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BIOTECHNOLOGICAL ASPECTS OF FERMENTED DRINKS
PRODUCTION ON VEGETABLE RAW MATERIALS

Abstract. Fermented drinks are considered as the optimal form of a food product, used to enrich the diet with
biologically active substances that have a beneficial effect on the metabolism and immunoresistance of the human
body, which are provided not only by extraction, but also are formed as a result of the vital activity of various types
of microorganisms. The latter, in turn, produce vitamins, amino acids, organic acids, etc., which gives fermented
drinks a higher biological value. Drinks technology with the use of tea fungus (Medusomyces gisevii) is oriented for
home cooking and it is not possible to apply it in an industrial environment. The relevance of this research work is to
develop the technology of the drink, enriched with biologically active substances in the most accessible form to
expand the range of functional beverages aimed at maintaining the health of various population groups. In order to
solve this problem a combined yeast and lactic acid bacteria ferment was chosen, the optimal composition of the
nutrient medium based on green tea and barley malt wort was determined, and the amino acid and vitamin activator
was selected to reduce the fermentation process. The developed technology made it possible to obtain a drink with
mixed leaven, harmonious in organoleptic characteristics, with a high content of amino acids, especially essential
ones, which made it possible to recommend this functional drink for various groups of the population.

Keywords: tea, wort, microorganism cultures, yeast food, secondary fermentation products.

Introduction. Drinks are rightfully considered to be the most rational form of a food product for
enriching the dict with biologically active substances and creating special-purpose products [1, 2]. The
high popularity of beverages among the population suggests the constant development of technical,
methodological, technological bases, including in the framework of the fight against fraud [3-7]. In recent
years, the problem of their excessive consumption is actualized [8].

One of the priorities of the state policy of the Russian Federation in the field of healthy nutrition is
the development of fermentation drink technologies, based on the use of plant raw materials and micro-
organism cultures, that produce a complex of substances with significant potential of useful properties [1].
According to many scientists, the use of fermentation drinks contributes to the correct metabolism and
strengthens the immunoresistance of the human body, which are formed as a result of microorganism vital
activity [1, 2, 9-11, 26].

One of the urgent tasks in the production of fermented drinks is the search for fermentation micro-
organisms, producing biologically active substances, which are necessary for the normal functioning of
mankind during their life. The latter are most fully accumulated in the case of the symbiotic cultures use,
which can be a single organism (for example, Medusomyces gisevii) or a cultures combination (for
example, yeast and lactic acid bacteria) [1].

Literature review. The drink, obtained with use of Medusomyces gisevii, which consists of yeast
cells and acetic acid bacteria, contains glucuronic, folic and citric acids, vitamins By, B,, Bs, Bs, By, as
well as difficult to determine substances with antibiotic action, including medusin. The viability of using
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bacterial cellulose, obtained from Medusomyces gisevii as a hemostatic agent in veterinary medicine and
humane medicine was confirmed [12]. A necessary condition for the life of this microorganism is the
presence of tea in the raw materials composition.

Analysis of scientific and technical information suggests, that the creation of industrial technology,
based on the use of cultures of microorganisms with known properties, that allow to control the process of
drink production, is promising and relevant. At the same time, the conditions for obtaining a homemade
drink described in the literature and patents for a method for producing a drink, based on tea fungus and
attempts to create analogues with Medusomyces gisevii have not been continued [13-16].

Methods. To assess the effectiveness of technological methods, research methods used in the indus-
try were used: determination of the volume fraction of alcohol - GOST 12787-81, the arbitration method,
which is the separation of the alcohol fraction of a drink from extractive substances by distillation [17];
determination of titratable acidity - GOST 12788-87, which is a method for the titration of the acid content
by neutralizing them with a 0.1 sodium hydroxide solution [18]; determination of the mass concentration
of volatile components - a gas chromatography method with the Kristall 5000.1 flame ionization detector
("Khromatek", Russia) equipped with an automatic information collection and processing system [19];
determination of the mass concentration of organic acids — high-performance liquid chromatography with
an "Agilent Technologies 1200" ("Agilent", USA) diode array detector [20]; determination of the mass
concentration of sugars and glycerol - a method of high-performance liquid chromatography with a refrac-
tometric detector "Agilent Technologies 1200" ("Agilent", USA), equipped with an automatic system for
collecting and processing information [21]; determination of the mass concentration of amino acids is a
high performance liquid chromatography method with an "Agilent Technologies 1200" ("Agilent", USA)
diode array detector, equipped with an automatic information collection and processing system [22].

The replication of experiments at all stages of the experiment - not less than 3. The results of experi-
mental studies were processed by methods of mathematical statistics using Student's criterion.

In order to conduct a study on the production of fermented drinks, the following materials were used:
barley malting brewing malt; brewing tricyclic malt light; black tea and green leaf; mixed ferment on the
basis of dry brewing yeast S. cerevisiae and lactic acid bacteria Betabacterium breve.

Results. As part of the study, the following tasks were set: to investigate the possibility of using va-
rious plant raw materials and mixed cultures of microorganisms traditional for the brewing and non-
alcoholic industries in the technology of fermented drink; select the optimal fermentation conditions; get a
drink with stable performance over a long shelf life without loss of compounds, responsible for the
functional orientation of the finished drink.

To identify the optimal composition of the nutrient medium, allowing to obtain a harmonious drink
from the point of organoleptic and physicochemical parameters view, provided that yeast and lactobacilli
are used, the following plant materials were used in the study: leaf tea (black and green), barley based
wort and tritium-potassium malt brewing, as well as granulated sugar, in various ratios, and the fermen-
tation was carried out by making mixed yeast brewer's yeast and lactic acid bacteria d at the rate of 4% by
volume of the nutrient medium.

During the experiments, the duration of fermentation, controlled by loss of dry substances, using
black and green tea coincided and amounted to 141 hours with barley malt wort and 114 hours with
triticali wort, which is explained by the rich amino-acid composition of triticali malt wort, which accele-
rates enzymatic processes associated with the activity of yeast. However, the organoleptic evaluation of all
analyzed samples using a 25-point system showed, that the most balanced indicators were fermented drink
using a carbohydrate-tea base (based on green tea) and barley malt wort, in particular, a variant of the
nutrient medium, based on green tea and wort from barley malt in a ratio of 75% and 25%, the data are
presented in table 1.

In all other samples, the alcohol content and acidity were at 5-10% higher than the optimal sample,
but an autolysis tone was present, which is unacceptable.

However, the duration of cultivation was quite long, so the next stage of our work was the use of
various activators to shorten the process. For this purpose, the most productive amino acid-vitamin
activator (AVA), obtained according to the technology [23] and containing 40-42% of soluble protein,
including 13-15% of amine nitrogen, and vitamins (thiamine (B;), pantothenic acid (B;), pyridoxine (Bs),
biotin (B;), inoside (Bs) - 17 mg/kg. The share of AVA was 2.5-10 ml/hl or 0.5-2% by volume of the
fermented wort (table 2).
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Table 1 — Organoleptic and physicochemical indicators of the fermented wort optimal variant

Indicators Characteristics of Fermented Green Tea and Barley Malt Wort

Organoleptic Indicators

Taste fermented drink with slightly sour
Colour straw
Aroma pleasant aroma of a well fermented fruit drink

Physicochemical Indicators
Alcohol content, vol.% 3,30+0,2
Acidity, au. 11,00+0,3

Table 2 — Applied feedings doses for fermentation

Nutrient medium variant
Indicator name Control with Feedings of AVA, £0,05
I I 11 v v
Applied feedings doses, % - 0,5 1 1,5 2.0

The dose of dressing with the use of selected nutrient medium (75% of tea and 25% of barley malt
wort) is presented in table 2, the dynamics of acidity accumulation during fermentation - in figure 1, the
content of secondary fermentation products — in the table 3. It should be noted that we previously studied
other supplements, but they did not show any tangible effect [24].

Table 3 — The Content of Organic Acids (OA), Sugars and Glycerin in the Drink

Component Contenf, Component Confent, Component Cotant,
P mg/dm? P mg/dm? P mg/dm’
OA=£5,0%** Amino Acids + 5,0%%*
Oxalic acid 0,070 Aspartic 27,0 Tryptophan* 25.5
Wine acid 0,104 Glutamic 292 Isoleucine* 36,0
Malic acid 0,303 Asparagine 36,8 Phenylalanine* 17.5
Lactic acid 4614 histidine* 20,0 Leucine* 65,0
Citric acid 0,147 Serine 48,0 Lysine* 5,0
Succinic acid 0,257 Glutamine 22.0 Alanine 22,0
Arginine* 17,5 Tyrosine 16,8
The amount of volatile . .
. . 0,18+2% Threonine* 126.5 Valine* 41,0
acids, in terms of acetic
Glycine 40,0 Methionine* 49.0
Sugars and Glycerin £ 4,0%**
Fructose 10,480 Glucose 5,310 Sucrose 2,7000
* - irreplaceable amino acids; ** - method reproducibility.

The data in table 3 show, that the resulting drink had a wide range of functional compounds, respon-
sible for functional orientation, and more significant accumulation of lactic acid occurs, as compared with
the control, since the lactic acid bacteria Betabacter breve was used during fermentation. Sugar and
glycerin in the finished drink is formed less than in the control, which is explained by a more intensive
activity of microorganisms that consume sugar for reproduction. The composition of amino acids are also
essential in 2 times more, than the control, which is explained by the most active metabolism of micro-
organisms.
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Figure 1 — Dynamics of acidity accumulation
in the samples when adding feedings to the nutrient medium during fermentation
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Comparative studies have been carried out on fermented drink with use of tea fungus and mixed tea-

based leaven.

The composition of volatile compounds and sugars are presented in tables 4, 5. It should be noted that
the higher alcohols in the resulting drink, compared with the drink on the tea fungus, accumulate much
more (except for I-propanol), and the content of esters is not so different.

Table 4 — Content of volatile compounds, organic acids and sugars
in drink with use of the microorganism medusomyces gisevii

Component gg/](;ilg Component Content mg/dm? Component gg/](;ilg

Ethers, mg/dm3 +10%** Amino Acids + 5,0%%*
Ethyl acetate 2.89 Aspartic 10,9 Valine* 1,44
Ethyl lactate 5,79 Glutamic 1.8 Methionine* -
Organic Acids, g/dm® £ 5,0%%* Acnaparun Asparagine Tpunto-dan* Tryptophan*
Oxalic acid - histidine* 0,8 Isoleucine* -
Wine acid - Serine 1,6 Phenylalanine* 20
Malic acid 0,021 Glutamine - Leucine* 0,9
Lactic acid 0,059 Arginine* 1,0 Lysine* 0,8
Citric acid 0,0083 Glycine 1,2 Tyrosine -

S Threonine* 4,5 ITr ?éalllgceable 11,4
Succinic acid 0,061 P

Alanine 1,3
Sugars, mg/cm® = 4,0%**
Fructose 3,39 Glucose 2,74 Sucrose 17.33
* - irreplaceable amino acids; ** - method reproducibility.

According to the content of amino acids, more intensive accumulation occurs in the drink with use of
mixed yeast leaven and lactic acid bacteria, including irreplaceable bacteria, accumulates 36 times more

compared to the drink on the tea fungus.
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Table 5 — Content of volatile compounds, organic acids and sugars
in the drink with use of mixed yeast leaven and lactic acid bacteria

Component C"men% Component C"men% Component C"men%
mg/dm mg/dm mg/dm

Ethers, mg/dm?® £10%** Amino Acids + 5,0%**
Ethyl acetate 1,3 Aspartic 27.0 Valine* 41,0
Ethyl lactate 33 Glutamic 292 Methionine* 49.0
Organic Acids, g/dm?®  5,0%%* Asparagine 36,8 Tryptophan* 2555
Oxalic acid histidine* histidine* 20,0 Isoleucine* 36,0
Wine acid 0,373 Serine 48.0 Phenylalanine* 17.5
Malic acid 4,83 Glutamine 22.0 Leucine* 65,0
Lactic acid 0,059 Arginine*® 17.5 Lysine* 5,0
Citric acid 0,12 Glycine 40,0 Tyrosine 16,8

o Threonine* 126.5 Loty 403
Succinic acid 0,331 Irreplaceable

Alanine 1.3
Sugars, mg/eny’ + 4,0%%*
Fructose | 19,9 | Glucose 11,97 Sucrose 2,36
* - irreplaceable amino acids; ** - method reproducibility.

Particular attention should be paid to the threonine amino acid, which accumulates 3 times more than
in the drink with tea fungus (table 4, 5). From the point of view of the functional load, threonine is very
useful for the body, since it is responsible for the protein metabolism in the body, is part of collagen,
clastin and tooth enamel protein, positively affects the person's psycho-emotional state [25]. We assume
that this drink, obtained by us with the help of a mixed leaven, can be recommended for a wide range of
the population of Russia.

The third task to get a drink with stable performance over a long shelf life without losing the
compounds, responsible for the functional orientation of the finished drink was solved using pasteurization
techniques at a maximum processing temperature of 72 °C, due to which it was possible to extend the
shelf life of the drink for 6 months.

Analysis of the secondary fermentation products in mixed leaven in a drink showed, that their
concentration differs from that in a drink made on the basis of a tea fungus, which is explained by a dif-
ferent metabolic set of enzymes in two cases.

On the basis of the data, obtained in the study, the optimal organoleptic and physicochemical indica-
tors of fermented drinks, prepared from pasteurized fermented bases were determined, which made it
possible to develop a draft regulatory documentation for fermented drinks on plant raw materials.

Conclusions. Studies have allowed picking up planting materials and microbiological cultures,
working out the technological parameters of the process, including fermentation modes - the optimal
composition for the drink technology was the ratio of green tea extract and barley malt wort 3:1, as well as
the use of an additive ava in the amount of 1%, which made it possible to reduce the fermentation time to
93 hours and to obtain a drink with high organoleptic and physicochemical parameters.

On the basis of a comparison of the drink we developed, with based on tea fungus drink, at the main
functional components, it was concluded that the content of amino acids was 4 times higher than the total
amount and 3 times threonine, which is probably the basis recommend a drink for food of various groups
of the population of the Russian Federation.

Discussion. The conducted literary search on the studied problem revealed a diverse composition of
vegetable raw materials in order to apply it in the drink technology. This type of raw material is traditio-
nally used in fermented drinks, based on the microorganism Medusomyces gisevii [1-3, 18]. However, this
microorganism did not find wide application in industry due to insufficient knowledge of catabolic
reactions.
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Therefore, we were faced with the task of developing a technology for a drink, that would be an
analogue of the "Kombucha" drink. For this purpose, were used yeast and lactic acid bacteria, traditionally
used in the production of kvass.

The use of plant materials, in particular tea, and barley malt wort and mixed microbiological cultures,
made it possible to obtain a fermented drink enriched with functional compounds such as organic acids,
amino acids, cthers and other volatile compounds in quantities exceeding drinks with use of tea fungus
culture. This fact is explained by the difference in the metabolism and the set of enzymes of the two
microorganism cultures, since the in technology were used lactic acid bacteria together with yeast, which
is characterized by its own set of secondary products of metabolism compared to the culture of
Medusomyces gisevii [19].

The obtained data on the composition and content of alcohols in the drink confirm the correctness of
the choice of the malting wort as a source of nitrogenous nutrition for yeast, since it is known that it is the
amino acids, that participate in the formation of higher alcohols as a result of catabolic reactions. The use
of yeast and lactic acid bacteria, as well as a balanced plant substrate (tea and malt wort) made it possible
to obtain a harmonious drink, rich in functional compounds. Accelerated fermentation metabolism was
promoted by the use of an amino acid activator in the above-mentioned concentration, since the activator
influenced the growth and reproduction of yeast. This is of great importance, since the duration of
fermentation has decreased to 93 hours. The use of pasteurization techniques has made it possible to
increase the shelf life without loss of useful compounds.

This fact allows to introduce this technology in the enterprises of the beer and non-alcoholic industry,
since the microorganisms used are well studied and their livelihoods can be regulated, that is, they are
technological.

M. B. Tepuer’, K. H. Ipuérona’, K. B. KoGeen'
1. E. HypmyxanGerosa®, J. K. AcemGaena’

'Bykinpeceiinik Chpa KAMHATY, AMKOTOJIBCI’ JKOHE IIAPAT OHEPKACIG1 FEUTBIMH-3¢PTTEY HHCTHTY THI —
B. M. 'opbaros aTbIHAAFbI «A3BIK-TYIIK OHIMACPIHIH (DeaepanabIK FRIIIBIMA OPTANBIFBD
Deepanablk MCMJICKETTIK OFO/KCTTIH FRUTHIMH MeKeMeCiHiH (umanst PFA, Mockey, Pecei,
*AJIMATHI TEXHOOTHATIBIK YHHBEPCHTETI, Amvarsr, Kasakcran

OCIMAIK IMIUKI3ATBIH KOJJJAHBIIT AIIbI THIJIATBIH
CYCBIHJAP OHAIPICIHIH BUOTEXHOJIOI'HAJIBIK ACIHHEKTLIIEPI

Annoramus, OePMCHTTCITCH CyCHIHAAP OMONOTHANBIK OCJICCHII 3aTTAPMCH TaFaM PALMOHBIH OAWBITY VIOiH
MAMJATaHBIIATEIH TAMAK OHIMICPIHIH OHTAMIBI TYPI OO TAOBLIAABL, OJIAP a1aM aF3aCBIHBIH 3aT aJIMACybIHA JKOHE
HMMYHIBIK TYPAKTBIIBIFBIHA OH SCEPIiH THTI3E i, OJIap 3KCTPAKIMS aPKbLIBI FAHA EMEC, COHAAM-aK TYPIi MHKPOOpPTa-
HU3MICPAIH 6MIpIIK OCICEHILTIr HATWKECiHAe maiiga Oomaxel. Onap €3 Ke3eriHAC BHTAMHHACPI, AMHHKBIII-
KBUIJAPBIH, OPTAHHKAJBIK KBIIKBUIAAP KOHC Tarbl 0acka 3arTapasl Ty3edi, Oy ()CpMCHTTCIATCH CYCHIHIAPIBIH
OMONOTHATBIK KYHIBLIBIFBIH apTThipansl. 1llait caneipaykymnarsl (Medusomyces gisevii) KOJXJAHBUIFAH CyCHIHIAP
TEXHOJIOTHSCHI VHIC alyFa apHAIFaH KOHE OHBI OHEPKICINTIK >Karaaima KonmaHy MyMKiH emec. OCHI FBUIBIMH-
3epPTTEY KYMBICBIHBIH ©3CKTLIIT SPTYPIl XaJbIK TONTAPBIHBIH [CHCAYJBIFBIH CAaKTayfa OarbITTamFaH (PyHKUIHO-
HAIABIK CYCBIHIAPABIH ayKbIMBIH KCHEHTY YIIIH OapbIHINA KODKETIMIL TYpZE OMOIOTHSLIBIK OCICEHII 3aTTapMEH
OaHBITBUFAH CYCHIHHBIH TEXHOJOTHSICHIH kacay O0JbIn Tadbutaasl. By MocerneHi meny yoriH apanac ambITKbUIap
MEH CYT KbIIIKBUIIAPBI OAKTCPHSIAPBIHBIH YHBITKBICH TAHIAI ANBIHABL, KOK IIAH YKOHE apIia YBITHI HETI3IHACTI KO-
PEKTIK OPTAHBIH OHTAMIBI KYPAaMBbl AHBIKTAJIBI, AMHUHKBIIIKBLUIBI MCH BUTAMUH/II aKTUBATOP alIBITY YPIICIH a3auTy
YIIiH TaHZATABL. AJBIHFAH TEXHOJIOTHS KYPaMbIHIA Ay BICTHIPHUIMAHTHIH AMHH KbIIIKBLTIAPBIHBIH KOII MOIEpi 0ap,
OPTaHOJICNTHKAIBIK KOPCETKIITEepl YHIeCIMal apanac ambITKBI HETI3IHAET CYCBIH alyfa MYMKIHAIK Oepai, Oy
XaJBIKTBIH TYPJI TONTAPHI VIIiH 0ChI ()Y HKIMOHAJIBIK CYCHIHAAPABI YCIHYFa MYMKIHIIK O€pi.

Tyiiin ce3jep: mad caHbIpayKyJarbl, apHa VBITHI, aIIBITKBIIAD MCH CYTKBIIIKBUIAB OAKTEPUSLIAPABIH OipiK-
TIPIITCH YHBITKBICHI.
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"Bcepoccumiicknii HayYHO-HCCIEI0BATETLCKII HHCTHTYT MHBOBAPCHHOM, 5€3aIKOT0TEHOM H BHHOICTEYECKOMH
TIPOMBIILICHHOCTH — (hrman PenepatbHOTO TOCY AAPCTBEHHOTO OIOZKETHOTO HAYUHOTO YUPESKIACHH
«®enepanbHBI HAYYHBIH LEHTP MUIEBbIX cucTeM mM. B. M. I'opbarosa» PAH, Mocksa, Poccus,
*AIMATHHCKYH TEXHONOTHYECKHI yHIBepcHTeT, Amvatsr, Kasaxcran

BUOTEXHOJOI'MYECKHUE ACHHEKTBI ITIPOU3BOJACTBA HAIIMTKOB BPOXEHHA
C IPUMEHEHUEM PACTHUTEJBHOI'O CbhIPHA

Annortamust. Hamurke OposkeHHMS PacCcMaTPHBAIOTCS KaK ONTHMANBHAS ()OPMa MHINEBOTO MPOIYKTA, HCIOTb-
3yEeMOTO A1 0OOTAMCHHUSI PAIMOHA MUTAHH OMOJIOTHUCCKA-aKTHUBHBIMHA BEICCTBAMH, OJIATOTBOPHO BIIMSIOMIMMH HA
0OMCH BEIIECTB H UMMYHOPE3HCTCHTHOCTD OPTaHU3Ma YEIOBEKA, KOTOPBIC 00OECIICUMBAIOTCS HE TOIBKO 3a CUET JKC-
TPAKIUK, HO ¥ (JOPMHUPYIOTCS B PE3YIBTATE KU3HEACIATEIFHOCTH PA3IMIHBIX BHIOB MHKPOOPraHm3MoB. Ilocnexaue,
B CBOKO OYCPEIb, MPOAYIHPYIOT BHTAMHHBI, AMHHOKHCJIOTHL, OPraHMYCCKUE KHUCJIOTHI M JpP., UTO M HpPUmacT ¢ep-
MECHTHPOBAHHBIM HATIMTKAM ITOBBIICHHYIO OHMOJIOTHMYECKYHO LIEHHOCTh. TEXHOJOTHS HAMUTKOB C IPHMCHECHHEM
yaiHOTO Tpuba (Medusomyces gisevii) TpeaHA3HAYCHA A AOMAINHETO INPHTOTOBJICHHUS M HE IPEIACTABIICTCA
BO3MOXKHBIM IIPHMCHHTH €€ B IPOMBIIIJICHHBIX YCJIOBHAX. AKTYAJIBHOCTh JAHHOM HCCICAOBATECIBCKOM PabOTHI
3aKIFOYACTCS B Pa3pabOTKEe TEXHOJIOTMH HANMWTKA, OOOTAMICHHOTO OMOJOTHYECKH AKTHBHBIMH BEIICCTBAMH B HAM-
6oxee mocTymHOM (hOopMe I PACIIHMPEHHS ACCOPTHMEHTA (PYHKIMOHANBHBIX HAIMTKOB, HANPABICHHBIX HA IOJ-
JICPKAHHUE 3I0POBbS PA3NMHYHBIX TPymm HAcCICHUA. C IEIBF0 PCHICHHSA JAHHOH 3a7adu ObLIA BHIOPAaHA KOMOWHH-
POBAHHASA 3aKBACKA APOKOKCH M MOJTOYHOKHCIIBIX OAKTCPHIA, OMPSACIICH ONTHMATBHBIA COCTAB MATATCIHHOM CPC/IBI
HA OCHOBE 3€JICHOTO 4Yas W SUMEHHOTO COJIOJOBOTO CyCla, /Uil COKpAMICHHWS Iporecca OpoxeHuUs ObL1 moaoOpaH
AMHHOKHCJIOTHO-BUTAMHHHBIN akTUBATOP. Pa3paboTaHHAs TEXHOJOTHS MO3BOJIUIA TOJYYHTh HANMHTOK HA CMEIIAH-
HOH 3aKBACKE, TAPMOHHYHBIM MO OPTraHOICTITHYCCKUM ITIOKA3aTeIIM, C IOBBIICHHBIM COACPYKAHHEM aMHHOKHCIIOT,
0COOCHHO HE3aMEHHMBIX, UTO MO3BOIMIO PEKOMEHIOBATH 3TOT ()YHKIHOHATIbHBIH HANMMTOK UL PA3IMIHBIX TPYTII
HACEJICHH.

KmoueBnie cj1oBa; YaliHbIi TpuO, CYCI0, KOMOMHHPOBAHHAA 3aKBACKA APOOKCH H MOJIOMHOKHCTIBIX OAKTCPHIA.
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