of oil (a mixture of various unsaturated and
saturated aliphatic and aromatic hydrocarbons) in the copper waste determined by
mass loss during ether treatment was about 5 wt.%. Crushing of the initial copper
waste was performed in the stainless steel ball mill at 1:3 ratio of the waste and
stainless steel milling balls.

80 (a) m, 80 (b)
wt.%
60 60 50%

m,
wt.%

40

20

<01 01025 025-04 0410  >10 <01 0.1-0.25 0.250.4 0410 >10
M, mm p, mm

Fig. 2. Histograms of the copper waste before (a) and after (b) ball milling.

Main studies were performed with milled and sieved copper waste with particle
size less than 0.4 mm. Granulated carbon black P-803 with particle size less than
0.001 mm, polystyrene PS-1 with particle size less than 0.01 mm and granulated
ammonium nitrate were used as the initial reagents. A series of experiments were
performed also using milled copper waste without sieving with particle size less than
2.5 and 1 mm. Initial copper waste without milling and sieving with particle size less
than 2.5 mm was also tested.

In experiments cylindrical pellets 20 mm in diameter and 45-50 mm height with
2.0+2.5 gcm ™ density (relative density: A=0.3+0.5) were prepared from different
initial mixtures: (Cu,0+0.06PS)+x(Nt+0.06PS), (Cu,0+0.5C)+x(Nt+0.5C) and
(Cu,0+(0.5-y)C+yC(PS))+ 0.25(Nt+0.06PS). Main variables in experiments were X
and y values and particle size of the waste. The optimal values of x and y were
determined by thermodynamic analysis (see below). The prepared samples were
placed in a reaction chamber CPR-2.51. The reactor was sealed, evacuated, purged
with nitrogen (purity 99.97%, oxygen content less than 0.02%) and filled to the
desired pressure (0.5 MPa). The combustion process was initiated with short heating
of tungsten spiral (18 V, 2 s) from the upper surface of the sample. Combustion
temperature (T.) and combustion velocity (U;) were measured by two C-type
chromel-alumel thermocouples with 200 um in diameter. The thermocouples were
placed in the sample with depth of 10 mm, and 15-20 mm distance from each other.
The standard errors of measurement for T, and U, were + 10°C and 5%, respectively.
The output signals of thermocouples were transformed by a multichannel acquisition
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system and recorded by a computer with up to 1 KHz frequency. Maximum
combustion temperature (T.) for each sample was calculated as average of maxima
for two temperature profiles. The average value of combustion velocity is calculated
by the formula: U, = LeAt?, where L is the distance between the thermocouples, At
is the time interval between the thermocouple’s signals. After cooling the reacted
samples were crushed into a powder. Final products were examined by X-ray
diffraction (XRD) with monochromatic CuK, radiation, wavelength 1.54056 A
(diffractometer DRON-3.0, Burevestnik, Russia) operated at 25 kV and 10 mA. To
identify the products from the XRD spectra, the data were processed using the
JCPDS database. The microstructure of powders was examined by scanning electron
microscope BS-300. Carbon content in the final product was determined using Leco
SC-444 carbon/sulfur analyzer.

Results and discussion

1. Thermodynamic consideration

Preliminary, before the combustion experiments, thermodynamic calculations
were performed for the (Cu,0-0.06PS)-x(Nt+0.06PS), (Cu,0-0.5C)-x(Nt+0.5C) and
(Cu,0-(0.5-y)C-yC(PS))-0.25(Nt+0.06PS) systems in a wide range of variation of
the x/y ratio at 0.5 MPa pressure by using “ISMAN-THERMO” software. The latter
was specially designed to calculate adiabatic temperature (T,q) and products'
equilibrium composition in the heterogeneous combustion processes [19].
Calculation of equilibrium characteristics is based on the minimization of the Gibbs
free energy of the system. Optimum intervals for the complete reduction of copper
were found out in relation to amounts of the high caloric mixture and the reducers.

The results of calculations for the (Cu,0-0.06PS)-x(Nt+0.06PS) system (fig.
3a) demonstrate that within the interval 0<x<0.5 the adiabatic combustion
temperature increases from 460 up to 1085°C and remained constant in the range
0.5<x<0.6 resulted by melting of the reduced copper and rise up to 1325°C at x>0.6.
The growth of T4 is conditioned by increase of the share of the high exothermic
reaction in the overall process. The amount of high caloric mixture affects also on
the equilibrium composition of the products. Equilibrium concentrations of gaseous
compounds (presented via total amount) and condensed compounds were also
calculated (fig. 3a). It can be seen, that the main condensed product is copper in
solid (Cug) or liquid (Cug) states. Main gaseous compounds are hydrogen,
methane, CO,, CO, H,0 and N, (not shown).

Similar thermodynamic calculations were performed for the (Cu,0-0.5C)-
X(Nt+0.5C) system too (fig. 3b). The adiabatic combustion temperature and
equilibrium compositions of products were found to be analogous with the (Cu,O-
0.06PS)-x(Nt+0.06PS) system. For this system the adiabatic combustion
temperature was determined to be increasing within the intervals 0<x<0.35 and
0.5<x<0.8 and staying invariable at 0.35<x<0.5. The main condensed product is
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copper in solid (Cug) or liquid (Cug,)) states. The main gaseous products are CO,,
CO, H,0, N, & H; (not shown).
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Fig. 3. The results of thermodynamic calculations for the (Cu,0-0.06PS)-x(Nt+0.06PS) (a) and
(Cu20-0.5C)-x(Nt+0.5C) (b) systems.

Thermodynamic calculations for the (Cu,0-(0.5-y)C-yC(PS))-0.25(Nt+0.06PS)
system were performed within the interval 0<y<0.5 (where y is the amount of
carbon replaced by polystyrene in initial mixture by using (Nt+0.06PS) high caloric
additive (at x=0.25). It was shown that in this case also there is real possibility to
reduce copper and obtain copper powder as the only condensed product of the
process.

Based on the calculation results optimum areas from thermodynamic point of
view for the complete reduction of copper from Cu,O were obtained in the range of
variation of x value from 0.2 to 0.4 and from 0.1 to 0.3 at using polystyrene and
carbon black as a reducer, respectively (see fig. 3). At that T,y value is lower than
melting point of copper. For the amount of carbon replaced by polystyrene
(parameter y) optimal interval was determined: 0.3<y<0.5.

2. Combustion laws at reduction of copper waste by polystyrene & carbon
black

The main studies on combustion were performed with milled copper waste
having particle size less than 0.4 mm. In some cases experiments were performed
also with nonmilled and nonsieved copper waste.

2.1. (Cu,0-0.06PS)-x(Nt+0.06PS) system

Fig. 4a shows the dependencies of combustion parameters for the (Cu,O-
0.06PS)-x(Nt+0.06PS) system vs. high caloric additive content (x) in the initial
mixture. As can be seen, combustion limit is observed at small values of the high
caloric additive content, namely at x=0.15. The combustion temperature grows from
830 to 1100°C with increasing the value of parameter x within the interval
0.15<x<0.6. At that the combustion velocity increases from 0.08 to 0.15 cm/s. In
fig.4a | is the area of Cu powder formation of (T,3<1083°C), and Il is the area of
liquid Cu formation (T,;>1083°C).
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According to XRD analysis results complete reduction of copper takes place at
x>0.2 (fig.4b). At x=0.2 the final product contains also traces of Cu,O. A complete
reduction of the metal is also indicated by a good coincidence of the experimentally
determined and calculated values of the mass loss (fig. 4a).

Increasing the particle size of copper waste (Cu,O) influences only on the
magnitudes of T, U, and Am in case of lower amount of high caloric 0.06PS+Nt
additive (x<0.35) (see Table 1).

According to carbon analysis results, at x=0.35 the reduced copper contains
0.49 wt.% carbon, and at x=0.45 the content of carbon in the final product was
0.35 wt.%.
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x(0.5C+Nt) 20, degree

Fig. 4a. Combustion temperature (T.), Fig. 4b. XRD patterns of the inital copper

velocity (Uc) and mass loss (Am) vs. x for the waste (1) and combustion product (2, 3) of

(Cu20-0.06PS)-x(0.06PS+Nt) system. the Cu,0O+0.06PS+x(0.06PS+Nt) mixture for
different values of the parameter x.

Table 1

Combustion parameters and mass loss for the (Cu,0-0.06PS)-x(0.06PS+Nt) system
at different value of the x parameter and particle size of the copper waste

No Initial mixture composition Partirc;lﬁqsize, I& CLrJri}s Am \Eﬁlry/ga'c')’
1 | (Cu,0+0.06PS)+0.25(Nt+0.06PS) (n:i?l': " 880 | 0.08 ég:g)
2 | (Cu,0+0.06PS)+0.25(Nt+0.06PS) (r:iflf N 850 | 007 28.3
3 | (Cu,0+0.06PS)+0.35(Nt+0.06PS) (n:i?l': N 1000 | 013 éé;g)
4 | (Cu,0+0.06PS)+0.35(Nt+0.06PS) (n:ifl'f ) 940 | 0.10 317
5 | (Cu,0+0.06PS)+0.35(Nt+0.06PS) (nofrf]'i?le o | o0 | oo 314
6 | (Cu,0+0.06PS)+0.45(Nt+0.06PS) (n:i?l': N 1050 | 0.13 (gg:g)
7 | (Cu,0+0.06PS)+0.45(Nt+0.06PS) (not<r$1.i?le g | 1040 | o013 32.0

The results obtained indicate to the possibility of copper waste reduction under
the combustion mode by using polystyrene as reducer and high caloric 0.06PS+Nt
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mixture. Optimum interval by the x parameter for obtaining powdered copper was
determined: 0.25<x<0.45.

2.2. (Cu,0-0.5C)-x(Nt+0.5C) system

Similar experimental results for the (Cu,0-0.5C)-x(Nt+0.5C) system are
presented in figs. 5,6.

In this case also combustion limit is observed with a significant decrease in the
high caloric (0.5C+Nt) additive content, namely at x=0.2 At x<0.5 combustion
temperature does not exceed the melting point of copper and the latter is formed in
the solid state. The results (figs. 5,6) showed that despite the proceeding the reaction
in combustion mode and even at high values of the combustion temperature
(Tc=790-1030°C), only partially reduced copper is obtained with high content of free
carbon: at x=0.25 the content of free carbon is 4.19 wt.%.

1500 7 | T 12| || x05 1-Cu, 2-Cu,0
T °c I Am-10 U, } o
o c : wt.% |cmis 0.4
1000 S | T e 108 '
= S A J A iy
18! Cloiy T X=0.3 -
5 . l
500 + g I Am = -+ 0.4 ) d ) "
IE IL._..«-—!--':""—'U_—_— | x=0.25 2
e s e o
0.15 0.25 0.35 0.45 0.55 20 30 40 50 60 70 80
X(0.5C+Nt) 20, degree

Fig. 5. Combustion temperature (T¢), velocity Fig. 6. XRD patterns of combustion products
(Uc) and mass loss (Am) vs. x for the (Cu,O- in the (Cu,0-0.5C)-x(Nt+0.5C) system for
0.5C)-x(Nt+0.5C) system. different values of the parameter x.

2.3. (Cu,0-(0.5-y)C-yC(PS))-0.25(Nt+0.06PS) system

Fig. 7 shows the dependencies of combustion parameters for the (Cu,O-
(0.5-y)C-yC(PS))-0.25(Nt+0.06PS) system vs amount of carbon replaced by
polystyrene (or reducer's ratio) in the initial mixture.

It was established that complete reduction of copper waste in this mixture in the
combustion wave is possible only if the main part of carbon is replaced by
polystyrene and at using a high-caloric additive Nt+0.06PS. Otherwise, the final
product contains Cu,O and free carbon (fig. 8).
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Fig. 7. Combustion temperature (T¢), velocity

Fig. 8. XRD patterns of combustion products in

(Uc) and mass loss (Am) vs. x for the (Cu,O- the  (Cux0-(0.5-y)-yC(PS))-0.25(Nt+0.06PS)
(0.5-y)-yC(PS))-0.25(Nt+0.06PS) system. system for different values of the vy
parameter.

According to carbon analysis results at y=0.45 carbon content in the final
product is 1.0 wt.%. The results presented show, how important is to use a gasifying
organic reducing agent instead of solid carbon. Optimum interval by the parameter y
for obtaining powdered copper was also determined: 0.4<y<0.5.

In fig. 9 the photos of milled copper waste (<0.4 mm) and samples after
combustion in the studied systems are shown.

According to the selected optimum conditions, copper powder by mass of
0.25 kg was synthesized using milled copper waste with particle size <2.5 mm. The
synthesis was carried out in the universal tubular reactor SHS-3L with the charge
composition Cu,0+0.06PS+0.35(Nt+0.06PS) to obtain experimental batches of
copper powder and the results are presented in figs. 10,11.
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2. x=0.35
-
1
1. x=0
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Fig. 10. XRD patterns (a) of the inital copper waste (1), and combustion product (2) of the
Cu,0+0.06PS+0.35(0.06PS+Nt) mixture and micrograph (b) of the reduced copper at using
milled, but not sieved copper waste with particle size less than 2.5 mm.

Characterization of the reduced copper powder was performed by XRD analysis

(fig. 10a) and chemical analysis of free carbon. Particle size distribution was
determined by sieve analysis (fig. 11a). It should be noted, that complete reduction

484



of copper (1) oxide takes place and combustion product represents copper powder
with 0.49 wt.% content of free carbon.

Thus, complete reduction of copper by carbon from the copper waste (Cu,0) in
the combustion wave is possible only if carbon is partially or completely replaced by
polystyrene and at using a high-caloric additive Nt+0.06PS. The systems studied are
characterized by the presence of concentration limit of combustion by the amount of
the high-caloric mixture. It was shown that the yield and purity of the copper powder
can be controlled by varying the ratio of the components in the initial mixture and
the amount of polystyrene introduced instead of carbon. Optimum intervals for the
main controlling parameters x and y were determined (0.25<x<0.45 and 0.4<y<0.5)
for obtaining copper powder from copper waste.
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CBC IIEPEPABOTKA MEJ/IHBIX OTXO/J1OB B IIOPOLIIOK MEJN

A. A. MATMYJIH*?, JI. C. ABOBSIH? 1 C. JI. XAPATSIH?

| EpeBanckuti rocypAapCTBEHHBIN YHUBEPCUTET
Apwmenus, 0025, EpeBaH, yA. A. MaHyKgHa, 1
2 Muctutyt xumMudeckon gusuku uM. A.B. HarGaupsua HAH PecniyGavku ApMmenus
Apwmenns, 0014, Epesan, ya. I1. CeBaka, 5/2
3 HamuoHaAbHast MpaHCcKasi MEeAHasl IIPOMEIIIAeHHasA KoMnanus, Kepman, Mpan

HccaepoBaHa BO3MOJKHOCTBL IIepepabOTKM MeAHBIX OTXOAOB, 0Opasylo-
IIUXCS IPU IPOM3BOACTBE MEAHOU IIPOBOAOKU M IPEACTABALIONINE COOOM B
OCHOBHOM OKcHA Mepu (I), B pekmMe ropeHus U IOAYYEHUS MEAHOTO IIO-
POIIIKa C HMCIIOAB30BaHUEM YIA€POAA (Ca’kKU) ¥ IMOAWCTUPOAA B KauecTBe BOC-
CTQHOBUTEAEU. BEIIBA€HBI OCHOBHBIE (DAKTOPHI, BAUAIOLIME Ha 3aKOHOMEpP-
HOCTHU ropeHHs U (Pa3000pa3oBaHUI. YCTAaHOBAEHO, YTO IIOAHOE BOCCTAHOB-
A€HUe MeAU B BOAHE TOPEHHS BO3MOJKHO TOABKO B TOM CAyYae, €CAM yTAe-
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poa (ca’ka) YaCTUYHO WAM IIOAHOCTBIO 3aMEHUTH ITOAUCTUPOAOM U IIPU HC-
IOAB30BAHUU BBEICOKOKAAOPHUUHOM CMECH IIOAUCTHUPOA-HUTPAT aMMOHHUA. B
IIPOTUBHOM CAydae KOHEUHBIM IIPOAYKT COAePKUT CuyO U CBOOOAHBIN yTAe-
poa. ITokazaHo, 4TO BBIXOA M YMCTOTY MEAHOTO IIOPOIIKA MOJXKHO KOHTPOAU-
poBaTh U3MeHEeHHEM COOTHOIIEHMUS BOCCTAHOBUTEAEU (YyrAepopa U MOAUCTHU-
PoAa) M KOAMUYECTBA BBICOKOKAAOPUMHOMN AOOABKU B MCXOAHOUM cMecu. Ompe-
AEAEHBl ONTHMAaAbHBIE YCAOBHUS IMOAYYEHUS MEAHOTO IIOPOIIKA M3 MEeAHBIX
OTXOAOB.

REFERENCES

[1] Davenport W., King M., Schlesinger M., Biswas A. Extractive Metallurgy of Copper,
fourth ed., Pergamon, New York, 2002, p. 452.

[2] Sinha A., Sharma B.P. // Mater. Res. Bull. 37 (2002) 407.

[3] Rosenband V., Gany A. // Mater. Sci. Eng. A386 (2004) 442.

[4] Rodriguez J.A., Kima J.Y., Hanson J.C., Perez M., Frenkel A.l. // Catalysis Letters, 2003,
v. 85, Ne3-4, p.247.

[5] Wang X., Hanson J.C., Frenkel A.l., Kim J.Y., Rodriguez J.A. // J. Phys. Chem., B, 2004,
v.108, p. 13667.

[6] Kim J.Y., Rodriguez J.A., Hanson J.C., Frenkel A.l., Lee P.L. // J. Am. Chem. Soc.,
2003, v.125, p. 10684.

[7] Merzhanov A.G. // Ceramics International, 1995, v. 21, p. 371.

[8] Merzhanov A.G. // J. Mater. Chem., 2004, v. 14, p. 1779.

[9] Kharatyan S.L., Manukyan Kh.V., Yamukyan M.H. // VII Intern. Symposium on SHS,
Crakow, Poland, 2003, Book of Abstracts, p.60.

[10] Yamukyan M.H., Manukyan Kh.V., Kharatyan S.L. // Chem. Eng. J., 2008, v. 137, Ne3,
p. 636.

[11] Nersisyan H.H., Lee J.H., Won C.W. // Mater. Chem. Phys., 2005, v. 89, p. 283.

[12] Yamukyan M.H., Manukyan Kh.V., Kharatyan S.L. // Journal of Alloys and
Compounds, 461 (2008) L14—L16.

[13] Mamunan C.O., Abosan JI.C., Xapaman C.JI. // Ydennble 3anucku EI'Y, 2006, Ne2,
c. 84.

[14] Kharatyan S.L. "Metal Powders". in «Concise Encyclopedia of Self-Propagating
High-Temperature Synthesis». Ed. by Inna P. Borovinskaya, Alexander A. Gromov,
Evgeny A. Levashov, Yuri M. Maksimov, Alexander S. Mukasyan, Alexander S. Rogacheyv,
p. 196.

[15] Zivanovich P., Curcich R., Djurkovich G., Jokanovich V., Uskokovich D. // Intern.
Journal of SHS, 2001, v.10, Nel, p.91.

[16] A6ossin JI.C., Xapamsan CJI. | | Xum. x. Apmenun, 2010, T. 63, N4, c. 431.

[17] Kharatyan S.L. / X Intern. Symposium on Self-propagating High-temperature
Synthesis, 6-11 July, 2009, Tsakhkadzor, Armenia, Book of Abstracts, 62 (2009).

[18] Kharatyan S.L., Merzhanov A.G. // Int. J SHS, 21, Nel, 2012, p. 59.

[19] Shiryaev A. // Int. J SHS, 1995, v. 4, Ne4, p. 351.

486



@ 1 1-Cu,0, 2-Cu
1 1 )
1 2 l’ 1
WL&J‘ y 2 J 'nhhn
2 7!
0 30 50 26, dggree 0 80

Fig. 1. XRD pattern (a) and photo (b) of the inital copper waste.
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Fig. 9. Photos of the initial copper waste (a), combustion products of the
(Cu20+0.5C)+0.5(Nt+.05C) (b) and (Cu,0+0.06PS)+0.25(Nt+0.06PS) (c) mixtures.
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Fig. 11. Histogram (a) and photo (b) of combustion product of the
Cu,0+0.06PS+0.35(0.06PS+Nt) mixture for the ball milled and not sieved copper waste with
particle size less than 2.5 mm.
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B paboTe usyyeHbl xapakTepucTudeckne OcoBEHHOCTW "MpepbIBUCTBIX NiameH" BOOOPOA-
KUCIOpOAdHbIX CMecen, cogepxalimx fobaskum SO,. YCTaHOBMNEHO, YTO YacToTa U MHTEHCUBHOCTb
BCMbILLEK, XapaKTepu3yloLLmMe NpepbIBUCTbIE NilaMeHa, 3aBUCAT He TOMbKO OT Takux napameTpos,
KaK JaBneHne pearvpyroLlen CMecu 1 Temneparypa, HO U OT CKOPOCTY MPOXOXAEHMS pearnpyroLLen
CMecu 4yepe3 peakTop. YCTaHOBMEHO TakkKe, YTO MpY onpefderieHHbIX CKOPOCTAX ra3oBOro noTtoka
NpepbIBUCTbIE MaMeHa XapakTepuayloTcs nocrnegoBaTernbHbIM YepeaoBaHWEM BCMbIlek ¢ 661b-
Len N MeHbLUEN NHTEHCUBHOCTbIO.

CpaenaHo 3aknoyeHne, 4To Habnogaemble (HEHOMEHOMNOMMYECKNE XapakTepUCTUKN NpepbIBUC-
TbIX NNaMeH ABNATCS CreACTBUEM BITUSHUS XMMUYECKOro npeBpalleHnst SO, Ha LENHy peakumio

OKMCIEHUsi BOAOPOAA.

Puc. 5, 6ubn. ccbinok 6.

SIBAeHMEe TIPEPBIBUCTBIX IIAAMEH, KOTOPOe BIIepBble HAOAIOAAAOCH B
uccaepopanuax [1,2] mo Baugauio SO, Ha IENHYIO PEAKIUIO OKUCACHUS
BOoAOpOAa Ipu TemiiepaTypax 450-500°C u apaBaenusx P<200 Topp (o6aacTb
CaMOBOCIIAAMEHEHHUSI BOAOPOA-KHCAOPOAHBIX CMecel) B peKUMe pa3peskeH-
HBIX IIAAMEH, CTAAO NIPEeAMETOM AAABHEUIINX IMOAPOOHBIX MCCAEAOBAHUU [3-
5]. B oTAmune OT UCCAEAOBAaHUM [0] MO BAUSTHUIO AMOKCHAQ Cephl Ha IIpolec-
CBhI BBICOKOTEMIIEPATypPHOTO TOPeHUsA, B KOTOPBEIX HAaOAIOAQAOCH MHTHOHPYIO-
1lee BO3AEMCTBHE 3TOTO OKCHUAQ, B CAyYae HH3KOTEeMIePaTypPHBIX pa3pesKeH-
HBIX IIA@MEH BOAOPOA-KHCAOPOAHBIX CMeceM TaKoe BAUSHUE He HabAIoAa-
Aoch. TIpy 3TuMX yCAOBUAX OBIA YCTQHOBAEH (PaKT MHTEHCHBHOIO XUMUUe-
CKOT'O IIpeBpallleHus AMOKCHAA Cephl B dAeMeHTapHylo cepy [3-5]. IToppob-
HBIM KWHETHYECKHU aHAAM3 MeXaHU3Ma COIPSKEHHOIO IIpoljecca IpeBpa-
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meHusa SO, MOA BO3AEUCTBUEM IIeIIHOU peaKIUU OKUCAEHUSI BOAOPOAA C
yY4eToM BCeX BO3MOJXHBIX 3A€MEHTAPHBIX peaKHI/IfI C y4aCTueM aTOMOB U
CBOOOAHBIX PAAMKAAOB IOKasaa, 4TO B pe3yAbTaTe XMMHUUYECKOIro IIpeBpalile-
HUA A0OaBKH SO, B YCAOBUSAX HU3KOTEMIIEPATYPHOTO Pa3pe’keHHOro IAaMe-
HU OKA3BIBAIOT YCKOpPSIOIlee BO3AEHMCTBHE Ha Pa3BUTHE IEMHONW peakInu
OKHMCAEHMS BOAOPOAA U Pa3BUTHE COIPSKEHHOTO IIpoliecca B IieaoM[3].

B nHacrogamen paboTe u3ydeHBl (DEHOMEHOAOTMYECKUE XAPAKTEPUCTUKU
IIPEPBIBUCTLIX IMIAAMEH, KOTOPEIE, OYEBUAHO, ABAAIOTCA CAEACTBUEM XHMMUYE-
ckoro mpeBpalileHus SO, MOA BO3AEWCTBUEM IeMHON peaKIUM OKUCAEHUS
BOAOPOAA.

MeToanka 3KCnepuMeHTa

[Mpomecc wu3ydyancss Ha BaKyyMHOM yCTaHOBKe. Pearmpyromias cMmechb
BOAOPOAA, Kucaropopa u SO) rOTOBHUAACH B CTEKASHHBIX OaarOHaxX (KOADax),
NIPUCOEANHEHHBIX K OOIIeMy KOAAeKTOpy. ['a30Basg cMech M3 3TUX OAAAOHOB
B IIPOTOYHOM pE’KUMe IIPU ONPEAEAEHHOM AABACHHU C ONPEAEAeHHOM CKO-
POCTBIO TIOA@BAAACh B IIMAMHAPUYECKUN KBapIeBbIM peakTop (d=68 mm,
1=224 mm), cHaO>)KeHHBIM PETYAUPYEMBIM 3A€KTPOHArpeBoM, M OTKauMBaAach
BaKyyMHBIM HacocoM. OOpa3syrolascd B Ipollecce cepa OCepara B CTEKAGH-
HOM AOBYIIIKE, YCTaHOBAEHHOM HAa BBIXOAe M3 peakTopa. CKOPOCTbH U AaBAe-
HUe ra3oBOrO IOTOKA PEryAupPOBAAUCH CTEKASHHBIMM BEHTUASIMU, YCTAHOB-
AEHHBIMU Ha BXOAE U BBIXOAE peaKkTopa. AAS PerucTpalniu CBETOBBLIX BCITBI-
meK ObIna pa3paboTaHa METOAMKA, ITO3BOASIONIAST PETUCTPUPOBATL CBETOBOE
U3AyYeHUe C IIOMOIIBIO CBETOYYBCTBUTEABHOI'O YCTPOMCTBA, 3aTeM TpaHC-
dopMUpPOBaTL €ro B OSAEKPOCHUTHAA C TIOCAEAYIOIMIEH perucTpanmed Ha
KoMTbIOoTepe. HempepbiBHasi 3amuch ITO3BOASIAA WMETH KApPTUHY YEPEeAyIo-
INXCS TTOCAEAOBATEABHBIX CBETOBBIX BCIHBIIIEK C OIPEAEAEHHOM YacTOTOH.
EAMHWYHEBIE BCHOBIIIKY Ha 9KpaHe KOMIIBIOTEPA MOJKHO OBIAO Pa3BEPHYTH IO
KOOpAWHATaM U OIPEAEANTH BPeMs Pas3sBUTHUS IIpoIlecca BOCIIAAMEHEHMs.

Pe3yabTaThl M HX 00Cy:KIeHHE

PaspeskeHHBIE TIA@MEHa BOAOPOA-KMCAOPOAHBIX CMeCeM, COAepIKalluX
AVMOKCHA CEpHI, MEPEXOAIT B PEKUM «IIPEPLIBUCTHLIX IMAAMEH» ITPU MAaABIX
BpeMeHaxX KOHTakKTa. [lapaMeTpWyecKue XapaKTePUCTUKU IPEPBIBUCTHIX
IAaMeH MOAPOOHO M3YYaAWCh TPU Pa3HBIX TeMmmeparypax. ONBITE TPOBOAU-
AUCH AAS CMecel, OoraThIXx BOAOPOAOM, B OCHOBHOM CO CMeECBIO COCTaBa
H5:045:S09: Ny =10:1:1:0.5. TIp HeOOXOAUMOCTH COOTHOIIIEHUE KOMIOHEHTOB
IIPY TIOCTOSTHHOM A@BA€HUM MOYKHO OBIAO M3MEHUTH 3a CUeT M3MEeHEeHUs AO-
A Ny B pearupyromieu cCMecH.
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Ha puc. 1 npuBopuTCA THUIHWYHAA KAapTUHA «IIPEPBIBUCTBIX IIAAMEH». B
IIPaBOM YTAY IIPEACTaBAEHBI €ANHWYHBLIE CUTHAABI BCIIBIIIEK B Pa3BEPHYTOM

BHAE.

VHTeRCHBHOCTE BCIBINEK, ¥.€.

L0 H - M T ; ; H H

16{2223 AAD] : : | : : |
LIS I S I O e s B B B B S B e B B
16:32:21 16:3226 16:32:28 16:32:30 16:32:32

BpeMa, c

Puc. 1. «lMpepbiBucTbiEe NNameHax» npu T=470°C, P = 65 Topp, 1c=1 c.

Ha pwuc. 2 npuBopdaTCa AaHHBIE IO BAUSHUIO TeMIIepaTyphl Ha IlapaMmeT-
PBI «IIPEPBIBUCTHIX IAaMeH», IoAydeHHBIe IIpu 470 u 490°C M IOCTOIHHOM
paBreHun 40 Topp. C NHOBBINIEHWEM TeMIIepaTypbl yMEHBIIAETCS 4YacTOTa
BCHBIIIEK — BpeMSA MeKAY ABYMd BCHBIINIKaMH. OAHAKO WX MHTEHCHBHOCTHU
OCTAIOTCS IPAKTUUYECKM HEM3MeHHBIMH. OTO O3HAudaeT, YTO IpPU 3TUX ABYX
TeMIlepaTypax HaOAIOAQETCsS BOCIIAAMeHeHNe OAMHAKOBBIX KOAMYECTB pearu-
pyIOIlel CMeCH.

VM ETeECHBEOCTS BCIENNEK, ¥.€.

15:46:58.748 ; ; ; ; : : : :
e T T

T
13:46:58.1000 1347:00.1000 13:47:02.1000 15:47:04.1000 15:47:06.1000

0.2--
T=470°C
P=40Torr |
Op- e : ; ; ; ; . ; ; :
15:31:55.490 : ; : : : : : :
e —————— et
1533156 153158 153200 133202 15:32:04

BpeMmA, c

Puc. 2. BnusHne Temnepatypbl Ha napaMeTpbl «MNpPepbIBUCTbIX MNaMeH», MoryYeHHble npu
470 n 490°C u noctosiHHoM aaenexumn 40 Topp, Tc=1 c.
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Ha puc. 3 npuBopdaTCca pe3yAabTarThl, ITOoAydeHHBIe npu 470°C 1 pasHBIX
AABAEHUSIX pearupyioulei cMecu B peakrope. C IIOBBIIIEHUEM AABAEHUS OT
20 po 40 Topp HabAlOA@eTCS BO3pacTaHUe MHTEHCUBHOCTU BCIBIIIEK M COK-
palllaeTcsl 4aCTOTa UX BO3HUKHOBEHUS.

HHTeECHBEOCTS BCIEMNEK, V.€.

T=470°C
P=20Torr

IR

14:29:53.152

14:29:54 14:28:56 14:29:58 14:30:00 14:30:02

FFA 1 SR U NN SN SO SN SO NS S -
T:4705C H | | H H | H | | H

o )L

=1

17.0055.793 : : : : : : : :
AR R R R

17:01:00 17.01:02 17:.01:04

153155490 ‘ ; : : : : : :
e

15:31:56 15:31:58 15:32:00 15:32:02 15:32:04
BpeMms,

Puc. 3. NameHeHns1 "HTEHCMBHOCTM BCMbILIEK MPU pasHbIX AaBEHUSAX pearmpyroLien cmecu B
peakTope, k=1 c.

JAaHHBIE, TPEACTaBAEHHBIE Ha PUC. 3, OBIAHU MOAYUYEHBI IIPU IIOCTOSHHOM
BpeMeHU KOHTakKTa. Kak OBIAO YCTAHOBAEHO, C M3MeHeHHeM BpeMeHU KOH-
TaKTa XapaKTepPUCTUKU MEHSJIOTCSA. YMeHBIIIeHe BpeMeHU KOHTAKTa, T.e. II0-
BBHIIIIEHHE CKOPOCTU IIPOXO’KAEHUS ra30BOTO IIOTOKA 4Yepe3 peakTop, IIpH-
BOAUT K BO3PACTAHUIO YaCTOTHI BCHBIINIEK. AaHHBIe, ITOAydeHHBIe npu 490°C
U NOCTOAHHOM ApaBaeHUM 40 Topp, IPpUBOAATCA Ha puc. 4. YMeHBIIeHHe Bpe-
MeHU KOHTAaKTa OT Ty =1 A0 T, =0.6 ¢ IPUBOAUT K YBEAWUYEHUIO YUCAQ BCIIBI-
1IeK 3a eAMHUITY BpeMeHU.

HMuTepecHass 0oCOGEHHOCTb «ITPEPBLIBUCTBHIX IIAAMEH» HAOAIOAQEeTCS IIpH
TMOHM)XEHHBIX TeMIlepaTypax M AaBaeHUaAX (25-30 Topp). Ilpu onmpepereHHBIX
CKOPOCTSX Ta30BOrO IIOTOKA IIOSIBASIETCSI IIOCAEAOBATEABHOE dYepeAOBaHUE
BCHBIIIEK ABYX Pa3HBIX MHTEHCUBHOCTE!N INHMKOB Pa3HBIX BEAWUYUH (pHUC. 5).
Heboarblliie m3MeHeHUS AABA€HUS IIPUBOAAT K M3MEHEHUIO COOTHOIIEHUSI
UHTEHCHUBHOCTEHN BCIBIIIEK M YaCTOTHl UX IOsBAeHUsA. OAHAKO IIPU 3TOM He
MeHgeTcs 00Ias KapTHHa IIOCAEAOBATEABLHOI'O YepeAOBaHMS BCIBIIIEK ABYX

WHTEHCUBHOCTEH.
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VIETeECHBHOCTD BCIBIIEK, Y.€.

S0 U U TN PR A S S ;
T=190"C ]
P=40Torr - ]
T=1cex.

15-45-58-7455 i : : : : i i :
e s et B
15:46:58.1000 1547:00.1000 1547:02.1000 15:47:04.1000 1547:06.1000
BpeMA, C
T=490°C ool gy . -4 L
P=40Torr
T=0,6cex. 1
Ol b i o ot o i e o ol .
142311032 : : H : : H : : ]
T L S B T T B B B I
142:32 142:34 142:36 142:38 1:42:40
BpeMsa, C

Puc. 4. 'ameHeHne 4acToThbl BCMbILEK npu pa3HbIX BpeMeHaXx KOHTakTa.

HETeECHBEOCTE BCIBIIEK, ..

OrE S
T=490°C |
P=30Torr
[ B
g
1:50:25.839 : : : : : : : :
e
1:50:26 0:28 1:50:20 50:32 1:50:24
Rpews, C
BN S—
T=470°C ; ;
P=25Torr
0.054-+
o h | _ N | !
1
22206 22203 22210 22212 22:14
EpeMdA, C

Puc. 5. MNpepbiBUCTLIE NNaMeHa C YepeayrLMMUCS BCMbILWKAMU Pa3fiMyHOW MHTEHCUBHOCTH,

w=1c.

HabatopaeMoe MHOroo6pasue napaMeTpUuecKUX XapaKTePUCTUK IIPephI-

BHUCTEBIX IIAAMEH, OYE€BUAHO, ABAJAETCA CAEACTBHEM CAOXHOI'O MeXdaHH3Md CO-

NIPSIKEHHOI'o IIpoljecca XMMMUYECKOTO IIpeBpallleHus AMOKCHAA Cephl IIOA

BOBAeﬁCTBHeM HeHHOfI peaknymu OKHCAEHUA BOAOPOAA. YCTaHOBAEHUIO KU-

HETUYEeCKOU IIPUPOABI 3TOTO SABA€HUA, OYEBUAHO, AONKHBI CITOCOOCTBOBATH

AOCTOBEpHBIE AAHHBIE O XMMHWYECKOM MeXaHH3Me COIIPSKEeHHOTO IIpoIjecca

IIpeBpanieHnsa AUOKCHAA Cephbl B IEITHOM IIpoIjecCeé HU3KOTeMIIepAaTypHOTI'O

TOPEHUST BOAOPOA-KMCAOPOAHBIX cMecel, copepykamux Ao0aBku SOo.
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SO,-h NSULELAFULELO. QTO LUE-EF-IL RO LUSPL U LAFMYLELD
LULINUSUN. AOSELP HELATELALNGPUEGTTL
ALAFERUALELL

N W NUCOFE-3AFL3UTL

bugfls fusnbinepyhbpp phygSunmfng prghph phnfFugphs snwbdmSunlne g Gitibpp :
LQunwnlby &, np plgQuundny prgbpf pnoswpdulpodubpf QwfwfuluinFyncil o fil-
wbbfufmfIynhip fusfudmd Bl ng dpugl wyjighof qupadbopbppy, fugefupp b nbugf-
prq prundincpnf 8uyncdl oo Yhpdunnnf8uwtp, wyple fbpffupu nbwlmnpn whgdwl g
q_nl_ﬁ‘/nl_bﬁg‘ Yrtnwlpnf duwdwliulfig : zuluuuuuu[bl b by, np pugQunnng pnghpp qu-
quipti Snuph npmyulyf wpmgndfdynciubph qhypncd puncffwgpdned B J5S Lo shnpp -
winbbupufncfdync nibbgng pnswp&wlndbbpp Swnppulul $Epfdwljuiing [@yudp:

uln{bl b bgpulpugncfdync, np pigQuuning pnghph gfunwpldng $Eundbunngfuuljut
yuwfpufwdnd[dymibpp Quiligfuwiingd by Ypudtfi opufipugdwti yqfdwyuwlputs nbwljgfogh
l{pl.l.l SOZ-[r #IH}YH.LIIIU.IZI L{1n[uwllbl1uilfwil Lutlll_lignl_ﬂjmil <bll1b_l.l.lil#.'

THE PHENOMENOLOGICAL CHARACTERISTICS OF THE
"INTERMITTENT FLAMES" OF OXYHYDROGEN MIXTURES
WITH SO, ADDITIVES

H. A. HARUTYUNYAN

A.B. Nalbandyan Institute of Chemical Physics NAS RA
5/2, P. Sevak Str., Yerevan, 0014, Armenia
E-mail: harhasmik@mail.ru

The paper deals with the characteristic features of "intermittent flames" of
oxyhydrogen mixtures containing additives of SO,. It is defined that the frequency and
intensity of light flashes characterizing the intermittent flames depend not only on the
parameters like the pressure and temperature of the reagent mixture, but the velocity of
its flow through the reactor — contact time. It is also stated that at certain velocities of the
gas flow, the intermittent flames are characterized by the successive light flashes of
greater and lesser intensity.

Thus, it is concluded that the observed phenomenological dependecies are
considered to be the result of SO, chemical conversion effect on the chain reaction of the
hydrogen oxidation.
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MccnepoBaHo aHTMOKCMAAHTHOE CBOWCTBO 3TUMALIETATHOrO 9KCTpakTa pbinbLeB LiadpaHa.
YCcTaHOBMNEHO, 4TO JKCTPaKT wadpaHa, npouspacrtaowero B [opucckom pernoHe ApMeHun,
copgepxut B 5 pa3 Gomnblue aHTUMOKCMAAHTHBLIX BELecTB, Yem npuobpeteHHoro B Wpane. [Ons
MNCCNeaoBaHHbIX JKCTPAKTOB M3MEPEHbl Takke KOHCTaHTbl ckopocTu peakummn (k7)) RO, +
INH-ROOH + In’, xapakTepu3ayloLme nx aHTmokcuaaHTtHole aktusHocTu (AOA). MNoka3aHo, 4To no
AOA 3KCTpaKT pbinbLeB WadpaHa 13 Fopucckoro permoHa B 25 pas npeBbilLaeT MpaHCKUiA aHarnor.

Puc. 4, Tabn. 1,6mubn. ccbinok 9

[IpuMmeHeHMe AedueOHBIX TPAB B TPAAUIIMOHHOU M HApPOAHOU MeAUIINHE
U3 ropa@ B TOA CTAHOBUTCH BCe OOAee aKTyaAbHBEIM, YTO OOYCAOBAEHO CYIEeCT-
BEHHBIM IIPEUMYIeCTBOM AeKapCTBEHHBIX PACTeHUN II0 CPaBHEHMIO C CHUH-
TETUYECKUMU AeKapCTBEHHBIMHU IIpellapaTaMu. OTO OOyCAOBAEHO INpaKTuye-
CKUM OTCYTCTBHEM INOOOYHBIX 3(P(PEKOB U KOMIIAEKCHBIM B3aUMOAEUCTBHEM
Ha OpraHu3M deaoBekKa [1]. AeueOHBIE CBOMCTBA SKCTPAKTOB M 3(PUPHBIX Ma-
CeA PaCTUTEABHOI'O CHIPbSl, B OCHOBHOM, OOYCAOBAEHEBI COAEpP’KaHMEeM B HUX
BeIleCTB, OOAAAQIONIUX AHTUOKCUAAHTHBIMU-aHTUPAAUKAABHBIMU CBOMCTBA-
MU. B cBA3M C 3TUM IOMCK pacTeHuM, 0OAAAQIOIINX BBICOKUM HOTEHIIMAAOM
IO COAEPI>KaHUIO OMOAOTHMUECKM aKTUBHBIX BEIIECTB, B TOM YHUCAE€ W BBICOKOU
AQHTUOKCUAAHTHON aKTHUBHOCTBIO, TPEACTaABASIET OOABIIION MPUKAAAHOU U
Hay4YHBIU MHTEpPEC.

CopepsKaHMe aHTUOKCHAQHTOB B JKCTPaAKTaX PacTEHUN U UX aHTHMOKCHU-
AAHTHBIE aKTMBHOCTU B 3HAUUTEABHOMW CTENEeHM 3aBUCST KaK OT BUAA pac-
TEeHUHN, TaK M OT KAMMATHYECKUX YCAOBHUM WX NpouspacTaHus [2-4]. Caepo-
BaTEeABHO, MCCAEAOBaHWE AHTUOKCHAQHTHOTO CBOMCTBA JSKCTPAKTa AeKap-
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CTBEHHOTO pAaCTeHUs, NPOMU3PACTAIOIIEr0 B AQHHOU reorpauyekord MecCT-
HOCTH, TaKKe SIBAIETCS BOCTPeOOBaHHBIM. B HacTrosllel paboTe NpUBEAEHEL
Pe3yAbTaThl UCCAEAOBAHUS AHTUOKCHUAAHTHOTO CBOMCTBA 3KCTpPaKTa BEHICY-
LIEHHBIX PHIABIEB madpana (Crocus Sativus L.).

[Hladpan sBASIETCST YHUKAABHBIM PaCTUTEABHBIM AEKapPCTBEHHBIM CPEA-
CTBOM U caMOM Aoporo¥ cnenveili B Mmupe [5]. Bricokasa 1jeHa IadgpaHa
00yCAOBAEHA, BO-IIEPBBIX, TPYAOEMKOCTBIO TPON3BOACTBa. OAVH IIBETOK AQeT
TPU PBIABIIQ, a A NOAydYeHUd lxe mpsgHocTu TpebOyerca 150 X 200 ThIcsAu
IIBETKOB [0]. BO-BTOPBIX, UCHOAB3YETCS B HAPOAHOM MEAUIIHE AAST A€UeHUS
CaMBIX PA3AUYHBEIX 3a00AE€BAHUM (3aMeAASIEeT PAa3BUTHE OIIyXOAEM paka, 00-
HOBASIET KAETKU KPOBH, YKPEIIASIET COCYABI U CepAlle, YAyUYIIaeT aKTUBHOCTD
MO3ra, A€UYUT HEeBPO3bl, OECCOHHUIY M TOAOBHYIO OOAb, BOCCTaHAaBAWBAET
3peHue u T.p.). CTOAL YHUKAABHOE ACUCTBHE PBIABIEB IMadpaHa 0O0yCAOBAe-
HO ero xmMmuueckuM coctaBoM. OHm copepykatr 0.34% sdUpHOrO Macaa, BU-
tamuHbl A, C u rpynnsl B, munepaasl K, Mg, P, Na, Ca, Fe, Zn, Cu, Mn u
Se, KpacdIue BellleCTBa, (PAABOHOUABL. Kpacgiime cBolcTBa madpaHa o0y-
CAOBAEHBI HAaAWYMEM KapOTOHOWAOB, KPOIIWHA, a TaKKe - W [(3-KapoTWHA,
AUKOIIMHA.

Hs Hs

o) CHa CHa

Kponuu

W3 mpuBepeHHOTO XMUMUYECKOTO COCTaBa CAEAYEeT, YTO JKCTPAKT Iad-
paHa AOAKEH O0AaAATh aHTHOKCHUAAHTHBLIM CBOMCTBOM, YEMY U ITOCBSIIEHa
Hacroduas pabora. COoOp madpaHa OCYILIECTBAIAU B IIEPBOM IIOAOBHHE
OKkTsA0pss 2016 T. B oKpecTHOCTAX T. ['oprca (ApMeHus), a Takke mpuobpe-
TaAW TOTOBBLIE BHICYIIIEHHBIE PBHIABIIA ITadpanHa m3 MpaHa.

IJKCIEepUMEHTAIbHAA YACTh

OTHuAalleTaTHBIE 3KCTPAKThI IOAYYaAW METOAOM Mallepalluyd IIpU KOM-
HATHOM TeMIlepaType. BBICYyLIeHHBIE DBIABIIA PACTHPAAM B KepaMHUUYECKOU
cTynke (pasMmep 4acTtur <1 mu). K IoAydeHHOMY HOPOIIKY AOOABASIAU 3KCT-

pareHT (3THAaIeraT) cooTHoliieHueM 1:20 (Ha 1 e mopomika 20 Mz 3KCTpa-
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reHTa), BEIAEP)KUBAAU IIPU KOMHATHOU Temmeparype [(393+5) K| B TeueHne
CYTOK U 3aTeM OT(UABTPOBEIBAAM depe3 OyMaskHEBIM (UABTDP. [Tocae ncnape-
HHUS 3KCTpareHTa IIPU KOMHATHOM TeMIlepaType 3KCTPAKT BBICYIINBAAU AO
TIOCTOSTHHOT'O Beca B BaKyyMHOM IIKady.

VHruOupyomyo CIOCOOHOCTh 3KCTPAKTa MCCAEAOBAAM Ha IIpUMepe
MOAEABHOM peakIU¥ HHUIMUPOBAHHOIO OKHCAEHUs KyMoAa. B KauecTBe
MHUIATOPa UCIOAB30BaAU a30Aun300yTUpoHUTpUA (AVIBH). 3a kuHeTuUKON
OKHCAEHHS KyMOAA CAEAWAM IIO IIOTAOIIEHHIO KUCAOPOAA Ha MaHOMeTpHUUe-
CKOM yCT@HOBKE C aBTOMATHYeCKUM PETyANPOBAHUEM AABAEHUS B UHTEPBaAe
Temrneparyp 328-348 K. Kymoa, AMIBH 1 XAOpOeH30A OYHMINAAM COTAACHO
MEeTOAUKaM, IIPUBEACHHBLIM B pabore [7].

Pe3yJ'II)TaTl>I H UX 06cy>1<11e}me

OnBITE IOKAa3aAMW, 4YTO B NPUCYTCTBUM HCCAEAOBAHHBIX 3KCTPAKTOB Ha
KUHETHYEeCKUX KPHUBBIX IIOTAOIIEHMS KHCAOPOAA OOHAPY’KHUBAIOTCS UYETKO
BBIDa)KEHHEBIE TIEPUOABI MHAYKIUHM (PUC. 1), YTO CBUAETEABCTBYET O HAAWUYNU
QHTUOKCHUAAHTOB B HCCAEAOBAHHBIX 3KCTpakTax. OOHapy>XKeHHbIe INIEePUOABI
UHAYKIIUM (1) OIUCHIBAIOTCS ypaBHeHUeM 1 (puc. 2):

T=f'[|nH]0/Vi' (1)

rae [InH]p — mcxoamas KOHIIeHTpAIWsl aHTUOKCHAQHTOB B AQHHOM HaBecke
IKCcTpakTa; f — umMcAO papuKanoB, OOPHIBAIOIIUXCS HA OAHOM MOAEKyAe
WHTUOUTOPa; Vj — CKOPOCTb MHUITMUPOBAHUS, COOTBETCTBEHHO, UTO IO3BO-
AUAO ONpeAeAuTh 3P@eKTUBHOe copeprkaHue aHTuoKcupauTtoB, (f-/InH]q) B

HNCCAEAOBAHHBIX 3KCTPAKTAX. PeSyABTaTbI IIPUBEAEHEI B Ta6AI/IL[e.

v,"10" ~won/n . ¢~

~
N

[0,] . 10°Mone/n
-

L

20 4

3
H
R
o

Puc. 1. KnHetnyeckme KpuBble nornoweHna
Kucnopoga npu OKUCNEeHUn Kymona B OT-

Puc. 2. 3aBMCMMOCTb MEPUOAOB MHAOYKLMM
MOrMOLLEHNUS KUCNOPOoAa MPU OKUCTEHUM Ky-

cytctBue (1) n B npucyTtctBum 3.3mM2 IKCT-
pakTa pbinbueB wadpaHa (2-u3 Mpana, 4-u3
lopuca) n 8.67me 3kcTpakTa NenecTkoB u3
Fopuca (3). Vi=1.25-107 mons/rc, T=348 K.

MOfia OT COAEepXXaHusi 3IKCTpakTa pbinbLEB
wadpaHa u3 lopuca (1) n UpaHa (2). Vi
=1.2510"7 monb/mc, n OT CKOPOCTU  MHU-
unmpoBaHus (17;2°), T=348 K.
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Tabnuya

D¢ dexTuBHoe conepxkanue antuokcuaantos (f-[InH]y) B 3kcrpakrax madpana,
npou3pacramwiero B okpectHoctsx 'opuca u B Upamne,
¥ MX aHTHOKCHIAHTHbIEe akTHBHOCTH (K7)

Copeprranme k105,
wpowspocrs | FPES | V0| || EE
HUS madpana eMecH, m e mun | -10% monv/n 384 K
Copuc 1.65 1.25 348 19 0.85
Copuc 3.3 1.25 348 36 0.82
Topuc 5.0 1.25 348 56 0.84 2.41
Topuc 3.3 2.50 348 18 0.83
TCopuc 3.3 5.00 348 9 0.82
Vpan 5.0 1.25 348 22 0.33
Vpan 3.3 1.25 348 15 0.34
Vpau 1.65 1.25 348 7 0.32 0.095
Vpau 3.3 0.625 348 29 0.33
Vpan 3.3 2.50 348 7 0.32
Topuc 1.65 0.78 339 35 0.98
Topuc 3.3 0.78 339 34 0.96 179
Vpan 1.65 0.78 339 | 135 0.38
0.075
Vpan 3.3 0.78 339 26 0.38
Vpau 0.6 0.34 328 | 13.5 0.46
Vpau 1.2 0.34 328 26 0.44 0.055
Topuc 0.8 0.34 328 41 1.05
T'opuc 0.4 0.34 328 22 1.12 .22
Topuc** 4.9 1.25 348 10 0.15
Topuc** 9.8 1.25 348 20 0.15 0.43
TCopuc** 19.6 1.25 348 36 0.14
Topuc** 9.8 0.78 339 36 0.17 0.30
Topuc™ 4.9 0.34 328 43 0.18 0.19

*

— B nepecueTe Ha 1 me;

*

— DJKCTPAKT AEIIeCTKOB HadpaHa

HMccaep0BaHO TakKe aHTMOKCHMAQHTHOE CBOMCTBO AEIECTKOB LIadypaHa,

MIPOM3PACTAIOIIEr0o B OKPECTHOCTAX ['opuca. BEIICHUAOCH, UTO 3KCTPAKT Ae-

TIECTKOB COAEP’KUT IIPUMEPHO B 5.5 pa3 MeHbllle aHTUOKCHUAAHTHBIX Be-

1IeCTB, YeM 3KCTPAKT M3 PHIABIEB ITadpaHa.

[TomuMo 5P PeKTUBHOTO COAEp’KaHUS AHTUOKCHUAAHTOB B 3IKCTPAKTAX,

BaKHO TaKyKe 3HaHMNE MX aHTUOKCUAAHTHBLIX aKTUBHOCTeMd. C 3TOHU IeABI0 U3

KUHETUYECKUX KPHUBBIX IMOTAOLIEHUSA KUCAOPOAQ, OIIPEAEAMB T M KOHIIEHTpPAa-

WO IIOTAOILEHHOIO KUCAOPOAA 3@ BpeMs t < T, C IOMOIIBIO YPaBHEHUA (2) u

AAQHHBIX PpHC.
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peaknuu ko/k; tae ko M ky- KOHCTAHTBEI CKOPOCTH PEAKIUH MPOAOAKEHHS
(RO, + RH -ROOH +R’) u o6prBa (RO, + INH—-ROOH + In’) enmn.
k2

[O2]/[RH] = - - In(1-t/1). 2)

VuuTBEIBas TO, 4TO AAA KyMoaa k, = 4.677-10° exp (-9800/RT) [8],
otHoueHusa ko/k; BEIUMCAMAM 3P(PeKTHUBHOe 3HaueHUe Ky, XapaKTepusyio-
Ilee aHTHMOKCHUAQHTHBIE aKTUBHOCTU HCCAEAOBAHHBIX JKCTPAKTOB. Pe3yabTa-
TBHI 3TUX PACYE€TOB IIPUBEAEHEI B TAOAMIlE, U3 KOTOPOM CAEAYET, YTO IO aHTHU-
OKCHAQHTHOM aKTMBHOCTM 3KCTPAKT U3 PBIABIIEB HladpaHa, IpUOOpPEeTeHHBIX
u3 lpana, mpuMepHO 25 pa3 ycTymaeT 3KCTpPaKTy IadpaHa, Ipou3pac-
tatomjero B I'opucckom peruone. Hampumep, mpu 348K (k7)ropuc 7/ (K7)vipan)
= 2.41-10%/9.5:103% = 25.37.

-In( 1-t/7)

4
6 . X 12
554
. A
_ 4
A \
50 - A
44 1 ~48 .
© \
. o 45 02\
° = " .
T g °
3 = 404 [] 3
= <] \l
-~ o T .
& /J/ q44 35
30
% 25
0 T T 0 T T T T 1

0 1 2 3 2,85 290 295 Y 3,00 3,05 3,10
-In( 1-/7) T.10

Puc. 3. 3aBucumocTtb KoHUeHTpauuu norno-  Puc. 4. TemnepaTypHas 3aBUCUMOCTb KOHC-
LeHHOro kucropoga ot napameTpa —In(1-t/T) TaHTbl CKOPOCTU peakuun Ky Ons 9KCTPakToB
npu okucrieHnn Kymona B npucytcteum 3.3me  wadpana ns Fopuca (1) n Wpana (3) n ana
3KCTpaKTa pbinbueB wadgpaHa n3 Mopuca (1) nenecTtkoB wadpaHa n3 fopucckoro pernoHa
n Wpana (3) n 9.8me akcTpakta nenecTtkoB (2).

wadpanHa (2). T=348K.

CrHpsiMASISE pacueTHBIE AAHHEBIE K7 B KoopauHaTax (g k; — T-1) (puc. 4),
MIOAYYEeHBI TeMIlepaTypHble 3aBUCUMOCTM AHTHOKCUAAHTHOM aKTUBHOCTU B
appPeHNYCOBBIX KOOPAWHATaX, KOTOPHIe BRIPA’kKalOTCAd ypaBHeHuamu (3-5). B
YaCTHOCTH, AL OKCTPAKTa PHIAbIIEB IadpaHa

u3 Fopucckoro peruona k; = 1.77:1010 exp [-(7739 =55)/RT] #/monve,  (3)
n3 Vpana ky; = 6.41-107 exp [-(6090 £50)/RT] a/monv'c, (4)
AAST AemiecTKOB ky = 2.34-1010 exp [-(9130 =60)/RT] a/monvc . (5)

TakuMm oOpazoMm, madpaH 00AaAdeT BBICOKOM AHTMOKCHUAQHTHOW aKTUB-
HOCTBIO. [loAyUeHHBIe Pe3yALTAThI ITOATBEPIKAAIOT TOT (PAKT, UTO @aHTHUOKCHU-
MAHTHBIE CBOMCTBA 3KCTPAKTOB pacTeHMY, KaK IIoKa3aHO B pabortax [4,9],
3aBUCAT OT KAUMATHYEeCKUX YCAOBUM MX IIPOU3PACTaHUS.

497



LLLAFUDP UNEQULELP NSUTTROLUP YD WGSPUNFE-3UL
NFUNFULUUPLAFER-SOFLL

L. 0~ LU HEL3UL, W Q- QULUS3UL L - L JUMM-UL3tL

zlnm.mlnlmlul& L pppncdf wnkPubph Lfdfyjugbnunnugp Epunpulpnfi Quiljmopufigfis
Quunlyne [Fyntip : Zwuuuumuu[lu& Ly, np £Wqumwil[1 zwilluuulbmm_ﬁ‘/uﬁl q-np[w[l -
pQuwincd wilng ppprdf Lpunpulpnp wpupniclned £ 5 wiiguid unfbyfe yunn Quiljuiopufi-
nfis Wync[Fhp, puh f'luufl[lg ‘{17"-«[_’[1[7["[‘-”6' prgyufy Epuinpulying : zbuuuzlnuulml bpunpulpiniih-
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STUDY OF THE ANTIOXIDANT ACTIVITY OF SAFFRON STIGMAS

L. R. VARDANYAN, A. G. GALSTYAN and R. L. VARDANYAN

Goris State University
4, Avantgarde Str., Goris, 3205, Armenia
Fax: (374 284) 23603, E-mail: vrazmik@rambler.ru

The antioxidant property of the ethyl acetate extract of saffron stigmas has been
studied. It was established that the saffron extract growing in the Goris region of
Armenia contained five times more antioxidant substances than those purchased from
Iran.

For the studied extracts the reaction rate constant (k7) RO, + InH — ROOH + In’,
characterizing their antioxidant activity (AOA), was also measured. It was shown that
the AOA of the saffron stigmas extract from the Goris region was 25 times greater than
that of the Iranian analogue.
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IMocTtynuao 15V 2017

B o63ope npeactaBneHbl MCCneaoBaHNsA, OTHOCALUMECA K CTPOEHUIO U CBOMCTBaM OKCUAITO-
pUAHBIX GopaTHbIX N GopantoOMMHATHBIX CTEKOI, K MEXaHU3My BXOXAEHUS MoHa pTopa B KoopAvHa-
LIMOHHOE OKpY>XeHWe KaTnoHa okcupa cTeknoobpasosartens, k 06pa3oBaHWi0 OKCUATOPUAHBIX Py
KaTMOHOB MoanduKaTopoB. PaccmoTpeHbl 0COBEHHOCTUN BCTpanBaHWA KOOPAVMHALMOHHBLIX MONNaa-
pOB B NMPOCTPAHCTBEHHOW CTPYKTYype CTekna 1 UX BNuUsHNE Ha CBOWCTBA CTEKON HOBOro knacca. [o-
KasaHo, 4To AndpdepeHumauma CTPYKTYPHbIX rpynn B NPOCTPaHCTBEHHOM Kapkace cTekna obycnos-
neHa AefCTBMEM B HUX Pa3fUYHbIX MO XapakTepy XMMUYECKMX CBSI3ei, OCTaTOYHO NPOYHbIX M obec-
neymBaoLLMX CTabUNbHOCTL aMOPMHOW CTPYKTYpPbI MPU OXNaxAeHnn pacnnasa. BeigBneHbl HekoTo-
pble 3aKOHOMEPHOCTW U3MEHEHWSA CBOWCTB CTEKON OT KOOPAMHALMOHHOIO COCTOSHWS 3NIEMEHTOB B
CTPYKType CTEeKOr.

Pa3paboTaHbl HoBble okcudTopuaHble GopaTHble 1 GopantoMUHaTHbIE CTekNa U CTEKMOKPUC-
Tannuyecknue matepuansl, obnagatoLime BbICOKUMU ONTUYECKUMU, SMEKTPUYECKUMU U Tennodunamn-
YeCcKMMM napameTpamMu.

Puc. 10, 616n. ccbinok 82.

OnTrueckast ¥ 3AEKTPOHHAsSI MPOMBIIIIAEHHOCTh, pa3Hble OTPACAW HAayKU
U TEeXHUKU TPeOYIOT CO3AaHUSI HOBBEIX CTEKOA C OCOOBIMU OITHYECKUMU U
(PU3UKO-XMUMUYECKUMH XapaKTepPUCTUKaMM, OTAMYAIOUIUXCS OITHUYECKOM
OAHOPOAHOCTBIO, BBICOKOM ITPO3PAvyHOCTHIO, KPUCTAAAM3AIMOHHON yCTOMYU-
BOCTBIO, BO3MOJXHOCTBEIO (DOPMHUPOBAHUS SAEMEHTOB CAOKHON KOHCTPYKIIMH.
YHUKaAbHBIE CIIEKTPaAbHBIE U SA€KTPHUUYECKHe XapaKTePUCTHKHU, NINPOKas
00AACTh M3MEHeHUs TeNAO(PU3NUECKUX [IapaMeTPOB M AETKOIAABKOCTBH BBI-

499


mailto:ionx@sci.am

ABUHYAU CTE€KAA U CTEKAOKPHUCTAANYECKHE MaTepHaAbl OOPATHBEIX CUCTEM B
YUCAO Haubonee MEePCIEeKTUBHEBIX AAS CO3AAHMSA (PYHKIMOHAABHBIX W KOHCT-
PYKIMOHHEBEIX MaTepHaroB. Co3paHKe NPUHIIUIIMAABHO HOBBIX IO COCTaBy U
CBOMCTBAM CTEKOA BO3MOJXKHO TOABKO IPHU M3BICKAHWU HOBBIX, PaHee He UC-
CAEAOBAHHBIX cuUcTeM [1-4]. B OKCHAHEBEIX CTEKAAX YaCTUYHASA 3aMeHa KUCAO-
poaAa Ha (pTOp, OTAMYAIOWIMNCS BBICOKOM 3AEKTPOOTPUIIATEABHOCTBIO U HU3-
KON HNOASIPU3YEMOCTBIO, IIO3BOASIET CHUHTE3UPOBATH AETKONAABKUE CTEKAA C
OCOOBIM XOAOM W3MEHEHUs ONTHYEeCKUX U APYIHUX (PU3NKO-XUMUYECKUX
cBorcTB. K HacTroglleMy BpeMeHU OKCUMTOPHAHBIE CTEKAA Ha OCHOBE TH-
MMUYHBIX CTEKAOOOPA3YIOIIUX OKCUAOB M (PTOPUAOB IINPOKO HUCIIOAB3YIOTCS B
TexHUKe. LIeHHOCTb 3THUX CTEKOA OIPEAEASIEeTCS MIMPOKUM HMHTEPBAAOM CIIEK-
TpaAbHOM 1po3pauHocTu (160-+5000 nm), MUHMMaALHOM AMCIIepcuel
(v =70+ 100), BEICOKOM aHMOHHOM IPOBOAMMOCTBIO, HMOBHIIIEHHON XUMHUYe-
CKOM YCTOMYMBOCTBIO K AEMNCTBHUIO (PTOpCOAEpKAIIUX peareHTOB, BO3MOXK-
HOCTBIO CHHTEe3a CTEKAOKPUCTAAANUYECKUX MaTePHaAOB C IIMPOKUM HHTepBa-
AOM H3MeHEeHUd CBOUCTB M AP. OKCHPTOPUAHBIE CTEKAA BeAYT Ccebs Mop00-
HO OKCHAHBIM, T.e. MMEIOT HEIPEPHIBHYIO IIPOCTPAHCTBEHHYIO CTPYKTYPY,
CPaBHUTEABHO BBICOKYIO BSI3KOCTH pacliaaBa U HMHTepBaA cTekaoBaHus. C
APYTOM CTOPOHEI, IPUCYTCTBHE B COCTaBax CTeKOA A0 70+ 80Moa.% dropu-
AOB, CUUTAIOIIUXCS YHUCTO MOHHBIMHU COEAMHEHUSAMH, IIpeAONpepeAsieT oOpa-
30BaHNEe HOBOI'O KAACCa CTEKOA C HOBOHM CTPYKTypoOM, TpeOyrolel WHOU
TPAKTOBKH OCOOEHHOCTEN XMMHUYECKHUX CBI3€eM, KOTOphble OTAWYAIOTCHA OT Ta-
KOBBIX B YHCTO OKCHAHBIX, (PTOPUAHBIX M XAABKOTE€HUAHBIX CTeKaax [5,0].
ITpeanonaaraeTcs, 4TO B IIPUCYTCTBUU OKCHAQ MAU (PTOpPHAA B OOABIIMHCTBE
CAy4YaeB CTeKAOOOpa3oBaHHWe CB43@aHO C HaAWMYHEM CBfA3el CMeIIaHHOI'o
MOHHO-KOBAAEHTHOI'O XapakTepa. HauMeHBIIell CKAOHHOCTBIO K KPHUCTAAAU-
3aIuM 0OAaAQIOT PACIAABBI, COAepsKallliie Pa3HOPOAHBIE CTPYKTYPHBIE I'DYII-
THUPOBKU [7].

OcoOBIMi WHTEpec, HECOMHEHHO, IIPEACTaBASeT Tak’Ke OOpaTHOEe SBAe-
HUe, a UMEeHHO, BBeAeHUe KHUCAOPOAA BO (PTOPHMAHOE CTEKAO, CIIOCOOCTBYIO-
1Ilee MpoIleccy CTeKAooOpa3oBaHug [8].

Oxcudropuanbie crekya. PacTBopuMOCTb (hTOpa B OKCHAHBIX CTEKAAX
OrpaHrYeHa: B OOBIYHBIX CHAHWKATHBIX CTEKAAX KOAWYECTBO PaCTBOPUMOTO
dTopa He mpeBbIlIaeT 3+ 5 Macc.%. MI30BITOK (pTOpa, BBEAEHHOTO B CTEKAO-
oOpa3yronuil paclAaB, BBIAEASIETCS B BHAE KPUCTAAAMYECKUX (PTOPHAOB,
IprAaBasi CTEKAY ONaAOBOCTh MAW Helpo3padyHocThb. Ha ocHOBe cucTremaTu-
YEeCKOTO M3y4eHMsd CBOMCTB CTEKOA M pacnaaBoB cucteM SiOo-MeO-MeF Owi-
AO TIOKa3aHo oOpa3oBaHMe OKCUPTOPUAHBIX TIpynnupoBok [Me(O,F)gl,
[Me(O,F)g], cTPyKTYypHO HEe COBMECTUMBIX C KPEMHEKHUCAOPOAHBIMU TETPAIA-
pamu [9]. BeigBAeHO, UTO XapakTep HaOAIOAQEMBIX SBACHUU He U3MeHSeTCS
npu BBepeHUU AlyO3 B cuctembl MeyO-MeF-Al,O3-SiOy, 1 mpuYnMHON AUKBa-
U1 CTEKOA TaK)Ke SIBASIeTCS HeCOBMEeCTUMOCTh OKCHU(MTOPUAHBIX UM KpeMHe-
KHUCAOPOAHBIX I'DYIINMPOBOK, HECMOTPS Ha TO OOCTOSITEABCTBO, YTO M30BITOY-
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HBI (PTOP YaCTHUYHO YAEP’KMBAETCS MOHOM AAIOMUHUS M €ro KOAWYECTBO B
CTEKAE MOXKET AOCTUTAThb A0 16 Macc.%. B OOABIIMHCTBE pabOT MPEeUMyIIeCT-
BeHHasl AOKaAu3alusg PTopa B paclAaBe M CTEKAe OOBSACHSIETCS C TOYKHU 3pe-
HUS NIPaBUAA "MAKCHUMaABHOU IOASPHOCTH', OAHAKO BOIPOC O CYIILECTBOBA-
HUM B cTeKAe Si-F cBA3u ocraeTca emnje pAUCKycCHOHHBIM [10-12]. PentreHo-
rpadUueCcKUMU NCCAEAOBAHUSIMU OOHAPY’KEeHO BBIAEAEHME U3 PTOpCOoAepIKa-
WX CUAMKATHBIX CTEKOA IIPH MX IIOBTOPHOM HarpeBaHUM KPUCTAAUIECKUX
da3 (PTOPHUAOB IIEAOYHBIX U IIEAOYHO3EMEABHBIX METAAAOB, @ TaK)XKe ABOU-
HBIX COAEHN U TBEPABIX PacTBOPOB (MTOPHUAOB. CunTaeTcs, 4To oOpa3oBaHUE B
CTPYKType CTe€KAa MUKPOOOAACTeM, OOOrallleHHBIX (DTOPHUAHBIMU I'DYyIIaMU,
SABASIETCSA IPUYUHOU PA3BUTHS U MHTEHCHUBHOTO NPOTEKaHMs IIpOIjecca KpU-
CTaAAW3alMY, MOHEBI (pTOpa MPHU 3TOM 3AlUIIAIOT TaK)Ke PacTyliue KPUCTaA-
ABI OT IIOBTOPHOTO pacTBOopeHud (peszopOnum) [13,14]. B kauecTtBe "rayminre-
Ael" AAS MOAOYHBIX U OIIAAOBBIX CTEKOA W 3MAA€M HCIOAB3YIOTCS KPHUOAUT
(NagAlFg), kpemuedTopucteii HaTpuii (NaySiFg), nmraBukoBbeil mimaT (CaFo)
B Ipeperax 4+15%, a BBepeHHe B HIHUXTY A0 1% (DTOPUAOB CIOCOOCTBYET
YCKOPEHUIO BapKM U OCBETAEHMIO CTEKAQ, He BBI3BIBAA €ro raylleHue [15-
17].

CsoiicTBO (pTOpa U OOpa yMeHBIIaTh IIOKA3aTEAb IIPDEAOMAEHUS IIAABAE-
HOT'O KBaplia IIWPOKO IPUMEHSIETCSI NPU IIPOM3BOACTBE OITHUYECKUX BOAHO-
BOAOB [18,19]. BepeHue dropa B IPOCTPAHCTBEHHYIO CTPYKTYPY UYHCTOTO
KpeMHe3eMa 3aMeTHO IMOHM)XaeT 3HaueHHe AUIAEKTPUYECKON IIPOHUIlaeMO-
ctu (oT 4.2 po 3.2), u Takue MOAUDUIIMPOBAHHBIE MaTePHUAABl MCIOAB3YIOT
IIpY M3TOTOBAEHUN MUKPOIIPOIIECCOPOB, & AOIMPOBAHHBLINM (PTOPOM CTEKAO-
OOpas3HBIN KBapl, — B IPOM3BOACTBE MOAYIIPOBOAHHUKOBBIX 3A€KTPOHHEIX YCT-
poricTB MeTopaMu auTorpaduu [20,21].

BoabIIie BO3MOKHOCTHU AASL CO3AAHHUS HOBBIX ONTHYECKUX CTEKOA OT-
KPBIBAIOTCA IIPU COBMECTHOM BBEAEHHM B COCTAB CTEKAA COEAWHEHUU Topa
u docdopa. Ha ocHOBe artomodTopdocdaTHBIX CUCTEM BIIEPBLIE ONTUYE-
CKHe CTeKAA ((pAMHTEI, KPOH-(PAUHTEL, AeTKHE (PAWHTHI) C ONTUYECKUMU KOH-
crantamMu Np=1.48+1.60 u Vv p=40.1+74.0 OBIAM CHMHTE3UPOBAHHBI COTPYA-
Hukamu pupmel MctmeH-Kopak. OOIMIUPHBIE NCCAEAOBAHUA CTEKAOOOpa3ylo-
VWX CHUCTEM Ha OCHOBe (dropdocdaroB npoBopuruck B CaHKT-IleTepOypr-
CKOM TeXHOAOrHueckoM yHuBepcureTe, B [OU um. C.M. BaBunrosa, pupmo
ot u Ap. CymiectBoBaHue cBA3U P-F 11 BO3MO>KHOCTH BXOKAeHUA (pTopa B
QHUOHHYIO COCTaBASIOILYIO CTPYKTYPHI dpTopdocdaTHBIX CTEKOA
nccaepoBaruch Meropamu SIMP 19F, STIP u UK cuekTpockonuu [22,23]. Uc-
CAEAOBATEAUM TIPUIIAU K BBIBOAY, UTO IIPU 3aMeIlleHUM B COCTaBe CTeKAa KUC-
AOPOAA Ha (PTOP IPOUCXOAAT pasphiB Ieneii —P—O—P— u ¢opMupoBanue
PasAMYHBIX (Qoc@aTHBIX, OKCHUAHBIX M (QTOpcopepsKamux QparMeHToB
CTPYKTYPHI, CTPOEHVE KOTOPHIX 3aBUCUT OT WHAVWBHUAYAABHBIX OCOOEHHOCTEMN
BBOAVMBIX KaTUOHOB. BEIIBAGHBI, IO KpallHeN Mepe, ABe€ CTPYKTYpPHBIE MO3U-
MU aTOMOB (PTOPA, KOTOPBHIE CBS3LIBAIOTCS B CTPYKTYpPHBIE TPYIIBLI THUIIA
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[PO3/oF| Me™* (Me2*,9) u metarnrokcudropuanbe rpynnsr [Me(O,F)n]. Ko-
AMYECTBO BBOAWMOI'O B CTEKAO (PTOPMAA B 3HAUYMTEABHOU CTEIIEHW OIpeAe-
AdeTCsl CUAOU TOASL KaTuoHa. [lo Mepe yBeAamueHHs copep>XaHUS (pTOpa B
CTEeKAEe MOBHIIIAeTCS BO3MOKHOCTE 00pa30BaHUs KOABIEBBLIX (PocOpHOKUC-
AOPOAHBIX I'DYHNIUPOBOK. [IpM HU3KOM copep>XaHUU (PTOPHAOB (<40 mor.%)
dTOp AOKaAAU3yeTCd B KOOPAWHAIIMOHHOM cdepe KaTHOHOB MOAU(PUKATOPOB,
a npu BbeICOKOM (50+70 mon1.%) — @TOp 4YACTUUYHO BXOAUT B COCTaB
QHMOHHOM COCTaBALIONIEN CTPYKTYPHI CTeKAa B Bupe [PO;/0F] rpynn Bmecte
Cc (POCHOPHOKUCAOPOAHBIMU TPYINUPOBKAMU PA3HOU IIPOTIKEHHOCTU. B
NIPOCTPAHCTBEHHOU CTPYKType CTeKOA, copepxawmux 70+90 mon.% dropu-
AOB, IPUCYTCTBYeT COOCTBEHHAas (PTOPHAHAS aHMOHHAS CeTKa W3 BHIINIeHa3-
BAHHBIX (PTOPUAHBIX, OKCU(PTOPUAHBIX U OKCHUAHBLIX I'DYII, T.e. IPOUCXOAUT
TIOCTENeHHBIN Iepexop o cxeMe: [MeOy g]—[MeOxFy]l—[MeF,]— [MeFg] u
[PO4/2]—=[OPOO, /5] Met —[PO3,,F]*Me,*. B Takux cTpykTypax ¢oc-
daTHBIe U (pTOpdOoCchaTHbIe IPYINL OKA3BIBAIOTCS KakK Obl BKPANIA€HHBIMU B
OOIIyI0 CTPYKTYPHYIO CETKYy CTEeKOA, o0OeclleurBas CTEKAOOOpa3OBaHHE U
CTaOMAU3UPYS aCUMMETPHIO MOTHBA B IleAaoM [24,25]. B Hacrosdlllee BpeMs
He yMEeHBIIMAOCH 3HaueHHe pa3paboTOK HOBBIX BHAOB ONTUYECKUX CTEKOA
Ha ocHOBe (prTopdocdaTHBIX CUCTEM, CPEAN KOTOPBIX 0CO00e MeCcTO 3aHU-
MAaIOT CTEeKAd, aKTUBUPOBAHHBIE PEAKO3EMEABHBIMU SAeMeHTaM! KakK Haubo-
Aee TIEePCIEKTUBHBIE AASL CO3AQHUS ONTUUYECKUX KBAHTOBBIX TeHEpPaTOpOB
(OKT), Aa3epHBIX CTEKOA C HM3KUMHU 3HAUEHUSIMU HEAMHEWHOTO MOKa3aTeAs
npeaoMAaeHUs. B KaTanror onTmyeckux creKon PO BBepeHB! pTOpdocdaTHEIE
kpoubel OK1, OK2 (np=1.522+1.55. Vp=76.4+729 u ¥ pp=0.704); B Kara-

aor dupmbel Hlorr (Tepmanusa) — Kponel FK50 um FK51 (np=1.486,
Vp=8154+845u yrp=0.704), Vvp=81.54+84.5 u ¥y gp=0.704), B KaTaror
dupmer CoBepenr (Opannusa) — B-42 u PFC A-86 (np=1.542, v p=73.34
(ng=1.486+1.542, v 4=81.7) u pAp. [26-28].

HecMmoTpss Ha TO, YTO repMaHaTHBIe CHCTEMBI SIBASIOTCS OCHOBOM AASG
noaydeHud MK HOpoO3pauHBIX CTEKOA, @ MeTOA TaAOTeHUPOBAHMSA PacIAaBOB
HanboAee PACIpPOCTPAHEH AAS IIOAYyYeHHUS "CyxXuxX' CTeKOA, Kpyr paboT, moc-
BAIIEHHBIX (PTOPCOAEP KAIUM TepMaHATHBIM CTeKAaM, orpaHuyeH. lccae-
AOBaHMSA (PTOPrepMaHaTHBIX CTEKOA BEAUCH B ABYX HallpaBAeHUAX. [lepBoe
HallpaBA€HME 3aKAIOYAAOCh B pACHIMPEHMH KaTaAora ONTUYECKUX CTEKOA C
BEICOKMM IIOKa3zaTeAaeM IperoMAeHus (Np=1.80+2.10; v, =36.5+43.1) u

OCOOBIX (DAMHTOB C yMEHBIIEHHOU OTHOCHUTEABHOM YaCTHOU AMCIEPCHEU B
CHHeHN 4acTU CIeKTpa; BTOpoe — B pa3paboTKe CTEKOA, Mpo3padHbix B MK-
obnaactu cmekTpa A0 6.0 wmxm. HccaepoBaHUAMU CTEKAOOOPA30BaHUA U
CBOUCTB cTeKOA cucreM GeOy-MeO-Me,F,, GeO,y-Me,O3-MeO-Me,F,,
MeGeO3-MeO-Me,F, ObIAO TOKazaHO, YTO 3aMeHa OKCHAA Ha (OTOPHUA
MIPUBOAUT K CHUJKEHUIO TYTONAABKOCTU CHUCTEMBI U IIOKA3aTeAsl IIPeAOMAe-
HUSI CTEKOA, OAHAKO HPU 3TOM paciimpsiercsa obaacTb AukBauum [29,30]. U3
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pAaHHBIX MK m KP crnekTpoB, a TakKe CIEKTPaAbHO-AIOMUHECIIEHTHBIX Xa-
pakrepuctuk u SI['P cmekTpoB crekoa cucreM MeGeOs-Mle,0O3-MellO-
Me,F, cAeraHO 3akAtoueHUe, UTO BBeAeHUE (PTOPUAOB He IPUBOAUT K CY-
IIECTBEHHOU CTPYKTYPHOU IIepeCcTpPOMKe B KapKace CTEKAd, a CIOCOOCTBYET
AHIIb HEKOTOPOM AENOAMMEPH3allMM MeTarepMaHaTHBIX Ileneil. [Ipeamoaa-
raeTcs, 4TO TepMaHUU 0oOpa3yeT UCKaKeHHBIN TepPMaHUWKHUCAOPOAHEBIM TeT-
pasap, a nogBAeHHe (PTOpa He M3MEeHdeT OKPYy’KeHHe aToMOB repmanud. O0-
Hapy’KeHO, 4To (PTOPUAHBIE UAM OKCU(MPTOpPUAHBIe Tpynnsl Tuna [Me(O,F),] u
[Me(O,F)g] BCcTpamBaioTca B CeTKY (PTOPTepMaTaTHOI'O CTeKAA U U3MEHSIOT
(PU3UKO-XMMUUYECKHEe CBOMCTBA CTEKOA B COOTBETCTBUM C IHapIHAABHBIM
BKAAAOM BBopuMOTro (ropupa [31-33]. Ocobbiii nHTepeC K UCIOAB30BaHUIO
BBICOKOCBUHIIOBBEIX TepPMaHATHBIX CHCTeM AAd cuHTe3a MK Ipo3pauHbIX
CTEKOA OOBSICHSIETCSI ITOHM)KEHHBIMU 3HAUYEHUSIMU TEMIIEPATyP AMKBUAYCA U
CTEKAOBaHMUS, OTCYTCTBHEM CKAOHHOCTV K CAMOIIPOM3BOABHOUW KPHCTAAAW3A-
uuu u crnocobHocThio [Pb(O,F),] rpynn npuHuMaTh Ha cebs QYHKIUIO CTeK-
AoobpasoBatead. Ilpoucxopdinye CTPyKTypHBIE IIE€PEeCTPOMKH, a HMEHHO,
MIOSIBA€HUE CETKOOOPAa3yIoNIUX TSKEABIX aHMOHHBIX T'PYII, ITO3BOASET CHH-
Te3UpPOBaTh He TOABKO CTeKAA C BBICOKMM IIpomyckaHueM B MK obGaactu
CIIEKTPa, HO ¥ MaTepPHaAbl, IOTAOIIAIONIVe MEANEHHBIEe HEWUTPOHBI, pPeHTre-
HOBCKHe U y-Ayuu. [Ipu 3amene PbO nHa PbF, (a0 50 + 70 mon.%) OBIAM TIOAY-
YeHBbl YCTOMYNWBEIE K KPUCTAAAM3AIIUN CTeKAQ, Ipo3padHble A0 6.0 wmkm; mIpo-
nmyckanue cocraBasieT 60-70% [34,35]. Crnekrpel IMP 19F BLisBMAM Harndme
BO (PTOPCOAEPIKAUINX CBUHIIOBOTEPMAHATHBIX CTEKAAX ABYX THIIOB HEJIKBU-
BAAEHTHBIX (PTOPHBIX IIO3UITUMN, OTAMYAIOUIUXCSH XUMUUYECKUMU CABUTAMU.
ChabomoneBasg AUMHMSA XapaKTepHa AAd (PTOpa, HAXOAMAIIErocs B KOOPAWHA-
IIUOHHOM OKpy>XKeHum Mopudukaropa F(Pb), a 6oaee cuabHasg BTOpasg AMHUA
— AAd HoOHA (prTopa, BOLIEALIeTO B COCTAaB MOHOMTOpPrepMaHaTHBIX
[GeO3,9F] rpynn. B moacucteMe noHoB (ropa B no3unuax F(Pb) nHabaro-
paeTcd HaubOoAee BBICOKasg AMGPPY3UOHHAdA MOABUKHOCTE (PTOPA, KOAUYECT-
BO KOTOPOTO YBEAMYMBAETCS IIPU BO3PACTaHUM KOHIEHTpaluu (QTOpUAA.
CaenaHO NIPEATIOAOJKEHUe, UTO IIOBHIIIEHUE COAePyKaHUd (PTOPUAA B CTEKAE
COIIPOBOYKAQETCS YMeHBIIIeHNeM HM30AMPOBAHHEBEIX NToaokeHuM F(Pb) orHOCH-
TEABHO APYTHX SIA€P (PTOpa, a IpuU BHICOKUX KOHIeHTparusx PbF, (=50
Mon.%) MOHBI (pTOpa MOTYT 0OpPa30BHIBATHL HEMPEPBLIBHBIA CTPYKTYPHBIM MO-
TuB [30].

Oxcudropunnsie HopaTusie crekiaa. CHUHTe3 PTOpcopep KaUX OOPaTHBIX
CTEKOA CBSI3aH CO 3HAUYUTEABHBLIMU TPYAHOCTSIMM M3-3a BBICOKOU AETYYEeCTH
COoepAVHeHUM 6opa U (PTOpa, YTO NPENITCTBYeT MOAYUYEHHIO CTEKOA CUHTETH-
YecKOIo COCTaBa. B CBSI3M C 3THM IPU COCTABAEHMHU MIMXT IPAKTUUYECKUX
COCTaBOB CTEKOA BBOAUTCS IOIPaBKa Ha AETyYecTh KOMIIOHEHTOB. B aurtepa-
Type OTCYTCTBYeT eAWHCTBO MHEHWU OTHOCUTEABHO KOAMYECTB U (POPM yAe-
TYYHUBAIOMIUX (PTOPCOAEP KAIINX KOMIIOHEHTOB M3 PACIAABOB, YTO B 3HAUM-
TEABHOM CTelleHU CBSI3aHO C PA3AMYHBIMU YCAOBUSMHU BapKM M CIIOCOOaMM
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BBEACHUS KOMIIOHEHTOB B CTE€KAOMAcCy. IIpu CuMHTe3e CTEKOA B OTKPBITHIX
TUTASIX NOTEPU MAKCHUMAABHBI, @ IIPU MCIOAB30BAHUU NIPEABAPUTEABHO CHUH-
Te3UPOBAHHBIX OOPATOB M MH30AWPOBAHHBIX BAPOYHBIX OOBEMOB IOTEPU
MOJKHO CcBeCTH K MMHUMyMy. Ha puc. 1 npuBepeHBI 00OOIIEHHBIE AQHHEBIE
110 YAETY4YMBAHHUIO (PTOpa IpPU CHHTEe3e OOPATHBIX OKCU(MTOPUAHBIX CTEKOA
ABOMHBIX M MHOTOKOMIIOHEHTHBIX CHCTEM. B M30TepMUYECKHX YCAOBUSIX
NIPOIIECC YAETYUYMBAHUS IIOAUMHSIETCS 3aKOHY AABACHHUSA IIapa PAcCIAaBa, IIPpHU
5TOM KOMIIOHEHTBI PACIIAABa, BCAEACTBHE HX PAa3AWYMUMN, YAETYYUBAIOTCS
n3bupaTerbHO. Cpeprd AeTyYUX KOMIIOHEHTOB (PTOPCOAEpP KAlINX OOpaTHBIX
pacIAaBoOB, IO pas3sHBIM AAHHBIM, BcTpeuatorca HF, BF3 dropuael MeTaanoB.
O0epHeHHAsT HEKOTOPBIMM KOMIIOHEHTAMHU IIOBEPXHOCTBH DPACIIAABa KOHBEK-
IIMOHHBIMU IIOTOKaMHU BTATHBAETCSI B CTEKAOMACCY, 00pa3ys CBUAU U IIy3BI-
PH, YTO 3aTPyAHSET IIOAYYeHHEe OAHOPOAHBIX CTEKOA C BOCIIPOHM3BOAMMBIMU
ONITUYECKUMHU ITOCTOIHHBIMHU. [I03TOMYy HCCAepOBaHHE IIOTEPH CTEKAOMACCHI
B IIpollecce BapKU Ba’KHO He TOABKO C TOYKHU 3PEHHSI KOPPEKTHUPOBKHU COC-
TaBa CTEKAQ, HO U AAS IIOAYUEHHSI CTEKOA ONTHYECKOTO KadecTBa. Kak BUAHO
U3 PUCYHKQ, AeTydecThb (PTOpa M3 paclAaBa Inpu Temueparypax 1p+ (100-
1509C) 3aBHUCUT OT XUMHMYECKOTO COCTaBa CTEKAQ, HOHHOTO PapMyca KaTHOHA
BBOAUMOIO (PTOPHAR, a TakKXe OT KOHIEHTPAIlUM OKCHAA AaAIOMUHUS B
COCTaBe CTEKAOOOPA3YyIOUIETO PACHAdBA. JTO CBSA3BIBAETCS KaK C IIOBBIIIE-
HUeM BS3KOCTH PacCllAaBa, TakK U C 00pa3oBaHUEM B pacliraBe OTHOCUTEABHO
YCTOMYUBEIX METAAOKCUMTOPUAHBIX IPynn. TakuM oOpa3oM, IIPpU yBeAnde-
HUM KOHIIeHTpauuu (Topa M OOpa30BaHUM YCTOWUMUBBIX OKCUMTOPUAHBIX
TPyII B pacliAnaBe CTeKAa IOTepu (pTopa OT YAeTYyUYMBAHUS 3HAUYUTEABHO
YMeHBIIaI0TCS.
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SO dTopa npu cuHTe3e TOp-
Bait GopaTHbIX CTEKON OT coaepiKa-
SF, HUA TOpa B cUCTEMaX:
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Ha puc. 2 npeapcTraBaeHa IPOTIKEHHOCTh OOAACTEM CTEKAOOOpPa30BaHUSA
U paccramBaHMg CHUCTeM, copepskamux BoOs, Al,Oz oKcupB U (PTOPHAH
saeMeHTOB [-IV rpynn. PaBHOBecHBIe pacliAaBbl OKCHUAHBIX CHCTEM C BBICO-
KUM copeprkaHueM BoO; pacchamBaroTCS NPU OXAQKACHUM U 00pasyloT
AByX(a3Hble CTeKAd (00AACTh CTAaOMABHOTO PAcCAAMBaHMSA IIOKa3aHa ITyHK-
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TUPHOM AWMHHUEN). B mopaBagromeM OOABIIMHCTBE CAyYaeB OOHApPY’KHUBAETCS
OAHA M Ta JKe 3aKOHOMEPHOCTB: AAS CHCTEM, COAEPIKAIIUX OKCHABI KPYIIHBIX
KaTHOHOB MOAU(UKATOPOB CO CAAOBIM IIOAEM, XapaKTepHBbI y3KHe 00AaCTU
AMKBALIMM M OOABIINE OOAACTU CTEKAOOOpa3oBaHUs. AaHHOE SIBA€HUE CBS-
3aHO C OTHOCUTEABHO AETKOM OTA@4el BHOCHMOTO KHCAOPOAA UAM (TOpa
MHOTro3apsaAHBIM moHaMm (B37T, Al¥t) aag o6pasoBaHMs AOHOPHO-AKIEIITOP-
HOU CB43U. Kak BUAHO M3 NPOTSKEHHOCTU I'PAHUI] 00pa30BaHUS CTEKOA, BO
dTopcopepsKalIUX CUCTeMaxX OOAACTH OOpa30BaHUS CTEKOA 3HAYUTEABHO
mupe obAacTel CTEKAOOOPA30BaHUS AAS UHCTO OKCUAHBIX cucTteM. BechbMa
BEPOSITHO, YTO OAHOBPEMEHHOE IIPUCYTCTBUE OKCHUAHBIX ¥ (PTOPHAHBIX
CTPYKTYPHBIX TPYII OAHOMMEHHBIX KATHOHOB U OOpa3oBaHWE KOHIIEBBIX
CBSI3eM (PTOpa NPUBOAAT K YBEAHMYEHHIO ME’XKMOHHBIX PAaCCTOSHUN. Aelo-
AUMepHu3alugd CTPYKTYPBI CTEKAQ, CONPOBOJKAAIOLIETOCSH YBEAWYEHHEM CBO-
OOAHOTO 00BEMa, CIOCOOCTBYET ONTUMAABHOMY U 3HEPreTHUYEeCKU BBITOAHO-
MY pacIpepeAeHMI0 OKCUAHBIX U OKCU(MTOPUAHBIX T'PYNII KaTMOHOB-MOAUDU-

KaTOPOB.
PbO ——— PbF,
. CdF,
Zn0 20k Pb
.................. R cd
o e S —2)
Cao ‘ caF Ba
Mgo™ MgF, 2 Sr
K,0 ——KF Mga
i ——-NaF____Nao —_— K
LiF — Na
.................... L,o — Li
0 10 20 30 40 50 60 70 80 90 100 O 10 20 30 40 50 60
B,O, Mox1.% MeO(Me,O,MeFMeF,)  Me(Me,)B,O, Mo1.% AlLLO,

TOMOT€HHOE CTEKIIO; ———= CTAOMJIbHAS JIMKBALHA,  .oovvvveeen MeTacTabuibHas JIMKBauusA

Puc. 2. MNpoTsxkeHHOCTbL obnacTten cTeknoobpasoBaHnsa 1 nukeaumm ans cuctem: a) B,0Oz-MeO
(MeF,) [40-45] n 6) Me(Me,0)-B,0.- Al,0O3[42,46,47].

Baknenmmmu dakTopaMu, OOYCAOBAMBAIOIIUMU CTEKAOOOpPA30BaHUE,
KPHUCTAAAM3AIINI0 UAU PaCCAOeHUe PAaclAaBOB, SBAJIOTCS IIPOUCXOAAINE B
HUX IIPOIeCCHl KOMIIAeKCcOoOOpa3oBaHus. M3BeCcTHO, 4TO OOpaThl (OOABIIMH-
CTBO CHAMKATOB, hocdaToB) AUCCOLNUMPYIOT IIPU MNAABA€HHH, U 3TOT
TIpollecC IPOSIBASETCS Ha AMarpaMMe IAAaBKOCTH COOTBETCTBYIOIIUX CHUCTEM
MIAQBHBIM M3MeHEeHUeM TeMIIepaTypPHbIX MaKCHUMYMOB, OTBEUYalOIIUX IIAaB-
AeHUI0 coepmHeHui. [lpu BBepeHuu A0 20-25 mo1.% OKCUAOB MAU (PTOPUAOB
B pacnraB BoO3 dacTh 6Gopa MeHsieT KOOPAUHAIIUIO C TPOWHOM Ha
YeTBEepHYIO, a Tpu OOABIIeH KoHIeHTpanmuu Me,O, MelO (MeF, MelF,)
IIPOMCXOAUT Pacliap paHee oOpa3oBaBUINXCA TeTpaspapoB. Hamboaee 3Haum-
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MBI AT OKCU(DTOPUMAHBIX PACIAABOB peaknuy, o0pas3yroliue OKCU(PTOPHUA-
HBIe rpynnsl [48,49].

Peak1yis OCHOBHOT'O CTEKAOOOPA30BaTEAST M MOANM(PUKATOPA:

[BO3/3ln+MeO = [BOz/glnat [BOyplyMe?™;  [BO3jply+MeF, =
[BO3/2]n-2+ [B(O,F)4 2]y Me?*

CrnenuduiHO TakKe paBHOBecHe B pacmaase Mexay B!l u B!V cocros-
HUSIMHM MOHa Oopa:

[BOyplaMe?t « [BOy/nOpMe?t ;i [B(O,F)ylyMe?t - BOj3/F
]2M€2+.

Takum o00pazoM, OCOOEHHOCTbIO (PTOPCOAEP RAIINX OOPATHBIX CTEKOA
SIBASIETCSI BO3MOJKHOCTH W3MEHEHUSI B HUX KOOPAMHAIIMOHHOTO COCTOSTHUS
Oopa U CIOCOOHOCTH MOHOB (PTOpPa BXOAUTH B KOOPAMHAIIMOHHOE OKpY’Ke-
Hue Oopa. Pacmiupenne obaacTeil cTeKAOOOpa30BaHUS IIPU OAHOBPEMEHHOM
BBEAEHUH B CHCTEMY OKCHUAOB M (PTOPHAOB OAHOMMEHHBIX KaTHOHOB IT03BO-
ASIET TIPEAIIONOKUTH, UYTO POAB W IIOAOKeHHWe (PTOpa B CTPYKTYpe OKCU(PTO-
PUAHBIX OOPATHBIX CTEKOA OTAMYAIOTCS OT OOBIYHOTO AEIOAMMEPU3YIOIETo
AEVICTBHUSI aHMOHA INIpu OOpa3oBaHWM B CTPYKType KOHIIEBBIX CBSI3€H.
W3BecTHO, 9TO YCAOKHEHUWE CHUCTEMBI, T.€. YBEAWYEeHNEe KOAWYEeCTBa KOMIIO-
HEHTOB, CIIOCOOCTBYeT CTEKAOOOPA30BaHUIO M3-3a PaCUIMPEeHUs BO3MOYKHOC-
Tel AASI BOBHUKHOBEHUSI PA3AMYHBIX CTPYKTYPHBIX KOH(MUTYPAIUYA C PAa3AWY-
HOU 3Hepruer epAMHUYHEBIX CBg3el. OOpa3oBaHME B CTPYKTYpPe pacliraBa AO-
TIOAHUTEABHO (PTOPUAHBIX M OKCU(MTOPUAHBIX T'PYII CIOCOOCTBYET CTEKAO-
00pa30BaHUIO M PACIIUPSIET OOAACTh CTEKOA, OAHAKO 3TU CBSI3U AOAKHEI
OBITb AOCTAQTOUYHO ITPOYHBIMH, UYTOOBI OOECIeYUTh CTAaOMABHOCTH CTEKAO-
00OPa3HOTO COCTOSTHUS.

OTcyTCcTBUE TPAHCASIIIMOHHOM CTPYKTYPHI CTEKAOOOPA3HBIX BEIeCTB
3aTPyAHSIET OAHO3HAYHOE BBICKA3hIBAHMWE O CIIOCOOAX pacIpeAeAeHMs NOHOB
U CTPYKTYPHBIX TPYII, BBIBOAAX O OAMIKaMIlIeM OKPY>XeHHU aTOMOB, CIIO-
cobax couaeHeHUsT oOAacTel OAMIKHEroO MOpsiAKa C UCTIOAB30BaHUEM IMTPSIMbBIX
METOAOB MCCAEAOBAHUS. DTO IIPUBOAUT K HEOOXOAUMOCTH IPUBAEKATH KOMII-
AEKC MeTOAOB uccaepoBaHmud: criekrpockonua MK, KP, AMP u ATI'P, audpax-
nuonHBIe MeToabl. CooTHOmenue koanmdects Bl u BV B crpykType crekaa,
a Takke obpaszoBanue B-F  cBga3u  3aBUCAT OT  COOTHOIIEHUS
(MeyO+MeF)/ByO3, m 0OHapy>XUTb M3MEHEHHsS COOTHOIIEeHMsS OOpaTHBIX
TPYII BO3MOXKHO IIPU 3aKPENAEeHUM (PAaBHOBECUM) AQHHOTO COOTHOIIEHMS.

Ananni HMK-crieKTpoB TOTAOIIEHUS OKCUPTOPUAHBIX OOpPATHBIX CTEKOA
U IPOAYKTOB MX KPHUCTAAAM3AIIUM ITOKA3BIBAET, YTO IPOSIBASIOTCS IIOAOCHI
TIOTAOIIIEHHUS, XapaKTepHble AAS COCTOSHHS Oopa B TpoMHo¥ BOj3 u B uert-
BepHOU KooppuHauuu B(O,F),. [Torockl oraomieHna ¢ MakKCUMyMaMU B AUa-
nasoHe 1360+ 1150 cu'! BMecTe ¢ monocoit B ob6aactu 700 cu! oTtHOCATCSA K
NIPOSIBA€HUIO KoAeOaHuM cBga3el B-O B TpeyroabHukax BOs3, a ¢ MakcuMyMa-
Mu B AuanasoHe 1100+800 cu! — kK KoreGanmam cpsazeli B-O B TeTpasppax
B(O,F)4. O6aacts 700 +400 cm’! cBsizana ¢ mposiBAeHHeM AeOpPMAIUOHHBIX
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koreOaHuu B-O u B-F B GopaTHBEIX IrpynnupoBKax. BareHTHBIE KOAeOaHUSA
cBa3eil Me-O, Me-F B OKCH(TOPUMAHBIX TpyHIIax MOAUMUKATOPOB IIPOSIB-

As10TCS B 0o6Aactu 650 + 400 eyl [50-52].

MeB,0,-LiF BaB,O,-MgF,

MgF,
moin.%
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Puc. 3. VIK-cnekTpbl nornowueHus crekon cuctem MeB,0, - MeF, [53,54].

Hcxopst M3 BHAA CIEKTPOB IIOTAOMIEHUS] CTEKOA IICEBAOOWHAPHBIX CHUC-
TeM MeB,O4-MeF, (puc.3) MOKHO cAeAaTh 3aKAIOUEHHEe O IIOCAEAOBATEAD-
HOM yMeHbIleHuu cooTHoineHus [B(O,F),]/[(BO3;+B(O,F)4] npu yseauue-
HUM KOHIeHTpanum gropupa. Habatoparomieeca oOllee yMeHbIIIeHNEe MHTEH-
CUBHOCTH TOTAOIIeHust B o6aactu 1100 +800 cu! cBsizaHo ¢ ymeHblieHHEM
KoandecTBa TeTpasppoB [B(O,F),]. OpHOBpeMeHHO pacTeT HOTAolIeHue B 00-
Aactm 650+400 cwl, KoTOpoe C y49eToM pe3yABTaTOB HMCCAEAOBAHUS IIPO-
AYKTOB IIDUHYAUTEABHOM KPUCTAAAM3ALAM CTEKOA (IOMHUMO OOpaToB, OOHa-
pPyXeHBl (TOpOOOpPATEl U (PTOPHUABI) CBA3@HO C KOACOAHUSMU CBSA3€U B
okcudropupueix rpynnax [Me(O,F)4], [Me(O,F)g].

Haubonee 3HaunTeAbHBIM u3MeHeHUeM cliekTpa KP cTrekoa, BcaepcTBue
BBEAEHUS B CTeKrooOpasHbili BoOj okcupa mau (propmpa MopAMGPHUKATOPOB,
ABASIETCSI TIOCTEIIeHHOE MCYe3HOBeHWe y3Kou amHmm 808 cv'! m mosBaenwme,
COIIPOBOJKAQIONIEEeCs YyBEAWYeHHEeM IIHUPUHBI W WHTEHCUBHOCTH, AWHUU
760+780 cml. Kak YKas3blBaeTCsI BO MHOTMX PabOTax, B CIEKTPAX CTEKOA,
copepxxamux ~30+40 mor.% Mey,O u MelO (MeF, MelF,), mpoasasercs
TOABKO AMHUS 760+ 780 cv!. BeicKazaHo IPEANOAOKeHUE, 4TO, moMuMo BOg
TPEYTOABHUKOB, OOPOKCOABHBIE KOABIIa COAEP’KAT OAWH HAW ABa TeTpa’sppa
[B(O,F)4] [55,56]. Kak BUAHO U3 NpUBeAeHHBIX ceKTpoB KP (puc. 4) cTekoa
COCTaBOB MeTabOpaTOB, HE COAEPIKAIINX OKCHA AAIOMUHUS UAM (PTOPUA,
n3MeHeHMe KaTHMOHAa IMPUBOAUT AWIIL K HEKOTOPBIM M3MEHEeHHUSIM B OOAACTH
700+600 cul, a B o6ractm 900+ 1100 cu! koH(pUryparus MoOAOC MpaKTHYe-
CKU COXpaHsgeTcd Hen3dMeHHOM. B cnekrpax KP cTekoA Ha OCHOBe LIEAOYHO-
3eMeAbHBIX 00PaTOB WHTEHCUBHBIMU SBASIFOTCS ITOAOCHL AAST CTEKOA CHCTEMEI
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c CaB,0O,4 510560, 780+ 760, 940980 eml. HauGoree WHTEHCUBHOM SIB-
astercst moaoca 780 +760 cu!, kKoTopas ¢ yseamuenuem Al,O3 yMeHbIIaeTCs
IO WHTEHCUBHOCTHM U CMelllaeTcsl B HHU3KOYACTOTHYIO OOAACTh CIIEKTpa.
Hapsay ¢ 3TUM 3aMeTHO yMEHBIIIAeTCs UHTEHCUBHOCTD IIOAOC, PACIOAOKEH-
HEIX ¥ 560 1 980 cml.

2

i

o

T T T T T T -1 T v T v T v T v T v T T T y 1
1300 1100 900 700 500 300 V- SM' 1600 1400 1200 1000 800 600 400" M

Puc. 4. KP-cnekTpbl cTekon cuctem a.- MeB,0O,4-Al,O3; (Me-Ca,Ba)[56 ], Cuctema CaB,04-Al,03
1.-10; 2.-15; 3.-20 mon.% Al,O3. Cuctema BaB,0,4-Al;03 4.-10; 5.-20; 6.-30; 7.-40 mon.% Al,O3
0. -Me8204—PbF2(PbO) [57], 1.-CdeO4; 2.-0deO4'ZﬂBzO4; 3.-ZnBZO4.; 4-SOZnBzo4-50PbO;
5.- 4OZnBZO460PbO, 6.- 50(CdeO4ZﬂBzO4)50PbO, 7.- 40(CdeO4ZﬂBzO4 )60PbF2 41.-
50ZnB,0,450PbFs; 6.- 50(CdB,04-ZnB,0,)-50PbF,; 7*.- 50(CdB,04ZnB,0,) -60PbF;

Anga  crekon cucreMbl ¢ BaByO, coxpansrorca moaockl 510+ 560,
780+ 760 cwl, a cMmemenue TpeThe MHTEHCUBHOU MOAOCHI B BBICOKOYACTOT-
HyI0 o6aactb (10001080 cm'!) cBsizaHo Goaee cAaObLIM B3aWMOAEHCTBHEM
Ba2* ¢ kucaopopom mo cpaBHeHuto ¢ Ca2*. B cIekTpe CTeKAa, COAeprKa-
mero 40 mon.% Al,Os, y3ron moaockl npu 760+ 780 cu! yxe He HabGaropaet-
Csl, YTO IIOATBEPIKAAET NPeuMyIleCTBeHHOe IIPUCYTCTBUE B CTPYKTYpe CTe-
KoA [BOj3] m [AlO4] rpynm. BcaepcTBUe IPEAIIOYTUTEABHOTO OOpa3oBaHUS
TeTpasppuueckux rpynn [AlO4], mo cpaBHeHuio ¢ [BOy], kaTmoHB Me2*
NIPEUMYVIIIECTBEHHO AOKAAU3YIOTCS ¥ aAIOMHUHATHBIX T'PYIII, KOMIIEHCUPYS HX
n30BITOYHBIN OTPUIIATEABHBIN 3apsp. ECTh OCHOBaHWE CYWUTATh, YTO WHTEH-
CUBHYIO W VIIUPSIONIYIOCS TIOAOCY B 06Aactu 510+ 560 cv'! MokHO OoTHecTH
K KOAeDaHUSIM aTOMOB B @aAIOMOOOPATHBIX IPYIIHPOBKAX, YUYUTHIBASA CIIOCOO-
HOCTh [AlOy4] rpymnn BBEINOAHATE CETKOOOPA3YIOMIVIO (DYHKIIUIO B OOpaTHOM
MaTpHlle cTekAa ¢ obopas3oBaHueM B — O — Al crasein [46, 56, 44]. YcunreHue B
CIIEKTpax AaHTUCHUMMETPUYHOTO BAAEHTHOrO KoAebaHua cBazerr O —B—O
(1200+ 1230 cw'!l) u aHTHCHMMeETPUYHOrO AedOPMAIMOHHOIO KOAeGaHMUS
cesizet O—B—0O (650+680 cu!) BMecTe ¢ cykeHuMeM BCeX AMHMI yKa3bi-
BaeT Ha yBeAWUYeHMe CTelleHM YIIOPSIAOUYEHHOCTH CTPYKTYPHOM CETKU CTEKOA
II0 CPAaBHEHMUIO C UCXOAHOU CETKOM CTEKAOOOpPa3HBEIX METabOpaTOB IIPU BBE-
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pAeHun AlyO3. AAsT CBUHeNCOAEpPIKalIUX CTeKOA BBepeHue Ooaee 40 mon%
coepnHenus: cBuHila (PbF9PbO) moAHOCTBEIO MeHSeT XapaKTep CIEKTpPa, BbI-
3bIBad CYIIeCTBEHHOe IlepepaclpepeAreHre HHTEeHCHUBHOCTU IIOAOC. 3HAuM-
TEABHO yMeHbIIaeTcs oO0Imas HMHTEHCUBHOCTH IIOAOCHL B 00AACTH
1350 + 1400 cu'! u opHOBpPeMeHHO HAOAIOAAETCS HM3KOYACTOTHOE CMeIleHHe
3TOM IOAOCHL. Pe3KO Bo3pacTaeT MHTEHCUBHOCThL IPYIIBI IIOAOC, PaCIOAO-
JKEHHBIX B ob6aactsix 600700 u 1100+ 1350 cul, uro cBHAETEeABCTBYyeT O
noBolmieHnu  cooTHomeHus [BO;3]/[(BO3+B(O,F)y]. CwMmemieHnme 1OAOCH
1000+ 1350 cw'! B HM3KOYACTOTHYIO OOAACTH CBHAETEABCTBYET 00 H3MeHe-
HUU TIOAOJKEHHUS B MATPHUIle CTEKAQ TPUTOHAABHO KOOPAMHUPOBAHHBIX aTO-
MOB Oopa u BxoxAeHuu rpyun Pb(O,F), B aHMOHHEIN KapKac cTekaa [29,58].

Metopamu AMP 1B, 10B i 19F nccaepoBaHBI Kak CTPYKTYpHEIE 0COGEH-
HOCTH OKCU(PTOPHBIX GOPATHBIX M OOPAAIOMMHATHEIX CTEKOA, TaK U ITOABHIK-
HOCTb MOHOB (PTOPA, aHUOHHBIN OOMEH MEe’KAY OKCHUAHBIMU U (DTOPUAHBIMHU
COCTaBASIONIUMU CTeKAa [59-61]. Vicnoab3ys AaHHBIE MCCAEAOBAHUM MeTO-
paoMm SAMP, Bpelt ¢ coTp. IOKa3aaH, YTO IIPU BBEAEHUU U yBEAWYEHUM KOH-
IEeHTpanuy OKCHAa MopuduKaropa B BoO3 AOAS YETHIPEXKOOPAWHUPOBAH-
HBIX aTOMOB 60pa (Npp4) BO3pacTaeT, IPOXOAUT depe3 MaKCUMYM, IIOCAe KO-
TOPOTO YMEHBIIAeTCs, ¥ He 3aBUCHUT OT TOT'O, OKCHA KaKOTO IIEAOYHOTO UAW
IIEAOYHO3EeMEABHOTO MeTaara BBOAUTCS. OTHOCUTEALHAs AOAS siaep Oopa B
TETPadAPHUUECKUX MO3ULUIX K O0IeMy YHCAY OIIpeAeAeHa U3 COOTHOIIEeHUS
TIAOIIAACH TIOA COOTBETCTBYIOIIUMU AMHUSAMEU cniektpa AMP 11B-N, = [BO,]
/ [BO3+BO,)] [62,63].

KoOHIleHTpallMOHHOe IIoBeAeHHe CIeKTpoB crekoa SIMP 1B po Bcex uc-
CAEAOBAHHBIX CHCTeMaX YKa3bIBaeT Ha TO, YTO C BBEAEHWEM W YBEeAWUYEHUEM
KOHITEHTPAIlU OKCHUAOB AU (PTOPHUAOB KOOPAMHAIIMOHHBIE M3MeHEeHUsT bopa
MOAUMHAIOTCS €AVHOMY 3aKOHY. AAl OAM3KHUX CTEKAOOOPA3yIOIUX CHUCTEM
MeXaHU3MBI PeaKIUui CTEKA00Opa30oBaTeAss U MOAMMPUKATOPOB UACHTUYHBI, 1
BBEAEHHBIE OKCHABI M (PTOPHABI HCIOAB3YIOTCS AAS MOAUMPUIMPOBAHUS
OopaTrHOM ceTku. Ha puc. 5 npeapcTraBaeHBI 3aBUCUMOCTU n3MeHeHUsa N(BOy)
OT KOHIIEHTpaluu MOAU(PUKATOPOB (OKCHUAOB, (PTOPHAOB) M “YCAOBHOIO"
cTrekrooOpasoBareas Aly,O3 B CTPYKType CTeKOA OWHApHBIX M TPOMHBIX
cucrteM. BuaHo, 94TO AOAS aTOMOB OOpa, MEPEIIEAIINX B YeTBEPHYIO KOOPAU-
HAIlMIO HA TpaHUIle OOAACTH CTEKAOOOPA30BAHUSI CHUCTEMBI, 3HAYUTEALHO
MEeHBIIIe TPEXKOOPAMHUPOBAHHBIX, W IIPEKpalleHne CTeKA0OOPa30BaHUs CAe-
AyeT paccMaTpuBaTh Kak IPosBAeHUe HecoBMecTuMocTyu BOj3; rpynn ¢ okcu-
(PTOPUAHBIMU TIOAMBAPAMU MOAMMPUIUPYIOMINX KaTUOHOB IIPU HU3KOM CO-
Aepxanun [B(O,F)y] (Npoy < 0,1).

IMhaBHOE cHmkeHUe coorHouleHus [B(O,F),]/[BO3;+B(O,F),] nocae om-
PEAENEeHHOM KOHIIEHTPAIlM MOAVW(MUKATOPOB CBSI3aHO C IIEPEBOAOM MOC-
TUKOBOTO aHMOHA B HEMOCTHKOBEIM 10 cxeMme [BOyn]Me — [BO3,,O Me™
(uam  [BO3FIMe™). Aemorumepusanusi TPEXMEPHOM CTPYKTYpPhI CTEKAA
NIPOTEKaeT A0 IIpeKpallleHUus CTeKAOOOpa3zoBaHUsA. ECAM AAS COCTABOB MeTa-
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OopaToB B 3aBHCHMOCTM OT MOHHOIO pajpWyca KaTHOHA IlapaMeTp
N4~0.25+0.30, TO AAS CTEKOA, COAEP’KAIIUX BBICOKHME KOHIEHTpauuum (ro-
PHAOB, 3TOT IlapaMeTp COOTBETCTBeHHO yMeHbiaeTcs Ao 0.08 +0.10 [6, 46,
61, 64].

N&o, a. Neo, 6.
*-Li,0, LiF
" *-BaO
0.51 *-Na,0, NaF 0.5 «-Ca0,CaF,
g *-K,0, KF 0.4] *-SrO, SrF,
0.3 0.31
0.21 0.24
0.11 0.11
v
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NBo,
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04] __w=—====x «-CdO, CdF, \‘\'\i\-‘:i_x
0.3 - *-Zn0, ZnF, 0.1
] T r : . T
0.2 4 *-Zn
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Puc. 5. [dona u4eTbipéxkoopaAnHMpOBaHHLIX aTtomMoB 6Gopa N(BO,;) B 3aBucumoctM OT
KOHLiGHTpaLun MoaudmkaTopa B cTeknax cuctem B;0s-MeO(Me'F), B;0s-MeO(MeF,),
MeB,0,~Al,03, MeB,04—MeF,, MeB,04-Al,Os-MeF, (roe Me' — Li, Na,K; Me- Ca,Sr, Ba,
Zn,Cd,Pb).

@ropbopaTHbIe CTeKAA 00AAAAIOT BBICOKOM KATHOH-aHUOHHOM IIPOBOAU-
MOCTBIO U IEePCIEeKTUBHEI A CO3AQHUSA aKKYMYASITOPHBIX OaTapel C BBICO-
KOM MAOTHOCTBIO 3HePrum. AHaAW3 KOHIIEHTPAIIMOHHOMN 3aBUCHUMOCTH CIIEKT-
poB SAMP 19F nmokasan, 4To MOHBI PTOpPa 3aHUMAIOT ABE CTPYKTYPHO HE3KBU-
BaAeHTHBIe NTO3UNUU. [lepBasg MO3UNUSA COOTHOCHUTCS CO CIIEKTPAABHOM KOM-
TIOHEHTOU, MMeIollell IIUPHUHY, XapaKTePHYIO AAI CTPYKTYP C BBICOKHUM CO-
AeprKaHeM OKCU(MTOPHBIX IPYIN MOAUMUIMPYIOUINX KaTHOHOB, BTOpas IIO-
3UINg OTHeCeHa K MOHaM (PTOpa, BXOAAIIUM B cocTaB rpynn [BOj3,oF]. Ipu
OIIpeAeAeHHON KOHIIeHTPAalluM BBOAUMOTO (PTOpHAA B CTPYKType CTEKOA 00-
pasyeTcs pTopcopeprkaliiasi aHMOHHAsl HellpephbIBHAS IIOACUCTeMa. [loBrIIe-
HUEe KOHITeHTpaluu (pTopupa U oOpa3oBaHUe (TopcopepsRallell aHUOHHOU
HeIIPepPBhIBHOM MOACUCTEMEBI IPUBOAUT K PE3KOMY CHU>KEHHUIO SHEPrUM aKTH-
Banuu AMGQY3UM U CYIIECTBEHHO MeHsieT (opMy CcrHekTpoB SIMP 19F
(puc. 6).

B cnekTpe cTeKOA ¢ HU3KUM copepkaHueM (pTopupoB (<10mo01.%) HaO-
AIOAQETCSI OAHA AWHUS, KOTOPYIO, cyas mo XC (480 &+ 10m.a.), MOJKHO OTHECTH
K moHaMm ¢Topa B mosunusx F(Pb). Tlpu Ooaee BBICOKOU KOHII€HTpPAIIUU
(PTOPUAOB B CIIEKTPe CTEKOA IIOIBASIETCS BTOPasg KOMIIOHEHTQ, CABUHYTAas B
cuabHOe moAe (XC =600+ 10M.A.), XapakTepHasi AAST KPUCTAAAMYECKOTO (PTO-
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pHAQ AAIOMHHUS, U COOTBETCTBYIOIIAs MOHaM (propa B nmoroxenuu F(Al). Ta-
KUM 00pa3oM, CUABHOIIOAEBAasS KOMIIOHEHTA CIIEKTPa CBSI3aHa C CUTHAAOM OT
QHUOHOB (PTOpPa, NPUHUMAIOMINX Yy4YacTue B (POPMUPOBAHMU KapKAaCHBIX
okcudropuseix rpynn [Al(O,F)4].

B.
/\ 300 K

430K \//\ S5
300 K \//\
423K
430K \/ 543 K
300 K
3Ic B_>
CsPbF,

Puc. 6. 3aBucumocTb dopmbl crektpoB AMP *°F ctekon: (a) — cuctembl PbB,0,—PbF,/AlF;(1-
5; 2-20; 3-30; 4-40 mon.% PbF,/AlFs3) [30, 59, 60]. (6) — CaB,0,—AlF; (1- 20; 2- 40 mon.% AlF3
[ 65]. n (8) — TemnepaTypHas 3aBMCUMOCTL chopMbl criekTpos AMP '°F ctekna 60 PbB,0,
40LiF[53].

OchrabaeHVe YIPYTUX CUA PelleTKH CTEeKAA B CBSI3U C YBeAHMUYEHHEM KO-
AWYeCTBa KOHIIEBBEIX CBSI3eM KHMCAOPOAA U (PTOPa, IPEeNsATCTBUE KAaTUOHOB W3-
MEHEHMIO YTAOB CBf3el CEeTKU CHUJKAIOT TeMIepaTypy CTEKAOBAHMSA U yBe-
AWYMBAIOT TEIAOBOE pacIIMpeHMNe CTeKAd. TeIAOBOe pacIlupeHHe CTEeKOA
paccMaTpuBaeTCs KaK pPe3yAbTaT ABYX IIPOIIECCOB: HU3MEeHEeHHe CPEeAHUX
MEe>XaTOMHBIX PAacCTOSHUNM U HU3MeHeHHe KOH(PUTYpAlluUu CTPYKTYPHBIX
rpymnn [67,68]. AHomaabHO BhIcOKMM TKAP crekaood6pasHoro Bo,O3 mo cpas-
HeHUO c SiO,, yuuThiBasg OAM30CTH 3Hepruu cBg3ert B-O u Si-O, ob6bic-
HSeTCd NPHUCYTCTBUEM B PeIlleTKe OTHOCUTEABHO CAA0O CBS3aHHBIX Ilellodyed-
HO-CTPYKTYPHBIX MOTHUBOB. OAHAKO BBeAeHMEe U yBeAHUeHHe COAep’KaHUS
Al,O3 B OOpaTHBIX CTEKAAX NPHUBOAUT K MOHOTOHHOMY CHM>XEHHIO UX TeM-
nepaTypHoro koadgdunueHta AuHerHoro pacuupenus (TKAP) u moswlie-
HUIO TeMIlepaTyphl cTeKAaOBaHUA (Tg) crekoa. Ilpu BBICOKOM COOTHOLIEHUM
MeO/(Al,O3 +By03) monsl Al3t BcTpawBaroTcsi B CETKy CTeKAA B BHUAE
[AlOy4/9] sMe2 T rpymm, moBbIIas CTENeHb ee CBI3HOCTH M MPOYHOCTH, YTO H
NIPUBOAUT K HoOBHIIeHUIO Tg u cHukeHUto TKAP crekoa. I'To addekTuBHOC-
T Bo3pedcTBud Ha TKAP B cTOpOHY ero yBeAWuYeHHUS I[eAOUYHO3eMeAbHBIe
KaTHOHBI pacloaararoTcs B papy Ba—Sr—Ca—Mg, a MeTaarbl MOOOYHBIX
rpyna — Pb—Cd—Zn. IlpuueMm, 4yem OOABIIE COAEpP’KAHUE AAFOMHHATHBIX
TPYNIUPOBOK C KOMIIEHCUPYVIOUIMMH HOHAaMH, TeM MeHbIlle BAWSHHUE HOH-
HOTrO pajpuyca KaThoHa Ha 3HadeHUss TKAP crekoa. CuMOaTHOCTH U3MeHe-
HUA XO0pa KpuBBIX TKAP B 3aBUCHUMOCTH OT COCTaBa yKas3blBaeT Ha TO, 4YTO
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KOOpAMHAIIMOHHOE cocTossHre Al3T Bo Bcex MCCA@AOBAHHBIX CTEKAAX OAMHA-
kKoBO. Haanuune Bo (propcopepsRamux OOPOCUAUKATHBIX U OOParIOMUHATHBIX
CUCTeMaX S$SIBAeHUSI MeTacTaOMABHOM AMKBAIMU oOAerdaeT BO3HHUKHOBEHUE
3apOABIIIEN U CHOCOOCTBYeT OOAee MHTEHCHUBHOMY IPOTEKAaHUIO IIpolecca
HAIIPABACHHOUW KPUCTAAAM3AIIUU CTEKAA IIPU €ro TepMHUYecKol 00paboTKe
[54]. I3 puc. 7 BUAHO, UTO IO Mepe yBeAmueHusa copepskanus Al,O3z B cTek-
Ae TKAP 3aKkpuCTaAAM30BaHHBIX CTEKOA B mHTepBare 20-300°C yMeHBIIAIOT-
CS1 IPAKTUYECKU AMHEWHO M XOA UX U3MEHEHUU OAUHAKOB.

a-10",K" a. a-10" K" 6. a-10",K" B.
80 801
90+ i ]
701 701
80 60- 60
Ca 1 b
701 507 =0]

>‘<~\\\ S 0
1 1 Ca™sr 1
a0 Mg 20 Mg 201

10 20 30 40 10 20 30 40
ALO,,m01.% AlLO;,m0m1.% ALO,,m01.%

] Pb
401 40
60-\ Ba i - 0_\Zn ca
Zn Sr 30 -
10 20

Puc. 7. 3asucumoctn TKIIP ucxogHbix (a) u 3akpucTannuaoBaHHbIX cTekon (6, B) cuctem
MeB,04-Al,03-MgF2(LiF) (Me-Mg, Ca, Sr Ba, Zn, Cd, Pb) ot coctasa.

CTeKAOKpUCTAAMUUYECKHE MaTepPUaAbl (CUTAAABI) AIBASIOTCSI TEeTEpPOTreH-
HbBIMU MaTepuaramMu u ux TKAP ckhapbIBaeTcss U3 TEPMUYECKOTO PacCIIu-
peHud COoCTaBAJOMUX (a3 (KPUCTAAABL, OCTATOUYHAas CTeKAaodasa). BrisgBae-
HO, YTO IPOAYKTAMM KPHUCTAAAM3AIIMU CTEKOA SABASIOTCSA OopaTsl: MgyB,Os,
MgB407, (X-CGBQO4, CGQBQOS, SrB4O7, BaB4O7, BaB4O7, a-Zn5B4O“,
CdyB,05, CdB4O7 a-PbyByOs5 a-Pb(BO,)y um artoMoOOpaTH: COepMHEHHE
MgAIBO, BBIpeAsIETCS OAHOBPEMEHHO ¢ OMHApHBIMM OopaTaMy IIPU COAEP-
KaHuu Aly,O3 6oaee 25 mon.%, B-CaAlyBoyOy Hapsay ¢ a-CaByOy4 u CagByOs
obpasyercsa npu BBepeHuUu Al,Osz 6oaee 30 mon.%. Breiperenune SrAl,BoO; m
BaAl,B,O; dukrcupyerca npu copepxkanuu Al,Oz 6oaee 35 u 40 mon.%,
COOTBETCTBEHHO, B IIMHKOBOAAIOMOOOPATHON CHCTeMe IIPHU BBICOKOM COAEP-
xanuu LiF, mommmo ZnAl;,B,O7, BrelpenseTcss (propartoMoOOpaT CcocCTaBa
Li,Zn[Al,BgO;3F],. ITpocTpaHCcTBeHHasA CTPYKTypa artoMOoOOpaTOB CTPOUTCS
U3 1IenoueK, B KOTOPBIX [AlOy] Ipynnel COEAMHEHBI MeXKAY COOOM BepIIMHA-
MU U KaXKABIM — C HM30AUPOBAaHHBIM [BOj]-TpeyroabHukoM. B cTpykType
CHUTaAAA IIeNIOUYKY OO0pa3yIOT KOAOHHBI, COepANHIeMble MeXXAy COO0Y aToMaMu
IIEAOYHO3EeMEeAbBHBIX JAEMEHTOB. J3HAUUTEAbHass acCHUMMeTpUsi CTPOeHUs
KpUCTaaandeckon pemeTku MeAl,B,O; 00ycrOBAMBaeT HU3KUE 3HAYEHUSA
TEPMUYECKOTO PaCHIMPeHUs CUTAAAOB B IIMPOKOM UHTEpPBaAe TeMIepaTyp.
YnpaBasisi IpoljeccaMy KPUCTAAAM3AIUM IIeAOYHO3EeMEABHBIX aAloMOOOpaT-
HBIX CTEKOA (CTEXHOMETPHUUYECKOro M HeCTeXMOMeTPHUYeCKOIo COCTaBOB) Ha
CTapuK 0Opa30BaHUSA OIPEAEAEHHBIX KPUCTAAAMYECKUX (a3 M TeMIepaTyp-
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HO-BPEMEHHEBEIMHU IapaMeTpaMu TepMOOOpaOOTKH, OBIAU IIOAYYEHBI CTEKAO-
KpHUCTaaAMuecKre MaTepuarbl ¢ TKAP (7,0+48,0)-107K!, Cunresuposas-
Hble CUTAAABl OOAAAQIOT HauOOAee HU3KMMU 3HAQUEHUSIMU AUSAEKTPUUYECKUX
XapakKTepUCTUK (& =5+7 u tgo =9+1510%), a UCXOAHBIE CTEKAA HUMEIOT
OonAee HU3KYIO TeMIepaTypy Bapku (1400 -+ 1450°C) m3 BcexX M3BECTHBIX CH-
TaAAOB C HU3KUMU 3Hauenusamu TKAP [4,69].

K HacTosAmemMy BpeMeHHM YCTaHOBAEHO, YTO BBEACHHE B CTEKAA OKCHAOB
U (PTOPUAOB IIEAOYHBIX METAAAOB CHUJKAET UX DAEKTPOCOIPOTUBAECHUE, a
IIpM BBEAEHHH OAHOBPEMEHHO HECKOABKHUX OKCHUAOB IIEAOUYHBIX METAAAOB
HAOAIOAQETCS TTIOAMIIEAOUHON 3(P(EKT, 3aKAIOUAIONINICS B HOBLIIIEHUN COI-
POTHUBAEHHA CTeKAd. KaTMOHHAs IPOBOAMMOCTE IIPU AAUTEABHOM AENUCTBUU
IIOCTOSTHHOTO 3JA€KTPUYECKOTO IIOAS BEBEI3BIBAET OINACHOCTb IPOTEKAHUS
3AEKTPOAM3a, OCOOEHHO IIPU IOBHIIIEHHBIX TeMIlepaTypax. CBepeHHUs O IpH-
poae HOCUTeAel 3apspa B OECIIeAOYHEBIX CTEKAAX He CTOAb OIIPEAEACHHBI —
B OAHUX CTEKAAX HOCHUTEAIMU CUUTAIOT 3AEKTPOHBI, B APYIMX — HOHBEI
ABYXBAAEHTHEIX METAAAOB. [3-3a CHABHOTO KyAOHOBCKOTI'O B3aUMOAEWMCTBHUSA
ABYX U OOAee 3apsgAHBIX KaTHOHOB C OTPHUIJATEABHBEIM 3apSIAOM CETKH CTeKAa
UX IOABU’KHOCTBH OKa3bIBAaeTCS Ha HECKOABKO IOPSAKOB HU)Ke ITOABUKHOCTHU
OAHO3apsAAHBIX KAaTHOHOB [70]. OTa 0OCOOEHHOCTBH OIpPEeAEAsieT CYIEeCTBOBA-
HUEe BBICOKOOMHBIX OKCHAHBIX CTEKOA, OOAQAQIOIIMX 3allpellleHHOU 30HOH,
AOCTATOYHO IIMPOKOM AAS TOTO, YTOOBI TepMUYecKas aKTUBAIlUs HOCUTeAel
OBIAA TPAKTUYECKU UCKAIOYEHaA.

CyllecTBOBaHME AHWOHHOM IIPOBOAMMOCTH B CTEKAAX YCTAaHOBAEHO
CPaBHUTEABHO HepaBHO [13], ¥ B OKCHAHBIX CTEKAAX, COAEP’KAlllMX aHUOHBI
(dbTOp, XAOP U T.p.), YAaCTO TUI HPOBOAUMOCTH paccMaTpUBaeTcd Kak
CMeNIaHHBIM. AABPTEPHATUBOU IIPEAIOAOKEHUIO O BO3MOXKHOCTU y4acTUSA HO-
HOB Me2¥ B saekTpornepeHoce B GECIIEAOYHBIX CTEKAAX SBASETCS 3aKAKOUe-
HHe O IPUMEeCHOM XapaKTepe IIPOBOAMMOCTH B HUX, OCYIIECTBAIEMOM HOHA-
vMu HT u OH", 06pasyrouuMucs mpyu AUCCOITUAIIMM CTPYKTYPHO-CBI3aHHOM
BOABL [71,72]. B AuTepaType IPUBOAATCS Tak’kKe Pe3yAbTaThl MCCAEAOBAHUH,
B KOTOPBIX UMEA MeCTO IIepexOp OT MPOTOHHOM IIPOBOAMMOCTU K IPOBOAHU-
MOCTH, OOYCAOBAEHHOM KaK IPOTOHAMM, TaK M MOHAMHU (PTOpa, IPUUEM AOAL
IIOCAEAHUX B 3AEKTPOIlepeHOCe BO3pacTaeT C BO3pacTaHMeM KOHIeHTpaluu
dTopa B cTreknre [73]. B mochepHme AecATHMAETHS WHTEHCHBHO U3y4alOTCS
TPAHCIOPTHBIE IIPOIIECCHl W BBICOKOIIPOBOAMAIINE MaTepHaAbl, OCOOEHHO
aHUOHOIIPOBOASAIINE, CPEAN KOTOPBHIX 0COO0e MEeCTO 3aHMMAIOT CTeKAQ, Halll-
AU TPUMEHEHWE B KaYeCTBE TBEPABIX SAEKTPOAUTOB B XUMUUYECKUX MCTOUHMU-
KaxX TOKa, MOHOCEAEKTUBHBIX 3AEKTPOAOB, SAEKTPOXUMUYECKUX HHAUKATOP-
HBIX YCTPOUCTBAxX U T.I. [74].
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Puc. 8. 3aBmucumocTy Igpsee OT cocTaBa cTtekon cuctem: a — MeB,O,4-PbF,(Me-Zn,Cd,Pb); 6 —
MeB,04-LiF(Me-Zn,Cd,Pb); B — ByOs-NaF (1), B,03- Na,O (2); B — u3MeHeHue
OTHOCUTENBHOIO CoAepXaHnsa BoAbl B cTeknax: Po, P — nHTerpanbHble MHTEHCUBHOCTU MONOC
MOFMOLLEHNSI C MakcUMyMoM 2900 cm™, r — YMCHO NepeHoca MOHOB PTopa B CTEKNaxX CUCTEM:
l) 2PbO'BQO3-PbF2 [75], 2) PbO'Bzo3-PbF2, 3) BzO3-NaF [76], 4) PbO‘Bzo?,-LiF: a —
M3MEHEHNE OTHOCUTENbLHOTO codepXaHus Boabl B cTeknax: Po, P — wuHTerpanbHble
WHTEHCMBHOCTW MONOC NOrfoLweHnst ¢ Makcumymom 2900 em™.

XapakTep KOHIIEHTPAIIMOHHOM 3aBUCUMOCTH SAEKTPHUUYECKOT0 COIPOTUB-
AeHHd (puc. 8,a,06,B) M 4yHCAa IepeHOCa HMOHOB (PTOpa CBUAETEABCTBYIOT O
TOM, 4TO y’Ke IIepBble AO0aBKM (DTOPHAA IPUBOAAT K AENOAMMepHU3aluu
CTPYKTYPHI CTEKAQ, M IIPU copepykaHuu 35 + 40 mon.% PbF, pocturaercsa yHu-
TIOASIpHAs MPOBOAUMOCTH IO pTopy (puc. 8r). B pabore [77] ycTaHOBAEHO,
YTO IIPOBOAMMOCTEH B TAAOUACOAEPIKAIIUX IIeAOYHOOOPATHHIX CTEKAAX O0yC-
AOBA€Ha MHTIpalyel HOHOB AUTUS U HaTpus. CTeleHb 3aKpelnAeHUsT HOCHU-
TeAsd 3apsgAa 3aBUCUT OT IIPUPOABI TAAOTeHa, HO IIPOBOAUMOCTB OCTaeTCd
VHUIIOAIPHOM. B aHaAOTMUHBIX OOpPATHBIX U CHUAMKATHBIX CTEeKAAX IIpHU
copepxkanum ~20 mon.% PbF, oOHapy>keHa yHUIIOASIDHAA IIPOBOAUMOCTH IIO
dropy [78]. Bo BTOpOM OOAQCTH COCTABOB CTEKOA IIPU BBICOKOM COAEpIKa-
Hum dropupa (40 mon.% 1 Ooree) MOHBI (PTopa OOAee aKTUBHO IIPUHUMAIOT
y4acThe B MOCTPOEHUU CTPYKTYPHBIX epunur tumna [Me(O,F) s]Me2t, rae
VOHBI PTOpPa SBASIOTCA "MOCTUKOBBIMU". CTeleHb AVMCCOITUAIIMU ITUX E€AM-
HUI HIDKEe, 4eM B [BOg/ZO‘]Me2+F‘, OAHAKO BBICOKME KOHIIEHTPAlluh OKCH-
(PTOPHBIX TPYINHUPOBOK ABYXBAACHTHBIX KATMOHOB U BBICOKAs AUPPY3UOH-
Has MOABUJKHOCTH @aHHOHOB (propa no nosunuaMm Me(F) npuBopdaT K 3amert-
HOMY POCTY IPOBOAUMOCTHU CTEKOA. Pa3HUIIa 3A€KTPOCOIPOTUBAEHUM CTEKOA
c 40 mon.% BBOAMMOI'O KOMIIOHEHTA AAI (PTOPCOAEP’KAIIEro U OKCUAHOIO
CTEKOA cocTaBadeT npuMepHo 0.7-1.2 IOpPSAKa, @ A CTEKOA, COAeP KallluX
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80 mon.% PbO m PbF,, sTa pasHuna pocruraer A0 2.2 mopsipka [74,79]. UK-
CIIEKTPOCKOINIMYEeCcre HNCCAEAOBAHHUS ITOKAa3aAd HE3HAUNTEABHOE COAepsKaHue
OH" rpynn B CTPYKType MHOTO(PTOPUAHEBIX CTEKOA (pUC. 82), CA€AOBATEABHO,
yuactre HT u OH" B 3AeKTpoOnepeHoce MCCACAOBAHHBIX CTEKOA He3Hadw-
TEABHOE, II0 KpaHel Mepe, IPU BBICOKMX KOHIIEHTPAIUsIxX qTopa.

OpHOM M3 Ba)KHENIINX 3aAa4¥ B OOAQCTH CO3AAHUS HOBBIX ONTHYECKUX
CUCTEM, AUWIIEHHBIX XPOMATUYECKUX ab0epaluii W BTOPUYHOI'O CIEKTPQ,
SIBASIETCA pa3pabOTKa CTEKOA C BBICOKUM IIOKa3aTEAEM IIPEAOMAEHHUS, OCO-
OBIM XOAOM AUCIEPCHHU, @ TakKe MAABIM U OOABIINM KO3(@PUITUEeHTOM OTHO-
CUTEABHBIX YaCTHBEIX AMCIIEPCHU B CHMHeHN 4YacTu clekrpa. CTeKAOOOpa3HBIN
BoO3 oTAamyaeTcqd yMeHBIIEHHOU OTHOCHUTEABHOM AUCIIEPCHEN B YKa3aHHOU
o0AacTH, KOTOPYIO OH COXpaHsdeT U B CTEKAAX CAOJKHOTO COCTaBa, a BBeAe-
HUE B OKCHUAHOE CTEKAO (PTOPUAOB, OOAQAQIONINX OOABIITUM KOIPPUITUEHTOM
AMUCIIEPCHUU, OTKPBIBAET OOABIINE BO3MOJKHOCTH AAI CO3AAQHUS CTEKOA C
HOBBIMM ONTHYeCKUMU HapameTrpamu [80].

Ny

Vo

1,70 T T T T . - T T
10 20 30 40 Moi.% 0 10 20 30 40 Mon%

Puc. 9. 3aBrcumocTb nokasartensi npenomnexmns (Np) 1 koadduumeHTa gucnepcum (Vp) CTEKON
cuctem PbB;04 -Y,03 (La,03) n PbB,O,-LiF oT cocTaBa.

WccaepoBanua crekon cucrteM PbB,0Oy4-Y,03-LiF u PbBoO4-LayO3-LiF
TIOKa3aAM, UYTO IIOKa3aTeAb IIPEAOMAEHMS H3MeHSeTCd B HIMPOKUX IIpeperax
(np — 1.78-2.05), ipu 3TOM OHM OOAAAQIOT OTHOCUTEABHO HU3KUMHU 3Haue-
HUAMM Kod(dunuenTta paucnepcuu (vp -20-43). Tlo 3HaueHUSAM np U Vp OHU
OTHOCATCA K (PAMHTAM M TIKeAbIM (pauHTaM, U Y,Ogz-copepsKaliue CTeKAa C
TeM >Ke IIOKa3aTeAeM I[IPEeAOMAEHMS OTAWYAIOTCA OT CTeKOA ¢ LayOj
OOABIINMY 3HAYEHUSAMU KOA(PPUIMEHTa AVUCIEPCHUH, T.e. OHU PaCIOAOKEHBI
OAmKe K AerkuM pamHTaM. [Ipu 3amene PbB,O, Ha LayO3 u Y,O3 HabAio-
AAeTcsl yMeHBIIIEHUe Vp, YTO CBSI3@HO C yYBEAMYEHHEM CpPeAHeN AMCIepCUun
(ng-nc). B cmcreme PbB,Oy4-LiF yBeamueHme 3HaueHUU vp OT 26 A0 45
CB43@HO He TOABKO C BBEAEHHEM B CTPYKTYPY CTeKAa CAaOOIIOASPU3YEeMOTO
dTopa, HO UM C KOOpAMHANMOHHBIMH Ilepexopamu [B(O,F)4]—[BOs], yse-
AWYUBAIONIUX KoAndecTBO [BOj] rpymn, uMeroniux 6oaee HU3KHUE 3HAUEHUS
np no cpaBHenuio ¢ [B(O,F),] rpynnamu (puc. 9). Ha 3aBUCHMOCTAX HpeA-
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CTaBAEHBI TaKKe pacueTHbIe BEAWYHWHBI N (IYHKTUPHBIE AMHUU), UCIIOAB3YS
NapluarbHBIE CBOMCTBA OTAEABHBEIX KOMIIOHEHTOB [80]. 3HaumTerbHOE
pasanurie 3KCIePUMEHTAAbHBIX U PacueTHBIX BEAWUYMH CBOMCTB CTEKOA ellle
pa3 yKa3blBaeT Ha CYILIeCTBOBAHHWE €AMHOTO CTEKAOOOPA3HOIO IIPOCTPAHCT-
BEHHOTO KapKaca. B IpUCYTCTBUM KPYIHBIX KAaTUOHOB PbZ* BroAHe peanbHO
BxoxkpeHue [Li(O,F)4] rpynn B npoCTpaHCTBEHHYIO CTPYKTYPY CTeKAQ, 4To,
O-BUAUMOMY, SIBASIETCS PE3YABTAaTOM OAHOCTOPOHHEU Ae(OpMAaIyu OTHOCH-
TEeABHO CHUABHOT'O KaTHMOHA AUTHS, OOpa3yrolllell HAallpaBACHHYIO CBA3b, CIIO-
COOHYIO B IIeAOM COXPAaHAThL HENPEepPHIBHOCTHL TPEXMEPHOTO KapKaca CTEeKAa.
CKazaHHOe MOATBEPKAAEeTCS yBeAMdYeHHeM OOAacCTel CTeKAOOOpa3OBaHUS
TPEXKOMIIOHEHTHBLIX CHUCTEM, MPUMBIKAIOIMUX K OnHapHOU cucteme PbByOy-
LiF B o6aacTy BBICOKUX KOHIleHTpalui gropupa [81,82].

B onTnueckol cucreMe AAS MCKAIOUEHHUS BTOPHUYHOTO CIIEKTpa HeO0OXO-
AVMO BBIOMPAThH CTEKAA C OAM3KUMU 3HAUEHUSIMH OTHOCUTEABHBIX YaCTHBIX
AVICTIepcHUM (Y) TIpU OOABINON pas3HUulle KOIPPUIIUEHTOB AucHepcuu. Kak
BHAHO W3 IPUBEACHHBIX KPUBBLIX, 3HAUYEHUS Np U Vp B 3aBUCHUMOCTH OT
COCTaBa CTeKAa HWMEIOT pasHble QYHKIWOHAABHBIE 3aBUCHUMOCTH, YTO
CIIOCOOCTBYEeT BBIOOPY KOMIIOHEHTOB AAS IIOAYUEHUSI CTEKOA C TpeOyeMBbIMU
3HAYEHWSIMU Np, Vp U OTHOCUTEABHOW YaCTHOM AMCIIEPCHEN — Yq.f (00AACTb
or g- 435.8 po F- 486.13 nm). Ha puc.10a npuBepeHBl 3aBUCUMOCTH Yq.f CTe-
KOA OT COCTaBa, U3 KOTOPLIX BHAHO, uTo 3amMeHa PbB,O, nHa Y03, Lay,O3 u
LiF IprBOAUT K CHMJKEHHUIO 3HAYEHUH Yy, U HanOOAee HU3KUMM 3HAYEHUSI-
MU AWCIEPCUN OTAMYAIOTCI (PTOopcopeprkaimue cTekra. OAHAKO IOBHIIIEHUE
copepxanusa LiF B cocraBe CTEKOA AAG pa3pabOTKu (DAMHTOB C HU3KUMU
3HAYEHMSIMU Yq.F YBEAMYMBAET WX CKAOHHOCTh K KPHUCTAAAM3AIMM U Ola-
AeCHeHIIUN.

AnsL ToAydeHHs (DAMHTOB C YCTOUYMBBIMU ONTUYECKUMU ITOCTOSHHBIMU
Y BBICOKMMU 3HAUEHUSIMH Yq.f CAepyeT BoOgz yactnuno 3amenuts Ha PbO (1%
~ OKCHAA yBeAmuuBaeT np ~0.002) mpu OTHOCUTEABHO BBICOKOM COAEPIKaHUHU
LayO3 u Y90O3. Ha puc. 106 npuBepeHa pAmMarpaMMa, CBSA3bIBAIOIas 3HAUYEHUS
Yg-F U Vp MCCAEAOBAHHBIX (3aTeMHEHHast OOAACTb) U M3BECTHBIX CTEKOA M
COeAVHEHUM, TIOKa3aHO pAaCHOAOKeHHe pa3pabOTaHHBIX CTEKOA Ha
AmarpaMme. B oOAacTH UCCAEAOBAHHBIX OKCU(PTOPUAHBIX CTEKOA PACIIOAO-
KeHbI cTekAa MapokK AD, O® u TO, oTAMYAONINEeCsS BEICOKUMU 3HAUYEHUSIMU
Np M OTHOCUTEABHO HU3KMMM 3HaueHUs MU vp. CaepayeT oco00O OTMETHUTH
noroxenue ByOz u GOpaTHBIX TPYIN Ha AWArpaMMe Yg.f - Vp! IPU Npak-
THUYECKN OAMHAKOBOM 3HAYEHWM Yy PasHuna 3HaueHUN vp [BOj] u [BO4]
rpynn 3HaunTeAbHasg CAepOBaTeABHO, 0Opa3oBaHNe OKCU(MTOPUAHBIX OOpaT-
HBIX TPYII, XapaKTep HX IIPOCTPAHCTBEHHOT'O PACIOAOXKEHHS U CII0CoO
CB43BIBAHUS KOOPAWHAIIMOHHBIX ITOAUBAPOB UrPAIOT CYIIECTBEHHYIO POABL B
(OPMUPOBAHUM ONTUUYECKUX XapPaKTEPUCTHUK CTEKOA.
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Puc. 10. a. — 3aBMCUMOCTb OTHOCUTENBHOM YaCTHOWM ancnepcum (Yq.r) cTekon cuctem PbB,0, -
Y203 (Laz03) n PbB,O4-LiF oT coctaBa; 6. — gnarpamma “oTHOCUTENbHAsA YacTHas aucnepcus
(Yg-F) — koacpdbumumeHT paucnepcun (vp): JIK— nerkum kpoH; K- dnmHTKpoH; CTK —
CBEPXTSHKENbIN KPOoH; J1® - nerkui pnuHT; TP — TsHkenbln rnvHT.

W3 apmarpaMMBI TaKyKe MOJKHO CAEAAQTH BBIBOA, UTO IIPM Pa3HBIX 3Hade-
HUSAX KOI(PPUIIMEHTOB AUCIEPCUN CTEKOA 3HAUeHUS HX OTHOCUTEABHBIX
YaCTHBIX AWCIEPCUN He MOTYT OBITh OAWHAKOBHIMHM. TakmM o6paszoM, AAS
UCIIPABAEHUSI BTOPUYHOTO CIIEKTPa ONTUYECKOM CHCTEMBI HEOOXOAUMO pas-
pabdoTaTh CTeKAa C Pa3AWYHBIMU OITHYECKMMHN IIOCTOSHHBIMHU, BBICOKUMU
3HAYEHUSIMU Vp U OAM3KUMHU 3HAUEHUSIMU OTHOCUTEABHOW YaCTHOU AWCIIED-
CHH.

B 3akatoueHHe ChepyeT OTMETUTB CAeAyrolee. BBepeHue dropa B OK-
CHUAHBIE CTEKAOOOpa3yrolue OOpaTHBIE M aAlOMOOOpATHBIE CUCTEMEBI II03BO-
AdeT CHUHTEe3WpPOBaTh OKCUMTOPUAHBIE CTEKAA C HOBOM CTPYKTYpPOM M OCO-
OEeHHOCTIMM HOHHO-KOBAA€HTHBIX CBsI3elM, OTAWYAIOUIMXCSH OT TaKOBBIX B
YMCTO OKCHUAHBIX CTeKAax. PaclimpeHne BO3MOKHOCTEM OOpa30oBaHUSA pas-
AWYHBIX OKCU(MTOPHUAHBIX TPYHI CIIOCOOCTBYEeT OOpPa30BaHUIO ITOAMMEPHO-
CeTyaThIX PAclAaBOB C BBHICOKOM BSI3KOCTBHIO M BO3PACTaHUIO MX CTEKAOOOpa-
3ytoimiert cnocobHocTu. Poab [Me(O,F) 4] rpynn 3akatouaeTcss B oOpa3oBa-
HHUM MOCTHKOB MeXXAY OTAEABHBIMH KOBaAeHTHBIMM (pparmMeHTammu [BOj],
[B(O,F)4] u [AL(O,F)4], obecnieunBasi CBI3HOCTH CTEKAOOOPA3HOI'O KapKaca.
BxoxxpeHme uOHaA (TOpa, OTAWYAIOUIErOCS HU3KOM IOAIPU3YEMOCTBIO M
o0Opa3sylollero B CTPYKType CTeKAa KOHIIEBBIEe U MOCTHUKOBBIE CBS3U, Pa3HbBIE
CTPYKTYPHBIE COCTOSIHUSI CETKOOOpasyIomuX OOpaTHBIX U aAIOMHHATHBIX
TPYIII CHOCOOCTBYIOT IMOAYUEHUIO AETKOIAAGBKUX CTEKOA C IIMPOKUM HHTEp-
BaAOM M3MEHEHUs (PU3UKO-XMMHYECKUX CBOMCTB CTEKOA U CHUTAAAOB Ha WX
OCHOBe. Bce BbIllIecKa3zaHHOe HEOOXOAMMO YYMTBIBATH IIPH BBIOOPE CTEKAO-
oOpasyiouiell CUCTEeMBI AAS CHHTEe3a CTEKOA C OIPEeAEeAeHHOM CTPYKTYpoH u
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(PU3NKO-XUMUYECKUMHU [TapaMeTpaMH, & TakKKe AOIOAHUTEABHBIX KOMIIOHEH-
TOB, BBeA€HUE KOTODPBIX B HCXOAHYIO CHUCTeMYy OYAEeT CIIOCOOCTBOBATh yAyY-
IIEHUIO TEXHUYEeCKUX IIapaMeTPOB CTEKOA.

TLorauLuul’Lv OLUPDSNALPUSPL ANLESUSPL UNUGPLER
L. £ TL3ULA3TL

uZﬁlwmwﬂ@nLJ Uhpluwyugdws Eu Shnwgmnncfdyniiubp, npnlip fbpupbpdncd By po-
punnugfl b wpynedwpnpunnug . waulfibph junnegdwsppli b Quunlnd[dynciubpfin,
bunnp-finiify Whpdniddwl dhfuniufgdfl” wwyulhbgnyuging opufipf hunnfnlife hanpgfio-
gfnln wnfpnyfd L junnfpint dngp$plunnnpubpf opupilpinnpfipuyfln fudphph wnwuwgduip:
’]-[luuuplllll.ub' b wypulyne nwpwdwlpul junncgduwdpncd hnnpypiugfnl wynfbgpbpf k-
qupuyfuncdp b gputy wgpbgnofdyncip bnp o quop wyulpibph Qunnhnd[dyncibpf fpos:
5nLJ5 b mpwd, np wwypudline nwpudwlpul junnogfwdpnod unncgdwdpuyfl fudphbph
wwppbpwlnodp wuydwbufnpdwd £ gpubignod mwpphp pling[3h phdfualputs hunybpf wg-
qhgncfdyudp, npnbp widnep B b wypulnfncd By wdnpd junncgdwspfp huyncind[dyncip
QuiyniyFfs wnbgdul phuypnod: RulgLLl<l.LlJlnl{lué' B wpuilpubpf Qunnlnd[dynciibpf dfinfin-
[funcfdyuits npny opfnugunpind by Quifudind inuppbph §nnpgpiwgfint 8wl fig :

U‘Zl.l.llll[bl bl unp opufipinnppuyp popunnugpl b wpynodwpnpunnugfln syl I
wyuwlbpyneplguy il Wynfdbp, npnbp odunfwd ki pupdp oupnfpiljwlpul, Eklnpulpui b 95p-
dwpgflpulynts Qunnlyn fdynciibipn :

INORGANIC OXYFLUORIDE BORATE GLASSES

N. B. KNYAZYAN

M.G. Manvelyan Institute of General and Inorganic Chemistry NAS RA
10, Argutyan Str., Lane 2, Yerevan, 0051, Armenia
Fax: (37410)231275, E-mail: knigo51(@mail.ru
E-mail: ionx@sci.am

The researches presented refer to the structure and properties of oxyfluoride borate
and alumina-borate glasses, the mechanism of inclusion of the fluoride ion into the
coordination range of glass formation oxide cation and the formation of oxyfluorine
groups of cations modificators. The distribution of coordination polyhedra in the spatial
structure of glass and its influence on the properties of glasses of a new class has been
considered. The differentiation of structural groups in the spatial structure of glass was
shown to be due to the action of the various chemical bonds in it, which are strong
enough and provide the stability of amorphous structure when the melt is cool. Some
patterns of changes of properties of glasses depending on the coordination state of
elements have been revealed.

New oxyfluoride borate and alumina-borate glasses and glass-crystals, which
possess high optical, electrical and thermophysical properties have been developed.
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OPTAHUYECKAS U BUOOPITAHUYECKAA XUMMUA
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ACUMMETPUYECKHII CUHTES3 (S)-B-(4-(B-®EHDITU)-3-BY THI-5-
TUOKCO-1,2,4-TPUA30JI-1-UJT)-a-ATAHUHA

A.M. CUMOHSH

EpeBanCcKui rocypAapCTBEHHBIN YHUBEPCUTET
WucturyT hapmanuu
Apwmenunsg, 0025, EpeBan, ya. A. MaHyksaHa, 1
®axc: (374-60)710410 E-mail: hayarpi.simonyan@ysu.am
Hay4yHO-IpOU3BOACTBEHHBIN LEHTP "ApPMOMOTEXHOAOTUS"
HAH Pecniybanku ApMeHUsI
Apmenusg, Epean, 0056, ya. I'toppxana, 14

IMoctynmmao 5 X 2017

OcyuiectBneH addekTnBHbIN acuMmmeTpudecknin  cuHtes  (S)-B-(4-(B-deHatun)-3-6yTnn-5-
TNOKCO-1,2,4-Tpnason-1-un)-a-anaHmHa nyTeM HyKneodunbHOro npucoeamHenns 4-doeHatnn-3-tmo-
5-6yTun-1,2,4-Tpuasona Kk anekTpodunbHoii C=C cesian gervapoanaduHa B Ni'-komnnekce ero
ocHoBaHwus LLndda ¢ xupansHbIM BcnomoraTenbHbIM peareHToM (S)-2-N-(N'-6eHannnponun)ammHo-
6eH3odeHoHOM (BPB) unu ero mopuduumpoBaHHbiM aHanorom (S)-2-N-[N'-(2-xnop6eHaun)npo-
nunjammHobeH3odeHoHoHoM (2-CBPB). Mocne pasnoxeHns cMecu AMacTepeoMepHbIX KOMMIIEKCOB
NpPOAYKTOB  HYKNeodunbHOro npucoeauHeHus 6Gbina BblAeneHa LeneBas reTepoumKnmyecku
3aMellleHHast ONTUYECKN akTuBHasA HebenkoBas aMMHOKUCIOTa C BbICOKOW 3HAHTMOMEPHOWN 4MCTO-
ToW (e€>98%).

Tabn. 1, 6ubn. ccbinok 13.

Ontuyeckn aKTUBHBIE O-aMHUHOKUCAOTEL, COAEepJKalllie HEeNPUPOAHBIE
3aMeCTUTEAU B OOKOBOM pAapUKane, SBASIOTCS Ba’KHBIMM KOMIIOHEHTAMH
MHOTUX (PapMaKOAOTMYeCKH aKTUBHBIX IIPelnapaToB M YCIIEIIHO NPUMEHSIOT-
Ccsl B MeApullMHe U (papMalleBTUYeCKOM NPOMBIIIAeHHOCTHU [1-3]. Cpepu Takux
COEAVMHEHUU OCOOBINM HMHTepeC IPEACTABASIOT TeTePOIMKAMYECKU 3aMeleH-
HBIe aHAAOTH 0-aMUHOKMCAOT [4,5]. Panee HaMu coo0O1marock 06 acUMMeTpU-
YeCKOM CHHTe3e DPsAd [B-TeTepOIUKANYECKM 3aMeIleHHBIX IIPOU3BOAHBIX -
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aMUHOKHCAOT (aAdHMHQ, IUCTEeWHAa) IIyTeM IPUCOEAMHEHHUS COOTBETCTBYIO-
mux HykKreodunroB K xuparbHomy Nill-kommaekcy ocnoamnums Iludda ae-
TUAPOAAAHUHA U XMPAABHOT'O BCIIOMOTATEABHOTO peareHTa (S)-N-(0eH3UAIpO-
amAa)amuHoOeH3odenoHa (BPB) [6-9].

HepaBHO OBIAM TIOAYYEHBI MOAMMHUIIMPOBAHHBIE AHAAOTH XHPAABHOTO
BCIIOMOTAQTeABHOTO peareHTa BPB myTeM BHeppeHUs B (PeHUABHYIO TPYIIY
N-0eH3UATIPOAMHOBOI'O OCTATKA PA3AMYHBIX DA€KTPOHOAOHOPHBIX U 3AEKTPO-
Hoakuentopueix 3amectutreren (CI, Br, F, CHjs, NO, u ap). Mcneiranue
KOMIIA€KCOB Ha OCHOBe 3THX MOAU(UIIMPOBAHHBIX XHPAABHBEIX BCIIOMOTA-
TEABHBIX PEareHTOB B PEaKIUIX aCUMMEeTPUYEeCKOr0 CUHTe3a 0-aMHHOKUCAOT
IIOKA3aA0 OTHOCUTEABHO BBICOKYIO CTeIleHb aCHUMMETPHUYECKOUW WHAYKIIUHU
Kak B peaknuax C-aAKUAUPOBAHUS aMUHOKHUCAOTHEIX, TaK W IPUCOEAVHEHUS
HyKAeo(puroB K C=C CBA3U AETHAPOAMUHOKHCAOTHBIX OCTATKOB KOMIIAEK-
coB [10-12]. CaepyeT OTMETUTH, YTO HAUAYYIIINE PE3YABTATHl OBIAM 3aDUKCU-
POBaHBI B CAydYae MCIOAB30BaHMS KOMIIAEKCOB Ha OCHOBE MOAUMHUIIMPOBAH-
HOT'O BCIIOMOTATEABHOI'O PeareHTa, COAep’Kalllero aToM XAOpa B MOAOKEHUH
2 (penuabHOU rpynnel N-OeH3UATIPOAMHOBOIO ocTaTka (2-CBPB).

B Hacrog1el padoTe coolilaeTcss 06 aCUMMETPUYeCKOM CHUHTe3e HOBOU
TeTEePOIMKANYECKH 3aMellleHHON 0-aMUHOKUCAOTHI — (S)-B-(4-(B-dbensTun)-3-
OyTHA-5-TUOKCO-1,2,4-Tpra3on-1-1n)- a-araHWHA. B KauecTBe MCXOAHOTO aMU-
HOKUCAOTHOTO CHHTOHA C aKTUBHOMN 5AeKTpoduAbHOM C=C CBS3bIO OBIAU
MCIoAb30BaHbl KoMmnaekchl nona Nill ocrosanms [udda aermapoaranuna ¢
XMPAABHBEIMA BCIIOMOTaTeAbHBIMU peareHtamu (S)-BPB m (S)-2-CBPB [Nill-
(S)-BPB-A-Ala (1) u Nill-(S)-2-CBPB-A-Ala (2)]. B kauecTBe TeTEpOIMK-
ANYECKOTO HyKAeo(duaa OBIA HCIOAB30BaH 4-PeH3THUA-3-THO-5-0yTHA-1,2,4-
Tpuaszoa (3), CHMHTE3MpPOBAHHBIM Ha Kadeppe opraHudeckor xummu EIY
(cxema).

CxeMma

G A
° ©

3
X = H, Ni'-(S)-BPB-A-Ala (1)
X = ClI, Ni'-(S)-2-CBPB-A-Ala (2) MeCN / K,COs
25°C

(S)-BPBxHCI
UAU
(S)-2-CBPBXHCI o
. X _o S
i Ny~ H
\/\(N o Lﬁ s) N/Nl\IN(S) A NANQ
(S) - “—|
N N/YU\OH < iii @ Q \N/
NH,
(S,9)
4%

\

o

6 o L MeO 94% X=H (4), 9
! » Me 95% X=ClI (5), 95%
ee>98% ii Ky-2x8 H*, 8%NH4OH ° (%), 95%
jii EtOH/H,0 (1/1)
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Peakmusi HyKA€O(UABHOTO ITPHUCOEANHEHUST UCCAEAOBAAACEH B PA3AMYIHEBIX
YCAOBHUSX (OCHOBaHHE, Cpepd, TeMIlepaTypa), OAHAaKO, KaK M B CAydae IIpH-
COEAVHEHUS K KOMIAEKCY 1 ApyTuX HYKAeO(UAOB, HAMAYUIIHEe pe3yAbTaThl
KaK II0 BBIXOAY, TaK M IO CTEPEOCEAEKTHUBHOCTHM OBIAM 3a(UKCHUPOBAHLI B
cpepe CH3CN B npucyrctBuu KoCO5 pr KOMHATHOM TeMIlepaType.

3a XOAOM peaKIUU HYKAeO(UABHOTO IPUCOEANHEHUS CAEAUAN METOAOM
TCX. OcHOBHBIE AVACTEPeOM30MEPHI IPOAYKTOB IpucoepmHenus (4,5) c
MeHBIIUM 3HadeHHeM R; Ha SiO, OBIAM BEIAGAEHBI C IIOMOIIBIO IAACTUHOUY-
HOM xpoMmaTtorpadum [SiO,, 30 x40 cu, CHCIl3-CH3COCH; (3:1)] u oxapak-
TEePU30BaHbl (PU3UKO-XUMUUYECKUMU METOAAMH aHaAM3a (CM. 3KCII. 9acCTh).

AGcoArOTHasE KOH(Urypanus O-yTA€POAHOTO aTOMa aMUHOKHCAOTHOTO
OCTaTKa KOMIINeKCOB 4 U 5 ompepensiaach MO 3HAKYy ONTUUYECKOTO BpallleHUs
IpU AAMHE BOAHBI 589 mm, KaK 3TO OBIAO CAEAQHO paHee AAS KOMIIAEKCOB
QHAAOTHMYHOMN CTPYKTYpPHI [9-12]. [ToAOKHUTEABHOE 3HAUYeHUE yTAa OINTHYeCKO-
rO BpallleHUsI OCHOBHBEIX AMACTEpPeOM30MepOB KOMIAEKCOB 4 u 5 cBupe-
TEABCTBOBAAO 00 (S)-abCOAIOTHOM KOHQUIYPAIUU O-YyTAEPOAHOTO aToMa WX
aMMWHOKHUCAOTHOTO OcCTaTKa [(S,S)-AuactepeoMephi)].

Cootnomtenue (S,5)- u (S,R)-amacTepeon3zoMepoB KOMIAEKCOB 4 U 5 OBI-
AO ompepeAeHO MeTOAOM xupanbHoro I'’KX. Pe3yabTaThl IpUBEAEHBI B Tal-
AUTIE.

Tabnuya

Pe3yabTaTnl NPUCOEAMHEHHS 3aMeIeHHOr0 TPHAa30J1a 3 K XHPaJIbHbIM
KoMILIeKkcam Aeruapoananuna B cpene CH;CN/K,CO3; pu 25°C.

Ne HNcxopHbIN ITpoaporsxu- ITpoAYKT TpUCOepANHEHUS
mn/m KOMIAEKC TEeABHOCTb komi- | (S,5)/(SR),| Brixoa,
AeTvApOaraHUHA peaxIiuu, mMuH AEKC %" %"
1 | Nill-(S)-BPB- A -Ala 120 4 93.76 / 67
(1) 6.24
2 | Nill-(S)-2-CBPB- A - 150 5 95.64/4.36 65
Ala (2)

*

— cooTHoteHue (S,S)- u (S,R)-aAuacTtepeomMepoB KOMNOAEKCOB 4 u 5 ompe-
AEAEHO Ha OCHOBAHMM AQHHBIX XHUpaAbHOro BOJKX aHaam3a aMHUHOKHCAOTHI,
BBIAGAEHHOW U3 KMCAOTHOTO THAPOAM3aTa AMACTEPEOMEpPHOM CMeCU KOMII-
AekcoB 4 u 5 (A0 XpomaTtorpadupoBaHusd); ** — OOIIUN XUMUYECKUM BBIXOA
AMacTepeOMepHBIX KOMIIAEKCOB Ha CTapuHd HYKA€O(UABHOTO IPHCOEAUHEe-
HUS.

Kak BHAHO M3 AQHHBIX TAOAUIIBEL, IIPHUCOEAVHEHHE TeTepOIIMKANYECKOI'o
"Hykreodpura 3 K C=C cBga3u dparMeHTa AeTHAPOAraHMHA CPaBHUTEABHO
3aMepAsIETCST B CAydae MCIIOAB30BAHMS MOAUMUIIMPOBAHHOIO KOMIIAEKCA 2,
OAHAKO IIPH 3TOM HaOAIOAQETCS YBeAMYeHUEe CTepPeOCEeAeKTUBHOCTU aCUM-
MeTpHUYeCcKOU peaknuu. [Topo0HOe HAOAIOAAAOCH TAKXKE B CAydYae IIPUCOEAU-
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HEHUS APYIUX HYKA€OMDUAOB 1,2,4-TpHMa3oAbHOrO pspa K MOAUMDUIIMPOBAH-
HOMY KOMIIAEKCY 2, UTO, IO-BUAMMOMY, SIBASIETCS CAEACTBUEM CTEPUYECKHUX
daxTopos [13].

KucAOTHBIM TUAPOAM3 aMUHOKUCAOTHEI 6 M3 AMACTepeOMEpHBIX CMecewn
KOMIIAEKCOB 4 m 5 m ee HOHOOOMEHHASI OYMCTKA IIPOBOAMAUCH IO CTAHAAPT-
HOl MeTopuKe [10-12]. IToayueH HOBBIM ONTHYECKU aKTUBHBIM TeTepOIUKAU-
YecKH 3aMeIleHHBIM IPOU3BOAHBIM (S)-araHWHA C OOIUM XUMWUYECKHUM BHI-
x0A0M 40% ¥ 3HAHTHOMEPHOM YUCTOTOU (ee) >98%. I'lpu aTOM MCXOAHBIE XU-
parbHBIe BcmoMoraTeAbHBbIe peareHTHI (S)-BPB u (S)-2-CBPB koAudecTBEHHO
pereHepupyioTcs B BUAe rupapoxaopupa (90-95%) ¢ HOAHBIM COXpaHeHHEeM
UCXOAHOU ONTUYECKOM aKTUBHOCTHU, YTO IIO3BOASIET UX MCIIOAB30BaTh MHOTO-
KpPaTHO B PeaKIUAX aCUMMETPUYECKOTO CUHTEe3a aMUHOKMCAOT.

TakuM o6pa3oM, B HACTOAIIEW paboTe C MCIOAbB30BAaHUEM paHee paspa-
OOTaHHON METOAOAOTHMH OCYIIECTBAEH aCHMMMETPUYEeCKUH CHHTEe3 HOBOH
SHAHTHOMEPHO OOOTallleHHOM TreTepOLMKANYEeCKH 3aMellleHHOW HeOeAKOBOH
aMUHOKUCAOTEL  —  (S)-B-(4-(B-densTHA)-3-6yTHA-S-THOKCO-1,2,4-Tprazon-1-
nA)-a-araHuHa (6) (ee > 98%).

3KC1’[epI/IMeHTaJIbHaﬂ 4acTb

Crnektpul IMP 'H perucrtpuposaaucs Ha mpubope Varian “Mercury —
300". OmTuueckoe BpallleHUe OIpepeAsAr Ha moaspumerpe “Perkin Elmer-
341", TeMnepaTypy NAaBA€HUSA U3MepdaAUd Ha npubope “Melting point Stuart
SMP30".

OHAHTUOMEPHYIO YMCTOTY aMHUHOKHUCAOT OIIpeAeAsaAr MeTopoM BOJKX
aHaAm3a Ha npubope “Waters separations module 2690" ¢ npuMeHeHUEM XU-
parbHOU a3wl Tumna “Diaspher-110-Chirasel-E-PA 6.0 mxm 4.0x250 mm”.

HcxopHBIe KOMIIAEKCHL AerHApoaraHuHa 1,2 OBIAM CHUHTE3MPOBAHBI CO-
TAQCHO paHee pa3paboTaHHOUW MeToAuKe [6,12].

O0mas MeToUKA NpHUCOeIHHEeHNs HyKIeodnaa 3 k kommiaexkcam 1,2. B 15 aun
CH3CN pactBopsaau 5.1 2 (0.01 mozna) xomnaekca 1 (mam 5.4 2 KoMImaekca 2),
poGaBasiam 2.8 2 (0.02 mons) KoCO3z m 3.7 2 (0.015 mons) myrreodmaa 3.
PeakInoHHyI0 CMech NepeMelnBaAr MPU KOMHATHOU TeMIlepaType AO HC-
Ye3HOBEHUSI CAEAOB MCXOAHOTO KommaeKca 1 (uam 2) coraacuo TCX.

3a X0AOM peakiuu caepmau mMetopoM TCX [SiO,, CHCIl3-CH3COCH;
(3:1)]. Tlocae 3aBepllleHUS peaKInMU CcMeCh (DUABTPOBAAM, OCAAOK IIPOMBI-
BaAM alleTOHUTPHUAOM, (DUABTPAT YHapUBaAM AOCyXa (mopa BakyymoM). He-
OOABITYIO YacTh PEeaKIMOHHOM cMecHu (~1 mz) mopBeprarn XxpoMmaTorpadupo-
BaHUiO [SiOy 20x30 cm, CHCIl3-CH3COCH;3 (3:1)], ocHoBHEIE (S,S)-pmacTe-
peomnzoMepbl KOMIAEKCOB 4 U 5 OBIAU BBIAEAEHBI U UCCAEAOBAHBI (PU3UKO-
XUMUYECKUMH METOAAMU.

Kommaexe (S,S)-4. Borixop 67%. T.ma. 126-128°C. Hatipeno, %: C 65.48; H
5.61; N 11.00. Cy4oH4NgNiO3S. Brramcaeno, %: C 65.36; H 5.70; N 10.89.
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[o]2 = +1130.0° (c= 0.05, MeOH). Cnekrps SIMP 'H (CDCl; 8, m.a., TY)
0.79 (3H, 1, J=72, CH;3); 1.17 (2H, », CH,CHj3); 1.33 (2H, », CH,CH,CHjy);
1.93 (2H, M, a-CH,, Bu); 2.7 (1H, M, 6-H, Pro); 2,.7 (1H, M, y-H, Pro); 2.52
(1H, M, B-H, Pro); 2.81 (1H, M, B-Hy, Pro); 3.04 (2H, m, NCH,CH, Ph); 3.46
(1H, aa, 3J=10.7, 3J=6.0, a-H Pro); 3.55 (1H, a, 2J=12.7, NCH, Ph); 3.60
(1H, a, 8-Hy Pro); 3.75 (1H, ™, y- Hy Pro); 3.99 (1H, ar, 2J=13.6, 3J="7.1,
NCH,CH,); 4.12 (1H, at, 2J=13.6, 3J=7.1, NCH,CH,); 4.39 (1H, a, 2J=12.7,
NCH,Ph); 4.42 (1H, aa, 3J=7.7, 3J=6.2, NCH,CH); 4.59 (1H, ap, 2J=13.4,
3J=6.2, NCH,CH); 5.06 (1H, aa, 2J=13.4, 3J=7.7, NCH,CH); 6.60 (1H, ™,
H-3, CgHy); 6.63 (1H, M, H-4, CgHy); 6.99 (1H, a, 3J=7.6, H-2, CgHs); 7.09-
7.15 (3H, M, H-arom.); 7.16-7.41 (8H, M, H-arom.); 7.45-7.56 (2H, M, H-arom.);
8.05 (2H, m, H-2.6, Ph); 8.15 (1H, ap, 3J=8.7, 4J=1.0, H-6, CgHy,):

Kommieke (S,S)-5. Beixoa 65%. T.ma. 215-217°C. Hatipeno, %: C 62.52; H
5.39; N 10.39. Cy4pHy3NgNiO3SCI. Breruucaeno, %: C 62.59; H 5.34; N 10.43.
[0] 2 = + 1848.0° (c=0.25, MeOH). Cnekrps IMP 'H (CDCI3 8, M.A., T):
0.81 (3H, T, 3J=7.2, CHj3); 1.13-1.25 (2H, M, CH,CHj;); 1.30-1.40 (2H, w,
CH,CH,CH3); 1.92 m 198 (1H m 1H, ar, 2J=16.3, 3J=72, CH,CH,
CH,CHgy); 2.02-2.13 (1H, M, 6-H, Pro); 2.16-2.27 (1H, ™, y-H, Pro); 2.56-2.71
(1H, M, B-H, Pro); 2.97-3.09 (1H, M, B-Hy Pro); 3.05 (2H, br. T, 3J=7.1, CH,
Ph); 3.52 (1H, ap, 3J= 10.6, 3J=6.6, a-H Pro); 3.51-3.57 (1H, M, §-Hy Pro);
3.68-3.85 (1H, M, y- Hy, Pro); 3.85 (1H, a, 2J=12.9, CH,C¢H,Cl); 4.02 u 4.13
(1H u 1H, at, 2J=13.7, 3J=7%.1, NCH,CH,Ph); 4.43 (1H, ap, 3J=7.5, 3J=6.1,
NCHCH,N); 4.45 (1H, a, 2J=129, CH,CgH,C); 4.61 (1H, aa, 2J=13.5,
3J=6.1, NCH,CHN); 4.99 (1H, ap, 2J=13.5, 3J=7.5, NCH,CHN); 6.62-6.69
(2H, M, H-3,4, CgHy); 7.01 (1H, br. p, 3J=7.7, H-2, CgH5); 711-7.43 (1H, ™,
Ar); 7.47-7.58 (2H, M, Ar); 8.10 (1H, br. a, 3J=8.6, H-6, CgH,); 8.25 (1H, an,
3J=7.9, 4J=1.6, H-3, CgH,Cl): Cmekrpsr IMP *C (CDCL3) 13.8 (CHg); 22.2
(CH,CHgy); 24.0 (y-C, Pro); 24.6 (CH,CH,CH,CHj); 27.5 (CH,CH,CH3); 30.9
(B-C, Pro); 34.0 (CH, Ph); 46.6 (NCH,CH,Ph); 51.3 (NCH,CHN); 57.6 (5-C,
Pro); 59.8 (CH,CgH4Cl): 68.0 (NCHCH;N); 71.1 (a-C, Pro); 120.6 (C-4,
CeHy); 123.9 (C-6, CgHy); 126.8, 127.0 (CH); 127.2 (CH); 128.9 (2 CH); 129.2
(CH); 129.2, 129.2 (2CH); 129.9 (CH); 130.4 (CH); 130.5 (CH); 131.4, 132.5
(C-5, CgHy); 133.7 (C-3, CgHy); 134.3 (C-3, CgH4CI); 135.9, 1379, 143.0,
151.2, 168.0, 172.0 176.0, 179.4:

Pa3inoxkeHue KOMILUIEKCOB 4 W 5 W BblJeJieHHe LeJIeBOH aMHHOKHCJIOTHI 6.
CyXxoM OCTaTOK CMEeCH AMACTepPEeOM30MEPHBIX KOMIAEKCOB (ITOCAe (PUABTPa-
UM U yHNapuUBaHUA PeaKIHOHHOM cMecmu) pactBopsau B 50 mr CH3;0H u
MepreHHO pAoOaBagau K 50 ma 2N pactsopy HCI, Harperomy apo 50°C. Tlocae
MCYEe3HOBEHUSI XapaKTEPHOM AAS 3TUX KOMIIAEKCOB KPACHOM OKpACKU (MpH-
MepHO uepe3 15 mun) TUAPOAM3AT KOHIIEHTPUPOBAAM IIOA BAaKyyMoOM, AOOaB-
AdAu 50 m BOABL M OTOUABTPOBBIBAAU UCXOAHBIN (S)-BPB (uau (S)-2-CBPB)
B BHAE THAPOXAOPHAOB. 3aTeM (PUABTPAT IIPOIYCKAAU udepe3 KOAOHKY CO
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cvonont Ky-2x8 B HT-hopme, aMMHOKMCAOTY 3SAKOAUPOBAaAM 8% BOAHBIM
pactBopom NH,OH. AMMUAUYHBINA 3AI0AQT KOHIEHTPUPOBAAU IIOA BAKYyMOM,
IIeAeBYI0 aMUHOKMCAOTY 6 KPUCTAaAAM30BBIBAAM M3 BOAHO-CIUPTOBOTO PaCT-
Bopa (1:1).

Amunokuciaora 6. T.ima, 222-224°C. Hanpeno, %: C 52.39; H 6.38; N 15.31.
C16H24N4O5Sy. Beruncaeno, %: 52.17; H 6.52; N 15.21. [OL]ZD0 = -14.00 (c=0.5,
6N HCl), ee>98%.

Cnektp AMP 'H (DMSO/CF3COOD, §, m.a., Iy): 0.85 (3H, T, 3] =7.3,
CHj); 1.28 (2H, m, CH,—CHjs); 1.50 (2H, M, CHy—CH,CHg); 2.31(2H, »,
CHy); 3.00 (2H, T, J=%4, CH,CH,CH,CHj3); 3.74 (1H, aa, N-CH); 3.74
(aAr1H, J;=10.4, J,=3.6, NCH); 4.12 (2H, M, CHy); 4.21 (1H, apa, J1=14.4,
J,=10.4, CH,CH); 4.61 (apa, 1H, J;=14.4, J,=3.6, CH,CH); 7.20-7.35 (M, 5H,
Ph).

Hacrogiiee mnccaepoBaHHE BBIIIOAHEHO IIpU (DMHAHCOBOM IHOAAEPIKKE
I'KH MOH PA B paMkax HayuHoro npoekrta Nel6 AA-07.

(S)-B-[4-(B-HE LER-DL)-3-2NFSPL-5-R-hOYUN-1,2,4-SPPUQNL-1-PL]-0-
ULULPULD WUPUESLPY UPLREEQ

N. UL UpUaL3uL

Ppulyutigdby & (S)-2-N-(N"pligfympmpy) wifbupbigndbunt phpopuypb odubipul
nbughlunfs b Gpu dngfpflhuydws dwbulf (S)-2-N-[N'-(2-pynppblgfy)-upnypy | wdp-
luplign$lunbfs Shan qhSfypnmpubfif wnwdugpns Chh Sfpdpbph Bplbpuypb fnd-
tbpubbpp C=C junypli 4-plubfdfy-3-[Fhn-5-prvnpy-1,2,d-mpfugnip wofulbaphl dpug-
dusts nlwlgpusts: Upignipnd ufbfligyly §(S)-Owpulplfy gpuiljuton [yl d5 §hljup-
qpfws unp Sbmbpnghlyply wbywlupfws Sdwbwl  (S)-B-[4-(B-lubdfy)-3-pneupy-5-
Pholyun-1,2 d-unpfrusgny-1-fy[-a-wympls 98%-fy puspdp Suubfdfndbpuypls duwppn Fyudp:
Bnyy & wnpdly, np ghSppprupuiif dogf$pluggus fndubpuf hppundut; ghopnod
Slpussifmidf & ufiof@ gl uinliplnbybloffn @ul Sudbdumlub ws:

ASYMMETRIC SYNTHESIS OF (S)-B-[4-(B-PHENETHYL)-3-BUTYL-5-
THIOXO-1,2,4-TRIAZOL-1-YL]-a-ALANINE

H. M. SIMONYAN

Yerevan State University
Institute of Pharmacy
1, A.Manoukyan Str, Yerevan, 0025, Armenia
Fax: (374-60)710410; E-mail: hayarpisimonyan@ysu.am

The efficient asymmetric synthesis of (S)-B-[4-(B-phenethyl)-3-butyl-5-thioxo-
1,2 4-triazol-1-yl]-a-alanine through the nucleophilic addition of 4-phenethyl-3-thio-5-
butyl-1,2,4-triazole to the electrophilic C=C bond of dehydroalanine in Ni" complex of
Shiff’s base with chiral auxiliary (S)-2-N-(N'-benzylprolyl)aminobenzophenone or its
chiral analog (S)-2-N-(N'-2-chlorobenzylprolyl)aminobenzophenone was carried out. As
a result the target heterocyclic substituted analog of alanine not described in literature
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has been synthesised with high optical purity (ee>98%). The comparative growth of the
synthesis stereoselectivity in case of using modified complex of dehydroalanine was
observed.
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ACUMMETPUYECKHI CUHTE3 HOBBIX DJHAHTUOMEPHO
OBOT'AIIEHHBIX MPOU3BOJHBIX (S)-B-®EHNJI-a-ATAHUHA
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C-ankunupoanneM Ni'-komnnekca ocHoBaHusi Lvdbdha rmuUMHA M XMparbHOMO BCroMOra-
TenbHoro peareHta (S)-2-N-[N’-(2-dpTopbeHsun)nponun)lammHobeHsodeHoHa p-u300yTun- u p-t-
B6yTMn6eH3MnbpoMmMaaMmm OCYLLECTBINEH aCUMMETPUYECKUA CUHTE3 HOBbIX MPOU3BOAHBLIX (S)-B-
heHun-a-anaHvHa, cogepxallumx u30-6yTUnbHbIN 1 Mpem-6yTUNbHbIA 3aMeCTUTENN B P-NONOXKEHUN
B6eH3unbHoro octartka — (S)-2-aMuHo-3-(p-u306yTundeHun)nponnoHoBon (ee > 97%,1= 55-60 MuH) n
(S)-2-aMmuHO-3-(p-t-6yTHndeHnn)NponmMoHoBow KUCNoT (ee > 97%,1= 63-65 MuH)

Puc. 2, Tabn. 1, 6u6n. ccbinok 13.

3a MOCAeAHVE AECATHUAECTHS B MHUPOBOM (hapMalleBTUYECKOM IIPOMBIII-
AE€HHOCTH BCe dallle BHEAPSIOTCS SHAHTHOMEPHO UYMCThle HeOeAKOBble aMU-
HOKUCAOTEL. VccaepoBaHuA B 3TOM OOAAQCTHM B OCHOBHOM HAIIPaBAEHBI Ha
YCTA@HOBAEHHE AOCTOBEPHBIX Ae€UeOHBIX 3(@PEKTOB OTAEABHBIX JHAHTHUOMeE-
POB aMMHOKHUCAOT U Pa3pabOTKU HOBBIX, C HAUMEHBIINMHU ITIOOOYHBIMU CBOU-
CTBaMM, AeKapCTBeHHBIX IpenapaToB [1-3]. [To pAaHHBIM BCEMHUPHOMN OpTaHU-
3aIlUM 3APaBOOXPAHEHMs, IIOCA€AHUE MOTYT CTaTh Ba’*XHBIM PECYPCOM AAS
IPOABMXKEHUS XUPOCEAEKTHUBHEBIX IIpellapaToB B MEAMIIMHCKOW Tepamnuu [2].
YcraHoBAeHO, UYTO [3-3aMellleHHBIe ITPOM3BOAHBIE ITPOIMOHOBOM KHCAOTHI
MIPOSIBASIIOT CUABHOE >KapoIIOHMIKarolllee, obe300AMBalolllee M IIPOTHBOBOC-
HaAuTeAbHOEe cBoMcTBa [3]. B yacTHOCTH, IIMPOKO NpUMeHsIeMble B Aedel-
HOU NpaKkTHKe 00e300AMBAIOINME U KApPONOHMJKAIOIIHe IIpelapaThl AeKCaa-
rnH U uOynpodeH B KadecTBe (papMakKOAOTMYECKU AKTUBHOI'O arAMKOHA CO-
AepsKaT SHAaHTHMOMEPHO YMCThIe IIPOM3BOAHBIE O-MeTHA3aMellleHHBIX ITPOINO-
HOBEIX KMCAOT. OTH IIpenapaTbl O0OAee MHTEHCUBHO U CPABHUTEABHO OBICT-
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pee CHIKAIOT Xap U OOAb, IIO3BOAAIOT M30eKaTh HEKEAATEABHBIX MeTabo-
AWYECKHX IIPOIeCCOB, MeHee TOKCUYHEI, YeM IIpernapaThl Ha OCHOBE MX palle-
MHWYEeCKUX arAUKOHOB (HampuMep, KeToHana) [3,4].

HepaBHO HamMu cOOOIIaAOChH O CUHTE3€ PSIAd HOBBIX YHAHTHOMEPHO 000-
rameHHBIX (ee > 95%) MPOU3BOAHBIX O-AMUHOIIPOIMOHOBOM KHCAOTHI, COAED-
JKalllUX B [-IIOAOKEHHH Pa3AMYHLIe 3aMellleHHble (DeHUAbHBIE PAAMKAABI
[5,6].

Hacrosimee wnccaepoBaHue DIOCBAINEHO AaCHMMETPUYECKOMY CHHTE3Y
SHAHTHOMEPHO O0OTallleHHBIX IIPOM3BOAHBIX (ee>97%) a-aMUHOIIPOIINOHOBOM
KHCAOTBI, COAEPIKAIIUX 1430-OyTUABHBIN U mpem-OyTUABHBIM 3aMECTUTEAU B P-
TIOAOKEeHNM GEH3UABHOTI'O OCTaTKa. B KauecTBe MCXOAHOTO IIPEAIIeCTBEHHUKA
anst C-aakuauposaHusi Boiopan Nill-kommaekc ocuosanma Illudda raununa
C XVPaABHBIM BCIIOMOTaTEABHBIM peareHToM (S)-2-N-[N'-(2-dpropbensun)mpo-
Ana]laMuHOOeH30heHOHOM (2-FBPB) (1), cuHTe3MpoBaHHEIN IO paHee pa3pa-
OoTaHHOM MeToAuKe [7].

AnruampoBaHme Kommnekca 1 mpoBopuau B cpepae AM®DA B mpucyrcT-
Buu cBexxensmenrbueHHoro NaOH B atMocgepe aproHa npu KOMHATHOM TeM-
nepaType. B KauecTBe aAKUAUPYIOUIErO areHTa HCIOAB30BAHBI P-M300YTHUA-
dernrbpoMmMeTaH u pP-mpem-6yTurdeHuAOpOMMeTaH (2,3), CHHTEe3UPOBaHHBIE
coraacHO MeToAuKe [8]. KOHTPOAL 3a XOAOM peakIiu IIPOBOAUAN METOAOM
TCX [SiO,, CHCI3:CH3COCH;3 (3:1)] mo ucuye3HOBEHUIO CAEAOB HMCXOAHOTO
KommaeKkca 1 (guepes 55-60 mun) M yCTaHOBAEHUIO TEPMOAWMHAMHUYECKOTO PaB-
HOBecust MeXAy (S,5)- m (S,R)-aAmacTepeomMepaMu TPOAYKTOB aAKHMAMPOBAHUS
(4,5) c mopaBAgOIIUM IIpeuMylecTBoM (S,5)-pnacTepeoMepoB. B pesyabrarte
peakIuM TOAYYEeHBl JHAHTHOMEPHO OOOTalleHHBIe ITPOM3BOAHBIE O-aMMWHO-
MIPOIIMOHOBON KHUCAOTHI (6,7), copepsramime u30-OyTUABHBIM U mpem-OyTUAD-
HBIM 3aMEeCTUTEAUN B P-IIOAOKEeHUU OEH3UABHOTO OCTaTKa (CxeMa).

CxeMma

F o)
H
N~~-N1\ _@_ AM®bA/ NaOH ‘ =~
~ CH,Br

o H +

1y,
p:u//ﬂ_ 20-30 °C V 7]—
Sa=t @ o
\ (5,5)-45 de>97%
Ni'l-(S5)-2-FBPB-Gly (1)
i. CH;0H/ 2NHCI (T= 50 n(,‘) “
ii. Ky-2x8,H"; NH,OH (5%) 6339
iii. C;HsOH-H,0 (1:1) %

<
© R = CH,CH,(CH;)CH"(2,4,6)

(CH3)5C, (3.5,7)
H oH

(6,7) ee>98%

OcHoBHBIE (S,S)-AMacTepeoMephbl MPOAYKTOB aAKUAMPOBaHUS 4,5 BHIAe-
AeHBI MeTopaoOM mpemnapaTtuBHOM TCX [SiO, 20%x30 cm, CHCIl3:CH3COCH;
(3:1)] m oxapakTepu3oBaHBl (PUUKO-XUMHUECKMMHU MeTOAaMU aHaauza. Ab-
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COAIOTHAsA KOHq)I/II‘y'paLII/IH A-YyTA€POAHOTO aTOMa AMHMHOKHUCAOTHOI'O OCTATKa

KOMIINEKCOB OCHOBHBIX AMiacTepeoMepoB 4,5 ¢ MeHbIIMM 3HaueHneM Rf ompe-

A€AeHa IIO 3HAKY OIITUYEeCKOTI'O BpallleHUsd IIPU AAMHE BOAHEBL 589 nm, Kak 3TO

OBINO CAEAQHO AN AHAAOTUMYHO ITOCTPOEHHBIX KOMIIACGKCOB APYTIHUX aMUWHO-

kucaoT [9-12]. TlorokuUTeApPHOE 3HAUYeHHEe ONTHYECKOIO BpallleHUs Ma’kop-

HBIX AMAcTepeon30MepoB KOMIIAeKCOB 4,5 cBupeTeAbcTByeT 00 ux (S,S)-abco-

AIOTHOM KOHQUrypaiuu. AuacTepeoMepHBI M30BITOK (d€) OCHOBHOUM (hpak-

I[UU TIPOAYKTOB aAKHMAMPOBAHUS ObIA ompeaereH mMetopoM SIMP 'H mo coor-

HOIIIEHWIO MHTErpaArOB CHUTHAAOB METHUAEHOBBLIX MPOTOHOB N-OGeH3UALHOU
rpynnsl ocratka 2-FBPB (de~97%) B obaactu 3.96-4.50 p.p.m u 3.57-4.39
p.p-m. Pe3yAbTaThl IpUBEAEHEI B TaOAUIIE.

Tabnuya

Pesyabtarsl ankuauposanusi Ni'-(S)-2-FBPB-Gly kommiekca B IM®A B
npucyrcrBun NaOH npu komHaTHo# TemMneparype P-u300yTui- u p-t-6yTui-

OeH3MI0poMUIaAMH
AARKUAMPOBAHHBIN AMUHOKHMCAOTa
ANKUAUDPYIOIIHAI Bpemst, KOMIIACKC
aresr, R MUH | (S.8)/(S\R)’, | Berxop, | | ee, |Berxop,
% % % %
CH3CH,(CH3)CH-(2)| 55-60 4| 98.7/1.3 72 6 | >98 67.3
(CH3)3C-(3) 63-65 5| 98.8/1.2 75 7 | >98 71.6

* de-ompepenren metopom AMP 'H aAKMAMpOBaHHEIX KOMIIAEKCOB 4 M 5 (a0

KpUCTAAAM3AOUN); ** (ee) — oIpepeAeH MeTOAOM xupaabHOro BOJKX ammHO-

KUCAOT, IIOAYYEHHBIX IIOCA€ PA3AOXKEHUsI CMeCH AuaCTepeOMepHbLIX KOMII-

A€KCOB 4 U 5 U TOHOOOMEHHOU AeMUHepaAu3alui aMUHOKUCAOTHI; *** XUMM-

YecKuh BBIXOA HA CTAAVU AAKUAVMPOBAHUA.

Lienesnie (S)-2-amuHO-3-(p-u3o0yTUAdEHMA)- U (S)-2-aMuHO-3-(p-t-OyTHA-

(PeHUA)IPONIMOHOBEIE KUCAOTHL (6,7) BBIAEAEHBI M3 AMACTepPEeOMEepPHBIX CMe-

cell IPOAYKTOB aAKMAMPOBaHUSA 4,5 IO CTaHAAPTHOM MeTopuKe [9] u 3aKpuc-

Taarmn3oBaHbl u3 cmecu CoHsOH/H,O (1/1). CTpyKTypa 1 aGCOAIOTHAsS KOH-

durypanms CHUHTE3MPOBAHHBIX aMHUHOKUCAOT 6,7 yCTaHOBAEHBI CIEKTPaAb-

HBIMW METOAAMHW AaHAAM3d, 3HAHTHOMEPHAs 4YHNCTOTa OIllpepAeAeHa AAHHBIMU

xuparbHOTO BOJKX anaauza (>98%) (puc. 1 u 2).

531




0,26

5,244

0,24

0,22

0,20

0,18

0,16

0,144

0,12

0,10

0,08

0,06

0,02

6,169

0,00

-0,02-
\ T T T T T T T T T T T T
2,00 4,00 6,00 8,00 10,00 12,00 14,00 16,00 18,00 20,00 22,00 24,00 26,00 28,00 30,00

Minutes

Puc. 1. AMuHokucnora 6.
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Puc. 2. AMuHokncnora 7.

3KCHepl/IMeHTaﬂbHaﬂ HacTb

CnekTpsl SIMP !'H perucrpupoBaruck Ha mnpubope ¢upMbl Varian
"Mercury 300 VX". Onruueckoe BpallleHHEe U3MEPSAM Ha IIOASPUMETpE
“Perkin-Elmer 341". B paboTe HCIOAB30BAaAMCH aMMHOKUCAOTHEL M ApPYyTHE
peareHTel (pupMel “Aldrich"” n “"Peaxum". DHaHTHOMEPHYIO YHCTOTY aMUHO-
KHCAOT oIpepensiam MeToAoM BOJKX aHaamsa C IpUMeHEeHHEM XUPAAbHOU
das3el Tuna “Diaspher-110-Chirasel-E-PA 6.0 mxm, 4.0x250 mm" [13]. Oae-
MEHTHBIM aHaAM3 NpoBOAMAU Ha 3aeMeHTHOM CNS-O amaamszatope “Euro
EA3000".

Ncxopnbiit kommaeke Nill-(S)-2-FBPB-Gly (1) cMHTe3MpOBaH MO METOAM-
ke [7].
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OO0mas Meroauka andKuaupoBanusa kommiekca 1. K 1494 2 (0.03 wmona)
komuaekca 1 B 30 mn AM®DA nipym KOMHATHOM TeMIlepaType W IlepeMellnBa-
Huu pobaBasau 1.8 2 (0.045 mona) NaOH u 10.22 2 (0.045 mona) p-u300yTUA-
OeH3unOpoMupa uam 10.22 2 (0.045 wmons) p-t-OyTmaOeH3UAOpOMHAA. 3@ XO-
AOM peaknuii caepmau Mmetopom TCX [SiO,, CHCl3:CH3COCH;3 (3:1)] mo uc-
Ye3HOBEHUIO CAEAOB MCXOAHOTO KOMIIA€KCa 1 M yCTaHOBAEHHIO TePMOAWHA-
MHYEeCKOTO PaBHOBECHUS MeXXAY AMacTepeon3oMepaMy KOMIIAEKCOB 4 u 5.
ITocae 3aBeplieHUs peaKIuM cMecu HenTpaausoBblBaan AcOH, pasbaBasamn
BoAOM (60 mn) UM HNPOAYKTHI aAKMAWpPOBaHUA 4,5 3KCTparupoBarud XAOpodop-
MoM (3x50 mzn). XAOpod)OpMHBIE 3KCTPAKTHl KOHIIEHTPHUPOBAAM IOA Ba-
KyymoM. Heboabmiass 9acTb OCHOBHHIX (S,S)-AMacTepeoMepHBIX KOMIIAEKCOB
4,5 BBIAEAEHA U3 CMecel MeTOAOM IpelapaTUBHOM xpomaTtorpacduu [SiO,,
3x30 cm, CHCl3:CH3COCH;3; (3:1)], @ uX CTPYKTyphl YCTQHOBAEHBI CIIEKT-
ParbHBIMM METOAAMM aHAAM3a.

Kommuieke 4. Beixop, 72%, T. ma. 118-120°C. [a]Pyy = + 1613, 330 (¢ =
0.15, CH3OH). Hatipeno, %: C 69.05; H 5.81; N 6.37. C3gH3gN3O3NiF.
Berancaeno, %: C 68.90; H 5.78; N 6.34. Cnekrp IMP 'H (CDCl;3, §, m.p, Ty):
0.82 (3H, T, J = 7.4, CH3); 1.15 (3H, o, J = 6.9, CHj); 1.52 (2H, kB, J = 7.4,
CH,CH3y); 2.05-2.21 (2H, M, y, 6-CH; Prol.); 2.48 (1H, M, B-CH, Prol.); 2.40-
2.53 (1H, m, CHCH3); 2.67 (1H, M, B-CH, Prol.); 2.74 (1H, ap, J = 14.3,J =
8.4, CH(a)); 3.11 (1H, aa, J = 143, J = 8.3, CH(b)); 3.36 (1H, M, y-CH,y
Prol.); 3.45 (1H, aa, a-CH Prol, *J = 10.4, %] = 5.4); 3.67 (1H, A, CH,CO,
= 20.2); 3.70 (1H, », 8-CH, Prol.); 3.75 (1H, a, CH,CO, 4 = 20.2); 3.91 (1H,
AN J = 8.4, J = 4.3, CH); 3.96 (1H, Ao, CHy-Aryl, °J =13.0); 4.50 (1H, a,
CH,-Aryl, 2 =13.0); 6.72 (1H, aaa, 4-CH, CgH, , 3 = 8.3, % = 7.2, 40 =
1.1); 6.81 (1H, aa, 3-CH, CgHy, 3) = 8.3, %3 = 1.4); 7.01 (1H, M, Ar), 7.09-7.37
(9H, ™, Ar); 7.49-7.57 (3H, m, Ar); 8.34 (1H, a, 6-CH, CgH,, %) = 8.6); 8.37
(1H, app, 6-CH, CgH,-F, 31= “Jyp = 7.4 Hz, “J = 1.5);

Kommiexc 5. Buixop 75%, T. mAa. 123-125°C. [a]Py = + 2046,000 (c =
0.15, CH3OH). Hatipeno, %: C 69.08; H 5.83; N 6.39. C3gH3gN3O3NiF.
Berancaeno, %: C 68.90; H 5.78; N 6.34.Crnextp AMP 'H (CDCl3, §, m.p, Ty):
1.28 (9H, ¢, 3.CHj); 2.06 (1H, M, y-CH, Prol.); 2.13 (1H, aaa, 8-CH, Prol, 4
= 10.8, 3J =10.8, 3J = 6.0); 2.42 (1H, a, B-CH, Prol.); 2.55 (1H, M, B-CH,
Prol.); 3.07 (1H, Ao A, J = 144, J = 6.2, CHy); 3.13 (1H, A A, J = 144, J =
6.2, CH,); 3.32 (1H, M, 8-CH, Prol.); 3.40 (1H, aa, a-CH Prol, 3 = 10.7 , %
= 5.5); 3.57 (1H, ao, CHy-Aryl, 2J = 12.6); 3.65 (1H, a, CH,CO, 4 = 20.1);
3.72 (1H, M, y-CH, Prol.); 3.72 (1H, A, CH,CO, %) =20.1); 4.06 (1H, T, J =
6.2, CH); 4.39 (1H, ao, CHy-Aryl, 2 = 12.6); 6.67 (1H, aap, 4-CH, CgHy, 3 =
8.2, % = 6.9, = 1.2); 6.76 (1H, ap, 3-CH, CgH, %J = 8.2, ) = 1.9); 6.96
(2H, M, Ar), 7.10 (1H, mmp.p, Ar, J = 7.1); 718 (1H, aap, Ar, J; = 8.8, J, =
6.8, J3 = 1.9 ); 7.11-7.117 (2H, m, CgHy); 7.25-7.30 (2H, M, CeHy); 7.37 (1H,
MA, Ar, Jp = 84,3, = 7.4, J3 = 5.8); 7.45-7.56 (3H, M, Ar); 8.00 (1H, aaa,
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Ar, J; = 94, J, = 2.5 J; = 1.5); 8.33 (1H, ap, 6-CH, CgH,, %) = 8.7, 40 =
1.1):

Pa3jio:xeHHe KOMILIEKCOB U BbIJAeJIEHHE LeJIeBbIX aMHUHOKHCJIOT 6 u 7. Pasno-
JKeHUe AMAacCTepPeoOMepHBIX CMeced KOMIIAEKCOB 4 1 5 1 BRIAEAEHUE ITeAEeBBIX
(S)-2-ammHO-3-(P-M300yTUADEHNUA) IPOTMOHOBOM KHUCAOTHL (6) 1 (S)-2-aMHHO-
3-(p-t-OyTUADEHUA) TPOTTMOHOBOY KMCAOTHI (7) IPOBOAMAM IIO CTaHAAPTHOM
MeToAVKe [9]. OHaHTHOMEpHAs YMCTOTa ITOAYYEHHBIX aMHHOKUCAOT 6 1 7, o
MAHHBIM xupaabHOro BOJKX anaamsa, npessimaeT 98%.

(S)-2-Amuno-3-(p-n3o6yTuiipeHua)nponuoHoBas kuciaora (6). Beixop 67.3%
(3.21 2, 0.0145 mona), T.A. 245-247°C. [a]Poy=-8.89° (c=0.45, CoH;OH/H,0O
=1:1). Hamipeno, %: C 70.50; H 8.63; N 6.28. C3HgNO,. Brraucaeno, %: C
70.56; H 8.65; N 6.33. Cnektp SIMP 'H (DMSO/CCly, + TFAA, §, m.a, Ty):
0.80 (3H, T, J = 7.4, CHy); 1.19 (3H, a, J = 6.9, CHj); 1.56 (2H, kB, J = 7.4,
CH,CHg); 2.50-2.59 (1H, m, CHCHj); 278 (1H, aa, J = 143, J = 84,
CH(a)); 3.11 (1H, aa, J = 14.3,J = 8.3, CH(b)); 3.95 (1H, ppa, J = 8.4, J =
4.3, CH); 7.05-7.10 (2H, M, CgHy) u 7.15-7.20 (2H, M, CgHy).

(S)-2-Amuno-3-(p-t-oyrundennmn)nponuonoasi kuciaora (7). Brixop 71.6%
(3.54 2, 0.016 mons), T.A. 250-252°C. [a]Poy=-13.3% (c = 0.45, C,H;0OH/H,0
=1:1). Hatipaeno, %: C 70.52; H 8.68; N 6.35. C3H9NO,. Brruucaeno, %: C
70.56; H 8.65; N 6.33. Cnektp AMP 'H (DMSO/CCl,, + TFAA, §, m.a, Ty):
1.29 (9H, ¢, 3.CHj); 3.07 (1H, o A, J = 144, J = 6.2, CHy); 3.11 (1H, A a,
J=14.4,J = 6.2, CHy); 4.04 (1H, T, J = 6.2, CH); 7.14-7.19 (2H, M, CgHy) u
7.27-7.32 (2H, m, CgHy); 8.38 (2H, mmp, NHy).

(S)-B-DELPL-a-ULTLP LD ELULE-PAUBELUNEU NULUSESI TO LAL
UouL33ULLE P WUBUGS,PY UDLE-GQ

U. U. 1U2U3UL, U U. 1UAU3UL, L. U USEPUL3U,
U U. MN1NAUSTYL U U 0. oUSNF3UL

Oolu.lilll.luq n_liuul_liiunﬁ I ll_l[lg[IiI[I 6[111111 4[1Lf#[1 4[iu1 Ni -[1nfl[1 uuuuZLug[nu& 4111[1[3-#111-
w-pynpnenpyplbigpyppndfnh b w-bppopgegfl prosppbigpyppodpef Sk Uylpydut
lfluil[uugl{lu&, 2n[1 NaOH—[1 lun_[[lanl_[JJuufF.' UIIIIIII{'UIL prlnLL@nLJ uuuugl.uflnl_lf L‘ (S,S)'
I (S,R)-npprmmnbpbndbp huduygbpuiibpp pusniincpy  (S)-wdpiunf@ dn wpupnciudng (S,S)-
1

wiiunnwd wdfhufd Fochibpp RULPR wigpgm] npnyfby b qpwmnkpbadbpibpp (S,S)- I
(S,R)-Cluluu[lli[uullynl_ﬂjnl_ilﬂ (de > .97%).

pusypuyduwls Shpnyfquuntibpp pnlfinfusblpog il unppgfu-qbunppghughy b fpuyfh
uu[ﬁpmﬁg l[bprJ"L[llFllluyill?lﬂLg Cblllﬂ illliulquulJ[IiI (S)'Z’LUJ[IL"'g'(Ll['[Iqﬂ[l"LLﬂ[Ill?b'
ufy)ypry (@ dnct b (S)-2-widpiin-3-(y-bppnppaygf pronfy$lipy) wpogpaio(dFaec
wiliYunnfly ki (ee > 98%) Einafdpindbpuy it dwppnefdyudp : Il[anLiqgnul’ (S)-Z—N—[N’-(Z—
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lgzu1npllbfuﬂ‘llul[mlﬁl)]l.ud'[ﬂuugbiulmgwlﬂlnfl plpuyuypn  odwhipuly nbwgbinnf L qphgfif
C[ugzﬁ Spdpf Shun Ni2+-[1nil[1 wnwugpmd  Quipld-punwlniaugfi Ni"—(S)-z—FBPBGly
Yridaggbipup (1) ffpprasmidusidp dyuilpfly & (S)-2-widplon-3-(ug-frampresnfy Ghsfsy) uypomyfrm-
iuu[n?ﬁl[ﬁ (6) I (S)—Z—uuf[ﬂln—.?—(lli-bppnpll.mJﬁil FﬂLLﬂ[lllg)bil[Il)u[pnulbnilulﬁﬁl[[l (7) (ee >
98%), inlngnofdyncp® 60-65 [1) wufidlinpfly ufiijdhgh Sk :

ASYMMETRIC SYNTHESIS OF NEW ENANTIOMERICALLY ENRICHED
DERIVATIVES OF (S)-g-PHENYL-a-ALANINE

S. A. DADAYAN, A. S. DADAYAN, L. A. STEPANYAN,
A.S. POGHOSYAN and A. O. TSATURYAN

Scientific and Production Center “Armbiotechnology” NAS RA
14, Gyurjyan Str., Yerevan, 0056, Armenia
E-mail: slavik_ dadayan@yahoo.com

The asymmetric reaction of C-alkylation of square-planar Ni'" complexes of Schiff
base of amino acid moiety of glycine with (S)-2-N-[N’-(2-fluorobenzylprolyl)Jamino-
benzophenone chiral auxiliary by p-isobutylphenylbromomethane and p-tertbutylphenyl-
bromomethane has been studied. The alkylation reactions were carried out at room
temperature, in DMF, in the presence of fine-grained dry NaOH. The alkylation resulted
in a mixture of (S,5)- and (S,R)-diastereomeric complexes with high excess of (S,S)-
diastereomers containing (S)-amino acid. The ratio of (S,S)- and (S,R)-diastereomers was
determined by 'H NMR spectroscopy of the obtained diastereomeric complexes and by
HPLC analysis of amino acids isolated from the mixtures of hydrolysates decomposition
(de > 97%).

Diastereomeric complexes were dissolved in methanol and after decomposition of
hydrolysates by 2NHCI, were subjected to ion-exchange absorption-desorption. The
target (S)-2-amino-3-(p-isobutylphenyl)propionic acid and (S)-2-amino-3-(p-tertbutyl-
phenyl)propionic acid were crystallized from aqueous-alcoholic solution and obtained
with enantiomeric purity (ee> 98%).

As a result, using square-planar Ni'-(S)-2-FBPBGIy (1) complexes of Schiff base of
glycine with (S)-2-N-[N’-(2-fluorobenzylprolyl)Jaminobenzophenone chiral auxiliary,
the method for the asymmetric synthesis of (S)-2-amino-3-(p-isobutylphenyl)propionic
acid (6) and (S)-2-amino-3-(p-tertbutylphenyl)propionic acid (7) (ee > 98%, duration:
60-65 min) has been developed.
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OcyuwecTBneH cuHTe3 N-3aMeLLeHHbIX 5-0KCco-2-heHnnnUpponnamH-2-kapboHOBbIX KUCMOT K
5-0Kkco-2-theHnnnupponuamnH-2-kapoboHNTPUNOB  BHYTPUMOSNEKYNAPHON LMKNU3auMen B YCNOBUSX
MexXdasHoro karanusa cneumanbHO MOMyYeHHbIX Npou3BOAHbIX dheHunrmuumHa. KoHnpeHcaumen
N,N-anmeTtun-4-((4-ToNMUNMMUHO)METUMN)aHUMMHA C SHTapHbIM aHrMApPUAOM CUHTe3npoBaHa 2-(4-
(aMmeTunamuHo)peHun)-5-okco-1-(4-Tonun)nupponuanH-3-kapboHosas Kucrnora. CornacHo
pe3ynbTaTam GUMOMOrMYECKNX UCCNEeAOoBaHNA, HEKOTOPbIE U3 CUHTE3NPOBaHHbLIX HAMU COEAUHEHWN
obnagalT ymepeHHbIMU aHTUbakTepuanbHbIMU CBOMCTBaMU.

Bubn. ccbinok 20.

ITpupoapHBle W CHHTETUYECKHE MOHOIIUKAUYECKHE Y-AAKTAMBI OOAQAQIOT
IIMPOKUM CIEKTPOM OHOAOTHYECKOrO AercTBus. COrAACHO AWUTEpPaTypHBIM
MAQHHBIM, B 3aBUCHMMOCTM OT XapaKTepa 3aMeCTHUTeAel IUPPOAUANHOBOTO
KOABIIA OHU IPOSIBASIOT PA3AWYHYI0 OMOAOTMYECKYIO, B YaCTHOCTH, aHaAbre-
TH4YecKyro [1,2], appeHoAnTHYEeCKYIO [3], IPOTUBOOIYXOAEBYIO [4,5] 1 mpoTu-
BOTyOEpKYAE3HYIO aKTUBHOCTB [6]. VIMeroTcsa Takke COOOIIEeHMs, IOCBAIIEH-
HBbIe MCCAEAOBAHUIO iN VItr0 MHTUOUPYIOIEH aKTUBHOCTU 3aMeNIeHHBIX M-
POAMAMHOB IIO OTHOWIEHMIO K Aunentupmanentupaze IV (DPP-1V) [7,8] u
npoamroauronentupase (POP) [9]. Psa aHaAOroB IIOCAEAHUX SIBASETCS aHTU-
BUY-1 arentamu [10], a HeKOTOpble MPOIBASIOT UHTHMOUPYIOUINE CBOMCTBA
110 OTHOUIEHUIO K BUpycy remarura C [11].

B mHacrogienn paboTe OCYLIECTBAEH CHHTE3 NPOU3BOAHBIX 5-OKCO-2-(e-
HUAIIMPPOAWAVHA IO paHee IIPEAAOKEeHHOMY HaMu MeTopy [12], coraacHo

KOTOPOMY, COOTBETCTBYIOIIVE IIPOU3BOAHEIE (DEHUATAWULVHA IIOABEPIrarOTCs
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BHYTPUMOAEKYASIPHOM IIUKAW3AIUUN B YCAOBHAX Me’K(pa3HOTO KaTaau3a
(M®K). TpeacTaBAeHBI TaK)Ke PE3yAbTATHI MCCAEAOBAHUN aHTHOAKTEpPHaAb-
HOM AaKTMBHOCTH CHHTE3UPOBAHHBIX HaMU 5-OKCO-2-(DeHUAINPPOAUANH-2-
KapOOHOBBIX KHUCAOT U 5-OKCO-2-(DeHUATTUPPOAUANUH-2-KapOOHUTPUAOB. B Au-
TepaType OnyOAMKOBAHO AMIIL HECKOABKO paboT, B KOTOPHIX PEeakKI[UM BHYT-
PUMOAEKYAIPHOU ITUKAM3AIUM IIPOBOAMAVCH B IPUCYTCTBUU Pa3AUYHBIX OC-
HOBaHUM, B 4dacTHOCTH, 10% cnupToBOro pacTtBopa epkoro kKaam [13], Tpu-
3TUAAMUHA [14], aAKOTOASITa UAM THAPUAA HaTpud [15,16].

B mepByio ouepeab HaMU OBIAO OCYIIIECTBAECHO B3aUMOAEMNCTBUE 3THUAO-
BOro 3dupa a-0poMEPEHUAYKCYCHOM KUCAOTBEI C METUAAMHUHOM, aHUAMHOM U
9THUAOBBEIM 3(UpPOM [-araHWHA. Aaree NMOAYIEHHBIE COEAMHEHUs 2-4 MOoCAe
aIllMAMPOBAHUS XAOPAHTHUAPUAOM 3J-XAOPIPOMMOHOBOM KHUCAOTHI IIOABEPTHY-
TBI BHYTPUMOAEKYASIPDHON ITMKAM3Anuu B ycroBusx MOK B anleToHUTpHAE B
MIPUCYTCTBUHU KapOoHaTa KaAWs M Me>K(aszHOTO KaTaAu3aTopa — XAOPHAA
TpusTurGensnraMMonus (TEBA-CI). TloaydeHHBIe C BBICOKMMU BBIXOAAMU
3TUAOBBIE 3(pupbl N-3aMeIleHHBIX 5-0KCO-2-(heHUATUPPOAUANH-2-KapOOHO-
BBIX KHCAOT 5-7 IIOABEPTHYTHI AdAee THAPOAU3Y THMAPOKCHAOM HATpHS B Me-
TaHOAe, IIPUBOAAINIEMY K COOTBETCTBYIOIIMM KapOOHOBBIM KucAoTaM 8-10
(cxema 1).

CxemMa 1

Co0C,H; NHR COOC,H; 1.CI(CH,),C(0)Cl COOC,Hs NaOH
—

B — —_

2. K,CO3, TEBA-C1 N—R
Br K,CO3 NHR 2003,

8,9

COOH
- N——~_~COOH

10 o

2,5,8 R=CHj; 3, 6,9 R = CHs ; 4, 7 R = CH,CH,COOC,Hs

Coepunenue 6 paHee OBINO CHHTE3MPOBaHO KaTepakM B3aMMOAEUCT-
BHEM 3THUAOBOTO 3dupa 2-peHuA-2-(heHnAaMrHOo)yKCycHOM (3) u O6pomIpo-
NHOHOBOU KUCAOT B npucyrcTtBum PCl; m mocaepyrolieil BHYTPHUMOAEKYAIP-
HOU IIMKAU3alel MOAYYEHHOTO NPOAYKTa B mpucyrctsum 10% crnmproBOTO
pactBopa KOH [13].
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AnanoTMYHBEIM 00pa3oM B3aUMOAEUCTBHUEM O-OpOM@EHUAAIIETOHUTPHUAA
C 2-aMHUHO3TAHOAOM OBIA CUHTE3UPOBAH NPOAYKT HYKACO(MUABHOTO 3aMelle-
HuA 12. Aaree AeMCTBHEM XAOPAHTHAPHAA 3-XAOPIPOIMOHOBOM KHCAOTHI U
IIOCAEAYIOIIEY BHYTPUMOAEKYASIPHOM IUKAM3ANVENd MeK(Aa3HBIM KaTaAWU3a-
TopoM TEBA-CI] ObIA BeIpAeA€H 1-(2-THAPOKCHITUA)-5-0KCO-2-(heHUATTUPPOAU-
AUH-2-KapOoHuTtpua (13). AnuaupoBaHMe IIOAYYEHHOTO coepMHeHUsa 13 Kak
OeH30MA-, TaK U TOAYHUAXAOPHAAMU B IPUCYTCTBUM TPUITHUAAMHMHA IIPUBEAO
K 2-(5-0KCO-2-(heHUuA-2-ITUaHIUPPOAUANH-1-1A)9TUAOeH30aTy (14) um 2-(5-
OKCO-2-(peHUA-2-TNaHIUPPOAUANH- | -1A) 3THA-4-MeTHAOeH30aTy (15) mo cxe-

Me 2.
Cxema 2
NH,(CH,),0H 1. CI(CH,),C(0)Cl
(o) e ——— CN
K,CO, 2. K,CO;, TEBA-CI
HN
Br \/\OH
11 12
0
R < > ( CN
CN Cl
- NTN\_-0
N~ \_-OH o
Et;N
o
o

13

14R=H;15R=CH;

Apyroe >Xe IIpOM3BOAHOEe 2-(peHUATpOAMHA (2-(4-(AMMeTHuAaMHHO)de-
HHUA)-5-0KCO- 1-(4-TOAUA) TUPPOAUANH-3-KapOoHoBass kucaora (17)), 6BIA0 TO-
AydeHO 1o MeTopy KocrtaHoau [17], corracHO KOTOpOMY, 3apaHee CHHTE3U-
poBaHHOE U3 4-ANMETUAAMUHOOEH3AABAETHAA U 4-TOAYUAWHA coepmHeHme 16
BOBAEYEHO B PEAKIUIO C SHTAPHBIM @HTUAPUAOM (cxeMma 3).

CxemMma 3
H;C._ _CH;

CH, N
| 0.

N O 0}
He” ~ 7
N HOOC N

CH; 0

16 17
AntubakTepuarbHass aKTUBHOCTb CUHTE3UPOBAHHBIX ITPOU3BOAHBIX 5-OK-
co-2-cpenurnmppoanpnna 8-10,13-15,17 uccaepoBaHa 1Mo Metopy “auddysunm
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B arape"” [18] npu OakTepuarbHOU Harpyske 20 man MUKPOOHBIX TeA Ha 1 mn
cpeAbl. B srcmepuMeHTaxX HMCIOAB30BAaHBI My3eMHBIE IITAMMBI — I'PaMIIOAO-
KUTeAbHBIe cTauAOKOKKHU (Staphylococcus aureus 209p, 1) u rpaMOTPHUIIATEAD-
weie marouku (Shigella Flexneri 6858, Echerichia Coli 055). PacTBophl ucnbiTye-
MBIX COEAMHEHUM W KOHTPOABHOrO Ipenapara rorosuau B AMCO B passe-
peHuu 1:20. Ha uvamkax [leTpu ¢ moceBaMHU BHIIIEyKA3aHHBIX IIITAMMOB Ha-
HOCHAU PAcTBOPBI coeprHeHUM B oO0BbeMe 0.1 i, YdueT pe3yAbTaTOB IIPOBO-
AMAM IO AuMaMeTpy (d, mm) 30HBEI OTCYTCTBHS POCTa MHKPOOOB Ha MeCcTe Ha-
HeCeHHUs COeAMHEHMU IIOCAe CYTOYHOI'O BBIPAIUBAHUSA TECT-KYABTYP B Tep-
mocTtaTre npu 37°C. B KxauecTBe MOAOKUTEABHOT'O KOHTPOASL MCIIOAB30BaH Ae-
KapCTBEHHBIN IIpenapar (ypa3orupoH [19].

CoraacHO IPOBEAEHHBIM MCCAEAOBAHUSAM, BCe U3yUeHHBIE BellleCTBa 00-
AQAQIOT aHTHOAKTEPHAABHON AKTHUBHOCTLIO. 2-DeHmMATIMPPOAMANH-2-Kap6o-
HOBBIE KMCAOTH 9 1 10 IPOSBASIOT YMEPEHHYIO aKTUBHOCTE, ITOAABASISI POCT
BCeX WUCIIOAB30BAaHHLIX INITAMMOB B 30He AuameTrpoMm 17-18 mm, a 1-(2-
TUAPOKCUITHUA)-5-0KCO-2-PeHUATTUPPOAUANH-2-KapOoouuTpuA (13) m  ero
allMAMPOBaHHBIE IIPOM3BOAHEIE 14,15 00AaparoT cAaOBIM aHTHUOAKTEpPUAAb-
HBIM AetictBueM (d=10-13 au), IO aKTUBHOCTU 3HAQUUTEABHO yCTyIlass KOHT-
POABHOMY Ilpenapatry pypa3oaupony (d = 24-25 wm).

IKCNEePUMEHTAJIbHAA YaCTh

HMK-criekTpbl CHSTBL B Ba3eAMHOBOM MaCAe Ha CIEeKTpogdoToMeTpe
"Nicolet Avatar 330 FT-IR", cnekrpul SIMP 'H, 13C pacTBopoB BemecTs B
anetoH-dg, AMCO-dg m AMCO-dg/CCly, 1:3 — mHa npubope Varian
"Mercury-300VX" npu 303K c gactoroi 300.078 u 75.46 MIy, COOTBETCTBEH-
HO. XUMWYECKHEe CABUTHU IPUBEAEHBI B M.A. OTHOCHUTEALHO BHYTPEHHETO
TMC pas pactBopoB AMCO-dg/CCly 1/3. Xop, peakiuii ¥ YUCTOTY BelleCTB
KOHTPOAMPOBAAU C ITOMONIBI0O TOHKOCAOMHOM XpoMaTorpadmy Ha TAACTHH-
kax "“Silufol UV-254" B cucTreMax 3AI0€HTOB alleToH —rekcas, 1:2 (A), ame-
TOH —rekcaH, 1:1 (B), aueron —rekcan, 2:1 (B), aneron —HoHag, 2:1 (I'), aue-
TOH — IeTPOAeNHEIN 3dup, 1:1 (4), aueron —HoHaH, 1:1 (E), mposgBaeHue —
napaMu MoAQ.

Obmasi MeToAMKa MOJy4YeHHS] 3THIOBBIX 3dupoB 2-4. K cmecu 2.4 e
(0.01 mona) aTmAOBOTO 3hUpa 2-OpoM-2-(PeHUAYKCYCHOU KHCAOTH, 2.8 2
(0.02 mona) cyxoro KoCO3 B 20 mn xaopodopma npu 40-45°C A00aBAGIOT
0.01 mons mMeTUAaMMHA, aHWUAWHA WAU 3THUAOBOTO 3dupa B-araHWHA W TPHU
TOM JKe TeMIlepaType IepeMelinBaHue TPOAOAKAIOT 2 u. PeaKIIMOHHYIO Mac-
Ccy (PUABTPYIOT, (PUABTPAT MPOMBIBAIOT BOAOM, CYIIIAT XAOPUAOM KaABIIHS, OT-
TOHSAIOT XAOPOdOpPM.

ITHIOBBIH 3(puUp 2-(MeTHIaMHHO)-2-(heHUIYKCYCHOH KuciaoThl (2). Bsskas,
HEKPHUCTAAAU3YIOMIASACS KUAKOCTE, BEIX0A 52%, R; 0.50 (A). Cnektp AMP H,
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o, m.a., Iy 1.20 x (3H, J = 7.0, CH,CHj); 2.30 ¢ (3H, NCHj); 2.50 ¢ (1H,
NH); 4.10 k (2H, J = 7.0, CH,CHy); 4.25 c (1H, CH); 7.20-7.40 m (5H, CgHj5).

ITuaoBbIii 3pup 2-peHua-2-(peHHITaMHHO)YKCYCHOH KHCTO0THI (3), BBIXOA
98%, T.A. 81-82°C, 4TO COOTBETCTBYET AUTEPATyPHBIM AAHHEIM [20].

OTHA0BBIN d3Pup 3-(2-3TOKCH-2-0KCO-1-PeHHIITHIAMUHO)IPONAHOBON KHCJI0-
Thl (4). BsizKast JKUAKOCTB, KOTOpas IepeBepeHa B THAPOXAOPHUA, BBIX0A 69%,
T.IA. 199-200°C (ruppoxaopua), Ry 0.42 (A). Crnexrp AMP 'H, §, m.a., Iy: 1.23
T (3H, J = 7.1, CHj); 1.24 v (3H, J = 7.1, CHj); 2.80-3.10 m (4H, 2UCHy);
4.08 x (2H, J = 7.1, OCHy); 4.13-4.33 M (2H, OCH,); 5.17 ¢ (1H, CH); 7.36-
7.48 m (3H) m 7.56-7.63 m (2H, CgH;); 10.02 mi.c (1H) n 11.21 m.c (1H, NH u
HCl). Hampeno, %: C 57.21; H 7.33; N 4.14. C;5H,NO4HCI. Brraucaeno, %:
C 57.05; H 7.02; N 4.44.

OO0mas MeTOOUKA MOJYYEeHHSI ITHUJIOBBIX d(PHUPOB 2-GeHUI-5-0Kco-MUpPpoIH-
AuH-2-kap6oHoBBIX KucaoT 5-7. K cmecn 0.01 moss COOTBETCTBYIOIIETO COEAU-
"enus 2-4, 1.05 2 (0.01 mons) Tpusturamuna B 30 mz atieToHa npu 0-5°C mpu-
kanbIBatoT 1.3 2 (0.01 monsn) XAOpPaHTHUAPHUAA 3-XAOPIPOIMOHOBON KUCAOTHL U
ImepeMeIInuBaloT IIpY KOMHATHOU TeMIepaType 2 u. AIeTOH OTTOHSIOT, K
ocTaTKy npubasasaioT 100 mz 3dupa, IPOMBIBAIOT pa30aBA€HHLIM PaCTBOPOM
HCI, Bopo#, cymaTr Hap NaySO4. PacTBOpUTeAB yAAASIOT, K OCTaTKy AOOaB-
aqr0T 4.0 2 (0.03 mona) cyxoro KoCOs, 0.12 2 (5 mmoneir) TEBA-CI B 20 mn
aIleTOHUTPUAQ, IepeMemuBaioT IIpu 40-45°C 4 uy. PeaKIMOHHYIO Maccy
PUABTPYIOT, (PUABTPAT YIApPHUBAIOT, OCTATOK PACTBOPSIOT B XAOPOQOPME,
IIPOMBIBAIOT BOAOH, CYIIIAT XAOPHUAOM KAaABIVSI U OTTOHSIIOT.

ITHII0BBIH 3pup 1-MeTHI-5-0KC0-2-(heHUIMHPPOTHINH-2-KAPOOHOBOI KHCJI0-
ThI (5). Ba3Kasgd, HeKpPUCTAAAU3YIOIIAsACId JKUAKOCTh, BBIXOA 85%, R 0.47 (B).
Cnextp SIMP 'H, §, ma., Iy: 1.35 7 (3H, J = 7.0, CH,CHs); 2.80 ¢ (3H,
NCHj); 2.20-3.00 m (4H, CH,CH,); 4.30 ¥ (2H, J = 7.0, CH,CHjy); 7.10-7.50
M (5H, CgHs).

OtuaoBeiii 3¢up 1,2-a1udeHnI-5-0KconMPPOIHINH-2-KAapOOHOBOH KHCJIOTHI
(6) moaydeH ¢ BEIXOAOM 95%, BA3Kast, HEKPHUCTAAUIYIOMIAICS KUAKOCTD [13].

ItwioBsblii 3¢pup 5-okco-1-(3-oxconponui-3-3ToKcH)-2-heHUIMHPPOTUTUH-2-
Kap0oHOBOii kuciaoThl (7). Bs3Kast 1 HEKPUCTAAANIYIOMIASCS JKUAKOCTD, BBIXOA
68%, Ri 0.37 (B). Cuekrp SIMP !'H, §, m.a., Iy: 1.20 u 1.35 v (6H, J = 7.0,
24CHj3); 2.30-2.90 m (6H, 3-CH,, 4-CH, m CH,COOQ); 3.40-3.60 m (2H,
CHyN); 4.05 u 4.25 kK (4H, J = 7.0, 2xCOOCHjy); 7#.10-7.50 m (5H, CgH3).

O0umiasi MeToaUKa MOJYYeHHsI 5-0KCcOo-2-(eHNINUPPOJIHANH-2-KapGOHOBBIX
kuciaor 8-10. Cmecs 0.01 mons cooTBeTCTBYyIONIEro coepmHenus 5 vau 6, 0.4 2
(0.01 mona) NaOH B 30 mz MeTaHOAa KUNATAT 4 u (B CAydae COeAVHeHUd 7
ucnoab3yroT 0.8 2 (0.02 mona) NaOH B 50 mr MeTaHOAa). MeTaHOA OTTOHSIOT,
OCTATOK PacTBOPSIOT B 20 mi BOABI, PACTBOP IPOMBIBAIOT 3(PUPOM, TOAKWC-
asttoT 0.1 N HCI, BeITIaBIINM 0CaAOK OT(PUABTPOBBLIBAIOT U MEPEKPUCTAAAU3ZO0-
BBEIBAIOT 13 OEH30AA4.
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1-Metna 5-okco-2-penmymuppoanaun-2-kapoonosasi kuciaora (8). Brixop
72%, T.oA. 127-128°C, R; 0.41 (B). Cuekrp AMP 'H, §, m.a.: 2.90 ¢ (3H, CHs);
2.10-3.20 m (4H, 3-CH,, 4-CH,); 7#.40 c (5H, CgHs); 11.50 ¢ (1H, COOH).
Hatipeno, %: C 65.90; H 6.20; N 6.05. C{,H3NO3. Brruucaeno, %: C 65.74; H
5.98; N 6.39.

1,2-InpeHnanuppoauanH-5-0Kkco-2-kapooHoBasi kucjaora (9). Brixop 55%,
T.IA. 248-250°C, 4TO COOTBETCTBYET AUTEPATyPHBIM AQHHBIM [15].

1-(2-Kap6okcudTia)-5-0KC0-2- e HHIIMUP POTHANH-2-KapOoHOBasI KHCJIOTA
(10). Berxop, 55%, T.mA. 215-217°C, R; 0.34 (B). Cnektp SIMP H, §, m.a.: 2.19-
2.38 m (4H), 2.41-2.52 M (1H), 2.74-2.83 M (1H) u 3.18-3.34 m (2H, 4xCH,);
7.27-7.42 m (5H, CgHjs); 12.20 m.c (2H, 2xCOOH). Hatipaeno, %: C 60.39; H
5.80; N 5.23. C{4H5NOs. Beruucaeno, %: C 60.64; H 5.45; N 5.05.

2-(2-I'mapoxcudTUiIaMuno)-2-peHunaneroHuTpua (12). TloaydyaroT aHanro-
TUYHO OOIIer MeTOAVKe CuHTe3a coepmHeHun 2-4 n3 cmecu 1.95 2 (0.01 mo-
as) 2-6pom-2-dpenmaarieronutpuna, 0.6 2 (0.01 mons) 2-amuHO3TaHoOAa U 2.8 2
(0.02 mona) cyxoro Ko,CO3 B 20 mrn xaopodopma. Bsa3Kasg >KUAKOCTB, BBEIXOA
85%, T.ia. 115-117°C (okcanart), Ri 0.56 (I). Cmekrp AMP H, §, m.a., Iy
2.66-2.78 M (2H, NCHy); 3.54 T (2H, J = 5.3, CH,0O); 4.97 c (1H, CH); 7.29-
741 m (BH) m 7.49-7.55 m (2H, CgHj); 8.03 m.c (4H, OH, NH, (COOH),).
Hatipeno, %: C 54.39; H 5.15; N 10.65. C1oH{32N,O-(COOH),. Beruucaeno, %:
C 54.13; H 5.30; N 10.52.

1-(2-T'uapokcudTHI)-5-0KC0-2-peHnanuppoauaun-2-kapoouutpua  (13). K
pactBopy 3.17 2 (0.018 monsn) coepmuenmusa 12 B 30 mz 1,2-pmxnopaTaHa mIpu
20-22°C mapasreABHO M3 ABYX KalleABHBIX BOPOHOK IIPUKANBIBAIOT 2.6 2
(0.02 mons) XAOpPaAHTUAPHAA 3-XAOPIPONUOHOBOM KucAoTel u  0.72 ¢
(0.018 monsa) NaOH B 5 mn BOABI, M IIPU TOM XKe TeMIlepaType IepeMelInBa-
HUEe NPOAOAKAIOT 4 y. OpraHuueCKUM CAOU OTAEASIOT, IIPOMBIBAIOT paso.
HCIl, BopoO¥, cymiaT XAOPHAOM KaAblMsg. PacTBOpPUTEAL YAAASIIOT, OCTATOK
pactBopgioT B 20 msi aueTOHUTPHA], A0OaBAgioT 4.0 2 (0.03 mons) cyxoro
KyCOg3, 0.12 2 (5 mmoneii) TEBA-Cl u nepememuaroT nipu 40-45°C 4 u. Peak-
IIMOHHYIO MacCy (PUABTPYIOT, (PUABTPAT yIapHUBalOT, OCTATOK PAaCTBOPSIOT B
xAOpodOpMe, TPOMBIBAIOT BOAOM, CYIIIAT XAOPHAOM KaAbIvs. PacTBOpUTEAD
YAQASIOT, OCTATOK ITepeKpUCcTarrn3oBbIBatoT u3d CCly. Beixop 69%, T.iA. 108-
110°C, Rs 0.36 (A). MK-cmekTp, v, cx’’: 1688 (C=0); 2240 (C=N); 3442 (OH).
Cnektp AMP !H, §, m.a., Ty 2.36-2.46 m (1H), 2.53-2.67 M (2H) u 2.81 app
(1H,J = 13.1,J = 8.1, J = 5.2, 2xCHy); 2.90-3.00 m (1H) u 3.26-3.47 m (3H,
NCH,CH0); 4.33 ym.t (1H, OH); 7.40-7.55 M (5H, CgHs). Criektp SIMP 13C,
0, M.A 28.3 (CHy); 35.9 (CH,y); 43.7 (NCHy); 57.3 (OCH,y); 64.8 (CCN); 118.6
(CN); 125.3 (2xCH Ph); 128.7 (2xCH Ph); 128.9 (CH Ph); 136.5 (C Ph); 173.5
(CO). Hatipeno, %: C 68.09; H 5.87; N 12.23. C;3H{4N;0O,. Beruucaeno, %: C
67.81; H 6.13; N 12.17.

O6uias meroauka nojydenusi N-3aMelIeHHBIX 5-0Kc0-2-(heHUIIMPPOTHIHH-2-
kapoonuTpuiaos (14,15). K cmecu 2.30 2 (0.01 mons) coepmnenus 13 u 1.05 2
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(0.01 moas) TpustmramuHa B 30 ma 1,2-pAMXAOp3TaHa IPU KOMHATHOU TeMIIe-
parype npukanelBaroT 0.01 mons G€H30UA- UAM TOAYUAXAOPHUAA U NIE€peMelln-
BaioT 2 y. OpraHnyecKUM CAOM OTAEASIIOT, IIPOMBIBAIOT pa3b. pacTBOPOM
NayCO3, BOAOM M CyIIaT XAOPUAOM KaAbIIUA. PacTBOPUTEAB YAAAAIOT, OCTa-
TOK II€PEKPUCTAANN30BLIBAIOT U3 ITAHOAQ.
2-(2-Iuano-5-okco-2-penuanuppoanaus-1-mmn)sruadenzoar (14). Brixop 80%,
T.A. 84-85°C, R; 0.40 (A). UIK-cmektp, v, ex™ 1600 (apom.); 1712 (C=O);
2237 (C=N). Cmektp AMP H, §, m.a., Ty: 2.41-2.51 m (1H), 2.55-2.73 m (2H)
u 2.81-2.89 m (1H, 24CHy); 3.30 ot (1H,J = 14.6,J = 5.7) u 3.71 pnp (1H, J
= 146, J = 6.6, J = 5.7, NCH,); 4.21-4.33 m (2H, OCHy); 7.38-7.47 m (5H),
7.52-7.59 M (3H) u 7.91-7.95 m (2H, 2xCgHs). Crektp AMP 13C, §, m.a.: 28.2
(CHy); 36.0 (CHy); 39.9 (NCHy); 60.5 (OCH,); 64.6 (CCN); 118.4 (CN); 125.3
(2xCH Ph); 127.7 (2xCH Ph); 128.9 (2xCH Ph); 129.0 (CH Ph); 129.1 (2xCH
Ph); 129.4; 132.3 (CH Ph); 135.9; 164.7 (CO); 173.6 (CO). Hatipeno, %: C
71.54; H 5.80; N 8.17. C99HgN,O3. Brruucaeno, %: C 71.84; H 5.43; N 8.38.
2-(5-Oxkco-2-penni-2-uuannuppoauan-1-mwin)dtua 4-meruadensoar (15). Boi-
x0p 76%, T.mA. 130-134°C, R; 0.56 (I'). UK-cmekTp, v, cn™: 1609 (apom.); 1708
(C=0); 2240 (C=N). Cnektp AMP !H, §, m.a., Ty: 2.38-2.48 m (1H), 2.54-2.71
M (2H) m 2.80-2.88 M (1H, 2HCH,); 2.42 c (3H, CHj); 3.27 aT (1H,J = 14.6, J
= 5.8) u 3.69 AT (1H,J = 14.6, J = 6.2, NCHy); 4.24 pp (2H,J = 6.2, J =
5.8, OCHy); 7.20-7.25 m (2H) u 7.78-7.83 M (2H, CgHy); 7.38-7.48 m (3H) u
7.50-7.55 M (2H, CgHs). Cnextp AMP 13C, §, m.a.: 21.0 (CHj3); 28.3 (CHy);
36.0 (CHy); 39.9 (NCHy); 60.3 (OCH,); 64.6 (CCN); 118.4 (CN); 125.3 (2xCH
Ph); 126.7; 128.4 (2xCH Ph); 128.9 (2xCH Ph); 129.0 (CH Ph); 129.2 (2xCH
Ph); 135.9; 142.6; 164.7; 173.6. Hamipeno, %: C 72.32; H 5.51; N 8.23.
C91Hy9N,O3. Breruucaeno, %: C 72.40; H 5.79; N 8.04.
N,N-Tumerua-4-((4-roammmmmuno)merun)anuiann (16). Cmecw 1.49 2 (0.01 mo-
as) 4-(AuMeTuAaMuHO)OeH3arbpAerupa U 1.07 2 (0.01 wmons) 4-ToAyupvHaA B
20 mn abc. 3TaHOAA KUOSATAT C OOPATHBIM XOAOAUABHUKOM 4 vy, [To oxaaxkae-
HUM OOpa30BABIINMICSA OCAAOK (DUABTPYIOT U II€PEKPUCTAAAM3OBBIBAIOT W3
sTaHoAa. BEIXOp 66%, T.mA. 118-120°C, R; 0.65 (E). Cmekrp AMP H, §, m.a.:
2.35 ¢ (3H, CHjy); 3.07 c (6H, N(CHj),); 6.68-6.73 m (2H), 6.98-7.03 m (2H),
7.08-7.13 m (2H) u 7.65-7.70 m (2H, Ar); 8.27 ¢ (1H, N=CH). Hatipeno, %: C
80.45; H 7.73; N 11.54. CgHgN,. Buruucaeno, %: C 80.63; H 7.61; N 11.75.
2-(4-(InmerniiamuHo)peHn)-5-0kco-1-(4-Toaua)muppoauauH-3-kapooHoBast
kucaora (17). Cvmech 2.38 2 (0.01 mona) coepmuenusa 16 u 1.0 2 (0.01 monsa) au-
TAapHOTO aHTUAPHAA B 20 Mz cyxoro 6eH30Aa KUISTIT C OOPAaTHBIM XOAOAUAB-
HUKOM 36 u. [To oxarakpeHUU 0Opa30BaBIINMMCSA OCAaAOK (PHUABTPYIOT, IIPOMBEI-
BAIOT BOAOM M IEPEeKPUCTAAAM3OBBEIBAIOT K3 OeH30Ad. Brixop 26%, T.IA.
193°C, R; 0.47 (E). WMK-cmekTp, v, cv’: 1601 (apom.); 1634 (apom.); 1718
(C=0). Cnekrp AMP H, §, m.a., Ty: 2.25 ¢ (3H, CHjy); 2.71 ap (1H, J =
16.5,J = 5.6, CH, (a)) m 2.80 ap (1H, J = 16.5,J = 9.1, CH, (0)); 2.90 ¢
(6H, N(CHj)9); 2.93 app (1H, J = 9.1, J = 5.6, J = 4.4, CHCH,); 5.34 p (1H,
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J = 4.4, NCH); 6.56-6.61 m (2H), 6.97-7.01 M (2H), 7.02-7.07 m (2H) u 7.22-
7.27 m (2H, Ar); 12.49 m. (1H, COOH). Hatipeno, %: C 71.15; H 6.33; N 8.41.
CyoH9oN,O3. Berunicaeno, %: C 70.99; H 6.55; N 8.28.

2-UCPL-5-0-LUNMPLLALRY-P LD WoULS3ULLELD UPLE-BAL
B NRGUATNGSE P UL WUShINFE-3NAFLL

U. 0. GUUMUr3TL, UL 4. ULELUTL3U, G- 4. NULNFE-83AFL3UTL,
0 L MUCLALFE3UWL LN UL USEPUL3UL

bpuljustimgdby § N-wbgulyyud 2-@bify-5-opunuyfippnyfpfrii-2-hwppaiufdFnbpf ©
2-pliuspy-5-opunwyfippnyfigfiu-2-lpuppaifunpfybbpp ufifdhg, npp Guguieod § Shifygpgpifp
Quidunguunuufuwl wdwhguwpubpf vaugdwh b df§Guguyph Gumwypgh sy dwibbpnod
Uhpdnplilyneyugpl gflypgugpugp $659: NN-"ulbfdfy-d-((d-ummyfyfulfpisn) dsfdfy) wispyfisp L
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SYNTHESIS AND ANTIBACTERIAL ACTIVITY OF 2-ARYL-5-OXO-
PYRROLIDINE DERIVATIVES

S. P. GASPARYAN, M. V. ALEKSANYAN, G. K. HARUTYUNYAN,
R. V. PARONIKYAN and H. M. STEPANYAN

The Scientific and Technological Centre of Organic and
Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: g_sahak@yahoo.com

Synthesis of N-substituted 2-phenyl-5-oxo-pyrrolidine-2-carboxylic acids and 2-
phenyl-5-oxopyrrolidine-2-carbonitriles was carried out. The synthesis consisted of the
preparation of corresponding phenylglycine derivatives and intramolecular cyclization
under phase-transfer catalytic conditions. 2-(4-(Dimethylamino)phenyl)-5-oxo-1-(4-
tolyl)pyrrolidine-3-carboxylic acid was synthesized by the condensation of N,N-
dimethyl-4-((4-tolylimino)methyl)aniline with succinic anhydride. As a result of
biological studies, compounds with moderate antibacterial properties have been
identified.
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CHUHTE3 U IPEBPAIIIEHUSA 2-MEPKAIITO-3-BEH31JI-7,10- JUMETHJI-
3H-CIIMPO[BEH30[h]XUHA30JIUH-5,1'-IUKJIOIEHTAH]-4(6H)-OHA

H. II. TPUT'OPSIH, P. B. TAPOHUKSH u I'. M. CTEITAHSIH

Hay4HO-TeXHOAOTHYeCKUH IIeHTP OpraHudeckoll U (apMalleBTHUeCKON XUMUU
HAH Pecnybaukmu ApMeHUsI
WHCTUTYT TOHKOM OpraHWYecKOM XxuMum uM. A. A. MHAKOsTHa
Apwmenus, 0014, Epesan, np. AsaryraH, 26
E-mail: nver-55@ mail.ru

IMocTtynuno 24 X 2016

Ha 6ase atunosoro acwupa 4'-amvHo-5',8'-gumeTnn-1'H-cnvpo[unknoneHTan-1,2'-HadTanuH]-
3'-kapboHOBOW KUCNOTbI pa3paboTaH MeTon CuHTe3a 2-mepkanTo-3-6eH3un-7,10-gumeTun-3H-cnu-
po[6eH3o[h]xnHa3onuH-5,1"-umknoneHTtax]-4(6H)-oHa. B3anmopencTesmem nocrnegHero ¢ pasnmyHbl-
MU ankun(6eH3unn)ranoreHngamy CUHTE3MpPOBaH HOBbIN psAf 6eH3o[h]xMHa3onuHOB, codepXxaluux B

TpeTbeM NonoXxeHun 66H3I/IﬂbHyl'O rpynny, aB 6EH30MbHOM KOJbLEe — METUMbHbIE 3aMECTUTENMN.

Bubn. cebinok 11.

CoraracHO AMTepaTypPHBIM AAHHBIM, IIPOHU3BOAHBLIE clMpoOeH3o[h|xmHa-
30AUHOB, OOAQAQIOT HPOTHUBOOIYXOAEBBIMH [1-5] M TICHUXOTPONHEIMU [6,7]
CBOMCTBaMM, IMO3TOMY IIPEACTaBASIET MHTEpPEC IOAYYEeHHEe HOBBIX (DYHKITHIO-
HAABHBIX U reTePOIIMKAMYECKUX IIPOM3BOAHBIX Ha MX OCHOBE.

BrinO IlearecOOOpPa3HO CUHTE3WPOBATh aHAAOTHMYHOe crrpobeH3o[h]xuHa-
30AMHOBOE COEAVMHEeHHue — 2-MepKalTo-3-0eH3uA-7,10-pauMeTunr-3H-cnimpo-
G6en3o[h]|xuHazoamH-5,1'-nmKAoeHTaH]-4(6H)-0H, copeprkallee GeH3UABHYIO
TPYIIy B MOAOKEHUMW 3, W IIMKAOIIEHTAHOBBLIM (DparMeHT W Ha ero OCHOBe
OCYIIECTBUTL Psip IpeBpaimneHnii. C y4eToM BBIIIIENM3AOKEHHOTO HAMU IIPEA-
AOKeH 3(P(PEeKTUBHBIM METOA CHHTe3a KAIOUEBOTO COEAWHeHUs — [3-aMHHO-
3upa AUTHAPOHA(DTAANHOBOTO PSIAQ, KOTOPOE CAY>KUT OCHOBOM AAS CHUHTe-
3a AUTUAPOOeH30[h]XMHA30AMHOB, CHOHUPOCBA3@HHBIX C ITUKAOIEHTAHOM.
Cunre3 3THUAOBOTO 3¢upa 4'-amuHo-5',8"-pumMerna-1"H-cnupo[1mkAoTIeHTaH-
1,2'-madprarmH]-3'-kKapOOHOBOM KUCAOTHI (3) OCYIIECTBAEH ITUKAM3AIVEN IIOA
AEVCTBUEM CepHON KHUCAOTHI 3THUAOBOTO 3dupa [1-(2,5-pAuMeTuA)O0eH3UAITUK-
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AOIIEHTUA|LIMAHYKCYCHOM KMCAOTHL (2), IOAYYEHHOIO B3aUMOAENCTBUEM 2,5-
AUMETUAOEH3UAMArHUUXAOPHUAA C 3(UPOM  2-IIUaH-2-IUKAOIIEHTUAUAEHYK-
CycHOM KuCAOTHI (1) [8].

MgCl

|: CN
COOC,H,

1 2

C 1IeABbI0 TTOAYYEHUSI HOBBIX T'e€TePOIMKAWYECKUX CUCTEM, COAEPIKAIlUX
cniupo6en3o0[h]|XUHa30AMHOBEIN (parMeHT, OCYIIeCTBACHO B3aMMOAEUCTBUE
4'-ammHO-5',8'-pAuMeTHA-1'H-cimpo- [nukAonenTan-1,2'-HadTarnn]-3'-kap6o-
HOBOM KHCAOTHI (3) ¢ OEH3UAM3OTHOIIMAaHATOM. PeakIlus IPOBOAUTCS IIPU
AMATEABHOM KHUIITUEHUU C IIOCAEAYIOIINM AOOaBAEHWEM BOAHO-CIMPTOBOU
IIEAOYH, YTO NIPUBOAWUT K BHYTPUMOAEKYASIPHOM ITMKAM3AIUM C OOpa3oBa-
HUeM 2-MepKanTo-3-6eH3un-7,10-pumerna-3H-cnupobenso[h]xunazoann-5,1'-
nuKAoNeHTaH|-4(6H)-ona (4).

C4H,CH,-NCS

ChepyeT OTMETUTB, UYTO NMOAOOHAs LUKAM3alUs paHee OblAa ONMCAHA B
peakiiuu ¢ 6eH30UA- U30THOIIMaHaToM [9].

C4H,CO-NCS NHCSNHCOCH,

KOH

B cnekrpe AMP NeH cnupo6eH3o[h]xuHa3oanHa 4 ODPUCYTCTBYIOT CHUT-
HaAbl IpoTOHA rpynnsl SH xuHazoamHOBOro Kapkaca npu 11.40-11.48 m.a., a
TaK)Ke METHMAEHOBBIX ITPOTOHOB OeH3WABHOM rpynn (4.60 M.p.), 94TO cBHUAe-
TEABCTBYET O IIPUBEAEHHOM CTPYKTYPE.

[Mpu aAKMAUPOBAHUU COepAMHEHUS 4 arKuA(OeH3MA)TarOTeHUAAMU B IIPU-
CYTCTBUU THAPOKCHU-AQ KaAus B aOC. 3TaHOAE AU AUMeTHUAOpMaMupe oopa-
3yIOTCS aAKUA(DeH3UA)MepKaITo3aMellleHHble CHUPOOeH30[h]XUHA30ANHEL,
COAepJKalllie B TPeTbeM IIOAOKEeHMU chnmpobeH3o[h]xuHazoArHa OeH3UAb-

Hyl0 Tpymy (5a-j).
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5a
5. R= CHj (a), R= CyHjs (b), R= -CH,CONHS,, (c), R= -CH,CH=CH, (d),
R= wmeruramaur (e), R= - CH,CgHs () R= -CH, CgH,Cl (g), R= -

CH(CHj), (h), R=- CH,-O-C4Hg (i), R= - CH,-CH,-CH(CHjy), (j). Hal = Cl,
J, Br

Coepntenusi 5a-j — OeclBeTHbIE KPUCTAAAMYECKHE BEIeCTBa C BBICO-
KOM TeMIIepaTypo¥ IAaBAEHHUS, AerkopacTBopuMble B AMCO u AMOA,
TPYAHOPACTBOPUMBIE B XAOPOOPMe, 3THAAlleTaTe, 3TAHOAE, apOMaTHYeCKUX
YTAEBOAOPOAAX, HE PACTBOPUMEIE B aAKaHAX, AUITHUAOBOM 3(Upe U B BOAE.

B3amopeiictBueM cnmpoOeH3o[h]xuHazoauHa 4 C THAPa3UHTHAPATOM
CUHTe3UpOBaH 3-0eH3UA-2-THAPa3UHUA-7,10-pAuMeTHA-3H-criupo[6en3o[h]xu-
Ha30AWH-J, 1'-mtmkAoneHTaH|-4(6H)-0H (6), KOTOPBLIN peakIuer C HUTPUTOM
HaTpHusd B YKCYCHON KUCAOTe ITMKAU30BaH B 4-0eH3uA-8,11-pumerun-4H-cniu-
po[6enzo[h]TeTpa3on[1,5-a]xunazoanH-6,1'-mmurronenTan]-5(7H)-ou (7).

CoepuHeHUe 6 C CepoyrAepoAOM B NMUPUAMHE oOpasyeT 4-O0eH3uA-1-mep-
KanTo-8,11-aumerur-4H-ciupo[6ensolh][1,2,4]Tpuason[4,3-a]xuHa3oAnH-6,1'-
nurnomneHTaH|-5(7H)-on (8), a ¢ opTo- MypaBBMHBIM 3(UPOM IIOCAE TpeX-

AHEeBHOTO KumnsgueHus — 4-0eH3un-8,11-pumertun-4H-cnmpo[6enzo[h][1,2,4]
Tpuasoa[4,3-a]xuHa3oanH-6,1'-1ukaronenTaH]-5(7H)-on (9).
HS
—N\N =N
| N/ cs, 6 (C,H.0),CH NN
N-CH,CH, Py | N-CH,-CH,
(0] o
8 9

AAKUAUPOBaHHEM COepAUHeHHUS 8 (OeH3MAXAOPHAOM, XAOpaleTaMUAOM) B
abc. sTaHOAE IIOAYYeHBl aAKUA(OeH3uA)MepKalTo3aMellleHHble CIHpPOOeH-
3o[h|xunazornnasr 10-12, a peakinumel € THUAPA3sUHTUAPATOM — 4-6eH3UA-1-
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ruppasuHui-8,11-pumernn-4H-cnupo[6en3o[h][1,2,4]Tpuason-[4,3-a]xunHa3zo-

AuH-6,1'-1tmkAoTIeHTaH]-5(7H)-0oH (13).
SR,

NHNH,,
N );N
)5‘ \N
N. N NH,NH, R, Hal N/
-~ 8§ — | T
| \N(-CHZ-CSHS N-CH,-C¢H,
o) (0]
13 10-12

R1 ='CH2CONH2 (10), R1 = 'CH2C6H5 (11)' R1 = -CH2C6H4C1 (12)

Peaxkiuert coeprHeHUS 6 C arleTOHOM U OEH3aAbAETHAOM CHUHTE3WPOBAHEI
ocHoBaHug Iludda: 3-0eH3mA-7,10-pAUMETUA-2-(2-IPONIaH-2-UAUAEH)THAPA3U-
HUA)-3H-criupo[6en3o[h]-xuHazoann-5,1'-imkAonenTan]-4(6H)-ou (14) u (E)-3-
OeH3UA-2(0eH3UAUAEH) TUAPA3UHUA) -7, 10-AuMeTuA-3H-ciupo[6eH30[h]x1rHa30-
AuH-5,1'-1ukAronenTan]-4(6H)-ou (15), cooTBeTCTBEHHO, a C GEH30UAXAOPHU-
aoM — N'-(3-6en3uA-7,10-pAuMeTUA-4-0KCO-4,6-puTHAPO-3H-crimpo[6en3o[h]xu-
Ha30AUH-5, 1'-1IMKAOTIeHTaH |-2-UA) Ger3oruapasus (16).

NHNH, CH.CHO NH-N=CH-CH,
—_—
N-CH,-C¢H, N-CH,-CH,
C,H.COCI
CH,COCH,
NHNHCOC H,
N-CH,-C(H,

16

AHTHOAKTepUAAbHYIO aKTUBHOCTE coepwHeHUU 4, 5c¢-j, 6-11, 13-15 usyua-
A MetopoM “puddysun B arape” [10] npu 6akTepuarbHOU Harpyske 20 man
MUKPOOHBIX TeA Ha 1 Mz cpepBl.

B  omplTax  HCIOAB30BAaAM  I'PAMIIOAOKUTEABHBIE  CTA(PUAOKOKKH
(Staphylococcus aureus 209p,1) u rpamorpuiiaTeAbHble marouku (Shigella
Flexneri 6858, Esherichia Coli 0-55). PacTBOpbl coepuHEeHUN U KOHTPOABHOTO
npenapata roroeuau B AMCO B pazBepenun 1:20. B yamkax [letpu ¢ noce-
BaMHM BBINIEyKAa3aHHBIX HITAMMOB MUKPOOPTaHHW3MOB HAHOCHAW PacTBOPHI
UCHBITyeMBIX BellecTB II0 0.1 mi. YueT pe3yAbTaTOB IIPOBOAUAU 11O AaMETPY
(d, MmMm) 30HBI OTCYTCTBHSA POCTa MUKPOOOB Ha MeCTe HAaHECEHUS COEAMHEHUU
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IIOCA€ CYTOYHOTO BBHIPAIVBAHUS TECT-KyABTYP B TepMmocTtare npu 37°C. B Ka-
YeCcTBe TOAOJKUTEABHOTO KOHTPOAS UCIOAB30BaAM A€KapCTBEHHBIN IIpemapaT
dypazoanpon [11].

HcchepoBaHust TOKa3aAm, 9YTO CoepAMHEHUs 8 u 13 IpOSBASIOT BBIpa’keH-
HYIO aKTUBHOCTH B OTHOIIEHUHM CTA(PUAOKOKKOB U AU3EHTEPUUHOU ITaAOUYKY,
ITIOAABASISI BX POCT B 30He AuaMmeTpoM 18-19 mm. Coepmmenwust 5d u 5i mpak-
TUYECKU AMIIEHBI aKTUBHOCTH, @ OCTAABHBIE OKA3bIBAIOT cAaboe AeUCTBUE Ha
ykaszaHHble IITaMMBI (d=10-14 mm). B OTHOIEHWM KHUIIEYHOM NAAOYKH
(Esherichia Coli 0-55) cAabyio aKTUBHOCTL IPOSBASIOT TOABKO COEAMHEHUS
8,10, 11 n 13 (d=10-12 mm).

ChepyeT OTMETHUTH, YTO W3yYEeHHBIe BeIecTBa 110 aKTUBHOCTU 3HAUU-
TEeABHO yCTYIaloT KOHTPOABHOMY IIpenapary @ypas3oAupoHy (d =24-25 uwm).

3KCHepI/IMeHTaJIbHaH XuMHn4iYeckas 4acTtb

HK-cmekTpbl cHATHL Ha crekTpoMerpe 'UR-20" (B Ba3eAMHOBOM Macahe),
cnektpel IMP 'H—mna mpmGope "Mercury 300", Varian (300, 077 MIy) B
AMCO-dg, BHYTpennuii cranpapt — TMC. TemmnepaTyphbl TAABAEHUS OIpe-
AeAeHBI Ha mpubope “Boetius”.

OtwioBblii 3¢up 2-unan-2-(1-(2,5-1UMeTHIOEH3INT ) IMKIONEHTHII)YKCYCHO#
KkHCJI0THI (2). K adupHOMYy pacTBOpy peareHTa ['puHBApa, NOAYYEHHOTO M3
1.51 2 (63 mmoas) marHug U 6.18 2 (40 mmoneii) 2,5-AUMeTUAOEH3UAXAOPHAA B
40 mn abcoaroTHOTO 3PUpa, TPU CAAOOM KHMIEHUUM TPUOaBASIOT IO KallASIM
pactBop 6.60 2 (40 mmonen) 1tmanosadupa 1 B 40 mrn abc. 6eHzona. ['lpu nepe-
MeIIMBAaHUU HarpeBaroT B TeueHMe 2 y Ipu Temieparype 42...45°C. Oxaaxk-
DAIOT AeATHOM BOAOYU, IPUOABAGIOT IO KanaaM 20% cepHYIO KUCAOTY U Ilepe-
MEIIWBAIOT IIPM KOMHATHOM TeMIlepaType AO IIOAHOTO Pa3A0KEeHUSI KOM-
naekca. OpraHMYeCKAM CAOM OTAEASIOT, BOAHBIM 3KCTPArupyroT 3(upowm,
MIPUCOEAUHSIOT K OCHOBHOMY CAOIO, ABa’XKABI ITPOMBIBAIOT BOAOW W CyIIAT
Hap CyAbdaToM MarHms. [Tocae OTTOHKM PacTBOPUTEAS OCTATOK IIE€PETOHSIOT
B BakyyMe c perermaTopoMm (10 cwm). IToaygator 10.4 2 (87%) coepnHeHUS 2,
T. kut. 190-192°C/3 mm_ VK-cmierTp, v, cu’’: 1610 (C=C apom); 1698 (C=0).
2260 (C=N). Cnektp AMP 'H (AMCO-dg), 5, M. a., Ty: 1.29 (1, 3H, J =7.1);
1.30-1.56 (M, 8H, CsHg); 2.34 (c, 3H, CHj); 2.48 (c, 3H, CHy); 2.47 (c, 2H,
CH,CgHs); 3.30 (M, 1H); 4.15-4.20 (x, 2H, OCH,CH3, J =7.1); 6.93 (a, 1H, J
=7.8, C¢H3); 7.04 (o, 1H, J =7.8, CgHj3); 7.06 (a, 1H, J =7.8, CgHs). Haiipe-
HO, %: C 76.30; H 8.66; N 4.80. C;9H,5NO,. Beruuicaeno, %: C 76.22; H 8.42;
N 4.68.

ItuiaoBblii 3¢up 4'-amuno-5',8'-mumernn-1'H-cnupo[unkiaonentan-1,2"-Hadg-
TanuH|-3"-kapooHoBoii kucaoThI (3). B peaknmoHHyI0 KOAOY moMeraior 4.78 2
(16 mmoneu) atmroBoro spupa [1-(2,5-AuMeTUA)OeH3UAITUKAOIIEHTHUA]|IUaHYK-
CYCHOU KHCAOTHI (2) M TIpU IepeMelInBaHWM M3 KaleAbHOW BOPOHKHU IIPU-
OaBAFIOT 8 M KOHI]. CEPHOM KHCAOTHI (IIPDH OXAAQKACHUM BOAOU IIOAAEPIKU-
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BAIOT TeMIIepaTypy peaKIUOHHOU cMecHu B mHTepBaae 25...30°C). I'lo okon-
YaHWU CMeCh [epeMeIlnBaloT IIPU KOMHATHOM TeMIepaType B TeueHue 3 u.
[Tocae uero peakIMOHHYIO cMeChb BbIAMBaiOT Ha 120 2 Abpa. BrimaBiine
KPHUCTAAABl OT(UABTPOBBIBAIOT, IIPOMBIBAIOT BOAOM, 3areM IIpubaBAgioT 60
M1 BOABL U 6 M7 BOAHOTO aMMMAaKa, 3KCTPArupyroT agpupoM. ITocae ypareHus
PacTBOPUTEAS] OCTATOK ITePEeKPUCTAAAU30BBIBAIOT M3 CMECU 3TAaHOA-BOAQ, 2:1.
[Moayugator 3.44 2 (72%) coepnnenus 3, T. na. 110°C. VK-cnekTp, v, cu-: 1605
(C=C, apom); 1692 (C=0); 3000-3200 (NH,). Cnekrp SIMP 'H (AMCO-dg),
8, M. A, Ty: 1.20-1.90 (M, 8H, C5Hg); 1.34 (T, 3H, J =7.1, CHj); 2.34 (¢, 3H,
CH3); 2.48 (¢, 3H, CHjy); 2.81 (¢, 2H, CH,); 4.17 (x, 2H, J =7.1, OCH,); 6.68
(yur. ¢, 2H, NH,); 6.90 (a, 1H, J =7.8, CgH3); 6.93 (a, 1H, J =7.8, CgHj3);
6.98 (p, 1H, J =7.8, CszHj3). Hatiaeno, %: C 76.28; H8.56; N 4.72. C19H95NOs.
Brruuicaeno, %: C 76.22; H 8.42; N 4.68.

2-MepkanTo-3-0en3uia-7,10-gumerunii-3H-cnupo[6en3o[h]xuna3zonuu-5,1"-unk-
nonenran|-4(6H)-on (4). Cmecs 5.42 2 (20 mmonei) coepmnenus: 3, 2.26 2 (20
Mmmonei) OEH3UAN3OTUOIIMaHATa KUMSATIT C OOPATHBIM XOAOAUABHUKOM 18 v,
3aTeM npubaBAsioT 1.84 2 (33 mmonsn) eproro Kaam B 150 mz Boabt m 150 ma
9TAaHOAQ, CMeCh KUISTAT C OOPATHBIM XOAOAUALHUKOM ellle B TedeHue 5 u.
[MTocae oxAaRAEHUS PEaKIMOHHYIO CMeCh MOAKUCASIOT 10% pacTBOpPOM COASI-
HOM KUCAOTHI AO CAAOOKMCAOU peakluu. BuImaBIiiine KPpUCTAAABI OTQPUABTPO-
BBIBAIOT, IIPOMBIBAIOT BOAOM, CYIIAT M IIePEeKPUCTAAAM30BLIBAIOT U3 abc. 3Ta-
HOAa. Brixop 5.98 2 (85%), T. ma. 165°C. UK-cmekTp, v, ev” 1585 (C=C
apom); 1665 (C=0). Crnekrp AMP 'H (AMCO-dg), 8, M. a., Ty: 1.25-2.16 (m,
2H, CsHg); 2.29 (c, 3H, CHj3); 2.57 (c, 3H, CHj3); 2.67 (c, 2H, CHjy); 5.59 (c,
2H, N-CHy); 6.98 (a, 1H, J = 7.8, CgHy) u 7.11 (a, 1H J = 7.8, CgHy); 7.16-
7.31 (M, 3H) u 7.42-7.48 (M, 2H CgHs); 11.53 (yur. ¢, 1H, SH). Haiipeno, %: C
74.30; H6.66; N 6.80; S 8.10. C95HogN,OS. Buruucaeno, %: C 74.59; H 6.51; N
6.96; S 7.97.

3-beun3ui-2-(ankui(oen3mn)ruo)-7,10-rumerni-3H-cnupo[6enso[h]xunazo-
JnH-5,1"-nuksionentan]-4(6H)-ounr (5a-j). O6mas meroauka. Cmechr 3.12 2 (10
mmonei) coepurerus 4, 0.56 ¢ (10 mmoneit) epkoro Kaau u 60 mz abc. aTaHOAA
KUTATIT ¢ 0OpaTHBIM XOAOAUABHUKOM 30 mun. Ipubasasior 1.22 2 (10 mmo-
seu) arKuA(OEeH3UA)TAAOTEHUAQ W IIPOAOAKAIOT KulisiueHUe emle 8 u. OXaax-
pAroT, IpmubaBATIOT 10 Mz BOABI, OCAAOK OT(MUABTPOBBIBAIOT M TIEPEKPUCTAA-
AU3OBBIBAIOT M3 3TAHOAA.

3-ben3ui-2-(Meruaruo)-7,10-tumernn-3H-cnupo[6enso[h] xunazonnn-5,1'-
uukonentan]-4(6H)-on (5a). Berxop, 2.84 2 (85%), T. mA. 165°C. MK-cmekTp, v,
em”: 1610 (C=C apom); 1665 (C=0). Crnextp IMP 'H (AMCO-dg), 5, M. a.,
I'y: 1.29-1.40 (M, 2H); 1.39-1.21 (M, 8H, CsHg); 2.02 (¢, 3H, CHj); 2.34 (c, 3H,
CHj3); 2.65 (¢, 3H, CHj3); 2.66 (¢, 2H, CHy); 5.28 (yur a, 1H, J =5.8, N-CH,);
6.99 (o, 1H) u 7.11 (a, 1H J = 7.8, CgHy); 7.22-7.32 (M, SH CgH;). Hariaeno,
%: C 74.70; H 6.70; N 6.50; S 7.59. C96H9gNoOS. Breiuncaeno, %: C 74.96; H
6.7#; N 6.72; S 7.70.
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3-bensui-2-(3tuiarno)-7,10-mumerna-3H-cnupo[oenszo[h] xunazonuu-5,1"-uuk-
sonenTaH]-4(6H)-on (5b). Beixoa, 2.68 2 (75%), T. ma. 170°C. UK-cniekTp, v, em'”:
1610 (C=C apom); 1665 (C=0). Cnekrp AMP 'H (AMCO-dg), 3, M. A., Ty
1.20-2.80 (m, 8H, CsHg); 1.82 (¢, 3H, CHgy); 2.32 (c, 3H, CHj3); 2.63 (c, 3H,
CHj); 2.82 (ymrc, 2H, CHy); 3.42 (x, 2H, J= 7.3, CH,CHjy); 4.60 (yurc, 2H,
J= 5.7, N-CHy); 6.92 (a, 1H) u 7.03 (a, 1H J =77, CgH,). Hatipeno, %: C
75.14; H 7.10; N 6.46; S 7.29. Cy7H3pN,OS. Buruucaeno, %: C 75.31; H 7.02;
N 6.51; S 7.45.

2-(7,10- TumeTni-3-6en3uii-4-okco-4,6-quruapo-3H-cnupo[oenszo[h] xuna3zo-
JuH-5,1"-muKksionentan|-2-wiaruo)aneramux (5¢). Beixop 2.87 2 (75%), T. mA.
165°C. MK-cmekTp, v, em s 1605 (C=C apom); 1693 (C=0); 3360 (NH,).
Cnextp AMP 'H (AMCO-dg), 8, m. A., Iy: 1.34-2.27 (M, 8H, CsHg); 2.29 (c,
3H, CHj); 2.60 (c, 3H, CHjy); 2.69 (c, 2H, CHy); 3.93 (c, 2H, S-CH,); 5.31 (c,
2H, N-CHy); 6.95 (a, 1H, J=7.8, CgHy); 6.98 (ym.c, 1H, NHj). 7.03 (A 1H,
J=17%.8, CgHy); 7.22-7.98 (M, 6H, C¢Hs u NH,). Hatipeno, %: C 70.38; H 6.60;
N 9.16; S 7.00. Cy3H99gN30O,S. Beruucaeno, %: C 70.56; H 6.36; N 9.14; S 6.98.

3-ben3ui-2-(ammnrtuo)-7,10-mumernii-3H-cnupo[6enso[h]|xunazonun-5,1'-
uukiaonentan]-4(6H)-ou (5d). Beixop 2.87 2 (75%), T. ma. 165°C. MK-cmekTp, v,
e’ 1610 (C=C apom); 1610 (CH=CH,); 1650 (C=0). Cnekrp IMP 'H
(AMCO-dg), 8, M. a., I'y: 1.20-1.75 m (8H, CsHg); 2.34 (c, 3H, CHj); 2.48 (c,
3H, CHj); 2.82 (yur.c, 2H, CH,), 3.54 (c, 2H, S-CHy); 4.98 (c, 2H, N-CHy);
5.08-5.16 (M, 2H, =CH,); 6.08 (aaT, 1H, J= 17.1, =CH); 6.90 (p, 1H, J= 7.8,
CeHy); 7.01 (p, 1H, J= 7.8, CgHy); Hampeno, %: C 74.10; H 6.60; N 6.46; S
7.40. CogH3oN,OS. Breruucaeno, %: C 75.98; H 6.83; N 6.33; S 7.24.

3-ben3ui-2-(2-mermwiannniatuo)-7,10-numernn-3H-cnupo[6enso[h] xuna3zomn-
5,1'-uuxionenran]-4(6H)-on (5e). Bwixop 5.98 2 (85%), T. ma. 165°C. UK-
cnekTp, v, cv’: 1600 (C=C apom); 1670 (C=0). Cuekrp IAMP 'H (AMCO-
dg), 8, M. A., Iy: 1.36-1.80 (v, 8H, CsHg); 1.82 (¢, 3H, CHj), 2.29 (¢, 3H, CHj),
2.63 (c, 3H, CHjy), 2.71 (¢, 2H, CHy), 4.60 (c, 2H, S-CH,), 4.98 (c, 2H, J= 5.7,
N-CHy); 5.00-5.20 (m, 2H, =CHy); 6.92 u 703 (IH u 1H o6a a, J= 7.7
CgH,), 7.26-7.40 (M, SH, CgHj5). Hatipeno, %: C 76.49; H 7.10; N 6.26; S 7.10.
CogH3oN,OS. Beruucaeno, %: C 76.28; H 7.06; N 6.13; S 7.02.

3-bensui-(2-6en3nntuo)-7,10-numernn-3H-cnupo[6enso[h|xunazoaun-5,1'-
uukionentan]-4(6H)-on (5f). Beixop 5.98 2 (85%), T. mA. 165°C. MK-cmekTp, v,
em”: 1580 (C=C apom); 1660 (C=0). Cuextp AMP 'H (AMCO-dg), 8, M. A.,
T'y: 1.38-2.23 (M, 8H, C5Hg); 2.32 (c, 3H, CHj); 2.69 (c, 3H, CHj); 2.70 (c, 2H,
CHy); 4.58 (c, 2H, S-CHy); 5.23 (¢, 2H, N-CHy); 6.95 (o, 1H, J= 7.7, CgHy);
7.01 (o, 1H J=7.8, CgHy); 7.19-7.31 (M, 7H) u 7.33-7.42 (M, 3H Ar). Haiipeno,
%: C 78.10; H 6.66; N 5.80; S 6.40. C3,H3,N,0OS. Brruucaeno, %: C 78.01; H
6.55; N 5.69; S 6.51.

3-beu3ui-2-(2-xsopoen3niatuo)-7,10-numernn-3H-cnupo[6enso[h] xunazomn-
5,1'-uuknonenran]-4(6H)-on (59). Brixop 598 2 (85%), T. ma. 165°C. UK-
CIeKTP, v, cm ' 1585 (C=C apom); 1665 (C=0). Cnekrp IMP 'H (AMCO-
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de), 6, M. A., Ty 1.36-2.26 (M, 8H, CsHg); 2.38 (c, 3H, CHj3); 2.67 (c, 3H, CHjy);
2.71 (c, 2H, CHy); 4.59 (c, 2H, S-CHy); 5.25 (¢, 2H, N-CHy); 6.93 (a, 1H,
J=7.7, CeHy); 7.04 (p, 1H J=7.7, CgHy); 7.15-7.32 (M, 7H) u 7.35-7.40 (M, 2H,
Ar). Haripeno, %: C 72.70; H5.86; Cl 6.53; N 5.55; S 5.66. C3,H3;CIN,OS. BrbI-
gncaeHo, %: C 72.91; H 5.93; C1 6.73; N 5.31; S 6.08.
3-ben3ui-(2-uzonpomuirtuo)-7,10-mumernii-3H-cnupo[6enso[h]|xunazonun-
5,1'-uuknonentan]-4(6H)-on (5h). Brixop 3.77 e (85%), T. ma. 165°C. MK-
cHekTp, v, cu’ i 1575 (C=C apom); 1697 (C=0). Cuekrp IMP 'H (AMCO-
de), 6, M. A, Ty 1.38-2.23 (M, 8H, CsHg); 1.32 (c, 6H, (CHj3)y); 2.34 (c, 3H,
CH3); 2.68 (c, 3H, CHj3y); 2.88 (an, 1H, CH); 2.69 (¢, 2H, CH,); 4.98 ¢, (2H, N-
CHy); 6.95 (a, 1H, J=7.7, CgHy) ; 7.01 (a, 1H J=77, CgHy); 7.23-7.31 (M, 5H
CgHs). Hatipeno, %: C 75.50; H 7.16; N 6.60; S 7.29. CogH3,N,OS. Beruucae-
HO, %: C 75.64; H 7.25; N 6.30; S 7.21.
3-beun3ui-(2-oyrokcuruno)-7,10-qrumerni-3H-cnupo[6enso[h|xuna3zonuun-5,1"-
uukjaonentan]-4(6H)-ou (5i). Beixop 3.93 2 (83%), 1. mA. 193°C. MK-cmekTp, v,
em”: 1665 (C=C apom); 1662 (C=0). Cuekrp IMP 'H (AMCO-dg), 5, M. A.,
I'y: 0.90 (c, 3H, CHj3); 1.35-1.40 (v, 2H); 1.45 (M, 2H, CH,CH,CH3y); 1.51 (M,
2H, CH,CH,CH3y); 1.56-2.11 (M, 8H, CsHg); 2.34 (¢, 3H, CHj); 2.68 (c, 3H,
CHj3); 2.69 (c, 2H, CHy); 3.37 ¢, (2H, O-CHy); 4.95 (c, 2H, S-CHy); 4.98 (c,
2H, N-CHy); 6.93 (a, 1H, J=7.7, CgHy); 7.09 (o, 1H, J=7.8, CgHy); 7.28-7.33
(M, 5H CgHs). Hamipeno, %: C 73.50; H 7.16; N 6.00; S 6.59. Cy9H34N20O,S.
Brruucaeno, %: C 73.38; H 7.22; N 5.90; S 6.76.
3-beun3ui-(2-uzoneHTuiirno)-7,10-mumerni-3H-cnupo[oenszo[h] xunazonuu-
5,1'-uuxionenran]-4(6H)-on (5j). Brixop 4.10 2 (87%), T. ma. 87-89°C. UK-
CIeKTp, v, ecm ’: 1615 (C=C apom); 1670 (C=0). Cnekrp IMP 'H (AMCO-
de), 8, M. A., I'y: 0.91 (c, 6H, (CHg),); 1.34-1.40 (M, 2H); 1.59-1.61 (M, 2H); 1.62
(aa, CHoCH(CHs)p); 1.79-2.19 (M, 8H, CsHg); 1.92 (M, 2H, CH,; CH(CHjy));
2.34 (¢, 3H, CHj); 3.24 (c, 2H, S-CHy); 2.68 (c, 3H, CHj3); 2.69 (c, 2H, CHy);
4.98 (c, 2H, N-CHy); 6.93 (a, 1H, J=77, CgHy); 7.09 (a, 1H J=77, CgHy);
7.23-7.33 (M, S5H CgH;). Haiipeno, %: C 76.50; H 7.56; N 5.80; S 6.69.
C3oH3eN,OS. Beraucaeno, %: C 76.23; H 7.68; N 5.93; S 6.78.
3-beun3ua-2-ruapazunui-7,10-qumerni-3H-cnupo[6enso[h]xunazonun-5,1'-
nukaonentan|-4(6H)-on (6). K 3.52 2 (10 mmoneii) coeprHeHUS 4 NPUOABASIOT
16 ma Tuppa3smHTUApaTa M KUIATAT 15 u. [To OKOHYaHUU peakImu 0CapOK OT-
(PUABTPOBBIBAIOT M IIPOMBIBAIOT BOAOU. [lepeKpHCTaAAM30BBIBAIOT M3 abcC.
oyranoaa. Berxoa 3.00 2 (87%), T. ma. 175°C. MK-cmiekTp, v, cm?, 1585 (C=C
apom); 1665 (C=0); 3300-3450 (NH). Cnekrp SIMP 'H (AMCO-dg), §, M. A.,
I'y: 1.25-1.88 (M, 8H, CsHg); 2.27 (c, 3H, CHgy); 2.63 (c, 2H, CHy); 2.69 (c, 3H,
CHs); 4.10 (yur. ¢, 2H, NHy); (4.56 ym. ¢, 2H, J=5.4, N-CH,); 6.89 (a, 1H) u
6.97-7.60 (a, 1H J=7.7, CgHy); 7.88 (ym. ¢, 6H, NH u CgH;). Hatipeno, %: C
74.70; H 7.19; N 14.13. Cy5HygN,4O. Brruucaeno, %: C 74.97;, H 7.05; N 13.99.
8,11-Tumeruni-4-6ensuna-4H-cnupo-[6enso[h]rerpasono[5,1-a]xunazonuun-6,1"-
uukionentan]-5(7H)-ou (7). 3.50 2 (10 mmoneii) coepunenus 6 pacTBOPSIOT B
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60 M7 AepATHOM YKCYCHOM KHUCAOTHI IIPM KOMHATHOM TeMIlepaType U IpHUOas-
ASIOT IO KalAsIM PacTBOP HUTPHUTA HATPUS, TPUTOTOBAeHHOTO m3 1.8 2 HUT-
puta HaTpus U 36 mr1 BOABL. [lepeMemuBaioT B Teuenme 30 mun, 0CapOK OT-
(PUABTPOBBIBAIOT W IPOMBIBAIOT BOAOU. Breixop 2.67 2 (74%), T. ma. 190°C.
UK-cnekTp, v, cu’ 1605 (C=C apom); 1670 (C=0). Cnekrp SIMP 'H
(AMCO-dg), 8, M. A., I'y: 1.20-1.75 (M, 8H, CsHg); 2.32 (¢, 3H, CHj); 2.51 (c,
3H, CHj3); 2.81 (yur.c, 2H, CHy); 4.86 (yur.c, 2H, J=5.4, N-CH,); 6.97 (a, 1H,
J=17%.8, CgHy); 7.10 (a, 1H, J =78, CgHy); 7.22-7.38 (1, 5H, CgHjs). Hatipeno,
%: C 72.74; H 6.29; N 17.10. Cy5H5N50. Beruucaeno, %: C 72.97;, H 6.12; N
17.02.
1-MepkanTo-4-6en3ui-8,11-mumernn-4H-cniupo[6enso[h][1,2,4] pua3zono-[4,3-
a|xunazouun-6,1"-uukionentan]-5(7H)-ou (8). 3.50 2 (10 mmonei) coeputenus 6,
11 mn mupupuHa u 11 mn cepoyraepopa KuUnATaT B TedeHue 18 u. Ilocae ot-
TOHKH PaCTBOPHUTEAST OCAAOK ITEePEKPUCTAAAN30BEIBAIOT U3 OyTaHoAa. Burxop
2.97 2 (#6%), T. mA. 255°C. UK-cnmekTp, v, em’, 1600 (C=C apom); 1670
(C=0). Cuekrp AMP 'H (AMCO-dg), 8, m. a., Iy: 1.20-1.75 (M, 8H, CsHg);
2.34 (¢, 3H, CHj); 2.53 (¢, 3H, CHj3); 2.80 (ymwc, 2H, CHy); 4.84 (¢, 2H, N-
CH,); 6.97 (a, 1H, J=7.8, CgH,); 7.10 (a, 1H, J=7.8, CgH,); 13.65 (c, 1H,
SH); 7.35-7.40 (T, 5H, CgH;). Hatipeno, %: C 70.69; H 5.76; N 12.77; S 7.37.
CosHogN4OS. Beruucaeno, %: C 70.56; H 5.92; N 12.66; S 7.25.
4-Bensui-8,11-qumeruia-4H-cnupo[oenszo[h][1,2,4] Tpua3ono[4,3-a] xuHa301uH-
6,1"-uuxiaonenran]-5(7H)-on (9). Cmecs 3.50 2 (10 mmonen) coepntienusi 6 u 12
M OPTOMYpPaBBUHOTO 3dupa KUngardar B TedeHue 20 u. ITocre OTTOHKU pacT-
BOPHUTEASI OCAAOK IMePEeKPUCTAAAM30BBIBAIOT U3 OyTraHoAaa. Bbixop 2.80 2
(78%), T. mA. 245°C. UK-cmekTp, v, cu’’: 1605 (C=C apom); 1614 (CH=N);
1662 (C=0). Cumekrp SIMP 'H (AMCO-dg), 8, M. A., Iy 1.22-1.73 (M, 8H,
CsHg); 2.34 (c, 3H, CHjy); 2.58 (c, 3H, CHgy); 2.82 (¢, 2H, CHy); 4.26 (c, 2H,
N-CH,); 6.97 (a, 1H, J=7.8, CgHy); 710 (o, 1H, J=7.8, CgHy); 7.23-7.33 (M,
5H, CgHs); 8.77 (¢, 1H, N=CH); Hatipeno, %: C 76.22; H 6.44; N 13.80.
CosHosN4O. Brruncaeno, %: C 76.07; H 6.38; N 13.65.
4-Ben3ui-1-(anknia(6en3min)Tnozamementoie)-8,11-mumernia-4H-cnimpo[6eH-
30[h][1,2,4]Tpua3zoii|[4,3-a]xunazonun-6,1"-uukiaonenran]-5(7H)-ounr  (10-12). OG-
mast meroguka. Cmechb 3.92 2 (/0 mmoneti) coepynenus 8, 0.56 2 (10 mmoneu)
epKRoro Kaaum U 60 maz abc. aTaHOAa KMOATIT C OOPATHBIM XOAOAUABHUKOM
30 mun. TlpubaBasitoT 10 mmonei arKuA(OEH3UA)TAAOTEHUAA U IMIPOAOAKAIOT
kungyeHue eme 8 uy. OxaakpaioT, npubaBAgioT 10 mz BOABI, OCAAOK OT-
(PUABTPOBBIBAIOT U MMEPEKPUCTAANN3OBBIBAIOT U3 3TAHOAA.
2-(8,11-Tumerni-4-6en3uii-5-okco-5,7-quruapo-4H-cnupo[oen-
30[h][1,2,4] Tpua3zon[4,3-a]xunazonaun-6,1"-unkiaonenran]-1-uaruo)aueramun (10).
Brixop 3.18 2 (76%), 1. ma. 222°C. UK-cnekTp, v, cx’ s 1600 (C=C apom);
1670 (C=0). Cumekrp IMP 'H (AMCO-dg), 8, M. A., Iy 1.34-2.27 (M, 8H,
CsHg); 2.29 (¢, 3H, CHy); 2.60 (c, 3H, CHj); 2.69 (¢, 2H, CHy); 4.14 (c, 2H, S-
CHy); 5.31 (c, 2H, N-CHy); 6.95 (a, 1H, J=7.8, CgHy); 7.03 (ap, 1H, J=7.8,
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CeHo); 7.16-7.33 (M, 7H, C¢Hs u NH,). Hatipeno, %: C 67.49; H 5.76; N 14.27,
S 6.57. CogHygIN50,S. Beruucaeno, %: C 67.31; H 5.85; N 14.02; S 6.42.
4-Bensui-1-(0en3uaruo)-8,11-numernia-4H-ciupo[oenso[h][1,2,4] Tpuazon[4,3-
alxunazosmn-6,1'-mukiaonentan]-5(7H)-on (11). Beixop 4.14 2 (86%), T.mA. 180°C.
UK-cnekTp, v, cu’ 1605 (C=C apom); 1665 (C=0). Cnekrp SIMP 'H
(AMCO-dg), 8, M. A., Ty: 1.31-2.23 (M, 8H, CsHg ); 2.34 (c, 3H, CHj); 2.53 (c,
3H, CHgy); 2.68 (yur.c, 2H, CHy); 4.50 (c, 2H, S-CHy); 4.63 (yur.c, 2H, N-CH,);
6.92 m 7.03 (1H u 1H, o6a p, J=7.7, CgHy); 718-7.32 (M, 8H) 7.36-7.42 (M,
2H, Ar). Haiipeno, %: C 74.49; H 6.16; N 10.3%, S 6.17. C33H3,N,OS. Borunic-
AeHo, %: C 74.40; H 6.05; N 10.52; S 6.02.
4-Bensnn-1-(2-xaop6ensnatno)-8,11-numernn-4H-cnupo[6enso[h][1,2,4] Tpua-
3041[4,3-a]xunazonun-6,1"-uukaonentan|-5(7H)-on (12). Brixop 4.92 2 (87%),
T.A. 230°C. UK-cnekTp, v, ex’”s 1615 (C=C apom); 1668 (C=0). Cnekrp
SAMP 'H (AMCO-dg), 8, M. a., Ty: 1.36-2.26 (M, 8H, CsHg); 2.34 (¢, 3H, CHj);
2.48 (¢, 3H, CHy); 2.71 (c, 2H, CHy); 4.59 (c, 2H, S-CHy); 5.25 (c, 2H, N-
CHy); 6.93 u 7.03 (1H u 1H, o6a a, J=7.7, CgHy); 7.17-7.65 (M, 4H, CgHy);
7.23-7.33 (M, 5H, CgHjs). Hatipeno, %: C 79.49; H 5.36; Cl 6.13; N 19.77%;, S
5.57. C33H3;CIN4OS. Brruucaeno, %: C 69.89; H 5.51; C1 6.25; N 9.88; S 5.65.
4-Bensui-1-ruapazunui-8,11-numernin-4H-cnupo[6enso[h][1,2,4] rpuazon[4,3-
a]-xunazoauu-6,1"-uukiaonenran]-5(7H)-on (13). K 4.58 2 (10 mmoneii) coepune-
HUA 8 TIpUOaBASIOT 16 Mma TMAPAa3UHTHApPATa U KUNSTAT 15 u. TTochre oKoHYa-
HUS PeakIud OCAAOK OT(MUABTPOBBIBAIOT M TPOMBIBAIOT BOAOHU. [lepexk-
PUCTaAAM30BHIBAIOT M3 abc. OyraHoaa. Beixop 3.78 2 (86%), T. ma. 140°C. UK-
cekTp, v, ew'’s 1605 (C=C apom); 1662 (C=0); 3222-3244 (NH-NH,).
Cnextp SIMP 'H (AMCO-dg), 8, M. ., Ty: 1.27-2.21 (M, 8H, CsHg);); 2.34 (c,
3H, CHjy); 2.53 (c, 3H, CHjy); 2.65 (c, 2H, CHy); 4.10 (yurc, 1H, NH,). 4.56
(aT, 2H, J=6.1, N-CHy); 7.00 (p, 1H, J=7.8, CgH,); 7.09 (a, 1H, CgH,); 7.23-
7.33 (M, 5H, CgH;); 9.58 (ymr. ¢, 1H, NH). Hatipeno, %: C 74.49; H 6.16; N
10.37; S 6.17. CygH3,NgO. Buruncaeno, %: C 70.89; H 6.41; N 19.08.
7,10-TumeTui-3-0en3na-2-(2-nponan-2-uiauaeH(0eH3nIuIeH)) ruapasu HUI)-
3H-cnupo|6en3o[h]xunazonun-5,1"-uukiaonenran]-4(6H)-ounr (14,15). O6masn me-
Tomnka. PactBopstor 3.4 2 (10 mmoneii) coepmenuss 6 B 100 mr GeH3o0Aa, 3a-
TeM AO0O0aBASAIOT 10 mmoneil COOTBETCTBYIOLIETO KETOHA MAM AAbAETMAQ U KU-
OATAT C OOPATHBIM XOAOAMABHUKOM 6 u. [Tocae OTTOHKM PAaCTBOPUTEAS K
0CapKy TIpubaBASIOT 50 Mz BOABI, OCAAOK OT(PUABTPOBBLIBAIOT U IIEPEKPUCTAA-
AU3OBBIBAIOT M3 3TAHOAA.
7,10-TumeTui-3-6en3ua-2-(2-(nponan-2-uauaeH)ruapasunmi)-3H-cnupo|6en-
30[h]xunazoaun-5,1"-uukaonenran]-4(6H)-on (14). Beixop 3.43 2 (88%), T. TA.
140°C. UK-cmektp, v, em” 1610 (C=C apowm); 3359 (NH); 1660 (C=0).
Cnextp AMP 'H (AMCO-dg), §, m. A., Iy: 1.27-2.21 (M, 8H, CsHg); 1.94 (c,
6H, 2CHj); 2.02 (¢, 3H, CHj); 2.28 (c, 3H, CHj3); 2.65 (¢, 2H, CH,); 4.54 (K,
2H, J=6.1, 1.4, N-CH,); 6.94 (a, 1H, J=7.8, CgHy); 6.98 (a, 1H, J=7.3,
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CeHy); 7.00 (c, 1H, NH); 7.23-7.33 (M, 5H, CgHj;); Hatipeno, %: C 76.41; H
7.44; N 12.55. C9gH3oN,4O. Beiuucaeno, %: C 76.33; H 7.32; N 12.72.

7,10-Tumerna-3-6en3ni-2-(2-6ensuauneH)ruapa3unmni)-3H-cnupo [6enso[h] xu-
Ha3ouH-5,1"-unknonenran]-4(6H)-on (15). Beixop 3.43 2 (88%), T. ma. 165°C.
HUK-cnekTp, v, em” 1610 (C=C apom); 1660 (C=0); 3373 (NH). Cnektp
AMP 'H (AMCO-dg), 8, M. ., Ty: 1.27-2.37 (M, 8H, CsHg); 2.34 (c, 3H, CHj);
2.62 (c, 3H, CHgy); 2.71 (c, 2H, CHy); 5.25 (c, 2H, N-CH,); 6.93 (a, 1H, J=7.7,
CeHo); 7.04 (p, 1H, J=7.7, CgH,); 7.15-7.32 (M, 5H, CgHj); 7.52-7.83 (M, 5H,
CgHs); 8.36 (c, 1H, CH). 9.59 (yu. ¢, 1H, NH). Hatiaeno, %: C 78.61; H 6.54;
N 11.27. C33H39N4O. Beruncaeno, %: C 78.66; H 6.60; N 11.47.

N'-(3-Ben3uJi-7,10-grumernin-4-oxco-4,6-muruapo-3H-cnupo[6enso[h] xunaso-
auH-5,1"-nuknonentan]-2-uia)oensorugpasun (16). Brixop 4.18 2 (83%), T. ma.
216-217°C. UK-cmekTp, v, ecm’ s 1605 (C=C apom); 1698 (C=0); 3293 (NH).
Cnektp AMP 'H (AMCO-dg), 8, m. a., Ty: 1.27-2.23 (M, 8H, CsHg); 2.34 (c,
3H, CHjy); 2.62 (c, 3H, CHjy); 2.71 (¢, 2H, CHy); 2.00 (c, 2H, NH); 5.25 (c, 2H,
N-CH,); 6.93 (a, 1H, J=77, CgHy); 7.04 (o, 1H, J=77, CgHy); 7.18-7.32 (m,
8H) u 7.36-7.42 (M, 2H, Ar). 9.59 (ym. ¢, 1H, CONH). Haiipeno, %: C 76.21;
H 6.44; N 11.27. C3,H39N4O,. Brruncaeno, %: C 76.16; H 6.39; N 11.10.

2-Ub rauMsSN-3-A6LQPL-7,10-+PUGHE-PL-3H-
UNbLA[AEL2N[h] P LU2ALPL-5,1"-8PULAMNELSTL]-4(6H)-0 LD
UhLEEAL BU. PN UN UNFULELL

L. M. &-LPAAL3UL, O . MULATLRE3UL L N U USEPUL3UL

4-Udpon=5",8 gpul bt fyy 1 'H-sosyfoprn | frly sy bsss st 1,2 Goassf sy e ] -3 "~ luusprpeSoass o3 f
bfy buftlipl Sfpduits fpun dpuilpfly & 2-dkplypnn-S-phigfy-7,10-fullfFy-3H-uuyf-
pn[llliiuln[h][u[ﬁuuzlnl[ﬁl-5,1 ’-5[1[[lnuiliilmluil]-4(61—[)-nfl[1 uﬁﬁﬁlnlﬁ lﬂlluiuull.' Uunugl[lu&
lynefBfy sfpmfusqupbrgme [Fyudp wwppbp wglfy(pblgfy) Sugngblpyhbpf Sbun ufbf@ gty by Gnp
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pllgnpuyfiis oquilynud”™ dfdfy wbiguidpuyfighibp:

SYNTHESIS AND SOME TRANSFORMATIONS OF 2-MERCAPTO-3-
BENZYL-7,10-DIMETHYL-3H-SPIRO[BENZO[h]QUINAZOLINE-5,1'-
CYCLOPENTAN]- 4(6H)-ONE

N. P. GRIGORYAN, R. V. PARONIKYAN and G. M. STEPANYAN

The Scientific Technological Centre of Organic and
Pharmaceutical Chemistry NAS RA
A.L. Mnjoyan Institute of Fine Organic Chemistry
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: nver-55@mail.ru

Literature data show that the derivatives of spirobenzo[h]quinazolines possess
antitumor and psychotropic properties; therefore obtaining new functional and
heterocyclic derivatives on their basis is of interest. It was expedient to synthesize
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similar spirobenzo[h]quinazoline compound - 2-mercapto-3-benzyl-7,10-dimethyl-3H-
spirobenzo[h]quinazoline-5,1'-cyclopentan]-4(6H)-one containing a benzyl group at
position 3 and a cyclopentane moiety and to carry out a series of transformations based
thereon. To achieve this goal, we propose an effective method for the synthesis of the
key compound - B-amino ester of dihydronaphthalene series. This amino ester serves as
the basis for the synthesis of dihydrobenzo[h]quinazolines spiroassociated with
cyclopentane. Synthesis of ethyl ester of 4'-amino-5',8'-dimethyl-1'H-spiro[cyclopen-
tane-1,2'-naphthalene]-3'-carboxylic acid was done by cyclizing (under the action of
sulfuric acid) ethyl ester of [1-(2,5-dimethyl)benzylcyclopentyl]cyanoacetic acid
obtained by reacting 2,5-dimethylbenzylmagnezium chloride with 2-cyano-2-cyclo-
pentylideneacetic ester. On the basis of ethyl ester of 4'-amino-5',8'-dimethyl-1'H-
spiro[cyclopentane-1,2'-naphthalene]-3'-carboxylic acid a method for the synthesis of 2-
mercapto-3-benzyl-7,10-dimetyl-3H-spiro[benzo[h]quinazoiline-5,1'-cyclopentan]-4(6H)
-one was developed.

By reaction of the latter with a variety of alkyl(benzyl)halides, a new series of
benzo[h]quinazolines containing a benzyl group at the third position and methyl
substituents in the benzene ring were synthesized. In order to obtain new heterocyclic
systems containing spirobenzo[h]quinazoline fragment, 4'-amino-5',8'-dimethyl-1'H-
spiro[cyclopentane-1,2'-naphthalene]-3'-carboxylic acid interacted with benzylisothio-
cyanate. It should be noted that the benzylisothiocyanate is formed using thioureido
compounds, alkaline hydrolysis of which results in 2-mercapto-3-benzyl-7,10-dimethyl-
3H-spiro[benzo[h]quinazoline-5,1'-cyclopentan]-4(6H)-one, with benzylisothiocyanate
under heating for 18 hours. Intramolecular cyclization takes place to give 2-mercapto-3-
benzyl-7,10-dimethyl-3H-spirobenzo[h]quinazoline-5,1'-cyclopentan]-4(6H)-one. This is
apparently due to the intramolecular proton transfer to a carbonyl group while splitting
off ethanol under prolonged heating.

Studies have shown that compounds 8 and 13 exhibit pronounced activity against
staphylococci and dysentery bacillus, inhibiting their growth in the zone of 18-19 mm
diameter. Compounds 5i and 5d are almost devoid of activity, and the rest ones have
weak effect on the afore-mentioned strains (d = 10-14 mm). In respect of Escherichia
coli (Esherichia Coli 0-55) weak activity show only compounds 8, 10, 11 and 13 (d =
10-12 mm).
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N3y4yeH aMWHOKUCMOTHBIM W MWHepanbHbIN cocTaB kunpest yakonuctHoro (Chamerion
angustifolium (L) Holub), npouspacrtatowero B okpecTtHocTsix ropoga CeBaHa [erapkyHUKCKOro
pervoHa. YcrtaHoBneHo Hanuuue 16 cBoOOAHbIX aMUHOKMCIOT. MeToaoM aTOMHO-3MUCCUOHHOW
CNEKTPOMETPUM BbISIBMEHO, YTO B pacTeHUM copepxmTcsa 21 anemeHT. Ha ocHoBaHWM NpoBeaeHHbIX
nccnefoBaHWin 3KCTPaKT KUMPesi Y3KONMUCTHOTO MOXHO PEKOMEHAOBaTb B KayecTBe WCTOYHMKA
aMVHOKUCIIOT, a Takke AN NpoduNakTUKM U KOPPEKLMN HEJOCTAaTOMHOCTM Unn aucbanaHca Makpo-
N MUKPO3MIEMEHTOB B TKaHEBbIX W KINETOYHbIX CTPYKTypax Mpu pasnuyHbIX MNaTonormyeckmx
npoueccax B opraHusme.

Tabn. 2, 6ubn. ccbinok 12

W3BecTHO, YTO NPH Pa3sAMYHBIX IIATOAOTHMYECKHX COCTOSHHSAX OPTraHU3-
Ma, a TakK’ke IIpU IIPOBEAEHMH arpecCHMBHOM XHUMHOTepanuy HabAOAaeTcs
HEAOCTATOYHOCTDh M/UAU AMCOAAaHC MAKpO- 1 MUKPOIAEMEHTOB B TKAHEBBIX
U KAETOYHBIX CTPYKTypax. Hampumep, m3MeHeHUS Ha ypPOBHe CBHIBOPOTOU-
HBIX UMMYHOTAOOYAMHOB (A, M, G) cBA3aHBEI C MUKPOJAEMEHTHBEIM AMCOAAaH-
coM B opraHusMe [1], a BBepeHHE IIPOTUBOOIYXOAEBBIX IIPENApaToB MOJKET
TIPUBECTU K HapYILIEHUIO 3AeMeHTHOTO roMeocTasa [2].
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CornacHO HMCCAEAOBAHUSM psSA@ aBTOPOB, HapylleHWe IoMeocTasa CBS-
3aHO, B YaCTHOCTH, C NIOTEPeN BHYTPUKAETOUHBLIX MaKpO- ¥ MHUKPO3AEMEHTOB
(K, Mg, Zn, Cu, Se, Mn, Co, Mo u Ap.), KOTOpble UT'PalOT BaXXKHYIO POAL IIPU
TaKUX KPUTHUYECKUX COCTOSHUSAX, KaK HECOCTOSTEABHOCTH IITBOB aHACTOMO-
30B, MEPUTOHUT, KUIINEUYHBIE CBUINY, ITOYEUYHO-TIEUEeHOUYHAsT HEeCOCTOSTeAD-
HOCTB, CEepAEUYHO-AeTOUYHasl HEAOCTAaTOYHOCTE U Ap. [3-3]. BeIgBAeHNe NpH3Ha-
KOB Pa3AWUYHBIX AMCAAEMEHTO30B TMO3BOASIET Ha PaHHEW CTaAuM MTPOBECTH
KOPPEKIIUIO JAEMEHTHOro 6anaHca B OpraHM3Me KakK IIyTeM MeAMKaMeHTO3-
HON Tepanuy, TaK M BBeAEHUEM B pPallMOH NUTAHUSA Pa3AWYHBIX MUKPOHYT-
preHTOB. [TpeATIOUTUTEABHBIMU AASI UCTIOAB30BAHUS SIBASIFOTCS CPEACTBa pac-
TUTEABHOTO ITPOUCXOKAEHUS B CBSI3U C UX HU3KOM TOKCUYHOCTHIO AW BOBCE
ee OTCYTCTBHEM, BO3MO’KHOCTBHIO AAUTEABHOT'O IPHMeHeHUsd, BBICOKOM OHo-
MOCTYITHOCTBIO [6].

B sTOoM mnhaHe HAyYHBIM MHTEpPEC MPEACTaBASIET AEKapCTBEHHOE pacTe-
HUe XaMepHoH V3KOAMCTHEIM (uBaH-ua#) (C. angustifolium) cemeticTBa
Onargaceae (KWUIpeHHBIE), KOTOPBINM IIPUMEHSeTCS B HApPOAHON U TpaAU-
ITMOHHOU MEeAWIIUHE TPU IIMPOKOM CIEeKTpe 3aboaeBaHUU. Tak, B HAPOAHOU
MeAUIHe pacTeHHe NPHUMeHseTCs KaK IIPOTUBOBOCIIAAUTEABHOE, OOAEeYTO-
AsTIONTee W OOBOAAKHMBAIOIIEe CPEACTBO IPHU SI3BEHHOU OOAE3HU >KEAyAKa U
ABEHAAIIQTUIIEPCTHOM KUIIKU. OAHAKO B COBPEMEHHOM HAy4YHOM MeAUIMHE
pacTeHMe IpaKTUYeCKN He UCCAEAOBAHO.

PactuTenbHble 6EAKY, TIENTHUABL, @ TAKKe aMUHOKUCAOTEL BCErAa ITPUCYT-
CTBYIOT B PAaCTUTEABHBIX NMTPOAYKTaX W IMOAYYEHHBIX W3 HUX TaA€HOBBIX IIpe-
rmapaTax — 3KCTpPaKTaX, HACTOAX, OTBapax. HecOMHeHHO, OHM Yy4YacCTBYIOT B
KOMIIAEKCHOM TepalneBTUYeCKOM 3(PdeKTe 3TUX (QUTOIperapaToB. Xame-
PYOH Y3KOAUCTHBIN OOraT aMHUHOKHUCAOTaMM, B TOM YHCAE M HEe3aMEeHUMBIMH,
KOTOpBIe OYEeHb Ba’XKHBI AAS IAIIMEHTOB C PaKOBHIMU 3aboaeBaHusMu. 13
COIIBETHUM XaMepHOHa MOAyYeH IpenapaT "“XaHepoa', KOTOPHIM B 3KCIIe-
PUMEHTAABHBIX MCCAEAOBAHUSX IIPOSIBASIET IPOTHUBOPAKOBYIO aKTUBHOCTH [7-
11].

Lleab mccaepOBaHUSI — W3YYUTH @MUHOKUCAOTHBIY, MaKpO- ¥ MUKPODAE-
MEHTHBIM COCTaB HAA3€eMHOM YacTHW XaMepHOHa Y3KOAWCTHOTO, IIPOU3pac-
TAIOLIEro B OKpecTHOCTAX I. CeBaHa ['erapKyHUHCKOro peruoHa ApMeHUH.

BKCHepI/IMeHTaHLHaﬂ 4acTb

MarepuaJbl 1 METO/bI

AAST IDOBEAEHUS HCCAEAOQHUM aMUHOKUCAOTHOTO COCTaBa HAA3EMHYIO
YacTh XaMepHOHAa Y3KOAUCTHOTO cOOHMparu B OKpecTHOcTsix CeBaHa B Iie-
puop 1BereHusa B 2016 ropy. ChIpbe CYIINAM B TE€HU AO BO3AYIIHO-CYXOTO
COCTOSTHASI U HM3MeAbYaAd A0 pa3Mepa dactull 1-2 mm. KadecTBeHHBIU H
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KOAMYECTBEHHBLIN aHAAM3 CBOOOAHBIX AMHHOKUCAOT OCYIIECTBASAU C IIO-
MOIIBI0 aMIHHOKHUCAOTHOTO aHaAam3aropa "Nexera X2 (Shimadzu, Japan)".

Tabnuya 1

Conepmam{e CBOﬁO}IHI)IX AMHWHOKHCIOT B 'HJAPOJIN3aTE U CIUPTOBOM IKCTPAKTE, %

AMUWHOKHCAOTA OO011ee copeprKaHue KoanuecTBeHHOE
aMUHOKUCAOT copeprkaHHe aMUHOKUCAOT
B IlepecyeTe Ha aOCOAIOTHO

CyXoe ChIpbe, 2/Ke
acrmaparuHoBas ruppoausar 11.38 1.166
9KCTPAKT 3.52 0.061
TAYTaMHUHOBAS ruppoau3sar 14.44 1.48
9KCTPAKT 6.35 0.11
cepuH ruapoAu3sat 3.95 0.405
9KCTPAKT 7.5 0.13
TUCTUAUH ruapoAu3sat 3.61 0.37
9KCTPakKT 9.12 0.158
TAUITH ruapoAu3sat 3.85 0.395
9KCTpakKT 4.04 0.07
TPeoHUH rUApoAu3aT 6.98 0.716
9KCTPAKT 6.75 0.117
apTUHUH ruapoAu3sat 5.05 0.518
9KCTPAKT 6.75 0.117
ANQHWH TUAPOAU3AT 7.26 0.744
SKCTpaKT 11.72 0.203
TUPO3UH TUAPOAM3AT 5.97 0.612
5KCTPaKT 5.02 0.087
BaAUH TUAPOAM3AT 6.2 0.635
5KCTPAKT 7.5 0.13
MeTHUOHUH ruppoamnsar 1.26 0.129
5KCTPAKT 6.58 0.114
dheHUAANAHUH ruppoansat 0.87 0.09
5KCTPAKT 7.33 0.127
M30AEUTITUH ruppoAusat 3.87 0.397
9KCTPAKT 5.83 0.101
AeHITUH ruppoAu3sar 9.64 0.988
9KCTpPaKT 4.39 0.076
AU3UH TUApOAU3a 7,24 0.742
9KCTpakT 3.06 0.053
IPOAVH ruppoAau3sa 8.38 0.859
9KCTpakT 4.503 0.078

HaMmm moAydYeH CIIMPTOBBIM 3KCTPAKT pacTeHus AOOaBAEHHEM K 5 2 BHI-
CylleHHOM IIpu TemiepaType 60°C TpaBbl B IAOCKOAOHHOM KoaGe 100 mz
30% BOAHOTO pacTBOpa J9TAaHOAA M JKCTpArupoBaHUEM IIPU TeMIlepaType
90°C B Teuenme 30 mun Tpu TepeMeluBaHUU. [locre OTAeAeHUS BOAHO-
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CIIUPTOBOTO pacTBOPa K OCTATKy ABaXXABI AoOaBagaam 100 mz 30% BopHOTO
pacTBOpa 3TaHOAA M IIOBTOPSAM IIPOIECC 3KCTparupoBaHus. [loaydeHHEBIE
SKCTPAKThl AODABASIAN K IEepPBOMY, B IIAAJIIEeM pe’kKuMe (IpU TeMIepaTrype
HIKe 70°C) ypansIAM 3TQHOA, OCTATOK OXAA’KAAAM AO KOMHAQTHOM TeMIlepaTy-
PHL

C 1leAbI0 yCTAHOBAEHUS OKOHYATEABHOTO KaueCTBEHHOTO M KOAWYECT-
BEHHOTO aMHHOKMCAOTHOTO COCTaBa JKCTPAKTAQ, ITIOAYYEHHOTO U3 HaA3€MHOU
yacTu pacTeHusi, K 10 2 oxXhaaXA€HHOM CMeCH B IIAOCKOAOHHOUM KOADe C
0OpaTHBIM XOAOAMABHUKOM A06aBAsAu 1o 100 mz 10N HCIl u nepememniuBasu
10 ¥y npu Temneparype 90°C. [To OKOHUYaHUU I'MAPOAM3A COAEPKUMOE KOAOBI
OXAAKAAAW U OT(PUABTPOBBIBAAU. B TabOA. 1 NPUBOAUTCA COAEp’KaHHUE CBO-
OOAHBIX @aMUHOKUCAOT B 3KCTPaKTe, IIOAYUYeHHOM M3 HaA3€MHOM 4acTU XaMe-
PHOHa, A0 U TIOCAE TUAPOAM3A.

C meAbio M3y4eHUsI SAEMEHTHOTO COCTaBa HAA3EMHOU YaCTH XaMepHOHa
Y3KOAUCTHOTO COOp pacTeHHUs IIPOBOAUAU B II€PUOA IIBETEHUSI B KOHIlEe UIOAT
2017 T.

Tabauya 2
Couepmalme XUMHUYECKHUX IJIEMEHTOB B XaMepHOHE Y3KOJIMCTHOM,

NPOHU3paCTaIoeM B OKpecTHOCTAX I. CeBaHa
(B M2/Kkz Ha aGCOJIIOTHO CyX0€ ChIpbe)

OrmpeaereHHBIE B skcTpakTe, AO (mocae TMApPOAH3A)
IOKAa3aTeAU, me/Ke TUAPOAM3A Me/Ke Mme/Ke
Cu 5.45 7.58
Zn 7.87 8.33
Fe 157.78 179.25
Ca 9785.4 10101.0
Mg 7895.63 7365.59
K 12471.2 11666.1
Na 501.65 405.45
Al 184.69 195.839
p 427.25 325.35
S 321.25 258.85
Mn 1.457 1.547
Sb <0.0071 <0.0075
Co <0.0049 <0.0042
Cd 0.048 0.044
Se 1.521 1,370
Cr 0.698 0.767
Ni 0.0457 0,0210
v 0.824 0.757
As 0.812 0.809
Si 201.23 145.25
Pb <0,0052 <0,005
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OmnpepereHre SAeMEHTHOTO COCTaBa ITPOBOAUWAYM METOAOM aTOMHO-3MUC-
CHOHHOU CIIEKTPOMETPUM C HMHAYKTUBHO CBS3aHHOM IIAA3MOM C MCIIOAB-
3oBanueM crnektpomerpa cepum “IRIS Intrepid (Thermo Electron, USA)".
HaBecku o06pa3nos (2 2) IpepBapUTEABHO O30ASIAU B My(EABHOM II€Yd IIpU
TeMmneparype 450-500°C B TeueHme 4 u. [locae OXAa’KAEHUS OCTATOK ABYX-
KpaTHO oOpabaTtsiBaru 5 mz 6 N HCl ¢ mocaepyrolmiuM MeAA€HHBIM BBITIapH-
BaHMEM Ha BopsHOM OaHe. OcTaTOK pacTBopsiam Ipm HarpeBanuu B 0.1 N
HCI u orduapTpoBeiBarm [12]. AAT KOHTPOAS UCIOAB30BAAM METOA AODABOK.
[12]. CopeprraHue XUMUUYECKUX SAEMEHTOB B HaA3€MHBIX UacCTsAX XaMepHoHa
Y3KOAUCTHOTO IIPUBEAEHO B TaOA. 2.

CopepKaHMe XMMHUYECKUX IAEMEHTOB B OKCTPAKTe HAaA3eMHOM 4acTH Xa-
MepHoOHa Y3KOAUCTHOTO AO U IIOCAE TMAPOAM3a IPUBEAEHO B TaOA. 2.

Pe3yabTaThl M MX 00CYsK/IeHHe

B pes3yabTaTe IPOBEAEHHOIO HCCAEAOBAHMS XaMepHOHa Y3KOAMCTHOIO
YCTaHOBAEHO HaAnume 16 CBOOOAHBIX aMHMHOKMCAOT KaK B THAPOAM3ATe, Tak
U B BOAHO-CIIUPTOBOM 3KCTpakTe (Taba. 1). CyMma cBOOOAHBIX aMHUHOKHUCAOT
B CIUPTOBBIX 3KCTPAKTaX XaMepHoHa cocTaBuaa 1.732%, a B COASTHOKHUCAOM
ruppoamnsate — 10.246%. Haamume Takoro KOAMYeCTBA aMHMHOKUCAOT oOec-
TIeuyrBaeT MIMPOKUMN CIEKTP (PapMaKOAOTHYECKOIO AeMCTBHUS HaA3€MHOM dac-
TH XaMepHuoHa Y3KOAUCTHoro. V3 Taba.l BHAHO Tak’ke, YTO B XaMepUOHe
Y3KOAUCTHOM (B THAPOAM3aTe) IPEeBaAupyeT COAEp’KaHMe acllaparmHOBOMU
(1.166%) u rayramuHOBOM (1.48%) KHCAOT, OKa3BIBAIOUIUX IIOAOKHTEABHOE
BAUSHUE Ha CEpAEYHO-cOoCypucTyro cucremy u LIHC. PacteHune GoraTto Tak-
xe aemniuaoM (0.988%) u aranmnom (0.744%) (Taba. 1), KoTopble CIIOCOOCT-
BYIOT HOPMAaAM3aIuy pabOoTHl TeYeHU U JKeAYHOTO ITy3bIPS.

OKCIIepUMEHTAaALHO YCTAHOBAEHO, UYTO HAWAYYIIUM 3KCTPAreHTOM SB-
rgetcs 30% 3TaHOA, KOTOPHIM NO3BOASIET KOAMYECTBEHHO H3BAE€Yb M3 XaMe-
pUOHA Y3KOAVCTHOTO SAE€MEHTHI, HaXOASAIIMEeCcs B HeM KaK B MOHHOM (opMme,
TaK U B COCTaBe AUINOPUABHBIX (XAOPOQPUAABIL, BUTAMUHBL, (POPOAUIUABL U
AP.) ¥ TUAPO(UABHBIX ((hepMeHTH], BUTAMHHEI, (POCHOIPOTEUAEl U ApP.) Be-
mecTB. [IprMeHsIeMBIN 3KCTPAreHT MO3BOASET TakyKe KOAMYECTBEHHO BHIAE-
AATBh BCe JKU3HEHHO Ba’kHble MakKpoaaeMeHTHI (K, Na, Ca, Mg, Si), accen-
nuaarbHble MUKposaeMeHTHl (Fe, Cu, Zn, Mn, Cr, Se, Co), yCAOBHO 3CCeH-
HUaAbHBIe MUKpOdAeMeHTH (As, Ni, V, Cd), 9yTo AeraeT xaMepUOH yY3KOAUCT-
HBIA BOCTPEOOBAHHBIM AAS NPOMUAAKTUKUA U KOPPEKINU HApPYIIeHUU TKaHe-
BOTO TOMEOCTa3a U MUKPO3AEMEHTHOTO CTaTyca MPU Pa3AWYHBIX ITaTOAOTHYE-
CKUX COCTOSIHMSIX, B YaCTHOCTH, TPU INPOBEAEHUM arpecCUBHON XUMHOTEe-
panumu.

Takmm o00pa3oM, XaMepHUOH Y3KOAUCTHBIU SIBASIETCSI IT€PCHEeKTUBHBIM
pacTeHMeM U MOXKeT OBITb WCIIOAB30BaH KaK AEKapCTBEHHOE U IHIIEeBOe
CBIPEE.
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AMINO ACID AND MINERAL COMPOSITION OF THE ABOVEGROUND
PART OF CHAMERION ANGUSTIFOLIUM (L.) HOLUB
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The amino acid and mineral composition of narrow-leaved Chamerion
angustifolium (L.) Holub growing near the Sevan city of Gegharkunik region has been
studied. A total of 16 free amino acids were identified. The method of atomic emission
spectrometry revealed that the plant contains 21 elements. On the basis of the studies, the
extract of narrow-leaved Chamerion angustifolium (L.) Holub can be recommended as a
source of amino acids, as well as for the prevention and correction of insufficiency or
imbalance of macro- and microelements in tissue and cellular structures under various
pathological processes in the body.
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IMocTtynmao 31 VIII 2017

B pabGoTte npeacTtaBneHbl 3aKOHOMEPHOCTW MOTEPU CTabWnbHOCTU aBToKoNebaTenbHbIX BOSH
BO (PpOHTaNbHOM pEeXUMe Ha MpuMepe nonvMmepusauuy akpunamvga v no mogenu Benoycosa-
YKaboTmHckoro Ha npumepe konebaTenbHbIX XMMUYECKUX PeaKLUi OKUCIIEHNST MarnoOHOBOW KUCIOThI
H6pomartom kanus B npucyTcTBum noHoB mapraHua (I1). Moka3aHo, 4To ecrnn B NepBOM criyyae noteps
JTIMHENHOCTU MPOMCXOOUT B pe3yrnbTaTe TEMMonoTePb M3 30HbI PEaKLMN B OKPY>KatoLLyl cpeay, TO BO
BTOPOM Cry4ae noTepsi CTabunbHOCTM OOYCroBreHa W3MEHEHWUSIMU WCXOAHbIX KOHLEHTpaLuii
peareHToB.

Puc. 20, Tabn. 1, 6ubn.ccbinok 5.

PasBuTne Hayku B cdepe BBICOKUX TEXHOAOTUMN BBIABUHYAO Ha IEPBBIN
TIA@H OOOOIIIeHHBbIe MCCAEAOBAHMA II0 MEXANCIIUIANHAPHBIM HallpaBAeHUSM
U, B IIepByI0 oOdYepeApb, B cdepe coOTpyaHHUECTBa OMOAOTOB, XHWMHKOB,
OO0 U3UKOB, (PU3UKO-XUMHKOB, MaTeMaTUKOB M Bpauel. OTMeTHUM, 4YTO B
TIOCAEAHUE TOABI OCOOEHHO aKTUBUPOBAAMCH PAOOTHI IO NMPOCTPAHCTBEHHO-
BPEeMEHHOMY PacIpPOCTPAHEHMWIO aBTOBOAH He TOABKO B XUMHUUYECKHUX
cucreMax — @poHTarbHas noamMepusanms (OI), mpomecc, mpoTekaronui
B YCAOBUSIX PaCIpPOCTPaHEHUs TENAOBOM BOAHBI moauMepusanuy, CBC
nponecc (caMopacIpoCTPAHAIOMINICSA BEICOKOTEMIIEPATYPHBIM CUHTE3), HO U
B @HAAOTaX CAMOPACHIPOCTPAHSIOUINXCS NPUPOAHBIX SIBA€HHU. B Omoaorum

NMEIOTCsA B BUAY, HalIlpuMep, IPONEeCChbl PACIPOCTPAHEHUsI HEePBHOI'0 HUM-
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MIyABCQ, pacllenieHue apeHO3UHTPU@POCHOPHOU KHUCAOTHL (ATD) B ueroBe-
YeCcKOM OpraHm3Me, CBePTHIBaHME KPOBY, AUMPAPY3UOHHO-KWUHETHYEeCKask MO-
AEAb POCTa PAKOBBIX KAETOK U UX PacIpoCTpaHeHHe U MHoroe ppyroe. Oa-
HUMH U3 OCHOBOIIOAAQTAIOIIMX HAIIPaBAEHUM SIBUAVCH HCCAEAOBAaHUS B 00-
AQCTH @HAAOTHM MEJKAY XUMHUUYECKUMU M OMOAOTHUYECKUMU IIPOIeCcCaMy,
IIPOTEKAIOIIUMU B aBTOBOAHOBOM peskuMe [1]. IIpu 3TOM 4YacTo B OCHOBY
Opaauch MopeAr (PPOHTAABHOM IIOAMMEPU3alud, MepexOAdllell U3 ANHEeN-
HOTO CTAIJMOHAPHOTO COCTOSIHUSI B HEAWHEWHOEe C IOSIBA€HHEM 3aTyXaHUs
BOAHBI WAU PA3AUUYHBIX HEAWHEWHBIX SBA€HUMN THUIA CIHMHOBBIX DPEXHMOB.
[TpoBepeHHOE Ccephe3HOe W MHOTOTPAaHHOE MCCAEAOBAaHUE 3KCIIEPUMEHTAaAb-
HBIX U TEOPETHUYECKUX MOAEAEH IIOTEPH YCTOMYUBOCTH ABTOBOAH (PPOH-
TarbHOU noauMepusanuu (@IT) [3,4] Aaro BO3MOKHOCTE OoAee TAyOOKOTO
aHaAM3a BO3MOJKHOCTEM NIPUAOKEHUS ITUX MOAEAEH K OMOAOTHYECKHM IIPO-
meccamM C y4eToM HeOOXOAMMOCTH 3aMeHBI TeIAOBOTO (akTopa (B CAydae
(PPOHTAABHOM INOAMMEPH3alliy) Ha KOHIIEHTPAIIMOHHBIN, T.e. AUM@PY3UOH-
HBINU, AAI OMOAOTHMYECKHMX NpPOoIeccoB. Peub upeT He 00 yIPOIIEHHOM aBTO-
MATHUUYECKOM MCIIOAL30BAHUN HUCCACAOBAaHHEIX Moperer DIT, a 06 obOoOIIeH-
HOM METOAOAOTMYEeCKOM IIOAXOAE C IIO3HaHHeM 3aKOHOMEepPHOCTeN camMoopra-
HU3YIOUINXCS IPUPOAHLBIX SBACHUM C @HAAOTUYHBIM aATOPUTMOM.

UccrepoBanusa mopenett OIT npeapcTaBaeHBI B paboTe [2].

DOpoHTaAbHAsS IOAUMEPU3alus IPEACTaBASIeT COOOM THUIWYHBIM IIpHUMep
CaMOPaCcIpPOCTPAHAIONIEroCcsa aBTOBOAHOBOTO IIpoIiecca. B 0oAHOPOAHON cpepe
U B apMabaTUYECKUX YCAOBHUSIX TEIAOBasi BOAHA (DPOHTA ABUIKETCS C IIO-
CTOSTHHOU CKOPOCTBIO U ero ¢opma He usMeHsieTcsd. MHorue 3aKOHOMeEpP-
HOCTH IIPOTEKaHUsI 3TOTO HECTAHAAPTHOTO W HETPAAMIIMOHHOTO MEeTOAa IIO-
AUMEpPHU3alluy U MHTEePECHbIE aHAAOTUM C OMOAOTMYECKUMU PeaKIUsIMU, MIPOo-
TEKaloUMMMU B UYeAOBEUEeCKOM OpTaHU3Me, A0 IIOCAeAHEero BpeMeHU OCTaBa-
AUCH 3a KappoM. HepaBHO HaMu Oblna OITYOAMKOBAHA CTAThsl IO aHAAOTHSM
XUMHUYECKUX U OMOAOTMYECKUX IIPOIECCOB, IPOTEKAIOMINX B aBTOBOAHOBOM
pexxume [1]. 3pech mpuBepeM HeOOABIIYIO YacThb MCCAEAOBAHUM B KadeCTBe
TIOKa3aTeAbHOU AAS OOOCHOBAHMA HAIIMX ITOCAEAVIONINX BEIBOAOB.

Kak y»xe ckazano Beime, OI1 — aBTOBOAHOBOM IPOIECC, PACIPOCTPa-
HAIOMMUNCS BO BpeMeHU W B IIPOCTPAHCTBe (IO HAIIpaBA€HUIO OT MecCTa IIO-
Aauy TellAa M A0 KOHIJa peaKkTopa).

Ha mnpumepe moAmMepm3alnuy aKpUAaMHAA PacCMOTpUM (oOpMy pac-
NIPOCTPaHEHUs BOAHBI (DPOHTA IIO TeMIepPaTyPHBIM KPUBBLIM B CTAIlMOHAPHBIX
YCAOBUAX U HapylleHue ¢GopMbl (GpoHTa IO QoTorpacdusamM oOpasloB B
cTarmoHapHoM (puc. 1) u HecTallMOHAPHOM peXkuMax (puc. 2).
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Puc. 1. TemnepatypHble Npodwnn pacnpocTpaHeHust poHTa nonumepusaumm B CTauuo-
HapHOM pexume.

Temmeparypuble TpogUAM pacmpocTpaHeHUs (PPOHTA ITOAMMEpPU3AIuN
U3MEPSIAUCH TPAAULIMOHHBIM MeTOAOM wmccaepoBaHus OIT mo Tepmonapam
[2], BcTaBAeHHBIM B TpPyOYaThIM peakTop. Kak BUAHO M3 KPHUBBIX puc. 1, B
X0A€e (DPOHTAABHOM MOAMMEpPH3aluM (popMa TeMIEepaTypHBIX NPOUAEN He
MEHSIETCSI, YTO CBHAETEABCTBYET O CTAllMOHAPHOM IIPOTEKaHUU IIpoljecca
(PpPOHTAABHOM NOAMMEpH3alUU, U XapakTep (PPOHTa COOTBETCTBYET IIAOC-
KOMY PacIpOCTPAHEHMIO TENAOBON BOAHBI. OueBUAHO, UTO B CTAIlMOHAPHOM
peskuMe (PPOHTAABHOM IMOAMMEPU3allud KaK [0 BpeMeHU, TaK U IO IIPOCT-
PaHCTBY He MEHSIIOTCSI He TOABKO TeMIlepaTypHBle IIPO(UAN, HO M CKOPOCTH
pacnpocTpaHeHus CTallMoOHapHOTo ppoHTa. OTMETUM Tak’ke, UTO YCTaHOBAe-
HUe CTAIlMOHApPHOTO COCTOSHUSI B XOAe (PPOHTAABHOM IIOAMMEPHU3alluy, Kak
IPaBUAO, OOYCAOBAEHO OTCYTCTBHEM TEIAOINOTEephb. [Ipu 3TOM HabAropaemast
KapTUHA WHAas, €CAU B XOAe (PPOHTAABHON ITOAMMEPU3AIUM ITPOUCXOAUT
IoTeps TellAa U3 30HBI PeaKIIUM B OKPY’KAIOIIYIO cpeAy. B 3ToM caydae, Kak
IIPaBUAO, HAOAIOAQIOTCSI OAHOMEpHAas M AByXMepHasl NOTepH YCTONYMBOCTHU
TEIIAOBBIX @BTOBOAH C IIOIBA€HHUEM Pa3HOOOPAa3HBIX KOAeDOATEABHBIX (pUC. 2)
U CIMHOBHIX [1] pe>kumMoOB.

T, °C
150+

1004

504 1

O 2 4 6 8 10
t, MUH

Puc. 2. TemnepaTypHble Npocuan pacrnpocTpaHeHss poHTa NonMMepu3auum B HecTaumo-
HapHOM pexume.

INoTeps ycTOMYMBOCTU (PPOHTAABHBIX PEXUMOB M HX BBIPOKAEHUE OIl-
peAeAsieTCsl TENAOIIOTEPSMU M3 30HBI PeaKkIu{ B OKPYIKaloIlyI0 PeaKTop
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CcpeAy, IPUBOASIIUMU K HEOAHOPOAHOMY PACIPEAEACHHIO TeMIIEpaTyphl IIO
HaIIpaBAEHUIO papryca obpasna (puc. 2). [TopoOHOe pacnpepesreHUe TeMIle-
paTypsl, OYeBUAHO, AOAKHO BAUSTH U Ha reOMeTpHUecKylo opMy (PpoHTa
TIOAMMEPHU3alUHN.

IKCNEePUMEHTAIbHAS YaCTh M 00Cy:KIeHHue pe3yibTaTOB

MeToaMKa 3KCIEPUMEHTOB IO IIOAMMEpH3anuu BO (PPOHTE MOAPOOHO
onmcaHa B [2].

HccrepoBanue KUHETUKU Ipollecca o BbeaoycoBy-’KaboTtumHckoMy [5]
IIPOBOAUAOCE CIEKTPO(OTOKOAOPUMETPUYECKUM METOAOM IIyTEM OIIpeAene-
HUS ONTHMYECKOM IAOTHOCTH PacTBopa. B KauecTBe HMCXOAHBIX pPEareHTOB
Opaauchk ManroHoBas Kucaora (C3Hy4O4), 6pomar kaausa (KBrOs), cyabdar
mapraniia (MnSO,4-5H,0) u cepuasa kucaota (HySOy). B KaXkpa0¥ cepun OnbI-
TOB M3MEHSIAACh HayaAbHAasi KOHIIEHTPAUYS OAHOT'O W3 BBINIENIEPEYNCAEHHBIX
peareHTOB, B TO BpeMs KaK KOHIEHTPAIIUM OCTAAbLHBEIX peareHTOB COXpPaH-
AUCH IIOCTOSTHHBIMHM. AMalla30H W3MEeHeHUs 3HaYeHWUM KOHIIEHTPAIMU BBIIIe-
TIEPEYNCAEHHBIX PeareHOB IIPUBOAUTCS B TabOAHIIE.

[MpuroroBAaeHHBIe 00Opa3lbl PAaCTBOPOB IIOMEIIAAUCH B KioBeTy. Koae-
OaTeABHBIN TIpoIlecc HaOAOAaACs Ha QoTokoropumerpe "KOK-2" mocpea-
CTBOM M3MEPEHUSI ONTHUYECKON IMAOTHOCTU PacTBOPA.

[MTo noAyYeHHBIM 3KCIePHUMEHTAaAbHBIM AQHHBIM IIOCTPOEHBI KPUBBIE 3a-
BHCHUMOCTHA BEAWYMHBl ONTHYECKOW TIAOTHOCTM PAacTBOpa OT BpEMEHU
(puc. 3-14). B Tabaulle IpuUBeAeHBl HadaAbHBIE KOHIIEHTPAIIUM pPearupylo-
VX BEIIeCTB AAS Ka’KAOW CEpPUM OIIBITOB.

Tabnuya
HavanbHble KOHIEHTPAIUH PeArNPYOIINX BENIECTB IJIsl KAJKI0H CePUH ONBITOB
Howmep PearenTsl, moav/n
cepuun KBI’O3 C3H404 MHSO45HZO HZSO4
I 0.2
0.3 0.2 0.05 1.5
0.4
0.5
1I 0.05
0.1
0.3 0.2 0.05 1.5
0.3
0.4
111 0.03
0.04
0.3 0.2 0.05 1.5
0.06
0.07
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Bpenn, MHH

Puc. 3. 3aBMCMMOCTb ONTMYECKOW MIIOTHOCTH
pactBopa OT BpemeHWn. KoHueHTpauuu Ha-
YyanbHbIX KOMMOHEHTOB, Mosb/il. KBrOsz —
0.2; C3HsO4 — 0.2; MnSO45H,0 — 0.05;
H,SO, - 1.5.

ONTHYECKAA NNOTHOC TS
o
=
G

10 15
BpeMA. MHH

Puc. 4. 3aBMCUMMOCTb ONTUYECKOW MITIOTHOCTU
pactBopa OT BpeMeHW. KoHueHTpauuu Ha-
YyanbHbIX KOMMOHEHTOB, Mosb/i1: KBrOs — 0.3;
C3H4O4 — 0.2; MNSO4-5H,0 — 0.05; H,SO, -
1.5.

03 4

0.25 4

02 -

0.1 A

ONTUYECKana NIOTHOCTL
=]
=
o

0.05 -

05
BPEMS, MHH

30 3 4 &5

Puc. 5. 3aBUCMMOCTb ONTUYECKON NIIOTHOCTH
pactBopa OT BpeMeHW. KoHueHTpauum Ha-
YanbHbIX KOMMOHEHTOB, (Monb/ni): KBrO; —
0.4; C3HisO4 — 0.2; MnSO45H,0 - 0.05;
H>SO4 - 1.5.

— e TN

o 2 4 6 8 0 12
spenn,

Puc. 7. 3aBUCMMOCTb ONTMYECKOW MMOTHOCTU
pactBopa OT BpeMeHu. KoHueHTpauuum Ha-
YyanbHbIX KOMMOHEHTOB, Mosb/i. KBrOz — 0.3;
C3H404 — 0.05; MnSO4-5H,0 — 0.05; H,SO, -
1.5.

onTHYecKana NAOTHOCTL

0
BpEMS, MUH

Puc. 6. 3aBMCUMOCTb ONTMUYECKONM MITOTHOCTU
pactBopa OT BpemeHu. KoHueHTpauuu Ha-
YarnbHbIX KOMMOHEHTOB, (Mosb/n). KBrOz —
0.5; C3H404 — 0.2; MnSO45H,0 — 0.05;
H.SO, - 1.5.

0 5 10 15 ) 5
‘spenes, mam

Puc. 8. 3aBMcMMOCTb OMTUYECKOW MNOT-
HOCTM pacTBopa OT BpemMeHU. KoHUEHT-
pauMn HayanbHbIX KOMMOHEHTOB, MOJIL/IT:
KBFOg - 03, C3H404 - 0.1; MnSO4-5H20
—0.05; H,SO, - 1.5.
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Puc. 9. 3aBMcMMOCTb ONTUYECKOW MMNOTHO-
CTW pacTBopa OT BpeMeHWu. KoHueHTpauun
HayanbHbIX KOMMOHEHTOB, Mosb/T. KBrOs —
0.3; C3H404 - MnSO4-5H20 - 0.05; HzSO4
—-1.5.

onTMueckan nnoTHOCTE

BPENS, MHH

Puc. 10. 3aBncMMOCTb ONTUYECKOW MNNOT-
HOCTW pacTBopa OT BpemeHW. KOHUeHT-
paumMm HavanbHbIX KOMMOHEHTOB, MOab/1:
KBrOs; — 0.3; C3H404 — 0.4; MnSO,4-5H,0
—0.05; H,SO, — 1.5.

025 -

o = -

GNTUUECKAA NNOTHOCTE

=
=

=3
o
-

8 10 12 i 16

EPEMA, MHH

5

BPENS, M

Puc. 11. 3aBncUMOCTb ONTUYECKOW MIOTHOCTU
pacTBopa oT BpeMeHU. KoHueHTpauum Hayanb-
HbIX KOMMOHEHTOB, wmoawv/n. KBrOs — 0.3;
C3H404 - 02, MI"ISO45H20 - 003, H2804 -
1.5.
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Puc. 12. 3aBncumocTb onTMYecKkoln nnoT-
HOCTW pacTBopa OT BpemeHu. KoHueHTpa-
UMM HayamnbHbIX KOMIMOHEHTOB, MOJIb/T.
KBFO3 - 03, C3H404 - 02, MnSO4'5H20
—0.04 mon/m; H,SO, - 1.5.



045 - 035

ONTHYECKan NACTHOCTE
onmuueckan naomocTs

0.05

BRGNS, MiH
BpeMS, MiH

. Puc. 14. 3aBucmMmocTb oOnTM4ECKon
Puc. 13. 3aBuMCUMMOCTb ONTUYECKOW MNOTHO- MNOTHOCTM pacTBOpa OT BPEMEHMU.

CTM pacTBopa OT BpemeHu. KoHueHTpauuu KOHLEHTpaLMM  HadarnbHbIX  KOMMO-
HavarnbHbIX KOMMOHEHTOB, monw/n. KBrO;z — HEHTOB, moaw/1:. KBrOs — 0.3; CaHaOj4 —

0.3; CsHiOs — 023 MNSO4SH0 — 0.06  g5: MnSO,5H,0 - 0.07; HSO4 - 1.5.
H2SO, - L.5. ’ ’

Ha ocHOBaHMH IIOAYYEHHBIX 3KCIEPUMEHTAAbHBIX KPUBBIX ITOCTPOEHEI
3aBUCHUMOCTHM Ba’KHEHUINTNX KUHETUYECKUX IIapaMeTPOB — aMIIAUTYABI U IIe-
propa KoaeOaHWM ONTUYECKOM IIAOTHOCTH PAacTBOPa, OT BpeMeHU. Ba’kHO
OTMETUTH, UTO IIePEeUYHCACHHBIE MTapaMeTPhl OIPEAEACHEBI AAS Ka*KAOU cepuu
OITBITOB B CTAAWU BBIXOAA M3 HECTAITMOHAPHOTO COCTOSTHUS (CTaAUSI C W3-
MEeHSIOLIEeNCcsd aMIAUTYAON) B CTAllMOHAPHOE, TAe aMIIAMTYAA KOAeOaHUU He
U3MEeHsIeTCsI BO BpeMeHU. Huske MPUBOAITCS TpaUKU 3aBUCUMOCTU BEAU-
YUH aMIAUTYA KOAeOAHMU ONTUYECKON IMAOTHOCTUA OT BPEMEHH.

0.14
=
=
z 0.12
S
a
§ 0.1
& o.08
o
=
2 0.06
=
=
= 0.04
=
E
= 0.02
a
a

o ! T ! ! ! ! T !
0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55
KOHUeHTpauua GpomaTta Kanua. monb/n

Puc. 15. 3aBMCUMOCTb BENUYUHBI aMInUTYAbl KoniebaHUn ONTUYECKOW NIIOTHOCTU pacTBopa OT
KOHLeHTpauun bpomara kanusi.
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Punc. 16. 3aBMCUMOCTb BENUUYUHBI aMNUTyAbl KoniebaHWn ONTUYECKOW NNOTHOCTM pacTeopa oT
KOHLEHTpaLuun MarnoHOBOW KMCIOThI.
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Puc. 17. 3aBMCUMOCTb BENUYNHBI aMNUTYAbl KonebaHUn ONTUYECKOW NIOTHOCTU pacTBopa OT
KOHLeHTpauun cynbdara mapraHua.

Kak BHAHO U3 HNPUBEAEHHBIX 3aBHUCHUMOCTEMN, AASI BCe€X CepUU OIBITOB C
YBEAWUYEHNEM HayaAbHOM KOHIIEHTPAIIMM M3MEeHSIOINIUXCS peareHTOB aMIIAU-
TyAQ BO3pacTaer.

Hurke nmpuBepeHBI AQHHBIE IO M3MEHEHWIO BEeAWUYMHBI IIepropa Koaeba-
HUU ONTHUYECKON MNAOTHOCTHM PacTBOpa OT BpPeMeHU B 3aBUCHUMOCTH OT Ha-
YaAbHBIX KOHIIEHTpPAIIUM peareHTOB.
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R

o
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o
b

Puc. 18. 3aBucuMOCTb BeNUUMHBLI Nepuoaa KornebaHui OnTUYECKoW MMOTHOCTM pacTBopa oT
KOHLeHTpaummn 6pomara kanus.
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KOHLUEHTPAaLMA MasIOHOBOM KMC/OTbI, mMmonbfn

Puc. 19. 3aBncnmocTb BenMUMHbI nepuoaa konebaHuim onTMYeckon NIOTHOCTU pacTBopa OT
KOHLIEHTpaLMM MarioHOBOW KUCOThI.
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Puc. 20. 3aBncMMocCTb BenMUMHbI Nepuoda konebaHuid onTUYecKon MIOTHOCTM pacTeBopa OT
KOHLeHTpauun cynbdara mapraHua.

Kak BUAHO M3 IpUBEAEHHBIX 3aBUcUMoOCTeM (puc. 18-20), mpu Bo3pacTa-
HUM HaYaAbHBIX KOHIIeHTpaIui OpoMaTa KaAus M MaAOHOBOM KUCAOTHI BEAU-
YMHA [IepuoAd KOAeOaHUM ONTUYECKOU IAOTHOCTH OT BPeMeHH BO3PacTaerT,
B TO BpeMd KaK IIPM BO3PAacTaHWU KOHIIEHTpAllMU CyAb(aTa MapraHiia oHa
yObIBaeT. TakuM o00pa3oM, B 3aBUCHMOCTH OT PEryAUPOBaHUSA KOHIIEHT-
palui MCXOAHBIX BeI[eCTB HAOAIOAQETCs IlepexXxop OT CTaI[MOHapHOTO CO-
CTOSHMSA B HeCTallMOHapHOe M HaobopoT. Ecau npu (ppoHTaABHONU HNOAUMe-
pH3anuM B CAyYae TENAONOTeph MMeET MEeCTO IIepeXop OT CTAllMOHAapHOTO
(mArockoro) PpoHTa B HeCTAllMOHAPHOE C YMEeHbIIeHHueM CKOPOCTU PacIpo-
CTpaHEeHUSI M aMIAWUTYABl BOAHBI IIOANMEPU3allMUd BIAOTH AO €TI0 IIOAHOTO
3aTyXaHus, TO B CAyUae peakIuM II0 MopeAu beaoycosa-’KaboTHHCKOro Ha
opuMepe peaKIul OKUCAEHUS MAAOHOBOM KUCAOTHL OpOMaToM KaAus B
IPUCYTCTBUM HMOHOB Maprania (II) mpomcxopauT BBIXOA aBTOKOAeOAHUM U3
CTalMOHAPHOI'O B HecTallMOHapHOe NPHM BapbMPOBAHUM KOHIEHTPAIUM HC-
XOAHBIX PeareHTOB.

B 3akntoueHHe OTMeTHM cCAeAyiolllee. Ha ocHOBaHMM aHaAmM3a UCCAEAO-
BaHUM, NMPEACTaBAEHHBIX B MOHOrpaduu [2], IPOBEAEHHBIX AAS IIPOIECCOB
MIPOTEKAIOIUX B Pe’XMMe aBTOBOAHOBOTO PACIPOCTPAHEHMs TelAa peaKIui
MeTOAOM (PPOHTAABHOU NHOAMMEPH3allUuM, a TaKKe MCCAEAOBAHUN OCIIMAAU-
pyIOLINX [POIeCCOB Ha NpuMepe peaKuuu beroycoa->KaboOTHMHCKOrO cae-
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A@H BBIBOA, UTO eCAM AAs mporieccoB DI pematomumy haKTOPOM IIepexopa
CUCTEeMBI B HEAUHENHOEe (HeCTallMOHAPHOE) COCTOSTHUE SBASIIOTCS TEIAOIIOTe-
P¥ U3 30HBI PeakIIUM B OKPY’KAIOIIYIO CPeAyY, TO AASI XMMHUUYECKOUW peaKIuu
OKHCAEHUS MAAOHOBOM KHUCAOTHI OpOMAaTOM KaAWsg B IIPUCYTCTBUU HOHOB
maprasmna (II) mo mopeam BenaoycoBa-KabGOTHMHCKOTO OCHOBOIIOAATAIOIIUM
daKTOPOM AAS IIepexopd B HeAWHeWHOe COCTOSIHUEe SBASIeTCSI M3MeHeHUe
KOHIIEHTPAIINX NUCXOAHBIX PEAareHTOB.

SLNLSUL NALPUBLUESU UL TLULAG-PUSOAL ABELANFUNY -
JULNSPLUYNF NEUUSPUSAFU P LLLUESUMUTOULNI, ULP-LLEL D
YU3NFLAFER-3UWL YNL,USP GPLESPUUSE NFUNFULEUPLOFE-3OFLL

U. \. sALNA3WL, U. 3n.. WNShu3Uy, W. \. UPLUU3UL,
U. W UP UYTL3UL L U. M. HULE-30L
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pufpuwgng wpnghulibpnod fliphunnwpudng  munnwlingulpuls wyppubpp hugncingfdpwt
Yynpuinf opptmgupindjdynilibipp : 5nLJ5 b inpwd, np bjdh $pninnuy wympdbpugdui nbdf-
dncd pufduwgnyg fupbunnwpudyng nunnubnqulpul yprghubbpf Quidup gduwyhing(dywl fn-
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INVESTIGATION OF KINETICS LOSSES OF STABILITY OF AUTOWAVES
IN BELOUSOV-ZHABOTINSKY REACTION ON ANALOLOGY WITH
FRONTAL POLYMERIZATION

A. O. TONOYAN, S. Yu. KOTIKYAN, A. H. MINASYAN,
M. A. SIRAKANYAN and S. P. DAVTYAN

National Polytechnical University of Armenia
105, Teryan Str., Yerevan, 0009, Armenia
E-mail: atonoyan@mail.ru

The laws of the loss of stability of self-oscillating waves in the frontal regime are
presented, for example, acrylamide polymerization, and Belousov-Zhabotinsky model,
using vibrational chemical reactions of malonic acid oxidation with potassium bromate
in the presence of manganese (I1) ions. It is shown that if the loss of linearity occurs as a
result of heat loss from the reaction zone to the environment for self-oscillating
processes occurring in the frontal polymerization regime, then in the case of the
vibrational chemical reaction of malonic acid oxidation with potassium bromate, the loss
of stability is due to changes in the initial concentrations of reagents.
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MccnepoBaHbl npouecchl BblAeneHus OTAeNbHbIX aMUHOKUCIOT W3 HaTMBHOrO pacTeopa
KynbTypanbHon >xuakoctn (KXK) mukpobronormyeckoro cuHTeda L-nponvHa npu ucnonb3oBaHun
MeToAa, OCHOBAHHOTO Ha CMOCOGHOCTM COMYTCTBYHIOLUMX MPOMUHY MEPBUYHBLIX aMWHOKUCIOT B
ONHaMU4YeckoM pexunme obpasoBbiBaTb CBo6OAHble OCHOBaHus LUudda ¢ copbupoBaHHbIM Ha
cmone AB-17 ¢ 50% HacblLeHneM ABYX3apshKeHHbIMM MOHaMK 5-cynbgocanvumnoBoro anbaermaa.
MonyyeHbl AMHamWYecke KpuBble BbiXoAa OTAENbHbIX aMUHOKWUCIOT Kak Ha ctagun obpasoBaHus
ocHoBaHun LLndda conyTCTBYIOWMX aMUHOKUCIOT U BblaeneHus L-nponuHa, Tak u Ha cTaguu
rmpponusa WnddOoBbIX OCHOBAHUA U BbIAENEHWUS COMYTCTBYIOLMX amMuHokucnoT. OnpepeneHsi
Takke OnTUMarbHble 3Ha4eHVs pH 1 TeMnepaTypbl Ha CTaaun BblAeneHns L-nponvHa u3 HaTMBHOIO

pactBopa KX.

Puc. 3, 6ubn. ccbinok 9.

MupoBoe TpOU3BOACTBO OOABIIMHCTBA OEAKOBBIX aMUHOKUCAOT OCHOBA-
HO Ha MHUKPOOHMOAOTMYECKOM CHHTe3e, yCIleX KOTOPOTO OOYCAOBAEH Kak
KOHCTPYUPOBAHMEM BBICOKOAKTUBHBIX IITAMMOB-IIPOAYIIEHTOB IIEA€BOM aMU-
HOKUCAOTHI, TaK U YCIIEIIHBIM pellleHueM ee BBIAeAeHUus U3 (depMeHTa-
IIMOHHBIX PACTBOPOB, COAEP’KallUX HapsAy C IleAeBOM aMUHOKUCAOTOM TakK-
Ke U APYTHe COIIyTCTBYIOIIHEe aMUHOKUCAOTHI [1-3]. OpHOM U3 Ba’KHBIX
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OEeAKOBBIX aMUHOKUCAOT SBASIETCS L-IIPOAWH, AAS MUKPOOHOI'O CHUHTEe3a KO-
Toporo B HayuHO-Ipom3BOACTBEeHHOM IleHTpe “ApmGuorexnororus” HAH
PA monydeH BBICOKOAKTHBHBIN T'€HETHUKO-CEAEKITMOHHBIM HITaMM-IPOAVIIEHT
Brevibacterium flavum AP-111, koTopsi#i B mporiecce (epMeHTalluy MPOU3BO-
AUT AO 75-85 2/1 L-ipoanHa u He 60onaee 20% COIyTCTBYIOIIUX aMHUHOKHCAOT
(arnaHMHA, BaAMHA, AeUIIMHAQ, TAWIIMHA, AU3WHA, TAYTAMHUHOBOM KUCAOTHI) OT
OO0IIIero CoAep>KaHUsI aMUHOKUCAOT [4,5].

HepaBHO HaMu COOOIIAAOCH O METOAE OTAEAEHUS IIPOAMHA OT COIIYTCT-
BYIOIIUX aMWHOKUCAOT, OCHOBAHHOM Ha CIIOCOOHOCTU INEepPBUYHBIX aMHUHO-
KHCAOT, B OTAMYME OT IIPOAWHA, 0Opa3oBBIBaTh OCHOBaHUS ludda c Kap-
OOHUABHBIMU COEAVHEHUWSIMU B AMHAMHUYECKOM pPEe’KMME C HCIOAB30BaHUEM
aHMOHOOOMeHHOU cMOABI AB-17 B 5-cyabocaruiurarbAeTupAHOM opme [6].
OTOT MeTop OBIA YCIIEITHO WCIBITAH B IIpPoIleccax BEIAeAeHWs L-mpoamHa u3
KYABTYPAAbHOU JKHMAKOCTH, IIOAYYEHHOM B pe3yabTate (QepMeHTaruu
mrramMma Brevibacterium flavum AP-111.

YauThIBasg TO OOCTOSITEABCTBO, YTO HApSAY C IIEAeBOM aMUHOKHCAOTOMU
IEeHHBIMU IIPOAYKTAMH SIBASIIOTCS TaK’Ke COIYTCTBYIOIIVE aMHHOKMCAOTHI
KaK B MHAMBUAYAABHO UHCTOM BUAE (AASI (papMaleBTHUUYECKOM ITPOMBIIIAEH-
HoCcTH) [7,8], Tak U B (popMe aMHUHOKUCAOTHOU CMeCHU (AASI CEABCKOXO3SAMCT-
BEeHHBIX HyXA) [8,9], B Hacrodmeln paboTe HCCAeAOBaraCh AMHAMHKA BHI-
MAEAeHUST OTAEABHBIX aMMHOKMCAOT U3 HAaTHUBHOTO pacTBopa KJK Ha cTtapusx
OTAEAEHUSI TIPOAMHA ¥ BLIMBIBAHUS COIYTCTBYIOIIUX aMHHOKHUCAOT CO
cMOABL. [TOCKOABKY M3BECTHO, YTO IIpM IIOAydeHUM ocHoBaHuu Iludda c
TIEepBUYHBIMU aMUHOKUCAOTAMHU B AMHAMHUUECKOM pe’KHMe HauOOABIIYIO 3(-
(PEKTUBHOCTL IPOSIBASIET aHUOHOOOMeHHasi cmora AB-17 ¢ 50% HachIIeH-
HOCTBIO ABYX3apSKEHHBIMU MOHAMU O-CYAB(DOCAAUIIMAOBOTO  aABAECTHAA
[(AB-17)9 X 5-SO3Sal] [6], ArsT m3yUeHUS AUHAMUKU BBIAGA€HUS aMUHOKHCAOT
M3 HATWBHOI'O PacTBOpa HaMU B KayeCTBE MaTPHUIlLI Obira BHIOpaHa MMEHHO
3Ta CMOAA.

Hamu wmccaepoBarach AMHAMUKA BEIXOAQ OTAEABHBIX aMUHOKHCAOT U3
KOAOHKHM KaK B IIPOIleCcCe CBA3BIBAHUS COIYTCTBYIOIIMX aMHHOKHCAOT Ha
CMOAe IIOCPeACTBOM oOpasoBaHusa ocHoBaHuiul lludda c peakrmuoHHOCHO-
COOHBIMHU YaCTHUIAMU 5-CYAB(OCAAUIIUAOBOTO AABAETHAA CMOABI (A), Tak Hu
Ha CTaAUSIX Pa3A0KeHUs MU(@OBBIX OCHOBAHUM U BHIAEAEHUSI COIIYTCTBYIO-
X aMUHOKUCAOT (B) (cxema).
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HaTtuBHBIM pacTBOp CMeCH aMHHOKHUCAOT, IIOAy4eHHOU u3 KOK MuKpo-
OMOAOTMYECKOTO  CHHTe3a IIPOAMHA C  INOpPUMEHeHHeM  IIPOAyILeHTa
Brevibacterium flavum AP-111, B coctaBe L-mpoamna — 78, L-Baamna — 4.0,
D,L-arnanmHa — 4.5, L-uzoaeitniuaa — 1.2, L-am3una — 1.4, L-rayTaMuHOBOM
kucroTel — 1.8, rammunaa — 3,0 2/7, mpomycKaAW dYepe3 KOAOHKY, 3allOA-
HEeHHYIO MOHOOOMeHHOU cMoaoM AB-17 B dopme 50% HacCHIIeHUS YaCTUIlA-
MH 5-CyAb(POCAAMIMAOBOTO arbperupa [(AB-17)9x5-SOsSal] B HampaBAeHUM
CBepPXy BHHU3 CO CKOpocThIO 0.5 o6beMa pacTBopa CMOAHI 3a 1 u. IIpu sToMm
BCe COIIYTCTBYIOIINE IePBUYHBIE aMHUHOKHUCAOTHI B3aUMOAEUCTBYIOT C Peak-
LVOHHOCIIOCOOHBIMU TI'DYIIIAMUA CYAB(DOCAAUIIMAOBOTO aAbAEIMAd C 0Opa3so-
BaHUeM CTaOUABHBIX ocHOBaHuu ludda HEmOCpPeACTBEHHO Ha CMOAE U
3aAEpKUBAIOTCS B KOAOHKe (IIyTh A). A IPOAVMH KaK MMHUHOKHCAOTA He
crioco0eH o0pa3oBLIBaTh ocHOBaHUA lllndda u BEIXOAUT 13 KOAOHKU. [Tocae
HACHIIEHUS CMOABI MN(EOBEIMU OCHOBAHUSAMM aMUHOKUCAOT HAYWHAETCS
TIPOCKOK CONYTCTBYIOIIUX aMUHOKUCAOT. KoandyecTBa OTAEABHBIX COITYTCT-
BYIOIIUX aMUHOKUCAOT B BBIXOAAIIMX U3 KOAOHKM PACcTBOPAX OIPEAEAIAU
yepe3 ONpepeAeHHBIe IIPOMeXXYTKM BpeMeHU MeTOAOM TCX, KOHTPOABHBIE
@HAAW3Bl IIPOBOAMAM HA aBTOMATHUYECKOM aMHWHOKMCAOTHOM aHaAU3aTope
mapku "Nexera X2 (Shimadzu, Japan)". Ha ocHOBaHUY MOAYYEHHBEIX AQHHBIX
BBICTPOUAU AMHaAMUUECKUE KPUBBIE BBIXOAOB OTAEABHBIX aMUHOKUCAOT U3
KOAOHKU (puc. 1).
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Puc. 1. KpuBble Bbixoga oTaernb-
78 HbIX @MWUHOKWUCMOT W3 KOMOHKM

= co cmoroi (AB-17).x5-SOsSal
(100 ms1) B nmpouecce Bblgene-
HUa L-nponuMHa u3 HaTMBHOMO
pacteBopa KX (nytb A): 1. L-Pro;

KoHueHTpaunA aMHHOKHCTOT (T/1)
w N

4 2. D,L-Ala; 3. Val; 4. Gly; 5 L-
N ¢ lleuy; 6. L-Glu; 7. L-Lys.
7
0
[1] 200 400 600 800 1000 1200 1400
Obbem pacrsopa (ma)

Kak BUMAHO M3 MTpPeACTaBAEHHBIX AMHAMHYECKWX KPWBBIX, B IIpOIlecce
BBIAEGAEHUS TPOAVHA U3 HAaTUBHOTO pacTopa KXK BHauanre M3 KOAOHKHU BBIXO-
AUT TOABKO IIPOAWH, U KOAMYECTBO OYHIEHHOI'O pacTBOpa IPOAMHA COCTaB-
AdeT IPUMEPHO 5 O0BEMOB IIO OTHOWIEHHUIO K OOBEMY CMOAHL [Toche HacwI-
IIeHus CMOABI OCHOBaHmMAMU lllmdda comyTCTBYIOMMX aMHHOKNUCAOT HA4U-
HaeTcs IPOCKOK OTAEABHBIX COIYTCTBYIOIIUX aMUHOKHUCAOT, IIPUYEM IIOCAE
NIPOIYCKaHUs IIPUMEPHO 5 00BbeMOB HATUBHOTO PACTBOPA IO OTHOUIEHUIO K
00BEMY CMOABI M3 KOAOHKM HAUMHAIOT BBIXOAUTH aAaHWH, TAWIINH, TAYTaMH-
HOBAasl KMCAOTA M AU3UH. [IPOCKOK BaAMHA U M30AeMIIMHA U3 KOAOHKU HauU-
HaeTcd MOCAe IIPOITYCKaHUSA depe3 KOAOHKY IPUMepHO 8 0o0BeMOB OTHOCHU-
TEABHO OOBeMa CMOABI MCXOAHOTO HATUBHOTO pacTBopa. TakuM oOpa3oM,
AaHHasg cMOAa obecIieurBaeT He TOABKO OUYMCTKY IIPOAMHA OT BCEX COIYT-
CTBYIOIIUX aMHHOKHCAOT, HO U IIPEAOCTaBASIET BO3MOJKHOCTH OTAEAUTH Ba-
AUH U HW30AEUIIMH OT OCTAABHBIX CONYTCTBYIOIIWX aMUHOKHCAOT, YTO OCO-
OEHHO Ba>XHO AASI UX AAABHEMIIIEro BBIAEACHUS.

C meAbl0 M3y4YeHUs AWHAMUKHM BBIAGAEHUS CONYTCTBYIOMNX L-mpoAnny
aMMHOKHCAOT OCYIIECTBASIAU I'MAPOAM3 UX ocHOBaHUU IlIudda HemocpepcT-
BEHHO Ha CMOAe IMPONyCKaHMEM uYepe3 KOAOHKY 3-4 0o0BbeMOB 5% BOAHOTO
pacTBopa aMMuaka. AO NPONyCKaHMWd PacTBOpa aMMHaKa KOAOHKY IIPOMEI-
BaAW AMCTHUAAMPOBAHHOU BOAOM AO TOAHOTO BBITECHEHMS HATUBHOTO PacT-
Bopa KJK m3 MeXIpaHyABHOrO IIPOCTPAHCTBA CMOABL IIpomyckaHue pacTBO-
pa aMMmuaKa COIPOBOYKAAETCS TUAPOAM30M ocHOBaHuM [ludda u BhipereHU-
€M COITYTCTBYIOIIMX aMWHOKHUCAOT M3 CMOABL. Ha OCHOBaHWMM ITOAYYEHHBIX
MAQHHBIX BBICTPOEHBI AWHAMWYeCKHe KpUBBIE BBIXOAOB OTAEABHBIX COIYT-
CTBYIOIIUX aMHUHOKUCAOT U3 KOAOHKHU (pHC. 2).
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Puc. 2. KpvBble BbIxo-
[/ fa oTAernbHbIX amu-
HOKUCMOT W3 KOJOHKU
co cmornon (AB-17), x
5-SOsSal (100 mn) B
npouecce pasfoxeHus
ocHoBaHun LWudpda un
antoumn CAK (nyte B):
1. D,L-Ala; 2. Val; 3.
Gly; 4. L-lleu; 5. L-Glu;
6. L-Lys.

KoHuUeHTpaLKa aMHHOKHCAOT (/1)
- N W A Ll Y W e O

O6xem pacrsopa (M)

W3 npeaCcTaBAGHHBIX ANHAMHUYECKUX KPUBBIX CAEAYET, UYTO BaAWH U U30-
AEUIIMH CPaBHUTEABHO TPYAHEE DAIOMPYIOTCSI CO CMOABI, YeM APYTHE COIyT-
CTBYIOIIE aMUHOKHCAOTHI. YYUTBEIBASI TO OOCTOSITEABCTBO, UTO MMEHHO 3THU
ABEe aMUHOKUCAOTBHI OTHOCUTEABHO AOABIIE 3aA€P’KUBAIOTCS Ha CMOAE B IIe-
PHOA IIPOCKOKA COIYTCTBYIOMINX aMHUHOKHUCAOT B IIPOIlECCE BBIAEAEHUS IIPO-
AVHA W3 HATUBHOTO pacTBOpa (puc. 1), MOXHO NIPEANOAOKUTH, YTO IIPUYMHA
9TOI'O0 KPOETCS B OTHOCHUTEABHO OOAbIIeN CTaOHABHOCTH WX OCHOBaHUS
IMudda ¢ peakmOHHOCIOCOOHOM TPYHIION 5-CYAB(OCAAUIIUAOBOTO AABAE-
TYAQ CMOAHL.

C IeAbI0 ONTHMM3alM{ IIPoIlecca BBLIAGACHUS IIPOAWHA M3 HATUBHOIO
pacTBOpa OBLIAM MCCAEAOBAHBI CMECH aMUHOKUCAOT M OIIPEAEAEHBI ONTUMAaAb-
Hble 3HauYeHMs pH m TemmepaTyphl HAaTUBHOTO PAcTBOPa, O0OeClevYnBaroliue
MaKCHMaAbHBIE BBIXOABI OUMCTKU IIEA€BON aMUHOKHUCAOTHL. Pe3yAbTaThl IpH-
BeAEHBI Ha puc. 3.

E 500 g 500
e \ E ool 2N
2 400 =
PN \ R ,
] \ :
é 250 f \ E v \
E 200 ‘/ \ E 300
§ 150 ; : : ; % \
3 2 4 6 8 10 12 g 25 % 3‘0 s‘o

pH TC

a 0

Puc. 3. 3aBucumocTb apekTMBHOCTM ouMCTKM nponmnHa oT pH(a) n Temnepatypbl (6)
HaTMBHOIoO pacTeopa Npv Ucnonb3oBaHun cmosbl (AB-17):x5-SOsSal (100 ms1): cooTHOLLEHME
L-Pro/conytctBytowme ammHokucnotsl = 80/20 (%), ckopocTb nponyckaHusi pactBopa — 5
o6bemoB pactBopa / 1 06bem cmorbl / 1 4 B HanpaBneHUn CBEPXY BHUS.
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13 moAyYeHHBIX AQHHBIX CAEAYET, 9YTO MAKCHMaAbHOE OTAEA€HHE IIPO-
AWHA OT CONYTCTBYIOIIWX AMUHOKHCAOT INPOUCXOAUT B MHTepBanrax pH 5.8-
7.8 u Temmnepatrypnl 20-35°C. Ilpu 3HaueHuax pH u TeMmepaTyphl BEILIE U
HIDKe YKa3aHHBIX WHTEPBAAOB, BO3MOJKHO, IIPOMCXOAUT HEKOAWUYECTBEHHOE
oOpa3oBaHUEe HAU YACTUYHBIM TUAPOAU3 IMUMEOBBIX OCHOBAHUU COIYTCT-
BYIOIINX @MHUHOKMCAOT C aABAETHAHBIMU (DparMeHTaMU CMOABI.

JKCIepUMEHTAJIbHAA YACTh

AMUHOKMCAOTHBEIM aHaAM3 PacTBOPOB NPOBOAUAM MeTopamu TCX Ha
naactuHKax “Silufol” (Merk), OymakHOU XpoMaTorpadmu U Ha aBTOMaTHYe-
CKOM aMHUHOKUCAOTHOM aHaamzaTope “Nexera X2" (Shimadzu, Japan). B ka-
yecTBe OydepHOro satoeHTa A TCX HCIOAB30BaAU CMeCh PAacTBOPUTEAEM
3TAHOA-OyTaHOA-alleTOH-aMMUaK-BoAa, 2:2:4:3:1, a ard OyMa’kKHOM XPOMAaTo-
rpachum — OYTaHOA-YKCyCHast KHUCAOTa-Boaa, 4:1:5. B pabore mcmoawb3oBa-
AUCH aMUHOKMCAOTHI IpousBoacTBa “ACROS Organics” (Beabrus) m HIILL
"Apmbuorexnonrorusi” HAH PA, 5-cyAbOCAAWUIIMAOBBIM aAbAETHA, @HUOHO-
obmennast cmoaa AB-17, NH,OH, HCI, NaOH, CH3COOH, CH3COCH;3 —
"Peaxum" (PD).

®opma cmoabr (AB-17)9x5-SO3Sal Oblna IOAyYeHa IepeMelIMBaHueM B
0.5 7 xoaGe 100 mz cmonabl AB-17 B OH™ dopme (0OMeHHas €MKOCThb
0.7 2-ox6/n) ¢ pacTtBopoM 7.84 2 5-CyAB(OCAAUIIUAOBOTO  aABAETHAA
(0.035 2-2x6) B 200 mrn BOABI B TedueHHe | y C IIOCAEAVIOIIMM IIPOMBIBAHMEM
CMOABI AUCTHUAAMPOBAHHOM BOAOM AO HEUTPAABHBIX 3HadeHUN pH IpOMBIB-
HBIX BOA,

H3yuenue ounamuku omaoenenus nPOAUHA OM CORYHICHMEYIOUWUX AMUHOKUCTIOM
(CAK). HaTuBHBIN pacTBOP CMECH aMUHOKMCAOT TIPU KOMHATHOM TeMIepaTy-
pe MNpOIyCKaAnM 4Yepe3 HOHOOOMEHHYIO KOAOHKY, 3aloAHeHHYIO 100 mn
cMOABl (AB-17)9x5-SO3Sal B HampaBAeHUM CBEPXY BHH3 CO CKOPOCTBIO 40-
60 mn/u. BBIXOAAIIWH ©3 KOAOHKM pAacTBOpP COOMparm B KOAWYECTBe 14
dpaknuil 1o 100 Mz 1 ONIPEAEAdIAU UX @MUHOKUCAOTHBIM COCTaB.

H3yuenue ounamuxu evidenenus CAK. C 11eAbl0 BLITECHEHUS HATUBHOTO
pacTBOpa CMeCH aMWHOKHMCAOT M3 MEJKTPaHYABHOTO ITPOCTPAHCTBA CMOABI
KOAOHKY IpoMbIBaru 300 w7z AUCTUAAMPOBAHHOU BOABL 3aTeM depe3 KOAOH-
Ky B HallpaBA€HUM CBepXy BHU3 €O CKOpOCThIo 100 mz/u mpomryckaam 600 mn
5% BopHOTO pacTBopa ammuaka. Cobuparu 6 dpakiuit 1o 100 mz BBIXOAS-
1Iero U3 KOAOHKU PaCTBOPA U OMPEAEAIAM UX aMUHOKMCAOTHBIN COCTaB, KakK
OBINO YKa3aHO BHIIIE.

Onpedenenue onmumanvuovix 3navenuii PH u memnepamypsr OCyIlleCTBAIAU
IIOCPEACTBOM TIPOITYCKAHMSI Yepe3 KOAOHKY C pyOallKoM, 3aloOAHEeHHYIO
20 ma cmoarl (AB-17)9x5-SO3Sal, HaTUBHOTO pacTBOpa CMECU aMUHOKUCAOT
npu pasHbIx Temneparypax (10, 20, 30, 40, 50, 60°C) u pH cpeas! (3, 4, 6, 7,
8, 9, 10, 11). TemMnepaTypHBII pPEXUM PACTBOPA B MEKIPDAHYABHOM IIPOCT-

581



PaHCTBE CMOABI OOecClleYnBaAU IIyTEM IIOAQUM BOABI C OIIPEAEAEHHOM TeMIle-
paTypou 4epes3 pyOallKy KOAOHKH, a pH MCXOAHOTO pacTBOpa peryAupoBaAd
AO0OaBAEHUEM BOAHBIX PACTBOPOB YKCYCHOM KHUCAOTBI U aMMHaKa. AMMHO-
KHCAOTHBEIM aHaAW3 COOPAHHEIX PACTBOPOB OCYIECTBASIAM, KaK OBIAO yKasa-
HO BBIIIE.

MNLALPLE UULLERATLUYTL UPLE-EQD UNFLSOFCUL NELOFYD
LUSPU LOFONF36-h3 WUPLE-G-AFLELP TWLRUSU UL P LUUPUUTL
Chdb NhPULEGLP UNUQUSU UL UGE-NYD G UAU WL 26MLOFT

d. L. UUrPLEU3UTL

zlnm.uqnlmlbl b L-ypmpuf dwipbwpubiljuts ufinfdbgh hoopancpuy {Egnify uinwg-
fd Tunnfuf acdny[Fhy l.un_l.uil&[ﬂl wdfiwfd[Fncibpf whunndwl ypngbubpp ghidfl
wyuydwblibpncd 5-unyy$nuuyfigpyuyqbSpnp bplypgpunpd dwubplibpn 50% Quigglig-
fws AB-17 fubdfi wynblfppuyps dimgnpyikpp S wpmpbfl nogblgng wnw i f widf-
bwfdfFnubpf  fuynili  wgunn 6[147[1 Spdphp  wnwughbyne  Quunlndfdyncilibpl g
Spdiufins dhfIngp oqnmgnpddwl wpupuguygnod: Ul.nwgl[bl bl wnwhdpl wdfibw(d[Facubpf
whunndwl gfiiwdfly hopbpp fugsybu noghligog wdfing @ [dncibpf C[u?)[t Spdphpf winu-
Qugdwls I wyprypiufy whiQunndul shncpnod, wyligba by C[ng)ﬁ Spdplpf Sfgpnifgh b neglligag
wdfiwfF[Fncibpf whPuundwl ingnod: /][’”Z‘{b[ i Yl dfifunfuyph pH-p L 9hpduiu-
wfifuwbify oupnffuy wpdbpubpp dwhipbwpubwlpul ufufdhgh §oopnncpuy SEpnofe unnfuf
[rdngy[dfhy wpnypif wlQundul ingnod:

DYNAMICS OF ISOLATING AMINO ACIDS FROM THE NATIVE SOLUTION
OF CULTURE LIQUID OF PROLINE MICROBIOLOGICAL SYNTHESIS
WHEN USING THE METHOD OF SCHIFF BASES FORMATION

Zh. N. SARIBEKYAN

Artsakh Scientific Center
26, Tigran Mets Str., Stepanakert, Nagorno-Karabakh Republic
Fax: (047)949093
E-mail: zhaklinasaribekyan@gmail.com

The processes of isolating individual amino acids from the native solution of culture
liquid (CL) of L-proline microbiological synthesis using the method based on the ability
of proline concomitant primary amino acids to form in a dynamic mode free Schiff bases
with aldehyde moieties of resin AB-17 with 50% saturation of double-charged particles
of 5-sulfosalicylic aldehyde have been studied. Dynamic output curves of individual
amino acids both at the stage of formation of Schiff bases of concomitant amino acids
and L-proline isolation, and at the stage of hydrolysis of Schiff bases and isolation of
concomitant amino acids were obtained. Optimal values of pH and temperature at the
stage of L-proline isolation from the native solution of CL were also determined.
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IINCBMA B PEJAKLIUIO

YAK 541.127:518,5

HEKATAJJMTUYECKOE BOCCTAHOBJEHME
CEPBI BOJJOPOJIOM U3 JUOKCHJIA

CoraacHO AMTepaTypHBIM AQHHBIM, BOCCTAHOBAEHHE 3AeMeHTapHOH ce-
PBI U3 ee AMOKCHAA MOAEKYASIPHBIM BOAOPOAOM, a TaKyKe MeTaHOM U MOHO-
OKCHAOM YTAEPOAAQ OCYIIECTBASIETCSA KaTaAuTudecku [1-5]. Mexxay TeM, B pa-
0oTax [6-12] 6BIAO YCTAHOBAEHO, UTO B CpeAe IIeITHOM pa3BEeTBAEHHOM peak-
MU OKUCAEHUSI BOAOPOAA AMOKCHUA cepbl SO, IopBepraeTcs MHTEHCUBHOMY
XUMHYECKOMY IIpeBpallleHUI0 ¢ 00pa3oBaHUEM dAeMeHTapHOU cepHl. B pas-
Pe’KeHHBIX HHU3KOTeMIIePaTyPHBIX NIAAaMeHaX BOAOPOA-KHUCAOPOAHBIX cMecel
(T=450-500°C, P=200 Topp) AVOKCHA CepBl CTAHOBUTCA 3PEPEKTUBHLIM
YYaCTHUKOM IIETHOTO IIpoIlecca, He OKUCAAACH B SOz, KaK 3TO MOJKHO OBIAO
NIPEANIOAOJKUTE, @ CTAHOBUTCS AKTUBHBIM YYaCTHUKOM IIeIIHOTO IIpoliecca,
NIOABEPTasiCh XMMMYECKOMY IIpeBpallleHHI0 C OOpa3oBaHHEM 3AeMeHTapHOM
cepbl. Kak moka3biBaeT MOAPOOHBINM KUHETUUECKUN aHaAU3 3TOTO COMPSIKeEH-
HOTO IIpolecca XMMUYecKoro npespanieHnuss SOy MOA BO3AENUCTBUEM IIEITHOU
Pa3BETBAEHHON pPeakIIUU OKUCAEHHS BOAOPOAQ, aTOMBI BOAOPOAQ, B3aHWMO-
AercTByd ¢ SO, NPUBOAAT K SAEMEHTAapHBIM peakIMaM XUMHUYeCKOro Ipe-
BpallleH!s AMOKCHAA CePHl B 9AeMeHTapHYIO cepy. Ba>kHO OTMETUTh, UTO 3THU
SAeMeHTapHble akKThl IIPOTEKalOT C y4acTHeM TeX J>Ke aTOMOB BOAOPOAA U
paaukaroB OH, uTo u IlenHasg peaKIud OKUCAEHUHS BOAOPOAA. B pesyabTaTte
peaausyeTcs OOIUN PAAMKAABHO-IIEIIHOM IIPOIeCC, B KOTOPOM BOAOPOA
OKHMCASIETCSI KaK CBOOOAHBIM, TaK U CBSI3@HHBIM B SOj KHCAOPOAOM, @ U3
AUOKCHAQ BOCCTAaHABAMBAeTCS 3AeMeHTapHass cepa. B paborax [11-12] uymc-
AE€HHBIM METOAOM IIPOBOAMACS KWHETHMYECKUM aHaAu3 C y4eTOM BCeX BO3-
MOXXHBIX 3A€MEHTAapHBIX aKTOB C y4YacTHEeM aTOMOB U PAAUKAAOB 3TOTO
CAOKHOTO PAAVKAABHO-IIETHOTO MpoIlecca, OXBaThIBasg 25 3AeMeHTapHBIX
peaknuii. BEIA caAeAaH BBEIBOA O TOM, YTO XMMHUUYECKOe IIpeBpalieHue ANOKCHU-
Ad Cepbl UMeeT MEeCTO B Pe3yAbTaTe IeIIOUKHM CAEAYIOIIUX IIOCA€AOBATEABHO
MPOTEKAaIOIIUX dAEeMEHTapPHBIX peakIini:
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a) H + SO, - HSOy;

b) HSO,+ M — SO + OH;
c) SO +SO —» S + SOy;

d) OH + H; » H,O + H.

OueBHUAHO, 3Ta IMOCAEAOBATEABHOCTH MOJKeT OBITh peaAr30BaHa CaMo-
CTOATEABHO KaK IlellHas peaKIlUsl OKUCACHUS BOAOPOAA AMOKCHAOM CEpHI,
ecAnu O0eCIeYUTh CTAAUI0 WHUIIMWPOBAHUA Ilellel, B KOTOPOU 00pasyroTcd
aTOMBI BOAOPOAA. OJTa LelHasg peaKIdsd MOKeT OBITh CYMMapHO IIPeACTaBAe-
Ha XUMHYECKUM yYpaBHEHUEM:

2H2 + SOZ—) S+ 2H20.

B AaHHOM COOOIIEHWN TPEACTaBAEHHI MEpPBhIe HKCIIEPUMEHTAaAbHBIE pe-
3YABTAThl, TOBOPSIIYE B IIOAB3Y CAEAAHHBIX BEIBOAOB.

OKCIIEPUMEHT OCYIUIECTBASIACS Ha BaKyyMHOM YCTAHOBKE B CTATHYECKUX
YCAOBHUSIX B KBapIeBOM IIMAMHAPHYECKOM peakTope oowemoMm V = 1120 cu3
(d=8 cm). Pearupyroljass cMech ra30B IOTOBUAACH B CTEKASHHBIX KOADOAX,
OOBEAVHEHHBIX OOIIUM KOAAEKTOPOM, OTKYAA ra30Basi CMeCh IIOAABAaAach B
TIEPENyCKHOU COCYA M3BECTHOTO 00beMa, M3 KOTOPOTO IIepej ONBITOM pearu-
pyiolllass cMech HAIlyCKaAach B 3apaHee IOAOTPETHIM U TEPMOPETryAUPYEMBIH
peakTop. AaBAaeHHE B PeakTOpe M ero M3MeHEeHVe II0 XOAY OIIbITa H3Me-
PSIAOCH C IIOMOIIBIO PTYTHOTO MAaHOMETPa, NMPHCOEAMHEHHOTO K pPeakTopy.
PeakTop OBIA CHaOKeH TakKXe MIPOOOOTOOPHUKOM, OTKyAa OTOMPAAUCH ra-
30BBLIe TPOOBI AAST aHaAu3a. Oba peareHTa — BopOpPoA U SO, aHAaAM3UPOBaA-
AMCH XpOMaTOorpapuyecKu.

OKCIIepUMEHTHl IIPOBOAMANCH CO CMeChIO Pearrupyrolinx ra3oB CTeXHO-
MeTpudeckoro cocraBa 2H,; + SO, B umHTepBanre Temmnepatyp 300-500°C u
npu AaBaeHUU Pog, =200 Topp.

B pesyabTaTe ONBITOB YCTAaHOBAEHO, UYTO IIPU 3TUX TeMIlepaTypaxX B
peakTope IO XOAY ONBITa HAaOAIOAQEeTCSI yMEeHbIIEeHVEe AABAEHUS PeaKIMOH-
HOU cMecHu. OAHOBPEMEHHO C 3THM, KaK ITOKa3bIBAIOT Pe3yAbTAThl XPOMAaTO-
rpadmUuecKoro aHaAW3a, HAaOAIOAQeTCS TaK’Ke Pacxop, MCXOAHBIX peareHTOB
— BOAOPOAA M AMOKCHAA Cepbl. Pe3yAbTaThl OIBITOB, IIOAYYEHHBIE IIPU
T=500°C, npepcTaBAeHHBIe Ha PUCYHKe, IOATBEP’KAAQIOT CAEAQHHBIE BBIBO-
Apl. Ilpm aTHX ycaoBHAX mponecc nporekaeT B TeueHue 20 wmun. Ilpm
T=400°C BpemMs npoiiecca pocturaet 60 mun.

V3meHeHMEe AaBAEHUSI Pearmpylolell CMecH, COTAACHO CTeXHOoMeTpude-
CKOMY ypPaBHEHHIO, IIPU IOAHOM IIpeBpAllleHUU UCXOAHBIX PeareHTOB AOAXK-
HO YMEHBIIUTHECS Ha 1/3 OT MCXOAHOU BEAMYMHBI IIPU YCAOBUH, €CAM aTOMBI
cepbl He OCTAIOTCSl B Ta30BOM (pase, a arperupyroTcs M BBIIAAAIOT M3 Tra30-
BOoU (pa3bsl. CAepyeT OTMETUTH, UTO YMEHBIIEHUE AABACHHUS YaCTUYHO MOJKET
UMEeTb MEeCTO W B pe3yAbTaTe KOHAEHCAIlMM YacTH IIapoB BOABI B TpPYOKe,
MIPUCOEAUHSIONIEN PTYTHBIM MaHOMETP K peakTopy. Hapo oTMeTuTs, 9yTO 1Ipn
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OTKAYKe peaKkTopa IIOCAe 3aBepleHMsT OIbITa 00pasyromascs B IIpolecce
cepa ocepaeT B KOMMYHUKAIIUSIX B BUAE JKEATOTO HaAeTa.

12 50

08
A\ )
06 ' f/)
(————X\\ .
04 ~
3
(_l\ Puc. KuHetnyeckme KpuBble M3MEHEHUS:
02 50 1) paBneHus, 2) KoHUeHTpauum Hy,

3) KoHueHTpaummn SO,. T=500°C,
Posw=200 Topp, pearupytoias cMecb

0 " ‘ 0 cocTaBa: 2H,:S0..

Podw, Topp

PH, Pso,, otH. ea,.

5 t, MIIH.

IMpepcTaBAeHHBIE HA PUCYHKE Pe3YALTATHl AEMOHCTPHUPYIOT (haKT IIpoTe-
KaHUSI XUMHUYECKOTO B3auMOAeHCcTBUA SO, C BOAOPOAOM. DTO B3aUMOAEUCT-
BUEe MOJKeT OBITh MHTEPHPEeTUPOBAHO KaK IIPOTEKaHHMe «IIeITHOM peaKIUum»
OKHCAEHUS BOAOPOAA CBSI3aHHBIM B SO KHMCAOPOAOM, B pe3yAbTaTe KOTOPOM
AVOKCHpA, OKHCASIS BOAOPOA, CaM IIPEBPAIAETCsI B JAEMEHTapHYIO Cepy.
Crapusa MHULVMMPOBAHUS 3TOU II€MHOW PeaKIMM B ONMCAHHBIX OIBITAX, O4e-
BUAHO, IPOTEKAET TeTepPOreHHBIM ITyTeM — Ha CTeHKax peakropa. Kak OBIAO
noKazaHo B [13] npu u3ydyeHUN KUHETHUYECKUX OCOOEHHOCTeHN NpPOIecCOB B
"0eCCTeHOYHOM peakTope' C Aa3epHBIM IIOAOTPEBOM, 3apPO’KAEHHE Ilelen
IpY HU3KUX TeMIlepaTypaxX, B YaCTHOCTH, B IENHBIX PeaKIMUIX OKUCAEeHUS
YTAEBOAOPOAOB, UMEET MECTO MCKAIOUMTEABHO Te€TePOTe€HHLIM IIyTEM.

Byayun Hepa3BeTBAEHHOM, IlellHas peaKIUsl OKUCAEHMS BOAOPOAA CBS-
3aHHBIM B AVOKCHUAE Cephbl KHCAOPOAOM, €CTeCTBEHHO, IIPOTEKaeT MeAMNeH-
Hee, YeM IIelTHasi Pa3BEeTBAEHHAS PeaKIUs OKUCAEHUS BOAOPOAA MOAEKYASP-
HBIM KHCAOpoAOM. [To XoaAy Imporiecca Hepa3BeTBA€HHAd IlellHas peaKIlus 3a-
MEAASIETCS M3-3a PAacX0Aad MCXOAHBIX peareHTOB. OUeBUAHO, IIPOTeKaHUe He-
Pa3BETBAEHHON IIeITHOM peaKIUM MOJKHO YCKOPHUTh, obecneuuBag 3ddex-

THUBHOE 3apPO’XKAeHUue ueneﬁ TeéM UAU UHBIM IIyTeM.

o0oU LD 6Mr9Y0LUPYPS N2 GUSULPShY U6 UGT LA LAFUL 20T LAY
WN.UULEUS3UL, E. U.UUGUr3UL U L. U. UO-ULEL3UTL

Llinflym] Gunmwpfwd Gpibnplulul fbppmSncdubph g, Lpuuhpflbinny byufuo-
bymf gnegg § npefbiys np $8dpfs bphopufryp fypmpny § dpnfusuquly Jpudhfs S fusmusyfrguinn-
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NON-CATALYTIC REDUCTION OF SULFUR
FROM DIOXIDE BY HYDROGEN

A. A. MANTASHYAN, E. M. MAKARYAN and L. S. ARAKELYAN

A.B. Nalbandyan Institute of Chemical Physics of NAS RA
5/2, Paruir Sevak Str., Yerevan, 0014, Armenia
E-mail: adolph@ichph.sci.am

Based on the kinetic analysis, it has been shown experimentally that sulfur dioxide
can undergo chemical transformation reacting with hydrogen to form elemental sulfur
also in the absence of catalysts.
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NHPOPMAIUA

IIATAA HAYYHASA KOH®EPEHIUA APMAHCKOI'O
XUMHUYECKOI'O OBHIECTBA

C 3 o 7 okts16ps 2017 roga B EpeBane npoxonuna [lsaras nayynas koHpe-
peHImsT ApMSHCKOTO XHMHYECKOTO 00IecTBa (C MEeXAYHAPOIHBIM yJacTHEM),
MOCBALICHHAS aKTyaJIbHBIM 3a7ayaM (PyHIaMEHTAIbHON U NPUKIaJHON XUMHUU.

Kpome apMsHCKHX y4eHBIX B paboTe KOH(EepeHINH NpUHSITN yJacTue Tak-
xe npencraBurenu Poccun, bemapycun, CIUA, [lompmm, @pannun, Utanun u
psina apyrux ctpaH. B paboTte xoH(epeHIMH yyacTBOBald Y4EHBIE, IPEACTaB-
nsitomme 6osnee 60 HayYHBIX U MPOU3BOJICTBEHHBIX OpraHU3alMid Pa3HbIX CTPaH.

[IpencraBnennsie Ha KoH(epeHwn 14 menapHpix, 30 ycTHRIX U 74 cTeH-
JOBBIX OKJIA/a OXBATHIBAJIM IMPAKTHUECKH BCE 00JaCTH COBPEMEHHOW XUMHYeE-
CKOM HayKu. XapaKTepHOM JJisi KOH(pEepeHINU ObliIa BEICOKAs! aKTUBHOCTH Y4acT-
HUKOB B OOCYXIEHHSX AOKIagbIBaeMbIX paOoT. CIeKTp NpeacTaBICHHBIX Ha
KoH(pepeHInu padoT 0XBaThIBaJ BOIPOCH TEOPUH XMMUYECKOTO MPEBPALICHUS,
Takue, Kak KBaHTOBO-XMMHYECKHUI aHaIN3 TUHAMUKH 3JIEMEHTAPHBIX pEaKlni,
KMHETUYECKUH aHAIN3 CI0KHBIX XUMHUYECKHUX MTPOLECCOB YMCIEHHBIMU METO/1a-
MU C HCIIOJIb30BAHUEM COBPEMEHHBIX IIPOTPamMM, BOIPOCHI MOJIEKYJIIPHOM HHA-
MHKH Ha OCHOBE COBPEMEHHOM BBIYHCIUTEIBHON TEXHUKH. BOJIBIION ylenbHbII
BEC B TE€MaTUKE KOH(EPEHLUUH 3aHMMaIM PabOTHl MO CHHTE3y OPraHUYECKUX
COCAMHEHUH IIeJIEBOI0 HAa3HAYEHUS, B TOM 4HUCIEe (PU3HOJIOTUYECKH AKTHBHBIX
COeIMHEeHMNA. BoJIBIION ITUKIT paOOT OBLI MOCBSIIEH TAKKE CUHTE3y HEOpraHuye-
CKMX COEIUHEHUH 1IeJIeBOr0 Ha3HaYeHMs C IPUMEHEHNEM CIIeLHaIbHO pa3pado-
TAHHBIX METOJIMK U TOIXO/O0B, MOJYYEHUIO OKCUAHO-(PTOPUIHBIX CTEKOJ, MO-
JMyYEHHUIO TUIGHOK HAa OCHOBE HAHOKOMMO3WTOB W Apyrue. OTIeNbHYIO TPyHITy
COCTaBIISUI LMK PaboOT, MOCBSIICHHBIH BompocaMm (OPMHUPOBAHHUS M TOPEHHS
TBepA0(a3HOro pakeTHOrO TOILIMBA, a TAKXKE TOPEHUIO TOIUIMB U ra3o(ukanuu
MHOTOKOMITOHEHTHBIX TOIJIMBHBIX CMECEH.

Ha xongepennun o6cykaainuch Taxke paboThl MO0 OCYILECTBICHHIO MPO-
LIECCOB XMMHUECKOT0 MPEBPALEHHS HA OCHOBE HOBOT'O MOAX0/1a — MPEBPALIEHUS
HEOPraHWYEeCKUX COEJMHEHHH 0] BO3JICHCTBHEM IENHBIX Ta30(a3HbIX peak-
LAH.
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OtnensHOE 3aceqaHre Ha KoH(epeHIHUH ObUI0 mocesmeHo 100-metuio co
ITHS PO’KICHHS BBIAAIOIIETOCS YUeHOro, akamemuka Capkuca AMOapryMoBHUYa
BapransHa, BHeclIero HEOLEHUMBIM BKJIa[ B CTAHOBICHHE M Pa3BUTHE XHMHU-
YECKOM HayKu ApMEHHH.

Pabora kxoH(epeHIIMN B OMpeIeNleHHOW Mepe BBIPHCOBBIBANIA MTYTH Jallb-
HEHIIEero Pa3BUTHSI UCCIICIOBAHUN U MX MPAKTUYCCKUX TPUITOKCHHI.

Oco00 OTpafgHBIM SIBIIEHHEM OBLIO aKTUBHOE ydacTHe B padoTe KOH(epeH-
MU OOJIBIIIOTO YHICIIAa MOJOABIX HCCIIEIOBATEICH.

[To pemeHuro cHenuanbHOW KOMHUCCHHM OPTKOMHTETa IIECTh MOJOMABIX
YY9aCTHUKOB KOH()EPEHIINH 3a JTyYIHe MPEe3eHTANN YCTHBIX M CTEHIOBBIX JTOK-
J1a70B OBUTH yIOCTOEHBI IUTIIOMOB C TTAMSTHBIMH ITOapKaMHU.

B unenom koHdepeHIs Mpounia MUIOAOTBOPHO M BbI3BaJIa OKMBJICHHBIN
UHTEPEC XMMHUIECKOM 00IIecTBeHHOCTH PeciyOnmku.

Axaodemux HAH PA Manmawsan A.A.
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Banan A.A., eMm. Xawuxsan P./]c. N3, c. 384.

Benokonwv FO.H., cMm. Cacusn A.C. Nel-2, c. 54.

Bbynuamsan JK.M., em. 'esoprsin K.A. N3, c. 389.

Bapoausn JI.P., Aupanemsn C.A., Bapoausn P.JI. KuHeTHKa COBMECTHOTO

AHTHOKCUAAHTHOTO JEHUCTBHUS DKCTPAKTOB JIEKAPCTBEHHBIX DPACTEHHU.
Ne3, c. 344.

Bapoausn JLP., I'arcmsan A.I., Bapoansn P.JI. ViccienoBanue aHTHOKCHIAHT-
HOU aKTHBHOCTH PBUIbIEB madpana. Ne4, c. 493.

Bapoaunan P.JI., cM. Bapoanan JI.P. N3, c. 344; Ne4, c. 493.

Bapmanan C.0., cMm. Aeexan A.A. Nel-2, c. 218.

Bockanan A.0., cm. Cumonsin A.M. Nel-2, c. 82.

Tabpuensn JI.C., Mapkapsn III.A. VI3ydeHne TUAIESKTPUYSCKON pelaKcaliy
OWHApHOH cHCTeMBI CYb(onan/ muMeTniacynbdokena. Nel-2, c. 37.

T'abpuensan C.A., cMm. Maprocan A.1. N3, c. 368.

Tancmsan A.I'., cM. Bapoanan JI.P. Ne4, c. 493.

Tancmsan A.C., @panean B.P., Kouuxan T.B. CuHTE3 U XapaKTePUCTHUKA HOBBIX
OureTepoLMKINIecKux cuctem. Nel-2, c. 237.

Tancmsan JI.X., eM. Tonyzan B.O. Nel-2, ¢. 138; Ne3, ¢. 357.

Tancman M.B., cm. 'esopran K.A. Nel-2, c. 246; Ne3, c. 389.

Tapuban O.A., Maxapan I'M., Capecan A.b., Yobanan )K.A. Cunre3 npupo-
weix (E, E)-anka-2,4-nuenaneit na ocuose (E)-4,4-muMeTokcnOyT-2-eHa-
. Ne3, ¢. 378.

Tacosn MB., cm. Jlaoasin C.A. Ne4, c. 558.

Tacnapan CI1., cm. I'egopran K.A. Ne3, c. 389.

Tacnapsan CII., Anexcanan M.B., Apymionsn I'K., I[laponuxan P.B., Cmena-
uan .M. CHHTe3 W aHTHOAKTepUaIbHAS aKTHBHOCTH MPOM3BOIHBIX 2-
apui-5-okcormupposmannaa. Ne4, ¢. 537.

T'esopxan K.A., Apymionan AJI, Iancman M.B., Bynuamsn K.M., Mypa-
0sn P.E., Ilanocsin I'A., F'acnapsn C.I1. CuHTE3 W U3yYeHUE aHTHOKCH-
JAHTHOW aKTHBHOCTH 3,7-OWC-(XHHOJMIMETHII)3aMeIIeHHbIX 1,5-muan-
Kunaraszaounukiononanos. Ne3, ¢. 389.

Tesopran K.A., Apymwonan A.J[., Farcman M.B., Hazapan U.M., [cazayna-
uan M A., Axonsan A.I'., Ilanocsn I''A. CuHTE3 M M3y4eHUE MPOTHUBOCY-
JIOPO’KHON aKTUBHOCTH HEKOTOPBIX CIIMPOIPOM3BOAHBIX |,3-n1mazaana-
MaHTaHoB. Nel-2, c. 246.

Tomxysin T.A., cM. Eneosn A.I1. Nel-2, ¢. 199.

I'pucopan 3.J1., cM. Kazosan E.A. N4, c. 462.

I'pucopsn H.II., Osaxumsan C.C., Menxouan A.I., Ilacyman H.A. Cunres,
npespaiienust 2-mepkanto-3-dermi-7,10-mumernn-3H-crupo[6enzo[h]
xuHa3onuH-5,1'-1uknonentan|-4(6H)-ona U u3yueHue OHOIOrMYECKHX
cBoiicTB. N3, c. 404.

I'pucopsan H.II., Ilaponukau P.B., Cmenanan I'"M. CuHTe3 u npeBpalieHus 2-
MmepkanTo-3-6en3uin-7,10-qumerun-3H-cupo[6enso[h]xunazonun-5,1'-
nukonenTad |-4(6H)-ona. Ne4, c. 546.
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Tykacan I''T. TerepouMKINyecKue COCAMHEHHSI C Y3JIOBBIM aTOMOM a30Ta.
CuHTe3 2-CTUPWINPOU3BOAHBIX nHpuao[1,2-ajnupumuanna. Ne3, c.
412.

Tykacsan I1.C., lapyxkan C.B. CpaBHUTENbHOE WCCIENOBAHNE XAPAKTEPUCTHK
HU3KOTEMIIEPATYpPHOTO TOPEHHs] HOPMAJIBHOIO IeKcaHa, [UKIOreKcaHa
1 X OMHApHBIX cMecel B 0071acTH XONOAHBIX Iu1aMEH. Ne3, c. 337.

Tonyman 2.A4., eM. [lanesn FO.M. Nel-2, ¢. 92.

Jabaesa B.B., bacoacapsn M.P. CuHTe3 HOBBIX KOHJICHCHPOBAHHBIX MPOH3-
BOIHBIX THeHO[3,2-d]mupumMunuaa Ha ocHOBe THEHO[2,3-b]THONHMpA-
HO[3,4-e]mupuanna. Ne3, c. 397.

Lasemsan C.I1., cm. Tonosin A.O. Nel-2, c. 265; Ne4, ¢. 565.

Hasmsan C.II, Tonoan A.O., Muxaensn A.P., Cmegpan Mioanep. ToxoHecymiue
CBEPXIPOBOJAIINE TIOJTMMEP-KepaMHUUECKUe HAaHOKOMITO3UThI. Nel-2, c.
254,

Laoasn A.C., eMm. Haoasn C.A. Ne4, ¢. 529, 558.

Haoasn C.A., Haoaan A.C., Cmenansn JI.A., Oscensin I'1]., [lempocsn A.P.,
Tacoau M.B., Ozannecan A.M., Karawnukoea E.A. AMUHOKUCIIOTHBIA U
MHUHEpaJIbHbIA cocTaB HamsemHoi dactu Chamerion Angustifolium (1.)
Holub. Ne4, c. 558.

Haoasn C.A., Jaoasn A.C., Cmenansn JI.A., Tlococan A.C., Llamypan A.O.
ACUMMETpUYECKUH CHHTE3 HOBBIX DJHAHTHOMEPHO OOOTaleHHBIX
mpou3BOAHLIX (S)-B-dhenumn-a-amannna. Ne4, ¢. 529.

Jicazaynansn U.A., em. T'esoprsin K.A. Nel-2, c. 246.

Jicameapan C.M., em. [anean FO.M. Nel-2, c. 92.

Hanaeynan I'T. CHHTE3BI HOBBIX MUPUIAWHOB U MHpa3oio[1,5-a]mupuMuanHoB,
coJiepKaiuX OWOTreHHbIe W (hapMako(OpHbIe (BParMEHTHI, PEIHKIIH3a-
nuel MUpUMHUIMHOBOTO Kosbla. Nel-2, ¢, 113.

Hanesn B.T., cm. Janesn FO.M. Nel-2, c. 92.

Hanesan IO.M., Capecan T.0., [anean B.T., [Jocameapsan C.M., I'onyman D.4.,
Hanocan I''A., Hamypsin A.O., Cacuan A.C. CuHTe3 O1- U TPUIIETITHIOB,
comepxamux (S)-2-amuno-3-[4-ammmi-(3-nupuann-4- u (S)-2-aMuHO-
3-[4-ammun-(3-mupuanu-3"-un)-5-tnokco-1,2,4-rpuazon-1-mi|-nporuo-
HOBBIE KHCIIOTEI. Nel-2, ¢. 92.

Hawsan L., cMm. Iaponuxan E.I'. Nel-2, c. 179.

Hoenamsan A.K., Kazapan A.I., Apymionsn JLP., Baoanau I'I., Apymionsn
P.C. KBanTOXMMHYECKOE MOJIETUPOBAHME KOMIUIEKCOOOpa3OBaHMs B
cucreme CO?*-HukoTHHOBas KHCIOTa B MPUCYTCTBHH TOBEPXHOCTHO-
AKTUBHOI'O BEILLIECTBA C UCIIOJB30BAHUEM MOJIYIMIHPHUUYECKUX METOIOB
pacueta. Nel-2, c. 45.

Eneosan A.IL, I'omxysan T.A., Kapanemsan A.B., [llaunosa P.C. CpaBHeHUE Tpa-
JUIIMOHHBIX METOJIOB C METOANKONH MB 001y4eHus pu CUHTE3€ HOBBIX
OMOJIOTMYECKH aKTHBHBIX NMIPOM3BOAHBIX UpHAa3uHa. Nel-2, c. 199.

Baxapan M.K., Kupaxocan A.B., Abosan JI.C., Atiounsn C.B., Xapamsan C.JI
Marnwuii-kap6orepmudeckoe BoccranoBienne CUWO,/MeO HaHOCTpYK-
TypUPOBaHHBIX TpeKkypcopoB u cuHTe3 W/CU KOMITO3UIIMOHHBIX MaTe-
puasioB. Ne4, c. 450.

Kaszapan A.I'., em. [Jlognamsan A.K. Nel-2, c. 45.

Kazoan B.M., cm. Tonyzan B.O. Nel-2, c. 137.
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Kazoawn E.A., [pucopsan 3.J1., Mapxapawn 111.A. O6beMHBIC CBOWCTBA OMHAPHBIX
pPacTBOPOB aKPWJIOHUTPWIIA B AUMETWI- H AUITWICYIb(POKCUIAX B TEM-
nepatypHoM uHTepBaie 298.15 - 323.15 K. Ne4, c. 462.

Kanawnukosa E.A., cm. [adasn C.A. Ne4, c. 558.

Kapamsan 3.0., eMm. Xauuxan P./]oc. Ne3, c. 384.

Kapanemsan A.B., cM. Encoan A.11. Nel-2, c. 199.

Kupakocan A.B., cMm. 3axapan M. K. Ne4, c. 450.

Kupaxocan A.B., Hazapeman X.T., Kupaxocan X1, Tymauan M.J., Atiounan
C.B., Xapamsan C.JI. [lomyueHre HaHOPa3MEpPHOTO KapOuia MOJIHOIeHA
CHHTE30M TOPEHHUS PAacCTBOPOB C HOCIEAYIOIIUM OBICTPHIM HAarpeBOM.
Nel-2,c. 11.

Kupakocan X I, cm. Kupaxocan A.B. Nel-2, c. 11.

Knsszan H.b. Heopranwdeckue okcuTOpHIHbIe OopaTHbIE cTeka. Ne4, ¢. 499,

Konvkosa C.I'., cMm. Capecan M.C. Nel-2, c. 100.

Komuxan C.IO., cMm. Tonoan A.O. Ne4, c. 565.

Kouursan T.B., cm. Tancman A.C. Nel-2, c. 237.

Cacusan A.C. Nel-2, c. 71.
Cumonsin AM. Nel-2, c. 82.

Kypmuxsan T.C., cm. Mapmupocsan I'.T". Ne3, c. 303.

Jlaneep I1., cm. Caeusan A.C. Nel-2, c. 54, 71.

Maemyou A.A., Abosan JI.C., Xapaman C.JI. CBC nepepaboTka MEIHBIX OTXO-
JIOB B TIopo1ok Meau. Ned, c. 477.

Maxapsau I'M., em. Tapubsin O.A. N3, c. 378.

Maxapsn 3.M., cM. Manmawsin A.A. N4, ¢. 584.

Mamsn C.C., cm. Maprocan A. M. Ne3, c. 368.

Mawnsenan A.P., cMm. Tonysan B.O. Ne3, c. 357.

Maumawsan A.A., Makapan 3.M., Apaxenan JI.C. Hekatanutudeckoe BoccTa-
HOBJICHHUE Ccepbl BOJIOPOJIOM U3 AHOKcHaa. Ned, c. 584.

Mapousin 3.3., cMm. Caeusin A.C. Nel-2, c. 54.

Mapxkapsin P.3., cM. Aeexsan A.A. Nel-2, ¢. 218.

Apyemaman JXK.C. Nel-2, c. 229.

Mapxapan LLLA., cMm.  Tabpuenan JI.C. Nel-2, c. 37.

Kazosn E.A. N4, c. 462.

Mapxocan A. /., em. Acpaman A1 Nel-2, ¢.276.

Mapxocan A.U., Aipanemsn K.K., Iabpuensin C.A., Mamsan C.C., Asaxu-
man [ic.A., Cmenanan I'M. CuHTe3 U H3ydeHHE aHTHOAKTEpHATBHOM
AKTUBHOCTH HOBBIX TIPOM3BOJHBIX 3,3-aumMeTni-3,4-muruaponadrainnaa
u 5,5-mumernnoenso[h]xunazonuna. N3, c. 368.

Mapmupocan I'I., Kypmuxkan T.C. CnektpajibHOE HCCIEIOBaHHE B3aHMO-
JEHCTBUSA TUMETHIICYNIb(OKCHAA ¢ HUTPO3UIBHBIM KOMILIEKCOM TIOp(hu-
puHa Maprasna. Ne3, c. 303.

Menxonsan A.I., em. I pueopan H.I1. Ne3, c. 404.

Muxaenan A.P., cMm. [laemsan C.I1. Nel-2, c. 254.

Tonosin A.O. Nel-2, c. 265.

Munacsn A.A., cm. Tonosin A.O. N4, ¢. 565.
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Munacan H.C., cM. Apycmamsan JK.C. Nel-2, c. 229.

Mrpmusin A.®., cM. Caeuan A.C. Nel-2, c. 54, 71.

Mrxpan I'T., cMm. Aeexan A.A. Nel-2, c. 218.

Mypaoan I"H. Mexanusm (pOpMUPOBAHUS TPHATIOMHUHUA0B HA OCHOBE THUTaHA
Y IUPKOHMSI B TUAPUIHOM mmkie. Ne3, c. 323.

Mypaosau P.E., cm. Apycmamsan K.C. Nel-2, c. 229.

T'esopran K.A. Ne3, c. 389.

Haszapemsan X.T., em. Kupaxocan A.B. Nel-2, c. 11.

Haszapsan U.M., cm. 'esopran K.A. Nel-2, c. 246.

Osaxumsan 3.1., cm. Xauuksan P [oc. Ne3, c. 384.

Osaxumsan C.C., cMm. I pueopsn H.I1. N3, c. 404.

Oscenan I'1]., em. [laoasn C.A. Ne4, c. 558.

Ocanecsan A.A., cM. Tonyzan B.O. Ne3, c. 357.

Ocannecsin A.M., cm. [aoasn C.A. N4, c. 558.

Tazymsan H.A., em. I pucopan H.I1. Ne3, c. 404.

IHanocsn I''A., cm. Teeopran K.A. Nel-2, ¢c. 246; Ne3, c. 389.

Jlanean FO.M. Nel-2, c. 92.

Haponukan E.I'., Apymionan A.C., Jawsan LI.11]. MeToabl CUHTE3a TPOU3BO/I-
HBIX THEHO[2,3-D]IHPHIMHOB M UX KOHICHCHPOBAHHBIX aHAIOroB. Nel-
2,¢.179.

Ilapornuksan P.B., cMm. Tacnapsn C.I1. Ne4, c. 537.

Tpucopsn H.I1. N4, c. 546.
Xavuxsn P.J{oc. Ne3, c. 384.

Hempocsan A.P., em. [ladasn C.A. N4, c. 558.

Ilempocan C.I., cMm. Caeusin A.C. Nel-2, c. 71.

Tozocan A.C., em. Haoasn C.A. Ne4, c. 529.

Tozocan M Jc., cm. Tlococan H.M. Nel-2, c. 20.

Tozcocan HM., Iozocan M. /[c., Lllanosanosa O.B., Cmpexosa JL.H., Apymio-
noe B.C., Tasaosn JI.A. O BO3MOXKHOCTH IOBBIIIEHHUS BBIXOJA
MPOIWJICHA TIPH COMPSDKEHHOM OKHUCIICHUHM JIETKUX YTJIEBOJIOPOJIOB.
Nel-2, c. 20.

Caaran JLIO., ecm. Cacusin A.C. Nel-2, ¢c. 71.

Cumonsin A.M. Nel-2, c. 82.

Caeusin A.C., cm. Jlanesn FO.M., Nel-2, c. 92.

Capubexan JK.H. Ne3, c. 417.
Cumonsin A.M. Nel-2, ¢.82.

Caeusn A.C., Benoxonv FO.H., Jlancep Il., Mxpmusn A.®D., Mapousn 3.3.
JocTwkeHuss msATH JIeT B 00IACTH  aCHMMETPHUYECKOTO CHHTE3a
HEHACBIIIEHHBIX aMUHOKCHIIOT. Nel-2, c. 54.

Caeusin A.C., Caaxan JLIO., Cumonsn A.M., Illempocsan C.I., Mxpmusan A.®.,
Camsensan M.A., Kouuxan T.B., Jlanzep 1. AcUMMETpUYECKUN CHHTE3
HOBBIX TETEPOIUKIMYECKH 3aMEUICHHBIX aHaJIOroB (-aMHUHOMACIISTHOM
KHCJIOTBI, COJICPKANIUX 3aMEIICHHbIC TPHUA30JIbHBIC TPYITIbI B OOKOBOM
pamukane. Nel-2, c. 71.

Cameensin M.A., cm. Caeusin A.C. Nel-2, c. 71.

Cumonsin A.M. Nel-2, c. 82.
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Capecan A.A., em. Capecan M.C. Nel-2, c. 100.

Capecsan A.B., cM. Acexan A.A. Nel-2, c. 218.

Capecan M.C., Asioyan C.C., Acpaman A.I., Xauampsan A.X., baoacan A.9.,
Capecan A.A., Konvkosa C.I'. BO3MOXXHOCTH TIPOTEKaHUsI PETPOpPEaK-
iy Muxasis B 1,5-1ukapOoHMITBHEIX coenmuHeHnsx. CuHTe3 (hyHKIHO-
HaJIBHO 3aMeleHHbIX 2-upuaoHoB. Nel-2, c. 100.

Capecan T.O., eM. Jlanesan FO.M. Nel-2, c. 92.

Capubexan JK.H., cMm. Cumonsan A.M. Nel-2, c. 82.

Capubexsn JK.H. JIlnHaMuKa BBIJICIICHUS aMUHOKHCIIOT U3 HATUBHOTO PacTBO-
pa KyJabTypallbHON MHIKOCTH MHUKPOOHOJIOTHYECKOTO CHHTE3a TPOJIHHA
MIPY KCIIOJIh30BaHUU MeToja oOpazoBanus ocHoBanuil llludda B nuna-
MH4YeckoM pexknme. Ned, c. 576.

Capubexsn JK.H., Cumonan A.M., Aeadacanan A.E., Caean A.C. BuigencHue
MIPOJIMHA U3 CMECH aMHHOKHCIOT. N3, ¢. 417.

Cumonsin AM., cm. Cazusin A.C. Nel-2, c. 71.
Capubexan K.H. Ne3, c. 417.

Cumonsn A.M. Acummerpuueckuii cuntes (S)-B-(4-(B-denstun)-3-6yrmn-5-
THOKCO0-1,2,4-Tpna3zon-1-un)-a-ananuna. Ned, c. 522.

Cumonsan A.M., Cazuan A.C., Caaxan J1LIO., bazan H.H., Bockansan A.O., Ca-
pubexan JK.H., Camsenan M.A., Kouuxan T.B. ACHMMeTpHUUECKUN CHH-
T€3 HOBBIX I'€TEPOIMKIMYECKHX aHAIOTOB (S)-0-allaHWHA, COIEPIKAIIIX
3,4-nmu3amernieHHble  5-THOKCO-1,2,4-Tpra3oibl B OOKOBOM  pajHKaIe.
Nel-2, c. 82.

Cupaxanan M.A., cMm. Tonosan A.O. Ne4, c. 565.

Cmenanan I'M., cMm. Tacnapsan C.I1. Ne4, c. 537.

Tpueopan H.I1. Ne4, c. 546.
Mapxocan A.1. Ne3, c. 368.
Xauuxsan P J{nc. Ne3, c. 384.

Cmenansn JILA., cm. laoasn C.A. Ne4, c. 529, 558.

Cmegpan Mionnep, em. [lagman C.11. Nel-2, c. 254.

Cmpexosa JLH., cMm. [lococan H.M. Nel-2, c. 20.

Tasaosn JI.A., cm. Tococan H.M. Nel-2, c. 20.

Tonosn A.O., em. JJaeman C.I1. Nel-2, c. 254.

Tonosn A.O., Komuxan C.IO., Munacan A.A., Cupaxausn M.A., Jaeman CI1.
HccnenoBanne KHHETHKH MTOTEPH CTAIMOHAPHOCTH aBTOBOJIH B PEAKIIMH
Benoycora-)KaboTHHCKOTO 1O aHAJIOTMU C (POHTAIBHOM MOIMMEpH-
sanmen. N4, c. 565.

Tonosin A.O., Muxaensn A.P., /lasman C.I1. ®poHTaNbHAS COTIOTUMEPHU3AITUS
aKpUIaMHUia ¢ METHJIMETAKPUIIATOM B MPUCYTCTBUHU YTIIEPOIHBIX Ha-
HOTpyOOK. Nel-2, c. 265.

Tonysan B.O., I'ancman JI.X.,, Kazosn B.M. AMUHOKHCIOTHbBIE U TIENITUIHBIC
aHaymord anetuiaxoinHa. CUHTE3 M aHTHUXOJIMHACTEpa3HbIe CBOMCTBA.
Nel-2, c. 137.

Tonysan B.O., Xanaman M.M., Ozanecan A.A., I'ancman JI.X., Maneensan A.P.
CuHTe3 U U3y4yeHHE aHTUPAIUKAIBbHOW aKTHBHOCTU THIApa3uioB (z)-N-
OeH3om-0, B-neruapoaMuHokucioT. Ne3, c. 357.
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Tymanan M.3., cMm. Kupakocan A.B. Nel-2, c. 11.

@panean B.P., cMm. Tancman A.C. Nel-2, c. 237.

Xanamsan M.M., cm. Tonyzan B.O. Ne3, c. 357.

Xapamsan A.C., cM. Abogan JI.C. Ne3, c. 310.

Xapaman CJI., cM. Abogan JI.C. Ne3, c. 310.

3axapan M.K. Ne4, c. 450.
Kupaxocan A.B. Nel-2, c. 11.
Maemyou A.A. N4, c. 477.

Xauampsan A.X., eM. Capecan M.C. Nel-2, c. 100.

Xayuxsan P.Jc., Osakumsan 3.1., Kapaman 3.0., [laponukan P.B., Cmenansu
I'M., Banau A.A. CuHTe3 U N3y4eHUEe aHTHOAKTEPUAIbHON aKTUBHOCTU
MIPOM3BOAHBIX APOMJIBUHUIKETOHOB. N3, ¢. 384.

Lapykan C.B., em. ['ykacan I1.C. Ne3, c. 337.

Lamypsan A.O., cM. [laoasn C.A. Ne4, c. 529.

Manesn FO.M. Nel-2, c. 92.

Yoobansn JK.A., cMm. Tapubsin O.A. N3, c. 378.

Hlaunosa P.C., cMm. Encosn A.11. Nel-2, c. 199.

Hlanosanosa O.B., cMm. Tozocan H.M. Nel-2, c. 20.

Onuazan /I.C., eMm. Abossan JI.C. Ne3, ¢. 310.
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Abovyan L.S., Kharatyan A.S., Eliazyan D.S., Kharatyan S.L. Preparation of
Cu-Ni alloys by co-reduction of CuO and NiO oxides under the
combustiom mode. Ne3, p. 310.

Aghekyan A.A., Arustamyan Zh.S., Avagyan A.S., Vardanyan S.O., Mkryan
G.G., Sargsyan A.B., Markaryan R.E. Design and synthesis of functio-
nally substituted derivatives of some nitrogen- and oxygen-containing
heterocycles. Nel-2, p. 218.

Arustamyan Zh.S., Markaryan R.E., Aghekyan A.A., Muradyan R.E., Asatryan
T.H., Minasyan N.S. Synthesis and study of antiarhythmic activity of a
number of new amides of the 4-(3.4-dimetoxyphenyl)tetrahydropyrah-4-
metylamine. Nel-2, p. 229.

Dabaeva V.V., Baghdasaryan M.R. Synthesis of new condensed derivatives of
thieno[3,2-d]pyrimidine on the basis of thieno[2,3-b]thiopyrano[3,4-
e]pyridine. Ne3, p. 397.
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Buumanuro asmopoes!

Hloopobuyro ungopmayuro o «Xumuueckom dxicypuane Apmenuuw», cooepoicanue
HOMepO8 JICYPHANA 6 epapuuecKkoil Gpopme u aHHOmayuu cmamet, 20008ble AGMOPCKUE
VKazamenu, a makdice paseepHymoie Npasuia Oiis d6mMopos MONCHO NOLYHUMb 8 Cemu
Hnmepnem no aopecy: http://chemjournal.sci.am « www.flib.sci.am

IIPABUJIA J1JIS1 ABTOPOB

O0ume nosoxKeHNst

K nyOnuxanuu B «Xumuueckom sncypuane Apmenuu» MpUHAMAIOTCS MaTepUalIbl, COAEPIKa-
[IMe Pe3yJIbTaThl OPUTHHAIBHBIX MCCIEeIOBaHUHA, 0QOpMIICHHBIC B BUIC MOJHBIX CTaTel, KpaT-
KHMX COOOLIIEHUI U MHCceM B peJaKUHIoO.

Kypnain my6nukyer paboTh 0 BCceM HANPABJIEeHUSIM XHMUYeCKOH HAYKH, B TOM YHCIIE TI0
o01e 1 HeOpraHMYEeCKOH XUMHUH, PU3NIECKOH XUMHU M XUMHYECKOH (hU3MKe, OpraHHIeCKON XH-
MHH, METAINIOOPTaHHYECKON M KOOPIMHAIIMOHHON XHUMHUH, XUMHUH MOJIMMEPOB, XMMHUH MTPUPOIHBIX
COEMHEHNH, OMOOPTaHMYECKOH XUMHUH U XUMHU MaTEpHAJIOB.

CraTby, TpeaaraeMble K IMyOJHKaluu B pa3feie OMOOPraHMYECKOW XMMHUH, TOJDKHBI OBITh
MOCBSIICHB! TONYYCHUIO HOBBIX HOTCHIUAIBHO OHMOJIOTHUECKH AKTHBHBIX COCAWHCHUH, B TOM
YHcJIe U BBIACICHHBIX U3 MPUPOAHBIX 00BeKTOB. IIpu onmucaHuM HOBBIX BELIECTB, 00,1212 I0IIHX
3HAYHTEJLHOH (B CPAaBHEHHH ¢ IPHMEHsIEMbIMH B MeUIHHE JeKapcTBaMH1) 0H0JI0TrH4ecKOi
AKTHBHOCTBIO, CTaTbsi MOJXET COJEp)KaTh Pe3yNIbTAaThl OMOJOTMUECKUX HCCIESIOBAaHUH, BKIIIO-
YaloIlle CCHUIKM Ha HCIOJIb30BAaHHBIE METOIbI M3Yy4YECHUsI OMOJIOTMYECKOW aKTMBHOCTH, MH(QOP-
MalHio O THIE MCHOJIB30BAaHHBIX OHOOOBEKTOB, aKTUBHOCTH M TOKCHYHOCTH CHHTE3MPOBAHHBIX
MpenapaToB B COMOCTABICHUU C COOTBETCTBYIOIIMMH MOKA3aTESIMU MPUMEHICMBIX B MEIULIHE
JIEKapCTB.

B 3axmodeHun cremyer MPUBECTH KPATKUH apryMEHTHPOBAHHBIH BBIBOJI O CBSI3H MEXKIY
CTPYKTYpOH U OHOJOTHYECKOH aKTHBHOCTBIO HCCIICIOBAHHBIX coeqrHeHn. Omy0InKoBaHHbIE Ma-
TEepHaNbl, a TAK)Ke MaTEepPHANbl, TPEICTaBICHHBIC Ul MyOIWKAlMA B OPYTUX KypHalax, K pac-
CMOTPEHUIO HE TIPHHUMAFOTCSL.

ABTOpPCKHE 0630pBI JOIDKHBI IIPEJCTABILITE COO0H 0000IIEHNEe 1 aHaIN3 Pe3y/IbTaToB IIUKIIa
paboT 0JTHOTO MJIM HECKOJIBKUX aBTOPOB MO €AWHOI TeMaTHKe.

IMonHBIe cTAaTBH NIPUHUMAIOTCSI 00BEMOM 10 12 cTpaHuil, 00beM KPaTKOT0 COO0IIeHnsT —
He Oonee 5 cTpaHWIl MaIIMHONMUCHOTO TekcTa. [luchbMa B peaKkUUI0 JTOJDKHBI COJIEPKATh H3II0-
JKCHHBIE B KPaTKOH (pOopMe HaydHBIE pe3ybTaThl MPHUHIUIIHAILHO BaXHOTO XapakTepa, TpeOyro-
e CpovHoOU myOmKkanmy. Penaknus ocTaBisieT 3a co0oii MpaBo COKpanIaTh CTATHH HE3aBHCHMO
OT uX o0beMa.

Jast ny0JMKaNMU cTaThbU aBTOPaM HeO0XO0MMO NMPEACTABUTH B PeIaKIUIO cieayiolme
MaTepuaJbl ¥ JOKYMEHTBI:

1) HampaBiIeHUe OT opranuzanuu (B 1 9k3.);

2) skcniepTHOE 3aKioueHue (s rpaxaan PA) (B 1 9k3.);

3) moAnMcaHHBI BCEMU aBTOPaMH TEKCT CTaThbH, BKJIIOYAsk aHHOTALINIO, TAOJHIIbl, PUCYHKH U
MTOJIIIKCH K HUM (BCE B 2-X 3K3.);

4) rpaduueckuii pedepat (B 2-X 3K3.);

CraThs JODKHA OBITH HAIMCAaHA CKATO, aKKypaTHO O(QOpMIIEHA W TIIATEIEHO OTPEIaKTHPO-
Bana. He momyckaercs ny6nupoBaHue OHHUX U TeX K€ TaHHBIX B TaOJIUIaX, B CXeMaX M PUCYHKaX.

ABTOp HECET l_IOJ'IHle OTBETCTBCHHOCTH 3a JOCTOBCPHOCTH JKCICPUMCHTAJIBHBIX JIaHHBIX,
IMPUBOJUMBIX B CTAThHE.

Bce CTaTby, HANIPABJIAAICMbBIC B PEAAKIHIO, TOABEPraroTCa PEUCH3UPOBAHUIO U Hay'-[HOMy pe-
JAKTHPOBAHHIO.

CraTbs, HanpaBJICHHAsI aBTOpaM Ha JTOpabOTKYy, TOJDKHA OBITH BO3BpAIllCHA B UCIIPABICHHOM
BUJIC BMECTE C ee MePBOHAYATLHBIM BAPHAHTOM B MaKCHMAIIbHO KOpOTKHE cpoku. K mepepabo-
TAQHHOU PYKOIIUCH HEOOXOANMO IPHIIOKUTH MUCHMO OT aBTOPOB, COJIeprKallee OTBETH! Ha BCE 3a-
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MEYaHHS ¥ KOMMEHTApUH U TOACHAIOLIEe Bce BHECEHHbIC H3MeHEeHUs. CTaThsl, 3a/lep:KaHHAs Ha
HcnpaBJieHHN §oJiee IBYX MecsilieB WJIH TPeOYIOIasi IIOBTOPHOIi nepepadoTKH, paccMaTpH-
BaeTcsl KAK BHOBb MOCTYNHBLIAS.

Penakiys nockuiaer aBTopy nepes HabopoM Ul NPOBEPKU OTPEAAKTHPOBAHHBIN SK3EMILLIP
CTaTbU U KOPPEKTYPY.

CrpykTrypa nyoaukanui

[Tybnukanyst 0630poB, MOJHBIX CTaTeii M KPATKHX COOOIIEHMIl HAUMHACTCS C HHJICKCa
VJK, 3aTeM cremyroT 3arjiaBue CTaTbU, HHUIMAIBI U (haMHUIMU aBTOPOB, Pa3BEPHYTHIE Ha3BaHMS
HAYYHBIX yUYPEXKICHUH, MONHBIE MOYTOBBIE aJpeca C MHIEKCAMHU IMOYTOBBIX OTIENEHHH, HOMepa
(akcoB U azapeca HIEKTPOHHOW MoYThHL. [lanmee mpuBOIUTCS KpaTkas aHHOTauus (He Gomee 20
CTPOK) C yKa3aHHEM KOHKPETHBIX Pe3yIbTaToOB PAOOTHI U BHITEKAIONIUX U3 HUX BBIBOJIOB.

B cratesax TeopeTHyeckoro u Gpu3NKO-XHMHYECKOI0 XapaKTepa MPUBOAATCS CXKaTOE BBeE-
JICHHE B IIpoOJIeMy M ITOCTAaHOBKA 33/1a9H MCCIISIOBAHMS, SKCIIEPUMEHTANbHAsT WM METOANIECKast
9acTh, 00CYXKJICHHE IOJTYYCHHBIX PE3yJIbTaToOB C 3aKJIOYeHHeM, a B CTaThsiX, MOCBSIIIEHHBIX
CHHTe3y, — 00IIast 4acTh (BBEICHUE U 3a/[ada UCCIE0BaHN), 00CY)KIEHHE ITOIyIeHHBIX Pe3yiIb-
TaTOB C 3aKJIIOYEHUEM U HKCIIEPUMEHTANIbHAS YacTh. PUCYHKU ¢ IOJAPUCYHOUHBIMH NOANUCAMU 1
TabNUIBl MOTYT OBITH BBEJCHBI B TEKCT. B MHCbMax B peaKIUI0 aHHOTALUS HAa PYCCKOM SI3bIKE
HE MPUBOAMTCS W pa3OUBKa Ha pas3zensl He Tpedyercs; matotcs unaekc Y /K, Ha3BaHue crarthby,
WHHAIMANEl ¥ (aMIIAE aBTOPOB, HAa3BaHHE HAYYHBIX YUIPEKACHHI M HMX ajgpeca, pe3loMe Ha
apMSHCKOM U aHTJIMICKOM SI3BIKaX.

I'paduueckuii peepar npunaraeTcs Ha oTAenbHON crpanuie (120x55 MM) U mpeacraBiser
c000if HH(POPMATHBHYIO HILTIOCTPAHIO (KIIOUEBYIO CXEMY, CTPYKTYPY COCANHEHHS, ypaBHEHHE
peakuu, TpaguK U T.I.), OTPAXKAIOIIYIO CYThb CTaTbu B rpaduyeckoM Buae. Tekct B rpaduue-
CKOM pedyepare JOIyCKaeTcs TONBKO B Cllydae KpaiiHell HeoOXOAUMOCTH, IPH 3TOM clieqyeT u3be-
rath DTyOnnupoBaHMs HAa3BaHUS CTaTbU M TEKCTA AaHHOTAIUN.

IIpu HecoO.10eHMH YKA3aHHBIX BbIllie NPABHJ CTaThsl He NMPHHHMAaeTCs K MyO0JHKa-
IHH.

Ipumep odopmiIeHHst 3arJIaBUSI CTATHH, CIIUCKA ABTOPOB,
aIPecoB yUpPeKIeHMIl, AHHOTAIMM.
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IIpumeps! opopmirenus rpadpuyeckux pedeparon

O B3aumopeiicrBuu N-aJKHJIIMMHHOB € alETOYKCYCHBIM 3 HpOM

1
M. C. Capresu ! o o] R 0] !
C. C. Avonsa ! “ R !
0O
A. X. XavatpsiH ! R/\N/ + OEt 20°C EtO OEt !
A. 3. bamacsu | aTaHon :
! HO NHR'
C.T. KonbkoBa ! 0 !

Xum. orc. Apmenuu, 2011, m. 64, Ned, c. 511

KuneTHKa BBICOKOTEMIIEPATYPHOI0 230THPOBAHUS TAHTAJIA B H30TePMHYECKHUX

yCJIOBHAX
II. A. Agamsa
E. H. Crenausu
A. A. Yatunsau
C. JI. XaparsH

Xum. oc. Apmenuu,
2011, m. 64, Ne3, c. 316

Odopmienne crateil B «XHMHYeCKOM KypHaJie ApMeHUN»

Tekct cratbu mevataercst yepe3 1.5 naTepBasa (6e3 moMapoK W BCTABOK) Ha Oeoi Oymare
CcTaHJapTHOTO pasmepa (popmaTt A4) ¢ mosIME 3 CM C JIEBOH CTOPOHEL, 1.5 cM ¢ mpaBoii cTOPOHHL,
2.5 cM cBepxy, 2.5 cM cHu3y, pa3mep mpudTa — 12.

Bce cTpaHHIBI PYKONUCH, BKIIOYas CHHMCOK JUTEPATyphl M rpaduueckuil pedepar, Hyme-
pyroTcs.

VYpaBHeHHs1, CXEMBI, TaOJIHIBI, PUCYHKH M CCBUIKM Ha JIUTEpaTypy HyMEpYIOTCs B MOPSIAKe
HX YIIOMHHAHHUSI B TEKCTe.

Cnucok NHTHPYEMOIi INTepPaTyPhl J0JDKEH BKIIIOYATh CChIIKM Ha HauOoJjee CylIeCTBEHHbIE
paboThI 10 TeMe CTaThbH. B TeKCTe CTaTbu JOJDKHBI OBITh YHOMSHYTHI BCE CCHIIIKH, IPUBEICHHbIC
B CITHCKE JIMTEPATyphl. B TEKCTe CCHIIKM Ha JIMTEPATypy JAalOTCs B KBaJPaTHBIX CKOOKaxX M HyMe-
PYIOTCS CTPOro B MOpsiAKe MX ynoMuHaHusi. CHMCOK JUTEpaTyphl Meyaraercst Ha OTACIbHOM
CTpaHHUIIE C YKa3aHUEM HHUIUAIOB U (GaMUIIHI BCceX aBTOPOB.

Cnucok JuTepaTyphl T0JDKeH OBITh 0hOPMIIEH CIIeTyIOmnM 00pa3oM:

Knueu: Byuauenxo A.JI., Baccepman A.M. Ctabunbhble paaukaibl. M., Xumust, 1973, 58 c.

Cmambwu 6 coopnuxax: Ona [orc., @apyx O., Ilpaxaw [orc. K.C. B XH: AKTUBAIMA U KaTaIu-
THYECKHe peakiuu ankanos / noa pea. K.M.Xwwia. M., Hayka, 1992, c. 39.

ITpy HNTHPOBAHUHU NEPEeBOAHBIX M3AAHUI MOCIE BHIXOAHBIX JAHHBIX PYCCKOS3BIYHOU Bep-
CHH B KBJIpaTHBIX CKOOKaX HEOOXOAMMO yKa3aTh BBIXOJHBIC JaHHBIC OPHUTHHAJIBLHOTO M3JaHMS.
Hampumep: Buympennee epawjenue monexyn./ nox pen. B.J1.Opsumt-Tomaca. M., Mup, 1974, 374
c. [Internal Rotation in Molecules, Ed. W. J. Orville-Thomas, Wiley, New York, 1974, 329 pp.].

Kypnanwt: Gal'pern E.G., Stankevich 1.V., Chistyakov A.L., Chernozatonskii L.A. // Chem.
Phys. Lett., 1997, v.269, p.85.

IIpy HUTHPOBAHNM PYCCKOSI3LIYHOTO KYPHAJIa, MepeBOIUMOro 3a pyoexom, HE0OX0u-
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CchIIIKH HA HeoNmyO0IMKOBAHHBIE Pe3yIbTATHI H YaCTHBIE COOOLIEHHSsI TAI0TCS HCKITIOUH-
TEJILHO B BHJIE CHOCOK, @ B CITUCKE JINTEPATyphl HE IPUBOJATCS U HE HyMepytoTcs. [Ipu utuposa-
HUH HEOMyOJIIMKOBaHHBIX pa0OT U YAaCTHBIX COOOLICHUI HEOOXOJMMO MPEICTaBUTh PAa3peIICHUE OT
JIMLA, HAa YbH JaHHbIE IPUBOJUTCS CCHUIKA.

MMamsaTka s aBTOpPOB

JInsi MakCUManbHOTO COKPAaIeHHsI CPOKOB MYOJIMKAMH PENaKIHs IIPOCHT aBTOPOB oOpa-
TUTH 0c000€ BHUMaHHE HA 0)OpMJIeHHe CTATHH.

Obuiue nonosceHus

Marepuainsl, IpeICcTaBIsIeMbIE B PEIAKIIHIO:

[J ¢aMumsi, ©Ms1, OTIECTBO U KOOPAMHATHI JINLA, C KOTOPBIM pelaKus T0JDKHA BECTH Iepe-
MUCKY (IIOYTOBBIN agpec, HOMep TenedoHa, HoMep (akca, aapec dMEKTPOHHON NoUTh). DaMuust
aBTOpa, OTBETCTBEHHOTO 32 MEPENHCKY, JOIDKHA OBITh OTMEUYCHA 3BE3A0YKOM.

[] HampaBJIeHHE OT OpraHU3aIUU

[] skcnepTHOE 3aKiIodyeHue (11 rpaxaal PA)

] TEKCT CTaThM, aHHOTAIIUU HA PYyCCKOM, aHIVIMICKOM U apMsSHCKOM SI3bIKaX Ha OTJEJIbHBIX
cTpanunax (Jiubo B TEKCTE), PUCYHKHU U Tabiuibl (Bce B 2 9K3.)

[ rpaduyeckuii pedepar

[J mocJieI0BaTeIbHOCTh PACHOJIOKEHHS YacTell cTaThu (KpOMe IHCEM B PEIAKIIUIO):

[J magexc YK

[] HazBaHMe cTaThu

[] aBTOp(BI)

[] pa3BepHyTOE Ha3BaHHE HayYHOUH OpraHU3aluu

[ moYTOBBIH azpec ¢ UHAEKCOM

[ dpaxc

[l agpec 3MeKTPOHHON MOYTHI

[] arHOTanNA

[] coOOCTBEHHO TEKCT CTATbH

[] BBeIeHME

[] mocraHoOBKa 3a7a4n

JJIs1 cTaTel (PU3MKO-XUMHYECKOI TEMATHKU:

[] sKCIIepUMEHTaNbHasl YacTh

[] 00CyXIeHHE TTOJIyYSHHBIX PE3Y/IbTAaTOB C 3aKII0OUEHUEM

JJIS cTaTeil, MOCBSIIEHHBIX CHHTE3Y:

[J o0CyXIeHHE TTOTyYeHHBIX PE3YJIBTATOB C 3aKITIOUYCHUEM

[J BKCTIepUMEHTANbHAs YacTh

[J brmaromapHOCTH

[] cnMcoK JuTepaTypsl
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Tpebosanusa Kk ogpopmaenuio u no0zomoeKe pykonucu

[1B 3KCnepuMeHTAIbHOI YaCTH JODKHBI OBITh NPECTABICHBI I0KA3ATEJIbCTBA CTPOCHUS
U YMCTOTBI BCEX HOBBIX COCMHEHHUH, HICTOYHUKU HCIIOJIb30BAaHHBIX HETPHBUAJIBHBIX PeareHToB
WM METOAMKH UX MOJIYYeHHs, a TaKKEe YCJIOBHUS JOMOJHUTEILHON IOJTOTOBKH PEarcHTOB U
pacTBopurenei.

[Ins BceX CHHTE3MPOBAHHBIX COEAMHEHHWH CIIeAyeT JaTh HA3BaHUs MO HOMEHKJAType
IUPAC. MeramioopraHi4eckue KOMIUICKCHI MOTYT ObITh Has3BaHbl 1o cucreme Chemical
Abstracts.

[1Bce Tadau1pbl, cXeMbl, PUCYHKH, COE/IMHEHUS] M CCbIJIKH HA JIUTEPATYPY AODKHBI HyMe-
POBATHCS CTPOTO B MOPAAKE YIOMUHAHHUS B TEKCTE.

[1Ha ocsx rpaMKOB OJDKHBI ObITh YKa3aHbl HAMMEHOBAHUS Y eIUHUIIbI H3MEPEHHUs COOT-
BETCTBYIOIUX BEJIMYMH.

[/PucyHKH CHEKTPOB HE JOJDKHBI OBITH BHIITOIHEHEI OT PYKH.

['Bce ucrone3yemble a06peBHATYPBI U COKPALIEHHs] JOIDKHBI COOTBETCTBOBATH IIPHBE/ICH-
HoMy B [IpaBminax U1 aBTOPOB CIMCKY WM paciIi(pOBEIBATHCS NP MIEPBOM YIIOMHHAHUH.

[]laHHBIE PEHTI€HOCTPYKTYpPHOTO HCCIIEJOBAaHMS CIEIyeT IPEACTaBISATh B BUAE PUCYH-
Ka(KOB) MOJIEKYJIBI (C IPOHYMEPOBAaHHBIMH aTOMaMH) HJIM KPUCTALTMYECKON YIaKOBKH U TaOHI,
coZiep)KalnX Heo0XO0AMMble FeOMETPUYECKHIE XapaKTEPUCTHKU MOJIEKYJ (OCHOBHBIE JTMHBI CBS-
3¢if, BaJICHTHBIC 1 TOPCHOHHBIE YIJIBI).

[1 Jlnst OCHOBHOTO TEKCTa CTaThH 0O0s3aTeNsHO Hcmons3oBanue mipudpra Unicode,
xenarenapHo Times New Roman, miis rpedeckux 6yks — mpudt Symbol.

[JCuMBOJIBI IEPEMEHHBIX (QU3MYECKUX BEIHYHMH (HampuMep, Temieparypa — 1), €INHUIBI
nx m3mepenus (K), crepeoxnmudeckue aeckpuntopsl (yuc, Z, R), nokants! (N-metwi), OykBeH-
HBle (HO He IM(POBHIE) CUMBOJIBI IIPH 0003HAUYSHUH TPYII CHMMETPUH JOJDKHEI OBITH Hamevara-
ubl kypcusom (C2v, Ho He C2V).

(B crnMcKe JUTEPATYPhl JODKHBI MCIIONB30BaThCS TOJIBKO CTAHIAPTHBIC COKpAICHHS Ha-
3BaHMH KYPHAJIOB.
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AVMACTAHU KUMHUAKAH AHJEC
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