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UDC 62738

INTEGRAL FORM OF A HYDRAULIC EQUATION OF
A STRATIFIED-DENSITY FLOW, WHEN THE LOWER FLOW
ISTHE COLLAPSED ROCK MASSINTRUDING INTO THE WATER
RESERVOIR UNDER THE ACTION OF SEISMIC FORCES

L. Gogeliani

(Georgian Technical University)

Abstract: In the published fundamental works about hydrodynamic theory of mud streams, ava-
lanches and landslides, the calculation of their characteristics, seismic forces have not
been taken into consideration. That is why we additionally introduce the seismic force into
the dynamic equation since the crumbling sope is potentially dangerous, because it may be

set in motion under the action of a seismic shock of certain intensity and direction.

Key words: stratified-density flow; mud stream; avalanches; landslides; seismic shock; Coulomb
friction; sloping slide surface; collapsed rock stream; phenomenological theories of

macroscopic physics.

1. INTRODUCTION

In fundamental works about hydrodynamic theory of mud streams, avalanches and landslides,
seismic forces have not been taken into consideration. We additionally introduce the seismic force
into the dynamic equation since the crumbling slope is potentially dangerous, because it may be set

in motion under the action of a seismic shock of certain intensity and direction.

2. THEBODY OF THE ARTICLE

In the published fundamental works [1,2], an equivalent approximation of Coulomb friction

for the motion of loose granulated media is in fact the expression
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=90 M)
1+2tg g
since if the loose medium is “frozen” and a mechanical equation is written for the motion of a
solid body along the sloping slide surface, then the slide surface slope, as a characteristic of the mo-
tive force in the gravitational field will be resisted by the Coulomb friction coefficient, as a value
equal to the ratio of friction force to the force of normal reaction of the body weight.

We have

0,5tg2
f, __Ulgep )

J+tg?20

which yields large values for fi, more closely agreeing with the tabular values of the Coulomb
friction coefficient [3].

In engineering practice, seismic forces are, as known [4], taken into consideration via the di-
mensionless seismicity coefficient k. (that is normalized in [4]. Its product by the weight of the
structure, or structural elements, or that part of the rock massif, that is potentially apt to collapse
gives the seismic force value, which is to be taken into account in deriving equilibrium equations
for investigated bodies, media and the like.

Horizontal seismic forces are usually regarded, as most dangerous in the sense of the loss of
the stability of structures, sloping surfaces and so on.

If, for instance, we consider the resistance of some body to the slide along the surface with a
slope angle y with respect to the horizon under the action of gravitational and seismic forces ( Fig.
1), then a limiting equilibrium equation will be written in the form

T+p, cosy—-T'<0, 3)
where the principal shearing force preconditioned by the slope is
T=Gsiny = pgwsin ¢ ; “4)
is the density; w is the body volume; g =9.81 m/s;

the seismic force

p. =k.G=k. ogv (5)

and the principal force resisting to the slide

N [ T °
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where N is the normal reaction (N=Gcosy= gvcosy) weakened due to the seismic force component
in the direction of the normal n-n.
According to the stability condition (35), the body in the state of rest may lose its stability, if

the following condition is fulfilled

gv(sin y + k.cosy - fcosy + fk siny ) >0, (7)
i.e. for
siny (1+k.f) > cosy (f-k.) , (8)
or
f -k
tgy > <. 9
9V >t ©)

c

By (8), the seismicity coefficient, that accounts for the body stability loss on the sloping sur-

face is

>tV (10)
1+ ftgy

Thus, if f>tgy, i.e. the body cannot slide on the sloping plane, because it is in the stable state
of rest, then for the body not to lose its stability and start to slide downward the seismicity coeffi-

cient value must exceed the right-hand part of (10).

Fig. 1
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Condition (7) shows how to take into account the seismic action on the rock motion condi-
tion. If we assume, that the Coulomb friction coefficient is the complex value

f
| —
KT 14212
or
0,5tg2¢

J+tg?20

then it is obvious, that the condition of static stability of the rock, with non-plastic property

f, =

can be written as
ip = siny < fcosy, (11)
which = for s=1 and is equivalent to the condition
siny < ficosy . (12)
The latter expression coincides with (8) for k. =0 (the absence of seism).
When the rock stream is subjected to the action of seismic forces, by virtue of (40) the static
equilibrium condition will be written as an inequality
siny (1+k fy) < cosy (fi -ko). (13)
This makes clear the technique, by which the rock motion takes the seismic effect into ac-
count. In accordance with the above, the multipliers (1+k.fy) and (fi -k.) are respectively introduced
into the slope value iy = siny and the Coulomb friction value.
Hence, a generalized equation of the dynamics of a rock stream moving along the underwater

slope under the action of a horizontal seismic force has the form

xcoswhg—:+ haai)zv—;/h[sinl//(l+ k. f.)-(f, —k. )cosy]+z, +

+ puK; W+ k§[c0s2 (/)_ﬂlsirnszi—j(zp(pﬂ:o. (14)

Written in this form, the equation is applicable for a composite loose medium, whose pores

are filled with water containing clayey inclusions and which thus has (in addition to the cohesion k)
plastic properties, defined by the threshold shearing stress .

In the sequel, the plastic properties (k = 0 and ( =0) will be neglected, as because of their

smallness they do no play any role for the rock stream consisting mainly of broken stone pieces.

13
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Therefore for the intrusion of the rock stream into Lake Sarez or any other water reservoir, equation

(14) reduces to

0 0 ( _ oh . ap,
" (a, p,Wh) + ™ (aopw h)+ ph P + P
2
—Ash+puk —(V_zw) =0, (15)

where there is the multiplier of h8_ in (46), and I is the effective slope,
X

I = siny (1+k fy) - (f; - k) cosy

here s=1 since the water content in rock pores can be assumed to be negligibly small (in the
rock and water mixture volume).

Following the procedure, that T.G. Voinich-Syanozhentski applied to the dam breach prob-
lem, when considering the dynamics of mudflows and avalanche-like streams [1], we integrate equ-
ation (15) with respect to the longitudinal co-ordinate x for the whole collapsed rock stream body,
keeping in mind, that during the downward motion the rock stream length changes insignificantly,
as different from the flow of a visco-plastic fluid, for which the slide condition gives an increase in
the longitudinal dimension of its wave body.

We obtain

0%,

P S _ _ 0
P jat pwhdx — (a, pwh) & oy e, +
S

¢ at

+ (@, pwh)

2 2
apwt), ~pwn), 5[] <[]
& G

_ _ k &
+h(|OW2 - pw,)—(V—Vh)|SV+pW7fIw2dx:0, (16)
&

S
where v = | hdx is the wave body volume of the collapsed rock stream).
&

Since the height of the collapsed rock stream body is zero at the beginning and at the end of

its motion, hf2 = hfl =0 and thus vanish in the second to the sixth term inclusive. Then, (16) is

written in the simplified form (neglecting the last summand)

@w&v— h(p,, — Py, ) (17)
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where C is the velocity of the center of the wave body mass volume of the collapsed rock
stream intruding into the water reservoir and subjected to the action of the external water medium.

Since, during the intrusion of the wave body of the collapsed rock stream into the water reser-
voir its lower part moves along the underwater slope and the upper part moves along the dry slope
and the coefficient of Coulomb friction against the wetted surface f, is always smaller, than that in
the absence of wettedness fi (fis > fiy,), we must write the separate motion equation for the upper
part of the collapsed rock, which moves along the dry slope. It is obvious, that it will be differ from
equation (17), only in the absence of the last summand.

Thus, we have two equations

Mz vV, +R,, (18)
dt
and
d(C, v, o . —
( V(Vjtwp)=(7/—7/W)IWVW_R\Ns_h(pw2 - pwl)1 ’ (19)

where v, and vy, are the volumes of the surface and underwater parts of the total volume v of

the collapsed rock body, C, and C, are the mass center velocities corresponding to v¢ and vy, Ry

= Ry, are the interaction forces between these two parts of the collapsed rock slide body, I and I,
are the “effective” slopes corresponding to the dry and the underwater part of the slide surface.
Let us assume approximately that

S

(20)

w

where L, is the full length of the collapsed rock wave body; £, is the longitudinal extension of
its underwater part.

Let v be also the volume of that collapsed-rock slide, which at the current moment of time is
above the reservoir water level, so that vy =v4 + vy, (vq is the total volume of the collapsed rock

stream)

! This form of (19) actually means, that from aaﬂ we have eliminated- the hydrostatic component (contained in the first summand of the right-hand
X

part), while Pw, and Py, are the dynamic components giving respectively the head resistance and the adjoint mass.

15
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If p,, corresponds to the water-edge and p,, to the front of the wave body of the collapsed

rock slide, that has intruded into the water reservoir, then Py, = 0, while Pu, is defined (with re-

gard for the resistance, caused in particular by the non-stationary state of the process) by the well-

known hydro-aero-dynamic expression for head resistance

c’ d(ev)
Kk p. ——+ Bk b 21
Pu, = KuPuy 5 B, o (21)

£

v . . . .. o= .
where f3=— is the coefficient of the adjoint mass v*, while C is the reduced average ve-
VW

locity of the transport motion of the collapsed rock slide body, with total mass vy,.

Summing (18) and (19) with (20) and (21) taken into account, we obtain

d, _
(psCVO):

g(p(‘:v + POV, )= —
STS'S W w dt

dt

_ o
= 7404(Y, —VW)+(7—7W)|WV0L—W—

S

(o d |
-k, p,—h ——| Cv, X |, 22
wpw 2 pwﬂ dt( 0 LSJ ( )
where
6 — ISCSVS + pWCWVW . (23)

IBSVO
The equation (22) can be written in a more compact form:
[, o, )dC I
1+~ |—=dl.-gll,-o.l,)—-
[ ﬂLsdet gl.-g(l.-o.l,)
h, I, C°

—k ﬂﬂ_’ 24
WP L 2n, @4

Pw
Ps

where o, =1—

In [3], an analogous equation for the wave body of the collapsed rock stream, that has in-
truded into Lake Sarez was obtained using semi-heuristic argumentation and somewhat obscure
formulations, as to its macroscopic structure.

An equation derived in (24) has the form

2
e pPolall Yoo L agl (-6, ) -
Ps s dL L

sw S
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_/;_( A, ILﬂJV (25)

where v, = C (in our notation), while all other symbols coincide completely.

- d
Since v, =€ =—2>, we easily observe, that (24) and (25) are practically identical !:

dt
I = siny (1+k fyo) - (fis - ko)cosyg; (26)
I, = siny (14K fi ) - (kw - Ko)cosyy, 27)
where fi; and f, are the coefficients of Coulomb friction against the under- and above-water
slopes.

In [5], the equation (24) is used, as a design equation due to the initial postulation of a sudden
occurrence of constant seismic load within 30 seconds, i.e. it was assumed, that k. >0 and it is equal
to the constant value 0.1 during this time, upon the lapse of which k. =0

This precondition made it possible to estimate a maximal possible distance (range) of the in-
trusion of the collapsed rock stream into Lake Sarez and, with its aid, a largest possible height of
the wave generated in the lake by this intrusion.

However in reality the seismicity coefficient is usually a value close to the periodic attenua-
tion function. In order to take this fact into consideration it is necessary to use the dynamic equation

of a landslide intruding into a water reservoir in form (24).

3. CONCLUSION

Thus, the procedure of derivation of equation (24) based on a dynamic equation of the me-
chanics of a composite loose medium with plastic properties, i.e. on general and strict equations of
the mechanics of analogous continuous media confirms, that the equation derived in [3] by semi-
heuristic arguments has a sufficiently reliable theoretical justification (in the framework of pheno-

menological theories of macroscopic physics).
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YK 631.626.3

YCOBEPHIEHCTBOBAHUE TEXHOJIOI'MA
BOJAOPEI'YJIMPOBAHUA HA OCYIMAEMBIX 3EMJIAX
JAPEHAKHO - MOAYJIBHBIMU CUCTEMAMMN
C PABHOYPOBHEBBIMH PET'YJIMPYIOLIUMMU JPEHAMUAU

P.H. Tkauyk, H.H. Tkauyk, A.H. PoxounHcbkuii

(I'py3uHCKHIT TEXHUUECKHI YHUBEPCUTET)

Pe3ome: Paccmompenul ycosepuleHcmeo8antas KOHCMPYKYUS OPEHANCHO - MOOYIbHOU CUCTEMbl
C Pa3HOYPOBHEBLIMU OPEHAMU U MEXHOTI02US 8000PE2YIUPOBAHUSL OCyulaeMblX 3emenb. Tlo-
JIYYeHbl 3a8UCUMOCTIU CYMMAPHO20 CMOKA C MPAOUYUOHHBIX OpeH (VIIOHCeHHbIX HA 0OUHA-
KOBYIO 2NYOUHY) U OPEHANCHbIX MOOYell C PAZHOYPOBHEBbIM NOOKIIOUEHUEM pecyiupyro-

WuUx OpeH u MemooOuKa paciema napamempos OpeHaANCHo - MOOYIbHOU CUCTHEMbL

KiroueBble c10Ba: OperacicHo — MOOYIbHASL CUCTeMA, OPEHANCHBIIL MOOYIb, KOHCMPYKYUsL OpeHax ca,
MEXHONO2USI B000PESYIUPOBAHUS, OCYUIAeMble 3eMAU,; Memoobl pacyema, d¢Qgex-

MueHOCHIb.

1. BBEIEHHE

[TocTosiHHO BO3pacTaromas NOTPeOHOCTh HACENCHHUS B MPOAYKTAX MHUTaHUS TpeOyeT OT Cellb-
CKOT'O XO35I1ICTBA MOJIY4YE€HHUS BBICOKUX M YCTOMUYMBBIX YPOXKAEB. ITOrO MOKHO AOCTHYb ITyTEM PETY-
JUPOBAHUS BOJHO-BO3IYLIHOTO pekuMa 1mouB. HeoOXoAMMOCTh peryaupoBaHMsl BOJHOIO pEXUMa
00ycJI0BJIeHa MPUPOJHBIMU YCIOBUSIMH, HEOIArONPUATHBIMU IS OpraHU3alMi CTaOWJIBHOTO CElb-
CKOXO03SMCTBEHHOT'O MMpOU3BOJACTBA. Bnugnue na BO,Z[HBII>'I PCKUM ITOYB 3HAYUTCIIBHO paClIUPsCT HaA-
11 BO3MOXHOCTHU B 06J13_CTI/I BOJHOTO XO03SIMCTBA U IIO3BOJISIET YIIy4dlIuTh MCJIMOPATUBHOC U 3KOJIO-
THYECKOE COCTOSIHUE CEITbCKOXO03MCTBEHHBIX YTOAUN U OKPYKAIOIEH CPE/Ibl.

Ha nepeyBnaxHEHHBIX 3eMJISIX TYMHJIHOW 30HBI PETYIMPOBAHHUE BOAHO-BO3IYIIHOTO pEXHUMa
IMOYB OCYIICCTBIIACTCS € MOMOIIBIO OCYIIUTCIIbHBIX (OCYH_II/ITG.HBHO - YBJ'Ia)KHI/ITeJIBHBIX) CHUCTEM. OI[-
HAaKO 3TH CUCTEMBI €Ille HeA0CTaTOUHO 3()(HEKTUBHBI IPH SKcIuTyaTaui. COBpEMEHHBIN TPaJnuIHOH-
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HBI 3aKpBITHIM JIPEHaX, 3aIPOCKTUPOBAHHBIA B COOTBETCTBUM C HOPMATHUBHBIMU TPEOOBAHMSIMH,
pelIaeT 3a/1a4y MOCTOSIHHOTO M MHTEHCUBHOTO TOHIKeHHsT Y1 B Ha He00X0IUMYI0 HOpMY OCYIIEHHS
(0,.5...0.6m) B mpennoceBHol niepuoz. Habmonenue 3a pesxxumom YI'B Bo Bpemsi BeCeHHETO HaBOJI-
HEHMsI Ha JIETKUX U CPEeIHHUX MOYBAaxX MOKAa3allo, YTO MpHU IIIyOuHE 3ay10’keHust apeH 1,2 M u 6osble,
IIPOUCXOUT UHTEHCUBHOE NOHMkeHNE YI'B (10 6 cM B CyTKM), UTO BO MHOTHUX CITy4asiX IPUBOAMT B
MEpPBBIA MecsI] BereTally K MepeoCylIeHnI0 KOpHEOOuTaeMoro ciosi TpyHTa. McecnenoBanusamu yc-
TAHOBJICHO TaK)Ke, YTO JIaXKE B CPEAHUE MO BIAKHOCTH TOABI, Y’)KE€ B HaYaJIe BEr€TallMOHHOIO IEPHO-
na, YI'B cHmxaetcs k TiryOMHE 3a7105)KEHUs IPEH, a B UIOHE, MIOJIE, aBI'YCTE — HIDKE STOW BEITUYMHBI
Ha 0,1 M u Gonbire. Takum 00pazoM, Ha IPOTSHKEHUU 3HAUUTEIHHOTO BPEMEHHU BETETallMOHHOTO Tie-
pHO/1a TPYHTOBBIE BOJBI MAJIO BIMSIOT HA (hOpMUpPOBAHUE AWHAMUKU TTOYBEHHOH Biaru. BrnaxHOCTB
TYMYCHOT'O TOPU30HTa B 3HAYUTEIILHON MEPE 3aBUCHUT OT OCAJIKOB, KOTOPBIE B TYMUJHON 30HE OYEHb
HEpaBHOMEpHBIE BO BpeMeHH. Takoe coctosHue pexxuma Y1 B 3actaBisier yxe B epBble MECSIIbI Be-
reTanuu (anpesb, Mail MecsIbl) MoAaBaTh BOAY Ha OCYILAEMbIN y4acTOK € LeNblo yBiIaxkHeHus. Kpo-
M€ TOr0, TPAAULIMOHHBIE IPEHAXH KaUTAI0EMKUE NIPU SKCIUTyaTallud U CTPOUTENILCTBE OCYLLIUTENb-
HBIX U OCYIIUTENIHHO — YBIAXKHUTEIBHBIX cUcTeM. Bee 310 TpebyeT HaydHO 000CHOBAHHBIX U HKOHO-
MHUYECKH OIpaBIaHHBIX TEXHUYECKUX pEIIeHUH MpHu BogoperyiarpoBanuu. Ocoboe BHUMaHHE HEOO-
XOUMO YAEJATH PErYIUPYIOLIEN CETH THIPOMEINOPATUBHBIX CHCTEM, KaKk OCHOBHOMY aHTPOIIOIEH-
HOMY (paKTOpy BIUSIHUS HA €CTECTBEHHO-MEHMOPATHBHBINA PEXXUM TeppuTOpuil. MHOrOo0oOpasue moy-
BEHHBIX, TUAPOIOTUUYECKUX U KIMMAaTHUYECKUX YCIOBHHA B T'YMHJHOW 30HE OOYCIOBMIIO pa3zpabOTKy
Pa3IUYHBIX KOHCTPYKIIMH PEryIUpYIONIEH CETH, a pocT TPeOOBaHWN K OCYIIUTEIBHBIM CHCTEMaM
BBIJIBUHYJT YBEJIMUYEHHE YHUCIIa KPUTEPUEB (IKOHOMHYECKUX U IKOJOTHUECKUX), KOTOPBIM JOKHBI
OTBEYAaTh CPE/ICTBA U CIIOCOOBI PErYIMPOBAHUS BOAHO — BO3AYIIHOTO PEKUMA TIOUBHI.

Ileap mcciienoBaHuii — yCOBEPLIECHCTBOBATh CYIIECTBYIOIIUE KOHCTPYKLUHU THAPOMEIHOpPA-
THUBHBIX CHCTEM U TEXHOJOTUHU BOJOPETYIUPOBAHUS OCYIIAEMBIX 3€MEJIb [0 MOIYJIbHOMY IIPUHIUITY,
KOTOPBIN 00eCreunBaeT CaMOPEryIMPOBaHUE BOJHOTO PEXHUMa MOYB 32 CYET TUAPABINYECKON CBA3H
MEX]y Pa3HOYPOBHEBBIM MOAKIIOUEHUEM PETYIUPYIOLIUX APEH.

O0BekT uccaenoBannii. ECTb mpoueccsl BOJOPETYIMPOBaHHS OCYLIUTEIbHBIX 3€MENb CaMO-
PETYIHMPYIOIIMMH JIPEHAXKHBIMU CUCTEMaMH C PA3HOYPOBHEBBIM MOJKIIIOUEHUEM PETYIUPYIOIIHNX
JPEH.

MeToauka uccenoBanuii. JJaboparopHele ucciae0BaHus TPOBOAWINCH HA OOJIBIION (PHIbT-
paLMOHHON TPYHTOBOW MOJENH Kadeapsl MPUPOA000YCTPOUCTBA M THAPOTEXHUUECKOH MEITMOPALIUH
HarnmonaneHOro yHuBepcurera BOJHOIO XO35MCTBA U MPUPOAOIIOJIB30BAHNS U B MOJIEBBIX YCIOBUAX

TYMHUJTHOM 30HBI. MeTOIMKa TPOBEICHUS UCCIICIOBAaHHI pa3paboTaHa, HCXOs U3 YCIOBHM M 0COOEH-
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HOCTEW pabOTHl APEHAKHO — MOJYJIBHOW CHUCTEMBI IIPU PA3HOYPOBHEBOM IOJKIIOUECHUN PETYIUPY-
formx npeH. [Ipu uccneqoBaHM COBMECTHON PabOTHI METIKOW M TITyOOKOH JIpeH U3y4aauch pa3aesb-
HBIA ¥ OOLIMI CTOK ¢ JpeH, pa3/ielieHHe JUHUI paBHBIX HAlOpOB MEX1Y JApPEHaMHM, 30HbI BIUSHUSA
IpEeH, aKKyMYJIUPYIOIIast BO3MOKHOCTb IPEHAKHOIO MOZYJIA.

B noseBbIX yclIoBUsX U3ydaaHch 0COOCHHOCTH pabOThl MOYJICH, UX BIMSHUE HA PEXXUM ypOB-
HEH IPYHTOBBIX BOJ U CUCTEMY JPEHAKHOI'O CTOKA, YTOUHSIMCh KOHCTPYKTUBHBIE IIAPAMETPBI, C Lie-

TB10 oOecredeHnst ObICTPEHIIIEr0 BHEPEHUS B TIPOU3BOJICTBO.

2. OCHOBHASA YACTb

MHOroJIeTHUI ONBIT AKCIUTyaTallul OCYIIUTEIbHBIX U OCYIIMTEIbHO-YBIAKHUTEIBHBIX CHC-
TEM TOKa3bIBAET, UTO HA MEJIMOPUPYEMBIX 3€MJIIX HE BCEr/a yIAaeTCs CO3aBaTh ONTUMAJIbHBINA BO-
JTHO-BO3AYIIHBIN peKMM MOYBHI. B HacTosIee BpeMsi H3y4eHHUIO 3TOr0 BOIpOca MOCBSIIIEHO 3HAYH-
TeIhHOE KOJMYECTBO Hay4YHBIX pador [1,2,3.4,5,6], aHamu3 KOTOPHIX MOOYIMI K TIPOBEICHUIO OCHO-
BaTENIbHBIX U IIMPOKOMACIITAOHBIX HCClenoBaHUN B HalMoHaIbHOM YHHUBEPCUTETE BOJHOTO XO-
351CTBA U IPUPOOTOIb30BAHMS.

UtoObl OTBEUaTh COBPEMEHHBIM TPEOOBAHUSM, NPEIBIBISIEMBIM K PETYIHMPOBAHUIO BOJHO-
BO3JyIIHOIO peXUMa I0YB, OJHUM M3 IyTel COBEPILIEHCTBOBAHMS T'MIPOMEIMOPATUBHBIX CHUCTEM
SBIISICTCA YJIYULICHUE TEXHOJOTHH BOJOPETYIHMPOBAHUS U BBIMIOJIHEHHS APYTUX HOBBIX (pyHKIMiA. B
HallleM YHUBEPCUTETE ATUMH BOIIPOCAaMH, B pa3Hoe BpeMs, 3aHuManuch: [lotouxwuii I'.C., Koxymiko
JL.®., Tkauyk H.H., XKusuna B.A. u npyrue. Panee Obiu pa3paboTaHbl, HCCIAEAOBAHBI U BHEIPECHBI
JPEHAKHBIE MOIYJIU U JIPEHAXHBIE SKPAHHO-MOAYJIBHBIE CUCTEMBI C YCOBEPIIEHCTBOBAHHON PETY-
mupyromei cerbto [7,13]. JlaHHas ceTh NpeAcTaBisieT co0oil cucTeMaTHYeCKUil ApeHaX B BUIE CHU-
CTeMBI MapaJUIebHBIX JAPEH-OCYIIUTENeH Ui coOupaTesiel, 3aJ0)KeHHbIX Ha MEPUOJANYECKH MO-
BTOPSIOIIUXCS MIYOMHAaX U paccTosiHUSX. KOHCTpYKTUBHONH OCOOEHHOCTBIO JPEHAXHBIX MOAYNEH
SIBJISIETCSL:

- YKJIaJKa COCEeIHUX APEH Ha Pa3HyI0 INIyOWHY B COOTHOIICHHH: MEJKas-CpeIHEerITyOoKas;
MeJIKasg-TIy0oKast; CpeIHerTyooKas-TIyooKas;

- pa3Hble pPeXUMBI pabOThI, MPEAYCMATPUBAIONINE B T. Y. OTBOJ M30BITOYHBIX MOYBEHHBIX U
TPYHTOBBIX BOJ| B KPUTHUYECKHE MEPHUOAbI PabOThl APEHAKHO-MOYJIBHON CHCTEMBI U PEryInpoBa-
Hus YI'B B TeueHHE BEreTaliMOHHOTO MEPUO/IA.

Kpowme TOro, B oT/inune OT TPaAULMOHHBIX CIIOCOOOB BOJOPETYIUPOBAHUS (OCYIIUTEIbHBIX,

OCYIIUTEIbHO-YBIAXXHUTEIBHBIX CUCTEM) MPEIOKEHBl KOHCTPYKIUHU JBYXBAPYCHOTO JpeHa)Ka
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(Kusuna B.A. 1988) [12] u apenaxno-akkymymnupytomue cucremsl (Koxymko JI.®. 2001) [11],
no3Bosisironre 0oiee 3(h(PEKTUBHO peryIrpoBaTh BOJAHBIN PEKUM, IO CPABHEHUIO C TPATUIIUOHHEI-
MU croco0aMu, TOTOJHUTENBHO aKKyMYJIHPOBAaTh BIAXKHOCTh B KOPHEOOMTAEMOM CIIO€ MOYBHI U
MOBBIIIATH €T0 BIAroo0ecrneuYeHHOCTh U 3 (HEKTUBHOCTH BOJOPETYIUPOBAHUS.

B Hacrosiiiee Bpems 1711 pEKOHCTPYKIIUU U MOJICPHHU3AINH OCYIIUTEIbHBIX U OCYIIUTEIHHO-
VBIQKHUTEIBHBIX CHCTEM HaMU pa3pa0OTaHa W MCCIIEeNOBaHA B JIAOOPATOPHBIX U MPOU3BOJICTBEH-
HBIX YCJIOBHSIX IPEHAXKHO-MOJyJIbHAs CUCTEMA C PA3HOYPOBHEBBIM MOAKIIOUEHUEM PETYIUPYIOLIUX

IpeH (KOHCTPYKIIUS 3allUIIeHa MaTeHToM [8, 9], 001mumii BUa U cxema IpuBeAeHBI Ha puc.1).

S e S I he—
AT..}E""LL ___________ 1T E""_"T_' T L 'TA
= L " S
A-A

>

o

! .
VS S

Puc. 1. IpeHaskHO-MOAY/IbHASI CHCTEMA ¢ PA3HOYPOBHEBBIM MOAKJIIOYEHHEM
peryJupyromux apes: 1 — meakas ApeHa; 2 — riay0okasi ApeHa; 3 — MeJKUH KOJIIeKTOP;
4 — ray00KHii KOJIJIEKTOP; 5 — yCThe; 6 — OTKPBITHI KaHAJ

[IpuHIIMIIIATEHON O0COOCHHOCTHIO TaKOW JPEHAXHO-MOIYJIBHOW CHUCTEMBI SIBISIETCS TO, YTO
COCEJIHHE JIPEHbI TUIPABINYECKU CBA3AHBI MEXKY COOOM U BBHIMIOJIHAIOT TaKUe BaKHbIE (YHKIUU:

1) uatencuBHO MOHIKAOT YI'B 10 HOPMBI OCYyIIIEHUS B KPUTHUECKHUE TIEPUOJIBI PAaOOTHI Jpe-
HaXka (JIETHHUE JIMBHEBBIE JOXKAU U B IEPHOJ] I0OJIOBOAbS);

2) aBTOMAaTH4eCKU peryaupyioT YI'B u akkymMyaupyroT W30BITOUHYIO BOJY HA HPOTSKEHUH
BEreTallMOHHOTO Meproa (o MPUHIMITY MPeAyNpeIUTENbHOr0 NUTI030BaHUs) B Mpeenax rIyOuH
3aJI0’KE€HUS MEJIKOM U TIyOOKOHM JApeH C MOCIeNyIONIUM MONoJHEHHEM IedunnTa BoAbl B KOPHEO-
OUTaeMOM CII0€ TIOYBHI B 3aCYIITUBBINA IEPUO/.

JIpeHa)KHO - MOAYJIBHBIE CUCTEMBI C PA3HOYPOBHEBBIM IOIKIIOYEHUEM PETYIUPYIOIINUX JAPEH
MHTEHCUPUIUPYIOT cOpoCc MHOUIBTPALIMOHHON BOJBI MPU BBINAJaHUM MHTEHCUBHOTO JO0XK/A, a Ta-

K)K€ aKKyMYJIHPYIOT BOAY Ha cucteMe JUIsl 3¢G(HEKTUBHOTO €€ HCIOIb30BaHUS B 3aCyLUIMBBIC MTEPH-

39



dog®mobgobg@os, Nel-2(19-20), 2015 — Hydroengineering, Nel-2(19-20), 2015 — I'mppoumkenepus, Nel-2(19-20), 2015

onbl Beretanuu. [Ipu 3ToM yMeHBIIAIOTCS 00bEMBI COpOCca BOJBI C OCYIIAEMBIX TEPPUTOPHUIA, 0Oec-
NMEYMUBACTCA NCPCPaACPCACICHUC BJIAXKHOCTH BO BPCMCHH U IO IMOYBCHHOMY HpO(l)I/IJIIO, qTO TEM
caMbIM crioco0cTBoByeT Oosee d3(pPEKTUBHOMY HCIOJBb30BAaHUIO TMPHUPOIHBIX 3aMACOB IMOYBEHHBIX
Boj (P. Tkauyk, A. Pokounncekuii, 2014) [9].

PeBy.]’IBTaTBI I/ICCJIGI[OBaHI/Iﬁ APCHAXKHO-MOAYJBHBIX CUCTCM C Pa3HOYPOBHCBBIM MOAKJIHOUCHU-
€M PEryJIHPYIOIUX APEH OTHOCUTENBHO (POPMUPOBAHHS CTOKA MPH MMOYBEHHOM MUTAHHUU JIPEH BO-

J0H ¢ mepenaaaMu riayouH ux ykinaaku Ah=0, Ah=0,2m, Ah=0,4m nu Ah=0,6M nipuBeeHbI Ha puC. 2.

3.0
g.cM3/c-norm
20 y=-5,83x23+43,63x2- 0,69x+1,7
| o1 RZ=1
e ————
_-‘"“"‘--...._ T—
1.0 2 —
y=-583x3+7 88xZ- 4 04x+1,69
7o
. R==1 Ah
0,2 0.4 0.8

Puc. 2. T'paduk croka c riryooxoii (1) u menkoii (2) npesamu npu 4h =0,
4h = 0,2m, 4h = 0,4m i 4h = 0,6m (cMm. cxemy puc.1)

[TpuBeneHHbIE JaHHbBIE CBUICTEIBCTBYIOT O TOM, YTO pa3HUIIA CTOKA MEX]y MEJIKOU U Iiry0o-
KO#i JipeHamMu, 00yCIIOBIICHHAs pa3HHIICH rTyOrH A /- yKIaJKu 3TUX APCH B TPYHT, B CBOIO OYEpElb
SBIISICTCS OTIPEACISIIOIUM (PaKTOPOM sl CO3AAHUS PEryIupyromero 3¢ ¢exra Ha OCyIUTeTbHON
ceTu. Bmecte ¢ TeM, HECMOTpSI Ha XapaKkTep U 0COOEHHOCTH (POPMUPOBAHUS IPEHANKHOTO CTOKA,
CTOK ¢ TJIyOOKO# IPEHBI CYIIECTBEHHO OTINYAETCS OT CTOKA C MENKOU apeHsl (pu A1 = 0,2 M -
18%; At=0,4 Mm—30%; A4¢t=0,6 m —24%, uro B cpenHem cocraiisieT 24%), MO3TOMY MOHSTHO,

YTO Ha CTOK C JIPEH BIUSIIOT YCIOBHS nepenana A/ Mexay riTyOMHaMH YKIIQJKH MEITKOW U T1y0o-

KO JIpeH. A 1o Mepe yBeITUUEHUs pa3HUIIbl TIIYOUH YKIaaAKu Ah, oOmui CyMMapHBINA CTOK JpeHa-
YKHOTO MOJYJISI YMEHBIIIA€TCs, HO 3TO YMEHbIIIEHUE CTOKA He nepeBbImaet 23,4% (ipu Ah=0,4m),
YTO CBUJETEIBCTBYET O BHICOKOM PEryJIMPYIOIIEH U aKKyMYJIUPYIOIIEeH CIIOCOOHOCTH JPEHAXKHOTO
MOJTyJIs IPH PEryJIMpOBAaHUM YPOBHEH IPYHTOBBIX BoJ. BMmecTe ¢ TeM, Ha rpaduke (puc.2) BUJHO,
YTO CTOK C INTyOOKOW APEHBI YMEHBIIACTCS, a TAKXKE UMEET MECTO TeHCHIIUS K (POPMUPOBAHHIO IK-

cTpeMyMa IpH pasHuiie riyout 0,4 M Mexy JpeHamH.
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B pe3ynbrate cpaBHUTEIHHOTO aHAIH3a pa0OTHl TPAAUIIMOHHBIX IPEH U IPEHAXKHBIX MOyJIEH
(puc.1) BUAHO, YTO B 3aBUCUMOCTH OT BeNUYuHBI Ah (C yBenmuueHueM Ah, puc.3) apeHaXHBIA MO-
NyJb CYIECTBEHHO aKKyMYJIUPYET TPYHTOBYIO BOJY B Mpefenax Ak NaHHOTO APEHaKHOT'O MOIYJIS.
Taxk, npu Ah = 0,2M IpeHaXHbIN MOIYJIb akKyMynupyeT Boabl 18,2%, npu Ah = 0,4m — 23,8% u 4h
= 0,6M — 36,2%. OTHOCUTENBHO IPEHAKHOTO MOAYJISI C Pa3HOYPOBHEBBIM MOJKIOYEHUEM PETYJIIH-
PYIOIIUX APEH, TO 3TOT MOAYJb Oosiee MeieHHo moHmxkaeT YI'B ke riryouns 0,6...0,7m (puc.3)
1 obecrieynBaeT MOMOJHEHNE 3aaKKyMYIHPOBaHHOTO o0bema B cpefHeM Ha 7...10%, B cpaBHEHUH
¢ nepBbIM citydaeM (puc.l). Tak, npu Ah = 0,2M qpeHaXHbI MOIYJIb aKKyMYJIHpYyeT Boabl 22,8%,
pu Ah = 0,4m — 32,1% u Ah = 0,6M — 46,2%. Takum 00pa3oM, JpeHaXHBIH MOIYIh C PA3HOYPOB-
HEBBIM MOAKIIOYEHUEM DPETYIUPYIOUIUX IPEH OJHOBPEMEHHO aKKyMYyJIUPYET B KOPHEOOHUTAaEMOM
cioe 60ibIIni 00beM BOJIBI, @ BMECTE C TEM, U 00Jiee MPOIOJKUTENBHOE BPeMsl IIUTAET CEIbCKOXO-
3sIIICTBEHHbIE PACTEHUS BO BpeMs HEOIAronpHUsATHBIX TOTOIHBIX YCIOBHUI (HEpaBHOMEPHBIE WU OT-

CYTCTBUC OCAAKOB B BeFeTaHHOHHBIﬁ HepI/IO,Z[).

q',ifﬁ; \\ : _ ‘ :

920 \\\ 1

R0 A=
S o

70: 3\\ T~
' ‘\\ Y \_‘__
~

18.2%
22.8%
23.8%
32,1%

36,2%
46,2%

0.2 0.4 0.6

Puc. 3. Tpadux cymmapHoro croka (q) ot nepenaga A/l Mexay rayGuHaMu yKIaIKu MeJTKoi

u ray6okoii apen ¢ = f (Ah) : 1 - nus TpagMUHOHHBIX Ipen (YII0/KEHHBIX HA OTMHAKOBYIO ITy0HHY);

2 - IpeH APEeHaKHOT0 MOAYJIS ¢ NapaJuieJbHO YJI0KeHHbIMH MeJIKOW U IJIy0oKoii JpeHamMu;
3 - ApeH ApeHaKHOT0 MOAYJIS C PA3HOYPOBHEBBIM MOAKIIOYEHHEM PEryJHPYIOIINX

JApeH B 3aBucumoctu ot A4h
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Puc. 4. Cxema 17151 pacyeTa pacCTOSIHHSI MeKAY IPeHAMH PeryJIupyoIIero ApeHakHOro MOy JIst
€ Pa3HOYPOBHEBBIM MOAKJIIOYEHHEM PeryJupyommx apeH:1 - peskum GpopMupoBaHusi IPEHAKHOTO
CTOKA B NMEPHO NABOIKOBOI0 IIMKJIA (pPeXKMMa HHTEHCHBHOro nmoHu:kenusi YI'B k noceBHoii HopMe

ocymeHus H), 2 - peskxum peryiupoBanusi YI'B B TeueHue BereTalfioHHOr0 mepuoaa

Pe3ynpratrel ucciie10BaHUM IPEHAXKHO-MOAYIBHBIX CUCTEM C Pa3HOYPOBHEBBIM MOIKIFOUECHH-
€M PEryJIHPYIOLIUX JAPEH MO3BOJIMIM HAM MOTyYUTh, B COOTBETCTBUU C PACUETHOM CXEMOI, 3aBUCMOCTb

(1) ms pacueTa paccTosHUM B, MeXIy MaTepHaIbHBIMU (HECOBEPILIEHHBIMH ) ITyOOKOM M MEJIKOH Jpe-

Hamu (CM. puc.4).

2rk 2 2 s 2
B — P L l+m +L 1+m1

Me ln@*_n@_l q2 h02 ql h02
d 1

) (1)

rae B, - PacCTOSHUE MEXIy MaTepUalbHbIMU (HECOBEPILIEHHBIMU) ITyOOKOM M MENIKOH JIpeHamMu
(onpexnenseTcs ¢ y4eTOM THIIa BOJAHOTO MUTAaHUS HA OCYIIEHHOM MacCuBe), M; d - TUaMEeTpP IPEHBI,
M; 77 - KOO(QUIMEHT 3auUThl JpeH QUIBTPYIOIUM MatepuanoM, 77 =0,9; 7 ;- MakcuMaIbHbIA
YPOBEHb T'PYHTOBBIX BOJ MEXAY ApeHamu (cM. puc.4), M; k - ko3dpduuuent unbrpanmu rpyHra,

M/cyt.; Ah,,, - yCpPEJHEHHAas pa3HMIA HANOPOB MEXLY TIIyOOKOH M MeNKOH JpeHamu (mepenaza

MEXJy YCTb€BOM M MCTOKOBOW INyOMHAMM YKJIaJKU TTTyOOKOH JIpeHbl), M; 7 | — MOIIHOCTb BOJO-
HOCHOTO CJIOSI IO MEJIKOM APEHOH, M; 11 ,— MOIIHOCTh BOJOHOCHOTO CJI0s MO ITyOOKOH IpeHoi,
M; ¢,,q, - UHTCHCUBHOCTb IPUTOKA BOJBI K JIpEHAM, COOTBETCTBEHHO K IIIyOOKOM M MEJIKOH,
M/CYT.; @, IPUHUMAETCS COOTBETCTBEHHO TaOi.l; B - TEOPETUYECKOE PACCTOSHHME MEXTY IIy0o-

KOW UM MENKOM JpeHaMH, COBEPUICHHBIMHU IO CTEMEHH M XapaKTepy BCKPHITUS BOJOHOCHOTO CIIOS

(moy4eHa TeOpeTUUECKU-IMIINPUIECKUM ITYTEM).
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Tab6muna 1
OuabTpalOHHBIE COMPOTUBJIEHHUSI N0 XapaKTePy BCKPBITHS BOJOHOCHOTO

cinost O, B 3aBHCHMOCTH OT KOHCTPYKIHH JApPeH, B cO0TBeTCTBHH [10]

OuIbTPALMOHHBIE CONPOTUBIICHUS

Tun npensl, XapakTepucTuka GpuiapTpa u
10 XapaKTepy BCKPBITUS BO-

YCIIOBHSI €TI0 YKIIAJKH
JOHOCHOTO c10s1 D,

Kepamuueckue TpyObl 6e3 GpuibTpa 8

Kepamuueckne TpyObl ¢ 0OBEPTKOIl CTHIKOB PYJTOHHBIMU 3

3aIUTHO — (PUIBTPYIOUIUMHU MaTepuaiaMu

Kepamuueckue TpyOBI CO CIUTONTHON 00BEPTKOM

I'odpupoBaHHbIE MIIACTMACCOBBIE TPYOBI 0€3 (punbTpa 4

To xe, ¢ 0OBepTKOI PYIOHHBIMH 3aIIUTHO — (UIBTPYIO- 0,5

IMUMHU MaTCpraiaMu

[Tpu ycrpoiicTBe 00beMHBIX (GUIBTPOB TOIIHHON 20 cM 0

u Oostee

Jlnst onpenenenust B, ucmonb3yercs clieayroliee, NoIydeHHOEe HaMH, BEIPQKCHHE:

B =

o

2)

KoaduumenTs! a, 1 a, 3aBUCAT OT Pa3HULBI TTTYOUH A 4 - YKJIaJKUA B TPYHT MEJIKOH U TIIy-

OOKO ApeH (YUUTHIBAIOT HECOBEPIICHCTBO JAPEHBI MO CTENEHU BCKPBITHS BOJOHOCHOTO CIIOS), U

CBSI3aHBI MEX1Y COOO0I COOTHOLIEHHEM
a,=2—a,. 3)
KoaddunuenT a , ycTaHOBIEH ONBITHBIM ITyTeM JUIsl Pa3IMYHbIX 3HAUEHHH mepenana Ak Me-

KTy MEJIKOU U TITyOOKOM IpeHaMHu, TapajuIesIbHO PACTIOI0KEHHBIMHU B IIJIaHE U 10 BBICOTE (Tal. 2).

Tab6muna 2

3HayeHHe KOIPPUUHMEHTOB ¢, TMPH PA3THYHBIX Ilepenagax Aj

[Tepenan mexnay npeHamu

0,2 0,4 0,6
Ah M
Koaddumment 4 1,069 1,092 1,116
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Ecnu riry6okast ipeHa pacroiokeHa Ha BOJOYIIOPHOM cJIo€, TO o = 1.
[Tomycymma Mozaynei IpUTOKOB BOJBI ¢, , ¢, , COOTBETCTBEHHO K INIyOOKOM U MEIKOH JIpe-

HaM, MPEACTaBIsAET CO00M CPeTHECYTOUHYIO HHTEHCUBHOCTD HH(MUIBTPAIMOHHOTO IPUTOKA BOJBI K

IPYHTOBBLIM BojiaM ¢ (cM. puc.4)

__q,*tq,
= —, 4
q 5 “4)

JIpeHaXHbIi CTOK ¢ pacIpeneNnseTcs Mex 1y ITyGOKoi ¥ MeJIKOi APEHAMH B COOTHONICHHH
q9,=a;q ; (5)
g, =a,q . (6)
CpeIHeCYTOYHYI0 HHTEHCHBHOCTh MMPUTOKA BOJBI K TPYHTOBBIM BOJIAaM ¢ MOKHO OTIpejie-
JIUTb, UCIIOJIb3YS] YPABHEHUS BOJHOTO OajlaHca, IPH 3TOM CJIEAYET UMETh B BUJTY, UTO B OTJIMYUE OT
TPaIUIIOHHOTO IpeHaXKa JPEHAXKHbIE MOJTYJH PETYIUPYIOT BOAHBIN PEXXUM B MpeIeIax MEIKOU u
riyookoit apeH. [1pu ucmonb30BaHUM BMECTO OOBIYHOTO IpeHaXa JPEeHaKHbIE MOYJIH, U C YUETOM
pexkoMeHanuii [ 1] ypaBHeHHEe BogHOTO OanaHca OyJaeT UMETh BUT
q=(0-a)P-E+AW, (7
rae o - Ko3(UIHMEHT, YIUTHIBAIONIINHI YacTh aTMOC(EPHBIX OCAIKOB, KOTOpPBIE TOCTYIMHIN Ha I0-
JMUTKY TPYHTOBBIX BOJI;
P - cymma ocaakos, M3/ra;
E - cyMMapHOe HCIIapeHNe 3a PACUCTHBIHN ePHO, M /Ta;

. 3
AW - IpOAYyKTHBHBIH 3amac Bjard Ha Ha4aJo pacueTHOro nepuoja, M /ra.

3. 3AKJIIOYEHUE

1. ITpemtoskeHHBIN CIIOCOO PETYIUPOBAHMS BOAHOTO PEKUMA TTOYB PEHAKHBIMH MOIYJISIMH C
Pa3HOYPOBHEBBIM TIOJKITIOUYEHUEM PETYIUPYIOMHNX APEH OOBETUHSIECT W3BECTHBIC TPATUIIMOHHBIC
CIOCOOBI PEryJIMpOBaHUSI BOJHOTO PEXHMa — OCYIIEHHE W NUII030BaHUE (NPEayNpeauTebHOE U
VBIQKHUTEIBHOE) 03 HMCIIOJIb30BAHMS PETYIUPYIONUX COOPYKCHH Ha KaHalaX M KOJIEKTOpPax.
Paspemaer B ryMuiHOM 30HE Ha THAPOMEITHOPATHBHBIX 3€MIISIX SKOHOMHO M 3(PPEKTHBHO pacrpe-
JETSATh BO BPEMEHH U IPOCTPAHCTBE, TaK HAa3bIBAEMYIO, N30BITOUHYIO BJIATY.

2. C yMeHBIIICHHEM Hamnopa Ha MIyOOKYIO JPeHY, MOAKITIOYCHHYIO OJJHOBPEMEHHO JI0 MEITKOTO
U TITyOOKOTO KOJUIEKTOPOB, CTOK M3 HE€ YMEHBINAeTCsl K 00beMy, paBHOMY 00BEMY C MEIKOH Jipe-

HBI, YTO MO3BOJISIET YMEHBIIATh CTOK C JAPEH, OCOOCHHO B JIETHUH MEPHOJ, U B OOJbILIEH CTENEHH
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aKKyMYJIUPOBAaTh TPYHTOBBIE BOJBI B KOPHEOOUTAEMOM CJIO€, U PABHOMEPHO, B TCUCHHE BETeTAIIH-
OHHOTO TIEPHO0/1a, 00ECTICUNBATh CEIHCKOXO03HCTBEHHBIC KYJIBTYPHI BOJIOM.

3. CtoK ¢ ¢ Tmy0OKOM IpeHbl, TOAKIIOYEHHOW OJJHOBPEMEHHO K MEJIIKOMY M TTyOOKOMY KOJI-
JIEKTOpaM, U3MEHSETCS MO JJIMHE TITyO0KO IpeHbl (OT UCTOKA IO YCThsI), B 3aBUCUMOCTH OT Hamopa
H, ot 0,62 no 0,02 M / cyTKH, 9TO MO3BOJISIET B 00OJiee MPOJOKUTEIbHBIC CPOKH B BEreTallMOHHBIN
nepuoJ o0ecreynBaTh KyJIbTypbl TPYHTOBOM BOJOH.

4. I1pu coBMecTHOM paboTe ApeH riIyO00KOro M MEJIKOTrO BIOXKEHHUS, HAa CTOK C MEJIKON JPEHBI
BIIMSCT TIyOOKast ApeHa W 4eM OoJbIui Hamop OyAeT B yCThe TIIYOOKOTO JIpeHa, TeM MEHBIITHI
CTOK HaOJIFOAaeTCsl C MEIIKOU JPEHBI, U HA00O0pOT.

5. Ha ocHOBE JaHHBIX UCCIENOBAHUM IPEHAXHBIX MOIYJIEM MOXKEM YTBEP)KIAATh, UTO JpEHa-
KHBbIE MOJYJH - OoJjiee COBEpIEHHBIE CHOCOOBI MMEHHO JUIsl PETryJUPOBAaHUS BOJHOTO PEXHUMA
MOYB, ¥ 3TO TPeOyeT MaTbHEUIINX UCCICIOBAHUN UX THIPOJIOTHUECKOTO ICHCTBHUS.

6. Pe3ynbTaThl Hccne0BaHUN MO3BOJISIOT IPeAiaraTb IPOU3BOACTBY JUJISl PETYIUPOBAHUS BO-
JTHOTO PEXHMMa MOYB JPEHAXHO - MOAYJIbHBIE CUCTEMbI C Pa3HOYPOBHEBBIM MOAKIIOUYEHUEM PETY-
JUPYIOUINX JPEH; MPOEKTUPOBATh IPEHAKHbIE MOAYJIH C MIYOOKHX U MEJKHX JPEH C IapaMeTpaMu:
1) MuHUMAabHAS TIyOMHA YKIIaIKH Meakux apeH =0,7m (Ho He meHee uyeMm o JIbH B2.4-1-99); 2)
pEeKOMEeHI0BaHHas TIyOMHA YKJIaJKH TIyOOKUX JpeH B mpexaenax =1,2...1,5m; 3) nepenan rayOuH

MEXy MEJIKOW U TTyOOKOM JApeHaMu, YTO UCCIeAoBaAINCh B mipenenax Ah=0,2...0,6M.
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V]IK 541.8

OIIPEAEJIEHUE ®OPM HAXOXJIEHUA XUMNYECKHUX
JJIEMEHTOB B BO/IHBIX PACTBOPAX

N.I'. bepazennmBuian, K.H. Kamxamuaze, /I.JI. Kuknanse

(I'py3uHCKMI TEXHUYECKUH YHUBEPCUTET)

Pe3ome: Paboma noceawena 4ucieHHOMY MOOEIUPOBAHUIO NOBEOEHUS INEMEHMO8 8 BOOHbIX PAC-
meopax. [lpeocmasnenvl aneopummol peuienus oannou 3adaqu. Ilokasano, 4umo 6 600HbIX
pacmeopax 8 pesyibmame NPOMeKaHus peakyuil euopoausa usmensemcs pH pacmeopa.
Paccuumanvl popmsl Haxodrcoenus anomMunus 8 pasHvlx cpeoax. Buisenenvi domunupyro-

wue d)Oprl Kalvyus 6 pacmeope 6 3asucumocmu ont 6€J1U4YUHR pH

KuiroueBble ci1oBa: 8600ublil pacmeop, cuoponus, hopmvl Kaivyus.

1. BBEJIEHHUE

B npupone Hanbonee pacnpocTpaHeHbl BOJHbIE pacTBOpbl. OHU PacHpOCTPaHEHBI B KUBOH U
HEKHUBOI MPUPOJIE U UMEIOT OIPOMHOE 3HAYEeHHUE JJISl JKU3HENESITeIbHOCTH JIIOACH, a COCTaB 3TUX
pacTBOpPOB BO MHOTOM KOHTpPOJIUPYET €€ Oe30MacHOCTh. B BOIHBIX pacTBOpax B CHITY MPOTEKAHHS
Pa3IUYHBIX MPOIECCOB U XUMHUECKHX peakiuid (TUApONn3a, KOMIUIEKCO000pa30BaHus U T.1.), dJie-
MEHTBI, KOTOpbIe 00pa3yIOT BEIIECTBO U KOTOPBIE MEPEILIH B pacTBOp, OyIyT HAXOAUTHCSA B CaMbIX
pa3HbIX Qopmax, T.e. JOBOJBHO OOJIBIINE TPYIIbI AaTOMOB XUMUYECKHUX 3JIEMEHTOB B KaXKIbI MpPO-
MEXYTOK BPEMEHH HaXOJATCS B KOHKPETHBIX OTHOCUTENILHO YCTOMYMBBIX COYETAHHUIX MEXAY COO0i

[1-3].

2. OCHOBHASA YACTb

HaHHI)Ie CoUYcCTaHus HIIN (bOpMBI HaXO0XACHUA XUMHUUYCCKHUX DJICMCHTOB IMOAYMWHAIOTCS pas3jiny-
HBIM (bI/I3I/IKO-XI/IMI/I‘-IeCKI/IM 3aKOHOMCPHOCTAM M BO3MOXKHBI TOJIBKO ITPHU OMPCACIICHHBIX BHCIIHUX

ycnoBusax. Kak yxke ykasbIBasnoch, OpPMBI HaXOXJIEHUS 3JIEMEHTOB B PAacTBOpE B 3HAUMTEILHOU
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CTEIIEHU OIPEIEIAIOTCS peaklUsIMU THAPONIN3a, B PE3YJIbTaTe KOTOPBIX U3MeHsercs pH pacrsopa,

9TO MPUBOAMT K 3aBUCUMOCTU (OPM HAXOKICHHS HIEMEHTOB B PACTBOPE OT KOHIICHTPAIUSI HOHOB
sogopoma [H '] [1,4-7].
KoHuenTpanus HOHOB BOAOPOJa 3aBUCUT OT MOHHOTO MPOU3BEAEHUS BOJbI (KOHCTAHTBI TUCCO-
rraruu Boael). Ipu 25°C koHcTanTa aucconnanuu Boas (K, ) paBHa:
K, =[H[OH ]=10"moms*/n*.
Ecmu B pactBope [H*]> 10" Momb/m, To Tako# pacTBOp sBisercs Kucubv; mpu [H]<107
MOJIB/JT — PAcTBOP IIETOYHOM, a JUIS HEeHTpanbHBIX pacTBopoB — [H ]=10"" moms/n (T = 25°C).

[Tpu ananu3e KUCIOTHOCTU PacTBOpPA YacTO BMECTO aOCOMIOTHBIX 3HAUEHUH MOJSIPHOW KOHIICHTpa-

MM MOHOB BOJOPO/JIa Moiab3ytoTcs nousitueM pH pactBopa [ 1, 3, 8]. I1o onpenenennto
pH =1g(l/[H"]) =-1g[H"].

Ha puc. 1 kucnorHocts pactBopa BeipaxkeHa uepe3 pH pactsopa.

Kucnbie [lenounnie
PacTBOPLI pPacTBOPDbI
0 2 4 6 8 10 12 14
A— A A A w A A A A
7 pll pactBopa

Puc. 1. llxana 3navennii pH

[lenpro HacTosmed pabOTHI SIBISETCS MPOTHO3 MOBEACHUS AIFOMHHMS U KaJbIUs B BOJHBIX
pacTBopax myTeMm pacyeTra GopM HAXOXKJIEHHUS JAHHBIX AJIEMEHTOB B MPUPOJHBIX BOJAX MPHU OIMpe-
JIENICHHBIX 3HaueHusx pH pacTBopa um Mocieayromuii aHaM3 COCTaBa pacTBOpa MPU M3MEHEHUH
3TOT0 MapameTpa.

CymiecTByeT 1Ba aJirOpUTMa pelieHus: JaHHou 3agauu [3, 5, 9, 10]:

® LCIIOJb30BaHUE KOHCTAHT PABHOBECHSI PEAKIII THIPOJIN3a;

® pacyeT paBHOBECHOT'O COCTaBa MCCIEIYEMOM CHCTEMbI METOJOM MHHUMH3AIMHN CBOOOTHOM
sHepruu I'u60ca.

B cooTBeTcTBUU € IEPBBIM ANTOPUTMOM B OCHOBE MCCIEAOBAHUS JISKUT PACUET TEPMOJIMHA-
MUYECKHX MMapaMeTPOB, XapaKTEPUCTHUCCKUX JJISl CIACAYIOMMUX THAPOTUTHICCKUX B3aUMOICHCTBUI

C MOJICKYJIaMHU BOJBI:
Al +H,0 = AI(OH)** + H*;
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Al(OH)”" + H,0 = AI(OH)} +H";
Al(OH); + H,0 = AI(OH); + H";
Al(OH)! +H,0 = AI(OH); +H".
Koncrants! paBaoBecus peakuuii (K) Beraucisim no ypasHenuto Bant-I'odda:
RTIgK = —(AGY,)/2.3.
PacueTHble METOBI ONIPE/IENEHNS] KOHCTAHThl PABHOBECHS CBOAATCS K BBIUMCIIEHUIO CTaHIap-

THOTO M3MeHeHHs cBoOoHOi sneprum ['u66ca (AG),, ) B Xone peakuuu [3, 8, 11]. HcxonHkie Tep-

MonuHamudeckue naHubie (AH ) 1 S ), Heobxomumble 1uts pacdeta AG Y, , B3aTH 13 [8, 12].
TepmonnHaMuyeckasi MOJIENb NMOBEICHUS ATIOMUHHS B PACTBOPE MOKA3bIBAET, YTO B KHCIBIX

yenosusx 10 pH = 3,75 amomunuii B pacTBope NPUCYTCTBYET B BHIE «IpocToro» uona Al* . Ilo

Mepe Bospactanus pH cpensl, KoHIEeHTpanus HoHOB Al’* HauMHAeT yMEHBIIATHCA, 8 KOHIEHTpA-

st gactun AI(OH)** Bo3pacrats u ipu pH = 3,75 umeer Mecto paBHOBecue [Al**]=[Al(OH)* ].
IIpu pH Bbime 3,75 koHIEHTpamys HOHOB Al’" NPOJOMKHUT Pe3sKo yMEHbINATHCS, HAUHET YMEHb-
maThcs Takke KoHmeHTparus gactun Al(OH)™*, a xonmentpamus wactun Al(OH)! Bospacrarts;
npu pH = 5,43 Hab01aeTCsS PABEHCTBO KOHIEHTpAIMii cnenyroumx hopm amomunns — Al(OH)*

u Al(OH), . B HeliTpanbHbIX ¥ OJIM3KMX K HEM [0 KHCIOTHOCTH BOJHBIX pacTBopax ¢ pH B unTep-
Base 5,58—7,42 npeobnanaromnieit GopMoil aFOMUHUS SIBISIETCS HEPACTBOPUMBINA THIPOKCHU] AJTFO-
munns Al(OH)) ; B menounsix (mpu pH > 7,42) — AI(OH),.

Hwxe nana rpaduueckast mHTEpIpeTanus pe3yabTaTOB pacueTa B BUJIC AUArpaMMBbl (puc. 2).
Al(OH);
|

Al l AI(OH)“H Al(OH), IAI(OH);
IllllllllIIIIIIIIIIIIIIIII[I’lllll'l'lll‘l—ll
0 1 2 3 4 5 6 pH7 8

Puc. 2. ®opMbl HaX0kKIeHUs ATIOMHHHS B pacTBope B 3aBucuMoctu ot pH cpenbi
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3. 3AKVIIOYEHUE

Takum oOpa3om, alOMUHUN CTAaHOBUTCS PACTBOPHMBIM MPU HU3KHX U BBICOKUX 3HAYCHUSIX
pH. TloHnMaHue KOHTPOJIS 32 PACTBOPUMOCTBIO ATIOMUHHUSI Ba)KHO, TOCKOJBKY €r0 TOKCHYHOCTH
MOXXET BBI3BaTh THOENb PHIO B MOJKUCICHHBIX MPECHbIX Bomax. Tak, mpu pH Hmwke 4,5 He
0oOHapyKUBAIOTCSI HUKAaKKWE pakooOpa3Hble, YIUTKUA, MUINU, U TIPU ITOM HE MOKET JKUTh HUKaKas,
MMeEIoIIas MPOMBICIIOBOE 3HAUYEHHUE, MPEeCHOBOAHAs pbi0a [13].

B Ttabnuie 1 mpuBeneHs! pe3ysibTaThl pacyeTa [#1](MOJIB/KT) — KOHIIEHTPAIUN YaCcTHII, B COC-
TaB KOTOPBIX BXOJUT KaJbIMKA B 3aBUCUMOCTH OT pH pacTtBopa. Pacdersl BBITIOIHEHBI C MIPUBIICYE-
HHUEM METO/[a KOMITBIOTEPHOTO MOJICIMPOBAHHS TS KOHIEHTpAH smementa 10~ (Monb/kr) 1 1as-

JIEHUs YTIEKHUCIIOoro rasa 3- 10" Oap; Temnepatypa pactBopa 25°C.

Pe3yabTaTrsl pacueToB (pOpM HAXOKIEHUS
KaJbLHs B pacTBoOpe

pH pH 3 pH 7 pH 12
Ca™ 4,36 4,15 5,48
Ca(OH)" 9,85 5,65 6,33
Ca(HCOs)" 7,19 7,34 3,66
CaCoOy’ 12,52 4,35 4,15

OTMeTuM, YTO HaJMYKE B BOJE PACTBOPEHHOTO T'MIpPOKapOOHaTa KalbliMs BO MHOTOM OIIpe-
JeNsieT BPEeMEHHYIO 'KECTKOCTh BOJbl. OmnpenesieHne KOMIIOHEHTHOTO COCTaBa BOJHOTO OacceifHa

nMeeT 00NBIIIOe 3HAYCHHUE TP OIICHKE MPUTOHOCTH MPUPOIHBIX BOJ IS PA3IMYHBIX IeJIel BOJIO-

moTpeOIeHUsI.
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b0odg ,,d0d0bodg JoamIo@gmdol® abols aozgoemgol. mgom dogdols 3OME YOS dgod-
@gds 0ol gOm-gOmo AmIgerodg: dogds ,,xg0 Logobgdo®, @mwgbsi Lofyolo §g@@o0-
@oEsh gggms abs gOmbso®o Lohjo@om goboboangds; gboli dogds mommgyer o@gee-
30530 dobodsgg@o  ©oGYogEgdom, Gmdaol 3OmEILPo abs yodygggme  3@odgdo-
9doo  >0Mhggs dobodogy®o  oxMmgogo  WoMgdagdom; 9g@moliGosgmoe  Js@mgoo
30m39b0, OMEgLsi dogdol aoa®dgagdols 3®o@gMoygdo Lbgowslbgs gg@oli@ogss.

943903 @0 LoliGgdol dbodgbgermgsbo 3mA3mbgbBos gobds®@gdols Jggboli@gds,
dobo o®@hggs 9JL3gOE Yo LolEgdol oggdol Jmdeggbm, dgmmbyg gRodse. 2obdo@@g-
0L JggbolEgdol doGomowo sdmEsbss dmdbds®gdaobmgol gJl3g®@ o LolEgdol
d9domdols Lbgowolbgs obi3dgd@ol oblbe.

dobo dgddbs dgdgy dobbgdl olobogl: g3sbygbml jombggdl Lol gdol mebols
yggers sb3gd@ol o dmJdgogdol dglobgd; dmdbdo@gdgenls dolzgl aobdo@Bgds, Gm-
dgemoi Jmgosbo o SIMITy@ogom 93slygbgdls dol dggombggdl; dmbobg@dbgdgeno
04l ggges 3B gam@00l dndbdo@gdaolaomgol — ©sdfygdowsb gdl3g@m@edwy.
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2063 gools ydo®@Bogglbo Lobgs 3olgbo gombgsbg @mwboli dsbols dobss@bols
dglobgd. mgdie, bdodow, gl s@slsgdodolos. yggarsby oo LoMomygang ©sjogdodg-
d9@0s  256doMFgdolmsob, @mam® 094gbgdl 3@ma@sds dobdo hogdye MwbsL s
5@ 0dol, Go ool g.f. Jmdbdodgdgands 9bws as0amlb by gemdol dodobs®gmdbs.

9JL39dH o LobEgdol dgddbols dgbymg g@s30 Ws3sgd0M oy os IMIbdo®gdgan-
056 YM00gHnmdols J3gbolRgdol s@hggolmsb. @owasb 9Jlsg@B e Lob@gdslmsb ¢b-
> 0d9doml  Lbgopslbgs 303 gam@ool  ssdosbgdds  (L3gEosmolb@gdds, dJmdbobymg
390Lmbognds s 5.9.), mommgygel bws dogigl LobEgdsbmseb yHmoghmJdgogdols dg-
Lodgogdamds. o3 bogombgdl (3md30y@g@msb gemogtmmds bbgswslbgs gbsbg — o-
Vdadamo  @osgmpyy@o 3@myGedgao Ggesddmmgdon ©s ©sdnsg@gdgmo 3Gmggbo-
gano  d3bgdMogo gbom) IMogogo @o@g@o@G Y@ 9dwgbgds s o dobbg 5@ godLxg-
S

slobd g, 9JL3gOE o LobEgdol dgddbol dmenm, d99J3Lg gBo30s Lodyogng-
ol s@hggs dolbo @goeobgdobmgol. @od@md@oge, ogo asbolsbrmgdgds LolEgdol

‘dgddbols dobbgdoom.

3. R5L3360

03 d9dmbgggsdo, GmEgbsi ®s0dg Lob@gds 0ddbgds sds gy 0d opgol gJlb3g@o-
49600 d9dm{dgdolomgol, MmIgaoi s ogdo@gdbyaos 3mwbol [omdmeagbsls s
dobbg Abxgemdols dgomEmasb, LsTdygomgdgdol Lsgomboli gobboangs dobobdgfmbogro
o0 5@0l; godyo s godmbo@gaos 3@sjGoggmse yggas bgedobs(gomdo Lbodygoag-
b5, g Logdodos Loddg(ggerm LolBgdol ob 3OmMAMAB030L dgJdbsbg Lodmgfggenm
350056@do dobo gowoygobologol, d5Dob os@hgyemo Ladysegdgbol g539]@gOmbols Lo-

300bo gom®glo® oG gomgaos.

R0BIAOB IS

L. 6. 56@5dmgo. [gomdmdo@oggdol  LolbEgdgdol Loodgommds.  Laobgenddmgsbgenm
gds@englo Lobfogan gdaadol LEywgbGgdolomgol. dmbimgo: LEH®moobos@o, 1982.

2. @. geoodosdgogno. Fyaol dofmegdols ©s gobsfoagdols LobEgdgdols Lsodgomem-
ds. dmbma®oggos. mdoaolo: @gdbogydo 9boggdlodgdo, 2011
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903 51:6

M60L LO3IIROL LBHIIBIGOL SdIdS
6330L303® KMd3MLA0

S, 3e03059g0a0
(Lodo@mnggeoml B gdbogydo 9bogg@lodgdo)

agboygdy: dgbfogeroeos bydobdogm armgmbdo s@mbydaaro dmbswpudo 390506506 coer-
3005 bobggbgdos od @rmgos0lb jogdodmo mbml bsdgaarmsb. godmygbgdaeos
d9@angdaemo  Rabfdmagdolbs s  3ybgdhogo  go@mwsedbgdol  domomswo
mg0bgdgdo. dobsdare godmygbgdgdo dmoogl dmwoarmdgdols d9digger  by-
3obdog®m  Jsmygdsdoym@m  dowgargdolb pansbb, dso Im@molb  [fyoaosb ©syog-
Jocgdga dmegergdbog.

boggobdm Lodyggdo: domgdsBoyamo @rmgo s 20BJ8MH005ms mger@mos; Gedmbos  omy-
G05; (5OISIEPIZ0S.

1. L5350

bod@mdols dobobos ermpambols @myogyg®o LEAOYJB®agdol dglfsgens Fm3mbms
0gO®0sdo  25dmygbgdoyemo  dgmmegdol  gomgomolbfobgdom. mamlido os@Lgdyeo
LEAOYJBYOgo0  Gm3mbol  dgbsdsdolbo LM YJBu@0ol dglybBgdage  goMosbdl {om-
Jooagbl.

2. I0800SR0 65V0R0

mbml Lodgyeo gfmegds 390d0bgols seragd@sl mMo gOmsEyomosbo m3g@sEm-
®om (H,V,EI), amdegdoi g9y >JLomdgdls o3dsgmeoa gol:
. Vp<p, p<3p;
2. VVp=2Vp, 3Fp<3Ip;
3. V(pAQ)=Vpavq, I(pvag)=3pviq;
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4. vi=1, 30=0;

5. Vp->VasVv(Vp->Va);

6. 3(pA3q)=3IpAadq;
7. Vip=3p, IVp=Vp.
9L Lodgygangdo dgdm@obognos mbml @maogzol 0bBg@3dg@sioobmgol, Omdgols
Ygbobgdsi  wofgMoggdom  Jggdmm  goboygd@gdm. LosobGgdglms @s dodo@mgdsdos
mbml Lodgnmgdo bofommd®ogom omoygdygan LodMogerggbmsb, Gmdggdoz doowgds

6950Ld0gMo 3oB gm0l Mmdogddgdowsb Sub gubdm@ols 3gdzgmdom.

3509dmM05L gfmegds Mgy ges@yeo, my:
L. aoohbos Lol®ygano mdogddo 1

2. bgdolidog®o A-Ls s bgdolidogdo B-mgols s@lgomols Ax B

3. goggemo | > A o I'5A m60 J39m009]H0bomgol s@Lgdmdl  mabsjggms
'Al = A,

4. bgdoldogdo f-mgol A—L5B o@lgomdl 9dzodglo | =B Jg9mdogd®o, oby-

0, HMJ

A

L
I
©0op®35 3mInAs30n@os. sligmo J3gmdogddo s@obodbgds Im( f)-om.

5. bgdoldog@o 3yandgzo 0bs@hybgdl Lobgl, 9. 0. bgdoldog@o 3ymdgz@osp@e-
dobogols

A——A

B ———B

oy Imf =B, d5dob Imf'=B".

09 yggews gl 300mds dgbegagdygeos, 35Tob  goBgamdosl gfmwgds @ gae-
@o@7mo. 50gb0dbmm Sub(A)-m0 bofommdGog wemsygdamo Lod@sgemy, Gmdgmog

86



dommobgobg®os, Nel-2(19-20), 2015 — Hydroengineering, Ne1-2(19-20), 2015 — I'mapoumxkenepus, Nel-2(19-20), 2015

Joowgds A J39m009dBgool 3gdggmdom f (o6 f7): Sub(B)—)Sub(A). >03b0dbeomm

0obomds, Gmdgmoi gmgge | =>B  J390609dpL gosbswgol I = A J3gmdogdd L,
doomgds Vgdegao 39mdg30059M53005b6 (3go®sE0©sb):

9L 0obsEmds sGol gubdm@o Sub(A)-bs ©s Sub(B)-l Fm@ol, asboboggds
OMYMO(3 o900l 3B JAMA0gdo.

9SO YE  35BJAMA0sL  gimegds  3o@BgaM@M0s  gogdmosbgbom, o o) dobo
6gdoldogdo A mdogddobmgol Sub(A) bofommd@og womspgdgmo LodGogmyg sGols
gbgdo wdgoGgbo gegdgbhom s 3) oy Bgdoblogho f-mgol f(f') obobogl
dgbg@ e 2590m05b69d5L s Yd306gL gergdgb@ .

6900L30gd  Gganmotam  Jodgam®osdo 1 gubJdm@olomgol glodargdgaros
200l do@Ebgbs ggeagdgmo gbHmo. oygds gdrgaboodse: yoggwo f -mgol,
f:A>B ©> yoggmo i-ogol il >A Ff(i)-00 spgbodbmmn Jggmdogddo Im(fei).
Jopgdnm Sub(A) mobsEmdsl mdogdGo spsdyoglh Sub(B)-do. ©sddg0Ggdgmos, GemI
Jomgdbymo  mobsmds #ubJ@m@os s GmI bydoldogH @gyumsGgE oG gaM®osdo
3f 3o63bgbs gymengdagmos f-mgol, I f—Ff.

3004300, MM Mgy YesOYo 35JYMA0s SO0l 3o@gam®os YV, 0y bgdoldogdo
f-ogol  f:Sub(B)—>Sub(A) s@bgdmdl, ol (f') Bodxggbs Fyneegdymos
V f :Sub(A) > Sub(B), f'-vf.

DGO ILIOYE 3OHJOID050S 25g000bgdom ¥ gfmegds dgoGobyol 3o@gamcos
oby @mambo. Lobgerfmegds 39000ba0l  3o@gam®os  3mdobs®gmdl ojoosb, ®m3
sbgo  godgamGosdo  Sub(A) bgdoldog@o A mdogddolmgol 3go@obyol sy gd@sls
Fo@dmopagbl. s@lgdmdls mmambol Lbgs 85685039853, G®Igmog 30dLL 93905600,
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o3 gobdodBgdols dobgogom @wmymbo gfmgds L go@dgam®osl, dmdgebsg

o) odgb Loldyano bwg@mgdo;

3) goggewo A-mgol Sub(A) dgo@obaols saagd@aes;

3) yoggmo f-ogol f:A—>B f7:Sub(B)—>Sub(A)-l goshbos dscxggbs o
dod3bgbs dgymangdyagdo, vV f, I f.

©) d93-dggoeogl 3o@mds.

403950 gmd9HG0PN0. ggordaGologol

g @0 25bdo@BHgods 933035 gbB@os. IR J03gdgEr0s,  ®md  bgdoldog®
wemambdo LOYgmegds dgdogyo mgm@gdgdo.
0gmmgds 1. bgdboldog® @mamldo ymggero f:A— B-mgol
f~:Sub(B)— Sub(A)
FoddmoEa bl Sub(A) s Sub(B) 3g0@0baol oy gd®gdol 3mdmIm@eobdl, g. o.

0bsbogl v, A, =, 993009l s Yowgl gagdgb@gdl.
0gmegds 2. dgdegao bodo 300mds 933035 gb@y@os bgdolidog® empamlido:

) Hf(p/\f’l(q))zq/\Hf(p);
2) ' (p=aq)=f"(p)=f"(q);
3) Vf(p:> f‘l(q))zﬂf(p):q ©> 0bobo k9dds@o@os.

9bs 500b0dbml, M3 @mamlbdo 0ddaogsios = doowgds, OOMyMOGE oMK ggbs
Ygnomodgmo 9dogao GabJdm@ols X=>(*):Sub(A) > Sub(A) sodgamGosdo s@ols
Jodxg9bs Ygnomadgmo g9b6Jdm@ols XA (*):Sub(A) > Sub(A) (X goJloGgdegeos).
3030Ggds, Mmd @mamldos sbgmo Jggmengds. Fo@mes, ymggemmgol oOLgdmdls
> Mmd Jowgdyemo ™m3gHo300  53dogmaomgdls  0d3gnogoool dmmbmgbgdl. ofgwsb
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hobl, B3 @maembol 306mdgdo Lsgdsmp demog@os ©s @emymlbdo godmgds Sub(A)

@bl Ladggmsp  0dGgl.  9306g9egl  gmgeols,  Lako®ms  Sub(A)  Jgodobaols
S gd®obg  aobolaobegdml I s ¥V m3g@s@mdgdo. gl m3g@s@m@gdo
2obolobwg®gds dgdwgyboo®ag:
i)=f"-3f(i), i:1>A
vi)=fT1-vEf(i), i:1>A
330605 053533 3030Mm, M3 Jomgdymo ™M3gHoGHMALo JsOmmoi ®bml  Lodg-
gl agodmggl (Sub(A);V,3) oby 9bs Fggedmfdmm, Gmd m3gGadmmgdo ogdsgn-
Qo gdl mbml sJlomds@ogol. dgywegdols 3o@mmbdgdo Imzgdyeo dgdmbgggologols
‘dgodengds aos0fgdml dgdogabso®ag:
p< f7'(q), 35906 wo Tbmmeme 35306, oy If(p)<q,
p<Vf(q), 35906 ws dbmemme 3586, oy f'(p)<q,
bgdolidogdo f, p s g-mgol

053533 303 mbml sJlomdols 1) 306mdgdo

0

p<Ipe p<f'3f(p)e3f(p)<3f(p).

1)
vp<pe IV i(p)<speVi(p)<Vi(p).

©530 039O YL 0.
©5353% 30Mm 2):
3p<dpe 73, 73, (p)< f'3f(p) <=3, {73, (p) <3,

(Gowpob T 390H06pgd0l Jmdmdm@eobdos)
gf‘laf(p)g f7'3f(p),
vVp2vVpe IV Y (p)< Y (p)e VY fV (p)2V, (p)=
v, (p)<V, £V, (p)S £, (p)< £V, (p).
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©53G 039O YL 0.
05359 30mm 3) 3ommdgdo:

(pva)=3pviq
933085 9bGg®os m@Go 3B ogools
(pva)<3pviq, I(pva)=Ipvig.
I pvag)z3pvige f3;(pva)= '3, pv f'3q,
pvg=p, pvaxq=f'3,(pva)>f'3p ps f'3(pva)=>f3q
(Gopaob 1 ©o 3 gub309000). gk
f73,(pva)= f'3,pv f'3q.
©0535dF 30Mm
f73 (pva)< f'3,pv f'3ge=
(1)
<3, (pva)<3;(p)vI; (a)=pvas< (3 (p)vI (a) =
< '3, pvi'3ge pvg<Ipvig,
dop@od P<Ip o g=<3q , sdo@md pvg<Ipvig.
©05dF) 30(3907L0 0.
Sbo@m0yg@Mo© od@o(3Lgos:
V(pAag)=vpavaq,
V(p/\q)ﬁ‘v’p/\Vq@
o 7V, (prg)< 7V, pafVigeV, (pPAg)<V pAaAY,q,
PAgS P s pAg<q= 7V (pag)<fV,p,
vV (pag)< V.= 7'V, (prq)< fV,pafvq.
053 30(3907L0 0.
V(pArQ)2VpaVae
eV (prg)2 IV, paf 'V ge £V, (pag)= (7, paV,q) <
(1)
&V (PrQ)2V,paY e pagz (VY paY,q)< pAg2 VpA Y
dog®od p=2Vp s q=V(Q, do@dmd pAq2VpAVYg ©s 3) 300mdgdo ©sIF3039-

dganos.
053593 30Mm 4) Jo@mdgdo:
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30=0< f7'3,0=0
(0 o5 50608bogl Sub(A)-1 dobodomed mdogddl (f:A—>B), 0,-0m spgbodbmm
Sub(B)-b Jobodognaydo  mdogdBo, obggy l-gee  dgdobgggedoz) < 13,00 o

f73,020. o f73;020. pogodpgogmo f73,0<0. 0=F7(0,) (Gopgob f~' 3godab-
3960l 3mdmdm@Robdos)

1)

f73,0<f7(0,)<=3,0<0, <0< f7(0,)

3op000 17(0,)=0 o <0<0, o %9ddomoGos. slggg V1i=1. VI<1 gbopos.

(1)

Vizle v f7() e v iz el> () o121
30603930 ©53HJ0GEIOE0s.
©5359030GOm 6) ©s 5) J0GHmdgdo:
3(pAdag)=3padqe F'3,(pa f’l)EIfq: f'3, paf'3lqe
<3 (p/\ f_lan):Elf pA3aq,
Bop@58 gl 30GEs306  30dmd0bsGmdl 392 mgm@gdol 1 Jo@mdowsk, 0w g-b
hogmgmon F;0-l Gomew. 5360w, 6) ©5IH0GIOYEos. ©359BFGON 5) J0GHME:
Vp— Vq<V(Vp—-Va) <
St Vipo VstV (v pofivg)e
e (VY ipoVa)< IV (VY pofvg)e
SV po>VasV, (fVp-o flqu)g

(1)
et (v, po>V,q)<tVpo> Vi ge 7V, po VgV, po flv g

9L 49ddo@0@0s s 30 5) 30MMds ©oIF 0390 Y00,
obans 083533 30mm 7) 3o0mdgdo:

AVP=Vp 933085 9bBg®os ™G0 3o@mdol: IVP 2 VP ©s VP VP. ofgesh 3odggao
gbowos (sgo@mn P-b Gmmdo VP ©s godmgoygbmo 1) 300mds). ©s35d@303Mm

vp<vpe 3, f'v, p<flv, pe

Q)
<3, 'V, psv, peflv, p<fiv,p
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@53 %9d3oM0@0s s SdM0ao VP =VP ©53H303Egogeos. ©ogsd@gocmn YIP=3p. ofo3
9L 93303905 933085 gbByMos M@0 3o@mdol: VIP<LIP o VIP2IpP. ogosh dodggm
gbowos, bognem Igmeg ©ogsd@3oEmm.
vip2dpe fv, f '3, p2f '3, pev, f '3, p23,pe
@prsvff‘lﬂfpgf‘lafps f'3, p.

sd@ogo, VIAP=3p 3000053 ©89E 3039090, g 0. 7) 300059603 ©5IE 0390800, 5I-
3500, 0535330390 O®MI bgdolidogd @mamlbdo LOYmEgds 1)-7) 306Gmdgdo. sdMoys, ym-
390 A-0mg0l; (Sub(A),f‘lElf,f‘IVf) Fo@dmopagbl mbml Ledggels ob9 dmbswa® 3g0@0b-
296 S go@sl. slisbodbogos, @M 1)-7) Jo®mdgdo sgomsm dgodangds ©sdGoEEglL, Sbg
30300, Lgms oBgam@ogmep 9gomgdols 30Mmdgdols s 1 Jmdmdm@gymmdols 3o-
b0l a009dg.  dopomomse,  PSIP  300mds,  GmIgmoi  aosn{g@mgds,  Gmama

p<f73,p, F90damgds ©0359G30G00 Fgdwga0 ©osy@edols 9dg9mom.

53 ©0530535%g Bogs ggo@oBo 3umdgzos -0l gobds@Egsom, bomem godyg jmdu-
Ao3oyg®os (I f -0l gobdodBgdom). gl go bodbogl, @mI 5@LYdMIL gOmsEgdmo (9bogg@les-
@a®0) obs®o C—>D, Gmdgmoi ©oop®sdol jodg@oconcdse 5J3ggl, dog@sd gl 6odbogl,
@md p< 73, p s8G0pem, P<IP.

3. RdL3360

emambdo  sOLgdymo  @maogy@o  LEHOYJH YOS  s@dmhbps oM 339 eo  JmWsE @O
Ao3ol mgolgdgdols dos@omgdgao. gl mgoligdgdo o6 gdmbgggs LOYms© dmsy®o @mao3zols
®50d9 dodomo LolEgdsl o 07gmomgdl @mambol LEH®YIH POl bmasemdsbyg, GHm3mbol
LEAOYJAgOslmsb dgosdgdom.
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3903 69.05.(0758)

0)30083930R®H™MI3SRN 3IBMEOL BI635IBSHMJOL
3905333 IBOL 3S6LOLR3MD

o. bdygodganody
(Lodo@mnggeoml B gdbogydo 9bogg@lodgdo)

agbogdy:  dybayengdaaos mgom deddoemmgdswo 396mbol  BgbsodBommdol dsbsbos-
mg93amgdoli (Bgbol oy bool, Bgbgoocgdol  jmg900309650b5 @5 (§g9bso-
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— 3,7-16,9%, dgmombobo — 0,6—-1,9%, olbEobo — 1,2—8,9%.

obo®hgbgdol  Lobom godmoygbgds slggg Ibbanol bsgoho, @mdgeroi  Jodog@o
g gbogrmdom sbanml sl godmol boJohmsb, doa@sd dgos®gdom g gobm@m
adbHO>JHam bogmog@gdol Bgosogh. Gdgoml Slggy dborgdgh GoMEE0L Gdogo bo-
Fogooligob, doEbs®olysb, Gmdgols sbo@hgbo dwows®os (3bodom — 8,3%.

LogmblgMgm odydoggdol dgogasm doowgds BAmds@ol sbo®bgbo. dol Lobwge®-
350 gm 094gbgdgb, Mmam® (3 ©5ds@gbom 3mI3MbgbRL  3mddobo®mgdyan ULsjg9ddo, OmI-
ol Jodogdo goagbogrmds dd@ogn dpamdomgmdsdo gbMoandos dmzgdyano.
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3b®ogro
A®3s@Gol 5bs@hgbol Jodoygdo dgoagbogmds
dohggbgdgano ddOog Jpamdo®gmdsdo, %

1. 3oa®@mbim3ogao Bgbo (Jyoeoo) 13,49
2. bozo®o 25,63
3. 3bodo 4,64
4. gx6goolo 24,69
5. 30m@Fg0bo 8,65
6. 95bm@m 9JuEOsJE Yo 299

bogmog®gds (496) ’
7. 3oeo3099do (Ca) 275 /30
8. gelgm®o (p) 2 /30
9. Logggdo gOmggeo (by) 0,38 32

do@oxbols dmbogaol s@gdolisl dobpm®bg Mhgds osbanmgbom 20 smslo Gmbs
do@oxbols gmho. ozl IFgobg RgM0 s Logdome Jgxmmaomo @g@m, dog@sd bm-
3900 o6 &odl, @oasb L3gzogogy®o bybo oJgl, doa®sd ABM-do dd@osgr dopmds-
9006530 3oGoMgoolsl doowgls sbo®hgbo, MMmAmoligsbsi gdgoeo wosdbowygl.

3. R513360

sddogo, hggb dog® dmygobogro bmyog®mo Lobmgam-Lsdgy®mbgm ©sbodbyang-
b0l d3gbo@ol smgdols ob go@sdydaggdol dgogasm wo@hgboao sbodhgbo ‘dgodangds
2odmygbgdaam 0bgl dgbmggegmdsdo Logggdsw ob bofogrmddog dmbogls dolo hom-
03> 3mddobodgdym Logggddo Lbgswslbgs Lobol gygomosbo bogmog®gdgdol dgloglig-

o, @53 256533 30(390L Logggd dobol s dowmgdymo 3GmEydiools mgomnmo®gdy-
@ gds dgo@gdom @odsgno 0]bgods.

R0BIAOB IS

L. o. hobsdgogno, 3. 306(35dg. 3bmggems 3396530 Lobmgam bsdgy@bgm Fo@dmgdols
s d09(g9mdbols sbo®hgbgdol godmygbgdol Mg3mdgbpsiogdo. 1977 §.

2. 5. &395Lgeo, o. hygdobodg s Lbggdo. Lobmgam-Lsdgy®bgm 3bmggamms Lob®m-
Mool domgrmaoydo Lbogydgangdo. 2010 §.
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903 636.32/38

LOJSBHMBIRML 3IGHLISAIMBS

3. 306(35dg, 6. MARSbgm0, b. bsGHMIgoemo, a. (3J3040b0dy
(LoJotmggenml Ggdbogndo gboggdlodgdo)

agbodyg: go Iy f9daaros  J9izbgo@gmdol  bemgowo dbodabgarmds o  bofs@mggarem do
o@bgdaaro sémmoggbacro vodgdol @ gsbegaro bogogrsgrem  Jogmdsm@gmds.
od IH3ar ol go@sbsdmgars  sy30er 3905 8@ 590900 @mbobdogdgdols

539 YSs.  Igbwgaro  gowsbsbygwowsb  @yBoraGoe  SGol  s@famoaro
A3 bgom9m30l bogogrsane Jdwogmdsmymde.

boggobdm  Lo@yggdo: zbgo@o; dogoy0; dsByero;  domdmsdo@y;  bodmgmaemo;  bGso-
@bs@emo; by ddoByarosbo;  bs bdsByarosbo; 3oyl @ agarmds;

3 bmggerdymoagarmdo.

1. L5350

dgbgo®gmods dgibmggangmdols gOm-gOmo oG0S, MMA@ol sdmisbss 3bg®ols
dmdgbgods  dgodgslo by gyeols (dosGymo, dogsgo, Byogo) ©o Logggdo 3GM-
©9JBgdol  (bodEo, ®dg, Jmbo) dobowgdo. do@gmolopsb dbspgds  do@ogn-
bodolbmgobo Jlmgogro, bmbo, bodswo, Jghs; 3bgmols Bysgolash — Jyddo, d97399e0;
@dobgob — domoao bodolboli yggemo (m9dydo, GmJgm@o, 3035006m, d@0obbs ©s
bbgs 65§ o®do).

Jo@omoo  3OmEY]dgool  dobgogom  o@hggeb  Fdobsds@ymosh,  bobgg@ow
(30bpsdo@yamosh, bobgg@om bgdds@ymosh, 9bgdds@ymoshb dodos@rm e gdgdl. dsmdo
2obolibgoggdgh  Lobm®g-Lods@yeyg, ULodo@ymg-Lodogosgg, Lods@yawg-Lobm@zg-bo®-
dgm ©s Lbgs dododmyangdgdls.

Loko®ms o@0b0dbml, dmd LoJo®mggemTo dgibgodigmds obGmmoygmse Lobm-
2oMgdM0g-odg@bgm  3bmg®gdol s Fo@dmgdbomo YHMogOMMdol  (3ge0agdgdols
YgboBygol gmbbgy gomodEgds, S3wgbo  Jgggsbsdo o3 (33E0engdgdol Mmobdben gdds
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bmGos@y®-9306m303790ds  go@M0s(30983s  mog30lgdyg®o oo wosligs dgibgedgmdols
@0l 2obgomo®gdalisg.

bododmggamdo d93bgotgmds hggbl Vammse@ogbgsdry ogm gobgomodgdygero,
JoMomos  bogbygamols ob bosdm@ols Lodmg@gdol bmbgddo, dygbgd®ogo Logo® -
@gdol @s530mboy®o 25dmygbgdols dgbodsdolsw. dggemogsbgg hodmysaodws Lsdo
Lol gdo:

1. 33w sdo®g-bodmgdyeno;

2. bodmg@yge-LEsEombs®yeo;

3. bodmg@dge-bobgg@oe LEsEombs@gao.

Jmdmsdo@g-bodmgdygao Lol@Ggds doMomswos s sdolmab yggeroby Gmymo ©s
0mgoeolifobgdls dJmgero [aol gobdogermdsdo dybgd®ogo Lodmg@gdol godmygbgosl.
sbgmo LolBgds aodmygbgdyemos 4obdgaol, ©9dgmol, mosbgmol, obdg@ol, mgersgol,
29Ox55b0L, Lowbswol, wgomamol{ys@ml s bbgs @s0mbgddo. dmoiagl Jggysbsdo
>Mbgdyamo  3bg@ol Jmarosbo @omEgbmdol momJdol 75%-U. bosdm@ols Ladmg®godsw
sdmbagangm  3og45b0mbols dmoli bmbol Mo0mbgdl 90-006 [argdsdwyg odmymaoao
3Jmbps bmesols ggao (©omgl@obo). obos®hgh @o0mbgdl 3o — Lobgerdfogml ‘dopbom
>@Lgdyamo  bodm@ol  bodmg®gdo. dobdogro  bogbymobs ©s  bosdm@ols  Lodmg@gdl
do@ol  dgoagbl  Jggybols dogboor 70-250 33-U, beoem  Jgg9bol aodgm  3Fygdlgdl
adoasaomgds  gfggoom  450-600 33-dpg.  bogbuymols dJmols  Lodmgdgdo  gobgns-
390905 bpgol mbosb 1700 3-bg dos@ens, beam bodo@ols Ladmg®mgdo 600700 3
Lodo@agbyg. Lodmg®ygan-bEsaombo®ygamo  Lol@gds bobosmegds odom, G®I  3bgsco
bmgdd@owsb  s3Momsdeg  boa @  33905bg 0dgmxgds s Lodmgdgdom gg® Lot gd-
@edl.  S3Mool dmam @oibggdosbh 3006 Jgdmeamdsdwg 3o 0dgg sberml 515 39-
by dpgdomg bogbymols Lodmg@gdl 094gbgdl. dgbobgol oblgmo LolEgds dgdmemg-
005 dmpasbmgiol, shogdomsdol, Foggol, dodyxmdols ws Lbgs Goombgddo.

Lodmg®ygen-bobgg@oe LEsEombs@geo dgbosbgols LoliBgdol dgdmbgggedo 3bgodo
bodo@oll 3g@omedo  bmgmgdol obgrml sOLgdym  bodmg@gdbyg o0dgmagds, bog-
byamdom 3o Ro@gbdo, bodo@ol saobsdymagmmsb dgoedgdom, sbenmdwgds®y
dool Lodmg@mgdbyg aowadysgm.
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2. 30600)5R0 65Y0R0

Lodo@mgganmdo pegobsmgol s@lgdmdl dgdogao sdm@oagbyeo s  godmygs-
bogro x0dgdo:

093960 x0Tl 3bgsdo — dJoowmgl XII-XIV boyyzybggddo @dmygao Losbsgnyodm
XgoO Yo Jgnmeom. BoJamdgb, G®mI obEmaoygmo bsds@mggeml dsdobpgan @ g@o-
HOGobY  yogdEmdgmo  bi@gdo  xgO  FgIxgoOgl  FOeTYG  3bi@oldop e
9bgddo@yemosh a@dgan s  3bodgywosh gg@mdgdl, dgdoamd  yo@sdowygemo  x0dols
39Mdgdl, OMIgeoE sEMg s sdgedosi dmdgbgdymos Mobsdgdmgg sbg@bdsoxsbols
A9O0GMG0sby ©s, mogol dbMog, Jowgdyamos ydosbo 3bgdgdom.

0dyao  3bgdol  hodmyoodgdols  3@mEgldo, Imdgbgdols s  Lgangiools
bobg@denog 3g9@omedo dodo@megobgb gbswem gJbBgmogdol, Lbgyaol 3mdds]@ydo
53909 gdols o  dopoMo  3mblEoRYEool  3bgMgbol  gowo®hggols o  dg@bggols,
5dobmob bgangdiombg@ms gy@smgds godobgomgdagemo oym sbggg dswogmo Labm@(3g
s bado@ymyg 3OmEyd@oygmmdols  dods@mymgdbom. mydy®o xodol  3bmggergdo
9JLBgH0gOYEs© 3md3sJGPMgoo sMosb Lsgdsm Log@dol Lbgymom, Gmdgmoi sbggy
Low®dgdoi godgo oJgl aobgomsmgdyao, joy@gdo s dgemgdo Lsdygsenm Lolibe-
Lo, dogo®o, gogs mebsg w@odobgdymo, henodgdo dsps®o, mogo Lodygsam Lowowols,
L{m@o  3@mgomon. gg@dgol  oboboosmgdm  godgom  gobgoms®gdyemo  L3o@sgry@o
MJgdo, @53 domo 3mbLEodyiool Lodsgdgby dgdyggergdl. dos@dyeo mgm@o ggdols,
0030030l ©5 goOESI>go@o bmd3mgdol oo Momegbmdom dgdiggeros.
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9bgdo g@sJ3os MESS, sdo@mI bygemoon Jmbobyxgolsl do@ymo @dognos, dbob-
3o@g, dowoeo  Lodog@ol, ©AgzoEmbol o geoliGogy®mdol, IgEgmbs ©s jowe-
M96bg Logdome dg3d0 ds@yemom.

09dyg®ao x0dol 3bgAgdo Lodygs@m @obopmdolss. GHodyg®o ggadgdol miEbogno
dobs 70=75 3ga-b, bg@dgdols go 4045 3a-U dgoagbl. do@yeols bods@lol Lowowy,
dgbodsdolbow, 4,5 s 3-3,5 3. @odBocoymo dg@dggermds — 80-90 sa-dcg.

0ydyao xo0dol 3gbgodo dmdgbgdyeos Jgg960L bgdoldog®d bmbsls s @s0mb-
‘do, goblogym@dgdom J3gqgbol dwosh bmbsTdo. dol Imdgbgosl dobwgggb hO@ogrmgm
39845b05do  (owgli@obo, hghbgmo, obyydgmo s Lbgs). 3g@b3gdBogsdo mydyg@o xo-
‘dol 3bg@ols dmdgbgdol, LOymymagols s Lakodm Lygmmomdol dmddsgagdols dga-
gy 3odmygbgdygmo gbws 0dbgl dLgo@dsld@edygmo Lgagdios. yotws o3 Godol I4-
Pomdols, Y30 gdgeos  3oydxmdgbegl 3bmggmms 339d0Ls s dmgans-dgbobgols
300mdgb0(3.

0dga o 3bgoo — 9dgganglo s gmaby® x0dmsb 29bgBo0g9dom dmbsmgliogy
3bgo®o. s3509d03mbo 0356y xogobodgoao ol Jo@myeo ogogobsgoobs ©s  Jeeo-
A6l mEbse dgayese doohbggl. ogo Jowgdygeos gdggerglo gomenbydo bobds@y-
@osbo  3bg@oli  Lbgowslbgs  9bgddo@gmosbo  3bg@ol  x0dgomsb olGmaoyasw,
boby@derogo 3g@omols dobdognbyg dgxgodgdom s dmdgbgdoom.
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0dg@ o xo0dol  3bg@ol 3mTdgbgdsl doGomswse Jobrggebgb  bo®ogsyaols,
bgbRogmbol, mghxmemol, Lshbg@ol, Losoyg®ol, dssmols, gobol, bmbol, {ysm@ey-
dmb s bofommd@og Gyodbygmols s 5ddOm@sy@ol Gs0mbgddo.

Lodseom @obdm@dhogo 3bgdMgdos, bo@Eobs s do@gmol dowsao bo@olbom.
bg@dgdo o ggMdgdo GJosbgdos, agbgogds 9@ Jm 9abgddaemgbo. dmere dmbszgdyg-
dom, 3gMdgbdol 3m@bogro dobs 35-40 3a-deg s@(g93L, bg@dgdols — 25-30 3a-dwyg. do-
Aysols bads@lbo, dgbodsdolow, 2,0-2,5-1,5-17 3a-0s. bogmgogdgds — 200-250 d5@ 3060
ymggen 100 posmengdyga by®dbyg. dg@dgnammos odognos.

0d9@ 9o  3bgAol mogolgdy@dagds: odal dg@o dogodo 3mbLEoGYE0s, doby
dmd@sg0s, aodmodhggs 333003beo  G9d3g@sdgbGom. godase o3l aobgoms®gdyemo
©gEmbd@030 0bLHbJH0 ©o SS3GSE00L  YboMo. 0Fsbl  LEsEombsGYm s dmdmo-
doMg dgbobgols o IFod 33900Lo3.

Lbgs x0dgdolopob d339ms@ aoblbgogogds g9bg@scoygmo g9biEoom, @emdgen-
05256 goblogym®gdyge gu@smgdsl 0dboby@godl:

L. 3m@ogbd@ygamds — @ol dobgogomsi ol d@sgamegds Fanol bgdolidogd
OMb; ospm@mgdosb 21-g mgbg 0bg@dgds; 2. s@gymmds — 0dg@ygmo 3bgo®o
0bg@Mdgds. 11-12 mgols dodso 99339 ©O@Egds ©s byMdgdol xaygndo gowswol. do-
3960l boby@denogmds — 138-142 ©@ge; 3. I@ogogboymegog®gds — goo ©@o@meng-
d5bg gMmo bgddowsb dgodangds dogowmm 2 ob 3, 0dgosmoe 3—4 do@gobo; 4. doo-
o 3bmggadymggamds — sbodmdogro odswgdols dgdwgy doang ©ygds, Jmd@sgo
> 25ddgngo.
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2oblogym@gdom  godmodbggs 0dgHygamo  3bg@ol be@Eo oo gymobs®oyao
0g0bgdgdom s oTgodo  goblbgogogds  goggolosdo  dmIgbgdyemo  Lbgs «xodol
bgMgdolash bodiol b3gzogosg®o bybols s@ss@lgdmdom.

Jodmymo bobgg@ow bobds@yemosbo (3bodgywosbo x0dol 3bgo®o — godmyge-
bogros Logo@gxml @sombols “gosdbml” dgiabgeo®gmdol boddmms dgy@dbgmdsdo 1936-
1948 (angddo, Lobgadfogem 3@gdools @osy@os@ol, 3Gmeg s@dhoa  bs@@mdgogols
dog®. 53 x0dol godmygsbols Jobosbo ogm dogomo bobggdow bobds@anosbo bgdol
x0d0  3bodggeosbmsb dgafgdom, odobmob oMo bws gmgogoygm dgaeggdgeo
Jmdmsdos®g 30090, mydy@ 3bgo@msb dgoodgbomn Isb 9bps dJmbms Jowsaro
Lobm@(3g ©o Lodo@ymrg 3OmEy]@ogmmmds, bagmaog®gds s dgadgymmds.

Jodomgmo 3bgo®o hodmysgodgdymos dod@ogo Losbogaodm xgo®yeo dgmnm-
©om. §odmygbgdbymo ogm mydyg@o xodol I jaosbolbs o bofogmddog garo@y®o
X980l bg@dgdo, Gmdggdoi dgyxgogh Lobm@g-Lods@dymyg dodo@mya gdols 3@ g-
30bol x0dol gg@dgdl. dgxgo®gds (o@do®mgl Fi s F2 momdgdols Lalig@ggero Godols
bmggegdol Jowgdsdwg — dogodo gmblBodyicos, 9bsgerm gdlEgMog@o gomagsGM-

gobo do@ymom, g@dgeno (3bod ygwosbo.
53MmmMbs300l dmdgbBobomgols 53 x0dol 3bgo®o bolbosmgdbmws 3GMYJE 0y m-

ol dgdgao dohggbgdagdom: m@Ebao dsbs: gg@mdgdol 80—85 3a, bgddgdol — 45-50
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3 35090l bado@lols @omegbmds, dglbodsdobsw, 4,5-50 3y wo 3,540 3o, 39adgy-
@mds — 90-110 3y, bogmxzogtgds — 107—110 35 35bo, Is@yeols Logymdg — 9—-12 3.

Joomygmo xo0dol gbgodo Fodlbyado aoM33999e0 3m3ygodmdomn Lodygoenmo-
©s, 35dgogom hobgmdo, Jnbmmengmnls s Lbgs 3gbmdger J399696do.

5Q0@mdM03 3bgMgdmsb dgxgodgdols abom 3bg@oli sbogno x0dgdo odbs go-
dmyggoboaro. 53 x0dol 3bgMgdo godgybyme Jodasw godmoyy®gdosb dgdmwamdon,
Loboggbygenem osaowgdol dgdwgy ©o dolmgol ©sdsbslbosmgdgen 3GM©YJBogemdsls
065@hybgdgb (erol dobdognbyg, bm@dseny@do 339d0Ls s dgbobol 3o@mdgddo. {o-
boowdwgy d9dmbgggedo, 35@lgols bm®dogny® Lgbmbodwy, Lbgyanbg oGyl jodyo-
396 o697 20Mm3935L goboEosh, Mo od xo0Tdobomgol dobzogdgdom @0l dJohbgyeoo.
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2-3-Faposbo  godmgmabargdol dgdegy  bogsdmggmem@o  dggbgadgmds  ggensg
53990 bl wosys. YgI30Mgdgmos AMaMA3 3009FYz0l Lygemopmds, sliggg dobo
930D aoBobol Iohggbgdgmo. Lodmg@gdol ¢zde@olimded s dolby owslob-
>0l bOPSd YoMymomo dgogao dJmo@obs. o3gsdo dEamdo®gmds Logdome  aoG-
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SUMMARIES

UDC 628.2

DETERMINATION OF THE RESERVOIR EUTROPHICATION. L. Ghogheliani,
E. khatiashvili, Z. Askurava // Hydroengineering. Ne1-2(19-20), 2015, pp. 6-9.

There is discussed article the reservoir eutrophication process and mathematical model of its
development is created. The nutrient inflow from the catchment - area, that caused by both of the
ongoing natural processes (precipitation, soil erosion, etc.) as well as in a result of human activities
is considered. The transformation of the nutrients concentration in the water reservoir is studied.
Based on the values of the nutrients concentration the degree of eutrophication is determined and its

forecasting is made.

UDC 627.8

INTEGRAL FORM OF A HYDRAULIC EQUATION OF A STRATIFIED-DENSITY FLOW,
WHEN THE LOWER FLOW IS THE COLLAPSED ROCK MASS INTRUDING INTO THE WATER
RESERVOIR UNDER THE ACTION OF SEISMIC FORCES. L. Gogeliani // Hydroengineering. Nel-
2(19-20), 2015, pp. 10-18.

In the published fundamental works about hydrodynamic theory of mud streams, avalanches and
landslides, the calculation of their characteristics, seismic forces have not been taken into consideration. That
is why we additionally introduce the seismic force into the dynamic equation since the crumbling slope is po-
tentially dangerous, because it may be set in motion under the action of a seismic shock of certain intensity
and direction.

UDC 627.81

COMPARISON OF CALCULATED DISASTROUS WAVE GENERATION AND PROPA-
GATION CHARACTERISTICS IN RESERVOIRS WITH MEASURED ONES. L. Ghogheliani,
E. Khatiashvili, Z. Askurava // Hydroengineering. Ne1-2(19-20), 2015, pp. 19-24.

There is discussed comparison of the results, received by calculation (method designed by
"Tbilckalgeo*) with the Vajont’s disaster data.

Because of the mathematical nature difficulties of earth soil intrusion into the reservoir, it is
necessary to carry out the so-called "calculation simulation". The developed theoretical methods are
compared to events that have already occurred.

There is discussed the motion, when the invading rock massif is partially submerged under
water. In determining parameters of the compulsory waves, only the laws of energy and mass con-
servation are used. For the case of the surf stream height determination, the hydraulic approach is
used.

The calculations are compared with the results of the Vajont’s reservoir disaster. Results

coincidence are good, the discrepancy is about 12-15%.
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UDC 626.823.93

REGULARITIES OF TRANSIT TRAFFIC FLOW IN RIVERS. L. Klimiashvili, D. Gu-
beladze, D. Gurgenidze, M. Natsvlihsvili / Hydroengineering. Ne1-2(19-20), 2015, pp. 25-30.

There is discussed the issue of underground streaming movement in ground. The induced
streaming dependence on streaming hydraulic opposition is revealed. The dependence of bed capac-
ity integral characters is revealed to be calculated.

UDC 626.823.93

CHARACTERISTICS OF RIVER-BED PROCESSES. L. Klimiashvili, D.Gubeladze.
I.Kruashvili, D.Gurgenidze // Hydroengineering. Ne1-2(19-20), 2015, pp. 31-35.

During the research of water erosive process, one of the most important issue is learning hyd-
rodinamic structure of streaming, at the bottom and the near by layer, because it causes deformation
of bed, transformation of velocity field and the intensity of turbulent mixing. Nowadays, in the bot-
tom layer of open bed streaming, with the dependence of induced feed, improving the calculation of
bed deformation is the main issue about learning the water erosive processes

UDC 631.626.3

IMPROVEMENT OF WATER REGULATION TECHNOLOGY ON DRAINAGE SOILS
BY THE DRAINAGE-MODULAR SYSTEMS WITH MULTIGRADE ADJUSTING DRAINS.
R. Tkachuk, N. Tkachuk, A. Rokochinsky // Hydroengineering. Ne1-2(19-20), 2015, pp. 36-46.

There is considered improved construction of drainage-modular systems with multigrade drains,
with water regulation technology of drainage soils. Dependence between cumulative run off from tra-
ditional drains (stacked on the same depth) and drainage modulus from multigrade connection of ad-
justing drains, also method of calculation parameters of drainage-modular systems are obtained.

UDC 541.8

DETERMINATION OF THE OCCURRING FORMS OF CHEMICAL ELEMENTS IN
AQUEOUS SOLUTIONS. I. Berdzenishvili, K. Kamkamidze, D. Kiknadze // Hydroengineering.
Ne1-2(19-20), 2015, pp. 47-51.

The paper is devoted to the numerical modeling of the behavior of elements in aqueous solu-
tions. The algorithms for solving this problem are presented. It is shown, that in aqueous solutions
as a result of hydrolysis reactions pH values have been changed. The occurring forms of aluminum
in different environments are calculated. The dominant forms of calcium depending on pH values of
solution are revealed.

UDC 621.1: 621.6

ANALYSIS OF REAL THERMODYNAMIC CYCLE OF THERMAL POWERED MEM-
BRANE PUMP. I. Shekriladze, M. Meparishvili, E. Machavariani, g. Gigineishvili / Hydroen-
gineering. Ne1-2(19-20), 2015, pp. 52-60.

There is analyzed the real thermodynamic cycle of thermal powered membrane pump. Design
equation for defining the pump efficiency is received. Numerical model of the cycle is developed
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allowing to determine parameters of the cycle for different initial conditions. There are represented
the results of modelling.

UDC 621.1: 621.6

CREATION OF EXPERIMENTAL MODEL OF THERMAL POWERED MEMBRANE
PUMP AND INVESTIGATION OF THERMO-HYDRODYNAMIC PROCESSES. 1. Shek-
riladze, M. Meparishvili, E. Machavariani, G. Gigineishvili, J. Rusishvili, D. Shekriladze //
Hydroengineering. Ne1-2(19-20), 2015, pp. 61-69.

There was created experimental model of the new modification of thermal powered mem-
brane pump. There were investigated amplitudes of the heating surface temperature pulsation and
liquid piston replacement and correlation between them. Interrelation between efficiency and useful

head also is studied. The ways of further sophistication of the pump are outlined.

UDC 551.578

DETERMINATION OF CHARACTERISTICS OF WAVELIKE DEBRIS FLOWS IN THE
DEBRIS FLOW CHANNELS. E. Kukhalashvili, I. Inashvili, K. Bziava, 1. Kruashvili, D. Lort-
kipanidze // Hydroengineering. Ne1-2(19-20), 2015, pp. 70-74.

The break-through of the dam in mountainous terrain leads to the formation of destructive
waves with increasing erosive energy, which quickly are transformed into the debris flow. In this
paper there is an attempt to solve the calculation problem of one direction's long waves in debris
flow. Using the obtained calculation dependences are possible to determine of flows height take in-

to account waves height and rheological parameters.

UDC 628.1

REGARDING TO THE FORMATION OF DEFECTS IN THE SYSTEMS OF WATER-
SUPPLY UNDER MECHANICAL IMPACT. L. Klimiashvili, M. Natsvlishvili / Hydroengineer-
ing. Ne1-2(19-20), 2015, pp. 75-79.

There is considered the process of formation of point defects in metal pipes, used in the sys-
tems of water-supply under mechanical impact. A dislocational mechanism of a stability loss of
metal elements is analyzed, the mobility of which in two intersecting planes of slip may lead to the
formation of cracks.

UDC 627.8

REGARDING TO THE FORMATION OF EXPERT SYSTEMS. L. Klimiashvili,
M. Natsvlishvili, D. Gurgenidze // Hydroengineering. Ne1-2(19-20), 2015, pp. 80-84.

There is considered process of detection of key concepts of the problem sphere and formation
of expert systems. Choice of adequate ways of implementation systems and subsystems of interac-
tion with a customer, the ways to obtain knowledge from an expert, its transmission, performance

and management strategy are analyzed.
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There is determined, that for the experimental check of any idea, for its further transfer to the

industrial version, efficiency issue of the chosen means is becoming urgent.

UDC 51:6

CONSTRUCTION OF ONO TRIPLET STRUCTURE IN ANY LOGOS. A. Klimiashvili
/I Hydroengineering. Ne1-2(19-20), 2015, pp. 85-93.

There is studied logic of monad heighting in any logos. There is shown the connection of this
logic to the triplet Ono. There is used fundamental properties of joint functors and natural transfor-
mations. Applications possible include the class of any mathematical models contained modalities,
including models connected with water.

UDC 69.05.(0758)

DETERMINATION OF SELF-COMPACTING CONCRETE MOISTURE PERMEABILI-
TY CHARACTERISTICS. A. Sakvarelidze // Hydroengineering. Ne1-2(19-20), 2015, pp. 94-100.

There was carried out the experimental theoretical investigation on determination of compo-
site moisture permeability characteristics. The technique of research conducting is given. There
were tested sample-cylinders (d=70 mm I=70 mm) of age 28 day with moisture content of 3,95% (on
weight). Before testing samples were isolated on both sides by paraffin (infinite cylinder) and put in
environment with air relative humidity of 20%. In this state they were dried. The free drying from
side surface of the cylinder had place (i.e. the talks of infinite cylinder in boundary conditions of the
third type was realized). The experimental time-depended curve of material drying is determined.
The theoretical expressions determining the cylinder humidity for any moment of the time are giv-
en. As a result of comparison and analysis of experimental and theoretical data self-compacting
concrete permeability characteristics there have been determined: coefficient of humidity diffusion,
coefficient of moisture transmission and specific coefficient of moisture transmission have been de-
termined.

UDC 636.32/.38

GENERAL DESCRIPTION OF THE REMAINS OF AGRICULTURAL PRODUCTION
AND INDUSTRY, USED IN ANIMALS FEEDING. M. Tsintsadze, N. Orjaneli, N. Natroshvili,
G. Tskvitinidze // Hydroengineering. Ne1-2(19-20), 2015, pp. 101-104.

There is presented the general description of the remains of the agricultural production and
industry used in animals feeding. Based on study of chemical composition has been revealed the ex-

tensive opportunity in their usage in feeding of various species of agricultural animals.

UDC 636.32/.38

SHEEP-BREEDING IN GEORGIA. M. Tsintsadze, N. Orjaneli, N. Natroshvili, G. Tskvi-
tinidze // Hydroengineering. Ne1-2(19-20), 2015, pp. 105-112.

The article describes in details deplorable state of sheep-breeding existed nowadays and the
necessity to carry out number of events for solving these constraints. The article specifically identi-
fies the ways to solve these problems.
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PE®EPATDI

YK 6282

YCTAHOBJIEHUE YPOBHS 3BTPO®UKAILINNA BOJOXPAHUIINIIA. I'oreauanu JL/L.,
Xatnamsuiau J.b., Ackypasa 3.U. // I'nagpounkenepust, Ne1-2(19-20), 2015, c. 6-9.

B craree paccmartpuBaroTcsi mporecchl dBTpoduKanuu BomoxpaHwinmia. Co3maHa mate-
MaTU4eckas Mojellb. PaccmarpuBaeTcsi MPUTOK OMOTCHHBIX COCIMHEHUH C TEPPUTOPUU BOJIOC-
OOpHOM IMIOMAAN, KaK U3-32 MPOXOSAIINX €CTECTBEHHBIX MPOIECCOB (OCAIKH, SPO3US MOUB U T.1.),
TaK U BCIJIEJCTBUE aHTPOIIOTCHHOM EATEILHOCTH.

W3zyuaetcs TpaHchopMaIs KOHIEHTpAIMA OMOTCHHBIX JIEMEHTOB B BOJOXpaHmiuiie. Ha
OCHOBAHMU 3HAYCHUN KOHIIEHTPALUU OWOTEHHBIX 3JIEMEHTOB ONPEAEISCTCS CTENEeHb 3BTPOQH-

Kalli1 U BBINIOJHACTCA MMPOTrHO3UPOBAHUC.

YK 627.8

NHTEI'PAJIBHAA ©OPMA TUAPOJUHAMUYECKOI'O VYPABHEHUA YACTOTDBI
PA3HOIUIOTHOCTHOT'O TIOTOKA, KOI'JA HIXXHUIM CJIOM TOPHOI'O ITOTOKA IIO/I
BO3JIEICTBUEM CEMCMUYECKUX CUJI BTOPTAETCS B BOJJOEM YEPE3 MACCY Ob-
BAJIO-OIIOJI3HEBOI TOPHOM TIOPO/IbI. Foremmanu JIJI, // Tunponrkenepus, Ne1-2(19-20),
2015, c. 10-18.

Ilo ToM aKTyaJIbHOW IIPUYMHE, YTO CKJIOH FOPHOTO BOJOEMA MOYKET IIPUMTHU B JBUKEHUE IO
BO3JCHCTBUEM CEHCMMUYECKUX TOJNYKOB, @ B CYHIECTBYIOIIMX (DyHIaMEHTaNbHBIX paboTax THI-
POIMHAMUKH Pa3HOIUIOTHOCTHOTO MOTOKA, KOTJa HUXHUH CJIO0H MpeAcTaBiseT 00Bal0-0M0I3HEBYIO
Maccy FOpHOM IOPOJbI BTOPTIIEHCS B BOJAOEM, B YPABHEHUSAX HE YUUTBHIBAIOTCS CEMCMUYECKUE CH-
Jbl, B IaHHOW pa0oTe NMPUBOJAUTCS JaHHOE ypaBHEHHWE TMIPABIMKHU PAa3HOIJIOTHOCTHOTO MOTOKA C

Y4€TOM FOPU30HTAIBHBIX CEHCMUYECKUX CUJI U JAETCS UX MPUOIMKEHHOE HHTETPUPOBAHUE.

YK 627.81

BO3HUKHOBEHUE U PACITPOCTPAHEHUE KATACTPO®UYECKHNX BOJIH B BO-
JOXPAHUIIMIIAX 1N COINIOCTABJIEHME TEOPETUYECKUX PE3YJIbTATOB C HATVYP-
HbIMU NAHHBIMU. TI'oresmanu JI.JI., XatuamBuau I.b., AckypaBa 3.U. // I'mapounxe-
uepwust, Nel-2(19-20), 2015, c. 19-24.

B crarbe cpaBHHBaAIOTCS pe3yJabTaThl pacyeToB 1Mo MeToauke « TOmIKanireo» ¢ TaHHBIMH 10
BaitonTtckoii katactpode.

W3-3a TpyIHOCTEH MaTeMaTHIeCKOro XapaKkTepa, BOZHUKAET HE0OXOAMMOCTh IPOBE/ICHUS T.H.
«pacdeTHOro MojaenupoBanus». [Ipu 3ToM pa3paboTaHHBIE TEOPETUIECKIE METOIUKH COTIOCTABIISI-
I0TCs C SIBIICHUSAIMU, KOTOPBIE YK€ NMpou30onuId. PaccmaTpuBaeTcst IBUKEHHE, KOTJa BTOPratOIUiCs

TOPHBIH MacCUB YaCTUYHO MOPIpYyKeH oA Boay. [Ipu ycTaHOBIEHUM MapaMeTpOB BBIHYXJACHHBIX
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BOJIH HCIOJIB3YIOTCSI TOJBKO 3aKOHBI COXPAaHEHUs DHEPruM M Macchl. [Ipu ompenescHuu BBICOTHI
HOJHATHS IPUOOWHOTO MOTOKA MCIOJIB3YETCSl THAPABIMUYECKUM MTOIXO/.
PacueTsl cpaBHUBAIOTCS ¢ pesynbTaTamu BaiionTckoil karactpodsl. CoBnaaeHue pesyib-

TaToB Xopolee, nopsaaka 12-15%.

YK 626.823.93

3AKOHOMEPHOCTHU JIBUWXEHUA TPAH3UTHBLIX [IOTOKOB B PEKAX. Kanmu-
amBuim JILJ., I'y6enanze [1.0., I'yprenunze /A.P., Haupaumsuaun M.H. // Tunpounxene-
pust, Ne1-2(19-20), 2015, c. 25-30.

PaccmarpurBaroTcs MOBEpXHOCTHBIM MOTOK M MOJI3EMHBIE TEUECHHUS B CJI0€ TPYHTA JIOXkKa pycia.
BrisiBieHa B3aUMOCBSI3b JBUKCHHSI HHIYIIUPOBAHHOTO (DUIBTPALIMOHHOTO TEUYCHHUS U €0 BIHSHHE
Ha THJIPABJIMYECKOE CONPOTUBIIEHUE BOJBL. Y CTAHOBJIEHA 3aBUCUMOCTD ISl pacyeTa HHTErPAIbHBIX
XapaKTepuCTHK noTtoka. [lomyuena 3aBucuMocTh, onpeaensionias ko3pPUiuneHT rugpaBIndeckoro

COIPOTUBIICHUS MHTETPAJILHBIX XapaKTEPUCTUK MPOITYCKHOM CIIOCOOHOCTH pycia.

YK 626.823.93

OCOBEHHOCTHU PYCJIOBBIX IMPOLIECCOB. Kaumunamsuau JIJ., I'ydenanze 1.0,
KpyamBuau UI'., I'yprennaze .P.// T'mapoumxenepus, Ne1-2(19-20), 2015, c. 31-35.

UccnenoBanue BOAHON 3po3uM B pycie SIBISETCS OJHOM M3 OCHOBHBIX 3a/lad MpPHU H3Y-
YCHUUN CTPYKTYPbBI THUAPOAUHAMHUYCCKOI'O BO3I[€I>1CTBPI$I IIOTOKaA Ha TCEYCHHEC B HUXKXHEM CJI0C
TPpYyHTa, KOTOpOE OIpenenseT aAegopMaiio pycia, Mojie CKOPOCTeH W MHTEHCUBHOCTH TYpOy-
JIEHTHOTO TEPEeMEUINBAaHUS BOJBI.

B Hacrosimee BpeMsi OTKPBITBIM OCTaeTCsl BONPOC YCOBEPIIECTBOBAHUS PACUYEeTOB JIBU-
JKCHHA BOJbl B HHXXHCM CJIOC T'PYHTA, BBI3BBAHHOI'O HWHAYIHWPOBAHHBIM TCUCHUCM. I[a.HBHGI\/'ILHee
COBEPILIEHCTBOBAaHUE METOJIOB pacyeTra IPOIECCOB BOAHOW 3pO3UU B pyClie SBISETCS OJHUM

M3 aKTYaJbHBIX 3aJa4 T'MAPOAWHAMUKHU.

YIK 631.626.3

YCOBEPHIEHCTBOBAHUE TEXHOJIOI'MM BOJOPEI'YJIMPOBAHMA HA OCYIIA-
EMBIX 3EMJIAAX APEHAXHO — MOJYJIbBHBIMU CUCTEMAMMU C PASHOYPOBHEBbBIMU
PEI'YJIMPYIOIIUMU JIPEHAMMU. Tkauyk P.H., Tkauyk H.H., Pokounncokuii A.H. // I'uxa-
pounskenepust, Ne1-2(19-20), 2015, c. 36-46.

PaccMoTpeHb! ycOBEpIIEHCTBOBaHHAs! KOHCTPYKIMS APEHAXKHO - MOIYJIBHOM CUCTEMBI C pa3-
HOYPOBHEBBIMH JIPEHAMU U TEXHOJIOTUS BOJOPETYJINPOBAHUS OCyLIaeMbIX 3eMenb. [lomydeHs! 3a-
BUCHMOCTH CYMMapHOI'O0 CTOKa C TPAAULMOHHBIX JPEH (YJIOKEHHBIX Ha OJUHAKOBYIO INTyOUHY) U
JPEHaXHBIX MOJYJEH C pa3HOYPOBHEBBIM MOAKIIOYEHUEM PETYIUPYIOLUX JPEH U METOAMKA pac-

4yeTa apaMmeTpoB JIPEHAKHO - MOJIYJIbHON CHCTEMBI.
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YK 541.8

OIPEAEJIEHME ®OPM HAXOXAEHMNA XUMUWYECKUX 2JIEMEHTOB B BOJIHBIX
PACTBOPAX. bepazenumBuian U.I'., Kamxamunze K.H., Kuknanze /I.JI. // Tuapounxenepus,
Nel-2(19-20), 2015, c. 47-51.

Pabota nocssiieHa 4uCIEHHOMY MOJEIMPOBAHHIO TIOBEJCHUS YJIEMEHTOB B BOAHBIX PACTBOpAX.
IIpencraBieHbl anrOpUTMBI PEIIEHUs JaHHOW 3anadu. [TokazaHo, 4TO B BOJHBIX pacTBOpax B pe-
3yJIbTaTe MPOTEKAHUs peakuuil runponnsa usmensiercs pH pacrsopa. Paccuntansl popmbl HaX0XK-
JICHUS ATIOMMHUS B Pa3HbIX cpenax. BolsBiieHsl qoMuHUpYOmKe (OpMBbI KaJIbIMs B paCTBOPE B 3a-

BUCHMOCTH OT BCJIIMYHH pH

YK 621.1: 621.6

AHAJIN3 PEAJIBHOI'O TEPMOJWMHAMMYECKOI'O HMKIIA HACOCA C TEIUIO-
BbIM ITPMBOJIOM. lexkpunanze WU.I'., MenapumsBuiu M.P., Mavasapuanu E.C., I'uru-
HenmBuim I'.U. // Tunpourxkenepus, Ne1-2(19-20), 2015, c. 52-60.

[IpoBeneH aHanu3 peajsbHOTO TEPMOJUHAMUYECKOTO LMKJIA HAcOCa C TEIJIOBBIM IPUBOIOM.
[Tonmy4yeHo pacueTHOe ypaBHEHHE sl KO (UIMEHTa MMOJe3HOTo JeiicTBus. Pazpaborana yucieH-
Hast MOJICJTb IMKJIA, TO3BOJISIONIAs ONIPEICIIUTh TapaMeTphl IIUKJIA ISl Pa3INYHBIX HCXOIHBIX YCIIO-

Buil. [IpuBenieHbl pe3ynbTaThl YUCIEHHOTO MOJEIUPOBAHHUSL.

YIAK 621.1: 621.6

CO3JIAHUE DKCIEPUMEHTAJIBHOM MOJIEJIU HACOCA C TEIUIOBBIM IIPU-
BOJOM M HUCCIIEJOBAHUE TEPMOI'MAPOAMHAMMYECKHUX ITPOLECCOB. Illexpu-
adanze W.I'., MenapumBuan M.I'., Mavasapuanu E.C., I'urmnenmBuin I'.U., Pycumsunin
Jx.I'., lexpunanze 1.U. // Tuapoumxkenepus, Nel-2(19-20), 2015, c. 61-69.

Co3naHa 3KcrepyMMEHTaJIbHAsT MOZEIb HOBOW MOJM(UKALIMK HACOCA C TEIUIOBBIM IPUBOJIOM.
NccenenoBanbl aMIUIUTYIBI TEMIIEPATYPHBIX ITYJIbCALUN [IOBEPXHOCTH HArpeBa U BBITCCHEHUS JKU[I-
KOTO MOPUIHA U KOPPEJSILUsA MEeXKAY HUMHU. V3ydeHa Takke 3aBUCHUMOCTh MEXAY KO3((HUIIMEHTOM

MOJIE3HOTO JEUCTBUS U HanmopoM. HamedeHbl myTH JaJibHEHIIIEr0 COBEPIIIEHCTBOBAHHUS Hacoca.

YK 551.578

OINIPEAEJIEHME XAPAKTEPHUCTHUK BOJIHOOBPA3HOI'O CBA3HOI'O CEJIEBOI'O
ITOTOKA B CEJIEBBIX PYCJIAX KyxanamBuwaun J.I'., HnamBuwiu W.J., b3naBa K.I'.,
KpyamBuau WU.T'., Jloprkunanunze JI.I'. / Tuapounxenepus, Nel-2(19-20), 2015, ¢. 70-74.

[TpopbIB MIIOTHHBI B YCIOBHUSIX TOPHOTO pelibeda MPUBOIUT K 00pa30BaHHUIO Pa3pyIIUTEIbHOM
BOJIHBI C OOJIBIION pa3MbIBaIONIEH dHEprueil, KoTopas OBICTPO MpeBpalaeTcs B celeBoi NoTok. B
JIaHHOW paboTe Mpou3BeAeHA MOMbBITKA PEHIMTh BONPOC pacyeTa JJIMHHBIX BOJH OJHOIO HarpasJe-
HUS JUIsl cesleBOro notoka. [lomydeHsl pacyeTHble 3aBUCUMOCTH, C IPUMEHEHUEM KOTOPBIX MOYKHO

OMPCACIINUTL BBICOTY NIOTOKA € YUCTOM BBICOTHI BOJIHBI 1 PCOJIOTUYCCKUX MApaMETPOB.
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YK 628.1.

Ob OBPA30OBAHMNUN JJE®EKTOB B CUCTEMAX BOIAOCHABXEHUA ITIPU ME-
XAHMYECKHUX BO3JENCTBUAX. Kauvuamsumn JI.JI., Hanpaumsuan M.H. / Tumpo-
umxkenepus, Nel1-2(19-20), 2015, c. 75-79.

PaccmoTtpen nporiec 00pazoBaHus TOYEUHBIX 1€(DEKTOB B METAIUIMYECKUX TPYyOax, UCIIOJIb30-
BaHHBIX B CHCTEMaxX BOJIOCHAOXKEHHsS MPH MEXaHMUECKUX BO3AeWcTBUsAX. [Ipoananu3upoBan mexa-
HU3M JIMCIIOKALUU OTEPb MPOYHOCTH 3JIEMEHTOB METallja, MOBUKHOCTh KOTOPBIX B JIBYX Iepece-

Karomuxcs MIOCKOCTAX CKOJIBXKCHUSA MOXKCET ITPUBCECTHU K 06pa30BaHI/IIO TPCIIHHBI.

YK 627.8

O ITOCTPOEHHMH 3KCITEPTHBIX CUCTEM. Knumunamsuiau JIJI., Hanpaunmsuian H.B.,
I'yprenunse J1.P. // Tunpounxenepus, Ne1-2(19-20), 2015, c. 80-84.

PaccmoTpen nporiecc BBISBIEHUS KITIOYEBBIX KOHIETITOB MPOOJIEMHOM cepbl U MOCTPOCHHS
SKCHEePTHBIX cucTeM. lIpoananu3upoBaHbl BHIOOpP aJ€KBATHBIX CIIOCOOOB pealln3alliil CUCTEM U
B3aUMOJICHCTBHS C MMOTPEOUTENSIMHU MOICUCTEM, a TAK)KE BOIPOCH M3BJICUCHUS, NIEpeJauu, CTpaTe-
I'MU YIPABIEHUS U IPEICTaBICHMs 3HAHUM OT 3KCIIepTa.

Y CTaHOBIIEHO, YTO MPHU SKCIIEPUMEHTAIFHON MPOBEPKE KaKUX-THOO0 WAel Ui mepeBoja ux
B IIPOMBILIUICHHBIN BapUaHT, BONPOC 3(pPEeKTUBHOCTH BHIOPAHHBIX CPEJCTB CTAHOBUTCS BEChMa aK-

TyaJIbHBIM.

YK 51.6

[IOCTPOEHUE CTPYKTYPhI TPOMKHM OHO B JIKOBOM JIOT'O. Knuvuanmsuau A.M.
// Tunpounskenepus, Nel-2(19-20), 2015, c. 85-93.

W3yueHa JIornka MOHAHOTO XEHTHUHTa, CYIIECTBYIOIIAs B JIIOOOM JIOTO, TOKAa3aHa CBS3b ATOM
noruku ¢ Tpoikoi OHo. Mcronb30BaHbl OCHOBHBIE CBOMCTBA COWJICHEHHBIX (DYHKTOPOB M €CTECT-
BEHHBIX NMpeoOpazoBaHmii. Bo3MokHOE MpUMEHEHHE BKIIOYAET KJIACC JIIOOBIX MAaTEMaTHUECKUX MO-

JieJIed, COAEPKAIMX MOJAJIBHOCTH, B TOM YUCJIE U MOJEJIEH, CBA3aHHBIX C BOJOM.

YK 69.05 (0758)

OINPEAEJIEHME XAPAKTEPUCTUK BJIAT'OIIPOBOJHOCTU CAMOVYIUIOTHAO-
HIEI'OCA BETOHA. CakBapeaunnze A.B. // T'napounxenepus, Nel1-2(19-20), 2015, ¢. 94-100.

[IpoBeneHa sknepuMeHTalIbHO-TEOpeTHYecKasi padoTa Mo ONpeAeTICHUI0 XapaKTepUCTUK Bia-
TOMPOBOAHOCTH OETOHA.

Jlana MeronuKa IMpOBeNEHUs UccieqoBaHMs. B skcrnepuMeHTax HCHBITHIBAIUCH OOpa3Ilbl-
mHApH (d=70 1 1=70 Mm) Bo3pacra 28 cyTok, BiarocoaepxanueM (3,95% mo macce).

[lepen ucmbiTaHreM Ha B3BEIIMBaHHUE, MTOBEPXHOCTh 0OPA3IOB C 0O0OOMX KOHI[OB M30JIMPOBA-
nach napaduHoM (0eCKOHEUHBIH IIMIIMHIP) U TOMENIAIach B cpeay ¢ BIaKHOCTHIO 20%. B aTtux yc-

JJOBUAX OHHU BBICBIX&JII/I.HPOI/ICXOI[I/IJIEI CBOGOZ[Ha}I BjIaroorgada C OOKOBOM MOBCPXHOCTU HUJIMHAPA
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B OKpyXKamwIilym cpeny. Takum oOpazom peann3oBaiach 3ajadya HEOTPAHWYCHHOTO MUIUHApPA B
I'PaHUYHBIX YCIOBMSIX TPETbero poxaa. OmnpeneneHa 3KCIEpUMEHTalbHAsl KpUBasi BIaronorepb Ma-
Tepuasa BO BpEMEHHU.
[TpoBeeHbI TEOPETUIECKIE BEIYUCICHHS BIQXKHOCTH IIMIIMHIPA BO BPEMEHH.
ComocTaBieHHEM M aHAJTM30M JKCIIEPUMEHTAIBHBIX H TEOPETUYCCKUX JAHHBIX YCTaHOBIICHBI
XapaKTEPUCTUKHA BIIArOMPOBOAMMOCTH CaMOYIUIOTHSIOIIETOCs OeToHa: kodddunuent muddy3uu

BJIarv, KO3 (UIIMEHT BJIarornepeiadl ¥ OTHOCUTEIBHBIN KO3 (UIIMEHT BlIarornepeavm.

YK 636.32/.38

OBILIAST XAPAKTEPUCTUKA OCTATKOB CEJIbCKOXO3SIMCTBEHHOI'O ITPOM3-
BOJCTBA U [NPOMBIIIJIEHHOCTHU, UCITIOJIB3YEMbIX B KOPMJIEHMN XWBOTHbIX.
Huunanze M.A., Opaxanean H.M., HarpomBuiau H.H., HkButununmze I'.A. / I'maponnxene-
pusi, Ne1-2(19-20), 2015, c. 101-104.

Jlara o01masi XxapaKTepUCTHKA OCTATKOB CEIhCKOXO3IHCTBEHHOTO MPOU3BOJICTBA U MPOMBIIII-
JIEHHOCTH, UCIOJIb3YeMbIX B KOPMJIEHUHU XUBOTHBIX. Ha OCHOBE M3y4eHMs] XMMHYECKOTO COCTaBa
BBISIBJICHA IIMPOKAasi BO3MOKHOCTh UX MPUMEHEHHS B KOPMIIEHUU Pa3IMYHBIX BUJIOB CEIbCKOXO035H-

CTBCHHBIX KMBOTHBIX.

YK 636.32/.38

OBLEBO/JICTBO I'PY3UMU. Hunuanze M.A., Opaxanean H.M., HarpomBuaun H.H.,
HxBurununze I'.A. // Tugpounxenepus, Nel-2(19-20), 2015, c. 105-112.

JleTanpbHO OMMCAHO CYIIECTBYIONIEE Ha CETOMHANTHUMN JIEHb TSHKEJIOE COCTOSTHUE OBIIEBOJICTBA
1 HEOOXOJMMOCTh NMPOBEIEHUS psijia MEPOIPHUATUN JUIs pelleHus 3TuxX npobiem. B craThe KoH-

KPETHO NMPHUBEICHBI MYTH PEIICHUS TaHHBIX MTPOOJIEM.
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