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RESUMO

O artigo apresenta os resultados de um estudo experimental do grédo de cevada da cultivar Baisheshek
tratado com uma mistura de ion-ozdnio. O objetivo deste estudo foi desenvolver uma tecnologia inovadora para
0 processamento de cevada com uma mistura ion-ozénio, a fim de aumentar seus parametros tecnolégicos,
produtividade, qualidade e seguranca de grdos. O Cazaquistdo aumentou drasticamente a exportagdo de
cevada e todos os agrbnomos, produtores e criadores estdo migrando ativamente para o desenvolvimento
dessa cultura, enquanto aumentam a producédo, a produtividade, melhoram a qualidade do produto, reduzem
suas perdas e garantem a seguranga do armazenamento, que é uma tarefa urgente. Os microrganismos
desempenham um papel importante durante o armazenamento, estes penetram nos produtos agricolas de
varias maneiras e, se cairem em condi¢cdes desfavoraveis de armazenamento apds a colheita, os produtos
agricolas se deterioram rapidamente, substancias nocivas se acumulam - toxinas, fungos e outros, o que reduz
o valor da mercadoria. Para resolver esses problemas, foram realizados estudos experimentais em cevada da
cultivar Baisheshek, tratada com uma mistura de ion-ozbénio com e sem o uso de pressdo excessiva
(cavitagdo). O delineamento fatorial completo calculado das experiéncias dos 23 (8 experimentos) e 2* (16
experimentos) possibilitou a obtengcado de equagdes de regressao descrevendo a alteragdo nas propriedades
semente, fisicos bioquimicos e fisiolégicas da cevada de Baisheshek. A solugdo de um modelo abrangente de
otimizagdo de programacado para diferentes indicadores de cevada permitiu estabelecer 6timos modos de
processamento tecnoldgico e niveis alcangaveis de qualidades tecnoldgicas de graos. O efeito da tecnologia
proposta para o tratamento de ions ozénio e cavitagdo ion ozénio foi a mistura do ion ozénio, que produz a
desodorizagao, desinfeccao de graos, de acordo com processos fisicos e quimicos, aumenta o valor bioldgico,
acelera os processos de metabolismo de graos. Os estudos realizados para melhorar a germinagéo, viabilidade
e forgca de crescimento mostram uma imagem bastante clara em termos de seu valor final. Observagdes
fenoldégicas mostraram que os efeitos do tratamento com cavitagdo ion ozbénio e cavidade ion ozbdnio séo
desencadeados apos 25 a 30 dias. Verificou-se que a maior tendéncia a superioridade € observada no
tratamento da cavitagdo ion ozénio, seguido pelo ion ozbnio, e a amostra de controle esta significativamente
atras.

Palavras-chave: cevada, variedade, de tratamento, de ion-ozénio, cavitagao.
ABSTRACT

The article presents the results of an experimental study of Baisheshek barley grain treated with an ion-
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ozone mixture. This study aims to develop an innovative technology for processing barley with an ion-ozone
mixture in order to increase their technological parameters, yield, quality, and grain safety. Kazakhstan has
sharply increased the export of barley, and all agronomists, producers, and breeders are actively moving to the
cultivation of this crop, while increasing production, productivity, improving product quality, reducing their losses
and ensuring storage safety are an urgent task. Microorganisms play an important role during storage, they fall
into crop production in a variety of ways, and if they fall into unfavorable storage conditions after harvesting,
crop production quickly deteriorates, harmful substances such as toxins, mold, and others accumulate in it,
which reduces the commodity value. To solve these problems, experimental studies were conducted on barley
of the Baisheshek cultivar treated with an ion-ozone mixture with and without using excess pressure (cavitation).
The calculated full-factorial design of experiments of the 23 (8 experiments) and 2* (16 experiments) degrees
made it possible to obtain regression equations describing the change in the seed, physico-biochemical, and
physiological properties of barley of the Baisheshek variety. The solution of a comprehensive model for
optimizing programming for different barley indices made it possible to establish optimal technological
processing modes and achievable levels of technological qualities of grain. The effect of the proposed
technology for ion-ozone and ion-ozone cavitation treatment is the ion-ozone mixture, which produces
deodorization, disinfection of grain, following chemical-physical processes, increases biological value,
accelerates the processes of grain metabolism. Studies conducted to improve germination, viability, and growth
strength show a reasonably clear picture in terms of their ultimate value. Phenological observations showed that
the effects of ion-ozone and ion-ozone cavitation treatment is triggered after 25-30 days. It was found that the
greatest tendency for superiority is observed with ion-ozone cavitation treatment, followed by ion-ozone, and the
control sample is significantly behind.

Keywords: barley, variety, treatment, ion-ozone, cavitation.

AHHOTALUA

B cratbe npuBedeHbl pesynbTaTbl 3KCMEPUMEHTarbHbLIX UCCnefoBaHWA 3epHa suMeHs «banweluek,
06paboTaHHOro MOH-030HHOM CMechio. Lienbio gaHHOro nccrnefoBaHus siBnsieTcst pa3paboTka MHHOBALMOHHON
TexHonornm obpaboTkn SYMEHS C WMOH-O30HHOW CMeCbi0 C LEfbl0 MOBbIWEHUS WX TEeXHOMOrMYeCcKUx
rokasatenen, ypoxawHoCTW, KayecTBa M obecneveHuns 6GesonacHocTu 3epHa. KasaxcTaH pe3ko HapacTwn
SKCMOPT SYMEHSA M BCE arpOHOMbI, MPON3BOAMTENMN U CENEKLUMOHEPbl aKTMBHO NEPEexXOoANT K BblpaLLMBAHUIO 3TON
KynbTypbl, Mpu 3TOM YBENMYEeHWe NPOU3BOACTBA, YPOXKAWHOCTM, MOBbLIWEHNS KayvecTBa MPOAYKLUW,
CoKpalleHve nx notepb U obecneyeHne 6e30MacHOCTM MPU XpaHEHWU ABNATCHA akTyanbHon 3apadven. [Mpu
XpaHeHnn BonblUy Pofb UrpaldT MUKPOOPraHu3Mmbl, B pPacTEHMEBOAYECKYID MPOAYKUMIO OHM nonagjatoT
pasHoobpasHbIMM MYTAMM U €cniv OHW nonagalwT nocre ybopku ypoxas B HebnaronpusaTHble YCroBus
XpaHeHus, TO pacTeHneBogyeckas npoaykums 6beICTPO NOPTUTCS, B HEN HaKannuBalTCA BpeAHble BewecTBa —
TOKCUHbI, NfieCeHb W Opyrne, YTO CHWKaeT TOBapHYK LUEHHOCTb. [na pelieHWs AaHHbIX npobnem 6binu
npoBeAeHbl OMNbITHO-3KCNEPUMEHTarbHbIE MCCNefoBaHUsa SuYMeHsa copTa «banweluek», obpaboTaHHOro WMOH-
O30HHOM cCMecbldo C UM 06e3 wuconb3oBaHWs W3OBLITOMHOrO AaBrneHus (kaButauusi). PaccuuTaHHble
NONMHOMAKTOPHbIE NMAHUPOBaHWS 3KcnepumeHToB 23 (8 onbiToB) M 2* (16 OMbITOB) CTENeHW MO3BONMMK
nonyyYnTb YpaBHEHUSA perpeccun, OnuCbIBaloLWMe W3MEHEHUEe CEMEHHbIX, (U3NMKO-OMOXMMUYECKNX U©
dPU3NONOrMYECKNX CBOWCTB AYMeHs copTa «bavwelwek». PelueHne KOMMMeKCHOM Mogenu ontumusaumu
nporpaMmMupoOBaHNs NO pasHbIM NoKasaTensam S4YMeHs NO3BONUMIO YCTAaHOBUTL ONTUMAaribHblE TEXHONOMMYECKue
pexmmbl 06paboTkn M AOCTUXKMMbIE YPOBHW TEXHOMOTMYECKUX KadecTB 3epHa. AdpdekToMm npepnaraemom
TEXHOMOMMM MO MOH-O30HHOW U MOH-030H-KaBUTaLMOHHON 06paboTke sABNSETCS MOH-030HHas CMeCbh, KoTopas
Npov3BOAMT Ae3odopauuio, Ae3vH@EeKUUo 3epHa, B COOTBETCTBUM C KBAHTOBOMM3NYECKMMW npoLeccamu,
noBbILaeT BUONOrMYECKyIo LIEHHOCTb, YCKOpSieT npoueccel MeTabonuama 3epHa. [NposegeHHbIe nccnegoBaHus,
HarnpaBneHHble Ha MOBbILLEHUSA BCXOXECTU, XKN3HECNOCOBHOCTU U CUMbl POCTa NOKa3blBAKOT OCTATOYHO YETKYIO
KapTVHY B CMbICME WX OKOHYaTenbHOW LeHHOCTU. PeHonormyeckme HabnogeHus nokasanu, 4To adpdekTbl oT
WNOH-030HHOW 1 MOH-O30HHOW KaBUTaLMOHHON 06paboTkm cpabaTbiBaeT Yepe3 25-30 gHel. bbinu ycTaHOBNEHDI,
4YTO Hambonbluasi TeHOEHLMA NPeBOCXOACTBA HabnogaeTcd NpyM MOH-O30HHOW KaBWUTaLMOHHOW o6paboTke,
3aTem cnegyeT MOH-030HHAs, a KOHTPOIbHbIN 0bpasel CyLeCTBEHHO OTCTaeT.

KnioueBble crnioBa: sumeHb, copm, ob6pabomka, UOH-030H, Kasumauusl.

1. INTRODUCTION vegetation of animals only atomic and only
molecular ions obtained artificially immediately
revealed a remarkable difference in the biological
effect of ions: molecular air ions turned out to be
a biologically beneficial factor, atomic air ions
most often had an adverse or even harmful effect

Carriers of electricity in liquids are called
ions: cations (positive ions, that are atomic ions)
and anions (negative ions, that are molecular
ions). Studying the effect on animals and
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on the body. After it was firmly established in
many experiments that molecular ions have a
beneficial effect on the viability of animals and
plants, increasing their growth and weight,
protecting against several diseases, contributing
to the conservation and proceeding from some
theoretical facts, it was found that the carrier of
negative charges polarity in atmospheric air is the
oxygen of this air (Maemerov et al., 2006;
Urazaliev, 2012; Sagitov et al., 2012).

Grains infected with pathogenic
microorganisms are often the cause of mass
human diseases and the death of birds and
animals, and products prepared from them
quickly deteriorate, harmful substances (toxins)
accumulate, which reduces nutritional value. Of
particular danger are mold fungi, which cause the
accumulation of toxins in the finished product.
The most dangerous is the complex toxin is
aflatoxin, which affects both individual organs and
entire body systems. Thus, microorganisms not
only lead to the development of infection, but also
to toxicosis, which causes great harm to humans,
animals, and birds — inhibits growth and
development, with severe bactericidal pollution
lead to death (Naleev, 1993; Malin, 2005;
Tikhonov et al., 2006; Voblikov et al., 2001).

The solution to this problem is ozone
technology. The practical application of ozone
technology was carried out in the research
laboratory of food and processing industries of
the Almaty Technological University, which allows
cleaning grain, disinfection, increasing yields up
to 20%, acquiring good sowing qualities with
hereditary transmission to their offspring
(Kokhmetova et al., 2014; Maemerov, 2004).

In post-harvest processing, get refined
crop products, improve the baking qualities of
wheat. By combining the electrical circuits of the
ionizer and ozonator installation, an ion-ozonator
installation is developed that neutralizes all
harmful synthesized impurities. As a result, a
pure ion-ozone mixture without harmful side
impurities is obtained. The oxides of nitrogen and
carbon, together with other harmful impurities and
radiation during the synthesis of the ion-ozone
mixture in the ion-ozonator installation, are
neutralized.

The technology of ion-ozone cavitation
treatment of seeds of sowing grain materials is
environmentally safe and does not use chemicals
and types of radiation harmful to humans,
animals, and the environment.

The use of a cavitation installation before
sowing almost destroys insect pests, eliminates

the need for pesticides, eliminates plant
diseases, activates plant growth forces and
eliminates the lack of nitrogen and water in plant
leaves, which will significantly reduce chemical
and soil pollution pesticides and reduce the use
of mineral fertilizers (Erkmen, 2001; Akulichev,
1978; Pirsol, 1975; Ivanov, 1980; Maemerov et
al., 2011).

Structural and functional changes in the
membrane formations of cells and intracellular
organelles, which in our understanding are
targets of ion-ozone cavitation, are the basis for
increasing the biological value of the processed
seed and food grains and obtaining the effect.

As a result of this interaction, a
physicochemical basis is created for changing
metabolic processes associated with proton and
electron transfers in cell membranes. On this
basis, successive nonspecific reactions of the cell
and the organism as a whole arise. Differences
exist only in the biophysical subtleties of the
interaction of ion-ozone cavitation and biological
tissues (Sereev, 2014; Baymagambetova et al.,
2014; Kim et al., 2003).

The technical solution to the problem is
achieved by the simultaneous processing of the
moistened grain with an ion-ozone mixture in the
cavitation zone with an overpressure of 2.0-6.0
ati in the moistened grain processing tank with a
grain processing exposure of 5.0 to 20.0 minutes,
with an ozone concentration of 2.0 to 6.0 mg/m3,
molecular ions from 1000 to 5000 m3. After the
processing time has elapsed in the tank for ion-
ozone processing of moistened grain, a sharp
discharge of excess pressure to atmospheric
pressure occurs (lztaev et al., 2013; lztayev et
al., 2018c).

lon-ozone treatment of moistened grain in
the cavitation field is carried out at an ozone
concentration of 2 mg/m3 to 6 mg/m?® and from
1000 units/cm3 to 50,000 units/cm3 of molecular
oxygen ions, depending on:

— increase the biological value (2,0-10,0
mg/m3);

— destruction of harmful microorganisms
and grain pests, grain disinfection, and rodent
disinfection (20,0-80,0 mg/m3) (lztaev et al.,
2018a).

At the post-harvest stage, to obtain
purified grain mass from pests improved the
technological qualities of grain crops. From year
to year, environmental requirements are violated,
and in this regard, special attention is being paid
to the food safety of foodstuffs consumed by the
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population. In meeting the requirements of
environmental friendliness and safety of the
production of products from seed preparation, in
the processes of cultivation, harvesting,
transportation, primary processing at grain
enterprises, storage, and further processing, the
production of flour, cereals, animal feed, bread,
pasta, flour and confectionery products and other
food products first of all pay attention to the
original quality of crops used for this chain
(Urazaliev et al., 2010; Knapp et al., 1974).

In this regard, special experimental
studies have been carried out to identify the
environmental friendliness and food safety of ion-
ozone and ion-ozone cavitation technology,
processing by electro-ion-charged particles of the
air-flow during the cultivation of grain crops.

To improve the seed, yield and
technological qualities of grain during short-term
and long-term storage, ion-ozone flow processing
of grain products in a stream of electrically
charged particles is effective, which makes it
possible to use the potential of biological and
environmental resources.

In order to increase the efficiency of the
use of crop products, scientists of the Almaty
Technological University have developed various
electrophysical methods for processing, storage,
and processing of crop products: ion-ozone, ion-
ozone cavitation processing of crop products,
which contribute to improving the quality and
preservation of grain.

The controlled effect on the biological
environment of the ion-ozone mixture using ion-
ozone cavitation allows for intensive bubbling of
biological products of crop production with
activation and stimulation, as well as inhibiting
viruses, bacteria, spore formations with a delay in
the flow of physiological and physicochemical
processes in them, with suppression their
infectious activity (Tursunbayeva et al., 2019;
Iztayev et al., 2018b; Yakiyayeva et al., 2016).

2. MATERIALS AND METHODS

The object of the study is the pre-sowing
jon-ozone, ion-ozone cavitation treatment of the
pre-sowing material, as well as the treatment of
sprouts of crop products in the field in the zone of
charged particles of molecular and atomic ions.
As an object of research, plots of Baisheshek
barley varieties were prepared for the treatment
of green plants in the full earing phase.

The following regulatory documents were
used in this work: GOST 10845-98. Grain and
products of its processing. Method for the
determination of starch; GOST 10846-91. Grain
and products of its processing. Method for
determination of protein; GOST 12041-82. Seeds
of crops. Method for determination of moisture
content; GOST 12042-80 Seeds of crops.
Methods for determining the mass of 1000 seeds;
GOST 10968-88. Grain. Methods for determining
germination energy and germination capacity; ST
RK GOST R 51411-2006 Grain and products of
its processing. Method for the determination of
ash.

Such indicators as the energy of
germination and germinability belong to seed
characteristics. As seed germinability, there is
understood the quantity of normally germinated
seeds in the test, taken for the analysis,
evaluated as a percentage. The energy of the
germination of seeds characterizes an aggregate
of the appearance of normal germinants for the
term fixed for each culture.

The seeds are couched in the germinators
or Petri dishes, placed in the thermostat with a
specified temperature condition. As a ground litter
(bed), use quartz sand or filter paper. Quartz
sand for decontamination has to be well washed
and calcined, and filter paper must be sterilized in
an exsiccator at a temperature of 130°C within 1
hour. The ground litter is damped before the seed
sprouting: quartz sand - to 60% of the full
moisture and filter paper and gauze - completely,
allowing draining of excess water.

If the seeds are couched on filter paper,
then they are arranged in rows at a distance of
not less than 0,5-1,5 cm from each other over the
ground litter, which is placed on the bottom of the
germinator in 2-3 layers. The germinators are
closed by the glass plates and are placed in the
thermostat. On each of them, there is stuck down
a label with the indication of the sample number
and test, date of seed laying, and dates of
determination of germinability and energy of
germination. The majority of grain crops and
leguminous plants are couched at a constant
temperature of 20 °C. It is necessary to check
constantly moistening of the ground litter, without
allowing its drying.

The sprouted seeds are counted in two
terms: in 3-5 days for determination of the energy
of germination and in 7-10 days for determination
of germinability. Both indicators are expressed as
a percentage of the sprouted seeds to their total
in the test. Sprouted seeds are considered those
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at which the rootlets or one main rootlet have a
length not less than the length of a seed, and a
sprout is not less than half of the length of the
seed. Average values of germinability and energy
of germination of seeds are considered reliable if
deviations are expressed in all four tests within
12% at average germinability from 98 to 100%;
1+3% — at 95-97,9%, +4% — at 90-94, 9% and 5 —
at 85-89,9%. Otherwise, average values are fixed
by the three tests if deviations in them don't
exceed admissibly; or the analysis is repeated
again if admissible values have only two tests
(Odjo et al., 2018; Morales-de la Pena et al.,
2019; Naumenko et al., 2018; Singh et al., 2015).

In experimental studies, two methods of
processing crops were studied:

— jon-ozone treatment of cereals;

—jon-ozone cavitation treatment of

cereals.

Carriers of electricity in liquids are called
ions: cations (positive ions, that are atomic ions)
and anions (negative ions, that are molecular
ions). lons of air allowed to solve a number of
mysteries of atmospheric electricity
(thunderstorms, lightnings, electrical conductivity
of gases, and others).

Molecular ions differ from atomic ions in
greater mobility, greater diffusion coefficient,
"greater ionizing force". It has been established
that molecular ions arise in the air due to oxygen
molecules, and atomic ions due to nitrogen and
carbon dioxide molecules.

By combining the electrical circuits of the
ionizer and ozonator installation, an ion-ozonator
installation has been developed that neutralizes
all harmful synthesized impurities, as a result, a
pure ion-ozone mixture is obtained without
harmful impurities. Oxides of nitrogen and
carbon, together with other harmful impurities and
radiation during the synthesis of the ion-ozone
mixture in the ion-ozonator installation, are
neutralized.

When the corresponding voltage of the
electric current is applied to the electrodes of the
jon-ozonizer, an ion-ozone mixture is formed, in
accordance with Figure 1, namely, in the ozone
generator, the primary processes of ozone
formation from air proceed depending on the
amount of applied energy. In accordance with the
energy potential, the electrons in the ionization
volume in the electric field of the ozone generator
accelerate, ionizing the gas, creating an avalanche
of new electrons. In this case, the emission of

electrons from the cathode to the anode is formed
by positive ions, subsequently rushing towards the
cathode, also ionizing neutral atoms and molecules,
forming negative ions. Upon collision with the
cathode, ions knock electrons out of it, which, falling
into the volume, again cause ionization.

Excitation of an oxygen molecule occurs at
an electron energy of 6.1 eV and all free
electrons are captured by oxygen molecules, as a
result of electron energy of 12.2 eV, molecular
ions are formed and, with an increase in energy
within 19.2 eV, dissociation occurs in oxygen and
with the participation of the atom and molecular
ions, when the molecule is excited, ozone
formation occurs (Figure 2).

Along with this, oxygen, molecular and
atomic ions, nitrogen and carbon oxides, atomic
oxygen, atomic ozone, and others are formed.
With the appropriate energy, the formation of
ions, electrons, and molecules is associated with
their collision with other particles (electrons,
atoms, ions). In this case, the formation of
positive ions and free electrons from atoms or
molecules with an appropriate degree of
ionization accompany the origin of impact
ionization. The probability of the occurrence of
impact ionization is characterized by an effective
ionization cross-section and depends on the kind
of ionizable and bombarding particles, depending
on the kinetic energy with a certain minimum
(threshold) value. This minimum value is probably
equal to zero, and, with an increase in energy
above the threshold, it first rapidly increases,
reaches a maximum, and then, with
corresponding energy potentials, decreases
(Iztayev et al., 2018d; Kalinina et al., 2016).

The energy that needs to be reported to an
atom (molecule) for its ionization is called the
ionization energy. If the energy transferred to
ionized particles in collisions is large enough,
then under certain conditions, a particle can
ionize in collisions. In this case, only part of the
energy necessary for ionization is transferred to
it, and first, the atoms (molecules) in the primary
collisions are transferred to the excited state,
after which shock ionization occurs, and it is
enough to tell the missing energy (equal to the
difference between the ionization energy and the
excitation energy), multistage ionization occurs. It
is possible if collisions occur so often that the
particle in the interval between two collisions
does not have time to lose the energy received in
the first of them. And also, in the same cases
when the particle has metastable states, and with
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the ability to conserve the excitation energy
relatively long, multiple ionization occurs.

The processes associated with impact,
multistage, and multiple ionization play an
important role in the synthesis of ozone, which
occurs in a strong electric field of an ion-ozonator
generator. As a result, in such a field, the
electrons in the conduction band acquire kinetic
energy greater than the bandgap, and electrons
are knocked out of the valence band of the
molecules with the transformation of the energy
of other molecules. At a certain critical field
strength, impact, multistage, and multiple
ionization leads to a sharp increase in current
density, to an increase in ozone concentration,
and in the absence of regulation of the energy
potential, with repeated ionization, the electrical
breakdown is possible.

The ability to transform the energy of
nitrogen and carbon into an increase in ozone
concentration shows that with an increase in the
voltage of the electric current in the ozone
generator from 0.5 to 3.0 kV, the rate of ozone
formation is higher than after impact ionization.
The intensity of ozone formation increases,
apparently due to the transformation of the
energy of nitrogen and carbon, since the degree
of oxygen ionization is 13.618 eV, nitrogen -
14.53 eV, and the degree of carbon ionization -
11.26 eV. When the corresponding energy is
supplied during the ionization period, the nitrogen
and carbon atoms are able to attract electrons.
Namely, the nitrogen atom attracts one electron
into the outer orbit, the carbon atom two
electrons. As a result, six electrons are obtained
in the outer orbit of the nitrogen and carbon
atoms, which corresponds to the number of
oxygen electrons. Nitrogen and carbon atoms,
transforming into oxygen, contribute to the
synthesis of ozone.

At the same time, an ion generator having an
electric charge of negative polarity produces
molecular ions and attracts atomic ions, nitrogen,
and carbon oxides having an electric charge of
positive polarity, knocking out oxygen not only from
the ozone synthesized by it but also from the
environment. The synthesized ozone, oxygen,
molecular ions, having a negative polarity, slip
through an ozone generator having a negative
polarity of the electric current and, interacting with
each other, form oxygen, and then ozone.
Molecular ions, combining with a neutral atom, form
a stable molecular ion, and with further connection
with the electron 9, form a heavy molecular ion 10.

Positive ion 11 and other positively charged
particles from the environment rush to the ion
generator, where they are neutralized. Further,
ozone enters into a chemical reaction with
biological substances or, as an unstable gas,
decomposes into oxygen, which subsequently
forms other compounds. With a positive polarity of
the ion generator 6, we obtain the components of
the positive sign ion-ozone technology, that is,
atomic ozone, atomic oxygen and atomic ions,
nitrogen and carbon oxides harmful to all living
things.

lon-ozone cavitation occurs as a result of a
local critical increase in excess pressure above 4 ati
and a sharp release of excess pressure to the
atmospheric environment during product processing.
And they can also occur either with an increase in its
velocity or with the creation of a sharp drop in excess
pressure during the half-cycle of rarefaction (acoustic
ion-0zone cavitation), there are other reasons for the
effect. Moving with the flow to a region with a higher
overpressure or during the half-compression period,
the cavitation bubble filled with the ion-ozone mixture
slams, emitting a shock wave with an ozone
explosion, which facilitates the interaction of the ion-
ozone mixture with the processed product. At the
same time, bubbling, instant destruction of
microorganisms, pests of products of biological origin,
on the basis of quantum-physical processes in
comparison with  similar technologies occurs
intensively, the biological value of the product
increases more, resistance to external irritants is
acquired, and the time of the positive effect of ion-
ozone interaction on the processed product is
reduced.

Usually, this is achieved due to a critical
overpressure of 4 ati or more with a sharp
release of excess pressure to atmospheric
pressure, the design of hydroturbines, or by
passing an ion-ozone mixture through a ring-
shaped opening that has a narrow inlet and a
significantly larger outlet: a forced decrease in
pressure leads to ion-ozone cavitation since the
ion-ozone mixture tends to the side of a larger
volume (with increasing pressure, ozone acquires
potential energy to explode). This method can be
controlled by devices that control the size of the
inlet, which allows you to adjust the process in
various environments. The outer side of the
mixing valves, along which the ion-ozone-
cavitation bubbles move in the opposite direction
to cause implosion (internal explosion), is
subjected to tremendous pressure and is often
made of heavy-duty or rigid materials, for
example, stainless steel, stellite. This device is
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called the ion-ozone cavitation installation
(Kalinina et al., 2018; Zhakatayeva et al., 2020;
Zapevalov et al., 2015).

Grain processing was carried out on an
experimental ion-ozone cavitation installation,
consisting of an ion-ozonator generator 1 and a
cavitation capacity 2 (Figure 3).

During ion-ozone treatment, crops are
loaded into an ion-ozone cavitation unit pre-filled
with an ion-ozone mixture with an ozone
concentration of 0.5 mg/dm? to 4 mg/dm? (or from
0.5-10% to 4-10% mg/cm?®) and molecular ions
ranging from 500 to 60,000 units/cm3. In this
case, the ratio of ion concentration (units/cm?) to
ozone concentration (mg/cm?3) Ci, is (1-15)-1076
units/mg, that is 1-15 million units/mg. Then for
10 to 20 minutes produce ion-ozone ventilation of
crops.

In the case of ion-ozone cavitation
treatment of grain after ventilation, the cavitation
installation is hermetically closed, and the ion-
ozone mixture is pumped into the tank until an
overpressure of 2 to 4 ati is created, after which
the overpressure is sharply discharged, while the
ozone tends to explode. In this case, a sharp
discharge of excess pressure and the power of
an ozone explosion adds up. During the
explosion, cavitation processes occur, in which
the pores of the treated cultures increase, the
ion-ozone mixture penetrates more efficiently. At
the same time, ozone destroys harmful
impurities, and harmful insects, molecular oxygen
ions based on quantum-physical processes
increase the biological value of the product.

The following factors were selected as
factors affecting the properties and quality
indicators of the treated crops:

— ratio of ion concentration (units/cm?) to
ozone concentration (mg/cm3) Cis, units/mg;
— overpressure (for cavitation treatment)

P, ati;

— sample moisture before processing w,
°/o;

— processing time t4, min.

In the experiments for all the studied
crops, the following quality indicators were
determined:

y1 — germination energy, %;

y2— germination in 5 days, %;
y3— germination in 7 days, %;

y4 — humidity after processing, %;
ys — hature, g/l;

ye — grain density, g/cm?;

y7 — weight of 1000 grains, g;
ys — protein, %.

yo— starch, %;

y10— greenery index, ml.

The same quality indicators were also
determined for control (untreated) grain samples.

To optimize the processing regimes of
grain crops, the following indicators were
selected as target functions:

— for seed properties -
energy (y1);

germination

— for physical properties — density (ys);
— for biochemical properties — protein (ys);

The rest of the above grain quality
indicators were considered as limitations.

3. RESULTS AND DISCUSSION

Given the relatively large number of
factors, in order to reduce the number of
experiments and obtain reliable results in the
studies, methods for planning multi-factor
experiments were used, in particular, the use of
plans for full factor experiments (FFE) of the FFE-
23 type (for ion-ozone treatment) and FFE-2* ( for
ion-ozone cavitation treatment).

Based on the least-squares studies of the
developed algorithms and sequential regression
analysis programs (Ostapchuk et al., 1992;
Ostapchuk, 2007), regression equations were
obtained that adequately (according to the
Fisher’'s Criterion) describe the dependences of
the above quality indicators of processed crops,
respectively, on conditions and modes of their
ion-ozone (10) and ion-ozone cavitation treatment
(10C).

The concentration of ozone in the ion-
ozone mixture is from 2.0 to 6.0 g/m3, molecular
ions from 1000 to 50,000 units/cm3. Exposure
time from 5 to 20 min, which is determined to a
greater extent by the quality and infection of the
grain.

The optimal regimes of ion-ozone
processing of seed and food grains identified
during experimental studies are of practical value,
which made it possible to develop, with a
refinement in the engineering calculation of the
plant parameters, and to create a laboratory-
controlled ion-ozone mixture for processing seed
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and food grains.

Quality indicators of control (unprocessed)
cereal crops are given in Tables 1. The matrices
for planning experiments with the experimental
conditions and the results of determining the
quality indicators of the treated crops are given in
Tables 2 and 3.

here:

Ciio — ratio of ion concentration (units/cm?) to
ozone concentration (mg/cm?), units/mg;

P — overpressure (for cavitation treatment), ati;
w — sample moisture before processing, %;
t1— processing time, min.

y1 — germination energy, %;

y2— germination in 5 days, %;

y3— germination in 7 days, %;

y4 — humidity after processing, %;

ys — nature, g/l;

ye — grain density, g/cm3;

y7 — weight of 1000 grains, g;

ys — protein, %.

yo— starch, %;

Y10 — greenery index, ml.

The regression equations obtained based
on processing the results of the experiments are
given below in the corresponding mathematical
models used in optimizing the processing
regimes of the cultures studied. All the equations
obtained adequately describe the experimental
data.

From the data in Tables 1 to 3, it can be
seen that during processing, the preparation of
seeds of barley of the Baisheshek variety
requires bioenergetic activation due to ion-ozone
and ion-ozone cavitation treatment. As a result,
the germ cells of these cultures pass from the
deceased to an active state, and the seed
germination energy is manifested rapidly.

With ion-ozone and ion-ozone cavitation
treatment of seeds of grain crops, the energy of

germination and germination of seeds is
significantly increased. It accelerates their
germination, increases the productivity of

agricultural plants, and the technological quality
of food products by 25-30 %. After ion-ozone
cavitation treatment of barley seeds, the
biological and nutritional value of processed grain
seeds increases more intensively due to
increased accumulation of proteins, sugars,
organic acids, vitamins, and macronutrients in
them.

lon-ozone treatment of the dry and wet
state of seeds of grain crops helps to maintain

stability during the storage of barley varieties
without increasing acidity and respiratory rate.
lon-ozone cavitation treatment of the dry and wet
state of grain seeds allows creating more
favorable conditions for the storage of barley
varieties compared to ion-ozone treatment.

Data processing and calculations were
carried out using the algorithm developed by the
Odessa National Academy of Food Technologies
and the sequential regression analysis program
PLAN. The program first gives the values of all
the regression coefficients and their confidence
intervals (errors), then checks the significance of
the regression coefficients and, after removing all
the insignificant coefficients, the remaining
significant coefficients and their confidence errors
are printed.

Mathematical models of ion-ozone seed
treatment of grain crops are shown in table 4.

here:
Yger— germination, %;
X2 — overpressure, ati;
sy, sag — Root mean square deviation;
Fr, Fcr — Fisher’s Criterion;
ter — Student Criterian.
Restrictions on the range of variation in the

regime parameters of ion-ozone treatment of all
the investigated cereal crops were as follows:

1 min. unit/mg < Cix < 15 min.unit/mg
13 % <w <20 %; 10 min< ty <20 min

The mathematical model for optimizing the
modes of ion-ozone treatment of barley of the
variety Baisheshek has this form:
Seed properties:

— objective function:

80 <y1=132,50-2,50-w - 2,32t + 0,129 -w-t, %
<100 — max (Eq. 1)

— restrictions on quality indicators:
85<y,=119,89 + 1,61'w, % <100 (Eq. 2)
85<y3=117,57 - 1,43-w, % < 100 (Eq. 3)
Physical properties:

— objective function
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1,0 <ys= 1,105, g/cm?® < 1,2 — max (Eq. 4)
— restrictions on quality indicators:
12,0<y4=4,47 + 0,634'w, % <22,0 (Eq. 5)
600 < ys5=(62,86)-10 g/l <650 (Eq. 6)

450 < y7; = 16,55 + 1,59-Cio
0,0867-Cio'w, g < 65,0 (Eq. 7)

+ 223w —

Biochemical properties:
— objective function

55 <ysg=12,04 — 0,174'w, % < 10,0 —» max;
(Eq. 8)

— restrictions on quality indicators:
56,0 < y9=62,67, % < 75,0 (Eq.9)
28,0 < y10= 33,01, % < 35,0 (Eq. 10)
here:

Cio — ratio of ion concentration (units/cm?3) to
ozone concentration (mg/cm?3), units/mg;

P — overpressure (for cavitation treatment), ati;
w — sample moisture before processing, %;
t1— processing time, min.

y1 — germination energy, %;

y2— germination in 5 days, %;

ys— germination in 7 days, %;

y4 — humidity after processing, %;

ys — nature, g/l;

ye — grain density, g/cm3;

y7 — weight of 1000 grains, g;

ys — protein, %.

yo— starch, %;

y10— greenery index, ml.

The nature of the dependence of the
energy of barley germination Baisheshek on the
factors w and t is shown in Figure 4. The
remaining dependencies of objective functions on
the investigated factors, as follows from
mathematical models, do not need graphical
representation.

Using ion-ozone processing (10),
mathematical models were obtained for
optimizing the technological regimes and quality
indicators of barley of the Baisheshek variety.
The results are shown in Table 5.

here:

Ciio — ratio of ion concentration (units/cm?) to
ozone concentration (mg/cm?3), units/mg;
w — sample moisture before processing, %;

t1 — processing time, min.

y1 — germination energy, %;
y2— germination in 5 days, %;
y3— germination in 7 days, %;
y4 — humidity after processing, %;
ys — nature, g/l;

ys — grain density, g/cm3;

y7 — weight of 1000 grains, g;
ys — protein, %.

yo— starch, %;

Y10— greenery index, ml.

The data in Table 5 indicates that there is
no need for the nature of the dependence of the
germination energy of Baisheshek barley on the
factors w and 1 and the rest of the dependence of
the objective functions on the factors studied.

Restrictions on the range of variation in the
regime parameters of ion-ozone cavitation

treatment of all the investigated cereal crops
were as follows:

1 min. unit./mg < Ci,x < 15 min. unit./mg
1ati<P<4 ati

13% <w<20%

10 min <t <20 min

Taking into account the acceptable ranges
of changes in the investigated factors (Cio, P, w,
and t), mathematical models for optimization of
ion-ozone cavitation processing of grain are
presented below.

The mathematical model for optimizing the
modes of ion-ozon cavitation processing of barley
of the variety Baisheshek has this form:

Seed propetrties:

— objective function

84 <y;=113,95-0,929-w — 0,275-t, % < 100 —
max (Eqg. 11)

— restrictions on quality indicators:

86 <y, = 113,48 — 0,893-w — 0,200, % < 100
(Eq. 12)
88 < ys = 98,25 + 0,769t — 0,0557-wt, % < 100

(Eq. 13)

Physical propetrties:
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— objective function

1,0<yes=1,11, g/cm® < 1,14 — max (Eq. 14)
— restrictions on quality indicators:
12,0<y4=4,14 + 0,660-w, % < 18,0 (Eq. 15)
600 < ys=627,3, g/l <650 (Eq. 16)

47,0 <y;=35,68 + 1,05-w, g<62,0 (Eq. 17)
Biochemical properties:

— objective function

7.0 < ys = 11,59 — 0,167-w, % < 11,0 — max
(Eq. 18)

— restrictions on quality indicators:
55,0 £y9=62,49, % < 67,0 (Eq. 19)

28 < y10= 33,78 — 0,121-Cyo + 0,127t +
0,0434-Cio-P — 0,0321-P-t, % < 38 (Eq. 20)

From the mathematical models, it can be
seen that all the objective functions of barley
have a simple character - the germination energy
depends only on two factors (grain moisture and
processing time), the density of barley grain does
not change statistically (constant), and the mass
fraction of the birch depends only on the moisture
content of the grain. Therefore, the graphical
dependence is presented only for the germination
energy (Figure 5). It is seen that it inversely
decreases with increasing barley moisture and
the duration of its treatment.

The optimal modes and quality indicators of
the grain of barley Baisheshek after ion-ozone
cavitation treatment are shown in table 6.

here:

Cio — ratio of ion concentration (units/cm?3) to
ozone concentration (mg/cm?3), units/mg;

P — overpressure (for cavitation treatment), ati;
w — sample moisture before processing, %;
t1 — processing time, min.

y1 — germination energy, %;

y2— germination in 5 days, %;

y3— germination in 7 days, %;

y4 — humidity after processing, %;

ys — nature, g/l;

ye — grain density, g/cm3;

y7 — weight of 1000 grains, g;

ys — protein, %.

yo— starch, %;

Y10— greenery index, ml.

Table 6 indicates that in order to improve
the seed and biochemical properties of
Baisheshek barley, ion-ozone cavitation
treatment should be carried out at Ciy, = 1 million
units/mg, P = 1 ati, W = 13% and t = 10 min. With
the same values of Ci,, P, t, physical properties
will also improve, but grain processing should be
carried out at grain moisture of 20 %.

To compare the quality of control
(unprocessed) samples of the studied cultures
and the optimal parameters obtained after their
ion-ozone (I0) and ion-ozone cavitation (I0OC)
treatment.

Summary of the optimal indicators of the
quality of barley after ion-ozone and ion-ozone
cavitation treatment in comparison with control
(unprocessed) samples are shown in Table 7.

here:

y1 — germination energy, %;
y2— germination in 5 days, %;
y3— germination in 7 days, %;
y4 — humidity after processing, %;
ys — nature, g/l;

ye — grain density, g/cm?;

y7 — weight of 1000 grains, g;
ys — protein, %.

yo— starch, %;

y10— greenery index, ml.

Analysis of these tables showed that the
optimum regimes of ion-ozone and ion-ozone
cavitation treatment to improve the considered
seed, physical, biochemical properties and the
state of preservation of grain is the same, in the
moisture content of the grain — optimal results
were obtained when processing wet grain (20%).
For seed, physical, biochemical, and state of
preservation, the best results were obtained
when processing dry grain (13%).

The full-factor planning of experiments of 23
and 2* degrees made it possible to obtain
regression equations describing the change in
the seed, physico-biochemical and physiological
properties of grain crops from the influencing
factors of ion-ozone and ion-ozone cavitation
processing of grain and to identify priority grain
indicators for constructing a linear and non-linear
programming model with the indication of target
and restrictive functions.

Integrated programming optimization
models for individual varieties of grain crops
made it possible to establish optimal
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technological processing modes (IO and 10C)
and increase achievable levels of seed, physico-
biochemical, flour, baking, physiological
properties, and their technological qualities for
the intended purpose.

Thus, mathematical models have been
calculated and developed that describe changes
in the seed and technological properties of grain
seeds during ion-ozone and ion-ozone cavitation
preparation of grain seeds, which subsequently
allow optimizing processing conditions. As a
result, regression models were obtained based
on 23 and 24 full-factor experts for the Baisheshek
barley variety.

Photographs were taken of growing
Baisheshek barley under experimental
conditions. When growing crops, the treatment
with electrically charged air particles was carried
out in two versions: open and closed in the form
of greenhouses during treatment with air ions
with a duration of 25 minutes, and the results are
shown in Figures 6-8.

The physical and biochemical studies
aimed at increasing germination, vitality, and
growth strength show a reasonably clear picture
in terms of their final value. Phenological
observations have shown that the effects of ion-
ozone and ion-ozone cavitation treatment are
triggered after 25-30 days, where the greatest
tendency of the superiority of ion-ozone cavitation
treatment is observed, ion-ozone follows, and the
control, of course, significantly lags.

4. CONCLUSIONS

Determining the strength of seed growth
provides higher objectivity in assessing seeds by
their ability to germinate and form seedlings.
Along with a high growth force, seeds during
germination formed seedlings with four and five
roots and seedlings with three roots
predominated in those variants.

Studies of changes in the seed properties
and technological qualities of grain crops using
ion-ozone (I0) and ion-ozone cavitation (IOC)
processing of cereals into full-factor experiments
2% (8 experiments) and 24 (16 experiments)
allowed to create the basis for the development
of regression models to describe the change
indicators of seed properties and technological
qualities and in the future for the rational
organization of equipment and technology of 10
and I0C processing.

lon-ozone treatment of seeds for sowing
barley varieties and further cultivation with the
treatment of plants with a stream of electrically
charged air particles generally increase their
yield, seed, and technological properties. The
obtained data of these properties during ion-
ozone treatment are much better compared to the
traditional version, while there is an improvement
in physical and biochemical parameters, and the
seeds become more stable during storage,
providing an increase in their safety.

The obtained results of the above
properties during ion-ozone cavitation treatment
(IOC) become better compared to traditional and
ion-ozone treatment (I0). Moreover, indicators
characterizing the studied properties of grain
varieties in terms of their physical and
biochemical properties and state of conservation
have high potentials for their effective use in the
production of grain products and meeting the
requirements for preparing export batches of
grain crops.

The developed mathematical models
describe changes in the seed and technological
properties of grain seeds during ion-ozone and
ion-ozone cavitation preparation of barley seeds,
and they can be used to optimize processing
conditions.
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Figure 1. Picture of the “wire - plane” field in a bipolar coordinate system

Section along A-A

Figure 2. The formation of the ion-ozone mixture, nitrogen oxides and carbon from the air in the
ion-ozonator generator: 1 — the body of the ion-ozonator; 2 — metal electrodes of the ozone generator;
3 — glass electrodes; 4 — contacts of glass electrodes of an ozone generator; 5 — discharge gap; 6 —
generator of oxygen ions; 7 — contact of the ion generator; 8 — stable molecular ion; 9 — a neutral

atom; 10 — heavy molecular ion; 11 — a positive ion.
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Figure 3. lon-ozone cavitation installation: 1 — ion-ozone generator; 2 — cavitation capacity
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Figure 4. Surfaces of the response of the dependence of the energy of barley germination
"Baisheshek" treated with ion-ozone streams on the factors w and t
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Figure 5. Surfaces of the response of the dependence of the energy of barley germination
Baisheshek treated with ion-ozone cavitation streams on the factors w and t

Barley Baisheshek
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Figure 6. Barley Baisheshek — a control sample
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Figure 8. Barley Baisheshek processed by ion-ozone cavitation

Table 1. Quality indicators of control (unprocessed) samples of barley Baisheshek

Seed properties Technological properties
Germin Physical Biochemical
ation Germin | Germin Weight Mass
energy ation in | ation in humidit | Nature, | Density | of 1000 fraction Starch, Greener
in3 > days, |7 Y, % gll g/cm? | grains of % y Index,
o % days,% ’ ’ ’ | protein, ml
days,% g o,
Function Indicators
Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Yo Y10
97 98 100 12,66 642 1,12 49 9,59 65,03 32,12
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Table 2. Conditions and results of full-factorial experiments of FFE-2° on the ion-ozone treatment of
barley Baisheshek

. Technological properties
o <o Seed properties - - -
- e Physical Biochemical
2o |
=] c
SE | 5| = - 2
‘.(-5' ‘9 4 £ X ° > -
5= 8 S ™ S = £ o < —_
cS5 | o€ £ 3 s | 2 g | 2 E
21 8c s | = > = = g £ o X
-] o | @ o ° ° o g | e X o
S E 5| £ @ 0 ~ = o | = - 2
€| o= S| ®a c o © [} < £
=} c E Q 7, Q E E [ E 8 c E
Z|lo2g |28 c c c S — 0 S | o < E
T | %¢c 2| 0 2 2 2 © - > = o n c
S 0% |B|& | ¥ 8| 8| 2 © | 2| % |8 g
€| 20 = ) c c = - > - = g
T | R € =S| g = = o £ £ | I5)
s | & 5 E v £ £ = S @2 = ]
g | & = 52| 5 5 | 5 E| 5| © |8
0 Os| O O | 2| =z a s | =
Experimental e e
conditions Quality indicators
Ci/o,
min. w, t min
units/ | % | b Y1 y2 y3 Y4 ys5 Y6 y7 ys Yo Y10
mg
1 15 20| 20 89 89 90 16,68 | 627 1,11 60 8,88 | 61,34 | 32,24
2 1 20| 20 86 88 89 17,32 | 622 1,12 62 8,15 | 61,05 | 32,54
3 15 20| 20 85 99 99 12,75 | 634 1,11 52 9,82 | 63,96 | 33,48
4 1 20| 20 89 99 99 12,72 | 638 1,09 46 9,60 | 64,24 | 33,27
5 15 13| 20 84 87 88 17,11 | 621 1,09 58 8,42 | 60,98 | 32,74
6 1 13| 20 86 87 89 17,47 | 614 1,11 60 8,78 | 61,34 | 33,15
7 15 13| 20 95 99 99 12,72 | 638 1,12 53 9,83 | 64,29 | 32,63
8 1 13| 20 92 99 99 12,64 | 635 | 1,09 46 9,85 | 64,19 | 34,03
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Table 3. Conditions and results of full-factorial experiments of FFE-24 on the ion-ozone cavitational
processing of barley Baisheshek

Seed properties

Technological properties

8 s |

» © 5 Physical Biochemical

s g T £ £

25018 |8 |E | | 8] = | £

S |8 |8 ; | £ 5| & G| 2 =
S ES|E |8 [£5 | 5| 8 £3 E
ol oc | 8 S = > o N gl o o 5
2/ 0 |2 o o ] 0 ~ - 5| % N 2
EI8Z | ¢ |5 | £ | & £l = o E| Qe | £ £
2| c € ? k7] a c c c ] °. _ o el o6 | @ >
= Q¢ | o 2 o ) 0 L c 2 - e | ® S ]
c 2 | o > Q = = = £ ° | 5|8 n c

5 S = = o «© © © > o - o| ®
2l oo o = < c © c c =0 - > U — e
EloN | & | B o =3 = | = 59 g 2 2% o
S| 5 O o = E v S £ =3 S i K= ! o
8 e |8 |3 52 5| 5| 5| §| 5| ©| &
X < Oc| 0| O £8| =z o | 2=

Experimental conditions Quality indicators

Ciio, t

min P, o &

units | ati | W % | mi Y1 y2 y3 y4 ys Ys y7 ys \'£) Y10

/mg n
1 15 4 20 20 92 93 93 17,57 | 615 | 1,11 | 57 | 8,10 | 61,19 | 35,42
2 1 4 20 | 20 88 92 | 92 17,04 | 625 | 1,11 | 60 | 7,75 | 60,37 | 33,10
3 15 1 20 20 85 87 89 17,44 | 615 | 1,11 | 56 | 8,03 | 61,15 | 33,53
4 1 1 20 20 90 91 92 17,27 | 622 | 1,11 | 61 | 8,77 | 61,19 | 36,96
5| 15 4 13 | 20 98 98 | 99 12,64 | 635 | 1,11 | 49 | 941 | 64,15 | 34,45
6 1 4 13 | 20 96 98 | 98 12,48 | 639 | 1,11 | 50 | 9,00 | 64,55 | 33,28
7 15 1 13 20 98 99 99 12,75 | 632 | 1,11 | 48 | 9,26 | 63,83 | 35,89
8 1 1 13 | 20 98 | 100 | 100 | 12,72 | 639 | 1,11 | 48 | 9,58 | 63,85 | 34,28
9| 15 4 20 10 91 91 91 17,51 | 618 | 1,11 | 60 | 8,26 | 60,64 | 35,76
10 1 4 20 10 94 95 | 95 17,18 | 616 | 1,12 | 54 | 8,55 | 61,56 | 34,76
11 15 1 20 10 97 98 98 17,43 | 621 1,11 | 53 | 8,33 | 60,83 | 33,27
12 1 1 20 10 93 94 94 17,22 | 622 | 1,12 | 53 | 8,19 | 61,18 | 34,51
13| 15 4 13 10 96 97 97 12,8 634 | 1,11 | 49 | 9,19 | 63,74 | 32,52
14| 1 4 13 10 98 | 100 | 100 | 12,77 | 637 | 1,41 | 50 | 9,70 | 63,85 | 34,58
15 15 1 13 10 98 99 99 12,77 | 631 1,11 | 50 | 9,59 | 64,27 | 33,49
16| 1 1 13 10 | 100 | 100 | 100 | 12,78 | 636 | 1,09 | 51 | 9,62 | 63,57 | 34,29

Table 4. Calculation of the least-squares regression coefficients according to the linear plan taking
into account inter-factor interactions, germination in 7 days — 23

Name Type of Numeric characteristics
equation Average | Root mean | Fisher’s Student’s
(Optimization) | value square Criterion — F, Criterion — tcr
deviation
Barley Yger=117,5714- | 94 sy = 1.2500 | Fr=4.69 4.304
Baisheshek 1,4285%x sag = 0.5774 | Fcr=5.14
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Table 5. Optimal regimes and quality indicators of Baisheshek barley grain after ion-ozone treatment

Properties Processing modes
(purpose) of Cio, w, t, The objective Quality indicators
grain min % min function (limitations)
units/mg

Seed 1 13 10 | y1=93,57 % y2 = 98,96 %; y3=98,98 %
- o/ - —_ .

Physical 1 20 | 10 |ye=1,105 gicm? ﬁ;g:gﬁ ;” ys=629 gl

Biochemical 1 13 10 | y8=9,78% Yo = 62,67 %; y10 = 33,01 ml

Table 6. Optimal regimes and quality indicators of Baisheshek barley grain after ion-ozone cavitation

treatment
Properties Processing modes
(purpose) Cio, P, w, t, The objective Quality indicators
of grain min ati % | min function (limitations)
units/mg
Seed _ o y2 = 99,87 %;
1 1 13 10 | y1=84,12% Va = 98.70 %
ya =17,34 %;
Physical 1 1 20 10 | ys=1,11 g/cm3 ys = 627 g/l;
y7 = 56,68 g
. . _ o Yo = 62,49 %);
Biochemical 1 1 13 10 | y8=9,42% Vio = 34.65 %

Table 7. Summary of the optimal indicators of the quality of barley Baisheshek after ion-ozone and
ion-ozone cavitation treatment in comparison with control (unprocessed) samples

] lon-ozone treatment lon-ozone cavitation treatment
Indicators Optimum Control Optimum Control

v1, % 93,57 97 84,12 97
Y2, % 98,96 98 99,87 98
y3, % 98,98 100 98,70 100
V4, % 17,15 - 17,34 -
ys, g/l 629 614 627 614
ys, g/cm3 1,105 1,11 1,11 1,11
y7, 9 61,01 52 56,68 52
vs, % 9,78 5,57 9,42 5,57
Yo, % 62,67 57,87 62,49 57,87
Y10, Ml 33,01 29,81 34,65 29,81
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