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HYDRAULICS OF DIFFERENT-DENSITY FLOWS

L. Gogeliani

(Georgian Technical University)

Resume: On the basis of hydrodynamic approach there are constructed systems of equations for
two-component flows having different densities. There is studiesd stability of separable
surface. Thereis given the systems of one- dimensional hydraulic equations.

Key words: different density flows; hydrodynamics.

1. INTRODUCTION

The basis of the hydraulics of flows with different densities are, as known, equations of
hydrodynamics. For flows separated by the contact discontinuity surface and superposed or for two
flows having different densities in the plan, equations of hydrodynamics are written separately and
their interaction is expressed by an equality of pressures, or normal stresses on the contact discon-
tinuity surface.

For the hydraulics of flows with different densities with a continuous density change in the
depth, the theoretical basis is an equation of hydrodynamics of two-component flows.

Depending on a direction of the main (prevailing) motion, equations of the hydraulics of
flows with different densities are usually written for horizontal flows moving mainly on the hard
surface, with not very steep slopes and for vertical flows running down the vertical surface or prop-
agating in the form of jet flows, or torches in a medium, with different density.

Boundary hard surfaces for flows with different densities play a no less important role, than
for flows with uniform density. Hence, the resulting one-dimensional equations (equations of the
hydraulics of flows of different densities) for quasi-horizontal , quasi-vertical, jet or torch-like flows

differ essentially from one another. The initial equations for them are the equations of hydrodynam-
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ics, which, when written in co-ordinate terms, differ in form depending on whether they are taken
in the Cartesian system (usually for plane and quasi-horizontal flows), or in the cylindrical system,
say, for jet flows (certainly, we mean round jets).

Since in what follows we consider the hydraulics of flows with different densities, which are
both quasi-horizontal and jet (mainly quasi-vertical) flows and as well as flows with continuously
changing density (i.e., without a clearly pronounced interface boundary) and for each of these classes
hydraulic equations are derived from equations of hydrodynamics, in this chapter we do not focus on
those forms of equations, which will be used below in solving individual concrete problem.

In view of the fact, that in hydraulic engineering and the hydraulics of flows with different
densities we most frequently have to deal with quasi-horizontal flows, it is for this class of flows,
that we substantiate the significance of hydrodynamic equations, as a theoretical basis of the hy-

draulics of flows, with different densities.

2. THE BODY OF THE ARTICLE

2.1. EQUATIONS OF HYDRODYNAMICS OF TWO DIFFERENT-DENSITY FLOWS
AND THE DYNAMIC CONDITIONS OF THEIR CONTACT INTERACTION

Hydrodynamic equations of two different-density flows separated by the horizontal surface of
contact discontinuity, above which is the flow with density p=, velocity ux, thickness (depth) h« and
below is the flow with density p>p+, velocity u and thickness h were for the first time described in ap-
proximation to an ideal fluid by Helmholtz and somewhat later and independently, by Kelvin. Both
used them for the analysis of the stability of the interface between the upper and the lower flow.

Their studies, in all fairness considered classical, formed the basis of many applied works in
the areas of dynamic meteorology, oceanology, heat transfer.

Subsequently, there appeared the series of theoretical studies, which dealt with analogous
problems but in a more complicated formulation. These in particular were problems for two-layer
different-density flows with a free surface of the upper layer of a dropping fluid, three-layer flows,
two and three-layer non-colinear flows, flows with variable density at the height of every upper and
lower layer and so on. The hydrodynamics of such flows is widely covered in the literature and
there is no need to list them as our aim is to focus on the peculiar properties of hydrodynamic equa-
tions used for different-density flows.

We consider the quasi-horizontal stream of two different-density flows with an interface also

close the quasi-horizontal configuration. The upper flow has practically constant thickness h«, den-

10
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sity p= and velocity u; the lower layer also has almost constant thickness H, density p+ and velocity
v; note that p>p-.

It is assumed, that of all mass forces the flows are subjected to the action of gravity only and
the densities $$ and $$ are constant.

We write the hydrodynamic equations for each flow separately, assuming, that both of them
are incompressible and have no temperature gradients.

Then for the upper flow we have

. Ouu. . . Ou;
au, + i J=gi_ 1 6[’ + 0 V. 6“1 + J : (1)
ot OX p. Ox;  OX; ox; 0x;
ou;
6XJ =9 @)
i

where p+ is hydrodynamic pressure g is the gravity projection on the i-th co-ordinate axis; v«
is the virtual viscosity coefficient (i.e. motion can be turbulent and then v+ is the turbulent viscosity
coefficient in case of turbulent flows,- u is an averaged velocity).

For the lower flow we analogously have

AR . Ov,
CALIRMMT RPN - TN I cATRAt Y | 3)
ot 0x; p Ox; OX; ox; 0x;
ov;
oo, 4)
Ox

where all hydrodynamic characteristics have the same meaning as in the preceding system.

In systems (1)-(2) and (3)-(4) we have used the so-called “dummy form of tensor notation” of
hydrodynamic equations so that the summation indexes in dynamic equations are meant whenever
there is double indexation and with respect to the second index.

In such notation, the above systems look as though they are completely autonomous. But in

fact this is not so, because the following condition must be fulfilled on the interface
Pi- P = (p - p)g°, (5)

where ( is the shift of the interface ordinate from the equilibrium position and

0 ou,,
=p+ 2 - 6
Py =P ak[vakJ (6)

are normal stress components on the interface boundary.

11
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In most cases, normal stresses can be neglected (if only the contact surface is not a discontinu-
ity surface of second kind). Then a dynamic equation, that joins the upper and the lower flow takes
a simpler (purely algebraic) form

p-p-=(p-pe. (7)

Systems (1)-(2) and (3)-(4) are closed if the value $$ is somehow related to the dynamic char-
acteristics of one of the layers of two different-density flows.

This difficulty however does not arise in estimating the interface stability, because there is no
need to define the ordinate { which is not any longer present in the disturbance frequency equation
for waves propagating on the discontinuity surface.

In the general case, systems (1)-(2) and (3)-(4) together with condition (7) or its variety are
not yet closed. This nevertheless does not derogate their importance, when we consider at least two
fundamental problems of the hydrodynamics of different-density flows, one problem is connected
with the interface stability and the other with the use of these systems with the aim of obtaining
one-dimensional hydraulic equations of different-density flows for the solution of quite a number of
applied engineering problems.

The kinematic conditions on solid boundaries have the obvious meaning — normal as well as
tangential components of the velocity on them must be equal to zero. However, a kinematic condi-
tion on the interface makes it necessary to express vertical velocity components in terms of inter-

face shift, i.e. if $$ is the vertical axis, then

= ot ‘ox oy
and
_ 0 0g o
s T TV Y ®

ygg’

where the values marked by the symbols $$ and $$ denote the longitudinal and horizontal cross
components of velocities, while the index $$ means, that the components belong to the interface.

In the general case, because of mathematical difficulties it is impossible to obtain a solution of
systems (1)-(2) and (3)-(4) in analytical form.

Even in the case of approximation to the ideal fluid, when the viscosity values v can be ne-
glected, these equations cannot be solved analytically, in despite of their essentially simplified gen-
eral form. However, for many important applied problems, the solution of equations of two differ-
ent-density flows of the ideal fluid turns out possible, for example, for the motion of two different-

density flows, when periodic waves propagate on the interface. In addition to the practical value

12
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(the theory of wave motion in rivers, seas, atmosphere), this problem also has theoretical im-
portance since its solution enables us to form a judgment about the hydrodynamic stability of dif-
ferent-density flows with an interface.

Below we consider a problem of this kind and wish to accentuate the fact, that according to
Hadamar’s principle the stability condition together with the solution existence and uniqueness

conditions is the fundamental prerequisite for correct solution of problems of mathematical physics.

2.2. STABILITY OF SURFACE SECTION OF TWO
DIFFERENT-DENSITY FLOWS

This problem is formulated in conformity with the work [2], that generalizes to a certain ex-
tent the previously obtained results in the sense, that wave disturbances superposed on two-
dimensional undisturbed motions of both the upper and the lower flow of different density are as-
sumed to be three-dimensional.

Following [2], we will give an interpretation of the initial data, that somewhat differs from the
interpretation, adopted in that work and omit the details of computation, since they will be covered
in the sequel, when considering the stability from the standpoint of application — derivation of an
aeration criterion of a rapid stream on rapid flows.

In particular we will consider the motion of two longitudinal - uniform different-density flows
of a real fluid with densities p« (upper fluid) and p.

Longitudinal uniform undisturbed motion means the absence of inertial forces and for a plane
flow such motion takes place only when the gravity components are balanced by the turbulent (or
viscous) friction components.

Therefore the initial undisturbed motion of these layers are described by the relations

10p. o Ou

i —_— + — —_x =0; 10
sy p Ox 62(\’ 62) (10)
gcosw—lap* =0 ; (11)

p Oz

ou

=0 12
ox (12)

for the upper flow and by analogous relations for the lower flow.

In this system siny=iy is the bottom and interface slope in the undisturbed state, and  is the
angle of bottom slope to the horizon.

Suppose, there arises disturbance in the flows and disturbed motion is then described by a

complete system of hydro mechanical equations (1)-(2) for the upper flow and (3-4) for the lower

13
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flow. Hence disturbed motion is three-dimensional non-stationary motion. Let the disturbed motion
components be the sum of undisturbed motion components and disturbance components

u,=u;+u; ; p.=p.+p. (13)

J

for the upper fluid and

for the lower fluid.

It is obvious that w; and V; have only longitudinal components (i.e., u,=u,=0 and

v,=V,=0).

Let us now substitute (13) and (14) into systems (1)-(2) and (3)-(4) and linearize them assum-
ing for the sake of simplicity, that hydrodynamic resistance forces are small and can be neglected.

This leads (with (10)-(12) taken into account) to the system

ou, _ Ou, 1 0p.
+u, =— ;

ot 0x p. OX

6ﬁy +1 6ﬁy - _ 1 aﬁ* .

ot Y ox p. Oy
Ou, o ou, 1 0p.

z

ot *ox  p. oz

~ a~ ~
ou, L 5 +auz =0 (15)
ox 0Oy 0z

for the upper flow and then analogous system for the lower flow.

Moreover, for the interface we have the relations

i =%5,q5 %, (16)
ot Ox

v =%,y % (17)
ot ox

and the impermeability conditions u,=0 for z = -h (h« is the upper flow thickness) and
v, =0 for z=h (h is the lower flow thickness).
The dynamic condition on interface (7) yields
P-P. =g(p. —-p)°. (18)
There is assumed, that the disturbance components of the upper and lower flows are purely
periodic along the X- and y-axes, but with respect to time they may have an increasing amplitude
(instability) and then a solution is sought in the form

i(ot—k,x)

u, =o(z)e cosk,y ; (19)

14
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i, =B(z)e' ™V sink,y ; (20)

U, =v(z)e' ™™ cos k,y; (21)

P. =8(2)e' Y cos k,y; (22)

g =2ae' "™ cos k,y . (23)

In (19)-(23), ks and ky are the wave numbers k, = i—n; k, = ;—n, where A and A, are the
X y

linear dimensions of wave disturbances in the direction of x and y, which are real; ¢ is the frequen-
cy
which can be complex.

In that case there arises instability since one of the complex frequency roots when multiplied

by i = v—1 gives the positive sign in the exponent containing the time t as a multiplier and as the
latter increases the wave disturbance amplitudes o(z); B(z); y(z) and 5(z), as well as the interface
disturbance ordinate will exponential grow (i.e., the disturbed motion will more and more differ
from the undisturbed one). This indicates instability, i.e. that the main undisturbed motion is unre-
alizable.

The substitution of disturbance components into (15), (16)-(18) and the analogous equations
for the lower flow gives (after solving the respective linear equations and defining the integration
constants because of the conditions on the impermeable surfaces)

~ _ k a(c-k,u)

u, = ———— chk(h. —z)cos(at—k _x)cosk y;
* k  shkh, ( ) cos( ) v¥

chk(h. —z)sin(ct—k x)sink y;

- ky a(c-k,u)
U, =————
Kk

B shkh,
~ a(c-k u)
u, =—

chk(h. —z)sin(ct—Kk _x)cosk y;
’ shkh, ( )sin( ) vy

g a(c—k_ 1)
. =—p————chk(h. —z) cos(ct—k _ x)cosk 24
P =P h (h. —2) cos(ot -k, x) WY (24)

for the upper flow, and
-k, a(c—k,u)
V —

== chk(z+h)cos(ot—k x)cosk y;
T (z+h)cos( «X) vy
k, a(c-k_ u)
~ M X . .
v, =——————=chk(z+h)sin(ct—k_x)sink y;
Y=y shk (z+h)sin( «X) vy
- a(c—k u)
v, =——————chk(z+h)sin(ct—k _x)cosk y;
z “hKkh (z+h)sin( «X) vY

15
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_ a(o—k.0)
=p——> " chk(z+h)cos(ct—k_x)cosk 25
P Y ( ) cos( X) vy (25)

for the lower flow
For the ordinate of free surface { we obtain
€ = acos(cot - k«x)cosk,y, (26)
and for the frequency o -
p.(c—k, u )’ cthKh, +p(c—k, u, )’ cthkh=(p-p.)gk, (27)
where k? =k} +k; , and ais the wave disturbance amplitude on the interface surface.

The phase velocity of wave disturbance propagation on the interface is

For it, from (27) we have

_ _ —_ N2

+ * * — M= -

o PV 0P T i\/ p—p g_pp*m{ u, -V, J
pa+p*a{* *

(28)
where a = cthkh ; o+ = cthkh-.

It is easy to see, that instability occurs if

ap+a.p. k; ap +ao.ps

For the bounded width of the flow B, the impermeability condition of the lateral surfaces re-
quires, that u, and Vv, be equal to zero for y = i%.
In order, that this condition be satisfied, by (24) and (25) it is necessary, that

kyy\y%% =mn, (m=1,23..).

Therefore a stationary wave system can propagate only if
A, =— 5 (30)

1.e. wave crest lengths must be multiples of the width of the flows.
Criterion (29) is a certain generalization of the Helmholtz-Kelvin criterion and transforms to
the latter for ky =0, i.e. A,—oo. In that case, k,=k for large depths too and when o and o+ are equal

to unity, (29) takes its original form

2, 8P -pF 31)
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Let us consider a characteristic equation, which in our case, following Acad. N. E. Kochin, we

write in the form

p*(cs-ku)4 + p(c—ku)z(c - kv)zococ* - pgkoc*(cs-ku)2 -
- pgka(o - kv)* + (p—p-)g’k* =0, (32)

N.E.Kochin showed, that for a+ = cthkh+ =1 (this corresponds to a large depth of the upper
flow relative to wave disturbances both on the interface and on a free surface) equation (32) splits
into two equations

(o-ku)* - gk =0; (33)

p+(c-ku)’ + p(o-kv)’at - (p—p' )gk = 0. (34)
As we see, equation (33) does not contain the difference of densities and the value o defined

by this equation corresponds to waves propagating on a free surface of the upper flow

G2 = kUi\/g_k; (35)
whereas, according to (34),
2,2
c=p*u+pavki (p-p-)gk pp.o(u V)Zk (36)
p.+p* (P« +ap) (P-+pg)

and corresponds to the waves propagating on the interface.

From (36) we obtain the instability criterion

g(P-p-)

2
u-—v >
( ) k pp.a

(p- +pa) (37)

coinciding with the Helmholtz-Kelvin criterion for a=1. For a+#1, i.e., for a finite thickness
of the upper flow, equation (32) being of fourth order is not solvable and we meet with an insur-
mountable difficulty in defining the complexity condition for the frequency o.

For this general case, relation (32) can be represented in the form [5]
A4($4 + A363 + A262 + A16 + Ao =0 ) (38)

where
Ao = (p-p=)g’k? - pgx’(av? +osu?) + prk*u? + aospk’uv? ;
A = - 4Kpau’ - 2K uv(utv) aosp + 2pgk’(ov +osv) ;
Az = ok’psu? + K aop (uiHvi+4uy) — gpi(ata) ;
Az = - 4kp+u - 2koo=p (utv) ;
Ay =poox + ps . (39)

17
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Let us estimate the radicals from (36).

For the upper values we can do with the equation
Asc’ + Asc” + Ays® =0, (40)
or
A4c” + Ao + Ay = 0. (41)
It is not difficult to see, that this equation does not contain the value A, which defines the
stabilizing action of gravity and contains ( (p-p+)g°k?).
Hence it follows, that equation (4) corresponds to the waves propagating on a free surface and
their stability is not in any way connected with the stabilizing effect of gravity.
We write
Ao’ + Ao+ Ag=0, (42)

whence we define

A A? A
o, =—— Lk L -0 (43)
’ 2A, 4A% A,

Hence we conclude, that for the stability to be real-valued, it is necessary that the condition
A} >4A)A,. (44)

Since the left-hand side is positive in both cases and the stabilizing effect of gravity for p>p+
must provide stability for small flow velocities, it is obvious, that inequality (44) is the necessary
condition for the interface stability since for A¢>0 and A,<0 or, vice versa, for Ay<0 and A,>0 it is
a prior fulfilled.

From (41) we can also define an analogous stability criterion to (44), namely:

A§ AZ

>22  or  AZ>4AA,. 45
4Ai A4 3 24%4 ( )

On dividing (44) by (45), we obtain

A? A
A% (46)
AT A,
or
Al
A, <A_§A4 . (47)

In [5], as has already been mentioned, it was proved on the basis of Descartes’ theorem, that
in the case of pre critical regime of the upper flow the condition
Ap>0 (48)

is a sufficient stability condition.

18
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It is not difficult to see, that condition (47) imposes an additional restriction on inequality
(48), This suggests an idea, that instability may occur for large values of Ay and in particular for
values larger, than the left-hand part of (47). This issue, as it seems to us, deserves a special investi-
gation involving either a numerical or a physical experiment. However such kind of studies have
not been thus far carried out.

Despite the fact, that relation (47) is an approximate one, this does not give us the grounds to

regard condition (48) as inconsistent.

3. CONCLUSION

Thus, using the hydrodynamic approach to two superposed flows of fluid, or which is the
same, the models of two-layer flow with different-densities changing stepwise at a certain
depth, we constructed hydrodynamic systems of equations, studied the stability of their interface
and finally illustrateed the construction of one-dimensional hydraulic equations on the basis of

initial hydrodynamic relations.
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YK 556.537:532

HUMU3KUE 3ATAIIVIMBAEMBIE ITOJIY3AIIPY AbI KAK COOPY’KEHUSA
JUIA BAINIUTBI BEPET'OB OT PASMBIBA U YJIYUIIEHUSA
IKOJOI'MYECKOT'O COCTOAAHHUA BOJOTOKOB

A.E. lloapo, H.H. Moxkasik

Pe3tome: Paccmompeno npumenenue 3amaniugaeMvlx NoOJIY3anpyo KAk COOPYIHCEHUU, KOmMopbvle
UHmMeHcuuUyupyom emopuuHvle medenus U MaccooOMeH 80 8ceM NOMOKe U AKMUBHO
CNOCOOCMBYIOM NepPeHoCcy HAHOCO8 K Oepecy U NOBbIUEHUI) CAMOOYUWAIOWelcs: Cno-
cobrnocmu pek. Jlaromces onucanue MemoouKy U HeKomopwvle pe3yibmamsl UCC1e008aHUs
2UOPABIUYECKOL CMPYKMYpbl 8031e makux coopydcenuu. Ilpedocmasnensvt npeonoxcenus

no UCnoJjib306AHUIO 3amMAanjiueaemslx nozzy3anpyd ons YKA3aHHbIX 1/;6]2612.

KiroueBble ciioBa: naeo()lcu; nmys’anpy()bz; MGC‘COO6M€H,' Memoouka IKCNEPUMEHMANbHBIX UC-

Cle0os8anuil.

1. BBEJIEHHUE

AKTyanpHOU sIBIsieTCs MpoOJieMa MECTHOTO pa3MbiBa OeperoB pek. MIMEHHO MaBOJAKH, KO-
TOpbIE B TOPHBIX PETHOHAX BCE YYAIIAIOTCS, MPUHOCAT OTPOMHBIN ymepO. Pa3MbIBBI SBISIOTCS
MPUYMHON pa3pyIIeHus OOJBIIMHCTBA 0OBEKTOB OEPEroyKpeIuieHus U JPYTUX COOPYKEHUH.

DKOJIOTHYECKOE COCTOSIHHE CpEeIHMX M MajbIX PEK BO BCEX INPHPOJHBIX 30HAX TaKKe
BBI3BIBAET CETOJHs OOJIBIIYIO TPEBOTY, MHOTHE U3 HUX MCYE3NIU C KapThl HaIIeH CTpaHbl. 3arpss-
HEHHE PEYHBIX IKOCHCTEM MPUBOJUT K UX JETPATAINH, TIOATOMY MTPpodiIeMa COXpaHEHHs U 03/I0pOB-
JICHUS] MAJIBIX U CPETHUX PEK SIBIISICTCS OAHOM U3 CAMBIX OCTPBIX.

N3BecTHO, 4TO 3amuUThl OEPETOB OT Pa3MbIBa, a TAKXKE YIYUIICHHS SKOJIOTUYECKOTO COCTOS-

HUA pEK MOXXHO JOCTHUYb ITYTEM IPUMCHCHUA NCIICBBIX U TCXHOJIOTMYHBIX HU3KHUX 3aTaIlJIMBACMBIX
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nory3anpy [1-4]. UmeHHO 3T coopykeHus, Oyaydu KOCO Paclo0KeHbl OTHOCUTEIILHO HaOeraro-
IIET0 MOTOKA, BBI3BIBAIOT PsiJl MOJE3HBIX THAPABINYECKHX 3()()EKTOB — BOSHUKHOBEHHE IHUPKYIIS-
M1 B IIOTOKEC W MCECTHOI'O HMHTCHCHBHOI'O BI/IHTOO6p213HOl"O TCUCHMUS. HpI/I HaIpaBJICHUU II0JIY-
3ampy/ Mmoj YIJIoM MPOTUB MOTOKa (puc 1, 2.a) HAHOCKHI IBUTAIOTCS K Oepery u, OTKIIAIbIBasICh Y
HEro, 3allMIIAl0T €ro OT pa3MbIBa. [IpW MPOTUBOMOIOKHOM HAIPABJICHWH, 1O TIOTOKY AKTHBHEE
MIPOSIBJISTIOTCSI BOJIOCMECUTEILHBIE CBOMCTBA COOPY KeHHMsI (puc 2, 0).

[Momy3anpyael, OyHBI, JOHHBIE TOPOTH, CTPYCHANMPABISIONINE IIMTHI, INMOPHI U JIPYTHE
aHAJIOTUYHBIC COOPY)KEHUS IIMPOKO HCIIONB3YIOTCS B TUAPOTEXHUUYECKOW MpakThuke. CoopyKeHHUs
TAKOTO THITA UCIOJB3YIOTCS KaK IS 3aIUTHI OEPETOB OT pa3MbIBa, TaK M ISl TIOBBIIICHUS JIECOC-
IUIABHBIX BO3MOJKHOCTEH PCK, OJId HYX]J CYJOXOACTBA U PCryJIMpPOBaHUA ABHWKCHUSA HAHOCOB, a
TaK)Ke ¥ B HEKOTOPBIX APYTHUX CITydasx.

BompocaM ruapaBIuKd MMOTOKa B HCKYCCTBEHHO CXKATBIX pycliaX TOCBSAIIEHO OO0JBIIOe
KOJMYECTBO TEOPETUUYECKUX M IKCIIEPUMEHTAIBHBIX UCCIEeIOBAaHUI. DTH HCCIEAOBaHUS COAEpKAT
MPEATIOKEHUST M0 BOMPOCAM OMNPEISICHHUS ITUIAHOBBIX W BEPTUKAIBHBIX IMapaMETPOB IOTOKA,

CTECHEHHOTO COOPYKEHHEM, pacdeTa CKOPOCTHOTO PEXHUMa, BOIIPOCAM MepepacpeeieHIs

Puc. 1. 3amura Oepera HU3KMMHU 3aTAIVIMBAEMBbIMH MOJTy3anpyaamMu y c. /[o0poBasiHbI Ha

p- Jlomauna. Buano 3aHeceHue MesKMOJIy3anpyIHbIX HIPOCTPAHCTB HAHOCAMM
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Puc.2 . CxeMa JOHHBIX 1 IOBEPXHOCTHBIX T€YEHHUH 32 KOCOPACIOJI0KEHHBIMU MOJIY3aNPyIaMH.
(o aHHBIM 3KcniepuMeHTa. [IlyHKTHPHBbIE IMHUH €O CTPEJKAMH — TPACKTOPUM NPHUIOHHBIX CTPYii):
a) — MoJIy3anpy/ia yCTAaHOBJIEHA POTUB TeYeHusl, 0) — mo TedeHH0. OTHOCHTEJIbLHASI BBICOTA

coopy:kenust - 0, 25.

pacxo/loB BOJBI 10 CEUYECHHIO PEYHOrO IMOTOKA IMPU BO3ACHCTBUM HA HErO 3aTallJIMBA€MbIX
MOJTy3amnpyl, a Takke BOMPOChl (hOPMHUPOBAHMS OTPHIBHOM 30HBI 32 HUMU. [ mapaBiInMvecKue siB-
JIeHHsI TIPU 0OTEKaHHUH TMOTy3amnpyabl U aHAIOTUYHUX COOPY>KEHUN B MOTOKE u3ydanu: JlocueBckuii
A.N., PozoBckuit N.JI., bananun B.B., CenesneB B.H., Kupuenko W.U. , [Tobenonocuer A.U.,
[Orepennuxt J.B., CunanteeB b.A., beprnezoBa C.M., boumapenko B.C., ®umman b.A.,
Pxxanuupin H.A., lllunkapypk JI. A, llymunckuii B.J1. Poccunckuii K. . u ap.

VYkazaHHBIE aBTOPHI OTMEYAM OCOOYIO POJb OTPBIBHBIX, MPOCTPAHCTBEHHBIX BUHTOBBIX
TEYCHHI B MaccOoOOMEHe, MepeHOCce HAHOCOB, MPHUMECeW M aKTHBH3AIlMM OMOXUMHUYECKHX TpO-
neccoB B peke. [Ipuyem ocHOBHBIM (DakTOpOM, KOTOpPBIH 0OyciaBiIMBaeT (hU3NIECKOE CaMOOYH-
IICHHE BOJOTOKOB U SIBISICTCS] ONMPEIEISIONIMM JUIsI XMMHUYECKOrOo M OMOJIOTUYECKUX MPOLECCOB,
SIBJISIETCSI MaccooOMeH [3-5].

Hecmotps Ha 60nbLION OMBIT MCHOJIB30BAHUS TMOJTY3aNpya B THIPOTEXHUYECKON MpaKTHKE,
paboT, OCTABJICHHBIX B ACIEKTE MPSAMOTO MCIIOJIB30BAHUS MOABOJHBIX MONY3anpyd s 3allUThl
OeperoB pek M YJIy4ylICHHS MacCOOOMEHHBIX XapaKTePUCTHK MOTOKa He noctarouyHo. C npyroi
CTOPOHBI, €CTh psAJ padOT, B KOTOPBIX OCBELIAIOTCS APYTHe AacCleKThl MPUMEHEHHUS TaKHUX CO-
OpY’KEHUH, KOTOpBIE TMO3BOJSIOT CHeJaTh BBIBOA O (OPMHPOBAHMHM JOCTATOYHO MOIIHOTO
MONEPEYHOr0 MOTOKA IPU KOCOM PaCMOIOKEHUN HU3KUX MoJy3amnpyl. IMeHHO Takue coopyKeHUs

WHUIUUPYIOT BTOPUYHBIE TE€YEHHsS] KaK B HEMOCPEICTBEHHOW OJU30CTH COOPYXKEHHS, TaK U Ha
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S3HAYUTCIBbHOM PACCTOAHUHU OT HETO. Hx MMPUMCHCHUC TJIA YIIPaBJICHUA IIOTOKAMHU HAHOCOB CBA3aHO

HMEHHO C TAKMMH HX CBOMCTBaMH.

2. OCHOBHASA YACTb

[Ipumenenue moiy3amnpyj B KOHTEKCTE HaIIEro HCCIEIOBAHUS MOXKET OBITh ONpaBIaHHBIM

UCX0051 U3 CIEOVIOWUX NPEUMYUIECNE IMUX COOPYHCEHULL:

JUTS. UHUIAAIIMA BTOPUYHBIX TCUCHUH W YIyYIICHHS MAacCOOOMEHHBIX XapaKTEPUCTHK HC-
TIOJIE3YETCSI GHYMPEHHSISL DHEePIUsl NOMOKA,

BO3/ICHICTBUE HA MOTOK CaMOM IMOJTy3arpy bl TOCTATOYHO MACKOE U HE Gbl3bl6Aent CYUjec-
BEHHBIX PA3MBIBOE U NPeoOPA308AHULL PYCdA;

3a COOpY)KEHHEM 00pa3yeTcs OTPBHIBHOE TEUCHUE C 8bICOKOU UHMEHCUBHOCHIbIO MYpOYieH-
MHOCMU ¥ MacCOOOMEHA, KaK ¥ TpeOyeTCsl B KOHTEKCTE 1IeIM YCTAHOBKH ATUX COOPYKCHHUIA;
peasbHa MUHUMH3AIUSI CTOUMOCTH COOPYKCHHIA 33 CUCT WCIIOJBb30BAHUS NPOCMbIX U Oeule-
6bIX KOHCTPYKIIMH TIONy3amnpy/l, HCIOJIb30BaHMS MECTHBIX MaTepuasioB, COOPHBIX KOHCT-
PYKUUH, U T.IL.;

9KCILTyaTalus JAaHHBIX COOPYKEHUI HEe TpeOyeT 3HAUNTEIBHBIX TPY103aTparT.
DKOJOTHYEeCKOe TIPUMEHEHUE TAaKOTO THITA COOPYKCHHH TaKXKe PEIIaeT CISAYIONUE 8aNC-
Hble 3a0a4lL;

HA4anbHO020 pas3dnasieHus CMOYHbIX 600 NPU UX 8bINYCKE 8 B0OOMOK,

aspayuu nomoxa,

peyIuposanusi O8UNCEHUsL OOHHBIX U 836CULEHHBIX HAHOCO8;

JIOKAIbHO20 U CUCMEMAMUYECKO20 CHCAMUSL NOMOKA;

3aWUmMblL pycia 0m pamvleos U e20 CmaduIu3ayus;

yeenuyeHue npomoyHoCmu pexu u op.

bnaronapst maccooOMeHy, B BOJOTOKE NMPOUCXOAUT €ro AeCTpaTU(UKALM, adpalusi, YCUIU-

BacTCA pa36aBneHHe PACTBOPCHHBIX MW B3BCHICHHBLIX BCIICCTB, BBIPABHHUBAIOTCA TCMIICPATYPHBIC

II0JIA, YCKOPACTCA PA3JI0KCHUC 3arpsA3HAIOMINX BEIICCTB 3a CUET OKHCIIHMTCIbHO-BOCCTAHOBHUTECIIb-

HBIX peaKHHﬁ, MEPCHOCATCA IMUTATCIIBHBIC BCUICCTBA W KHUCJIOPOA K KUBBIM OpTraHHU3MaM U OTBO-

AATCA OT HUX NPOAYKTHI dKU3HCACATCIBHOCTH.
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B cooTBercTBUU C LIE€TBIO UCCIIENOBaHHM, CHOPMYIUPOBAHHOMN BBIIIE, OCHOBHBIMU 3aJjauaMu
IKCNEPUMEHTAJBHOH YAaCTH CTAJI0 MCCIEOBaHNE 3aKOHOMEPHOCTEH (OPMUPOBAHUS CTPYKTYPHI
MOTOKA 32 KOCOPACIIOJIOKEHHOH MOTy3anpy10il U OIleHKa XapaKkTepa MacCOOOMEHHBIX MPOIIECCOB.

OKCIEepUMEHTaIbHbIE MCCIIEIOBAHUS MPOBOJWINCH B 3€PKAIbHOM JIOTKE Ha HEpa3MbIBaeMOU
mozaenu (puc. 3, 4). Macmtab mMonenu coctapisii npuMmepHo 1:30. YpoBHU BOABI U3MEPSIIUCH C
MOMOIIIBIO HImuIleHMacTada. CKopocTH u3Mepsuiich MukpoBeptymkon X -6. [IpoBoaunacek ¢oro-
U BUACOCHEMKA. TpacKTOpUU [OHHBIX U TOBEPXHOCTHBIX CTPYH HCCIEIOBAIHUCH C TOMOIIBIO
MMOBEPXHOCTHBIX W JOHHBIX IOJHCTUPOIBHBIX IIOTUIABKOB W (PUKCUPOBAINCH 3apUCOBKAMHU B
KypHaye wuccienoBannid. OTaenbHbIE MAacCOOOMEHHBIC XapakKTepUCTUKH (mmpuHa (akena pac-
CEMBAHUS — MOTOKA, KOTOPBINA BBIXOAUT U3 BAJIBIIEBOM 30HBI B TPAH3UTHBIN MOTOK U PACCTOSIHUE OCU
3TOrO MOTOKA OT Oepera) UCCIEeNOBAINUCH TyTeM BBEIEHUS B MOTOK KpacuTens (BOAHOTO pacTBOpa
METHJICHOBOT'O CHHETO).

MeToauka SKCIEPUMEHTAIbHBIX MCCIEAOBAHUNA OCHOBaHA Ha TEOPUM TUAPABINYECKOIO
MozenmupoBanus o Opyay. Uncna Opyna ObutM 3HAYNTEIHLHO MEHBINE 1, CKOPOCTH TTOTOKA BCETaa
ObUTH TaKUMH, KOTOpbIE 0OecleyrBaId aBTOMOJETBHBIA peXHM MO yuciy PeliHonbaca mo Bsi3-
KOCTH. B 70TKe mNpsAMOYroipHOrO TMONEPEYHOTO CEYEHHUS OBLIM YCTAHOBJICHBI MOY3ampy/bl
JUTMHOHU, oOecTieunBaroell OrpaHMYeHHOE CkaTHe 1MmoToka (He Oosee 0,3), M TpU STOM, BIHSHHE
MIPOTUBOMOJIOKHOM CTEHKH JIOTKA Ha SIBJICHUS Y TIOTy3anpyAbl HE MPOSIBIISLIOCH.

PaGoumnii yuacTok 10TKa ObUT MOAOOPAH TakK, YTOOBI BXOJAHOM y4acTOK ObLT JOCTaTOUYHBIM MO
JUTHE J1s1 GOPMUPOBAHUS CTPYKTYPHl PABHOMEPHOTO TEUEHUS, BEIXOJHON y4acTOK OBLT IOCTATOY-
HBbIM JUISl KOMIIEHCALlMU BJIMSHHS PEryjsTopa B KOHIIE JOTKA. Pacxon BoIbl M3MEpSIICH Tpey-
TOJIbHBIM BOAOCIUBOM. [ TTyOHHBI peryIMpOBaIUCH KaFO3HBIM 3aTBOPOM.

DKcrepuMeHTalIbHAS YaCcTh COCTOSIIA U3 TpeX OJIOKOB MCCIIEIOBAHUM.

B mnepBom 0Jioke ObUIM TPOBEAECHBI METOJMYECKUE HCCIENOBaHUSA. BBIABIEH Xapakrep
o01iero xoja rupoJIMHaAMUYECKUX MpoleccoB. B xone MeToIn4yecKkux MCCIENOBAaHUN MpeaBapu-
TEJIbHO OlLleHEeHa 3(PPEKTUBHOCTh MPUMEHEHHUS OEperoBOro OTBEPCTHS, UCIOJIb3YEMOTO TOJIBKO B
clly4ae BOJOCMECHUTENIbHBIX TMONYy3amlpyl, YCTaHABIUBAEMBIX MO TMOTOKY M CTEHKE MPEMsSTCTBUS
(puc.3, 4). Ha ocHOBe aHanm3a pe3yJIbTaTOB MPEbIAYIINX MCCIEAOBAHUN ONPEEIEHb OCHOBHBIE
napaMmeTpsl U XapaKTEPUCTUKH, TPEOYIOIIHE JETATbHOTO U3yUEHUsI.

3amayeii BTOporo 0Jioka HMCCJe0BaHUM OBUIO YCTAHOBJICHHE PAIlMOHAIBHBIX ITapaMETPOB
OeperoBoro OTBEPCTUSI M PACCTOSIHUS A0 OOKOBOM Mperpaibl 3a COOPYKEHUEM, a Takke Oblia ycTa-
HOBJIEHA ONITUMAaJIbHAsI BBICOTA U YTOJI IUIAHOBOTO PACIIOJIOKEHUS MOTy3anpy/abl. 32 ONPEAeIISIONIYI0

XapaKTEPUCTHKY ObLIAa MPHUHATA OCPETHEHHAs CKOPOCTh BIOJbL TPEOHS MOJENN COoopykeHws. Ha
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OCHOBE TIOJYUYEHHBIX PE3yJbTaTOB OBUIM TIOCTPOSHBI TpadUKH 3aBUCHUMOCTEH, ITO3BOJISIFOIINE
YCTaHOBHUTbH ONTHMAJIbHBIC MTApaMETPhI MPUBEIACHHBIX AJICMEHTOB JJI1 KOHKPETHBIX YCIIOBHH.

Tpernii 0JI0K MCCIIEI0BaHUN BKJIIOUYAJ: UCCIEIOBAHUE BCIIOMOTaTEIbHbBIX YCTPOUCTB; ONTH-
MU3AIHI0 BBIOPAHHOW CHUCTEMBI HECKOJBKUX TIONMYy3amlpya C MPUHATHBIMH JTOTIOJTHUTEILHBIMH
KOHCTPYKTHUBHBIMU 3JIEMEHTaMU. Pe3ynbTaThl MpeablayluX SKCIEPUMEHTAIBHBIX HCCIEI0OBaHUMN
TTO3BOJIMJIM HAaM BBIOpATh MapamMeTp ONTUMHU3AIMN U YCTAHOBUTH OCHOBHBIC TTApaMETPHI.

[Tpu nmpuMeHeHUH TeOpUHr TUIAHUPOBAHMS SKCIIEPUMEHTA 3a MapaMeTp ONTHMH3alUM ObLia
MIPUHSITA IMUPUHA 30HBI BOJOBBIOpOCA 3a moiy3anpyaoi (Beixona (akena). JlaHas reoMerpuueckas
XapaKTEPUCTHUKA TOTOKA IO3BOJIAET C MHUHUMAJIbHOM MOTPEUIHOCTHIO OICHUTh MHTCHCHUBHOCTH
MONIEPEYHON IUPKYJSIIIUM TIOTOKA U BEJIWYUHY COINPOTHBIICHUS BTOPUYHBIX TEUCHUH CHUCTEMOM
3aTarIMBaEMBbIX MOTY3anpy.

Tak kak 0OpH IUIAHKUPOBAaHUU DHKCIIEPUMEHTOB OJIHOBPEMEHHO H3MEHSIIOTCS HECKOJIbKO
(hakToOpoB, TO K HUM MPEABSIBISAIOTCS TPEOOBAHUS COBMECTHMOCTH M HE3aBHCHMOCTH. B Hamrem
CITy4dae Mbl BBIJICTHIIH CIIEAYIONTUE BapbUpyeMble (haKTOPHI:

1 . Jlnuna coopy:xenus, L ;

2 . Beicora OyHBI, P ;

3. Yron ycraHoBku OyHBI, « ;

4 . Paccrosinue Mexy OyHOU / M MOATIOPHOM CTEHKOH.

B kayecTBe IiaHa >KCIIEpMMEHTa NpUHATA cxema Thna2'™', k =4 . B mpussATOM 3KCIepH-
MEHTE KaX/10€ 3HaUCHHE MapaMeTpa ONTUMHU3ALNN TPUHUMAJIOCH 110 JBYM MapaJlieIbHBIM OIbITaM.
UTo0Bl HCKIIOYUTH BIUSHUEC CHUCTEMATHYCCKUX TIOTPENTHOCTEH, ObUIa TpUHATA CITydaiHas

IIOCICA0BATCIIBHOCTD ITPU IMOCTAHOBKE OIIBITOB, 3alJTAHUPOBAHHBIX B MaTPHIIC.

Puc. 3. ®otorpadus nadopaTopHoii yCTAHOBKH C CHCTEMOI MOJIy3anpyAa.
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Puc. 4. ®ororpadusa BrekaHus NOTOKA B MPOCTPAHCTBO 32 MOJIY3aNPYAOH.

TakuM 00pa3zom, pe3yabTaThl AKCIEPUMEHTOB CBUIETEIBLCTBYIOT, YTO MOTOK, HaOeras Ha
MOJTy3anpy/abl, Pe3KO pACHIMPSETCS 3a COOPYKEHHEM B MPOCTPAHCTBE, OrPAHHMUYEHHOM JHOM,
OeparamMu 1 CBOOOIHOM MOBEPXHOCTHIO. [Ipn 3TOM MOTOK, 00TEKast MOTy3anpyabl, OTPHIBAETCS OT
JTHA ¥ o0pa3yeT 3a Hel Bajiel] ¢ BUHTOOOPa3HO BHYTpEeHHEH cTpyKTypol. OH pacromiaraercs moj
TPaH3UTHOM CTpyed B MPUIOHHON oOmactu. TpaH3uTHasl CTpPys, MOCTENEHHO pACIHIMPSACH B
BEPTUKAJIBHON IJIOCKOCTH, HA HEKOTOPOM PACCTOSHUHU OT IOJy3ampyJbl AOCTUraeT aHa. B stom
MCCTC YCTAaHABJIMBACTCA HUIKHAA I'PpaHULA B&HBHCBOﬁ 30HBI.

Hmeer MecTO OTKIOHEHHE IMOTOKA, MPOXOSIIEro Haja IpeOHEeM MOiy3amnpy/bl, B MONEPEUHOM
HarpaBineHud (OIrbke K HOpMalld TpeOHS MOoy3anpy/sl). ITO OTKIOHEHHE COCTABISET MOMEPEUHBIHN
pacxof BOJABI, KOTOPBI KOMIIEHCHPYETCS 0OpaTHBIM TEUCHUEM, TIPOUCXOASAIIMM B TIPUAOHHON 4acTu
MOTOKA BJOJIb HH30BOTO OTKOCA TIONy3amlpy/bl, OT KOPHEBOM €€ YacTH K TOJI0BE. JTO TEUCHUE H
SIBJISICTCSI TJIABHBIM (DAKTOPOM U CIIOCOOCTBYET, B OCHOBHOM, MHTEHCH(DHUKAITUH MacCOOOMEHa.

Ha moaxoze k momy3amnpye BO BCEM MOTOKE, B3SITOM B II€JIOM, BOSHUKAIOT YUPKYIAYUOHHbIE
meueHusl, BHI3bIBAEMbIE OTKJIIOHEHHEM JTMHAMHMYECKOW OCH TMOTOKA B HEMEPEKPHITON COOpYKEHHEM
gactu pycia. [losiBiieHne MUPKYISIIMOHHBIX TCUCHUH B JAHHOM CIIy4ae MOXKET OBITh OOBSICHEHO
TE€M, YTO 3aTOPMO>KEHHBIE JOHHBIE CTPYyH, B OOJbIIEH CTENEHH, YeM IOBEPXHOCTHHIE, MOJBEp-
raroTcsl BO3ACHMCTBUIO TOMEPEYHOTO TpaJueHTa [aBIEHUS, IEHCTBHUE KOTPOTO HAMPaBICHO OT
MOJTy3arnpy/sl B CTOPOHY CBOOOHOM "acTH pycna. CuiibHee BCero Takas HUPKYJIISIIUS POSBISAETCS
BOJIM3M CaMO# BOJJOCMECHTEIBHOM MMOITy3ampy Ibl.

XapakTepHOH OCOOEHHOCTHIO OOTEKaHWs TOTOKOM IIOMY3ampy/bl, YCTAaHOBJICHHOW IO

OCTPBIM YIJIOM BJOJIb IIOTOKA, ABJIACTCA TOpLIGBOfI pacxon, KOTOpBIﬁ BJIMACT Ha TCUCHUC B BAJIBIIC.

Ero BnusiHUME MpOSBISAETCS B YBEIUUEHUH CKOPOCTEH V, B BalblE M €r0 pacxojax, 4To 0COOCHHO

CHJIBHO INIPOSBIISIETCS B HA4aJIbHOM 30HE BasbLia. Eciiu coopykeHue pacnojokeHO He MPOTHB, a 0
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MOTOKY, TO 3TOT pacxoJ] OyJeT UMEeTh HyJIeBOe 3HaUeHHE. Mbl peKOMEHAyeM MO3TOMY YCTpauBaTh
MEXIy KOPHEBOM 4YacThlO BOJOCMECUTENIBHOM TOMy3alpyabl M CTEHKOH pycia OTBEpCTUE
IIMPUHOM, PaBHOM BBICOTE MOMY3amlpyAbl. ITO 3HAUUTEIHHO YIIydilaeT paboTy COOpY>KEHHs, CO3-
JlaeT TOPLIEBOM PacXoj] B BAJIbLE U CIOCOOCTBYET YBEIMUYCHHIO MPOJIOIBHBIX CKOPOCTEH 3a IMoiTy-
3anpynoi. BnmsHue oTBepcTusi 0TOOpaKEHO HAa PHUCYHKE 5, a BIMSHHUE JJIHHBI COOPYXKEHHS Ha
CKOPOCTH TOCTYIATEIbHOIO JABIKEHUS MOTOKA 3a MOJy3ampyloid — Ha puc. 6. J[aHHble Ha ATHX
PUCYHKaX CBHJIETENBCTBYIOT O 3HAYUTEIBHBIX CKOPOCTSIX 32 COOPYKEHHEM, CYIIECTBEHHO IPEBbI-

IIarIurXx CKOpOoCTU OBITOBOT'O ITOTOKA.

V/VO = -0,0016a'2 + 0,196a' - 4,0857

V/VO= -0,0008a'2 + 0,0897a’ - 1,0566
V/VO =-0,0003a'2 + 0,0205a' + 0,7443

#P/h=0.5;
2.5 Is/P=10;
2 1 a/P=1
1.5 - mP/h=0.5;
S 1 Is/P=10;
>05 a/P=0
0 AP/h=0.5;
.05 40 80 100 Is/P=0;
05 a a/P=0

Puc. 5. Baiusinne miupuHbI 0€peroBoro 0TBePCTHs Y MOJIY3aNPy/Abl HA OTHOCUTEJILHbIE CKOPOCTH

MOCTYNAaTE/JIbHOI0 IBHKCHUS MMOTOKA B BAJIbIIC 3a Hell

VIVO = -0,005Is/P? + 0,097Is/P + 1,45

V/IVO = -0,0045Is/P? + 0,0975Is/P + 0,9375
V/VO = -0,004ls/P? + 0,086ls/p + 1,175

*P/h=0.5;a

1.9 - ~ '=60:
/P=1

1.7 a

15 N\

S ' P O .P./h=0'33;
S 13 \ a'=60;
1.1 ) a/P=0
0.9 ‘
0 10 20 30| P/h=0.33;
a'=60;

Is/P a/P=0.5

Puc. 6. BirusiHue 0THOCHTEIbHOM AJTUHBI 10JIY3aNPY/bl HA OTHOCHTEJbHbIE CKOPOCTH

NOCTYNAaTEJIbHOI'0O IBU/KCHUSA IOTOKA B BAJIbII€ 3a Hel
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BusyanabHble Ha0JII0IeHHs] 32 3aXBATOM TIOJIMCTUPOJIGHBIX MOTUIABKOB M0 NIMPHUHE TPAHHIIBI
pa3zena TOKa3bIBAIOT, YTO HAMOOJIBIIEEe KOJIMYECTBO MOIUIABKOB, BBHIMYIICHHBIX B MOTOK Y [HA,
WHTCHCUBHO 3aXBaThIBACTCS BHYTPh BUXPEBOTO BaJIbIA B TICPBOI TPETH IIUPHUHBI BaJIbIa, a TIOBEPX-
HOCTHBIE TIOIUIABKU - Y TOJIOBBI MOJY3alpyAbl. Takoe sIBJEHHUE CBS3aHO C BUXPEBOM CTPYKTYpOU
CJIOA IEpCMEIIMBAHUA, KOTOpAasd UMECT CBOU 3aKOHOMCPHBIC OCO6GHHOCTI/I, HCCMOTPA Ha BHCHIHIOIO
XaOTHYHOCTh TEUCHHUS B 3TOH 30HE.

Cratuctrueckass oOpaO0OTKa JaHHBIX MO PACCEMBAHMIO YACTHUII 32 IMOJY3alpya0i MO3BOJSET
TaKXKe MPEeACTaBUTh pe3yJbTaThl B rpadudeckom Bujie. IlapameTprl MpoBenEeHHBIX OIBITOB OTpa-
KeHbl B Tabnu1e 1, a pacmpenenaeHre 4acTUl HHAUKATOPOB B CTBOPE, YAAJIEHHOM OT IOJIy3aIpyibl
Ha pacctossHue 10 rimyOuH,0TOOpakeHo Ha rpadukax puc 7, a, 6 U B, COOTBETCTBEHHO YKa3aHHBIM

HOMCpAaM KPUBLIX.

Tabmuma 1

IIapameTpbl ONBITOB N0 PACCEUBAHUIO YACTHLl — HHIANKATOPOB 32 MOJIYy3anpyAoii

No 0, h, D L om Alfa, | Yp, | Xp, a,
Kpueoi | 1n/c cM cM rpag [ cMm cM CM
1 20 16 10 50 60 10 30 0
2 20 16 5,5 50 45 0 0 7
3 20 16 5,5 50 45 10 20 0
4 20 16 5,5 50 45 0 0
5 20 14 5,5 50 45 0 0 0
6 20 14 5,5 50 45 0 0 5
7 20 14 5,5 50 45 10 30
8 20 14 5,5 50 45 10 30 5
9 20 [ 18,2 | 5,5 50 45 10 20

Ipumeyanus k Tadauue. Q — pacxo] CIOKOWHOIO MOTOKA B JIOTKE IUPUHONU 1 M 1
riyouHoit A cM; p u [ —BbicoTa U ANMHA TOdy3anpyabl, Alfa — yron ee ycranoBku; Yp u Xp- BeICTy
OOKOBOI1 Mperpajbl B TOTOK U PACCTOSIHHUE MPETPaIbl OT MOTY3anpyabl, @ — IHpUHA OEPETOBOTO

OTBEPCTHSI.
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N/Nmax N/Nimax
1,0 0,9
——kpuBa 1 —o—kKpuBa 4
09 T 0.8 -
-@- kpuBa 2 r/ﬁ' =-a \ B kpuea 5
08T A 0.7 A5
KpmBa 3 4 Q/ & Sm \\ A- kpuBa 6
07T 0.6 - & B
g i
06 ‘\ 0,5 \a\%
05 @ A"
Y 0.4
04
03 T 03 /U
02t 0.2 \a
0,1 1 0.1 B
j y/B f~m-n Y/B
0,0 t t t 0,0 ¥ t \
0,0 0,2 04 0,6 0.8 1,0 0,0 02 04 0,6 08 1,0
a) 0)
N/Numax
0,9
o—kpuBa 7
08T & kpuBa 8
0,7 1 —A—KpuBa 9
0,6 &
0,5 g
0,4 A
0,3 1
8
0,2
&
0.1 B y/B
0,0 T t t t
0,0 0,2 0,4 0,6 0,8 1,0

Puc. 7. Pe3yabTaThl ONIBITOB 110 PACCEUBAHUIO YACTHUIl — HHAUKATOPOB 32 MOJIYy3anpyaoii.
Pacnpeaenienne yacTuu, BbINYLIEHHBIX B HaYaJie BaJbLa 32 MOJIy3anpyaoi, Ha paccrosHun 10 riuyoun

OT COOpYKeHHsl (HUKe 10 TeYEeHHNI0)

[TpuBeneHHbIE PE3yJIbTAThl CBUAETENBCTBYIOT O XOpOLIEM MEPEMEIIMBAHUM B IOTOKE H
3G GEKTUBHOCTH JIOMOJHUTEIBHBIX YCTPOHCTB — OOKOBOW mperpaanl u OeperoBoro orBepctus. C
MIOMOIIBIO MaTEMAaTHIECKON TEOPHHU IIAHUPOBAHUS HKCIIEPUMEHTA TaKKe ObLIM 3aIlJIaHUPOBAHBI U
MPOBECHBI CEPUH OTIBITOB C ITyCKOM YaCTHI[ — HHAMKATOPOB. Ha OCHOBE 3THX ONBITOB HaM yAaJIoCh
ONITUMH3UPOBATh KOHCTPYKTHBHYIO CXE€MY M T'€OMETPHUYECKHE NapaMeTpbl CUCTEMbI 3aTarliv-
BaeMbIX ITOJTy3aInpya.

WHTEeHCHBHOCTh pa3MbIBa TpyHTa TakKe H3ydajach OHKCIEpUMEHTalbHO. [Ipm 3TOM B
1a0opaTopuy, Ha pa3MbIBAEMOW MOJENH, W3y4YallUCh OOIIUE 3aKOHOMEPHOCTH (HOpMHpOBaHUS
MECTHBIX Pa3MBIBOB, - (JOpMa BOPOHKH pa3MbIBa y OTOJIOBKOB IOJTy3ampy/l, TEMIIbl Pa3BUTHS pa3-
MBIBa BO BPEMEHHU U COIMOCTABIISUIUCH PAa3MBIBBI MPH BCEX OJWHAKOBBIX YCIIOBHSIX, KPOME OJIHOTO
BapbUpPyEeMOro mapaMmeTpa. AOGCOIIOTHBIC 3HAYCHHUS TITyOWH pa3MbIBa yCTaHABIMBAINCH HA OCHOBE

JIAHHBIX HATYypHBIX HAaOIOJJEHUH, HalpUMep, IPUBEJCHHBIX B padoTte [9].
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Ha ocHoBe nanHbIX 0 (hopMe BOPOHKHM B pa3Hble MOMEHTBHI BPEMEHU CTPOWJIHCH TpapuKu
W3MEHEHUsI pPacXoO/I0B HAHOCOB, BBIHOCHMBIX C E€JUHUIBI IUIOLIAAUM B AKTUBHOW 30HE BBIMBIBA
IrpyHTa. DTa UHTEHCUBHOCTh PaBHA CKOPOCTH CHUIKEHHUS JHA BOPOHKH BO BPEMEHU IPHU YCIOBUHU
OTCYTCTBHSI OIIOJI3aHUM IPYHTA C OTKOCOB BOPOHKHU. 3HAYEHUsI MHTEHCUBHOCTEN pa3MbIBa, HalJICH-

HBIE TaKUM 00pa3oM, 0TOOpakeHbI Ha pUC. 8.

dhp/dt dh/dT = f{d, Uo/wo)
10000
1000 ___.—‘ 1 5
100 3 ]
o = 4

oot

0,001 /
e T
0,000
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Puc. 8. OTHOCHTE/IbHBbIE 3HAYEHUS CJI0SI BBIMBIBA OTHOPOIHOIO
U €1200 HEOTHOPOJHOTO I'PYHTA Y MOCTOBBIX OINOP:

1-Uywy=1,47,2 - Uywy=2,08,3 - Uywy=3,68, 4 - Uywy=5,15, 5 - Uy'wy =10,00

ITomyuyeHHass 3aBUCUMOCTB JUIsl COCPENOTOYEHHOIO Pa3MbIBa Y MOCTOBBIX OIOP MOXKET CIIy-
KHUTh B KAa4eCTBE YHUBEPCAIbHOW (DYHKIMHM BHIMBIBA IOTOKOM, B KOTOPOM OCHOBHBIM pPa3MbI-
BarOIIMM (DaKTOpOM SBJISIETCS JOHHOE BHHTOOOpa3zHoe TedeHWe. Ha pucyHke BHAHO, 4TO Ci1abo

BO3My1H€HHBII>i MOTOK Ja€T CYIICCTBCHHO MCHBIIINC PA3MbIBBI.

3. TeopeTnueckoe onucaHue onpeaeIAIOIHX MPOIECCOB

Teoperndeckoe OnUCcaHue THAPOANHAMMUYECKUX MPOLECCOB, MPOUCXOASIMUX IPU OOTEKaHUU
M0JTy3aMnpy/ibl, PACCMOTPEHO, HAIPUMED, B HAIIKX padoTax [3, 6, 7]. YuuTsiBas 0cCOOEHHOCTH Teue-
HUH 32 KOCOPACIIOJIOKEHHBIMH JIOHHBIMHU IOJTy3anpyJaMH, HaMH Oblila pa3paboTaHa ymnpoIeHHas
OJIHOMEpHasi MOJEJNIb JIMHAMUKU IOTOKa C MEPEeMEHHBIMU pacxojJaMu B o0jacTh Bajiblia. JTa

MO/IENTb MOKET MPUMEHSTHCS KaK MHCTPYMEHT NPUOIMKEHHOTO pacueTa 6e3 IPUMEHEHUS CI0KHbBIX
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MporpaMM TpPEeXMEpHOW 3a/ay, OHa TO3BOJISIET MOJrOTOBUTH JaHHbIE NJs Oosee ObICTpOro u
3¢ PeKTUBHOrO pacyeTa Mo CI0KHONW MOJCIIH .

YupouleHnasi Mojesib HCHOJb3YyeT THUIPABINYECKUE 3aKOHOMEPHOCTH, HalJICHHbIE B
JKcrepuMeHTe. B 4acTHOCTH, 3aKOHOMEPHOCTH BTEKaHHUSI MAacC BOJIbI B BaJIel] M BHITEKAHUE U3 HETO,
KOTOpBIC OMHCHIBAIOTCS TIIATKUMH (DYHKIMOHAIBLHBIMA 3aBUCHUMOCTSMU W TIapaMETPhl KOTOPBIX
JIOCTaTOYHO CTAaOWJIbHBI. DTO MO3BOJSET MCIOJIB30BaTh COOTBETCTBYIOIINE 3aBUCHMOCTH, CYIIEC-
BEHHO yImpollas oO0mui anropuT™M pacyeta. Vcmonb3ys SMOUpUYECKHE MAaHHBIE IO TOJISM
CKOPOCTEH 3a JOHHBIMH YCTYNaMH H TMONy3alpyldamMu, HalaeH Kod((OUIMEHT TPEHHS MEXIy
TPAH3UTHBIM IIOTOKOM, OOTEKAIOIIMM I0JIy3allpyly U BUXPEBOM BaJsell 3a HEH, KOTOPbI 00ycioB-
JIMBAET TUAPABINYECKOE COMPOTUBJICHNE OCHOBHOM LIEHTPAIIBHOM YacTH BajiblieBOM 30HbI. Haiinen-
HbIE TEOPETHUECKUM MyTeM CKOPOCTH M COOTBETCTBYIOIIUE PACXO/BI SBIAIOTCS HAaubOsee CylecT-
BEHHBIMH XapaKTEPUCTUKAMHU LUPKYJSIIIMOHHOTO TEUEHHUS, KOTOPOE€ HHHUIMHPYETCS BOJOCMECH-
TEJIbHOW MOJTy3anpya0i.

Hamu Obuta pa3paborana MaremMaTHuecKass MOJENIb OCPEAHEHHBIX CKOPOCTEH M pacxoioB
MOTOKA, KaK OCHOBHBIX XapaKTePUCTHUK MAaccOOOMEHa MpH NPUMEHEHHH BOIOCMECUTEIbHBIX
noxy3anpyl. belna ucnonb3oBaHa maTemMaTHdecKas MOJENb JUHAMHKU MOTOKAa C MEPEMEHHBIMU
pacxoiamH Mo JUTMHE BaJlblia, KOTOpast pejcTaBieHa GopMyJIoi

pvdaAv+ p(v—v,)Aq, — p(v—v,)Aq, = AF. (1)

DTO ypaBHEHUE HAMU WCIIONB3YETCS ISl ONMMUCAHUS TUHAMHUKU MOTOKA, ABUKYILIETOCS BIOJb
MOJTy3ampy/ibl, KOCO PACIOJIOXKEHHOW OTHOCHUTEIHLHO OCHOBHOI'O TEUEHHS. YPABHEHHE CBS3BIBACT
pacxofpl MOTOKA, €r0 CKOPOCTH U pa3Mepbl MONEPEYHOr0 CEeUeHUsI OTPHIBHOM 00nacTu. YpaBHEHHE
10 CBOCH CYTH SIBIISIETCS ypaBHEHHEM OallaHCa UMITYJIbCOB CHJI M KOJIMYECTBA JBIKCHUS MOTOKA.
Takum 00pa3oM, OHO YUHUTHIBACT U JCHCTBYIOIINE CUIOBBIE (DAKTOPHI, OCHOBHBIMU U3 KOTOPBIX SIB-
JSIOTCS Tepenaj JaBlIeHUd M cuibl TpeHus. VIMEHHO mepemnan AaBlIEHUH MOXHO paccMaTpHUBAaTh
KaK OCHOBHOM (DaKTOp, KOTOPHIM MBI MOKEM YTPABIATH JJIS PEryJIUPOBAHUS KMHEMATHKU MOTOKa
3a MOJIy3aIpyI0u.

Pacxonpl MOCTYNaTEIFHOTO TEYCHUS B OTPHIBHOW 30HE (DOPMHPYIOTCS B TIOTOKE B 3aBH-
CHUMOCTH OT JICHCTBYIOIIMX BHEIIHUX CUJI. Y paBHEHHE OanaHca pacXxoI0B MPEACTaBIECHO B (popmyie

Q(x):Ql(x)_Q2(x)' (2)

DT0 ypaBHEHHE TOKA3bIBACT, UYTO CYNIECTBEHHBIMA KOMIIOHEHTAMHU pacxoja MaccooOMeHa
SIBJIIETCS. TOPIIEBOM PacXoJl, KOTOPBIM B HAIlEH CXeMe COOPYXKEHHUsS MPOHUKAET depe3 OOKOBOE
OTBEPCTHE U 3aXOJUT B OTPHIBHYIO 30HY, a TAKXKE PACXO0/Ibl, TPOHUKAIONIUE B BaJICIl U3 TPAH3UTHOTO

MOTOKA Yepe3 TPeOCHb COOPYKEHHUS.
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TopieBoli pacxoJ MOXKET pacCMaTpUBAThCI KaK peryjaupyemasi BEIWduHa. A MMEHHO, €ro
MOXKHO peryJiupoBaTh IIUPUHOMN MMpOeMa U ClelHaIbHBIMU YCTPOHCTBAMHU, KOTOPbIE YBEIMUYNBAIOT

IUIaBHOCTBH BXO/Jia ITOTOKA B HAYaJIbBHYIO YaCTb OTpBIBHOI71 30HBI (qepeS TOpCH Bam,ua):

a, -A\_)-\_)-a)-(1+A—B)+aO -Aa)-(A\_n —B\_}z)=

AP 5
:_7+k-uo[u0 'COS(a—¢)_V]'wn 3)

C 'PAaHUYHBIM YCJIOBUECM B HaA4aJIC obnactu

v

=0 = Vo- 4)
Pemenue ypaBHenmsi (3) Ui 3a1aHHOTO IOJISI CKOPOCTEH JaeT pacrpelefieHue TaBIICHHS
BJIOJIb OTPBIBHOM oOnactu. [losToMy Hamu Obla mocTaBieHa oOpaTHas 3ajjaya - HAWTH pacripe-
JIeTIeHHE CKOPOCTEH BIOJbh OONACTH B HMCCIEIyEeMOM HAMH JMana3oHe NPH W3BECTHOM pactpe-
neneHuu nasineHus. [Ipu sToM, monb3ysick ypaBHeHueM (3) M 3a1aBasi ToJIe AABJICHUM, MBI MOJTY-
YaJM pacnpesieNieHue CKOPOCTEH:
P _ g = CQ%dx = C(v-w) dx. (5)
- w
VYpaBHeHue (5) mo3BoJseT OBICTPO U HAJIEKHO ONPEAETATh CKOPOCTH MOTOKA [0 U3BECTHOMY
pacrpeneseHuIo JaBIeHUN BIOJb MOTOKAa. HeKoTopble apyrue acrneKThl TEOPHUH PacCMOTPEHBI,

Hanpumep, B paboTax [8, 9].

4. PexomeHanuu Mo BHEAPEHUIO

Ha ocHose PE3YJIbTAaTOB UCCIICAOBAHUA MbI Ja€M PCKOMCHIAIIMU MO HMCIIOJIB30BAaHUIO. BOAOC-
MECHUTENIbHBIX MOJTy3alpy/] sl peUIeHHs 3a/1a4 3KOJIOTHYECKOT0 XapaKTepa.

Hamm pexomeHnanuu mo3BOJSIOT ONPEAETUTh NMPUHIUIHAIBHBIE MapaMeTpbl HU3KUX 3aTo-
TUTMBAEMBIX TOMYy3alpyA W JIOMOJHUTENBHBIX YCTPOMCTB, KOTOpbIE YIydIIaroT maccooOMmeH. B
cJIydac, Korja mapaMeTpbl COOPYKCHUSA BBIXOIAT 3a HNPCAC/Ibl AUala3OoHa SKCICPUMCHTAJIbHBIX
HCCHCI{OB&HHﬁ, MNPOBCACHHBIX HaMH, MNpEAJaractcsa mnpocTtasd CXEMa Ui BBIIIOJIHCHHUA THApPaB-
JMYECKOro pacuera. PacdeTsl Aal0T 3HAYEHUS CKOPOCTEW M PACXOJOB MOMEPEUYHBIX TECYEHUU 3a
MOJTy3alpyI0i, OMpEeNeNseTcs TaKKe BEeIWYMHA 30HBl LUPKYJIALHUUA 32 COOPYKEHHEM, KOTOpas
II03BOJIAET MOIYYUTh PACCTOSHUE MEXIY ITOTy3alpydaMy IJIs Pa3IMYHbIX CIIyJaeB.

BOI[OCMGCI/ITGJIBHBIQ MOoJIy3anpy bl TAKXKC MOXKHO YCIICIIHO UCIIOJb30BaTh JJIA pa3HbIX ueneﬁ,
a UMEHHO: 00IIel HHTEHCU(PUKAIINA MacCOOOMEHa B PEYHOM TIOTOKE, JTMKBUIAINH 3aCTOWHBIX 30H,

60pB6H C IOBCETCHHUECM M 3apaCTaHUEM BOJOTOKOB, IMOCTCIICHHOI'O p336aBJ'ICHI/I$I CTOYHBIX BO/,
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paccenBaHUs 3arpsi3HEHHBIX CTOKOB 3a MOCTOBBIMH IepexoJaMH. Takue COOpYy>KEHHs MOTyT
YCTaHABJIMBATHCS Ha OTAEIbHBIX YYaCTKaX B MPE/eax HACEICHHBIX IIyHKTOB, OKYJIbTYPEHHBIX 30H,
WIA TPUMEHAThCS Ha OOJBIION JUIMHE KOHKPETHOI'O PEYHOro pycia (HECKOJbKUX JECSITKOB
KWJIoMeTpoB). Takke Npeanaraercs HUCIOJIb30BATh 3aTalVIMBAEMblE NOIY3alpyAbl Uil YCUIICHHS
LUPKYJISLUN BOJHBIX MacC ¥ OKUCJIEHMS 3arpsiI3HEHUH B a3pOTEHKaX.

B pexkomeHIanusx HCIOIB30BaHbl PE3YJbTATHl J1A0OPATOPHBIX MCCIEOBAHUM, a TakKxkKe
pe3ynbTatel uccaenoBanui, BeinosnHeHHbIX M. M. Kupuenko, A. E. Hloxpo, JI. A. llIunkkapykom
[6, 12], a Takxxe pacueTsl K. U. Pocunckoro [1, 2, 9].

C y4eToM COBpPEMEHHBIX TEHICHIMI B THMAPOTEXHHUYECKOM CTPOUTENBCTBE MJISl PEILEHUs
MIOCTaBJIEHHBIX 3a/1a4 HaMH IpeJUlaraloTcs OPUTMHAIBHBIE THIIBI KOHCTPYKIMH € MCIIOJIb30BaHUEM
MIPOCTHIX U JAEUIEBBIX MaTepuanoB (puc.9). JlaHHble KOHCTPYKIMU JOCTATOUYHO MPOCTHI, HE TPEOYIOT
3HAYUTENIbHBIX KAlUTAIOBIOKEHUH NPU CTPOUTEIBCTBE, SABISAIOTCS Y3PPEKTUBHBIMHA U YIOOHBIMHU B
sKcIuTyarauuu. Jlns ycTpoiicTBa BOAOCMECUTENBHBIX MOJYy3alpyd MOXKHO MCIIONb30BaTh ClENy-
rolIe 00JIer4YeHHble KOHCTPYKLUU:

— BOJIOCMECHUTENIbHAS TIOJTy3anpyaa u3 OETOHHBIX OJIOKOB;

— [OJTy3ampy/bl U3 rabNOHOB;

— [OJTy3aIpy bl U3 KEJIE3HOJOPOKHBIX IIITAJ;

— [IOJTy3aIpy bl U3 MOJUATUIICHOBBIX MEIIKOB C IIECUaHBIMH HAIlOJIHUTEISIMY;

— IOJTy3arpybl C OpE3eHTOBO - apMaTYPHBIM 3KPAHOM;

— IOJTy3aIpy bl U3 MOJIMITUIICHOBBIX TPYO;

— [OJTy3ampy bl U3 JEPEBSIHHBIX ITUTOB.

l'[0.11y3anpy)11)1 U3 N1€PEBAHHLBIX IUTOB l'[o.11y3arlpyubl W3 ra0loHoOB
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IHosny3anpynabl U3 re0TEKCTHIISA Hoay3anpyasl n3 6eTOHHBIX 0JI0KOB

Puc. 9. CxeMblI 00J1er4YeHHBIX KOHCprK].[I/lﬁ BOJOCMECUTEC/IBHBIX ITOJY3aNpya

Hcnonp30BaHne HaHHBIX YCTPOWCTB MPEABAPUTENHHO alpoOUPOBAHO B 1a00PaTOPHBIX YCIIO-
BHUSIX M MOXET OBITh 3()()eKTHBHO UCIIOIH30BAHO KaK JUIS PEHICHUS 33734 YKOJIOTHISCKOTO Xapak-
Tepa, Tak W 3a7a49 CMEXKHBIX HaITPaBJICHUH.

Pazpaborana cxema Ui peryiaupoBaHUsl ydyacTKa pycia TOPHOH PEeKH Ha Mpearopke, Mpu
BBIXOZIC TIOTOKa W3 TOPHBIX YYacTKOB, TJe, KakK MPaBHUIO, UMEET MECTO MHOTOPYKABHBIM THII
pycIoBOTO Tiporecca. B 3Tom cirydae HEOOXOAMMBIM SBIISIETCSI ONTUMAIBHOE CTECHEHUE TTOTOKA H

BO30YXICHUE IIUPKYJISAIIMOHHBIX TEUSHUH, YTO peain3yeTcs MpUBEACHHOU cxeMoit (puc.10).

[LI AARRARANAARMRARR
. | L i I REL

rAYXi YACTHH MW KOM-
BIHOBAHWX MIB3ATAT

3
'8 3
AATOMAMOBAHI YACTUHH 5
T KoMBIH HHAX NIBSATAT
S BN I I P P P e | N
EEREERERIRRAE 7 + — s 3
Il I I I i A ]?l 1

Puc. 10. Pekomenayemasi cxeMa cO3JaHUS] YCTOMYHUBOro pycia NpH ONTHMAJBLHOM €ro CTeCHeHHUH

KOMOMHMPOBAHHBIMH Nody3anpyaamu [1]

34



do®mobgobg@os, Nel-2(15-16), 2013 — Hydroengineering, Nel-2(15-16), 2013 — I'mnpounskenepus, Nel-2(15-16), 2013

JIUTEPATYPA

1. Kupienxo L.1., unakapyk JI.A., Hloapo O.€., lllymiacekuii B.J1., nsaxu BQockoOHATICHHS
pEryJIloBaHHs pycell MEepeiripchbKux AUISHOK pidok YkpaiHcekux Kapmat. Exosnoris
IOBKULIA Ta Oe3meka )kurreaisuibuocti. Kuis, 2002, Nel, ¢. 30-34 .

2. Kupuenko WU.U., Hlonpo A.E., llymunckuit B. [1., lllunnapyk JI. A. [IpoextupoBanue
HU3KUX 3aTallIuBaeMbl X Moiy3anpyn.-B kH.: ['mapomenuopanus M rHMIpOTEXHUYECKOE
crpoutenscTBO. JIbBOB: Buia mkona, 1981, Bein. 9, ¢.59-64

3. oapo O.€., Moxmsixk M.M., Xonuesuu S1.B. ITokpalieHHS €KOJIOTIYHOTO CTaHy MajHX
pIYOK 3a JOMOMOTOI0 3aTOIUIIOBAHMX HarliB3araT, BicHuk HaiioHambHOTO yHIBEpCHUTETY
BOJHOTO T'OCIIOJIApCTBA Ta MPUPOJAOKOPUCTYBaHHA. 30IpHUK HAyKOBHX Tpails. Bumyck 1
(37), Piue 2007, c. 133-142.

4. Moknsk M.M. 3actocyBaHHS 3aTOIUTIOBAaHMX BOJO3MIIIYBaJbHUX HamiB3araT JUIs
iHTeHCcn(iKamii MacoOOMiHY B TOTOIl 3 METOIO IMOKPALICHHS €KOJIOTIYHOTO CTaHy MalluX
piuok. Bicamk HYBITI. 36ipHuk HaykoBux mpanb. Bumyck 4 (36), Yactuna 1.PiBHe,
HVYBITI. 2006. —c.143-148.

5. BoccraHoBieHue u oxpaHa Mansix pek: Teopus u npaktuka/llep. ¢ anrn. A. D. ['abuamsna,
10. A. Cmupnosa/llox pen. K. K. Dnenpimreitna, M. U. CaxapoBoii.- M.: Arponpomusiar,
1989.-317 c.

6. llompo O.€. Kommiekc mporpamMm 10 po3paxyHKiB micieBoro po3muy / O.€. Ilomxpo //
Bicuuk HYBI'TI: 36ipHuk HaykoBux npais. - Pisae: HYBI'TI, 2009. - Yactuna 1. - Bum. 3
(47). - C. 588-599.

7. Woapo O.€. MaremaTnyHe MOJAETIOBAaHHS BOJHHUX IOTOKIB B 30HI MICIIEBOTO Pa3MHBY
01151 piukoBux rigporexHivaux crnopyna/ O.€. [loapo //ABToMOOLIBEHI TOPOTH 1 JOPOKHE
OyaiBHULITBO: MIXKBIIOMUYNI HAayKOBO-TeXHIUHUM 30ipHUK. - KuiB: YTV, 1998. - Bunyck
55.-C. 55-61.

8. MareMatnueckue MOJENIN IKOJIOTUHU. CII0KHBIE MOJIEIIH.
http://grants.rsu.ru/osi/tsure/koi8/ecomth.html

9. Poccunckuit K.W. u Ky3pmun U.A. Pemienne ypaBuenuit quddy3un npuMeHUTENBHO K 3a7a-
YyaM JIBIKCHUS B3BEIICHHBIX HaHOCOB. CO. ,,Pyciose mporneccer”. U3a-8o AH CCCP, 1958.

10. XKypasneB M.M. MecTHslii pa3mbIB y ortop MoctoB / M.M.. XKypasnes. - M.: Tpancnopr,
1984.-243 c.

35



do®mobgobg@os, Nel-2(15-16), 2013 — Hydroengineering, Nel-2(15-16), 2013 — I'mnpounskenepus, Nel-2(15-16), 2013

YK 532.592: 517.9

MCHOJIb30BAHUE JU®DEPEHIIUAJIBHBIX YPABHEHUM JIJIA
PACUYETOB MPO®WUJISI CBOBOJJHOM NOBEPXHOCTHU BOJIHUCTOI'O
ITPBIKKA

A.A. Pabenko, O.A. I'anuy, /I.M. [lomiaBckuii
(HauuoHanbHbIN YHUBEPCUTET BOAHOIO XO3sIIICTBA U TPUPOIONOIb30BaHUS,

r. PoBHO, YKpanna)

Pe3ome: Bwinoineno nocmpoenue npo@uisi c60000HOU NOBEPXHOCMU BOIHUCMO2O0 NPBIHCKA HA

ocHoge OughghepenyuanbHbiX ypasHeHuil U IKCNepUMeHmMAanbHbIX UCCIe008AHUI.

KiroueBble cioBa: ouggepenyuanvuvie ypagnenus, npoguib c60000HOU NOBEPXHOCMU, BOIHUC-

molil NPOBIOCOK, OKOJIOKpUmMuUYeCKue mederusl.

1. BBEJIEHHUE

B kiaccuyeckoll TUIpaBIMKE OTKPBITBIX PyCeNl pa3iMyaroT TPH COCTOSIHUS OE€3HANOPHOIO
MIOTOKA: CIIOKOMHOE (Kor/a riryOuHa MoToKa Oosblie KpuTudeckoi riryOunst h > hy), 6ypraoe (h < hy) u
kputnueckoe (h=hy). OmHaKo MHOTOUNCIIEHHBIE TEOPETUUECKUE M IKCTIEPUMEHTAILHBIE UCCIIEI0BA-
HUS [TOKa3bIBAIOT, YTO B JIONOJHEHHUE K TaKOM Kiaccu(UKalUK HEOOXOAUMO BBIICIATH €IIe U 0COo-
OyI0 00JIaCTh OKOJIOKPUTHYECKUX TedeHUH. OKOJIOKPUTUYECKUMHU TEUEHHUSMHU Ha3bIBAIOTCS YCTa-
HOBHBILIMECS O€3HAMOPHBIE MOTOKU >KUJKOCTU C PE3KOM3MEHSIOMNUMCS JIBKEHUEM U TIyOMHaMHU,
OJM3KUMH K KPUTHYECKOW hy, a Takke HEYyCTAaHOBUBIIUECS TOTOKH (BOJIHBI TEPEMEIICHUS) C
OBICTPOU3MEHSIOUIMMCS ABMKEHHEM U CKOPOCTSIMHM, OJM3KUMHU K KPUTHUYECKOW Cy. st ycimosuit
IUTOCKOM 3a/1auM KpUTHYECKas rIyOnHa HaxoauTcs o gopmyie (1), a KpuTuyeckast CKOpOCTh — MO

¢dopmyne Jlarpanxa (2)
h =34, (1)
g

CK:\/E’ (2)

r7ie q — YACNbHBINA pacxof, h — rmyOuna nmoToka, g — yCKOpeHHE CBOOOHOTO A ICHHUS.
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OKOJIOKpUTHYECKUE TEYEHUS JKUAKOCTH MOTYT MpOSABIATHCS B (OpPME COBEPLICHHOIO MU
BOJIHUCTOT'O MPBIKKOB, OECHPBIKKOBOIO CONPSKEHUS Obe(OB, YEAMHEHHON M KHOMJAJIBHBIX BOJIH.
Ha3BanHble sBJICHHS BO3HUKAIOT B HIDKHUX ObeaX HU3KOHANOPHBIX BOJOCIUBHBIX IJIOTHH,
BozocOpocoB u I'DC, B kaHanax, O€3HANOPHBIX TYHHENAX, rajepesx W TpyOax, Ha BOJIOCIHUBE C
LUIMPOKKUM MOPOTOM U B ApYrHX ciydasx [1].

OKONOKpUTHYECKHE TEYECHHs XUAKOCTH HEIOCTATOYHO MCCIENOBAaHHBIE, a KIIACCHUYECKUE
TEOpHH, NMPUMEHSEMBbIE JUISl pacyeTa CIOKOWHOIO MM OYypHOTO COCTOSIHUN MOTOKA, HE MOIXOMST
JUIL 3TOTO KJlacca SIBIEHUM. DTO JenaeT mpoOieMy HCCIeIOBaHHUS OKOJIOKPUTHYECKUX TEUCHHH
BECbMa aKTyaJIbHOM, TaK KaK TaKUe€ TEUEHUS BO3HUKAIOT HE TOJBKO MPH SKCIUTyaTallUd THIPOTEX-
HUYECKUX U THIPOIHEPrETHUECKHUX COOPYKEHHH, HO U B €CTECTBEHHBIX YCIOBMSX, HallpUMeEp, B
3CTyapusiX, MOpAX U OKeaHax BO BpeMs MPUIMBHO-OTIMBHBIX sBIeHUNA. IrHOpHpoBaHue ocoOeH-
HOCTEH yKa3aHHBIX TEYEHMH NpU pabdOTe TUAPOTEXHUYECKHX COOPYKEHHH MOXKET NMPHUBECTU K

MOBPEXKICHHUIO TAKMX COOPYKEHUH, pa3MbIBaM pycell U T.[.
2. OCHOBHASA YACTb

BA30OBBIE YPABHEHU A

JIHH IIaBHOU3MCHAIOIICTOCA ITOTOKA B T'OPU3OHTAJIBLHOM MNPAMOYTOJIBHOM KaHAJIC ITOCTOSH-
HOW IIMPHUHBI Yallle BCETO UCIOIB3YIOTCA CIEIYIONIME OCHOBHBIE ypaBHEHUS [2, 3].
YpaBHeHHne HEPA3PBIBHOCTH
ou Ov ow
—+—+—=0,
ox 0Oy Oz (3)
IA€ 4, v, W — IPOEKUUU CKOPOCTH Ha JIEKapTOBBIE OCH KOOPJMHAT, X, ), Z — KOOPAUHATBHI TOYEK
MIPOCTPAHCTBA.
YpaBHeHHe yAeJbHOM JHEPruu cedyeHuss E 1715 mIaBHOM3MEHAOMErOCs IBUKEHUS UMEET
CIEAYIOIINNA BU:
aV?

E=h+ , 4
e “

rae V — cpeHss CKOpOCTh, o — K03 uimeHT kuaerndeckoit suepruu (Kopuomnuca).

s pacyeTa pe3KOM3MEHSIONIETOCs ABMKEHUST pUMEHsieTcst ypaBHeHue 3Heprun Ceppa [3],
KOTOpPOE BBIBEJCHO ISl YCIOBHH TUIOCKOH 3amadu W3 AudQepeHIMaTbHOrO YpaBHEHHs Jiiepa
JBUKEHUSI KUAKOCTU C YYETOM HAKJIOHA M KPUBU3HBI DJIEMEHTAPHBIX CTPYEK B BEPTHUKAIBHOM

IINTIOCKOCTH:
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2 2 2 2 2
E=h+-1 >+ 9 Z-dil— g Z(ﬂj
2gh®  3gh® dx* 6gh”\ dx

©)

YpaBHeHne MOMEHTA (KOJMYeCTBA ABHKeHUs1) M U1 TUIaBHOM3MEHSIOLIETOCS IBUYKEHUS
HMMeEeT CIEAYIOIWN BUA:
h2 2
mM="44 (6)
2 gh
YpaBHenue MomenTa Ceppa [3] Uil pe3KOU3MEHSIOIIEr0Cs JBUKCHUS
2 2 2 2 2 2
_h q i g~ d”h q (ﬁj . (7)
2 gh 3g ax® 3gh?\dx

[IPEICTABJIEHME BOJIHUCTOI'O ITPBIKKA KAK COBOKYITHOCTH YEAWUHEHHOM 1
KHONJAJIBHBIX BOJIH

BoaHHUCTBIN TPBDKOK OTHOCUTCS K OJTHOMY U3 BUIOB OKOJOKPUTHYECKUX TEUEHHUM JKUKOCTH.
OH xapakTepu3yeTcs HaJMYUEM pPsiJia MOCTENEHHO 3aTyXalOIMX BOJIH Ha CBOOOJHON MOBEPXHOCTU
notoka. IIpu 3TOM BOJHBI pacnpoOCTPaHSAIOTCS BHU3 IO TEUYEHHUIO Ha OOJBIINE PACCTOSHUS, UTO
MOKET TPUBECTH K pa3MbIBaHHIO OeperoB oTBojsmiero pycia [4]. Jns HpoeKTHpOBaHUS U
9KCIUTyaTalluy pa3IU4HbIX THUIOB I'MIPOTEXHUUYECKUX COOPYKEHHH OYEHb Ba)KHO 3HATh OUYEPTaHMS
KpHUBOM CBOOOJHON MOBEPXHOCTU TMphDKKa. Hambomnee momHo ouepTaHue CBOOOTHON MOBEPXHOCTH
U3Yy4YEHO TEOPETHUECKUM IyTeM Ui TAaKUX SIBICHUH, KaK yeJAMHEHHas M KHOMJAJIbHbIE BOJIHBI.
Hakomnnennble 3HaHUS 00 3TUX TEYEHHUAX YacCTO HMCIOJB3YIOT IPU TEOPETUYECKOM PACCMOTPEHUU
BOJIHMCTOTO NPbDKKA M BOJIH NEPEMEIIECHUs, pacCMaTpuBasi 3TU SIBJICHUS B BHUJIE COBOKYIHOCTH
YEIMHEHHOM U KHOUJAJIbHBIX BOJIH.

Eme ®aBp [5] BbIcKa3blBan NPEANONIOKEHUE, YTO NEPBbIM I'peOeHb HM3ydyaeMbIX UM BOJIH
NepeMeIIeHUs] TpeACTaBIsieT co00i yeAMHEHHYIO BOJIHY, a CJEIyIoIlMe 3a HEell BOJHBI —
kHouganbHble. CyliecTByeT HECKOJIbKO BAPUAHTOB «CKJIEHBAHMS» PELICHUIN yEAUMHEHHON BOIHBI U
KHOMJIAJIbHBIX BOJH. B mepBoM ciyyae B KadyecTBE CEUEHHMs, OOLIEro Uil YEAUHEHHOW BOJHBI U
KHOMJIQIbHBIX BOJIH, IPUHUMAETCS] CEYEHHE 10 BEpIIMHE NEPBOM BOJIHBI BOJHUCTOTO MPBIKKA (PHC.
1, Touka 3). Ilpu sTOM cuuTaercsi, 4YTO OT Hayaja MPBDKKA J0 BHIOPAHHOTO CEYEHUS SIBJICHHE
MIpPEICTaBIsAET COOOMN yEIMHEHHYIO BOJHY, @ IOCJIE 3TOT0 CEYEHHs] — KHOMAAJIbHbIE BOJHBI. Bo
BTOPOM CJIydae «CKJIEHBAHUE» IMPOMCXOJUT B CEUYEHUH, MPOXOAALIEM dYepe3 TOUYKY H3MEHEHHs

KPUBHU3HBI CBOOOTHON TTOBEPXHOCTH MOTOKA (pHC. 1, Touka 4).
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h, - hy
-X '..\_fﬁ 10y 1 | _x

Puc. 1. CxeMa BOJIHHCTOIO NMPbIKKA: 1- YeauHeHHasi BOJIHA, 2 - KHOMJAJIBbHbIC BOJTHbBI

B nanHOli paGoTe NpHBEAEHBI HEKOTOPbHIE W3 CYIIECTBYIOIIUX MaTEMaTHUYECKUX MOJeNen
MIOCTPOEHUSI CBOOOJHON MOBEPXHOCTU BOJHHMCTOTIO MpPBIKKA METOAOM «CKJIEHBAHUS» PpELICHUH

YEJIMHEHHOW BOJIHBI U BOJIHUCTOTO TIPBDKKa [6, 7, §].

MATEMATUYECKHE METO/IbI IIOCTPOEHUS ITPO®UJISI CBOBOJHOM
[NOBEPXHOCTU BOJIHUCTOTI'O ITPBIDKKA

Heo0xoanMo noguepKkHyTh, YTO INIyOHHA MO BEPIIMHON BOJIHBI BOJIHUCTOTO MPBIKKA MOKET
OBITh HAMHOTO OOJIbILIE OCPETHEHHOM ITyOMHBI MOTOKA. Takylo 0COOEHHOCTh CIIEAYEeT YUUTHIBATH
MIPU TPOEKTUPOBAHUH OE3HATIOPHBIX THAPOIHEPTETUUECKUX U THAPOTEXHUUECKUX COOPYKEHHH, B
npejenax KOTOpbIX BO3MOXKHO 00pa30BaHHE BOJHHCTOrO MPbIKKA. DTO CYIIECTBEHHO HEOOXOIUMO
IIPU PACCMOTPEHUHU THIPABIMYECKUX PEKMMOB U PACUETOB OYEPTaHHUsI CBOOOAHOI MOBEPXHOCTH BO
BpeMsi pabOTbl YHOMSIHYTBIX OOBEKTOB, MOCKOJBKY OT 3TOTO 3aBUCAT BBICOTBHI OTPaTUTEIBHBIX
nam0, KaHaJIoB, O€3HANIOPHBIX TyHHENEH, TPYO, OTMETKH HIDKHUX 0aJlOK MOCTOB H T.JI.

CylecTBYIOT pasiM4HbIE METOAbl MOCTPOCHHA MNpoduiasi CcBOOOJHOW IOBEPXHOCTH
BOJIHMCTOTO MpbIKKa. PaccMOTpUM HEKOTOpBIE U3 HUX.

Metonq BHUHUI' (Bcepoccuiickoro Hay4yHO-HCCIIEI0BATENBCKOIO MHCTUTYTa TMAPOTEXHUKU
uM. b.E. Beneneesa), koTopsblii 3akmtodaercst B cineaytomeM [6]. CBoOOIHAs MOBEPXHOCTh MOTOKA

A0 BCPIINHEI IICPBOTO rpe6H$[ BOJIHBI OIMUCBIBACTCS YPAaBHCHUCM yeI[I/IHeHHOI\/JI BOJIHBI

: (6)

a HIDKE IO TEYEHUI0 MpoQUib CBOOOAHOIN MOBEPXHOCTH OMUCHIBAECTCS YPAaBHEHHUEM KHOUAAIBHBIX

BOJIH

h
772_277n+(776_77n)cn2(%at} (7)
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rae #e=hp'h;, n,=hp/h; — OTHOCUTENBbHBIC TIIYOWHBI TOJ BEPIIMHON TMEPBOTO T'PEeOHS W TOJ IIO-

JIOLIBOM TepBOW BHAJAMHBI BOJHBI MEXKIY IHEPBHIM U BTOPHIM TIPEOHSIMH COOTBETCTBEHHO,

2

q
Fr, = 7 — yncio dpyna B HAYaIbHOM CEUCHHH, A — JUTHHA KHOUAAJIBHBIX BOJH, ¢ — DJUTUIITHYEC-
8n,

o 21 X
KU HHTErpaJl BTOpOTo poaa, sch(x) u cn Z’t — (QyHKIMS TUTIEPOOTNYECKOTO CEKaHCa M AJIUIUTI-

THYecKas GyHKIUs SIKOOM aMIUTUTY/bl KOCHHYCa COOTBETCTBEHHO [6].

B ocHoBe meTona Xarepa-Xyrtrepa [7] nexut ypaBHeHue bepryu

q2 2hh/r_h/2

H=h+z+—"—|1+ +h" =2 -2 |, (®)
2h 3

rae H — monmHas sHeprus moroka, z — reoMeTpudeckasi BbICOTa WM F€OMETPUYECKH HAMop OTHO-
CUTEINIbHO JIHA B XapaKTEepHOM cedeHud, h', h" — cooTBETCTBEHHO mepBasi ¥ BTOpasi MPOU3BOAHBIE OT
riyOuHBL, a Z', 2" — COOTBETCTBEHHO TEepBasi U BTOpask MPOU3BOJIHBIE OT T€OMETPHUUECKON BBICOTHI Z
0 JUTMHE MTOTOKA.
[Toce HekOTOPBIX TpeoOpa3oBaHU W3 BBIpaxeHUs (8) monydaroT cienyromee auddepeH-
[MaTbHOE YpaBHEHHE!
2 3 2
(%j _ 3 —h—3+(2+Fr1 —Fl’i}/)h—z—(l-i-ZFl’i —2Fr17/)£+Fr1 . )
dx Fri| K h hy
B metone Psidenko [8] mns moctpoeHus nmpoduiisi cBOOOIHON MOBEPXHOCTH BOJIHUCTOTO
MPBDKKA HCIIONB3YIOT CIEAYIOIINUe MPEANOChUTKUA: 3Heprus mnortoka E m momenT M ocrarorces
MOCTOSIHHBIMH, a TJyOMHA B Ha4aJbHOM cedeHuu h;, uucio @pyna Fr; u kosdpumnuent neruapoc-
TATUYHOCTH S| B DTOM JK€ CEUCHHH SIBJISIFOTCS W3BECTHBIMU BeNMYMHAMH. V3 3THX yCioBHil on-

peneNsIoT TIIyOHuHY O] BEPIIMHON MTEPBOI BOJIHBI

2
po=tldstl g (4S‘_1+Fnj —4Fy |, (10)
E 3

rae s; — Koo PUIMEeHT HETUIPOCTATHYHOCTH.

B nanHOM Merone CBOOOJHAs MOBEPXHOCTh JO BEPIIMHBI MEPBOTO TPEOHS OMUCHIBACTCS
YPAaBHEHUEM YEAVMHEHHOW BOJIHBI, 3 HUKE 10 TCYCHUIO — YPAaBHEHHEM KHOMJAJIBHBIX BOJIH. YeIu-
HEHHAas BOJIHA XapaKTEPHU3yeTCs 3aBUCHMOCTBIO

3(Fr-3
=L 1k (P — T)sch® = 3(Fi=3)

11
h, 2h Fr (b
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HpI/I 9TOM HCO6XOI{I/IMI>IM " JO0CTAaTOYHBIM YCJIOBUEM CYIICCTBOBAHUA yeHHHeHHOfI BOJIHbI

ABJIACTCA TaKass CHCTEMA

5=l } (12)

(13)
2
1, =l 4s ~1 + Fr + 4s ~1 +Fr | —4Fn
2 3 3
[Tpu TOoM cuctema ypaBuenui (13) cpaBeayiiBa Mpy BBHITIOJTHEHUH TaKUX YCIOBUH:

s, > 1,

: (14)
Frz 1
<

rae k, A —mapameTpbl KHOUIAIBHBIX BOJIH.

Ucnone3ys cucremy ypaBHenuit (13) ans moctpoeHusi mpoduiasi CBOOOAHON MOBEPXHOCTU
YEIUHEHHOU BOJIHBI, IOJICTABJISIIOT 3HaUeHUs! T1yOuHsbl h; 1 uncina ®pyna Fr; HauanbHOrO ceyeHus.
A Korja paccuuThIBAIOT NMpOo(uiIb CBOOOJHONW MOBEPXHOCTH KHOMJAJIBHBIX BOJIH, MOJCTaBIISIOT
3HAa4eHHUs TITyOHHBI MOJOMBEI h, KHOMJATBHBIX BOJIH MEXAY MEPBBIM U BTOPBIM IPeOHSIMH BOJH U
yrcno @pyna npu stoii rmyoune Fr,. B merone Psibenko, B oTnuune oT Apyrux, B SBHOM BHE ( C
MOMOIIBI0 K03 HIMeHTa HETUAPOCTATHYHOCTH S;) YYHUTHIBAETCS BO3MOXKHOE OTKJIOHEHHE OT

THAPOCTATUKH B HAYAJIBHOM CCYCHHNU BOJIHUCTOI'O IIPBIXKKA.

SKCIIEPUMEHTAJIBHA Sl YVCTAHOBKA 1 METOJIUKA JIABOPATOPHBIX
UCCJIEJOBAHUIA

Jlist mccnenoBaHus MPOQUISE CBOOOTHONW MOBEPXHOCTH BOJIHUCTOTO TMPBDKKA B THIPOIHEP-
TreTHYEeCKOi Jraboparopuu HarmoHabHOTO YHHBEPCHUTETAa BOJHOTO XO3SMCTBA W MPHUPOIONONH-
30BaHUs ObLIa IPOBEICHA CEPUSl OMBITOB B MPSIMOYTOJIBHOM JIOTKE, AMUHON 15,6 M, mupuHOi 1 M 1

BbIcOTOM 1,2 M (pHC. 2).
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Puc. 2. Cxema ycranoBku: 1 - rojioBa J10TKa, 2 - H3MEPUTEJIbHBIH TPEyroJbHbI BOAOCIUB, 3 - pemieTKa 1Jst
raieHus JHePruu NOToKa, 4 - padoumii 3aTBOP, 5 - MECTO PACHOJIOKEHUS TOHHBIX MHE30METPOB, 6 - KIaNmaHHBIA

3aTBOP /Il peryJIMpoOBaHus IJIyOHHBI BOABI, 7 - INUT € Mbe30MeTPaMH

Nzyuaemoe siBieHue 00pa30BHIBAIIOCH MPU BBITEKAHMM BOJBI M3-TIOJ 3aTBOpA C IUIABHBIM
obtekareneM. Takoi THUI 3aTBOpaA MCIIONIB3YETCS B JTAOOPATOPHBIX YCIOBUAX JUIS YCTPaHEHHS BEp-
TUKaJILHOTO CXKATHsI MMOTOKA IIPU UCTEUEHUHU BOJIbI M3-MOA muTa. [ 1yOMHY B HIDKHEM Obede pery-
JUPOBAJIHM C TOMOIIBIO KJIAIIAHHOTO 3aTBOpa, YCTAHOBJICHHOTO B KOHIIE JOTKA. [Ipu mpoBeaeHuu
HKCHEPUMEHTOB ONPEACISUINA TOJ0KEHUE KPUBOW CBOOOJHOM MOBEPXHOCTH M MbE30METPHUYECKON
JUHUM, TpPUYEM OdYepTaHHE KpPUBON CBOOOJHONM MOBEPXHOCTH IMOTOKA HAXOJWIM C IOMOILBIO
HINHUTIIEHMacTaba, a Mbe30METPUUYECKON JIMHUU — TMOCPEICTBOM JOHHBIX Ihe3oMeTpoB. [Ipuem-
HbIE OTBEPCTHUS JOHHBIX MTbE30METPOB PACIIONOKEHBI B TUIAHKE U3 OPTaHUYECKOTO CTEKIa, IITMHON 3
M, a UX KOJINYECTBO cocTaBiisieT 57 wT. M3Mepenne odyepTaHusi 3TUX KPUBBIX NPOU3BOAUIM JIUIIb
10 OCH JIOTKa. DTO pelIeHne 0OOCHOBBIBAETCSI TEM, YTO UMEHHO IO OCH JIOTKA HaOII0OJAI0TCS MaK-
CUMaJbHbIE TJyOMHBI MOTOKAa C BOJIHOOOpPA3HOW MOBEPXHOCTHIO (y CTEHOK JIOTKA TTyOHWHBI HeEc-
KOJIbKO MEHBIIIE).

Ilepen HawyamoM oOImBITA, MOJB3YSACh CTAaHAAPTHBIMU INAOIOHAMH, MOJHUMAIU 3aTBOP Ha
HEKOTOpYI0 (PUMKCHUpOBaHHYIO BbICOTY h,, nanee Ha ycTaHOBKY mojaBaics pacxon Q, 3HaueHHe
KOTOpPOTO OMpEeNesuld C MOMOIIbIO TapUPOBAHHOTO TPEYrojpHOro BojociauBa. Korga ruapaBiu-
YeCcKOe SBJICHHE YCTaHABJIMBAJIOCh, C TOMOIIBI0 METOK Ha OOKOBBIX TMOBEPXHOCTSX JIOTKA (hUK-
CUPOBAJIM IOJIO)KEHUS BEPIIMH U BIIAJUH BOJHUCTOIO MPbDKKA. 3aT€M CHUMAaJI MOKa3aHUs MbE30-
METPOB M U3MEPSIN INIyOMHBI B TOYKAX, PACIONIOKEHHBIX HaJ MPUEMHBIMU OTBEPCTUAMHU IHE30-
MeTpoB. [locie okoHYaHMsI U3MEPEHH MEHSUIU BBICOTY MOAHSTHS 3aTBOPA, PACXO/ BOJIbI, IITyOHHY

HIDKHETo Obe(a ¥ MOBTOPSUTU U3MEPEHHUS.
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COITOCTABJIEHUE TEOPETUYECKUX U DKCIIEPUMEHTAJIBHBIX ITPO®UIIEM

Ha puc. 3 115 onbiTa ¢ BOJIHUCTBIM NMPBLHKKOM, B HAUaJIbHOM CEYEHUU KOTOPOTO UMEET MECTO
HETHIPOCTATUYECKUI 3akoH pacnpenenenus nasienus (Q=147,0 n/c, hi= 0,12 m, Fri=1,17,
$1=1,06), HaHeceHbl MpoGWIM CBOOOIHON MOBEPXHOCTH, MOCTPOCHHBIE 33 BBIMICTIPUBEICHHBIMHU
3aBUCUMOCTSIMH, COOTBETCTBYIOIIME OSKCIEPUMEHTAIbHBIE TOYKH, a TaKXKE IbE30METpHUUYECKass
aunaus. [Ipu 3TOM coBMeleHHe CpaBHUBAEMBIX MPOQUIeH BBHIOIHEHO B CEYCHHM, MPOXOSIIEM
yepe3 BEPIINHY MePBOM BOJHBI BOJHUCTOTO MPBDKKA.

ComnocraBiieHHUE TEOPETUICCKUX U IKCTICPUMEHTATBHBIX IPO(GUIICH CBOOOTHONW TTOBEPXHOCTH
BOJIHUCTOTO TpBDKKA Tokazano ciemyromiee. [Ipodunu, paccunrtannsie mo merogam BHUUID u
Xarepa-XyTrepa, OJU3KHM MEXIy COO0OW, HO JJIi BOJIHUCTOTO NPBDKKA C HETHIPOCTATHKON B
HayaJlbHOM CEUEHUU OHHU SIBIISIOTCS CYLIECTBEHHO 3aHMKEHHBIMU OTHOCHUTENBHO 3KCIIEPUMEHTAIIb-
HBIX TO4eK. [Ipoduinb BOIHUCTOTO MPBDKKA, TOCTPOCHHBIN 10 MeToAy PsiOeHKo, moirydaercs O4eHb
OJIN3KUM OTHOCHUTEIIBHO OMBITHBIX JIAHHBIX. YKa3aHHOE PACXOXKICHUE TEOPETHUECKUX PE3YIHTATOB
metogoB BHUUI' u Xarepa-XyTTepa ¢ 3KCHEpPUMEHTAIBHBIMH JTaHHBIMU OOBSICHSIETCS TE€M, UTO
paccMaTpuBaeMble METO/bI HE YUUTHIBAIOT BO3MOKHOE OTKJIOHEHUE OT THIPOCTATHKU B HAYaJIbHOM
ceueHun. Meron PsOeHKO yUUTBIBaeT 3TOT (PaKTOp, BCIACACTBHUE YETO MOMyUYECHHBIC TEOPETUUECKUE

PE3YJIbTATHI JAIOT XOPOIIYIO CXOAUMOCTD C SKCIICPUMCHTAJIbHBIMU JaHHBIMU.

h,m
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Puc. 3. lIpodniau cBoO0AHOI MOBEPXHOCTH BOJHUCTOrO npbikka: 1 — meroqn BHUUT, 2 — meton Xarepa-
XytTepa, 3 — meToa Psidenko, 4 — MecTOpacHoJIOKeHHs 3aTBOPA, ® — IKCIIEPUMEHTAIbHbIE TOYKH KPUBOIH

CcBO0OIHOI OBEPXHOCTH, O — IKCIIEPUMEHTAJIbHbIE TOUYKHU Nbe30MeTPUYeCKON JMHUM
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3. 3AKVIIOYEHHE

1. IToctpoenue npoduiiss cBOOOTHONH MOBEPXHOCTH BOJIHUCTOTO MPBDKKA MOXKHO BBIIOJIHSTH
METOJIOM «CKJICMBaHUS» PELICHUN YEIUHECHHOW U KHOUIAJIbHBIX BOJIH.

2. Metoast BHUUI™ u Xarepa-XyTrepa Aal0T KaueCTBEHHO HENPUEMIIEMbIE PE3YJIbTaThl JUIs
ClIy4asi BOJIHUCTOTO IIPBDKKA C HETUAPOCTATHYECKHUM PACIpPEIEICHUEM JABJICHUS B €r0 HA4alIbHOM
CCUYCHHUH.

3. Ans pacyera npoduield cBOOOIHOM MOBEPXHOCTH BOJIHHUCTOTO NMPBDKKA C HETUAPOCTATH-

YCCKHM pacnpeaAcIiCHUEM JaBJICHHA B HAYaJIbHOM CCUCHUN MOYXHO PCKOMCHIOBATb MCTO Psa6enxo.
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UDC 626.9

ABOUT THE ACTION OF LONGITUDINAL WAVES ON BANK SLOPES
OF THE SOIL CHANNELS

Sh. Gagoshidze, A. Gogoladze, M. Kodua

(Georgian Technical University)

Resume: Alongshore waves are dominant in an open river and maritime canals. For water area,
from one side limited by arbitrarily sloped shore endlessly running deep into the sea,
they were studied by Stoke, but due to significant mathematic difficulties for total depth
canals the amount of accurate solutions is limited by just some private cases, which are
hardly applicable in practical use.

Some results of an approximate solution of the problem about propagation of along-
shore waves, laying over the stationary flow in trapezoidal canal are presented. The so-
lution is based on the application of direct Galerkin-Kantorovich method in three-
dimension linear equations for wave hydromechanics, written in cylindrical co-ordinate
system. The obtained solutions maintain the three-dimension structure of the waves over
the shore slope and lead to the results easily applied in the design.

Key words: longitudinal waves; flow; canal depth; slope deformation.

1. INTRODUCTION

Longitudinal waves are the dominating ones in open maritime and navigation river channels.
For the area having only one side bounded by an arbitrarily sloping wall, these waves were studied by
Stokes [1], but because of great mathematical difficulties for channels of finite depth, the quantity of
exact solutions is limited only to a few particular cases [1] - [4], which are difficult for practical use.

Below we present some of our results of approximate solution of the problem on propagation
of longitudinal waves, imposed on a stationary flow in a trapezoidal channel and show how to these

waves action on the bank slope, of a trapezoidal channel build of loose soil.
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2. THE BODY OF THE ARTICLE
The solution is based on the application of the Galerkin-Kantorovich direct method [5] to

three-dimensional linear equations of wave hydromechanics, written in a cylindrical system of co-

ordinates x,I, & (see Fig. 1), where X is the longitudinal co-ordinate; r is the radius vector

Zlh

o~ ~
— —% 0|
}
1
° a
’ N N \
L0 \.\\‘\\
4 o \\\-\

UAEERITITIRE NN

Fig. 1. Design diagram of alongshore wavesin trapezoidal channel

taking its origin on the line of intersection of the bank slope, with the channel bottom and act-
ing in the sector bounded by the vertical z-axis and the bank slope towards the horizon; « is a polar,

angle that varies from o =0 on the z-axis to a = ¢, - on the bank slope plane. The following ex-
pressions were obtained for the velocity potential (¢ ) and vertical deviations of the free surface (1)

of longitudinal waves:

g cosh(kr) cosm(a — )
o —kU, cosh(kh,) cos(me,)

p=U Xxta, cos(ottkx) ; (1)

cosh(kh, /cosa) cosm(a —«,) .
= t+kx), 2
7=% cosh(kh,) cos(Me,) sin(o ) @

where Uy is the stationary flow velocity; hy and @y are respectively the flow depth and the wave
amplitude, given in the rectangular part of the channel; o =27/7 is the wave disturbance frequency;
7 is the period of time; k=27/1 is the wave number; A is the length of a longitudinal wave; the
signs "+ " correspond to the propagation of counter-flow waves and waves, which direction coincides
with that flow; m is the so-called transverse wave number, on which depends the wave surface con-
figuration crosswise the channel. In particular, if in a channel there are propagated relatively short

waves, for which the number mis defined by the asymptotic relation
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P
m:( kh, _l] ’ 3)

cosa, 2

then the free water surface acquires the mode of standing wave oscillations. These oscilla-
tions have longitudinal stationary nodal lines, the number of which over the bank slope is calculated
by the integer part of the number n defined by the equality

Mg, 1
= +—. 4
13 “4)

n

For all values of n we use the limit dispersion relation
(o -kU,)* = gkcos g, - tanh(kh, / cos «, ) , (5)
whereas the connection between the wave amplitudes on the bank line a and above the bank

slope base ay is expressed by the relation

a _ | cosh(kh, / cos &, ) | ©)
‘ s

a, ‘cosh kh, - cosme,

according to which a is always larger, than a, and much exceeds &, in the presence of short
waves, i.e. for large khy. In that case, the equation of free surface near the bank asymptotically leads
to the results calculated by the Stokes relation. Also, if the wave steepness on the shoreline is

2% T, )
where e=2.718 is the Neper number, than above the shoreline waves will wet the bank slope
only with destroyed crests. Graphic picture (7) is provided in Fig. 2.
According to Fig.1. Even for very steep coast slope, in particular, for the slope with an angle

dipping to the horizon 8y = 60°, the maximum steepness of the alongshore waves at the shoreline
a . .
does not exceed 7 =0.2. In larger alongshore wave steepness, above the shoreline, will wet the

slope of the slope at 60° only with broken ridges.

Using these relations and estimating the static stability of the bank slope of a trapezoidal
channel built of loose soil, we can come to the conclusion, that by washing-out the bank slope of the
channel long waves give a concave shape (Fig. 3), whereas relatively short longitudinal waves give

it a convex shape (see Fig. 4).
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Fig. 2. Limit steepness of the wave crest above the shoreline
of trapezoidal channel
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Fig. 3. A typical outline of the washed-out coastal slope by
the long alongshor e waves 1- initial (designed) contour of the coastal slope;

2- contour of the washed-out lope; 3- channé invert.

For a relatively short waves the calculation is conducted by the following initial data: an ini-
tial depth of a channel hy=5m; designed sense of ratio of inclination my=cotf, =3.5; average particle
size of channel soil d = 0.5-10* m; relative density of water and soil particles in suspension state

y=1ton/m3 u y'=1.6 ton/ m’; length and amplitude of an alongshore wave A= 4.0 mand a=0.35 m.
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Fig. 4. Deformation contour of a coastal slope of one of the sea channel

1 — Design contour of the coastal slope; 2 — washed-out coastal slope; 3 — surface of the water
in the channel; 4 — designed channel invert; 5 — deposited soil; designed water depth; h - water

depth after wash-out of the slope; y — transverse co-ordinates counted from a vertical, where there is

no wash-out of the coastal slope (hy=1,3 m); m, - laying of a slope of washed-out coast.

3. CONCLUSION

Thus, there was considered the action of longitudinal waves on bank slopes of the soil channels.

The results of the calculation were in accordance with data of full-scale monitoring of wash-

out of the coasts of seaport channel.
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UDC 628.1

DETERMINATION OF PARAMETERS OF DRIP IRRIGATION PIPELINE TAKING IN-
TO ACCOUNT THE CONCENTRATION OF FLOW

L. Klimiashvili, D. Gurgenidze, |. Inashvili, I. Klimiashvili

(Georgian Technical University)

Abstract: There are received the equations of pipeline diameter of drip irrigation system and wa-
ter-supply schedule, taking into consideration the concentration of flow. As a result, ir-
rigation mode and acceptable limits of duration of irrigation have been reasonably
proved.

Key words: drip irrigation; diameter of pipeline; concentration of flow; flow rate; duration of irri-

gation.

1. INTRODUCTION

According to the water consumption, agriculture significantly exceeds all other sectors of the
national economy and water industry.

Water use in agriculture primarily covers irrigation, water-supply and watering issues. Be-
sides the above-mentioned, water consumption, drainage, drainage run-off with the salty soil and
other water outfall measures are included in the use of water resources, i.e., water consumption of
agriculture in the country is determined by the degree of development of land reclamation, which in
turn depends on the application of modern technologies.

It should be mentioned, that among the modern reclamation activities, the drip irrigation by it-
self performs the prior technology, especially in arid and semiarid regions.

The main advantages of drip irrigation imply its higher efficiency, rational use of irrigation
water, fertilizer, energy and labor.

Drip irrigation - is a system for supplying water and nutrients directly to the specified area of
land occupied by the root zone of agricultural plants. Water is fed through a developed distribution

system, lateral pipelines and drip lines and drippers, that are installed directly at the foot of each plant.
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In addition, such irrigation-fertilization system allows application of the balanced amount of
nitrogen, potassium and other nutrients during each stage of crop development.

Provision of fertilizers along with the irrigation water leads to more uniform distribution of
enriched irrigation water to the humid layer of soil. Moisturizing layer of soil, located in the zone of
the main mass of roots, has a certain horizontal and vertical dimensions, depending on the type of
soil and irrigation rate. During fertilization, only rows with certain width are moisturized, that saves
water, prevents weed growth, reduces the cost of maintaining the ground against weed growing.

The regime of drip irrigation should be considered as a set of elements to ensure that agricultur-
al crops readily supplied with irrigation water during the growing season. The elements of drip irriga-
tion regime include number of irrigation dates (irrigation scheduling), irrigation mode, upper and low-
er limits of the estimated soil moisture, average date and time of regular irrigation, duration of inter-

irrigation period for a specific agricultural crop, region, climate, soil and economic conditions.

2. THE BODY OF THE ARTICLE

MATERIALS AND METHODS

It should be noted, that during the mixing of fertilizer with pure water, the concentration of ir-
rigation water is increased, which affects both the irrigation rates, and the technical parameters of
drip irrigation system.

The consumption of the concentration (water-fertilizer) can be expressed as [1]

__ Qe
TQ, 40 6]
Where: S - concentration;
Qr - fertilizer consumption (m*/sec);
Qw - flow rate of pure water (m’/sec).

According to the equation (1) we get, that the consumption of the fertilizers in the water sup-

ply system will be
QvS
= _ 2
Qe =3 @)
Transforming the equation (2), we get
_ Qu
Q=1 3)
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According to the received equation (3) it is evident, that the rate of solution flow is directly
proportional to rate of pure water flow and concentration.

Transforming the equation (3), we get, equation of diameter of pipeline of the drip irrigation
system

1
ds = —— 4
=ty g @
Where: S is concentration;
ds - diameter of the drip pipe for the flow enriched with fertilizers (mm);
dw -

diameter of the drip pipe for the pure water flow (mm).

Using the above-mentioned equation (4), it is possible to compute the pipeline diameter for

solution flow of drip irrigation system taking into account flow rate of pure water.

dg/dy
3.5

3
2.5
2
1.5
1
0.5

0

S
0.7
0.8 0.9

The graph illustrates, that for supply of normalized solution during the certain period using
the drip irrigation system, it is necessary to increase the diameter of the pipe-line, which is econom-

ically unprofitable. Therefore, an alternative option is to correct the irrigation scheduling.

The irrigation scheduling to supply normalized pure water, can be determined by means of the
following equation [2]

=V _KE-uP

Tq Tq ’

Q)
Where: T is

period between irrigation, expressed in days;

g - flow rate of dripper (I/h),
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- duration of the operation of system, expressed in days;
- evapotranspiration (mm);
precipitation during the certain period (mm);

- irrigated area (mz);

< & T M ~
1

- volume of applied water (1);

u - coefficient of observation upon the presipitation.

Substituting (5) and (3) we get

KE-uP)w
(o KE=#P)o g
Qu
Where: S is concentration;
Qw - flow rate of pure water (m’/c).

3. CONCLUSION

(6)

Using the above received equation it is possible to regulate schedule of supply water and ferti-

lizers, that are necessary for growing and development of agricultural crops.
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69000 @olodbymgdyeos, G®MI bodobgobdglbols wowydyeds Loddersg®gd Jobobdgfm-
bogmos 230 330 dgoeaobml. o3 Loddasg®ols 30Mmmdgddo oy gbognos dglbols dog@
3odmdydoggdygmo  gangd@d@mgbgdaool, dgdmeamds-bodm@ols  ©s  gobogbym-bog-
byaools 3g@omegddo, Go®oggdo. domo dglsdsdolo Lodygsenm dgfmbogro Go®ogo 6.81
39500/ 330 bm  dgoagbl. gl Fbm@me MmEbsg swgds@gds Loodmggeml gbg@amliols-
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bob. 1. 35JLodsgny@o bgdo dodggdol gsboFomgds dsbogdo wgd3@mgbools
bgesdotol s@bgdmdal gomgsmolbfobgdom, dmzs Kn/Ky, = 2.5
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303 36309@o@ >30T bypsdodby, dmgs Kyn/Ky, =2.5 (o =359)
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539950l 3mEgbog@s Lodod bgsdo®gdby dodggdol gobofoagdols g3o0%-
@960l (bob. 2, 3) sbogrobo shggbgol, Gmd Ky /Ky, Rodomdol bepolsl gom@Easso-
ol o®gdo d30MO©eds 989JH YO0 bo@dsay®o s dbgdo dsdggdo, J30MOEYds oL g@o
dogngdo o, dglodsdolse, dgdsbg  dpa®omdols  doMogo. OmMEglsE  BoBwmds
Kin/Kgz = 2.5 -05, 356050 300@ogygen 360d3bgammdsls gobammgogds (bob. 4).
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Stability Factor
1.5
Seepage =0 Alfa = 250
1.4
Km/Kgc=8
4 /;/Km / Kgc =[2.5
L
1.2 /
1.1
Critical
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bob. 4. dpaMoEmdols do@oyol M o dym gds
Kn/Ky 85600m35%), Gogs a=25

3. RdL336O

e (yoemgmbgowo dmgzgmgdols s@lgdmdol 300mdgddo, dobogdo aobgzoms®gdyemo
Qo BAS30Y@o dogrgdol bgdmJdgogdom, 360dgbgamgbo 0gegds bygmdol gg@ols
©5dod g0 damds®mgmds.  dglodsdolop, o3 YMgdol  3mBgbgoy®ep  Lbodod
b9530090bg Jpa@smbols do@ogol dgxasbgdolbomgol Lododms gomgsmol{obgdeyan
06l 989dBHado dsdggd0.

® 963903960l Lowofbgm  ggodsdols dogomonby Jowgdge ofbs, Omd Kp /K,
RoOEmdol  bAolLsl, Gmegbsg ©gd3dglbools  bgosdo@ols  yodos@o@gdo  dEoM©IdS,
I ®oEmdol JoMogo 0b@Egds. MmEglo Botpmds swfggl  Kn /Ky, = 2.5, dodsgo
D00z 36093bgamdsls gobmmgogds, bome K /K;, =4 — godomds dolsmgdos,
AmIemols Ol 3dsgmgomegds Jpa@omdol 3oMMmdgdo.

97



do®mobgobgdos, Nel-2(15-16), 2013 — Hydroengineering, Ne1-2(15-16), 2013 — I'mapommxenepus, Nel-2(15-16), 2013

e odgbo, goMgdmdggmo  bmbol  (39d9b@oios  s@ol ddawsg@o  Loobgob@m
Lodgogngds, @mdaol godmygbgdom dgbsdangdgemos goa@@sEoyao ©obsjodygdols
‘d9d0Mgds s 3mFgbxoyg®oe Lodod byrs3do®gdby dpa@smdol oMo gools Asb@w.,
53 ©P30MYJHgool @AOML Ybws 0dbgl gomgomolifobgdyeo.
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VIIK 691

HPUMEHEHME TEKCTUJ/IBHBIX BOJIOKOH B CTPOUTEJIBHBIX
MATPHUIAX

T.B. MocemBuau*, H.M. Menapumsuaun**
((*Kyrtaucckwuii rocy1apcTBEeHHbIH yHHBEepcuTeT UM. A. Lleperenu

**"py3UHCKHUI TEXHUYECKUIM YHUBEPCUTET)

Pe3rome: Komnosuyuonnvie mamepuanvl Ha MeKCMUIbHOU OCHO8E YCHEWHO UCHONb3YIOMCS 8
PA3IUYHBIX OMPACAAX NPOMBIULIEHHOCMU, 8 MOM Yucie u ¢ cmpoumenvcmee. [lompeo-
HOCMb 8 N1e2KOBECHbIX KOHCMPYKYUOHHBIX Mamepuanax, oonadanuux 6blCOKOU Npou-
HOCMbI0, JHCECMKOCMbIO U HAOEHCHOCMbBIO AGNAEMC S OCHOBHOU NPUYUHOU UCHOIb308AHUS
8 Kauecmee apmamypvbl mMeKCmulbHblX 60N0KOH. bazanbmoevle u nonunponunenogvle
Qubpsl ycnewino 3amensaOm Memaiiudyeckyo apmamypy u Viyuularom Qusuxo-mexa-
Huueckue ceolicmeéa bemowna. bemon cuumarom xpynkum u JOMKUM MAMEPUATIOM, 00-
Hako, 000agneHue 60JOKOH Nosvlulaem e20 MNIACMUYHOCIb U YMeHbuidem 603-
MONCHOCMb NOAGNIEHUSL MPEUSUH, YBeIUdUsaem conpomueienue yoapy u yCmouuueocms

K ucmupanurio.

KiroueBble cjoBa: mexcmuiblvle Komnosumal, ycmoduueocmb 6€mOHCl,' ¢M3MKO-M8)CCZHUL£€CKM€

ceolmaeda 6€m0HCl,' menjiou3oAayus,; MopcKue BGZpGOfC()eHuﬂ U COOpyoHceHusl.

1. BBEIEHHUE

Komno3uimonHneie MaTepuanbl Ha TEKCTUIILHOM OCHOBE MPECTABISIOT OO0 0coOBIi Kiacc
COBPEMEHHBIX MAaTEpPHAIOB, KOTOPHIE YCHEIIHO MCHOJB3YIOTCS B PA3IUYHBIX OTPACISIX MPOMBILI-
JICHHOCTH. YCIeX NMPUMEHEHUS BO MHOTOM ONpEENsieTCs TOTPEOHOCThIO B JISTKOBECHBIX KOHCT-
PYKIMOHHBIX MaTepuajiax, o0JaJalolluX BBICOKOW MPOYHOCTHIO, KECTKOCTHIO U HAAECKHOCTHIO,
Kpome Toro, BbIOOp TpaAMIIMOHHBIX TEKCTHIBHBIX TEXHOJOTHUH B HACTOSIIEE BpPEMS BBI3BIBACT
OOJBIION HMHTEpEC M3-32 MOTCHIUATHHONW BO3MOXKHOCTH TMPOHM3BOJCTBA CETYATOOOPA3HBIX 3aro-

TOBOK IJIs U3TrOTOBJICHHUA BBICOKOKAQYCCTBCHHBIX TCKCTHJIbHBIX KOHCTPYKIIMOHHBIX KOMITIO3UTOB.
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TekcTunbHbIE KOMIO3UTHI MPEACTABISIOT CO00M KOMOWHAIIMIO BBICOKOW MPOYHOCTH U
XKecTKoCcTU. M3-3a HU3KOTO yAEIbHOrO Beca, BLICOKOIO OTHOUICHHS IPOYHOCTH M JKECKOCTHU K BecCy,
JaHHBIE MaTEepUANbl MPEBOCXOAST MO CBONCTBAM METaJUIbl. TeKCTUIbHBIE KOMIIO3HIIMOHHBIE MaTe-
pHUANBl YCIEUTHO HCIONB3YIOTCS B PA3IMYHBIX OTPACISAX MPOMBIIUICHHOCTH, TaKHMX KaK aBTOMO-
owte-, kopabJie-, MalIMHO-, aBHACTPOCHHUE, TPAKIAHCKOE CTPOUTEIHCTBO, MEIUIIMHA U JIP.

BonpmmHCTBO CcTpouTeneil mpu paboTe ¢ OETOHOM YacTO CTAJKHBAIOTCS C TpoliemMamu,
TaKUMH KaK IJIaCTHYECKasl ycaJka U OcelaHue, NEHCTBUE MOpo3a (Ha paHHEM JdTame). A TpH
JAJIbHEUIIEN SKCIUTyaTaluy MPOSBISIOTCS TaKWE CBOMCTBA, KaK HU3Kas YCTOWYHMBOCTH K 3amep-
3aHHUIO/OTTAaUBaHUIO, Cclab0e COMPOTHBIICHUE YAAapy, NOJIBEPKEHHOCTh HUCTHPAHHUIO, BBICOKOE
MIPOHUKHOBEHHUE BOJIbI U XMMHMYECKUX BellecTB. Pacmimpenue obnacteil 1 00beMOB MPUMEHEHUS
0eToHa B CTPOUTENIHCTBE, YKECTOUCHHE YCIOBUN SKCILTyaTalldd KOHCTPYKIMH M3 HEro Tpelyer
MMOCTOSIHHOTO COBEPIICHCTBOBAHUS €T0 MPOYHOCTHU, TPEIIUHOCTORKOCTH, COTIPOTUBIICHUS YAAPHBIM
Y TUHAMUYECKUM BO3CHCTBUAM, a0pa3uBHOMY U3HOCY U T.II.

OpnHol M3 BaKHBIX 3a7a4 COBPEMEHHOI'O OETOHOBENEHUs SBISETCS co3laHue d(HPEeKTUBHBIX
MaTepHUagoB C TOBBIIICHHBIMU MPOYHOCTHBIMH M JKCIUTyaTallMOHHBIMU cBoWcTBaMu. Ilepcmek-
TUBHBIM BHUJOM TaKHX MAaTEpPHAJIOB SIBISIOTCS KOMITO3UTHL. OOIIMPHBIA KiIacc KOMIIO3HTHBIX
MaTepuajoB TPEJICTABIAIOT JAUCIEPCHO-apPMUPOBAHHBIE OCTOHBI. JlUcmepcHOe apMupOBaHHUE
MIPOM3BOUTCS BOJIOKHAMU ((puOpaMu), paBHOMEPHO PaCTpeIeTICHHBIMU MO0 00bEMY CTPOUTETHLHOM
MaTpHLbl. [[71s1 3TOT0 UCTIONB3YIOTCS pa3NIuYHbIe BUABI METAITNYECKHX BOJIOKOH, HEMETAITUYECKUX
BOJIOKOH MHHEPAJIBHOTO WM OPTaHUYECKOTO MPOUCXO0XAeHUs. M3aenus n3 Takux 0ETOHOB MOXHO
M3TOTaBIMBATh 0€3 apMHUPOBAHUS CTATLHBIMU CETKAMHU M KapKacaMH, YTO 3HAYUTEIHHO YIPOIIAET
TEXHOJIOTUIO U3TOTOBJICHHS, CHUYKAET TPYJOEMKOCTH [1].

TexHonoruss 00EMHOTO APMUPOBAHMSI HACUUTHIBAET THICAYENIETHSA. DTO COJIOMa B CAMaHHBIX
JIOMax, KOHCKHI BOJIOC B KJIQJIOYHBIX pacTBOpax Kpemocred u 3aMKOB | T. 1. CerojHst 3Ta TEXHO-
JIOTHSI BBIXOJUT HA HOBBIN Ka4eCTBEHHBIN ypoBeHb. COBpEeMEHHAs! TEKCTHIILHAS MPOMBIITUICHHOCTh
JaeT BO3MOXHOCTh CO3/1aBaTh BOJIOKHA C 3apaHee 3aJlaHHbIMH  (PU3MKO-MEXaHMYECKHUMHU

CBOMCTBaMH.

2. OCHOBHASA YACTb

®ubpa npexacraBiger coOOM TEKCTWIBHBIM MaTepuaia B BHJE BOJIOKOH MJIM Y3KUX I0JIOC,
MPUMEHSEMBIN ISl JUCIIEPCHOTO apMHUPOBaHMUS OCTOHHBIX KOHCTpyKuuil. [Ipu 3TOM moBbImaercs

COIIPOTHBIICHUE PACTSHKCHUIO, UCTHPAHUIO, yIApHBIM Harpy3kam. ®uOpa MOKET OBITh CTAJIbHOM,
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CTEKJITHHOM,0a3a1bTOBOM, monumepHoi. [lommmepnas ¢ubpa - BOJIOKHA, MOy4aeMble M3 CHHTE-
TUYECKUX IOJUMEPOB - MOJIMATHICHA, MOJMUIPONUIIEHA, MOJUAMUOB, MOJUIPUPOB, MOTHUBUHU-
JoBOrO criupTta. B Hacrosiiiee Bpemsi cTallbHas U CTEKIsTHHAS (GuOpa yCTynmuia MecTO TeKCTUILHBIM
BosiokHaM. HauGomnee pacrpacTpaHeHHBIMHU SIBISIOTCS METOJBI apMHpOBaHUs OeToHa 0azanbTo-
BBIMU Y TTOJIMITPOTTUIICHOBBIMH BOJIOKHAMH [2].

bazanbToBhIe BOJIOKHA - MaTepuaj, IMOJy4aeMblil W3 MPUPOAHBIX MHUHEPAJIOB IyTeM HX
pacruiaBa U MOCIeAYIOIEro Mpeodpa3oBaHus B BOJOKHO 0€3 MCIONB30BaHUS XMMHUECKHUX J00aBOK.
CymiecTByeT 1Ba OCHOBHBIX THIA 0a3aIbTOBOIO BOJIOKHA — IITANeIbHOE U HenpepbiBHOE. OMHUM
13 HamboJiee BAXKHBIX IApaMETPOB IITANEIHHOrO 0a3abTOBOTO BOJIOKHA SIBJISCTCS JHAMETD,
KOTOPBIN CYIIECTBEHHO BJIMSIET HAa Ba)KHEWINME CBOMCTBA W3MCIHMI U3 HEro: TEIJIOMPOBOIHOCTD,
3BYKOIIOTJIOIIEHUE, TJIOTHOCTh M Jp. TEeXHHYECKHe XapaKTePUCTUKH 0a3albTOBBIX BOJOKOH,
MIPUMEHSIEMBIX B apMUPOBAaHUHU OETOHA:

Juametp eauHUYHOTO BOJIOKHA, MKM 20 - 400

Jmunaa, MM 6, 12, 18, 24

Tun 3amacnuBarens 4C

MaccoBas noins 3amaciuBareis, He Mmenee % 0,3

MaccoBas goist Biaaru, He 6oiiee % 1,0

Huanason pabouux temneparyp, oC ot -260 mo +700

['urpockonu4HOCTH, HE 6omee % 0,2

[Ipu noGaBeHNH BOJIOKHUCTBIX MATEPUATIOB M3 0a3adbTOBOTO BOJIOKHA ISl IIPUTOTOBIICHUS
OCTOHHOW CMECH, BOJIOKHA PaBHOMEPHO PaCHpPEIEISIFOTCS M0 BCEMY OOBEMY CMECH W 3aMETHO
cTaOUIM3UPYIOT Tpouecc ee nmopuzauuu. [locne TBepaeHus W mocie MponapuBaHUs, MPOYHOCTH
00pa31oB ¢ 100aBKOW BOJOKHA B Komu4ecTBe 1% OT Macchl TBEpIOTO KOMIOHEeHTa cocTaBuia 0,63
MIIa npu mIoTHOCTH 06pa3mnoB 300 Kr/m’.

[Ipu BBeneHNN 0a3aTBTOBOTO BOJIOKHA HAOIOMAIOTCS clieAyromue d3Q(EeKThl: yCTOWIHMBOCTh
mpolecca MOpU3allii, OTCYTCTBHE YCAJOYHBIX TPEIIMH M TPEIIMH HANpsDKEHUs, yBEIWYeHHE
MPOYHOCTH Ta300€TOHA HEABTOKJIABHOIO TBEPACHMS, OTCYTCTBUE AK€ HE3HAUUTEIHHOW yCaaKH,
KaKk TIpU CXBaThIBAHUM CMECH, TaK M BO BpEMs BCEro MepHoia TBEPICHHs, PaBHOMEPHOCTH
MOPUCTOM CTPYKTYpHL. [0 cpaBHEHUIO ¢ OOBIMHBIM OETOHOM, 0a3aidbTOBBIN (UOPOOETOH WMEET B
HECKOJIbKO pa3 0oJjiee BBHICOKHE MOKAa3aTeNH: yJIAapHOW M YCTaJIOCTHOW MPOYHOCTH; MPOYHOCTH Ha
pacTsbKeHHe; TPEUIMHOCTOMKOCTH; MOPO30CTOMKOCTH; BOJOHEIPOHUIIAEMOCTH; KapOIIPOYHOCTH H
noxkapocroiikoctu.bazaneroBas ¢ubpa obecrneunBaeT TpexXMepHOE YIpPOUHEHHE OETOHA, IO

CPaBHEHUIO C TPATUIIMOHHON apMaTypoi, KOTOpast 00ECIIEYMBAET JIMIIIb IBYXMEPHOE YIIPOUHEHHE.
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OnbIT npuMeHeHHs 6a3aIbTOBOM (PUOPHI MOKa3ajl, 9YTO BBOAUTH B IEHOOETOH €€ MOYKHO
JTO00BIM M3 YKa3aHHBIX CIIOCOOOB:

1. ®ubpa 3aceinaercss B 6eTOHOCMECUTENb (MUKCEP) B CyXyI0 CMECh mepe 100aBIEeHHUEM BO/IBI.
Jist 6oiee Ka4eCTBEHHOTO paclpeie]ieHNs: BOIOKOH HEOOX0IMMO 3achinaTh (pudpy yactsaMu B
e0eHb BO BpeMsl TIEpEeMEITNBAHMS.

2. ®ubpa nobasmnseTcs HEOOIBIIUMHE ITOPITUSAMU B OETOH MPU 3aMeCe HEMOCPEICTBEHHO B MUKCED.

HeobxonuMo OTMETHUTH, UYTO C HCIOIB30BAHHEM MEPBOrO CIocoba MOKHO JOOUTHCS Oolee
OJTHOPOJHOTO pactpeaencHus Guopsl B OeTone [3].

Kak m3BectHO, TpemmHbI B OeToHe (POPMHUPYIOTCS B TEUCHHE TIEPBOTO dTama ycaakd (B
IUIACTUYHOM COCTOSIHUM) U COOTBETCTBEHHO SIBJISIOTCS NPUYMHOW HU3KOW IIEJIOCTHOCTH H
MPOYHOCTH OeTOHA. DTU TpemMHbI (HOPMUPYIOTCS B MepBbie 24 yaca mocje TOoro Kak 0eToH Obul
yJIoKeH. YcajKa ¥ TPEIIUHBI yCaIKd MOTYT OBITh HE OOHApPY’KEHBI U CIYCTSl HECKOJbKO JHEeH. OHn
9acTO TMOKPBITH 3aBEPIIAIONICH OTACIKOW WM MPOCTO HEJOCTATOYHO INMUPOKH, YTOOBI MX MOYKHO
OBLJIO YBUJCTH JIO TE€X MOpP, MOKa OETOH W PacTBOp OYIyT caaMThCs (OCAKIATHCA) JAjbIIe HIHA
Harpy3ka 3acTaBUT ATH cjaOble TPEIIMHBI Pa3BUThCS B BHIWMBIEC. [IpHUMHBI BO3HMKHOBEHHUS
TPELIMH B TOM, YTO CYIIECTBYIOIEE HAMPSKEHHE MPEBBIILACT MPOYHOCTh OETOHA.

ApmupoBaHue OETOHa MOJUIPONUICHOBBIMH BOJOKHAMH YMEHBIIAET BO3MOXHOCTb
nosiBiieHus TpemuH.[lonunponuneHoBble BOJOKHA - CHHTETHYECKHE BOJIOKHA, IOJydyaeMble
(dopMoBaHMEM U3 paciuiaBa rnoyunponmieHa. OHM 00IaaI0T XOPOIIUMH TEIUIOM3O0JISIIHOHHBIMU 1
AJIACTUYHBIMU CBOMCTBAMH,IIO0 YCTOWYMBOCTH K JIBOMHBIM H3rHOaM IPEBOCXOMAT IOJMAMHUIHBIC
BOJIOKHA, CTOMKH K JCHCTBHIO KHUCIIOT, PACTBOPOB IIEJIOUYEH, OPraHUYECKUX PACTBOPUTEIEH, UMEIOT
TE€PMO- 1 CBETOCTOMKOCTb.

[onmunponuaeHoBbIe BOJIOKHA SBISIIOTCS apMUPYIOIEeil 100aBKoi B OETOHHBIE U PACTBOPHBIC
cMecH. BonokHa MOTYT yJIydmIMTh CBOICTBa CMECH, OOECIIEYHTHh BTOPUYHOE apMHUPOBAaHHE U B
O0COOEHHOCTH KOHTPOJb ycaaku (oOpa3oBaHHE TpeniuH). BOJIOKHO yMEHBIIAET BBIJCICHUE BOJIBI
nocpeacTBoM Oomnee 3(PPEKTUBHOTO KOHTPOJS TUApPATALMU, TEM CaMbIM CHUXAas BHYTPEHHHE
Harpy3ku. braromaps KOHTpONIO 3a BBIXOZAOM BOJABI Ha MOBEPXHOCTb, CHMXKAETCS OOpa3oBaHME
TPEUINH NPHU TUIACTHYECKOM oceaHnu. TeXHHUEeCKre JaHHbBIE BOJIOKOH:

Jmunaa - 6 MM, 12 1 18Mm

Huamertp - 18-26 Mmxm

dopma - kpyriaas, TodpprupoBaHHas

[TnotHOCTSH - 0,91 r/cM’

Monyns FOnra - 4158 Mlla
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[IpouHocTh Ha pacTskeHue - 557 Mna

Temnepatypa pazmsryenus - 160°C.

PekoMeHnyercs NpUMEHATH BOJIOKHA Ha HA4yaldbHOM OJTale MEepeMElInBaHus OETOHHOU
cMmecu.BonokHa BHOCST B 0€TOH HE3HAYUTEIHHOE KOJIMYECTBO BO3AyXa. DTH BO3AYIIHbBIE MTy3bIPHKU
MO3BOJISIIOT CBOOOJIHOM BOJE, KOTOpasi MOXKET 3aMEpP3HYTh, PACHIUPATHCA U CHKUMAThCS B LHMKIIE
3amep3aHue/oTTauBanue. Takum 00pa3oM CHIDKAETCS pa3pyIIUTENIbHBINA 3()PEKT MOpo3a HA paHHEM
stane.BonokHa, moBbIIIas yCTOWYHUBOCTh OETOHA K TIACTUYECKOMY PACTPECKUBAHHIO, YMEHBIIAIOT
KOJIMYECTBO BOJHBIX KAaHAJIOB B OETOHE, WU B pPE3yJbTaT€ CHUKCHHS MPOHUIIAEMOCTH MPHUAAIOT
0O0JIBIIYI0 YCTOMYMBOCTh K IpomMep3aHuto./[o0aBieHre BOJOKOH KOHTPOJIMPYET IepeMEIlEeHNe
BOJIbI B OeTOHE, oOecrieunBast 6osee 3(HPEKTUBHYIO THAPATAIIAIO IIEMEHTA, U MOBBIIIAET TPOYHOCTh
Ha C)KaTHWe B MEPBbI J€Hb. YIYUIICHHBIH KOHTPOIb 33 BBIACICHHUEM BOJABI MOMOTAeT MpeAoTBpa-
TUTh MOAHSATUE HA MOBEPXHOCTh LIEMEHTA U MeCKa. JTU MEJKHUE YaCTHUIlbl JENAl0T MOBEPXHOCTD
OYEHb XPYIKOW U UyBCTBUTEIBHON K MOPO3Y.

beroH, conepxaimuii BOJOKHA, UMEET 3HAYUTEIbHO OOJbIIEe CONPOTUBICHHE YyAapy U
YCTOMYUBOCTh K PACKAIBIBAHUIO 10 CPABHEHUIO C OOBIYHBIM OeToHOM. Kak mpaBuiio, 6€TOH CUUTAIOT
XpYNKAM ¥ JIOMKHM MaTepHUanioM, OJHAKO JO0aBJIEHWE BOJOKOH TMOBBIMIAET €ro IUIACTUYHOCTD.
[ToBbIlIEHHOE COMIPOTUBIICHUE YAAPY U YCTOMYMBOCTD K PaCKaIbIBAHUIO OETOHA C BOJIOKHAMHU MOTYT
OBITH MPUMNKCAHBI OOJBIIOMY KOJIMYECTBY HPHEPIUH, MOIJIOMIEHHON MpU HATSHKEHHH BOJIOKOH TOCIE
00pa3oBaHUs TPEIIMH B IIEMEHTHOM pacTBope. Takum 00pa3oM, BOJIOKHA 00ECTIEYHBAIOT OOJBIIYIO
3alIUTy OT pa3pylIeHUsT KpaeB COCAMHECHUH B OCTOHHBIX IUTUTaX TMOKPHITUA U COOPHBIX
XKeNe300€TOHHBIX KOHCTPYKLUAX. Ero cBoiicTBa, yBEIMUMBAIOIIME COPOTUBIIEHUE Yapy, O3HAYAIOT,
YTO BOJIOKHA MOKHO HCIIOJIb30BaTh B TSDKEION MPOMBIIUIEHHOCTH, BOEHHBIX LENAX IS MOBBIIICHUS
B3PBIBOYCTOMYMBOCTH M B MECTAX IMOBBIIIEHHOW CEMCMUYECKON AaKTUBHOCTH.

[IpuMeHeHHE TOTUIPOTIIICHOBBIX BOJIOKOH yBEIIMUMBACT YCTOHYMBOCTh OETOHA K MCTUPA-
HUIO, KOTOpas 4yepe3 6 4yacoB moBbilIaeTcsi nmpuMepHo Ha 10% u B 11eJIOM MOXKET OBbITh BBIIIE Ha
30%. D10 3aBUCHUT OT COAepKaHUS [IEMEHTa U KadecTBa 3anoiaHuTeNss. CiocoOHOCTh BOJIOKOH KOH-
TPOJTUPOBATH TMEPEMEIICHHE BOJBI B OCTOHHOW CMECH YMEHBIIAeT BO3MOXKHOCTH Cerperaruu
MEJIKMX YacTHUI[ IEMEHTa M TIecKa, 4To oOecrieunBaeT Oosee 3(h(HEeKTUBHYIO THIPATAINIO [IEMEHTA
U B COYETAaHUM C JYUYIIMM CLEIJICHHEM LIEMEHTHOrO pacTBopa JaeT 0ojiee MPOYHYI0 U JO0J-
TOBEUHYIO MOBEPXHOCTh. THUMUYHOE MPUMEHEHHE BOJIOKOH Ji TOBBIIMICHUS YCTOMYMBOCTH K
UCTUPAHUIO - MOPCKUE 3arPakJICHUSI U COOPYKCHUS, YIIEXPaHWIHINA U JIPyTue chepbl UCIOIIb-

30BaHUs OETOHA, TJIe MIOCTOSTHHAS DPO3US BEJIET K M3HOCY TOBEPXHOCTH [4].
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OnHuM U3 Hanbonee SAPKUX JTOCTUKEHUN MOCIETHET0 BPEMEHU SIBJIAETCS Hadalo MPOMBIIII-
JICHHOTO IPOM3BOJICTBA HOBOIO IOJIMMEpPA - TaK Ha3bIBAEMOI'O0 CBEPXBBICOKOMOJEKYJISPHOTO
nojau3TUiIeHa. BolokHO W3 3TOro mnoinumepa mnpouyHee cTanu (Ha pacTshkeHue) B 10 pas,
nosunponuwieHa - B 15 pa3. Ero Moayns ynpyroctu npu pactskeHu - okoso 2 500 H, gto
HAMHOTO BbIIIE, 4eM y OeToHa. TakuMm o00pa3oM, 3TO BOJOKHO MOXET BBIMOJHATH pOJIb

s exTuBHON apMaTypbl OETOHOB.

3. 3AKVIIOYEHHE

TakuM 00pa3oM, TEKCTWIBHYIO (GHUOPY CIeayeT WCIONb30BaTh BO BCEX THIAX OCTOHHBIX
MOKPBITUHN (KaK HApY>KHBIX, TaK U BHYTPEHHMX), TJ€ HEOOXOAMMO MPEAOTBPATUTH IOSBICHHUE
IJIACTUYECKUX YCAJOUYHBIX TPEUIUMH. BONbIIoN MOMyJspHOCTHIO Moyb3yeTcs (pudpa B AOPOKHOM
CTpOUTENLCTBE. beTOH C comep:kaHMeM BOJIOKOH O0JIaJaeT JyYIIMM CIEIUICHHEM, YeM OOBIYHBIN
0eToH. TeKCTWIbHBIC BOJOKHA HAaxXOJIAT NMPUMEHEHHE B OCTOHE IJIsi MPOMBIIUICHHBIX CKJIAJIOB,
THIPOTEXHUYECKUX COOPYKEHUM, HAapy»XHbIX IUIOMAJ0K, B OETOHHBIX IUIMTAaX MEPEKPHITHI,
00BbeKTaX He(PTEXUMUUECKON MPOMBINIIEHHOCTH, MOCTaX, MOHOJIUTHBIX KOHCTPYKIHUSAX, OETOHHBIX
mwmMTax (QyHIAMEHTOB, >KEIe300€TOHHBIX CBasX, MPECCOBAHHBIX W OTIMBACMBIX HU3JCIHSIX, B
CTPOUTEILHBIX PacTBOpaxX WM IITYKaTypKe, TOPKPET-OETOHE, B IMEYaTHOM JIEKOPATUBHOM OCTOHE, B

Marepuaiax Jjisl peMOHTa OETOHA, a TAK)KE€ MECTax MOBBIIICHHON CEHCMUYECKONH aKTHBHOCTH.
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03 ‘3J56d60RMbS

3 Jmdosgdo, &. JmJosydo, 3. IgbEgo®odgoeo
(Lododmnggenml Bgdbogg®o 9bogg@lo@gdo)

@9%0gdg: gobboaryaos ol dgbodare dgdmbggggdo, wy G gwggo ws bog@mby -
0dargds  dmiygglb  dmbgddogo  gobol  gogmbgol  39Hd9B aerse  wobmdaan
boomoglbdo. slbggg. dgbsdangdgaros oy oGS od Jobyboo spodosbol gogawgs
b @ J0Gm39d0 ybws d90jdbsl sSdobsmgol; Gmol s@ol gogmbgs sogm-

J9dobododo s o gogargbsl sbybl bsdfg0 3Gm@DfB950b 206,G905 o
G50 6035 Ssdosbols @560 bIby.

bo3gobdm Lodyggdo: gobo; gobgdowo: 8o u@gs: JMbGJbBGS;00.

1. AILS3SR0O

b99696@030 2obo 3930 Loggmglmeb gomse  Log®mbglsi dgogogl. sdo@Gmd,
Log@mbmgdols  ©@o3gol  gobdmdodopgdols Lol gdgdol  gdldenys@oEool @AM
3oblbognm@gdgao  dbodgbgeomds  gbodgds.  s@bodbymols  aodm,  aobgobogngm
dobobengmdols dogd aobol bygeolofymgdols as8mygbgdols dgdmbggggdo. Lobmg®gdgan
> bLobmpomgddog  dgbmdgddo  Lbgopslbgs  dobgbom  op@mgoads  aobds
‘dgodangds  godmofgoml  dobo  oxggmdgds, swsdosbols  gogywgs s bbgs.  Jggdmm
dmyggobogos g@odogyeo dgdmbggggdols sbognobo.

599698M030 aobo glybm, 9xgeOm (1,2 3) s 5@sdmdfsdamsgo gobos (@ dgoiogl
obgo  dbsdosb  Jobos@gggdl, @mgm@oiss amaodeTysmdbsmo  (HpS), odosgo (HN3),
Fyomdowz0sbdgogs (HNC), bobdodygsbgo (CO) wo bbgs), Gowasb dmdmggdol dgdwgy,
bobod  Jmdbdo@gdganl  doo(gooshb,  dobo  ao(dgbs  bpgds (s IPlLg®ody,
3obIMIo o gd0). dogbgoogow >dolss, dolso dobds®gdolsl Y300 gdgE0s
YLbogg@mnbmgdols  [glgool ©o3gs, Goyob  sxgmdgoslsododos, oy aoM3399e00
‘d9Bo0©gdom 9O geos 359 msb. ao®ws sdobs, badodBmgds dymds®gmdls 0dsdog,
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Amd, Omgbsg 696960030 aobo oby@dye Lomsgldo bgwgds bofoammd@og 030390l
Jobaoools saoel, @ol aodmE oEsdosbo aobools gobpdowols bogmgdmdsl, @oi
odbgangdls  bygbmdgol s, @aoboll  wowo  mbigbd®sicools  dgdmbgggsdo,  bogds

505doobol gogywgo.

2. d0600)0R0 65VOKR0

Jggdmm  aobbogyganos ol dglodanm  dgdmbggggdo, o dgodgmgds  dmidyggl
d96g6@030  aobol  gogmbgol  oby@yan  Lomoglbdo; dglodengdgamos oy oGS o3
dobgbom osdosbols aogygs ob @s 3o@mdgdo ybs dgoJdbsl sdobomgol; sbggy,
Ameols s@ol ol 58gmgdolbododo o G Aogagbsl osbegbl b53Fg0 3OM©yYJEgd0l
40060 @omEgbmods 5©sd05bols MAAS60bIby.

3000d0msE  sgoemm 60 F Joggmemdol  IJmby  3g@dgHnmor  @oby@emo
Lomoaglio, bowsi dog@obs s 2obol 0bgomm@@sigosl saomo o@ ojgl. d9bgddogo
aobol do@do (bgge go odogno (bggol Jlgendo, Gomsi Jmbobengmds do@oyogds,
0,03 533 o6 5@gds@gds. My Lomoglbdo sl aobdyds o Moo oMol s@Mggdyeo
dobo  gOmo  Lobmy®s, 35Tob  gobol  godmwobgds  aopa®dgangds  dobsd,  Lobsd
Lomogldo s@lgdyemo (6g3s 0@ go9mobod@®gds aobol Jlgerdo s@lgdyan (bggol. o3
3063090 dgdmbgggsdo gl Lowowg 0.03 533 yo®ob. Lodygseme ghmo Lobmy@ol
Losmg@o bodxo 025 3/Lm-0s. Logds@olos Lomagldo d4695@0g0 asbol og@mggdols
Oomgbmdsd  3%-L  dos{oml, @md  Loboyg@osb gobol  godmbgams  dgfywgds
(6g3oms Lbgomdol s@o@lgdbmdols aodm (3% sggmdgdol Jggos bwgodbg bogemgdos).
53 30Gmdols  Ygloddbgmem g0 Lokodms 18 B gobol  godmeobgds,  @ols
3MM3905Lo3 ghmo Lobmyds ssbanmgbdomn 72 Lo dmsbomdgdl.

3bmdogos, AmI dog@ols bodggdo d9bgdbdogo gobol 3mbigbd®siools 19%-0m
3ob®oblsl, Mol WOHMLsE gobdowols 3GM3gbGYeo dohggbgdgmo osbermgdom
2l-0ob 17 %-3g ©59(3995, o05d0ob0  ggobadomdsls  aoboiol s dgbodgrms
200ameel (5. d9bg@ody  aobdmodoggds). Gmam@G w439  owgbodbgm, 60 &P
Joagemdols 3Jmbg Lomsogldo, Gmdgenoi 39MdgRmse s®ol woby®yao, d3bgdbdogo
3obol  3mbigbd®oios  Jmigdye  30Mmdgddo  dosw{gal  @s  g@odogye  3%-L,
Loboyg@owsb gobol aodmobgds dgFgwgds, gobydowol 3GM3gbE Yo dohggbgdgero
2037%-3g ©593399>, @53 Logmabamobogol Log@mbgl @ [o@dmoagbl, dopa®od
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03039  oM539M39H e Lomogldo  o9bgddogo  aobols  osggmdgdol  Jggos  5%-006
bog@edpyg dom{ggolol, @olog geOmo Lobmg@ds sebodbgm (603%) dmEygmmdsTo 12
bo-bg d9@ ©OmML Jmobemdgdl, gobydoswol 3mbigbG®sEos 19.95%-dwg dgdomogds.
sbgom dgdmbgggedo s@OLgdmdl 9xOm sx9mdgdol LododOmgds, goeg 9gobydsmdols
dobgbom  ossdosbol  goawgol  Log@mbyg,  gobsowsh  gobpdowols  s0bodbyeno
30m396@ o dohggbgdgmo Logmibamobmgol bosbols dmd@sbo o@ s@ol.

sby@gmm LomsghTdo &/asbol 30m3g6@ Ym0 Gsmpgbmdols el
Ygbododobo@ gobydoswol 3mbigbdMosEool jangdol a®ogogzo

90.00%

80.00% -

70.00%

60.00%

50.00%

@02
W CH4

40.00%

30.00%

20.00% -

10.00% -

0.00% -

9:0. bgdolidog® JoEyermdsdo dy9bgd®ogo gobol @omgbmdols ymggawo 5%-om
3obAws 0f393L gogdowols 3mbi3gbd®siool 1.05%-0m dgdiodgdsl.

Jobgd500l ©98030H0 58g0bgdl >Es30560lL SHHMEbgdsl s mMyybsgl bgbn Jgsls
6% 14% 9% 23.5%

16%  21%
Jobydowo 6% — godbgangdageo Ligbmdgs, LF®sgo Loggwogo;
Jobaoo0 14% — s@sl®myaslmgsbo sbOmgbgds, Li@oxg0 womans;
Jobydowo 16% — Iglyl@gdamo/@esmdyybymo sbOmgbgds s bybmdgs;
Joba 0000 19%—30bodsgoy@o glog@mbmgdol bwgsdo;

AN R S A

Jobadowo 21% — beo@dogoy@do dymdo®gmds;
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6. gobaooo 23,5% — gopadomo 2530 gdygemos — bobdo®bsdodGmgds.

Jo63d000ls ©gx030H0 dgodengds dgodbols s@s Fbmeme d/yobols @ogMmggdols
dobgbom, oMsdge dolo wofgol dgogyowsi, m9 [gobmgol Lododm dsg@ols swgds
Lomoglowsb  dmbegds, sbggg, o9 bs53F30  3Omeyddgdol  godmygmegs  dmbogds
Lomoglido. o3 m@ogg 3GmEglol  gom@mygao  dodobs®gmbdolsl 3o aoEogwgdom
LY @oxgo© ©ongagdl gobgydowols 3mbigbB@sos.

1 3 8/gobol Legmo ofgobmgols Lokodms 2 3 gobadogo:

CH4 + 202 = CO2 + 2H20

306500sb  Fg0lmgols Lokodm  gobadowol dofmwgds @gogads® dog@owsb bogds,
03039 1 B /g0boll @ofgolbmgols Lokodm odbgds 10 F Jogdo (3og@To  gobadowols
30m396@ o Fogoo 1/5-05). d/aabol §go, @mdgeroi d0dobsdgmdl oligm ao®gdm o,
oo @ bpgds dygedogo ob 3g@omymse dog@ols dgdmobgds, godmo(gggl goby-
ool ©98030AL, GoE, mogol Fb®og, gobsdo@mdgdl @by [gol, GmI@ols M-
Lo aodmoymegs bobBo®odswol mJlowo (CO) - denog®@dmd{sdemsgo aobo (2). doamds-
@gmos JgBor  Logogragm  ofbgds, o Fgol 3@m@gddadol aodmgmgs (opytmggde)
Lomoglidogg dmbogds, @oysb osdosbol Logmabmmolngol Log@mbgls Fo®dmswagbls
Amam®O ;3 sOsbdymo g0l 3emeyddgdo (CO), slggg LOgeo §gob 3Omyd@gooi (COy),
AmEgloi domo dgdggemds 30g@do 3omyg9ee 3Mm39bG Y dohggbgdgenl doom§ggl.

bobdo@dowol mdbowo CO - denog@o JmdFsdasgo aobo. Jog@msb gomop dg-
Lgbogolol oJ@oyg®e 9g@mwgds Lolbedo dgdmgmmdbdobl, ol Jgogassi 3ybs-
Am bpgds 2505075bmL gobpdsmo m@ysbobdol Jlmgoggdoljgb. dolids 0,5%—-0,8%-dwg
‘4993392053 359®To dglodgms ssdosbols @omeydgs godmogombs.

bobdo@dowol womJlowo CO2 — @mym®3 d9bgd®ogo gobol, sbiggg bgdoldog®o
bobdoMdoedgdggeo Lofgogol bEyao §go0l 3Omeyd@o. 3ogdTdo dobo 7%-wsb 8%-
dog 999(3390mbs godmo(g93L gobadowol dbodgbgermgeb dgdio®mgdsl, @oboi, magol
db@og, dm3yzgds o300 lbgggs, @gdobgds, gyMgddo bdoy®o, mgomgdol aowoboo-
bgdo; dgboderms g@dbmdols o3oMags S Ao Y©GS3 JO-

Jggdmm dmygoboan b@oando bohggbgdos domo aogengbs ssdosbols m@ysbobI-
bg. 3bOo@oEsb hobl, MMI 35gddo CO s CO2 so@gbdols dgdig9e0mds db0dgbganmgsab
o3 gbol sbegbl s@sdosbol M@ysbobdby. oblogymn@dgdomn Lododo dpamdsdgmdss
309®do 6-ob 10 dp/@n, CO-ols — 7-10 % CO2 dgd;g9ermdols AML.
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505d056bg CO @s CO2-0l bgdmJdgogdols gogergbs

(5. 35350 ge0. 25bIMI>G5gbS)

505d0obbg bgdmJdggdol boby@derogmds 060l dgd(339e0mds dog@do

> babosmo dgligbogol ML CcO CcO,
% mg/1 %

053096039 Losmo dglsdhbggo aogegbols

5oM9dg 0,001-0,01 0,0125-0,125 | 0,5-1

Aoy do dmfsdgamol ob @m@dfmgobo ao@dbols

300005690l 60dbgdo 2-3 Losmol dgdwge 0,01-0,02 0,125-0,25 2-3

Lg@ombyano dm§sdganols bododamgds 30

Tgomols dgdwge 0,2-0,3 2,5-3,75 4-5

Lbogmabmobsmngol bododamgds bobdm geng

b9dmJdgegdol O™ 0,5-0,8 6,25-10 7-10

3. R5L4336O

bEo@osdo dmygoboano s gosbsaobgdyeos ol dglsdgm 3o@mdgdo, @M gd-

do@3 dgodengds godmofgoml gobpdowol ©gnoEodo (wobydyga Lomsgldo), obggg ol

Log@mbggdo, @o3 Fo®dmodmds ssdosbmsb dododmgdsdo, 0dbgds gl dmFedangs, ao-

293> 09 3obols sg3gmgdol LododOmgds. mommgygmo g dgdmbgggs yodmbobyeos

305503900Ls @ 3bMogrgdols Labom.

dmgdgeo dgdmbggggdo 3boymal, m9 Gomwgb 360dgbgermgsbos 0d glog@m-

bmgdol bmdgdols o bm@Igdols ao@o@gds, MmIgeroi 9bos aobbm@zogmegl yobols

9JL3@ @300l Lodbabydgdobs s Jmdbdomgdengdols dJog.

L0B3IABIMS

Lo, 3gLg@odg. gobdmdo@aggds, I Bmdo. mbogrolio, 1974 §. I Bmdo -1979 §.

2. 5. (3935090, 3>bIMIoMspgds. mdognolo, 2006 .

3. A. Uownwun. ['azocnabxenne. Mocksa: Ctpoituzaar, 1975 1.
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0OMOMIR() 3dB60IMIdId()

Jo3d 59

90630 IM() LILARKML 60T36IRMdS BHMBINMS 33355T0

d. (3063549, b. MAYS6ge0, b. boGA™MBgogmo
(Lododmggenml Bgdbogg®o 9boggdlo@dgdo)

@9body: 3 beggerms  y5905d0  gEm-gEm0  gggersby  dbodabgarmgsbo  Joby@msgr o
bs bG@mM350. bod@meddo  degdaaros bobdod [yangdols bmgoo
@obsbosmgds, dobo parslbogoyoos s Geoaro 3bmggarms ;390 do.

boggobdm Lodygggdo: bobdodfyangdo; aarambs; RGHfG0 bs; sdogrsbs; 3945 bgdo;
3946 bgdo; o~ dmbm-; Smanobssmowgdo; zoar9d0; (3608930;
@@ 00bo.

1. AILS3SR0O

3bmggmms  bOs-35b30m5Mgds, 3OMmEYJBoygmmmds s 3GmEyJiaool bas®olbo,
Logomme  domo  gbmggerJdgogds  bogmogdgdols  ©s  gbg@aool  dodmigerols
30m39bgdols dOsgom a3 g@megobo 356mbbmdog®gdom aobolobmg@gds. obobo
domgmaog®  3obmbgdl  9d3gdwgdodgds s 3gbsdgye  Logydggerl  Fo®dmomagbls
gbmggmms 3mdgbgdols s 3ggool  LOyeymgogo  dgmmegdol  dgddbobmgols.
agbmggemns LobOmmds dobo Fobommmyoy®o gybjioss, @mdgeroi dods@myeos
gy gdol  dgdseggbgano  Lab@om  bogmogtgdgdols dgmgolgdols @ aodmygbgdols
sbodo@engdans.

gobomamyools ©s bdomdodool bgygmdmdo 0bBgblog®o 3393900l dgogao©
do(gymo  [omdo@gdgdol  Logydggerbg  dbodgbganmgbo  aoxgo®mmges  od
d93bog@gdoms @mero s dbodgbgamds, @OMImgdoi 0bGgbloydse Lfsgermdwbgb
Lolmgam-bodgy®bgm bmggams LobOmmsL.
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sd@o0oe,  3bmggmms  33g9o0b  dg3bogdymo  Logydgangdo  dgibmggergmdols
Fo®dmgools  godomenol  osy@oggdbgeno  Fobsdo®mmdss  @mam®i  dbbgog,  sbggg
g®og 9®dgar e dgu@bgmdgddo.

OmEs  gbmggargdo, Immbmgbogrgbols dgbsdsdobaw, b@Ybggegmezommo s5@0sb
9690200L, 3@mEgobol, (3bodgdol, bobdo®Tyamgdol s Lbgoms bgwergyemom, ds5Tdob
do00 domo@o 3OmEYJBoygemds yoMsb@o®gdyaos.

bod@mddo dgggbgoom bmggamms bobdo®(yermgseb Lob@mmdsL.

2. d0@00)5R0 65V0OKR0

339650 g0 dddogo bogggdo bogmogdgdols doGomswo 3md3mbgb@o  9sbm@Em
bogmog®gdss, @mdganms  do@ols  dbodgbgermgebo  saoeo  (80%) bobdo@{yangdls
935305,  bobBo@Fyemgdo  Lbgopslbgs  bogdmol  woo  xa9x0s,  aoblbgoggdyemo
0golgogdom ©s Gmom, MmIgalsi bmggmol m@ysbobddo sSLiGyagdl.

d39boMgge00 Fo®dmdmdols bogg900 bob'do®@{gan gdo 9gOMIsbgmoblogsb
aoblbgogogds  Gmym®i gobogydo, olyg Jodogdo mgolgdgdom, sbggg @bmggeols
Loddgools dmdbgergdgan  o35G5@ Do dodobodyg  ao®sddbgdom  ©s  bogmog@gdsms
dodmigensdo  Ygldgmgdgeo  bodolbol  @mbom.  bsbdo@(ysemo  gagds
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V]IK 591.4

HEKOTOPBIE AHATOMO-®U3NOJOI'MYECKHUE ACIIEKTHI B
BETEPUHAPHOM CTOMATOJIOT'UU Y COBAK

I''A. HxkButnanaze, H.H. HarpomBuian, M.A. llunnan3ze

(I'py3uHCKHI1 TEXHUYECKU YHUBEPCUTET)

Pe3tome: Hacmoswas paboma nocesujena HeKOMOPbIM AHAMOMO-MONOZPAPUYECKUM U PUIUOLO-
eudeckuM acnekmam 3yOHOU cucmemvl cobaku. Paccmompeno cmpoenue MONOYHbIX U
NOCMOSHHBIX PE3Yy08, KIbIKO8 U KOPEHHbIX 3Y008 (npemonapos u mosapos). Onpeoenenuvl
ocobenHocmu cmpoenus u monozpaguu 3y008 cobaku 8 CPAGHUMENbHOM ACHeKme.
IIpusedenvl cpoku npopesviéansi MOJOYHBIX U NOCHOSHHBIX 3Y008, YMO S6811emcsi OOHUM
U3z onpeoensiouwux akxmopos 603pacma HUGOMHO20. YCmMaHo81eHo, Ymo 8 OCHOBHOM
CPOKU 5Mu CMadUIbHbL NOYMU 0151 6CeX HADI0AeMblX Hamu nopod cobak. Mckniouenue
npeocmasiaom Meikue nopoosl, 8 Hauem Caydde y WeEeHKO8 NOpoobl Yuxyaxyd Mbl
HaO0Oanu nosieieHue nepsvix 3y006 6 5-6 Hedelb. Badchvim acnekmom npu oyeHkKe
9KCcmepvepa cobaxu seusemcs Gopma npuxycd, HOIMOMYy 6 npedidazaemou pabome

PACCMOMPENbl 4acmo Cmpedarowyuecs opmvl NPUKYCOS.

KiroueBble cjioBa: pesusl; KNblKU, NPEMOJIApsl, MOJIAPbL, MOJTOYHbLE 3y6bl,' nocmaoslHHble 3y6bl;npui<yc.

1. BBEJIEHUE

Jlyi1 BeTepUHApHOTO CHelMaIucTa MOHATUE 310pOBasi cobaKa - 3TO BCE MPU3HAKU 3/10pPOBOIO
YKHUBOTHOTO - XOpOILasi MOJBMKHOCTh YETBEPOHOTOI0 MUTOMIIA, OJECTAIasl U JIOCHALIAsICA 1IEepPCTh,
YHCThIE U SICHBIC TJIa3a, CIerKa BIAXXHBIM M XOJOJHBIA HOC. 370poBas cofaka pearnpyer Ha 30B
XO035MHa, OXOTHO BBITIOJHSAET KOMaH/Ibl, BCE OpTraHbl paboTatoT HOpManbHO. OIHAKO, IEpEUHCTIsis BCe
MIPU3HAKKU 3/I0pPOBOTO COCTOSIHMSL JKMBOTHOTO, 3a4acTyl0 BETEpHUHApHBIM Bpau YIyCKaeT W3 BUIY
XapaKTepUCTUKY COCTOsIHMA 3yOoB. OOpariaeT BHUMaHHME Ha 3TO TOJBKO B TOM Ciydae, KOraa

KIIMHUYCCKHUC TPU3HAKN KOHKPETHO YKAa3bIBAIOT Ha MATOJIOTUIO B IMOJIOCTH PTa. U3 Bcex 3a001eBaHmiMA
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OpPraHOB U CHCTEM 00JIe3HU 3yOOB SBJISIIOTCS TOW TPYIION 3a00I€BaHMMA, T/Ie Yallle BCETO MPU3HAKH
HaOII0Ia0TCA JIMIIb TOTJa, Korjga 00Je3Hb 3alllla CIMIIKOM JajieKo, KOT/la 3aTparuBatoTCs HE TOJb-
KO 3yOBl, HO M OpraHbl, OKpyxaroume ux. [loaroMy Xopolme KIMHHUYECKHE HMPU3HAKH 310pOBbS
co0aKu He BCer/1a SIBIISIOTCS JOCTOBEPHBIMH IO OTHOIIEHHIO K COCTOSTHHIO 3y0O0B.

BerepunapHass cromMaTosOTUsl TECHO CBSI3aHA C APYTMMHU HayKaMHd, Ha 0a3e KOTOPHIX OHa
pa3BuBaeTcs. AHaTOMMs U (U3UOJIOTHS - IEPBOHAYAIIBHBIE CclIaraeMble OOJIBIIOro KOMILIEKca, 0e3
yudeTa KOTOpOro HEBO3MOXKHO M3yUY€HHE MaTOJOTHH OPraHOB 3y0ouenntocTHON cucteMsl. [latonoru-
Yyeckass aHaTOMHs W IaTOJIOTHYeCKas (U3UOJOTHA AAl0T BO3MOXHOCTH H3y4aTh OCOOCHHOCTHU
TEUYEHUS] BOCHAIUTEIBHBIX W JPYTHUX IPOIECCOB B POTOBOH mosoctu. Hemb3si mo3Hath MHQEK-
LMOHHBIN Ipoliecc B 3yOHOH cuCTEeMe M €€ 3aIlUTHBIX MPHUCIOCO0NIEHUSAX 0€3 NaHHBIX 110 MHUKpO-
OM0JIOTUH, BUPYCOJIOTUH U MUKOJIOTHH.

B ocHOBe BeTepHHApHOI CTOMATOJIOTUU JICKUT 3HAHHE PA3BUTHS, CTPOEHUS U (PU3NOJIOTHH
TOJIOBBI, 1 POTOBOM MOJIOCTH B YACTHOCTH [4]. DTO MO3BOJIIET BETEPUHAPHOMY Bpauy IpEICTaBIISTh
KapTHMHY HE TOJbKO aHAaTOMO-TONOrpa)uyeckoro CTPOEHUs MacTH co0akH, (U3MOJOTHUECKUX
MIPOLIECCOB, MPOUCXOAALINX B HEH, HO U BBISIBIIATh BCE OTKJIOHEHUSI OPTaHOB IOJIOCTH PTa.

3yOHast cucrema B CBOEH COBOKYIMHOCTH Y Pa3iIMYHBIX BHJIOB MIJICKOIMTAIOIIUX MMEET Hac-
TOJBKO XapaKTEepPHbIE OCOOCHHOCTH, YTO MOXET OBITh HCIION30BaHA KaK BAXKHEUIIMH MOpPQOIIo-
IMYECKUH NPU3HAK BUJA. 3HAHHWE aHATOMO-TONOrpapUYEecKUX OCOOEHHOCTEH CTPOEHUs M (PyHKIMH
3yOO0UeNIIOCTHOM CHCTEMbI HEOOXOJMMO JJISl MIPABUJIBHOTO MOHUMAaHMs BOIPOCOB MPOQUIAKTUKU U
JI€YCHUS PA3IMYHBIX CTOMATOJIOTMYEeCKUX 3a0oneBaHuil y cobak. HopmanbHOe (yHKIIMOHHPOBAHHE
3yOHOW CHCTEMBI BO3MOYKHO JIUIIb B TOM CIIy4ae, €CIii 3yObl pacIojoKeHbI B TIPaBIIILHOM TIOPSIKE,
UMEIOT COOTBETCTBYIOLIMH 370pOBBI BHJA, NPWIETarollde TKaHM B HAJUIEKaleM COCTOSHUHU,
KHMBOTHOE XOpOILIO MPUHMMAET KOpM. Bce 3TO MOXXHO oNpelenuTh B TOM cilydae, €Cld 3HaTb
CTPOEHHE BCET0 )KEBATEIBHOTO arnmapara. 3HaHHe 3yO04eTIOCTHON CHCTEMBI HEOOXOAMMO HE TOJIBKO
BETCPHHAPHBIM CHENHMAINCTaM, HO KHHOJIOTaM-dKCIepTaM ISl  OINpPEACTICHUS AKCTEPbEePHOU
0COOCHHOCTH cO0aKH, 3aBOJJUMKAM Pa3JIMYHBIX IOPOJ, a TAKXKE U BIIAJEbllaM JOMAIIHUX ITUTOMIIEB.

B mHacrosimiem Tpysae paccMOTpeHbl aHATOMO-()M3MOJIOTHYECKHE OCOOEHHOCTH CTPOCHHS

3yOHOI CUCTEMBI COOaK.
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2. OCHOBHASA YACTb

2.1. OPBEKTHI 1 METO/IbI UCCIIEAOBAHUA

Jns m3yueHuss aHATOMO-(DH3UOJIOTHYECKUX OCOOCHHOCTEH 3yOHOW CHCTeMBI cOOak ObLIN
HCIOJIb30BaHbI METOIbl aHATOMUYECKOTO MPETNapupoBaHusi U MOP(HOMETPUH, a TAKKE OIBIT PaOOTHI
BETEpUHAPHON KIMHUKH «3001u1a3zay r.Toumucu.

OOBEKTOM HCCNEAOBaHUS SBSUINCh COOAKM pa3IUYHBIX IOPOJ M BO3pPacToB OT TpeX-

MECCAYHOI'O A0 ACCATUIICTHETO BO3pacTa.

2.2. PE3VJIBTATBI U AHAJIN3 UCCJIENOBAHUA

Ha ocHoBanuu aHanmu3a, MOJXYYEHHOTO B pe3ysibTare 00pabOTaHHBIX HAMU OOBEKTOB HCCIIE-
JOBaHMS, OBLTM YCTAHOBJICHBI aHATOMO-(PU3NOJIOTHUECKUE TTapaMeTphl 3yOHOH CHCTEMBI COOAKH.

3yOHas cuctema y cobak auddepeHupoBaHa Ha TpU TUIA 3yOOB - pe3ibl, KIBIKH U KO-
pennble 3yObl. [locnenHue B cBOIO ouepeab ACNATCS Ha JIO)KHOKOPEHHBIE 3yObl, MM MPEMOJISPHI, U
HACTOSIIME KOPEHHbIE, WM MOJSpbl. Bce OHM pacmonaraloTcsi B CTPOTO OMpeeNieHHOW mocIe-
JIOBaTEJILHOCTH, CIIEAys ApPYT 3a ApyroM. Ha pe3noBoii KOCTH BepXHEH YEeTIOCTH HaXOATCS PE3LIbL.
3a HUMU UIYT KIIBIKH, 3aT€M MPEMOJISIpbl M MOJISApHL. [locieqHue Tpu rpynmbl pacnojararoTcs Ha
BEPXHEUENIOCTHON KOCTH. Takas ke MocClIeJoBaTeIbHOCTh 3y0OOB UMEETCS U Ha HUKHEH YeltoCTH,
rae Bce 3yObl JIeKaT Ha HUKHEUETIOCTHOM KOCTH. BepxHue W HmkHHE 3yObl (HOpPMHPYIOT,
COOTBETCTBEHHO, BEPXHIOIO U HIDKHIOIO apKajy 3y0oB [5,6] .

Oo61mee gncio 3y0oB o0o3HauaeTcs 3yoHoU hopmynoii. OHa Moka3bpIBaeT B BHJIE APOOH YUCIIO
PE3LO0B, KIBIKOB, IPEMOJISIPOB U MOJIIPOB Ha OJHOW CTOPOHE MO CAaruTTajlbHOW JUHHM BEpXHEH U
HIKHEH demtocTeil. 3yOHas popMylia THIUYHA HE TOJIBKO JAJISl KaKJOTO BUAA )KUBOTHOTO, HO U IS
MOJIOJIOTO M B3pPOCJIOr0 JKUBOTHOTO. Bo3pacTHas ocoOeHHOCTh 3yOHOH (hopMyIibl 3aKIIO4aeTCs B
TOM, YTO B IEPHO/IC IBOIIONNHY B 3yOHOH CHCTEME MOSBMIIACh CMEHA 3y00B. BHauane mosBisroTcs
MOJIOYHBIE 3YOBbl, KOTOPBIE 3aMEHSIIOTCS Ha MOCTOSHHbIE. OCOOEHHOCTh MOJIOUHOTO MepHoja 3y00oB
B TOM, 4TO B 3TO BpPEeMsI OTCYTCTBYIOT MOJISIpbI M 3yOHast opMyna OyaeT nmucatbes 0e3 HUX.

CornacHo HalmIMM JQHHBIM, Y BCEX HCCIICZIOBAHBIX HAMU XKHBOTHBIX OO0IIEe KOJIHUYECTBO
MOCTOSTHHBIX 3y0OOB COCTaBIISIIO 42, 2 MOJIOUYHBIX, COOTBETCTBEHHO -32.

Kak u3BecTHO, 3y0 co0aku JenuTCsa Ha TPU aHATOMHYECKHE YaCTH: KOPOHKY, HAXOISAIIYIOCS B

pOTOBOﬁ IMOJIOCTHU, KOPCHBb JIe)KAIMH B allbBeoIax U PACIIOJIIOKCHHYIO MCXKAY HUMU meﬁKy
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3y0bl cobak, B OTJIMYKE OT 3yOOB JPYTUX >KMBOTHBIX, HE COMPUKACAIOTCS CBOMMH KOPOH-
KaMH (MCKJIIOYEHHE - TMOCNIeJHHEe KOpeHHbIe 3yObl). [IpomMexxyTku MexXIy HUMHU HpPEICTaBJICHbI B
BUJIE TPEYTOJILHUKOB, BEPIIMHA KOTOPBIX OOpallleHa K JIeCHE, a OCHOBAHME - K PEXyIleld 4acTu
KOpOHKHM 3y0a. 3yOHOH psia BepXHEW 4YeNOCTH HECKOJIBKO HAKJIOHEH BIEpea M Hapyxy. ITo
MOJIOKEHNE OO0YCIIOBIMBAET BEEPOOOPA3HOE pACIOIOKEHUE KOPOHOK U CONMMKEHUE KOpHEH.
3yOHOU psif HIDKHEH YeNIOCTH XapaKTepU3yeTcsl TEM, UYTO pe3llbl U KIIBIKK pacrojaratorcsa 0olee
MEePIEeHIUKYISIPHO TIO OTHOILIEHUIO K albBEOJSIPHOMY OTPOCTKY HUKHEH UYeTIOCTH, a KOPEHHBIE
3yOBbI HECKOJIBKO HAKJIOHEHBI B TIOJI0CTh pTa [1,2,3] .

Crpoenune 3yOHOI CUCTEMBI H Bce €€ (PU3NOIOTHIECKUE TIPOLIECCHI SBISIFOTCS UCKITFOUUTEIHEHO
BKHBIM DJIEMEHTOM HE TOJBKO JKCTephepa co0aku, HO M IOKazareiaeM OOIIEro pa3BUTUS
opranu3Ma. 3HAYUTENbHbIE OTKIOHEHUS B KOJHUYECTBE 3y00B, WX (opme, KauecTBe MpUKyca, a
TaKXe OTKJIOHEHHsI BO BPEMEHH MOSBICHHUS MOJOYHBIX 3yOOB M CMEHa 3TUX 3y0OOB Ha MOCTOSIHHBIE
MOTYT CBHUJICTEIICTBOBATH O HAPYIICHHUSIX T€HETHYECKOW KOHCTUTYLUH HE TOJIBKO OTIECIBHOTO
KUBOTHOTO, HO M BCEH JIMHHUM WM CEMENCTBA, K KOTOPOMY OHO OTHOCUTCS. O KauecTBE pa3BUTHS
MOJIOYHBIX 3yOOB y cO0aK CyHAT MO CIEAYIOIIHUM IMOKa3aTeasiM: BpeMs MOSIBICHUS MOJOYHBIX 3Y-
00B; KOJMYECTBO MOJIOYHBIX 3yOOB; KaueCTBO IMPUKyCa B MOJIOUHBIH MEpHO] 3yOOB; BbINAJCHUE
MOJIOYHBIX 3y0OOB M NMPOPE3bIBAHUE ITOCTOSHHBIX 3y0O0B.

B MecsuHOM BO3pacTe MOSABISAIOTCA MEPBbIE MOJIOUHBIE 3yObl. VX MosiBlI€eHNHE B 3TOM BO3pacTe
CBUJCTENHCTBYET O HOPMAJIHHOM Pa3BUTHH IIeHKA. MoOJOUHbIE 3yObl MOSBISAIOTCA MOCTENEHHO B
OTIpeIeICHHON TOCIJIEI0BATEIbHOCTH. 3HAasl MOCIIEI0BATEIILHOCTh UX TMOSIBICHUS U BPEMS HaXO0X-
JICHUS B TIOJIOCTH PTa, MOXKHO TIPUMEPHO OTIPENICITUThH BO3PACT LICHKA .

Ha namux mpemnapaTax y IIEHKOB JI0 YETHIPEX HEJENb 3yObl OTCYTCTBOBalIM. B Bo3pacte 60-
Jjee 4YeThIpeX HEeNeNb MOSBISIOTCA KIBIKM. B msaATh u Oojee Hemenb MPOPE3bIBAIOTCA PE3LbI U
MIPEMOJISPHI.

VY 1ieHKoB ynxyaxya Mbl HAOJTIOJaJIH TTOSIBIICHUE TEPBHIX 3y00B B 5-6 Henenb [5,6].

Bce onm, Kak ¥ MOCTOSIHHBIE 3yObl, pacIoyiaraloTcs Mo TPyINaM B OIMpeeIeHHON Mocea0Ba-
TeNbHOCTH. B mepuos pocta MonouHbIX 3y00B hopMUpyeTCsl MPUKYC. Y HEKOTOPBIX MOPOJa cobak,
TaKMX KaK KaBKa3CKas OBYapKa, NMPUKYC MOXKET HE3HAUUTEIBHO MEHATHCS, KOTJa, HarpuMep,
HOXKHHUIIEOOpa3HBI TMPHUKYC TEPeXOMUT B KIEMEOOpasHblii TPHUKYC, WM Haobopor. OgHAKO
aHOMAJILHOE MPOSIBIICHUE MPHUKyca MOKHO HaOMII0aTh YK€ ¢ MecSYHOro Bo3pacra. HempaBuibHoe
pacmooKeHUEe MOJIOYHBIX 3yOOB B 3yOHOH apkaje MPUBOJAUT K TOMY, YTO MOJIOYHBIE 3yObl MpH
COIPUKOCHOBEHUHU YENIOCTH C TBEpAbIM HEOOM TpPaBMHUPYIOT €ro, YTO Mbl M HaOIOJanu Ha
pUMepe MIEHKA KaBKa3CKOW OBUAPKH.
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[Tpyn nocTmXeHUM IEHKOM 4-MeCSYHOro BO3pacTa MOJIOYHbIE 3yObl HAYMHAIOT BbINAJATh, A
Ha UX CMEHY IPUXOAIT MOCTOSHHBIC 3yObl B KoiuuecTBe 42. YBEIMUYEHHE YUCIA MOCTOSHHBIX
3y00B JJOCTHraeTcs 3a cueT npopesbiBaHus 10 KOpeHHBIX 3y0OB, Y KOTOPBIX OTCYTCTBYET MOJOY-
HBIU IIEPUOJ PA3BUTHS.

K 6-7-mMecsiaHOMY BO3pacTy MEpHO CMEHBI MOJIOYHBIX 3yOOB Ha MOCTOSIHHBIEC MPAKTHYECKU
3akaHuuBaercd. Ha cmeny 32 Moo4HBIM 3y0aMm mpuXOAST 42 MOCTOSHHBIX 3y0a, 4TO SBIISICTCS
CTaHJapTHBIM YHCIIOBBIM IIOKa3aTeieM y coOax.

Kunonoram u Bcem, KTO npoecCHOHAIIBHO 3aHMMAETCSl COJACPKAHUEM, Pa3BelIeHUEM MU
JPECCUPOBKON COOAK, XOPOILIO U3BECTHO, YTO OJJHUM M3 OCHOBHBIX ITapaMETPOB IIPH OLIEHKE COOaKH
ABJISICTCS MPABUJIBHBIA MPUKYC, COOTBETCTBYIOIIMN JaHHOW mopoxe. I[IpukycoM, Kak H3BECTHO,
Ha3bIBAETCSl CMBIKaHUE 3yOOB BepXHEW M HIKHEW uenmtocTd. HempaBWiIbHBIA NPUKYC CUMTaeTCs
CephE3HBIM HEOYETOM WM Jaxe Ie(PEKTOM U MOXKET CIYXKHUTb IIOBOJIOM JJIsi BHIOPAKOBKU COOAKU
KaK JIUIsl TUIEMEHHOTO BOCIIPOM3BOZCTBA, TaK W JUIA CIyXeOHOH nesitensHOCTH. CyIecTByeT MsTh
OCHOBHBIX BUJIOB IIPUKYCa:

1. HoxuuneoOpasHslil npukyc. Berpedaercs y 60ibIIMHCTBAa MOPOJ CO0aK My BCEX TUKUX
XMILHUKOB. DTO CaMblii KPENKUM MPUKYC, KOTOPBIN MO3BOJISIET € JIETKOCTBIO XBAaTaTh U yAEPKUBATh
no0pruy. Ilpu 3TOM mNpuKyce HpH COMKHYTBIX UEIOCTSX pe3lbl HMKHEH 4YENIOCTH CBOUMHM
MIEPETHUMHU CTOPOHAMU IPUMBIKAIOT K 33JHEH CTOPOHE PEe3LI0B BEPXHEH YEIIOCTH U NMPUMEPHO Ha
TPEThb JUIMHBI NEPEKPHIBAIOTCA MMHU. KIIBIKM HM)KHEW YENIOCTH BXOASAT B IPOMEXYTKH MEXKIY
OKpaikamMH ( KJIBIKM HM)KHEH YEIIOCTH BXOIAT B NPOMEKYTKM MEXKIY OKpalKaMM U KJIBIKAMHU
BEpPXHEW YeocTH, 00pa3ys Tak Ha3bIBaeMbIii 3aMOK) [5].

2. Henokyc. M3-3a Hemopa3BUTHUS HUKHEH 4YEIIOCTH €€ pe3lbl HE JOXOIAT A0 JIMHUHU
BEPXHHUX, 00pa3ys MeXIy HUMH IIycTO€ MpOCTpaHCTBO. KIBIKM HM)KHEH YeNIOCTH HEMJIOTHO
MPUMBIKAIOT K OKpaliKaM BEpXHeH 4emtocTH 00pa3ys 3aMeTHBIH 3a30p.

3. Ilepekyc. [Ipu 3TOM npHKyce, pe3libl HUKHEW UYETIOCTH BBIIIBUTAIOTCS BIEPE] 3a JTMHHIO
BEPXHUX,KJIBIKA HU)KHEH YeIFOCTH, BBIABUIAIOTCS BIEpE, IUIOTHO IMPUMBIKAIOT K OKpaikaM (4eM
OBICTPO CTHPAIOT UX).

4. Ipsamoii min kiemeoOpa3HbIil TPUKYC. DTO KOTJa MPU CMBIKAHUM YENIOCTEH BEpXHHE H
HIDKHUE pE3Lbl YIHUpAKTCs Ipyr B JApyra, HallOMUHAs CMBIKAaHHME KIICIIEH, a HE HOXHULL.
CMBIKaroImuecs MOBEPXHOCTH OBICTPO CTUPAIOTCS U K 5 roJjaM 3TO CHIIBHO 3aMETHO.

5. bynbpoxuit npukyc. M3-3a yKOpodeHUsT U HEIOPA3BUTOCTU JIMLEBBIX KOCTEM uepena
BEPXHSISI YENIOCTh YKOPOYEHA M YacTO NMPUIOAHATA KBEPXY, HWXKHSIS UYENIOCTh CHUJIbHAs, XOPOILIO
pa3BuTa, WIN YUIMHEHHA, JIONKOOOpa3Has. (SIPKO BBIPAKECHHBIH MPECTABUTENb — OYIIBIOTH).
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3. 3AKVIIOYEHHE

1. 3yOHas cuctema y cobak auddepeHIMpoBaHa Ha TPU TUIA 3yOOB - pe3lbl, KIBIKH U
KOpEHHBIE 3yObL,ITOCTIEIHUE B CBOIO OYepeIb JACNATCS Ha JIO)KHOKOPEHHBIE 3yObl, MIIM IPEMOJISIPBI, U
HACTOSAIINE KOPCHHBIE, WM MOJSpEL. Bce OHM pacnonaraloTcsi B CTPOTO ONPENEIEeHHOM
M0CJIEI0BATEIbHOCTH, CIIEAYS APYT 3a JPYTOM.

2. CornacHo HallMM JAaHHBIM, y BCEX MCCJIEIOBAHBIX HAMHU XKMBOTHBIX, 00Iee KOJIUYECTBO
MOCTOSIHHBIX 3y0OB COCTaBIsuI0, 42, a MOJIOYHBIX, COOTBETCTBEHHO -32.Ha Hammx mpemaparax y
IIEHKOB JI0 YETBIPEX HEEIb 3yObl OTCYTCTBOBATH. B Bo3pacTe Oosiee yeThIpex HEeNIb MOSBIISIOTCS
KIBIKM. B 1aTh 1 Oosiee Henenb MPOPE3bIBAIOTCS Pe3libl M IMPEeMOJIphl. Y IIEHKOB YMXyaxya Mbl
HaOJII0AaIH MTOSIBIIEHUE NEPBBIX 3yOOB B 5-6 He/eb.

3. Ynoros,0ynpa0roB,00KCEpOB,IIEKMHECOB HaOMIOJANICA T.H. IIydnil mpukyc”’ OcTalbHbIe
MOPOJIBI UMENTN «HOXKHUIIEOOpa3HbIi» puKyc. [IprKyc HEeMEeKolH OBUYApKH MOXKHO CUHUTATh CAMBIM

HOpPMaJIbHBIM 3yOHBIM anapaToM.
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VK 591.4:599.75

AHATOMHNYECKOE CTPOEHME I'NTA3OJIBUT'ATEJIBHOT'O
AIIITAPATA HEKOTOPBIX JOMAIIHUX KUBOTHbBIX

H.H. HatpomBuin, I'.A. HxkButunnasze, M.A. llunnan3ze

(I'py3uHCKMIT TEXHHUECKUN YHUBEPCUTET)

Pe3tome: B npedcmasnennou cmamve npuedeHvl pe3yibmambl UCCIeO08AHUS MblUY 2TAAZHO20
A01I0Ka U 8eK cOOAKU, KOWKU U KPOIUKA. YCmMaHOBIeHo, Ymo 21a3008u2amenvhblll anna-
pPam UCCie008AHHbIX HAMU IHCUBOMHBIX COCMOUNM U3 CeMU MblUlY: Yemblpex NpsMbIX
(namepanvHou, MeOUaIbHOU, OOPCANbHOU U 8EHMPAIbHOU), 08YX KOCHIX (0OPCANbHOU U
BEHMPANbLHOU) U MblUYbL, ommacusarowell 2iaznoe A010ko. Onpedenenvl cmpoenue u
monocpagus Kaxcoou uz mviuy. Taksce uzyueHvl Muluybl 8eK: KPy208as, MblUYA GeK,
HAPYICHBILL U 6HYMPEHHUU NOOHUMAMeny 6epXHe20 8eKd U ommsaeugamend yeid 21d3d.
Buvisgnenvt makawce 6uoogvle 0COOEHHOCMU CMPOEHUS U MONopaduu Movluly 2AA3HO20
AOI0KA U 8eK cOOAKU, KOWKU U KPOAUKA. JlaHHble UCCcIe008anutl NOMO2Ym 6emepUHapHbLM
cneyuanucmam 8 mnpoBeOeHUU pA3IUYHBIX XUPYPSUYECKUX MAHURYAAYUL U JledeHuu

OAHHBIX BUOO8 HCUBOMHDbIX.

KaroueBble cioBa: MblUUYbL 2IIA3SHO20 ﬂ6ﬂ0KCl,' 2NaA3008UcAMENIbHbLLL annapam, Kpyecoeds msluiya

8EK, HAPYICHDIL U 6HYMPEHHUL NOOHUMAMENU 8ePXHE20 6eKd.

1. BBEJIEHHUE

3HaueHue OpraHa 3peHusi OrPOMHO, OH IO3BOJISIET CBOOOIHO OPUEHTUPOBATHCA B IPOCTPAHCT-
B€, IOMOTaeT J0ObIBaTh MUILLY, IIEPEABUraThCs, @ B Cllydae HamaJeHus: 00OpOHAThCS. 3a00eBaHus
e IJ1a3 MOTYT NPHUBECTH K YACTMYHOW WJIM TOJIHOM MOTEpe 3peHusi, NMPEeKIeBPEMEHHON BbIOpa-
KOBKE M JIaXKe NaJexkKy )KUBOTHBIX. KpoMe TOro cHM»karoTcsi IpUpOCT MACCHI, IPOyKTUBHOCTD, TPE-
OyroTCs JOIOJIHUTENIbHBIE 3aTpaThl Ha COAEPIKAHUE TaKUX KUBOTHBIX, KOTOPblE HE OE30MACHbI U

JUTSL 4eloOBeKa. B CBs3M ¢ 3TUM Ba)XHOE 3HAUYCHHE NMPUOOpETaeT BCECTOPOHHEE OBIIAJICHHE TEOpe-
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TUYECKAUMHU W TPAKTUICCKHUMH HAaBBIKAMH TI0 O(TaIbMOJOTMH y XHBOTHBIX. OJHAKO BCE 3TO
BO3MOJKHO TOJIBKO IIPH YCJIOBUHU YETKOTO MPEICTABICHHUS aHATOMO-TONIOTPadUIEeCKOTO CTPOCHUS U
(bu3noIOrNUecKuX 0COOCHHOCTEH OpraHa 3peHHs Y JKUBOTHBIX [6]. ['1a30BUTaTeNIbHBINA anmapat
OTHOCHUTCA K BCIIOMOTI'aTCIIbHBIM OpraHaM IJIa3HOT'O 516.1101(3. " ABJIACTCA CJIOKHOYCTPOCHHBIM BBICO-
KOCIICOHNAJIN3UPOBAHHBIM 06pa3OBaHI/ICM. I'nas IMPUBOAAT B ABMIKCHUC CCMb IMOINCPCUHO-II0JIOCATHIX
MBI, TOYHAsE U TOHKO AuddepeHnupoBanHas paboTa KOTOPBIX 00ECreYnBaeT KMBOTHOMY BO3-
MOXXHOCTh OPHEHTHPOBKM BO BHelIHeW cpene. OOmenpusHaHO, YTO 3PUTEIBHOE BOCIPHUSTHE
MIPECTABISAET COOON aKTUBHBIN MPOLIECC, B OCYIIECTBICHUH KOTOPOTO BaXKHASI POJIb MPHUHAICHKHT
MOTOPHUKE TJIa3HBIX MBIIIII. I/ICCJ'IGI[OBaHI/IﬂMPI, BBITIOJIHCHHBIMHU C HOBI/IHI/Iﬁ 6H0(1)I/ISI/IKI/I u KI/I6€p-
HETHKH, JI0Ka3aHO, YTO 3PEHHE BOOOIIEC HE ObTO OBl BO3MOXHO, €CJU OBl HE TIOCTOSIHHBIN TPEeMOp
rJla3a, He3aMeTHhI mpu oO0biyHOM HaOmrogeHuu. Cobaka, KOIIKAa W KPOJUK, KPOME BCEro , SB-
JIIHOTCA KIIACCUYCCKUMU Ha60paTOpHBIMI/I JKUBOTHBIMH. IMeHHO MMO3TOMY BbIGOp 06’beKTOB HUccilie-
J0BAaHUA C Hanreyd TOYKU 3pCHUSA ABJIACTCA O6OCHOBaHHLIM, T.K. MOACIIMPOBAHUC MHOTUX XHUPYPTH-
YECKHUX OMNepaIyii, a Takke (PU3HOIIOTUIECKUX HUCCIICOBAaHUI MPOUCXOIUT UMEHHO HA yKa3aHHBIX

BUJIaX )KUBOTHBIX [5].

2. OCHOBHASA YACTb

2.1. OPBEKTHI 1 METO/IbI UCCIIEAOBAHUA

OO0BexTaMu HCCIICA0OBAHUs ABJIAIUCH MPEACTABUTCIIN JABYX OTPAOOB KjlaCCa MJIICKOIIMTAIOIIUX
- IIJIOTOAOHBIX (co6aKa, KOIJ_IKa) U T'PBI3YHOB (KpOHI/IK), 10 IISITh »KMBOTHBIX KaXkaoro Bupa. Mccie-
AOBaHU MTPOBOAWIMCH Ha TpPYyIIaxX IMOJOBO3PCIIbIX KXUBOTHBIX OOBIYHBIMM aHATOMHYCCKUMU

METOJaMU.

2.2. PE3VJIBTATBI U AHAJIN3 UCCIIEAOBAHUA

N3BecTHO, YTO T1a30ABUTaTENIbHBINA almapaT MICKOMUTAIOIINX KUBOTHBIX COCTOUT U3 CEMHU
MBIIIIL: YeTHIPEX MPSAMBIX, ABYX KOCBIX U OTTATUBATEINS IJIa3HOTO S0JI0KA.

Bce MbImine! rmazHoro s010Ka, 3a HCKIFOUEHUEM BEHTPATbHON KOCOHM, HAUYMHAIOTCS B 00JIac-

TH 3PUTEIBHOTO OTBEPCTHUS MO COOTBETCTBYIOUIUM CTOPOHAM TJIa3HOTO SI0JIOKA U MPUKPETUISIOTCS

CYXOXWIHSIMHU K DKBAaTOPY CKJIEphl. B 001acTH 3puTEILHOTO OTBEPCTHS, Y BEPXYIIKU TJIa3HUILIBI CY-

XOXKUJIMS BCEX YETHIPEX MPSMBIX MBI OObEIUHSIIOTCS U 00pa3yIOT T.H. «CYXOXKHUIBHOE KOJBIIOY.

CyXO0XKHIIMsL MBIII] YaCTHYHO BIUIETAIOTCS B TBEPAYIO MO3TOBYIO OOOJIOUKY, OKPYKAIOIIYIO 3pH-

TenbHbIN HepB[1,3,4].
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JlatepanbHasi npsiMasi MbIIIIA TJ1a3a cOOAKM, KOLIKU U KPOJIMKA IPEACTaBIsIeT COO0M J10-
BOJIBHO MOIIHBIM MbIIEYHBIM IutacT. OHa HA4YMHAETCA [UIMHHBIM OKPYIVIBIM CYXOXXHUJIMEM Y
JaTepaNbHOrO Kpasl 3pUTENBHOIO OTBEPCTHsI OT CHELHUAIBHOTO KOCTHOTO BBICTYIIA; TPAHUYHT C
MeaUaIbHOM, TOPCAIbHONM M BEHTPAJIbHON MPSIMBIMH MBIIILAMU TJ1a3a. JlocTuras ria3Horo s010ka,
JaTepaIbHAs PAMAasi MBIIIA TPUKPEIUIAETCS K JaTEPAIBHON TOBEPXHOCTH CKIIEPHI.

MeauajibHas npAMas MBIIINA IJ1a3a SBISETCS CaMOW MOLIHOW CpeAM MBILIL TJIA3HOTO
s010Kka. Y CBOEro Hayaja OHa MPUKPBITA JOPCATBbHOM KOCOW M JOPCAJIbHOM MPSIMOI MBIIIIAMU
rnazHoro si6ymoka .OHa pacroyaraeTcst y MeIMajdbHON CTEHKH TJIa3HUIBL. MeauanbHas mpsMas
MBIIIIA [APOKUM IUIOCKUM CYXOXKWJIHEM MPUKPEILIAETCA K JOPCAIBHOMY M BEHTPAJIbHOMY Kpasm
3pUTEIBHOIO OTBEPCTUS U K (PMOPO3HOMY BIAralMily 3pUTEIbHOrO HepBa. B HauanbHOM wactu
MeJuallbHas NpsMas MBIIINA OKPYXaeT 3pUTENIBHBII HEPB C BEHTPAIbHOM, MEIUAIbHOU W,
YaCTUYHO, IOPCAJIBHOM IOBEPXHOCTEH. JlOpCajbHBIM Kpald MBIIIIBI IPAHUYUT C JOPCAIBHON
MPSIMOM MBIIIIEH U BHYTPEHHUM [TOJJHUMATEIEM BEPXHEr0 BEKa, BEHTPAJIbHBIN — C BEHTPAIBHOU U
JaTepaJbHOM NPSMBIMU MBIIIIAMHU I71a3a. JJOCTUTHYB IJ1a3HOTO 0JI0Ka, 3Ta MBIIILA NEPEXOAUT B
LIMPOKOE CYXO0XKHWIINE U MPUKPEIUIAETCA K MEUAIIBLHON IIOBEPXHOCTH CKIIEPHI [2,5].

JlopcanbHasi mpsiMasi MBIIIIA TJ1a3HOTO sI0J0Ka y BCEX MCCIEAOBAaHHBIX HAMH KHBOTHBIX-
camasi TOHKas W3 MNpsAMBIX MbI. JlopcanbHass mnpsMas Mblia OepeT Hayaiao oOT JOpco-
JaTEepaJIbHOrO0 Kpas 3pPUTEIBLHOIO OTBEPCTHS. MenHallbHO OHA TPAHMYMUT C JOPCAJIbHOW KOCOi,
MEUAJILHON NPSAMON MBIIIIAMU ¥ BHYTPEHHUM IOJHUMATENIEM BEPXHETo Beka. CBOEH Ha4albHOU
4acThblO JOpCajibHas MpsiMasi MBIIIIA IPUIEKUT K JOPCO-JIATEPATILHON MOBEPXHOCTH 3PUTEIBLHOTO
HepBa. [IpukperuiseTrcs Mpllna MHAPOKUM TOHKUM CYXOXKHJIMEM K JOPCAIBHOM IOBEPXHOCTH
CKJIEPBI, IPUKPBIBAS IIPH TOM CYXOXKHIIAE JOPCAIBHON KOCON MBILIIIBI TJ1a3a.

BeHTpajbHas npsAMasi MbBILINA Y COOAKH, KOIIKM U KpPOJMKA MPOKCHUMAJIbHO KPEMUTCS K
BEHTPO-MEAMAIBHOMY Kpar TIJIa3HWYHOW wienu. MenuanbHO BEHTpajbHAs NpsMas MBbIIILIA
IPAHUYNAT C HAYAIBHBIMU YaCTAMHM JOPCAIBHOM KOCOM, JaTEpaJbHOM M MEIMAJIbHOM IPSMBIX
Mbl. Creayst pocTpajibHO, OHA MIPOXOAMT O] MBILIEYHOE OPIOLIKO BEHTPAIBHON KOCOM MBIIILIBI,
IZie, CyXkascCh, MEPEXOIUT B INIOCKOE CYXOXKWINE M NPUKPEIUIETCS K BEHTPAJIbHON IOBEPXHOCTH
CKJIEPBL.

JlopcajibHasi Kocasi MBIIIA, B OTJIMYKME OT OCTAIBHBIX MBIUIL, NPEICTABISAECT BEPETEHO-
o0OpasHoi (OpMBI MBIIIITY, Y3KYIO C KOHIIOB U IIMPOKYIO B CEpeIMHE MBIIIEUHOro Opromka. Cama
yKa3aHHas MBIIILA IPUKPbIBAET BHYTPEHHUI NIOJHUMATENb BEpXHEro Beka. Ha rpannie HaganpHOM
U CpeIHeH TPeTH TJa3HUIIBl MBIIIIA OTKIOHIETCS JOpPCO-MeauanbHo. B obmactu mpokcumalibHON
4yacTH TJIa3HUIBl OHA Cy’KaeTcs, mpuHuMas (opmy Tska. Jlanee HampaBisieTcss B CTOPOHY Xpsi-
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uieBoro OJ0Ka, 3aTeM MEepeKUIbIBAETCS Yepe3 HEro IMoj MpsIMbIM yIJIOM, MOBOpAYHMBAaeT JaTe-
panbHO, MPEeBpaLIaeTCs B CYX0XKHUINE U KOCO KPEMUTCS Ha CKiiepe BOIM3M OT MECTa MPUKPEIUICHUS
JIOpCaIbHOM NIPSAMOW MBILIIIBI TJ1a3a.

BeHTpajibHAas Kocasi MBIIIIA TJIA3HOTO S0JI0Ka MPENCTaBlIseT cO00M KOPOTKYIO, MOIIHYIO
MbIy. BeHTpanbHas kocas MpllIa OepeT Hayano OT KpaeB CIEeUaIbHOr0 OTBEPCTHS, 00pa30oBaH-
HOTO BEPXHEYENIOCTHON U HeOHOW KocTsaMuU. Hampapissch K riasHOMY sI0JI0KY, OHa NMPUKPBIBAET
BEHTPAJBHYIO IPSIMYIO MBIIIIY U JaTepalbHYIO MOPIHIO OTTATHBATENS IJIa3HOro si010Ka. JlucTanb-
HO€ CYXO0KUJIME BEHTPAJIbHOM KOCOW MBILIIBI pa3/ieleHo Ha aBe yacTu. OgHa U3 4acTel MPOXOAUT
10 Hapy’KHOM MOBEPXHOCTU CYXOKUJIMS JIaTePaIbHOM MPSIMON MBIIIIIBI U IPUKPETUIAETCS K CKIIEpe
y €ro JopcajbHOTO Kpas. Jpyras 4yacTb MpPOXOJUT MOJ BEHTPAJIbHBIA Kpal JIATEpATbHON MPSAMO
MBIIIIBI, TJI€ TPUKPEIUISIETCS K CKJIepe HEAAJIEKO OT MECTa MPUKPEIUIEHUS JIaTepalbHOU MpsSMOM
MBIIIIIBI TJ1a34.

OTTAruBare/ib rj1a3Horo si6joka O0eper cBoe Havajao B MIyOuHe TiazHuYHOM menu. Crenys
pOCTpaJIbHO, OCHOBHAsI 4YacTh OTTSTMBATENS TIJ1a3HOrO s0JOKAa JENUTCS BHAYajle Ha JBE 4YacTH,
KOTOpBbIE, B CBOIO OYE€pE/lb, HA YPOBHE JIATEPATIBHOTO Kpasi 3pUTEIBHOTO OTBEPCTHUS JAIOT HA4aJIO
YeThIpeM MOpLUAM (JOpcaibHasi, BEHTpallbHAsl, JlaTepaibHas, MEAHAJbHAs), PACIOJIOKEHHBIM B
MIPOMEXYTKaX MEXKIY MPSIMBIMUA MBIIIIIAMU TJ1a3a .

HopcanbHas mopuus pacrojaraeTcsa B MPOMEKYTKE MEXAYy JaTepajbHOW W JOpPCATbHOU
MPSIMBIMU MBIIIIAMU T71a3a U OJMKe K JaTepaibHON MPSIMON MBIIIIIE.

Benrtpanbnas mopuus (camas KpymHasl) MEpeceKaeT MBIIMIEYHOe OpIOIIKO JaTepaibHOU
MPSIMON MBIIIIBI C €r0 BHYTPEHHEN MOBEPXHOCTU MOYTH MOIEPEK, MOCIE Yero MpOXOAUT M0 Har-
PaBJICHHIO K TJIa3HOMY A0JI0KY. BeHTpanbHas mopiust 3an0IHsIET MPOMEKYTOK MEXKAY BEHTPaJIbHOM
NpsIMOM ¥ MEAUAIBHOW MPSAMOM MBIIILIAMH I71a3a, Ipuieras K HUM CBOUMH KpasiMu.

JlarepanpHast OpLUUS TOCTE OTAEICHUS OT OCHOBHOW YacCTH OTTATHMBATENS TJIA3HOTO sI0JIO0Ka
MIPUJIETAET BHAYale K BHYTPEHHEN MOBEPXHOCTH JIATEPAIbHOM MPSIMOM MBIIIIIBL, a 3aTEM IIEpECceKaeT
€€ BJIOJIb MBIIMIEYHOTO Opromika. [1o BbIXOAE HW3-TIOJ MBIIIEYHOTO OPIOIIKA JIaTepPaJbHON TPSMOM
MBIIIIBI JIATEpaibHas TOPIHS HAMpaBISIeTCs K TNIa3HOMY SIOJIOKY, I/ie TMPUKPEIUIseTcs K CKIepe B
IIPOMEKYTKE MEXIY JaTepalbHOM M BEHTPAJIBbHOM IPSAMBIMM MBIIIIAMU IUIa3a. B Mecre mpuk-
perieHus JaTepaibHasi MOPLUS PUKPHITA MBIIIEUHBIM OPIOLIKOM BEHTPaIbHON KOCOW MBIIIIIHI.

MenuanbHasi OpIUs, MOCHIE OTIENEHUSI OT OCHOBHOM YacTH OTTSATMBATeENs IIA3HOTO sI0JIOKa,
HaIpaBIIAETCA MO AOPCAIBHYIO MPSAMYIO MBIIIIY U BBIXOJUT y €€ MEAUAIBHOIO Kpas, IOCie Yero
MPUKPEIUIETCS. K CKJIEPE B MPOMEKYTKE MEXKIY MEAHAIBbHOM M JTOPCaTbHOM MPSIMBIMUA MBILIIAMU
rasa.
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VY Kowky B ABYX ciyyasix (JieBasg CTOpPOHA) MEXIy JaTepaJibHOM M MeIuaNbHON MOPUUSIMU
OTTATUBATEINS TJ1a3HOTO sI0JI0Ka OTMEYAIUCh COENWHUTENbHBIE MBIIICUYHbIE My4Yykd. Y coOaku Ha
JBYX Tpenaparax OT OCHOBHBIX MOPLHUN OTTATUBATENS TJIA3HOTO sI0JIOKA OTHIESUIUCH JTOTIOTHH-
TCJIbHBIC MBIIIICYHBIC ITYYKH. Ha OOHOM IIpCriaparc MAOMOJIHUTCIIbHBIC MBIIICYHBIC ITYYKH OTACIIA-
JIUCh OT JOPCAIBHOM U JaTePAIbHOM MOPLUN. Y KPOJUKA ACICHUE Ha IMOPLUUHU IIPOUCXOIUT TOJIBKO
B CpEIHEH TpETH TJ1a3Hullbl [2,4,5,6].

MbIbl BeK - B 3Ty KaTETOPHIO MBIIII BXOISAT: KPYroBasi MBIIIIA BEK, HAPY>KHBIM U BHYT-
peHHI/II\/'I MMOAHUMATCIIM BEPXHETO BCKA U OTTATHUBATCIIb yIJIa I'Jia3a.

KpyroBasi mpimna Bek 00pa3oBaHa MydyKamMH IUPKYJSAPHO PACIIOIOKEHHBIX MBIIICYHBIX
BOJIOKOH, OKPY’KaIOIIMX TJIa3HYIO I1esib. OHA COCTOUT U3 JBYX YacTeW - JOpCAJIbHON U BEHTPasb-
HOM, pacmoiI0XEeHHBIX COOTBETCTBEHHO B BEPXHEM U HUKHEM BEKE.

BHyTpeHHUIi MOAHUMATE/IbL BEPXHEro Beka 1o (pyHKIUY MPUHAICKHUT K MBIIIIAM BEK , a
Tonorpaduyecku pacnojaraercs B rasHuue. Haunnaercs 3ta Mplna B 00JaCTH 3pUTENBHOTO OT-
BEPCTHS U 3aKaHUYMBAETCS B BUJIE HIMPOKOTO MIOCKOTO CYXOXKHINS B TJIa3HUIIE. Y KPOJIMKA JaHHAS
MBIIIA B MPOKCUMAIbHOW YacTW TIA3HUIBI JEIUTCS Ha JIBE€ HOXXKH, KOTOphIe B JallbHEHIIEM
MEPEXOIAT B CYXOXKHINE U CAMOCTOSTENIFHO 3aKPEIUISIOTCS Ha BEPXHEM Beke. Y COOaKd U KOILIKU
TAKOI'0 pa3/ieJICHUs] Mbl HE HAOIIOAAIH.

HapyxHblii IOAHUMATEIbL BEPXHEr0 BeKa COCTOMT M3 JIBYX 4YacTeil- MEUAJIbHOW U JaTe-
panbHO. bonbiias menuanbHas 4acTh HAXOIWUTCS B BEPXHEM BEKE, a MEHbIIas JaTepaibHas
BIJICTACTCA B BOJIOKHA OTTATUBATCIIA yTIJIa I'jia3a.

OTTsAruBare b yrja rja3a- KOpoTKas IJaCTHHYATas MBIIILA, KOTOpas HaYMHAETCS OT BU-
COYHOM (aciiy, HampapiseTcs K JIaTepaJbHOMY YIUIy TJla3a U CBOMMHM BOJIOKHAMU BILJIETaeTCs B
KpPYTOBYIO MBIIIIY TJa3a.

Cne,uyeT OTMCTHUTB, UTO OTACIBHBIC MBIIIIHBI I'Ia3HOI'O ;16n01<a CHayaJia JeEKaT O4YCHb 6JII/I3KO
JpyT OT JIpyra, CONpUKAcasCh CBOUMH KPasiMH, 3aT€M IO Mepe MPUOIMKEHUS K IJ1a3HOMY SIOJIOKY
OHM HAYMHAIOT PAaCXOJUTHCS M 00pa3yloT 1moaodue BOPOHKH. [IpsMble MBIIIIBI TPUKPEIUISIOTCS K

CKJICPC B onpeneneHHoﬁ II0CJICA0BATCIIbHOCTH, B BUJIC pa3BopaqHBa10meI7lcs[ CIINpaJIn.

3. 3AKJIIOYEHHUE

1. I'ma3onBuraTenbHbIi anmapaT co0aku, KOMIKK M KPOJUKA COCTOMT M3 7 MBIIIIL MPSIMBIX

(JlaTepanpHasi, MeaualibHasA, JOopcaibHasl, BEHTpaibHas1), 2 KOChIX (JOopcaibHasi U BEHTpaJlbHas) U
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OTTSTUBATEINS TJIA3HOTO A0JI0KAa. Y KPOJIMKa JeNICHWE Ha MOPLUUH OTTSATHBATEINS TJIA3HOTO sS0JI0Ka
MPOHUCXOAUT TOJBKO B CPETHEH TPETH TITa3HUIIBL.

2. B Tomme Bek 3al0KEHBI CIIEAYIOIIME MBI KPyroBas MbIIIA BEK, BHYTPECHHUH WU
Hapy>KHBIH OJJHUMATEJIM BEPXHETO BEKa, OTTATMBATENb YIJIa Ii1a3a.

3. Y morosaHbix (co0Oaka, KOIIKA) TIa30[BUTATENLHBIA ammapar pa3BUT CHJIbHEE YeM Yy
T'PBI3YHOB (KpPOJIHK).

4. VIMeroTcst BUIOBBIE OCOOCHHOCTH B CTPOSHHH BEK Y KPOJIMKA - BHYTPEHHUI OAHUMATEINb

BCPXHCTO BCKA ACIIUTCA HAa ABC MOPUHUH, KOTOPBIC 3aTCM BIJICTAKOTCA B BEPXHCC BCKO.
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SUMMARIES

UDC 627.841

HYDRAULICS OF DIFFERENT-DENSITY FLOWS. L. Gogeliani // Hydroengineering. Ne1-2(15-
16), 2013, p. 9-19.

On the basis of hydrodynamic approach there are constructed systems of equations for two-component
flows having different densities. There is studiesd stability of separable surface. There is given the systems

of one- dimensional hydraulic equations.

UDC 556.537:532

LOW SUBMERGED SPURS, AS A CONSTRUCTION FOR RIVER BANKS DEFENCE FROM
WASH-OUT AND IMPROVEMENT OF ECOLOGICAL CONDITION OF WATERCOURSE.
A. Chodro, N. Mokliak // Hydroengineering. Ne1-2(15-16), 2013, p. 20-35.

There is examined the application of submerged spurs with the aim of river banks defene and
secondary flows intensification in the river flow. These constructions are useful due to the secondary
currents arising in the flow and sediment transportation. The results of experimental hydraulic research are

given. Propositions are given for these constructions designing.

UDC 532.592:517.9

USE OF DIFFERENTIAL EQUATION FOR THE CALCULATIONS OF WAVY JUMP OF FREE
SURFACE. A. Riabenko, O. Galich, D. Poplavski // Hydroengineering. Ne1-2(15-16), 2013, p. 36-44.

National university of water and nature applyinng.

There is carried out construction of profile wavy jump of free surface on the basis of differential

equations and experimental research.

UDC 628.1:551.444

PECULIARITY OF USING KARST SPRINGS IN WATER-SUPPLY SYSTEM OF
MOUNTAINOUS REGIONS. L. Klimiashvili, G. Soselia, T. Kapanadze, N. Soselia // Hydroengineering.
Ne1-2(15-16), 2013, p. 45-52.

The subject of the article is possibility of using the water-supplies from the vauclusian districts in
mountainous regions of karst springs for human needs. During certain seasons of the year precipitation
washes up the walls of the caverns, which causes water contamination. Special treatment is needed for the
water from karst springs to be fit for human consumption. The treatment includes purification either with

chemicals-flocculants or non-chemical filtration method. Based on the obtained information the lab research

139



proved the connection between the velocity of the turbulent flow and high level of clouding 50-260 mg/1

related to the washing of caverns.

UDC 628.1

MODELLING OF WATER-PROVIDING PROCESS OF WATER-SUPPLY SYSTEM ON THE BASIS
OF DISTRIBUTION PIEZOMETRIC PRESSURE. Ts. Kenkishvili, M. Onezashvili, Kh. Soselia //
Hydroengineering. Ne1-2(15-16), 2013, p. 53-56.

There is considered modelling of established technological process of water-providing in the process
of operative-controller management of water-supply system and possibility of modelling process and
situation condition in the control-characteristic points, fixed on the basis piezometric pressure.

There was worked out algorithm of general model of water-providing and its bock-scheme in the

process of operative- controller managment of water-providing.

UDC 6269

ABOUT THE ACTION OF LONGITUDINAL WAVES ON BANK SLOPES OF THE SOIL
CHANNELS. Sh. Gagoshidze, A. Gogoladze, M. Kodua // Hydroengineering. Nel-2(15-16), 2013,
p. 57-61.

Alongshore waves are dominant in an open river and maritime canals. For water area, from one side
limited by arbitrarily sloped shore endlessly running deep into the sea, they were studied by Stoke, but due to
significant mathematic difficulties for total depth canals the amount of accurate solutions is limited by just
some private cases, which are hardly applicable in practical use.

Some results of an approximate solution of the problem about propagation of alongshore waves,
laying over the stationary flow in trapezoidal canal are presented. The solution is based on the application of
direct Galerkin-Kantorovich method in three-dimension linear equations for wave hydromechanics, written
in cylindrical co-ordinate system. The obtained solutions maintain the three-dimension structure of the waves

over the shore slope and lead to the results easily applied in the design.

UDC 628.1

DETERMINATION OF PARAMETERS OF DRIP IRRIGATION PIPELINE TAKING INTO
ACCOUNT THE CONCENTRATION OF FLOW. L. Klimiashvili, D. Gurgenidze, I. Inashvili,
I. Klimiashvili // Hydroengineering. Ne1-2(15-16), 2013, p. 61-65.

There are received the equations of pipeline diameter of drip irrigation system and water-supply
schedule, taking into consideration the concentration of flow. As a result, irrigation mode and acceptable

limits of duration of irrigation have been reasonably proved.
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UDC 69132

INFLUENCE OF DEFORMATION VELOCITY ON STRENGTH OF CONCRETE AT DIFFE-
RENT AGES AND DEFORMATION CHARACTERISTICS AT TENSION. A. Sakvarelidze, N. Gudu-
shauri, M. Kodua // Hydroengineering. Ne1-2(15-16), 2013, p. 66-69.

There is investigated influence of deformation velocity of mechanical characteristics (strength,
ultimate deformation, modulus of elasticity) of concrete at tension. Specimens were tested at five levels of
deformation velocity.

In result the of investigation there are established indices of mechanical characteristics of concrete of
different ages at different deformation velocities in tension. Investigations have shown, that indices of
module of elasticity, limit deformation and strength insignificantly depend on deformation velocity in

investigated diapason of velocity -2,13-107+2,13-10° 1/sec.

UDC 53.082.1

THE CALCULATION MODEL FOR DETERMINING SEEPAGE FLOW IN THE TRAPEZOIDAL
CHANNEL. I. Kruashvili, D. Gubeladze, M. Natsvlishvili / Hydroengineering. Ne1-2(15-16), 2013,
p. 70-78.

Construction and design of reclamation systems for forecasting the soil humidity dynamics of ground
water mode is mostly based on water balance method. In the given paper the seepage flow in the trapezoidal
channel has been determined taking into account the infinitely low depth of water in channel. Received
design model is an analogue to the cinematic infiltration and corresponds to the infinite mode of stream from

the free surface of ground water.

UDC 53.082.1

IMPACT OF WATER MIGRATION AND SOIL CHARACTERISTICS ON THE IRRIGATION
MODE. 1. Kruashvili, I. Inashvili, E. Kukhalashvili, K. Bziava // Hydroengineering. Ne1-2(15-16), 2013,
p. 79-83.

Features of water movement in soils often don’t fit into the framework of regularities, that are typical
for a rectilinear seepage, which has an impact on the characteristics of the irrigation mode. The special
attention is deserved by studying of those parameters, which are in close correlation relation with seepage
process and how this factor influences on the irrigation mode.

Taking into account the surrounded soil particles with water film, the model is offered, on the basis of

which, design equations of irrigation mode and duration of watering (irrigation) are received.

UDC 626/627

DETERMINATION OF MAXIMUM LOAD CAPACITY INSTALLED ON THE EXAMPLE OF
NAMAKHVANI HPP UNDER THE MARKET ECONOMY CONDITION. N. Kodua, A. Akhvlediani,
A. Gogiladze, G. Akhvlediani // Hydroengineering. Ne1-2(15-16), 2013, p. 84-92.

Under the market — economy condition there is recommended establishment of economical efficiency
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of hydro-power plant (HPP) with use of current net cost and internal norms of criteria of gain. There is
substantiated, that under the market economy condition capacity of Namakhvani HPP is 230 mw. Under the
condition of this capacity there are fixed the tariffs of autumn-winter, spring-summer periods generated

electrify. Their corresponding weighted average tariffs is 6 — 81 cent KWh.

UDC 622272

STABILITY PROBLEMS OF SLOPE GORGE INCLUDING PRESSURE TUNNEL.
G. Akhvlediani // Hydroengineering. Ne1-2(15-16), 2013, p. 93-98.

The grouting zone represents the important engineer solution, using of wichits it is posible to decrease
seepage loses and also increase the stability of gorge potencial surfaces of sliding. For Enguri HPP tunnel

there is given critical parameter of ratio of permeability of surrounding massif end grouting zone.

UDC 691

APPLICATION OF TEXTILE FIBRES IN BUILDING MATRICES. T. Moseshvili, N. Meparishvili
// Hydroengineering. Ne1-2(15-16), 2013, p. 99-104.

On the basis of textile-based composite materials are successfully applied in various branches of
industry, including building industry. Demand for lightweight construction materials featuring high strength,
rigidity and reliability is the main reason for using of textile fibres as fittings. Basalt and polypropylene
fibres successfully replace metal fittings and improve physical-mechanical properties of concrete. Concrete
is considered as a fragile and friable material, but the addition of fibres improves its plasticity and reduces

possibility of the development of cracks and increases shock and abrasion resistances.

UDC 504.3.06

THE REASON OF HUMAN SUFFOCATION — NATURAL GAS, OR NON-OXYGENATION. K. Ko-
kiauri, B. Kokiauri, Sh. Mestvirishvili // Hydroengineering. Ne1-2(15-16), 2013, p. 105-108.

There is discussed that possible cases, what results and dangers may follow Natural gas leakage in the
hermetically isolated container. Also, when it is if human suffocation is possible for this reason, or what
conditions should be created for this. Also in what conditions is it potentially explosive and how does

concrete amount of exhaust products influence on human bodies.

UDC 59

THE IMPORTANCE OF MINERAL NUTRITION IN ANIMALS FEEDING. M. Tsintsadze,
N.Orjaneli, N. Natroshvili // Hydroengineering. Ne1-2(15-16), 2013, p. 109-114.

There is discussed in animals feeding issue one of the most important chapter and it is an mineral
nutrition. There is characterized general overview of carbo-hydrates, its classification and possibilities to

present its role in animals feeding.
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UDC 5914

SOME ANATOMICAL AND PHYSIOLOGICAL ASPECTS IN VETERINARY STOMATOLOGY
OF DOG. G. Tskvitinidze N. Natroshvili M. Tsintsadze // Hydroengineering. Nel1-2(15-16), 2013,
p- 115-120.

This paper deals with some anatomical, topographical and physiological aspects of the dental system
of a dog. Here are discussed the structures of primary and permanent incisors, canines and molars (premolars
and molars).

There are determined features of the structure and topography of a dog's teeth in a comparative aspect.
There is given the teething time of primary and permanent teeth, which is the one of the determined factors
of the animal age. It is found, that most of these terms are stable for almost all breeds of dogs we have
observed.

Exceptions are the small breeds in our cases for example (Chihuahua), that we observed the first
teething of teeth in 5-6 weeks. The important aspects in terms of assessing the exterior of a dog are shape of

a bite, so in this paper are considered common forms of bites.

UDC 591.4:599.75

ANATOMICAL STRUCTURE OF THE OCULOMOTOR APPARATUS OF SOME ANIMALS.
N. Natroshvili, G. Tskvitinidze, M.Tsintsadze // Hydroengineering. Nel1-2(15-16), 2013, p. 121-126.

There are presented the results of the study of muscles of the eyeball and eyelid of dog, cat and rabbit.
It has been found, that the oculomotor apparatus consists of seven muscles: four lines (lateral, medial, dorsal
and ventral), two oblique (dorsal and ventral) and muscle - pulls the eyeball. There are determined the
structure and topography of each of the muscles. Also there are studied muscle eyelids: circular, muscle
eyelid, the outer and inner upper erectors of eyelid and corrugator of corner of the eye. The species-specific
features of the structure and topography of the muscles of the eyeball and eyelid of dog, cat and rabbit are
identified as well. These studies will help veterinary experts in carrying out various surgical procedures and

treatment of these species.

UDC 5914

THE PERCENTAGE CHANGE OF FLOUR REMAINS POWDER IN COMBINED FOOD OF
RABBIT AND ITS IMPACT ON MEAT QUALITY. N.Orjaneli, M.Tsintsadze, N. Natroshvili //
Hydroengineering. Ne1-2(15-16), 2013, p. 127-132.

There is considered, that use of fruit flour in combined food, according to the various percents (5-10-
15%) gave positive results. Meat quality was studied to make right doses of fruit flour. The author

recommends to use it in combined food.
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PED®EPATDI

YK 627.841

BOITPOCBHI TUAPABJIMKU ABYX PA3HOIIJIOTHOCTHBIX TTOTOKOB. Toreanann JIA. //
lunpoumxkenepus, Nel1-2(15-16), 2013, c. 9-19.

Ha 06ase ruapoAMHAMHYECKOTO TMOAXOJa K MOJCITH JIBYXCIOWHOIO Pa3HOMJIOTHOCTHOTO MOTOKA,
IUIOTHOCTh KOTOPOTO CKauyKOOOPa3HO M3MEHSCTCS Ha HEKOTOPOW IIIyOWHE, CTPOSTCS THUAPOJANHAMUYCCKUC
CUCTEMBbI YPaBHCHHM, UCCIIEAYETCS YCTOMYMBOCTD MOBEPXHOCTH MX Pa3jieia U WUTIOCTPUPYETCS TOCTPOCHUE

OJTHOMEPHBIX THIPABIMYECKUX YPaBHEHU.

YK 556.537:532

HU3KUE 3ATAIUJIMBAEMBIE TIOJY3AIPYJbl KAK COOPYXEHUSA JJIA 3AILIUTHI BE-
PETOB OT PA3MbBIBA UM VJYUIIEHUA BSKOJOI'MYECKOT'O COCTOSHUSA BOJOTOKOB.
loapo A.E., Moxask H.H. / T'uapoumxkenepus, Nel1-2(15-16), 2013, ¢. 20-35.

PaccMoTpeHO TIpUMEHEHHE 3aTallIMBaeMBIX IONY3anpyl Kak COOPY)KEHH, KOTOphle WHTCHCH-
(UIHUPYIOT BTOPUYHBIC TEYCHUS W MAacCOOOMEH BO BCEM IOTOKE M aKTUBHO CIOCOOCTBYIOT IMEpPEeHOCY
HAHOCOB K Oepery W IMOBBIIICHUIO CAMOOYHIIAIONICHCS CIIOCOOHOCTH pek. JIaloTcs omrcaHue METOIUKU U
HEKOTOpBIC PE3yNbTaThl HCCICIOBAHUS THUAPABIMYECKOM CTPYKTYPBl BO3JIE TAaKHX COOPYKCHHH.

Hpe[[CTaBJ'IeHLI MPCAIOKCHUS 110 UCTIOJIb30BAHUIO 3aTAIJIMBACMBIX MMOJIY3allpya AJId YKAa3aHHBIX ueneﬁ.

YK 532.592:517.9

UCHOJB30BAHUE JUOOEPEHILIMAJIBHBIX YPABHEHMI JJII PACUETOB ITPO®UJIA
CBOBOI[HOPI ITOBEPXHOCTHU BOJIHUCTOI'O ITPBIXKKA. Pa6enko A.A., I'aauu O.A., ITonsiaBckui
A.M. // Tuapoumxenepust, Nel1-2(15-16), 2013, c. 36-44.

BrimonHeHo mocTpoeHue NpPOQUIIS CBOOOAHON TOBEPXHOCTH BOJIHUCTOTO MPBDKKA HA OCHOBE

mddepeHINaTbHBIX YPAaBHEHUH U SKCIIEPUMEHTAIBHBIX UCCIIEAOBaHNH.
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YK 628.1:551.444

OCOBEHHOCTHU ITPOUCXOXAEHUA KAPCTOBBIX MCTOYHHUKOB B CHUCTEMAX BOIO-
CHABXEHMA B BBICOKOI'OPHBIX PET MOHAX. Kinumuamsuiu JLJ., Cocenust I'.A., Kananamze T.K.,
Cocenus H.K. // Tugpounxenepus, Nel-2(15-16), 2013, c. 45-52.

OO0cyxnaeTcss TpUEM BOJBI W3 KApPCTOBBIX POJHUKOB BOKIY3WBHBIX PAaliOHOB B BBICOKOTOPHBIX
peruoHax B IENSX XO3SMCTBEHHO - NMUTHEBBIX HYXJ. Bcenencreue momanaHusi aTMoc(epHBIX OCaIKOB B
KapCTOBBIE TMOJOCTU, IIPOUCXOIUT OMBIBAHHE CTEH, YTO B CBOIO OYEpEIb BBHI3BIBACT 3arpsA3HCHUE BOJBI B
OTpe/IeTICHHBIC TIepuobl To1a. KapcToBbie BOJBI HYKIAIOTCS B OYUIICHHUA PEarcHTaMu - (PIIOKKYJISSTHTAMHU
Wi 0e3pearcHTHbIM METOJOM - MEXaHMYECKOW OYMCTKOM, YTO YJIydYIllaeT KadyeCTBO IOJaBacMOM BOJbBI
MOTPEOUTENII0O M IKCIUTyaTallMOHHbIC yCiIoBUs. Ha ocHOBaHMM mMOSydeHHOH uH(opManuy 1adopaTopHBIX
UCCJICZIOBAHUI YCTAaHOBJCHA CBSI3b MEXIY CKOPOCTBIO TYpOYJICHTHOI'O JBMDKCHHS IIOTOKA W  BBICOKHM

nomyTHeHHEeM 50 - 260 Mr/11, BEI3BaHHBIM BEIMBIBAHUEM KapCTOBBIX MOJIOCTEH.

YK 628.1

MOJIEJIMPOBAHUME ITPOILIECCA OBECITIEYEHHS BOJIOM CHUCTEM BOJOCHABXEHMS
HA OCHOBE MOJEJMPOBAHUA MBE3OMETPUUECKOI'O JJABJIEHUA. Kenkumsuaum LI.B.,
One3amBuim M.P., Cocenusn X.P. // I'napourkenepus, Nel-2(15-16), 2013, c. 53-56.

PaccMoTpeHo MonenupoBaHHE YCTAHOBHBIIETOCS TEXHOJIOTHUYECKOTO Mpolecca 00ecreueHus BOJION
MPU OMEPATUBHO-IAUCIIETYCPCKOM YNPABICHUN CHCTEM BOJOCHA0KEHUS M BO3MOXKHOCTh KOPPEKTHPOBAHUS
mporiecca MOJICTUPOBAHUSA M CHTYAIMOHHBIX COCTOSHHU B KOHTPOJBHO-XapaKTEPUCTUUCCKUX TOUKAX Ha
OCHOBE pacrpe/ieneHus: GUKCHPOBAHHBIX MbE30METPUICCKUX JTABICHHH.

B mporiecce onepaTuBHO-AUCIETYSPCKOTO YIIPABICHUS BOJ00O0OECIIEUCHUEM OblTa COCTAaBICHA 00Ias

MOZCJIb AJITOPUTMA U OJ0K-cXema obecreueHus BOHOﬁ.

YK 6269

IIPOJIOJIBHBIE BOJIHBI B KAHAJIAX U UX BO3JEWMCTBUE HA BEPEI'OBBIE OTKOCHL.
arommmze 111.H., I'oroaamse A.B, Kogya M.A. // ['unpoumxkenepus, Nel1-2(15-16), 2013, ¢. 57-61.

BronnOeperossie BOJMHBI ABISIOTCS JOMHUHAPYIOMIUMH B OTKPBITBIX PEUHBIX M MOPCKUX KaHanax. s
MOPCKHX aKBaTOPHH, JHIIb C OJHOH CTOPOHBI OTrPaHUYEHHBIX OEpEeroBbIM CKJIOHOM IPOU3BOJIBHOTO
HaKJIOHa, OHM ObUIM mM3ydeHbl eme CtokcoM. OmHaKo U3-3a OONBLIIMX MAaTEeMaTHUECKHX TPYIHOCTEH, A
KaHAJIOB C OTPaHUYEHHOH TIIyOMHOW W IIMPUHOW, KOJMYECTBO TOYHBIX PEIICHHH OTPaHUYMBACTCS JIHIIb
HEKOTOPHIMH YaCTHBIMH CIIy4asiMH, KOTOPBIE BPSJL JIM IPUMEHUMBI Ha NIPaKTHKE.

B pabote kpaTko mpearaercsi TpUOIMKEHHOE pElIeHHE 3aJladqd O PACIpPOCTPAHEHUH TPEXMEPHBIX

B)Z[OJIB6epeFOBBIX BOJIH Ha IMOBCPXHOCTU CTAITMOHAPHOI'0 IMMOTOKA B KaHAJIC TPAICHCUAAIbHOI'0 MONCPEYHOIO
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CCUCHUS C MIPOU3BOJbHBIM HAKJIOHOM 6eper0}3mx OTKOCOB 1, Ha OCHOBC UX NPHUMCHCHHUA, JEMOHCTPUPYIOTCA

PE3YJIbTAaThl OLICHKU PA3MbIBAEMOCTHU U Z[C(bOpMI/IpyCMOCTI/I 6eper0130r0 CKJIOHA KaHaja.

YK 628.1

OINPEJEJIEHUE ITAPAMETPOB TPYBOITPOBOJAA CUCTEMbBI KAIIEJIbLHOI'O OPOILIEHUA
C YYETOM KOHIEHTPALIMU ITOTOKA. Kmumunamsuau JI.JL., l'yprenunze 1.P., UnamBuiau U.@.,
Kaumuamsuau UJIL. // Tunpourxenepus, Nel-2(15-16), 2013, c. 61-65.

[TosydeHsl pacyeTHBIC 3aBHCHMOCTU JUaMeTpa TPyOONpOBOJA CHUCTEMBI KaleIbHOTO OPOIICHHS U
CPOKOB I0/Ia4YH BOJBI C YYETOM KOHIIeHTpaIruu. OOOCHOBaHHO J0Ka3aHbl HOPMbI OPOIICHHUS U JIOMYCTHUMBIC

TIPEAEITbI MPOAOKUTEITLHOCTH.

YK 691.32

BJIMSSHUE CKOPOCTEM JE®OPMALIMM HA MEXAHWYECKUE XAPAKTEPUCTHKH
(ITPOYHOCTD, AEDPOPMAILIMA, MOAYJIb YIIPYTOCTHU) BETOHA PA3JIMYHOI'O BO3PACTA
TP PACTSIDKEHUUN.CakBapeanaze A.B., I'ynymaypu H.A., Kogxya M.A. // I'unpoumxkenepus, Nel-
2(15-16), 2013, c. 66-69.

OO0pa3nbl U3 0eTOHAa HCHBITHIBATMCH MPH TSITH YPOBHSX, Pa3iWUYHBIX JPYT OT Jpyra Ha MOPSIOK
CKOpocTel AehopMaIni.

ITokazano, uto (B HWcclaeAyeMOM AuMama3oHe CKOpPOCTeH medopmaruu) mpu pacTsDKeHHH OeToHa
Pa3IMYHOrO BO3pACcTa IMOKA3aTeNu MpeaelbHbIX AehOopMaIiii, MOIYyJs YNPYrOCTH U TMPOYHOCTH CJabo

3aBUCAT OT CKOpocTer aedopmanmu.

YK 53.082.1

PACUHETHAA MOJEJIb OIIPEAEJNEHUA ®UIIBTPALIMOHHOI'O PACXOHLA KAHAJIA C
TPATIEHENMAAJIBHBIM CEYEHUEM. KpyamBuim WU.I'., I'y6enanze 1.0., Hanpanmeuan M.H. //
I'unpounxenepust, Nel1-2(15-16), 2013, c. 70-78.

[Ipn mpOeKTHPOBaHUH M CTPOUTEIHCTBE MEJIMOPATHUBHBIX CHCTEM, NMPOTHO3 AMHAMHKH BIJIAYKHOCTH
MOYBO-TPYHTOB M pEKMMa IPYHTOBBIX BOJI OCHOBBIBAETCSI HA METOJE pacueTa BoxHOro Oananca. B cratee,
IUISL TUAPOJIOTHYECKON CXEMBI, C Y4eTOM OECKOHEYHO Majod TIyOMHBI BOJABI B KaHaie, onpeaeieH (QpuibT-
PalMOHHBIA pacxoj B KaHajax ¢ TpalelenaaldbHbIM cedeHueM. [laHHas pacueTHas MOJAEIb aHAIOTHYHA
KapTHHE KHHEMAaTH4YeCKOH HMHQWIBTpAMd U COOTBETCTBYET HEYCTAHOBUBIIEMYCS PEXHMY IOTOKa CO

CBOOOJIHO¥ MOBEPXHOCTH MOA3EMHBIX BOJ.
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VJIK 53.082.1

BIIMSAHUE MUIT'PAILIMN BOJIbI 1 XAPAKTEPUCTHUK TTIOYBbBI HA PEXWM OPOIIEHHNA.
KpyamBuiau WU.I'., UnamBunu U.@., Kyxanamsuau J.I'., b3nasa K.I'. // T'unpounxxenepus, Nel-2(15-
16), 2013, c. 79-83.

OCOOCHHOCTH JIBMKCHHS BOJBI B MIOYBO-TPYHTAX YaCTO HE yMEIIAIOTCS B paMKax 3aKOHOMEPHOCTEH,
XapaKTEePHBIX JUISI TPSAMOJIMHEHHON (UIBTpAIMK, YTO BIUSAET HA XapPaKTCPUCTHKU DPEKUMa OPOIICHHSL.
Oco0oro BHHMaHUS 3aCIyXHBAcT M3YYCHHE TEX IapaMeTpoB, KOTOPHIC HAXOMATCA B TECHOW KOppEIs-
LIUOHHOM CBSI3U ¢ (QUIBTPAIIMOHHBIM MIPOIIECCOM, U UX BIUSHHUE HA PEKUM OPOIIICHUS.

Hcxons u3 BBIMIECKA3aHHOTO, C YUYETOM OKPYXKEHHUS BOJSHOMN TIJICHKON YacTHIl TIOYBHI, MIPEAJIOKEHA
MOJICIIb, HA OCHOBE KOTOPOH MOJIyYCHBI pacueTHBIC 3aBUCUMOCTH HOPMBI OPOIIIECHHUS U MPOOIDKUTEIHHOCTH

I10JINBA.

YK 626/627

OINPEJIEJIEHUE YCTAHOBJIEHHOM MOIIHOCTU HA IIPUMEPE HAMAXBAHUIDC B
VCJIOBUIX PBIHOYHOM SKOHOMUKHU. Koaya H.A., AxBiaeaumanum A.B., DI'oronamze A.Ill.,
Axsaenuanu I'.A. // I'naponmxenepus, Nel-2(15-16), 2013, c. 84-92

B ycrnoBusix pplHOYHOW YKOHOMHUKH PEKOMEH/IOBAHO yCTAHOBJIEHHE SKOHOMUYECKON 3(PPEeKTUBHOCTH
TUJPOSJIEKTPOCTAHIINI MPUMEHEHUEM KPUTEPUEB TEKYIeHW YHCTOM CTOMMOCTH M BHYTPEHHEW HOPMBI
BBIpy4KkH. OOOCHOBAHO, YTO B YCIOBHSAX PHIHOYHON IKOHOMHUKH MOIITHOCTh HamMaxBaHCKOW THIIPOINIEKT-
pocraniu cocrasiser 230 MrBarr. B ycrnoBusx 3T0ii MOIIHOCTH YCTaHOBJIEHBI Tapu(bl BHIPAOOTaHHOM
ANIEKTPOIHEPTUH 32 TIEPUOJIBI OCEHb-3UMa U BecHa-JeTo. COOTBETCTBYIOUINIA CpeJHEB3BEIICHHBIH Tapud -

6,81 nent/ kBr-yac.

YK 622272

BOITPOChI YCTOMUYMBOCTU OTKOCOB VIIEJbI IIPM HAJIMYUK HAIIOPHBIX TVYH-
HEJIEN. AxBaexunanu T.A. // lMunpounxenepus, Nel-2(15-16), 2013, c. 93-98.

I{eMeHTaIMS OKPY’KAIOIIEH 30HBI TYHHENS — MOIIHOE WHXEHEPHOE CPEACTBO,TPUMEHEHHEM KOTOPOTO
BO3MOXXHO YMEHBIINTHh (DUIFTPAIIMOHHBIE TOTEPH, a TAKXKE YBEIHMYUTh YCTOMUMBOCTH MOTCHIIMAIHHO
OIMaCHOW TOBEPXHOCTU yIienbs. Jlns TyHHenss MHTypcKol THIPOAIEKTPOCTAHIIMH TOTYYCHBI KPUTHUECKUE

napaMeTpbl COOTHOLICHU A KOB(I)(I)I/II_[I/ICHTOB (l)I/IJ'IBTpa]_[I/II/I MacCuBa U ].[eMCHTaL[HOHHOﬁ 30HBbI.

YK 691

MNPUMEHEHUWE TEKCTUJIbHBIX BOJIOKOH B CTPOUTEJIbHBIX MATPULIAX. MocemBuin
T.B., Menapumsuiau H.M. // Tunpounxkenepus, Nel1-2(15-16), 2013, c. 99-104.

KoMmmo3unuonHpsle MaTepuanbl Ha TEKCTHIBLHOW OCHOBE YCIEIIHO WCIIONB3YIOTCS B Pa3IHMYHBIX

OTpaciidX NPOMBINIJICHHOCTHU, B TOM 4YHCJIC U B CTPOUTCIILCTBC. HOTpC6HOCTB B JICTKOBCCHBIX KOHCTPYK-
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IMUOHHBIX MaTCpUaIax, 06Ha,[[aIOH_II/IX BBICOKOM MMPOYHOCTHIO, JKECTKOCTHIO U HA/ICIKKHOCTLIO ABJISICTCSA OCHOB-
HOM HpH‘lHHOfI HCIIOJIb30BaHMA B KaUCCTBC apMaTypbl TCKCTUJIBHBIX BOJIOKOH. bazanbsTOBBIC U TMMOJIUIIPOIIN-
JICHOBBIC (I)I/I6pI:I yCOeUIHO 3aMCHAIOT MCTANIMYCCKYIO0 apMaTtypy U YJIy4dlaroT (I)I/I3I/IKO—MGX3HI/IIICCKI/I€
cBoiicTBa OeroHa. beroH cuwmraror XpyYOoOKUM H JIOMKUM MaTepuajioM, OJHAKO, )106aBJ'ICHI/I€ BOJIOKOH
MNOBBIMACT €T0 IUIACTUYHOCTL U YMCHBLIIACT BO3MOKHOCTH MOABJIICHUSA TPCHIUH, YBCIWYMUBACT COIIPOTHUB-

JIEHUE yJlapy U yCTOWYUBOCTb K UCTUPAHHUIO.

YK 504.3.06

[IPUYUHA VYAYIIbS YEJOBEKA — IIPUPOJIHBIM T'A3 WJIM BECKHCJIOPOJHOCTb.
Koxknaypu K.H., Koxkunaypu b.H., MecrBupumsuan HI.A. / I'mapoumxkenepus, Nel-2(15-16), 2013,
c. 105-108.

PaccmoTpensl ciayuyauw, Korija BO3MOXKHA yTEUKa MPHUPOJHOTO ra3a B TEPMETUYCCKH 3aKPhITOM
noMerieHun. Takke, MOXKET JIM TI0 3TOM MPHUYUHE MTPOU3OUTH YAYIIbE YEITOBEKA, WIIH, KAKUAE YCIOBHS JTOIK-
HBI OBITH CcO37aHbI JJIsl 3Toro? Korma yTeuka orHeonacHa M Kakoe BO3JICHCTBHE OKa3blBacT HA OpPraHU3M

YeJl0BeKa KOHKPETHOE KOJIMYECTBO B3PHIBOOIIACHOTO MPOAYKTa?

YK 59

3HAYEHME MUHEPAJIBHOI'O IIMTAHUA B KOPMJIEHUU XMBOTHBIX. Hunnanze ML.A.,
Opaxaneau H.M., Harpomsuau H.H. // Tunpounxenepus, Nel-2(15-16), 2013, c. 109-114.

PaccMoTpeHo 3HAauYeHHWE MUHEPAIBHOIO NHMTAaHWA B KOPMJICHWH J>KUBOTHBIX, NpHBEICHA OO0IIas
XapakTepUCTUKa M KiacCH(UKalus YIJICBOJAOB. YKa3aHa pOJNb MHUHEPAIbHBIX N00aBOK B KOPMJICHUH

JKHUBOTHBIX.

YK 5914

HEKOTOPBLIE AHATOMO-®U3MOJOIMYECKHUE ACIIEKThI B BETEPMHAPHOM CTO-
MATOJIOTUN YV COBAK. HLxButununse I'.A., HarpomBuau H.H., IHuanamze M.A. // Tuxapo-
nmxeHepus, Nel-2(15-16), 2013, c. 115-120.

Hacrosimas pabora mOCBSIleHA HEKOTOPHIM aHATOMO-TOMOTPAUYECKMM H  (PH3HOIOTHYSCKUM
acmekTaMm 3yOHOI cHcTeMbl cOo0aku. PaccMOTpeHO cTpoeHUEe MOJOYHBIX M TMOCTOSTHHBIX PE3IOB, KIIBIKOB U
KOPEHHBIX 3y00B (TMpeMoisipoB U MoJsipoB). OmpeneneHsl 0COOEHHOCTH CTPOEHUS M Tomorpaduu 3y0oB
co0aku B CpaBHUTEILHOM actiekte. [IpuBeneHbl CpOKH MPOPE3bIBAaHUS MOJIOYHBIX M MIOCTOSHHBIX 3y0OB, UTO
SIBIISIETCSL OJTHUM U3 OTPENEISTIONINX (PaKTOPOB BO3PACTa JKUBOTHOTO. Y CTaHOBJIEHO, YTO B OCHOBHOM CPOKH
STH CTaOWJIBHBI TIOYTH JJIS BCEX HAOIOMAEMBIX HaMH MOpoj cobak. VcKirodueHne MpencTaBisioT MEIKHe
MOPOJIbl, B HAIIEM CIIydae y IIEHKOB IOPOJbI YMXyaxya Mbl HAaOJIIOJali TOSBJICHUE TIEPBBIX 3yO0B B 5-6
Hellellb. BakHBIM acrekToM TpU OLEHKE SKCTephepa cobaku sBisgercss (GopMa NpHKyca, MOITOMY B

npeaaraeMoi paboTe pacCMOTPEHBI YaCTO BCTpedaroImuecs GopMbI IPUKYCOB.
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YK 591.4:599.75

AHATOMMUYECKOE CTPOEHUME T'JIA3OABUI'ATEJIBHOI'O AIIITAPATA HEKOTOPBIX J10-
MAIIHUX XWBOTHbIX. HarpomBuwim H.H., HxButuHumze I[.A., Hunmagze M.A. // T'uapo-
nmxeHepus, Nel-2(15-16), 2013, c. 121-126.

B mpezcTaBieHHO# cTaThe NMPHUBEACHBI PE3YJIbTaThl MCCICIOBAHUS MBIIII [TIA3HOTO S0JI0KAa M BEK
co0aku, KOIIKM M KpOJMKA. YCTAaHOBJCHO, YTO TJIa30[BHraTeNIbHBIA armapar HCCICJOBAaHHBIX HaMH
KMBOTHBIX COCTOMT M3 CEMH MBI YeThIpeX MpPSIMBIX (JIaTepajibHOW, MEIHaTbHON, IOPCaIbHON |
BEHTPAIBHOM), IBYX KOCBIX (IOpCaJbHOW M BEHTPAIBHOI) M MBINILBI, OTTATUBAIOIICH T7a3HOE SOJIOKO.
OrmpeziesieHbl CTPOCHHE U TOTOrpadus KaKIoW U3 MbIIIIL. Takke W3y4YeHbl MBIl BEK: KPyroBas, MbIIIIA
BEK, Hapy>KHbBIH M BHYTPEHHHUIl MTOJHMMATEIN BEPXHETO BeKa U OTTATUBATEINb yIJia TJ1a3a. BBISBICHBI TaKKe
BHUJIOBbIC OCOOCHHOCTH CTPOCHHSI M TOTOTpadry MBIIII TJIA3HOTO sI0JI0KAa U BeK COOAKH, KOIIKH U KPOJIUKA.
JlaHHBIC MCCIICIOBAaHUI MOMOTYT BETEPUHAPHBIM CIEHUAIMCTaM B MPOBEICHUN PA3IMYHBIX XUPYPTHUCCKUX

MaHI/IHy.TIHI_II/Iﬁ " JICUCHUU JaHHBIX BUIOB )XNBOTHBIX.

YIAK 5914

[NPOUEHTHOE COOTHOILIEHUE MYKU M3 ®PYKTOBBIX OCTATKOB B KOMBUHU-
POBAHHOM ITUTAHWHN KPOJIMKOB U EI'O BIIMSHUE HA KAYECTBO MJSICA. Opaxanenn H.M.,
Hunuanze M.A., HarpomBuau H.H. // Tunpounxenepus, Nel-2(15-16), 2013, c. 127-132.

PaccMoTpeHBl BOMpPOCHI HCIONB30BAaHUS OCTATKOB KOHCEPBHOTO IPOW3BOJACTBA, B HYaCTHOCTH
(hpYKTOBOTO MPOU3BOJICTBA B KOMOMHHPOBAHHOM MUTAHUH KPOJIMKOB C IIEIBI0 SKOHOMUHU (PypaKHOTO 3epHa
Y YCTAaHOBIIEHUSI €r0 ONTUMAIIEHOTO MPOIEHTHOTO COAEPIKAHHUS, YTO CYIMIECTBEHHO YIYUIIHIO XUMHUICCKUN

COCTaB MsICa KPOJIHUKOB.
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