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For the first time, an experimental determination of the main (basic) thermodynamic
properties of 3-(5-phenylpyrrol-2-yl)-propanoic acid was carried out using differential
thermal and thermogravimetric methods of analysis and combustion bomb calorimetry.
The values of the enthalpy of sublimation at 298 K and the enthalpy of formation in the
gaseous state were calculated using the values of the enthalpies of vaporization and
fusion, which were recalculated to 298 K, and the enthalpy of formation in the condensed
state. The applicability of the Domalsky additive method for calculating the enthalpies of
formation in the condensed and gaseous states is shown.

Thermodynamic parameters will be crucial in the development of technological processes
for the synthesis, purification, use, storage and transportation of 3-(5-phenylpyrrol-2-yl)-
propanoic acid, as this compound exhibit biological activity, evidenced by the preliminary
assessment of the molecule structure using the web-based program SuperPred, and will
have potential use in the production of medicines.

Keywords: enthalpy of formation; enthalpy of combustion; enthalpy of vaporization;
enthalpy of fusion; enthalpy of sublimation.

Introduction

Various groups of organic compounds are of interest to industry and the scientific
community, as they are the main or intermediate components of substances production
with predetermined properties. One of such groups is polysubstituted pyrrole derivatives.
The properties of pyrrole derivatives make it possible to use them in the production of
dyes, catalysts, corrosion inhibitors, conductive materials for batteries, coatings for
semiconductors and solar cells [1, 2]. Substances that contain a polysubstituted pyrrole
fragment are quite common in nature and are usually found in the structures of
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chlorophyll, hemoglobin, cytochrome [3]. Because of their biological activity, they are
also used in the pharmaceutical industry. For instance, a study on a new class of 1,5-
diphenyl-pyrrole derivatives indicates that these compounds can serve as excellent
scaffolds for new antibacterial agents. These agents could be used on their own or as part
of innovative combination therapies with existing antibiotics [4]. The presence of
aromatic structure in the pyrrole molecule allows it to react with various electrophiles [5]
to obtain the corresponding derivatives, which, in turn, makes it possible to use them as
components in the production of medicines with antioxidant, antibacterial and anti-
inflammatory effects [6]. A number of medicines contain at least one heterocycle with a
nitrogen atom [7], which explains the relevance of research on new ways of synthesis
and thermodynamic properties of compounds of this class.

Nowadays, the development of computer technologies provides sufficient computing
power to conduct a preliminary assessment of the biological activity of organic
compounds, which is formed by comparing the structural formula of a substance with
databases using mathematical models and machine analysis [8]. However, the lack of
reliable thermodynamic data of newly synthesized compounds leads to unoptimized
technological production with their application, since the important values in
technological calculations of new production or optimization of existing production with
the participation of individual substances are the enthalpies of phase transitions, the
enthalpy of combustion of a substance A Hgog, the enthalpy of formation Anggs in
condensed and gaseous states.

This study aims to determine the thermodynamic parameters of 3-(5-phenylpyrrole-
2-yl)-propanoic acid, namely by bomb calorimetry to experimentally determine the
combustion energy and calculate the enthalpy of combustion and formation in the
condensed state; by differential thermal and thermogravimetric methods of analysis to
determine the enthalpies of fusion (AssHrus) at the melting point and vaporization
(AvpHrw) at the average temperature of the experimental interval and to recalculate the
value of the energies of phase transitions to a temperature of 298 K and calculate the
enthalpy of formation in the gaseous state at 298 K. To perform a theoretical calculation
of the enthalpies of formation of 3-(5-phenylpyrrole-2-yl)-propanoic acid in the
condensed and gaseous states and to compare them.

Synthesis of the compound under study

The three-step synthesis of 3-(5-phenylpyrrol-2-yl)-propanoic acid was carried out
according to the following reaction scheme (Scheme 1):
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Scheme 1. Reactions scheme of three-step synthesis
of the 3-(5-phenylpyrrol-2-yl)-propanoic acid.

Furfurylideneacetophenone (1). To the mixture containing 80 g of furfural (0.83 mol),
100 g of acetophenone (0.83 mol), 200 mL of methanol with intense stirring was added
0.05 mol of 15 % alcohol solution of KOH. The reaction was carried out for 3 hours,
maintaining the temperature from 293 to 298 K with constant stirring. Then the reaction
mixture was neutralized with acetic acid, diluted in 400 mL of water, extracted with
dichloromethane, the extract was washed with water on a separating funnel, the organic
layer was separated and dried over sodium sulfate. The solvent was removed using a
rotary evaporator and the residue was distilled under vacuum at 423.15 K /2 mmHg.
4,7-dioxo-7-phenylheptanoic acid (2). A mixture of 0.2 mol of furfurylideneaceto-
phenone (1), 300 mL of ethyl alcohol, 90 mL of concentrated HCI and 15 mL of water
was refluxed for 24 hours, and then the alcohol was distilled off. To the obtained black
viscous mass was added 200 mL of concentrated HCI, 200 mL of glacial acetic acid,
400 mL of water and heated with reflux condenser for another 3 hours. After cooling, the
obtained light yellow crystalline precipitate of 4,7-dioxo-7-phenylheptanoic acid (2) was
separated from the residual resin, filtered, washed three times with water and
recrystallized from ethanol.

3-(5-phenylpyrrole-2-yl)-propanoic acid (3). A mixture of 0.025 mol (5.85 g) of 4,7-
dioxo-7-phenylheptanoic acid (2), 5 g of ammonium acetate and 50 mL of glacial acetic
acid was refluxed for 6 hours. After cooling, the reaction mixture was transferred under
stirring to a glass with 100 mL of cold water, after 20 min the precipitate was filtered
off, washed with water and recrystallized from ethanol/water mixture.

Research methods

The NMR spectroscopy method in this work was used to identify 3-(5-phenylpyrrole-
2-yl)-propanoic acid. The '"H NMR spectra were recorded on Varian 500 (500 MHz)
using DMSO-d6 solvent. Chemical shifts (3, ppm) are given relative to the DMSO signal
(2.50 ppm): 'HNMR (500 MHz, DMSO-ds) & 12.15 (br.s, 1H), 10.95 (s, 1H), 7.56 (d,
J=17.5Hz, 2H), 7.31 (t, J=7.8 Hz, 2H), 7.09 (t, J = 7.3 Hz, 1H), 6.29 (t, J=3.0 Hz,
1H), 5.83 (t,J=3.0 Hz, 1H), 2.82 (t, J= 7.7 Hz, 2H), 2.57 (t,J=7.7 Hz, 2H).

Based on the results of experimental studies carried out on the Paulik-Paulik-Erdey
derivatograph Q-1500 D, the enthalpies of phase transitions were calculated. The sample
of the acid under study was analysed in a platinum crucible in a dynamic mode with a
heating rate of 5 K/min [9]. The value of the enthalpy of vaporization (A.,Hrm) Was
determined from the temperature dependence of the sample vaporization rate (v =
Am/A) in the temperature range at which the compound was in a liquid aggregate state
before the degradation process began. The integral mass loss curve was differentiated
every 30 seconds, and the obtained values of the temperature dependence of the
vaporization rate were analysed in the coordinates of the Arrhenius equation (Inv =
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A —g, where B = %). To perform calculations (Eq. 1), it was assumed that the

enthalpy of vaporization and the activation energy (E,.;) of this process are equal, since
in the presence of the liquid phase the process of vapor condensation is practically non-
activated:

AvapH = Eqet + RTfus (D
As the sample loses mass, the vaporization process occurs, resulting in heat

absorption. Therefore, this factor was taken into account when calculating the enthalpy
of fusion (Eq. 2).

K-§= qus + Qvap =mg- AfusH + Amvap ' AvapH 2
where K is the heat transfer coefficient of the derivatograph was determined using
biphenyl, silver nitrate, adipic acid, benzoic acid K-1, J/(K-s); Qs and Qs are the
amount of heat absorbed during the fusion or vaporization of the sample, respectively, J;
ApysH and Ay, H are specific enthalpies of fusion and vapourisation of the acid,
respectively, J/g; mg is the mass of the sample corresponding to the temperature of its
fusion beginning Trs, g; Amygp is a loss of sample mass (vapour mass) over the period
taken into account when determining the peak area S (K's) on the differential thermal
analysis curve, g.

The combustion energy of 3-(5-phenylpyrrole-2-yl)-propanoic acid was measured
using a precision combustion calorimeter B-08-MA with an isothermal shell (£0.003 K)
and a static calorimetric bomb according to the procedure described in detail in [10].
According to the method described in [11], the energy equivalent of the calorimetric
system (W =10347+7 J/V) was determined with an accuracy of +0.07 % by burning
reference benzoic acid of grade K-1 (the content of the main component was
99.995 £+ 0.01 mol %).

The acid studied is in a solid aggregate state under normal conditions. Therefore, at
the beginning of the experiment the acid was crushed in a chalcedony mortar, pressed
into a tablet using a press form and placed in a platinum cup. This platinum cup was then
placed in a calorimetric bomb, which was filled with oxygen. The initial pressure of
oxygen, previously purified from carbon dioxide, combustible impurities and water was
30 atmospheres. At each experiment, the samples were ignited by discharging capacitors
through a nichrome wire, which set the cotton thread on fire. The temperature at the
beginning of the first phase in all experiments was 298.15 K. After each experiment, a
by-products quantitative gas analysis of combustion was performed to detect the
presence of carbon mono- and dioxide, soot, and nitric acid. The amount of carbon
dioxide formed during combustion was determined by the standard Rossini method [12]
with an accuracy of £ 2-10* g.

In separate experiments, the amount of carbon monoxide was measured using
indicator tubes with an accuracy of +5-10° g. The reliability of gas analysis is confirmed
by numerous experiments on the combustion of reference benzoic acid. The presence of
HNOs3 was determined by titration with 0.1N KOH. The amount of soot formed on the
walls of the platinum cup after the acid combustion experiment was determined by
weighing with an accuracy of £ 5-10% g.

Results and discussion

The synthesized acid belongs to pyrrole derivatives, compounds of which are capable
of exhibiting biological activity. For this reason, an additional preliminary assessment of
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the potential biological activity was performed using the web-based program SuperPred
[13]. The assessment is based on the comparing the structural similarity between the
substance under study (in this case, an acid) and biotarget ligands, as well as the
probability of ligand-receptor interaction (the evaluation database contains about 1800
proteins, 340 thousand ligand compounds and information on 660 thousand interactions
between compounds and targets). According to the results of preliminary evaluation, 3-
(5-phenylpyrrole-2-yl)-propanoic acid is capable of exhibiting biological activity. When
targeting cathepsin D protein, the probability of the drug's effect on arterial hypertension
[ICD-11: BA00-BA04] and multiple sclerosis [ICD-11: 8A40] is 96.0%, the same as for
most drugs with a pyrrole fragment [14]. Targeting a membrane protein (toll-like
receptor 8) has a 64.7% probability of producing a therapeutic effect in allergic rhinitis
[ICD-11: CA08.0] and systemic lupus erythematosus [ICD-11: 4A40.0]. The effect on
the enzyme DNA topoisomerase I will be observed in 82.3% of cases of
chemotherapeutic effect in such cancers as acute lymphoblastic leukemia [ICD-11:
2A85], lung cancer [ICD-11: 2C25. 0] and esophageal cancer [ICD-11: 2B70], as well as
in acquired immunodeficiency syndrome [ICD-11: 1C62.3] and bacterial infection [ICD-
11: 1A00-1C4Z]. When acting on M5 muscarinic acetylcholine receptors, there is an
88.0% probability that the drug will have a therapeutic effect in the treatment of allergic
rhinitis [ICD-11: CAO08.0]; Alzheimer's disease [ICD-11: 8A20]; asthma [ICD-11:
CA23]; colitis [ICD-11: 1A40.Z]; gastritis [ICD-11: DA42]. The accuracy of the
SuperPred forecasting method is 99.0-95.0 %. According to these results of preliminary
assessment, 3-(5-phenylpyrrole-2-yl)-propanoic acid is a potential component of
medicines with a wide range of biological activity.
The values of the enthalpies of vaporization calculated by Eq. 1 are given in Table 1.

Table 1
Vapourisation enthalpies of 3-(5-phenylpyrrol-2-yl)-propanoic acid
ﬁzﬁgfr T1-T2, K TAm-10°, g A B,K AvpH, KJ/mol
1 451.6-470.1 0.154 13.99 11553 99.5
2 485.4-540.1 3.430 13.30 11447 98.6
3 440.4-540.8 7.130 14.37 11605 99.9
Mean value: 99.3+1.0

T1-T> — the temperature interval at which the enthalpy of vapourisation is calculated;
2Am — total mass loss of the sample at the specified temperature interval, g.

The values of the enthalpies of fusion calculated using Eq. 2 are shown in Table 2.

Table 2
Fusion enthalpies of 3-(5-phenylpyrrol-2-yl)-propanoic acid
Sample number [ mo,g | Amvap, g | S, Ks | Guap,J [ K103, JK's | AnsH, kJ/mol
Trus=416.45+£1.50 K;
1 0.0746 0.0003 306.9 0,1428 3.574 29.28
2 0.0740 0.0003 306.7 0.1406 3.804 28.25
3 0.1012 0.0004 399.1 0.1818 3.104 28.60
Mean value: 28.71+0.78
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The experimental determination of the combustion energy of the studied acid was
carried out according to the method [11]. Under the experimental conditions, the
combustion energy (Qy(29g)) Was calculated by Eq. 3:

W -AT - Q — Qunos + Qcarp
_Qv(zgg) — fuser 3 car (3)

mcomn

where W is an energy equivalent of the calorimetric system, J/V; micomp — is @ mass of the
substance that was burned during the experiment, g; Oiser, Ounos, Qcary are the amount of
heat released during the combustion of cotton thread (16704.2 J/g), in the formation of
nitric acid solution (59 J/g) and soot formation (32800 J/g), respectively [11]; AT is a
true temperature rise in a calorimetric experiment.

The completeness of combustion after burning the acid sample was calculated as the

ratio of the mass of carbon dioxide determined by gas analysis (m?é’z’) to the mass of

carbon dioxide calculated from the sample taken for the study (mg‘;,’; ). The experimental

determination of the combustion energy and completeness of acid combustion results are
shown in Table 3.

Table 3
Results of experimental determination of
3-(5-phenylpyrrol-2-yl)-propanoic acid combustion energies
Meomps AT, Qfusers Quno,> Qcarbs —Qv(298)> m?éf
g \ J J ] Jg / mégle
0.23751 0.70868 79.1 4.1 22.1 30619 0.9954
0.23877 0.71561 97.6 8.9 11.8 30618 0.9982
0.21210 0.63366 88.5 1.8 21.6 30591 0.9912
0.29435 0.87748 87.7 3.0 19.5 30606 0.9946
0.27742 0.82594 79.8 4.1 23.0 30589 0.9989
0.30872 0.91955 87.9 4.4 22.6 30597 0.9975
0.12968 0.38956 87.1 24 259 30596 0.9937
AQy (298 =—30602+11 J/g

The mean value of the combustion energy was used to further calculate the standard
enthalpy of combustion of 3-(5-phenylpyrrol-2-yl)-propanoic acid. The value of the
standard enthalpy of combustion was calculated taking into account the Washburn
correction « [11] and the correction for the expansion work AnRT. The following values
of formation energies (kJ/mol) were used to calculate the standard enthalpy of formation
Anggg in the condensed state by the combustion reaction (Eq. 4):
COx(g) = 393.5140.13; H20O(1) = 285.830+0.040; O2(g) = 0; Na(g) = 0 [15].

Ci3Hi302N (er) + 15.250; (g) — 13CO; (g) + 6.5H0 (1) + 0.5N2 (g) 4
The energy of combustion, the Washburn correction, the correction for the expansion
work and the enthalpy properties of the acid are given in Table 4.
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Table 4
Energy characteristics of combustion and formation (kJ/mol)
3-(5-phenylpyrrol-2-yl)-propanoic acid in condensed and gaseous states
Qv(298) T AnRT ACH§98 Ang‘)Ss(cr) Ang‘)Ss (€]
—6587.2+£2.3 —4.1 —4.3 —6595.6+£2.3 -377.9£2.6 —243.3+£3.3

To calculate the enthalpies of formation in the gaseous state, the value of the
enthalpy of sublimation at 298 K is required. The value of the enthalpy of sublimation
can be calculated from the values of the enthalpies of fusion and vaporization, with its
subsequent reduction to 298 K. For the purpose of reducing the error of recalculation of
the enthalpy of sublimation to 298 K, we decided to recalculate the value of the enthalpy
of sublimation from the melting point to 298 K according to Eq. 5, in which the value of
the change in the specific heat capacity during the melting process is presented as a
constant value (0.259 + 0.041) [16].

AsupHaos = DgupHr g + (0.259 £ 0.041) - M - (Tyys — 298) (%)

Assuming that the value of the enthalpy of fusion is determined at the melting point
and the enthalpy of vaporization is determined at the temperature range close to the
melting point. The enthalpy of sublimation was determined at the melting point
(AsubHTfus)-

The value of the enthalpy of sublimation at 298 K is 134.6+2.1 kJ/mol, respectively,
the value of the enthalpy of formation of 3-(5-phenylpyrrole-2-yl)-propanoic acid in the
gaseous state is Aszogg, (g) =—243.3 £ 3.3 kJ/mol.

The presented algorithm for determining the thermodynamic parameters of individual
substances experimentally is a complex process that requires particularly pure
substances, expensive precision equipment, and highly qualified scientists. An
alternative to this is theoretical methods for calculating the main thermodynamic
parameters. Such methods are usually able to provide sufficient reproducibility results
for compounds with a simple structure. The simplest additive calculation methods are
Benson [17], Cohen [18] and Domalski [19]. Benson group additivity method is the
primary method that makes it possible to calculate the enthalpies of formation in the
gaseous state from group contributions, but its main drawback is that the group
contributions of this method are scattered in scientific publications, access to which is
limited and allows calculating only the enthalpies of formation in the gaseous state.
Cohen's method allows us to calculate thermodynamic parameters only for those
compounds that consist of carbon, oxygen, and hydrogen. The Domalsky additive
method can be used to calculate the enthalpies of formation in the condensed and
gaseous states simultaneously, and group contributions are not scattered across
publications but are concentrated in [19]. Table 5 shows all the necessary group
contributions to calculate the enthalpies of formation of 3-(5-phenylpyrrol-2-yl)-
propanoic acid.

Based on the Domalsky method, the enthalpy of formation in the condensed state is
AsH3eg (cr)=—377.61 kJ/mol, and in the gaseous state ArH3yg (g) =-240.93 kJ/mol.
Theoretically calculated values by the Domalsky method are in good agreement with
experimental data. Such a convergence of values may be caused by the spatial structure
of the substance under study, namely, the presence of large substituents that reduce the
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possibility of intra- and intermolecular interactions that cause significant differences
between experimentally and analytically determined values.

Table 5
Group contributions for Domalsky method calculations
of enthalpies of formation in condensed and gaseous states, kJ/mol
ArHog Group ArHog
Orow (e ) (@ @
Cb — (Cv)2(H) 6.53 13.81 Cd— (Ca)(C)N) -3.95 -5.74
Cb — (Ca)(Cp)2 20.27 24.17 C - (O)(Cy)(H)2 -21.6 —18.92
Cd — (Co)(C(N) -3.95 -5.74 C — (C)(CO)(H)2 -27.9 -21.84
Cd — (Ca)2(H) 17.53 28.28 CO - (C)(O) —153.6 —137.24
N — (Ca)2(H) 45.40 83.55 0 - (CO)(H) -282.15 —254.30
Cb — (Cb)2(N) 9.75 —1.30 Pyrrole ring -17.84 -30.48
Conclusions

The thermodynamic properties of 3-(5-phenylpyrrole-2-yl)-propanoic acid were
determined by experimental methods. The values of the enthalpy of combustion (-
6595.6 =£2.3 kJ/mol) and formation in the condensed state (—377.9 = 2.6 kJ/mol) were
determined experimentally by bomb calorimetry. The differential thermal analysis
method was used to determine the enthalpy of fusion (28.71 +0.78 kJ/mol) at the
melting point of 416.45+1.50 K and to calculate the value of the enthalpy of
vaporization (99.3 = 1.0 kJ/mol). Using the experimentally determined enthalpies of
phase transitions, the value of the enthalpy of sublimation was calculated and
recalculated to 298 K (134.6 £ 2.1 kJ/mol). The enthalpy of formation in the gaseous
state is calculated (—243.3 = 3.3 kJ/mol). The Domalsky additive method was used as a
theoretical method for calculation the main thermodynamic parameters of 3-(5-
phenylpyrrole-2-yl)-propanoic acid. A theoretical values of enthalpies of formation in
the condensed and gaseous states (Anggg (cr)=-377.61 kJ/mol and Anggg (&)=
—240.93 kJ/mol, respectively) are in good agreement with experimental data
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EKCHHEPUMEHTAJIBHE BUSHAYEHHS TEPMOJANMHAMIYHUX
BJIACTUBOCTEM 3-(5-©EHLJIIIPOJI-2-LJT)-ITPOITAHOBOI KUCJIOTH
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3-(5-¢eninmipon-2-in)-rpornaHoBa KUCIOTA € MPEACTABHUKOM I'PYIH IOXIAHUX IMOJTi3aMIILEHOro Mmipoiy i
3[1aTHA IIPOSIBILITH OlOJIOTIYHY AaKTHBHICTH, IIPO IO CBIJUUTH IHOIEPEIHS OLHKA CTPYKTYpH MOJEKYJIH 3a
nornomororo Beb-nporpamu SuperPred. ITogiGHi pedoBHHH 3aCTOCOBYIOTHCS Y (papMaleBTHYHIH POMHCIIO-
BOCTI Yy SKOCTIi OCHOBHHMX a00 TNpPOMDKHHUX KOMIOHEHTIB [JIi BHMPOOHHMLTB JIKapCbKUX 3aco0iB 3
AQHTHOKCHIAHTHOIO, aHTHOAKTEPiaJbHOI0 Ta MPOTH3ANAIBHOI AisiMU. Ilompu akTyalbHICTH IOIIYKY HOBHX
LUISIXIB CHHTE3y PEYOBHMH, BIICYTHICTh HaJiHHMX TEPMOJMHAMIYHMX JAHUX 3YMOBIIOE TOTpPedy y iX
HAsBHOCTI, OCKUIBKH BOHU € OJHUMH 3 KJIFOYOBHX CKIAJOBHUX IIiJ{ YaC TEXHOJIOTTYHUX PO3PaXyHKIiB IPOIIECiB
CHHTE3Y, OYHIICHHS, BUKOPUCTaHHs, 30epiraHHs Ta TPAHCHOPTYBAHHS 33 Y4acTIO iHAUBIAyalIbHUX PEUOBHH.

Enramenii cnamosanns (A HY9g =—6595,6 £2,3 kJIK/MOIb) Ta YTBOPEHHS B KOHAEHCOBAHOMY CTaHi
(Anggg (cr) =-377,9 + 2,6 x/[x/Moib) Oyin BU3HAYCHI EKCIIEPUMEHTAIBHO METOJOM 60MOOBOT KaIOpUMETpii.

EHTanbmis riaBieHHs (AquH0 =28,71 £ 0,78 x/lx/mMonp) npu Temneparypi miasnenss 416,45 + 1,50 K
Oyya BU3HaueHA METOIOM AU(EPEHIIaTbHOTO TEPMIYHOTO aHali3y. BUKOPHCTOBYIOUH 1€ 3HAUSHHS, CHTAIIBITiS
BUNAPOBYBaHHS (Ayqp H 0=99,3 + 1,0 x/lx/momb) Gyna po3paxoBaHa. 3a BU3HAYEHHMH SHTANBIIAMH (a30BUX
HepexoiB pPO3paxOBaHO 3HAUCHHS eHTANbIi cyOmiMamii 3 mojambmMM HepepaxyHkoM 1o 298 K
(AsupHY9s =134,6 £2,1 x/lx/Mons). Ha ocHoBi eHTambmii cy6rimanii 6yno pPo3paxoBaHO EHTAIBIIIIO
YTBOPEHHS B Ta30110i0HOMY CTaHi (Anggg(g) =-243,3 + 3,3 x/{)/MoIb).

AnmutHBHHH MeTol J{OManbChbKOrO BHKOPHUCTaHO SIK TEOPETHYHHMH METOJ pO3PaXyHKY OCHOBHHX
TEPMOAMHAMIUHKUX MapaMeTpiB 3-(5-(heHinmipon-2-i)-mponaHoBoi KHCIOTH, a caMe €HTAbIii YTBOPEHHS B
KOHJICHCOBAaHOMY (A}chg,,8 (cr) =—377,61 x/x/Monb) Ta Ta3omoAiOHOMY  CTaHax (A}chg,,8 ()=
—240,93 x/[)x/monb). Po3paxoBaHi TeopeTH4HI 3HAY€HHSA A00pE Y3rOKYIOTbCS 3 EKCIEPUMEHTATbHUMHU
JTAHHMH.

Kniouosi cnosea: eHTalbIlisl YTBOPEHHS; CHTAJbINS CIATIOBAHHS; CHTAJIbIS BHUIAPOBYBAHHS, CHTAJIBIISL
TUIABJICHHS;, SHTANBIIIS CyOmimMartii.
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