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Sitovial
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Shoer Histrey
v On 1927, the Jizst teseazch Center Jor Agticubtural Machinety in <Agricultuzal WResearch Onstitute of Romania -
ICAR, (Establishing Law was published in O D. no. 97/05.05.1927) was established;

v On 1930, was Jounded CThe Clesting Department o Agticultural Machinery and Tools by transforming Agticultuzal
Reseazch Centre of ICAR - that Jounded the science of methodologies and expetimental technidues in the Jicld (Decision
no. 2000/1930 of ICAR, _Manage: - GHEORGHE IONESCU SISESTI):

v On 1952, was established the Wesearch nstitute Jor Mechanization and Electrification of Agricultuze - I[CMA
DPBincasa, by transforming the Pepattment of Agticultuzal _Machines and Tools Testing:

v DOn 1979, the Research Ohnstitute of Scientific and Technological Engineeting Jor Agricultural _Machinery and Tools
— ICSITMUA was founded - subordinated to Ministzy of Machine DBuilding Ondustry - MICM, by unifying ICMA
subozdinated to MAA with ICPMA subozdinated to MICM,

v On 1996 the National Ohnstitute o) WResearch- Development Jor Machines and Onstallations designed to HAgricultuze
and Fo0d Ondustry — INMA was founded — according to G.D. no.1308/25.11.1996, by reorganizing ICSITMUA,
G.D no. 1308/1996 coordinated by the Ministry of Education and Research G.D. no. 823/2004;

v On 2008 INMA has been aceredited to cazzy out research and developing activities Jinanced Jrom public Junds unde:

G.D. no. 551/2007, Decision of the National Authozity for Scientific WReseazch - ANCSno. 9634/2008.

HAs a zesult oﬂ wiaening the spectzum a¢ communication, dissemination and im;zﬂementation oﬁ scientiﬁic zeseazch results,

in 2000 was Jounded the institute magazine, issued undet the name of SCIENTIFIC PAPERS (INMATEH), ISSN
1583 — 1019.

Stasting with volume 30, no. 1/2010, the magazine changed its name to INMATEH - Apricattural Enginceting,
appeating both in print format (ISSN 2068 - 4215), and online (ISSN online: 2068 - 2239). \The magazine is bilingual,
abstzact being published in native language and English, with a thythm of three issues / yeaz: Januazy-<Apzil, May~August,
September Decomber and is recognized by CNCSIS — with W™ category. Published atticles are Jrom the Jield of AGRICT
LTURAL ENGINEERING: technologies and technical eduipment Jor agricultuze and Jood industry, renewable enetgy,

machinety testing, envitonment, transpott in agticultuze ete. and ate evaluated by specialists inside the country and ab:oad, in
mentioned domains.
Technical level and performance processes, technology and machinety Jor agriculture and Jood industry inczeasing, aceording

to national reduizements and éuzoyzean and inteznational regulations, as well as exploitation of renewable tesouzces in terms
of efficiency, life, health and envizonment protection tepresent refetential elements for the magazine , INMATEH - Agticubtutal
Ve ate thankdul to all readets, publishets and assessots.
PrD. Eng. Wadut Nicolae-Valentin
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ABSTRACT

The value of the grain seeds is in the ability to germinate and ensure high yields. The main
technological process for preserving the properties of seeds is drying. The proper carrying out and providing
of rational modes of drying is a necessary condition to preserve the high ability to germinate. For the object
of drying we have taken wheat seeds to determine the rational regimes. The research of the drying process
kinetics is carried out on a convective drying stand in the following modes: coolant temperature in the drying
chamber t = 50-80°C, velocity V = 0.5-1.5 m/s. The highest intensity of drying occurs from an increase in the
temperature of the coolant from 50 to 80°C in 3 times, but the main indicator is wheat maximum permissible
temperature, which, at the coolant temperature of 50°C, is 48.6°C.

The biochemical indicators of wheat seeds were determined in the laboratory of the Institute of
Technical Thermophysics according to the method on the 7th day of germination. The results of the
researches showed that the best results of wheat germination were at 50°C at the level of 96%. Coolant
temperature of 80°C has the most negative influence on wheat germination as the seeds lose their
properties.

The analysis of the three-factors of influence, such as temperature and speed of coolant, as well as
wheat initial humidity, on seed drying time and germination is done.

The obtained regression equations and obtained response surfaces of seed drying time and
germination enable us to evaluate the process in terms of drying parameters’ influence.

PE3IOME

LliHHicmb HaciHHS 3epHo8UX Kynbmyp fonseae y 30amHocmi rpopouwlyeaHHsi ma 3abe3rnedyeHHs
sucokozo epoxar. OCHOBHUM MexHOMo2iYHUM rpouecom Onsi 36epexeHHs eracmueocmell HaciHHSI €
cywiHHs. lpasurnbHe nposedeHHs | 3abe3neqyeHHs1 payioHanbHUX PexXumMie CywiHHs € HeObXiOHO yMO80H
36epexeHHs1 sucokoi 30amHocmi 00 npopocmaHHs. [ns usHa4yeHHs1 pauioHasibHUX pexumie 3a 06’ekm
CYWIHHA HaMu 835iMmO HaciHHS nweHuyi. [ocnidxeHHs KiHemuKu rpouecy CywiHHS poeedeHi Ha
KOHBEKMUBHOMY CYLIUIIbHOMY CmeHOi 3@ maKux pexxumie; memrepamypa mernsioHOCIs 8 CywusbHil kamepi t
= 50-80°C, wseudkicmb pyxy V = 0,5-1,6 m/c. Halbinbwa iHMeHcusHicmb CywiHHs 8i0bysaembcs 8i0
36inbweHHss memnepamypu mernsioHocis 8id 50 0o 80°C e 3 pa3u, asie 0OCHOBHUM OKa3HUKOM € 2paHUYHO-
donycmuma memrepamypa nueHuuj, wo npu memnepamypi menmnoHocis 50°C cknadae 48,6°C.

GioximiyHi noKasHUKU HacCiHHS MweHUyi eu3Hadanucb 6 nabopamopii IHecmumymy mexHiYHOI
mennogisuku 3a Memolukorw Ha 7 OeHb rnpopoulysaHHsl. Pe3ynbmamu dQocnidxeHb mnokasanu, wo
Halikpawi pesynbmamu rpopowysaHHs nweHuyi npu 50°C Ha pieHi 96%. Halbinbw HezamueHo erniugae
Ha cxoxicmb nweHuyi memnepamypa mennoHociss 80°C i HaciHHs empaydae ¢80l HaciHHESI 8nacmugocmi.

lMposedeHull aHania mpughakmopHO20 8ri/1u8y rnapaMmempie CywiHHs — memrnepamypu ma weudkocmi
PYyXy mMernsioHOCisl, a MakoX rno4Yamkogol 80si020cmi NWeEeHUUi Ha mpueasnicmb CYWIHHS ma CXOoXicmb
HaciHHs. OmpumaHi peepeciliHi piBHSHHS ma OompuMaHi Mo8epxHi 8id2yKy mpusasniocmi CywiHH ma
CXO0XXOCMI HaciHHS, 0armb MOXIIUGICMb OYiHUMU rpouec 8i0 erusy napamempie CywiHHsI.

INTRODUCTION

The problem of drying wheat seeds has been raised by various authors and it requires the choice of
the most rational drying regime. Different approaches and different technological equipment may not always
accurately reflect the choice of the desired drying regime. The elevated temperatures of the coolant during
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wheat seeds drying are given in works (Kovalenko O.A., Kosovska N.V., 2012; Savchenko S.V., 2009)
associated with the conditions of passing the grain through the drying chamber of the shaft dryer, where
additionally the following drying factors are added: the velocity of the coolant and grain, the height of the
grain layer, the hydraulic resistance of the layer, constructive features and other conditions. Under laboratory
conditions, when drying in the elementary layer (Matkivska l.Ja., Atamanyuk V. M., Symak D., 2014), drying
modes can be characterized more adequately and reliably, but there is a problem with the transfer of
research results to industrial installations. The main criterion for evaluating seed grain quality is wheat
heating temperature, which is determined by seed germination ability.

To determine wheat seeds germination, the author has proposed to dry the wheat seeds from 80 to
120°C and step modes with an increase in temperature of 80/100 and 80/120°C (Podpryatov G.l.,
Nasikovsky V.A., 2005). There is no indication of the effect of these drying conditions on wheat seed
properties, only the storage modes are mentioned. In particular, it is indicated that wheat seeds should be
stored during the first month with a moisture content of 18.0-18.5%, thus increasing the ability to germinate.

Similar modes of drying are represented in the research work of Kovalenko O.A. for drying wheat at
80 - 120°C and stepwise drying mode at 80/100 and 80/120°C. The presented studies show that at the
temperature of 80°C the germination is 89-94,5%, while in stepwise mode it is 63-81%, which cannot be
recommended for seed grain at all (Kovalenko O.A., Kosovska N.V., 2012).

In the work of Savchenko S.V. the drying of wheat seeds was carried out in a gravitational-moving
layer at the temperature of the heat carrier 70 - 85°C, and at the same time the temperature of heating the
grain was 50 - 62°C (Savchenko S.V., 2009). The greatest germination of wheat seeds at the temperature of
70°C is 90%, and at an increase of temperature it is 85 - 83%.

In the research work of Matkivska V., the conditions of wheat seeds drying from 40 to 80 °C were
analyzed. The germination at a drying temperature of 40, 50, 60, 80°C, respectively, is 99, 98, 90, 30%. In
this case, it is recommended to use the temperature of 60°C, although it would be desirable to choose a
temperature of 50°C according to the results of the experiment (Matkivska I.Ja., Atamanyuk V. M., Symak
D., 2014).

MATERIALS AND METHODS

The high cost of seed grain and energy has set the task for us: to pick up such drying regimes, that
can provide the high quality of seeds, while minimizing the specific heat consumption of the process.

Describing the processes of grain drying, they can be conditionally divided into soft and rigid drying
regimes. The first one is characterized by a relatively low temperature and drying agent speed. In a soft
mode, the processes of heating and drying the grain pass with a relatively low speed. The rigid mode is
characterized by increased temperature and speed of the drying agent. From the economic point of view, it is
desirable to dry the grain in rigid mode with a decrease in the drying time. However, in rigid mode due to
intense heating and dehydration there is deterioration in its quality: cracking of seeds, change in colour,
partial or complete destruction of the embryo, deformation of tissues.

The application of high temperatures at the beginning of wet grain drying process leads to a rapid
dehydration of its surface, which makes the shells less permeable to moisture (the phenomenon of thermal
"quenching" of the grain). Under these conditions, a water vapour forms in the surface layer, the output of
which becomes complicated. It is therefore recommended to dry the seeds at relatively soft temperature
regimes. In soft mode, drying does not have a complete guarantee of preservation of seed grain properties,
so during prolonged low temperature drying (depending on the environmental parameters) the formation of
mould on the surface is possible, and as a result, the damage of the seed material.

The main parameters that determine the choice of the drying mode and the achievement of high
quality indicators of dried seeds are the temperature of the drying agent, the grain heating maximum
temperature, the seeds initial humidity and the duration of their drying. The initial moisture content of grain
wo greatly affects the intensity of the drying process and determines the choice of the maximum allowable
temperatures for heating the grain and the maximum temperatures of the drying agent.

The maximum permissible temperature for the grain intended for seed is determined based on the
conditions of energy storage of its germination capacity. With the increase in humidity and the duration of
grain presence in the heated state, the maximum allowable temperature of it is reduced.

The works of S.D. Ptitsina, M. Hutchson, V.l. Zhidko, O.N. Katkova, V.A. Rezchikov, N.N. Nevsky,
V.L. Prokofiev, K.S. Esbolganov are dedicated to the determination of the maximum allowable temperature
of heating the grain (table 1).
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Finding the maximum-permissible temperature of seed grain in the proposed formulas of S.D.
Ptitsina and M. Hutchison depends on the initial humidity and the time of heating the grain t.

V.l. Zhidko determined the maximum allowable temperature of the grain heating by introducing the
coefficients and values of the heating time t, n, k and the grain moisture content w.

O.N. Katkova, V.A. Rezchikov on the basis of processing the experimental data proposed the
empirical formula, depending on the mass air velocity Vp, which characterizes the state of the layer (on
which the drying time depends), the humidity w and the initial temperature of the coolant t.

N.N. Nevskaya and V.L. Prokofiev, based on the mass spectrometric radiation of wheat drying
features, proposed the dependence of the maximum permissible grain temperature on the humidity w and
the drying time t.

K.S. Esbolganov, under the conditions of recirculation drying, proposed to use grain mass
concentration in the heating chamber u, the temperature of the coolant t and the value of the moisture
content wc to calculate the maximum permissible temperature of heating wheat seeds.

Table 1
The equation for determining the maximum permissible temperatures for heating the seeds

Ne Researcher Equation Ne Eq. Source
= 2350 +20-10lg,
1 S.D. Ptitsin 0,37(100 — @,) + @ (Melnik B.E., Malin N.I., 1980)

where: wyp - initial humidity of grain,%;
T - time of grain heating, min.

(Shchitsov S.V., Tikhonchuk

6p=122,0 - 5,41lg7 - 441 Igwy, P.V., Krivuta Z.F., Kolzov A.V.
2 M. Hutchinson where: wyp - initial humidity of grain,%; ) 2016;
T - time of grain heating, min. Shchitov S.V., Krivueca Z.F.,
2012)
Op=to—n - wo +K, ?3)

where: to, n are the constant coefficients obtained
experimentally for grain with normal gluten
to = 88, n =-2,15;
k — coefficient depending on the duration of drying 7 and
3 V.1. Zhidko moisture content of the grain:

k =0,0307 — 7_7902
0,023’

where: w, - current moisture content of grain,%;
T - time of grain heating, min.

(Zhidko V.I., Atanazevich V.I.,
1982)

Q)

0,13
0,, —1800 V2

/ 0.4 . -
V.A. Rezchikov, wt (Rezchikov V.A., Dubinicheva

e (5)
R.P. Dubinicheva where: Vp - mass velocity of air, kg/m?; R.P., 1988)

w - grain moisture content,%;
t - coolant temperature, °C

900+ 273w + &°
N.N. Nevsky 0p=————-10lgz,
V.L. Prokofiev @ (6) (Tits Z.L., 1967)
- where: w - grain moisture content,%;

T - time of grain heating, min.

It is most appropriate to determine the drying regime according to the biological properties of the grain.
Acceptable values of temperatures at different time values of impact on the grains, which does not affect the
processes of life in it, depend on the moisture content of the grain — the higher the humidity, the lower the
permissible values of temperatures.

An irreversible decrease of wet grain lifetime begins at 55°C (coagulation of protein in the germ and
aleuronic layer), and of dry grain at 65°C. During drying it is necessary to reduce the final temperature of
heating of seeds by 10-12C, which will allow to preserve the seed properties of the material (fig. 1). (The
results of the investigation of physical processes during the drying of grain, 2018).
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Fig. 1 - Change grain permissible temperature during drying
for different humidity of seed grain

It is necessary to apply a milder drying regime for seed grain. According to M.G. Golik, a complete
loss of wheat seeds germination occurs when heated to 60°C, at initial moisture content of 20% and higher.
The germination of unprocessed seeds at a humidity of 20% was 97%, when heated to 45, 50 and 55°C, the
germination was 87, 82 and 47% respectively. The intensity of moisture removal, which should not exceed
5%, was indicated in the work. (Golik M.G., Delidovich V.N., Miller B.E., 1972).

In the work of Savchenko, the studies on the germination of wheat seeds differ significantly from the
data presented by M.G. Golik. Experimental studies are carried out at the temperature of 75, 85°C,
respectively, heating the grain up to 50.56°C with a germinating capacity of 90 and 85% respectively
(Savchenko S.V., 2009).

The temperature change of the grain and the reduction of the material mass were determined using
special devices and the developed program in an automatic mode on a convective drying stand. In order to
assess the quality of the wheat seeds, the standard methods of research were provided by SS 4138 - 2002
and SS 2240 - 1993 (State Standard 4138 - 2002, 2003; State Standard 2240 - 1993, 1994).

The research program involves removing the wheat drying kinetics by recording the changes in the

mass of the material, temperatures of the coolant and in the middle of the material (fig. 2).
6 9 7 9

a / \ S g7

\ / /

= \n%}\u/ eS|

‘ ~

“ -

5
S

Fig. 2 - Scheme of the experimental stand:
1 - drying chamber; 2 - heater; 3 - fan; 4 - temperature controller; 5 - control panel; 6 - thermometers; 7 - pipe fittings;
8 - psychrometer; 9 - special gratings; 10 - a bar of scales; 11 — scales
RESULTS
An example of removing the kinetics of the wheat seed drying process at a coolant temperature of

50°C and a flow velocity of a coolant of 0.5 r_n/s is shown in fig. 3 _

CHE APED REMESmE - 15:20:23 ] |
| Dapaterns e 1] [Hacrpuins soms samwase TS ———r—— il

e 1 (=== e ]

"

Fig. 3 - Removal of kinetics of wheat drying at the coolant temperature of 50°C
and the speed of 0.5 m/s
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The main direction of the intensification of wheat seeds drying process is coolant temperature; the
higher the temperature, the drying rate increases (fig. 4).

H‘umidity, %

Humidity, %

H, m

(b)

Humidity, %

2 i 1

H,m

()

Fig. 4 - Curves of wheat seed drying depending on the coolant temperature,
at initial humidity of material 16 (a), 20 (b), 24 (c), 1.5 m/s

1-50°C; 2-65°C; 3-80°C

The increase of the coolant temperature accelerates the drying process, so at a temperature of 80°C
compared with 50°C, the wheat drying is faster by almost 3 times. The initial moisture content of the material
increases the drying time, so the duration at a moisture content of 24% to the final moisture of 13% is 57
minutes, and a decrease of moisture up to 20% reduces the duration of the process by 16 minutes.

On the presented temperature curves of wheat seeds heating it can be seen that the material is most
rapidly heated for 6 - 8 minutes, and then there is a gradual heating to the final temperature (fig. 5). So the
final temperature is: at 50°C - 48,6°C; 65°C — 62,26°C; 80°C - 74,62°C.

80

70

60

Grain temperature, 0C

3

//

o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42

44 46 48 50 52 54 56 S8
H, m

Fig. 5 - Temperature of wheat seeds heating during drying period
at initial humidity of material 16 (a), 20 (b), 24 (c), 1.5 m/s

1-50°C; 2-65°C; 3-80°C

Wheat seeds drying rate, depending on the coolant temperature, is shown in fig. 6. When wheat seeds
are dried, there is a period of warming up of the material and a period of falling drying rate. In the period of
warming, the material is heated and a partial evaporation of the moisture from the surface layers takes place.

Fig

Drying speed, % m

Humidity, %

. 6. Curves of wheat drying rate at an initial humidity of 24% and

coolant speed 1.5 m/s from temperature
1-50°C; 2 - 65°C; 3 - 80°C
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The maximum drying speed at a temperature of 80°C is 0.95%/min., the decrease to 65°C reduces the
speed up to 0,67%/min, and when reduced to 50°C, it is 0,41%/min.
The curves of wheat seed drying from the effect of the heat transfer velocity showed that with an
increase in the velocity of the coolant from 0.5 to 1.5 m/s, the increase in the drying rate is 7.3%. Drying
occurs to the final moisture content of wheat 13%, which corresponds to the equilibrium moisture content of

the material (fig. 7).

Fig. 8 shows the curves of the drying speed at different coolant flow velocities, so at coolant velocity of
1.5 m/s the maximum drying speed at 18.6% humidity corresponds to 0.3%/min. At coolant flow velocity of
0.5 m/s, the drying rate is reduced up to 0.25%/min, namely by 20%.

/

Humidity, %

H,m

Fig. 7 - Curves of wheat seed drying at coolant flow
velocity and a temperature of 50°C

1-05m/s; 2 -

1,0m/s;3-1,5m/s

Drying speed, %/m

/£

1

Humidity, %

Fig. 8 - Curves of drying rate of wheat seeds from the
coolant flow velocity at the temperature of 50°C

1-05m/s;2-1,0m/s;3-1,5m/s

The rational drying regime was determined by the biochemical properties of wheat seeds, depending
on the temperature, the initial humidity and the coolant flow velocity (table 2).

Table 2
The influence of drying parameters on wheat germinating capacity on the 7-th day of germination
Temperature of the Initial moisture content . TR
drying agent, °C of grain,% Drying agent speed, m/s Seed germination,%
Output - - 99
50 16 15 96
50 20 0.5 96
50 24 1.5 96
65 16 1.5 94
65 20 0.5 93
65 24 15 90
80 16 15 1
80 20 0.5 9
80 24 1.5 0

From the data given in tab. 2, we can draw a conclusion about the significant influence of these
parameters in the area of high temperatures. Rational drying mode is the temperature of 50°C, where the
influence of the initial moisture and the speed of the drying agent are not significant.

The graphs of the drying parameters’ influence on wheat germinating capacity on the seventh day of
germination are shown in figure 9.
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Fig. 9 — The effect of drying parameters on wheat germinating capacity on the 7-th day of germination
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We can assess visually the influence of the coolant temperature on the presented fig. 10.

—

Output 50 65

Fig. 10 — The influence of coolant temperature on the germinating capacity of wheat seeds on the 7-th day of
germination at the initial moisture content of 20% and the speed of 0.5 m/s

For a mathematical description of the wheat drying process in an elementary layer, we take a three-
factor experiment in accordance with an orthogonal compositional plan of the second order.

The total number of points in the plan is determined by:

N = 2"+ 2n + No; Q)
where: N1 = 2" - number of points of the factor space, determined by the core of the plan. For a three-factor
experimentn =3, thatisN1 =28=8

N2 = 2n = 6 - the number of stellar points;

No = 1 is the number of central (zero) points of the plan.

So, holding a three-factor experiment on three levels requires the conducting of 27 experiments.

That’'s why it is necessary to establish the optimal amount of experiments required. This task can be
solved using modern methods of planning an experiment, in particular mathematical, the basis of which is
the creation of a mathematical model in the form of a regression equation.

In orthogonal central planning, the criterion for optimality of the experiment plan is the orthogonality of
the planning matrix columns. Because of the planning orthogonality, all the coefficients of the regression
equation are determined independently of each other. The core of the composite plan is the plan for a
complete factor experiment CFE 2",

Experiment planning included the following steps:

— compilation of the coding table of factors and levels of variation;

— drawing up a plan - matrix;

— conducting the experiments according to the plan-matrix

— compilation of the regression equation and definition of the coefficients of the equation;

— analysis of the mathematical model in the form of a regression equation.

In the first stage we will compile a table of factors and levels based on the results of the research on
a convective drying stand (table 3):

Table 3
Factors and levels of variation, that influence the wheat seed drying process
Factors
Indexes Heat carrier Material
Temperature Speed Initial humidity
t, °C V, m/s Wo, %
Top (+1) 80 15 24
Average (0) 65 1.0 20
Lower (-1) 50 0.5 16
Variable interval 15 0.45 4
Code mark X1 X2 X3

According to the plan, the research was conducted using three levels for each factor - upper (+1), zero
(0) and lower (-1), the code values of which were determined by the formula:

t-t, t-65, V-V, V-10, W-w, w-20
= =—, Xzz—z—’ X3= = , (2)
& 15 & 0,5 & 4
where: to, Vo, Wo — the value of the factors at the main level, respectively, the temperature and velocity of the
coolant, the initial humidity and the height of the canola layer;
&1, &2, &3 — the interval of factors variation.
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The mathematical models of the process were constructed in the form of regression equations:

M

y=ao+a1xl+azxz+a3X3+311X12+a22X22+a33X§+ (3)

Fa, X X, + 83X X3 + 853X, X;.
The coefficients of regression can be determined by the following formulas:

N N
aozﬁiyk—qiaﬁ; a :blzN:xikyk; a;; =b3kZ; (Xi/kz_q)yk; a;; :bZkZl:Xikaky’ (4)
k=1 i=1 k=1 = =]
where: q - the value that provides the orthogonality of compositional plans:
q:%(2"+2R2):%(23+2-1,2152):0,73, (5)

bo, b1, b2, bs — elements of the plan matrix bo = 0.0667; b1 = 0.0913; b2 = 0.125; bz = 0.298.
The estimation of the errors’ variance when calculating the estimates of the coefficients of the
guadratic regression equation is calculated by the formulas:

b \ b b
2 _Mog2 2 2. . .
So=pSyta 2 Sa s =%s§, Si=tSji Shi=-s], ©)
where:
S?, - estimation of the reproduction dispersion:
1 N
2 2
SZ==>"S;. @)
N i3

Recommended form of the plan matrix and the results of experiments on Podolianka variety wheat
seeds drying are presented in table 4.

Table 4
The plan matrix and the results of the experiments on Podolianka variety wheat seeds drying

Ne Experimental conditions T, (o}

B X1 X2 X3 X% X2, x23 X1X2 | X1X3 | X2 X3 X1 X2 x3 |min| %
1. -1 -1 -1 +1 +1 +1 +1 +1 +1 0.27 0.27 0.27 | 30 | 95
2. +1 -1 -1 +1 +1 +1 -1 -1 +1 0.27 0.27 0.27 8 9
3. -1 +1 -1 +1 +1 +1 -1 +1 -1 0.27 0.27 0.27 | 23 | 96
4, +1 +1 -1 +1 +1 +1 +1 -1 -1 0.27 0.27 0.27 6 1
5. -1 -1 +1 +1 +1 +1 +1 -1 -1 0.27 0.27 0.27 | 64 | 95
6. +1 -1 +1 +1 +1 +1 -1 +1 -1 0.27 0.27 0.27 | 24 0
7. -1 +1 +1 +1 +1 +1 -1 -1 +1 0.27 0.27 0.27 | 57 | 96
8. +1 +1 +1 +1 +1 +1 +1 +1 +1 0.27 0.27 0.27 | 20 0
9. |-1.215 0 0 +1.472 0 0 0 0 0 0.75 | -0.73 | -0.73 | 42 | 93
10. [+1.215 0 0 +1.472 0 0 0 0 0 0.75 | -0.73 | -0.73 | 14 | 10
11. 0 -1.215 0 0 +1.472 0 0 0 0 -0.73 | 0.75 | -0.73 | 28 | 96
12. 0 +1.215 0 0 +1.472 0 0 0 0 -0.73 | 0.75 | -0.73 | 22. | 94
13. 0 0 -1.215 0 0 +1.472 0 0 0 -0.73 | -0.73 | 0.75 | 17 | 94
14. 0 0 +1.215 0 0 +1.472 0 0 0 -0.73 | -0.73 | 0.75 | 31 | 90
15. 0 0 0 0 0 0 0 0 0 -0.73 | -0.73 | -0.73 | 25 | 93

After carrying out the experiments, the test of experiments’ reproduction using the Cohren’s criterion is
carried out:
SZ
Gmax = Nkmax ! (8)
2.5
k=1
where:
S? is the selective variance of the output quantity y in the k-line of the planning matrix, obtained from
"m" of parallel experiments.

1 m
Sy =m§(ym -y, ©)

If Gmax < Gyp, With the number of degrees of freedom vi = m - 1, v2 = N and the level of significance
a =1 -y, then the hypothesis of dispersion homogeneity is accepted.
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The hypothesis about the static significance of the estimates of the coefficients of the regression
equation a; is checked by means of t - the Stjudent’s criterion:

t =m (10)

ip S !

The verification of the mathematical model adequacy by the results of the experiment is carried out
according to Fisher's criterion in the form of the ratio:

ai

SZ
F = Zinad (11)
2 1
P Sy
where: S?n,q - estimation of inadequacy variance.
1 & — n
See :mé(yj =Y (12)

where: N - number of points of the orthogonal CCP;
r - number of significant parameters of the regression equation;

n

i the value of the response, calculated by the regression equation;

Y - the average for the series "m" of experiments is the value of a real object reference.
If the condition is fulfilled:

Fp < FKp1 (13)
then the mathematical model is considered adequate, that is, the scattering of the experimental values of the
response relative to the values of the regression equation of the same order as the scattering, caused by the
experimental errors.

The critical significance of the statistics is according to the corresponding tables for the given level of
significance a and the degree of freedom vi=N-randv2=N = (m - 1).

The results of a three-factor experiment on an orthogonal compositional plan of the second order are
presented in the form of quadratic regression equations:

- for the germinating capacity of wheat seeds:

C=160.4 —3.618t — 25.06V — 2.53W — 0.16t? — 28.72V? — 0.57W? — 0.21tV — 0.026tW +0.5VW; (14)
- for drying time:
7=204.72 — 0.54t — 13.65V + 7.78W + 0.01t*> + 4.8 V2 + 0.13tV — 0.08tW. (15)

Based on the regression equation of wheat seeds’ germinating capacity and duration, the response
surfaces are constructed (fig. 11).

C.%

Fig. 11 — Surface response of the germinating capacity and duration of "Podolianka" variety wheat seeds at the
action of the coolant temperature, °C
1-50;2-65; 3-80
CONCLUSIONS
Analyzing the carried out research on the germination of "Podolianka" variety wheat seeds after

drying, we can conclude:

e  The temperature regime of drying is the most rational at a temperature of 50°C, the germination being
16%.
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e At this temperature, the speed of the drying agent in the range v = 0.5...1.5 m/s does not significantly
affect the germination.

e At this temperature, the initial moisture content of the grain in the range of 16-24% also does not
significantly affect the germination.

e At the temperature of the drying agent of 65°C, the germination limits to 93-94% may be at velocity of
the drying agent of 1.5 m/s and an initial moisture content of 20%, or at a velocity v = 0.5 m/s and an initial
moisture content of 16%.

e Atthe increase in temperature of drying agent to 80°C, the germination is practically small (9%), which
goes beyond agrotechnical requirements.
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