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The influence of the parameter y choice on the
variation of the pressure and flow rate, when the
valve is closed at the end by the gravity feeding of
the pipeline
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Abstract. A study of the change in pressure and flow in a pipeline that is connected to a tank (point B) having a constant water level
for the entire time of the transition mode phenomenon, which occurs during the closure of the valve located at the end of the horizontal
gravity of the pipeline (point A). Closing of this valve is performed in three ways - instantaneous, sudden and slow mode, the closing
operation of the valve is expressed through a function of the time t and the parameter y, characterizing the form of closing the section
of this valve, y can vary in the interval [0,7-1,5]. Variables of pressure and water flow rate at points (Qf, Hf), (QE,HE) u (Qf, Hf ),
at any instant t, respectively, to the gate valves, the tank and in the middle of the pipeline (point C), will be determined in two ways,
the graphical method is the well-known Bergeron method, and the second is the analytical method of characteristics.

Keywords: the transition mode; gravity of the pipeline; instantaneous, sudden and slow mode; Pressure and flow variables; Bergeron
graphical method; analytical method of characteristics.

Introduction

The aim of this study is to analyze the pressure and flow rate variations of a horizontal pipe, connected upstream
to tank point B, ( Fig. 1.). These variations occur during a transient regime [1] and result from the excitation of a valve at
point A ( Fig. 1), located at the downstream end of this pipe, which is closed in three ways either instantaneously, sudden
and slow mode, and gives rise to a transient flow regime along the pipe. The closing of the valve takes place according to

Y
a law which is a function of time t and a parameter vy: (n = (1 - tL) ), that characterizes the shape of the variation in
cl,

the obstruction of the section ® of the valve [2]. The degree of closing is a parameter | that changes from 0 down to 1
according to the state of the valve. For an initial time (¢ = 0), the degree of closing is equal to unity (n = 1), this means
that the valve is completely open. Whereas for ( t = t,; ), the valve is closed and the parameter is equal to zero (n = 0).
This is valid for the three cases: y = 1.5, y = 1, y = 0.7 [2]. Nevertheless, in the time interval (0 + ¢ <t< t,; — € ), each
case changes differently. For the first case having an exponent greater than unity (y>1), the change of the closing degree
leads to rapid decreasing sections at the beginning of opening but later at the end of closing the decrease of sections is
slower. On the other hand, when (y = 1), the degree of closing is linear having a shape of a straight line: ax + b, with

slope: - ti, this implies that the opening sections vary in the same way. Finally, the opposite occurs for the third case,
cl

whose exponent is less than unity (y < 1), the variation of parameter 1, increases rapidly at the end of the closure and
slowly near the beginning of maneuver [3, 4]. The opening cross-sections of the valve in the time interval 0 + & <t<
t. — &, for an exponent greater than unity y = 1.5 are less than those in the case of a (y = 1). The inverse occurs for the
case of an exponent smaller than unity (y = 0.7), where the aperture sections are much larger than the first two cases (y =
1.5andy = 1), (Fig. 2).

The variables at the points (Qf , HY), (QF , HE) et (QF , HY), at any moment in time t, that are located,
respectively, at the valve, at the tank and at the middle of the pipe, will be determined using two methods. The first one
is graphical and called Bergeron method where the variables are determined in the Q, H plan [5, 3]. The second one is
analytical and called method of characteristics [6, 7], in this method the variables are determined in the x, t plan [8]. These
two methods are applied for the three parameters y = 1.5, y = 1 and y = 0.7, with the same closing time, expressed as a
phase t,; = 26.
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Fig. 1. Gravity feeding pipe with unique characteristic

Fig. 2. Time variation of the closing degree, n = f(t)

We report on (Table 1), the geometrical and cinematical data, the initial conditions of the studied pipe and also the
results of the variation calculations of the valve closing degree 1.

Table 1
Data and initial conditions of pipeline with unique characteristic
Wave
Hy=150 m Qo= 0.477 propagation L=600m D=05m |w=0.19625m?
m>/s speed :
a=1143 m/s
Degree of The equation that The time of Closure time
Cl(l)smfg o th; expresses the a phase in expressed in Closing time in seconds
Vvalve or cac closing of the seconds h -
phase valve 0=2L/a e t=2ls
Y te=
= (1_t£f) Q.= QoM =1.05s f
Time variation of the valve closing degree
0 0 0.5 1 1.5 2
t=0:[s] 0 0.525 1.05 1.575 2.1
y=1 1 0.75 0.5 0.25 0
n y=15 1 0.64952 0.35355 0.125 0
y=0.7 1 0.817604 0.615572 0.378929 0

Purpose of the study : The aim of this work is to determine the variables Q7 , H#, QF , HE, and Qf , Hf at any
moment in time [8], using two methods in order to validate the calculation results and to study the influence of these
three values of the parameter (y) on the pressure and flow rate variables at the points A, B, C, for the same closing time
say : t,; = 20. We also perform an analysis for the first case (y = 1.5) that will be applied for four different closing times
ter = 0.250, 0, (sudden) and 26, 36 (slow). All this in order to see the impact of the closing time on the variations of
variables at points A, B, C. The characteristic curves for each considered time are expressed in term of phase that will be
represented by the function (3): Yo Vo6, Yo, Y150, Y2, (fig. 3). Exponents of the closing equation given by supplier: y
=1.5,y=1 and y = 0.7, for each type of valve [2]. The complete opening condition of the valve is referred by the function
Yo (3), at the initial time, before excitation, the curve of {1, must meet the tank characteristic at ordinateH,, with respect
to the pipe axis, and abscissa Q, this pressure load H; is constant all the way of the valve closing operation and during
the transient regime of water hammer effect for the three cases.

The flow rate through the valve at any point in time can be considered as a flow through an orifice and can be

written as follows:
Q: = Crw+/2gH; , (H

C,: Flow coefficient; w,: Instantaneous pipe cross section in time t ; H,: Pressure load, on top of the water column, in
meters, exerted on valve in time t. Complete opening corresponds to permanent regime (Qo, Hy), the equation is:

Qo =Cowo +/29H, . (2)

The load H,, is maintained at a constant level, with_respect to the horizontal axis of the pipe. During the closing of

the valve, in an instant of time t, the initial cross section w, decreases and becomes equal to w,. The speed in this time

point t, decreases, which leads to a pressure variation equal to AH, with respect to the initial load H,. That is why the

pressure H; becomes equal to: H,= Hy+AH. The variation of the flow rates in permanent and transient regimes leads to a
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proportionality coefficient 1, which depends on valve closing degree, on the shape, on the cross section variation of the
obstruction at time t and that depends also on the coefficient y, that will be given by the supplier for. The cross section w,
and the closing degree coefficient must be equal to unity: m =1 at time: t = 0 and for a complete closing, the coefficient
vanishes = 0 at the time: t = t; , that’s why this coefficient must be within the interval 0 < <1. Then from (1) and (2)
we have:

Q¢ = ke He (3)
where : K; = 2% in= ““t  The results of K, are reported on Table 2. The closing is said to be instantaneous when ¢t
\/H_o CoWo

= 0, it is said sudden (progressive) for : 0 < t,; < 6, it is said slow when t,; > 6. The phase 0 is the time necessary for
a wave to perform, at the time of excitation (either accidently or willingly) a round trip and return to the valve
[81:0=2L/a=1.05s.

Bergeron graphical method. In the case of a horizontal axis pipe which is positively oriented in the opposite
direction to the flow and having a single characteristic connected upstream by a reservoir at point B, the load of which at
this point, with respect to water plan, is constantly equal to Hy=150 m H, downstream of this pipe and at its end there is
a valve at point A, which is forced to close for 2.1 seconds, say of phases 26.

Table 2
Time variation of the closing degree of the valve and flow rate, for y = 1.5
n _1Q
y=15 Hym Qo m3/s nQo \/H_o Kt_\/_HO
1 150 0.477 0.477 12.2475 0.03894672
0.64952 150 0.477 0.30982 12.2475 0.02529659
0.35355 150 0.477 0.16864 12.2475 0.01376934
0.125 150 0.477 0.0596 12.2475 0.0048663
0 150 0.477 0 12.2475 0

Bergeron graphical method [5], allows us to determine the evolution of the variables H,Q during the transient
regime of the flow. For instance, at the point A: Aysg, A1g, A1se, Azg and A, s, at the point B: Bysg, B1g, Bise,
B,g and B, g and at the point C: Cy -5, C1g, Ci256, Cise €t Cq759- The graphical Bergeron results are shown in Fig.
4.

The variables (Q4 , H5) at t =0 : In order to determine the variables Hj and Qj at point A, of the transient regime
of the flow, at time t = 6, one needs simultaneously two equations. The first one is the equation of the characteristic Yg (3).
The second, is the equation of the negative characteristic of the Bergeron line with a negative slope: tgo. = — ag/w, in
the Q,H plan. For which the man of Bergeron [5], moves at the propagation speed of forward wave (+a), according to the
characteristic c+, in the (x, t) plan, starting from the point B at the time t = 0.56, in the positive direction of the flow in
order to join the valve, at point A, at t = 0, whose closing degree at this moment is a 35.35% of full the section w, (Table
1), for y = 1.5. The flow regime at point B at t = 0.56 remains permanent, because the backward wave lasts half a phase
starting from the point A, to reach point B. The two equations can be written as follows. The first is represented by the
function U, : Qi= keVH . The second is the equation of Bergeron line with negative slope:

Hgso- Hy = - tgox (Qfso - Q8 )- 4
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Fig. 4. Pressures and flow rates using Bergeron graphical method at points A (valve), B (reservoir) and C (middle of pipe)
versus time in H,Q plan, for y=1.5,y=1and y=0.7

The determination of these two variables is essentially based on the graphical Bergeron method (Fig.4). The
intersection of Bergeron line passing through the point B, being in the permanent regime, of coordinates (H,,Q,), at time
0.50 and with slope: tga = — ag/w, with the function r,—g. The intersection of the two functions determine the
coordinates of these two variables Qé“, Hé“, in the H, Q plane, at t = 0. The same technique is used for the variables at any
intermediate time Hglsg , Qf'se.

The variables Qi <, , Hj 5o at t = 0.50 : In order to determine these two variables, one needs the characteristic
Yo s¢ and the same negative characteristics of the Bergeron line, with negative slope tgo = — ag/w, in the Q, H plan,
for which the man of Bergeron moves with the same forward propagation speed (+a), according to the characteristic C*,
in the x, t plan, starting from point B at t = 0, in the forward direction of the flow to reach the valve, located at point A,
at t = 0.50 and whose closing degree at this point of time is a 64.95% of the full cross section w, (Table 1 ), for y =1.5.
The Bergeron straight line will pass through the point B att= 0, whose flow regime, at this point of time, is still permanent
(initial), respectively the abscissa and the ordinate (QZ, H ). The intersection of these two characteristics determines the
variables Q¢'sg, Hy'sp in the Q,H plan att= 0.5 0.

The variables Q5 , Hf at t = 0 : Knowing the flow regime at point A of the variables predetermined
Q4'se, Hi'sp, the man of Bergeron arriving to point A at time t = 0.5, must return back in a positive characteristic of
Bergeron straight line, in the Q,H plan, and according to a negative characteristic C-, in the x, t plan backward. Its motion
with a celerity that lasts half a phase to reach the point B at time t = 6. This line crosses the horizontal load plan with
constant height H = H,, giving the variables Q§, H§, the variable H§ must be in the same plan and must be equal to H,
(permanent regime). The values of these determined variables will be used as initial conditions to determine the flow
regime in the point A at t=1.5 0.

The variables Q% -, , HY -, at time t = 1.5 0 : Knowing the flow regime at point A of predetermined variables
Q&, H§, located at the interse, when the the man of Bergeron arrives at point A at t = 0 it returns back following a positive
characteristic of the Bergeron line, in the Q,H plan according to a negative characteristic C~, in the X, t plan, with a celerity
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a that will last half a phase to arrive at point B at t = 1.5 6, the intersection of this line with the invariable horizontal load
plan with constant height H = H,, gives the variables QFq, HY5q, the variable HZ;q must be on the same plan and thus
equal to the initial load H, (permanent regime). The determined variables will be used as initial conditions in order to find
the flow regime at point A at t = 2 6. The procedure will be done for both points A and B at equidistant times separated

by an interval equal to half a phase until the phenomenon repeats in an identical indefinite manner, due to the absence of
pressure drops.

The obtained results are reported in table 3.

Table 3
Variation of pressure and flow rate at points A and B
y=15 y=10 y=0.7
o QA QB HA HB QA QB HA HB QA QB HA HB
m3/s m m3/s m m3/s m

0 0477 | 0.477 150 150 | 0477 | 0.477 150 150 0.477 0.477 150 150
0.5] 03698 | 0.477 | 213.68 150 | 0.405 | 0.4053 |192.55| 150 | 0.4269 | 0477 | 179.5 | 150
1 | 0.2358 | 0.263 | 293.22 150 |0.3086 | 0.3336 | 250.2 150 | 0.3567 | 0.3768 | 221.4 | 150
1.5] 0.0781 |-0.005 | 259.33 150 | 0.155 0.14 |255.65| 150 | 0.2269 | 0.2372 |238.42| 150
2 0 -0.106 | 146.75 150 0 -0.0223 | 232.63 | 150 0 0.0789 129037 | 150
2.5 0 0.005 87.2 150 0 -0.14 | 136.87 | 150 0 -0.2372 |196.87| 150

The variables QS 554 , HS 550 at time t =1.25 0 : To determine the variables in the middle of the pipe (point C),
at time t =1.250 we need two characteristics of Bergeron line and the two mans of Bergeron must move simultaneously
the characteristics C~ and C* in the (x, t) plan with celerity Fa. The first moves backward whereas the second moves
forward, having respectively positive and negative slopes tga = + ag/w. The Bergeron lines starting simultaneously
respectively from points A and B at t = 0, having a known and predetermined flow regime Q§, H§', Q§, HE, in order to
arrive at point C at the same time t = 1.2560, The intersection of these two lines determines the flow regime at point C,
Qf 56, HE 556, The equations of the two lines are:

H§'- Hi 550 = tgo #(Q5- Qf 250 ) » ®)

Hg- Hy 350 = - tga *(Qf - Qf 250 ) - (6)

The procedure is done for the set C, at equidistant successive time steps with time interval of quarter a phase until

the phenomenon repeats in an identical indefinite manner, due to the absence of pressure drops. The graphical obtained
results (fig. 4), are reported in Table 4.

Table 4
Flow rate and pressure variation at point C
y=1.5 y=1.0 y=0.7
0 QC HC QC HC QC HC
m3/s m m3/s m m3/s m

0.25 0.477 150 0.477 150 0.477 150
0.75 0.3683 213.675 0.4053 192.55 0.4269 179.75
1.25 0.129 229.508 0.2364 207.725 0.3068 191.575
1.75 -0.0556 179.775 0.0584 197.925 0.1577 196.75
2.25 -0.0502 116.85 -0.0812 184.975 -0.0785 243.475
2.75 0.0556 120.25 -0.0589 101.955 -0.1572 103.55
3.25 0.0502 183.025 0.081 115.15 0.0785 56.525

Analytical Method based on method of characteristics : the second method is called method of characteristics
[9], allows us to deduce the flow rate and pressure variations at different locations in the studied pipeline using formulas
below and graphic interpretation [10, 11] in (fig.5).
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Fig. 5. Diagram (K): for calculating pressures and flow rates at any time at points A, B and C in the plane (x, t) by the
method of the characteristics; diagram (W): explanation of the calculation of points: B0, A0, B0.5, A0.5, by the method of
the characteristics

Having a permanent flow at point B that lasts half a phase before the reflection of the overpressure wave and
. . . . . . d
becomes a foreward despression wave. From the following equations [2, 12], momentum equation (dynamic equation): 6—:

d . . . . d 29 . .
+ a—: +A % = 0 and mass conservation equation (continuity equation): 6—1: + %i, we obtain a system of two pairs of
equations with total derivatives, representatively according to the positive (c +) and negative (c-) characteristics, which
form the basis of the method of the characteristic, pairs are represented by the straight lines in the plane (x,t), (fig. 5):

dH  adv | aAv|v
dH | adv Ivi

+2 =0
dt dt 2gd
cryde ede zed %)
a=v+a

dt gdt 2gd
C™ dx . (8)

The variables Qf, H4 at time t=0: From (4) The equation of the positive characteristic becomes:
H§ = Hgso- tgaQ + tgaQqgsg » and Cp = Hyso+ tgaQg se, we get:
Hg =Cp - tga Qj ©)

A\2 2
and tgo = % : slope of the Bergeron characteristic line. From (3): Hf = (g—i) , by substituting (kg)2 with 2(727+°) = Cy,
6 0
2 Ay 2
we get : Cv = (nZQTO) , hence (i—i) = Cp — tga Qf ; the last equation can be transformed into the following second degree
0 ]

—B+VA

equation : (Qé“)2+ 2cv tgaQf - 2cv Cp = 0, for a positive solution : X{1= > 0, and we obtain :

Q4 =- Cv tga+/(Cv tga)2 + 2Cv Cp . (10)
Initially at point B for t = 0.50, we have : Hgsp= Ho= 150 m and QFsp = Qo= 0.477m3/s. The results are reported
(table 5).

Table 5
Results of Q4 and Hj, for y=1.5
- —(1-L 1Q0)?
tga=_" | n=0-0" | Cv="0e | Cp=HisottgaQlse | Q5 (10) | HY ()
593.70 S/mz 0.353553 0.0000948 433.1943 m 0.23578 m3/s 293.2164 m
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The variables Qf 5, , Hj 5o at time t = 0.5 0: For the same point A, at time 0.50, in this case, the valve closing
degree is 64.95% of the complete cross section (table 1), same calculations are identically , we get Q4 sg=0.36975 m3/s
and H{s,=213.612 m. Say a total applied pressure, at point A, on t = 6, at the arrival of the reflection with to the valve
whose closing degree at this moment is 35.35% of the full cross section (y=1.5), the value of the pressure is 293.21 m,
will be compared with the predetermined valued deduce from the graphical Bergeron method, that is 293.22 m, giving
practically the same value.

The variables Q5 , H5 at time t = 0: In order to determine this variables, we need two equations; the first one is
the negative characteristic, having a starting point as point A at time t = 0.50, in this case, the propagating wave moves
backward and arrives at point B at time t = 6, the second equation is the horizontal line corresponding to the pressure
load which constantly equal to Hy= 150 m, from (4), we can write : Hf = H{'sg + tga * (QF — Q@'sg), so CM =H{sg —
tga * Qflsy , we get the following equation:

Q6 = (Hg —CM)/tga. (11
Table 6
Results of calculations of Q5 et H5 for y=1.5
Hg=H, CM = Hgsp — tgot* Qgise Qs =(Hg —CM)/tga
=150 m =213.612-593.7 % 0.36975 =-5.900575m |=150+ 5.900575/593.7 = 0.26259 m3/s

The calculations for different times are repeated in an identical manner for several phases in [0 - 98] and at
intermediate times [0.50 - 8.50] for points A and B. The results for (QF, Hf) are in (Table 6).

The variations Q5,50 , HS 754: In order to determine this variables, two negative and positive characteristics are
necessary, respectively for which the first is the backward wave propagating against the positive flow having A as a
starting point at t = 0.56, in the same time, the second is a forward wave, has B as starting point, and propagates with the
flow; these two characteristic lines meets at point C and in the ( x, t) plan corresponding to time t =0.756 at this location.
From (5) et (6) we can write, respectively the two positive and negative characteristic lines CP et CM as follows:

Hg7so = Hy 5 — t80* (@575 — Qase)s 50 : Cp = Hose+t80Q0 56, Horse = Hose +tgax (Qg7se — Qfse), from where :
CM = H{sp — tgaQpse; by adding the above two equations we get the variables at point C [12, 13].

Hg756=(Cp + CM)/2, (12)
Q5756 = (Cp — CM)/2tga . (13)
Table 7

Results of calculations of Q... and HE ., , fory=1.5
Cp= HgsettgaQpsy | CM = Hyse — tgaQ5s Hg7s9= (Cp +CM)/2 | Q5759 = (Cp + CM)/2tga
433.162675 m -5.878475 m 213.64 m 0.3675 m3/s

The results Q5 ,s¢, Hs 759 are presented in (Table 7). The remaining calculations for point C at time steps 0.256,
1.256, 1.750, 2.256, 2.756, 3.250 and 3.756, using the two equations of the positive and negative characteristics. The
intersection of the two lines , gives the variables at that point.

For all the variables H, Q of the points: B, C and A, at different times, a program code written in Fortran (Fortran
77) was established and validated by the results determined in advance by the Bergeron graphic method. The results
obtained by this method of the characteristics are presented in the figures below, for the values of 0: [0 - 9 6] and for the
three cases: y = 1.5, y =1 and y = 0.7, for closing time = 26.

-'J_Lr_Bm/s 7 Hm

Ho U U E—

0.4 \ 140
\
)\

Fig. 6. Variations of flow rate Qg (m3/s), at tank (point B), Fig. 7. Variations of pressure Hp (m) at tank (point B),
versus phase 0, for closing time £.,,=20 versus phase 0, for closing time t.,=20
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Fig. 11. Variations of pressure H, (m) at valve (point
A), versus phase 0, for closing time =20

This program is also used and exploited for a different closing times t = 0.256, 6, 2 0 and t = 36, for a case of
vy = 1.5, because this last parameter gives efficient results of overpressure and depressure, with respect to the two
parameters of y = 1 and y = 0.7, for the values of 6 in [0; 9 0]. The results are presented in the figures below.
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Fig. 12. Variations of flow rate Qg (m?/s), at tank
(point B), depending on different closing times
t, =0.250, 6.20 and 30, for y=1.5
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Fig. 13. Variations of pressure Hp (m), at tank (point B),
depending on different closing times
t.; = 0.250, 0.20 and 30, for y = 1.5
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Fig. 14. Variations of flow rate Q. (m?/s), at point C, for Fig. 15. Variation of pressureH; (m), at point C, for
different closing times t.; = 0.250, 0,20 and 30, for y =1.5 different closing times t.; = 0.250, 0.20, 30, for y = 1.5
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Fig. 16. Variations of flow rate Q4 (m3/s), at point A, for Fig. 17. Variation of pressure H, (m), at point A, for
different closing times t.; = 0.250, 0.20 and 30, for y = 1.5 different closing times t.; = 0.250, 0.20, 30, for y = 1.5
Conclusions

The results obtained by the two methods, Bergeron's graphical method and the numerical method called the
characteristic method, are identical, which confirms the reliability and accuracy of the calculation results.

From the results of the numerical method (characteristic method), from the values of Hg', for a closure time t,;, = 26,
we notice that in [0; 9 0], that the results relative to the y = 0.7, at the point A (valve), the overpressures and the depressure
respectively are repeated in a periodic manner and indefinite due to the absence of loss of pressure; the maximum value
equal to 290.7 m and a minimum value equal to 9.7 m. These values are remarkable and considerable compared with
those resulting for y = 1 (Hfiq, =232.55 mand H;A;,,=67.45 m) and y = 1.5 (H/4q, =212.73 m and H;A;,=87.26m) which
a repeat periodically. These pressure values for y = 0.7 can then exceed the load-carrying capacity of the materials for the
pipes with low resistance, which is why they can lead to the destruction of pipe construction following the process of this
phenomenon of a water hammer; y = 1.5 gives reliable results compared with the y = 1 which results in the following
relations: HA (v =1.5) < HA (v =1) < HAge(y=0.7) and HA,,(y = 1.5) > HA4,, (y=1)> HAa,, (y=0.7).

From the following figures: (Figure 12 - 17), we make the following conclusions:

For 0 < t; < 8, the maximum values of H,.,x = 433 m are always given for valve (point A) and in the middle of the pipe

(point C), this condition being considered as an sudden (progressive) closure. This value can also be obtained using the
Zhukovsky formula. For t,; > 6 , this closure is considered as a slow closing, the more closing time is long (t,; > 6 = 2;1

) the more protection of hydraulic infrastructure equipment against the phenomenon of water hammer (pipes, valves,
meters, check valves, ...).

Bruius BuOOpy mapaMerpa y Ha 3MiHY THCKY | BUTPATH, IPH 3AKPUTTI 3aCYBKH Y
KiHIi TPyOOnpoBoay 3 0e3HANIPHUM MOTOKOM

B. Xorrac, C. Xe3ia

Anomauia. Bueuenns sminu mucky i eumpamu ¢ mpyoonpoeooi, axuil 3'€Onanuil 3 pesepgyapom (mouxka B), axuil mae nocmiinuil

pi6enb 600U YNPOOOBIUC NEPexiOHO20 pedCuMy, wjo 6i00yeaecmvcsa nid yac 3aKpumms 3Acy6KU POSMAUOBAHO20 HA KiHYyi
2OpUBOHMANILHO20 CAMONPOMOYHO20 MpYOOnpogody (mouxka A). 3axkpummsa yiei 3acysKu, BUKOHYEMbCA MPbOMA Cnocobamu -
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MUMmeSUM, panmogum abo nocmynogum. Onepayis 3aKpummsi 3acy6KU 8UPAdXICAcmbCsl yepes GYHKYIio 6i0 yacy t i napamempa y, uwo
Xapaxmepu3sye (popmy 3akpummsi cekyii yici 3acyexu, y mooice 3minoeamucs 6 inmepsani [0,7-1,5]. 3minni mucky i eumpamu 6o0u 6
mouxax(Qf , HA), (QE , HE) i (Qf , Hf), 6 6yov-saxuii momenm uacy t, 6ionosiono, sacysku, pesepeyap i 6 cepeduni mpy6onpoooy
(mouxa C), 6y0ymb usHauamucsi 060Ma CnOCOOAMU: 2PAPDIUHUM MEMOOOM, 8I0OMUM 5K Memoo bepoicepona, a Opyauil € aHanimuuHum
MemoooM XapaKmepucmuxu.

Kniouosi _cnosa: nepexionuii peswcum, 6esnanipnuii mpybonposio, Mummesutl, panmoguii i nocmynosuil cnocio, 3MiHHi mMucky i
sumpamu, epaghiynuti memoo bepoicepona, aHarimuuHuLl Memoo XapaKmepucmuxu.

Biusinue BbI0Opa mapaMeTpa Y Ha H3MeHeHNe JaBJIeHHs U pacxoja, npu
3aKPBHITHH 32IBHKKH B KOHIIE TPYOONPOBO/Ia ¢ 0€3HATIOPHBIM MOTOKOM

B. Xorrac, C. Xe3ua

Annomayusn. Hzyuenue usmenenus 0asnenus u pacxooa 8 mpybonposooe, KOmopbulil COeOuHeH ¢ pezepgyapom (mouxa B), umerowum
NOCMOSIHHbLIL YPOGEHb 00bL 8 MeUeHUe NEPEXOOHO20 PEANCUMA, NPOUCXOO0SUE20 B0 BPEMSL 3AKPLIMUSL 3A0BUICKU PACNONONCEHHO20 HA
KOHYe 2opU3OHMAnbHO20 Oe3HanopHozo mpybonposooa (mouka A). 3axpwvimue 23moil 3a08UNCKU BLINOTIHACIC MPeMs CHOCOOAMU —
MEHOBEHHbIM, GHE3ANHbIM WU NOCHENeHHbIM, ONepayusi 3aKpblmus 3d08UIICKU GbIPAJCACMCS Yepe3 QYHKYUio om epemenu t u
napamempa y, Xapaxmepusyiowyio Gopmy 3aKpulmus ceKyuu 3motl 3a08UNCKU, Y Modcem usmeHamves 6 unmepgane [0,7-1,5].
Ilepemennvie dagnenus u pacxoda 600wt 6 moukax ( Qf , Hf ), (QE, HE) u ( Qf, HE ), 6 moboii momenm epemenu t, coomeemcmeenno,
6 3a08UJICKU, pe3epsyap u 8 cepedune mpybonposoda (mouxa C), 6y0ym onpedensimvcsi 08yMs MEMOOAMU - PAPUUECKUM MEMOOOM
KBepowcepona u ananumuyeckum memooom xapakmepucmux.

Kniouesvle crosa: nepexoonwiil pesicum, 6e3nanoprit mpyoonpoeoo, MeHOGEHHbLI, BHE3ANHbIL U NOCHENeHHbI CNoCob, nepemenHble
daenenusi u pacxooa, epaguueckuii memoo bepowcepona, ananumuueckuii Memoo Xxapakmepucmux.
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