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ABSTRACT. The differentiation of the surface water inflow values to Lake Baikal and the runoff char-
acteristics of the main Baikal rivers into seven gradations according to the water availability conditions
was studied on the basis of regular observations. This classification enables to operate with numerical
values of the water availability criteria of the considered indicators. It has been demonstrated that the
range of fluctuations in the river inflow and runoff within individual classes (gradations) is determined
by sample distribution parameters, with the range narrowing from high to low water availability. The
classes of catastrophically high or low water content in the annual and monthly inflow values and the
runoff characteristics of the Selenga, Upper Angara and Barguzin rivers for 1961-2020 were observed
mostly once each. For earlier years, which are outside the calculation period, the values of inflow and
water runoff of the rivers with a lower recurrence rate were observed. The low inflow observed in 1903
and the spring flood period of the Barguzin River in 1936 corresponded to a recurrence interval of once

every 1,000 years or less frequently.
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1. Introduction

In the context of the river water availability, the
criteria employed (high, low, average) are typically of
a qualitative nature, despite the fact that hydrology has
been utilizing a classification of river runoff values into
different gradations (categories, classes) for a relatively
long period of time based on their provision (P). One
of the earliest classifications of water availability for
annual river runoff, which allows for the allocation of
high-water years (P<25%), medium-water years (P
from 25 to 75%), and low-water years (P>75%), was
proposed by the SHI (State Hydrological Institute) in
the middle of the twentieth century (Kuzin, 1953). This
was evidently insufficient for practice, and further-
more, the number of gradations in terms of water avail-
ability increased. In the work of Kochukova (1955), the
number of gradations was increased to seven, with the
high-water and low-water gradations divided into three
additional classes. However, in spite of widespread use
of runoff characteristics of estimated water provision
in planning and constructive practice, there are still no
unified criteria for determining quantitative indicators
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of high or low water availability of rivers in the nor-
mative-legal base of the Russian Federation on water
resources. The necessity for different requirements
regarding boundary water discharges can be attributed
to the varying coverage domains and tasks to be solved.
Furthermore, the discreteness of data presentation
and their averaging must be considered, with annual,
monthly, daily, and urgent averages being employed.
Urgent averages are typically used for maximum and
minimum water discharges corresponding to the high-
est or lowest water levels at the observation dates.
Hydrological calculations focus on critical values
of river runoff that have a probability of occurrence
of no more than 5-10% (SR (Set of Rules) 33, SR 115,
SR 482). Capital objects are calculated for discharges
and water levels of infrequent recurrence, defined as
events that occur once in 100 or 1,000 years or more
(with a probability of 1 or 0.1% or less). In the context
of climate change, the probability of such events may
significantly increase. To illustrate, the probability of
a catastrophic flood in California, comparable to the
megaflood of 1862, resulting from an increase in atmo-
spheric water vapor and the replacement of a portion
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of the solid precipitation falling in mountainous regions
by liquid precipitation due to warming is estimated to
be several times greater (Huang and Swain, 2022).

For Lake Baikal, the problems of water avail-
ability indicators have been exacerbated since 2001
due to the restrictions of its level regulation limits. It
is necessary to introduce normative-legal relations in
the sphere of water resources using quantitative crite-
ria of low-water or high-water periods to find a right
solution. In this context, Abasov et al. (2017) consid-
ered the option of dividing the useful inflow values to
Lake Baikal into five water availability gradations. In
the work of Bolgov et al. (2018), the boundary values
of inflow for water provision below 50% are estimated.
Within the assignment of NRM (Natural Resources
Ministry) on optimization of the level regime of Lake
Baikal, the SHI proposed a scheme for dividing the
useful inflow to Lake Baikal into seven water content
gradations. Concurrently, it becomes evident that in
order to enhance the efficacy of the regulation of lake
runoff and its level, to safeguard the Baikal ecosystem,
and to minimize the potential socio-economic risks in
the region, quantitative water availability indicators
should be based not only on inflow, but also on other
characteristics of the water regime in the Baikal basin,
and be enshrined in legislation. This paper is aimed at
examining these factors in relation to the total surface
water inflow to Lake Baikal and the runoff of its prin-
cipal tributaries.

2. Materials and methods

The study was based on Roshydromet obser-
vations of monthly and annual volumes of total river
water inflow from the Baikal catchment area and run-
off of its main tributaries in the closing stations: the
Selenga (Mostovoy Passage, basin area is 440,000 km?),
the Upper Angara (Verkhnyaya Zaimka village, 20,600
km?) and the Barguzin (Barguzin village, 19,800 km?).
In addition, for rivers, it is necessary to consider the sig-
nificant differences in hydrological conditions within a
year and the diverse interests of users. Consequently,
several runoff characteristics are employed, including
annual, monthly, maximum and minimum. The max-
imum runoff is considered in terms of the maximum
spring flood and rainfall flood discharges, while the
minimum runoff is considered in terms of the low-
est winter and summer runoff values. In this case, for
monthly river runoffs, the focus is on the most high-wa-
ter or low-water months.

The calculation period includes 1961-2020 and
reflects modern conditions of river runoff formation in
the Baikal basin. However, when analyzing multiyear
water availability conditions for rivers, a full series of
observations is used, and for annual inflow, the data
(Afanasyev, 1967) for 1901-1960 are used. The deter-
mination of the calculated provision of inflow to the
lake and river runoff was carried out in accordance
with the requirements and recommendations (Manual
for determining..., 1984; SR-33-101-2003, 2004;
Methodological Recommendations..., 2005; STO of the
SHI, 2017). First, the distribution parameters of the con-
sidered series were calculated, namely the mean value
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(Q), coefficients of variation (C ), and asymmetry (C).
These parameters were then used to calculate the ordi-
nates of the analytical distribution curves. Moreover,
the last two parameters were subject to adjustment if
the correlation coefficient (r1) between adjacent mem-
bers of the series was equal to or greater than 0.3. The
calculations of the indicators of the given security val-
ues were conducted using the Kritski-Menkel distribu-
tion. However, for series with rare Cc/C, ratios (greater
than 6 and less than -1), the binomial distribution was
employed. The calculations were limited to 0.1 and
99.9% provisions.

The initial series were preliminary examined for
homogeneity using Fisher and Student’s criteria, and in
cases of heterogeneity of the data, the required curves
were plotted according to the composite distribution,
which was constructed from the distributions for each
of the parts of the heterogeneous series. The accuracy
of initial data on the inflow and water content of rivers
corresponds to the accuracy of determining the run-
off of rivers illuminated by hydrometric observations,
which, according to the standard (Methodological
Guidelines, 1987), is at the level of 6-10%. Using the
averaged data (multiyear, annual, seasonal), the error
of their determination is reduced more than twice, and
even for rivers with unstable channels, the normative
frequency of water discharge measurements is 4%
(Karasev and Yakovleva, 2001). In addition, when esti-
mating the parameters of multiyear runoff variability
(if the methods of measurement and calculation remain
unchanged), this error often becomes systematic and
distorts the relative nature of fluctuations to a small
extent.

The above-mentioned scheme of the SHI of seven
classes depending on inflow or runoff provision is taken
as a basis for water availability gradations. The first
class corresponds to the catastrophically high water
content (P<1%), the second one corresponds to mod-
erately high (1% <P =10%), the third one corresponds
to high (10% <P < 40%), the fourth one corresponds to
medium (40% <P <60%), the fifth one corresponds to
moderately low (60% <P <90%), the sixth one corre-
sponds to low (90% <P <99%), and the seventh one
corresponds to catastrophically low (P=99%).

Meanwhile, the terminology “low water avail-
ability” and “catastrophically low water availability” is
obviously illogical for maximum river runoff (the same
applies to high and catastrophically high water content
for minimum water discharge and monthly low-water
runoff), so in such cases, instead of defining classes, it
is more correct to use their numbers (first class, second
class, etc.).

3. Results and discussion
3.1. The surface water inflow into Lake
Baikal

The main parameters of the inflow distribution
and its boundary values of calculated provision for each
calendar year and individual month (Table 1) allow dif-
ferentiating river water inflow to Lake Baikal based on
the availability of water into seven distinct classes.
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Table 1. Distribution indicators and values of the annual and monthly inflow of the calculated probabilities

Period of Distribution indicators Inflow boundary values, km?
averaging | @, km? C, C, 1% 10% | 40% | 60% | 90% | 99%
Year 62.3 0.17 0.43 90.5 76.0 64.4 58.9 49.4 41.1
January 1.13 0.15 0.64 1.60 1.35 1.15 1.07 0.93 0.81
February 0.84 0.16 0.95 1.26 1.02 0.86 0.79 0.69 0.61
March 0.92 0.18 1.57 1.48 1.14 0.92 0.84 0.76 0.72
April 2.60 0.26 0.34 4.37 3.50 2.74 2.39 1.77 1.25
May 7.59 0.23 0.71 12.6 9.90 7.82 7.31 5.54 4.39
June 11.4 0.24 0.32 18.5 15.0 11.9 10.5 8.00 5.83
July 10.5 0.31 0.57 19.9 15.0 11.0 9.35 6.49 4.39
August 10.2 0.32 1.08 20.4 14.4 11.3 8.92 6.57 4.86
September 8.12 0.31 0.85 15.4 11.5 8.44 7.21 5.18 3.63
October 5.24 0.25 0.81 9.17 6.95 5.40 4.76 3.74 2.76
November 2.25 0.22 2.22 4.06 2.87 2.19 2.00 1.83 1.80
December 1.52 0.18 1.8 2.48 1.88 1.51 1.39 1.26 1.22
The data obtained indicate that the boundaries = -
of water content classes naturally decrease from high 1%
water content to low water content. This is connected HA
with essentially positive asymmetry of the considered I | T N NI ES——
series. The widest range of values of both annual and AR AMTY IR ATE RAVATIWE
monthly inflow is typical for the second water avail- A |\ Y
ability class, and the narrowest is for the sixth. In the o r
winter months, the boundaries of water content class e R R e e O e W e e e
decreases to 0.03-0.04 km?, with a low inflow. This is _— o
sufficient to attribute the differences in water avail- 1500 1%
ability to various gradations. In general, the range of A0 A ;H\ 10%
classes for each of the series is in accordance with its i N\,\ [v_[\ ‘j N -
distribution parameters, namely Q , C, and C. A b \ [ V\ nlnw 60 %
The results of calculations indicate that the i by YA 90 %

annual water inflow to the lake was catastrophically
high approximately half a century ago (1973), reach-
ing 92.2 km?® (Fig. 1). The maximum inflow observed
was 98.7 km?® and was recorded in 1932. Additionally,
a markedly low inflow was observed in Lake Baikal for
an extended period, in 1903 and 1922. The occurrence
of these events was not within the calculated period,
and thus, their probability of occurrence was low. In
particular, the observed decrease in inflow in 1903 to
32.2 km?® corresponds to the provision of more than
99.9%, or a recurrence less than once in 1,000 years.
Since the beginning of the 21st century, the lowest
water years were 2014-2017, with a minimum inflow
of 42.5 km?® in 2015.

In the intra-annual distribution of inflow, the
maximum inflow of river water into the lake occurs
in June, which is associated with the spring flooding
in the rivers of the Baikal basin at this time. Although
the rainfall flood runoff is generally higher than in
the spring flood, in different years it falls at different
months (June-September), due to which the inflow in
June on average is predominant. However, the abso-
lute maximum of inflow with a repeatability of once
every 100 years can be observed in August and reach
20.4 km*/month. For 1950-2020 (no monthly data are
available for earlier years), the maximum inflow was
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20.7 km? and was observed in August 1973. It is typical
that in the same year, the inflows in June, July and
September also reached their highest levels.

During the winter months, the inflow of surface
water to the lake is significantly reduced, with an aver-
age of less than 1 km?® observed in February and March.
The lowest monthly inflow of 0.58 km?® was recorded in
February 1973, corresponding to the seventh class of
water availability (P > 99 %).

3.2. The annual and monthly river runoff

The Selenga, Upper Angara, and Barguzin rivers,
the main tributaries of Lake Baikal, provide on average
2/3 of the surface water inflow to the lake from the ter-
ritory comprising about 80% of its total catchment area
(Sinyukovich and Chernyshov, 2017). Besides, each of
these rivers has an extremely important independent
significance. In the areas where they runoff into the
lake, they contribute to the formation of the most bio-
logically productive areas, including the Selenga shal-
low water, Verkhneangarsky Sor, and Barguzinsky Bay.
The functioning of these biotopes directly depends on
the water regime of the feeding rivers.

The distribution parameters and boundary water
discharges of the three rivers are significantly influ-
enced by their long-term dynamics. With regard to
the Selenga, it is noteworthy that two deep low-water
events should be included in the calculation period: the
first occurring between 1976 and 1981 and the second
spanning from the end of the twentieth century to 2018
(Fig. 1).

This indicates that the discharge values of the
Selenga calculated provision may be underestimated.
The calculated data (Table 2) indicate that the average
annual runoff of the Selenga may exceed 1,500 m3/s
(twice the mean annual runoff) once in 100 years, or

alternatively, be below 385 m3/s. Within the year, the
lowest runoff of the river on average is in February
(about 1% of the annual water availability) and the
highest in August (18%). According to the different
flows in these months, to be classified in the first water
content category, the runoff in August should be at
least 4,160 m®/s, while in February it can be a little
more than 200 m3/s.

For the entire observation period (1934-2020),
the most high-water year on the Selenga was 1973
(1,470 m®/s) and almost corresponded to class 1, or
catastrophically high water content, and the lowest-wa-
ter year was 2002 (505 m?3/s, moderately low water
content). The highest monthly runoff was recorded
in August 1993 reaching 4,360 m®/s (water class 1),
while the lowest one was observed in February 1936,
at 34.7 m3/s (water class 7).

In the Upper Angara, significant runoff fluctua-
tions occurred only in the 21st century with high-water
years 2004-2008 and low-water years 2013-2017 (see
Fig. 1). Since the beginning of observations (1939), the
annual river runoff has varied from 172 (2016, water
class 6) to 404 m3/s (2006, water class 1). Differences
between neighboring water content classes are not as
contrasting as in the Selenga, which is explained by
both the lower water content of the Upper Angara and
the lower variability of its runoff (C,is 0.18).

Within the year, the highest river runoff is in
June, when, with a probability of 1%, it can reach
1,370 m3/s. In fact, in 2006, the runoff was very close
to this limit (1,360 m3/s), but corresponded only to
water content class 2. The lowest discharge in June
(340 m3/s, water content class 7) was observed in
2013. The most low-water month in the Upper Angara
is March, the runoff of which varies little from year
to year (C, is 0.14). For all years of observations, the
average March water discharge varied from 48.1 m3/s

Table 2. Distribution parameters and boundary values of the runoff for calendar years and individual months of the main

Baikal rivers for seven water provision gradations

Period of Distribution parameters Water runoff rate of calculated provision, m3/s
averaging | o mys [ ¢ | ¢ | 1% | 10% | 40% | 60% [ 90% | 999
Selenga

Year 868 0.28 0.41 1500 1190 916 790 569 385
February 98.2 0.35 1.65 214 140 98.6 84.4 63.3 49,1
July 1660 0.44 0.73 2920 2330 1730 1430 875 435
August 1990 0.45 0.97 4160 2860 1990 1660 1150 782

Upper Angara
Year 272 0.18 0.29 397 336 282 258 211 169
March 67.4 0.14 0.21 80.6 75.7 71.3 67.6 59.3 46.6
June 871 0.24 0.11 1370 1140 922 814 603 413
July 618 0.34 0.14 1130 902 670 555 338 168
Barguzin
Year 120 0.24 0.28 192 158 126 112 84.0 59.4
March 28.5 0.24 0.07 44.9 37.3 30.1 26.6 19.7 13.5
July 245 0.39 0.52 504 374 260 212 130 69.1
August 250 0.47 1.54 648 399 252 202 130 84.3
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(1969) to 86.2 m3/s (2006). Despite the relatively small
difference, in the first case, water availability corre-
sponded to the 6th class, and in the second case, it cor-
responded to the first class.

For the Barguzin, the boundaries of the water
content classes are even smaller. The minimum differ-
ence between the annual runoff of classes 3 and 5 is
only 14 m3/s, and for March, which is the lowest-water
month, it is only 3.5 m3/s. Over the observation period
since 1933, the highest annual runoff was 213 m3/s
(1949, water content class 1), while the lowest was
67.2 m3/s (2015, water content class 6). As for August,
which is the most high-water month, the maximum dis-
charge reached 653 m3/s in 1973. This was a catastroph-
ically high water content. However, a higher runoff of
710 m3/s was observed in June 1936. This maximum is
outside the calculation period. The minimum runoff in
August (87.4 m3/s) occurred in 1987 and was almost at
the boundary of water content classes 6 and 7.

In March, the highest river runoff was observed
in 1996 (43.5 m3/s) and corresponded to water con-
tent class 2. The minimum one was observed in 2020
(15.3 m3/s) and corresponded to the class 6.

3.3. Maximum and minimum runoffs

The characteristics of extreme runoff and calcu-
lated provision of the studied rivers (Fig. 2) give an
idea of the scale of possible fluctuations in their water
runoff in different phases of the water regime. For the
Selenga, with a 1% probability, the runoff can vary
from 41.2 m3/s during the winter low water period
to 7,300 m3/s during rainfall floods. The actual range
of runoff fluctuations was even more pronounced
with values varying from 29.9 m3/s in winter 2012 to
7,620 m3/s (water content class 1) in the flood of 1936.
A slightly lower flood maximum was observed in 1973
(7,210 m3/s), which was already of the water content
class 2. It is important to note that, in certain years, the
intensity of flooding may be relatively low. For exam-
ple, in 2004, the maximum runoff was only 1,200 m3/s.

During the flood season, the Selenga water run-
off is significantly lower than during high water peri-
ods (see Figure 2), which is also reflected in the obser-
vation data. The maximum spring flood runoff on the
Selenga (4,200 m3/s) was observed in 1951 and was
considerably lower than the flood season, and during
the lowest flood, which occurred in 2007, it decreased
to 874 m3/s. The minimum runoff rates of the Selenga
River during the open channel period and in winter dif-
fer even more significantly. The absolute summer min-
imum runoff was 459 m3/s, which is an order higher
than the winter minimum.

In the Upper Angara, the maximum annual
runoff recorded in the spring snowmelt period differs
from that observed in the Selenga. The highest runoff
of 2,570 m3®/s was recorded in 2007, while the high-
est flood, which occurred in 1951, resulted in a run-
off of 1,860 m3/s. The lowest river runoff of 40.5 m3/s
was recorded in winter 1980. During the free chan-
nel period, the minimum water runoff is considerably
higher ranging from 91 to 419 m?®/s. In accordance
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Fig.2. Boundaries of the water availability classes for
maximum and minimum river runoffs.

with the noted seasonal extremes of the Upper Angara
runoff, the absolute amplitude of their fluctuations is
2,530 m3/s.

For the Barguzin, all runoff indices were signifi-
cantly lower than for the Upper Angara, despite the
similar sizes of their catchments. Water runoffs from
rainfall floods on the Barguzin River are generally
higher than in floods, but during the period of obser-
vations since 1933, the maximum river runoff reached
1,110 m3/s and was recorded in the flood of 1936,
while in the highest flood it was only 909 m3/s. The
calculated parameters of flood runoff distribution for
the period 1961-2020 indicate the possibility of high
meltwater runoff with a probability of 0.01%, which
would occur once every 10,000 years.

It is important to note that a flood of compa-
rable magnitude occurred in 1933 (848 m3/s), with
a recurrence interval of less than once in 500 to 600
years. Such a low theoretical probability of this extre-
mum is associated, as in the case of the river runoff in
June 1936, with the absence of similar values in the
calculation period. A similar situation is common for
the minimum runoff of the Barguzin River, especially
in winter, the lowest value of which (12.4 m3/s) falls
at 1945, also not included in the calculation period.
Nevertheless, the indicated minimum corresponds to a
theoretical recurrence, approximately once every 100
years due to the presence of several close values in the
1961-2020 data.

During the summer runoff low period, the river
runoff is considerably higher than during the rest of
the year. For the entire period of observations, the
river runoff varied from 52.5 m3/s (1933) to 268 m3/s
(1949). Consequently, both extremums were not
involved in the calculations of the runoff distribution
and the results of determining the boundary values of
runoff may be not correct enough.

3.4. Abnormally rare water availability
indices

In general, the probability of the maximum and
minimum values of the considered indicators occurring
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within the specified calculation period of 60 years has
provision 1-2% and 98-99%, respectively. This corre-
sponds to the recurrence of these extremes once every
50-100 years. However, as was seen above, the annual
inflow to the lake decreased according to Afanasyev
(1967) to 32.2 km® in 1903, and it increased to
98.7 km? in 1932. The probability of occurrence of such
a low-water event as in 1903, for example, is 0.1%,
i.e., it can occur only once every 1,000 years. First of
all it should be noted that evaluating the reliability of
these extremes, these are calculated values because the
observations of the runoff of the large Baikal rivers had
not been made at that time. To reconstruct the inflow
data for 1901-1932, A.N. Afanasyev used the correla-
tion between the annual runoff of the Angara River at
the source and annual inflow calculated for 1933-1958
and characterized by a correlation coefficient of 0.997.
Despite this, the reliability of the reconstructed data
requires reconsideration using modern concepts of the
runoff formation in the Lake Baikal basin and involve-
ment of additional sources of information.

A similar phenomenon can be observed in the
maximum spring flood season of the Barguzin River,
which reached 1,110 m®/s in 1936. Theoretically, the
river runoff can increase to such values only once every
10,000 years. In 1936, the river experienced extremely
abnormal conditions of snow accumulation and snow-
melt, which may have contributed to this phenomenon.
Taking into account that instrumental measurements of
water runoff in such cases are most often impossible,
the reliability of the observed extremum also requires
additional verification. Concurrently, particular focus
should be placed on the transformation of runoff forma-
tion conditions, which have been subject to anthropo-
genic transformation (deforestation and land plowing)
in the river basin since the 1950s.

When planning important water management
measures, the noted rare hydrological events should be
taken into account with repeated calculations of dis-
tribution parameters in case of confirmation of their
reliability.

4. Conclusion

The obtained results enabled us to estimate the
parameters of long-term variability and peculiarities of
the distribution of surface water inflow to Lake Baikal
and the runoff of its main tributaries for a single cal-
culation period (1961-2020), grouping the studied
parameters depending on their provision into seven
water content classes. This differentiation enables the
operation with numerical values of high or low water
availability criteria, thereby eliminating ambiguity in
their interpretation. During the observation period, the
classes of catastrophically high or low water content
in annual and monthly inflow values, as well as the
runoff characteristics of the Selenga, Upper Angara,
and Barguzin rivers, were observed on only a few occa-
sions. Concurrently, for preceding years not included in
the calculation period, inflow values and river runoff
of less frequent occurrence are observed. In particular,
the low inflow into Lake Baikal in 1903 and the spring
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flood season of the Barguzin River in 1936 correspond
to the recurrence of once every 1,000 years and less
frequently. Such cases require special examination to
verify the reliability of the observed extremes and to
make decisions on the expediency of extending the cal-
culation period and performing repeated calculations.

The range of fluctuations in river inflow and
runoff within individual classes is determined by the
accepted provision boundaries, which define the divi-
sion into classes of different water content, as well as by
sample parameters of the distribution of the used series.
The asymmetric distribution inherent to the runoff real-
ization results in the narrowing of the boundaries of
certain classes as the water content class decreases.

For practical use of the obtained results, it is
obviously necessary to study other variants with dif-
ferent boundaries and number of water content grada-
tions, because when considering a specific problem, an
individual solution variant, including different period
of averaging of initial data, may be optimal. For some
watercourses, in this respect, it is expedient to involve
in the analysis the characteristics of maximum and
minimum runoff, which makes it possible to assess the
absolute amplitude of fluctuations in river water dis-
charge and a more objective approach to the choice
of one or another variant of water content gradation
allocation.
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OpuruHanbHan craTbf

I10Ka3a'rem‘|’ BbICOKOIo ¥ HU3KOIo NpUMTOKa LIMNOLOGY
B 03epo bankan ¥ CTOKa ero raAaBHbIX pekK FRESHWATER

BIOLOGY

M

CunrokoBuu B.H.

JlumHostoeuneckuti uHcmumym, Cubupckoe omdesieHue Poccutickotl akademuu Hayk, Yan-Bamopckas, 3, Hpkymck, 664033, Poccus

AHHOTALIUA. Ha ocHOBe MaTepuajioB peryJIAPHBIX HaOJIIOAeHUN uncciefoBaHa audd@epeHIyanmsa
3HaueHU MPUTOKA IIOBEPXHOCTHHIX BOJ B 03. Balikasyl 1 XapakTepUCTHK CTOKA IJIABHBIX 0alKaIbCKUX
peKk Ha ceMb rpajanuii Mo ycjoBHAM BOAHOCTH. JlaHHas kjaccudukaius I03BOJIAET OllepUpoBaTh
YNCJIEHHBIMY 3HAUYeHUsAMM KpUTepueB BOAHOCTU paccMaTpUBaeMBIX [IOKazaTeslell. YCTaHOBJIEHO, YTO
AuanasoH KojebaHWil MPUTOKa M CTOKa pPeK BHYTPU OTAEIbHBIX KjlaccoB (rpajaluii) onpefesisgeTcs
BHIOOPDOYHBIMU [apaMeTpaMU paclpefeseHrs U CyXaeTcs OT BBICOKOI BOAHOCTU K Hu3kou. Kiaccel
KaTacTpoduiecky BEICOKOM MJIM HU3KOM BOAHOCTH B FOJIOBBIX 1 MECSYHBIX BeJIMYMHAX IPUTOYHOCTH, a
TakXe xapaKTepucTuk cToka Cesienru, Bepxueli AHrapsl u baprysuHa 3a 1961-2020 rr. Hab104a/Iuch B
OCHOBHOM II0 OAHOMY pasy. 3a 6oJiee paHHUE rOAbl, HAXOAALIMECA 3a IIpefieJlaMH PacyeTHOro IepHUoLa,
OTMeuaJIiCch 3HaUeHus IIPUTOKA U pacXobl BOAB! pek OoJiee pelKkoil MOBTOpsAeMOoCTH. Hu3KMil IPUTOK
B 1903 r. 1 CTOK BeCeHHero MoJIOBOAbA p. bapry3uH B 1936 r. COOTBETCTBOBAJIU ITIOBTOPAEMOCTH OOWUH
pa3 B 1000 sieT u pexe.

Kitioueawie ciiosa: IIPpUTOK, pacxod BOIbI, O6eCHe‘IeHHOCTb, pacnpenesieHre, KjiacC BOOHOCTH.

M nutupoBaHuA: CuHwokoBud B.H. TlokazaTesn BBICOKOTO M HM3KOTO MPUTOKa B 03epo Baiikas u cToka ero rjaBHBIX pek //
Limnology and Freshwater Biology. 2024. - Ne 3. - C. 181-194. DOI: 10.31951/2658-3518-2024-A-3-181

1. Beepenue [0 cUX OTCYTCTBYIOT. Takoe IojioxxeHHe OObsACHAeTCA

Pa3IMYHBIMY TPeOOBAHUAMU K FPAaHUYHBEIM pacxodam
BOJPBI, 3aBUCAMINMU OT 00JIACTU MPUMeEHEeHUs U pela-
eMBIX 33/]ay, a TakXxe TPeOYyIUX pa3HON UCKPETHO-
CTU TNpeACTaBJIEHNA NAaHHBIX U UX OCPeJHEeHUs: Cpef-
HeroJIoBele 3HA4YeHUs, CpeHeMeCsSYHble, CyTOYHBIE U
cpouHble (CpoYHble OOBIYHO HCHOJIB3YIOTCS IJIA MakK-
CUMAaJIBHBIX U MHHUMAJIBHBIX PacXOIOB BOIHI, COOT-
BETCTBYIOIINX HAMBBICIIUM WM HAWHU3IMINIM YPOBHAM
BO/JIbI B CPOKM HaOTI0eHUH).

B rumpoJiornyeckux pacuyerax OCHOBHOe BHUMaA-

[Tpu oreHKe BOAHOCTU PEK HCIOJIb3yeMbIe KPU-
Tepuu (BBICOKAS, HU3Kas, CpPedHsAsA) OOBIYHO HOCAT
cyry00 KayeCcTBEHHBIN XapaKTep, HECMOTPS Ha TO, YTO
B TUPOJIOTHUH YK€ CPABHUTEJILHO JJABHO HCIIOJIb3yeTCs
pasnesieHrie 3HAYEHUU PEYHOr0 CTOKA HA Pa3INyHbie
rpajanuu (KaTeropmuu, KJacchl) B 3aBUCUMOCTU OT UX
obecneuenHoctH (P). OjHa M3 MEPBBIX KJIacCUPUKAIIN
BOJHOCTH [JIsi TOJOBOTO CTOKA PEK, MpeycMaTpUBa-
mias BBIJleJIeHre MHOTOBOJHEIX JieT (P <25 %), cpen-

0
HUX 10 foﬂHOCTH (P or 25 z0 75 %) M MaOBOAHBIX HUe yfesseTcs KPUTUYECKUM 3HAYeHHAM CTOKa pek,
(P>75 %), 6bu1a npemiioxena ITU eme B cepefuHe MMEIONMM BEPOATHOCTh HaCTyIUieHus He 6Gojee 5-10

XX B. (Ky3un, 1953). [{yiss mpakTHUKU 3TOTO OBLJIO SIBHO % (CII 33, CIT 115, CIT 482). KanuraibHee 0GbEKTH,
HEOCTAaTOYHO M B TOCJIEAYIOIMIEM YHCJIO Tpadaluii

BOJHOCTH yBeJinuKBajoch. B pabore (Kouykosa, 1955)
OHO OBLTIO pacHIMpeHo A0 ceMH, ¢ JejleHreM MHOT'OBO-
JHBIX WM MaJIOBOAHBIX I'pajaluil ellle Ha TpU Kjacca
BofgHocTU. OHAKO, HECMOTpsA Ha paclpocTpaHeHHOe
[IpYMeHeHUe B IPOEKTHO-CTPOUTEJIbHON IpaKTUKe
XapaKTepUCTHUK CTOKA pacyeTHBIX obeclieYeHHOCTeN,
elHble KpUTEepUHN OIlpefesieHrs KOJINYeCTBEHHbBIX
rokasarejiell BBICOKOU WJIA HU3KOW BOJIHOCTH DEK B
HOPMAaTHBHO-TIPaBoBoO¥ 6a3ze PD mo BOgHBEIM pecypcaMm

B 3aBHCHMOCTU OT HUX OTBETCTBEHHOCTH, PacCUMTHIBA-
I0TCA Ha pacxo/ibl U yPOBHU BOJIbI 60Jiee peIKoi IOBTO-
psAemocTu - oauH pa3 B 100, unu 1000 net u Gosee
(BeposaTtHocTh 1, wiu 0.1 % u MeHee). B ycioBusax
M3MeHeHHUs KJIMMaTa BepOATHOCTh IIOBTOPEeHMUA TaKuX
COOBITUII MOXeT cyllecTBeHHO Bo3pacTtatb. K mnpu-
Mepy, BEpPOATHOCTb KaTacTpopUUecKOro HaBOJHEHUA
B KamudopHun, nogobHOro meraHaBoAHeHUI0 1862
r., U3-3a yBeJM4YeHUs cofepkaHWUsA BOJASHOIO Mapa B
armocdepe U 3aMelleHHsA 4acTH BBHIIAJAIOMINX B rOp-
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HOM MECTHOCTH TBePABIX OCAAKOB XXUJIKHUMHU B CBA3U C
MOTeIJIeHNeM BO3pacTaeT B HecKoybko pa3 (Huang and
Swain, 2022).

Jna balikana npo6sieMbl oIpefesieHUsA IOKa-
3aresell BogHocTu oboctpuiuchk ¢ 2001 r. B cBA3U C
orpaHuyeHueM IpeflejioB peryJMpoBaHUsA ero ypOBHA.
J7A KoppekTHOro ee penieHus TpeOyeTcsA BBeAeHUe
B IPaKTUKy HOPMAaTHMBHO-NPABOBBIX OTHOIIEHUIN B
chepe HCNIOJIb30BaHNUA BOJHBIX PeCypcoB o3epa KOJIU-
YeCcTBEHHBIX KpHUTepueB BBJieJIeHHA MaJIOBOJHBIX
WM MHOTOBOJHBIX IepUOJIOB. B 3TOM HampasjieHUHU
(AbacoB u np., 2017) paccMOTpeH BapuaHT pasfeJie-
HUA 3HaYeHUH I0JIe3HOro NMpUTOoKa B balikan Ha nATh
rpajanuil BogHoctu. B pabote (Bonros u gp., 2018)
OLleHeHbl TpaHWYHble 3HA4YeHWs IPUTOKA AJA NATH
obecneueHHocTel Hike 50 %. [Ipu BeIOJIHEHUM 3a/1a-
Hua MIIP no ontuMusanuy ypoOBEHHOI'O pexuma 03.
Batixan ITU Obula mpenJsoxeHa cxema pasjesieHus
10JIe3HOH NMPUTOYHOCTU B Balikan Ha ceMb rpajanuii
BOJHOCTU. BMecTe ¢ TeM CTaHOBUTCA BHUJHO, YTO AJIA
noBbINIeHNs 3¢ PeKTUBHOCTU peryJIMpOBaHus CTOKa U3
o3epa U ero ypoBHs, COXpaHeHHUs OaiikaJIbCKOH 3KO-
CHUCTEeMBl 1 MUHHMM3AIUM BO3MOXHBIX COIMAJIbHO-3-
KOHOMHYECKHUX PHUCKOB B peruoHe KOJIN4YeCTBeHHbIe
IokasaTesld BOJHOCTH [JOJDKHBI KacaTbCA He TOJIBKO
MIPUTOYHOCTY, HO U APYIMX XapaKTepUCTHUK BOJHOIO
pexumMa B OacceliHe balikajsia 1 OBITh 3aKpelsIeHHBIMU
3aKoHofaresbHO. llesp HacTosAmIell cTaTbU COCTOUT B
HccjieJIOBaHNY YKa3aHHBIX aClIeKTOB IPMMEHUTEJIbHO K
CyMMapHOMY IOCTYILJIEHUIO IOBEPXHOCTHBIX BOJ B 03.
Batikas 1 CTOKy ero rjlaBHBIX IPUTOKOB.

2. MaTepuanbl U MeTOADI

MatepuasaMu Aji HCCJIEOBAHUA IOCIYXUJIN
JaHHble HaOmofeHW# PocruapomMeTa mo MecAYHBIM U
roIoBBIM 00beMaM CyMMAapHOTr'O MPUTOKA PEeYHBIX BOJ
¢ 6alikasibckol BOAOCOOPHON TEPPUTOPUM U CTOKA €ro
IJIaBHBIX IIPUTOKOB B 3aMBIKaIOIMNX cTBOpax — CeJieHru
(pa3be3q MocToBo#, mwiomangs 6acceitta 440 000 kv?),
Bepxneit Anrapsl (c. Bepxusas 3aumka, 20600 km?) u
Baprysuna (c. Baprysun, 19800 km2). Ilpu 3ToM IJiA
peK, yuuThiBasg CyllecTBeHHOe pasjnuue TUApPOJIO-
TMYecKHUX YCJIOBUI BHYTPU rojia U pasHble MHTepechl
IoJIb30BaTesIell, UCIO0JIb3YI0TCA HECKOJIbKO XapaKTepu-
CTUK CTOKAa - FOAOBOH, MeCAYHBIN, MaKCUMAaJIbHBIN U
MMHUMaJIbHBIN. MakcuMasbHBIH CTOK, B CBOIO O4epe/ib,
paccMaTpuBaeTcsa B pa3pe3e MaKCHMaJbHBIX PacXo/0B
BOJIbl BECEHHETO I0JIOBOAbA U AOXKAEBBHIX MaBOAKOB, a
MHUHUMAaJIbHBIN — HaWHU3IINX 3UMHHUX U JIETHUX 3Ha-
yeHU1 croka. [Ipy aTOM, AJIA MeCAYHOIO CTOKa peK
OCHOBHOe BHHMaHUe yjeJigeTcs Haubojiee MHOT'OBO-
JHBIM WX MaJIOBOJAHBIM MecsIjaM.

PacueTHbil nepuop Bkioyaer 1961-2020 rr. u
oTpaxaeT COBpeMeHHbIe YCJIOBUsS (pOpMHPOBaHUSA ped-
HoOro cToka B 6acceiiHe baiikasa. OqHako Npy aHaiu3e
MHOT'0JIETHUX YCJIOBUI BOAHOCTH 10 peKaM HCIIOJIb3Y-
I0TCA [TOJIHBIE pAAbl HabII0qeHNH, a AJ1A F0J0BOr0 IIpU-
Toka AaHHble (AdaHacbeB, 1967) 3a 1901-1960 rr.

OmnpepiesieHre pacyeTHBIX oOecrieyeHHOCTeMH
IIPUTOKAa B 03€pO U CTOKAa peK OCYIIeCTBJIAJOCh B
COOTBETCTBUU C TpeOOBaHUAMU U peKOMeHAaluAMU
(ITocobue no omnpefesieHum..., 1984; CI1-33-101-2003,

189

2004; Metoguueckue pexkomMeHAanuu..., 2005; CTO
ITHW, 2017). BHauaje pacCUMTHIBAJIUCh NapameTphl
pacmpefiejieHus paccMaTpUBaeMBIX psAAOB - CpefHee
snauenue (Q ), koabpuuuents Bapuanuu (C ) u acum-
Metpu# (C), MO0 KOTOPHIM HAXOAWJIMCh OPAMHATHI aHa-
JIMTUYECKUX KPUBBIX pacmpefesieHus. [Ipu atoMm naBa
[ocJIeAHMX IlapaMeTpa MojJiexald KOPPEeKTUPOBKe,
eCJId CBA3b MeXy CMeXHBIMHU YJeHaMu pAjaa 1o Koad-
¢unuenty xoppessanuu (rl) cocrasisna 0.3 u 6oJiee.
PacueTrsl mokasaresieil 3aJjaHHBIX oOOecleueHHOCTel
OCYIIEeCTBJIAJINCh C UCIOJIb30BaHUEM paclipefiesieHUsA
Kpunkoro-MeHkesisl, OqHAaKO [JiA PAJOB C PeAKUMU
COOTHOIIEHUAMUN Cs/ CV (6onee 6 u MeHblIle —1) npuBJIe-
KaJjiocb OMHOMUAJIBHOE pacipefesieHue. PacueTs! orpa-
HuuMBaauchk obecrneveHHocTAMU 0.1 1 99.9 %.

HcxonHele pAAbl IIpeABapUTesIbHO UCCJEeAO-
BAJIMCh Ha OJHOPOAHOCTh IO KpuTepusaMm @dumepa
u CTplofieHTa U B cJlydae HEOAHOPOOHOCTU HaHHBIX
HCKOMBIEe KpHBBIE CTPOMJIUCH II0 COCTAaBHOMY pacIlpe-
JleJIEHHUIO, T.e. COCTaBJICHHOMY W3 paclipefieJIeHui 10
KaxJoH M3 yYacTell HeOQHOPOJHOro psaa. TodHoCTb
HCXOJHBIX AAHHBIX II0 IPUTOKY Y BOJHOCTU PeK COOT-
BEeTCTByeT TOYHOCTH OIIpe/ieleHHs CTOKa peK, OCBe-
IIeHHBIX TMpOMeTpUYeCKUMHU HabOJII0JeHUAMH, KOTO-
pasa mo cra"aapty (Meronuueckue ykasaHus, 1987)
HaxoguTca Ha ypoBHe 6-10 %. IIpu umcnosib3oBaHUU
OCpeJHEHHBIX JaHHBIX (MHOTOJIETHUX, TOJOBBIX, CE30H-
HBIX) oIIMOKa UX OllpeflesieHUA CHIKaeTcs 6ojiee yeM
B [IBa pasa U Jaxe JJIg PeK C HeyCTONYMBBIM PyCJIOM
IIpM HOpPMAaTHMBHOM YacToTe Uu3MepeHUH pacxoJoB
BoZibl cocTtaBisieT 4 % (Kapaces u flkoBnesa, 2001).
Kpome Toro, npu oneHkax napaMeTpoB MHOTIOJIETHeN
HM3MEHYMBOCTU CTOKa (IIpM HEM3MEeHHOCTHU CIIOCOOOB
U3MepeHull U pacueTa) AaHHasA IOTPEUIHOCTb 4YacTo
CTAHOBUTCA CHCTEeMaTUYeCKOM ¥ MaJjIo UCKaxaeT OTHO-
CUTeJIbHBIN XapaKTep KojebaHuM.

3a oCHOBY BBIJeJIeHUA rpajaliii BOJHOCTHU NpU-
HATA yIIOMsAHYyTas Bhille cxeMa I'THU 13 cemu KJj1accos B
3aBUCUMOCTH OT 0OecleueHHOCTH IIPUTOKAa WJIX CTOKa.
[TepBhiii KJI1acC COOTBETCTBYET KaTaCTPOMHUUECKU BBICO-
kol BoaHocTu (P <1%), BTOpas — yMepeHHO BBICOKOM
(1% <P<10%), Tperbsi — Bbicokol (10% <P <40%),
yeTBepTass — cpefHell (40% <P<60%), naraa — yMe-
peHHO HM3KOH (60% <P <90%), mecras - HU3KOU
(90% < P<99%), cenqpMas — kKaTacTpoduiecKu HU3KOH
(P=99%).

[Ipu s3TOM AJIA MaKCUMAaJIbHOIO CTOKa peK Tep-
MHHOJIOTUA «HU3Kas BOJHOCTb» M «KaTacTpoduyecku
HM3Kas BOAHOCTb», 0UeBUAHO, HeJIOTMYHa (TO Xe Kaca-
eTcs BBICOKON M KaTacTpo(uyecKd BBICOKOH BOOHO-
CTH AJ1A MUHHMAaJIbHBIX PacX0ofOB BOJBl Y MeCAYHOTO
MeXEeHHOI'0 CTOKa), IO3TOMYy B TaKuX cCJIydasdx BMe-
CTO oIlpefieJieHuA KJjiaccoB 0Oojiee KOPPEKTHHIM OyneT
HCIIOJIb30BaTh MX HoMepa (mepBBI Kjacc, BTOPOU U
T.1.).

3. Pe3yAabTathbl M 06Ccy)xpeHue
3.1. MNpuUTOK NOBEpPXHOCTHLIX BOA B 03€p0
Bankan

OCHOBHbIE TApaMeTPHI pacipeesieHUsA MPUTOKA
U ero rpaHUyHble 3HAYeHUs pPACUYETHBIX ObecreyeH-
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HOCTel AJiA KaJIeHOapHBIX JIeT U OTJeJIbHBIX MecsleB
(Tabmuna 1) nossosisoT auddepeHIpoBaTh 00BEMBI
MIOCTYIJIEHUsA PEeuYHBIX BOA B 03. balikaj Mo ycJ0BUAM
BOJHOCTHU Ha ceMb KJIaCcCOB.

[NosiyueHHBIEe AAaHHBIE TOKA3bIBAIOT, YTO IPAHULIBI
KJIacCOB BOOHOCTH 3aKOHOMEPHO Cy’KalOTCA OT BBHICO-
KOM BOAHOCTU K HU3KOM, UYTO CBA3AHO C CYILIECTBEHHO
MIOJIOKUTEJIBHOM  acMMMeTpuell paccMaTpUBaeMBIX
pagoB. CaMblli IIMPOKUI AWANa3oH 3Ha4YeHUN U roJio-
BOI'O M MeCAYHOro NpUTOKA XapaKTepeH AJiA BTOPOro
Kjlacca BOJHOCTH, a caMblil Y3KUH - [JIg mecToro. B
3UMHMe MecALbl ¢ HU3KUM IIPUTOKOM OH CyXaeTcs 10
0.03-0.04 kM3, T.e. TaKuX pa3IU4YMN AOCTATOYHO MAJIA
OTHeCeHUs BOAHOCTH B 3TH IIepHUOABl K pasHBIM Ipa-
JanuaM. B nesioMm, AuanasoH KJaccoB JIA KaXI0Tro U3
PANOB XOPOLIO corjlacyeTcsa ¢ mapaMeTpaMmuy ero pac-
npenesennsa - Q, C u C.

B cooTBeTcTBUU C pe3yJibTaTaMU pacyeToB BUAHO,
4YTO KaTacTpo®uyeckl MHOTOBOAHBIM TI'OJOBOH IIpH-
TOK BOJBI B 03€pO IOCJeJHUN pa3 ObLI NOJIBeKa Has3aj
(1973 r.) u cocrasast 92.2 km® (Puc. 1). AGCOJIIOTHBIHI
e MaKCUMyM IpuToka gocturai 98.7 km® u 6511 oTMe-
yeH B 1932 r. Taxxe cpaBHUTEJIBHO JaBHO Ha balikaie
Habofasicsa U KaracTpopryecKy HU3KUHI MPUTOK — B
1903 u 1922 rr. Bece 3Tu cOOBITHA OKa3aJaMCh 3a Npeje-
JlaM{ pacueTHOro [lepruofa, I03TOMYy COOTBETCTBOBAJIU
HU3KOHM BEpPOATHOCTU MX HAcTyIUIeHuA. B wacTHocTH,
cHmkeHre mpuTtoka B 1903 1. go 32.2 km*® cooTBet-
cTByeT obecrnieueHHOCTU Oosiee 99.9 %, UM MOBTOPS-
eMoCTU pexe, yeM ofquH pa3 B 1000 siet. C Havaia xe
XXI B. HanboJ1ee MastoBoAHBIMU ObLIM 2014-2017 IT. C
MHHUMYMOM TipuToka 42.5 km® B 2015 .

Bo BHyTpHUroAoBOM pacnpefiejieHUd IIPUTOKa
MaKCUMyM IOCTYIIEHHsA PEYHBbIX BOJ B 03€pO IIPHXO-
JUTCA Ha WIOHb, YTO CBA3AHO C BeCEHHUM I10JIOBOAbEM
Ha pekax Oalikaabckoro 6acceiiHa B 3To BpeMs. U xoTsa
CTOK J0X/eBBIX MaBOAKOB B I1eJIOM BBHIIIE, YeM B IIOJIO-
BOJib€, HO B pa3Hble roJbl OH IPUXOJUTCS Ha pasHble
Mecsnbl (MI0Hb-CEeHTAOPD), 13-3a Yero NPUTOK B HIOHE

B cpelHeM oOKasblBaeTcs IpeoOsagaiomuM. OOHaAKO
abCoOJIIOTHBINE MaKCUMyM IIPUTOYHOCTU C IIOBTOPSEMO-
¢Tb10 0AuH pa3 B 100 jsieT MoxeT HabJII0AaThCA B aBry-
cre u gocturath 20.4 km3/Mec. 3a 1950-2020 rr. (3a
OoJiee paHHMe rofibl MeCsSYHble JaHHBIE OTCYTCTBYIOT)
MakKcHUMyM IpuToka coctasui 20.7 km® u Habmogasca
B aBrycre 1973 r. XapakTepHO, 4TO B 3TOM e roay
HauOoJIbIIMM OBLT 1 IPUTOK B UIOHE, UI0JIe U CeHTAOpe.

B 3uMHMe MecAllbl NOCTYIUJIEHHE I[OBEpXHOCT-
HBIX BOJ B 03€pO 3HAUMUTEJbHO COKpalaercs U B (es-
paJie-MapTe OOBIYHO He mpeBhImaer 1 kM°. MUHUMyM
MeCSYHOTo MPUTOKa, coctapysaomuil 0.58 kM3, npuxo-
autca Ha ¢eBpasib 1973 . U COOTBETCTBYET CebMOMY
kJiaccy BogHoctu (P 6oJiee 99 %).

3.2. FTopOBOM M MECAYHBINA CTOK peK

Cenenra, BepxHsaa AHrapa u baprysuH, rias-
Hble putoku balikana, B cpejHeM obecrnieunBanT 2/3
MOCTYTJIeHNs IOBEPXHOCTHBIX BOJI B 03€PO C TEPPUTO-
pum, cocrasJisionieii okoyio 80 % Bceil ero BogocHop-
Hoi wiomaau (CuHiokoBuY 1 YepHbiios, 2017). Kpome
TOT0, KaXJasi U3 3TUX PeK UMeeT UYpe3BbIYaiiHO BaxXHOe
caMOCTOATe/IbHOe 3HaueHHe, TaK KaK B MecTax MX BIa-
JIeHUs B 03ep0 HaxoAATCs Haubosiee NMPOAYKTHUBHBIE B
OMOJIOrMYeCKOM OTHOIIIeHUH 00J1acTu — CeJleHr'MHCKOe
MeJIKoBobe, BepxHeaHrapckuili cop u Bapry3uHckuiil
3ayiB. OYHKIMOHUPOBaHUE 3TUX OGMOTONOB HANPAMYIO
3aBHCHUT OT BOJHOI'O peXUMa MUTAIOIMIUX PeK.

[TapameTpsl paclipefiesleHUsA U rpaHUYHbIE pac-
X0[Bl BOABI TPEX paccMaTpuBaeMbIX pPeK, B 3HAUUTEJIb-
HOI Mepe 3aBUCAT OT 0cOOeHHOCTeN UX MHOTOJIETHEeH
JuHaMukuy. J[isa CesleHry B pacueTHBIN epuoy Ipex/ie
BCEro cJjiefyeT OTMETUTh JBa IJTyOOKMX MaJIOBOIbs:
ofHo B 1976-1981 rT., BTOpOE - ¢ KOHI[a XX B. 10 2018 T.
(cMm. Puc. 1). OTo maet ocHOBaHMA MpeArnoJararb, 4To
3HaueHNs CTOKa pacueTHBIX obecrnieueHHOCTel CeleHru
MOTYT OBITh HECKOJIBKO 3aHIKeHHBIMU.

Ta6smmna 1. TTokaszatesiu pacnpeesieHus 1 3HaY€HUs TOJOBOT0 U MECSYHOIO IIPUTOKA PACYETHHIX 06eCIeYeHHOCTEN.

Ilepuoxn ITapameTpsl I'paHnYHbBIE 3HAYEHUA NPUTOKA, KM>
ocpeHeHHUsA pacnpepesieHUs

Q,, km® C, C, 1 % 10 % 40 % 60 % 90 % 99 %
Ton 62.3 0.17 0.43 90.5 76.0 64.4 58.9 49.4 41.1
fAHBapp 1.13 0.15 0.64 1.60 1.35 1.15 1.07 0.93 0.81
deBpaib 0.84 0.16 0.95 1.26 1.02 0.86 0.79 0.69 0.61
Mapt 0.92 0.18 1.57 1.48 1.14 0.92 0.84 0.76 0.72
Armnpesnb 2.60 0.26 0.34 4.37 3.50 2.74 2.39 1.77 1.25
Mait 7.59 0.23 0.71 12.6 9.90 7.82 7.31 5.54 4.39
14130313 11.4 0.24 0.32 18.5 15.0 11.9 10.5 8.00 5.83
Hio1p 10.5 0.31 0.57 19.9 15.0 11.0 9.35 6.49 4.39
Asryct 10.2 0.32 1.08 20.4 14.4 11.3 8.92 6.57 4.86
CeHTAODD 8.12 0.31 0.85 15.4 11.5 8.44 7.21 5.18 3.63
OKTA6DPB 5.24 0.25 0.81 9.17 6.95 5.40 4.76 3.74 2.76
Hosa6pp 2.25 0.22 2.22 4.06 2.87 2.19 2.00 1.83 1.80
Jexabpb 1.52 0.18 1.8 2.48 1.88 1.51 1.39 1.26 1.22
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U3 paccunTaHHbIx gaHHbX (Tabsuia 2) BUAHO,

xoautcs Ha despasib (okosio 1% rooBoil BOQHOCTH), a
caMmblil BbICOKHII — Ha aBryct (18 %). B cooTBeTcTBUN C

9%

4yTO o/1uH pa3 3a 100 JieT cpegHEroAoBoii cTok CesleHru : i
MoxeT mpeBbimaTh 1500 M3/c (B[iBOe BBIIIIE CPeTHEMHO- B ‘ MA 0%
rojieTHero), Wiu Haob6opoTr, ObiThb HuKe 385 Mm3/c. . A i av-'- '\A,vh 0%
BHyTpu rosia caMblii HU3KUI CTOK peKU B CpeJlHeM IIpU- : J LW\A‘ f\.[ w \f\.’ ' ::
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» 1
L

Pa3HBIM CTOKOM B 3TU MeCsALbI IJIs1 OTHECeHUs K IepBOoil L AN R ABL CHR AR ER IR ER O S ) W
KaTeropuul BOJHOCTHU B aBTyCTe pacxo[ BOLBI JOJIXeH e Cenenra -
cocTaBJIATh He MeHee 4160 M3/c, Toraa kKak B espase :::
VI TOr0 OH MOXeT OBITh HeMHOruM 6oJsiee 200 m3/c. 1100 | A A 0%
3a Bech nmepuof HaOmoaeHuil (1934-2020 rr.) 900 | vr\_f\h .“.A‘ i f/ \ |V ‘”l‘ A }j 0%
Hanbosiee MHOroBogHbIM Ha CejieHre Obu1 1973 T. 700 | W\ J L A R “ﬁ[ bectie
(1470 m3/c) 1 mpaKTUYeCKH COOTBETCTBOBAJI 1 Kitaccy, 500 { w 2‘;:
WM KaTacTpoduueckyd BBICOKOM BOJHOCTH, a CaMBIM 300

1830 1840 1950 1960 1970 1980 1980 2000 2010 2020
mastoBoAgueiM 2002 1. (505 m3/c, ymepeHHO HU3Kas

BOJHOCTH). HanboIbIIMI MeCAYHBIN CTOK OTMevaJics B
aprycte 1993 r. u gocturan 4360 m3/c (1 kjacc BOOHO- 450
CTH), a caMbIil HU3KUH - B peBpasie 1936 1. (34.7 m3/c,
7 KJ1acc BOJHOCTH).

Ha BepxHeil1 AHrape cyiiecTBeHHble kojebaHNA

roa

Mlfe BepxHAA Axrapa

CTOKA MPOUCXOAWJIN TOJBKO B XXI Beke ¢ MHOTOBO- 200 _,f\, Y \ %
nasME 2004-2008 rr. 1 MasoBomHeIMU B 2013-2017 150 ke
o 1939 1949 1959 1989 1979 1938 1999 2009 2019

rr. (cm. Puc. 1). C Havana HabmogeHus (1939 r.) rogo- i

BOH CTOK peKku U3MeHsJIcA B Auanas3oHe oT 172 (2016 204

r., 6 xkiacc BogHoctu) no 404 m3/c (2006 r., 1 kiacc). B

Paznmuuus MexIy COCEAHMMM KjacCaMH BOJHOCTU He 20 | 1%

CTOJTb KOHTPACTHBHI, Kak Ha CeJieHre, YTO OOBACHAETCSA S J"A n | A i 0%

KakK MeHbIIIeH BOJIOHOCHOCThIO BepxHell AHTaphl, TaK U !-,ll.hn“h-h‘,I,i_-ll_i‘g'-_ﬂ 0%

Goslee HU3KOI BaprabesIbHOCThIO ee cToka (C, = 0.18). 100 PV YV OV TN & -
BHyTpH rojia HanboJiee BEICOKUI CTOK PEKU MPU- o ! ) Vs S

XO;[I/ITCH Ha I/IIOHB, B KOTOpOM C BepOHTHOCTbIO 1 % 1930 1940 1960 1960 1970 1980 1990 2000 2010 2020

oH MoxeT mgocturath 1370 m3/c. Tlo dpakty B 2006 T. ron

Habofjaicss oueHb OJIM3KUII K STOMY Ipelesy CTOK Puc.1. [luHaMuKa roOBOr0 NPUTOKa U CTOKa peEK C

BbIJ€JICHHEM I'DAHUI] KJIaCCOB BOOHOCTH.

Ta6suna 2. [TapaMeTpsl pacnpeeseHds U TPAaHUYHBIE 3HAUEHMsA CTOKA KaJIeHJAPHBIX JIET U OTAEJIbHBIX MECSIEB IJIaBHBIX
6aliKaJIbCKUX PeK U1l CeMU T'pafaliil BOAHOCTH.

Ilepuon ITapameTtpsl Pacxoz BoAbl pacuyeTHOH obecrie4eHHOCTH, M3/c
oCcpeHeHUs pacnpenesieHUsA
Q, M3/c C, C. 1 % | 10 % | 40 % | 60 % | 90 % | 99 %
CesieHra
Tox 868 0.28 0.41 1500 1190 916 790 569 385
deBpaib 98,2 0.35 1.65 214 140 98.6 84.4 63.3 49,1
Hio1b 1660 0.44 0.73 2920 2330 1730 1430 875 435
Apryct 1990 0.45 0.97 4160 2860 1990 1660 1150 782
BepxHsaa AHrapa
Tox 272 0.18 0.29 397 336 282 258 211 169
Mapt 67.4 0.14 0.21 80.6 75.7 71.3 67.6 59.3 46.6
15100313 871 0.24 0.11 1370 1140 922 814 603 413
Hrosib 618 0.34 0.14 1130 902 670 555 338 168
baprysun
Tofx 120 0.24 0.28 192 158 126 112 84.0 59.4
Mapt 28.5 0.24 0.07 44.9 37.3 30.1 26.6 19.7 13.5
Hrosp 245 0.39 0.52 504 374 260 212 130 69.1
Asrycr 250 0.47 1.54 648 399 252 202 130 84.3
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(1360 M3/c), HO COOTBETCTBOBAJ TOJIBKO 2 KJaccy
poagHocTtu. CaMblii HM3KMII cTOK B uioHe (340 m3/c,
7 xjacc BogHocTu) otMeuvasica B 2013 r. HawubGoJjee
MaJIOBOJAHBIM MecslleM Ha BepxHell AHrape sBJisieTcs
MapT, CTOK KOTOPOTO MaJjio MeHseTCs OT roga K rogy
(C, = 0.14). 3a Bce roJpl HaGIIOAEHN CPEHIE Map-
TOBCKUE PacXo/ibl BOJIbI U3MeHsIUch oT 48.1 (1969 r.)
no 86.2 m3/c (2006 r.). HecMOTpsA Ha CpaBHUTEIBHO
He6OoJIBIIYI0 Pa3HUIY B IEPBOM CJIydae BOOHOCTb COOT-
BETCTBOBaJIa 6 Kjaccy, a BO BTOPOM — yXe IIEPBOMY.

Juia baprysuHa rpaHunbl MexAy KjaccamMu
BOJHOCTH TOJIYYWJIUCH ellle yxe. MuHuUMaibHasA pas-
HMI[a MeXIy I'OJIOBBIM CTOKOM 3 U 5 KJIacCOB COCTaB-
nsetr Bcero 14 m3/c, a A9 caMoro MaJIOBOJHOTIO,
MapTa, ToJpko 3.5 m3/c. 3a mepuon HaGJIOOEHUH C
1933 r. camblii BBICOKHII T'OJIOBO¥ pacxold BOZAbI (CM.
Puc. 1) coctasua 213 m3/c (1949 r., 1 kJacc BOJOHO-
CcTH), a caMblii HuU3kuM 67.2 Mm3/c (2015 r., 6 kiacc).
B Haubosiee MHOTOBOJHOM MecsiIle, KOTOPbIM SBJISETCS
aBryct, B 1973 r. MakCcUMaJIbHBIN pacxof] BOABI TOCTU-
ray 653 m3/c (kaTacTpoduueckn BHICOKAasA BOJHOCTH),
X0TA B MoHe 1936 r. Habogacsa 6ojiee BEICOKHE CTOK
- 710 m®/c (maHHBI MaKCUMYyM HAaXOAWTCA 3a Mpeje-
JlaMH pacueTHOro nepuofa). MUHUMAaJIbHBIN Xe CTOK B
asrycte (87.4 m3/c) umes mecto B 1987 r. u mpakTuye-
CKM HaXOJIWJICA Ha rpaHulle 6 1 7 KJIacCOB BOJJHOCTH.

B mapTe HauboJsiee BBICOKHUII CTOK peKu HabJIio-
nmancsaB 1996 r. (43.5 M3/¢) ¥ COOTBETCTBOBAJT 2 KJ1acCy
BOAHOCTH. MuHHNMAaJIbHBIN Xe oTmeuasicd B 2020 r.
(15.3 M3/c) 1 coOTBETCTBOBAJ 6 KJ1accy.

3.3. MakcuMmanbHbIA U MUHUMAaAbHbIN
CTOK

XapakTepruCcTUKH 3KCTPeMabHOIO CTOKa pac-
YyeTHBIX oOOecneyeHHOCTENl paccMaTpuBaeMbIX pek
(Puc. 2) pmatot mpepcraBjieHre 0 MacmTabax BO3MOX-
HBIX KojlebaHUN KX Pacxo/ioB BOABI B pa3Hble (azbl
BoaHoro pexuma. [na CejleHTM C BepOATHOCTbIO 1
% CTOK MOXeT U3MeHATbcA OoT 41.2 M3/c B mepuop
3uMHen MexeHn 1o 7300 m3/c BO BpeMs [OXIEBBIX
naBoAKoB. aKTUYeCKUH ke pa3Max KoJyiebaHUll cToKa
okasajicd ellfe Boimie - or 29.9 m3/c 3umoii 2012 r.
o 7620 m3/c (1 xyacc BOOQHOCTH) B maBoAoK 1936 T.
Heckosibko MeHbHINI NaBOJOYHBINI MaKCUMyM OTMe-
yajica B 1973 1. (7210 m3/c), KOTOPBIF OTHOCHUJICA YXKe
KO BTOpOMY KkJiaccy BogHOCTU. CieyeT OTMETUTh, YTO
B OTAeJIbHBbIe TObl MAaBOAKN OBIBAIOT BBIpaXKeHbI Ype3-
BBIYAliHO cyiabo u B 2004 r., HanpuMep, MaKCUMaJlb-
HBIF pacxoj] CoCTaBJisaI Toabko 1200 m3/c.

B mosyoBozbe pacxoasl Bomel CejleHTW 3HAUU-
TeJIbHO HUXe, 4eM B naBojku (cm. Puc. 2), yto oTpa-
KalT M JaHHBle Hab omeHui. MaKcHUMaJIbHBIA CTOK
BeceHHero moJioBoAbs Ha Ceserre (4200 m3/c) HabJ1I0-
pascsa B 1951 r. u O6bL1 3HAUUTEIBHO HIXKeE, YeM MaBo-
JOYHBIN, a B caMOe HU3KOe IOJIOBObe, KOTOpPOe IMpU-
xomuochk Ha 2007 r., oH cHuxasca no 874 m3/c. Emje
6oJiee cyleCTBEHHO pa3IM4yaloTcs Mexay coO00i MUHU-
MaJibHBIe pacxo/bl BoAbl CeJleHru B IepHUO]i OTKPBITOT'O
pycia u B 3uMHee BpeMs. AGCOJTIOTHBIN JIETHUN MUHU-
MYM CTOKa cocTaBiisut 459 m3/c, T.e. OBUT HA MOPAIOK
BBIIIIE 3LIMHETO.
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Puc.2. I'paHUIlbI KJTACCOB BOJHOCTU JJI1 MaKCUMAaJIbHOTO
1 MUHUMAJIBHOTO CTOKA peK.

Ha BepxHei1 AHrape MakCMMaJIbHBIN B TOAY CTOK,
B oTjinure oT CeJieHTH, IPUXOAUTCA Ha [IepHoJ] BeceH-
Hero cHeroTasgHuA. Haubospmmii pacxol, cocTaBJiAlo-
muit 2570 m3/c, 3adpukcuposan B 2007 T., B TO BpeMs
KakK B CaMbI{ BBICOKHMH MMAaBOJI0K, KOTOPBIHM Habr0AasICsa
B 1951 r., pacxoq BoAp! cocTaByst 1860 m3/c. CaMbrit
e HU3KHUI CTOK peku, cocTasJsmomui 40.5 m3/c, oTme-
yasica 3umMori 1980 r. B mepuon cBoGomHOro pycia
MHHUMaJIbHbIE pacxXoAbl BOJbI 3HAYWTEJIbHO BHIIIE —
or 91 o 419 m%/c. B cOOTBETCTBUU C OTMEYEHHBIMU
Ce30HHBIMU dJKCTpeMyMaMH cToka Bepxnell AHrapnl
abcosmIoTHasgA aMIUIMTY[la WX KoJieDaHUUl COCTaBJIseT
2530 m%/c.

Juia baprysuHa Bce ImokasaTeyid CTOKa II0JIy4u-
JIUCh 3HAUWTEJIbHO HIDKe, yeM i BepxHell AHraphl,
HeCMOTpsA Ha OJym3kue pasMepsl HX BOAOCOOPOB.
Pacxoapl BOABI AOXIEBHIX [IaBOAKOB Ha p. baprysun
B IIeJIOM BBIllle, YeM B II0JIOBOJb€, OJJHAKO 3a MepHuoj
HabmoneHuii ¢ 1933 r. MakcUMaJIbHBINL CTOK PpeKHU
nmocturan 1110 m3/c v 6611 3adUKCUPOBAH B IIOJIOBOIbE
1936 r., Torma Kak B caMblil BHICOKUI IaBOJOK OH OBLT
To16K0 909 M3/c. PacueTHBle mapaMeTpHl pacipeesie-
HHA CTOKA MOJIOBOABA 3a 1961-2020 rr. mpeamnosaraioT
CTOJIb BBICOKHE PacXOAbl BOJBI TaJIBIX BOJ C BEPOATHO-
ctei0 0,01 %, T.e. MmoryT HabmoaaTbes 1 pa3 B 10 000
jet. CieyeT OTMeTUTh, UTO OJIU3KOe MO BEICOTE MOJIO-
BoJbe uMeJio MecTo U B 1933 1. (848 Mm3/c), uTo Takxe
COOTBETCTBOBAJIO IIOBTOPSAEMOCTH He daille, 4yeM 1 pa3
B 500-600 ner. Taxkaa HU3KasA TeopeTHdYecKas Bepo-
SATHOCTh JJAHHOTO 3KCTpeMyMa, CBsf3aHa, KaK U B CJIy-
yae CO CTOKOM peku B uwoHe 1936 r., ¢ OTCYyTCTBUEM
OAOOHBIX 3HAUYeHUN B pacueTHOM Iepuoje. Cxoxas
cUTyalds XapakTepHa U JJIi MHUHKMAaJIbHOIO CTOKa
p.- BaprysuH, B 0co6eHHOCTH 3UMHero, HauMeHblllee
3HayeHue kotoporo (12.4 m3/c) mpuxomaurcs Ha 1945
., TaKXXe He BXOJAIIUN B pacueTHbI nepuoi. OgHako
yKa3aHHBII MUHAMYM COOTBETCTBYET peaJIbHOH Teope-
THYeCcKol MoBTopsseMocTy (okosio 1 pasa B 100 jert)
OJ1arogaps HaaW4uio B JaHHBIX 1961-2020 rT. HeCKOJIb-
KUX OJIN3KUX K HeMy 3HaueHU.

B seTHIOIO MeXeHb CTOK PeKHU 3HAuMTeJIbHO
BhHIIIle ¥ 3a Becb Iepuoj HabyroeHull M3MeHsICA B
mpefnesnax ot 52.5 (1933 r.) no 268 m3/c (1949 r.), T.e.
oba sKcTpeMyMa B pacueTax pacupefesieHHs CTOKa He
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y4acCTBOBAJIU, IO3TOMY Pe3YJIbTATHl ONpe/esieHUs rpa-
HUYHBIX 3HAYeHUI CTOKAa MOTYT OBITh HEJOCTATOYHO
KOPPEKTHBIMHU.

3.4. AHOMaABHO peaAKHe NoKa3aTenu
BOAHOCTH

B nesioM, B COOTBETCTBUHU C NPOAOJIKUTEIBHO-
CTBI0 pacueTHOIrO Ilepuofa, cocTapjAomeldl 60 e,
MakcUMaJIbHble ¥ MHWHUMaJIbHble 3HaueHWs paccMa-
TpUBaeMbIX IoKasaTeJsiell UMeloT o0ecre4eHHOCTh 1-2
1 98-99 %, 4TO COOTBETCTBYeT MOBTOPAEMOCTU ITUX
skcTpeMyMoB 1 pa3 B 50-100 snet. OgHako, Kak ObLIO
BUAHO BBHIIIe, TOJOBOM NPUTOK B 03ep0O CHUXAJICA IIO
mauHbiM (Adanacee, 1967) no 32.2 km®B 1903 1., a B
1932 r. moBeimasicsa o 98.7 km®. BepoATHOCTb HACTY-
IUIeHUs Takoro kak B 1903 r. majioBoabs, HanpuMmep,
cocrasJigeT 0.1 %, T.e. MOXeT MMPOMU30NUTU BCEro OAUH
pa3 3a 1000 snet. OueHnBasA OOCTOBEPHOCTh yKa3aH-
HBIX 5KCTPEMyMOB cJeflyeT OTMeTUTb, IIpexie BCero,
YTO 3TO pacyeTHBIE BeJIMYMHBL, TaK Kak HabJroJeHuA
3a CTOKOM KpYIHBIX 6alikaJIbCKUX peK B TO BpeMs ellje
He IIPOU3BOAWJINCH. [/ BOCCTAaHOBJIEHUS NAHHBIX IIO
nputoky 3a 1901-1932 rr. A.H. AdaHacseB 1CNOIB30-
BaJl 3aBUCUMOCTb MeXAYy 'OJOBBIM CTOKOM p. AHTraphl
B MCTOKe W TOAOBOY NPUTOYHOCTBIO, NOCTPOEHHYIO
3a 1933-1958 rr. u xapakrtepusywiuywcsa Kodbdunu-
enToM Koppemanuu 0.997. HecmoTps Ha 5TO, Haex-
HOCTb BOCCTAHOBJIEHHBIX JaHHBIX TpeOyeT IOBTOPHOIO
paccMOTpEeHUA € UCII0JIb30BaHNEM COBPEMEHHBIX IIpefl-
cTaBjieHHl o (popMHpOBaHUM CTOKa B OacceiiHe O03.
Batikan u npuByiedeHreM AONOJIHUTEIbHBIX MCTOYHU-
KOB MHpoOpManuu.

To ke OTHOCHTCA U K MaKCUMaJbHOMY CTOKY
BeCeHHero IMoJIoBoAbs p. baprysuH, gocrturaromemy
B 1936 1. 1110 m3/c. TeopeTnuecku, O TaKUX 3Haye-
HUI CTOK PeKd MOXeT IOBHINATHCA JIUIIb OAUH pas
B 10000 netr u B 1936 r. 5TOMYy JOOJIXHBEI OBLIN CIO-
coOcTBOBaTh KpaliHe aHOMaJIbHble yCJIOBUA CHEroHa-
KOIUIeHUsA M cHeroTtasHuA. [IpyHuMas BO BHHUMaHue,
YTO MHCTPYMeHTaJIbHBle N3MepeHHsA pacXoJi0oB BOJHI B
NOAOOHBIX CJIy4yasAx dallle BCero HeBO3MOXHEI, AOCTO-
BEpHOCTb OTMEYEHHOI'0 3KCTpeMyMa Takxe TpebyeT
JIOIIOJTHUTEJIbHOU nTpoBepKu. IIpu aToM ocoboe BHUMA-
HUe JOJDKHO OBITh yAesieHO TpaHcopMaluu ycaoBUN
dopMupoBaHusa CTOKA, aHTPOIOreHHOe Npeobpa3oBa-
HHe KOTOphIX (BBIpyOKa JiecoB, pachnaiika 3eMesib) B
bacceiiHe peKUu aKTUBU3UPOBaJIoch ¢ 1950-x rrT.

[Ipy mjaHUPOBAaHUN BaXXHBIX BOAOXO3ANCTBEH-
HBIX MEpOIPUATUM OTMeYeHHble peJKue TI'MAPOJIOTH-
yeckye COOBITHSA, B ciyyae MOATBEpPXAEeHUA UX AOCTO-
BEpHOCTH, AOJDKHBI MOJJIeXaTh y4eTy C NpoBeleHueM
MIOBTOPHBIX pacueToB [TapaMeTpoB pacipeesieHUs.

4. 3aknioueHue

[TosryyeHHBIE Pe3yJIbTATHl IO3BOJIMJIN OLIEHUTh
rmapaMeTpsl MHOTOJIETHEH W3MEHYMBOCTH U OCOOeH-
HOCTH paclpe/ieJIeHUsl NPUTOKA IIOBEPXHOCTHBIX BOJ
B 03. Bafikay 1 cToKa ero rjaBHBIX IPUTOKOB 3a eu-
HBIN pacueTHBIN nepuof (1961-2020 rr.), crpynmupo-
BaB HCCJIe[lyeMble IOKa3aTeJ B 3aBUCUMOCTU OT HX
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obecrieueHHOCTU B CeMb KJacCcOB BOAHOCTU. JlaHHas
muddepeHIualysa MO3BOJIAET ONEPUPOBATh YHCJIEH-
HBIMM 3HauYeHUsAMU KpUTepHeB BBICOKON WU HU3KOU
BOJHOCTH M MCKJII0YAeT HEeOJHO3HAYHOCTh HUX TOJIKO-
BaHUsA. 3a paccMaTpuBaeMble T'OJibl KJIacChl KaTacTpo-
(pruecku BBICOKOI MJIM HU3KOM BOJHOCTHU B F'OJOBBIX U
MeCSYHBIX BeJIMYMHAX MPUTOYHOCTH, a TaKXe XapakKTe-
puctuk croka CeyieHru, Bepxneii Aurapsl u Bapry3uHa
HabJIojauch NpeuMyllecTBeHHO He O6oJiee OHOTO
pasa. B To xe Bpewms, 3a OoJjiee paHHUE TOfbl, HaXO-
Jsmuecs 3a npejejlaMyd pacuyeTHOro nepuoja, UMerT
MeCTO 3HaueHUs MPUTOKAa U pacxXofbl BoABI pek OoJjiee
peaxoii NoBTOPsAEMOCTHU. B yacTHOCTH, HU3KUI TPUTOK
B 03. Barikasm B 1903 r. 1 CTOK BeCeHHEro II0JIOBObS
p- baprysun B 1936 r. cOOTBETCTBYIOT ITIOBTOPAEMOCTHU
ofauH pa3 B 1000 set u pexe. Takue ciydyau TpeOyrOT
OTJIeJIbHOTO PacCMOTPEHUs ¢ MPOBEPKON 1OCTOBEPHO-
CTU HaOJTIOeHHBIX SKCTPEMYMOB U PUHATHUSA pellleHu!
0 I[eJiecoo0pa3HOCTU pacUIUpPeHUs] pacueTHOro Iepu-
OJ]a U BHINIOJIHEHMSI TIOBTOPHBIX PacyeToB.

Juana3oH kKojiebaHUI IPUTOKA U CTOKA pPeK BHY-
TPU OTHAEJIbHBIX KJIaCCOB OIpejesisieTcsl IMPUHATHIMU
rpa’HuiamMu obecleueHHOCTHU, MO KOTOPBIM OCYIIecT-
BJIsleTCs paz/iesieHre Ha KJIacChl pa3IMYHON BOAHOCTY,
a Takxe BHIOOPOUYHBIMM IapaMeTpaMU paclipefieleHNsA
HCIIOJIb3yeMbIX psAfoB. [Ipucymias cTOKOBEIM peasin3a-
UM aCHMMETPUYHOCTb paclpefiesieHUsl onpefesisieT
CyXeHHe I'pPaHMI] OTAeJIbHBIX KJIACCOB [0 Mepe CHUXe-
HUA Kjacca BOJHOCTH.

711 mpakTU4ecKOoro HCIOJIb30BaHUSA IOJIy4YeH-
HBIX pe3yJIbTaTOB, OUeBUHO, TpeOyeTcs hccaeJoBaHe
JPYyruX BapUaHTOB, C WHBIMM TPaHUIIAMU U YHCJIOM
rpajaiuii BOOAHOCTH, TaK KaK IPU pPacCMOTPEHUM KOH-
KpeTHOI Mpob6jeMbl ONTUMAIbHBIM MOXET OKa3aThCs
WHAUBU/YaJbHBII BapuaHT pellleHNs, B TOM 4UCJIe U
C pa3HBIM NEPUOAOM OCPeNHEHUs WCXOOHBIX JaHHBIX.
JJis oTHesIbHBIX BOLAOTOKOB B 3TOM ILJIaHE IIeJIECOO-
O6pa3Ho IpuBJIeyeHNe K aHaJIN3y XapaKTepUCTUK Mak-
CHMAaJIbHOI'O 1 MUHMMAaJIbHOI'O CTOKA, JAroIliee BO3MOX-
HOCTh OLIeHKH aOCOJIIOTHOHM aMILIUTYIbl KoJieOaHUil
pacxonoB BOAH peK U 6ojiee 0OBEKTUBHOIO MOAX0/ia K
BHIOOpY TOTO WJIM WHOTO BapuaHTa BblJieJleHuA rpaja-
LU BOOHOCTH.
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