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Abstract—The results of investigations into interrill erodibility as determined by the WEPP method are con-
sidered. Limitations in the applicability of the WEPP model are discussed. The potential for its correct adapta-

tion and modernization is evaluated.

INTRODUCTION

According to the materials of the summit in Rio de
Janeiro (1992), soil erosion is the main cause of land
degradation on a global scale. Processes of water ero-
sion are responsible for 56% of land degradation, and
those of wind erosion, for 28%. The same situation is
typical of Russia and Ukraine. Solutions to numerous
problems connected with soil erosion should be based
on a profound knowledge of its nature, In this respect,
mathematical models of soil erosion are very helpful,
especially if they allow one to predict soil erosion on
the basis of limited or incomplete data. To a great
extent, the design and construction of erosion-resistant
landscapes depend on the reliability of erosion predic-
tion models.

The model used in the water erosion prediction
project (WEPP) is one of the most promising models
owing to its profound theoretical basis and successful
mathematical formalization of the essence of physical
processes of soil erosion. This model implies funda-
mental laws governing overland water flows [7].

According to the basic ideology of the WEPP,
eroded land consists of zones subjected to (1) rill ero-
sion and (2) interrill erosion [6]. Splash erosion and
sheet erosion are believed to be dominant in the zone of
interrill erosion, whereas soil detachment and removal
by water flows predominate in the zone of rill erosion.
The zone of interrill erosion in supposed to be the main
source of sediment.

The following equation is used in our study to
describe erosion:

dGldx = D, +D,, (1)

where G is sediment load, kg/s m; x is a downslope dis-
tance, m; D, is the delivery rate of sediments from the

interrill zone to rills, kg/s per m? and D, is the rate of
soil loss or sediment deposition, kg/s per m?.

Interrill erodibility (K)), rill erodibility(K), and the
threshold shear stress (T,) are the parameters that have
to be determined prior to the use of the model. To attain

a superiority of the theoretical WEPP model over
empirical models (e.g., the USLE model), it is neces-
sary to solve the problem of the erodibility determina-
tion. The present paper deals not only with this problem
but also with the task of adaptation of the WEPP model.

OBJECTS AND METHODS

The determination of the erodibility parameters of
chernozems was carried out in 1998-1999. Both the rill
and interrill erodibility parameters were determined in
the course of field experiments in accordance with the
WEPP procedure.

Processes of rill erosion were simulated by means of
flooding the experimental plot with the use of a stan-
dard procedure in triple replication [5]. The length of
the experimental plot was 3 m, and its width, 0.15 m.
Experiments were petformed at the Donetsk Experi-
mental Station of the Institute of Soil Science and Agri-
cultural Chemistry. All of the six experiments were
conducted on trial fields of a long-term crop rotation
experiment initiated in 1989, The first experiment (site 1)
was conducted on all the fields of an eight-year crop
rotation system with moldboard tillage. This experi-
ment was used as the control. The second experiment
(site 2) was conducted on a field with non-inversive till-
age to the same depth as in the first site. In the third
experiment (site 3), shatlow (6-8 cm) non-inversive till-
age was applied. Finally, the fourth experiment (site 4)
was conducted on a field with alternation of moldboard
plowing (once every four yeats) with deep non-inver-
sive tillage.

All the sites have similar soils: slightly eroded heavy
loamy ordinary chernozems developed from loess. The
organic carbon content is about 2%, and the content of
physical clay (<0.01 mm) is 53%.

Two additional sites were studied. Site 5 represented
a field with moderately eroded heavy loamy ordinary
chernozem with the organic carbon content of 1% and
the physical clay content of 50%. Site 6 was located on
virgin land with medium-deep and medium-humus
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(Corg 4%) heavy loamy (55% physical clay particles)
ordinary chernozem.

The experiments were conducted in the beginning of
May 1998, when the soils were in a normal physical
state [10). Prior to the experiments on the virgin land,
the sod layer was removed from the soil surface.

The following procedures were used in our investi-
gation. To calculate the flow velocity (v, m/s), the
method of water pigmentation was used. The flow
velocity was calculated as follows:

v = L/, @

where L is the length of the experimental plot and t, is
the duration of the flow of pigmented water across the
plot (L), s. The v value was then multiplied by a factor
of 0.6 in order to take into account the braking action of
the flow bed. Water discharge (Q, m?/s) was determined
via filting up the reservoir of volume V (mP) during the
time t; (s):

Q = Vi, 3)

The cross-sectional area of the flow (A, m*) was calcu-
lated as follows:

A = Qlv. G
The wetted perimeter of the flow (P, m) was calcu-
lated from
P = b+2h, 5
where b is the width of the flow bed, m; h is the depth
of the flow, m; and i = A/b.
The specific discharge of the flow (¢, m?s) was cal-
culated from
q = Q/P. (6)
The hydraulic radius of the flow (R, m) was found
from
R = A/P. @)
The shear stress of the flow (T, Pa) was calculated
from
(8)
where p is the density of water (p = 1000 kg/m?); g =
9.81 m/s%; and S is the slope steepness.

The shear stress can also be calculated from the fol-
lowing equation:

T = pgRS,

1 = pg(vICH, 9)

where C is the Chezy coefficient.
Specific sediment discharge (Q,, kg/m s) is equal to

Q, = qM, (10)
where M is the turbidity of water, kg/m®.
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The Chezy coefficient C can be calculated as

c = 8/f"*, (11)

where f is the Darcy—Weisbach coefficient. It can be
calculated by the Shaw formula

f = 8gRSIv". (12)

The rill erodibility factor K, and shear stress (T,) can
be determined by the graphic-analytical method, For
this purpose, data on Q, should be plotted against T in
Cartesian coordinates and approximated by a straight
line. An inclination of this line is equal to the factor of
rill erodibility. Its intersection with the abscissa is equal
to the threshold shear stress.

Processes of interrill erosion were also studied on
trial fields of the Donetsk experimental station. The
additional sites were located in the experimental farm
«UJdarnik” of the Lugansk Institute of Agroindustrial
Production (site 7) and the experimental farm “Lesnaja
Stenka” of the Kharkov Institute of Soil Science and
Agricultural Chemistry in Kharkov oblast (sites 8—13).
Soil properties at these sites are given below.

Site 7, low-humus medium-deep chernozem origi-
nated from loess; the soil contains 2% organic carbon
and 50% silt and clay (<0.01 mm). In the year of study,
it was under buckwheat.

Site 8, low-humus shallow chernozem originated
from mottled clay underlain by sands; Cyp, 1.2%; silt
and clay content, 43%; the experiment was performed
after harvesting winter wheat.

Site 9, low-humus chernozem originated from mot-
tled clay underlain by sands; Cop 0.9%; silt and clay
content, 35%; the experiment was performed after har-
vesting winter wheat.

Site 10, low-humus, deep, deeply effervescent cher-
nozem originated from reddish brown clay underlain by
sands; C,, 1.3%; silt and clay content, 37%; buck-
wheat ﬁelc%.

Site 11, low-humus, deep, deeply effervescent cher-
nozem originated from mottled clay underlain by
sands; Cop, 1.5%; silt and clay content, 41%; the exper-
iment was performed after harvesting winter wheat.

Site 12, low-humus, medium-deep, shallow-effer-
vescing ordinary chernozem originated from loess;
Cor 2.7%; silt and clay content, 54%; the experiment
was performed after harvesting winter wheat.

Site 13, low-humus, thin, shallow-effervescing ordi-
nary chernozem originated from loess; Corgr 2.6%; silt
and clay content, 44%; buckwheat field.

All experiments were conducted on cultivated fields
in May and June 1999 with the use of a portable rain
simulator. The simulator designed by Carlos B. Irurtia
[4] is very convenient to use. The intensity of artificial
rain varies from 0.5 to 5.0 mm/min.

The simulated rain covers a square parcel of land
0.5 % 0.5 m in size. All plants and plant residues were
2002
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removed from the parcel prior to rain simulation. Four
rain intensities in two replicates were used on every
experimental plot. The duration of each simulation
under a constant rain intensity was 10 min. The first
simulation in each sequence was the one with the low-
est rain intensity. In order to attain a standard state of
soil (that is, to saturate it with water), records were
taken only after achieving a constant rate of runoff from
the plots. In the course of rainfall simulation (at a con-
stant intensity), water samples were taken in order to
determine the water turbidity (M). The total runoff (V)
and slope inclination were also measured.

The following equation was used to calculate the
interrill erosion:

D, = MVITIS, (13)

where S is the area of the plot, m2,

In 1969, Meyer and Wishmeier suggested that the
interrill erosion could be described by the following
equation:

D, = K,I", (14)

where D, is the measure of interrill erosion, kg/m? per s;
K; is the coefficient of interrill erodibility of soil, kg s/m*;
I is the intensity of rain, m/s; and p is the regression
coefficient.

The effect of slope inclination on the interrill erod-
ibility is assessed from the equation describing changes
in the transportation capacity of interrill water flows:

Dl = KiII)Sf, (15)

where S is the slope factor that can be calculated with
the use of the equation proposed by Liebenow ez al. [9]:

S; = 1.05-0.85exp(—4sin), (16)

where o is the slope inclination in degrees.

The resulting equation, which was used in the
WEPP model [6], is as follows:

D, = K,I*(1.05-0.85exp(4sina)). (17

The coefficient of interrill erodibility of soil K; was
determined with the use of a graphic—analytical
method. Data on D; were plotted against /2S; in Carte-
sian coordinates and approximated by a straight line.
The inclination of this line is equal to the factor of inter-
rill erodibility of soil, K;. The intensity of soil loss is
supposed to be proportional to this factor.

A number of attempts were undertaken to improve
the model of interrill erosion. For example, Zhang et al.
{12] proposed the equation

D; = K,'Iq”zszn, (18)

where g is the water flow discharge, m%s, and § is the
inclination of slope, %.
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Table 1. Scouring velocities of bottom flows

Soil bulk
Siteno. | d,m 10 | vy, mfs | density, | vy, m/s
glem
1 0.72 0.11 1.0 0.11
2 0.94 0.12 1.1 0.12
3 0.98 0.13 1.1 0.13
4 0.92 0.12 1.0 0.12
5 0.94 0.12 L1 0.12
6 1.98 0.24 1.4 0.30

* Scouring bottom velocity v, corrected for the tenacity of soil re-
lated to its bulk density.

Table 2. Threshold shear stress (t,) as influenced by the
method of its determination

Sity ' Inclina- "

n:).e v m/s| R, m ﬁ;:’ lt:ﬁoc T.Pa|1,,Pa K,
1 2 3 4 5 6 7
1 0.11 10.0049) 0.035 0.13 1.68 | 0.058
2 0.12 |0.006 0.034 | 0.08 2.00 | 0.057
3 0.13 |0.017 0.014 | 0.26 2.33 | 0.058
4 0.12 10.023 0.009 0.08 2.03 | 0.119
5 0.12 |0.004 0.056 245 2.19 | 0.032
6 0.30 |0.010 0.123 0.04 | 12.1 | 0.001

Another effort was made by Bradford and Foster
[3], who worked out the equation

RESULTS AND DISCUSSION

Concurrently with field experiments, the bulk den-
sity of the top 10-cm-thick soil layer was determined
together with the mean weighted diameter of water-sta-
ble aggregates (d). With the use of these data, the bot-
tom scouring velocity was calculated v, [2]. The results
of the first series of experiments that was aimed at the
determination of rill erodibility parameters are pre-
sented in Table 1.

The values of bottom scouring velocity without cor-
rection for the soil bulk density characterize soil erod-
ibility in the normal conventional state [10].

The outcome of rill erosion simulation includes data
on the shear stress (t,) and the rill erodibility parameter
(K,). Both of these were determined with the use of the
extrapolation method (Table 2).

The resulting value of threshold shear stress in the
case of virgin land (site 7) appeared to be extremely
small (t, = 0.04 Pa). The highest shear stress in this
experiment (13 Pa) appeared to be insufficient to over-
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Table 3. Results of physical simulation of rain erosion
Siteno, | Tslope,®  |[RANIMENSity L) rurpigiy, g |RUTO Yolume Inter:,l,lnir;:xn P C‘;ﬁi’}?} :ﬁgte{;‘)“
4 0.8 0.50 1.92 0.12 0.002 1581.3
0.8 1.10 2.88 0.74 0.014 3027.3
0.8 1.70 4.70 1.60 0.050 44723
0.8 2.30 4,96 2.30 0.076 3706.6
7 3.5 1.70 4.45 0.84 0.025 507.5
3.5 2.30 11.88 4.00 0.317 3524.9
3.5 2.70 27.82 4.80 0.890 7187.8
3.5 2.90 34.98 9.43 2.199 15388.5

come the threshold shear stress characteristic of the
soil. This is because the corresponding value of soil loss
was as low as 0.035 kg/m per s. Even a smaller shear
stress (T = 6.9 Pa) (figure) on the arable land (site 1) led
to a much higher soil loss (g, =0.48 kg/ms). As a rule,
the relationship between g, and T follows the second-
order parabolic curve if T is less than the threshold
value [11]. First-order curves (straight lines) can only
be applied in the case when the shear stress of the flow
exceeds the threshold value [7]. The transitional point
from the line to the curve corresponds to the threshold
shear stress. In our case, the use of linear extrapolation
led to erroneous estimates.

We have also used an alternative method of thresh-
old shear stress determination based on the use of the
threshold bottom velocity of the flow (Table 2, column 2).
The latter depends on soil properties that directly deter-
mine its erodibility. The threshold velocity corresponds
to the transitional point on the curve relating the inten-
sity of soil loss to the flow velocity [2, 11].

QO kg/mpers

04

0.3
0.21

0.1

1
0 | 2 3 4 5 6 7 1,Pa

Specific sediment discharge (Qy) as influenced by shear
stress (1) for an ordinary chernozem (site 1, the Donetsk
experimental station).

The following method of the threshold shear stress
(t,) determination on the basis of data on the threshold
bottom velocity (v,) seems reasonable. The bottom
vekl)city of the flow is calculated by the Goncharov for-
mula:

v, = 1.25v/log(6.15H/A). (20)

The roughness of the surface () is calculated as A =
0.7d, where d is the mean weighted diameter of water-
stable aggregates. In our case, the ratio v/v, appeared
to be in the range of 1.0-1.5, which made it possible to
calculate the hydraulic radius directly from data on the
scouring velocity of bottom flow v, Earlier, it was
noted that the threshold shear stress depends on certain
soil properties. Hence, it can be predicted with the use
of these. In particular, the threshold shear stress closely
correlates with the threshold bottom velocity that, in
turn, depends on the physical properties of the soil. To
make use of them, it is necessary to determine coeffi-
cient (f) in the Darcy-Weissbach formula. If rill erosion
occurs on a bare soil, then this coefficient can be
equated to 1.11 [7] and the desired value of the hydrau-
lic radius can be found from (12) as follows:

R = (v*f)/(8gS). @1)

The values of hydraulic radius calculated according
to Eq. (21) are presented in column 3 (Table 2). The
mean flow velocity (v) is assumed to be equal to the
bottom scouring velocity (v,). The predicted values of
the threshold shear stress (T, ) are presented in column 6
(Table 2).

Field experiments with the use of the rain simulator
gave evidence that the coefficient of interrill erodibility
(K is a function of rain intensity. This conclusion
makes clear the reason behind the scarcity of rain inten-
sities used by those investigators who contributed
greatly into the WEPP development. In particular,
2002
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Table 4. Coefficient of interrill erodibility (K)) as influenced by the method of its determination

1241

K; (t s/m% K; (t s"/m?) K, (t 5P’ I]{i (: s"2/m’
Site [ calculated r calculated r calculated r tl(i: guufﬁg,fm,'& r

no. | from Eq. (19): from Eq. (18): from Eq. (19): poged by B

Di=K;xPxS; D;=K;xIxg'?x 5% Di=K;xIXgX S D,-=K,x1><qx's’m

1 2 3 4 5 6 7 8 9
1 522 0.95 2.7 0.95 382.7 0.95 113.6 0.95
2 77.4 0.98 2.9 0.97 290.7 0.93 869.7 0.93
3 156.1 0.88 10.1 0.94 675.9 0.94 3064.9 0.94
4 152.3 0.84 123 0.97 1056.8 0.99 4486.4 0.99
5 510.7 0.92 17.3 0.87 2561.0 0.90 6140.3 0.90
7 3318.0 0.89 63.5 0.95 4095.7 0.99 10135.9 0.99
8 466.2 0.69- 17.7 0.84 2526.4 0.93 57227 0.93
9 80.5 0.71 44 0.87 986.6 0.96 2312.4 0.96
10 51.1 0.63 3.1 0.96 504.2 0.99 1161.4 0.99
1 117.7 0.93 3.9 0.95 530.1 0.96 1231.9 0.96
12 340.6 0.85 132 0.93 1453.9 0.99 3953.8 0.97
13 262.5 0.79 10.9 0.92 1086.4 0.96 3123.8 0.97

Note: Correlation coefficients characterize the degree of connectedness between the D; and the parameters of rain and topography.

Bradford and Foster [3] used only one rain intensity
(I = 72 mm/h), whereas Laflen et al. applied two differ-
ent rain intensities (63 and 125 mm/h) {8]. In any case,
the coefficient of interrill erodibility cannot be deter-
mined by the graphic—analytical method on the basis of
these data. In our experiment on similar soils (sites 4
and 7), the coefficient of interrill erodibility depended
on the rain intensity (Table 3). Such behavior is in
accord with the nonlinear relation between D; and LS
over the range of relatively high rain intensities.

This is why it seems reasonable to standardize the
experimental method for the determination of the coef-
ficient of interrill erodibility. Taking into account the
architecture of the WEPP model and the commonly
accepted principles of soil erosion modeling, it is advis-
able to base the simulation on the intensity of rain,
which is typical of the territory in question. For this
purpose, we divided the territory of the Ukraine into
districts differing by typical rain intensities (according
to stochastic ratings of rainfalls) [1].

For each of the thirteen districts, a formula of a typ-
ical pluviograph was prepared with due account for the
probability of rains of the given intensity. In our case of
water erosion modeling, a 10% probability seemed to
be sufficient (i.e., rains of the given intensity may occur
once in ten years). Data on rain intensities for site 4
(Table 3) assume the rains of 10% probability in the
eastern part of Ukraine.

Data presented in Table 4 (except for site 7) were
calculated with the use of the pluviograph typical of the
region and the four intensities of simulated rain. Data
on K, were calculated with the use of different models
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(Table 4). The quality of prediction models can be
judged from coefficients of correlation between the D,
and the parameters of surface runoff. The resulting val-
ues of K, appear to be extremely different, Hence, ero-
sion predictions by the WEPP model should also be
extremely different depending on the chosen model for
the K;. Moreover, not only the absolute values but also
the dimensionality of K; may be different, as seen from
the equation suggested by Zhang et al. (1998). From
our point of view, this is incorrect. The closest correla-
tion between the D, and the factors of surface runoff
(1,50 was achieved with the use of the model compiled
by us (Table 4, columns 8 and 9).

These data prove the necessity of standardizing the
method of K, determination. Meanwhile, in order to
provide comparable results, it is advisable to use
Eq. (17).

The alternative method of K; determination depends
on regression equations relating this coefficient to soil
properties. It is evident that data bases on soil parame-
ters in the WEPP model developed for soils of the
United States are not applicable to soils of the Ukraine.
Therefore, we have conducted rain simulation experi-
ments in order to determine K| for soils of the Ukraine.
Experimental values of K; appeared to correlate closely
with the organic matter content and texture of soil. The
following regression equation was obtained:

Y = 4550 -95.5X, - 107.1X, +24X;,  (22)

where Y is the coefficient of interrill erodibility; X, is
the humus content, %; X, is the content of coarse sand
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(1-0.25 mm) fraction, %; and X; is the content of fine
silt fraction (0.005-0.001 mm), %.

The correlation coefficient r is equal to 0.82 with a
confidence level of 95%. Equation (22) makes it possi-
ble to avoid field experimentation and calculate K; with
the use of commonly available data on soil properties.
The applicability of this model is evidently restricted.
The regression model (Eq. 22) is only applicable to
soils similar to those of the studied test sites. Further
experiments are necessary to widen the applicability of
the model.

CONCLUSION

The possibility of adequate calculation of the
parameters of interrill erodibility on the basis of avail-
able data on soil properties has been proven. The appli-
cation of the WEPP model for Ukrainian soils requires
standardization of the method of determination of the
coefficient of interrill erodibility. At the same time, the
original formula from the WEPP documentation can be
successfully applied to compare the results obtained at
different plots by different researchers.
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? Hayuonanonan Jza60pamopm ‘
3posuu (3anadnwi JIMem, '
tumam Huduana, CIIA)

H3sectHo, 9o Haubonee ad-
(EeKTHBHLIM METOEOM IPOrHO3A M
OLICHKH IPOHOHHBIX NOTEPS NOYBLL
SBNACTCA METO MATEMATHYECKOIO

MONEMPOBAHKA, PEIYIBTATOM M

TMPOAYKTOM KOTOPOIo CTAHOBHTCH
MOENb [IPOLECCOB IPO3UH. B na-

N —

HHe nmepb fnousn Yuiumetiepa
Cmura — Universal Soil Loss Equ-

Hyiit BapuanT (RUSLE). 9w ypas-

HEH}A IO HACTOMILETO BPEMEHH pace-

CMATPHBAIOTCA KAK MUPOBOM cTaH-
* JAPT H NPHMEHSIOTCA ¢ PANTHYHBIMH
MOIM(pHKALIMAMH BO MHOIMX CTpa-
‘Hax (1965, 1976, 1978), '
B CUIA pazpaGarniBalorcs- HO-
Bbi¢ NIOKOJICHHA Moaeeit 1 npor-
HO33a M NpPeAYNpPeXncHUA 3PO3HH
noys. Haubanee nepeniextisHON H3
Hux apasercs “TlpoekT mporHo3a
BonHolt aposuu”™ (Water Erosion
Prediction Project—WEPP 1987,
1991, 1997). Mozens WEPP mone-
JIHpYET NPEALIECTRYIOUHE IPOIUH
[IPOLIECCH ¢ BpEMEHHBIM 1LArOM B
OIMH AEHH W OCHOBBIBACTCHA HA KOH~-
LEeNUUH MeXpydeHkoBoil ¥ py-
yeitkoBoit 3po3un.
3ddeKTHBHOCTD KCIONBL3O-

BAHHA MOIEIN B HAYMTENLHON cre-
MEHH 3aBUCHT OT TOMHOCTH ofipe-
ZeJICHHUA €€ OCHOBHBIX MMApaMeTpos.
Orcyrcrame CTporoi METORHKM 3KC-

‘ation (USLE) u ero nepepaSoran-

HEePUMEHTAILHOIO onpeneneﬂun
xo3bdrunerTa MexpyueitkoBoii
9POIHOHHOM CTOiKOCTH Noysst (K),
Mcnonas3yeMoro B Mogend WEPP,
He 103BaNIAeT ANaMTHPOBaTL MOAETh
K KOHKPETHBIM [TOMBEHHO-3KONOIU-
YecKMM ycroauaM. B cBsi3d ¢ 3THM
° Uenb npeicTaBieHHOR CTaThu 3a-
KII04aETCs B AANTALMK METOAMKH
orpeaeneHna Mexpyueitkosoit apo-
AMOHHOMN CTOMKOCTH NOYBKI LI yC-
JOBHH YKpauHEL
. TlpeanoxexHsiit Nnoaxon onpe-
JENeHUA MEXpyJdeHkosoil apanmpye-
MOCTH NOYBBI MOXET HCMOUTBL30BAThL-
csl ¥ s yoroBuit benapycu. [Mo-
ITOMY MPEACTAR/IEHHAS CTATHA UMeE-
€T Hay4HYIO 3HAYUMOCTD H MPAaKTH-
YECKHI{ MHTEpeC O CIIeUMATHCTOB
B oQ1aCTH IPOIMOBEICHUA M NOYBO-
3AUMTHOTO 3CMISNEINA pecTyOVIMKH.

3as.nabopamopueii 3auiums no4s
om poziu HHITI "Hucruumym noy-
osedeHR 1 azpoxumui", Kanduoam
cenberaxozasicmeerinsix Hayx H H, [s-
Oyabxa

NAPAMETPBI MEXPYYEHKOBOH
YPO3MOHHOUN . CTOHKOCTH NOYB
B MOJEJH JPO3UH WEPP*

nous, nposedennvix no memoduxe modesu WEPP. IToxasanw ycaoeus,
'npn mmopux 0anRAn MEmOOUKa HE NOISOANEIN KOPPEXNINO ONERUMb

CTofLIeE BpeMA omioﬂ H3 Hauﬁonee
TIEPCHEKTHBHBIX Monenel BooHONR

3po3uu cuuTaercsn Water Erosion .

Prediction Project (WEPP). 310 oby-
CNOBJICHO TCOPETHYCCKHM Xapak-
TepOM MOZETH K YIAYHO# ¢PH3IHKO-
MateMmatHyeckoit dopmynanzaimeti

" IPOLIECCOB 3PO3HM.

B 10 Xe BpeMa HeolOxoaumo

. Wmmmmmlwanmmmmmmw
'.mmmoaum.

OTMETHTD, YTO HEKOTOphIE, MPEXIE
'BCErO METONMYECKHE, HEJOCTATKH
moanen WEPP Moryr npuBect X
3HAYMTETHHBIM NOMPEIUHOCTAM IPH
OLICHKE 3PO3HOHHO# cuTyaumK [1].
Lienb naHHoit paboThl — afanTaius
Metonuki WEPP orHocHTenbHO
onpeneaeHUs NnapameTpoB MEXpY-
YeHKOBOH 3pOAMPYEMOCTH MONBHI

* PaBoma swnoanena npu gunancosoll noddepwcxe ARS USDA M 58-3602-8F015.
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8, 200

Mewcdyuapodnmi EPIPHMG Sy g s

A yenous i Y pi ),

Cormicio wreonorui soiems
WEPP, modiy TEPNTORRERG Mo
PREAIENN R Vil 20HW pyvefikonad i
MexpyueAnonoll  sposum |4, 7.
CoimaeTen, yro n MeEAPYYERKonoi
HHIE AOMMIHPYIOT (IPOUSCEN K-
HEARNON IPOINM M IoCKDCTHOM
MEIXKOMD chbid, & B pyyelxonod
JONE = [POLSCC PRIMMN N0 i
notokos TRAHENOPT PO NE
ceiMesTon [Tps Jros oW sex-
pyuefxonoll sposin anamoTon
TR MTOCTRNLLM AN DEg -
MENTOR B pyvedin, Taxol nomog
e AnaneTes SeccnophuiM, Ho o
HPLISCTRAMET CYliecTIE LR fijs-
WHVLEECTI 200 MITeMATIHYBEN I
pacheTos  fpouccoos spomti,

B 1969 r. p.Meyer u Wishme|r
Npeisomuan ofiuee ypaniesnne,

NI KL K — shrpsieeail
aowdnfurighin

Bawsiike yknomm g e T T

Houyio spoio

YUNTRIAETCN Yepes WaMeHenne

Tpancnopmipyiel cnocoliooTy
MEXpe A KanorD DoToKe:

danowcn Lisbenow & cxnremmoniu [6f;
5= 1,05-0,85exp(-dsina), (1)
e o— ycaon RO IIOMATIU o TERAEEE
Noarosy noaran dopmyaa og-
PEOSACHHA HapaMeTpon MEX Ty -
ROBON 3ot KoTopas cefivae jic-
MsIyeren o soneiy WEPP [4),

LIEHCTROBANMR MOREIN Meapryci-
xonoR aposny. Tak, Hanpimep,
C COMETOPAMM [B] npeaso-
PR T
D,I— "1" -ql.ﬂ-s-iu'l‘ (3)
e g — pamipamne sodu o MR
ool Ao S oy

ROBFITCNOCTY &
W Foster |2] nomyou
D, 'r:.l : (6)

= h-l'g
Hﬂuﬁ:{uﬂm u OTeyT.
TR CTPOCOR METOUMKMN 3KCHEp) -

MENTIALNOD onpeasenin K. Ha-
MeEnerne ihopmn Ypanaoiit, e
HALLIEMY MHEHIOD, OTpaRaET Ho of-
TBAE (HEIMETKNE NPOLIBCCL, & cx-
pee Npoueccl,  ofycnomncnue
PEINOCTING B ODLEKTAX M METLIE
Hecnenomiinil. B o xe speo je-
BOIMOXHO MCTIOALIOBITY 488 O

KOTOPOE OFIMCIIBACT MPOUSCE MEX-  iheeT C1 i - Peaenewnn K nown Yepaww n
Pyveikonoll apaai: O =K (1,050, 85exi ~dslnes)). 1) ApYTHX. PEUONOD pPerpecoiniiie
D= K, () B nocaewee apeson npamayrne MEHCHMOCTH, TIVTYMCHIIE HAL oA -
ode [ — RN MescEyleonnl  MHOMACAES ) e MOfLTXN yoosep-  nox Konvexi WEPP
L Napsuregarwnn BECARAFESLIL s
e Coaderisray
A T . i -
s Hoven w | TCF[rC2 [ e | ree | pes | res i
] A,
[ Hepmcaes ofikioones il ctinflrapainposiugl i3 I [ 3s | 104 [ 102 B0 ] w2 5
3 |"® Moo Uluriins wrcomsmetetscuns craming) 3 107 (83 [0 [0 [Wea [ o7 | wan
1 4.5 L | 143 | 248 | wi 1L | ) b
1 43 ld [ IRs | 0ed [ o7 | ) 2 sap
3 Mepicew Y i i i PR N PR e v 1l i
acoe L H aaad o) I3 LY | 2a | ks | 10 8 S ] & LN
P [T ——————
T o oy e A R BRI B T TR BTV
A Ilﬁﬁl"ﬂﬂu C‘I'IH;““'}- L& 22 [l A [ 75 T2 | o 134
L RL L — riny S i rminin B e e
WOy, ot {KCT] = lrcuas Crania™) 12 L7 (48 | 1 L 30 | a0 171
B [Yiepeicoes 1. 0B ECTPOENE Tl
ot (KCT) ™ lecams Creum”) i3 I | sa %1 ] 48 { 12 373 LI
I ll:pmnﬂlmm“w BhitTe
RBCEM MO o SO 0pOsny LE | 03 1351 |10y | o9 e | 1a0 M2
(KCTT "Jloomus Crones”) ;
l4g %me
Scallmakin e Moonsn nopoam i 06 | 1546 | 294 | an 122 | 44 34
(KCT1 Tocsing Croven™)
B L — MR sBroumin Popoums
(0.5 *Y aapmin™) Lo 06 | 218 | 170 | 1223 87 | M7 ia
Hpusesaniee, 71, I'C2 1T, 104, (o i g = PN Pyrminim i pamscsmyraercrve cormaea 1] — 830, § i,
2 8, )-0,08 as, IT) — 00508 s, 14 — 0010 D4 ik, SES e 00080 00 i, T8 — ) O i,
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N 8, 2001 Mexncoynapodnsis azpapumis scypuan
2. uavemin K, precauranmae no paymamaiM Gopmynam
' K, m-c/m
N Kmecp | K, m-ctom ' K mgm | - (no npednoocen-
moweu | (no gopuyse 91 " 5 dopugme 51 7 | (mo dopayne 6| T | woii namu gopuyne:| T
D=K Ig-5%)
1 52,2 0,95 {: 27 0,95 382,7. 0,95 1113,6 0,95
2 774 0,98 f 2,9 0,97 - 290,7 0,93 8697 0,93
3 156,1 0,88 10,1 0,94 6759 0,94 T 30649 0,94
4 152,3 0,84 12,3 0,97 1056,8 0,99 44864 0.99
5 510,7 0,92 17,3 0,87 256,1 0,90 " 6140,3 0,90
22 466,2 0,69 17,7 034 . 2526,4 0,93 . 51227 0,93
Ta 80,5 0,71 44 0,87 9866 | 096 2312,4 0,96
8a 51,1 0,63 3,1 0,96 504,2 0.99 1161,4 0,99
% 17,7 0,93 3,9 0,95 530,1 0,96 12319 0,96
12a 340,6 0.85 13.2 0,93 1453,9 0,99 3953.8 0,97
i4a 262,5 0.79 10,9 0,92 1086,4 0,96 31238 0,97
20 331180 0,89 63,5 0,95 4095,7 0,99 10135,9 0,99 -
Hlpumevanue. Kospuruenme KOppeRssuiu (r) xapaxmepusylom mecromy cansu mexcoy Di u napamemparmu dowcoa u penrvegha,

HEBO3MOXHO HCHONB3IOBATh 3aBH-
CHMOCTH, IOYYEHHBIE HA ITOYBAX
CIUA u3 xonnexunn WEPP, ne-
06X021MO TIPOBECTH IMITMPHHECKOE
onpexencHue K g kax Mmoxo
GonbLuero xonuyecrna PAVIHYHBIX
N0 reHe3ucy Noys YKpaHHeL.

Mo pesym.Taram crarucrieckoit
06paboTKy LAHHEIX IKCTIEPHMEHTOB
B Houxeuxe u KCIT “Necuan Cren-
Ka” YCTAHORMEHA BRXKHAS 3aBUCH-
MocTh Mexay K, u HekoropmiMu
FCHETHYECKHMH XapaKTepHCTHKAMK

NOYEH — COIEPXAHUEM OpTaHUMeC-

KOTO BELLICCTBA H €0 TPaHy/IoMeT-
prueckiM coctapom. [lo pesynera-
TaM 06paloTKH NomyYeHo perpecci-
OHHOE YpaBHeHME: 3 o

Y =4559-955" X, (8)

-107,1-X, + 24 X, _
20e Y — xoagduyuenm Mexncpy-
uelixosoil 3posuonnoil cmoiixocmu

yiiiepona 6e3 npoBeseHHS AKTHB-
HOro skcriepuMeHTa. OTMETHM, Y10
NIPHBENICHHAA PErpecCHOHHaA . MO-
Renb, KAK M mobas Ipyras, umeer
ONpEAENCHHbIE OrPAHHYCHUS; ee
NpumeHerune 6yaer HanbGonee Kop-
PEKTHO IUIs1 TOYB, GIHIKHX K K3y-
uaeMbiM. [lo Beeit peposTHOCTH, M8
[TOYB MHOIO MeHEe3HCA CTATHCTHYEC-
KaA hopmyna onpeneneHus K, Gyner
apyroit. ing u3yyerus 3toro Bo-
1poca HeoBXOMHMO NpaQDKEHHE k-
CTEPUMEHTOB Ha PAVTHYHLIX TTOYBAX.

Bueods

1. ¥enewnoe ucnonssopamue
moznemi WEPP 1pe6yer oxonyarens-
HOTO  ONpETIE/IEHHA METOHI TTpO-
BENEHHA HOXKICBAHUA JUIS Ofipesie-

JAietns napametpa K,

nouesl; X, — codepocanue zymyca, %; )

X,— codepwcanue dpaxyuu 2paryno-
Mempueckozo cocmasa ‘1,00-0,25
wm, %; X, — codepcanue dypaxuyuu
é cocmaea 0,005-
0,001 mm, %. ‘

Kosdemenr xoppenspm r =
0,82 '

Takum ofpazoM, mosmnsercs
BO3IMOXHOCTD onpeaenenus K no
AAHHBIM IP2HYJIOMETPHYECKORO CO-
CTaBa ¥ CONEPXAHHA OPrAHHYECKOTO

[t 3Toro B nepayio ouepens
HeoOXoIMMO onpenenHTLee ¢ ¢op-
MYNOH pacyeTa napamerpa K, Mna
CONOCTAR/ICHHSA MONY4eHHAIX pas-
JIHEMH HOCJIGIOBATEIIAIMH PEyTE-
TATOB MBI NPEIUIArAEM NPHMEHATH
dopmyny, opuumamsto nenonssye-
Mylo ceityac B Mogenn WEPP,

2. Onipenenernn K, HeoGxamimo
NPOBOIMTE 1O PE3YNLTATAM AOXIC-
BAHHS C HECKONMLKYMM PaNTHYHBIMU
1O MHTEHCHBHOCTH peximamu. Tpu
ITOM XKCAATEABHO YCTAHOBJIEHME
CTaHMAPTHOTO Habopa MHTeHCHBHOC-
Teit noxns. ’ '
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