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Abstract. Solar radiation energy is used by vegetation, which predetermines the existence of biosphere. The plant uses 1-
2% of the absorbed radiant energy for photosynthesis. All the remaining share of the absorbed energy, accounting for 99—
98%, converts into thermal energy in the plant leaf. At the lowest wind under natural surrounding air conditions, plant
leaves change their position with respect to the Sun. An oscillating plant leaf receives a variable amount of solar radiation
energy, which causes changes in the balance of plant leaf energies and a changing emission of heat in the leaf. The analy-
sis of solar radiation energy pulsations in the plant leaf shows that when the leaf is in the edge positions of angles 10°, 20°
and 30° with respect to the Sun, 1.5%; 6% and 13% less of radiation energy reach the leaf, respectively. During periodic
motion, when the amplitude of leaf oscillation is no bigger than 10°, the plant surface receives up to 1.6% less of solar ra-
diation energy within a certain period of time, and when the amplitude of oscillation reaches 30° up to 14% less of solar
radiation energy reach the leaf surface. The total amount of radiant energy received during pulsations of solar radiation
energy is not dependent on the frequency of oscillation in the same interval of time. Temperature pulsations occur in the
leaf due to solar radiation energy pulsations when the plant leaf naturally changes its position with respect to the Sun.
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1. Introduction

Solar radiation energy is used by vegetation, which pre-
determines the existence of biosphere. The plant uses 1-
2% of the absorbed radiant energy for photosynthesis. All
the remaining share of the absorbed energy, accounting
for 99-98%, converts into a form of thermal energy in the
plant leaf. Plants absorb 80-85%, reflect around 10 %
and pass through leaves 5-10% of visible sunlight A
green leaf selectively absorbs solar radiation energy. In
the area of UV radiation, in in the area of visible and far-
infrared rays (>1pum) — 80-95%, in the area of near-
infrared rays (0.7-1.0 um) — 5-15%. In the area of visible
rays, the blue and red rays show higher absorption (90—
95%) than the green rays (50-80%). Rays of the infrared
ray (>1um) area are mainly absorbed by water contained
in plant tissues. Under natural environmental conditions,
the plant leaf absorbs 35-50 % of the integral (0.3-4.0
um) radiation of the Sun. The major part (75-85%) is
absorbed from the Sun’s radiation of wave length (0.38 —
0.72 pm), which concentrates around 45-50% of the
Sun’s integral radiation. The effect of radiation on plants
depends on a wave length (spectrum) and radiation den-
sity W/m?. The essential purpose of light is the transfor-
mation of its energy to carbon compounds. In a year,
vegetation of the Earth assimilates around 640 bn tons of
carbon dioxide and emits around 500 bn tons of free oxy-
gen thus reducing environmental pollution (lnekyn 1967;
Slapakauskas 2006).

The plant together with the surrounding environment
forms an integral undivided system — an agrofit environ-
ment. The main factors of forecasting and assessing the
effect of the agrofit environment on the plant include
light (radiant energy), temperature (heat) and moisture
(water). These three environmental factors (as the thermal
energy factors), predetermining the conditions of plant’s
productivity, minimum existence and death, can be analy-
sed by the method of the plant’s balance of energies
through the employment of the laws of thermodynamics.
According to the first law of thermodynamics, one form
of energy may transform into another one. In this trans-
formation energy is neither destroyed nor created.

H. T. Browh and F. Escombe were the first to employ
the method of the balance of energies in vegetation re-
search in 1905. Later the method was applied in many re-
search papers. The balance of plant’s energies was
analysed with the aim to evaluate its relationship with phy-
siological processes occurring in the plant, i.e. transpira-
tion, photosynthesis and convective heat exchange
(Ruseckas 2002; Lmexyn 1967; Sirvydas, Kerpauskas 2006)
or theoretically substantiate or advance technological pro-
cesses (Cesna et al. 2000; Sirvydas et al. 2006; Kajalavi-
¢ius 1992; Kerpauskas et al. 2006).

Plant leaves are malleable. At the lowest wind under
natural ambient air conditions, plant leaves change their
position with respect to the Sun. An oscillating plant leaf
receives a variable amount of solar radiation energy,
which changes the balance of plant leaf energies, as well
as changing heat emission in the leaf, respectively. It is
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common knowledge that changing radiation exposure
activates processes occurring in the plant leaf (Hayashi
2001; Stasauskaite 1995; Lafta, Lorenzen 1995; Slapa-
kauskas ir Duchovskis 2008).

The aim of research is to analyse the balance of en-
ergies in the plant leaf in order to determine the pulsa-
tions of the Sun’s radiant energy, which are caused by
plant leaf oscillations with respect of the Sun.

2. The methods of research

The method of the balance of energies is employed to
theoretically analyse energy and humidity environmental
exchange processes. According to this method, any mo-
ment of the plant’s existence is subject to the equality
between the energy received, accumulated, used for bio-
logical processes and transferred to the environment (in a
form of heat and water vapour), i.e. >Q = 0 (Sirvydas et
al. 2000; Herve et al. 2002; Venslauskas 1996).

When analysing the dependence of plant leaf tempe-
rature pulsations on a single factor, i.e. leaf oscillations
with respect of the Sun, the processes of energy metabo-
lism, occurring in the plant leaf, are schematised.

3. Investigation results

The equation of the balance of energies is applied for the
plant leaf. No condensation of humidity present in the air
is possible on the leaf surface during sunny time of the
day and therefore a member of the energy balance, evalu-
ating the condensation of moisture, equals zero and is
excluded from the evaluation. A heat flux within leaf
stem tissues when the leaf stem’s cross-section is small at
a low gradient of temperature, thermal conductivity and
plant sap flow should also be rejected. Under the men-
tioned conditions, the equation of the balance of plant
energies is as follows:

ininiQsiQ4iQ5:0v (1)

where Q; — flux of the Sun’s radiation energy absorbed
by the plant, J/s; Q, — heat flux, transferred to or received
from the environment during convective heat exchange,
J/s; Qs — heat flux used for transpiration and transferred
to the environment in a form of water vapour, J/s; Q-
heat flux for photochemical reactions in an energy form
or other exothermal and endothermic processes occurring
in the plant, J/s; Qs— heat flux participating in the process
of plant tissue thermal accumulation, J/s.

The period of research was selected at the constant
radiation of the Sun, i.e. Q; = const. For a very short peri-
od of time dz, it is assumed that biological processes oc-
curring in the plant leaf remain stable and use a constant
amount of solar energy. Then, the amount of energy used
for biological processes in the plant leaf Q4 can be
expressed as follows:

Q4 = anv (2)

where n — the coefficient that evaluates the part of the
absorbed solar energy, which is used for biological pro-

cesses in the plant, n = 0.04-0.05 (Slapakauskas 2006;
Lmexyn 1967).

The portion of the absorbed solar energy remaining
in the plant leaf will be used for transpiration and convec-
tive heat exchange with the environment. Then, at the
plant’s steady energy metabolism (Qs = 0), the equation
of the balance of energies may be as follows:

(1—n) Q =Q,+Q;. (€))

It is assumed that in this very short period of time
the intensity of transpiration (Qs; = const) and convective
heat exchange (Q, = const) remain stable. This can be
done using average intensity values of transpiration and
convective heat exchange.

The steady energy metabolism in the plant leaf
changes with the change of the amount of the Sun’s ra-
diation energy received by the leaf. Impacted by the
wind, the plant leaf oscillates and respectively receives an
alternating amount of the Sun’s radiation energy. The
plant leaf also receives an alternating amount of the Sun's
radiation energy due to a sudden change in cloudiness,
ventilation of greenhouses or installation of mobile equip-
ment intended for plant irradiation. In a natural environ-
ment, chaotically moving air moves plant leaves. Leaves
change their position with respect to the Sun with the
change of the leaf position angle B (Fig. 1).

When the leaf changes its position from B to C with
respect to the Sun (Fig. 1a), the amount of the Sun’s radia-
tion energy, absorbed by the leaf, decreases. The reason for
decrease of this type of energy is analysed below.

The quantity of the Sun's radiation energy that rea-
ches the leaf surface at the Sun's heat flux density
g, = const is directly dependent on the size of the plant
leaf surface area F projection to the plane perpendicular
to a ray fall direction. Upon assuming that the ray fall
direction is perpendicular to the plant leaf plane, the pro-
jection of the plant leaf surface area in position B would
be Fs (Fig. 1b).

When the plant leaf position changes from B to C,
the projection of the plant leaf surface area to the plane
perpendicular to the ray fall direction would decrease by
value AF, and would be Fyc, respectively (Fig. 1b). The
value AF, shows a decrease in an active surface area of
the plant leaf when the leaf position with respect to the
Sun changes by angle £, which is found according to the
equation:

AFy = F,g —Fyc = F(—cosp), 4)

where AF, — decrease of an active surface area of the
plant leaf when the leaf position with respect to the Sun
changes, cm?; Fyg , Fyc — the projection of the plant leaf
surface area in positions B and C, respectively (Fig. 1b),
cm?®, F — plant leaf area, cm? B — the angle rad of the
plant leaf position with respect to the Sun.

At such a decrease in the projection of the plant leaf
surface area due to the change of the leaf position with
respect to the Sun, the amount of heat that reaches the
leaf surface when the leaf position changes from B to C
will also decrease by value AQ;.
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When the flux density of the Sun’s absorbed energy
g, = const, the decrease AQ, of the heat quantity that rea-
ches the leaf surface Q; due to changed plant leaf position
by the angle £ will be expressed by the following depen-
dence:

AQ; = Qg —Qc =y F (1—cosp)
or (5)

AQ =Q (1-cos),

where AQ; — the decrease of the heat flux Q; that reaches
the plant leaf surface, J/s; Qqg, Qic — the absorbed flux of
the Sun’s radiation energy when the plant leaf is in the
position B and C, respectively (Fig. 1; b) J/s; g;— flux
density of the absorbed solar energy W/cm? F- plant leaf
area, cm?; p — the angle rad of leaf position with respect
to the Sun.

Plant organs and parts are in a constant dynamic
equilibrium and therefore a change in plant leaf tempera-
ture is described by the change of the balance of energies
of the plant organ or any part thereof at a certain moment
of time. The plant organ temperature change by value At,
as an expression of a dynamic energies balance, manifests
itself via the process of thermal accumulation.

The intensity of transpiration Qs and convective heat
exchange Q, within a very short elementary period of
time dz remains constant and, therefore, when leaf tempe-
rature changes by value At the lack of energy is compen-
sated by heat Qs accumulated in the plant leaf.

With the aim to determine a change in the plant leaf
temperature, the following equation of the balance of
energies is applied for the process in question:

AQ; =Qs

or (6)
d(ay

(1-cosB)Q,=Qs ot

The member of the balance of energies equation
(1—cos B), expressing a decrease in energy reaching the leaf
surface, will change in the course of time depending on the
angle size of the leaf position with respect to the Sun.

Quantity of heat Qs accumulated in the plant leaf is
expressed by the following equation:

d(At)

Qg =pcV = (7)
where p — plant leaf density in g/cm?®; ¢ —specific thermal
capacity of the plant leaf in J/(g-K); V — plant leaf volume
in cm® At — temperature change in the plant leaf °C;
7 —timeins.

The following markings will be used in further analy-
sis of the plant leaf temperature change due to pulsations of
the Sun’s radiation energy at any moment of time:

ty _tapl =9;
At=9; 8)
ty — At _tapl =9y-9,

where t, — initial plant leaf temperature °C; t., — ambient
temperature °C; At — change in plant leaf temperature at a
certain moment of time, °C.

According to markings (8), the member Q, of the
balance of energies equation (3), describing convective
heat exchange between the plant leaf and the environ-
ment, will be expressed by the following equation:

Q; = oF (tg —tyy ) + oF (to ~At—ty )=
20F 3, —aF 9,

©)

where o — the plant leaf’s heat transfer coefficient
JI(s-cm?K): F — the plant leaf area in cm®.

The member Qs of the balance of energies equation
(3), also describing the process of transpiration, is
expressed by the following equation:

Q; =wrF, (10)

where: w — intensity of transpiration g/(cm?®s); r — heat of
evaporation J/g.

a)

q / s

Fig. 1. Chart of changing plant leaf position with respect to the
Sun’s radiation: A — solar radiation direction; B, C — edge
positions of the plant leaf with respect to the Sun; a — plant leaf
position changing scheme; b — changes of plant leaf surface
projection to the plane perpendicular to ray fall direction
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Considering the fact that the intensity of transpiration
Qs and convective heat exchange Q, within the elementary
period of time dr remains constant, and expressions (9)
and (10), the balance of energies equation (3) is changed
as follows:

(1-n)Q, =2aF 9y —aF 9 +wrF . (11)

The expression (11) shows that the quantity of radia-
tion energy that reaches the leaf surface in a form of heat
Qs equals:

_ 2aF 8y —aF8+wrF
- 1-n '
Consequently, considering the expressions (7), (8)

and (12), the balance of energies equation (6) is changed
as follows:

(1-cosp) (

1-n

Q (12)

20F 9y —aF 9 +wrF ) =pcV 3—8 (13)
T

The member 1_1(:& of equation (13) is marked by

S. In terms of physics, this value expresses a decrease in
the absorbed solar radiation energy. The decrease of the
absorbed solar radiation energy S can be assumed as a
constant value at a certain moment z; of the leaf position
C;or as a changing one according to a certain regularity
that is predetermined by leaf oscillations.

Upon separating the variables ¢ and 7 of the equa-
tion (13), integrating and turning into algorithms the ob-
tained expression, the following equation is obtained:

29, -9 _ Cexp[“’":S rj . (14)
o pcV
The integration constant C is expressed from the
equation (14):
§-29,- "
C=———9%_. (15)

[ aFS ]
exp| ———1
pcV

At the initial period of time when ¢ = 0, temperature
difference $=0, and therefore the constant of integra-
tion C is equal to:

c=-29,- Y, (16)
o

The solution of the equation (13), i.e. temperature
change 4, is obtained by entering the constant of integra-

tion C in (14):
9= (290 +Mj(l—exp( —oFS TD .
o pcV
Considering the fact that plant leaf volume V = F§
(where 6 — plant leaf thickness in cm) and the introduced

markings of temperature (8), the final expression of a tem-
perature change in the plant leaf is obtained:

At = (2(t0 ~ta )+W7rj(1—exp[_i

5 gtn (18)

As the expression (18) shows, the temperature chan-
ge At on the surface of the plant leaf depends on a nu-
mber of parameters: the initial changes of temperatures
between the leaf surface and the environment (t — tap),
the intensity of plant transpiration, the heat of evapora-
tion, the heat transfer coefficient, density, specific heat,
the coefficient of decrease of the absorbed solar radiation
energy S, and plant leaf thickness §. Of the mentioned
parameters, changeable ones are the decrease coefficient
of the absorbed solar radiation energy S, whose value is
directly dependent on the change of the leaf position ang-
le 5 with respect to the Sun, and plant leaf thickness. It is
common knowledge that the thickness of any plant leaf is
not the same within a transverse section (Fig. 2). Therefo-
re, it is probable that different temperature changes At;
and At, caused by the Sun’s radiation energy pulsations
occur on the plant leaf surface due to segments of diffe-
rent thicknesses (e.g., 6; and 3,).

_y grad ¢ Y
0,

=

>

Fig. 2. Plant leaf thickness in a transverse section. Explanations
are given in the text

Thus, there emerge a temperature gradient (grad t)
between the mentioned plant leaf segments of different
thickness and a temperature difference Ats, caused by the
difference in these thicknesses. Based on the assumption
that At;>At, and on the expression (18), the difference of
temperatures Ats between the plant leaf segments of diffe-
rent thicknesses 8, and 8, can be expressed as follows:

Atg = At At = ((t0 o )+;V—;]x

(19)
exp —208 _exp —208 .
pCd;, pedy )

The analysis of the Sun’s radiation energy pulsations
and the likely dependence of the plant leaf temperature
change on the plant position angle B offers two cases. In
the first case, a decrease in energy reaching the plant su-
rface is measured according to the size of angle B at a
certain time moment t (Fig. 3a).

Under natural conditions, the angle of the leaf posi-
tion B with respect to the Sun may change in time, i.e.
B = f (7). In this case, the change of angle B may be desc-
ribed by a certain periodic function (Fig. 3b).

For the second case in question (Fig. 3b) it is as-
sumed that the plant leaf oscillates in a semicircle trajec-
tory, which can be described by the sine function. In this
case, the change of the plant position angle size is de-
scribed by the following equation:

B=PBasin(nf t+qp) , (20)
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where: B — leaf oscillation amplitude, rad; f — leaf oscil-
lation frequency, s; T — time, s; ¢, — initial phase of 0s-
cillation (assumed in calculations ¢, = 0), rad.

t b
A AL |

3 X 2|
vV v v

Fig. 3. Case examples of plant leaf position angle g change with
respect to the Sun’s radiation. Explanations are given in the text

As mentioned before, the solution (18) of the equation
(13) is directly dependent on the decrease coefficient of the
Sun’s radiation energy absorbed by its member S, which in
both cases discussed (Fig. 3a and b) is expressed by the
following equations, respectively:

_1-cosp

S =, @D
s, = 1_COS(BAfi_nr(1nf T+®p)) . 22)

As the expression (21) shows, the decrease coeffi-
cient of the absorbed solar radiation energy S; does not
depend on the duration of the plant leaf’s being in a cer-
tain position. The coefficient S; value is determined by
the size of the plant leaf position angle .

Values of the decrease coefficient of the absorbed solar
radiation energy S, calculated according to the expression
(21) are given in Fig. 4.

The analysis of values of the decrease coefficient of
the absorbed solar radiation energy S; shows that when
the plant leaf is at the angles of 10°; 20° and 30° with
respect to the Sun, the coefficient S; values are 0.015;
0.06 and 0.13, respectively. These findings show that
when the plant leaf is in the mentioned positions of angle
B with respect to the Sun, 1.5%; 6% and 13% less of ra-
diation energy reach the plant leaf, respectively.

Values of the decrease coefficient of the absorbed
solar radiation energy S, that is periodically changing in
time depend on the plant leaf oscillation amplitude B, and
oscillation frequency f, whose value is directly dependent
on the number of oscillations within a certain period.
Calculations were made on the assumption that plant leaf
oscillation frequency f is 0,5 s 1 s and 2 s, the
minimum plant leaf oscillation amplitude p, = 10°, and
the maximum amplitude B = 30°.

Values of the decrease coefficient of the solar radia-
tion energy S,, calculated according to expression (22),
when the plant leaf oscillation amplitude B, = 10° and
Ba= 30°, are given in Fig. 5 (a and b). When the plant
oscillation amplitude reaches 30°, values of the decrease

coefficient of solar radiation energy S, are up to 8.75
times higher than in the case of the leaf oscillation ampli-
tude of 10°. This shows that when the leaf oscillation
amplitude increases three times, a decrease in the amount
of solar radiation energy that reaches the plant surface
exceeds the increase of the amplitude, i.e. the decrease of
radiant energy amount is not directly proportional to the
increase of the plant leaf oscillation amplitude. Pulsations
of the Sun’s radiation energy decrease occur in certain
intervals of time depending on the plant leaf oscillation
frequency (Fig. 5).

The calculation results of the coefficient S, at differ-
ent frequencies of the plant leaf show that the total de-
crease of the radiation energy amount within a certain
time interval does not depend on the leaf oscillation fre-
quency. Energy decrease is reflected by the area limited
by the coefficient S, function graph, expressing the
amount of radiation energy. As Fig. 5 shows, the total
radiation energy amount obtained during pulsations of the
Sun’s radiation energy in 1 s is the same regardless of the
oscillation frequency and therefore does not depend on
the oscillation frequency in the same interval of time. The
oscillation frequency predetermines the size of energy
decrease, i.e. the value of coefficient S, in a certain mo-
ment of time.

When the plant leaf periodically oscillates at the am-
plitude B, = 10° up to 1.6% less of the Sun’s radiation
energy reach its surface in a certain time (Fig. 5a). When
the plant leaf oscillation amplitude reaches up to 30° up to
14% less of the Sun’s radiation energy reach the leaf sur-
face in a certain period of oscillation (Fig. 5b).

As the results of the decrease coefficients of the ab-
sorbed radiation energy S; and S, show, they will have a
direct determinant effect on temperature changes in the
plant leaf. Based on the obtained results of these coeffi-
cients, the plan is to conduct research on the effect of the
Sun’s radiation energy pulsations on the plant leaf tem-
perature changes.

0.2

0.15

0.1

radiation energy S, units

0.05

Decrease coeflicient of absorbed solar

0 5 10 15 20 25 30 35

Leaf position angle, degr.

Fig. 4. Dependence of the decrease coefficient of the absorbed
solar radiation energy S; on leaf position angle B (Fig. 1)
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Fig. 5. Dependence of the decrease coefficient of the absorbed solar radiation energy S, on time during periodic change of the leaf
position angle B when the plant leaf oscillation amplitudes: a — o= 10°, b — B4 = 30°

4
1.

. Conclusions

When the plant leaf is in the edge positions of angles
10°, 20° and 30° with respect to the Sun, 1.5%; 6% and
13% less of radiation energy reach the leaf, respectively.

. During periodic oscillation when the plant leaf oscilla-

tion is not bigger than 10°, up to 1.6% less of the Sun’s
radiation energy reach the leaf surface in a certain peri-
od of time, and at the oscillation amplitude of up to 30°
up to 14% less of the Sun’s radiation energy access the
leaf surface.

. The total amount of solar energy received during pulsa-

tions of the Sun’s radiation energy is not dependent on
the frequency of oscillation in the same interval of time.

. When the plant leaf changes its position with respect to

the Sun under natural conditions (e.g. because of the

wind effect), temperature pulsations, caused by the
Sun’s radiation energy pulsations, start in the leaf.
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SAULES SPINDULIUOTES ENERGIJOS PULSACIJOS AUGALO LAPE
A. Sirvydas, V. Kué¢inskas, P. Kerpauskas, J. Nadzeikiené, A. Kusta
Santrauka

Saulés spinduliuotes energija batina augalijai, kuri lemia biosferos egzistavima. Augalas 1-2 % absorbuotos spinduliuotes energijos
sunaudoja fotosintezei, 0 99-98 % absorbuotos energijos augalo lape virsta Silumine energija. Nataraliomis aplinkos salygomis esant
maziausiam véjui augalo lapy padétis Saulés atzvilgiu keiciasi. Taigi augalo svyruojancio lapo gaunamas Saulés spinduliuotés ener-
gijos kiekis yra kintamas, tai sukelia pokycius augalo lapo energiju balanse ir kintama Silumos iSsiskyrima lape. Analizuojant Saulés
spinduliuotés energijos pulsacijas augalo lape, nustatyta, kad, lapui esant krastinése 10° 20° ir 30° kampu padétyse Saulés atzvilgiu, {
ji atitinkamai patenka 1,5 %; 6 % ir 13 % maziau spinduliuotés energijos. Augalo lapui periodiSkai svyruojant, kai svyravimo ampli-
tude yra iki 10°, per tam tikra laika i lapo pavirSiy patenka iki 1,6 % maziau Saulés spinduliuotés energijos, o kai svyravimo amplitu-
dé siekia iki 30° - iki 14 % maziau. Saulés spinduliuotés energijos pulsaciju metu gautas bendras spinduliuotés energijos kiekis
nepriklauso nuo to paties laiko intervalo svyravimo daZznio. D¢l Saulés spinduliuotés energijos pulsacijy, nataraliai keigiantis augalo
lapo padéciai Saulés atZvilgiu, lape kyla temperatiiros pulsacijos.

ReikSminiai ZodZiai: Saulés energija, energijos srautas, augalo lapas, energijos balansas, pulsacijos, svyravimo daznis, lapo tempera-
tara.

MYJbCALINA COJTHEYHOM JYYEBOW SHEPT'MH B TUCTE PACTEHUS
A. Cupsuaac, B. Kyunnckac, I1. Kepnayckac, FO. Hagzeiikene, A. Kycra
Pesrome

PacteHust moTpeOIAIOT CONMHEYHYIO JIyYEBYIO YHEPIUI0, KOTOpas sSBJISETCS OCHOBOU cymiecTBoBaHHs Ouocdepsr. 1-2% abcopoOupo-
BaHHOU JIy4eBOW DHEPTUHM OHU HCIONB3YIOT Ha (POTOCHHTE3. B HaTypalbHBIX YCIOBHSX MPU MaJCHIEM TyHOBCHHH BETPA JIUCThS
pacTeHuii MeHsIOT cBoe monoxeHue otHocuTenbHo Comuna. KomeOmromuiicss THCT moidydYaeT MmepeMeHHOE KOJIUYECTBO JIyd4eBOU
9HEPIHH, KOTOPOE BHI3BIBAET M3MCHEHHUS B JHEPTeTHUECKOM OaaHCe JICTa PACTEHHsI, YTO CKa3bIBACTCS HA TIEPEMEHHOM BBIICICHUH
TeIuia B JICTE. AHAIU3UPYS MyJIbCAIIMU COMTHEYHOH JIyUYeBON SHEPTUH B JIMCTE PACTEHUs], YCTAHOBJICHO, YTO MPU KPAHHUX IMOJIOKE-
Husix ucta oTHocuTenbHO Comnuna Ha 10, 20 u 30 rpagycoB Ha JHCT monagaetT cooTBeTcTBeHHO Ha 1,5%, 6% u 13% mMeHbiie yde-
BOii sHepruu. [Ipu mepuomuueckoM KojieOaHWU JHMCTA, KOrJa aMIUIUTyAa ero kKoiebaHus coctaBiseT 10 rpamaycoB, 3a U3BECTHBIN
HpOMe)l(yTOK BpeMeHH COJIHCYHast nyquaﬂ SHGPFHH, nornazgaronias Ha HOBerHOCTb JINCTA, yMeHbLl_laeTCﬂ a0 1,6%, a l'[pI/I aMl'[J'lI/ITy}le
konebanust 10 30 rpagycoB COOTBETCTBEHHO KOJMYECTBO JIy4eBOW SHEPTUH HAa MMOBEPXHOCTH JIUCTA PACTeHHs yMeHbInaercst 10 14%.
VcTaHOBICHO, YTO CyMMapHOE KOJIMYECTBO COJHEYHOMH JIy4eBOW SHEPIHH BO BPeMsl MyJIbCALUH HE 3aBUCUT OT YaCTOTHI KOJICOAHHUS
JIECTA 32 OJJMHAKOBBIA MPOMEXYTOK BpeMmeHH. [lynbcanuu COMTHETHOM JTyueBOi SHEPTUH TPHU U3MEHEHUH MOJIOKEHHS JICTa pacTe-
Hust 0THOCUTENEHO COITHIIA BBI3BIBAIOT TEMIIEPATYPHBIC MYJILCALMU B JIUCTE.

KnioueBble ci10Ba: conHeyHas! SHEPTHs, IOTOK SHEPIHH, JIUCT PaCcTEHHs, SJHepreTudeckuil 6aaaHc, MyIbCaliy, YacToTa KoJaeOaHuH,
TeMIIepaTypa JIUCTa.
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