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The article presents the results of studies of the effect of processing methods on the output of
antioxidant substances from walnut shells. Technological processes and modes of extract production are
substantiated. At the same time, the size of the crushed shell, the extraction time and the concentration of
the solvent were investigated.

Most of the nuts are shells and husks, low-value by-products rich in phenolic compounds. It is possible
to organize production in which the shell will be concentrated and processed to isolate valuable biologically
active substances, on the basis of which new domestic drugs of various therapeutic and preventive effects
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can be developed.Phenolic compounds extracted from walnut shells are potentially good natural sources of
antioxidants for the food industry and have numerous health benefits. Because of the special quality of lignin,
it is very important to split and loosen the dense structure so that the solvent penetrates into the cell to
extract phenolic compounds. Thus, in order to obtain a higher yield of phenolic compounds, the correct
method of isolating antioxidant substances is crucial.

Key words: walnut shell, extraction, extract, extragent, size, concentration.

FPEK XXAHFAFbI KABbIFblH ©HAEY 9OICTEPIHIH AHTUOKCUOAHTTDI
3ATTAPObIH BONIHYIHE ©CEPIH 3EPTTEY

Coadyakac O.C* — "Kasak Kalima eHOey XoeHe mamak 6HepKacibi fblibIMU-3epmmey uHcmumyms!"
JKLIC Acmana ¢bunuarsbiHbiH FbifibIMU Kbi3Memkepi, AcmaHa, Kasakcmar.

Hypbiw A.B. — "Kasak Kalima eHOey xoHe mamak eHepkacibi FblnibiMu-3epmmey uHemumymai” JXKLLIC
AcmaHa cbunuarnblHbIH Kili FbIbIMU Kbi3MemKepi, Acmara, Kasakcmar.

[xaxaHeuposa I.3. — TawkeHmM XuMusi-mexHOo02UsIbIK UHCMUMmMymbiHblH Tamak eHimOepi mexHorso-
ausicel KaghedpachiHbIH ripogheccopenl, Phd, doueHm, TawkeHm K., ©36ekcmaH.

30epesa J1.6. — Aybin wapyaWblinbifbl  fbifibiMOapbIHbIH KaHOUdambl, KaybiMOacmblpbiiiFaH
npogpeccop, "A. balimypceiHoe ambiHOarbl KocmaHal eHipnik yHusepcumemi” KEAK Kalima eHOey xoHe
cmaHOapmmay mexHoroausickbl kKaghedpacsi, KocmaHal K., KazakcmaH Pecrniybnukacsi.

Makanada epek xaHrarbl KabblfbiHaH aHmMuUoKcudaHmmbl 3ammapoblH WhbiFybiHa eHoey a8dicmepiHiH
acepi mypanbl 3epmmey Hamuxesnepi kenmipineeH. CbifbiHObI anyOblH MEXHOI02USIIbIK npoyecmepi MeH
pexumoepi HezaisdenzeH. YcakmarsnraH KabbiKmbIH MOWepi, IKCmpaKkuus yakblmbl XOHE epimKiumiH
KOHUeHmpauusicsl 3epmmeridi.

pek xaHrarbiHbIH Kerl beriei KabbikmaH mypadbi — 051 (heHonObiK Kocblibicmapsa b6al, KyHbl
bolbiHWa a3 baranaHambiH xaHama eHimOep. Opmyprii eMOiK xoHe rnpochunakmukasbsik apekemmepoiH
)XaHa omaHObIK npenapammapbiH xacayra 6onambiH KyHObI buonoaussbiK 6ericeHOi 3ammapdbl benin any
YWiH KabbiK wWorbipriaHamelH XoHe eHOenemiH eHOipicmi yibimOacmbipyra 6onadsl. )aHFak KabbifbliHaH
arnblHFaH ¢heHornObl KOChlbicmap mamak eHepkacibi ywiH aHmuokcuGaHmmapObiH XaKkCcbl mabufru Kea3i
6orbin mabbinadsl xoHe deHcayrblKKa KerimeaeH apmbiKWblibikmap 6epedi. JlueHUHHIH epekwe canacbiHa
batinaHbicmbi ¢heHOoNObIK KOCbiIbicmapObl ay YWiH epimkiw xacywara eHyi YWiH Mmbifbli3 KypblibiMObI
biObIpamy xeHe Koricbimy eme MaHbi30bl. Ocbinaliwa, ¢heHonOblK KOCbiibicmapObiH XoFapbl eHiMOirieiH
arny ywiH aHmuokcudaHmmbl 3ammapObl oKwaynayobiH Oypbic 80ici eme MaHbI30b!.

TyliHOi ce3dep: xaHraK Kabbifbl, SKCMpaKUuUsi, CbifbiHObI, 3CMpaz2eHm, Mesuwep, KOHUeHmMpayusl.

NCCNEONOBAHME BJIMAHUA METOOOB OBPABOTKW CKOPJTYTbl FPELLKOIrO OPEXA
HA BbIAENEHUE AHTUOKCUOAHTHbIX BELLECTB

Coadyakac ©.C*. — Hay4yHblli compyOHUK AcmaHuHckoeo c¢punuana TOO "Kaszaxckuli Hay4yHO-
uccnedosamernbckull uHcmumym nepepabamsigaroweld U nuwesol npoMbiwneHHocmu”, 2. AcmaHa,
KasaxcmaH.

Hypbiw A.B. — mnadwull Hay4YHbIl compydHuk AcmaHuHckoeo ¢punuana TOO "Kaszaxckuli Hay4YHo-
uccriedosamerbCKull UHCMumMym rnepepabamsbigarowed U nuwesol npombiwieHHocmu"”, e. Acmana,
KaszaxcmakH.

IkaxaHeuposa I.3. — [lpogheccop kaghedpbl mexHoro2uu nuuesbix fMpooykmos TalKeHmMCKo2o
XUMUKO-mMeXxHosio2u4eckoeo uHcmumyma, Phd, doyeHm, 2. TawkeHm, Y3bekucman.

3depesa J1.6. — KaHdudam ceribCKOX035UCMBEHHbIX HayK, acCcoyuupo8aHHbIU ripogheccop, Kaghedpa
TexHomoauu nepepabomku u cmaHOlapmusauyuu HAO «KocmaHalckuli pesuoHarnbHbIl yHU8epcumem
umeHu A. balimypcbiHogay, 2. Kocmanal, Pecriybrniuka Kazaxcmar.

B cmambe npedcmaeneHbl pe3ynbmamsl uccriedosaHul enusiHUsi criocobos nepepabomku Ha 8biIXx00
aHMUOKCcUOaHMHbIX 8eLWecms U3 cKopiynbl epeykoeo opexa. OboCHO8aHbI MEXHOMo2UYeCcKUe Npoyecchl U
PeXUuMbl rosly4yeHus akcmpakma. B mo xe epems 6biiu uccriedogaHbl pasmMep U3MesibYeHHOU CKOPyrbl,
8peMsi SKCmpaKyUu U KOHUeHmpauusi pacmeopumerisi.

bonbwas yacmb opexos cocmoum U3 CKOPAYnbl U Wesyxu — MaoUeHHbIX no60oYHbIX MpodyKkmos,
602ambix ¢heHOMbHbIMU COeOUHEHUSIMU. BO3MOXHO opeaaHu3oe8amb rpou3sodcmeo, 8 KOMOopoM CKopsiyna
bydem KoOHUeHmMpuposambcsi U nepepabambigambcsi O 8bIONIeHUST UEHHbIX GUOI02UYECKU aKmuBHbIX
gewjecms, Ha OCHO8e KOmMOpbIX Mo2ym O6bimb pa3pabomaHbl HOBbIE OMEYeCmeEeHHbIe rpenapamsb!
pasnuyHoz2o JsieyebHo20 u npoghunakmuyeckoz2o Oelicmeusi.PeHOIbHbIe COEeOUHEHUS], U38I1e4YEHHbIE U3
CKOpJyrnbl 2pPEUKo20 opexa, [OMeHYyuabHO S8/ISI0MCs  XOPOWUMU  MPUPOOHBIMU  UCMOYHUKaMU
aHmuokcudaHmos 0ns nuwesol rnpoMbiwIeHHocmu u obnadatom MHO20YUCIEHHBIMU rpeumMyuecmeaamu
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0n1s1 300posbsi. M3-3a 0c06020 Kadecmea flU2HUHa OYEHb B8aXKHO pacuensisimb U PaspbiXismb MI0MHY0
cmpykmypy, 4mobbi pacmeopumerib MPOHUKas 8 KIIemKy O u3eriedeHusi (heHObHbIX COeQUHeHUU. Takum
obpasom, dns nony4veHusi bonee 8bICOKO20 8bix00a (heHOMbHbIX COEOUHEHUU pewaroujee 3HadeHUe umeem
npasursbHbIl Memod 8bideneHUsi aHMUoKcUudaHmMHbIX 8eULECMS.

Knroyesble crioga: ckopriyrna epeukoz2o opexa, 3KCmpakyusi, 3KCmpakm, 3cmpaz2eHm, KpyrnHOCMb,
KOHUeHmpauusl.

Introduction. In recent years, much attention has been paid to the assessment of polyphenol content
and the antioxidant activity of various plant materials, especially of nuts, since their regular consumption is
associated with a reduction in the risk of health issues as cancer and cardiovascular diseases [1, p. 380].

Walnut is a valuable crop due to its popularity and wide consumption among population. Green
walnut, shell, peel, kernel, bark, root and leaves are widely used in the pharmaceutical and cosmetic
industries [2, p. 349]. Walnut is also recognized as a rich source of various valuable chemicals, since the
kernel, fresh green fruits, husk, shell, skin, bark, leaves and root have been comprehensively studied for use
in the food, cosmetic and pharmaceutical industries. In this regard, all parts of the walnut tree can be used
as an excellent source of various compounds with antioxidant and antimicrobial potential, as well as
antidepressants with antidiabetic, immunomodulatory, hepatoprotective, stimulating effects to the central
nervous system. Also, it's worth noting the inflammatory, wound healing, and many other properties of
walnut tree that positively affect human health [3, p. 751].

Walnuts are not only used in human nutrition, but also young green walnuts are highly valued in
traditional folk medicine in some countries, as well as for making jams and a healthy alcoholic drink called
nut liqueur, which contains a large amount of phenolic compounds and vitamins, where the fruits are left to
soak in food ethanol. This liqueur is made from fresh walnuts with green husks just before the endocarp
hardens [4, p. 627].

Agriculture produces a significant number of by-products, rich in phenolic compounds, which are
facing increasing interest due to their excellent antioxidant properties [5, p. 349]. At the same time, walnut is
recognized as one of the agricultural crops that produce more waste. It is estimated that about 70% of the
weight of the fruit is the shell and peel, low-value waste rich in various chemicals, mainly phenolic
compounds [6, p. 59].

The walnut shell surrounding the nut is a product of agricultural waste, which is widely used in folk
medicine for the treatment of skin diseases. However, in recent years, it has received more and more
attention in modern pharmacology, mainly due to its antioxidant properties [7, p. 193]. It has been valued as
a source of natural compounds with antioxidant and antimicrobial properties [8, p. 126]. The effective
technology of the shell utilization is a critical issue because its use as an abundant source of phytochemicals
will emphasize the importance of walnut production, and suggest the use of a by-product that is produced in
large quantities [9, p. 232].

Therefore, the scientific novelty of this article is the study of the influence of walnut shell processing
methods, methods affecting the extraction of antioxidant substances from walnut shells.

Materials and methods

Materials and methods

The material for the study is a walnut shell. Extraction was carried out on a semi-automatic device
using the "ASV-6" Soxlet.

Grinding and at the laboratory mill "MSHL-1P". The mill "MSHL-1P" is a periodic device. The
removable drum of the mill is filled with pre-crushed dried walnut shell and grinding steel balls on the "Novital
Magnum 4V" crusher. When the drum rotates, the material is crushed as a result of the abrasion and impact
action of the balls. The grinding time depends on the fineness of the grinding and varies from 1 to 3 hours.

Extraction on a semi-automatic extraction apparatus according to the "ASV-6" Soxlet. To begin the
analysis, samples are prepared for extraction. Filter paper sleeves are made, and crushed walnut shells in
an amount of 5 g are placed in it. 45 ml of solvent (water, ethanol) is poured into the extraction flask and
installed on a water bath, lifting the corresponding glass refrigerator and the sample installed in it. After
reaching the set temperature, the sample is moved to the solvent, where the sample is processed for 30
minutes. After that, the sample is transferred to the position for washing with a clean solvent. The process of
washing with a clean solvent is the main stage of extraction, this stage takes place within 60-180 minutes.
After the extraction is completed, the solvent passes into the upper part of the refrigerator for 30 minutes,
and the extracted substance remains in the extraction flask. The total phenol content was evaluated by the
Folin—Chocalteu colorimetric method, and the results were expressed in milligrams of gallic acid equivalents
(mg GAE/extract).

The achievement of the set goals and objectives will be based on the use of the following Technical
specifications and GOST standards: GOST 32874-2014 "Walnuts. Technical specifications"; GOST 17299-
78 "Ethyl alcohol. Technical conditions". GOST R 57990-2017 "Method of determination of quercetin". GOST
ISO 14502-2-2015 "Method for determining the content of catechins”.
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Results and discussion

As the demand for natural antioxidants in the food industry is growing dynamically, agricultural and
food waste is becoming an ideal material for the extraction of phenolic compounds as natural antioxidants.

To isolate antioxidant substances, the extraction method is most often used. The antioxidant activity
and the amount of extraction yield are related to the solvent used. Most often, methanol, ethyl alcohol,
chloroform, water, N-butanol and ethyl acetate are used to extract antioxidant compounds, whilst for food
purposes, the organic compounds are used.

In this study, several types of solvents of different polarities (water, ethanol) were used to extract
walnut shells. Ethanol and water were chosen as extraction solvents not only due to their higher extraction
yields, but also because they are safer and less toxic compared to methanol and other organic solvents.

The extraction was carried out on a semi-automatic Soxlet device "ASV-6". In the future, according to
the results of the research, the optimization of the extraction modes of walnut waste was implemented on the
basis of a full-factor experiment, and the regularities regarding walnut shell extraction were established.

To conduct a full-factor experiment of the extraction process, certain variables were considered,
namely:

-the grinding degree of raw materials. The crushing of the shell was carried out in two stages.
Preliminary crushing with the "Novital Magnum 4V" crusher to fractions of 1-2.5 mm and final — to fractions of
300 pm on the laboratory ball mill "MSHL-1P". The duration of crushing varies from 20 minutes to 3 hours
depending on the size of the grinding;

-the type of extractant used. Extraction was carried out using the following solvents: water, water-
ethanol in various ratios, and ethanol;

-time of extraction.

To obtain a mathematical model of the technological process, which is a regression equation, a
rotatable second-order plan (Box plan) was used (Table 1).

Table 1 — Coding of intervals and levels of variation of input factors

Factors Levels of variation Variation
Natural Encoded -1,68 -1 0 +1 +1,68 | intervals
Solvent concentration X4 50 60 70 80 90 10
Fineness of grinding Xz 300 400 500 600 700 100
Duration of extraction X3 60 90 120 150 180 30

The analysis of variance for a quadratic model of the response surface is shown below (Table 2).

Table 2. Analysis of variance for a quadratic model of the response surface.

Encoded values Natural values Optimization criteria
X4 Xo X3 C, % K, um t, min Y
-1 -1 -1 60 400 90 3,05
-1 -1 1 60 400 150 3,25
-1 1 -1 60 600 90 2,96
-1 1 1 60 600 150 3,11
1 -1 -1 80 400 90 3,85
1 -1 1 80 400 150 4,15
1 1 -1 80 600 90 3,02
1 1 1 80 600 150 3,15
-1,68 0 0 60 500 120 3,08
1,68 0 0 90 500 120 3,45
0 -1,68 0 70 300 120 4,67
0 1,68 0 70 700 120 3,09
0 0 -1,68 70 500 60 3,05
0 0 1,68 70 500 180 4,07
0 0 0 70 500 120 2,63
0 0 0 80 300 120 4,57
0 0 0 90 500 90 3,17
0 0 0 60 500 90 2,59
0 0 0 90 300 120 5,02
0 0 0 70 500 150 3,33
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The resulting regression equation for the extracting process, for the encoded values of the input
variables, has the following form:

¥=3,56+0,18x, —0,35x, +0,18x; — 0,2x,x, +0,0Lx,x; —0,03x,x; — 0,15)612 + 0, 06x22 -0, 5x32. (1)

After the transition from the encoded to the natural values of the independent variables, the regression
equation acquired the following form:

B=3,56+0,18C—0,35K +0,18— 0,2CK +0,01Ct—0,03Kt— 0,15C* + 0,06K> — 0,5¢°. (2)

The values of the intervals for estimating the significance of the coefficients of the regression equation
have the form: Aby=%0.83, Ab;=+0.55, Ab;=+0.54, Ab;=+0.72.

After walnut shell extraction, 3 different ratios were obtained as the best result.

These include:

1) the ratio of ethanol to water (70% + 30%), the grain size of the shell is 300 pym, the extraction time is
150 minutes.

2) the ratio of ethanol to water (80% + 20%), the grain size of the shell is 300 ym, the extraction time is
120 minutes.

3) the ratio of ethanol (90%) the ratio of ethanol, the grain size of the shell is 300 ym, the extraction
time is 150 minutes.
Figure 1 shows the response surfaces describing the values of the yield of the extract from the walnut

shell from the percentage of ethanol, the duration of extraction and the fineness of grinding for the extraction
process.

[ L
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Ethangy concany
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a — dependence (%) on the concentration of ethanol (%) and the fineness of grinding (um) for the extraction
duration of 120 min; b — dependence (%) on the concentration of ethanol (%) and the duration of extraction (min)
for the fineness of grinding 300 um; ¢ — dependence (%) on the duration of extraction (min) and grinding fineness

(um) at an ethanol concentration of 80%

Figure 1 — Dependence of the extraction yield of antioxidant substances from walnut shells
on the percentage of ethanol, the duration of extraction and the fineness of grinding

As can be seen from Figure 1, in the selected area of input variables, there are optimal values that
ensure maximum extract output.

Thus, Figure 1a shows the results obtained with an extraction duration of 120 min. It follows from the
graph that with a concentration value of more than 70% ethanol and a grinding fineness of less than 400 pym,
an increase in extract yield is observed, with a maximum value of 5.0%.
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Figure 1b shows the results obtained with a grinding fineness of K-300 pm. It follows from the graph
that when the extraction duration is over 70 min and the ethanol concentration is above 60%, an increase in
the extract yield is observed, with a maximum value of 3.75%.

Figure 1c shows the results obtained at an ethanol concentration of 80%. It follows from the graph that
when grinding is less than 400 um and the extraction duration is over 90 min, an increase in the extract yield
is observed, with a maximum value of 4.75%.

It has been established that ethanol and water as extraction solvents lead to higher extraction yields,
they are also safer and less toxic compared to methanol and other organic solvents. With a grinding fineness
of 300 um, there was established an dependence of an increase in the extraction yield from 2.71 to 4.93%
with an increase in the ethanol concentration from 50 to 90%, as well as an increase in the extraction yield
from 3.80 to 4.81% with an extraction duration from 60 to 180 min, however the maximum extraction value
was reached after 150 min.

The analysis of the effect of the grinding fineness on the extraction duration (Figure 1) shows that the
extraction yield decreased to 1.4 mg when the grinding fineness was above 600 ym. At the same time, the
longer the extraction was carried out, the greater the yield of the extract.

Based on the analysis of the data obtained, it was revealed that solvents, grinding and duration are
the basis of extraction of antioxidant substances from the walnut shell.

The results obtained are limited by the selected limits of variation of technological parameters: ethanol
concentration 60-90%; grinding fineness 300-700 um; extraction duration 60-180 min.

Next, the flavonoid composition of the walnut shell was studied in the obtained extract samples (in the
amount of 100 mg of each sample), the level of quercetin and catechin was studied. The flavonoid
composition of walnut shell is characterized by the content of quartzetin, catechin — antioxidants very useful
for the heart, contributing to the protection of brain functions, supporting connective tissue and improving
blood circulation, having antibacterial effect.

The level of quercetin and catechin is shown in Figure 2.

Physico-chemical parameters of walnut shell

Walnut shell extract - solvent Walnut shell extract - solvent Walnut shell extract - solvent
concentration 70+30% concentration 80+20% concentration 90%

mCuercetin mCatechin

Figure 2 — Catechin and quercetin content in walnut shell extract, mg/dm3

As can be seen from Figure 2, as the solvent concentration increases, the content of quercetin and
catechin increases. The maximum value was in the extract obtained with a 90% solvent. The maximum value
of catechin is 169.92 mg/dm3, and quercetin is 100.98 mg/dm3. Considering that all antioxidants protect the
body from damage by harmful free radicals — toxins that enter from the environment and damage healthy
cells, leading to inflammatory processes, it is necessary to note the significant role of the flavonoid
composition of walnut shells as one of the components in determining the further direction of research.

Conclusions

Based on the results of the conducted research, the following conclusions can be drawn:

- extraction of several types of solvents (water, ethanol) was carried out;

- optimization was carried out. By the method of mathematical modeling, the most optimal extraction
modes were identified, in which all the antioxidant properties of the walnut shell are most fully extracted;

By quantitative ratio:

- according to the optimization results, it was revealed that during extraction with 90% ethanol, the
extraction time was 150 minutes, while the extract yield was the highest;

- when extracted with the "ethanol + water" extractant in a ratio of 70/30, the extraction time was 150
minutes, while the maximum extract yield was the highest;
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- when extracted with the "ethanol + water" extractant in a ratio of 80/20, the extraction time was 120
minutes, while the maximum extract yield was the highest.

Based on the analysis of the data obtained, it was revealed that solvents, grinding and duration are
the basis for the regularity of the release of antioxidant substances from the walnut shell. Knowledge of the
laws of extraction of antioxidant substances from walnut shells will allow you to regulate the extraction
process and obtain products with specified characteristics and parameters.

According to the results of the study, the most optimal extraction mode was determined, in which the
antioxidant properties were extracted as much as possible.
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YPOBEHb YPOXXANHOCTU HOBbIX OTEYECTBEHHbLIX COPTOB COU HA OPOLLAEMbIX MOYBAX
IOro-BOCTOKA KABAXCTAHA B 3ABUCUMOCTU OT HOPMbI BbICEBA

Tycynbaee K.b. — cmapwuli HayyHbil compydHuk Kasaxckoeo Hay4HO-uccriedoeamesibCKko20
UHcmumyma 3awumel U kapaHmuHa pacmenut um. XK. )Xuembaesa, 2. Afimamei.

JudoperHko C.B. — kaHOudam 6uonozuyeckux Hayk, rpogheccop, 3asedyrowul nabopamopuel
macnuy4Hbix — Kynbmyp  Kasaxckoeo  Hay4dHO-uccriefogamesisCKo20  UHcmumyma  3emnedenus U
pacmeHuesodcmea, c. Anmarsbibax.

KaceHoe P.K.* — mnadwuli Hay4YHbIl compydHUK nabopamopuu mMaciuyHbix Kynbmyp Kasaxckozo
Hay4yHo-uccredosameribCKO20 UHCmumyma 3emniedenus u pacmeHuesoocmsa, c. Arimarbibak.

Hanubaesa A.M. — mnadwul Hay4HbIlU compydHUK nabopamopuu MaciuyHbIx Kynbmyp Kasaxckoz2o
Hay4yHo-uccrnedogameribCKO20 UHCmuUmyma 3emnedenus u pacmeHuesoocmsa, c. Arimarsbibak.

B cmambe nipusedeHbi uccriedosaHusi 8/USHUSI HOPMbI 8biCe8a Ha ypoXalHOCMb OMeYeCcmeeHHbIX
copmos cou. CdenaHbl 8bi800bI MO0 peHmabesibHocmu rnpouzeodcmea copmos cou. [lpueedeH pacyem
9KOHOMUYECKOU 3ghghekmueHOCMU 8030erbieaHUsi COPMO8 CoU C pa3HbiMU HOpmamu ebicesa. [loka3aHa
8bIcoKasi npubbifib U3yHaeMbiX COPMO8 COU 8 3aBUCUMOCMU Om HOPM 8bicesa, a makxe CpedHsis
ypoxaliHocmb Ccopmoe8 cou Mo 200am uccredo8aHusi 8 3a8UCUMOCMU Om HOPM 8bicesa. B uccredosaHusix
npuHUMarnu y4acmue rnsms cpedHerno30HUX U no3oHecnenbix copmos cou Slacmouka, XKaHcasi, Au Cayre,
Akky, Atsepe. Copma OonyuwieHbl K npou3eodcmey Ha to2e U t020-eocmoke KasaxcmaHa. Pe3ynbmamel
gcex mpex siem uccredogaHuli 10Ka3bl8arom caMble 8bICOKUE ypoxallHocmu y 8cex U3y4YaeMbiX copmos
npu HopmMme ebicesa 600 mbic./2a. Haubonee npodykmueHbil 6kl copm cou Al Cayrne npu Hopme 8bicesa
600 meic./eca. HaumeHbwel npodykmueHOCMbIO Xxapakmepu308arsicsi KpyrnHoceMeHHol copm cou Al3sepe ¢
Ouana3oHoM ypoxaliHocmu 32,9-48,8 u/ea npu Hopme ebicega 200 mbic./2a. Npu ucnonb308aHUU pa3HbIX
COpMmMo8 C y4emoM r0CEe8HbIX HOPM, yeesnudeHue cmoumocmu pabom Ha 2ekmap Konebnemcs 8 npedenax
216800 — 276200 meHee. Haubonbuwyro npubbinb 6 paamepe 1145900 meHee ¢ 2a nosny4unu Ha copme cosi
Al Cayne.

Knodesble crioga: cosi; copm, HopMa 8bicesa; ypoxalHOoCmb, MPU3HaKuU npodyKmugHOCmu.
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